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ABSTRACT 

~ ~-I /M).\ .. bl°I\.•'-(...-
/\\-- - =-------' 

\Y / M 

11:-
Wide interindividual variability is a characteristic of drug metabolism in 

humans, and the metabolic clearances of some drngs may vary 100-fold or more in 
the population. It is now recognised that this variability arises from differences in the 
activities of drug metabolising enzymes. Individual isoforms of cytocluome P450 
(CYP) and 1JGT-glucuronosyltransferase (UGT), which are quantitatively the most 
1mpo11ant drug metabolising enzymes, exhibit distinct substrate and inhibitor 
specificities and each CYP and UGT gene is regulated independently. Thus, 
rationalisation and prediction of altered metabolic drug clearance requires knowledge 
of both the isoform(s) responsible for drug elimination and factors which regulate 
isoform activity in vivo. Studies in vivo and in vitro with isoform-specific substrates 
indicate that drug-drug interactions (inhibition and induction) and polymorphism in 
the coding regions of CYP and UGT genes are the major determinants of variability in 
the elimination of compounds metabolised by these enzymes. This will be illustrated 
using the isoforms CYP2C9 and UGT2B7 as examples. The characterisation of 
isoform-selective inhibitors in this and other laboratories together with the availability 
of recombinant enzymes allows the identification of the individual isoform(s) 
responsible for the metabolism of any given drug, a process referred to as reaction 
phenotyping. When factors altering the activity of the isoform(s) in vivo are known, 
causes of variability in the clearance of the drug in defined population groups may 
then be predicted. In vitro drug metabolism kinetic data may also be used to predict 
key in vivo pharmacokinetic parameters such as hepatic clearance and extraction ratio 
and the magnitude of inhibitory drng interactions. Understanding and predicting drug 
interactions and the consequences of genetic polymorphisms are essential components 
of rational drng therapy and imp011ant considerations in the clinical development of 
newly discovered drugs. 
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PL2 BIOEQUIV ALENCE STUDY : PRACTICAL APPROACH 

nl'lAO'\il~'Hl>J>Ja (Bioequivalence) fat11Gm'lVJ'n~1~~1l>JL'll>J'lltJ?JeMtn (Active 

drng) 1u~tl~hhtl~mmtla'l (Unchanged form) 'H~ilUJV11luhi~ ~10?Jil'IL'Ha1~11ll'W ~'Im~ 
!11 u .. i1 .J d u u 1 " "' u " .J " !S Lµumnam L'lf'l>J 'H'lil am1~'YILnu~1nma1a>J~'l'Ha'lm'l 'Hf·JaVIJHlJ?1m'YIV1il'ln1'lv1mflLLa~ 

r.1aV1ilcu?i'mo1mL uu~L1a1oi1'3 'l a1m'lfl~1 L ilum'l1~'1~t1~1t1 L ~a'l~1n 1 uil~~uuih~~a'li1a • 
"' "ti ~ "' .J .. ~ 1 "' " .J " 1LWfl~'H 'l~'1'Yll>ill'W'1'l'Yl>J'Yl'lml>J 1 ~1l>JL1l'Wl~L~1~'J'lal>Jl'lflLLtJ01L~'ll~'Ha1'l'YlVlil'ln1'l 

u 

rnr~ 5'•.., LL>JLlJ":i~~u~11m?J>J?Jutl'at1 1 l~atl1'l~no1a'l L'lfu LC/MS, GC/MS, HPLC LLa~ GC i!Ul'l 

~t;'t) i.M~ 'hnV11t1lum'!tll)u&iiJ'lla~~1":i":i~iJ~":i~1'3 l~un 

~/ ·~ ·~ts 
.llClit. Q.I ~ Jg q 1 I CV Q.I 

- (',,,_ __ , ,..,_ch 've , 1. / t:.1aV111ClJ?1f.ll'Yl\'10lfltJmltJ t1'1tJ>JaOtJ'Yll'lL11'1'lfO'l":itl 
.:)vvr--. Vt / <l)fjf'.eC(l°'e,,.,,{ v U 

c(, equivalence) ~'lt1'une>ua'li1a~hLilum":i'Yll'l~l'lJ In vivo o1v'lnlm":iW'1<JU 
- OtY!AM t7r-e__ I t u"' " u 

"-'J . - - Pharmaceutical equivalence of drug-product OiltJ ~tln1":iVl'l1~1~1Lml~'H 

-~ u4'·h er--- i.1 Potency 'H~il perce~t labeled amount-----:> - ~6~~ fJvt'h·{-e.. 1-S-: Jo 
/ 

>lf,·tl t("S" Of , Md){l,".r.,. 
1. 2 Content uniformity of dosage unit - o 1 

· , • _cf1--vhN- (J / J 
1. 3 Dissolution profile ./ J'i VV>-\ I~~ Ji- d·u{rL) 
1.4 In vitro testing ~u 'l Oll!..~f h.,..., u v-.--. 'J.--~<-'-

(Non-pharmaceutical 

2. nl'lAOl:ll In vivo rf J ;;. O - I ) 

2.1 maiairm\lt~ J z, 

2.2 nl'lililOLLUUnl":i'Yl~ail'l 
d~ ::. ~o -10D 

2. 2. 1 ¥rossover design (Balance) 
v1'\J1v\1<t4 r-ANid~-u blocJ<- cksi[r-

2.2.2 Crossover design (Unbalance) 

(}\/ > :<o X 

2.2.3 Balanced incomplete block design 
rw!o \ "\ iSt' YI~~ 1'f\wv? ~~5 o~ i;{p.~,·s.+'\.-

2.2.4 <Parallel design (Completely randomized design) 

j 
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2.4.4.3 Sensitivity 

2.4.5 Limit of quantitation 

2.4.6 Specificity 

2.5 Pharmacokinetic parameters data 

2.5.1 m"i l~m'llei'3'llmrnvn"i1ilLviei{u1a'lf~auvnwnavd' 
\J 

2.5.2 Outlier con.s~deration )'Ct>..psivft«-J;."l :Ji:µr;/,, '91ri tfi:i u) l../Mr.9~. m ,\//" 'OJJ'T~ ?urw-
_J.. . " - 4'AM tviifhJ 6 111./>(.r"" f:V~?r'*1) (Yl)fl. 

"JU.Vt~9-•.>-?n11~'1n,191V..J):> 2 5 3 ' M' . d / <. '-- '1.r L' it' <- t ' t ' ~'t.fl. 6CJ • .- • • ISSmg ata -"7 r.::n1>01>11~1f.11?1~11f1~ t.. -'Jo->~<JGJ,f'~n..1__,,,,Jse..r.::>•rivJerv..,~/q.,.~ , tJ 4 11tl:rt-r::i t'I <V 'HI v:;1 I 
9>v'erv,,_f;_ "l ~. ~ 2.5.4 Logarithmic transformation of the data c)'>f.-- / A-u~ /4J.... I"/ _, a'J!.;J ~ 
_, 7vt<fll hi{ .sl•D.fll 1" "'"'"' "" to.fr~,;;,~' ~:y·v ./1.__...-o/?.. >V 

f 2.6 fn"i 'lfel(lVl"JLVl"i1~"'1'llfltla .~C. fl. 
v~',.,_(.A._ 'V)A 1]>0'1.>rNMA UST c),- f:.Ve:J cf<Urca1't~f: n~((l./V01'tJS50v¥Y-ob--nJ<-. 
-)9~1 rh- 11,""'.ct £{,:, r.,,.,·i....h 2.6.1 Analysis of Variance (ANOVA) ' n 1 ) ~ ::;. I'?... 

< _,lfrt-fYlriu 9..'(i)~ 1 ~.;::r"'1° 2.6.,2 i)fJ'% Confidence Interval (Two One-Sided Test) 
J~ l:)-d A~ov11~'q: <SJ) 

2. 7 Lnru?m1w1~~mna>.J~a A u c_. · 
/ 

-" () _ 1').J'\ /.rpfJ v 
~g' - - IS o .. , .. , 

\1'\A. I 1 ,J o CV 

. yt.O"" 2.7.1 90% CI 'llfl'3f·JaVl1.:J~lmati c & AUC = 80 - 1 20 % Cll'H"iU 
\f'/"I Y'I max 

7~ S 'llm.iatln&l ~~:51.11'ot>Q"'-~ ; 1007~' -} cL -z,<?-,f;,v 
I I .J o CV 

2.7.2 90% CI 'llfl.:J~Javn.:immati Cm._, & AUC = 80 - 125 % al"'1"iU 

'llm.ia Log-transformed -=:> 'i.8"1~5) b1o~:~ro..v..~. 
2. 8 vl1flU1.:JGll"i1.:J ANO VA 

2.8.1 ANOVA ai'H~U Two way crossover design a = 0.05, n1 = n2 = n = 
I 

::.i )< 12 
'\.l svlj~ ..i4 ; qf.::. h>rz.i.. -1 ; "'-4- I 

~c~,'·~~~~~~.--r..__-.--~--r~c;---.-~~>7"'J--r-----ir--~~~.----~---, 
v-<' Source of variation df 

Total 23 

>< Sequences 1 

Subject (£!~~ce) 10 

)< Periods 

Formulations ITT\ ;)v 
-

Error cl)-~~, 

ol~I 1 

Al) l 4-1 
) 

10 

SST 

SSQ MSQ = SSQ!l MSQ!MSS 4.96 

SSS MSS = SSS/10 MSS!M E 
'('f"uf 

2.98 

SSP MSP = SSP!l MSl MSE 4.96 

SSF MSF = SSF!l MSF, MSE 4.96 

SSE MSE = SSE/l 

\Y,ff\~~( c:><>/oy'YbY 

2.8.2 ANOVA a1"'1~U parallel design a = 0.05, n1 = n2 = n = 24 

,,).if-"/ 48" -( ; 4'1-

Source of variation df Sum of squares Mean square Fe F, 

Total 47 SST - - -

Formulations J..-1 1 SSF MSF = SSF!l MSF!MSE 4.05 

Error 41~1 46 SSE MSE = SSE/4 - -



SW 

2.9 

where 

s 

v 
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Gi'1e:iu1~avi'l"11tnru 90% Confidence Interval 
" ~ '\# .. t pVb e.W-<-f-

~ob~ _ q~- I ~~ 

c_---- ( x2-x 
90%CI 

= 

= 

= 

t 'vs 
= 

T R ± _O._I __ +I x 100 

x x 
R R 

mean observed response with formulation i, i = T, R 

(where T and R denote the test and reference formulations) 

standard errgr_of-the difference in formulation means using 
~s.DA -

The mean squ!lrferror obtained from the analysis of variance 

degree of freedom for error 

-- """' M df -rUJ M !; e 
~j I~ 6)1.J nJe :: 10 ._,, r~~~ _, o,. ~IL 
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PL3 BIOEQUIV ALENCE STUDY : PRACTICAL APPROACH 

. . f l !3 "" .... ~ :: I • .... J' 'ltl .J... .... A .... B1oeqmvalence study : LutJnl'iv1fi'lflC.HWl/lfU';1£.110l..:JLLVI 2 Vll'itJ'lJ'U 'Yll!Ol1EJ1'111'l'lJ 
0 0 0 

.... "' .... "" 1 " d I "' 1 """ 1 d .,. "' (active drug mgred1ent) Vl1LYltl1ntJ Ll!B 'H'lJ\J1Yl'YIL'Yl1nWnEJ VIL..:JB\J 'lln1'i'Yl~1'ltl..:J'YIL'Hl!B\Jfi'IJ 

LL~1Wtrh eJVl'nL~1Lrn::tl~mrum'i~Yl'll>JL'li'1rlm:: LLalal;vi21t1..:i~1\lmEJ (bioavailability) hiLLvin 

~1\ltl\J v::Ut1i1r.JaV1firu?i'L 'Ha1if iim1m .,;1 L nEJlltltJ'Y11\1~1/l1W 'H~Bi1~1al!llaEJ/l1W 
" 

(bioequivalence) ~..:inmrn::nu 
1utl'i::L'Y1~1'YIEJ i1vvu1Ji1mLLC.JtJi1vvuu~r.iavilutl'i::LY1~mnni1 20,000 vh~u Lneiu • • 

..f..:i'Hl!YILUtJmL~EJtJLLtJtJ (me-too drug products) 'lJB..:J~Javi.t1ru"1~thL'li'1l!1v1nm1..:ith::LY1~ 
(original or innovator products) a..:i LL if r.Javifiru'ltL 'Ha1if v::'l~Hum'iVl'i1v1Ll'l'i1 ::...fi1iitl~l!1ru 
~1ma1~'lJ (active drugs) ~noi'ei..:im>JuH1''lfoi1~un1'HtJY1Lrn::iitl~mruL.,;1nu ~fajj 

pharmaceutical equivalence v~..:i LL~mvv::ii r.ia 1um'i~nmhJL.,;1LnEJ>JntJ'l~ vY..:itf ul~L~ll 
nl'HlJYI 1,.;'i1m'i'YIYlaBtJ bioavailability 'lJB\I r.JaVJfiru'ltifuLnEJUntJr.JaVJfiru'lf oi'tJLL UU (original 

'H~B innovator product) 01WtJi1iiYl11l!L.,;1Lnl'.JtltltJ'Yl1..:J~1/l1W (bioequivalence) OUBilm'i 

1 11 QI J I .cf ~ .... .J ti I I J' I 1" 
. mrnm'i'ifi'lflYIL'YllLYIEJJ.JntJml'.J (therapeutic equivalence) 'lf\l'llt:liJaV11..:i 1 mmu v::'if1EJ 'H 

LLW'YlflLLa::u1a'lfmGi'Y1au lvLaein 1'll'm~ mJJ1::ai1 ~iitl'i::aY16mw Lrn::ii'i1 mw eiaJJYi1'iLLn ~i 
" 

tl1EJ~1EJm1mtulv~\l~tJ 
A .... !3 .. J'tl 'i' ~ ..... I "" 

'11'H1tJn1'iv1ntn(l..:Jn11LtlB 1:: LEJ'lftJ (bioavailability) 'llt1..:imvn1um..:i '1 LWBY1Y1aeiu 

i1Yl11tJL.,;1LnEJtJ'Yl1..:J~1/l1W (bioequivalence) tl\JtJ1Gl\JLLtJU'H~BhJifu v::GlB..:Jtl1YlEJY111J.Jiv10 

'Hmmn211i'lf1 L'liu Llla'if1Ylml'lailn (clinical phannacology ), u1a'lfvauma01f 

(pharmacokinetics), L.na'lfm1i1m..:i~1mw (biopharmaceutics) Lrn::Y11\lao&l (statistic) LYIEJ 

mw1::m1i1im\1~1uao&l v::iim1 lla1~'lJmn1 u m1ei ei n LL uum'i Aff\fl'YIYia B\I LLa::m'i 

tl1::Lijur.Ja 

!3 .., ... .i: .., ti ........... "' .J' 
fll 'il°ln'lfl bioequivalence LUfl\l ~?.l'UGlfl'l..I LlJfl1'i !)UGIYl\l\l 

~ QI _, ..J 
1. ~rnuimwmnnn~iHltJ 

oi1~um~v::tl1JJ1Anlfl bioequivalence 1ul'luifu Gltl\1~1tJn1'iVl'i1v1Ll'l'i1::...f~ruaJ.Ju&l 
......... 1 d d ' .cf Cl.I Cl.I 

vnm.na'lfvn'iu 1rnat1Y1Y1Y1at1\I (in vitro studies) LWBY1v::mY111m'Yl1L'YIEJt1m..1r11\IL11a'lfm'lJJ 

(pharmaceutical equivalence) nm..1 ABv::oi'ei..:iiJ 

1. Afft11Y1ruai1u0iliJm'in'i::v1EJ~1'lJB\IL~Ylm (disintegration test) • 
2. Am:J1Y1ruai1u&Jlum'ia::a1EJ~1'lJt1\ldfow1 (dissolution test) • 
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3. mtl~>JlflJ'lHM~1mlmilvim (content of active ingredient) 

4. Amflm1>.1a~1Lam1m1..:i~1mluLilmn (content uniformity) 

.... I "' ( ) .J"" .J ~ I I "' .J "" "' ti"' lil~Latimu~aGl lot nvinavi>Jl\'1mfl L'lftJ 'itJ~aGln>.1m1>.1~Nm 'i>JlflJLrn~vi11>.1 • • • 
a~1 La>.1t1'llt1-.:i~1trnh~fll'i1>.10-.:i r!m1m'ia~a1u~~qvi l1a-.:ilil1mf u 1 um'i~aGlV1f ..:ioi ti '1 >.11 L 'il 

lil~ l?iiu~aGl ~'I r.J1um'inviat1u bioequivalence 1 uviuml'1>.11L tlu~1L tl~urn Yiuu 1 tJnl'i'YIVIC!tiu 

ltrnat1V1l1V1at1'1 (in vitro) tviu ltioltl'l'YIVIClt!UltJV1tJ.zf1an 

2. ·n..J LL uu m 'i A mfl 
" 

Ol'iAmfl bioequivalence if LUlJOl'iAmfli~ulu~m lvi'i..:i~1-.:ilum"lAO'lfltTtJ lil~oltl..:J 
r.htJV1ru~n1'i'i>J01'iliJ~tlifi'i>J (Ethics committee) 'lJtl..:Jn'i~'Yl'i1..:JCl151'itu'f'lJ l1~tllillO>Jl11inmtl'u }et£; 

rimJ~lil~L~mhm'iAnml~ Cc,f /.et' 
Ol'iAmfl bioequivalence if ilu>.1l?i'm'i'YIVlarNLLUU'li1>.1 l1~tl crossover design mnl:f' 

avi At1ma1a,Jvi'ivim~mnulil~ l~-rum~..:i 2 ~h-ruifuoioi1-.:ina1nu .,;, l-Havivi11mLtl'i~u • 
'i~l111-.:iuvi via t1 t1 nl ti .,;, 1-H ~a'lJt1-.:i m'invi at1..:i ii m1>.1 fl nol' t1..:i LLiimhn11 Lrn~~1u1tJ ma1 a)J vi'i 

• u 

l?i'tl't1un11LLUU parallel design ~-.:ima1a,Jvi'ilil~flnLLU'lt1t1mtltma>.1 tvimLoia~na>JliJ~ l~m~h..:i 
u • • 

vi1-runu LLa~LLoia~viu 1~-rum L vfo..:ivif-.:iL~El1L Yi1tf u 

m'in1l1uvi~1u1irn1aia,Jm 1 um'iAnmif ~1L lluol't1-.:imA'um1>.1-i'm-.:ia~&l t11lillil~'llt1 
u 

~1 LLU~U1lil10~L~El1'lf1C\J'Y11..:J~1tJif l1~tlliJ10Gl1'i1..:J'Y11'1Cf~Ql Ol'iAO'lfl bioequivalence a1u 1 l1ql 

,Jnlil~ l?i~11numa1a,Jvi'iLYi1~lil~m l~ u1-.:ivif-.:i~1u1tJ (n) t11lillil~tfoun111'11Gl1>.1nqt1~ t1rl1-.:i 

'hnffiirnaiutl'i~L'YIA L'litJ tl'i~L'YIACll.JlWtJtfo htlLrn~tltlaLGl'iL~U l~n1l1tJVl~1tJ1lJt11Cl1Cf)Jm • 
~u~1#l'lfL\J01'iAmfl bioequivalence li' 12 VllJ 

ail1-rUL l1viilVI1 tJ Ol'i'YIVICf tlU'Yll..:JCI~ Ql'lJ tl'IOl'iAmfl bioequivalence l~iiw QlllJltl tj LCl>J ti 

illil~UlJGll>J~lLLtJ~tl1?Jt1'lr.N~m'it11m'iLrn~m'llt1'lal1-rjt1L>J~m (USFDA) ll1Ltl~uuLYiuul'l1 

pharmacokinetic parameters l1LLGlOGl1'10tJl1~tl liitfu lviul?i' analysis of variance (ANOVA) 
• I GI ~ I CV I , , 

for two way crossover design 'i1>JOU01'i'Wlil1'itu1'i1>Jnum 90% confidence mterval 

"' ""'""" .. d ., " "l ... 3. fl1'i'WOlJU11il1L'°1"l1~ltL\'12l'H1'°1113.JL'lnJ'lJU'lltl..:Jtn LULiH>~ 
fll _'"f .J _.$ "' "" I d ~ , 0 d V .... 

L utJu(\J'Hl'Yl'11VIC\Jtlfl tlU1..:Jl1tJ'I 'llfN01'i\'1fl'lfll11'1 b1oequ1valence 'Yllil~Gl tl..:J LaflnLrn~ 

W)IJJ}J1151LVl'i1~"1L ~e:imml>JL'li>J?i J?Jtl..:Jf.111-H'Lllu15~b (sensitivity) (J) iivi11>J~lL 'Wl~ 
(!:) "" I 3 .J f4. .J °' 1" ::.,. (specificity) )JVl11>JLL>JtJGl'i'I (accuracy) LLa~L'YIU..:JGl'i..:J (preC:iS'1on) 'YIUtl>J'i'U VI lJtlfllillfltJlJ>J 

01'iV11UVl>JVlflJ1ll'W?Jtl..:J01'i1VI (quality control) ~1U • • 
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4 . Ol'lA~Lilt1nma1m.Jf'l'l incLl< $10 -n C/Yl·~ 'a.,, 

U .J 4 I ti "' ,/ fl( V 1 
maiaiJVl1'YliJ"fl~fl1U n01 (healthy volunteers) Vl11Lu'ULW~'li1U UnL1lJ UU1~fl1'l 

Afll:J1U1~1'lfnvim:iu Liu U1VliJfi1LUYI n~t1~l'lfmaiairV11VJfli~ mum1mh~w:h~ 18-55 tJ 
, •H • " 

v~~a~ 1~-$um10111v'i1~mu (physical examination),. m:i~0111vm~lieNtli)u~m1 ~~ l~LLFi 
fl110111vLatlYI (complete blood count, blood chemistry) L~t:ivim1~71Vlv1~'lJ8~~1~fl1f.1 Vlfl11 

u u 

li1~11J'llt:i~~u 101 0111vtlaai1~ (chest-x- ray) rn~m1Ani:J1mvv~~a~iim10111vtle:ivi VJ~t:i 
col u 1. ... < 

fl110111vl'la'UVJ1 'JV11f.I (EKG) ,_ .I 0. ' () h r.c- J) \ '--' ,~f 
V ~ 0[4 Yl')C..."l)(;. .f>'Y?-(. u_ I..., <. r / .,9) 'LI V T~ 

maiairl'l1flnl'luv~~'Nl~-$u 11a6u1un~i'01qt11~a~V1~tlLLurnrn~~u01au'lJa~m6 ~r>va. 
!S J' ~tit .. J .J ... .rt ... 0 1 "' 
v1nmnviaa~u 11iJ'Yl~ 1~ f.l'lfULLa~m1mau~nmvv~LnVl'll'U viunnV1uv~01t1~L'21'U ummaiJ . -
( 

./) I .J ~ !S .J U 4~ " "' I consent form n t:i'U'Ylv~ L 1iJfl11vlfli:J1 '21~ maiai.i Vl1'Yln Vl'\JiJ '1'Ylilv~u t1manm111i.Jfl11·'YIVICI ti~ • 
L~8LV1n1~ 

5. au11J~Amfl 

6 . 1iim'lAntn si'1'Jsle,cl~:n~~~6) vf\Y1..,,_,,.(/Y) w 
fl11Antn single dose crossover study LU'\Jfl11Anm bioequivalence ~Uf.liJ"1n~~VI 

L~t:i~v1naim1 ClmU1iliJfl1'i'YIVIC1t1~l~~ni1Lrn~vi11.i~1utl'avni1LLUU multiple dose study LlJ 
.JJ' t q I I :: 

'Yl1Jv~'ll80Cl11tl~LL01 single dose crossover study L'Yl1'\J'U 

fl11Antn~1im'lllJ1VIL~m (single dose study) if m1L~t:in'lllJ1V1~H1.um1-$nm a1u 

'} I '} V .J 'l n .J I I '} .J <$ t U 'l VU .J 
LVltlJv~ L'if'll'\J1VI (dose) 'Yl1~'4 1 lJl1lNVJ'U1f.I mu dose L'\JVl'U~LiJVI viuma1aiJV11v~ vi1umn 
ti ti 'i c.'!f J f QI I 

018~fl1 ':i'YIVlnt:iU (test) LLCl~ E.1101'\JLLUU (reference product) L'U'lllJ1VIEJ1V118 dose 'YIL'YllfllJ LL01 

o11~1~u~nmnu LLa~iGm11.'1mm1Lllu double blind 1vium1rliJ 
£-- • 

riauL~iJm1AntnLLo1a~i1~ maiairl'l1V111~vimm1~~LLolVJa~L~u~?liJriaui'unviaa~ 
LLa~~vio1amilnt11~i.i1ru 4 ~1 Li.i~ muVJa~v1nm'lllimLLola~V1~~ ~~m1Lllm1a1L~u1nu Liu 

7.00- 8.00 u. 1via1lim-$ut11~mm'4ft1ml1Ltlint11~mru 100- 200 :S:S m':iwnau1u 
u 

metabolic ward L~8Lv1~Lat:iVILOU~1t!th~ Lat:iVIVl~8Una11~mi.JL1"1~fi1l'1'\JVI h~h ~ie ntrcl 
· ':) -{O vV. ~ ~ 

col 1 , , ..... col col l ... .s u t:, · , t?l'V Jn o 1 
L~tl'U 'lJfl11'YIVICltl~011~., L'litJ 8'if.11Utl mm1 Ll'l18~VI" L1"1fl11 l'1f.11 11LOU011tlf.I ~ 

... ... _"j ... '} V col I U d !S V r-1 4 U '} U 

Lat:iVIVl'lt:iuaai1:: Vl':it:ifl11 LVlf.l1fllJl'l1Ul'lnumnv1nm v~01t:i~LulJLLUULYlf.11fllJ L'Utllalni.JVl':i 
u 

' .J. .,, u 'l .. ~ !S ~ u " 1' 
LL01Cl~ Vl'U 'lM L'lJEJ'U')::U?fVI Lv'\J L iJ1~L UUU'lJ'U018lJ'lJtl~n1':i~1 ntn 'U e:inv1mmmaiai.imv::018~ " • 
col ... .J ... 1 "u col I !S ::) I J' I ... .J utl .. 
VliJLVlCl1 amJVl1Vl'itl mrn.nt1u 'l 1~V111~m1v1ni:J1LLa~m':i~Vl"~LVlaiuam~trnuVJu~a Vl1l'1 

u • 

riam~iJm1nviaa~ L~r:imuvii.itlv~umuut1no11~ 'l ~mvvdhnwir:im':i~nml~ • 
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'J !S J' 1 .J I oQJ.t.of 

L t.1 Ol'h•1fflfl LL uu crossover design t.1 ')::U::L1t1l'H1'3'Ylv::'YIV1 at>u m LL~rn::Vll')\J'lJ'\nJ 

ff"JlJJdl~qj ~tlQ)tl'3ll1" washout period ~~nQ)tl'3LLa::LWtl'3'Vrn ~t>Q)t>'3ih::a::nm1l1'~1'3mmlu 
m;;i1nm')Antnmvi1-rrnL')nlli'l1JJV1rit1t.1~v::1l1mvi1-ru~t11tl L~tl 1JJ1limvi1i'rnL')niit·rn~t1m') 
An'Hl?JeNvi1-rul1a'3 ~t>ii carry over effect rieiu~;;i::1limvi1-ru~eiltl "t-tanlviali'1ltlv::ri1wuV1 

I I I 'l " • I I I d ~... ., 
'lf1'3'H1'3')::\.111'301') L l1tllu')::JJ1ru 5 - 10 L 'Yll'lJtl'31'lll'l'J'3·01Vl (elimination half- life) 'lltl'3Vl1tl1 

LLCI:: 1um')Afflfl bioequi~alence if ;;i::Q)ei'3iim')1Vl')::~rnn 1matiVll1~tl L'Uilaa11:: ~'3 
~ d QI t 4 4 ii .c:f d ,.$ CV .J uu m'J11'3LL~J'IJ m 'J Lnugi1 t>tn-3 Lei ei Vll1')tl aai1::v'3 JJl'l11JJ '111'lqJmn l'l11JJ o LLa::')::t1::nci1?J t>-3 

01')LOUvi1t>U1'3v::~tl'3LWfN'Wtl L~tl 1,..,1~m1W'lltl'3')::~umnuna1 m ,..,,~plasma drug profile 

"""' .., " "' ~ "" " " .., 'YIVlalJJl 'J ov:: L l1')1£Ja:: rn tJVl?J tl-3 ')::t1::0l')V1V1·0JJ ,.., ')tll'l11m?J JJ'll'IJ?J tl'3')::Vlutn gia ti Vlv'IJ')::u:: 
" 

m'J?Jumeiein;;i1n~1'3mul~ 

m'JAmn bioequivalence if~, pharmacokinetic parameters m'll'JJ1n~~V1 ~ei 
1. Cmu (Peak drug concentration) ~1')::~um1m'l!JJ'lilJ'lJt1'3tnllJLih1V1~'3~VI 

• I .J ... ... 1 "" 2. Tm•x (Time to peak drug concentration) mnal'YJl'l11JJL'lJJJ'lJlJ'lltl'3tl1 mat1V1~'3~VI 

3. AUC (Area under the drug concentration - time curve) vfumQ)nl'um1W'llt1'3 

')::~Utn l 'IJLat>Vltl\JL1al 

I !fl °' I "" °' d 1 ~ .J .J I'll C
01

._, LLa:: Tmu 'Ol::Lu'IJVl1\J'3\Jtln0'3tlVl')1L')1 'IJOl')~Vl·oJJ'lJtl-3£.11 'lJtU::'YI AUC v::Lnm 

'lit1'3nutl~JJ1ru1un1')V1Vl~JJ 
" 

I "" .J "' • I"' "' "" I .J ., d ~ I'll parameters tl'\J 1 Yltllvv::JJOl')Lu')U\JLYIUUl'ltl l'lll'l'3Yl'lJtl'3tlVl')1L')1'lJtl'301'J~Vl·oJJ 

(Ka = absorption rate constant), ~11'l'3~'lltl'3elVl')1L~101'J'lJ~Vltltln (Ke = elimination rate 

constant), ~11'l~'3:SiVl'lltl'301'J'lJ~Vltl1 (~ = elimination half- life), ~1 clearance 'lltl'3vi1m 
"" 1 .- plll- .. \" (l VW\h'tol\C'~IM-1' cn-Q~wc<b, 1h.JL" , . -1 _q_~-~ l1'Jti LJJVllUtJ ari •V<fl') " ' 0 </ • , • crrv.> vv} "

1 u · 

Ol')LOUvi1mh'3LatJVl')::l1l1'301'J1 lf ml t.ILL~a::l'lf-31'11') l'lfnmmh-3'\j tlU 3 L nl'lltl-3~1 
d '°''°' °' d .J .J 1 II , , ..,j ., I .J .,: 11 

l'l'J'3'lf1Vl'lltl'3Vl1£.11 LLa::LnUO'WtlYJv:: VI absorption profile Yl'lfVILv'lJ L'lf'\J 1 ~VIYIL1Cl1L')JJ{T)'IJ 3- 4 

~VI 1mh'3 absorption phase, 1 ~Vl~U~nru Cmax LLa::eirl1'3UtltJ 4 ~VI 1u'li1'3 elimination phase 
I .J d °' I .t °' I .J 11 

LLC1::')::U::L1a1011'31 'Ylv::Lnu011t1t11'31m '1 l'l1')'1::V1')'3n'IJ')::1111'3t11Y1Vltl'3ff1')YJV1at1u (test) ua:: 

tn~'\JLLUU (reference products) famuvn:: l'\Jnl')Ltl~urnnuumi'utl')::'Yllt.1 . L~tl 1lim'JLtl~uu 
LTitJUl'l1lJJL.JJJ.Jt.1~L1al~l'31 alJJl')Cllh 1~ 

i5m')Lnu vi1 eirl1'3 Lat1 VIQ) ei-3 Anm11i6~i Lm1 ::~i!u ;;i:: 1 'll'a nl:lru:: L 1'.lu~~JJ,..,~ mrn1am 

Lvrn:: l'IJ01')~v::Q)ei'31ri anticoagulant 1uvi1t1Ul'3Lat1V1 mvvdl~a~eim~~nm 1~ vi1t1rl1'3 

... .old 't".t ., t1' d.. d 1n .,d ""~ • LatlVIYILnu Vl'\J'Uv::Vltl-.3JJ1 t.ILLtJnLJJVILat1Vlt1t1n LLa::Lnu serum 1 'IJV1Ltlt.1'Ylmm1 -20 ° C 
" 

d .J 0 '°' <' ., I 1•1 L •r·rnriv::YJ101')1Ll'l')l::l1l11')::VIUtl1Vltl u 

rl'1vi1miim'J?1url1u 1 u'Jtl~'hh tl~u'IJLL tla'31 t.1i1aai1:: 1 utl~mru~a'3Wtl L'liumnni1 
" " 

" .Jq ... 1 "ti"' .J ., 1 ."! ( . 'Jtiua:: 30 'llfN dose YI Ll1 tllvv:: 'll' 'JJJ1ruma::a'JJYl'll\Jt1t1nm t.11Jaa11:: cumulative amount 

excreted) L 1'.Juo11L tl~urnnuu bioavailability nl~ l1~tltllvv:: wat1Vlm1W')::l1l1'3elll1')1L~11 iJ 

., ."f 1 I I d 'l II ool .J .of ., nl')'lJ\Jtn'Yll'3uaai1:: (urinary excretion rate) t.l'lf1'3L1a1Vl1'31 nv:: vim1nmmnl:lru:: 
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~a1 £1~a'3num 'lW~fl Vl'l::'Hi1'3 'l::~U'lHN £111 u La fl VIOU L1a1 LW'l1::a1u l "Haj~dj~11i.iai.i~mf nu 

1mrn'315if nl'lLnU~1flU1'3Uaai1::m~h15LLVlf1vi1'30U L'liurl'115 cumulative amount excreted 

olfl'3LnUQ)1flU1'31 l1~'llJLLa::muwfl 1vitJli'11tJ~::LnUU1U0'3 7 half-life 'lJfl'3Q)1m uvii5 urinary 

excretion rate fll~LnUQ)'1flU1'3LL~ 3 half-life nm~L~fJ'3Wfl LLvii5if~dj~112.JLL'l..hth1U'lJfl-3'lifl 

L rl fl l vl t·Ja'lJ fl-3 'l:: ~Um Yll-311' fl-3 tJ ljuG\ m 'l LL a1 ~:: ol fl-3 ii m::u1 U f11 'l f11 'lU 'l~ Lil U f.J a'lJ fl-3 

Ol'l~f1'tl1 bioequivalence vifl ltl 

f11'l~f1lflU1~fl'3 (Preliminary or Pilot study) nflUnl'lAfflfl~~-31 U1'3~~'3fll'OJ'OJ::olfl'3 
.o< ~ 1 QI .o< I ,,j 1" .. 1 <:$ QI I "" )Jf11'lv1f)'tll uma1a>.J~'lLWfJ'3 2-3 ~mrnu LWfl~~ 'MYl'l1Ut'l'3LLU1'Yl1'3 Unl'lLf)lJVl1fl£11'3LaflVI 

"H~flilaai1~L~fl 1i1lvi'amnu~ profile 'lJfl'3m lmaflVI l"H'1naLAEJ'3m1mtlu~~'3 ua~v'3Ltlim1'l 
QI """'"" !"l ""'~ .1 °' 1 "" ,J .J QI • I • I Vl'l1~aflULLa~WWJU11i'i1L~'l1~'H ~ 'HVlfJ'3'lJlJ LLa~£1'3 '\.1'lJfliJaYILm.11f1lJVl11iJLL u'lu'l1U'lJfl'3 ., 

parameters vil-31 ~~~Anm aim'lCltl1 ltll'lflum'lA1U1ClJ'H1~1U1Umaiair~'l~LmJ1~a>.J'lvi' 

1. Guidelines for Bioavailability /Bioequivalence studies. Working group on the 

standardization of the General Guidelines for Bioavailability /Bioequivalence studies. 

Drug Analysis Division. Department of Medical Sciences. Ministry of Public Health. 

Thailand. August 1992. 

2. Vl'l.1l1~1Jjj L~'3el1U1fJ nl'l11'3LLf.JUf11'lYIVlafl'31um'l~f1lfl Bioavailability /Bioequivalence. 

m'lai.ii.im L~fl-3 LL inrn'3m'li.h::Lilutl'l~an5mwm 1vi£1m'lAf1lfl Bioavailability ru h-3 LL 'liJ 

LBL:SEJ 'l1'lHl11 f1'l'3Ll1W"1 7 a'3'Hl~iJ 2535 . • 
3 . Vl'l. L'lrn 1n£1at'lJ m'ltl'l~LjjlJU'l~an61nw lum'l-rm:n'llfl-3£111vi£1t11'lAm:n Bioavailability. " . 

m'lai.i>.Jm L~fl'3LLU1'Yl1'3nl'lth~LiliJtl'l~an5mvm1 tvitJm'l~m:n Bioavailability ru h-1 LL 'l>.J 

LBL:SEJ 'l1'lHl11 f1'l'3Ll1W"1 7 a'3'Hl~iJ 2535 . • 
4. International consensus statement on bioavailability /bioequivalence testing. Dmg 

Information Association Workshop on "Bioavailability and Bioequivalence of Medical 

Products : Harmonization of International Testing Requirements and Standards.,, 

Barcelona, Spain March, 1991. 

f 1 lor £hAd'(j 

-~I~ ce>llecke£l 
- %QA.a ~~Jv. 
- vtvvif-v~ I SOT- <;'1<..t--. 
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PL4 

(Antihypertensive drugs in the new millennium) 

th::ain L ,..,a1m1'j 

ntNtJW'W5'nJ f5.JWEJ1tJWYi5::JJ·JnflLmf1 ' .~ 

ma~m1t1~'U1aiivil'Uu~tlvvumtl~umLtla.:i 1tlv1m~JJ~a iJmhnJ 1mn~1J Yrnt1 • • 
tl .J tl .J..$ ., "' ., ., ., 1" 1 -~ ., • • 1" L au'ULL a.:i"r1"1~ty~a l1anm'j'jnlfl, l1anm'j 'limLLa::i:rn'lrn.:im 'Uuv~U'U mLL'U::'IJlm'j 'li 

m-!nl:fl h~~11lJ~ULai1V1U-:J~L')1UUlJ l'lfnm.nn~a JNC 6 report LL a:: 199 9 WHO-ISH 
:; q ., ., .JI ti c;1..,, 1" ., "" .cl 

guidelines "r1.:iaa.:i')1tM1'UlJl1anm')'jntfl"r1'U1v::L'U1Jn~a 'lil1anm')Wv1''HlJ1~11t1rntN(Risk 

stratification) 

n1')~11nrum1mriu.:i(risk stratification) l'lf ~1'U1'UUv~mriu.:i(risk factors) ')1lJOU 
V J ~ CV CV I .J 4'::i( I .cf~ 

t:1a')lti"r1Ln~nua1m::V11-:J 1"r1L')Un11 Target organ damage(TOD), LLa::mm')LLa~.:im.:i~a1m 

-~.,.cl 'l" I ., .,.,. "".J .J' Associated clinical condition(ACC) : uvvmttu.:i ~LLn ')::~U~111J~1hal1Vl'Vl''WlJU(Grade 1-
u 

.J tl "'""1 ., 1 " 3), m~- LWA, nl')ijU'4l1'), LU1l1111J, ')::1V1 'U~')aum1 : Target organ damage(TOD) ~ 

LLrl nl')~iJ'11 lv:Sn'lf1a LV1, nl')V1')1vWU 1'li'll11 luilaa11::, n1Wl')1vWU atherosclerotic plaque 

"' tl.J tl "' 1 ., ~ 'lltM'HaB~Laa~LL~.:i, nl')L amm a.:i?Ja.:il1aa~rna~LL~-:J mmum : Associated clinical 

condition(ACC) 1~fon cerebrovascular disease, heart disease, renal disease, vascular 
d.:: ... ~CV CV olV I I J Q.I 

disease, ua:: advanced retinopathy LlJfl'Ul"r1-:Ja1JJuvvUlJ1')11JO'U "r11 l1LLu.:in~JJ~lJ"r1~111J~lJ 

La\1V1Cl'-:JV11t1m1mria.:i Lf1a~v1')tlJ1n1')1'lfmaamtJu 4 naJJ~a Low risk, medium risk, high 
u • 

risk,LLa:: very high risk 1 un~lJ Low risk eJV1')1nl')LflQ"lfl1nl')LL"r1')n'lfa'U"r11-:J')::Uul11 lvua:: 

'Haa~L~a~(major cardiovascular event) lmh.:i 10 thfaani1 15 LtlafLtBiJ~ lu?Jru::~n~lJ 
very high risk BV1')1nl')Lfl~iltymLL"r1')n'lfaum.:i')::Uul11lvLLa::'Haa~L~a~t11nn-h 30 

LtlafLtB'UV11mh.:inai 1 o tkrhnu 

Lll1l1lJ1U?Ja-:Jm'j-!nm( Goal of therapy) ~aa~mm')LL"r1')n'lfa'U"r11-:J')::uul11 lvLLa:: 

"Haa~L~a~ 'th'l~aa.:im.:i ~a a~m1t1~u1ai1V11-H'~1ni1 140/90 ""· U')fl'Vl ua:mn1?Jilv~u 
Lria.:i 15m')-!nm'thl~aa.:ii6 ~a Lifestyle modification, ua:: Pharmacologic treatment 

nl')LLU-:J'liU~?Ja.:ima~m11J~1JLai1V1(Classification of antihypertensive agents) 11J 

JNC 6 rj'.:iLLU-:JV11JJna 'lnm')Bflnqn~L,..,i'.iam~JJ ~a 
1) Diuretics 

1.1 Thiazide 

1. 2 Loop diuretics 

1.3 Potassium- sparing diuretics 

2) Adrenergic inhibitors 

2 .1 Peripheral agents 
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2.2 Central alpha agonists 

2. 3 Alpha blockers 

2.4 Beta blockers 

2.5 Combined alpha and beta blockers 

3) Direct vasodilators 

4) Calcium antagonists 

4.1 Nondihydropyridines 

4.2 Dihydropyridi.nes 

5) ACE inhibitors 

6) Angiotensin II receptors blockers 

7) New drugs 

7 .1 Centrally acting drugs 

7 .2 Vasopeptidase inhibitors 

7 .3 Endothelin antagonists 

LLOJL'U WHO-ISH guidelines 1iJ1~fofom011ima'lnm')atJnq'YlB LLolmh1a~mLll'U 
mh.JUflEJ 'l 6 f1~J.J011J.J'l1UYl~L'lf~nm ~tl Diuretics, beta-blockers, calcium antagonists, ACE • • 
inhibitors, angiotensin II antagonist, alpha adrenergic blockers Lrn::1Y1"li1'Hanf11')Lllf11')~f1lfl 

11~~d 
1) Low dose: L~J.Jf11')~f1lfl~1EJEJ11'U'l.IU1YIUflEJ 'lritl'U LLa1~fltl '1L~J.J'l.l'U1YIEJ1yf'U 
2) Appropriate drug combinations: rl'1vm1'li'L~J.Jjjfllf11')'li1~L~EJ~ 1iJL\iJ.Jmo1ei'lu 

Vi~1')ru11'li'mQ]1~ati~~1" LLlJ~~ 1'lim~~afl~Q]11'U'l.l'U1Yl~1 1n011J.J 

.l.J ...... ., 'l t>l ' 3) Changing to different drug class if not response: Luamrnl'Yl'U'Ylm vm 'l.I J.JOlflU 

tf'U ti~o1tim'H~tijjmm')'li1~ L~EJ~ 1YIEJ 1'limo11~n~J.J ei einl u 
.J J I I ..... l'J I 

4) Long acting drugs: Ell'Yltltlf1q'YlliEJ11L'l1'U 24 ?1>.J m~~m.JaYlf111 LULL~tn')mU~J.J 

\'111>.J~'U Tai101Lrn~tlfl~n'U TOC 

4' CV , I QI:: ti~ V QI~ t QJ q.c:Jl v 'J 
u')~1EJ'l1'U~1nm')')f1lfl m'YlnnaJ.JJ.J'Yl~'l.leiY1Lrn~'l.lmaEJ Y1~u'UmLL01a~011 J.J'Yl 'l1mw1~ L'U • • 

\'lu'l'lirn~miJ.Jol1~n'U Li'U • 
Diuretics 

Beta blockers 

ACE inhibitors 

L'l1L'Uv1Ul'li~jjm1~ heart failure, systolic hypertension 

1'lf'l1rn'U 1'li~jjm1~ Angina, post myocardial infarction, cardiac 

tachyarrhythmia 

L'llL'U\'l'U'l'li~jjm1~ heart failure, post myocardial infarction, LV 

dysfunction, diabetic nepluopathy 
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Calcium antagonist lmuviu l'll~iim1:: angina, elderly patients, systolic hypertension 

Alpha blockers lm '\JA'\J l'll~ii prosthetic hypertrophy 

Angiotensin II antagonist h"luviu l'll~ii ACE inhibitor cough 

U'I hiii'llmrnaurnf'U'Uil mm1lvi61ni1nuL'\JLL~ nl')a~fllnl')LL"r1'm'lft1'\J"r1l'l')::uul11 h " . 
ua~11at1~ Laa~ (cardiovascular events) L~t1-:i1 r.Jai.h:: lt.i'lfu~'ll1lJVI Ln~v1n nl')aV!ffllJ.Jvl'\J 

1aifQ'1 'llt1lJa~ai!uaumh::lu'lfu'IJt1'l diuretics LLa:: beta blockers 1mL~m'iavimnT'HL"r1')n'lfau " . °'1 ~ cf ._J J:: 'tJ I .c< ""' "r11'1 'i~UU \11 v LLa::\1 a ti~ Lat! VllJlJl n lJlUL '\J tl'l'.ll n"r1'1A L um Lm J.JlJTU1'\J J.Jn1'i"r1VI a tl'I r.Ja'llfM 
" 

m 1 uviu l'limn 'limrn~ai!uaumh~ 1u'lfU'lltN calcium antagonists ua:: ACE inhibitors ii " . 
ti mi mi::u'I hW'li t1lJa L WU'IWtl~'l::ai!uaumh:: lu'lfu1 '\JLL~ m'ia ~ m m'i LL "r1')n'lf mJ"r11'l')~uul11 " . 
1 .,. . . . J • .,""' ., J 
vLLa~l1at1viLat1~ 'IJtl'I alpha blockers LLa~ ang1otensm II antagonists LLa~"r1a1AqJt1nt1'Ul1'U'I 

~ti hiii'llmrniilUUiil'U'U-:il 01a~m1J.Jvl'\JfoltQla'IL"rh 'lfl'U mm1lV1l1~t1n~lJlVl~n-:i1nu " . . 
Diuretics U'IA'ILllmn11an LW')l:: ·nmfln th~a"r15mwa'I thiazides Lllum~1imn~ 

" " 
iif VI d'1 l'li'm'llu1V1uau 'l mm'i'lil'IL~t1'1~1lJ1n mm'i'lil'IL~t1'1J!mnV1~1lJn'\Jm'j lirmimvia'I . " 
Liu hydrochlorothiazide 50-1 oo lJn 1 uilv~uu lim 1u'IJ'U1Vllrtiua'l(hydrochlorothiazide 

12.5-25 J.Jn) 

obstructive lungs disease ua:: peripheral vascular disease 1utl'.l~u'\Jii'llmJaai!ua~u11mvii 

'lh~ 1u'lfULLa:: 1'lf'lVIL '\JA'U l'll heart failure 1Vlm~lJ'.l1n'lllflVIUmJ 1riau 
."f "' 1 " .f .,J ""' ti "' I ., 1 1" ACE inhibitors uvvrnJ 'lfllln'IJUL'Uti'l'.llnflna'I lJ'IJt1lJa'lfV1L'.l'U11aV1t1Ql')lQllt1 lJA'U 'll . " " 

~iim1:: heart failure ua::alJ.Jl')flaV1eJQl'nm'jL~t1lJ'llt1'llQl 1 uviul'li'L rn1111u~iim1~m'll'ln11 iJ 
ilaai1:: mm'i'lll'IL~tl'l~L tlu eJ'\JQl'ilUO'l~iQl~tl angioedema 

Calcium antagonists l'lnm1iith::i'l"r1fimw 1um')aVlm1lJvl'\J 1aitGJ61 A'\J l'llailJ1')fl"r1'\J 

1 ti 'l """' o 1 n tJ J " I J .. :; t 1 I 'l " m'j 'lfm VIVI LL'\J::m 11 'lfm"r1t1tint'}"r1Lit111J.J1nm1m"r1t1t1nt'}"r1Liiil'\J ~umw1:: un~J.JA'U 'll 

A11J.Jvl'\J foifQliil'l~iJT 'iAl1at1~L~t1V1\111'>~1lJ~1U 
" fl I I J 1 II .f J 

Angiotensin II antagonist L uumn~lJa1'fVl"r1tltinJ.J1 lJ"r'ltl'IQlalVI t1t1nt'}"r1Li"r1 
" angiotensin receptor type 1 mm1LL 'in Lun~lJU~tl losru1an tlv~uuii11mum1 Liu valsartan, 

irbesru·tan, candesartan iian1:1ru::11muarl1'lvia1unu ACE inhibitors ')1J.Jo'IYi'l'lf1 um1~ heart 

failure LL~fllnl')'lll'IL~tl'I Liu angioedema, hyperkalemia i!auni1 mlim~llifhhumum') 
°l11'111J'lltl'I bradykinin 

Alpha blockers 'l.h::i'l"r15mw&) LL~u'l 12-iii'lialJaai!uauu11aiJ.J1'iflavimm'jLL"r1')n'lfau " . "'1 ~ qtJ QI .J 1 ~ • " cv1 
"r11'1')~UUl11 vLLa::11at1V1Lat1~ J.J'IJt1m'i')::l'l"r1WUUt1t1At1 postural hypotens1011 Qltl'l')n'I lJA'\J 

iil'ltlltl ii'litimumru'lltl'I ~timrn11mn1Ql(BPH), dyslipidemia, glucose intolerru1ce 
" . " 
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I .J' .(.J I 1 I .J' ... 
Centrally acting drugs UlO~)J'UtltlO(jYlliYI imidazoline receptor UlLOl 1 'UO~)J'Ufltl 

"' .J 1 " ... clonidine methyldopa trnltl\IO'l1YltltlO)Jl 'UYlt>\Jgia1V1Y1t1 

rilmenidine LLa~ moxonidine ihh~ilYIBfllWQi ~al~ty~t> al)Jl'i(l 

n1~vimm'l'lll'IL?it1'1Lll.J\JL~)J i.hmLl-i''I ~1\l'Ut>'U 1i.J1~ 1uau1Y1gimv 

1'lf'Gi1Lat>nLL'iO 11~ 

· Vasopeptidase inhibitors m1un~)Jif,j'mtJu~mJa)J aanqn~~l1t11UoilLLl11J\I 
.( " "' .( Nebivolol tltlO(jYlliO'l~Ol'U endothelial secretion 'lltl\I nitric oxide Lltl~)J(]Ylti 

beta blockers ~1)J~1tl 

Omapatrilat tltlO(jYI~ inhibit ~\I enzyme ACE LLtl~al'l vasopeptidase l'i11 \'\' Ol'i 

Endothelin antagonists 

Bosetan 

V I I 

a'll\I angiotensin II t!Vltl\I LW)J circulating bradykinin LW)J atrial 
. . . .J " d "' 

natnurettc pepttde LLa~al'lYIYltlltJYltl\IO'U 

.( 1" .(,J' 
tltlOCJYlti endothelin antagonist l'i1 l1 nitric oxide tltlOCJYlliLVllJ'lJ'U 

uanv1n ttVIYl11)J~'Ufai1giua1 tJ'liit·JaGJt> vascular remodeling Lrn~ 

atherosclerosis 

.J "' 1 I " I .J"' " "' <l "' A "' 1 I L)JtJ)JEJl l1)J 1L'lll)Jl EnLm 1Yl)Jtll01'l'lJ1\ILYltJ\IU\I n~ntiVl'l~VlUYl11)J'111'HYtl\I lJO~>J 

ifl~LLrl central alpha agonists( clonidine, methyldopa) umi'u1irntj)'liiYl'l'ln direct 

vasodilator(hydralazine, minoxidil) WHO- ISH ivl'lru11i11uilvvUlJhhl1wv1'iru1LlllJ • 
first - line drugs t1~1'11 'lnQi1uu1m 'llY1\lolt1\11'11il'l~\I am1~~\IY11\IL~'l'lJ~nvLrn~a\IY1)J~1u 

JNC 6 = The Sixth Report of the Joint National Committee on 

Prevention, Detection, Evaluation, and Treatment of High 

Blood Pressure 

1999 WHO-ISH Guidelines = 1999 World Health Organization - International Society of 

Hypertension Guidelines for the Management of 

Hypertension 
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SYl PROBLEMS OF NSAIDs IN CLINICAL ASPECT 

Narong Bunyaratavej, MD. 

Department of Orthopaedic Surge1y , Faculty of Medicine, Siriraj Hospito/, 
Mahidol University. 

The inflammation process can be elicited by numerous stimuli which some are 
proved and some are unknown, at the present we recognized prostaglandin as main 
factor. If we interrupt the process of prostaglandin formation at any stage so we can 
decrease the process of inflammation that induced by this mediator. The most method 
use is to inhibit the process of prostaglandin formation considered enzymatic block 
such as the inhibition of inducible cydooxygenase (COX-2), phosphaselipase A2 
(PLA2) etc. 

Unfortunately the process of inflammation can be induced by many mediators 
and chemical substances ie nitric oxide (NO), leukotriene (LT), platelet activating 
factor ( P AF), some cytokines. These mediators, some, are related so if we inhibit 
one may be effect normal function of the others. 

The principle use of NSAIDs can be summarized. 

I. Use NSAIDs for process of inflammation not for pain killer or antipyretic. 
2. Adjust dose as much as possible especially in long term use. 
3. Duration of treatment should be short term, not more than tlll'ee months. 
4. Co-medication with NSAIDs should be avoid or consider drug interaction 

carefully. 
5. Child and elderly people considered as contraindication. 
6. Child bearing mother, breast feeding should not be used. 
7. Evaluate the efficacy should be more than 3-5 day after medication. 

NSAIDs can relieve symptoms and signs of inflammation but the process of 
disease may need combination of treatment such as physical therapy, rest and some 
conditions considered surgery. 
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SY2 THE COX-2 CONCEPT: AN UPDATE 

Pravit Akarasereenont, MD.Ph.D 

S31 

Department of Pharmacology, Faculty of Medicine, Siriraj Hospital, Mahidol 
University 

Cyclooxygenase (COX) is the first enzyme in the pathway in which 
arachidonic acid is converted to prostaglandins (PGs) which have numerous 
cardiovascular and inflammatory effects. COX exists in at least two isoforms, the 
constitutive (COX-1) and inducible isoforms (COX-2). COX-1, which is 
constitutively expressed in many tissues (including vascular endothelium, 
gastrointestinal tract, platelets, and kidney) is responsible for producing prostanoids 
that regulate normal physiological functions. In contrast, COX-2 is the inducible 
isofonn responsible for the production of prostanoids in response to a variety of 
stimuli in different tissues and for mediation of inflammation and pain in certain 
diseases. Since the identification of COX-2, a lot of researches have been devoted to 
elucidating and understanding its molecular and physiologic characteristics. As a 
result of research into the differences between COX-1 and COX-2, new insights into 
the role of each isoform in normal homeostasis and in their responses to exogenous 
stimuli have emerged. Recent evidences suggest that COX-2 has diverse physiologic 
and pathophysiologic functions. It is expressed constitutively in the developing 
kidney and brain, playing a role in their proper maturation and function. Furthermore, 
COX-2 expression may be upregulated at ce11ain sites besides its induction in cells at 
inflammatory sites. COX-2 is known to be induced in the kidney in response to 
sodium depletion or in hyperfiltration states; in postsynaptic excitatory neurons in the 
brain after electroconvulsive stimulation, in the ovary and uterus during ovulation and 
implantation; in intestinal epithelium after bacterial infection; as well as in colon 
adenoma and carcinoma cells. These findings have suggested a broader spectrum of 
biological activity of COX-2 and potential alterations of specific physiologic or 
protective mechanisms by inhibition of COX-2, as well as potential new clinical 
targets of therapy with COX-2 inhibitors. As COX-2 appears to play an impo11ant role 
in pathologic processes other than pain and inflammation, ongoing research is 
investigating the potential utility of COX-2 inhibitors in other conditions, such as 
colonic polyposis, colorectal cancer, and Alzheimer's disease. Despite this apparently 
optimistic outlook for future uses of COX-2 inhibitors, most of the findings 
supporting this perspective are based on in vitro and in vivo models and must be 
rigorously conoborated in human studies, some of which are already plaMed. Thus, 
the development of specific COX-2 inhibitors will clearly provide important advances 
in the therapy of pain and inflammation as well as a diverse array of other conditions. 
However, it is important to bear in mind for the side effects of COX-2 inhibitor from 
inhibiting the role of COX-2 in physiological stress or pathological defences which 
are waiting for elucidation. fWN -:-1 f &.E-.2. 
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SY3 CLINICAL IMPLICATION OF COX-2 IN1'1BITORS IN THE 
TREATMENT OF ARTHRITIS 

Worawit Louthrenoo, M.D. 

Division of Rheumato/ogy, Department of Medicine, Faculty of Medicine, Chiang Mai 
University, Chiang Mai 50200, Thailand 

ABSTRACT 

It is now recognized that the prostaglandin synthesis in humans is caused by the 2 
cyclooxygenase (COX) enzymes, COX-1 and COX-2. The COX-1 enzyme is expressed constitutively, 
and is responsible for homeosta.sis of the body eg, vascular dilatation, mucous production in the 
stomach, platelet aggregation and the control of renal blood flow. The COX-2 enzyme, which is 
present in leukocytes, vascular smooth muscles and synoviocytes, is induced by a variety of stimulators 
including cytokines, endotoxins and mitogens. The prostaglandins produced by the COX-2 enzyme are 
responsible for inflammatory reaction. Inhibition of the COX-I enzyme is responsible for adverse 
reactions, particularly in the gastrointestinal system (dyspepsia, ulcers and bleeding), while inhibition 
of the COX-2 enzyme will decrease inflammation. Traditional nonsteroidal anti.inflammatory drugs 
(NSAIDs) inhibit both COX-1 and COX-2 enzymes. The recent development of new drugs (both 
preferential COX-2 and specific COX-2 inhibitors), which have more selectivity to the COX-2 enzyme, 
possesses the same potency in decreasing pain and inflammation as non-specific COX inhibitors, but 
with a significant reduction in adverse GI reactions. These new classes of drugs might change the role 
of treatment for arthritis in the future. 

Key words: cyclooxygenase, prostaglandins, NSAIDs, arthritis 

Address correspondence and reprint requests to: Worawit Louthrenoo, M.D., Division of 
Rheumatology, Department of Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai 
50200, Thailand 
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lutJ A.~. 1971 Vane LLa::Atu::O> 1~~·H'f>J>J&i:i1'lJ11 EJ1 aspirin ~al>Jl'iCll'lftum'i 
CV CV I fl CV :: • .J f l ~ CV 1 

'i::'ltJnl'ivmauu1~::Lu'lJC.rn>J1~1nm'it1utMm'i'Yl1'll'lJ'lltl'l prostaglandins 'lf'ILu'lJa1'i'11~ty tJ 

m'invm'itl'mau ~amluu ~.~. 1976 Hemler Lrn::~ru::<2> ~'lJWtJLfl'lJ hif cyclooxygenase 

(COX) l1~tl prostaglandin endoperoxide synthetase (PGHS) li1l1U1~LU~utJ arachinodic 

acid ll1'Ll'.hJa1wnn prostanoids ~.:i 1~un prostaglandins (PG) mnmfilVI Liu PGG2, PGH2, 

" 1 .. J' PGF2 , PGI2 , PGD2 , PGE2 m1:: thromboxane A2 (TXA2 ) ~lnm'iA'lJWULfl'lJ 'lf>J COX ma..:i 

n1 l liilm'i~m~ummnt1'll'lJltJ ~.:iilArua>Ju&il um'iiruB..:im'in1..:i1u?Ja.:i rnul'lfii' cox t11L l1a1 • 
ifi~un indomethacin, ibuprofen, phenylbutazone, diclofenac, mefenamic acid, naproxen 

, ~I V ~ I .J' ICf cvo,1 cv CV l Vd 1 .'o. 
m:i:: pirox1cam L u'lJGl'lJ L'lJ a..:i~1nm L lH'll'lJ>J~rua>JuGl tJm'i'i::.:ium'ia mau VIVI L'lf'lJEnA fl'iGl 

LAaLO)u'iau~ (corticosteroids) LL~an'liru::1mam:i?Ja.:im 1>.J1ia1'ivnnmO)u'iau~ ~..:in11'1 • 
L~unmlun~>Jdi1 mG11ut1mau~1>.J1imO)u'ivtJ~ (nonsteroidal antiinflammatory dmgs: 

I 1 <$ _,J l .,.. 1 tJ I J(l d d c!_ ti d 
NSAIDs) vm..:i 'inm1>.J L>Ja Vl>Jm'i mnnamJ ULUtfi::u::L1a1u1u nL'i>JWtJr.Jn'lll'lL~u..:iv1n • 
m'i-rn'li1 LV1m'1w1::au1..:i~..:i c.rn'll1..:iL~t1..:i'Yl1..:i~1u'i::uum.:iL~umm'i ~a1~ty~a mm'i'i::mu 

fl "" .. n'i::LW1::mm'i m::L w1::mm'iL utmm1 l1'iamvo..:i?Ju1V1m::L w1::mm'i'Yl::a Lrn::mm'i'Yll'l • 
'i::uu1Gl 1~LLrl 1mamau (interstitial nephritis) mm'itJ1>.J lGln1..:i1uunw~a..:i Lrn::lm1u 

luu A.~. 1990 Fu Lrn::~ru::<3> 1~~tJvm11rnuhiJ cox tTtJilmJ 2 'lfilVI ~tl cox-
" 

.J !11 1 .-J.. !'l • I ... .. !'I .. I 1 I I • " J 
1 'lf'lLumau 'lf>J'Yl>Ja~ L'lJatn1::un01LLn::>Ja~ LtJL'lfaaa1u l'lty'llfl'l'il'lnltJ 'Yl1l1tJ1'YIA1tJ~>J 

I t :: V ""1 l 'i::uua>JV1a011.:i 1 'llfl'l'i1..:imu 'i1>.J'Yl'lm'ia'i1..:ia1'iL>Jan um::Lw1::mm'i m'iA1tJ~>Jm'i l'ln • • 
LiutJ'llfl'lLaflVlt·h'UlGJ LLn::m'i~tJna>J'lltl'lLO~VILaflVI lu'llru::~LtltJl'lfiJ COX-2 un&iv::hJil • 
l'l~vilatjtieiu LL~al>Jl'iClWtJ 1VIL'lJL'lfn~Li1VILaflVl'll11'lfUVI monocytes, macrophage Lrn::L'lfa~ 
.,J II ' .,J 4' I J' V V ' ' ' "" 

LUtll-l'lltl (synov1ocytes) L>JaL'lfnnLl1n1tJ~nn'i::Ol'lJVl1tJ bactenal hpopolysacchandes l1'iflal'i 
• I <$ .. V 'l 4' ~ .J' .J 1 4' J' fl CV cytokmes 011..:i 1 n~::>Jm'ia'il'lLtltJ 'lf)J COX- 2 LW>J>JlO'll'lJ 'lf'lLeltJ 'lf>J COX-2 tHfl'lLu1J011 

V ... CV I , J11.J' 'l" J' 
a'il'lal'i prostaglandins L'lf'lJLVIU1fi'lJ LLOl prostaglandms 'YJa'il'l'll'lJ>JlvlnLfltJ 'lf>J COX-2 tJv:: 

ilu'Ylrn'Yla1~tyLlluau1..:i~.:ilum'iLnV1m'it1mau (~ti~ 1) ~.:iif u m'i 1~-rum~1tJ8mau~'hJ 
1, ICf _,J, d Q,I ct: • :; l .. .. 

'lfaLO"ltJ'ifltJVl'Yl11 'lf'ltJtJtJ'lff)'i'YJl'll'lJ'Yl'lLtl'lJ 'lf)J COX-1 LLa:: COX- 2 ~..:ia1m'iClnVlff)'i 

trmaul~Qi LL~L~v..:i~1nmluaV1m'in1..:i1tJ'llv..:irnu hiJ cox-1 ~..:irlv l '1LnV1"rn'll1.:iL~u..:i~1..:i 1 

" " " .J d Q/~1 ... :: 'l _, ICf " d 'll1'1GltJ>J1LLa1 Ul'Yl>JArua>JtJGl 'lJnl'itJtJ[J'lLtl'lJ 'lf)J COX-1 >Jln v::>Jr.Jn'll1'1LAU'l'Y11'ln'i::LW1:: • 
all11'iLLa:: 101mn 11rnru::~t11~ilAtua>Ju&ilum'iiJtJ3..:irnu l'lfif COX- 2 mnnv::ilm1>.J • 
ai >Jl'i o 1 tJ m 'i'i::rum'itln Lau l~Qi n1'flVIA11>.Ja1>.J1'iCl'll a.:im GlltJ an Lau~hJ1 'lfaLO)tJ'i a tJVIL tJ 

Q,I:: o 'l 4' l" t I cf Id CV ti 
nl'itJtJtJ'lm'i'Yll'lltJ'llfl'lLatJ 'lf>J COX OJ V1v1n~1 IC50 (Al IC50 mnt1Cl'lVll'YJ'i::V1tJA11>.JL'll>J 

II J • l 4' "" 'l tit/ CV ~ .J 'll'lJ'lltl'ltll'YJal).Jl'iClnVI01'i'Yl1'l1tJ'lJfl'lLatJ 'lf).J COX-1 l'l'ifl COX-2 Vl'itlUn:: 50) Vl'l'lJ'lJEJl'YI 

ij~rua>Ju&ilum'irJtJ&..:iLfltJhiJ COX-2 >J1nni1 COX-1 l'l~fl ICso COX-2/COX- 1 il~1 
V <$ fl J .. "'"'1 CV l .,.. I q V q I CV 'l II u au nv::L utw1mmrua>JuGl um'iaVlm'iamau VIVI LL01v::>Jr.Jn'lll'lLAt1..:i01e:i01rnrn:: Gltrnu • 

1 CV :: 1 4' II CV Jl it I .. .-J 
A11>.Jal)Jl'i(l tJff)'jf.ltJU'lLatJ 'lf)J COX-1 ua:: COX-2 'llfl'ltJ1011trnmau'YJ ).J 'lfaLOltJ'ifltJVl'YI 

l~ilm'i~nti1 l~uaV1..:i b1tJ m'i1..:i~ 1 
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~t.J~ 1 LLa'~·n.J'YIUl'Yl'lltl~LffU l'lfiJ COX-1 ua~ COX-2 ~tln1~a'{l~a'T'i prostaglandins( v)~ 

mfo~'11n Pairat M«'> ua~ Vane JR<
5>) 

Physiological stimulus 

... 
" 

COX-1 

Stomach : PGE2, PGl2 

Kidney: PGE2, PGl2 

Platelets : T~ 

Endothelium : PGl2 

·· .. .. ·· ... .. 

---11111i~ = stimulate 

................. =inhibit 

" "· 

Membrane pT:~::~::~ ..... . 
Arachinodic acids 

glucocorticoids 

" " ··., 

• Inflammatory stimulus 

Macroph.ages, synoviocytes and 

other cells 

+ 
~::::I ................ ~ COX-2 

....... ~ + 
... / PGs 

Selective .. / 

COX-2 

inhibitors 

Protease and 

Other inflammatory 

mediators 

Inflammation 
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d 
Ul1"i1'3YI 1 ~1 IC50 (uM1L)mMmoi'1uB'mau~1"1'lfm&iu·rnu~'lfilvi~1'31 'lum·H'JuB-3 

LmJhfif COX-1 LLa:: COX-21VIUfl1')l'lf recombinant human enzyme<6
'
7

) 

NSAIDs COX-1 (95% CI) COX-2 (95% CI) COX-1/ COX-2/ 
COX-2 COX-I 

Naproxen 2.7 (1.9-3.4) 50 0.05 18.5 
Ibuprofen 13.88 (6.13-21.63) 80 0.17 5.8 
Indomethacin 0.10 (0.07-0.13) 0.35 ( 0.32-0.39) 0.28 3.5 
Diclofenac 0.059 (0.033-0.085) 0.031 (0.022-0.040) 1.9 0.5 
Nimesulide 50 9.4 (5.7-13.2) 5.3 0.2 
Meloxicam 36.6 (26.4-6.8) 0.49 (0.39-0.57) 74.6 0.01 
Celecoxib 15.0 0.04 375 0.002 
Rofecoxib 15.0 0.018 833 0.001 

-oa1 nm')~wu11 Lau l'lfif cox - 2 )ju'l'lrn'YI l 1m1')Lnvim')B'mauduN l111'1.rnm') 

~'3Ll'l')1::~mn~"1,,.,,J 1 ~'3)j~ruaiJu~1um')iJuB'3La"W1mr cox-2 mn?lu u~iruff'3LmJl'lf" 
'II "" 1 I OJ ~ • .J ti Q.I .Jl ~ I ~ (/q COX-1 'UflUGN'r1')fl iJUtJU'3fl1')'Yl1'31lmrn Lrn::-oa1nm')'YltJ1l'l1lJflOLauv1 "L'lfaLVIU'iflUVllJl'llli • 

aiJu~l'Ufl1')fJtJff'3Lfl'Uhif COX-1 LLa:: COX-2 ~1'3n'Uif Lfl'3 l11 hmm')..Jvin~lJtnol1'U • 
amau~1iJ1'lfi'fL&iU')flUVILVIUfl1~Um1iJtl1"1')fl llJfl1')tJtJff'3m')l11'31'U?Jfl'3Lfl'U l'll'" COX-1 

LLa:: COX-2 ~'3{f<s> 
4 J., l: I 'l c' .J'J .4f ., "'1' 1. COX-1 specific 'r1iJ1Ufl'3Ul'YIUtJU'3LWILil'W1::LmJ 'll'lJ COX-1 'll'-3 L'UU'OJ'OJU'UU-3 iJ'WtJ • 

mfl::h~ij~ruaiJU~Liud umi'um aspirin L'U?J'U1V1~1LYhifu 
1 ti I .J 4Qf Q.1~1 Q.I :; :; 'l c' 

2. COX nonspecific VILLOtnYllJ~ruaiiuVJ lJ01'iUtJU'3'11'3Lfl'U 'll'iJ COX-1 ua:: COX- 2 

1 ., ..J J'l ..... ., "" ., l: 'l .. ' 'l .. 'UflVl')1'11'U'YI naLl'lU'30'1J'r1')flUtJU'3Lfl'U 'll'iJ COX-1 mnm1Lfl'U 'll'lJ COX-2 m 

L 'r1~1iflvi'LLn aspirin, ibuprofen, indomethacin, naproxen, ketoprofen, diclofenac, 

mefenamic acid, piroxicam LLa:: nebumetone LU'UQJ'U 

3. COX-2 preferential lvforlm~)j~ruaiJu~L 'Ufl1')rJtJff'3La'Ul'll'" COX-2 iJ1nni1 

Laul'll'if cox-1 1vium1iJa1"1')flL'Um')rJUff'3mnni11u')::~u 2-100 L'Yi1 m'lu 

n~iJiflvi'url meloxicam, nimesulide LUlJ~lJ 
4. COX- 2 specific lvi'unm~)j~ruaiJU~L'Ufl1')rJUff'3La'Ul'lJ'" COX-2 lvi'~ 1V1u~l,J 

iruff'3Lfl'U lmr cox-1 'r1~flti'uff'3L V4t1'3Laml'flm'Yi1if u 1vmm1iJmm'ja 'l1m1')ti'uff'3 

La'Ul'll'if cox-2 mnni1LmJl'll'" cox-1 LU1fi::~umnni1 100-1,000 L'Yi1 m'lu 
I '"'\l " I fll " naiJ'U vmn celecoxib, rofecoxib L u'UVl'U • 

.J' !1f J Q.I 1 ti \I Q.I J\l '1 I .r::f ., ~ UYll'l11lJ'U'OJ::L u'Ufl1')'YltJYl1lfl1'rn1')LOU10Ufl1') 'lfU1Vl11JflnLaU'YI lJ 'lJ'aLVJU')flUVIYl-3 

n~lJ COX-2 preferential ua:: COX-2 specific ~ijl'lflm.h::L'Ylvt1YJu 1um1-rmnhvi'llfl 

el'n Lau fau mw1::'ll fl L~flmrn::iflan LaU')"1VJ flu~ L ~ fl'3-oa1nuY1m1mfiu1num')l'lfmoi'1u 
\J 



S36 Thai J Pharmaco/ 

Meloxicam 

f'I " CV .J1 i1 I d .-.J d CV t f'I Meloxicam LuUUlO'll'trnma\J"r1 2J 'lfaLO'lU'Hl!'.JVl°r12Januru~'lfeN 2JLaflaLuumvi enolic • 
i'Jm'lvivi:S>Jl~&i-J1nm'lm~Lw1~mm"i ih~u~na1V1~'l?iivith~>J1ru 20 .a-1 l>J\I 'Yi11 liaim'it'l 

" 
cv 'l VQ.I ::; Q.I 1 "' d CV 1 CV 'lm.h~mum vi1irn~m'I "i~Vl\Jtll mm1vi-J~t'l\l'l~V1\Ja>Jvia u"i~u~na1 3-5 1u m-J~on . " 
Ltl~uum..Ja\l~~\J LLa~i'Jm'l?ii.Jmt:1t1fl"r1l'llvift:1ua~ 50 Lrn~°r11\lt10J"Jl"i~ft:1ua~ 50<

9
) • 

1. fll'lAfllflLL\J\JLUVl (open study) 

Prouse PJ Lla~Vlru~ cio) liJtJ VI.A. 1996 l~'Yilfll'iAfllflLL\J\JLUVllVlUfll'll'li'm 

meloxicam 'lllJlVl 15 2Jfl/1u LUU'l~U~L'lal 12 atlml'f 1mrthu hV1'1i'm?i111~t:1'1i't1a~twm~t12J 
" 

:.5Tu1iJ 13 9 'ilU wi.Ji1c.Jtbuft:1va~ 8 3 vit:1\Jalrn'lvit:1m'l~&il1~fl&imn LLa~ft:1ua~ 41 'llfl\l~J 
" " 

u1v hii'J mm'itl1vi LamrleJ~uavim'iAnm ii L l~t1\lf t:1ua~ 4 ~hi vi fl\Jalrn'lvim:n 1 iJ'lllJlVl~\I • 

'ilU\llULat:1V1t:1fln1u"r11\IL~irn1m'i11~t:1m~Lw1~mm'i°r1~a Bevis PJ Lrn~~ru~<11) 1utJ ~.A . • 
19 9 6 l~'Yilfll"iAfllflLL\J\JLUVl 1viu1'li'm meloxicarn 'lllJlVI 15 2Jfl 1iu LUlJ'i~U~L'lal 28 itJ 

1mJu1u:.51iniJ 25 'i1u (m~m~u 10 ti) ~i'Jutym'lvii.Jnw~t:1\IL\~u\1Lamrt1u i'J~u1u 22 'i1u 
d 1" ; "'CV I 'l I cf •Id ti 1 I I mnm'it'l 'lftJl"JlJ'1lJ'1Vlfll'i1~U W\J11 2J2Jfll'iLuauuLL a\I um creatinine ·c1earance ua~m • 
elVl'llri1lJ'i~Wll\I N-acetyl- beta-glucosaminidase ~)fl creatinine Lrlfl~tHfVlfll'i~fllfl Lrn~liJ 
W\Jnl'i L~2J~U'llfl\IAl blood urea nitrogen ua~Al l ULLvim:zfu>J 

2. fll'iAflmLtl~urnnu\Jn\Jm11at:1n (placebo) 

Lund B Lrn~~ru~<12) 1lJtJ ~ . A . 19981~'Yilfl1'iAfllflLL\J\JUVl'1fl\l~llJ (double blind) 

Lvlfl~fllfl ~Ja'llfl\ltll meloxicam 'llUlVI 7 .5 LLa~ 15 2Jn1iu Ltl~urnnt1\JO\JUll1at:1nLmJu1u 
" 

tw1-Jm?i1L~t:12J:.51u1u 140, 134 LLa~ 137 'ilUV112Jal~llJ LUlfi~U~L'lal 3 atlvi1'1 W\Ji1mi2J • 
~l~-rrnn meloxicam ~\l'lllJlVI 7.5 Lrn~ 15 2Jfl/1u iim"ia~1'N'llfl\lfllfl1'itl1vi1u?Jru~~iim'i 
1'li''5t:1t:1u1\l~VIL"Ju 1 u?Jru~~na>J~l~-r\Jm'llu1vi 15 >Jn 1iu ai>J1"ioavimm'itl1vi?Jru~wn1~ • 
" mu 

3. fll'iAfllflL tl~urn nu\J (comparative study) 

Carrabba M LLa~~ru~<13) 1utl VI .A. 1995 l~'Yilm'iAfll:flLtl~urnnu\Jm meloxicam 

?Jmvi 15 >JfllilJ Lrn~m piroxicam 'llmvi 20 >Jn1iu tvium'i1'li'mmui.Jnu~\lat:1\l?Ju1u LUU 

'l~U~L1al 3 atJvi1l11mJtbuhV1'1i'm~t12J:.511n1J 325'ilU lVlUelO'l'ilri1U'llfl\l~JU1U~1~-r\Jm 
" " 

meloxicam vit:1m piroxicam LYilO\J 2:1 ~tl1umnn-hft:1ua~ 90 O'lfl\J'11Hl'l&ivit:1m~\1'1fl\I 
'lllJllJLLa~ hi W\J Vl112J LLVI fl vil'I nu fl Ul\I i'Jumi1 ~ty°r11\I ail &i1 lJ ~lU Vl112J a12Jl"i t) l im1'laV1 m fll"j 
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tl1vma:m1')th:aiJu1vu.1·ni.1 Hoise J Lm:::V1ru:::<14> lull VI.YI. 1996 1v1n1m')AfilflLLuutlvi 

'HNv11mtl~urnriuum meloxicam 'll'UlVI 7 .5 i.in1i'u ti'um diclofenac SR 'lJUlVI 100 i.in1 
i'u Lllu'):::t1:::na1 6 Lalelu 1um')~mflt-Ttht1hV1'li'm'll1l1~mieia:::1wm~elmhu1u 336 ')ltJ wu 

v 

I I .J1 .,., q 1 " ..,J tl t V V I 

wu11n~i.J'Yl Vl')Ul'.Jl meloxicam 'J:::i.Jm') 'll'm paracetamol LWelnVleJlnl') 1Vl')1i.JVl1tJUeltln11 

Lm:::vm11 r.rn'li'1..:i L~ u..:im..:i '):::uum..:i L&lu m l11') Lm::: m ')() elU oi'1 el el nv1 nm')~ n Ml w u lv)ti el u n11 

1umii.i~lv1~um diclofenac Linden B LLn:::V1ru:::<15> lull VI.YI. 1996 lv1n1m')~OMlLLUUUV1 • 
a'el\lv)l'ULU~tJULntJUnl')l'lf'm meloxicam 'll'UlVI 15 i.10/llJ tlUtll piroxicam 'll'UlVI 20 i.JO/ 

l'U LlllJ'):::tJ:::na1 6 atJvi1-H 11Jnl')~fftflNtht11')Vl'li'ela:::1wm~eli.J~l'U1'U 255 ')ltJ wu11..r..:i 
v 

a'el\I mh.J 1>Ji1V111mLV1nG11\lnu 1uV111mnm')a1 um')avimm')U1VI Lm:::m')U'):::Lilu 1vit1')1i.J • 
" wu11mn\l,:tei..:i'lJu1ui1r.Ja'li'1\IL~t1..:im\lv11u'):::uum\IL~umm')LYi1ti'u ( fema::: 21 ua::: 23 

V11i.1'Gl1~u) uGlm')U'):::LilmJtht1i1LLU11tl'i.ilum·melul'lfm meloxicam mnn11 Goie The HS 
v 

Lm:::viru:::<15> lull VI.A. 1997 lv1n1m')~OM1LLUUUVla'el..:Jv1'1mtJ~t1ULntJU'):::'1-'d1..:im 

meloxicam 'lllJlVll 5 i.1n11u num diclofenac SR 'lllJlVll 00 i.JO/l'U LlJ'U'):::tJ:::nm 6 atJmlf 

1u~thuhvi'llm'll1L~eli.J~1u11J 258 ')ltJ lilwum1mLV1nG11..:im..:iao~h:::l111..:im meloxicam 

LLa:::m diclofenac 1 irnl')nVI mm')U1VILm:::m')U'):::Lilutl'):::~'Yl5mw 1viti')1i.J 5..:imr11mii.i~lv) • 
"' q 1 ti .i:J_q I J:S ti <Ci Q. "l" I I ')Utll meloxicam 'J:::mLln 'Ui.J'YlV1m1nV11i.1 f.Jn'll1..:JLVltJ..:J'Yl1\l'):::UU'Yl1\ILVl'Uml11')WU virnmm1 

1unrli.i~lv1-rum diclofenac (felua::: 26) Ldmiiuununrli.i~lv)-j'um meloxicam (fmrn::: 16) • • 

1. nl')~fflflLLUULUVI 

Huskisson EC LLn:::V1ru:::<
17

> lui'.J VI .YI. 1996 lv1n1m')AfflflLLUULUVIL~elAn'lflU')::: 
~'YIB1l1W'llel..:Jtl1 meloxicam 'lllJlVI 15 i.in1i'u Lll'U'):::t1:::L1m 18 Lalel'U lum')~fftfl~Jthu hVI 

v 

'li'elBnLGfU')i.Jl(.llf:ltJ~~llJ1'U 357 ')ltf (mmu~u 56 ll) Ntht1felt1a::: 66 a'li.Jl')()~UU'):::'YlllJtll 
v • v 

lv1'1lJ~'U'fVlnl')~mfl wu11mm')tJ1vi'li'el mm')WV1-li'viluV1elm'lf'1 ~iu1u'li'el~tl1vi avia..:i lu 
.J tl "" 1 .s "' . ..,..r I "' ..,J • I"' 'lJru:::rinl') ')::: Li.J'U VltJ')1>.ma:::m1mL'll\ILL ')\l'llel\li.Jel (gnp strength) Vl'lllrnm..:i'll'VIL'J'ULi.Jm u')tJU 

Liiaunurimrn1')Anm i1~Yi'.hufelua::: 11.4 ofeNl1t1V1m')Anmrielun1"r11JV1L~el\lv1n 1illv1r.Ja 
v • 

LyJl~Vll') rrtJ1t1felt1n::: 28 i1mm')'lJ1\IL~tl\l'Yl1\l'):::UU'Yl1\IL~lJelll11') 1u~1'U1'Uiffelua::: 3. 9 ~1 
\j 

~I " !'3 " .. .J 'l " I ~I "' 1 L u'UV1el..:J"r1t1Vlm')~1nm ua:::wrnrn'lll..:J LVltJ..:J'Yl')'ULL ')..:J VILLnm:::L w1:::m'Y11')L um ma Lael Vleleln u • • 
"" v m..:iLVllJmm') ua:::n'):::L w1:::mm')'Yl:::n')elt1a::: o .8 • 

2. nl')AfflflLU~UULlltJUrlUtll"r1neln 

Lemmel EM ua:::viru:::<is> lull VI.A. 1997 lv1n1m')AffHl'll'UVIUVla'el\lv1'1u Ltl~uu 

LntJUnl')l'lf'm meloxicam 'lllJlVI 7 .5 LLa::: 15 i.JO/llJ rlUtll"r1nel0 LlJ'U'):::fJ:::nm 3 atJmlf 11J 

m')-rnM1~YtJ1uhvi'li'elBnLGfU')i.JlV1eltJ~~11nu 468 ')1£1 wu11m meloxicam 'lllJlVI 15 i.in11u v v 
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ffllLrlmi.J~t1ULYit1UOUtnl1atint1Ul..:J<H~L'l'lJ tl1 meloxicam 'llUl~ 7 .5 tJO!i''lJ al2Jl'H1a~ 
'11u1u'llt1~i.J1~ 1~&ini1ml1atim'lfunu uoihhmm1t1LL01noi1..:i'):::l1i1..:im meloxicam 'll'lJl~ 
7.5 ua::: 15 t1n11u LLoiwutiu&lm')Na'll1..:iL~t1..:im..:i'):::uum..:iL~lrnll1l')ltJnai.im meloxicam • • 

°'" 1 .J1 CV q ti 15 t1n11u ')tJt1a::: 16 'LJ'lltll:::"r'ln'l>Jtn meloxicam 'll'lJl~ 7. 5 t1n11mrn:::ml1atim Wtl..:J')titla::: 

11 
!5 • I"" "" ... " ... .J1 il I ... ....i 3. n1')v1fftnLu')t1ULl'lt1Unum011lrnmauv1 ti 'll'aLO'lt1')tit1~mJ '1 

Wojtulewski JA ua:::viru:::c
19

> liJll vi.A. 1996 l~vhm')AOlflLLuutl~ati..:i~1'lJ LU~tlu 

LYitJU'):::l1i1..:im meloxicam 'll'lJl~ 7.5 t1n1iu num naproxen 'll'lJl~ 750 t1n11u LU'LJ'):::t1 ::: 

L1a1 6 L~tiu lurSi'.hv hvi'llmimau'j>JlO'lt1t1~'11u1u 3 7 9 ')lU 1iiwuvi11t1LL01noi1..:im..:ia~~lu 
u u 

~1tJm'ja~a..:i'llti..:i'11u1u'llti~amarnLa:::i.J1~ Lrn:::m')U'):::Li1u t~u')1t1 t~mL wntf Lrn:::r.Ji'.hu LLGi • 
• "•'I .J V !5 I • .,j 1 '1 V q I .J 1 I d'l .,., "1inirnu1t1l'JO'l ti..:Jl1tl~ nl')v1m:nn tilJnll1lJ~L lJ t1..:i"1nm 2J ~Na~ Ll'lll'JVl1')WU lrna>Jl'I ~')U 

u • • 

m meloxicam mnn-h tirl1..:i hnmt1 ~ithtJnat1~1~-rrn.n meloxicam wu Na'll1..:iL~t1..:im..:i 
u • 

ti I lf a fq ~ CV ti I .Jl ., ... 
m:m~1 ::: t11l1l')lJtJt1m1 (')timi::: 33 Lu')UULl'lt1UnU')t1t1a::: 45) ua:::n'ltll'I ~')Utn naproxen 
q ti ti ~ I :; .cl .d_ J' I 

2Jnl')a~a..:i'llti..:JV1112JL'll2J'll'LJ'llti..:J Lat1~t11nm1 ')12.Jl'l..:J>Jnl')L W>J'lllJ'lltJ'lVll blood urea nitrogen 

ua::: creatinine mnni1 Reginster JY Lrn:::viru:::c
20

> l utJ Vl.Yl. 1996 l~nlnl')AffHlLLUUU~ 

ati..:i~l'LJ LU~tJULYiuum meloxicam 2 'llln~m ~ti 7 .5 ua::: 15 i.in11u LU'lJ'):::tJ:::L1ai 3 

ai.J~1'11 l irn1')-rfftn c.itht1 hri'll ti amaU')>JlO'l tit1~'11U1lJ 4 2 3 ')ltl wui1-31iniJ'l1ti~U1~LLa::: 
u u 

amaua~a..:JtiUl..:J<H~L"lJLrlmi.J~tJULfiuunufimJ1~-rum~..:i 2 'llUl ~tn LLa:::liiwUV11l2JLLO'lOGi1..:i 

liJm'ji.J'):::Li3iJt~t1')1t1'):::l1i1..:im~..:i 2 irm~ LLGinat1~l~-rumiru1~ 15 t1n 11iJ ":::iJm'ja~a..:i • 

.. V I d I .J' 1"d I I 1" '°' V q fl..:JLL2J1l')ltl..:Jl'lJl'lnm1mu " :::ua~..:i l1mu11m meloxicam nti mn~Na'lll..:JLVltl..:J'Yll'l 

A V I , d ( J4 16 19) I !5 .. 
') :::UUl11'3L~'lJtlll1l')tJtJUn1ltll d1clofenac Lrn:::m naproxen OO'll>J ' · LLO'lnl')v1ff1::tlfl'l~a 

'll1..:iL~tl'ILLa:::m1t1uat1~tltJ'llti..:Jnl') 1'2fm meloxicam l~iinl')Afflfl~~lYlfY 2 nl')Amn ?1ti 1. 

The Safety and Efficacy Large Scale Evaluation of COX-2 Inhibiting Therapies (SELECT) 

~..:i Dequeker J LLa:::riru:::c
21

> l~n11utJ vi.Yl. 1998 1~t1n1m')AfflflLLuutJ~ati..:i~1u Lu~uu 
.q CV cv CV ~I 

muum meloxicam 'll'lJl~ 7 .5 2J0/1'LJ nrn.n piroxicam 'll'lJl~ 20 t1n11u LulJ'):::tJ:::L1al 28 

iuluN'i'.huhvi'llm~tit1~1inu 9656 'lltl wui1u'):: iln6mw'llt1..:im~..:i 2 iru1ulum'ja~t11m') 
u . 

i.J1 ~ L li1 niJ uoinat1~l~-rum meloxicam wu Na'll1..:i L~ t1..:im..:i'l:::uum..:i L~'LJ tlll1l')U ti un-h tirl1..:i • 
-a-~L'llJ c·rtiua::: 22.5 LU~tJULYivunui'tiva ::: 27.9, p < 0.001) ua:::elO'l')lL~tl'lGitim')Lfl~L~tl~ 
a tin 1 tJ'l :::uum..:iL~umm'll1~tim::: L w1:::ml1l')l'J:::a 1 una>Jm piroxicam ":::mnni1nat1 • • • 
meloxicam 1.4 Lfil a1um')Afflfl~ 2 ~ti Meloxicam Large-scale International Study 

Safety Assessment (MELISSA) ~..:i Hawkey C ua:::viru:::c
22

> l'l1lui'.J Vl.Yl. 1998 fatJnlm') 

meloxicam 'll'lJl~ 7 .5 t1n1i'u num 
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diclofenac SR 'l!Ul~ 100 im1i'u LtJu1:::u~na1 28 i'u 1uc.Yi'.huhvi'llm~ai.J~1u1u 9323 
" 

11u Yn.Ji1m diclofenac aim1m:i~mm1u1~LLa~nl'su1~dhJL~u11iJ 1~~ni1m meloxicam 

LLoihlwuvi11iJLL01n~h'3a~1'3ilumh~cym'3a~~ c·rn'li1'3L~u'3'Yl1'31~uum'3L~umm1wumnni1 

lun~iJUl diclofenac (fum'I~ 19 LU~urnYivunufmia~ 13, p < 0.001) wuucymLau~uun 

l'U'Yl1'3L~Ua1'11"iLLa~O"i~LW1~elll11"i'Yl~a.,r'3 2 nai.JlnaL~r.J..:JtlU (7 "ilr.JtlU 4 "ilU) LLa~rJtbr.J , , " 
QI !5 Qld ti.ct 1 I I \I omJ011aamnnm"iv1n'l'.f1amuu'3i.Jl'llmrn'lll'3LVlr.J'3WU umim.n diclofenac mnm1 (1aua~ , 
• I"' "' "' " ) ' 1 <l 1 ~ J' ".'I "' 7.9 Lu"ir.JUL'Ylr.JUnU"iur.Ja~ 5.5, p < 0.001 am-3 1n011i.J um"iv1nmuwu~u1uoau011aan 

'l1nm1AmnL~u'3'l1nm1il1~c.Jalun~iJ meloxicam mnni1 (faua~ 0.02 Lu~vrnYiuunu 
{mm~ 1.04) 

Nimesulide 

m Nimesulide LllumG11uamau~1iJ1'lim~u"iau~~ilviruamJ~Lllun"i~~mJ il , 
Li.Jrnmi~il sulfonanilide L tJmbuu"i~nau ma1i.Jl"iCl~~ra"v1n'Yl1'3L~'Umm"i 1~~ 1~1~~um , " 
1maa~a..:ia~l1J1~u~na1 1-2 .a-1Li.J'3 il1~u~na1V1~'3~i01LYl1nu 2-3 .a-1Li.J'3 n1ll1Gia-3llfm " , 
OJ ~ d ~ «j" QI QI '1 ... 1 .q 1 .,. .. " 
1ua~ 2 Vl"i-3 mv~aanqmm1u 6-8 '£11 Li.J-3 mv~vunurn"iGlU 1mrn~a'3M"iur.Ja~ 99 mv~ 

" 
~m u~uuuua'3~Giu ua~.rruaanm'3101Ltlmb1Jl l1aj ( {aua~ 7 o) ~maa-rruaan'Yl1'3~:il'll"i~ 
"' "' • " • .!: .J.., .Qt 1 .I"" 
mwu'3a1u"iaua~ 1-3 L'YlltJ'U'Yl'llUuun'Yll'3uaai1~ U"iuL~iJ 

" 

m"iAnm lu L "ivi'lim~ai.J 
1. nl"iAffH'lLLUULU~ 

Reiner M<
23

) lutJ VI .A. 1982 1~"i1U..:JltJm"il'lim nimesulide 'lllJl~ 100- 300 i.Jn/ 

i'u Lllu"i~u~nai 15 i'u 1um"i~mnr.TtJ1u~ili1n1mm~~nvim~aiJ~1u11J 11 11v wui1rJ 
" •t: " \I 

.'J ' "' .. " .. " (24) 
u1UYJn"i1UGluuaueNGlunl"i"ifflfl~ LLa~wrnrn'l.11'3LVIU'3'Utltl Pochobradsky MG ua~Vlru~ 

lull ~uf. 1991 l~n1m"iAn'l'.f1m"il'lim nimesulide uuurJtJ1uuan 11Jc.Ju1u hVl'lim~aiJ 
" " • .J 'l V<V QI ~I vllJ1lJ 22,938 "ilU 'lf-3 ~"iUUl nimesulide 'll'Ul~ 100-400 i.Jn/1lJ Lu'U"i~U~L1al 1-3 

aumlf WUiltnali.Jl"iCln~alnl"itb~l~i.Jlnni1{aua~ 80 'll8'3rJlJ1u wrnrn'li1'3L~U'3'Yl1'3 
" 

"i~UtJ'Yl1'3L~lJall11"ifaua~ 8 Dreiser RL LLa~VlClJ~(2S) lull VI.A. 1993 1~nlm"iAnlf1LLUU 

LU~ ~1£.lnl"illfm nimesulide 'll'Ul~ 200 i.Jnli'tJ LlllJ"i~tl~L1a1inuni1 1 ll 1ur.ru1uhV1'lia 
" 

L~ai.J~11nu 134 "iltl wui1tltJ1mbull1aj'Ylm.nl~~ iitltJ1u 108 "ilu~atjV1"itJnl"iAnlf1 tl 
tJ1uiimm"iu1~a~a'3u"i~mrufaua~ 50 Lrla l~{um 1ui.h~mru 1 tJ wur.rn'li1'3L~U'3'Yl1'3 
"i~uum..:iL~1Jmm1l~u1..:i LLoililwui1mutYtJ1viim1i.Ja>-1wud'nuc.Ja'li1..:iL~u'3'Yl1'3"i~uu'Yl1'3 , " 

... .J ... J' 
L~lJalln"i'YILn~'ll'U 

2. m1Am:t1Lu~urnYiuunuml1aan 

Blardi P ua~viru~<25> lull VI .A. 1992 1~n1m"iAnlf1Lmutl~irn..:i~1lJ Lu~urnYiuu 

nl"i1'£im nimesulide 'll'Ul~ 200 >-1n1i'u tlUF.Jll1'18n LlJlJ"i~tl~L1al 90 i'u 1um"i{mnhVlrzJ8 
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L~r:iii 'lmh'.hm:r-rn1£.1 ~1ln\J 40 ')1£.1 vn.Ji1tnm')u1vi'llru::~mrn::m')Li''llvavia-rnu1'1'6viL'llJ 
\J \J • 

.., I .J1 ... ., . . . (27) .., !'I 1 ... • g LlJO"lllYl Vl')tJ£.ll mmesuhde Bourgeois P LLa::~uu:: L\Ju VI .VI. 1994 VIY110l')v1mflLLtJtJ 

tlviaeN~ltlLU~£JtJLii£JtJOl')Li'm nimesulide 'lJ'UlVl 50, 100 LLa:: 200 iinti'lJ ntJml1avn 

L i'.Ji.J')::£.1::na1 1 L&i rm 11m1')i'nm ~ru1£.1 hmim~flii~1lJ1lJ 3 9 2 ')1£.1 vmi1nciii~1~~um 
\J • 

nimesulide il mm ')U1viavi a'l fl u1'1'6V1 L 'l\Jlrl m u~£JtJ L ii £JtJntm1l1a fl n LLoiwui1 r.Ja'll1'1 L~ £.l'IYll'l 

-s::uum'IL~umm-s 1iJLL01noh'lnu-s::l1i1'lnaii~l~~uml1~flml1afln • 
!S • ("' <,f "' V "' .Jl i1 I <,f .. ..i 3. m-sv1mflLu'l£JtJL'Yl£JtJnum0111rnmauYJ ii 'lfaL01£.1-sa£JV1alJ 1 

Fossaluzza V LLa::V1ru::<25> L\JU VI.VI. 1989 1~'ti1m'lAffM1LLtJtJUVlafN~l1J LU~£JtJ 

Lfi£JtJ£.ll nimesulide 'lJ'UlVl 200 J.JO/ilJ fltJ£.11 naproxen 'lJ'UlVl 500 llO/ilJ Li'.JlJ-s::t.1::L1al 28 

i'u 11rn1-s~ntl1hV1?im'li1l1~fl?ifla::twm~fliiLu~ra'lm£.1~1u1u 40 ')lt.1 wui1m~'l 2 'lllJ1uavi 
\J \J • 

enm-su1vi1u?Jru::l1£JVIWnLLa::m-s1i'?ia ')1J.J~'lm'HV1~mJ'll11'llal~~hYhLiit.1iinu Dreiser RL • 
LLa::V1ru::<29> 'lull VI.VI. 1993 1~'ti1m-s?lnmLLtJtJUV1afl'l~llJ LU~£JtJLii£Jum nimesulide 

'lJ\JlVI 200 iin1i'u, m ketoprofen 'lJ\JlVI 200 J.Jn1i1J, m piroxicam 'lJ1J1VI 20 iin1iu ua:: 

m11aan Li'.Ju-s::t.1::na1 2- 3 aumi.f LlJOl')~nmc!lJ1£.1 hV1?im'li1Lrn::'llaa::twm~aJ.J~llJ1U 60 
\J 

'llt.I wui1m nimesulide aim-sC'lavitnm')U1VILLa::ilm')U-S::Liju LVlt.1')1J.J~ni1m ketoprofen, 
I "' ., ,..$ ., .. .. (30) .., !'I 'l ... 

piroxicam LLa::mmrnnam'llllJ£.1'11Vlt'YYll'laC'loi Lucker PW ua::V1ru:: L\Ju VI .VI. 1994 vi 

'ti1m-sAntllLLtJtJUV1aa'l~l'IJ LU~t1tJLiit1tJnl') 1i'm nimesulide 'lJlJlVl 200 iin1i'1J num 

etodolac 'lJ'IJlVl 600 J.Jf)/iu Li'.JlJ')::U::L1al 3 L&imJ LlJf)l')~f)tllCru1£JhV1?im'li1L~tlJ.JllillJ1\J 
\J 

200 ')lt.1 1iJwum1mL01noi1'lm'la~&i11im1J.JaiJ.J1-sC'lavimm-su1vi-s::l1i1'lm~-:i 2 ?Jmu LLoi 

m-su-s::dhJ LVIULL WY1rfr.l~mnwui1m nimesulide 1lf~rn1 um-s~nm~ni1 
\J 

m-sAntl1 L1Jt -sV1?iaamau')J.J101au~ 
\J 

L i'.JlJ~u1auhi1a-:imJm nimesulide ~::ilm')Ulm L'lf"l 'IJOl')~Ol:ll hV1?iaamaumLi'.J1J 

L 1aimtma1n011J.J uQjiJ-:i liJwtJm')Af)l:fl L \Jf)l')~Otll t 'lVl'lla an LatJ')J.JlOltlU~tlUl'l~Vl L'JlJ 
\J 

m1Anmr.Ja?i1-iL~U'l?Ja-imoia-s::uum-:iL~lJmm-s 

Porto A LLa::V1ru::<31>tui'.J VI.VI . 1994 1~'tilm')AO'l:flLLtJtJUVlaeN~lUL1Jnl'l~Otllr.Ja 

?i1-:i L~t.1-:im-:im::L l'n::enm') tvium')afl-:inar:i-:iwn~m::L w1::enm-s ')::l1i1-:im nimesulide 'lJ'UlVI 

200 >JO!i'U fltJ£.11 diclofenac 'lJUlVl 150 l!Oli'U Li'.JlJ')::tJ::L1allJllJOil 1 L&iau wui1'liJii 

Vl1ll!LL010oll'l nu L \Jf)l')LflVILLC·Ja L \JO'S::L w1::mm-s':i::l1il'l£.ll~'l 2 'lllJllJ 

Celecoxib 

Li'.lmn1im'ri>J specific COX-2 inhibitor ol1LL':in Tmana'lrn'lmC'ln~viauhrna>J , . " " " 
pyrazole Lrn::ila1\J'lJfl'l sulfonamide Li'.li.Ja1\JU':i::nau m~::~n~vi:a>J'l~~'llm::uum-iL~'IJ 

en111-s 1~':i::~um 1 maavia-:iavi L 'IJ':i::u::L1mu':i::>J1ru 2- 3 -i1 tm m~::~unu t u':iGiu 1mar:ivi1~ 
\J • 
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01-sAmn 1u1 'S~wim~fl)J 
01'lAOlflLi.J~tJULYiuunu£J1'HGlflOLLa~tl1~1lJtl0LnU~l)J1'lim&lu 'Sfl tl~~u '1 
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Simon LS Lrn~Aru::<32> 1ui'.J A.YI. 1998 l~n1m'lAfflflLLUUUV1'1fl\1~1lJ Li.J~urnYiuu 

tl1 celecoxib 'll'U1Vl 80, 200 Lrn:: 400 )JO/i''U nut.11'H'1fl0 LUU'S::fJ::nm 2 ai.Jm'H1'Um'l 

-inme.Ytl1u hA?lm~1LafliJ~1u1u 2 93 -s1u wui1 m clelcoxib nn'llmviiim1mniJ11u 1 um1 
v • 

a vim m-si.J1vi Lrn::iim1i.J-s~dlu 1vi u-s1iJ'lJ fl\I e.Ytl1mrn::u wmf ~ni1tn'Ha fl n fl ~1\l~Vl L ~u LLliihJ 
v 

wum1iJLLV1nlii1-1Jnu1::'Hi1\lt11 celecoxib 1u'll'U1Vl~~1\lnu Benson WG Lrn::Aru::<33) 1iJtl 

A.YI. 1999 1~n1m-sAn'lflLLUUUV1'1fl\1~1u Li.J~urnYiuum celecoxib mnvi 1 oo, 200 ua:: 

400 )Jfl/i'u, tl1 naproxen 'lllJlVI 1000 )Jfl/i'tJ ua::m'Hafln LUlfi::£J~L1'11 12 atlvi1,,;' 1u 

011-im:n~Jtl1u hA?lm~1LafliJ~1u1u 1oo3 11u wui1~ru1fl~l~-ium celecoxib 1 unnmnvi 
v v • 

~~iim'Sviflumrn-1J~flm'S~nt11~~\ILL~i'u~ 2 'llfl\lm'S'l~~um Lrn::~ni1m'Haflneiu1-1Jiiuu 
a1~f1Jl11\1'100i 1u'llru::~n~iJ~l~~Utl1 celecoxib 'lllJlVI 200 LL'1:~ 400 i!O!i'lJ ~~mm'lUGlVI 

• I 'l """ "" ' ., I J'l .,., (34) 1 ~I mm'Su1Vl VIVIL'YlfJULmnun~iJ'Yl mum naproxen Zhao SZ Lrn::Aru:: Uu A.YI. 1999 

l~n1m1Ant11Lmutlviafl\1~1u Ltl~urnYiuum celecoxib 'llmvi 1 oo, 200 Lrn~ 400 iJn1i'u, 
tl1 naproxen 'lllJ1Vl 1000 )Jfi/i''U Lrn::m'Hafln LUlfi::£J::L1'11 12 ai.Jvi1'H1lJ~U1tl hA'llm~1 

LaeiiJ~1u1u 1004 -s1fJ wui1m:!iJ~l~~um~::iimm1~~uni1naiJ~l~-ium"Haflnflu1-1JiJ1Tt1 • • 
a1~f1Jl11\1'100i 1u'llru::lfrha\liJm-sAntf1LLUUUV1'1fl\1~1lJ~°rl1YffoiJn1J..i'1fanLyjflAm:ni.J-s~ 
a'Yl5mmrn::~rn?J1\ILAfJ\ll11\1~1Ufi'l::LW1::fl1'Hl'S'llfl\ltl1 celecox ib Ltl~fJUL-titlUflUtll diclofenac 

Lrn:: naproxen (Successive celecoxib efficacy and safety studies in osteoartluitis: 

SUCCESS) ~am1Ant11mvii1~::a1L~~mu1ui'.J 2543 if 

01-s A nm L i.J~uu L Yi uunum'H a fl mm:: m ~iu t1 n Lau~hll'lim&lu -Sfltl ~~u '1 

Simon ua::Aru::<32
> 11Jtl A.YI. 1998 l~n1m1Ant11'lfilvitlviafl\1~1u Li.J~t1rnnuum1 

1'lfm celecoxib 'lllJ1Vl 80, 400 LLa:: 800 )Jfi/i''U nutn'Hafln LUlJ'l::t1::na1 4 atlvi1,,;' 1um-s 

~nt11e1'tl1t1 hA?lfltl'mau1mV1flt1~~1u1u 330 'lltl wui1m celecoxib 'll'U1Vl 400 LLa:: 800 
v v 

iJn1i'u aim'Suavim1tl'mau'l.lfl\l?lfl l~~L'YhnuLLa::~ni1t11'Hafln 1u'llru::~m celecoxib 'lllJ1Vl 

80 iJn1i'u ti.r~a hJ~1-1Jli.J~1nt11'Hafln LL~wui1~rn?l1\ILAfl\ll11\IO'l~Lvn~mm-s~1n01-s l~~u 

t.11 celecoxib ~\I 3 'lllJ1Vl~~ hJ~1\I ltl~1nnaiJ~l~~Ut11'Hafln Geis Lrn~Aru::<35> 1utl A.YI . • 
1998 1~n1m'l~fi'lflLLUUUVlnfl\1~1lJ Ltl~t1ULnfJUtl1 celecoxib 'lJU1Vl 400 )Jfi/llJ flUtll 

diclofenac 'lJ'IJ1Vl 150 )JO 1i'u LUlJ'S::fJ::L1al 24 ai.Jm,,;' 1um'S~fitf1~JU1tl hA?lfltl'mau-sm v v 
~. I ~ f d I CV 4 Q.I 4::fCLJ 

VI fl t1Vl~1'U1'U 6 5 5 'S1tl Y.U11'Yl\lnfl\10Gl)J)J01'lVlflUnlJfl\IVlfl01')')nlflL 'H)Jfl1Jn'ULLa::)JflVJ'S101'l • 
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(lt1uGi'1t1t1mnnm'lAf11flLYi1nu (fmrn:: 7 m1::fm.1a:: 8 vrn.J~1~u) Simon LS Lrn::flru::<as> 

1uu fl.VI. 1999 l~l'i1m'lAfflflLtJ~umnuum celecoxib 'l.ltnVI 200, 400 LLa:: 800 tin11iJ, 

m naproxen 1 ooo iin11u Lrn:::m'Hatim llu'l:::t1:::na1 12 &tJvi1l1 lum'l-rm:n~tht1 hfl'li'ti 

BnLG'fU'lll1Vltltl~~l'lJ1'lJ 1149 'lltl wu:hnati~l~-rum celecoxib Yln'l.llJlVILLa::m naproxen ii " . . 
.J.. I ., .. I I Jl '"" .J o !S m'l vi tirnfu t>~YIVI L Yl1 mJ LLa::vi 011 m1tin Vl'lUm'Ha ti nvia ti V1'l::t1::na1nn1 m'lv1 mn • 

., .. ., 
~a'l.ll~Lfltl~Yll~m:::m1::mm'l'l.lt1~m celecoxib 'l.llJlVI 200 LLa::: 400 tin11u, m naproxen 

'l.lu1vi 1 ooo tin11u Lrn::m'Hatin 1uflutJn01~1u1u 128 'llt1~1~-rum~~na11Lllm1m 1 

&tJvi1l1 wuavi'l1m'lLnvimrnLun'l:::Lw1:::mm'lLrltil'i1~1t1m'lrit1~nati~m1lil 'llti~natim"Hatin • 
• I ., V L .J I .Jl .,., 1 V q ti 

LLa::: celecox1b L mnu'leltla:: 9-13 'lJ'l.lru:::nnatiYI Vl'lUtll naproxen wu via~(l~'lt1t1a::: 7 2 . " 
L'lJfll'lAf11fl'l.ltl~ Geis LLa::flru:::(as) ~LtJ~umnuum celecoxib num diclofenac vmm'lt'ltllJ 

Gi'1L~t1~lil1nuqJmY11~Yll~L~1rn1m'lL'lJn~ti diclofenac mnni1~V1LlillJ (ftiua::: 16 LtJ~uu 
Lnttunuftiua:: 6, p < 0.001) Goldstein JL LLa::flru::<

35
> Luu fl.VI. 1998 l~'l1U'l1ti'lla>Ja 

.J ., _.., ., 1 !S t " cl t ., ., .. .J1 .,., 
Lnt11nUlJ (\j'HlVlllJO'l::L w1::mm'l lJfll'lVI m:n 'jfl'lJtlL'1tlllLLa:: 'jfl'lJ tit! mau~lllVltltlVIYI Vl'lU 

tll celecoxib 'l.llJlVI 25-400 tin!i''lJ ~llJ1lJ 6376 'lltl LtJ~t1ULnt1ununati~l~-rum • 
naproxen 'l.l'lJlVI 1000 tin 11'u, tl1 diclofenac 'l.l'lJlVI 100- 150 tin 11u "1~fltll ibuprofen 

'l.l'lJlVI 2400 tin11u ~iinu 2768 'lltl "1~tim"1atin 2864 'lltl Lllm1a1 2-24 &tJvi1l1 wu 

tiu01 m'l'l.lti~ L~tivi a tin L un1~ L~u mm'l m::L w1::mm'lt1viGi'u "1~tin:::a 1 unatim'HatimYi1nu . . , . 
V 1 ~( t CLI ti t ~i 'J d I ti a.I .J'l i1. I .. 

'lt1t1a:: o Vltlu, m celecoxib LY11nU'lt>t1a:: 0.20 \lltlu LlJ'l.lru:::nnatit11\lllt1flmaun ti 'lfmviu • 
'lfltt~'l.lmt1~1mul~a~a~ft1ua::: 1.68 oitiu m'lAf11fl'l.lt1~ Simon Lrn::flru:::<

37
> Luu fl.A. 

" .J • I"' .. .... 1 'I I .J•t .,., 
1999 YILu'ltlULYltlUtll celecoxib num naproxen l~ULL~rn um:::Lw1:::mm'l L'lJn~tiYI Vl'lUtll 

celecoxib nn'l.lu1vi'bJoi1~ 1 tJ"J1nnati~l~-rum"1at1n ( {mJa:: 4-6) L 1J'l.lru:::~nati~1~-rum • • • 

Rofccoxib 

m rofecoxib l~t'ln..JviLllum 1unati specific COX-2 inhibitor Gi'1~crn~~ii~1mlit1LtJ " . 
tJ'l::L'Ylvt lnu miianl:tru:: 1manmlluai'l furanone • 

nl'lAm:n lu hfl'li'ti t 'lfl'li'm~titi 
m'lAmnLtJ~uuLnttunum'HatinLLa::m~1uei'nLau~1ti1'lfm&it1'lt1t1~~u '1 

Ehrich EW LLa::flru::<as> Luu fl.VI. 1999 l~l'i1m'lAnl:t1LLuutJviaa~~1u LtJ~umn£Ju 

tll rofecoxib 'l.llJlVI 25 Lrn:: 125 tin11u num"1at1n LUU'l::t1::nm 6 &tJml1 L1m1'l-rnl:tl 

tc:rao':-::>L0 :1Lcl:<>., v.•u1'1nO::::"Yl.J·1~::ue •1 "" • 1 ' ""., A "' ..J ..-1uu u '1u,., " ·~,., v•. u rofecoxib tinl'l'lVl'l~'l.lt>~fllnl 'llJ1Vltltll~lllJtl'11fl(\JLtit> 
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LfiuunumlHU:lO Lrn~wu11m rofecoxib oX~neM'lJ'UlVliiU'l~aYJi5JnwLnln1J Acevedo E Ln'lt 

Arut<
39

> 1 utJ A. fl. 19 9 9 1~n1m'lAO'tt1u uutlviaeN~l'U L tl~urnnuum rofecoxib 'll1J1Vl 12. 5 

LLat 25 JJO/i1J num diclofenac 'lJ1J1Vl 150 JJO/i1J Lll'U'l~fJ~L1al 1 tJ lum'l1n'lfl~tbu hA 
" 

'li m~eit1"il1u1u 6 9 3 'llU wu11m.X~aei~'llu1mnm'lflavimm'ltl1viLrnt'zi1u 1i1'~thul11~1iJ1~ 
" J' 'l ti t QI 1 1 ~'l tlCV .q V ~ 1 

mnm.J VILYllmJ LLVJOaJJYJ vi1um diclofenac t1mnl'l'lll'3LAU'3Y11'30'ltLW1~mm'lmnm1 • 
Geba GP uatArut<

40
> lull A.fl. 1999 l~n1m'lAn'lflLLuutlviaei'3~1mtl~urnnuu'lt'Yl11'3m 

rofecoxib 'll'UlVl 12.5 t1n1iu, m nebumetone 'll'UlVI 1000 JJn1iu uatm'Ylaein Lllunm 6 

atlm'H' 1um'l1mfl hA?im~eiJJL'U~thu"il11nu 1042 'llU wu11~ltbuvieiuauei-3~~eim 
" " 

. " • .... .J 
rofecox1b, m nebumetone ua~mmrnn 'leJUat 55, 4 7.9 LLa~ 26.8 VlltlalVIU 'Z$~mw1eiu 

airn'3~eim rofecoxib LLatm nebumetone ~n11m'Y1aeineiu1~iiirmh~'l!Y11'3ao&l uatti''3wu 

11m rofecoxib iitl'l~aY15mwQin11m nebumetone Truitt K LLa~Aru~<41 > lull A.fl. 1999 1~ 

nlnl'lAO'lflLLUutJviaei-3~1mtJ~urnfiuum'll'lfm rofecoxib 'll'UlVl 12.5 uat 25 t1n1iu, fJ1 

nebumetone mnvi 1500 t1n1iu LL'ltfJl'Ylaein1um'l1mflr·JthuhA'lim~1ua~?ieia~twm~eit1 
" .J d I ~I • t ~ .q .. I ~ ~ 

YJ)JfllfJmnm1 80 u;;)l'U'J'U 341 'llfJ WU11Yl'31'..11 rofecoxib LLatm nebumetone JJu'l~'1'Yl5 . . 

tnw 1 um'lavi mm'ltl1viLrn~iim'ltl'l~Liiu tviu'l1t1Qi L Yl1nuua~Qin11m'Yla ein Day R uatArut 

<
42

> lull A.fl. 1999 1~n101'lAffH1LLUUUVlafl'3~11JLU~UULnuum rofecoxib 'IJlJlVl 12.5 LLa~ 

25 JJO/i'U, fJ1 ibuprofen 2400 JJO/i'U LLtltfJl'YlatlO Lll1JL1!;11 6 atJml-f LtHJtbuhA?Jei 
" 

L~flJJ"il1u11J 809 'llfJ wu11m rofecoxib uatm ibuprofen alJJl'lflavimm'ltl1viua~aim10 
n11 \1rjtbUL~'U l~Qi~m nln'U LLa~Qin11U1l1aeJOeJU1~~Vl L;;)lJ 

m1Amfl 1ut'lAt1A?im)mau'lm01 eiu~ 
" 

g ti"' "' .... " .... .J•t il ' "' .-..J nl'l\'10'l:flL 1urnY1uunum'Ylaeimrn~mvnueimaun JJ 'lfaLvit11eiuvieiu 'l 

Schnitzer TJ LLatArut(
43

) lull A.A. 1999 1~n101'lAO'lflLLUutlviaei'3~1lJLU~fJU 

Lfiuum1l'lfm rofecoxib 'lJ'UlVl 5, 25 Uat 50 JJO/i'U num'YlaeimllU'ltfJtL1a1 8 GlUV11'Yl1'U 

m'l1nM1~tbuhA'lieiilmau1m01eiu~"il1'1nu 658 11u ~Lllummu 10 tJ wu11~1thu~1~1u 
" " " 

Cl.I .q • " ,J QJ " .Jtl 1 

m rofecoxib 'll'UlVI 25 Lrn~ 50 t1nnu JJm'laV1a'3'1Jfl'3;;)l'U'J'U'IJflY1flmauuat'IJfl'Yl 1vimnm1 

ff~t1~1~1um'Ylaeineiu1~~viL;;i1J 1umu~~m rofecoxib 'll1J1VI 5 t1n1iu 1i1t-Jahi~1"1'ltl;;i1nm • 
'Ylaein ua~~tbuait1110Y11Jm rofecoxib 'l~Qi 

" 

nl'lAOM1~11Jc.Ja'li1'3L?iu-3 

Laine L LLtltArut(H) lull A.A. 1999 1~~0'lflc.Ja'li1'3L?iU'3Yl1'30'ltLWltfll'Yll'l~'JfJOl'l 

aei'30~fl'3Gl'l1;;) lum'lAO'lflLU~urnnuum'll'lfm rofecoxib 'll'UlVI 25 LLat 50 JJn1i'u num 

ibuprofen 'll'UlVI 2400 t1n1iu Lll1J'ltfJtL1a1 24 atlvi1-H LlJ~thuhA'lim~eiJJ"ill'U'J'U 742 

11u wu11naJJ~1~1um rofecoxib ii1eiu hA l1JmtLw1tmm11Xeiun11naJJ~l~1um • • 
ibuprofen eiu1'3~V1L;;iu (feiua~ 9 .6 lunaJJ rofecoxib 25 t1n, {eiuatl4.7 lunaJJ rofecoxib • • 
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" 'I I ..Jl ""' . ( 45) 'I !'I 50 irn, LLa~·rntrn~ 45.8 L'\.ln~Wr'l ~')Uf.11 ibuprofen) Lanza FL LLa~l'lru~ LtJu l'l."1. 1999 

l~AmflLLuutl~aa.:i~1ulutr~iht'lltnwLL~.:iLL').:J;51u1u 170 ')1fJ LtJ~urnYiuu~ai1.:iL~v.:im.:i " . 
fl')~LW1~tnl11') ')~wi1.:im rofecoxib 'll\J1~ 250 i.in1i'u, m ibuprofen 'lltll~ 2400 i.in1i'u, 

m aspirin 'lltll~ 2600 i.in1i'u LLa~uTmrnn Lllunai 7 i'u ~1fJfll')flt1.:in~a.:i01')1~ wui1m') 

Ol')1~WU')ilfJ hl'l LtJm~LWl~tnl11')LtJn~i.i~1~~um rofecoxib, ibuprofen, aspirin Lrn~m'Haan 
L'Yi1nu {mm~ 12, 71, 95 LLa~ 8 ~ni.ia1~u ~.:inaiJ~l~~rnn rofecoxib h.iiim1iJLLOlnoi1.:inu • 
nai.i~~~Um'Hailn Watson DJ ua~l'lru~<45> LtJU l'l."1. 1999 1~')1U')1iJ')lfJ'11tJfll')Afl'tflfll') • 
'I " "' 'I "•'I ..J•t ""' L'lffJ1')fltt1m~LWl~illl11') LtJ~u1fJ'Vl ~')UfJ1 rofecoxib, ibuprofen, diclofenac ua~ nebumetone 

;31u1u 4921 ')1fJ wui1aOl')lfll')L'lim~ntt1m~Lw1~r:nm')LtJnaiJ~l~~um rofecoxib ~in-h • 
I ..J>l ""' " "' ..Jl n I .. ....i I ., " tJ"' ... .... " n~iJ'Vl ~')UfJ10lltJilOLaun )J 'lfaLOlfJ')i)fJ~iltJ '1 ilf.11.:J'lf~L~tJ (')ilfJa~ 9.1 L ')fJUL'VlfJUflU')ilfJ 

a~ 15.6) 

faua')\J ~1flfll')Antt1oi1.:i '1 ii.:i~ul~LLa~.:i 1 \iL i1ui1m~1uamau~1i.i1im~u')t1fJ~ • 
') • d" l: 'l ~ ~') r 
LtJfl~iJ'VlfJUfJ~LmJ 'lliJ COX-2 (Yl-HtJO~iJ preferential COX-2 ua~ specific COX- 2 

inhibitor) iiu')~~niin1w 1 um·rn~r:nfll')U1~Lrn~~nmr:nm')an Lau 1 u t 'jl'Ji m~amrn~ t 'jl'Jia 

"' "l """ I "' " .... ..Jl n I .. <' ..J "'" " I " .J' amaUJ"10lilfJ~ ~~Lmnum0111rnmaun >J ?JaLOJfJ')ilfJ~'Vl>J L'lfiJ10il'U'H'lJ1tl (non-specific 
, , " .c1 " ' 'ld d')v ') cox inhibitors) LLOlWU11~Ja'l.11'1Ll'lfJ'1'VJ1'1fl')~LWl~illl11')tJi)fJfl11 mn.:i ')flOl1iJL>Jil L'lfm LtJ 

I 1 .JJ' "'"" """ nai.i preferential COX-2 inhibitor tJ'll'lJl~'Vla.:J'lJtJ~~a'l>Jl')OWUt1u01m·rna.:i~a'l.l1.:JLl'lt1'1'Vl1'1 . " . 
m~L\"ll~tn'Hl')L~iJtul~u1.:i ~.:ioi1.:ilu~1nn~" specific cox-2 inhibitor ~~rni1.:iL~v.:im.:i 

'l I I 'lu .,j '} ~ .J J' QI ~ I .l'<t fl "" 
m~LWl~flllfl'j iJVl1'1 ~lfltn'HailnL>Jfl L'lf LtJ'lltJl~'Vla'.:J'lJ'U ~.:JtJtJ tllL'HallJ~'1LutJ'Vl1'1Lafl0 

" 
L 'Hii1 um')~ntt1 t ')l'lieJamau tm1mw1~eJcl1.:i~.:i l u~u.:ir:n~ 'H~ei 1u·nu~ih1qJm'H~faiiil~~u 
L~tl.:J~lflfll')LO~ LL~a lum~LWl~ill'Hl') 
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(Drugs Used in the Treatment of Alzheimer's Disease) 

hl'ni'alizn.forn{ (Alzheimer's disease 'H~fl Alzheimer's dementia, AD) Lth.t1'ff1~ 
LflVlvlOOT'H~fllJ'lltl..:Jam1-rnrl1..:i(lltlL~fl..:J (progressive, degenerative disease of brain) ~..:iii 

.J fl ... .. 
mm·w1L uuan'tlru:;mw1:;V1fl 

1. fllnl'j'YJl..:Ja&iihyqp (Cognitive symptoms) 

• ( "·'' "" • ..t .J f l ... .J fl ... " 1.1 l'l1llJvl Memory) tju1f.1v:;i1m1iiv1L'1'fl2.J'll'..:JLu'Uan'tlru:;'YJLulHflnnn'tlru 

'll fl..:) AD tvif.I 1u'j:;f] :;L~2.Jv:;iil'l112.JNVJi.Jn&i'llfl..:Jl'l112.J~l1 'UmVJ OT'HU~LnVI • 
1mJ1 vi11i1~11m..,01m'jru~Lnvim1nutta12!nv:; hh~fo 1i.Jvun-h hvidv:; 

vi1L UlJ 1 i.Jm1ma1"»~flmm'j'll tJ..:i t 'jl'J..rviflf.11 'lJ'j:;f]:;'jim "i..:imn 
\J • 

1. 2 11l'tll (Language) ~U1fliiiltym~11m1"i~VILLa:;L~f.l'lJ lvimJVl'H~m~m.1l~'lf1 

a..:i 1'61'11 hlL 'H2.J1:;a2.J'H~flNVll'l112.J'H2.Jlf.I ~flal')OU~~'U 1vi1ii51 l11 ll1LnVI 
\J 

., ., " a .J ".'I .. J 
1. 3 m1>.JaiJWlJi:i'llfl..:Jnl')L 'H'l.lmvma:;amirn (Visuospatial) ~u1ff-v:;aa.Jacrnrn 

Lnu'lltJ..:i 11..:i'llfl..:ili.JNvi~Nvi'Yll..:i ~iamu~Lrn:;i1rt'Yll..:i1ii1~ vi'..:ii!i.1 ~rtbtJv:; 
\J 

'Ha..:J'Yll..:J nauu1u hicin 
\J 

2. fllnl"i'Yll..:JWt)Oln"i')lJ (Behavioral symptoms) 

~ ".'I e::e ~ .d .J~ 1 ' 2.1 fllnl')'Hn..:J~JVI (Delusions) f.Ju1f.1v:;2.Jml2.Jl'lVILLa:;m1m'lffl'Ylf.JVI 2.Jal2.Jl'lt1 
\J 

Lmmrn:;~..:i~ttluv~..:i liimm')a~vitJrl1..:iiimvi~rn 1~ 1ii~ufoitJm')1'lfmvir.Ja 
• \J • 

1 J' "" ".'I • ,.J 'l· I I "" J ~ lJ'):;f.l:;u '-!l'll'lantju1f.lv:;L uam.1 uflm..:immrn:;wqvim')>.J'YI Ltavi..:i fl flnL 'llJ 

12-i L lJ'lJ~f.ltllJ~U 1 lHl..:Jl'l2.J an'tlru:;~Ll'lm~mJfl lJnl')L?J1a..:Jl'l2.Jv:;L~fl1 i.J trn:; 
\J 

L'li'1a..:iviJ.Jmn ?Jivi'lltJ..:i~tl1£JL~J.Jv:;1mimrnrl')m.JviuLtJ..:i 
\J \J 

~ V ( ) "' "•'' ~ I ""ii .. "" 2.2 mm')·aJJLYf')l Depression L2.Jflrju1f.IL"iJJ'Yl'jl'U1l(ll'lJLfl..:JJJ ty'Hl'H"iflf.JVI 

i.Jn01 uoiliimm')r1..rvim'lnuiltym'H~tJ~..:if.lvii.Jn01~Lnvi~u 1~ ~1J.Jnum')~~ 
U1f.IL~JJ 1iial2.Jl')il'lf1f.IVllHfl..:J 1~ ~..:J LnVlii [)lOl'):S>.JLrtflma.Jm 

2.3 mm'lirnulii"Hau (Insomnia) "»~mrnuf.lvinai t?iu 'Ufl'Unai..:i1mLoi~u 
.. ~ "" ., . I • ., ., .,.J.,j J' 1 .. 

n a1..:i viu Lrn:;L ')JJ nv1 mu"i:;v11irn1J'Yl'YIVJ'IJ'll'U uvi mmai..:i l'l'IJ 

3. liia12.Jl')fl'li1f.IVl1Jlfl..:J (Functional disability) L~tl..:Jvln~u1£Jiiilty'Hl'Yll..:J~llH:i'Ol 
iJcyty1ua:;wq&im')2.JvJ..:Jmh1?J1..:io11.1 ~U1f.lvd1f.IVllHfl..:J 1ii1~ o1~Nii~~Lrntrn:;·zbm 'H~fl L'lill 

m'lLLoi..:ioi1 nl')~Ui.J'):;'YJ1lrnlm') nl')L'll1l1'fl..:i1li trn:;m'jvil"i..:i?11011.h:;~11u~u 1 
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l'l11i.J~1Lrim.J'lfil~ia l'Zfi-1Li.Jt1f (dementia of Alzheimer type) Lllu~1~1'lfa1'H~'Ul'l11i.J 
~iLrit1iJ~l'la1vnu AD mn uoihll'l1rnnru"1011i.J~u~ 11a1l1~u AD 

lut1&i01iim')l'lf~111 presenile l1~v senile dementia ~~l1"1EJO~mm11'111i.J~1Lriai.J~~ 
"" . I "" ( ) "" "" .J Ln~<J1nm:::u1um')l'l11iJ'lJ11011i.Jun01 senile dementia l11mn~<J1nn1:::u1um')l'l11i.J'lf11YI 

~1Lilm~1n11tJnOi (presenile dementia) mh~hn011i.J m1iJ'lf'jl~~1Lilu'ltJ011i.Jun0ihhh1-H 
"" • d. ..,:: ...... .J • ' 3 "''lil""" "' "" "1 "" Ln~m1i.J'l1L"m.J ~NmJ <J~m1l1amaEJ~l'l1maimvrn " l1Ln~m1m1ua1rn'jamwln 'lc.J~ 

.f 
'lllJ 

LL>711m1LtJ~mJLLua~m~wmfiamw'llt1~r.Jtl1vm<JLn~~u~~LLoimvv~tl'av uoimm1 
u • 

'llv~ AD >Jn hlua~~aam.nrlmrn1v 50 ti u>Y11m1tJ1:::dhrnuOim1ru'lJei~ t 1l'lif <J:::LLv1noi1~ • • 
nu uoia1u1l1qj<J:::Ll1u~a~nu11~U'Oim')tU'lJv~hl'lia 1'Zfi-1Li.Jvf~aLn~~m.h:::mru 5-10% L'U 

v.J "" ' ~I 'I v.J ' ~I "" .f 1 " " "" "" t .J' ~mrn1~mnm1 65 u ua:::Lu~nm~i.J1nm1 85 uv:::Ln~'ll'U ~ 40- 50% ~l1fY~v:::LMl 'jl'JU 

'1Qfinnn11r.!?J1EJ U'):::'lJ1m~11anmvL1'.lu AD tJ1:::iJ1ru 20 al'Ul'l'U 
u 

'I v.J .., • I "'"" "" !fl t .J' ' "" .., !'! .J AD ell'JW'Ul.Jln L'U~Yl>Ju'):::101cy101a1EJ01')~Lu'U 'jl')lJ L'lJ\J U~1).J1')~1 i.Jnl'j~Jn'tfl\1\J~ 

.J • I ".'I .J !'11 ... ."I "' "' :: " ·'' nm1nru11c.Ju1EJ 26% YILu'U AD m<J>Jalm01<J1nu'l<JEJ'Yl1~W'Ui'im')>J irnnv1nuu c.Ju1EJ 
" ' ' u 

U QI JCV A c;;S .J~ 
5- 7 % rf)J'W'Ui'iOUn1')LO~'l1n mm1u1~LvUY1~1')l:f::: 

!1f t .J • 1 .,... ~ :: CV A I ".'f AD Lu1J 'j~YJ'Yll l1i.Jn11~fYL'1EJYl~'Yl1~a~mma:::m~Lml:f~n'ltlEJ1~mn n1')~LLa~u1EJ 

Lllu~1u~ol'a-3l?fna1 24 ~1ti.J~Lrn:::m1i.Jwmmi.Jt1~1~oim~a~ lutJ1:::LnvtmiJ~m i.J1:::Li1u11 

iim'j l'lf~1EJ 1um1~ua~mnr.!tl1via1'Zfi-f Li.JaftJ'):::iJ1rutl"::: 6 l1rlua1u~ amhf ~~ LiJu"h~LLa 
" u " 

~m~n t~v01·N L'li1J \'11m "11 h~'~mu1" m1ucyLavv~11i.Ji1~m')'ll1m1vlQf'lla~~~LLmrn:::'lleM~ 
• 'I 'I • I 'l ., 1 I... <$ " 'I "' "' I I ."I .f "" ., u1EJ L'Uu1:::LYl\'1 'YIEJEJ~ i.Ji.Jn11LOU'llt11Ja L'UL1tl~~~0('111 LL01uqjl111'l~l\JLL'N"10'll'ULl1iJV1JnU 

nmh::: L 'YIVIL ~ el~'l1 OU'i:::?J1 m'll a~tJ 1:::L 'VIVI l 'YIEJiim El ~\J~1J • • 
.J'"' 1 . .c:fq.c:f " • I Q. CV.c:i., d I • 4 4 CV I ".'I ~I 

'll ru:::uEJ~ >J i.J1Lin110111<Jaau'Y11~ l1 a~ u!)UO'l m 1n<J:::'lJ1EJ'Yl1'U1 EJ\11 a EJ'U vu11 ~u1EJ L u'U 

AD )j nl')Lrf'U ailinl'i'Yll~oH el~U~UOln11\1('11EJiBa1\1~tJ m1iil'l'1EJ t 11'1 a('! l 'lfi-f L>J vf LLa:::L ~el 
• I "" • t I .J'"' 1 I"'"'"" 'I .J ... I d. "" ... .J 
u'):::U.J'Un11'Yl1'U1EJ 11'1 (prognosis) LLVl'llfil:::'UEJ~ i.Ji.J1i'in11 L~YliJl'l11"1J1L'lftlflBL'Wtl~Wel'Yl'l::: 

ih m t-61 u~1u vi11<J~nuith:::~1iu '31ui~um~ '~u 5n11i.J wu m1i.Jai.Jwud'1:::l111~ m1 >J ti ~i.J nOi • 
'llv'3uu (gene) l1a1EJ'lfil~num1iJL~EJ~oiBm'iLiJ1J AD famuw1:::uu~mu~>Jm'ja~Ll'l'i1:::i-.f 
apolipoprotein E (ApoE) 

V4 tl1 fi ff .fl1 Wl.I el'il AD 

".'I "" • 1.J • I "" .J !fl "' t J' c.Ju1EJ AD >Jnl'iL u('IEJ\JLL u('l~'Y11'3WEJ1i'iammrn~ai1f'M'YIL u1rnnl:fflJ:::mw1:::'lJa~ 'jl')\J 
" 

Lii~~umnEJtl~1~ ~~luQf1umvill1l'l luQf1u~1Ll'lii ua:::lu'l:::~rn'lfml 
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L'U~l'U)J'Hn1£JilllA?HMaJ.Jt1'1~U1£1 AD vm11)jm'")r'.Jtl'l.1t1'1 guri a1'U sulci 'l::ffl1'1~'U 
iin1'")'lJ£11£J'lJt1'1 ventricle ~1'11 LLa::iim'")r'.Jt1'lJt1'1Lil'mt)Jfl'1U1'1rl1u famuvn::~ amygdala, 

hippocampus ua:: temporal lobe 

L'U~l'U~1LAiivn.J11~tJ1u AD iiA11)JtlV1tln&i'lJt1'1 glucose metabolism 1mt)Jfl'1flU1'1 

L{t1'1'1 ~'1m'lfi1l-Hm'"j1'lfwa'1'11'U'lJt1'1a)Jt1'1'lJt1'1a)Jt1'1tlvi 1 tlOJ1ntln&i ut1n'l1mf u r1'1wu11 ~ 
\J 

tl1u AD iim'")~fltl'")::al'YI A Ch LLa::rn'U hiJ choline acetyl transferease (CAT) avia'1tlU1'1 

mn 1vimuw1::~ hippocampus, cortex ua:: amygdala CAT LtJurnu'l'l:fi1~wu1uL'l:faatl'")::al'YI 
cholinergic ua::iiml'1~'1'1LA'")l::lf ACh n1'")aV1a'1'lJt1'1 ACh ua:: CAT a)JoW'UB~l'W1'U'lJfl'1 
L'l:faatl'")::al'YI cholinergic ~vnu ltl 

.. CV <' "" • .J "ti .J ' L '\J'")::VIUL'l:faa WU)Jnl'")a::a)J'lJtl'1 amylo1d plaques 'YIIllU'UtlnL'l:faa '")::alrl'Yla)Jt1'1a1u 

cortex ua:: hippocampus Amyloid plaques llLllmLf.J'U'lJtl'1 insoluble P-amyloid protein (p 
.J .,j CV .J' CV o "ti •'IV"' <' AP) 'l:f'1 L)Jt1a::a"nmnn'lJ'U'l::'lJV1'lJ11'1m'")'Yl1'11'U'lJfl'1L'l:faa '")::al'YI m L mnvim'")V11U'lJ fl'1L'l:faa 

tl'")::al'YIU~L1CU~'1mh1 tln&i amyloid precursor protein (APP) L'UL'l:faa astrocytes 'l::~nvi'vi 

tviurnuhiJ protease 1-H'Li'.lu PAP ~'1tl'")::nt1u~1umvit1::"1utl'")::mru 40-42 vi'1 11a'1'l1n 
:: CV CV .. _j 1tl .. ..i _j O ltlCV .. 'U'U PAP 'l::'lunu ApoE L'U astrocytes LLa::'1'1flt1n mum:im'l:faaLWfl'1'1V1fl £1'1L'l:faa 

ti J' CV CV . .JJ' "' <' 
'")::al'YI PAP-ApoE complex 'U'l::'lunu LDL-related protem (LRP) 'YIW'Uf.J1'lJfl'1L'l:fm'I 

ti "' . .J • A J' v 'l- I'! ., '")::al'YI LLa::Lnvim::U1'Un1'") endocytos1s LWfl'Ul ..,AP-ApoE-LRP complex 'WL'lJl u L'UL'lfaa 

tl')::a1Y1 Lrlm'li1 ltltuL'lfaatl'")::al'Y1 PAP-ApoE-LRP complex 'J::tlavitl~t1£1 PAP fltlnm 
.J 0 V .J .fll • .. "ti CV :: 'l:f-1 PAP 'l::'Yll'H'Ul'YILuU neurotroph1c factor L'WL'lfaa '")::al'YI 'Ha-.l'lln'U'U ApoE-LRP 

complex 'l::~ntl1t1t1n'l1m'l:faatl'")::al'YI t~mi5m'") exocytosis ua:: ApoE LLa:: LRP ;;i::uumrnn 

OJ1nn'WL~t1tl1nau"11'lf'1um'")?J'Ua'1 PAP L'li1 ltlL'WL'lfaatl'")::a1Y18n m::u1um'")llL~un11 
non-amyloidogenic pathway 

L'UA'Utln&i ApoE 'l::t1~1u~tl'lJt1'1 ApoE E2 7%, ApoE E3 78% LLa:: ApoE E4 15% 

.. V.'I .. "ti O ti "' ,J ti CV L'U~u1u AD 'l::wu ApoE E4 L'U astrocyte LLa::L'lfaa '")::al'Ylmnm1 nV'l 'l:f-1 '")::nt1unu 
"' ti "' 1 .. .J CV .. V J:lj .J "" "'t 0 OJ A11)Jr.JVI nV'l'lJtl'1Ltl'U 'lf)J protease 'YIV'IVI APP L'HLu'U PAP 'Y1>.Jmvit1::>.J 'U£111n11 42 V11 nl'l 

'")1)Jvl10'U'")::\111'1 ApoE E4 nu PAP ~m1n11tln011-H'Lll'U ApoE E4-PAP complex ~Yi1'11'U 

tlvi'ltl;;i1ntln011viu ApoE E4 ;;i::~unu PAP l~L'Hi1£11LLU'Un11tln&imn Lrn::ih1-H' complex if 
~unu LRP 1~aVla'1 Yi11li ApoE E4-PAP complex il'liimm'lt"l~unu LRP LLa::'llia1"1'")t1 

cJ1'WL'll11tlt'WL'lfaatl'l::al'YI 'l~ ~'1V1n"11'1t1UJ)lU'UtlnL'lfaatl'"j:;al'Y1LLa::nt1 LoHLflVI amyloid plaque 
\J 

~'U 'Ut1n'l1nd tJ'1Yi11li'L'lfaatl'")::al'Yl'lJ1VI neurotrophic factor CPAP) LL>Y11L'UA'Utln&iaiiJl'lt1 

WU amyloid plaque l~ u~,j'nwu1utl~>.J1CU~1 a1u~tl1u AD 'l::WU amyloid plaque LlJ 

tl~)Jlrumn m::u1'Um'")'1'1Lm1::-H amyloid plaque llL~un11 amyloidogenic pathway 

L~t1nu11 non-amyloidogenic pathway ~nA1U~)J1VlmLUU positive feedback 'lln 

cholinergic system ~-.ltT'U Lrlt1iim'lV1lU'lJt!'1L'lfaatl'")::a1Y1 cholinergic L'U~U1U AD m'l'Yi1'11'U 
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'lJtl..:J non-amyloidogenic pathway ~-u:iGJa..:i ti1ll1'>lm1a·nm1::t-f neurotrophic factor (PAP) 
ti .J' U 1 t I OI I U ti .! "'I 1 

aGJa'3GJ1tJ 'lJtl.l::uv..:i J.JYl'fl\JLLU'lfG1110l1n'l::OllJfl11r11..:i1u'lJcN amyloidogenic pathway ~t1t1:: 1 

LL~L~t1m::u1um1fimauilt:Jan1::ofu amyloidogenic pathway 1Git1011..:i ut1nv1mfu m1fimau 

a'3ti11 '1'Ln~ free radicals ~..:iti1a1m'lfaat.h::a1Y1 cholinergic a..:it:Ja 1 ~ positive feedback vln 
. . ... " ... ... " ... .J t ".'I dl ...... I 1::uu cholmerg1c aGJa..:it1nGJ1t1 mrnn~1um..:it1t1J.Jm..:i1::u1GJ1Y1tnYIWU11~u1tJYI GJ1umn~J.J 

NSAIDs 1::u::m1ilij0111m1LnGJ AD tl't1un-hth::'lf1m~1 ltJ 'lJru::d>li!ni..rm-m1vmh.Jtha..:i • 
~mfl~11m\Ju1u1GJ1um11'lf' NSAIDs Vl~tl free radical scavengers 1utn'l~Oli1 AD ,1J.Jtl\J 

"' tntlU 

lJtlnLVIUtlv10tn1W\J amyloid plaque lua>rn..:ia1u cortex LLa:: hippocampus LL~1 a..:i 

wui1~airn..:iu~nruGl'..:ina11v::>l neurofibrillary tangles a::m.rntjmvlmwaatJ'l::alY1LlJu 

~iu1umn 1mwaatJ1::aiY1tln01v::wuilm'la..:iL~'l1::\.1' ApoE E2, ApoE E3 ua:: ApoE 84 

luaGJa1uwt11ti'u~wulu astrocyte ApoE 82 ua:: ApoE 83 v::..ruti'uhh&iu tau l~~J.J1n 

tn'l~ ApoE 82 ua:: ApoE E3 11i.Joi'1ti'ultJ'l&iu tau v::'li1utlt1..:iti'u1J.J1vi1tJ'l&iu tau 11n 
\I 

phosphorylate ua::lJeNtl'U 1J.J1VILU1&ilJ tau 11J.Joi'1tlUL'1..:JLL~1LOGJLlJU paired helical filament 

(PHF) ~u tn1'l1i.Joi'1ti'u1::vii1..:i ApoE E2 ua:: ApoE 83 nu ttJ1&iu tau LlJum1ih ttJ1&iu 

tau ltJa..:il~ P- tubulin L~t1th::naunuiul~LlJlJ microtubule L'lfaatJ'l::a1Y11'lf' microtubule 

1utn'l'lJUa..:Jal'l~~1LlJuoh..:i "]11J.J.,r'3ttJ1&iUv10 cell body ltJf1..:ia1utJa1t1tJ1::a1Y1 lurJtbt.1 

AD wu>l ApoE E4 lutJ~J.J1ruJ.J1mrn:: ApoE 84 il~uti'uttJ'l&iiJ tau lGJ1JJ~hrn ~..:in11~>l 
t• I "' 1 •I"' " .., .., 1 " fll .J l r u101u tau u~ut1a1::J.J1mrn::~n phosphorylated ua111J.J011nmt1'3 VILuU PHF 'lf..:J i.Ja1J.J11t1 

ltJ11J.Jtl'U P- tubulin 1 ~LlJU microtublue n11 ~L'lfaatJ'l::alYI l>Ja1m111n1'31U 1~011mJnGi 

a1utJa1t1tl1::alY1'lJ1Gla11~~1LtJu1 u tn'll'i1..:i1uua::~11'3?1i01 ~'3 LO Gl tn10lltl'lJtl..:J L ·zmatJ1::a1Y1 

~u PHF ma1ifa::aJ.Jnuutlirnu1uL'lfaatJ'l::a1r1lu1U'IJt1..:J NFf ~..:JalJ.Jl'lt10l'l1vW\J 1~v1n 
\I \I 

autopsy 

Gl'-3ifu tn'lLOGJ amyloid plaque ua:: NFT L~t1i1LtJua1LV101~1~ty'llt1'3tn1011t1'1Jt1..:iL'lfaa 
• I 1 ..J • ".'I ... I .,I.. .,I u'l::alYI uaJ.JcN'11'U cortex ua:: h1ppocampus 'lJ'1'3~u1tl AD L'lfaau'l::alYIYIJ.Jtn'lOllt.IJ.JlOYI 

~~~ti cholinergic neuron ~)j cell body t1tj~ nucleus basalis of Meynert LLa::a..:ilt1tJ1::air11tJ 
.J' ..J , de tldd QI e Q I 

Lat1'3aJ.Jt1..:i"1u cortex LLa:: h1ppocampus 'lf'3mVIU1Y1Lnt.11num1i.Jv1LLa::wqoin'l'lJ.JOl1'3 '1 tn'l 

OlltJ'IJtl..:J cholinergic neuron ~'3n1l~ai.Jt1'3'U~L1ruGl'..:inrlTl'll1Gl ACh LLa::choline acetyl 

transferase (CAT) ~..:iLlJurnuhiJmmum'la..:iLm1::\.1' ACh ~11J.J1ULL1'3'lJa..:imm'lrju1t1v:: 
amiwfl~t.10l'l'3tl\J~1lJ1UL'lfaatJ'l::a1Y1 cholinergic ~Olltl ltJ U~iJ1t1J'llcH ACh ~aGJ'4..:J ua:: 

~1li.JVIU1LLU'U'lltl..:J NTF LLa:: amyloid plaque 
.,11 tlO> 1 .J'... t I "" I .J ~ O> 1 t tnYI 'l110li1 AD U'llt1J::'UJ.Jtltl 3 naJ.J~tl 1. naJ.JYILWJ.J1::~'U'IJtl..:J ACh U'1J.Jt1'3 Gltl 

\I • • 

tn'ltJ'U~..:JLt1Ul'lfiJ acetylcholinesterase (Anticholinesterase inhibitors, AChEI) 2. n~J.J~tzftli.J 
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LL'lf>J'H~t1tJ~utJ~'3fil')nl·n\J'llt1'3L'lfa~i.h:::mn (Neurotrophic drugs, Nootropic drugs) LLa::: 3. 

' "" n~iit1u 'l 

CHOLINESTERASE INHIBITORS ( ChEI) 

.,i 1 ".'I "" "tJ 0 1 """ LUt1'3vln mf>Jt1'3'llt1'3~u1v AD >Jfi1Wllf.l'lltl'3L'lfaa '):::Cfln cholinergic m m.Jnl') 

'lllVI ACh ~'3LUU'1l')~t1tl'):::Cflnv:::Lfit11'llt1-3nu~1um1ii~1~a>Jt1'3cbu hippocampus LLa::: 

.... J1 " • " " " q cf J odil q.CC J 4 • cortex ~Nn vina11>.11LLa1'lll'3GlU v'3>Jrl1l>JVm1miinv:::mm'H')t11ilfil')Ylv:::L vrnm')m'31U 

'lltl'3'):::UU cholinergic ~a>Jt1'3U~L1tlJ~-3mh1 L'lfU fil') 1lfal')~\JnlLlJVI1um')a'3Lrl''n:::lf A Ch 

(choline, phosphatidylcholine, lecithin) fil') 1 lfm~n'):::~u muscarinic receptors LVltlGl'l-3 'H~tl 
fil ')llfm n~>J nonselective ChEI (physostigmine, organophosphates) LLoimL'Hri1lTh.Ja1>Jl')fl 

ihii11'lfm-3riailn 1~L~t1'3 hn~~rn'H~t1iiwl:fii1mnultJ 
LtllJ 1'lfif cholinesterase 1u~1'3mviit1tj 2 'lfUVIAtl acetylcholinesterase (AChE) ~WU 

J .... ti tJ . .J .... .... 1 • J ~ tJ YIU')L1tu mv ')::;ain cholinerg1c 'lf'3')U~W1'lft1U \Jfil')"r1laltl ACh Y1'Ha'3t1t1mnn mv 

tl'):::aln LLa:::rnuhiJ butyrylcholinesterase (BuChE) 'H~m1vn~n~tl'H~'311 
. .J • l ":: . 1 ... .... pseudocholmesterase 'll''3"r11altl VIYl-3 butyrylchohne LLa::: ACh BuChE WU>Jln mat1V1 GlU 

.J' "" "" J I • .ol f l .... "" I J' CV :: :: LLa:::Lumvt1t1u 'l fil')Ylmna>J nonselective ChEI >JA11>JLuUWl:f'1'3L\Jtl'3v1nmnamJvumn'3 . " . 
AChE LLa::: BuChE n1llfiim')L~>J?fu'llt1'3 ACh .X'3mvlima:::mvut1na>Jt1'3t1Ul'3>Jln LOVI 

1111::: cholinergic crisis ua::: ACh L'Hri1dv:::m:::~u muscarinic LLa::: nicotinic receptors ~1~1'3 
m£J ~u1t1~'3LOV1t11m')L'Hi'1t1unum'jl~~um~hLL>Ja'3 LLoimnriii~LUlJ selective ChEI ('H~u " . 

.... :: JtJ tJ "" fl ~ J .... ti AChEI) v:::£JUtMLUWl::: AChE.,, ('ll[J ')::;a1n cholinergic v'3LuUfil')LW>J ACh YIU')L1(U al[J 

\.J'):::aln a1u ACh ~ci'm'll1am::: mfd~t1V1v::: C1nn1aiv LVl£J BuChE n1 l 'H'1ilj'jm')~'3'lltl'3 ACh 
" " ... .... ' 

miimrnun~>J nonselective ChEI 

AChEI 

AChEI oi1LL')n~l~ihii1l'lf~nl:f1 AD l~Naflt1 Tacrine 1vivn1llfri11>J~l'llt1'3~u1£J~ 
J' .ol ti .ol n CV ,,j ., 'l ti I J' q ti ~ ,,j ~ CV ... .ol "" I CV ti 
'll'ULLa:::>J tllfil')'lJ1'3L~[J'3tl~ \J'll::VIU"r1£Jtl>J')U VI LLGl[JlU>J'lltlLC!tlYI '1lrl(\Jrltl>JVmGluGlU 'l:::n tlU 

nu1irnru:::ifilm'lWU ACHE! BO 2 oi1~l~~rn1um'li'nm AD ~11>JUtl>J'lltl'3 Tacrine ~'3aVI 
a'3 t1 u1'3 m n 

DONEPEZIL (ARICEPT®) ua::: RIV ASTIGMINE (EXELON®) 

Donepezil Lrn::: rivastigmine LUU AChEI ~j'j?Jt1&1milt1n11 tacrine t1Ul'3>JlOAt1liJj'j 
......... :: .. .t ........ :: ,, .. J ... ., 
W l:fGl ti GlU Vl'Yl'3'1tl'3>Jq'Ylil"r11'3 L/Hl'lf1'Y1£Jl')1>J"r1'3 N ('l'lJl-3 Lrltl'3'YI L 'H>J tlU OlJ 
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d' .., ... 
CJ n iirn~ w ffff'J n tn 

qn5m:i.:i donepezil LLa:: rivastigmine LflVl~lOnl'HJU~'ILVtl 1'lfi1 AChE LVlt.IUU~'I 
'l .. " ., :: J' .,J 1 ... .J"" .. ti 'ltl J' • 1 """ Lfl\J 'lfiJ BuChE um1 Vl'ltltlltlmmi lJU'H1tunmmrn ')::a1n cholinergic Lat.1'1v::Y11 lUJ 

,fl " J' :: 1 I .J. fl _.j .J "' ACh m:inqYIB vimo'lJtJ')'UJYl'I mfi.rn'la1tl hippocampus ua:: cortex 'ZHLutlaiJti'1«1lJYILflVl 

"' J' 1 ".'I l~t.11Ban1l~'lllJ 1Jr.Ju1tl AD 
\I 

q ... I 1 ti 4 l';:i 4 o .J o t1.J 
AChE inrn1t.1'lflJVlt.1tit.1 uai.iti'lfllJ oviv::i.i AChE 'lf\JVI G4 ~1\J1\JmO'l1'1Ylll1mYI 

lum')aait.1 ACh 1-H'LUlJ choline LLa:: acetate luai.iti'l'lltl'l~tht.1 AD tl~i.iltu'llti'lrniJ'l'lfiJ G4 

avia'ltiUl'li.110 LLGltl~mtu'llti'lrnlJhif'lfUVI G1 hiLtl~mmtla..:i iimfo~1ui1 rivastigmine 

aliJl')CIUU~'ILtllJl'lfiJ G 1 l~ n1lli'uti'lfllJnl'ahait.1 ACh l~~oi1 AChEI ~lJ LLa:: tll~LUlJ 
• • • .J ..j h' I .J ..j .,j 

m~r.Ja'llti'lnl')WU nvast1gmme nai.iti'1«1tl 1ppocampus LLa:: cortex mom1nai.it1..:i«11JtllJ 

r1aula'i::uu1h::mmhuna1~ 

Donepezil LLa:: rivastigmine n1llimm'l'lleN~U1t.1 AD ~t\J~'lliJ~llJ cogmttve 

symptoms, behavioral symptoms ua:: funtional disability LL~qn5{m:ndm~LnV1:ffuarl1..:i'lf11 
1" .. "'ti .. . .J d .., .J J' , .., 

LLa:: m1aiu1uC1..:i 4-12 a V11l1omrnv:: m1rna'lfviL~1J 'lf'l'll1Jtit.1ouf!11i.i'lmL')'l'llti..:imm'l'llti'I 
\I • 

".'I I ., .., ti"' 1 .J 'i .J I Cju1t.IOtl1J')Unl'l'lfftflLLa:: 'l"1tu'lHN ACh mfiJil'IYlavia..:i LV1t.ILUWl::Y1a1U'lltl'I cortex ua:: 

hippocampus nl'lL~i.itl~mru'llti'I ACh luai.iti'ILVlt.1 donepezil LLa:: rivastigmine ~::Q)a..:il'lf 
L1a1 LLadi'liitl~mru'llt1'1 ACh aV1a'lmoriau{mn~::~'IQ)a'll'lfna1u1u:ffu luu1..:i'l1t.1mm') 

..,J' "" d " ., 'l ''l " "" ".'I ti .J .., m~Vl'll\JLWt.1..:iLamJt1mm::u1..:i'l1t.1m'l'lO'lflt11v i.i mrnLat.1 i.i~u1t.1 'l::mru 60% Y1nl'l')m:t1 

v::~:ffu 1tJ'l::~u~thwa1~ u~a1u l l1ajLL~1m~'laa..:iifhjaim'lC1n1 l-H ~ll1t.1o~um L l1i'.iautlo&i 

1~t1rl1..:iai.iu 'l ru 
\I 

' d f.JoU/fJ'i::UUtJU '] 

Done pezil ua:: ri vast igmi ne m::~\J Yll'I L&11rn1m 'lnl 1-H fl ~\J la 

tl1 Vlnti'I ne:i.:i L&1u LLauna'I tl1V1m!1na'I Lta::L ~i.im'l,.,&..:imV1Lrn ::tl1ciat.1 
:ff u 1 u 'l::tJ::LL 'lO'll tl'lnl'l 1'lfmLLa::a3JWlJBOU'll\JlVl'lltNtll 

m~'lati'lllm:: ~um'l,.,&'l'lltl'I secretions ~lO~tliJGJl'l 1 ua::m::~mrn::n1 l l-10~1i.i 
J' ... ., I .J f l ti ti .J "' .J. 0 1 ti QI d J ., 

LtltlL'l tltJl1VIVl1 L'lflJ Y1l1at1V1a3J iJVl~O Lu\JG'l\J tlnL1\JYlm'ltlVILatlVl'lf'IYl1 l1'lltllt.IYl1 'lf'lqYlilVl'I 

mh1v::LflVILim~t.11num'll~{u Ach l1~tl nonselective ChEI Liu physostigmine lt~ tl t.11~1 

LL>.Ja'IO~iJ organophosphate 

Donepezil LLa:: rivastigmine ,Joni 1-Hl11 lvLQ)1J'lf1a'ILLa::m1i.i~uL~t1VlaV1a..:i Ltl'll\JlVl 

"' f l ... • 1 " ... " "' ., 1 ., " d J' .., "' J' 1 " a'll1'lti'llmvi L uiJWl:ftll~Yll mo VI r.JMl 'l'l'lllllfltll11 ~oaULVJ\JL 'l1'lltma::f111i.ivimaaV1a'l'll\J VI 
\I \I 

'11001')~ ACh m::~lJnl 'l l1&..:i epinephrine vlO adrenal medulla 
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., .. 
tllr12fvflUr11ff"1'i 

~'3 donepezil LLa:: rivastigmine ~n~~'BiJ 1~~v10'Yl1'3L~lHl1l11'l fat1~ rivastigmine 

1 l1'l::~umcMctv1 L'ULae>~~u'l::mru 1 ~11iJ'3 m'l 1~-ru rivastigmine wfe>iJml11'lv::'l1::aam'l " . 
~~iliiJ'llfl'3t111~ Yi1ll1''l::~umct'3ctVIL'UWa1aiJ1Lnvi~u'l::mru 1.5-2 ~11iJ'3 Donepezil -.!unu ... " . 
wa1amlu'l~'UU'l::mru 96% LLa::~mu~t1mLua.:ilvit1rnu1'lfif cytochrome P450 ~ol'u 
u'l::mru 65% Lrn::?iue>e>nm.:itJaai1::1u~uL~iJu'l::mru 17"/o cbu rivastigmine -.!unu 

1.1 "' .I •'I " "'t 1 ; 'I • "' ., wmam uw1uu'l::iJ1ru 40% ua::flnm Ll1l1iJ~q'Ym ~mau 'lfiJ AChE L'U'Yl1'Ufl'3L~t11nu 
" 

"' " • I I 1 " 1 .. fl "" ... J' I " " .J ::i"' ACh L'Wt1'3LLYl11nl'luafltl l1L8'U 'lfiJ AChE Lu'U8ct'l::Ln~'lllJYlfl'U'lJ1'3'lf1 Yl'l'3'll1Yl'll8'3 

donepezil v::u'l::iJ1ru 70 .t11iJ'3 LlJ'lJru::~'lJ8'3 rivastigmine v::u'l::mru 1 .t11iJ.:i uQjql'l~'lJ8'3 
I I d "'"" d J' °' °' 'l .. 1 II ~ rivastigmine v::uium1Y11Y1'l'3'lf1Yl'llfl'3t11LutN'11nmuvunurnu 'lfiJ AChE ~'U1'Ul1altl'lf1 

.J " " 
1iJ.:i 'lf.:in1ll1'L~t1n rivastigmine i1Lll'U pseudo-irreversible AChEI ua::mih'Jn1l1'1ua:: 2 Yl-r.:i 

,J 1" "' ., .::: '11\J donepezil ctlm'lfl l1tl1L'Wtl'31'Ua::fl'l'3 

nndi~tlan~mnumdu 
L~fl'3v1n donepezil ~nn11l1'l1iJ~qn~t~rnrnuhif P450 ~ol'u ~.:iifu~.:imvjjul)n~m 

nut11~flnn11l1'l1iJVlql1~1~mmJ'l°lfif'lf~L~tl1nlJif L'lilJ ketoconazole LLa:: quinidine v::uml.:i " . 
m'lli1mt1 donepezil Lrn::n11 l1''l::~U'llfl'3 donepezil 1mae>V1~'3~'U 1~ chu rivastigmine hi~n 
Yi1ait1~olU LLQj~nn1a1t1t~mfl'U1'lfif AChE ~'3,flJ rivastigmine ~'3hJLOV1ul)n~mnut11~lJ~ 
1'lf11iJnu 

• • • o 1 ti "" ti "' .J II d °' fl I d Donepezil ua:: nvasttgmme l11 l1Ln~r.Ja'lJ1'3Lfltl'3l1Ylaltlfla'3n'ULLa::Lu1maQlm1rn.:i 

., .::: 1 .. " "' .J I "" .ol 'l" "' .ol .I " v1nm'lt1Utl'3LfllJ 'lfiJ AChE r.Ja'lJ1'3Lfl£Ml1WUU8tlflfl YlalJ a 81LvtllJ LU881l11'l u1~l18'3 

ne>'3L~lJ rl1t1t1aai1::tiat1 U1'3'l1t1m'1iimm'lumJlijml'u eiauL wat1 u1~~'ll:I:: 1 umn~a.:i 
" 

"' II ., 1 tlQI A I t .J I V ti .J' CV 1 
mvi.Jmm'lV1a1t1nu ~'lUWl:lv1nmmLLi.m.:i ~t1mmTY1nm1mm.:iQl1Jv::1mL'l.:Jmn'llu l11 v 

L~1JL~1 fl11iJ~m~fa~ct'3 na1mifam::Yln 'lJU1~~LUlJ~'l:fmvv::Yi11l1-a'nl~LLa::mvYi1Ll1Lat1 " . 
~1Qlv1m::uumt11vua:: 'l l1aLit1mae>~am l1ml~ 

tl'i::Trmu1.um'ifnm 

Donepezil ('ll'Ul~ 6-12 iJn11u) LLa:: rivastigmine ('ll'Ul~ 2-12i.JO/l'U)1'lf-!mn~ 

tl1t1 AD 1~t11~r.rn 1ur.itht1~iimm'itl'at1a.:Jthuna1.:i uQjiJn'l~r.rntl'e>t11ur.J~iimm'l'llJLL'l'3 
" " . 

i.J1nl1~m u1rn1muua1 m'l 1'lfm~.:iaa.:Jd-rnm AD L llum'l-rntflYlliJmm'l 1~t1um m mm'l 

1" " 'l' ., .J., t l" .::: ., 'l" 'llfl.:J AD l1'l'ULL'l.:iuat1a.:J LLQl i.Jct1m'lmntnl1Ql'ULl1Ql'llfl.:J 'lfl ~ uanv1nuu m'l'ifflflv:: ~ • • 
r.Ja~1 u'li1.:J LL 'ln L'liu L~rnnum'l-!mfl 1 'lYIG'ti.Ja.:J L~ai.J~1J 'l L rl a'3v1nm'l~1LU'U'lle>.:i1 'lfllijl~ ~n?ivi 
'll11'3 m'lLO~ NFr LLa:: amyloid plaque U.:J~lLUlJ~f) h.J 1~tiu.:ijjm'lYl1£.l'lJ8'3L'lfaau'l::ctll1 
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. • "" .'I J' I ' "' "' .. .J J "ti . cholmerg1c LLa::i.Jnl')wfl'lJfl..:JL\HHUHNtltn..:JVlflL\Hl..:J Li.Jtl{l..:J~Vl'r1\NYIL'lHrn ')::a1n chohnergic 

{ln°t'i1mmnmihJ 1tl'1'Un')::-ri'..:iii A Ch tl'm1mnm1::m') 1~-rumnai.i\1'\iJmm')t'l°t'il 1 rf A Ch 
v • 

d~i.i l~mmvhwrrn tnL'r1a1il'1:: 1iJ1~r.Jaan~t11tl LL~nl')'thlr1Arumw~ivi~tl1u~~ut1~1..:i • v 

tl' vu 2-4 ll'1::ii~hmn LLa::Lthrn1')aVJm')::~1u~h l'lf~1t1 fll')::nl')VILLa~thu 1 u~ivitl')::~T)u 
v v 

NEUROTROPHIC DRUGS 

CEREBROLYSIN® 

. 1 V 
1 "ti "" J • 1 V "' ,f V 1 ~ v ~I Cerebrolysm Vl'1lnnl')UtJU L ')VJ'lJ'YIYll 'r1U')'fYli'i'lrn..:iai.it1..:i'r1>JV11mt1u 'lfi.J L muumvi 

vdHu (85%) LLa::Ltlt11nv1'llmVl~'U'r1alU'lfUVJ (15%) tviuiBLYIA l'Ula~~11l1Wi.J1Vl')jl'U 
(biotechnological standardized enzymatic breakdown of purified porcine brain proteins) Ul 

.r"" n t1 !'ti J' "'1"" ... · "1 ULVl'lUi.JtlfJ 'lJ') Ul'Ul ·nvt'1lflL'lfflL Wtl 'r1L'lJlYll..:J'r1('1tJVIL('ltJVIVll'r1at1via:: 30 i.ia LVltl 'U 1 irn 
v v 

'1::tl')::nt1u~1m tltll Y1v1~l~~1nai.it1..:i'r1i.i 215. 2 i.in v 

J' .., .,. 
CJ ri t5 rn~ w o'lf'J nm 

"" I VI ,f ti .,J' i.im'inm1m..:i11 Cerebrolysin m:inq'Yli'i 3 'i::m'ivi..:iu 

1. Neurotrphic stimulation lviuila..:intJnl')VllU'lJa..:imaatl'i::mn 'th 1 rfL'lfa~tl'i::al'Ylii 

m'iLL u..:ivl'1 LLa::li11r1L'lfaami.i1'i{lii~ivi'iavi~1nfl11::~lilmi.i1::ai.i1~ iim'i'YIVJatN tviuvl'vi 

L'lfaatl'i::mn cholinergic ~L~ai.i~t1'i::'r1i1..:i frimbia ua:: fornix ua::wui1 Cerebrolysin 

a1m'){lUt1..:inu degeneration 'llt1..:JL'lfaatl')::mnii'1~ 
. 'i' ti.., 1 ., "'ti "' • 'l .,.,.J' .fll 2 . Neuromodulat1on LVIU ')\J m'liaa 'i::al'YILLa::tJ')L1tlJ synapse 'Yll..:Jl'U VIVl'll\J Lu'U 

i:rnlrfwqmm')i.J m1i.i~1 LLa::m'iL~uuf~..:ilmJ l~~u 1vit1wui1 Cerebrolysin Yi1lrfiim'i..:iern . v 

"ti ~ J' 1 ., .. . 1 .,.., .. "" ., <l .J' 
spines 'llfNL'lfaa 'i::mm Wi.J'll'U uamnviat1..:i LLa::m 'r1avi1nviat1..:im~mflL')U'lJ~L 'i1'llmrn:: 
... ., 
ai.i'tf1a..:i 

3. Metabolic regulation 1viuila..:inm'lfaatl'i::a1n~1nm1:: lactate acidosis m~::L~i.J 
nl'i l'lft1t1n?lL~umulm'lfaa wui1 Cerebrolysin L~i.Jm'i l'lfat1nt8L~u·2rn..:iai.it1..:i li11 rfL ~i.im'i 
a..:iL~')l::'r1Ltl'iQ1mrn::L~>Jm'ilil..:J1\J'lltl..:J pumps ~1..:i 1lua>Jt1..:i~~t1..:it11Yl'uw~..:i..:i1u mrn~1mfu 
Cerebrolysin ir..:iavitl~mru lactate luai.ia..:i li1lrfmifm~ilt1..:inum1::'lJ1V1t1t1nt8L~'U'llt1..:iamN 
.J I "' ' 1 "' J.,. O J' 'lf..:i'lf1uaV1m'iLOVI free oxygen radicals lJU')L1tlJYl>Jnl'iY11altJ'llt1..:imaamN 

.., .. 
wo'lfvaumovi'i 

LLii'i1 Cerebrolysin ~::ii~nuru::Ltlmtltl'lnvf LL~L~t1i1mif m>Jl'i{lr.J1m'li1a>Ja..:il~ LL~ 
CV 1 1 1 I V .J' "' J'tl V "'t tltl'l o' u..:i iin'i1una nm'immma>Jt1..:i'lrn..:imu mt1..:i~1nmu 'i::nt1umt1mvit1::>J mrn::L nvi 
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" .. .J,.$ .., ... .. " "' J' 1 " r.rn'lll~LVIEM'lHN Cerebrolysin Ylri1VltyVlm:n'li.Jtnnl')LLVHJ1LnVl'll'U VI 

th::Tm11f 

Cerebrolysin Lfiumtl1a1l1~UUVIL'li1lHHlV1Lih1vi~h tviuil'll'U1Vl'\.J')')~ 1 o iia1Lrni.1~a 
nl')~mfl AD 'l::1limi'ua:: 3 Lrniivrntviur.Jai.1nutl1Ln~mJ"i::i.11ru 100 iia LL~1 infuse L'li1 

" 
l1atJVIL~tlVl~1tlUl~'lil 'l (th::mtU 10-20 'Uln) tviu1liatlvi1lfa:: 5 i'mflunal 4 atlvi1lf 

ua::1l1J1'Yln 2 L~tl'U 
'lltU::d ilm'll'li' Cerebrolysin l'U~thu stroke LLa:: brain injuries oh~ '1 (acute 

craniocerebral trauma, trauma rehabilitation, postoperative care in neurosurgery) fau 111 

30-50 Lrnii~a 011iivi11i.11mL')~'llt1..:ihvi ua::1l115LQimnuih'll'~mfl AD 

ACTOVEGIN® 

Actovegin Lfi'UCfl')CfflVl'lltl'IL~tlVl'lln~ni'1~r.h'Un')::U1lJn1') ultrafiltration (cut off 4 

Kda) 1viuila1utJ"i::nt1U'lltl'I trace elements, electrolytes, nucleosides, peptides, amino acids, 

intermediates of carbohydrate and lipid metabolism, glycolipids ua:: oligosaccharides LL~ 

tl')l~'l1n ttl')Ol'U 

qn5'lla..:i Actovegin ~aii~ufinum')~fflfl AD L'li1l'li1LOVl'l1n 

1. Glycolipid fraction 'lltl'I Actovegin il insulin-like action 1vimyji.Jm')U1 glucose 

" "ti ..:. 1" .J •'I""' .., ,.$ 1 ti L'lllcti.Jtl'ILLa::L'lJ'aa ')::a1r1 ua:avmm') 'lJ glucose mam mmvivrn..:i..:i1'Uril')tl'I 'U~ 'lltl'I ATP 

J. fl ,.$ .., • "ti Yl'l1L 'Urill1')'\.Jfil')Yll'll'U'lltl'IL'lfaa ')::Cf1YI 

2. L yj ii nl"ilh ti ti niBL 'l'UL'lil L 'lJ'aatJ')::Cfln \111110')::'\.J1'U 01') oxidative metabolism ii 
tl"i::~n5r.rnL yjii~u LLa::avit3'1Jmlt1'l1n ischemic damage 'lltlWZfaatl')::Cfln 

..:. . 1 .. J tl.J 'I " 3. LVli.Jfil')Yll~l'U'lltl'ILtl'U 'lfi.J pyruvate dehydrogenase complex YIL auu pyruvate Ll1 

tJ J' J. fll .., .. J 
L 'U acetyl-CoA i.JlO'll'U 'lf'ILu'Ufil')aVln1')Cf'ILml::l1 lactate 'lln pyruvate a..:i Acetyl-CoA YI 

"' J' ,J ') I \I ,J ..,j ') \I"' .. ,J J • 'ltl•I LOVl'll'Urt1'U L l1ty'l::L'll1\'l Kreb's Cycle LVltl L l1LOVI ATP LL a:: acetyl- CoA anri1'Ul1'U'l'l::'U1 w 

\ICV .. d. ti tJ • J d \I I \I 
'lfef'ILVl')l::l1Cf1')i'ftl ')::a1r1 ACh 'lltl'l')::'\.JU ')::a1r1 cholmergic Yli.J'Utltltl~LLa1 

.. .('I ..:. .., ~l .., 
4. Glycolipid fraction 'lJtl'I Actovegin i.Jt)Yll> L'Ufil')LVli.Jfil')Cf~LVl')l::l1 'lli.J'U 

(lipogenesis) 
. J.i ..J' .., 

'lllnVl'lltl'I Actovegm YI L'lf'lllJnUm1i.J1'ULL')'l'lJtl'I AD 

1. llJ')lU~tnnl')1'ULL"i'IUtlU: Actovegin infusion 10% i'ua::vi~..:iLtlm1m 14 i'u 
ti .., ~ QI ~ 

Ol1i.JV11U iv Actovegin ampoule 10 ml 1ua::V1')'1l1')tl Actovegin forte coated tab Vl')'la:: 3 

.., :: tJ ... 1" . 'fu' ... :: ., tab 11rn:: 2 VI')'! L una1 2 LVltl'U ua:: l1 Actovegm m s1on 20% YJO 3 LVltl'U Vl"i'la:: 3 1'U 
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2. LU')ltJ~fllm')1im'l'I: Actovegin infusion 20% iua:::vif'ILlJUL1'fl1 28 iu Vl11.JGl1tJ 
, , CLI ~ .r.:V • ~ CLI 

iv Actovegm ampoule 1 O ml 1ua:::V1'Ml1'ltl Actovegm forte coated tab Vl'l\la::: 3 tab 1ua::: 2 

Vl~\I Llluna1 2 L~tl\J LLa:::1ti' Actovegin infusion 20% lln 3 L~tl\J vif\la::: 3 iu 

Actovegin 

Cerbrolys in 

PIRACETAM (Nootropil®) 

Piracetam ijUVl'l 1Vl'l'l'1i'l'IV1a1unu y- aminobutyric acid (GABA) LLGihWq'Yl5via1u 

OU GABA Latl q'Y15Lum'l-rm:n AD 'lltN Piracetam LflVl~lnm'l~UOU polar heads 'lltl\I 

phospholipids 'lltl\I membrane li1Lti'L~1.J fluidity 'lltl\I membrane ~L~m.rn'ILU~ij'lfll~Lrn :::~ 
u1u AD Li'.hma1tim'lli1'11\J'lltl\I membrane 'lltl\IL'lfaa'l1J.J~\IL'lfmf1..h:::a1Y1Lrn::: mitochondria 

n~u~uaamvnJ nOi r.m'llfl\I Piracetam ~ ::: L l1u~vi L~u 1 ur.l'a\lmt1l1~mj~ijvi11J.J tlvii.J nOieicln au 
" "" , " " 

GINKGO BILOBA 

ijm'lihai'laOVJWL~i;~1nlu'llfl\IQ}\mu :::n1u (Ginkgo biloba special extract EGb 

761) mr.JaviLlJtJm-rni;1 AD (Tanakan ®) 'l1J.J~'lm'll'lf"lmLu::: n1u1u'lu'llti'lm'r11'lLa~J.J 
" 

A ""t J' v '11l1'll.J 'lVl\JVl1tl 

A .... 'I 1 ti "' .J .ol I "' .('I .... .. al'l'11Vl(ij L\J ULL :m1tl'YIL'lftl111.Jq'Ylli L\Jnl'l'rnm AD Vlfl Ginkgolide B, c, J, M Lrn::: 
.( """" I .J'.J ,... "" .( .(,... d 

Bilobalide q'Ylli'Yll\I Lfl'1'lf1'YltJ1'lltl\1'11'lL l1allJ'Yl'1).JW\Jlin1')fl'Ylli'lnm AD Viti 

1. Antioxidation 1vit1'111.Jl'lClUtl\IOU oxidative damage ~Lnvitu~1n peroxide 

formation 1u mitochondria 'lltl\IL'lrnaaJ.Jti\ILLa :::L'lfaaQ]u1ul1u~muJ.J1n '11'lanvi~1mLu ::: " . 
n1tt~\lm:::~u1tim')fi1'11\J'lltl\ll'a\J l'lfiJ superoxide dismutase LLa::: catalase L~)Jtu1m'lfaa 
GJ1\l 'l'lltl'3l1U'll11 trnn~1mfu '11'lanviv1mLu:::n1tt~\laVJm'lLnvi malondialdehyde (LlJuQ]1tl\I 

" 
~'llfl\I lipid peroxidation) ~m~r.11tl11viu hydrogen peroxide 1Gl' 

2. q'Yl~'lltJ1tJl1atlVJLat1VJ1uamNr.jllJ'Yl1\I nitric oxide 

h'l .J d h l' .,. • 1 .J "' 3 . avim'lLnl:::'lltl\I neutrop i YI en ot e mm 'lltl\ll1aavirneivim wn1:::Y11.Jn1'l'lllVJ 

a fl ntBL vu 

1um')~ni;1Y11'3viaunv1nl1mt1amuu (North American EGb Study Group, 1997; 

I .... i.J .., • 1 " ".'I .,,J' .ol • I"' Maurer K et al., 1997) Wl.J11'11'l'10VlvlnLL :::n1tt'Yl1 l1flln1'l'lltl\l~u1tl AD Vl'lllJLJ.JtlLu'ltJU 

"' "' I L Y1uununaJ.Jvi1uviJ.J • • 
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SYS ALZHEIMER'S DISEASE FROM PATHOPHYSIOLOGY TO 
PHARMACOLOGICAL INTERVENTION 

1 n1ri?'lf1tnif'lf?mn ?nrnaflu wntfw'i::u~~{}tna1, 2 n1ri?'lf1tnif'lf?nm riru::uwnv­

mrrVJ{ um?nmam21m7nu, 3n1ri?'lf19VJn'lfmrrVJ1 riru::uwnflmrrVJ1 ,,~w~nwf 
' 

um?nrnafl 

Pathophysiology 
<$ II ., II I V ,J' 

1. a>Ju·rnma~ tl1'Humnrn~a~a~ Lilmf)J(NLL~ua~ ·rn~amNml~'lJ'\J ventricle 

" ,f 
m1~'lJ'\J 

2. Liluairn~ii neurofibrillary tangle, amyloid protein, neural plaque 

3. ~11).J~~tln&hn~W'\J~n')'l)J - human chromosome 21 & p - amyloid encoding 

4. p - amyloid synthesis pathway - amyloid precursor protein (APP) & protease 

inhibitor 

5. Acetylcholine (ACh) deficiency 

low choline acetyltransferase & ACh synthesis 

ACh receptor responses & P - amyloid synthesis 

6. Other abnormalities 

Aluminium, Toxin 

Brain circulation & metabolism 

Other neuroregulators : dopamine, norepinephrine, serotonin, GABA, 

glutamate, peptides, growth factor, steroids 

Pharmacological intervention 

1. Increase ACh synthesis : choline, lecithin, phosphatidylcholine 

2. Inhibit ACh degradation (AChEis) : tacrine, donepezil, galantamine, 

heptastigmine, rivastigmine, metrifonate 

3. ACh receptor agonists : sabcomeline, xanomeline 

4. Alter ACh receptor signal transduction and p - amyloid synthesis ; drugs 

acting at G proteins, proteins kinase C, phaspholipase C: phorbol esters, 

staurosporine, tyrphostin A25, genistein 

5. Non-specific: nootropics, gangliosides, anti-oxidants, vitamins, etc. 
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Effects of AChEis in Alzheimer' disease 

1. Tacrine (tetrahydroaminoacridine) Li'.JlJ AChEI ilJLL"SO~~a011viau~i'Yl Parke 

Davis 1Q)-rum"S-ru"SeN'11n FDA a"H-rjmt1~mLi'.Jum-rnm~tJ1ae1al?i~urnfluu 
... i'.J ti d e 1 tld !S I J'a ... 1 YI .ff . 1993 lJUL lJalllllJLLUU'Yl'Yll 'Htlnl"Sv1ntt1~a'lltNtnOa2JlJflO'HalfJ011 lJL1al • 

G1eimLrn:a i'.Jum"Suuiru11m"Suuff-.:i~ AChE ijlJ"S::a'Y15r.rn 1 um"SL ~>JY111>Jait11"Sfl 
'llfl'l~thalu"Haia 115m'l71vi (memory, orientation, language, praxis) mllijlJ"S:: 

fl'Y1Bt·rn"S::Qj'u\J1una1-.:i uG1mam~'-.:im"S1'li'm 1tl 2 lJ 1viaiTuo31u1ur!tJ1alQ)n11 
" 

I " · ' ' • I .J .J d " d • • I .J 190, 000 Yl'lJ WU11Cju1fJu"S::tllflJYl"S'l'H'lJ'l2JC·rn'lll'ILYlfJ'ltllO '1l'lJ1lJu"S::2JlflJ'H'lJ'I 

1 u~ij ~aLaan-.:i.ffiJGi' ei-.:i"Havim ~a taa~wumn~a"S::Qjurnulszar transamines 'lJ a-.:i • 
"' J' ti I d 'l" d ti I 01ua-.:imrn1n ua::~rnm::01iJ"S~uu cholinergic L'lf'lJ YlalJ a fl1L'1fl'lJ 'Ylfl'l"S1'1 " . 

2. Donepezil (Aricept® - Eisai ; Pfizer) llmi'.Ju AChEI ~'lJ~ 2 ~-.:iij?i'ai1a11ij . " 
• I ~ .,. r d lJ r d .r 1· I r ~ u"S:: '1'Ylirna01 aL lJ fl'I L 'lJL1allJ1lJ LL01 L2Jfl'HfJVlal'WU11 ~Ja'lJfl'lmma uflal'l"S1Vl L "S1 • 
trn::nau ltJijmm"SL'Yi11nun~i1~liilQ)-rum • 

® G-':; 1" I d 3. Rivastigmine (Exelon - Novartis) aua-.:i AChE VllJ1lJ2JlO ua~ claim 112J~a 

selective G)ei cortex Lrn:: hippocampus ~rnm"SAntt1lu~tl1amnn11 3000 "SlU 

wu11 ijlJ"S::a'Y15~aa-.:i LLa::ij~rntamr aa u>J"l ur!tl1aa-.:i ma 
'\J " " .. ..... lJ 1" .J.,:; 4. Metrifonate (-Bayer) 2J'10'l:fflJ~L 'lJ prodrug l1 active metabolite 'li'lfJUfJ'I 

AChE 1Q)u1u m"SAnmlmrtJ1a 12-26 ifuvi1~wu11hfoa~ 
" 0 .cl (LI :; q .f 

5. Galant.amine (Reminyl - Janssen) iJ~aaua-.:i AChE LLUU competitive m1m; 

~u~-.:iGi'ei-.:i 1 'rim1ua:: 2 Ylf-.:i ~-.:i L llu'li' a~el'1-.:i11Yi11 'riu-ru'llmvim lQ)mm::amrn~avi 

Key Questions 

1. How selective is the selective CNS AChE inhibition ? 

2. How to assess efficacy ? 

3. Are the adverse effects tolerable ? 

4. How long would the efficacy persist ? 

" ... LflfHfl"Sfll'leH 
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ABSTRACT 

The Artemisinin class of compounds is the most rapidly acting of all 
antimalarials. Two artemisinin derivatives, artemether and ruiesunate have been most 
widely used in the treatment of multi-drug resistant falciparum malaria. Artesunate (AS) 
and most other artemisinin derivatives (artemether, arteether) are biotransformed to 
dihydroartemisinin (DHA), the major active metabolite. Dihydroartemisinin is the most 
potent member of the class in in vitro test system. It is synthesized by chemical reduction 
of artemisinin extracted from the Chinese herb and is used as the starting material for the 
manufacture of artesunate, aitemether, and arteether. Since DHA is the most potent and 
least expensive to manufacture, it has the potential to be developed as an antimalarial 
drug in the market. 

Aiiesunate is readily biotransformed to dihydroartemisinin and, therefore, 
measurement of antimalarial activity in blood provides a critical pharmacodynamic 
endpoint. Quantitative determination of plasma total antimalarial activity can be 
performed by the use of an in vitro Plasmodium falciparum bioassay method, which has 
been validated to measure drug in serum or plasma samples from patients given 
artemisinin compounds. The plasma antimalarial activity is reported as the concentration 
equivalent to DHA. In other words, the antimalarial activity of AS is reported as the 
concentration of DHA that produces the same antimalarial activity as AS. Data from the 
bioassay provides information on the pharmacokinetic-pharmacodynamic or the effect 
kinetic profile of the drugs. 

As part of the drug development process, the pharmacokinetic-pharmacodynamic 
properties of oral dihydroru·temisinin were compared with oral artesunate ( 4 mg/kg) in a 
crossover study in Thai healthy volunteers (n=20) and in patients with acute, 
uncomplicated malaria (n=20) admitted to the Hospital of Tropical diseases, Bangkok. 
The drugs were given sequentially once daily (day 1 DHA, day 2 AS or vice versa). For 
patients, mefloquine (MQ) 25 mg/kg was administered as a split dose on the third day to 
complete the treatment. 

The maximum effect (Cmax) associated with DHA (1 ,576 nM) is less than that of 
AS (4,042 nM) in normal volunteers (p < 0.001), but it is comparable to AS in patients 



Vol 22 : Supplement/, 2000 S61 

(3,377 vs 5,400 nM, p 0.04). The time to reach maximum effect (tmax) for both drugs in 
normal volunteers and patients are 0.5 - 3 and 0.5 - 8 hr respectively. The elimination 
half-Jive's (ty,,z) of the effect associated with both drugs are between 1 - 2.6 hr in 
volunteers. Although in patients, the half-live's of DHA are not different than in 
volunteers (p > 0.05), there are wide variation in the half-live's associated with AS in 
patients compared to volunteers (0.5 - 4.0 h). The areas under the effect-time curves 
corrected for molar dose (AUC/D) of DHA in both volunteers and patients (0.394 and 
0.804 h.kg.L·1, respectively) are less than AS (0.654 and 1.114 h.kg.L-1

, respectively; p < 
0.001). The relative bioavailability of the effect associated with DHA is 70% and 80% of 
AS in volunteers and patients, respectively. 

The apparent volume of distribution (Vzlf) of the effect associated with DHA is 2 
fold ~reater than AS (6.8 VS 2.7 L.kg·1 in normal volunteers, p = 0.001; and 2.6 VS 1.6 
L.kg· in patients, p = 0.005). The clearance (Cl/f) of the DHA effect is faster than that of 
AS in normal volunteers (3.0 VS 1.7 L.kg·1.h·1

, p < 0.001) but it is not clinically different 
in patients (1.3 VS 1.0 L.kg-1.11° 1

, p = 0.01). The volume of distribution and clearance 
associated with DHA are reduced by half in patients with malaria compared to volunteers 
(6.79 VS 2.57 L.kg·1 and 3.03 VS 1.33 L.kg·1.11·1

, p = 0.001 and < 0.001, respectively). 
Both parameters for AS are also reduced in patients but to a lesser extent than DHA (2.68 
VS 1.59 L.kg·1 and 1.72 VS 1.01L.kg·1.h·1,p=0.004 and= 0.006, respectively) . 

In summary, effect kinetic bioavailability of oral DHA is 80% of oral AS in 
patients. If the production cost of DHA is, in fact significantly less than AS, DHA can be 
regarded as comparable to or economically better than AS. 
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SY7 MECHANISMS OF DRUG RESISTANCE IN PLASMODIUM FALCIPARUM 

Mathirut Mungthin 

Department of Parasitology, Phramongkutklao College of Medicine, Bangkok, 
Thailand 

A major obstacle to the treatment and control of malaria is the emergence of drug 
resistance in Plasmodium falciparum. Drug resistance has been defined as 'the ability of a 
parasite isolate to survive and/or multiply despite the administration and absorption of a 
drng in doses equal to or higher than those usually recommended but within limits of 
tolerance of the subject•1·2• 

The intensity and frequency of resistance from each foci varies substantially. These 
factors are dependent upon such variables as the amount of local drug pressure, the rate of 
active malaria transmission in the area and the length of time that drug resistance has been 
acquired within that area. The emergence of drug resistance is thought to have come about 
by the selection of existing resistant mutants through drug pressure, although it is accepted 
that parasite isolates expressing natural variations in drug susceptibility do exist3. This 
selective drng pressure has most likely been applied by the unsupe1vised use of subcurative 
doses of antimalarials that have been made widely available to the public in many pruts of 
the world, but may also be due to non-compliance, vomiting and/or diarrhoea after drug 
intake. As drug resistance is genetically determined, it will be spread by active malaria 
transmission, as gametocytes from resistru1t isolates will produce resistant offspring. 
Antimalarial resistance has been shown to be a stable pheno7pe maintained in in vitro 
culture for many yeru·s in the absence of continued drug pressure . 

Chloroquine (CQ) resistance in P. falciparum was first reported in the late l 950's 
from 2 separate foci; South America5 and Southeast Asia6. Today CQ resistance effects 
most areas of the world in which the drug has been used7-8. Indeed, in some areas CQ is 
now almost completely ineffective. Parasite resistance is not confined to CQ. There have 
been recent reports which suggest that amodiaquine (AQ), a more active analogue of CQ, 
commonly used in Africa in the therapy of CQ treatment failures is also subject to 
resistance mediated treatment failures9

"
10

• The increasing problem of parasite resistance to 
CQ had prompted the use of combinations of existing drugs, in addition to the 
development of novel antimalarials. During the 1970's a combination of pyrimethamine 
and sulphadoxine, named Fansidar, was employed. However, the development of 
resistance to this combination and adverse reactions has limited its use in many areas 11·13

. 

Furthermore, parasite resistance to the new generation of antimalarial drugs has been 
reported. Resistance to mefloquine (MQ) in P. falciparum was observed as early as in 
1982 in Southeast Asia and 1983 in Africa 14-15 and clinical resistance persists despite an 
increasing of the therapeutic dose16. Early clinical failure to new drugs such as MQ and 
halofantrine (HF) may be explained by cross-resistance11-20 

... Further compounding the 
situation is the continued drop in the sensitivity to quinine (QN)17, which now has to be 
routinely administered together with tetracycline2 1

• Artemisinin and its derivatives are 
highly effective for treatment of multidrug-resistant falciparum malaria. To date, a few 
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treatment failures have been reported22
; however, actual parasite resistance to these drugs 

has not been documented. 
Clinical resistance to CQ in P. vivax has been recently reported particularly from 

Southeast Asia and Oceania23
-
25 and resistance to pyrimethamine is also well known26

. 

However, because of the difficulty of in vitro culture, mechanism of drug resistance in P. 
vivax is less explored. 

Mechanism of resistance to antifolate drugs in P.falciparum 
Pyrimethamine binds and inhibits malarial dihydrofolate reductase (DHFR) and 

sulphadoxine acts on dihydropteroate synthase (DHPS). The combination of pyrimethamine 
and sulphadoxine gives a synergistic action against P. falciparwn. Resistance to this 
combination has long established particularly in Southeast Asia11

•
12

• Specific mutations in 
both target enzymes can evade the action of these drugs. Kinetic studies of DHFR showed 
that resistance in P. falciparum was associated with a reduced affinity binding between drng 
and target enzyme27

-
28

• It is well established that pyrimethamine resistance is a result of the 
mutations in the P. falciparum dhji· gene. A single point mutation on codon 108 from Ser to 
Arn is linked to pyrimethamine resistance. Additional changes in codons 59 (Cyst to Arg) 
and/or 51 (Asn to Ile) confer higher level resistance29

-
31

. Different mutations on this gene 
conferring pyrimethamine resistance in P. fa/ciparum have been reported32

. Interestingly, 
with these 3 mutations, changing at codon 164 (Ile to Leu) confers cross-resistance between 
pyrimethamine and cycloguanil, the active metabolite of proguanil (a DHFR inhibitor). 
While changing of codon 108 (Ser to Thr) and 16 (Ala to Val) is only associated with 
resistance to cycloguanil33

-
34

. The importance of the mutations associated with 
pyrimethamine resistance has been confirmed by the experiments using both homologous 
and heterologous transformation35

-
36

. 

The gene encoding P. falciparum DHPS has been sequenced. Specific point 
mutations on this gene have been linked to sulphadoxine resistance in vitro. Mutations 
associated with decreased susceptibility to sulphadoxine include codon 436 (Ser to 
Phe/Ala), 437 (Ala to Gly), 540 (Lys to Glu), 581 (Ala to Gly) and 631 (Ala to Tlu·/Ser)37

-
38

. 

Mechanism(s) of resistance to quinolines in P.falciparum 
Unlike antifolate drugs, the mechanism(s) underlying quinoline resistance is/are less 

clarified. However, the studies performed so far, mainly involving CQ, have produced a 
number of important, and widely accepted, insights into these resistance mechanisms. 

Chloroquine resistance 
Proposed mechanisms for CQ resistance have been based on the evidence that CQ­

resistant parasite accumulates less drug than its susceptible counterpait3942
. Therefore most 

of the proposed mechanisms have usually been linked to the reduction of drug available to 
the site of action; the food vacuole of the parasite. 

As the major driving force for 4-aminoquinoline accumulation in the parasite is the 
transmembrane proton gradient43

, changing in the magnitude of this proton gradient can 
alter parasite susceptibility. Resistance in P. falciparum could therefore result from an 
elevation of basal vacuolar pH in the resistant pai·asite. Based upon these ideas, Williams 
and Fanimo (1974) suggested that the lower steady state level of drug seen in resistant 
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parasites might be due to alterations in the regulation of vacuolar pH in resistant isolates44
• 

It is accepted that vacuolar pH in P. fa/ciparum is maintained by a balance between an 
inward proton transporter, the vacuolar ATPase pump, and outward proton leak45

• 

Therefore, an increased intravacuolar pH in resistant parasites could be due to either an 
increased proton leak or reduced vacuolar ATPase activity. Indirect support for this 
hypothesis using a mathematical model showed that the discrepancy between steady state 
drng levels seen in CQ-resistant and -susceptible isolates could be explained simply due to a 
reduced force for uptake in the resistant isolates46

• Further evidence in support of this 
hypothesis was that CQ-resistant parasites were more sensitive to the effects of bafilomycin 
Al, a specific vacuolar proton pumping ATPase inhibitor, than their susceptible 
counterparts47

• Two subunits of the vacuolar ATPase from P. falciparwn have been cloned 
and the proteins characterised which showed significant sequence homology with the A and 
B subunit of those found in a variety of organisms. However no differences have been 
identified between CQ-resistant and CQ-sensitive parasite in either of these subunits that 
could explain CQ resistance phenotype4849

. It must be noted that although direct 
measurement of the intravacuolar pH of resistant and susceptible isolates has been 
attempted (independently), none of the studies described have compared absolute vacuolar 
pH values of resistant and susceptible isolates within the same study50

•
53

. 

Based on the finding that resistant parasites released pre-accumulated CQ 40-50 
titnes more rapidly than their susceptible counterparts and verapamil (VP) was able to 
inhibit this enhanced efflux and increase steady state levels of drng41

, it was then suggested 
that rapid efflux was responsible for CQ resistance in P. falciparum. Since VP is a classical 
chemosensitiser that can reverse drug efflux in multidrng-resistant tumour cells. However, 
these findings have since been questioned by a number of workers who failed to show 
differences in efflux rates between resistant and susceptible isolates42

• 
54

. Fmthermore, the 
study using mathematical model derived for the time course CQ accumulation by Ginsburg 
and Stein (1991) concluded that the differences in CQ accumulation between resistant and 
sensitive parasites could be explained purely by the differences in uptake force46

• The 
observations that differences in drng activity con-elated more favourably with rates of drng 
uptake rather than drng efflux have been confirmed in later studies54

'
56

• According to 
Ginsburg and Stein's model, Bray et al. (1994) suggested that the resistant isolates may 
have an enhanced efflux capacity for CQ, this is however only at ve1y low external drug 
concentrations which is possibly therapeutically irrelevant55

• 

The level of CQ accumulation in malaria parasites could be due, at least in part, to 
the presence of a specific drng importer or 'permease'. Warhurst (1988) hypothesised that 
the differences seen in levels of CQ accumulation between resistant and susceptible isolates 
could be due to differences in the quantity, affinity for substrate and/or location of the 
'permease' in resistant isolates57

• It was also suggested that the permease could be situated 
on both the plasma membrane and the food vacuole membrane, but working in reverse to 
exp01t drng from the vacuole, into the cytoplasm and then out of the parasite. This 
hypothesis is consistent with the earlier observations of Moreau et al. (1986) who showed 
that a closely related analogue of CQ was accumulated predominantly in the acid 
comprutments of CQ susceptible P. berghei, whereas in resistant isolates this compound 
was highly localised in the cytoplasm also58

. 
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Recent work from Sanchez et al. (1997) based on the inhibition of saturable CQ 
uptake by the amiloride analogue, EIPA (a specific blocker of the plasma membrane Na+t'ft 
exchanger)59 in the progeny of a genetic cross between CQ-resistant and CQ-sensitive 
clone60 suggested that CQ is actively imported into the parasite by the Na+ binding domain 
of the Na+ !'ft exchanger, in exchange of protons. With modification, it was later suggested 
that CQ is carried through the Na+ !'ft exchanger in a burst of self-stimulated sodium/proton 
exchange61

. These authors then suggested that changes in the CQ impo11er could generate 
CQ resistance. However several evidences contradict this hypothesis, Bray et al. (1999) 
showed that CQ uptake by free parasites was identical when the extracellular sodium was 
replaced by either choline or glucarnine. Moreover EIP A could compete for CQ 
accumulation simply by binding to haem which has been demonstrated to be vital for CQ 
accumulation62

. Although the gene responsible for CQ resistance in these progeny has been 
identified and postulated to encode for a transporter, Su et al. (1997) could find no 
meaningful sequence with any ion channel or Na+ !'ft exchanger63

. 

Finally, it has been suggested that CQ resistance may be due to a reduced affinity of 
the intraparasitic binding site for CQ in resistant isolates64

. Using a mathematical model 
based on the hypothesis that the high-affinity drng accumulation, rather than whole-cell 
accumulation, is responsible for its pharmacological activity, it has been shown that the 
apparent Ka for high-affinity uptake is significantly increased in resistant isolates and this 
apparent Ka can be reduced in the presence of VP without any effect on low-affinity 
uptake65

. Further, it has been demonstrated that CQ-resistant and -sensitive isolates 
accumulate similar amounts of CQ at high affinity when external concentrations conespond 
to their respective ICso values. The low-affinity uptake is equivalent in both isolates, 
however, because of the increased Ka of the high-affinity process in resistant isolates, the 
contribution of low-affillity accumulation is greater. This model can explain the 
obser"Vations that differences in CQ accumulation between sensitive and resistant isolates 
are not as great as the differences in their dose-response to CQ42

• 
54

-
55 and that the increased 

CQ accumulation brought by VP is insufficient to explain the increased susceptibility to CQ 
also seen in the presence of VP42

• .s5
• 

Mefloquine/halofantrine resistance 
The mechanism of action of and resistance to MQ and HF remain unclear. It has 

been shown that drng susceptibility to MQ and HF correlate with accumulation. By the 
analysis as Bray et al. (1998) did65

, the activity of both MQ and HF depend on specific 
accumulation at a high affinity site with in the parasite66

. Although there are a number of 
candidate accumulation sites67

, haem would appear to be a good candidate. Using a specific 
inhibitors of plasmepsin and a cysteine' proteinase inhibitor suggest that MQ and HF exe11 
their effect by an haem dependent mechansim68

. 

Penfuridol can reverse MQ and HF resistance in P. falciparwn69
-
10

, similar to the 
effect of VP on the CQ resistance. The ability of penfuridol to enhance susceptibility in 
resistant isolates is associated with an enhancement of drng accumulation66

. 

Molecular characterisation of quinoline resistance 
The de~onstration that CQ resistance in P. falciparwn could be partially reversed 

by VP led to the investigations at the molecular level71
. This phenomenon had been linked 
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to that of mammalian multidrug-resistant (MDR) cancer cells where drug resistance is also 
associated with the reduction of intracellular drug accumulation. In cancer cells, VP is able 
to reverse the resistance phenotype by competing with the cytotoxic drug for an active 
efflux component on the cell membrane. This protein namely P-glycoprotein is encoded by 
the mdr gene72

"
74

• Therefore, by analogy, it was suggested that VP exerted its 
chemosensitisation effects, in P. falciparum, by inhibiting the actions of an efflux pump71

. 

In cancer cells, selection for MDR usually coincides with an over-expression of a P­
glycoprotein and amplification of the mdr genes that encode this protein75

• P-glycoprotein 
belongs to the family of Adenine nucleotide Binding Cassette (ABC) transporters. The 
classical P-glycoproteins are large plasma membrane glycoproteins consisting of two 
similar halves; each containing six putative transmembrane segments and an ATP-binding 
site. Drug_ resistance is caused by the ability of P-glycoprotein to extrude drugs . against a 
concentration gradient, resulting in a decrease of the intracellular drug concentration 
available to the drug target. Studies with P. falciparum have resulted in the isolation and 
characterisation of three P-glycoprotein homologues, namely pfindrl, pfindr2 and 
pfgcn2076

•
78

. Of these three mdr-like genes, only the pfmdrl gene has been linked to the 
quinoline resistance phenotype. 

pfmdrl and Chloroquine resistance 
Stronger evidence has been forwarded to implicate a possible role for pfindrl in 

drng resistance in P. falciparum. The pfindrl gene, which is situated on chromosome 5, has 
been shown to encode a 162 kDa protein, P-glycoprotein homologue 1 (Pghl) which 
belongs to the ATP binding cassette (ABC) transporter family and shows 54 % homology 
with mammalian P-glycoprotein79

• The protein consists of two homologous halves and an 
asparagine-rich hinge region; each half molecule contains 6 transmembranous domains and 
a nucleotide binding fold. The protein is present throughout all the asexual intraerythrocytic 
stages of the parasites life cycle and is located mainly on the membrane of the digestive acid 
food vacuole and to a lesser extent on the plasma membrane of the parasite80

. More recent 
studies also localised this protein to other membrane structures in the parasite81

• 

Original studies involving a limited number of P. falciparum isolates of varying 
susceptibility, suggested that CQ resistance might be linked to amplification of pfindrl and 
overexpression of Pghl 79

. However, subsequent studies have failed to correlate 
amplification of pfindrl and parasite sensitivity to CQ80

• Indeed these studies have indicated 
that not only can similar levels of Pghl be observed in both CQ-resistant and -susceptible 
isolates, but also that ce11ain susceptible isolates could have higher levels of expression than 
the resistant parasites. In fact, subjecting moderately CQ resistant strains of P. fa/ciparum to 
CQ to produce a higher level of CQ resistance resulted in deamplification of the pfindrl 
gene from 3 copies to 182

. 

The lack of a correlation between Pgh 1 expression and CQ resistance led 
investigators to speculate whether specific mutations inpfindrl might be responsible for CQ 
resistance. Studies by Foote et al. (1990) suggested that resistance to CQ might indeed be 
correlated with amino acid differences in the pfindrl gene83

, although again, these findings 
are not without controversy. In this study, the authors identified two 'alleles' that appeared 
to be related to CQ resistance. The authors were able to predict the sensitivity status of 34 
out of 36 isolates of P. falciparum based solely upon whether or not they possessed these 



Vol 22: Supplement I, 2000 S67 

alleles. One of the alleles (termed the Kl type) involved a single amino acid change (Asn86 

to Tyr86
), the second (termed the 7G8 type) involved three amino acid substitutions (Ser1034 

to Cys1034
, Asn1042 to Asp1042 and Asp1246 to Tyr1246

) . Further studies, involving sequencing 
pfmdrl from P. falciparum isolates from Africa, have also reported a strong relationship 
between the Kl-type mutation and CQ resistance84

"
85

. However, several reports failed to 
identify a complete linkage between any of the mutations and CQ-resistance phenotype in 
both field isolates and culture-adapted isolates86

"
94

• 

Following the observation that application of CQ pressure to laboratory isolates of 
P. jalciparwn, resulting in an increase in CQ resistance, was accompanied by a 
deamplification of the pfindrl gene82

. It was suggested that the Pgh 1 might be involved in 
the accumulation of CQ in the food vacuole of the parasite. This hypothesis has been 
examined by transfection the pfindrl gene into Chinese hamster ovary cells (CHO), it has 
been shown that those cells expressin?: the wild-type Pghl are hypersensitive to CQ as a 
result of increased CQ accumulation 5

• However the transfected cells with the double 
mutant pfindrl gene with an1ino acid replacements at positions 1034 and 1042, showed 
neither CQ hypersensitivity nor the ability to accumulate CQ. Following work has indicated 
that cells expressing the wild-type Pgh 1 have a lower intravacuolar pH compared to cells 
expressing the mutant Pghl or non-transfected cells96

. It was proposed therefore that Pghl 
mediated increased CQ accumulation by decreasing vacuolar pH. Further, the author 
hypothesised that Pghl may be acting as a chloride channel, although no direct evidence 
was forwarded. This work has therefore strengthened the hypothesis that pfindr 1 may play a 
role in concentrating CQ within the malaria parasite's food vacuole, by reducing 
intravacuolar pH and thus increasing the force for drug accumulation in this cell type. 

cg2 and Chloroquine resistance 
The studies described above provide a rather confusing picture as to whether or not 

the pfindrl gene is involved in CQ resistance in P. falciparum. However, studies involving 
the analysis of a single genetic cross between a CQ-resistant and CQ-susceptible isolate of 
P. falciparum appear to provide the strongest evidence so far that the pfindrl gene is not 
involved in CQ resistance60

• 
97

• The progeny exhibited the phenotypic characteristics of 
either the resistant or susceptible parent; this was seen as evidence that a single genetic 
locus may be responsible for the drng phenotype. In the initial study, inheritance of parental 
pfindr 1 did not segregate with the drng response. Further work by Su et al. (1997) identified 
cg2, a gene on clu·omosome 7 which encodes CG2 a unique ~300 kDa protein with 
complex polymorphism63 • The polymorphism of this gene was linked to the CQ-resistant 
phenotype in these progeny. It must be noted that clll'omosome 7 contains no pfindr genes 
(pfindrl is situated on clll'omosome 5). The CG2 protein was localised to the peripheral 
membrane and in association with haemozoin of the food vacuole prompting speculation 
that CG2 is a drng trafficking protein. However the experiments of genetic transformation 
by the same group indicated that CG2 may not play a role in CQ resistance98

. Recently a 
novel, complex polymorphic gene named pftcr has been identified and linked to CQ 
resistance in the genetic cross progeny and field isolates99

. Further studies of mechanistic 
role of this gene has to be done. 



S68 Thai J Pharmaco/ 

Pfmdrl and Mefloquine/Halofantrine resistance 
Although the role of the pfmdrl gene in CQ resistance is unclear, s~veral studies 

have identified a link between the amplification of pjindrl and MQ and HF resistance. A 
number of workers have shown that the selection of MQ-resistant isolates by subjecting 
parent lines to sequentially increasing MQ concentrations was associated with an 
amplification of pjindrl 76

• 
100

-
101

. It must also be noted that in the studies described the 
decrease in MQ susceptibility obtained in these drug pressure experiments was 
accompanied by cross-resistance to HF and QN and also an increase in CQ susceptibility. 
Conversely, both Barnes et al. (1992) and Peel et al. ( 1994) have shown that CQ resistance 
selected by CQ pressure, was accompanied by a deamplification of pjindrl and an increase 
in susceptibility to MQ and HF82

• 
101

. These observations have further strengthened the link 
between MQ and by implication HF (which share similar cross-resistance patterns to MQ) 
resistance and pfindrl gene expression. In addition, work by Wilson et al. (1993) involving 
the analysis of a number of resistant field isolates from Thailand, appeared to confom that 
both MQ and HF resistance is indeed linked to pjindrl amplification86

. Experiments in a 
heterologous yeast system showed that Pghl can act as a transporter, expression of pjindrl 
has been shown to functionally complement the ste6 mutation in Saccharomyces 
cerevisiae102

. The yeast ste6 gene encodes a P-glycoprotein that expoiis the yeast a-type 
mating factor, mutants being unable to exp01i this peptide103

. These workers provided 
further evidence for the functional impo1iance of anlino acid differences in the pjindrl gene. 
Cells expressing Pghl containing 2 of 3 7G8-type mutations were unable to complement 
the ste6 mutation. Using this yeast model, it has been demonstrated that the pjindrl gene 
confers resistance in yeast cells to MQ, HF, QN and mepacrine104

• Drug resistance in 
pfindrl transformants was associated with decreased drug accumulation and an increase in 
drug release from preloaded cells. Again it was also reported that mutations associated with 
the 7G8 CQ-resistant allele resulted in loss of function. 

However recent rep011s question the role of pf mdr 1 · in aminoalcohol resistance. 
Studies of a HF-resistant isolate (KlHf), selected by intermittent drug exposure, has 
indicated that the decrease in HF susceptibility obtained, which is accompanied by a 
decrease in MQ susceptibility and an increase in CQ susceptibility, is not accompanied by 
an amplification of pjindrl 105

. Fm1hermore, similar findings have been repo11ed for cloned 
lines selected for MQ resistance by the application of MQ drug pressure106

. Recent work 
also shows no association between reduced sensitivity to MQ and HF and the level of 
pfindrl amplification and expression in recently adapted and fresh Thai isolates70

• 
101

-
108

. 

These studies indicate that the acquisition of MQ and HF resistance need not always be 
accompanied by an amplification of pfindr 1. 
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ABSTACT 

25-hydroxycholesterol is the most abundant of cholesterol oxidative products 
which has been shown to be injurious to many types of mammalian cells including 
vascular endothelial cells and smooth muscle cells both in vitro and in vivo. 
Prostacyclin (PGh) is the most potent inhibitor of monocyte activation, platelet 
activation, secretion and aggregation. Cyclooxygenase (COX) is the rate-limiting step 
of PGh synthesis. Constitutive and upregulated constitutive COX (COX-1) 
expression and inducible COX (COX-2) expression are important in PGh production 
required for physiological and pathological defense of blood vessels. It is not known 
whether cholesterol oxidative products, one of the causes of atherosclerosis, effects on 
cyclooxygenase expression in vascular endothelial cells. Here we have investigated 
the effects of 25-hydroxycholesterol on cyclooxygenase expression in human 
umbilical vein endothelial cells (HUVEC). HUVEC was obtained from babies born 
to normal pregnancy and grown as standard technique. The medium in the third 
passage was replaced with fresh medium (control) and fresh medium containing 25-
hydroxycholesterol (0.1, 1 and 10 µg/ml). Cells were then incubated at 37°C under 
5% C02 concentration for variable periods of times (6, I2 and 24 hours). After which 
time, the release of 6-keto-PGF1a (a stable metabolite of PGh) in medium was 
measure by enzyme immunoassay (EIA) technique and the remained cells were 
extracted to detect COX protein expression by Western blot technique. The effects of 
25-hydroxycholesterol on cell viability were also investigated using MTT assay. All 
concentrations of 25-hydroxycholesterol (O. I, 1 and 10 µg/ml) and incubation times 
(6, 12, 24) used did not effect either cell viability or COX-I expression. 0.1 µg/ml of 
25-hydroxycholesterol up to 24h-incubation period could not induce COX-2 
expression. However, at the higher doses (1 µg/ml for 24h and 10 µg/ml for 12 to 
24h) incubation could induce COX-2 expression. The cyclooxygenase activities, 
measured from 6-keto-PGF la level in medium supplemented with 10 µM arachidonic 
acid, were also increased in HUVEC treated with 25-hydroxycholesterol at the dose 
of 1 OµM for at least 12 h and at the dose of I µM for at least 24h. Because of no 
change in COX-I expression, the increase in COX activity should be due to the 
induction of COX-2. This may be the physiological defense of endothelial cells 
against vascular insults. 
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ABSTRACT 

The effects of CU 763-16-04 and CU 763-15-13, of which main structure was 
similar to synthetic K+ -channel opener on the smooth muscle contraction of isolated 
rat stomach, rabbit aorta, rat aorta and vasdeferens had been studied. CU 763-16-04 as 
well as CU 763-15-13 reduced the smooth muscle contractions of rat stomach, which 
induced by 5-HT, Ach, CaCh and BaCh in high potassium depolarizing solution and 
TEA; but less stronger than papaverine. Pre-incubation with CU 763-16-04 reduced 
the smooth muscle contractions of rat stomach which induced by 5-HT in Ca2+ -free 
Krebs buffer. CU 763-16-04 as well as CU 763-15-13 reduced the smooth muscle 
contractions of rat aorta and vasdeferens, but CU 763-16-04 increase the smooth 
muscle contractions of rabbit aorta induced by 5-HT. CU 763-16-04 reduced the 
smooth muscle contractions of rat vasdeferens, of which different from CU 763-15-13 
induced by NE. These results suggested that CU 763-16-04 and CU 763-15-13 
produced non-specific relaxing effect on isolated smooth muscle. The mechanism of 
action of CU 763-16-04 and CU 763-15-13 may interfere with the release of 
intracellular calcium from SR and calcium movement through calcium channel, 
probably involve by opening K+ -channel. 
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ABSTRACT 

The purpose of this study was to evaluate caffeine clearance, a quantitative 
liver function assessment, in patients with hepatocellular carcinoma (HCC). Liver 
function test both conventional test and caffeine clearance were evaluated in twelve 
patients pre and post treatment with Transcatheter Oily Chemoembolization (TOCE). 
Each patient took a 3.5 mg/kg single oral dose of caffeine solution at pre TOCE 
treatment and 1 day and 5 weeks post treatment. Blood samples were subsequently 
collected at 0.5, 1.5, 3, 5, 10 and 24 hours after caffeine administration. Clearance, Vd 
and half life were determined by the pattern of pharmacokinetic study. It was found 
that caffeine clearance decreased (P = 0.06) and decreased significantly (P = 0.03) at 
1 day and 5 weeks after TOCE treatment, respectively. No significant change (P> 
0.05) in alanine transaminase (AST) and aspartate transaminase (ALT) were observed 
neither on 1 day nor 5 weeks post treatment. It can be con~luded that post TOCE 
treatment patients have impaired hepatic metabolic activity demonstrated by 
measuring caffeine clearance. Liver function assessment in HCC patients with 
caffeine clearance looks more sensitive than conventional liver function test. 

Key words: caffeine clearance, hepatocellular carcinoma, transcatheter oily 
chemoembolization 
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ABSTRACT 

S77 

Early life stress has been shown to alter the behavior of the adult animals and 
modify the effects of various addictive agents<14

>_ The objectives of the present 
experiments were to study the effects of psychological stress in the early stage of life 
(social isolation, rearing from weaning) on locomotor activity, and to compare the 
effect of ethanol on this behavior in rats reared with different psychological stress 
conditions (socially and isolation reared rats). 
Methods: Male Wistar rats were obtained from weaning (21 days of age) and housed 
either alone (isolation rearing) or groups of five rats/cage (social rearing). After four 
weeks, these rats were placed individually into an open field arena (an animal model 
of locomotor activity) either without drng pretreatment or following intraperitoneal 
injection of saline or ethanol (60 and 240 mg/kg) 30 min before a 5 min test. 
Results: The results showed that isolation reared rats exhibited hyperlocomotion (as 
indicated by increasing total zone transitions), had significantly more number of rears 
than socially reared rats. Both socially and isolation reared rats spent longer time in 
the outer zone (P<0.05), however, isolation reared rat demonstrated more entries and 
spent more time in the inner zone than the social reared rats. Pretreatment with 
ethanol (60 and 240 mg/kg i.p.) had no marked effect on total zone transitions in both 
socially and isolation reared rats. However, ethanol significantly reduced the number 
of inner zone entries and time spent in a dose related manner only in isolation reared 
rats. 
Conclusion: These results indicate that psychological stress during the early stage of 
life alters locomotor activity and modifies the effect of ethanol in the adult rats. This 
abnormality may reflect alterations of central neurotransmitters such as GABA etc. 
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ABSTRACT 

GANODERMA LUCIDUM (GL) is an herbal medicine with antitumor activity 
capable of suppressing the growth of various tumors in vivo. The exact mechanism of 
GL against tumor cells is not clearly understood. The present study aimed to evaluate 
the direct cytotoxic effect of crnde polysaccharide fractions (FO and FA) of GL extracts 
from both Thai and Japanese strains in P388 mouse leukemic cells (P388 cells). 
In addition, the activity of various antioxidant enzymes superoxide dismutase (SOD), 
glutathione (GSH) peroxidase, and catalase) were measured in P388 cells both in the 
absence and in the presence of GL extracts. 

GL had no cytotoxic effect, though it inhibited the growth of P388 cells in a 
concentration dependent manner. The potency of inhibition was FA Thai > FO Japanese 
> FA Japanese and FO Thai. The SOD, GSH peroxidase and catalase activities in P388 
cells were 19.04 U/mg protein, 0.00126 U/mg protein and 0.00000483 sec- 1 

mg protein- 1
, respectively. FA Thai and FO Japanese fractions of GL extracts 

significantly increased SOD activity 29.78 % and 20.69 %, respectively. FA Thai and 
FA Japanese fractions significantly increased GSH peroxidase activity. None of the GL 
extracfs altered catalase activity. 

These data thus indicated that-GL extracts exhibited no cytotoxic effect in P388 
cells but they could inhibit the growth of P388 cells. The growth inhibition of P388 
cells was not correlated with GSH peroxidase and catalase enzymes. This inhibition 
may result from the increased SOD activity. 

Key words: Ganoderma lucidum, antioxidant enzymes, P388 leukemic cell, 
cytotoxic effect 
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ABSTRACT 

Cytochrome P450 2C19 (CYP2C19) is a polymorphically expressed enzyme 
responsible for the metabolism of several drugs including barbiturates, carisoprodal, 
diazepam, mephenytoin, omeprazole, lansoprazole, proguanil and propranolol. 
Genetic polymorphism of this enzyme shows marked interracial differences with the 
poor metabolizer (PM) phenotype representing 2-5 % of Caucasian and 13-23 % of 
Oriental populations. More than 99 % of the PM in Asian populations are defined by 
two defective alleles, CYP2C19*2 and CYP2C19*3. In the present study, the 
phenotype and genotype of CYP2C19 was investigated in 55 Northeastern Thai 
subjects using omeprazole hydroxylation index and polymerase chain reaction­
restriction fragment length polymorphism technique, respectively. The distribution 
of omeprazole hydroxylation index in these subjects was biomodal. Four of these 
subjects (7.3 %) were identified as PM with omeprazole hydroxylation index higher 
than 7 (8.31-29.59). Analysis of CYP2Cl 9 genotype in these 55 subjects revealed 
that the allele frequencies of CYP2C19*1, CYP2C19*2 and CYP2C19*3 were 72.72, 
22.72 and 2.72 %, respectively. The frequencies of the defective CYP2CJ9*2 and 
CYP2CJ 9*3 alleles in the Northeastern Thai PMs were 50 % and 25 %, respectively. 
It is noteworthy that one of our four PMs appeared to be an outlier whose phenotype 
could not be explained by the two major defective alleles. Whether this PM 
representing a novel defective allele need to be further investigated. 

Key words: cytochrome P450 2Cl9, CYP2Cl9, genetic polymorphism, phenotype, 
genotype, Thai ' 
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ABSTRACT 

Cyclooxygenase (COX), which exist as COX-I and COX-2 isoform, is the 
first enzyme in the pathway in which arachidonic acid is conve11ed to prostaglandins 
including PGh. Previously, we showed that 17P-estradiol stimulates the production of 
prostacyclin (PG!i), a potent vasodilator and platelet inhibitor, through the induction 
of COX-2 in endothelial cells. However, the signalling mechanism of COX-2 
induced in 17P-estradiol activated endothelial cells has not been clearly identified. 
Here, we have used protein kinase inhibitor (staurosporine) as pharmacological tool to 
investigated the signalling mechanism of COX-2 induced in human umbilical vein 
endothelial cells (HUVEC) treated with 17P-estradiol. COX activity was measured 
by the production of 6-keto-PGF1a (stable metabolites of PGh) using enzyme 
immunoassay. COX-2 protein expression was detected by using immunoblotting. 
17P-estradiol (0.001, 0.01, 0.1 and 1 nM) increased COX activity by the production of 
6-keto-PGF1a in a dose dependent manner. Interestingly, COX-2, but not COX-I , was 
induced in l 7P-estradiol treated HUVEC. This induction was increased in a dose 
dependent manner. Moreover, the induction of COX-2 in l 7P-estradiol treated 
HUVEC was inhibited when cells were coincubated with staurosporine (protein 
kinase C inhibitor; 0.01, 0.1 and 1 µM). This inhibition was inhibited in a dose 
dependent manner. The increased COX activity in HUVEC treated with 17P-estradiol 
was also inhibited by staurosporine (0.01, 0.1 and 1 µM) in a dose dependent manner. 
These results suggested that the increased COX activity in 17P-estradiol treated 
HUVEC was mediated COX-2 induction via protein kinase C. 
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ABSTRACT 

Objectives 
To investigated the effects of COX-metabolites (PGh, PGE2, PGF2a and 

TXA2) on COX-2 expressed in human umbilical vein endothelial cells (HUVEC) 
treated with IL-1 p. 

Materials & methods 
Human umbilical vein endothelial cells (HUVEC) were obtained from babies 

born to normal pregnant women (HUVEC) and cultured in 96-well/6-well plates as 
standard techniques. Cells were grown to confluent and replaced with fresh medium 
containing no addition, IL-1 p alone, COX-metabolites alone and IL-1 p plus COX­
metabolites (0.001, 0.01, 0.1or1 .µg/ml) for 24h. Then, the medium was removed and 
replaced with fresh medium containing arachidonic acid (10 µM for 10 min). After 
which time, the medium was collected to measured COX activity by the production of 
6-keto-PGF1a (stable metabolites of PGh) using enzyme immunoassay. The remained 
cells were extracted and detected COX isoform expression by using immunoblotting. 

Results 
PGh, PGE2, PGF2a or TXA2, did not affect on basal COX activity in untreated 

HUVEC (24h incubation). Untreated HUVEC contained COX-1 protein but not 
COX-2 protein. When HUVEC ·were treated with IL-lp (1 ng/ml for 24h), COX 
activity and COX-2 protein was increased in a dose dependent manner. The increased 
COX activity in IL-1 p (1 ng/ml) treated HUVEC was inhibited with PGE2 (0.03, 0.3 
or 3 µM), but not PGh, PGF2a or TXA2 in a dose dependent manner. Similary, COX-
2 protein expression in IL-1 p treated HUVEC was also inhibited with PGE2, but not 
PGh, PGF2a or TXA2 in a dose dependent manner. 

Co11c/11sio11 
These results suggested that PGE2, but not PGh, PGF2a or TXA2 is a key in 

feedback regulation of COX-metabolites produced in HUVEC. 
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ABSTRACT 

The HIV virus infection is the important problem of Thailand. The patients 
infected with HIV-1 virus were spread out all over the world, the HIV-2 infected patients 
were found in west Africa but it is not severe as HIV-1 infection. The AIDS patients 
having immune deficiency, may induce undesirable symptoms such as fever, nausea 
vomiting, cramp, dizziness; headache and may cause severe disease such as tuberculosis. 
The objective of this research in to prove the antifungal activity of turmeric oil against 
Penicillium marneffei, Candida albicans, Clyptococcus neoformans which are the fungi 
isolated from HIV patients. Another objective of this study is to observe and follow up 
the HIV patients after giving vitamins and turmeric oil cream preparation. We also 
studied the effect of turmeric oil cream in normal volunteers and with fungal infection. 
From this study, turmeric oil isolated from turmeric by steam distillation is clear pale 
yellow liquid, soluble in 70-80% ethanol yield average 1-3% of raw material, and 
possesses 20 chemicals structure by Gas Chromatography analysis. The sensitivity test of 
turmeric oil on the different fungi microorganisms was studied in comparison to standard 
drug, amphotericin B in different doses. Turmeric oil in the dilution of 1: 160-1 :20 could 
inhibit growth of Candida albicans 34 isolates (strains) from 37 isolates, dilution of 
1: 160-1 : 10 could inhibit growth of Clyptococcus neoformans 33 isolates and dilution of 
1:160-1:40 could inhibitPenicilliwn marneffei all of isolates 37 isolates. In this study, the 
researchers will give counselling to HIV patients, give the knowledge of health care, 
health promotion informations about how to use medicinal plants, medicine, home care, 
food every month, and giving vitamin C, Vitamin B, B2, Vitamin B complex. Turmeric 
oil cream were prepared and the patients need to receive this new drug preparation for 
skin rash, the results was found that turmeric oil cream was good for them, and they need 
more for skin therapy. 

Key words : Research and Development Turmeric oil HIV patients 
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ABSTRACT 

Iron overload, is closely associated with pathophysiological changes in 
thalassemia. An oral iron chelator, deferiprone (Ll) should be on trial to prevent the 
oxidative damage in thalassemic patient. The preliminary study the effect of Ll on 
biochemical compositions (total cholesterol, total protein, and total iron) and lipid 
peroxidation markers (conjugated diene, lipid hydroperoxide and malondialdehyde) in 
lipoproteins (VLDL, LDL, HDL2 and HDL3) was performed in 3 thalassemic patients. 
They took the daily dose of Ll (50-75 mg/kg) for several weeks (20-50 weeks) . The 
time course of Ll on the changes of biochemical compositions and lipid peroxidation 
markers in their lipoproteins were widely fluctuated. However, the statistic data 
showed a significant therapeutic effectiveness in mobilizing iron and progressive 
decline in the level of initial phase oxidative markers (CD and LOOHs) with r ~ 0.8 
(p< 0.05). This finding indicates that the overloaded iron is one of the initial factors 
for pathophysiological changes in thalassemia. 

Key words : deferiprone, thalassemia, lipoproteins, lipid peroxidation 
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ABSTRACT 

Purpose : Andrographis paniculata, Clinacanthus nutans, Gynura pseudo-china and 
Gynura integrifolia had been widely used as antiinflammatory herbs in Chinese and 
Thai traditional medicine. TNF-a, IL-1-P and IL-6 are proinflammato1y cytokines 
produced mainly by blood monocytes and tissue macrophages. They play crucial role 
in the processes of inflammation. Interference with the production of 
proinflammatory cytokines may be responsible for their biological activity. It is 
therefore, the purpose of this study to investigate the effects of test compounds 
including, andrographolide; an active principle isolated from the leaf of 
Andrographis paniculata, ethanol extracts from Clinacanthus nutans; Gynura 
pseudo-china; and Gynura integrifolia on the production of proinflammatory 
cytokines by lipopolysaccharide (LPS)-stimulated human blood cells. 
Methods : Heparinized human blood obtained from normal volunteers was 
stimulated with LPS in the presence or absence of test compounds. After a 6-24 hour 
incubation, supernatant levels of IL-I, IL-6 and TNF-a were measured by ELISA. 
Results : Andrographolide at a concentration of 20 µg/ml caused a decrease in the 
production of TNF-a. by LPS-stimulated blood cells dow1~ to 3. 7% of the level in the 
control group, while the production of IL-1-P and IL-6 were slightly increased. The 
ethanol extracts of Clinacanthus nutans and Gynura pseudo-china dose dependently 
(20 µg/ml) and significantly suppressed the LPS-stimulated whole blood generation 
of IL-1-P but not the production of IL-6 and TNF-a. The ethanol extract of Gynura 
integrifolia did not inhibit the production of TNF-a, IL-1-P and IL-6 by the LPS­
stimulated blood cells. 
Conclusion : Although the production of IL-1-P and IL-6 are slightly increased, the 
data clearly indicates that andrographolide possesses the inhibitory effect on TNF-a 
production by LPS-stimulated human blood cells. This activity may contribute to 
the antiinflammatmy activity previously reported. This effect may be dose-dependent 
and may also be involved the inhibition of inflammatory mediators of arachidonic 
acid pathway. The inhibito1y effects of ethanol extracts of Clinacanthus nutans and 
Gynura pseudo-china on the production of IL-1-P indicate the activity contributing to 
the antiinflammatory action. 
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ABSTRACT 

Cholangiocarcinoma cells were isolated from biliary fluid aspirated from the 
lumen of bile duct upstream from the intrahepatic obstruction in subjects inflicted 
with cholangiocarcinoma using endoscopic retrograde cholecystopancreatomy 
(ERCP). These established cultured cells were confirmed for their epithelial origin by 
their intensely staining with primary antibody against cytokeratin. By using flow 
cytometric analysis, these cultured cells were positively stained for insulin-like 
growth factor I (IGF-1) and Fas (CD95) using the respective specific monoclonal 
antibodies. The findings of IGF-1 expression suggested that IGF-1 could mediate an 
autocrine action in the proliferation of these cells. The dowmegulation of I GF-1 
within these cells may have a therapeutic potential in the respective subjects. The 
observation of Fas on these cells suggested that these cancer cells could enter into 
apoptotic stage in responsive to contact with Fas ligand (CD95L). 
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P8 THE STUDY OF MAGNESIUM SUPPLEMENT IN PREGNANT SOWS 

Wilai Rattanatayarom 1, Kum pee Kortheerakul2, Hans- Georg Classen3 

1 Department of Pharmacology, Faculty of Medicine, Srinakharinwirot 
University, Bangkok, Thailand, 2 Integration pig-farm consultance, Thailand, 
3 Deparment of Pharmacology and Toxicology of Nutrition, University of 
Hohenheim, Stuttgart, Germany. 

ABSTRACT 

Magnesium (Mg) in the form of magnesium L-aspartate hydrochloride (MAH) 
20 g per sow per day equivalent to dose 13 mg of Mg/Kg body weight per sow per 
day was given to pigs n=24, compared to control group n=24 (totally purebred .47, 
crossbred 1) body weight amounted to 150 kg and daily food consumption to 2.4 kg, 
Mg was given at starting 0 to 4 days before mating for all pregnant period ca. 117 
days and after delivery for 4 days. Blood collection from jugular vein were done 5 
times at weeks 0, 4, 8, 12, 16 of experiment weeks 0 was before pregnant, weeks 4, 8, 
12 were during pregnant and week 16 was after parturition 4 days. Plasma magnesium 
and calcium were measured by atomic absorption spectrophotometer. The level of Mg 
on weeks 0, 4, 8, 12, 16 were 0.84±0.05, 0.62±0.1, 0.65±0.05, 0.74±0.07, 0.85±0.12 
mmol/l respectively in control group and were 0.87 ±0.1, 0.71±0.08, 0.77±0.17, 0.81± 
0.05, 0.90±0.09 mmol/l respectively in Mg treated group. The level of plasma 
magnesium in Mg treated group were increased significantly (p<0.01) during week 4, 
8, 12 while plasma calcium were slightly decreased (p>0.05) in Mg treated group. 
During gestation both plasma Mg and plasma Ca in the same group were decreased 
significantly (p<0.01) from starting week (Week 0), and after parturition plasma Mg 
was increased to nearly the same level as Week 0 while plasma Ca slightly increased 
during Week 12 and Week 16 but were still lower than Week 0. Blood glucose 
preserved in NaF were detected within 24 hrs after blood collection by GOD-PAP 
method enzymatic colorimetric method. Blood glucose in Mg-treated group was not 
different from control group (level between 70 to 90 mg/1 OOml). The pattern of blood 
sugar during gestation in the same group were also decreased significantly from week 
0 (p<0.01) in both control and Mg treated group but after delivery the level of 
glucose were increased nearly the same level in Week 0. Mean pregnant period were 
116±3 days in control group and were 117±2 days in Mg treated group. Percent 
abortion were 8.3 in control group and were 12.5 in Mg treated group. Totally piglets 
consume were 184 in control and were 186 in Mg treated group. After statistic 
analysis, it was found that mean little size, birth weights, abnormality, mummified 
foetues, and stillbirths were not significant different from control group. But the 
figures of mean mummified foetuses and stillbirths were more prominent better in Mg 
treated group than control. In conclusion, these data showed that MAH 20 g/sow/day 
equivalent to Mg dose 13 mg/Kg per day for long term treatment in pregnant pig can 
fullfill achieve a significance rise in magnesium levels, but the increased plasma Mg 
did not change the level of blood glucose in pregnant sow. This supplementation of 
Mg did not delay parturition and be safe to do on whole pregnant period, some benefit 
on decrease of mummified foetuses and stillbirths were observed. 
Key words : Magnesium, Supplementation, Pregnant pigs, Blood glucose, 

Stillbirths, Mummified foetuses 
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