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EDITORIAL 

Dear members and readers of the Thai Journal of Pharmacology, 

Over the last two years 4 issues per year of the Thai Journal of Pharmacology were published. Three 

issues were released every 4 months and one processing of our annual meeting will be given to the 

members and participants who joined the meeting. The rest of them were sent to the libraries and 

members who could not attend the meeting after that. Good news for our members in the North-East 

of Thailand's is that the next annual meeting of the Pharmacological Society and Therapeutic of 

Thailand is planned to be held at KhonKaen province with co-operation of the Pharmacological 

Department of the Faculty of Medicine, KhonKaen University and the Pharmacological Society and 

Therapeutic of Thailand. During that time, more oral and poster presentation from our members are 

expected. That will make me happy since research articles are still in need. I may use this opportunity 

to call for paper again. The new coming issues are expected to be stressed on the pharmacological 

researchs in phytomedicine. The drug discovery from natural product is fortunate trend in this era. My 

demand is limited to the scientific studies for discovering from our traditional knowledge and treasures 

from our natural products. Firstly, I want to express my opinion that there are very few published 

papers in the pharmacological literatures about the use of phytomedicine. Although, there are a lot of 

researches is in this field, most of them are still in research reports, dissertations and senior projeets of 

many institutes. The lack of scientific data causes the conflicting and contradictory of using some 

useful herbal medicines. Even the unsupported consumption and conclusion can also confuse the 

public. There are few published scientific researches which supporters can use in arguing for there 

usefulness, in conjunction with their either harmful or benign results. All of these arguments should 

be proved by us, the pharmacologist. One way to help our national policy in phytomedicine 

development is sending your works for publication now. There should be no more overlapped 

researches, more co-operation and decreasing in unnecessary task. Send us now your publication and 

thanks in advance. 

Supatra Srichairat 

Editor 
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<IU1'1Jfl1'!W'lliM Cisapride 

'il1 f111 '! <11 ':i <llfl fl lJ b.fHf'lll'l'l 1'11 bb vi.;i 

ti 1 ~.i. 
':i::b'l'll'I 'l'lU ll'U'U'l'lbb\11 Jan-Apr 2000, 

V 1 2 1 .... ti .... .... .J'.J ~ 
o . 2, No. 1 'Wflil<llJ'Ub\llU1fl'W'W'IJ'1lJ 

.d.J..... @:; 
b':iMbflU'lfl'U ctsapride (Prepulsid ) 'W'W 

~uu lfl~'llil 1 '11?i'illJm vi:1Jb~m~u1i\'u L~il'1if • 
v ru:: if ii 1 ir fl·.:n 'I.I fl ru:: fl ':i':i lJ fll '! 

il1 'H1':ibb<l::U1'1J il'1tl':i:: L '1'11'11'l'lu1lli'~wm~1if 
11"l umi:1JU1fl1UfllJWbl'IM ~'1fi1<i'.;i'il::iil1b ilu • • 
fll':i il 11 fltl-:i::m l'I bm:: h.;ir1 mu1 <l'ilVIT1 1lli' • 

1• J.1 1· , fl1'Ufll.Jfl1':i '1!1'11'1.1 \llU 'HbL'l'l'l'1Ubll'l'l1::'1'11'1 . . . 
<>. I "-' .... .... I 

':i::'U'U'l'11'1b\ll'U1Jl'H1':i b '1'11'!.l'W 'l'1 <11 lfl'>tl<l'1'il1U 

inihlli' flua1u 1 'Hni b?i'11'ilww~wi1mif ofl 
v • 

o ill.I il il fl'illfl \ll<ll\llbb<i'1 hi:il1 'Hti bL 'l'i'il~'1 

LL<f1 hil?J bdil'1'il1fliJL'H\llt-J<l'IJil'1ffl1lJ'ii1 • 
L ~ u ~ u.;i lli' il'1 fl'1 mv u1 u ifli' 1w u l 'HL i 
cisapride 1umru GI motility disorder ~ 
1ifo1lfl':i u 1i m ~'I.I 1lli' t-J<I hi milil'W i\'u 

. .J ....... .J'<:!I .... ' 
terfenadme 'll'l bf1 \l1 fl 'l tu bL 'U 'U'UL 'H lJ 11 'I.I fl 'WLb \l1 

FDA <l'Hf~mlJ~fl1tlil'WU1 terfenadine 
.J d .J 

il ilfl'il1fl\l1<11\ll L<IU 1Jl'ilb 'W1MlJ1'il1fllJU111'W 

1 . .J1 • ~ 1 • ~ ~ 
'Wfl'jlJ'l'l 'llbL'l'l'Wfl'W \l1 Lb<l::l.Jf11':it-J<l\llU1 

1 ,.J ~I 
'IJ'W1'U 'HlJ'l'lbu'W active metabolite 'll<N 

terfenadine ~111'11 fexofenadine ~'WlJlbL'l'l'W 
• bb<l1 

'il1m1tMl'W'llil'1<f'Hf~mlJ~f11 iru 
bbWU 1993 W'UNU1U 341 'l1U ~Uillfll':i • 
ventricular arrhytlunia Lb<1:: 80 'llmi:lu 
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tfl\ll'illflfll'!li cisapride ?i'il'l11l.Jli ?i'ilm':i 
.... 0 di • ~ 

':i::1'1 bb<l::fl1b\llil'W\l11'1 'l'llil'1 cisapride 'il'1 

lllil'1ililfll.11 <1'Hf~m:1J~m 1lli'~w 1tl':iLbmlJ 

.J 1" :: ""' b'l'lilll1'Uf!l.Jf11'! 'l!U1'W fll':ibfl\ll arrhytlunia 

bb 'U U Tor sades de pointes 'H~ iJ 

polymorphic ventricular tachycardia iifl'il:: 

bi'\wtu 1lli''il1flm~'1111'11'fl~'l.I1 vJVl1'1111'i!a1u 

QT interval mu~u ~u1u'il::biiwmm':i 
• 

'HlJ\ll<i&i'i!1flfll'l~faii\ll1 tlt~1'1'1<flJ il'1 hiw il 
(syncope) tl1':i'Ubb':i'1il1'i!Ln\ll ventricular • 
fibrillation b1'i'Ub'H\l1~'1\l111'11lli' ~'1biiw 1lli'rf'1 • 
'il1fll'l1~lifflM1 hflll1l'il 1\ilbLfl' 1'11 

antiarrhythmic flcilJ IA quinidine flrilJ III • • 
• .J 

sotalol bb<1::1'11fl<jl.Jil'U (non-cardiac 

drugs) 1lli'Lbfl erythromycin, terfenadine, 
• 

astemizole, haloperidol ':i1l.J'Yl'1 cisapride 

:il.;i1 u'i~u r1ui1 fl11 lJ w w ti ':i fl&!~ bii wtu if 
J..v .... fl.',/ 

bf1U1'1Jil'1fl'Uf11':ifl<lll'l'l'l'Uli'llil'1 K' channel • 
genes 'llil'1b'l!<1<i'l111'il :ilwm filJ suscepti-

bility w am 1um':ifl\llm::bb<l1 vJVl1veJ.;il\'11'il 

1 • .Jd • 
fll':i '1!1'11'1'1!.Jt-J<I prolong QT '!1!.J 

~ ~ .(~1·c fl'U 'il::b<l'!lJ!]'l'llifl'U \l1 pharmacodynamic 

interaction) 'H~fl 1im~ilwauu~'1bil'U 1'lfi1 
.J • • 
'l'l'l11msm L 'Hri1il '1111 '11-;::~uma.;i~mba:::il • 

.t .r 
!]'l'lli prolong QT l.Jlfl'IJ'U (pharmaco-

kinetic interaction) rf'1'HlJ\llifb1'i'WB'Ulil'!1U 
d 1"...s .... .J.c1 .... :; 
!Nlilll'I \l1 '11'H':i'U cisapride tll'l'll.Jt-J<ll'l'UU'1 
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LBU1'lnJ CYP 3A4 'il::iiVJmVllJ'l::~u 

cisapride 1maalil mn~lJ~l'l 1~iim1uu~'l 
L81J 1'lfi1~1rl'1iilmh1 li'tt<i'1 lu11'li.'11'l'i!UU 

. .J1, 1·· ~ 
nau 'lf'l mn1 'lf'l1lJflU cisapride uamnn 

ifcJ-.:iii amiodarone, cimetidine, diltiazem, 

verapamil, grapefiuit juice, isoniazid, 

metronidazole, quinine ~i'l1TV1am~1NLU 
fl1'lL-ii'~1lJflU cisapride 'll<ilJ<HVl~lfi'A1'l 
t~uu11lu~'ht&iau 'IJB'l cisapride mh'l 

<J:: LBCJ Iii Lt<J::A11&\lil lill !J tl'.l11::1'lfll'l 1-il'mrl' 

fl Ul'l <1J1L<l!JB~B1 ti 

, . 
<lfl1Ufl1'lil!1J1 cisapnde 

v " ~I i'l'l'lHl1U LL<l::llfllilB'l Luu 
" 

ti 'l:: 1 l'l'lfU B ti l'l ~'l ~a fll ':Hn Iii au l;i 1 u VI '111'1 

1::~u 1i.ii1'il::tl'lm~B'lu 11'1U11'1 Vl~mhwfo 

N tl'l::fl BUl'lfl~W~ tflt11'1l fl'lflU fll'l{;)lil au 1'\J 
" 

ih wu fl'll fl !J" m1iil Iii au h'll fl'l fl'l A' n1 mu A !J " . 
m1utl"ln'Vli'l~l'l '1 !il'lrl' 

(US-FDA) liilflflfl FDA Talk Paper <N1u 
,J .J ,J.,,_Q.J I 

'VI 23/3/2543 L'W'l'VIU"l'tl'VJLL'ilut'lfUVll'llil • 

Supeecha Wittayalertpanya 

1. Michalets EL, Williams CR. Drug 

interactions with cisapride : clinical 

implications. Clin Pharmacokinet 

2000 Jul; 39(1):49-75. 

2. Drici MD, Barhanin J. Cardiac K' 

charmels and drug acquired long QT 

syndrome. Therapie 2000 ; 55 

(1):185-93. 

3. Richter JE. Cisapride : Limited 

access and alternatives. Cleve Clin J 

Med 2000; 67(7):471-2. 

'11VIW1tll'l1 cisapride LU<IVl~~flllJ~flliff'lLL~ 
~ .J .J 
1U'VI 14 fl'lflt)li'llJ 2543 lllfl'l'illflWU 

ii i;y V11 'il1 h ti u ii liltl n &\'il1flm"l1im1i'l~u 

taa~'ilil 1 uil'1.'ht1<ij1u1uV1d'l 11ilm~ai1 trlu1 
" 

i a'lnutl~fi~m~ ailu ilum~1u Vl~a mm1 

Nliltlfl&l'IJeJ'l~U11'1 bL<J::U~tl'YI 1iiltl~fl'tl1flU 
• . .J1 'V .J'lij Q.J 

US-FDA LL<l111fll'l'YI Vll'llU bU<lfl'tltl!:: 

general US prescription ifu1ifl lttLOlili'l11lJ 

L~l'l'l~~u hiliil ..t'ldu~ti'VJ'il::ir'li'l'lfl'l::'il1l'lm 
1 t1'tt ri il'u1 l'I~ ii A11 lJ'11 L tJu 'Vll'l ii11u Aliil fl Iii 'l'l 

" 
lill lJ fl&\ fll ~ 'l::l! 111 u limited- access 

v o<::I """""" Q.J "" protoco 1 Ll<l::lil rN !J fll"llil'l1'il1'1J'ilil CJLL<l ::Iii Iii 

lill!Jfll'l 1-il'mafi1'l 1fl<i'~lil Llill'lu~ti'VI 1iilaafl 

'illil'Vl!Jll'I (1u~ 12/4/2543) fi'li:Jlt1'U~fll'l 
~ . 

<l'llillW'YI fl i'lU fl fllil11J • • 
2. 
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m cisapride 1u°li1'llii'utl 2543 Llil!HilUBlM 

l'lru::m':i:1Jfll':ii'l1'\JA:1Jm{u·:m-u1ilid BU1'1 h • 
ii~ rn-;!ii' lil lhit'ildii r.rnfl':in'l'\J t Yl1nmi lJ!l1 • 
illilf.\! (generic drugs)LW'J1::1iJiim'lfB'I Q-. J d • '~ti '\J'J1"i'l lil'UU '\J'\J'lf Ui'I:! L '\J UU'il1Vl1J1 U L 1J 'J:: Li'1 i'1 

d 
3, 111nnlil1 fl':i::i'l':i1'1illtn'Jrua'lf1iii'aafl • 
tl':i::ml'ltrlai'u~ 311512543 1'1l'irnmn 

cisapride :ilw<Ju'!i;'\'u 1'1i'iK'!um1u~ 7 a'!l111'llJ 

,J Q -"' ' w, ( 2543 L1JB'l'il1filflliluf.\!l111ilflVl1 b'il heart 

complications) 1u~ffi'li'md ~LLlT'il::'l'l'\J 1ii 

inflilmLmn-;uu ':i'IG'!~maunilil N'u1u . " 
, • .i 1· ,J 

illlJ1':ill L'lf!J11J1Ji'llilLLi'J'IJ lil 1J<lfl'il1fl'\J1'1':i1tli'I 

1 , . .i d,n•w 
lJlil<l'\Jil1Jfl'llil1ltl11J'IJ 'ii'! tVI lil'l'\J!Jlcisapride 

N11J bl'l':HflT'l Special Access Programme 

~-.:i 1 u m&du wi'ltl tj.i''I 1'1i'mill'l11:11{u Nlil'lfau 

d • ?1, ~· i'J'il:! W1J ill Viii! W'1l'l11lJ'il1Lu1J b 1J fll'J'IJ il L'lf £11 • 
d Q d 

fl.,:: i'l ':i1'1 a1 ll1 ':i ru il'll'il'I 'ii:: '!'l'il1 ':i ru1 L w a • 
11'Uru11il 1'1i'u~i1i'lww1'ilil~lilmm:1J1 ltl' ~"if . " " 
u~i1'1'11iii'.,::ui1'il::'11illilm'lfl':i::'l1<1m 1 tl'uritl' . " 
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LIPID PEROXIDATION AND TOCOPHEROL IN BLOOD OF PATIENT 
WITH PARKINSON'S DISEASE 
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ABSTRACT 

Free radicals and oxidative stress have been suggested in the pathogenesis of Parkinson's 
disease (PD). Free radicals exert their cytotoxic effect by peroxidation of lipid membrane resulting in 
the formation of malondialdehyde (MDA). This condition has been found to occur in the substantia 
nigra (SN). The present study was designed to investigate whether oxidative stress extended beyond the 
CNS. Therefore, the levels of lipid peroxidation and tocopherol in plasma and erythrocytes of the 
patients were measured. Twelve idiopathic PD patients with early or non-motor fluctuation (NF-PD), 
ten idiopathic patients with severe motor fluctuations (MF-PD), and seventeen age-matched healthy 
subjects (NM), were included in this study. The lipid peroxidation was determined by thiobarbituric 
acid test and reported as thiobarbituric acid reactive substance (TBARS), and the level of tocopherol 
was determined by HPLC. The results showed that the plasma TBARS was significantly increased in 
MF-PD patients compared to control group (0.721 ± 0.124 and 0.538 ± 0.124 nmol/ml respectively, p < 
0.05) but not NF-PD group (0.662 ± 0.156 nmol/ml). There was no significant difference between NF­
PD patients and control group. The erythrocyte susceptibility to hydrogen peroxide induced­
autoxidation, as well as the level of tocopherol in plasma and erythrocytes were not significantly 
different among the three groups. The correlation between ages of the patients, the duration of disease 
and those markers were not evident in this study, but there was positive relationship between severity 
of the disease manifested as motor fluctuation and plasma TBARS. Our finding clearly indicated that 
oxidative stress was present in systematic circulation of PD patients with severe motor fluctuations and 
it was tissue specific. 
Keyword : Parkinson's disease, oxidative stress, lipid peroxidation, tocopherol, 
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Faculty of Science, Mahidol University, Bangkok 10400, Thailand. 



104 Sirin/horn Pinweha 

a~1Jj)'j WwL1'H1\ ~Olfl'Ufltl a'1"i':iflUVJija<'2, ~"i1"i"iW UVl-.lVl1'31"J
3

, iJ"i~La~:; un1Li1Vl
4

, 'EIVUJ -:5't.1'Y1-:il~niJ'V1~1, tlu~01tl' • ..J .~1::1 • 

1n1Vl"iy.j'3rl5, ~VlVl11aU i:J1'Ylil~'31t1 6 , ~Wu 5'31~t.1n~1 

1 n1YJj211tnii'2iinEJ1 riru:/'inEJ1f11Cfw{ U'M11nv1iEJuiivia, 2 fl1R1r11~V1LJ'lff1?ff U111ne1fi'eu wnurt1rrU1{w"i::JJ..if}jJ­

'nd'1, 3ff'a-:itlflUiin1"iWEJ16Jnn1 cro1U1/iivyi:J1n"ioi, 4
11?f11tf1a1q1rt1nw{ riru::uwnEJf1?'1U1{ ["i-.1'WEJ1U?ct"i?:IJ1-

ii !J ii, 'r" nm 1'i~E1i!J'it1El1'.U!Jtho 111 nuaowq wmrn irmuuN'rm 60WOJ/ll1JtlEl1ff1 IT~ {uaoi 1'11'1 Tu Tafi 
utt1?ne1it1uUV1a, 6 n1Fli'lf1tniti1ne1 YJcu::u wnEJf11aoo{ u1111nn1ivrr1uYJ1un"i1T "itW 

tJ1{fiualJ llJ<flJeNif1lJ substantia nigra 1llJlJ<l1i<f'l~U11tJ<fm'lLfililtJi'lfi:il'JlaeJn;aLlili'lJ'll11~ 1'!J 
~'U 'U ~ 

"".J.d v .,.o~v..,, IV • ..:'c1cv .. I .,...i) :::! 
lJlJ'YILl'J1llllJL'lf<l<ll11 L mfllilfll'l<f'll~<fl'l malondtaldehyde fll'l'Yllil<l1l~lJIJ1liltlu'l~<f~fl L 'W1l~1 mn • • 
~~m1~ Lfl'.il'Jlil a an;aL 'illJ L lJ'l~UUU'l~<fl'Ylri1u nm~ Llill'J&i lil lill i.J'l~i;lu'!l a~ m'l Lilli! a a n;aLlili'lJ 

1 "" °I :' .c!I .:s c:11 v .. 11 ~I .,...,, "" "" .J v 
'!JeJ~ '!JlJlJLL<I~ tocopherol L lJlJl L<l1llilLL<l~L!.JlilL<l1JlilLLlil~'!J11~ ~u11'Jul'lfllJ<flJ 1Jl<fl<f!.Jfl'l'YJL'!J1 

~11.11 um'lAnmtJ.,~11au~1u H'tl1utl1{1iuau~hin'l1uaimliliimm'l hhuLL'l~ ir~ 1ii1~ful'l1 
• • • 

~hLli!Ulll~eJ 1~ful'l11fb1liltl1LL<l~lileJU<flJ11~~1Jl'Jl&i (NF-PD) 'iillJ1lJ 12 fllJ H'tbl'J~iimm'l • 
'llJLL n 1wful'Jliit 1 Lliltl1 LL<i~lil au au a~~ al'Jl<ilil<i~ll~aii mm'lLfl~au 1ll1~Nliltln&iel'mrt11~1.11 • 
'illflfll'l 1i'l'Jlab Llilu1 (MF-PD) 'iiTw1u 1 o fllJ u<i~mmaiJfl.,~iia'!lmw&imu 1n<i'Lfiu~nuw ' . . 
tl1u (NM) '11u1u 1 7 fl'W &ilillill1.Jfll'lL1ililaa11;a1lili'lJ'!leN 1'lli1lJLlill'li'lil'l~i;luai'l~'l'i1tJ~ii:im 
tlUfl'llil1'YILaU1'U'Yl~fl (TBARS) IL<l~i'lil'l~i;luai'l tocopherol fou1i' HPLC 'illflN<lfll'l'Yllil<leJ~ • 
wui1 1mJu1u11~" MF-PD iil'i1'lla~.,~i;lu TBARS \J~~umh~iiumhl'lqiLrlmnaunu11~1.1 
mrn'i!.1 (NM) IL~1iiwum1!.1Lllilfl~l~'ll1Nl'i1i;l~n<i11'l~V1i1~11Gi1.1'!Ja~ MF-PD LL<!~ NF-PD ' . 
'l11.1..t~'l~lli1~n<i1.1 NF-PD LL<l~flGllJ NM -;~!ilu'!Ja~ tocopherol LlJtllL~fllilLL<l~LlJlilL~eJlilLLlil~ • • 

1 ,J " 4 "' w 'i" 1 'i' ' 1 '1 ·~ ' w :; LL<!~ a111an11.1lilL<11llillLlil~'il~tlnaa11·0Llil'lflJLlill'J !'ILlilWilm wa'laan 'lflil 1.11.1m11.1LL\llfllil1~11um • 
3 nci I.I iifl'lllJ<i!.J~lJii''l~l!il~fl'lllJ';lJLI 'j~'!J a~ hfl~~ u~~lil!J m1 I.IN li!Ufl&\'!J <Nfll'lLfl ~ eJlJ 1 Vl1 • • 
nu.,~i;lu TBARS 1utl1Laalll 1L~liiwum11.1a1.1~uli11ll 'l'l~lli1~mu'!la~H'tl1u, .,~u~nm'!la~ • • 
fll'lliilll hfl iluG11u~~'Ylfll'il fll'>Afl'lflAf~il'tt-Jdlui1iim1~LA'.ll'Jlilfl1Jfl;al'illJ l'IJ'l~UU 1 ll<I 

' 



Thai J Pharmacol; Vol 22: No 2, May-Aug 2000 

INTRODUCTION 

Parkinson's disease (PD) is a 
neurodegenerative disorder characterized 
mainly by a loss of nigrostriatal dopamine 
neuron1. The causative factor responsible for 
the neuronal loss remains unknown. However, 
results from recent studies have demonstrated 
that oxidative stress could be a major cause of 
nigral cell death in PD2''. It is assumed that the 
loss of nigral cells is a direct consequence of 
excessive oxidative stress due to an excess of 
generation or a defective removal of free 
radicals and reactive oxygen species (ROS). 
These ROS are normally generated in 
dopamine metabolism"' and able to react with 
polyunsaturated fatty acids of cell membrane, 
which ultimately destroy the cell membrane 
and neuron. Several experiments have 
demonstrated excessive concentrations of the 
lipid peroxidation products including 
malondialdehyde (MDA)7 lipid hydroper­
oxide8, and 4-hydroxynonenal 9 in the 
postmortem substantia nigra (SN) of PD 
patients. Within the last few years, many lines 
of evidence demonstrated that oxidative stress 

d . . . l . 10-14 also occurre m systemic c1rcu at1on . 
Most studies have reported an increase in the 
concentration ofMDA in serum 15

, plasma and 
erythrocytes11 of patients with PD, while, 
others reported dissimilar result16

• The exact 
significance of these finding is unclear and still 
controversial. However, these have led some 
investigators to recommend treating patients 
with antioxidant tocopherol. 

Alpa-tocopherol is the principal lipid 
soluble, chain breaking antioxidant and radical 
scavenger in human tissue 17

• It has been 
postulated that antioxidants may have a role in 
the prevention and/or management of PD18. 
However, alteration of tocopherol concent­
rations in the SN and serum of PD patients has 
not been reported19'20

• The Deprenyl and 
Tocopherol Antioxidant Therapy of Parkinson 
(DATA TOP) trial demonstrated that tocopherol 
could not delay the disability associated with 
the need for levodopa therapy and could not 
lessened motor impairment in patients with 
early, otherwise untreated PD21. 

Therefore, the purpose of this study is 
to investigate whether there is any difference 
in the degree of oxidative stress reflected as 
changes in the level of lipid peroxidation and 
tocopherol concentration occur in blood of 
patients with different severity stages of the 
Parkinson's disease. 
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MATERIALS AND METHODS 

Subjects 

The experiments were performed on 
three groups of subjects, the idiopathic PD 
patients with non-motor fluctuation (NF), those 
with motor fluctuation (MF) and healthy 
subjects as control (NM). The diagnosis of 
parkinsonism was based on the presence of at 
lease two or three cardinal features of PD, i.e. 
resting tremor, bradykinesia, and rigidity. The 
patients were not included in this study if the 
causes of the disease were identified. Twelve 
patients were in the early stage. They did not 
have clinically appreciable fluctuations in 
motor performance while receiving levodopa­
carbidopa nor never been treated with levodopa 
or other dopaminergic agonists, and they were 
grouped as non-motor fluctuated Parkinson's 
disease (NF-PD). Ten patients manifested 
abnormal movements. These mobility 
complications occurred as predictable 
"wearing-off' fluctuations, urlpredictable 11on­
off " fluctuations or dyskinesia, and they were 
grouped as motor fluctuated Parkinson's 
disease (MF-PD). Seventeen healthy and age 
matched normal volunteers were included as 
control group in the study. The protocol was 
reviewed and approved by The Committee in 
Human Rights Related to Human 
Experimentation of Mahidol University. All 
participants both healthy volunteers and PD 
patients understood the scope and objective of 
this study before giving the informed consents. 
They were interviewed comprehensively about 
their medical history and drug history and were 
asked not to take any medication or vitamin 
supplement, except their daily antiparkinsonian 
drug, at least I month before blood drawing. 
All patients and control subjects underwent a 
complete blood count (CBC) and serum 
chemistry profile study to confirm the absence 
of any clinically significant medical 
complication. PD patients were received a 
complete physical examination, evaluated by 
using the Unified Parkinson's Disease Rating 
Scale (UPDRS) and determined the stage by 
using the Hoehn and Yahr scale22

• The 
demographics of all subjects were shown in 
Table I. 

To obtain clinical CBC and blood 
chemistry profile data, fasting blood was drawn 
in the morning; and glucose, triglyceride, 
chloresterol, liver function and renal function 
were routinely analyzed by Department of 
Pathology, Ramathibodi Hospital. The blood 
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Table l Characteristics of subjects 

Male: Age 
Ageat Dose of 

Group onset Stage' levodopa Duration of(years) 
Female (years) 

(years) (mg/day) 

PD Tx MF 

NM 7:10 56±6 
(N=l7) (42-60) 

NF-PD 
9:3 55 ±7 52±8 1.33 220 ± 130 4±3 2.91±3.23 

(N=l2) (41-66) (40-65) (1-2) (100-450) (1-11) (0.17-11) 

MF-PD 
8:2 60± 10 48±9 3 628.75 ± 249 13 ±4 11.4±4.14 4.63±3.42 

(N=lO) (48-75) (37-61) (2-5) (400- 1200) (8 - 20) (7-20) (0.33-10) 

Values are expressed as mean± SD. The numbers in parentheses indicate the range of values. 
a = stage determined by Hoehn and Y ahr scale 22

; NM = normal volunteer; NF = Parkinson's disease 
with non-motor fluctuation; MF = Parkinson's disease with motor fluctuation; PD = Parkinson's 
disease; Tx = treatment; MF = motor fluctuation 

sample was centrifuged at 2500 x g for 15 
minutes at 4° C. Plasma was removed and 
determined for the level of thiobarbituric acid 
reactive substance (TBARS) and tocopherol. 
Erythrocytes were prepared and determined for 
the level of tocopherol and their susceptibility 
to hydrogen peroxide induced-autoxidation. 

Measurement of lipid peroxidation in plasma 

The lipid peroxidation product in 
plasma was determined by thiobarbituric acid 
test (TBA test) and expressed as TBARS23

• 

One milliliter of sample or standard solution 
was mixed with 50 µl of 100 µM butyl 
hydroxy toluene (BHT), 1.0 ml of 10 % 
trichloroacetic acid, 0.5 ml of 5 mM EDTA, 
0.5 ml of 8.1 % sodium dodecyl sulfate and 1.5 
ml of 0.6 % thiobarbituric acid. Control 
experiments were performed by using the same 
amount of normal saline solution instead of 
sample or standard solution. The reaction 
mixtures were well mixed and incubated in 
water bath at 90°C for I hour. After cooling, 
they were centrifuged at 2500 x g for I 0 
minutes. Supernatant was collected and 
transferred to a cuvette. The TBARS complex 
had characteristic fluorescence excitation and 
emission maxima at 515 nm and 553 nm, 
respectively. The fluorescence intensity of the 
product was determined at 553 mn by a 

spectrofluorometer. l, 1,3,3 Tetra-ethoxypro­
pane was used to serve as a standard. 

Determination of tocopherol 

Level of tocopherol in plasma was 
determined by a reverse phase high 
performance liquid chromatography (HPLC)24

• 

A NovaPak Cl8 (4 mm; 3.9 x 150 mm) 
column was used for the separation of 
tocopherol. The HPLC grade {100%) methanol 
was used as mobile phase. Flow rate was set at 
1 ml/min and the pumping pressure was l ,000 
psi. This condition was performed at ambient 
temperature. The fluorescence detector was 
operated at the wavelengths of excitation (295 
mn) and emission (370 mn). A 500 µl of 
plasma was extracted with 1.0 ml of sodium 
dodecyl sulfate (O.lM), 2.0 ml of ethanol and 
2.0 ml of hexane. The supernatant was 
collected and evaporated to dryness by 
nitrogen gas and redissolved in 500 µl of 
ethanol. Five µl aliquot of samples or 
standards was injected into the column. 

Susceptibility to autoxidation of erythrocytes 

Susceptibility to autoxidation of 
erythrocytes was determined by the procedure 
of Stocks et al.25

• Freshly withdrawn 



Thai J Pharmacol; Vol 22: No 2, May-Aug 2000 107 

1.2 

Q 1.0 El :::. • 
0 
El I = ~ 0.8 
"' • ± ~ 8 • I ~ • .... 0.6 .. 

' 
.. 

El .. • ~ 

..!! 
0.4 I I>< • 
0.2 

0.0 

NM NF MF 
N= (12) (7) (9) 

Status of subjects 

Figure 1 Plasma TBARS level in normal volunteers (NM) and Parkinson's disease patient wi\h non 
motor fluctuation (NF) and with motor fluctuation (MF). Dots represent values of enzyme 
activity in individual subjects, bars indicate standard error of the means and squares are 
mean values. The difference between NM and MF-PD patients was significant (P< 0.05). 
Values in NF-PD patients were not significantly different from NM subjects. 

heparinized blood was spun. The plasma was 
aspirated and replaced by an approximately 
equal volume of azide buffer. The cells were 
resuspended. Two ml cell suspension was 
diluted with 8 ml azide buffer and after mixing 
the cell suspension was spun. The supernatant 
and the remainder of the buffy coat were 
removed. Five ml of azide buffer was added to 
the packed cell and the cell suspension was 
mixed. The number of red blood cell in the 
suspension and hemoglobin was determined by 
H3-Technicon cell analyzer. Three ml of this 
suspension was transferred to a glass boiling 
tube and equilibrated in a 3 7°C shaking water 
bath for JO minutes. Three ml of JO mM 
hydrogen peroxide solution was added by 
allowing the solution to run down the side of 
the tube (zero time). The mixture was then 
incubated at 37°C for 2 hr. l, 1,3,3, 
Tetraethoxypropane was used to serve as a 
standard. 

MDA estimation and calculation 

Three ml of the cell suspension was 
added to 2 ml TCA-arsenite solution. The 
mixture was spun for 10 minutes at 2500 x g 
and 3 ml of the supernatant was transferred to 
a centrifuge tube and 1 ml of TBA solution 
was added. The mixture was incubated for 
exactly 15 minutes in a boiling water bath in a 
closed system. The tube was cooled. The 
absorption of the mixture at 532 and 600 um 
was measured by a recording spectro­
photometer. 

Statistical analysis 

The data were analyzed by SPSS 
version 7.52 and expressed as mean ± SD. 
Mann-Whitney U test was used to compare 
between normal and each group of PD 
patients. The association between two 
parameters was computed by Spearman's rank 
correlation test. P value 5 0.05 was considered 
as significant difference. 
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Figure 2 The levels of erythrocyte TBARS in normal volunteers (NM), Parkinson's disease patients 
with non-motor fluctuation (NF) and Parkinson's disease with motor fluctuation (MF). Dots 
represent values of erythrocytes TBARS levels in individual subjects, bars indicate standard 
error of the means, and squares are mean values. Values in both groups of patients were not 
significantly different from normal volunteers. 

RESULT 

Lipid peroxidation 

The mean plasma level of TBARS was 
significantly higher in MF-PD group (0.72 ± 
0.12 mnol/ml) compared to healthy subjects 
(0.54 ± 0.12 mnol/ml, p < 0.05, figure 1) but it 
was not significantly different form NF-PD 
group (0.66 ± 0.16 mnol/ml). There were no 
correlation between plasma TBARS and age 
of the subject (MF: r = 0.117, p = 0.764; NF: r 
= 0, p = l; NM: r = -0.035, p =0.913) or 
duration of disease in both groups of PD 
patients (MF: r = 0.126, p = 0.747; NF: r = -
0.400, p = 0.60). 

Erythrocyte susceptibility to autoxidation 

There were no significant difference 
in erythrocyte susceptibility to autoxidation 
among three groups of subjects (NM = 11.262 
± 2.039, NF = 12.828 ± 2.068, MF-PD = 

10.566 ± 2. 764 mnol/l 0*9 cells figure 2). No 
correlation was observed between the level of· 
MDA and age of the subject (MF: r = -0.548, p 
0.160; NF: r = 0.359, p = 0.382; NM: r = -
0.129, p = 0.622) or duration of the disease 
from all tested groups (MF: r = -0.0132, p 
=0.977; NF: r =o0.482, p = 0.227). 

The level of vitamin E in plasma and 
erythrocytes 

There were no significant differences 
in the level of vitamin E in plasma among the 
three groups of subjects. (NM = 13.530 ± 
2.658, NF = 15.274 ± 7.933, MF = 14.01 ± 
7.389 µg/ml, figure 3) and the level of vitamin 
E in erythrocyte (NM= 2.15 ± 0.471, NF= 
2.334 ± 1.779, MF = 3.889 ± 2.067 µgig Hb, 
figure 4). There were no correlation between 
these parameters and age of subjects (plasma 
vitamin E -MF : r = -0.084, p = 0.831; NF : r = 
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Figure 3 Plasma vitamin E levels in normal volunteers (NM), Parkinson's disease patients with non­
motor fluctuation (NF) and Parkinson's disease with motor fluctuation (MF). Dots represent 
values of vitamin E levels in individual subjects, bars indicate standard error of the means 
and squares are mean values. Values in both groups of patients were not significantly 
different from normal volunteers. 
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Figure 4 The levels of erythrocyte vitamin E in normal volunteers (NM), Parkinson's disease patients 
with non-motor fluctuation (NF) and Parkinson's disease with motor fluctuation (MF). Dots 
represent values of vitamin E levels in individual subjects, bars indicate standard error of 
the means, and squares are mean values. Values in both groups of patients were not 
significantly different from normal volunteers. 
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-0.286, p = 0.535; NM: r = 0.138, p = 0.596; 
RBC-vitamin E - MF: r = -0.008, p = 0.983; 
NF: r = 0.338, p = 0.309) or duration of 
disease in both groups of PD patients (plasma 
vitamin E - MF: r = 193, p = 0.618; NF : r = 
0.236, p = 0.610, RBC- vitamin E MF: r = 
0.050, p = 0.897; NF: r = -0.088, p = 0.797). 

DISCUSSION 

Our data demonstrated that the 
plasma TBARS was significantly increased in 
MF-PD patients but not in NF-PD patients 
compared to NM group. Oxidative stress has 
long been known to cause lipid peroxidation 
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which is associated with pathophysiological 
events in a variety of diseases. It has been 
postulated that free radicals and aldehydes 
generated during the process may be 
responsible for these effects because of their 
ability to damage cellular membrane protein 
and DNA26

. TBARS is commonly recognized 
as a marker of lipid peroxidation27

• The 
significant increase in plasma TBARS in MF­
PD patients suggest a marked increase in 
oxidative stress in late complicati of the 
disease. The motor abnormalities represent the 
decreased striatal storage of dopamine due to 
drastic loss of dopaminergic nerve terminals28

. 

Parkinsonism begins to appear when striatal 
dopamine concentrations are reduced by 
80%29

, and a more severe state of disease is 
associated with a 90 to 98 % reduction in 
striatal dopamine ""0

• 

The result of this study not only 
support the association of oxidative stress in 
pathogenesis of this disease but also suggest 
that in the late stage the oxidative marker can 
be detected in peripheral tissues, since 
significant increase in the level of TBARS is 
found in blood of PD patients with motor 
fluctuation. These can be implied that lipid 
peroxidation product occurring during PD 
period accumulated in plasma. The study in 
cell culture demonstrated that MDA was 
extensively bound to serum albumin presented 
in the media31

. Thus, it seems to be possible 
that this event may also occur in plasma. 

It has been demonstrated that the 
levels of blood lipid peroxide in the elderly 
were significantly higher than in the young 
group"- However, the data of our study 
showed no correlation between the levels of 
TBARS and ages of the patients or duration of 
the disease. Since the ages of the patients 
enrolled in this study are between 41-66 and 
48-75 years old in NF-PD and MF-PD, 
respectively, it may not be possible to reveal 
any significant difference in their physiological 
functions in these age ranges unless greater 
number of patients are enrolled. 

The present data are in substantial 
. h h d' 78 1516 agreement wit many ot er stu 1es ' ' · . 

However, Ahlskog et al 16 reported no 
significant difference in mean serum TBARS 
in levodopa treated and untreated patients with 
PD, compared to normal control. The 
discrepancies may be due to the difference in 
patient selection. In our experiment, we 
classified PD patients as NF-PD and MF-PD, 
according to the degree of disease severity. 
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Since aldehyde which occurrs as a 
product of oxidative damage is a causative 
agent in certain pathological conditions", 
therefore, the importance of antioxidant 
defense system in protecting biological tissue 
against ROS mediated peroxidation has 
promoted investigation into the prophylactic 
use of high dose antioxidant supplement"-

Vitamin E plays an important role as 
an antioxidant for unsaturated lipids and in 
maintaining the integrity and stability of 
biologic membrane34

'
35

• Our result showed that 
the levels of vitamin E in plasma and 
erythrocyte were not significantly different in 
both groups of PD patients when compared to 
controls. These findings are consistent to 
previous report36

-
38

. The relationship between 
PD and plasma vitamin E concentration 
remains unclear. Some authors, based on a 
retrospective interview study, have suggested 
that PD patients in early life might have taken 
food with lower vitamin E content than did 
controls". These studies migth be unreliable 
because the interviews were retrospective, 
covering a long period of time and only a few 
of the investigated foodstuffs differed 
significantly between PD and control groups. 
However, the study of the levels of vitamin E 
in brains of PD showed that they were not 
altered from normal level 19

• 

The results from multicenter 
controlled clinical trial involving 800 patients 
receiving vitamin E either with placebo or with 
selegiline (a monoamine oxidase type B 
inhibitor) have been reported 21

• No beneficial 
effects of vitamin E were found and there 
appeared to be no interaction between vitamin 
E and selegiline. The failure of vitamin E to 
influence the progression of PD in this study 
does not necessarily mean that antioxidant is 
not effective. Vitamin E is a secondary 
antioxidant that halts the chain reaction of lipid 
peroxidation and may be less effective than 
primary antioxidant that prevent the formation 
of ROS and the initiation oflipid peroxidation. 

Fahn40 reported preliminary data that 
the use of high doses of vitamin E (3,200 IU/d) 
together with vitamin C (3,000 mg/d) may 
delay the need for levodopa by 2 to 6 years. 
This may not be attributable to vitamin E 
alone, since vitamin C promotes the 
reformation of vitamin E from vitamin E 
radical and it also possesses antioxidant 
activity41

• In addition, glutathione can 
regenerate vitamin C4

"
43

• Therefore, although 
vitamin E may scavenge free radicals, its level 
is preserved at the expense of other 
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plasma TBARS as systemic manifestation of 
oxidative marker for the disease. The severity 
of the disease and tissue specificity also has 
some impacts on this marker. 
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ABSTRACT 
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The main objective of this research is to study prescription writing and rational prescribing by 
third-year medical students, Faculty of Medicine, Chulalongkorn University. This study was designed 
as a cross-sectional descriptive study. Five case scenarios were presented to 174 third-year medical 
students who had to prescribe a rational drug for each patient. Prescription forms were marked, then 
the knowledge scores were recorded and analyzed using descriptive statistical method. Most subjects' 
knowledge scores could be classified at the level of 'fair'. Only one quarter of all subjects acquired 
'high knowledge' scores. The issue is to consider how to enhance their competencies in prescription 
writing and rational prescribing. Further detailed research study is recommended in assessment in the 
clinical years of students' competency in prescribing for each group of drugs. 
Key words: prescription writing, rational prescribing, knowledge score, medical student, competency 
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INTRODUCTOIN 

A prescription is a written 
instruction which is issued by a doctor, and 
which enables a pharmacist to prepare 
medicines for patients1

• Accurate communi­
cation with the pharmacist is essential if the 
patient is to receive the prescribed medicinal 
drugs'. Although a prescription can be 
considered as a letter with many important 
messages, there are still possibilities for errors, 
which frequently occur as a result of illegible 
handwriting1

• However, the doctor who, 
although prescribing drugs in legible hand­
writing and not causing any errors in pres­
cription writing, may still be considered as an 
irrational prescriber. There are three 
dimensions in which basic knowledge is 
needed for rational prescribing: the disease, the 
patient and the drug3

. Pisonthi4 has proposed 
11 steps for promoting a rational use of drugs. 
These are: consideration for indication, 
efficacy, risk, cost, prescription writing, 
patient compliance, patient education, patient 
acceptance, appointment for follow up, result 
of treatment and conclusion of treatment. 

Irrational prescribing is a global 
problem. In teaching hospitals, which are 
expected to be role models for students, there 
are a lot of studies showing the inappropriate 
use of antibiotics5

. Moreover, there are a 
number of reports about irrational prescribing. 
These include polypharmacy, unnecessarily 
expensive medication and the use of drugs that 
are not related to the diagnosis'. 

Since medical students in the 
Faculty of Medicine of Chulalongkorn 
University have been taught how to write 
prescriptions with minimum errors and how to 
prescribe drug rationally when they were third­
year medical students, an evaluation of 
prescription writing and rational prescribing 
was done to ensure their competencies after 
completing the subject of pharmacology at the 
end of third year. 

MATERIALS AND METHOD 

A cross-sectional descriptive study 
was designed for this pilot test. The sample 
included all 174 third-year medical students of 
the 1998 class. Respondents were surveyed at 
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the end of Block Degeneration and Diseases of 
Aging 1998. This was the last session of 
teaching and learning in the subject of 
pharmacology in that academic year. 

As a part of the summative eva­
luation, 5 short case scenarios (diagram IA) 
with a drug list (diagram IC) were presented to 
the subjects. Each subject had to choose the 
most appropriate drug for each scenario and 
prescribe it correctly using a standard 
prescription form. The prescription forms were 
then marked and double-checked using answer 
keys which had been provided (diagram IB). 
Knowledge scores were recorded and analyzed 
using descriptive statistical method. 

RESULTS 

There were 91 female and 83 male 
subjects. The males' average score was 24.58 
of 35 (SD ~ 5.65) and females' score was 
23.28 of 35 (SD ~ 5.76). The scores were 
classified by modified criteria of the Ministry 
of Education (0-49 %: Low; 50-79 %: Fair; 
and 80 % upwards: high). The classification 
revealed that knowledge scores of 59.77 % of 
total subjects could obtain the level of 'fair': 
59.04 % for male and 60.44 % for female. 
25.29 % of total subjects had a high level of 
knowledge: 21.67 % for male and 28.57 % for 
female. Then, there were 14.94 % of total 
subjects had a low level of knowledge: 19.28 
% for male and 10.99 % for female (see Table 
I). 

From 870 items of prescription 
(174 medical students and 5 case scenarios 
each), it was found that only 35.86% of total 
items were considered as 'rational prescribing 
without any prescription errors'. Almost one­
fourth of all prescription (24.48%) was 
classified as 'irrational drug selection' while 
23. 79% were marked as 'inappropriate dose 
prescribing'. The other irrational prescribing 
and prescription errors detected were: 
incomplete prescription writing, incorrect 
spelling, incon·ect word order, inappropriate 
use of trade name, problems with specifying 
drug strength and drug prescribing 
before/after meal and inappropriate frequency 
(see Table 2). 
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DIAGRAM l. EVALUATION GUIDELINE IN THIS STUDY. 

A. Case scenarios 
I. A 15 year old female ( 40 kg) with history of fever, flushing and headache for 

I day. Her body temperature was 38.3 degree Celsius. Other physical 
examinations were within normal limit. She was diagnosed as acute febrile 
illness RIO Dengue hemorrhagic fever. 

2. A 20 kilogram child who cannot take any oral pills with indication for 
antipyretic drug. 

3. A 58 year old female with indication for daily baby aspirin. 
4. A 35 year old male with indication ofNSA!Ds use. He stated that he would 

like to take medicine only once a day. 
5. A 25 year old female whose illness was diagnosed as peptic ulcer. 

B. Checking criteria 
I . 7 marks for each case scenario 
2. -I mark for each prescription error and irrational prescribing 
3. !national drug selection was set as 0 mark 

c. r Drug 1st 

GENERIC NAME TRADENAME List Dosage form Strength I Size 

Acetaminophen PARACETAMOL I Tab 500mg 
CETAMOL I Tab 325 mg 
PARACETAMOL I Svr 120 mg/5 ml 60 ml 

Acetylsalicylic acid ASPIRIN I Tab 81. 300 mg 
ASPENTM 2 Tab 60mg 

Amoxvcillin AMOXYCILLIN I Can 250. 500 mg 
Atorvastatin LIPIDTOR JR, Tab IO mg 
Chlomheniramine CHLORPHENIRAMINE I Tab 4mg 
Cholestvramine OUESTRAN 2 Pdr 4g 
Dicloxacillin DIXOCILLIN I Can 250mg 
Furosemide FURE TIC I Tab 40mg 

LAS IX 2 Tab 40, 500 mg 
Gemfibrozil HID IL JR, Cao 300. 600 mg 
Hydroxyzine HIZIN I Tab IO mg 
lbuorofen BRUFEN I Tab 200 mg· 400 mg 
lndomethacin INDOCID I Cao 25 mg 
Loperamide IM ODIUM 2 Cao 2mg 

LOMIDE I Cao 2 ill!! 
Loratadine LORSEDIN I Tab IO mg 
Norfloxacin NORXACIN I Tab 200. 400 mg 
Piroxicam FELD ENE 2 Cap IO mg 
Rani ti dine RANITIDINE I Tab 150 mg. 300 mg 
Salbutamol VENTO LIN 2 Tab 2mg 

VENTO LIN I Nebule 2.5 me:/2.5 ml 
Theophylline, THEO-DUR I Tab 200mg 
sustained release 

Price 
(Baht) 

0.5 
0.5 
JO 

0.2 0.3 
0.4 

1.7. 3 
43.5 
0.3 
30 
2.5 
0.4 

3.6. 31 
3.3. 4.5 

0.8 
I. 2 
l.7 
6.1 
I 

3.2 
3 5 
10.2 

2.5 5.9 
l.8 
20 
3.2 
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Table 1 Number of subjects classified by their knowledge scores using modified criteria of the 

Ministry of Education 

Levels Male Female Total 
High 18 26 44 

(80 - 100%) (21.67%) (28.57%) (25.29%) 
Fair 49 55 104 

(50-79%) (59.04%) (60.44%) (59.77%) 
Low 16 JO 26 

(0-49%) (19.28%) (10.99%) (14.94%) 

Table 2 Percentage of each type of irrational prescribing and prescription error 

Details Percentagest< 

• Irrational drug selection 24.48% 

• InaQeroeriate dose erescribing 23.79% 

• IncomQlete QrescriQtion writing 9.08% 

• Incorrect seelling 4.14% 

• Problems with word order in QrescriQtion 2.53% 

• Ina122ro12riate use of trade name 2.41% 

• Problems with seecifying drug streng!h 2.07% 

• Problems with drug erescribing: before/after meal 1.95% 

• Ina1mroeriate fre9uenc;i: of drug Erescribin~ 1.38% 

* Some prescriptions contained more than one prescription error. 

DISCUSSION 

As they had just completed their 
studies in pharmacology, it was expected that 
the group of third-year medical students would 
be proficient in prescription writing and 
rational prescribing. However, this study 
demonstrated that most of them obtained 
scores showing only a fair level of knowledge. 
Only one quarter of all subjects acquired high 
knowledge scores. Although, five case 
scenarios could not be considered 
representative of pharmacology as a whole, 
this unpleasant performance was still a 
considerable problem. 

The main issue was to identify 
whether it would be possible to enhance their 
competencies in prescription writing and 
rational prescribing. It can be considered that a 
medical school has many roles in promoting 
rational prescribing. In particular, it can give 

both knowledge and protection to medical 
students against the disturbing influences they 
will be exposed to in their professional life. 
This can be done by setting a curriculum 
stressing critical thinking; by giving a correct 
role model in prescribing and by arranging 
enough teaching experience in rational use of 
drugs. In many teaching hospitals, most time is 
spent emphasizing the need to make a correct 
diagnosis with much less time spent on 
discussion of the rational treatment. Thus, the 
students' rational thinking does not occur. 

Further detailed research study should 
be conducted to examine the students' 
knowledge in clinical years of prescription 
writing and rational prescribing for each drug 
group. Now, it is time to reconsider whether 
graduates from our medical school have 
enough proficiency in prescription writing and 
rational prescribing. 
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REVIEWS 

GENETIC POLYMORPHISM OF CYTOCHROME P450 2C19 

Wichittra Tassaneeyakul 1, Arpom Tawalee 1
, Wongwiwat Tassaneeyakul 2 

1Department of Pharmacology, Faculty of Medicine, KhonKaen University, 2Department of 
Toxicology, Faculty of Pharmaceutical Sciences, KhonKaen University, KhonKaen 40002, Thailand. 

ABSTRACT 

The measurement of S-mephenytoin hydroxylation was an original method for studying 
CYP2Cl9 polymorphism. This led to discover that CYP2Cl9 polymorphism in human is mediated 
through an autosomal recessive trait. The prevalence of this polymorphism exhibits a wide interethnic 
variation ranging from 1-6% of poor metabolizer {PM) in Caucasians to more than 40% in some 
Pacific islanders. At least 11 CYP2Cl9 allellic variants have been described. Except for the wild-type 
allelles (CYP2Cl9*1 or CYP2C19wt), all other mutant allelles led to either abolish or decrease 
CYP2Cl9 activity. The mutant allelles CYP2Cl9*2 and CYP2C19*3 were found to cover almost all of 
the PM in Asian populations, but to a lesser extent when applied to Caucasians. As CYP2Cl9 is 
responsible for metabolism of many currently used medications, individual CYP2Cl9 alteration would 
lead to increasing risk of either therapeutic fuilures or misadventures. The urinary mephenyotin SIR 
ratio has successfully been used for phenotyping CYP2Cl9 by several investigators, but concerns 
regarding adverse drug effect, analysis difficulty and long term sample unstability have limited its 
utility. The proguanil/cycloguanil ratio has been used for CYP2Cl9 expression, but overlapping result 
between the (PM) and (EM) also limits its utility. The plasma omeprazole/5-hydroxyomeprazole ratio 
correlates well with CYP2Cl9 genotype and has led to another substrate probe studied with advantages 
including less side effects and less difficulties in drug quantitation. Genotyping of CYP2Cl9 can be 
determined by the PCR-RFLP techniques. After digestion with appropriate restriction endonucleases, 
the pattern of CYP2Cl9 allelles can be simply revealed under the agarose electrophoresis. To date 
only a few studies have been reported on CYP2Cl9 polymorphism in Thai population. The discrepancy 
.in finding of PM between 7% and 18% warrants further investigation before any unambiguous 
conclusion can be made. 

Address correspondence and reprint request< to · Wichittra Tassaneeyaku~ Ph.D., Department of 
Pharmacology, Faculty of Medicine, KhonKaen University, KhonKaen 40002, Thailand. 
Tel/Fax : 43-348397. 



122 

LBl.l1'11:Ji cytochrome P450 2Cl 9 

(CYP2C19) L~:JJ{~nnl.IL\.l\.11lJ me-
" 

phenytoin hydroxylation polymorphism 

L d B'l'il1niifl11:JJa:JJw1.1li'nu m"> t'li'mnuo/ln 

mephenytoin ( 3-methyl- 5-phenyl-5 -

ethyl hydantoin, Mesantoin ®) ~'ltlO 
u 

"" .J' .J "I 111..... .... 

Wli!J\.11'11\.ILWB L'll'lffli101'l'llnLLUU focal 
l;: '~I 

ll<I~ motor generalized GMLL\ilu fl.I'!. 

1945 11.ilum mephenytoin ~tl1m1'1i'm'l 
~~ ~ i'l ti d ti • fl<l\.IO:JJOBU \.l'J racemic '11'1 -;~naumu 

u u 

R- ll<I~ S-enantiomers 11.1a1.i1<h1.1~1mi 
LfiU'lfl\.I m-;i'Jmfl l\.lalili°'Yllil<liN Lti\.l<IU'll • 

' . .J' WU11 S-enan!iomer 'llB'lU1'11\.11\.l\.l'il~fln 
• 

fi1~\ilBBO'il10W<l1<1:JJ11iL~10i1 R­
d 

enantiomer l\.IB'1'il10 stereoselectivity 'llB'l 

tlijn~u1 hydroxylation uw phenyl ring 

phenytoin ll.llJ1f11tl90WUl'lf'lll'lO 1utl 
d 0 ~ g ~ 

fl.I'!. 1984 'llfll~'Y101<1'1~101fll.fl<l'll-

'il<l\.11'11<11.il1°'11B'lU1l u mmaiJ'fl-, Ll'luiimm 
"" .J .cl I I 

a:JJ fl., fl I.I VI 1.1 '1 :JJ a1 m ">'11'1 u au a m'l m nm u 

~ 1 ·~ d ~ ~ ~ 
'1'1<1'1 l'l 'JUU1 llJB\il'J1'il11'l'J~l'lUU1 LI.I 

ilam1~'1IB'1Lm wui1iitl~:JJ1ruL:JJ1.i11ua 1aGi' 
~ . 

'llB'1U1flB 4-hydroxymephenytoin \.IBU 

mn LfiB'l'il1niim1:JJunw~B'l'llB'1tlijil~m 
hydroxylation ii11 V11>.ia1:1J1'Jtll tl~uu 
mephenytoin 1 '11 B~1 u~tl hydroxy 

metabolite 11'l"' 

m-;i'lmneia 'll.11 wui1m1:JJun­

w~B'l'1lB'1tlijil~m hydroxylation 'l!Ulilflii 

l\l<IL\lW1~ mephenytoin ~BUlU'Jtl S-
" . • 

enantiomer l ri1u1.1 

Wichittra Tassaneeyakul 

4 5 J'..., I 

enantiomer ' \.IBO'il10\.IU'lWU11fl11lJUO-
• 

I "" .<>I I "" 

W'l B'l'll\.I I'll.I <11lJ1'lfl fllU'YI B l'l'Y11'lW'lJ ilO'l'llJ 
• 

lluu I 
, , 5 vdq 

autosoma recessive trait l\l'YllJfl11lJ • 
S-mephenytoin 

hydroxylation 'ii'lL\'Ju poor metabolizer 

(PM) 'llB'l mephenytoin hydroxylation 
.J I 4'i1 .J o 

'11'lWU11fl11lJ'llO'l'l'lBfl11lJfl'llB'l'il1U1'lJ • 
ti 1 ' .J' ~~ ' 

'l~'ll10'J PM 1JLl\il<l~L'llB'll1\illJOlll'lO\i11'1 

nu Ll'lUL\.l'll11N1'!111WU PM tl-;~mru 1-

1 d 1 q ' ~ 6 % U'llW~'YIWU \.l'll11lBl'l!UlJ10011 flB 

tl-;~mru 11-23% .r'1tWl'l'1l1Jl'l1'l1'1~ 1 

~ ~ 

A111.Jl\ll'llll\10'11B'1UU CYP2C 19 

'llB,llBU 1'lll1 S-mephenytoin hydroxy lase 

1~i'fl n A mn m L \'Ju nm mu Vim u tJ LL<i1 Llei 
u 

L vl'l ii m wi' u w Ul d B 1 ii 'lJ1 u lJ1 if i1 LB 1.11'11 i1 if 
~l'lBl'i1umi:JJ CYP2C subfamily ~'l • • 
U'il~Ul.IL'.iuni1 CYP2Cl91

'
2

• CYP2C L1'lu 

n~:JJ subfrunily ~~Bll~1'lt'l'laj tl-;~nau 
~1uuu'l!ill'lGi1'l 'l 1i.hfauni1 7 'llill'l fau 

<li'l'l-ruuu CYP2C19 ii1fl'l'l<l-:i'1'1L1'lu 9 
0 g.i.J Ill 1, 

exon 'Yl1'1'1U1'Yll'l1Ul'llJ01'l<l'l1'lLBU '11lJ • 
d ti • ~1 CYP2Cl 9 '11'1 'l~OBUl'l'lUO'Jl'lB~lJ \.I 

~1u1u 490 el1 'QJinn11iL~'l1~lfanBru~ 

'Y11'lW\.lilO'l'JlJ'lJB'l~U CYP2C19 1umm • 
aiJ'A-,~tuu PM wui1iim-;l'i1Lmh'llB'l 

nucleic acid tnlil~\.IU'lJU1'1~1ll'l'IU'l'llB'1U\.I 
ii11111>.iiim-;a{1'ltel'IJ1'11:1i CYP2C19 Vl'.iB 

1 "' .Jw.J'-=:1 ""' LBU '11lJ CYP2Cl 9 'Yl<l'l1'l'll'WlJfl11lJl\ll'l 

tln~'ilu 1>.im:JJ1'laii1'l1u 1vi'&lt ri1~fl1"> 



Thai J Pharmacol; Vol. 22, No. 2 May-Aug 2000 123 

lil1'>J~ii 1 i'l'J13Jrl'!Ja~ poor metabolizer (PM) hnh::'ll1fl':iL:ffa'l11&ii;i1~ '1 •-• 

Ethnic group Frequencies of PM (%) 

Asians of: 

China 11-17 

India 11-20 

Indonesia 15 

Japan 14-23 

Korea 13 

Philipines 23 

Vietnam 22 

Mid-East Asians of: 

Isarael 3 

Saudi Arabians 2 

Caucasians of: 

Canada 4 

Canada (Inuit) 2 

Denmark 3 

France 6 

Greenland (west) 3 

(east) 9 

Netherland 2 

Portngal 

Russia 2 

Spain 2 

Sweden 3 

Switzerland 5 
Turkey 1-8 

USA 3 

Africans of: 

Black American 1-2 

Ethiopia 5 

Tanzania 8 

Zimbabwe 4 

Micellaneous : 
Vanuatu 41 
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a1V1futf'l::?J1n·ma:1J PM 1u'1l11 • 
o<>I I ""' ""' lfll?!l'J WU11 75-80% lfllil'il1flfl111.JNlil 

.. d 
LINfl'1J1l'lfl'IJLLUU CYP2C19*2 (ml) '11 

"" ""4 ~I L'l'l<l<lilfl 20-25% Lu1JLLUU CYP2C19*3 

1 .,J '""' .?: .J' 1 (m2) 'IJ'1Jll!~'l'l~l'J'IJ'l'l'l<l1l'llLUU'IJWU lJ 

~ d "' .. '1J11N1'1J11'1'11u'IJ PM IWl'l'l 86-87% 

1rhifu
10

•
1
H' m':i'l'1m~m~11 du-:iwui1 

PM ?!111'JhtfLlJ1JLIUU CYP2C19*4 (m3) • 
11<1:: CYP2Cl 9*5B tl'J::lJ1tu 3% ua::l-

5% '1Jfl'lW11Jih!ilu
11

•
12 

a1V1fu CYP2-
.J Ill ~ .... 

C19*5A 'll'lfl<l11'lfl<l'lflU CYP2C19*5 

wrn11w1~ 1u?Juna:1Jtl'am:511'1J1m Bai '1111..:i • 
I I o I .J 

N1L'l'l<l1'1l11'1 exon 9 W111'1'1'1J'l'l'I 1,297 'il1fl 
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tJ .. '1' ~ ~,/,.J ?1 'i:: L 'l'lffil'll U(IJ :IJ'l'flH 'll'lf'll'lfl(IJ!l'IJ'lM L u'll 

tl'i::'lf10''l<hu 1 'l'lajmMtl'i:: L 'l1A~u 1 
• u fl n 

• 
:;i1niiif'lfll'il(IJ'i1'il'W1J CYP2C19*4 (m3) 
, .. .i~,... '1" 
L'll'lf11'il'll'l'lfl1Al'Jfl~ L'll!lfl'lO'l flCJl'I 'lO(IJl:IJ 

1.<::I :; 

fl11:1J'lfO?Jfl'lfll'J'll 'l'l'ILL1J1J CYP2Cl 9*5A 
• u 

ua:: CYP2C19*4 1utl'l::'lfln'l~'ll..r'l<lfl'l 
• .J' J 

0'l:IJ'll'i)::(IJ1:1J10 

. a1uuu CYP2C19 'lfU(IJ~u 'l iJn 

'W1JU fll'J:IJlO ~'IL'~U 1\ili11111:1.1i1(1JLLNO?Jfl'l 
.<::I I J.ct o::!! -"1 QJ' 

l'JU CYP2C19 L'l'll'l'l:IJ'lll'J'l1U()'lu'il'il1JU • 
a1:1.11'i!lii1U1 CJ <i' n,,. ru:: n 1 'l LL a (ii" fl fl n 

(phenotype) ?Jfl'lLflU1'11if CYP2Cl9 lu 

U'll:'lfl O'iLfJL :iil'J 1\il 11' fl'll'ifl'I~ Lilli <fl:IJl'j() 
..,. .<::1 I :; )4 

fl'lfl1Jfl<l:IJ'lf11N1?J11L 'Wl'J'l 9 3% L 'l'llUU • 
~-:iii1111:1.1L i'lu 1 tJ11ii'i1m:;iif.:iii1111:1.1i1(1JuNn 

J ,, . .d "" .J..J 
'l'l(IJlLL'l'IU'lflU 'l ?Jfl'll'JU CYP2Cl 9 'l'l<t'I 

Na W fl 1'111:I.I1J O'W 'J' fl'I l U Ol'lii l'llU'IJ fl'I 

LflU 1'11if CYP2Cl 9 ~'IU'I 1,fom>i'u'W1J LL<ll: 
u 

1111 :u 1.h l'i ty'l'll 'l fl iiil n'll fl" ffll :u i1 (IJ irn n 

'l'll"IWUilO'l'l:U'llfl"I CYP2C19 
' 

• . 1'A .J LL:IJl'Jl mephenytom 'ii:: :IJLu'll'l'l 

il CJ:IJ l'lfL U'U'il'ilUUL d fl'l'illn 1 l-1 wam.,-rn,,.1 • 
li,j~ 'i1:1J..r'liifllf11'l'lil'lL~l'J'l~'l umif'lj'.j~ 
aul'iJAO'li101''liil·:ilU'IJfl'ILflU1'lflf s-

. .. 
mephenytom hydroxylase 'l'l'ifl CYP2Cl 9 

I V .J o 
fl m-:i n11'l'IJ11'1 LU fl'l'ill n f11'i'l11'11U'IJ fl'I 

LilU 1'lflf ll'l uum a::u11 fl aiiLflf11<flL(IJn\ii1-:i • 
nu 1\ilmn 'J1:1.1..r.:iu.:i1i'Jmflu hifa1~ty~'Yi1 
'l'IUl~ L tl~l'JULL U<l'll'Jl~l'lfL UU'il'iJUU'l'lall'J • 
'lfU(IJ 11ii'LLn citalopram, carisoprodol, 
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diazepam, hexobarbital, mephobarbital, 

imipramine, propranolol, proguanil, 

pantoprazole, omeprazole, u a:: 
19 20 .J ..... .... 

lansoprazole ' '11'1 fl11:1J N(IJ LLN O'l'll'l'WU !i-• 
O'i'i :I.I'll fl'I rnu 1 '11,J l'i fl ml.:i w a Iii fl f11 'i(iJ mJ 

au fl'! 1 u m'i-rn,,.1 n:1.1..r'liiLfl maLi\(IJ 
v .... 4:11 "" v .... 

fllf11'i'IJ1'1Lfll'J'l'l'l'iflfllf11'i'W'li'i1101'Jl(IJ11'J (IJ'J 

fll'i1.:miu il'u1CJ~1i'Ju PM iifammi\(IJ u . . .. 
fll nl'l'IJ 1'1 Lfl l'J'l'ill n l'Jl mephenytoin, 

mephobarbital ua:: hexobarbital mnni1il' 
u 

.J A . . a 
'l'lLuU extensive metabohzer (EM) ua:: 

V .J d'. ;: I 

01''lflU'W1JL:IJfJL'l11'1l 'W1J11 omeprazole 

<11:1.Jl'i()<l(IJO'l(IJ l UO'il:L 'Wll:fll'l'll'i 'i1:1J..r'I 

Lvi:1.1tJ~mru gastrin lu'Wm<lm'llfl'lfll<ll 
"" J ~I 1 ,,.,,. • v..J f'I 21 

<l:IJfl'i'l'lLuU PM (IJ(IJ011N'l1LuU EM fll'i 
u 

'W1Jilfl(iJ'ilf11'ifil~(iJ H. pylori L(IJl'Jfll'il'li' 

omeprazole ~1:1.101.J amoxicillin 'il~<l'll'll~ 
u u 

.'I ' ,J ?1 .J .. ~ •.•1 ' 
u11'JO<l:IJ'l'lluU PM L:IJfJL'l'll'J1J01JNu11'JO<l:IJ 

• u • 

2 2 :r.... .d ' _'li .., 
EM UflO'i110'1ll'J'IL'lffl111'Jlu fl'IO'll 

:1.11<11L~l'J proguanil fll'ilh1ii11ii'wa1u~tl1CJ 
""1J£'1 .d ,;: 

:IJl<llL'il'J'l'lLuU PM LUfl'l'i1101Jflfl<IL'l'lalU • 
1iimm'lmtl~l'Ju proguanil lllfl~1u;itl 

.(.J.. ..._~ ~ .. 1 • 
a1., fl fl n 11'11il'l'l:1.111 '11 !iu fl'! nu :1.11 a1 L 'il'J (IJ 

ua::m-;1'll'mihu~tl1CJ PM fll'i!Li'lm'l'l(IJ 
u • 

,J .J.1 • .r . . 
'l'l'll'l'l'l'l'll 'l'IL'lffl Plasmodwm falc1parum 
"".$ ~J23 

L0(1Jf11'l(ilfll'J1L'W:IJ'IJU 

_J I 'V V ..:.11 ~ 1·· 
'ill n '11na11:1.11'1J1'1 (ii u:;i.:i L'l'lu (IJ11 

f11'l'l'l'i11J'lf fl:IJ<I fl11:1J<ll:IJ1'l() l U fll'liil'llU 
u 

'lffl'ILflU 1'11if CYP2Cl 9 'IJfl'INU1mLm'1:: 
u 

'>lCJnBu 1'll'm m:;iiia1u'li1m Yi:1.1tJ.,::1l'l'lfi­

.n1'W 1um.,-rn,,.1 'l1:1.1..r-:i'l'l~nL~l'J'l 'l'l~Ba(IJ 
1'111 :I.I L~l'J'l l U Ol'l LO (ii Bl nl'l'lf 1'1 L~ l'J'l'l'l~B 
W'li'IJB'll'Jl 1\il U'il'ilUUL 'll<fl:IJ1'j()(iJ'j1'iJi(iJ • 



~ 
~ 
"' § 
~ ,:: 
" .~ 

~ 

~ -. 

Allele 

CYP2C19'1A 

CYP2C19'18 

CYP2C19'2A 

CYP2C19'28 

CYP2C19'3 

CYP2C.19'4 

CYP2C19'5A 

CYP2C19'5B 

CYP2C19'6 

CYP2C19'7 

CYP2C19'8 

' ' Q 1 At'::! ... ... .... I I ...... .:ii A"1 .... ) 
(lill'l'l'I hJ~VIJll'!VlJ~1fila:baV~~a~~·\l, CYP2C19 bblJIJG11~~ b1'1111:1J~1V~1\l.'i\l.TI~lJ'i~lJ\l. 

Trivial Effect of Enzyme ~ 2f0 ' 4~0 ' 
600 800 

' I ' I ' Name Nucleotide Activity 

CYP2C19 "" Active I 1 I 2 I 3 I 4 I 5 I 6 

CYP2C19 "" lle 311 Val Active I 1 I 2 I 3 I 4 I 5 I 6 
C~T 

I 1 I 2 I 3 I 4 I 5 I 6 
CYP2C19 m1A Splicing Defect Inactive C~T G~1 A 

Glu 92 Asp I 1 I 2 I ~ I 4 I 5 I 6 
CYP2C19 m1a Splicing Defect 

Inactive C~T Gdsc GJ1A 

CYP2C19 m2 Stop Codon Inactive I 1 I 2 I 3 I 4 I 5 I 6 
GJsA 

GTG I 1 I 2 I 3 I 4 I 5 I 6 
CYP2C19 mJ Initiation Codon 

Inactive A,G C~T 

CYP2C19 m< 
Arg 433 Trp Inactive I 1 I 2 I 3 I 4 I 5 I 6 

CYP2C19 TRP433 

lle331 Val; Inactive I 1 I 2 I 3 I 4 I 5 I 6 
Arg 433Trp C~T 

CYP2C19 m5 
Arg 132Gln; 

Inactive I 1 I 2 I 3 I 4 I 5 I 6 
lle 331 Vel chr GJsA 

CYP2C19 m6 
T to A base transversion Inactive 
at donor site of intron 5 

(Exon Skipping) 

Trp 120 Arg Decrease I 1 I 2 r 
rJc 

3 I 4 I 5 I 6 

1000 1200 1400 1600 bp 
I , I • I , I 

I 7 I 8 I 9 I 

I 7 I 
~,G 

8 I 9 I 

I 7 I 8 I 9 I 
C990T'.'.J 
p,,,,G 

I 7 I 8 I 9 I 
C,,,T :;J 
A,,,G 

I 1 I a I 9 I 
~1G A1~1 C 

I 7 I 
Agg11G 

8 I 9 I 

I 7 I 8 l:;:::g:=J 
C12s1 T 

I 7 I 8 1 9 I 
~1G e',;p 

I 7 I 8 I 9 I 
~,G 

I 7 I 8 I 9 I 



Thai J Pharmacol; Vol. 22, No. 2 May-Aug 2000 

fl11lJ<l1lJ1'rn 1ufl1'JTI1'11'W'll<MLfl'W1'11:W''llil\il 
.r.. ~ . 4 u t\ill'l\il'lTil1\ilfl1'l'Y11'11'Wll'l flfl1'm<l\il'1 fl fl fl 

(phenotyping) "llfl'lbfl'W 1'11:W' LL<l~fl1'l\il'l1'il 

1 \ii a fl 1" ru ~ 'Yl1" w '!.! li fl'j'j lJ'IJ fl'll \ii a fl 1" ru ~ 'Yl1'l • 
W'l.J~fl'j'jlJ'IJfl'IV'W (genotyping) 

CYP2C19 

L 'l1<11 lJ1'lnAfl1"1afl'tlfil~fl1'JLba~M 

flflfl"llfl'!Lfl'W 1'11:W CYP isoform 0i1'11 1u 

u0i <i~U'flfl<i 1fl1\ilum11 'If ma1airfl-:;fu-• 
.... .cl .J .:: ' 

iJ -:;~'Yll 'Wm..,., am-:; L fl lJ 'YI L tJ um 1 a m1 flu 
u 

( ) 
d. • d 

substrate 'Yl'illLWl~\ilfl CYP isoform 'YI 

elfl'lf111Afl1"1 ~'l!'ll~fll'ilUllJl 1'1i'L U'WGJ1l\il 

~~ fl1'lilfl11lJU<lfl\il.ti'mN '111 hiLO\ilfl1f111 
u 

'Ii 1'1 LA !'l'l ~ 1 1Lfl11~ ,,{ '1'11 iJ 'ollJ1 rum LL<i~ 

metabolites 11ii~1!'l mm'lmLU<H·l<l 11iimh'l 

• ' • -" ~ d~ ~•~I {lfl\il fl'! LL<l~LLlJ'W!'ll '11ll'JU!'ll'Yl'W!'JlJ t'IJL u'W 
u 

GJ1l\ilfl11 lJ<l1lJ11{1 L 'Uf11'JTI1'11'U CYP2-

Cl 9 U'il'ilU'W ilmnmsil\il • 
1 u ~d11iimi 
1. Mephenytoin 

Mephenytoin LU'Wl'J1Gl1LL1fl~t'lilu 
fll'llfl'i'llu1'YIU"llfl'l CYP2Cl 9 LL<l~ 

ii 'il~uu!l" L tJ u~ilu "1'1i'nu fl u1'l fli1'l"1111'l 

1 \ii u ..i'11iJiiu"1 '11' fll m air 'fl., f u iJ .,~'Y11u 

mephenytoin 1 u~u racemic (Mesantoin ®, 

Sandoz) L'U'IJ'l.!1\il 100 mg (ll~fl 50 mg 

1 u mmairfl-:;~l'ltl1wuf1Gi'1il' mrni1 50 

fifaflflJ) lla'l'il1fl,f'WLflUU<l<l11~ t'W'li1'l 8 
.tj ~ "} <V C:V nl d <V 

{)'! 24 '111tlJ'lll<M'il1mUu'l~'YITW!'ll LWfl1\il 

l11U'lmru 4-hydroxymephenytoin ll~fl 
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enantiomeric ratio 'l~llll'I S- U<l~ R-
d • 

mephenytoin 'll'llfll'IYh 111.J 'il~lfoi1 

t,jflfl<i'flutl'muu PM 0imrlflilu'lmru"llfl'I 

4-hydroxymephenytoinil' ell'lflil 2<;& 'IJ fl'l 

"11'1.!1\il!'ll~tli' ll~flill'i1 SIR ratio lJ1flfli1 

..,~mn1nu o.s" 
mephenytoin 1 u11'lfl11'1lJ'W1"U LL<l\il'I b"l u • 
.,,J~ 2 
u 

fl U 1-:i 1-:; fl \ill lJ fll 1Afl1"1fll1 LL<l\il'I 

flflfl"llfl'I CYP2Cl 9 L\il!'Jt'li' mephenytoin 

il'li' fl'11n\il aullmui.J-:;~m11ii1t1nu iil1flu1" 
u 

Liumdil f.!<l'li'1'lLA!'J'l0i fl1~UUU1~<11'Yl<i1'W 
fl<ll'l TI1 L llLO\ilfl1f111~1'1'Wfl'ULL<l~l'lL'il'l'W 

A11"~ 11ii~1u 25 11ifl1'llLfl':i1~i1i.J1mrum 
.... ' ..,r l <JI I 

ll'lfl metabohte "llfl'll'll'Wflfl'W"lll'l!'l'll'llfl • 
<JI ~ = ~ 

LW':i1~\ilfl'l'Yl1fll'J1Lfl'll~mwfl s- LL<l~ R-

enantiomers '/Jfl'l mephenytoin 'Uflfl'illfld 

U'lilUqjlllfl11lJ hjfl'lGJ1'1Jfl'll'l1 Li'W meta­

bolite "llfl'l S-mephenytoin ~hJ1i (S)-

4-hydroxymephenytoin Ul'l'llU\il <11lJ11{1 

LU~l'l'W~Ufl<lulJlLU'U S-mephenytoin 1\il 

lii1t1 1flm;iw1~ti'1Gi'1au1-:iilam1~~Lnu 11 

LllunmmuLfiufli1 s L&lflu Llluf.J<i1li'a\il 

<i1umM SIR mephenytoin ~~hu1ru 1\il 

fl al \ii Lfl~fl'W 1 U'ill flfl11lJL U'W'il'l'ITil L llLL U<l 

f.!<iw1u1'Yluw\ilw<i1V11V1"'
6 iil-:iifuf.!i~l'l'il~ 

u 

ifl'lTI1f111\il':i1'ill\il SIR ratio "llfl'I 
• 

mephenytoin B fl flf'lJl11'Jlla'l'illflf111LiiilJ 

m\ilrn~fl (He!) M hJ1uGi'1flu1'lilam1~ 
'I d ~ ' .'1 vd ~I 
t\il!'J'Yl\il1fll'll'lu<l<l11~'1Jfl'lf.J'YJLu'W PM 'il~ 

" 
<JI .cl I I 

\ilfl'llJfll SIR ratio "llfl'l mephenytoin flfl'U 

LL<i~lla'lm1LiiilJfl'j\iJ 1mi'Li'il'l'lnu chi Lfiu 

1.2) u0iti'1wui1Gi'1flu1'lilam1~ifu s1R 
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S- Mephenytoin 
R-Mephenytoin 

j--

4-Hydroxymephenytoin Nirvana/ 

tl .J ~.. tl.J ti 1 ' 3 YI 2 1flnl'JL <imm <l-;J mephenytoin 't.ltllj1'1fl 

2. Proguanil 

Proguanil Lil UaljVl'Uo''IJeH 

biguanil ~IJqYJlllla-;inu (prophylactic) 

hAmL<ll~fl'illfH~a P. falciparum faa 
.J' J: .J' ' . ..: ..,. 

L'il'W1~L'1JaYJ\lla\lla chloroqume l'Jl't.liJA11:1J 

tl<ia\llilai'i amh-;ia-;i mm'l111'1J'1~nrn~n 
u 

LL<l~11tj)-;iiJA'J'Jtl Proguanil L\llfl~1La-;i hi 
Q .:( 1 d 'll I tl.J 1 V tl'JYIDLL\ll Ltlill'1J1U'l1-;Jnlfl'il~um <lfl'U '11 

n<i1mtlu metabolite ml'n ?la cycloguanil 

~-;i 11 q YJllm~ LmT'1J1'YI m 1'1 a a a nq YJlluu ~-;i 
Lau hiJ' dihydrofolate reductase 

plasmodium 1'1""7 (~ti~ 3) 

1uu A.A.1987 Watkins LL<l~A!l!~ 
I Q I .,.. 

'WU11iJA11tlLL\lln\ll1-;J'1J a-;i'J~\llUl'Jl cyclo-

guanil 1 u wm<1m'1Ja-;imm<1il'A'J'1J11LA't.ll'l1 

ml'-;i'il1n 1~fum proguanil ~-;ia1'ilLtlu 

<11L'l11'J'lla-;i A11ii<i' m 'lrn11um'l1i pro­

guanil 1um'llla-;inuii1L<iL~fl23 'il1nm'l 

i1nM1l'i am wui1m1ii ~1 um'ln'l~'il1fl'1Ja-;i 
eJ\ll'l1a1um1mimi'u'1Ja-;i proguanil LL<i~ 

cycloguanil 1u~1mh~vam1~~d1umi'-;i 

'il1n1li'm proguanil 1u'1J't.11\ll 200 mg 1tl 

u<i'1 0-6 -8'1t:1J-;i 1u'1J11e1-;inqMLL<l~'1J11 
LA'Wl'J111<i'n1'1!l!~Lll'ULLUU bimodal

28 min 

Ill nil' u-;i wui1tlij il'hn m'l L ti~ au LL ti <i-;i 

proguanil 1 li'Lllu cycloguanil irnunw-ia-;i 
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Proguanil 

J 

rearrangement 

Cycloguanil 

.1.l ~"' .1.l .I . L ; 
Ju'l'I 3 1tln1'lLu<l!J'WLLu<N proguaml 1.llJ'lfH!l 

1 •.I "' . 1.l~'l'ILU1.I PM 'IJel"l S-mephenytom 

hydroxy lase 
29 

l\l<t'il1nfl1':iAn1:11L1.ll'l<lilfl 
• 

'l'lfl<l<M~il111U'l'l'fUi1 mephenytoin· UUU<! 

ni-;Lu~u1.1utla<1 proguanil 1uLi'lu 

cycloguanil LLUU competitive 
30

'
31 

LL<lfl"l 

. 1 ; "' 1 ,,_. ~ ,J 11Lil1.1 'II" CYP2Cl 9 Lu'WLBU 'll""lfl(\!'1'1 

• • ,J _,.i 
'1'11l'l1.11'1'1L uauu proguanil 

cycloguanil 

il'il"lUU proguanil Li'lum'llilfl 

V1d<1~ilu "h"l um'lAll'lfl fl1'lLL<lfl·m Bn'IJ B"l 

CYP2c1 g lfluilu"1li'fuu'l::'1'111.1 pro­

guanil 1u'llmfl 200 )jaanf" l'l.r<1'il1mf1.1 
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"-' n I <:11 <:!f d J., 
'l'Uu'l~'Yl1'WU1 'M'l1H'il1~Li:Hllil'Ylt1<ll 3 '111-
~ ww, 1 .Jw, 1~ tlN 'H<M'l'Uu'l~'Y11'1JEJ1 L'VHl11ilu'llJ1W 

proguanil LL<l~ cycloguanil 11ilCJLLU<ll'l<l'il1fl 
• "" • • • <v "" 

A1<flil<f1'W proguan1l!cycloguanII tn<llil 
.-J • • ;<1 2832 
<'11'1JlJ1fln11 10 LL<l~N11Lu'IJ PM ' 'illfl 

........ .J~ .:' ...... , 
'l1fM1'1Jfl1'l1'ilCJLlJ1H'l1 ']'W 'W'U111'l1<flil<l1'1J 

proguanil/cycloguanil 1 m~fllil~ L~'U'M~'l 
'il1nfuu.,~rnu proguanil luLL<i'1 3 .t1t1J'l 
.cf J (LI" I 'ii I I 

lJ fll'il'll'U LnU1fl'IJ l'l fl'IJ'!l1'l<l'l'l~'M11'lfl<l lJ 
" ' 

U'l~'lllfl'l~LU'IJ heterozygous EM LL<!~ 
8 .... ::: 1 homozygous PM lil'l'W'IJl'l11:iJL'MlJ1~<llJ 'W 

fll'l 1'1i'alil<bu proguanil!cycloguanil LU'W 

~'llU"flilfll'lLL<llil'lflflfl'!IM CYP2Cl 9 ~'l 

l'l1.,~ei'l~n1'llil'l1'il<reiumn1ueiu1l'llil 

Wichittra Tassaneeyakul 

3. Omeprazole 

Omeprazole LU'WU1ffl1flLL!'l<I 

.1~ 1 ' . . .J 4 
L'Wulill'l 'Wfl~lJ benz1m1dazole 'YlflflflQ'Ylll 
.... ::: .1.. 
U'UU'lfll'l'M<l'lfl'llil'illfl acidic canaliculi 

'llfl'l parietal cell l'Wfl'l~L'Wl~fll'Ml'l LlilU~'U 
w + + IV lV 1 I 

fl'U H -K ATPase 'M<l'l'il1flL'll1<1'l1'lfl1U 
" 

omeprazole 'il~~mu~umtlu metabolite 

'Mma'llfilil 'l1Ulil~lil'l1'il'W'U 1 u"Wm<r1J1 hiuri 
5-hydroxyomeprazole LL<!~ omeprazole 

sulfone fl1'1J'l1Ulil~lil'l1'il'W'U 1 utl <f<l11~ 
liLLri 5 -hydroxyomeprazole LL<I~ 

carboxylic acid metabolite '!I fl'l 

hydroxyomeprazole 
33,34 

n1 'l ~fl !fl Lil a'll'il <1 'IJ Al <llil {'!I fl'l 

1 w df11 
omeprazole 'Wfll<fl<llJl'l'l'YILu'IJ PM LL<I~ 
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EM 'IJiM S-mephenytoin hydroxylation 
~ ~I 
irnLu'U PM 'IJil'I omeprazole 5-hydroxy-

" cu " .cf.., la ti on !i11!JL.fHl'IJ'la'Ui'll<l!il'l'IJil'll'J1 LlJ il1!il 
.J' ..JGJ 'ii ~•I 1 v IV 

'll fl'Vl'U'Yl L!il fl'll ... 'l::Vl11'll'l11lJL'IJlJ'IJ'U LLa:: 

nm (AUC) 'l1lJ..r'l~11'l~'lil'i!i1 (tl/,) 'IJil'l 

omeprazole 1umilJ PM il~1mnni1nalJ • • 
EM tl1::mru 5 1i111rn:: 3 LiillilllJ<il~U 34 

i illJ\l'llflfll'lAfl'lfl l 'UlJ'U1'1U (in vivo) 
u • 

I VI a'1il' aa !i1 mi' il'l Lu 'U ilU1'1 &i ilu N (lfll 'j 

'Yl!il\lil'll'UVl<lil!il'YJ!ilail-:i (in vitro) 1i hu-
. , d I 

man hver m1crosomes 'IJ'l'VlU11 CYP2-

Cl 9 Vl~fl S-mephenytoin hydroxylase 
~I 1 ' ~ .J ~ Q , .1.J 

L u'ULil'U 'lflJVl\lfl'Yl'lU N !il'IJflU L 'Ufll'lL uauu 

omeprazole 1-H'd'.lu 5-hydroxyome-
_, • • .J _,.J 

prazole <t1'U CYP3A4 'YllVl'Ul'Yllu<lU'U 
,.£', 35 

omeprazole LVILu'U omeprazole sulfone 
i; 

'IN 5-hydroxyomeprazole Lta:: ome-

prazole sulfone 'l::~mU~!'J'UILU<l'l'Yll'lLl'lil 
Ilia 1uLi'lu 5-hydroxyomeprazole ~ 3 

sulfone L!ilfl CYP3A4 ua:: CYP2C19 

!i11lJ<il~U36 ~'lLL<l!il'll'U'lU~ 4 
u 

.J £'1 .Jq 
L'Uil'l'llfl omeprazole Lu'Ufll'YllJ 

1'111 lJ tl a fl !i1i1!J1ufll'l1'1i a-:i LLa::ri a 1 -H'Lii !i1 
u 

V.ctW'l J'Qcu 
illfll'l'IJ1'lLl'l1M'Uil!'J L!ilUL\"l'Vll::LlJflL'YJ!'JUflU 

me-phenytoin 'ii-:iil ti'L<l'U111 Vlt'1ia!i1a1u . . ' 
1'111lJl'l11lJL'IJlJ'IJ'U'l::Vl11'1 omeprazole LLa:: 

5-hydroxyomeprazole l 'UWal<llJ1Vl<i''l'llfl 

1111fuu'l::'Yll'U omeprazole 'IJ'Ul!il 20 mg 

1umii 2 Vl~a 3 .a-i1m Li'lu~'lfil'lum'l·fa 
1'111lJ<11lJ1'ln1un11n1-:i1u'IJv-:iLau1'1J~ 

CYP2Cl 9 LL 'Yl'Ufll'l Li S-mephenytoin 
. 37,38 "I "' fl'I hydroxylat10n fll'l t'IJ omeprazole L u'U 

~i11i1l'l11lJa1lJ1,n1un11n1-:i1u'IJa-:i 

CYP2Cl9 if 
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I <> y J<JJ Q "'"' Q 
LLa::LLlJ'Um~-:i LLa1 l'Jl'U!'J'I lJt]'Ylli'IJl'I Ll'l!M 

il' a<J LLa::mm1n!i111-;i'i11'111::'11 tl~m rum 

1.. ' LLa:: metabolite !i1'11ULLa::a::!i11flfl11 

mephenytoin fl11Afl1'11l'UU'l::'IJ1fl'l1'Ylu 

B<ll'U L!il!'Jl'llU::Ni~u'IJiJ'IL 'fl wui1a1ila1u 
u 

1'111milJ?iu~nm 3 .a-1LlJ.;ma-:i-;i1nfu 

tl 'l::'Yll 'U I'll Lu 'U ~'lfil~ L VI lJl:: amh Vlf U 

tl1::'1J1n'l 1 'Yla L d v-:i-;i1n 1 u ill<11<1ill'l'lu1-:i 

'l1!'Jill'l!il'l1'l 1:il'Vlu omeprazole Vl~il 5-
.d ~ .J 

hydroxyomeprazole 'YIL1m 2 '111 LlJ'I 'IM 

m-;iLn!il-;i1nm,11tl1tl,1u1 um'l!il!il;glJ LLa:: 
u 

fl1'l Afl'l:flvi'W ii fl'l'l:l.nl il'l CYP2C 1 9 • 
( CYP2C 19 genotyping) 

m1iJmm1n"1Ja-:irnu 1mr CYP2c19 L!il<J 

ill f'i'u m'l!il'l1'la n 'l:fru::'Y11-:i .Wu i)fl'j'jlJ'IJ v-:i • 
""' """ .J .... 1 ' • 
U'W CYP2Cl 9 Vl'lil'YIL'lflfl11 genotypmg 
.JQd .$•11'1•• 1•• ~I• 
'IJ'l1ufll'l'W'Yl1 !i1 tlJ<J-:imn ua:: lJ'llL u'U!ilfl'I • 
1iillm<lill'l1futl'l::'Yll'Wm 1wMLLlliLnu 

I a iJ !il'll nu m uii'1'1J il'I ill mail l'l'l ( U'l::lJ1 ru 

100-200 µI) OLW<J-:iwa<l1V1fum1L!il~UlJ 

genomic DNA (gDNA) Lvlmh1u1i 

'i L 1'111 ::li' a fl Bil.I ::m-:i TI 'U q fl'j'j lJ lli iJ 1 tl 
Q d 

fl1'l!il'l1'll'l11lJN!ilLLNfl'IJfl'IU'U 

CYP2Cl 9 l'U'IJ11Lmiiu 'IJU!il CYP2Cl 9-
d .J 

*2 Lta:: CYP2Cl 9* 3 ill'lLWU'l'Vlil'YJ'l:: 

'l::Ui1Ul'll'la1Tmi'lu PM 'IJil'I CYP2Cl 9 
• • 

Vl~fl 1iJ LW'll::lJlflflll 99% 'IJil'l'IJ11LVLif!'J 

~Li'l'U PM ti'l'WN\l'il1flfl1'lN1LVla1 ..f-:iaa-:i 

1muil' m1!il'l1'ln111i1Llil<J1iml'lill'l poly-
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merase chain reaction-restriction frag­

ment length polymorphism (PCR-RFLP) 

timnfiu'lii'lliN Goldstein uoi~ Blaisdell
39 

1111url'1~1l'lfl1'i!11'i1'iliiu CYP2Cl 9*2 n1'ii' 
I .J o ....-

~ primers 'l'l'il1t vn~nu exon 5 tm~mn 

~<Nfl1':i\11'i1'il CYP2Cl 9* 3 ni'li'ti primers 
..Jo IV ~ly 
'l'l'il1t'l'n~nuexon 4 tt'l'llJ tulJ\11lJ 

A 
Smal 

lntron 4 I 
2C19wt I EXON s I 

5' 

+ + 
109 bp 212bp 

2C19m1 
lntron 4 I EXON 5 I 

5' 
+ + 

321 bp 

B 
BamH I 

lntron 3 I 
I 
I 2C19wt 5' 

EXON4 

+ 

lntron 5 

Wichittra Tassaneeyaku/ 

a1'1'1i'Ufl1'l'itfl"l1~1'i'N<i CYP2-

Cl 9*2 i'l1'1i1 PCR product ~11111tlirnu 
i1utfllJ 1'11ii Smal chum'l'ltfl'i1~1'1 

CYP2Cl 9* 3 i'll'uau~1mau 1'11l1 BamHI 
~ ll. .J, v1tJ~ , 

'l'l!l~'i110lJlJlJ1 DNA '1'1Uflutt!l1 1tfl'i1~'1'1 

uunt1u1111~1uhlvh (electrophoresis) 1111u 

i'li' 3% agarose gel 'il~wu<i'nHru~'llfl~ 
.!'1 4 DNA fragments tulJttflut'ifl~tt<MUlJ 

agarose gel !ii'~ua111~!ii'1au1~iu'ltl~ 5 
u 

--- Sma I Digestion 
3' 

W\/W1 W\/m1 m1/m1 

- ..... .... 321 bp 

..... ..... +- 212 bp 

lntron 5 -- -
3' ..... ..... +- 109 bp 

lntron 4 BamH I Digestion .. 3' 
W\/W1 wt/m2 m2/m2 

175bp 96 bp ..... ..... +- 271bp 

2C19m2 

.J 
'l'li'YI s 
u 

- ..... ~ 175 bp 

lntron 3 I lntron 4 
EXON 4 -- . 

5' 3' ..... - +- 96 bp 
+ .. 

271 bp 

(ml) tta~ CYP2C19*3 (m2) faui'li'PCR- base restriction analysis 
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"l y.JQ"" 
L'Wt:fl'll.J'l'fWqm'i!JUUU homozy-

( 
' .J gous wild type wt/wt) 'il~WU11 DNA i'1 

1~'illfl PCR reaction 'IJeN exon 5 'IJ'!Jllil 

321 bp 'ii~\] fl Smal lii'lil 1~mh'l<ll.J'IJ'icU 1'1.\' 

"" d .ct "t 
l.J'll'lJllilL<ln<l'I AB 212 U<l~ 109 bp L'IJ 

.J ~.i !!1 
'IJIU~i'll(ji'lLu'lJ homozygous ml allele 

(ml !ml) l1~1l (CYP2Cl 9*21 

CYP2(:19*2) ~'Iii mutation L'IJ exon 5 

!!1 .J • ' !!1 
'illn G mnmu'IJ A 'Vl!illLLM'lJ'I 681 Lu'IJ 

m~Lll'\j'qiLaU recognition site 'IJB'I Smal 

l'i11'1.\' Smal hi<lll.Jl'itlUBl'l DNA 1~ ~'I 
Z J .ct .ct I Q. .ell 

'IJ'IJ DNA i'lWU 'il'll.J'IJ'IJ1!i1Li'11Llill.JA1l 321 
' u.l l!I bp <l1'1Jl(ji'1Lu'IJ heterozygous ml allele 

d 

(wt/ml) l1'i1l (CYP2C19*11 

CYP2Cl 9*2) 'il~WULLtlU'IJB'I DNA Li'J'IJ 
.J 

3 LLtlU i'l'IJ'!Jllil 321, 212 LL<l~ 109 bp 
A ~ u.l l!I 
'11l1'iUl(ji'1Lu'lJ homozygous wild 

type (wt/wt) DNA 'llB'I exon 4 ~1~ 
'illfl PCR reaction ~'lii'llmlil 271 bp 'ii~ 
tlfl BamHI fim1 l'i11'1.\'ii'IJ'lJ11ilL~fl<l·lLi'J'lJ 
u 

..J y.J"" '"" 
175 ua::: 96 bp '11'1J~i'll.Ji;JU'IJLLUU 

homo-zygous m2 (m2/m2) l1~1l 

(CYP2C-19*3!CYP2Cl 9*3) 

mutation L'IJ exon ~ 4 'IJ1N CYP2Cl 9 

gene 'illfl G Li'J'IJ A ~\illLLWU'l 636 li11'1.\' 

BamHI hi<lll.Jl'itlUBU DNA 1~ 'IJ'!Jllil 

.J. I d ' 
'IJB'l DNA i'lu'ilfl~U'IJ agarose gel 'il'!Li'll 

1 'ii.cl"" '""' L~l.J~B 271 bp <11\J~i'll.Ji;JU'IJLLUU 

heterozygous m2 ( wt!m2) l1~1l 

( CYP2Cl 9* 1!CYP2Cl9* 3) 'il:::U'ilfl!] 
d 

LLOU'IJB'I DNA 3 LLt:1UA1l 271, 175 LL<t::: 

96 bp 
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A11l.J~lilLLNn'IJ1l'ltfl'lJ 1'11:i1 CYP2Cl 9 L'IJ 

tJ 'il::'lll fl 'j 1 i'lfl 

a1 l1-i'U A11 l.J ~ lil LLN fli'll'l-W'IJ qm·rn 

'IJ1l'I CYP2Cl 9 L 'IJU'il::'lllfl'J 1 'Vll'JU'lii'li'Bl.J<I 
u 

i'iB'W'li'l'lUBU Edstein LL<t:::Al\!:::
40 1~'1ilfll'J 

A fl 1'11Li'fl1'11\!~ fll 'j U<llil'l 1l 1l fl'IJ fl'! LB 'IJ 1 'IHJ 

CYP2Cl 9 fau1imaialTA'l~Li'l'Wi'li'll'i 
L~B~ Bl l'i'u L '!Jill A fl <11'1 11il u1i <i'lil a1'1J 

l!1~d1 ~ proguanil/cycloguanil Lu'lJlil'll'lJ '1Jfll'i11il 

wui1a1ila1'1J'IJ1NU'i:::'lllfl'>~Li'J'IJ PM ii 

u'i:::mru 18% Bfi1.:i hn!i11l.Jii'li'Ba'!Lfl!ili1 

N<lfll'iAfl1'11'1J1l'l Edstein LLa:::Aru:::if 'lJ 

A1ll.Jrl'IJB'IA'1a!ila'1'1J proguanil/ 

cycloguanil L 'IJ wm <ll.Jl'IJ 1l'IU'i:::'ll1mii fll'i 

m~'il1Ulii'1LLUU unimodal 1l.J"l'li bimodal 

1JU1'1 hnlilll.J Edstein LL<l~AIU::: 1~lilfll'J 

i'i1'1J11Ua!ila1'1J'IJ1l'IU'i:::'ll1m~Li'J'IJ PM t~a 
"" I d I J 

mA!JAl cut point i'll.Jlflf111 10 !ill:IJi'lLAU 

l.J1 NL <I'll B li' 
u 

AIU:::Ni~!J 1~lilfll'iAfl1'11fll'm<lvM 
u 

:; Cl.I ..., 

B fl fl .,, :iJ i'l'l ii fl 1'1ll!:::i'l1'1wwrn.,.,1.J'IJ fl'! • 
CYP2Cl 9 L'IJ'll111i'l!JB<ll'W'iil'IJ1'1J 55 fflJ 

11ilu1i omeprazole ua~L'VlAilA PCR-
, .J ' RFLP WU11 fll'iLL'ilflLL'il'lA11l.J t:1'1J fl'!Al 

omeprazole metabolic ratio (MR) :i1 
~ " t "" .d.:: <lfl'lill!:::Ltl'IJ bimodal lilUm<ll<l!.JA'ii'lLU'lJ 

PM WUU'J:::l.Jlll! 7.27 % 'illflfll'ji'il'IJ11U 
I I J 1..::.1 

WU11A1A11l.Jt:1'1Jfl'IA!J'l.I CYP2Cl 9* 1 
u 

LL<l~CYP2C19*2 iii'i1u'J:::l.J11U 0. 7 3 LL<I~ 

0.23 !illmh~u 

'll'IJ 1ilu'll11uluu 
u • 

.J 41 'II""' ..., J"" !II 

'II'! Lfl<ILAfMflU'Vll.JN'il!J 
u 

uliiiii'i1a.:ifli1~wu 1 u 
u 
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'l" ft I ""- <v 1 .d I.di 
'll11m 'lu Lm~BLlfif11.J mu 1'111l.J o'!l EJ'l 1'11'11.J • 
CYP2Cl 9*3 ill'hU'l~l.Jlru 0.03 ~'!~1 
n i 1~Ll'lElil'll1'1'111.J 11'1uu.,~·1.nfl.,I1l L ~El 
d .J'.... ' .:.( "" 
'11.J '] 1.J1lfl'illf11.JEl'l'WU11'11'ill.Jl'l11l.Jl'Hil 

"' ~ d ~ .,j ,J f'I ufllil'!l1l'll'l1.J CYP2Cl 9 'll1.Jlil1l'l.J 'lf'lfll'il!u'l.J 

'llU Iii 'l VI Ji~ L iJ 1.J <11LVllil1 lf fll"'ilJl'll'l.J'!J fl'! 
' 

1a1..1hilun"W~a"'l1..11'11..1hm1~ mh'I hil 
9/Q Q "" 0 "" """" ,,,! "" d 

lill l.J W L'lll'l'l.J fll <N lill L 1..11.J f11'l1'ill'l l 'W !.J Llill.J L 'W 1l • 
1 ii a m1~1~ <lll.Jl"Hl 'liL l'l1..11ii'111 'Yl'l.JU'i~'lll • 
n-; 1mJB<111..11~ a~l'ILL 'l'i''il~" '>1l.J~'IAmn 
tlf11,Jut~'Yll'lW1.J!im':il.J'll<l'I CYP2C19 'l1..1 

' 

'i~Vlll'l'll!l'l Edstein LL<l~l'lru~ LL<i~i<Jl.J<l 
• 

'lla'lwi~ma" 'l1..1~1..1d~"m'ilau-W'l,Jfii11..11~11 . ~ 
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OMEGA-3 FATTY ACIDS : THE IMPLICATION IN CARDIOVASCULAR 
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ABSTRACT 

Omega-3 fatty acids, like eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), 
mainly containing in fish oil, are essential polyunsaturated fatty acids. Early studies in Greenland 
Eskimos stimulated interest in evaluating the effect of omega-3 fatty acids on cardiovascular diseases. 
Subsequent studies showed a significant decrease in triglyceride levels in patients receiving high dose 
of fish oil containing EPA and DHA. These studies have also shown a dose-response effect which 
persists as long as supplementation continues. Later trials have demonstrated a correlation between 
omega-3 fatty acids consumption and a reduction in cardiac death rates and in the incidence of cardiac 
symptoms. This benefit may be mediated through favourable changes in lipid profiles, anti-arrhythmic 
effects, alteration of eicosanoid production, and down-regulation of thrombotic, decrease of abnormal 
platelet aggregation and vascular inflammatory process. 

Address correspondence and reprint requests to: Laddawal Phivthong-ngam, Ph.D., Department of 
Pharmacology, Faculty of Medicine, Srinakharinwirot University, Bangkok 10110, Thailand. 
laddawal@psm.swu.ac.th 



138 

n-;\i11mJu 1u5v~1'Yl~a polyun­

saturated fatty acid fl8fl';i\i1 lii:iru~illm~ 
af1-l'IJ8~ h1 w11<1th~11au!il1tJ~UiJ~lii:1n11 ' . 
1111 1 ~ Polyunsaturated fatty acid 'Yl<lll'J 

~iilm1:1Ja1l'lf)Jlii 8~1~m1J LL<i~:irn'l~L tlu 

1 w.,J, 1' w ;.$1v 
'IJ:IJU'Yl';il~f1l1J lJ<lllJl'Hl<f~LA'Jl~'Yl'IJ'W \i1 

Li'!~ ro-3 fatty acids LUU polyunsaturated 

fatty acid ~·vrn 1uil'1:iruum~1!il-'rtJA1llJ 
au 1'1LU'W8U1~:1J111 L\i11'1011wui1L tlum., 

• 
,w1'1 .,J, 1' <f'lflf)J Ut.fl'IJ'Wlfll':i'Yl':il~fl11J lJ<fllJl'Hl 

ii~ LA'>l~'Yl1iil LL<i~L tluci1uu.,~rnrn 1u1m~ 
' V.tjfl<V ,, 

<f'>l~'Yl<flflf)J'IJ8~ phosphohp1d membrane 
.J' ,,J I 1 r "" 

'IJ<ML'Wm1JS\i11~ 'l mu r:rnnn <faJ<J~Lm~ 

8ll'l ~~ ro-3 fatty acids 'l~ilm1:1J~lLU'W 
' 

I Q .J'.d~ OJ I 

\i1am1'Yl1~1u'IJ8~ m ml'J auu 1J 11\il1 am~ 

L'li'W fll':i'IJ1\i1 ro-3 fatty acids 1uL'l&i'Wl'l~ 

'1111'11111 'ilJ EHL i\ U LL<!~ N <I'll 8~ fll"l'll l 
4,14~1·12 

electro-reti:nogram l'J\i1ufl\il Lu'W\il'W ' 

'llfl'Yl<lll'J 'l fll".iAfl'lfl'WUi1 ro-3 

fatty acids ilu'YIUl'Yl'11i'i'f)J1um1uiNO'W 

m~U1Ufll1'1JiMfll'Hn\i1hA!ih~ '] 3 
L'li'W hA 

'fHl8\i1L~S\i1M11'1 (coronary heart disease) 

LL<!~ stroke, A1llJlii'W fai'.l\il<l~'i~tJ~L~aJ\ilu • 
(mild hypertension), 

w d. "' 1 lJ'W'Yl'llLUU 'W'Yll'Jfl, 

m1~fll':i'lll\i1m\i11'1l 

'J~lltJ.fli:JAlJO'W (autoimmune disorder L'li'W . ' 
lupus LL<!~ nephropathy ), Crohn disease, 

:1J~L~~Lli1'1u:1J '111mmy ui.J~lii•m~n'Ylmn, 

rheumatoid arthritis Lrn~if~<fllJ1'HHl\i1fll'.i 

8nwu'IJa~tdm~a ~1iil-'rum1:1J<1u hm1~ 
~ QJ I <JJ d""l 
fiflM1fl'W<l1Jl~fl11~'1J11~flflilN<l'IJil~ ro-3 

fatty acids liia-:;~uull'1htL<l~'Yl<l1l\ilL~il\il 
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fl11AflM1L~am1fl 1 u'IJ11 Lil anhJ 

'IJiNfl~'WLL<l'Wvl 'WUll'IJUmiaJdu'ltilA 1'1JU'W 
' • • 

'illflfflili''li1 L'liu m.n'li1 u<1111w LL<i~um 

1 .• ~ d d d w u u-:; aJ 1ru'YIa~aJ1 fl L aJ a L '11 l'J u nu 'IJ11 • 
a' I <V """"' o' ""' L\il'IJlJl'jfl U\il fl<lll'WU <JU\il fll':itll'IJ <Nfll':itfl \il 

' 
hAM1h1 u'l'lflfl~lJ <lll'J~1ni1'1J11L\il'l..!m{n 

' ' ' 
ua{n!i' LL<l~'l'lfl 1u1~L'l'lfl1uli.1fl\il~1u\iln 

' 
d • ~ i1 w d ~1 

L:IJ<l'l11fl111Lfl11~Vf 'IJ:IJ'IJ'l'l'IJ11L<l<ffl lJ 

u'ltil Awui11.l1~fl au!ii'1tJn1\il 1'1J:iru 1u 5aJ 
a.;,J, '!"'I• <V ... ..r 
\i11'11';1~ fll l'J lJ 'W Ml'J LlJ m lJl'Hl a~ LA ':il ~'Yl'IJ'W 

' 
:1J1La~11i1'1umi:1Jtm:1Jri'1 3 ~illl'lmru 

' rl • <V ..,. 

fl11U<l'WS~\il<llJL'111fllJ 20 LL<!~ 22 LL<l~lJ 

<V • •"" ,J1·' 
'W'IJiJ~AL'l'llfllJ 5 Lli.1~ 6 'IJ~ \ilLLfl eicosa-• 
pentaenoic acid (EPA; 20:5 n-3) LL<!~ 

docosahexaenoic acid (DHA; 22:6 n-3) 

\ill:1Jt111iiu '" 'llflWi.lfll':iAflmll~ ML i\u~~ 
fl11 lJ a:iJ W'IJ if~ L tJ 'IJ ff \il ci1u fl au':i~Vfil~ fll';j 
u'llflAU<llVl~<l ro-3 fatty acids OU<JU&i 

' 
fll'HU'IJ <l~fll':iLn\il hfl'j~lJUM11vLL<l~'Yli.l<l\il 

m.,;?ln,,i11 m1<111ii am'll11 M'1111u 

Lvlm&i:1Ji1 ro-3 fatty acids 1umm1 

<11 v1 ·mu a~ nu hA'll a~ .,~uu M'11'1 LL<i ~ 

'Yl<l a \ilt~<l\il t\il1ln<J 1 MLn\ilN<lliil~ 'l !il~d'·' 

- <l\il'l~!ilu'IJa~ triglyceride 1uwmam 
, ~ 

- L~lJ1~!ilumM HDL-cholesterol 'lM 

L tJ u 1'IJ :iJ u ~ &i1 u w ma m 

- <i \il a uni A'IJ a~ 1'll :Wu~ t tl um L 'YI \il'IJ a~ 
' ' 

fll'lLn\il L 'Jfl'Yl<lil\il t~il\ilLL~~!il1 

- ll a~O'IJfl11Ln\il.fl11~M11'1LW'IJLal'J 

~~Vf1~ 
.lw .I~ w ; 

- u 1u tu i.1 t1 u fll., a~ t A 11~.,ui.1~m1 

'll1~l'W'IJ<l~m1 eicosanoids 
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- <l\ilfll'Hfl1~&\\ilLL<l~fll"l Lfl1~fl~ lJ'll eN 

Lfl~lilLi'lalil li1 tl1'Li'!ali1 hhm~~1LthJ~lJ 

W a '111 'I Ul a'!l'l '111'11 

erncef a'.i::rnu 1vifu 1miiaffl 

GJ <:!I .d .J'1'' " L'Wl<IB\il'l'l<l'l'll'll lJ11'il~LU'll total choles-• 
terol, low density lipoprotein (LDL) lb<!~ 

triglyceride L U'IJU'il..ijl'll~fMmam"lLfilil hA 

'111hua~'l1<1Bli1Li'lalil7-Jo 1lilm'il'W1~mh'l~'l 
...; "" ' "" "" LlJBLfllil"l1lJflU"l~\ilU'll£N high density 

lipoprotein-cholesterol (HDL-choles­

terol) ~~1 'il1flfl1"lAfl'lfl'WUl1 ro-3 fatty 

acids ilwaa\il"l~lilu triglyceride L'll 

wmam, tvilJ"l~lilu HDL-cholesterol 11<1~ 

b tl~tJ'llll tla'! B'llil1A'll<l'l LDL-cholesterol • 

uiwia cholesterol metabolism 
. ~ ~ 

ro-3 Fatty acids lJW<l<l\ilfl1':i~\il'illJ 

bA b<li:H\111l"l<l<I <l\ilfl1':ia'!LA':i1~'11lAL<l<f-

.!, 

il1tJ l'IJ VLDL 'il1flW<l'lJB'lfl1':i<l\ilfl1"l'l1M 

VLDL
11 

uacefa'J::iu triglyceride 

Triglyceride LU'IJ glycerol ~'I 
ti 

• , 
':i~flBU\il1tJA1"lUiJ'IJ 3 B~\il<llJLL<I~ 

' .. ~, .. d .11' hydroxy 3 fl~lJ 'il'lbU'llLlJL<l~<l'YIA'l'Yl lJ 

L ti ~tJ'll u ti <t'l A11 lJLLA fl lii1'1~'1 a ii ~ci1u 
tl"l~fl au'll a'! mA 1'lliJ'ui1 L llu fl"rn 1'lliJ''ll ~lJ 
~1 (pro-atherogenic) '11"ia hj~lJ~1 fl1':i 

i:l mn 1 u':i~tJ~'l1<l'I1lil1 l1' A11lJ<l'll l'il 1 m~ <M 
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'll<l'l triglyceride nulJ'iJ..ij'l'lb~U'lmBfl1'llfilil 
L ':iA'l1a a \ii Li'! a \ii LLa~Vi'11 'il'll1 A iii a\il m fl ~'I 
.J' _q.d Q,1<>.>1 <V 

'll 'IJ 'ii 'll Lu 'll '11 tJ a lJ ., u fl 'll 11 'l ~ \ii u 'II a" 

triglyceride 1 uwmam~a'ltm llull'il..ij'tJ 
• 

d .i,.. ~ ' .J - 'i' 
La!N'YI <t 1A'lJBU1'1 '11'1J'l'll B'l fl1'l lfl \ii L 'lA 

'11aa\i1Laali1'111h 1lila hi~unulJ'il..ijm~a" 
.J di .... - 9 10 ' ' 
il'IJ 1 '11'l<J';i~\iJU'llfl'l HDL ' Lllil'il~'WU11 

lJ'il..ijm~tM'il~L vllJt'll'111fl'l~lilu'lla'l HDL 

~1<1'1 Triglyceride l'll~1'lfl1UBtJ1'1l'Yltl'ltl • • • 
LLUU'llfl'l lipoprotein L\ill'Jfl';i~U1'1lfl1''l 

metabolism 1'lliJu1u~1'1fl1tJL~lJ'il1fl 1'lli1'1l~ 
fu ti "l~'Yl1 'Ill ~11 tl'il~ Ufl \ii lil~lJ1 'll"ltl'll a'! • • • 
chy !omicron ~'l'il~llflU aai1mau 1'21ii • 
lipoprotein lipase 1iLU'll chylomicron 

1 "" "" .J v '"" remnant Ll<l~fl'l\il 'lllJ'llil<l"l~ LlJBL'lll<l\ilU • 

a'!Lm1~ll very low density lipoprotein 

(VLDL) ~'l'il~Umtl~l'J'llbLtla'!ma 1iLU'IJ • 
intermediate density lipoprotein (IDL), 

LDL, HDL A1mhlilu 1uuliia~~'lln'il~il 
triglyceride 1 tJ u ci1utl':i~fl arnl'atJa'l 1 ti 
d 
b ':i<ltJ 1 

blill'l,.t11tlmi'1m1~ triglyceride ~'I 
' 

iJ'flwu~1aJnuil11~ HDL lil1Lrn~iJmiilil 
, "" ,.,! d ~I 

A1UAflUfl1"ll'WlJ small dense LDL 'lMbu'll 
• 

~ ,.,~J.,._ d 
\il1fl1'l<t1Aqj'Yl'Yl1 L'111fl\il atherogenic l'll<l'l 

.i~ ' 1tl d 'il1flfl1':i'l'llJ'll'll1\ilbb<I~ density \ill'! 'il~lJW<I 

liiam':i..ij'ufi'u receptor, small dense LDL 

il l'i1A~'!7i'lAm11il'!if u 1ama~'il~llfl oxidi-• 
tjq .J' ' "-' 

zed 'il'llJlJ1fl'll'IJ Lb<l~'WU11fl1"l<llil"J~\ilU 

triglyceride 11i1u11im':i l\ilOlil1lJ'il~i1waa\il 

eJA';l1fl1"lLfiA1w1'111 h'll1\i1Laa\il (myocar-
12-1 s "-' I .J 

dial infarction) bb<l~tJ'IWU11 LlJB 
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triglyceride ~1<N'il::ih1J LDL :ihn.11111 

1 ,J .. • 
VIQJ'11'WLL<l::3.J small dense LDL 'IHlflM 

'illfl'Vl<llfl '1 1111Afl'l"11 U~U1fl~4~ 
ldUB1114B1f111U<l::UB1114B1fl1,'11B41,fl 

"' v 1 .?; 91~'1 .J ""ti v~ Vl<IB111L<IB111Vl1 'il 113.J'Yl4Wu1fl'Yl3.J ,:;1111 
" 

hA'li'1hm111Lii11111 'Wui1 co-3 fatty acids 

i'.iwm11111::!ilu triglyceride l'U'W<lli.'lm hi 
•OJ ;fo,J QJ •• 

LL\1lfl\1114f1'!.l '11'UflU,::111U'11114 tnglycende 
.J1 Yv ~ LL<l::'1JU1111'11114 co-3 fatty acids 'YI 111,U t'U 

NU1fl hypertriglyceridaemia type Ilb
16 

" 
11111'11 co-3 fatty acids mm111<1111':l::!ilu 

triglyceride LU'W<lli.'13.Jl 1~ 29% LL<l::Lvl!.J 

':J:;!ilu HDL-cholestrol 1~ 9% '1J11J:;~1u~ 
U1fl hypertriglyceridaemia type IV /V

17
'
18 

111':il'l1 co-3 fatty acids i'.itl':l:;iil'Yliim'WLU 

111':!<1111 triglyceride 1~li4 39-52% <1111 

total cholesterol 1~ 9-14% m1:;i'.iwmvl3.J 

HDL-cholesterol 6-18% 

Uilf1'illflifa4'WUllfl1'llM co-3 

fatty acids ~13.Jnuma1111'11il'u L'Ufl~!.J statin . 
I }9 .:!I , 2Q QJ 

L1J'IJ simvastatin Vl1il pravastatm 'IJ'IJ .. ~ .,(~ 
co-3 fatty acids 3.JW<IW,3.Jt]'Yl1H'IJl11':!<1111 

,::!i]u triglyceride, LDL, VLDL, total 
• v 

cholesterol ua:; apoprotein B 'W,ilUflU 

Lvl3.J':!::!ilu'1Jil4 HDL ~4UUi1LU'IJl11'lLvl3.J 
tl,dl'Yliim'W'11il4fl1,-rfl'tl1 L 'UNU1fl com-

" 
bined hyperlipidaemia W<l111'l<l111':l::!ilu 

.J , 
trig! yceride '11 il4 co- 3 fatty acids L 1Jil11 

.i ' b 1· L'IJil43.Jl'il1flW<l\1lilfl'l:;U1'1Jl11, meta 0 !SID 

'11il4 VLDL ~4LU'IJ lipoprotein ~jjtl~mru 
triglyceride lj4~</111 l111u"Wui1 co-3 fatty 

""' ~ 11 .,,!, 
acids 3.JW<l<l111111'l'Vl<l4 VLDL , L'W!.J 

.J • 
VLDL clearance 11<1::<1111111':!Lfl<lil'Wfl1fl 

. I .d 11,21 tng ycen e 
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.J' QJ I 

'Wilfl'illflmM'WU11 co-3 fatty 
.. v , 

acids 3.JW<l<l1111111i.'14Lf1,1:;VI triglyceride 

l111fl11<11nGia 1tld 

- ~4 EPA LL<I:: DHA 13.J"l'li substrates 

~~'lu111,a41f1,1:;'11 triglyceride-
. . .J"" 11,22 

synthes1zmg enzymes 'Yl\11U . :; 
- EPA ua:: DHA flUfl4f11::U1'1Jl111 

esterification '11il4fl'l1111'11lY'W~l1Jl 'IJ 
OJ o' • • 23 

1115i.'14Lfl,1::VI tnglycende 

' - EPA ua:; DHA LW3.Jm::U1'1Jl111 

peroxisomal 13-oxidation '11114fl'l1111'11 

iYu 1uiii'u ~4i'.iw<1<1111tl~mru'11il4fl1111 

1'11iru€i<11:;~t1J1u111, a4Lfl11:: 'II 
triglyceride 

24 

m~1~-ru111,u113.J-ru 'l Vil?Jl u 111':1{111'11 

1111:; hypertriglyceridemia 'luil'il~U'IJi'.iatj 

2 '11'1J1'1JAil nicotinic acid ua:; ml'Wfl<i!.J • 
I .d J;: I .:.I <JI .::I I 

fibrate IL\11 I 'UM'il1fl'Yl4flUW<l'1114Lflfl4flil'IJ 
" 

J14<J4 ~4111,L vl3.Jfl113.JL~fl4Gi flfl11L0\1l 
" 

3.J:;L~4LL<I:: myopathy 111lm11'Wl::fl11m~u4 
'il::'14~'Wmn1'li'~1uilum'lu11<i3.J statin

17 
!i)4 " . 

J;: ""' fl°I "" <'11 'WU co-3 fatty acids 'il4Lu'Uflfl'Yl141<1ilf1 

V1~4 l '1Jfl1"> 'l'lf{n'tllfl11:;':l::!ilu triglyceride 

'lwiia111a4 
" 

emuia'J::rilu HDL- 1111:: LDL-cholesterol 

H D L i'.J W <I I tf 'IJ a n t i­

atherosclerosis li1 i'l1Ln1111111 transport 

cholesterol rnl'u 1tlu4iii'u U<Mnu 13.J"l'fi'in\11 .. . 
oxidation '11fJ4 LDL LL<l::UW<l\111'1Jl111Lfl1:: 

11<i3.J'11fl4Lfl~1111~fl111 co-3 Fatty acids i'.iwa • 
.::! QJ 25,J 

L'W3.J1::111U'11iM HDL-cholesterol ot1lJW<I 

Gi<n::!ilu'1JB4 LDL-cholesterol Juwui1 hi 
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mhrnu U1~f11'>Afl'IH~ui1 co-3 fatty 

' .<::I CJ 26 1 • acids IJN<l<lli1'l~li1U LDL-cholesterol li1 

•dW 1 .J 
L'll'IJLli1U1flU HDL-cholesterol 'IJ'llfll~YI 

u1-l fl1'> i'lrn,n wui1 hiiJ Nm tl~umL tl<i-l 
..... ..::.i d Q,I 

ll'lBB1'illJN<lLWIJ'l~li1U'lleH LDL-

' 1 " . tl.J cholesterol BU1-l 'lflli111JWU11f111L <IU'IJ 

LLtl<i,Jum'il1flBtjil1A'llB-l LDL ~il'll'W11i1 
~ • )'"'' d b llqj (buoyant LDL-cholesterol 'll' 

?1 .<::I .J "" Q,/ 

'il~Lu'IJN<lli1 L'IJB,'il1fl<l11J11fJ'ilUflU LDL 

receptors LL<l~~mh 1tl~f111 metabolized 
"I "" CJ .J' d .J 1'l'• .J' 
b'WlilU B1U1~Lb<l~L'IJBLUBB'IJ li1~1U'll'IJ 

eicosanoids 
" .J1 • Eicosanoids LU'IHl11'YI li1'il1flfl11i1 

1 w 1 'd CJ .<::I w .J 
'lllJ'IJ IJBIJli11 LL<l~IJUYIU1YIWIJ1YllJ1fl!J1U 

1u'i1-lf11U Liu ncilJ'lJB~ thromboxane A2 • 
(TXA2), prostaglandin 2, LL<l~ 

leukotriene 4 ~-l hi''i11flf111 metabolism 

'llfl' co-6 fatty acids LL<l~ arachidonic acid 

rh l li'LOli1f111fl':i~oi''IJf111Lf11~flcilJ'llB~ Lfl~li1 • • 
LaBli1 ll<1Bli1LaBli1lllilll11 bb<l~Yi11ML01i1f111 

.J 
LA<lB'IJ'lleM leukocyte (leukocyte chemo-

taxis) 'IJBfl'il1flifif,jjNmllu thrombogenic 
,d•1 .J tj 

Lb<l~ atherogemc Bflli111l 'IJ'llfll~YI EPA IJ 

N<!Lll'W anti-thrombogenic LL<!~ anti-

. d 'd .J1. atherogemc L'IJB,'il1fl eicosano1 s 'YI li1'il1fl 

EPA~' hfonncimJB-l thromboxane 3 LL<!~ • 
• 28 ' CJ .<::I 

leukotnene 5 (LTB 5) ':i11JflU EPA IJN<l 

CJ ti ""' cl 
<llilf11':i\'MLA':i1~ll TXA2 'il-l!JN<l<lli1f11'> 

Lm~nci!J'll fl' m~li1LaB1i1 29 
Yi1 t li',,,<1B1i1Lailli1 • 

CJ "':; d CJ 

'llU11Jli11 bL<l~UUU~f11'>LA<lil'IJli11'lJB~ leu-

kocyte 
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w • .J 41 

'1'>1-l atherosclerotlc plaque Ylll<lBli1L<lBli1 

co-3 fatty acid DHA ilN<l<lli1 soluble 

adhesion molecule 
39

'
31 

Li'W vascular cell 

adhesion molecule 1 (VCAM-1), E­

selectin, intercellular adhesion molecule 1 

(ICAM)-1, interleukin 6 (IL-6), LL<l~ 

IL-8 

co- 3 fatty acids ~fl incorporated L '1111 t11 u 
..r <V ' 

cellular phospholipid '1Jflfl'il1fl'IJ!l'WU11 

DHA <l11J11fJ<llilf11'>Lf11~&ilil'llfl' human 
w • 1 '<ll monocytes flU endothehal cells li1 

tj w 
co-3 Fatty acids IJN<l<lli1f11':illlilli11 

CJ "' • .... 

5'LA11~ll thromboxane B2 ':i1l.JflUf11':i . 
~ ~ , 

L'Wl.Jf111'1,Lm1~ll thromboxane A3, . 
• • ""' 0 prostacychn 2, LL<l~ prostacyclm 3 'll~Yl1 

1 li'll<iB1i1LaBlil'llmu\ll1 N<iefi,nci11Yi1 t li' 
m11Jefi'u falllil<ili1<i' 

..r CJ ' 

'IJBfl'il1fl'IW-l'WU11 co-3 fatty 

acids 
tj tj .J 
IJ N<l'llU11Jll<l fl li1 L<l fl li1 LL UU 'W~'W1 

endothelium (endothelium-dependent 
32 "I .,,, ,,.. d .d 

relaxation) b'W'11i11Ylli1<1B-l 'll'B1'i1Lfl!J1 

'II fl~ nu m-, b Yi" m-;Yi1~1 u'll B,m,,~Yi1 t li' 
ll<1Bli1Lailli1'lll'J1Ull11 (endothelial-derived-
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. ) , v_., ..J • 
relaxmg factor bbil~ b "lJNu1U"Yl"Yl1 cardiac • 

I 
. dcv.oi 

transp antatton 'lf~:l.JIUJ.fl11~ endothelial 

dysfunction \lll:l.J:l.Jl 1115 hi' ro-3 fatty 

acids tu;J'tJ1umuV1a~l'i1A'm1m5:1.J'l~~hu 
• 

t "fi' f115'111'11U1i11'1J eM VI il ii lilb~ ii fil L i'l h "!Jl ~ 
..J 

bbUUVN"llfl endothelium (endothelium-

dependent coronary vasodilation) flil1J~"IJ 

riam1~tln&i1ril"' 3 

• 

u ;;i fl1 '.ifTt1!'1111n fl iiiin 

irn'l~uV1illCJflri:1.J1~l'i1fl15Afl~1fi~ • 
Nil'IJeMl1151J~L.fli'l ro-3 fatty acids Qji11115 

bflfil hffi11 t'lbbil~Vlililfilb~ilfil !il~a1tlw;;i tu 
.J 

\ll111~"YI 1 

myocardial infarction 

• 

ro-3 Fatty acids iitl-:;~Lu'llULU1115 

Uil~tl"IJl111Lflfili1'1Jil~ L 1i'lVlililfilb~ilfilM1 h 

'll"IJ'l~u Diet and Reinfarction Trial 

(DART)
13 

tu;J'lJ1tFil1u1u 2,033 i'l"IJ • 
bWfil~t"ll'bi!u111111bvi:1.J1fimru ro-3 fatty 

acids tu illVll'l'l~'li1u;;ifil eJ\ll11mmbil~ 

eJ\ll11 b~IN'll ii~ ;J'thu L 5i'lVlililfilb~il\llM1 h • 
Qjilfll'Hflfil myocardial infarction 

Nl.NlU'l~u GISSI-Prevention 

,...i,,,"' " Study 'lf~buUl111~Jfl~1111'H"W:l.J ro-3 

fatty acids Lbil~ vitamin E tuillVll'mri;J' • 
U1CJ.fl1UVla~bfl\ll myocardial infarction 

'IJ il~nci:1.Jirfl'l~u'll11a\ll1~ 1rilul'i1111-:;0fl~1 • 
1u;J'tJ1mhu1u 11,324 ·nu bi'lm1;;i1 3 tJ • 

.J I !V~'I ' d1 vw 
i'l1~ "W1J11~u1Ufl~lJ"YI \il1U ro-3 fatty 

acids i'.ieJ\ll51\ll1Uli'11tl;;iril<Nfi~ 20% el\ll'll 

Laddawal Phivthong-ngam 

\lll Cl'\11fl11 i'lM1 L'\I bLil~Vlil ii fil b~ el fil '1 fil M 

30% bb<l~el\ll11'11il~ sudden death <lfil<l'I 

45% 

'll fl 1111 Afl~1 tu a\ll1 "Ylril ;;i a";f" tu 

1-lUbrn~ai!'IJ 'i1;inu1111Afltll'il1fll115L"W1~ 
• • 

J' ,,.,J' .d .... .,, • 
b<l!Mb'lf<l<HUilbU<ll-11b'il "W1J11 ro-3 fatty 

acids lfilmu"W1~ EPA bb<l~ DHA ii(]"YIB1u 

1111iJ ei~nmb<i~uu~~1115bnrilm1~'i11 hbiu 

bi~la~~l-11~ 38 Lfil!Jfli'l 1mhu sodium bb<l~ 

calcium channels ro-3 Fatty acids iiw<i . 
bWlJ threshold 'IJ<l~l11':Hflfil action potential 
~ ~ 
IN 50% Lb<l~b"W:l.J1~CJ~ refractory period 

<V "" tj ' 

M<M'il1fll111bflfil action potential IN 3 b"Yll . 
Q<V I ~ 

Uilfl'il1flU!J~"WU11 ro-3 fatty acids :I.JN<! 
w J; 
UU!M voltage-dependent sodium currents 
..J.'1v·~ ~ 
'll'I bu U\ll "!Jfl 1 b Ufil'IJ ii'! fl11 Lfl fil action 

potential 1u excitable tissues Lb<l~iiN<l 
.,... :; d ~ 
U1J!J'I L-type calcium current 'lf~bUU"Yll~ 

" ~ 'IJ<l~l111M<l'I LLi'l<H'lf!J:l.J '\Jlfl sarcoplasmic 

reticulum l'i11"1l'5~!ilu bLi'l<H~UlJ 1m'lf<i<i° 

<lfil<l'I" 

L~!J10"1J Christensen bb<l~i'lru~'0 1~l'i11111 

i'lfl~11rilut"ll' ro-3 fatty acids 1ue-Ju1u~ • 
~ 

bi'l!JlJ.fl11~ myocardial infarction bb<l~ left 

ventricular dysfunction 'ii1u1"1J 52 Ami'fu 

tl1~'iil'1'lfll"IJ "W1Jl1 ro-3 fatty acids 

Gil lJl 5 t1 '1 fil.1111~ M1 L'l bi u Lif U~'I '11~ bb<l~ 
w ..J ~ 
ii \ll 51 \lll !J"IHfl fil'\11 fl.1111~ myocardial 

infarction 1~ 
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Design 

A" 

c" 

8 1, 

c" 

B" 

B1' 

A" 

Follow-up 
(years) 

2 

30 

Up to 11 

2.3 

2 

3.5 

Sample 

2,033 men with acute 
myocardial infarction 

1,822 men, free from 
cardiovascular 
disease at baseline 

360 patients with 
suspected acute 
myocardial infarction 

2,0551 men, free 
from cardiovascular 
disease at baseline 

59 patients with 
angiographically 
documented CHD 

223 men and women 
with angiographically 
documented CHD 

11,324 men and 
women with recent 
acute myocardial 
infarction 

Effect of 0-3 fatty Type of intervention 
acids on main 
outcome measures 
29% reduction of all- Dietary advice: more 
cause mortality fish versus more fibre 

versus less (saturated) 
fat 

38% reduction of No (observation) 
CHD mortality 
mainly because of a 
67% reduction of 
non-sudden death 
from myocardial 
infarction 
29% reduction of total 
cardiovascular events, 
49% non-fatal 
myocardial 
infarctions, 48% 
cardiac deaths 
52% reduction of 
sudden death 

No significant change 
of minimal luminal 
diameter and 
percentage stenosis as 
assessed by QCA 
Less progression, 
more regression of 
coronary 
atherosclerosis as 
assessed by 
angiography 2 expert 
panel 
15% reduction of 
death, non-fatal 
myocardial infarction, 
and stroke (combined) 

Purified fish oil (EPA, 
DHA) versus purified 
mustard oil (ALA) 
versus placebo 

No (observation) 

Purified fish oil 
versus olive oil 

Purified fish oil (EPA, 
DHA) versus placebo 

Purified fish oil (EPA, 
DHA) versus vitamin 
E versus no study 
treatment 

Design A, randomized controlled trial, factorial design 
Design B, randomized controlled trial, double-blind 
Design C, prospective cohort study 
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0-3 Fatty acids 
intake per day 

Mean intake of 
0.34 g EPA 

2: 35 g fish 
compared with 
0 g fish 

1.08 g EPA, 
0.72gDHA 

2: 1 meal fish 
per week 
compared with 
< 1 meal fish 
per month 
6gEPAand 
DHA 

1.65 g EPA and 
DHA (3.3 g 
during first 3 
months) 

0.85-0.88 g 
EPAandDHA 

ALA= a-linolenic acid; CHD= coronary heart disease; DHA= docosahexaenoic acid; EPA= 
eicosapentaenoic acid; QCA= quantitative coronary angiography. 
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tJ<IWi!Anu!ilufanlil 

fll':i0m;irn11lf m-3 fatty acids 

1 u vl' u1 l'I A11uiii'u fallm <l'11~1'1~L ~i;iilu~hi • • 
1vi'1um llil 'l wui1mm1!l<im..t'I systolic 

LL<l~ diastolic blood pressure i:.J<iiii''1fl~11'il~ 
d ' • , •,•1 d ~; "I ?1 "I o 

tll'Wllil'W'lflil b'Wi:.Ju11'1'1'1U'HilAumLu'Wu1~'ill • 
<1J1 tau a" u an'il1nd'rn10nm 1 uvl'u11'1 • 

</ </ <V ., 

'lf11'W1l1L11'Jilll'JVl'1'1'Yll heart transplan-

'' ' d tation WU11 m-3 fatty acids <llilfl11LWlJ 

m1uiii'u fallm 1uvl'il11'J 1iil • 

.do,) <JI '.J 9J CJ n"f .., 
fllTl'l'IJU'IJB'W Lfll'J1'!1<MflU1~UULL<l~u'il'ill'J 

' 
"11'1 '] Vl<lll'J'i~UU L'll1'illflil11~ endothelial 

dysfunction fll'iLfll~&ilil'IJeN<ll'iLL<l~ 1'1Jir'W 

"11-;i 1 ~i:.JU'1'1'1'1Bli1Li'iam fll'ifl'l~vi'u1lfii • 
' 

rn1V1~'lm'l.i1-;i 1 mnml'l rn'la~au'IJeM 

1'1laJ'WlvlNU'IV1'1BlilLi'IBlil Lfllilti'J'W macro-

phage foam cells 'il'Wii'I atherosclerotic 

plaque 

(rupture) 

d 
'lf'1fll'iLLlilfl'l'l<llil'IJB'I plaque • 

LV1~1d''il~t111tlrirn-;am!ii'u'IJB'1 • • 

d ' • 
'illfl'l'Jfl'111l11LL<l1 

~1'1iii't1ii'IU'l'IUl'l'l'IJB'I m-3 fatty acids l'W 

fll'l<llil'l~!ii'u'lleM triglyceride, <llilfll'lLfll~ 
""" • .J <ll ~ 
lillil'IJ1l'IGl111il1'1 '] 'l'JN'W'IVl<lfllilL<lfllil, <llilfll'i 

' d .. 
Lfll~ fl ~:IJ'IJ B'I Lfl<l lil L<l fllil, <llil fl'J~U1'W fn'J 

chemotaxis 'IJ iMGll'JVl:SB 1man<i"11'11'W~1'1 • 
flll'I Lta~'li11lf1f\mm1~ endothelium-

d I I J' 
dependent relaxation 'lf'IN<llill'l ']LVl<ll'W 

L i'l u ri1u ih l'l ty~tl1 l'Ja m trndJ 11'1tiufll'l1 f\ m 

hAVl<lfllilLi'IBlillL~'liih 1v) 
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43 I 6] <JI 

coronary bypass WU11fll'i b VI m- 3 fatty 

acids l'W~U11'1<11:1Jl'il1'11il vein graft 
d • ',,,,.,. 

stenosis 'lf'I fl'i~U1'W fll'ilil'I fl m1 I u'W u'il'ill'I 
.i d 0 10 ,_, ~ ., .. d • 

Vl'W'l'l'l'Wl u<tfll'ilfllil L 'iAVl'1BlilLi.lBlil LL'IJ'11il1 • 
1iil LLi.l~'illflfl110fl'tl1l'W<i'lill'l'Jlil'1B'l1!il 

LLGllil'llML'ilui1 m-3 fatty acids iJNailu~'I 
• 6 

fll'iGl'il'I thrombi LL<l~ plaque 

'll'W'i~l'I SCIMO" (The Study on 

Prevention of Coronary Atherosclerosis 

by Intervention with Marine Omega-3 

Fatty Acids) ~<ni'lu randomized, double­

blind, placebo-controlled single-centre 

trial 1ui.Ju1u 223 11U ti'lunm 2 TI wu • 
11 rn-;u'lLilA m-3 fatty acids mm'lll<llil 

., .. d 

progression 'IJB'lil11~ b 'ii'l'llaBlilL'1BlilLL'IJ'1 

iii'11tiflt!1 Iii' 

m '1i'l'l1" n1.,i'n1'l1 

"1nN<i"11'11 !ii''l~1iilmh1m1ta1"~ 
d 1 •' "",I 'f < LVl'W lil11 m-3 fatty acids :IJu'l~ bU'll'WbL<l~ 

iJu1~~'1'1BillW 1'Wfll'l'11ilil11~'1JB'I hA.il'I '] 

1iil ~'1 ihtlu UU'!I B'I rn-;u'llilA~ LLlil n.i1'1n'W 
• 

..t" ~mil 'lJ 1U'!l EM fll '1'111w'l"J1 iJ 'lJ ti <11 • • 

miilutl'lmw'!l1l'1 EPA LLi.l~ DHA ~Li'lu 
• 

ri1utl-;~nau 

1urn11t!1-rlarn':i1'f11'11ifu m-3 

1•• .. "' d fatty acids lil':iUfll'i'illil'l'J~LUUt!Lu'WUlLWB 

h"lurn':i1fl'lflil11~ hypertriglyceridemia 

'11ilA11:1JL~U'l.J ilfll'lLfllil L ':ifftt1 l'ilLLi.l~Vl'1illil 
di di QJ I <V 61 ..,..J 

l<!Blil LL'1~/'1'11BlilUilfl'WBflLGIU t'Wfl'Jf.U'l'J 

fl1':il'l1UA:IJB1Vll'JL W£Mil~l'1tiliu1hJ1lf1:rn 
' 

"' d ' , Lu'W'l'J'WlWil b'il ttlu Omacor™ U':i~flflU 
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• .J _, • 
lil1U 92% ro-3 fatty acids '1f'!u"l~fl8Ulil1U 

47% EPA, 37% DHA LL<l~ 8% ro-3 

'd .J "' • fatty ac1 s <JU 'l LuUlilU 

d· d1'fl • ' i'llilutVrn '1fLUl11"l'1'1Lfl11~i'l lipoproteins 

'1fillil~1'1 '1 ~'I lipoproteins 'il~~11'1l11u 
.,,, ... ~I .JA- .... I • 

'1\1 Lfl"ll~i'l L uU '11"li'l <11fl 'IJ'll 8'1"l1'1111U L'lfU 
..J .,,, .,. .J ~I ::; w 

phospholipid i'lNU'I L'lf<l<l 'lf'IL uU<ll"llil'!lilU 

1u111"la'!Lfl"ll~li' eicosanoids ~1'1 '1 Gi81u 

. 1· d1'"' a1umlil 'lll.JU'il~9fl oxidized L'l'rn 'lfLu'W 

'W'1'1'11'W 

'ill fl 111".i A 111'11 'I'll'! Lil a'lf'il<lU 01 a Iii{ 

'WUll f111m'lil.J'li'W'll8'1 EPA LL<l~ DHA 1u 

plasma phospholipid 'il~LLU1~'WLlilUlil"l'ltlU 

EPA LL<l~ DHA fl'il~t111'1l11u~NU'IL'1f<iof • 

q'll ift:iJVl\lu1::a\I A' 

1 u i'l mu '1 1111fl11111 fl '111 111"l'l~1l 
1uwu1mhu1ul.J111

13
-

1
" 

11
' 

34
• 

3
'-

31 
1:il"Wu 

• 
N<i'li1'! L~!l'l~f1mL "l'I wu1!l'11l.J11fJ'l1UGJ 8 • 

1 •~1 ,~.J ~I ~ 
tJ1 lilLu'W8tn'llil L'W8'1'illf1LuU'11"l51"ll.J'1fllil 

81111".iflm'il'WU 1vi' 1vi'LLrl 11111~fll!JL~8'1 

~8".i~UU'Yll'IL~'Wfll'Hl"l L'li'W fl~'W 1<\' 

.,,J • w ""' 'V 

81L'iltlU LL'W'W'l18'1 Ul'l"lltl81'ill.J81111"l'118'1 

L~U VI~ mi'a'! r.m 11ii • 

u fi ii~ !J1 i;hi nu ti u !J1 ~ u 

111"lhl'~1l.Jtiumalil 1'll:Wu1umil.J~U 
' 

145 

L'limn1umil.J statin
19

'
20 '11l.J1"lfJ1M'~1l.Jnu 

' 
11ilLliltl 1:iJilu{iii"lmGiflnU LLGJffl"l"l~1'11U 

11111'11'~1l.JtlU oral anticoagulants ~'ILLil'11 

'il~ 1iJ ihl !J'll'Wfll"l'WU N<i'li1.:i L~ U'l~"l'WLL 1'1 
' 

... "" .J ""' fl11l.Jfl1".ilil"l1'il11il prothrombin time Ll.J8l.J 

11111'1im~1l.Jn'Wi'l~mrl8i'lUlil1'll'm LrliN 
' 

'illf1 EPA LL<!~ DHA iJN<JGJ8111"lLU~U'W 
LLU<l'1111"l'l11'11U'll8'1'11':i eicosanoids LL<!~ 

platelets 1111Afl1'11Nl.l'llfl'I ro-3 fatty acids 
I I <V .:::f 

111'1 bleeding time 'WU111J'll.Ji;.J<ll11"l'l'llil<l8'1 
.J.,,, 'II "" •3 44 
'l'l'lllilLL!NflU8U ' • 

ro-3 Fatty acids ilu'l'!U1'11<11A'IJ 

if '11u111~u1u f11"l'l11.:i1u lilll.JU n&i'll 8'!~1-i 
111U LL<l~'1.f111~'1J8'1111"lLfllilhflGJ1'1 '] fo!'I 

Lil 'Wl ~ t" fl 1 u "l ~uu '1111'1 LL<l~ Vl<i 8 lil L ~a Iii 

• iJ lil':il 111 ':i L fl lil'1f1 LL<!~ iJ Iii "ll !ill !'I'll f1fl11~'ll 1N 

hfl 1 u"l~UUVll b'lLL<l~Vl<lfllilL~f!lil L'liu hfl 

Vi11'l"ll11ilL~1llil UeJ\ltlU.f111~'1111'lLiii''WLlltJ 

~'1'1'11~ U fl'! tlU fll'>LO Iii hfl'l'l<l fllil L~ <I Iii LL~'! 

Wl <llilfllll.JWU faVilil "l1l.Jif'liiN<l<llil1~WU 
triglyceride LUL~<Jlil 1vi'~'IU':i~l.J1W 50% 

.J,bv"" w ""'.J~ .d ~ 
'llfJ!~'l'lfl<J VILfllilN<l"IJ1'1Lfl!J'l'l'llil1 Ll.J<ILi'ltJU 
"" "" .J.,. w . • 4 (Lt 

flU!JlLlill.J'l'll.JN<l<llil"l~lilU tnglycende 'l'IUU 

11m1uncil.J'll<J'I ro-3 fatty acids L1'iu5n 
' 

'I'll'! L~ an i'ld'! 1ufll':i1 'll' tn L .rJ a f n111il11 ~ 
hypertriglyceridaemia 
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ZAFIRLUKAST: A CYSTEINYL LEUKOTRIENE RECEPTOR 
ANTAGONIST FOR ASTHMA 
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ABSTRACT 
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Zafirlukast is a selective cysteinyl leukotriene receptor antagonist for the treatment of asthma. 
It acts by binding competitively to cysLT1 receptor against endogenous leukotrienes which cause 
bronchospasm. Administration should be on an empty stomach because food lowers its oral 
bioavailability. Elimination is mostly by the liver through CYP2C9 with a half-life of 10 h. The 
metabolites are excreted through the bile into feces. Zafirlukast relieves leukotrine-induced 
bronchoconstriction in animals and those induced by allergens, exercise and cold air in humans. 
Clinical trials show that zafirlukast improves symptoms, peak expiratory flow rate and FEV 1 in chronic 
asthma. These effects are similar to cromolyn sodium but less than those achieved by fluticasone and 
salmeterol. Bronchoalveolar lavage findings suggest that it has some anti-inflammatory effects. The 
most common adverse effects are sorethroat, headache and worsening of asthma symptoms. Normal 
doses do not increase the levels of hepatic transaminases whereas induction ofChurg-Strauss syndrome 
is controversial. Drug interactions occur with coadministration of aspirin, erythromycin, theophylline 
and warfarin. Zafirlukast is indicated in older children and adults with chronic asthma with inadequate 
response to inhaled corticosteroids, prevention of exercise-induced asthma and treatment of aspirin­
induced asthma, but should not be used in acute asthmatic attack. 

Address correspondence and reprint reqJJests to: Panya Khunawat, Department of Pharmacology, 
Faculty of Medicine Siriraj Hospital, Bangkok 10700, Thailand. 
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Zafirlukast LU'W leukotriene 
. ""' ""' ,J receptor antagomst 'lf'Wlilfl'll'IJ'Wl'WLL'lfl 'If~ 

1 i{ 'IJ '11 ~LUU 'W'ill fl eM fl fll 'l Bl Ml'HL <l ~ !'11 

'1M'i'.:J tff~LL~ 26 rl'Wl'Jll'J'W 2539 1M1'1f1'W 

1111-l nm 1 w1l\1i1 ~ mn i1 ~"wui1 l'llrl'il~ i1 r.rn 
u 

<llilfllfll'l'llfl~ allergic rhinitis Bfllii'iU 

leukotriene 

Leukotrienes 1\il'Jlflfl'llil 
d _., • 

arachidonic 'lf·Hu 'Wi:J<l'Jlflfll'lU 111'1 

phospholipids 

phospholipase A2 fl'llil arachidonic ~1\il 
'J~t1mtl~l'J'WLL1.fo~~·a 2 U'W1'111~Milfl iia 

u 

1il' cyclooxygenase Ltl~U'WLU'W pros-

tag landins, thromboxanes U<l~ 

prostacyclin 1mL'W1'111~LL'lfl LL<l~flfl 5-
" 

lipoxygenase Ltl~l'ltJ1tlLU'W leukotrienes 

c,, D, LL<!~ E, 1mm1'111~~'18~ 1 
5-

lipoxygenase 1m•rni1LilVn~ 1u myeloid 

cells A 11 monocytes, eosinophils, 

basophils, alveolar macrophages LL<!~ 

mast cells Lau1'1fi.fil'wa~mifl'l 5-

lipoxygenase-activating protein (FLAP) 

~~ L U'W integral nuclear membrane protein 

LU 'IJ cofactor lwn11Ltl~U'Wfl'llil 
arachidonic hi'L U 'IJ 5-hydroperoxy­

eicosatetraenoic acid ( 5-HPETE) LL<!~ . 
leukotriene A, (LTA4 ) lillU<hi;'\'u' '11Ttl~ 

<l<Mil"li.i11~i;'\'1 ;i1nifu LTA, ~mtl~U'W 
'i'~l'JL~11d'0 ~1" l k tr' B C D bvo , muw eu o 1enes " 4, 4 
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U<l~ E, (LTB4, LTC., LTD4 , LTE,) 

leukotrienes C., D4 LL<!~ E 4 i1 cysteine 

atj1u L:!JL<l~<l ~~L~un11ui1 cysteinyl 

leukotrienes Llill'JU receptors UUfl 1\i!LU'W 2 
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subtypes Afl cysLT1 LL<!~ cysLT
2 

receptors, Cysteinyl leukotrienes 88fl(j'11t 

~a cysLT1 receptor Ll'l'WMiln1um'll'i11M' 
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;g" Nl'W'IJ 8~'11'l'lh 1111 fl'Jl fl M<l fllil L~ 11 Iii l,2 
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mucociliary clearance L'i'l:!lfll'lMil~ufl 
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OJ o c:$ ~ Ill I ,.,:. 
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flilM<lfllil<l:!.IA'Wtlfl&i 100 5~ 1,000 LYil 
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zileuton !in'lii~ilfll'lli competitive 

antagonists mil receptor 'llil'I cysteinyl 

leukotrienes U1l'lln~lJififii'uri zafirlukast, 

pranlukast ua~ montelukast 

Zafirlukast (ICI 2040-,219) 

LUU'll1l'IJO!llJ selective cyteinyl 

leukotriene receptor antagonists "~il'111'l 
Li'l"i1 4-(5-cyclopentyloxy - carbonyl­

amino-1- methyl-indol-3-ylmethyl)-

01'j1 '11 m ~ { il lJ nu il1 'H1'l'I ~<I \il bio­

availability M 1~5'lfil'lla~ 40 ~'I hi111'l 

iiiw1'Ha'lil1m'l LL vim., 1 imri ilu mm., 1 

?i'11m 'H~il'Ha'lmm., 2 ?i'11"" mil''5'u 

hh~u1u~mai.hfil'lla~ 99 <hu1my'I~ 

d'luel'mJiiU (albumin) "U~lJ1\il'lfl1'l 
.J "" 8 0 

O'l~'l1'll'Yl steady state 70 a\il'l IJO'l11m!l 

Cf\ 
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3-methoxy-N-o-tolylsulfonylbenzamide 

"ih"Huntmana 575.7 LLa~"<l\il'lLi'l'l'I • • 

Zafirlukast L iJ 'IJ competitive 
. ' ,J antagorust \ilil LTD4 LL<!~ LTE4 'Yl cysLT1 

receptor l\il'll"i'l11lJLL'l·'ll'J10n11 LTD, 2 
' , 1 ,,J 3 ~ L'Yl1b'IJfl1'j an [ H]LTD, ililffi110fl1'l'IU 

nu cysLT1 receptor ~iltjuu guinea pig 
7 lung membrane 

H 0-0 (~-~ I/ ' g.-
0 CH, 

,J ~ , 
'Yl\ilUlJ10 a1u majlJO cytochrome P450 

2 c 9 ccYP2c9) LU~'llu1uLil u 
• 8 ..J ..,j ,,,( 

hydroxylated metabolites 'll'llJfl'Ylli 
' cysLT1 receptor antagonism ohni1 

zafirlukast Lil'ln'l 90 L'l'i1 Metabolites 

L 'H<hil' \]fl VU il il nn1<Jtl aai1~ L W'll'lf il ua~ 
1 0 ~ L 'H ~ il () OVU il il O'Yl1'1tl 1~1 U nu • • 
~'1'11'l~L llua1u 1 'H aj LL<i~vu il ilnm'lil1 

'lllJ LUl'l11lJLilJ1iuu'i~lJ1tufil'lla~ 2 O 'llil'I 

i'l11milJiu 1u~mam ~" laji'11'l 1'1l'l u 

lJ1'l\il1m iu lJU\il'l fi1 LtHl'll'I au i'l1<!\il1'i. U • 
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• !' .......... 113 
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w 1 .J .fw 
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'llfl'lfl11 ltt'm11{'lL&im
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L'WN<l'lBlfll'il clearance '1~<1\il<t'l •• • 
w 1 ._., .J ' "'' w \ill!J1fl 'WNu1fJYIBlfl!JlOn11 65 u .,~\il1J • • 

m~'l'f\il 1 uw<tl<l!Jl (cm,,) LL<t~Rl area 

under the concentration-time curve 

(AUC) 'il~<l'l~mi'Ju 2-3 L'lil'llfl'll1'WUO&i • ' ~ .r.1 ._., .J "' 'i" w d 
LL<t~l11'11'l<lfl"l'W 'WNu1flm u'W L .,11\ilULL'll'l'il~ • 
moffi11'1uuo&ifflu<1~ 50-60 <11mila'll­

'1<1u01a\il.,1mJtl1a h11 l\il hl~1'l lu'11011u 
• 

1. Animal models 

.. .(u w 
Zafirlukast !J(]Ylll 1NO'Wfl111'1fl1J 

'110fl1TW'W<t~flfl'l LTD4 lttm;j\il~Lill 
1.c1 .JZZ .J.,, 
L\iltl!J ED50 ('ll'W1\iltl1'11fl1J<Mfl111'11l1JYILO\il 

'110 LTD, 1~ffla<i~ 50) ~11'1fumwJu 
""'"" <$0 ""' 

<i~ fl 11'! m.,u\il L'll11'1<t fl \ii L<t 11\il\ill LL<t~m.,ou 

Lrhilu 5.1 µM, 0.046 µ mole/OO. 

LL<t~ 0.52 µmole/OO. \illii<l1~1J 7 
1u 

1'1'U\il~Lm~1~ passive sentitization ~1fl 
• 

antiovalbumin antiserum LL<!~ 1~m~111uif 
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1.. .. 
10fl'W 11fl indomethacin, pyrilamine LL<!~ 

propanolol Lvifl block N<tl11'l prostanoid, 
~ 

histamine LL<l~ ~-adrenoceptor 'W'W 
..,. ,,,(ZU w w 

zafirlukast lJ(]YlliYl"l 1NO'WLL<t~'J01flil11~ 

1'1<tfl\il<l!J'f1\illil~'l'il10ill'J 1 'If ovalbumin 

d 191 .J'1 "'1" 7 L!Jfl 1'1tll'WOfl'WLL<l~'f1<t'l '1-1 ovalbumin 
.. .(il w " LL<l ~ !J (] '11 li fl'l 0 'Wil11 ~,,, <l fl \ii <l !J,,, \ii L 0 'J'l 

A . . 1 .J • '110 scans suum antigen 'WLLO~YJLLW 

antigen '110Wt11Glat&ifl'ULV1a1if' 

2. Clinical models 

2.lAllergen-induced bronchoconstriction 

Zafirlukast ii (]Ylll <l \ilil11~1'1<l fl \ii <l!J 

'l-1\ilLO~'l'illO allergen i'l1'W early LL<!~ late 

1 ' ' "' • 10 1 !I • 10 phase !J11'il~Lu'WLfflfi'f1qj1 1<j'W1Jl'W 

't-1'.iflf'l LLl1 LLlJ11I 1 u il1.,YJ\il<lfl1J~1fl:if'l L111 
• w .J 

LL!J1 11'111\il'll'Wl\il allergen Yl<l\il forced 

expiratory volume (FEV1 ) Mfflfl<l~ 20 

(allergen PD20FEV1) wui1 ~tl1u 8 .,lfl 

'110 12 .,1fl<ll!J150YJ'W'll'W1\il allergen lvi' 
?1 ' "" 11 <l'lLu'W 3-30 L"Yll'llfl'l'll'Wl\ilL\il!J • 

2.2 Exercise-induced bronchoconstriction 

Zafirlukast vi11 'lfl'i1~l'f \il'll fl'l FEV 1 

w • w 1 ._., d 1 d 
1'1Mflfl0ill<l'lflltl 'W~u1tJYJ<l\ili:N \ilmu<ifl 

·fam1~ 36 Lrl111oi'm'f1<iflo <ilil<i'l L\ilam~u 
.. • d 1 • . LWfM5'1£1<1~ 21.6 LlJfl \ii zafirlukast 20 

!JO. '110fl1.,flmfl1'WNU1tJ 8 .,1£1 LL1J1J • 
double-blind, crossover trial

12 LL<t~1u 

ii 051 a'l1u~alJ1 'If N' tl1ali \il'ill ooi-rn flo • • 
fllll'l 24 .,ltl 11'1'1~1u zafirlukast 20 

LL1J1J double-blind, 3-way crossover WU 

i1u1rl'ufl'lnuo151'1flU'11001.,flaon1<l'l1vi' 
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FEY, LLa~ FEY1 -time curve
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fl1'lAfl1fl1u 
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vim VlU'l11U1'lL~U1 LLa1a:!J 1 limml1lfl'11~11 • 
zafirlukast l'U'!l'U1\ll 5, 10, 20 LL<!~ 40 

• . ,J1 ·~ .; 
:!Jfl. 'l'lU11 zafirlukast '11fl'!l'U1\l1'11 '11:!.lf]'l'lli • 

.J I ! .,... 
U'l'lL'l11fl1'l'l1A1 FEY1 <l\ll\l11M'11<l'l1111fl 

n1a'lfl1U ua~vh1li'A1 FEY, Lvl:!Jt'U'il'U 

1fl<i'A11~:1Jri11u1111fln1a'lmu c i:i11~1-:i'il1fl 
A1L~:!J hiLnu{11ua~ 5) 1!ii'L~1n-hflzj:1J~1!il 
1'11'11<111fl" 

2.3 Cold air-induced bronchoconstriction 

m11'1i zafirlukast l'U'!l'U1\ll 20 LL<!~ 

40 :!Jfl. '11~111'11'11a<Jfl l'IJ randomized 

double-blind, crossover trial (3 '2i1'l1~1'1~ 

m-;1lim) 1u~1hl'lhAli\ll 24 '>1£1 ~ilA1 
• .J ~ 

FEY, a\llM'l<Jl'Ja~ 20 L:!.111~\llmfll~Hl'l'IJ 

w ui11'11 l 'W'll'W1w~-:imh1vh1 '11 N'1hu ~tu 
" .J111 o<V .d 

mam11ua~ 29 LLa~ 32 lil1:1Jmwu L:!.IB 

L Yi l'I u ii' um '11 a elfl " 

3. Clinical trials 1u chronic asthma 

thunan 
'il1flfll'lAfl1'11LLUU randomized, 

double-blind, placebo-controlled 'U1'U 13 

a'tJ w1 11' 1 u N' th l'l li w ~ ilrJ1 m-;tl' <1 a 5-:i 1h u 
" 

fl<t1'l 762 "l1u ml'I 12-76 i'J ~'lilA1 • 
""I II) "" I _.J <V 

1J1fll'l'l1\ll<f~<f:!J ~ 8 L'IJ 7 1'1J\ll<IL'IJ11'lfl'IJ 

( u~a~1u1li'A1mm"l11ii'~·m~ o 5-:i 3 ) 

LLa1a:!Jl'11'1!il{um zafirlukast 20 :!Jfl. • 
i'ua~a11-:iAf'l'l1~111'11'11<t11fl 1wu 1 '11"l'li 13,-
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agonists 1!ilw1:1Jm1:1J'51Ll'it1 i'A1h~an6Na 

'!11Ml'l1'il1fl111fll"i~L u~l'l'W hi m11'1i 13 2 -

agonists LLa~fl1"i\ll"i1'il'11tl1~UB\ll ri1u 

A11:!.IU a 11\llftl'J'll 11'l1'11l\ll'il1fl Na La£J~'l'lU 
N<lfl11\l111'il'111'lli tl'lUQUelfl11 fl11\l111'il 

'i1'lfl11'1 LL<l~A~'WlvJ;\11'li'1l'il 'l'lUl1 

zafirlukast a\l1A11l1fl11'Yi\ll (-i'11aa~ 26.5) 
.J ~ • 

fl11\ll'IJfla1'lA'IJ (111£1<1~ 19.8) fl11'1111U 

\l1Bt1L'll1 (-i'11l'la~ 29.0) LLa~m11'11 13,­

agonists C{Bl'la~ 22.3) LLa~Lvl:!.i peak 

expiratory flow rate (-i'111'1a~ 6.9) LLa~ 
IV .d Q <V 

FEY1 (1111'1<1~ 6.3) L:!.11JL'l11'1UflUl'l1'11<1tlfl 

m1LU~l'lmLua-:imm1 m11'1f 13 2 -agonists 

ua~'l1tl'1~u11ALnw~uml'l 1 u 2 1u'l1a'l'il1fl 

1 ·~ \l11UU1 LLa~A'lN<t\llail\l11~1'1~L1<11fl11 

'11\ll<filU t.1aLa£J~'l'lUUill'l~<f\llL'li1 '] nu..t'l • 
. .J1· ~ ~ "' fl<l:!.1'11 \l11'11LL<t~l'l1'11a11fl A1JL'ilUA1JLLa~u1\ll • 

A11'1~ 1wuA1m-:ili11'lufiue\m1 Nam1 

\ll 11'il'l'1'l mu ua~ A ~u 1 vJ Vl1'1111'ilu fl e\ 

LLMMi1 zafirlukast hiNaL~1LLa~iJN<t11U 
" 

u1u 1 u m1{fl1't1 N' u11'1 i'iw~ L i'lutl' 111'1'il'W 5-:i 
" 

u1uflm-:i
10 

'il1flm1Afl'M1N'u1a 146 11a 
" .i,,, •• , .,. ,J 

'l!'l LU 'IJ fl 'l :!.I 1'111 £1 L 'IJ fl 'l :!J L'l1f]J'IIil'l111'1'11 'IJ '11 
I ii r I .d1W ~ 

fl<l11LLa1 'l'lU11fl<l:!.1'11 \l1 zafirlukast :!.I • 
'51u1ui'u ~U'l11'l'il1fl m m"i LLa~'51u1ui'u 
ffhJlii'11'l 1'1i 13 2-agonists :!.11flfli1flzji:J~1!il 

IV .:.lo ..., .J1' 
!J1'11<1ilfl"i111'J<l~ 89 :!J'il1'1J1'1JTl.!'11 :IJ'l1ilU 

fli1-i'ilu<1~ 55 LLa~u~mru 13 2-agonists 
.:.!"}WV 1 I .J"i 111 IV 17 
'11 t'!l'l.!11Ufl11fl<t:!.1'11 L\l1111'11<111fl"iil£1<1~ l 7 • 

'il1flfl1'lAfl1'11 l Ur.l'u1u hAliw 2 61 
" .Jl' 1·~ . • ·nu '11 :!JLAEI \ll"iU steroids mflil'I.! um 

ri:iJLLUU double-blind l'11L!il{um'l1a11fl • 
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4 ~ :i; 
vrrn zafirlukast 20 !Jfl. 1ua:: 2 ff>-:! 'l'IU 

11 zafirlukast iiNaium·uvi!J FEV1ua:; 
• ::: 'V d 

peak exprratory flow 'INliltl'llL'll1Ua:;L£J'IJ 
~ .J 

LL a:: a lil 111 fl1 'llil B'IJ fla1'11'1J f11'llil'IJ'l'I BU 

fla1'li"l'IJ uarn1-; i'li' 13,-agonists 1~mfl 
• 18 .. .i,, i . .. ~ 

1111 Bfl'i1U'l1U'l'Mfl'lfl U'Vl1U1l'IL\ilU1flU 

LLUU<f!J double-blind, placebo control 

'1'1ui1 zafrrlukast 20 !Jfl. iua:: 2 flf'I 

(231 'l1EJ) iiNalii11A11ii1'! 1 ~"mh1iu 
.,,,. "" «II ""' .... 

LLUULlilEl1flU L!JBL'l'IEIUflUl'J1'1'1a1lfl (223 

'l1U) LLa::U'IL vi!Jfl()jfl1'1'1tiililBfl~1EJ 19 • 
i u i:f 1ha t 'lfllilil i u n'lltl~u~lil11J 

flliilfl 3, 759 'l1U zafirlukast iu'llmlil 20 

!Jfl. iua:; 2 flf'l'IJ1U 4 atflil1ll 'li1i'1-l'mJi 

3.2 uannffn'1'1111FiEiutnEJunu cromolyn 

sodium 

fl1'lAfl'lfl i u i:f ti 1a~ L fi uli lilU a a 

287 'l1EI 'l'IUi1m~"<JB"ill'Na~nlilLiiEJ!J 
..,. ~ I ..., 

fl 'lJ LL a:: L'l'l'IJ 1l 1111 m VI a 1l fl Na fl1 'j'j fl'l"1'il:; 

L ll'IJ 1~~\il i 'lJ N'lhEl~iiA1fl11!JLL tl':itl'l1U 
u 

'IJB'I peak expiratory flow 'l::'l'li1'1fla1'1l'IJ 

tiuna1'1AuJJ1nn11-i'aaa~ 1 o tta:::NU1EJ 
u 

corticosteroids 

i 'Vftll _J.:::j I 

'IJ~u1EI 30 ''1El'l'l!Jfl1 FEV1 !Jlfl 

fliTfom1:: 50 'lliMA1~fl11il 11 fluticasone 

100 µg iua:: 2 flf'I ill'Nmviil11fli1 

~ :i; i zafirlukast 20 !Jfl. 1ua:: 2 fl'l'I '1Jf11'l'l'l'IJ 

Iii fll]'l'IB~'li1 i ll'viaBlil<l!J'l'llilLfl~"'llB'I hista-

Panya Khunawat 

mine LLa::iMA1 peak flow iulilB'IJLW11J1fl 

fl11 zafirlukast 'IJBfl'il1flif'lJfl1'll'li 

fluticasone U'll'i'!JA1fli1~1El 22 • 

3.4 N<lfl11Rfl'l'111mE11JLnEI1Jrl1J salmeterol 

Salmeterol LU'IJ long-acting 13,­

agonists ~iil]'11Bmi1~muii'I 12 ~1l!J'I 
u 

f11'l\jlil salmeterol iu'llmlil 42 µg iua:: 2 

flf-:i 'li1iifl1Ufl!J111 f11'l'll1l'I hfl'Hlil i 'lJ N 
• u 

.,'f .J ti i IV """ 1 r 
u1El'l'llil1l'I 'll corticosteroids 'll'IJ\il'l'l'IJBEI 

u 

mb 1~~fli1f11'lO'lJ zafirlukast 20 !Jfl. iu 

a:: 2 flf'l llilEJill'A1 peak expiratory flow 

i y • ~ .Jtl 
'IJ\ilfl'IJl'lll 'il1'1J1'1J1'1J'l'I 'l1fl'i11fl1l1f11'l 

a Z.Jv iy 
ua::a\il'i11'lJ1'1Jfl'i'l'l'llil1l'I 'll salbutamol -Wu 

LUl fl1'l'l'lBU<l'I1~IJ1flflil23 

3.5 Anti-inflammatory effects 

"i ytl 4 .J~ fll':i~lfl'lfl 'UN 1El'l'llil'l'llfllil'il1fl 
u 

JJilu'l'l' 11 ·na uuu double-blind, 
.Ji y. 4 

crossover '11 'l'll'J1'1'1<l1lfl'l'l".i1l zafirlukast 20 

!Jfl. ·foa:: 2 flf'l iu'li1'l111'lili'm'llil1ila:: 7 

U<l::Q"<l!J (bronchoalveolar lavage,BAL) 
..,. ""' a!..y """l'V v.J 

't1'1J'l'I LLa:: 48 'll1t!J'1 'l'l<l'I L'l'I antigen L'lll'l'I 

tlBlil<huvirl'! (segmental antigen 

challenge) '1'1Ul1 zafirlukast aliltl~mru 

,,J • "' . lymphocyte LLal:L'll<l<l'l'l'lJ1'il::Lu'lJ basophils 

iu BAL <l'IBU1'liiirml1~{\j'111'1<Jli~ Lta::ii 

t y .J .. 
LL'IJ1 'IJ!J'l'l'il::a\il alveolar macrophage Bfl 

y 24 ti~ . . .J 
lil1U LLa:: 'l!J10J superox1de l'l alveolar 

macrophage tlil11aaBfl1J1iitl'11aM ~" 
,J "' 1 _J .J.,Y L'l'l<ll'lJBl'i!Lu'IJfl<l f1U1'1<t1'1J'l1'111 L'l'I zafir-

lukast ii Na i'lJf11'l<llil late phase response 

'llfl'lhfllilil 
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"" v .. 'I .J 
'illflf11'l\il\ilmm1u1fl 5,188 'llfl 'VI 

u 

L \'Ju hA'ih1~'11Gif'llfl1tlU1'1Utlfl 13 a1.J\il1'1-i' 

1'11'11'111\il 20-40 :IJfl. 1'11<1~ 2 Af'l bVlfJ'lll'I 

'llfl 1Gimu1uni1 2 tJ <hu 1myt1~'1mh'I 

tllfl 18-64 tJ L~fl'lJO'llfla:IJ~1GirJ1'1'1<1tlfl • • 
• ~ d • d 1· 2,573 'llfl 'l'l'lJ111.J<IL<tfl'l'l'W'lJ'lltlfl'l'l'fVI VI 

LLri L~'llAtl tl1viA'l1'!~ LL<i~li11ll'mm'li1VI 

rn1<1-:i LVlfl B\il'llfll'j LiiVI 1.Jmam V1a1ii'1i.i 
IQ.I' 1...J.tV 25..J """"' ... .J 

\ill'lfl'llfl'j:IJ'l'I LVI l'Jl'l'l<ltlfl <t1ll 'l'll\ilf11'llli'l'I 

l'i1Lt1'111'1nJ!il'lJ (alanine aminotrans­

ferase-ALT Ll<I~ aspartate aminotrans­

ferase-AST) <l'l~u 1u rJ u1rJ~1vi" mii'1u 
u u 

'llll1VI 20-40 :IJfl. 1u<i~ 2 Af'lhi~l'IO'll 
. d1. 

fl'j:IJ'l'I Vl!Jl'l'l<ltlfl 

.f11flml'lf11-:i1.b zafirlukast tltlfl 

'ii1WW1fl ih1fl'l1Uf11':i'W'll Churg-Strauss 

1 ._, d1 y.,,.. J'25 ' 
syndrome u~u1fl'l'I Vl':i'll!Jlll fl'j:IJ 

d 1· ~ti • Blfll':i'l'l'W'll VlfllflU ':i~fltl'lJVl1fl'l'l<IBVI 

La ti Vl'IJ'W1 VI La fl el flL<l'll LVlfl jj eosinophil 

U'l'l'ln1u1.Jil'·.rn<1t1V11at1V1 eosinophil 1u 

fl':i~L1mat1V1<l'I 1m~i1 heart failure rJ~jj 
u u 

na:1Jt11f11';ififfli1hA.nfa1w Liu livi 'il:IJfl 
• u u 

B'ma'lJ u<i~l'W':i'l'il:IJflBma'll lVlrJirfl 1Gif'll 
u 

. . .... .... .J Q.I 41 
cort1coster01d tiUVlflllL 'W B'lfl'lfl Lfl B'll"!fl 

.J.,. I Jcv1•~ 
':i1fl'l'ILf1Vlfl<l:IJB1f11':i'W'l'IM Vl'l'll zafirlukast • 
irn 1Gif'lJ corticosteroid tiilVlviu1u'IJll1Vl~'I 

• ..:!j ""' .... I I Q. I .::j 

'l'l':itltiUVlflU tlflfltlU U<l~LflVlfl<l:IJ Blfll'lU 
u • 

.J' .J 27 <LI ~ 
'IJ'llL:IJB<IVl'lllllVI corticosteroid <I'! Vl'lUll 

~.:i 1i.im'il'l~'ll 1Gi11na:1Jmm'lii' LiiVl'illfll.J<i • • 
4 !'1 

idiosyncratic 'IJB'l zafirlukast 'l'l'lBLuU 
• 

L 'W ':i 1 ~ jj fl <i' :IJ ti 1fl1 '> U ti rJ° I&\ :IJ LL \11, \]fl 
• u " 

1• . 1 •· 4 ~ corticosteroid flVI 1 IL<l~\iltl:IJl Vlf11L'l'll'llll 
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0 Gt " 41 ""'J' 
L'W'll~ zafirlukast '1'11 rnBlfll':i'l'IVIVl'IJU'ilU 

<IVl'IJU1VI corticosteroid <i.:i 1Gi 

Zafirlukast L i'lum~hH .. mn'llm ~u 
1 u fll'jf mnli VI 1VllVlfJ 1i.i i'.itlnii~l'Jl ~ti Oll 

hii1'il~1llu corticosteroids tiilviviu m 
.... . ~ ........ 

'IJ fJ1 fl'l'I <I ti VI <I :IJtiU VI 'Wu 'l'l ':i tltiU VI nu 1'11 

t1nti1u~ mei1u~a\il1iiu L1<1~ml'j:1Jti11ilV1 

t1ilV1iiu 

1umaiairA-:itln&i zafirlukast i1 

tlfiii~l'llOU aspirin, erythromycin, 
8 . 27 ~ 1 • theophylline Ll<I~ warfann AB fll'l 'l'I 

zafirlukast 40 :1Jfl.!1u ~1:1.JOU aspirin 

650 :IJfl. 1u.i~ 4 Af-:i li11'1-h~iilu 
zafirlukast 1u'W<l1<1:1Jl<l'l~Uft1l'l<I~ 45 

u 

f11'l1ll' zafirlukast 40 :IJfl.!1'11 Af'IL~U11ll 
~U1fli1VI 11 ':ill'J~1Gi erythromycin 500 

<I.I :: Ill "" 

:IJfl. 1U<I~ 3 A':i'l:IJ1U<11 5 1'11 (steady 

state) 'il~<IVl'l~iilu zafirlukast 1 uwmam 

<1.:ift1l'l<I~ 40 L'W'll~ bioavailability 'lltl'l 

zafirlukast <IVl<l'I fll'l 1 ll' sustained release 

theophylline 1u'IJU1VI 16 :IJfl./flfl. A{'I 

.. 1 " ti Q "'.cl1~ LVlfl1 UIVlfl fl\iltlll'J 6-11 u.,., • 
, I I ""' V 

zafirlukast tl~fltlU'illl!N steady state LL<l1 

li11 ll''l~iilu zafirlukast 1 U'W<ll<l:IJl<IVl<l'I 

ft11'1<1~ 30 lvia 1i.ii11.J<i~t11~1ilu theophyl­

line m11ll' zafirlukast 80 :1Jfl.!1u hi 5 

1u'ilUO'I steady state u'111'1i' warfarin 

25 :IJfl. Af'IL~<J1 'il~L'i'i:IJ bioavailability 

Ll<l~<IVI systemic clearance 'lltl'I S­

warfarin 
27 

bVlfJ 1i.ii'.il.J<t~tl R-warfarin ~'l 
fi11'1i' AUC 'lltl'l S-warfarin Lyj:IJ~llftll'J 
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...:. .:r Ill 

a~ 63 ua~ half-life L'W:IJ'!J'W'JBl'l<l~ 36 

ua~ prothrombin time 1vl:1J~'Wfmrn~ 35 

w .r; 1 • . w 111'l'W'Wfl1'> 'fl zafirlukast 'l1:1Jn'U warfarin 
.-::II y .... . . g.I 

'il'l\l11l'l\l1111lll1:1J\ll':i1'il prothrombm tune 11111'1 

L~B11tli)n::imdLnl1l'illflfl1'JU1J~'l CYP-

2C9 iil'lifu'\i'!A1'J'J~i''lfl1"J1'li' zafirlukast 

~1:1Jfl1Jl'J1~(lfl'Yha1u t111u CYP2C9 Li'W 
u 

tolbutamide, phenytoin LL<l~ 

carbamazepine ua~Lrl!M'illfl zafirlukast ii 

t]'Ylil'urnT'I CYP3A4 1'WM<l1l111'Yl111'11l'l '\i'! 

i <1""~1" fl111 'li'~'" ilul'll~ (lfln1a1l'I11111'1 u 

CYP3A4 iiu dihydropyridine calcium 

channel blockers LL<l~ cyclosporin 

~U11'1 mild, persistent asthma (step 2) 

d "' ' ~ dtl 1 M'!i<J step 'YILu'W!Jlflfl11 111'l'Yl 'Jlfl!J 'lJ 

guidelines '!JB'l National Institute of 
OJ28 Q'il '""' 

Health '!JB'l<lll':i:lj"l U<l~:IJi:!L<l'!JB11U'11ll'il 

tl1mh1111L'W':i1U 
.J "" • . 

1.1 'Yll'l'l1111l1J<l'WfM\l11l cort1co-
~ . 1."' d steroids '!J'W111'W'W :IJL\il:IJ'Yl 

1.2 ii N<lL~U\il1:1J'J~1J1J'il1flfl1'J L'li' 

corticosteroids 'lfii111TI'W L 'W'!J'W1111~'1 

1. 3 1'li' u1W: u hfofl'li5M'!liliii B 
u 

'il1il111'Yll'lfl11'1 L '!Jf11'JTI'Wl'l1 IL<l~ 
• d 1 • • 1.4 fl<l:IJ'YIA11JA:IJfllfl1'j 1111'11flLL:IJ 
• • 

1• ~ . 
'fl corticosteroids 'lf'll111'W'll LL<l~'Yl'lJl'l1'111'111'1 

.J "'-~ M<l <1111 !l:IJ'Yl BB fl t]'Ylll'lJl'WWm theophy lline 

hl1111"'' 

Panya Khunawat 

2. 1'li'i'.hMn'W exercise-induced 

bronchoconstriction 

3. 1'li'ffl1'11 aspirin-induced 

asthma" 

L 'W fll 'H~ il fl 1'If1'11 Gll'W fll 'j fl fl L<l1J 

ATH~ilfl 1'li' corticosteroids 'lfii111W'Wrlil'Wl'l1 
.d""' ' . .d ... 
'Yl:IJN<l\llB leukotnenes L<l:IJB L'lJB'l'illfl:IJ 

,£111 OJ .d QI I ""'1' 1· t]'Ylli1111'Wfl1':iBflL<l1J'YILll'Wilfl11 'il'l :IJA1'J 'If 

zafirlukast LL'Yl'lJ~ corticosteroids 'llU111W'll 

L 'W':il~iiJ B hi'L tl'!luufl11 corticosteroids 

hiA1'J 1'li' zafirlukast 1'Wfl1'JLUli111~ 

ll<lil111'1:1Jl1111Lfl~'11'W acute asthmatic attack 

fll':i 1'li' zafirlukast ~1:1Jfl1J warfarin Yi11 'll' 
prothrombin time 1-vl:IJ~'lJ:IJlfl m':i&i111\l11:1J 

\il'J1'il prothrombin time BU1'11fl<i'if111 hi 
A1'J hL'lllll\)'liiA'J'Jtll!'!iB 1 'li''lllJ'lj111'> 

a1dii'il1m.iil'IL'll'!J'!J11111il111a~ 10 

LLa~ 20 :!Jfl. 1'lli:!LmyLL<l~L~flfl1~ 12 i'J 
~'ll 1t11M"l'll'11'll1111 20 :IJfl. 1ua~ 2 A-f-:i 1u 

"' "' 1 'ii "' :: L111flil11'1 7-11 'iJ 'fl 10 :IJfl. 1'W<l~ 2 A'l'l • 
1 ·d ' ,,.,., "'~ w 'lJN'Ylfl1UlJ1flfl11 65 ull'lilLu'Wb'JA1111Jil1'il 

u • 

i a-:itlfua 111'!J'll11111'11<l'l u~hii <1'1tlf 11'!J'll1111 

1mr~1\l11~il:IJ8 
u 
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GABAPENTIN: IN EPILEPSY AND NEUROPATHIC PAIN 

Chuthamanee Suthisisang 

Department of Pharmacology, Faculty of Pharmacy, Mahidol University, Bangkok 10400, Thailand 

ABSTRACT 

Gabapentin is a new anticonvulsant and is also effective for neuropathic pain. The chemical 
structure of gabapentin is a GABA molecule covalently bound to a lipophilic cyclohexane ring. 
However, gabapentin does not bind to any subtypes of GABA receptor or GABA transporter. Several 
hypotheses of cellular mechanisms of gabapentin are proposed. Gabapentin increases GABA and 
decreases glutamate level in the brain by affecting various cytosolic enzyme such as enhancement of 
glutamic acid decarboxylase (GAD) and inhibition of branched-chain amino acid aminotransferase. 
Gabapentin also binds with high affinity to a novel binding site in the brain. This binding site is 
believed to be an auxilliary subunit of voltage-sensitive Ca++ channels. The role of this subunit in 
epilepsy and neuropathic pain remains to be verified.Gabapentin has favorable pharmacokinetic profile. 
Its absorption depends on the transport via L-system amino acid. The drug is not metabolized and 
excreted unchanged in urine. It is not an enzyme inducer or inhibitor and has a broad therapeutic 
index.Several randomized controlled trial have demonstrated the efficacy of gabapentin both in 
epilepsy and neuropathic pain. Common side effects of gabapentin are CNS side effects such as 
sonmolence, dizziness, nystagmus and weight gain. 

Address correspondence and reprint requests to: Chuthamanee Suthisisang, Ph.D., Department of 
Pharmacology, Faculty of Pharmacy, Mahidol University, Bangkok 10400, Thailand. 
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f'I ww.l<'!')'fl 
Gabapentin Lu'IWlfl'IJ'lfffYllJ L'lf L'IJ 

tl'l::rnAlnuin!iT"uvitl VI.fl. 2541 lhfo 
' 1 v.J o "" di £ll .., <V Va I 

u" 'lf'Yl<llliltylilB Lu'IJUlfl'IJ'lfflLL<i::munu11il 
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w ,,¥ .Jlvf'I w' 

tl fHM L li1 "ll :: ll"ll u:IJl L VI B llL u 'IJ B 'IJ 'l'l 'IJ li '11 M 
u • 

y-aminobutyric acid (GABA) 

m7i1 gabapentin 'i):::ii\'!lil" 11'11'1 
v.J<vcv • 1 

'11N'Yllil<l11JflU GABA LLlil VIU11 

gabapentin hii'.lii111lJ'lf1JU.ij'u (affinity) vi11 

GABA receptors l'!fl subtype 'l1lJ..i''1 hi:ii 
.., J:: ..: .., .::i 'ii 

N<ll'IUU"fl1'ltfl1Jfl<l1J'1111'1 GABA Bflli11U 

u11mnnd gabapentin iJ4hii'.lw<l1Ufl1'l.iju 

~ .j 1 '' flU neurotransmitter receptors BU lJ11'il:: 

d] 'IJ benzodiazepine 

receptors i11J 

glutamate 

""' .,. ' .d "" lJ<!lJlJlil'iil'IJll ma 11 m4 mu1nu m1 . ~ 

1. 1vi:i.i-,::iilu GABA 'luamN 

Gabapentin iJN<JL'i'llJ GABA lw 
.. .,: "' 1 ' <llJi'H tl'1Ufl1'lLVllJ(j'Ylti'11114LB'IJ 'lf:l.J 
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\'!lil"l Llil'l'1'1-i'1"'11 B'I gabapentin 

U'l::flBUli1"1t1T:1Jt<l~<l'11B'1 gamma­

aminobutyric acid (GABA) ~vim'll1nu 
lipophilic cyclohexane ring ( lil'lU~ 1) •• 
fll'lB Bfl LL uualil'l Llil'l'1'1f14ift vi 111 'll'm Nlu 

u 

blood-brain barrier 1i 1u'1JOI::~ GABA 

1iJN1u blood-brain barrier ll~BN1'1J 1i 

glutamic acid decarboxylase (GAD) ~'1 
L U'IJLB'IJ 1·11i1~1'1f1 '1Jfl1'l'14 Llil'll::M GABA 

1 • , .i 
'ill fl glutamate ( ~~u'YI 2) 

u 11n'il1ndfl1.,~mn 1 ualili''Vll'l<l B4 

il'IV1Ui1 gabapentin i'.lwma:S:1J(]'Ylll'11B4 

2 .j tj "' "' nipecotic acid 'lf'llJ(j'YllHuU GABA 
"-'I 'V "" :; 

transporter blocker Bflli11U lil'l'IJ'IJ 
• ~ .ol d "" .J 

gabapentm 'il'l:l.JN<lLVllJ'l::\ilU'llB'I GABA 'YI 

synaptic cleft ~'1'i1::7i1mvi;i inhibitory 

process '11 B'I <llJ B'I 

2. <llil'>::iil'u glutamate ~'!t1'.Ju excitatory 

neurotransmitters 
d v • 

Gabapentin lJ~J<lfl'l::lil'IJfl1'l'Yl141'W • 
'11B'1Lil'IJ hif glutamic acid dehydrogenase 

( GDH)' ~4LUULBU 1'lfif~1'1f1ufl1">vi1mEJ 
glutamate LL<l:: gabapentin il'1i'.l(]'Ylll1u 
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fll'laU~4LBt.I hif branched-chain amino 

1 d Pl 1 ' acid transferase (BCAT) '1l4Lut.lb<lt.I 'lf:IJ 

~L'llLt.lfll'lLU~Ut.I L-leucine, L-isoleucine 

1vp1 ., v 
LLa:: L-valine VILut.1 glutamate Elfl~l1EJ 

.d I d I 

'illffl'lm'l11:1JTil:mt.111 gabapentin 
.. tld ti ~d Ell'il:IJN<IL <IUt.ILL <14L:IJ1i11Uil<l'1l:IJ'1lil4fl':ilil 

a::iltmrn::tvi:1J1::~U'1lil4 GABA ~4Li'lt.1 
inhibitory neurotransmitter ~a1A'ty1t.1 

.J I IV ::; I 

B:IJil4'1l4'il:'1l1UUUEJ4fl11UNfl1:'il1U'1lil4 

1'i' :; ,,... .J 
seizure Iii 11:1J'YM<llil1:1i1U glutamate '114 

?1 · .J., 
but.I excitatory neurotransmitter 'Yl:IJlil11:1J 

aiA'ty1 t.I hlil<l:IJ~n ~.;iJt.1~'1iJi:-1<1'111u<1111 
d • 1 v 

action potential firing rate '1l4'il:'Yl1 'Ill 

lil11:IJ'lt.IU14°11 iM fl11~fl LL<l: Ell fl1 'JU1 lil'il1 fl 
' 

neuropathic pain <llil<l4 N<l'illflfll':i<llil 

glutamate ii1hi' gabapentin iJ 
.. v 3 

neuroprotective effect Bfllil1U 

161 

G!tal cell 

3. ~UflU gabapentin binding site 

'illfln1'lAfl'tllllil<JLi receptor 

binding 
4 

study autoradiographic 

technique' wui1 gabapentin ~ufiu 

"gabapentin binding site" Lt.IB:IJ!l'l°ll!l4'111\j 

'lll'l ~4 binding site il'hii11i111:1J'1lBU~UtlU 
carbamazepine, phenytoin, valproate, 

phenobarbital, diazepam LL<!:: 

ethosuximide ~4LLB1i14l1U1'il:Li'lt.i binding 

site iltJ 1 m.i Gabapentin binding site 0 
WU fl'l:'il1 !'I mil t.1 tl'.\:1J1 tU<M L t.1 B:IJ B·Hht.1 

" " 
hippocampus, cerebellum LL<l: outer 

layers '1lB4 cerebral cortex LL<l:WU~l'!lil h1 
ri1t.1'1lB4 white matter 

v .. • 
(ll:IJfll':i'Yll<lll'J 

neuron Tlilu H' quinolic acid 'il::ii1 l '11 
' d gabapentin binding site <llilMBtll4:1Jlfl '114 

v 

LLBlil4l1 binding site iltl1'il:atjut.1 neuron 
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fll 'l A fl '!fl m 1l lJ1fa1J fll'l'l'h protein 

purification LL<I~ sequencing wui1 

gabapentin binding site diJ amino acid 

.J ~ ~ s: 
sequence 'YIL 'IHJ<l'WflU a, u modulatory 

subunit 'llfl'I voltage-sensitive calcium 

channel
6 

Voltage-dependent Ca" channels 

d] 'I.I heteromultimeric proteins ~" 

U'l~fl1lU~1umh.:iu;;iu a 1 main subunit, 

auxiliary a, 8 subunit U<I~ 13 subunit 

a, 8 subunit il~11:1.1d1~tjjm1l 

native kinetic properties 'llfl'l calcium 

channel 'l1mY.:iu.:iil~rn 1 utn'l~1u~:1.1~ru-
. . . 

a:1.1u&im'1Lila'lf'l'l'lm'll1l'I a 1 main subunit 

.J .., "" s:: 
'llfl'l gabapentin 'lf'li:!llJ1'ltl'\JUflU a, U 

subunit m;;i calcium currents 

1u cultured rat neurons wu:h 
tj .; 

gabapentin :J.lt]'l'lli<I~ L-type calcium 

currents 1~"" LLm1:i.i'Wrn:·rnil'1u human 
• 9""::~1V .... 

epileptic tissue ~'l'W'W'\l'l~1l'l~~~1:1.lfl1'> 

Amnm;;i 1i.Ji1tn'J~U'l11l'l gabapentin tlU 

a, 8 subunit 'llfl'l calcium channel '\l~il 
' .i.., .., v~ I 

W<l~1lf]'l'llifl'W'llfllL<l~Uflu1~'ll1l'l gabapen-

tin lJ1flU1lmVlu.:i1~ 
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4. i.1!11>11l neurotransmitters flt! '1 
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'YI 11-H di~ ;;i1fll'>i1-:i L 1'i U'l ~ w u u 1l U'll 1l'I 
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' ' tj ~ 
11 gabapentin :JJW<l<l~fll'Jll<l'l'llfl'l mono-
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absence seizures 
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LU<l'l'\llflfl'l~fl~:JJ U'l'lbfl~'ll'W~l:JJ 

..... .., z .d 
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1 u fll'l'llU ri'l iJ1u L 'lf<ii.i' L:JJ:JJ L U'l'W~'l; <J'l m flu 
.J 0 .. ~ 

transport system '11'\llL'Wl~"lll'lU L-
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.J c:: .J 

acid transporter (system L) 'lf'lLUU'l~UU'l'I 

1°1l'ri'1N1U large neutral amino acid Li'W L­
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L:JJ:IJLU'>U 

' .J "' Gabapentm 'lf'ILuU analog 'll<J'l 

GABA '\l~<Ju1uamwu~fl~1LU'W zwit-• 



Thai J Pharmacol; Vol 22: No 2, May-Aug 2000 

terion ii physiological pH 1'2iunu ~\!Ju 
fll'l!(J!il;g:IJ gabapentin Nl'Ul:IJl.JLU'l'IJ'!l<N 

..... .,,. !V "" • 

'1'11\IL!il'Uil1'111'l'iMliliHill~U system L L'll'U 

L~U1tl'ULL<1~'1'i11 ll'rn'l!(Jlilil:IJ'lleH gabapentin 

iirn'l~ lJ~1u<1~'ll~m wmii~fll!J!ili!lJ'il~ hi 

1 i'lualil<hunuwu1!ilm~ll' Lrlil 1ll'm1u 

'll'Ul!il\j\I '] gabapentin 'il~Nl'U blood-brain 

barrier L!ilUillAU system L llL'2iunu 'WU 

11 gabapentin 1uwmam'il~Li'lu<i'lil<hunu 
.11 !"I .11 . Q 'll'Ul!ilUl'YJ '11 L'U'll'Ul!ilUl'YJ lJ Lfl'U 600 

.... .... ..... "" :: ( ~ 
:IJ<l<lfl'llJ 11.1<1~ 3 l'l'l\I '11'lil 1,800 

il<iilflflJliiBi'u) 1u'llmlilmhiLiiu 1,800 

il<tilflflJliiili'U 'il~1ll' bioavailability 70o/o 

1u'llU1!ilmiiLiiu 600 il<iilflflJ i'u 

~ 1· <I~ 3 l'l'l\I 'il~ '11 non-linear relationship 

'l~'l1i 1\1'111.11 !il m LL<!~.,~~ um 1 u 'W <11 <llJl 
.,J 

LU<Hl.Jl'illfl saturable absorption 'llil\I 

gabapentin 'illfl'Yl1\IL~Uil1'111'l LL<l~'il~'l'i1 ill' 

bioavailability 'll il'lUJ<I lil<l'l ma ilU'l~lJl W 

35o/o 

liiili'U 

. ' 
Ol'll'Ullill'Jll.Jlflfl11 3,600 

'll'Ul!ilUl\j'l'f!il him"iLfl'U 
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Q Q • 

lJ <I <I f1'j lJ 

2.4 fl'ilJ 

Gabapentin hi~unuT1h&iu1u 

vrn1am ii'll~mlil'lfl1'lfl'l~'il1um'll'l~mw 

0.65-1.04 illil'lJiifafl'ilJ mm~'il1u~1 

Nl'U blood-brain barrier 1~~ Gabapen­

tin 1:ifom'll~uuamw11.1~1\lmu hiiil'lw-" . 
""""~I ..!ii 

<llJUlilLu'U enzyme inducer wrn enzyme 

inhibitor hiLi'lu autoinducer ~'lti'lul'IW-• 
..,.,._"" .. .J" n.-Z 

<llJUlil'l'll'l Lil<f'll'il<l'U m <f lil'l'Yllil il\I fll'l lil\l'U'U 

gabapentin ~\! hiii i;imu~!J'UILU<l'l'l~~um 
...,.,,..J .J1v' v "" 
flu 'll fl il u '1 'YI wn lJ !il1 u m ~ fl'll U il il fl 'I'll\! 

ii aai1~ 1 u-;'ll L~ mii BU~\1'11lJlil ~<iif u~\I 
u 

"" :: "" !II !II 
LLUU monotherapy !il\l'U'IJ'il~f1\11'111m'lllJ'll'IJ 

,J 1 • 'YI steady state ill!J 'I.I 1- 2 11.1 

lilTn'lii 1 Dosage guidelines 'llil\I gabapentin 1u~tbuhl'l11il 
Creatinine clearance (ml/min) 

>60 

30-60 

15-30 

<15 

Hemodialysis 

Total daily dose (mg) 

1,200 

600 

300 

150 

Dosage regimen 

400 mg lid 

300 mg bid 

300 mg daily 

300 mg every other day 

200-300 mg' 

*L~lJ1'11LU'llU11il 300-400 il<iilflfmi'lu loading dose 'illf1Ju1'111U'll'U11il 200-300 il<1ilfl'ilJ 
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fll'>A fl'tl1'111~ fl llilfl'll iN gabapen!in 

1. Lll'll add-on therapy 1u refractory 

partial seizures 

'il1flfll'li'lfl'tl1LLUU placebo­

controlled trial l\llfltl'Y11m'li'lflt11 3 fl~:l.I 

( 
14 

UK Gabapentin study group , us 
15 

Gabapentin study group LL<l~ Inter-

national study group
16

) 'Y11nl''li'lrrn11ml' 
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U1V refractory partial seizures wui1 

gabapentin l'W'll'lll\ll 600, 900, 1,200 

LL<l~ 1,800 i'.i<iit\nf:1.111u hi responder 

( •.•I .!do w 
rate <Yo 'llB~i:fu11'1mJ'ill'll1'1lfll':i'llfl<l\ll<l-l 

50"/o 'illfl baseline) L>l~l'J 18.4, 22.9, 

23.5 Lrn~ 26.4 mmh\ilu l\lll'ltil1t<i'll~1vi 

t\'J'WL'J<l'illflfll"'l add-on gabapentin -:i1mi'u 

milu'liflflaU conventional LGJU~WU11'11vi 
' " 

fu mi (Al baseline L \'Jm'h'!J1'Wfll'l'lifl'llll!~ 
" 

~WU11'1 stabilized u.J1vi'1u conventional • 
antiepileptic mh-iuas 1 'll'lll'W) til-itl'u1u 
._., 'l w .I , • 

i:Ju11'1 b':ifl<l:l.l'llfl'11i'l1Ut'l:l.l!.11fl fll'H'll gaba-

pentin L<f~uilu conventional antiepileptic 

'll:;'li1m ~mh:;a'l1iin1w 1 um-;fnu1 hi'a-i 
J 
'll'll 

" 

2. i\'Ju mono!herapy iu partial epilepsy 

fll"li'lfl'tllLLUU multicenter, 

randomized, double-blind active 

controlled 'llfl-l gabapentin lwtltl11J newly 

diagnosed partial seizures 
17 

,J1u1u 2 9 2 
d .,,,,.w , 

A'll 'li~{!fl~:l.I LVIL\ll"lU gabapentin L'!J'll'lll\ll 

300, 900 trn~ 1, 800 i'.i;;iit\nfullia1u faa 

L \'Ju double-blind u<i:;ii active control 

t\'Ju carbamazepine 'll'!Jl\ll 600 i'.i;;iit\nfu 
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llia1u (active control t\'Ju open-label) 

l\lll'llifo1t\'Jurn:n&i\lllliailu 6 L~eiu 1\llr.i<i 

l\lll'Jfll"l\llWU11'1~<11m':itlA1UA:l.lfll'J'lifl 1vi~. . " ' 
(completion rate) LYll'JUi\'u exit rate (w 

• 
U1fl vi EM fl fl fl'ill fl fll'>A fl'lfl Lrl fl ii fll'j'lifl LL uu 

partial seizures 3 A{-i '11~Bii secondarily 

generalized seizure 

wu11fl<l°:1.1~1~fu 

.i: 
1 m~) r.i<im1i'lmfl 

' 
gabapentin 300 

"" ""' "" 1 "" Q U<l'1fl':i:l.l\llfl1'W:l.I completion rate 25"/o 

. 1 dod1•w Lrn:; exit rate 62.5"/o 'll'lJ!l!:;'l'Jfl<l:l.l'11 \ll':iU 
' 

w d 

1'U :I.I completion rate 38.9"/o LL<J:; 37.8"/o 

• w "' \ll1:1.1'11\llU LL<J:; exit rate Lu'W 40.3"/o LL<J:; 

43 2 
• w .I , • d w 

. "/o \ll1:1.1'11\llU 'li-l bflaLAl'J~flUr.J<l'llB~ 
' .11 •w ~ 

fl~U'l'I \ll':iU carbamazepine AB completion 

rate t\'Ju 36.5"/o LL<J:; exit rate t\'Ju 

w .i: .I 1 1· 29. 7"/o \ll~'W'W'll"ll1\ll1'11'11L'11U1:;<1:1.1 'Wfll'j 'll 

gabapentin t\'Ju monotherapy iu newly 

diagnosed partial epilepsy AeJA1':iL~Uvi'11'J 
'll'Wl\ll 900 i'.i<iit\nfullia1mrn:;1Hu~u'111B 
<i~1111iimm-;'lla~wu11'J 

" 
u a n'il1 n iJ" ti~ ii m-; i:l fl u15~ r.i <i'll a~ 

b . 1 •.•1 .I ~I ga apentm monotherapy 'Ur.Ju11'J'l'!Lu'!J 
" 

refractory complex partial seizure L\lll'Jfll':i 

AmJ 'l '1\ll'll'Wl\lll'll conventional anti-
' 

epileptics <l~LL<hAeil'J '] LWil'll'lll\lll'll 

b . J 18 "' ' • ga apentm 'll'W r.J'1fl1':i~Jfl'tl1WU11\llfl~ 

1'li gabapentin 1u'll'!J1\ll<l~~~LLlli 
" 

3,600-4,800 i'.i<i~flfullia1u tvla1'li 

\'J 1 ._., .I "' L 'W monotherapy '!Jl(!u1fl"l'Hu'W refrac-

tory partial seizure 

3. i'li'lu neuropathic pain 

3.1 Post-herpetic neuralgia (PHN) 
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Rowbotham LL<1:;1iJru:;
19 

i:lmmm 

'IJ 1M gabapentin LLUU randomized double 

blind, placebo controlled 1u~U1tl PHN 

'il1u1u 229 lil'W 11ilt1<1':1J1'11'1i-lu 
' 

gabapentin (n = 109) ~'IA<ltl 1 Lvi:!J 
J' ~ """"" .... .J'cv 

'IJ'Wllil'IJWil'W<lTiHN 3,600 :!J<l<lm:!J ('ll'WflU 

1i111:1J'l'l'W'IJei'IN'u1u) ~a1u 1u 4 i'i'tl1i11tt 
" 

'11'fo 1~-lu placebo (n = 116) 11mi1~ 
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LORNOXICAM : A NEW ALTERNATIVE OF CHOICE FOR EFFECTIVE 
ANALGESIA 

Nisamanee Satyapan 

Department of Pharmacology, Pramongkutklao College of Medicine, Bangkok 10400. The Military 
Technology Center, Bangkok 10200, Thailand 

ABSTRACT 

Lomoxicam is a new NSA!Ds belonging to the enolic acid chemical class shared by piroxicam and 
tenoxicarn. It is rapidly eliminated, having short plasma elimination half-life of 3 - 5 hours which suggests 
its suitability for acute use in the postoperative period, in additon to its clinical efficacy in relieving chronic 
pain associated with osteoarthritis, rheumatoid arthritis, and ankylosing spondylitis. As most ofNSA!Ds, 
it provides effective analgesia in patients with acute pain after minor and major surgery, either as a 
substitute for or as an adjunct to opioid analgesia. The major advantage ofNSA!Ds is that, eompared with 
opioid analgesics, they are relatively well tolerated when used in selected patients for short-term 
postoperative analgesia. Many clinical studies also support such indication oflomoxicarn , so far. 
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i\'u11~a&ini1 11uwuti'?Ja-:i~u (1um·H.hlil'lil 
' 
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flurbiprofen, naproxen Ufl~ ketorolac 'lf'l 

a1u111aj,ijlilLUu classical NSAIDs 101mn'il 

1 M'-i1:JJOU <l'WW'Wtl'fJEM ~'W L vlaa01wm1la 
' 
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SUDOXICAM PIROXJCAM 

ISOXICAM 

MELOXICAM 

piroxicam, tenoxicam, lornoxicam 'il::Li'l'W 

0'11~ (1iJiJtl'J:::'iJ) 
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.J d 

'l'1 pH 2- 5 LL<l::'il::!.J 
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TENO XI CAM 

C'LRNH© 
0~s;g·cH, 

LORNOXICAM 

""' "' .,.,J Oxicams mil<l'll'il<l'Wfll<lm'l'l 

cl1flru l 'Wi1'Wiil~LL<llil~ 1 'W\ill'll~~ 1 ~~<l'lU1vl 
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.d 
lil1"l1'l'l1 2 Pharmacokinetic parameters of lomoxicam ( 4 mg, p.o.) in normal elderly and younger 

.subjects after single dosing.4 

Mean values (+SD) 
Parameter Young(n~6) Elderly (n ~ 5) 

291(±117) 
2-4 

302 (± 49) 
2-4 

c_(ngimL) 
Tmu (h) 
Tin(h) 
AUC""" (ng. b/mL) 
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1,634 (± 831) 
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ii'l::~U'll!l'l endogenous opioids fl!l 

dynorphin ua:: beta-endorphin \'J'liu a'I 

1:rn 1'limm"ltl1V11 u~u1u'11L<11a'l LL<IV1'li1 
v • 

.. "t , ~ti d 1:11!l1il11lj'l'lli VlUVl':i'lLUfll')'>::'IU 1V1'11 

a11a-:ia1una1'l 1i ··' 
.t ti.. .. • 

L11!JL '>l:IUL'l'IUU'll !ll;j<l'll!l'l 
~ . .t .i,, 

lomoxicarn OU ox1carn 'll'U1U!l'U '1 'l'l~lfl'lfl 

1ua\il1'11Vl<l!l'l -wui1 lomoxicarn iiq'l'lt 

':i::~ u tl1 V1 LL<I:: ii u fl1'l if fl Lau 111 fl ni1 

piroxicarn 'M~!l tenoxicarn tl"l::111W 10 

L rh u<i::LnVlmf11'l 1i.iVi-:itl-;::a-:ii'i'tl aufli1 

I 'V .cl I 

lfl <I V1 fl ':i Vlil::'ll1 U <I V1 !l1 f11'l'll1'1 Lfl U'l \ii !l'111'l 

L~U!l1'111'l'll!l'l lomoxicarn ~-:iiimf11':i 1i~-:i 
LLW B1'111'l 1i.iriau fauu'llu'MU1Bn ilUU'l 

LLl'J<I LtJ !JU 1Vll'ILLlJflULYJEJlJ 1<rVl'l!lfl 1'1f~LL<I:: 
m::<i:iJL ilu111aVl·rnfl 1'11~~Ltlua1ul'J<11.t 1 um 

v 

<IVlfl'lVlil::'l'i11'1i lomoxicarn C10V1VltilJL~1 • v 

iu uw1i.iiiumlw1cym-:iaiilll 
8 

2. Cimetidine um: ranitidine 

Lrla1'1i cimetidine 'llU1Vl 400 11fl.1U<i:: 2 

l'lf'lil::iil'J<t 1'1i lomoxicarn ii-;::~u1maBV1 
,,,: J ""' ::.;r 

L'WlJ'llU LL<l::lJfl1 clearance <l\il<l'l '11'l'UB1il 

.l . 'd' .l "' c p LU!l'lil1n . c1met1 me '11'1Lu'U yt 450 

inhibitor 1 ti Ei' mT'l f11':i L tl~EJ'llLL ti <l'l'll !l'l 

lomoxicarn i1EJO':i::U1Uf11':i hydroxy­

lation LLW Lrl a 1 'Ii lornoxicam ~1lJtlU 
ranitidine il:: 1i.iiiw<1~'lmh19 

3. Warfarin Lornoxicarn 'l'i11'1i 

'l::~u warfarin 1maBVl<l'liu ri'll'J<tL'li • 
. . d' .J ... 

prothrombm trme m1'll'U '11'11l1'illJ!l1L'll~ 

'il1nm 1tluuB-:im-;'l'i1'l1u'llB'lL!lu 1'11111u~u 
~'l'i1a1u warfarin LLa:: /'11~ a 1 t11ii ~ 
warfarin 'i110f11"l~ui\'u 1 tl'lGiu LU'W<l1<1111 

~'ltTuiB'l'l::1'lLrla1'1i NSAIDs 'l1lJ~'I 
lomoxicarn ~111tlU warfarin 

10
'
11 

.t , •• ~ 
4. Digoxin LlJ!l L'll':i1l.JOU lomoxi-

carn il::'l'i11'1i"l::~u digoxin <IVl<l'l ua:: 

lomoxicam !JSL'll~1'lf11EJU1Uiu ~'ltTu 
v 

Ill B'l LtJi1EJfl11lJ'j:::iJ'Vl'l::1'l LV11'1L'i!'W1:: 1 u 

'"1 1 'ti Q ' .. " ':i1EJ'l1 \ii l.J fl\il il'U011il::lJfl1'j~JO'lfl'l11'l 

• 
riailn:JJ1nni1il12 

.i , I . 5 Glibenclamide L'll!l11 omox1-

carn il:: 1.i~ glibenclarnide il1flflT'i~UtlU 
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hhwulwTia1am ri11'11i'h:;~u glibencla-

. ""' ,£ 'JI .l. "'"" "" m1de B<f'l:;<f"J'!l'W fl'l:;lil'!Jlll"lll6l\IBU'll<l'W • • • 
.J'""11V "'!lj91 ' 

l.Jlfl'!IU 'iMlilB"J':i:;1"Jfl1'H'll lomoxicam 'l1lJ 

i\'utnali1J11il1a 1 mlifililfl~lJ sulfonylurea 
13 

6. Lithium Lomoxicam ri1 hl' 
.,:;~u lithium 1maalil<r'11l'u ~'1Wil"J"l:;1"l • 
fl1'ltnlilw·1;-irn"l lithium lil'1u 1rlatiH1lJ 

7. Furosemide ua:;l'J1ilullaai1:; 

' d :; . d 
fl~lJ loop 'll'Wl'WB'W':i1lJ'YM th1azides LlJB 

L tl~ !Jut f!!Ju i\'un1-,1 i t11M a ilflTiu11 

• .f w."i 
lomoxicam lill'IJl]'Ylli'llil"l!Jl'IJUuaai1:; 

blil !J 11.i iJ f.l<IW i'1 m':l?J'U l tl lllilat'li!JlJ (Na if 
1tl'Wf.J<l'IJ1l'1 NSAIDs ri1u1Maj 1tliihh1n 

'!1'1.11'1.1)15 

d I .:!.! 

'YI nu u a !J A a m fl1 'l'Y11'1., :;u u 'Yll"l 

1&J1.1i'Jlm':i 1\ilmi U11ilm:;tn1:;mm':i n<M 

"cl1v., 4o cl 
ltttl lil<l'!.I a i'JWil!J'W fl<l'!.1!111.Jlfl Ll.Ji'I 

• 
ill Ml'> u a fl'ill nil m'ilil mm-,tl11i1 A'J'tl:; 

ilu"l"l t1'1h11il'uu'J"l 

Lomoxicam '!lilli151i1ill'ilril LMU11il 
~ """ .J.q 

11111'1 lil"l U'H'lUl'Yl\:llil 

'll<l'l11:1Jl'li 

'111iJ1-ii'm1ua1111:;1iia 1tlrl' hhtri 
91 .J' d 'Vd ""'-41 

Ltnmm1<1:; NSAIDs au 'l f:J'Yll.Ju(lJm 

1a<11i1<1<1n~1t1 il11N<ilum:;tn1:;mm1 111l 

i:lliltln&J 1aa1ilaBn 'l1.1a1.Ja'1 1amaalilinn 
• 

l'l~i'l'llllil'll 1 lllu u;;i:;l11 hli1'11u i:J lilt! n &i 

ni1 18 ti 

Nisamanee Satyapan 

. ~ -
"IJ <l l'll':i':i:r:l"l'l'lll'IU 

ffl°B'1'l:;1'11umruliia 1 tJif 1iiluri m1 

.. .. ,., 1 w il Iii B fl fl ll ':i il I uULLl'J<l 'Wfl'l::I n1:; illl'll., 

u;;i:;il11tf fl11Ll~"lill1'1liNlailli1Wli1Ufl&i 

tl1:; l !J'!lut u n Trfou 1 

1. 1'1i'w1u111-:;.Jmau iJm.,Anm 

1tl~!Jutf!!Juilu NSAIDs 'll'WTU~u 1'111.1 

naproxen, diclofenac Lt<i:;indomei:hacin 
cl w 

l'l'lil'lfl'lfl rheumatoid arthritis (RA), 

osteoarthritis (OA) LL<l:;ankylosing 

spondylitis llil!JL-ii' lomoxicam '111.lllilWl'l 'l 

i\'u 11.1'l:;!J:;m1 nui1ri11.11 Maj1iil ~.rnfilna 

• 
'Yl1'lL~1..1a1V111l1\ltl'flCJni1 LLa~ J.J1nni1 

NSAIDs ~u 'l 16
-

18 

1.1 a fl'il1nrl'1 u <i'lili° 'Yl Iii a <M il"lnui1 
• 

lomoxicam if'1'llillilillilu<i:;'!Jilliliiua1lJ1'rn 

tJ a'!i\'u fll'lt~atimNm:;liln 1iil ri1u 1 ulilu 
• 

il"lnui1m!lu~"lm'ltl<i1i1tlamma"l PDGF 

(platelet derived growth factor) 'illfllfl~lil 
.oll d .J o'V 

L<l<lliltl-lfl~fllll'!.ll'J1'1.111i111'J collagen LL<llil"l 
,,;: • " 'V 

11 !J1 'I.I ill 'il'll 1 !J'll:;'" il fll'~'Yl 1 <l11J°IJ il"l'll il 

m~liln1uwtl1!J RA ~1!J 19 

• • 
2. 1i'l~~utl11i1 ilm1Am,n 

IU~!Jrnifounu NSAIDs 

ilu~"!n <rn1tJ1~111'1rl° 
-fll'lAflUl Llil!J dental pain model nui1 

lomoxicam 'll'Wllil 8 lJfl. Lt<i:; 16 tlfl. 1'11 

Ni:l"J~~utl1~ 1iil~w.h11aa1n'lu'llmlil 650 

lJfl. LL<l~LMf.l<l'l'lfl 'ltlU ketorolac '!l'Wllil 10 
• "" <).I <V ~ l.Jfl. u;;i:; lomox1cam \:llill°IJlfl!lltll'Wil'll'Wllil 

;i; ' J'1tJ1' wtJ 1w lil"lLLlil 8 lJfi. '!11.J Vlf.J<l'.i~'IU 11il lil'Vrn 'l 
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"""'il "'~lvYJ"f~ 
nu f11":iuli1 lJ B":iw'IH m fl mm 'llil Llill'llJ mm'> 

'511L~l'l'IUBl'lflil1Jil{Vlu 20 

- Li"l~-iutl11i1'11Gl'l~lli'i'li1 'WUi1 lomoxicam 

V'!Jllil 8 lJfl,LMN<l&i'W<l 'lflUlJB{wu t'Wtl­

&iu u<i~ tramadol 50 im. lwrn":i~lli'i'lil 

lumbar disk , laminectomy LL<l~:!Jlil<lfl 
" 

~nmhiu LL<!~ lomoxicam V'Wllil 16 IJfl. 

LMN<i&ini1 tramadol 100 i.m. 1um-:;~1 

li'i'lil anterior cruciate ligament fau 

lomoxicam 
ni121-2s 

-1'5-:;~-imnm':itl11i1'11Gl'I ( low back pain) 

LL u u dhiu 'W au (Lil ui 11u'"1 iv <11 

lornoxicam L 1JU1'1U'Jn 'YIA) 'WUi 1 

lomoxicam V1J11i1 8 !Jfl. i'u<i~ 2 Af'I 1M' 

"' w w 
l\J<llilTiil ']fl1J diclofenac V1Jlli1 50 :!Jfl. 1'1.1 

a~ 3 Af1 Lrn~&ini1m'11<iilfl 1um-:;tl11i1 

LL urn'{a{1 ( L \'Jui BU'! 1'1i'~il1 hi1~Hum":i 
BmJ'~) TIUil lomoxicam V1Jlli1 8 !Jfl. l'W • 
<I~ 2 Af'I lMN<i&iflil naproxen 500 :!Jfl. 
w Ji 
11J<I~ 2 A'J'I tllilr. lomoxicam V1Jlli1 4 

:iJfl. 1ua~ 2 Af1 11·i'l'la&ivrn 1nu 
w Ji 

diclofenac V1Jlli1 50 Ufl. 1'1.1<1~ 2 A'J'I 
""' z 26 27 

LL<'!~ naproxen 500 Ufl. 11J<l~ 2 A'J'I ' 

-u ':i'J L'l11 '11 f11'JU11i1 l 'W l"lA :!J~ L ~'I u fll ":i 
f.in"M1 l m~a'IOL wiN 2 "l1m1u~1L \'Jurn'> 

~ .d' d <V 1'Y ' 'Y =I' 
i-1flB1'Yllililb1Jil'lfl1J tL<I~ liJi;J<JA1l'WVl'lli1L"ll'!J 

L~l'l1tlUfll'Jfflm OA, RA lU":i~tJn111 

Llill'I Bl'il 1?1~1:1Jnu Bu-W'url'vB1iJu 11i11 u~u~ • 

'llU1i1Lllli1 U'lrnilUITT11'1 lomoxicam 
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'1J1J1\il 4 :!Jfl. tL<l~ 8 Ufl, 

"1lil1i1\11i1 U":i~flil1JITT1tl lomoxicam 

'llUllil 8 :!Jfl. 

Lomoxicam L \'Jmnmi:iJ NSAIDs • 
vm u 1.., aJ~ ii <llil'> t~n'laf11 L \'Ju au-Wu 5v B'I 

" . . ~ . . ~ ,,( 
ox1cam L'l1:!Jil1J p1rox1cam 'il'lililflt)\'l!l 

uu#'l-if'I COX-1 U<l~ COX-2 n11M'ii 

.t1·~~f ......... 
t)'Yll'i :!J TI'! u'J~<l'IA li1il":i~UU\'ll'!LlilU111'111'> 

' d "' "1flfl11 NSAIDs mull selective COX-2 

inhibitors LL~il'lla~ni1Bu-W'url''llil'I oxicam • 
.d~=1df"" 

'111J1U1JU ']A<l :!Jt)'l'l!l<l\ilfll'J<lflL<!UlUl~ 

-:;~-iutl11i11!ii'~ni11urn1mru lomoxicam 
"' ,;:1 d A w 
'il'ILuUl'l1'11L'11"1~<1U"1WlU OA LL<!~ RA 

L°lft.tL~t11t1u classical NSAIDs LLa~ 

selective COX-2 inhibitors '111J11J~1J 'l 
Llill'JITT il'I t5ilfl h1 lfL '11Ul~<l!JtlUNU11'1LLlif<I~ 

" d1 ·~ d ~. • • 1 • ' '>1!l'Yl uwn1~'11LuU'll<Jmu "ll'llB'lm mu 

I I ""' Ill I 

11 <l11J Ul fl'il~:!J 1'111 lJ'J1J LL ":i'11J fl fl fl11 • 
oxicam V1J11J~1J ~'1"1:!Jl"ltHLfl1'1lLL<l~1ll'il 
llB'lnu 1.i' 

J'""1l I I 

£11'WU'illi1Lli11Jfl11 oxicam LL'1~ • 
d d1. NSAIDs '111J11J1l1J '1U1'1'111J11J lil'J-'1'11 'IJ 

1~-iumm-:;tl11i1"1ii'-.if.hli'i'1i11!ii'~ni1u1~ L \'Ju 

au-Wurl'v <l'I iJu LL<!~ !lltl11'1ll'l L~ !M~ LO lil n ii • 
<tJ Ill d ~ "" Ill ""' .J 
il1Jli1'>1fl1J ml L!J a L \'ll'IUflUBlfll'J'lll'lLAU'l'l'I 

L01i1'il1nBu'liurl'vB'lilui1mh1mb il1u'l • 
i'.ifammilli11!ii''ll' mJ L 'W'>l~t i'lum11im-:;~u~ 

#u 'l 1aJum-:;a~a1Jv111m 1u~11mu LL<1~ 
,,,,.,.Jc1.,.Zw .,,,~~,,., 

L ~11~tll:!JA1A1'l"ll11il<!Uli111'1 lil'l1J1J'il'lfl'I 

1aJ ~ui1mn11 MLLH<I w11i'i'1i1i'.i Lii<lli11J <lfl:!Jlfl 
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m t'VI iii '1'1l1J C.Ji'l'VI 1' Lni'l!::iV11J1~1J i:i l'l~u1<1'W 1'°l'Vll'l1!J'1ll'h:i L 'li'W C.Jl'l l'li'l 1!.J n ~1 J.J 

lethal dose 'Vli'l1mvi1 

,J.c;161i.I "'I ~ .do,.... .di o i.l..J 
phenobarbital LL!'l:; meprobamate VIJ.J L'il'ill',l L'W"llru:::'W'W LLl'l:::VJ'11l'ltlJl'l'ilJ:li'lVl1Lm'l!'il' 

(taming) L 'W"llru:;~'\l-iili:il'lnti1Jl1'.l:::n1t~'Wiii'.l (alertness) ~,:Jfimti'1mn C.Jl'lVi11'!\'L~'il'd 
1-if ~i:il'l 1'Wn~J.J~'~ ~~11.J L~'il '\ciifo1J1r.i:::i'l ti1mtr;i'!l~rl'Wi'l,'\tl Randall '\ciit11J,1'WC.Ji'ln1t 

' . 
'il'iln~VJli"ll'il' cox 1'Wtl!'l1utl 1959 ,,~,r.i1ni1'W'lciitl1'\tl~mtV1ti1'1'1l1J!J1L'W'il1<1111um 

I I !' I 

Sternback LU'W'VIU,L'W'1l1'11'1Ul'lfl'l'WLLtnVJVl'11'1'il1J!J1U ;_n,~1J~1ili:il'l '1111'11~'.l' 'Vl~lJ 

~'W'' L~'WL'l! LLl'l:::l;jti1 'll-iiti1~1 i:ii'lm~Mn'Et1 L 'Wt:::u:::LLm '\ciil"1Jl'l'.l1J.J'1'WL"lii'ilu L~~1:::ili:il'l 

·ih' LA1J,J.J1n mti'1n'El'11. 'Wt:::u:;r;i'i)J.J1~'H'"ll'W1ti11J1~1l'l' ~1J~1ili:il'll'l!'l1u n''.li'l tti11Ji1 i:ii'l 

' ,; .. . 
L'<'l!J'il'W1'W'il!JJ.J1n 

•• 
cox LU'W!J1 iii'.! LLm 1'Wn~J.JuVl'\ciifo'1l'lttlJ11111mfi.'W~1i'lu1 'W'1Vll";J'1l LJ.Ji-m LLl'l:::!J 

LtUL'Wiif'Wli 1960 L'W~'ilmtili1 Librium® LLl'l:::LU'W1J1ili'WLL1J1J~tl1'\tl'1mti,Lm1:::if • 
1J1 n~J.Jd~nV1l'l11J'W''W'llilti1 l m'.ll'l1r;i'!lJ.J1 tti1umntl~1J'W Ll'lt'\'l~1,'\tl~'ilu1 ,,rl,t'W Ll'lt' 

11 ~1,~tlt:::\'llJ l'l'.l1J.Jcl1 L~"I ~ L~ !JJ.J l'i'il diazepam ~' LU'W!J1iii'l'Vlrl,~iimt1-ifan n~ '1 '11 L 'W • 
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ABSTRACT 
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Because in the present day, therapeutic drug monitoring, drug abuse and toxicology are important 
pharmacology-related laboratory. Physicians seem not be familiar to these tests. There are a lot of available 
laboratories, therefore, laboratory guideline is necessary. Computer technology using database search 
allows easy access to the detail of each laboratory request. Such laboratory search engine is a good 
instrument that can help physicians about request of laboratory tests. A new pharmacology laboratory 
guideline using database search by CGI system converted into HTML (hypertext mark-up language) 
documents that can be viewed by Netscape or Internet Explorer browser was developed. The software 
allows users to access the details of available laboratory tests (about type of the collector, amount of 
specimen, laboratory turnaround time, price of test and normal value). This software allows a real time 
search ability ofrequested search keyword to be linked (within less than 1 minute) and can be accessed by 
the Internet linkage. This new software was easy to use. However, it is not applied for the setting where 
Internet system cannot be available.The search engine would be helpful for the physician in request for 
laboratory test. 

Address correspondence and reprint requests to: Viroj Wiwanitkit, Department of Laboratory Medicine, 
Faculty of Medicine, Chulalongkom University, Rama IV Road, Bangkok 10330, Thailand. 
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Currently, therapeutic drug monitoring, 
drug abuse and toxicology are important 
laboratory tests in pharmacology. Preparation 
for these requested laboratory tests seem a 
difficult step in specimen collection procedure 1

•
2 

due to the fact that there are many types of blood 
specimens for laboratory analysis, therefore, a lot 
of mistakes may occur during tube preparation 
on request. Furthermore, improper tube 
preparation can result in spurious laboratory 
results"', therefore, guideline for tube 
preparation is necessary especially for a beginner 
in medical practice as medical students. 

The previous study at Chulalongkorn 
University', revealed that knowledge about 
rational tube preparation of medical students is 
not good. One reason discussed is due to the 
problem of unavailable and difficult to use of the 
present tube guide. Furthermore, frequently 
asked questions by physicians are about cost and 
turnaround time of the laboratory tests. 
Therefore, new laboratory search-engine will 
help physician prepare for request for these 
pharmacological-related tests using Internet 
Database technology. 

OBJECTIVE 

The new laboratory search engine 
should be easy to use and available. It should be 

Viroj Wiwanitkit 

low cost and ease of use. Furthermore, it should 
be modem and attractive. Therefore, computer­
based tube guide was innovated. 

PRINCIPLE 

New laboratory search engine should 
contain the necessary information in preparation 
as selection of tube, proper additive, specimen 
quantity, cost of the test and average turnaround 
time. Present laboratory guideline in use is 
documentary form, A4 paper size and difficult to 
transfer. With the concept that Internet is the 
newest and fastest method of communication'. 
Therefore, an innovative search engine tube 
guide via Internet was developed. Internet is 
modern and attractive because it can be used by 
computer machine, which is well supplied for 
medical students in the university. 

METHOD AND MATERIAL 

A new laboratory guide search engine . 
using database search by CG! system converted 
into HTML (hypertext mark-up language) 
documents that can be viewed by web browser 
such as Netscape or Internet Explorer browser 
was developed. Intervention procedure (Figure I) 

Data in Microsoft Excel 
file 

Transform into text form 
as record data 

, 

Writing Perl language 
as search engine 

Figure I. Flow chart of intervention procedure. 
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sub isMatch 
# isMatch($line) 
{ 

~y $array; 
my $temp; 
my $line; 

$line ~ $_[0]; 

@array= split{/\t/,$line}; 

# is match ? 

for($i=0;$i<$query{nurnoffield};$i++) 
{ 

$temp= $query{$i}; 

if($temp ne "") 
{ 

if( $array[$i] =- /$temp/i ) 
{ # match ! 

else 
{ 

return; 

# match ! ! 

$match++; 

$myhtml .= "<TR>"; 

for{$i=0;$i<=$ffarray ;$i++) 
{ 

} 

$myhtml .= 
$myhtml 
$myhtml 

"<TD>"; 
$array[$i]; 
"</TD>"; 

$myhtml .= "</TR>\n"; 

close (FILE); 

Figure 2. Draft of CGI language nsed in this sofuyare. 
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PROGRAM TRIAL 

This section displays an example of using this new search engine. 

1. Accessing the search page by the Internet Explorer browser or Netscape 

PHARMACOLOGY LABORATORY GUIDELINE 

Enter specific field you want to restrict: 

Test: L I 
--·· ---------· ..... ---" 

2. Adding the keyword for search 
For example : use the keyword "CYCLOSPORIN" in count in the first block as below 

'.Iv 1;_., j 
il~'l'llilfl~fl1'>1il'>1'il : L: __ , ______ _ 

Then press search button 

3. Displaying of the searched result. 

SEARCH RESULT: 

~ . ... 
Gil ii !J1~ L<t ii GI 'IUfl!J fi1 

f;l'j'J'il ii't-ir (ml.) 'll<til Iii 
'j1fl1 

tin~ !'lllil • 
cvclosporin EDTA lavender 2 7 day 1800 
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I. Create a Microsoft Excel file which contain 
all recorded data. 
2. Transform all data in Microsoft Excel file into 
the text form, using tab to discrete between each 
field of data. Data in each column represent each 
recorded data to increase feasibility in data 
reading by the new invented program. 
3. Using Perl language in writing the new 
invented program in CGI form (Figure 2). The 
reason for using the CGI language in writing is 
due to the fact that it is a simple language in 
writing search engine on the Internet. This new 
CGI program has disciplinary as accepting for 
keyword added by the used and matching the 
received keyword with recorded data in file. In 
case of proper matching, final results will appear 
on the screen. 

The step in working of the new program 
is described below. 

A. Accepting the data added from users 
in the screen. 

B. The file will be opened then read 
column by column and checked with added 
keyword. The result shown varies on matching 
between added keyword and field. Regular 
expression using Perl language was used in 
checking and displaying of the result. 

DISCUSSION 

After introduction of this new 
laboratory search engine to some users, this 
computer-based media can bring user 
satisfaction. This software allows a real time_ 
search ability of requested search keyword to be 
linked (within less than I minute) and can be 
accessed by the Internet linkage, Netscape or 
Internet Explorer. This software can be used on 
the Internet (World Wide) and allow every user 
to access it. Considering consumer's behavior 
theory, the successful of any innovations must be 
based on satisfaction and acceptability of users. 
Furthermore, due to educational theory, if there 
is no good attitude, no successful result can be 
resulted. 
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Considering comment of the users, most 
subjects stated the attractiveness of the media but 
there are also some negative comments. One of 
interesting negative comment is the point that 
this media is computer-based, therefore, problem 
relating to availability of computer-machine, 
specific program and version-must be analyzed 
and solved. 

Although this media has much 
advantage but there are still some limitations. 
Due to the fact that this media is computer­
based, therefore, generalization of using is 
limited especially in the setting where computer 
network is not available. Therefore, this tube 
guide seems to be limited to the medical · 
personnel in the university or large hospital only 
but it can reach the objective of the innovation to 
find the good media for beginner. In order to 
produce the more general effectiveness tube 
guide, further development of the technique is 
suggested. Not only the high technology 
computer-based media but also ihe other 
interesting types should be used. 
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Acupuncture may aid in the treatment of 
cocaine dependence 

Acupuncture treatments for chronic cocaine 
addiction appear to be effective. Dr. Arthur 
Margolin and colleagues randomly assigned 82 
cocaine-dependent patients who were on 
methadone maintenance therapy to receive 
auricular acupuncture, a needle insertion 
control procedure or no-needle relaxation 
therapy. Patients received 5 weekly treatments 
over the 8 weeks of the trial, including group 
and individual counseling. The · researchers 
tested the subject's urine for the presence of 
cocaine three times a week. Intent-to-treat 
analysis of the urine data showed that patients 
assigned to acupuncture were significantly 
more likely to provide cocaine-negative urine 
samples relative to both the relaxation control 
and the needle insertion control. The odds 
ratios were 3.41 and 2.40, respectively. In 
addition, the researchers foiind that those 
receiving acupuncture who completed the 
program provided significantly more 
consecutive cocaine-negative urine samples 
while in treatment than either control 
condition. Those receiving acupuncture were 
more likely to be cocaine abstinent during the 
fmal week of the trial, with an abstinence rate 
of 58.8%, compared with 23.5% for the needle 
control group and 9.1% for the relaxation 
control group. The biological mechanism is 
still not known. 
[Arch Intern Med 2000; 160: 2305-2312] 

Oxidative stress linked to hypertension in 
animal experiments 

Induced oxidative stress, resulting in 
overproduction of free radicals, causes severe 
hypertension in normotensive rats. The 
researchers report that antioxidant therapy 
following induction of oxidative stress 
markedly reduces hypertension and have 
demonstrated an association between 
hypertension and oxidative stress in animals in 
a number of previous studies with different 
models, including hypertension induced by 

lead, chronic renal failure or genetic. In this 
study, oxidative stress was produced in 
genetically normotensive rats by depleting 
levels of glutathione. The rats were given 
buthionine sulfoximine, a glutathione synthase 
inhibitor, in their drinking water over a 2-week 
period while a control group was given drug­
free water. The buthionine sulfoximine-treated 
group showed a threefold decrease in tissue 
glutathione content, a marked elevation in 
blood pressure, and a significant reduction in 
the urinary excretion of the NO metabolite 
nitrate plus nitrite, which suggests depressed 
NO availability. In addition, they found a 
significant accumulation in various tissues of 
nitrotyrosine, which is the footprint of NO 
inactivation by reactive oxygen species. The 
team gave some animals in each group vitamin 
£-fortified chow and vitamin C-supplemented 
drinking water. Among animals in the 
buthionine sulfoximine group that received 
supplements, the research team noted reduction 
in blood pressure, improvement in urinary 
nitrate-plus-nitrite excretion, and mitigation of 
nitrotyrosine accumulation. Supplementation 
had no effect on the control group. In 
conclusion, the researchers have suggested that 
an intelligent regimen of antioxidant therapy or 
lifestyle could be a means of preventing 
hypertension or, with additional therapy, 
ameliorating it. 
[Hypertension 2000; 36: 142-146] 

H, pylori resistant to metronidazoie, 
tetracycline and amoxycillin 

Helicobacter pylori is resistaot in vitro to 
metronidazole, tetracycline and amoxycillin. 
Wu and colleagues collected 153 clinical 
isolates of H. pylori from the gastric biopsy 
specimens of 81 females and 72 males. Agar 
plates, containing two-fold dilutions of 
metronidazole, tetracycline and arnoxycillin, 
were inoculated with the H. pylori suspensions. 
The researchers also assessed ~-lactamase 

production by acidometry. The investigators 
found that of the inoculated isolates, 77.8% 
were resistant to metronidazole (MIC > 8 
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mg/L), 58.8% to tetracycline (MIC> 16 mg/L) 
and 71.9% to amoxycillin (MIC> 0.5 mg/L). 
Surprisingly, 39.2% of H. pylori isolates were 
resistant to all three antibiotics tested. 
Resistance to metronidazole was more 
common in isolates from females than in those 
from males. They concluded that the 
mechanism of amoxycillin resistance was not 
linked to production of j}-lactamase, as none of 
the isolates produced j}-lactamase. The reason 
that so many multiresistant strains were 
identified may reflect extensive use of these 
three antibiotics in this area. They suggested 
that therapy regimens should be adjusted to 
include one of these three antibiotics combined 
with another agent, such as clarithromycin, for 
which rates of resistance were low and in vitro 
efficacy high. Dr. Wu's group also 
recommended testing for antibiotic sensitivity 
of bacteria before treating patients. 
[J Antimicrob Chemother 2000; 46: 12 I - I 23] 

NF-kappa-B inhibitor shows promise in 
mouse arthritis model 

SPI00030, a T-cell-specific inhibitor of the 
transcription factor NF-kappa-B, blocks 
cytokine expression in cell culture and 
decreases collagen-induced arthritis severity in 
mice. NF-kappa-B is active in rheumatoid 
arthritis synovium and plays a key role in the 
inflanrrnatory processes contributing to the 
disease. The researchers investigated a 
possible therapeutic role of NF-kappa-B 
inhibition in arthritis by studying the effects of 
SP I 00030 in vitro and in collagen-induced 
arthritis in mice. SP l 00030 markedly 
diminished IL-2, TNF-alpha, and IL-8 rnRNA 
levels in stimulated Jurkat cells compared with 
control cells, suggesting that SPI00030 
inhibited NF-kappa-B regulated cytokine 
production at the transcriptional level. In the 
murine collagen-induced arthritis (CIA) model, 
SPI00030-treated mice had significantly lower 
arthritis scores than did control animals, and 
paws from mice treated from day 20 to day 34 
showed a trend toward decreased inflanrrnation 
by hi.<tology. Current anti-cytokine therapies 
are highly targeted to a single cytokine (e.g., 
anti-TNF and IL-I Ra) and can have dramatic 
clinical improvement in a subset of patients 
(perhaps 30% to 40%), By targeting pathways 
that regulate a number of different cytokines, 
one can suppress a panel of pro-inflammatory 
factors and potentially be more effective. 
SP!00030 is the first-generation product and is 
not orally bioavailable. This is in the process 
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of being optimized so that a clinical candidate 
can move forward. 
[J lmmunol 2000; 165: 1652-1658] 

G Protein-coupled receptor structure 
suggests activation mechanism 

The three-dimensional crystal structure of the 
light -activated protein rhodopsin, a member nf 
the G-protein coupled receptor (GPCR) family, 
reveals its likely molecular mechanism of 
activation. The GPCR [proteins] are involved 
in many physiological processes and are 
attractive targets or pharmacological 
intervention to modify these processes in 
normal and pathological states. Furthermore, 
GPCRs share many structural features, so 
discoveries about rhodopsin's structure and 
interactions may have application for other 
GPCRs. The researchers determined the three­
dimensional crystal structure of rhodopsin at 
2.8-Angstrom resolution. As predicted from 
earlier models, rhodopsin includes a bundle of 
seven transmembrane alpha helices connected 
by six. loops of differing lengths. Three highly 
organized loops in the extracellular region 
associate to form the basis for the compact 
arrangement of the transmembrane helices, the 
investigators note. A chromophore interacts 
with a cluster of residues to determine 
maximum-absorption wavelength, and changes 
in these interactions among rhodopsins 
facilitate color discrimination. Several regions 
of the cytoplasmic loops are critical to the 
function of rhodopsin. A conserved set of 
residues on the cytoplasmic surface, where G­
protein activation occurs, likely undergo a 
conformational change upon photoactivation of 
the chromophore that leads to rhodopsin 
activation and signal transduction. Because 
most of the vertebrate visual pigments share 
similar size distributions for all of the domains, 
structure-function relationships deduced from 
the current model are likely to be directly 
applicable to the members of this subfamily. 
The relevance of rhodopsin's structure may be 
even broader. Elucidating the molecular 
mechanisms of receptor activation that are 
shared by the GPCR family should have far. 
reaching implications. New insights gained 
will help to understand how GPCRs transduce 
the signals that regulate embryonic 
development and control the heart, blood 
vessels, endocrine responses, synaptic traffic in 
the brain and, indeed, the functions of virtually 
every eukaryotic cell. 
{Science 2000; 289: 739-745, 733-734] 
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Green tea consumption enhances plasma 
antioxidant capacity 

Drinking as little as 300 mL (10 oz) of green 
tea significantly increases the total antioxidant 
capacity of plasma. Epidemiologic studies 
have reported a lower incidence of coronary 
heart disease and cancer among drinkers of 
green tea, but few studies have measured its 
antioxidant effects. The investigators measured 
the total antioxidant capacity of plasma in I 0 
healthy subjects I hour and 2 hours after they 
drank tea prepared from 2.5 g (in 150 mL 
water), 5.0 g (in 300 mL), or 7.5 g (in 450 mL) 
green tea leaves. Although antioxidant capacity 
did not increase significantly after 150 mL of 
green tea, plasma antioxidant capacity rose 7% 
at l h and 6.2% at 2 h after consumption of 
300 mL of green tea. Similarly, consumption 
of 450 mL of green tea was associated with an 
increase in plasma antioxidant concentration of 
12.0% increase at I hand 12.7% at 2 h. These 
increases are similar to those previously 
reported after ingesting 300 mL of red wine 
(l 8% at I h and 11 % at 2 h). With these 
findings we could assume that antioxidant 
effect of green tea is sustained for at least 2 h, 
the authors conclude. Green tea and red wine 
are readily available drinks that contain high 
levels of antioxidants. Although green tea 
contains less antioxidant effect than red wine, 
green tea is considered to have high value as 
favorite food or drinks as it does not contain 
alcohol. The roles of each component of green 
tea in the increase in antioxidant capacity still 
need further investigation. 
[Eur J Clin Nutr 2000; 54: 527-529] 

Third-generation OCs appear not to 
increase risk of venous thromboembolism 

Despite continued controversy about the 
association between third-generation oral 
contraceptives (OCs) and an increased risk of 
venous thromboembolism, concern is 
unfounded. Farmer and colleagues collected 
data from the General Practice Research 
Database on women between 15 and 49 years 
of age who took combined OCs from 1993 to 
1998. The analysis showed that the use of 
third-generation combined oral contraceptives 
fell from 53% during January 1993 to October 
1995 to 14% during November 1995 to 
December 1998. However, the investigators 
found that there was no significant change in 
the incidence of venous thromboembolism 
between the two periods after age was adjusted 
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for. Given these data, the team says that the 
notion that third-generation OCs are associated 
with a 2-fold risk of venous thromboembolism 
compared with older OC is unfounded.· 
[BMJ 2000; 321: 477-479] 

Novel HIV-I entry inhibitor provides 
potent antiviral activity 

PRO 542, a novel HIV-! entry inhibitor 
incorporating four copies of the virus-binding 
domains ofCD4, safely reduced plasma HIV-I 
RNA and plasma viremia in preliminary 
studies. In targeting cell-free virus, PRO 542 is 
unique among antiretroviral agents that are 
either approved or in late-stage clinical 
development, including other entry inhibitors. 
Jacobson and colleagues conducted the first 
human study of PRO 542, a phase I safety and 
pharmacokinetics trial, in 15 HIV-infected 
volunteers. Serum concentrations of PRO 542 
doses of l 0 mg/kg peaked at 564 mcg/mL, well 
above the 20 mcg/mL concentration required 
to achieve a 90% reduction in viral infectivity 
in vitro. Because of the mean serum half-life 
for the 5 mg/kg dose (4.2 days) and the 10 
mg/kg dose (3.3 days), serum PRO 542 
concentrations above 20 mcg/mL were 
sustained for up to l week. Plasma HIV RNA 
fell significantly after a single lO mg/kg dose 
of PRO 542, and plasma viremia disappeared 
for up to 4 weeks in some subjects. No patient 
experienced dose-limiting toxicities from PRO 
542 or developed measurable levels of 
antibodies to PRO 542. Taken together, the 
virus load and HIV culture analyses indicate 
that PRO 542 possess antiviral activity in 
humans, they conclude. Multiple-dose phase II 
trials of PRO 542 in this patient population 
will be required in order to determine the 
dosages and serum concentrations required for 
sustained antiviral activity. 
[J Infect Dis 2000; 182: 326-329] 

Insulin may have anti-inflammatory and 
anti-atherosclerotic effects 

By increasing nitric oxide synthase and nitric 
oxide production, insulin reduces the 
expression of intercellular adhesion molecule­
!, (!CAM-I), and thereby produces anti­
inflammatory and anti-atherosclerotic effects. 
Dandona and colleagues induced insulin into 
human endothelial cells from aortas. They 
found that insulin (I 00 and 1,000 
microunits/mL) caused a decrease in the 
expression of ICAM-1 (messenger ribonucleic 
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acid and protein) by these cells in a dose­
dependent manner after incubation for 2 days. 
Associated with the decrease in !CAM-I, there 
was an insulin-induced increase in endothelial 
nitric oxide synthase. The investigators treated 
the aortic endothelial cells with N-nitro-L­
arginine to determine if the insulin-induced 
inhibition of !CAM-I was mediated by nitric 
oxide. They found that the insulin-induced 
decrease in !CAM-I expression at the 
messenger ribonucleic acid and protein levels 
was inhibited by N-nitro-L-arginine. Thus, they 
conclude, the inhibitory effect of insulin on 
!CAM-I expression is mediated by nitric 
oxide. This effect of insulin is suggestive of an 
anti-inflammatory action of this hormone. This 
observed insulin effect, along with its 
vasodilatory and antiplatelet effects, militate 
against a proatherogenic role for insulin. 
[J Clin Endocrinol Metab 2000;85:2572-
2575} 

High levels of bioavailable estrogen reduce 
risk of cognitive decline in women 

Postrnenopausal women with high levels of 
non-protein-bound, bioavailable estrogen are 
less likely to develop cognitive impainnent 
tban women with low levels of bioavailable 
estrogen. Because women on estrogen 
replacement tend to be younger and more 
educated, and have healthier lifestyles, the role 
of estrogen in preventing dementia has been 
unclear. The researchers found that total serum 
estrogen levels have not been associated with 
cognitive function in older women, but this 
may be because 90% of estrogen in the blood 
is bound to protein and is not able to cross the 
blood-brain barrier. To see if the levels of free 
estrogen correlated with cognitive function, 
they measured non-protein-bound serum 
estrogen, bioavailable serum estrogen, and 
cognitive function in 425 women older than 65 
years of age. Although initial cognitive scores 
were similar, 6 years later 17 of 106 (16%) 
women with the lowest levels of non-protein­
bound estrogen at baseline had cognitive 
impainnent. In contrast, only 5 of 94 (5%) 
women with the highest levels were impaired. 
After adjusting for various factors, this gave an 
odds ratio of 0.3 for women with the highest 
levels of non-protein-bound estrogen. The 
results for bioavailable estrogen were similar. 
There was a very clear relationship between 
level of bioavailable estrogen and risk of 
decline. The higher the estrogen, the less 
decline. It really supports the idea that estrogen 
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might be protective against dementia. In an 
accompanying editorial, Dr. Mary C. Tierney, 
from the University of Toronto, Ontario, 
Canada, comments that it is critical that the 
study be repeated with a more representative 
sample of women (27% of the study subjects 
developed breast cancer) and with more 
sensitive measures of cognitive function. If 
cognitive decline is confirmed to be related to 
low concentrations of serum oestradiol but not 
to higher postrnenopausal concentrations, she 
believes that the next step will be to investigate 
whether those women at highest risk will show 
the greatest benefit from low-dose hormone 
replacement therapy. 
[Lancet 2000; 356: 694-695, 708-712} 

Coffee drinking may damage blood vessels 

Drinking coffee, the world's most widely 
consumed pharmacologically active substance, 
has potentially harmful effects on blood 
vessels, according to research presented at the 
22nd World Congress of the European Society 
of Cardiology in Amsterdam. Dr. M. O'Rourke 
and colleagues from St. Vincents Hospital, 
Sydney, Australia, presented data that link 
caffeine consumption with acute deterioration 
of the elastic properties of the aorta. They 
believe that the findings have important 
implications for left ventricular function and 
coronary blood flow. In the Australian study, 
18 healthy middle-aged volunteers consumed 
250 mg of caffeine, the amount found in 2 to 3 
cups of coffee. Carotid-femoral pulse wave 
velocity was used as an index of aortic 
elasticity. Caffeine led to an acute 8% increase 
in pulse wave velocity, an effect that lasted for 
at least 3 hours. This effect was accompanied 
by acute increases in systolic and diastolic 
pressure of 8% and 10%, respectively. In a 
separate study of 15 healthy volunteers, Dr. 
Georg Noll and colleagues from the University 
Hospital of Zurich, Switzerland, demonstrated 
for the first time that coffee drinking and 
caffeine infusion enhance sympathetic nerve 
activity, leading to a pronounced blood 
pressure increase in the nine non-habitual 
coffee drinkers. Conversely, they found no 
blood pressure increase, despite similar 
sympathetic nerve activation, in the six 
habitual coffee drinkers. In the study, arterial 
blood pressure, heart rate and muscle 
sympathetic nervous activity were continuously 
recorded before and after subjects drank triple 
espresso or decaffeinated triple espresso, or 
received an intravenous infusion of caffeine 
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(250 mg bolus) or placebo (saline). Coffee 
drinking and caffeine infusion induced similar 
iucreases iu muscle sympathetic nervous 
activity and systolic blood pressure in non­
habitual coffee drinkers. 
[http://www.medscape.com!reuterslprojl2000/ 
08/08.31/20000831c/in018.html] 

Physical activity may cut erectile 
dysfunction risk 

Remaining active or becoming physically 
active in midlife are among lifestyle factors 
that may reduce the likelihood of erectile 
dysfunction. The researchers sought to 
determine the influence of smoking, alcohol 
consumption, obesity and a sedentary lifestyle 
on the risk of erectile dysfunction. They 
surveyed 1, 709 men aged 40 to 70 years at 
baseline in 1987 to 1989 and followed up on 
1,156 between 1995 and 1997. Data were 
analyzed for a total of 593 followed subjects 
who had been free of moderate or complete 
erectile dysfunction during the initial survey. 
None of these men had had prostate cancer and 
they had not been treated for heart disease or 
diabetes. Obesity at baseline was associated 
with a greater risk of erectile dysfunction 
regardless of follow-up weight loss. Changes in 
smoking or in alcohol consumption over the 
average follow-up period of 8.8 years were not 
associated with erectile dysfunction. However, 
there was a significant association with 
physical activity. The highest dysfunction risk 
was seen among men who remained sedentary 
and the lowest among those who remained 
active or initiated physical activity. The 
investigators conclude that midlife changes 
may be too late to reverse the effects of 
smoking, obesity and alcohol consumption. 
Conversely, physical activity may reduce the 
risk of erectile dysfunction even if initiated in 
midlife. 
[Urology 2000; 56: 302-30]. 

Evidence for cardiovascular benefits of 
chocolate continues to grow 

The latest research supporting the potential 
cardiovascular health benefits of chocolate was 
presented during a symposium at the 22nd 
congress of the European Society of 
Cardiology in Amsterdam. Earlier this year, it 
was reported in vitro and human data showing 
that flavonoids found in cocoa may help 
protect against cardiovascular disease, from 
studies presented at the American Association 
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for the Advan~ement of Science's annual 
meeting. Dr. Carl Keen, of the University of 
California, Davis, told symposium attendees 
that the story had now moved forward, with 
new research showing significant increases in 
plasma prostacyclin levels and a decrease in 
leukotriene levels in human volunteers who 
consumed 37 g/d of chocolate. Prostacyclin is 
manufactured by the vascular endothelium and 
promotes vasodilatation, inhibits platelet 
clumping, the formation of blood clots, and the 
entry of LDL-cholesterol into the arterial wall. 
Conversely, leukotrienes are vasoconstrictive, 
causing a slow and persistent contraction in the 
smooth muscle of the blood vessels, and can be 
platelet aggregators. A loweriug of the 
leukotriene/prostacyclin ratio as observed in 
the study may have beneficial effects on 
platelets and possibly inflammation and vessel 
dilation. We are really excited about the 
prostacyclin research, which will be published 
in the next couple of months. Dr. Gerard 
Hamstra, of the University of Maastricht, 
acknowledges that there are concerns that other 
chocolate ingredients, such as fat, might 
increase cardiovascular risk. However, he 
believe that this is unlikely because of the 
profile of fatty acids present in chocolate. 
Chocolate is about 30% fat, mainly from cocoa 
butter, which contains about 60% saturated 
fatty acids (35% stearic acid and 25% pahnitic 
acids) and about 40% unsaturated fatty acids 
mainly oleic acid. Pahnitic acid increases and 
oleic acid decreases plasma LDL-cholesterol 
with stearic acid having a negligible effect. 
Based on these considerations, it can be 
expected that the contribution of chocolate 
consumption to cardiovascular risk is low. 
[http:!lwww.medscape.com!reuters!projl2000/ 
08/08.30/20000830drgd003.html] 

Metformin reverses fatty liver disease in 
mouse model 

US-based researchers have discovered that the 
oral diabetes drug metformin improves fatty 
liver disease in genetically obese insulin­
resistant mice. The researchers explained that 
previous studies in humans and experimental 
animals have demonstrated a strong 
relationship between liver steatosis and insulin 
resistance. In the present study, they 
determined whether fatty liver disease in 
obese, leptin-deficient (ob/ob) mice might be 
improved by treatment with metformin, which 
reduces hyperinsulinemia and improves hepatic 
insulin resistance. The authors reported that, in 
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ob/ob mice, metformin improved fatty liver 
disease, reversing hepatomegaly, steatosis and 
aminotransferase abnormalities. According to 
the paper, metformin inhibited the expression 
of both tnmor necrosis factor (TNF)-alpha and 
the TNF-inducible factors that promoted 
hepatic steatosis and necrosis. The 
investigators conclude that these findings 
justify cautious evaluation of metformin as a 
treatment for fatty liver disease in patients with 
obesity-related insulin resistance. They say, 
however, that the benefits of this agent should 
first be assessed in other animal models. 
[Nat Med 2000; 6: 998-1003] 

Novel immune system stimulant shows anti­
tunior potential 

An immune system stimulant given 
subcutaneously every other week causes 
significant lesion regression in cancer patients 
whose immune systems are reasonably 
competent. The study results were presented in 
Toronto at the 28th World Congress of the 
International Society of Hematology. Dr. Floyd 
Taub, chairman, Lifetime Pharmaceuticals, 
College Park, Maryland, reported results from 
the first phase I/II study of beta-alethine, a 
disulfide. Every 14 days for 3 months, 
researchers at McGill University, Montreal, 
Canada, gave 2 micrograms ofbeta-alethine to 
patients with low-grade B-cell lymphoma and 
maximal response to therapy, or indolent 
disease that did not yet require therapy. He 
reported that, to date, eight lymphoma patientS 
and six myeloma patients in a separate 
protocol, five of whom had undergone stem 
cell transplantation, had received beta-alethine 
for up to 1 year. The investigators observed 
virtually no adverse effects from the biweekly 
regimen. Prior to treatment, patients underwent 
delayed-type hypersensitivity testing to assess 
the competency of their immune system. Three 
out of fo\lf patients whose immune systems 
could be activated ended the trial with less 
tnmor than they began. In contrast, three out of 
four patients who had a poor immune response 
on delayed hypersensitivity testing continued 
to progress, a difference between the two 
groups which did reach statistical significance. 
One patient who remained on the study drug 
for l year had a 50% decrease in tnmor 
burden. He explains that beta-alethine appears 
to stimulate an orchestrated, coordinated 
cytokine response. T cells also become 
activated and more cytotoxic, and tnmor 
necrosis factor on the surface of lymphocytes 
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is increased, which takes the drug right into the 
cancer. He also suggests that .beta-alethine 
might work well in patients with hepatitis C, 
where perhaps a small amount of immune 
stimulation would be all that's needed for the 
body to win out over the virus. In addition to 
the ongoing Canadian trial, the drug is now 
under investigation in four sites in the US for 
the treatment and potential prevention of 
various cancers. 
[http://www.medscape.com/reuters/projl2000/ 
08/08.30120000830drgd002.html] 

Vitamin D analogue inhibits mouse skin 
tumorigenesis 

Researchers from Johns Hopkins University, in 
Baltimore, Maryland, have announced the 
synthesis of a vitamin D analogue that has 
potent tumor prevention properties. The 
molecule, dubbed QW-1624F2-2, is still in the 
early stages of development and may not be 
ready for human trials for another 2 to 3 years. 
But investigators are encouraged by its ability 
to prevent cancerous tnmors in laboratory 
animals without the normal toxic side effects of 
vitamin D. The Hopkins researchers induced 
cancers in four groups of rats by swabbing 
them with the carcinogen dimethylbenzan­
thracine. Each group then received a different 
analogue of vitamin D topically, twice a week 
for 20 weeks. A control group was treated with 
vehicle. At the end of the experiment, control 
animals had a mean of 13 tnmors while treated 
animals had a mean of just 5, for a reduction of 
63%. Overall, the incidence of tnmors was 
reduced in treated animals by 28%, lead 
investigator Dr. Gary H. Posner said at the 
annual meeting of the American Chemical 
Society. None of the treated rats showed any 
signs of hypercalcemia. Also, there was no 
compromise in weight gain in any of the 
animals. Since vitamin D is absorbed by almost 
every organ system in the body, research 
groups all over the world are actively searching 
for analogues that are safe and might be useful 
against cancer, immune system disorders and 
skin diseases. This results represent a glimmer 
of hope but it should be stressed that they are 
preliminary. 
[http://www.medscape.com/reuters/projl2000/ 
08/08.24/20000824drgd004.html] 
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