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08.30-09.00 น. ลงทะเบียน 

09.00-09.45 น. ผศ. พญ. ธญันนัท ์เรืองเวทยว์ฒันา  

คณะแพทยศาสตร์โรงพยาบาลรามาธบิดี มหาวิทยาลัยมหิดล 

เร่ือง “Targeted Therapy: The Novel Therapeutic Strategy in Oncology” 

09.45-10.15 น. Dr. Andrew Rowland 

Flinders University, South Australia 

เร่ือง “Precision Medicine for Targeted Anti-Cancer Medicines” 

10.15-10.45 น. พักรับประทานอาหารว่าง 

10.45-11.15 น. เภสชักรหญิง จิตประภา คนมัน่ 

คณะแพทยศาสตร์โรงพยาบาลรามาธบิดี มหาวิทยาลัยมหิดล 

เร่ือง “Real-Life Experience with TKIs and Immunotherapy: Are There Really 

Minimal Side Effects?” 

11.15-12.30 น.  การนาํเสนอผลงานทางวิชาการแบบปากเปล่าของนกัศึกษา 

ประธาน รศ.ดร.ภญ. ศรีจนัทร์ พรเจริญศิลป์  

รองประธาน ผศ.ดร. ปิยนุช วงศ์อนันต ์

 นางสาว กนัยารตัน ์แขโ้ส 

ภาควิชาเภสชัวิทยา คณะแพทยศาสตร์  มหาวิทยาลัยขอนแก่น 

B01: Genetic polymorphisms of Genes involved in 6-mercaptopurine-

induced Hematopoietic Toxicity in Thai children with Acute Lymphoblastic 

Leukemia 

 นางสาว กนกพรรณ เครือประเสริฐกุล 

ภาควิชาเภสชัวิทยา คณะวิทยาศาสตร์ มหาวิทยาลัยมหิดล 

B02: Montelukast Induces Triple-negative Breast Cancer Cell Apoptosis via 

the Reduction of Bcl-2 and p38 MAPK Expression 

 นาย ดิเรก เอกธรรมรฐั 

ภาควิชาเภสชัวิทยา คณะแพทยศาสตร์ มหาวิทยาลัยขอนแก่น 

A05: Moringa Oleifera Leaf Extract Promotes Endothelium-Dependent 

Vasorelaxation by Inhibiting Oxidative Stress and Stimulating the Releases of 

NO and H
2
S 

 นาย สราวุฒิ โพธ์ิศรี 

ภาควิชาเภสชัวิทยา คณะเภสชัศาสตร์ มหาวิทยาลัยมหิดล 

A17: Epac is required for Stimulation of A
2B

 Receptor for Inhibition of 

Endothelin-1-induced Collagen Synthesis and Myofibroblast Differentiation 

12.30-13.30 น. พักรับประทานอาหารกลางวัน 
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13.30-14.30 น. ศาสตราจารยค์ลินกิ นพ. อุดม คชินทร 

รัฐมนตรีช่วยว่าการกระทรวงศึกษาธกิาร 

เร่ือง “ยุทธศาสตรช์าติกบับทบาทของนกัเภสชัวทิยา” 

14.30-14.45 น. พักรับประทานอาหารว่าง 

14.45-15.30 น. พธีิมอบรางวลัเกียรติยศ ศาสตราจารย ์นพ. อวย เกตุสิงห ์

บรรยายพิเศษโดยผู้รับรางวัลเกยีรติยศ 

ผศ. ภญ. ดร. วริษา พงศ์เรขนานนท ์

ภาควิชาเภสชัวิทยาและสรีรวิทยา คณะเภสชัศาสตร์ จุฬาลงกรณม์หาวิทยาลัย 

15.30-16.00 น. การมอบรางวลันาํเสนอผลงานวิจัย 

พิธปิีดโดยนายกสมาคมเภสชัวิทยาแห่งประเทศไทย 
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09.00-12.00 น. การประชุมเพ่ือความร่วมมือทางวิชาการในด้านการวิจัย การสร้างนวัตกรรม  

และการเรียนการสอนทางเภสชัวิทยาในอนาคต เพ่ือส่งเสริมการสร้างนวัตกรรม 
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Detection and Inhibition of Lipid-Derived Radicals 
 
 

Prof. Ken-Ichi Yamada, Ph.D.  
1Physical Chemistry for Life Science Laboratory, 

Faculty of Pharmaceutical Science,  
Kyushu University, Fukuoka, Japan 

2AMED-CREST,  
Japan Agency for Medical Research and Development,  

Tokyo, Japan. 
E-mail: kenyamada@phar.kyushu-u.ac.jp 

 
 

Lipids are easily oxidized by reactive oxygen species, resulting in lipid peroxidation 
and metabolic products such as lipid-derived electrophiles. These products have been 
reported to induce inflammation, angiogenesis and ferroptosis. Here, the initial products of 
lipid oxidation are lipid-derived radicals, the most upstream products that can cause extensive 
chain reactions affecting lipid peroxidation. Hence, the ability to detect lipid radicals would 
provide information about one of most important class of molecules causing cellular and 
tissue damage in a wide range of diseases. 
 

In this symposium, I will present the first fluorescence probe for lipid radicals, NBD-
Pen, with high selectivity and sensitivity. To demonstrate bioavailability of NBD-Pen, we 
tested it in an animal model in which hepatocellular carcinoma was induced by the hepatic 
procarcinogen diethylnitrosamine (DEN). Furthermore, we found that lipid radical inhibitor 
significantly relieved inflammation at the early stage of carcinogenesis, as well as following 
induction of tumor formation by DEN. Thus, we have developed a novel fluorescence probe 
that provides imaging information about lipid radical generation and potential therapeutic 
benefits in vivo. 
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Integrating Pharmacogenomics into Clinical Practice: Promise and Reality 
 
 

Assoc. Prof. Chonlaphat Sukasem, B.Pharm., Ph.D. 
Division of Pharmacogenomics and Personalized Medicine,  

Department of Pathology, Faculty of Medicine; and  
Laboratory for Pharmacogenomics, SomdechPhraDebaratanaMedicalCenter (SDMC), 

Ramathibodi Hospital, Mahidol University, Bangkok, Thailand 
 
 
Currently, several guidelines recommend genetic tests for various HLA-B alleles and 

dosages of drugs that induce SCARs among specific patients carrying risk alleles. Recent 
studies have documented evidence of several associated polymorphisms in the HLA-B allele 
and SCARs. HLA-B*57:01, HLA-B*15:02 and HLA-B*58:01 allele positive individuals have 
a significantly higher risk of abacavir, carbamazepine and allopurinol hypersensitivity, 
respectively. With evidence linking association, the Clinical Pharmacogenetics 
Implementation Consortium (CPIC) dosing guidelines recommend the use of 
pharmacogenomic tests for presence of the markers before initiating drug therapy in patients. 
Individuals carrying one or two copies of these markers during clinical genotyping tests 
presented as “positive”, thus implying a high risk of drug induced- SCARs. Therefore, the 
drug is not recommended in such patients, as there is high risk of drug-induced SCARs. 
When there are no copies of the allele detected in genotype tests, a “negative” result is 
recorded. Patients with negative tests can use the particular drug, according to standard 
dosing guidelines, because of their lower risk of SCARs related to the use of the drug. To 
strengthen the utilization of pharmacogenetic testing in our country, we have first invented a 
low-tech approach and launched “a pharmacogenetic wallet card”. After patients have taken 
the pharmacogenetic test, their results are entered into the “Pharmacogenetic ID card,” a 
purple rectangle and plastic wallet size that they can carry around and show to future doctors 
with their genomic results of those related to the risk of adverse drug reactions or dose 
recommendation. For example, after patients have taken an HLA test, their results are entered 
into a plastic “pharmacogenomic wallet card”, which basically contains the genomic results 
of those related to the risk of SJS/TEN. This card can be carried around and shown to 
different doctors in the future. Now, the incidence of SJS/TEN has reduced sharply, and now 
the country is in the phase of eradicating this life-threatening skin rash, in Thailand. 
 

Keywords: drug allergy, SJS/TEN, pharmacogenomics, HLA-B*15:02, HLA-B*58:01, 
HLA-B*57:01 
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Adenosine Receptor: Therapeutic Target for Treatment of Cardiac Fibrosis 
 
 

Assoc. Prof. Supachoke Mangmool, Ph.D.  
Department of Pharmacology, 

Faculty of Pharmacy, Mahidol University 
 
 

Cardiac fibrosis is one of the major causes of heart failure and contributes to the 
abnormality of cardiac functions. After cardiac injury, a number of paracrine and neuronal 
hormone systems including angiotensin II (Ang II), endothelin-1 (ET-1), and transforming 
growth factor beta (TGFβ) promote cardiac fibroblast activation, leading to fibroblast 
proliferation, extracellular matrix (ECM) overproduction, and myofibroblast differentiation. 
The accumulation of ECM proteins and the differentiation of fibroblast into myofibroblast 
lead to the replacement of cardiac myocytes with fibrotic scar tissue, resulting in cardiac 
fibrosis. Ang II and ET-1 act as the profibrotic agents that widely used for a model of cardiac 
fibrosis. It is crucial to discover the new therapeutic approaches to prevent and reverse 
underlying cardiac fibrosis induced by Ang II and ET-1. 

 
The previous studies showed that adenosine can reduce the cell proliferation and 

myofibroblast differentiation of cardiac fibroblasts, supporting the cardioprotective effects of 
adenosine. Thus, the identification of the molecular mechanisms of adenosine-mediated 
signaling on inhibition of Ang II- and ET-1-induced cardiac fibrosis will help us to discover 
the new compounds acting on stimulation of adenosine receptor for prevention of cardiac 
fibrosis. 
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Therapeutic nitrite 
 

 
Assoc. Prof. Nathawut Sibmooh, M.D., Ph.D. 

Department of Pharmacology,  
Faculty of Science, Mahidol University 

 
 

Inorganic nitrite anion (NO2
-) is a bioactive nitric oxide (NO) derivative which serves 

as an endocrine mediator and storage form of NO in many tissues such as muscle, brain, 
liver, pancreas, and adipose tissue. Most nitrite in blood is produced endogenously from NO 
synthesized by endothelial nitric oxide synthase; thus its blood levels represent vascular 
function. Alternatively, it is derived from reduction of nitrate (NO3

-) obtained from food such 
as green vegetables. After dietary nitrate intake, nitrate levels increase in plasma and is 
excreted into saliva where nitrate reductase of oral bacteria reduces salivary nitrate to nitrite. 
Swallowing saliva increase blood nitrite; thereby contributing to enterosalivary circulation of 
nitrate-nitrite-NO. Although nitrite is known predominantly as undesired product of NO 
oxidation with potential carcinogenic effect, accumulating evidences in past 20 years 
demonstrate physiologic and pharmacologic activities of inorganic nitrite, including 
vasodilation, antiplatelet, and inhibition of cell death in ischemia-reperfusion injury. In 
addition, recent epidemiologic studies report no association of dietary nitrite/nitrate intake 
with cancer.  

 
Blood and tissues contain nitrite at micromolar concentration, and the blood nitrite 

levels decrease after hypoxia or exercise. Nitrite is converted to NO under acidotic hypoxic 
condition – a situation in which enzymatic production of NO by nitric oxide synthase is 
decreased. Thus, nitrite is reserved for non-enzymatic NO production, ensuring adequate NO 
production in which oxygen-dependent nitric oxide synthase activity is impaired. The 
reduction of nitrite to NO under this specific situation leads to selectivity of nitrite effect on 
ischemic tissues with lower systemic adverse effects such as hypotension that may be seen in 
therapy with NO gas or organic nitrate. Preclinical studies show promising effects of nitrite 
for therapy of diseases such as myocardial infarction, hypertension, pulmonary hypertension, 
thromboembolism, sickle cell disease, and peptic ulcer disease. Nitrite has entered phase 2/3 
trial for hypertension, pulmonary hypertension, heart failure with preserved ejection fraction, 
and acute myocardial infarction. Potential therapeutic indications of inorganic nitrite will be 
presented. 
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Precision Medicine for Targeted Anti-Cancer Medicines 
 
 

Andrew Rowland, Ph.D.  
College of Medicine and Public Health,  

Flinders University, Adelaide, SA, Australia 
 
 
Introduction: The implementation of a precision dosing strategy depends on three core 
elements: (1) the capacity to improve outcomes, (2) the ability to generate high quality 
evidence of clinical validity, and (3) the practicality of application. In Medical Oncology 
‘classical’ precision dosing strategies such as pharmacogenetics (PGx) and therapeutic drug 
monitoring (TDM) fail to address these criteria and have struggled to gain traction as 
actionable clinical strategies. 
 
Aims: To develop novel complementary strategies that facilitate the routine translation of 
precision dosing for targeted anti-cancer medicines. 
 
Methods: This program of research utilises a continuum of techniques spanning from 
physiological based-pharmacokinetic (PBPK) modelling and simulation through to healthy 
volunteer and patient based clinical trials.  
 
Results: Verified PBPK models are used to identify optimal sets of covariates that define 
variability in exposure. By way of example, 94 % of the variability in steady-state dabrafenib 
exposure can be defined by considering patient BMI, CYP3A4, CYP2C8 and P-gp protein 
abundances. In terms of defining in vivo drug metabolising enzyme activity, an R2 of 0.904 
was attained for the correlation of circulating CYP3A4 protein expression in exosomes 
isolated from plasma and midazolam apparent oral clearance (CL/F) in a cohort of 18 to 35 
year old healthy Caucasian males of CYP3A4 *1/*1 (wild type) and CYP3A5 *3/*3 (non-
functional) genotype pre-and post-rifampicin dosing (300mg QD for 7 days). Furthermore, 
quantification of the change in exosomal CYP3A4 protein expression defined 92% of the 
variability in the extent of CYP3A4 induction following treatment with rifampicin. 
 
Discussion: Through the use of novel strategies to identify and quantify biomarkers defining 
drug exposure, this program is demonstrating the capacity to derive clinically actionable 
insights from routinely collected samples from pivotal late phase randomised controlled trials 
regarding the pathways defining drug exposure. 
 
 
 

 

 

 

 

 



 

 
Ruenru
 

1Depart
2Divisio
Chonbu
*E-mai
 
Abstra

for Par
hepatoc
standard
investig
A172 a
determi
fluoresc
aminoa
treated 
than mo
cell pro
apoptos
toxicity
might r
and trig
 
Keywo
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 A01
Rimanta
Glioblas

uthai Kaeo

tment of Ph
on of Pharm
uri, Thailan
l: thitima.ka

ct 
 
Amantadin

rkinson’s d
cellular can
d treatmen
gate the an
and U-87 
ined with B
cein diace
ctinomycin
with riman

ock-treated 
oliferation. 
sis in A172
y on both ce
represent a n
ggering apop

rds: amanta

adine Inhib
stoma 

pu1, Pornp

harmacology
macology, F
d  
a@go.buu.a

ne and riman
isease. Am

ncer cell li
nt had faile
nti-proliferat

MG huma
BD AccuriT

tate N-suc
n D (7-AAD
ntadine at 25

cells in A17
Rimantami

2 and U-87 
ell lines. Ta
novel therap
ptosis. 

adine, riman

The 40th P

bits Cell Pr

pun Vivitha

y, Faculty of
Faculty of Ph

ac.th 

ntadine, ant
mantadine in
ines. Gliob
ed to impr
tive and ap
an glioblast
TM C5 flow
ccinimidyl 

D) for cell p
50 M show
72 and U-87
ine at 500 
MG cell li

aken togeth
peutic appro

ntadine, glio

Pharmacologic
26-28 Apr

roliferation

anaporn1, T

of Science, M
harmaceuti

ti-influenza 
nhibits cell
lastoma is 

rove patien
poptotic eff
toma cells

w cytometer
ester (CF

proliferation
wed signific
7 MG cell l
M increa

ines. In con
her, the pres
oach for gli

oblastoma, 

cal and Therap
ril 2018; Facu

n and Induc

Thitima Ka

Mahidol Un
ical Science

drugs, have
l proliferati

the most 
nt outcome.
fects of am
. Cell prol
r. Cells we
FSE) and 
n and apopto
cantly highe
lines, indica
ased percen
ntrast, aman
sent study d
ioblastoma 

apoptosis, p

peutic Society
ulty of Science

ces Apopto

asemsuk ,*2  

niversity, Ba
es, Burapha 

e been show
ion and ind
aggressive 
 The prese

mantadine a
liferation a
re stained w

Annexin 
osis assays,
er mean flu
ating that rim
ntage of ea
ntadine at 5
demonstrate
by inhibitin

proliferation

y of Thailand M
e, Mahidol Un

osis of Hum

angkok, Tha
University,

wn to have 
duces apop
 brain can
ent study 

and rimanta
and apopto
with 5(6)-c
V-FITC 

, respectivel
uorescence i
mantadine i
arly- and la
500 M sho
ed that rima
ng cell proli

n 

7
Meeting 
niversity 

man 

ailand 
, 

efficacy 
ptosis in 
ncer and 
aims to 

adine on 
osis was 
carboxy-
and 7-
ly. Cells 
intensity 
nhibited 

ate-stage 
owed no 
antadine 
iferation 



 
8 The 40t

26-28 A

Phunuc
  
1* Drug
    Tham
2 Center
   Chola
   Unive
3* Divis
    Thail
 
Abstra
 

resistan
major r
improve
attractiv
derivati
antimal
chloroq
All com
synthes
on SYB
micropl
< 1 µM
classifie
weakly 
correlat
compou
contain
2.15 an
the bicy
(2.10-2
activity
between
compou
(6.35-7
antimal
was 0.0
signific
showed
resistan
 
Keywo
aminoq
 
 

 A02

th Pharmacolo
April 2018; Fa

In vitro 
Against 
 

ch  Muham

g Discovery 
mmasat Uni
r of Excelle
angiocarcin
ersity, Thail
sion of Phar
land. E-mai

ct    

Investigatio
nce in mala
resources in
e antimalari
ve since   in
ive compou
larial activi
quine resista
mpounds in 
sized by Dr.
BR green I 
late reader. 

M were clas
ed as moder

active co
ted between
unds, 6 co
ed bicyclic
d 199.6 µM
yclic compo
.69) and 1.9

y. Heterocyc
n 6.75 and 4
und 20 with
.50) µM, r
larial activit
0072 (0.00

cant correla
d IC50 less th
nt (K1) and 

rds: Plasm
quinoline ph

ogical and The
aculty of Scien

Antimalar
Plasmodiu

mad1*, Kesa

and Develo
versity, Tha

ence in Phar
noma, Chula
land 
rmaceutical
il: sewan_t@

on of new 
aria parasit
n novel ant
ial potency 
ncreasing o
und, pipera
ity of bicy
ant (K1) an
this study w

. Sewan The
assay and m
Compound

ssified as hi
rately activ

ompounds. 
n 3D7 and K
ompounds 
c rings. The
M in 3D7 an
ounds was c
92 (1.70-2.
clic compo
424.3 µM i
h median IC
respectively
ty of the co

067-0.0077) 
ation of IC
han 10 µM,
chloroquine

odium falcip
harmacopho

erapeutic Soci
nce, Mahidol 

ial Activity
um falciparu

ara  Na-Ban

opment Cen
ailand. E-ma
rmacology a
abhorn Inter

l Sciences, F
@yahoo.com

antimalaria
es. Natural
imalarial dr
of original 
f chloroquin
aquine. The
clic or het

nd chloroqu
were derive
eeramunkon
measured fl
ds that inhib
ighly active
e compound
In vitro a

K1 (Pearson
contained 

e IC50 of bi
d 1.92-209.
compound 6
11) µM, re

ounds show
n K1. The m

C50 (95% C
y that classi
mpounds w

µM and 
50 indicated
 exhibited s
e sensitive (

iparum, anti
ore  

iety of Thailan
University 

y of Labora
um 

ngchang 2, 

nter, Office o
ail: nurah_
and Molecu
rnational C

Faculty of P
m 

al agents is 
l and labor
rug discove
compounds
ne antimala
e objective
terocyclic r
uine sensitiv
ed from am
ng. In vitro
luorescence
bited parasit
e compound
ds.  Compo
antimalarial
n correlation
heterocycli
icyclic ring
.2 µM in K1
6, with med
espectively t
wed IC50 be

most potent
CI) in 3D7 a
ified as we

was still less
that value 
d that mos
similar antim
(3D7) Plasm

imalarial ac

nd Meeting 

atory Synth

Sewan The

of Advanced
_ab@yahoo.
ular Biology
College of M

Pharmacy, T

urgently re
ratory synth
ery. Chemic
s and 4-ami
arial activity
e of this s
rings conta
ve (3D7) Pl

minoquinolin
antimalaria

e intensity o
te growth by
ds.  Compo

ounds with I
l activity o
n (r) = 0.858
ic rings an
g containing
1. The most
dian IC50 (95
that classifi

etween 6.43
t antimalari
and K1 of 6
eakly antim
s than chlor

in K1 wa
st compoun
malarial pot
modium falc

ctivity, labor

hetic Comp

eeramunko

d Science an
com 

y of Malaria
Medicine, Th

Thammasat 

equired due
hetic comp
cal structur
noquinoline
y has been 
study was 
ining comp
lasmodium 

ne antimalar
al activity w
of DNA con
y 50% (IC50

ounds with 
IC50 > 5 µM
of the syn
8, p = 0.001
nd the oth
g compound
t potent anti
5% CI) in 3
ied as mode
3 and 162.8
al heterocyc
6.43 (5.80-6

malarial acti
roquine [IC5

as 0.17 (0.
nds, includi
tency again
ciparum.  

ratory synth

pounds  

ong3* 

nd Technol

a and  
hammasat  

University,

e to emergi
pounds beco
re modificat
e pharmaco
demonstrat
to investig

pounds aga
falciparum

rial drugs a
was evaluate
ntent by mu
0) at concen
IC50 1-5 µ

M were clas
nthetic com
1). Among e
her 12 com
nds ranged b
imalarial ac
3D7 and K1
erately anti
8 µM in 3

yclic compou
6.64) µM a
ivity. Altho
50 (95% CI)
15-0.18) µ
ing the two

nst both chlo

hetic compo

ogy,  

,  

ing drug 
ome the 
tion can 

ophore is 
ted in its 
gate the 
ainst the 

m clones. 
and were 
ed based 
ultimode 
ntrations 

µM were 
sified as 

mpounds 
eighteen 

mpounds 
between 

ctivity of 
1 of 2.15 
imalarial 
3D7 and 
und was 
and 6.75 
ough the 
) in 3D7 

µM], the 
o which 
oroquine 

ound, 



 

Natnich
Suttine

1Faculty
2Depart
*E-mai
 
Abstra
 

lethargy
neuroto
The in
neuroin
neuroin
µM on
viability
dichloro
mean+S
astrocyt
compar
increase
post exp
1.70 ± 
respecti
express
 
Keywo
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 A03 Nickel I
Express

ha Jakram
ee Phuagkh

ty of Medici
tment of Ph
l: pornpun.v

ct 

Nickel is a
y and atax
oxicity via m
ncreased RO
nflammation
nflammation
n cytotoxici
y, intracell
ofluorescein
SEM. Nick
toma cells, 
red to untre
ed ROS lev
posure, resp
0.94 and 

ively. In co
sion in a dos

rds: nickel,

Induces Re
sion in Cult

monpreeya1,
haopong2, P

ine Ramathi
harmacology
viv@mahid

a neurotoxi
xia. Nicke
many mecha
OS level t
n. Astrocyt
n. The pres
ity, ROS p
lular ROS 
n (DCF) an

kel chloride
while NiC

eated cells a
vel by 1.17 
pectively. N
7.40 ± 3.6

onclusion, n
se-dependen

, astrocyte, 

The 40th P

eactive Ox
tured Hum

, Norapat R
Pornpun Vi

ibodi Hospi
y, Faculty of

dol.ac.th 

ic metal kn
l accumula
anisms incl
triggers cy
es, a majo
ent study a

production 
level and 

nd real-time
e (NiCl2) u
Cl2 at 100 
at 24 h pos
± 4.64 and

NiCl2 at 50 a
63 times c
nickel incre
nt manner in

reactive oxy

Pharmacologic
26-28 Apr

xygen Spec
man Astrocy

Rungreangp
ivithanapo

ital, Mahido
of Science, M

nown to ca
ates in th
luding prod

yclooxygena
or glial cell
aims to exam
and COX-2
expression

e PCR assa
up to 50 µ
µM reduce
st-exposure
1.76 ± 0.32
and 100 µM

compared to
eases react
n human as

ygen specie

cal and Therap
ril 2018; Facu

cies Produc
ytes 

plangkool1

rn2,* 

ol, Universi
Mahidol Un

ause many 
e central 

duction of re
ase-2 (COX
l, play a r
mine the ef
2 expressio
n of mRNA
ays, respec

µM was no
ed cell viab
e. Consisten
2 folds com

M increased
o untreated
ive oxygen
trocytes. 

es, cyclooxy

peutic Society
ulty of Science

ction and 

, Ruedeem

ty, Bangkok
niversity, Ba

neurologic
nervous sy

eactive oxyg
X-2) expres
ole in neur
ffects of nic
on in huma
A were m
tively. Data

ot toxic to 
bility to 76.
ntly, NiCl2 
mpared to un

COX-2 mR
d cells at 3
n species an

ygenase-2 

y of Thailand M
e, Mahidol Un

Cyclooxyg

mars Yubolp

k, Thailand 
angkok, Tha

cal effects 
ystem and 
gen species
ssion, resu

uronal survi
ckel at 50 
an astrocyt

measured by
ta are expre

U-87 MG
.71 ± 7.11 
at 50 and 

ntreated cel
RNA expre
3 h post-ex
nd induces 

9
Meeting 
niversity 

genase-2 

phan2, 

ailand 

such as 
causes 

s (ROS). 
ulting in 
ival and 
and 100 
tes. Cell 
y MTT, 
essed as 

G human 
percent 

100 µM 
ls at 1 h 
ssion by 
xposure, 
COX-2 



1
 

10 The 40t

26-28 A

 
Suthida
Cholati
Chitran
 

1Depart
Faculty
*E-mai
 

Abstra

It inhibi
TAC le
monitor
that pre
concent
Pharma
new bio
BPAR 
investig
therapy
kidney 
treatme
analyze
higher 
50.26%
decreas
treatme
hand, S
These r
episode
than SC
BPAR 
order to

Keywo
tacrolim
 
 
 
 
 
 
 
 

 A04

th Pharmacolo
April 2018; Fa

Correla
proven 
Transpl

a Boonsom
ip Pongsku
non Chan-o

tment of P
y of Medicin
l: suthidab@
 
ct 
 
Tacrolimus
its T cells a
evels are us
ring efficac
edicts kidn
tration was
acodynamic 
omarker to 
treatment n

gate the cor
y kidney tra

transplant 
ent. SCr, TA
ed by flow 
percentage 

% of CD4 an
se of CD4 a
ent (72.56%
SCr and TA
results indi
es. Percenta
Cr and TAC
treatment a

o identify B
 
rds: kidney

mus, T cell m

ogical and The
aculty of Scien

ation of T C
Acute Re

lant Patient

m1,*, Suda V
ul3, Surasak
on3 

Pharmacolog
ne, Khon Ka
@kkumail.c

s (TAC) is a
activation an
sed for mo

cy. Biopsy-p
ey graft lo
s well corr
 assay of ta
monitor ki

needs furthe
rrelation of 
ansplant pa
patients wi
AC trough 
cytometry 
of CD4 an

nd 32.24% 
nd IL-2 per

% vs 45.08%
C trough le
icated that 
age of T ce
C levels. Th
and provide
PAR episod

y transplant
marker  

erapeutic Soci
nce, Mahidol 

Cell Marke
ejection (B
ts  

Vannaprasa
kdi Wongra

gy, 2Depar
aen Univers
com 

an immunos
nd reduces i
onitor toxici
proven acut
oss in kidne
related with
acrolimus sh
idney transp
er investiga
f T cell mar
atients. Who
ith BPAR w
levels and 
at each tim

nd IL-2 co
vs 12.92% 

rcentages af
% of CD4 an
evels were n
T cell mar
ll markers 

herefore, T c
e a higher s
des in kidne

tation, kidn

iety of Thailan
University 

ers (CD4 a
BPAR) in

aht1, Wichit
atanacheew

rtment of M
sity, Khon K

suppressive
immune res
ity and ser
te rejection 
ey transpla
h T cell s
hould be fu
plant patien
ation in kid
rkers, CD4 
ole blood 
were collec

d percentage
me point. T
ompared to 

of IL-2, p<
fter BPAR t
nd 32.24% 
not significa
rkers show
may predic
cell marker
sensitivity t
ey transplan

ney transpla

nd Meeting 

and IL-2) i
n Tacrolim

ttra Tassan
win2, Sirira

Microbiolog
Kaen 40002,

e agent used
sponse. Phar
rum creatin
(BPAR) is 

antation. Re
ubsets in l

urther studie
nts. The cor
dney transpl

and IL-2, o
samples of 
cted before 
es of T cel
These BPAR

non-graft r
<005). Mor
treatment as
vs 18.19% 
antly differe

wed a signif
ct the effica
s have the p
than only S
nt patients. 

ant patient,

in the Trea
mus-based 

neeyakul1,  
at Anutraku

gy, 3Depart
, Thailand 

d for preven
rmacokineti
ine (SCr) l
the primary

ecent data 
liver transp
ed whether 
rrelation of 
lantation. T
on BPAR i

f 25 tacrolim
and at 1 m

ll markers w
R patients 
rejection pa
reover, ther
s compared 
of IL-2, p<
ent before a
ficant corre
acy of BPA
potential to 

SCr and TA

biopsy-prov

atment of 
Therapy 

ulchai3,  

tment of M

nting graft re
tic measurem
levels are u
y efficacy e
showed tac
plantation p
it will be u

f T cell mar
This study a
in tacrolimu
imus-based 
month after
were recor
showed sig
atients (72.
re was a sig
d with befor
<005). On t
and after tre
elation with
AR treatmen
o predict eff
AC trough l

ven graft re

Biopsy-
Kidney    

Medicine,    

ejection. 
ments of 
used for 
endpoint 
crolimus 
patients. 

used as a 
rkers on 
aimed to 
us-based 

therapy 
r BPAR 
ded and 
gnificant 
.56% vs 
gnificant 
e BPAR 
he other 
eatment. 
h BPAR 
nt better 
ficacy of 
levels in 

ejection, 

 



 

 
Direk A
 
1 Depar

40002
2 Cardio
*E-mail
 
Abstra
 
 
cardiov
function
leaves 
action. 
arginine
hyperte
plethysm
perfusio
includin
determi
reactive
had hig
NAME 
impaire
stress a
mg/kg/d
depende
(Rmax) o
endothe
L-NAM
(Rmax =
inhibito
effect o
dysfunc
endothe
H2S. M
 
 
Keywo

 
 
 
 
 
 

 A05
Moringa
Vasorel
Releases

Aekthamm

rtment of P
2, Thailand 
ovascular R
l: pantan@k

ct 

Beneficial 
vascular dise
n. This stud
(MOE) in 
Male Wist

e-methyl es
ension. Syst
mography. 
on pressure
ng superox
ined by lu
e substance
gh SBP, and

administe
ed. Interesti
and endothe
day). Moreo
ent relaxati
of 95±1% a
elium denud

ME (Rmax=72
= 83±2%). B
or, indomet
of MOE m
ction, and s
elium-depen

MOE has a po

rds: antihyp

 

a Oleifera L
axation by 
s of NO an

marat1,2, Pat

Pharmacolo

Research Gr
kku.ac.th 

effects o
eases but li

dy investiga
hypertensiv

tar rats wer
ster (L-NAM
tolic blood 
Vasorelaxa
 in isolated

xide anion 
ucigenin-enh
 assay, resp

d increased 
ered rats, a
ingly, these
elium dysfu
over, MOE 
ion in meth
achieved at 
dation (Rma

2±4%), or h
But, the MO
thacin (Rma

may be med
timulation o
ndent vasor
otential to b

pertensive e

The 40th P

Leaf Extrac
Inhibiting

d H2S 

tchareewan

ogy, Faculty

roup, Khon 

f Moringa
ittle is know
ated the anti
ve rats and
re given th
ME, 50 mg
pressure (

ant reactivi
d mesenteric

(O2
•) prod

hanced che
pectively. T
vascular O

acetylcholin
e abnormal
unction, we
(0.001-3 m

hoxamine-in
3 mg. The 
x = 43±4%
hydrogen su
OE-induced
ax = 93±1%
diated by i
of endothel
relaxation in
be develope

effect, endot

Pharmacologic
26-28 Apr

ct Promote
g Oxidative 

n Pannangp

y of Medic

Kaen Univ

a oleifera 
wn regardin
ihypertensiv
d explored
he nitric ox
g/kg/day) in
(SBP) was 
ity was det
c arterial be
duction and
emilumines
The results 

O2
• and MD

ne-induced 
ities: the h

ere attenuat
mg in 0.1 ml
nduced vaso

vasorelaxat
) or pretrea
ulfide (H2S)
d relaxation
%). These r
inhibition o
lium-depend
n response 

ed as a natur

thelium-dep

cal and Therap
ril 2018; Facu

es Endothel
Stress and

petch1,2, Pa

cine, Khon 

versity, Khon

leaf extra
ng its pharm
ve effect of 

its endoth
xide (NO) s
n drinking 
measured 

termined by
eds. Vascul
d malondia
cence meth
showed tha

DA producti
endotheliu

high blood 
ed by conc
l injection v
oconstrictio
tion produc

atment with
)-synthesis 

n was not af
results sugg
of oxidativ
dent relaxat
to MOE i

ral product a

pendent vaso

peutic Society
ulty of Science

lium-Depen
d Stimulatin

anot Tangsu

Kaen Univ

n Kaen 400

act have 
macological
aqueous ex
elium-depen
synthase inh
water for 
in consciou
y measurin
ar oxidative

aldehyde (M
hod and th
at L-NAME
on. In vasc

um-depende
pressure, i

current oral
volume) cau
n with a m

ced by MOE
h either NO-
inhibitor DL
ffected by t
gest that th
e stress-ind
tion of resis
s likely me
against hyp

orelaxation,

y of Thailand M
e, Mahidol Un

ndent 
ng the  

ucharit1,2,* 

versity, Kho

002, Thailan

been repo
l effect on v
xtract of M. 
ndent vaso
hibitor Nω-
3 weeks to
us rats by 

ng the redu
e stress bio
MDA) leve
hiobarbituri
E administe
cular beds o
ent relaxati
increased o
l MOE (30
used concen

maximum re
E was aboli
-synthesis i
L-propargy
the cycloox
he antihype
duced endo
stance arter
ediated by 
pertension. 

, Moringa o

11
Meeting 
niversity 

on Kaen 

nd 

orted in 
vascular 
oleifera 

orelaxant 
-nitro-L-
o induce 
tail-cuff 

uction in 
omarkers 
els were 
ic acid-
ered rats 
of the L-
ion was 
oxidative 
 and 60 
ntration-
elaxation 
ished by 
inhibitor 

ylglycine 
xygenase 
ertensive 
othelium 
ries. The 
NO and 

oleifera

1 



1
 

12 The 40t

26-28 A

Nadda 
Na-Ban
 
1 Gradu
Thamm
2Center
Cholang
Pathum
3Depart
Univers
*E-mai
 
Abstra
 

constitu
series o
in organ
hydroph
(lactic-c
formula
method
zeta po
assessed
nanopar
0.068±0
were 4
PLGA 
Moreov
Results 
for atra
required

Keywo
displace

 

  
 
 
 
 
 
 
 
 

 A06

th Pharmacolo
April 2018; Fa

Atracty
 

Muhamad
ngchang1,2*

uate Progra
asat Univer

r of Excellen
giocarcinom

mthani, Thai
tment of Ph
sity, Ongkar
l :kesaratmu

ct 

The anti-c
uent of the r
of studies. H
nic solvent.
hobic comp
co-glycolic 
ation. The 
d. The encap
otential wer
d in vitro. T
rticles wer
0.015) and 
8.31±0.83%
nanoparticl

ver, the nano
suggest th

actylodin. T
d. 
 
rds: atract
ement meth

ogical and The
aculty of Scien

lodin-Load

d1, Tullayak
* 

am in Biocli
rsity, Phaho
nce in Phar
ma, Chulab
iland 12120
harmaceutic
rak, Nakhon
u@yahoo.c

cholangioca
rhizomes of

However, thi
. Nanoparti
pounds in w

acid) (PLG
nanopartic

psulation an
re determin
The size (me
re 161.27±
zeta potent

% and 2.15
les was obs
oparticles w
at PLGA n

The anti-ch

tylodin, po
hod, cholang

erapeutic Soci
nce, Mahidol 

ded PLGA 

korn Plengs

inical Scienc
olyothin Roa
rmacology a
horn Intern

0 
cal Technolo
nnayok, Tha
om 

arcinoma a
f Atractylod
is compoun
cles are now
water. The 
GA) nanop
cle formula
nd loading 
ned by dyn
ean+SD of

±1.87 nm 
ial (28.83±0

5±0.04%, re
served up t
were found t
nanoparticle
holangiocarc

oly (lactic-c
giocarcinom

iety of Thailan
University 

Nanopartic

suriyakarn

ces, Chulab
ad, Klonglu

and Molecu
national Col

ogy, Faculty
ailand 2612

activity of
des lancea (
nd has poor 
w extensive
study aime

particles and
ation was
efficiency

namic light 
diameter) o
with narr

0.35 mV). 
espectively.
to 87.70±0.
to be freely
s may be u
cinoma acti

co-glycolic
ma 

nd Meeting 

cle: Formu

n1,2, Chuda 

bhorn Intern
ung, Pathum
lar Biology
llege of Med

y of Pharma
20 

atractylod
(Thunb.) D
water solub
ely develop
ed to formu
d character
developed 

were chara
scattering 

of the prepa
row size d
The encaps
. Drug rele
47% in 72

y dispersible
used as an e
ivity of thi

acid) (PL

ulation and 

Chittasuph

national Co
m Thani, Tha

of Malaria
dicine, Tham

acy, Srinakh

din, a maj
C, has been

bility and ne
ped for enha
ulate atracty
ize the pre

using sol
cterized and
technique. 

ared atractyl
distribution 
sulation and
ease from a

hours with
e in water w
effective dru
is nanoparti

LGA), nan

Character

ho3 and Ke

ollege of Me
ailand 1212

a and 
mmasat Un

harinwirot 

jor natural
n demonstra
eeds to be d
ancing solu
tylodin-load
epared nano
lvent displ
d particle s
Drug rele

lodin-loaded
n (mean+SD
d loading ef
atractylodin
h biphasic 

without aggr
rug delivery
ticle formul

noparticles, 

rization 

esara 

edicine, 
20 

niversity, 

l active 
ated in a 

dissolved 
ubility of 
ded poly 
oparticle 
acement 

size, and 
ase was 
d PLGA 
D PDI: 
fficiency 
n-loaded 
manner. 

regation. 
y system 
lation is 

solvent 



 

Kanaw
Phaona
 
1Chulab
Klonglu
2Center
Techno
*E-mai
 
Abstra
 
 
worldw
is limite
the stud
atractyl
Atracyl
treated 
cellular
extract 
express
proteins
intracel
and PI3
proteins
β-eudes
anticho
proteins
 
Keywo
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 A07
Proteom
and Pro
Cholang
 

wut Kotaw
akrop2, Kes

bhorn Inter
ung, Pathum
r for Gene
logy Develo
l: kesaratmu

ct 

Cholangioc
wide, particu
ed and there
dy was to i
lodin and β-
lodes lancea
with each c

r componen
proteins by

sion were an
s were iden
llular protei
3K-AKT) o
s were linke
smol, respe
langiocarcin
s involved i

rds: atracty

mics Analy
otein Targ
giocarcinom

wong1, W
sara Na-Ba

rnational Co
m Thani Tha
etic Engine
opment Age
u@yahoo.c

carcinoma i
ularly in Tha
e is an urgen
dentify pote
-eudesmol i
a using prot
compound 

nts were ex
y SDS-PAG
nalyzed by 
ntified from
ins were lin
of atractylo
ed with the 
ctively. Fur
noma activ
in these sign

ylodin, β-eu

The 40th P

sis for Ide
gets of Ac
ma  

Wanna Ch
angchang1*

ollege of M
ailand 1212
eering and 
ency, Thamm
om  

is the canc
ailand. Clin
nt need to s
ential cell s
in cholangio
teomics app
for 3 and 6

xtracted. LC
GE and dige

MASCOT 
m intra- and
nked with th
odin and β
signaling pa
rther study 

vity of both
naling pathw

udesmol, cho

Pharmacologic
26-28 Apr

entification
ctions of A

haijaroenku
* 

Medicine, Th
20 

Biotechno
masat Unive

cer of bile 
nical efficac
search for n
signaling pa
ocarcinoma
proach. The
6 hours and
C-MS/MS w
estion with 

T and STITC
d extracellu
he signaling
β-eudesmol,
athways (N
should be 

h compoun
ways. 

olangiocarc

cal and Therap
ril 2018; Facu

n of Potent
Atractylodi

ul1, Sittiru

hammasat U

ology (BIO
ersity, Path

duct with 
y of the cur
ew effective
athways an

a, the two ac
e cholangioc
d the protein
was applied
trypsin.  Si

CH softwar
ular compon
g pathways 
, respective

NF-κB and P
performed 

nds and the

cinoma, prot

peutic Society
ulty of Science

ial Cell Si
in and β-e

uk Roytr

University, 

TEC), Nati
umthani, Th

high incide
rrently used 
e alternative
d protein ta
ctive compo
carcinoma c
ns from bot
d following
ignaling pat
re. A total o
nents, respe
(apoptosis,

ely. Four a
PI3K-AKT) 

to confirm
e expression

teomics, sig

y of Thailand M
e, Mahidol Un

ignaling Pa
eudesmol 

rakul2, Na

Paholyothi

ional Scien
hailand 

ence and m
d chemother
e drugs. Th
argets of ac
ounds isolat
cell line, CL
th intra- an
g separation
athways and
of 4,323 an
ectively. Si
, cell cycle 
and 3 extra
of atractylo

m the link b
n of the id

gnaling path

13
Meeting 
niversity 

athways 
Against 

arumon 

in Road, 

nce and 

mortality 
rapeutics 
he aim of 
ctions of 
ted from 
L-6, was 
nd extra- 
n of the 
d protein 
nd 4,318 
x and 4 
control, 

acellular 
odin and 
been the 
dentified 

hway 

3 



1
 

14 The 40t

26-28 A

 
Luxsan

 
1Drug d
Thailan
2Chulab
Thailan
* E -mai
 
Abstra
 
 
emergin
major p
crude e
Khao-Y
phytoch
antimal
malaria
intensity
respecti
and K1
classes 
μg/ml);
μg/ml);
Results 
median 
3D7 an
drugs in
μg/ml f
suggest
against 
 
Keywo
 
 
 
 
 
 
 
 
 
 
 

 A08

th Pharmacolo
April 2018; Fa

Screenin

Khao-Y

na Panrit1, 

discovery an
nd 
bhorn intern
nd 
il  : kesaratmu

ct 

Malaria is 
ng and spre
problem in m
ethanolic ex
Yen-Tai, is 
hemical ana
larial activi
a DNA was 
y by microp
ively. Antim
1 (chloroqu
as class I, 
 class III, 
class V, ve
revealed th
IC50 (conce

nd K1 were 
n 3D7 and K
for mefloqu
t weak ant
both P. falc

rds  : Plasm

ogical and The
aculty of Scien

ng of in vitr

en-Tai (Sm

PhunuchM

nd developm

national col

u@yahoo.co

a mosqui
eading of P
malaria con
xtract of H

used in T
alysis of cru
ities of the 

stained by
plate reader
malarial acit
uine-resistan
verygood a
good to m

ery weak (IC
hat the crud
entration th
20.5 and 18
K1 were 0.0
uine and 0.0
imalarial a
ciparum clo

odium falcip

erapeutic Soci
nce, Mahidol 

ro Antimal

milax sp.) 

Muhamad1, 

ment center 

llege of med

om 

to-borne d
Plasmodium 
ntrol. The p
ua-Khao-Y

Thai traditio
ude ethanoli

crude extr
y 1x SYBR 
r at the exci
tivity of cru
nt clone) w
activity (IC5

moderate (IC
C50, >25–50

de extract co
hat inhibits p
8.5µg/ml, r
00372 and 
00075 and 

activity of 
ones.  

iparum, Hua

iety of Thailan
University 

larial Activ

Ngampuk 

Thammasa

dicine, Tham

disease caus
falciparum

present stud
Yen-Tai (Sm
onal medic
ic extract w
ract were a
green I flu

itation and e
ude extract a
were classif
50, <0.1 μg/
C50,>1.0–10
0 μg/ml); a
ontains astil
parasite gro
respectively
0.08845μg/
0.00056 μg
the crude 

a-Khao-Yen

nd Meeting 

vity of Crud

Tayana1 , 

at University

mmasat Uni

sed by the
m multidrug
y investigat

milax sp.) in
ine for tre

was investiga
assessed us
uorescence d
emission wa
against 3D7
fied based 
/ml); class I
0 μg/ml); c
and class VI
lbin flavono

owth by 50%
y. However, 
/ml for chlo
g/ml for art
ethanolic e

n-Tai, antim

de Ethanoli

KesaraNa-

y, Pathumth

iversity, Pa

e Plasmodiu
 resistance 
ted antimala
n vitro.The 
atment of 
ated using H
ing SYBR 
dye and me
avelengths o
7 (chloroqui
on their IC
II, good act
class IV, w
I, inactive (
ols as a maj
%) values of

the IC50 sta
oroquine, 0.0
tesunate, re
extract of H

malaria activ

ic Extract o

-Bangchang

hani 12121,

athumthani 1

um parasit
stains have
arial activit
rhizomes 

inflammati
HPLC. The

green-I as
easure fluor
of 485 and 
ine-sensitiv

C50 values 
tivity (IC50, 

weak (IC50, 
(IC50, >100
jor compon
f the extract
andard anti
01044 and 

espectively. 
Hua-Khao-Y

vity, Smilax

of Hua -

g2,* 

 

12121, 

e.  Re-
e been a 
ty of the 
of Hua-
on. The 

e in vitro 
ssay.The 
rescence 
530 nm, 

ve clone) 
into six 
0.1–1.0 
>10–25 
 μg/ml). 
ent. The 
t against 
malarial 
0.00471 
Results 

Yen-Tai 

x sp. 



 

 
Kridsa
 
1Gradu
Thamm
2Center 
Chulabh
*E-mai
 
Abstra
 
 
importa
polymo
several 
cancers
the mal
cerebra
pathoge
ICAM-
endemi
Polyme
techniqu
K/K va
15.91%
statistic
treatme
 
Keywo
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 A09 Polymor
Endemi

da Sirisabh

ate Program
asat Univer
of Excellenc

horn Internat
l :kesaratmu

ct 

The interce
ant role in
orphism and

pathologic
s, as well as
laria parasi
l malaria. N
enesis rema
1 gene at th
c areas alon

erase Chain 
ue using Bs

ariant was 
%) and E/E 
cal power a
ent outcome

rds:  Plasm

rphism of I
ic Areas alo

habhorn1, W

m in Bioclin
rsity, Phaho
ce in Pharma
tional Colleg
u@yahoo.c

ellular adhe
n inflamm
d disease s
cal conditio
s malaria. W
ite to huma

Nevertheless
in unclear. 
he position 
ng the Thai-

Reaction w
stuI enzyme
detected at
(3/44, 6.82

and the ass
e will be ana

modium falc

The 40th P

ICAM-1 in 
ong the Tha

Wanna Ch

nical Scienc
onyothin Ro
acology and 
ge of Medicin
om 

sion molecu
matory resp
severity and
ons includi
With regard
an host ery
s, the protec
To clarify th
469 (K469

-Myanmar b
with Restric
e. Forty-fou
t highest fr
2%). More 
sociation of
alyzed. 

iparum, ICA

Pharmacologic
26-28 Apr

Plasmodiu
ai-Myanma

aijaroenku

ces, Chulabh
oad, Klonglu

Molecular B
ne, Thammas

ule-1 (ICAM
ponse. Sig
d/or treatm
ing autoimm
d to malaria
ythrocytes a
ctive and/or
this issue, w
9E) in 62 Pl
border. ICA
ction Fragm

ur isolates (7
requency (3

samples w
f these gen

AM-1, K469

cal and Therap
ril 2018; Facu

um falciparu
ar Border

ul 1, Kesara

horn Intern
uang, Pathu
Biology of M
sat Universit

M-1) is a ce
nificant as

ment respon
mune disea

a, ICAM-1 p
and cerebra
r pathogenic

we initially e
lasmodium f

AM-1 polym
ment Length
70.97%) we
34/44, 77.2
will be inclu
ne variants 

9E polymor

peutic Society
ulty of Science

um Isolates

Na-Bangch

ational Col
umthani Tha

Malaria and C
ty, Pathumth

ell surface m
ssociation 
se has bee
ases, cardio
plays role in
al vessels, 
c effects of 
examined th
falciparum

morphism w
h Polymorp
ere successf
7%), follow
uded in the

with disea

rphisms, ma

y of Thailand M
e, Mahidol Un

s in Malari

hang1,2* 

llege of Med
ailand 1212
Cholangioca
hani 12120, T

molecule th
between I

en demonst
ovascular d
in cytoadher
which can 
ICAM-1 in

he polymorp
m isolates in 
was characte
phism (PCR
fully amplif
wed by E/K
e study to 
ase severity

alaria, PCR

15
Meeting 
niversity 

a 

dicine, 
20 
rcinoma, 
Thailand 

hat plays 
ICAM-1 
trated in 
diseases, 
rance of 
lead to 

n malaria 
phism of 

malaria 
erized by 
R-RFLP) 
fied. The 
K (7/44, 
increase 

y and/or 

-RFLP 

5 



1
 

16 The 40t

26-28 A

 
Anurak
 

1 Chula
Klonglu
2 Center
Cholang
Pathum
 *E-mai
 
Abstra
 

resistan
effectiv
develop
publish
antimal
and We
silico m
Only th
analysis
specific
involve
approac
ADME
Confirm
reporte
pharma
synthes
identifi
that pla
lead ca
non-clin
 
Keywo
comput
  
 
 
 
 
 
 
 
 
 
 

A10

th Pharmacolo
April 2018; Fa

A System
Discove

k Cheoyma

abhorn Inter
ung, Pathum
r of Excelle
giocarcinom

mthani 1212
il :kesaratm

ct 

Malaria rem
nce. There i
ve against r
pment is e
ed research
larial drugs
eb of Scien

model”, “Co
he articles p
s.  A total 
c to Plasmo
es target fo
ches were a
T (absorptio
mation of a
d in some s

acophore m
sis for lead
ication/vali
ays importan
andidates du
nical (in vitr

rds: Plasm
ter-based dr

 0

ogical and The
aculty of Scien

matic Revi
ry  

ang1, Kesar

rnational Co
m Thani Tha
nce in Phar
ma, Thamm
1, Thailand

mu@yahoo.c

mains the g
s an urgent
resistant m
expensive 
h studies th
. Literature 
nce to ident
omputer-bas
published in
of 18 relev
dium falcip
or liver sta
applied to o
on, distrib
activity of 
studies. Ho

modeling a
d identifica
dation. Bas
nt role in id
uring drug 
ro and in vi

modium, ma
rug design, s

erapeutic Soci
nce, Mahidol 

ew: Applic

ra Na -Bang

ollege of M
ailand 1212
rmacology a

masat Univer
d 
com 

global publ
need for d

malaria para
and time-

hat applied
searches w

tify the rel
sed drug de
n English b
vant article
parum targe
age of Pla
obtain lead 
bution, me
the candid

omology mo
are commo
ation and o
sed on resul
dentification

discovery p
ivo) and clin

alaria, antim
systematic r

iety of Thailan
University 

cation of in 

gchang1,2* 

Medicine, Th
20 
and Molecu
rsity (Rangs

lic health p
development
asite. Tradit
-consuming
in silico m

were conduc
levant articl
esign”, “An
between 20
s met the 

ets; 3 article
asmodium.  

antimalaria
etabolism, 
date leads 
odelling, m
only applie
one study a
lts of the an

n/validation
phase. Neve
nical studie

malarial dru
review 

nd Meeting 

silico Mod

ammasat U

ular Biology
sit Campus)

problem due
t of new an
tional appro
. This syst

modeling dur
cted using 
les using th
ntimalarial 
008 and Ma
search crite

es involve ta
Both struc

al candidat
excretion,

by in vitro
molecular do
ed methods
applied phy
nalysis, in s
of potentia

ertheless, b
s. 

ug, drug d

dels for Ant

University, P

y of Malaria
), Paholyoth

e to the ree
ntimalarial c
oach for dr
tematic rev
ring the dis
PubMed, E

he search te
drug”, and 
ay 2015 we
eria. Most a
arget for P.
cture-based 
es. Two art
, and tox
o and/or in
ocking, 2D-
s. One stud
ylogenetic a
silico mode
al antimalari
both need to

discovery, i

timalarial D

Phahonyothi

a and 
hin Rd., 

emergence 
candidates w

drug discov
view evalu
scovery pro

EBSCO, EM
erms “Mala
“Drug disc

ere include
articles are
 vivax and 

and ligan
ticles also a
xicity) pro

n vivo assay
- or 3D-QS
dy used d
analysis fo

eling is a use
rial drug tar
o be confir

in silico m

Drug 

in Road, 

of drug 
which is 

very and 
uates the 
ocess of 

MBASE, 
aria” “In 
covery”. 
d in the 

e studies 
1 article 

nd-based 
assessed 
operties. 
ys were 

SAR and 
de novo 
or target 
eful tool 
gets and 
rmed by 

modeling, 



 

 
Nantha
 
1Chulab
Khlong 
2Center
Cholang
Pathum
E -mail :k
  
Abstra
 

endemi
treatme
individu
for succ
various 
polymo
MRP4/A
residing
transpor
RFLP t
of G an
MRP1 C
0.95 an
respecti
respecti
useful f
this gro
 
Keywo
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 A11 Genetic 
Plasmod

awat Kosa1

bhorn Intern
g luang, Path
r of Excellen
giocarcinom

m Thani, Tha
kesaratmu@

ct  

Malaria rem
c areas. Ap

ent failure. 
ual patient. 
cessful trea
useful dru

orphisms of
ABCC4 in 
g in malari
rter protein
echnique w

nd C alleles 
C218T wer

nd 0.05, and
ively.  The 
ively. Inform
for further a

oup of patien

rds: Geneti

Polymorp
dium falcipa

, Kanyarat

national Co
hum Thani, 
nce in Phar
ma, Thamm
ailand 1212
@yahoo.com

mains one o
part from p
These incl
Genetic po

atment outc
ugs from the
f two mul
134 Burme

ia endemic
ns which be

was used to i
of MRP1 G
e 0.97 and 0

d the frequen
frequencies
mation on M
analysis of 
nts.  

ic polymorp

The 40th P

hisms of M
arum Mala

t Boonpras

ollege of Me
Thailand 1

rmacology a
masat  Unive
20  
m 

of the major
parasite fac
lude pharm
olymorphism
come. Over
e body, cau
ltidrug resi
ese patients
c area alon
elong to the
identify gen

G128C were
0.03, the fre
ncies of G a
s of allele 
MRP1 and 
the relation

phism, drug 

Pharmacologic
26-28 Apr

MRP 1  and M
aria 

sert1, and K

edicine, Tha
2120 

and Molecu
ersity , Phah

r threats to 
ctor itself, 

macokinetic 
m of drug t
r expression
using drug 
istance pro
s with acute
ng the Tha
e ATP-bind
ne polymorp
e 0.58 and 0
equencies o
and A allele
G and A 
MRP4 gen

n with treat

transporter

cal and Therap
ril 2018; Facu

MRP 4 in B

Kesara Na-B

ammasat Un

lar Biology
honyothin R

human hea
several oth
variability 

transporters
n of drug t
resistance. 

otein (MRP
e uncompli

ai-Myanmar
ding cassett
phisms. Da
0.42, the fre

of G and A a
es of MRP1
of MRP4 

ne variants 
ment respo

r, MRP1, M

peutic Society
ulty of Science

Burmese Pa

Bangchang

niversity, Ph

of Malaria
Rd, Khlong l

lth and WH
her factors 

and immu
is one of t

ransporters 
In this stud

P) genes M
cated Plasm
r border. B
te (ABC) tr
ta showed t

equencies of
alleles of M
1 G3173A w
G3724A w
in Plasmod
nse with an

RP4, Plasm

y of Thailand M
e, Mahidol Un

atients with

g1, 2 

hahonyothin

a and 
luang,         

HO concern 
also contr

une status 
the major o

are also e
dy, we inve
MRP1/ABC
modium fal
Both genes 
transporters
that the freq
f C and T a

MRP1 G2168
were 0.84 a

were 0.69 a
dium falcip
ntimalarial 

modium falc

17
Meeting 
niversity 

h 

n Rd, 

   

in most 
ribute to 
of each 

obstacles 
liminate 

estigated 
CC1 and    

ciparum 
encode 

.  PCR- 
quencies 
alleles of 
8A were 

and 0.16, 
and 0.31 
parum is 
drugs in 

ciparum 

7 



1
 

18 The 40t

26-28 A

  
Thanan
Limene
Sumet 
 
1Cente
Cholan
Univers

  2Depart
Pathum
3Drug D
Thailan
*E-mail
 
Abstra

chemoth
lancea
demons
capsule
against 
evaluat
showed
the mac
extract 
31.46 ±
method
Lactose
lauryl s
formul
variatio
against 
indicate
capsule
 
Keywo
pharma
 
 
 
 
 
 
 
 
 

 A12

th Pharmacolo
April 2018; Fa

Atractyl
Duct Ca

nchanoke R
eh1, Rathap
Kongkiatp

er of Excel
ngiocarcin
sity, Pathum
tment of Ph

mthani, 1212
Discovery a
nd 
: kesaratmu

ct   
 
Standard tr
herapeutic 
 (Thunb.) 

strated by ou
e formulatio
CL6 (CCA

ted using st
d that, amon
ceration me
with regard

± 2.49 µg/m
d was prepar
e (a water-s
sulfate and 
ated AL po
on, disinteg
CL6 cell w

e excellent 
e formulatio

rds: Atrac
aceutical pro

ogical and The
aculty of Scien

lodes lance
ancer (an in

Rattanatha
pon Asasut
paiboon3, K

llence in P
noma, Chu
mthani, 1212
armaceutic

20, Thailand
and Develo

@yahoo.co

reatment of
drugs is di
DC. (AL)
ur group. T
on. Cytotox

A cell line) a
tandard MT
ng the three
ethod (24 ho
d to the ex

mL).  Capsu
red using gr
soluble filte
talcum wer
owder poss
gration and

was 51.80 ± 
tolerability

on are being

tylodes lan
operties, acu

erapeutic Soci
nce, Mahidol 

a (Thunb.)
n-vitro stud

ada1, Siripr
tjarit2, Tull

Kesara Na-B

Pharmaco
labhorn In
20, Thailan

cal Technolo
d  
opment Cen

m 

f cholangio
isappointing
 for treatm
he aim of th

xic activity 
and OUMS-
TT assay at
e extraction
ours, twice)
traction yie
ule formula
round AL 

er) was adde
re selected a
sessed goo

d in vitro di
2.38 µg/mL

y profile. E
performed.

ncea (Thun
ute and subc

iety of Thailan
University 

) DC. Drug
dy) 

rapa Warat
layakorn P
Bangchang1

ology and 
nternation
d  
ogy, Faculty

nter, Thamm

ocarcinoma 
g with low 
ment of thi
he study wa
of the extra
-36T (norm
t the conce

n methods (m
) provided t
eld (9.65%)
ation of the
rhizome in
ed to the A
as suitable 

od flow abi
issolution p
L.  Results 
Evaluation 
.  

nb.) DC., e
chronic tox

nd Meeting 

g Developm

thumpitak1

lengsuriya
1, *  

Molecula
nal College

ty of Pharm

masat Unive

(cancer of 
cure rates.

is type of c
as to prepare
acts and 5-f
al human em

entration ra
maceration
the most su
) and cytoto
e standardiz
n 95% ethan
L mixture a
surfactant 

ility proper
profiles.  Th

of the ac
of stability

xtracting m
icity 

ment for T

1, Asmare A
karn1,  

r Biology 
e of Medic

macy, Thamm

ersity, Path

bile duct) 
. The potent
cancer has
e standardiz
fluorouracil
mbryonic fi
nge of 0-25

n, sonication
itable condi
oxic activity
zed AL extr
nol at the r
at the ratio 
and glidant
rties with a
he IC50 for
cute and su
y and chron

method, cap

Treatment 

Amuamuta

 of Malar
cine, Tham

masat   Uni

hum Thani 

with conv
ntial of Atra
s previous
zed extract o
l (standard 

fibroblast ce
50 µg/mL. 
n, and heat-

dition to pre
ty (mean+S
ract by mac
ratio of 1:5
1:3 (w/w). 
t, respective
acceptable
r cytotoxic 
ub-chronic 
nic toxicity

psule form

of Bile 

a 

ia and 
mmasat 

versity, 

12121, 

ventional 
ctylodes 
ly been 
of AL in 
control) 

ells) was 
Results 

-reflux), 
pare the 
D IC50 : 
ceration 
5 (w/v).  
Sodium 
ely. The 
 weight 
activity 
toxicity 

y of the 

mulation, 



 

 
Achida
Kesara
 
1Faculty
Sarakha
2Faculty
*E-mai
 
Abstra
 
 
of Asia
antiinfla
extract 
prepare
order t
antioxid
From th
µg/mL,
extract 
antioxid
ascorbic
activitie
0.83 an
content 
extract,
extract 
the FM
These s
the ant
potentia
future.  
 
Keywo
leaves a
 
 
 
 
 
 
 
 
 
 
 

A13
Antioxid
(Lour.) 

a Jaruchoti
aporn Ngam

ty of Pharma
am 44150, T
ty of Agricul
l: atika.j@m

ct  

Momordica
a. This plant
ammation. 
of fresh MC

ed from fres
to mimic t
dant activiti
he DPPH a
 respective
(IC50s=247

dant activit
c acid. How
es in the H2

d 14.70 ± 0
of the FM

 respectivel
and 17.49 ±

MC extract t
suggested th
tioxidant ca
ally be deve

rds: antiox
and stems 

 
dant Activi
Spreng. Le

kamol1,*, P
myart1, Thi

acy, Mahas
Thailand  
lture, Khon
msu.ac.th 

a cochinchin
t has variou
Our recent
C leaves an
sh MC leave
the method
ies of the ex

and ABTS a
ely) possess
7.80 ± 35.7
ties of the 
wever, both
O2 assay wh

0.59, respect
MC extract (

ly) were hi
± 0.61 µgQ
hus correla

hat fresh MC
apacity of 
eloped as a 

idant activit

The 40th P

ity of Hot W
eaves and S

Pawitra Pul
itiporn Pols

sarakham U

 Kaen Univ

nesis (MC)
us pharmaco
t studies rev
nd stems. In
es and stem

ds used du
xtracts were
assays, the 
sed signific
71 and 51

FMC extr
h FMC and
hen compar
tively. The 
(195.62 ± 5
gher than th
E/mg extra

ated with its
C leaves an
the plant. 

food supple

ty, phenolic

Pharmacologic
26-28 Apr

Water Extr
Stems  

lbutr1, Ben
sri1 

University, K

versity, Mau

) or Gac is 
ological act
vealed a hi

n this study,
ms (FMC) an
uring cooki
e evaluated 
FMC extra

cantly high
.76 ± 4.57
ract were n
d DMC ext
red to ascor
amounts of

5.26 µgGAE
hose of the

act, respectiv
s total phen

nd stems sho
Additiona

ement with 

c compound

cal and Therap
ril 2018; Facu

ract of Mom

njamart Cu

Kamreing, K

ung, Khon K

an edible p
tions such a
igh antioxid
, two hot w
nd dried MC
ng and tea
by using D

act (IC50s=1
her antioxid
7 µg/mL, r
not statistic
tracts show
rbic acid wit
f total pheno
E/mg extrac
e DMC extr
vely). The h
nolic conten
ould be used
ally, the le

valuable an

ds, flavonoid

peutic Society
ulty of Science

mordica coc

ushnie1, Pat

Kantaravich

Kaen 40002,

lant found 
as antitumor
dant activit

water extract
C leaves an
a infusion, 

DPPH, ABT
9.54 ± 2.00

dant activiti
respectively
cally differ

wed relative
th the % inh
olic content 
ct and 24.1
ract (55.57 
higher antio
nt and total 
d for cookin
aves and s
ntioxidant a

ds, Momord

y of Thailand M
e, Mahidol Un

chinchinens

tcharin Son

hai, Maha 

, Thailand  

in the tropi
r, antimicro
ty of the ho
ts of the pla
nd stems (D

respective
TS and H2O2

0 and 10.83
ies than th
y) (p<0.01)
rent from t
ely low ant
hibitions of
and total fl

1 ± 1.52 µg
± 1.29 µgG

oxidant acti
l flavonoid 
ng in order 
stems of M

activities in 

dica cochin

19
Meeting 
niversity 

sis 

ngsri2, 

ical area 
obial and 
ot water 
ant were 

DMC), in 
ely. The 
2 assays. 
3 ± 3.84 
he DMC 
). These 
those of 
tioxidant 
f 22.73 ± 
lavonoid 
gQE/mg 
GAE/mg 
vities of 
content. 
to attain 

MC can 
the near 

chinensis, 

9 



2
 

20 The 40t

26-28 A

Scarlet
Chaisri

1Depart
Thailan
2Depart
Mahido
3Depart
Bangko
4Thalas
Salaya 
*E-mail
 
Abstra
 
 
which h
studies 
in death
deposits
remove
iron acc
compar
weeks. 
Followi
Consist
spleen a
likely to
observe
WT mic
appeare
iron in 
trabecu
 
Keywo
 
 
 
 
 
 
 
 
 
 

 A14

th Pharmacolo
April 2018; Fa

Effects 
Thalass

tt Shanika 
i3, Saovaro

tment of P
nd 
tment of P

ol University
tment of T

ok 10400, Th
ssemia Rese
Campus, N
l: warinkarn

ct   

Ineffective 
has been im
demonstrat

h and vario
s in the bo

e iron from 
cumulation 

rison with w
The iron o

ing euthan
tent with pr
and heart w
o attenuate 
ed in the cel
ce. Howeve
ed in these a
vital organ
lar bones.  

rds: iron ov

ogical and The
aculty of Scien

of Iron Ch
emic Mice 

Desclaux1

os Svasti4, W

Pharmacolog

Pre-Clinical
y, Nakhon P

Tropical Pa
hailand 
earch Cent

Nakhon Path
n.hem@mah

erythropoie
mplicated to
ted the exce
ous diseases
ne of patie
the bone is
in both fe

wild-type m
overloaded 
asia, vital 
revious find
were signific

after treatm
ll surface of
er, after trea
areas. Taken

ns, deferipro

verload, ost

erapeutic Soci
nce, Mahidol 

helator De

1, Paranee 
Warinkarn 

gy, Faculty

l and Apply
Pathom 731
athology, F

ter, Institut
hom 73170, 
hidol.ac.th 

esis and lon
o be a cau

essive iron d
s in patients
nts with β-
unknown.

emur and ti
ice (WT). A
mice were
organs as 

ding, the lev
cantly incre
ment with d
f both comp
atment with
n together, t
one may als

teoporosis, β

iety of Thailan
University 

eferiprone 

 
Yatmark2

 Hemstapa

y of Scienc

ly Animal S
170, Thailan
Faculty of T

te of Mole
Thailand 

ng-term bloo
use of osteo
deposition i
s with β-tha
-thalassemia
Therefore, 

ibia of iron
All mice we
e daily trea

well as l
vels of iron
eased in iron
deferiprone.
pact and trab
h deferipron
these result
so be effect

β-thalassem

nd Meeting 

on Iron D

2, Noppaw
at1,* 

ce, Mahidol

Science, Fa
nd 
Tropical M

ecular Bios

od transfusi
oporosis in 
in vital orga
alassemia. H
a as well as
the present

n overloade
ere loaded w
ated with d
leg bones 

n in vital org
n overloade
. In addition
becular bon
ne for 7 or 2
ts suggested
tive in remo

mia, deferipr

Deposition i

an Phuma

l University

aculty of V

Medicine, M

sciences, M

ion contribu
β-thalassem

ans, such as 
However, st
s the ability
t study aime
d β-knocko

with 180 mg
deferiprone 

were colle
gans, includ
ed mice and
n, iron accu

ne of iron ov
21 days, les
d that in add
oving iron i

rone 

in the Bon

ala Morales

y, Bangkok

Veterinary 

Mahidol Un

Mahidol Un

ute to iron o
mia patients
 heart, liver
tudy about 
y of deferip
ed to invest
out mice (B
g iron dextr
for 7 or 2

ected for a
ding liver, k
d these effec
umulation w
verloaded B
sser amount
dition to rem
in the comp

ne of β-

s1, Urai 

 
k 10400, 

Science, 

niversity, 

niversity, 

overload 
s. Many 
r, results 
the iron 

prone to 
tigate an 
BKO) in 
ran for 2 
21 days. 
analysis. 
kidneys, 
cts were 
was also 

BKO and 
t of iron 

moval of 
pact and 



 

Parane
Kamon
Suthat 

1Depart
Mahido
2Depart
Univers
3Faculty
4Depart
Kasetsa
5Institut
6Depart
Thailan
*E-mai
 
Abstra
 

recogni
therefor
chelatio
for mon
limit to
study h
thalasse
level w
softwar
The val
mg/g li
deferipr
21 ms. 
was sim
novel d
 
Keywo
 
 
 
 
 
 
 
 
 
 

 A15 Monitor
Magnet

ee Yatmark
nwat Surar
Fucharoen

tment of Pre
ol University
tment of Cli
sity, Nakorn
ty of Veterin
tment of Co
art Universi
te of Molecu
tment of Ph

nd 
l: paranee.y

ct 

Increasing 
ized in the p
re monitorin
on therapy. 
nitoring hep

o a small an
hepatic iron
emic mice. 
was quantif
re. The resu
lues decreas
iver) in iro
rone (80 mg
Our results 

mple and ap
drugs, dosag

rds: -thala

ring Hepati
ic Resonan

k1,*, Somkia
reuangchai3

n5, Noppaw

e-clinic and
y, Nakorn P
inical Scien
n Pathom 73
nary Science
ompanion A
ity, Bangkok
ular Bioscie

hamacology,

yat@mahido

of hepatoc
past few yea
ng of hepat
Magnetic re
patic iron o

nimal model
n content an

Eighteen β
fied using 
ults showed 
sed to 3-8 m
on loaded 
g/g body w
demonstrat

pplicable to
ge and regim

assemic mic

The 40th P

ic Iron Con
nce Imaging

at Huaijant
3, Wuttiwon

wan Phuma

d Applied an
Pathom 731
nces and Pu
3170, Thaila
e, Mahidol 
nimals Clin
k 10900, Th
ences, Mahi
, Faculty of

ol.edu. 

cellular car
ars. Iron ove
tic iron is n
esonance im
overload in 
l. This stud
nd to monit
β-thalassemi

T2* value
that the liv

ms in corre
β-thalassem

weight) for 7
ted that the 

o a small an
ments for iro

ce, liver, iro

Pharmacologic
26-28 Apr

ntent in Iro
g  

 
tug2, Wani
ng Teerapa

ala Morales
 

nimal scienc
70, Thailan

ublic Health
land 
University, 

nical Scienc
hailand 
idol Univer
f Science, M

rcinoma in
erload is a m
necessary fo
maging (MR
n β-thalassem
dy, MRI tec
tor the effe
ic mice und

e with card
ver T2* valu
sponding w

mic mice (
7 days, sign
developed 

nimal mode
on chelation

on overload

cal and Therap
ril 2018; Facu

on Overloa

da Jesdach
an4, Saovar
s6  

ce, Faculty 
nd 
, Faculty of

Nakorn Pa
ces, Faculty 

rsity, Nakorn
Mahidol Uni

n patients w
major cause

for early dia
RI) is known
mia patient
hnique usin

ect of an iro
derwent 1.5
diovascular 
ues of β-tha

with increase
r=-0.797, p

nificantly in
MRI techni

el. This tech
n therapy.   

, deferipron

peutic Society
ulty of Science

ded β-Thal

hest3, Tarar
ros Svasti5,

of Veterina

f Veterinary

thom 73170
of Veterina

n Pathom 7
iversity, Ban

with β-thal
e of this adv
agnosis and
n as a usefu
ts. However
ng T2*value
on chelator
5 T MRI of

magnetic 
alassemic m
ed hepatic i
p<0.001). Ir
creased live
ique using T
hnique may

ne, MRI  

y of Thailand M
e, Mahidol Un

lassemic M

rat Bunvan
,  

ary Science,

y Science, M

0, Thailand 
ary Medicin

73170, Thai
ngkok 1040

lassemia h
vance comp
d evaluation
ul non-invas
r, this tech
e was deve
r, deferipron
f the liver a
resonance 

mice was 18
iron conten
ron chelati
er T2* valu
T2* CMR s
y useful to 

21
Meeting 
niversity 

Mice by 

nno3, 

 

Mahidol 

d
ne, 

land 
00, 

as been 
plication, 
n of iron 
sive tool 

hnique is 
loped to 
ne in -
and iron 

(CMR) 
8-37 ms. 
nt (15-20 
on with 

ue to 11-
equence 
evaluate 

1 



2
 

22 The 40t

26-28 A

 
Jindap
Suwanp
 
1 Depar
Thailan
2 Nation
Klonglu
*E-mail
 
Abstra
 

by Myc
of four 
ethambu
disease
localize
HPLC m
formula
System
mm i.d
(ACN) 
time of
range fo
of INH
showed
accurac
quantifi
1.87 g
drugs in
 
Keywo
 
 
 
 
 
 
 
 
 
 
 
 
 

 A16

th Pharmacolo
April 2018; Fa

Develop
Tubercu

orn Janpra
prateeb2 

rtment of Ph
nd 
nal Metal a
uang, Pathu
l: noppawan

ct  

Tuberculos
cobacterium

first line d
utol hydroc
. Recently
ed drug rele
method wa
ation. Chrom

ms, and the 
d., 5 μm). T

and 1% v/v
f 15 minute
for INH and
H, PYZ and
d specificity
cy (> 80%)
fication wer
g/ml for RIF
n the localiz

rds: HPLC

ogical and The
aculty of Scien

pment of a
ulosis Drug

asit1, Nopp

harmacolog

nd Materia
umthani, 12
n.phu@mah

sis (TB) is a
m tuberculos
drugs includ
chloride (EM
y, these an
ease system

as developed
matographi
separation 

The mobile 
v ACN in K
es, and a s
d PZY was 
d RIF were
y, linearity 
. It also ha

re 0.15 and 
F, respectiv
zed release f

, anti-tuberc

erapeutic Soci
nce, Mahidol 

an HPLC 
gs in Locali

awan Phum

gy, Faculty o

ls Technolo
120, Thaila

hidol.ac.th 

a major pro
sis. Treatm
ding isoniaz
MB) to prev
nti-tuberculo
ms for treat
d for simul
ic system w
was carried
phase was 

KH2PO4 buf
ingle wave
0.5-5 g/m

e 3.1, 4.4 a
(r2 > 0.99),

as a high se
0.46 g/ml

vely. This m
formulation

culosis drug

iety of Thailan
University 

Analysis 
ized Drug R

mala Mora

of Science, 

ogy Center (
and 

oblem in he
ment of tuber

zid (INH), 
vent the dru
osis drugs
tment of bo
ltaneous det

was perform
d out on a 
used in gr

ffer (pH 4.2
elength UV 

ml while for 
and 7.7 mi
, intra-day 
ensitivity fo
for INH, 0

method will
n. 

gs, isoniazid

nd Meeting 

for Simul
Release For

ales1,* Wari

Mahidol Un

(MTEC), Pa

ealthcare sy
rculosis typ
rifampin (R

ug-resistant 
were for

one tubercu
termination

med on RIGO
Mightysil R

radient cond
) at a flow
detection a
RIF was 1

in, respecti
and inter-d
or TB drug
.14 and 0.4
l be used fo

d, pyrazinam

ltaneous D
rmulation  

nkarn Hem

niversity, Ba

aholyothin R

ystems worl
pically empl
RIF), pyrazi
mutants an
mulated as

ulosis. Here
n of INH, R
OL L-3000
RP-18 GP c
ditions com
rate of 1.0 
at 254 nm. 
-10 g/ml. 
vely. The 
ay precisio

gs. The lim
2 g/ml for
or determin

mide and rif

Detection o

mstapat1, Ji

angkok, 104

Road, Klong

ldwide. It is
loys a comb
inamide (PY

nd recurrenc
s the imp
e, a reverse
RIF and PY
0 Quaternary
column (15

mprising ace
ml/min, a t
The conce

The retenti
developed 

on (CV < 10
mit of detect

r PYZ and 0
nation of am

fampin 

of Anti-

intamai 

400, 

g 1, 

s caused 
bination 
YZ) and 
ce of the 
plantable 
ed phase 
Z in the 
y HPLC 
50 × 4.6 
etonitrile 
total run 
entration 
ion time 
method 

0%) and 
tion and 
0.62 and 

mount of 



 

 
Sarawu
Paricha
 
1Depart
Thailan
2Divisio
(Nation
Japan 
*E -mail
 
Abstra
 

overpro
express
pathoge
prolifer
regulato
through
adenyla
Protein 
importa
effects, 
fibrobla
receptor
cardiop
measure
(A2B) re
on cAM
critical 
fibrosis
pathway
receptor
for the p

Keywo
 
 
 
 
 
 
 
 
 

 A17
Epac is 

1-induce

uth Phosri1

atikanond1

tment of Ph
nd 
on of Cardio
nal Institute 

l : aonsungp

ct 

Cardiac f
oduction of
s α-smooth
enesis of 
ration, colla
ory effects 
h adenosine
ate cyclase (

kinase A (
ant downstr

the molecu
ast prolifera
r mediate)

protective e
ement of m
eceptor resu
MP/Epac/PI
role for Ep

s via PI3K 
y for the 
r. Thus, A2B

prevention 
 
rds: A2B rec

Required f

ed Collagen

1*, Ajaree A
1, Akiyuki N

harmacology

ocirculatory
for Physiol

phar@gmail

fibrosis is
f extracellu
h muscle a
cardiac fib

agen synthes
of adenos

e A2 recept
(AC), leadi
(PKA) and 
ream effect
ular mecha
ation and α-
). The obje
effects of 

mRNA and p
ulted in the 
I3K/Akt sig
pac signalin

and Akt a
inhibition 
B receptor a
of cardiac f

ceptor, card

The 40th P

for Stimula

n Synthesis

Arieyawong
Nishimura2

y, Faculty of

y Signaling,
logical Scie

l.com 

s manifest
ular matrix 
actin (α-SM
brosis. Over
sis, and α-S
ine in the 
tor (A2R). A
ng to cAMP
exchange f

tors. Althou
anisms by w
-SMA expre
ective of t

adenosine 
protein leve
inhibition o

gnaling path
ng on A2B re
activation. T
of ET-1-in
agonists rep
fibrosis. 

diac fibrosis

Pharmacologic
26-28 Apr

ation of A2B

s and Myof

g1, Kwanch
2, Motohiro

of Pharmacy

g, Okazaki In
ences), Natio

ted by an 
proteins, a

MA). Endo
rstimulation
SMA expres

heart, incl
After A2R
P elevation
factor direct
ugh adenosi
which aden
ession in ca
this study 

receptor 
els of α-SM
of ET-1-indu
hways in c
eceptor-med
This is the

nduced card
present a pro

s, endothelin

cal and Therap
ril 2018; Facu

B Receptor 

fibroblast D

hai Bunruk
o Nishida2, 

y, Mahidol 

nstitute for I
onal Institu

increase 
and the for
thelin-1 (E

n of endot
ssion in car
luding antif
stimulation

. cAMP the
tly activated
ine was sh
nosine A2 r
ardiac fibro

was to d
agonist in

MA. Stimula
uced α-SMA
ardiac fibro
diated inhib
e first work
diac fibrosi
omising per

n-1, Epac, α

peutic Society
ulty of Science

for Inhibit

Differentiat

kchai1, War
Supachoke

University, 

Integrative 
tes of Natur

in fibrobl
rmation of 
ET-1) is re
thelin recep
diac fibrobl
fibrotic eff
n, Gαs med
en binds to a
d by cAMP
own to exe
receptor inh
blasts rema

determine th
n rat card
ation of ade
A expressio
oblasts. Our
bition of ET
k reporting 
is mediated
rspective as

α-SMA 

y of Thailand M
e, Mahidol Un

tion of End

tion 

risara 
e Mangmo

Bangkok 1

Bioscience
ral Sciences

last prolif
myofibrobl

esponsible 
ptors induc
lasts. The fa
fects, are m
diates activ
and stimula

P (Epac), w
ert cardiopr
hibit ET-1-
ains undefin
he mechani
diac fibrob
enosine sub
on that is de
r results co
T-1-induced

a novel s
d through 
s therapeutic

23
Meeting 
niversity 

dothelin -

ol 1 

0400, 

s, Aichi, 

feration, 
last that 
for the 

ced cell 
avorable 
mediated 
ation of 
ates both 

which are 
rotective 
-induced 
ned (A2B 
isms of 

blast by 
btype 2B 
ependent 
onfirm a 
d cardiac 
ignaling 
the A2B 
c targets 

3 



2
 

24 The 40t

26-28 A

 
Sarawu
Sato1, S
 
1Depart
Thailan
*E -mail
 
Abstra
 

Prolong
synthes
fibrosis
the me
fibrosis
of exog
differen
underly
inhibitio
with ex
α-SMA
are me
antifibr
establis
antifibr
of cardi

Keywo
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 A18

th Pharmacolo
April 2018; Fa

Stimula
in Card

uth Phosri1

Supachoke 

tment of Ph
nd 
l  :supachok

ct 

Angiotensin
g and overs
sis and my
s. Although 
chanistic b

s has not bee
genous ade

ntiation by
ying signal 
on of Ang 

xogenous ad
A production
ediated thro
otic effects

sh novel me
otic effects
iac fibrosis.
 
rds: A2B rec

ogical and The
aculty of Scien

ation of A2B

iac Fibrobl

1, Kwancha
Mangmoo

harmacology

e.man@mah

n II (Ang I
timulation 

yofibroblast
adenosine 

by which ad
en definitiv
enosine an

y determini
transductio
II-induced

denosine wh
n. These ant
ough the A
s via the c
chanistic in
. Thus, A2B

 

ceptor, angi

erapeutic Soci
nce, Mahidol 

B Receptor I
last  

ai Bunrukc
ol1 *  

y, Faculty of

hidol.ac.th .

II) plays a p
of angioten
t differenti
and its ana
denosine A

vely establis
nd endogen
ing α-smoo
on. Elevatio
α-SMA sy

hich selectiv
tifibrotic ef
A2B recepto
cAMP-depe

nsights regar
BR is one of

iotensin II, 

iety of Thailan
University 

Inhibits An

hai1, Waris

of Pharmacy

pivotal role
nsin II type 
iation in c
alogues are

A2 receptors
shed. In the 
nous adeno
oth muscle

on of endog
ynthesis in 
vely stimula
ffects of bot
or (A2BR) s
endent and
rding the ro
f the promi

endogenous

nd Meeting 

ngiotensin I

sara Parich

y, Mahidol 

e in the pat
1 receptor 

cardiac fibr
e known to
s (A2Rs) in
present stu

osine on A
e actin (α
genous ade
cardiac fib

ated A2Rs a
th endogeno
subtype. Sti

d Epac-dep
ole for cAM
sing therape

s adenosine

II-induced 

hatikanond

University, 

thogenesis 
with Ang I

roblasts co
have cardio

nhibit Ang 
dy, we inve

Ang II-indu
α-SMA) exp
enosine lev
broblasts. M
lso suppres
ous and exo
imulation o
endent path

MP and Epac
eutic appro

e, collagen, α

α-SMA Syn

d1, Vilasine

Bangkok 1

of cardiac 
II-induced c

ontribute to
oprotective 
II-induced 

estigated the
uced myofi
pression an
vels resulted
Moreover, tr
ssed Ang II-
ogenous ade
of A2BR e
hways. Our
c on A2BR m
oaches for tr

α-SMA 

nthesis 

e H .

0400, 

fibrosis. 
collagen 

o cardiac 
effects, 
cardiac 

e effects 
ibroblast 
nd their 
d in the 
reatment 
-induced 
enosines 
xhibited 

r results 
mediated 
reatment 



 

Artitay
Kesara
 
1 Drug D
Pathum
2 Center
Cholang
Univers
E-mail:
 
Abstra
 
 
along th
resistan
and rese
required
promisi
clones. 
piperine
falcipar
and mo
staining
(concen
were 1
parasite
with un
realtime
associat
Piperine
based o
genes a
 
Keywo
 
 
 
 
 
 
 
 
 
 
 
 

 A19 In Vitro

ya Thiengsu
a Na-Bangc

Discovery a
mtani 12121,
r of Excelle
giocarcinom
sity, Pathum
 kesaratmu@

ct 

Malaria is 
he Thailand

nce Plasmod
earch on di
d.  In the pr
ing antimal
The aim o
e, the major
rum clones.
orphological
g with 2% 
ntration that
11.5 (103.3
e morpholog
ntreated co
e PCR show
ted with an
e could be 
on its antim
and thus, res

rds : piperin

 Antimalar

usuk1, Phun
chang2 

and Develop
, Thailand 
nce in Phar
ma, Chulab
mthani 1212
@yahoo.co

a fatal inf
d-Myanmar
dium falcip
scovery and
revious stud
larial activi
of the pres
r isolated c
. The antim
l change ov
parasitemia
t inhibits pa
-117.0) and
gy; slowly 
ontrol, was 
wed no effe
timalarial d
a promisin

malarial pot
sistance dev

ne, antimala

The 40th P

rial Activity

nuch Muha

pment Cente

rmacology a
horn Intern

21, Thailand
m 

fectious dis
r and Thaila
parum in So
d developm
dy, the fruit
ity against 
ent study 
onstituent o
alarial activ

ver 48 hours
a at ring st
arasite grow
d 59 (55.0-
grown and 
observed w

ect of piperi
drug resistan
ng candidat
tency and l
velopment.

arial drug, pf

Pharmacologic
26-28 Apr

y of Piperin
 

amad1, Wa

er, Thamma

and Molecu
national Col
d 

sease in tro
and-Cambo
outheast As

ment of new
ts of Piper 
asexual sta
was to fur
of Piper cha
vity determ
s was obser
tage, and 1
wth by 50%
70.0) nM, 
the cytopla

within 48 
ine on mod
nce in P. fa
te for furth
lower tende

pfmdr 1, pfm

cal and Therap
ril 2018; Facu

ne 

anna Chaija

asat Univer

ular Biology
llege of Med

opical and s
odia borders
sia is a grea

alternative
chaba Hun
age of both
rther invest
aba Hunt. (
ined by usi
rved under 

1% hematoc
%) values of

respectively
asm was sh
hours of p

dulating the 
alciparum, i
er developm
ency to mo

mrp 1, pfcrt

peutic Society
ulty of Science

aroenkul2, 

sity (Rangs

y of Malaria
dicine, Tham

subtropical 
s.  The prob
at concern 
 antimalaria

nt. was demo
h 3D7 and
tigate antim
(fruits) agai
ng SYBR g
light micro
crit. The m
f piperine ag
y (n=9). A 
rink and co
piperine ex
expression

.e., pfcrt, pf
ment for tre

odulate P. fa

y of Thailand M
e, Mahidol Un

 

it Campus),

a and 
mmasat  

regions es
blem of arte
for disease
al drugs is u
onstrated to

d K1 P. fal
malarial act
inst 3D7 an
green-I-base
oscope with

median (rang
against 3D7 

marked ch
ondensed co
xposure. Re
n of the thre
fmdr1, and 
eatment of 

falciparum r

25
Meeting 
niversity 

, 

specially 
emisinin 
e control 
urgently 

o exhibit 
ciparum 
tivity of 
nd K1 P. 
ed assay 
h giemsa 
ge) IC50 

and K1 
hange in 
ompared 
esults of 
ee genes 
pfmrp1. 
malaria 

resistant 

5 



2
 

26 The 40t

26-28 A

Jamras
Ontong
 
1Medici
Health,
*E-mai
  

Abstra

causing
as huma
role in 
studies 
mechan
B. rotun
biofilm 
examin
positive
not alte
stages 
approxi
concent
(IC50) a
extract,
growth 
ethanol
natural 

Keywo

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 A20

th Pharmacolo
April 2018; Fa

Inhibito
 

s Kanchana
g1, Duangp

inal Plant R
 Nonthabur
l: jamras.k@

ct 
Candida al

g hospital ac
an tissues a
forming pr
on antifung

nism of acti
nda rhizom
maturity o

ed in the co
e control. Pl
ered when 
of C. alb

imately 20%
tration-depe
at 15.6 g/m
 and the m
stages of 

ic extract o
compounds

rds: Boesen

ogical and The
aculty of Scien

ory Effect o

apiboon1,*, 
en Pattama

Research Ins
ri 11000, Th
@dmsc.mai

lbicans, an 
cquired fung
and ability t
rotective str
gal effect of
on remains 

me extract o
of C. albica
oncentration
lanktonic gr
treated wit

bicans were
% by the e
endent man
ml. In matu

maximum in
C. albican
f B. rotunda
s with preve

nbergia rotu

erapeutic Soci
nce, Mahidol 

of Boesenbe

Ubonphan
adilok1 

stitute, Dep
hailand  
l.go.th 

opportunis
gal infection
to form biof
ructure thu
f Boesenber

unclear. Th
on planktoni
ans (ATCC
n range of 3
rowth of C.
h B. rotund
e assessed 
extract. Fur
nner. The re
ure biofilm 
nhibitory ef
ns especiall
a. Therefor
entive and th

unda, Cand

iety of Thailan
University 

ergia rotund

n Kongsa1, 

partment of M

stic pathoge
n. It has ab
film as viru
s making it

rgia rotunda
he aim of th
ic growth, 

C 10231). T
3.125-200 
. albicans, d
da extract 

by MTT 
rthermore, b
esults showe

stage, it w
ffect reache
ly biofilm 
re, B. rotund
herapeutic p

dida albican

nd Meeting 

da Extract 

Sunisa Kam

Medical Sc

en, is the m
ility to adhe

ulence facto
t resistant t
a on C. albi
his study w
adherent st

The ethanol
g/ml, and 
determined 
for 24 hou
assay. Th

biofilm dev
ed half max

was significa
ed 33.2%. T
developmen
da rhizome 
properties a

ns, biofilm d

on Candida

mponchaid

iences, Min

most preval
ere on medi
rs. Biofilm 
to antifunga
icans have b

was to invest
age, biofilm
lic extract 
amphoteric
by microdi

urs. The adh
he adheren
velopment 
ximal inhib
antly decrea
These resul
nt could b
might be a 

against C. al

developmen

da albicans 

det1, Sakwi

nistry of Pub

lent fungal 
ical devices
plays an im

al drugs. R
been publis
tigate the e
m developm
of B. rotun

cin B was u
ilution meth

dherent and 
nce was de

was inhibit
bitory conce
ased by B. 
lts suggest 

be inhibited
a potential s
lbicans infe

nt, biofilm m

Biofilm 

chai 

blic 

species 
s as well 
mportant 
Recently, 
shed, but 
ffects of 

ment and 
nda was 

used as a 
hod, was 

biofilm 
ecreased 
ted in a 
entration 
rotunda 
that the 

d by the 
ource of 
ection. 

maturity 



 

Gyem T
 
1Gradu
Paholyo
2Nano S
(NANO
Thani 1
3Center
Cholang
Paholyo
*E-mail 
 
Abstra
 
 
Atracty
includin
Atracty
mean (±
and 21.
medicin
and tole
and β-e
to a ser
Atracty
to 6.3, 
LC50 (5
in embr
25, 50, 
was 61
Results 
malform
as a mo
imply s
 
Keywo

 

 

 

 

 

 A21 Acute T

Tshering1, 

ate Studies,
othin Road,
Safety and R

OTEC), Natio
12120, Thai
r of Excellen
giocarcinom
othin Road,
 :kesaratmu

ct 

Atractylodi
lodes lance
ng anticanc

ylodin and β
±SD) IC50 (
.5 (±2.12) 
ne in China
erability pro
eudesmol us
ies of conce

ylodin produ
12.5, 25, 50

50% lethal c
ryos at high
and 100 µM
.53 µM. M

suggest 
mations in a
odel for hu
imilar toxic

rds :atractyl

Toxicity of A

Wittaya Pi

, Chulabhor
 Klongluan

Risk Assessm
onal Scienc
land 
nce in Phar
ma, Chulab
 Klongluan
@yahoo.com

in and β-eu
ea (Thnb) 
cer activity 
β-eudesmol
(concentrati
µM, respec

a, Japan, Ko
ofile. This c
sing the wel
entrations (
uced mortal
0, and 100 
concentratio
her concentr
M exposure

Morphologic
that atract
a concentra
umans with 
city of both 

lodin, β-eud

The 40th P

Atractylodi

imtong2, K

rn Internati
g, Pathum T
ment Labor
ce and Tech

rmacology a
horn Intern
g, Pathum T
m 

udesmol ar
DC. (AL). 
against ch

l exerted in
on that inhi

ctively. Des
orea and Th
current study
ll-establishe
0, 6.3, 12.5
lity rates of
µM, respec

on) was 35.
rations.  Th

e were 5, 5, 
al deformit
tylodin and
ation- and ti

very high 
the compou

desmol, zebr

Pharmacologic
26-28 Apr

in and β-eu
 

Kesara Na-B

ional Colleg
Thani 1212

ratory, Natio
nology Dev

and Molecu
national Col
Thani 1212

re major ac
Both exhi

holangiocarc
nhibitory ac
ibits cell gr
spite the wi
hailand, ther
dy aimed to 
ed zebrafish
, 25, 50 & 

f 3.33, 8.33,
ctively, com
90 µM. It p

he mortality
10, 43.33,

ties followe
d β-eudesm
ime-depend
genetic an

unds in hum

rafish embr

cal and Therap
ril 2018; Facu

udesmol in 

Bangchang3

ge of Medic
20, Thailand
onal Nanote
velopment A

lar Biology
llege of Med

20, Thailand

ctive ingre
ibited vario
cinoma (CC
ctions on th
rowth by 50
idespread u
re have bee
evaluate the

h model. Ze
100 µM) of
 15, 88.33,

mpared to 3
produced cl
y rates of β-

and 95%, r
ed a similar
mol induc

dent manner
nd phenotyp
mans. 

ryos, acute t

peutic Society
ulty of Science

Zebrafish E

3* 

ine, Thamm
d 
echnology C

Agency (NST

of Malaria
dicine, Tham

d 

dients of t
ous pharma
CA), cance
he CCA cel
0%) values o
use of this 
en limited s
e acute toxi
brafish emb
f each comp
and 100% f
.33% in con
ear morpho

-eudesmol f
respectively
r trend to th
e embryon
r.  Since ze
pic similarit

toxicity 

y of Thailand M
e, Mahidol Un

Embryos 

masat Unive

Center 
TDA), Pathu

a and 
mmasat Un

the medicin
acological a
er of the bi
ll line (CL
of 24.0 (±1
plant in tra

studies on it
icity of atra
bryos were 
pound for 7
following e

ontrols. The 
ological def
following 6
y. The deriv
hat of atrac
nic mortal
ebrafish is a
ty, the resu

27
Meeting 
niversity 

ersity, 

um 

niversity, 

nal herb 
activities 
ile duct. 
-6) with 
.98) µM 
aditional 
ts safety 

actylodin 
exposed 

72 hours. 
exposure 

derived 
formities 
.3, 12.5, 

ved LC50 
ctylodin. 
ity and 
accepted 
ults may 

7 



2
 

28 The 40t

26-28 A

 
Orada 
Tulyap
 
1Depart
Thailan
2Resear
3Depart
Thailan
4Depart
Univers
*E-mai
 
Abstra
 

avascul
osteoart
to seek
derived
cartilag
Due to t
the pote
to prov
assessm
distribu
assessed
implant
associat
sham-op
distribu
any tim
identifie
aggreca
of IF-A
resolved
of IF-A
model o
 

Keywo

 

 

 A22

th Pharmacolo
April 2018; Fa

Investig
Adipose
Model o

Sriwatan
pruek Tawo

tment of Ph
nd 
rch Centre, 
tment of Or

nd 
tment of Ve
sity, Bangko
l: warinkarn

ct 

The manag
lar nature. 
thritis, in w

k for treatm
d mesenchym
ge regenerat
the superior
ential of usi

vide pain re
ment was pe
ution test. I
d to determ
tation. Duri
ted with os
perated gro

ution was ob
me point. Re
ed in the im
an immunos
ASCs. These
d regardless

ASCs for pr
of osteochon

rds: osteoa

ogical and The
aculty of Scien

gation of P
e-derived M
of Osteocho

nanukulkit1

onsawatruk

harmacology

Faculty of M
rthopedics, F

terinary Pa
ok, 10330 T
n.hem@ma

gement of 
If left un

which pain an
ment. Recen
mal stem ce
tion. Howev
r chondroge
ing IF-ASC

elief after im
erformed fo
mmunohist

mine the cho
ing the first
steochondra
oup. Howev
bserved in th
egarding hi

mplanted site
staining at 4
e results su
s of IF-ASC
romoting ar
ndral defect

arthritis, mes

erapeutic Soci
nce, Mahidol 

Pain Behav
Mesenchym
ondral Defe

1, Ticompo
k3, Kasem R

y, Faculty of

Medicine, R
Faculty of M

athology, Fa
Thailand 

hidol.ac.th

articular c
ntreated thi
nd impairm

ntly, there h
ells derived 
ver, it is un
enic potenti
Cs as a prom
mplantation
or up to 8 w
tological an
ondrogenic 
t two week

al defect wa
ver, no sign
he implanta
istological s
e as well as
4, 8 and 12 
uggested tha
Cs implanta
rticular cart
t for up to 1

senchymal 

iety of Thailan
University 

viour and 
mal Stem 
ect  

orn Luan
Rattanapin

of Science, M

Ramathibod
Medicine, R

aculty of Ve

chondral de
is defect m

ment in joint
has been a 
from infrap

nknown wh
ial of IF-AS
mising sour
n into an os
weeks post

nalysis of ty
differentiat

ks post-impl
as observed
nificant diffe
ation groups
studies, the
s a positivel
weeks, indi
at pain asso
ation. In add
tilage regen
12 weeks. 

stem cells, 

nd Meeting 

the Cartila
Cells (ASC

ngwattanaw
nyopituk4, W

Mahidol Un

di Hospital, 
Ramathibodi

eterinary Sc

efect remai
may predis
t functionali

growing in
patellar fat p
hether these
SCs, the pres
ce to restor
steochondra
t-implantatio
ype II colla
tion potenti
lantation, a 

d between th
ference in th
s compared 
e existence 
ly immunos
icating the c
ociated with
dition, the c

neration was

articular car

age Regene
Cs) Impla

wilai1, Nar
Warinkarn

niversity, Ba

Bangkok, 1
i Hospital, B

ience, Chul

ns a challe
spose indiv
ity are know
nterest in th
pad (IF-ASC
 cells can p
sent study a
re articular c
al defect of 
on by using
agen and a
ial at 4, 8 a

significant
he untreated
he mean pe
with untrea
of mature 

stained for ty
chondrogen
h osteochon
chondrogen
s also demo

rtilage, oste

eration Ab
antation in

rongrit Sr
n Hemstapa

angkok, 104

10400 Thail
Bangkok, 1

lalongkorn 

enge owing
viduals to 
wn to cause 
he use of a
Cs) for the 
provide pai
aimed to inv
cartilage as

f the rat kn
g a weight 

aggrecan we
and 12 wee
t difference
d defect gr

ercentage of
ated defect 
chondrocyt

type II colla
nic induction
ndral defect
nic induction
onstrated in

eochondral d

bility of 
n a Rat 

rikaew2, 
at1* 

400 

land 
0400 

g to its 
develop 
patients 

adipose-
articular 
in relief. 
vestigate 
s well as 
ee. Pain 
bearing 

ere then 
eks post-
e in pain 
oup and 
f weight 
group at 
tes were 
agen and 
n ability 
t can be 
n ability 
n the rat 

defect 



 

 
Palden 
 
1Chulab
Klong L
2Center
Cholang
Rangsit
 *Email
 
Abstra
 
 
individu
Caucasi
frequen
to revie
CYP2C
populat
the abov
eligibili
frequen
SEEA p
major C
frequen
was slig
than K
Indian-M
CYP2D
linked t
associat
genotyp
data are
 
Keywo
East As
 

 

 

 

 

 

 A23 CYP2C
and Eas

Wangyel D

bhorn Intern
Luang, Path
r of Excellen
giocarcinom
t Center, Kl
l: keasartmu

ct 

Genetic po
ual and int
ians, Asian

ncies of maj
ew systemat
C9, CYP2C
tions. Studie
ve genes w
ity criteria 

ncy of most
populations

CYP3A5 ge
ncies of *1/
ghtly higher

Karen and M
Malaysian, 

D6 genotype
to IM (*1/
ted with PM
pes across S
e reported fr

rds : Genot
sians 

9, CYP2C
st Asian Po

Dorji1, Gye

national Co
hum Thani 1
nce in Phar
ma, Chulab
long Luang,
u@yahoo.co

olymorphism
er-ethnic v

ns and Afri
jor drug me
tically, all r

C19, CYP2
es that repo
ere retrieve
representing
t common 
s were com
enotypes *1/
*1, *1/*2, *
r in East A
Malay-India

other pop
e *1/*1, *1/
*3), CYP2D
M (3/*3 an
SEEA popu
rom East As

type frequen

The 40th P

C19, CYP2D
pulations:

em Tsherin

ollege of Me
12120, Thai
rmacology a
horn Intern
 Pathum Th
om   

m is one o
ariability in
icans have
etabolizing 
relevant stu
D6, and C

orted genetic
ed from Pub
g 16 popula
CYP2C9 g

mparable. Si
/*1, *1/*3 a
*2/*2 and *
sians and c
an. Except 
pulations s
/*10 and *1
D6 to *10/
nd *1/*3).
lations are i
sians compa

ncy, CYP2C

Pharmacologic
26-28 Apr

D6, and C
A Systema

ng1, Kesara

edicine, Tha
iland  
and Molecu
national Col
hani 12120,

f the most 
n drug resp
provided e
enzyme cy

udies that in
CYP3A5 in
c polymorp

bMed databa
ations of S

genotypes *
imilarly, co
and *3/*3. A
*3/*3 were
comparably 

Singapore
showed rel
10/*10 geno
/*10, CYP2
This review
in general c
ared with S

C19, CYP2

cal and Therap
ril 2018; Facu

CYP3A5 Po
atic Review

Na-Bangc

ammasat Un

lar Biology
llege of Med
 Thailand 

important 
ponse. Stud
evidence of
tochrome P

nvestigated 
n South E
phisms, geno
ase. A total
EEA, were

*1/*1, *1/*3
omparable f
Among the 
proportiona
higher freq

eans (Malay
latively sim
otype. Abno
2C19 to bo
w indicates
comparable
outh East A

2C9, CYP2D

peutic Society
ulty of Science

olymorphis
w  

hang1, 2 

niversity, Ra

of Malaria
dicine, Tham

factors res
dies in majo
f difference

P450 (CYP)
the genetic
ast and Ea
otype and a
 of 86 studi
included in

3 and *3/*3
frequencies 
6 major CY

al amongst 
quency of *
ya, Chinese
milar frequ
ormal genot

oth PM and
s that frequ
. It is noted

Asians. 

D6, CYP3A

y of Thailand M
e, Mahidol Un

sms in Sout

angsit Cent

a and 
mmasat Un

sponsible fo
or populati
es in the g
). This stud
c polymorph
ast Asian 

allele freque
ies that fulf
n the analy
3 reported 
were obser

YP2C19 gen
SEEA whi

*1/*3 in Eas
e and Indi
uencies for
type of CY

d IM and C
uency of th
d that more r

A5, South E

29
Meeting 
niversity 

th East 

ter, 

niversity, 

or inter-
ons like 

genotype 
dy aimed 
hisms in 
(SEEA) 

encies in 
filled the 
ysis. The 

in most 
rved for 
notypes, 
le *2/*3 
st asians 
an) and 
r major 

YP2C9 is 
CYP3A5 
he major 
research 

East and 

9 



3
 

30 The 40t

26-28 A

Porwor

1Center
Cholang
Pathum
*E -mail 
 
Abstra
 

rhizome
inflamm
importa
chemoth
was to i
compou
periphe
concent
fluorour
respecti
96.14±9
values f
PBMCs
times le
anti-CC

Keywo

 

 

 

 

 

 

 

 

 

 A24

th Pharmacolo
April 2018; Fa

Cytotox
its Activ
PBMCs

rnwisit Trit

r of Excellen
giocarcinom

mthani 1212
 : dafu@out

ct  

Kaempferia
e extract h
matory activ
ant public 
herapeutics
investigate 
und ethyl-p
eral blood m
tration (IC5

racil (5-FU
ively. The 
9.82 and 50
for KG, EPM
s were 5.36
ess than of 

CA and cyto
 
rds: Kaemp

ogical and The
aculty of Scien

xic Activitie
ve Compon
 

tripmongk

nce in Phar
ma, Chulab
1, Thailand
tlook.co.th 

a galanga L
has been u
vities. Chol

health pr
s for treatm
cytotoxicity
-methoxyci
mononuclea
50) (mean ± 

U) in CL-6 
correspond

02.14±11.7
MC and 5-F
6, 1.16, and

5-FU.  Res
otoxic effect

pferia galan

erapeutic Soci
nce, Mahidol 

es of the Et
nent Agains

kol1*, Tullay

rmacology a
horn Intern

d 

Linn. (KG) 
used traditio
langiocarcin
roblem in 

ment of CCA
y of the etha
innamate (E
ar cells (PB
SD) values
cells were 

ding IC50 v
1µg/ml, res
FU compou
d 11.71 resp
sults provid
ts of the KG

nga Linn., c

iety of Thailan
University 

thanolic Ex
st Human C

 
yakorn Plen

 
and Molecu
national Col

is one of th
onally in 
noma (CCA

the North
A are curren
anolic extra
EPMC) aga

BMCs) by M
s of KG ex
82.56±24.8

values for 
spectively. T

unds on CL-
pectively. O

de as a first
G extract an

cytotoxicity

nd Meeting 

xtract of Ka
Cholangioc

ngsuriyaka

lar Biology
llege of Med

he plants in
Southeast A

A) is a bile 
heastern re
ntly unsatis

act of KG rh
inst the hum

MTT assay.
xtract, EPM
89, 93.63±2

the PBM
The corresp
-6 as compa
Only KG sh
t-step, scree
nd EPMC. 

, cholangioc

aempferia g
carcinoma C

arn1, Kesar

of Malaria
dicine, Tham

n the Zingib
Asia for a
duct tumo

egion of 
sfactory. Th
hizomes inc
man CCA 
. The half m

MC, and the
22.34 and 1
C cells w
ponding sel
ared to contr
howed the p
ening inform

carcinoma 

galanga Lin
Cell line an

ra Na-Bang

a and 
mmasat Un

beraceae fam
analgesic an
or and whic
Thailand. S

he aim of th
cluding its b
cell line C
maximal in
e reference 
19.45±12.37

were 227.87
lectivity ind
rol normal c
potency of 
mation on p

nn.  and 
nd 

chang1 

niversity, 

mily. Its 
nd anti-
ch is an 
Standard 
he study 
bioactive 
L-6 and 

nhibitory 
drug 5-

7 µg/ml, 
7±16.54, 
dex (SI) 
cell line, 
about 4 

potential 



 

Nadda 
 
1 Gradu
Thamm
2Center
Cholang
(Rangsi
*E-mail 
 
Abstra
 

serious 
normal 
cells on
the canc
for anti
active t
Literatu
the term
medicin
articles,
the pre
surface 
antibod
showed
medicin
several 
drugs a
safety. H

Keywo
targeted
 
 
 
 
 
 
 
 
 
 

 A25
Applica
Chemot
Therapy

Muhamad

uate Progra
asat Univer

r of Excellen
giocarcinom
it Campus),
 :kesaratmu

ct 

Patients tre
side effect
cells. Activ

n the surfac
cer cell. Se
icancer activ
argeting nan

ure search w
ms - nano
ne, natural 
, 61 articles

edefined inc
of nano

dies/antibody
d that active
nes increase
advantages

and non-targ
However, c
 
rds: drug d
d drug deliv

ation of Act
therapeutic
y : A System

d1 Tullayak

am in Bioclin
rsity (Rangs
nce in Phar
ma, Chulab
 Pathumtan
@yahoo.com

eated with 
ts of the dr
ve targeting
ce of nanop
everal chem
vities have 
noparticles.

was conduct
oparticle, ch
compound, 
s with in vit
clusion and
oparticles 
y fragment
e targeting 
e selectivity
s of active t
geted nanop
clinical stud

delivery syst
very  

The 40th P

tive Targeti
c Drugs and
matic Revi

korn Plengs

nical Scienc
sit Campus)
rmacology a
horn Intern

ni 12121, Th
m 

convention
rugs due to
g nanopartic
articles play

motherapeuti
been invest
. This system
ted through
hemotherap
cancer trea

tro and/or in
d exclusion
included 
ts, aptamer
nanopartic

y in cellula
targeting na
particle plat
ies are requ

tem, chemo

Pharmacologic
26-28 Apr

ing Nanopa
d Tradition
iew 

suriyakarn1

ces, Chulab
), Pathumta
and Molecu
national Col
hailand 

nal cancer c
o non-select
cles which a
y an impor
ic drugs and
tigated for 
matic revie

h PUBMED
py, tradition
atment, and
n vivo studi

n criteria. T
proteins/pe
r, and car

cles of chem
ar uptake an
anoparticles
form, partic

uired to conf

otherapy, tra

cal and Therap
ril 2018; Facu

articles Del
nal/Herbal 

1,2 Kesara N

bhorn Intern
ani 12121, T
lar Biology
llege of Med

chemothera
tive action 
are conjugat
tant role in
d traditiona
their selecti
w summari

D database s
nal medici
d active targ
ies were inc
The targetin
eptides, hy
rbohydrates/
motherapeu
nd/or cytoto
s over the c
cularly enha
firm these f

aditional me

peutic Society
ulty of Science

livery Syste
Medicines 

Na-Bangch

national Co
Thailand 

of Malaria
dicine, Tham

apy suffer f
of chemoth
ted targetin
improving

l or herbal 
ive delivery
zes reports 
earch up to
ne, herbal 
geting.  Ou
cluded in the
ng ligands 
yaluronic 
/polysaccha
tic drugs o
oxicity.  Th

conventiona
ancement o
findings. 

edicine, can

y of Thailand M
e, Mahidol Un

em for 
in Cancer 

hang1,2* 

llege of Me

a and 
mmasat Un

from severe
herapeutic d
ng ligands o
g drug selec

medicines r
y to cancer 
on this app

o March 201
medicine, 

ut of 695 pu
he analysis b

conjugated
acid, folic

arides. All 
or traditiona
he review s

al chemothe
of drug effic

ncer treatme

31
Meeting 
niversity 

edicine, 

niversity 

e and/or 
drugs to 

of cancer 
ctivity to 
reported 
cells by 

plication. 
17 using 

natural 
ublished 
based on 
d on the 
c acid, 

studies 
al/herbal 
suggests 

erapeutic 
cacy and 

ent, 

1 



3
 

32 The 40t

26-28 A

 
Nadda 

Bangch
 

1 Gradu
Thamm
2Center
Cholang
(Rangsi
*E -mail 
 
Abstra
 

from m
investig
µM) in
product
and no
cytotox
light mi
imaging
was stu
using re
treatme
compou
addition
signific
interluk
multiple
VEGF-A
treatme
suppres
chloride
regulati
resulted
together
cholang
and STA

Keywo
 
 
 
 
 

 A26

th Pharmacolo
April 2018; Fa

Growth

Associat
Phospho

Muhamad

hang1,2,* 

uate Progra
asat Univer

r of Excellen
giocarcinom
it Campus),
 :kesaratmu

ct 

Cholangioc
malignant tra
gate in vitro
n relationsh
tion and ST

ormal huma
xicity was e
icroscopy. N
g. Anti-prol
udied using 
eal-time PC

ent exhibite
und treatme
n, it also in
cantly decre
kin-6 stimul
e genes ass
A : 0.5, 0.4

ent resulted
ssed STAT3
e (HO-1 in
ion of HO
d in stimula
r, our resu

giocarcinom
AT3 phosph
 
rds: β-eude

ogical and The
aculty of Scien

h Inhibitory

ted with Su
orylation 

d1, Vivek Bh

am in Bioclin
rsity (Rangs
nce in Phar
ma, Chulab
 Pathumtan
@yahoo.com

carcinoma (
ansformation
o growth inh
hip to its 
TAT3 phosp
an embryon
valuated us
Nuclear mo
liferative ef
wound hea

CR. Protein
d selective 
ent signific
nduced nucl
eased woun
lation. β-eud
sociated wit
45, 0.15, 0.4
d in decrea
3 phosphory
nducer) trea
-1 expressi

ation of apo
ults suggest
ma cells whi
horylation. 

esmol, chola

erapeutic Soci
nce, Mahidol 

y Effect of β

uppression 

hakta Math

nical Scienc
sit Campus)
rmacology a
horn Intern

ni 12121, Th
m 

(CCA) is a 
n of hepatic
hibitory act
underlying

phorylation
nic fibrobla
sing MTT a
rphology w

ffect was ev
aling assay. 
n expression

cytotoxicit
cantly supp
lear fragme

nd healing a
desmol trea
th cell proli
4, 0.25 and 
ased expres
ylation (29%

atment atten
ion. Inhibit

optotic pathw
that β-eud

ich might b

angiocarcin

iety of Thailan
University 

β-eudesmol

of Heme O

hema1, Wa

ces, Chulab
), Pathumta
and Molecu
national Col
hailand 

progressive
c biliary cho
tivities of bi
g potential 
n in CCA c
ast (OUMS
assay. Cell 

was determin
valuated usi
Relative fo

ns were det
ty towards 
pressed col
entation of 
ability of C
atment signi
iferation; M
0.4 fold cha
ssion of H
% of contro
nuated cyto
tory effects
way and th
desmol exe
be linked to

noma, heme

nd Meeting 

l on Cholan

Oxygenase-1

anna Chaija

bhorn Intern
ani 12121, T
lar Biology
llege of Med

ely fatal for
olangiocyte
ioactive ses
effects on

cells. Huma
S) cells w
culture mor
ned using D
ing colony 
old of mRN
termined us
CL-6 as co

lony formin
CL-6 cells

CL-6 cells i
ificantly sup

MCL1, HO-
anges relati

HO-1 (10 o
ol) in CL-6

otoxic effect
s of β-eude

hus, inhibitio
erts potent 
 its inhibito

oxygenase

ngiocarcino

1 Productio

aroenkul1,2

national Co
Thailand 

of Malaria
dicine, Tham

rm of cance
s. The aim o

squiterpenoi
n heme ox
an cholangio
ere used in
rphology w

DAPI stainin
forming ass

NA expressio
sing western
ompared to 
ng ability 
. The comp
in the prese
ppressed mR
1, MMP-9, 
ve to contro
of control)
cells. How

ts of β-eud
esmol on H
on of cell p
growth inh

ory effect on

, STAT3 

oma Cells is

on and STA

, Kesara N

llege of Me

a and 
mmasat Un

er generally
of this study
id β-eudesm

xygenase-1 
ocarcinoma
n this stud

was visualize
ng and fluor
say. Cell m
ons were ev

rn blot. β-eu
o OUMS ce

of CL-6 c
pound pretr
ence or abs
RNA expre
NQO1, NR

ol.   The co
) and sign
wever, stann
desmol thro
HO-1 and 

proliferation
hibitory act
on HO-1 pro

s 

AT3 

Na-

edicine, 

niversity 

y arising 
y was to 

mol (180 
(HO-1) 

a (CL-6) 
dy. Cell 
ed using 
rescence 

migration 
valuated 
udesmol 
ells. The 
cells. In 
reatment 
sence of 
ession of 
RF2 and 
mpound 
ificantly 
nous (II) 
ough up-

STAT3 
n. Taken 
ivity on 
oduction 



 

 
Ngan 
Rojnuc
 
1Depart
Chulalo
2Depart
Thailan
3Depart
Thailan
 *E-mail
 
Abstra
 

D
conditio
by usin
was de
concent
find no
deferipr
epineph
respecti
activity
further 

 
Keywo

 A27 The In V
Platelets

Thi Tran1

ckarin2, Ra

tment of Ph
ongkorn Un
tment of Me

nd  
tment of Ph

nd 
l: tranngan2

ct 

Deferiprone 
ons. In this 
g the aggre
etermined 
trations of 4

on-toxic con
rone inhibit
hrine and co
ively. Thes

y and the sit
investigated

rds : deferip
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vitro Antip
s 

1,*, Benjap
ataya Luech

harmacology
niversity, Ba
edicine, Fac

harmacology

212@gmail

is a succe
study, the 
gometer.  T
after addi

4 µM, 2 µg
ncentrations
ted platelet 
ollagen with
se results i
te of action 
d. 

prone, antip

The 40th P

latelet Agg

orn Akka
hapudiporn

y and Physi
angkok 1033
culty of Med

y, Faculty of

l.com 

essful iron 
activity of 

The in vitro 
ing ADP, 
/ml, 1.5 µM
s of deferip
aggregation

h the IC50 o
indicated th
may be inv

platelet aggr

Pharmacologic
26-28 Apr

gregation A

awat2, Nop
n1 

iology, Facu
30, Thailand
dicine, Chu

of Science, M

chelator u
deferiprone
inhibitory 
collagen, 

M and 0.5 m
prone in pl
n induced b
of 0.24±0.08
hat deferip
volved in cy

regation, ara

cal and Therap
ril 2018; Facu

Activity of D

ppawan Ph

ulty of Phar
d 
lalongkorn 

Mahidol Un

used for the
e in platelet
activity of d
epinephrin

mM, respect
latelet viabi
by arachidon
8, 0.25±0.0

prone posse
yclooxygen

achidonic a

peutic Society
ulty of Science

Deferiprone

humala M

rmaceutical

University,

niversity, Ba

e treatment
t aggregatio
deferiprone 
ne and ara
tively. MTT
ility. The r
nic acid or 
1, 3.36±0.4
essed antip
ase pathway

cid, ADP. 

y of Thailand M
e, Mahidol Un

e in Human

Morales3, P

l Science, 

 Bangkok 1

angkok 1040

t of iron o
on was inve
 in normal p
achidonic 

T assay was
results show
ADP stron

4 and 3.73±0
platelet agg
ys which sh

33
Meeting 
niversity 

n 

Ponlapat 

0330, 

00, 

overload 
estigated 
platelets 
acid at 

s used to 
wed that 
ger than 
0.1 mM, 

gregation 
hould be 

3 



3
 

34 The 40t

26-28 A

 
Wiratc
 
1Drug D
Klonglu
2Faculty
Thailan
3Faculty
*Email
 
Abstra
 
 
Garcini
mangos
alpha- 
hCMEC
cytotox
method
liquid 
permeab
calculat
results 
hCMEC
mangos
a nonlin
Papp val
were at
mangos
unlikely
 

Keywo
permeab
 

 A28

th Pharmacolo
April 2018; Fa

Transpo
Mangos
Blood–B

chanee Mah

Discovery a
ung, Pathum
ty of Pharma
nd 
ty of Science
: wiratchane

ct 

Alpha-man
ia mangosta
stin has neu
and gamm

C/D3 cell 
xicity of ma
d. The conte

chromatog
bility coeff
ted to descr
showed th

C/D3 cells 
stin demons
near manne
lues of alph
t the level o
stin showed
y to be P-gp

rds   :alpha-m
bility coeffi

 
 
 
 
 
 
 
 
 
 
 
 

ogical and The
aculty of Scien

ort Charac
steen Peric
Brain Barri

havorasirik

and Develop
m Thani 121
acy, Srinakh

e, Thaksin U
ee.m@gmai

ngostin and
ana L., show
uroprotectiv

ma-mangostin
monolayer 

angosteen pe
ents of two 
graphy equ
ficients (Pap

ribe the tra
hat non-cy
was around

strated that t
er with the 
a-mangostin
of 10-9 cm/
d efflux rat
p substrate. 

mangostin,  
ficients 

erapeutic Soci
nce, Mahidol 

cteristics of
carp Extra
ier Cell Mo

kul1,*, Patta

pment Cente
12,  Thailan
harinwirot 

University, S
il.com 

d gamma-m
wed antioxi
ve effects in
n from ma
as a bloo

ericarp extr
xanthone c

uipped wit
app) and eff
ansport char
ytotoxic co
d 10 g/ml
their transp
time and co
n were at th
/s. From bid
io less than

  gamma-ma

iety of Thailan
University 

f Alpha-M
act Based 
odel 

arawit Ruk

er, Thamma
nd  
University, 

Songkhla 90

mangostin, 
idant and cy
n vitro. In t
angosteen p
od–brain ba
ract on hCM
compounds 
th mass 

flux ratios 
racteristics 

oncentration
l. The trans

port percenta
oncentration
he level of 1
directional 
n 2. Theref

angostin, hC

nd Meeting 

angostin an
on hCME

kthong2, Na

asat Univers

Ongkhalak

0000, Thail

the active
ytoprotectiv
this study, t
pericarp ex
arrier (BBB

MEC/D3 cel
were deter
spectromet
(PappBL→
of those tw

ns of man
sport course
ages and tra
n. The abso
10-8 cm/s, w
transport a

fore, these 

CMEC/D3

nd Gamma
EC/D3 Cell

awong Boon

sity, Phahon

k, Nakhon N

land  

compound
ve properties
the transpor
tract were 
B) in vitro
lls was assa
rmined with
try (LC-M

→AP/PappAP
wo xanthon
ngosteen pe
e of both a
ansport rate
orption and 
while that of
assay, both 
two xantho

cell lines, 

a-Mangost
l Monolaye

nnak3 

nyothin Roa

Nayok 26120

ds extracte
s. Moreover
rt character
investigate

o cell mod
ayed with th
h high perfo

MS/MS). A
AP→BL) we
ne compoun
ericarp ext
alpha- and 
es were incr

secretion t
f gamma-ma
alpha and 

one compou

transport, a

in from 
er as a 

ad, 

0, 

ed from 
r, alpha-
ristics of 
ed using 
del. The 
he MTT 
ormance 

Apparent 
ere then 
nds. The 
tract on 
gamma-

reased in 
transport 
angostin 
gamma-

unds are 

apparent 



 

Mayur
Bangch
 
1Gradu
Thamm
2Divisio
Medicin
*E-mai
 
Abstra
 

disease 
immune
Second
through
prevent
and cy
infectio
treatme
HepG2 
virus in
50% et
superna
(RANT
MG cou
in ADE
DENV 
and ant
antivira
associat
 
Keywo
 
 
 
 
 
 
 
 
 
 
 
 
 

 A29 Alpha-M
Product
 

i Tarasuk1

hang1  

ate Program
asat Univer

on of Molec
ne Siriraj H
l: mayuri.ta

ct 

Dengue vir
in patients

e activation
ary infectio

h a mechan
tive vaccine
ytokine pro
on. In this w
ent on deng

and U937-
nfection in b
thanol) sign
atant. Moreo
TES, MIP-1β
uld also eff

E-DENV-in
and cytokin

ti-inflammat
al chemothe
ted with DE

rds: dengue

Mangostin I
tion 

,*, Puchare

m in Bioclin
rsity, Pathu
cular Medic
Hospital, Ma
arasuk@gm

rus (DENV)
s with deng
n which crea
ons are cons
nism called 
e nor an eff
duction co

work, the ef
gue virus in
-derived ma
both cell lin
nificantly r
over, α-MG
β, and IP-1
ficiently red
fected cells
ne/chemoki
tory proper
erapy to con
ENV and im

e virus, α-m

The 40th P

Inhibits bo

ee Songprak

nical Scienc
umthani 121
ine, Depart

ahidol Unive
ail.com 

) infection i
gue infectio
ates a casca
sidered a ri
antibody-d

fective thera
uld be exp
ffect of α-m
nfection an
acrophages 
nes. Treatm
educed cel

G effectively
0) productio

duced cytok
s. Our resul
ine producti
ties of α-M
ntrol the sp

mmunopatho

mangostin, a

Pharmacologic
26-28 Apr

oth Dengue

khon2, Pa-t

ces, Chulabh
121, Thailan
tment of Res
ersity, Bang

is a global p
on is correl
ade of cytok
isk factor fo
dependent e
apeutic agen
pected to 

mangostin (
nd cytokine 

was evalu
ment of den
l infection 

y reduced cy
on in infect

kine (IL-1β,
lts demonst
ion in DEN

MG signify t
pread of the
ologic respo

antiviral, an

cal and Therap
ril 2018; Facu

 Virus and

thai Yench

horn Intern
nd 
search and 
gkok 10700,

public health
lated with h
kine produc
or developin
nhancemen
nt is availab
enhance th
α-MG) from
production

uated. α-MG
gue infecte
rates and 

ytokine (IL
ted HepG2 
, IL-6, and 
trated that α

NV-infected
he potentia
e virus and
onses to DE

ti-inflamma

peutic Society
ulty of Science

Cytokine/C

itsomanus2

ational Col

Developme
, Thailand 

h problem. T
high viral l
ction, called
ng severe d

nt (ADE). C
ble. Thus, in
herapeutic e
m Garcinia
n in hepato
G effectively
d cells with
viral releas
-6 and TNF
cells at 24 
IL-10) and 
α-MG effici

d cells. The 
l of further 

d to prevent
ENV infectio

atory, cytok

y of Thailand M
e, Mahidol Un

/Chemokin

2, Kesara N

llege of Med

ent, Faculty 

The severit
load and ex
d “cytokine
dengue, pres
Currently, n
nhibition of
effects for 

a mangostan
ocellular ca
ly inhibited
h α-MG (20
se into the

F-α) and che
h post infec
chemokine
iently inhib
combined 
developme

t the compl
on. 

kine 

35
Meeting 
niversity 

e 

Na-

dicine, 

of 

y of   the 
xcessive 
 storm”. 
sumably 
neither a 
f DENV 

DENV 
na Linn. 
arcinoma 
d dengue 
0 M in 

e culture 
emokine 
ction. α-
e (IP-10) 
bits both 
antiviral 

ent as an 
lications 

5 



3
 

36 The 40t

26-28 A

 
Kanyar
Panrit3

 
1Gradu
Thamm
2Center
Cholang
Phahon
3Drug D
Pathum
*E-mai
 
Abstra
 

A
cholang
agent re
A. lanc
capable
viverrin
relative
produce
results 
mediate
lancea 
investig
 
Keywo
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 A30

th Pharmacolo
April 2018; Fa

Effect o
Hamste

rat Boonpr
3, Kesara N

ate Program
asat Univer

r of Excellen
giocarcinom

nyothin Roa
Discovery a

mthani 1212
l: noei_noey

ct 

Atractylode
giocarcinom
emains to b
cea (Thunb
e of activat
ni (OV)/dim
e expression
ed no signi
of study ha
ed via inhib
(Thunb.) D

gated. 

rds: cholan

ogical and The
aculty of Scien

of Atractylo
r with Opis

rasert1,2*, T
Na-Bangcha

m in Bioclin
rsity, Phaho
nce in Phar
ma, Chulab

ad, Pathumth
and Develop
0, Thailand
y@hotmail

es Lancea (
ma. The mec
be elucidate
.) DC. on 
ting carcin

methylnitros
n of CYP2
ficant chan

ave suggeste
bition of C

DC. on othe

ngiocarcinom

erapeutic Soci
nce, Mahidol 

odes Lancea
sthorchis V

Tullayakorn
ang1,2 

nical Scienc
onyothin Ro
rmacology a
horn Intern
hani 12120,

pment center
d 
.com 

(Thunb.) D
chanism of 
d. The aim 
the expres
ogens inclu
samine (DM
2A8 was e
ge in CYP2
ed that the 

CYP2A8. H
er molecula

ma, anticanc

iety of Thailan
University 

a (Thunb.)
Viverrini Ind

n Plengsuri

ces, Chulabh
oad, Pathum
and Molecu
national Col
0, Thailand
r, Thammas

C. exhibite
f action of A

of the pres
sion of cyt
uding N-ni
MN)-induce
evaluated by
2A8 expres
mechanism

However, th
ar targets i

cer, CYP2A

nd Meeting 

) DC. on C
duced Chol

iyakarn1,2, 

horn Intern
mthani 1212
lar Biology
llege of Med

sat Univers

ed promisin
A. lancea (
sent study w
tochrome P
itrosodimeth
ed cholangi
y real-time
ssion compa

m of antican
e mechanis
in cholangio

A8, Atractyl

CYP2A8 G
langiocarci

Mayuri Ta

ational Col
20, Thailand

of Malaria
dicine, Tham

ity, Phahon

g anticance
Thunb.) DC

was to inves
P450 (CYP)
hylamine, u
iocarcinoma
e RT-PCR. 
ared to untr

ncer effects 
sms of inhi
ocarcinoma

lodes lancea

Gene Expre
inoma 

arasuk1,2, L

llege of Med
d 
a and 
mmasat Un

nyothin Roa

er activities
C. as an an
stigate the e
) 2A8, an 
using Opis
a in hamste

A. lancea
reated cont
of A. lance

ibitory effe
a should be

a (Thunb.) D

ssion in 

Luxsana 

dicine, 

niversity, 

d, 

s against 
nticancer 
effect of 
enzyme 
thorchis 
ers. The 

a extract 
trol. The 
ea is not 
ct of A. 

e further 

DC. 



 

 
Inthuorn
Kesara 
 
1Gradu
Thamm
2Center
Cholang
Pathum
 3Facult
4Drug D
Thailan
*Email
 
Abstra
 

and mo
unsatisf
well as
interact
(Thunb
activitie
triple (B
of each
0:10) us
experim
polygon
growth 
with su
and AT
0.767±0
interact
the IC5

develop
pharma
 
Keywo
polyglo
 
 
 
 
 
 
 
 
 

 A31 Bioactiv
Exhibit 

n Kulma1,2,
Na-Bangch

ate Program
asat Univer

r of Excellen
giocarcinom

mthani 1212
ty of Medic
Discovery a
nd 

: kesaratmu

ct 

Cholangioc
ortality, par
factory due 
s effective 
tions betwe
) DC., i.e.
es against th
BE:AT:HS)
h dual comb
sing isobolo

ment was 1:
nogram ana
by 50% an

um FIC (fra
T:HS comb
0.09, respec
tion with CI
0 and IC90 

pment of A
aceutical dos

rds: cholan
onogram 

ve Constitu
Synergistic

, Pongsakor
hang1,2* 

m in Bioclin
rsity, Pathu
nce in Mole
ma, Chulab
1, Thailand
al Technolo

and Develop

u@yahoo.co

carcinoma (
rticularly in
to the lack
chemothera

een the thre
., β-eudesm
he human C

) combinatio
bination was
ogram analy
:1.5:2.5 (BE
alysis at the
nd 90%, res
actional inh
binations pr
ctively.  Th
I (combinat
concentrati

AL as poten
sage form.  

ngiocarcinom

The 40th P

uents Isolate
c Effect Ag

rn Martviset

nical Scienc
umthani 121
ecular Biolo
horn Intern

d 
ogy, Rangsi
pment Cente

om 

CCA) is the
n patients w
k of sensitiv
apeutics. T
ee major co
mol (BE), 
CCA cells C
ons were ev
s evaluated 
ysis.  For tr
E:AT:HS) a
e IC50 and 
spectively).
ibitory con
roduced syn
he combina
tion index)
on levels, r
ntial anti-C

ma, Atracty

Pharmacologic
26-28 Apr

ed from Ar
gainst Chol

t2,3, Wanna 

ces, Chulabh
121, Thailan
ogy and Pha
national Col

t University
er, Thamma

e major typ
with advan
ve and spec

The aim of 
onstituents 
atractylodin
CL-6 of the

valuated usi
d at five con
riple combin
and analysi
IC90 concen
  The BE:A

ncentration)
nergistic ef
ation of the
values of 0
respectively

CCA chemo

ylodes lance

cal and Therap
ril 2018; Facu

ractylodes la
langiocarci

Chaijaroen

horn Intern
nd  
armacology
llege of Med

y, Pathumth
asat Univers

pe of bile du
nced stage. 
cific diagno

the study 
of the rhiz

n (AT), an
e dual (BE:
ing MTT as
ncentration 
nation, the 
s of the int
ntrations (c
AT combina
of 0.967±0

ffect with s
e three com
0.519±0.10 
y.  Results 
otherapeutic

ea (Thunb) D

peutic Society
ulty of Science

ancea (Thu
noma Cell 

kul1,2, Phun

ational Col

of Malaria
dicine, Tham

hani 12000, 
sity, Pathum

uct cancer w
 Treatment
stic tool for
was to inv

zomes of A
nd hinesol 
AT, BE:HS
say.  The cy
ratios (10:0
concentratio
teraction wa
concentratio
ation produ
0.02 (mean±
sum FICs o
mpounds pr
and 0.65±0
obtained w

cs with reg

DC., Iiobolo

y of Thailand M
e, Mahidol Un

unb) DC. R

nuch Muham

llege of Med

a and 
mmasat Un

Thailand  
mthani 1212

with high m
nt of CCA 
r early dete

nvestigate c
Atractylodes

(HS).  C
S, and AT:H
ytotoxic int
0, 7:3, 5:5, 
on ratio use
as performe
on that inhi
uced additiv
±SD).  The
of 0.685±0
roduced syn
0.17 (mean±
would guide
gard to app

ogram, 

37
Meeting 
niversity 

Rhizome 

mad2,4, 

dicine, 

niversity, 

21, 

morbidity 
remains 

ection as 
ytotoxic 
s lancea 
ytotoxic 
HS) and 
teraction 
3:7, and 
ed in the 
ed using 
bits cell 

ve effect 
e BE:HS 
0.08 and 
nergistic 
±SD) at 
e further 
propriate 

7 



3
 

38 The 40t

26-28 A

 
Tullaya
 

1Center
Cholang
Pathum
 2Gradu
Thamm
3Drug D
Thailan
*Email
 
Abstra

particul
where t
Limitat
CCA ar
study w
cell inv
against 
line. M
Reagen
Cell An
concent
in CL-6
with sel
(5-FU) 
selectiv
migratio
concent
atractyl
CCA. 
 
Keywo
 
 
 
 
 
 
 
 
 
 
 
 

 A32

th Pharmacolo
April 2018; Fa

Effect o
Prolifer

akorn Plen

r of Excellen
giocarcinom

m Thani 121
uate Progra
asat Univer

Discovery a
nd 
: kesaratmu

ct 

Cholangioc
larly in Tha
the liver flu
ion of treat
re of major 

was to inves
vasion of a

CCA cell 
MTT assay w
nt was speci
nalyzer (R
tration that 
6 and OUM
lectivity ind

were 93.9
vity index of
on and cell
trations of 
lodin comp

rds: atracty

ogical and The
aculty of Scien

f Atractylo
ration, Migr

ngsuriyakar

nce in Mole
ma, Chulab
20, Thailan

am in Biocli
rsity, Pathu

and Develop

u@yahoo.co

carcinoma (
ailand. High
uke Opistho
ment option
concerns f

stigate cyto
atractylodin
line CL-6. 
was used to
ific test to a

RTCA) DP 
inhibits cel
S were 40.0
dex of 2.09.
92 (89.74-
f 2.54. The 
l invasion a
20, 40 and

pound for fu

ylodin, cyto

erapeutic Soci
nce, Mahidol 

odin Comp
ration, Inv

rn1,2, Luxsa

ecular Biolo
horn Intern

nd 
inical Scienc
um Thani 12
pment Cente

om 

(CCA) is a
h incidence 
orchis viverr
n and the la
for the contr
otoxic, apop
, the active
 The fibrob
o test cytot
analyze acti
system wa

ll growth to
03 (39.88-42
. The corres
-96.33) and
atractylodin

and induced
d 80 µg/ml
further deve

toxicity, cel

iety of Thailan
University 

ound Inhib
vasion, and 

ana Panrit3

ogy and Pha
national Col

ces, Chulab
2120, Thaila
er, Thamma

 
an importan
of CCA is 

rini is ende
ack of effec
trol of this t
ptotic and in
e constituen
blast cell (O
toxicity. Ce
ivity on cel
as used to 

o 50% (IC50

2.39) and 1
sponding va
d 92.15 (8
n compound
d cell apopt
. These fin
elopment a 

ll invasion

nd Meeting 

bition on C
Apoptosis

3, Kesara N

armacology
llege of Med

bhorn Intern
and 
asat Univers

nt cancer i
reported fr

emic and th
ctive diagno
type of can
nhibitory ac
nt of Atrac
OUMS) wa
ellEvent™ 
ll apoptosis 

test cell 
) [median (
01.74 (99.7
alues for the
87.48-97.71
d also exhib
tosis in dos

ndings may 
new appro

holangioca

Na-Bangcha

of Malaria
dicine, Tham

national Co

sity, Pathum

in the Grea
rom the nor
at is the ma

ostic tool fo
cer nowada
ctivities on 
ctylodes lan
as used as n
Caspase-3/
and xCELL

migration 
range) valu

75-110.42) µ
e reference 
1) µg/ml, 
bited inhibit
se dependen

provide th
oach as che

arcinoma C

ang1,2* 

a and 
mmasat Un

ollege of Me

m Thani 121

at Mekong
rtheastern T
ajor cause o

or early dete
ays. The aim

cell migrat
ncea (Thun
normal con
/7 Green D
Ligence Re
and invasio

ues] for atra
µg/ml, respe
drug 5-fluo
respectivel

tory activity
nt manner w
he potential
emotherape

Cells 

niversity, 

edicine, 

120, 

region, 
Thailand, 
of CCA. 
ection of 
m of the 
tion and 

nb.) DC. 
ntrol cell 
Detection 
eal-Time 
on. The 

actylodin 
ectively, 
orouracil 
ly, with 
y on cell 
with the 
l role of 
eutic for 



 

 
Zin Nw
Morale
 
1 Gradu
Bangko
2 Depar
3 Depar
4 Depar
E-mail:
 
Abstra
 
 
disease 
sources
improvi
and its 
adenoca
tested w
samples
derivati
33.60 n
respecti
accomp
prolifer
of cells 
suggest
cell cyc
 
Keywo
 
 
 
 
 
 
 
 
 
 
 

A33 In vitro 
Adenoca

we Win1, Fa
es4, Pimtip 

uate Progra
ok, Thailand
rtment of Mi
rtment of Ch
rtment of Ph
 pimtip.san

ct 

The outcom
relapse and

s, which can
ing the trea
derivatives
arcinoma A
with MTT 
s were use
ives resulted
nM for clei
ively. The 
panied by 
rative effect

in S phase 
ting that the
cle progress

rds: Cleista

 3 Anticancer
arcinoma C

abien Loiso
Sanvarind

am in Molec
d 

Microbiology
hemistry, Fa
harmacolog

n@mahidol.

me of cancer
d progressi
n be used 

atment outco
, MUC 853

A549 cell lin
assay, colo
d as contro
d in decreas
istanthin A
decrease 

decrease in
ts of the com
and G2 ph

e anti-prolife
ion. More s

anthin A, an

The 40th P

r Effects of
Cell A549 

on2, Patoom
a4* 

cular Medic

y, Faculty of
aculty of Sc
gy, Faculty o
ac.th 

r treatment
on. Finding
as main or
ome. In this
3 and MUC
ne. Anticanc
ony format
ols. Treatm
se in cell vi

A, 144.49 n
in cell via
n colony-f
mpounds. M
ase were de
erative effec
studies on th

nticancer, lu

Pharmacologic
26-28 Apr

f Cleistanth

mratana Tu

ine, Faculty

f Science, M
cience, Mah
of Science, 

is limited b
g novel com
r adjunctive
s study, we

C 858, from 
cer effects 
tion assay, 

ment of A54
ability in a 

nM for MU
ability by 
forming ab
Moreover, ce
ecreased, w
ct of the com
he involved

ung adenoca

cal and Therap
ril 2018; Facu

hin A and D

uchinda3, N

y of Science

Mahidol Uni
idol Univer
Mahidol Un

by drug-resi
mpounds, ei
e treatment 
 investigate
Phyllanthu
of cleistant
and cell c

49 cell line
dose depen

UC 853, an
cleistanthin
ility, indic
ell cycle an
hile the cell
mpounds w

d signaling p

arcinoma 

peutic Society
ulty of Science

Derivatives 

Noppawan P

e, Mahidol U

iversity, Ban
rsity, Bangk
niversity, Ba

stant popula
ither from n
to chemoth

ed the effect
us taxodiifol
hin A and i
ycle analys
e with clei

ndent manne
nd 390.38 n
n A and it
ating anti-
alysis revea
ls in G1 pha

was exerted t
pathway are

y of Thailand M
e, Mahidol Un

s in Lung 

Phumala 

University, 

ngkok, Thai
kok, Thailan
angkok, Th

ation, which
natural or s
herapy, mig

cts of cleista
lius Beille, 
its derivativ
sis. Vehicle
istanthin A 
er, with the 
nM for MU
ts derivativ
survival an

aled that per
ase were in
trough inhib

e underway.

39
Meeting 
niversity 

iland  
nd  
ailand 

h causes 
synthetic 
ght help 
anthin A 
on lung 

ves were 
e-treated 

and its 
IC50 of 

UC 858, 
ves was 
nd anti-
rcentage 

ncreased, 
bition of 
  

9 



 
40 The 40t

26-28 A

 
Kanyar
Sirimas
 
1Depart
Thailan
2Depart
Thailan
*E-mail
 
Abstra
 

which l
Prolong
treatme
thiopuri
known 
evidenc
at high
studies 
motif 1
toxicity
NUDT1
blood l
genotyp
TPMT*
subjects
homozy
TPMT*
the pres
was com

Keywor
 
 

 
 
 
 
 
 
 
 
 

 B01

th Pharmacolo
April 2018; Fa

Genetic 
Hemato

rat Khaeso
s Kanjanaw

tment of Ph
nd 
tment of Pe

nd 
l: wichittra.t

ct 

Acute lymp
large amoun
gation of 6-
ent and this 
ine methylt
exacerbatio

ces indicatin
her risk of 

described 
15 (NUDT1
y.  This stud
15*5 genes 
leucocytes. 
ping assays
*1/*3C. Wh
s were hete
ygous for TP
*3C, NUDT
sent study r
mmon in Th
 

rds: NUDT

ogical and The
aculty of Scien

Polymorp
opoietic Tox

o1, Areerat 
wart1, Suda

harmacology

diatrics, Fa

tassaneeyak

phoblastic l
nt of immat
-mercaptopu
agent may

transferase (
on leads to 6
ng that pati
6-MP-indu
a missense

15) gene th
dy aims to 
in Thai chi
The geno

s. Among 
hereas 24 su
erozygous f

TPMT*3C, N
T15*3 and N
revealed tha
hai children

15, TPMT, 

erapeutic Soci
nce, Mahidol 

hisms of G
xicity in Th

Dornsena1

a Vannapra

y, Faculty of

aculty of Me

kul@gmail.c

eukemia (A
ture lympho
urine (6-MP

y lead to se
(TPMT) res
6-MP-induc
ents with w

uced hemato
e variant in
hat is stron
characterize
ldren with A

otypes of t
133 subje

ubjects (18
for NUDT15
NUDT15*3
NUDT15*5
at the preval
n with ALL.

6-mercapto

iety of Thailan
University 

Genes Involv
hai Childre

, Patcharee
asaht1, Wic

of Medicine,

edicine, Kho

com 

ALL) is a ty
ocytes resul
P) therapy 

evere hemat
sulting from
ced hematop
wild-type TP
opoietic to

n the nucleo
ngly associ
e the polym
ALL. Geno
these allele
ects, 10 su
.05%) were
5*1/*5 (2.2
or NUDT15
were 0.04, 
lent of poly
 

opurine, acu

nd Meeting 

ved in 6-M
en with Acu

e Komwilai
chittra Tas

, Khon Kae

on Kaen Un

ype of cance
lt to replace
during a m

topoietic to
m nonsynon
poietic toxic
PMT allele 
xicity. Rec
oside dipho
iated with 

morphisms o
omic DNAs
es were de
ubjects (7.5
e heterozyg
26%). None
5*5. The fre
0.09 and 0.

ymorphisms

ute lymphob

ercaptopur
ute Lympho

isak2, Nont
saneeyaku

n University

niversity, Kh

er in which 
e the normal
maintenance
xicity. Inhe

nymous poly
city. Howev
or normal T

cent genom
osphate–link

6-MP-indu
of TPMT*3
were isolat

etermined b
52%) were 
gous for NU
e of the stu
equencies o
.01, respect
s in TPMT a

blastic leuke

rine-Induce
oblastic Le

taya Nakka
ul1,* 

ty, Khon Ka

hon Kaen, 

the malign
al marrow el
e phase is a
erited defici
ymorphisms
ver, there ha
TPMT activ

me-wide ass
ked moiety
uced hemat
3C, NUDT1
ted from pe
by TaqMan
 heterozyg

UDT15*1/*
udy subjects
of variant al
tively. Resu
and NUDT1

emia  

ed    
eukemia 

am1, 

aen, 

ant cells 
lements. 
a key in 
iency of 
s is well 
ave been 
vity still 

sociation 
y X-type 
topoietic 
5*3 and 

eripheral 
n® SNP 

gous for 
3 and 3 

s carried 
lleles for 
ults from 
15 genes 



 
41 

The 40th Pharmacological and Therapeutic Society of Thailand Meeting 
26-28 April 2018; Faculty of Science, Mahidol University 

ความหลากหลายทางพนัธุกรรมของยนีทีเ่กีย่วขอ้งกบัการเกิดพษิต่อระบบเลือดของยา  

6-mercaptopurine ในผูป่้วยเด็กโรคมะเร็งเม็ดเลือดขาวชาวไทย 

 

กนัยารตัน ์แขโ้ส
1
, อารีรตัน ์ดรเสนา

1
, พชัรี คําวิลยัศกัด์ิ

2
, นนทญา นาคคํา

1
, ศิริมาศ กาญจนวาศ

1
,  

สุดา วรรณประสาท
1
, วิจิตรา ทศันยีกุล
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1
ภาควชิาเภสชัวทิยา คณะแพทยศาสตร ์มหาวทิยาลยัขอนแก่น จงัหวดัขอนแก่น, ประเทศไทย 

 
2
ภาควชิากมุารเวชศาสตร ์คณะแพทยศาสตร ์มหาวทิยาลยัขอนแก่น จงัหวดัขอนแก่น, ประเทศไทย 

 

บทคดัย่อ 

 

มะเรง็เมด็เลือดขาวลิมโฟบลาสติกชนิดเฉียบพลัน เป็นโรคมะเรง็ทางโลหิตวิทยาที่เซลล์ต้นกาํเนิด

เมด็เลือดในไขกระดูกที่เซลล์ไม่สามารถเจริญเป็นตัวเตม็วัยได้ ส่งผลให้มีการสะสมของเมด็เลือดขาวตัว

อ่อนจาํนวนมากไปแทนที่เซลล์ปกติในไขกระดูก 6-mercaptopurine (6-MP) เป็นยาเคมีบาํบัดหลักใน

การรักษาโรคน้ีที่จาํเป็นต้องใช้ติดต่อกนัเป็นระยะเวลานาน ซ่ึงยาน้ีสามารถทาํให้เกดิพิษต่อไขกระดูกอย่าง

รุนแรงได้  จากรายงานการศึกษาที่ ผ่านมาพบว่าความผิดแผกทางพันธุกรรมของยีน Thiopurine 

methyltransferase (TPMT) ในผู้ป่วยแต่ละรายจะส่งผลต่อความสามารถในการทาํงานของเอนไซม์ 

TPMT และการเกดิพิษต่อไขกระดูกของยา 6-MP อย่างไรกต็ามมีรายงานที่พบว่าผู้ป่วยที่มีลักษณะทาง

พันธุกรรมของยีน TPMT ปกติบางรายยังมีความเสี่ยงสงูที่จะเกดิพิษจากยา จากงานวิจัยเชิงจีโนมเมื่อเรว็ๆ 

น้ีพบว่าความผิดแผกทางพันธุกรรมของยีน nucleoside diphosphate–linked moiety X-type motif 15 

(NUDT15) สมัพันธก์บัการเกดิพิษของยา 6-MP ด้วย ดังน้ัน การวิจัยคร้ังน้ีจึงมีวัตถุประสงค์เพ่ือศึกษา

ความหลากหลายทางพันธุกรรมของยีน TPMT*3C, NUDT15*3 และ NUDT15*5 ในผู้ป่วยเดก็

โรคมะเรง็เมด็เลือดขาวชาวไทย โดยทาํการสกดั gDNA จากเซลล์เมด็เลือดขาว เพ่ือไปตรวจหาจีโนไทป์

ของอลัลีลข้างต้น ด้วยเทคนิค TaqMan
 
SNP genotyping assay ผลการศึกษาพบว่า จากผู้ป่วย 133 ราย 

มีผู้ป่วย 10 ราย (7.52%) ที่มีจีโนไทป์ แบบTPMT*1/*3C  ผู้ป่วย 24 ราย (18.05%) มีจีโนไทป์แบบ 

NUDT15*1/*3  ผู้ป่วย 3 ราย (2.26%) มีจีโนไทป์แบบNUDT15*1/*5 และพบว่าไม่มีผู้ป่วยรายใดที่

มีจีโนไทป์แบบ TPMT*3C/*3C, NUDT15*3/*3 หรือ NUDT15*5/*5  ความถี่ของ TPMT*3C, 

NUDT15*3 และ NUDT15*5 มีค่า 0.04, 0.09 และ 0.01 ตามลาํดับ จากการศึกษาคร้ังน้ีพบว่า

อุบัติการณ์ของความผิดแผกทางพันธุกรรมของยีน TPMT และNUDT15 พบได้มากในผู้ป่วยเดก็

โรคมะเรง็เมด็เลือดขาวชาวไทย 

 

คําสําคญั: NUDT15, TPMT, 6-mercaptopurine, มะเรง็เมด็เลือดขาวลิมโฟบลาสติกชนิดเฉียบพลัน 

 

 
 
 
 



 
42 The 40th Pharmacological and Therapeutic Society of Thailand Meeting 

26-28 April 2018; Faculty of Science, Mahidol University 

Introduction 
 

Acute lymphoblastic leukemia (ALL) is a type of cancer in which the malignant cells 
are lymphoid precursor cells that are arrested in an early stage of development which results 
in large amount of immature lymphocytes and these lymphoblasts replace the normal marrow 
elements resulting in a marked decrease in the production of normal blood cells, red blood 
cells, white blood cells and platelets (1). This may lead to infection, anemia and easy 
bleeding. This disease is the most common leukemia in children.   

 
6-Mercaptopurine (6-MP) is a common anticancer drug used for treatment of for 

ALL. This drug is metabolized to the nucleotide intermediates, thioinosine monophosphate 
(TIMP), by hypoxanthine-guanine phosphoribosyltransferase (HGPRT) and then further 
metabolized by inosine monophosphate dehydrogenase (IMPDH) and guanosine 
monophosphate synthetase (GMPS) to 6-thioxanthosine monophosphate (TXMP) and the 
active metabolites, thioguanine nucleotides (TGN), which are incorporated into DNA (2). 
Excessive accumulation of a cytotoxic compound TGN, able to induces severe cytotoxicity. 
On the other hand, 6-MP is mainly detoxified to inactive methylated metabolites, 6-methyl 
mercaptopurine (6-MMP) by thiopurine methyltransferase (TPMT) and 6-thiouric acid (6-
TU) by xanthine oxidase (3). 

 
Inherited deficiency of TPMT resulting from genetic polymorphisms of TPMT leads 

to higher levels of active metabolites of thiopurines and excess hematoxicity during ALL 
therapy (4).  To date, more than 30 allelic variants of TPMT have been reported. TPMT*3A 
allele is the most prevalent variant in Caucasians, whereas the TPMT*3C allele is the most 
prevalent variant allele in  Asian populations (5).  TPMT*3C contains a transversion 
c.719A>G (Y240C) leading to decrease enzyme activity. Individual who carried this variant 
allele may at higher risk of severe hematotoxicity when treated with 6-MP or 6-MP 
derivatives (6). 

 
 Recent evidences from genome-wide association studies have demonstrated that a 
missense variant in the nucleoside diphosphate–linked moiety X-type motif 15 (NUDT15) 
gene is strongly associated with 6-MP-induced hematotoxicity. NUDT15 is an enzyme 
involved in dephosphorylation of 6-MP active metabolites and preventing incorporation of 
these active metabolites into DNA. Therefore, NUDT15 deficiency resulting from genetic 
polymorphisms in NUDT15 is directly resulted in excessive levels of 6-MP active metabolites 
and increased 6-MP-induced hematopoietic toxicity (7). Two common variant alleles, 
NUDT15*3 and NUDT15*5, have been identified to be associated with 6-MP-induced 
hematotoxicity.  NUDT15*3 contains a transition c.415C>T (R139C) while NUDT15*5 
contains a transition c.52G>A (V18I) which resulted in changes in amino acid sequence of 
the NUDT15 protein and influenced NUDT15 enzyme activity.   Recent studies have 
demonstrated that patients who carried either NUDT15*3 or NUDT15*5 alleles were at 
higher risk of 6-MP-induced hematotoxicity when compared with the patients who carried 
homozygous NUDT15*1/*1 (8). 
 

To date, the data on the prevalence of the genes involved in the toxicity of 6-MP in 
Thai ALL children is still limited. The present study aims to elucidate the genetic 
polymorphisms of TPMT and NUDT15 in ALL Thai children who received 6-MP treatment. 
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Materials and Methods 
 
Study population 
 One hundred and thirty-three Thai children aged between 1-18 years old who were 
diagnosed for ALL and had been treated with 6-MP according to the Thai Pediatric Oncology 
Group (Thai-POG) protocol for childhood ALL guidelines chemotherapy in Srinagarind 
Hospital were recruited. Written informed consent was obtained from subject’s parents or 
guardian after they had been informed both verbally and in writing about the experimental 
procedures and purposes of the study. Ethical approval for this study was obtained from the 
Ethical Research Committee of Khon Kaen University. 
 
Detection of NUDT15 and TPMT variants 
 Blood sample was collected from each subject. Peripheral blood leucocytes were 
separated and gDNA was purified from peripheral blood leucocytes by using DNA extraction 
Kit (QIAamp DNA Blood mini kit, Germany). gDNA was used for genotyping of TPMT*3C 
and NUDT15*3 and NUDT15*5 polymorphisms by using pre-designed TaqMan® SNP 
genotyping assays.  The Real-Time PCR were performed using a QuantStudio™ 6 Flex 
Machine (The Applied Biosystems). 
 
Detection of TPMT activity 

TPMT activity was determined from patients' red blood cells (RBCs) as previously 
described (9). In brief, RBCs were washed with ice-cold normal saline solution and then 
lysed in 0.02 mM potassium phosphate buffer, pH 7.4 by vigorously mixing for 30 sec. 
TPMT activity in RBC lysates was determined using 6-thioguanine as a substrate and S-
adenosyl-L-methionine as a methyl donor. A C18 Nucleosil column and a flow rate of 1.5 
mL/min were used instead of a C18 Kingsorb column and a flow rate of 2.0 mL/min. The 
specific activity of erythrocyte TPMT enzyme was expressed as nmol 6-methylthioguanine 
(MTG)/g·Hb/h. The hemoglobin content in RBC lysates was determined using an automated 
hematology analyzer (SysmexXT-2000i, Sysmex America, Inc., Mundelein, Illinois). 

 
Statistical analysis 
 Genotype and allele frequencies were calculated by counting alleles. Hardy–Weinberg 
equilibrium was determined by the Chi-squared test. Allele frequencies in different ethnicity 
from previous studies were compared using the Z-test. A P-value of less than 0.05 was 
considered statistically significant. 
 
Results  
 
NUDT15 genetic polymorphisms 

Of 133 Thai children with ALL who had been treated with 6-MP, 72 males and 61 
females with aged 6.99±0.30 (mean ± SEM) were enrolled in this study. Results for NUDT15 
genotypes were shown in Table 1.  

 
Concerning NUDT15*3, 109 subjects were homozygous wild-type (81.95%; 95% CI 

74.35-88.08), 24 subjects were heterozygous (18.05 %; 95% CI 11.92-25.65). For 
NUDT15*5, 130 subjects were homozygous wild-type (94.74%; 95% CI 93.55-99.53), 3 
subjects were heterozygous (2.26%; 95% CI 0.47-6.45). It should be noted that neither 
homozygous variants of NUDT15*3 nor NUDT15*5 were found in the study population.  
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Table 1. Genotype frequencies of NUDT15 in Thai ALL patients 
Genotype Number of subject 

(%)  
% Observed genotype 

frequency [95%CI] 
 % Expected 

genotype 
frequency 

NUDT15*3   

*1/*1 (CC) 109 (81.95) 81.95 [74.35-88.08]  82.81 

*1/*3 (CT) 24 (18.05) 18.05 [11.92-25.65]  16.38 

*3/*3 (TT) 0 (0) 0 (0)  0.81 

NUDT15*5 
  

*1/*1 (GG) 130 (94.74) 94.74 [93.55-99.53]  98.01 

*1/*5 (GA) 3 (2.26) 2.26 [0.47-6.45]  1.98 

*5/*5 (AA) 0 (0) 0 (0)  0.01 

  
 

As shown in Table 2, the allele frequencies of NUDT15*1, *3 and *5 in Thai ALL 
children were 0.90, 0.09 and 0.01, respectively.  Based on the Hardy–Weinberg equilibrium, 
the genotype frequencies for homozygous wild-type for NUDT15*3, heterozygous 
NUDT15*1/*3 and homozygous NUDT15*3/*3 were estimated to be 82.81%, 16.38% and 
0.81%, respectively (Table 1).  For NUDT15*5, the expected genotype frequencies of 
homozygous wild-type, heterozygous and homozygous variant based on the Hardy–Weinberg 
equilibrium was 98.01%, 1.98% and 0.01%, respectively (Table 1).  The expected genotype 
frequencies of both NUDT15*3 and NUDT15*5 were not statistically different from the 
actual observed frequencies. Allele frequencies of NUDT15 alleles in Thai ALL patients are 
compared with previously reported in various populations (Table 2). 

 
 

Table 2. Comparative allele frequencies of NUDT15 in various populations 
Gene 

   
Population 

 

 Thai Thai Japanese Korean 
East 

Asians Hispanics Europeans Lebanese

NUDT15         

*1 
 

0.899 
(0.856-0.932) 

0.915 
 

0.800-0.898 
 

0.867-0.896 
 

0.902 
 

0.959* 
 

0.998* 
 

0.996* 
 

*3 
 

0.090 
(0.059-0.131) 

0.085 
 

0.102-0.159 
 

0.069-0.104 
 

0.098 
 

0.041* 
 

0.002* 
 

0.004* 
 

*5 
 

0.011 
(0.002-0.033) 

ND 
 

0.006 
 

0.011 
 

ND 
 

ND 
 

ND 
 

ND 
 

Ref. This study (10) (11), (12) (13), (14) (7) (7) (7) (15) 

Data in parentheses represent 95% CI, ND; not detected, Different from Thai population (* P < 0.05) 
 
 
 
 
 



 
45 

The 40th Pharmacological and Therapeutic Society of Thailand Meeting 
26-28 April 2018; Faculty of Science, Mahidol University 

TPMT genetic polymorphisms 
Among 133 subjects genotyped for TPMT, 123 subjects were homozygous for 

TPMT*1 (92.5%; 95% CI 86.60-96.34), 10 subjects were heterozygous for TPMT*1/*3C 
(7.5%; 95% CI 3.66-13.39) and none of them carried homozygous for TPMT*3C. Based on 
the Hardy–Weinberg equilibrium, these values were not statistically different from the actual 
observed frequencies.  
 
 
Table 3. Genotype frequencies of TPMT in Thai ALL patients 

Genotype Number of subject 
(%) 

% Observed 
genotype frequency 

[95%CI] 

% Expected 
genotype 
frequency 

TPMT*3C  

*1/*1 (AA) 123 (92.48) 92.5 [86.60-96.34] 92.63 

*1/*3C (AG) 10 (7.52) 7.5 (3.66-13.39) 7.23 

*3C/*3C (GG) 0 (0) 0 (0) 0.14 

 
 
The allele frequencies of TPMT*1 and TPMT*3C were 0.96 and 0.04, respectively 

(Table 4). Allele frequencies of TPMT alleles in Thai ALL patients are compared with 
previously reported in various populations (Table 4). 

 
 

Table 4. Comparative allele frequencies of TPMT in various populations 

Gene   
 Population   

  
 

Thai Thai Japanese East Asians Hispanics Europeans Lebanese 

TPMT        

*1 
 

0.962 
(0.932-0.982) 

0.947-0.950 
 

0.979-0.978 
 

0.969 
 

0.947-0.964 
 

0.964 
 

0.989 
 

*3C 
 

0.038 
(0.018-0.068) 

0.050-0.053 
 

0.013-0.016* 
 

0.031 
 

0.002-
0.003* 

 

0.002* 
 

0* 
 

Ref. This study (5), (16) (5),(11) (7) (5) (5) (15) 

Data in parentheses represent 95% CI, ND; not detected, Different from Thai population (* P < 0.05) 
 
 
 Of 133 all patients enrolled in the study, only 81 blood samples were obtained for 
determination of TPMT activity. As shown in Figure 1, the mean of erythrocyte TPMT 
activity of patients with TPMT*1/*3C genotype was significantly lower when compared with 
that of the homozygous wild-type TPMT*1/*1 genotype (27.36±3.26 vs 42.28±1.6 nmol 6-
MTG/g· Hb/h, P-value = 0.01). 
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Figure 1.  Erythrocyte TPMT activity of Thai ALL patients with homozygous TPMT*1 
(N=75) and heterozygous TPMT*1/*3C (N= 6). Lines represent the mean values, the lower 
and upper borders of the box represent 95% CI. * P-value = 0.01 
 
 
Discussion  
 
 Genetic polymorphisms of TPMT and NUDT15 in Thai ALL children are elucidated 
in the present study.  The allele frequencies of TPMT*3C in Thai ALL children are 
significantly higher where as those of NUDT15*3 and NUDT15*5 are comparable when 
compared with other Asian populations.  In addition, the allele frequencies of TPMT*3C, 
NUDT15*3 and NUDT15*5 in Thai ALL children are significantly higher when compared 
with Caucasian and Hispanic populations. 
 

The allele frequencies of NUDT15 variants, NUDT15*3 and NUDT15*5, were 0.09 
and 0.01, respectively. These results suggest that NUDT15*3 allele appears to be a common 
variant allele in Thai population.  Previous studies have demonstrated that 6-MP tolerance 
was highest in patients with the normal activity NUDT15 (homozygous wild-type) followed 
by those with intermediate activity (heterozygous variant) and lowest in patients with the low 
activity (homozygous variant) (17). In addition, variation of NUDT15 gene is over-
represented in Japanese and Korean populations and the genetic polymorphisms of this gene 
has been suggested as the predominant genetic cause for thiopurine-induced hematotoxicity 
in Asian populations (17), (18).  Moreover, a recent study in Thai ALL children have found 
an association between NUDT15*3 and myelosuppression during maintenance therapy with 
6-MP and the median dose of 6-MP in patients who carried NUDT15*3 was significantly 
lower than those carried homozygous wild-type (10). It should be noted that the allele 
frequency of NUDT15*3 found in Thai ALL children is not significantly different from that 
value found in the present study (0.085 vs 0.090) (Table 2).  To our knowledge, the present 
study is the first report about genetic polymorphism of NUDT15*5 in a Thai population, 
whether this variant allele plays a role on hematotoxicity of 6-MP in a Thai population or not 
needs to be further investigated. 
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For TPMT genetic polymorphism, we have demonstrated relationship between TPMT 
genotype and its enzymatic activity and the results showed that TPMP activity in 
TPMT*1/*3C was about 35% lower than those of homozygous wild-type genotype (Figure 
1). These finding consistent with previous report that TPMT*3C mutation leads to reduction 
in enzymatic level and activity (19). The allele frequency of TPMT*3C found in Thai ALL 
children (0.04) trends to be  lower than that those previously reported in Thai healthy 
volunteers  (0.05) (5) and Thai ALL children (0.053) (16) (Table 4). Compared with other 
Asian populations, the frequency of TPMT*3C found in the study population was 
significantly higher than those of Japanese and trend to higher than East Asians suggests that 
at about 8% of Thai population might have an increased risk of thiopurine-induced toxicity. 

 
Conclusion  
 

In conclusion, results from the present study revealed the allele frequencies of 
NUDT15*3, NUDT15*5 as well as TPMT*3C in Thai ALL children. On comparison with 
other Asian populations, higher frequency of TPMT*3C but comparable frequencies of both 
NUDT15*3 and NUDT15*5 were observed in the study population.  Further investigation is 
needed in order to characterize the relationship between the genetic polymorphisms of these 
two gene and hematotoxicity caused by 6-MP in Thai ALL children. 
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Montelukast เหนีย่วนาํใหเ้กิดการตายแบบ apoptosis ของเซลลม์ะเร็งเตา้นมแบบ triple negative 

โดยลดการแสดงออกของโปรตีน Bcl-2 และ p38 MAPK 
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บทคดัย่อ 

 

 มะเร็งเต้านมชนิด triple negative มีความรุนแรงและไม่ตอบสนองต่อการรักษาโดยการใช้

ฮอร์โมนหรือการให้ยาเจาะจงเซลล์มะเรง็ (targeted therapy) ผลงานวิจัยที่ผ่านมารายงานผลความเป็นพิษ

ต่อเซลล์และฤทธิ์ในการยับย้ังการแบ่งตัวของ cysteinyl leukotriene receptor antagonist 2 ชนิด ได้แก่ 

montelukast และ zafirlukast ในเซลล์ MDA-MB-231 ซ่ึงเป็นเซลล์มะเรง็เต้านมแบบ triple negative ที่

เวลา 24 และ 96 ช่ัวโมง ตามลาํดับ อย่างไรกต็ามกลไกที่เหน่ียวนาํให้เกิดผลเหล่าน้ียังไม่แน่ชัด  

การศึกษาในคร้ังน้ีมีเป้าหมายที่จะค้นหากลไกที่เกี่ยวข้องกบัการตายของเซลล์แบบ apoptosis ที่เกดิจากยา 

montelukast ในเซลล์ MDA-MB-231  การศึกษา ผลของ montelukast ขนาด 20 μM ที่มีต่อการตาย

แบบ apoptosis ที่เวลา 6, 12 และ 24 ช่ัวโมง ใช้การย้อม annexin V-FITC และ 7-Aminoactinomycin 

D (7-AAD) การประมวลผลโดยใช้ flow cytometry พบว่า 20 μM montelukast ชักนาํให้เกดิการตาย

ของเซลล์แบบ late apoptosis และ necrosis ที่ 12 ช่ัวโมงหลังจากได้รับสาร การวัดระดับสารอนุมูลอสิระ 

(reactive oxygen species) โดยวิธ ีdichlorofluorescein (DCF) ไม่พบความเปล่ียนแปลงระดับในการ

สร้างสารอนุมูลอสิระในเซลล์ที่ได้รับ montelukast เป็นเวลา 1 และ 3 ช่ัวโมง ในขณะที่ montelukast มีผล

ในการลดการแสดงออกของโปรตีนที่ยับย้ังการตายของเซลล์ช่ือ Bcl-2 และ p38 MAPK  การศึกษาใน

คร้ังน้ีแสดงให้เหน็ว่า montelukast ควบคุมให้เกดิการตายของเซลล์มะเรง็เต้านมแบบ triple negative โดย

ลดการแสดงออกของโปรตีน Bcl-2 และ p38 MAPK  

 

คําสําคญั: เซลล์มะเรง็เต้านมชนิด triple negative, montelukast, Bcl-2, p38 MAPK 
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Introduction 
 
 Breast cancer is the most common cancer in women worldwide (1). The incidence of 
breast cancer in Thai women increased 3.1% per year from 2000 to 2012 (2). The progression 
and the response to treatment of breast cancer is based on the expression of estrogen receptor 
(ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2). The 
standard treatments for patients, who do not express all three biomarkers (triple-negative 
breast cancer, TNBC), are surgery and classical chemotherapy drugs such as 
cyclophosphamide, methotrexate and fluorouracil (3). There is currently no specific treatment 
for TNBC; therefore, the identification of novel therapy and understanding how these drugs 
work is needed.  
 
 Leukotrienes (LTs) play an important role in the pathogenesis of asthma, 
inflammatory diseases and immediate hypersensitivity reaction (4). In asthma patients, 
LTRAs users shows the decreased risk of breast, lung, colorectal and liver cancers compared 
with non-users (5). The activation of cysteinyl leukotriene receptor 1 (CysLT1R) in colon 
cancer cells and intestinal epithelial cells increases survival and proliferation, the two 
important steps in tumorigenicity (6). The overexpression of CysLT1R also increases the risk 
of cancer-induced death and reduced survival in breast cancer patients (7). We recently 
reported that cysteinyl leukotriene receptor antagonists (LTRAs), montelukast and zafirlukast 
at 20 M, reduced cell viability and induced apoptosis of MDA-MB-231, a TNBC cell line, 
at 24 hours (8). However, mechanisms responsible for apoptotic effect of LTRAs remain 
unclear. 
 

The present study aims to determine the effects of time on apoptotic effects of 
montelukast and investigate its underlying mechanisms in MDA-MB-231. The apoptotic 
effects of montelukast were measured at 6 h, 12 h and 24 h after drug exposure using annexin 
V-FITC and 7-aminoactinomycin D (7-AAD) staining and analyzed via flow cytometry. 
Reactive oxygen species (ROS) level was detected using dichlorofluorescein (DCF) assay 
and the expression of an anti-apoptotic protein, Bcl-2, and p38 MAPK protein were 
determined using western blotting. 
 
Materials and Methods 
 
Cell line and culture condition 

MDA-MB-231 cells were obtained from American Type Culture Collection (ATCC) 
and cultured in Dulbecco's Modified Eagle Medium (DMEM, Gibco, USA) with 1% 
penicillin/streptomycin (Merck, Germany) and 10% fetal bovine serum (Gibco, USA). Cells 
were maintained at 37 ºC in humidified atmosphere of 5% CO2. 

 
Drugs 

Montelukast was purchased from Sigma (USA) and dissolved in dimethyl sulfoxide 
(DMSO, Sigma, USA). The final concentration of DMSO is 0.04% (v/v) in culture media. 

 
Apoptotic assay 
 Cells were plated on 6-well plates. At 60-70% confluency, cells were treated with 20 
µM montelukast or DMSO. After 6, 12 and 24 h, cells were harvested and incubated in dark 
with annexin V-FITC (BD PharmingenTM, United States) and 7-aminoactinomycin D (7-
AAD) (BD PharmingenTM, United States). Cells positive for annexin V-FITC without or with 
7-AAD staining were considered as early and late apoptotic cells, respectively. Cells positive 
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for 7-AAD without annexin V-FITC staining were considered as necrotic cells. Apoptotic 
cells were analyzed using a BD AccuriTM C6 flow cytometer (BD Bioscience, United States) 
with a minimum of 5,000 events from each experiment. Data were expressed as the 
percentage of cell population. 
 
Reactive oxygen species detection 

Cells were plated on 96-well black plates with clear bottom in DMEM without phenol 
red. At 60-70% confluency, cells were pre-incubated with dichloro-dihydro-fluorescein 
diacetate (DCFH-DA, Invitrogen, USA) for 40 min, and subsequently washed and treated 
with 20 µM montelukast, DMSO or tert-Butyl hydroperoxide (tBuOOH, Sigma, USA). The 
fluorescence intensity was measured at 1 and 3 h post-exposure by a microplate reader 
(Varioskan Flash, Thermo Scientific, USA) with excitation and emission spectra of 490 nm 
and 535 nm, respectively. DCF fluorescence intensity in DMEM without phenol red-treated 
cells was defined as 100% in each experiment. 

 
Western blotting 

Cells were plated on 60-mm dishes and treated with 20 µM montelukast or DMSO at 
60-70% confluency. After 24 h, cells were washed in cold phosphate buffered saline (PBS) 
and lysed in lysis buffer (50 mM Tris, 150 mM NaCl, and 0.5% nonidet P-40, pH 7.4) with 
protease inhibitor cocktails (Calbiochem, Germany). Equal amount of proteins was loaded 
into SDS-polyacrylamide gels and transferred to nitrocellulose membranes (Biorad, United 
States). Membranes were probed with primary antibodies for Bcl-2, p38 and -tubulin (Cell 
Signaling, USA) followed by HRP-labeled anti-rabbit or anti-mouse IgG secondary 
antibodies (Jackson ImmunoResearch, USA). Immunoreactive bands were visualized using 
ClarityTM ECL Western Blotting substrate (Bio-Rad, United States) on UltraCruz® 

autoradiography film (Santa Cruz Biotechnology, USA). The band intensity of proteins of 
interest was measured and normalized to expression of a housekeeping protein, -tubulin. 

 
Statistical analysis 

Data were presented as the mean±SEM (N > 3). The experiments were analyzed by 
one-way analysis of variance (ANOVA) with Dunnett’s post-hoc test or two-way ANOVA 
with Bonferroni post-tests using GraphPad® Prism, version 5.0 (GraphPad software Inc., San 
Diego, CA). 
 
Results 
 
Montelukast caused morphological change and induced apoptosis and necrosis in MDA-
MB-231 cells 

Our previous study indicated that 20 µM montelukast resulted in more than 90% 
apoptotic cells at 24 h post-exposure (8). In the present study, MDA-MB-231 cells were 
treated with 20 µM montelukast or DMSO for 6, 12 and 24 h. At 6 h post-exposure, 
montelukast-treated cells showed the retraction of process. At 12 h, cells became round and 
the reduction of cell density was observed. At 24 h, all cells became round and detached from 
surface (Figure 1). Next, we investigated whether montelukast induced apoptosis and/or 
necrosis using annexin V-FITC and 7-AAD staining and flow cytometry. The percentage of 
cells positive for annexin V-FITC without or with 7-AAD staining represents early and late 
apoptosis, respectively. The percentage of cells positive for 7-AAD without annexin V-FITC 
was considered as necrotic cells. Representative dot plots showed the montelukast increased 
late apoptotic cells and necrotic cells with increasing time (Figure 2). Quantitative analysis 
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showed that montelukast induced late apoptosis and necrosis at 12 and 24 h post-exposure 
(Figure 3) while there was no increase in early apoptosis.   

 

 

 

 

 

 

 

 

 

Figure 1. Effects of montelukast on morphology and density of MDA-MB-231 cells. DMSO-
treated cells at 6 h (A), 12 h (B) and 24 h (C) and montelukast-treated cells at 6 h (D), 12 h 
(E) and 24 h (F) were observed using an inverted light microscope (10x objective). At all 
time points, DMSO did not alter cell shape and cell density increased over time, whereas 
montelukast-treated cells showed cell shrinkage since 6 h and floating cells were observed at 
24 h post-exposure. 

 

 

Figure 2. Flow cytometry dot plots of DMSO and montelukast-treated cells at 6 h, 12 h and 
24 h of drug exposure. MDA-MB-231 cells were stained with annexin V-FITC and 7-AAD 
and analyzed by a flow cytometer. Increased levels of annexin V and 7-AAD positive cells 
were found at 12 and 24 h post-exposure. 

A B C

D E F
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Figure 3. Montelukast induced late apoptosis and necrosis in a time-dependent manner. 
Percentage of late apoptotic cells (A) and necrotic cells (B) were measured at 6, 12 and 24 h 
after exposure to either DMSO or 20 M montelukast (MLK) (N=4). Data were presented as 
mean ± SEM. Two-way ANOVA was used for statistical analysis and statistical significance 
was donated as **(p < 0.01) in comparison between DMSO-treated cells and montelukast-
treated cells at the same time point and #(p < 0.05) and ##(p < 0.01) in comparison among 
montelukast-treated cells from different time points.  
 
 
Montelukast did not increase ROS generation in MDA-MB-231 cells 

To examine whether apoptotic effects of montelukast was mediated by oxidative 
stress, ROS generation was measured at 1 and 3 h post-exposure using DCF assays. Cells 
treated with DMSO and tert-Butyl hydroperoxide (tBuOOH) were used as a mock control 
and a positive control, respectively. ROS levels were shown as the percentage of DCF 
fluorescence compared to untreated cells. The results showed no change on the ROS 
generation in montelukast-treated cells compared to DMSO-treated cells in both times of 
exposure (Figure 4). 

 

  

Figure 4. Montelukast did not induce ROS generation. ROS levels were measured by DCF 
assays after 1 h (A) and 3 h (B) post-exposure to 20 M montelukast (MLK). There was no 
significant difference in ROS generation between montelukast-treated cells and DMSO-
treated cells (N=3). Data were presented as mean ± SEM. One-way ANOVA was used for 
statistical analysis.  
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Montelukast reduced the expression of Bcl-2 and p38 MAPK proteins in MDA-MB-231 
cells 

Next, we examined the effects of montelukast on apoptotic and MAPK pathways 
using western blotting. The results showed the decreased expression of Bcl-2 and p38 MAPK 
proteins in montelukast-treated cells at 24 h of treatment (Figure 5). 

 
 

 

 

 

 

 

 

 

 

 

Figure 5. Montelukast (MLK) decreased expression of Bcl-2 and p38 MAPK proteins. 
Expression of Bcl-2 (A) and p38 MAPK (B) at 24 h post-exposure was decreased (N=4). 
Data were presented as mean±SEM. Two-way ANOVA was used for statistical analysis and 
statistical significance was donated as *(p < 0.05) and **(p < 0.01) in comparison between 
DMSO-treated cells and montelukast-treated cells. (D = DMSO, M = montelukast) 
 
 
Discussion 
 
 Montelukast was reported to decrease the breast cancer risk in asthma patients (5). 
Our previous study reported that montelukast and zafirlukast decreased cell viability, induced 
apoptosis and inhibited proliferation of MDA-MB-231 cell line with median toxic 
concentration (TC50) between 5-10 µM (8). The present study demonstrated that cytotoxic 
dose of montelukast (20 µM) induced apoptosis through downregulation of Bcl-2 and p38 
MAPK proteins. 
 

The cytotoxic effects of montelukast were studied in several types of cancers. In lung 
cancer cells, 50 µM montelukast showed apoptotic effect at 12 h post-exposure (9). At 24 h 
of drug exposure, 25 µM montelukast induced human colon carcinoma cell apoptosis (10) 
and 100 µM montelukast induced apoptosis in prostate cancer cells and renal cell carcinoma 
(11, 12) . The previous study reported cytotoxic effects of montelukast in TNBC cells at 24 h 
post exposure (8). In this study, 20 µM montelukast induced apoptosis of TNBC cells at 12 h 
post-exposure and showed greater effect at 24 h post-exposure, indicating that the apoptotic 
effect was time-dependent. 

 
Several anticancer drugs induced oxidative stress, leading to cell death (13). Low 

concentrations of ROS promote cancer cell survival, while high concentrations leads to 

Tubulin (55 kDA) 

Bcl-2 (26 kDA) 

Tubulin (55 kDA) 

p38 (43 kDA) 

6 h 12 h 24 h 6 h 12 h 24 h
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oxidative stress and apoptosis (14). This study found no change in ROS generation in 
montelukast-treated cells compared to a mock control both 1 and 3 h drug exposure, 
demonstrating that montelukast-induced apoptosis was not mediated by the direct ROS 
generation. However, montelukast may alter the expression of oxidative stress-related gene. 

 
 LTRAs induce apoptosis of lung cancer cells (9) and brain tissue of rat and mice (15, 
16) via downregulation of Bcl-2 protein. Bcl-2 is considered a key anti-apoptotic protein 
because it inhibits the release of cytochrome c and apoptosis-inducing factors that directly 
activate caspases (17). In the present study, montelukast-treated cells showed the reduction of 
Bcl-2 protein expression at 24 h, suggesting that montelukast mediated apoptosis by 
decreasing Bcl-2 expression.  
 

p38 MAPK plays a role in either the regulation of cell death or the stimulation of cell 
survival depending on stimuli and cell types (18). In myeloid cell 1, p38 inhibitors decreased 
Egr2 expression, resulting in the reduction of Bcl-2 expression (19). The present study found 
low p38 MAPK expression in montelukast-treated cells together with the reduction of Bcl-2 
expression, suggesting that the low levels of Bcl-2 might be mediated by p38. However, 
further studies are needed to confirm that montelukast decreases Bcl-2 expression through 
p38 pathway. 

 
Conclusion 
 

Montelukast induced late apoptosis and necrosis on breast cancer cells in a time 
dependent manner. The apoptotic effects of montelukast on apoptosis are mediated by the 
decrease in an anti-apoptotic protein, Bcl-2, and p38 MAPK protein expression, but not via 
the direct ROS generation. However, further studies on other apoptotic-related proteins such 
as Bax, Bak and caspases as well as other proteins in MAPK pathways would provide more 
information on how LTRAs trigger apoptosis. 
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การแสดงออกของไนตริกออกไซดแ์ละ Guanylate Cyclase ทีเ่พิม่ข้ึนและความสมัพนัธก์บัความ
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บทคดัย่อ 

 

ไนตริกออกไซด์ (NO) ที่ความเข้มข้นตํ่าช่วยส่งเสริมการเพ่ิมจาํนวนเซลล์ การสร้างเส้นเลือดใหม่

และการบุกรกุของเซลล์มะเรง็ผ่านทาง NO / sGC / cGMP จากการศกึษาโดยใช้ western blot เราได้วัด

การแสดงออกของเอนไซม์ endothelial nitric oxide synthase (eNOS), เอนไซม์ inducible nitric oxide 

synthase (iNOS) และเอนไซม์ guanylate cyclase 1 (sGC1) ในเน้ือเย่ือมะเรง็เต้านมจากผู้ป่วย 

(N=20) และมีการศึกษาความสมัพันธร์ะหว่างการแสดงออกของโปรตีน eNOS, iNOS และ sGC1 กบั

ข้อมูลทางคลินิก การศึกษาของเราพบว่าเน้ืองอกมะเรง็เต้านมมีระดบั eNOS, iNOS และ sGC1 สงูกว่า

เน้ือเย่ือปกติที่อยู่ติดกนัอย่างมีนัยสาํคัญ (P<0.05) การแสดงออกของ eNOS มีความสมัพันธเ์ชิงบวกกบั

ขนาดเน้ืองอก (r=0.5178, P=0.0194) การแสดงออกของ iNOS สงูขึ้นอย่างมีนัยสาํคัญทางสถติิใน

มะเรง็เต้านมที่มีการรกุราน (grade I / II และ grade III) มากกว่ามะเรง็เต้านมที่ไม่รกุราน นอกจากน้ีการ

แสดงออกของ sGC1 สงูกว่าในผู้ป่วยมะเรง็เต้านมชนิดที่รกุรานไปต่อมนํา้เหลืองมากกว่าชนิดที่ไม่

รกุราน สรปุได้ว่าเน้ือเย่ือมะเรง็เต้านมมีระดับโปรตนี eNOS, iNOS และ sGC1 สงูขึ้นซ่ึงมีความสมัพันธ์

กบัความก้าวหน้าของเน้ืองอก 

 

คําสําคญั: eNOS, iNOS, sGC1, breast cancer 
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Introduction 
 

Breast cancer as the leading cause of cancer death among women around the world, 
there were about 14.9 million new cases around the world in 2012 (1). Nitric oxide (NO), a 
short-lived endogenously produced gas, acts as a diffusible messenger in intercellular 
communication and intracellular signaling, to regulate various physiological processes (2, 3). 
NO can be rapidly oxidized to nitrite (NO2

-) and nitrate (NO3
-) after being synthesized from 

L-arginine and oxygen (O2) by the enzyme nitric oxide synthase (NOS) (4). Both endothelial 
NOS (eNOS or NOS3) and neuronal NOS (nNOS or NOS1) have a constitutive expression, 
whereas inducible NOS (iNOS or NOS2) is Ca2+-independent, elicited by inflammatory 
mediators (5). Soluble guanylate cyclase (sGC) is an intracellular enzyme acting as NO 
receptors. The binding of NO to β1 subunits of sGC leads to enzyme dimerization that 
converts guanosine triphosphate (GTP) into cyclic guanosine monophosphate (cGMP). This 
second messenger cGMP can regulate physiological functions, including vasodilation, 
inhibition of platelet aggregation, and neurotransmission (6).  

 
Low NO concentrations (<100 nM) produced from eNOS promote proliferation, 

angiogenesis, and invasiveness of cancer cells through the NO/sGC/cGMP and nitrosative 
pathways (7). From previous immunohistochemistry (IHC) study on NOS expression in 
human breast cancer tissues, iNOS and eNOS expressions increased in invasive carcinomas 
in comparison to in situ carcinomas. Ductal carcinomas had significantly more eNOS positive 
compared with the lobular or tubular carcinoma subtypes (8). Another study demonstrated a 
gradual increase in iNOS from low-grade in situ carcinomas to high-grade invasive ductal 
breast carcinomas (9). However, there were some conflicting results from different studies on 
sGCβ1 in breast cancer cells. One study demonstrated that activation of NO-cGMP-protein 
kinase G (PKG) pathway inhibited growth and induced apoptosis of MDA-MB-468 and SK-
Br-3 breast cancer cell line, which were related with reduced expression of both sGC 
subunits. Down-regulation of sGC in breast tumor may thus protect breast cancer cells from 
the growth inhibition induced by NO-cGMP (10). In contrast, high sGCβ1 protein expression 
levels were observed in MDA-MB-468 breast cancer cells and these levels were correlated 
with the sGC activity and a marked increase in cGMP levels upon exposure to the 
combination of a NO donor and a sGC activator (11).  

 
In this study, we aimed to determine iNOS, eNOS, and sGCβ1 protein expression 

levels in the breast cancer tissues from patients, and their correlation with clinical features of 
breast cancer patients.   
 
Materials and Methods 
 
Tissue collection from patients 

Human breast tissue samples were obtained from the Department of Surgery, Faculty 
of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand. Breast tissues 
were collected from operation room and stored at -80C until use (N=20). This study was 
approved by Committee on Human Rights Related to Research Involving Human Subjects, 
Faculty of Medicine Ramathibodi Hospital, Mahidol University based on the declaration of 
Helsinki, protocol ID 03-58-32. 
 
Protein extraction from human breast tissue 

50 mg of tissues were lysed in 1 mL of tissue lysis buffer, containing 150 mM sodium 
chloride, 50 mM Tris, PH 7.4, 1.0% NP-40, 0.1% sodium dodecyl sulfate (SDS), and the 
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proteinase inhibitor cocktail. Tissues were kept on the ice and disrupted using a tissue 
homogenizer (Polytron PT 3100). Protein lysates stored at -80C until use. 
 
Measurement of eNOS, iNOS, and sGCβ1 protein expression levels in breast tissue 

eNOS, iNOS and sGCβ1 protein expression levels were measured by western blot. 
The concentration of protein was determined by bicinchoninic acid (BCA) protein assays. 
Equal amount of protein (25 g) was loaded into well of 10% SDS-PAGE and then proteins 
were transferred to nitrocellulose membranes. Blots were blocked with non-fat milk in Tris-
buffered saline containing 0.1% Tween-20 overnight at 4C and incubated with anti-eNOS 
(BD Biosciences, San Jose, CA, USA), anti-iNOS (Santa Cruz Biotechnology, Santa Cruz, 
CA), anti-sGC β1 (Cayman Chemical, Ann Arbor, MI, USA), and anti-β-actin (Cell 
Signaling Technology) overnight at 4°C. Band density was visualized using horseradish 
peroxidase (HRP) conjugated secondary antibodies and enhanced chemiluminescent (ECL) 
substrate on film. Band density was determined using ImageJ software.  

 
Statistical analysis 

The results were presented as median with interquartile range (IQR) or meanSD, 
depending on data normality. Comparison was performed by Mann-Whitney or Kruskal–
Wallis test. The Wilcoxon paired-test was used to compare the difference between matched 
samples. All data were analyzed using GraphPad Prism software (Version 6.0). 
 
Results 
 

A total of 20 female patients with breast cancer samples were recruited in this study. 
The characteristics of patients are shown in Table1. The mean age at diagnosis was 52.85 
years old. The histological types consist of 4 non-invasive carcinomas, 1 invasive solid 
papilary carcinoma, and 15 invasive ductal carcinomas. Approximately half of patients had 
lymph node metastasis. The hormone receptor status was positive in 16 patients. 
 
Table 1. Patients characteristics 
Number of patients 20 
    Age at diagnosis (in years), meanSD 52.8510.61 

Tumor size in cm, median (min, max) 2.75 (0.2, 8.5) 

Histological types  

    Non-invasive 4 
    Invasive grade I 1 
    Invasive grade II 9 
    Invasive grade III 6 
Lymph node  

    No metastasis 9 
    Metastasis 11 
Hormone receptor status (estrogen and 
progesterone receptors) 

 

    Positive 16 
    Negative 4 
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The eNOS, iNOS and sGCβ1 protein expression levels in human breast tissue 
Levels of eNOS, iNOS and sGCβ1 protein expression were determined by western 

blot. Expression of the protein of interest was normalized to housekeeping protein, β-actin, 
and presented as relative fold change. The results showed that breast cancer expressed 
significant higher levels of eNOS, iNOS and sGCβ1 than in adjacent normal tissues (Figure 
1).  

 

 
 
Figure 1. Expressions of eNOS (A), iNOS (B), and sGCβ1 (C) in normal adjacent and breast 
cancer tissues from 20 patients. Comparison was done by Wilcoxon signed rank test. (D) The 
representative western blots of eNOS, iNOS, sGCβ1 and β-actin in 4 pairs of adjacent non-
tumor tissues (N) and matched breast cancer (CA). β-actin was used as a loading control. 
 
 
Correlation of eNOS, iNOS, and sGCβ1 expression with clinical features 

The Spearman rank correlation test revealed a significant positive correlation between 
eNOS and tumor size (r = 0.5178, P=0.0184) (Figure 2). Patients with larger tumor sizes were 
more likely to express higher eNOS levels. The iNOS expression level was significantly 
different among patient with three invasive types of cancer. Patients with grade III 
invasiveness cancer exhibited the highest level of iNOS expression, followed by patients with 
grade I-II and non-invasive cancer (P=0.026, Kruskal–Wallis H-test) (Figure 3). Breast 
cancer from patients with lymph node metastases expressed higher levels of sGCβ1 than 
those without lymph node metastases (P=0.042, Mann-Whitney test) (Figure 4). However, no 
association was found between expressions of eNOS, iNOS and sGCβ1, and hormone 
receptor status.  
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Figure 2. Correlation between eNOS expression and tumor size. Spearman rank correlation 
coefficient r = 0.5889, P=0.0194. 
 

 
 
 
Figure 3. Box and whisker plot of iNOS expression in breast cancer tissues at different 
invasive grade. Boxes indicate the interquartile range (IQR). Horizontal bars in boxes 
indicate the median. Comparison was done by Kruskal–Wallis test. 
 

 
 

Figure 4. Box and whisker plot of sGCβ1 expression in breast cancer tissues of patients 
without lymph node metastasis (LN-) and with lymph node metastasis (LN+). Boxes indicate 
the interquartile range (IQR). Horizontal bars within boxes indicate the median. Dot 
represents outlier. Comparison was done by Mann-Whitney test. 
 
 
Discussion 
 

Previous immunohistochemistry studies demonstrated eNOS and iNOS predominately 
expressed in the cytoplasm of human breast cancer cells (12, 13). Similarly, we found breast 
cancer tissues expressed higher levels of eNOS and iNOS than the normal adjacent tissues. 
The positive association between eNOS expression and the positive estrogen receptors status 
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was found in previous study (12). However, due to limited number of breast cancer with 
negative hormone receptors (N = 4) in our study, we could not do comparison analysis with 
positive hormone receptor cancer.  

 
NO is important for cancer progression. First, we found there was positive correlation 

between eNOS expression and tumor size, although there was no correlation in previous 
study (14). Vascular endothelial growth factor (VEGF) are associated with increased eNOS 
activity and inhibition of apoptosis in human breast carcinoma xenografts (15). eNOS-
derived NO can stimulate VEGF expression in breast cancer cells (16). The positive 
correlation between eNOS expression and tumor size suggest NO is essential for tumor 
growth, probably via increased expression of VEGF and other growth factors. Second, we 
found that invasive cancer has higher iNOS expression than non-invasive cancer, suggesting 
the role of iNOS in invasiveness. This finding is consistent with a previous study showing 
that invasive carcinoma has a higher level of iNOS expression than in situ carcinoma (9).  

 
The sGCβ1 expression was higher in breast cancer with lymph node metastasis than 

that without lymph node metastasis, suggesting the role of scGCb1 in invasiveness. The 
sGCβ1 mRNA expression of MDA-MB-468 (human triple negative breast cancer cell line) 
was 35-fold greater than DU-145 control cells (11). NO could induce C3L5 murine mammary 
tumor cell migration through sGC and ERK1/2 pathway (17). Moreover, the NO/ sGCβ1/ 
cGMP pathway has been identified as an important mediator of VEGF effects on lymphatic 
vessel function in inflammation (18). Herein, sGCβ1 expression might be involved in 
mediating tumor-associated lymph angiogenesis and metastasis to the lymph nodes. 
However, the distribution of eNOS, iNOS and sGCβ1 protein in breast cancer tissues need 
further immunohistochemistry study. 

 
Conclusion 
 

eNOS, iNOS and sGCβ1 expressions increased in breast cancer tissues compared with 
normal adjacent tissues. eNOS expression was correlated with tumor size. Higher iNOS 
expression was found in invasive cancer. Increased sGCβ1 expression was found in breast 
cancer with lymph node metastasis. The NOS/NO/sGCβ1 pathway may mediate breast 
cancer cell progression in human breast cancer tissue. 
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การเพิม่ข้ึนของการแสดงออกของ 5-Lipoxygenase และตวัรบัลิวโคไตรอีนชนดิที ่1 และการลดลง

ของการแสดงออกของตวัรบัลิวโคไตรอีนชนดิที ่2 ในมะเร็งเยือ่หุม้สมอง 
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บทคดัย่อ 

 

มะเรง็เย่ือหุ้มสมองพบมากเป็นอนัดับสองของมะเรง็สมองทั้งหมด อกีทั้งผลการรักษามะเรง็ชนิดน้ี

ยังไม่ได้ผลดีเท่าที่ควรและยังไม่มีวิธีรักษาที่เป็นมาตรฐานหรือตัวบ่งช้ืทางชีวภาพ ลิวโคไตรอีนเป็นสาร

อกัเสบที่มีบทบาทสาํคัญในพยาธิสรีรวิทยาของโรคหอบหืดและมะเรง็หลายชนิด รายงานการศึกษาใน

ผู้ป่วยหอบหืดจากประเทศไต้หวันพบว่า ผู้ป่วยที่ใช้ยายับย้ังตัวรับลิวโคไตรอนีมีปัจจัยเสี่ยงที่ลดลงในการ

เกิดมะเรง็ การศึกษาในมะเรง็ลาํไส้ใหญ่และมะเรง็เต้านมพบว่า การเพ่ิมขึ้นของการแสดงออกของตัวรับ 

cysteinyl leukotriene ชนิดที่ 1 (CysLT1R) และการลดลงของการแสดงออกของตัวรับ cysteinyl 

leukotriene ชนิดที่ 2 (CysLT2R) มีความเกี่ยวข้องกบัการพยากรณ์โรคที่ไม่ดีและลดการรอดชีวิตของ

ผู้ป่วย งานวิจัยน้ีมุ่งศึกษาการแสดงออกของลิวโคไตรอนี (5-LOX), CysLT1R และ CysLT2R ในมะเรง็

เย่ือหุ้มสมอง ซ่ึงเน้ือเย่ือมะเร็งเย่ือหุ้มสมองและเน้ือเย่ือหุ้มสมองส่วนที่ไม่เป็นมะเร็งเกบ็จากสถาบัน

ประสาทวิทยา เพ่ือนาํไปศึกษาการแสดงออกของยีน 5-LOX, CysLT1R และ CysLT2R (n=15) ด้วย

วิธ ีreal time RT-PCR และวัดการแสดงของโปรตีน 5-LOX ด้วยวิธ ีWestern blotting แล้วนาํเสนอ

ข้อมูลเป็นค่ามัธยฐานและค่าพิสยัควอไทล์ วิเคราะห์ข้อมูลทางสถติิด้วย Wilcoxon signed rank test พบว่า 

มะเรง็เย่ือหุ้มสมองมีการแสดงออกของยีน 5-LOX (p<0.01) และ CysLT1R (p<0.01) มากขึ้นอย่างมี

นัยสาํคัญทางสถิติ ส่วน CysLT2R (p<0.05) มีการแสดงออกลดลงกว่าเน้ือเย่ือหุ้มสมองส่วนที่ไม่เป็น

มะเรง็ การศึกษาแสดงออกของโปรตีน 5-LOX ด้วยวิธ ีWestern blotting พบว่า มะเรง็เย่ือหุ้มสมองมีการ

เพ่ิมขึ้นของโปรตีน 5-LOX (p<0.01) มากกว่าเน้ือเย่ือหุ้มสมองส่วนที่ไม่เป็นมะเรง็ (n=8) การ

เปล่ียนแปลงการแสดงออกน้ีช้ีให้เหน็ความสาํคัญของลิวโคไตรอนีและตัวรับในพยาธกิาํเนิดของมะเรง็เย่ือ

หุ้มสมอง ซ่ึงระดับการแสดงออกของ 5-LOX, CysLT1R และ CysLT2R อาจนาํมาใช้เป็นตัวบ่งช้ีทาง

ชีวภาพถึงการพยากรณ์โรคมะเรง็เย่ือหุ้มสมอง และการยับย้ังการแสดงออกของ CysLT1R อาจจะใช้เป็น

เป้าหมายของการรักษามะเรง็เย่ือหุ้มสมองได้ 

 

คําสําคญั: ลิวโครไตรอนี, ไลปอกซีจีเนส, ตัวรับลิวโคไตรอนี, มะเรง็เย่ือหุ้มสมอง 
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Introduction 
 

The prevalence of meningioma, the most common form of tumors originated form 
meninges, was 4.14/100000 in Thai adult population in 2014 (1). Moreover, this value was 
gradually increased each year. Current chemotherapy drugs are not effective and there is no 
standard therapy for meningiomas. Therefore, identification of biomarkers involved in the 
development and progression of meningiomas will provide new therapeutic targets and 
effective treatment strategies that improve the survival time of patients.  

 
Leukotrienes are proinflammatory lipid mediators that play an important role in the 

pathophysiology of asthma and other inflammation diseases such as allergic rhinitis (2) and 
cancers (3-5). A recent large epidemiology in Taiwanese with asthma revealed that 
leukotriene receptor antagonists (LTRAs) significantly decreased risk of lung, colorectal, 
gastric, liver and breast cancers in a dose-dependent manner (6). LTRA users showed 60-
78% decrease of cancer risk compared to LTRA non-users in lung, colorectal, liver and breast 
cancers. However, due to a small number of patients the correlations between LTRAs and 
brain cancer remains unclear. Overexpression of 5-lipoxygenase (5-LOX) is detectable in the 
cytoplasm and nuclear envelops of brain tumor cells in meningioma and glioblastoma tissues 
using immunohistochemistry method (7). Cysteinyl leukotriene receptors type 1 and 2 
(CysLT1R and CysLT2R) are overexpressed in human glioma cell and associated with 
glioma cell proliferation (7). Inhibition of CysLT1R decreases the migration and invasion of 
glioma cell lines (8). Herein, we investigated the expression of 5-LOX, CysLT1R, and 
CysLT2R in meningiomas.  

 
Materials and Methods 
 
Tissues collection 

 Meningioma and non-cancerous dura tissues were collected via surgery from patients 
(n=15) with the initial suspicion of meningiomas at Prasat Neurological Institute, Bangkok, 
Thailand. This research project was approved by the committee on human rights related to 
research involving human subjects of Prasat Neurological Institute. Project number is 58020. 
All tissues were stored at -80 °C until use. 

 
RNA extraction and purification 

Meningioma and non-cancerous dura tissues were homogenized in lysis buffer and 
RNA was extracted using extraction columns by Total RNA Purification kit according to 
manufacturer’s protocol (Jena Bioscience, Germany). Then, RNA concentration was 
determined by Nanodrop® spectrophotometer 2000/2000c. After that, complementary DNA 
(cDNA) was synthesized using 1 µg of total RNA mixed with random hexamer primers 
(Roche Diagnostics, USA) and superscript III reverse transcriptase (Invitrogen, USA) at 55oC 
for 1 hour. 

 
Real-time reverse transcriptase polymerase chain reaction (real-time RT-PCR) 

The mRNA expression of 5-LOX, CysLT1R, and CysLT2R were determined using 
the real-time RT-PCR method with SensiFAST SYBR LO-ROX (Bioline, Canada) detection 
on an Applied Biosystems real time PCR 7500 system. Gene expression levels were 
determined with specific primers as listed in Table 1. Expression of target genes were 
normalized against glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA levels. The 
relative fold change of gene expression was calculated using the 2-ΔΔct method. 
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Table 1 Real-time RT-PCR primer sequences (8).  
 

Gene Primer sequences 5′ to 3′ orientation 
5-LOX Forward: 5′TACATCGAGTTCCCCTGCTAC3′ 

Reward:  5′GTTCTTTACGTCGGTGTTGCT3′ 
CysLT1R Forward: 5′GTAGGCTTCTTTGGCAATGG3′ 

Reward:  5′AGCCAAATGCCTTTGTGAAC3′ 
CysLT2R Forward: 5′TCCACTTGACGACATGGAAA3′ 

Reward:  5′GTTCTTTACGTCGGTGTTGCT3′ 
GAPDH Forward: 5′AGCCTTCTCCATGGTGGTGAAGAC3′ 

Reward:  5′CGGAGTCAACGGATTTGGTCG3′ 
 
 
Western blotting 

Proteins were extracted using lysis buffer [20 mM Tris, 1% NP-40, 50 mM NaCl and 
Protease Inhibitor Cocktail (PIC) Set III (2:1000, Calbiochem, La Jolla, CA)]. Total protein 
levels were evaluated by Bradford assay. Proteins were separated by molecular weight (MW) 
using 10% SDS-PAGE gel electrophoresis and then transferred to nitrocellulose membrane. 
Proteins were detected by anti-5-lipoxygenase (BD Transduction Laboratories, Cat No. 
610694, USA), and anti-GAPDH (Cell Signaling, Cat. No. 5174, USA) antibodies and horse-
radish peroxidase (HRP) conjugated secondary antibodies. Band density was visualized on 
films, using enhanced chemiluminescence substrate (Bio-Rad, Cat. No. 170–5060, USA) and 
quantified using Image J (National Institutes of Health).  

 
Data analysis 
 Real time RT-PCR and Western blotting data were presented as the median with 
interquartile range and analyzed by Wilcoxon signed rank test. Statistically significance was 
considered when the p value less than 0.05 using GraphPad® Prism version 5.0 (San Diego, 
CA). 
 
Results 
 
Altered mRNA expressions of 5-LOX, CysLT1R and CysLT2R in meningioma tissues 

Meningioma tissues showed significantly higher expression of 5-LOX [5.75 (2.49, 
8.43) vs 0.73 (0.33, 2.01)] and CysLT1R [6.45 (4.83, 12.56) vs 0.40 (0.27, 2.84)] compared 
to non-cancerous dura tissues (Figure 1 and Figure 2). In contrast, meningioma tissues had 
significantly lower expression of CysLT2R [0.26 (0.10, 0.96) vs 0.65 (0.30, 1.79)] compared 
to non-cancerous dura tissues (Figure 3). 

  
 
 
 
 
 
 
 
 

Figure 1. 5-LOX mRNA expression in meningioma and non-cancerous dura tissues from 
patients. The left graph showed median with interquartile range and the right graph showed 
match samples. n=15. **p<0.01, Wilcoxon signed rank test. 
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Figure 2. CysLT1R mRNA expression in meningioma and non-cancerous dura tissues from 
patients. The left graph showed median with interquartile range and the right graph showed 
match sample. n=15. **p<0.01, Wilcoxon signed rank test. 
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Figure 3. CysLT2R mRNA expression in meningioma and non-cancerous dura tissues from 
patients. The left graph showed median with interquartile range and the right graph showed 
match sample. n=15. *p<0.05, Wilcoxon signed rank test. 
 
 
Increased 5-LOX protein expression in meningioma tissues 
 A representative blot and bar graph showed significant elevation of 5-LOX 
[1.06(0.92, 1.31) vs 0.44(0.28, 0.63)] in meningioma compared to non-cancerous dura tissues 
(n=8) as shown in Figure 4. 
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Figure 4. 5-LOX protein expression in meningioma (lane 4-6) and non-cancerous dura 
tissues (lane 1-3). The left of figure showed band density and the right graph showed ratio of 
5-LOX/GAPDH. n=3. **p<0.01, Wilcoxon signed rank test. 
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Discussion 
 

This study demonstrated the increased expressions of 5-LOX and CysLT1R together 
with the decrease expression of CysLT2R mRNA in meningioma tissues. 5-LOX and 
cysteinyl leukotriene receptors were expressed in various types of cancers including colon, 
esophagus, lung, renal, prostate, and breast cancers (9). A previous study in human brain 
tumors found 5-LOX mRNA expression in three meningioma, one astrocytoma and two 
glioblastoma tissues (10). Another immunohistological study showed the intensely staining of 
5-LOX in the cytoplasm and nuclei in five meningioma, seven astrocytoma and six 
glioblastoma tissues (7). Consistently, the present study showed the elevation of 5-LOX 
mRNA and protein in meningioma compared to non-cancerous dura tissues. Our previous 
study reported that two cysteinyl leukotriene receptor antagonists, montelukast and 
zafirlukast, inhibited migration and invasion of A172 and U373 glioblastoma cells. 
Moreover, these drugs were also inhibited the matrix metalloproteinase 2/9 expression and 
activity, indicating that cysteinyl leukotriene plays a role in the migration and invasion of 
glioma (8). A study in 215 colorectal cancer patients suggested that the increased expression 
of CysLT1R and decreased expression of CysLT2R are associated with a poor prognosis in 
patients (11). In breast cancer, patients with high CysLT1R and low CysLT2R expressions 
(n=46) had significantly deceased survival time compared to patients with low CysLT1R and 
high CysLT2R expressions (n=71) (12). These studies indicate that pattern of CysLT receptor 
expression is associated with prognosis; therefore, further study in larger number of 
meningioma patients together with clinical outcome is required.  

 
Conclusion 
 

These results indicate the importance of 5-LOX and cysteinyl leukotriene receptors in 
meningioma pathogenesis. Therefore, levels of cysteinyl leukotrienes, synthesis enzyme and 
their receptors could be potential biomarkers of prognosis for meningioma and inhibition of 
5-LOX and cysteinyl leukotriene receptors could be novel targets for meningioma treatment. 
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ผลกระทบของคาแฟอีนต่อเอทานอลที่ทําใหเ้กิดความเป็นพิษต่อเซลล ์SH-SY5Y ที่เปลีย่นเป็นเซลล์
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บทคดัย่อ 

 

 คาแฟอีนและเอทานอลเป็นสารที่ใช้ในทางที่ผิดซ่ึงนํามาใช้อย่างถูกกฎหมาย แต่อันตรายเม่ือ

บริโภคร่วมกนัยังไม่ชัดเจน จึงมีจุดประสงค์เพ่ือศึกษาหาว่าคาแฟอนีมีฤทธิ์ที่จะส่งเสริมฤทธิ์ของเอทานอล

ที่ทาํให้เกดิพิษต่อสมองหรือไม่ โดยเพาะเล้ียงเซลล์เน้ืองอกในสมองชนิด SH-SY5Y แล้วชักนาํด้วยกรด

วิตามินเอความเข้มข้น 10 ไมโครโมลาร์ เป็นเวลา 3 วัน เพ่ือให้เซลล์เปล่ียนรูปร่างเป็นเซลล์ประสาท 

รวมถึงการเพ่ิมขึ้ นของเอ็นไซม์ไทโรซีนไฮดร็อกซิเลสและโดปามีนทรานสปอร์ทเตอร์เพ่ือใช้เป็น

แบบจาํลองของสมอง หลังจากน้ันให้เซลล์สมัผัสกบัเอทานอล, คาแฟอนี, หรือเอทานอลร่วมกนักบัคาแฟ

อนีเทยีบกบักลุ่มควบคุม ความสามารถในการรอดชีวิตของเซลล์ถูกประเมินด้วยวิธี MTT รวมถึงลักษณะ

ของนิวเคลียสในเซลล์ด้วยส ีHoechst 33258 ที่ย้อมติดดีเอน็เอ พบว่าความสามารถในการรอดชีวิตของ

เซลล์ลดลงขึ้นกบัความเข้มข้น หลังจากที่ให้เซลล์สมัผัสเอทานอลความเข้มข้น 400 มิลลิโมลาร์ เป็นเวลา 

24 ช่ัวโมง เซลล์มีความสามารถในการรอดชีวิตลดลงอย่างมีนัยยะสาํคัญอยู่ที่ 6.64 ± 0.99 % เม่ือเทยีบ

กบักลุ่มควบคุม (P < 0.0001) ส่วนเซลล์ที่สมัผัสคาแฟอนีความเข้มข้น 20 มิลลิโมลาร์ เป็นเวลา 24 

ช่ัวโมง เซลล์มีความสามารถในการรอดชีวิตลดลงอย่างมีนัยยะสาํคัญอยู่ที่ 34.29 ± 2.84 % เม่ือเทยีบกบั

กลุ่มควบคุม (P < 0.0001) รวมถงึมีการลดลงของเซลล์ที่ยังมีชีวิตอย่างเหน็ได้ชัดเม่ือย้อมด้วยสย้ีอมติดดี

เอ็นเอ มีการเพ่ิมขึ้ นของนิวเคลียสที่รวมตัวกันแน่นเม่ือเทียบกับกลุ่มควบคุม การศึกษาน้ีแสดงว่า

ผลกระทบจากคาแฟอีนน้ันขึ้นอยู่กับความเข้มข้น โดยเฉพาะเมื่อคาแฟอีนความเข้มข้นสงูแล้วมีการออก

ฤทธิ์ร่วมกนักบัเอทานอล มีการเพ่ิมขึ้นอย่างมีนัยยะสาํคัญถึงความเป็นพิษต่อเซลล์ SH-SY5Y ที่ชักนาํให้

เป็นเซลล์ประสาท บ่งช้ีได้ว่าคาแฟอนีมีผลกระทบโดยการส่งเสริมฤทธิ์ของเอทานอลที่ทาํให้เกดิความเป็น

พิษต่อสมองได้ 

 

คําสําคญั : คาแฟอนี , พิษต่อสมอง, เอทานอล, เซลล์ SH-SY5Y, ส่งเสริมฤทธิ์ 
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Introduction 
 
 Caffeine is a substance commonly found in several beverages such as coffee, cola, 
and tea. It is a potent nervous system stimulant. Abuse results in symptoms of caffeinism 
which include agitation, disorientation and a syndrome which may be mistaken for 
anxiety/neurosis (1). Ethanol is a popular beverage of drug abuse worldwide including in 
Thailand. However, it acts as a teratogen by causing brain abnormalities (2) and enhancing 
cell death of differentiated neurons (3). Chronic effects of ethanol-induced oxygen radical 
formation and lipid peroxidation in rat brain (4), during ethanol catabolism, damaged 
mitochondria in responses to ethanol exposure may cause oxidative stress, resulting in 
neurodegeneration. Previous research showed that caffeine exerts its effects on the 
cardiovascular and neurological system, mainly through action as a non-selective adenosine 
antagonist (5), and processes activities on ryanodine receptor (6). In contrast, neuroprotective 
effects of caffeine have been reported through inhibition of adenosine A2A receptor (7), and 
the pilot study reported that the combination of caffeine and ethanol provides robust 
neuroprotective in animal model (8) But in astrocytes, apoptotic effect of ethanol was 
potentiated by caffeine (9), and ethanol has been reported that it also has a synergistic effect 
with caffeine toxicity. Furthermore, it has been reported that caffeine can induce neuronal 
death in SH-SY5Y cells (10), which is the neuroblastoma cell line as an in vitro model of the 
dopaminergic neuron (11). Currently, many people increasingly consume both substances 
including mixed them together. For example it has been reported that 71% of young adults in 
Europe who consumed mixed caffeine and ethanol (12) Despite there are legal popular 
consumed in worldwide. But the harmful at high doses especially when consumed together, 
has been still controversial and unclear. Therefore, the question raised is whether or not 
caffeine can potentiate the effect on ethanol neurotoxicity in neurons via the apoptosis 
mechanism.  
 
Material and Methods 
 
Cell Culture  

The SH-SY5Y human neuroblastoma cells were cultured in a 1:1 mixture of Modified 
Eagle Medium (MEM) and Nutrient Mixture Ham’s F12 medium and supplemented with 
10% heat-inactivated fetal bovine serum (FBS), 1 mM sodium pyruvate, 0.1 mM nonessential 
amino acid, 1.5g/L sodium bicarbonate, 100 units/mL penicillin, and 100 μg/mL 
streptomycin. All media and supplements were purchased from Gibco (Gaithersburg, MD, 
USA). Cells were maintained at 37°C in a humidified atmosphere of 5% CO2 incubator for 
24 hours and treated with 10 μM retinoic acid for 3 days to allow for cells differentiation and 
increase tyrosine hydroxylase and dopamine transporter (13, 14). These cells expressed an 
increase of the tyrosine hydroxylase and the dopamine transporter and function like a mature 
neuronal phenotype used as an in vitro model for the neurotoxicity testing (16). In the 
experiment, cells were subcultured and plated into appropriate culture plates. The number of 
cells to be subcultured were assessed under a phase-contrast microscope based on the 
exclusion of trypan blue dye. The culture was maintained for 24 hours to allow for adhering 
to the plates. Thereafter, cells were treated with ethanol (Merck, Germany), caffeine (Sigma-
Aldrich, St. Louis, MO, USA), or a combination of ethanol and caffeine according to the 
experiment design. 

 
Measurement of Cell Viability 
SH-SY5Y cells were seeded into a 96-well plate at a density of 1.0 x 104 cells/well in 100 μL 
of medium and incubated at 37°C under 5% CO2 in a humidified incubator for 24 hours and 
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treated with 10 μM retinoic acid for 3 days to allow for cell differentiation and increase 
tyrosine immunoreactivity. After exposure to ethanol (50, 100, 200 and 400 mM) for 24 hour, 
caffeine (5, 10 and 20 mM) for 24 hour, or a combination of both by pre-treatment with 
ethanol for 24 hours and followed with caffeine for 24 hours, cell viability was measured by 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) colorimetric assay 
(Sigma-Aldrich, St. Louis, MO, USA). This method was based on the reduction of tetra ring 
of MTT by mitochondrial dehydrogenases with NADH in the active mitochondria, yielding a 
blue formazan product, which can be measured by a spectrophotometer (15). After 
incubation, 100 µL of MTT (5 mg/mL) was added to each well and the cell was cultured for 
another 3 hours, then the medium was removed, and 100 µL of DMSO (Sigma-Aldrich, St. 
Louis, MO, USA) was added to each well to dissolve the formazan. The color reaction was 
measured at wavelength 570 nm with a reference at 690 nm using the Bio-Tek microplate 
reader with 4 KC Synergy HT Software (Bio-Tek, China). 
 
Staining of Nuclear DNA 

SH-SY5Y cells were seeded on coverslips and fixed with 4% paraformaldehyde in 
0.01 M PBS (pH 7.4) for 30 minutes at room temperature and then rinsed two times with 
PBS. After being washed with PBS, the cell was stained with 1 mg/mL Hoechst 33258 
(Sigma-Aldrich, St. Louis, MO, USA) in PBS for 30 minutes at room temperature and then 
washed again. Coverslips were then mounted on the slide with anti-fade in mounting 
medium. Hoechst 33258 (bisbenzimide) preferentially binds to triplet adenine and thymine 
base pairs in the minor groove outside the double helix, which allows one to observe the 
morphological change in the nuclei of apoptotic cells (15). Nuclear morphology was 
examined under a fluorescent microscope (Nikon ECLIPSE TS-2000-S, Tokyo, Japan). 
 
Statistical Analysis 

All experiments were performed in triplicate (n = 3). Statistical analyses were 
performed with one-way ANOVA test followed by a post hoc analysis (Turkey’s multiple 
comparison tests) using GraphPad Prism 5 Software for Windows (GraphPad Software, Inc., 
San Diego, CA, USA). All values were presented as the mean ± standard error of the mean 
(mean ± SEM) for each group. P <0.05 was considered statistically significant. 
 
Results 
 
Dose-dependent effects of caffeine and ethanol on cells death in differentiated SH-SY5Y 
cells 
 First, dose responses were investigated for both ethanol and caffeine at a 24 hour 
period on the cell viability of differentiated SH-SY5Y cells assessed by an MTT assay. Cell 
viability was decreased in a dose-dependent manner after treatment with ethanol or caffeine 
(Fig. 1a and Fig. 1b). After 24 hour treatment with 50 mM, 100 mM, 200 mM and 400 mM 
ethanol, cell viability was significantly decreased to 93.14 ± 4.94, 83.63 ± 5.73, 74.05 ± 5.12 
and 6.64 ± 0.99 % of control respectively (P < 0.0001). For the concentrations of 5 mM, 10 
mM and 20 mM for 24 hours, caffeine reduced cell viability to 92.55 ± 0.29, 78.99 ± 5.18 
and 34.29 ± 2.84 respectively (P < 0.0001). Based on this data, we chose the ethanol 
concentration at 400 mM, which significantly reduced cells viability to <10 % of the control 
(6.64 ± 0.99; P < 0.0001), and the caffeine at 20 mM for 24 hours, which significantly 
reduced viability- about 60 % of the control (34.29 ± 2.84; P < 0.0001)- for the combination 
experiment to demonstrate whether there was the synergistic effect of caffeine on ethanol in 
differentiated SH-SY5Y cells.  
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exposure (4). Caffeine may exert its effects on the cell through inhibition of adenosine A2A 

receptor, which is a major target of caffeine, and induces ROS-mediated apoptosis through 
the mitochondria-mediated signaling pathway (6, 7, 18). Resulting in cellular stress and 
leading to apoptosis. Combined ethanol and caffeine showed increased apoptosis of cells 
compared to untreated control, ethanol alone and caffeine alone, due to ethanol was 
potentiated by caffeine (9). Although the doses used in this study are far from the doses daily 
consumed, the finding demonstrates that the effects of caffeine on ethanol-induced toxicity in 
neural cells may be a risk factor when consumed both substances at high doses together. 
Because of the PI3K/Akt/mTOR pathway plays a central role in cell growth, protein 
translation, survival, and metabolism (19). Importantly, the mTOR pathway senses and 
integrates a variety of environmental cues to regulate organismal growth and homeostasis. 
This pathway regulates many major cellular processes and was implicated in an increasing 
number of pathological conditions, including cancer, obesity, type 2 diabetes, and 
neurodegeneration (20). Therefore, further study on potentiating the effect of caffeine on 
ethanol neurotoxicity on this pathway should be performed.  
 
Conclusion  
 
 The study demonstrated that the effects of caffeine depending on the doses and the 
combined treatment of ethanol and caffeine at high doses significantly increases the toxic 
effects in differentiated SH-SY5Y cells, suggesting the potentiation effect of caffeine on 
ethanol neurotoxicity. Thus, our findings provide preliminary evidence that high consumption 
of caffeine together with ethanol at high doses may be a risk factor for neurodegeneration in 
human. For the molecular pathways, which may influence such as the mechanistic target of 
rapamycin or mTOR signaling pathway should be considered for further study.  
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บทคดัย่อ 

 

Mansonone G (MG) เป็นสารในกลุ่ม 1,2-naphthoquinone ที่สกัดได้จากเน้ือไม้ของต้น 

Mansonia gagei Drumm (ต้นจันทน์ชะมด) มีฤทธิ์ทางเภสชัวิทยาที่หลากหลาย ประกอบด้วย ฤทธิ์ต้าน

แบคทเีรีย ฤทธิ์ต้านเช้ือรา ฤทธิ์ต้านฮอร์โมนเอสโตรเจน ฤทธิ์ต้านเซลล์ไขมัน และฤทธิ์ต้านมะเรง็ แต่ยังไม่

เคยมีรายงานเกี่ยวกับฤทธิ์ต้านมะเร็งของสาร MG และสารอนุพันธ์ของ MG ดังน้ันงานวิจัยน้ีจึงมี

วัตถุประสงค์ เพ่ือศึกษาความเป็นพิษของสาร MG และสารอนุพันธ์ของ  MG ทั้งหมด 10 ชนิดต่อ

เซลล์มะเร็งลาํไส้ใหญ่และไส้ตรงของมนุษย์สองชนิด ได้แก่ HCT-116 และ HT-29 จากผลการศึกษา

ความเป็นพิษด้วยวิธ ีMTT  พบว่า สาร MG และสารอนุพันธข์อง MG สามารถยับย้ังการเจริญเติบโตของ

เซลล์มะเรง็แบบขึ้นอยู่กบัความเข้มข้นทั้งในเซลล์ HCT-116 และ HT-29 โดยมีค่า IC
50

 ของสาร MG 

และสารอนุพันธข์อง MG ได้แก่ G01, G02, G03, G04, G05, G06, G07, G08, G09 และ G10 มีค่า

เท่ากบั 20.74±0.51, 20.86±3.10, 10.60±0.65, 6.63±0.60, 2.77±0.20, 26.59±2.39, 

6.13±0.59, 6.54±0.47, 10.83±1.44, 37.85±1.42, 5.16±0.53 μM ตามลาํดับในเซลล์ HCT-116 

และมีค่าเท่ากบั 25.55±2.08, 15.07±1.91, 8.43±0.81, 8.09±1.13, 3.24±0.21, 26.68±2.08, 

13.62±1.42, 5.66±1.13, 7.53±1.20, 98.59±3.37, 9.89±1.49 μM ตามลาํดับในเซลล์ HT-29 

และพบว่าสารอนุพันธ ์MG หลายชนิด ได้แก่ G01, G02, G03, G04, G06, G07, G08 และ G10 

สามารถยับย้ังการเจริญเติบโตของเซลล์ได้ดีกว่าสาร MG โดยเฉพาะสารอนุพันธ์ G04   และ G07 

อย่างไรกต็ามเราพบว่าสาร G07 มีความเป็นพิษต่อเซลล์มะเรง็มากกว่าเซลล์ลาํไส้ปกติ คือ CRL-1790 

และจากการวิเคราะห์ด้วยเทคนิค flow cytometry พบว่าสาร G07 สามารถเหน่ียวนาํให้เซลล์ HCT-116 

และ HT-29 เกดิการตายแบบอะพอพโตซิส การทดลองน้ีแสดงให้เหน็ว่าสารอนุพันธข์อง MG อาจนาํมา

พัฒนาใช้เป็นยาต้านมะเรง็ลาํไส้ใหญ่และไส้ตรงต่อไปได้  

 

คําสําคญั: แมนโซโนนจี, จันทน์ชะมด, มะเรง็ลาํไส้ใหญ่และไส้ตรง, ความเป็นพิษต่อเซลล์ 
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Introduction 
 
 Colorectal cancer (CRC) is one of the most common cancer among men and women 
(1). In 2016, the American Cancer Society reported that colorectal cancer is one of the most 
common human malignant diseases and the third leading cause of cancer-related death 
throughout the world (2). Treatment options for colorectal cancer include surgery, 
radiotherapy, chemotherapy and targeted therapy (3). Although chemotherapy has been 
widely used, severe side effects and acquired drug resistance have limited its application. 
Therefore, new compounds with potent anticancer activity are urgently needed. 
 
 Mansonones, including mansonone C, E, F, G, H, I, N, O, P and S, isolated from 
Mansonia gagei Drumm, have shown several pharmacological activities such as anti-
bacterial, anti-fungal, anti-estrogenic, anti-adipogenic and anti-cancer (5-8). It was reported 
that mansonone E and mansonone F could inhibit proliferation of many cancer cell types 
including breast cancer, colon cancer, melanoma, cervical cancer, lymphoma and oral cancer 
(9-10). Previous study reported that structurally modification on ether analogues of 
mansonone G (MG), a major compound isolated from Mansonia gagei Drumm, made the 
compounds more hydrophobic, which may facilitate the access to bacterial cell wall, resulting 
in higher antibacterial activity (5). However, the cytotoxicity of MG and its derivatives 
against colorectal cancer cells has not been reported. In this study, we evaluated the cytotoxic 
effects of MG and its derivatives on two human colorectal cancer cell lines, HT-29 and HCT-
116.  
 
Materials and Methods 
 
Cell culture 
 The human colon carcinoma cell lines, HCT-116 and HT-29, were obtained from the 
American Type Culture Collection (ATCC). HCT-116 cells were maintained in Roswell Park 
Memorial Institute (RPMI) 1640 medium supplemented with 10% fetal bovine serum (FBS), 
100 U/mL penicillin and 100 µg/mL streptomycin. HT-29 cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM) containing 10% FBS, 100 U/mL penicillin and 100 
µg/mL streptomycin. Cells were grown in a humidified 5% CO2 incubator at 37C. 
 
Cytotoxicity assay 
 The cytotoxic effects of MG and its derivatives were determined by MTT assay. 
Briefly, cells were seeded in 96-well plates at a density of 5x104 cell/ml and incubated 
overnight at 37 °C. The cells were then treated with MG or its derivatives, including G01, 
G02, G03, G04, G05, G06, G07, G08, G09 and G10, or 0.2% DMSO (vehicle control) in 
complete medium at the concentrations of 0.1, 1, 10 or 100 µM for 48 h. Next, 15 µL of MTT 
(0.5 mg/mL) was added into each well and incubated the cells for 4 h. After removing 
supernatant, 150 µL of DMSO was added to solubilize formazan crystals. We measured 
optical density at 570 nm using a microplate reader (Thermo, Finland). 
 
Apoptosis assay 
 HCT-116 and HT-29 cells were seeded into 6-well plates at a density of 5x104 cell/ml 
and incubated overnight. HCT-116 cells were then treated with G07 at concentrations of 2.5, 
5 and 10 µM for 24 h. HT-29 cells were treated with G07 at concentrations of 5, 10 and 20 
µM for 24 h. After that, the cells were collected by trypsinization, washed twice with PBS 
and stained with Annexin V FIT-C (Invitrogen, USA) and PI (Santa Cruz Biotechnology, 
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inducing effect of G07. Flow cytometry analysis indicated that G07 could induce cells to 
undergo apoptosis in HCT-116 and HT-29 cells (Figure 2). However, it should be noted that 
G07 induced cells to undergo late apoptosis rather than early apoptosis. Treatment of G07 at 
2.5, 5 and 10 µM could induce HCT-116 cells to undergo late apoptotic about 3.31±1.60, 
6.00±2.02 and 51.51±5.99%, respectively. Similarly, the percentage of late apoptotic HT-29 
cells were about 4.82±1.98%, 5.68±2.02% and 74.63±9.95% following treatment with G07 at 
5, 10 and 20 M, respectively. These results suggested that G07 induced cell death via 
apoptosis induction. 
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Figure 1. Effects of MG and its derivatives on cell viability of HCT-116 and HT-29 cells. 
Both cell lines were treated with MG or its derivatives at 0.1, 1, 10, 100 µM for 48 h. Cell 
viability was evaluated using MTT assay. Each value is expressed as the mean ± SEM (n=3). 
*P<0.05, **P<0.01, ***P<0.001 compared with vehicle control (0.2%DMSO). 
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Table 1. IC50 values of MG and its derivatives on HCT-116 and HT-29 cells  

Compounds 
IC50 (µM) 

HCT-116  HT-29 

MG 20.74 ± 0.51 25.55 ± 2.08 

G01 20.86 ± 3.10 15.07 ± 1.91 

G02 10.60 ± 0.65 8.43 ± 0.81 

G03 6.63 ± 0.60 8.09 ± 1.13 

G04 2.77 ± 0.20 3.24 ± 0.21 

G05 26.59 ± 2.39 26.68 ± 2.08 

G06 6.13 ± 0.59 13.62 ± 1.42 

G07 6.54 ± 0.47 5.66 ± 1.13 

G08 10.83 ± 1.44 7.53 ± 1.20 

G09 37.85 ± 1.42 98.59 ± 3.37 

G10 5.16 ± 0.53 9.89 ± 1.49 
 
 
 

 
 
Figure 2. Apoptosis-inducing effect of G07 on colorectal cancer cells. A) Representative 
cytograms of cell apoptosis analysis of HCT-116 cells after treatment with G07 (2.5, 5, 10 
µM) for 24 h. B) Representative cytograms of cell apoptosis analysis of HT-29 cells after 
treatment with G07 (5, 10, 20 µM) for 24 h. Each value is expressed as the mean ± SEM 
(n=3). 
 
 
Discussion 
 
 Previous studies reported that mansonones, 1,2-naphthoquinones, isolated from 
heartwood of Mansonia gagei Drumm, exhibited several pharmacological activities such as 
anti-bacterial, anti-fungal, anti-estrogenic, anti-adipogenic and anti-cancer (5-8). The present 
study found that mansonone G (MG) exhibited cytotoxicity against colorectal cancer cells. 
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Notably, several ether analogs of MG displayed higher cytotoxicity than the parent 
compound. Previously, it was reported that structurally modification to ether analogs of MG 
resulted in improved antibacterial activities through facilitating the access to the lipophilic 
cell wall bacterial (5). Thus, it is likely that increased uptake of ether analogs of MG into 
cancer cells led to higher cytotoxicity when compared with the parent one. Additionally, we 
found that several compounds such as G09 and G10 were more toxic toward p53 wild-type 
HCT-116 cells than p53 mutant HT-29 cells. Since p53 mutations are commonly associated 
with resistance to many chemotherapeutic agents (11), it is possible that p53 plays a 
significant role on cytotoxicity of G09 and G10. It however should be noted that, of all 11 
compounds, G04 and G07 displayed potent cytotoxicity against both p53 wild-type HCT-116 
and p53 mutant HT-29 cells, suggesting that cytotoxicity of these two compounds is not 
primarily mediated through p53. It has been shown that naphthoquinone exert their anti-
cancer activity via reactive oxygen species (ROS) generation. Previous study reported that 
1,4-napthoquinone derivatives induce apoptosis through production of reactive oxygen 
species (ROS) on HCT-116 colon cancer cells (12). Therefore, cytotoxicity of G04 and G07 
may be associated with ROS production, which requires further elucidation. 
 
Conclusion 
 
 The present study clearly demonstrated that several ether analogs of MGs, including 
G01, G02, G03, G04, G05, G06, G07, G08, G09 and G10 were possesses high cytotoxicity 
on human colorectal cancer cell lines, HCT-116 and HT-29. Of all potent compounds, G07 
was more cytotoxic activity toward cancer cells than normal cells. Apoptosis-inducing effects 
of G07 were also detected in colorectal cancer cells. These finding suggested that G07 is a 
promising anticancer agent for colorectal cancer; however, further investigation is needed to 
reveal the underlying mechanisms.  
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ฤทธ์ิป้องกนัอนัตรายจากแสงของสาร oxyresveratrol ทีแ่ยกไดจ้ากแก่นของ Artocarpus lakoocha ต่อ

เซลลเ์คอราติโนไซด ์HaCaT ทีถู่กฉายดว้ยรงัสียูวีบี 

 

บทคดัย่อ 

 

ความเป็นมา: รังสยูีวีจากแสงแดด โดยเฉพาะอย่างย่ิงรังสยูีวีบี (280-320 นาโนเมตร) เป็นสาเหตุหลักที่

ทาํให้ผวิหนังได้รับความเสยีหายเน่ืองจากภาวะออกซิเดช่ัน ซ่ึงสามารถนาํไปสู่ภาวะผิดปกติของผิวหนังที่มี

ความร้ายแรง เช่น บวม ผิวหนังไหม้แดดและมะเรง็ผิวหนัง  ในช่วงหลายปีที่ผ่านมา ได้มีการศึกษาฤทธิ์

ของสาร oxyresveratrol ที่มีผลทาํให้ผิวหนังขาวกันอย่างกว้างขวาง แต่ฤทธิ์ต้านอนุมูลอิสระของสาร 

oxyresveratrol น้ัน ยังไม่มีการศึกษามากนัก  

วตัถุประสงค:์ งานวิจัยคร้ังน้ีมีวัตถุประสงค์เพ่ือศึกษาถึงผลของสาร oxyresveratrol ต่อเซลล์เคอราติโน

ไซด์, HaCaT ที่ถูกฉายด้วยรังสยูีวีบี 

วสัดุและวิธีการทดลอง: การศึกษาฤทธิ์ของสาร oxyresveratrol ต่อเซลล์ HaCaT หลังจากฉายรังสยูีวีบี 

ศึกษาโดยวิธ ีresazurin assay  ซ่ึงใช้เพ่ือวัดอตัราการรอดชีวิต นอกจากน้ี ผลของสาร oxyresveratrol ต่อ

ปริมาณอนุมูลอสิระ nitric oxide (NO) และ reactive oxygen species (ROS) ศึกษา โดยวิธ ีGriess 

assay และ ROS assay ตามลาํดับ 

ผลการทดลอง:  เซลล์ HaCaT ที่ถูกฉายด้วยรังสยูีวีบี มีอตัราการรอดชีวิตของเซลล์ลดลงอย่างมีนัยสาํคัญ

ทางสถติิ และรังสยูีวีบียังกระตุ้นให้เซลล์สร้าง NO และ ROS ในปริมาณที่สงูขึ้น การใส่สาร oxyresveratrol 

ไปที่เซลล์ HaCaT ก่อนการสมัผัสกับรังสยูีวีบี สามารถเพ่ิมอัตราการรอดชีวิตของเซลล์อย่างมีนัยสาํคัญ

ทางสถติิและยังสามารถลดปริมาณ NO และ ROS ได้อกีด้วย 

สรุป: จากผลการทดลองที่ได้บ่งช้ีว่า สาร oxyresveratrol มีฤทธิ์โดยตรงในการลดสารอนุมูลอสิระ ซ่ึง

นาํไปสู่ผลโดยอ้อมต่อการปกป้องเซลล์ HaCaT จากความเสยีหายที่เกดิจากการได้รับรังสยูีวีบี ดังน้ัน สาร 

oxyresveratrol เป็นสารที่มีศักยภาพสาํหรับการป้องกนัความเสยีหายของผวิหนังที่เกดิจากการได้รับรังสยูีวี

บีได้  

 

คําสําคญั: สาร oxyresveratrol รังสยูีวีบี เซลล์ HaCaT ฤทธิ์ต้านอนุมูลอสิระ  
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Introduction 
 
 Nowadays, the amount of ultraviolet B (UVB) radiation (280-320 nm) reaching to the 
Earth’s surface is increasing in every year due to the global warming and ozone layer 
depletion (1). Without the protection of ozone layer, the excessive amounts of UVB radiation 
can cause many harmful impacts to human e.g. genotoxic effect (2), photoproducts, ROS 
generation, and oxidative damage, plants and marine lives, and other environments (3). 
Although the skin has several defensive mechanisms to avoid skin damage, excessive UVB 
exposure can lead to serious skin problems such as hyperpigmentation, erythema, edema, 
sunburn, and melanoma and non-melanoma skin cancers (4). 
 
 Since the natural products is generally considered to be safe and have undesired 
harmful effect. The study of the natural bioactive compound modulating UVB-induced skin 
damage has been growing interest. Oxyresveratrol (trans-2,3´,4,5´- -tetrahydroxystilbene) is a 
natural hydroxystilbene. It is abundantly found in the heartwood of Artocarpus lakoocha 
which known as Ma-Haad in Thai. This plant widely distributed in the regions of South and 
South-East Asia (5), including Thailand. Oxyresveratrol shows various pharmacological 
effects such as anti-allergic effect (6), neuroprotective effects (7), tyrosinase inhibitory 
activity (8), and antioxidative effects (9). In this study, we investigated the antioxidant and 
protective effects of oxyresveratrol on UVB-induced skin photodamage by using 
keratinocytes, HaCaT cells as a model.  
 
Materials and Methods 
 
Materials 
 Keratinocytes, HaCaT cells were purchased from Cell Line Service, (Eppelheim, 
Germany). Dulbecco Modified Eagle's Medium (DMEM), fetal bovine serum (FBS), and 
penicillin and streptomycin, phosphate-buffered saline (PBS) were purchased from Gibco 
BRL (Grand Island, NY, USA), Resazurin assay kit from Sigma (St. Louis, MO, USA) and 
Griess assay kit from Promega (Madison, WI, USA). 
 
Oxyresveratrol   

Oxyresveratrol used in this study was kindly provided by Assoc. Prof. Dr. Sunit 
Suksamran, Department of Chemistry, Faculty of Science, Srinakharinwirot University, 
Bangkok, Thailand.  
 
Cell cultures 

HaCaT cells were maintained in DMEM supplemented with 10% heat-inactivated 
FBS and antibiotics (100 U/ml penicillin and 100 µg/ml streptomycin) in a 37°C, 5% CO2, 
95% humidified incubator. Oxyresveratrol was dissolved in dimethyl sulfoxide (DMSO) as a 
200 mM stock solution before dilution to 0.1% of DMSO in each concentration to use in our 
experiment.  
 
UVB irradiation  

The UVB source (280-320 nm) was provided by parallel bank of 5x8-watt tubes of 
UVB Bio-Link BLK Cross linker (BIO-LINK). The UV intensity was measured using a 
VLX-3W radiometer (Vilber Lourmat, France). Prior to UVB irradiation, media was removed 
from the cells, and then the cells were washed with phosphate-buffer saline (PBS), and 
covered with thin layer of PBS followed by irradiating under UVB 40 mJ/cm2 and placing on 
ice cold pack.  
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Resazurin assay  
 This cell viability assay was based on the ability of mitochondrial reductase for 
reducing resazurin (nonfluorescent, deep blue) into the resorufin, a magenta-pink and 
fluorescent dye (reduced form). Briefly, HaCaT cells cultured in 96-well plates 
(4x104cells/well) were treated with various concentrations of oxyresveratrol and further 
incubated for 24 h. In addition, the cells cultured in 35 mm cell culture dish (3x105 cells/dish) 
were pretreated with oxyresveratrol for 1 h, followed by UVB irradiation (40 mJ/cm2) and 
then incubated for 24 h. After the treatment, the cells were added resazurin solution (10% of 
the culture media volume), incubated in a 37°C, 5% CO2 humidified incubator in the dark for 
2 h, and immediately measured using fluorescent microplate reader (Bio-Tek Instruments 
Winooski, VT, USA) at 530 nm and 590 nm. Cell viability was calculated using the ratio of 
the fluorescence of treated cells to the fluorescence of control cells, and the data were 
expressed as percentages. 
 
Griess assay 
 The evaluation of NO production is performed through the measurement of the nitrite 
(NO2

-) levels, the stable and nonvolatile breakdown products of NO with Griess reagent. 
After pretreatment with oxyresveratrol for 1 h, the cells irradiated with UVB were incubated 
for 24 h and then 100 µl of culture supernatant from each well was firstly added with 50 l of 
the sulfanilamide solution and followed with 50 µl of the N-(1-napthyl) ethylenediamine 
hydrochloride (NED) solution. After incubation for 5-10 min in the dark at room temperature, 
the samples were measured using a microplate reader (Bio-Tek Instruments Winooski, VT, 
USA) at absorbance wavelength of 540 nm. The amount of nitrite level was calculated from 
the nitrite standard reference curve.  
 
Intracellular ROS assay  

Intracellular ROS production in HaCaT cells irradiated by UVB was studied through 
the oxidation of 2',7'-dichlorodihydrofluorescein diacetate (DCFH-DA) to the fluorescent 2'-
7'-dichlorofluorescein (DCF) (Invitrogen, CA, USA).  Firstly, the cells were loaded with 20 
µM of DCFH-DA and washed two times by 1X PBS. Then, the pretreated cells with 
oxyresveratrol for 1 h were irradiated by UVB irradiation (40 mJ/cm2) and further incubated 
in a 37°C, 5% CO2 incubator for 1.5 h. After that, the cells were immediately measured the 
fluorescent intensity by using a fluorescence microplate reader (Bio-Tek Instruments 
Winooski, VT, USA) with excitation wavelength of 485 and emission wavelength of 535 nm. 
The fluorescent signal intensity is a direct proportion to the ROS levels. H2O2 (100 µM) was 
used as a positive control for UVB-induced intracellular ROS formation.   

 
Statistical analysis 
 Data are presented as mean±SEM of four independent experiments done in triplicates. 
The statistical significance was analyzed by one-way ANOVA (analysis of variance) and 
followed by Tukey’s multiple comparison test using GraphPad Prism program version 5 
(GraphPad software, Inc., San Diego, CA, USA). Differences were considered as statistically 
significant at p<0.05. 
 
Results  
 
The effect of oxyresveratrol on cell viability 

Oxyresveratrol at the concentrations between 0.25-20 µM did not have cytotoxicity, 
while the high concentrations (>40 uM) became significantly toxic to the cells (Fig 1A).  
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The protective effect of oxyresveratrol on UVB-induced HaCaT cells damage  
 In Fig 1B, UVB irradiation decreased cell viability to 59.29±2.78% of control, while 
pretreatment with 2.5, 5, and 10 µM of oxyresveratrol significantly increase the cell survival 
to 67.49±1.61, 76.59±0.86, and 83.17±2.26% of control, respectively. 
 
 

 
Figure 1. The effects of oxyresveratrol on HaCaT cell viability after UVB irradiation.  The 
cells were treated with various concentrations of oxyresveratrol (0.25-200 uM) for 24 h 
incubation (A) or were pretreated with oxyresveratrol (2.5, 5, and 10 µM) for 1 h before 
exposure to UVB irradiation and further incubation for 24 h (B). The cell viability was 
performed by using resazurin assay kit. Data were presented as a percentage to control. ###p < 
0.001 as compared to the untreated cells; **p< 0.01 and ***p< 0.001 as compared to UVB 
treatment alone.   
 
 
The effect of oxyresveratrol on intracellular ROS production in UVB-irradiated HaCaT 
cells 
 In HaCaT cells, UVB radiation increased significant levels of intracellular ROS to 
1.7±0.04 fold of control.  The oxyresveratrol pretreatment at the concentrations of 2.5, 5, and 
10 µM significantly decreased intracellular ROS levels in HaCaT cells after UVB irradiation 
to 1.18±0.05, 0.94±0.04, and 0.89±0.06 folds of control, respectively (Fig 2.). 
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Discussion and Conclusion 
  
 ROS are chemically reactive chemical species such as hydrogen peroxide, superoxide, 
and hydroxyl radicals are produced as common intermediates of cellular metabolism and 
homeostasis (10). Overexpression of ROS results in the significant damage to cell structures. 
Excessive UVB exposure is one of the most crucial environmental risk factor for the 
development of skin disorders.  The increased accumulation of ROS (11) and NO production 
(12) caused by UVB irradiation can trigger oxidative stress, eventually leading to skin 
inflammation (or sunburn) and skin cancer (13). In line with previous studies, UVB 
irradiation induced the increase of ROS and NO levels in HaCaT cells which consequently 
caused the cell death. A number of studies have supported that oxyresveratrol exerts high 
antioxidant activity and free radical scavengers (9,13,14). Consistently, pretreatment of 
HaCaT cells with oxyresveratrol significantly increased the cell viability in a concentration 
dependent manner.  In parallel with the cell protective effect, oxyresveratrol strongly reduced 
both ROS and NO production in UVB-irradiated HaCaT cells, suggesting that the protective 
potential effect of oxyresveratrol might mediate through its free radical scavenging capacity. 
The present result was well correlated with that of Hu S and co-workers’ research in a 
condition of UVA-exposed primary keratinocytes (15). 
 

In conclusion, the present study revealed that oxyresveratrol isolated from the 
heartwood extract of Artocarpus lakoocha had the antioxidant activity by inhibiting the ROS 
and NO production in UVB-irradiated HaCaT cells. This effect contributed to protect 
keratinocyte HaCaT cells from the oxidative damage. Therefore, oxyresveratrol can be 
suggested as a potential natural antioxidant compound mixed in cosmetic products for 
preventing oxidative stress-induced skin deterioration from UVB radiation.  However, further 
studies are needed to confirm benefit of the compound in other mechanisms. 
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การศึกษาการกลายพนัธุข์องยนี UGT3A1 ทีตํ่าแหน่ง T361G ในตวัแทนประชากรมุสลิมในจงัหวดั

สงขลา 
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บทคดัย่อ 

 

UDP-glucuronosyltransferase (UGTs) เป็นเอนไซม์ใน Phase II metabolism ทาํให้สารมี

คุณสมบัติละลายนํา้ได้ด ี พร้อมที่จะถูกขบัออกจากร่างกาย ในมนุษย์พบ 4 families ได้แก่ UGT1, 

UGT2, UGT3 และ UGT8   สาํหรับ UDP-glycosyltransferase 3 (UGT3) มี 2 ชนิด คือ UGT3A1 

และ UGT3A2  substrates หลักของ UGT3A1 คือ ursodeoxycholic acid (UDCA) ซ่ึงเป็นสารในกลุ่ม 

bile acids ซ่ึงมีบทบาทสาํคัญในการย่อยอาหารประเภทไขมัน ผู้วิจัยจึงมีความสนใจในการศึกษาความถี่

ของการกลายพันธุข์องยีน UGT3A1 ในประชากรชาวมุสลิมในจังหวัดสงขลา เน่ืองจากการกลายพันธุข์อง

ยีนอาจจะเป็นสาเหตุหน่ึงในการทาํให้เกดิโรคน่ิวในถุงนํา้ดี  ดังน้ันจุดประสงค์ของงานวิจัยน้ี เพ่ือศึกษา

ความถี่ในการเกดิความผนัแปรทางพันธุกรรมและนาํข้อมูลไปใช้ในการอธบิายการเกดิพยาธสิภาพเกี่ยวกบั

กระบวนการสร้างและทาํลายนํา้ดี ในงานวิจัยน้ีทางผู้วิจัยได้สนใจตาํแหน่งที่จะศึกษาการกลายพันธุท์ี่

ตาํแหน่งกรดอะมิโนที่ 121 อยู่บน exon 4 เปล่ียนจาก Cys121Gly นิวคลีโอไทด์ที่ 361TG 

(rs3756669) ส่งผลให้เอนไซม์ไม่สามารถทาํงานได้ วิธกีารศึกษาโดยการสุ่มตัวอย่าง genomic DNA 

จากชาวมุสลิมในจังหวัดสงขลาจาํนวน 50 ตัวอย่าง นาํมาทาํ PCR ด้วย primer ที่ออกแบบเพ่ือเพ่ิมจาํนวน

ช้ินส่วนของยีนที่ต้องการแล้วนาํไปตรวจสอบขนาดของช้ินส่วนยีน ด้วยวิธ ี 1.5% agarose gel 

electrophoresis และส่งตรวจวิเคราะห์ลาํดับเบส  (DNA sequencing) พบว่าตัวอย่างที่สุ่มมาศึกษาการ

กลายพันธุท์ี่ตาํแหน่งดังกล่าว มีสมดุลตามกฎของ Hardy-Weinberg และ มีตัวอย่างที่เป็นยีนแบบ wild-

type (T/T), heterozygous mutation (T/G) และ homozygous mutation (G/G) จาํนวน 31, 15 และ 

4 ตัวอย่างตามลาํดบั คดิเป็นความถี่จโีนไทป์เท่ากบั 0.620, 0.300 และ 0.080 ตามลาํดบั และมีความถี่

แอลลีลเท่ากบั 0.770 (T) และ 0.230 (G)  สามารถสรปุได้ว่าความถี่จีโนไทป์ ความถี่แอลลีลของความ

แปรผนัทางพันธุกรรมของยีน UGT3A1 มีความแตกต่างกบัประชากรในแถบเอเชียแต่มีความใกล้เคียง

กบัประชากรคอเคเชียน ดังน้ันในประชากรในจังหวัดสงขลาอาจมีความเสี่ยงในการเกดิโรคน่ิวในถุงนํา้ดี 

อย่างไรกต็ามควรมีการตรวจยีน UGT3A1 ก่อนการรักษาด้วยยาที่มีอาการไม่พึงประสงค์ที่ทาํให้เกดิโรค

น่ิวถุงนํา้ดีหรืออาจใช้ยีนน้ีเป็น marker ของ artherosclerosis ในอนาคต 

 

คําสําคญั : UDP- glycosyltransferase (UGTs), การกลายพันธุ,์ allele frequency, Hardy-Weinberg
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Introduction 
 
     Drug metabolism is a process of changing the chemical molecule of drug to provide good 
solubility. Those molecule are polar and excret in urine and bile easily. The drug metabolism 
is divided into 2 phases, phase I metabolism and phase II metabolism (1). Phase I is the major 
process of oxidation, reduction and hydrolysis by cytochrome P45.  Phase II is the 
conjugation process. The most common enzyme in phase II is UDP-glucuronosyltransferases 
(UGTs) (2).  Currently, UGTs are classified into 4 main families, UGT1, UGT2, UGT3 and 
UGT8 (3). UGT3 have two types, UGT3A1 and UGT3A2. The main substrates of UGT3A1 
are ursodeoxycholic acid (UDCA), a substance in the bile acids (4). The amount of bile acids 
absorption will affect to the rate of bile acid synthesis in the liver. Some bile acids are not 
reabsorbed but there are excreted in the feces. Bile acids play a role in eliminating cholesterol 
from the body through the feces (5).  So UGT3A1 maybe useful as a predictor of 
atherosclerosis risk (4). The study in the past, the genetic variation of the UGT3A1 gene in the 
position of the amino acid at position 121 by switching from TGT (cysteine) to GGT 
(glycine) cause the inactive protein (4). According to a recent report, the genetic variation at 
this location is about 11% for the Asian population and about 20% for the Caucasians (4). 
Based on the data, the researcher is aware the importance of the polymorphism of the 
UGT3A1 gene, which cause adverse reactions to medications that are metabolised by 
abnormal enzymes or cause the abnormality in the bile process and increase the 
atherosclerosis risk because 7β-Hydroxycholesterol (steroids) is good substrates of UGT3A1. 
It is the main toxic products of cholesterol and induces macrophages at the plaque of the 
arteries (4). The genotype of UGT3A1 polymorphism in Thailand and Southeast Asian 
countries has not been conducted yet. This study focuses on the genetic variation of UGT3A1 
gene in Muslim population in Songkhla province to see the frequency of genetic variation, 
use the information to describe the pathology of the bile process and in the future, it is expect 
to be used to prevent adverse drug reactions from drug that are metabolized by abnormal 
UGT3A1 enzyme. 
 
Materials and Methods 
 
 50 Newborn cord blood samples were collected and approved under human ethic 
permission code SUB.EC 52-231-19-2-3 from Human Research Ethics Committee (HREC), 
Faculty of Medicine, Prince of Songkla University. 50 Genomic DNAs were extracted from 
newborn cord blood samples which were collected randomly at Songkhla hospital in 
Songkhla province via QIAGEN DNA extraction kit.  
 
 Known polymorphism of UGT3A1 gene is 361TG (rs3756669) caused Cys121Gly 
was focused in this study and primer design was performed by using the sequence of 
UGT3A1 gene including promoter, intron and exon. The primers were analyzed by the NCBI 
program database. (https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi). The forward 
primer is 5'GGCTCCCAGAGTAGGACGTT 3' and the reverse primer is 
5'TTCAACCTCAGGATCCCACTG 3'.  The 20 ul PCR reaction consists of 2 μl Tag buffer, 
1.4 μl MgCl2, 2 μl primer mix, 0.5 μl dNTPs, Taq polymerase 0.5 μl, ddH2O 12.6 μl, and 
DNA template 1 μl.  For PCR condition, 94.0 ºC 4 minutes 1 cycle, 30 cycles of 94.0 ºC 30 
seconds,  58.1 ºC 30 seconds and 72.0 ºC 1 minute, follows by 72.0 ºC 5 minutes and 6.0 ºC 5 
minutes. Then the sample was confirmed the correct size on 1.5% agarose gel electrophoresis 
sequencing by First Base laboratories SDN BHD Malaysia 
 
Data analysis The Hardy-Weinberg law and allele frequency were calculated by SNPAlyze 
version 9.0 (trial version) (https://www.dynacom.co.jp/english/snpalyze_e/e_sa_demo.html) 
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Results 
 
Genotype of UGT3A1 gene of newborn genomic DNA sample from Songkhla hospital 

A total of 50 genomic DNA samples were obtained randomly from newborn cord 
bloods which were collected at Songkhla hospital and extracted by QIAGEN genomic DNA 
extraction kit. The PCR was performed to get the product size of UGT3A1 gene fragment at 
904 bps on 1.5% agarose gel electrophoresis and then the nucleotide sequencing were done 
and the polymorphism was checked comparing with wild-type sequence (rs3756669)  

 
 
Figure 2. The picture shows the fragment size of PCR product of UGT3A1 was 904 bps. 
 
Mutation of UGT3A1 gene at Cys121Gly 

The result shows the number of wild-type, heterozygous and homozygous are 31, 15 
and 4. The genotype frequency is wild type (T/T) (0.620), heterozygous mutation (T/G) (0.3) 
and homozygous mutation (G/G) (0.08). The allele frequency of UGT3A1 variants are 361T 
= 0.770 and 361G = 0.230. (Table 1)  

The UGT3A1 gene polymorphism at 361T>G on exon 4 are under the Hardy-
Weinberg law (p>0.05) 

The wild-type and polymorphism points both heterozygous and homozygous are 
displayed in the electropherograms in Figure 1-2. 

 
Table 1. Genotype frequency of UGT3A1 gene polymorphism. (n=50) 

Polymorphism 
of UGT3A 1 
gene 

Genotype 
frequency

Allele 
frequency 

Observed Expected Chi-square

361T>G 
T/T 

0.620 
T    = 0.77 
G   = 0.23 

31 

 
 
29.65 X2   = 1.17 

T/G 0.300 15 17.71  
G/G 0.080 4 2.65 

904 bps. 
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A. Wild type  
 

B. Heterozygous mutation (361T>G) 

 
 

C. Homozygous mutation (361T>G) 

 
 
 
Figure 2. Electropherograms in exon4 at the position 361 nucleotide sequence of the 
UGT3A1 gene. A: Wild type, B: heterozygous mutation and C: homozygous mutation  
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Discussion 
 
      In this research, the muslim population in Songkhla province are representative of 
southern of Thailand. There are no relocation and conversion three generations before the 
population representative. Samples were studied newborn baby from Thai pregnant women 
who are Thai muslim nationality and birth at Songkhla Hospital, Songkhla since November 
2009 to March 2010. 
 

From the study of gene polymorphism at 121 amino acid sequence (361 nucleotide) on 
exon4 of the UGT3A1 gene in 50 southern Thai Muslim neonates are found 15 heterozygous 
mutations and 4 homozygous mutations. No found a new polymorphism at this gene 
fragment. The polymorphism at Cys121Gly was found to be known polymorphism when 
comparing the allele frequencies of the UGT3A1 gene polymorphism to the previously 
reported ethnic populations. Studying in Asian populations (Japanese) were estimated at 
about 0.110 and the Caucasian population is about 0.200 (4) but not found in African and 
American populations (6).  The alleles frequency of UGT3A1 gene variant in this study was 
higher than that of Asian population. It is close to the Caucasian population. Therefore, 
genetic diversity of genes in different populations should be studied. Although there is 
already information in that region but it is not represent to all people in every country in 
muslim region. In the Hardy-Weinberg analysis, the gene polymorphism at this location is 
under an assumption of Hardy-Weinberg rule. These samples used in this study are Thai 
Muslim. The most they were married among Thai Muslims together. Thus, the genetic is not 
change much from generation to generation. 

 
The polymorphism at this location is missense polymorphism, a polymorphism of the 

nucleotide gene that changes the mRNA codon and changes the amino acid translation. (7) It 
making the enzyme inactive (4).  Nowadays, ursodeoxycholic acid is the only bile acids drug 
use to treat liver dysfunction in patients with gallstones (8, 9). For example, when 
ursodeoxycholic acid is given to patients with bile disease in the range of 10-15 mg / kg for 
2-3 weeks, it is found that 50% of all patients have decreased bile acid content within the 
blood 3-4% (10). Under this condition, ursodeoxycholic acid is increased and excreted by the 
UGT3A1 enzyme that using co-substrate as N-acetylglucosamine. 7β-hydroxyl group of the 
substrate combine with co-substrate and then excreted outside the body (11,12). In addition, 
7β-Hydroxycholesterol (steroids) is another substrate that reacts with UGT3A1. It is the one 
of main toxic products of cholesterol. 7β-hydroxycholesterol which may induce macrophages 
at the plaque of the arteries and causes artherosclerosis (13). From the above information, it 
can be seen the polymorphism at position 361T>G will result in the population being treated. 
Ursodeoxycholic acid may not work and cause adverse reactions. It may also cause the 
artherosclerosis, this can be fatal. Future study should include more sample size, more other 
region in Thailand relationship between UGT3A1 polymorphism with artherosclerosis 
incidence and ursodeoxycholic acid adverse drug reaction. Therefore, the detection of 
UGT3A1 gene polymorphism at various sites prior to substrate therapy has the potential to 
achieve the highest therapeutic efficacy and to reduce the risk of adverse drug reactions. 
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Conclusion 
 

A total of 50 samples of muslim Thais in Songkhla province show the polymorphism 
of UGT3A1 gene at 361T>G have 38% of all samples. The genotype frequency of the wild-
type (T/T) heterozygous mutation (T/G) and homozygous mutation (G/G) were 0.620, 0.300 
and 0.080, respectively. Alleles frequency of the UGT3A1 polymorphism were 0.770 (T) and 
0.230 (G). The polymorphism of the UGT3A1 gene at 361T>G cause abnormal protein 
formation or loss of enzyme activity. The inactive enzyme may result in abnormalities in the 
bile drainage process or the adverse effects of UGT3A1 substrates and it may also cause high 
artherosclerosis risk than normal. However, the UGT3A1 gene should be screened before 
treatment with drug to reduce the risk of adverse reactions and use for the artherosclerosis 
marker. 
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การเพิม่ข้ึนของไนไตรทใ์นเนื้ อเยือ่มะเร็งเตา้นมจากผูป่้วย 

 

พีรวิชญ์ คงแก้ว
1
, นันทน์ภสั เพียวพงศ์

2
, รณรัฐ สวิิกะปกรณกุ์ล

3
, พรพรรณ วิวิธนาภรณ์

1
, ณฐัวุธ สบิหมู่

1
 

 

1
ภาควิชาเภสชัวิทยา คณะวิทยาศาสตร์ มหาวิทยาลัยมหิดล กรงุเทพมหานคร 

2
สหสาขาวิทยาพิษวิทยา คณะวิทยาศาสตร์ มหาวิทยาลัยมหิดล กรงุเทพมหานคร 

3
ภาควิชาศัลยศาสตร์ คณะแพทยศาสตร์โรงพยาบาลรามาธบิด ีมหาวิทยาลัยมหิดล กรงุเทพมหานคร 

 

บทคดัย่อ 

 

 มะเรง็เต้านมเป็นมะเรง็ที่พบได้บ่อยในผู้หญิง มะเรง็เต้านมสามารถแบ่งกลุ่มได้ตามตัวรับของ

ฮอร์โมนได้แก่ ตัวรับเอสโตรเจน (ER) และตัวรับโปรเจสเตอโรน (PR) ไนตริกออกไซด์ (NO) ได้มีการ

รายงานว่าสามารถส่งเสริมการพัฒนาของมะเรง็ ไนตริกออกไซด์โดยปกติจะถูกเกบ็ในเน้ือเย่ือรูปของไน

ไตรทใ์นระดับไมโครโมลาร์ ไนไตรทส์ามารถเปล่ียนเป็นไนตริกออกไซด์ได้ภายใต้ออกซิเจนตํ่าและภาวะ

เลือดเป็นกรด เป้าหมายของการศึกษาคือ การวัดระดับไนไตรทแ์ละไนเตรต และการแสดงออกของเอม็

อาร์เอนเอของไนตริกออกไซด์ซินเทสในเน้ือเย่ือมะเรง็เต้านมจากผู้ป่วยทั้งชนิดมีตัวรับเอสโตรเจนและไม่มี

ตัวรับเอสโตรเจนเปรียบเทยีบกบัเน้ือเย่ือปกติข้างเคียง จากผู้ป่วย 45 คน ระดับไนตริกออกไซด์ในมะเรง็

เต้านมโดยการวัดระดับไนไตรทแ์ละไนเตรต โดยใช้ไตรไอโอไดด์และวานาเดียม โดยวิธีเคมิลูมิเนสเซนส์

การแสดงออกของเอม็อาร์เอนเอของไนตริกออกไซด์ซินเทส โดยเรียลไทม์ พีซีอาร์ ผลการทดลองพบว่า

ระดับของไนไตรท์สูงในเน้ือเย่ือมะเร็งเต้านมทั้งชนิดมีตัวรับเอสโตรเจนและไม่มีตัวรับเอสโตรเจนกว่า

เน้ือเย่ือปกติใกล้เคียงมะเรง็ระดับไนเตรตไม่มีการแตกต่างกันในเน้ือเย่ือมะเรง็และเน้ือเน่ือปกติ การ

แสดงออกของเอม็อาร์เอนเอของเอนโดทเีลียวไนตริกออกไซด์ซินเทส (eNOS) และอนิดิวซิเบิลไนตริก 

ออกไซด์ซินเทส (iNOS) ไม่มีความแตกต่างกนัในเน้ือเย่ือมะเรง็และเน้ือเย่ือปกติข้างเคียง สรุปได้ว่า 

มะเรง็เต้านมมีระดับไนไตรทท์ี่สงูขึ้นโดยเฉพาะอย่างย่ิงในมะเรง็เต้านมชนิดไม่มีตัวรับเอสโตรเจน จาํเป็นที่

จะต้องเพ่ิมจาํนวนผู้ป่วยมะเรง็เต้านมชนิดไม่มีตัวรับเอสโตรเจนเพ่ือหาความสมัพันธร์ะหว่างไนไตรทแ์ละ

การดาํเนินไปของโรค 

 

คาํสาํคัญ: ไนไตรท,์ มะเรง็เต้านม,ตัวรับเอสโตรเจน 
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Introduction  
 

Breast cancer is a common cancer in women. Breast cancer is categorized with basis 
on hormonal receptors on tumor cells including estrogen receptor (ER), progesterone receptor 
(PR), and human epidermal growth factor receptor 2 (HER2). Expression of hormone 
receptors is used to guide treatment. ER-positive breast cancer which is more common than 
ER-negative breast cancer is treated with anti-hormone therapy. In contrast, ER-negative 
breast cancer is more difficult to be treated because of lack of target, and has poor prognosis.  

 
Nitric oxide (NO) has multiple roles in physiological and pathological processes such 

as vasodilation, platelet inhibition, promotion of cell proliferation and growth, angiogenesis, 
or tumorigenesis (1). NO is produced from nitric oxide synthase (NOS), and stored in many 
tissues as nitrite and S-nitrothiols. Expressions of NOS mRNA including endothelium nitric 
oxide synthase (eNOS) and inducible nitric oxide synthase (iNOS) are increased in breast 
cancer. NO has dual effects on breast cancer (2).  NO at low concentration can inhibit 
apoptosis and promote angiogenesis and proliferation of cancer cells. In contrast, NO at high 
concentration can induce apoptosis of cancer cells. NO may be a target for cancer therapy; for 
example inhibition of eNOS-derived NO may inhibit cancer cell growth. 

 
This study aimed to investigate nitrite, nitrate levels and mRNA expression of nitric 

oxide synthases in ER-positive, ER-negative breast cancer tissues compared to normal 
adjacent tissues from forty-five breast cancer patients. 

 
Materials and Methods 
 
Tissues collection  
 Normal adjacent and cancer of breast tissues from patients were obtained from 
Department of Surgery, Ramathibodi Hospital, Mahidol University, Thailand. Breast cancer 
tissues were collected from operation room and stored at -80 oC until use. The ER status was 
reported by Department of Pathology, Ramathibodi Hospital, Mahidol University, Thailand. 
Clinical stage was categorized by TMN staging from the medical record. The project was 
approved by Committee on Human Rights Related to Research Involving Human Subjects 
based on the declaration of Helsinki, protocol ID 03-58-32. 
 
Measurement of nitrite and nitrate 
 Frozen tissues were thawed on ice and weighted before homogenization. Tissues were 
homogenized with 1.5 ml of homogenized solution containing nitrite stabilizers (1 mM of 
KCN, 12mM of K3Fe2(CN)6, 10 mM of NEM and 100 M of DTPA) (3). Afterwards, 
homogenized tissues were injected into purge vessel containing tri-iodide solution or 
vanadium chloride. The signals were recorded and area under the curve (AUC) was 
determined using Origin 7 (Origin lab, USA). 
 
Real-time polymerase chain reaction (real-time PCR)  
 Breast cancer tissues were homogenized with lysis buffer containing 2-
mercaptoethamol (Jena Bioscience, Germany). The RNA extraction and real-time PCR were 
prepared as previously described (4). The primer sequence of human eNOS were: forward 5’- 
ACCCTCACCGCTACAACATC -3’ and reverse 5’- GCCTTCTGCTCATTCTCCAG -3’and 
human iNOS were: forward 5’- ACAACAAATTCAGGTACGCTGTG -3’ and reverse 5’- 
TCTGATCAATGTCATGAGCAAAGG -3’.  
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Statistical analysis  
  Data were presented as median with interquartile range (IQR). Comparison was done 
by Mann Whitney U test, Wilcoxon signed rank test, or Kruskal-Wallis test. p value less than 
0.05 was considered statistically significant difference. Statistical analysis was performed 
using GraphPad Prism version 6. 
 
Results 
 
Patients’ clinical data 
Table 1. General characteristics of breast cancer patients 
 

Characteristics Number of patients 
Total  45 
Age (years, median(IQR)) 53(45 - 63) 
ER status 

 Positive 
 Negative 

 
32 
13 

Clinical stage 
 Stage 1 (T1N0M0, T2N0M0, T1N1M0) 
 Stage 2 (T2N1M0, T1N2M0, T2N2M0) 
 Stage 3 (T2N3M0, T3N1M0, T4N0M0, T4N1M0) 

 
23 
15 
7 

Note: ER = estrogen receptor, M = distant metastasis, N = lymph node, T = tumor size 
 
 
Levels of nitrite in breast cancer tissues 
 Nitrite levels were reported in nanomole per gram of breast tissue. The nitrite levels in 
cancer tissues were higher than normal adjacent breast tissues [median (IQR): 8.76(1.66 – 
20.82) vs 6.91(2.43 – 12.31), n=45] (Figure 1A). The nitrite levels in ER-positive breast 
cancer tissues were higher than those in normal adjacent tissues [median (IQR): 6.82(1.49 – 
16.81) vs 5.76(1.13 – 9.14), n=32] (Figure 1B). The nitrite levels in ER-negative breast 
cancer tissues were also higher than those in normal adjacent tissues [median (IQR): 
24.30(4.83 – 33.26) vs 13.71(7.63 – 20.16), n=13] (Figure 1C). The nitrite levels in ER-
negative breast cancer tissues were higher than ER-positive breast cancer tissues [median 
(IQR): 24.30(4.83 – 33.36) vs 6.82(1.49 – 16.81] (Figure 1D). 
 
Levels of nitrate in breast cancer tissues 

Nitrate levels were reported in nanomole per gram of breast tissues. The nitrate levels 
in cancer tissues and normal adjacent tissues was not different (Figure 2A). There was no 
difference in nitrate levels between ER-positive vs normal adjacent tissues (Figure 2B), ER-
negative vs normal adjacent tissues (Figure 2C), and ER-positive vs ER-negative breast 
cancer tissues (Figure 2D).  
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Levels of nitrite and nitrate in breast cancer tissues at different stages 
 The levels of nitrite and nitrate were reported in nanomole per gram of breast tissue 
categorized in clinical stage 1, 2 and 3 of breast cancer showed no difference in any stage of 
breast cancer.  
 

 
Figure 3 Box plot of nitrite (A) and nitrate (B) levels in breast cancer tissues at different 
stages. Whiskers indicate 1.5xIQR and minimal values. There was no difference in nitrite and 
nitrate among stages (Kruskal-Wallis test). Number of cases are indicated above the boxes. 
 
mRNA expression of NOS in breast cancer tissues 
 The mRNA expressions of eNOS and iNOS were analyzed by real-time PCR. There 
was no difference in eNOS and iNOS mRNA expression between normal adjacent and cancer 
tissues (Figure 4). 
 
 
 

 

Figure 4 Relative fold change (RFC) of mRNA expression of eNOS and iNOS in ER-positive (A and 
B) and ER-negative (C and D) breast cancer tissues from patients. Lines are medians and IQR. 
Comparison was done by Mann Whitney U test. 
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Discussion 
 
 In this study, we found the nitrite levels in breast cancer tissues were higher than 
normal adjacent tissues in both ER-positive and ER-negative breast cancer tissues. The nitrite 
levels in ER-negative breast cancer are higher than ER-positive breast cancer. Nitrite is a 
storage form of nitric oxide in tissues; for example the nitrite levels in liver and skeletal 
muscle are 2.5 and 4.5 nmol/g tissue, respectively (5) which are in the same concentration 
range as our data. Nitrite is reduced to nitric oxide by deoxygenated heme proteins under 
hypoxia and acidosis, a condition found in tumor microenvironment. Nitric oxide is essential 
for cancer. Nitric oxide at concentrations in range of 10 – 20 nM promotes cancer cell 
proliferation, growth, angiogenesis, and metastasis (6). Therefore, high nitrite levels serve as 
reservoir of nitric oxide in cancer cells. No change in nitrate levels is consistent with the fact 
that nitrate is an inert product, which cannot be reduced to nitrite or nitric oxide.  
 
 ER-negative breast cancer has higher nitrite than ER-positive cancer, which 
corresponds with more aggressive behavior of ER-negative cancer. Despite increased nitrite 
in breast cancer tissue, the nitrite levels in different stages of cancer are not different, 
suggesting that nitrite is not indicator for severity. Nitrate levels were not different between 
normal adjacent and cancer tissues, and between ER-positive and ER-negative breast cancer 
tissues suggesting nitrate was not associated with cancer. Previous study with 
immunohistochemistry showed no correlation of eNOS with tumor size and grade (7, 8). 
Regulation of eNOS activity is modulated by post-translational mechanism such as 
phosphorylation and calcium, while iNOS regulation is at the transcriptional level. No change 
in eNOS and iNOS mRNA represents no alteration in transcription of these enzymes. To 
elucidate the mechanism of increased nitrite, regulation of eNOS at post-translational levels 
should be investigated in the future. The correlation of nitrite and clinical progression is 
ongoing. Further investigation should be performed to assess nitrite as biomarker for 
prognosis. 
 
Conclusion 
 

Nitrite level is higher in both ER-positive and ER-negative cancer than normal 
adjacent breast tissues. In addition, ER-negative breast cancer has higher nitrite than ER-
positive cancer. There is no difference in nitrate. Cancer at different stages has no difference 
in nitrite. The mRNA expression of eNOS and iNOS are not different in ER-positive and ER-
negative. NO could be a biomarker and therapeutic target for breast cancer in the future. 
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ความสมัพนัธ์ของ ABCB1 C1236T กบัการตอบสนองระดบัอณูของยาอิมมาทินิบในผูป่้วย

โรคมะเร็งเม็ดเลือดขาวเร้ือรงัชนดิมยัอีลอยดช์าวไทย 
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บทคดัย่อ 

 

ยาอิมมาทินิบมีคุณสมบัติเป็นซับสเตรตของโปรตีนผลักยาออกจากเซลล์ชนิด P-glycoprotein 

(P-gp) การเกดิภาวะพหุสณัฐานของยีนที่สร้างโปรตีน P-gp (ABCB1) อาจส่งผลต่อการรักษาทางคลินิก

ของยาอิมมาทนิิบ อย่างไรกต็ามยังไม่มีข้อสรุปชัดเจนในประเดน็ดังกล่าว และยังไม่มีการศึกษาในผู้ป่วย

โรคมะเร็งเม็ดเลือดขาวเร้ือรังชนิดมัยอีลอยด์ชาวไทย ดังน้ันการศึกษาน้ีจึงมีวัตถุประสงค์เพ่ือหา

ความสมัพันธข์อง ABCB1 C1236T กบัการตอบสนองระดับอณขูองยาอมิมาทนิิบในผู้ป่วยโรคมะเรง็เมด็

เลือดขาวเร้ือรังชนิดมัยอลีอยด์ชาวไทย โดยมีรูปแบบการศึกษาแบบสงัเกตย้อนหลัง ทาํการเกบ็ข้อมูลทาง

คลินิกและตัวอย่างเลือดจากผู้ป่วย 95 รายซ่ึงได้รับยาอมิมาทนิิบจากโรงพยาบาลรามาธบิดีระหว่างปี พ.ศ. 

2544 ถึง 2560  และนําสารพันธุกรรมไปจีโนไทป์ และวิเคราะห์สมดุลฮาร์ดี-ไวน์เบิร์ก และ

ความสมัพันธโ์ดยสถิติไคว์สแควร์ ผลการศึกษาพบว่าความถี่จีโนไทป์ชนิด CC (12.63%), CT (52.63 

%) และ TT (34.74%) อยู่ในสมดุลฮาร์ดี-ไวน์เบิร์ก และผู้ป่วยที่มีจีโนไทป์ชนิด CC หรือ CT มี

ความสัมพันธ์อย่างมีนัยสาํคัญทางสถิติกับการที่มีอัตราการตอบสนองระดับอณูชนิดเมเจอร์ คือ ระดับ 

BCR-ABL1IS น้อยกว่าหรือเท่ากบัร้อยละ 0.1 หรือ มีการตอบสนองระดับอณชูนิดคอมพลีท คือ ตรวจ

ไม่พบระดับ BCR-ABL1 transcripts  ตํ่ากว่าผู้ป่วยที่มีจีโนไทป์ชนิด TT (OR = 7.68, 95%CI = 

0.952-61.949, p = 0.030)     ผลการศึกษาช้ีให้เหน็ว่า ABCB1 C1236T ส่งผลต่อการรักษาทางคลินิก

ของยาอมิมาทนิิบในผู้ป่วยโรคมะเรง็เมด็เลือดขาวเร้ือรังชนิดมัยอลีอยด์ชาวไทย 

 

คําสําคญั: ABCB1 C1236T, อมิมาทนิิบ, โรคมะเรง็เมด็เลือดขาวเร้ือรังชนิดมัยอลีอยด์, การตอบสนอง

ระดับอณ ู
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Introduction 
 
Chronic myeloid leukemia (CML) is a type of myeloproliferative disorder. The 

molecular pathology of CML is the presence of BCR-ABL1 gene resulting from the 
translocation of chromosome 9 and 22. The BCR-ABL1 gene produces an abnormal BCR-
ABL protein resulting in the increase of tyrosine kinase signaling pathway in hematopoietic 
myeloid lineage which further leads to the formation of leukemia cells. According to the 
European LeukemiaNet (ELN) recommendations for the management of CML, the goal of 
treatment is achieving major molecular response (MMR3) and MMR4 for treatment free 
remission (TFR) candidates (1). Unfortunately, some CML patients failed to achieve a major 
molecular response. 

 
Imatinib was approved by the Food and Drug Administration of the United States in 

2002 as the first tyrosine kinase inhibitor (TKI) for CML treatment. In Thailand, the 
government issued imatinib under the National List of Essential Medicines (NLEM) in 2008 
for patients with CML (2). However, there have been some CML patients failing to achieve 
the clinical outcomes from imatinib treatment. Imatinib has been reported to be a substrate of 
ABC drug efflux transporter or p-glycoprotein (P-gp) specifically encoded by ABCB1 gene 
(3). Apart from its constitutive expression in various tissues including the intestines, liver, 
kidney, adrenal gland, placenta, testis and blood-brain barrier, P-gp expression is also found 
in lymphocytes, hematopoietic stem cells and cancer cells. The overexpression of P-gp may 
limit its substrate availability at their intracellular site of action and lead to drug resistance. 
The ABCB1 gene that encodes P-gp is highly polymorphic. Several studies suggest that 
polymorphisms in ABCB1 gene may influence the expression or function of P-gp (4, 5). 
Among various single nucleotide polymorphisms (SNPs), C1236T, C3435T and G2677T/A 
of ABCB1, located in exons 12, 21 and 26, respectively, are the most widely studied SNPs. 
Interestingly, the study from Agrawal et al. revealed that variants of C1236T was associated 
with higher ABCB1 expression compared to the wild type (6). 

 
In terms of the association of ABCB1 polymorphisms with clinical outcomes of 

imatinib therapy, Ni et al. found that imatinib resistance in Chinese CML patients was 
associated with ABCB1 1236 TT genotype compared to the CT/CT genotyped group (7). In 
line with that, Deenik et al. suggested that variants in ABCB1 C1236T were associated with 
the decrease in molecular response in Caucasian CML patients (8). While Dulucq et al. found 
that the variants allele was associated with imatinib response in Caucasian CML patients (9). 
Because of these inconclusive findings, the aim of this study was to determine the association 
of ABCB1 C1236T with clinical outcomes of imatinib in Thai CML patients.  
 
Materials and Methods 
 
Patients 

This study used an observational retrospective design. Ninety-five Thai patients from 
Ramathibodi Hospital between 2001 and 2017 were studied. The inclusion criteria were Thai 
patients over 15 years old who were diagnosed with CML and treated with imatinib for at 
least 3 months. The exclusion criteria were patients with mutations in BCR-ABL1 fusion gene 
related to the failure to imatinib therapy, a progression from chronic stage to accelerated or 
blast phase, non-compliance to treatment, an unclear history of treatment or unidentified 
imatinib responsive status, pregnancy/breast-feeding while receiving imatinib therapy, or an 
alcohol/drug addiction history. An approval of the protocol (Identification number 04-59-27) 
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was obtained from the institutional review board of the Faculty of Medicine, Ramathibodi 
Hospital. Written informed consents were obtained from all participants.  

 
Clinical assessment 

In terms of clinical outcomes, molecular response outcome was defined according to 
the European LeukemiaNet recommendations for the management of CML. Molecular 
response was presented by the BCR-ABL1 mRNA transcription ratio which was evaluated by 
the real time quantitative polymerase chain reaction (RQ-PCR) according to the International 
Scale (IS) as a ratio of BCR-ABL1% on a log scale. Major molecular response (MMR) and 
Complete molecular response (CMR) were defined as a ratio of BCR-ABL1IS ≤ 0.1% and an 
undetected BCR-ABL1 mRNA transcription ratio, respectively (1). Therefore, in this study 
CML patients were divided into two groups specifically those with BCR-ABL1IS ≤ 0.1% or 
MMR/CMR and those with BCR-ABL1IS > 0.1% or non-MMR/CMR.  
 
DNA isolation and Genotyping 

Peripheral blood samples were collected in EDTA tubes from all participants. DNA 
samples were extracted from leukocytes by using QIAamp Blood Kit (Qiagen, Hilden, 
Germany). The genotyping of ABCB1 C1236T was performed by using TaqMan® SNPs 
genotyping assay (Thermo Fisher Scientific, USA).   
 
Statistical Analysis 

Patient characteristics and clinical data were presented as median (range). and 
frequency with percentage. Differences between MMR/CMR and non-MMR/CMR groups 
were compared using either Mann–Whitney U test or Chi-square test, as appropriate. Hardy–
Weinberg equilibrium and genetic association of ABCB1 C1236T with clinical outcomes 
were determined by Chi-square test. The results were reported as odds ratio and 95% 
confidence interval (95% CI). Statistical significance for all tests was set at a p-value < 0.05. 
Statistical analyses were performed using SPSS version 22.0 software (SPSS, Chicago, IL, 
USA). 
 
Results 
 
Patient Characteristics  

Demographic and clinical characteristics of 95 Thai CML patients who were treated 
with imatinib for at least 3 months in this study are shown in Table 1. In terms of clinical 
outcomes, there were 82 patients with BCR-ABL1IS ≤ 0.1% or MMR/CMR group and 13 
patients with BCR-ABL1IS > 0.1% or non-MMR/CMR group. No differences in demographic 
and clinical data between the two groups except for the duration of imatinib usage were 
found. Patients with MMR/CMR were more likely to be treated for more than 1 year (p < 
0.001).   

 
For prevalence of ABCB1 C1236T, the allelic and genotype frequencies in Thai 

patients with CML are shown in Table 2. All genotype frequencies were in accordance with 
Hardy-Weinberg equilibrium (p > 0.05). The allele frequencies of C and T alleles were 
38.95% and 61.05%, respectively.  

 
Regarding the association of ABCB1 C1236T with molecular response to imatinib in 

Thai patients with CML, genotype of CC or TT was significantly associated with non-
MMR/CMR when compared to those with TT genotype (OR = 7.68, 95%CI = 0.952-61.949, 
p = 0.030) as shown in Table 3. 
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Table 1. Demographic and clinical characteristics of 95 Thai patients with CML  

Characteristics   

MMR/CMR 
(BCR-ABL1IS ≤ 

0.1%), 
 n (%)  

non-MMR/CMR 
(BCR-ABL1IS > 

0.1%), 
n (%) 

p-value 

Body weight (kg),  
median (range) 

63.25 (40.30-101.10) 57.20 (45.90-95.00) 0.475b 

Age at the start of imatinib  
(years), median (range) 

42 (15-72) 47 (13-60) 0.965b 

Duration of imatinib usage (years)  
> 1  80 (97.56) 3 (23.08) <0.001a 
≤ 1  2 (2.44) 10 (76.92)  

Diagnostic phase 
Chronic phase  68 (82.93) 12 (92.31) 0.389a 
Accelerated phase  14 (17.07) 1 (7.69)  

Imatinib dose (mg/day)   
300   6 (7.32) 1 (7.69) 0.099a 
400   62 (75.61) 7 (53.85)  
600   10 (12.19) 5 (38.46)  
800   4 (4.88) 0 (0)  

Gender 
Female   38 (46.34) 7 (53.85) 0.615a 
Male   44 (53.66) 6 (46.15)  

a p-value was determined by Pearson Chi-square test.   
b p-value was determined by Mann–Whitney U test.   
 
 
Table 2. Genotype distributions and allele frequencies of ABCB1 C1236T in 95 Thai patients 
with CML 

ABCB1 C1236T Genotype n (%) 
Allele 

Frequency (%) 
Hardy-Weinberg 

equilibrium p-value 
Homozygous wild type (CC) 12 (12.63) C = 38.95 0.2983 a 
Heterozygous (CT) 50 (52.63) T = 61.05 
Homozygous variant (TT) 33 (34.74)  

a p-value was determined by Pearson’s Chi-square test.  
 
 
Table 3. Association of ABCB1 C1236T with molecular response to imatinib in Thai patients 
with CML 

ABCB1 
C1236T 

Genotype 
n (%) 

MMR/CMR 
(BCR-ABL1IS  

≤0.1%), n (%)

non-MMR/CMR
(BCR-ABL1IS 

 >0.1%), n (%) 

p-
value 

OR 95%CI 

CC+CT 62 (75.26) 50 (61.00) 12 (92.30) 0.030a 7.68 0.952-61.949
TT 33 (34.74)       32 (39.00) 1 (7.70)    

a p-value was determined by Fisher’s exact test (two-tailed).  
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Discussions  
 

Genetic and non-genetic factors may be responsible for the inter-individual variability 
in drug response. In this study, we found no differences in demographic and clinical 
characteristics between the MMR/CMR and non-MMR/CMR groups except for the duration 
of imatinib usage. This duration of treatment was a surrogate for the difference in response to 
imatinib treatment. Almost patients with BCR-ABL1IS >0.1% stopped imatinib treatment and 
switched to second- and third- line drug therapy. Whereas, patients achieving MMR/CMR 
were treated continuously with imatinib.  

 
Interestingly, the present study showed the association of ABCB1 C1236T with 

molecular response of imatinib in Thai patients with CML. Patients who carried CC or CT 
genotype of ABCB1 C1236T were more likely to have BCR-ABL1IS > 0.1%. The study by 
Dulucq et al. also found that ABCB1 1236T allele was associated with major molecular 
response (MMR) while the 1236C allele was associated with resistance (9). However, the 
effect of C1236T on the clinical outcomes of imatinib are still inconclusive. There are some 
studies reporting that the TT genotype of ABCB1 1236 was associated with imatinib 
resistance (7, 8). 

 
The inconsistency of association studies may be resulted from the difference of allele 

and genotype frequency in each ethnicity. The distribution of allele frequency of ABCB1 
C1236T found in this study was consistent with those of other Asian populations (7, 10, 11) 
but different from that in Caucasians (9). Difference in genetic variant distribution among 
ethnicities may lead to the variation in phenotypes and response outcomes.  

 
In addition, the incongruence of phenotype definition in each study was considered. 

The definitions of “response” or “resistance” in the above-mentioned studies were varied. 
According to the ELN recommendation, three types of response are defined including 
hematologic, cytogenetic, and molecular responses. Moreover, levels of response in each type 
were further categorized according to clinical parameters. In this study, molecular response 
was categorized into MMR/CMR based on the BCR-ABL1 mRNA transcription ratio. 
Therefore, the difference in clinical outcomes among various studies may result in different 
findings. Furthermore, the term “resistance” was incongruently defined at the time of 
monitoring. Resistance to imatinib can be defined either as the primary resistance  (a lack of 
efficacy from the time of treatment with imatinib) or the secondary resistance (relapse or 
recurrence) (1). Since all patients with BCR-ABL1IS > 0.1% were failed to achieve MMR in 
this present study, nevertheless, the number of patients in this group was lower than BCR-
ABL1IS ≤ 0.1%. Therefore, patients who carried CC/CT genotypes of ABCB1 C1236T were 
more likely to face primary resistance of imatinib when compared to those with TT genotype.  

 
In term of genetic variation, some evidences suggested that variants in the gene 

encoding P-gp may affect therapeutic outcomes of their substrate. Hoffmeyer et al. first 
reported that ABCB1 C3435T, a synonymous SNP, was associated with P-gp expression in 
the small intestine. They found that the TT genotype had a P-gp expression lower than that of 
CC genotype and associated with a higher plasma digoxin concentration (12). Owing to the 
Linkage disequilibrium (LD) in the three SNPs namely C1236T, C3435T and G2677T/A 
(13), Kimchi-Sarfaty et al. revealed that the TTT haplotype of these SNPs might influence the 
conformational changes including specific binding site of P-gp without alteration of mRNA 
protein levels. These alterations may differently affect interaction sites depending on its 
substrate leading to the lack of efficiency outcomes  (14).  
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Conclusion 
 
 This study evaluated the association of polymorphisms in ABCB1 with therapeutic 
outcomes of imatinib in Thai patients with chronic myeloid leukemia. The finding revealed 
that ABCB1 C1236T influenced the molecular response to imatinib. Further study is needed 
to determine the association of other transporter genes, such as OCT, ABCG2 and genes 
encoding imatinib metabolizing enzymes such as CYP3A4/3A5, with the treatment outcomes 
of imatinib in a larger sample size of patients with CML. 
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ผลของความผิดแผกทางพนัธุกรรมของยีน CYP2C19 ต่อขนาดยาวอริโคนาโซลในผูป่้วยติดเช้ือรา

ลกุลามชาวไทย 

 

ทฆิมัพร อารีสนิพิทกัษ์
1
, สดุา วรรณประสาท

1
, สมุลรตัน ์ชวูงษ์วฒันะ

2
,
 
ชลภัทร สขุเกษม

2
,  

ศิริมาศ กาญจนวาศ
1
, วิจิตรา ทศันียกุล

1
  

 

1
ภาควิชาเภสชัวิทยา คณะแพทยศาสตร์ มหาวิทยาลัยขอนแก่น จังหวัดขอนแก่น, ประเทศไทย 

2
ห้องปฏบิัติการเภสชัพันธุศาสตร์ ภาควิชาพยาธวิิทยา คณะแพทยศาสตร์โรงพยาบาลรามาธบิดี 

มหาวิทยาลัยมหิดล จังหวัดกรงุเทพมหานคร, ประเทศไทย 

 

บทคดัย่อ 

 

  ยาวอริโคนาโซลเป็นยาต้านเช้ือราลําดับแรกที่ถูกนํามาใช้รักษาผู้ป่วยติดเช้ือราลุกลามชนิด

แอสเปอร์จิลัส ยาวอริโคนาโซลน้ีมีช่วงการรักษาที่แคบและมีรปูแบบการเมแทบอลิซึมเป็นแบบ zero order 

ดังน้ันจึงต้องมีการติดตามการรักษาด้วยการเจาะระดับยาในเลือด (therapeutic drug monitoring) เพ่ือให้

ความเข้มข้นของยาวอริโคนาโซลอยู่ในระดับรักษา (1-5 μg/ml) จากการศึกษาก่อนหน้าพบว่า ความผิด

แผกทางพันธุกรรมของยีน CYP2C19 มีความสมัพันธก์บัระดับยาวอริโคนาโซล ดังน้ันในการศึกษาน้ีจึงมี

วัตถุประสงค์เพ่ือศึกษาความสมัพันธข์องความผิดแผกทางพันธุกรรมของยีน CYP2C19 กบัขนาดยาวอริ

โคนาโซลที่ ผู้ป่วยติดเช้ือราลุกลามควรได้รับเม่ือระดับยาเข้าถึงระดับรักษา และศึกษาความชุกของ 

CYP2C19 ในอาสาสมัครชาวไทยสุขภาพดี โดยอาสาสมัครสุขภาพดีทั้งหมด 100 คน ถูกเกบ็เลือดและ

ตรวจหาจีโนไทป์ของ CYP2C19 ในขณะที่ผู้ป่วย 80 คนที่เคยเข้ารับการรักษาการติดเช้ือลุกลาม และ

ได้รับยาวอริโคนาโซล ถูกเกบ็ข้อมูลทางคลินิก ผลการศึกษาในอาสาสมัครสขุภาพดีพบว่า การเกดิมิวเตช่ัน

ของ CYP2C19 ในประชากรชาวไทย (CYP2C19*1/*1 50%, *1/*2 36%, *1/*3 6%, *2/*2 6%, 

*2/*3 1% และ *1/*17 1%, ตามลาํดับ) มีความถี่ใกล้เคียงกบัประชากรชาวเกาหลีและจีน แต่แตกต่าง

กับประชากรญ่ีปุ่น คอเคเช่ียน อูกันดา และรัสเซีย นอกจากน้ียังพบว่าผู้ป่วยที่มีการทาํงานของเอนไซม์ 

CYP2C19 กลุ่ม poor metabolizer มีแนวโน้มที่ต้องการยาวอริโคนาโซลในขนาดตํ่ากว่าผู้ป่วยที่มีการ

ทาํงานของเอนไซม์ดังกล่าวปกติ (7.31±0.72 VS 8.38±0.31 mg/day, respectively, P=0.298) 

อย่างไรกต็ามยังไม่พบความสมัพันธข์องความผดิแผกทางพันธุกรรมกบัขนาดยาอย่างมีนัยสาํคัญ 

 

คําสําคญั:  ความผดิแผกทางพันธุกรรมของยีน C Y P 2C 1 9 ,  ยาวอริโคนาโซล, การตดิเช้ือราลุกลาม  
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Introduction 
 
 Invasive fungal infections (IFIs) are a major cause of mortality in 
immunocompromised patients such as those receiving chemotherapy or haematopoeitic stem 
cell transplant (HSCT). Invasive aspergillosis infection was found as the most infectious 
disease in these patients (43%) (1). Moreover, the attributable mortality rate of aspergillosis 
has increased to 72.1% (2). Similarly, the common invasive fungal infections in Thai 
immunocompromised patients were Candida spp. and Aspergillus spp. (3). Voriconazole is 
recommended as a first line drug for invasive aspergillosis treatment. 
 
 Voriconazole is a second-generation of triazole antifungal agent. It was used as the 
first line IFIs therapy because its broad-spectrum activity can be against both yeasts and 
molds including fluconazole resistant candida, Scedosporium apiospermum and Fusarium 
spp. It is administered in three forms: intravenous, oral tablet and suspension (4). The dose of 
intravenous route is suggested at 6 mg/kg every 12 hours for 2 doses for loading dose, 
followed by 4 mg/kg every 12 hours for maintenance dose. An oral dose of voriconazole of 
400 mg twice a day is prescribed as a loading dose the first day, followed by 200 mg twice 
daily (5). However, voriconazole performs nonlinear pharmacokinetic profiles with a narrow 
therapeutic concentration, 1-5 µg/ml. Therefore, inter- and intra-individual variabilities that 
may lead to toxicity or decreased efficacy should be considered. Voriconazole levels need to 
be closely monitored to improve efficacy and safety of IFIs treatment (6).  
 

Voriconazole metabolism primarily occurs in liver by cytochrome P450 isoenzymes 
(CYP), primarily by CYP2C19 and to some small extent by CYP3A4 and CYP2C9. Many 
studies reported CYP2C19 genetic variation correlated with the voriconazole exposure. The 
voriconazole trough concentrations of extensive metabolizers (EM, CYP2C19*1/1) patients 
were lower than intermediate metabolizers (IM, CYP2C19*1/2, *1/*3) and poor metabolizing 
enzymes (PM, CYP2C19*2/2, *2/*3, *3/*3) patients. Conversely, ultrarapid metabolizing 
patients (URM, CYP2C19*17) had significant lower voriconazole concentrations than EM 
group (4, 7). Therefore, the URM group may require the higher voriconazole dosage regimen 
(3.94±0.39 for CYP2C19*1/*17 and 6.75±0.54 for CYP2C19*17*17 VS 2.57±0.25 mg/kg 
twice daily for wild type; P<0.0001), while PM carriers may receive the lower dose than EM 
carriers to achieve the same therapeutic range (3.03±0.36 VS 2.57±0.25 mg/kg twice daily) 
(7). A multicenter study of voriconazole showed voriconazole concentration <1.7 mg/l was 
correlated with a significant incidence of treatment failure than voriconazole concentration 
1.7 mg/l (26% VS 7%, P<0.01). Neurotoxicity, such as auditory and visual hallucinations, 
occurred more frequently at voriconazole blood level > 5 mg/l than at voriconazole blood 
level  5 mg/l (32% VS 1.2%, P<0.01) (8). Therefore, receiving the voriconazole dose based 
on individually guided genotypes may allow the patients to achieve therapeutic range faster 
than conventional treatment. Moreover, genotype guided regimen may decrease adverse 
effects in PM and increase efficacy in URM patients. These may improve the clinical 
outcome and prognosis of IFI patients treated with voriconazole. 

 

 This study aimed to determine the correlation between the voriconazole dosage 
regimen at therapeutic range and CYP2C19 polymorphisms in Thai invasive fungal infection 
patients. Moreover, the prevalence of CYP2C19 allelic variants in Thai healthy volunteers 
was analyzed comparing to other ethnic groups. 
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Material and Methods 
 
Subjects  
 This was a retrospective study. Eighty patients were enrolled in this study. The study 
was approved by the Ethics Committee, Ramathibodi Hospital, Mahidol University. The 
clinical data of the patients was recorded including voriconazole trough concentration, 
voriconazole dosage regimen and CYP2C19 genotypes. Moreover, 100 non-related Thai 
healthy volunteers who were blood donors at Blood Bank of Faculty of Medicine, Khon Kaen 
University were enrolled to determine frequencies of CYP2C19 variants related clinical 
variables such as CYP2C19*2 (rs4244285; 681G>A), CYP2C19*3 (rs4986893; 636G>A) and 
CYP2C19*17 (rs12248560; -806C>T). This study was carried out based on the Declaration 
of Helsinki and the ICH Good Clinical Practice Guidelines approved by the Ethics 
Committee, Khon Kaen University. 
 
DNA extraction and CYP2C19 genotyping 
 Genomic DNA (gDNA) of the patients had been already extracted by automated 
MagNA Pure Compact machine (Roche Applied Science, Penzberg, Germany) based on 
magnetic-bead technology. The same as CYP2C19 genotyping, they have been already 
detected by LightMix®. It analyzed the variants based on a principle of Real-time PCR. The 
healthy participants’ blood was collected in an EDTA tube and was extracted by QIAamp® 
DNA blood Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instruction. 
The variant alleles were genotyped by Light-Cycler 480® based on Real-time PCR technique 
with specific TaqMan® probe and primer following the previous study (4). 
 
Statistical analysis 
 Allele frequencies of CYP2C19 polymorphisms were calculated and compared with 
other ethnic groups using Pearson Chi-square test or Fisher’s exact test. The correlation 
between CYP2C19 variants and the voriconazole dose were measured by One-way Anova. 
All statistical tests were two-tailed, and p-value less than 0.05 was expected as statistically 
significant. SPSS (Statistical Package for the Social Science for Windows, version 19.0, IBM 

Corp., New York) was used for all analysis. 
 
Results 
 
Phenotype frequencies of CYP2C19 polymorphisms in different ethnics 

CYP2C19 genotype was evaluated in 100 Thai healthy volunteers. The frequencies 
were categorized in form of the phenotype frequencies in Table 1. Prevalence of EM, IM, PM 
and URM in Thai healthy volunteers were 50%, 42%, 7% and 1%, respectively. These 
frequencies were not significantly different from previous Thai prevalence studies, Korean 
and Chinese population (Table 1) (9, 10). However, there was a significant difference from 
Japanese, Caucasian, Ugandan and Russian populations (9, 11-13). 

 
 
 
 
 
 
 



 
126 The 40th Pharmacological and Therapeutic Society of Thailand Meeting 

26-28 April 2018; Faculty of Science, Mahidol University 

Table 1. The frequencies of CYP2C19 phenotype in different ethnics 

Ethnic group N 
CYP2C19 phenotype frequencies (%) 

p-value Ref. EM 
(*1/*1) 

IM 
(*1/*2, *1/*3) 

PM 
(*2/*2, *2/*3) 

URM 
(*1/*17, *17/*17) 

Thai  100 
50  

(50.0) 
42  

(42.0) 
7  

(7.0) 
1  

(1.0) 
 This study 

Thai (previous 
study) 1,051 

428 
(40.72) 

441  
(41.96) 

137  
(13.04) 

45  
(4.28) 

0.072 
Sukasem 
C, 2013  

Japanese 261 
94 

(36.0) 
116  

(44.4) 
48 

 (18.4) 
3 

(1.1) 
0.012 

Sugimoto 
K, 2007 

Korean 100 
40  

(40.00) 
48  

(48.0) 
9  

(9.0) 
3  

(3.0) 
0.433 

Myrand 
SP, 2008  

Chinese 100 
43  

(43.0) 
47  

(47.0) 
9  

(9.0) 
1  

(1.0) 
0.838 

Caucasian 133 
57  

(42.86) 
27  

(20.3) 
2  

(1.50) 
47  

(35.34) 
< 0.001 

Ugandan 90 
50  

(55.56) 
14  

(15.55) 
2  

(2.22) 
24  

(26.67) 
< 0.001 

Miura J, 
2008  

Russian 892 
317 

(35.54) 
172  

(19.28) 
17 

 (1.91) 
386  

(43.27) 
< 0.001 

Sychev D, 
2015  

Data in parentheses represent percentage of each phenotype. 

 
 
Demographic data and clinical characteristics 
 Demographic and clinical data of 80 patients were collected and analyzed (table 2). 
Forty-three patients (53.75%) were female. The mean of age and body weight was 54.81 
years and 56.15 kg, respectively. Most patients were diagnosed as haematological 
malignancy (45/80, 56.25%) and the most common infected site was the lungs (57/80, 
71.25%). Eighty-five percent of patients received oral voriconazole at steady state. 
 
 
Table 2. Demographic data and clinical characteristics of the study subjects (N = 80) 

Demographic 
characteristics 

Category 
 

Value of characteristics (%)

Sex Male 37 (46.25) 
 Female 43 (53.75) 
Age (year), range  54.81 ± 17.82 (18-87) 
Body weight (kg), range  56.15 ± 10.79 (34-88) 
Underlying disease Haematological malignancy 45 (56.25) 
 Haematological disease 3 (3.75) 
 Kidney disease 11 (13.75) 
 Lung disease 4 (5.00) 
 SLE 3 (3.75) 
 Other 14 (17.50) 
Site of infection Pulmonary 57 (71.25) 
 Extra pulmonary such as sinus, 

eyes and brain 
23 (28.75) 

Route of administration Intravenous 12 (15) 
at steady state Oral 68 (85) 
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The prevalence of CYP2C19 genotype and voriconazole dosage regimen in IFI patients 
 Genotype of CYP2C19 polymorphisms in IFI patients were analyzed and the 
correlation between phenotype and voriconazole dosage regimen required to achieve 
therapeutic range was evaluated (Table 3). Phenotype frequencies of CYP2C19 were EM 
43.75%, IM 41.25% and PM 15%. Voriconazole doses required to achieve therapeutic range 
for EM, IM, and PM were 8.38 ± 0.31, 8.19 ± 0.34 and 7.31 ± 0.72 mg/kg/day, respectively. 
However, the mean of voriconazole doses was not significantly statistically different related 
to the CYP2C19 phenotypes. 
 
 
Table 3. Voriconazole dosage regimen with CYP2C19 phenotypes 
 

CYP2C19 
polymorphisms 

Number of patients (%) 
 n = 80 

Mean of voriconazole 
dose (mg/kg/day) 

P-valuea 

EM        *1/*1 35 (43.75) 8.38 ± 0.31 0.298 
IM         *1/*2 29 (36.25) 8.19 ± 0.34   
              *1/*3 4 (5.00)     
PM        *2/*2 8 (10.00) 7.31 ± 0.72   
              *2/*3 4 (5.00)     
a: comparison within three groups of the phenotype by One-way Anova 
 
 

Discussion 
 
 CYP2C19 is the main metabolic enzyme responsible for voriconazole metabolism. 
Recent data showed CYP2C19 genetic polymorphism affected voriconazole clearance. 
Therefore, personalized voriconazole dosage regimen to achieve the same therapeutic dose 
depended on CYP2C19 genotype of the patients. CYP2C19 genotypes varied between ethnic 
groups. Therefore, this study aimed to investigate the correlation between CYP2C19 variants 
and voriconazole dose in Thai IFI patients and prevalence of CYP2C19 genotype in Thai 
healthy volunteer. The phenotype frequencies in Thais were not different from Asian 
populations except Japanese because of 2.6 times lower prevalence of PM in Thais than 
Japanese. This was similar to Tassaneeyakul’s study which reported the prevalence of PMs in 
North-Eastern Thai healthy population was significantly lower than Japanese populations 
(14). The most Thai healthy volunteers in our study were in North-Eastern region of 
Thailand, as Tassaneeyakul’s study. In contrast, Sukasem’s study did not well define the 
region of the patients.  His study showed the prevalence of the PM patients was consistent 
with other Asian population studies including Japanese (10). Therefore, this study might 
confirm the hypothesis that “The heterogeneity among Thai population of CYP2C19 
polymorphism should be recognized” (15). Moreover, prevalence of CYP2C19 
polymorphisms in this study was different from Caucasian and African populations. These 
populations had higher frequencies of CYP2C19*17 allele than Asian populations.  
 
 Previous studies showed CYP2C19 phenotypes correlated with voriconazole trough 
concentrations (4, 7, 16). EM patients may require 15.18% higher dose of voriconazole than 
PM and IM patients, while EM carriers required a significant 61.93% lower dose than URM 
group (7). In our study, voriconazole dose in EM patients is 14.64% higher than PM. 
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However, no significant correlation between CYP2C19 phenotype and voriconazole dose 
were observed because of small population and lack of CYP2C19*17 allele. 
 
 There were a few limitations of this study. First, this study was a retrospective 
observational study. Second, there was the limited number of patients (n = 80) leading to a 
limited number of PM and URM groups. Further study should prospectively examine this 
correlation between voriconazole dose and CYP2C19 genotype and investigate other genetic 
effects on voriconazole metabolism such as CYP3A4 or FMOs. 
 
Conclusion 
 
 The prevalence of CYP2C19 phenotype in Thais was similar to other Asian 
populations except Japanese. But it was different from Caucasian and African populations. 
However, the sample size of IFI patients was too low to determine the correlation between 
CYP2C19 polymorphisms and voriconazole dosage regimen. 
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ผลของสารแคนดิโดนทีส่กดัจากตน้หยนีํ้ า (Derris indica) ต่อการเหนีย่วนาํการตายแบบอะพอพโท

ซิสและยบัยั้งการเคลือ่นทีข่องเซลลม์ะเร็งท่อนํ้ าดี 

 

เบญจวรรณ คุระสุข
1,2

, วีรพล คู่คงวิริยพนัธุ์
1,2

, เอ้ือมเดือน ประวาฬ
1,2

, ลดัดาวลัย ์เส็งกนัไพร
1,2

, 

ฉวี เยน็ใจ
3
และ ศริญญา คงเพชร

1,2*
 

 

1
ภาควิชาเภสชัวิทยา คณะแพทยาศาสตร์ มหาวิทยาลัยขอนแก่น 

2
สถาบันวิจัยพยาธใิบไม้ตับและมะเรง็ท่อนํา้ดี มหาวิทยาลัยขอนแก่น 

3
หน่วยวิจัยเคมีของผลิตภัณฑธ์รรมชาติ ภาควิชาเคมี คณะวิทยาศาสตร์ มหาวิทยาลัยขอนแก่น 

 

บทคดัย่อ 

 

 มะเรง็ท่อนํา้ดี เป็นมะเรง็ชนิดร้ายแรงถึงชีวิตซ่ึงเกดิมาจากเย่ือบุผนังทางเดินนํา้ดี ในปัจจุบันน้ี ยัง

ไม่มีแนวทางการรักษามะเรง็ท่อนํา้ดีด้วยวิธใีดที่มีประสทิธภิาพยกเว้นวิธกีารรักษาด้วยการผ่าตัด อย่างไรก็

ตาม ผู้ป่วยโรคมะเรง็ท่อนํา้ดีส่วนใหญ่อยู่ในระยะมะเรง็ลุกลาม ส่งผลให้ผู้ป่วยในระยะน้ีไม่สามารถทาํการ

รักษาด้วยวิธีการผ่าตัดได้ ดังน้ัน การวิจัยเพ่ือหาสารที่มีประสิทธิภาพต่อฤทธิ์ต้านมะเรง็จึงมีความจาํเป็น

อย่างย่ิงเพ่ือเพ่ิมผลการรักษาสาํหรับผู้ป่วยมะเรง็ท่อนํา้ดี แคนดิโดนจัดเป็นสารประกอบกลุ่มฟลาโวนอยด์

ที่สกัดได้จากต้นหยีนํ้า พบว่า แคนดิโดนมีความเป็นพิษต่อเซลล์มะเร็งหลายชนิด ในงานวิจัยน้ี

ทาํการศึกษาฤทธิ์ต้านมะเรง็ของแคนดิโดนต่อเซลล์มะเรง็ท่อนํา้ดี พบว่า แคนดิโดนมีความเป็นพิษสงูต่อ

เซลล์เซลล์มะเร็งท่อนํา้ดีของมนุษย์ชนิด KKU-M156 โดยมีค่าความเข้มข้นที่ยับย้ังการมีชีวิตรอดของ

เซลล์ได้ 50% (IC
50

) เท่ากบั 4.24 μg/mL ที่เวลา 24 ช่ัวโมง แคนดิโดนสามารถยับย้ังการเคล่ือนที่ของ

เซลล์และชักนาํให้เซลล์มะเรง็ท่อนํา้ดีเกิดการตายแบบอะพอพโทซิสอย่างมีนัยสาํคัญ นอกจากน้ี แคนดิ

โดนมีฤทธิ์ต้านมะเรง็โดยเพ่ิมการแสดงออกของยีนยับย้ังการเพ่ิมจาํนวนและยีนกระตุ้นการตายแบบอะ

พอพโทซิส ได้แก่ p21 และ Bax ตามลาํดับ ผลการทดลองคร้ังน้ีแสดงว่าแคนดิโดนมีศักยภาพในการ

พัฒนาเป็นยารักษามะเรง็ท่อนํา้ดี 

 

คําสําคญั: แคนดโิดน, ต้นหยีนํา้ (Derris indica), มะเรง็ท่อนํา้ด,ี การเคล่ือนที่ของเซลล์, การตาย

แบบอะพอพโทซิส 

 
 
 
 
 
 
 
 
 
 
 
 



 
132 The 40th Pharmacological and Therapeutic Society of Thailand Meeting 

26-28 April 2018; Faculty of Science, Mahidol University 

Introduction 
 
 Cholangiocarcinoma (CCA) is biliary cancer arising from epithelial lining within the 
biliary tree. The classification based on anatomical location includes intrahepatic, perihilar, 
and distal CCA (1). The incidence and mortality rates are increasing worldwide. In Thailand, 
the highest incidence has been reported in the Northeastern region. In this area, the incidence 
of CCA is strongly correlated with the prevalence of liver fluke infection caused by 
Opisthorchis viverrini (2). Carcinogenesis in CCA includes alterations in the stroma, 
recruitment of fibroblasts, remodeling of the extracellular matrix (ECM), changing patterns 
of immune cell migration, and promotion of angiogenesis. The treatment of CCA for non-
metastatic stage is the surgical removal of the tumor. In contrast, treatment options are 
limited and overall survival rates are low in metastatic CCA. Moreover, CCA has low 
response rate to chemotherapeutic agents including gemcitabine, cisplatin and 5-fluorouracil 
(3). Searching for effective compounds to be used for treatment of CCA is urgently needed.  
 
 Candidone (CD) is a flavonoid derived from the crude hexane extract of the fruit of 
Derris indica (4). This plant is widely found in the Southern Thailand. The plant has been 
used in traditional medicine for bronchitis, whooping cough, rheumatic joints and diabetes 
(5). Candidone has been shown to exhibit biological activities such as antiprotozoal, 
cytotoxicity against L-6, RAW and HT-29 cell lines (6). Moreover, the previous study 
showed that candidone had potent cytotoxicity against CCA cells (4). This study aimed to 
evaluate antitumor effects of candidone on proliferation, apoptosis, and migration in CCA 
cells. 
 
Materials and Methods 
 
Chemical and reagent 
 Candidone was provided by Assoc.Prof. Chavi Yenjai, Natural Products Research 
Unit, Department of Chemistry and Centre for Innovation in Chemistry, Faculty of Science, 
Khon Kaen University. Candidone is a pure compound from the hexane extracted from fruits 
of Derris indica as described in the previous study (4). Sulphorhodamine B (SRB), 
trichloroacetic acid, acridine orange, ethidium bromide and TRIzol reagent were obtained 
from Sigma-Aldrich (MO, USA). Insulin like growth factor -1 (IGF-1) human recombinant 
was purchased from Prospec-Tany Technogene Ltd. (NJ, USA). The reagents for RT-qPCR 
such as iScript™ cDNA Synthesis Kit, TaqMan™ Fast Advanced Master Mix and Taqman 
probes (CDKN1A, Hs00355782_m1, Bax, Hs00180269_m1 and β-actin, Hs99999903_m1) 
were purchased from Biorad (CA, USA) and Applied Biosystems™ (CA, USA), 
respectively.   
 
Cell line and cell culture 
 A human CCA cell line derived from poorly differentiated adenocarcinoma obtained 
from patient’s sample, KKU-M156 was kindly provided by Prof. Banchob Sripa, Department 
of Pathology, Faculty of Medicine, Khon Kaen University. Cells were cultured in Ham’s F12 
medium supplemented with 100 U/mL penicillin, 100 µg/mL gentamycin sulphate and 10% 
fetal bovine serum. The cells were maintained under 5% CO2 atmosphere at 37 °C and were 
subcultured every 3 days using 0.25 % trypsin–EDTA. 
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Cytotoxicity assay 
 The cytotoxicity of CD on CCA cells was examined by the SRB assay. Briefly, KKU-
M156 cells were seeded in 96-well plates at the density of 7,500 cells/well in 100 µL of 
Ham’s F12 media and allowed to grow overnight. Next day, the cells were treated with CD 
(0-10 µg/mL) for 24 h. After an incubation period, cells were fixed with ice-cold 10% 
trichloroacetic acid for 1 h at 4 °C, and subsequently stained with 0.4% SRB in 1% acetic 
acid for 30 minutes. The protein-bound dye was dissolved with 10 mM Tris base solution 200 
µL for determination of absorbance with microplate reader with a filter wavelength of 540 
nm.  
 
Wound healing assay 
 KKU-M156 cells were seeded at density 250,000 cells/well into a 24-well plate and 
allowed to grow overnight. Next day, a scratched wound was made with a sterile 200 µL 
pipette tip. After washed with sterilized PBS to remove any detached cell, the culture medium 
was removed then cells were treated with insulin like growth factor-1 (IGF-1) 50 nM alone or 
with various concentrations of CD. A series of images of the scratched wound were taken 
from 0-48 h. The closing of scratched wound represented the cell migration, were analyzed 
by Image-Pro Plus software (Media Cybernetics, LP, USA). 
 
Acridine orange/ Ethidium bromide (AO/EB) staining 
 KKU-M156 cells were seeded into 96-well culture plates at the density of 7,500 
cells/well and allowed to attach overnight. On the next day, the medium was removed and the 
cells were treated with various concentrations of CD for 48 h. At the end of the treatment, 
cultured cells were rinsed with PBS and stained with AO and EB (each 1 µg/mL). The 
fluorescent images were captured using a Nikon Eclipse TS100 inverted microscope with 
excitation and long-pass emission filters of 480 and 535 nm, respectively. The numbers of 
live and apoptotic cells were counted and calculated as the percentage of cells over a total 
number of cells in the same area. 
 
Quantitative real-time polymerase chain reaction 
 KKU-M156 cells were seeded at a density of 300,000 cells/well in 6 well-plates and 
allowed to grow for overnight. The cells were treated with 0 and 5 g/mL of CD for 24 h, 
total RNA was extracted using TRIzol reagent according to the manufacturer's instructions. 
Then 1 μg total RNA was converted to cDNA using iScript™ cDNA Synthesis Kit following 
the manufacturer’s protocol. The 50 ng of cDNA was used for a template for real-time PCR. 
The mRNA expression levels of p21, Bax and β-actin were analyzed with Taqman gene 
expression assay using TaqMan™ Fast Advanced Master Mix and Taqman probes on a 
QuantStudio™ 6 Flex Real-Time Refurbished PCR System (Applied Biosystems™, CA, 
USA). The relative expression of genes was analyzed with a cycle threshold (Ct) in the linear 
range of amplification. Relative mRNA expression of the interested genes was normalized to 
β-actin mRNA expression. 
 
Statistical analysis 
 All results are presented as the mean ± SD. Statistical comparison between control 
and treatment group is performed using the Student's t-test and one-way analysis of variance 
(ANOVA). Results are considered to be statistically significant if p values were less than 
0.05. 
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Discussion 
 
 CCA is a biliary cancer with very poor prognosis. Most of the CCA patients present 
with an advanced stage after diagnosed and the curable operation is not feasible for them. The 
palliative treatment including systematic chemotherapy modestly prolongs survival (7). Many 
studies attempt to investigate the potential phytochemicals which would improve the survival 
outcome. Candidone is a flavanone compound from Derris indica. In this study, we evaluated 
the anticancer effect of CD on KKU-M156 cells. Our results showed that CD had cytotoxic 
effect against CCA cells with IC50 values in a micromolar range. The agent mediated 
antiproliferative effect through p21 upregulation. p21 is the cyclin-dependent kinase 
inhibitor, regulating the cell cycle as well as inhibiting cell proliferation. 
 
 Cancer cells use their intrinsic migratory ability to invade adjacent tissues and to 
metastasize to distant sites, result in cancer progression (8). Notably, CD strongly inhibits cell 
migration. Many flavonoid derivatives have been reported their antimigratory effect against 
various cancers. For example, genistein reduces tumor cell migration of B16FO melanoma 
cells (7). Luteolin also shows the activity to suppress CCA cell migration (9). Like other 
flavonoids, CD also exerts anticancer effect through antimigration. This result is implied that 
CD might be able to interrupt tumor invasion and metastasis. However, the precise 
mechanism is warrant to be explored in CCA. 
 
 Many phytochemicals induce apoptosis in various cancer cells such as apigenin, 
resveratrol and curcumin (10). The result of AO/EB assay demonstrated that CD induced 
apoptotic cell death in CCA. The mechanism, by which CD induced apoptosis, was 
associated with the upregulation of Bax. Proapoptotic Bax promotes apoptosis by directly 
regulating the activity of the Bcl-2 family proteins. Bax and Bcl-2 are co-regulators of 
apoptosis through the intrinsic or mitochondrial cell death pathway (11). Taken together, CD 
mediated antiproliferative by activating p21 and it promoted apoptosis in CCA cells by 
activating proapoptotic Bax.  
 
Conclusion 
 
 Candidone exhibited antitumor effects including antiproliferation, antimigration and 
induced apoptosis in human CCA cells by modulating the expression of genes involved 
proliferation and apoptosis. Thus, candidone could be potential anticancer agent to improve 
the treatment outcome in CCA. 
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ไลป็อกซินเอโฟรล์ดการสรา้งซุปเปอรอ์อกไซดแ์อนไอออนในเม็ดเลือดขาวชนิดนิวโทรฟิลจากการ

เหนีย่วนาํโดยสาร fMLP 

 

นิภาพรรณ มะลิซ้อน*, อมรา ไชยกาญจน์ 
 

สาขาเภสชัวิทยา สถานวิทยาศาสตร์พรีคลินิก คณะแพทยศาสตร์ มหาวิทยาลัยธรรมศาสตร์ 

*ผู้รับผดิชอบบทความวิจัย 

 

บทคดัย่อ  

 

ไลป็อกซินเอโฟร์เป็นสารสื่อกลางที่ถูกสร้างขึ้นในระหว่างปฏกิิริยาการอักเสบ พบว่าสารน้ีมีฤทธิ์

ยับย้ังขบวนต่างๆ ของการอกัเสบได้ เช่น ยับย้ังการแสดงออกของโมเลกุลยึดเกาะบนผิวนิวโทรฟิล รวมทั้ง

ยับย้ังขบวนการเคล่ือนตัวของนิวโทรฟิลได้ ดังน้ันการศึกษาน้ีจึงได้นาํสารสงัเคราะห์ไลป็อกซินเอโฟร์มา

ศึกษาถงึกลไกต้านการอกัเสบในระดับเซลล์ โดยดูผลต่อการทาํงานของเมด็เลือดขาวชนิดนิวโทรฟิล ได้แก่ 

การยับย้ังการสร้างซุปเปอร์ออกไซด์แอนไอออน การยับย้ังการสร้างเอนไซม์ไมอโีลเพอรอกซีเดสและการ

ยับย้ังการหล่ังเอนไซม์อลิาสเทสในเซลล์เมด็เลือดขาวชนิดนิวโทรฟิล 

สารสงัเคราะห์ไลป็อกซินเอโฟร์ได้ถูกนาํมาศึกษาดูความเป็นพิษต่อนิวโทรฟิลโดยใช้ XTT assay 

สารน้ีในความเข้มข้น 0.1-100 ไมโครโมลาร์ ไม่พบว่ามีความเป็นพิษต่อเซลล์เมด็เลือดขาวชนิดนิวโทร

ฟิลเม่ือ incubate สารน้ีกบัเซลล์เมด็เลือดขาวชนิดนิวโทรฟิลนาน 4 ช่ัวโมง อย่างไรกต็าม พบว่าสารน้ีที่

ความเข้มข้น 1000 ไมโครโมลาร์ ลดจาํนวนเซลล์เมด็เลือดขาวชนิดนิวโทรฟิลที่มีชีวิตลง 10 เปอร์เซนต์ 

สารน้ีในความเข้มข้น 10-100 ไมโครโมลาร์ สามารถยับย้ังการสร้างซุปเปอร์ออกไซด์แอนไอออนในเซลล์

เมด็เลือดขาวชนิดนิวโทรฟิลซ่ึงเหน่ียวนาํด้วย fMLP สารน้ีไม่มีฤทธิ์ยับย้ังการสร้างเอนไซม์ไมอโีลเพอรอก

ซีเดสและไม่มีฤทธิ์ยับย้ังการหล่ังเอนไซม์อลิาสเทสในเซลล์เมด็เลือดขาวชนิดนิวโทรฟิลจากการเหน่ียวนาํ

ด้วยสาร fMLP  

 ฤทธิ์ในการยับย้ังการสร้างซุปเปอร์ออกไซด์แอนไอออนของนิวโทรฟิลซ่ึงเหน่ียวนาํด้วย fMLP 

อาจเป็นกลไกหน่ึงที่เกี่ยวข้องในฤทธิ์ต้านการอกัเสบของสารสงัเคราะห์ไลป็อกซินเอโฟร์ 

 

คําสําคญั: ไลป็อกซินเอโฟร์ ซปุเปอร์ออกไซด์แอนไอออน ไมอโีลเพอรอกซีเดส อลิาสเทส 
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Materials and Methods 
 
Materials 

LXA4 (Item No.90410) was purchased from cayman chemical company, USA. 
Indomethacin, percoll, dextran, cytochalasin B, N-tert-butoxy-carbonyl-L-alanine-p-
nitrophenyl ester (Boc-ala-ONp), 2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]-5-
[(phenylamino) carboxy]-2H-tetrazolium hydroxide (XTT), n-methylphenazonium 
methosulfate (PMS), cytochrome C, tetramethylbenzidine (TMB), cytochalasin B, N-formyl-
methionyl-leucyl-phenylalanine were purchased from Sigma, USA.  

 
Isolation of human polymorphonuclear neutrophils 

All procedures followed were in accordance with the Human Ethics Committee of 
Thammasat University No. 1 (Faculty of Medicine, Thailand) and with the Declaration of 
Helsinki, The Belmont Report, CIOMS Guideline and the International Practice (ICH-GCP). 
 
Healthy volunteers 

Seven healthy volunteers have signed an informed consent agreeing which approved 
by the Human Ethics Committee of Thammasat University No. 1 (Faculty of Medicine, 
Thailand) before blood collection. Inclusion criteria were healthy male or female subjects; 
aged 20-35 years. Exclusion criteria were subjects with anemia and diabetes mellitus. 
 
Procedure 

Venous blood was taken from the forearm of healthy volunteers who had not taken 
non-steroidal anti-inflammatory drugs for at least 7 days. Heparinized blood (10 U 
heparin/ml) was mixed with an equal volume of 3 % dextran in 0.9% NaCl and left to stand 
for 45 minutes at room temperature. Neutrophils were isolated by a discontinuous percoll 
gradient method (9). Their viability assessed by trypan blue exclusion. Neutrophils were 
resuspended either in warm RPMI 1640 medium with L-glutamine (without phenol red), for 
measurement of neutrophil cytotoxicity, or in phosphate buffered saline (PBS) containing 
Ca2+ and Mg2+ and kept at room temperature for measurement of O2

• generation, MPO 
production, and elastase release. 
 
Neutrophil Viability Assay  

XTT assay was used to measure the neutrophil viability (10). The living cells, but not 
the dead cells, reduce XTT by enzyme dehydrogenase in the active mitochondria to 
measurable quantities of XTT formazan. Neutrophils (3x106 cells/mL) were resuspended in 
RPMI 1640 with 10% heat-inactivated FBS. Neutrophils were incubated with LXA4 or 
indomethacin (final concentration of 0.1-1000 M) for 4 hours. A mixture of XTT and 1% of 
PMS was added and incubated for 3 hours at 37°C with 5% CO2 in humidified incubator. The 
XTT formazan product was then measured at A450 nm with a reference of A650 nm. Each 
reaction mixture was done in triplicate and the values were averaged. 

 
Determination of O2

• Generation  
O2

• generation was determined by the reduction of ferricytochrome C to 
ferrocytochrome C in the presence of cytochalasin B (10). Neutrophils (3x106 cells/ml) were 
resuspended in PBS (with Ca2+ and Mg2+) containing cytochrome C and cytochalasin B. 
Neutrophils were pre-incubated with LXA4 or indomethacin (final concentration of 1-100 
M) for 10 minutes at 37C. fMLP (final concentration of 100 nM) was then added and 
followed by further incubated for 10 minutes at 37C. Supernatant from each tube was 
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measured at A550 nm. Each reaction mixture was done in triplicate and the values were 
averaged. 
 
Determination of MPO production 

MPO production was determined based on MPO-catalysed oxidation of its substrate 
by H2O2 (11). Neutrophil (5x106 cells/ml) were re-suspended in PBS (with Ca2+ and Mg2+) 
containing cytochalasin B. Neutrophils were pre-incubated with LXA4 or indomethacin (final 
concentration of 1-100 M) for 10 minutes at 37C. fMLP (final concentration of 100 nM) 
was then added and further incubated for 10 minutes at 37C. Supernatant was incubated with 
the TMB reaction mixture for 7 minutes at 37C. The absorbance was measured at A450 nm. 
Each reaction mixture was done in triplicate and the values were averaged. 
 
Determination of elastase release 

The elastase release was assayed by the releasing of p-nitrophenol upon hydrolysis of 
Boc-ala-ONp (12). Neutrophils (3x106 cells/ml) were resuspended in PBS (with Ca2+ and 
Mg2+) containing cytochalasin B. Neutrophils were pre-incubated with LXA4 or 
indomethacin (final concentration of 0.1-100 M) for 10 minutes at 37C. fMLP (final 
concentration of 100 nM) was then added and further incubated for 10 minutes at 37C. 
Supernatant was incubated with Boc-ala-ONp for 20 minutes at 37C. The released p-
nitrophenol was measured at A414 nm. Each reaction mixture was done in triplicate and the 
values were averaged. 
 
Statistical analysis 

The results were presented as the meanstandard error of mean (S.E.M) of the 
averaged data taken from seven separate subjects. The data were analyzed by Student's t-test 
that was performed to compare the effects of LXA4 and indomethacin. Statistical differences 
will be considered significant when p-value < 0.05. 
 
Results 
 
Neutrophil Viability  

Incubation of human neutrophils with LXA4 or indomethacin (final concentration of 
0.1-100 µM) for 4 h had no effect on neutrophil viability. However, approximately a 10% 
reduction in neutrophil viability was observed after 4 h treatment of LXA4 and indomethacin 
at the concentration of 1000 µM, therefore this concentration did not use in the further assay. 
 
Neutrophil O2

• Generation  
LXA4 exerted an inhibition of fMLP-induced O2

• generation at the concentration of 
10-100 µM. Indomethacin exhibited strong inhibition of fMLP-induced O2

• generation. The 
inhibitory effects on fMLP-induced O2

• generation of LXA4 at the concentration of 10-100 
µM was significantly lower than that of indomethacin which is a reference compound.  
Indomethacin exhibited dose dependent inhibition of fMLP-induced neutrophil O2

• 
generation with IC50 of 56.5±2.5 µM (Table 1). 
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Table 1. Inhibitory effect of LXA4 and indomethacin on fMLP-induced neutrophil O2
• 

generation 

Concentration 
(µM) 

% Inhibition of Neutrophil O2
•generation 

LXA4 Indomethacin 
0.1 0.00.0 0.00.0 
1 0.00.0 2.51.2 
10 0.60.4 26.41.3* 
100 14.93.5 82.83.3* 
IC50 > 100 M 56.52.5* 

Values are expressed as means±S.E.M. of seven different donors. Indomethacin was used as 
a reference compound. *p≤0.05 indicates a significant difference from LXA4. 
 
 
Neutrophil MPO production 
LXA4 at the concentration of 0.1-100 M did not affect fMLP-induced MPO production in 
human neutrophils. Indomethacin exhibited dose dependent inhibition of fMLP-induced 
MPO production in neutrophils with IC50 of 67.2±2.4 µM (Table 2). 
 
Table 2. Inhibitory effect of LXA4 and indomethacin on fMLP-induced human neutrophil 
MPO production 

Concentration 
(µM) 

% Inhibition of MPO production 
LXA4 Indomethacin 

0.1 0.00.0 3.92.7 
1 0.00.0 9.51.8* 
10 0.00.0 13.54.8* 
100 0.00.0 72.31.2* 
IC50 - 67.22.4* 

Values are expressed as means±S.E.M. of seven different donors. Indomethacin was used as 
a reference compound. *p≤0.05 indicates a significant difference from LXA4. 
 
Neutrophil elastase release 
LXA4 at the concentration of 0.1-100 M did not affect fMLP-induced elastase release in 
human neutrophils. Indomethacin exhibited dose dependent inhibition of fMLP-induced 
elastase release in human neutrophils with IC50 of 63.9±5.3 µM (Table 3). 
 
 
Table 3. Inhibitory effect of LXA4 and indomethacin on fMLP-induced human neutrophil 
elastase release 

Concentration 
(µM) 

% Inhibition of elastase release 
LXA4 Indomethacin 

0.1 0.00.0 3.01.2 
1 0.00.0 15.62.7* 
10 0.00.0 35.31.8* 
100 0.00.0 77.24.9* 
IC50 - 63.95.3* 

Values are expressed as means±S.E.M. of seven different donors. Indomethacin was used as 
a reference compound. *p≤0.05 indicates a significant difference from LXA4. 
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Discussion 
 

The viability of neutrophils did not affected by LXA4 and indomethacin at 
concentration of 0.1-100 µM, when neutrophils at a concentration of 3x106 cells/ml were 
incubated with these compounds for 4 hours. Indomethacin was used as a standard agent in 
the study of neutrophil functions. It is a potent nonselective cyclooxygenase (COX) inhibitor 
and may also inhibit phospholipase A and C, and reduce neutrophil migration (13). The 
formation of reactive oxygen species in neutrophils can be induced by naturally occurring 
agonists such as fMLP that involve G protein signaling (14).  

 
In the present study, the ability of LXA4 to inhibit fMLP-induced neutrophil O2

• 
generation was investigated and the results demonstrated that LXA4 (concentration of 10-100 
µM) inhibited O2

• generation activated by fMLP (100 nM). The neutrophil viability result 
showed that at the concentration of 10-100 µM, both LXA4 and indomethacin had no effect 
on neutrophil viability, therefore the inhibition of neutrophil O2

• generation by LXA4 and 
indomethacin was not due to their cytotoxic effects. 

 
Apart from generating O2

•, activated neutrophils also release several enzymes in the 
inflammatory process, such as MPO and elastase. MPO is an enzyme present in neutrophils 
and at a much lower concentration in monocytes and macrophages. It is known that the level 
of MPO activity is directly proportional to the neutrophil concentration in inflamed tissue. 
The measurement of the enzyme activity has been a quantitative and sensitive marker of 
chemotaxis and neutrophil infiltration in the inflammatory process.  

 
Since fMLP could induce MPO production, the inhibition of the enzyme production 

might be associated with the blockage of the formyl peptide receptor or to the inhibition of 
the biochemical events within the cells. Previous studies have demonstrated that certain anti-
inflammatory drugs are able to inhibit MPO activity and this inhibition may account for their 
anti-inflammatory effects. For example, anti-inflammatory drug aminopyrine was shown to 
inhibit conversion of H2O2 to HOCl by trapping MPO as an inactive redox intermediate 
compound II (15). MPO catalyzed the production of highly bactericidal HOCl from H2O2 and 
chloride. The present study demonstrated that LXA4 at the concentration of 0.1-100 µM did 
not inhibit fMLP-induced MPO production, however indomethacin which is a reference 
compound inhibited fMLP-induced MPO production with IC50 of 67.182.46 µM.  

 
The inhibitory effect of the LXA4 on human neutrophil elastase release also 

investigated. LXA4 at the concentration of 0.1-100 µM did not affect fMLP-induced elastase 
release in human neutrophils, however indomethacin which is a reference compound 
inhibited fMLP-induced neutrophil elastase release with IC50 of 63.915.33 µM. 
 
Conclusion 
 

LXA4 exerted an inhibition of fMLP-induced O2
• generation at the concentration of 

10-100 M. The inhibitory effect of fMLP-induced O2
• generation of LXA4 at the 

concentration of 10-100 M was significantly lower than that of indomethacin which is a 
reference compound. However, LXA4 did not affect fMLP-induced MPO production and 
elastase release in human neutrophils. Therefore, the inhibitory effect of O2

• generation on 
neutrophil responsiveness might be attributed, in part, to its anti-inflammatory activity.  
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