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RESEARCH ARTICLE

Inhibitory Effect of a Water Extract from Stephania venosa Tubers
on N-methyl D-aspartate Receptor

Pathama Leewanich

Department of Pharmacology, Faculty of Medicine, Srinakharinwirot University, Bangkok
10110, Thailand

Abstract

Water extract from Stephania venosa (S. venosa) tubers has a sedative effect in an
animal experiment. It has been known that sedative activities may involve antagonism of the N-
methyl D-aspartate (NMDA), serotonin (5-HT), or glycine receptors. NMDA receptor is
particularly interesting because it is involved in several neuronal dysfunctions. Therefore, this
study aimed to evaluate the effects of water extract from S. venosa tubers on the NMDA
receptor. Xenopus oocytes were injected with cRNA mixture of NR1a and NR2B and responses
to NMDA were recorded using the two-electrode voltage clamp technique. The extract at 0.1—
1000 pg/ml dose-dependently inhibited the NMDA receptor function with an 1Csy of 200 pg/ml.
The inhibitory effect of the extract was reversible when compared to that of the NMDA-channel
blocker MK-801. Combinations of the extract and the competitive NMDA receptor antagonist
AP-5 showed a more pronounced inhibition than either one alone. Selectivity of the inhibitory
effect of the extract was also evaluated. The extract decreased 5-HT receptor function with an
upward bell-shaped concentration dependence. The extract at 1-100 ug/ml dose-dependently
decreased 5-HT receptor response with an ICsy of 3 pg/ml but at 0.1-1 pg/ml the inhibition was
gradually increased when the concentration was decreased. The inhibitory effect of the extract
on glycine receptors was less potent than the effect on NMDA receptor. These results suggest
that the extract reversible inhibited the NMDA receptor by interacting with a binding site rather
the site for AP-5. Moreover, the inhibition of the extract was more specific to NMDA receptor
than glycine receptor. Possible active compound (s) underlying the inhibitory effect of the
extract are discussed.

Key Words  Stephania venosa tubers, water extract, Xenopus oocytes, NMDA receptor



Introduction

Stephania venosa Spreng (S.
venosa), commonly known in Thai as
Boraphet-phungchang, Sabu-le-ad or Kling
klaang dong, is a plant in the family of
Menispermaceae. Many studies have
reported that S. venosa tuber in Thailand
revealed a variety of pharmacological
activities including antimalarials (1),
acetylcholinesterase inhibitors (2),
antiproliferative activity on cancer cells
(3,4), and antiinflammatory activity (5).
Over thirty isoquinoline alkaloids isolated
from the tuber (6-8) exibit many biological
activities, such as aromoline possess
antiplasmodial, antiamoebic, and cytotoxic
activities; berbamine and tetradrine inhibit
the production of interleukin-1 and tumor
Necrosis factor; berbamunine and
cepharanthine display antiinflammatory and
immunosuppressive activities; dicentrine
shows antihypertensive; and palmatine has
sedative activity (9,10).

Although, most people have used
the tuber of S. venosa in the form of crude
drugs, boiled solution, liquor soaking, or
pills, scientific evidences of these
formulations have not been clarified. Our
previous observation found that animals
orally intaking water extract from the tuber
of S. venosa become sedated. Sedative
activity of any compounds may involve
inhibition of excitatory neurotransmitter.
N-methyl D-aspartate (NMDA) is an
excitatory neurotransmitter acting as a
specific agonist at the NMDA receptor.
NMDA receptor is particular interesting
because it mediates many neuronal
dysfunctions such as Alzheimer’s diseases
(11). Therefore, this study aimed to
evaluate the effects of water extract from S.
venosa tubers on NMDA receptor.
Materials and Methods

Plant material and extract preparation

Authentication of the tuber of S.
venosa (Bl.) Spreng was achieved by
comparison with herbarium specimens at
the Bangkok Forest Herbarium, Royal
Forest Department, Ministry of Agriculture
and cooperatives, Bangkok, Thailand.

S. venosa tubers were collected
from Rachaburi Province, Thailand. The
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fresh tubers were harvested, chopped into
small pieces, and dried under the sun light
for 2-3 days. The dried tubers were boiled
for 5 h. The solutions were then filtered and
lyophilized using a freeze dryer to yield a
brown powder.

RNA preparation

cDNA clones of NR1a and NR2B
were kindly provided by Dr. K. lgarashi
(Faculty of Pharmaceutical Sciences, Chiba
University). The circular cONAs of NRla
and NR2B were linearized with Notl and
EcoRl, respectively. The linearized NR1a
and NR2B cDNAs were then transcribed
into cRNAs in vitro with T7 and T3 RNA
polymerase,  respectively, using an
mMessage mMachine transcription kit
(Ambion, Austin, TX, USA). NRla and
NR2B cRNAs were diluted with nuclease-
free water to approximately 0.5 pg/ul of
each and were mixed at a ratio of 1:4 before
injection into Xenopus oocytes. Total RNA
(5 mg/ml) for 5-HT or glycine receptor was
prepared from whole brain or spinal cord of
adult male rats, respectively, using the
Trizol reagent (Gibco-BRL) (12).

Oocyte injection

Defolliculated stage V-VI oocytes
were prepared from Xenopus laevis
(Xenopus Express, Cape, South Africa) as
described previously (13). Briefly, Xenopus
laevis were anesthetized in ice-water, and a
lobe of the ovary was dissected and placed
in sterile modified Barth’s solution (MBS:
88 mM NaCl, 1 mM KCI, 0.41 mM CaCl,,
0.33 mM Ca(NOs),, 0.82 mM MgSO,, 2.4
mM NaHCOs3;, 7.5 mM Tris
(hydroxymethyl) aminomethane, pH 7.6).
Oocytes were then isolated manually and
defolliculated by incubation in 2 mg/ml
collagenase (type IA; Sigma, St. Louis, MO,
USA) at 19 °C for 1 h in calcium-free MBS
solution. Each oocytes was injected with
either 27.6 nl of NR1a/NR2B RNA mixture
or 46 nl of the total RNA. After injection,
oocytes were incubated in MBS containing
2.5 units/ml penicillin and 2.5 pg/ml
streptomycin at 19 °C.

Electrophysiological recording
Responses to NMDA  were
recorded using a two electrode voltage-
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clamp amplifier (GeneClamp 500B; Axon
Instrument, Foster City, CA, USA) at a
holding potential of - 70 mV unless noted
otherwise. Electrodes were filled with 3 M
KCI and had resistances of 0.5-5 QM.
Oocytes were positioned in a 50-ul chamber
and continuously perfused with Mg**-free
MBS solution at 1 ml/min at room
temperature. The drugs were applied until a
plateau or peak of the response was
observed. Data were recorded and digitized
for analysis (MacLab 200; ADInstruments,
Castle Hill, NSW, Australia). The washout
period for recovery was 3-5 min,
depending on the concentration of drugs
applied. Most data are expressed as the
mean = S.E.M. For statistical analysis, the
SigmasStat (ver3.5) program was used. Data
were subjected to the paired t-test when
effects were compared between before and
after drug application in the same oocytes
or the unpaired t-test when the experiments

A)
Glu-gly

were performed in different oocytes. If the
data was compared with 100% control,
Mann-Whitney Rank Sum test was used.

Results

Inhibitory effect of the S. venosa extract
on the NMDA receptor

To clarify the efficacy of the extract
on the expressed NMDA receptor, the
inhibitory effect of the extract at 0.1-1000
pg/ml was tested with 10 uM glutamate
plus 10 uM glycine. The current response
elicited by 10 uM glutamate plus 10 uM
glycine was dose-dependently reduced by
the extract with 1Csy of 200 pg/ml (Fig. 1).
The inhibitory effect of the extract easily
disappeared after washout comparing to
that of the noncompetitive NMDA receptor
antagonist MK-801 (Fig. 1A).

S. venosa 10 100

MK-801

100+

80

60

40
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% Inhibition ot control NMDA
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10 100 1000
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Figure1  Dose-dependent inhibitory effects of S. venosa extract on NMDA receptor. Oocytes
injected with NR1a and NR2B cRNAs were applied with 10 uM glutamate plus 10
uM glycine (Glu-gly) in the absence (control) or presence of the extract. A)
Examples of NMDA currents inhibited by the extract at different concentrations
(10-1000 pg/ml). MK-801 (10 uM) is a noncompetitive NMDA receptor antagonist
was tested as a positive control. B) Data are expressed as the mean £ S.E.M. of
percentages of control NMDA currents from 5-8 oocytes.



Inhibitory effect of the S. venosa extract
on the NMDA receptor was enhanced by
AP-5

To study a possible mechanism by
which the extract inhibits the NMDA
receptor, the inhibitory effects of the extract
in the presence of the competitive NMDA
receptor antagonist AP-5 were determined.
Simultaneous application of the extract and
AP-5 to oocytes caused a significant
increase inhibitory effect of the extract
when compared to the effect caused by the
extract or AP-5 alone (Fig. 2). When the
extract at 200 pg/ml and AP-5 at 10 uM
were tested, the percentage of inhibition
were 32 +4.5,32+ 1.7, and 54 + 3.3 for the
extract, AP-5, and combination of the
extract and AP-5, respectively. When the
extract at 300 pg/ml and AP-5 at 3 uM
were tested, the percentage of inhibition
were 67 +£2.9,14+ 1.5, and 78 + 2.6 for the
extract, AP-5, and combination of the
extract and AP-5, respectively.
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Inhibitory effect of the S. venosa extract
on 5-HT and glycine receptors

To examine the specificity of the
inhibitory effect of the extract on NMDA
receptor, we tested the effects of the extract
on 5-HT and glycine-induced currents in
oocytes injected with rat brain or spinal
cord mRNA, respectively. The inhibitory
effect of the extract at 0.1-100 pg/ml was
tested with 0.1 pM 5-HT. The inhibition by
the extract gradually decreased during
application of the extract in the
concentration range of 0.1-1 pg/ml and
gradually increased during the extract
concentration of 1-100 pg/ml (Fig. 3). ICs
of the dose-dependent inhibition of the
extract on 5-HT receptor is 3 pg/ml. The
extract at 30 pg/ml almost completely
inhibit the 5-HT receptor (99 %). The 5-HT
responses that were reduced by the extract
at high concentrations hardly recovered
after washout.

S. venosa
AP-5

A)
Glu-gly
S. venosa 200
AP-5
B)
80
S 60+
- [/
5
8
s 40+
5
]
=
s 204
=
0
200
10

200

A =

Figure 2  Additive effect of S. venosa water extract and AP-5 on NMDA receptor. Oocytes
injected with NR1a and NR2B cRNAs were applied with 10 uM glutamate plus 10
uM glycine in the absence (control) or presence of the extract (200 or 300 pg/ml) or
AP-5 (3 or 10 uM) or the extract plus AP-5. A) Examples of NMDA currents
inhibited by the extract or AP-5 alone and the extract plus AP-5. B) Data are
expressed as the mean + S.E.M. of percentages of control NMDA currents from 3-
16 oocytes.*P< 0.001, compared with S. venosa or AP-5 alone.
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Figure 3  Dual inhibition of S. venosa extract on 5-HT receptors. Oocytes injected with total
rat brain RNAs were applied with 0.1 uM 5-HT in the absence (control) or presence
of the extract at various concentrations (0.1 — 100 pug/ml). A) Examples of traces
demonstrated the effects of the extract at 3 and 30 pg/ml. Oocytes were applied
with the extract 1 min before simultaneously application with 5-HT. B) Data are
expressed as the mean + S.E.M. of percentages of control response from 2-6
oocytes. *P< 0.05 and **P< 0.01, compared with S. venosa at 1 pg/ml.

Discussion

The present study demonstrates that
the water extract from S. venosa tubers acts
as an NMDA receptor antagonist in
Xenopus oocytes injected with NRla and
NR2B RNA and the inhibitory activity of
the extract was more selective to the
NMDA receptor than glycine receptor, but
not on 5-HT receptor. The S. venosa
extract inhibited the NMDA function with
an 1Csp of 200 pg/ml while inhibited the 5-
HT and glycine receptors with an ICs, of 3
and 500 pg/ml, respectively.

The water extract from S. venosa
tubers is a crude extract. Many constituents
in the extract might be involved in the
observed inhibitory effect on these
receptors. Gas chromatography (GC) and
mass spectrometer (MS) studies suggest
that domestine and tetrahydropalmatine are

the main components of the water extract
from S. venosa tubers (14). Biological
activity of domestine has not been clearly
identified.

In contrast, several lines of
evidence have demonstrated that
tetrahydropalmatine  (THP)  possesses
various pharmacological activities such as
analgesic, sedative, hypnotic (15), and
antihypertensive (16). Underlying these
activities, THP has been intensively studied
for its putative mechanism. Animal
experiments have shown that the sedative
effect of tetrahydropalmatine results from
blocking dopaminergic neurons in the brain,
and benzodiazepine receptors mediates, at
least in part, such an effect (17). Many
reports have shown the antihypertensive
and antinociceptive actions of THP
involves a serotonin receptor blocking
activity (18).
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Figure 4 Inhibitory effects of S. venosa extract on glycine receptor. Oocytes injected with
total rat brain RNAs were applied with 300 uM glycine in the absence (control) or
presence of the extract at 0.1 - 1000 pg/ml. A) Examples of traces induced by co-
application of the extract and glycine. B) Data are expressed as the mean + S.E.M.
of percentages of control response from 2-8 oocytes).

Although our previous observation
found that animals injected with water
extract from s. venosa tubers showed a
sedative effect, there is no evidence to
directly support the involvement of THP
and NMDA blocking in sedative action.
Then, other constituent(s) rather than THP
might involve NMDA blocking in sedative
action of the extract. Alternatively, the
sedative action of the extract might not
involve NMDA receptors but other type of
receptor, such as the 5-HT receptor.

AP-5 is a competitive antagonist of
NMDA receptor (19). The inhibition of the
S. venosa extract and that of AP-5 on the
NMDA receptor was additive. This
suggests that the binding site of the active

compound in the extract differ from that of
AP-5.

In summary, our results revealed
that the inhibition of the extract was more
selective to NMDA receptor than glycine
receptors but not to 5-HT receptor. It
would be interesting to determine which
compound(s) in the water extract from s.
venosa tubers acted as antagonist of NMDA
or 5-HT receptor.
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Effect of Dabigatran Etexilate on Bleomycin-Induced Pulmonary
Inflammation in Mice

Ninu Shrestha, Nongluck Sookvanichsilp
Department of Pharmacology, Faculty of Pharmacy, Mahidol University, Bangkok, Thailand

Abstract

Chronic inflammation causes pulmonary fibrosis. Bleomycin-induced pulmonary
fibrosis is a serious well-known adverse effect and bleomycin-induced murine pulmonary
fibrosis is generally used as a model of interstitial lung disease. Thrombin plays an important
role in the initial phase of pulmonary inflammation. The present study aimed to investigate the
effect of dabigatran, a direct thrombin inhibitor at a low antithrombotic dose on bleomycin-
induced pathological changes of the lung. Moreover, dabigatran safety profile on the stomach
was also studied. Male mice were divided into 3 groups, i.e. saline, bleomycin (50 mg/kg/day in
two divided doses, intravenously on day 1) and dabigatran (pretreated with bleomycin at the
dosage mentioned above and 10 mg/kg/day dabigatran etexilate orally on days 2-9). On day 10
after euthanatization and tissue dissecting, the lung was fixed in 10% formalin solution for
pathological study while the stomach was freshly observed under the microscope. From the
histological results, a trend of decreasing mean lung inflammation score in dabigatran group
(8.85+1.07) compared to bleomycin group (9.60£2.16) was found although the difference was
not significant (p>0.05). Mean gastric ulcer index of the dabigatran group (2.57+0.79) was
significantly higher than the bleomycin (1.00+0.63, p<0.01) and the saline (1.16+0.41, p<0.01)
groups. It can be concluded that dabigatran etexilate at a dose of 10 mg/kg/day for 8 days can
only show a slight trend of beneficial effect against bleomycin-induced pathological changes of
the lung while it can produce gastric ulcers. Therefore, dabigatran alone may not be useful for
the prevention of bleomycin-induced lung adverse reactions.

Key Words  bleomycin, dabigatran etexilate, gastric ulcer, pulmonary inflammation
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Introduction

Bleomycin is a glycopeptide
antineoplastic drug. It is used in different
combination regimens for treatments of
several cancers such as squamous cell
carcinoma and lymphoma (Gallagher et al.
2009). Bleomycin-induced  pulmonary
fibrosis is a serious well-known adverse
effect (Sikic et al. 1978). Pulmonary
fibrosis, an irreversible chronic lung disease,
can be caused by persistent exposure to
different irritant stimuli that promote
exaggerated inflammation which sustains
the production of proinflammatory and
fibrogenic  mediators.  Therefore by
controlling the initial inflammatory phase,
pulmonary fibrosis can probably be
prevented (Wilson and Wynn 2009).

There are evidences that the
thrombin plays an important role in
pathogenesis of pulmonary inflammation
and fibrosis. The level of thrombin is
increased in bronchio-alveolar lavage fluid
from patients with pulmonary fibrosis and
in  bleomycin  model of pulmonary
inflammation and fibrosis in animals.
Immunohistochemical studies showed that
expression of thrombin and protease
activated receptor-1 (PAR-1) in animal lung
tissues  increased dramatically  after
instillation of bleomycin (Howell et al.
2002).

Dabigatran, an active drug of dabigatran
etexilate, is a synthetic, competitive and
reversible  direct thrombin inhibitor
(Bogatkevich et al. 2011). It inhibits free
thrombin, fibrin  bound thrombin and
thrombin-induced platelet aggregation. It
inhibits both the cellular and coagulation
effects of thrombin. By inhibiting the
cellular effect, it acts as an anti-
inflammatory and antifibrotic drug and by
inhibiting the hemostatic effect, it acts as an
anticoagulant drug resulting in bleeding
side effects (Ryn et al. 2010, Blommel and
Blommel 2011, Harper et al. 2012). The
present study aimed therefore to investigate
the effect of dabigatran at a low
antithrombotic dose in prevention of
bleomycin-induced pulmonary
inflammation and fibrosis. Moreover,
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dabigatran safety profile on the stomach
was also studied.

Methods

Animals

Male ICR mice (obtained from the
National Laboratory Animal Center,
Mahidol University at Salaya) at aged 10-
13 weeks old, 40-45 g were used. They
were maintained in the animal room under
controlled conditions of 12 hours light and
dark cycle and 25+2°C. The mice were fed
with a standard diet and water ad libitum.
The experimental protocol was approved by
the Institutional Animal Care and Use
Committee, Faculty of Pharmacy, Mahidol
University. Mice were randomly divided
into 3 groups with 6-7 mice per group, i.e.
saline (intravenous sterile normal saline
twice on day 1 and distilled water orally
once daily on days 2-9, served as the
control),  bleomycin (50  mg/kg/day
bleomycin  sulfate,  Bleolem®Lemery,
Mexico, intravenously in two divided doses,
on day 1) and dabigatran (pretreated with
bleomycin at the dosage mentioned above,
followed by 10 mg/kg/day dabigatran
etexilate, Paradaxa®Boehringer Ingelheim,
as a suspension in distilled water, given
orally once daily on days 2-9). On the day
10, mice were euthanized by a 150 mg/kg
dose of phenobarbital sodium (Sigma-
Aldrich) and the lung and the stomach were
collected.

Histological studies of lung inflammation

Right superior and inferior lobes of
lung were fixed in 10% formalin
(formaldehyde 35-40%—-RCI Labscan) for
24 hours, followed by paraffin embedding
and staining with hematoxylin and eosin for
inflammation  study.  Sections  were
observed under a microscope (Olympus)
with a digital compact camera (Olympus) at
400%  magnifications. Semi-quantitative
study was performed by giving scores for
inflammation of lung (Ashcroft et al. 1988,
Dubin and Kolls 2007, Oku et al. 2008)
(Table 1).
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Table 1 Scoring of histology of lung for inflammation and fibrosis (Ashcroft et al. 1988, Dubin

and Kolls 2007, Oku et al. 2008).

Score Subpleural Peribronchial Alveolar duct Alveolar infiltration
infiltration infiltration infiltration

0 none none none none

1 <25% <25% <25% <100 cells in 1-4 flelds
2 25-50% 25-50% 25-50% <100 cells in 5-8 flelds
3 51-70% 51-70% 51-70% >100 cells in 1-4 flelds
4 71-90% 71-90% 71-90% >100 cells in 5-8 flelds
5 >90% or diffused >90% or diffused >90% or diffused diffused

Gastric ulcer detection

Pylorus and cardia were ligated
and instilled with 0.5% formalin, excised
and then fixed in 0.5% of formalin for 10
minutes. The stomach was cut along the
greater curvature, rinsed with normal saline
and kept on a glass slide to observe the
severity of gastric mucosal damage under a
stereo  microscope. The macroscopically
apparent damage to the glandular and
pyloric part was scored by following
criteria which were modified from Sener-
Muratoglu et al. (2001): 0 = normal color
without small red spot, 1 = 1-5 red spots of
less than 1 mm in length, 2 = 6-25 red spots
of less than 1 mm in length, 3 = 26-50 red
spots or 1-5 small ulcers of 1-2 mm in
length, 4 = 50-100 red spots or 5-10 small
ulcers or 1 medium ulcer of 2.1-4 mm in
length, and 5 = >100 red spots or >10 small
ulcers or 1 large ulcer >4 mm in length.
Sums of lesion scores for each mouse were
expressed as the ulcer index.

Statistical analysis

Values were expressed as means +
S.D. Mean differences were evaluated by
one way ANOVA test. Kruskal-Wallis test
was used for non-parametric data. A p-
value of less than 0.05 was considered
significant difference.

Results

Effect of dabigatran on bleomycin-
induced pulmonary inflammation

In bleomycin-treated mice, more
subpleural, peribronchial, alveolar duct and
alveolar infiltration (Figure 1) as well as
higher (p<0.01) inflammation scores (Table
2) could be observed when compared to
saline-treated control mice. Treatment with
dabigatran etexilate at a dose of 10
mg/kg/day for 8 days could not reduce the
bleomycin-induced pulmonary
inflammation (p>0.05) as evaluated by
inflammation scores.

Effect of dabigatran on bleomycin-induced
gastric ulcer

Bleomycin-treated mice did not
show any differences in stomach gross
appearance (Figure 2) and in ulcer index
scores (Table 2) when compared with
saline-treated mice. Treatment  with
dabigatran etexilate at a dose of 10
mg/kg/day for 8 days produced more
number of red spots (less than 1 mm in
length) and small ulcers (1-2 mm length)
(Figure 2) and higher ulcer index scores
(p<0.01) (Table 2) when compared to either
treatment with saline or bleomycin alone.
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Saline Bleomycin Dabigatran

Figure 1  Histological appearance of transverse sections of the murine lung after staining with
hematoxylin and eosin, x10 magnification. Saline = the control, bleomycin = mice
treated with 50 mg/kg/day bleomycin sulfate, intravenously in two divided doses on
day 1, and dabigatran = mice pretreated with bleomycin at the dosage mentioned
above, followed by 10 mg/kg/day dabigatran etexilate, orally once daily on days 2-
9.

Saline Bleomycin Dabigatran

Figure 2  Gross appearance of the stomach. Saline = the control, bleomycin = mice treated
with 50 mg/kg/day bleomycin sulfate, intravenously in two divided doses on day 1,
and dabigatran = mice pretreated with bleomycin at the dosage mentioned above,
followed by 10 mg/kg/day dabigatran etexilate, orally once daily on days 2-9.
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Table 2 Inflammation scores of mouse lungs and ulcer index scores of mouse stomachs

treated with saline, bleomycin and dabigatran

Treatments Inflammation scores Ulcer index scores
Saline 6.00 + 1.095 1.16 +0.41
Bleomycin 9.60 £2.16" 1.00 +0.63
Dabigatran 8.85 £ 1.07° 257 +0.79"

Data are expressed as means + S.D.
Compared with saline group: "p<0.01.
Compared with bleomycin group: 'p<0.01.

Saline = the control, bleomycin = mice treated with 50 mg/kg/day bleomycin sulfate,
intravenously in two divided doses on day 1, and dabigatran = mice pretreated with bleomycin
at the dosage mentioned above, followed by 10 mg/kg/day dabigatran etexilate, orally once

daily on days 2-9.

Discussion

To induce pulmonary inflammation,
the bleomycin dosage regimen of 10
mg/kg/day  intravenously  for  five
consecutive days (Oku et al. 2008) was
modified to 50 mg/kg/day in two divided
doses (6 hours apart) intravenously on day
1 to reduce sclerodermatous changes (Sikic
et al. 1978) and local infections.

Increasing evidences have shown
the involvement of coagulation cascade in
various  fibrotic  diseases including
pulmonary inflammation and fibrosis.
Activation of coagulation forms thrombin,
which is a major mediator acting in the
initial phase for inflammation and fibrosis.
There are evidences that the levels of
thrombin were increased in bronchio-
alveolar fluid from patients with pulmonary
fibrosis and in bleomycin model of
pulmonary inflammation and fibrosis in
animals. So, thrombin may play a role as an
important mediator in pathogenesis of
pulmonary inflammation and fibrosis
(Howell et al. 2002, Chambers 2008).
Recent study by Bogatkevich et al. (2011)
showed that dabigatran etexilate, a direct
thrombin inhibitor, given for 2 weeks as
supplemented chow had anti-inflammatory
and antifibrotic effects on bleomycin-
induced pulmonary inflammation and
fibrosis in mice. However, the exact dose of
dabigatran etexilate was not calculated and
they did not study the effect of the drug
dose on  gastrointestinal  bleeding.
Gastrointestinal hemorrhage is occurred at
high frequency under dabigatran etexilate

treatment (Ryn et al. 2010, Blommel and
Blommel 2011), particularly in higher
dosage (Garnock-Jones 2011) or in elderly
patients with renal impairment (Wychowski
and Kouides 2012). In the present study, a
dose of dabigatran etexilate at 10 mg/kg
instead of 20 mg/kg was chosen for mice to
lower the bleeding risk. With this dose, it
can only exhibit a slight trend of decreasing
pulmonary inflammation while the gastric
damage could still occur. Therefore,
dabigatran alone may not be useful for the
prevention of bleomycin-induced lung
adverse reactions.

Conclusion

Dabigatran  etexilate at an
antithrombotic dose of 10 mg/kg could
exhibit only a slight trend of decreasing
pulmonary inflammation induced by
bleomycin in mice while it can produce
gastric damage. To increase the dose of
dabigatran may cause more risk of serious
gastric ~ hemorrhage/ulcer.  Therefore,
dabigatran alone may not be useful for the
prevention of bleomycin-induced lung
adverse reactions or other interstitial lung
diseases.
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Abstract

Objective; To isolate new compound from the seeds of Combretum quadrangulare
Kurz. that shows antibacterial activity. Method; The seeds were macerated with 95% ethanol.
Purified by column chromatography using Avicel as the adsorbent and using 50% methanol in
water as the eluting solvent and further purified by Avicel preparative layer chromatogram 2
times by using 80% methanol in water as developing solvent. MIC of pure compound was done
by two fold dilution method and Muller Hinton agar was chosen as the media. Conclusion; It
was found that the new compound combretin was steroidal alkaloid and showed antibacterial
activity against E. coli ATCC 25922 and P. aeruginosa ATCC 27853 better than S. aureus
ATCC 25923.

Key Words  Combretin, steroidal alkaloid, antibacterial activity
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Introduction

Combretum quadrangulare Kurz.
is found throughout Thailand especially in
open wet places. Therapeutic uses of this
plant in the country were anthelmintics (the
parts used were seeds, roots and leaves) and
curing veneral disease (the parts used were
roots and wood) (Sachium P.1979).

Aaemorn S et al. 1980 studied the
chemical constituents of this plant. They
found that alcoholic and other extracts from
the roots and seeds could kill earthworms.
They also found that crude extracts from
seeds showed antibacterial activity. The
flavonoid compound found in this plant is
combretol. They further found new
compounds from roots and seeds which
were 3 compounds of pentacyclic triterpene
carboxylic acid, viz, 3B, 6B, 18-
trihydroxy-urs-12-en-30-ic acid, 3,6-diketo-
olean-12-en-28-oic acid and olean-12-en-
28-oic acid. They also found B-sitosterol
and B-sitosteryl, 2 compounds of long-chain
alcohol and amino compound.

lan RC et al. 1985 found three
flavonoids from the flowers of this plant
which were

1) 5-hydroxy-3,7-dimethoxy-2-
(3',4',5'-trimethoxyphenyl)-4H-
1-benzopyran-4-one
(combretol)

2) 5-hydroxy-2-(3'-hydroxy-4'-
methoxy-phenyl)-3,7-
dimethoxy-4H-1-benzopyran-4-
one (ayanin) and

3) polymorphic forms of 5-
hydroxy-2-(4'-hydroxy-3',5'-
dimethoxyphenyl)-3,7-
dimethoxy-4H-1-benzopyran-4-
one.

Perapol Y et al. 1988 studied the
anthelmintic activity of seeds of C.
guadrangulare Kurz for roundworms in
young buffalo. They found that after young
buffalo ate the seeds once, the number of
eggs of Neoascaris vitulorum in feces was
reduced and completely disappeared within
1-3 weeks. They also studied the toxicity of
the seeds of this plant and found that seed
extracts were not toxic to albino rat and
mice. The dose that they studied did not
kill the rat and no side effects was found
within 48 hours after giving the extract.

Markus G et al. 1988 found 2
flavonoids,  viz.,  kumatakenin  and
isokaemferide and also found 3 types of
cycloartane triterpenes from the leaves
of this plant which were 1o, 3B-dihydroxy-
cycloart-24-ene-30-carboxylic acid, la,3p-
dihydroxycycloart-24-ene-30-carboxylic
acid methyl ester and la, 3B-25-
trihydroxy-cycloart-21-al-23-ene-30-
carboxylic acid methyl ester.

Arjan HB et al. 2000, Ketut A et
al. 2001(a) and Ketut A et al. 2001 (b)
found that methanol, methanol-water (1:1)
and water extracts of the seeds of C.
guadrangulare Kurz. included triterpene
glycosides which showed good
hepatoprotective activity.

Arjan HB et al. 2000 found new
gallic acid from methanolic extracts of the
seeds of this plant which also showed
strong hepatoprotective activity.

From our preliminary  work,
Khesorn N et al. 2006 we found that crude
methanolic extracts from the seeds of C.
guadrangulare  Kurz. showed MIC
(Minimum inhibitory concentration) against
Staphyllococcus aureus ATCC 25923 at
312 mcg/ml and also showed antabacterial
activity against Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC
27853 and Klebciella pneumoniae ESBL
non-producing strain. The objective of this
investigation is to isolate new compound
that showed antibacterial activity.

Materials and Methods

Sample preparations

Combretum quadrangulare Kurz
specimens were collected from around
Chiang Mai Province in 2007. Mature
seeds were collected (Nantachit, voucher
No.2) and kept in CMU’s Pharmacy
Herbarium. The seeds were dried at 40 °C
and powdered. One kilogram of powder
were macerated with 3 litres of 95%
ethanol. Each replicate was macerated for 1
day, filtered and repeated 2 times. The
filtrate was evaporated in a vacuum. The
residue (crude extract) was brownish black.
The percent yield of material collected was
14.38.
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Equipment

2.1 Nuclear Magnetic Resonance
(NMR) spectra were recorded by Bruker FT
NMR 500 MHz

2.2 Mass spectrum was recorded
by micro OTOF

Screening of 95% ethanolic crude extract
of C. quadrangulare from 2007 and 2010
by agar dilution method. (John AW 1981

and Edwin HL 1988)

Crude ethanolic extracts of 2007
and 2010 (using sample that was collected
in 2007 but kept as dried seeds for 4 years
in order to confirm the result from 2007
because anti-inflammation action is the
objective of the further test in the future.)
were screened for antibacterial activity

against gram @ and gram © of 3 types of
ATCC strains organisms. (Table 1) Water
was chosen to dissolve 95% ethanolic crude
extract and then two-fold dilution was done
by using water as the solvent and mixed
with Muller-Hilton agar.

Purification of 95% crude ethanolic extract
in 2010

95% Crude ethanolic extract 1.5 g.
was purified by column chromatography.
Avicel was used as the adsorbent and the
column was eluted with 50% methanol in
water. A total of 3 fractions 10 ml each,
was collected. Each fraction was sound to
produce the same spot in thin layer
chromatogram.  Each  fraction  was
vacuumed by vacuum pump in order to
remove methanol in a cool condition
because the sample fractions might be heat-
labile. The remaining water residue was
removed by freeze-drying and the residues
combined and further purified with
preparative thin layer chromatogram
(PTLC) twice. Avicel was used as an
adsorbent with 1 mm. thickness and
developed with 80% methanol in water.
The residue from the first PTLC was
separated and purified further with the
second PTLC developed in the same
solvent 80% methanol in water. The pure
compound from second PTLC was tested
for antibacterial activity against 3
pathogenic bacteria by agar diffusion
method (tested for clear zone) [Table 1] and
agar dilution method [tested for MIC
[Table 2]. Dimethyl sulfoxide, PEG 200,
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methanol, ethanol, ethyl acetate,
dichloromethane and hexane were chosen
to test for their antibacterial activity by agar
diffusion method. The solvents that
showed no antibacterial activity were ethyl
acetate and hexane.

Determining MIC of the pure compound

The method was done the same as
screening method in number 3 but ethyl
acetate was used as the solvent because it
was miscible with media.

Results and discussion

Antibacterial activity

Three pathogenic bacteria were
chosen to test by agar diffusion method
(tested for clear zone). Ethyl acetate was
chosen as the solvent because it was
miscible with media and it also dissolved
the pure compound.

From our preliminary work
Khesorn N et al 2006, John AW 1981 and
Edwin HI. 1988 crude methanolic extract of
C. quadrangulare showed antibacterial

activity against gram @ better than gram

©and also effective against Acenobacter
baumannii which is the resistant strain in
the hospital showed MIC at 937.50 mcg/ml.
(unpublished data). When the seeds were
kept dry for 4 years the isolated pure
compound showed its activity in the
opposite way it showed activity against
gram better than gram  which was the
wonderful thing in the world. (Table 1)

Positive control by agar diffusion
method of pure compound (Table 1) was
not done because gram ® and gram ©
antibiotics should be used as reference
standard. One petri dish diameter 8.0 cm.
was used for this test. Normally reference
standard antibiotics showed large clear zone
but the area of one petri dish was not
enough so two petri dishes should be used.
The amount of pure compound was too
small to test in two petri dishes so positive
control in agar diffusion method was not
done.

True MIC of pure compound
could not be determined because the solvent
effect of ethyl acetate large amount showed
antibacterial action but the results from
Table 1 and 2 showed the activity in the
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Table 1  MIC of crude extracts and pure compound

No.  Organisms I (mcg/ml) 11 (mcg/ml) Total (mcg/ml)

MIC of 95% crude ethanolic extract collect in 2007

1 S. aureus ATCC 25923 <468.75 <468.75 <9375
(<50.0%) (<50.0%)

2 E. coli ATCC 25922 15,000 15,000 30,000
(50.0%) (50.0%)

3 P. aeruginosa ATCC 27853 1,875.00 1,875.00 3,750
(50.0%) (50.0%)

MIC of 95% crude ethanolic extract in 2010 (using raw material that collected in 2007 but kept dried

seeds for 4 years)

1 S. aureus ATCC 25923 1,250 1,250 2,500
(50.0%) (50.0%)

2 E. coli ATCC 25922 5,000 5,000 10,000
(50.0%) (50.0%)

3 P. aeruginosa ATCC 27853 1,250 625 1,875
(66.7%) (33.3%)

Screening of pure compound (isolated from crude extract 2010) by agar diffusion method

1 Control (Ethyl acetate) No zone - -

2 S. aureus ATCC 25923 No zone - -

3 E. coli ATCC 25922 12 12 24
(50.0%) (50.0%)

4 P. aeruginosa ATCC 27853 11 12 23
(47.8%) (52.2%)

Table 2 MIC of pure compound (isolated from crude extract 2010) by agar dilution

method using ethyl acetate as the solvent

No. Concentration S. aureus E. coli P. aeruginosa
(mcg/ml) ATCC 25923 ATCC 25922 ATCC 27853
1 82 Growth No growth No growth
2 164 Growth No growth No growth
3 328 Growth No growth No growth
4 565 Growth No growth No growth
5 1312 Growth No growth* No growth
6 2,625 Growth Growth No Growth
7 5,250 Growth Growth No Growth*
8 10,500 Growth Growth Growth
9 21,000 Growth Growth Growth
10 Control No growth No growth No growth

(Ethyl acetate)
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same direction. From Table 1 pure
compound showed no effect against S.
aureus ATCC strain 25923 and the
activity against E. coli ATCC strain
25922 (average inhibition zone was 12
m.m.) which was better than the effect
against P. aeurginosa ATCC strain 27853
(average inhibition zone was 11.5 m.m.)
the same as Table 2 pure compound
showed no effect against S. aureus ATCC
strain 25923 and the effect against E. coli
ATCC strain 25922 (MIC was about 2625
mcg/ml) which was better than activity
against P. aeruginosa ATCC 27853 strain
(MIC was about 10,500 mcg/ml) so the
results from Table 2 could be accepted.
From MIC testing method of pure
compound (Table 2) ethyl acetate showed
antibacterial action (control test showed no
growth of bacteria) because the solvent
used was larger amount than that used in
agar diffusion method. MIC of E. coli
ATCC 25922 was at 1,312 mcg/ml and
MIC of P. aeruginosa ATCC 27853 was at
5,250 mcg/ml.  From agar diffusion
method  pure  compound  showed
antibacterial action against E. coli ATCC
25922 and P. aeruginosa ATCC 27853
which ethyl acetate showed no
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antibacterial action (Table 1) therefore
MIC of E. coli ATCC 25922 and
MIC of P. aeruginaosa ATCC 27853
should be higher than 1,312 and 5,250
mcg/ml (Table 2).

Spectroscopic data
1 *H NMR Spectra

The structure of isolated pure
compound from the seed of C.
quadrangulare Kurz. based on 'H NMR
was detailed as followed.

First part, 33 protons
(Triterpenoid skeleton), 6 = 4.9 ppm, 3
protons of aziridine ring, 2 protons (2"
position), 6 = 4.5 ppm and 1 proton (1"
position), & = 5.3 ppm and 1 proton of
amino group in aziridine ring (3"
position), 6 = 7.0 ppm, 6 protons of 2
methyl groups of isopropyl position (28
& 29 position), 6 = 0.8 ppm, 4 protons of
ethylenic groups (25 & 26 position), 8 =
1.6 ppm, 3 protons of 1 methyl group (24
position), 8 = 2.0 ppm and 2 protons of 2
methine groups (23 & 27 position), & =
2.5 ppmand 6 = 2.8 ppm.

Second part, 30 protons
(Triterpenoid skeleton), 6 = 1.3 ppm, 1
proton of methine group in cyclohexene
ring (4’ position), & = 2.3 ppm.

Figure 1
H
Second part=31H
Figure 2  Structure of the second part of pure compound
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Second part

Figure 3  Molecular ion of pure compound

Fragment ion |

Fragment ion Il

Fragment ion I, m/z = 301

Figure4 Fragmentions I, Il, Il and IV
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First part

Fragment ion 111

Fragment ion 1V

Figure 5 Molecular ion, m/z = 737.4804 in micro OTOF corresponding to the molecular
formula Cs,HgsON. Fragment ion | m/z = 457.3318, Fragment ion 11, m/z = 301,
Fragment ion 111, m/z = 369.2695 and Fragment ion 1V, m/z = 341.2439.

2 Mass Spectra

Stereochemistry of ether group
was at P-position and aziridine was at a-
position [Figure 5] which were the results
of substituted group at 3',4' position of ring
A' (like hormone androgen e.g. 4-
Dihydrotestosterone usually was double
bond and hydroxyl group). Aziridine ring
substituted at 3-position was low stability
so the steric hindered at 3-position was
easily occurred so fragment ion | was
happened (Figure 4).

Stereochemistry of first part of the
pure compound, A-B, B-C, C-D and D-E
ring junction should be all trans-
configuration in order to form more
stability because first and second part of
the pure compound were large molecules
which steric hindrance should be occurred
easily (Figure 3). From the introduction
penta-cyclic triterpene carboxylic acid, -
sitosterol and B-sitosteryl were isolated.
This is the information which confirms
that pure compound is steroidal
compound.
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Conclusion

From 'HNMR spectra and Mass
spectrum the pure compound was steroidal
alkaloid named combretin.  Combretin
showed antibacterial activity against E.
coli ATCC 25922 and P. aeruginosa
ATCC 27853 better than S. aureus ATCC
25923 after dried seeds were kept for 4
years.

To solve the problem of solvent
effect, control plate should be done first
and solvent used should be 50% ethyl
acetate in water because the amount of
ethyl acetate was reduced and the water
could also sparingly dissolved the pure
compound.
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Genetic Polymorphisms of Plasmodium vivax dihydrofolate reductase
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Abstract

The prevalence and patterns of mutations of pvdhfr and pvdhps were investigated in a
total of 41 blood samples collected from patients with P. vivax infection who attended the
malaria clinics in Mae-hongson (n= 30), Ranong (n= 11) during 2009-2010. SNP-haplotypes at
positions 13, 33, 57, 58, 61, 117 and 173 of the pvdhfr and positions 383 and 553 of the pvdhps
were examined by nested PCR-RFLP. All isolates carried mutations at codons 58R, 117N and
117T. Thirteen isolates carried mutations at codons 61M. Mutation at codon 57 consisted of two
types, 571 and 57L. For pvdhps, the most prevalent alleles were the mutant 383G (63.4%) and
the wild-type A553 (100%) alleles. For pvdhfr, the most common alleles were triple mutant
57L/58R/117T (34.2%), 571/58R/117T (29.3%), 58R/61M/117N (7.3%), and 57F/L/58R/117T
(2.4%). Two isolates carried double mutant 58R/117N.Ten isolates carried quadruple mutant:
571/58R/61M/117T (19.6%), 57L/58R/61M/117T (2.4%) and 57F/L/58R/61M/117N/T (2.4%).
The most prevalent combination allele was triple pvdhfr mutant allele 571/58R/117T combined
with single pvdhps mutant allele 383G. Data suggest that the distribution and patterns of
polymorphisms of pvdhfr and pvdhps varies depending on P. vivax endemic areas.

Key Words  Plasmodium vivax, Plasmodium vivax dihydrofolate reductase (pvdhfr),
Plasmodium vivax dihydropteroate synthase (pvdhps), PCR-RFLP, sulfadoxine-
pyrimethamine (SP)
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Introduction

Chemotherapy remains a key
factor in the fight against malaria, but the
emergence and spread of resistance of the
parasite to an increasing number of
antimalarial drugs is one of the greatest
challenges for malaria control.(Lu et al.
2010) The antimalarial combination
sulfadoxine-pyrimethamine (SP, Fansidar™)
was introduced to Thailand in 1972 as the
first-line treatment of chloroquine resistant
Plasmodium falciparum malaria (Na-
Bangchang and Congpuong 2007).
Rapidly after its introduction for clinical
use, resistance of the parasite to this drug
was reported along the Thai-Cambodian
border, and by 1982, resistance was
widespread  throughout the  country
(Pinichpongse et al. 1982, Thaithong et al.
1988, Hastings et al. 2005). The molecular
targets of action of sulfadoxine and
pyrimethamine  are  dihydropteroate
synthase  (dhps) and dihydrofolate
reductase (dhfr), respectively. As a result,
resistance to SP is determined by specific
point mutations in the parasite genes
(Zakeri et al. 2009). These mutations of
the genes, dhfr and dhps, which encode
these two enzymes cause alterations of key
amino acid residues in the active sites of
these enzymes, which reduce the affinity
of the enzyme for the drug (Gregson and
Plowe 2005). In Thailand, SP has never
been used for treatment of P. vivax
infections, but P. vivax often co-exists
with P. falciparum with relative equal
frequencies (Snounou and White 2004).
Therefore, P. vivax has often been exposed
involuntarily to SP during treatment of P.
falciparum, and this has caused a
progressive selection of SP-resistant
alleles in P.vivax (Imwong et al. 2003). In
this study, we determined the prevalence
and diversity of pvdhfr and Pvdhps mutant
alleles in P. vivax isolates collected from
different malaria endemic areas of
Thailand, i.e., Mae-hongson, Ranong.

Materials and Methods

Study areas and sample collection

A total of 41 blood samples with
mono-infection of P. vivax were collected
from patients attending the malaria clinics

in the provinces alone Thai-Myanmar
(Mae-hongson, Ranong) during 2009 -
2010. Approval of the study protocol was
obtained from the Ethics Committees of
Ministry of Public Health of Thailand.
Two-hundred to 300 pl finger-prick blood
samples were collected onto filter paper
(Whatman No. 3).

Extraction of parasite genomic DNA
Parasite genomic DNA  was
extracted from individual dried blood
spots on filter paper using a QlAamp
DNA extraction mini-kit (QIAGEN) and
used as template for PCR amplification
(Qiagen,Valencia, CA).

Amplification of pvdhfr

The first reaction of pvdhfr was
amplified by the primers pvdhfr-OF and
pvdhfr-OR (Imwong et al. 2003). PCR
cycling conditions were as follows: initial
denaturation at 95°C for 5 min, followed
by 30 cycles of 95°C for 30 sec, 64°C for
30 sec, 72°C for 30 sec, and then 72°C for
5 min.

Amplification of pvdhps

The first reaction of pvdhps was
amplified by the pvdhps-OF and pvdhps-
OR primers (Imwong et al. 2003). PCR
cycling conditions were as follows: initial
denaturation at 95°C for 5 min, followed
by 25 cycles of 95°C for 1 min, 58°C for
2 min, 72°C for 2 min, and then 72°C for
5 min.

Results
Detection of mutations in the pvdhfr and
pvdhps genes

The frequencies of pvdhfr and
pvdhps mutations in 41 P. vivax isolates
are summarized in Table 3. Point
mutations in pvdhfr were detected in 4
(codons 57,58, 61 and 117) out of 7 codons,
while wild-type alleles were detected in 3
codons (13, 33 and 173). Among the
mutation alleles, all isolates carried
mutations at codons 58 (58R) and 117
(117N, 117T). For pvdhps, the most
prevalent alleles were the mutant 383G
(63.4%) and the wild-type A553 (100%)
alleles.
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Table1 Method for amplification of pvdhfr (second reactions) and restriction enzymes
Amino Locus PCR primer Restriction enzymes References
acid
codon
113L Haelll
P33L pvdhfr-13F Cfr42] (Sacll)
13, 33,58 S58R pvdhfr-13R Alul
and 61 T61M Tsp45I
57 and F57 pvdhfr-OF Xmnl Imwong et al.
173 1173L pvdhfr-NR Eco130I(Styl) 2003
57 and F571/L pvdhfr-F57 BsrGl
117 S117T/N pvdhfr-NR Pvull, Bsrl and BstNI
Table 2 Method for amplification of pvdhps (second reactions) and restriction enzymes
Amino Locus PCR primer Restriction References
acid enzymes
codon
383 A383G pvdhps-NF Msp | (Hpall)
pvdhps-NR Imwong et al.
2003
553 A553G pvdhps-5530F Msc |
pvdhps-NR
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Table 3 The frequencies of pvdhfr and pvdhps single nucleotide polymorphisms in 41 P.

vivax isolates

Gene Amino acid SNPs Number of isolates
position (%)
3 | (wild-type) 41 (100.0%)
L (mutant) 0 (0.0%)
3 P (wild-type) 41 (100.0%)
L (mutant) 0 (0.0%)
F (wild-type) 4 (9.8%)
&7 I (mutant) 19 (46.3%)
L (mutant) 16 (39.0%)
F/L(mutant) 2 (4.9%)
S (wild-type) 0 (0.0%)
pvdhfr > R (mutant) 41 (100.0%)
61 T (wild-type) 28 (68.3%)
M (mutant) 13 (31.7%)
S (wild-type) 0 (0.0%)
117 N (mutant) 4 (9.8%)
T (mutant) 36 (87.8%)
N/T (mutant) 1 (2.4%)
. | (wild-type) 410 (100.0%)
L (mutant) (0.0%)
Amino acid Number of isolates
Gene o SNPs
position (%)
- A (wild-type) iz E::i:j:;
ovdlhps G (mutant) '
53 A (wild-type) 41 (100.0%)
G (mutant) 0 (0.0%)
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Table 4 Frequency distribution of pvdhfr and pvdhps combination alleles in 41 P. vivax
isolates
Pvdhps Pvdhir
Ranong (%) Mae hongson (%) Total (%)
=11 =30 =41
A383G AS553G I13L P33L F57VL S58R TelM S117T/N n73L
[ A 1 P F R T N 1 1(24%) 124%)
A A 1 P 1 R T T 1 2 (4.9%) 2(49%)
G A 1 P 1 R T T I 5(12.2%) 5(12.2%) 10244%)
] A 1 P F/L R T T 1 1(24%) 1(24%)
A A 1 P L R T T 1 1(24%) 6(14.7%) 7(171%)
G A 1 P L R T T I 3(73%) 4(93%) 7(17.1%)
A A 1 P F R M N 1 1(24%) 1(24%)
G A I P F R M N 1 2(49%) 2(49%)
A A 1 P 1 R M T I 1(24%) 3(73%) 41098%)
] A 1 P 1 R M T 1 4(98%) 4098%)
A A 1 P L R M T 1 1Q24%) 1(24%)
G A 1 P F/L R M NT 1 1@24%) 124%)
G=634% I=463% B=100% M=317T% T=373%
= N-93%
FL—49% NT-24%
Discussion and Conclusion few studies which investigated the

A total of 41 blood samples of P.
vivax isolates collected from antimalarial
drug resistant areas of Thailand, i.e., Mae-
hongson, Ranong provinces during the year
2009-2010 were investigated in this study.
The most prevalent combination allele was
a triple pvdhfr mutant allele 571/58R/117T
combined with a single pvdhps mutant
allele 383G found in Mae-hongson and
Ranong provinces. This indicate that the
distribution and diversity of pvdhfr and
pvdhps mutant alleles in P. vivax isolates
were found in Thai malaria endemic area,
such as Mae-hongson and Ranong
province. In this study there have been a

prevalence and diversity of pvdhfr and
pvdhps in P. vivax isolates from different
malaria endemic areas of Thailand.
Development of new antifolates drugs that
are effective against  sulfadoxine-
pyrimethamine (SP)-resistant P. vivax is
required.
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Abstract

The emergence and spreading of multidrug resistance Plasmodium falciparum
throughout is a major problem of malaria control in Thailand. The aim of this study was to
assess the in vitro susceptibility of 25 P. falciparum isolates in Thailand to the four standard
antimalarial drugs, i.e., chloroquine (CQ), quinine (QN), mefloquine (MQ) and artesunate (AS)
including their relationships with polymorphisms (gene mutation of pfcrt, pfmdrl and copy
number of pfmdrl). In vitro sensitivity test was performed using SYBR green | assay. The
mutations of pfcrt and pfmdrl were analyzed by PCR-RFLP and copy number of pfmdrlwas
determined by SYBR green | real-time PCR. The median 1Cs, (95%Cl) of CQ, QN, MQ and AS
were 96.02 (67.72-132.29), 226.95 (163.88-299.66), 23.88 (19.40-31.29) and 1.73(1.30-2.04)
nM, respectively. All isolates (100%) carried mutation of pfcrt at codons 76, 220, 271, 326, 356,
371. No mutation of pfmdrlat codon 86 was detected; 19 isolates (76%) carried 1 pfmdrl copy
number while 6 isolates (24%) carried more than 1 pfmdrl copy number. MQ resistant
phenotype correlated well with the increase in pfmdrl copy number. Further investigation
should focus on confirmation of these observations in a larger sample size.

Key Words  Plasmodium falciparum, antimalarial drug resistance, pfcrt, pfmdrl

Address correspondence and reprint request to: Kesara Na- Bangchang, Thailand Center of Excellence on
Drug Discovery and Development (TCEDD), Thammasat University, Pathumtani, Thailand.
Email: kesaratmu@yahoo.com



Thai J Pharmacol; Vol 34: No 1, 2012

= Q Y o v gl = = N Y]
MSANIANINFNNUSIZHINANN haaudasnaGarieladnsylulszmnea
TnasaasuaarGeluraaanaasiuazAINBEaINKaIgYILAIDIBNILTZAU

Ta«Laqaﬂmmiﬁamﬁmmmﬁﬂ

Qu yvenin’, Insd hedin’, 19500 dawdane’, Uligan winadszdivg', A o
U9’

"guganuihudaneaunsivg auad ussWannguivysemnelng

a [ 4 SV A =l
NINNFETINAEAST (FueNan) Unusil Usznalng

N GIED]

]
=1

msunsnsznEresdnnm Geriiawaimsuiinasamiuana Gawmeriiamnud
Futamadapasmsmuguanmidelulsanalng msfnmilfiyadssasditaussdu
enuhasssnaBeriowadmsuluveaanaasideendumnaEe faraalsmiu, AN,
wlariuuezansdgun  uazanudiusiuanuvanuansuesiaIamingszauluana
ansmsapeduInmGe (Manaewuguesdiu pfort, pfimdrl wazmastiauIugATaNEy
pfmdrl) Famsuszdivanubhuasdadeluvananaaswhlaeds SYBR Green 1 du
MsAnMINANeWUguesiy pfert, pfmdrl LLasmiLﬁmhqummﬁu pfmdr1  ¥hlag
PCR-RFLP uaz SYBR Green I real-time PCR euddu namsnagauanalizasie
ananeziiaadmSuluvasanaasssomdunmides manue 25 fethe nuhadsegu
apsrnuduiiuiimssadvlazesda 50 % ac,,) (@nanusiula 95%) vesenaas
Tsedy, edfiy, wilWariuwasarsdguaninny  96.02  (67.72-132.29), 226.95
(163.88-299.66), 23.88 (19.40-31.29) waz 1.73(1.30-2.04) luluas musau
mMsdnmszauluans WumMsnaeRuguaNEy pfort GLW 76, 220, 271, 326, 356 WAz
371 WU 100% ua liwumsnaewuguesiiu pfindrl uvis 86 dmsumsdnmmstiia
IMNULAVBNEY pfmdrl WU 19 MBEN (76%) NEU pfmdrl MU 1 40 Uaz 6 MIBEN
(24%) §8u pfmdrl NN 1 Ya LATNMSANNENUT BamnaBaiinanaeiamw
Tramiuluvsaanasssiianuduiusiumsiiiniiunugenasdiu pfmdr1 aghalsfionu a3

mmsanwindrluaeaanizwe lvay iNediugunamsnagauil

AaIAa: WamnaseriawadwIsy, MsadvenenuNase, du pfert, 84 pfmdrl
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Introduction

The emergence and spreading of
multidrug resistance Plasmodium
falciparum is a major problem of malaria
control in Thailand. Chloroguine resistance
was initially reported in the late 1950's,
followed by sulphadoxine-pyrimethamine
(FansidarTM), and mefloquine (Harinasuta
et al., 1965). Currently, a three-day
artesunate-mefloquine combination is used
as the first-line treatment for acute
uncomplicated falciparum malaria
throughout the country (Na-Bangchang and
Karbwang, 2009), whereas a seven-day
quinine-tetracycline is used as a second-line
treatment (Achan et al., 2011). In vitro
assay for sensitivity of malaria parasites to
antimalarial drugs including the monitoring
of molecular markers of antimalarial drug
resistance provide information
complementary to clinical assessment for
monitoring emergence of drug resistance,
changing trends of drug sensitivity or
resistance over time (Basco, 2007).
Polymorphisms of the two genes encoding
the parasite transporter proteins, pfcrt

(Plasmodium  falciparum  chloroquine
resistance  transporter) and  pfmdrl
(Plasmodium falciparum multidrug

resistance 1) localized in the membrane of
digestive vacuole have been linked with
resistance of P. falciparum to antimalarial
drugs (Valderramos and Fidock, 2006). The
aim of this study was to assess the in vitro
susceptibilities of P. falciparum isolates in
Thailand to the four standard antimalarial
drugs, i.e., chloroquine (CQ), quinine (QN),
mefloquine (MQ) and artesunate (AS)
including  their  relationships  with
polymorphisms (gene mutation and copy
number of pfcrt and pfmdrl genes).

Material and Methods

Sample collection

The study was conducted at Mae
Tao clinic for migrant workers, Tak
Province in 2009. A total of 25 blood
samples (1 ml each) were collected from
patients with acute  uncomplicated
falciparum malaria prior to the treatment
with the standard regimen of a 3-day
artesunate-mefloquine. Written informed
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consent for study participation was
obtained from all patients. Approval of
the study protocol was obtained from the
Ethics Committee of the Ministry of
Public Health of Thailand.

In vitro drug sensitivity assay

All P. falciparum isolates were
adapted to culture according to the method
of Trager and Jensen with modification
(Trager and Jensen, 1976). In vitro
sensitivity testing of each P. falciparum
isolate to the four antimalarial drugs were
performed in a 96-flat-bottom sterile
microtiter plate according to the method of
Rieckmann and Bennnette (Bennett et al.,
2004, Rieckmann et al, 1978).
Antimalarial powder was dissolved in
50% ethanol to obtain the stock solution at
concentration of 10 mM. Prior to
sensitivity testing, stock concentration of
each drug was diluted with complete
medium in microtiter plate to obtain
working concentration ranges of 1,000-
7.8, 4,000-31.2, 400-3.1, and 100-0.78 nM
for CQ, QON, MQ and ARS, respectively.
Dihydroartemisinin (200 uM) was used as
positive control. Highly synchronous ring
stage parasites were diluted with fresh
uninfected RBCs to obtain 2%
parasitaemia with 1% haematocrit. Fifty
microliters of parasitized erythrocytes
were incubated with 50 pl of each
working drug concentration for 48 h in a
humidified airtight chamber with a gas
mixture of 5% 02, 5% CO2, and 90% N2.
Evaluation of susceptibility of P.
falciparum to antimalarial drugs were
performed using SYBR green | assay
(Bennett et al, 2004). Fluorescent
intensity was measured at the excitation
and emission wavelengths of 485 and 530
nm, respectively. The concentration-
response curves obtained from in vitro
sensitivity assay were analyzed by
nonlinear regression analysis  using
CalcuSyn™ software (Biosoft,
Cambridge, UK). Results were expressed
as inhibitory concentration (IC) 50, which
is defined as the concentration of
antimalarial drug that produces 50%
inhibition of parasite development as
compared to the control.
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Detection of mutations in the pcrt and
pfmdrl genes and guantification of
pfmdr 1 copy number

PCR-RFLP was employed to detect
mutations of pfcrt at the codons 76, 220,
271, 326, 356, 371 (Fidock et al., 2000),
and of pfmdrl at the codon 86 (Djimdé et
al., 2001). PCR was performed in a total
volume of 25 pl with the following
reaction mixture: 0.1 pM of each primer,
2.5 mM MgCl,, 100 uM deoxynucleotides
(dNTPs), 1x PCR buffer (100 mM KCI,
20 mM Tris-HCI pH 8.0), 0.5 unit of Taq
DNA polymerase (Fermentas, Lithuania)
and 2 pl of genomic DNA. DNA of G112
(chloroquine  sensitive) and K1
(chloroquine resistant) P. falciparum
served as control clones. Pfmdrl copy
number was determined by SYBR Green |
real-time PCR according to the method
designed by Ferreira and coworkers with
modification (Ferreira et al., 2006).
Individual real-time PCR reaction was
carried out in a 25 pl reaction volume in a
96-well plate containing 1x buffer (10x),
3.5 mM MgqgCl,, 200 uM dNTPs, 1 uM
each of sense and antisense primer, 12.5
ul  of Platinum™ PCR  SuperMix
(Invitrogen, USA). The 24 method of
relative quantification was adapted to
estimate copy number in P. falciparum
genes. The pf-B-actin 1 served as the
house-keeping gene in all experiments and
genomic DNA extracted from P.
falciparum 3D7and Dd2 clones known to
harbor a single and 4 copies of each
pfmdrl were used as controls.

Data analysis

In vitro sensitivity of all parasite
isolates to CQ, QN, MQ and AS were
expressed as median (95% CI) of the ICs
values. Antimalarial drug susceptibility
was categorized into two levels as
follows: CQ sensitive (S: ICsy < 25 nM),
CQ resistant (R: 25 > nM); QN sensitive
(IC5 < 500 nM), and CQ resistant (R: 1Cs
>500 nM); MQ sensitive (S: 1Csy <25

nM), and MQ resistant (R: 25 > nM); AS
sensitive (S: ICsy < 10.5 nM) and AS
resistant (R: 1Cso > 10.5 nM) (Cerutti et
al., 1999, Pickard et al., 2003, Pradines et
al.,, 2011). Association between the
proportion of pfcrt/pfmdrl mutation or
pfmdrl amplification and antimalarial
drugs  sensitivity  phenotype  was
investigated using the Pearson Chi-
Squared test at statistical significance
level of o= 0.05 (SPSS version 15.0).

Results

A total of the 25 isolates were
successfully evaluated for their in vitro
susceptibilities and molecular markers of
antimalarial drug resistance. Results
obtained from individual isolate are
presented in Table 1. All isolates were
resistant to CQ with median 1Csy (95%Cl)
of 96.02 (67.72-132.29) nM. The MQ
median ICs, (95%CI) of 25 isolates was
23.88 (19.40-31.29) nM and in the groups
classified as MQ-sensitive (n=13, 52%)
and MQ-resistant (n=12, 48%) were 19.14
(12.87-21.15) and 32.39 (27.13-61.94)
nM, respectively. None was classified as
QN- or AS-resistant [median 1Cs, (95%CI)
226.95 (163.88-299.66) vs 1.73(1.30-2.04)
nM]. Molecular analysis revealed 100%
mutation of pfcrt at codons 76, 220, 271,
326, 356, 371. No mutation of pfmdrlat
codon 86 was detected; 19 isolates (76%)
carried one pfmdrl copy number while 6
isolates (24%) carried more than one
pfmdrl copy number. The ICs, of CQ in
isolates carrying one pfmdrl copy number
was higher than those isolates carrying
more than one copy number. On the other
hand, the 1Cs, of QN, MQ and AS of the
isolates carrying one copy was lower than
that carrying more than one pfmdrl copy
though not statistically  significant.
Furthermore, isolates carrying more than
one pfmdrl copy (67%) were found to be
associated with MQ resistant phenotype (p
<0.05).
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Table 1 In vitro sensitivity and analysis of molecular markers of antimalarial drug resistance
of 25 P. falciparum isolates. R and S represent resistant and sensitive, respectively.
ICso (NM) PfcrtK76T/A220S/ Pfmdrl
Isolate Q271E/A326S/1356T/ copy
cQ QN MQ AS R3711 PmdrINS6Y  number
1 66.93 (R) 294.10 (S) 20.72 (S) 1.22 (S) TSESTIN 1
2 132.29 (R)  473.01(S) 89.97 (R) 3.16 (S) TSESTIN 1
3 162.97 (R) 82.42 (S) 16.49 (S) 0.90 (S) TSESTIN 1
4 49.80 (R) 163.88 (S) 28.83 (R) 1.73 (S) TSESTIN 6
5 100.67 (R)  341.50 (S) 32.25 (R) 1.73 (S) TSESTIN 2
6 46.50 (R) 102.20 (S) 10.57 (S) 1.19 (S) TSESTIN 3
7 27530 (R)  329.51(S) 60.01 (R) 2.87 (S) TSESTIN 3
8 41039 (R)  226.95(S) 31.29 (R) 2.04 (S) TSESTIN 1
9 76.47 (R) 354.77 (S) 19.40 (S) 3.37(S) TSESTIN 1
10 24732 (R)  204.18 (S) 20.89 (S) 1.58 (S) TSESTIN 1
11 240.22 (R)  136.45 (S) 27.13 (R) 1.55 (S) TSESTIN 1
12 523.68 (R)  293.38(S) 32.54 (R) 1.30 (S) TSESTIN 1
13 230.46 (R)  149.61 (S) 13.29 (S) 0.64 (S) TSESTIN 1
14 81.10 (R) 49.18 (S) 12.87 (S) 1.04 (S) TSESTIN 1
15 129.37 (R)  198.62 (S) 23.88 (S) 3.44 (S) TSESTIN 1
16 64.75 (R) 261.04 (S) 40.59 (R) 1.99 (S) TSESTIN 1
17 96.02 (R) 257.24 (S) 26.78 (R) 1.77 (S) TSESTIN 2
18 71.38 (R) 56.18 (S) 5.97 (S) 0.71 (S) TSESTIN 1
19 64.60 (R)  299.66 (S) 25.12 (R) 0.94 (S) TSESTIN 1
20 56.31 (R) 211.98 (S) 22.09 (S) 1.87 (S) TSESTIN 1
21 67.72(R)  386.87 (S) 64.84 (R) 3.18 (S) TSESTIN 4
22 11475 (R)  181.83(S) 19.14 (S) 2.17 (S) TSESTIN 1
23 89.68 (R) 102.30 (S) 17.45 (S) 1.76 (S) TSESTIN 1
24 63.89 (R) 325.58 (S) 61.94 (R) 4.97 (S) TSESTIN 1
25 125.89 (R)  474.32 (S) 21.15 (S) 1.63(S) TSESTIN 1
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Discussion

The study investigated the in vitro
susceptibility of 25 P. falciparum isolates,
collected from Mae Sot district in 2009, to
the four commonly used antimalarial drugs
in Thailand (CQ, QN, MQ, and AS) the
possible  association with  candidate
molecular markers of resistance (pfcrt and
pfmdrl). All isolates (100%) classified
based on in vitro susceptibilities as CQ
resistant isolates carried pfcrt 76 mutations.
This CQ resistant genotype has been
detected in P. falciparum isolates in
Thailand since 1979, even the drug was
withdrawn from clinical use as first-line for
treatment of falciparum malaria in Thailand
(Saito-Nakano et al., 2008).  Among
several distinct sequence diversity of pfcrt
point mutation detected in individual CQ
resistant  lines/isolates from  different
geographical areas, the replacement of
lysine (K) with threonine (T) at amino acid
76 is essential for conferring resistance to
chloroquine (Fidock et al., 2000). For
pfmdrl, N86Y mutation was found to be
associated with chloroguine resistance in
vitro both in field isolates and laboratory
lines (Duraisingh and Cowman, 2005).
However, this mutation was not observed in
the isolates collected in this study.
Nevertheless, in a previous study, the
isolates carrying both the pfcrt 76 and
pfmdrl 86 wild type alleles or the single
mutant pfmdrl 86, showed lower CQ ICsy
than that with only the single mutant pfcrt
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Abstract

The multidrug resistance Plasmodium falciparum is a major health problem in the
malaria endemic areas of the world including Thailand. To cope with the situation,
development of effective and safe antimalarial drugs is urgently required. Artemisinin and
derivatives (dihydroartemisinin, artemeter, artesunate, arteether) are currently the mainstay in
chemotherapy of multidrug resistance falciparum malaria. The objective of the study was to
observe the protein patterns of P. falciparum following exposure to dihydroartemisinin (DHA)
for 5 hours. Proteins were extracted from G112 P. falciparum clone in the presence (3 nM) and
absence (control) of DHA. Proteins were separated by two-dimension gel electrophoresis and
stained with silver stain. Analysis and comparison of protein patterns between DHA-exposed
and non-exposed parasite was done by PDQuest Program. Results showed that approximately
63 spots of protein patterns were similar, but the number of protein spots was markedly lower in
the exposed parasite (99 spots) comparing to non-exposed parasite (147 spots).
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Introduction

Multi-drug resistance Plasmodium
falciparum is the major problem in malaria
control in Thailand, particularly those areas
along Thai-Cambodian and Thai-Myanmar
boarders (Wongsrichanalai et al. 2001)
Artemisinin and derivatives (dihydro-
artemisinin, artemeter, artesunate, arteether)
are currently the mainstay in chemotherapy
of multidrug resistance falciparum malaria.
Their action is rapid; malaria parasitaemia
is cleared from patient’s peripheral blood
within 48 hours. The major mechanism of
action of this group of drugs is related to
their unique chemical component of the
endoperoxide bride, which upon being
stimulated by malarial heam, is broken and
generating free radicals that interact with
specific proteins in the parasite and lead to
parasite death. The exact mechanisms and
consequences of this protein interactions
remains to be elucidated (Meshnick 1998).

Proteomics is the large-scale study
of proteins, particularly their structures and
functions. Proteins are vital parts of living
organisms as they are the main components
of the physiological metabolic pathways of
cells. The proteomics is the next step in the
study of biological systems, after genomics
and transcriptomics. It is much more
complicated than genomics mostly because
while an organism's genome is more or less
constant, the proteome differs from cell to
cell and from time to time. This is because
distinct genes are expressed in distinct cell
types. This means that even the basic set of
proteins which are produced in a cell needs
to be determined. A common way to
determine protein patterns from organism is
two-dimensional gel electrophoresis (2-
DE), which simply means that the proteins
are electrophoresed first in one allows small
differences in a protein to be to be
visualized by separating a modified protein
from its unmodified form, thus this method
is suitable to investigate the protein target
for drug and vaccine development (Gevaert
and Vandekerckhove 2000, Bernard et al.
2004). In this study, the protein patterns of
P. falciparum malaria after exposed to
DHA was investigated.

Materials and Methods

Chemicals and Reagents

Dihydroartemisinin (DHA) and
SYBR Green | were purchased from
Sigma-Aldrich Inc. (USA). The culture
medium RPMI and gentamicin were
purchased from Gibco BRL Life
Technologies (USA). Commercial grade
ethanol was purchased from Labscan
(Polska). Stock solution of DHA was
prepared at the concentration of 10 nM in
50% ethanol. On the day of experiment,
stock solution of drug was diluted with
serum-free medium in order to obtain
required concentrations.

Parasite culture

G112Plasmodium falciparum
clone was cultured in RPMI 1640 medium
(Gibco, USA) supplemented with 10%
human B serum and 25 mM HEPES.
Cultures were kept at 37°C under an
atmosphere of 5% 02, 5% CO2, and 90%
N2 (Trager and Jensen 1976). The level of
parasitaemia in the culture was kept at 2%
haematocrit.

In vitro sensitivity of P. falciparum to
DHA

The antimalrial activity DHA in
G112P. falciparum clone was determined
using SYBR Green | assay (Bennett et al.
2004, Smilkstein et al. 2004). Highly
synchronous ring stage parasite was used
in each assay. An aliquot of parasite
inoculum (50 pl) with 2% parasitaemia
and 1% haematocrit, was added into each
well of microtiter plate. The 96-well drug
plates were dosed with DHA. The
experiments were repeated three times
(triplicate  each). 1Cs, value (drug
concentration that inhibits the parasite
growth by 50%) used as an indicator for
antimalarial activity, and was determined
from a log-dose-response curve plotted
using the CalcuSyn version 1.1 (BioSoft,
USA).

2-Dimensional gel electrophoresis
Synchronized parasite culture was

harvested and cell pellet was resuspended

and in 0.15% saponin in PBS and
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incubated on ice for 1 hour in order to lyse
red cells. The lysate was collected through
centrifugation at 13,000 x g for 5 min (4°C)
and washed three times with 1 ml of PBS
until the supernatant was clear. Red blood
cell pellet was washed in 1 ml of 10 mM
Tris-HCI pH 7.4 containing 1 x protease
inhibitor Cocktail (Roche Co. Ltd.) until red
cell ghost was colorless. Pellet was then re-
suspended in 500 pl of lysis buffer (8 M
urea, 2 M thiourea, 1% CHAPS, 65mM
DTT, 0.5% ampholyte pH 3-10) and sample
was vortexed and sonicated on ice four
times, eight seconds each (21% amplitude,
8 sec, interspersed with 9 sec), followed by
centrifugation at 13,000 x g for 1 hr (4°C),
and the supernatant was subjected to 2-DE
(Nirmalan et al. 2004, Makanga et al.
2005). Quantification of protein
concentrations of the extracts was
performed by using Bradford reagent
(BioRad, USA). Two-dimensional gel
electrophoresis (2-DE) was carried out
using a 2D electrophoresis system (BioRad,

Thai J Pharmacol; Vol 34: No 1, 2012

USA) according to the manufacturer’s
recommendation with modifications.and
NRU Projects), Ministry of Education of
Thailand, Mae Tao clinic and all
volunteers for supporting this study.

Results

In vitro antimalarial activity of DHA

The concentration-response curve
of in vitro antimalarial activity of DHA
against G112 P. falciparum is shown in
Figure 1. The ICso of DHA of 3.0 nM was
used in proteomics study.

Proteomics study

Proteins were extracted from
G112 P. falciparum clone in the presence
(5 hours exposure) and absence (control)
of DHA. Results showed that
approximately 63 spots of protein patterns
were similar, but the number of protein
spots was markedly lower in the exposed
parasite (99 spots) compared with the non-
exposed parasite (147 spots) (Figure 2).

0 0 20
OHA concentration (nitul)

30 40 a0

Figure 1 The concentration response curve of DHA
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Discussion

Proteomics approach is a new tool to
observe targets for drug and vaccine
development. Nevertheless, the application
of this approach in malaria parasite is still
limited. The proteomics tool have been
undertaken to study the mechanisms of
action or resistance of antimalarial drugs in
P. falciparum (Makanga et al. 2005, Prieto
et al. 2008, Cooper et al. 2004). In the
present study, we observed the protein
patterns
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Genetic Polymorphisms of Plasmodium Falciparum Merozoite Surface
Protein (PfMSP) in Mae Sot Isolates
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Abstract

Malaria remains a major public health problem in Thailand due to the emergence of
multidrug resistance Plasmodium falciparum. Malaria infection caused by P. falciparum can
cause coma, especially cerebral malaria and lead to death. Understanding genetic diversity of
parasites is essential for developing effective drugs and vaccines for malaria control. The
objective of this study was to investigate the genetic diversity pattern of merozoite surface
protein 1 (PfMSP-1) and merozoite surface protein 2 (PfMSP-2) genes in a total of 50 P.
falciparum isolates collected from Mae Sot district, Tak province, Thailand during 2009 to 2010.
The polymorphisms of PfMSP-1 and PfMSP-2 were investigated by polymerase chain reaction
(PCR). Both individual gene and their combination patterns showed marked genetic diversity.
These two polymorphic genes could be used as molecular markers to detect multiple clone
infections and differentiate recrudescence from re-infection in P. falciparum isolates in Thailand.
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Introduction

Malaria is one of the most
important public health problems in
several tropical countries including
Thailand. Infection with Plasmodium
falciparum can cause severe morbidity and
mortality. In Thailand, malaria disease is
endemic throughout the country, with the
highest incidence reported from Tak
Province (Na-Bangchang and Congpuong
2007). In Mae Sot district of Tak Province,
the prevalence of P. falciparum and

Plasmodium vivax infection is
approximately equal. Molecular
genotyping of genetic markers of

antimalarial drug resistance plays an
important role as a tool for monitoring the
trend of antimalarial drugs resistance. To
accurately confirm P. falciparum drug
resistance, recrudescence and re-infection
must initially be discriminated. Merozoite
surface  protein-1  (MSP-1) of P.
falciparum is a major surface protein with
an approximate molecular size of 190 kDa.
MSP-1 exerts a key role in erythrocyte
invasion by the merozoite (Holder and
Blackman 1994). It is a target of human
immune responses (Woehlbier et al. 2006)
and a hopeful candidate for a blood stage
subunit vaccine (Holder et al. 1999). MSP-
2 of P. falciparum is another coming
candidate antigen for subunit malaria
vaccine (Lawrence et al., 2000). The aim
of the study was to investigate the genetic
diversity of PIMSP-1 and PfMSP-2 genes
in blood samples collected from 50
patients with uncomplicated P. falciparum
malaria in Mae Sot district of Thailand.

Methods

Study sites and sample collection

A total of 50 blood samples (1 ml
each) were collected from patients
attending the malaria clinics in Mae Sot
district, Tak province during 2009 to 2010.
Approval of the study protocol was
obtained from the Ethics Committees of
Mae Sot General Hospital, Tak province,
Thailand. Two millilitres of blood samples
were collected by venipuncture prior to
treatment with standard regimens for
P. falciparum and  collected into

ethylenediaminetetraacetic acid (EDTA)
collecting tubes. Giemsa-stained thin and
thick blood smears were prepared and
examined microscopically for P. falciparum
parasites.

Extraction of parasite genomic DNA

Parasite genomic DNA was extracted
from whole blood using Chelex extraction
method and used as template for PCR
amplification.

Amplification of PfMSP-1 and PfMSP-2

P. falciparum genotyping was carried
out using PCR technique. In the reaction,
primer pairs corresponding to the conserved
sequences spanning the polymorphic regions
composed of forward-5°GAAGATGCAGT
ATTGACAGG3’ and reverse-5’GAGTTCT
TTAATAGTGAACAAG3’ for MSP-1 and
forward-5> GAGTTCTTTAATAGTGAACA
AG3’ and reverse-5’CCTGTACCTTTATT
CTCTGG3’ for MSP-2 (Wooden et al.
1993). The reaction volume was 20 pl
containing 1 puM of each of primer, 0.5 U of
Taq polymerase, 1x of buffer with KCI
(Fermentas, Canada), 2.5 mM of MgCl,
(Fermentas, Canada), 0.5 mM of dNTP, and
DNA template. PCR was performed under 1
cycle of 5 min at 94°C, then 30 cycles of 1
min at 94°C, 1 min at 50°C, 1 min at 72°C,
and final extension at 72°C for 5 min of
amplification condition. PCR products were
analysed on a 2% on a 2% agarose gel
containing ethidium bromide. The variation
in size of the amplified products was
observed.

Results

Out of fifty samples, 46 (92%) and 39
(78%) samples were successfully amplified
for PfMSP-1 and PfMSP-2, respectively
(Figure 1). Both P. falciparum genes were
highly polymorphic, of which 15 PfMSP-1
genotypes and 16 PfMSP-2 genotypes were
detected. The dominant polymorphism size
detected for PfMSP-1 and PfMSP-2 were
310 and 650 bp, respectively. Nine (20%)
and three (8%) samples showed multiple
clone infections for PfIMSP-1 and PfMSP-2,
respectively (Table 1).
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Figure 1  Gel photographs of polymerase chain reaction amplified products of PIMSP-1 (A)
and PfMSP-2 (B)
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Table 1
isolates collected from Mae Sot district.

Summary of polymorphism sizes of PfIMSP-1and PfMSP-2 in 50 P. falciparum

PfMSP-1 (n = 46)

PfMSP-2 (n = 39)

polymorphism size (bp) n polymorphism size (bp) N

280 1 450 2

285 1 480 2

290 4 490 2

300 12 500 4

310 14 510 5

315 2 520 1

320 1 590 3

325 1 600 3

330 1 610 1

300/400 1 630 1

310/360 2 650 6

315/370 1 660 1

320/360 3 690 3

325/360 1 700 2

330/380 1 500/520 2

520/530 1

Total polymorphisms 15 16

Combination of PfMSP-land PfMSP-2 2002). P. falciparum MSP-2, apical
polymorphisms membrane antigen-1  (AMA-1) and

The combination of PfMSP-1 and
PfMSP-2  polymorphism sizes showed
higher level of diversity than each
individual gene alone. Thirty-two patterns
of PIMSP-1/PfMSP-2 were found (Table 2).
The dominant combination was 310/650. A
total of seven (18%) samples showed
multiple clone infections (Table 2).

Discussion

Several malarial proteins have been
proposed as vaccine candidate antigens, but
MSP-1 is the most popular (Genton et al.
2003, Reed et al. 2009). Results of the
phase 1-2b clinical trial of a MSP-2 based
vaccine showed that one allelic type
included in the wvaccine may be more
effective against the parasites (Genton et al.

circumsporozoite protein (CSP) are also
under investigation as candidate antigens
for the development of malaria vaccine
(Collins et al. 1994, Stoute et al. 1997).

The polymorphisms of PfMSP-1
and PfMSP-2 of P. falciparum isolates have
been investigated in isolates collected from
several malaria endemic areas (Kang et al.
2010, Khaminsou et al. 2011, Londono-
Renteria et al. 2012, Mayengue et al. 2011,
Mwingira et al. 2011). All showed the
highly polymorphic patterns of these two
genes. High level of PIMSP-1 and PfMSP-2
polymorphisms and  multiple  clonal
infections were reported in three malaria
endemic regions of Lao PDR (Khaminsou
et al. 2011). Similarly, sequence analysis of
PfMSP-1 block 2 in P. falciparum isolates
collected from Myanmar demonstrated
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Table 2  Polymorphism sizes of various combination patterns of PIMSP-1 and PfMSP-2
observed in 50 P. falciparum isolates collected from Mae Sot

PfMSP-1/PfMSP-

PfMSP-1/PfMSP-2

Pattern Pattern
2 (bp) (bp)
1 280 700 1 17 310 510 2
2 290 510 1 18 310 590 1
3 290 530 1 19 310 600 2
4 290 590 1 20 310 610 1
5 290 650 2 21 310 650 3
6 300 450 1 22 310 660 1
7 300 480 1 23 310 690 1
8 300 490 2 24 315 500 1
9 300 500 1 25 315 650 1
10 300 510 1 26 310/360 500 1
11 300 590 1 27 310/360 520/530 1
12 300 600 1 28  320/360 500 1
13 300 690 2 29 320/360 500/520 1
14 300 700 1 30 320/360 510 1
15 310 450 1 31 325/360 500/520 1
16 310 480 1 32 330/380 520 1

14 different genotypes (5 for K1 type and 9
for MAD20 type) and PfMSP-2 block 3
found 22 genotypes (7 for FC27 type and
15 for 3D7 type) (Kang et al. 2010). A
recent report from Republic Congo revealed
high polymorphisms and multiple clones of
P. falciparum isolates (Mayengue et al.
2011). Moreover, isolates collected from
Malawi, Tanzania, Uganda, Burkina Faso
and Sdo Tomé exhibited highly
polymorphic and low allele frequencies of
PfMSP-1, PIMSP-2 and glurp, with a total
of 17 PfMSP-1 genotypes, 116 PfMSP-2
genotypes and 14 glurp genotypes
(Mwingira et al. 2011). In contrast,
relatively low level of genetic diversity was
found in the isolates collected from Haiti (9
PfMSP-1 genotypes) (Londono-Renteria et
al. 2012). Results of the present study
confirm the genetic variation of PfMSP-1
and PfMSP-2 genes of P. falciparum
isolates collected from Mae Sot district, the

endemic area of Thailand with highest
malaria  incidence.  Moreover, the
combination of PfMSP-1/PfMSP-2 was
relatively more polymorphic, and thus
appropriate for the detection of multiple
clone infection. The low efficacy of
vaccine candidate antigens observed in
various clinical trials would be due to the
highly variable genetic polymorphisms of
PfMSP-1 and PfMSP-2 in P. falciparum
isolates.

Conclusions

PfMSP-1 and PfMSP-2, as well as
the combination patterns of PfMSP-
1/PfMSP-2 showed marked genetic
diversity. The combination of these two
polymorphic genes could be used as
molecular markers to detect multiple clone
infections and differentiate recrudescence
from re-infection in P. falciparum isolates
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in Thailand. This information is useful for
treatment and control program of malaria in
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Preliminary Investigation of In vitro and In vivo Antimalarial Activity
of the Ethanolic Extract of Garcinia mangostana Linn. (Mangosteen)
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Abstract

Garcinia mangostana Linn., commonly known as mangosteen, is a tropical fruit tree
belonging to the family Clusiaceae (Guttiferae). Several parts of this plant have been used for
traditional medicine, especially pericarp of mangosteen. The aim of this study was to evaluate
antimalarial activity of the crude ethanolic extract of pericarp of Garcinia mangostana Linn.
The finger print of the crude ethanolic extract and content of the marker compound. The -
mangosteen (32.9%) was analyzed by HPLC. Antimalarial activity of the crude ethanolic
extract was evaluated in vitro against 3D7 (chloroquine-sensitive) and K1 (chloroguine resistant)
Plasmodium falciparum clones. The crude ethanolic extract of pericarp of Garcinia mangostana
Linn. exhibited moderate antimalarial activity with ICsq values of 10.94 and 7.54 pg/ml against
3D7 and K1 clones, respectively. It exhibited promising antimalarial activity with safety profile
in acute and subacute toxicity tests in mice. The crude ethanolic extract of pericarp of Garcinia
mangostana Linn at the dose of 250 mg/kg produced maximal activity.

Key Words  Garcinia mangostana Linn, pericarp mangosteen, Plasmodium falciparum,
antimalarial activity
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Introduction

Malaria is a mosquito-borne
infectious disease which is an important
public health problem in tropical and
subtropical regions of the world. Major
problem which limits the control of the
disease is the emergence and spread of
multidrug resistant Plasmodium falciparum.
Research and development for new
promising antimalarials from different
sources including natural products is
urgently needed.

Garcinia mangostana Linn.,
commonly known as mangosteen, is a
tropical fruit tree belonging to the family
Clusiaceae (Guttiferae). The fruit pericarp
has long been used in traditional medicine
for treatment of abdominal pain, diarrhea,
dysentery, infected wound, suppuration,
chronic ulcer catarrh, cystitis, eczema,
fever, intestinal ailments, pruritis and other
skin infection (Mahabusarakam et al., 1987;
Martin, 1980). Several biological and
pharmacological activities of several
compounds isolated from mangosteen
pericarp which its crude extracts have been
extensively investigated (Chen et al., 1996).
In the present study, we investigated
preliminarily the in vitro and in vivo
antimalarial activity of the crude ethanolic
extract of the pericarp of G. mangostana
Linn.

Materials and methods

Plants materials and preparation of crude
extracts

Mangosteen fruits were collected
from market on September. Mangosteen
fruits will rinsed thoroughly with tap water.
The pericarps were separated, cut into small
pieces, oven dried at 45 °C, and then ground
into powder with pestle and mortar.
Extraction was carried out by macerating
the powder plant materials (100 g) in
flasks containing 500 ml of 95% ethanol at
room temperature (25-30 °C) for 7 days.
The extraction solvent was separated and
filtered through Whatman no.1 filter paper,
evaporated under reduced pressure by
rotary evaporation. The crude ethanolic
extract of mangosteen’s pericarp was
weighed and stored at -20 °C until used.
The finger print of the crude extract and
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content of the marker compound a-
mangosteen was analysed by HPLC. The
yields of crude extract was about 10.6%
(w/w), of which 32.9% (w/w) were a-
mangosteen.

Assessment of antimalarial activity in
vitro

3D7 (chloroquine sensitive) and
K1 (chloroquine resistant) Plasmodium
falciparum clones were cultivated and
maintained in O+ human erythrocytes
suspended in RPMI 1640 culture medium
(at 37 °C under a gas mixture of 5% CO,,
5% O, and 90% N,) according to the
method described by Trager and Jensen
(Trager and Jensen, 1976). Parasite
suspension was treated with 5% sorbitol to
obtain the ring stage of P. falciparum
(Lambros and Vanderberg, 1979).

The crude ethanolic extract of G.
mangostana Linn. (pericarp) was screened
for antimalarial activity against 3D7 and
K1 P. falciparum clones using SYBR
Green | based assay (Bennett et al., 2004).
The assay was performed using parasite
suspension with 2% parasitaemia and 1%
haematocrit. Fifty percent inhibitory
concentration  (ICso)  values  were
determined by dose effect analysis
(CalcuSyn ™ Software). The antimalarial
dihydroartemisinin was used as a positive
control drug.

Assessment of antimalarial activity in vivo

Animals: Swiss mice (5-7 weeks
of age, weighing 25-30 g) of either sex
were obtained from National Laboratory
Animal Centre, Thailand.  Animal
experiments were carried out in
accordance with the Guidelines for the
Care and Use of Laboratory Animals
(National Institutes of Health publication
number 85-23). The animal was housed
under standard conditions and fed with a
stock diet and water ad libitum.

Toxicity tests: All mice were
refrained from water and food 2 h before
oral administration of each dose of the
crude extract. For acute toxicity test, crude
extract at a single dose of 5,000 mg/kg
body weight was given orally by
intragastric gavage to six mice (3 males, 3
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females). For subacute toxicity test, the
extract at the dose of 1,000 mg/kg body
weight was given orally by intragastric
gavage to six mice (3 males, 3 females) for
14 days. General behavior or any sign of
toxicity including vital signs and body
weight were recorded over a period of 24 h
for up to 14 days (Twaij et al., 1983).

Antimalarial activity testing: ANKA
strain P. berghei (obtained from The
National ~ Science and  Technology
Development Agency, Thailand: NSTDA)
was used to assess in vivo antimalarial
activity of the crude ethanolic extract of
pericarp of G. mangostana Linn. using a 4-
day suppressive test (Peters et al., 1975).
The rodent malaria parasites were
maintained by serial blood passage in mice
and parasite blood stage was store at -196
°C in a liquid nitrogen tank until use.

The infected blood was collected
from each donor mouse by cardiac puncture
and diluted with 0.9% NaCl. P. berghei
infected erythrocytes in a saline suspension
(0.2 ml) at the density of 1x10’ erythrocyte
parasites were injected by intraperitoneal
route to 30 mice (15 males and 15 females).
Mice were allocated to five groups (3 males
and 3 females for each group) mice to
receive intraperitoneal injection of the
extract at the dose of 500, or 250, or 100
mg/kg for 4 days. The vehicle control group
received Tween 80, whereas the positive
control group received oral chloroquine
diphosphate at the dose of 10 mg/kg/day for

4 days. Blood samples were collected
from the tail of each mouse daily for 4
days, stained with 10% Giemsa in pH 7.2
phosphate  buffer and  examined
microscopically  for  assessment  of
parasitaemia. The mean parasitaemia on
day 4 of treatment in each group was used
to calculate the % chemosuppression for
each dose wusing the formula: [(A-
B)/A]x100, where A is the mean
parasitaemia in the negative control and B
is the parasitaemia in the test group. The
antimalarial activity of the crude extract
was determined from % reduction of
parasitaemia in the tested groups
compared with untreated infected mice.
Survival time in days was also recorded.

Results

Antimalarial activity of the crude extract
in vitro

The ICs of G. mangostana Linn.
against 3D7 and K1 P. falciparum clones
in vitro were 11.12 pg/ml (moderate
activity) and 7.54 pg/ml (high activity),
respectively.

Toxicity test

Swiss mice administered the crude
extract at a single dose of 5,000 mg/kg
(acute toxicity test) or 1,000 mg/kg for 14
days (subacute toxicity test) showed no
sign of toxicity during the observation
period of 14 days.
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Figure 1

Percent inhibition of parasitemia in mice each group
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Antimalarial activity in vivo

Inhibition of parasitaemia (%) and
parasitaemia (%) following a 4-day dose of
500, 250 and 100 mg/kg were 41.44 vs 3.3
%, 66.42 vs 1.89 %, and 43.35 vs 3.19 %,
respectively (Figure 1). Complete inhibition
of parasitaemia (100% inhibition, 0%
parasitaemia) was observed in the group
treated with chloroquine. No significant
inhibition of parasitaemia was observed in
mice treated with Tween-80. Parasite
density in the untreated control group was
5.64%.

Discussion and Conclusion

The crude ethanolic extract of the
pericarp of G. mangostana Linn. exhibited
moderate and high in vitro antimalarial
activity against CQ-sensitive (3D7) and
CQ-resistant (K1) P. falciparum clones,
respectively. Several xanthones isolated
from G. mangostana Linn. have shown
antimalarial activity in vitro against
Plasmodium falciparum. B-mangostin and
a-mangostin exhibited a comparable ICs,
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Abstract

Phyllanthus amarus Schum. & Thonn. has been used in traditional medicine for
treatment of diverse conditions. Various pharmacological effects of its extracts have been
reported such as hepatoprotective, antioxidant, anti-inflammatory, antiviral and anticarcinogenic
activities. However, safety data regarding herb-drug interaction of this plant is still marginally
reported. Drug interaction issue is one of the major concerns in drug utilization since it may
cause therapeutic failure or serious adverse reaction of co-administered medicines. The purpose
of this study was to investigate effect of P. amarus aqueous extract on human cytochrome P450
3A4 (CYP3A4) activity in hepatoma HepG2 cells. Cytotoxicity of P. amarus agueous extract
was determined by MTT assay. The result showed that the extract reduced percent cell viability
of HepG2 cells with ICsy values of 3.69, 1.76 and 1.24 mg/ml for the incubation periods of 24,
48 and 72 hours, respectively. The extract at concentration of 0.5 mg/ml significantly increased
CYP3A4 activity in a time-dependent manner. As compared to the control, CYP3A4 activity
was enhanced by 1.64, 2.07 and 2.43 fold following incubation with the extract for 24, 48 and
72 hours, respectively. The inductive effect of the extract found in this study provides an
information of herb-drug interaction potential, thus further study in vivo is suggested.

Key Words  cytochrome P450 3A4, HepG2 cells, Herb-drug interaction, Phyllanthus
amarus
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Introduction

Drug interaction is one of the
major concerns in drug utilization since it
can either affect therapeutic efficacy or
safety ~ of  concomitant  medicines
particularly of those with  narrow
therapeutic index. One of the most common
mechanisms of drug interaction is the
interfering with drug metabolizing enzymes
especially with CYP3A4, which is
responsible for the metabolism of
approximately 60% of clinically used
medicines (Chen and Raymond 2006). As a
result, the potentials of CYP3A4 induction
or inhibition are required to be investigated
in the research and development process.
Phyllanthus amarus Schum. & Thonn.
(Euphorbiaceae), also known as “Luk Tai
Bai”, has been traditionally used as the
herbal medicines for various conditions
particularly for the treatment of jaundice
and other symptoms of liver diseases.
Several pharmacological effects of its
extracts have been previously reported
including hepatoprotective (Wongnawa et
al. 2006, Pramyothin et al. 2007),
antioxidant (Wongnawa et al. 2006), anti-
inflammatory (Kassuya et al. 2003),
antiviral (Notka et al. 2004) and
anticarcinogenic (Rajeshkumar et al. 2002)
activities.

Previous studies demonstrated the
inhibitory effect of P. amarus extracts on
various CYPs including CYP3A4 (Kumar
and Kuttan 2006, Appiah-Opong et al.
2008, Taesotikul et al. 2011). Inductive
effect of this plant extract has not yet been
reported. Recent studies have shown the
ability of some flavonoids, lignans and
tannins, which can also be classified as
polyphenols, in the activation of pregnane
X receptor (PXR) and constitutive
androstane receptor (CAR), the commonly
known transcription factors involved in
CYP3A4 gene expression (Jacobs et al.
2005, Kluth et al. 2007, Dong et al. 2010,
Yao et al. 2010). It has been found that P.
amarus extracts are composed of various
components, including numerous kinds of
polyphenolic compounds, which may have
different effects on CYP3A4 activity and
gene expression. Thus, the overall outcome
can be either inhibition, induction or no
significant change according to the

combination of their effects on CYP3A4
which cannot be simply predicted.
Therefore, this study aimed to determine
the effect of P. amarus aqueous extract on
CYP3A4 activity using HepG2, the human
liver carcinoma, cells.

Materials and methods

Plant Material

The aqueous extract of P. amarus
was kindly provided by Assoc. Prof. Dr.
Pornpen Pramyothin, Department of
Pharmacology and Physiology, Faculty of
Pharmaceutical Sciences, Chulalongkorn
University. The preparation procedure of
P. amarus aqueous extract and the
determination of its hepatoprotective
activity were  previously  described
(Pramyothin et al. 2007).

Cell culture

HepG2 cells were cultured in
Dulbecco’s Modified Eagles medium
(DMEM) supplemented with 10% fetal
bovine serum, 2 mM L-glutamine, 100
U/ml penicillin and 100 pg/ml strepto-
mycin. Cells were maintained at 37°C in a
humidified atmosphere with 5% CO..

MTT assay

MTT assay was performed to
determine the cytotoxicity of P. amarus
aqueous extract on HepG2 cells so as to
obtain the optimal concentration for
subsequent experiments. Cells were
cultured in 96-well plates and treated with
various concentrations of P. amarus
aqueous extract (0.001-5 mg/ml) for 24,
48 and 72 hours. After treatment, cells
were incubated with medium containing
0.5 mg/ml MTT at 37°C for 2 hours. The
remaining formazan crystal was dissolved
in DMSO and the optical density at 570
nm was measured using a microplate
reader (DTX 800 multimode detector,
Beckman Coulter, USA). Three indepen-
dent experiments were performed in
triplicates of each. Median inhibitory
concentration (ICsg) was calculated by
plotting log of concentrations of P.
amarus aqueous extract versus the
corresponding probit unit of the percent
inhibition.
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Percentage of cell viability was calculated by using the following equation.

% cell viability =

Test compound treated values x 100

Control (untreated) values

Determination of CYP3A4 activity in

HepG2 cells
CYP3A4 activity was determined
using  P450-Glo™  CYP3A4  Assay

containing Luciferin IPA (Promega, USA).
In brief, HepG2 cells were cultured in 24-
well plates and treated with P. amarus
aqueous extract (0.05, 0.1 and 0.5 mg/ml)
for 24, 48 and 72 hours. After treatment,
cells were incubated with the medium
containing 3 UM Luciferin IPA at 37°C for
2 hours. Then, 100 pl of medium from each
well was transferred to a 96-well opaque
white plate and mixed with 100 pl of
Luciferin Detection Reagent at room
temperature. Luminescence was measured

using a microplate reader (DTX 800
multimode detector, Beckman Coulter,
USA). Background subtracted

luminescence values were normalized to
cell number by dividing the P450-Glo™
Assay values by the CellTiter-Glo® Assay
(Promega, USA) values. Dexamethasone
was used as the positive control for
CYP3A4 induction. Three independent
experiments were performed in triplicates
of each.

Statistical analysis

Results were expressed as mean +
S.E.M. Statistical analysis was performed
using the SPSS version 16.0 for windows
software. Mean difference among groups
in MTT assay and between the control and
treatment groups in CYP3A4 activity
assay were examined using one-way
ANOVA followed by Tukey’s post hoc
test and Student’s independent t-test,
respectively. P-value < 0.05 was
considered statistically significant.

Results

P. amarus aqueous extract
exhibited significant cytotoxicity on
HepG2 cells at concentrations of 1, 2.5
and 5 mg/ml in a time- and concentration-
dependent manner (Figure 1). The extract
caused the reduction of cell viability with
ICs values of 3.69, 1.76 and 1.24 mg/ml
for the incubation times of 24, 48 and 72
hours, respectively (Figure 2, 3 and 4).
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Figure 1  Effect of P. amarus agqueous extract on HepG2 cell viability as determined by MTT

assay after 24, 48 and 72 hours of incubation. Data are expressed as mean + S.E.M.
(n=3). * Significant difference from the control (P < 0.05)
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Effects of P. amarus aqueous extract
and dexamethasone on CYP3A4 activity are
shown in Figure 5. Dexamethasone (50
pMM) markedly increased CYP3A4 activity
by approximately 2.33, 2.56 and 2.46 fold
after incubation for 24, 48 and 72 hours,
respectively. P. amarus aqueous extract at
the concentration of 0.5 mg/ml increased
CYP3A4 activity by 1.64, 2.07 and 2.43
fold as compared to the control following
incubation for 24, 48 and 72 hours,
respectively, while the lower concentrations
of the extract did not show significant
induction.
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Discussion

In this study, effect of P. amarus aqueous
extract on CYP3A4 activity was examined
in HepG2 cells. The concentration of the
extract used (0.05-0.5 mg/ml) did not
significantly affect cell viability as
determined by MTT assay. It was found
that the extract at concentration of 0.5
mg/ml significantly increased CYP3A4
activity in a time-dependent manner.
Previously, several phytochemical
compounds have been reported to possess
CYP3A4 induction potential. The results
from gene reporter assay studies
compounds have demonstrated that some
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Figure 5 Effect of P. amarus aqueous extract (0.05, 0.1 and 0.5 mg/ml) on CYP3A4 activity
in HepG2 cells after 24, 48 and 72 hours of incubation (PA = P. amarus aqueous
extract, DEX = 50 uM dexamethasone). Data are expressed as mean + S.E.M.
(n=3). * Significant difference from the control (P < 0.05)

polyphenolic capability to activate CYP3A4
promoter, PXR and CAR (Jacobs et al.
2005, Kluth et al. 2007, Dong et al. 2010,
Yao et al. 2010). Among these reported
compounds, quercetin, a flavonoid which is
also presented in P. amarus, was found to
enhance CYP3A4 promoter activity (Kluth
et al. 2007). Previous reports described the
possible mechanisms of various kinases
including protein kinase A (PKA), protein
kinase C (PKC), cyclin-dependent kinases
(Cdks) and 70 kDa form of ribosomal
protein S6 kinase (p70 S6K) in the
repression of PXR-mediated CYP3A4
Expression (Pondugula et al. 2009, Dong et
al. 2010). Some flavonoids were reported to
activate PXR by inhibition of Cdks (Dong
et al. 2010). Moreover, a number of
hydrolysable tannins isolated from P.
amarus were found to be potent inhibitors
of protein kinases (Polya et al. 1995). These
previous findings may partly explain the
increase of CYP3A4 activity by P. amarus
aqueous extract observed in this study.
Further in vivo study should be conducted
to confirm these in vitro findings

since the observed concentration that
significantly induced CYP3A4 was rather
high. On the other hand, the extract at
lower concentrations might reveal its
inductive effect when it is applied
chronically.

Conclusion

This study demonstrated that P.
amarus aqueous  extract increased
CYP3A4 activity in vitro using HepG2
cells. The inductive effect of the extract
found in this study provides an
information of herb-drug interaction
potential, thus further study in vivo is
suggested.

Acknowledgement

This study was partly supported
by a grant from the Graduate School,
Chulalongkorn University (C.U.
GRADUATE SCHOOL THESIS
GRANT).



Thai J Pharmacol; Vol 34: No 1, 2012

References

Appiah-Opong R, Commandeur JNM, Axson
C, Vermeulen NPE. Interactions between
cytochromes  P450, glutathione  S-
transferases and Ghanaian medicinal
plants. Food Chem Toxicol. 2008;
46:3598-603.

Chen J, Raymond K. The role of CYP3A4 and
p-glycoprotein in food-drug and herb-drug
interactions. Aust  Pharmacist. 2006;
25(9):732-8.

Dong H, Lin W, Wu J, Chen T. Flavonoids
activate pregnane X receptor-mediated
CYP3A4 gene expression by inhibiting
cyclin-dependent kinases in HepG2 liver
carcinoma cells. BMC Biochem. 2010;
11(23).

Jacobs MN, Nolan GT, Hood SR. Lignans,
bacteriocides and organochlorine
compounds activate the human pregnane
X receptor (PXR). Toxicol Appl
Pharmacol. 2005; 209:123-33.

Kassuya CAL, Silvestre AA, Rehder VLG,
Calixto JB. Anti-allodynic and anti-
oedematogenic properties of the extract
and lignans from Phyllanthus amarus in
models of persistent inflammatory and
neuropathic pain. Eur J Pharmacol. 2003;
478:145-53.

Kluth D, Banning A, Paur I, Blomhoff R,
Brigelius-Flohe  R.  Modulation  of
pregnane X receptor-and electrophile
responsive element-mediated gene
expression by dietary polyphenolic
compounds. Free Radic Biol Med. 2007;
42:315-25.

Kumar KBH, Kuttan R. Inhibition of drug
metabolizing enzymes (cytochrome P450)
in vitro as well as in vivo by Phyllanthus
amarus SCHUM & THONN. Biol Pharm
Bull. 2006; 29(7):1310-3.

Notka F, Meier GR, Wagner R. Concerted
inhibitory activities of Phyllanthus amarus
on HIV replication in vitro and ex vivo.
Antiviral Res. 2004; 64:93-102.

Polya GM, Wang BH, Foo LY. Inhibition of
signal-regulated protein kinases by plant-
derived hydrolysable tannins.
Phytochemistry. 1995; 38(2):307-14.

Pondugula S, Dong H, Chen T.
Phosphorylation ~ and  protein-protein
interactions in PXR-mediated CYP3A
repression. Expert Opin Drug Metab
Toxicol. 2009; 5(8):861-73.

Pramyothin P, Ngamtin C, Poungshompoo S,
Chaichantipyuth ~ C.  Hepatoprotective
activity of Phyllanthus amarus Schum. et.
Thonn. extract in ethanol treated rats: In
vitro and in  vivo studies. J
Ethnopharmacol. 2007; 114:169-73.

Rajeshkumar NV, Joy KL, Kuttan G,
Ramsewak RS, Nair MG, Kuttan R.
Antitumour and anticarcinogenic activity
of Phyllanthus amarus extract. J
Ethnopharmacol. 2002; 81:17-22.

Taesotikul T, Dumrongsakulchai W,
Wattanachai N, Navinpipat V,
Somanabandhu A, Tassaneeyakul W, et al.
Inhibitory effects of Phyllanthus amarus
and its major lignans on human
microsomal cytochrome P450 activities:
Evidence for CYP3A4 mechanism-based
inhibition. Drug Metab Pharmacokinet.
2011; 26(2):154-61.

Wongnawa M, Thaina P, Bumrungwong N,
Rattanapirun P, Nitiruangjaras A, Muso A,
et al. The protective potential and possible
mechanism of Phyllanthus amarus Schum.
& Thonn. aqueous extract on paracetamol-
induced hepatotoxicity in rats.
Songklanakarin J Sci Technol. 2006;
28(3):551-61.

Yao R, Yasuoka A, Kamei A, Kitagawa Y,
Tateishi N, Tsuruoka N, et al. Dietary
flavonoids activate the constitutive
androstane receptor (CAR). J Agric Food
Chem. 2010; 58:2168-73.

65



66

Thai J Pharmacol; Vol 34: No 1, 2012

RESEARCH ARTICLE

Inhibition of Human CYP1A2 and CYP3A4 Activities by Thai
Medicinal Plants with Promising Antimalarial Activity

Wiriyaporn Sumsakul *, Vithoon Viyanant', Wiratchanee Mahavorasirikul®,
Anurak Cheoymong *, Wichittra Tassaneeyakul®, Kesara Na-Bangchang®

! Thailand Center of Excellence on Drug Discovery and Development (TCEDDD), Thammasat
University, Pathumthani, Thailand

Department of Pharmacology, Faculty of Medicine, Khon Kaen University, Khon Kaen,
Thailand

Abstract

The constituents in medical plants or herbal formulations may interfere with human
liver drug metabolizing enzyme particularly cytochrome P450s (CYPs). This interaction may
result in toxicity when co-administered these plants with some certain drug that are metabolized
by the same CYP isozyme. The aim of this study was to investigate the propensity to inhibit
CYP1A2 and CYP3A4 mediated hepatic drug metabolism of the crude ethanolic extracts of the
seven Thai medicinal plants/herbal formulation with promising antimalarial activities, i.e.,
Dioscorea membranacea Pierre. (rhizome), Dracaena loureiri Gagnep (stem, bark), Myristica
fragrans Houtt. (seed), Plumbago indica Linn. (root), Garcinia mangostana Linn. (pericarp),
Piper chaba Hunt. (fruit), and Benjakul formulation 1(a mixture of parts of 5 plants), using
human liver microsomes in vitro. The extract of Dioscorea membranacea Pierre exhibited the
most potent inhibitory activities on CYP1A2 and CYP3A4 with 1Cs, of 0.15 and 0.24 pg/ml,
respectively. Results suggest that the potential for toxicity should be aware of for future
development of Dioscorea membranacea Pierre as antimalarial drugs.

Key Words  antimalarial drugs, Metabolism, Human liver microsome, Medicinal plants,
CYP450 inhibition
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Introduction

The emergence and spread of
multidrug-resistant Plasmodium falciparum
has become major public-health problem in
malaria control programs in most endemic
regions of the world (Na-Bangchang and
Congpuong 2007). Since antimalarial drug
resistance compromises the effective
treatment of the disease, there is necessary
for ongoing drug discovery research that
will provide effective and affordable
antimalarial agents which are also simple to
administer. Natural products including
medicinal plants may offer cheap
alternative treatment opportunities for
malaria patients. The cytochrome P450
enzymes (CYP) represent a large family
of proteins involved in the metabolism
of drugs and other xenobiotics as well as
endogenous compounds (Obach, 2000). It
is possible that certain constituents in
traditional plants or herbal preparations
may interfere with this enzyme system.
This metabolic drug interaction is
important as it could lead to untoward or
toxicity due to a significant increase of
plasma drug concentration of the
coadministered drugs that are metabolized
by the same CYP isozyme.

In the present study, the propensity
of seven candidate Thai medicinal
plants/herbal formulation with promising
antimalarial activities (Table 1) to interfere
with CYP1A2 and CYP3A4 in vitro.

Table 1

Thai J Pharmacol; Vol 34: No 1, 2012

Materials and method

Plant materials

Plant materials (Table 1) were
collected from different regions of
Thailand and some were purchased from
the city markets. Authentication of plant
materials was carried out at the herbarium
of the Department of Forestry, Bangkok,
Thailand, where the herbarium vouchers
have been kept. The extraction of all Thai
herbal medicinal plants was performed by
maceration method (Mahavorasirikul et
al., 2010). Stock solutions of the ethanolic
extracts  were  prepared at the
concentration of 1 mg/ml.

CYP1A2 and 3A4 inhibition

The activities of CYP1A2 and
CYP3A4  were assessed through
measurement of the formation of
paracetamol from the substrate drug
phenacetin (Lavhekar et al., 2006), and
formation of oxidized nifedipine from the
substrate drug nifedipine (Patki et al.,
2003), respectively. The incubation
reaction was performed in duplicate in a
total volume of 0.5 ml of 0.1 M sodium
phosphate buffer pH 7.4, 0.2 mg/ml
human liver microsomes, specific probe
(phenacetin or nifedipine), and 0.6 mM
NADPH. The reaction was initiated by
the addition of NADPH and incubated at

Six medicinal plants and one herbal formulation under investigation

Plant/herbal formulation

Plant part used

Piper chaba Hunt.(PC) Fruit
Dioscorea membranacea Pierre.(DM) Rhizome
Dracaena loureiri Gagnep. (DL) Stem, Bark
Myristica fragrans Houtt. (MF) Seed
Plumbago indica Linn. (PL) Root
Garcinia mangostana Linn. (GM) Pericarp

Benjakul formulation 1 (BF)

A mixture of parts from 5 plants
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37°C for 60 (phenacetin) or 40 (nifedipine)
min with agitation. The reaction was
stopped by the addition of 250 pl of cold
acetronitrile, and 50 pl of caffeine (for
CYP1A2 reaction) or diazepam (for
CYP3AA4 reaction) was added as an internal
standard. The concentration of metabolite
(paracetamol or oxidized nifedipine) was
measured by HPLC with UV detection
(Lavhekar et al., 2006; Patki et al., 2003).

To evaluate the effect of the crude
extracts and selective inhibitors on the
activities of CYP1A2, and CYP3A4 (a-
napthoflavone for CYP1A2, ketoconazole
for CYP3A4), a fixed concentration of
specific probe was incubated with a range
of crude extracts concentrations (0-200
pg/ml).  Metabolite  formation  was
expressed as a percentage of control in the
absence of inhibitor based on metabolite to
internal standard peak height ratio. The
IC50 value (concentration which inhibits
enzyme activity by 50%) was calculated
using dose response analysis (CalcuSyn™
software, USA).

Results

The ethanolic extracts of Piper
chaba Hunt., Dioscorea membranacea
Pierre., Dracaena loureiri Gagnep.,
Myristica fragrans Houtt, Plumbago
indica Linn., Garcinia mangostana Linn.
and Benjakul formulation 1 inhibited
CYP1A2 activity in a dose-dependent
manner with 1Cs, values ranging from
0.15-13.59 (ug/ml incubation: Figure 1).
The extract of Dioscorea membranacea
Pierre. exhibited the most potent
inhibitory activity (ICso= 0.15 pg/ml)
similarly to a-napthoflavaone (selective
inhibitor of CYP1AZ2). The ICs, values for
their inhibitory activities on CYP3A4
were 0.24-29.74 (ug/ml incubation: Figure
1). The extract of Dioscorea
membranacea Pierre. exhibited the most
potent inhibitory activity (ICs, =0.24
pg/ml) similarly to ketoconazole (selective
inhibitor of CYP3A4).

et [ (] [ ] w
= h (=] h >

IC50 values (ng/ml incubation)
h

=]

29.74

mIC50 values of CYP1A2 activity
(ng/ml incubation)

BICS50 values of CYP3A4 activity
(ng/ml incubation)

13.5
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Figure 1 Inhibitory activities (represented by ICs, values) of the ethanolic extracts of 6
medicinal plants and 1 herbal formulation on human CYP1A2 and CYP3A4 in
comparison with selective inhibitors
PC = Piper chaba Hunt., DM = Dioscorea membranacea Pierre.,

DL = Dracaena loureiri Gagnep., MF = Myristica fragrans Houtt,
PI1 = Plumbago indica Linn., GM = Garcinia mangostana Linn. and
BF = Benjakul formulation 1
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Discussion and Conclusion

Interactions between phytoche-
micals in herbal medicines and CYPs are
now well recognized because of their
potential ~ clinical and  toxicological
implications. These phytochemicals could
act as substrates, inhibitors or inducers of
CYPs, which can lead to pharmacokinetic
interactions with  administered  drugs
metabolized by this CYPs system. Among
the medicinal plants/herbal formulation
under investigation, the ethanolic extracts
of Dioscorea membranacea Pierre.
exhibited the most potent inhibitory activity
on CYP1A2 and CYP3A4. Concurrent
administration of both medicinal plants
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with drugs that are metabolized by
CYP1A2 or CYP3A4 may result in
untoward effects or toxicity from
metabolic enzyme inhibition. Until further
clinical investigation in healthy subjects
are confirmed, the potential of these plants
for use in treatment of malaria infection
may be limited.
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Abstract

Pseuderanthemum palatiferum or Hoan-Ngoc is a herb used as traditional medicine in
Vietnam and widely used also for treatment of many chronic diseases in Thailand. Thus, a
potential interaction when concomitantly used with drugs is of great interest. The aim of this
study was to investigate the cytoxicity and CYP3A4 activity of ethanolic extract of P.
palatiferum in HepG2 cell. HepG2 cells were exposed to various concentrations of extract for
24,48 and 72 h. MTT assay was used in cytotoxicity test and CYP3A4 activity was determined
by P450-Glo assay. MTT assay showed that the ICsq of the extract at 24, 48 and 72 h were
320.63, 266.07 and 299.23 pg/ml, respectively. We found that the extract at all concentration
(1-25 pg/ml) could not induce CYP3A4 activity of the HepG2 cell. In addition, there is
insignificant difference of the CYP3A4 activities between the treated and the vehicle control
group. In conclusion, the extract shows very low cytotoxic activity against HepG2 and no effect
on CYP3A4 activity. Thus, this plant may be safely used with other therapeutic drugs which are
CYP3A4 substrate.
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Introduction

Herbal medicinal products are
becoming popular in health care and are
often administered in combination with
prescribed drugs. The clinical importance of
herb-drug interactions are a major safety
concern of patients. Pharmacokinetic
mechanism has been considered to be a
major role of these interactions.
Pseuderanthemum palatiferum or Hoan-Ngoc
is a herb used in folk medicine in Vietnam
and popularly used also in many chronic
diseases such as hypertension, arthritis and
diabetes in Thailand (Khonsung et al.
2011). Some phytochemical compounds
found in its leaves were flavonoids
including stigmasterol and kaempferol and
phytosterol such as apigenin and f-
sitosterol (Giang et al. 2003). The
pharmacological activities of this herb
previously demonstrated in vitro are
antioxidant, antidiarrhea, and antibacterial
(Vinh and Bang 2011, Dieu et al. 2006,
Noppon et al. 2009).

Cytochrome P450 enzymes (CYP)
have an essential role in drug metabolism in
phase | which catalyze endogenous
substances and xenobiotics. CYP convert
drugs into more polar compounds which
can easily excreted from body or be
conjugated in phase Il metabolism.
CYP3A4 is the most abundance and plays
the important role in drug metabolism since
about 50% of therapeutic drugs are
metabolizes by CYP 3A4 (Hariparsad et al.
2004). Induction or inhibition of CYP may
alter plasma concentration and drug
response of co-administered medicine.
Therefore, interactions between herbal
medicinal products and therapeutic drugs
are a major safety concern because herb
may cause adverse drug reactions or change
in therapeutic efficacy of concomitant
medicine. The objective of this study was to
determine effect of ethanolic extract of
Pseuderanthemum  palatiferum  (Nees)
Radlk on CYP450 3A4.In this study
CYP3A4 activity was assessed in vitro
models by using human hepatoma HepG2
cell line that constitutively express of
CYP3A4.

Materials and Methods

Plant extract

P. palatiferum was obtained from
Hoanngoc farm (Pathum Thani, Thailand).
Their leaves were collected, cleaned and
macerated with 95% ethanol for 7 days.
The extract was filtered and evaporated by
rotary evaporator and freeze dry until the
extract was dry. The extract was kept in -
20°C until used. The extract powder was

dissolved with 0.5% DMSO.

Cells Culture

The human hepatoma (HepG2)
cells were obtained from the American
type Culture Collection. They were
cultured in DMEM medium (GIBCO,
USA) supplemented with 10% (v/v) FBS
(GIBCO, USA), 200mM L-
glutamine  (GIBCO, USA), 10,000
units/ml  penicillin and 10,000 pg/ml
streptomycin (GIBCO, USA) at 37 Cina
humidified atmosphere of 5% CO..

Cytotoxicity effect of test compound

Cells viability was determined by
MTT assay. MTT were converted to
formazan in living cell by mitochondrial
enzyme (Mohamed and Kadi 2009). Cells
were seeded in 96-well plates. Each well
contained 22,000 cells/well then incubated
at 37 "C in a humidified atmosphere of 5%
CO,. After 24 h, cells were treated with 0-
400 pg/ml extract. After incubation period of
24, 48 and 72 h, medium was removed.
Cell were washed with phosphate buffer
saline then incubated with medium
containing 5 mg/ml MTT solution for 1 h.
Cells  viability was measured by
microplate reader (DTX 800 Beckman
coulter, USA) at 570 nm.

Determination of CYP3A4 activity
CYP3A4 activity was determined
by using P450-Glo assay (Promega,
USA). Luciferin-IPA  (luminogenic
CYP3A4 substrate) was metabolized by
CYP3A4 enzyme and luciferase into a
luminescent compound. Briefly, cultured

73



cell into 24-well plates and treated with O-
25 pg/ml extract for 24, 48 and 72 h. After
incubation period, medium was removed.
Cells were washed with phosphate buffer
saline then incubated with 3 uM luciferin-
IPA for 2 h. CYP3A4 activity were
determined by using a luminometer (DTX
800 Beckman coulter, USA) and
normalized with viable cell number.
Dexamethasone (50 puM) and 0.5%DMSO
were used as the positive control and
vehicle control, respectively.

Statistical Analysis

All data were presented as mean *
standard error of the mean (SEM). The
50% inhibitory concentrations (ICsg) of the
extract on HepG2 cell at various time
points were analyzed using probit analysis.
A statistical significant difference between
treated and control groups was determined
by one-way analysis of variance (ANOVA)
and Student’s t-test. P values <0.05 was
considered to be statistically significant.

% Cell viability

A
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Results

The MTT assay showed that the
concentrations of 0-100 pg/ml extracts did
not affect cell viability. Incubation with a
high concentration of the extract (200 and
400  pg/ml), cell viability  were
significantly decreased (Fig 1). The ICs
values of the extracts at 24, 48 and 72 h.
were 320.63, 266.07 and 299.23 pg/ml,
respectively (Fig 2).

After treatment of HepG2 with
dexamethasone, the result showed that
dexamethasone significantly increased
CYP3A4 activity 1.80, 2.24 and 2.06 fold
at 24, 48 and 72 h, respectively compared
to untreated control (Fig 3). The activity
of CYP3A4 enzyme after incubation with
the extract at 1-25 pg/ml was not
significant increased compared to vehicle
control.

j[% )

[

&7 24 hr
— 48 hr

=N 72 hr

05% 0 01 05 1 5 10 25 50 100 200 400
DMSO
Concentration of the extract (ug/ml)

Figure 1  Effect of the ethanolic extract of P. palatiferum on HepG2 cells viability. *p < 0.05
when compared to the control at the same time point
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CYP3A4 activities in HepG2 cells. *p < 0.05 when compared to the control at the

same time point
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Discussion

In early stage of drug discovery, in
vitro toxicity test and drug interaction by
detection of CYP activity are very
important to obtain rapid evaluation of test
compound and reduce animal use. The
HepG2 cell line is widely wused in
cytotoxicity ~ experiments and  drug
metabolism. In the present study, the
ethanolic extract of P. palatiferum
(Nees) Radlk showed very low cytotoxic
activity against HepG2. The 1Cs, was found
to be high and the concentrations of 0-100
pg/ml extract were non-toxic to cells. Based
on the  cytotoxicity  result, the
concentrations of extract ranging from 1-25
pg/ml were used in CYP3A4 activity
experiment. In CYP 3A4 activities,
treatment with dexamethasone, a CYP3A4
inducer, resulted in an induction of
CYP3A4 activity when compared to
untreated group, while CYP 3A4 activities
of all concentrations of the extract tested
were no significant difference when
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compare to solvent treated group.
However, the higher concentration and
longer incubation of the extract in HepG2
cells as well as study in laboratory animals
should be further done.

Conclusions

The ethanolic extract of P.
palatiferum shown to be nontoxic to cells
and did not significantly increase
CYP3A4 activity. However, the
expression of CYP3A4 mRNA and
protein should be further investigated in
order to confirm the results of CYP3A4
activity.
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Inhibitory Effects of Nomilin on the Cytochrome P450 3A4 Activity
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Abstract

Inhibition of the cytochrome P450 especially CYP3A4 may result in clinically
significant drug interactions and adverse reactions due to a change in metabolic clearance of the
drug. Nomilin, a bitter taste limonoid found abundantly in citrus species, was investigated for
its inhibition against recombinant human cytochrome P450 3A4 (CYP3AA4) activity. The
enzyme activity was determined by the production of 6p3-hydroxytestosterone from testosterone,
which was quantified by the high-performance liquid chromatography (HPLC) technique. Our
results showed that nomilin inhibited CYP3A4 activity with the ICsy value of 14.54 uM. The
inhibitory profile suggested the mixed type inhibition with the apparent K; value of 4.832 uM. It
was possible that nomilin and natural product containing nomilin could interfere CYP3A4-
mediated metabolisms, and potentially lead to food-drug interaction problems.
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Introduction

Cytochrome P450 (CYPs) are drug
metabolizing enzymes that play an
important role in the metabolism of various
endogenous and exogenous substances
including  steroids, biogenic  amines,
alcohol, drugs and chemicals. Among the
members of CYPs family, CYP3A4 is one
of the major CYPs responsible for up to 55
% of the metabolized drugs (Ogu and Maxa
2000; Mukherjee et al. 2011). Alteration in
CYPs activity either through induction or
inhibition often causes uncertain outcomes
and toxicities due to a shift in metabolic
clearance and pharmacokinetic profiles of
the compounds being CYPs substrates
(Martin 2001).

Limonoids are highly oxygenated
terpenoids compounds found abundantly in
the plant families of Meliaceae and
Rutaceae. The terpenoids have been
reported a broad range of biological
activities including insecticidal, antiviral,
antioxidant, antifeedant and anticancer (Roy
and Saraf 2005). Nomilin is a bitter taste
limonoid found as a constituent in citrus
species such as Citrus grandis, Citrus limon,
Citrus paradisi, Citrus sinensis (Hasegawa
and Herman 1985; Rouseff 1982; Girard
and Mazza 1998). It has been reported that
nomilin was able to inhibit HIV-1
replication (Battinelli et al. 2003), and
HTLV-1 reverse transcriptase enzyme
(Balestrieri et al. 2011). In addition,
nomilin which was extracted from pomelo
juice was able to inhibit CYP3A4 activity
(e Ygzwagelsad 2551).

In this study, we further investigated
and characterized the inhibitory action of
nomilin on the catalytic activity of
CYP3A4, using the in vitro model of
recombinant human c- DNA baculovirus
expressed CYP3A4. The information
from this study could be used for risk
evaluation of the potential metabolic-based
interaction related to consumption of
nomilin and natural products containing
nomilin. DNA baculovirus expressed
CYP3A4. The information from this study
could be used for risk evaluation of the
potential  metabolic-based interaction
related to consumption of nomilin and
natural products containing nomilin.

Materials and Methods

Chemicals
Nomilin (MW=514.6) was
purchased from Chromadex (USA).

Baculovirus expressed recombinant cDNA
Cytochrome  P450 3A4 including
cytochrome b5 (Cytochrome P450
BACULOSOMES® Invitrogen, USA) and
testosterone (Sigma Chemical Co.,St
Louis, MO, USA) and 6pB-
hydroxytestosterone  (Sigma Chemical
Co., St Louis, MO, USA) were kindly
provided by Assoc. Prof. Nusara
Piyapolrungroj, Ph.D. (Faculty of
Pharmacy, Silpakorn University,
Thailand). Glucose-6-Phosphate  and
Glucose-6-Phospate dehydrogenase were
purchased from Merck (Germany).
Nicotinamide  adenine  dinucleotide
phosphate (NADP) was obtained from
Sigma Chemical Co. (St Louis, MO,
USA). Magnesium Chloride, potassium
Phosphate, and dipotassium Phosphate
were purchased from Ajax Finechem
(Sydney, Australia). Methanol (purity
99.8 %, chromatographic grade) was
purchased from Burdick&Jackson
(Morristown, NJ, USA).

Determination of the 1C50

The reaction mixture, containing
CYP3A4 (20 pmol/ml), testosterone (200
uM), and the test compound (2-150 uM) in
0.1 M potassium phosphate buffer (pH
7.45), was pre-incubated at 370°C for 5
min. The reaction was started by addition
of NADPH regenerating system (1.3 mM
NADP, 3.3 mM glucose-6-phosphate, 0.4
U/ml glucose-6-phosphate dehydrogenese,
and 3.3 mM magnesium chloride). After
the incubation period of 15 min at 37 °C,
100% ice-cold acetonitrile was added into
the mixture to stop the reaction, followed
by centrifugation at 15,000 rpm for 45 min.
The supernatant was subjected to HPLC
analysis for 6B-hydroxytestosterone using
a BDS Hypersil column (4.6 mm x 250
mm, 5 uM). The total run time was 30 min
under the condition of mobile phase
methanol:water (55:45), flow rate 1
mi/min, UV detection at 254 nm. The
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metabolite  6B-hydroxytesto-sterone was
detected at 7.4 min and quantified by
comparison with a standard curve of 6f-
hydroxytestosterone (0.25 to 20 uM).

Determination of the type inhibition and
the Ki value

In this experiment, the inhibition of
CYP3A4 was performed in the reaction
mixtures containing testosterone (25, 50,
100, 200 uM), nomilin (0, 5, 10, 20 uM)
and CYP3A4 (20 pmol/ml) at 37 °C. The
reaction was started by addition of the
NADPH regenerating system. After the 15
min incubation period, the reaction was
terminated by 100% ice-cold acetonitrile,
followed by centrifugation. The
supernatant was subjected to HPLC analysis
as described above.

Data analysis

The 1C50 value (the concentration of
inhibitor causing a 50% reduction in CYP
activity) was determined using Probit
analysis in SPSS 16.0 software. The type
of inhibition was initially estimated
graphically from the Lineweaver-Burk plots
between reciprocal of CYP3A4 activity

Thai J Pharmacol; Vol 34: No 1, 2012

and reciprocal of testosterone
concentrations. The apparent Ki value
was estimated from the secondary plots of
the slopes of Lineweaver-Burk plots
against individual nomilin concentration.

Results

In this study, the catalytic action
of CYP3A4 was determined by following
the testosterone 6B-hydroxylation for 15
min. In our experimental condition, the
time course of the production of
metabolite 6p3-hydroxytestosterone was in
linearity up to 30 min. The presence of
nomilin in the reaction mixture could
suppress the CYP3A4 activity in
concentration dependent manner. At 15
min incubation period, nomilin inhibited
the CYP3A4 activity with an IC50 value
of 1454 + 2.77 uM (Figure 1). The
Lineweaver-Burk  plots and the
corresponding secondary plots for nomilin
mediated-inhibition of CYP3A4 were
shown in Figure 2 (A, B). Linear
regression analysis of the kinetic data
indicated that nomilin was a mixed type
inhibitor of CYP3A4 with an apparent Ki
value of 4.832 + 0.317 uM.

Probit unit
o
<

| |
0.0 0.5

|
1.0

! I
L5 2.0 2.5

Log of nomilin concentration (Micromolar)

Figure 1
triplicate analysis)

Inhibitory effect of nomilin on CYP3A4. (Each data point represented the mean of
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Lineweaver-Burk plots for the inhibition effects of nomilin on CYP3A4 (A) (®; 0

uM, |; 5 uM, A; 10 uM, X; 20 uM) and the secondary plot of CYP3A4 activity using
the slopes of the primary Lineweaver-Burk plots versus the concentrations of
nomilin (B). Each point represents the average of duplicate determinations

Discussion and Conclusion

In this study, we investigated the
inhibitory action of nomilin against
CYP3A4 activity. The Lineweaver-Burk
plots showed that the presence of nomilin in
the CYP-mediated testosterone
hydroxylation altered the intercepts on
both X-axis (or 1/[S]) and Y-axis (or 1/V).
The results indicated that nomilin
apparently increased the Km value of the
testosterone-CYP3A4 complexes.
Furthermore, nomilin  decreased the
maximal velocity (Vmax) of the enzyme
catalytic reaction. These nomilin-mediated
changes in the values of Km and Vmax
suggested that nomilin caused a mixed type
inhibition of CYP3A4-mediated
testosterone 6B-hydroxylation. It was likely
that nomilin could bind to either the free
enzyme in competitive manner or the

substrate-bound enzyme in uncompetitive
fashion. In addition, this compound was a
relatively potent inhibitor of CYP3A4
activity since its IC50 and Ki values were
in the micromolar range. It was possible
that nomilin might be able to cause drug
interaction problems related to a decrease
in CYP3A4 activity. Therefore, caution
should be exercised with respect to
possible food-drug interactions when
taken nomilin or natural products
containing nomilin with CYP3A4 drug
substrates.
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Preliminary in vitro cytotoxicity of lipophilic extracts against HepG2
(hepatocellular carcinoma cell) and MCF-7 (breast cancer cell)
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Abstract

This study is to investigate the anticancer activities of lipophilic extracts from
underground part & inflorescences of Acmella ciliata, stem bark & leaves of Aglaia odorata,
leaves of Azadirachta indica and stem bark of Harrisonia perforata. The lipophilic extracts
were prepared from 50% chloroform-water extraction. In vitro cytotoxic effects of these extracts
were determined on the human hepatocellular carcinoma HepG2 cells and breast cancer MCF-7
cells by MTT assay compared with a reference drug (5-fluorouracil, 5-FU). Chloroform extract
of leaves of A.odorata exhibited the highest cytotoxic activity with 1Cs, value of 72.97+6.67
pg/ml against HepG2 cells. The most active extract against MCF-7 cells was stem bark of
A.odorata, with IC5, value of 65.55+5.58 pg/ml. Both lipophilic extracts of A.odorata
demonstrated potential anticancer properties because their 1Csy below 100 pg/ml. In contrast,
the other lipophilic extracts produced only moderate cytotoxicity (100 < ICso < 1,000 pg/ml)
when tested against HepG2 and MCF-7 cells. 5-FU showed cytotoxicity to HepG2 cells with
ICs, value of 80.42+1.67 pg/ml and to MCF-7 cells with ICsy value of 119.97+5.10 pg/ml.
Based on this study, the extracts from leaves and stem bark of A.odorata will be further
investigated to identify their active compounds.

Key Words  cytotoxicity, lipophilic extracts, 50% inhibitory concentration (1Cs)
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Introduction

Cancer is becoming a significant
health problem. It is the leading cause of
death in Thailand. In particular, breast
cancer is the second most common cancer
in Thai women. The incidence of the whole
country is 17.2/100,000/year (Martin and
Cheirsilpa 2003), and in terms of the peak
incidence, it is from the age of 35 years
which is quite early when compared to
other types of cancers. Breast cancer caused
411,000 deaths each year worldwide
(Ferlay et al. 2004). In 2000, incidences of
liver cancer in Thailand were reported to be
very high, which has the highest incidence
rate of 31.2/100,000 in males and
11.5/100,000 in females (Vatanasapt and
Sriamporn 1999). Treatments for cancer can
be extensive and expensive. For decades,
drug candidates from herbal plants have
been considered as potential therapeutic
agents because they are generally safer, less
toxic, and have fewer lethal side effects
than chemically synthesized or semi-
synthetic drugs. The diversity of medicinal
plants in Thailand are interested to explore
which choice of anticancer agents. The
objectives in this study was focused on
cytotoxic activity of lipophilic extracts from
different parts of plants belonging to 3
families i.e. family Asteraceae
(underground part, leaves and
inflorescences of Acmella ciliata), family
Meliaceae (leaves and stem bark of Aglaia
odorata and Azadirachta indica) and family
Simaroubaceae (stem bark of Harrisonia
perforata) against on HepG2 cells and
MCF-7 cells. Plant selection in this study
was based on the literature research of
traditional medicinal plant usage in Thai
folk medicine, that there are only few
studies on the cytotoxic activities.

Materials and Methods

Plants materials

The selected species and plant
materials (see Table 1) were collected in
Thailand during 2009-2011. They were
identified by Associate Professor Dr.
Srunya Vajrodaya, at the department of
botany, faculty of sciences, Kasetsart
University where the voucher specimens are
deposited.

Preparation of plant extracts

Dried parts of plants were ground
and extracted with methanol at room
temperature for 7 days, filtered, and
concentrated. The aqueous residue was
extracted with CHCIl;. The CHCI,
fractions were evaporated to dryness by
evaporator. The CHCI; extracts (lipophilic
extracts) were dissolved in absolute
methanol, filtered through a 0.22 pm
cellulose nitrate membrane, then kept in
aliquots and stored at -20°C until used.

Cancer cell culture

HepG2 cells were cultured in
Eagle’s Minimum Essential Medium with
Alpha medium (MEM-alpha, Gibco®
BRL., USA) supplemented with 10%
heat-inactivated fetal bovine serum (FBS),
0.1% penicillin- streptomycin (Pen/Strep)

1,000 units/pg/ml (Gibco® BRL ., USA).
MCEF-7 cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM,
Gibco® BRL) supplemented with 10%
heat-inactivated fetal bovine serum (FBS),
0.1% penicillin- streptomycin (Pen/Strep)

1,000 units/pg/ml (Gibco® BRL ., USA).
Cell cultures were maintained
continuously in a humidified atmosphere
of 95% air and 5% CO, at 37 °C.

MTT colorimetric assay

The effects of each lipophilic
extracts on cell viability was assessed
using MTT (3-(4,5-dimethylthiazol-2-yl)
2,5 diphenyltetrazolium bromide; Sigma-
Aldrich, USA) viability assay according to
the methodology of Mosmann (1983). Ten
thousand cells were seeded in 96-well
microtiter plates and incubated overnight
for cell attachment. Each extract solution
and eight concentrations from 3.9 to
500ug/ml were prepared in  96-well
microtiter plates. 100 pl of each extract
concentration range from 3.9 to 500 pg/ml
was then added. Cells were treated for 48
h at 5% CO, 37 °C. After 48 h of
incubation, the cells were inspected under
an inverted microscope and 20 pl of MTT
(5 mg/ml in PBS)

85



86

Thai J Pharmacol; Vol 34: No 1, 2012

Table 1  Plant samples including their bioactive properties and main constituents
- L Traditional medicine | Bioactive Main
Families Scientific names . .
used properties constituents
Asteraceae Acmella ciliata toothache, rheumatism | antimicrobial, isobutylamides,
and fever antioxidant, triterpenoids
(Bunyapraphatsara and | antipyretic (Gokhale and
Chokechareunporn (Prachayasittikul | Bhide 1945;
1999; Farnsworth and et al. 2009) Ramsewak et
Bunyapraphatsara al. 1999)
1992)
- - Traditional medicine Bioactive Main
Families Scientific names . :
used properties constituents
Meliaceae Azadirachta indica | malaria treatment, antimalarial, isoprenoids,
antifever (Biswas et al. | antibacterial azadirachtin
2002) (Biswas et al.
2002)
Meliaceae Aglaia odorata antifever antibacterial, aglains,
(Sunilson et al. 2010) antifungal rocaglamides
(Piattelli et al. (Brader et al.
1995) 1998)
Simaroubaceae | Harrisonia antidiarrhea and antimalarial quassinoids,
perforata dysentery (Nguyen- limonoid
(Prayong et al. 2008) Pouplin et al (Tanaka et al.
2007), 1995)
antiinfective
(Limsong et al.
2004)

was added to each well and incubated for 3
h. The final concentration of solvent was
not exceeded to 1%. The medium was then
gently aspirated and 100 pl of DMSO
(Sigma-Aldrich, USA)was added to each

well. Absorbance was determined at 570
nm using microplate reader (Varioscan

Flash, Thermo, Finland). The absorbance

revealed directly correlates to the variable
cell number. Each extract was tested in nine
replicates (n=9), using 5-fluorouracil (5-
FU) as positive control. Treated cells were
compared with control cells (no extracts or
drug added or 100% cell survival). The
percentage of cell viability in relation to
control was determined by the following
equation:

(%) Cell viability =
Absorbance at 570 nm of treated cells x 100
Absorbance at 570 nm of control cells

Data analysis

50% inhibitory  concentrations
(ICs)) values were evaluated by
Calcusyn™USA software and the ICs
values were considered within 95%
confidence interval. Data were expressed
as mean + standard derivation (SD).

Results and Discussion

In this study, four species
belonging to three families of Thai plants
i.e., Acmella ciliata (Asteraceae),
Azadirachta indica (Meliaceae), Aglaia
odorata (Meliaceae) and Harrisonia
perforata (Simaroubaceae) were lipophilic
extracted and compared for their cytotoxic
effects against HepG2 and MCF-7 cells.
These plants have been used by Thai
people in treatment of different illness (see
table 1). MTT assay was the technique
utilize for cell survival determination. The
cytotoxic activities of the lipophilic
extracts were summarized in table 2.
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Table 2 Cytotoxicity of 5-FU and 6 lipophilic extracts against HepG2 and MCF-7 cells

following continuous 48 h exposure.

Plants Family 'Co0 (ng/mi)
HepG2 MCF-7

1. Acmella ciliata (underground part) Asteraceae 192.21+16.98 164.39+10.70
2. Acmella ciliata (inflorescences) Asteraceae 196.16+15.80 219.87+25.25
3. Aglaia odorata (stem bark) Meliaceae 137.65+11.15 65.55+5.58
4. Aglaia odorata (leaves) Meliaceae 72.97+6.67 115.01+8.08
5. Azadirachta indica (leaves) Meliaceae 143.78+11.58 155.50+£13.33
6. Harrisonia perforata (stem bark) Simaroubaceae 212.02+28.79 119.85+13.56

5-fluorouracil (5-FU) (ng/ml) - 80.42+1.67 119.9745.10

5-fluorouracil (5-FU) (uM) - 618.21+12.86 922.31+39.24

The data represent mean + SD of three independent experiments (n=9)

In order to control the study of cytotoxic
effect induced by the extracts, a reference
drug (5-FU) was used as positive control for
parallel comparison. The ICs, values of 5-FU
against HepG2 cells and MCF-7 cells were
618.21+12.86 uM and 922.31+39.24 uM
respectively. 5-Fluorouracil induced
cytotoxicity in HepG2 cells in the present
study was similar previously reported by
Mahavorasirikul study (ICs, = 633.08+£284.25
uM) (Mahavorasirikul et al. 2010). The

cytotoxic effects were classified into 3 levels;
potentially cytotoxicity (ICs, < 100 pg/ml),
moderated cytotoxicity (100 < ICs <1,000
ug/ml) and inactive (ICs > 1,000 pg/ml)
(Prayong et al. 2008). Based on this criteria,

the extract from leaves of A. odorata was the
most toxicity against HepG2 cells (ICs =
72.97+6.67 pg/ml) (table 2 and figure 1),
whereas stem bark of A. odorata was the
most cytotoxicity against MCF-7 cells (1Cs
=65.55+£5.58 ug/ml) (table 2 and figure 2).
As showing high anticancer activity against
both cancer cells, they are suitable for
further investigation of the purification of
bioactive compounds. There are many
studies have been reported on bioactive
properties of genus Aglaia belonging to
family Meliaceae, but no cytotoxic
activities against MCF-7 cells and HepG2
cells were reported for A. odorata.
Moreover, many previous studies were also
demonstrated anticancer or antitumor
activities of Aglaia odorata (Cai et al. 2010;

Lee et al. 1998; Ohse et al. 1996; Wu et al.
1997). Many constituents in this plant,

presented as anticancer activities were
reported such as dolabellane diterpenoids,

shown weakly cytotoxic effect on the
human  myeloid leukemia  HL-60,
hepatocellular carcinoma SMMC-7721,
and lung cancer A-549 cells. Cyclopenta
[b] benzofuran flavaglines, generally
obtained from the genus Aglaia of the
family Meliaceae, had the anticancer
activity against tumor cell lines, P-388
lymphocytic leukemia both in vitro and in
vivo (Lee et al. 1998; Ohseet al. 1996).

Rocaglamide and  scopoletin  were
previously isolated from Aglaia odorata
has been reported to show activity against
the KB (nasal pharyngeal carcinoma),
HCT-8 (human colon carcinoma), RPMI-
7951 (human melanoma), and TE-671
(human medulloblastoma) cancer cell
lines Wu et al. 1997).

In contrast, other plant extracts
such as inflorescences and underground
part of A. ciliata, leaves of A. indica and
stem bark of H. perforata were shown ICs,
values over than 5-FU(ICs, > 100 ng/ml)

in both HepG2 cells and MCF-7 cells.
Therefore, they were not truly interested
in selecting for treatment of cancer. Under
this toxicity study, most of plant extracts
were found to be moderated cytotoxicity
of 100 < IC5 < 1,000 pg/ml, and no
significantly difference in cytotoxicity
between MCF-7 and HepG2 cells.

However, anticancer drug
develop-ment from these lipophilic
extracts are still needed more studies on
the pathway and mode of action. In
addition, the comparison of cytotoxic
activity against cancer cells and normal
cells must be shown.
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Untreated HepG2 cells HepG2 cells treated
with 72.97 pg/ml leaves extract for 48 h

Figure 1 Effects of A. odorata leaves extract on morphology of HepG2 cell examined under
microscopy. The morphology of untreated HepG2 cells;100% cell growth (left) and
HepG2 cells were treated with the leaves extract at 72.97 pg/ml for 48 h (right)

Untreated MCF-7 cells MCEF-7 cells treated
with 65.55 pg/ml stem bark extract for 48 h

Figure 2  Effects of A. odorata stem bark extract on morphology of MCF-7 cell examined
under microscopy. The morphology of untreated MCF-7 cells; 100% cell growth
(left) and MCF-7 cells treated with the stem bark extract at 65.55 pg/ml for 48 h

(right)
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Figure 3  Dose-response curves of A. odorata leaves extract in HepG2 cells, 1%-5"
experiments were demonstrated by Calcusyn™USA software
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Figure4 Dose-response curves of A. odorata leaves extract in HepG2 cells, 6"-9"
experiments were demonstrated by Calcusyn™USA software.
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Figure 5 Dose-response curves of A. odorata stem bark extract in MCF-7 cells, 1%-5"
experiments were demonstrated by Calcusyn™USA software
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Figure 6 Dose-response curves of A. odorata stem bark extracts in MCF-7 cells, 6"-9"
experiments were demonstrated by Calcusyn™USA software
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Conclusion

Results obtained from this study
indicated that lipophilic extracts from
leaves and stem barks of A. odorata or Pra-
Yong exhibited promising cytotoxic activity
against HepG2 and MCF-7 cells. Our
findings suggest that these two parts of A.
odorata extracts might be good candidates
of anticancer against hepatocellular
carcinoma and breast cancer cells. For the
further studies, identification of their active
compounds in these extracts should be
determined.
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Effects of Genistein on Neointimal Chagnes after Balloon Injury of
Carotid Artery in Ovariectomized Rats
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Abstract

The aim of the present study was to investigate the effects of Genistein on neointimal
changes after balloon injury of carotid artery in ovariectomized rats. Animals in this study were
divided into 4 groups namely i) the sham operation group treated with dimethyl sulfoxide
(DMSO) 100 pl/day sc (n=8;Sham+DMSOQ) ii) the ovariectomized rats treated with DMSO 100
pl/day subcutaneous (sc) (n=8;0VX+DMSO0), iii) the ovariectomized rats treated with Genistein
0.25 mg/kg/day.sc (n=8;0VX+Genistein), and iv) the ovariectomized rats treated with 17f3-
estradiol 0.2 pg/kg/day.sc (n=8;0VX+E2).and iv Three groups of ovarictmized rats underwent
balloon injury of left carotid artery and the other group underwent sham operation. Histology of
the left carotid arteries were examined two weeks after the injury event. It showed that the
intima area and the ratio of intima area to media area were significantly increased in the
OVX+DMSO group compared with the Sham+DMSO group (3167.78 + 562.75 um? and 1.36 +
0.23 respectively).The intimal thickness and its ratio to media were significantly decreased in
the OVX+Genistein group and the OVX+E2 group compared with the OVX+DMSO group
(1392.37+ 235.12 pm?, 0.6 = 0.09 and 1298.00 + 152.02 pm? 0.58 + 0.07 respectively). The
findings suggest that Genisetein could inhibit neointimal changes from balloon injury of carotid
artery in ovariectomized rats as similar to estrogenic administration.

Key Words  genistein, neointimal change, balloon injury, ovariectomy
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Elastica van gieson staining, magnification x 4 ( Bars: 500 um)
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Abstract

The emergence and spread of multidrug-resistant Plasmodium falciparum has become
problematic in undermining malaria control programs in most endemic regions of the world.
Discovery and development of new antimalarial drugs is urgently needed. Natural products are
one of the important sources of promising antimalarial drugs. The aim of the present study was
to investigate the antimalarial activities of fifteen medicinal plants/formulations used in Thai
traditional medicine for treatment of various ailments. The antimalarial activity of each plant
extract was assessed against chloroquine-resistant K1 and chloroquine-sensitive 3D7 P.
falciparum clones using SYBR green-1-based assay. The extracts of five plants/formulation, i.e.,
Piper chaba Hunt. (fruit), Kaempferia galangal Linn. (leaf), Myristica fragrans Houtt.(seed),
Garcinia mangostana Linn.(pericarp), and Pra-Sa-Prao-Yhai formulation (a mixture of parts of
18 plants) exhibited potent antimalarial activities against 3D7 or K1 P. falciparum clone or both
with ICsy values of less than 10 pg/ml. Cytotoxicity of each extract against human renal
epithelial (HRE) cell line was performed using MTT assay and the selectivity index (SI) was
calculated. Results showed that all the plant extracts except Garcinia mangostana Linn. were
highly selective for both P. falciparum clones with SI greater than 10. The ethanolic extract of
Piper chaba Hunt.was both the most potent and selective candidate. All five plants/formulation
will be further investigated for their active ingredients and molecular targets of action including
their antimalarial activities in animal model.

Key Words  Plasmodium falciparum, Thai medicinal plants, antimalarial activity, drug
resistance

Address correspondence and reprint request to: Kesara Na-Bangchang, Thailand Center of Excellence on
Drug Discovery and Development (TCEDDD), Thammasat University, Pathumthani, Thailand.
Email: kesaratmu@yahoo.com



100 Thai J Pharmacol; Vol 34: No 1, 2012

4

a v < a 1
nMsAn¥IMsaangnaiuINate wazanauiivbatdasvasayulnsilng
anfinen tiasgan, Insd Leu, 25300 Fardwna, 1A o U

gudanuiudaneaunsive auatusswannguialsanalusinenagsssumans
(AuENEn) Unusil

N GIED]

LKA

M3UNNHUazLNINIzNBYNFDNINGENAaGaNMILTe TINTNNITAN
Uszandmwaasenasiiiziuuazaynus lanaradudymadnisdamsamuanlsninase
lunaugiimaniimsssinazaddsamnniign MmsdaauuaziannamunmL  Sertialuids
S o Ao & 1 v v a = ad < o) ' o o Ao w =
Wudandntuagsain ndananinansssnmnauutuninluuvasimiiiandaaasseni
JwnlinuwnmGe Msdnwmiiteglssadiva@nmnmaiignsimusnalzannivg

d' (4 1 q( Vv =
anulns 15 #iia/gos nldluwwndunulnalunmssnmlsadieg  mIsangnamuinalse
v =~ v a a .;‘ v = v :gl’ = a
nnssanennisudazriie (luesiuea) dszliugndmumnaBeaaanaalubanWad
WSNAEWUG K1 waz 3D7 ne35 SYBR Green 1 asanaanivy 5 #iia/gns laun aua
Iy} Y o ] (= Lo PURNA PO ]
wWazvan Jumime 9qe wasdsulssazlnslval wuhlgnadumnaGenidnanmwes
&’ = a el g 4 < | | lﬁ! <~ gs |l = 1
@eonanaludanWagmsnarenug K1 vse 3D7 agnlaadviavsansaasadn laaia
k4 v d’ % gj a a &’ Y4 gj o £ 4 1 [
ANundunsInsaduimssadulaveaadialddosas 50 uulistaani 10 lulasnsu/
#9dd0s Anwenuluiwasensanannudazyil adawasiayiveslaflamnanuyud
Toal#38 MTT wazihuamanagauilanmudamen selectivity index (SI) Wams@nsIwuh
& L gj = ‘g 1 X
anulwsnmuasniumsanannilsgeiuudaliiuiensidanaangniaaiasnaiag
lunsassananug Tasdiendzil SI annnd 10 ersanenndvdmanzaniiazlasuidanduen
Vv = L 1 lﬂ' wa = Qo’ =) ﬂ' = IQ( \ z
musnaBae luiiissnnqaaniamalignsimuanalGeiigs Mstdanaangnanaize
naGeazanlsaasaaatiladonyed msdnmlumamenihayulwsnshaiiaiiazgn
danmsiigniuananGeludainaasaznalnmssangnsluszauluiana

v

CRGALGTE Plasmodium falciparum, Thai medicinal plants, antimalarial activity,
drug resistance



Thai J Pharmacol; Vol 34: No 1, 2012

Introduction

Malaria is widespread in tropical and
subtropical regions (Na-Bangchang and
Congpuong, 2007). It continues to be an
enormous global health challenge, with
millions of new infections and deaths
reported annually (Guantai and Chibale,
2011). The treatment and control of malaria
is becoming increasingly difficult due to the
emergence and spread of multidrug-
resistant Plasmodium falciparum (White,
1998). Nevertheless, antimalarial
chemotherapy remains the mainstay for
malaria control in the absence of a suitable
vaccine treatment. Several approaches have
been applied for searching of new
antimalarial drugs.  Among these are
investigation of antimalarial candidates
from natural-product-derived compounds.
The objective of the study was to search for
new promising antimalarial drugs from Thai
medicinal plants used for treatment of
various ailments. A total of 15 Thai
medicinal plants/formulations were
investigated for their antimalarial and
cytotoxic activities in human renal epithelial
cell in vitro.

Materials and methods

Plant materials and preparation of plant
crude extracts

Plant materials were collected from
different regions of Thailand and some were
purchased from the city markets.
Authentication of the plant materials was
performed at the herbarium of the
Department of Forestry, Bangkok, Thailand,
where the herbarium vouchers have been
archived. A duplicate set of each plant
material has been deposited in the
herbarium of Southern Center of Thai
Medicinal Plants, Faculty of Pharmaceutical
Sciences, Prince of Songkhla University,
Songkhla, Thailand. The extraction of all
Thai herbal medicinal plants was performed
by maceration method (Mahavorasirikul et
al., 2010). Stock solutions of the ethanolic
extracts were prepared at the concentration
of 1 mg/ml. Table 1 summarizes the
information of the investigated plant
species, which includes botanical names,
the plant parts used in the screening. Table
2 shows the composition of Pra-Sa-Prao-
Yhai formulation.

Assessment of antimalarial activities in

vitro

Plasmodium falciparum
chloroquine-resistant (K1) and chloroquine-
sensitive  (3D7) clones were Kkindly

provided by the Malaria Research Unit,
Institute of Health Research, Chulalongkorn
University, Thailand. CQ-sensitive and CQ-
resistant clones of P. falciparum were
maintained in continuous culture in O°
human erythrocytes suspended in RPMI
1640 culture medium (at 37°C under a gas
mixture of 5% CO,, 5% O,, and 90% N,)
according to the standard method described
by Trager and Jensen (Trager and Jensen,
1976). The level of parasitaemia in the
culture was maintained between 2 and 10%.
The parasite culture was treated with 5%
sorbitol in order to obtain the ring stage of
P. falciparum (Lambros and Vanderberg,
1979).

Antimalarial activity screening of
ethanolic extracts of 15 medicinal
plants/formulations was performed using
2% parasitaemia and 1% haematocrit. All
assays were performed in 96-well microtiter
plates using SYBR green-l-based assay
(Bennett et al., 2004, Smilkstein et al.,
2004). Each extract was initially screened
for antimalarial activity against 3D7 and K1
P. falciparum clones at the concentration of
50 pg/ml. The potential candidates which
resulted in parasite survival of less than 50%
were further assessed for their [1Cs
(concentration that inhibits parasite growth
by 50%) values using dose response analysis
(CalcuSyn™  software, USA).  The
concentration range of the plant extracts
used was 0.78-100 pg/ml. Chloroquine
(0.002-0.257pg/ml), artesunate (0.00015-
0.01922pg/ml) and mefloquine (0.00065-
0.08295ug/ml) were wused as standard
antimalarial drugs.

Assessment of cytotoxic activities in vitro
Normal human renal epithelial cell
line (HRE) was purchased from PromocCell
Co. Ltd. (PromoCell, Germany) and was
cultured in renal epithelial cell growth
medium 2 with  SupplementPack
(PromoCell, Germany). HRE  was
incubated at 37°C in 5% CO, atmosphere
with 95% humidity, and was seeded in
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Family

Plant species

Plant part used

Zingiberaceae
Umbelliferae
Umbelliferae
Cruciferae
Umbelliferae
Guttiferae
Zingiberaceae
Umbelliferae
Myristicaceae
Nelumbonaceae
Piperaceae
Smilacaceae
Myrtaceae

Zingiberaceae

Amomum testaceum Ridl.
Angelica dahurica Benth.
Angelica sinensis (Oliv.) Diels
Asclepias curassavica Linn.
Cuminum cyminum Linn.
Garcinia mangostana Linn.
Kaempferia galangal Linn.
Ligusticum sinense Oliv. cv. Chuanxiong
Myristica fragrans Houtt.
Nigella sativa Linn.

Piper chaba Hunt.
Pra-Sa-Prao-Yhai Formulation
Smilax corbularia Kunth.

Syzygium aromaticum (L.) Merr. & L.M. Perry

Zingiber ligulatum Roxb.

Seed
Root
Rhizomes
Flower
Seed
Pericarp
Leaves
Rhizomes
Seed
Seed
Fruits
Rhizomes
Flower

Rhizomes

Table 2.Composition of Pra-Sa-Prao-Yhai formulation

Family Plant species Plant part used
Compositae Artemisia annua Linn. Rhizomes
Compositae Atractylodes lancea (thung.) DC. Rhizomes
Cruciferae Asclepias curassavica Linn. Flower
Dracaenaceae Dracaena loureiri Gagnep. Stem
Gulttiferae Mammea siamensis Kosterm Flower
Gulttiferae Mesua ferrea Linn. Flower
Myristicaceae Myristica fragrans Houltt. Seed
Myrtaceae Syzygium aromaticum (L.) Merr. & L.M. Perry Flower
Nelumbonaceae Nigella sativa Linn. Seed
Sapotadeae Mimusops elengi Linn. Flower
Umbelliferae Angelica dahurica Benth. Root
Umbelliferae Angelica sinensis (Oliv.) Diels Rhizomes
Umbelliferae Anethum graveolens Linn. Root
Umbelliferae Cuminum cyminum Linn. Seed
Umbelliferae Foeniculum vulgare Mill. var. dulce Alef. Seed
Umbelliferae Ligusticum sinense Oliv. cv. Chuanxiong Rhizomes
Zingiberaceae Amomum testaceum Ridl. Seed
Zingiberaceae Kaempferia galangal Linn. Leaves
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a 96-well plate at a density of 10* cells/well
in 100 pl of culture medium. After 24 h
incubation, cells were maintained with
different concentrations of each plant
extract (1.95-250 pg/ml). The cytotoxicity
of the plant extracts was determined using
the colorimetric methylthiazoletetrazolium
(MTT) assay (Mosmann, 1983).
Absorbance was measured at 570 nm using
a microplate reader (Varioscan Flash,
Finland). Experiments were repeated three
times for each extract (triplicate for each
experiment). The selectivity index was
determined by the ratio of the ICsq value on
HRE cells to the ICs, value on 3D7 and K1
P. falciparum clone.

Results

Results from the initial screening
demonstrated that the extracts of 9 out of 15
medicinal  plants/herbal ~ formulations
showed promising activity against both K1
and 3D7 clones of P. falciparum with
parasite survival of less than 50% at the

concentration of 50 pg/ml (Figure 1).
Among these, the 4 plants and 1 herbal
formulation showed potent antimalarial
activities with 1Cs, values of less than 10
pg/ml for 3D7 or K1 P. falciparum or both
(Piper chaba Hunt.:ICsy 4.1 vs 5.3 ug/ml;
Myristica fragrans Houtt.: I1Csq 4.6 vs 5.4
ng/ml; Kaempferia galangal Linn.: 1Cs, 4.7
vs 9.7 ug/ml; Garcinia mangostana Linn.:
ICsp 11.8 vs 3.6 ug/ml; Pra-Sa-Prao-Yhai
formulation Table 1: ICsy 9.1 vs 15.7 pg/ml
against 3D7 vs K1) (Figurel). All the
medicinal  plants/herbal ~ formulations
extracts except Garcinia mangostana Linn.
showed satisfactory selective antimalarial
activities against both clones with SI > 10
(Figure 2). The highest of antimalarial
activities and selectivity was The ethanolic
extract of Piper chaba Hunt. Exhibited the
most potent and selective antimalarial
activity with potency of 12.4%, 0.075%,
and 0.014% of chloroquine, mefloquine and
artesunate against K1 P. falciparum clone,
respectively.
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Figurel  Antimalarial activities (indicated by 1Cs, values) of 8 medicinal plants and 1 herbal

formulation against Plasmodium falciparum (K1 and 3D7 clones)
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Figure2  Selective index of 4 medicinal plants and 1 herbal formulation against 3D7 and K1

Plasmodium falciparum clones.

Discussion

The five plants/formulation
exhibited the most potent antimalarial
activity with ICsy of less than 10 pg/ml
against CQ-resistant and CQ-sensitive P.
falciparum clones or both. Based on the
criteria for categorization of plant extracts
with antimalarial activity (Rasoanaivo et
al., 2004), their activities were considered
good to moderate. The 1Cs values of Pra-
Sa-Prao-Yhai formulation and Garcinia
mangostana Linn. were less than 10 pg/ml
against K1 or 3D7 clone. The low
selectivity index of the extract of Garcinia
mangostana  Linn. against 3D7 P.
falciparum (Sl = 5.7) indicates relatively
high toxicity of the extract to human cells.
Despite its selectivity for both clones, Pra-
Sa-Prao-Yhai may be used only effectively
against CQ-sensitive P. falciparum strains
(ICs in K1 > 10 pg/ml). The ethanolic
extracts of Piper chaba Hunt., Myristica
fragrans Houtt., and Kaempferia galangal
Linn. showed good antimalrial activities
and selective for both 3D7 and K1 P.
falciparum clones. The ethanolic extract of
Piper chaba Hunt. exhibited the most
potent and selective antimalarial activity.
Further investigations of the potential
antimalarial candidates in animal model
including molecular mechanisms of action
of the isolated active moieties are
underway.

Conclusion

Among the 15 Thai medicinal
plants used for treatment of various
ailments, the ethanolic extracts of 5
plants/formulation, i.e., Piper chaba Hunt.
(fruit), Kaempferia galangal Linn.
(leaves), Myristica fragrans Houtt. (seed),
Garcinia mangostana Linn.(pericarp), and
Pra-Sa-Prao-Yhai formulation (a mixture
of parts of 18 plants) exhibited potent
antimalarial activities against 3D7 or K1
P. falciparum clone or both with ICsg
values of less than 10 pg/ml. All except
Garcinia mangostana Linn. were highly
selective for both P. falciparum clones
with Sl greater than 10. The ethanolic
extract of Piper chaba Hunt. exhibited the
most potent and selective antimalarial
activity.
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Abstract

Heat shock proteins (HSPs) play an important role in cellular protection when exposed
to stressors such as positive pressure ventilation, lipopolysaccharide, and elevated temperatures.
The aim of this study was to investigate HSP70 expression in lungs of the rats treated with
steam aerosolization. Male Sprague-Dawley rats were breathed under steam aerosolization for
30, 60, 90 and 120 minutes at 40°C and at 50°C for 30 minutes. After the experiments, the lungs
were removed and analyzed for the expression of HSP70 by Western blot analysis. After 60
minutes of steam aerosolization at 40°C, there was an increase in HSP70 expression in rat’s
lungs compared with those of control group. Steam aerosolization at 40°C for 60 minutes was
the optimal condition to induce expression of HSP70 in rats. No rat could tolerate to 50°C-
steam aerosolization longer than 30 minutes. The present study showed that steam
aerosolization induced an expression of HSP70 in lung tissues of the rats, which may confer
protection against lung injury.

Key Words:  Heat shock protein, HSP70, Steam aerosolization
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Introduction

Heat shock proteins (HSPs) are a
group of stress proteins that maintain cell
homeostasis against various forms of stress
as an adaptive response. Various families of
HSPs are classified by their molecular
weights, e.g. HSP25, HSP32, HSP47,
HSP60, HSP70, HSP90 and HSP110
[Kregel 2002]. Most of them play an
important role to protect cells from many
stressors such as hyperthermia,
inflammation, cardiac ischemia,
endotoxemia and oxidative stress [Kiang
and George 1998, Hartl and Hayer-Hartl
2002] and can be induced by different kinds
of non-thermal stressors and
pharmacological agents, like temperature,
heavy metals, hyperosmolarlity,
ischemia/reperfusion, sodium arsenite and
glutamine [Jing et al. 2007, Wheeler and
Wong 2007]. Several lines of evidences
have demonstrated that induction of stress
response confers against cytotoxic stimuli.
Heat stress administered before sepsis has
protected  endothelial  cells  against
endotoxin-mediated apoptosis [Chen et al.
20007, protected animal against
ischemia/reperfusion injury [Tandara et al.
2006], sepsis-induced acute lung injury
[Hagiwara et al. 2007] and decreased
mortality rate [Kustanova et al. 2006].

The use of thermal water or steam
is one of the oldest approaches as part of
the treatment of respiratory tract disease
[Olina et al. 2008]. The physiopathology
and mechanisms of thermal water in the
treatment of respiratory tract disease are not
yet well clarified. It was interesting to
investigate whether steam aerosolization
resulted in increased expression of HSP70
in lung tissue of rats.

Materials and Methods

Animals and study designs

Male Sprague-Dawley rats
(National Laboratory Animal Center of
Salaya Campus, Mahidol University,
Thailand) weighing 250-300 g, 8 weeks old
were used in this study and approved by
ethical committee, Faculty of Medicine,
Srinakharinwirot ~ University, Thailand.
After a 2 week period of adaptation,
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animals were randomly divided into two
groups, control and steam groups. The rats
in the stream group breathed with
aerosolized steam in various time and
temperature (at 40°C for 30, 60, 90, 120
min and at 50°C for 30 min). Blood
pressure, mean arterial pressure, heart rate
(non-invasive blood pressure measuring
system LE5002, Barcelona, Spain) and core
temperature of the body were measured
before and after the experiments. At the end
of the experiment, the rats were sacrificed
and lungs were removed and washed in
0.9% normal saline, frozen in liquid
nitrogen, and stored at -80°C for Western
blot analysis.

Lung homogenate preparation

Lung tissue was homogenized in
lysis buffer containing 10 mM Tris, 5 mM
EDTA, 2% Triton X-100, 0.2 mM NazVO,,
1 mM phenylmethyl sulphonyl fluoride, and
10 pg/ml leupeptin and aprotinin for 10
seconds, sonicated for 90 seconds, and left
on ice for 50 minutes. The homogenate was
then centrifuged for 1 hour at 12,000 x g,
4°C and the supernatant fraction was
transferred to a sterile tube and stored at -
80°C until use.

Western Blot Analysis

An equal amount (50 ug protein) of
lung homogenates prepared in 1x sample
buffer were loaded and separated by 10 %
polyacrylamide resolving gel using the
sodium dodecyl sulfate (SDS)
discontinuous buffer system described by
Leammli (1970). After electrophoresis, the
proteins on the gel were transferred to
polyvinylidene difluoride (PVDF)
membrane as described by Towbin et al.
(1979), using BioRad immunoblotting tank,
for 3 hours at 100 volts. When protein
transfer was completed, the PVDF
membrane was soaked in PBS containing
0.1 % Tween 20, 5 % skim milk, and 0.1%
NaN; at 37°C overnight. After 3 washes
with PBS containing 0.1 % Tween 20 for 5
minutes each, the membrane was incubated
in a mixture of mouse anti-rat HSP 70
antibody (Sigma) diluted at 1:5,000 and
mouse anti- B actin (Sigma) diluted at
1:10,000 at room temperature for one hour
and then at 4°C for 16 hours. Then, the blot
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was washed as described above with an
additional wash of 15 minutes and reacted
with a mixture of 1:8,000 dilution of rabbit
anti-mouse 1gG  peroxidase conjugate
(sigma) and 1:10,000 dilution  of
streptavidin peroxidase conjugate (Sigma),
for one hour at room temperature. After
washing of peroxidase conjugate, the
protein bands on the membrane were
detected using chemiluminescent substrate
(Pierce  Supersignal West Pico) by
following the manufacturer’s protocol and
visualized by exposing Hyperfilm Thermo
Scientific CL-XPosure autoradiograph film
for an appropriate time. To determine
HSP70 expression, the intensity of protein
bands was analyzed by Gene Tool.

Statistical Analysis

All data were expressed as mean *
SEM. Statistical analysis was performed by
using Student’s paired t-tests to compare
within the group and one-way analysis of
variance (ANOVA) with Bonferroni's test
to compared between the groups. P < 0.05
was considered statistically significant.

Result

HSP70 expression

Western blot analysis revealed that
steam aerosolization induced HSP70
expression in lung tissue of rats. At the
temperature of 50°C, no rat could tolerate
longer than 30 min. The Western blot and
relative band density of lung tissues from
rats treated with aerosolized steam at 40 °C
for 30, 60, 90, 120 min were shown in
Figure 1. The relative band density of
HSP70/actin ratio was maximum at the
condition of 40°C for 60 min of steam
aerosolization and was significantly higher
than those of 40°C 30 min and the control
group (Figure 2).

Heart rate, blood pressure and
temperature

Heart rate, blood pressure and core
temperature of rat treated with thermal
steam at 40°C for 60 min before and after
the experiments were shown in Figure 3.
Treatment with steam aerosolization at
40°C for 60 min had no effects on three
vital signs.

40/30 40/60 40/90 40/120

HSP70

Actin

HSP70/Actin RATIO

VLY,
\\

Temperature/Time

Figure 1 Heat shock protein 70 expression. (Above) Western blot of lung tissues from rats
treated with steam aerosolization at 40°C for 30, 60, 90 and 120 min. (Below) A
graphic representation of the band density ratio of HSP70 and actin.

* P < 0.05 vs 40°C, 30, 120 min
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Figure 2 Heat shock protein 70 expression in the control and steam aerosolization groups at
40°C for 60 minutes. (Above) Western blot of lung tissues and (Below) a graphic
representation of the band density ratio of HSP70 and actin.

* P < 0.05 vs control
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thermal steam at 40°C for 60 min before and after the experiments. SYS: systolic
blood pressure; DIA: diastolic blood pressure; MAP: mean arterial blood pressure
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Discussion

Steam aerosolization was
associated with the expression of HSP70. It
was found that the thermal steam at the
variety of temperatures and times induced a
wide range of HSP70 expression. The
optimal condition in this experiment was
the temperature at 40°C for 60 min.

Among the members of HSPs,
HSP70 families are the most temperature-
sensitive, initially noted in cells following
acute stress and played a role to help
animals survive during severe heat stress

[Kiang and George 1998, Wang et al. 2005].

In normal, non-stressed cells, HSP70 is not
expressed or expressed at very low levels,
but is extremely synthesized in response to
different stressors, like hyperthermia and
sepsis  [Kregel 2002]. Whole body
hyperthermia with the temperature of
41.5 °C for 20 min and 41 °C for 15-20 min
in rats and mice, respectively lead to
increased expression of HSP70 in lung
[Pespeni et al. 2005]. Increased expression
of pancreatic HSP70 was found after whole
body hyperthermia at 42°C [Wagner et al.
1996]. In addition, microwave hyperthermia
treatment in human skeletal muscle also
increased HSP70 [Ogura et al. 2007].
HSP70 was up-regulated after 18 h of LPS
exposure to rat lung pericytes [Edelman et
al. 2007]. Moreover, HSP70 was also
induced by high peak airway pressure
ventilation in rat lungs [Vreugdenhil et al.
2003]. The similar changes were found in
this  study.  After thermal steam
aerosolization exposure, HSP70 expression
in rat lungs was significantly higher than
the control group. It was shown that steam
aerosolization at 40°C for 60 min was an
optimal condition and was considered to be
appropriate to induce expression of HSP70.
With this condition, heart rate, blood
pressure and temperature of the rats were
not affected. Adversely, the rats were stress,

exhaust  after exposed to  steam
aerosolization longer than 60 min. At the
temperature of 50°C, the rats were suffered
and death within 30 min.

Several studies in animals and
possibly humans have demonstrated that
local heat preconditioning can induce
protective responses in a restricted area of
the body. HSP70 play a protective role
against  bleomycin-induced  pulmonary
injury, inflammation,  fibrosis  and
dysfunction by inhibiting the expression of
pro-inflammatory cytokines [Tanaka et al.
2010]. In rats heated at 42°C for 15 min,
HSP70 was expressed in the serum and
could reduce tissues injury caused by LPS
[Hagiwara et al. 2007]. Warming the skin
of pigs by raising the surface temperature to
43 °C for 2-3 hours before surgery could
reduce rates of necrosis and apoptosis of
skin flap [Harder et al. 2004]. Exogenous
mammalian extracellular HSP70 could
protect organisms from LPS-induced shock
in rats, decrease mortality and restore
homeostasis [Rozhkova et al. 2010]. In
clinical situation, inhalation of thermal
water has been used empirically in the
treatment of chronic diseases of upper and
lower respiratory tract. Therefore, HSP70
expression in lung by steam aerosolization
found in this study may confer protective
role during respiratory tract infection or
sepsis.

In conclusion, the present study
emphasized that thermal steam
aerosolization induced HSP70 expression.
This phenomenon may be applied to the
clinical approach. The effects of steam
aerosolization on various diseases like
sepsis should be further investigated.
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Abstract

The aim of this study was to screen biological properties of water, 50% ethanol and
95% ethanol extract from bark and wood of Lannea coromandelica (Houtt.)Merr (Family:
Anacardiaceae). Extracts were tested for total phenolic contents by Folin—Ciocalteau’s reagent
assay, free radical scavenging activity by 1,1-diphenyl-2-picrylhydrazyl scavenging methods,
antityrosinase activity by enzymatic assay and antibacterial activity by broth dilution and agar
plate diffusion method. The results showed that the phenolic content was correlated with the
polarity of the solvent and part of the plant that low polar solvent had higher phenolic content
than polar solvent and bark had higher phenolic content than wood. The highest total phenolic
content was found in the 95%ethanol bark extract at 370.04 +11.04 mg GAE/g. The bark
extracts with 95% ethanol and 50% ethanol exhibited high antioxidant activity which showed
the 50% inhibitory concentration (ICs) at 285.64 + 59.38 and 297.55 + 36.14 pg/mi,
respectively. Among the extracts, the 95% ethanol extract from bark showed the best tyrosinase
inhibition activity with the ICsy 222.75 + 25.59 ug/ml, although significantly lower than kojic
acid. The 95% ethanol and 50% ethanol bark extract also showed antibacterial activity against
Staphylococcus aureus, Pseudomonas aeruginosa and Propionibacterium acnes with minimal
inhibition concentration (MIC) values 5, 5, 25 mg/ml, respectively. This study indicated that
Lannea coromandelica bark extract by 95% ethanol had highest total phenolic content which
resulted in the highest free radical scavenging, antityrosinase activities and antibacterial
activities.

Key words: Lannea coromandelica, phenolic content, antioxidant, antityrosinase, antibacterial
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Introduction

Oxidative stress caused by free
radicals may be related to aging and
diseases, such as atherosclerosis, diabetes,
cancers, and cirrhosis. Antioxidants are
essential substances which possess the
ability to protect the body from oxidative
stress (Blokhina et al., 2003). Many of the
natural phytochemical compound in plants
have been found to exhibit antioxidant

activity including carotenoids, thiols,
vitamins,  flavonoids and  phenolics
(Michalak, 2006). Moreover, many

phenolic plants such as twig and root of
mulberry (Morus alba L.)(Chang et al.,
2010), fruiting bodies of mushroom
(Lentinus lepideus) (Yoon et al., 2010)
leave of jacktree (Artocarpus heterophyllus
Lam.)(Loizzo et al., 2010), etc, have been
found to be responsible for antityrosinase
and antimicrobial activities. Therefore,
many plants have been developed into
pharmaceutical products according to these
activities.

Lannea coromandelica (Houtt.)
Merr or “Aod or Kook in Thai belongs to
the family Anacardiaceae. This plant is the
perennial plant distributed in north and
northeast Thailand. It has mostly been used
in  traditional  medicine to treat
elephantiasis, impotence, ulcers, vaginal
troubles, halitosis, heart disease, dysentery,
and gout (Islam et al., 2002). Previous
studies on the bioactivities of the extract
from L. coromandelica showed anti-
inflammatory property (Singh and Singh,
1994), hypotensive activity in dogs and rats
(Singh and Singh, 1996), and wound
healing property (Sathish et al., 2010).
However, most of the report did not show
the correlation between the constituent of
the extract and its activity. Moreover some
bioactivity such as free radical scavenging
activity,  antityrosinase activity, and
antimicrobial  activity against  some
dermatological microorganisms which were
useful for skin application have not been
studied.
Therefore, the aim of this study was to
screen the bioactivities of this plant that
beneficial for dermatological application.
The bark and wood of the plant was
extracted by different solvents and total

phenolic content in the extracts was
determined. Free radical scavenging
activity,  antityrosinase  activity  and
antibacterial activity against
Strephyrococcus aureus (S.  aureus),
Pseudomonas aeruginosa (Ps. aeruginosa)
and Propionibacterium acnes (P. acne) of
the extracts were investigated. The data
obtained would provide the possibility in
developing the performance ingredient with
anti-aging and/or antibacterial properties
from this plant.

Methods

Plant materials

Stem of L. coromandelica were
collected in March 2011 from Faculty of
Pharmaceutical Sciences, Khon Kaen
University, Thailand.

Preparation of the extracts

The extracting solvents in this
study were water, 50% ethanol and 95%
ethanol. Fresh barks and wood of L.
coromandelica were cut into small pieces,
air dried and macerated in the solvent for 7
days at room temperature. The remaining
pieces of the plant were removed from the
fluid extract by filtration. For the extraction
by 95%ethanol or 50%ethanol, the solvent
was removed by evaporation using a rotary
evaporator at 35° C and follow by
lyophilization. For the water extraction, the
water was removed by lyophilization. The
dried extracts were kept in desiccators for
further studies.

Determination of total phenolic content
Total phenolic contents of L.
coromandelica extracts were determined by
Folin—Ciocalteu  reagent assay and
expressed as gallic acid equivalents per
gram (GAE/g) of the dried extracts. In
brief, 80 pL aliquot of the extracts in 5%
ethanol was added to 80 pL of 7.5%
Na,CO; solution. After 3 min, 100 pL of 2
M Folin—Ciocalteu reagent was added and
the mixture was allowed to stand for 1 hr at
25°C. The absorbance was measured at 620
nm using spectrophotometer (UV-2802,
Unico Co. Ltd., Shanghai,China). The
absorbance of the blank, consisted of all
reagents and solvents except the tested
samples, was also measured. The total
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phenolic contents were determined using
the standard gallic acid calibration curve.

Determination of free radical scavenging
activity

Free radical scavenging activity
was measured by  1,1-Diphenyl-2-
picrylhydrazyl (DPPH) radical-scavenging
activity. In brief, 150 pL of extract in 5%
ethanol with different dilutions was added
to 50 uL of 1 mM DPPH. The mixtures
were incubated for 30 min before the
absorbance was measured at 540 nm. The
DPPH scavenging ability was calculated as
the concentration that inhibits the oxidation
of DPPH for 50% (ICss). Ascorbic acid was
used as the positive control in this study.

Determination of antityrosinase activity

Antityrosinase activity was
measured according to the ability of the
extracts in inhibiting the transform of L-
dopa into dopachrome which was the
function of tyrosinase. The method was the
same as previously reported by Hanamura
et al. (2008) with slightly modification. In
brief, 50 pL of extract in 5% ethanol with
different dilutions was added to 40 pl of
2.5mM L-dopa in a 96-well microplate;
then 40 pl of tyrosinase (125 units/ml) was
added into each well. The amount of
dopachrome in the reactions mixture was
measured after incubate the mixture at 37°
C for 15 min based on the optical density at
420 nm. The inhibitory activity of the
sample was expressed as the concentration
that inhibited 50% of the enzyme activity
(ICs0). Kojic acid was used as the control
in this study.

Determination of antibacterial activity

All  extract were tested for
antibacterial activity against S. aureus, Ps.
aeruginosa and P. acnes. The active plant
extract were diluted to determine the
minimum inhibitory concentration (MIC)
by broth dilution and the result were
confirmed by determining the zone of
inhibition by agar plat diffusion method.
Gentamycin was used as the positive
control in this study. For S. aureus and Ps.
aeruginosa, the tested bacteria were
removed aseptically with an inoculating
loop and transferred to a test tube
containing 4 mL of  Mueller Hinton

Thai J Pharmacol; Vol 34: No 1, 2012

nutrient broth in order to obtain the
turbidity of the bacterial culture equal to
equaled 0.5 McFarland (10° cfu/mL)
standards. The dilute extract concentration
0.625, 1.25, 2.5, 5, 25 and 50 mg/mL were
added in to the culture and incubated for
37° C for 18 hours. For P. acne the method
was the same as the above but Tryptic soy
nutrient broth was used as the media and
incubated condition was 37° C for 48 hours
under anaerobic condition. The inhibitory
efficacy of the extract was determined by
observe the clarity of the media after
incubation. For agar plate diffusion, three
disks of Whatman’s No.l filter paper (6
mm in diameter) were impregnated with 50
uL of extract concentration 25 mg /mL and
place on the surface of agar plate which was
already spread by the tested bacteria. The
plate was incubated at 37° C for 18 hours
for S. aureus and Ps. aeruginosa or 48
hours under anaerobic condition for P. acnhe
and the diameter of clear zone around the
disk was recorded.

Statistical analysis

Results were used ANOVA and
Bonferroni test to analyze mean difference
between groups. P-value < 0.05 was
considered statistically significant.

Results

Total phenolic content

The vyields of bark extract from L.
coromandelica were much higher than that
of wood extract revealed that the majority
of the constituent was concentrated in the
bark. In both bark and wood extracts, 50%
ethanol was the most suitable extracting
solvent in term of the ability to provide the
high amount of the extracts because 50%
ethanol extract exhibit the highest yield
when compared to other solvents. However,
the total phenolic contents were highest in
the 95% ethanol extracts implied that
phenolic solubility was correlated with the
polarity of the solvent since phenolic
content in low polar solvent (95% ethanol)
extract of bark and wood were higher than
that of higher polar solvent (50% ethanol
and water). The result also show that total
phenolic contents in bark was higher than
that in wood in every solvent used (Tablel).
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Free radical scavenging activity.

The results indicated that the
highest free radical scavenging activity of
the extracts was found in 95% ethanol bark
extract which has 1Cs, 285.64 +59.38
pg/ml. The bark extracts exhibited higher
free radical scavenging activity than the
wood extract and the 95% ethanol extract

Table 1

exhibited higher free radical scavenging
activity than 50% ethanol and water
extracts, respectively. When compare with
ascorbic acid which has ICsy 259.55 +28.55
pg/ml, the 95% ethanol and 50%ethanol
bark extract were found to have comparable
free radical scavenging activity (Figurel).

Percentage of yield and total phenolic content of bark and wood extracts from L.
coromandelica using different solvents.
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Part of plant Solvents Yield (%w/w)"’l Total phenolic content (GAE/g)b
Water 4.19 260.00 +9.28
Bark 50% ethanol 5.26 284.32 £ 4.46
95% ethanol 3.35 370.04 + 11.04*
Water 1.09 59.16 + 62.69*
Wood 50% ethanol 1.61 90.79 + 66.78*
95% ethanol 0.50 107.41 + 63.29*

2 Yield is calculated from weigh of dry extract x 100 per weigh of dry plant.
b Data are represented as mean + standard deviation (n =9). "P < 0.05; compared with group.
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ICs, for free radical scavenging activity of L. coromandelica bark and wood extract

using different solvents. The results express as the concentration that inhibit the

oxidation of DPPH for 50% (n=9).

Antityrosinase activity

The 1Cs of the antityrosinase
activity of the 95% ethanol bark extract at
222.75 £ 25.59 pg/ml revealed that this
extract has the highest activity followed by
50% ethanol bark extract, 95% ethanol
wood extract and 50% ethanol bark extract
(Figure 2). However, when compare with
kojic acid (ICso = 27.86 = 0.78 pg/ml, data

not show in figure 2), the antityrosinase
activity of the extract was significantly
lower than kojic acid. On the other hand
water extract of both bark and wood were
found to have very high 1Cs, (2295.58 =+
350.50 and 3187.70 £ 400.95 pg/ml,
respectively) implied that the water extract
was not able to inhibit enzyme tyrosinase
activity.
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using different solvents (n =9).

Antibacterial activity

The antibacterial activity of L.
coromandelica extract was evaluated
against S. aureus, Ps. aeruginosa and P.
acnes by broth dilution and agar diffusion
methods. The water extracts of bark and
wood of this plant were not active against
any of the microorganisms because the
highest concentration of the extract (50
mg/ml) failed to inhibit growth of bacteria.
For bark extract, 50% ethanol and 96%
ethanol has similar antibacterial activity
against S. aureus and Ps. aeruginosa which
was higher than the activity against P.

Wood

ICs values of antityrosinase activity of L. coromandelica bark and wood extract

acnes. On the other hand, wood extracts by
50% ethanol and 95% ethanol showed a
slightly antibacterial activity against S.
aureus and no activity against Ps.
aeruginosa and P. acnes. The MIC of all
extracts are reported in Table 2. The 50%
ethanol and 95% ethanol bark extracts were
further evaluated to determine zone of
inhibition. The result confirmed that 50%
and 95% ethanol of bark extract had similar
activity in inhibition of microorganism
especially for the inhibition of S. aureus
(Table3).

Table 2  Antibacterial activities of bark and wood using different solvents of L.
coromandelica extracts against bacterial species tested by Broth dilution method

Minimum inhibitory concentration (MIC) mg/ml.

Bacterial species Bark Wood
Water 50%ethanol  95%ethanol Water 50%ethanol  95%ethanol
S. aureus >50 5 5 >50 25 25
Ps. aeruginosa >50 5 5 >50 >50 >50
P. acnes >50 25 25 > 50 >50 >50

Table 3 Antibacterial activity of 50% ethanol and 95% ethanol bark extracts of L.
coromandelica (25 mg/ml) against bacterial species tested by agar disc diffusion
method. Gentamicin (50 pg/ml) was used as the positive control.

Zone of inhibition (mm)

Bacterial species

50% ethanol bark 95% ethanol bark Gentamicin
S. aureus 10,11 11,11 27,27
Ps. aeruginosa 8,8 8,9 27,28

P. acnes 8,8 8,8 21,21
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Discussion

Many plant phenolics have been
found to be responsible for several
biological properties such as antioxidant,
antityrosinase and antimicrobial activities
(Chang et al., 2010; Okoro et al., 2010).
Our results showed that phenolic compound
is constituent of the extracts from L.
coromandelica and resulted in bioactivity
of the extracts. Some studies reported that
phenolic compounds from different source
or extracting solvents may have varying
properties (Lim et al., 2009; Wannes et al.,
2010). In our study, the majority of
phenolic compound was located at the bark
and the content was highest when using
95% ethanol as the extracting solvent while
50% ethanol and water has less ability to
extract the phenolic. This should be because
phenolic is the hydrophobic compound
which has higher solubility in low polar
solvent such as 95%ethanol than in water.
This phenolic compound is responsible for
free radical scavenging activity.in dose
dependent manner. The activity was highest
in 95%ethanol bark extract which was
related to the phenolic contents in the
extract. Free radical scavenging activity of
the extract was comparable to the ascorbic
acid which was well known antioxidant.
The extracts by 95%ethanol and
50%ethanol also exhibited antityrosinase
activity in dose dependent manner while the
water extract did not show this activity.
However, antityrosinase activity was quite
low when compared with kojic acid that
used as the positive standard. Therefore the
advantage of antityrosinase in this plant
may be minor when compared with
antioxidant activity.

For antibacterial activity, our result
showed that 50% ethanol and 95% ethanol
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Abstract

Osteoarthritis (OA) is a common disorder of synovial joint. Knee pain is a predominant
clinical symptom that causes disability especially in elderly. It is typically worse with weight
bearing and activities resulting in the loss of patient’s quality of life. The current medications
used for OA such as steroids and NSAIDs cause serious side-effects. Therefore alternative
medicines that offer a superior safety profile are required. Morus alba L. (Mulberry tree) has
long been widely used in traditional Chinese medicines. It has been reported to have various
pharmacological properties including antihyperglycemic, anti-oxidant and in particular anti-
inflammatory effects. M. alba extract has been shown to suppress the production of
inflammatory mediators including NO, PGE,. Although a number of studies have reported the
anti-inflammatory effects of M. alba, its potential for treating pain associated with OA has not
been explored. Thus, this study was designed to investigate the efficacy of M. alba extract on
pain-related behavior in rat model of OA. OA was induced in male Wistar rats by anterior
cruciate ligament transection (ACLT). The pain-related behavior during OA development was
determined up to 12 weeks post-OA induction by using hind limb weight bearing tester. M.
alba extract significantly reduced OA-associated joint pain in similar manner as glucosamine.
This study is the first to demonstrate that M. alba extract could attenuate pain associated with
OA in rat model. However, further studies are required to determine the active components and
the mechanism of action responsible for its effect.

Key Words  Osteoarthritis, Morus alba L., anterior cruciate ligament transection, joint pain,
glucosamine

Address correspondence and reprint request to: Warinkarn Hemstapat, Department of Pharmacology,
Faculty of Science, Mahidol University, Bangkok, Thailand.
Email: scwarinkarn@mahidol.ac.th



122 Thai J Pharmacol; Vol 34: No 1, 2012

Harasasanaduvdaudaaimsthanifienndawdanluny

~ v ] [ a Lo | 3

a = < [ v
ta3Inm Qﬂﬂﬂ‘i')‘lﬁlf, E!Qil!il!1 WNNTY , NAU NNNHFINWNA , BWIFIU gmm &I'ﬂi'll,aﬂl,

9

Humaad wudadnd’

'MAINEINEN AnINNMENS NNINNFBNHAD NFUNNI 10400
WANFAINEING MNYANENIY) ANLINNANFNT NWINENFENHAD NFINN 10400
‘mainmaluladndunssy ansndsamans InInedeusels iealan 65000

unAnda

Tsadatdandnidy  (Osteoarthritis, OA) Uulsadanwulavaslaamnzasnaga
o v 1 a = . . . A v Al 1 cql’d S
vinadadaduluiza (Synovial joint) axmsuaasiaugalugthemaiidaaimstiamnas
Wuguasseadniedamsedaulmlasmzlugguey mssnnlsadawndonludagiu
a v 1 = o v X d' 1 ] = o .:5 1
fianldenlungualdesasduas ssnumsanaun lildadiaseadiiioussmainsitie ua
1 gd (%4 = [ w g’l = a v al 4 d' I & ld! =
ennguiliinainadsadnann asumsanwieialilaenndumadanTnized
uathudssiasneniiildegludagiuisiensdniustwann Morus alba L. wiaeu
[ vy Y 1 U = o < 1 o W =
viaulasinmslanuathauwsvaraludssmadu Tasnhanusrudsznauludsusnaulusio
= = \ Vv 1] = Q( U a 1 Q( %4 g’ = Q(
I sanswuNdurauiigndmMundInennnang 1wy §noanszauinmaluean gnd
1 4
fuBYNADETE LaslaBlRINRENENgNEIUMIBNLEY FenunasanannaunNay
NT0AANIFTNETFONANYBINFONLEY (Inflammatory mediators) 15 NO Uas PGE,
UNNAETVNIMIANN NN UNINUNTONLFUYBIOUVNDU UAANEMWIUNITANDINS
TheautiiasananlsadadandnausaliinsAnE a9tUMSITBUIGDINTANE

4

ﬂsxa*n%mwwaqmsaﬁ'mﬁu‘waiawiamﬂ"nsﬂmﬁtﬁﬂmﬂifal,‘zhl,?iauluwymamej Wug
Wistar  aasmhliiielsedachidenlasmsaaduiuiiizeadn anterior cruciate ligament
(ACL) f\nﬂﬁuaﬂGl"lmJ38Lﬁ‘u’mﬂﬁﬂ’mﬁLﬁﬂf\nﬂﬂﬁ%ﬂﬁﬂﬁtﬁﬂ‘[iﬂ%’aLﬁﬁLéauiu%ELﬂuL’Jaﬁ
12 FoilaglHiedasfiaiiiamsanhminfivhwiwamy AGenh  hind limb  weight
bearing  tester HaMITBiwuhasatanndurtauignsussimamsthedawnld
adeadatunglaniiy mideildumsinmesusniusadidiuignivasnsatonndu
mJ'au@iamsmstmmmsﬂmﬁtﬁmmn%’mﬂwLﬁmﬂuwg aenalshauead aedimsdnem
isdnitefiufunamsisell wazlsziiiumansaangnam 2 swmanalnmsaangnazas

fInanaNNIKalumsaniha

RGRLTTE lsadawnidan, auniay, thedawn, nglamiiy



Thai J Pharmacol; Vol 34: No 1, 2012

Introduction

Osteoarthritis (OA) is a painful
condition  of  chronic  progressive
degenerative joint disease, and is a leading
cause of disability in elderly. It can affect
any joint in the body. The most common
affected joints include hands, feet, spine,
and weight-bearing joints such as knees
and hips. Since the current medicine used
to treat OA possesses several adverse
effects, an alternative medicine that
provides pain-relieving effect as well as
delays disease progression with superior
safety profile for OA is needed.

The mulberry (Morus alba L.) tree
(also known as white mulberry) has been
widely used in traditional Chinese
medicines. Methanolic extract of M. alba
leaf has been shown to suppress the
production of inflammatory mediators
including NO, PGE, (Choi and Hwang,
2005). The active component isolated from
water extract of dried root bark of M. alba
have been shown to exhibit the anti-
inflammatory effect (Chung et al., 2003).
This anti-inflammatory property might be
correlated with inhibition of the iNOS
expression through down-regulation the
binding activity of NF-xB, a pivotal
transcription factor that has been involved
in the regulation of expression of numerous
genes associated with  inflammatory
response (Roman-Blas and Jimenez, 2006),
and significant inhibition of COX-2
activity. Although OA has traditionally
been regarded as a non-inflammatory
arthritis, inflammatory processes are
believed to play a significant role in the
progression of cartilage degeneration and
joint damage in OA patients (Allen et al.,
2010). The possible mechanisms that are
responsible for the anti-inflammatory
effects of M. alba extract has been
identified (Chung et al., 2003, Choi and
Hwang, 2005), however its potential for
treating OA has not been explored. This
study is therefore aimed to investigate the
potential of stem M. alba extracts as a
novel treatment for OA pain.

Materials and Methods

Animals
Five weeks old male wistar rats (140

- 160 g) were obtained from National
Laboratory Animal Center, Mahidol
University, Thailand. Ethical approval of
this study was obtained and approved by
the Faculty of Science, Mahidol University
Animal Care and Use Committee. Animal
were housed in pair in a temperature-
controlled room (20 + 2°C), maintained at
humidity 60 + 10%, and a 12 h/12 h dark-
light cycle. Standard laboratory rat food
and water were supplied ad libitum. The
OA was surgically induced by anterior
cruciate ligament transection (ACLT) as
previously described (Naito et al., 2010).
Sham-operated rats were treated identically
as ACLT rats except that transection of the
ACL is omitted.

Investigation of the efficacy of M. alba
extract in rat model of OA

M. alba ethanolic extract was
prepared by maceration from Department
of Pharmaceutical Technology, Faculty of
Pharmaceutical Sciences, Naresuan
University, Thailand.

Wistar rats were divided into four
groups: 1. Sham group with vehicle (Sham
+ vehicle; n=7), 2. ACLT group with
vehicle (ACLT + vehicle; n=10), 3. ACLT
group with glucosamine sulfate (ACLT +
glucosamine; n=6) and 4. ACLT group
with M. alba extract (ACLT + M. alba
extract; n=6). M. alba extract (280 mg/kg)
and glucosamine sulfate (250 mg/kg) were
dissolved in water.

All groups received test articles or
vehicle (water) via oral gavage once a day
for 7 consecutive weeks starting at week 5
post ACLT induction. Changes in hind
paw weight-bearing distributions were
assessed at the following time points: at 0
(baseline), 5, 6, 9 and 12 weeks post ACLT
induction.

Assessment of Pain: Weight-bearing
distribution test

The incapacitance meter (hind limb
weight bearing tester) (Harvard Apparatus,
Barcelona, Spain) was used to assess the
pain-related behavior (knee joint pain).
This technique measures the difference in
weight bearing between the contralateral
operated limb and the contralateral
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Figure 1 Effects of M. alba extract (280 mg/kg) and glucosamine (250 mg/kg) on the %
weight bearing. M. alba extract and glucosamine were orally administered once a
day for 7 consecutive weeks starting at week 5 following ACLT induction.
Statistically significant differences were determined using one-way analysis of

variance (ANOVA), followed by Newman-Keuls post hoc test (*p < 0.05, **p <

0.01, ***p < 0.0001 vs ACLT + vehicle group)

non-operated limb. Changing of hind paw
weight distribution between the operated
and the contralateral non-operated limb
were used as an index of knee joint pain in
this study. The percentage of weight
distributed on the operated limb was
determined as previously described
(Pomonis et al., 2005).

Statistical Analysis

All data were expressed as the mean
and standard error of the mean (mean +
SEM). Statistical significance was
determined using one-way analysis of
variance (ANOVA), followed by Newman-
Keuls post hoc test. The p value was set at
p < 0.05 for the significant different
between groups.

Result and Discussion
As can be seen in Figure 1, a

significant reduction in the percent weight-
bearing on the surgical limb was observed

throughout the study period in ACLT
group received vehicle, while sham-
operated rats maintained the percent
weight-bearing of approximately 50%.
Oral administration of glucosamine (250
mg/kg) significantly reversed the percent
weight-bearing at all test time points.
Similar result was also noted in ACLT
group received M. alba extract, in which
the percent weight-bearing was higher
than that of the ACLT group received
vehicle at 6, 9 and 12 week post ACLT
induction (45.6 £ 1.2% vs 42.6 = 0.5%,
*p < 0.05; 45.6 + 0.3% vs 42.9 + 0.8%,
**p < 0.01; 47.6 £ 0.5% vs 44.0 £ 0.8%,
***p < 0.0001, respectively).

Conclusion

To our knowledge, this is the first
study to demonstrate that the ethanolic
extract of M. alba at dose of 280 mg/kg
significantly attenuate pain associated
with OA in ACLT-induced rat model.
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further studies are required to determine
the active components and the mechanism
of action responsible for its effect.
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Abstract

Toxicological investigation is performed to help identification the cause and manner of
unnatural death. Urine samples are used as evidences of methamphetamine (MA) abuse under
the Narcotics Laws of Thailand, whereas blood samples are specimens for investigation of
poisoning from drugs or illicit substances. MA use or toxicity is implicated as a direct/an
antecedent cause of death or even a significant contributing factor. This study investigated the
relationship between MA concentrations in urine and blood of Thai MA abusers. Urine and
blood samples of 30 Thai MA abusers were quantified for MA using head space-solid phase
microextraction/gas chromatography-mass spectrometry technique. The results showed that MA
concentrations in urine were far higher than the corresponding MA concentrations in blood. MA
concentrations in urine and blood samples collected from 25 deceased were closely correlated
with a correlation coefficient (r) of 0.93 (p < 0.05) with a linear regression equation of y =
0.0009x + 6.066. This relationship is preliminarily advantageous for estimation of MA
concentration in urine from MA concentration in blood sample while urine sample is not
available or vice versa.
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Introduction

Methamphetamine (MA), one of the
amphetamine-type stimulations, is the most
widespread drug of abuse in Thailand.
According to the Notification of Narcotics
Control Board B.E. 2543, its investigation
is based on urine samples. Any persons
with urine MA concentrations of > 1 pg/ml
are accused as persons with illegal MA
consumption under the Narcotics Act B.E.
2522. While MA concentrations in urine
samples are used as evidences of MA
abuser under the law, MA concentrations in
blood samples represent MA physiological
effects. Thus, blood samples are also
collected for forensic investigation if drugs
or illicit substances are suspected to be a
cause of death. MA use or toxicity is
implicated as either a direct/an antecedent
cause of death or even a significant
contributing factor. However, the study of
MA-related fatalities of Thai MA abusers is
limited (Sribanditmongkol P, Chokjamsai
M, and Thampitak, 2000; Narongchai P,
Narongchai S, and Thampituk, 2007).

Most studies were based on small
case reports and the relationship between
urine and blood MA concentrations were
not shown in those previous studies. This
study aimed to investigate the relationship
between MA concentrations in urine and
blood samples of Thai MA abusers and the
correlation equation was constructed so as
for predicting MA concentration in blood
from urine samples or vice versa. The
findings of this study may contribute
beneficial information for postmortem MA
investigation in the cases that either urine or
blood sample is not available.

Materials and Methods

Chemicals and Reagents

Methamphetamine  hydrochloride
was from Lipomed (US.A).
Diphenhydramine  hydrochloride ~ was
purchased from Sigma Chemical Ltd.
(U.S.A). All other chemicals (methanol,
sodium chloride, and sodium hydroxide)
were analytical grade (Merck, Darmstadt,
Germany).
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Urine and blood samples

Urine and blood samples were
collected from 30 Thai deceased who were
sent to be performed autopsies at the
Institute of Forensic Medicine during
September-December 2011. Blood samples
were collected from basal artery of the dead
whose urine samples were positive of MA
via strip screening test using Orange Test
Methamphetamine Strip® (True line Med.
Co. Ltd., Switzerland). Both urine and
blood samples were stored at 4°C until
analysis.

Sample Preparations

Blood samples: Two milliliters of
blood sample was transferred to an
extraction tube and then 2 ml of 5 M
sodium hydroxide was added. The mixture
was vortex-mixed before centrifugation at
14,000 rpm for 20 min. The supernatant
was transferred to a 20 ml glass vial and
200 pl of diphenhydramine solution (20
pg/ml) as well as 0.5 g of sodium chloride
were added. The glass vial was capped with
aluminum cap before analysis.

Urine samples: One milliliter of
urine sample was transferred to a 20 ml
glass vial. Then, 200 ul of premixed
solution of diphenhydramine in 1 M sodium
hydroxide (1 pg /ml) was added. Then, 0.3
g of sodium chloride was added into the
glass vial which was capped with aluminum
cap before analysis.

Instrumentation

Headspace-Solid ~ Phase ~ Micro-
extraction/Gas Chromatrography-Mass
Spectrometry (HS-SPME/GC-MYS)
consisted of GC/MS (QP-2010 plus
Shimadzu, Kyoto, Japan) equipped with an
AOC-5000 Auto injector. Samples were
separated on a crossband 100% dimethyl
polysiloxane 0.25 mm id. x 0.5 um
thickness x 30 m length Rtx-1MS column
(Restex, U.S.A). SPME assembly with a
replaceable extraction fiber coated with 100
um  polydimethylsiloxane (PDMS) Fused
Silica/SS 57341-U (Supelco, Bellefonte,
US.A).
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Initial oven temperature of 100 °c was held
for 5 min, then increased at the rate of
15°c/min to 150°c for 1 min, and finally
increased to 250°c at 15°c/min for 3 min.
The injection port and interface temperature
were set at 240°c and 220°c, respectively.
The split injection mode and helium carrier
gas was used. MS detection was operated in
selective ion monitoring method and
characteristic ion for MA quantification
was m/z = 58.

Statistical analysis

All results were expressed as mean +
S.E. Relationship between urine and blood
MA concentrations was tested by Pearson’s
correlation and simple linear regression
using SPSS for Windows, version 16.0. A
p-value of less than 0.05 was considered
statistically significant.

Results

A summary of demographic profile
of the deceased is presented in Table 1.
Urine and blood samples were mostly
collected from male deceased (73%)
whereas the remaining (27%) was female.
Mean + S.E. of the age of all deceased was
29.96 + 1.77 years (range 20-60 years).
Majority of the subjects’ cause of death was

car-accident (34%). Urine MA
concentrations of all deceased were higher
than 1 pg/ml (1,000 ng/ml). MA

concentrations in urine were far higher than
the corresponding MA concentrations in
blood. To determine the correlation
between MA concentrations in blood and in
urine, the data of 25 from the total of 30
deceased were used because blood MA
concentrations of 5 cases were lower than
the limit of detection of the method used in
this study. The results showed that MA
concentrations in urine and blood samples
were linear correlated with a correlation
coefficient (r) of 0.93 (p-value < 0.05) and
the linear regression equation was y =
0.0009 x + 6.066 (Figure 1).

Discussion

The results showed that MA
concentrations in urine were far higher than
the corresponding MA concentrations in
blood. This is consistent to a previous study
of Lebish, Finkle and Brackett (1970).
Actually, peak plasma MA concentration
was shown to occur after 4 hours and 2.5
hours via intranasal administration and
smoking, respectively (Hart et al., 2008,
Perez-Reyes et al., 1991) and
approximately 70% of MA dose was
excreted in urine within 24 hours
(Cruickshank and Dyer, 2009). In addition,
MA could be detected in urine several days
(7 days) after repeated MA doses (Oyler et
al., 2002; Connell et al., 1958). In this
study, if MA concentrations in blood were
not the toxic level or the cause of death,
urine sample collections which were
performed after death, were not supposed to
be performed at the time close to the time
after MA use. Thus, MA concentrations in
urines were found  with  higher
concentrations than in blood samples. The
reports  regarding  toxic/fatal MA
concentrations in blood vary among studies.
Toxic concentrations of blood MA were
ranged from 0.2 - 5.0 mg/ml (200,000
ng/ml — 5,000,000 ng/ml) (Nagata, 1983;
Winek, Wahba, and Winek Jr, 2001; Schulz
and Schmoldt, 2003). Fatal blood MA
concentrations were reported as > 10 mg/ml
(10,000,000 ng/ml) (Nagata, 1983; Winek
et al., 2001; Schulz and Schmoldt, 2003) or
> 0.5 mg/L (500 ng/ml) (Logan, Fligner,
and Haddix, 1998). These variations could
be due to differences of route of
administration, amount and purity of the
substance, co-administrated drugs/
substances, physiological condition of the
individual, etc. (He et al., 1996; Logan et
al., 1998; Matoba, 2001; Ago M, Ago K,
and Ogata, 2006; Inoue et al., 2006).
However, blood MA concentrations of all
the subjects in this study (Mean £+ S.E. of
blood MA concentrations = 34 + 6 ng/ml)
were lower than the reported toxic/fatal
concentrations. Thus, MA exposures of the
subjects in this study were possibly a
contributing factor not the direct cause of
death.
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Table 1 Demographic profile of subjects

Thai J Pharmacol; Vol 34: No 1, 2012

No. Sex Age (years) Causes of death
1 M 24 Fall
2 M 31 Gunshot Wound
3 M 21 Electrocution
4 F 20 Hanging
5 M 31 Drowning
6 M 29 Accident
7 M NA Homicide
8 F 25 Accident
9 M 33 Gunshot Wound
10 M 33 Hanging
11 M 27 Accident
12 M 25 Unknown
13 M NA Unknown
14 M 26 Accident
15 M 33 Hanging
16 M 24 Accident
17 M 30 Accident
18 M 20 Gunshot Wound
19 M 25 Gunshot Wound
20 M 28 Accident
21 M NA Accident
22 F 24 Unknown
23 M 43 Accident
24 M 40 Unknown
25 M 40 Accident
26 F 22 Hanging
27 M 60 Unknown
28 F 35 Drowning
29 M NA Gunshot Wound
30 M NA Unknown
2 +S.E. 29.96 + 1.77
Range 20-60

M = male; F = female; NA = not available



Thai J Pharmacol; Vol 34: No 1, 2012

160

140

120

100

N
(=]

Blood M A concentrations (ng/ml)
= S

[y
(=]

y =0.0009x +6.0657

r=0.93

0 20000 40000

60000 80000
Urine MA concentrations (ng/ml)

100000 120000

Figure 1 Relationship between urine and blood MA concentrations of Thai MA abusers (n = 25)

Conclusion

MA concentrations in urine and
blood samples collected from 25 Thai
deceased were closely correlated with a
correlation coefficient of 0.93 (p < 0.05)
with a linear regression equation of y =
0.0009x + 6.066. This relationship is
preliminarily advantageous for prediction of
MA concentration in urine from MA
concentration in blood sample while urine
sample is not available or vice versa.
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False Interpretation of Methamphetamine and Amphetamine Abuse in
Thai Patients Receiving Selegiline
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Abstract

The purpose of this study was to determine methamphetamine (MA) and amphetamine
(AM) concentrations in urine of Thai patients receiving selegiline in order to evaluate the
incidence of false interpretation of MA and AM abuse in these patients. Urine samples were
collected from eleven Thai patients (9 men and 2 women, 52-76 years old). They were
outpatients of Prasat Neurological Institute and were prescribed selegiline for medical purpose.
Urine samples were collected at 2, 4, 6, 8 and 20 hours after selegiline administration. To
determine concentrations of MA and AM which are metabolites of selegiline, solid-phase
microextraction-gas chromatography-mass spectrometry (SPME-GC-MS) was employed. The
results showed that both MA and AM concentrations found in the urines collected from 2 to 20
hours after selegiline administration were mostly more than 1,000 ng/ml, the concentration
which is the cut-off value for positive interpretation of illicit MA abuser according to the
regulation. However, the mean ratio of AM/MA in urine at 2-20 hours after selegiline
administration was ranged from 0.63-0.91which was higher than the ratio of AM/MA in urine of
most MA abusers reported in other studies. MA and AM detected in urines of patients receiving
therapeutic dose of selegiline can cause false interpretation of MA or AM abuse. Whether or not
the ratio of AM/MA is preliminarily useful to differentiate patients receiving selegiline from
MA abusers, is needed to be further explored.
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Introduction

Selegiline, a selective irreversible
monoamine oxidase B inhibitor, is widely
used in the treatment of Parkinson’s disease
(Wessel and Szelenyi 1992). Selegiline is
metabolized rapidly in gastrointestinal tract
and liver into desmethylselegiline, (R)-()-

methamphetamine and (R)€) -
amphetamine which are excreted in urine
(Shin 1997).

Methamphetamine (MA) is

classified as type | narcotic drug according
to Thai regulation. Urine MA or derivatives
of amphetamine (AM) concentration of >
1000 ng/ml indicates the presence of these
substances in the body. Thus, urine
concentration of these substances of >
1000 ng/ml is used as the cut-off value for
positive interpretation of illicit abuser of
MA or derivatives of AM according to the
regulation. Since majority (30-50%) of
MA exposure with a lesser amount (4-10%)
of AM which is one of its metabolite are
excreted in urine (Jirovsky et al. 1998,
Moore 1999), both MA and AM are found
in urine of MA abusers (Hasegawa et al.
1999).

As mentioned above, MA and AM

are also found in urine of patients receiving
selegiline. Thus, the presence of MA and
AM in urine samples collected from dead
bodies with unknown history/cause of
death, may be interpreted as MA users even
though they actually received selegiline
therapy. This false positive interpretation of
MA or AM abuse in patients receiving
selegiline is practically concerned in
forensic investigation. However, the
incidence of false interpretation of MA or
AM abuse in patients with selegiline
therapy has not been reported.
The purpose of this study was to determine
MA and AM concentrations in urine of
Thai patients receiving selegiline so as to
evaluate  the incidence of false
interpretation of MA and AM abuse in
these patients. The ratio of AM/MA was
also discussed based on the information
reported by other studies in an attempt to
differentiate patients receiving selegiline
from MA abusers.

Materials and Methods

Materials

Amphetamine  hydrochloride and
methamphetamine hydrochloride were from
Lipomed (U.S.A)). Diphenhydramine
hydrochloride was purchased from Sigma

Chemical Ltd. (U.S.A). All other
chemicals were analytical grade.

Methods

Subjects

Eleven Thai patients (9 men and 2
women, 52-76 years old) were outpatients
of Prasat Neurological Institute,
Department of Medical Services, Ministry
of Public Health, Bangkok, Thailand. The
study protocol was approved by the Prasat
Neurological Institute ethical committee for
the protection of the rights of human
subjects (Approval # 54029, February 24,
2011). The patients were prescribed
selegiline for medical purpose at the
dosages of 2.5 or 5 mg twice daily. In all
patients, uri