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CHAPTER I

INTRODUCTION

Cassia siamea Lam. (Caesalpiniaceae), known as “Khi-lek” in Thai, has been
widely used in Thailand and Southeast Asia as food and herbal medicine. Thai
traditional healers used the different parts of this plant for various medical purposes.
For example, the root is used as an antipyretic, the bark is used to treat skin disease
and haemorrhoids, while the leaves and the flowers are used for the treatments of
insomnia, hypertension, asthma, constipation and diuresis (Thongsaard, 2001).
Chemical constituents of this plant have been reported to contain alkaloids, flavonoids
anthraquinones, chromones and terpenoids (Chaichantipyuth, 1979).

Cassia siamea tablet was commercially available since 1998 for treatment of
insomnia. A clinical trial on herbal medicine, Khi-lek syrup and Khi-lek tablets, has
been reported. The drug with the concentration of anhydrobarakol at 10 mg per dose
(400 mg of dried grind-leaves/tablet/5 ml, equivalent to 10 mg of anhydrobarakol)
was found to be helpful in 59 and 69 % of the insomniac subjects in the syrup group
and tablet group, respectively. The side effects were loose stools (26 %) and
abdominal distension (6 %) (Muangman, 2000). Khi-lek tablets produced sleepiness
in healthy subjects and also improved quality of sleep in insomniac volunteers
(Pooviboonsuk, 2000). At the first time, there was no report of the serious side effect
of this product. Until 2000, the hepatotoxicity of barakol was first reported. Up to
date, Cassia siamea tablet is not available and its hepatotoxicity could not identify

any toxic substances.

The physiological and pharmacological properties of barakol, the active
constituent extracted from fresh young leaves of Cassia siamea Lam., were reported.
Administration of ethanolic extract from young leaves of Cassia siamea or barakol
decreased spontaneous locomotor activity in mice and rats (Arunlakshana, 1949;

Jantarayota, 1988). Barakol had anxiolytic property in rats similar to diazepam

(Thongsaard, 1996). Barakol did not show protective effect against convulsion

induced by picrotoxin, bicucullin and strychnine administrations (Jantarayota, 1988).



These data though conflicting suggest possible action of Cassia siamea and barakol
on the central nervous system (CNS), in agreement with the CNS depressant effects

observed in human receiving foods containing crude forms of Cassia siamea.

The toxic effects of barakol at higher doses have been reported. Mice
receiving barakol at 150 and 200 mg/kg, i.p., showed the continuous locomotion,
hyperreflexia for 60-70 min. Barakol at 225 and 250 mg/kg exerted the hyperactivity,
hyperreflexia and hyperventilation. Mice receiving barakol at 270 mg/kg i.p.,
revealed the spastic contraction, piloerection, hyperreflexia, straub’stail, tremor,
hyperpnea and finally death. The median lethal dose in mice (LDsg) was 324 mg/kg,
I.p. (Jantarayota, 1988). Although animals such as mice or rats have been used for a
toxicological evaluation, it is well established that numerous compounds are
metabolized quite differently in rodents compared to man. Due to an ethical obstacle
to study metabolism and toxicity of barakol in man in vivo, the cytotoxic study of
barakol on human hepatocyte HepG2 was reported that barakol exhibited a cytotoxic
effect at the concentration of > 0.75 mM at 24 h of exposure. Median inhibitory
concentration (ICsp) of barakol on HepG2 cells at 48, 72 and 96 h of exposure were
0.96, 0.77 and 0.68 mM, respectively; whereas the corresponding 1Cso of
acetaminophen were 11.13, 1.39 and 1.30 mM, respectively (Lawanprasert, 2001).

The above information suggested that barakol might pass the blood-brain
barrier and might be toxic to the brain. Consequently, the cytotoxicity of barakol at
the levels of embryonic and neuronal cells has not been reported. The aim of our
experiments is to study the cytotoxic effect of barakol on P19 embryonal carcinoma
cells (P19 cells) as a system for studying embryotoxicity, by evaluating biochemical
and morphological characteristics. P19 cells are an excellent experimental model of
both transform and embryonic cells. The cells are differentiated poorly under normal
conditions, extensive differentiation can be induced by RA to differentiate into P19
neurons. P19 neurons, but not P19 cells, are biochemically and morphologically
similar to cells of the CNS and express AChE activity (Jones-Villeneuve, 1982;
Coleman, 1996). Thus, P19 neurons were also used as a model for the neurotoxicity

study and for the investigation of the effect of barakol on AChE activity.



CHAPTER Il

LITERATURE REVIEW

Barakol

Barakol, a chromone derivative, was extracted from fresh young leaves of
Cassia siamea Lam., contains a tricyclic ring structure (Fig. 1). This structure can
convert from barakol (C13H12,04) to anhydrobarakol (C13H1003) by losing a molecule

of water.

HyC . CHa HsC o CHy
o -Hz© Q
—_—
——_
+HL 0
O
barakol anhydrobarakol

Fig. 1 The structure of barakol (3a, 4-dihydro-3a, 8-dihydroxy-2, 5-dimethyl-1, 4-

dioxaphenalene).

The physiological and pharmacological properties of barakol have also been
studied in various laboratories. Barakol at 10 mg/kg, i.p., had anxiolytic property in
rats similar to diazepam (1 mg/kg, i.p.), rather than showing sedative effects and
increase in exploratory and locomotor behaviour. The anxiolytic properties and the
increased exploratory behaviour produced by barakol were reduced at higher doses
ranging from 25-50 mg/kg, i.p. (Thongsaard, 1996). Barakol at the doses of 50-100
mg/kg, i.p., decreased spontaneous locomotor activity and rearing in mice with a
dose-dependent manner during 30 min of observation period, indicating the inhibitory
effect of barakol on the basal ganglia in the central nervous system (Sukma, 2002).
Barakol at the concentration of 1 uM reduced K*-stimulated endogenous dopamine

release as did the dopamine D, receptor agonists without a change in dopamine



uptake, suggesting the capacity of barakol to suppress dopaminergic neuron activity in
a way similar to dopamine agonist (Thongsaard, 1996). Barakol at the doses of 25-
100 mg/kg, i.p., inhibited methamphetamine-induced hyper-locomotor activity in
mice as a dose-dependent manner, suggesting that it had an inhibitory effect on the
dopaminergic system in the striatum (Sukma, 2002). In vivo microdialysis study,
barakol at 10 and 100 mg/kg, i.p., significantly reduced extracellular level of
dopamine in rat striatum with no significant change in other metabolites, indicating
that barakol may act at the pre-synaptic D, receptor (Thongsaard, 1998). The
attenuation of locomotor activity was directly mediated via stimulation of the Ds
postsynaptic receptor (Sukma, 2002).

As mention earlier, barakol has anxiolytic profiles similar to diazepam, which
bind at the benzodiazepines sites on the GABA receptor. It remains to be determined
whether barakol affects GABAergic mechanisms in a similar manner. However,
since barakol has a different behavioural profile from diazepam as it also increased
exploration and locomotion and has been shown not to reverse the convulsant effects
of bicuculline, strychnine indicating that barakol has no direct action on GABAa
receptor (Sukma, 2002). Barakol can suppress 5-hydroxytryptophan-induced head
shakes in rats, which is considered a 5-HT, receptor mediated response suggesting
barakol may act as 5-HT, receptor antagonism. The finding that barakol stimulated
dopaminergic system may suggest that the observed serotonergic suppression could

be the result of elevated dopaminergic activity (Jantarayota, 1988).

P19 cells and P19 neurons

Embryonic carcinoma (EC) cells have been widely used ‘as a model system
for studying early development. These cells resemble those comprising the inner cell
mass of preimplantation blastocysts and a number of differentiated cell types, with
characteristics of cells of the three germ layers can be obtained reproducibly by
different treatments (Newall, 1996; Rossant, 2001).

P19 cells are pluripotent murine embryonal carcinoma cells. This cell line
was a normal male karyotype (40:XY) isolated from C3H/He mice (McBurney and

Roger, 1982). P19 cells differentiate poorly under normal conditions, extensive



differentiation can be induced by retinoic acid (RA) to differentiate into P19 neurons,
glia and fibroblast-like cells in a manner similar that observed in vivo (Jones-
Villeneuve, 1982). Many of the cells showed a multipolar morphology characteristic
for oligodendrocytes. These populations were immunoreactive to O4, an antibody
recognizing oligodendrocyte-specific glycolipids. At the same time, the cells
expressed the astrocytic marker antigen glial fibrillary acidic protein (GFAP) and
exhibited a flat morphology typical of cultured astrocytes (Brustle, 1999). Culture
containing up to 90% neurons can be obtained by treating differentiating P19 cells
with mitotic inhibitors such as arabinosylcytosine (ara-C, cytosine arabinoside,
cytarabine) (Coleman and Taylor, 1996). P19 neurons resemble CNS neurons
morphologically and are stably post-mitotic, which could form axons, dendrites and
functional synapses. P19 neurons also express a wide variety of neurotransmitters
and receptors in mature cultures, including GABA, glutamic acid decarboxylase,
GABA-transaminase, neuropeptide Y, serotonin, calcitonin, parathyroid, calcitonin
gene related peptide, substance P, and enkephalin (Staines, 1994; Parnas and Linial,
1995; Mansergh, 1996; Eggenberger, 1998; Mansergh, 2000), choline acetyl-
transferase, acetylcholinesterase and tetanus toxin receptor (Jones-Villeneuve, 1982;
Parnas and Linial, 1995). This would suggest the presence of a wide variety of
neuronal subtype in P19 cells when exposure to RA (Mansergh, 1996; Eggenberger,
1998). P19 neurons express NMDA and metabotropic glutamate receptors, but not
AMPA/kainite receptors (Ray, 1993; Morley, 1995). In P19 neurons, neurofilaments
specific for neurons of peptide subunit of 160,000 molecular weight was staining with
indirect immunofluorescence showed that, the staining was located along the
processes and cell bodies of every one of the neuronal cells (Jones-Villeneuve, 1982).
The physiological studies also showed that EC cells lacked functional glutamate
receptors while P19 neurons expressed them at levels near that of CNS neurons in
culture (Ray and Gottlieb, 1993). However, the ability of EC cells to differentiate
into the whole spectrum of functional neurons and glial cells that characterized the
CNS is still lacking.

RA-treated P19 cells differentiate into neurons as indicated by their
morphology (soma and neurite) and expression of typical neuronal markers (Jones-
Villeneuve, 1982; Parnas and Linial, 1995). Cellular differentiation involves initial

commitment of multipotential embryonic cells to a specific cellular lineage and



subsequently differentiation of committed cells. Cellular differentiation is
characterized by co-ordinate induction of a repertoire of cell-specific proteins
necessary for specialized functions. P19 neurons appear to be powerful tools for
studying GABA or glutamate-receptor signaling, functional cholinergic neurons and
neurotoxicity because they are genetically manipulable and their differentiation can be
controlled. Especially, the process of neurogenesis in P19 cells is similar to that of
the mammalian CNS (Jones-Villeneuve, 1982).

P19 cells form embryoid bodies (EBSs), when culture with RA, are induced to
differentiate into P19 neurons and glia. No AChE activity is present in the
undifferentiated P19 cells, and mRNA protection analysis cannot detect AChE
mRNA. Commitment to a neuronal differentiation pathway results in increased levels
of AChE mRNA, production of tetrameric form of the enzyme and secretion of AChE
into the culture medium. Concomitant with subsequent morphological differentiation
into neurons, enzyme secretion diminishes and AChE becomes largely tetered to the
neuronal cell membranes. The enzyme is attached to the cell surface as a globular
tetramer as shown by histochemical and immunohistochemical staining (Coleman and
Taylor, 1996).

Mechanism of retinoic acid induction of P19 embryonal carcinoma

cells to P19 neurons

Retinoic acid (RA), a vitamin A derivative, was found to have important
regulatory functions during embryonic development. Two families of nuclear
receptors designated retinoic acid receptors (RARa, RARP, RARy, and their
isoforms) and retinoid X receptor (RXRa, RXRB, RXRy and their isoforms)
transduce the RA signal. These receptors are ‘members of the steroid/thyroid
superfamily of ligand-activated transcription factors and known to be expressed in the
early embryo. RARSs bind to, and are activated by, both all-trans retinoic acid and its
9-cis isomer, whereas RXRs bind and are activated by 9-cis RA only. RAR and RXR
heterodimers efficiently activate transcription of target genes by binding to retinoic
acid response elements (RARESs) and are believed to transduce the retinoid signal to
the transcription machinery and the chromatin template through transcriptional



intermediary factors that directly interact with the ligand receptors. RA regulates the
growth and differentiation of many cell types, such as the P19 cells depending on the
concentration of RA and the culture conditions (Slack, 1995).

Acetylcholinesterase

Vertebrates possess two cholinesterase genes, producing the enzyme AChE
and butyrylcholinesterase (BUChE) (Massoulie, 1998). BuChE hydrolyzes
butyrylcholine, in addition to acetylcholine, while AChE specifically hydrolyzed
acetylcholine to choline and acetic acid. AChE has been found in neuronal cells, red
blood cells (Krupka, 1964), and muscle cells (Wilson, 1973). It is distinguished from
the BUChE of serum chiefly by differences in substrate specificity. This difference is
now perfectly explained by the size of an acyl pocket in the active site of these
enzymes, that accommaodates a butyryl moiety in the case of BuChE, but not in AChE
because it is limited by two bulky phenylalanine side chain (Massoulie, 1998).
Subsequently, BW284C51 is relatively specific inhibitors, for AChE and
ethopropazine and iso-OMPA for BUChE (Vellom, 1993). The mechanism of action
of AChE is considered primarily in relation to two steps in the hydrolytic process: (1)
the acetylation reaction, in which an acetyl enzyme is formed from the enzyme-
substrate complex and (2) the deacetylation reaction, in which the acetyl enzyme is
hydrolyzed to reform the free enzyme. Acetylcholine contains a trimethylammonium
group and an ester linkage. The active center of AChE contain two corresponding
parts, (1) a negatively charged “anionic” site, which binds the trimethylammonium
group and (2) “esteratic” site, which catalyzed the hydrolysis of the ester bond. The
charged forms of such substances are more strongly bound to AChE than the
uncharged form as in the case of physostigmine, which contains an ionizable amino
group, dimethylaminoethanol is bound mare firmly than its uncharged analog
(Krupka, 1964).

AChE has also been hypothesized to play developmental roles in the nervous
system, aids outgrowth of neurites, promote proliferation and cell-cell interactions
(Grisaru et al., 1999). On the other hand, inhibitors of AChE are therapeutically
useful to patients with diseases of inadequate neurotransmission in which levels of

acetylcholine receptors decrease such as acquired autoimmune myasthenia gravis.



Although the function of AChE is apparently simple, its patterns of structure and
distribution are remarkably complex. First, the transcript of the AChE gene is
subjected to alternative splicing and its protein products can associate covalently with
each other and with noncatalytic subunits. Second, the oligomers can occur in
cytoplasmic, membrane-bound and extracellular matrix-associated forms. Third,
AChE is found not only at neuromuscular junctions, but also at cholinergic
interneuronal synapses, in some non-cholinergic neurons, and in some nonneural cells
such as erythrocytes. Fourth, a related enzyme, BUuChE can capable of hydrolyzing
ACh. BUChE is expressed in some of the same sites as AChE, including the

neuromuscular junction (Feng, 1999).

The role of AChE in termination of cholinergic neurotransmission is well
recognized, but less well appreciated is the considerable complexity of AChE
molecular forms and their biological roles and interrelationships. A single gene
encodes AChE forms in nerve cells and muscle cells (Rotundo, 1989). The catalytic
subunits exist corresponding to membrane-bound and secretable soluble form, which
arise from alternative splicing events (Rotundo, 1989; Legay, 1999). All newly
synthesized AChE are transported from the rough endoplasmic reticulum to the Golgi
apparatus where they acquire N-acetylglucosamine and are transported to the plasma
membrane where they become associated with the cell surface or are secreted into the
culture medium. Newly synthesized AChE is degraded intracellular with a half-life of
about 1.5 h by a mechanism, which is insensitive to lysosomtropic agents (Rotundo,
1989). In the CNS three globular forms of the enzyme predominate: a monomer (G1;
4-5S), dimer (G2; 6-7S) and tetramer (G4; 10-11S) (Schegg, 1992), with trace
amounts of asymmetric isoforms, which are anchored to membranes by collagen-like
subunits (Valero, 1999). Each of these forms may be freely soluble or tightly bound
within membranes, in contrast to BUChE, which is-not bound in any significant way
to cellular membranes of the CNS tissue (Meisami, 1984). Freely soluble forms exist
within the cell and are secreted from it. Membrane-bound AChE, which requires
detergent for solubilization, may be attached to membrane within the cell or be
integral to the exterior plasma membrane. Additionally, in the peripheral nervous
system and to a small extent in the CNS, there exist asymmetric forms of AChE
characterized by attachment to collagen-like tails; these forms require high salt

concentrations in order to be solubilized (Schegg, 1992). It is noteworthy that, to



date, the various molecular forms of AChE have experimentally identical catalytic
properties, however, their biological roles are not necessarily the same (Grisaru,
1999).

Alzheimer’s disease

Alzheimer’s disease (AD) is a neurodegenerative disorder that represents the
most common cause of adult-onset dementia, represents 40-60 % of all dementia
disorders. AD is characterized by an insidious onset and a slowly deteriorating
cognitive function (Hakansson, 1993). From a neuropathological point of view, AD
is characterized by brain atrophy accompanied by neuronal loss primarily in temporal
cortex and in limbic areas such as hippocampus and characteristic hallmarks such as
neurofibrillary tangles, B-amyloid plaques and amyloid angiopathy (Felician, 1999;
Amenta, 2001). Numerous attempts have been made to restore the activity in the
cholinergic system with transmitter-oriented therapy.

Therapeutic strategies of AD should be directed to achieve the three main
goals detailed below: (1) improvement of cognitive function, (2) control of
troublesome behaviors, and (3) showing down the progression of disease. These
goals for being achieved require as much as possible early and correct diagnosis and
to establish appropriate strategies that include pharmacological and non-
pharmacological treatment. In the late 1970s it was discovered that the brains of AD
patients were deficient in acetylcholine, one of the main neurotransmitters of the CNS
that serves to-increase attention-and facilitate learning. This discovery led to the
development of the cholinergic hypothesis, which states that cognitive, functional and
behavioural dysfunction associated with AD may be caused by an inability to transmit
neurologic impulses across cholinergic synapses. Today, the symptomatic treatment
of AD is based on cholinergic pharmacologic enhancement. Clinical trials with
precursor agents such as choline or lecithin (Maltby, 1994), or some cholinergic
receptor agonists, have been uniformly disappointing with virtually all investigators
reporting negative results and have had unacceptable adverse effects (Mayeux and
Sano, 1999). The most promising results in clinical trials of AD patients have been

obtained with cholinesterase inhibitors, which indirectly increase the content of
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acetylcholine in the cholinergic synapse (Sunderland, 1998; Benzi, 1998; Holmes,
2000; Bullock, 2002).

The only class of drugs that have been effective so far for the symptomatic
treatment of AD are the cholinesterase inhibitor. These drugs act by slowing the
biochemical breakdown of acetylcholine by inhibiting AChE in the synaptic cleft,
thereby decreasing the hydrolysis of ACh released from presynaptic neurons. Thus, at
least theoretically, prolonging cholinergic neurotransmission. Of interest is that
humans have 2 types of cholinesterase: AChE and BuChE. The physiological role of
BuChE is unknown, but levels of this enzyme have been shown to increase as AD
progresses, whereas levels of AChE decrease (Gauthier, 2002). AChE inhibitors have
widely been studied for the cognitive-enhancing treatment for AD. These drugs have
been shown to provide temporarily the modest improvement in symptoms of AD and
to stabilize or slow for some time the decline of cognitive function and functional
ability. Furthermore, a variety of neuropsychiatric symptoms occur in AD, such as
agitation, psychosis, depression, apathy, disinhibition, anxiety, purposeless behavior,
and disorders of sleep and appetite, have been related to cholinergic deficiency and
improve after treatment with cholinomimetic agents (Cummings, 1998). Up to now,
research has continued on the cholinergic deficiency of AD, and cholinomimetic
therapies have been developed to partially relieve the memory and cognitive

abnormalities and also neuropsychiatric symptoms.

Two distinct forms of cell death

The two distinct forms of cell death, necrosis and apoptosis, have been
defined in terms of mechanism, sequence of events, biochemistry and morphology.
Necrosis refers to a range of morphological changes resulting from the enzymatic
digestion, the disruption of cellular membranes and the denaturing of proteins that
accompanies cell death. Necrosis does not involve any regular DNA and protein
degradation pattern and is companied by swelling of the entire cytoplasm and of the
mitochondrial matrix, which occur shortly before the cell membrane ruptures
(Kroemer, 1998). Apoptosis, in contrast, is an active process under genetic control,
highly selective mechanism of cell death allowing for the removal of cells that are

redundant or excessively damaged (Patricia, 1998). The comparison between necrosis
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and apoptosis are summarized in table 1. It is now become clear that many diseases
are characterized by dysregulation of apoptotic programs such as liver failure,
leukemia, autoimmune disease and cancer. Many of these programs involve a family
of receptors and their ligands, the death receptor/ligand family (Peter, 1997). The
hope now is to interfere with apoptosis regulation in these systems and to develop a

new therapeutic concept.

Table 1 Comparative features of necrosis and apoptosis (Kroemer, 1998)

Apoptosis Primary necrosis

Physiological or pathological Accidental

(subnecrotic damage) Always pathological

Susceptibility tightly regulated Unregulated or poorly regulated

Plasma membranes near-to-intact until late Plasma membrane destroyed

Heterophagic elimination early

No leakage of cell content; no inflammation Leakage of cell content

Cellular enzymes participate, causing Biochemical and morphological
characteristic biochemical or features include swelling of
morphological features including the entire cytoplasm
chromatin condensation (pyknosis) mitochondrial swelling
nuclear fragmentation (karyorrhexis) inflammation

regular DNA fragmentation pattern

selective protein degradation by specific Secondary necrosis

protease (caspase) Cytolysis secondary to apoptosis
subtle changes in plasma membranes when dying cells fail to be
cell shrinkage removed by heterophagy

no mitochondrial swelling
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Apoptosis

Apoptosis is a process in which cells activate an intrinsic suicide mechanism
that systematically destroys themselves. The dominant stage of apoptosis occurs
through the activation and function of caspases, a highly conserved family of cysteine
proteases with specificity for aspartic acid residues in their substrates. It is the
cleavage of certain key substrates that orchestrates the death and packaging of the cell
for clearance. It has reported that neuronal cells are eliminated by apoptosis process
estimate 50 % or more during development but leaves neurons, which are
indispensable for the function of the nervous system (Raff, 1993). This process seems
essential because unnecessary neurons might disturb the development of neural
networks. Apoptosis has been postulated as a model for neuronal death in human
neurodegenerative disease because of morphological similarities at the cellular levels
(Okazawa, 1996).

Cells undergoing apoptosis display certain biochemical and morphological
characteristics, which differ from those shown by necrotic cells. During apoptosis,
fusion of endoplasmic reticulum with the plasma membrane causes contraction of the
cytoplasm with visible membrane blebbing. The chromatin consensus becomes
convoluted and is deposited along the inner surface of the nuclear membrane. Protein
and RNA levels decrease in both apoptosis and necrosis. One hallmark of apoptotic
cell death is the internucleosomal cleavage of cellular DNA, in contrast to necrosis
(Batistatou and Greene, 1993; Saraste and Pulkki, 2000). Ultimately, the cell
fragments into- membrane. bound. vesicles -containing -organelles and fragmented
chromatin also call apoptotic bodies and-rapid phagocytosis by neighboring cells,
macrophages and parenchymal cells (Tran and Miller, 1999; Saraste and Pulkki,
2000). Apoptoatic bodies can be recognized inside these cells, but eventually they
become degraded. If the fragmented cell is not phagocytosed it will undergo
degradation which resembles necrosis in a process called secondary necrosis (Saraste
and Pulkki, 2000).

The detection methods of apoptosis were evaluated by morphological and
biochemical hallmarks, such as internucleosomal DNA fragmentation, caspase
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activation assay. However, many previous studies reported that the internucleosomal
DNA fragmentation has been a major advance in the detection of apoptosis (Saraste
and Pulkki, 2000). The DNA cleavage is observed in cells undergoing apoptosis after
separated in agarose gel electrophoresis, in contrast to necrosis only smear band
occurs (Dragunow and Preston, 1995). Apoptosis is the degradation of DNA by
endogenous DNases, which cut the internucleosomal regions into double stranded
DNA fragments of 180-200 base pairs (Saraste and Pulkki, 2000; Sastry and Rao,
2000). Internucleosomal fragmentation has been demonstrated with well-
characterized apoptotic process in a wide variety of situation and cell types
(Batistatou and Greene, 1993; Slack, 1995; Glozak and Rogers, 1996,1998;
Ninomiya, 1997; Saraste and Pulkki, 2000).

Cell viability assays

Cell viability assays are used to measure the proportion of viable cells
following a potentially traumatic procedure. Most viability assays rely on breakdown
in membrane integrity that is determined by the uptake of a dye to which the cell is
normally impermeable such as trypan blue, or the release of a dye normally taken up

and retained by viable cells such as neutral red.

1. Tetrazolium salt XTT assay

The use of tetrazolium salts, such as MTT, commenced in the 1950s and
is based on the fact that live cells reduce tetrazolium salts-into colored formazan
compounds. The biochemical procedure-is based on the activity of mitochondria
enzymes which are inactivated shortly after cell death. This method was found to be
very efficient in assessing the viability of cells. ‘A colorimetric method based on the
tetrazolium salt, XTT, was first described by P.A. Scudiero in 1988. Whilst the use of
MTT produced a non-soluble formazan compound, which necessitated dissolving the
dye in order to measure it (Borenfreund, 1988), the use of XTT produces a soluble
dye. The use of XTT greatly simplifies the procedure of measuring proliferation, and
is, therefore, an excellent solution to quantify the cells and their viability without

using radioactive isotopes. This assay can perform in a microtiterplate format and
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miniaturization allows many samples to be analyzed rapidly and simultaneously. The
assay also reduces the amount of culture medium and cells required as well as cost of
plastic ware. Colorimetric assays allow samples to be measured directly in the
microtiterplate with microplate reader. These colorimetric assays are very rapid and
convenient because this technique needs no washing or harvesting of the cells
(Mosmann, 1983).

The assay with XTT is based on the cleavage of the yellow tetrazolium
salt XTT to form an orange formazan dye by mitochondrial dehydrogenase in
metabolic active cells, which are inactivated shortly after cell death. Therefore, this
conversion only occurs in viable cells. The formazan dye formed is soluble in
aqueous solutions and is directly quantified using a microtiter plate reader. Cells,
grown in tissue culture plate, are incubated with the yellow XTT solution (final
concentration 1 mg/ml) for 6-12 h. During this incubation period, orange formazan
solution is formed, which is spectrophotometrically quantified using a microtiter plate
reader. An increase in number of living cells results in an increase in the overall
activity of mitochondrial dehydrogenases in the sample. This increase directly
correlates to the amount of orange formazan formed. The dye formed is water-soluble
and the dye intensity can be read at 450-500 nm (Rochm, 1991).

2. Trypan blue dye exclusion assay

The assay with trypan blue relies on a breakdown in membrane integrity
that is determined by the uptake of a trypan blue dye to which the cell is normally
impermeable. Cells are incubated for 1-2 min with 0.4 % trypan blue at room

temperature before counting or take a photograph (Slater, 2001).

3. Neutral red dye uptake assay

The assay with neutral red dye uptake method use neutral red dye, which

is preferentially absorbed into lysosomes. Only viable uninjured cells are, therefore,

capable of maintaining the process intact. Cells are incubated with 50 ug/ml for 20-
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30 min in growth medium, the cells were examined under the microscope (Riddell,
1986; Borenfreund, 1988; Barile, 1994).

DNA fragmentation assay

Cell death is an important part of the cell cycle. The cell lives, consumes
energy, and divides itself repeatedly until a moment when these activities are no
longer sustained and the cell dies. Upon this death, it is possible to detect different
morphological, biochemical, and molecular features that allow us to distinguish the
two basic types of cell death: apoptosis and necrosis. While necrosis and various
mechanisms inducing it have long been known and understood, it is the intricate
mechanism of apoptosis that remains unresolved and has led scientists to focus on it
during the last decades. In addition, the different pathways and mechanisms of this

program are still being identified and every year new facts appear (Rudolf, 2000).

Determination of AChE activity

1. Intracellular soluble AChE activity assay

Soluble AChE activity was determined by a photometric method of Ellman
et. al. (Ellman, 1961). The enzyme activity is measured by following the hydrolysis
of acetylthiocholine to thiocholine and acetate by AChE. Thiocholine reacts with
dithiobisnitrobenzoate ionto produce yellow color of 5-thio-2-nitrobenzoic acid. The
rate of color production is measured at 412 nm. The reaction with the thiol has been
shown to be sufficiently rapid so as not to be rate limiting in the measurement of the

enzyme and in the concentrations used does not inhibit the enzymatic hydrolysis.

2. Membrane-bound AChE activity assay

Membrane-bound AChE activity was detected by a direct-coloring
thiocholine method of Karnovsky and Roots (Karnovsky and Roots, 1964). The basis
of the method is that thiocholine is believed to reduce ferricyanide to ferrocyanide

preferentially. The latter combines with Cu®™ ions to form the insoluble copper
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ferrocyanide (Hatchett’s brown). The Cu® ions in the medium are complexed with
citrate to prevent formation of copper ferricyanide. The advantages of the presently
described method are: color is produced directly at the site of enzymatic activity,
facilitating estimation of the optimum incubation time; the precipitate is finely
granular, so that, even with prolong incubation, needle-like deposits are not observed;
intense color and contrast can consequently be produced, and sites of low activity
more easily detected.

Rationale of the study

These physiological and pharmacological properties of Cassia siamea and
barakol together with the traditional medicine encouraged further studies whether this
plant has effects on the CNS function apart from the reported sedation and decreased
locomotor activity in mice. However, the cytotoxic study of barakol on embryo and
CNS cells was not available. It was the purpose of this experiment to evaluate the

cytotoxicity of barakol, using P19 cells and P19 neurons as a cellular model.

In our experimental designs, the investigation of the toxic effects of barakol in
P19 cells and P19 neuron, were evaluated in both concentration-dependent and time-
course manner. Cytotoxicity was assessed by the method of XTT assay, trypan blue
dye exclusion assay and neutral red dye uptake assay. The method of XTT assay is
based on the cleavage of the yellow tetrazolium salt XTT to form an orange formazan
dye by mitochondrial dehydrogenase in metabolic active cells, which are inactivated
shortly after-cell death. Therefore, this conversion: only occurs in viable cells
(Rochm, 1991). The trypan blue dye exclusion assay, is rely on a breakdown in
membrane integrity that is determined by the uptake of a trypan blue dye to which the
cell is normally impermeable (Slater, 2001). The neutral red dye uptake assay is
preferentially absorbed into lysosomes. Only viable cells, therefore, are capable of
maintaining the process intact (Barile, 1994). The pattern of cell death induced by
barakol was detected by DNA agarose gel electrophoresis, which showed the
internucleosomal cleavage of cellular DNA, one hallmark of apoptotic cell death
(Chen, 1997; Saraste and Pulkki, 2000). Internucleosomal DNA cleavage is observed
only in cells undergoing apoptosis contrast to necrosis. Finally, the effect of barakol
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on AChE activity in P19 neurons was also determined. The soluble form of
intracellular AChE was analyzed with the spectrophotometric method of Eliman et. al.
The basis of this method is the hydrolysis of acetylthiocholine to thiocholine and
acetate by AChE. Thiocholine reacts with dithiobisnitrobenzoate ion to produce
yellow color of 5-thio-2-nitrobenzoic acid. The rate of color production is measured
at 412 nm (Ellman, 1961). The membrane-bound AChE was carried out with direct
coloring method of Karnovsky and Roots. The basis of the method is that thiocholine
is believed to reduce ferricyanide to ferrocyanide preferentially. The latter combines
with Cu™ ions to form the insoluble copper ferrocyanide (brown color) (Karnovsky
and Roots, 1964).

Objectives

1. To study the cytotoxic effect of barakol on P19 embryonal carcinoma cells and
P19 neurons.
2. To investigate the DNA degradation to evaluate the pattern of cell death.

3. To explore the effect of barakol on acetylcholinesterase.



CHAPTER Il

MATERIALS AND METHODS

Materials

P19 embryonal carcinoma cells (ATCC, # CRL 1825); all-trans RA (Sigma);
poly-L-lysine (Sigma); cytosine arabinoside (Ara-C, Sigma); tetrazolium salt XTT
(Sigma); PMS (Sigma); @-MEM (Gibco); newborn calf serum (Gibco); fetal bovine
serum (Seromed); ethidium bromide (Fluka); acetylthiocholine iodide (Flukaiso-
OMPA (Sigma); RNase A (USB Corporation); proteinase K (USB Corporation); 100
base pair DNA ladder (Amersham Pharmacia Biotech); BW284C51 (Sigma); sodium
dodecyl sulfate (Fluka); ); neutral red (General Chemical and Pharmaceutical);
potassium ferricyanide (Merck); dithiobisnitrobenzoic acid (DTNB, Sigma); 0.4 %
trypan blue (Gibco); 0.25 % trypsin (Sigma); agarose (Gibco)

Culture vessels and Equipments

15 ml and 50 ml polypropylene conical tube; single channel and eight-channel
micropipette; 25 cm® and 75 cm® tissue culture flask; 6, 24, 96-well plates;
sterilization filters; pipette aid; peristaltic pump; hot air oven; autoclave; laminar flow
hood; CO, incubator; freezer (-20 °C and —80 °C); sonicator; hemocytometer; inverted
microscope; microplate reader (Anthos); barakol (was a gift of Associate Professor
Chaiyo Chaichantipyuth, Department of Pharmacognosy, Faculty of Pharmaceutical

Sciences, Chulalongkorn University).
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Methods

1. Cell culture techniques

1.1 P19 cell culture

P19 cells were propagated in o-modified minimal essential medium
(a-MEM) supplemented with 7.5% newborn calf serum and 2.5% fetal bovine serum
(FBS) at 37 °C and 5% CO, in a humidified atmosphere. Cells were routinely
passaged every 3-4 days (Jones-Villeneuve, 1982; Yao, 1995).

1.2 P19 neuron culture

Differentiation of P19 cells into P19 neurons was carried out as
follow: cells in exponential growth were washed with Ca** and Mg®* free phosphate
buffer saline (PBS) then, incubated 1-2 min with 0.25 % trypsin, to remove them from
the tissue surface. They were plated at a density of 10° cells/ml into a bacteriological
grade petri dish in a-MEM supplemented with 5 % FBS and 0.5 uM RA where they
aggregated spontaneously. On 2 day, the culture medium was changed by transferring
the suspension of EBs into a 15 mi conical centrifuge tube, allowing the aggregates to
settle for 20-30 minutes then aspirating the medium and replacing it with new
medium of the same composition including 0.5 uM RA. To allow neuronal
differentiation, the EBs (on day 4) were pooled to a 50 -ml conical centrifuge tube,
allowing the EBs to settle for 20-30 minutes, after that the medium was removed and
the EBs were re-suspended in .5 ml of fresh a-MEM supplemented with 10 % FBS.
Cells were triturated through a 5 ml pipette for 30-40 times firmly against the bottom
of the tube to yield a single cell suspension, staining with 0.4 % trypan blue and
counted in a hemocytometer. Optimal neuronal differentiation was obtained by
plating dissociated cells at a density of 10° cells/ml and replated in the absence of RA
into a multi-well plates (coated with 50 pg/ml poly-L-lysine in PBS and sterilized
under ultraviolet light for 30-60 min). The cells were then allowed to adhere and

grow. On day 2, the medium was renewed, supplemented with 10 uM Ara-C to
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inhibit non-neuronal cells proliferation. The medium was half feed every 2-3 day. At
day 7 after plating, P19 neurons were mature for experimental assays (Jones-
Villeneuve, 1982; Sherna, 1997; Yokote, 2000). Histochemical staining of
cholinergic neuron was carried out using Karnovsky and Roots method (Karnovsky
and Roots, 1961).

2. Determination of cytotoxic effect of barakol on P19 cells

2.1 Chemical preparation

All chemicals in these studies were of the analytical or purest grade
available.  They were dissolved in ultra-purified water and sterilized before use,
except RA was dissolved in 95 % ethanol. Barakol was freshly prepared, filtration-
sterilized and diluted with ultra-pure water to appropriate concentrations immediately
before used. Range-finding studies of barakol were performed at final concentrations
of 0, 0.05, 0.1, 0.2, 0.4, 0.8 and 1.0 mM.

2.2 Concentration-dependent study

P19 cells were seeded at a density of 10° cells/ml into sterile 96-well
plates and allowed to settle and adhere for 24 h. The medium was discarded and
replaced with fresh o-MEM medium supplemented with barakol at various
concentrations ranging from 0.05-1.0 mM. Following 24 h of exposure, cell viability
of P19 cells was assessed using tetrazolium salt XTT. assay and trypan blue dye

exclusion assay.

2.3 Time-course study

To assess the expression of barakol toxicity with time, P19 cells were
seeded at a density of 4 x 10* cells/ml into sterile 96-well plates for 24 h. The
medium was discarded and replaced with o-MEM medium containing barakol at
various concentrations ranging from 0.05-1.0 mM. Incubation with barakol was

continued for 24-72 h. At the end of each time study, cell viability of P19 cells was
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assessed by tetrazolium salt XTT assay, trypan blue dye exclusion assay and neutral
red dye uptake assay.

2.4 Recovery study

P19 cells were seeded at a density of 4 x 10* cells/ml into sterile 96-
well plates for 24 h. The medium was discarded and replaced with a-MEM
containing barakol at various concentrations of 0.4, 0.8 and 1.0 mM. Incubation with
barakol was continued for 72 h. At the end of incubation, the medium was replaced to
barakol-free medium. The viable cell number of P19 cells was determined following
a 48 and 96 h recovery period using trypan blue dye exclusion assay and neutral red

dye uptake assay.
2.5 DNA fragmentation assay

P19 cells were seeded at 5x10° cells/ml in 6-well plates at a final
volume of 2 ml. Following 24 h of incubation, the medium was discarded and
changed to fresh medium containing barakol at the concentrations of 0.5 and 1.0 mM.
After 72 h of exposure, cells were scraped (combined with floating cells), collected
and centrifuged at 1,200 rpm for 10 min. The supernatant was discarded and washed
the pellet with ice-cold PBS. The cell suspension was centrifuged at 1,200 rpm for 5
min and wash once again with PBS. Then discarded the aqueous solution and added
lysis buffer (10 mM Tris-HCI, pH 7.5, 10 mM NaCl, 10 mM EDTA, 100 pg /ml
proteinase K, and 0.5% SDS). After 1 h of incubation at 50.°C, DNA was extracted
with 2 ml of phenol (neutralized ‘with TE ‘buffer, pH 7.5) and 1 ml of
chloroform:isoamyl alcohol (24:1). Aqueous layer was extracted with 2.5 volume of
ice-cold ethanol and 10 % of volume of 3 M sodium acetate pH 5.2. After incubated
overnight at -20 °C, the solution was centrifuged at 13,000 g for 10 min. Then,
discarded the supernatant and re-suspended the pellets in 50 ul of TE buffer, pH 7.5
and added 0.1 ug/ml of RNase A. RA-treated P19 cells at 0.5 uM for 4 days and
culture of P19 cells for 4 days (until the spontaneous cell death was occurred) were
used as a positive control. DNA (20 ug) was separated with 1.5 % agarose gel with

0.5 x TBE buffer at 100 V for 1 h compared with non-treated group (control) using
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100 base pair DNA ladder as a standard. The gel was stained with ethidium bromide
(1 pg/ml), washed with water and photographed under UV transilluminator (Chen,
1997).

3. Determination of cytotoxic effect of barakol on P19 neurons

3.1 Concentration-dependent study

P19 cells were induced to differentiate into P19 neurons as
mentioned above. The EBs were triturated and seeded at a density of 10° cells/ml into
96-well plates. On day 7 after plating, the medium was renewed with fresh medium
and incubated with barakol at various concentrations ranging from 0.05-1.0 mM for 24
h. At the end of incubation, cell viability of P19 neurons was assessed using

tetrazolium salt XTT assay and trypan blue dye exclusion assay.

3.2 Time-course study

The EBs were triturated and seeded at a density of 10° cells/ml into
96-well plates. On day 7 after plating, the medium was discarded and replaced with
fresh medium supplemented with barakol at various concentrations ranging from 0.05-
1.0 mM for 24-72 h. At the end of each time study, cell viability of P19 neurons was
assessed using tetrazolium salt XTT assay, trypan blue dye exclusion assay and neutral

red dye uptake assay.
3.3 DNA fragmentation assay

The EBs were triturated and seeded at a density of 10° cells/ml in 6-
well plates at a final volume of 2 ml. On day 7, the medium was discarded and
replaced with fresh medium supplemented with barakol at concentrations of 0.5 and 1.0
mM. After 72 h of exposure, DNA of P19 neurons were extracted and analyzed on

agarose gel electrophoresis as previously described.
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4. Techniques for the assessment of cell viability

4.1 Tetrazolium salt XTT assay

At the end of incubation, the medium was aspirated from the
cells and replaced with 100 ul fresh a-MEM and 25 ul of tetrazolium salt XTT
mixture solution (Img/ml in hot media plus 25 uM PMS). The cultures were
incubated at 37 °C for 4-6 h. The medium was then removed into a new 96-well
plates and measured absorbance at 450 nm on a microplate reader. The absorbance
of the wvehicle control was assigned a value of 100 % viability and any

decrease/increase was calculated as a percentage of this value.

% Cell viability = Absorbance (sample) x 100

Absorbance (control)

4.2 Trypan blue dye exclusion assay

At the end of exposure period, cells in each well were triturated
for 30-40 times to detach cells. Then, mixed a single-cell suspension (10-20 ul) with
0.4 % trypan blue at a ratio of 1:1. After incubated a few minute (less than 5 min),
cell suspension was filled in the chamber of hemocytometer using a microscope with
10X ocular and 10X objective. _The numbers of viable cells (bright cells) were
counted in each of squares (Cookson, 1994; Egan, 1997; Cereser, 2001). If over 10 %
of the cells represent clumps, repeat triturated again. Calculate the number of viable

cells perml as follow:

Cell number (cells/ml) = average viable cell count per square x 10* x dilution factor.
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4.3 Neutral red dye uptake assay

At the end of exposure period, cells were stained with 50 pg/ml
of neutral red (diluted in culture medium). After incubated at 37 °C for 20-30 min,
cell morphology of viable cells, appeared in red spot in intracellular of the cells, was
observed under microscope (Riddell, 1986; Barile, 1994).

5. Effect of barakol on AChE activity

5.1 Effect of barakol on intracellular soluble AChE

On day 7 after plating, P19 neurons were exposed with barakol at
various concentrations ranging from 0.05-1.0 mM. After 24, 48 and 72 h of exposure
time, the medium was aspirated and washed twice with ice-cold PBS. After added
200 pl of fresh ice-cold PBS, cells were triturated for 30-40 times to detach cells and
transferred to a microcentrifuge tube. Cells were centrifuged at 12,000g at 4 °C for 10
min and washed twice with ice-cold PBS and centrifuged again. The supernatant was
discarded, added 200 pl of phosphate buffer pH 8.0 and sonicated briefly at 10 sec
intervals for 30 sec. AChE activity assay was performed by Ellman’s method in a
reaction mixture - containing 0.75 mM acetylthiocholine iodide, 0.3 mM
dithiobisnitrobenzoic (DTNB 39.6 mg were dissolved in 10 ml of 0.1 M phosphate
buffer pH 7 and 15 mg of sodium bicarbonate) and 20 uM iso-OMPA (at the final
volume of 300 ul). Absorbance was read at 415 nm at 30 sec intervals for 15-30 min
after adding of AChE. Protein determination was evaluated according to the method
of Lowry and bovine serum albumin-was used as a standard protein. The extinction
coefficient of the yellow color of 5-thio-2-nitrobenzoic acid can be converted to
absolute unit:

Rate (moles/l.per min) = (* absobance/min)/1.36 x 10*
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5.2 Effect of barakol on membrane-bound AChE

On day 7 after plating, P19 neurons were incubated with barakol
at various concentrations ranging from 0.05-1.0 mM. After 24, 48 and 72 h of
exposure time periods, the medium was aspirated and washed with ice-cold PBS. The
cells were fixed in 0.4 % formaldehyde for 10 min. After that, the solution was
discarded and incubated with 20 uM iso-OMPA for 10 min (specific inhibitor for
butyrylcholinesterase). AChE activity was stained using Karnovsky and Roots
method. The reaction mixtures were consisted of 5 mg of acetylthiocholine iodide,
6.5 ml of 0.1 M phosphate buffer pH 8.0, 0.5 mi of 0.1 M sodium citrate, 1 ml of 30
mM copper sulfate, 1 ml of H,O and 1 ml of 5 mM potassium ferricyanide (in the
presence of iso-OMPA). The stock solutions were kept at 4 °C for several weeks.
The final solution was clear, greenish in color and stable for hours. After incubation

overnight, the brown color was developed and a photograph was taken.

6. Statistical analysis

All experiments were performed at least in triplicate for each
concentration. Cells treated only with ultra-purified water were included as vehicle
controls. Statistical analysis was carried out with a statistical SPSS program. These
studies used one-way analysis of variance (ANOVA) followed by Tukey multiple
comparison test to evaluate significant difference. Results are presented as mean +

S.D. and are considered significant if P<0.01 or P<0.05.



CHAPTER IV

RESULTS

1. Differentiation of P19 cells

1.1 Morphological features of P19 cells

P19 cells are easy to grow in monolayer and can be maintained if
certain pitfalls are avoided. These cells do not stop replicating in a density-dependent
manner and thus readily over grow and finally death if the subculture is not on
schedule. Cultures used for differentiation should be relatively free of debris and
should not have acid medium. P19 cells showed fibroblast-like morphology, which

were poorly differentiated under normal condition (Fig. 2A)

1.2 Morphological features of embryoid bodies (EBSs)

Undifferentiated P19 cells growing in the absence of RA tended to
grow in monolayers and appear fibroblast-like morphology, which adhered directly to
plastic well or flask without having recourse to the use of the attachment factors. One
day after seeding P19 cells in bacteriological-grade petri dishes and treated with 0.5
um RA, cells spontaneously aggregated into spherical shape, also called EBs, of
various sizes (Fig. 2B). The EBs observed under phase contrast microscope were
frequently aggregates and may show stalk-like structures protruding from the body.
On day 2, the number of cells in aggregates and the size were increased. On day 4,
the size of EBs became increasing and some EBs were aggregated together. In the

process of differentiation, there were a few cells or aggregates adhere to the petri dish.

1.3 Morphological features of P19 neurons

Neuronal differentiation was stimulated by allowing P19 cells to
aggregate in bacterial grade petri dishes for 4 days in a-MEM medium supplemented

with 0.5 uM RA. Cells were replated in medium lacking RA in tissue culture wells
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coated with poly-L-lysine to promote neuronal phenotype. One day after plating,
cells were aggregated together. On day 2, most of the cells were small and some cells
exerted short neuritic processes, which showing the characteristic morphology of
neuronal cells: soma and neurites (Fig. 2C). These cells with a neuron-like
morphology will hence be referred to as P19 neurons. They were observed either as
isolated cells or as aggregates of various sizes. After 3 days of culturing, more cell
bodies were trapped within these clusters to form islets. The size as well as
compactness of the islets varied. The islets were cross-linked by bundles of neurites
or extremely long single neurites and bundles of neurites diverged out in several
directions from the islet. On day 4, long interwoven neurite extensions emanated
from the cell aggregates. The clusters of neurons now gave off multiple neurites. On
day 7 of culturing, P19 neurons were highly enriched, which were estimated by visual
examination that at least 90 % of the cells exhibited this neuronal phenotype. The
neurites made contact with each other and complicate patterns evolved because of
their branching. These cells, which were usually small and round shape, showed the

characteristic morphology of neuronal cells (Fig. 2D).

P19 neurons were distinguished as phase-bright rounded cells with
extended processes. Glia and other non-neuronal cells were often seen beneath
neuron-like cells and appeared as flattened, non-phase bright cells (Fig. 2D).
Although non-neuronal cells were abundant in cultures on day 2 after plating, their
cell number steadily declined upon treatment of 10 uM ara-C. This treatment was
selective for retaining post-mitotic neurons and resulted in highly enriched neuronal
population. At this time, virtually all the cells appeared morphologically very similar
to mature primary neurons; however, exact quantification of the proportion of
precursor P19 cells that became P19 neurons were not determined except the AChE

activity.

1.4 Histochemical staining of AChE positive neurons.

P19 cells were cultured as EBs for 4 days in the presence of RA and
then allowed to differentiate morphologically to P19 neurons after day 7 of culturing.
Membrane-bound AChE activity of P19 neurons was stained by the method of

Karnovsky and Roots (Karnovsky and Roots, 1961) as described in the Methods.
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Histochemical staining for AChE activity showed a brown color indicated that P19
cells differentiated to P19 neurons exhibited cholinergic positive neurons (Fig. 3).

2. Determination of cytotoxic effect of barakol on P19 cells

2.1 Concentration-dependent study

Initial cytotoxicity assessments of barakol on undifferentiated P19
cells with XTT assay revealed that significant cytotoxicity occurred after incubated
with barakol at the concentrations of > 0.8 mM, following 24 h of exposure.
Percentages of cell viability significantly decreased to 87 and 78 after exposed with
barakol at the concentrations of 0.8 and 1.0 mM, respectively (Fig. 4). Trypan blue
dye exclusion assay was used to evaluate the viable cell numbers. At all experimental
concentrations ranging from 0.05-1.0 mM, barakol did not reveal significantly
cytotoxic to P19 cells following 24 h of exposure (Fig. 5). Phase contrast
photomicrographs of barakol-treated and non-treated of P19 cells after stained with
trypan blue revealed that there were a few number of floating cell death after exposure
with barakol at the concentrations of 0.8-1.0 mM. Cell morphology showed no

observable difference in the presence and absence of barakol (Fig. 6).

2.2 Time-course study

To further testify the cytotoxic effect of barakol at longer time period,
the time-course study of barakol was evaluated using the XTT assay. The results
showed that barakol at the concentration of 0.4 mM exerted slightly cytotoxic effect
to P19 cells after 36 h of exposure, cell viability approximately 87 % of the control.
Following 72 h of incubation period, cell viability was significantly declined to 67 %
of the control. Barakol at the concentration of 0.8 mM showed more cytotoxic effect
to P19 cells, cell viability was approximately decreased to 25 % of the control after 36
h of exposure. The results indicated that barakol was exerting a cytotoxic effect to

P19 cells in a time dependent manner (Fig. 7).

Trypan blue dye exclusion assay was used to investigate the viable
cell numbers. Barakol at the concentration of 0.8 mM exhibited significant

cytotoxicity to P19 cells after 36 h of exposure. The viable cell number was
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approximately 52 % of the control (Fig. 8). Barakol at the concentration of 0.4 mM at
48 h of treatment showed less cytotoxicity to P19 cells, with the viable cell number

approximately 85 % of the control.

Morphological observation of P19 cells was determined by trypan
blue staining and observed under microscope. After 48 h of exposure, barakol-treated
group at the concentration of 0.4 mM also exerted morphology indifferently (Fig. 9B)
compared with control group (Fig. 9A). Barakol at the concentration of 0.8 mM
showed slightly observable difference in the morphology of P19 cells. Their
morphology revealed smaller than un-treated cells and exhibited a round shape.
There were a few number of cell death (showing in a blue cells) after staining with
trypan blue (Fig. 9C). At the concentration of 1.0 mM of treatment, most of cells
were shrinkage and exhibited in round shape. There were a few number of cell death
after they were stained with trypan blue (Fig 9D). At 72 h of exposure, barakol-
treated groups at the concentration of 0.4 mM also exerted morphological
indifferently. Barakol-treated groups at the concentrations of 0.8 and 1.0 mM were
found to exhibit smaller and spherical shape and fewer cell density than untreated
group but still viable. There were a few number of cell death, which stained with
trypan blue (Fig. 10). To confirm the cell viability, the neutral red dye was used to

stain the viable cells (Fig. 11).

2.3 Recovery study

To study the recovery of P19 cells after treated with barakol at the
concentrations of 0.4, 0.8 and-1.0.mM for 72 h. ‘At the end of incubation time, the
medium was discarded and followed by substitution with fresh barakol-free medium.
After allowing the cells to recover for 48 and 96 h, the cells were stained with trypan
blue and counted in hemocytometer. The results showed that the cell numbers of P19
cells were significantly increased after incubated with barakol at the concentrations of
0.4 and 0.8 mM (Fig. 12). However, barakol at the concentration of 1.0 mM showed
indifferently increase in the cell number following 96 h of incubation with barakol-
free medium. After the barakol-treated P19 cells at the concentrations of 0.4 mM
(Fig. 13A and 13B), 0.8 mM (Fig. 14A and 14B) and 1.0 mM (Fig. 15A and 15B) for
72 h and following by 96 h of incubation with barakol-free medium, cell morphology
was observed. The results exhibited that barakol-treated P19 cells at 0.4 mM showed
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the increase in cell density and the alteration of cell morphology into small shape and
packed cells. There were a few number of cell death in the trypan blue stain (Fig.
13C) and most cells were still viable as shown in neutral red stain (Fig. 13D). At 0.8
mM of barakol-treated P19 cells, morphology was altered in a swollen and spherical
shape (Fig. 14C and 14D). At 1.0 mM of barakol-treated P19 cells, morphology was
enlarged, swollen and spherical shape. There were a few number of cell death, some
cells exerted fibroblast morphology (Fig. 15C and 15D).

2.4 DNA fragmentation assay

The pattern of cell death was investigated with agarose gel
electrophoresis technique. The result showed that barakol-treated cells exhibited a
pattern of internucleosomal DNA fragmentation characteristics of a type of cell death
designated as apoptosis (Fig. 16). Barakol at the concentrations of 0.5 mM (lane 2)
and 1.0 mM (lane 3) showed a pale DNA ladder compared with RA-treated P19 cells
for 4 day (lane 4) and spontaneous cell death (aging culture)(lane 5) used as a positive
control, which showed a clear pattern of internucleosomal DNA cleavage (discrete
fragments differing in size from one another) and was different from a negative

control (lanel).

3. Determination of cytotoxic effect of barakol on P19 neurons

3.1 Concentration-dependent study

Cytotoxicity effect of barakol on P19 neurons showed that barakol at
various concentrations ranging from 0.05-1.0 mM did not exert cytotoxic effect to
P19 neurons following 24 h of exposure, assessed by both XTT assay (Fig. 17) and
trypan blue dye exclusion assay (Fig. 18). The morphological observation under
inverted microscope revealed that there was no difference in the presence of barakol
at the indicated concentration range. There was slightly observable different in the

length of neurites at the concentration of > 0.8 mM.
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3.2 Time-course study

Time-course study with XTT assay showed that barakol at the
concentrations of < 0.4 mM did not exert cytotoxic to P19 neurons at 24-72 h of
exposure. Barakol exhibited significant cytotoxicity to P19 neurons at the
concentrations of 0.8 mM at 36 h of exposure (Fig. 19). Barakol at the concentration
of 1.0 mM for 72 h showed a low cytotoxicity to P19 neurons. The percentage of cell

viability was greater than 74 % of the control at all exposure concentrations.

Time-course study with trypan blue dye exclusion assay was used to
investigate the viable cell number (Fig. 20). At 24-72 h of exposure, barakol at the
concentration of 1.0 mM did not show significantly cytotoxic to P19 neurons. The
cell number of P19 neurons, in the absence or in the presence of barakol at all

exposure concentrations for 72 h, was slightly decreased.

Morphological observation of P19 neurons was determined by trypan
blue staining and observed under microscope. The results showed that there was no
morphological difference between un-treated and barakol-treated groups at the
concentrations of 0.4-1.0 mM for 24 h (Fig. 21). After 48 h of exposure, barakol-
treated cells at the concentration of 0.4 mM exerted morphology indifferently
compared with the control group. Barakol at the concentration of 0.8 mM showed
observable difference in the morphology of P19 neurons. Their morphology revealed
the appearance of vacuolation in P19 neurons. There were a few number of cell death
(showing in a blue cells) after staining with trypan blue. At the concentration of 1.0
mM, neurite did not appear and there was a lot of vacuolation intracellularly (Fig. 22).
After 72 h of exposure, barakol-treated groups at the concentration of 0.4 mM also
exerted morphology indifferently. Barakol at the concentration of 0.8 mM exhibited
shorter neurite than the control group. Their morphology revealed vacuolation in P19
neurons. Barakol-treated P19 neurons at 1.0 mM, did not exhibit neurite outgrowth

and there was a large vacuolation in the soma (Fig. 23).

Neutral red staining of P19 neurons revealed that there were a lot of
viable cells after exposure to barakol at the concentrations ranging from 0.4-1.0 mM
for 24 h (Fig. 24). At 48-72 h of exposure, barakol at the concentration of 0.4 mM did
not exert cytotoxic to P19 neurons. However, barakol-treated P19 neurons, at the
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concentrations of 0.8-1.0 mM for 48 h (Fig. 25) and for 72 h (Fig. 26), exhibited

vacuolation in the soma but still revealed viable cells.

3.3 DNA fragmentation assay of P19 neurons

P19 neurons were exposed to barakol at the concentrations of 0.5 and
1.0 mM for 72 h, then the DNA extraction and DNA fragmentation assay was
prepared. The result showed that barakol exhibited a pattern of pale internucleosomal
DNA fragmentation after P19 neurons were incubated with barakol at the
concentrations of 0.5 mM (lane 2) and 1.0 mM (lane 3) compared to 100 base pair
DNA ladder (lane 1) and a negative control group (lane 4). This characteristic of a
type of cell death was designated as apoptosis (Fig. 27).

4. Effect of barakol on AChE activity in P19 neurons

4.1 Effect of barakol on intracellular soluble AChE

P19 neurons were incubated with barakol at the concentrations
ranging from 0.05-1.0 mM for 24-72 h. Intracellular soluble AChE was extracted and
AChE assay was performed with Ellman’s method. These results revealed that there
was no significant AChE activity in barakol-treated group compared with vehicle
control group (Fig. 28).

4.2 - Effect of barakol on membrane-bound AChE

The inhibitory effect of barakol on membrane-bound AChE was
studied. The results showed that barakol at the concentrations ranging from 0.4-1.0
mM for 24-72 h of exposure, revealed no discernible different in membrane-bound
AChE inhibitory activity. Barakol-treated groups at all concentrations for 24 h (Fig.
29), 48 h (Fig. 30) and 72 h (Fig. 31) also exhibited brown color, which were not

different from the control group.
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Fig. 2 Morphologyjf P19 cells, EBs and P19 neurorrrs‘r P19 cells were growing in
monolayer as fibroblast morphology (A). EBs were obtained after seeding P19 cells
in petri dish m the presence of 05 pM RA for 4 days “EBs were observed under
phase contrast microscope showmg multlcellular aggregates and roughly spherical
morphology (B) Aggregates of P19 ceIIs ‘were. dlssocrated and plated onto tissue
culture weIIs On day 2, P19 neurons appeared whose processes grew rapidly from
the aggregate (C). Cultures obtained from day 7 after plating, cells were highly
enriched in neurons (D). More cell bodies were trapped within these clusters to form
“islets”. The size as well as compactness of the islets varied. The islets were cross-
linked by bundle of neurites or extremely long single of neurites diverged out in
several directions from the islet and non-neuronal cells. N = neurite, S = soma, | =

islet, SN = single of neurite, BN = bundle of neurites. Bar =10 um.
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Fig. 4 Concentration-dependent study of barakol on P19 cells assessed by XTT
assay. P19 cells were seeded at 10° cells/ml into 96 well plates. After 24 h of
incubation, P19 cells were exposed to various barakol concentrations ranging from
0.05-1.0 mM for 24 h. At the end of exposure time, cell viability was determined by
tetrazolium salt XTT assay. Data are presented as mean + S.D compared with control
group. Each data was investigated at least triplicate. Statistical significance was
evaluated by one-way analysis of variance. In the Tukey multiple comparison test
determined the concentration of barakol at which the percentage of cell viability was
significantly different. * denote P<0.05, ** denote P<0.01 versus vehicle control

group. n = 11.
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Fig. 5 Concentration-dependent study of barakol on P19 cells assessed by trypan blue
dye exclusion assay. P19 cells were seeded at 10° cells/ml into 96 well plates. After
24 h of incubation, P19 cells were treated with barakol at the indicated concentrations.
Following 24 h of exposure, cells were triturated to detach cells and stained with 0.4
% trypan blue. After staining, P19 cells were counted under microscope using

hemocytometer. Data are investigated at least triplicate and presented as mean + S.D.
n==6.
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Fig. 7 Time-course study of barakol on P19 cells assessed by XTT assay. P19 cells

were treated with barakol at the concentrations ranging from 0.05-1.0 mM for 24, 36

48, 60 and 72 h. Barakol-treated cells in each well were compared to untreated

control group.

manner. Statistical analysis was performed by ANOVA.

Each barakol concentration was tested in triplicate in a randomized

In the Tukey multiple

comparison test determined the concentration of barakol at which the percentage of

cell viability was significantly different. Data are presented as mean £S.D. n=9.

** denote P<0.01 versus control.
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Fig. 8 Time-course study of barakol on P19 cells assessed by trypan blue dye exclusion
assay. P19 cells were treated with varying barakol concentrations from 0.05-1.0 mM for 24,
36 48, 60 and 72 h. Barakol-treated cells in each well were compared to untreated control
groups. Each barakol concentration was tested in triplicate in a randomized manner. Each
barakol concentration was tested in triplicate in a randomized manner. Statistical analysis
was performed by ANOVA. In the Tukey multiple comparison test determined the
concentration of barakol at which the percentage of cell viability was significantly different.
Data are presented as mean + S.D. n = 3. * denote P<0.05, ** denote P<0.01 versus

control.
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Fig. 9 Phase contrast photographs of barakol-treated P',LQ cells for 48 h and stained
with trypan blue. Ljell morphology after staining with trypan blue was observed.
There were no dlscernlble morphologlcal dlfference between treated with barakol at a
concentration of 0 4 mM (B) and control group (A) After. exposure to 0.8 mM of
barakol (C) there were a few number of ceIIs observable drfference cells were
shrrnkage and appeared |n spherrcal shape (Whrte arrow) After exposure to 1.0 mM
of barakol (D), there were observable morphological difference; most cells assumed
spherical shape. There were a few number of cells stained with trypan blue indicated
as dead cells (black arrow) and un-stained indicated as viable cells (white arrow).

Bar = 10 pm.
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Fig. 10 Phase conti‘&$t photographs of barakol-treated"ﬁ‘lg cells for 72 h and stained

-

with trypan blue. 1Fhere were no discernible morphﬁogically difference between
barakol-treated at 0.4 mM (B) compared with control group (A) after staining with
trypan blue was observed. After eXposu_re tio 0.8 mM of barakol, there were a few
number of cells observable difference; cells morphology assumed spherical shape
(white: arrows). ‘After' erxposu'ré_l to 1.0.mM of barako'i (D), there were observable
morphblogical difference; most cells were shrinkage and appeared in spherical shape.
There were a few number of cells stained with trypan blue indicated as dead cells

(black arrow) and un-stained indicated as viable cells (white arrow). Bar = 10 um.
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Fig. 11 Phase contrafét photographs of barakol-treated P19 cells for 72 h and stained
with neutral red. After exposure to barakol at 0-mM (A), 0.4 mM (B), 0.8 mM (C),
and 1.0 mM (D), at the end of incubation the medium was_discarded and the cells
were stained with neutral red for 20-30 min. Cell viability was observed and a
photagraph was taken under microscope. White arrow: indicated an accumulation of

the dye in lysosomes, which indicated as viable cell. Bar = 10 um.
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Fig. 12 Recovery study of P19 cells after exposure with barakol for 72 h. P19 cells
were incubated with barakol at the concentrations of 0.4, 0.8 and 1.0 mM for 72 h.
Then the medium was replaced with barakol-free medium. After the following 48 and
96 h, cells were stained with trypan blue and counted under microscope. Each
barakol concentration was tested in triplicate in a randomized manner. Statistical
analysis was performed by ANOVA. In the Tukey multiple comparison test
determined the concentration of barakol at which the percentage of cell viability was
significantly different. Data are presented as mean £ S.D. n = 3. ** denotes P<0.01

versus control.
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Fig. 13 Recovery udy of barakol-treated P19 cells at 0.4 mM and stained with

trypan blue and neutral red. At the end of exposure with barakol for 72 h, the cells

vt s i iy o ) i sl 1 (8 ol by 6 o

incubation with barakol-free medium, the cells were stained with trypan blue (C) and

4, St 8 4 ) e it

cell. Bar =10 pm.



Fig. 14 Recoveryﬂudy of bérakol-treated P19 cellﬂt 0.8 mM and stained with
trypan blue and neutral red. At the end of exposure with barakol for 72 h, the cells
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Fig. 15 Recovery st!ndy of barakol treated P19 cells t 1.0 mM and stained with
trypan blue and neutral red.” At the end of exposure with barakol for 72 h, the cells
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incubation with barakol-free medium, the cells were stained with trypan blue (C) and
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and head arrow indicated fibroblast morphology. Bar = 10 pum.
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Fig. 16 Internucleosomal DNA fragmentation of barakol-treated P19 cells. P19 cells
were cultured in a-MEM with no barakol addition (lane 1), 0.5 mM (lane 2) and 1.0
mM barakol (lane 3) for 72 h of exposure, 0.5 uM RA-treated P19 cells for 4 days
(lane 4), spontaneous cell death (lane 5) and 100 base pair DNA ladder as a marker
(lane 6). The DNA (20 pg) was separated with 1.5 % agarose gel electrophoresis at
100 V for 1 h.and stained with ethidium bromide.
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Fig. 17 Concentration-dependent study of barakol on P19 neurons assessed by XTT
assay. P19 cells were differentiated in o-MEM supplemented with 5 % FBS
containing 0.5 uM retinoic acid. After 4 days of culture in petri dishes with RA, EBs
were triturated and plating on poly-L-lysine-coated 96-well plates. Two days after
plating, 10 uM Ara-C was added to inhibit non-neuronal proliferation. On day 7 after
plating, P19 neurons were incubated with barakol at the concentrations ranging from
0.05-1.0 mM. Following 24 h, cell viability was determined by XTT assay. Results
were given as a percentage of the cell viability of treated compared with untreated
groups. Each-barakol-concentration was tested in triplicate in-a randomized manner.

Data are represented asmean £ S.D. n= 3.
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Fig. 18 Concentration-dependent study of barakol on P19 neurons assessed by trypan
blue dye exclusion assay. P19 neurons were exposed to barakol at the concentrations
ranging from 0.05-1.0 mM for 24 h. At the end of incubation, cells were detached
from surface by triturated 20-30 times and incubated for 1-2 min with 0.4 % trypan
blue at room temperature and counted under microscope. Each barakol concentration
was tested in triplicate in a randomized manner. Each value is represented as mean +

S.D. of triplicate determinations. n = 3.
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Fig. 19 Time-course study of barakol on P19 neurons assessed by XTT assay.

Barakol-treated groups in each well were compared to untreated control groups. Each

barakol concentration was tested in triplicate in a randomized manner.

analysis was performed by ANOVA.

Statistical

In the Tukey multiple comparison test

determined the concentration of barakol at which the percentage of cell viability was

significantly different. Data are presented as mean = S.D. ** denote P<0.01. n=4.
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Fig. 20 Time-course study of barakol on P19 neurons assessed by trypan blue dye

exclusion assay. After P19 neurons were treated with barakol at the concentrations

ranging from 0.05-1.0 mM for 24-72 h, the cells were stained with trypan blue and

counted under microscope. Each barakol concentration was tested in triplicate in a

randomized manner. Data are presented as mean £ S.D. n = 3.



Fig. 21 Phase contrast photographs of barakol-treated P19 neurons for 24 h and
stained with trypan blue. At the end of incubation period, P19 neurons were stained
with 0.4 % trypan blue and photographs were taken. Cell viability was observed on
un-treated P19 neuron (A), 0.4 mM (B), 0.8 mM (C), and 1.0 mM (D) of barakol-

treated P19 neurons. Black arrow indicated as dead cell. Bar = 10 um.
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Fig. 22 Phase conijrast photographs of barakol-treat,eg__j P19 neurons for 48 h and
stained with trypan blue. At the end of incubation period, P19 neurons were stained
with 0.4 % trypan blue and photographs were taken.: Cell viability was observed on
un-treated P19 neuron (A), 0.4 mM (B), 0.8 mM (C), and 1.0 mM (D) of barakol-

treated P19 neurons. Black arrow indicated as dead cell. Bar, =10 pm:



Fig. 23 Phase contrast photographs of barakol-treated P19 neurons for 72 h and
stained with trypan blue. At the end of incubation period, P19 neurons were stained
with 0.4 % trypan blue and photographs were taken. Cell viability was observed on
un-treated P19 neuron  (A), 0.4 mM (B), 0.8 mM (C), and 1.0 mM (D) of barakol-

treated P19 neurons. Black arrow indicated as dead cell. Bar = 10 um.
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Fig. 24 Phase con_Erést photographs of barakol-treatgg P19 neurons for 24 h and
stained with neutral red. At the end of exposure time, the medium was discarded and
stained with neutral red for 30 min. Cell viability was observed on un-treated P19
neurons (A), 0.4 mM (B), 0.8 mM (C), and 1.0 mM (D) of barakol-treated P19

neurons..\White arrow: indicated as viable cell. -Bar= 10 um.
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Fig. 25 Phase contrast photographs of barakol treated P19 neurons for 48 h and
stained with neutral red At the end of exposure time, the medium was discarded and
stained with neutral red for 30 min.. Cell viability was.observed on un-treated P19
neurons (A), 0.4 -mM (B), 0.8 mM (C), and 1.0 mM (D) of barakol-treated P19

neurons. White arrow indicated as viable cell. Bar = 10 um.
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Fig. 26 Phase contrast photographs of barakol-treated P19 neurons for 72 h and

stained with neutral red. At the end of exposure time, the medium was discarded and
stained with neutral red for 30 min. Cell viability was observed on un-treated P19
neurons (A), 0.4 mM (B), 0.8 mM (C), and 1.0 mM (D) of barakol-treated P19

neurons. White arrow indicated as viable cell. Bar =10 pum.
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Fig. 27 Internucleosomal DNA fragmentation of barakol-treated P19 neurons. After
P19 neurons were incubated with barakol at the concentrations of 0.5 and 1.0 mM for
72 h. The DNA (20ug/lane) was analyzed by 1.5 % agarose gel electrophoresis at
100 V for 1 h followed by ethidium bromide staining. The 100 base pair DNA ladder
as a marker (lanel), 0.5 mM (lane 2) and 1.0 mM (lane 3) barakol and un-treated

control group (lane 4) were demonstrated.
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Fig. 28 The effect of barakol on intracellular soluble AChE in P19 neurons. On day
7 after plating, P19 neurons were incubated with barakol at the concentrations ranging
from 0.05-1.0 mM. The intracellular soluble AChE was extracted by briefly
sonicated at 10 sec interval for 30 sec. The AChE activity was performed by
Ellman’s method in a reaction mixture containing; 0.75 mM acetylthiocholine iodide,
0.3 mM DTNB and 20 uM iso-OMPA. Absorbance was read at 415 nm at 30 sec
intervals for 30 min. Protein was determined by Lowry method. Each barakol
concentration-was tested in triplicate in a randomized manner. Data are represented

asmean +S.D. n=3.



Fig. 29 Membrane-Bf)und AChE activity in barakol-treated P19 neurons for 24 h. At
the end of exposure, the medium was discarded and membrane-bound AChE activity
was stained with Karnovsky and Roots as described in Methods. Photographs showed
in un-treated P19 neurons (A), 0.4 mM (B) 0.8 mM (C), and 1.0 mM (D) of barakol-

treated P19 neurons. Bar = 10 um.
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Fig. 30 Membrane-bound AChE activity in barakol-treated P19 neurons for 48 h. At
the end of exposure, the medium was discarded and AChE activity was stained with
Karnovsky and Roots. Photographs showed in un-treated P19 neurons (A), 0.4 mM
(B), 0.8 mM (C), and 1.0 mM (D) of barakol-treated P19 neurons. Black arrow

indicated as cholinergic neurons. Bar = 10 pm.
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Fig. 31 Membrane-bound AChE activity in barakol-treated P19 neurons for 72 h. At
the end of exposure, the medium-was discarded and membrane-bound AChE activity
was stained with Karnovsky and Roots. = Photographs showed in un-treated P19
neurons (A), 0.4 mM (B), 8 mM (C), and 1.0 mM (D) of barakol-treated P19 neurons.

Black arrow indicated as cholinergic neurons. Bar =10 um.



CHAPTER V

DISCUSSION AND CONCLUSION

Testing of pharmaceutical and industrial chemicals for developmental
toxicity currently employs studies using live animals. Recent initiatives have
developed protocols, which refine these studies and reduce the numbers of animal
used. However, given the many complex interacting processes that are involved in
embryonic development, replacement of these studies with alternative in vitro tests is
considered unlikely to occur in the foreseeable future, and there has been a tendency
to neglect or even move away from the development of screens for risk assessment.
Thus, to date, the use of in vitro tests in developmental toxicology has largely been
confined to mechanistic studies and analogue screening where in vivo or in vitro

comparison has shown close agreement (Newall, 1996).

Although animal model are valuable for studying effects of developmental
toxicants, use of cell culture can facilitate studying mechanism by which
developmental toxicants elicit their effects at the cellular and sub-cellular level. For
the purposes of studying developmental toxicity, optimal cell culture systems are
those which undergo differentiation with patterns similar to those occurring in vivo,
and which respond to exogenous stimuli in a manner similar to in vivo response.
Thus, cellular morphology and expression of tissue-specific markers in cell culture
systems should reflect in_vivo morphology and gene expression (Seeley and
Faustman, 1998). The discovery of the cells isolated from the inner cell mass of
mouse blastocysts can be maintained in an undifferentiated state forming a totipotent
EC cell line, is therefore a timely advance in the development of in vitro screens for
teratogenic potential (Newall, 1996). EC cells form the inner cell mass of the
mammalian blastocysts can be cultured and manipulated in vitro, then returned to the
embryonic environment where they develop normally, and contribute to all somatic
and germ cell lineages. These cells resemble those comprising the inner cell mass of
preimplantation blastocysts and a number of differentiated cell types in endodermal,
mesodermal and neuroectodermal, which characteristics of cells of the three germ

layers can be obtained reproducibly by different treatments (Jonk, 1992). An obvious
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advantage of using EC cell lines over primary cell cultures is that they reduce the
number of animals required for toxicity testing. Another advantage of using cell lines
is the relative ease with which they can be transfected for studying mechanism of
development the effects of gene expression or repression on differentiation (Seeley
and Faustman, 1998). Thus, embryonic cells are an attractive in vitro model for
cytotoxicity, factor that regulate neuronal differentiation and embryotoxicity studies
(Rohwedel, 2001; Yao, 1995).

P19 cells are pluripotent murine embryonal carcinoma cells that can be
induced by RA to differentiate into P19 neurons that are biochemically and
morphologically similar to cells of the CNS (Jones-Villeneuve, 1982; Ray and
Gottlieb, 1993; Seeley and Faustman, 1998). Previous investigations have indicated
that the commitment to differentiation by RA in P19 cells is cell cycle dependent. A
4 h pulse treatment with RA of cells in the G1 phase of the cell cycle, but not in S or
asynchronously growing, is sufficient to induce their differentiation as determined by
a reduction of their ability to grow in soft agar and expression of SSEA-1 antigen
(Mummery, 1987). P 19 neurons developed many neuronal markers (Jones-
Villeneuve, 1982; Staines, 1994, Slack, 1995, Mansergh, 1996; Eggenberger, 1998
and Mansergh, 2000). Electron micrographs of 21-day-old cultures revealed that
synaptic contacts were indeed formed and that some axons and presynaptic boutons
contained, large, dense-core vesicles (Staines, 1994; Finley, 1996). In addition,
cultures containing up to 90% neurons can be obtained by treating differentiating P19
cells with ara-C to inhibit proliferation of non-neuronal cells (Coleman, 1996). P19
neurons matured -in culture (> 5 days after plating), detectable GAD and GABA
staining intensified and extended from the cell bodies into the processes (Lin, 1996).
Thus, P19 cells -of embryonic-origin .and. P19--neurons, which express several
neuronal-specific proteins commonly found in the CNS and- display distinct neuronal
morphology, can be used to analyse in vitro the cytotoxicity. Therefore, these
systems represent in vitro alternatives to animal tests for mutagenicity,

embryotoxicity and also neurotoxicity (Seely and Faustman, 1998; Rohwedel, 2001).

Cytotoxicity is considered primarily as the potential of a compound to induce
cell death. Most in vitro cytotoxicity tests measure necrosis. However, an equally
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important mechanism of cell death is apoptosis, which requires different methods for
its evaluation. Furthermore, detailed studies on dose and time dependence of toxic
effects to cells, together with the observation of effects on the cell cycle and their
reversibility, can provide valuable information about mechanisms and type of toxicity,
including necrosis, apoptosis or other events (Eisenbrand, 2002). Until now, several
in vitro systems using embryonic cells have been established for testing on the basis
of cytotoxicity and differentiation analyses. Most of these studies included parameter
such as protein content, colony size, enzyme activity, plating efficiency,
morphological analysis, membrane permeability, immunological analysis and cell
surface receptor expression (Sehlmeyer, 1996; Rohwedel, 2001). A convenient way
to estimate the number of viable cells growing in multi-well plates is to use a
colorimetric assay and an automatic microplate reader. A tetrazolium salt has been
used to develop a quantitative colorimetric assay for mammalian cell survival and
proliferation. The assay detects living, but not dead cells and the signal generated is
dependent on the degree of activation of the cells (Mosmann, 1983). To study the cell
viability in our experiments, a colorimetric method of XTT were used. In addition,
membrane integrity were measured by dye exclusion (trypan blue)(Cookson, 1994;
Egan, 1997; Cereser, 2001), vital dye uptake (neutral red) (Riddell, 1986; Barile,
1994; Cereser, 2001). Morphological analysis on P19 cells and P19 neurons was used
to analyse the cytotoxicity of barakol as well (Borenfreund and Puerner, 1985; Seeley
and Faustman, 1998). Incubation of P19 cells with barakol resulted in a significantly
dramatic decrease in cellular survival. By comparing the toxic effects of barakol in
P19 cells and P19 neurons, a higher sensitivity was detected in P19 cells than in P19
neurons. Resulting in decreased cell survival in P19 cells was higher than in P19
neurons. Although at present it is quite impossible to draw any correlation between
the effects of barakol in P19 cells and P19 neurons, it has been reported that cytotoxic
effect of toxicants in different cell types may showed the same or an even higher or
less sensitivity (Rohwedel, 2001; Cereser, 2001). In addition, at this point it is not
clear how many distinct types of neurons and glia can be derived from P19 cells
(Jones-Villeneuve, 1982). Lineage studies in vivo showed that neurons and glia can
be sister cells even at the final rounds of cell division during neurogenesis (Rohwedel,
2001). Finally, possibly, the level and/or activity of enzymes or protein important to
barakol toxicity becomes more fully developed in mature neurons. Several enzymes

of importance to brain metabolism have been shown to increase in activity with time



66

in culture (Sawyer, 1999; Cereser, 2001). Thus it seems to be difficult to draw a
correlation between cytotoxic effects on undifferentiated P19 cells and P19 neurons.
In addition, it is difficult to extrapolate the correlation of embryotoxicity and

neurotoxicity between in vitro and in vivo (Rohwedel, 2001).

These studies were also noticeable that cell viability assessed by the XTT
assay could be detectable cytotoxicity faster than by the trypan blue dye exclusion
assay.  This result may depend on the sensitivity and limitation of each technique.
The colorimetric cytotoxicity assay based on the tetrazolium dye, demonstrated a
higher sensitivity of embryonic stem cells to teratogens than of differentiated
fibroblast (Rohwedel, 2001). In addition, the XTT assay determines cell survival
indirectly via the alteration of metabolic activity in live cells, in contrast, the trypan
blue dye stains dead cells only. The disadvantages of trypan blue dye exclusion assay
such as (1) the cells must be separated into a single cells suspension, the clumps or
aggregates of cells may be difficult for counting which could count more or less than
the exactly cell number; (2) the number of counted cells should be more than 200
cells for the valuable statistical analysis; and (3) this technique to be excessively time
consuming and giving poor reproducibility. Thus, cytotoxicity assays measure
xenobiotic induced alterations in metabolic pathways or structure integrity of the cells
which may or may not be related to direct of cell death.

Time-course study also revealed that, after 72 h of treatment, the cell number
of un-treated and barakol-treated P19 neurons decreased about 25 % compared with
24 h of treatment (Fig. 20). These results might be due to the spontaneous cell death,
which has been reported that during the development of ‘the vertebrate nervous
system, up to 50 % of many cell types of neurons normally dies soon after they form
synaptic connections with their target cells. This-massive cell death is thought to
reflect the failure of these neurons to obtain adequate amounts of specific
neurotrophic factors that are produced by the target cells and that are required for the

neurons to survive (Raff, 1993).

Although there is no single method or model that can extrapolate the toxicity
from animals to humans, the species differences in toxicity often can be explained by

pharmacokinetic or pharmacodynamic of drugs. To make an accurate interpretation
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and a reasonable prediction of potential toxicity in humans, it is important to elucidate
the underlying mechanism responsible for the species differences in metabolism and
pharmacokinetics (Lin and Lu, 1997). Furthermore, for differentiation between
cytotoxicity and reversible cell damage, recovery of the cell needs to be appropriately
considered and this might help interpret results of studies in vivo (Eisenbrand, 2002).
Barakol-treated P19 cells at the concentrations of < 0.8 mM showed the recovery of
cell number, while at a higher concentration of 1.0 mM, P19 cells could not be
recovered. However, the recovery study of barakol on P19 neurons could not be
evaluated because of the lacking of proliferation of post-mitotic P19 neurons.

Apoptosis can be evaluated by the observation of cell morphology,
membrane rearrangements, DNA fragmentation, caspase activation and cytochrome ¢
release from mitochondria (Batistatou, 1993; Dragunow and Preston, 1995;
Eisenbrand, 2002). In our experiment, agarose gel electrophoresis was used to
characterized the pattern of cell death, which previously reported that chromatin
fragmentation into oligonucleosomal length fragments by a non-lysosomal Ca®* and
Mg** dependent endonuclease has long been considered to be the hallmark, and
potentially even the initiating mechanism of apoptosis (Fesus, 1993; Batistatou, 1993;
Eisenbrand, 2002). Studies of DNA fragmentation of barakol-treated P19 cells and
barakol-treated P19 neurons showed a similar pattern of DNA ladder on agarose gel
electrophoresis. The results suggested that barakol could induce cell death via the
apoptotic mechanism. Demonstration of the internucleosomal DNA fragmentation
has been a major advance in the detection of apoptosis, however, it is now also clear
that fragmentation of DNA into oligonucleosmoes is usually a late event and it does
not occur in all forms of apoptosis and may be more or less significant in different cell
types or in response to different apoptotic stiumli (Fesus, 1993; Dickson, 1998; Sastry
and Rao, 2000). Thus, to confirm apoptotic cell death, it should further investigate
the induction of apoptosis by barakol in P19 cells and P19 neurons with another
appropriate techniques such as terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL) assay, cells containing DNA strand breaks become visible
in light microscope (Saraste and Pulkki, 2000) and a novel approach to study the
presence of apoptosis, which demonstrates the activation of downstream caspases.
This can be detected by western blotting of target proteins that have been cleaved by
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caspases or by demonstration of caspase activity by enzyme assay (Saraste and
Pulkki, 2000).

The distinction between the cytotoxicity of barakol on P19 cells and P19
neurons or other different cell types may be complicated by specific effects of
physiological variables (Lin and Lu, 1997). Additionally, it has previously reported
that the toxic effect of barakol in human hepatoma cell line HepG2 is mediated by
oxidative stress (Lawanprasert, 2001). However, there is no reason to expect that they
will be identical in P19 cells or P19 neurons or HepG2 cells. Barakol also induced
apoptosis in P19 cells and P19 neurons indicated by DNA ladder at a similar manner
to the cells when treated with RA. It was reported that RA induced the p27 protein,
which in turn inhibited the Cdk4-dependent kinase, leading to the activation of
retinoblastoma, which ultimately promoted cell cycle arrest and apoptosis in P19 cells
(Glozak, 1996; Glozak and Roger, 2001). However, the mechanism whereby barakol
exerts their toxicity on P19 cells and P19 neurons at intracellular targets have not been
investigated and it is not known whether apoptotic pathways in P19 cells or P19

neurons are identical to RA demonstrate here.

P19 cells exhibited no AChE activity. However, after aggregation with RA
and plating for morphological differentiation, neuronally induced cells showed
increasing levels of AChE activity in cell homogenates (Coleman and Taylor, 1996).
AChE exists distinct molecular forms, due to alternative splicing at the 3’ end of the
gene. The carboxy-terminal sequences encoded by the alternative spliced exons direct
the cellular localization of the enzyme but do not affect its catalytic properties
(Coleman and Taylor, 1996; Grisaru, 1999). AChE was found as soluble or
membrane-bound AChE (Rotundo, 1989; Schegg, 1992; Coleman-and Taylor; 1996;
Legay, 1999). The appearance of cholinergic activity on nerve cells often precedes
synaptogenesis. It has been hypothesized that cholinesterase is important in
development of the mammalian nervous system (Meisami, 1984; Schegg, 1992;
Coleman, 1996). Altlhough AChE has often been used as a marker for terminal
differentiation of neurons, developmentally regulated expression of AChE in neuronal
cells is not well understood (Coleman and Taylor, 1996). According to the
cholinergic hypothesis of AD, which was discovered that the brains of AD patients
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were deficient in acetylcholine, one of the main neurotransmitters of the CNS that
serves to increase attention and facilitate learning (Maltby, 1994; Francis, 1999). To
day, the symptomatic treatment of AD is based on cholinergic enhancement. The
only class of drugs that have been effective so far for the symptomatic treatment of
AD are the cholinesterase inhibitor which indirectly increase the content of
acetylcholine in the cholinergic synapse (Sunderland, 1998; Benzi, 1998; Holmes,
2000; Bullock, 2002). Our preliminary studies on AChE inhibitory effect of barakol
exerted that barakol could inhibit AChE from both sources of rat brain and electric eel
in a dose-dependent manner and demonstrated 1Csy values of 0.40 and 0.21 mM,
respectively (Table. 12). Lineweaver-Burk plots for the AChE activity demonstrated
that barakol was a reversible, competitive AChE inhibitor with an inhibition constant

(Kj) of 0.084 mM (Fig. 32). It was noticeable that barakol at the concentrations of <

0.2 mM did not exhibit the cytotoxic effect to both P19 cells and P19 neurons.
Furthermore, the aqueous extract of C. siamea could inhibit AChE from both sources
indifferently (ICso = 1.31 mg/ml). The inhibitory effect of barakol on AChE activity
and the ability to cross the BBB could support that barakol might enhance the central
cholinergic neurotransmission by decreasing the rate of acetylcholine hydrolysis.
Thus, barakol, as well as the crude extract of C. siamea, might show a considerable
promise to slow the progression of AD. The effect of barakol on membrane-bound
AChE in P19 neurons showed that barakol exerted ineffectiveness to directly inhibit
membrane-bound AChE activity, contrast to the direct AChE inhibition of barakol in
rat brain and electric eel AChE. The result might be discussed that Karnovsky and
Roots developed this method to detect AChE activity especially in tissues, which have
shown potent AChE activity and the brown color of product was rapidly occurred in a
short time (approximately < 2'h). In contrast, membrane-bound AChE activity in P19
neurons was less potent than in tissue, leading to longer.incubation period for un-
treated P19 neurons to produce an insoluble product. ' In addition, barakol showed a
weak competitive AChE inhibitor. Thus, the method of Karnovsky and Roots might
not be appropriate to demonstrate a direct inhibitory effect of barakol on membrane-
bound AChE in P19 neurons. The effect of barakol on intracellular soluble AChE
activity in P19 neurons revealed that barakol did not exert an inhibitory effect on
intracellular AChE activity. This result might suggest that barakol could not pass the
plasma membrane of P19 neurons to inhibit intracellular soluble AChE directly. On
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the other hand, if barakol could pass the BBB as well as the plasma membrane of P19
neurons, barakol might be metabolised by the enzyme in P19 neurons and become
inactive to inhibit intracellular AChE. The metabolic enzymes have been shown to
increase in activity with time in neuronal culture (Sawyer, 1999). The concrete

reason for this evidence must be further clarified.

The brain is different from other organs in several aspects, one of the most
important features is that the brain is completely separated from the blood by the
BBB. All organs are perfused by capillaries lined with endothelial cells that have
small pores to allow for the rapid movements of drugs into the organ interstitial fluid
from the circulation. However, the capillary endothelium of the brain lacks these
pores and, therefore, drugs must cross the BBB and enter the brain by simple
diffusion. In contrast, many synthetic AChE inhibitors or other drugs showed high
potency only in vitro but in vivo, they lost the ability to inhibit the enzyme activity or
exert another activity in the target site in CNS. Many studies conclude that they did
not pass the BBB, in contrast to barakol. Our in vitro cytotoxic studies suggest that
barakol is a promising candidate for further study in animal model, which has been
reported the LDsy was 324 mg/kg, i.p. (Jantarayota,1988). The interesting topics for
further investigation are the effect of barakol on memory impairment and
toxicological studies before the potential assessment of barakol in clinical trial.

In summary, barakol was toxic to P19 cells as well as P19 neurons. The
reason for this apparent discrepancy has not been elucidated but could be due either to
the differences in cell type although P19 neurons was originated from P19 cells, or
possibly expression of endogenous scavenging molecules such as glutathione
(Sawyer, 1999). The lowest concentrations of barakol tested at 0.4 mM and 0.8 mM
were toxic to P19 cells and P19 neurons, respectively. Furthermore, after exposed
with barakol at the concentrations of < 0.8 mM, P19 cells could be recovered by
which exhibited the increase in cell number with slightly change in cell morphology.
Finally, the inhibitory effects of barakol on both intracellular soluble AChE and
membrane-bound AChE in P19 neurons showed ineffectiveness.
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Table. 2 Concentration-dependent study of barakol on P19 cells assessed by XTT

assay. The absorbance of the vehicle control was assigned a value of 100 % viability

and any decrease/increase was calculated as a percentage of this value. Statistical

significance was evaluated by one-way analysis of variance. In the Tukey multiple

comparison test determined the concentration of barakol at which the percentage of

cell viability was significantly different. * denote P<0.05, ** denote P<0.01 versus

vehicle control group. n = 11.

% Cell viability

Barakol conc. (mM) mean S.D.
0.05 98.81 6.75

0.1 94.30 8.28

0.2 95.56 8.40

0.4 91.89 9.82

0.8 86.76* 7.04

1 77.72%* 7.68
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Table. 3 Concentration-dependent study of barakol on P19 cells assessed by trypan
blue dye exclusion assay. P19 cells were treated with barakol at the indicated
concentrations. Following 24 h of exposure, cells were triturated to detach cells and
stained with 0.4 % trypan blue. After staining, P19 cells were counted under
microscope using hemocytometer. Data are investigated at least triplicate and

presente as mean £ S.D. n = 6.

Cell number x 10° (cells/ml)

Barakol conc. (mM) mean S.D.
Conitrol 24.13 2.77

0.05 24.13 1.47

0.1 22.8 1.89

0.2 PA2 1 1.49

0.4 22.73 0.99

0.8 21.67 1.14

1.0 21.53 1.17
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Table. 4 Time-course study of barakol on P19 cells assessed by XTT assay. The
absorbance of the vehicle control was assigned a value of 100 % cell viability and any
decrease/increase was calculated as a percentage of this value. Statistical analysis
was performed by ANOVA. In the Tukey multiple comparison test determined the
concentration of barakol at which the percentage of cell viability was significantly
different. Data are presented as mean + S.D. n =9. ** denote P<0.01 versus control.
Barakol showed the cytotoxic effect at the IC50 values of 0.62, 0.63, 0.54 and 0.50

mM for 36, 48, 60 and 72 h of exposure time, respectively.

Barakol conc. (mM)
% Cell
Time (h)yviability 0.05 0.1 0.2 0.4 0.8 1.0
24 Mean 97.83 95.02 94.67 95.00 | 77.28+ 76.51*
S.D. 6.13 18-35 10.52 11.69 5.90 6.61
36 Mean 96.88 | 94.73| 93.07 | 86.58+~| 24.88+ 16.03*
S.D. 3.50 5.83 4.79 4.47 7.70 6.38
48 Mean 105.99| 105.93] 104.05| 90.75+| 23.92+ 16.27+*
S.D. 2.59 1.90 8.95 1.82 0.56 2.30
60 Mean 103.05| 101.61| 87.79| 75.90~| 3.42~| 0.65+
S.D. 7.02 4.86 6.95 5.06 5.92 1.13
72 Mean 94.87 93.12 93.27| 66.53~ 5.70=| 1.60*
S.D. 6.30 4.96 3.91 7.59 5.35 2.98
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Table. 5 Time-course study of barakol on P19 cells assessed by trypan blue dye
exclusion assay. Each barakol concentration was tested in triplicate in a randomized
manner. Statistical analysis was performed by ANOVA. In the Tukey multiple
comparison test determined the concentration of barakol at which the percentage of
cell viability was significantly different. Data are presented as mean = S.D. n = 3.

* denote P<0.05, ** denote P<0.01 versus control.

Cell number x Barakol conc. (mM)
Time (h)[L0* (cells/ml) | control | 0.05 0.1 0.2 0.4 0.8 1.0
24 Mean 8.4 7.96 8.27 8.53 7.56 6.8 6.18
S.D. 1.64 0.66 1.60 1.87 1.30 1.06 1.28
36 Mean 1147 | 11.2 | 12.09 | 10.58 | 10.71 | 6.00+« | 5.29+*
S.D. 1.51 1.09 1.61 1.47 2.90 0.13 0.91
48 Mean 172 | 17.74 | 1751 | 17.55 | 14.62~ | 6.44* | 5.15+
S.D. 0.70 0.23 0.66 1.19 0.68 0.66 0.89
60 Mean 22.45 | 2351 | 23.42 | 20.62 |13.06%| 6.22* | 5.33~
S.D. 2.02 4.56 4.34 2.06 0.46 0.28 0.48
72 Mean 23.2 | 23.38 | 23.82 | 22.89 |12.31+| 6.35% | 5.55+
S.D. 1.97 3.51 2.74 1.56 2.47 0.2 0.56
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Table. 6 Recovery study of P19 cells after exposure with barakol. P19 cells were
incubated with barakol at the concentrations of 0.4, 0.8 and 1.0 mM for 72 h. Then
the medium was changed with barakol-free medium. After the following of 48 and 96
h, cells were stained with trypan blue and counted under microscope. Data are

presented as mean + S.D. n=3. ** denote P<0.01 versus control.

CelitiEel 4 Barakol conc. (mM)
Time (h) | 10° (cells/ml) | 0.4 0.8 1.0
control mean St 2.44 2.04
S.D. 2.47 0.78 0.43
48 mean 43.73+ | 13.91~ | 1.87
S.D. 2.54 1.21 0.88
96 Mean 50.93+ | 32.71~ | 2.98
S.D. 2.82 3.66 041
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Fig. 7 Concentration-dependent study of barakol on P19 neurons assessed by XTT
assay. On day 7 after plating, P19 neurons were incubated with barakol at the
concentrations ranging from 0.05-1.0 mM. Following 24 h, cell viability was
determined by XTT assay. Results were given as a percentage of the cell viability of
treated compared with untreated groups. Each barakol concentration was tested in

triplicate in a randomized manner. Data are represented as mean £ S.D. n=3.

% Cell viability
Barakol conc. (mM) mean S.D.
0.05 102.06 9.25
0.1 97.69 18.28
0.2 96.63 6.16
0.4 91.91 3.99
0.8 91.81 4.42
1.0 85.33 7.79
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Fig. 8 Concentration-dependent study of barakol on P19 neurons assessed by trypan
blue dye exclusion assay. P19 neurons were exposed to barakol at the concentrations
ranging from 0.05-1.0 mM for 24 h. At the end of incubation, cells were detached
from surface by triturated 20-30 times and incubated for 1-2 min with 0.4 % trypan
blue at room temperature and counted under microscope. Each barakol concentration
was tested in triplicate in a randomized manner. Each value is represented as mean +

S.D. of triplicate determinations. n = 3.

Cell number x 10* (cells/ml)
Barakol conc. (mM) mean S.D.
Control 2.94 0.23
0.05 2.76 0.28
0.1 2.62 0.28
0.2 3.11 0.55
0.4 2.58 0.20
0.8 2.49 0.28
1 3.02 0.43




91

Table. 9 Time-course study of barakol on P19 neurons assessed by XTT assay. The
absorbance of the vehicle control was assigned a value of 100 % viability and any
decrease/increase was calculated as a percentage of this value. Each barakol
concentration was tested in triplicate in a randomized manner.  Statistical analysis
was performed by ANOVA. In the Tukey multiple comparison test determined the
concentration of barakol at which the percentage of cell viability was significantly
different. Data are presented as mean + S.D. ** denote P<0.01. n=4.

Barakol conc. (mM)
Time (h)| % Cell viability | 0.05 01 | 02 | 04 0.8 1.0
24 mean 102.06 | 97.69 | 96.63 | 91.61 | 91.81 | 85.33
S.D. 9.25 18.28 | 6.16 4.00 4.43 7.79
36 mean 99.32 | 96.85 | 94.19 | 92.09 | 85.06** | 90.37x
S.D. 3.44 5.49 9.45 9.12 13.66 7.21
48 mean 97.67 | 94.62 | 93.01 | 89.48 | 82.09++ | 78.63*
S.D. 4.03 6.25 4.10 7.21 9.77 11.05
60 mean 95.05 | 95.09 | 92.95 | 90.9 | 84.89+ | 74.56+
S.D. 7.10 3.78 2.66 5.60 6.32 9.27
72 mean 99.62 | 98.27 | 97.7 | 94.82 | 84.98~ | 83.18~
S.D. 3.43 4.95 5.61 7.99 8.08 8.89
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Table. 10 Time-course study of barakol on P19 neurons assessed by trypan blue dye
exclusion assay. After P19 neurons were treated with barakol at the concentrations
ranging from 0.05-1.0 mM for 24-72 h, the cells were stained with trypan blue and
were counted under microscope. Each barakol concentration was tested in triplicate

in a randomized manner. Data are presented as mean + S.D. n = 3.

Cell
number X Barakol conc. (mM)

10*
Time (h)| (cells/ml) | control | 0.05 0.1 0.2 0.4 0.8 1.0

24 mean 3.91 4.13 3.91 3.91 3.87 3.87 3.96

S.D. 0.08 0.27 008 | 028 | 014 | 0.14 | 015

36 mean 3.87 3.96 409 | 391 | 39 | 382 | 3.64

S.D. 0.36 0.08 031 | 043 | 028 | 031 | 0.34
48 mean 3.73 3.69 3.78 | 3.82 | 369 | 342 | 3.69

S.D. 0.14 0.28 033 | 033 | 054 | 0.67 | 0.94
60 mean 3.73 3.51 365 | 3.69 | 324 | 324 | 3.24

S.D. 0.14 0.20 020 | 028 | 028 | 0.28 | 0.43

72 mean 2.89 2.71 271 | 298 | 298 | 3.07 | 2.89

S.D. 0.16 0.41 0.28 | 0.08 1.01 | 040 | 043
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Table. 11 The effect of barakol on intracellular soluble AChE in P19 neurons. On
day 7 after plating, P19 neurons were incubated with barakol at the concentrations
ranging from 0.05-1.0 mM. The AChE activity was performed by Ellman’s method
in a reaction mixture containing; 0.75 mM acetylthiocholine iodide, 0.3 mM DTNB
and 20 uM iso-OMPA. Absorbance was read at 415 nm at 30 sec intervals for 30
min. Protein was determined by Lowry method. Each barakol concentration was

tested in triplicate in a randomized manner. Data are represented as mean £ S.D. n =

3.

Barakol conc. (mM)
Time control 0.05 0.1 0.2 0.4 0.8 1
(h) Specific activity (nmol/min/mg protein)
24 0.33 0.31 0.43 0.24 0.21 0.20
0.12 0.13 0.06 0.10 0.05 0.04 0.00
48 0.32 0.32 0.37 0.37 0.26 0.21 0.21
0.15 0.01 0.15 0.16 0.02 0.00 0.01
72 0.25 0.27 0.27 0.27 0.24 0.21 0.25
0.08 0.15 0.10 0.04 0.02 0.06 0.03
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Table. 12 Comparison of the kinetic parameters of acetylthiocholine hydrolysis and
effects of the inhibitors on AChE from crude rat brain and commercial electric eel

AChE. n=6.

Parameters Wistar rat brain AChE Electric eel AChE
Kinetic parameters
Km (mM) 0.12+0.01 0.133+£0.01
Vmax (uM/min) 3.29 +0.08 3.31+0.06
I1Csp values
Physostigmine (uM) 0.77 £0.02 0.39£0.02
BW284C51 (nM) 10.51 + 0.41 9.50+0.84
Barakol (mM) 0.40 £ 0.03 0.21+0.01
Aqgueous extract of 1.31+0.04 1.31+0.01
C. siamea (mg/ml)
Inhibition coefficient (Ki)
Barakol (mM) 0.08 £0.01 0.084 £ 0.01
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Fig. 32 Lineweaver-Burk plot of AChE inhibition by barakol on Wistar rat brain

AChE (A) and Electric eel AChE. (B) 0.3mM Barakol (m), 0.1 mM Barakol (¢) and
no inhibition, control (-).
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