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EDITORIALS 

Dear members and readers, 

This issue was late until the end of this year. Happy New Year to all of you! As usual, I'm still 

concerned in the same problem, no time and no resources. You can help by sending me your 

publication either in the form of research article, review or letter to editor. Moreover, I would like to 

invite anyone who is interested in the mission of publishing journal to join the journal team, 

expecting that it should be better than today. It has been more than 5 years that I have taken this 

responsibility. Now it should be the time for changing. During this 5 years, there were 3 presidents 

turned to serve our society and in a few months, Associated Professor Dr. Srichan Phornchirasilp will 

be our new president. It's the best time to have also a new editor. ·Our journal is expecting to be 

improved by the new and energetic team. I would like to take this opportunity to invite you to join the 

coming Armual Meeting of the Pharmacological and Therapeutic Society of Thailand. The meeting will 

be held on 21-22 March 2002, at the Meeting Hall of the Institute Building, Chulalongkom University, 

nearby the faculty of Pharmaceutical Science and the MBK. The pharmacologist members of 

Chulalongkorn University will join their strength and facilities as the host of this meeting for us. Be 

guaranteed that the atmosphere of the meeting will not only be academic but also full of spirit. It 

should be something more different than the passing year. The place of this meeting is near the MBK 

shopping cenfor and the welknown Center Point of Siam Square. What's more interesting is the theme 

of this meeting. It is the "New Frontiers 111 Pharmacotherapy". From this theme, you will exactly 

know what're waiting for you in this meeting. However, you can also find more detail of the meeting in 

t.his issue. Please come to join us at the Annual Meeting 2002. I'm quite sure that it will be also very 

impressive as last year. Again, Happy New Year 20021 

Supatra Srichairat 

Editor 
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LETTER TO EDITORS 

!11 d CV I ... '1 '1 
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1964 LLa~ 1~-rum')t1-rut11-:iLLOL'lJolil 1 m 
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f11'j{mfl~v~a~-:i 1Qf{uQ"11J.J J.J1Q"l'j~l'U~11 u 

'j1 [J'll'U fll'jYJ~HHN 1vi~'I hi L U'U 1 U011J.J fl{) 

Lfl ru'ti'LL li'IU'j::: f11Ail.~hiY11'l1Qf{u 1 li~WJ.JY4" 

ad-:i1un11Hn'l::f1u1:::anB~aLLa ::: Y111J.J 
uaavinmrn-:im 1 'UYl'U Y111-:i ::: Lu~t1rn ntJu 

c.rni.J1 ::: 1mn1 Y111J.JL~tJ-:i ua :::u1::: an5~rn 
1 "" J .. J J1 " '1 ."I .., ·2rn-:im rUJfl\JtllYIVIYl'fVIYI 'lfB~ 'UU'l~\JlJ 

rl'1 if-:i 'hJ iii6md~w a-:iif LLrl'Ti1 iiu1:::an5 
v 

m;~naimdt"l 1?fm;rnan1v1 

1 u u n adu L\rn n1 d H n'l::f1Y11d1 lf 
1 

J, 1 "-' V.~ J V I 1 
Yl11J.JJ.J'U vf1W.Ju1t1Ylf1Yl'UYIL'll1'l1J.J A1'1 

v 1 

!$ I V .cf <Clo.cf .J1 V '°' <' 
fll'll'I fl'l::f111alJ.Jl'j(lL'lJ1 t"l'l15f11'lYI VIW~'l\.J 

vl fl f111Hf1'1::f1 LL wnff Qf B'I LL-5''1 L\ithtJi1tf1 r-f 
v v 
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.cf I CV CV f' I f' Y 

mrn01aY111J.JaJ.Jwu51:::'H11-:iu wnmLa::: ~ 

tl1EJ 

Qf1ua'1~f11'lB'Ul"[JLafl (WHO) 

1Qf ~12.Ji'.j BtllJ'1Jn rl1l1{U B'I~ f11Yl1'1iYlm 

ma011m'lLLWYlrJ1:::~UlntJ1'lf1Ql ( CIOMS) 

u1::: f11 A~l'I LL lflYl1'11:::~U'U1lJ1'lf1Qlrl1'H~lJ 
• Q,Q/ " c::i.. f' f' 

m1n11-:itJY11-:i mu1nm ma011 m1u WYltJ 

1 " """' .I ".,j 1 v lJJ,JlJ'l::f[J A.A.1982 J.J101t"lu'l:::a,rnLWB 'H 
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ff .., .J' ... 1 . 
Lu lJ 'Ha fl f11'jW\.J~1\.JYl1'1'l'ltl 5112.J 'U f11'lYl1 

mdi~tJ 1 uYlu 1viEJ 1 liaavi ri~a-:inu'Hanm1 

'lJ B'I ~1U1:::f11 AL na:a-:i fl'll B'I am AJ.J LL r-"Yltl 
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"-' 1" ::J\I e4.ctCV 
WQl.l\.Jl VI Yl'IU01B'IA1\.J'IM1Qll1J5'j'jl.J 

I V '°' 
U'j:::L wru a'ILL1Vla BJ.JYl1'1LA1'1::f~fl'JLLa::: 

a-:iYIJ.J lJ LEJlJl[J'j:::~rnnOi 01aaV1'J'U'j:::lJ\J 

f111\J~'H11'11\.J'lJB'I LLol a:::i.J'j::: L YIA WHO 

LLa::: CIOMS 1v1:5'mi1LL\.J1Yl1'11:::~\J'U1'U1 
A.cl .q,, A 

'6101L18'1 f11'jW'J11 OJ1Yl1'1v1EJ li'j1J.J'll B'lf111 

Hfl'l::flY11'l1:::u1viimmdatJ ~LA. 1991 

'Hanv~r1511J.J~11u~a1~tyii 3 'Ila 1v1LLn 

Sopit Thamaree 

1. 'tt~f1fl113'Lfl1'jWL'U~li'lfla (Respect 

for Person) fl'jfl\J~la:!Jtl\I , 
1 OJ "" ... 1.1 f11'jtfl1'jl~ 'IH'1n~fid 

.J fl .., 
(Respect for Human Dignity) 'lf'ILu'U'H1 

1 "' "' "' "' v.J'a'l ".,j. I 'l'Hi:lfl'llB'l'l1tJ5'l'lJ.J1'ltl 'llB'UJ.J 1LYrnun 
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1 

d., QI Q.I .J' 
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ff .J' " I 'l· I 
Lu'UW\.J~llJ'lJB'l'llBVIB 1 u 

1.2 fl1'jLfl1'jWL'Utn'j11f A1uu 

ua:1Jlviuuannri11ua:::A11:1JLau~a'l::: 

(Free and Informed Consent) L'UflT')vi'~ 

flULv ~a-:iEJaJJ~ui1uY1Y1aiiY111JJa1JJ1'jt"l 
1 

.q AJ Q.1~11'10.::::., CV~ 
LLa:::JJaY1liY1'J:::01vii;iu v 'HmtJuEJtiJJ vi-:iim 

m'lLm'lw 1 uuYI Yli:l'HJJ1tl ~'lfll'l'll a~uY111JJ 
1 

~lWBJJ'llB'IUYIYli:l ~-:i 1 um-:iu flUQlLL~1B~ 
1 ':.! v 

11nu'llti-:imdaumn n'l :::u1umd an5 
v 

l1tl'1~ ua:::n1'Huvi l liii~1~mrnJ.J 1vitJutin 

I fl '°' 1 ..J "-' ~ nai1 LLa:::m1muutia'l::: un1'rn-:i:::01V1i;i'U 

1'l 
1.3 

nrimi..h1:::u1\ILta:::tiamLa (Respect for , 
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v'ltJli1'lJ.J '11l1'luna J.JUYI Yli:lYI L u11:::rn-rna::: 
1 • 

I .J V I 

a au LL a•2f'I VI a EJ Y111 mn J.Jl d t"l n1-:i d 1-:i mu 
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1.4 OT'HA1"fWL\JA113JLU\Hi1\J 

vl'1ua::m1i'mflA11mfo (Respect for 

Privacy and Confidentiality) fll'HVIT'n'i 

1 \J ~ n ~ A~'ll fl\I Vl11" L ,'j 1J Vl1J LVltJU tJ LLa1 

'YliJ1tJV111 wniJ fi'I m ·Hm'iw1 tJVl11iJ L tlu 

..J "' ., "' .J f l ti 
'111JOl1LLa~fl1'i'ifli::t1Vl11iJaU 'lf\IL u1J 32.J 

'lleNfll'iLm'iw1 u~n~A~'ll fl'IVl11iJ L tl1rnu 

1 "' "' ~ U'Yla1v '1 1011\Jli'i'ii.J ~i-:1uum0l'i311J'llfl'I 

m'i Lm'iw 1uV111>JL1'.lua1u{;]1Lrn~m'i~m:n 

Vl11iJaU'J~Ufl\ltl1Jfll'iLczJ1fi'lczJtliJa fll ')Vl1U 
v 

V1>JLrn:m'iLL'ln~1ti'llfliJaa1uuV1V1a LLa:'l: • v • 

'li1titl ni'.J fl'I m1iJi7u V1\IY11\l~Ol 1'l1~ 
2. via mrntl"j:: tu°lfuvi'iei 'hJ ri eJel\JGl"j1 tJ .. 
V1'rnuV1aiJtl\I • 

2.1 fl1"j'li' .. ni'iwi!nA11m~u-ma:: 
r.Jatl"j:: Tu°lfu (Balancing Harms and 

Benefits) m'ii Lm1:\1' m')-i\ltl1'Y11Jn ua: 

m'in'i:'l1tJVl11iJ L~tJ\ILLa :r.Jatl'i: LtJ'lfu L 1'.lu 

~1 ha1 ~ fY'll ti'l'l~tJ i)')')iJ 01')n1iiu 1 u V1u 

'l~fJ i)')'))J 01')n1iiu 1uVl\JalJl'J1 mj or fl\101';i 

V111 "aiJ vi a ff 'i: lrl1'1 m1" L~tJ'I oi fl tl'u l1l ')1 l'J • 
ti 'I .-.J .. J' 'I "':'I ' 

LLa: '):Ll'J'li1JYl'l:LnVl'll1J LVlViJLu1'YliJ1l'J11 

tl'i : fo?iu~1vi" or tl\l>Jl fl nil Vl11>JL~l'J\l~Vl1Vl 
' .. J' .. .. .J. 

11'J:LOVl'll1J 01')1 LVl ';il:'YI vi11mafJ\ILLa: 

ti'): ll'l?iu~'lih.rnoi flai'a~mwLrn:an5'll fl'I 

tl'i:ltimr Lrn:m1>Ja>Jmqam.rnY11'I 'l~l'l-
:; oqQ.I d -' ti 

li'i')iJ \Jflfl'l101J1Jnl'iYl11'JfJL Wtltl\IVIVl11iJ') 
v 

.J ... " ~'l' .. ..i n 011 mfl Ul'I VI 'i'I mn >Jl') om vi 01')tlJL ") eN 

tl'ulJl')lfJVl~Btl'): Lti'lfu1vi" ~'ltf u'Ylan01'i 

a1~ty11Jnl'i1lfVl11iJLVl1')W1 UVl11>Ji3~n~ 
~ • " QJ ~Q.I .J 

ff'i'llfl\IVl1J 'J1l1ltl\lfllfffJO'):U11J01'i1'Jl'JYI 

flflnLLuuonora'l L~aila'lvi" 1vimuw1::m'i 
v 

n1iil'JY11\1~1L1'lffflalJl{ 'Yl~fliim'f'llfl1W 1u • 
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m';iiil'l~1u~u '1 m<JhJ~viL'lummn1 L'liu 

m'l~3mal1lf LA'it13A1a0l{ 'Yl~titl'i:i'~ 

mal1lfil<J<Juu ( 'i1iJU\ltl'i:i'~uriria) uoi • • 
r.Jan1')iiufl1<Jn1a1l'J~flLati'l'llfl'IB'l~n';i 
'Yl~tlUVIVla 1~ • 

2.2 m"ja~A11m~u-ll'1uau~a~ , 
(Minimizing Harm) mtflm'i~flfll'i 

1 Ll'l'il:l-1tl1JOl';i1l'Jnur.Jatl'):1umtl lf~rl'1u 
"'Fi .,.J.J" "'.J .n"' VI") fl L lJ \J 'YIU 1 YI Yl'J: Ql fl\I VI a ma fJ\l lJ fl\I n 1J 

'Yl~a 1 l1LnV1tl'u01'i1l'l1 '11\fotJ~aVI ma1mrm • 
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1lfma1a>JV1'iL'lf1mi3a1u1 u m'ili1iitiorfl'I 

d .. "" .. "' .J 
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hj ai >J1 ") tl 'Yla n L~ tl\I 01'in1iiti11JVl1J lvi°' 

" 1" "' ' 1 "" .J LLa::OJ tl\IWfJll'Jl>J 'li'll\J1Vll111tlEJ1\I 'YllJfll'JYI 

, .J •'t" 1 .J "' '.J ~VIL Yl1YJ'J:m VI 1J'lltlJ:Yl'lJ\J1Vll111flfJ1\IYI 
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ABSTRACT 
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The present study was undertaken to evaluate roselle (Hibiscus sabdarifla) for its anti-ulcer 
activity. Roselle mucilage fraction (RMF) was isolated and examined in experimentally ulcerated rats. 
Oral administration of the RMF from 125-500 mg/kg significantly inhibited gastric ulcer formation 
induced by indomethacin, ethanol and water immersion restraint stress. Anti-gastric secretory effect of 
the RMF in pylorus-ligated rats was not clearly demonstrated since the gastric volume, pH and acidity 
output were not affected by the RMF pretreatment in a dose-related manner. In acidified ethanol­
induced ulcerated rats, gastric wall mucus but not hexosamine content, was markedly preserved by the 
RMF pretreatment. The findings indicate that roselle mucilage possesses gastroprotective potential 
which is related to a cytoprotective mechanism via preservation of gastric mucus content. 

Key words: roselle, Hibiscus sabdarijfa, anti-ulcer activity, mucilage 
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INTRODUCTION 

In Thai traditional medicine, roselle 
(Hibiscus sabdari.ffa L.) is used for the 
treatment of various diseases and disorders 
including hypertension, hyper lip idemia, 
bladder stone and gastric ulceration . It was 
claimed that roselle could be used as a fragrant, 
antispasmodic drink, anti-hypertensive, 
anthelmintic in taeniasis, and anti-bacterial 
agent2

• An aqueous extract of roselle was 
reported to be an effective diuretic in patients 
with urologic disorders3

• We have already 
found (in our preliminary study) that an 
aqueous extract of roselle exerts an anti-gastric 
ulcer effect when tested in indomethacin, 
HCl/EtOH, and water immersion stress­
induced ulceration in rats; and that a purified, 
mucilage fraction maintained the activity in the 
stress-induced ulcer model. The aim of the 
present study was to evaluate the anti-ulcer 
activity of the mucilage fraction. 

MATERIALS AND METHODS 

Extraction of rose/le am/ preparation of 
rose/le mucilage 

The lyophilized aqueous extract of 
roselle was prepared by maceration of dried 
roselle calyces with hot distilled water at 75 °c 
for 5 hr. The extract was filtered through layers 
of gauze, evaporated and dried under reduced 
pressure. A mucilage fraction was separated 
from the lyophilized aqueous extract by the 
method described by Kalyansundaram et al. 
( 1980)4. Briefly, the lyophilized aqueous 
extract was put into ten times volume of 
boiling 0.1 N HCI. The solution was then 
filtered using Whatman No. 4 filter paper. The 
filtrate was mixed with 3 times volume of95% 
ethanol, stirred and allowed to stand overnight. 
The supernatant liquid was separated out by 
filtration through Whatman No. 4 filter paper 
and the precipitated roselle mucilage fraction 
(RMF) was freeze-dried. The RMF yield was 
12% w/w of the dry starting material. In the 
experiments, the RMF was dissolved in 
distilled water to desired concentrations. 

Animals 

Male Sprague-Dawley rats weighing 
150-200 g were purchased from the National 
Laboratory Animal Center, Salaya Mahidol 
University, Thailand. They were acclimatized 
for at least 7 days in an animal room where the 
temperature was maintained at 22 ± 3 °c and 
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there was a 12 hours light-dark cycle.The food 
was supplied by Pokphar. Animal Feed Co. 
Ltd., Bangkok. The bedding was autoclaved. 
The rats had free access to food and water 
unless stated otherwise. All animals received 
humane care in compliance with the ethics in 
the use of animals issued by the National 
Research Council of Thailand 1999. 

Experlme11tal gastric ulcers 

Roselle mucilage fraction (RMF) was 
administered orally to 48 hr fasted rats 60 min 
prior to induction of gastric ulcers by 
indomethacin5

, HCl/EtOH6 or water immersion 
restraint stress7

. Later (I hr after HCl/EtOH or 
5 hr after indomethacin and water immersion 
stress) the rats were sacrificed and examined 
for gastric ulcers: Each stomach was removed, 
opened along the greater curvature and the 
glandular portion of the stomach was 
examined. The length in mm of each lesion 
was measured under a dissecting microscope 
and the sum of the length of all lesions was 
designated as the ulcer index. 

Pylorus ligation 

RMF was administered orally to 48 hr 
fasted rats. One hour later, the rat's pylorus 
was ligated8

• The animals were killed 5 hr 
later by an overdose of ether. The stomach was 
removed and its content was subjected to 
measurement of volume and pH and assay for 
titratable acidity. 

Determination of gastric wall mucus content 

Gastric wall mucus was detennined 
by the Alcian blue method9

• Briefly, the RMF 
was administered orally to 48 h fasted rats 60 
min prior to induction of gastric ulcers by 1.0 
ml HCl/EtOH (60 ml ethanol + 1.7 ml HCI + 
38.3 ml water) p.o.6

• Sixty minutes later, the 
animals were sacrificed and the stomach was 
excised and opened. along the lesser curvature, 
weighed and immersed in 0.1% w/v Alcian 
blue solution for 2 hours. The excessive dye 
was then removed by two successive rinses in 
0.25 M sucrose solution. Dye complexed with 
gastric wall mucus was extracted with 0.5 M 
MgCli for 2 hours. The blue extract was then 
shaken vigorously with an equal volume of 
diethyl ether and the resulting emulsion was 
centrifuged. The optical density of Alcian blue 
in the aqueous layer was read against a buffer 
blank at 580 nm using a spectrophotometer. 
The quantity of Alcian blue extracted per gram 
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wet stomach was then calculated from a 
standard cw-Ve. 

Measurement of gastric he.xosami11e co11tent 

Hexosamine content in gastric tissue 
was assayed by the method of Glick 10

• Briefly, 
the RMF was administered orally to 48 h fasted 
rats 60 min prior to induction of gastric ulcers 
by 1.0 ml HCI/ EtOH (60 ml ethanol + l.7 ml 
HCI + 38.3 ml water) p.o.6

. Sixty minutes later, 
the animals were sacrificed and the antral part 
of the stomach was hydrolyzed with 6 N HCI 
overnight. The tissue was neutralized with 6 N 
NaOH and incubated with acetylacetone at 
100° ·c ·for 15 min. The mixture was then 
coupled with Ehrlich's reagent and allowed to 
stand at room temperature for 40 min. The 
optical density of the sample was measured 
spectrophotometrically at 530 nm using 
glucosamine as a standard. 

Statistical a11alysis 

Data were subjected to statistical 
analysis using ANOV A and statistical 
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comparison was done using Duncan Multiple 
Range Test. The value exceeding 95% 
confidence limits was considered to be 
significant. 

RESULTS 

Oral administration of the RMF from 
125-500 mg/kg significantly inhibited gastric 
ulcer formation induced by indomethacin, 
ethanol and water inunersion restraint stress 
(Table 1 ). In pyloms ligated rats, the mean 
gastric volume of the RMF treated group did 
not significantly differ from that of the control 
group while the pH and acidity output in some 
RMF treated group did, but not in a dose­
related manner (Table 2). 

The determined gastric mucus 
contents in 250 and 500 but not 125 mg/kg 
RMF treated groups were found to be 
significantly higher than that of the control 
ulcerated group (Table 3). Conversely, RMF at 
125 but not 250 or 500 mg/kg significantly 
increased gastric hexosamine content 
compared with that of the ulcerated group 
(Table 4). 

Table 1. Effects of roselle mucilage fraction (RMF) on gastric ulcers in rats 

Group Gastric ulcer inducer 
lndomethacin HCl/EtOH Stress 

Ulcer index (mm) I (%) Ulcer index (mm) I (%) Ulcer index (111111) I (%) 
Control 12.1 ± 1.6 116.4 ± 8.4 8.4 ± 1.4 

RMF 125 mg/kg 2.7 ± 0.5• 77.7 78.5 ± 16.0 32.5 5.9 ± 1.3 29.8 
RMF 250 mg/kg 1.9 ± 0.6• 84.3 61.9 ± 18.6• 46.8 0.7 ± 0.3• 91.7 
RMF 500 mg/kg I.I± 0.4• 90.9 64.3 ± 11.J+ 44.8 0.6 ± 0.3• 92.8 

Note: data expressed as mean± S.E.M. ( n = 8), • significantly different from the control group ( p < 0.05), I(%)= inhibition 
of ulcer fom1ation expressed as percentage. 

Table 2. Effects of roselle mucilage fraction (RMF) on gastric secretion in rats 

Group Gastric vol. (ml) Gastric pH Acidity mEg!L 
Control 9.1 ± 1.2 1.0 ± 0.1 93.8 ± 12.8 

RMF 125 mg/kg 8.9 ± I. I 2.8 ± 0.2• 72.5 ± 9.2 
RMF250mg/kg 8.8±1.1 2.1 ±0.2 51.3±7.4• 
RMF 500 mg/kg 7.0 + 1.4 2.5 ± 0.3• 51.3 ± 5.7• 

Note: data expressed as mean± S.E.M. ( n = 8 ), • significantly different from the control group (p < 0.05). 

Table 3. Effects of roselle mucilage fraction (RMF) on gastric wall mucus content in rats 

Oro.up Gastric wall mucus 
(µg Alcian blue/g wet stomach) 

Control ulcerated rats 804 ± 29 
RMF 125 mg/kg 747 ± 26 
RMF 250 mg/kg 1214 ± 63• 
RMF 500 mg/kg 1453 ± 64• 
Nonulcerated rats 1167 ± 16• 

Note: Data expressed as mean± S.E.M. (n = 8), •significantly different from control ulcerated rats (p < 0.05). 
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Table 4. Effects of roselle mucilage fraction (RMP) on gastric hcxosamine content in rats 

Group Hexosamine content 
fog /I 00 mg wet stomach) 

Control ulcerated rats 21.7 ± 1.6 
RMP 125 mg/kg 29.2 ± 1.5• 
RMP 250 mg/kg 27.3 ± 2.8 
RMP 500 mg/kg 24.7 ± 1.5 
Nonulceratcd rats 37.0 + 2.2• 

Note : Data expressed as mean± S.E.M. (n = 8), •significantly different from control ulcerated rats (J? < 0.05). 

DISCUSSION 

Results obtained in this study showed 
the anti-gastric ulcer activity of RMF when 
evaluated in the most commonly utilized 
experimental models which include i.ndometha­
cin, HCl/EtOH and water immersion restraint 
stress-induced gastric lesions in rats11

• 
12 

· 

The pathogenesis of gastric ulcers is 
often depicted as an imbalance between 
mucosa! integrity and aggressive factors. 
Factors that impair mucosa! defense are HCI, 
gastrin, histamine, Helicobacter pylori, aspirin 
and other non-steroidal anti-inflammatory 
drugs (NSAIDs), ethanol, caffeine and stress; 
while factors that promote mucosa! integrity 
are gastric mucus and bicarbonate, gastric 
mucosa! barrier, rrostaglandins (PGs) and 
mucosa! blood flow 3

• 
14

• 

According to the experimental models 
used in this study, non-steroidal anti­
in flammatory drugs (NS A IDs) like 
indomethacin induce ulcer formation by 
depleting cytoprotective PGs, e.g. PG.Bi and 
PGI2 in the cyclooxygenase pathway of 
arachidonic acid metabolism 1s. PG.Bi and PGI2 

of gastric and duodenal mucosa are responsible 
for mucus production and maintaining cellular 
integrity of the gastric mucosa16

• Jn the 
HCl/EtOH induced gastric ulceration model, 
HCI causes severe damage to gastric mucosa17

, 

whereas ethanol produces necrotic lesions by 
direct necrotizing action which in tum reduces 
defensive factors, the secretion of bicarbonate 
and production of mucus 18

• The water 
immersion stress-induced ulcers are mediated 
by increases in gastric acid secretion 19 and 
motility20 and decreases in mucosa! 
microcirculation21 and mucus content22

• Since 
RMF could prevent ulceration in all three 
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EFFECTS OF KETOCONAZOLE AND ITRACONAZOLE ON PLASMA 
CONCENTRATIONS OF QUININE IN NORMAL HEALTHY VOLUNTEERS 

Wibool Ridtitid, Matinee Wongnawa, Werawath Mahatthanatrakul, Prasit Phaipenkong, 
Tippawan Suvarnarak, Methi Sunbhanich 

Department of Pharmacology, Faculty of Science, Prince ofSongkla University, Hat Yai, 
Songkla 90112, Thailand 

ABSTRACT 

Quinine is mainly metabolised by the cytochrome P450 3A4 isozyme (CYP3A4), whereas 
ketoconazole and itraconazole, potent inhibitors of CYP3A4, have been known to markedly increase 
plasma concentrations of various drugs which are concomitantly administered. The aims of the present 
study were to determine the effects of ketoconazole and itraconazole on the pharmacokinetics of 
quinine, and to examine a possible role of CYP3A4 on quinine metabolism in normal healthy 
volunteers. In a randomized crossover study with three phases and a two-week washout period, nine 
healthy Thai male volunteers ingested single doses of 300 mg quinine sulphate alone or after 
pretreatment with either 400 mg ketoconazole or 200 mg itraconazole orally once daily for 4 days. 
Blood samples were collected at specific time points over a 48-hour period. Plasma quinine 
concentrations were determined using HPLC for pharmacokinetic analysis. The results indicated that 
ketoconazole and itraconazole significantly increased the area under the plasma concentration-time 
curve (AUC0-48) of quinine by 107% (P < 0.01) and 96% (P < 0.01), respectively; elimination half-life 
(T1n) by 70% (P < 0.01) and 71% (P < 0.01), respectively. Only ketoconazole significantly increased 
the maximum plasma concentration (Cm._.) by 29% (P < 0.01) and time to reach Cmax (T max) by 56% (P 
< 0.0 I), whereas itraconazole increased the Cmax and T max by 17% and 22%, respectively, but were not 
significantly different from the control phase. Therefore, the present study indicated that there was a 
significant interaction between ketoconazole or itraconazole and quinine in normal healthy volunteers 
since both ketoconazole and itraconazole elevated the AUCo-48 of a single oral dose of 300 mg quinine 
sulphate by inhibition of quinine metabolism, probably via CYP3A4 activity in the liver. Ketoconazole 
had a slightly greater effect on the AUC0-48 of quinine than that of itraconazole. Concomitant use of 
ketoconazole or itraconazole with quinine should be recognized in order to avoid drug interaction in 
malarial therapy. 

Key words: quinine, ketoconazole, itraconazole, drug interaction, pharmacokinetics 
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INTRODUCTION 

Quinine, a principal alkaloid derived 
from the bark of the cinchona tree, has been 
used in malaria suppression and treatment for 
more than 300 years. Despite its potential 
toxicity, quinine is still widely used for the 
suppressive treatment and cure of chloroquine­
resistant and multidrug-resistant falciparum 
malaria 1• Quinine has been known to be 
mainly metabolised in the liver via CYP3A4 
isozyme both in vitro and in vivo to yield 3-
hydroxyquinine, a major metabolite2

•
3

, but only 
about 20% of an administered dose is excreted 
unchanged in the urine. 

Ketoconazole and itraconazole, broad 
spectrum azole antimycotics, are potent 
inhibitors of CYP3A4 resulting the increase in 
plasma concentrations of various drugs 
coadministercd such as terfenadine, triazolam, 
felodipine, quinidine, nisodipine and 
atorvastatin4

•
9

, which may be life-tlueatening. 
Presently, a limit number of research articles 
described the effect of ketoconazole on the 
pharmacokinetics of quinine in humans has 
been reported2

•
3

, whereas the effect of 
itraconazole on quinine pharmacokinetics has 
not yet been published. Since quinine has a 
narrow thera-peutic window, coadminish·ation 
of ketocona-zole or itraconazole with quinine 
may lead to a significant increase in plasma 
concentrations of quinine. Nomrnlly, treatment 
of fungal infection with azole antimycotics 
requires a long period to get rid the causative 
agents. Therefore, quinine is probably 
coadministered with ketoconazole or 
itraconazole in clinical practice. The ain1s of 
the present study are to demonstrate and 
compare the effects of ketoconazole and 
itraconazole on the pharmacokinetics of 
quinine in human subjects. Additionally, the 
possible roles of CYP3A4 isozyme on quinine 
metabolism in normal healthy volunteers 
would be ~xplored . 

MATERIALS AND METHODS 

Chemical a11d drugs 

Standard quinine and quinidine 
hydrochloride were purchased from Sigma 
Chemical Co. (St. Louis, Missouri, USA). 
Quinine sulphate (300 mg tablet, Lot. No. 
98098) was bought from General Drug House 
Co., Ltd., Bangkok, Thailand. Ketoconazole 
(Nizoral®, Lot. No. Bl81297) and itraconazole 
(Sporal®, Lot. No. 384037) were bought from 
Janssen Pharmaceutica Ltd., Bangkok, 
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Thailand. An HPLC grade of acetonitrile and 
an analytical grade of triethylamine were 
purchased from J.T. Baker (Phillipsburg, New 
Jersy, USA) and Fluka {Messerchmittstr, 
Switzerland), respectively. Water was purified 
for HPLC by the Milli Q water purification 
system {Millipore, Milford, Massachusetts, 
USA). 

/11strume11ts a11d cllromatograpllic co11dltion 

The HPLC system consisted of a 
Waters 515 pump and a Waters 717 
autosampler (Waters Asssociates, Milford, 
Massachusetts, USA). The detector was the 
Jasco 821-FP intelligent Spech·ofluorometer 
(Japan Spectroscopic Co., Ltd., Tokyo, Japan). 
The intergrator was the Jasco model 807-IT 
(Japan Spectroscopic Co., Ltd., Tokyo, Japan). 
The column was reverse phase µ-Bondapak 
C18 (30 cm x 3.9 mm i.d., particle size 10 µm, 
Waters Associates, Milford, Massachusetts, 
USA). The mobile phase consisted of 
deionized water, triethylamine, 85% phos­
phoric acid and acetonitrile (91.4: l: 0.6: 7, 
v/v/v/v), which was filtered through a 0.45 µm 
membrane filter (Nyron 66, Millipore, Milford, 
Massachusetts, USA) and degassed by 
ultrasonication for 9 minutes before using. The 
mobile phase was freshly prepared in each day. 
The flow rate was 1.5 ml/min. The quinine 
concentration in plasma sample was detected 
using the Jasco 821-FP intelligent Spectro­
fluorometer with an excitation and emission 
wavelengths set at 340 and 425 nm, 
respectively. 

Subjects 

Nine healthy non-smoking Thai male 
volunteers (16-37 years; 47-70 kg) participated 
in this study. All subjects were informed of the 
objectives of the study and gave their written 
consent. The study protocol was approved by 
the Human Ethics Committee of the Faculty of 
Science, Prince of Songkla University. A 
medical history, physical examination, and 
essential laboratory tests were carried out on 
all subjects to ensure that the subjects were in 
good health. All subjects were not allowed to 
take any medication, except drugs given by the 
investigators, for one month before or during 
the study period. 

Study protocol 

A randomized crossover design with 
three phases was used in this study. Each 
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phase was separated by a two-week washout 
period. A single oral dose of 300 mg quinine 
sulphate was given on the study day of each 
phase. Phase one, Quinine alone. On the study 
day, each subject ingested only 300 mg 
quinine sulphate with 150 ml water. Phase Mo 
and three, 400 mg ketoconazole (two 200 mg 
Nizorat® tablets) or 200 mg itraconazole (two 
100 mg Sporat® capsules) pretreatment orally 
once daily for 4 days. The subjects were 
randomized to ingest either 400 mg keto­
conazo le or 200 mg itraconazole for 
pretreatment at 7.00 h with breakfast for 4 
days. On day 4, each subject ingested a single 
oral dose of 3 00 mg quinine sulphate with 150 
ml water 2 h after ketoconazole or itraconazole 
administration. 

All subjects fasted overnight before 
quinine administration and received regular 
meals 3 h after quinine. The subjects were not 
allowed to have coffee, tea, cola or alcohol on 
the test days. 

Bloor/ snmp/iug am/ determl11atio11 of plasma 
q11i11i11e co1tce11tmlio11s 

On the day of quinine ingestion of 
each phase, a forearm vein of each subject was 
cannulated with a sterile catheter kept patent 
with heparinized saline solution. Blood 
samples (5 ml) were collected in heparinized 
tubes before quinine intake and at 0.25, 0.5, 
0. 15, I, 1.25, 1.5, 2, 2.5, 3, 4, 6, 8, 24, and 48 h 
after quinine ingestion. All blood samples 
were centrifuged at l 000 x g for 15 min, and 
plasma was separated within 30 min and kept 
at -70 °C until analysed. Plasma quinine 
concentrations were determined by HPLC 
method10

•
12 with a slight modification using 

quinidine hydrochloride at concentration of 
25 µg/ml as an internal standard. Briefly, to 
400 µI of plasma sample in a 2-ml stoppered 
microcentrifuge tube, a I 00 µI internal 
standard was added and mixed for 30 sec on a 
vortex mixer. A 250 µI of acetonitrile was then 
added and shaken thoroughly on a vortex 
mixer for 30 sec. After 10 min the micro­
centrifuge tube was centrifuged at 10,000 x g 
for 15 min. A 40 µI of supernatant was injected 
into HPLC system using a reverse-phase µ­
Bondapak C18 column with deionized water, 
triethylamine, 85% phosphoric acid and 
acetonitrile (91.4: l : 0.6: 7, v/v/v/v) as a 
moblie phase, and detected by a fluorescence 
detector. The lower detection limit of quinine 
was 0.2 mg/I. The intra-day assay coefficient 
of variation (CV) for quinine was 1.6% at l 
mg/I, 3.5% at 2.5 mg/I, 3% at 5 mg/I and l % at 
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10 mg/I (n = 8). The inter-day assay CV for 
quinine was 6.7% at l mg/I, 5.3% at 2.5 mg/I, 
4.7% at 5 mg/I and 4% at 10 mg/I (n = 10). 
The relative recovery of standard quinine in 
human plasma was 90-94%. Neither 
ketoconazole nor itraconazole interfered with 
the HPLC assay of quinine. 

Plmrmacokinetlc analysis 

Plasma quinine concentrations were 
analysed by one-compartment model. 
Maximum plasma concentration (Cmax) and 
time to reach Cmax (T max) were obtained 
directly from the original data. The elimination 
rate constant (Kti) was determined by a linear 
regression analysis of the terminal phase of the 
plasma concentration-time profile. The 
elimination half-life (T112) was calculated from 
the equation T112 = 0.69fKc1• The area under the 
plasma concentration-time curve from tin1e 
zero to 48 h (AUC048) was calculated by the 
trapezoidal rule from the origin of drug 
administration to the last data point. 

Statistical analysis 

Results were expressed as mean 
v.alues ± SD. The significance of differences of 
pharmacokinetic variables between the study 
phases was analysed using ANOV A with 
repeated measures followed by the Newman­
Keuls test where appropriate. Values of P< 
0.05 were considered to be statistically 
significant. 

RESULTS 

All nine subjects completed the study. 
Any serious adverse effects were not reported 
during each study phase. The mean plasma 
concentration-time profiles of quinine after 
quinine ingestion alone, and pretreatment with 
ketoconazole or itraconazole were shown in 
Figure I. The pharmacokinetic data were 
summarized in Table 1. 

Quinlue after ketoconazole 

The mean Cmax• Tmax• T112 and AUC0-4s 
of quinine significantly increased by 29% 
(from 2.4 ± 0.5 to 3.1 ± 0.5 mg/I; P < 0.01 ), 
56% (from 1.8 ± 0.6 to 2.8 ± 0.8 h; P < 0.01), 
70% (from 9.0 ± 2.1 to 15.3 ± 5.0 h; P < 0.01) 
and 107% (from 36.l ± 14.0 to 74.8 ± 26.9 
mg.hr/I; P < 0.01), respectively, after 
pretreatment with 400 mg ketoconazole orally 
once daily for 4 days compared to those of the 
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control phase (quinine alone) (Table l). 

Qui11i11e after ilraco11azole 

After pretreatment with 200 mg 
itraconazole orally once daily for 4 days, the 
mean AUC0-48 and T112 of quinine significantly 
increase by 96% (from 36.1 ± 14.0 to 70.8 ± 
35.8 mg.hr/I; P< 0.01) and 71% (from 9.0 ± 
2.1 to 15.4 ± 7.2 h; P< 0.01), whereas the 
mean Cmax and T max increased by 17% (from 
2.4 ± 0.5 to 2.8 ± 0.8 mg/I; P> 0.05) and 22% 
(from 1.8 ± 0.6 to 2.2 ± 0.9 h; P> 0.05), 
respectively, which were not significantly 
different from the control phase (quinine 
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alone) (Table l) 

Qui11i11e after ketoconazo/e phase and 
Qui11i11e after ilracouazole phase 

There were no significant differences 
in the mean Cmax (3.1 ± 0.5 mg/I versus 2.8 ± 
0.8 mg/I; P> 0.05), T max (2.8 ± 0.8 h versus 
2.2 ± 0.9 h; P> 0.05), T112 (15.3 ± 5.0 h versus 
15.4 ± 7.2 h; P> 0.05) and AUCo..18 (74.8 ± 
26.9 mg.hr/I versus 70.8 ± 35.8 mg.hr/I ; P> 
0.05) of quinine after pretreatment with 
ketoconazole compared to those of quinine 
after pretreatment with itraconazole. 

0.0 ..... ~..-~r---.r----r~-r~-r-~.....-~..-~.----.~--.....;;::::'""'1"~-. 
0 4 8 , 2 , 6 20 2 4 28 32 36 40 44 48 52 

Tlme(h) 

Figure 1. Mean plasma concentration-time profiles of quinine in nine normal healthy volunteers after a single oral 
dose of JOO mg quinine sulphate alone ( 0) or after pretreatment with either 400 mg ketoconazole (..&.) 
or 200 mg itraconazole (6) orally once daily for 4 days. Error bars were omitted for clarity. 

Table I. Pharmacokinetic parameters of quinine when a single oral dose of 300 mg quinine sulphate was given 
alone or after pretreatment with either 400 mg kctoconazole or 200 mg itraconazolc orally once daily 
for 4 days in nine nomial healthy volunteers. 

Parameter Quinine alone Quinine+ Kctoconazole Quinine+ llraconazole 
(Control phase) 

C..,., (mg/I) 2.4 ±o.s· 3.1 ± 0.5' 2.8 ± 0.8 
% of control (range) 100 129 (92-179) 117 (66-152) 
TIN., (h) 1.8 ± 0.6' 2.8± 0.8' 2 .2±0.9 

% of control (range) 100 156 (96-226) 122 (68-213) 
T112 (h) 9.0±2.t'I t5.3 ± 5.o· 15.4 ± 7.2 t 
% of control (range) 100 170 (113-228) 171 (96-231) 
AU~a (mg. hr/I) 36. I ± 14.0'1 74.8 ± 26.9' 70.8 ± 35.8 t 
% of control (range) 100 207 (103-311) 196 (64-360) 

CllllX> maximum plasma concentration; tml.., time to reach Cmax; AUC, area under the plasma concentration-time 
curve. Data were expressed as mean ± SD. • •1 P < 0.01, significant difference compared with the corresponding 
control value. 
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DISCUSSION 

The values of Cm..., T max and T 112 of 
qumme given alone in this study were 
comparable to those reported for normal 
healthy volunteers, whereas the AUC048 found 
in our study was greater than that of previously 
reported (36. l ± 14.0 versus 18.5 ± mg. hr/1)13

• 

The difference of AUC048 values may be 
explained by the differences in the 
interindividual variations with respect to age-, 
sex- and race-related changes14. The present 
res ults also demonstrated that after 
pretreahnent with 400 mg ketoconazole orally 
once daily for 4 days, the mean AUC048 
increased by 107% (2-fold), C0 ,._. increased by 
29% (1.3-fold), Tmax increased by 56% (1.6-
fold), and T112 increased by 70% (1.7-fold), 
whereas the mean AUC048 of quinine after 
pretreatment with 200 mg itraconazole orally 
once daily for 4 days was increased by 96% 
(2-fold), Cma.• increased by 17% (1.2-fold), 
T max increased by 22% ( 1.2-fold), and T 112 

increased by 71 % (I. 7-fold) {Table I). 
Interestingly, the AUC048 values of quinine 
were markedly increased (2-fold) after 
pretreatment with either ketoconazole or 
itraconazole. In comparison between the 
effects of ketoconazole and itraconazole on 
plasma concentrations of quinine on the basis 
of AUC0.48 values, it was fo und that 
ketoconazole had a slightly greater effect than 
itraconazole, but were not significantly 
different. Therefore, there was a marked ly 
significant interaction between ketoconazole or 
itraconazole and quinine in normal healthy 
subjects. This was the first report described 
inhibitory effect of ketoconazole on quinine 
metabolism in human subjects compared to 
that of itraconazole. 

Ketoconazole and itraconazole, azole 
antimycotics with broad spectrum antifungal 
activity, are potent inhibitors of many 
CYP3A4 drug substrates15. Ketoconazole and 
itraconazole given orally once daily for 4 days 
at 400 mg and 200 mg doses, respectively in 
normal healthy volunteers are sufficient to 
inhibit CYP3A4 6·7·16. One previous published 
report on the interaction of quinine with I 00 
mg ketoconazole pretreatment orally twice 
daily for 3 days in healthy volunteers revealed 
that the mean AUC and T 112 were increased by 
45% (P< 0.001) and 16% (P< 0.01), 
respectively. When compared these parameters 
with our data, it was likely that the inhibition 
ofCYP3A4 by ketoconazole was dependent on 
doses and time period of ketoconazole 
administration3

. In the present study, 
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ketoconazole was likely to be a slightly 
stronger inhibitor of CYP3A4 in normal 
healthy volunteers than itraconazole. The 
present findings also demonstrated that both 
ketoconazole and itraconazole increased the 
T112 of quinine much more than the Cmax· 
Therefore, these data indicated that the 
interaction resulted in essence from inhibition 
of the hepatic CYP3A4-mediated metabolism 
of quinine, whereas inhibition of the intestinal 
metabolism had a smaller contribution. 
Recently, we have reported the roles of 
CYP3A4 in metabolism of mefloquine, a 4-
quinolinemethanol compound structurally 
related to quinine, in humans 17, which 
supported the hepatic CYP3A4-mediated 
metabolism of quinine in this study . 
Additionally, quinine is rapidly absorbed from 
the gash·ointestinal tract and the bioavailability 
is rather high (88%)13

, thus the effect of 
inhibiting CYP3A4-mediated presystemic in 
the small intestine of a high bioavailability 
drug is not much concerned18. However, 
inl1ibition of the intestinal P-glycoprotein 
transporter b~ ketoconazole in vivo should be 
recognized19· 0. 

Our present results indicated that the 
mean Cma.• of quinine in nine normal healthy 
subjects after administration of a single oral 
dose of 300 mg quinine sulphate alone was 2.4 
mg/I, and after pretreatment with ketoconazole 
and itraconazole were 3. l and 2.8 mg/I, 
respectively. Our intention in this study is to 
observe the behavior of quinine phannaco­
kinetics in normal healthy subjects receiving 
quinine alone and after pretreatment with 
ketoconazole or itracona zo le without 
producing any adverse effects. For these 
reasons, we used a single oral dose of 300 mg 
quinine sulphate as a test dose instead of 600 
mg quinine dose as used in clinical practice, 
and expected that after pretreatment with 
ketoconazole or itraconazole the peak plasma 
concentrations of quinine would not be high 
enough to produce toxicity. Generally, the 
effective plasma quinine concentration is 8-15 
mg/I, however, after administration of a 600 
mg oral dose of quinine sulphate the plasma 
concentration may reach 15-20 mg/I. Mild 
toxicity usually occurred at the plasma quinine 
co nce ntr ation above 10 mg/I and 
cardiovascular toxicity is observed when the 
plasma concentration is above 16 mg/I. The 
electrocardiogram may change in healthy 
subjects with quinine concentration around 5 
mg/I after 10 mg/kg intravenous infusion21. If 
we doubled the 300 mg quinine dose to a 600 
mg dose, the peak plasma quinine 
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concentration of quinine administered alone or 
after pretreatment with ketoconazole and 
itraconazole might be doubled that which 
obtained from each one which was likely to 
produce electrocardiogram changes. However, 
all subjects participated in this study did not 
report any adverse effects to the investigators. 
In clinical practice, the toxicity produced by 
quinine after coadministration with keto­
conazole or itraconazole may occur if high 
doses of quinine are administered, i.e., loading 
dose and long-term treatment with keto­
conazole or itraconazole. 

CONCLUSION 

In conclusion, this study clearly 
shows that there is a significant interaction 
between ketoconazole or itraconazole and 
quinine in human subjects. After pretreatment 
with either ketoconazole or itraconazole, the 
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REVIEWS 

MIFEPRISTONE : ONGOING ~OLE OTHER THAN AN ABORTION PILL 

Narumon Laohareungpanya 

Central lnstr11111ental Laborat01y, Chulabhorn Research Institute, Laksi, Bangkok 10210, Thailand 

ABSTRACT 

Mifepristone is well known as an abortion pill that has been used since 1988. It acts as a 
strong competitive antagonist of progesterone that is an important hormone for maintaining gestation. 
Administration of mifepristone will lead to blastocyst detachment, increase sensitivity of myometrium 
to prostaglandin, ripen the cervix and result in pregnancy termination. Mifepristone also has other 
interesting benefits in treating many diseases that primarily affect women. It has been used to treat 
breast and ovarian cancer, tumor in brain, endometriosis and Cushing's syndrome. The legislation of 
mifepristone is expected to be an urgent problem in the future for Thai FDA committee. To permit this 
drug available in Thailand, its pharmacological actions must be concerned with moral and legal vision 
in Thai people together with the set up of protection process on drug abuse. 

Key words: mifepristone, antiprogestin, abortion pill 
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L'iT1 'l u<J~t"l n.rru il a nm-1 fl'l'll'i~ 

\I ' 

a1u prostaglandin
2

-
5 ~iltJi.il'li~1)J 

nu mifepristone ~iltJl misoprostol 

® .J Fi 
( Cytotec ) 'l1'1 Lu lJ l 5 - deoxy- 16-

.J "" hydroxy- 16- methyl-PGE1 LlJil'1v1fl>J 
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Mifepristone 

JU~ 1 m~LYl'i-3r!{1,anm1iimml'l'i mifepristone (~Vt,H.lffv1n Goodman & Oilman's The 

Pharmacological Basis of Therapeutics, 9
1
h ed. New York: MacMillan Publishing, 

1996:1430.) 

1fim'l1i2·
1 

.J' ...$ "'1"•1""' tl1'UL'\HJ1t'11l1'l\J 'l1l11 l1LO~n1') 

LLYi''ld1l1~\Jn1')oY'J~')'li)1 'U'iJ1'1oi'\J 1 L n1if u 

~illmh-.:ihhnu 7 ai.J~1lfLL'lO'lJil'ln1') 
l: .. 4 ... .... .... .... .J ... 
QMm')il wrn'l\JtN 63 1uuwnmun" 

U')t~1 L~ rm~ ~-.:ia~Yi'1 ti ~'l'lt'l~ i:.Jaa"u')ru 
• v 

( 9 2-95%) t~uagi~a1"1·rniutl')tl11\Jt11 

tl'l~L 1J~11"~ LU'l'llil-:JLL vrnti1 unun~l1')1\J v 
I ..... l: .. 'I ..... I .o1 ... 

11 ma-:igi-:i ~'l')Jl L~tJ')\Ju'ltl11'lJt11nmf1') 

mifepristone fltl'lJ1'lJ'll\J1~ 600 mg d1l1~U 

n I QI .J.., ti .J' y Q 

~ 'Hty 'Ha-:J'J10l'J')U ')tl11lW1lJLL(l1'Hqj-:J 

,.J 1 '..... <$111"'.J '11ll l1fll'ltmati~rrnnmrnmrnt1 u1un 

..,_1 .., ::~ ~t ....... 
')\Ju')tl11\J l1a-:J'110'lJ'lJiln 48 ti1 i.J'l'1-:J'l\J 

U')~l11\Jtl1 misoprostol 0.4 mg gi1iJL1i'11i.J 

( Li''lJLLQJLd fl 1~iumwt'l1'111n1')LL yJ-:JLO~ 
.. ,, " 

a"\J')fULLa1~1tJ ultra- sonography scan 

tl1'1'1t hioi'ti-:i~UU')tl'J1l.U.11 misoprostol if 
~n) tl1 misoprostol '1tililnqn~mu1u 4-

~ t . 1 """ 4 .r 6 -n1 "-:i n1 l1mail~tiiln'11n"~an"1nt1u · 
v 

~-.:im'1u1uil-.:i 10-12 1u l1a-:i'11mfull1'1tl 
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V .q .J I 4 .q 

a 1n1 ') 'lJ 1 'I L VI U'I YI V4 u u il fJ VI i))J 

m fl1')U1~li' il'I LO~'I LL um.h~U')::~1 L~ ilU 

~'I al ).J1'j tl i°U U')::Yl1UU1 LLO U1~U')') L Yl1 

il1 fl1'j lvf LL~ of il'l')::i'..:itn n t 'lf rn tun~" • 
NSAIDs l1~ilmj'LL~ antispasmodics li'1 hi 

L rl v..:i~1nm~~:: hhun1uu')::~Y1GNa'llv'I 
mifepristone LLa:: misoprostol 1~ UilO'l10 

:: ... 4 1" ... "t uum~V4UiJt11m')V1au a mL~uu l11 ~ 

Lo1u~~tln01 l1~vti'v..:i~1..:i ~..:iLi'.JuqYl~'llil'I 
prostaglandin (misoprostol) ~\'4\J t uaVI~ 

!"! .J"" "" ... •I ... U1'1VIU LLVI LlJ')1fJYl)JL(li)~ilil0"10N~unVI 

'liaA11·rn1'31um11'll'rn1
•
3

•
7 

~1' .J t""' ... .J ... U1U )Jll1)J1::YI~:: 'l10Ul1qj'IYl)J 

ilqJl11m')LL~..:i~1'lJv..:iL~v~ li.J~ )jm'jn1..:i1u 

I 1 ... tl ... .J'"' .q:: 
'llil'l~H.))Jl1)J10 VIN~ OVIL ')fl')'I )Jfl1')Vl'I 

.. t ... ..11 ""' .... Vl')')flUilfl)J~~n Ul1qj'IYI ~')\Jfl1')')n'\i1 

" !11 "" t ~1Ual1 steroid "1Luuna1mu '1 li')il U 
-. .J q I t 

l1 'lJ'IYI" fl1 ')VI vu au a..:i a u1..:i1u LL ')'I VI a a11 

prostaglandin 

,Y ilU'3ifn1'3 UHl'lflfltn'lllM mifepristone 

l .... y ..i ..J ..... !:! 8 
Ufl1')1fl\i1L'rnilU 1 flfl1iN.-tfl\i1 

L yjil l li'Lii~m')UviJi°umd~1a~u tu 

ff'IVl)J 01')~01'1qYl~'llil'I mifepristone tu 
... 'I J ..i....... ... 'I 

fl1')')0\i1 L ')VlilU '1 Yl)Jil0J')101')Lfl~'llil'I L 'lVI 

a..:i t uaV1~~..:i L i'.Ju~au hmh..:iiJ1n l~a l~)j " . 
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4 !11 ..i.i V I ... I 

l1')ilLuUU1YI L'lJ'')1iJOUU1 tamoxifen V4U11 

u1da1m'ltln1 t tf n~ m'lfaaiJ:: L ~'l)j'lJU1~ 
<$ ... ::.... ti .J ... 

rnna..:i ilOYl'lfJ'l'lJ'1fJ\J')')LYl1tl101') 1~YILO~ 

d t' <$ I 1•1.J 
~1f101')YIL'lfaaiJ::L')'llLV4') fl')::~1u u"' 

" 
1 11 .r....... I 

fl')::~n ~ uvn~1nua..:iiJ')1a..:i1u11 

mifepristone a1iJ1')tla~01'l'lJU1fJ~1'llil'I 
.. <$ .J ., 1 '1 .,... " L'lfaaiJ::L')'IYl')'I 'll ~amnu 

t ""' .J' .J .J .q I 2. 'iVi01'1 L Uil'lilOYlaiJil'I YIL ')fJ011 

meningiomas 
1
1-1

3 Lrlv..:i~1001')LOJU lm'llil'I 

.J' ... J'v "" !"i 
L lJ il'lilO'lJ'U~UOJ iNtl1~fJ lfil') LiJU estrogen 

... :: ... 1 ., ... 
ua~ progesterone ~'llJU~'I ~)Jfl1')Yl~at1'1 

ti mifepristone i'nti11 ')VI meningiomas 

')
0

1iJOUfl1')f,J°1~~ 1~ana
1

iJ'llil'I Dr . • 
.J ... .... 

Grunberg Yl)Jl111YlfJ1rlfJ Southern 

California School of Medicine ~'IV4U11 
01')~01'1 l~Na~ 

t .,.... .J' ... 
3. "lf')n'\flL'UiMilfl)J~(lfl'lJ'U~ fibroid 

" 
(fibroid tumors) LLa~m1~L~ilUiJ~an..:ivn . " 
... J ( d . . )13, 14 J N ~YI en ometflOSlS L lJil'l'l10 

mifepristone )j~ruam:rohuu non ­

competitive anti- estrogen vtj~1a ~'I 1~)j 

01')n1 clinical trials V4Ui1mda1m')tla~ 
V .J' 1" ~ I 

'IJ'Ul~'llil'IOil'UL\Jil'lilO ~ LLa::f.Ju1fJYl\JOlil 
" 

'l """ fJ1 mifepristone ~~ 

t ""' . 15,16 4. 'lJ'')n'\fl Cushmg's syndrome 
J I "' CV 

L\Jil'l~10V4U11 mifepristone ff1"1')tl~unu 

glucocorticoid receptors li'1~1'101fJ 1~ m 

d~..:i )j ~ ruamj'O) L i'.Ju anti-glucocorticoid ~'I 
1tJn1tt1nviliJu cortisol ~unu receptors 

LLa~ililOqYl~1iJ'1vf ~'llf u National 

Institutes of Health (NIH) LL a~ 

iJl11iYlm~mL V4Yltl Stanford t ual1i°~ 

miJ~m~'IYl~av..:it?J mifepristone i'm:n~ 
.'I ,J,.. "" 
u1fJ Cushing's syndrome YliJmm·rnun 
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I " ·'' ... ....r CV 'l ""' J' inn vm11~u1utJmm'lV1?J'\J\H'I~ Vl'lumu 

u fl n'l1 nd1 u fl'\Jl YIOJ f1~ifor.Ju m 'l 1'£1' 
. ~ ., 1 .J .J 

m mifepristone '\J L'\Jnl'l'ln'lfl 'lflfl'\J 1 YI 

irn{(tJu cortisol m'liJUYIU1YI 1um'lni1 li 
L~Vl hfl

17 
L'li'\J HIV, hY1'SmAf1, hm~~ 

a'l1L{fl~~, LU1l'l11'\J, multiple sclerosis, • 
Parkinson's LU'I:: Alzheimer's ~n~1tl 

~f1UU1noi1~mHn1'11"ll'rn "Morning­

After" Pill OU Mifepristone 
1 

"Morning-after" pill LU'\JEJl~tJ 

um~u~1?f via~ iJ m Aam~'mniiLnu 24-• J,1 .J ,r,"' :: .. .J.l, ... 
72 'lf1 tJ~ LWflufl~O'\Jnl'lUl~Yl'l'lllYI tJW~ 

i.h :: a~~ ~~ihh::aY15111w1um'lilfl~nu 
:: ('I " J' f11 .J 

fil'lUl~Yl'l'lllLVl 75-85 % U1'\JLu'\JU1YI 

i.h::n flU~1fJ tHl'lLtJlJLaa loi'lL'lU Lrn:: 1 i.h­

L "JaOiu r.J atJ nu 1 lJ?JlJ1 Vl\J~ l'l~m tJ1rn1~iJ 
vfl 'lLtJU hhL"JaOim wrNau1~L~EJ1 lviuqY1~ 
mNmd'l:: 1 i.Jn11lfm'loin1?J?f1a~ni1LaltJ 
vi~ u-ll'vi?J11~ m'lul]au51viEJn11lfdjun1 u 

I • 'to '1.fq ·1 " 4 'll .J .J Y1flu1 ?J?JU?JU'l~Y11 viua"JLrn :: ?JLflaflUYI • 
Li1vi1nmhu1n vi~fl~vi?J11~m'li1~~1?Jfl~ 

1 
I .J II CV 1 1 ' .J1 I/CV 
?JY1r.Jamrn1uur.Ju~tJvian viu ?JYI vi'lu 

" 
n1'lr.JatJLL~1d'l ::rJ~ 1iJLL U~~1 L U'\J~1eJ fl'\J-a'VI 

L'l\J 

. I .. "" .f " "' ll "' 
u'l::a~YI LOVl'lJ'\JLLa1 Vl~'\J\Jn1'lfJfltJ'lUEJ1 

"morning-after· pill 1u~11Jn!)l'ltJ1mrn:: 

Aail'l'ltJ~~Lnvi~1uni1 LLoiLrlflvim~~1una 
" 

1nm'lflflfiqYl~'lJfl~EJ1 "morning-after· pill 

11Jm 'l-ll'Vl?J11~n1 'l ~~~1'llfl~ l?i ~1~~Un1'l 
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II CV J:$ I .f 
r.JatJLLa1UlJl'.J\HtJVl~n 'J::L l'l'\J11qYlil'lrn~m 

~ " 'l n L ~ '\J .tf \J L ii flu 1 tl
1 

LL Ul n 01' 1~'l1 n fJ 1 

J' .J.1"' ... mifepristone rnu 'iVIULrl~Ylfll vin~tJL'lt.tn 

ffl~aY15a01Tiuavi~SflLtJ~mil1~i1m'l1'lfm 
f11 ... 1" .J ..t "" mifepristone Lu'\JLYW~nl'l 'lHWfl~tJrilL'\JVI 

'1«:11 QIQl~d QI 

muvia~tJ L wAatJ wu tiL viirnunu 

UfY'H101"HJf1J.Ji'um Mifepristone L~13fl 

1ua~~m lntJ 
"' • ., .,r.1 ., 1 

n1'lEJfltJ'lUtJ1fl1LLYl~'\J ua~Yltl YIU 

f11 .J '."I "' d 
Yl~L u\JL 'HNmn LLUlufYV11n1'lUfltJ'lUEJ1LtJVI 

nl LL ~~if VIL viiJ fl'\J"Jd'Jif n 1V11flU~L\lW1::tJ1 
" •t: " 

... ... I ll 
mifepristone LWtl~'lJ\J1ULVIU1Lfl1\J'\J LW'll:: 

.... ® .ol4) "' "' EJ1 misoprostol l'l'lfl Cytotec YI L'lf")1tJOU 

.J ... "' ' "ll ... mifepristone 'lf~tJqYltiGH1"Vl~fiV11U'\J'\JtJ 

11~?J1u~11 tJ011wf1u?J1umml mf 11 uLL-.i 
" 

L tJ '\JtJ1~1?f'~n~1 LL a::\) fl~ n\J 1 'lYIO'l::L Wl:: 

.J "' "'"" illl'll'l LLa::L'\Jfl~'l10flYlilYl1~LIH'f'lf1YIEJ1'lJfl~ 

tJ1 mifepristone 1iJ1~iiLWU~n1'll'l~Vln1'l 

or~Yl'l'lflL WfJ~flV1~L~tJ1 LLG°iu~iJqn~1 um'l 

"' 1 .J .J, 1 "" " ., ll ., ... 'ln'lfl 'lflfl'\J 1 nu1au ' rnnvi1u vi~uumtJ 

1" ., . J' 
n1'lWEJ1EJ1tJ l'IUrltJ'lUtJ1 mifepnstone u 
" 1 • I 1 .i f11 d .J L'lJ1"1 '\Ju')::LYIA YIU OYl~Lu'\JL'lrNYIL")l'J:: 

" ., ::;) 1 ' ., 1 .,... 1 " .r.1 Ulfl~UlVl'1'\J 'l11'l::UfltJ'lU l'ltlnl'l 'lftJ1'\J U 

'lULL uu 1 viu m1::"J::Y11UfltJ 1tJ1 "1LnVlfi1") tJ " . 
md ~vii'oH1u'l::a~ fl1~ mh~ h ~~fl~oi a~ • 
"" ... ® .J1 ., ... 
W'l1'lN1")1tJfNtl1 Cytotec fl Vltlnl'l 

m~cy1GJli'rifluLL~1~1EJ Lrn::rl'1 L'\Jfl'\J1YIGJ'l:: 

... 1i1" .J' d.'1 "' l: 
tJn1 'l a~cy1GJ vi 'lftn'\JLWflufl~num")OJ~ 

Yl'l'lflL vii'.Jaui.h::L YIAal'l~Sfl LtJ~ nlLLa:: 1 ii 
u htJ~tha~~nmflV18 n'l::olfl~W~1'lN1tl~ . " 
'lifltJaY111tJ'lLuvi"1uGi1~ 1 mnt1LL-.i11" " " .. 
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1 " 19 ... 1. mn\J Embryology tl'f-.>mUJ 

nu 1'li~u~nruvi mh 1'liua:: l'li'nmtl'j:;)Jl(U 

12 ~1 L>NLO~Lll\J zygote ~-3'l::LLU-3ol1'l\J 
1~Lll'U morula ij'll'lJ1~tl'j:;i.J1ru 0 .14 mm 

L~~t1u'ltlrii.i~aomuluna1 5-7 1u Lvit1 
" " !fCVCVd lU UI 

w..:i011ouw t1ui.i~ao \Ja O'l:iCU::'ll t1'3011t1 t1u 
• u 

" . J'd" 1 fl1'j0 LLa::a'j1'3 chonon 'll1JL vrna'j1'J'j0 u 

atl~1\-f~ 2 -.>1mfuo11at1ului.i~ao-.>::LLU-3 
" 

.... tl.J .... fll ti"" 011L auu-.>1oao'l:iN::-.>11rnuu 1Lu'lJ~ 'j 1 

~a1u1~\-f L~flO embryonic disc l1Hltl~1\-f 

~ 3 ua::luat1~1\-f~ 4 rl't1uL'lfaa'l::10J~\J 
~ " ~ .J Lla::L 'j)J~tl~L110J'j-30a1'3LlfJnLU'lJri1'lJ 1n-.>:: 

1011t1Li'.Ju~'j'l:i:: Lmu 'l11 luat1~1\-f~ s 'Ju 

2. 1um-3m'jLlwntf m'jn1LL'ti-3~t1 

m'jn1a1u~i01n1'jo l um'jii' ~'3if uilcyl11 

~t1 o11at1ulu'li1-3 7 at1~1\-1~'3iJaol:lru:: 
!11 I " ., 4 t !1• 4 1 I L uuoai.io t1\JL'lfaa-.>::tlt111L u'lJfl1'j0\1'jtl " • 

n11i.i1?io11m'jo m'jl'li'm mifepristone ~..:i 
L fl um~l'lf'L uti1-3ol'1tl t1uiJt1w 1iJ Lnu 7 • 
a1 .. 1 .,d' di ., 1" aum\10\Jl'l::L \1i.Jtl\JntJn1'j 'lffJl •mor-

ning-after• pill ~'3Li'.Ju~ilui.Jlinumol\J 
tl'j::Ln~ 1 m1mhLa1 

" 
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011i.Jtl'j::i.i1ao{)\1i.J1 fl t11cy1mOJ'j1 301 

" " • " l: !11 ua:: 302 fJOL1'lJtl1n1'jfl1LLl1'31J\JLu'lJn1'j 
• .,.:si .::id::~ ., 

fl'j::l'Jl'lltl-3 LL Wl'JfJ L 'lJ tl'l'l10aOJ'j\J\JOJ-3~'j'jfl 
I ... ... 'J .. .J l: .. LW'j1::tlO'lJi.J'lJ1J Vl'jtl L 1Jn'j(Ul'Jnl'jOJ-3~'j'jfl 

" I 1tl l: I ') " ... CV I 01 ti uum-.>o t1 L mo~mJOJ")lflOJ m'f'llfl1W • 
~1-301uua::~01L-.>'llt1'li.Jl'j~1011i.ii.i101'j1~ 
305 ~'3,f\J~-3n1llfm'jl'li'm mifepristone 

~L,..,jjmJi1-.>::elt1'ltlUfl1fJLel01'jmU~i.J'lJtl-3 
" " . 
LL wnu LWfJ'l tlfJ

1

1'3 L~fJ1 LLif11-.>::lifl1 

mifepristone L 'ULL~n1'j~Ol:l1 h~~1\J~1J 1 R 
oni.i ~'3Lm'1utl'j::Lmiaw!~mi.i~mrn-3m'j 
l'li'mifl \Jl1tY-3if \J-.>::m v-3a-3'lJ1i.J 1 u "patient 

agreement11 nt1\JLai.Jv 

4. lu~11w~ntimain 21 - 23 "?iioi 
... ti .J ... " " ti ... 
~t1oaa~ nLO~W'jvi.J~1v ~i.J-.>01 

" " ( tl~atJ5~oi) Lrn::m'jau?fioi'llv-3"'4l:ltfiTu 

iTuof-3LL~oaa'jtlLi'.Jum\J 1tl11 fauvia-3-.>10~ 
u 

1'li r.1ai.intrna~'l::Ln~L i'.J1maa'jtl1u'li1-3 7 
• u 

1\JLL 'jO ( vim~J1 la'llm~ L Yi1~G1~t1tjrnJ'll'lJ 
dCV .J t!' cv VG.I~ 

-.>1 i.i 'j \1 a-3 -.>1 on L m-.> i.Ju1 i.iu-31ua1 aa ~n-3 • 
ltl d l: l: ti tJ .J !11 L'l~~'j-3) -.>1ou\Joaa'j -.>::L afl\JLu'lJ 

u 

CV ~ V 3 CV 

~wwn::( L~'l:iu1a1'3 L ut1) -.>1ot1wwn::-.>:: 
.J ~ "J' .J 

LtJaumi:Jmtla (?imtJv) -.>1mtla-.>::Ltlauu 

L tJ\J~\J:: ( tfa\J) LLa1~1J::'J::Ln~tlcy-.>a1'l11 

n1lvi"o1'jliv1 mifepristone \1~tl 
. ft • ·11 d l: .. ·morning- a er pt LWil\1~~n1'jOJ-3m'jJ1 

'l101'li~1~-rum'jr.1ai.imhilmllum'jn1a1u 
~iOJLL U'U tl'lJ 
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UPDATE ON ANGIOTENSIN II ANTAGONISTS 

Nisamanee Satyapan 

Department of Pharmacology, Phramongkutklao College of Medicine, Bangkok I 0400, Thailand. 

ABSTRACT 

Pharmacologic intervention in the renin-angiotensin-aldosterone (RAA) system through 
inhibition of angiotensin-converting enzyme (ACE) and selective antagonism of angiotensin II 
receptors has provided substantial clinical benefit in patients with hypertension. Class of agents used 
for this purpose are ACEis and All antagonists respectively. Five All antagonists are currently 
available in Thailand for hypertension: candesartan, irbesartan, losartan, telmisartan and valsartan. 
They have some structural and pharmacokinetic differences. All antagonists may offer more complete 
inhibition of angiotensin II than ACEis. The mechanism of action is based on selective binding to AT 1 

receptors, either as competitve or non-competitive (eg. candesartan) antagonist with a lack of agonist 
activity at this receptor. As with All antagonists, cough and angioedema will appear to be less frequent 
than with ACEis. The most common adverse effects of All antagonists involved headache, dizziness 
and musculoskeletal pain. Such adverse effects are mild, transient and similar to those found in 
placebo. All antagonists also have protective effect against some organ damages. As recent studies of 
All antagonists and ACEis combination therapy for heart failure indicated advantages of the 
combination over therapy with either class. In addition, All antagonists may exert renal protective 
effects in diabetic nephropathy. Therefore, All antagonists offer an alternative to ACEls in the 
management of hypertension, patients with heart failure, left ventricular dysfunction after MI, and 
diabetic nephropathy especially when ACE! therapy is not tolerated. Besides, losartan, unlike others in 
the class, has uricosuric effect which were shown in some studies that it would be benefit in thiazide­
treated patients as well as in cyclosporine-treated heart transplant patients. However the clinical 
significance must be further investigated. Thus All antagonists are currenty considered as effective 
antihypertensive agents with a satisfied tolerability profile as well as with protective effect against 
some organ damages and an apparent lack of clinically important drug interaction. All these profiles 
combined with their simple once daily dosage regimen, make them a drug class that is likely to find 
favour among clinicians and patients alike, although this may be tempered somewhat by their relatively 
high acquisition cost. So far, whether any advantages may be attributed to any one member of the class 
is still unclear, due to the lack of comparative studies within the class. 

Key words: angiotensin II, antagonist, ACEis, antihypertensive 
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'°' 11 3J LU U 3.J 1 '2J il \I fl 1 ':i ~ ~ U 1 ll 1 fl rt' 3.J , 
Angiotensin II Antagonists 

Renin angiotensin aldosterone 

(RAA) system LU\J'j::: uu~al~t)Jl'1Jfl1'j 
~nU~lJfl1'jthn'IJ'lleNl1'1l'1LL'1:::lHHlVldh1Gl 

Fl ~ ., 1 I .J 
Lrn:::Lu'IJLUl'Yli.Jltl'llfl\lfll'j'W(l).l'IJlt.n 'Yl)J 'l'YI 

ll1m 1'lf1 u fll'j-rmfl L ')YI Lflt11nul1'1 l'1Lrn::: 
... . 

'YlrtflVlL'1flVl fll')f11\ll'IJ'llfl\l'j:::Uu RAA '1::: 

.'1J'd "''i"" "'., 
L 'Wll'lJ'IJ Lll fl Yl11 ll Vl'IJ LCl'YIOHl Vl Cl\I Cl\l') ::: VlU 

.J "" I "' ti"' "''j" 'Yl'IJ\I L 'IJ rN'11m1\lflltl'1:::lJfl1'j 'jUOJ1 LVltl 

fl'j:::ofu'):::uuth:::mn~llw1mQimrn::: 101 th 

lli'LOVlfll')'Yl~\I renin '11fl juxtaglomerular 
.J ..... J' ,.J "' 

cell '1l'\I L'lfctct'lf'IJ Vl'IJ fl tl'Ylc.J'IJ\l'll tl\I afferrent 
" 'l .J ., " arteno e 'YlflcttlLllfl')Cla' fll'jm:::OJ'IJ'j:::uu " . 

ti ~ ...... J'..i 
')::: a1 'YJ·o ll L 'W rnoi OLfl Vl'll'IJ L 'W fl OJ flU a'iJtl\I 

oi flll11:::Yl11llol'IJ 1ai101~1 Y111ll L~Utl1Gl 
"'.J ... J'...s .J~ 

LLa:::mlllLYl')tlVll'ILflVl'll'IJ '11'1J renin 'Yl'Ylct\I 

~fl'):::LLa'L~flVl'1:::L tl~f.l'IJ angiotensinogen 

Ltl\J angiotensin I (AI) LL'1:::t1mtl~U\J 
" 

LLtla\loifl 1t1Ltl\J angiotensin II (All) LVlf.I 

angiotensin converting enzyme (ACE) 

'Yl~fl kininase II \Jtlfl"llnif AI U\ltl1'1 

Ltl~tl\JLtl'IJ All 1vi1viu proteases L'li\J 

chymase LLa::: cathepsin G (~ti~ 1) l 'IJ 

fl'):maL~flVl All t)flYl1Cllll1Gl"L~1Gl"1fJ 
v 

. . All .J fl ang1otensmases 'lf\I L u'IJNCl'llfl\l'j:::Uu 

J'~ .J.1" ... ., 
RA~ 'IJLU\Jnl'jflfll 'Yl'YIClflVlLaflVl'YIVl011 

angiotensin converting enzyme inhibitor 

( ) "' f l I .J "' .( .J ACEI '1\IL u\Jf.llflelllLL 'jfl'lf\lllll'YliHflfJ1 • 
" ., ,J ., "" • 1" ?Jfl\lflU'j:::UU RAA Ylt1fl'W(l).l\J1L'Wtl\lllll 'lf 
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1 u fll'j-jfl'lfl L ')YI 1 u n1\I YI iHlfl 1vi u L\l'W1::: 

ll11:::Y111l!ol'u laiioia\I Lrn:::l11l"l11u
1
•
2 
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"" .(., ~ 
L\Jtl\l"llfl ACEI ernnqn1rnrnM 

ACE ~\I LVlU'Yl(]'tf~"l:::avim'ja-i1\I A II ~\I 
Ft .J · 1" ... "' Lu \Jfll'j'YJ\Hlfl"l1fl"l:::'YJ1 'YI LflVlfl1')'YIVl011 

<df "Q.IQ,I Clio 

'll ti \I 'YI a fl vi rn fl Vl LL a 1 t1\I au u a'4 u fll 'j rn vi 

ventricular hypertrophy \Jflfl"llmfu ACEI 
Q.I ,.£..., ~ • ~ 
f.l\lflflfl(]'YlirnUt1\lfl1'jf11Cllt1 bradykinin '11\l 

"" I Fl ,J .J " ., 1 II L'lfV11Lu'IJfll'j'YJLflfJ1'llfl\lflUtllfll'j tlLL'Yl\11 

.,. .J fl II 

LLct ::: fll')LflVl angioedema '11\ILu'IJtllfll'j'lJl\I 

"' .J 111 2 LYlfJ\l'Yl'WU'11flfll'j 'lf ACEI 
II 

ol\I ti 'IJ 1 \J ')::: fJ :::01' fl lll ~\I 1Gl"il Yl11 ll 

., .J "' 'Wt.nt.nll'WOll\Jlt.n'YlflflflqnfiOJfl'j:::UU RAA 
.J''j 1 I .J ti CV .J 
\J LVlf.I llLflf.11'llfl\lflU bradykinin 'lf\IYl1')'1::: 

L llu fll'jfh~ vim fll'j'lll\I L?1 U\l'll fl·rn1 lGlvi 1vi u 
CV .J .f'j" I 

'W tll f.11 ll 'W (l).l 'IJl Ul'YI fl fl fl(] 'YI Li LVl ti 01')\I01 fl 

. . .J 1 _6j "' f l .J ang1otensm receptor '11\l 'IJu"l~U\JL u'IJ'YI 

'YJ'jlUtl\.HLaTll receptor al'Yl-j'U All iJ1~ 
\I I 3 dl\I 

\Jflf.lfl11 4 subtypes LLct:::llflf.11\1\Jflf.I 2 

.J "' I "' "' subtypes 'YJL')f.lfl11 AT1 Lrn::: AT2 llNClflU 

'YI ct fl vi L~flviua:::l1'1 h LVlllNctm'j01fluaufl:-3 
I .J I 'j" f l 

01 fl All 'YI L YI ti 'YI 'jl U ll1 fl fl \J L Vl f.l ll 1 flL u lH•Ja 

" .J " J' "llflfll'jfl'j:::Ol'IJ AT1 ('WtJlllfl'YlflellllL\Jfl 
.::ii ~ • q Q.I 
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..s ., "' 1 .J ... ti ... '11'Yl'jtJ AT2 llfl'WtJ \Jll11:::'YINVl fl01LL'1::: 
.( CV II CV .f 

flflfl(]'Ylfi01'j\lfl\J'lllllflU AT1 fl1'jflflfl(]'Ylfi 

r.hu AT2 ifum'1~Vll1LU\J protective 

mechanism fl~l\l'Yl~\l'll fl\1~1\lfllll 1 uam1::: 

~il An a'3Lnu1tl
3 

v 



Thai J Pharmaco/; Vol 23: No 2-3, May-Dec 2001. 

receptor uoil,ja1in'lmhinl'lfm~~ailo 1~ 

1 ui:.:a:.:m1 L ifo~~10 liJa1in'lfl~~wir'l10 
n1~L~\Jrn-.,1'~ 1Gl' oim.n Furakawa ua:.: 

V.101~1wwiu1avii l~'l~a{1~Lrn:.:a~L~i1:.:lf 
" 

al'l~~Li'.J\Ju\JW\JB'lliM imidazole ~flflfl • 
.(~· :: .( . . .J • 1 " 

qnllu~fl\Jt'}flil'llu~ ang10tensm II nm l1 

Lam~u~l1~~11Gl' Lrn:.: lGl'ijmiwwiu1aY1'l 
" 

1 V I .,j 1" .J 
~'l~ai1~Y1ulJ1L'lutJ '1 ~u ~ losartan ~~ 
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ffl 1 ' . .J.c1 .f. Lu\JU1 'Ufl'!J.J non-peptide nJ.Jqnil~1LVfl:.: 

oiu AT1 Lrn:.:ijmitl1i.nl'lfm~~ailmtlu~1 

LL 'ln ~ ua:.:il"l"luuijm~lGl'i'umiwwimua:.: • ., i1 ' J',q QI ' ... 41::11 
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""-. Angiotensin II / ! ~ Angiotensin II 
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Aldosterone V t . t' Sympathetic 
secreti~socor ric /stimulation 

[fiL] 

'it.I~ 1 ua~~nl'SiHlOflYIBmN angiotesin II antagonists ( ACE = angiotesin-converting enzyme, 
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BP = blood pressure) 

Angiotensin II Antagonists 
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Ltl~maflu active carboxylic acid telmisartan Lrn~ valsartan LlJlJ<jtl~ active 
" .. .. ~ .. ... !11 

metabolite t1m1 1.J1'1Fl'j'l'1'1tll'1'1~LuU 
I ti 

mmai 
" 

active prodmg ~1mhwfo irbesartan, 

Candesartan lrbesartan 

Losartan Telmisartan 

Valsartan 

~tl~ 2 lm~a1'1~mN angiotensin II antagonists 
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1. 01"i~HJ'l~3.J 
" 
Candesartan flnLU~mmthHQJ1r.t 

" . .J.1"<$ .J m::-u1im1"i hydrolys1s rim arnmrn::ri 

oi'u V1"1 a L El uhuf carboxylesterase 

Irbesartan "~1 bioavailability mn~~VI 
( 6 0-80%) a1u candesartan, losartan 
~ 

(Y1'3 active prodrug LLa:: active 

metabolite), telmisartan, valsartan iJ~1 

bioavailability 42% (lu~m) i.l"i::mru, 

33%, 42-50%, 25% (10-35%) vrn.J 
~1Gl'u Telmisartan il ~·1YJ1'1 LJl ff tr 
~rnu~naoi{d'.lu non-linear pharma­

cokinetic a' 1 'U £11 ol1 ~ U iJ ~h Yl1'3 L/Hl'lf 

~amnaoifLtlu linear pharmacokinetic 

B1 'H1"iijr.rn°ri11 i m "i VI Vl:aiarn~ 
" 

telmisartan ua:: valsartan aV1a'3 lu'l.lru::~ 
hl iJ r.rn Gi El tn "i VI vi:alJ'l.I B-3 m oi'1 ~ u 

" 
"' "' "' 'i". I ""' 2. n1"in"i::~1u~1LLa::n1"i~UnULu"i~U 

11rrrn1a3.J1 

Candesartan m::~1aoi'1&i wum1ii 

L'llii?Jua-3avi lmh 1~ Lat1vi n"i::L w1::mm"i " . 
oi'u loi i.Jt1vi ~t1iJl~aiJt1'3 u~nN~wu 
~11m?liJ'liu~1~t1amN iJ~1i.J~m01"itn"i 
n"i::~1uoi'1~1Lw1:: (Vd') Ltlu 0 .13 L/kg 

~unu hhmua'3mn ~Bu"i::mru 9 9% 
" 

Irbesartan iJ~1 Vd LtllJ 53-93 L 

~unu ti.hmuu'3u"i::lJ1ru 90% ctviaa1u 

1 'HfljLtJUBalJiJULLa:: Ul -acid glycopro­

tein) tn"iAm:n1mf'01i'wui1mr.hu blood­

brain-barrier LLa::"iOUtlU nufln-n'utitln 
" ti 

Y11-3tl11rn 
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:: 
Losartan Yl-3 active prod.rug ua:: 

active metabolite iJ Vd Ltlu 34 L um: 

12 L 011iJa1~u ~unu 11.l"immM Lrn:a'H~ti 
" 

a1'U'lJtl'3tniht"i:: 1.3% Lrn:: 0.2% 011lJ 

a1~u tn"iAm:nluwuwui1mr.J11J blood-
" 

brain-barrier tl'tia 

Telmisartan iJ~1 Vd Ltlu 500 L 
I '°' Q.I QJ J' .,j GI QJ 

LLGl~M11)Jf11')~UO\.JL'UtlLUtllJ1n m::i::~unu 

1i.J"imua'3mm-dunu ~vmnni1 99.5% 
" 

(a1ulmyLtJU Cx.1-acid glycoprotein) 

Valsartan iJ"11 Vd Utltl~tl 17 L 

uavi-3i1 a1 hi'~ ti ail n1"i·n ')::~1 rioi'11 tlu-3 

Lifm~tl~1'31 mmrn Lrn::~\.Jtl\.JLU"im'U 
"1r:iu?i1-3U-3 ~tiu"i::iJ1ru 95% ca1ul"Hqj 

Ltlu8alJilU) 

3. m"iLtl~mmtJa-3 
Candesartan ~nLU~tJ'ULLUa-31\f 
.f .J QJ I 

'HlJVlt')YltiYIOl\.Jr.JllJ CYP 2C9 Lrn::m:anu 

Ol"i glucuronide conjugation 

Irbesartan flnLU~r.t'ULLU,N1l1°'HJJVI 
" ".J CV I 

fl YI tiYIOl\.J r.J1'U O"i::\.J1\Jn1"i glucuronide 

conjugation L rJmbu 1 'Hqj ~~W\.JU"i::mru 
6% ua::rJ1un"i::tJ1\Jtn"i oxidation QJ1tl 

CYP 2C9 Lllua1ui!m.1 

Losartan ~mtl~tl'ULLUa~ 1~ active 

carboxylic acid metabolite tl"i::ii1ru 1 -

1417:, LLa:: inactive metabolites anmnu 

'lfilvi ~~tn"iAOM1 in vitro v.u11 CYP 

2C9 ua:: 3A4 iJuritJ1'Yl1Um"iLU~U'U 
LLUa~if 

Telmisartan flnL U~U'ULL tlM 1~ 
" 

inactive acylglucuronide ~'3WtJth::ii1ru 
.,, 1 " .?: ... 11% Li.IE! 'Htnfl"i~LV'ltl1 Cytochrome P460 

hl iJUYltJ1YI 1 'Utn"iL U~EJULL ti '1~EJ1 
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Valsartan {! nL tH~ fl'lHL ti '1'31~ 
inactive acylglucuronide ~-!J'W\Jtl'j~>Jltu 
9 % t~uu-31ii'Yl'jl\Ji1Lti\J 1mf oi'11~iju'Yl 

Ul'Yl t \J fl1'j L tl~fJ\J LL ti '1'3 uoil~fli11ii1-d 
Cytochrome P460 

"1 I 

4. fll'jtl\J{llfJ 
., "' 

fJ1~0~1{JO~UflflO'Y11~~~~1'j~>J10 

ni1m~ilaa11~ t~u>ltl~mruumnoi1~nu 

1tl~~;f 
Candesartan : ma1ull1aj{ln~u 

tltl0~10~1~01fJL\J'jtl candesartan ~-!JLU\J 
" 

active metabolite ~tH prodrug a1t1.:r\J 
" inactive metabolte m~a1u~~on.rru'Y11~tl1 

" 

Ol'j enterohepatic recirculation Ol'j~fflfl 

'lu~thu~1u1u 185 ~u -wui1~'3 
" 

candesartan ua~ inactive metabolite on 
" 

irnrnn'Yl1~ilaa11~Lrn~fl~~1'j~ Lllu 33% • 
ua~ 68% mi>Ja1~u fll{lnn1~~rrnn~1n 

~i'3mu>J1nn-i1 90% mu'lu 12 .g1t>J'3 

"Ha-3.:ruth~mu 
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~ . 
lrbesartan : lN active form Lla~ 

inactive metabolte {ln.rruaamn~ilaa11~ 
~I • ~ 

Lrn~~~~l'j~Luu 20% LLa~ 80% vni.m1~u 

"'')" ti I Losartan : L>Jil l l'1fll'Yl1'3 10'W\J11 
mo n'llum-!Jilaa11~ 1 \J'jtl~1ii L tl~uuLL tla~ 

" " 
4% Lrn~ active metabolite 6% Lrlv'lli' 
14

C-labeled losartan 'Yl1'3tl1nua~l1'1tl~ 

Lail~~l -wua1'j radioactive 1ua~~l'j~Ltlu • 
60% ml~ 50% mi>Ja1~u 

Telmisartan : -wui1mrin'llut1an 
" 

'Yll-3a~~,'j~1 \J'jtl~hJ L tl~uuLL tla~>J1 nni1 . " 
9 7 % Lrn~ijri1utl' rJuon.rruvtin'Yl1'3ilaai1~ 

" 
('WU radioactive telmisartan 0.91% Lrlt:i 
'I" "' • "'1" ~l1'Yll~l1'1tl~Lail~~1 LLa~ 0.49% L>Jfl l1 

m-3tl1n) 

Valsartan : -wui1m~'31U'jtl~h1 
" 

Ltl~fJ\JLL tl'1'3LLa~ inactive metabolite rin 
" 

'llum-3ilaai1~m:i~a~~1'j~Ltlu 13% LLn~ • 
83% mi>Ja1~u faua1u1l1ajv~1u~tlhl 

Ltl~fJULltla-3 (tl'j~>Jltu 80%) 

91111~ff 1 ff1Ufl1Yl~Ulfftl~fl'Uf11n0li°IJIN angiotensin II antagonists 5 ~1 

Prodrug 

Active metabolite 

Bioavailability (%) 
Non-linear pkt 
Food interaction 

Candesartan 

Yes 
Can des artan 

cilexitil 
(inactive) 

Candesartan 

-42 
no 

No effect 

lrbesarlen 

no 

no 

60-80 
no 

No effect 

Vd (Ukg or L) 0.13 53-93 
Protein binding(%) 99 90 
Inactive CYP 2C9 Conjugation 
metabolized by Conjugation CYP 2C9 

Losartan 

Yes 
Los art an 

potassium 
(active) 
E3174 

(10-40 times more 
potent) 
- 33 
No 

No clinical 
significance 

34•,12 .. 
98.7•,99.8 .. 
CYP2C9,3A4 

Telmisarlan 

no 

no 

42-50 
Yes 

- 50 % 
decrease in AUC 

(no clinical 
significance) 

500 
99.5 

Conjugation 

Valsarlan 

no 

no 

10-35 
no 

6-20% 
decre.ase in 

bioavailability 
(no clinical 

significance) 
17 
95 

Conjugation 

Excretion in feces (%) 68 80 60 >97 83 

t =non-linear pharmacokinetic; • = for active prodrug; •• = for active metabolite (Gi'01u\l1N~1nrnnff1'iD~ii~ 

~U1!JlfltJ 5 1\11::7) 
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1. A113Jif13J1'lfl1Utn'li5'utiu receptor5-7 

( G11'l1\I~ 2) 

t.11a'1u1 lHy' dhl competitive 

antagonist (umiu candesartan ~\ILtJu 
non-competitive antagonist) 1~u1iiilqflt 

. ". ' agomst LatJ tHlOC}flfi~1LW1::VJa AT1 

receptors ~1U binding affinity LLVIOol1\ltl'U 
"' J' 
~\IU 

Candesartan : iJ affinity oia AT1 

receptors mnni1 10,000 Lli1'lJtl\I AT2 

4 "' receptors ;;!\ILL!.IOV11aan~1n AT1 receptor 
I tltlda"' 
~ tl1J'lJ1\l'll1LllillflU\JO'U losartan LLa:: 

. b J "' "' 1r esartan fll')fl candesartan ~unu AT1 

l tl I I d J ti 

receptors ~LL1J1Jn11VltlU al;;!LOfJ1'lJtl\I 
"' "' J nun1-s;;iufl binding site u~nru 

transmembrane segment V ~\ln11i-s~~u 
J .:. .r 1 ' ... 1 'J All m wi.i'lJu i.ia1i.i1·rnLm'l1u~l'1-sa aflm 

J 'l " fl AT 1 receptor ~ 

Irbesartan : iJ affinity oiti AT 
1 

receptors LUU 8,500 Lfi1'lJtl\I AT2 

receptors 
~ . 

Losartan : lN active prodrug LLa:: 

active metabolite iJ affinity oi a AT 1 

receptors LUiJ 1,000 Lfil'lJtl\I AT2 

receptors foa E3174 ~\ILlJU active 

metabolite ~unu AT1 receptors LLUU 
• • q ' non-compet1t1ve LL a~ ll~11 i.i LL 'l\I n11 

active prodrug 10-40 Lli1 (L~a~~LntJu 
!'CV Q.I~ J 

Vl1JJ1J1l'11JO) ~\11JUC)flfHhUJJ10'lJtl\IE.11~~ 

ai.iwwfnu-s~~U E3174 Luvrn1ammn 

ni1 active prodrug 
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Telmisartan : iJ affinity oia AT1 

receptors mnni1 3,000 Llil'lJtl\I AT2 

receptors 

Valsartan : ii affinityoiti AT1 

receptors th~i.i1ru 20,000 Llil'lJtl\I AT
2 

'i J . . "" receptors L~UJfl macttve metabolite lJ 

affinity oiti AT1 receptors LWfJ\I 1 LU 200 

a1w~rn\I valsartan 

2. t.iaotE>'l~\J\J RAA 
5

'
7 

VlfJOo11iJt.1afi1hf-s~~U renin LLa:: 
.:. .r1""' "'l:J A:ll LWll'lJU ~ LUtl\1;;!1001-SfJUtNfl AT1 

I GI tJ GI receptors Lf110UL Ufl1'S'lJ~~ negative 

feedback oitinl'Sl-1~'3 renin 'lJtl\I All ~'3 
vi1i.iflqlj~ An ~L~i.iif~1')~u'ltl~unu 

t J"' 'l ' '"' AT 2 receptors LLl1U ~fJYlfJ-3 l!Yl'S1ULLU'll~ 

i1~~a'3 t.1aa1~fYm'3~~ilm wu-31~ ~'3ri1~'3 

ilm-s~mfl~~m i.i t.1a~'3na111 U')~a~m1 
• 18 I J -~ .r 'l I o ') ti ') 

tl~ LLVI Aii YIL nll'lJU~~ i.im Ll-itJa LlJfll'j 

a~~11ll~ULav~'lJtl'3fJ1Lifo 'ltl a1ut.1aoit1 

aldosterone vmi1n11 i-s~~u aldosterone 

a~a-3 t~a li.in11lf'j~~u1 tlol'm:Sai.iLLa~ 

t ·2a~um tl~amL tla'3afi1'1iluaa1~fY un 

Liu valsartan ~\lwui1~thu~l~i'u 
" 

tl
q .q CV .q 

valsartan L 'StJULflfJUOUtJ1l'1aan ~~" 

"j~~uttlo1m:Sma~i.i?i'u 20* ~~Lllu 
4.4* LLa~ 2.9% vi1i.Ja1~u 

3. t.ia1Ufl1')tlil\IOU end organ damage5
'
7 

3.1 tJ'1uiuff'1u~&SiJ~&rn::n119 

tJ J .,, .. ,.,, tJ"' 
L UYIYl'S1U01J~tl~LLa111 All L 1JV1101') 

a1~cyt 1J01''HO~ hypertrophy LL a~ 

h I . " .r "" yperp as1a mNna1mUaL')tJU'lJtl'3l'1at1~ 

Lati~ma::~11~ ~\IL~fJ1itNO'lJO"j~\J11Jnl"j 
LO~ atherosclerosis Lrn:: left ventricular 

I J'4 .. ') 
hypertrophy t.11nqi.JU~'3i.J\JYl'U1Yl L 1Jfl1'j 
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'lf:;a t1 "'~ t1il tl-3 nu 01 'H n ~vrn1fia111r.~'3 
oa11~'3acN 1~ ~'3m'ja~'ll'lfl~l11 l11J11J:;'lf1u 

total cholesterol, fasting triglyceride Lrn~ 

fasting blood glucose LU~U'lJLLUa-3 ~1'M-rl.J 
I '1 J'ul "'1' C·rnornomlJL 'lJ tl"M1 liJ911mrn:; stroke U-3 lJ 

aim 'j 11 aitJ1 ~-a' ~u "u 
3.2 tJflUitJ 1UJ 

r.uh candesartan lii l l1Lat1~ 1 "'a 

Lium.huloi (RBF) L~i1?fu 'lf1ua~ 
proteinuria m~:;'lf:;at1m'jL~tllJ'llr1'31oi 1 u"''J 
a1um~1~uluoai11iili1 llf fl9)')101'j0'jtl'3 • 
c.huoami1rii~a ( GFR) filtration fraction 

LLa:; RBF LU~U'lJLLUa-3 11J1om'j~1ntflY11'3 
~ailo V.l.J11m'j l'lf losartan Lrn:; irbesartan 

lu~tl1m l.J1"'11\J type II ~ij diabetic 

nephropathy ~1i1~1u llfc.rnarlum·m::ari 

Nisamanee Satyapan 

LL 'j-3 U tW 1 ~LlfJ 01 'j ij 'j:; ~)l.J ~ ~ tl:; olil 'lJ 1 u?J 
{i1L ~i1fl'uYifl'ul~ LL a:; hyperkalemia 

( <2%)9,17 

4. r.Ji'l~tJfl'j~rJ~O luif{3,1 9
'
10

-
13 

" 

4 • • ti d 

\.'l'jrJ cyclosporme ":;'lf1mw1c.rn'll1'3L~U'3 

:: 1" 1 ~ "' 'lJrJ'3U1lN 2 a-3 ~ oa om'jLWlJn1'l'lll.Jm~ 

u~oY11'3uaa11:;'lJri'3 losartan ifo 1liYl'j1l.JLLil 
u 

G.I CV I g J' V t 

'lf~un LLOJ01'j\'JnlflLl.JtJ'39l'UV.l.J11 losartan 

1 i1' L ~ lJ n 1 'j L n ~ u rate stone "'~ tl 
dihydrogen urate (~'3LfJUUliJ~UL~U'3U~lJ-
1Jij'lrn'3 acute urate nephropathy) 

GlT'fl~~ 2 Binding affinity '!HN angiotensin II antagonists 5 Vl1 

tn 
Candesartan 
Irbesartan 
Losartan 
Telmisartan 
Valsartan 

r.Jil°lY1'3 Lf>l fN 5, 7,8,1M6 

10,000: 1 
8,500: 1 
1,000: 1 
3,000: 1 
20,000: I 

Binding type 

Non-competilve antagonist 
Competitive antagonist 
Competitive antagonist 
Competitive antagonist 
Competitive antagonist 

" .. ..J.1" Candesartan : r..ia'lJ1'3L~W'3flYl1 "' 

"·'' " .. "' ..J 1 " c.J u1U\.1U~U1 (2.4%) ~i'11Uml'30l.JllJtl ~ 
u • 

.... " .. .J 
'll.Jtn\.'latln (2.6%) C.Ja'lJ1'3L~tNYIV.l.JlJ10 

I ..J.. .... 1" '.I 011 2% LlJtlLYIUl.JOl.JU1\.1atlO ~LLO u1~ 

~h~:; (10.4% vs 10.3%), &i~L~tl~Yl1'3 
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L~tl'Yl1t11'lrl1uuu (5.1% vs 3.5%), 

1hV1mr-:i (3.2% vs o.9% ), iiu-:i-:i (2.5% 

vs 2.3%) utin-'l1nilmvli11'1'~~Qju SGPT 
d .¥ 1 '1 I LVOJ'llU ~nnnn11mmrnn (1.3% vs 

0.5%) 
II "' .J . 11111 Irbesartan : f·Ja'lll'ILl'ltl'l'YlYll mJ 

'U 

•'I 1 I I ., 11 1 .,j 
u1t1'Ylt1Vlt11Wt1 lltltltltln ua~1rnum1LlJtl • 
1~-ru t11'Yla tin rl1ur.rn'li1'1 L~ t1-:i~vmtirm 
niltll'YlatinljL'lfU thVl~hlf~ nallJLilmLa~ 

~ V I II 

m~VIO'lltlO'lfl LLa~'YllJlLLVl'I LLOltllm~nmlJ 
'U 

Lil mLa~n~~Vln'2fti nJ1 LLa~'YIUlLLVl'I tl'I hi 
'U 

fllv tr~tJl~-)12jm L 'Yf VllJlvln irbesartan , , 

Losartan 

iiiN'I (>1%) LLvihil~LllU'11L'YIOl1'1'r.ru1t1 
• 'U 

II .::f .J V d I 

'Viti VI t11 r.Ja'll 1-:i Ll'l tl'l'YlWtJtJ ti m.nnm'lfiJ • 
rash tJ ti nvl nil fllvWtJ hyperkalemia 

(1umm:Stiii1u:S~i.i >5.5 mEq/L) wul~ 
d 'l ' o ~I II il 11.Jl 1.5% 'lf'I lJvlLuUOlfl'l'Yl~Vltll LLOl tJ~'YI Vl 

I 'j' "< 11.J'l llOI 

tJnW~fl'I L~l'lLtll'Yl11U 'Yl~flf.J'Yl Vl~tl 
'U 

potassium sparing diuretics ~1lJ~1tl mvlj 
'i' "" .¥ ..J ., 
LeJOlaLnVI hyperkalemia mn'lltl '11U~~Vltl 

ALT L ~lJWtllfotl LLa~n~mtJuunG11~Lrlti 

Telmisartan : vlnm~Anmm~l'lf 

1ul'lu1'1i'~1ll 3,445 ~ltl r.Ja'll1-:iL~t1-:i~wu 
mnni1 1 % l~LLri 'YlatiVJai.iamau utiu 

hJmru U1VJ'llei n-:i1a ~i.JL~i'l h~u 
01~ l'l~1~'ll1 ~u 1V1t1~U'-:ihiY1~1uaim01m~ • 

"" .J I ., "' 11. 'I .J "' LnVl 'YHLtJ'lfVI i.J~lt1'11Uf-Ju1tl 1 ~ltl 'Yli.J 
'U 

.J.1 "< II I II 
mm~u1i.i'Ylua1uiimrn:am Vll'Yll'l'Yltl'I 

i.Jl)uG)m~hhmm~L U~mm i.Ja,:i mJi,:i>j1Jt1 

aiA'cyv1nm~Anmm-:il'l~iln 
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J' Q.I d ~d ~ d 'l .. ..J., 
UtllvWtJ~~VltJl'l~tl~OltJtJL Wi.J LtltJ 'lfi.J'YlVll.J 

L l~lJl~lJtltlff:iiYJ~flWfl 1 Otlnl~ l'lfmmrnn 
II c< .J I 

Valsartan : r.Ja'lJl'IL\'ltl'l'YlWtJtltlt.1 

(> 2.5%) Lnuunum'Ylatin 1~LLri u1V1 

~h'ti~ (9.8% VS 13.5% ), iiU-:J'I (3.6% 

VS 3.5%), QJO)L~Clb-ra (3.1% VS 1.9%), 

"".J'.J "' 1..J ( VlVIL'lftl'Yl'Yll'ILVllJ'Ylltl v'111J1.JtJ 2.5% VS 

2.4%) 

mm~'li1-:i L~t1-:i~n1 l '1'f.ftl1t1'Ylt1vim 
'U , 

l~LLri u1vi~~H::Lrn::iiu'1-:i wul~ 2.3% 11J 

ll.J'l .,., 1 11.Jl 11"' f.Jl'l vi~u valsartan LLa~ 2% mm vi~um 
'U 'U 

u ti nv1 nil mvli11 lfvh~ti.i lnauu 

LLa~ ~m lvil'l~VI aVJa-:ii.J~~mru 20% LLoi 

1 "' .J11 . 'lll WU tltlVl~l'YltltltllJln, neutropema WU VI 

1. 9% 11Hftl1t1~l01"-run1~-rntn01"1u 
'U 

1 11.11 .J"' II 
valsartan LLa:: 1.6% tlf~u1tl'Yl~ntnVl1tl 

'U 

ACEI 

2. mm~'lei ljm~An'til'YIV!aa-:i 

Lu~umnuunum1un~ii ACEI a~ur.Jal~ • • 

Candesartan : l'l1.Jilr.JU1tl'YIUoitl 
'U 

'l tld I el candesartan 01VI011 enalapril LUtl'lvlnvm 

mm~ 1tiaV1a-:imn 

Irbesartan : vmi1 liili11 ieiu01-, 
.. 1 d J' 'i' ~ 

m~ru'llti-:im~ mwi.i'llu LVlt1v1nm~~1mfl 

LLUU placebo controlled W'l.Jfllnl~ lei 1 tl~ 

tl1t1~l~-ru irbesartan LLa::m'Ylat1m i'.lu 

2.8% ua~ 2. 7% vi1mhQj'u 

Losartan : vlnnl~AnH1LL'lJ'lJ 

parallelgroup, doubleblind, randomized 
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controlled trials ~ .. ah LVltlnl'iri)Jr.i'u1t1~ 
• \J 

L~rn'lvi'-ru ACEI Lrn:dhnm'i1flmnmJ 

Ua1L~fl 1vi'-ruml,Hrnnmm'ilmnu'h_J m 

-rmflvl1tl losartan 50 )Jn., lisinopril 20 

)Jn. Lrn:::mlrnfln 'H~fl thiazide 25 )Jn. 

wu fl1nl'i1fl 1u~tl1u~'l~l-ru losartan 
\J 

" .ct .., 1 ".'I .J•t ""' .. flnltl~HMnu \Jf.Ju1tl'YI Vl'iU thiazide 'H'ifl 
\J 

m'Hafln 

Telmisartan : mm'i 'lfl~wrnnn 
""I placebocontrolled trials 6 nl'i'YIVlnfl..:J )Jfll 

' "" .... 1 "ti .J1 ""' L'lflHV1t11nu 'lHl 1t1'YI Vl'iUt11l1afln 
\J 

(1.6%) 

Valsartan : L~fl~mflLV1mtl~t1u 
Lnuunu ACEI LV1t1ill1~flhiiiml1ae:in wu 

mm'i'lfl1ur.i'~1vi'·fo ACEI (7.9%) inn 
\J 

I tJ.J''l \IV .. 

n111\J'YI Vl'iU valsartan (2.6%) 'H'ifll:.ll 
\J 

'Haun (1.5%) 

3. Angioedema (l1U1 ~)J1Jtl1n 

~\J LLa:::'H~fl pharynx U1)J) WUilii'iltl 

..:i1u'li'il'flt1)J1n1u phase IV (post­

marketing experience) 'llfl..:Jnl'i~mfl'Yll..:J 

fl~iln c < i % ) uvinhim'i)Jfl..:i'll1,., Lw'i1::: 

ir..:i hl'Yl'ilULL ui'V111LnV1~:nn bradykinin 
"" "" .. ..i ., 

L Wtl..:JalL 'HG'I LVltl1l1'imnml1L l1Glfl\JVJ1[J • • 
" "" ..i .J .J " .... 4. l\Ja'll 1..:i Lfl t1..:i e:iu 'YI Ln t11'1J e:i..:i nu 

.f "' 1" ' tl'Ylli'lltlltl'HnflVILaflVJ VILLn 

' "" -Orthostatic hypotension WU11)J 

'ilU..:JllJliufltl)Jln ail1-ru All antagonists 

( valsartan <l %, irbesartan =0.4%) fl~l..:J 

1 ~ " "' L "·'I .J !'! "' !' 'inGJl)JGJ fl..:J'i:::1..:J \J~l u1tl'YI L'1mnamrn:::\Jl 
\J 

L W'il::: cn~ilfa n1aLflVlfl11 iJ~\JLaflVl~l L\J 

nl'iLli'mfl~..:JLL'in (first-dose hypoten­

sion) 'lvi' 

-aGJ'i1Lvi'iJ'llfl..:il11 h 'hiwui1mn1 

Nisamanee Satyapan 

~inifl \JUl..:Jfl~..:J All antagonist m~n11 l1 

'i:::~u L flu hnt 'IJ fl~ oi'u1 u La fl VIL ~,.,~u-H1 
m11 ~..:iwrn.Je:iumn~1n tosasartan ~..:in1 
1 l1mif omrniJ~1nGJaiV11tlLLa1 

\J 

.J " .... 
1. t11'YIGJu.:i'i:::1..:iLrn:::aV1'll\JlV1a..:i 

1 1 .J. 1".J VltlL\lWl::: \J'iltl'Ylnl'i'Yll..:Jl\J'llfl..:J GJO'lfl..:JW..:J 

'i:::uu RAA mn (L'liu r.i'll1ul'ifll11ha,., 
\J 

LaflVl~~~\J'i\JLL 'i~) ~1).JOUiloi'u lGJnl..:Jl\J • 
I .Jl" I 

um~'ifl..:J 'lf..:J VILLn candesartan, losartan, 

telmisartan, valsartan cl1u irbesartan hJ 

~lL lJuvi' e:i~tJ-ru'IJu1vi 1ur.i'~oi'u101n1~1uun 
\J 

I r::S " .ct .. f ti " .. 'I q W'ifl..:J rnnu fltl o..:iu1unm..:i un nirnu1£J)J 
\J 

" ., 
m1:::Lamh~1iJvi'1t1 ue:in~1niru losartan, 

telmisartan, valsartan u~m~nl 1 lf 'i:::~u 
...... 1 ~~ .. .J' 1.,1 ., 

fl'ie:J:::VJ\J'lJ u·o'i)J 'H'ifl BUN Cf..:J'IJlJ VI \Jl\J 
\J \J 

~Lll'lJ unilateral 'H~fl bilateral renal artery 
.J \I <V I 

stenosis 'lf..:Jflalt1nu ACEI LLO'l~lnnl'i 

·~nlflnl'iL-li' valsartan L\J'i:::t1:::~\J 1 ( 4 

i'u) lu~tl1t1 12 'ilEl~LlllJ unilateral 'H~fl 
bilateral renal artery stenosis hiwui1il 

Q,I .tCll A..c:il 1 !'1~ 4 e:! .r 
'i:::VIUfl'ifl:::O'l\J\J \J'o'iiJ 'H'ifl BUN Ll'OJ?J'lJ 

2. hJf11'i1-li'Ell1ur.i'~oT~fl'i'itl LLa::: 
\J 

" "" 1" ... .ct ~ ... O'I fl~'iUU fl n l1 LL W'YIEJ 'Yl'ilU O~ nl'iG'l..:Jfl'i'ill 

rluum'i 1-li'Ell LW'il::: lml'01i''YIV1afl~wui1m 

il N aQ] fl o11tiflu1 u fl'i'itl 'i:::EJ::: l01'iiJlef LL 'in 
I "" <V J .f I 

l 'lf'lJLVIEJ10U Ell'Ylfl fl n tl'YlliO'I fl'i:::UU RAA 
..i 
fl'lJ 1 

3. m'il l11tloi'aL:SmJLa~iJ hjfl1'i 

m:::n1 ElnLilJtll 1vi'1'u~1U\JU'lJ~lnLLWfltJ~ 

~~Ell ua:::Lde:ill1~1i1nu potassium sparing 
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V 1"" CV CV diuretic ~HM 'lf~1f.IVl1lll"Stll~"St1'1 LW"Slt 

mvn11l1Li1~ hyperkalemia lu"S1u~1Gl'bi&i 
l1~Bffi1vil111v~ll 

4 . m"S1'lfm1uL~m1'11i.i1~-rum"S 

l~i:tvtl'i1jjvi11m.h1B~.t1m wu'll'4fl 
" 

5. li.ivi1"l1'lfm1u~n1~'lliuii~011 
" 1"" ~ cvl " 6. Glfl'I 'lf~1uvi11ii"StlJ~'jt1'1 u~ 

~or B'I 1'lf am51 u m"S'li'u"SCl l1~Bn1'l1unu 

n11 l~i'umLnu'2.lu1Gl5 

i fllln?J fl'I m'jl~~um Lnu?Ju1~1 u 
\I 

""' V V I d "" VIU llVI flU?Jl'IU [If.I LLGl m nl"Sl'lfllvvtVi\Jll 
I 

I CV di e • 

L'lflJ Vl1lll~ULnfl~Gll, tachycardia, 

bradycardia (vlflnl"Sfl')t~uthtall1L10i:f) 

rl'1Ln~n11:::vi11ii~uLafl~~1 oi'B'll im'j 

-!ffH1011iimm"l m li.iClnn1~~flflnv1n~1'1 
\I 

mu~1ui5 hemodialysis 

.JQI c?; 0 1 .. 
1. tJTtH'..l'U ti '301''.i'tl1 '31 'U mh'IL fl 'U "l1 ~ 

d "' :: I 

1.1 Ull'lf.lrnN CYP2C9 L'lfU 

"" sulphenazole, nifedipine tnvm.rna~m"l 

LU~f.liJLLUa'l?Jfl'I irbesartan, losartan 
.J ... :: ' 

1.2 Ull1U'Uf.l'I CYP3A4 L'lfU 

ketoconazole, troleandomycin, gestodene 

"" "' :; • 1.J • I 
tnvllr·rnU\Jf.l'lnl"SLuaumLua~?Jfl~ losartan 

1l1Lllu active metabolite 1~mhu1l1ajLlllJ 

nl"l~ntfl in vitro LLa ::: jjm"l~nt:fll11~ 

Vl~UnViui1 rifampicin ~'ILllu enzyme 

inducer LLat ketoconazole ~~LlJU enzyme 

inhibitor iir.Ja~flfll')LU~mmtJa~ losartan 

LLat active metabolite mh~iiumh~cy8 
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J ... :: "" 1.3 Ull'lf.l\JfN CYP2Cl 9 tnvll 

~rn~flnl"SLU~f.IULLUM'llfl~ telmisartan 

2. Digoxin 

Telmisartan fllvn1h1'"lt~\J 
~cf'I" ~ , .,J 

digoxin L Vill'lJU L~ vlflnl"Sl'ln'lfll'i\J11Lllfl 

1lf telmisartan ~1ll0\J digoxin vtti11i 

vi11iiLiiiiu?Jfl~ digoxin LUVialfflll~ 
"' I ..: cf J 

'jt~\J ij~~~ LLatoi 1 ~~ L Vi ll?JU 1~ f.ILU a fl 

49% LLat 20% Gllllal~\J ~~L~flilLllu 
LVi"Sltf.lln11 i bioavailability 'lJ fl~ digoxin 

..: cf 8 ., :: .. • 1 """ ., .... 
L lrn?JU ~'IU1Jv~LL1Jt1Jl l1llnl"S1~"St~\J 

digoxin Lrlfl l~-ju telmisartan ~1ll~1f.I 
cl 1u u1 ~1 ~ lJ ~·'I l ll1 

l'4 u1'1 jj r.J aGl' fl"St ~u 
digoxin luwaii:tlll 

3 . NSAIDs 
.( 

tnv"S\J01Uql1ti'llfl'I All anta-

'r • 1 " ... 'r "" J'I gonists L~f.ll11 \1fll'j'lJ\J L'lfL~f.llll'I LOILLat 
.( ., 4 I d ., dd 

ql1Ga~vi11ll ~urn fl ~a ~a~ L'lfm~ u1nu l1 ll 

r.rn~fl ACEI LLatm'li'uilaa11:::
14 

.. J'.., 'I ' "" .J ., 
vUM?Jru:::uu'I Lllll "llu~1mnu1nu 

., J 
tJ~n~m"ltl1il'I All antagonists numflu 

m'lfLU~itbf.IVl1lll~ULaf'J~i:f~ 14 
\I \I 

r.Ja'2JiMfl1t.I mf'f lliH~L~il'lf1Ui~m.h~-, 
anG1l1W'2.lfl'3tll

5 

1. il1tJ , 
if'lhiiim1~mflL1lff'lfvau~11aGl{ 

I ~ dd V I ~· 'llrNmnallULUVIUYllltllUUrWn11 18 u , , 

candesartan, irbesartan, losartan iif'l1lll. 

LL01n~1'1v1n 1uviul1Ullal1 LL~hhi11lfof v'I , 
tJ-!unu1~m umi'u valsartan ~'lvtjj~1 

.J ~... cf 1 " 
fl'j~·a101m1?Ju 35% ur.Ja~mu 

\I \I , 
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2.L~A 

I V 

rM011LVffl'lf1U unnu candesartan LLa:: 
" 
valsartan ~~'j:;~um1u.,f'3 
LLO'lnoh'3nu 

3 . t?ftJ"lf10l 
I J a 

irbesartan \~U11VllJ'VUHf'llfl1W 
d q 1 I ~ ~ 

LL'l.1'3LL'j'3~::im1 AUC innmlVllJr..112.111 VIV) 

L{JlJ 25~ 

Losartan 1i.JV4UV111iJLLO'I0~1'3'lltl'3 

~1fl1'3 Llla"lf~alJ Ylla'0'11l U'lf11th~1LLa::'lf11 

tl1'l.111 

Telmisartan, valsartan U'3 li.Jijm'j 

Amfl L tl~urn Yiuu 1 UL~~Mif 
LLO'ILV1U'j1i.JLLa1 tnU LWrf LLa::L?}'tl 

' "' 1 I tlJ tl .f CV ell "lf10'I m aumL a'3qflilrtV1Vl11i.JV1lJLatiV1 

'lltl'3U1 umiu irbesartan, losartan ~'3" 
.f ..,.,, .s v1 

qnilaV1 vi11i.JV1U LatiV1aV1a'3 rnmrnu uviu 
.... • <"" fl J' .... J d "' ; ) mm 'ZMLulJL"lftl'lf1Vlfli.J'j::V1U renin Vil 

® 1" 1. Candesartan (Blopress ) "lf 

'tlU1V1 8 - 16 i.Jn.1i'u 

2. Irbesartan (Aprovel®) 1i' 

'tlU1V1 150- 300 lJn.1iu 

3. Losartan (Cozaar®) 1'lf?JU1V1 

50 i.JO.Jiu 

® 1~ 4. Telmisartan (Micardis ) u 

tJU1V1 20-so i.Jn.1i'u 

Nisamanee Satyapan 

® 1" 5. Valsartan (Diovan ) 'lf'l.IU1V1 

so i.Jn.11'u 

" .d .. J 
tl 1 L \'4i.JU1~U tl'3'll U1 V1 ~ a'Vl O'l1 )Jfl 

" ' 
• " QI .idrtll QI 1 ' ~I .J LL u::u1 LLa1vi11lJV1ULrttiV1ma V1a'3 m uu 'YI 

wti1~ 1'H't'lf~1"nu thaizides LLo1mru~~r 
" 

thmviu lor~u thaizides mntiu~::oi'ti .. rn~ 

'lJU1V1 All antagonist rt'3Ldti~:: Ltl~mJ~1n 
thaizides i.J1LtJ1J All antagonist 'H~tl 1'lf 

~1lJnu All antagonist utin~1nifu'31lH1i.J 
numaV1Vl11i.J~lJLatJV10~i.J~U '} lolL'lJunu 

All antagonists ijtJ'j::~'YIBll1W1u 

m'jaV1vi11i.J~m~hrn lorwti 1numaV1vi11i.J 

~matiV1'lfilV1~u~m'lftici 1V1u m~ 1'lf L tJum 
" 

J 4 1 " ' "' ..J I "' LV1U1'H'jtJ "lf'j1lJOUU1tlU L'lJ'U U1'l.IU 

ilaai1::, beta- blockers, U1ol1ULLVlaL:aulJ 

"-• QI cl 1 II I J' r..i u1mrn::ma1ai.JV1'j'Yl'YIV1ati~ 'lfm na i.JU 
" ' 

I 1 Vd V d J "' .r 
a'1lJ1'jtl'YIUVltlU1 Vl~ r.Jrt'll1'3LVIU'3'YILOV1'l.IU 

'Hrt1Utici1'3WU lolWtl 1 nUm'j1'lfm'Hrttl0 

lorLLn tl1V1~hi:f:: jju~'3 tl1V1na1mdti 

LtJuol'u 'hutnm'j lmrn:: angioedema 

LOV11ortl'tiuffh~1n ACEI 

1" d "' ~ • 'I" nl'j "lf U1 L WU'31Urt::Vl'j~tJ1~fl1 L 'H 

. fl J 'I ".'I All antagorusts LuU'YIWtl L~'lltl'3~u1fJLLa :: 

LL w'Ylff LLolU'3"-li'v~1nV11uor1u'j1m ~'3fl'3 
I "1 4 '°' ..J tQ 

LL W'3 011U1r!V1Vl11 )J VlULa tlV10'11tlU tl~ 

mijtJ'j:; Lu'lfULUn1'j~ni:f1 t 'jVIVl11lJ 

~ULatlV1a''3~ffi'jVl~U~1)Jol1U L'llu hvi lvi 
" 

I o VJ 1 V 

L W'j1::U1"lf1U r.JV1'301'jYJ1'HlJ1l'l'lJtl'3 vivia1u 
' 

ACEI, hriLU1'H11U Liu candesartan, 

' "1"J'..J<t 1' valsartan "lf1U'Yl1 'HLUtlLUtli.JVl11lJ 10'ltl 
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au~~hJ, h~rmrn~H~lcWILL~~ol1, h~li1L~ 
tlCC ~ J"' U I 

a i.JLat:i~~~ \Jt)f)~lf)\HJ1Ul~V11L'lf\J 

losartan 
I 

CV Clrit. CL.I Clrit. 

fN L Wllnl'l'lJ\Jf)'l~tJ'lf)tl tlOl'll~ 
u 

.cf I ti ~ CV 

~~'lf1tla~~Ja'lll~L~tl~'lltMtll'll\J 

ilam1::: (thiazides) 'H~tl cyclosporine ~~ 

l~mh1ml'1 LlJu~u 
I J'., ') ti !11 d 4 

mna i.iuu~ m~ L'lfL uut:inl'll~Hrnn • 
...,~~ L lJm'l-rm~n h~~11~ai.i h~m'l~1~1u 
'll ti~~1 l~l1 t1~a1~izl'1u ti~tJn01~1nna1 m if ti 
~1L~V11tl LLa::: diabetic nephropathy 1u 

O'lN~~U1tll1\JGJmrn'li'1~L~[J~'lJtl~ ACEI 
u 

1 '1" J'.,,,. !S 'I" " ~ lHlf)~lf)\J[J~i.Jf)l")y1f)Ulf)l") L'lf All 

antagonist ~1i.inu ACEI 1um'l-rmflh~ 

I. Jackson EK, Garrison JC. Renin and 
angiotensin. In: Hardman JG, Limbird LE, 
Molinoff PB, Ruddon RW, Gilman AG, 
eds. Goodman and Oilman's the 
Pharmacological Basis of Therapeutics, 9lh 
ed. New York: McGraw-Hill, 1996: 733-
58. 

2. Steinberg JS. Angiotensin II receptor 
antagonists: mechanisms and therapeutic 
utility. Hosp Phann 1998; 33:53-65. 

3. Kramer EA, Harding JW, Wright JW, 
Angiotensin 11-IV - induced changes in 
cerebral blood flow. Roles of ATi, AT2 

and AT4 receptor subtypes. Regul Pept 
1997; 68:131-8. 

4. Kinugawa K, Kohmoto 0, Serizawa T, et 
al. CV- 11974: A nonpeptide angiotensin 
II type I receptor antagonist. Cardiovasc 
Drng Rev 1997;15:59-74. 

5. Physicians' Desk Reference 200 I, 55lh ed. 
Montvale,NJ: Medical Economics 
Company, Inc., 200 l: 

6. Dzielak DJ. Comparative pharmacology 
of the angiotensin II receptor antagonists. 
Exp Opin Invest Drugs 1998; 7:741-51. 

7. Rogers JE, Patterson JH : All- receptor 
blockers: clinical relevance and 
therapeutic role. Am J Health-Syst Pharm 
200 I; 58(8) : 671-83. 

129 

Q.#')" d 'l" d ' 1" ' 'H1 L~ai.i 'lMwu11 ~~rn~m1m'l 'lfmuorn::: 

oi'1mmhw~1 

m~tlnLU~f.l\JLLUa~LlJu inactive 
u 

metabolite L~tl isozyme 'lltM cytochrome 

P 450 Liu candesartan, ibesartan, losartan 

" ., 1"' ., dd "'"' l: m~vi ti~'l:::1~m'l 'lf'l1i.inuml1>.Jqmmuu~ 

m'lnl~l\J'lltl~LtllJ hir~~na11 

m'lAmflW'tlt1 t:i~ mGi ao11ti tiu1 u 

~'l'lnt1a~avi1.,,~aa~ u~ia~auvi'l1u~ 
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NEW DRUGS 

DIACEREIN : A NEW CLASS OF ANTI-OSTEOARTHRITIC DRUGS 

Nongluck Sookvanichsilp 

Department of Pharmacology, Faculty of Pharmacy, Mahidol University, Bangkok 10400, Thailand. 

ABSTRACT 

Osteoarthritis, an articular cartilage degenerative disease, is the most common form of joint 
diseases. The overall disease prevalence increases with age. The pathophysiology of the cartilage 
degeneration is complex and multifactorial. Cytokines such as interleukins and tumor necrosis factors, 
inflammatory mediators such as prostaglandins and nitric oxide, and metalloproteinases greatly 
contribute to it. Pharmacologic therapy mainly includes simple analgesics and NSAIDs. New therapies 
which may prevent further joint progression are being developed. Diacerein is a slow-acting, 
symptom-modifying, anti-osteoarthritic drug. It inhibits the production and activity of cytokines, 
especially interleukin- I which is the well-known inflammatory cytokine, and also stimulates the 
production ofTGF-p. This drug is effective in relieving symptoms in osteoarthritis patients with a good 
gastric safety profile. It is given orally as 50 mg twice daily. Diacerein is entirely converted into rhein, 
the active metabolite, before reaching the systemic circulation. Both in vitro and in vivo studies suggest 
that this drug may have disease-modifying effects. · 

Key words: diacerein, osteoarthritis, cytokines 
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Pharmacology, Faculty of Pharmacy, Mahidol University, Bangkok 10400, Thailand. 



132 

utnh 

Diacerein L ,j \H.11 L 'H ii1 lJ n a' ).J • 
slow-acting, symptom-modifying, anti­

osteoarthritic drug ~il1"11'lf-!mn h¥i'lifl 

L~fli.J (osteoarthritis) ua:::1'rn~U~L~U1 
?J fl'I OlJ nl'H~fl i.J'll fl'l'li fl~ fl n-s:::vrn 'li1u 

" 
'YILaltnm-s 1 w.Jt11u h¥i'lim~fl" iina 1n . " 

,f I 

· n1-saanqY15Q)1-\1~1nu1lJ11Ln1a1n11 

rl'nHm~1>11'limQ)fl'lClUQJ (non-steroidal 

antiinflammatory drugs, NSAIDs) LLm: 

Cl~lilivimifLi'.Ju disease-modifying drug 

..J, ... " 1 " 'Yl'll'1U'IJ:::a Cl'H'lCl'HUVI nl'l'lVl'H\Jl'lJ Cl'I 'lfl'll Cl • • 
L~fl" 

L-s~'li'm~£UJ (Osteoarthritis) 

1-smi'm~a"'H~a 1-s¥i'li fl~ m~ai.J 
(osteoarthritis 'H~fl degenerative joint 

disease 'H~Cl degenerative arthritis) L tlu 

1 ..J ..J cv V ..J 1 V ' ..J ~I 
-s~mmnnlJ'll flYIVm VllJ fltimtviua:::Lu\J • 
a1L'HQ)'llfl'l¥111m'imil~mn1 u¥iua..:imu . " . 

1 J'1" ' .J' "' .r lrn WlU VllJflU'lJULi.Jfltntimmm ({1L'HQ) , . 
iimnmuuQjU'..:i hiLi'.Ju~n11rnLil~vi t1ri1..:i 

'l <$ 1 J'.. "' · ' "' ..J ... -snvni.J 1¥1\Ji.J¥111mJV1unQ)Lntnnrn"-

Q)llJ a~:S"·lrn..:i-ziflQj fl 1viuiim1li1aiu'lJ a..:i 

m:::vimi t1ui.J1nni1m1af1..:i mm1a1~ru 
" v 

..J.,..J' ... tl" ... "'1" ' 'YILnvi'llu~a 1vi'llt1 m-stimarnnvi VlL'll'lJ 

nuu~ ii1:::vi'lJ~11i.J1mL 1..:itl' flt1ni1~vm1iJ • 
h~'lf m)malJ'l"lQ'ICJUvi" (rheumatoid 

" 
arthritis) t1ri1..:ii.J1n m-srl'marntlu~aQ)l" 

,Jq e I II I 

"i~1nm1ni.Jm1n1aiun1:::~nafltJLrn1nt1 

1l1'Lnviil~iEJ~ltln1:::~um:::lJ1um1rl'nLalJ • 
~ulml11'll'lia (synovial fluid) ~lJllLlJ'lifl 

Nongluck Sookvanichsilp 

..J .ol. .. " k' .ol. 
'YILmrn~:::"m-saTI..:i cyto mes LLa:::a11afl 

'°' I ..J ..J <V <V .r !11 
'll'UV1Vl1'1 '1 mnu1nlJm1t1ma'lJ'lllJ"1LulJ 

tfimllm1n
1

•
2 

Cytokines um:ffnfla (mediators) if&fftn 

ia-J 1u f 'Jwnmtlau1
•
3-s 

n-s:::~na'au (cartilage) Lllu 

J' "' ..J1 I .. "" 'l· I J' ti " L\JflLUflYI i.Jmaavi u LaU'I -s:::neJUV11EJ 

L'lfaam:::vimitiu ( chondrocytes) ~'lvl1tiri 
" " 

L'U matrix (extracellular matrix) ~ 
tl1:::nt1lJ~1ua111mana1'Hru~a1~ru 2 , v v 

... ... 
'll'lJVl Viel collagens LLa::: proteoglycans 

L 'lfaam:::vimi eiu 1>11~ eiri&ivinuvi'..:i L'lim 'lfaa 
" " d ~ I I '~ \I QI tiu m'lQ)VJQ'l ci-s:::'H11'1 L'lfaa~'IQ'l ci..:i m~w 

extracellular matrix m-s~~:::Vl-\l'lU~l'l'llfl'I 
" 

I ti ~ I 

n1:::vim1 ciu~:::Q) ei'l"vi11i.Jai.Jvia1:::1111'1 " . 
" O'l:::lJ1\Jn11({11'1 (anaboli sm) LLa::: 

n1:::lJ1um1li1a1u (catabolism) 'llfl'I 
I :: J' 

n-s:::vinfltiu n1:::lJ1un11n'laei..:iuan¥11u 
" " 

l'l"lviu growth factors Gll'l'l (L'liu 

insulin-like growth factor-1 'H~Cl IGF-1, 

transforming growth factor-P l1~Cl TGF­

p) LLa::: cytokines ~'I growth factors 

..J " ... " 1 .. "' LOEJ1'lJ fl'IOlJO'l:::lJ1\Jnl'la'11'1 VlUi.JqYl5 
V ~ ' I 

n1:::vium1L~'lqj'llfl'IL'lfaan1:::~neiau m-s 

af1..:i collagens LLa::: proteoglycans rl1u 
..J " ... • 

cytokines Lnt11'llti'lnlJn1:::lJ1um1mmu 
I ') V ..J .ol. q V 

n-s:::vinti au LU'll ar1Lafl""n11a11'1 
" .ol. "' • ..J ..J ... 

cytokines ua:::m-samruvim..:i '1 mm.nnlJ 
<V .r }:j • ("' I 

n11anLa'U'lllHu uu-s"1llrn1n L'll'\J 

interleukins 'll'UV1Gl1'1 '1 (IL-1, IL-6 ), 

tumor necrosis factor-a (TNF-a), 

prostaglandins, 1uQ)~ntian 1'Zfvi" LLa::: 

LmJ1'lf,.J~1n matrix metalloproteinases 
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(MMPs) L 'li'\J collagenase, gelatinase mu~ 

stromelysin LVIEJ cytokines 'l1ilVI IL- 1 

(LVIEJLUYn:: IL-1 p) mi:: TNF-a iluvi 

u1vi~1 ~ 'l:JL u n'j::u1irn1'jfi mau Lrn::m'j 

• ' ., ~ .J 
VllmEJn'j::VlntHl'\J L'ZfiHnHl1EJ'l1'\JVIVlY4U 

" 
'jf!Ui f!a1"1'jflelf1'3 IL-1 p 1~ 

.. " .. 
macrophages, L'lHHI i..p iltJ'll mm:: L'Zfai:l 

m::Vlmia'\J MMPs iluviu1V1L'\Jnl'j~flEJ 
" 

nli:llEJ extracellular matrix LLoiqviB'llcN 

MMPs flmJuff'31~~1EJ tissue inhibitor of 
" 

matrix metalloproteinases (TIMP) ~af1'3 
LVIEJL'Zfaam::Vln~mJ a1'\J l'\Joi~naan h~ 

" ., :; " ., 
v::EJUEJ'3nl'ja'j1'3 proteoglycans LLa::EJ-3 

.J .,., . " 
LnmmNnu apoptos1s 'llfl'3L'Zfaam::Gjn 

I .,: .f II 

flfl'\J LYUJ{)Vlfi MMP LLa::i:lVlnl'ja'j1'3 IL-

1 receptor antagonist LLa::EJ'3mv.a'ntl11..1 

LflVI arthritic lesions 1~ ilv~EJol1'31 ~ 
n~11)ndiiuviu1vi~1"niJ1 um'jn11 l1LnVI 

1 ·rn'ilm~fl" 

Q.I °" ,, , n f1'J111&111fl'UiiW'l1'J1'3 IL- 1 JJ' MMPs 

um: 1u"1~naan 1'11' •.a-s 

A " .J' 'I • I .J·1 I d "' IL- l 1-1 Cl<j1'3'll'\J L'\JJuVl ).J).JqVlfi 

" ., 1 .. (inactive precursor) mNmVIEJLil'\J 'Zf).J 

protease ~fl IL- 1 converting enzyme 
4 d <0 "' .,j I 

(ICE) \1'jflL'jEJ0flO'll'fl\1lN11 caspase- 1 

I 'I " •'I • I ..,J "" "' .J. 1 .. .. .J' 'lf1EJ L\1flEJ L'\J'juVl).JqVlfi 'Zf'3Lfl'\J 'lUJ'lf'\JVllJ 
" " 

u'tJEJ IL- 18 1~L'li'\JO'\J ICE LU'\J 

endopeptidase r:itjmuL'\JL'llaa a{1'3).JlL'\J 

Jtl proenzyme LLa::LnVI autoproteolysis 1~ 
-"' .J .. "' .. .... _q LU'\J ICE Vl).JqVli:i ).Ji:lOHrn :au'\J 

heterodimer 1h::nau~1u 2 subunits (20 
.J"" • Pl ~ ., 

kDa LLa:: 10 kDa) Vl).JVl11).J'OJ1Lu'\J'11mU 

"' 1 .. .J' " 'i ~ " nTmavMfJVlfi rn'\J 'Zf),J'\Jrf')1'3 LVIEJLEJtJ~'lltJ 
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I .J11 1 .. .: .J' 
LLa::n')::Gjn r:i r:J'\JVl'll r:i VfU Lfl'\J 'llm.rn1m.1u 

1mii'.hu L')~'lim~fl" \11mJuJ'3LmJ 1mHfi~ 
\J 

v::~Vl'll11'3nl')rff1'3 IL- 1 p LLa:: IL-18 1~ 
I ., ~ :;'J 

L'lf'\Jn'\J v1nm')v1nHlVl'3 L'\J\1at1V1V1V1at1'3 

Lrn:: 1mloii'viV1atJ'3'Wui1 IL- 1 p tJDnqviB 

m::Q)'\Jm'jaf1'3 MMPs LLa:: inducible • 
nitric oxide synthase (iNOS) n11..1L~).J 
m')af1.., 1'\Joi~nr:ir:in1'll~ ~"L \1a1dn11..1il 

• I .J' A 
nl')ma1um::Gjnt1t1'\J '\Jt1nv1n'\J IL- l 1-1 
"1 "1 :; II t' I 

EJ'3 u u t.1'3 n ')::U1'\J nl')rf ')1'3 L 'lla am:: VI n r:i tJ'\J 
" 

" V11EJ 

rntl-dfn~1f'im/aii'la112• 9' 10 

1 iJm'j-inH1 h~'lim~r:imr'\J r!i'.hEJ 
" ,J.c1 !" QJ Q.I !' Q.I 

Vl).J'\Jl\1'\J n 011mn~1'jaVJ\Jl\1'\J ni:l'3 nl') 

d I 

LL 'll-3 LL ')'3 Lltl ::'lf1 El 'W EJ'3 O')::VJ n '3 VI fil'j tJ f) n 
• \J 

rha..,mu'l1ilV1~n11-HiaQ)r:i..,-ruihmrnmn 
fllv~ 1 Lu '\J or fl'3 L 'lfL>f L vi"1'li1EJ-iu,r1 \1U n 

Gl1\1-ium~l'll'-inH1 h~i m~r:imnvLL ti'31~ 
Pl I 1 I ., .J' 

Lu'\J 2 n~" \1qJVl'3'\J 

1. rnff fn~1U1111vwn LL U'3Li'.J'\J 2 nrl" • 

1.1 EJ1tJ'j'jLVl1U1VI (analgesics) 

LLa::mU')')LVllnl')flnLClUna).J NSAIDs (~'3 • 
ilq'YIBU')'H Vl1U1Vl~1EJ) El1U')')L mtJ1V1ffi'll' 

O'\Jmn 1~LUi paracetamol a1'\Jmnq" 

""1 ":; .. .J ff1 NSAIDs " 'l1Vl'3'l1'\JVIVlLu'\J cyclooxygenase 

(COX) nonspecific inhibitors L'li'\J 

ibuprofen, diclofenac, naproxen 

indomethacin, piroxican1 Li'.J'\JQ)'\J ('11l1-iU 

.., ~l" ibuprofen LLa:: diclofenac U1'3A'\JvVIEJ11J 1 
fj I ..,J .., I ) .,j 
L'\Jfii:l).JVlLaflnL\lYfl ::OJCl COX-2 'll'3EJ1 • 

I .r.. "'" d ..,J A ., ... ... 
L \1i:l1'\J).Jf1Vlti'll1'3 L~EJ'3Vl '11 ~'l:JA fl')::~1m~ Cl-3 
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oltl'Vll~L~\Hll'H11, 'lfil~ COX-2 selective 

(preferential) inhibitors L'ii'IJ nimesulide, 

nabumetone, rheloxicam, etodolac mn: 

'lfU ~ COX- 2 specific inhibitors L'li'IJ 

celecoxib LLa:: rofecoxib vnn~mrnqn~ 
.... I d .J.. ,i 

rntinmvn::vrn cox-2 V11flvnnn>Jqno 

1 ..,:; ·1" L'"Jl :: 'OJ~ '1Jn11tJUfHLUW1:: COX-2 'OJ::'Vll VI 

1:: I'll tJ L ~fl~ Yll~ L ~ 1rn1 Vl11U fl tJ VI~ fl lJj 

1.2 Slow-acting, symptom­

modifying, anti-osteoarthritic drugs tJ1 

,.J' " ' ti ' 
mpJUflflnqnoflm~'lfl 'l LLa::'lf1tJu11Lm 

fll ni1i..h~Lrn:: 8marnrn~ 11l'l'li flL~m-11~ 
LL~ iJna'ln n11fl flnqn~ol1~'l1n NSAIDs 

LLa :: hh:: I'll tJL~ a~ Yll~ L~'IJ fl1Vl11 L 'liu 

diacerein, chondroitin sulfate, hyaluronic 

acid 

2. u1#n1u~~~an~anu~n111~nu1va~ 
' ' 

f 1A (disease modify ing-anti -
.,, 

osteoartl1ritic drugs n1a structure-

modifyilJg- anti- osteoarthritic drugs) 

1 t1 ' .cl 4, .I YI ~ 
~ LLnmnaanqno'lf1tJunu awlJaan1::~n 

~au1~1~~n~1a1tJLLa :: ~1tJia"LL~" 
" 
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n~aa~m"OJ~~ diacerein L~'IJ disease 

modifying-anti-osteoarthritic drug ~1tl 

Diacerein 
.... 

Diacerein Vl1fl diacetylthein 

( 1 , 8 - di ace to x y - 9, 1 0 - di ox o -

dihydroanthracene- 3 - carboxylic acid 

Vl~ fl 4, 5-bis(acetyloxy ) - 9, 10- dihydro-

9, 10 - dioxo-2-anthracene carboxylic 

acid) (1u~ 1) d'.lum~1'lf1u1::tJ::m1 
" 

L ~ ai'm:n hmi' m~mJ 'lJU1~1'ui.J1::n1u 
vn"i.Jn&l~a l'l~~a :: 50 ijaanf" i'ua:: 

:; ti .r .. "·1"' 2 1'11~w1a"mV111 m1rnqnon1 VlmtJ 
QI ~ J " ~ QI 

LVla1 ~~UULVrna~a1n11'lJl~Ll'ltl'3~~ 

n a 111'IJ1:: ti:: L ~ >J ol U~-31 lff u i.J1:: Yll'\J 1 u 

:; ., .r "'.<It 
1'11~w1 a >J a1 'r111" fl Vian Lu tJ1::tJ:: L 1 a1 

i.J1::mru 4 ai.Jmlf m11'ui.J1::m'Uwfa>J 

mm1v~'ii1m ~>Jm1~~?1>Jm 1~ ( ~l11'lifl 
" " 

LJ1a'lf""Jau~naoi{) "OJ1mf u~~ L ~" L tJ ui'u 
• I "' l: t1 .fll u1::m1n1rn:: 2 1'11~W1fl>Jfl1Vl11 Lu'IJ 

1::tJ::nai&l~Q)anumu hhl'mmi1 6 L~a'\J 

m'11'lf~1>JOU NSAIDs 1~ 1~muw1::i1~ 

m'IJ'll a~ni1-j'ntn~~tJ~ hJL ~'IJNan1"1fmfl 
'llfl~ diacerein 

~· . 
(M~r welQhl • .IM) 

z\.I;! 1 UolN\'l~'N diacerein nm: rhein 
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4 ~- 1 4 ()fHifl1'3 UHl'lf1fltJ1Ui'l:::Oi'I nnTHH>nqn Li 

Diacerein iiq'Yl~\J1'HYl1m011'lltl'I 
hmj' tlL~tl)J 'l/1m.JniJ t1..:in1:::~n fl tl'\JLLtl::: 

u 

?11 fl n1:::~ u n11af 1..:in1:::~ n rl t1'\J (11 fl 
• u 

i'I::: Lifo~~:::mh1vl t11 ti) d1'H~una 1n011 
.( .J • 'I " ~ 1 ., .. .., J' 

tltln{)'Ylli'Ylill~'\J1"1 L'lftlli\J1fl ~>.J~'l'\J 

nH 1nnnmmf}nif3·11
•
12 

~..:i 1~mhTll1..:iol'uua1i1 cytokines 

Lrn:::ai1~t1'Haifl'lfil~iia1uLrifl1oli't1..:inunn 
Ln~h~oli'm~t1>.J t~fl cytokines iiqnt 

n"):::of ull1Ln~01")'H~'I prostaglandins ua::: 

a11~u1un"j:::u1un11L>.J011 u t1 ~:a >.J 'll t1 ..:i 

arachidonic acid 1~ f.11 diacerein t1t1nqnt 
QI :: .( , ~ I I 

fl\JU'l{)'Ylli'lltl'I cytokmes 'lf'\J~Gl1'11 (L'lf'\J 

IL-1, IL-6 ua::: TNF-a) t~umvn:::qnt 
"' .( J' " ~ti IL-1 'lf..:in11t1t1nq'Ylli'llt1..:iu1ut1u1u~u 

u 
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I .( 

Gltl'\Jn tl'\J01")tl t1n{)'Ylli'lltl'I corticosteroids 

Lrn::: NSAIDs (1tl~ 2) t~m~t1i1 
u 

d
. . .(.., :: " .. 
iacerem t1t1n{)'YlliUUU..:im1a11..:iLLm:a~")-

L'll'tlL01t1f'llt1'1 cytokines (t~umvn::: IL-1) 
..,:: .( ..,:; ti 
U\JU'l{)'Ylli'lltl..:J MMPs ua:::UUU'I01"j an • 

.( 'l~ .. "1 {)'Ylli'llt1..:irnu 'lf>.J iNOS ;;i..:ia~m1a11..:i u-
~ 1~" ~ ,J'~, 1 011nt1t1n 'll'~~1u '1'IL'Ha1muuna nm1 

.( d' . 'I " .., :: tltln{)'Ylli'lltl'I iacerem L'\J~1'\JU\JU'I011 

o I J' J'.., I ') 

maium:::~nt1t1'\J ut1n;;i1numuu..:i'lf1u L'\J 
u 

n1:::u1u n11Lrf~>.Jaf1..:i n"j:::~n rl t1'\J t~fl 
u 

" " A m:::QJ'\J01")a")1'3 TGF-p, collagen II, 

proteoglycan, hyaluronic acid Lll'\Jol'\J 011 

t1t1nqntf'llt1'1 diacerein ~..:i~h..:i~1n 
co rt i cost e ro ids ~'I fJ \J 0 'I L ti '\J 1 'll' >.J~ 
phospholipase A2 LLa:::~1..:i;;i1n NSAIDs 

~..:iti'u0..:irnu1'll'>1 cyclooxygenase (COX) 

CELL STRESS 

Diacerein /11/iibils 

Corticosteroids 

Inhibit 

Phospholipase A2 

NfAIDs + /11hibi1 

Cyclooxygenase 
I =constitutive 
2 = inducible 

Pcostacyclin 
( PGl2) 

PGDi 

Cytokines 
IL-I, IL-6, TNF<x 

celldf"age 

Membrane '*1ospholipids 

Arachidonic acid 

1t.I~ 2 UJ~1UuiVihrniN arachidonic acid lll'l~nl'rnunq~B'llu~ diacerein 
" 

Leukotrienes 
LTA4, B4, ... F4 

Thromboxane 
(TXA2) 
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,4' t1 CV 
qntitn~m1 'J~mu:a~nuaniau 

Diacerein i'iqYIBtJ'f'Hl'l1a1nT'iU1~ 
Lrn~nT'H)maul ur.Ju1u 1 ·rn'lian"i~~m~mJ 

\J \J 

( m11'1im.rnm"iAm:nm'3AiHln) ai"H-!u 
\J 

nl"iAmfl t~u1'lf"hHml'lJtl'3 hA'lit1L~t1lJllJ 
avi{.,,~a tN Lnl~WtJ'liflmnTiJ a1u 1 my L tlu 

\J 

I .(J .( ,J °" .J' 
nl"i~ r.rn'llfl'3U1VI a nl"iL uaUlJLL uMYI Ln~'lJlJ 

\J 

., I !'S .,j 
nun"i~~naau viafl~•.nrn1"iv1m~mwam 

\J 

na 1n~rn 1 tJ fl anq.,,ifl irn1"in11 i n"i~~n 
at1lJllJllJL~a'lJt1'3hA'liflL~tllJOh'3 'l ~tlJ 

..L'tl 1'1 ' fJ't1ti nua.Jn~~~naau 

v 1 n n 1 "i ~ n tn vi' H 'l w u 1' 1 

" c· 1""' diacerein a~ql15'llfl'3 IL l11 'HLn~ down 
J ... , I J >ly y 

regulation) •rrnviflm~~natilJYI ~mv1n~ 

tbu hA'lim~fllJ13 
Diacerein 'li1t.1Ufl'30lJ 

m"i~qJLau glycosarninoglycan Lrlti~ffH1 
t~ul'll'1m~rn granuloma-induced cartilage 

1 ., ., H J ~I 
breakdown lJ'HlJt'ltJvn"i rhein 'ZMLulJ 

\J 

... ,f 
active matabolite 'lltl'3 diacerein llqYloa~ 

m"in1mu proteoglycans Lrla~nm fau 1i' 
J' .. I .J•t y y 

nTH w1~Lat.1'3 L'Zfaa n"i::~naau.,, ~v1n'llt1 
' ~ . . 

m~~n'll t1'3 n"i~vi1mLa~ L mrn1inm"imaiu 
v 

proteoglycans oi1t.1 IL-la t~ummvltl 
,f 15 • . ., ... 

m"ia~ql15'llt1'3 MMPs Diacerem t1'3ll 
,f, . I~ " .,J !'S 1 "" ., qY1n'lf1uunu fl'3'llt1Lllt1v1ntn lJWIJt'ltlvn"i 

., .-.J ... " ., 'l "16 
aiuwirnY1Ln~'llflt1marna'3 ~ • 

4' ... ... ' on tin wV1um ~ffn.J n w~ n a au ., ' ., 
vlOnl"iAntn t~u 1i' osteoarthritic 

model luaii?J wu11 diacerein 'li1ua~ • 
A11 lJ"ilJ LL "i'3'lJ t1'3'lf fl n "i~~ n L~tl lJ LLa::'Zh ti 

• \J 

L tl~mm UiH"iU~1'3an'l:fru::n"i::~ n a aul tJ 
\J \J 

1 .J ... .J' 17 .q <V I °" 
lJl11'3Yl~'lllJ r.rn~~'3na11mvLn~v1nm 

Nongluck Sookvanichsilp 

J' ~ 
lJLWll expression 'llt1'3 TGF- p n11l-i'Ln~ 

~ ti I CV t 

m"im::vium"ia"i1'3m::~nt1fllJ ~'3L'lfur.rn 
• \J 

m"iAnu1~1i'mmi'Lw1::L~U'3~hi~1nL'Zfaa 
I ~ti t CV t 

m::~nt1fllJYl'llt1V1t1m::~n'llfl'311 Lrn::wu11 
\J \J 

diacerein L~ll expression 'llfl'3 TGFP1 

A 3 18 ,J . . I ..J 
ua:: TGFp2 ' nl"iYI diacerem 'lf1tl'1'3 

La~lln"i::u1iJm"iaf1'3 n"i::Vlna fllJ 1~ ~'3 
\J 

mv'li1u'lf::aflnl"i"i~'HlJl'llt1'3 t "iAloi 

4'.J 
fJ't'I tifJ'IJ 

• 

J "' J Pr 'Yl'Yl1'3LVllJtl1\11"i rhein 'Z1'3LulJ 
,f 

active metabolite 'lltl'3 diacerein tiflnq'Yln 

d'3 transit time n11 iaVln1"iVIVl:alJtl1LLa:: 
\J 

.. I "' 19 20 
LnamL"itJ1'3'lflJ~ · 

r.J a ni"iAm:nn1'3~ilun1'lHithu1 "i~'ll fl ., 
L~tuJ 

Diacerein 1ir.Ja~11rn1"itJ"i"iL'Yl1 

mm"i'lleN r.JtJ1u hA'lim~flll mdoia'31i' 
\J 

L tlm1mu1uni1~::L~m i1ur.rn ~flol ti'31i' 

lJllJ 2- 4 atJ~1'1 LLa::mv:: limrn1"i-!ntn 

I <$ 'l ""' .,J 1 " °'·I .. flU1'3LWU ~'lf~Llltl 'lflJ1lJ 4-6 au~1'r1 

.,J 'I Y ,f <V I I 'l•'"" 
Llltl'r1tl~L'lfql15t.11~::U'3A'3flUVltl uan 

• \J 

U"i::lJ1ru 2 L~mJ (i1 caITy-over effect) 11J 
' Q.I ~ • 4 

'lf1'3LL"in'llti-m1"i"iffl~1 Atl'lf1'3 2-4 L~fllJLL"in 

m~ 1'Zi'mLLrlU1~\1~tl NSAIDs ~1lJoi1u ~1 

tl£fNnl"i~nlflYl1'3A~iln L'liu 

e/ih Elf ~~?JeH ?i1idau Pelletier ., 
LLa::Aru::

21 n1m"i~ntn 1ur.JU1U hA'lim~1 
\J 

L~t1ll'11u1u 484 AlJ Anu1LLtJtJ 

randomized, double-blind, placebo 

controlled, parallel study LLU'3rJi'bmtllJ 4 
1 .,Jl" d' • "'.I 3 nall LWtl 'r1U1 tacerem "itJu"itl11lJ • 

?Jm~ ~ff)ua:: 50 iJaan-!ll (n:::l26 
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l'lU), 100 ilaan-Si.J (n=lll ffU) LLa~ 

150 ilaan-Si.J (n=122 l'lU) 1V1mLti'lll1m 

1ua~ 2 l'l~'I LU~EJrnnEJunuuT•rntin 
(n=125) ~fflfTu1u 16 '1uvi1lf u1~Lilu 

~ ~ .I a d d t:-J a LVI u ~q'VI i'iU 'f'j L 'VJ1u1Vl'lJru::iJ n11Ll'l a tlU'VI 

~ 1" d <I "' I I LVIU 'l1Ll'l1tl\Ji.Jtl1VIVl1\J '1 L'iiU VAS (visual 

analog scale), WOMAC (the Western 

Ontario and McMaster Universities OA 

{I 11 I l: 1" d Index) L UVIU WU11U1'Vl\J 3 'lJUlVI mmvi 

n1'1 u1l1a fl n LLV1
1

'1Ju1 VI u11u a:: 1 o o 
ilaan-Si.Jll1t:-JmL01no11'lt1ti1'lihTmh~fY LLa:: 
d • ~ ·' ... Li.Jt1mu1ru'IJU1VIEJ1 LVIUu1::LiJU'lln VAS 

I d d 1 
wu11'1Ju1viml1m~ai.J'Vl~V1 um1am:nm1 

u1vi ~t1'1Ju1V11ua~ 90 ilaan-SiJ m1l'l11u 
~ Q.I A oClrit. Q.I 

'IJlJlVla'll'ltnua~ 150 i.Jaan1i.Jwumm1 
\I 

1>.i~'lu1~a'l~l~iJ1nffh?JuiV1~1 ~'liiu'l1n 
!:! J' d .I "" l: .I ~ "" t:-J a n11 \'l nlflU Li.J tlu1:: Li.JU 'Vl\J u 1:: ct'Vli'i t:-Ja 

1 ..... , ~" d 
LLa~mm1 iJW'lu1::a\Jl'lLLa1 'IJUlVl'VIL l1m~ 

ai.Jlum1l'lf ~ti -Suu1~mul'l~'la~ 50 
y 

ilaan-Si.Ji'ua:: 2 l'l-s''I 

eiihtJ f1Y1?1tJ~::f rm&f1tJ11 Nguyen 
" 

LLa::1'lru::22 ~nm 1ur.ri'.hu~ihlt101~1 wn L~i>i.J 
\I 

• d .la a ~ 'l1U1lJ 288 l'lU LWtlL u1EJUL 'VJUU{j'Vli'i'lltl\J 

diacerein numl1at1n 1V1ul'll' diacerein 

'liUVIL~t11 l1°it1l'lf~1i.Jnu tenoxicam fi1 

m1~n'lf1LLUU randomized, double­

blind, placebo-controlled, 2x2 factorial 

design study L{Juna1ui1J 8 '1umlf 1V1u 
I I "' J' 1 II LL u 'I n a iJ VI 'I u ( 1 ) l1 u 1 'Ha t1 n '11 fl 'I • 

diacerein ua~'lltl'I tenoxicam (2) ll\' 

tenoxicam num'Hat1n'IJt1\J diacerein ( 3) 

1 l\' diacerein num'Hat1n'IJt1\J tenoxicam 

Lla~ ( 4) ll\' diacerein rlU tenoxicam 

'IJlflVlt11~l'lf~t1 diacerein 1ua:: 1 oo 
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...... .., 
i.Jaan1i.J 

LLa~ tenoxicam 1ua:: 20 

wui1m~'lat1'l l l1u1::aY1fir.m 1 u 

m1u11L Y11mm1'1Jt1'l i:f tl1u 11l'l'li i>Vt:: 1 wn 
\I 

L~tli.J l~&ini1m'Hai>n i:ftl1v l'll''lii> l~~~u 
\I 

n11l i m~'lai>'l~1i.Jnu 1>.ilvi"L ~i.Jq'Vltnu 
'H'ii>l1'ml'1'lq.,,tnu LLolm1llfm~1i.Jnufi1 
1 11<:$ 1 .., d J'" ~ 'HL'Hut:-Ja un111n'lf1~1'lluvi1uq'Vli'i'IJi>'I 

tenoxicam ?lm~ur.m 1>.iLOU 2 auV11lf LLa:: 

~ .., 1 " '1 " CJ'Vli'itJ1U'll'l'I 'H t:-Jai>~ VI u1u01ai>V1 8 

aumlf m1l?f diacerein i>U1\JL~U1'l::L~i.J 
L~Ut:-JaLrltil?f'mlu 6 auV11lf r.J~l~-s'um 

\I 

diacerein wumm1lit1'1Laiu l~mnni1r.J~ 
\I 

1~-Sum'Hai>n (37% Lnvunu 4%) 

if ntn 0-3tl1::iin iinnvua::f>nll 

nu~· a t11 

randomized, double-blind, placebo con­

trolled study UllJ 8 LQ!i>uo\Ju1~a.,,fimw 

LLa::l'l11iJ'VllJoltlU1 diacerein ~1i.JrlU 

diclofenac lum1-Sn\i1 hl'l'lim'tl1l1'ii>'lii> 

a:: 1wm~i>iJ'IJi>'INu1v~1u1u 183 ·nv23 

\I 

1V1mLti'li>i>m{Ju 2 n~i.J~'ld (1) ll\' 

diacerein ('1JlJ1VI 50 ilaan-!i.Ji'ua:: 2 
l: II c:$ II I OI 

1'11'1 L'l11-LUlJ\~1tli.Jtnl111) 11i.Jnum 

~1U diacerein ~1i.JrlU diclofenac ltit:-Ja~ 

ni1 l'li'm'Hai>n~1i.Jnu diclofenac i>Ul'lij 

umh~fY u1::djtJ'llOfl'VltU11L'Vl1tlln11 

L~UU1VI~ [j'\J l'l\J ij i) rj LLiJ l1U VI 1im1 ut/1'1 
\I • 
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Cit .J t .cf fV.IClll. ~ ~ 
L~rnun 2-6 mnJLL'jmrnuvim·Hum·nnQI • • 
~utl'm.10-h ilm'j1'lfm diclofenac aQla'3 

wu11~tJ1u 41% 01t1uaurNoit1m'jl~-ru 
\J 

' ' .,J • 1'°'4 '°'4 ., I .J1 " E.11 diacerem LtltJLu'jtlULYIUUnunaim QI • 
-rrn.nlnrnn~1t1nu diclofenac (24%) 

faui1 lu ~tJ1mhu1'Hajnuoit1m 1~~ 

J1lt1'H~'3v1n-ruu'j:;mu diacerein 
.J' .1.J .I I d ~ uiuv:: tl n Lu a uu LL ua'3tiu1'3 'j1 QI L 'j1 Luu 

\J 

rhein (l,8-dihydroxy-3-carboxy-3-

carboxyanthraquinone) ~'3 L tJu Li.I 011U ti la Qi' 
.J fl ., .j I .J " ..J 1 
Y1Luu011uaQ1'3qY15nt1unv::~1~'j:;uu 'Ha 

\J 

Lltl'ULatlQl 'j:;~u rhein LOQla'3aQl 1uLatlQl " . 
mu 1 u a -i1lt1'3111rm~'3-ruu'j:;mmn1u 
~u1Ql so-200 "a~n-rt1 t11'H1'jaQla01'j1 

L ~i 1 u nl'jQI Ql:at1u1Lrn::n11 i 'j:;~uu1a'3 
" " 

aQI 1 mat1QlLOQl'lf1a'3 ~ mnQlllltl'H~'3-ru • 
U'j~YJ1uuiu'j~t11ru 5 .a-i lt1'3 LLoiu~t11ru 

~ J ~ z .,J 
UlY1'3'Ht1QlY1tlnQIQl:at1v::mt1~u 24% r..in 

" " " 
mi1 un11::n lm1u1m'jt1Ul'3'j'ULL 'j'3 v:;n1 
. v • • 

1l1 bioavailability ~t1'3E.11aQla'3 rhein ~u 

nut U'j0iu1uwa1ain l~u'j:;mru 99% LLol 

m'j~unu t u'j0iud1>.!0'3vQl~t1ol'1~'3 l>-lLnQI • 
.I"'"'"' I 1 1 .J J ., u!)n'jtJl'j:;'H11'3t11 una nmnu1num'j 

LLU'3~unulu'j0iu1uwaiat11 Rhein om1u 
" 

t1t1nm'3 l01L tJua1u 1 'Haj 1Qlm1ut1t1n 1u~u 

Lmtl 20% Lrn:; 1'1J'jULt1011Utl laQf~tl rhein 
" 

glucuronide 60% Lrn:; rhein sulfate 20% 

1 " !' ~ 1 " I .J ~"' fn'j 'HEJ1'l11'H(l1f.l~'H Ql~l~'j'3·o101 7-8 

.a-ihN f11'j1'lftmtJuL1a1u1uu'j:;mru 1 

Nong/uck Sookvanichsilp 

'j:; ~ U~ W u1 'U Yrnl at11 ~·1 Yl1'3 LJ) a?1-
va'U \'11a01fl u ~u a'3 mu~l01un01v::L i.J~uu " . 
LLua'3 l>.lmni!mrlmnuunu~umlm:n1 il • 
rl1U1·rnfh'3~LL01nol1'30'U L'li'U rl1~~'3?fi01 
'1J 1 'U ?f 'IJ LL a :; ij U ~ ti 1 tu El 11 u La ti QI ti 1 n ?f 'U 

( rll area under the concentration-time 

... ..:. z )1 "·'' t ., curve 'H'jtJ AUC LWtl~'U 'Ur..lu1tl 'j~01U 
" 

1 u 'j:; ~ U cl ti 'U v 'U 0'3'j:;~U1'U LL 'j-3ij~1Yl1'3 

Lna?1vau~1 a01'j1" L u~EJ'ULL ua'3t11ni!n 

oi' 1'3 vl n cJ th uh~ 1011 u 'j:;~u ri t1uvu 0'3 
" 

'j:;~U1'UU'j'3 (creatinine clearance tl't1uni1 

2.4 ~01'j1.a-1tm) v::ilm'ja::at1 rhein mn 

~'3olt1'3ilm')u-ruaQl~'IJ1QIE.11a'3 mv 1'liLWtl'3 
.J .J .I -.J •1nVi J, 

~'j'3'H'U'3~tl'3~\J1Qlunoimm::m 'H 'i1L~EJYl1 

lu 

qn~d'3 transit time n11 l1ilm'jrl1EJL'Ha1 

Lrn:;nt1'3Lmu1~ t~muvn~ 1 u'li1'3 LL 'jnvh?Jm 

~'3rl1u1 'Hajmmt1'3l~Lrlt11'lfmoit1 lu qn~ 
ol tlY11'3 Lm\J tJl'Hl'j~'3 mh1?f u OUU~tllCUE.11 
,.J .J1 I ~ " ., ~ ., 

~1'UYI ti on~Ql·ot1~1EJ ~'3'U'U'H1n'ju 
" \J 

U'j:;YJ1'U E.11~ ru:;n tl'3l1'3l11 ti il tll'Hl 'j L WE.1'3 

Lantl't1u (~'3m~n~~:a~1~a~a'3) v~n11l1 
Ln~ t11fll'j1>.lw'3u'j:;a'3~ oi t1n1'3 Lai'Ut11'Hl'j 

J 1"" I .,Jl" q tll'Hl')YIWU ~Ul-3 L'l11J ~au a tllLvU'U 

" uaunt1'3 

mil' t11vn11 lfuaai1:;ilaL 'Hafl'3 L'li'tl 
z 1 ' .,. I 1 ., 4 
~u tlWUW'tlOltl 01 OlU LLa:;'j:;UULatl~ E.11 
~1 I • 1 " I ~ J1 V .J' u t1Y11 'H'31'3\Jtl\J v1nm'jv1m:nn ?1tll'U 

'Ul'U0'3 2 tJ lijwur..ia?i1'3L~fN~'j'lJLL'j'3LLol • 
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1 . hi1'lf'm diacerein l'U'4AAaoit> ltJO 
.,J " J' ... " ... .. 

- ~YILLVH.lltJ 'Yl'Hl LLVHJ1VnntnfW'Ufi 

anthraquinone 
q q J CV1141::1fV .ct 

-aOl'l'lJru::iJA'l'lJl Ll'i'll::tM i.JiJ'lJtli.J(ltN 
" 

A11i.Juat>~Jia'lJa~a1i11'Ua01~~~na11 
.. 1" .. ... - aOl'l'l::t.1:: 'Yl'UiJUOl'l L 'Vfil::mntlO'lJU . " 

t1t1ni.J1m~tl1'Ui.J 1Q)Lamraa 

-L~nma~1ni1 15 i'.J L w'l1::a~ li.JiM't1 • 
i.Jam'll'lf'mfilm~nma~~na11 " . 

2. n1'll'21L mJ'iha hA l01A1'lu~ua~mn~ 
" 

ma~ 

3. 1i.lA1'l~UU'l::m'U diacerein wft1i.Jnu 
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GLUCOSAMINE SULFATE: A STRUCTURE MODIFYING DRUG FOR 
OSTEOARTHRITIS 
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ABSTRACT 

Osteroarthritis (OA) is a degenerative disease of the articular cartilage, leading to a full­
thickness loss of joint surface. Other joint tissues also contribute to the pathogenesis of QA.There are 
two major goals ofOA therapy: 1) to alleviate the symptoms (symptom modification) and 2) to control 
the progression of the disease (structure modification). Although non-steroidal antiinflammatory drugs 
have been widely used to control OA symptoms, their effects on the progression of OA are uncertain. 
Therefore, a new class of therapeutic agents that possesses long-term disease-modifying activity has 
been introduced, such as glucosamine sulfate (GS) and chondroitin. GS is a salt of natural occurring 
amino-monosaccharide glucosamine. The pharmacological effects of GS include the stimulation of 
proteoglycan synthesis by chondrocytes (anabolic effects), and the inhibition of cartilage degrading 
enzymes (catabolic effects). GS also possesses antiinflammatory activity through prostaglandin­
independent mechanism. OA clinical trials have shown that long-term use of GS (1,500 mg/day) can 
delay the disease progression (changes in the joint space narrowing) and control OA signs and 
symptoms. GS is well tolerated and no severe adverse effects have been observed in GS treated 
patients. Therefore, GS may potentially be used in OA therapy as a specific drng to delay disease 
progression as well as to improve signs and symptoms of the disease. 

Key words: osteoarthritis, glucosamine sulfate, NSAIDs 
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J. 1 I J' U :: 

DMOADs 'lMfJl unq J.JlJ~~fJ\JfJ-3011 

~1 L ilu?J u'3 h~ LLoi' e1~ i1t-Ja1 u m1~nM1 

mm1L~utl1~l1~u hif11~ ~'3if u~'3~11il 
m 1t11~ LiJu t-J am1~nM1011 J.Ji01 ot11~a'3 ~ • :: ti 'I .... .J .. .J "' 'Yl'3nu'3 ,~011 L~mlin~nn~~e011V1,1~ • 
~Jtl~1'3ammJ~?Ju'3'li'u (joint morphology) 

~1fJfl1'VHllfJ~'3a LLa
11

11~~11J.Jni1'3?J iN 

joint space ~'3LUum1i~1~fJ~1~l1l1'3 
J. ti 4 ..,~ " 

fl'j~~n LW() 1~LJ.JlJ~flJnJJ\J01'Yl1'3~1lJ 
u • 

structure modification a11m11tl1~LiJtJNa 

011a~~11JJL~utl1~irn~~ 1'lf 5-item pain 

scale of Western Ontario and McMaster 

Universities (WOMAC) Osteoarthritis 
J.g d c:ltl I 

Index LWuv1mflfl'3Naa~011L~tJ 1~ mu 

m'ltl'l~LiJum1n1'31u?Ju'3'll m~e>Jm~ 1?f 

WOMAC l-1~8 Lequesne Algofunctional 

Index uc>n~1nif,~fJ~nailu011~nM1m, 
.J c:I "' "' 

~'le u ~ q>J1~t1~ na1n L litJ t-Ja m11nM1'lf~ 

L~\J ~a f1111?fnai 1titl'efJffh 2 tJ L~e01~ 
011>.Jt-Ja joint structure modification LLa~ 
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m11'lfna1 4 -12 atlml11\J011Ql~Ol1JJ 

" qmrn~ 81 m1tl1~ LLa~u1, L n1 m m,'ll fl'3 

h~ a1u011tJ1~LiJ\J011n1'31\J'lJfl'3'lf u~11 

1'lf'nai 6 - 12 L~u\J 

i1011~n'lfl~'3Na0111'lf Gs lmr 
u 

· '' 'I " ""' • J u1fJ L 'ffl'lJ()LCff)JJ~l'\J1'\J 6, 000 ~\J 'li-3011 

A nM1 N a1~fJ~~u "'3Ltl'u1ti~011u11 L n1 • 
m011?J8'3l1~ ua~011An'lfl1~fJ~m1L ~a 
~Na?Ju'3 joint structure modification ~'3Na 

"' .J1 ""' fir . 01110'\fl'Yl ~rimuu primary outcomes 

?Ju'30111?fm1una>J DMOADs ~10011 • 
!S .J~ ... !5 J 5 1 " 
v10lfl")~fJ~fJ11'Ylu1~cy011v1nM1l1tJ'3 ui;i 

U1fJ knee OA 212 11fJ mm\l~fJ 66 ti • 
Ltlirnt"ij'3 76% 'l~·fo GS ?Jm~i'ua~ 

1,500 >Jn . Ltlunai 3 tJ 01~V11J.Jm1lm1 

0110111~1~ weight - bearing, antero-

. posterior radiographs ~L?.h ru L1a1 l tJ 
LLa~ 3 tJ l1a'3L~JJ011~nu1 1~fJi1 primary 

endpoint 'lJ 8'3 structure modification ~ 8 

joint space narrowing (JSN) ~'31~~1f1 
the narrowest joint space width (JSW) 

u~nru'li'm?i1 a1u primary endpoint 'lJ()-3 

symptomatic improvement ~() WOMAC 

index wu11 GS a~'li'm~eJ.Ja'31~'1~fJ JSN 

~1~1~'1unq>J placebo i1~1LYi1nu - 0.31 
.J ~( ..J I .. I 

JJJJ. nnai 3 u n1una>J GS J.Jm +0.06 • 
JJJJ. LLa~wu11 GS a~m011tl1~ 1~'1~fJil 
' d .. .... 

m WOMAC index - 24.3% LJ.JflL'YlfJ\Jf)\j 
I J .. I .J'u 

nq>J placebo 'lf'3JJ~1 +9.8% 1rnn~1nufJ'3 

1tii1~11J.JLLVlflvl1'3?J8'3 81011LL WfJl~W\J 1 u 

nq>J placebo LLa~ GS ~1fJ a1'\Jm1Antn 
:: d .... 

'l~fJ~nuLwei~Nan111nM1V11J.Jei1n11 
v 

(symtomatic medication) LU\J011Ltl~fJ\J 
.. ""1 c:I ti "' 1 L'YlfJUq'Ylli u011a~m1m~u 1~ num u 
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n~i.J NSAIDs Li'U ibuprofen Lrn:: 

piroxicam m'lnl'j"t1~Hrn..:i 1~tJ'j1i.Ja'ji.fl~i1 • 
GS ali.JTHl1J'j'jL"(l1t.nnl'j'lJf:M h~wrm~tli.J 

l~Ln1LnUi.JrlU NSAIDs LLa::r.rnm'ji'mn 

~::1h1n!)l11ULlJ 2 ai.J~1\11nl..:iL~i.J1?fm 
LLa::r.iam'ji'nlll~NtlUl~'Ul'U~..:J 8 ai.J~1\.f 

\I 

1~urJ'ihu~l~i'u GS "t1'Uoitlm l~~ni1rJ'~ 
\I \I 

1~i'u NSAIDs6
-

10 

LLW~~1mllm~tloi1..:i 1 l~~ 
n1~ffmn 1uff'~rf n~i'leN: ali.Jl'jCJ~'j1~wu 

'j::~u GS 1uwa1aml~mu11Jna1 15 

'U1YhHl..:Jnl'j 1,; GS 'lfil~{ui.J'j::mmLriatJ'lJ • 
1~uii peak plasma level ~L1Cl1U'j::i.nru 
60 mii 1n1'..:i~1nifu'j::~um1matl~~::a~ 
Cl..:JtlU1..:J'j1~L~1 ~h absolute bioavailability 

Ln1nu 72% mm::~1u~11~~1mllm~tl 
oi1..:i 'l LLa::~'jl~wul~L'U articular cartilage 

11c;l..:im'j1lfmm..:i11atl~Latl~~hm1::m'ji'u 

i.J<j::mu ma1u111rutrn?rutltlnm..:iilam1:: 
u \I 

oe<_J ., .Ju 
Lm:: >J r;i1UtJ tlt1°11'llu tl tlnm..:i tl~~1'j:: • 
n 1 ~ffn tfl 1 ua.1utuf: nl'jAn'\:11 Lmt'lf -

' 
~a1rn1 a~ { 'll tl'3 GS 1 u >Ju 'liu1i r.ia • 
via1uvia..:inum'jAmn 1 ua~1.,,~atl..:i LLoi 

nf'jLli' GS 'lfil~{ui.J'j::mu~::ii~1 absolute 

bioavailability 26% L~tM~1nii first- pass 
.Ju u . 

effect 'Yl~U 'j::~u peak plasma protem-
~ ~ 'i t .J .clea. 

bound GS Yltl 8 - 10 'l11Li.J..:J Ylffl'j..:J'lf1~ 

68 .a-11>.J..:i i.J<j::mru 10% 'lltl..:i'llm~mmli 
CJn?rutltlnm'3ilam1:: Lm::i.J'j::>J1ru 11 % 
\I 

CJn?Jutltlnm..:itl~~l'j:: nl'jLli GS 1~tinl'j 
\I • 

Suvara K. Wattanapitayakul 

..:::f " " J' 4 «:if • 1" 
u~ L'lll nmm 'Utll1'jtlm..:i11atl~Latl~~1~:: ,., 

'j::~umluwmama..:iLtlu s Ln1'lltl'3m'ji'u 
\I 

i.J<j::mu 

~rnmi'.Ju~MLLH::f.Ji'lczJ1'3LAU'36' 12 

1iiafm'jm::U~1 LD50 1~ L~tl'3 • 
~ln 1iJwumwnu1u11uouimLLa::11u'll11 

\I \I 

~l~i'u GS L'U'll\Jl~ 5,ooo i.Jn.1nn. 

(oral), 3,000 >Jn.tnn. (IM), LLa:: 

1,500 i.Jn.tnn. (IV) 

~1nm'jAnll11 urJ'ihu 1, 208 viu~ 
\I 

1~i'u GS WUtJ~'jlnf'jLfl~r.Ja'li1..:iLA£.l..:J~1n 

nf'j l'lfm 1 ur.ii'.b£J 12% tlu1..:ih~~1>Jr.Ja 
\I 

'li1..:iLAu..:i~Ln~?fu hhim'j'3Lrn::mu 1i.Jl~rn..:i • 
d .J d -~ ... 
Li.Jtll1~~m (~1'j1..:J°l1 2) L>JtJLu'jtJUL°l1UU 

,, ... .J.. 1" 
C.Ja'll1..:JLVIU'3°11Ln~~1nn1'j 'lj GS Lrn:: 

piroxicam 1u'j::£J::L1a1 3 L&'itl'U wui1~ 

U1U°l1lJoitlm'j1'lf GS 1~~ni1 piroxicam 

1~£.IWUtJ~'jlnf'jLfl~f.Ja'li1..:iLAt1..:Jluna>J GS • 
I t.1 ~ cJea. • • 

7 % LL~WUr.J'1'll1..:JLVltl'3°11Ln~~1n p1rox1cam 

37% m1:: 3% 'lltl..:irJ'lJ1£JCJtlu~1~1nm'j 
\I 

An'li1L~tl..:i~1n"t1u~rn'li1..:iLAt1'1'1Jtl..:J GS 'lil 
1,, .J u d ,, 
~ 'llru::.,, 20% Cltl'U~1mtl..:i~1nr.Ja'll1..:i 

LA£J..:J'lltl..:J piroxicam ~..:ia1ul11ajLn~~'j::uu 
"" d .loe< "" u 

°111'3L~\Jt.nl11'j Li.JtlLu'jtlUL'YltlU GS nu 

ibuprofen lurJ'lJ1u knee OA ~1'\JllJ 1 78 
\I 

viu wui1~ru1£.1.,,uoitl Gs l~~ni1 1~uii 
\I 

tJ~'jlnf'jLfl~~rn'li1..:i LAt1..:Jlun ai.J GS 6% • 
1 '· 8 ,,..,.J 

Lrn:: una>J ibuprofen 16% r~a'll1..:JLVIU..:J°l1 • 
Ln~~1nm'jl'lf GS LLa:: NSAIDs 1u'j::£J:: 

~ul~a1t111lu~1'j1'3~ 3 iim'j.,,~atlu 
1 y ') ".'I .J ~ .,j I V 

nf'j 'l1 GS L'Uf.Ju1tl°l1>JL')rttl'U 'l 'j'JiJm£J 
\I 

wui1mm')CJ1'lf GS lu~ll1u~iiilty111 
.J u 1 ... 'I .. 'I u 'I 

LOU101J'j::1JU l1'1L1tl'lJLCll1~ L 'jrt~U L 'jrt 
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.d " .. .J .. 
lll1"Hn1 2 r~atn~L~HJ~YILnVl'110 glucosamine sulfate 

tl101'j 

Epigastric pain/tenderness 
Heartburn 
Diarrhea 
Nausea 
Dyspepsia 
Vomiting 
Drowsiness 
Constipation 
Gastric heaviness 
Skin reaction 
Headaches 
Anorexia 
Abdominal pain 
Meteorism 
Somnolence 
Insomnia 
Edema 
Tachycardia 

3.48 
2.73 
2.48 
1.16 
0.99 
0.83 
0.83 
0.66 
0.50 
0.33 
0.33 
0.25 
0.25 
0 .1 7 
0 .1 7 
0.08 
0.08 
0.08 

.d ti.. .. " .. .J .. .r 1" .., 
Gll"fl~,, 3 L ''HJULYIUrnrntn~L~fHYILOVl'll'\..1'11001') '11 glucosamine sulfate nu placebo m1:: NSAIDs 

Adverse events (%) 
Study Glucosamine 

GS vs Ibuprofen 7 6 
GS vs Placebo10 6 
GS vs Piroxicam6 15 
GS v~ lbuprofen8 6 
GS vs Placebo9 16 

" 1 " 1 ".'I .J " .J' 'Hll.J 'lf GS tmu1UflLLVUJTU mi:: 
\I 

.J 1 ... " .J LtHN~1nm U'ltlr.J~tmhwma::cnutl1Lvrn 
\I 

"iutl'l::mu (powder for oral solution) ii 
aspartame tl'l::m1rn1tjvi1u ~~if u~~-H'lJ.J 
1'lflu~U1LI phenylketonuria cl1u GS 1u~tl 

m~~iJ lidocaine i.h::neiuei~ ~~l11iJ1'lftu 
" 

".'I ~u1LI arrhythmias, acute heart failure, 
11.J QJ I ti 

LLa::r.Jn'1~'1U11tll~~::LLW lidocaine 
" 

Placebo NSAIDs 
35 

10 
25 42 

16 
10 . 

L~ei~~1nu~hiiim'l~mfl~~~11iJ 
tlaa~J1mrn::tl'l::flnlin1w'lJei~m'l1i GS 

1 tn~n ~~ lijiJm'l'l::rn1u1~m~1ia1wru 
' 

L~n ~inm'l~nM11mtvr1n~at1~wui1 GS 

lij iJ r.J a Lauv! ti'l::uuau~u rl''H~ei m'l 1 l-1' uiJ 
' 

LLvlU~'lJ1~n1'l~Oli11 'UiJ'UMU ~~if um'l 1i 
' 

GS 1umy~&~~'l'ltl'H~ti1 l1'uiJUVJ'l~~~1'l 
' "' "' ti "i" .. .J1 .,... ti"' ... ... 

W~l'ltultN 'l::LU'lf'Ufl ~'lUL 'lUULflUUnu 
.o( ' !3 .J ... .f 

~111-J rnu~vi t1r.JaL"unm~Ln~'llu~1nm'l 



150 

1" .J', ".I "'d"' 'lHJl t.111JVl fllJ'lll'3uauV11lt1Ll.JtlW~1·rn.n 

';.Jl n i:rn nl'l~ mnri11i.i L ti u\hm uu Luuu 
GI .J'.., 1&.1"l1 .Clf\I cJ 

V'lalJLLa:mUUL')tl')'3 LL01U'3 l.Jl.J'lltll.JaLnu1 
" 

num'lL'lf GS Ln'\J'lllJlVI 

tli] fl~UlGl fl tl\J'lt'Hil-3 Ul 

u'3 hiiini"i~mfl~'3tll)n~mGit:im 

oi1tvilvim~w1tL~1~~'3 LLliiih~~mtJma 

a'l.JUQl'lJfl'3UlYl1'3~11Ja~"iLYliJ LLa~L.ml'lf­

~auma01{ mhiiJ~ullai.iuQ1LL~'3mw1vi:z1i.i . " 
lHl'3';.Jl n~ vi:zii.i LLa1u1'lil~unu plasma 

proteins nl"iLli GS LV1Un1"i~rn.b~Y111J 

<t 

nl'l~Vl'lfl.J penicillins, chloramphenicol 

';.Jln'Yll'3L61'1Jtlll11'l a'll.Jl'lCI L'lf GS ~1l.JtlU 

I. Setnikar I, Cereda R, Pacini MA, et al. 
Antireactive properties of glucosamine 
sulfate. Arz11eim-Forsch!Dr11g Res 1991; 
41(1),2: 157-161. 

2. Bassleer C, Rovati L, Franchimont P. 
Stimulation of proteoglycan production by 
glucosamine sulfate in chondrocytes 
isolated from human osteoarthritic 
articular cartilage in vitro. Osteoarthritis 
Cartilage 1998;6: 427-34. 

3. Piperno M, Reboul P, Graverand MH, et 
al. Osteoarthritic cartilage fibrillation is 
associated with a decrease in chondrocyte 
adhesion to fibronectin. Osteoarthritis 
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aggrecan: aggrecanase-dependent 
cleavage induced by interleukin- I or 
retinoic acid can be inhibited by 
glucosamine. Biochem J 1998:335:59-66. 

5. Reginster JY, Deroisy R, Rovati LC, et al. 
Long-term effects of glucosamine sulfate 

Suvara K. Wattanapilayakul 

"' " "' d 1" NSAJDs 'Yl''rnU10111Jn1"iflnL'1UfllJ 1 VI 

<Jv\j-lli 

L'lfL um"i~ntn 1 "iri-li'v L~tli.i~u~nru 
l11L~1 a~lvm n'l~vin~irna'3 i'lt:i LLa~~ 

" 

A "' !' d "' . I • l\NU1'11'Yl')U(l~a1UlJ1LWtl"iUu"i~YlllJ 

• 
• 

(powder for oral solution) 'lJlJlVI 

1,500 i.in. 

LLYIU'lfa 'lJlJlVIL~via~ 250 i.in . 
" 

dVV J'.cc.qvv 
Ul~VI L'lJlnmm lJfl'Yl"iil~Vl L'lJl'lJtl 'lJ'\JlVI 

400 i.in.J'll1VI ~'3tl"i~nt:iu~1u GS 

2 O O lJ n . LL a ~ g I u c o s am i n e 

hydroiodide 200 i.in. 
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SHORT COMMUNICATION 

DRUG - INDUCED HYPERALKALINEPHOSPHATASEMIA, A ONE YEAR 
RETROSPECTIVE STUDY IN KING CHULALONGKORN MEMORIAL 
HOSPITAL 

Viroj Wiwanitkit, M.D. 

Department of Laboratory Medicine, Faculty of Medicine, Chula/ongkorn University, 
Bangkok 10330, Thailand. 

ABSTRACT 

An increase in serum alkaline phosphatase (ALP) level is frequently associated with a variety 
of diseases. Such disorders as extrahepatic bile obstruction, intrahepatic cholestasis, infiltrative liver 
disease, hepatitis and drug induced disorder are mentioned. This study was done in order to determine 
the prevalence of drug induced markedly elevated serum ALP among Thai hospitalized patients. A 
review was made of medical records of inpatients with high ALP levels above 1,000 IU/L in King 
Chulalongkorn Memorial Hospital, Thailand from January 1998 to December 1998. During the one­
year period, a total of 203 hospitalized patients with serum ALP levels over 1,000 IU/L were 
identified. Of these 203 cases, 163 had got the defmitive diagnosis. In interest, only 3 cases with 
diagnosis of drug induced hyperalkalinephosphatasemia were identified (allopurinol in 2 cases and 
diphenylhydantoin in 1 case). The average serum ALP in these cases was equal to 4,023.0 ± 3,493.6 
IU/L. Drug induced toxicity is a rare cause ofhyperalkalinephosphatasemia in the hospitalized patients. 
The relative percentage of drug-induced hyperalkalinephosphatasemia was equal to 1.47 %. Comparing 
to the total ALP tests performed in the setting in the study period, the low prevalence as l: l 0,000 was 
observed. Nevertheless, each case of drug-induced hyperalkalinephosphatasemia seems to be severe 
and can be overlooked. 

Key words: hyperalkalinephosphatasemia, drug-induced, Thai patients 

Address correspondence and reprint requests to : Viroj Wiwanitkit, Department of Laboratory 
Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand. 
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INTRODUCTION 

Alkaline phosphatase (ALP; EC 
3.l.3.1) comprises a group of enzymes that 
catalyze the hydrolysis of phosphate esters in 
an alkaline environment, generating an organic 
radical and inorganic phosphate'. An increase 
in serum ALP level is frequently associated 
with a variety of diseases. Such disorders as 
extrahepatic bile obstruction, intrahepatic 
cholestasis, infiltrative liver disease, hepatitis 
and drug induced disorder are mentioned1

"
3

• 

Unfortunately, the elevation of ALP less than 
three times the normal level is considered non 
specific and insufficient to provide a definite 
diagnosis 1

•3• 

In order to determine the prevalence 
of drug induced markedly elevated serum ALP 
among Thai hospitalized patients, a review was 
made of medical records of individuals in 
whom an ALP level was equal to or greater 
than 1,000 IU/L during a one-year period in a 
Thai tertiary hospital. 

MATERIALS AND METHODS 

This study was performed as a retro­
spective study. A retrospective case review 
was made on hospitalized patients who had an 
ALP level equal to or greater than 1,000 IU/L 
(Boerhinger Manheim, normal 98-279 IU/L) 

Table 1. Characteristics of included 163 subjects. 

Parameters 

Age (years) 
Range 
Mean 

sex 
male 
female 

at the Department of Laboratory Medicine, 
King Chulalongkorn Memorial Hospital, 
Bangkok, Thailand. This study focused on a 
one-year period, from January 1998 to 
December 1998. The review of the patients' 
medical records during this period included 
203 hyperalkalinephosphatasemic cases with a 
conclusive diagnosis for further analysis. The 
data from the discharge summary of these 
patients were then recorded including their age 
as well as the final diagnosis. The casess 
without final diagnosis were excluded. 

Descriptive statistics were used in 
analyzing the patient characteristics and 
laboratory parameters of each group. All the 
statistical analyses in this study were made 
using SPSS 7.0 for Windows Program. 

RESULTS 

During the one-year period, a total of 
203 hospitalized patients with s~rum ALP 
levels over 1,000 IU/L were identified. Of 
these 203 cases, 163 had got the definitive 
diagnosis (Table 1 ). In interest, only 3 cases 
with diagnosis of drug induced hyperalkaline­
phosphatasemia were identified (allopurinol in 
2 cases and diphenylhydantoin in I case). The 
average serum ALP in these cases was equal to 
4,023.0 ± 3,493.6 IU/L (Table 2). 

Characteristics 

21-93 
52.3 ± 15.5 

88 
75 

'· 

Table 2. Drug-induced hyperalkalinephosphatasemia in the series. 

No. sex Age Drug Seum Serum bilirubin Liver Recovery after 
(years) ALP (mg%)•• biopsy discontinuation 

IU/L • 
I Female 53 Allopurinol 8,057 40.5 no yes 
2 Female 53 Allopurinol 2,014 20.4 no yes 
3 Male 50 Diphenylhydantoin 1,998 19.7 no yes 

• normal value 98 - 279 IU/L 
• • normal value 0 - I mg% 
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DISCUSSION 

A number of diseases are related to 
the elevation of serum -ALP1, therefore, a 
study of the etiologies of high serum ALP can 
be useful in diagnosis. According to a recent 
report, drug induced toxicity is rarely a cause 
of hyperalkalinephosphatasemia in the 
hospitalized patients3

• The relative percentage 
of drug-induced hyperalkalinephosphatasemia 
was equal to 1.47 %. Comparing to the total 
ALP tests performed in the setting in the study 
period, the low prevalence as 1: 10,000 was 
observed. 

However, each case of drug-induced 
hyperalkalinephosphatasemia seems to be 
severe and was overlooked. In our series, a 
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case with serum ALP as high as 8,057 IU/L 
was identified. However, on follow up, all 
patients' serum ALP returned to normal limit 
within a few months after discontinuation of 
the drug administration. Indeed, hepatocellular 
necrosis and a mixed hepatocellular and 
cholestatic pattern have been previously 
reported with allopurinol therapy4

• The 
mechanism of hepatic injury seems to be that 
of hypersen-sitivity with a relatively fixed 
induction period, development of fever with 
rash and peripheral eosinophilia as well as the 
findings of tissue eosinophilia and 
noncaseating granuloma on liver biopsy. 
Likewise, the patterns of liver damage have 
also been described in cases with phenytoin 
toxicity5
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Lipodystrophy Syndrome in Children 
Infected With Human Immunodeficiency 
Virus 

Lipodystrophy syndrome (LDS) is a fat­
wasting condition associated with abnormal­
ities of lipid metabolism and impaired glucose 
tolerance. It is commonly reported in adults 

. infected with human immunodeficiency virus 
(HIV) and has been linked to the use of 
protease inhibitors and possibly other 
antiretroviral agents. Whereas little is known 
for certain about this syndrome's occurrence in 
children, case reports recently have emerged 
from the pediatric population. The occurrence 
of LDS reported in the literature has a wide 
range of 1.5-83% of HIV -infected adults. The 
first reports of LDS prompted the Food and 
Drug Administration to issue a warning on 
June 11, 1997, stating that there was a risk of 
diabetes mellitus in patients receiving protease 
inhibitors. Fat redistribution, first known as 
"Crix belly" due to its association with 
indinavir (Crixivan), also was reported at that 
time. 
Although no standard definition or generally 
accepted mechanism of pathophysiology 
exists, a working case definition of HIV­
associated LDS has been proposed, attempting 
to encompass all possible aspects of the 
condition-physical features, fat redistribution, 
and metabolic features. Physical features and 
fat redistribution are defined as one or more of 
the following after starting antiretroviral 
therapy: fat wasting of the arms, legs, or 
buttocks, and fat accumulation in the abdomen 
or over the dorsocervical spine. Metabolic 
abnormalities commonly associated with LDS 
are as follows : fasting hyperlipidemia (total 
cholesterol > 214 mg/di and/or triglycerides 
> 174 mg/di); fasting C peptide (> 7.5 mg/ml); 
impaired fasting blood glucose (110-126 
mg/di) or diabetes mellitus (fasting blood 
glucose> 126 mg/di, or fasting blood glucose 
> 200 mg/di on 2-hr blood glucose by oral 
glucose tolerance test); impaired glucose 
tolerance (blood glucose 140-200 mg/di); lipid 
profile alterations such as elevated very low­
density lipoprotein (VLDL) or low-density 
lipoprotein (LDL), or decreased high-density 

lipoprotein (HDL). 
Several risk factors for LDS have been 
identified, including duration of HIV infection, 
duration of antiretroviral therapy, baseline 
body mass index, CD4+ cell count nadir and 
rebound from nadir, abnormal lipid levels 
before protease inhibitor treatment, and age. In 
addition, patients with LDS are concerned 
about increased risk of cardiac disease and the 
characteristic cosmetic changes identifying 
them as HIV infected. Because of these 
concerns and the possible long-term effects 
associated with LDS, causes of and strategies 
for treatment of LOS must be identified. 
Pharmacotherapy 2001; 21(7):861-866. 

Indinavir Impairs Insulin Sensitivity and B­
Cell Function 

Indinavir-based therapy impairs insulin 
sensitivity and 8-cell function in HIV-infected 
patients, according to the results of a study 
conducted at a university-based outpatient 
clinic. Though treatment of HIV infection with 
protease inhibitors has been associated with 
the development of diabetes, no prospective 
studies have examined their impact on insulin 
sensitivity or B-cell function. 
Dr. Michael P. Dube, now with the Willard 
Memorial Hospital in Indianapolis, and 
colleagues from the University of Southern 
California School of Medicine in Los Angeles 
used oral and intravenous glucose tolerance 
testing to evaluate the impact of the initiation 
of indinavir-based therapy on insulin secretion 
and sensitivity in 11 HIV-infected subjects. All 
subjects responded to indinavir treatment with 
increases in CD4+ cell counts and decreases in 
HIV RNA plasma loads. Fasting plasma 
glucose rose significantly (but not to diabetic 
levels) during the course of the 8-week study, 
the report indicates, and insulin resistance 
increased, but not significantly. 
Insulin sensitivity declined by nearly 31 % 
during the study, the researchers note, but B 
cells failed to respond with a significant 
increase in insulin secretion. The serial 
development of reduced insulin sensitivity in a 
group of individuals who were initiating 
indinavir-based antiretroviral therapy was 
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documented. "The finding that plasma glucose 
concentration rose significantly and insulin 
secretion failed to increase commensurate with 
increases in insulin resistance suggests that 
protease inhibitor use may also be associated 
with defects in 8-cell function". 
These short-term fmdings may contribute to 
the development of diabetes mellitus and other 
clinical syndromes of insulin resistance in 
protease inhibitor-treated HIV-infected 
patients. Further studies are needed to explore 
the implications and pathogenesis of these 
abnormalities. 
J Acquir Jmm1111e Defic Syndr 2001;27:130-
134. (http://diabetes.medscape.com/41354. 
rhtml?srcmp=endo-08100 I) 

Phase I Study Shows Fiber Can Reduce 
Side Effects of Orlistat 

Ingestion of natural fiber can reduce the 
gastrointestinal side effects of anti-obesity 
prescription drug orlistat, according to study 
results reported in the Jntemational Joumal of 
Obesity. 
Orlistat, a gastrointestinal lipase inhibitor, is 
marketed by Swiss firm Roche. The diet aid is 
designed to prevent absorption of one third of 
consumed dietary fat and is usually prescribed 
for patients who are at least 30% overweight. 
Orlistat has been shown to "produce significant 
weight loss and reduction in metabolic risk 
factors" for a wide variety of obese patients. 
However, orlistat's side effects, including 
uncontrolled bowel movements, oily spotting 
and flatulence with discharge, have prevented 
a number of people from trying the drng. 
Phase I study, conducted by Dr. Geraldo 
Medeiros-Neto and others at the University of 
Sao Paulo, explored the impact of a oncedaily 
dose of a fiber drink containing psyllium 
mucilloid on orlistat side effects. The 
researchers found that concomitant con­
sumption of the orange-flavored fiber drink 
made orlistat "significantly more tolerable" for 
patients. In that study 60 patients received 
orlistat 120 mg three times daily with 6.0 g of 
fiber or with a placebo drink. After 30 days 
and a 2-week washout period, each group 
crossed over to the opposite regimen. Trial 
data showed that 29% of patients experienced 
orlistat side effects while receiving the fiber 
drink, compared with 71 % while receiving 
placebo. In addition, patients seemed to 
experience orlistat side effects less intensely 
while receiving the fiber drink. 
The results remained the same even when the 
protocol was changed later in the study so that 
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patients received a nightly dose of 12.0 g of 
fiber, rather than a 6.0 g dose three times daily. 
The researchers theorize that psyllium 
mucilloid, a natural water-soluble fiber that 
has been shown to lower serum cholesterol 
levels, also helped to absorb the fat blocked by 
orlistat. All patients in the trial lost weight, 
regardless of their fiber intake. 
(http://diabetes.medscape.com/reuters/prof/200 
l /08/08.27/20010824clin004.html) 

Estrogen Improves Cognitive Function in 
Women With Alzheimer's Disease 

High doses of estradiol delivered by skin patch 
appear to be able to improve memory and 
attention skills in women with Alzheimer's 
disease, according to the results of a pilot 
study reported in the August 28th issue of 
Neurology. There have been conflicting 
findings of estrogen effects in women with 
Alzheimer's disease, told Reuters Health. 
While some studies have shown positive 
results, three recent studies have shown 
negative results, Dr. Sanjay Asthana, of the 
University of Wisconsin School of Medicine in 
Madison noted. 
Dr. Asthana and colleagues at the VA Puget 
Sound Health Care System in Tacoma and 
elsewhere randomly assigned 20 
postmenopausal women diagnosed with 
probable Alzheimer's disease to receive 0.10 
mg/day of 17-beta-estradiol by skin patch or 
placebo. Neuropsychologic tests were given at 
baseline and during week 3, 5 and 8 of 
treatment, and again 16 weeks after treatment 
ended. Women receiving estradiol showed an 
improvement from baseline in selective 
attention as demonstrated by results of the 
Stroop Color World Interference Test, which 
they were able to complete more quickly than 
patients receiving placebo. Improved 
performance from baseline in verbal and visual 
recent memory was also observed in estradiol­
treated patients compared with placebo 
patients. In addition, women on estradiol were 
able to name more pictures on the Boston 
Naming Test compared with women on 
placebo. However, there was no general 
improvement in cognition, the beneficial 
effects of estrogen were targeted only to 
certain domains of cognition, Dr. Asthana said. 
The gains in attention, verbal, visual and 
semantic memory seen in the estradiol group 
deteriorated after treatment was stopped and 
most women returned to their pretreatment 
level, he added. Dr. Asthana believes that the 
form of estrogen used is important, and may 
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explain the various findings of previous 
studies. He also suggests that the results of 
this small study may be used to develop larger 
trials. 
Neurology 2001 ;57:605-612. 

One Million US Children May Use 
Performance Enhancing Drngs 

One million US children between the ages of 
12 and 17 years old may be taking 
perfonnance-enhancing substances, according 
to a new survey. In addition, one in five young 
people between the ages of 10 and 17 years old 
report they know someone who has taken 
supplements or drugs to improve their athletic 
performance, build muscle or "look better". 
The survey, conducted by telephone with 785 
randomly selected youth between I 0 and 17 
years old and 1,002 adults, was commissioned 
by the Blue Cross and Blue Shield Association 
(BCBSA). 
Creatine was the performance enhancer cited 
most often, with 57% of the youth surveyed 
saying they knew someone who took it. 
Steroids were the next most frequently cited 
drugs, with 31 % of youth knowing someone 
who had taken them. Creatine supplementation 
as a performance enhancer is based on the idea 
that extra creatine will help muscles work 
harder and longer. Creatine is available as an 
over-the-counter supplement, and has been 
added to some food products, including 
"Cookies n' Creatine", a "sports energy" bar. 
One web site sells "Teen Creatine Advan­
tage", a supplement "developed especially for 
aspiring athletes 11 to 19 years of age". 
Creatine's side effects include cramps, 
dehydration and nausea, and the supplement 
may cause kidney damage. Little research has 
been done on its effects in young people. "We 
think the supplements industry should not be 
allowed to market products to children under 
18", said Iris Shaffer, executive director of the 
Healthy Competition Foundation, formed by 
BCBSA in September 1999 to provide the 
public with information on the potential 
dangers of performance-enhancing drugs and 
supplements. 
The survey also found that 70% of children 
and 50% of adults could not name any 
dangerous side effects of performance 
enhancers, although 37% of the adults said the 
use of these substances was their greatest 
concern in youth sports. Four' in five youths 
said they had not talked to their parents about 
performance enhancers. Among the adults, 
45% said they did not know enough about 
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these supplements and drugs to talk to their 
children about them, and 64% said they never 
talked to their kids about these substances. 
According to projections based on the survey 
results, 390,000 10- to 14-year-olds have taken 
performance enhancers. A similar survey 
commissioned by BCBSA in 1999 found no 
children under 14 who reported taking these 
substances. 
(http://diabetes.medscape.com/ reuters/prof/ 
2001/08/08.29/ 200 l 0828publ00 I .html) 

Phytoestrogen Intake of US Women Does 
Not Reduce Breast Cancer Risk 

While several epidemiologic studies involving 
Asian populations have suggested that 
phytoestrogen consumption may lower the risk 
of breast cancer, levels of phytoestrogens 
commonly consumed by non-Asian women in 
the USA do not appear to protect against the 
disease. 
Dr. Pamela L. Hom-Ross from the Northern 
California Cancer Center in Union City and 
colleagues compared the phytoestrogen intake 
of l,326 women who developed breast cancer 
with that of l ,657 women randomly selected 
from the general population. The breast cancer 
group included African-American, Latina, and 
White US women, 35 to 79 years of age, who 
were diagnosed between 1995 and 1998. 
The researchers found no correlation between 
total phytoestrogen intake and breast cancer 
risk; the odds ratio was 1.0 for the highest 
versus lowest quartiles of intake. This lack of 
association held true even after considering the 

· woman's menopausal status, ethnic back­
ground, and the type of phytoestrogen 
consumed. Soy milk and soy burger 
consumption was linked to a reduced risk of 
breast cancer, but only a small percentage of 
case and control subjects consumed these 
products. The highest average intake of 
phytoestrogens in the study population was 
only 3 mg/day, a level equivalent to less than 
one serving of tofu per week. In contrast, the 
average intake of phytoestrogens in Asian 
countries has been estimated to range from 
about 15 to 30 mg/day. Thus, it is possible that 
non-Asian US women are not reaching a level 
of intake that may reduce the risk of breast 
cancer. 
Am J Epidemiol 200l;l54:434-44l. 
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Endometriosis May Be an Autoimmune 
Disease 

Immunomodulating therapy may be an alterna­
tive to traditional estrogens as a treatment for 
endometriosis. Dr. Warren B. Nothnick, of the 
University of Kansas Medical Center in 
Kansas City, said that in a review of the 
literature he found "overwhelming evidence" 
of a role for immunologic factors, particularly 
cytokines, in the pathophysiology and etiology 
of endometriosis. 
In particular, research results show that levels 
of tumor necrosis factor alpha (TNF-alpha) are 
elevated in patients with endometriosis. Given 
the success of TNF-alpha inhibitors in treating 
other immunologic disorders, Dr. Notlmick 
proposed examining these therapies as an 
option for treating endometriosis. Disturbed 
levels of other cytokines, cell apoptosis, and T­
and B-cell abnormalities have also been 
observed in patients with endometriosis. 
However, researchers and physicians need to 
be aware of that many factors and pathways 
can contribute to the growth and progression 
of endometriosis and the cytokines may be one 
commonality among these factors or pathways. 
While for now there is only a small amount of 
evidence to support an immunologic approach 
to treating endometriosis, it is need to explore 
all possibilities and take advantage of today's 
technologies. A treatment that c~mld suppress 
the disease and its symptoms independently of 
compromising a women's reproductive 
cyclicity would hold great promise. 
Fertil Steril 200 l ;76:223-231. 

High-Dose Acetaminophen Associated With 
High Risk of Peptic Ulcer 

Patients who take acetaminophen at dosages 
exceeding 2 grams per day are at nearly four 
times the risk of peptic ulcer compared with 
non-users. The risk skyrockets when non­
steroidal anti-inflammatory drugs (NSAIDs) 
and high-dose acetaminophen are taken 
together. 

Nisamanee Satyapan 

Dr. Luis Alberto Garca Rodroguez, of the 
Centro Espanol de Investigation Farmacoepi­
demiologica in Madrid, Spain, and Dr. Sonia 
Hemondez-Daz, of Harvard School of Public 
Health in Boston, evaluated the association 
between acetaminophen and NSAIDs and 
upper GI complications. They also evaluated 
the effects of various gastroprotective agents. 
The cases were 2,105 patients, aged 40 to 79, 
diagnosed with peptic ulcer. The l l ,500 
control subjects were matched by age and 
gender. Use of acetaminophen at any dose was 
associated with a relative risk of 1.3. Adding 
NSAIDs to acetaminophen at less than 2 grams 
daily did not increase the 4.1-fold increased 
risk associated with NSAID use alone. When 
the daily dosage was more than 2 grams, the 
relative risk increased to 3.6. However, when 
NSAIDs were combined with acetaminophen 
at 2 grams per day or more, the relative risk 
was 13.2. Drs. Rodriguez and Hernandez-Diaz 
noted that "acetaminophen is a weak 
nonselective inhibitor of both isoforms of 
cyclooxygenase." The exacerbated risk 
associated with high-dose acetaminophen and 
NSAIDs is likely due to augmentation of 
cyclooxygenase inhibition. The researchers 
also reported for the first time that the risks 
associated with the newer NSAIDs etodolac, 
meloxicam and nabumetone were comparable 
to those of "the average NSAID effect". 
Dosage was the most significant factor 
associated with risk due to NSAIDs, although 
longer plasma half-life or slow-released 
formulation also increased the risk. Apazone 
was the only NSAID that at the daily doses 
used (600 mg to 1,200 mg) was associated 
with a relative risk of upper GI complications 
distinctively greater than the average NSAID 
relative risk. 
H2 receptor antagonists did not lower the risk 
of peptic ulcers. However, omeprazole, 
misoprostol, and nitrates decreased the risk 
among users ofNSAIDs. 
Epidemiology 200I;12:570-576. 
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