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Pulmonary arterial hypertension has recently been classified (Venice classi fication) as 
familial PAH (fPAH) (associated with a genetic abnormality), idiopathic PAH (iPAH ) 
(primary but not associated with genetic abnormality) and well as PAH with hypoxemia. 
PAH exhibits a very complex pathobiology with many factors influencing both vascular 
remodelling and reactivity. Studies into the underlying causes of primary PAH have very 
recently been influenced by 2 key observations i) that primary PAH is associated with 
heterozygous germline mutations of the bone morphogenetic protein receptor type II gene 
(BMPR2) and ii) over-expression of the gene for the serotonin transporter (SHIT) is 
responsible for pulmonary artery (PA) smooth muscle hyperplasia in primary PAH. f/iPAH 
and PAH with lung disease and/or hypoxemia have differential pathobiologies with several 
interacting factors contributing to both. They do share, however, common features: 
muscularization of the terminal portion of the arterial vascular tree involving hyperplasia and 
smooth muscle cell (SMC) migration, and elevated levels of circulating endothelin-1 (ET-I ) 
and S-hydroxytryptamine (S-HT, serotonin). 

S-HT constricts small muscular pulmonary arteries and we have shown pharmacologically 
that, in human large pulmonary arteries, the S-HT1 receptor mediates S-HT-induced 
contraction. Further investigation identified the S-HT10 as that mediat ing contraction in 
human small muscular pulmonary arteries. Recently, it has been shown that there is an 
increase in the expression of the S-HTIB receptors in pulmonary arteries from patients with 
PAH as well as an increase in many models of PAH. 

S-HT promotes PASMC proliferation, pulmonary arterial vasoconstriction, and local 
microthrombosis. S-HT-induced proliferation of PASMC is dose-dependently inhibited by 
highly selective inhibitors of S-HT transport such as paroxetine and fluoxetine but not by the 
S-HT2A receptor antagonist ketanserin. There is over-expression of the SHIT in pulmonary 
arteries and platelets from patients with fPAH and increased activity of the S-HIT is 
responsible for associated smooth muscle hyperplasia. S-HIT expression is elevated in 
cultured PASMCs from patients with secondary PAH and proliferation is increased and 
related to S-HIT expression, and S-HIT activity. 

After transport into the PASMC, 5-HT signals through tyrosine phosphorylation and 
inhibition of GTPase-activating protein (Ras-GAP). This leads to Ras activation and 
stimulation of ERK l/ERK2. In addition, 5-HT promotes activation of NAD(P)H oxidase 
producing reactive oxygen species (ROS) such as superoxide which may lead to activation of 
transcription factors and hence to gene transcription of specific gene products that can 
amplify proliferative responses (eg GATA-4). 
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Recent evidence sugg~sts that SHTT-indiuced proliferation is modulated by the 5-HTrn 
receptor and that blockade of the transporter potentiates 5-HT18-mediated vasoconstriction 
bringing us back to some interesting studies on 5-HT18 receptor/SHIT interactions. 
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Drug Safety Monitoring and 
Regulatory System in Thailand 

Professor Dr. Pakdee Pothisiri 
Secretary - General 

Food and Drug Administration 

Club Andaman Beach Resort, Phuket 
23 - 25 March 2006 

Outlines 

~ Relevant committees 

I' Statistics of ADR reports 

• Problems and Limitations on Drug 

Safety Monitoring 

11 ASEAN post-marketing alert 

(PMA)system 

" Future actions 

Importance of post-marketing 
safety monitoring 

• Limitations of pre- marketing 
clinical trials 

- Size of patient population Is too small 
to detect rare ADRs. 

- Narrow and highly selected population 

- Short duration of use 

• too short to detect delayed ADRs 

• not reflect drug chronic use 

Thai J Pharmacol 

Outlines 

• Importance of post-marketing 

safety monitoring 

• Pharmacovigilance 

• Pharmacovigilance in Thailand 

- Spontaneous reporting system(SRS) 

- Safety monitoring program (SMP) 

Importance of post-marketing 
safety monitoring 

• Limited predictability of ADRs 
using animal studies 

- Animal body and human may be 
different with respect to quality. 

- Animal may be less or more sensitive, 
despite of appropriately selected doses. 

- Animal studies are usually re latively 
short. 

Pha rmacovig i la nee 

WHO: 

" the detection, 
assessment and 
prevention of adverse 
drug effects in humans 
II 



Vol. 28, No. 1 2006 

Pharmacovigilance 

Mostly applies to post-marketing 
activities 
"A public health practice aimed at 

analyzing and managing the risks 
of medicinal products once they 
have been marketed. " 

Major aims of pharmacovigilance 

• Detection of long term effects 

• Estimation of quantitative aspects of 
risks and benefits 

• Analysis and dissemination of 
informat ion needed to improve drug 
prescribing and regulation 

The rational and safe use or medical drugs ml 

Pharmacovlgllance 

other 
sources 

Risk assessment I Safety Signal 
• Advisory committee 

Risk minimization/control ---i 
• communication __ _J 
• regulator measure ~ - --~ 

~ment 

Risk management 
evaluation 
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Major aims of pharmacovigilance 

l Early detection of unknown adverse 
effects and interactions 

t Detection of increases in frequency and 
severity of known adverse effects 

Identification of risk factors and 
mechanisms as well as high risk group 

The rational nnd safe use or medical drugs 

Pharmacovigilance in Thailand 
• 1980 : Pilot project on ADRs monitoring 

program 
t 1983 Thai NADRMC-FDA Voluntary 

Spontaneous Reporting System 
• 1984 261h WHO International Drug 

Monitoring Program 
t 1991 I mplementation of Safety Monitoring 

Program for new drugs 

• 1992 ADR Reporting Network: 
22 regional centers 

• 1997 The National Adverse Product 
Monitoring Center 

• 2004 Adverse event reporting system 

Pharmacovigilance methods 

• Passive surveillance 
• Spontaneous Reporting System (SRS) 

•Voluntary for all drugs 
1 Online reporting is developed 

• Intensify Monitoring System 
• Safety Monitoring Program (SMP) 

•Mandatory for conditional approval new drugs 

• Active Surveillance (Special product) 
• Anti-retroviral Drugs (ARV) 
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Spontaneous Reporting 
System (SRS} 

For all drugs 

Responsibilities 
National Center 

• receive, collect, analyze and preliminary 
evaluate APR reports in order to pass the 
relevant Information to related divisions 
for further action. 

• collaborate with the Bureau of 
Epidemiological, Department of Disease 
Control to Investigate and search for more 
Information on Incidences or outbreaks 
related to the products. 

•distribute safety Information to health care 
professionals or agencies mi 

Thai J Pharmacol 

Diagram of 
Adverse Product Reaction Monitoring 

Report of Adverse Events 

Serious ADRs & 
summarize 
annual report 

Responsibilities 

Regional Centers 
• detect adverse reactions, reports, 

preliminary assess for causality and pass 
them to National Center 

• collaborate with the National Center on 
active monitoring of special interested 
drugs. 

• distribute safety Information to health care 
professionals in their hospitals 

ADR reporting by whom? 

• All health care professionals 
- physicians, pharmacists, nurses 

• Pharmacists play an Important role in 
- stimulation of reporting 

- providing pharmaceutical care 
• Pharmaceutical manufacturers 

Safety Monitoring Program (SMP) 
•new drugs 

+compulsory: collect ADR reports of new 

drugs and submit to Thai FDA 
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Risk assessment 
Part of process to determine 
whether there is a risk 

• Risk identification 

• Risk analysis 

• Risk evaluation 

Risk Communication 

• Dear health provider letter : ADR 
alert 

• ADR Bulletin 

• www.fda.moph.go.th1apr 

• adr@fda.moph.go.th 

Examples of Risk Intervention 

• Product restricted use/ distribution 

• Mlsoprostol, Cisapride 

I Product recall/ suspension 

• Valdecoxlb 

• Product (voluntary) withdrawal 

• Cerivastatin, Rofecoxib, Terfenadlne 

Risk Management 
Intervention 

• maintaining the status 
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• intensive monitoring and gathering of additional 
ADR data 

• newsletter/ alert mechanism 
• modification of product Information/labeling/ 

warning 
• restriction of product availability and indication 
• product recall 
• changing the status and suspension of product 

license 
• withdrawal of product from the market 

Examples of Risk Intervention 

ir Safety alerts 
•APR alert, Dear health care professional 

letter 

• Labeling change 
• Cox-2 inhibitor 

• Box Warning 
• COX-2 inhibitor, Fluoroquinolone, 

Ethambutol 

Safety Monitoring Program 
(SMP) 

For • new drugs 
• new biological products 
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New Drugs 

• New Chemical Entities (NCE} 

• New combination 

• New Indication 

• New delivery system 

Definitions of New Drugs 

• New Indication 

• New Delivery System : New and different 
system of delivering drug into the body with 
significance to create the difference in 
bioavailabllity. 

New Biological Products 

• Using new drug categories 
• New blologlcal API 

• New Indication 

• New combination 

• New delivery system 

• Cover new process of production 

Thai J Pharmacol 

New Drugs 
Definitions of New Drugs 
• NCE : New chemical entities or new 

derivat ives not previously used in 
Thailand 

1 New combination: 
• Containing new chemical entities. 

• Comprising of at least 2 registered drug 

but not the same as the combination · 
already registered 

• Same registered combination but with 
d ifferent strengths. 

Biological Products 
Definitions : 

• Product being derived from 
living organisms 

• Products being derived 
synthetically by which require 
biological assay as test 
method for safety and 
potency 

New Drug Registration Scheme 
in Thailand 

Step I 

Step II 

New drug applications 

! Experts/Committee 
Approval 

Conditional approval 

l Safety Monitoring Program & 
Limited distribution ( 2 yrs.>. 

Unconditional approval 

l 
Voluntary Spontaneous 
ADR Reporting System 
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Safety Monitoring Program 

Objectives: 
• To confirm the drug safety in Thai 
patients 
• To generate earlier safety signals 
and gather more safety information 
of new drugs before granting and 
unconditional approval. 
• To more rigorously control the 
usage of new drugs 

SMP Procedures 
1. After complete eva luation of new drug 
application dossiers based on quality, 
safety and efficacy, If the review Is 
satisfactory, the company will then 
submit SMP protocol together with table 
of summarized drug information and ADR 
report form. 

2. SMP protocol and related documents 
will be reviewed by Thai FDA staff, if 
found agreeable with the guideline, the 
conditional approval will be granted. 

SMP Procedures 

3.Upon obtaining conditional approval, 
the company has to comply with the 
following conditions. 

~ 

3.4 collect ADR reports and submit to 
Thai FDA using the following criteria. 

- death :report within 48 hrs. 
- serious, non-labeled: within 15 days 
- serious, labeled: within 2 months 
- non-serious: every 4 months in the 

first 2 yea rs 
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Safety Monitoring Program 

Objectives: 

• To encourage physicians, 
pharmacist and other health 
professionals to have more 
concerns on the safety of new drugs 
and their usage. 

• To reduce unnecessary drug usage 

SMP Procedures 

3.Upon obtaining conditional approva l, 
the company has to comply with the 
following conditions. 

3. 1 sell new drugs only to medical 
institutes and hospitals 

3.2 submit reports of the volume of 
production, re-packing or Importation every 
4 months 

3.3 submit reports of sale volume 
every 4 months 

SMP Procedures 
4. At the end of 2 year-monitoring 
period, the company has to analyze, 
evaluate all ADRs and new drug safety 
information as w el l as pe r fo rm 
comprehensive summary and submit to 
Thai FDA within 3 months together with 
t he following safety documents. 

4.1 drug labeling 
4.2 safety profiles of ADRs in Thai land 
4.3 summary of sale volume 
4.4 summary of volume of 

production, re-packing or importation ~ 
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SMP Procedures 
4. At the end of 2 year-monitoring period, 
the company has to analyze, evaluate all 
ADRs and new drug safety information as 
well as perform comprehensive summary 
and submit to Thai FDA within 3 months 
together with the following safety 
documents. 

4.5 details of drug safety experience in 
foreign countries Including 

- Periodic Safety Update Report (PSUR) 
- Drug core Data Sheet 
4.6 analysis of new drug safety mi 

Raising awareness of health 
professiona Is 

• Drug Control Division Notification on 
Modification of SMP Procedures (18 Oct OS) 
-Upon granting conditional approval, Thai FDA 
will issue the letter to health professionals 
Informing on new drug approval and requesting 
co-operation in ADR reporting . 
-This letter will be then given to the company 
for making copies and hand it together with 
summarized new drug Information and ADR 
report forms to health professionals in every 
hospital/medical institutes in which the PM 
new drug is sold. l~ 

Drug Safety Management 

I Research & Studies 1- 1 Drug safety data f--1 ADR reports I 

• Product withdrawal 
• Res tricted use 
•Warning 

National APRM Center 

• collect, assess, analyze 
• epldemlologi<al Investigat ion 

AOR Subcommittee 

• AOR alert 
• AOR Newsletter 

Thai J Pharmacol 

SMP Procedures 

5. The submitted SMP reports will be 
evaluated by Thai FDA staff and the 
expert. If the safety profiles of the new 
drug is still acceptable and its benefits 
outweigh the risks, the unconditional 
approval will be granted. The new drug 
is, then, allowed to distribute through its 
normal distribution channels. 

6 . The safety data of the new drug will 
then be collected using Spontaneous ADR 
Reporting System. ~ 

Conditional Approval 
• Safety Monitoring Program (SMP) 
will be conducted for approx. 2 years. 
• Drug packages must bear labeling 
to show conditional approval status. 

- Triangle shows monitoring status.~ 

- Specially.control drug • 
b nu1 

- Registration No. 1NC1 

1C , . .. , tNC~ 1A '"" tNC1 

- Limited distribution only through 
medical institutes or hospitals 

lf111111~1To11111u1u 1a / lf11m1~hrnu1u1a 

Relevant Committees 

• Drug Committee 
• Advise the Minister of Public Health on both 
regulatory and technical aspects concerning 
administration of drug control 

• Subcommittee on ADR and drug safety 

• Develop and strengthen pharmacovigilance 
system 

•Propose appropriate drug safety management 

• Subcommittee on New Drug Approval 

• Risk-benefit assessment in pre-marketing~ 
approval of new drugs ~ 
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Relevant Committees 
• Subcommittee on Safety and Side 
Effects of Drugs in the Clinical Trials 

• review adverse events in the clinical trials to 
assure subject protection 

• Draft of criteria and procedures for reporting 
adverse events of drugs in clinical trials Is In 
the process of consideration by subcommittee. 

• Subcommittee on Re-evaluation of 
Registered Drugs 

• Re.evaluate registered drugs. 

• Propose for modifications of drug 
registration status. drug withdrawal for 
consumer protection purpose. 

Number of ADR reports 
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Statistics of ADR reports 

ADR reports by age group and gender, 
1984- 2005 
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Top ten reported ADRs in Thailand 
1984-zoos 
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Problems and Limitations on Drug 
Safety Monitoring 

• Incidence rate can not be determined. 

• Signal detection 

• Awareness and cooperation of 

physicians and health care personnel 

• SMP => Pharmacovigilance Unit 

ASEAN Healthcare Sector 
Integration Initiatives 

ASEAN Healthcare Integration 
Roadmap Measure Item 49: 

•"Formalise a post-marketing 
alert system for defective and 
unsafe pharmaceutical/ 
medicinal products" by 31 Dec OS 

Thai J Pharmacol 

Problems and Limitations on Drug 
· Safety Monitoring 

• Under reporting of ADR during SMP 
and spontaneous ADR reporting system 
• Quality of ADR reports: incomplete, 
variable 

• Duplicate reporting may occur. 

• The annual ADR reports should be 
analyzed separately into new drugs and 
existing drugs 

ASEAN Post-Marketing Alert 
(PMA) System 

for Defective or Unsafe 
Pharmaceutical Products 

Objectives of PMA System 

•To establish an efficient and 
effective system of alert 
notifications 

• To enhance the pharmaco­
vigilance capabilities of ASEAN 
member countries through 
mutual exchange of drug 
safety data 
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Scope of PMA Syst em 

• Local quality defects detected by 
local PM surveillance activities 
that lead to regulatory actions 
e.g. withdrawal_& recall 

• Exchange of safety information 
pertaining to pharmacovigilance 

ASEAN Harmonization 
I ssues on PMA System 
• PPWG agreed to adopt in principle the 

establishment of a PMA System in the 
region. 

• The Meeting encouraged that Member 
Countries exchange information on 
any issues related to unsafe and 
defective pharmaceutical products. 

• Each ASEAN member country has 
nominated PMA System focal point to 
coordinate on PMA issues 111th Meeting, 
Aug m s> ~ 

Future actions 

In the short term ... 
• Develop the regulation for adverse 

events reporting during the clinical 
trials 

In the long run ... 
• Make post-marketing safety reporting 

by pharmaceutical company to be a law 
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Process and Communication of 
PMA System 

1 Member Country sends alert 
notification using a standardized 
Reporting Form 

1 Upon its interest. Member Country 
on receiving an alert notification 
may follow-up with the original 
Member Country for further 
information, clarification or 
necessary regulatory action on an 
individual basis. ~ 

Future actions 

In the short term ... 
a Strengthen online ADR reporting 

system 
1 Support the development of ADR 

online system to cover all networks 
1 Strengthen ADR assessment method. 
1 Exchange ADR and safety information 

with other countries : ASEAN - PMA 

THANK YOU FOR YOUR 
ATTENTION 
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PHARMACOGENOMIC OF DRUG METABOLIZING 

ENZYMES AND DRUG SAFETY 

Wichittra Tassaneeyakul 

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

Kaen 40002 

Pharmacogenomic data can facilitate our understanding of the sources of variability in 

drug response and can potentially lead to improved safety and efficacy of drug 

therapy for individual patients. Recently, the US-FDA is encouraging drug developers 

to apply the rapidly evolving pharmacogenomic tools and integrate these data into the 

evaluation of patient variability. Increasingly, pharmacogenetics and 

pharmacogenomic information are being included in drug labeling before market 

approval (eg, trastuzumab [Herceptin], atomoxetine [Strattera], and voriconazole 

[Vfend]) or after approval, when new information becomes available (eg, thioridazine 

[Mellaril], 6-mercaptopurine [Purinethol], and irinotecan [Camptosar]). Therefore, 

health care providers and patients should updated information on how genomics, 

along with other factors (such as age, gender, hepatic, renal impairment, concomitant 

medications, and others), can influence drug safety and drug responses . 

Various genetic tests are being developed for use with the previously 

mentioned or other drug products. A recently approved chip provides genotyping of 

CYP206 and CYP2C 19. Moreover, another test was approved to provide 

genotyping of UGTI A 1. There are many challenges to the effective translation of 

pharmacogenomic information to clinical practice, and they need to be addressed 

before the full potential of pharmacogenomics to optimize patient therapy can be 

realized. 
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SY2: OSTEOPOROSIS: THE PHARMACO- AND 

NUTRIGENOMIC PERSPECTIVES 

Boonsong Ongphiphadhanakul, M.D. 
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Department of Medicine, Faculty of Medicine, Ramathibodi Hospital,· 

Mahidol University 

Osteoporosis is partly genetically determined. The genetics of osteoporosis is 

polygenic in nature with multiple common polymorphic alleles interacting with each 

other and environmental factors to determine bone mass. A number of studies have 

attempted to dissect the genetic factors responsible for the pathogenesis of 

osteoporosis using genome-wide scanning and candidate genes approach. For 

genome scans, the results among studies in different populations, however, are mostly 

inconsistent which suggest the genetic heterogeneity of osteoporosis. Candidate genes 

approach has investigated a number of genes in various populations including genes 

encoding type I collagen, vitamin D receptor (VDR), estrogen receptor-alpha (ERa.) 

and others. It is likely that the cohort of genes predisposing to the risk of osteoporosis 

may be different among populations with different ethnic background. The successful 

identification of susceptibility genes for osteoporosis should prove to be helpful in 

targeting preventive and therapeutic measures to individuals with higher risk and 

render the effort more cost-effective 

Besides being beneficial in the identification of subjects genetically at risk for 

osteoporosis, information with regard to genetic variations is also likely to be useful 

in targeting preventive or therapeutic measures to subjects genetically predetermined 

for better responsiveness. Intestinal calcium absorption is dependent on VDR gene 

polymorphisms. Skeletal responsiveness to estrogen, particularly at lower doses, is 

related to polymorphisms in ERa. gene. Recently, circulating homocysteine levels 

have been shown to be associated with fracture risk. Folate and vitamin B 

supplements for reducing serum homocysteine and fractures in postmenopausal 

women have not been fully investigated. However, there is an interaction between 

folate status and methylenetetrahydrofolate reductase gene polymorphism on bone 

phenotypes. 

Due to recent technological advances, whole genome association study is 

becoming more feasible. Genomic information with regard to the susceptibility to 
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osteoporosis and the responsiveness to preventive or therapeutic modalities should 

supplement rather than replace conventional clinical information. Clinical decision 

should take into account not only the medical aspect but also the social as well as 

health economic perspectives in order to balance the benefit of novel clinical 

strategies against the associated risks and available resources. 
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Metabolic syndrome 

v' 'u ~ ... I ~ rjti1£J H ltTVI ·n tn'I£J1 tH.11 iFU i)'j tyu 'I::ltY'I !I 
' ' 11'., .ca 4 ,, 

H JJ'JOP1v1J rnv11 ri~ '""~ uv mw mm 'lfW 1~ rn1 trm 

fa.nwmwnm~u~ JJH1?rw1ri'oJJHY'lfl 

lflff'lll'i'U~ffHY9lf (Phannacogenetics)lfl'Ufll'ifffflJl~\lM'1'1HN Genetic variations (SNPs) 'IJV\l 

itJ'i~'U~l~U1,j'V\ltl1Jlflff'IHl'1flltl11f fll'i~VtciflJ fllHHJmj'Ylt V'UU::l.l11ltJ~N'1fll'111U'Utl'UV\l'IJV\l 
".'I I d11p., ~ .:?i 1" ,, Q rJu1U11UUl'YI 'flnJ 'Yl\l'UllJ'Ufll'i 'lffl1llJG'IJV\l1'1fl Phannacology ll'1:: genome analysis 

"' i o' 1 .c:td i .ct \.l I I .ct jJ .d Phannacogenetics u::mh:: U'lf'UlJlf) 'Un'1tu'YIUl'U'UlJfllrnV'Utl'UU\l 1lJ1l'U'UV'U lJM'1'1ll\llflU\lUlnfl1'1 

i S/ S/ S/ .:'l "°' ., J S/ ., I ., 4 'I S/ 'lfUl\1'1(1, 2) fl1llJi'Yll\lVll'U'U 11nJfll'il'l9ll'UllJlf)'IJ'UVl1Ufi1llJl11\l1ll'11U::tlllJlrnflvimu f)Ul ll1 

., SI .'I d 11 p ., • I a a 'l SI a SI "' SI d 11 SI 
ll1lJ1::tllJVIHt11.J~lJ1 U'YIU:: 'flnJ11'1::tl'YITiflll'Hl'l\1~Ulf)f)l'j l'lfUl m1::1n~r·m'IJl\llflU\l'UVUmfvi VI U'U 

61 4 4' t .d I QI ~ IQ 

'Ut11'YIUlflltlm'Ul\l'Yll'Ul'1Un11 Tailor·made medicine 'UlJVl\lll9llJ Human genome projects l'U~fl 
,, 'l "'i o' ..,: J "' ~ d ?i 

Postgenomic era fll'1fi'Ul'l'U DNA polymorphisms L'UU 'UlJlJ'4llU ll'llJlJlf)'IJ'UlJ'Yl\l'YlllJ'U insertion, 

deletion, rearrangements Yi11lfih·IMlUfl1'1 lU~U'UllU'1\l'IJV\l nucleotide 1m::tl11 U~t11'1Yil'll'U'lltN 

i . I "' d • Id 11.1 dq SI d q d ., ., o' 
11Hl'U'Yll11'1U'U 11 DNA variations 'YI 1'lf1Jlt1'Y11fVI i'Ut11'1fft1lll'Yll\l lfltl'lfl'l'U~fllftm 

(Phannacogenetics) tfo Single nucleotide polymorphisms (SNPs)(3) l~U\lUlt1 SNPs 1flu DNA 

markers ~l'l'UlJlt1~1f1t l'U\liut1 i11Ul'l'Ufl1llJ~ 1 SNP 9lUl'Jf1'l 1000 nucleotides ,rVJJ"1~U1tl'U SNPs 

1uilu~-Uuihnn~'U iviutlllllrnm 'l~u1n Public database l'lf'U the SNP Consortium, the Japanese 
1d i J 

SNP project, 9l'1U11U'U The Hapmap projects. i~wmn 70% 'IJU\l SNPs u::U~'YI intron 'Yl\l'U'U'Yl'Ul'YI 

" 'IJV\l SNPs mrl1u9lum1Yi1.:i1u'IJU\l i tJ1~uu.:i 
1
hJm1umlivi 'UHff1'Wiir·m9lv Splicing site m.:iri1u 

1flu silent variations 1m::iho% 'llV\l SNPs ~ikm9lvmnh.:il'U'IJU\l hh~u iviuviH tJ1::nu'Utl'Ul'U 

" " ' 1fo~-Uuii1~1tHll'I91'11UtlU'U DNA polymorphisms u~iu;iuYi1 ilf SNPs ~ntl1m icft1fl'UlfllU\lUV iu 

~ J i d Q J ., i-1 "' d d ,, ., 
fll'iflf)lll'Yll\l Phannacogenetics lJ1t1'1J'U viumvn:: SNPs 'YILnVl'lllHllJ 11'Hl'U'Yllt1U1'\JU\lt11J 

I QI QI I " .d I 'l• 1.l phannacokinetic 1m:: phannacodynamic effect 9lUUl Vl\llltl'Vl\lVl1VUl\l 1'UVl1'1 l\l'YI 1 VIV 11'UU::'IJU 

nrl11~\l phannacokinetic study 'IJU\lUl~H1um1i'nmn~lJ i rn Metabolic syndrome 

' 4 I d. SI I "l .: o' 
niJl.IVlfll'i Metabolic syndrome flVt1i)t1VlmrntJ1::miuvi1um1::~rn uuvirnmrnc:rim1 

1ifo«u'IJU\l International diabetes federation (IDF) 
1lllun m1::~1'U'1\ll~\l f11llJ~'U 1m1Vl\1'l 1::~1J 

" . . 
tl1V11'11'UL~UVINV!Ut1~ 1

l'llli'U Triglyceride \1'1 1m:: 'i::~u HDL ~11~'1\l ~\1911'11\l~ 2Lm::3 (4, 5) N'1 

I d o ., • 11 " I 1 4 "1 cl 1 91tl1f'llflWl'Yltllflt)J'IJV\l Metabolic syndrome viun 'ifll'Ull11l'U m1::l1'1VV'll'1tJVlllVl\l911Jll'll\l rn 



36 Thai J Pharmacol 

" ' 4 Gl'\d 4 .cl~ ~QJd,, 

mrn~mt>Vl'l11 L\l9l'U (coronary artery disease) mrn~mt>Vlfflltl'IVl'UlT'HHIVln (stroke) mnurnHYll'Yll 
d ~ 4 t ... I .ct d • '1 ... 1 • d d.cii. 1 d d d I 
'Ylln~\l1n11ilt>Vlmt>viff1UlJillUVIU '11.:im m~m1::lpnrnml'Ulil::lffu'l11V1 mn1vi JJmrnmmrn11 

ill::llltu1mm:: 50 'lltl'l~thm'Ul1111'U imh::1Y1ffffl1i'~t111JS f)llffU~1Vl\lln 1 Hl11iltJVll~tJVIM1 i\l 

'Utu::~1t>uil:: IO 1nvi stroke 1m::f tJUil:: 20-30 "1 rn11ilt1Vll~t1viri1uilmu~u (peripheral vascular 
jl I I I ,,, 

disease)(6) ti111i'um1::iliu~tJ1u 1 rn1'Ul1111u'lfuviYi 2 ih111miYu.:iYi\l::1nvim1::ml'1mifoi11 i \lVllU 

(myocardial infarction) 'fl m·nvi 1rn::1iYu~1VI \l1nm1:: m.:ii111 \lllil::'l1 ilt>Vll~tJVl1ll n nilfl'U tl n~ 
" ' 

tll::llltu 2-4 rrh(7) utJn\l1ni1~tJ1mm1111uiJ.:i)jm1JJ1iYu.:iiuml1nvi m1:: acute coronary events 

tll::mtu 20% ~.:id'.lu'fi'm1~iml'1fiu.:i nu atJ-.w 1 rn11ilt>Vll~t>vii11 i \l~ 1hJ'l~11Ju1U11111u(8) nui' nl:ll 
I I ,.. )t )/ 

~i ill1V1umrnvii1'1~milu.:i'llt>.:im1::~.:i n~11 1l~t>ihi.:inu 'hiill'1nV1m1::11m n'*t1um~1i1 l1.:ii1 

.I 1' i" .cl ~ ., .d 1 a .ct d 
1Jl::nm.J~l1Unllfl1'Uflll Life style 1rn::nn 'l1Ulll'ltltl1'Uflll1J\l\lUlffU'l'llfl'I rn11ilflrirnt1V19l'Ull'll'I 

' " ~tJ1u~nflUfl 1l \l:: 'l~i' u nu tln:ifiuifo ~miYu.:im~1i1t1u1.:iil::16umrn::1il111 mum\n i u nu i' mn 1 rn 

n~llif tfomrnviiJ'1'1mi'fu.:i9iflml1nV1l1ilt!Vll~tJVl~'Ull~'I 1m::ilV1iJ\l'1mi'fu.:i 1viumm:: Major risk 

I 'l " I factors 9'11'1'1(9, I 0) viun 

I. fl11Jfllll'Ul111l'Ullil::ilti.:inu f)ll!flVll'Ulll'Jl'U ffl'\1 r 'U~~ u.:i 'l ll11'.lu1rn1111u 
.d 

2. 11~Vl'CJU1Jltl 

3. ilVI 
1
l'llij'U LDL-Cholesterol 

4. ilV1fl1111~u 1m1vi 

t1111i'umw<tlm, fl1UfllJ~UflQnum1rni'f u.:i~t1m11nvi 11 flM1 i \l'\1~ fl'l1ilt1Vlt~flvi~ucif 1 1'liu ~~11'.lu 
1'"' ~1 "'°'id I il°'.d od'o,, 1m1111u11ti111 mm UllJ'U rn l1 ilt1vimt1~111 \lVIU ll1 ntiu 1'111 \l::ilvi \l\l u1«u.:immu t1uH1'1Jm1vi 

1/lurli'mrnu1111mii1"l~t11 HbAIC < 6.5% tl11Jflll1'11ijuill'jjn:~u LDL-cholesterol < 100 mg/di 

fl1'Ut)lltl11ll~'U 1illf9l itt~1ni1 130/80 mmHg ffllffo11im1foin11-Uw6n 
1l~11'.Ju(4, 5) 

1. Life style management 
' SI 

International diabetes federation uu::thill' ili'rntl~uum1~mrnl1.:iiuufo1rnt1nt11~.:imu 1m::nrs 

" " fl1Ufllltnm11viu9l.:i1mu<tl~.:ii1 
" " - fl1UfJJJtl1m!n ittilVlil'I 5- to % 'lrn.:itl1Mi!n9l1 iuilurn . 

- n':fJJm1vvnt11~.:imu 

- tli'rntl~um1uvi'\Jt1'1611111 

2. Pharmacologic treatment 
1
h.mu19l1 ivi i-*iunui' mnm1:: Metabolic syndrome hwm .:i119i11'.lum1 Hu1mllfl1lll 

~viiln~~)j~.:i«~tlmru<tlnui' m:11
1
l 1iuV1111.:i~ 4 (IO) 'l~url 

2. l mrnvi1::~u 1'1JJ!u i-*u1il~ 1l'lliiu iu1~6vin~t1ilm::~1.J Cholesterol 1ria'tivi1il11111w 

n11 i' nmmll NCEP guideline 
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2.2 

ADA recommendation guideline 

2.3 
a,, SI Q.I d 

fl1'UfJlJfl11J.J~lJmUU1cWlfl11lJ~lHJ~mlJ JNC 7 

2.4 Yll . 1 1SI SI <i "' <tSliJ .. ~ ., .d I mrnn 'II Prothrombottc state ~U 'IHJ19'11lJlfHWUCl6~fl'HlHJ 1UJ.Ju\l\lUltYU\191tlfl1'l 

4 u : 
fll'jflfllll Pharmacogenetics 'lltFltni'lm::YllJUlVIUl 

d'l "Q,I d ' ,, d ' 'l SI I UllU11111lJ'Yl m'Ufllrn'fllll Pharmacogenetics UU1\lfl11\l'U1HJ.J 2 flCJJ.J ~llfl Sulfonylurea 

lift:: Thiazolidinedione 1Y111i'uu1Sulfonylurea1rlum~Hmmu1m::Hnu1ll'lll1Cl1U 66flC)'Yllf1~u 

fll'l~lJO'U Sulfonylurea receptor Yi~ cell 'Utl\19i''Uti6U tl1'h.J~m1tl~ KATP channel 1m::m::~ull1' 

9iutitJu11~\l~U'lf ilU ~\lm1w;iii~ 1 Nft\ll nm'l Hm 1u~iJ1mm1111um\11Wl'11r:i1~iJ1u 'hltfou 
,, ' 

I ., '1 1 SI <t SliJ 9ltl'IJtYUU\19ltlU19l\lll91 lJ'l::U::ll'lW]'Utl\lfl11 'lfU1 (primary dmg resistance) 'Uru::'Ylr;j 1U'IJ1\lfllJ 

vi uutYu V\I mm nu 11i.J'1mn~m1::tl1mC1~1ulfl~m1riu\11~ m!vu ~\ltl i 11 i.J~tYlJlJ~~1u~11f111J.J 
1191n9i1\l'l ::~uuu 'UV\1111 'l ~u ~1~u1.u'6\I n1m1rnu nql'lful ft::fll'l fl'Ct1UU1Sul fonylurea 61\l \l::1~u1'1i'6'1 

' ,, ,, ,, 
nu fl1'j9lt)'IJfl'lrtJ\19itJ01-Viuvi 09)1\1 fll'jfffllll ium\I pharmacogenctic study 'U6\IU1 f)~lJih!uihi'I 

nnffmn genetic variation ~iir·m91v dmg metabolism pathway 'l~un CYP2C9 1m:: Genetic . ; ' ,, 
variation '\HH 1i.J'l~lJ'ViU166flC)'Yl~ iu-Vi\ltfo KA TP channel gene (KCNJ 11) 1~ui!n1~m·m11(1 I) iu 

,, 
fll'lffmni1ru1Glibenclamide3.5 1.ng llOUlf1'1fl'lj'mtJn91mJ.J~1Ufl11ilrtl1mcin~1fltY ucid'm::~'U 

Q.I QI ' v.c:id ..c:::ii. 

Insulin/glucose ratio 1m::1m::~'IJ glibenclamide levels lrn11fjl'IJ.J genotype CYP2C9 'lllJ~ 
' ,, ,, 

homozygous 3*/3* '1dhim1 Clearance rate 'Ufl\IU19i1n11tJn9iu\I 47 % lJtlfl\llflilV'll'l'LI11n~lJil'1::j,j 
I I ,, I 

~ JI ... l:j!Q ~ d I ~ 'l SI°' 
elimination half life lJ1lJ'Yltl~~1U 61tt'ltYJ.JflrnJ.J CYP2C9 'lllJ~ poor metabolizer mnJ11llJ6 ~rn 

<t , SI 11 SI 1 .,j '1 "' \l SI I • 1 SI U1\l::J.Jfl11lJtY1lJ1rn umrn1::9JU insulin ~mn0111U6\l\llflUWQ um::urrmv~ ~mum1 l'l1 11 

.. 1 ... \ISi I Sl1 .I... ~lSI lJ tlfllfl'lfl~ dmg induced hypoglycemia ~J.Jlflfl11lllJ lJ'UlJ1~U11Jfl91(12) Sesti Get al(l 3) ~ 

d 972 I d I oQ 

fl'fl1flNft'Utl\I genetic variations 'Ufl\I Arg insulin receptor substrate- I (IRS- I) 11J.Jr·mm.Jfl1'llfl~ 

secondary sulfonylurea failure l11u 
1
hi 1~6\1\llfl IRS-I 1rlu 111'leilJ~Lrlu Precursor 'Ufl\I insulin 

d 1 A o <LI .r::9 I 972 <LI <LI fl' <LI Clo 

receptors \l\llJ1\l::J.Jfl11lJtnflty Nftfl11fl'fll:l11'1'1J11 Arg IRS- I variant t'l'J.Jl'llJ1i fllJfll'llfl~ secondary 
,, ,, 

1 
<t "' <ti) SI ~ ., 

failure to sulfonylurea ~UJ.J relative risk = 2. 1 (95% CI 1.18-3.70, P = 0.0 I) lHlJ l~fl1'1JfJlJ1J\l\lU 
:CLIO> ~Q~ ~ V.ct. d .d 

UlQ mfl' mimnm 61QLJ.JtJ1rn111mm1111u viciv~'1m::u::mnm1111mmln1u11ci1 lJmrnn1:11n 

I 1 1 'l SI • Sl.•1 d '1 ., .. ., Sl.•1 .d ~ Ulfl'U \l ~u Sagen SV (14) 1m::flru:: mn~1J1Ul'lflQ lJfl'lf11Jm11~w1nur;iu1Ul'lllllJ pennanent 
d .J ?I 0 <LI t ' 

neonatal diabetes "19111\lt'l'tl'IJUlJ KCNJ 11 CJf\lllllJ potassium channel \l11l'l1::'U6\19l1JVtllJ1m::l'l'IJ11 

i 
<t .J1 <t .J' i SI ., SI . . i SI ., 111' 7 lJ 11 'llUJ.J Mutation l'I 1.J'l9llJlJ 1m::m1 l1fl11rnl:l1~1UU1 Gilbenclamade \l:: 11r-1Clfl1'l1fll:l1 \'1 

I I JI JI 

~n11m'l Hu1u~~w~ilmifo1-Viuun1JflU-Vi'hiii mutation 'IJfl\IVlJil lJtlfl\l1flUii'l1U\11lJ~U1U MODY 

(Maturity onset diabetes in the young) ~iifl11lJN~tJn91~ HNF I A VU( 15, 16) JJfl1'l9lfl1Jt'l'lJ6\19itiU1 
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Sulfonylurea JJ~nn-hn~lJl'l.Jll111U'llUVl~ 2 ~'I 3.9 1l'i1 (p=0.002) 1m::nn H'm Short acting 

QloOio " Q j/ I I .J' 
sulfonylurea \l::<Wl'Q1Jl'lfll'HUfl111flVI hypoglycemia 1u~iJ1UflCJl1U 

Thiazolidinedione 1fluu11'1..Jll111'U~trnnqY1(1viunn~u Peroxisome proliferators-activated . ,, . 
receptors n code hwuu PPARG ~ilii'civim1::~JtJU'U'lfil'U fiiJ1uniim1::v)-:in~11~-:ivit:iuffUU'19iuu1 

" " JI ' JI ~ 
..ct.c.t ' P. .. ' I d di Q Q ~ I di .a 1 ~ "" " , " UV1fl11rju1UYI JJ1l11::'\11Vltl'U 'l!"'U utym'\l ti'IUlfl'JlJ'U flt! 'U mm vim lJ mm uu ffU ti'l'\ltl'I u1uviu-:i 'If 

' 'l JJ QI " ... 'I SI 4 ~ .J' ,f QI .c::1 ,, .ct l1ft1Ul'Ufl11Ul\l:: vi1::viu Nu1Utll\l\l::l'lti'IYl1UU1 'Ul'Ufl'I 2-3 lvHJ'U Utlfl\llflUUlUU'llJNCl'\ll'llflU'I .., 

tfomi'1-:imn 
1l~11n ~i li1'u1iJ li11'111u 1m19Hrn ur1::~uvmn'u vl'-:iif uti'1mmrnmuml'u~\l::thm 

o "1 I 'l """ I 'l S) d SJ ,: tJ f .ch I I mvif1::1u11r·1 ~l'IVUffmMV1t1u1 vi vi \l::'lf1u m11mm1rimu-:i 1'trmu 1ur·1iJ1uY1 lmrnuffuCJ-:i~nw1 
" " 

01".d " "" '1"1" \JV I .'I .d. J "" d ""~ *'1 'Yll ltlftU'INft'\ll'llflU'l\llflUl Vl 'lltJl 1Vll'IHfl'Jl11Ull1lJ1UU'l'UU lJfllrn'fllJlCl'll'll'llJl'l 'U1l'rn'11 

Diabetes 1viu Wolford JK 1m::mu::( t 7) l'11Ji1 SNPs 'Utl'IU'U PPARG cl1.:i1rlu hh~m1Jrnmu~u1 
" ,, . 

uunqYln m\llir·rn9iumrnuuiruu.:i'llu-:iu1 hwmrnviiYCJu 131 SNPs '\lt1-:iuuUlu~iJ1un1rlu IGT 
I I JI I 

'1111 Hispanic nih.h::1~ Gestational diabetes n-:ii.11riun~11~iJ1unu~1'Ufll1ftfl1Jl TRIPOD study 
I .c.i d QI QI " I I I jl ,J', j.14 

lrn11 lJ 8 SNPs YlfflJl'l'Uti9Wfl11VIU1Jff'UU'IVIUU1 Rosiglitazone (p<0.05) 1m:: flUUlt'UlU lvi11 

d I I 'l fl11ft'fllllYIVlffU1JNft'U U'I SNPs 'Utl'I Adiponectin gene Vltlfl11VIU1Jff1Jtl'IVltltJ1 Rosiglitazone 'Ufl11 ,, 
fl 1UfJm::v)ml1mmm::nYiu Adiponectin(l 8) l'11Ji1 SNPs tm:: SNP haplotypes '\JU'IU'U 

,, 
Adeponectin jj~rnli'-:i9iuti1 Adiponectin uci:: plasma glucose controls luu\l~U'U'li'U>JCI 

,, . 
Pharmacogenetics '\ltl'ltJlfolJll'l.Jll111tljjlJlfl~lJ1~CJU"] ll9iffo

1

lihl1mH1um-:itlfi11~ 

4 • SI d "I 
Ol'Hlfllll'YIN Pharmacogenehcs 'UtH£JlVITUlmwmu1vi 

'l Q ~ ,, d .a .d.1 QI Q QI, "I 
lltlff Vi11JllJ\W1VlltllflCIVl!CltlVIYl'lf1UftVIUV111fll1lflVlfll1::YIHl11 \ll!Cl::ltftUVllCIUVI . . ,, 

"" ""~ 1 I .c:t.r::t d I <di 1 'l "·' (cardiovascular events) m1::m11ffU'll1VI tlflCJllYllJfl11lJlffU'l~'ll'ltlfl11::\l VlUftVI Vlu1::lJ1W 23 

1tlu{1~u9i' \llflfl11~1 Meta-analysis '\ltl'I 65 fl11ftfllll 1vimhe Antithrombotic Trialists' 

Collaboration ( 19) fflllfllJl'l.Jll111tlllM'lfflti'~ullJlfl1 (American Diabetes Association; ADA) 1~ 

uu::tl 11i1'Huvffhi1u'U'U1Vl 75-162 ilflilni'11~u1u 1u m11Ju-:inulJ9lui;JiJrirnfo~il1mml111u~n 
,, . 

t11::1'9in~1ml1mh l\lmu stroke l11V fflJU'l'\llVll~tiVli1m11 (transient ischemic attack; TIA) flll 
,, 

rh9lvi1ffm~CJvi'1111\l (vascular bypass procedure) 1m:: vim11~ulti!1un (angina) uun\l1m!uu-:i 
y t t I 

uu::tl11i1'1.rt11uir1ll·i1u'Uu1vi1~u1nuiln~u1Ju-:inut1~11i;Ji11u~iJ1mu1M11uliiiu\l~milu-:i~-:i~v 

1rni11 'l\llm::ltciuvi1~vVl hi'tin CJ1~111nni1 40 TI iitln1~mvufli'11rlu hm111\l11ci::ltciuvi1~u~ ii 
m1::m111v)u 1 citt9lff 'I ffU, llf~ 1l'Ul1''UlU!~UVlff 'I ltlU"Uft\JiJU1uuffff11::(20) uth-:i 'hnl'lUJ ~ ~ ~ ~ 

• I ~ ~ ..SI "' "' l "I 'l "" j "'.'I \l '"" 1 
"' u1 :::ff'YI ti tnl~fl11'1Jtl'I num1::Y11'1lf 1 \ll!Cl::lTCICJVl!CltlVl'\ltl~llVff l'lrn tl~u1U1'1..Jll111tl lJV'llYl101.J 

, ' _, .:, 'l- I "" *' ,, cl "I I 'l ~ umpJu1::'lflmYl1 u fl1111f111::l1 meta analysis 'IJU'ltJ19ll'UlflftVl!CIUVI l'l1J1111Uff l'l1tlftVltl11lJ 

l~U'l'IJU'I m11fi~m1::Y1l'IM 1 'l \l1m::l1ftUVll~UVl1 u~iJ1U1'1..Jll111'U 'l~lTIU'I 7% 1rlmfiuu nu fl~l.Jtl 11.Jfl l.J 



Vol. 28, No. 1 2006 39 

~ d "' 1 J!.•1 dll ""' 11 .. I ".'I .d'l ""' (19) mrnmnmrnr>utrtHl.:J'l.ltMlfH'IVllCHJVI tHju1Ul1 muimtr l'lnJl'IU11 rju1UYI virnu1 

,, . 
1 .a.i:::t 1..::1 .a1 \lq .i:::lo61 

(ADP) 'UlHHJVll'lVlcrn.:i (in vitro) mm'Wf111lJfl11!:Vlt>Vlt>LJlllt>tY l'l1'U (aspirin resistance) l'ltYlflty 

J!d.: I .J'.::t i )I d Q j) ~ Q.I 1 ,a .::I Q.1 ,a .cl .::lei. 

r;JYl~lt>Vltl Ul'UlJll'U 1 'UlJl1'1!:tnVI OftllJl'U tll11 umu MrHJVllCltJVl'tYlJtJ.:iVIUVl'U l1'HlltYU'l119lU1 nnn:: 

"' 1 .a I Sid d .a .::I I 'l .. . I I 
l1Hl11 '1ll'fl!:l1'fltJVlmr>vim n1111rJY1lmw11citJ~wmutrur>.:ivivim1mY muu1::mru 3 ll11(2 l) 

~ " ,, 
nci 

1
lnmrnr>nCJl1ll'llr>.:iu111tJtr

1
h·11utfouuiJ.:imrnf 1.:i thromboxane A2 (TXA2) un~uuu.:i 
l\d I Q.I~ QI d.a\1 

TXA2-dependent platelet aggregation t>UH l rnvrnJl'IU11r·IClfl11 uuu.:im1 tn1~911'1.1t>.:itnrnrnr>vi hJ 

' ' " 
ll1 lJf)'U nu i 'U ~iJ 1Ull~Cl::11lJ llCl!:'l.l'UlVIUlYimm:: fflJll~tlUU u.:i mrnf 1.:J TXA2 119'1f)~1.:i nu i 'Ull~Cl~ 

,, ,, . ' 
"' 

1 'l .,. cl i ".'I 1 "' 1 "' "'11 ""' 'l <> 
0 

'lJflflCI fl11~Vltl9lt>1WtY l'lnJ'Ul'lU 'U~u1U 'jfllf1 Ul!Cl!:l1CltJVl1CltJVll1 muimtr m'U'l.l'UlflVll (75-
. " 

325 iiciilni'>J9ltJ1u) tl1~i.mu 5-30%(22) iu'l.lru::Yil11U~iJ1mml111uljm1~~r>9lu11tJtr'hi1u~.:i~.:i 

tln:mru 40%(23) ~.:i11trvi.:itr~tliuvi1n.:i~ 5 mrnr>utrut1.:i'IJt1.:im~vi1fttJV1vimmtr1ho17uiu~iJ1u 
1ml111mm11~1n11iur.liJ1u11fli111'111'fl::lt'flUVllftOV1tY1 'l tl~1hhuu1rnlt 11u m1>JNvitln9i~thti'ru 

~ u 

I d S/t .q .d ,a d ~ I q -0. .J'~ .d 
OU1.:Jl1'U.:J'l.ltl.:J~U1lJ!Ull111'U'lf'UVll1 2 fltl>Jfl11::Vl'el9l'elO'U~Cl'U (insulin resistance) fl11::'Ul1J'Ufl11!:l1 

uu~ilunm1>J mmrn i u mrno nql'l if n~rn .:i li11 M' nuli1.:i1u ~N'l mu 1u1'lfnc1~uwtiilu fl1UfJ>Jt>~ 
I '1- I I o' " .: 0 1 " <'11 " " .a d .a d d .c:ii. q d unmv.:i lJ l'lf'U l'lfCIClf)ftl>Jl'UO'Ulf)~ fltYl'l.lll'lfCICl Vl'UOU'fl.:J(24) 1'U'el.:J'110lflCIVllCl0Vlf)>J0'U'l!'fl'U11'lfl'l 

.. 1 ... I Clo ~ .c:ir. .q GI QI d ... d " d .a 0 1 " <> 
19101 viuu fl91llJtltlWl!'fl'U '1Unm l'lfl'll91 Urnl'lfCI m>J>J1m'U'\Jt>.:JtnC1VlrnOV1'1~l11 l1U1 mru 'IJO.:J cyclic 

4J&1 41£ I d.a 4 IQ .q 

GMP ll'fl~ AMP ll'l>J'\JlJ 'lf.:i'lf1UlJUU.:!fl1'n1>JOCJ>J'U'el.:JlOCIVllCltlVl(25) mrnmn in vitro l'IU11tl'U~CltJ 

QI i I d 4 J tJ "' 'l" tYl>JlrnUUU.:Jfl1111lJflCJ>J'lltMIOCIVllCltl~ll>Jtl\)flfl1:VJ'UVl1U ADP VlllUU dose dependent(26) 
I JI I t 

ffll1l u ~iJ1uYijj m1~~t>~ovu ~ilu i'lfu fl u~1u11ci:: ~iJ1uYi1uu1ml111u'lfuviYi 2 '1::jj mn 1>Jnrj>J 

d "' .,j " 1' I .I .. ~ 'l "" I 'l.lt>.:ilflCIVILClOVlllJtl\) f) m ~9Jmnu AD p lJ1f)fl11fl'Uu091(27) fl1'jnfl111NCl'l.I tl.:!Utl tY l'I 1'\.J\110 nu 

nimrj>J'll v .:im~vi1ftt>~v1u11 1mtr'h11uuu5.:i nu n>J n~ >J'IJ v.:im~vi1ftt>V1 iuflu U'1u 'l ~uuu n11 i miu 
"" " 

Nt))Jtl Ul .:i" UlJ fflti ty(28) fl1 'j ff f)1ll u ~11 fl11 ::~ tl U'U 'l!fl 'U "fl 11 )J ff'mfo ti nu fl1 'j "~ fl1 rn tlU m.rn .:i 'IJ tl .:i 

d ~ I 'l Q ~ ~ I 'l Q I .J ~ S/t d 
mnvimt>Vl9lt>uutr vim ltrnm1viv91 vuvtr mu tr1u l1u.:i1u v.:i u1 m1iJ1mml111u >Jfl11~fl11>J 

~ 

fi11tJ n9JY1Hl>JVI lUtl ft tY>JgtJ ~.:ijjfl11lJff>Jl~'U ti nu fll~ nilJfll'l 11>J nrj>J'llt>.:ilfl~VllfttlVI t1u 
1l~11 fi fl11~ 

,, " ,, 
thmci iutftt>~~ .:i(29) 

1
l'l.l1J'u imftt>VI~ .:i(30) l17vm1u~u 1m191~.:i(3 I) 60"ti.:im1::~vvu'l!iluiJ.:ijj 

f111)J ff )Jl~tJ ti1tJf .:i tYll l19J nu fl 11::fl11 )J Nvitl n9lm rll~ ~1U(3 2) fl11 )J ff'm~ 'U ti'l.lt> .:i m 1::i tJV'U 'l!fl 'Un u 
" ,, 

"' I 'l "> 1 "iJ d ?I CLI QJ e'o,,1 SJ Cl QI 1J 
mrnvvimrntr mu u~ 1 mmlt11u u.:i111u m1>Jtrm·1u 1iYMY11.:im .:imu911'1.1t> .:i>Jum.:i uci~l'l Nt>t>lJ 

1 I Q ... I Q Q J '1 I d ~ Q,I J QJ .ct 
VllJNl'Ufl11::fl11>JNVl1J fl9ll11.:!llJ9'11UtlCl'tYlJ 'UUOUl f)'U f)CI f)fll'j lfl1~ n~mm.:im Cl~lClOVIU.:J'l.l'U nuun 

ltmuifoiu'l~11fi ilu\lum.:itrm1~111vift't>>J m1~U1Jl1~ mrnonihci.:imu uv{luumfl' li1itt'nu 

,, i""" "' d "' ~ J 
m~9J'U ltlfl~fl11lfl1~911'1.1U.:Jln'flVllClOVlll'l>JlJlfl'IJ'U 

i1u~um.:ilfo~mrn~n11u.:i1u11iiri1u1~u1'1i'v.:i '11nfl11ffntJl'Yl1.:i Phannacogenetic study 
' . 

' d dd " Cl.I '1 d QI Q,I fl• 
Yl1J11 Genetic variations 'l.ltl.:ilJ'UYllfllJ1'\JtJ.:inunci fl'l.l'el.:J Platelet aggregation >Jfl11>Jtrmrn1i9ltlfl11 
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oQ d ... QI .a. d dd. & 'l SI I A 
lf1Ylfl1'm'IJ\1911llCl::fJYl9'lll'IJ~Mmrnvimuvi Ull'Ylll11U·nllmrnmn 1111n Integrin ._,3, COX! lift:: 

• I I ~ 11 SI • d 1 SI .'I 1 a 1 1 .d P2Y12 Macchi L 11fl::fltu::\l1f1ul::l'Ylflr· NlfHY(33) Yl'Yllnl'Hl'ffl.11 ll~u1U lfl11ClflYllflUVI fl lllU 

.ct d d d \1 .c:\ .c:t. "::\ QI ' ,, ~ Q,I ' 

9'l'U'YlU1fl1lfl\l'Yl 98 flll'Yl'Yl1llU1llflff l'llll'\Jll1YI 160 JJC\ftf)nJUUNllfl(J I IVIUlltm::1Y1m11m::n'lJJ 
d a SI .cl Al/A2 

'\Jfl\llnlYllflflYIY11U PFA-100 system 1m::m1\lffU'U polymorphism 'IJU\ltlll Pl , C807T, and C-5T 

d ~ .cl 1• 1 d ~ I Sid.cl 
'lf\ll'UllUll'IJU\I urnll glycoproteins (GP) Illa, GP Ia/Ila, 1m:: GP Iba Mftmrnmrn·m11 ~'YlJJ 

• Al/Al "'1 i I ~ I 11 "' d SI "' ..,: polymorphtsm Pl JJ flnlfflnU\191Vfl11::VIU9'lflU111flff l'l'rn p < 0.00111fl::tMllJJ\l::JJnlll'VIJJ'\Jll1YI 

u11flu 300 uftfini'JJ11'u 1·1u11u.:iih1Ju{1~uri'm1iuu1uvtYh11u~.:i 1nvu 50 % 'llv.:iti'1J1u ( 11 11u 
" 

' ' 1 4 d JI Q.I 1 I ,,dd 
ll 25 lW) 'i1U\11llfl1'ifff11l1'Ylflft1Uf1ll viu Michelson 1m::mu::(34) l'l'U11rj'YlJJ heterozygous 

Al/A2 1 SI d a '1 <> ,A d d 

platelets (Pl ) \l::91V'UffllV\19'lflU19l1lllf1HHftflVI llVff ll'l'illllfl:: abciximab 1m::1JJVfff1111t'l\IMC\'\Jfl\I 
I .J' I .c:\ d d. d I Jll d d d 

polymorphisms 111ft1ll91Vnl'l lf1YI 1 'lfl11ftflYllflflYl9l'U11'\J\ll'l'U11 rjiJ1U 1 lfl11ClflYllftVVl9l'Ull'IJ\111ft::flll 

.. I Q d d.cl ~ A2 oe:::( I i .c:it. " .a. d. ... d d. 
uf19'l'YlJJUll'l!llVI Pl \l::JJfl1l9lV'Uffllfl\19lVU111flff l'llllllVU l1lflVf1llU11ll\IJJ Aspirin resistance 

mnn11n~JJ~1hiij SNPs v1.:inc111
20 

'l"O d I Maree AO 1m::fltu::(35) Vl'Yl1fl1l'YIYlfffl1Jr-lft'IJV\I Polymorphisms '\JU\! COX I Ull91V 

" tl11JJff1JJ1Hl'IJV\IU11mtY'h11u 1u f11'lU'UU\lf11'lfff 1.:i Thromboxane A2 1YIU'YlVlt'l'V'U1u~i11u1 lfl11ftfl 

vimtivilh 1 \l~1J 144 flll~muu1uu«'h11ll'llll1YI 75-300 UClfini'll tl1m'Y1Y1t'l't:1'U1111::~u TXB2 1m:: 

Arachidonic acid (AA) induced platelet aggregation 1m::m1\l Genotyping SNPs 5 9i1ll11U\l'IJ'O\I 

cox-1'l~11n A842G, C22T (R8W), Gl28A (Q41Q), C644A (G213G) 1m:: C714A (L237M) l'l'U11 

" Genetic variability '\Jfl\I COX! fl1'Uflllll\I AA-induced platelet aggregation (p = 0.004) 1m::m1«f1.:i 

thromboxane (p = 0.02) 

P2Y12 receptor1~u6n 1111~u~iifl11llff1flty~tim'l1m::n~m)u'\lu.:im~Y11~vvi 1vimflu 

~11111tl.:i~li11M'mrnti'Ut'l'Ufl\l~fl ADP 1m:: ATP 'IJ'O\I GPIIb/Illa iinuf1nm1u~U1U hfl11'11'1 
I sJ I d.q Q I d 4 I q 

'Vl'U11 ~U1U'YlJJ SNP haplotypes ll'U'U H2/H2 '\JU.:! P2Y12 \l::JJm1m1::f1'Jll'llfl\llf1C\YllflflYIJJ1f1f111tln9l 

" " . 
m1::lm11ff'miu ti nu m1~v u111u«

1h·i 1m'llu nu(36, 3 7) v1.:itl'u llm 1mm1tlli1mm'l1 \lt'l'fl'UUllll 

.d SI ., ~ 'l "' ., )! I '11' I SI, I 'l '"' d ..,: mu1'1Jti.:inum1::vimmff l11u 1m::flvinrn.:iij1J1u mlrj 11viti'Ut'l'llfl\19'ltiu1 lJYI n\l::nrn 

• I ~ <> , SI .,.,. ~ "' 1 a "' d 11 SI.cl_,: ,K ul::n 'Yl1iflll1'\Jfl\lfl1l •1m11m::ClY1fJ'U9lfl1'itu 011 mvi rn11Cltivimt:1119'l'Ull'IJ\I VIYIU\l'\J'U 

fll'Jftfllll Pharmacogenetics '\Jtl\lt11YlH'h-!fll'J~fllllfl1UJ~U foil~u..:i 
J!I ~d.J JI 41 I 

lW.:llllijthuu rn1rn'YllflU1'\Jfl\I nu Phannacogenetic study 1m:: mm 'O'U t'l'llfl\IVlflU1ftVlfl11ll 

.., A ~ ~ 4 , v QI ~ @ , a v .. •t 
V!Ullll\l1nfl1HJflll1'YlNflftllf1'\Jfl\lfl1l 'lfU1ftVlfl11lJVIU'lfU debrisoquine (Declinax R ) l'l'U11lliju1U 

d , 41; , , A ,,, · i .ct 

l l 1U'Yl9ltl'UffmN9lflU1JJ1f1'1ll fl11JJ~'U 911 91 UJJ Wl'U111ll fl\IJJ1\l1 f1~U1U'l1Ull'Ull Polymorphism 'Ufl\I 

CYP2D6 ~9ii.:i'lu\lif1flllgll~Y111'.luuu11rn~\1nti'm·m111~u1'1i'u.:in'U Dmg metabolism(38) U'U~\111~ 
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n1fltv.:iih:i Gen typing high throughput n11Mfl11JJffllJ11Cl1irn1rnlfl11JJfflJ\iinf'\J{J.:JU'Uvl{lfll'j 
d .ct .l 4: o CV QI I d.:t 

9lt.l1.Jffut>.:J'\J{J.:JUllJll'lJJJJlfl'\J'Ul1VU~ ff11171.J Phannacogenetic study '\J{J.:JUlcWlfl1llJ~UlYl1YllJ1u 

il "' .. d ~ 1 d "' '1J' I ~~1.JU(39)JJC1.:J 46 fllHfnlll ~Ui'ln111Ul 22 'll'U~ Mllfl Beta adrenergic blocker, Diuretics, 

Angiotensin converting enzyme inhibitor, Angiotensin II blocker, Calcium channel blocker m1:: 

Adrenergic alpha agonist 1~ul'lu11uu~fffll:lllJ1fl~tl~flllU'U~1~u1,rv.:it1m::tm Renin-Angiotensin-

" " .d Aldosterone system (RAAS) l~mum:: ACE I/D variant Genetic polymorphisms ~.:JffUY1 1l~i'u 
. " 

fll1ffmniio.:i 160 polymorphisms hdiii~::'Uvumi'1mh.:i RAAS system 1m:: beta blocker 

Beta blocker 
" ; ; 

Ulfl~JJiillllfUJYlt1~unn~ut1u Beta adrenergic receptor hw~rnflt)Ylt911.:J,rlJJtl1.J 
d " " Norepinephrine Ufl:: Epinephrine UlYllhJ.Jl 16*f1n1:11 'l~un Atenolol, Ufl:: Metropolol ~.:iihm-11 

4.1 _, t/o.1 I 41 I 

ADRBl Arg389 ffJJl'iU1ifl1.JfllHrn1.JffUll.:J9lllUl Metropolol Liljedahl 1m::mu:: unm11 

combinations '\Jll.:J SNPs ~llflfll1fffl111 hwH Microaray mmrnYi1inumrnll1.Jff'Ull.:J9ilJUl 

Atenolol O.:J 50 %. l~umm:: ADDI l 198C and -6A 1m:: Cl6730T polymorphism '\Jll.:J low density 

lipoprotein receptor gene. 

Renin Angiotensin Aldosterone System dmgs (39) 

ACE inhibitors 

u1llvvnqY1fl~um1uu6.:immJ~uu Angioten I 1i'lu Angiotensin II ,f,:i~1ut~ll~ 'lvi Ufl::~ 
444 .,! "' ..• ,,,... . . ... 
nrnLUllllU~ 1m::uuu.:imnrnw9l1'\JV.:J Bradyk111111 Yll l1tn~ vasod1latat1on fl~fl11JJ~Ufl.:J r·m~1n 

" . 
m11~Ulfl~lJi1Yi1lM'flmn1:: peripheral vascular resistance 1m:: Capillary wedge pressure lWlJ 

Cardiac output 1m::1i{v~~m1iu.:i~ 1l9l r-lfl~lflfll11tu1llYi1llf1filJ vascular compliance, fl1lfllrnm 
. " 

9l1'UtNM°ll.:itt11~~1U n~mh::iYYlnflll'ifll1Yil.:JlU'\JV.:Jtt11~~.:i Systolic Diastolic function regression 

of left ventricular hypertrophy Vlflll~~'Ufl~ Insulin resistance iim lu fl~lJO 8 'llU~~i'1.Jfll1fffll:lll1H 
Pharmacogenetic study tl1.JLJ'U ACE I/D polymorphisms tm:: AGT rm11~1J1u'l111 African ii 

d • " " 
U'U'l lUlJYl~::m.>1.Jfflrn.:JvlllUlliU1.JU.:Jflln1Hl'U'\JtN1::1.J1.J Renin angiotensin aldosterone system ii 
Ut.Jufl11'1119i6uYi11lfiimrn~VIUl~~lll'i1::9iV'llU~1~11l~un Bid ii ~d1umNfflJ'\Jll.:J Nitrate tm:: 

Hydralazine( 40) tl1vfl~fl11JJ~utm::i' n111m1::l111 ~11U u9iri1l1i'um1 fffl111 uu ~1~u1cU'v.:it1u 
J . ~ d ~ d .., QI t/ 'l ' ., ., .,., ., 

RAAS 1m::u1 ACE inhibitors Ul'l1.J11Nflfll1nfll:llJJYJ.:JYlffJJl"m1i1m:: JJffJJl'lll1ifl1.Jfll1VIV1.JfflU>.:Jfl1.J . , "'"" 'lJ' I "'> .. Ul U'll'U'llU'){JU~ vlllfl N1'\Jl11m::rnt'llU 

Angiotensin II blockers 
" ; " 

U1fl~lJiiVVflt)Ylt1~unn~ut11.J angiotensin II receptors ~.:JU1.JU.:Jfll1Yil.:JlU'\Jr.l.:J angiotensin 

II ~.:i1rlum1~Yi11M'1fi~m1•1mw9i1'\Jr.>.:Jl1fltl~l~t.l~ iim1fffllll'Yll.:J pharmacogenetic '\JV.:JUlfl~lJll 4 

" 'llU~ 44 gene polymorphisms 1m::l'l1.Jfl1lJJffJ.Jlimf'IJV.:J Genetic variations ~u11lii fll19l{l1.Jff'Ut.l.:Jtl1.J 
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Ul ACE I/D, AGT Al 166T, 1m:: CYPI IB2 C(-344)T t:1d1.:i'h~mJJu.:i'hrnmnhm1fffl11l.[lll~tJ 
4 °" 01 I 
U\.IU\.lfH'IVl.:Jfl'111 

1u11fo1nhm1NC1fl11ffflll1YIH Phannacogemetic study mH'1uYIHtii;l1fl'Utl.:JU1ClVlfl111J 

4 Got d 0 &I I Q.I .d~ 01 ,P d SJ I SI I 

U\.IU\.I llCl!: YI ff1tl(\!fl119l tl U tl''U tl.:J9l tl U l CIV!fi 11 lJVl\.l lJu \l \l Ull 1VI cltl lJlJ 1lflU1'\J tl .:Jfi tl 'U 'U 1.:J lJl fll 'lf\.I 

.cl 1 • •"' "'I I/ ~ .,;.. , I 4 tlll111'Y!Yll'U VIUiUl'll::urnltlHflCltl ll'lfl' tllQ fl.:J9ltl.:J1tlfl1Hffllll'Yl1J'U\.11VI l1qj ffflllll'Jfl 
-' .. I da • .., i _, ~ p 

{) .:i flu 1:: fltllJ YI lJ N Mm fl1 Hltl lJ tl'\.I t) .:J'U t'M u l ClVlfi 111JVl'U YI .:i tM fl 111:: fltJU YIH tl' .:Jll 1VI n tJ lJ Im:: 

tl.:Jtl tl 1:: flt'JU YI Wt~\.I ~ m 1 lJ'Utl .:i fl Cl 'l fl fll 1 t)t) fl q YI t t'JUH fl rnmn1 lJ 

4 I 
Ol'lftfllll Pharmacogenetics 'lrn.:irnmpJ Statin (41, 42) 

UlCIVl1 ::~u11 'UJJ\.lflCl tll1 tl'l\lltl rnci~ri1ti tytivm fl~1J Stalin 1fl'UUl~tltJflqY1 t1 V1Ufl11 uuU.:i 
d .J )/ CV ~ I I J Sii 

HMGcoA reductase CJ$.:JlflU1'Utl.:JflUfl11ff·n.:i LDL cholesterol l'IU11fl1Hltl1.Jtl'\.ltl.:J9lt'JUl'U1ur·liJ1u 
" 

ll9lfl9iHn\.l 1l111u119im:1JflflCl l'm11~~'hjfit:1U9lt'JUtl''UtJ.:J9it'JUlU 1tlflltl'lnVI11fll1Clt'JVll~UVIM11 \l 

lJl flfl1lfl\.I ~91 t)Utl'\.IU.:J9i t'JUl~ fl11 llCl::~fflflqJlfl\.IUl~tl l\l\l::U Nci'li'rnf1u.:i \ll flfl111'*ul~V'U9l11U 'l~ 
y y • 

'l~un 9i'UVflltl'U fllllJJIUtlVflltl'U 
1
l9111U ~.:JU\.I ~.:i1flulim'Utl.:Jfl1llJtY\.l 1\l 1'U fll'rnlU\l~UYll.:J 

GI .J O ~ I J " ~ 
l1\.l~m rnYI \l::mmlil\.l lUfllrntJUtY\.I tl.:I mrnuflqYlll'U v.:iu1 fli]lJlJ lJl fl'UlJ genetic variation YI 
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VlllHli I Areas of phannacology in which genetic polymorphism may alter a patient's risk of 

toxicity or therapeutic benefit.(3) 

Process Example 

Absorption ABCB I and Phenytoin 

Metbolism 

Phase I CYP2D6 and codeine 

CYP2C9 and warfarin 

Phase 2 UGTI A I and irinotecan 

Thiopurine methyltransferase and azathioprine 

Excretion SLC transporters 

DNA repair XRCC I and response to oxaliplatin 

Cellular target b2-adrenergic receptor and asthma therapy 
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" ~ ~ 01 
' .. 

911'Hrt12 lfHl!'Y10111'\.Hmu Metabolic syndrome* 

1. Central obesity (defined as in the table 2) 
y 

2. j1i1nu.nn::~vluil 21-u 4 .nn:: 

Thai J Plzarmacol 

•raised TG level:~ 150 mg/dL (1.7 mmol/L), or specific treatment for this lipid abnonnality 

• reduced HDL cholesterol: < 40 mg/dL ( 1.03 mmol!L) in males and < 50 mg/dL (l .29 

mmol/L) in females, or specific treatment for this lipid abnonnality 

• raised blood pressure: systolic BP~ 130 or diastolic BP~ 85 mm Hg, or treatment of 

previously diagnosed hypertension 

•raised fasting plasma glucose (FPG) > 100 mg/dL .. (5.6 mmol/L), or previously diagnosed 

type 2 diabetes 

*modified from the IDF consensus worldwide definition of the metabolic syndrome 2005 

**If above 5.6 mmol/L or 100 mg/dL, OGTT is strongly recommended but is not necessary to define 

presence of the syndrome. 
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.J 
fl11Hll 3 

Country/Ethnic group 

Europlds 

In the USA, the ATP III values (I 02 cm 

male; 88 cm female) are likely to continue 

to be used for clinical purposes 

South Asians 

Based on a Chinese, Malay 

and Asian-Indian population 

Chinese 

Japanese 

Ethnic South and Central Americans 

' 

Sub-Saharan Africans 

Eastern Mediterranean and Middle East 

(Arab) populations 

Waist circumference* 

Male > 94 cm. 

Female > 80 cm. 

Male > 90 cm. 

Female > 80 cm. 

Male > 90 cm. 

Female > 80 cm. 

Male > 85 cm. 

Female > 90 cm. 

Use South Asian recommendations until more 

specific data arc avai lable 

Use European data until more specific data are 

available 

Use European data until more specific data are 

avai lable 

•modified from the IDF consensus worldwide definition of the metabolic syndrome 2005 
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.d J QI QJ .d 1 ... d cl 1 ,,, 
911H:Jl1 4 mtu<tlmnmnthniuurn.:i'IHH 'Hll1i'l'tlV'llf1'tlVl9l'Ull'U'I lHJU1U Metabolic syndrome( IO) 

Dyslipldemia 

Primary target: LDL 

Secondary target: Non HDL 

IfTG < 200 mg/dL, reduce non-

HDL-C to ATP III goals 

Tertiary target: HDL 

- 1M'i'lm::~u LDL nm./l'UUl.l'lfU~gu 1~uiimrutti'm'Jfl11JfJ1J~.:iif 
High risk: <1 00 mg/dL (optional <70 mg/dL for high-risk patients) 

Moderately high risk: <130 mg/dL (optional< IOO mg/dL) 

Moderate risk: <130 mg/di 

Low risk: < 160 mg/di 

IfTG < 200 mg/dL, goal for non-HDL-C for each risk category is 30 

mg/dL higher than for LDL-C. 

IfTG < 200 mg/dL after achieving LDL-C goal, consider additional 

therapies to attain non-HDL-C goal. 

IfHDL-C<40 mg/dL in men or <50 For reduced HDL-C: If HDL-C is low after achieving non- HDL-C, 

mg/dL in women after attaining non- either lifestyle therapy can be intensified or drug therapy can be used 

HDL-C goal, raise HDL-C to extent for raising HDL-C levels, depending on patient's risk category. 

possible with standard therapies for 

atherogenic. 

Hypertension 

BP < 140/90 if no DM 

BP < 130/80 ifDM 

Abnormal glucose homeostasis 

IfBP 2: 120/8011YH'1rlu.:i mm..J~uuutli'l.:il'tq~mrnnwmuD1m1 

1,, ., i" ,1 ,, ., cl ,, 
tt'Yl1UNnrrn 11111n'Uu .:i~mm .:i~D1mrnu .:i~l11l.llf11JUi'l::nrnm1 

mimii~.:inw 

IfBP 2: 140/901u~u1u~1hii1'Jmm1111u111D > 130/80 mmHg, 1u 

~u1u~11'.h.um111rnth~ :: 9"D.:i11~n1m1nu Hu1tl~m111~u l '1tt 91 

IGT: delayed progression to DM Encourage weight reduction and increased physical activity 

DM: HbA l C < 7 % Pharmacothcrapy 

Prothrombotic state 

Reduce thrombotic risk factors High risk: low dose aspirin, Clopidogrel if ASA is contraindicated 

Moderate risk: low dose aspirin prophylaxis 
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.d 
mnn1 s 
Investigators 

Grotemeyer et al 

Helgason et al 

Pappas et al 

Buchanan and 

Brister 

Macchi et al 

Andersen et al 

Wang et al 

Gum et al 

Chen et al 

N Dose of 

Aspirin 

(mg/d) 

180 100 

(post-stroke) 

306 325 

(post-stroke) 

'I 

31 325 

(healthy adults) 

40 325 

(CABG) 

72 160 

(stable CAD) 

129 1. Aspirin 

(stable CAD) (160)alone 

2. Aspirin 

(75) plus 

Coumadin 

422 325 

(stable CAD) 

325 325 

(stable CAD) 

151 80-325 

(elective PCI) 

53 

Methodology Prevalence 

Resistance 

(%) 

Platelet reactivity: aggregation induced by 36 

blood collection 

Optical platelet aggrcgomchy using ADP, 25 

arachidonic acid, epinephrine, 

and collagen 

Whole blood aggregation using NIA 

arachidonic acid 

Bleeding time 43 

PF A- I 00: defined ASA resistance as 29.2 

epinephrine closure time < 186 seconds 

PFA-100: defined ASA resistance as 1.35 

epinephrine closure time< 196 seconds 2.40 

RPFA: defined ASA resistance as ARU > 23.0 

550 

I. Optical platelet aggregation: A DP and I . 5.5 

arachidonic acid 2. 9.5 

2. PFA· l 00 (collagen/ADP and 

collagen/epinephrine) 

RPFA: defined ASA resistance as ARU > 19.2 

550 

ADP, adenosine diphosphate; ARU. aspirin resistance units; ASA, aspirin; CABG, coronary artery 

bypass graft; CAD, coronary artery disease; PCI, percutaneous coronary intervention: PFA-100, 

platelet function analyzer; RPFA, rapid platelet function analyzer. 
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Category 

Pharmacokinellcs 

Pharmacodynamlcs 

Disease-oriented 

Thai J Plzarmacol 

Locus 

CYP2C8 

CYP2C9 

CYP206 

CYP3A4 

CYP3A5 

MDRI (ABCBI) 

MRP2 (ABCC2) 

SLCOIBI 

(OATPIBI, OATP-C) 

ABCAI 

ABCG5/G8 

APOAI 

APOA4 

APOB 

APOE 

CYP7AI 

£SRI 

FDFTI 

HMGCR 

WLR 

UPC 

LPL 

MTP 

PP A Rs 

SCAP 

SREBPFI 

ACE 

CETP 

CD/4 

FGB 

GP3A 

IL6 

LEPR 

MMPJ, PON/, TLR4, TNF_ 



Vol. 28, No. 1 2006 

SY3 CLARIFYING RISK/BENEFIT OF SPECIFIC COX-2 
INHIBITORS IN CLINICAL USE 

Worawit Louthrenoo, M.D., 
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Division of Rheumatology, Department of Internal Medicine, Chiang Mai University, Chiang 
Mai 50200, Thailand. 

After the discovery of aspirin, traditional or non-selective non steroidal anti­
intlammatory drugs (NSAIDs) are among the most prescribed drugs for various pain and 
inflammatory conditions. The main action of these drugs is due to the inhibition of the cyclo­
oxygenase (COX) enzyme, which is responsible for the production of prostaglandins, the 
compounds which play a major role in pain and inflammation. They are very effective, but 
they have been associated with major adverse events in the gastrointestinal and renal system, 
including peptic ulcer, gas~rointestinal hemorrhage, hypertension, congestive heart failure and 
renal insufficiency. 

In 1990, two isoforms of COX were identified. The COX-I enzyme is constitutive 
and plays various roles in the homeostasis of the body, whereas the COX-2 enzyme is 
inducible in inflammatory conditions, and plays a role in the process of inflammation. The 
efficacy of traditional NSAIDs is due to inhibition of the COX-2 enzyme, and the adverse 
events of these compounds are due to the inhibition of the COX-I enzyme. Since identifying 
the COX-2 enzyme, scientists have synthesized a compound called the specific COX-2 
inhibitor, which inhibits mainly the COX-2 enzyme, and minimally or not at all inhibit the 
COX-I enzyme, in order to control pain and inflammation but with minimal adverse reaction. 
The first specific COX-2 inhibitor, celecoxib, was marketed in February 1999, followed by 
rofecoxib in June 1999. Other specific COX-2 inhibitors are valdecoxib, parecoxib (prodrug 
ofvaldecoxib), etoricoxib and lumiracoxib. These compounds have been shown as effective 
as traditional NSAIDs in several clinical trials, but with less gastrointestinal adverse events. 

The first cardiovascular (CV) adverse event (myocardial infarction) of a specific 
COX-2 inhibitor was initially recognized in a clinical trial of ~astrointestinal safety for 
rofecoxib in rheumatoid arthritis patients, published in 2000. > The second CV adverse 
event (myocardial infarction and stroke) of rofecoxib was demonstrated again in the 
adenomatous polyp prevention trial performed in 2004.(2) This led to the voluntary 
withdrawal of the compound from the market by the manufacture in September 2004. Other 
specific COX-2 inhibitors have also shown the possibility of associating with acute CV 
adverse events. Valdecoxib has shown to possess higher. CV thromboembolic event than a 
placebo, when used in post-operative coronary artery bypass graft surgery. This event was 
significantly noted in patients who received a second operation.<J> The CV adverse event of 
celecoxib was also demonstrated in the adenoma prevention trial, and found to be dose­
dependent.<4> 

Not only specific COX-2 inhibitors, but the traditional NSAIDs are also associated 
with CV adverse events. Naproxen, was found to have increased CV risk in the Alzheimer's 
disease prevention tria1.<5> Recent reviews of prescription in the United States and Canada, 
showed that indomethacin, sulindac, diclofenac, ibuprofen, meloxicam, celecoxib and 
rofecoxib all increased risk of myocardial infarction or CV adverse events when compared to 
those with remote use.<6> 

These CV adverse events are considered by The European Medicines Agencies 
(EMEA) to be a class effect of specific COX-2 inhibitors. Both· EMEA and the US FDA 
state that COX-2 specific inhibitors should not be used in patients with established CV 
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disease or stroke, and should be administered with caution in patients with risk factors for 
heart disease such as hypertension, diabetes mellitus, dyslipidemia and smoking.<7

.B> 

The mechanisms by which the specific COX-2 inhibitors and traditional NSAIDs 
cause acute CV events are not clearly understood. Imbalance of the prostaglandin E2 and 
prostacycline have been suggested, but have not been proven. Recent studies suggest that it 
might be related to the structure of the molecules. Celecoxib has been shown to produce 
nitric oxide, a substance required to maintain vascu lar dilatation, and reduce markers for 
oxidative stress when compared with rofecoxib.<9

> This might explain in part the low 
thrombogenic risk of celecoxib when compared with rofecoxib. 

Finally, all of the CY adverse events of specific COX-2 inhibitors came from various 
trials in which they were not the primary objective of the trial, making the data difficult to 
interpret. So far, there has been no randomized control trial carried out to specifically 
examine the role of specific COX-2 inhibitors and CV adverse events. Therefore, large and 
long-term prospective, adequately powered, randomized, epidemiological and clinical trials 
that look for specific CV end points are needed to verify the increased CV risk versus known 
gastrointestinal benefit of specific COX-2 inhibitors. 
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The problem is increasing and it is affecting 
both developed and developing countries (21 

• Counterfeit pharmacouticat facte<y located in India, 1998 

, Fake onoxaon (Tarivid) in Hong-Kong contained g:ucoso and 

peni<:illio (1998) 

• Counterfeit artesunate and mefloquine in Cambodia, 30 peop~e 

died (1999) 

• 240.000 packs of modiones and 2 toonos of raw materials worth 1 

mdbon USS sei zed in Italy (2000) 

The problem is increasing and it is affecting 
both developed and developing countries (4l 

, Tho MHRA is recal~ng tho counterfeit RoducM 15 mg. Batch no. 

65542 expiry date 0112007 (Sep, 2004) 

, The MHRA Is recalhng the counterfeit Cialis 20 mg. batch number 

A031410, expiry date 06/2006 and A041410, exp:ty date 06/2006 

(Aug, 2004) 

• The counterfeit Upit0< 20 mg. t a~ets were rec.aced in tho U.K. on 

July 28, 2005. (B. 0044051<1; exp. 11 2007) 

• U.S Customs Seizes 51 shipmenCs of Fake Tamiflu at an aw mail 

conte< in San Francisco, Calif0<nia. 26 NO'I. 2005 (generi<: Tam1nu) 
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The problem is increasing and it is affecting 
both developed and developing countries (1l 

• The consumpbon of a paracetamol S)rup prepared us;,,g glycorot 

whk:h was contammted ,.;th d<ethy!ene glycol (a toxic chemfcal used 

as anti·freeze) resulted in the death of 89 peop:e io Ha1U in 1995 

• Around 2500 people are believed to have died in Niger in 1995 after 

lhey v.-ere given a fake meningitis vaccine 

• Dunvny convaceptive pills & fa lse anticancer drugs in Brazil (1998) 

• D:ethy!ene glycol poisoning in Gurgaon India • 36 ch'dren affected 

(most of them (30) di<KI) (1998) 

The problem is increasing and it is affecting 
both developed and developing countries (3) 

• Coonterfeit Serostim, Neupogen and NuVopin AO found in USA, 

2001 

• Counterfeit PROCRt~ (epoetin alfa) 40,000 Ulmt. found In tho 

U.SA ~esa!e distribution system, June 02 - Feb. 03 

• FDA Warns Consumers Aboot Counterfei t Drug Purchased in 

Maxico: July 30. 2004 (Zoc0< 40 mg. Lol K9784 exp. Nov. 2004; 

Lol K9901 exp. Dec. 2004; Carisop<odol 350 mg. Lot. 68348A) 

The problem is increasing and it is affecting 
both developed and developing countries (Sl 

• The largest ever underground drug-manufacturing ring and seized 

as much as 550,000 counterfeit drug piUs worth NT$ 300 m~ion In 

the marl<el (Zantac 20,000; Reduchl 50,000; Slinox 70,000; Vaigra 

50.000: Cialis 70.000: nu drug pils 120.000 and unkno'h11 drug 

pit:s 2 10.000) (TarNan. December 2005) 

• A OUtch consumer bought Tamiflu 75 mg. capsules on inte<net 

wnw.all0<lls_net, (Lactose • aseo<bic acid) 2 1 Doeember 2005 



58 

What are the different types of counterfeit 
drugs that have been reported? 111 

Up unlil April 1999. or the 771 cases of counterfeit 

drugs reported to WHO, indications about lhe quality of lhe 

active ingredients contained were supplied only for 325 

cases. or these, about 

• 59% contained no aclive ingredients, 

• 7% contained the correct amount of aclive ingredients, 

• 17% contained the incorrect amount of 

active ingredients and 

• 16% conlained different active ingredients. 

Types of counterfeits reported included 
the following 

P00< quality 
24% 

Wrong 
pad<ag~ 

5% 

WHO has been receiving reports on 
cases of counterfeit drugs since 1982 

• About 70% of the cases were reported by developing 

countries 

• Less than 30% came from developed countries 

• Countries that send reports are less than 10-15% of 

WHO Member States 

• Majority of the reports received do not make distinction 

between substandard and counterfeit drugs 

• Most cases have not been validated or confirmed 

• The sources of the counterfeit drugs are unknown " 

Thai J Pliarmacol 

What are the different types of counterfeit 
drugs that have been reported? m 

between January 2000 and December 2001 WHO received 

42 reports of cases of counterfeit drugs rrom 20 countnes 

• no aclive ingredienls (43%) 

• poor quality drugs (24%) 

• tow content of active ingredients (21 %) 

• wrong ingredients (7%) 

• wrong packaging (5%) 

Between 2000~2001 42 cases of 
counterfeit drugs were reported to WHO 

t8 

IS 

l~ 

12 

10 

8 

a OO\'Olopo~ o Oevelop!ng 

What kind of products are counterfeited most? 

Generally, high volume (high consumption) and expensive 

drugs are the main targets of counterfeiters 

• developing counties 

• antibiotics 

• antiprotozoals such as anli·malarial drugs 

• hormones 

• steroids 

• developed counties 

• hormones 

• steroids ,, 
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The therapeutic categories of the counterfeit 
drugs reported between 2000-2001 

n~LlltW•• 

'" 

,,, .. ~ . .. ~ 
) 

Inspection and quality control on 
country level improves drug quality* 

Myanmar Vietnam 

Substandard drugs 16% 8% 

Number of 2 61 
inspectors 

QCL capacity: 32 31 ,000 
Samples/year 

• Study in Myanmar and Vietnam 1996-1997 

I) 

" 

• 1s ihnnu 2541 iuq11vm.hii1101111nii1fou1n1101rriu1n~omnu 
22 1\V011 IYll Viagra IOOmg(UH IJ\OI JO,OOO l~A), Ci.tlis 20mg, 

Ca»trta 100 mg, Kamagra 100 mg, Apocalis 20mg 1~1111'11 

• 2s iiq111011 2S4J iuquGnnnouf1111i1v Durtnnuramine 460,000 

11niJ1n , Ftnnnuramine 52.000 11niJ1n. Ftnnurnmine 237,000 l~R 

1101ii11mu 

• 2911qwn mu 2HJ iuquirn111iinnnnuHnn Co·irimouzol•. 

Chloramph<nicol capsul< ri1111u1~n lnvH'~n1n~omitinoin1116 

Miii h nn 11n:qilmolnm1nniiinri'1nhp111i1 

" 
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Drug registration improves drug quality 

Substandard drugs among samples collected' 

Registered 5.6% Not registered 23.6% 

Cj .... i1. 
OW>,IM'dl~ 1 

''-'" u_, 

DS_,... 

• Sludyin t.lyaM\Of lll><l Vlt tn•m 1i'JS.1997 

- " 

Counterfeit Drug Cases Opened by FDA 
per Year 

.. 

" 
" 

l ttJ l ff l ''°" Jtoe l N I 1 .. 1 l N J 1H4 .. 

• JI 11n1n11 2S4S iuq11Gnnnouf1111iw Vi•gra 100 mg 611111160.000 

1 ~n 11fo11qiJmolni1u111 

+ 20 ii11m11 2S4S i°UQIJY11~1ii tMr. Gokh.ln Ozhtkl n1n11 i1(w1nn 

Viag1a ilno1111fo111fl~owuniuq11Glu{11 

,. n11hwii 1~11111n1io1u 1 111n in~olnnH Vi3gra 100 mg. il1 : ulN 

$0. ooo 1~n 11fouqiJ01 ol'nimnnnn: 'i'nQiiu 

·:· nu11wiiu1111in111irn 'i'm111111ji1n~o 1nnu Vi•gr• 1h:u1oi 

40.000 1~n. V•lium 10 mg 2.038.000 1 ~0 11\ouqiln1ol'n1111ii11 

II 
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+ 2 rn111011 2S47 i'u1juY11~~111v11im111\'nnou61mi11urnun1 

ilttu1111inuY11~q11fio 1i10111tl1:ml'l~~1111n:tl1:ml'lino1tl' 
01tlnmmn:o1fi11iilld1rn:1iio11~1luo1 2s 1100111Y11 

•} Viagra 100 mg (Sild<nalil) 

·~ Kanugra I 00 mg 

•} Cialis 20rng ( Talanalil) 

•:• Apocalis 20 mg 

.., 0 ,, 

fl1 ':i'1fH'IV1.JtJ11'lJ1"111> 

" 

+ iiq111011 - sinm112S48 nunmi'nnou1hl,r1in<i11W1rl111m11n11tm 

tlm111'1911 fili1111)nn1011Yw11tT11 6 nf4 611nuvo~nnH 1,577 v1n 

+ 28 iiq1110112S48 1fo11i 1ii11ntn111,r11iio4 t.tT1:11~1i'u1j11Y11~~11 

~1~1-oonmriH11w-n1113Y119 nf~ nuo1tlno11111ntju Viagra -

3,000 l~A (Viagra iu 3098603<xp. S<p. 2006; iu 02148)7311 up. 

Ian. 2008; Cialis 20 mg. i11 AOJ1410 up. Aug. 2006) 

+ 8 iiQlllOll 2S481f1111i1fi 00. 110111iiOltUl)ll0llOtT11'111hfi 

1ii11nHu1t1nioini 111101111mj11 Viagra un: Cialis tlnou 

+ 2s sin1nu 2so 1fn11l'1ril)nnm1tl1:6nh1tonnoi111Ul1u 

cont.ointr 11nrMtltl1:mr11il'11"i'1mlin10111u11,01 lYll 

Plmwennin<, FtuRuramin<, Diaztpam, Alpuol•m 

" 

+ 201u111ou 2so iufomoo11mi'nnn:tT111v1orl~a1 -l~qoon 

1111f.1 nn:o1ltT11~11"1 nH lnt<m<t 1tl USA 1tl'voinnH 14 

11onn lYll Rohypnol, Donnicwn, H•lcicon. Ph<nt<nnint, 

Codipront 1il1111'11 l11mf11nl'1fiu1111tl111101ltT11ii11tl1:i1 

tT011n1~tTlll!lutlm111'1ino tltl tT. 1fo11i1ril)nnin1 nn: oo. 
• n 
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f1~~,j'UJ'lfl f1l'j ~ 11'J'i)tJfl11.J1'1 
u 

+ 11 11q11inio112S41 f111111001uint11R111:ou\'nnouh111i100111n: 

i11qoonq11f.1 fi11 iii1nv11:1iio11·1 1tl'vo~nn1i 

·~ ·foqoon1111iumn112 tlmnt1165.0001~11 

.;. -l11qoonq11iumm1Jtl1:mt1110.ooo 1 ~11 

·:· i11qoonq11i'umm14 tl1rn1t11250.ooo 1~11 

.., 0 ,, 

fl1 1'1f1'1V1.JtJ11'lJ1"1 m 

• tl'11u 11.11. 2S47 l'll19Uflinii11W1rl1111n Nobilis' INFLUENZA HS 

r1n11 l l'lo1n1crw1 fiiiunnnou1h11l'11nfitTurnii11nomiio~i tl' 6111111 

70 V111'1 n: 250 iinnn111 

+ 911J11 10112S47l'll1tii11"i'n~11i~11"i'A1mu11t111v11111n1tTiiniiv11 

Qftlnl:lj Plant Hom1on< Made in P.R.China nAl\llYOllltTll i'm iR 

,; un1oitl' h1n1110 v1n'l n: 250 iiniin~1 

+ 26 iiumu 2546 i'uq11'Jl1h1fii'rnfa1yo~l111i 11u'i1ii Viagra tlnou 

u1:111D12,5001ri11 

QJ I 

f11'HHHHl'l.HY ·HHH1 m 

~ , >' .. .j • + 18 rpimn1111 2543 1v 1mm111nn1011no1m110111nl~ llll1'I 

9uv11itl'11i'm~it1imt1i1\\m~nnH 9 noon 1-iu 

Dexfenfuramine, Fenfuramine, DiazeJ>Jm 10 mg 

QI ~ gJ~ 
fll'j~ f1'1~1.J f-1~~ tll'lJ ~~ ~~'W 

+ 31 91n10u 2541 nurr10unrnl'u!mi'unm1ii1101 "1Jo~~Gu111 
rr0111riHii1101'\JOHl111-ill Lasix 500 mg, Betaloc 100 mg, 

Fulcin 500 mg, Halcian 0.5 mg, Theo· Dur 200 mg 

n 

" 
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lt>fl'lf'W~ 11 u u m111l.l fl'Lim11'1 

• s 11qrrin1011 2545 iuGnnnomnoo1~lf11ninu{i1n1111:1iiu11 4o 

11n~G11n~~11i\yn1rn9il 1¥u Sianzol, Omnidia, Di·Anabol 10, 

Cltnbulol, O•ytone SO, Utailin, Androlig 11(i40GHii"uillnoinq11 

1111~11n~ so Lab. l11Unou!inuni1ilurn11rrourn11nii1rr11J!ii' 

• s 11ninu 2541 ui1i'il~1il11G1lll~n 11ui1iin11nnnouHii"u1tlno11 

IYll Po11inoc, Prtmolu1 N, Rohypno111fo11qtlnafnirnii11 liivrrn1i1 

1h11vQ11611no1mtl1rn1H 

2003 

2002 

2001 

1. l asix 500 mg 

2. PosUno< 

3. Primolut N 

4. Proscar Batch No. A5278 Exp. Nov. 2003 

5. Viagra 

1. Artesunate 

2. Valium 10 mg ( PS)'Choleptic Products) 

3. Vi119'8 

1. Aclifed Syrvp 

2. Alarax syrup 

3. Bisolvon Eber 

4. Rlinalliol Syrup 

5. Artesunate 
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2005 1. Viagra (Sildenaf•J 

2. Cialis (Tadanaf•) 

3. Primobolan Dopol 25, 100 mg. 

4. Reductil 15 mg 

5. Counlarfeit Herbal Medicine 

200<! 1. Viagra (Sildenafj) 

2. Ciatis (Tadanaf•) 

Counterfeits Growing 

• Tho counlerfeil me<licine industry Is massive and Is grOl'Mg fast. 

Researchers at Oxford Unlvarsity In the United Kingdom roportod In 

Ap<it 2005 that 15 parcent of al drugs so!d worldl'lido aro fakes. 

+ This means the amoal global marl<et value of countorfo~ modicinos 

Is $35 Wlioo, Close to the U.S. Food and Drug Admlnls~atiorfs 

estimate of $32 biVion. v.tli<:h is nearly 10 times as much as the 2004 

product sales of the wortd·s largest blolechnoiogy company. 

• Many Internet pharmacies are based In countries kllov.11 for high 

levels of pharmaceutical counterfeiting. such as India and Ch!na 
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Counterfeit drugs (WH0)1•i 

• A counterfeit medicine is one which is deliberately and 

lraudulently mislabeled with respect to identity and/or 

source. Counterfeiting can apply to both branded and 

generic products and counterfeit products may include 

products with the correct ingredients or with the wrong 

ingredients, without active ingredients, with insulficienl 

active ingredients or with fake packaging." 

.. 
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Counterfeit drugs (WHO) 12> 

• C}'lo 

• A pharmaceutical product is considered counterfeit, ii 

there is: 

• rake pad<ag:ng • CO<re<:l quantity of 00<recl ingtedienl; 

• rake pad<agng t "TOng ing<edient 

• rake packag:ng • no active ing<edienl; 

• rake packaging • lnc:oueci quantity or OO<reci ing<edionl ; 

• genuioo packaging • "'Oll9 ingtedienl (deliberate); 

• genuine packaging • no ing<ed1enl (dol1borale); °' 
• genu:Oe packaging • incorrect quantity or Ingredient (deliberate) ,. 
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Counterfeit drugs (WH0) (3) 

• Bui, a pharmaceutical product is categorized as 

substandard, if there is: 

• genuine packag·ng + ineorrect quantity of ingredient (not 

deliberate). 

A genuine pharmaceutical product has: 

• gonu:ne packaglng + coueet quantity of ingredient 
l7 

What encourages counterfeiting of drugs ?,,, 

• l.!ed'cines are atlractivo f0< counterfeiting. 

, Lack of political v.il and oonvnilment to estab:ish slrong NORA. 

+ Lack of appropriate dn>g lcglstation. 

• Absence of"' weak NORA 

• Weak enf0<cement 

• Co<ruption and conflict or interest 

• Shoflage "' erratic supply of dn>gs 

What measure should countries 
take to combat the problem ? (11 

1. At national level governments must: 

+ improve the availability and affordability of drugs; 

+ adopt the WHO definition of counterfeit drugs; 

+ enact deterrent legislation prohibiting the 

manufacture, importation, exportation, distribution and 

sale of counterfeit drugs; 

+ establish or strengthen NORA by clearly selling out its 

power, duties and responsibilities; 

+ provide the necessary human, financial and other 

resources to the NORA; 
" 
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Counterfeit drugs c1.h::m1Yh1u) 

1h11M'1hii~1rlo1nuionnn11ol' 11n:111io111tnill11ii11 01tlno11ii 

n111111111on1ounq1mii11n111~f1firiW~on11n111n:;off1'7ty nn: 

tli1111100111111 uiiiuii nii Ill ~f ri ii ii 101if1ntyn l l ~ 111rl11 ~i l ~rig n in 

11ioiiYiiA~oili101if 1nty l 1i11Hn 111rl11fi H nio h iiili1u1if 1nty 

1tioiitli1n1111i101if1noJ l111Ji111111rll1i1iio mo l1m11fo1J 11tio li 

1m~n111~ft1no11 

What encourages counterfeiting of drugs ?rn 

• Inappropriate use of drugs 

, High p<iC-Os of medicines 

• Price differentials 

• lnefficienl co-operation between stakeholders 

• Lack or conlrol over export drugs 

• Trade through several inlermediartes 

• Trade through free-1/ade zones/free ports 

What measure should countries 
take to combat the problem ? (21 

1. At national level governments must: (cont.) 

•• 

+ train NORA personnel, including enforcement officers 
in the detection and investigation of counterfeit 

• foster cooperation between NORA and other national 
law enforcement agencies such as police, customs, 
and the judiciary; 

+ ensure that the drug legislation is enforced; 
+ ensure that courts speedily dispose of cases involving 

counterfeit medicines and that sentences passed by 
the judiciary reflect the seriousness of the problem 
and the offence; 

o ensure that counterfeit medicines are confiscated and 
destroyed. ., 
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What measure should countries 
take to combat the problem ? (3J 

2. National drug regulatory authorities must : 

• ensure lhal all drug manufacturing, importation, 
exportation and distribulion aclivilies are carried out 
in premises approved by lhe ORA, and that 
Individuals and companies engaged have licence to 
operate such activities; 

• inspect drug establishments regularly to ensure Iha! 
they comply with national drug regulatory 
requiremenls; 

• ensure that all drug products are assessed and 
registered before they are introduced to the market;., 

What measure should countries 
take to combat the problem ? (5> 

2. National drug regulatory authorities must: (cont.I 

+ encourage and advise consumers to report lo (heir 

prescribers or physicians any lack of Improvement in 

their health slatus in spite of the treatment or any 

adverse reactions experienced; 

• foster bilateral and multilateral agreemenls with other 
countries, In particular w ith countries sharing common 

borders lo prevent cross boarder trade and smuggling; 

+ seek lnlernalional cooperation wilh organizations such 

as WHO, Interpol, the World Customs Organization. ., 

What measure should countries 
take to combat the problem ? (11 

4. At International level : 

• there ~d ~mety exchange ol inrormation on counterfe~ drugs 

between, drug regulatory authorities, pharmaceutical 

manuraclurers, national law enforcement olr1C81s, international 

organtzalions such WHO, Interpol, Work! Custom Organiution 

• there sllou!d be more cooperation between all lnleresled parties lo 

develop harmonized measures lo prevent the spread ol counterfeit 

drugs globally. cooperation would Improve ii all counlries adopt a 

oonvnon doftnillon or coun terfeit drugs: 

, a global mechanism ~ar to the one used to control narc:ollc 

drugs shoukl be eteated to control trade in counterfeit drugs. 

Counterfeit drugs not only affoct the sick and Innocent consumers 

but also the general poblic and deserve more atlenllon. " 

Thai J Pharmacol 

What measure should countries 
take to combat the problem ? <4> 

2. National drug regulatory authorities must : (cont.) 

+ inspect the informal market lo prevent any illegal 
trada in drugs; 

• monilor the quality of drugs on the market to delecl 
and prevent any substandard and counterfeit drugs 
from reaching the public; 

+ Work closely with national law enforcemenl agencies 
such as the policy and custom officers 

• inform the public about the problem of counterfeit 
drugs and educate and advise them to buy medicines 
from legitimate sources rather than from peddlers and 
hawkers or from market places and streets; 

What measure should countries 
take to combat the problem ? (6J 

3. Consumers should : 

• buy drugs only from licensed pharmacies and drug 
oullets; 

• be suspicious of heavily discounted drugs; 
• do not buy from peddlers or markel places; 
+ insist to gel receipts when buying drugs; 
• check packaging carefully if II is properly sealed; 
• check if the packaging indicates lhe balch number, 

manufacluring date, expiry date, and lhe 
manufaclure(s name 

• report to your health worker or doctors any lack of 
improvement after laking a drug. 

.. 

.. 
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01 ALTERATION OF CYP2El ACTIVITY IN ~-THALASSEMIA /Hb 
E PATIENTS 

Senggunprai L 1, Somparn N1, Kukongviriyapan V1
, Tassaneeyakul W1

, 

Kukongviriyapan U 2 

1 Department of Pharmacology and 2 Department of Physiology, Faculty of Medicine, 
Khon Kaen University, Thailand, 40002. 

An increased susceptibility to oxidative damage is well recognized in thalassemia and 
consequently ensues liver and heart complications. This may affect activity of the cytochrome 
P450. In 13-thalassemia/HbE (p-Thal/HbE) patients, spleen enlargement is very common and 
affects various systems while splenectomy is an established therapeutic intervention in these 
patients. This study was to assess the activity of CYP 2E I in 13-Thal/HbE patients using the 
metabolic ratio of chlorzoxazone(CZX) as indices of the activity in vivo. Blood samples before 
and 2 hr after CZX administrated were collected from children with 13- Thal/HbE with (n=l 7) or 
without splenectomy (n= 18) and healthy controls (n= 42). CZX and 6-hydroxychlorzoxazone 
(OH-CZX) were analyzed by HPLC method. Oxidative status was quantified by measurement 
of plasma protein oxidation (protein carbonyl), plasma malondialdehyde (MDA), and urinary 
hydroperoxides. The results showed higher plasma OH-CZX I CZX ratios in 13- Thal/HbE 
subjects without splenectomy) when compared with control and 13-Thal/HbE with splenectomy 
group (mean±SE: 0.51±0.05, 0.40±0.03, and 0.33±0.04, respectively, p<0.05). Whole blood 
total and reduced glutathione were decreased in 13-Thal/HbE group when compared with 
controls (p<0.05). Increase of oxidative parameters including protein carbonyl, MDA and 
hydroperoxides was found in 13- Thal/HbE subjects when compared with controls (p<0.05). 
There was no difference in oxidative stress and antioxidant status between 13-Thal/HbE patients 
with intact spleen and that with splenectomy. However, 13- Thal/HbE with splenectomy 
exhibited higher iron overload than patients without splenectomy. Serum iron showed 
significant positive correlation with protein carbonyl (r=0.49, p< 0.00 I). The antioxidant marker, 
reduced glutathione showed a strong negative correlation with serum iron (r = -0.65, p< 0.00 I). 
The study shows that drug metabolizing enzyme CYP2E I is increase in 13-Thal/HbE. 

Key words: Thalassemia, CYP2E I, splenectomy, oxidative stress 

This work was supported by Khon Kaen University and National Research Council of 
Thailand. Graduate School suppo11ed partly the thesis work. 
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02 THE EFFECTS OF V ALERYLSALICYLIC ACID (VSA), NS-398 
AND ~SPIRIN ON ENDOTHELIAL CELL PROLIFERATIONS 
ACTIVATED BY HUMAN CHOLANGIO-CARCINOMA CELLS 
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1 Department of Pharmacology, Faculty of Medicine Siriraj Hospital, Mahidol University, 
Bangkok 10700, Thailand 
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University, Bangkok 10700, Thailand 

Cholangiocarcinoma is a highly malignant epithelial neoplasm arising within the 
biliary tract and its incidence and mortality is rising. Significant progress has been made over 
the past several years in defining the link between cyclooxygenase (COX) pathway and 
cholangiocarcinogenesis. Here, we investigated the effects of various COX inhibitors on 
endothelial cell proliferations activated with conditioned medium (CM) from Human 
Cholangiocarcinoma cell cultures (HuCCA) using valerylsalicylic acid (VSA), NS-398 and 
aspirin. Human Umbilical Vein Endothelial Cells (HUVEC) and HuCCA were primarily 
cultured by using standard techniques. HuCCA were incubated for 24h with DMEM (free 
serum). Then the third passage medium of HUVEC was replaced with CM from HuCCA for 
24h. After which the cells were collected to measured cell proliferations using MTT and 

' crystal violet assay. We found that CM from 24h incubation of HuCCA could significantly 
induce cell proliferations of HUVEC. Interestingly, aspirin and NS-398 could inhibit cell 
proliferations in HUVEC treated with CM from HuCCA in a dose dependent manner. In 
contrast, VSA could not inhibit cell proliferations in HUVEC treated with CM from HuCCA. 
Thus, NS-398 and aspirin, but not VSA, can inhibit endothelial cell proliferations activated 
by CM from HuCCA suggesting the roles of COX-2 and potential use of NSAIDs in initial 
step of cancer metastasis through angiogenesis pathways. 

Key words: VSA, NS-398, aspirin, Human cholangiocarcinoma, angiogenesis 
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Arylamine N-acetyltransferase l (NATI) and NAD(P)H:quinone oxidoreductase 
(NQOl) are phase II xenobiotic metabolizing enzymes which catalyze the biotransformation 
of drugs and environmental carcinogens, including nitroaromatic compounds, heterocyclic 
amines, quinone compounds and cigarette smoke. Inflammatory conditions can produce 
reactive nitrogen species and that may alter the activity of phase II enzyme. The aim of this 
work was to study the effects of inflammatory cytokines and nitric oxide (NO) on the activity 
of NATI and NQO 1 in cholangiocarcinoma cells (KKU-100). KKU-100 cells were treated 
with inflammatory cytokine combination (interleukin l J3, interferone y and tumor necrotic 
factor a) for 48 h. The NATI activity was analyzed by HPLC technique using para­
aminobenzoic acid as a substrate. The NQOI activity was analyzed in 96-well plate using 
NADPH-generating system, menadione and MTT and was monitored by spectrophotometry. 
It was shown that inflammatory cytokines suppressed NATI and NQO l activity in KKU-100 
cells by 42 and 45%, respectively and NO production in the treatment group was higher than 
the control group by 36 fold . In the presence of NO-donor, NAT I and NQO I activities were 
suppressed to the similar degree as found in the inflammatory cytokine treatment. The 
suppression of NAT l and NQO l activities by inflammatory cytokines or NO-donor may 
involve with NO production. 

Key words: inflammation, NATI, NQOl, cholangiocarcinoma cells 

This work was supported by Khon Kaen University, Liver Fluke and Cholangiocarcinoma 
Research Center (LFCRC), Khon Kaen University and Graduate School Khon Kaen 
University. 
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At the present time, much attention is being paid to antioxidant substances because many 
pathological conditions are associated with oxidative stress. Limrophila aromatica (LA) is one 
of the Thai local vegetables, which possesses strong antioxidant property in in vitro studies. 
The aim of this study was to determine whether water extract of LA could protect against 
oxidative damage in the rat model of phenylhydrazine (PHZ)-induced oxidative stress. Male 
Sprague-Dawley rats (n=6-10/group) were orally administered with LA extract (lg/kg/day), 
quercetin (50 mg/kg/day) _as positive controls or deionized distilled water as controls for 6 
days. On the forth day of treatments, all of studied animals were induced oxidative stress by a 
single injection of PHZ ( 125 mg/kg i.p.). The antioxidant activity of LA was evaluated with the 
ratio of reduced glutathione/oxidized glutathione (GSH/GSSG) and the level of 
malondialdehyde (MDA) in plasma. The plasma concentrations of nitric oxide metabolites 
(NOx), and S-nitrosoglutathione were also compared. In LA treated rats, the ratios of 
GSH/GSSG were significantly higher than anemia control rats whereas the levels of plasma 
MDA, NOx and GSNO were lower than those of anemia control group (p<0.05). In 
conclusion, our results suggested that LA extract have antioxidant activities and can reduce the 
oxidative damage that results from PHZ. Thus, this plant is valuable to be developed for using 
therapeutically in the future. 

Key words: Limrophila aromatica, oxidative stress, antioxidant 
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P2 THE EFFECT OF MULBERRY LEAVE (MORUS ALBA L., 
BURIRAM 60 STRAIN) IN CHRONIC TYPE 1 DIABETIC RATS 
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Introduction: Diabetes is a major source of morbidity, mortality and economic loss to a 
society. Ethnobotanical knowledge played a particularly important role in historical 
diabetes therapies. Marus alba Linn., is commonly known as mulberry (Thai name: Mon). 
Buriram 60 strain of Marus alba L., is cultivated in the no11h and northeast regions of 
Thailand as food for silkworms, and also its dried leaves are prepared as tea for health 
benefit. Some reports showed that the extracts of mulberry leaves had hypoglycemic 
activity in streptozotocin induced-diabetic rats. However, the convincing report of the long 
term hypoglycemic effect in chronic type l diabetic animals is limited. 
Objective: To assess the antihyperglycemic effect of the mulberry leaves (Buriram 60 
strain) in chronic type I -diabetic rats. 
Materials and Methods: Leaves of Marus alba L., Buriram 60 strain was collected from 
demonstration plot of the Department of Entomology, Faculty of Agriculture, Khon Kaen 
University. Male Spraque-Dawley rats (250-300 g) were rendered type 1 diabetic by a 
single i.p. injection of streptozotocin 45 mg/kgBW. In the investigation of acute 
hypoglycemic effect: rats were divided into 6 groups receiving orally the mulberry­
ethanolic extract (EM) at doses of 0.25, 0.50, 0.75 and 1.00 g/kgBW/day or water or insulin 
(4 U/kgBW/day) injection for a week. In the investigation of hypoglycemic effect of long 
term EM administration: rats were divided into 4 groups receiving orally EM at doses of 
0.50 and 1.00 g/kgBW/day or water or insulin (4 U/kgBW/day) injection for 6 weeks. 
Blood glucose levels were determine before and after l, 2, 4 and 6 weeks of treatment by 
glucometer. 
Results and Discussion: The oral administration of EM at doses of 0.50, 0.75 and 1.00 
g/kgBW for a week, decreased the blood glucose levels of type 1 diabetic rats significantly 
(p<0.05) by 21.46 ± 4.87%, 25.07 ± 9.97% and 33.68 ± 5.44% respectively. The long term 
administration of EM at dose of 1.00 g/kgBW, significantly reduced blood glucose of 
chronic type I diabetic rats by 18.83 ± 7 .26% and 22.87 ± 10.41 % after 4 and 6 weeks 
respectively. The subcutaneously injection of insulin administration decreased blood 
glucose levels by 34.47 ± 4.19%, 16.83 ± 4.40%, 32.36 ± 12.73% and 23.86 ± 6.75% on the 
1st, 2nd, 4th and 6th weeks respectively. In the diabetic control group, the blood glucose 
was slightly increased throughout the treatment period. 
Conclusion: It was concluded that the ethanolic extract of mulberry leaves possesses 
antidiabetic effect in acute and chronic type I diabetic rats. However, the hypoglycemic 
activity of long term treatment of EM was slightly lower than that of short term 
administration. 

Key words: Diabetes mellitus, Morus alba L., Insulin 
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P3 EFFECTS OF RIFAMPICIN AND KETOCONAZOLE ON 
THE PHARMACOKINETICS OF A SINGLE ORAL DOSE 
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Diethylcarbamazine (DEC), is the first-line drug for control and treatment of 
lymphatic filariasis caused by Wuchereria Bancrofti and Brugia malayi. DEC is 
rapidly and extensively metabolized in liver whereas rifampicin and ketoconazole are 
potent inducer and inhibitor of hepatic cytochrome P450 enzymes (CYPs), 
respectively resulting in numerous clinically significant drug interactions. The aim of 
this study was to examine the effects of co-administration of rifampicin or 
ketoconazole on the pharmacokinetics of DEC in 12 healthy Thai male volunteers. In 
an open-labeled, randomized 3-phase crossover design, the volunteers received a 
single oral dose of 6 mg/kg DEC alone (phase 1). In phase 2 and 3, the subjects 
received a single oral dose of 6 mg/kg DEC after pretreatment with 600 mg rifampicin 
or 400 mg ketoconazole orally for 5 days, respectively. The plasma DEC 
concentrations during 48 hours were measured using High Performance Liquid 
Chromatography (HPLC). Statistical analysis using ANOV A indicated that neither 
rifampicin nor ketoconazole significantly altered the mean Cmax, AUC0.4s, AUC0-«>, 

t112,).z, tmax , A.z. CVF, V JF and MRT (P > 0.05 for all comparisons versus control). 
There were no significant difference of the mean urine pH values among phases 1, 2 
and 3 (P > 0.05 for all comparisons versus control). The results could imply that 
pretreatment with rifampicin or ketoconazole did not affect all the pharmacokinetic 
parameters and DEC was not likely metabolized via the cytochrome P450 enzymes. 

Key words: Diethylcarbamazine, Rifampicin, Ketoconazole, Pharmacokinetics, Dntg 
interaction 
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Deferiprone (l,2-dimethyl-3-hydroxypyrid-4-one or LI) is an oral iron chelator that 
has a potential use in patients with P-thalassemia and other iron overload diseases. It has 
been reported that deferiprone 75 to 100 mg/kg/day can induce negative iron balance and 
decrease tissue iron in these patients. However, the optimum dosage, long term efficacy and 
mechanism of toxicity remain unclear. Adverse effects of deferiprone such as m1hropathy 
may be result from iron-induced Fenton reaction, if the ratio of drug and iron is less than 
3:1. Therefore, in this study, the relationship between plasma profile and urinary excretion 
of deferiprone and non transferrin bound iron (NTBI) were investigated. Seven healthy 
volunteers and three P-thalassemia/Hb E patients were given a single dose of deferiprone 
25 mg/kg and then blood sample were collected at ten intervals over a period of six hours. 
Urine samples were collected at five intervals over a period of twenty-four hours. The 
concentration ratio of deferiprone and NTBI was calculated to evaluate the potential of 
deferiprone toxicity. Our results demonstrated that deferiprone rapidly bound with iron. 
Plasma NTBI was increased simultaneously with plasma deferiprone and time to peak 
(Tmax) of NTBI and deferiprone were 45 min. Complexes of iron and deferiprone were 
excreted within 4 hours after deferiprone administration. The concentration ratio of 
deferiprone to iron was more than 3: 1 in healthy volunteers but vary in the patients. The 
results suggest that deferiprone should be safe to use in the patients; however, iron overload 
status should be concern. 

Keyword: deferiprone, iron overload, non-transferrin bound iron, thalassemia 
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Risperidone (Risperdal®) is a psychotropic agent belonging to the chemical class of 
benzisoxazole derivatives. Its indication is mainly used to treat Schizophrenia. Risperidone is 
extensively metabolized in the liver by cytochrome P450 2D6 (CYP 2D6) enzymes are involved in 
the hydroxylation of risperidone. Rifampin, an antituberculosis drug which is a potent inducer of 
CYP 3A4. It has been known to markedly decrease plasma concentrations of various drugs which 
are concomitantly administered during treatment. Therefore, rifampin may alter the 
pharmacokinetics of risperidone when these two drugs are coadministered. The objective of this 
study is to examine the effect of rifampin on the pharmacokinetics of single oral dose of 
risperidone in healthy volunteers. 

In the present study, the pharmacokinetic parameters of risperidone were determined in 10 
healthy male volunteers. An open, randomised two-phases crossover design was used in this study. 
In phase 1, each subject ingested a single dose of 4 mg risperidone alone and in phase 2, each 
subject ingested the same dose of risperidone after pretreatment with 600mg of given orally 
rifampin once daily for 5 days. Plasma concentrations of risperidone at the specific times (0, 10, 
20, 30, 45 min, 1, 1.5, 2, 4, 6, 8, 12;24, and 48 hr.) were determined by the HPLC method for 
pharmacokinetic analysis. The results in the single dose study showed that plasma concentrations 
of risperidone after pretreatment with rifampin in the ten subjects with measurable concentrations, 
rifampin increased the Clearance (Cl) of risperidone by 81 % (0.05 ± 0.05 VS 0.27 ± 0.60 I/kg/hr ; 
P < 0.05) and the Cmax and AUC0.4ssignificantly decreased by 50% (32.44 ± 19 .16 VS 16.16 ± 
8.64 ng/ml ; P < 0.05) and 72% (157.49 ± 154.33 VS 42.66 ± 24.72 ng/l/hr ; P < 0.01), 
respectively, when compared with the administration of risperidone alone group. The alteration in 
the risperidone pharmacokinetic parameters may be due to induction of CYP 450, mainly CYP 
2D6 isozyme by rifampin. Therefore, clinicians should consider increasing the dose of risperidone 
in the patient who is taking rifampin especially if the patient does not respond to an initial 
treatment with risperidone or if it is possible, rifampin should not be coadministered with 
risperidone in order to maximise the therapeutic efficacy of risperidone. 

Keywords: risperidone, rifampin, pharmacokinetic 
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Curcuma aeruginosa Roxb. (Zingiberaceae) or Wan Maha Mek has been used 
in folk medicine as gastrointestinal remedy and a spice. It is also used for postpartum 
care. Therefore, the objective of this study is to determine the effect of the plant dried 
rhizome methanolic extract on the contractility of uterus using isolated uterus from 
estrogen primed rats. Female Wistar rats (200-250 g) were pretreated with 
diethylstilbestrol (0.1 mg/kg, i.p.) 24 hours before the experiments. Animals were 
then sacrificed by cervical dislocation and the uterine horns were isolated. Strips ( 15 
mm long) were dissected from both ovarian and cervical segments of each uterine 
horn, thus four strips were obtained from each rat. Each strip was suspended in 
Locke-Ringer filled organ bath. The contractile responses of the strips were recorded 
isometrically with a FT03 force transducer connected to a Grass Polygraph. Effects 
of the plant extract (10-400 µg/ml) were examined on the nonstimulated uterus 
together with its influence on the agonists and KCl-induced contractions. The effect 
on agonists and KCl-induced contraction: oxytocin (I mU/ml), acetylcholine (30 µM) 
and depolarizing agent: KCI (40 mM) were compared with the L-type calcium 
channel blocker; verapamil (0.49-49.1 ng/ml). The extract had no significant effect on 
nonstimulated uterus. In contrast, in agonists and KCl-induced contraction, both 
extract and VER caused concentration-dependent and completely inhibition against 
both agonists and KCI with the following IC5o values. 

IC50 (µ!!/ml) of the extract and verapamil (VER) on the uterine contractions 
Amplitude Frequency 

Stimulant Ovarian segment Cervical segment Ovarian se ~ment Cervical segment 
Extract VER Extract VER Extract VER Extract VER 

Oxytocin 89.5 0.02 99.5 0.04 68.6 0.06 62.4 0.07 
A Ch 198.1 - 219.8 - 184.5 - 187.8 -
KCI 73 .5 0.04 53.5 0.02 - - -

There were no significant differences on the potencies of either extract or VER on the 
agonists or KCI -induced uterine contractions of both segments. It has been known 
that the contractions of uterine smooth muscle by both agonists and KCI are mainly 
due to influx of extracellular calcium through L-type calcium channels. The channels 
were opened by plasma membrane depolarization indirectly or directly by agonist­
receptor activation and K+, respectively. In addition, the uterine contractions were 
completely abolished by verapamil. Thus, the present results suggested that the 
uterine relaxant effect of the extract might occur through the interruption of calcium 
influx via voltage-gated channels. 
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It has been demonstrated elsewhere that cocaine applied either acutely or 
chronically in in vitro or in vivo can induce supersensitivity of adrenoceptors to 
catecholamines. This study aimed to investigate the degree of supersensitivity of P1-
and p2 - adrenoceptors, using the responsiveness of isolated atria and trachea of 
chronic cocaine-treated guinea-pig to epinephrine (EPI) and salbutamol (SAL) as the 
models. The responsiveness was also correlated with cocaine levels of heart tissues 
and plasma. Guinea-pigs were treated with cocaine HCI 1.25 mg/kg, or 0.9% NaCl 
I ml/kg, i.p., twice daily for 14 days. After 24 hours cocaine cessation, blood sample, 
heart and trachea were obtained from the animals. Cocaine concentration in plasma 
and both tissues were determined by HPLC. The responses of isolated atria were 
recorded as increase in rate and force and the relaxation of carbachol-induced 
contraction of trachea to EPI and SAL. The results demonstrated that cocaine levels 
in plasma and tracheal smooth muscle were 5.08 ± 0.63 ng/ml and 7.01 ± 0.79 ng/ml, 
respectively whereas it could not be detectable in atrial and ventricular tissues. The 
concentration-response lines of isolated atria and trachea to both drugs were leftwards 
shift by 7-12 folds of those obtained from saline-treated groups. As previously 
reported by other investigators, the levels of cocaine obtained in this present study 
were unable to cause presynaptic reuptake blockade. In addition, salbutamol is not 
taken up by adrenergic neurones. Therefore, it is likely that the supersensitivity of 
cardiac P1- and tracheal P2 - adrenoceptors demonstrated in this study should be due 
to postsynaptic mechanism and P2 - adrenoceptors were more sensitive than P1 -
adrenoceptors. 
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Curcumin, the main constituent of the rhizomes of the plant Curcuma /onga, is a 
common ingredient used in spices, cosmetics, and oriental traditional medicine. It has been 
reported that curcumin has many pharmacological activities, such as antioxidant, antibiotic and 
antitumor. Another growing area which extends the use of curcumin in medicinal application is 
the metal chelation aspect. In its molecular structure, curcumin has the 13-diketone functional 
group in the middle of its moderately long molecule. The 13-diketone function has great 
potential to form chelate complexes with metal ions. The resulting complex may alter the 
activity of either curcumin or metal ion which may be of use in medicine. Few reports have 
appeared involving studying complex formation of curcumin with Fe(II), Fe(III), Cu(II), and 
Ga(III). Complex of curcumin and gold (Au) has been tested for antiarthritic treatment. Ou{ 
research group is also interested in this area since curcumin is locally available and has been 
one of the common ingredient in Thai herbal medicine for long time. We plan to study 
complex formation of curcumin, using spectrophotometric method, with as many metal ions as 
possible especially those showing toxicity in vivo. Our preliminary studies with Hg(Il), Cu(II), 
and Ni(II) showed the following ratio of curcumin to metal ion in forming complexes as: 
Hg:curcumin = I: I, Cu:curcumin = I :2, Ni:curcumin = 1 :2. However, this work is only at its 
beginning, there are still many more work left to be done, especially, the complex formation 
constant, K, for each complex. The K values will show how stable curcumin bind with the 
metal ions and may be used as indicator to understand the mechanism or the role of curcumin 
or the metal ions in pharmacological point of view. 

Key words : curcumin, metal, complex 
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Pueraria mirifica (P. mirifica) Airy Shaw (Legumunosae), a phytoestrogen - rich 

plant with a local name of white Kwao Krua, has long been used in Thailand as a 
rejuvenating folk medicine. It has also been used for the hormonal replacement purpose 
in menopausal women. It is believed that the content of phytoestrogen in the plants are 

of therapeutic benefit. Some active ingredients of P. mirifica such as miroestrol exhibit 
estrogenic like activity. Estrogen plays a protective role on cardiovascular system and 

has been known to exert anti-inflammatory effects both in vivo and in vitro by inhibiting 
the expression and production of various pro-inflammatory mediators. In this study, 
methanol and ethylacetate extracts of Pueraria mirifica were investigated for their anti­

inflammatory activities based on neutrophil functions, including chemotaxis, superoxide 
anion generation (SAG), myeloperoxidase (MPO) production, and elastase release and on 

T-lymphocyte proliferation. Both crude extracts were primarily investigated for their 
cytotoxic effects on both neutrophils and T-lymphocytes using MIT assay. Viability of 

both neutrophil and T-lymphocytes was not affected by these compounds (1-100 µg/ml) 

(ICso> 1000 µg/ml and> 200 µg/ml, respectively). After incubation of human neutrophils 
with various concentrations of both methanol and ethylacetate extracts of Pueraria 

mirifica, neutrophil chemotaxis, SAG, MPO production, and elastase release induced by 

fMLP were strongly inhibited in a concentration-dependent manner. Both crude extracts 
also inhibited PHA-induced-T-lymphocyte proliferation as quantified by [H3

] thymidine 

incorporation. 
These results suggested that Pueraria mirifica might exhibit anti-inflammatory 

activity. Further studies are required to test for its effects on other inflammatory cell 
functions. If it could do so, then P. mirifica might be beneficial for inflammation-related 

diseases. 

Key words: Pueraria mirifica, anti-inflammation, neutrophil functions, chemotaxis, 
superoxide anion generation, MPO production, elastase release cytotoxicity 
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p-Methoxycinnamic acid (p-MCA) is a cinnamic acid derivative that shows various 
pharmacologic actions such as neuroprotective and hepatoprotective activities. To examine the 
insulinotropic activity of p-MCA, it was studied in the perfused rat pancreas and a pancreatic 
,B-cell line, INS- I. p-MCA increased insulin secretion from the perfused rat pancreas and INS­
! cells in a concentration-dependent manner. In addition, p-MCA increased intracellular Ca2+ 
concentration ([Ca2+]i) in INS-I cells. The p -MCA-induced insulin secretion and rise in [Ca2+]i 
were markedly inhibited in the absence of extracellular Ca2+ or in the presence of an L-type 
Ca2+ channel blocker nimodipine. These results suggested that p -MCA increased Ca2+ influx 
via the L-type Ca2+ channels. Diazoxide, an ATP-sensitive K+ channel opener, did not alterµ­
MCA-induced insulin secretion, nor [Ca2+]i response. In addition, p -MCA enhanced glucose­
and glyburide-induced insulin secretion and it also potentiated KCI- and an L-type Ca2+ 
channel insulin secretion and a rise of [Ca2+]i. Fmthermore, p -MCA increased cyclic AMP 
content of INS-I cells and enhanced the increase of cyclic AMP content induced by an 
adenylyl cyclase activator forskolin; however, p-MCA failed to enhance the effect of a 
phosphodiesterase inhibitor 3-isobutyl-1-methylxanthine. Taken together, our results suggested 
that p-MCA stimulated insulin secretion from pancreatic ,a.cells by increasing Ca2+ influx via 
the L-type Ca2+ channels, but not through the closure of ATP-sensitive K+ channels. In 
addition, p -MCA may increase cyclic AMP content by inhibiting phosphodiesterase. 

Key words: p-Methoxycinnamic acid; Diabetes; insulin secretion; rat pancreas, 
INS-I cells, Ca2+ influx 
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Stvudine (d4T) is a thymidine nucleoside analogue has been used for treatment of human 
immunodeficency virus (HIV) infection. The bioequivalent data of this product with the 
innovator's product is required in order to assure their quality and performance. 
The comparative bioavailability was carried out on stavudine capsules ( 40 mg) from two 
different sources; Stavir® (Government Pharmaceutical Organization (GPO), Thailand) as the 
test formulation and Zerit® (Bristol-Myers Squibb company, USA), as the reference 
formulation. The two products were orally adtajnistered as a single dose of one 40 mg capsule 
of stavudine according to a randomized two-way crossover design to 26 healthy fasted Thai 
male volunteers. The washout period between treatment was I week. After drug 
administration, serial blood samples were collected at a specific time interval from 0-10 hours. 
The plasma stavudine concentration were determined via HPLC technique. Individual plasma 
stavudine concentration-time profile was analyzed for relevant pharmacokinetic parameters; 
the comparative bioavailability of the two products was determined by the analysis of variance 
(ANOV A) for two way crossover design, using logarithmic transformed data. 

The results founds that the mean peak (X±SD) plasma concentration (Cmax) of Stavir® and 
Zerit® were 2.91 ±0.11 and 2.93±0.11 ng/mL, respectively. The 90% confidence interval for the 
difference of Cmax mean was 86.49 - I 05.44 %. The time to peak plasma concentration (Tmax) 
of Stavir® and Zerit® were 0.8±0.38 and 0.7±0.33 hours, respectively. The difference time of 
peak plasma stavudine concentration was 14.28%. The mean area under the curve (AUC) of 
Stavir® and Zerit® were 3.32±0.08 and 3.33±0.07 ng.hr/mL, respectively. The 90% confidence 
interval for the difference of AUC mean was 92.15 - I 03.63 %. 

The present study revealed that the 90% confidence interval for the difference of Cmax and 
AUC means were in the criteria of acceptance, which should be within 80-125%. Thus, this 
study demonstrated the bioequivalence of the test drug (Stavir®) and the reference drug 
(Zerit®). 

Key words : Bioequivalece, stavudine 
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The ratio of paraxanthine/caffeine is generally used to be an index of CYPIA2 
activity. The assay of serum paraxanthine/caffeine ratio was modified from the 
method of Koch J.P. et al. The validation of a reverse phase high performance liquid 
chromatography (HPLC) method with UV detection for both paraxanthine and 
caffeine in serum was described. The optimum time of blood sampling after caffeine 
intake was detected in a pilot study. Each subject took a 180 mg single oral dose of 
caffeine solution. Blood samples were collected before and 1,2,3,4,5,6 and 8 hours 
after caffeine intake and analyzed further by HPLC. The assay validation was shown 
as these parameters. The lower limit of detection of the assay was 0.125 µg/ml and 
0.25 ~tg/ml, for paraxanthine and caffeine, respectively. Accuracy expressed as % 
recovery, those range were 97.73-105.49 % and 95.84-100.63 %, for paraxanthine and 
caffeine, respectively. The precision expressed as relative standard deviation, the 
results were 2.88% and 5.25% for intraday and interday assay of paraxanthine, and 
3.07 % and 5.78 % for intraday and interday assay of caffeine. Linearity of calibration 
curve of both were covered 0-8 µg/ml (R2 

= 0.9999). Serum samples were stable 
when stored at-70°C for 24 weeks. The best sampling time of serum paraxanthine/ 
caffeine ratio was 5 hours after caffeine intake. This method is simplified and reliable 
for serum paraxanthine/caffeine ratio determination as an index of CYP I A2 activity. 

Keywords : paraxanthine/caffeine ratio, CYP I A2,HPLC 
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Red Kwow Krua (Butea superba) has been used among Thai males for enhancing 
sexual function. Our previous studies showed the inhibitory effect of ethanol extract of Butea 
superba (BSE) on norepinephrine-induced contraction of rats'isolated cavernosum. The smooth 
muscle relaxing effect of BSE on isolated cavernosum might increase blood flow to the penis. 
The objective of this study was to elucidate the effect of BSE on the penile blood flow in dogs. 
Male mongrel dogs weighed 10-15 Kg obtained from Bangkok Metropolitan were kept at Queen 
Saowabha Memorial Institute and vaccinated with rabies vaccine, then leaved for at least 10 days 
before used. Dogs were daily fed with rice and meat with sufficient amount of water as required. 
Dogs were anesthetized with 30 mg pentobarbital sodium/Kg body weight. Penile arterial blood 
flow was evaluated by using Tc-99m RBC. In brief, dog was injected intravenously with the 
mixture of Sn and n01mal saline solution, 20 min later, 10 mCi of Tc-99m pertechnetate was 
injected intravenously. Left for 15 min, 5 ml of blood was drawn from the dog for comparing of 
blood volume and amount of gamma ray with the amount measured from penis. A heparinized­
rinsed butterfly was punctured into the mid penis for intracorporeal drug administration. Image 
acquisition of the penis was continuously taken at 15 sec/frame for 90 min. Papaverine, a 
positive control, was intracorporeally injected to the dog after starting acquisition for 5 min. The 
BSE was given via the nasogastric (NG) tube. Each experiment was performed in 2-3 separated 
dogs. Time-activity curve was made from the region of interest (ROI) around the penis. The 
results indicated that 15 mg of papaverine increased the arterial inflow of blood to the penis. 
BSE at a dose of 300 mg/Kg dissolved in polyethyleneglycol (PEG) showed a decreased 
perfusion in one dog and no response in one dog. PEG was not a proper solvent since the 
solution was immissible with water. BSE at a dose of 120 mg/Kg dispersed in 1 % 
methylcellulose (MC) gel showed an increase of ai1erial inflow of blood to the penis in one dog. 
The onset of action was 8 min. the increase was sustained for 35 min, then decreased to the 
baseline. However another dog showed little response. The increase of arterial inflow caused the 
erectile of penis. MC was a proper solvent since BSE was uniformly dispersed in aqeous MC 
and easily administerd through the NG tube. 

· In conclusion, the effect of BSE on increasing of arterial blood flow to dog's penis has to be 
further studied in order to confirm whether this effect is reproducible in a number of dogs. 

Key words: Butea superba, penile blood flow, cavemosum 
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Red Kwow Krua (Butea superba) has been used among Thai males for enhancing sexual 
function. Our previous studies showed the inhibitory effect of ethanol extract of Butea superba 
(BSE) on norepinephrine-induced contraction of rats'isolated cavernosum. The smooth muscle 
relaxing effect of BSE might be responsible for by the phosphodiesterase inhibition. 
The objective of this study was to elucidate the effect of BSE on phosphodiesterase (PDE) 
activity of King Kobra (OPHIOPHAGUS HANNAH) venom (KKV). The assay method of PDE 
was modified from the method of Lo et al. In brief, 2.5 mM of enzyme substrate, sodium di-p­
nitrophenylphosphate, was mixed with 0.01 M MgS04 and 0.17 M Verona! buffer (pH 9.0), 
incubated at 37°C for 20 min. Add KKV or BSE or KKV combined with BSE into the mixture, 
incubated at 37°C for 30 min. Add 0.4 N NaOH, left at room temperature for 20 min, then 
centrifuged at 10,000 rpm for 5 min. PDE would remove 5'-mononucleotide units from the 
polynucleotide chain in stepwise fashion from the end that beared a free 3'-hydroxyl-group and 
liberlated p-Iiitrophenylphosphate (p-nitrophenylate in alkaline condition) with yellow color The 
supernatant was measured for light absorbance at 440 nm, PDE activity was then calculated (l 
unit of PDE activity = change of ODx 1000). Each test was duplicated in tripicated experiments. 
The results showed that BSE had very low PDE activity, whereas KKV had ve1y high PDE 
activity (6.8% and 100%, respectively). The results showed that PDE activity of KKV increased 
directly related to KKV concentration from 0.15 to 2.5 mg/ml. BSE at a concentration of 
lmg/ml combined with lmg/ml of KKV decreased PDE activity in time dependently manner 
(17.5% at o min to 35.7% at 120 min). BSE at a concentration of 10 mg/ml on KKV showed the 
increasing of PDE inhibitory effect from 62.4% at time 0 min to 69.9% at time 120 min. 
It was concluded that BSE possessed the inhibitory effect on PDE activity of KKV. Whether the 
BSE acted specifically on PDE5 similar to the action of sildenafil (Viagra) has to be further 
studied. 

Key words: Butea superba, phosphodiesterase activity, King Kobra Venom 
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The effects of turmeric extract cCurcuma longa> on learning and memory impairment 
induced by transient cerebral ischemia cbilateral occlusion of common carotid arteries, 2V0> 
was investigated in mice. The 2VO caused an impairment of learning and memory seen as an 
increase in the latency to find the platform in Morris Water Maze (MWM) test as well as a 
reduction of step-down latency and an increment of number of errors in step-down test. 
Administration of turmeric extract cp.o.> at doses of I 00, 300 and 1000 mg/kg/day significantly 
reduced the latency to find the platform of 2VO mice in MWM test. Furthermore, in passive 
avoidance task, turmeric extract at doses of 300 and I 000 mg/kg/clay were found to increase 
the step-down latency and decrease the number of error of 2VO mice. The brain lipid 
peroxidation, measured by TBARS assay, in 2VO mice was significantly increased when 
compared to sham-operated mice. This increase was markedly attenuated by an administration 
of turmeric extract cp.o.) at doses of 100, 300 and I 000 mg/kg/day. The present study 
demonstrated beneficial effects of an orally administered turmeric extract on 2VO-induced 
learning and memory deficit in mice. It is likely that the observed positive effects may involve 
the antioxidant property of turmeric extract. 

Key words: turmeric extract, memory deficit, Morris Water Maze test, step-down test, 
lipid peroxidation 
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Northeast region of Thailand is one of rich source of vegetables, the favorite Thai food 
in daily diet. There are very few pharmacological studies in folk vegetables. This study 
described screening tests for the analgesic and anti-inflammatory activities of 10 local 
vegetables inhabited in the Northeast of Thailand. The water extract of vegetables at I g/kg 
administered orally in Swiss albino male mice was used to test for analgesic activity in the 
acetic acid-induced writhing test model. The extracts from Coccinia grandis (L.) Voigt., 
Tiliacora triandra Diels., Barringtonia acutangula Gaerth., Brassica juncea (Linn.) 
Czern&Coss., Limnophila aromatica (Lomk) Merr., Piper samentosum Roxb. Ex. Hunter and 
Anetl111m graveolens Linn. elicited significant inhibition of writhing reflex by 35-64% (p<0.05) 
when compared with diclofenac (72% inhibition) The four most potent extracts were further 
tested for anti-inflammatory activity. However, none of them possessed any anti-inflammatory 
effect in carragenan-induced rat paw edema assay. Furthermore, the extracts from Coccinia 
grandis (L.) Voigt. and Tiliacora triandra Diels. showed weak analgesic activity in tail flick 
test. It was concluded that these local vegetables show some analgesic property. 

Key words: Anti-inflammatory, Analgesic and Local Vegetables 
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It has been reported that tlavonoids possessed cardiotonic actions. In this study, 
we investigated the effects of two flavonoids, quercetin and naringenin on rate and force of 
contraction of isolated rat atria. The right and left atria were isolated from male Wistar rats 
(250 -300g), attached to force transducer and suspended in a 20 ml- organ bath containing 
Krebs-Henseleit solution at 37°C, gassed with carbogen. The results showed that these two 
tlavonoids elicited different cardiotonic activities. Quercetin (I 00 µM ) increased the 
contraction of the right and left atria by 11 % and 58%, respectively. In addition, it caused an 
increase in the rate of the right atria by 11 %. In contrast, naringenin (I 00 µM ) slightly 
decreased the contraction on the right and left atria by 6% and 10%, respectively. It also 
markedly reduced the rate of right atria by 30%. The positive inotropic effect of quercetin 
was blocked by propano1ol (I OµM )and verapamil (I µM). In addition, quercetin also exerted 
its positive inotropic effect in isolated heart obtained from rats that were pretreated with 
reserpine(5 mg/kg, i.p, for 2 day) . In conclusion, quercetin elicited positive inotropic and 
chronotropic effects whereas naringenin elicited negative inotropic and chronotropic effects 
on the isolated rat atria. The positive inotropic effect of quercetin on the isolated rat atria 
may be due to the activation of beta-adrenoceptor and L-type calcium channel. 

Key words : quercetin, naringenin, inotropic effect, chronotropic effect. 
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Nonalcoholic fatty liver disease (NAFLD) is a worldwide phenomenon spanning all 
the continents. The pathogenesis of NAFLD has not been completely elucidated. One 
hypothesis is that hepatic cytochrome P450 2EI (CYP2EI) plays an important role in 
increasing of lipid peroxidation and oxidative stress in NAFLD. Chlorzoxazone (CHZ) can be 
used as a probe of CYP2EI activity in humans. It is mainly metabolized by CYP2EI to 6-
hydroxychlorzoxazone (6-0H-CHZ) as a major metabolite. The aim of this study was to 
examine hepatic CYP2E 1 activity in NAFLD, as assessed by using the 6-0H-CHZ/CHZ 
concentration ratio. Healthy volunteers (n= 12) received 400 mg dose of CHZ orally and serial 
plasma samples were collected at 0, 0.5, I, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6 and 8 h to measure CHZ 
and 6-0H-CHZ concentrations by using high-performance liquid chromatography. High 
concentration levels of CHZ and 6-0H-CHZ were found between 1.5 to 3 h then NAFLD 
(n=I2) were administered CHZ and plasma samples were collected at 0, 1.5, 2, 2.5 and 3 h. 
The ratio of 6-0H-CHZ/CHZ at 2.5 h was greater in NAFLD compared with healthy 
volunteers (0.40 ± 0.27 vs. 0.25 ± 0.12 µg/ml, respectively, P=O. 098). Although significant 
difference of the ratio of 6-0H-CHZ/CHZ between the two groups was not exhibit, the data 
demonstrate possibility of the increasing of hepatic CYP2El activity in NAFLD. The 6-0H­
CHZ/CHZ concentration ratio at the point 2.5 h may be the best index for measuring hepatic 
CYP2El activity in NAFLD. 

Key words : NAFLD, CYP2E l, CHZ 
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Bradykinin is an endogenous nonapeptide of kinin system. It is produced by the 
activation of plasma kallikrein on high-molecular-weight kininogen and destroyed by kininase 
I and kininase II ( angiotensin converting enzyme, ACE ). Several compounds including thiol 
compounds have been reported their ability in potentiating bradykinin actions. In this study, we 
investigated the potentiating mechanism of glutathione on bradykinin mediated contraction in 
isolated guinea pig ileum. The ileum was isolated from male Dunkin Hartley Guinea pigs 
( 250 - 350g), suspended in a 20 ml- organ bath containing Tyrode's solution and measured the 
contraction isometrically. The results showed that glutathione ( 20.21 µM ) did not cause an 
immediate potentiating response by bradykinin ( 3 nM ). Glutathione with 5 min incubation 
significantly potentiated contractile responses to bradykinin. In addition, pretreatment of the 
ileum with glutathione for 30 min resulted in an increase in potentiation effect by 20% relative 
to th~se of 5 min. In the presence of QSA ( I 0'6M ), the potentiation effect of glutathione 
increase significantly by 15%. The potentiation effect of glutathione was not observed when 
acetycholine( 10-7M ), BaC!i ( I 0-6M ), serotonin ( I o·9M ) were contractants instead of 
bradykinin. Taken together, glutathione potentiated the ileal contraction induced by bradykinin 
in time-dependent manner. It is likely that glutathione exerted its potentiating effects via 
several mechanisms beside the inhibition of bradykinin degradation. 

Key words : bradykinin, glutahione, potentiating effect, angiotensin converting enzyme. 
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Alcohol induced hepatotoxicity is one major cause of health problem throughout Thailand 
and worldwide. Herbs may be useful as an alternative therapy in alcohol induced liver diseases. 
Phyllant11s amar11s had scientific reports of possessing hepatoprotective effect against carbon 
tetrachloride (CCl4), acetaminophen and galactosamine. However, there is a lack of scientific 
report regarding hepatoprotective effect of this plant in ethanol induced liver injury. The 
present study was undertaken to investigate the hepatoprotective effect of aqueous extract from 
Phyllant11s amarus Schum. et. Thonn. (PA) in ethanol induced hepatotoxic rats. In acute 
toxicity study, rats received oral single dose at 25, 50 and 75 mg/kg PA, 24 hours before single 
dose of ethanol (5 g/kg). In sub-acute toxicity study, rats received ethanol 4 g/kg/day orally for 
21 days. PA at the most effective dose from acute study was given orally to rats for 7 days after 
administration of ethanol. Silymarin at 5 mg/kg was used as the reference hepatoprotective 
agent both in acute and sub-acute toxicity studies. Hepatoprotective criteria were 
alanine transaminase (ALT), aspartate . transaminase (AST), reduced glutathione (GSH), 
malondialdehyde (MDA), serum triglyceride (STg) and hepatic triglyceride (HTg). Ethanol at 
5 g/kg significantly increased ALT and AST levels as compared with control rats. Treatment 
with PA at 25, 50 and 75 mg/kg (24 hours before ethanol) significantly reduced ALT and AST 
levels with no effect on GSH, MDA STg and HTg. The best effective dose of PA was 75 
mg/kg which gave result similar to the effect of Silymarin. This dose was chosen for sub-acute 
toxicity study. After 2 1 days of ethanol at 4 g/kg/day, there were the significant increase in the 
level of ALT, AST, MDA and HTg. PA at 75 mg/kg/day for 7 days after ethanol offered 
significant hepatoprotective effect by reducing ALT, AST, MDA and HTg levels back to 
normal and similar to the Silymarin treated rats. Administration of PA at 75 mg/kg/day alone 
for 7 days caused no changes in rats. In conclusion, PA at 75 mg/kg given before or after 
ethanol treatment showed a significant hepatoprotective effect in ethanol treated rats. PA by 
itself caused no toxic effect assessed by any of parameters used. 

Key wol'ds : Phyllant11s amar11s Schum. et. Thorm.; Hepatoprotective effect; Liver injury; 
Ethanol. 
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The use of herbal plants as alternative medicines for prevention or treatment of some 
illness in Thailand has increased in recent years. However, safety issues associated with these 
herbal medicines mostly unknown and remain under-researched. Many patients who use these 
herbal medicines often have chronic diseases and need to take several prescribed drugs 
concomitantly. Interactions between herbal medicines and prescribed drugs are likely and 
resulting in adverse reactions or toxicities. The aim of the present study was to investigate the 
potential of commonly used Thai medicinal herbs for herb-drug interaction. The inhibitory 
effects of these herbs on the activity of drug metabolizing enzyme were determined in vitro 
using microsomal testosterone 6 beta-hydroxylase as a marker of CYP3A activity. The 
aqueous and ethanolic extracts from 18 Thai herbal plants were prepared. Results revealed that 
some herbs particularly the ethanolic extracts were potent inhibitors of CYP3A. The IC50 values 
of ethanolic extracts of Rhinacanthus nasutus (mNl~'Ui'-1), Thunbergia laurifolia ('rn~vi) were 

ranged from 16-27 µg/ml incubation, whereas the JC50 values of Gynura pseudochina ('hu 

mnmw), Kaempferia parviflora (m::'llmh), Mil/ingtonia hortensis (thi) were ranged from 14-78 

itg/ml incubation. Only the aqueous extracts of Phyllanthus amams (my1~n19'iu). Curcuma 

longa ('1rl°"Ui'u) were potent inhibitors of CYP3A with IC50 values of 50-67 µg/ml incubation. 
The CYP3A inhibitory effects of these herbs were less than ketoconazole but were more potent 
than erythromycin and clarithromycin. In conclusion, these results indicate some potential 
herb-drug interaction from Thai herbal plants. Therefore, healthcare practitioners and patients 
should be cautioned when using these medicinal herbs with some prescribed drugs. 

Key words: Herb-Drug interaction, CYP3A, Thai herbal plants, inhibition 
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This study was undertaken to investigate the hepatoprotective effects of Eclipta 
prostrata Linn.(EP) in ethanol induced hepatotoxic rats. In acute toxicity study, rats were given 
an oral single dose of ethanol 5 glkg. The significantly elevated level of hepatotoxic markers 
were found (serum AST, ALT) as compared to control rats. Serum triglyceride(STG), hepatic 
triglyceride(HTG), malondialdehyde(MDA) and reduced glutath ione(GSH) were unchanged. 
The treatment with EP at oral dose of I 0, 20 and 30 mg/kg 4 hours before ethanol, only 30 
mg/kg EP dose gave the hepatoprotective effect. In sub-acute toxicity study, rats were treated 
with ethanol at 4 glkg/day was administered orally for 21 days. Ethanol significantly elevated 
level of serum AST, ALT. Treatment of rats with EP at the most effective dose from acute 
study(30 mg/kg), silymarin and si lymarin plus EP for 7 days lowered the level of AST, ALT. 
Serum triglyceride(STG), hepatic triglyceride(HTG), malondialdehyde(MDA), reduced 
glutathione(GSH) were unchanged. These data confirmed the hepatoprotective effect of EP 
against ethanol induced hepatotoxicity in rats both in acute and sub-acute studies. 
Key words : Eclipta prostrate Linn., Hepatroprotective, Ethanol 
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Many Thai vegetables have been used as medicinal plants in Thai folk 
medicine. Although Thai vegetables are an impo1tant source of essent ial nutrients, 
there are very limited scientific evidences supporting their health benefits beyond the 
nutrient contribution. Therefore, the present study is aimed to invest igate the 
phagocytic activity of Thai local vegetables in mouse peritoneal macrophages 
stimulated with zymosan and antioxidant compounds by determination of the total 
phenols in these vegetable extracts. Five types of Thai local vegetables were selected 
and used in this study, including Meg (Eugenia grata), Gra-don (Barringtonia 
aclllangula}, Ka-Yang (Limnophila aromatica}, Teawdang (Cratoxylum subsp) and 
Kae flower (Sesbania grandiflora) . All vegetables were collected from the 
agricultural farm in Khon Kaen province, and freshly extracted with water. The 
amount of total phenols of vegetable extracts was assessed by using Folin-Ciocalteu 
colorimetric assay. The phagocytic capacity of mouse macrophages was indicated by 
the number of macrophages engulfs zymosan particles. It was found that all of the 
study vegetable extracts significantly suppressed the phagocytotic activity of mouse 
macrophages in a dose-dependent manner with IC50 ranging from 490 to 1900 ug/mL. 
Moreover, the amount of total phenols found in these vegetable extracts was about 13-
32 g of gallic acid equivalent/I 00 g extract. As the phagocytosis of macrophages is 
usually accompanied by an oxidative burst, therefore, the antiphagocytic capability of 
these vegetable extracts might be due to their antioxidant activities. 

Key Words: Thai vegetables, Macrophages, Phagocytosis, Antioxidants. 
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NG 108-15 cells, a hybrid cell line of mouse neuroblastoma (N l 8TG-2) and rat 
glioma (C6BU-l), exhibit primary-cultured non-neuron like cells. The induction of 
differentiation of these cells shows the neuron-like morphology and exhibits mRNA 
expression of AChE and serotonin. Therefore, it is hypothesized that differentiation 
process may alter the expression of some Alzheimer disease (AD)-related genes. 

Objective: This study aimed to investigate the mRNA expression of some AD­
related genes: acetylcholinesterase (AChE), beta-amyloid precursor protein (APP), 
cyclooxygenase-2 (COX-2), alpha7 nicotinic acetylcholine receptor (alpha7 nAChR) and 
gamma-secretase, in neuroblastoma cells. 

Methods: The NG108-15 cells were cultured in Dulbecco's Modified Eagle 
Medium with a high concentration of glucose and supplemented with 0.1 mM 
hypoxanthine, 10.8 mM aminopterine, 0.01 mM thymidine and 6% fetal bovine senun. 
In undifferentiated group, the cells were allowed to grow for 4 days . To induce neuronal 
differentiation, 1 mM dibutyryl cAMP and 100 nM 12-0-tetradecanoyl-phorbol 13-
acetate were added to the culture medium and the cells were cultured for 4 days. Total 
RNA was isolated and used for the production of cDNA by reverse transcription­
polymerase chain reaction (RT-PCR). The PCR products were resolved by 
polyacrylamide gel electrophoresis and stained with ethidium bromide. 

Result and Discussion: Differentiated NG 108-15 cells significantly expressed 
greater amount of AChE mRNA than the undifferentiated group. However, the 
expressions of APP, COX-2, alpha7 nAChR and gamma-secretase mRNAs were not 
different between differentiated and undifferentiated cells. This indicates that the 
expression of some AD related genes is detected in neuroblastoma cell line and the 
expression can be modified by differentiation process. 

Keywords: Alzheimer disease, neuroblastoma, acetylcholinesterase, alpha7 nicotinic 
acetylcholine receptor, gamma secretase, beta-amyloid precursor protein 
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Methanolic extracts from the heart wood, stem bark, and the stem wood of the herb, 
Ventilago harmandiana Pierre, exert strong inhibitory effects on the acute phase of 
inflammation as seen in ethyl phenylpropiolate (EPP)-induced ear edema as well as in 
carragenin-induced paw edema in rats. A quinone, VR9 I 23, and two anthraquinones, VR9 I 77 
and VR9 I 78, from the heart wood of the herb have also exhibited strong anti-inflammatory 
activities in the mouse ear edema model. Activated macrophages participate actively in the 
inflammatory response by producing large amounts of pro-inflammatory cytokines such as 
TNF-o:, chemoattractant cytokines, IL-8 and pro-inflammatory products of arachidonic acid 
metabolites as well as nitric oxide. 

Thus, this study was performed to examine whether anti-inflammatory activities of a 
quinone and two anthraquinone compounds from V harmandiana were mediated through the 
inhibition on the production of TNF-a and PGE2 in activated human macrophages. Their 
effects on mRNA expression of COX-2 and TNF-a were also investigated. All compounds 
were primarily investigated for their cytotoxic effects on human macrophages using XTT 
assay. The results showed that all these pure compounds concentration-dependently inhibited 
the production of TNF-a. and PGE2 in activated human macrophages without notable cytotoxic 
effects. The expression of mRNA of both TNF-a. and COX-2 was also significantly inhibited 
by these compounds. However, neither the production of NO nor iNOS mRNA expression 
could be detected from LPS-activated human macrophages. 

The results suggest that the inhibitory effects of the qui none and the two anthraquinone 
compounds from the heart wood of V harmandiana Pierre on the production, in activated 
human macrophages, of TNF-a and PGE2 might be attributed, in pait, to their anti- · 
inflammatory activities. 

Key words: INFLAMMATION; ANTI-INFLAMMATION; V HARMAND/ANA PIERRE; 
MACROPHAGE; TNF-a; PGE2; NO 
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The aim of this study was to investigate antidiabetic effect .of Elaeocarpus grandiflorus in 
alloxan-induced diabetes rats. Aqueous extract of E. grandiflorns (0.0001, 0.001or0.01 g/kgBW) 
was orally administered to male Wistar diabetic rats (190-260 g) daily for 36 days. Plasma 
glucose was determined by glucose oxidase method. Plasma cholesterol and triglyceride were 
measured and organ weights were taken at the end of the treatment. The results show that the 
hypoglycemic effect was significantly observed with 0.00 l g/kgBW of E. grandiflorus extract 
during the first 14 days and during day 7-14 for the dose of 0.01 g/kgBW compared to the diabetic 
control rats. There was no significant reduction in cholesterol and triglyceride levels in diabetic 
rats treated with E. grandiflorus extract compared with the diabetic control rats. After 36-day 
treatment significant changes in organ weights were observed in water and extract treated diabetic 
rats. The results suggest that E. grandiflorus water extract possesses mild hypoglycemic effect 
and may be useful in controlling of diabetes .. 

Keywords: Elaeocarpus grandiflorus, diabetes, hyperglycemia, antidiabetes 
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Abstract 

Objective: to compare pharmacokinetic parameters and bioequivalence of cefdinir dry 
suspensions in 16 Thai male volunteers. 
Methods: A double-blind randomized, single dose, crossover study with 7 days washout period. 
The 2 brands of cefdinir dry suspensions were Samnir® as test and Omnicet® as reference. Blood 
samples were collected at 0, 0.5, 0.75, 1, 2, 3, 4, 5, 6, 8, 10, 12 and 24 hours after 2Xl25-mg/5 ml 
oral administration. Plasma samples were determined by HPLC, reverse phase (Cl 8), with UV 
detector and lower limit of quantitation at 0.1 µg/ml. Pharmacokinetic parameters such as Cmax, 
AUCo.a::, Tmax and T112 were calculated by WINNOLIN program and the logaritlunic difference of 
ratio of AUC and Cmax were evaluated by statistical ANOV A test. 
Results: The pharmacokinetic data of two brands was 2.23±0.74/2.04±0.66 µg/ml for Cmax, 
12.22±4.21/11.33±3.38 µg.ml/hr for AUCo.a:, 3.38±1.09/3.50±0.97 hour for Tmax and 2 hours for 
T112, of test and reference, respectively. For statistical comparison, the 90% confidence intervals of 
test/reference ratios, were 97.8-120.4% for Cmax and 94.3-117 .9% for AU Co.a:, was in the range of 
80 -125%. 
Conclusions: For the results, it is concluded that the two brands of cefdinir dry suspensions are 
bioequivalent for both rate and extent of drug absorption. 
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Abstract 

Introduction: Diabetes mellitus and its complications are a major public health problem in 
Thai population. Chronic hyperglycaemia is a primary cause of most long-term complications 
in diabetics. Searching for safe and efficacious medicinal plants possessing antidiabetic action 
is thus necessary for diabetic therapy. Sa-Kae-Krur (Combretum decandrum Roxb; CD) is 
widely used in several provinces of the northeast Thailand as a medicinal herb for diabetics. 
Objectives: The present study was aimed to assess the antihyperglycemic effect of CD­
ethanolic extract in chronic type I diabetic rats. 
Methods: Male Spraque-Dawley rats were induced to be type I diabetic by single i.p. injection 
of streptozotocin at 45 mg/kgBW. For short term CD administration, rats were divided into 5 
groups receiving orally the CD extract at doses of 0.25, 0.50, 0.75 and 1.00 g/kgBW/day or 
water in control group for I week. Blood glucose levels before and after CD treatment were 
then compared. For long term CD administration to chronic type I diabetic rats, the animals 
were divided into 4 groups receiving orally the CD-ethanolic extract at doses of 0.25 and 0. 75 
g/kgBW/day or water or insulin injection at 4 U/kgBW/day for 6 weeks. Blood glucose levels 
before and after 2, 4, and 6 weeks of CD treatment were determined. 
Results and Discussion: It was found that after oral administration of the CD extract at doses 
of 0.50 and 0.75 g/kgBW for I week, the blood glucose levels were significantly (p<0.05) 
decreased by 32.16±8.86 and 40.7±7.40% respectively. Likewise, in the chronic 
hyperglycemia condition of type I diabetic rats, the CD extract administered at 0.75 
g/kgBW/day for 4 and 6 weeks significantly decreased blood glucose levels by 11.44±2.98 and 
23.93±3.40% respectively. However, ingestion of the CD for 2 weeks, did not reduce the blood 
glucose significantly, which may indicate some adjustment of the hypoglycemic response of 
diabetic animals. Insulin injection for 2, 4, and 6 weeks significantly reduced the blood glucose 
of diabetic rats by 16.83±4.40, 32.36±12.73, and 23.86±6.75% respectively. 
Conclusions: It is concluded that the extract of CD leaves possesses antidiabetic effect in 
chronic type I diabetic rats. 

Key words: Diabetes mellitus, Combretum decandrum 
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Comparative bioavailability of two oral celecoxib capsule formulations, Celcox® (a 
generic product from The United Drug (I 996) Co., Ltd.) and Celebrex® (a reference_ drugs 
from Pharmacia Ltd.) was investigated in 14 healthy male volunteers. The study was a double 
blind, randomized, two-periods and crossover design with one-week wash out period under 
fasting condition. A single oral dose of 200 mg celecoxib capsule was administered to all 
subjects. Serial blood samples were collected before and at the appropriate time points up to 48 
hours after drug administration. Plasma celecoxib concentration was determined by reversed­
phase HPLC with fluorescence detector. The result demonstrated that the average peak plasma 
concentration (Cmax) of the test and reference compound was 710.19± 278.89 and 
754.03±293.28 ng/ml. The mean time to reach peak concentration (T max) for the test and 
reference was 3.25±1.70 and 2.46±1.03 hours respectively. Mean area under the plasma 
concentration-time curve from 0 to infinity (AUCo~a:) was 5,959.50± 1,611.49 ng.hr/ml for 
Celco~® and 5,931.43±1,647.57 ng.hr/ml for Celebrex ®. Bioequivalence analysis showed that 
the percent ratio of log transformed Cmax and AUCo~a: of the test and reference product were 
81.77-107.42 % and 92.94-109.47% respectively. It could be concluded that the two 
compounds was bioequivalent with respect to the rate abd extent of absorption since the 
percent ratio of log transformed data of Cmax and AUCo~a: were in the bioequivalence 
acceptance criteria. (80-125%) 

Key words : celecoxib, bioavailability, bioequivalence 
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Study to define pharmacokinetic drug interactions are important because such 
interactions often influence drug efficacy. Efavirenz, a reverse transcriptase inhibitor, has been 
shown to be an inducer of CYP3A4. Ketoconazole, a imidazole antifungal agent, is 
metabolized by the cytochrome P450 isozyme system. The objective of this study was to 
investigate the effect of efavirenz on ketoconazole pharmacokinetics. Eight HIV-infected 
patients participated in the study. All patients received 400 mg of ketoconazole, single dose, on 
days 1 and 16. They also received a combination of 150 mg of lamivudine and 30 or 40 mg of 
stavudine twice daily, plus 600 mg of efavirenz in once daily on day 2 to 16 . Ketoconazole 
pharmacokinetics were studied on days I and 16. The results were as below : 

Parameters Ketoconazole a % reduction 

alone combined with efavirenz 

Cmax (µg/ml) 10.85±4:48 6.12±3.93b 43.69 

AUCo.24 (µg .h/ml) 75. 71 ±62.38 19.89±1 l.65b 73:71 

AUC0-<X) (µg .h/ml) 78.88±67.75 20.02± 1 I .62b 74.62 

tu; (h) 5.54±4.81 l.87±0.74b 66.16 

a Data are mean values ± SD. 
b p<0.05 

In conclusion, efavirenz has a strong inducing effect on the metabolism of ketoconazole. The 
dosage of ketoconazole should be monitored during co-administration with efavirenz in order 
to optimize the clinical outcome. 

Key words: ketoconazole, efavirenz, pharmacokinetics, drug interaction 
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The objective of this study was to evaluate pharmacokinetic parameters of 
intravenous levofloxacin 500 mg in 12 healthy volunteers. All subjects received a 
single dose of 500 mg of levofloxacin intravenously via an infusion pump at a 
constant flow for 60 min. Blood samples were collected at the following time 
intervals: 0 (before dosing), 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24 and 48 hours. Plasma drug 
concentrations were determined using high performance liquid chromatography 
(HPLC). The results of the study were as below: 

Parameters 
Cm ax (µg/m I) 

AUCo.1 (µg.h/ml) 

AUCo-Q)(µg.h/ml) 

Ke (tt"') 

tv,(h) 

Mean ±SD 
10.16 ± 2.67 

72.98 ± 24. 13 

74.13 ± 14.12 

0.097 ± 0.021 

7.36 ± 1.30 

In conclusion, the pharmacokinetic parameters of levofloxacin in this study 
were not different from previous study. 
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Fixed dose combination (FDC) formulations of anti-tuberculosis drugs became popular in 

the treatment of tuberculosis because of the better patient compliance and reduced risk of 

emergence of drug resistance. However, a major concern with widespread use of these 

formulations is quality of these formulations. In this regard, World Health Organization (WHO) 

and International Union Against Tuberculosis and Lung Disease (IUA TLD) recommend the use of 

FDC only when bioavailability of these formulations is proven. The aim of the present study was 

to compare bioavailability of two FDC formulations commercially available in Thailand. This 

study was conducted in 18 healthy Thai male volunteers using randomized two way crossover 

study with 2 weeks washout period. The Test formulation, Rizimide® tablet (Atlantic Laboratories 

Corp. Ltd. Thailand) and the Reference formulation, Rifater® tablet (OLIC (Thailand) Ltd) 

contained 120 mg Rifampin, 80 mg Isoniazid, 250 mg Pyrazinamide. The subjects received single 

oral dose of 4 tablets of either the Reference fonnulation or the Test formulation. Blood sample were 

collected at 0, 0.5, I, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12 and 24 hr after drug administration. Plasma 

levels of rifampin, isoniazid and pyrazianmide were determined by reverse ·phase HPLC. 

Pharmacokinetic parameters, AUC o-tlast and Cmax, were determined based on non-compartmental 

model analysis. Results revealed the amount of drug absorbed into the body (AUC o-t1as1), the 

relative rate of drug absorption (Cmax) as well as the time to give maximum drug level (T max) of 

rifampin, isoniazid and pyrazinamide obtained from theses two formulations were very similar. 

The mean ratios of LnCmax and LnA UC o-t last of these three active ingredients between the Test and 

Reference formulation were close to I. Moreover, the 90% confidence intervals of the mean ratio 

of LnAUCo.1 last and LnCmax of these active ingredients were within the range of 0.80-1.25 which 

indicate that the Test formulation, Rizimide® was bioequivalent to the Reference formulation, 

Rifater®. Thus, it can be concluded that these two formulations when orally administered were 

bioequivalent regarding rate and extent of absorption. 

Keywords: Bioavailability; Bioequivalence; Anti-tuberculosis drugs, FDC 
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The methanol extract of Piper sarmentosum Roxb. leaves (50-200 mg/kg) was 

evaluated for the antinociceptive activity in mice. The extract at oral doses of 50, l 00 and 200 

mg/kg significantly produced the antinociceptive activity with an inhibition of 12.38% (P < 

0.05), 24.02% (P < 0.01) and 31.02% (P < 0.01), respectively, of the abdominal writhes 

induced by 0.6% (v/v) acetic acid, i.p. in mice when compared with control. The extract at 

the dose of200 mg/kg showed the inhibition of nociceptive response-induced by acetic acid 2 

time less than the standard drug (aspirin 200 mg/kg, p.a.). In formalin test, oral 

administration of the extract at the dose of I 00 mg/kg significantly exhibited the 

antinociceptive effect only in the late phase (P < 0.05) with an inhibition of the licking time 

of 12.6% while at the dose of200 mg/kg significantly showed antinociceptive activity both 

on early and late phase with an inhibition of the licking time of 10.96% (P < 0.01) and 

21.96% (P < 0.01 ), respectively. Additionally, in the hot plate test, only the extract dose of 

200 mg/kg p.o. was found to show a promising analgesic activity in mice after 60 minutes. 

Naloxone, 2 mg/kg s.c. given before the extract (200 mg/kg, p.o.) could antagonize the 

latency of nociceptive response produced by the extract. 

Key words : Piper sarmentosum, Antinociceptive activity, Methanol extract, Naloxone 
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Pueraria mirifica Airy Shaw and Suvatabandhu, an indigenous herb possess 
estrogenic-like activity has been traditional used as rejuvenating folk medicine. 
Previous studies have shown that estrogen is vasoprotective in multiple animal models 
of vascular injury. This experiment was design to evaluate the effects of P mirifica on 
lipid profile, vascular function and pathological changes of aorta in ovariectomized 
rabbit model. 20 healthy female white rabbits were divided into four groups of five 
animals each. First group was the intact group and served as control. All the remaining 
groups were ovariectomized (Ovx). Group 2 was fed with distilled water and served as 
ovariectomized control. Group 3 and 4 were orally administered with 17 P-estradiol (4 
mg/kg/day) and P mirifica suspension (JOO mg/kg/day), respectively. Blood sample 
were obtained from the central ear vein at the beginning of the experiment and every 4 
weeks for analysis of lipid parameters. After 90 days, the aortas of all rabbits were 
removed, and rings cut from each blood vessel were suspended for evaluating of their 
function by isometric force measurement. The integrity of the endothelial cell lining of 
aorta was also determined under scanning electron microscope. The results showed that 
there was no significant difference of the following lipid parameters: total cholesterol, 
LDL-Cholesterol, HDL-cholesterol and triglycerides in all experimental groups. There 
was no significant different in the contractile response to noradrenaline and the 
endothelial independent relaxation to sodium nitroprusside. In comparison with intact 
rabbits, in rings contracted with a submaximal contraction of noradrenaline, endothelial 
dependent relaxation to acetylcholine was impaired in ovariectomized control group 
and were improved in Ovx + 17 P-estradiol group and Ovx + P mirifica group. These 
results indicated that 17 P-estradiol and P mirifica may restored endothelial 
dysfunction. Comparing with the control group, a loss of endothelial lining cell in 
nontreated ovariectomized rabbits was observed, whereas, 17 P-estradiol and P 
mirifica restored endothelial cell structure. Taken together, these results indicate that 
phytoestrogens of P mirifica, certainly possess protective effects on vascular function 
through prevention of endothelial cell damage induced by ovariectomy. 

Key words: Pueraria mirifica, aorta, 17 P-estradiol, ovariectomized rabbits 
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rnri'l'll1L11~'i!'lYltn 1cllLiJ(ilt'\tnJ'Vlftn~tJJ1'lYltnf'l1M1foi.nuru"fiV1 Llft:: llf'i1t1J1~~!juru'iitJJt'\1•u1L11~'ll 
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rnl'l'l'l11'1 ilt:i1r.i11uu1::41~ilfilru1~illt11t111Lfin 11ft:: illt11t111 tYl ~-3\!li.iui 16 Pl\J 

1ucll1u'31u'l4'u rnPi'l'i!1'1 il'i'jt.lnrnrm1'l4'u~~ut'li7m1ft::iJ-l1u'l{u1~wn~m~1\!lft1ucll1u t:i1Yi L11~'ll'lY1u1 

1:;o)rn'llft l\ft::LiHftf)ft Lll~'l!"lftUf'l1t'\"1f t'\iju1v11 t'\111rill~ri'ill-l!:LT'3 Lfl~'ll'lYltn'tlt:i-l1::uut.l1::t'\1Yl Llft::L11~'i!'lYlm 

\!lftn~tJlf'lJ'il'3fl1Plfl'i!1'1 t'\1mrn~i7i>m'1hYi1'31u1cll'Vlft1Ull'lJU'3 L'llU 'il1"l1HJLUl-J\.11flYlU1ftU 'Vl1'il flYltl1ftU 

WnflYlU1f'l1t'\tJlf 1U'VIU'lll'31U'll'il-lfj 'Vl1'ilu1i;YlLtln'll\J LUWifU 

wu~..,u~L~1.m11t'\'ilumr.iuo-lifr.i"luu rnPi'l'll1'1lcllr.i~tJJuruonui\!l~n~tJJ1ilit1Jt111L'iln1u1L~1 24 Piu Llfl::1::o)u 

illC1JC\J1 LYl 141 flu L(ilt1uru<YitJJmfhdiJ~..,'11111Yim1ft::'l!11~1'3'l!1Pi1un~l-Jt.l1::LYlf'l'il1L=Duu Y)nPiu1clf,11m1l-lz 

1t.Jt.l1::tJn11i'l-Dnu'31u1u\!IU1~'ll'il'3"1U1cllLllU'ilth-3~ Uft::t.h::t'\UPl'l1l-J~1 LT"lLUU~Utn.Jfu'llt:i'3')'3n11fl'l!1n1jY11'3cll1u 

1. Lllu~ri1L~m1~nmu~1 'Vl1'iln1~-l~nmt:itjrnP1n1n1uui1uivhu 1u1::oi'uillqJt1J11111 'lYl.u. (VJnt'l1'il1), Yl.u., 

tWl.U,, 11.U,, Ym.U. lLft!:ilit1Jt1J1LYl 'lYl.l-J.(Yjnt'\1'tl1), 'r'l.U.,\!11'il 11.l-J. 

2. ~t'IJ7P1n1i1 L1mJillcycy1mrnif'1l-llcllri::utJ\Wil~t1t'\::t'\i.i 1i.J~1n11 3.50 ~1'VlfuillcyqJ1LYl tlft:i'11l.i~1n11 2.50 

ri1'Vlfu~~ll.iL-if1tJJ1i.JLnru'Yl1u'1f'il 1 l\ft:: 2 tlf'il-31cllfun1rn11~r.:i1nt.l1::fi1w•1ru::mrnmrn1mrnftn~1111 

L(i)U"l!:Yi"l11N1'il\t~LUU11tl 11t.J 
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Research Activity in the department of Pharmacology, 

Faculty of medicine, Khon Kaen University 

Thai J Pliarmacol 

The current major areas of research are pharmacology of natural products, drug metabol ism 

and pharmacogenetics, molecular pharmacology of drug metabolizing enzymes, chemotherapeutic, 

oxidative stress and antioxidants, ncuropharmacology of vision and exci tatory amino acids. 

1. Pharmacology of natural products 

Most studies employed experimental models of i11 vfro and in vitro in screening for 

phannacological activities of native medicinal plants and nutritional vegetables. Activities of 

interests include: 

Antioxidant, anti inflammatory & analgesic in i11 vivo & i11 vitro assays, antihepatotoxic & 

hepatoprotective activities in i11 vitro & i11 vivo models, antitumor and antiproli fera tion, 

antihypertensive in experimentally induced hypertensive rats, antiulcerogenic, antidiabetic in rat 

models and antimicrobial activities of snail mucin, biotin-containing proteins in liver fl uke & 

effects of biotin antagonists. 

2. Drug metabolism and phannncogenetics 

Genetic polymorphism of dmg metabolizing enzymes in Thais including cytochrome P450s 

and phase II enzymes, assessing capabili ty of hepatic dmg metabolizing enzymes in patients of 

various conditions, effects of natura l compounds on dmg metabolizing enzyme activity and 

relationship between thiopurine S-methyltransferase genotype and risk of azathioprine toxicity in 

renal transplant patients. 

3. Oxidative stress and antioxidants 

Oxidative stress response and antioxidant genes, roles of nitric oxide in oxidative stress 

conditions in particular, thalassernia, diabetic and hypertension, biomarkers for oxidati ve damages, 

screening for antioxidant chemicals from natural products. 

4. Neuropharmacology 

Excitatory amino acids in aspects of neurotransmitters and neurotoxins, using chick retina as a 

model. Peripheral neuropathy in rats induced by various substances and protective effects of glutamate. 

Anti-anxiety, anti-depressant effects of new benzodiazepine derivatives and natural products. The 

neutralizing activity of certain plants on neurotoxin from snake venom. 
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Research Activity in the department of Plwrmaco/ogy. 

Facu/(J! ofScience. Prince ofSongkla U11iversi(J! in 2006 

Recent research topics are as follow : 

l. Studies on Analgesics, antlpyretics and Anti-inflammatory Activities of methanol Extract of 

Piper sar111e11tos11111 leaves in Experimental Animals. 

2. Effect of C11rc11ma aerugi11osa Roxb. on Rat Uterine Contraction. 

3. Hypoglycemic Effect of the Crude Extract of Mitrat:J•lla speciosa Korth. Leaves. 

4. Effects of Kratom Leaves Extract on Gastrointestinal Tract. 

5. Chronic Toxicity Study of the Crude Extract of MitraKJ!lla speciosa Korth. Leaves. 

6. Analytical Method Development and Pharmacoklnetics Study of mitragynine in Rats. 

7. Acute and subchronic toxicity study of the medicinal plants used in as antimicrobial 

agents in AIDS-patients. 

8. Effect of Efavlrenz on the Pharmacokinetics of Ketoconazole In HIV-infected Patients. 

9. Effect of Rifampin on the Pharmacokinetlcs of Risperidone in Normal Healthy Volunteers. 

10. Bioequivalence Study of Risperldone. 

11 .Bioequivalence Study of Quctlapine. 

133 
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