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LETTER TO EDITORS 

u1~1'w1111f>iu"Wuiti1111~il'tl1 Receptor Binding 

m111n1flvl1'1flB receptor binding t\'Ju 

~ .J1 • • .J .; .J 1 ' " ~ .i,, t\'lfl'Ufl\'l 'lfO'UIJlffYJi'fflt1il'l'H'U'I 'U'lf1'1o\JO·:mo\J • 
•:;t1d1 01.,.,." ... .J .... 

mlu\'lmum 'Yll 'H!Jil'lflfl1l!J~tnmnu recep-

tor 'lfil'1lm'1m1 i'fl1~ilm•ttm.h•5ll'l tto•i'fli 

~u 1 linmn 111Jir.:iu11tJ~m1vi'u'l1u<111'lfilfl 
1m.i 1 linuufau'lfilfl ilu'VIUTY11101n1101ulu 

>•UU~l'I 1 llil'l~'liJififl i'111Jlia'tllf11l!JtiJ1lil 

ii'nttru•m1Yi1'11u·1rn.:i1•uu~1.:i 1 lvi'&i~u ••••ll1 

m11Jf m11J, iJ1ht11 a1ii'l ti tl1•u nf11'lf'1 u m1 . . 

• dOJ ... "" 
receptor 'lfil'li'flifll'I 1 nu,m1Jmn1J1m1mflil'U 

" .r .J_. • _. • " • ~~ 
trn" tu u '11 'U Jil'U'VI ol fl ty ol 'Hi\J m,., ntt1 mu1 tl 

m1 lmh lin1101u 1 15 
.; • ~ ltl"" :.:1.J..i ...... .. ..s 

t!J il'lf il 'U il fl fl Mu 'Vl!Jfil11i1'11 !J'l1 t iil' .,,,,., .. , 
receptor binding 'lf'ltu'U'VIU<Jmunu rn1'mi 

ill'il'lfill'l'lf1l'li-i<J U IW1. 1973
1

-
3 

nuulvi' 31 

~I .J "'ti •~ ti•• ·~ u 'Ul'U'l1il'Vlil•tuu 1•11i11'fli'fli1i<flltm um'Vlm 

l'fli'!lil{ufl 111!.i1101aviumil hifi1 ni1•d'~a•u'1vi' . . . 
i1t\'Ju receptor binding uni'Vlml'flalilil'UqflJ'U 

tmvi'v.:iav.:ii11i1oil'l~nti'uvmfl hm il'l5m1i>lfl 

"""'l5m1Via•l1va1'1 h 'i.:i!l11J1a\lflti1Jwm• ;;, . . . 
fl1l!Jtil~"'~'ll"i!M'lfil'll'lflm1vi'1uillvi' ~t~'lf'U'l1il .. . . 
iltl1•aum1ru'1 uafl ti1Jwui!u ol'iu1'1 'i.:ill<Jll11J1 . . 

ti "' " ti ·~ " ltl i'f'l tummfl 1•11i11'1l<lli111ilil 
J;: ... ...... T 

qvinil'U receptor binding 'U'U!J~t1am1 

t\'Juqvi classical pharmacology i5m1i1ntt1ila1J 

i'lilm,lilil\Ji'l'Uil'I 1oiali11'1 (in vivo) 'H"iil H' organ 

4.,., .!Id • . 
bath t'l1il1fl0lili1il\Ji'l'Uil'l'lfil.:it'UilWilflilm m 

vitro 1!il' dose response curves LLa~1'11fi1 IC50 , 

J;: d "" 1 • Kd 11!J'Vl'lfl1l!JtU'U agonist 'Hiil antagonist li1 

1 ' .i,, .; .r~ ' 1 
viu 'VIS'lmt1n 1 'Vl•1nttitiil'l'Uflilil1\ll1a~ 1 

illnflru•tt '!1\'l'lfl'fli'ffl{~~,1w'l1mm• ~.:i 1 tli1ntt1 
.... .J .... ... .,. .J .... ..,.,. 
nu Prof. Schild 'VIWili!J'U'U mrn'llmnmnmo 

... ... .J ., d .J' 
m1mi11m1mll1J'lf'U'lfil'I agonist 'Vlflil'lt'l1!J'lf'U 

t~vil antagonist ocilii'1m'i'lo 1 !1'il~mvht~!J • 
... .J ... ""' 4 ' (pAx) tto•!J paper 'Vl~fiill'IMIJlfi fl'UlilillJl 

d ' • 1 • ' " • .J • ' ~~ " .; 'lf'l'Ulil•'U \J li111 t U 'U~ 'Vlt lll <il1tlfili•I fililt iil'I 

..,.,J.,.J ""1~ '~ receptor lil'Vlqlil~'H'U'l'lfil'lt!Jil'I 'VIUflil ill\lliS\li 

i'wuf i'ffll1'1ffli'wii15-6 ~.:i1m~lvi!i1imm~au 

'If o.:ivi1 u mh.:i "" 'li a lilil• 'i\u lvi'i1ilm1'l tvi11•1'l' 

1vi'oci1.:iii nt/l'.:iYi t&ia1 

f11l!J'11'1flallJ~il"i1m:n receptor binding 

t '. ~ ~ ' .J,, fl'lfnli <'If radioligand 'U'U lJ'H"1'1ffi~lJ\'1•1filillJl 

' -:'I '"' .,,..,. .J .J 
fiil'U u fll'f .197 3 ttlila'l'Hl1tlnli'Vlt'HlJl•i'l!J\'lqli1 

11.ilvi' t'liuntjlJ'lfil'I Rang ~.:iAn1flm1~uti'u 
muscarinic cholinergic receptor lt11a1aJ 3H-

atropine 
7 LL'fl~ 3

H-benzilylcholine 
6 n~lJ'llB.:J 

9 10 .d !:3 ..... "' 
Changeux ttll• Raftery 'lf'l•1fililn11\l\Jfi\J 

nicotinic cholinergic receptor 'lfil'ltlm 1'Hll 1vHh 
t ' • 125 . ' VICI L'lf I -a-bungarotox1n n~lJ'llB\I Cautre-

casas11 ~..;i~n'lil insulin receptor binding 1Vlti 

"I 'V 125 . . ' . 12 d 
<'If 1-msulm trnen~lJ'lfil'I Goldstem 'lf'l'Hl 

,,... .,, 3 ' 
'Yll'l11ilnli\l\Jllil'I H-levorphanol lilil opiate 

receptor 1u membrane ~lvlillfi<llJil'l'H\j i5mi 

/1m;i~1.:i 1 t'Hci1ii'iliiv~1nli1'Hmavsl'I tiiuntjlJ 

7 . 12 "" 1 ' • 
'lfil'I Rang """ Goldstem 'If'! 1Ji'll1Jli0'11Wl'Ul 

1 • .J1·~ ~ VI radioligand 'YI 'lflJ specific activity ~.:J'WB '1~ 
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~1Lllullia1l'li<111~vn1m'li1Jiiu~1 ~1m1ilua1u 
mn••Lllua1u low affinity ms hJi111J11mL<llil1 
J ..J. - 1 ·q J ..J. 
~1'Ul'l•unu receptor lillilWil ~1U ligand l'l•U 

LLUtl irreversible
8 

Vl1flLLtln'11n receptor ?f1l.J1n 

S-!O nhirn1J1•il1wl'um11'1ilm1ilunu receptor 

lill!J<l1JIJ&i~1ui1L llu reversible bimolecular 
' -

J 1.., 125 . . 11 ... 3 
reaction '11'Ufll'l 'lf I-1nsuhn Vl"lfl H-

12cj'""'n"f""' d ... ,., 
levorphanol n1Juqprn1a1 specificity 'IJ11J~ 

wui1<111J11nilunu fNLL il111~a 1mui'1~1il1 mLl'lu 
~ .J' d ..J1i1"·' q 1·' qO ma1 mmumua\'l IJ 'IJ•u>lilu lililU111JilO'tlru• 

'lf81 specific binding 11il'" 3 LLvi•lOU1•<IU011rn 

'1Ja111uiils~mii11rnui'1!hh 1'11mi1J~An'l111 u 
' 

radioligand ~ii specific activity ~..'llJlfl ~utlu 
receptor 1\lluuu reversible tLviil high affinity 

.., ..,....... ,J.,. 
trn•••lilil11J1i'in11LLSn radioligand l'IB"1•aan 

..J. - 1"' ' cj' .., ' •1m1•unu membrane lilBm~111ill111il1S L'IJU 
~q ' 1· ' d 1· 1llfi11LWOblilU '1Jfi11n"lil1VJ1U manifold '111 'lfl{Jlil 

lli1s vacuum Llll•"11J11nma1w-i'a1J 1 tl'U\'lll1U 
• "1"' "'"" 11 ~I "' 'lf81n lil1Jl•ln1i'i'l!il1 Cautrecasas lu'Ulil'U 

Ldailumm1m1i'lnmii'lili.umh ii1il 

mi IJ ~lll11 nii n '1111 u w { iJ IJ 1 nu Llll" &iw1Jw' 
' 

wfa1J 1nu!-3 llilu1'1i ractioligand vi11nui1a n~IJ 

'lf81 Solomon H.Snyder
1 ~ Johns Hopkins 

1 • a , E . University 'lf H-naloxone fl~:IJ'll€1'3 r1c J, 
. 2 .J . . 1· 3 Simon l1 New York Un1vers1ty 'lf H-etor-

phine ua:::n~:W'llfl~ L. Terenius
3 ~University of 

Uppsala 1'1i 3H-dihydromorphine LUU radio­

ligand il1wl'uiinm011ilunu opiate receptor 

ill 011i1 n'tll llilscia n ?l a-tl1 t if il<llJ a~ a1u~ 
••An'tl1111ulil 1 i a•taslilua1tl m1sna1mm 

..J~, 1 q..J" l\lWl•l'lluU membrane ( Un1fill'l•ln'tl1 mem-

1 . ..J 
brane receptor) lJl resuspend 'U medium l1 

llia~011 tITTIJ radioactive ligand M 1u~~ru11i;ii1 
d - - 1-'~ LLil•l1lll'IJ~Ol"l•unu receptor un1m1•<l!Jll!ll 

LU)JLU'Jf) membrane elflf1t\11f1 medium ~-:i bound 

ligand .. i!uatjnua1u membrane 1h1ui'lil 

t!~m ruir a1n 11iJu1i1-l'1 i'lt lJ uu~m ru011ilui1'11111 lil 

1u'l!ru•~nwii'ui'i'u receptor .. il~1mu~1i'i'liltlll• 

UWV/5 nll1'tlilfl1 

i:Jan1'!ru•~1J\ll1 a1u~iJuaci11 hJt\lW1•L•l"'1 

?lailunu•lil~u 1 ••ilmnni11rn•lil~m•1'1 ii111il 
' 

a'1 u ~il u au' 1411J' t\l w1" "'1 ""111ilLlil al ti 
nonradioactive ligand 1aa41 u1 U\'lllillill'llilllil1 
q ..J 1 . ..J d 1·' ' -an.lil\'1U4 u•1u1U\'11JlnWillWil uLLU4•U 

receptor •ul'11Jlil tta11'1ilu~mrun1Jl1u1i1-l'1a~ilu 
atjtllu nonspecific binding '11'namnnu~mru 

iv.,,J:i'. .J.,."'~I 011•UnU\'11\'l!Jlil\'ll\'lllilUUluU specific binding 

t1l1mu'luutrisui11llu receptor binding ttvi 
J::i'..J'.J ·~ "' \'11U011\'1""'11UlllUU receptor binding • •1S4 

IV q o'.J di '°" 
""lila1mnru~au 1u1•nauanmn 1'1ium1ii 

stereo~specificity ua~~nLL 'Yl'U~1v1v1'1t1 agonist 
.,. . ., "' ""' "' "' \'lW antagomst lil1Ulln'tlru•rn1Jaunum111i1•1n 

• ~. .., 13 ..: Ol"llll8U'1Uil1lll8 receptor lu'Ulll'U uan•1nu 

ilim1i'!n'tl1~nci11mtl !11a11'1's11anm1i1 

u{ji\~m~tnlil~m llmt uu reversible 

bimolecular reaction ~i;ll:JJ1'Jfl1-if law of mass 

action 1\ll <1mwm1ru1um>l'llilaa~ii1aciuu • 
'11Jl-!ili,lllU\'lll1U'liil ~~Ulfilil 1 u•1mTunm•i'i1 hi' 
n11llilrilvi14 1fililWllllil1u1\ll 11Ull"'flUlil'IJil4 

1~a1il'llli1.ia&iw1Jw1 m11m11nil'iril'lmtta11da 

1'.J W.11. 2522
14 ttll• 2524

15 

OJ ... ... ...... ... OJ "' 

n1u11 a1 'ill n n1 "llll w IJW 1 nn1H u nu 

opiate receptor 11il1ilu1u 11an011iii~nci11il'11li 
~ntl11uu1·~nlll1iinu receptor 'lfil1'111ntj11 

vi111 linmnmu mmrum1&iw1Jw1m~il1 
' -receptor binding 1u1'.I '1.11. 1975 'lf!llutWIJiiu 

"' .., d ...... "" .., .., 
1J1n•mt'IJ4\'11'1JiliJU 1 IJlil~8UlilU\llU 1 llll•lillU 

m 1 iii Iii llll !Jl lili1"11"nIii51u11il i'.i t1llviiJ011ilu~ 
opiate receptor M nmm1ntl11u~m11'iuwu 
m1~ilatjLta11 u~1iliiilll~~aanql'ltvia opiate 

receptor LiJ'W'l~UU endogenous morphine 1u 
.J' d ' 1 ' q 1 l'UiJW8lll111 Ul1illlllil!Jl (~11Sll•lilUlil UU\'l 

.i111J~&iw1Jvi'L1i.i'1) 1 ' na'1J~i'!n'l111u 
' IV OJ ' OJ OJ q.,, ,/ .., 

w1a1J 1nmrnrn'l!1irunulilW1JWl'Ja011'1uwuai1 
.,,.J '"""' .J 

•1na1Ja~11l'lmm1mtm•unu radioligand \'I 

opiate receptor 1vi' ~an~lJ Hughes LLa~ 
. 17 .J "" ..... ' Kosterhtz l'llJ\'111\'IUlll!l Aberdeen n~IJ 

18 .J . 
Pasternak llil• Snyder \'I Johns Hopkms llll• 
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n~lJ'lf<M Terenius
19 ~mn'll'lmaa Uppsala 1u 

vru•iincilJmN Hughes 1vi''l'rn.i1&1\ilmn~ • 
.J ' .... .J 

i'fllJl'lmL@i'fl'l\JlO<llJB'l'IJ·'ILW-1\JU\'l opiate 

1111.J' "" .f fl 
receptor \ilUBBO!Jl\11.!U'l~l'IBLu\J pentapeptide 

2 ~1fifl methionine-enkephalin ua:::: leucine­

enkephalin cim.nncilJ~\J 1 linmnanrilJ Ml'i'u . . 
.J"" ' vrn peptide l'llJLlJL<lfl<IB11fl1lilln 

hypothalamus LL<l•ci !llJ 1vi'alJ !l-1 L'lB m11Jilui1 
.J ,..,. 0 ..,.J' 

endorphins 'IJ'IWU1llJU\'IU1\'lnl'l\'ll\'l\Jl\'11lB1'1 

ni'11m1.:iii'.:i 1u1•uuu1•mmrn•1•uucimJ1 fl'ia 
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Abstract 
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A number of the synthetic acyl aniline derivatives and acyl aminopyridine derivatives 
were shown to reduce the contraction of rabbit isolated duodenum and rat isolated aorta. 
Previous studies have shown that the effects of acyl-4-aniline derivatives (CU 18-07, CU 18-
09) and acyl-4-aminopyridine derivative (CU 18-12) on the contraction of rat isolated aorta 
were attributed to their effects on disrupting Ca2+ entry. This study was to further investigate 
the potential effects of these compounds on the contraction and their pharmacological mode 
of actions. The contractile responses were measured isometrically in in vitro model of rat 
isolated vas deferens under various conditions. Our results showed that these three 
compounds were able to suppress the contraction evoked by noradrenaline (NA), KCl and 
BaC12 in Ca2+-containing solution, but not in Ca2+-free solution. In addition, they also 
suppressed CaCl,-induced contraction in high K+ depolarizing solution. Of the three 
compounds, CU 18-09 was the most potent inhibitor. Our results suggested that all of the 
synthetic CU compounds in this study exerted their pharmacological actions on the 
contraction of rat isolated vas deferens possibly by blockade of the Ca2+ entry through the 
voltage-operated Ca2+ channels. In addition, the modification of molecular structure at para­
position on the phenyl ring affected the inhibitory potency of these compounds on smooth 
muscle contraction. 

Key words : Ca2+ entry, contraction, vas deferens, acyl aniline compound, 
acyl aminopyridine compound. 
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Introduction 

A number of the pinacidil-structure 
related compounds including the synthetic 
acyl aniline derivatives (CU 18-07, CU 
18-08, cu 18-09, cu 18-10, cu 18-13) 
and the synthetic acyl aminopyridine deri­
vatives (CU 18-11, CU 18-12) (Figure I) 
were shown to directly affect the 
contraction of smooth muscle in various in 
vitro models such as rabbit isolated 
duodenum and rat isolated aorta. In the 
model of rat isolated aorta, we were able 
to show that the pharmacological actions 
of these compounds on the contractile 
responses were correlated to its effects on 
membrane calcium (Ca2+) channels (I, 2). 
In addition, some discrepancies in the 
vasoactive properties were resulted from a 
modification of the substituents and the 
position of these substituents on the 
phenyl ring structure. For example, at the 
meta position on the phenyl ring, the 
methoxy substituent (CU 18-08) caused 
the compound to be more potent in 
inhibiting the Ca2

• influx than the nitro 
substituent (CU 18-10) (I). However, a 
change of the functional group at para­
position of phenyl ring has little effect on 
inhibitory potencies and intrinsic 
properties against Ca2+ influx (2). 

Position on 
Compounds y MW 

Phenyl ring 

cu 18-07 C-OCH3 para 235 

cu 18-08 C-OCH3 meta 235 

cu 18-09 C-N02 para 250 

cu 18-10 C-N02 meta 250 

cu 18-11 N meta 206 

cu 18-12 N para 206 

cu 18-13 c Meta I para 205 

Figure 1. Structures of the synthetic CU 
compounds 
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Recently, we have characterized the 
vasoactive properties of the acyl-4-aniline 
derivatives (CU 18-07, CU 18-09) and the 
acyl-4-aminopyridine derivatives (CU 18-
12) in rat isolated aorta (2). These three 
synthetic CU compounds potentiated the 
aortic responses to NA whereas they 
inhibited the responses to tetraethyl­
ammonium (a K+ channel blocker) and 
KC! as well as suppressed CaCh-induced 
contraction in high K+ depolarizing 
solution. Our results suggested that these 
compounds might share some activities in 
C 2+ a entry blockade through voltage-
operated Ca2

• channels. 
The rat vas deferens has long been 

recognized as a suitable model for 
studying neurotransmission and the 
influences of xenobiotics on adrenergic 
and purinergic neurotransmission in 
smooth muscle (3, 4). It has unique 
features of contraction profiles which 
differ from aortic strips or other smooth 
muscles. Taking into account that rising 
of intracellular calcium (Ca2+) is a key 
factor regulating the contractile responses 
of smooth muscle including vas deferens 
(5-7), the present study was carried out, in 
part, to further investigate the actions of 
the three synthetic derivatives of aniline 
and aminopyridine compounds including 
CU 18-07, CU 18-09 and CU 18-12 on the 

h . fC 2+ . mec amsm o a entry m response to 
various contractants in the rat isolated vas 
deferens. We also examined the influences 
of methoxy (-OCH3) and nitro (-N02) 

groups at the para-position of phenyl ring 
of the acyl aniline compounds (CU 18-07, 
CU 18-09) in comparison with an acyl 
aminopyridine compound (CU 18-12) on 
contraction of vas deferens and the 
processes ofCa2+ entry. 

Materials and Methods 

Materials 

The tested compounds including 
CU 18-07: N-heptanoyl-4-methoxyaniline, 
MW 235; CU 18-09: N-heptanoyl-4-
nitroaniline, MW 250; CU 18-12: N­
heptanoyl-4-aminopyridine, MW 206 
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were prepared and characterized as 
described previously (8). All other 
chemicals were reagent grade or the 
highest-grade commercially available. For 
example, dimethyl sulfoxide (DMSO), (-) 
noradrenaline (NA), potassium chloride 
(KC!), and nifedipine were purchased 
from Sigma Chemical Company (St. 
Louis, MO, U.S.A.). Composition of the 
physiological solution was (mM): NaCl 
119, KC! 4.7, CaCl2 2.5, MgS04 1.0, 
KH2P04 1.2, NaHC03 25, and D-glucose 
11.1. Ca2+ -free solution had the same 
composition except that CaCl2 was 
omitted and EDTA (0.1 mM) was added. 
Composition of the calcium-free de­
polarizing solution was (mM): NaCl 27, 
KC! 100, KH2P04 14, MgCl2 0.54, 
NaHC03 14, and D-glucose 10. 

Methods 

Male Wistar rats (250-300 g) were 
obtained from National Laboratory 
Animal Center, Mahidol University, 
Salaya, Nakornpathom. The animals were 
acclimatized in animal care facility at the 
Faculty of Pharmaceutical Sciences, 
Chulalongkom University for I week prior 
to use. On the day of the experiment, rats 
were sacrificed by cervical dislocation. 
Both vasa deferentia were removed, 
cleaned of surrounding tissues, and cut 
into 2 pieces approximately 1.5 cm in 
length to obtain epididymal and prostatic 
parts. The tissues, then, were mounted to 
a transducer under the initial load of I g. 
tension in a 15 ml organ bath containing 
physiological solution gassed with 95% 0 2 

and 5% CO,. Tension was recorded iso­
metrically on a recorder with electrical 
disperser Gilson N2 coupled to an 
amplifier (Harvard Apparatus Ltd, 
England), using force-displacement 
transducers (Harvard Apparatus Ltd, 
England). 

Contraction Studies 

Each of the tested synthetic CU 
compounds was dissolved in DMSO. The 
final concentration of DMSO was 0.06% 
(v/v), which had no observable effects in 
any of our experiments. The effects of the 
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synthetic CU compounds were determined 
by adding into the bathing solution for 5 
min prior to addition of various 
contractants including NA (10 µM), BaCl2 

(lmM) for the studies of contraction in 
epididymal portion and KCl (50 mM) for 
the studies of contraction in prostatic 
portion. In some experiments, the bathing 
solution was changed from Ca2+­
containing physiological solution to Ca'+_ 
free solution. The effects of synthetic CU 
compounds or DMSO (control) were 
calculated as a percentage of the agonist­
induced contraction in normal Ca2+ -
containing physiological solution. 

The effects of the synthetic CU 
compounds on Ca2+ entry were also 
examined in the model of CaC!,-induced 
contraction in high K+ - Ca2+ free solution 
depolarizing solution (9). The prostatic 
tissues were pretreated with a CU 
compound (I 00 µM) for 5 minute prior to 
adding cumulative CaCl2 (lxl0·4 M -
3x!0-2 M) to induce the contraction. 
Nifedipine (a Ca2+ channel blocker) was 
used as a positive control in these studies. 
The apparent pA2 values were calculated, 
using method of Van Rossum (10). 

Data analysis 

Results were presented as the mean 
± S.E.M. for n separated experiments. 
Statistical significances were tested either 
by Student's t test for paired or unpaired 
data. One-way ANOV A followed by a 
post-hoc SNK I-test was also performed, 
using the DMSO treatment as our control 
group, where it was appropriate. The p 
values of less than 0.05 were considered 
statistically significant. 

Results 

Effects on agonist-indnced 
contractions 

Figure 2 illustrates a typical 
contraction profile of rat isolated vas 
deferens in response to NA in the 
epididymal portion and KC! in the 
prostatic portion. NA caused a transient 
rising of phasic contraction followed by 
spikes in rhythmic features. This 
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contraction pattern was also observed 
when BaC!, was used instead of NA to 
provoke the epididymal contraction (data 
not shown). In contrast, KCl-induced 
contraction in the prostatic portion 
featured a transient phasic contraction 
followed by sustained tonic contraction. 
These contraction profiles are all in 
agreement with those reported in the 
literature (7, 11-13) 

At the concentration of I 0 µM, 
none of the tested CU compounds 
suppressed the epididymal contraction 
evoked by NA and BaCl2 in Ca2

+ -

containing physiological solution (Figure 
3). However, an increase in the 
concentration to 100 µM significantly 
increased the inhibitory activities of these 
CU compounds against the contractile 
responses to NA and BaC!,. The 
inhibitory potency in descending order 
was CU 18-09 >CU 18-12 >CU 18-07. 

A 

B 

,_ 
+ 

KC! 

.... 
NA 

Control 

Control 

10µM 

+ + 
CU-18-09 NA 

lOµM 

L 
' 

+ + 
CU-18-09 KCI 
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The inhibitory effects of each CU 
compound in this study were more 
prominent in the prostatic portion where 
KC! was used to evoke the contraction. 
As seen in Figure 3, each of the synthetic 
CU compounds at the concentration of 10 
µM was able to significantly suppress the 
KCl-induced prostatic contraction. 
Moreover, an increase in the concentration 
to 100 µM produced further suppression. 
A descending order of the inhibitory 
potency at the tested concentration of I 00 
µM was CU 18-09 >CU 18-07 >CU 18-
12. Although the order of the inhibitory 
effects was slightly different from the 
above-mentioned, CU 18-09 was still the 
most potent compound in inhibiting 
agonist-induced contraction of rat vas 
deferens in Ca2•-containing physiological 
solution. 

lOOµM 

Smin 

-) O.Sg 

+ + 
CU-18-09 NA 

lOOµM 

5min 

jo.s g 

+ + 
CU-18-09 KC! 

Figure 2. Representatives of the contraction profiles of (A) the epididymal portion in 
response to noradrenaline (NA) (IO µM) and (B) the prostatic portion in response to KCI (50 
mM) in Ca2

+ containing solution. A CU compound (I 0 µM, I 00 µM) was added 5 min prior 
to addition of NA or KC!. 
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Figure 3. Effects of the CU compounds on agonist-induced phasic contraction of the rat 
isolated vas deferens in Ca2

+ containing solution. The concentrations of the tested CU 
compounds were (A) 10 µMand (B) JOO µM. Data represent the mean± S.E.M. from 6 
separated experiments. * indicated significant differences· in means of the % contraction in 
the presence and absence of each CU compound (p<0.05). 
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Figure 4. Effects of the CU compounds (100 µM) on agonist-induced phasic contraction of 
the vas deferens in Ca2

+ free solution. Data represent the mean ± S.E.M. from 6 separated 
experiments. *indicated significant differences in means of the% contraction in the presence 
and absence of each CU compound (p<0.05). 
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In Ca2
• -free physiological solution, 

CU 18-09 ( 100 µM), the most potent CU 
compound in this study, lost its inhibitory 
effects against NA-induced contraction of 
the epididymal tissues (Figure 4). In 
addition, none of the synthetic CU 
compounds at the concentration of 100 µ 
M significantly affected KCl-induced 
contraction of the prostatic part in Ca2+­
free medium. These findings strongly 
suggested that each CU compound exerted 
its inhibitory effect against agonist­
induced contraction via disruption of the 
Ca2

• entry. 

Contractions in a Ca2+-free de­
polarizing solution. 

Figure 5 illustrates the effect of CU 
18-09 (I 00 µM), which was the most 
potent CU compound in this study, on 
suppression of the prostatic contraction in 
CaC12-induced contraction in high K+­
Ca2+-free solution. Like CU 18-09, CU 
18-07 and CU 18-12 were able to inhibit 

100 -e- Control 
-0- cu 18-09 

80 
Q) 

"' c: 60 0 
Cl. 

"' Q) 

0:: 
40 ~ 0 

20 

0 

IOI 

the contraction in this condition. The 
apparent pA2 values of CU 18-07, CU 18-
09 and CU 18-12 at the concentration of 
100 µM were 4.02 ± 0.19, 5.01 ± 0.14 and 
3.74 ± 0.02, respectively (n = 6 separated 
experiments). The pA2 values suggested 
that CU 18-09 was the most potent 
compound in blockade of Ca2+ entry. 
However, CU 18-09 elicited much less 
potency than nifedipine of which the 
apparent pA2 value at I µM was 6.23 ± 
0.01. 

Discussion and Conclusion 

The vasoactive properties of the 
acyl aniline and acyl aminopyridine 
derivatives were described in isolated rat 
aorta as antagonists of calcium entry ( 1, 
2). The data obtained in the present study 
confirmed that these synthetic compounds 
might exert its pharmacological action, in 
part, via blockade of the Ca2+ entry into 
smooth muscle. 

* 

J 
-4.0 -3.5 -3.0 -2.5 -2.0 -1.5 

Log CaClz 

Figure 5. Dose response curve of% response and cumulative dose of CaCl2 in the presence 
of CU 18-09 (I 00 µM). The contractile responses were expressed as an average percentage 
of maximum contraction induced by CaCl2 30 mM. Data represent mean ± S.E.M. obtained 
from 6 experiments. * indicated significant differences in means of the % response between 
the control and the CU compound (p<0.05). 
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It was well established that the 
epididymal and prostatic parts of the rat 
vas deferens differ in mechanisms 
initiating the contraction including 
distribution of adrenoceptors and 
mobilization of intracellular Ca2

+ (3, 7, 11-
13 ). The epididymal portion enriched 
with a 1A adrenoceptors of which 
activation leads to the opening the 
membrane Ca2

+ channel and smooth 
muscle contraction (12, 13). In contrast, 
the prostatic part expressed more 
sensitivity to KC!- induced contraction 
than the epididymal part possibly due to 
the higher number of membrane Ca2

+ 

channels and smooth endoplasmic 
reticulum (12, 14). KC! induced 
membrane depolarization, which resulted 
in the opening of the voltage-dependent 
Ca2

+ channels (9, 15). Hence, we 
investigated the influences of the synthetic 
CU compounds on Ca2+ influx mediated 
through adrenoceptor pathway in the 
epididymal part and through membrane 
depolarization in the prostatic part. In 
addition, we also examined the effects of 
the CU compounds on BaCl,-induced 
depolarization in the epididymal part. 

In agreement with our previous 
report, we found that each of the tested 
CU compounds: CU 18-07, CU 18-09, and 
CU 18-12 had no intrinsic properties to 
activate a 1-adrenoceptors or induce 
membrane depolarization (2). On the 
contrary, they were able to inhibit the 
contraction of the epididymal and pro static 
tissues Rrovoked by NA, KC!, and BaCI, 
in Ca+ -containing solution. These 
inhibitory actions were not seen when the 
experiments had been performed in Ca2

+ -

free environment. Hence, it was likely 
that each of the tested CU compounds 
shared a common feature in inhibiting 
influx of extracellular Ca2

+ across plasma 
membrane. To confirm our hypothesis, 
we determined the contraction in the 
experimental model of high K+, Ca2

+- free 
depolarizing solution mediated 
depolarized tissues. By this method, we 
were able to determine an inhibition of 
Ca2

+ entry from the extracellular to 
intracellular pool when CaCl2 was added 

Soratiya Charoensomprasong 

cumulatively to the system. We found 
that all of the tested CU compounds 
suppressed the contraction, suggesting that 
these compounds inherited the properties 
of membrane voltage-operated Ca2

+ 

channel blockers. 
Each of the tested CU compounds 

appeared to exert more inhibitory action 
against the contraction induced by KC! 
than the one induced by NA. This was 
evidenced by that none of the three 
synthetic compounds at the concentration 
of 10 µM inhibited the NA-induced 
contraction, but they significantly 
inhibited KCl-induced contraction. At the 
concentration of 100 µM, except CU 18-
09 which elicited the comparable potency 
toward NA- and KC!- induced contraction, 
CU 18-07 and CU 18-12 had lesser 
inhibitory effects on NA-induced 
contraction than on KCl-induced 
contraction. Taken together, these 
findings suggested that these compounds 
might exert its actions specifically at 
voltage-operated Ca2

+ channels. 
Previous findings demonstrated that 

the modification of the functional group at 
para-position had little influence on 
inhibitory potencies against ca'+ influx in 
the rat isolated aorta (2). On the contrary, 
this study showed that the difference in 
functional group at para-position of 
phenyl ring significantly influenced the 
effects of these three synthetic CU 
compounds on contraction of the rat 
isolated vas deferens. The change of 
functional group from -OCH3 group (CU 
18-07) to -N02 group (CU 18-09) on 
phenyl ring increased the potency in 
inhibiting the Ca2+ influx. In addition, the 
structure with aminopyridine ring (CU 18-
12) was less potent in blocking of Ca2

+ 

influx than the one with nitroaniline ring 
(CU 18-09). 

In summary, newly 4-aniline 
compounds (CU 18-07, CU 18-09) and 
acyl 4-aminopyridine compounds (CU 18-
12) exerted its pharmacological actions on 
the contraction of isolated rat vas deferens 
possibly by blocking the Ca2

+ entry 
through the voltage-operated Ca2

+ 

channels. In addition, the modification of 



Thai J Pharmacol; Vol 26: No 2, May-Aug 2004. 

molecular structure at para-position on the 
phenyl ring affected the inhibitory potency 
of these compounds on smooth muscle 
contraction. 

References 

I. P. Puechprom, P. Dhumma-upakom, C. 
Patarapanich, and S. Jianmongkol. 
Functional screening for the effects of 
new acyl aniline and acyl aminopyridine 
derivatives on calcium entry in rat aortic 
smooth muscle. Thai J Pharm. Sci. 
2002;26 (3-4): 85-95. 

2. A. Khayungamnawee, P. Dhumma­
upakom, C. Patarapanich, and S. 
Jianmongkol. Effects of new synthetic 
acyl aniline and acyl aminopyridine 
derivatives on contractility of rat aorta. 
Thai J Pharm Sci 2004 (manuscript 
accepted). 

3. N. Mallard, R. Marshall, A. Sithers, A., 
and B. Spriggs. Suramin: a selective 
inhibitor of purinergic neurotransmission 
in the rat isolated vas deferens. Eur J 
Pharmacol 1992;220: l-10. 

4. I. von Kugelgen and K. Starke K. Release 
of noradrenaline and ATP by electrical 
stimulation and nicotine in guinea-pig vas 
deferens. Naunyn Schmiedeberg's Arch 
Pharmc 1991;344: 419-429. 

5. H. Karaki, H. Ozaki, M. Hori, M. Mitsui­
Saito, K. I. Amano, K. I. Harada, S. 
Miyamoto, H. Nakazawa, K. J. Wan, and 
K. Sato. Calcium movements, distri­
bution and functions in smooth muscle. 
Pharmacol Rev 1997;49: 157-230. 

6. K. Nakazawa, H. Saito, and N. Matsuki. 
Fast and slowly inactivating components 
of Ca2+ channel current and their 
sensitivity to nicardipine in isolated 
smooth muscle cells from rat vas 
deferens. Pflugers Archs 1988;411:289-
295. 

7. D. W. Hay and R. M. Wadsworth. The 
effects of calcium channel inhibitors on 
twitches and noradrenaline contractions 

103 

of the rat bisected vas deferens. Eur J 
Pharmacol 1983;87: 367-78. 

8. W. Thong, C. Boonwan. Synthesis and 
pharmacological action of acyl 
aminopyridine derivatives and acyl 
aniline derivatives. A senior project 
submitted in partial fulfillment of the 
requirement for the degree of Bachelor of 
pharmacy, Chulalongkom University, 
(2000). 

9. R. P. Hof and H. J. V uorela. Assessing 
calcium antagonism on vascular smooth 
muscle: A comparison of three methods. 
J Pharmacol Methods 1983;9: 41-52. 

10. J. M. Van Rossum. Cumulative dose­
response curves. Arch Int Pharmacodyn 
Ther 1963;143: 299-330. 

11. N. I. B. Amobi and I. C. H. Smith. 
Different actions in the rat prostatic and 
epididymal vas deferens of cyclopiazonic 
acid or ryanodine on noradrenaline­
induced contractions. Gen Pharmac 1999; 
32: 271-278. 

12. N. Matsuki, K. Higo, H. Saito, and K. 
Nakazawa. Regional difference in 
sympathetic neurotransmitter- and Ca2+ 
channel-mediated responses in rat vas 
deferens. Gen Pharmac 1996;27:689-693. 

13. D. W. Hay and R. M. Wadsworth. The 
effects of calcium channel inhibitors and 
other procedures affecting calcium 
translocation on drug-induced rhythmic 
contractions in the rat vas deferens. Br J 
Pharrnacol 1983;79: 347-62. 

14. D. W. Hay and R. M. Wadsworth. 
Potassium contractures in the rat isolated 
vas deferens: the role of noradrenaline 
release and extracellular calcium. Br J 
Pharmacol 1981;72: 143P-144P. 

15. N. S. Cook and U. Quast. Potassium 
channel pharmacology. In N.S. Cook 
(ed.), Potassium channels, structure, 
classification, function and therapeutic 
potential, Ellis Horwood, Chichester, 
UK, 1990, pp. 181-255 



. . . 
d'h.Jil~m>lJ'IHJ,iJ101'111fll>'llV,fflJ1fllJlllff'll'hw1Vit'.ilJ'111iJu,1um~,u~ vuY 2545 ~u(i, 

1h ~uu ~1'11um i.i'ii'lil 'h1nm>1J> wwY1N1'111m>unffm~rnm:;1Jnmmm,mTin1U ff'll 1U. 
' ' ' 

' . 
Vil'11um i.i'ii'lil1J»aw¥1N1'111m>iuui\'1 6 nf, . . . 

w d ,.. 

fl'.i"l'I 1 !JV" Current Concept in Breast Cancer Therapy 

t\ila uvtv1m.1 i;a,fim'l ~lflffmuulJ:;t~"utt"'ll1~ . ' . 
w d "' fl'.iTVI 2 !JV" Pharmacogenomics 

l\ilO Nff.lil>.1illil>l TiffUOfll1 fl\U:;U~l'IVfflff\il{ lJ11ll1'101l1a'llffW!ln'W 

1 =rl cl rl=<>I 
~\ilV Nff.'W~.~ff'Wli ~'\ilJ:;fl!l fl\U:;U~VIOfflff\il'.i ~Wll1,flJ\UlJ11111'101!1V 

" ' . ' ' 
nf,Vj 4 !~'El" Rheumatoid Arthritis and Osteoarthritis: Pathology and Treatment 

L\ila u~.ilfl~ t\ilt~lJ hniam> 111U:;u~Y1Vfflff\il{ h"~v1m11>1mil1J~ JJm1¥101i1alJtt\ill1 . . ' w d ,.. 

flHYI 5 l'.i!N Cholesterol Lowering Drugs 

l\ila >ff.lil>.ff~ii'im{ ~>il11fim'l 

. ' . 
w d .. fl'.i"l'I 6 !HN Current and Future Management of COPD in 2004 

L\ilV u~.u>:;~uil v"ia~l'l'li 111U:;u~Y1VffllYl'l>ff'.i>1'll~mml1 

• 
1u11>m1uu1Jiltmnl'1 126 

. ' . 
1 u 'li1" u > fl'l Vit'.i lJ 1 M'n il ~ m' lJ~'l t 'liu il ¥11" ffmn mn 1.l'll1vw1u 1-i ,11' :;1 ¥1 ff i YI a i fl' f 1J m > 

lYU1Jff'4'W ~lfl1J'.ilJVll'll~ "~ll11 il>:;tl'lffi 1'10 1 \ilV iiJnmrn!l1J!ll'l'Wl~lN lolaJIU llllff'lllllU'll'll!Nl'll" . ' 

1J 1 ll' 'Yiu~ iJ,:; m > 1\iiu11:; ~ "t tl' u 11~ 1i'1v1111'11" 1'111n1' Vi '11 u iY:ifo ¥11" i-1w1'111 m> 'II v" fflJ 111 lJ "I iJ~•n 

~\ili.lvu 1vmaifil'lu 11 i\'niliJu~ irn:; ifi'f umnruuff'4 ui~m~lJ ~lnu'.ill''Vlv1> w~u 'l ~1~"1-fiu 
• 

iJ,:; lv'llU'llv~il~mrni'liuil 



Thai J Pharmacol; Vol 26: No 2, May-Aug 2004. 

RESEARCH ARTICLES 
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Abstract 

105 

Noni juice (Marinda Citrifalia L.) had long been known as a medicinal plant in 
folklore medicine in tropical countries and Pacific islands. To date, the only available 
scientific knowledge was focused on antioxidant and anti-cancer effects, while it was claimed 
to have beneficial effects on stress relieved and happiness feeling by the noni juice­
consumers. The central effect of noni was demonstrated from the noni root extract to contain 
sedative and analgesic properties. In this study, we utilized an elevated-plus maze (EPM), a 
standard test for anxiety in rats to determine whether noni beverages contained an anxiolytic 
property. We found that noni juices from two commercially available sources had marked 
effect on the anxiety-related behavioral parameter on EPM in rat. This effect was comparable 
to that of diazepam, a clinically effective anxiolytic drug. Noni juices and diazepam can 
increase time spent in the opened-arm of the EPM, the indicator of anxiolytic-like behaviors 
without effect on locomotor activity. Additionally, we did not find any detrimental effect on 
liver and kidney functions when the noni juice was fed for 30 days; the daily weight gain and 
feed intake were not affected as well. 

Key words : anxiety, anxiolytic, elevated-plus maze, Marinda citrifalia, noni 
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Introduction 

Noni (Marinda citrifolia Linn. 
Rubiaceae) is a small evergreen plant that 
can be found from India through Southeast 
Asia to Eastern Polynesia. Its common 
names are noni, nonu, Indian mulberry, 
duppy soursop, cheese fruit, Ba Ji Tian, 
mergadu, yor and nhau. The noni has been 
used in various aspects; different parts of a 
plant (e.g. fruit, leaf, bark, root, flower and 
seed) have long been employed in folklore 
medicine to treat a broad range of diseases 
including diabetes, hypertension, 
infections, colds, and cancer'. 

There are more than 160 identified 
chemicals in noni, the major components 
are scopoletin, octanoic acid, terpene 
compounds, alkaloids, anthraquinones, j3-
sitosterol, carotene, vitamin A, vitamin C, 
potassium, flavone glycosides, linoleic 
acid, amino acids, acubin, asperuloside, 
acubin, caproic acid, caprylic acid, ursolic 
acid, rutin, a putative proxeronine, 
glycosides, and a tri-saccharide fatty acid 
ester1

·
5

• It had been proved recently that 
noni juice extract contained antioxidant, 
anti-cancer5 and anti-inflammatory6 

property both in vivo and in vitro' 
experiments. The in vitro experiment 
revealed that glycosides in noni fruit 
extract were responsible for the anti-

• • 2 cancer ac!Iv1ty . 
These scientific evidences are not 

only supported the knowledge of noni as a 
medicinal plant in folklore medicine, but 
also supported some health benefits of the 
juice claimed by the consumer. Nowadays, 
noni juice is commercially market as a 
health-promoting beverage and according 
to data obtained in the USA for 2001, an 
average number of 46,603 people 
purchased Tahitian Noni® Juice per 
month8

. Similarly, in Thailand, the use of 
herbal products is also arising. Despite of 
becoming a popular herbal product, in 
2000, there was a case report of 
unfavorable effect of noni juice on chronic 
renal failure patient9. It is thus likely that 
the consumers are sometime unaware of a 
serious health consequence that might 
occur. 
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In this study, we were interested in 
the anxiolytic action of noni juice 
beverage, as it is claimed to produce 
happiness and reduce stress. To date, the 
only reported central effect of noni is that 
the noni root extract contained sedative 
property along with the central analgesic 
activity in mice10

• Unfortunately, the 
active substance has not been yet 
identified, it is therefore could not make 
an assumption that the fruit would have 
similar effect as the root; since some 
constituents found in the root like 
anthraquinone could not be detected in the 
juice'. In order to test for anxiolytic effect, 
the elevated plus-maze (EPM) is selected; 
this test is widely used and specific for 
anxiety. It bases on unconditioned 
responses to a potentially dangerous 
environment, the combination of height, 
luminosity and open space is assumed to 
induce fear or anxiety in the rodents. The 
degree of anxiety is assessed by measuring 
the time spent on the opened- and closed­
arms, and the number of entries made into 
each arm"·". Additionally, the effect of 
noni juice on growth and the clinical 
chemistry specific for liver and kidney 
profiles were determined as well. 

Materials and Methods 

Noni Juice 

Noni juice used in the experiments 
were Tahitian Noni® Juice (TNJ; Morinda 
International Inc, Thailand) and Siam 
Noni® (SNJ; Suprederm International, 
Thailand). TNJ was a fruit juice mixture 
of 89% Tahitian noni juice and 11 % 
common grape and blueberry juice 
concentrates. SNJ was produced from 
Thai noni and composed of 99% noni 
JUI Ce. 

Animals 

Male Wistar rats weighing 200-250 
gm at the beginning of the experiments 
were obtained from National Laboratory 
Animal Center, Mahidol University 
(NLAC-MU), Thailand. All animals were 
housed in shoebox cage under 12h 
light/dark cycle (lights on at 0700 h) at 
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room temperature (25±2°C). Standard rat 
chow and water were supplied ad libitum. 
Body weight and amount of food 
consumed were measured daily. After 7-
day adaptation period, rats were assigned 
randomly into 4 groups: control, 
diazepam, TNJ and SNJ (n = 9 per group; 
except n = 12 for SNJ group). The rats 
were fed with 1 ml of water or noni juices 
for 15 or 30 days. For the diazepam 
treated groups, the rats were daily gavaged 
with 1 ml water, and diazepam dissolved 
in distilled water was given orally at a 
single dose of 15 mg/kg on the day of 
behavioral test. All procedures were done 
under the approval of Animal Used 
Committee, Faculty of Veterinary Science, 
Chulalongkom University. 

Behavioral assessment 

The behavioral experiments were 
performed using an EPM, the standard test 

. l'k b h . . t 11-13 to assess anxiety- 1 e e av10rs m ra s . 
The EPM was made of wood, elevated 50 
cm above the floor, and consisted of four 
arms of equal dimension ( l 0 x 50 cm) in 
which two arms enclosed by high wall (30 
cm) and two arms opened. The last day of 
experiment, rats were placed in the center 
of the EPM facing a corner of the platform 
15 min after receiving water or noni juice. 
Rats treated with diazepam, a standard 
anxiolytic agent (Azepam 5, Macrophar 
Co. Ltd, Thailand) was tested on EPM 
within 5 min after received drug. The 
behavioral test was conducted during the 
light phase of the cycle, between 0900-
1100 h in a low natural light room. Each 
rat was allowed to explore freely on the 
EPM for 5 min and recorded on video 
cassette recorder for later analysis. The 
parameters measured were time spent in 
opened-arm, closed-arm and center 
platform, including number of entries into 
each arm. Number of times of rearing and 
grooming were also recorded. An arm 
entry was defined as the placement of at 
least both forefeet into one arm. 
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Clinical chemistry 

Blood was collected from the heart 
at the end of the experiment and tested for 
liver and kidney profiles using Reflotron® 
test strips for alkaline phosphatase (AP), 
glutamate pyruvate transaminase (GPT), 
glutamate oxaloacetate transaminase 
(GOT) and creatinine (Roche Diagnostics, 
Thailand). For blood urea nitrogen (BUN), 
the plasma concentration was determined 
by colorimetrically measuring the product 
formed in the direct reaction of urea and 
diacetyl mono-oxime14

. Blood glucose 
was measured by using Accu-Chek® 
advantage II blood glucose test strips 
(Roche Diagnostics, Thailand). The 
plasma was analyzed for sodium and 
potassium concentration by flame 
photometry (model 4JOC clinical flame 
photometer, Corning, Halstead, Essex, 
UK) and for chloride concentration by 
chloride titration (model 925 Chloride 
analyzer, Corning). 

Data analysis 

For each rat, the total number of 
entries (opened + closed arm), the 
percentage of opened-arm entries (JOO x 
opened-arm entry/ total entries), and the 
percentage of time spent on the opened­
arm (JOO x opened-arm time/300) were 
calculated. Then, the effects of noni juice 
on all parameters were analyzed using 
one-way analysis of variance (ANOVA) 
followed by Student-Newman-Keuls test 
to compare between groups. The unpaired 
t-test was used to compare the different 
effects of noni fed for 15 days and 30 
days. The data were expressed as mean ± 
SE. A difference of the means of p < 0.05 
was considered as statistically significant. 

Results 

Body weight and feed intake 

There was no different in body 
weight, daily weight gain or daily feed 
intake between treatments after noni juices 
were given orally for 15 days. Similarly, 
when the treatment was extended to 30 
days, there was no different in all 
measured parameters as shown in figure I. 
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Behavioral assessment 

The rats treated with diazepam (15 
mg/kg, PO), the standard anxiolytic agent, 
spent more time in an aversive opened 
area compared to control (p < 0.001) as 
shown in figure 2. Similar to diazepam 
treated-rats, 15-day noni treated-rats spent 
longer time on opened-arm than control (p 
< 0.001; figure 2). Moreover, the number 
of total entry into both arms and the 

A o control ll:lil TNJ r..a SNJ 1111 diazepam 

s~~~--~~~~~~~~~~~ 
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15 day 30day 
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number of rearing, the indicator of motor 
activity in rats fed with noni juices or 
diazepam were not different from control 
(figure 3). Interestingly, when noni juice 
was fed for 3 0 days, the percentage of 
time spent in opened-arm and the 
percentage of opened-arm entry were not 
significantly different from those of 15 
days as shown in figure 4. 

o control 111 lNJ E:I SNJ 111 diazepam 

15day 30day 

Figure 1 Effects of noni feeding on daily weight gain (A) and daily feed intake (B) 
There was no different between treatments when noni juices were fed for 15- or 30- days. 
Data presented as mean ± SE. 
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Figure 2 Effect of 15-day noni feeding on opened- and closed- arm time. 
Noni juice and diazepam were able to induce an anxiolytic like-behavior upon exposure to 
the EPM as they spent more time on the opened-arm and less time on the closed-arm 
compared to the controls. *** Significantly different from control at p < 0.001, one-way 
ANOV A followed by Student-Newman-Keuls test. Data presented as mean± SE. 
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Control TNJ SNJ Diazepam 

Figure 3 Effect of 15-day noni feeding on motor activity; total arm entry (A) and rearing 
(B). The total arm entry (A) and the number ofrearing (B), the indicators of motor activity in 
rats tested with EPM were not different between treatments. Data presented as mean ± SE. 
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Figure 4 Effect of length of noni feeding on percentage of time spent on opened-arm (A) 
and percentage of opened-arm entry (B). There was no different in the percentage of time (A) 
or number of entry (B) into opened-arm when noni juices were fed for 15 or 30 days. Data 
presented as mean ± SE. 

Table 1 Clinical chemistry of rats fed with noni juice for 30 days. There was no different in 
clinical chemistries between treatments. Data presented as mean ± SE. 

Control TNJ SNJ Diazepam 

AP (U/L) 633.00±92.47 421.25±29.08 478.75±36.32 504.75±83.25 

GPT (U/L) 22.15±1.27 27.45±1.15 22.50±1.24 27.25±2.13 

GOT(U/L) 68.68±6.78 81.10±8.58 85.88±14.15 77.65±5.37 

BUN(mg%) 47.20±3.83 39.94±2.71 49.69±4.25 45.43±1.20 

Na+ (mEq/L) 137.75±4.39 137.25±2.87 139.50±2.18 138.25±4.39 

K+ (mEq/L) 4.33±0.15 3.90±0.07 3.95±0.21 4.25±0.29 

er (mmol/L) 98.00±1.68 99.75±0.75 102.00±1.08 99.25±0.75 

Glucose (mg/dL) 116.75±2.50 135.50±4.33 120. 75±4.31 138.25±5.25 



Thai J Pharmacol; Vol 26: No 2, May-Aug 2004. 

The grooming activity recorded 
from the EPM was not different between 
treatments. However, it should be noted 
that the number of grooming was reduced 
in rat treated with noni juice and diazepam 
(data not shown). Moreover, when the 
feeding was prolonged to 30 days, the 
noni-fed rat had no grooming activity in 
all parts of the maze. 

Clinical chemistry 

At the end of experiments, blood 
was collected for measuring AP, GPT, 
GOT, BUN, creatinine, Na', K', er, 
glucose. There was no different in all 
parameters compared to control group 
after feeding for 1 S days (data not shown). 
Similarly, in a 30-day treated group, all 
blood chemistries were not significantly 
different from control (table 1). 

Discussion 

In this study, we examined the 
effects of noni juice on anxiety related 
behavior, along with the effects on body 
weight gain, feed intake and blood 
chemistry related to liver and kidney 
functions. We found that noni juices in a 
form of supplemented beverages (TNJ® 
and SNJ®) contained an anxiolytic activity 
in rats when tested with elevated plus 
maze (EPM). The EPM is a valid 
behavioral test for the selective anxiolytic 
and anxiogenic agent in the rat. The 
correlation of behavior, physiologically 
and pharmacologically have been stated". 
Since the opened elevated area could 
evoke an unconditioned fear, rats usually 
made fewer entries into the opened arm 
than into the closed arm, and spent less 
time in opened-arm. The agents that can 
increase the percentage of time spent on 
the opened-arm and the number of entries 
into the opened-arm is therefore implied 
as an anxiolytic agent. Diazepam, a 
clinically effective anxiolytic had been 
shown previously to increase both time 
and number of entry into opened-arm 11

•
15

• 

In this study, the rats treated with single 
oral dose of diazepam spent more time in 
the opened-arm when compared to 
control, and this finding was in agreement 

Il I 

with others. Similarly, we found that noni 
juice when given orally for 1 S days could 
produce an effect resembling to diazepam 
in that rat fed with noni juices spent more 
time in the aversive opened area, while 
control rats avoid it and stayed in a 
protected closed-arm. Since there were 
some concerns that the increase in opened­
arm time could be confounded by an 
increase in motor activity of the rats, the 
total number of entries into both arms and 
the rearing behavior were usually 
recorded. We did not find any different in 
total entries or number of rearing, 
suggesting that noni juices and diazepam 
contained an anxiolytic effect without any 
effect on motor activity in this test. 

Additionally, the prolongation of 
noni juice feeding to 30 days had no 
greater effects than those of IS days 
demonstrated by the percentage of 
opened-arm time and opened-arm entry 
were not different between IS- and 30-day 
treatment. Although it is likely that 
prolonged taking of noni juice had no 
more additive effect but it should be noted 
that the grooming activity, another 
indicator of anxiety, was reduced in rats 
treated with noni juices for 30 days. 

From this study, we can conclude 
that the noni juices (TNJ® and SNJ®) 
could reduce anxiety-related behavior in 
rats and SNJ® yielded similar effect to that 
of TNJ®. In addition, body weight, daily 
weight gain, daily food consumption, the 
liver and kidney profiles were not affected 
as well even when the feeding was 
lengthened to 30 days. However, Mueller 
and coworkers' has reported previously 
that noni juice caused an unfavorable 
effect on chronic renal patient due to high 
concentration of potassium in noni juice. It 
is possible that in healthy animal, the body 
can excrete unwanted materials from the 
body compared to sick animal. 
Nevertheless, it should take into account 
that potassium concentration in the noni 
juice was quite high, and this could cause 
an undesirable effect to patient or animal 
with health problem. 

In conclusion, we found that noni 
Jutces in a form of supplemented 
beverages could reduce anxiety with no 
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detrimental effect on liver and kidney 
functions in rats. The exact mechanism or 
the active substance(s) responsible for this 
anxiolytic effect will be required further 
investigations. 
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REVIEWS 

Considerations Before Prescribing Phenytoin 

Chaichan Sangdee 

Department of Pharmacology, Faculty of Medicine, Cheingmai University 

Abstract 

Although phenytoin has been used to treat epilepsies for several dacades, it is still 
among the drug of choice in the treatment of generalized tonic-clonic, simple partial and 
complex partial seizures, since it is highly efficacious and not expensive. However, phenytoin 
is a drug with complex pharmacokinetic properties such as its absorption and metabolism 
may be saturated at the conventional doses and at the upper therapeutic concentrations and 
high plasma protein binding (approximately 90%). These characteristics can cause serious 
drug interactions and has great impact on plasma phenytoin concentrationa. In addition, 
preparations of phenytoin from different manufacturers may differ significantly in 
bioavailability and hence are not bioequivalent and thus cannot be used interchangably. All 
these can lead to problems in clinical setting if physicians and pharmacists are not aware of 
these special pharmacokinetic characteristics of phenytoin. There are immediate release oral 
phenytoin preparations such as Ditoin® and modified release preparations such as Dilantin 
Kapseals®. Immediate release phenytoin preparations have several advantages over those 
modified release preparations, they are absorbed more rapidly and the extents of absorpfam 
are greater and less fluctuation of plasma levels of phenytoin. However, immediate release 
phenytoin preparations need more frequent dosing, 2-3 times a day while the modified release 
preparation can be giving once daily. Immediate release preparations may be more suitable 
when loading dose is deem necessary for the rapid control of frequent seizures. 

Key words: phenytoin, bioavailability 
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jjm'l~!Jvl1 3 vliLLa01,1u'lU~ 1 ~flnBlfllllJ • 
.... .... .. ' ., ., 
<l!J WU 5 'l•'Y11li'1fUl01 !11 LLll" flll!J L ti !Jtl U'1f "' 
phenytoin 1uwi\lil!Jlt1B1!11 2 11h-i'u' 'Jln~a 

nl'lflnmri~1U~i1m'll(J01W!J phenytoin tJUl\ll 
• .... ® 

300 !Jn 'Jlfl\lll'lU Ditoin (immediate release 

preparation) ii1~\ll~1Jv1'11 umaiairm'll!I~ 4 
• .... ® 

LLa• 7 LLa•'Jlfl\lll'lU Dilantin Kapseals (mo-

dified release preparation) 1umaiairm'll!I~ 2 



116 immy umii 

Subject 1 Subject 1 

I 
g 
8 
;'l 

I 300 mg 
300mg 200 mg 

2 200mg 100 mg 
100mg 

20 40 60 60 0 
0 20 40 60 60 

Tlme(hr) 
Tlme(hr) 

Subject 2 Subject 2 

I 
• 6 

g 
8 . .. 
" 300mg 300mg 

~ 200 mg 2 200 mg 
100 mg 100mg 

20 40 60 BO 20 40 60 BO 

Tlme(hr) Tlme{hr) 

Subject3 
Subject 3 

I 
" 8 

i ~ JOO mg 300mg 
~ 200 mg • ...___ -........._"' ·---·- 100mg 

2oamg 
100 mg 

~ -----~~ ~ 
0 

0 20 40 " BO 0 20 " " BO 

Tfme(hr) Tlme(hr) 

Subject4 Subject4 

I 
6 

~ 4 

I 300 mg 
300mg 

2 200mg 
200mg 

• 100mg 
100mg ---~- -------------~ 0 

20 40 60 BO 0 20 40 60 BO 

Time !hr) Tlme(hr) 

.. mimti'1Jti'u~a~ Phenytoin 1uvrn1<11J111t1'~1.i'~u Ditoin ® ('li'1a) Lto• Dilantin Kapseals® (~11) nh11 • ~ q 

~Ul\il 100, 200 LLa• 300 !Jn m~L\ilm 
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Subject5 Subjects 

i ' • 
1l s 
i • 
t -------- 300 mg 

! 300 mg -------= ·"·--- 200 mg 

• 200mg 
~mg 100mg 

0 0 
0 20 40 60 BO 0 20 " 60 BO 

Tlme(hr) Tlme(hr) 

Subject& Subject& 

I ' 
s 
~ • 

I 300 mg 300 mg 

~ 200 mg 200 mg 

100mg 100mg .__ 

0 0 
0 20 40 60 BO 0 20 40 60 " 

Time(hr) Tlme{hr) 

Subject 7 Subject7 

i ' 6 

t 
~ 
~ .. 
! 300mg 

• 200mg 2 
1oomg 

0 0 
0 20 40 60 BO 0 20 40 60 BO 

Tlme(hr) Time{hr) 

Subject 8 Subjects 

i ' 
1 
~ • 8 

J 300 mg 300mg 

• 200 mg 2 200 mg 

100mg 100mg 

0 0 
0 20 40 60 BO 20 40 BO BO 

Tlmelhr) Time (hr) 

.. ® 1'11~ 1 (~a) Dilantin Kapseals ® D1to1n • 



i .. 
g 
8 
0 

" Ji-
i. 

118 

.J ~~,,.i 
LLil• 4 (itl\'l 2) \Jofl'l1fl\J\J lJfl11.ifl1fl\'lL(i;l\il~ 

iiLdo lvifo phenytoin W\J1\il 400, 800 LLil• 

1500 l.fn l'l~~Lmv11'111mii"iiua'l<1\illuvrn1am . ' 
(maximal plasma concentration "1'1B CrnHx) 'll8~ 

... ' .... d 
phenytoin lJl'l1 3.9, 5.7 LLil• 10.7 l.ffl/am •111 

fl11Li'ilJ~\JWo'l Cm~ hiLU\Jlllil<i1\JnUW\Jl\il!ll~ 
.,.'. .J' 'd . . 

L"WlJ~\J LLli1LlJOLLU1W\Jl\iln!M phenytom 1600 

lJfl l\il!! 1WLLma•l'l~~1 W'lJo!Jg'l LLVl1 WUfl!l~\J cm 
LO I "" 2 .d ..,: .J' 

'l•lJm 15.3 lJfl/aVJ1 '1Hfl11L"WlJ~\J Cm~ Wfl'l 

11111vi'fo!111\ilmLU'l 1wml'l~'l\'lll~il'·•LU\Jll\il<i1\J 
nUW\J1\ilWfl~!llLdm¥iaui\'u~\Jllil 400 lJfl ~1W 
l'l~'l,m111 ~' L uu11li' n31m.i~"~LLil\il'li1m~~111 
WIJwm phenytoin iin11~lJll!1Lrlahifo 

1 ~ ~ 
phenytoin \JW\Jllil~'ll'l1~Llil!l1 

6 

Subject4 

40 

Tlme(hr) 

Subject7 

60 

300 mg 
200 mg 
100mg 

~~ =-- ~::~: ~~=--lOOmg 

80 

---., _____ ::::::::::::::~ 
o<-~~~~~~~~~~~~~~~ 

0 20 

Time (hr} 

® 
Dito in 

60 80 

6 

4 

111111-;:::\lll'IGl'l'lliN Phenytoin 'lw.hm1u 

\'lll'lfl111illilWlJ phenytoin fl>•'ll!l 1 tli'i"l • 
J' d ' ,?: 19'1 ., G ti 

L\JflL!lflVJl'l 111lJ'YM<llJo'l lill'lfl\J~l'lL11 1•1Jlfll 

90% Wfl'l phenytoin lu-wa1<11J1'l•~uilultl1mu 

ilauiiu ll!'lif u 'i'lm> lii'!11il'ol'i1'1'•ll"m•i''l 1ur1' . . 
ih v~ ii ila1JiiU 1 u-wai<1m~1ni1tln~llii1<i•Ln111 
'l1flillL11VJ 1\il 111Jii''lm> 1'li' phenytoin ~1l.fnum 
.J ••• Q 1 1· .,) Q 

\'l'lUflUflalJl.f\J 1J"WalfflJ1 lil~'l L\Jfl'l'llfl'l•Lfl\il 

fll>LLci1~uilu ila1Jiiu lh 1 wm1l.f L iil.fii'uwe1 

phenytoin 1mtla<11•1u-wa1<11Jlil'l~1J'l\Jlh1 w . . 
Lfllil Naii'l'l L~!l'l w"'le Yl'll~'lJ 1iLUJ1'111 mii lJii'lJ ~1lJ 
Wfl'l phenytoin 1u-wa1fflJlfll'lii~10~1 \JW1'lli 

Na 1 um1fo'1ll OVJl IJ5
'
6 fi1tl~1JlVIW11111•'ll!lll1"1 

(volume of distribution) Wfl'l phenytoin 1urJ 

u1 v~ii m1l'i1'11uwe'l l1i1tl n~ Lrn•ii>•llluilau iiu 
1 4 ti q4 Q 1 

mae111 fllillHJ o.e-o.s alil>lnn 

Subject 4 

20 

Time(hr) 

Subject 2 

Time (hr) 

Dilantin Kapseals ® 

• 

80 
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Phenytoin a1ul11ru1u~11mm1enmtth 
" " 

ilmw t~mrnu hlJ1uvlu tau 1'1n1~il1hmhi'l!]J lu 

011mhamw phenytoin fia cytochrome P450 

llU!il CYP2C9/10 (90%) trne CYP2C19 (8-

10%) tmmuafaif (metabolite) 11an~a1md 
i>laauiiu6~a1w1111ei!il1anilwiia (parahy-

' 
droxyphenyl derivative) ~'l hii:iq11~lin~a hi' 
1.het~u!l1i'l11J•~mnum1tl1.hamw phenytoin 
«I .J'..,, d CV .J OJ 1 

~rnmemU011\JlJ'j!il8lJ!il11'11•!ilU phenytoin a~ 
• ' • .J • • L\Jll1'l0111fl1fl llJa1e!ilu~a1 phenytoin •I! 

wma1J1lmi'li<i'j!il!llJv!1 011ti'ilJ~Ul!il~a1 
phenytoin al'illllLi1evlu~a1 phenytoin lu 

w a1 aim ~lJil'u ati11 mm•a• hit \l u ii'lila1unu 
.J.,!.J'75.Jd.,, .J.J. 

~\Jl!il~a1m11twlJ~U ' ll·:nuuan"1L'l11il'l1\J'l11'Yll 
' 

"I ... .. ,.,.J 1 . .... .,. .... .. L 'Hbl Wl'll'I VJ'li'l lJ!il1e'l1\JOO'lU'l$'li'il<IUY11$!il1~8'l 
" 

01101\l!il phenytoin ~iim1!l:1Jv!1 fll'illllLi~ 
u1mn!ilr.Jaii'11 •~m11'lai'l11~a'11'1ldil'u l!ila 1ijiff, 

lrnae 1ijm1uait 'l'l!il~\111 itn!ilr.Ja ti!avl1 mi11 
' 

tda1evlu~a1 phenytoin lml'ia!il~'l~'l 011l~lJ 
~\Jl!ilVB'I phenytoin ~'ll~lJifu 1vi'U'aaa1' 011 

i'!i11evlu phenytoin lumrud'i!d1au'lil'i11evlu 
• ~ ,.J ~I ••• m •Umueuua1m111m1'iletuu •rnev1a •'11 

" 
lLw11Efu-lu~Ul!ilm1iii~niiia'llJlnifu mruL'iiuif 

• \l ulim 11vi r.Ja11d'l~i1aail'ua11ui:i1m11J!l1i'l11J 

').I ... ... .... .J "' .J' '1ltmrna1r.Jam1tAm111aw11va1mmnAvu 
' 

llJll'Y!Ua 1a'l'lva.;i phenytoin <hu11d'l'ile . 
~n'lluaanm1'1l1~ """~n'llunarnii'11J11 um1 

t&'iua11111 trnei:i 011~!il~lJl'll'illffY11'll&iu 011111 

narnii'1~melLalai!!illin (enterohepatic recy-
10 "I .J 1 .. .11 • "' cling) •U11q1;nmmua avrna.;imu'ile~nfll'il!il 

phenytoin L\J~l'lflll'l'i!ei:ivi11helJlru 14-22 i11 

tm (i'lii'a 7-42 i11tm) il'ua~nu~m!ilm~H' 
11'lmeiiiu~a1 phenytoin luwmalJl liim~1eiiiu 
va1mdluwma:1J1~'l~'l A~<i!f'l~rnm phenytoin 

"~ Ol'l'l\Jl\J 

ll9 

v d -
l\l<l'll1~l~fl~/'llll'M'll£N Phenytoin 

... "" ... .J ""' "' r.Jam1lAl'l'l/W'tlV8'l phenytoin l'llfi!ilOU 

1euuu1eaimhu nai'la1u 111 ajlleii'iJ!iml'nu 
• • t .J • 

1e!ilu~a'll'll L\JWal<llJl !ill'll'l1e!ilu~a'l pheny-

toin 20-30 :1Jntli!i11 'iletn!ilm011naan!il11u 

iii1uii'1.;i (nystagmus on lateral gaze) a1mevlu 

30-40 lJfi/li!i11:iJ'mn!ilm011t&'imll (ataxia) 

lLae1evlu~.;ini1 40 :1Jn1lim'ilen1lii:im011-i11 
' ~ 1.J' .t ( uamrneaamual'l'illnq111m!ilalJa'l sedation, 

dysarthria and lethargy) 011 l!l' phenytoin 1eae 

m1'vlafo'tl1t1Aa1J'lln m'ill111i•n!ilt1Anrnau 

u1ea1mhuua11'1V1<lll'lliuw{a:1J 1nu 

(peripheral polyneuropathy) Lbael11 l i~u1aa1~ 
... "" ... .J' t <:: ,J..,, OJ uaam man11u1vu !ilmuw1et!iln111Ja\JllJl'I 

iia'luln 1ij~ ~u1arn111am'i!i:i~amh.11l'ia1 l!il 
' ..i .J' .J.,,, .., ... y .J'11 
"1UB1011VJ\J~U'l1m'l1\J'l8l'i!Ln!il'illnfll1LLWl'll\J 

d • .,, .J 
Ll.IB'l'illnmemu01101'il!il phenytoin 11 

vluii011!l1Jv!1 vl1ii'u 011•1i!ilu~ii~mnum~u~ 
1iiJfo~1 IJ fl U'ilea'l VJ a~ o1evJUl'll L Ula B !il lJlfi nil 

l i'lmeiiiu phenytoin 1uwmalJ11iiilLrim~lLti'l 
phenytoin lum111'unuwma1J1ii'a1Jilu tiiu 

.J • 
phenylbutazone, valproate ltaem11a!ilam1011 

.I t • ~ 1 .,..,1,.. i-1 ..,! Llu1amw phenytoin !ill'll'lumrnu 'lilJ'YllJ'l'l\!111 

rll~!ll phenytoin L°li'U valproate, cimetidine, 
,J .d • 

phenylbutazone ~1\Jl'll1'1"1lJ11U~!il1e!ilUV81 

phenytoin luwmam•\lum~d1011Lbu1amw 
phenytoin faan1eiiimau hiJ~ti111'!il phenytoin 

' ' . . .. 
L°lf'U carbamazep1ne, phenobarbital, LLfH;lnBVBfl 

, \luiiiu ~1~A111e1'1 ?i am~iiunii~mnu 
phenytoin '11al!Jvl1 tiiu valproate, phenobarbital 

""" carbamazepine lUUl'llffiil''ln't1111A<llJllfi 
•iim&imnu phenytoin •memama~'ilelil'111J 
nu phenytoin lum1fo'tl1hAa1Jifn1iiJ fil1LOITT 

Ull0~1'11VB1!Jll'11i'hifnu phenytoin :\i1m'i!LOITT 

il'u 1vi'ta1Ja'·12 
. trla~1• \luiiia11il'mma1d~11Jnu 



120 

phenytoin nwi'm•lii'u phenytoin 1uwa1i'11Jl~1 

iha1um1tl'l'ut1ui~mt1a~ phenytoin h11J1'11' 
.d ... .J ~· .J ... ..r 

L\11Jl•<l1JLWmrnnrna~~mua~rn 1 1w1•m~ll1J 

hi 

fllllil'iU:H'iJiH phenytoin 

mL~'.iUIJlJ81 phenytoin 1uitlLLUUlJB~ 

m 1foti1•m u• •ii~~ LL uu~ii m1tl a~ tlil au !ii'1 

maan•1nmL~'.ia1J 1!ii'L~1 (immediate telease) 

.i~ ti" tl,J 1 ·t1 ti' • LLarnuul11Jm1 1UL auu 11 a~ aaamm 

aan•1nmL~'.ialJ!i'1a~ (modified release) 1u 

m~l1~<1aum~tla~tlil am.o11ma an•1nLLfltl1fa 

Lrn•m1a•aia!ii'1t1a~mLm'.ia1J phenytoin ~1<181 

.J " ... ::11 ... . 
'IMLlllLn!U'l!lJa~m~LuUmLmWIJLLUU immediate 

I 1 .J D"l . I ® ~ re ease tJ"llnt~'t1 t ant1n Kapsea s lJOl"l 
• ,J 

a•a1am 37.92, 61.91 Lrn• 77.32% l'IL1al 
... & .,, 4 d " ... 30, 60 LLa• 120 1Jl\1ml1Jal~U 'INllJlLO!U'll 

lJfl~nl~LUUmLm'.ialJLLUU modified 
. ti ,J sustamed release <i \1 3) 

.d ® d 
L1J8~•1n Dilantin Kapseals LU1JU1 

Lm'ialJLLUU modified release m~a•aia!ii'1lla1 

120 Phenytoln (Thai) 100 mg In water 

100 

80 
~ 

~ 
0 

~ 60 

* 
40 

Dltoln (n=12) 
Dilantln {n=12) 

20 

0 
0 20 60 80 100 120 

Time(mln) 

11'i m a1•i a1\'h a ri111•ii m ~•11 L w~1•m•il1 ~a 

1 '11'1•!ii'umttl~amL tla1 li 1 umru~••t tl~aum 
l\lln modified release lJlLllt.J immediate release 

~~ 1 • 0 ~I • tl,J 1 •• ~ 10011 11m•1tuuma1L aau•1nm1 111ua•m1 

Dilan tin 
® ... ., """'I "" Q. J I 

Kapseals IJlJfl~flfl nl1!(!m'111Jm••LnmlJU fla11 

ih 1LLa•<T~lLi'llJB 'th 11'ia1m1u 1 '11'm1ua•fl~1 l!ii' 
,J • ._, ._., 1 • . ~ 1 
'111<1•~1nma~u1mta•~u1a \1fl111J111J1Ja u 

nwi'mfl~ LL~niiilmilai'iam1tmi1!ii'1t1a1~•!ii'u 

m1mliamm•mn' (m111~~ 1) 

l1"ft1 % n11~::-~1El 

(uii'i) Dito in 
® 

Dilantin Kapseals ® 

30 93.74 (,85%) 37.92 (<40%) 

60 92.94 61.91 (<55%) 

120 93.56 77.32 (<70%) 

tl ..J v "' . . ® . . ® .J • ,J'' .,, "' J \1 3 LL<lm1t1B!;jl!nl~a•aiamt1a~ D1tom LLa• D1lantm Kapseals '111U1'1111anMru•m1a•aiam1lJa1 
. •@~I . • 1• ' ,J ~ . • @ D1tom LulJLLUU immediate release (a•aia ~mnm1 85% \1 30 Ul\1) LLa•llfl~ D1lantm Kapseals 

~I lg,>"' t .J ..,., r .J "" 111 1 Luuuuu modified release (a•all'I muaam1 40% \1 30 1Jl\1 Uaan11 55% \1 60 1Jl\1 LLa•Uaan11 
,J ~ 70% \1120 Ul\1) 
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... 
'li'illJ!lfl1'lLlfli~~1llil~m1m'li'1Jti'mrn~ phenytoin 1u'11!1l<llJ1'11i1'~1vi'~u Ditoin 100 !JO l!J!I" 3 lill'll~ll 1 • 

~ ~ ~ 
m~ tl<l" Dilantin Kapseals 300 !Jfl 11Ja"m~ 

~U1a emu: cmin fll'lLlfli~~1lliN AUC0_24 c,, 
No. (1J'n1iili1'l) (1Jn1a1i1'l) llil~.,"~um ( % ) ( IJl'lfl /lJIJ /IJ a) (1Jn1a\ll'l) 

Ditoin DK Ditoin DK Dito in DK Ditoin DK Ditoin DK 

S9 12.88 16.05 10.25 9.64 25.67 66.50 285.40 304.52 11.89 12.69 

SIO 19.68 13.73 14.27 7.80 37.91 76.08 400.70 264.66 16.70 11.03 

Sll 
Sl2 14.36 11.64 11.57 8.77 24.12 32.64 312.39 240.94 13.02 10.04 
Sl3 21.62 23.43 16.06 16.46 34.63 42.33 459.59 494.57 19.15 20.61 
Sl4 14.65 10.96 9.83 6.93 49.06 58.04 291.94 215.80 12.16 8.99 
SIS 10.13 13.17 8.11 8.44 24.92 56.12 218.81 269.37 9.12 11.22 

Sl6 IO.I I 8.79 7.18 4.37 40.70 I 01.34 211.90 157.53 8.83 6.56 

Mean 15.55 14.10 11.53 9.00 35.35 62.82 326.99 279.67 13.62 11.65 
SD 4.31 5.20 3.21 4.08 9.42 24.60 88.81 116.21 3.70 4.84 

.... 1 ..... :1 .,.,.J, 
Cmax= fl11JJL?HJ'lJ'U~.:i'fGI 1Ji'fB1C:UJ1; Cmin= fl11lJL'lJJJ'lJ1J(ll1'GfGI 'U'Vfa15lJ1; Cav= fl11iJL'lltl'll'ULUatJ 'U~a15lJ1; 

AUC,_ 24= ~u~1vi'Laum1vhnrl1~mw•'li~'liulla~ai1uvrn1am~ma1 0-24 ii'1t1J~ 

250-300 !Jfl 

m1mti'1Jti'1JlJil~ Phenytoin ~imui>l'i'.ha LUilfLWIJ~!>l'thB 

l!J'11!11<!1J1 (!Jfl/iilil'l) 

0-5 

>5-10 

>10-20 

>20-30 

>30 

1J1Jlli1Uflm1rn1 phenytoin ~lll'-lnm hl'l 

!!IJiifl'J•U'l"IJlf.ll 300 IJfl/llJ LLQim'J~lLUIJvi'il~ 

ufo1Ju11i1m l ir, '111J1"a1Ja1'11-lu ~u1m•Qi !l"'l1a • 
.d "'e'I ' <ol<V G 

L IJ il1'ill fl l'! u1U LLlil !I "'ll B'J"IJ il lil'll L 'l1lJ iN fll'lli1"1 • • 
WIJ LL!l"U'l!Jlf.llfll'lli11i1WIJ phenytoin ~LLli1nQi1~ • 
nu1J1n uan'il1nif iJ1jjm1mll1Jl'lU 1 um'lLL U'l 

,J ' .... ' <ol .. 

<1111'11 phenytoin l'ILL9lflli111fl!Jilm11Jlflilflli11U 

• 
(l'l!J) 

26 

23 

41 

18 

7 

• 

23 

20 

36 

16 

6 

'J1flfl1'lli1'l1'Jlli1'l"~u phenytoin 1 umha-Jqi 

""~um l m~illi1llil~11ll'l'lll1Lmlll'll'lm l'lf.ll" 

LL'l1l'IUA1<flilf 1Jm'll'lmi1'mYlu~l'l1ij ffili'u'lm'l 

LL n't 'l1 '11 mm <11J '111'll'lf!J l'l'l L W<M 1 '111J
0 

LL a" t 'l1 

'11a1U1a 1 IJLllli11111'1 L'l1illl'l1Uil 'Jlfl~l!J11J~U1U 

115 'llB~M-lu phenytoin lull!Jllil 250-300 

1Jnt1u '11Uiljj'l"~u phenytoin 1u'11!11<l!JlLLlilfl 



122 

.. ' .J1 • • • •.·1 
phenytoin il~ L'U1!11'YI \ilVlil <1Jfl1110lfl i;ju11'1 

.i~ • • !"l ' .Jl ·1 • 43% 'Ylm•\ilUl'll bUWalil!Jlil~ LIJ1!1~'YI IJ \ilVli.'I 

1unwi'ni;1 a1urJtJ1alin 22% ii1•1ii'Ul'll11J 

w m am il 1'11 uih1~ Lfl\il vi mii1 L?i a1 n~i;lii1 LLa\il1 • 
1u•m11~ 2 

a11iJ' phenytoin ll!Jllil 300 IJO/l!J lii'il1 

18 7 -1 o 1m•liium phenytoin 1 milalilii1il•a1 

.J .d .J 13 I 1 " il11•!1L1!Jl'H'YI (steady state) ill'Jl1 10\lll!J 

illOfl11~ilaUl'11il\il1LIJfll1fhiflil phenytoin ii 
~-1.v .... :: .J"l,.,.,.,i°l"'"' 

fllWlJ\;11 \ii lil11JIJ 1•l'J•L1al'Ylbl!L Wil L m•lilU 

1 .... "" .J .r •"' 
phenytoin IJL<lillil Mil11•1'l''Ylil•ll!J il~flUll!Jl lil 

.J1. • 
1181 phenytoin 'YI 1!LLO•l'l111Jill!Jl10lJiJ1\ilUllil1 

LLliia•tJl'llila 1 um1fi1il\ilmii' L~lliim1tlfoL~1J 
11m\ilmllila11u1\ilm~l.Fiuliioi'ua1ni1 300 3.1n • 

.J.., .<'! .J.?;1, 
1•1'1•L11.'ll'Yl1•\ilUl'llii•Mil11•1'11'Yllil11 l11Jfllilil• 

LUU 14 1u ~~1il'm1u111J1\il\j1mnil'u 1•a•nm 
.Jcv"" .J.d ,J'., 
'Yl1•\ilUl'llil•01nl1•1'11'Ylil•l'l11Jl!JlllJ\il11'1 

1 "".J '"'d'I "" "' .J ' "' .J ' u n1ru11 i;i u1 l'l!Jfl111!n'YIA au1111 mm•LL\ll 
:: .J,,, ... .J G fl \If 

••m1'Yl1!01J ill fl1111JLL 11 'IMill L u!J\ilil1'YI1'1'1 fl11 
' ' 

i'in 111L'l1~lflil m11il'11m\il\j11um11111'11lilZ1LLW 
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' 
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ilililillO phenytoin lJ!Jl\ilil1ffi 11m,l1ilil\i1Lllil\il • 
lii1Liiuil"liii' m1111 loading dose lJil1 phenytoin 

m~ wa a \ii Lil a \ii Iii lii1iina'1u1i<11wi'uti'u1 v 
status epilepticus 1 uilii'jUIJii1' tl~vum 111 

phenytoin LLUU loading dose 11ill'lfl11~UU"J"'Yll!J 

1!ilmLU'l'll'Jill'l111phenytoin111l11Jlilil1!'111J 4 ~1 
l!J1 Liiua1iii'a111111u11i1 iooo 1Jn ••111AZ,LL1n 

400 1Jn "a" 2 ~1t1J,ll\ilmii•111lin 300 1Jn 

"a"111lin 3001Jn1uil'it1J,~ 4
14 rvlowam~a' 

V1aii1"?i1'1,LLi.'i•VllflliJWl Lil!J illfl11A~IJ la 

mLiivu q'Yl~nlil11'11ii~'tl111111'1 hLiii'uii1a,'Yl'ia 

<iii'uil\il\l,'Yl1• Ltluiii'u 
"' .J ' '!I IV '!I "' ' 

\il''YIOal11JlLLa1lll'\illJLLi.'1111 Dilantin 

®~, ~1tl Kapseals Lu!J!JlL\ll"Jl'JIJ UJ modified release 

~iim1~\ilil1Jriauii'11ii1 m1111 phenytoin LLUU 

loading dose 1lill'lfl11~utl1•'Yl11J1Tu 1"\ilum 1 u . 
Lalllilil"\!1~uaEi1,iJ11 'tl1111t11"1l'Yl1ivia 1 um1 

>•fo m1i'imnlilil'uii11ii'1v ii1illii1iN\'u m1ru1 u 

mru~iii'il,fl11111~U1l'Jl11'!1illfnilal,11\llL'l1 fl11 

111 loading dose lii'1v!'l1L\ll'll'J1J 1 uJtl immediate 

I ® .J "" d I 

release Ll!IJ Ditoin '1Nfl11~"11!1Jl'llL11011LLo• 

1111"\ilum 1 maa\llL~1n-:ii \!'n-:ii 1•liiu!'l1Lii'1~ 

ii1,~11ii' tJi.'I m1~nmm n ni1 "uu modified 

• 1 tl.J 4 
release "11'Lil"1' UJ 'YI 4 

m1Ltl~am'iivum1111 phenytoin ~IJ1"1 

300 IJO/l!J 1\ill'Jnl1fotl1"'Yll!J Dilantin 

® .., :t: ,,, 1 • 
Kapseals 300 !JO 1ua"m11i111J'Hi.'l'fl1'l 11 

• ® 
loading dose "118 Dilantin Kapseals 15 lJO/ 

® • 
nn LLa• Ditoin 100 !Jn 1ua" 3 Ai1\ill!J 

• 1"' ... ® 'Yli.'1,fl11 l1 loading dose \il1l'J Ditoin 15 !JO/ 

' "ti ® • nn WU1lfl111U 1•'Yll!J Ditoin 100 !JO 1Ui.'1• 

~ • 1 "' 0 "'d'I .J ~ ""' 3 1'111'Yll l1illlJ11Jf;!u1l'J'YllJ1•1ilUllil1 phenytoin 

1uLRil\ilild1ui11n11inH13J1nn~1n11iu 
® .... :t: 

tl1•'Yl11J Dilantin Kapseals 300 !JO 11J~"ri11 

Cit!~ 5)
4 il1Ll1'l~'umiiuii'Lw11d1m1fo 

tl1•'Yl11J phenytoin LLIJLIJ~!Jl\ll 300 !JO lil~' 
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'"' ® .J·1·~ m1m~~utl~•'Yll1J Ditoin 300 l.Jt1 mL rn mu 

~ d 1 d ~ 
''" 3 fl~1'1f~'il""~ llfl1il"Ylt1~•U11Jfl1~~~'1fl.J . . 
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® ~ 
l(!~iimnnm~fotl~•mu Ditoin 100 l.Jn 1u 
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Abstract 

127 

Increasing evidence suggests that upregulation of cyclooxygenase-2 (COX-2) gene 
expression is implicated in colorectal carcinogenesis. Large epidemiologic studies as well as 
clinical studies consistently show that long-term use of aspirin and other nonsteroidal anti­
inflammatory drugs (NSAIDs) reduces the relative risk of colorectal cancer. The effect of 
NSAIDs on chemoprevention and tumor regression has also been demonstrated in a range of 
experimental models in animals. Recently, specific COX-2 inhibitors such as celecoxib, 
rofecoxib, and valdecoxib have been developed and marketed. These compounds have been 
shown in several clinical trials to produce fewer gastrointestinal adverse effects than classical 
COX inhibitors. To date, celecoxib is the first specific COX-2 inhibitor approved by the 
United States Food and Drug Administration (US FDA) for the prophylaxis and treatment of 
familial adenomatous polyposis (FAP), a benign colorectal tumor that would eventually 
progress to malignancy. 

Key words: cyclooxygenase, specific COX-2 inhibitors, colorectal cancer, 
familial adenomatous polyposis, FAP, celecoxib 

1 .?'I"'., ~ 
'U't'l'Ul'Yl"llfl\I Specific COX-2 inhibitors '!..!fll':iufl\lfllHti:l:t:".ifl'Ml:!-l:t:t ".i\I 

urili~uil 

iim1'n~1mvh.1mnil'u~1il'1wL llui1m1Lvl1.Jm1LLa~MililflmM1iu cox -2 Llliril•~m1d1~tl11 tl~m1 
Lfllil1.J•L~1a11.rl waj m1i'l ni;111111•m011l'lmmail01•um1i'l m-111111 ~ail mhmum nl1ui1 m111i' aspirin 

LLB• nonsteroidal anti-inflammatory drugs (NSA!Ds) ~lil'1ilnm llunmmu••alil~11!.JL~B1'1ilfl11lfllil 
1.J•L~1a11"1 waj uiln•1nii'~rnm1i'lnm 1 u<i'mi'l101ai11lvlm101'1 WL lluii1tl1•al'lllml111i11 NSAIDs 1 um1 
.r1 "' "' .:::i ' "' d 1 ' ~ "'"" "' 1 ,,J ,.( 0 • uil,flULLa•1fl1'11!.J•L 1,L!fuflu Lla•L!.Jil !.J\Jlu!.Jl\Jllil!.Jfl11l1Wl\Jlm '11!.J!f,ililflql'l5•lll1l•mil COX -2 ililfl 

111~1mha1u1'1il1mm01 lvi'LLri celecoxib, rofecoxib, Lla• valdecoxib 1>-Jam1i'lnm1111~ailnl1ui1mrna1ii' 
rii!1WLfllilillfl11Vl1LAm'1il1•UU1'111l~\Jill'l111UilBfli1 NSA!Ds iuLril 1uil•~uu celecoxib Lllu specific 

COX -2 inhibitor vl1LL 1fl~hi''i'um1fo1il"lflil1l'ln11i11m1LLa•m11il1U1•ll'llil'1w'i'~m1.J~fl1 (US FDA) 

1,-,•U ~ ~ . ( ) ~ d .J' ~ 1 · 1•d ~I .J' " !Hll il1fl\Jlla•1fl1'11 familial adenomatous polypos1s FAP '111ile\1l'Uill!.Jilfl um '1 '1Mlu'Ul'Uil1ilfl!f\Jlil 

1 •• d ~ 1·' ~I o L d !.J11B!f1l.Jflfla1B uluu!.J•L11 ul'l~lil 
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t. u'11u1 

1'11~1\Jfll1Sm5un<i!J nonsteroidal anti-
' 

inflammatory drugs (NSA!Ds) L \'Jum~1ii'nu 

.I 1"' ' .;f ~"' ,?: mm>u11il LLil•illil 1J mn~!J\Jililnqrm!'lumm1 

l'i1,1\J1Jil' cyclooxygenase (COX) ~'ia 
1 d ~I 1 ,.,j 

prostaglandin G/H synthases 'lntumil\J 'lf!J'Yl 

L U~!J\J arachidonic acid 1 UL \'Ju prostaglandin 

(PG) PGG2 LLil• PGH2 "illnlj'\J PGG2 Lto• 

PGH
2 

"il•~flLU~l'l\JvJil1uL1'l\J prostanoids 'lfUlil 

vi1' 1LLlilnvJ1,tl\J 1 u1 \JL'lfili.favii1•1JU\1J 1~Lui .. 
PGE2, PGD2 , PGF

2
a, PGI2, TXA2 (~U'Yl 1) 

• .J'.,. .J "' .., ....... 
1111L~ii1\J!J U'YJU1'11t nl'l11J il' fl'lHVi11'111'11fl11 

O .J'd "'I I IV 

m'1u11a,mawmrn•a11'11•\111' 1 mu nill!J 

.r~ 1 - -t\Jilt11'1U \11 1•UU'l11,Llil\Jill'l111 1•UU'l11,Llil\J 

'1111'11"il 1•UUW11"ilLLil•~ilil\11Lail\il 1•UUU1•1f1'11 

~"'"f'l'll .J ""' 
Lta•1•UUoU)'j\Jlj Lu\J\11\J (\11111''11 1) Lrnrnu'YJ 

m'Ylil1l'i'l\J'l11,)'jl'J1Bi'Ylm 1 un1•mum1amau 

m>Lfilil 1ii' Lrn•m1n1•~1Jm1m~uu1\il2"·' • 

11il' isofonns flil COX-1
5 

LLil• COX-2
6

'
7 

mu hifoa,11iloidiiu'YlmmL\1Jnvi1,nu mh1f'ia 

COX-1 ttlu constitutive l1~il house keeping 
d 1 ,~ - . 1 enzyme 'YJ)'jU \JL'lfilmnau11n'lf\J"1 '111~1\J \J 

.I - d • • .f d am1•u n\11L)'jil>n1'11'1!J\ilil01>'111,1\Jll a' Lu ml'I a • 

Nongnit Teerawatanasuk 

.., • :: d 

Lta•il1!!1•\111' 1 a1u COX-2 umuu inducible 
... "' .J' d "' ., 

enzyme L 'lfilil<l11,ll\JL!Jil ~ nm•~IJ"11!l<f11U1' 

il!h,' Lri\J bacterial lipopolysaccharides (LPS), 

cytokines, tumor promoters, growth factors 

Lta• oncogenes m1l'i1,1\Jllil' COX-2 l'i1111'ii 

m1af1, prostanoids m''lfillil 1 uu'lmrummfiu 

'i,1111 u~m1Lfilil)'j!J1ilam)'j Lriu m1amau m1 

-1· • """·' .. 1' tnlil ll Lta•fllW1•\111Jfl11mom"i!Uu1\il L!Jil !J . . 
.J'q .., ' .J'' .J "' 

mum1J1J'lrnn~1urn'lf11 cox -2 a1"ilmm11a' 

tl U n 11 L fi Iii !J " L ~' LL ii "b fl 11 !J il' L ~ il !J 

(Alzheimer's disease)
2

'
8 

Arachidonic acid 

COX-I 
(constitutive) 

PGG2 

t 

COX-2 
(inducible) 

PGE2 <E-- PGH2 ---7 PGI2 

/t~ 
PGD2 PGF2a TXA2 

~u~ 1 U'YIU1'1111il' cyclooxygenase (COX) 

1 u arachidonic acid metabolism 

(PG, prostaglandin; TX, thromboxane) 

\11111'~ 1: U'YIU1'11'111''1~1i'YJ!J1llil' prostanoids 1um~Ml'f 3 

Prostanoids Physiologic functions 

PGEi, PGF2a, PGl2 Relax vascular smooth muscle 

PGEi, PGI2 Relax brochial smooth muscle 

PGF2a Contract brochial smooth muscle 

PGl2 Relax uterine smooth muscle 

PGEi, PGF2a Contract uterine smooth muscle 

TXA2 Promote platelet aggregation 

PGI2 Inhibit platelet aggregation 

PGEi, PGI2 Increase renal blood flow 

PGE2, PGI2 Protect gastric mucosa 

PGD2 Regulation of the sleep/wake cycle 



Thai J Pharmacol; Vol 26: No 2, May-Aug 2004. 129 

lll1'>1~~ 2 Nonsteroidal anti-inflammatory drugs (NSAIDs)"9 

1) Classical COX inhibitors9 [IC50(COX-1) < IC50(COX-2)) 

Acetic acid Oxicam Pyraxole 

lndomethacin lsoxicam Phenylbutazone 

Acemetacin Piroxicam Oxyphenbutazone 

Tolmetin Tenoxicam 

Sulindac 
Napthylalkanone 

Diclofenac 
Propionic acid Nabumetone 

Zomepirac Keto pro fen 
Salicylate 

Naproxen 
Fenamate lndoprofen Aspirin 

Meclofenomic acid Ibuprofen Diflunisal 

Mefenamic acid Flurbiprofin Acetamidophenol 

Flufenamic acid Suprofen Acetaphenetidin 

Niflumic acid Fenbufen 

2) Selective COX-2 inhibitors [IC50(COX-1) > IC50(COX-2)] 

Meloxicam 

Nimesulide 

Etodolac 

Carprofen 

3) Specific COX-2 inhibitors 57 [IC50(COX-1) >> IC50(COX-2)] 

COX-2 inhibitor 
50% inhibitory ICso(COX-1)/ 

concentration (IC50), µM IC50(COX-2) 

Celecoxib 

Rofecoxib 

Valdecoxib 

Etoricoxib 

COX-1 

6.7 

18.8 

26.1 

116 

m NSAIDs 1ui'l•-iuu:ihnnni1 30 !!illil' 

( 111111~~ 2) 1hu 1 myilql'l1ll:iJ~1Lw1" Ao 

'111J11UEJUt~ir, COX- I Lrn• COX-2 :iliim.i' 
H'm~'nfio vi'1um1anwu alil 1ii LLntl11i1 ql'llll:iJ 

fl,tJ1""'Yi'~a1r\'qJ!!o,mntj1Jtl'fio "1111 'fi'Liililmrn 

Lutl&\mrn"Laoliloon 1 um~L&iumm1 Lrn"Laooi 

LLiJ,\i\'1ll'1 l>imn 1vi':ilm1W\lllu1mntj" specific 

COX -2 inhibitors 4'
10 L'riu celecoxib, rofecoxib 

COX-2 

0.87 7.6 

0.53 35 

0.87 30 

1.1 106 

. d ~.., ~ ' d d 
lli'l• valdecox1b l'Wflalilql'lll!!l'll'IS'\ill' 1 'IML!!fl 

i1Lnlil\l1nm1au&, cox- I m1~m,n'J,j's 1u 

1•s•l>imnwui1 cox -2 ilul'lrnl'lm,wmll 
"' d d.-!l ,,, ... d 'II .,, "' ,,; 1l'lmou 1 l'loll'lqJl'lmnsi!!o'num1Lnlil!J•L1' 

ih 151 my 'V111 'fi'mntj"d1vi'~ul'!11"<1u hoci11 

n-11~!!11' 1 m~ m1Wm vlo~m:11ul'lUTY1111:iJ1rn1 
specific COX -2 inhibitors 1 um1Ufl"lullo• 

'i'n'loJ1 hAIJ•L~' ~"" 1vi'mh11iio 1 tJ 
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1 - d 2. 1J'l'l1J1'1'1'!1eN COX-2 UOT:iL061:1J:::11~ 

2.1 :1J::a~~ii1 l.rl:11aj 

lJ•L,1ihla'lmy (colorectal cancer) L\'Ju 
' .J d ·~ ' " .J L 1Iii1'1lJlJ'lJIiifll1UHM LL<I •Lu U <fl L 'H Iii fll 1\ill al'J . . ' 
ih.l'l! •nnaam1ull vu1. 2543 ~ilanil~Li'la 
.:to:. ~ "i J.,,. 11 1 .I !f1\il\il1aL1\ilUU1 550,000 \ilU Uui•Ll'IA 

<l'H'l!jBLlJ°'lfll \!U&ifll1rn'llll1lJ•L,1ih lITT my\j1 

L\'Ju!luviu 4 LL~Blil1lfll>Li'laifilil\j1L\'Ju!luviu 

aa11um>lilllJ•L,11'1fl'llillil12 u>•l1lrufmm• 25 • 
'llll1lJ•L~1ih la! 'HniL \'Ju'llillil~Ula\'111\il1'111WUo 

" . 
f11W 13 ~1 hfari familial polyposis of the colon, 

hereditary non-polyposis colon cancer 

(HNPCC) 'H'ia Lynch syndrome LLa• familial 

adenomatous polyposis (PAP) a1uaflfaa<1• 

75 L\'JU'llillil~li.ihiri1al'Ja\il1'111WU~fl11lJ 'H'ia 

:iJm'lawh sporadic colon cancer 1uilil~UUfll1 

'.ifl'tfl'H il fl ih'HfolJ•L ,1 a1 lITT 'H aji'Ja fll1Nl vilil Lai 

al li\'a1U~L\'JUlJ•L,188fl ltJ ~1lJfl'Ufll11 liai'Hi1'1 
' ' fll'>N1vim v1i'iilm1 H1 u flT> fo'!l11J:::1 ~ ''lfil.iill11 

UlUflil 40 TI 1rn:::~wh11'Ju first-line drug "l?I 
!!fl 5-fluorouracil 1.iv1iri1!Jfi'U leucovorin 

ua:::s1iu1mJ~~.i11'lu second- irn::: third-line 

drugs t'liu oxaliplatin (third-generation 

platinum), irinotecan (topo-isomerase I 

inhibitor) trn::: raltitrexed ( thymidylate 

.i,.. " .•• , ' 
synthetase inhibitor) 'If' •'lfrn'!flll:::!Hftl !ll '111\J 

~il fl1l!J~uu 1 m ~ll "lihrnrnrn "'~" 1111fo'!l 1?l1v 

f . l' d 14 1rst- 1ne rugs 
' . 

'HilfljjlULL>flqmi'ithiii1 NSA!Ds Dlilii 

tl1• ls11u1 um1il a1ilum1Lnmi.i•L,1a1 li\'1,,,aj 

LU U1W11U'll81LLVn'IU~1il1LfllilW'Uil ~1'.ha~lvi • 
• d • 
'J'Utll indomethacin ua::: sulindac L 'Wfl'ln'tfl 

fllfll1U11il l'i1hi' rectal polyps malu 1
' ~am 

m1i'l fl'lflm11•rnviil'lai 1 u ~u1a~1mu1JlflW'U 

i1 m1fo1.h"mumLLllil 1 w'lu LL<I• NSA!Ds vi1 

gu 1 &ivi~aUlU'Hi'll'llUilllJl1Ui'llillllil1lfll1LnVI 
""L~1a11at,,,aj 1 '· 20 LL~'Hilfl:i1u~LLavi11 ll'L ilu 

Nongnit Teerawatanasuk 

a!'i1~lfVIL'ilui1 NAS!Ds illl111Ui'l\illl\il1lfll1Lnlil 

lJ•L~~l11'1LL\il 1 U>•a•L~lJLL >flii'u lvi'i!lflfll1Amn 

i~mrnmM1fl1um!1J~u1a PAP ~u1arnci1dii . . . 
m11i.iil1i1tlfl&ivrnwu~m1i.ii'iam1\jqjdfomh~ 
'llll1UU adenomatous polyposis coli (APC) ~1 
1\'Ju tumor suppressor gene ~u1a PAP il•ii • 
polyps 1 um~ L~U 811'111~1U1UlJl fl (polypolyps) 

Lrn•1u~aoi polyps ~1mu,,,d1il•Lu5au luL\'Ju • 
lJ•L,1 21 Nam1i'lnmi~am~mailfl lvimJi~aa1i.i 

flcilJ WU'il sulindac illlJ11Ui'l\il'llUl\ilLLa•~lU1U • 
1 •.. , l''d • polyps U~u1a PAP \ii LL\ilLlJD'H~\il'lllil•fli'l'UlJl 

L\'Ju 1'Hi.ilifl22
-

24 illflii'a1Jadl'i111l'L~ai1 NSA!Ds • .;. ~ ~ " . 1"' . ~ ' 1rnflql'loa'Ua1m>Lfl\illJ"L 11ai a L 'H'IJlil~LLm•a" 
.d ..: .... 

LL1fll'IL1lJLO\il adematous polyps 

ii D!;!i'l'illflfll1Afl'lfl 1 umuvi~flci11ii'11viu 

11ii'.i'Um1Vl\ji11l'1iusuvi1aNam1i'lmni~a 1 uilmi' 
.J_, • ~ 1 ,j d 

vmaa11'1~llil'IJlila fll11'1\ilaa1 U'Hl.J'll~au APC 

• ( Ll 716 . . ) ' 
~fll'lli'lla Ape truncat10n delet10n W'U11 
., .,. • .,. ' II' Li 
Ul1'1lfllJfll11'1li'llaau COX -2 11lJ"11U (Ape 

'
1

' 1cox-2-'') 'Hl.Jil•ii~1mu polyps 1ua1li\' 
., ' d ' ' .d uaa1111 LL<l"'llUllil'llll1 polyps Li'lflfl1l'Hl.Jfl~lJYJ 

iiiiu cox-2 Ufl&i'H~mam'i'lu1'Hd~ allele 

<A Ll716 COX 2"' ~ A Ll716 C 2-'') pc I - 1'118 pc I ox-
25 

Lewis 

lung carcinoma Lii'l 1u1u nude mice wui1ii'l'Hl.J 

~qjLi'laiiu COX-2 (Cox-2-'') nllUlJ•t1~~ 
.I • ~ ' • • 1 .ldd .l'.1 ~ u a fl U lail• L\il'U t\il!f l fl1 l U'HUl'JlJa\JU u fl VJ • • 
(COX -2''')" c.Jafll11'1Vli'ID1il'LLil\il~ 11l'Lilumh~ 
lflilL'ilUil cox -2 ii'Ul'l'UlYI 1Uflli!nV1lJ•L,1a11i\' 

1'Haj uanil1fldm1i'lfl'loJ1tl1"1ll'lilmw~m 
1 " • • "1 .J NSA!Ds Ufll1ua~OULLa•1fl'loJllJ"L11 U'Hl.Jl'l~fl 

m•viu 1 ll'L \'J u1J•L~1a1 lat mu'!oia 1il'1uLL 'Uum1 . " . 
1'1Vli'l8~Wl11 lvi'LLri flli~li'llaiiu APC27 flli 

fl>•vi'u 1 li'Hm ilu1J•L~~a1la'lma1il'm1ria1J•L~~ • • 



Thai J Pharmacol; Vol 26: No 2, May-Aug 2004. 131 

lil1':11~fl 3 Na'll<M NSA!Ds l'l.!fl1'lUel'ln'l.!IU't~~nm colorectal cancer l'l.!'11'1.! 
v 

Model/ NSAID treatment Outcome Reference 

Apc716 mouse model 

Rofecoxib' .j,. polyp multiplicity 27 

Azoxymethane (AOM) 
treated-rat 

Aspirin* 

Ce/ecoxib' 

.j,. tumor incidence and multiplicity 

.j,. tumor incidence and multiplicity 

28 

29 

Nude mouse xenograft 

Meloxicam** 

Ce/ecoxib' 

.j,. colon carcinoma cell growth 

.j,. colon carcinoma cell growth 

30 

26 

•Classical COX inhibitor, ** selective COX-2 inhibitor, ' Specific COX-2 inhibitor 

nl"iUIJIMflflflVfl~ COX-2 fo:u::1lf~1h 

1J'lm!i: 01'lAffl:ll01'lLLil~Nililfill!N COX-2 

1 .,.. 91 ,!{ d ., ""' ,oojo 

111m 'l'lff1Jl'lm1s illJL ums 01111mrnu111u 0111•1 L vn• 

(immunohistochemistry) 1'i11 'll'm1ui1u'l1J1ru 

1u1&iu cox-2 11nil'm~o1J•L~,Jui:i1J1nni1~ 
1 .J' d .I Q Q ~ ~ !! 1 • 

vm ULUilLSilun111'lfu111L111s1nu 011.imn Ul'J • 
U1t1 colorectal carcinoma LLa::: colorectal 

adenoma wui1 COX-2 i:iui1J1ruLvl1J~u1u 

~I 31 ,% S 1 • • LLuiH uon•1num1.1mn 'Ul(JU1S colorectal 

carcinoma ~1mu1J1n wui1u'hnru COX-2 ~ 

L vl1J~ui:im1mi'1Jwutl'num1mmL .,,ll "' 1 '>l'lLLO• 
' "" ... 32 ... .J ' ,;r ... 

am1m11111slli1'1(lll1s llil~i!'l'lna111J1umu 

ilUUi'l'l!Ul'l111JL~il~il COX-2 i:iUYJUTl'IL~S1 
., .... "" d ' 1 ~.,. .-.J 
llil~fiU01'lLOl111J•L'l' e!Sl' 'l0111L'lli!il'l'JWU 

.?:: ..i "" ' COX-2 UUIJl'li!lS'llU111 L'll'U tumor epithelial 
. 21,32 ... .,, 

cells, stroma, macrophage, fibroblast 'iil'3tl'3 

1iimlULLUil'111i1 uimru COX-2 Lvl!J~u1u 
' Q 1 .J " • 1· 1-' Q d l'lli!i!'lf'Ul11 111'1'JLU'Uil1Ll'Jl11Ul u"fil'lLfil111J•L'l~ ' . 

l'l'ifli1m1~ COX-2 LvllJ~U1UL'1li!aqj1, 1 ii'u 

"' .J ·1 .J.J'd d L u'Ufrn•1n011L l'l'US1U1 111S"1'l'l'IL UilLSillJ•L .,, 
• .J' 

il'l1,ll'U 

d ~ ... 
2.2 1J•l'l~'ll'Ul11il'U '1 

uan•1n1J•L~'~11!llmyLLa1 i:i111mui1 

NSA!Ds il11J1'lllU ii' num1Lnl111J•L~~ll a"r'lm• 
d v ~I ... I ., 33 ... 34 
il'U 1 ms Lu'Ul11U11 Ll111UIJ , A'l'tl•LLO•l'lil , 
al 35,36 "" 1 37 ."f 38 
ui1111 , lilUilfl'U , m•LWl•uilil11• , l'lao111 

illl'l1'lLLil•m•L W1•il1l'J1'l
39

'
40 

LLa•wu-i1 COX-

2 m•i:iU'l'JU1'1'11um1Liil111J•L'l~Ll'l<hif !la1,h~ 
&hi' il!Ji!L rh~i:il uif "iJm), 1i.iil'111t•uil'mrn•u1~ . ' 
l'l ~' i:.J ii fil'lA n 'tl1i'1' Sll !l11ff'i'1'mLqj i!•l'l ru•i:i m11J 

LL111nqi1~nu 

3. mi 11n:::liiu Tmana1un1'Hnf;la.J:::t~.;i 
' 

tf;JU COX-2 

.... ...,, .... .... .d ,J' "' ,J' 
'lfl11L•U LL1111J51J!~lilJi1Ui15U1SL'l!l~U 1111'\J 

1) cox -2 af1~f11'j prostanoids ~~1'i1 
1wLii111m1amau L~!li1011anwrnt<1-r,Ju1'i11w 
Lii111m11'i1msa11ib 1ma1Ji1qj1~ 1 ms 1m'llaa~ 
.. ~ tj tj d 1·' ~ .J "1·'-' .1.J ~1\>lqjl'lfllilLil'ULilLLil• u~lil'U 'if''lll u~fil'lLui!UU 

LL ua,llil1L 'llilil1 u L fiu1J•L'l~ "·" wui1m1a mau 

Lt!l-i'";i'1Jwutl'nu011 L01111J•L ~~l'li11SlJUl11 L "liu 

m1amaul!ma11mmyL{!l-i'~ (ulcerative 

colitis) 1'i11 w~u1sffismm1'1mm~,~11m my 
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' ~ 1·' ' 43 • ~ .l' lNn1ll'llH11 u 5-7 ll'll Lrn"mm1amarn1a • 
'.i11J1uli1 35-40 ti ~i/1mditammumm~' • 
al 1.rt wajli1-iau<1" 20-35 

43
'
44 ~ihau h~a 

u'lrn;u~iln11!l nLilU'IJ a';;i i 1'1'."wutl'imru 

cox-2 ~'ffl,ll'llmi'~hWm1!lmau' 1 i!hwfo1u 

ai'm"~u 1 wui1m1ilmaui~'a'.i1Lllt1u•,ijm~a.:i 
... .:: ' "' ' 111.d.,. "' 'IJ1l,fll'llnl'llJ"l'l1l'IJUnu l'IJU ~1'11Jfll'j1Jflli!U'IJ1l1 

~' .r~~1 .! .!'1 "' " l'IU1l1JUl'l1l'l11J 1lfl1illim1~1'1JU Ufll'lluUIJ"l'l' 
"' ' 4546 .,.J.f1 t -'-l ""ftl "' J{ muaau ' ~l'lluU 'll'l1'11'1ll<l"!Ju!ll'l!lmi1Ul'l1l 

'.i1iTiamm~m il<~U 1 um1L UUIJ"l~'~tl avi" • 
2) ill> prostanoids 1vim;iw1"aci11~1 
d • t ~ .(.t 1 PGE, '1M~na11' l'IU COX-2 1Jq1'lli l'IUl'l'l1 u 

m>L wdu1!l11 ll'L '11o<i'L tl~ umL tli111 tJ Lum 'Ila a 
IJ"l~' tvium1lnlii111 hi'Llri m"~um>L•'l!\!L~u 

t\;mo"fll'lll ti' ~1l i'lu~1t11u'IJ a.:i L 'llmi'" iiutf, 

(tumor angiogenesis)
50 lJ11iln~l'U-:Jl'WdllfJ 

0 ' <=! ... J' 1111JTWl!ln'ViU11 COX-2 IJfll:ill!rn<aarnw!J~lJ 

( angiogenic 

• 
' . "' "' ~ ang10gemc growth factors lta~VUV<fll'l!Y'lH 

waa1'11iial'l 1m.ihnrnal'l'Yll'laa< 1$1 mrn<111'inu 

11 COX-2 llu'YIU11'1fflii'l!J1Utmtill'I tumor 

angiogenesis trn~m111l'Ju na 'lnriiii'l!J~a< v1nzjlJ 
.: "' .:; "" "" d 51 1J 1um1V'UV,fll:i!11:il!Jbl'l'U ll'l~MlJ~bH 

) 
' d " .j' • ' 3 ill'l mtermediates 'l1'tnlil11Ut1J'l"1'11l' 

tlljn'im~ C0;1<-2 aaiu arachidonic acid 1u 

lUlJ PGs t'lilJ peroxyl 

malondialdehyde (MDA) 

<fl1JTrn~11 um1li1tllj1i'.lm 

radicals U&i::: 

l i'Jum1~ilm11J 
(highly reactive 

substances) ii1ria 1ll'L1i"1fll'l1'11<i1mmib1:1Jl<lf10 

m1.:i 1 Liu ~bBUl!l 11h~u lta"1'11i'iu ria11h1ilil 
• 1d •I ;d • 1· I ' " o 5Z fll'll uoVUlb uo<'IJa"lt '11001'1\Jl u~fll'ltnlillJ"b "' 

Nongnit Teerawatanasuk 

4) 1lJuj;jam1ila1J1nnm1~ cox 1u 

Elau arachidonic acid 1'111 ll'u'i1J1ru'IJa1i111ii'! u 

b'IJ0'1011JM 111Jv~ arachidonic acid iJq1'1Jlm"~1J • 
bfllJ 1mJ sphingomyelinase 1ll'ttl~au sphingo-

, 1·' "' ' " d ~ .,( • 1 • myelm ubu'W ceram1de 'IJ11Jq1'1lin'l"(;]1J 1'I 
.t"" . 53-56 "' ~ da I""' l'IJ<!alnlil apoptosis lil11JUfll'l1'1u'llJlru 

~ "' ·' ~ d d. 1·'-' arachidonic acid avia1"'tu1Ju••uwm1'l1Jl u~ 

4. Specific COX-2 inhibitors 

' 1 .d .,. ,,f 0 • m NSA!Ds 1u 1'11J'l1"11Jq1'1li•ltWl"Vrn 

cox -2 ~11,~1mhu 1 u'li'a<mai11Ji'ianci1J • 
coxibs 1~uri celecoxib (CelebrexR Pharmacia 

Corporation, USA), rofecoxib (Vioxx, Merck 

& Co, Inc, USA) valdecoxib (Bextra' Phar­

macia Corporation, USA) ua:::: etoricoxib 

(Arcoxia" Merck & Co, Inc, USA) Vl!'fllli'i1 

u 1 n '1 Mu m1:lurn•111na• ri'm1 a1m1 ui:r~v1'lrn• 

i:rw:l!m1J5m ri1uvii'i1~~11<~1mhv1uii'<nq£1 
d ql . I q b!Jn'll n blJi 1rn~m1'lla 

m11J~11w1"'1Ja~ cox inhibitors il'muu . 

n1'lb u'fom nuut11dl1'11imw1 uni1autf.ni1 

1'11•1t1'1Ja• COX-I lta" COX-2 ~'illlJl'lO 
~ mn 111J"l u11 a a lill'll'la a• 1mviiliLm1" !l1J1(;J1~1u 

i'ia human whole blood assay (WBA)
57 U'l" 

lll'liimw 1um1i1utf~ cox-1 il'ui'vi1nnm1~m 

"",%.,J.,, '.:.,."" 
in lil~ 'W!IJ a 1J m 1 tm "n '! IJ'IJ a• t n a vi ta a vi tlJ au n 

.1 'ii d .<!! 

n1"~uoi1u TXA, ll11uQni:t:;-1<111rnna11rna11 

1 ~ q < .lq 
'1V COX- I 1'1:i1lfll~1bfi:il~111'1lu:i!Jllll TXB, 

d "' dl. ~ "t• 'IJ<tuUill'l'Yl 11J•1nm111mvm1'1Ja' TXA, n l'I 

ihwfot11"1l1'lllmw1 um1iiuC, cox-2 il'u i'lil 
·'" .J • .l' t 1 " 1nnu11J1ru PGE, \'J<l'll~~u lilV COX-2 1JllJl'I 

.,. .,J v v . . 
tafll'l'IJ11blJ1lUnn>"(;]U1'11V hpopolysacchande 

(LPS) fll'lill'l'll"if COX-2 d1'111ulilam~,1;;J 
~ . " ~ ·' lll'lUUU<nl'llb'IJ,1'11 (heparinized blood) u'l• 

ill'liimw 1 u ni1i1utf <Lau 1 'IJif ils lJ tlll\;J,of1sl'i1 

50% inhibitory concentration (IC50 ) ?lu~11:t.J 
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..,.., d <>.>.?: • 
t1J IJW U1Jil'IU1'1l'l<f1l.Jl'l!lUU!J'lfll'l1'11'11HliM 

1 fl • J J .ld. I :;> - d , tau '1llJ vim,wm m1'11Ju'l•~1'15Jl1l'lij'l'l•1Jm 

IC
50 

~1 a1u1'1113.Jli1tl'l1•GJa COX-2 ifu 

u1•tilu•1mivi11a1u 1c,0(cox-1 )11c,0(cox 

-2) UV0~1nif1;i:i~i;Jvitt Uo,'Jliitl'l11•ift yjil h\ 
1.., .J,d...i .J' ... ' V!l'lol'lU1t'1lil!lillJ10lllJ t1tlfl11 William Harvey 

Human Modified Whole Blood Assay 

(WHMA)
58 ~.;iiilil'tt<IV!'IU1•ll1'11iml'llJiJW1;1a 

1'11 ICBO 

'l10011flOU1U1•ll1'11ifi1l'lllil'I 
. 'b59 cox 2 . h . d t -d etoncoxt ua::: - tn ib1tors fl'U 1 !lltl1D 

human WBA l'lUll celecoxib i:im11Jli1tl'l1•GJil 

COX-2 mnn11 COX-I U1•lJlru 7.6 t'Yh 

rofecoxib tta• valdecoxib i:im11Jli1tl'l1•~'ii' 

30-35 t\11 tta• etoricoxib i:im11Jli1tvn"~'ii' 

106 tl11 (em1'~ 2) Bci11hil&iu1•lll'lliml'llu 

n 11i 1ufll1 f) flt <f Ull "' !llfl a' 1J il'tvi a t\l '111" • 
celecoxib ua::: rofecoxib riauif1'1 lna'l~t1~ti't1 

tta•Lflat~a1nu classical NSAIDs'o-e' m1 

flmnm1l'lliilfllvia CLASS Study Group" 1u~ 

u1mi1mu 7,968 11a tu'lautiiaum11il'm 

ce1ecoxib 400 ilalin-i'IJ ·i'ua• 2 l'lz, nu 

ibuprofen 800 ilalin-i'll ·i'ua• 3 1'1Z1 W~il 
• .... .... .., .,, J;: d "' 

d1clofenac 7 5 1Jaam1J 1ua• 2 1'11' tl'lil1flB1 

1l1flW1foilmau 1 \J~U1!J osteoarthritis tta• 

rheumatoid arthritis tllu1•a•na1u1u 6 t~il\J 
' "'.'I .J1 •• l'lU11f;!u1!Jl'l V!'lUm celecoxib tiiVlillfll'li11 

(perforation, 

gastric outlet obstruction, bleeding) U'tJt1ni1if~ 
" 

1;fom nonspecific NSA!Ds {!, 2 i;l1 1 u 

l'i1uB,t1iu1num1flmn 111u VIGOR Study 

64 1 ._., ·"' d 1· Group Uf;Ju16 8,076 11'1! tu16U!1'161Jfll1 'If 

' Ul rofecoxib 50 illlilnfll -J'ua"11f, nu 
' . 

naproxen 500 mg 1ua" 2 111'1 t~au1u11fou1 

1'11 rheumatoid arthritis l'l1Jll6l!la'$11llu1" 

iil'lilm!'l1mmfom1mi'tfia,nu t~a~1111wm1 

1• ~ . •d• •• 
'lfUTUTU 9 !llil'U l'l1J11f;Jl'l 111rnu1 rofecoxib 

tii11a1m1.ij'Htfia,1m~uum't~umm1 (upper 

133 

GI perforations or obstructions, symptomatic 

• 1 . 
ulcers, and bleeds) 1il6ll~ 2.1 u~rudi 

. ~ • 1· naproxen l'l1JlJlfl01111V1V6ll~ 4.5 ttll~fll1 'lfal 

' • ~ . 1 'J/'J/}j "" '}/ "" 1 !IV,\il1Ul'll Wf;!u1atfllllllfll1~Nt!W1 'U1"1J1J 

1'1Ht~ua1m1~i;uuH (complicated upper GI 

perforations or obstructions, and severe upper 

gastrointestinal bleeds) !aall" 0.6 ua" 1.4 

1111Jrl1.lu •hu ~u~m1w1u m1tnflflii'1mif1J11'1 

1~111alu~i11a~1;i'fou1 naproxen n<lu~1n11 

rofecoxib mii1fiil !Baa" 0.1 trn" 0.4 llllJ 
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Polycyclic aromatic hydrocarbons (PAHs) are hydrocarbon compounds which 
originated from the incomplete combustion or organic compounds during industrial and other 
human activities. The most important sources of P AHs are coal tars and derived product. A 
second source of PAHs is petroleum distillates. Roasted, grilled or smoked foods are also 
important source of PAHs. P AHs are present throughout the environment, human may be 
exposed to these substances at home, outside, or at the workplace. The distribution of PAHs 
in the environment depends on properties of each PAHs. In human, P AHs are absorbed and 
distributed to internal organs especially organs rich in adipose tissue which can contain high 
level of PAHs and metabolites. PAHs can be changed a multistep metabolic activation by 
specific enzymes which are bioactivated to reactive metabolites. The metabolites can bind 
covalently to DNA and subsequently initiate mutation and carcinogenesis which may cause 
harmful health effects. Industrial and technological countries have set regulations for health 
protection in high risk P AHs exposure by suggesting amount of each PAHs in human body 
which will be harmful. 

Key words: Polycyclic aromatic hydrocarbons 



140 Suparat Watana 

Polycyclic Aromatic Hydrocarbons 

t'11~UU ttiau 1U~\IU11?1 aa :1-J U!'l~ i:J !'I fl~~'t'IU Gia-.i1\I fl1t.l:l-JU'Mtl • 

l"'"" ....... .,. .. .. 2.,. ....... .. 
Uilnf!U151!'11'/1fl?<IUJ51Jl17Utu'i1UI 1!'11/1fl?<IUJ>fl15UW!'ll/, mmintnmnn111 fltu•UW!'ll'/fl?<IU/1 

, Q -

VVl11NnltulJll11!'11/WI/ 

'U'll l'i fil rl fl 

1 wa1 'llfllil'l il• t ~!Jl~l'l 1'1 ll'l~l'll'lu illl( Wta Liltf) L 1'Juai~tl1•0il'U 1v lml'll'lu illl~Lfllil~ll\110 n1•'U11J 

1 . n· , "' Q ~ t1 Q q,,J Q "'1"' • t1 nl1Ll'll WIJ IJ1!1J'U11U'll!MttfiltW<l1W1illlil11111 1•0il'Uil1J'l'111/tf1LOlilll1J Iii L1J1•W111n11 1•01l'Uillil111W . . 
m11Jw ~ 11 •1 n n• m11J oh1 1 11111 IJ 'lfMU Ltw ii1 <'111'1 IY~'! Iii~ w u 1111w Lil rntri-'i a rl1u;:;mm"11'4wutf11111 rl1 u;:; u 

1111a11J1i-i111111<1nlil•1ntl1iiutll1i11Liia1J 111m1tl1••m1ti"•h1 l'llllil 11Jl'l1u Mim 1'imL mi1i111'lty11111 m1w 

Liltil'lf m1wLm11'1fwu 1~<t1'11t11 u~1Lnlila111J 11i!a1J'41'lifiJ!11maM1'uwa1am~ ii'1•1nma l uu1u uanu1u 
.J 0 d I ... .J' I <V i\.°1"" "' .J ... OI _J f 

LL<! •l'l\'11~11J '111 011LLw101"1111/ll il~ 1111W Lilt 1l'lfll 1J 1l I/ n 'U l'l ru <f IJ u Iii ti! W1" lil1ll 1l11111 L IJ il 1111W L m il'lf L 111 '1111 . . . 
4 ••.J • • • 1tl1"' - • t - .Jtj.ll "'1 ma11"~lil'll!Jtll1~"11Jlil111 llm111n11/ Lta"LLW101"'J11/ li!L1Jillll1"1il111 lill/t\lW1•1l1111"\'l!Jt1Jlltl/1l 11 

- J q 1 , q • q tld ti 1 1Ju1J1n '111'l•W'U1111wtm11'11Lta"Lmrnua a\'1111111111mm11'1fa"a1Ja~mn 1111wLm11'1f'J"~m aamL a1 u 

~ t 1 ,,J. J ti.. ti 1 • 1 , .. q Q t "' - - q W<l11/111Jlilil1J lill/tilll tf!J\'l'J1LW1•Lll1•'J1'1111l111\)nt '11/lltL <11 li!L!Jtt\'l'Uil <l\'l\'llJW1'1 lill/t!Jil'l'UO'Uli!Lillltil 

iiflafi1111'Lnlil n11LL tl1~1J\'111W1J~0111Jtta"fi11111'Lnlil hl'l!J" L~11~ rl1Jil1'J01l 111'tfllilfl<ln1"\'l'U\li il1"'U'U\lil11 

11a1~11ma 1 ut11"' m1~iim1wW1m~1u ~Iii mwm11JLrn"L l'll'l tu ta1iii1 l~iim1mu~1J tfimnum1u 111nu 

a11rnw11 a~1Jui;if~iim11J •~111111\li am11~1ua11w Lil Lll'lf llila tau m• u"1"1ii'ua11wtm11'1f~L 1'1u ilu1i111a\li 11 . . . 
<lllfl1W • 
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um.h 

Polycyclic aromatic hydrocarbons 

(PAHs) L1'ium~iiul'l'iif~vnithnTiou1uri~Lnl'l 
a!J!J LtilJ !llfllA ~lJ tl1 Lnl'lifllto'l'll!Jlfi~!J'lflqJ 
1'l'imiil'l•1nm"mum~Lm 11'11J'1i.ia1Jmrull!l~ 
J ~ ... ~ 
L'lfBLYrn''H~!lm"mum> pyrolysis lJm<ll> 

fllll'l'iU LtiU ri1uiiu tl1:iJu~u nl'lfG>>!J'lfl~ lJU" 

J;!ilrfau fll>Ll'll 1 m7ll!l~'lf1n~n~1uww (fossil 

fuels/-' ll!lmnnif PAHs il'wm\'Jmhu 

th"n!lu 1ul'li'lll.!1'1~ l'lll!'l1mfa lmllu>auuof 4-6 

mm>tl>"urnil~ th~ l'l!ll'l wrii'u L1'iuiu' a1~ 
PAHs a11J1>mii'1~ri~Lnria!l1J 1.i'mnum' ~' 
m~uw'im"•1u110,ll1> PAHs Lii'1liri,Lnriao1J " . . 
uu iiuotjnu~rua1Ju~Lil'll1"iii"1ll!l~ll1~ Liiu 

m11Ja1m>a 1 um>;m:nutl1 m11J<111J1>a 1 u 

fll>>"L1'11l 11'11ummA L \'Ju.iu 1Jlft1UiifamaM 

~ua1> PAHs 1.imnum'~'>"uum~L~U1'111l1'l 
>•tJU\'ll~L~\J!llm> LLil"\'ll~i111'1U~ 6 ~~Lrlmm 
PAHs Lii'1~'i1,fll1l'l"\)nL tl~U\JLLtla~ faurnu hi1 ... 
\'l'll L Wl•L'll"'l~ !Jl'lri !J 1 irLiil'l L!JlL 'YIU !J lan~ii 

""1 II'... d ' ' ql'lG mnl'l!J"L>,l'l!l~"\JU\ill' 1 ll!l~'i1~m11' 1u 
tJ1 .J""' ~ II' "L l'lA\'l!Jnl>WWl\Jll'l l uq \)J <111'1 nn!J LLil" 
Ll'lri1u1aii wulll> PAHs tlmTiouluri,Ln\ila111J 

11tjL\'Jutl'i1J1rumn ~~ 1.iiiii'mm"tl1L~111num> 
i'.111' nuijlllll'llll!l'!J1l1'11f ~~ L~111ii'mnm"iii"u 
lll~ PAHs ~L1'imJu\il>lUl'i!lijlllll'll 6 

iin"Mru::r1t, lumN<ll">th~m1u PAHs 

PAHs Li.lua1>tl>"n!lu 1n1mm{u11u~ 
ti • , >"O!JU\il1U5l~l'll>IJ!J\J LLi:l"Gl~ 111fa~L'lU>1!J 

iii"1nm\'Jm,LLmu11"1>1J1~n (aromatic ring) 

\'1~!l1,LL111\JLU\J:ziU (benzene ring) m'lii 2 1~ 

1'l~!l1J1nni1 2 1,if1Jltl"' ai~ PAHs ~ii1' 
LL111mu1Jii1Ju1111ni1 3 1' (tl111un1mana 

' . 
>"m1' 12s-11s) iiam1J•L1'i1Jn1'1l li11Ja1~ 

PAHs ~ii1,LL1'11\JL\J\Jiiu&,LLl'i 4 1,if1Jltl (tll 

~un1mm1amnni11'l~mvi1nu 202) •"wuM 
yfo 3 <lm\J"fl!J n1'1l '11!J~L\'1il1 LLil"lJ!J,LLil,1

•
4

•
5 
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<111 PAHs 

iillm1 

~WU 1.iit1 ltlm'l'l"L1'11Ja1>~ 
.oi ~I d .J.,.~.,. 1'l>!JL u\JlJ !J~ LLlJ,\'l!J o LlJU1LLn!J 

_... ' ~I .J ' L\'1il!l~!l!l\J 1 LLil•L ulllll>l'liina\J lll> PAHs jj 

m11Jll11J1~a 11Jm>a"aiutl1 liil'aumn LLl'i 

il•il11l 1.i~fo llJ:iJ'\11
'
6

'
6 \J!JO'llnif PAHs a~~l'l 

L \j \J <ll>tl \J L If !J\J L \J ri~ LL11'1a!J!J~Lf.111mf1J1 n 

aaiuiii"1ii'1 LLil"fN '11ll'll!J1JL \Jri~LL1\ilall!J\Jl\J. • 
PAHs L1'iui11>tl~"°'lU~ii1J1nni1 500 

'llilri LLl'iiitl>"1J1ru 1 7 'lfilri~ilu1Jl11m1i-lni,i1 
fl\! LLa•wui1ll11 PAHs ~!JU1'1Ull!lfl1<!1.i'fo • 

' ~ ... 1 • ' !Jl0011'1l\J\il!l\J 1 \ilLLn acenaphthene, ace-

naphthylene, anthracene, benzo[a]anthracene , 
benzo(a]pyrene, benzo[e]pyrene, benzo[b] 

fluoranthene, benzo[g,h,i]perylene, 

fluoranthene, benzo[k]fluoranthene 

benzo[j] 

, chrysene, 

dibenz[a,h]anthracene, fluoranthene, fluorene, 

indeno[l ,2,3-c,d]pyrene, phenanthrene ua~ 

• pyrene 

tt'Viri'1fi'l'l1J!i1":i'lh~miu PAHs 

a11 PAHs 'llu11tjJt11t111Jri~Lm1a111J t\ilu 
-~, 1 •• ~ !J1j1'11lmoma \il1\J1'lil1Ul'11' m'l1n1111111Ju11J 
W do d 1 

\J!JOUl\J LLil"\'11'11~1\J '11~ll1> PAHs nl.i~U!JUL\J 

tl
d '.., d ... 

J m.Ji:l!J!l~nulll> PAHs 'llU\il!l\J 1 (PAH-

mixtures )''" 1rimL U'\ill!JLL\'1ll~~M~rnmiil~il' 
1. m1 lvi~rnn> PAHs •1nri~Ln\ila111J 

Lilli !JlnlA tl1 LLil"~\J l\iluJt1 ltlri~iiWi\il~d.i 
fotrium~mahu1mmA~iia1> PAHs tlll 
TI ··t1 · ~ .. L !J\JLlll\J !Jl'l LlJ\J rl1\J'll0n11\JU1.!1'11 ~l\J'llO 

vi11lmll111aa1JoJ l'll\J'l1nm>Lf.l1ri11Jii1J m>Lf.ll 

1mJ•1mmci~Ln1'l\il>m11J l'll\J'lln hH11J11\il • 
'111'ln»!J LLa"rii'u'l1 nm~Lf.llll1l"!Ja fl1111 
lllt.t~\112,13 1 ti "' .... .,. ... \J 1"L1'1Ai:l\'11jj!JL!J1fl1!J111J~l\Jil 

1"l'lum> PAHs 11J!JlnlALlJ\il'll\JUl'lii~1Lvi1nu 



142 

0.02-1.2 ng/m' mi• 1 mlllilLilll1i'.ili1L'vhii'u 

0.15-0.93 ng/m
3 

ll11 PAHs ~wu'llmTimJlu 
!' d ... I I 6 I 

'UllillJIJfl11•111111 4-24 ng/L <l1'U<l11 PAHs 

~wu'llmTillu 1 u&iuwui1 lu1lJlilll'UUl'llrn•11Jlil 

LiJlJ1\Hl11iJ~11\11iJu 1,000 µg/kg Ila• 600 -
• ~ l 

3 ,000 µg/kg lilllJallilU 

2. m11vi'fom1 PAHs lmhuwnll11fo 

~1ilil'ililmllm<11Gi~Ull11 PAHs illnAi''UtfH~ 
Ai'u5'll A1u•1nmw-n h11r i.ffo 1Gi~um1 PAHs • 
~'llmTilltil'UllTH11 Lli'U Lil'mllill f1'n r.rn1iJ 'UIJ 

Llilmuw1•m11.h1 ll11'11111ils lim11J-foua1 1liu . . 
ll1m1'll1•1n'YID1 1h1 'Yllllil 11JAi'u

10
"' 

3. m11Gifom1 PAHs illn~·1'h11u 1liu 

1 u h~11u ll lil'11Hm>IJ~l'l~lil ri1u "·" ll•o il 1ils1J . . 

Suparat Watana 

1Milll11d 11'.luGiu"·" ~1Am1umllmalGifoa11 
.J .¥. • 

PAHs fasm1msh1ll1ll1n1A'Yl'llm1lllu"11il 

'UlJOillntl A'U~lllflSll~1n<i'1mcl1~ilm1 PAHs 

Xilfa m<l\j1 ITTll m11Gi~um1ii'1liuii'u' 
m111wfo1•il1Sllll1lll> PAHs ilm11J 

a1Jwu:fii'uA111JH'UlllU'Ullll1U>•ll1m wui11u 

'll>•l 'Yl A LIA 'Ullillil>1S11'U m> LOlilU l)J\'111Jilill1• 
<'1~~d .I "'1• lu'UW1'1ll'Ul'Ull11Jlill0"1>u>•OllU PAHs 'IM Iii 

LL<llil1Lllum1mii1Jiiullll1lll> PAHs llil1i!lii111 

lull1mAlii'11il1111~ 1' 

1il111~~ 1 m1mii1Jiiullll1"1>'ll1•nllu PAHs u'lrnumm~ilm>il11il>H'UlLLiiu1'll'lsrnrisu 
tlUll'U'U~ilm>il11'i!>LUlU110i1 lum1LA1'llmmnu 'll>•l'YIALIA'Ullill i'.I A.A.1992

1 

• 

1111:111ii'11iu (ng/m3
) 

ai1'll1•nllu PAHs 
.i~ 

ll'll'l!'YllJ '11'1!<11511111:: 

01HHil1flU~1 iuGJ'11iliH 

Anthanthrene 1.6 0.27 

Anthracene 0.6 0.18 

Benz[ a ]anthracene 4.1 1.0 

Benzo[ a]fluoranthene 1.5 0.4 

Benzo[ a ]pyrene 4.4 1.4 

Benzo[b ]naptho[2, 1-d]thiophene 0.55 0.18 

Benzo[ bjk ]fluoranthene 9.3 2.9 

Benzo[ghi]fluoranthene + 
7.0 1.5 

benzo[ c]phenanthrene 

Benzo[gh1]perylene 8.0 1.5 

Chrysene + triphenylene 7.9 2.3 

Coronene 5.8 I.I 

Cyclopentena[ cd]pyrene 6.l 1.5 

Dibenzothiophene 0.28 0.07 

Fluoranthene 5.6 1.3 

Indeno[l ,2,3-cd]pyrene 4.5 I. I 

Methylphenanthrenes 7.0 1.4 

Perylene 1.2 0.14 

Phenanthrene 2.4 0.9 

Pyrene 7.3 1.3 



Thai J Pharmacol; Vol 26: No 2, May-Aug 2004. 

-- , 'l'fM'l'IUJ1'il!l'IJ 1'11 i1 lil':i ( Toxicokinetics) 

'1liNill':i'lh::m:l'IJ PAHs 

1. fll':ililVl'illl (Absorption) 
~ 

ni'1ijcl1uiii111 11111~11ma tiu U!llil ~11a W.l• 

ii1l1u1 vnri1m1maht111ill1 PAHs tiii1u 

m•••amh~lilaan 11il''llilaa1irn l1''ifl cilia ~mi . . . 
uufi1 mucosa ih1a~1um1i'lmnvnrii fll111ii' 

-l'Uill1 benzo[a]pyrene 11ill'Jfll1ml'l1il il•1hlil' 

ill1ii'ui11uil•il1Jlill!J1•uum1t~umu1• trn•cl1 

1:rnlil'm111ii'-l'utl'l1J1w 0 2 lummlilllliltN u11n 
3 ~ ~ 

illnu illo PAHs ••~n~lil'lf!Jlillm•UU!'l11Llilu 

1 ....... ..i ... ' ..: .... .J' ..i 1 • mm1 lillil m11~•1nmnwtl1a1u1Jmmu11 lllJ'U 

iil•il1J11titl'l1J1w1J1n jj mol'llill!1l11 ul1'U iiu~m . . 
Llll•l11,j'1111 WUil benzo[a]pyrene Llll•illo 

PAHs Ul1'11Ulil Ltfu phenanthrene Llll• pyrene 

'111J11n:S1Ji:i1m'li'1ijfi1m:r1 M11ti11011il t~1 lii'1u 
....... • • . 1 19 
15 passive d1ffus1on ' 

2. fll':i!t'l'l°ifl"l::'il1UW'l (Distribution) 

a10 PAHs 11w~m••1u 1u11ii"lu11i'a1• 

iii111 11iim11w1•11i'u1•~"1ml'u1J1nil•tnua•il1J 
"11 PAHs 1i;i~ ltf'U mu U!llil tlii'lulJ 1•UU\'111 

t~umm11•uum1t~uilaill1• t1'1uliiu 20 o•uu 

• .J ... • "" llfl1ill1 PAHs il•il!Jai:11J1n L'U1Mill0!Jfll1fl1\llil 

ill 1 vl1 na11~ vi' Ulll! •il' u 1l 1l nm1tl1~7 ' 21 il fll1 

l'llill!!l11u'l1'\jUU~mtrnn1'\jlll1 wui1 benzo[a] 

pyrene ill1J11ni:l1u111mti.iluclvi'1li11u 11ii'm~w • 
n1lil'vi'1aauilm11JUlilUn~ Ltf'U Wfll1Ltiiirhtillil 

tl1l1unvi'1tt1miililil'11u t1'1ulii'u 20 

3. LllLL'111J<1ii;;i:JJ (Metabolisim) 

' !' Ill cl .<!! cl 
\l'\jfi lil!llJ'Ul'UlJ IJllJ il1J1l1 LlJlilll!!llilllvM L!Jlil 
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~ -'1.r"" ., L'11llil'1111LLll•IJlil\jO "1'U 'ULUflll'J!lll!l11il11lflU 

wui1 Blil1lfll1LU~l'l'Utttla111111a11 PAHs ~1 
ni1lu~my1 

1111 PAHs il•nmtl~l'llJLLUll~1ul1l!ll'J~'U • 
lil!lu 11ilm11u hi1~mvn•till•'N trn•11'lurnu hi1 
.J.., .<!! w 
l'llil!l1fll1 NADH '11111 NADPH Llll•fll'lf 

" ... l.J .11·~~1·•1 !l!lO·aL\lu LWfllul!l'J'Uill1 PAHs \'I lJlJ'll1 'llluu 
d.:.1.?: d ~I 

ill1!11Jll1'lf~Lu'Uillow1n hydroxy derivative trn• 

arene oxide \1-:jfl epoxide a1n11AnH1'Wui1 

benzo[ a ]pyrene il•Lnlilfll11 U~l'JIJLL tl l!111ilmiilil 

tl~ii'lm epoxidation 11ill'lfl1on111u11a~rnu hi1 

CYP lAl M11'luill1uo•n11u arene oxide 'll~!l 
'd ~ 1 ' epox1 e \llnuuil•~m!l'U 'lflJ epoxide hydrolase 

1tl~aulu11'1ua11tl1•n11u dihydrodiol •1nii'u 

dihydrodiol •~~m11tl~ii'lm 11ilm!lu hi1 CYP 

3A4 11ii't1'1uai1tl1•n11u diol-epoxide ~111'1m1J 
1 

;..l • ' • ~ 0 7 .1.J • I Lll'IU!l l!l'll'IO!l rnLnlillJ•I~~ fll~I ul!l'JIJLluM 
• 1 .1.J 7 ll!l~ benzo[a]pyrene lil111iillil1 uiul'I 1 

4. m-:;'ll'rnhu (Excretion) 

L!JLl!'lua1ali'cl1ul'llqj'llfl1ill~ PAHs •• 

nn'll~lil!l!lnm11111\l1~•1rn•ilaill1•'· 22 ·" m••• • • 
11u'lu1tJlia1~'!1~111 il u a11 tl1•n11 u~ n n . . . 
conjugate nu glutathione 11ilmau hi1 gluta­

thiones transferase (GST) 'lfillil GSTMI <bu 

epoxide ifl:tJ conjugate tlu glutathione ~~on • 
• 1.J 1·1 ~I • d ' lu'11'11J uluuill11il11lu L'lfu phenol, phenol 

diols, quinones 1 \'Juiii'u LLiiiLIJLll'IUfl 1<tvlll!l1ill1 

PAHs ma1if iJ11i.iiJ#1w!l~il•nn'll~lil!l!ln ~1 • 
conjugate nu glucuronic acid 'Yl1a sulfuric acid 

.. .J • • • • 1- 11· 1 1wa!111•m mnnll'llilaan u lil • 
ilm1i'lmnlualili'l'llill!!l1 Liu 1ul1'\j 

111111lWUl!JLll'IU1l1lll'ILu~\l'll1• 85-95% l1<1'1 
.J"" " "' .... "' "" "" d 91 ' 111nl'lillil1!11iillm<11Jr.1anuill1 mwa~rnnu11mm 

ii'u~nn11~1iia!ln!111ilam1• '11u~11ii'fo "c . . 
pyrene lil11\lWUllJLll'IU1l 1i.l!'IL 'U~'l\ll1•Llll• 

U<llll1"iJtJ'llJ1W 1m\'1i'im rlu8 iJ1u 1 u1Jm16ii'u • 
il11'luuwui1 m1il'um1 PAHs 11an'l1n~1~niu 

cl1u 1 '11 tli•~a~"l u;itl LlJ 1rnu111<1li'~il1l'il)J'lfil lil'l1~1 
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Ben.zo(a)pyrene 

l 
,Arene ox! des 

I 

""'2 
,) 

Suparat Watana 

I GSH conjugates I 

l 
IGsH conjugates ~ ~:~: ---- Ph!ffi.21! 

1- 7-
3- 9- -

Qy!!10ll!:_! 
1,6-
3,6-

'1 ~ 
6, 12-9,10-

l l 
Glucuronides 

and 
sulphate esters 

Phru!Q! di2J! 
9-0H-4,5-diol 

-->- 6-0H-7,8-diol --i-

!2!!n~:.Q!odi.2l§. 
4,5-

- 7,8-
9,10-

Glucuronides 
and 

sulphate esters 
l-(3-)0H-9,10-diol 

! 
j GSH conjugates I ..,._______ !2.i.2l~Q.Ql!;!des -------!IP- Tetraols 

7,8-diol-9,10-epoxide 
9, 10-di ol-7 ,8-epoxide 

.... ..... ti ... • _,. 7 
~u'll 1 n1•'U11.lnl1Luamm a~trn~ benzo[a]pyrene L1JOLm~11~ma 

mN pyrene ilia 1-hydroxypyrene 11'ia 1-

hydroxypyrene glucuronide ~~lil1111W'U 1flL1.1 

ili:m11•""' ~~ pyrene ii'm\'Jmn11h•na'U 

PAHs ~w'U1flL\Jl'll1N<llJ'lfm PAHs 'lln"lfWfl • 
( 

, )24-26 .:-.... I I d 
PAH-m1xtures 1.1amnn1.1a~wm1mm~ 

il'imwa~ai~ PAHs iif1111JtLmn~h~fi"ulmLvia• 

ljflfla 1flaiil'i1tl~•mru 18 ii'111J~" LLl'iiim~ 
11a~11.1w'Ui1 l'i1fl~~ilimwa~ai1 PAHs i'.il'i1 

1•'1'111~ 6-35 ii'111J~ 25 

.... <I' ' d 
n11nalUW1.1~ (mutagen) LL<l•<ll10fllJ•L1~ 

(carcinogen) 11.11J1.1i,ia ""·"·" 11i'1mh~wmai1 
' ... 1 IV I ..,, ....... ~I 

PAHs 'llW'U fl'Umma•lJ~!UlllJ'UflLul.I carcino-

gen 'l'l::ia1iiLU1.I LLlffl~lil1.1m111~~ 2' lfla..t11tl 
~I ..11 ·~ .( .J tld <111 PAHs Lul.11111'11 lJIJq'llll LlJflQnL am.1 

LL ti a~ 1flmat.11'1nhdl1i'a11~i.iql'l~ilia vicinal 

Cl .,J..,. ' .., ti ... 
mam1an11 bay-region diol epoxides fl~~ 'II 

29 ~ tl.J ti 1 ~I 2 1l•Lnflnl1L a al.ILL iN flm ufl epoxide ring 

111i'LU1.1 electrophilic carbonium ion ~~LU\Jlll1 
alkyl group LLa11l•Lflflnl1~'Utl'U nucleophilic 

site 11.IL'U!f'lffl~ DNA 11i'1aWt.1ll• covalent Lflfl 

t\'11.1 DNA adduct
1
"

0 
·1h 1ii'Lnmm11Jilfltln~l1.1 

m•m1.1m1 replication LLa• transcription mn 

DNA 1iJ111i-i'llnWlifllJLL'lflJ 1l•H~t>Ja1ii'Liiflm~ 

tLtl~ir1.1m~w1.1~m11J 1m 1JJ l'lf:iJQmhaia"-" 
IV <I'°" f "" .J' "' "' .J m L 'YI m m1rufl1na11Lnlil'lf1.1 n 'UUl!l'I m'llfl lJ m1 

' ' 
Q " 1 • . 4 LnfllJ•L11 flLm proto-oncogenes 111fl tumor 
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1111~1~fi 2 111'1!lcil~ill>lh•fl!JU PAHs ~Lllu carcinogen LLa• non-carcinogen' 
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Benzo( a )pyrene 

Benzo(b )fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz( a,h )anthracene 
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~~00 ,,. 00 
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"" 
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4. ~•UUl1111~'1l!11!1'll! 
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1 ... .,( ..... 
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"' "' "' 3 ~I 1101 1'1111JLlJlJlJ'll 4 mglm Lum•a•L1ll11J1\J 
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.,.. <Oj • .,,J 
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Rheumatoid Arthritis, DMARDs and Sulfasalazine 
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Abstract 

Rheumatoid arthritis (RA) is a chronic, disabling autoimmune disease characterized by 
progressive joint destruction and functional decline, together with a significant increase in 
morbidity and mortality. Along with an improved understanding of the disease and advances 
in technology, the treatment of RA has evolved from a pyramid-based approach to the early 
and aggressive use of conventional disease-modifying antirheumatic drugs (DMARDs) such 
as methotrexate (MTX), gold, hydroxychloroquine, d-penicillamine and sulfasalazine as the 
cornerstone of therapy. 

Although the new and expensive biologic DMARDs that have more specificity to 
cytokines have shown promise in the treatment of RA at present, further evidence is needed 
to demonstrate their superiority over conventional DMARDs as initial therapy. Thus, 
conventional DMARDs still remain the first choice for monotherapy or combination 
treatment in patients with RA. 

Several clinical trials demonstrated the effectiveness of combination among 
conventional DMARDs in patients with RA and supported their use. The findings· 
summarized that the combination with MTX as triple therapy ( eg MTX, hydroxychloroquine 
and sulfasalazine) or double therapy (eg MTX plus either hydroxychloroquine or 
sulfasalazine) demonstrated superiority over monotherapy. While combination with 
sulfasalazine (a derivative of less absorbable sulfonamides) has shown fewer adverse events 
and provide better tolerability in long-term use. The action of sulfasalazine on RA depends 
mainly on one of its metabolites. 

Key words: rheumatoid arthritis, DMARD, sulfasalazine 
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(Rheumatoid arthritis, RA) 
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d ' .J.,, ,I:; .,. 
drugs; DMARD) lUumn~IJ'YlaUUTl151l\lq111 

01>flmaumN hA a11101>1'11mava-:iiimLa• 
d I .J .ti 'V 'V "j'V 

me~n l tlun~1J!ll'Yl!l!lnq'Ylu111aum~'111 !l1"l •ll 

nm 3-6 L&iauii-:i'J•Lllul'Jil lrn•~1Lllul>ia-:i1ii' 

LUm•a•na1m1u1u ~~~1Llluia-:i Mfu015 

'.in1:11&i1111111IJi1s01511151\l Lli a111 lba•U am1•l llu 

>•U•l~aila-:inul'loii'1-:iLi'im ntj1Jmmci1il' lvi'LLri 

hydroxychloroquine ( mfn'lfllJ101L'lE ), 515 

rna1J'Yl!l~ (gold), sulfasalazine, d-penicilla­

mine ua::: methotrexate 
4 

4. mm&ia5aavf 'J•'ti1111'mm>vi1-:i 1 

&iii' u a 1i 1-:i >1111 l ~1 llvil ii1viiim5if u&1 m> ~1 l ii u 

va-:ihri i;J-:iil'u !ll"lLn111l'laii1-:iLi'lu-:ici'1h1uvm111 

a-:i L'liu m•vin'l1>u lli'am••n hl'l&iviLii'a 1m1a . . . 
d , 1.,.,. 'V ., ,,,. "I"'"' Yll \l 1Jl•<l1Jll '11'YIE!Jl\l lJil111 l llllJ!J \l5!J L ll5U 

tl1•'Y11u 2.5-5 1Jn. via1u1u1•t1•ll5n~111'01> 

fo1:11 ll'ia~1l lluia~ 1 ,.,, m1a~Ln1111d'mlia111 

flmau na1mila-H11"lamau tl11111flmau' 
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~ ,J' 1 IV t "~'I 1 ~ <'I 
'YM\ln1~ 'llmLLn~u1!1 'IJ11VIVl'il•Lu'1Jfll~ 

-lni;1ttuu~1iiluii'u~t'.ian'i1 "pyramid" 'l!°'l11 

sequential strategy 1vim~lJ~1!1 NSA!Ds Llll• 11'1 

1ii'mntjlJ DMARDs t!i'IJ gold, sulfasalazine, 

. hydroxychloroquine d-penicillamine 
..i q v • 0 • 

m·vn•LlJ11lJ111fll~ll11VI 11 unm ma LLVI via 11vi nm • 
'II 01 ai'.J ~i.J1u mm1'uvrn11 L lJ u'llim~-lnm~il ~a 
aWITT'IJ~•t1•m1~hJ~ Lif'IJ V1Jlh11'1JLLSo111S11 

mn hflvhtilu1ut~11a 1 Vim~ Lta•Li:foil'lviri11u 

i'ml'um~ m~foi;11 uil'il'ilU'IJ~1L uum~mUfllJ • • 
m~il n niu 11 ti11LiimiviL.rJ11\l 11' nu m1 lJ d!lama 
.J ~.¥1 t•• l'l'il•LnVllJ'IJ m•tJ•tl11 Viti L'lftll methotrexate 

~1lJtlU!l1vl1~'1J 1 1un~lJ DMARDs ~'LLvi~•tJ• 
• 5 

Vl'IJ 1 

1 J;: .,. CV .J T IV 

OijlJVI~ LVI lJ V11rJOm1LL01 

biologic DMARDs 

cytokines \1~fl cytokine antagonists ~~tla! 
il••uu••ilm~tl11J11li'lla1av1'1ttti'1 ttvii\i'i1a~u • • 
1iiMil'vi11i1dlu~•ilriilmm'llii11n-h DMARDs 

milJ~1t~mwa1 h'·' linit1i'i'il~1f11a1mn ~1 • • 
1m~nu~u1a~il~1u•~t l'i1if u 1u~u1mi'1 lu~1 
i'i1~1LU'IJ~1I' 11'i'm~-lnm~1amn~lJ DMARD 

'lfU.lilvT1L~lJ11tj ii\'1ifu1 u~il''il•ll11 mh1 li1 LL vi 
.J ~I ~ d1 ' sulfasalazine •1m u'IJ!l1Vl1'111N 'IJOolJ DMARD • 

'lfUlil .1'1L~h.Jvi111 u 

Sulfasalazine (SSZ)8
' 
9 

Sulfasalazine 'l!'l111'1J~11~'1J 1~LLri sala-

zosulfapyridine, salicylazosulfapyridine, sul­

phasalazine, salazopyrin LU'IJ!ll 1 untjlJ{fovh 

(sulfonamid~s) ~1il~vi11m1a{11m1tfliliil1~u 
~ 1 u1•n11u~1t1 sulfapyridine LLo• 5-

aminosalicylic acid l~UJJoiat1t.1~1tl diazo bond 

~Vl1lt1'1'1Jn~lJil'm-J1~lilVlillJU1JS (less absorbable . . . 
sulfonamides) Hil111nmrn•fom hri~rh 11'i' 

tiivim1ilmaUll1l1ih 1'1 (inflammatory bowel 

disease) t!i'IJ ulcerative colitis. Lto• 1il'fom hri 
.J.J, 1' '1ML'lfalltlJVllU11 ol'J 
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o IV .J d "' .?; 
l'll'll'IJ1l'ILOU01llil oxygen free radical tLo•tJU!11 

. ::; ..r ..i ' . l' "d prostano1ds 'Yl~l.Jl"lffl11 5-arntnosalicy 1c ac1 ~~ 

tU'IJvl1'1l~qJ1'1Jfll1fo1'11 ulcerative colitis 1u 

lJW•~ sulfapyridine 'il•tU'IJ1li'1tl1~qJ1'1Jm1-lnm 
RA 

~ , 
Lfl<ln''il<IUi'l1lllil'J 

lll~lillil~'": rhil1GtlJlJ0'1llM SSZ 1rl11111' 
~ . 

m1u1nilri1uaan-hfoaa• 15 1via ssz cl1u 
.J • Id t ~ ~ 1 ° 1 ' 1 •~I mN'il•~ntuotl'IJ VltJLLUflrit1!1 'Um a liltu'IJ 

sulfapyridine (SP) Lta• 5-aminosalicylic acid 

'1·.J d d1· (5-ASA) Oil'IJ 'IJf;ll'l~lJ/lll'jttlJ'tt~1LlJB '1<1!11 

ttti'1'il•Vln'ill'jm•iilum (SSZ) 1uil~lJ1vi'mu1u 
~ 1"' ,.. ., .J ' 90 mri tta•'il• 'l!m1rnlllJlJ'IJG11aV1mrn11' 3 .. 

t I .J QJ ... 

tto• 12 'lflJ. liltlflltilotllJB,1•VIU ssz '11<flil lJ .. 
'" ..J .J • fllLU'IJ 6 lJflO./lJo. rJ 6 'lf!J. o1'1J1•VIU~1~lil 

1J111 SP tLO• 5-ASA 'il•Liivima1uu1•mru 10 
..J • • • 1 • 1 'lflJ. '1l1'lfln11 SSZ LW1l•Vl111 'lft101 'Wnl1~0 

, /.J . I d 0 1 •' ~ 1•~.J 0 1' tuotl'IJLtuo,l'IOl '108'1J SP ~O~lil'lf!J lilVll'l<ll GI 

1mycl1'1J colon Lta•ilri1il1alJl;jou1•1J1rufaua• 

60 ttvi 5-ASA unviviillJ 1vi'uamrn•ilri1il1alJ .. 
• d 1 • ~ 

111W~•'ill!IVJ1: tlJ11 '11!11l'll1'11o8VIL011Vl 

~l U~lJlVJ~m~n1•~1aii\'1 (Vdss) 11a1 SSZ ilri1 

tllu 7.5 ± I.6 livi1 ssz ~unutiJ1ijju~1 (>faa 

"" 99.3) 1ullru•~ SP ~unuilaui'.iutl'la~-iaa • 
a• 70 tto• acetylsulfapyridine (AcSP) ~~tU'IJ 
tlJmu111m1~'11~11Jlla1 SP ~unutu1Giu 
u~•mrufat1<1• 90 
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LU~!JlJLLUa~~.rulviLUIJ SP LLa• 5-ASA LiilJ 

L~mnu1ua1U ~lfl~1ii'l\ll'll81 ssz Luu 7.6 

+ 3.4 lnJ. t\ilmhu1mu SP ll•UnLU~!J1JLLUa1 
- u • 

acetylator 

t 1 • dqo 

phenotype \il!J 1J fast acetylators ~111'111'111\ll 

l\llm\l~!J'll81 SP LUIJ 10.4 'lllJ. 1bu1u slow 

acetylators ii~1LU1J 14.8 'lllJ. 1J8n•nnd SP i'fo 

nm U~!J1JLLUa11viLU1J 5-hydroxy-sulfapyridine • 
(SPOH) LLa• N-acetyl-5-hydroxy-sulfa-

pyridine ~ha dTH-lu 5-ASA ll•~nLU~!J1JLLUa1 
i1~'1rnrn•~a1 la!vi N-acetyl-5-aminosali­

cylic acid l\il!Jfl1•U11Jn11~1J~l!J1ii acetylation 

LL0i1 • .Ju 5-ASA 1 mli8\ll'il•iitl'l1J1rnil'aa~1 hi 
'd ...... ..1..i<!i11• 

ITTIJ1Wlnfllm1'111\ll'YIL'll8fi8 \ll 

n11'1irniia: i1 SP, 5-ASA LLa•LIJ\ill 

u8 linfi1w1J\ll ~niuri1mbu 1wajm1ilirn11•i1 

1u2tlall1• LLa• glucuronide conjugates tl'l!Jlrn 

·1·"'~i1 u 5-ASA ll11J 111)j'YIL'Hll8fl\j 1J colon ll•~O'llU 

88nl'm8\l\ll1•i111J1UL~IJUll• acetyl-5-ASA . . 
~1 clearance '1181 SSZ ~Yi1u1rnM1-1il11nn111m 
\'111'Ylll8\i1La8\ll~1LlilnU 1 a\ll1/!f!J. renal 

clearance ii~l faatl1•1JlUl'la!Jll• 3 7 '1181 total 

clearance 

1 •.. , "'"' tjOdqo 1Jf;!u1!J\j11l11('Y1Lu1J RA ll•IJl'llm1'111\ll 

1 ' .f t u '118~ SSZ, SP Ull• LIJ\ll1U8 <l'Yl!J11'111J \ll!J!J~ 

8GU1!Jllll'H~ 1i.i1vil1\l!L\l1J 

'1111viml'ILiiautl1•mrnfaaa• 60 LUU 
d ... ' .J ....... 

slow acetylator phenotype '1111l•!Jfllfl11'111\ll'llfl1 
.f tj u 

SP !J11111J (14.8 'lllJ. vs 10.4 'lllJ.) LLll•ll1•1ilU 

SP 1mli8\ill11ffi11u fast acetylators 1um1 • 
I • g,.J ~I ... 

'Yl\llilfl1U11LL'H1'11U11 ~'YJLulJ slow acetylators IJ 

flU&\n11'1181fllfl111i.J!'l1tJ1•lmJll1ffll LL0ii'fo 1i.J . . 

1m1a~m'l' sulfasalazine lLa• LIJ\lllUfl 

lal'i', sulfonamides l11a salicylates 

U8!lfrh 2 mu (~1111i1li1hl'Lii\ilUl)!11l'Yl11 
ll!Jfl1) fl'~iia11'l'8\ll'11J Ul!ITT1•ll\ll flU1!J~LU1J • • • 
porphyria (~1ll•li1 hhn\ll acute attack lvi) 

. ~ 
~11111fl'll 

Lrl 81iLil1J L 1lll1Jl 1J 81\l L ii \ll iJ 1)!111~ 8 

~ 1·., ·1·tj1 • .f .f 1•UULa8\il (ii '111fll\l'Yll 111J flnlll\lllilL!f8\j1'111J 

'ti11 i1LLr.ia11wii1 Lrndha8\ilflfln\il11JL w1an li11 

i5'mrlmLtl11wu 11'.lmrla1il'lm.1il\l!W1J 11Ji1Jwu 
'I/ G I <V .... !I' t 

\ll81fl1•'Yllfl!J111•1J\ll1•11 011'11 blood counts 

1i.itln~m1wlim~a1m1'ti1wu LLa•m118\l1J 

n1~..t'lfi1 blood counts na'uritlnG1riut.t t11ii • 
ll1fl11L~Ufla iil'li 'ii\ll LU1J~1ai.i11 (purpura) 

w'la ~ii1u tlll\il~i1a1\lLn\llUl)!'l110ia1•urnli8\ll 

11JL'11fl'lll!Jfll\l'l1U oligospermia Lrn•ii11\ll1!Jlfl 
' .; u <'I .I • LL\l!LIJ 8'H!J\ll!Jl\l•flllU L ulJ u fl\il • 

Sulfasalazine 81\l'til 1 ifi11wil'1 bwmLlN 

mnni1tln&1 t\llall1\lli11i1Ln\llrlmL\il1 fl'u w~a 
lmjrn'Ja!J 1vi LL"Lrlm1'1Ji>lllLLll1LL\ll\ll 11Jii11&u 1 

u an\l1ndir1 ll1\lli11 itilu11 ~1 vi a11.11 

1 u fl11llU1mt~flU~U&\111J tlU Lfl~ 81~ 111 

'II .,j :' 1 ., ... ..i ... .J 
\ll a1\llIJIJ1 m '11!1~'11m'11811amaa1 m1 

Lii\ll crystalluria LiilJL~!J1tlU!Jl 11Jfl~IJil'l!vJll'ln 

.r1 

~U1!J~'lll\ll glucose-6-phosphate 

dehydrogenase ( G6PD) m1 lvifon11LfJl\ll11\l 

m1Ln\ll hemolytic anemia mh~1naii\ll ~~il'n~u 
tlU'll lJl \ll '11 fl1 !J1~1 vifo Ila •m fl1'II!J\ll!J1ll1J fi l rl 8 • 
l01il8lfl11 

1uflu111~ 811111'118~ t 1flviu11~81•U u 

'ti1111J'll811\ll~nli1ma11'.lm~81Jl11 '" 1ifmif0i8 

Lrla 1vili1m1\ll11\lll8Ufl1J 1'1i11i.i1i1~11mami1 u • 

i!IJ wu 5 nu m n aj 1Joif a vJ1 hfo ri mil u i'l mm" 
'11111 furosemide, thiazide miiud1wfo hflvi'8 
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'Mu Liu acetazolamide, dichlorphenamide, 

methazolamide LLa• 11.1~~LL im1111"H'iaal'i'm.1 

111n~l.Jii'avh~m1'uaanm1tl11.1l.JL~ffil'a11 
LLa•mil'li11 li'Liilil a1m1 hiw1tl1•a1Y11 mmn~ 
lJ1lilLa1.loHaJ1 G6PD ~101.11.ll.JLLii 

tlfimu1nuai~u 

~<l11"lqJi'iail•'li11 li' m11!Jlilill.Jll a1mlil 1 vJ 
limrn• digoxin af!a1 Lrn•mil'li11"H1ammnlil 

" ... ' .., ' .r 1l1n11?111Lfl111lil!lGJUlJ!l1 methotrexate L Vil.Jll\.I 

B1n1'l1i1-:Jlfit1-.J 

~V1utl11111vi'LLri tl1lil'li11 iil'li tl101¥111oJ• 
~ ~d ~ d n 1 • d .J fl\.! l.Jr.11.1 1l1L\l11\.I ('111111\lLLn lJ lilLl.J!lLUa111.11tJ 

1'li11111.1~tl enteric coated tablet LLfl\.I) Lrn•lu 

m11111111\l'li1 l li'ila<m•"H'i11 il1wu1 iiaL \'1a111 al.J 
d 1 ·~ ~ d 111m1Ll.Ja f11u111wullmlil 111•iiflau1a 

a1Lii11u LLuul1111 tl1lilli'111 1u1111~1mL11111il • 
V1u111m1m1<1l.Ja1 Lriu iiu11 iin ~11l1'llil 
m111 Lmil1nm11vi'111LOIJlJIJlfl101'101a-l'lil1•vl'~ 
SP 1uil~l.J ii'11iiLfl11ih11111um1La11il'ilil\l1n 

m11\u sulfasalazine lJIJloll.Jlnfl~1Liiim L'W11• 
' ~ .J 1"' lJIJllil~1~lilGJ!l11Jl'l\'llila!l1 'HLIJ'll\j (mice) i'i11 

12 n'll.J1nn. l'l11:i.ili1111'La11il'ilil 1ullru•~llu101 
tlniiiffi w'1 u~u111iifi1ri'l1111'ua• 16 n'll.J 

\l1nm1i'!n1oJ11uw\l (rat) Lta•m•oh111u 
.J ' .J1 "' lJIJ101\'1~1n1llJIJllil\'1 'HLIJfllJ 6 L'Yh hi'WUil 

sulfasalazine 'Iii 1 li'Ln lilm1l.Ji'im>ll1l1oi'1<i11mrl11 

~rnalil 

1. m11\u111"H'1'1a11111i1ufi LYl11af!m1 

mum•L'Wl• 
"'.,, d :' ' " 2. vrn1nu111m101l.J1J1Gill.J!l1111u1111 1 

LLn1 (8 aau'li) LLa•~l.Jtl1lin1'mi•wa1mLn1 
• 3. mlu~tl enteric-coated tablet oi'111 

.oi "' G ., "' "'4 3 naumLl.Jlil 111:imnw1mflmri11unil1.1 
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1uni1fo 1oJ1t 1fli 118 mau1 l.J1011111~ 

lliililnu<l1w'lu ~'1\'1(\j1 li'L~l.Joi'111lJ1J1lili'~a• 500 

:im. - 1 n'll.J LLa•1l1ilL~l.J1oi'ii1 3 n'll.J 

i;,i !I fll~flfl'lfl'tll~ l'I iiilfl'lliN sulfasalazine 

'l u fl 1 Ti' fl u1 h A'll ii ei m au·;;;in w ii u ~ 
~ 

1. ti fl.fl. 1989 Desiree M. van der 

Heijde Lta•flru• 1oi'li1m1An1oJ1Ltl~11utfi11um1 

hi hydroxychloroquine (HCQ) LLa• sulfa­

salazine (SSZ) 1um1\'llila!l1LLUU randomized , 
double-blind 1u~u111 RA ~1iiLfla1oi''lum1 
;'nM1v11a slow-acting antirheumatic drugs lJl 

ri11u ~1mu 60 flu LLU1Ltlunal.J~loi'fo ssz • 
LLa• HCQ ~11J11J 22 LLa• 28 fl\.llillmhoi'u Lrl!l 

l!)'llnm1L3n'IJmf 'WUi1wo\'1\l1mitlm~~ 24 

Lrn• 48 lJa1m1fo1oJ1 n~l.J~1oifo HCQ iim1 

'! nm l.Jll a1 m 1 'li1 m mi'!! LLa" m1 m ~a l.J wtl'1 ~ll a1 
" ',.J1·~ ll!l ~1m1n9l.Jl'l 011u ssz 11ci11Loiu-H'011u 
at1011~~ 48

10 

2. ti fl.fl. 1999 Daniel 0. Clegg LLa• 

fl!U• 1oi'li1m1fln1oJlLLUU double blind, ran­

domized, placebo controlled, multicenter trials 

LUIJL1a1 36 atl011~ Lm11rnfium•wi11m11li' 

sulfasalazine 2 ,000 l.Jn. oi111'ui\'u111wa11n 1 um1 

1•1'utl1lil\l1n axial LLa• peripheral articular lu 

ankylosing apondylitis (AS), psoriatic arthritis 

(PsA) LLa•~U1U reactive arthritis (ReA; 

Reiter's syndrome) 1f111An1oJ11u~u1mY~'lll.Jlil 
619 1111 LLU1LU!Jn~l.J AS 264 >111, PsA 221 

1111, ReA 134 11u 'WUil~U1Ul'llJL'i!l sulfa­

salazine 1.i'iii Lrn•iitl1•lll'lllm'Wiii11Jm11•fo 

tl11i1li'11ci11.1tlai11lu~l1111 seronegative spon­

dyloarthropathies (SNSA)ll 

3. ti fl.fl. 1999 Desiree M. van der 

Heijde Lta•flru• 'li1m1fln1oJ1Ltl111rnfi11ur.1am1 

~n~l'll8{1 hydroxychloroquine ua::: sulfasalazine 

LLUU randomized, double-blind 1u~U111 RA 
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~11J1\J 50 fl\J LU\Jmn 48 a1fomi' LLo•~OJGll!J 
~ ' ~ ~ ~ ~ 101flGJBL\loalln 38 LOJ<l\J (30-50 LOJ<l\J) WU 

11m1anm:irn<11m>lhmmfo 1 m1'u1a~lvifom . . 
sulfasalazine l'l~fl~aoia~i:i1 2 UvJ<l!Jl12 

4. ti fl.A. 1999 Dougados Lli'l•flrn• 1vi' 
~1m1ilmrnLUU double blind randomized LU\J 

nm 52 au011111utlu1a 209 fl\J~l.J·i"um 
methotrexate ~1!JtlU sulfasalazine L u'iarn llflU 

numi!J~l.Jfom methotrexate 1'1~<1 sulfa-
• 

salazine L~a11 wui1m1li1m~11Jnu111~rn&i 
ni1m1111mL~m ir11umTl'oiilGJ11m1GJau 

il\JB1Gll!JLLUU'lfB1 American College of 

Rheumatology ua:::: European League Against 

Rheumatism 111Jir~m11 '11fl•LLU\Ji'l1l!JLL\h 

U11\J'lfB~fll111ilLU\Jhfl (variable disease 

1 " , ' activity score) "1fll(JlllOfll1LaO'lfL1fl Llo•WU11 

1 umi1J~li1m~11Jnu iiafimhmmi'aani1" • • 
5. lJ fl.A. 2000 'il1nm1ilnm'lfa~ Peri 

d 1 • Hickman Pepmueller Lrn• Terry L. Moore 'If~ "1 

~1 nwnummh•lll'liimw Lrn•ml!JU a aoiii'a 1 u 

1 • 1 •.•1 o d ~I • fll1 'lffll sulfasalazine \JNu1fllGJ01'JLu\J'lfB • 
• 3 • 
ilnLifULW1~ LLO• juvenile spondyloarthropathy 

wu11 sulfasalazine ilm11JuaaoiilmLad'iu1• 

juvenile rheumatoid 

arthritis (JRA) LLO• juvenile spondylo­

arthropathy (JSpA) faaliiLU\JfllLlianiluvi'u 

LL1nlu JSpA Lrn•ilmm1i'hnfoani1 
14 

metrotrexate 

6. lJ fl.A. 2001 \l1nm1iln1:1111m11J 

'lfB1 Maxime Dougados wui11um1iln1:11LLUU 

double blind, randomized, placebo controlled, 

multicenter trials 1utlt11a spondyloarthropathy 

(SpA) sulfasalazine ilu1•lll'liimw&ilum11•ru 

u101Lrn•m1Lmmm1ila~01 l uGJamil1a1 lvi' ~1 
P, dl • .I ~ ' , • • l u\JNol'I Gl\ll0011u1•l!J\J LOJfllL Wl'lfllLo•GJ1~ 

U1fllB1 111Jir1No1'111'11il1U{jU~fll115 LOIU 

sulfasalazine tfiiVl enteric-coated tablet tlllJl'JO 

a111mm11•mmi-'i<11m~L~umm1 ~1111cfu1u • 

d • " \lln meta-analysis data rnmnum1.in1:11LLUU 

randomized controlled trials "\ll'W1'W 5 011 

1'1"10B~~wui1 sulfasalazine ilm11Jua<101ii'a 

Lrn•ilu1•lll'liimw 1 um1fo1:11tlu1a ankylosing 

1 Jj ... 15 
spondylitis (AS) m•fl•<lu 3-6 LOJil\J 

7. U fl.fl. 2001 'ill0fll1iln1'1l'lfB1 

Yvonne P.M. Goekoop LLa•flfJ!• wui1m1-l'n1:11 

hfl RA .i'1LLvb•a•L~1J.ruai1J11fii'la1num1~n 

LLSM 1oia rheumatologist 11ma11ail111Jlil'a1n 

alJ DMARD '11"1flvl1~11JtlU methotrexate ii11 • 
Vla'\lijOl'l 1-6 methotraxate, sulfazalazine, 

hydroxychloroquine LU.~~ prednisolone 'i1JJO''U 

~1111Nam1fo1:11&ini111imvi'1 loiv1111d1L~m 1" 

8. 1'I fl.fl. 2002 O'Dell JR LLO•flrn"1.J 

~lfll1A01'11LLUU double-blind, placebo­

controlled trial LU\Jl1"1 2 lJ 1ucfll1a RA 171 • 
fl\J wui1m1fom 1oia 1 '11m~11Jnu 3 11iloi ?i<1 

methotraxate (MTX), sulfasalazine (SSZ) LLO• 

hydroxy~hloroquine (HCQ) ilm1GJBUif\JM\j1 

ni1m11'11m~11Jnu 2 'lfiloi ?ia MTX i11Jnu 
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Pfizer not Moving Ahead with 
Viagra for Women 

Pfizer Inc. reported that it was unable to 
prove that its impotence drug Viagra was 
effective in treating women, and it would 
not seek regulatory approval for it as a 
treatment for female sexual arousal 
disorder. Female sexual arousal disorder 
(FSAD) is an emerging area of research 
and is far more complex than male erectile 
dysfunction. It began studying Viagra for 
use in women in 1996 and has conducted 
several large-scale studies involving about 
3,000 patients. While the drug was found 
to be safe in all studies, data on its 
effectiveness in treating sexual arousal 
problems in women did not support 
submitting the drug for review by the U.S. 
Food and Drug Administration. It would 
end the program soon. Diagnosing FSAD 
involves assessing physical, emotional and 
relationship factors, and these complex 
and interdependent factors make 
measuring a medicine's effect very 
difficult. Several drug makers have been 
trying to develop a so-called female 
Viagra in hopes of establishing an 
enormous untapped market. Analysts 
have said that any drugs for female sexual 
dysfunction that prove effective in treating 
problems with arousal, diminished desire 
or inability to achieve orgasm could 
gamer sales of well over $1 billion a year. 

[http://www. reuters. com/newsArticlej html? 
type~healthNews&st01yID~4459 I 57 &section 
~news] 

FDA Approves Bevacizumab for 
Colorectal Cancer 

The U.S. Food and Drug Administration 
(FDA) approved bevacizumab (Avastin), 
manufactured by Genentech, Inc., as a 
first-line treatment for metastatic 
colorectal cancer. Bevacizumah targets 
vascular endothelial growth factor 
(VEGF), which stimulates new blood 
vessel formation within the tumor. 
Although angiogenesis inhibitors have 
been studied for the past three decades, 
this is the first such product shown to 
delay tumor growth and prolong survival. 
When given intravenously in combination 
with the Saltz regimen (!FL; irinotecan, 5-
fluorouracil [5-FU], and leucovorin) used 
as standard chemotherapy for colon 
cancer, bevacizumah prolonged survival 
by about five months. In a randomized, 
double-blind trial enrolling more than 800 
patients with metastatic colorectal cancer, 
patients rece1vmg bevacizumab in 
combination with !FL also had a longer 
time to progression by about four months 
than patients receiving IFL alone. The 
overall response rate was 45% with 
bevacizumah and 3 5% for !FL alone. For 
tumors to grow they need a blood supply, 
and for blood vessels to grow, they need 
growth factors. VEGF appears to be one 
of the most important of these growth 
factors. Bevacizumab appears to work by 
binding to the VEGF receptor and 
blocking signals for blood vessel growth. 
Without these signals, h1mor blood vessels 
are stunted in their growth, causing a 
similar effect in the tumor itself. VEGF is 
the first, growth factor shown to he 
effective in this fashion. Bevacizumab 
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also has nice pharmacokinetic properties, 
which may allow it to be effective, where 
other drugs were limited by not being able 
to achieve adequate drug levels for 
sufficient periods of time. Compared with 
most chemotherapy, the safety profile of 
bevacizumab appears quite favorable. It 
caused a modest increase in blood 
pressure, and about 11 % needed to use an 
oral antihypertensive medication but no 
hypertensive crises. There is a serious but 
rare event, which is the risk of 
gastrointestinal perforation. This can occur 
in 2% to 3% of patients with colorectal 
cancer who are receiving any 
chemotherapy. In the study, there were six 
events in 400 patients in the bevacizumab 
arm, or a rate of 1.5%; however, no 
perforation events were seen in the control 
arm. Of the six patients with perforation, 
three patients recovered and restarted 
treatment without any subsequent 
problems, two patients discontinued 
treatment permanently, and one patient 
died. Overall, there was still a major 
survival benefit, but this risk needs to be 
respected for patients with issues related 
to bowel integrity, particularly those 
[who] would not have fit the eligibility 
criteria in our phase Ill trial. The effect is 
rare and often seen in the context of an 
overall clinical response, but it can be 
serious, so it needs to be respected and 
followed with close clinical management. 

[http://www.medscape.com] 

Oral Contraceptives Lower Risk of 
Developing Rheumatoid Arthritis 

The use of oral contraceptives, but not 
estrogen replacement therapy, lowers the 
risk of developing rheumatoid arthritis. 
Although observational and epidemiologic 
evidence suggests a role for sex hormones 
in the development and progression of 
rheumatoid arthritis (RA), studies 
investigating the influence of exogenous 
estrogen on the development of RA have 
yielded conflicting results. The researcher 
investigated whether exposure to either 
oral contraceptives or postmenopausal 
estrogen replacement therapy (ERT) 
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influenced the development of rheumatoid 
arthritis in women using data from The 
Rochester Epidemiology Project. Ever­
use of oral contraceptives was associated 
with a 43% reduction in the risk of RA, 
though there was no association between 
the current use of oral contraceptives and 
RA (albeit in a small number of women). 
The protection was more pronounced for 
RF-positive than for RF-negative 
rheumatoid arthritis. Based on population 
attributable-risk estimates, the 
investigators calculate, the number of 
women who develop RA could drop by 
about 38.6% if the entire female 
population of Rochester were exposed to 
oral contraceptives. The majority of the 
decrease in incidence (of RA) from an 
incidence of 72/100,000 to the estimated 
48/100,000 (between 1985 and 1994) is 
still unaccounted for. Therefore, the 
protective effect of oral contraceptive 
exposure on the development of RA can 
only explain a small portion of the 
dramatic decrease in RA incidence over 
the past few decades. Further research, 
including both clinical studies and 
laboratory studies in the field of 
immunoendocrinology, may help to 
explain the complex relationship between 
estrogen, progestins, and RA. 

[J Rheumatol 2004;31:207-213] 

ACE Inhibitors No Better Than 
Other Antihypertensives at 
Preventing Heart Failure 

Although ACE inhibitors can improve 
survival after a diagnosis of heart failure, 
findings from a new study suggest that 
these drugs are no better than other 
antihype1tensive agents at preventing the 
cardiac condition. However, in certain 
subgroups, ACE inhibitors may offer an 
advantage over other antihypertensives. 
They performed a meta-analysis of six 
trials that looked at the occun-ence of heart 
failure in hypertensive patients who were 
treated with an ACE inhibitor or another 
agent. Together, the studies included 
20,430 patients treated with an ACE 
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inhibitor and 46,904 who received another 
drug. The follow-up periods ranged from 
4.1 to 8.4 years. Overall, 922 new cases of 
congestive heart failure were diagnosed in 
the ACE inhibitor group and 2589 were 
diagnosed in the other drug group. In the 
context of the total study group, ACE 
inhibitors are comparable to other BP 
agents at preventing heart failure. A 
possible advantage for ACE inhibitors 
over other drugs emerged as patient age 
and the degree of blood pressure control 
increased, but the trend was 
nonsignificant. The hypothesis that ACE 
inhibitors are superior to other 
antihypertensive drugs for prevention of 
congestive heart failure in hypertension 
remains unproven. 

[Am J Cardiol 2004;93:240-243] 

Disulfiram and CBT Reduce 
Cocaine Dependence 

Disulfiram and cognitive behavioral 
therapy (CBT) are effective for reducing 
cocaine dependence. Given clinical 
observations of high rates of alcohol 
dependence among cocaine-dependent 
outpatients, the initial rationale for 
disulfiram therapy was as a strategy to 
reduce alcohol use among cocaine users. 
In this double-masked (for medication 
condition), 2 x 2 factorial trial, 121 
individuals with current cocaine 
dependence were enrolled from a 
community-based outpatient substance 
abuse treatment program and randomized 
to treatment with disulfiram, 250 mg/day, 
plus CBT; disulfiram plus interpersonal 
psychotherapy (IPT); placebo plus CBT; 
or placebo plus !PT. A riboflavin marker 
procedure helped monitor medication 
compliance. CBT and !PT were guided by 
a manual and given as individual sessions 
for 12 weeks. Random regression 
analyses of self-reported frequency of 
cocaine use and results of urine toxicology 
screens revealed that disulfiram was more 
effective than placebo in reducing cocaine 
use, and CBT was more effective than !PT 
(P < .01 for both). Disulfiram and CBT 
were most effective in subjects who were 
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not dependent on alcohol at baseline and 
in those who fully abstained from drinking 
alcohol during treatment. Adverse effects 
associated with disulfiram were mild and 
similar to those associated with placebo. 
Study limitations include drop-out rate of 
50%. Because alcohol use during 
treatment was strongly related to cocaine 
use, independent of the patient's 
medication condition, the authors 
recommend that the use of disulfiram in 
alcoholic cocaine abusers should be 
combined with efforts to enhance patient 
commitment to alcohol abstinence. 

[Arch Gen Psychiatry 2004;61:264-272] 

Fat-Blocker Improves Cholesterol 
Reduction 

Adding a drug that inhibits cholesterol 
absorption from the gut to treatment with a 
statin drug, which inhibits cholesterol 
production in the liver, is more effective 
than statin treatment alone in lowering 
LDL cholesterol. Stalins such as Zocor or 
Lipitor have become standard treatments 
for high cholesterol. The results of a trial 
called EASE, in which the cholesterol 
absorption blocker Zetia (generic name, 
ezetimibe) was added to a statin show that 
the combination reduced LDL cholesterol 
26 percent compared with a 3 percent 
reduction with single therapy in a 6-week 
comparison of the two treatments. The 
EASE trial involved 3030 patients on 
stable doses of statins who had not 
achieved LDL target levels. Two-thirds of 
the participants were randomized to take 
statins plus Zetia or statins only for 6 
weeks. The combination therapy was 
effective across all ages, genders and 
races. 71 percent of the total group on 
combination therapy achieved target LDL 
cholesterol levels. If a patient is not at goal 
with a statin, a good strategy is to add 
ezetimibe. 

[http://www. reuters. com/newsArticle.j html? 
type~healthNews&storyID~455 J 0 J 5&section 
~news] 
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New Gene Linked with Cancer 
Found 

U.S. scientists had tracked down another 
gene involved in several different cancers, 
which seems to become active just before 
a tumor begins to spread. The gene, called 
PIK3CA, might be a good "marker" for 
diagnosing cancer, or a target for new 
cancer drugs. The researchers found 
PIK3CA mutations in 74 of 234 colon 
cancer patients, or 32 percent of them. 
Mutations in the gene were found in 27 
percent of patients with brain tumors 
known as glioblastomas, 25 percent of 
stomach cancer patients and 8 percent of 
breast cancer patients. They found 92 
mutations in all. The sheer number of 
mutations observed in this gene strongly 
suggests that they are functionally 
important. The mutations seem to come 
about late in tumor development, just as a 
benign tumor becomes invasive cancer. 
Many different cancer genes have been 
found, from the p53 gene found in dozens 
of cancers to the BRCA genes linked with 
breast and ovarian cancer. Experts note 
cancer is a complex disease, caused by the 
interaction of possibly hundreds of genes 
and the environment. 

[http://www. reuters. com/newsArtic/ej html? 
type~healthNews&storyf D~45 504 I 9&section 
~news] 

Antibacterial Soap Doesn't Prevent 
Viral Infection 

Using antibacterial soaps and cleansers at 
home may not necessarily reduce risk of 
getting sick. In a new study, people who 
used antibacterial soaps and cleansers 
developed cough, runny nose, sore throat, 
fever, vom1tmg, diarrhea and other 
symptoms just as often as people who 
used products that did not contain 
antibacterial ingredients. Since most 
common infections, including colds and 
flu, are caused by viruses, the lack of an 
effect on symptoms is not surprising. 
According to one study, approximately 75 
percent of liquid soaps and 29 percent of 
bar soaps in the U.S. contain antibacterial 
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ingredients. But the benefits of 
antibacterial products in preventing 
infectious diseases in households are still 
unproven. They studied 238 Manhattan 
families who were given almost a year's 
supply of free soap and household 
cleaners. Half of the families were given 
antibacterial products, while the other half 
received products that did not contain 
antibacterial ingredients. For nearly a year, 
the families were closely followed to see 
how often they experienced a wide variety 
of symptoms. Runny nose, cough and 
sore throat were the most common 
symptoms, followed by fever, vomiting, 
diarrhea and skin symptoms. These 
symptoms occurred just as frequently in 
people who used antibacterial products at 
home as they did in people who did not. 
Throughout the study, use of antibacterial 
products did not have a significant effect 
on any of the symptoms. During the study, 
participants had fewer infections and 
lower bacterial counts on their hands than 
at the start of the study. In a previous 
analysis of the results found that families 
experienced a drop in bacterial counts 
whether they used antibacterial or normal 
soaps and cleansers. Despite the lack of an 
effect on symptoms antibacterial products 
may be appropriate for preventing 
bacterial symptoms, or in other specific 
situations, such as when a family member 
has a weakened immune system or has 
skin or gastrointestinal infections. The 
authors note that any potential benefits of 
antibacterial products need to be weighed 
against the possibility that bacteria may 
develop resistance to antibacterial 
products. Although there is no evidence 
that this has happened, laboratory tests 
suggest that it may be possible. 

[Annals of Internal Medicine, March 2, 2004) 

Sex Differences in Analgesic 
Response to Opioids 

For acute pain management, women 
respond better to a kappa agonist than to a 
mu agonist. Two commonly used opioid 
analgesics for uncomplicated patients are 
morphine sulfate and butorphanol. 
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Preliminary studies suggest that there may 
be a sex difference in response to the site 
of action of these two medications. The 
objective of this trial was to evaluate 
whether there is a sex difference in the 
analgesic response to the prototypical mu­
receptor agonist, morphine sulfate, 
compared with the prototypical kappa 
agonist, butorphanol, in the emergency 
department. Of 94 patients with acute 
moderate to severe traumatic pain of 
injury who were enrolled in this study, 49 
(52%) were men and 45 (48%) were 
women. Subjects were randomized to 
receive morphine or butorphanol. Both 
groups were similar in demographics. At 
60 minutes, women had significantly 
lower visual analog scale (VAS) scores 
with butorphanol than with morphine (P = 

.046). There was a nonsignificant trend 
suggesting that men responded better to 
morphine than women did (P = .06). At 30 
minutes, diastolic blood pressures were 
lower in women than in men. Study 
limitations include use of patient self­
report of pain. Females had better pain 
scores with butorphanol than morphine at 
60 minutes. Kappa receptor agonists 
should be chosen preferentially for female 
patients with acute traumatic injury pain. 

[South Med J 2004;97:35-41} 

IV Lidocaine Helpful for 
Mechanical Allodynia 

Intravenous (IV) lidocaine is helpful for 
mechanical allodynia. It was previously 
shown, using quantitative sensory tests, 
that IV lidocaine induced selective and 
differential analgesic effects in patients 
with central neuropathic pain. Thus the 
treatment alleviated spontaneous pain and 
mechanical allodynia/hyperalgesia, but 
had no effect on thermal allo­
dynia/hyperalgesia. This argued against a 
generalized effect on pain perception, but 
rather emphasized that lidocaine presented 
with specific antiallodynic and anti­
hyperalgesic effects in such patients. In 
this double-blind, crossover design study, 
22 patients with pain caused by 
postherpetic neuralgia or nerve trauma 
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received lidocaine, 5 mg/kg IV, or placebo 
infusion over 30 minutes and were 
evaluated using quantitative sensory 
testing. On an open-label basis, 16 patients 
subsequently received mexiletine titrated 
from 400 to 1,000 mg per day (mean, 737 
mg/day). Lidocaine significantly 
decreased ongoing pain for up to six 
hours, with a peak effect 60 to I 20 
minutes after injection. It also decreased 
mechanical dynamic allodynia and static 
or punctate mechanical 
allodynia/hyperalgesia, but not thermal 
allodynia and hyperalgesia, suggesting 
that the analgesic effects of the drug were 
modality-specific. Compared with patients 
without allodynia, those with concomitant 
mechanical allodynia had significantly 
greater effects from lidocaine and 
mexiletine on spontaneous pain intensity. 
The authors suggest that patients with 
mechanical allodynia may be good 
candidates for treatment with local 
anesthetic, like drugs and possibly with 
other sodium-channel blockers. The usual 
definition of a responder to a certain drug 
in the context of neuropathic pain, 
although it has the advantage of simplicity 
and ·permits a clinical comparison between 
different drugs, is probably too broad and 
may lack sensitivity. The response to a 
drug rather depends on a combination of 
symptoms that may relate to specific 
common mechanisms and favors the 
importance of a mechanism-based 
classification of neuropathic pains. 

[Neurology 2004;62:218-225] 

Ezetimibe: A Selective Cholesterol 
Absorption Inhibitor 

Ezetimibe is the first agent of a novel 
class of selective cholesterol absorption 
inhibitors recently approved by the Food 
and Drug Administration for treatment in 
the United States. Ezetimibe inhibits the 
absorption of biliary and dietary 
cholesterol from the small intestine 
without affecting the absorption of fat­
soluble vitamins, triglycerides, or bile 
acids. Ezetimibe localizes at the brush 
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border of the small intestine and decreases 
cholesterol uptake into the enterocytes. 
Preclinical studies demonstrated lipid­
lowering properties of ezetimibe as 
monotherapy and showed a synergistic 
effect in combination with 3-hydroxy-3-
methylglutaryl coenzyme A reductase 
inhibitors ( statins ). The efficacy and safety 
of ezetimibe 10 mg/day have been 
established in phase III clinical trials. In 
these trials, ezetimibe was investigated as 
monotherapy, as an add-on to ongoing 
statin therapy, and as combination therapy 
with statins in patients with primary 
hypercholesterolemia. In addition, 
ezetimibe has been evaluated in patients 
with homozygous and heterozygous 
familial hypercholesterolemia and in those 
with sitosterolemia. When given as 
monotherapy or in combination with 
statins or fenofibrate, ezetimibe reduces 
low-density lipoprotein cholesterol (LDL) 
by 15-20% while increasing high-density 
lipoprotein cholesterol by 2.5-5%. Unlike 
other intestinally acting lipid-lowering 
agents, ezetimibe does not adversely affect 
triglyceride levels and, due to its minimal 
systemic absorption, drug interactions are 
few. Ezetimibe's side-effect profile 
resembles that of placebo when given as 
monotherapy or in combination with 
statins. In clinical practice, ezetimibe has a 
role as monotherapy for patients who 
require modest LDL reductions or cannot 
tolerate other lipid-lowering agents. In 
combination therapy with a statin, 
ezetimibe is used in patients who cannot 
tolerate high statin doses or in those who 
need additional LDL reductions despite 
maximum statin doses. 

[Pharmacotherapy 2003; 23:1463-1474} 

High-Dose Melphalan With Stem­
Cell Transplant Improves Outcomes 
in AL Amyloidosis 

High-dose melphalan with autologous 
stem-cell transplant improves five-year 
survival, induces remission, or reverses 
disease in a substantial proportion of 
patients with AL amyloidosis. AL 
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amyloidosis is a fatal disease resulting 
from tissue deposition of amyloid fibrils 
derived from monoclonal immunoglobulin 
light chains. Treatment with oral 
chemotherapy is minimally effective. 
This longitudinal analysis of clinical 
effectiveness followed 701 consecutive 
new patients with AL amyloidosis treated 
at a university-affiliated specialty referral 
clinic. Of 394 patients (56%) who were 
eligible for high-dose intravenous 
melphalan ( 100-200 mg/m2

) and 
autologous blood stem-cell 
transplantation, 82 did not proceed with 
treatment because of patient choice or 
disease progression. Median survival of 
the 312 patients who began treatment with 
high-dose melphalan and stem-cell 
transplantation was 4.6 years. Complete 
hematologic response, defined as no 
evidence of an underlying plasma cell 
dyscrasia one year after treatment, 
occurred in 40% of patients, and it was 
associated with longer survival and greater 
improvements in end-organ disease. 
Mortality rate within l 00 days of 
treatment was 13% overall, but it was 
highest in patients with cardiomyopathy. 
Treatment of selected patients with AL 
amyloidosis by using high-dose melphalan 
and stem-cell transplantation resulted in 
hematologic remission, improved five­
year survival, and reversal of amyloid­
related disease in a substantial proportion. 
These data suggest that treatment with 
high-dose melphalan and stem-cell 
transplantation should be considered early 
in the· course of the disease for eligible 
patients with AL amyloidosis. This 
treatment is a clinically significant 
improvement in treating AL amyloidosis 
and shows promise in reversing amyloid 
cardiomyopathy. 

[Ann Intern Med 2004;140:85-93} 

Melatonin May Lower Nocturnal 
Blood Pressure 

Three weeks of melatonin therapy 
significantly reduces nocturnal blood 
pressure and improves sleep. A single 
dose had no effect on blood pressure or 
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heart rate. Patients with essential 
hypertension have disturbed autonomic 
cardiovascular regulation and circadian 
pacemaker function. Nighttime melatonin 
amplifies circadian rhythms directly via 
the central pacemaker as in dementia, shift 
work, and blindness. In this double-blind, 
crossover design trial, the investigators 
studied the effect of a single and repeated 
doses of oral melatonin, 2.5 mg, given one 
hour before sleep, on 24-hour ambulatory 
blood pressure and actigraphic estimates 
of sleep quality in 16 men with untreated 
essential hypertension. Although a single 
dose of melatonin had no effect on blood 
pressure, melatonin given nightly for three 
weeks reduced systolic blood pressure 
during sleep by 6 mm Hg and diastolic 
blood pressure by 4 mm Hg. Heart rate 
was not affected. With three weeks of 
melatonin treatment, the day-night 
amplitudes of systolic and diastolic blood 
pressure rhythms increased by 15% and 
25%, respectively. Sleep quality was also 
better, but improvements in blood pressure 
and sleep were statistically unrelated. 
Study limitations include the small 
number of patients studied. This is the 
first double-blind crossover study to 
investigate the effect of repeated 
melatonin intake on 24-hour blood 
pressure rhythm in untreated hypertensive 
patients, while recommending future 
studies in larger patient groups to define 
subgroups of patients who would benefit 
most from melatonin intake. The present 
study suggests that support of circadian 
pacemaker function may provide a new 
strategy in the treatment of essential 
hypertension. 

[Hypertension 2004;43: 1-6} 

Vitamins E, C may Reduce Risk of 
Alzheimer's Disease 

Use of high-dose supplements of vitamins 
E and C is associated with a reduction in 
the prevalence and incidence of 
Alzheimer's disease (AD) in a select 
elderly population. Antioxidants may 
protect the aging brain against oxidative 
damage associated with pathological 
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changes of AD. From 1995 to 1997, the 
investigators assessed the prevalence of 
dementia and AD and collected 
information about supplement use in 4,740 
residents of Cache County, Utah, aged 65 
years or older. There were 200 prevalent 
cases of AD between 1995 and 1997, and 
104 incident cases of AD during follow-up 
from 1998 to 2000. Vitamin E users were 
defined as those who reported taking an 
individual supplement of vitamin E or a 
multivitamin containing more than 400 lU 
of vitamin E; vitamin C users were 
defined as those who took at least 500 mg 
of ascorbic acid. Multivitamin users were 
defined as those who reported taking 
multivitamins containing lower doses of 
vitamin E or C. The greatest reduction in 
both prevalence and incidence of AD was 
in subjects who used individual vitamin E 
and C supplements in combination, with 
or without an additional multivitamin. Use 
of vitamin E and C supplements in 
combination reduced AD prevalence by 
about 78% (adjusted odds ratio, 0.22; 95% 
confidence interval [CI], 0.05 - 0.60) and 
incidence by about 64% (adjusted hazard 
ratio, 0.36; 95% CI, 0.09 - 0.99). There 
was a trend toward lower AD risk in users 
of vitamin E and multivitamins containing 
vitamin C. However, there was no 
apparent protective effect with the use of 
vitamin C alone, vitamin E alone, with 
multivitamins alone, or with vitamin B­
complex supplements. Study limitations 
include cross-sectional prevalence data; 
limited (three-year) follow-up for 
incidence data; and the pitfalls inherent in 
observational studies, such as possible 
confounding factors associated with 
vitamin use. The authors note that the 
current recommended daily allowance 
(RDA) for vitamin E is 22 lU (15 mg), 
and for vitamin C (ascorbic acid), 75 to 90 
mg. Multivitamin preparations typically 
contain the RDA, while individual 
supplements typically contain doses up to 
1,000 lU of vitamin E and 500 to 1,000 
mg or more of vitamin C ascorbic acid). 
These findings suggest that vitamins E and 
C may offer protection against AD when 
taken together in the higher doses 
available from individual supplements. 
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Formal proof of such an effect can come 
only from randomized prevention trials. If 
proven efficacious in such trials, 
antioxidant vitamins (believed to offer 
other health benefits) would offer an 
attractive prevention strategy for AD. 

[Arch Neural 2004;61:82-88} 

Prolonged Regular Aspirin Use may 
Increase Pancreatic Cancer Risk 

Regular use of aspirin for 20 years or 
more is associated with an increased risk 
of pancreatic cancer. Because this differs 
from findings in other studies, the 
editorialist suggests that there are no easy 
answers, but that the conflict should be an 
impetus to additional research. Earlier 
studies have shown that use of aspirin and 
other nonsteroidal anti-inflammatory 
drugs (NSAIDs) may reduce risk of some 
cancers and precancerous lesions, and in 
vitro and animal models have suggested 
that aspirin and NSA!Ds may inhibit the 
development of pancreatic cancer. 
However, studies analyzing the 
association between analgesic use and 
pancreatic cancer in humans have been 
infrequent and have yielded inconsistent 
results. These findings do not support a 
protective effect of analgesic use on the 
risk of pancreatic cancer. Rather, aspirin 
appears to increase the risk of pancreatic 
cancer after extended periods of use. As 
part of the Nurses' Health Study, 
beginning m 1980, 88,378 women 
completed biennial questionnaires, 
including items about aspirin use. Of these 
women, 34% were current regular aspirin 
users, defined as consumption of two or 
more 325 mg aspirin tablets weekly, and 
66% consumed fewer than two tablets 
weekly. During 18 years of follow-up, 
161 new cases of pancreatic cancer 
occurred, with no statistically significant 
difference in risk of pancreatic cancer 
between regular aspmn users and 
nonusers. However, compared with 
women who regularly consumed fewer 
than two aspirin tablets per week, women 
with more than 20 years of regular aspirin 
use had a 58% increased risk of pancreatic 
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cancer (relative risk [RR], 1.58; 95% 
confidence interval [Cl], 1.03 - 2.43; P = 

.01 for trend). Compared with women 
who were nonusers during the same time 
period, the risk of pancreatic cancer in 
regular aspirin users increased with 
increasing aspirin dose (P = .02 for trend). 
Compared with nonusers, women who 
consumed 14 or more aspirin tablets 
weekly had an 86% increased risk of 
pancreatic cancer (RR = 1.86; 95% Cl, 
1.03 - 3.35; P = .02 for trend). Higher 
pancreatic cancer risk I inked to aspirin use 
seemed to be confined to women with a 
higher body mass index, suggesting that 
obesity may have served as a marker for 
inflammation. Risks and benefits 
associated with the use of aspirin have to 
be weighed carefully in any recom­
mendations made by health care providers. 
In an accompanying editorial notes that 
these findings raise questions about the 
actions of aspirin and other NSA!Ds and 
the mechanisms underlying pancreatic 
cancer. There are no easy answers to the 
question of what aspirin and other 
NSA!Ds do to pancreatic carcinogenesis. 
Fortunately, conflicting data from diverse 
threads of research are often a very 
effective push toward scientific progress. 

[J Natl Cancer Inst 2004;96:4-5, 22-28] 

Double Stem Cell Transplant Better 
Than Single Transplant in Myeloma 
Patients 

Double transplantation of autologous stem 
cells improves overall survival among 
patients with myeloma, as compared to 
single transplant. Stem cell transplantation 
is currently recommended for young 
patients with multiple myeloma as part of 
initial therapy or upon progression of the 
disease. However, the median duration of 
response after this procedure did not 
exceed three years, and almost all patients 
ultimately relapse. In order to evaluate the 
effect of double-transplant therapy on 
prolonging duration of response, 
investigators enrolled 399 patients under 
60 years of age with previously untreated 
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myeloma. All patients received 3 or 4 
cycles of vincristin 0.4 mg/m2

, 

doxorubicin 9 mg/ m', and dexamethasone 
40 mg (VAD), after which 199 patients 
were randomized to receive a single 
transplant following a preparative regimen 
of 140 mg/m2 mephalan and total body 
irradiation (8 Gy delivered in 4 fractions 
over 4 days). The other group of 200 
patients received the same dose of 
mephalan without irradiation prior to the 
first transplant, followed by the 
combination in preparation for the second. 
After hematologic reconstitution, both 
groups received alfa interferon 3 million 
units thrice weekly for maintenance. 
While similar rates of complete or very 
good partial responses were seen both 
double and single transplant groups (50% 
vs. 42%, P = .10), the seven-year event­
free survival rate was significantly higher 
in the double-transplant group (20% vs. 
10%, P = .03). Likewise, overall survival 
at seven years was significantly higher in 
the double-transplant group (42% vs. 21%, 
P = .01). In multivariate analysis, survival 
was found to be significantly related to 
four factors: base-line serum levels of 
beta,-microglobulin (P < .01) and lactate 
dehydrogenase (P < .01), age (P < .05), 
and treatment group (P < .01). Among 
patients who did not show very good 
response rates after the first transplant, 
seven-year survival rate was dramatically 
higher for the double transplant group 
(42% vs. 11%, P < .001). The results 
indicated that double transplantation could 
benefit patients who do not have a very 
good partial response with in three months 
after undergoing a single transplantation. 
Hematopoietic reconstitution was similar 
between the two groups, as were rates of 
treatment-related death (6% vs. 4%, P = 
.4). However, nonfatal adverse events are 
not well described in this report, longer 
hospitalization and an increased risk of 
toxic effects such as mucositis would be 
expected in the double-transplant group. 
This report establishes double 
transplantation as one of the options for 
treating patients who have myeloma, 
particularly those younger than 60 years of 
age who have a suboptimal response to a 
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single transplant. Though commending 
the investigators, progressive myeloma 
will develop in over 80% of patients 
within seven years after they have 
undergone double transplantation. In light 
of these results symptomatic patients 
younger than 70 years of age should be 
treated initially with dexamethasone alone 
or in combination with chemotherapy or 
thalidomide, in the expectation that 
autologous stem cell transplantation will 
be included in the treatment. 

[New Engl J Med 2003;349:2495-2502, 2551-
2553} 

COX Inhibition Blunts 
Antihypertensive Effects of ACE 
Inhibitor Therapy 

Both selective COX-2 inhibition and 
nonselective COX inhibition dampen the 
blood pressure lowering effects of 
angiotensin-converting enzyme (ACE) 
inhibitors. Nonselective COX inhibition 
also adversely effects renal function in 
ACE-treated patients. Using a crossover 
design, they examined the effects of the 
selective COX-2 inhibitor celecoxib (200 
mg/d) and the nonselective COX inhibitor 
diclofenac (75 mg twice daily) on BP and 
renal function in 25 patients with 
osteoarthritis and hypertension being 
treated with an ACE inhibitor and a 
diuretic. All the patients were black or 
Hispanic, because these classes of drugs 
are recommended by recent guidelines as 
initial therapy for treatment of blood 
pressure in blacks. At 4-weeks, diclofenac 
worsened overall 24-hour systolic BP 
control ( +4.1 mm Hg) significantly more 
than celecoxib (+0.6 mm Hg) in the 
presence of an ACE inhibitor and diuretic, 
the team reports. However, at peak drug 
levels, diclofenac and celecoxib had 
similar effects on systolic BP ( + 3 .6 and 
+4.2 mm Hg, respectively). Thus, if 
celecoxib is needed twice daily, as is 
frequently the case, then a rise in BP of 
similar magnitude to diclofenac would be 
anticipated. Glomerular filtration rate 
(GFR) was also differentially affected by 
selective and nonselective COX inhibition. 
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In the presence of ACE inhibitors, kidney 
function was worsened more with 
nonselective than selective COX-2 
inhibitors. Diclofenac significantly 
reduced GFR and this was associated with 
marked urinary sodium retention, which 
led to ankle edema, despite diuretic 
therapy. Celecoxib, on the other hand, 
preserved GFR and was not associated 
with urinary sodium retention or ankle 
swelling. Hypertension and arthritis 
commonly co-exist in the elderly, leading 
to frequent co-administration of COX 
inhibitors and ACE inhibitors. They 
believe their study provides new 
information regarding the BP and kidney 
effects of COX inhibition in ACE­
inhibitor treated patients. 

[Hypertension 2004;43:573-577} 

Azithromycin Failures Reinforce 
Penicillin as Preferred Drug for 
Syphilis 

A recent report of syphilis patients in San 
Francisco who did not respond to 
azithromycin reinforces current 
recommendations that penicillin is the 
preferred agent for this disease. Syphilis 
rates have been increasing throughout the 
US in recent years. A particular problem 
area has been San Francisco, which had 
one of the highest rates of primary and 
secondary syphilis in the country in 2002. 
In an effort to treat syphilis cases early, 
certain disease-control programs have 
begun administering azithromycin as a 
single oral regimen, a more convenient 
alternative to IM penicillin. Support for 
this approach is based on several small 
studies that have shown efficacy in 
patients without HIV infection. However, 
in April 2003, the San Francisco 
Department of Public Health became 
aware of a syphilis patient who failed 
treatment with azithromycin. Further 
investigation uncovered seven other 
apparent treatment failures that occurred 
between September 2002 and July 2003. 
All of the patients were male and self­
reported as homosexual. Five patients 
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were infected with HIV. Treatment with 
penicillin or doxycycline successfully 
cleared the syphilis infection in all cases. 
Although penicillin remains the treatment 
of choice for syphilis, a 2-gram dose of 
azithromycin may be considered for 
penicillin-allergic patients, but only with 
close follow-up because treatment efficacy 
is not well documented and has not been 
studied in persons with HIV infection. 

[Mor Mortal Wkly Rep CDC Surveill Summ 
2004;53: 197-198} 

Antiviral Combination Therapy 
Shows Promise Against SARS 

Combination therapy with lopinavir/ 
ritonavir and ribavirin may reduce the risk 
of ARDS and death in patients with severe 
acute respiratory syndrome (SARS). The 
findings are based on a study of 41 SARS 
patients who were treated with the three 
agents and followed for 3 weeks. The 
clinical outcomes of these patients were 
compared with those of 111 historical 
controls who were treated with ribavirin 
alone. At follow-up on day 21, the 
cumulative rate of ARDS or death in the 
lopinavir/ritonavir group was 2.4%, much 
lower than the 28.8% rate seen in the 
control group (p < 0.001). This difference 
held true for patients diagnosed early in 
the epidemic and for those diagnosed later. 
Initial treatment with lopinavir/ritonavir 
was associated with a reduction in steroid 
usage and nosocomial infections 
compared with ribavirin monotherapy or 
rescue treatment with lopinavir/ritonavir. 
Moreover, receiving combination therapy 
from the start was tied to a progressive 
drop in viral loads and an increase in 
peripheral lymphocyte counts. On 
multivariate analysis, advanced age, 
hepatitis B carrier status, and not receiving 
combination therapy were identified as 
predictors of death or ARDS, the authors 
note. 
In light of these encouraging findings, a 
controlled trial of lopinavir/ritonavir therapy 
for SARS is wan-anted. We propose that the 
combination · of lopinavir/ritonavir and 
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ribavirin should be tested against 
lopinavir/ritonavir alone and placebo. 

[Thorax 2004;59:252-256] 

Hepatic Injury With the Beta­
Interferons for MS More Common 
Than Thought 

A greater proportion of patients receiving 
a beta-interferon for multiple sclerosis 
develop elevated aminotransferase levels 
than were reported in clinical trials leading 
up to approval of these agents. That's 
according to a postmarketing study in 
which researchers took a look back at 
biochemical liver tests of 844 MS patients 
prescribed one of the three commercially 
available beta-interferons in British 
Columbia, Canada, between 1995 and 
2001. Overall, 36.9% of patients 
developed new elevations of alanine 
aminotransferase (ALT). All of the beta­
interferons subcutaneous IFN-beta-la and 
IFN-beta-1 b (IM), and intramuscular IFN­
beta-la caused elevated aminotransferase 
levels compared with pretreatment levels 
(p<0.005) and the incidence 
aminotransferase elevation was 
substantially higher than reported in 
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clinical trials. For example, 11 % of 
patients had mild or moderate ALT 
elevations in a pivotal trial of IFN-beta-1 b 
compared with 38.9% in the current study 
and 37.5% in another postmarketing study 
published recently. Likewise, in a pre­
approval IFN-beta-la (SC) trial, 19.6% 
and 27% of patients treated with low and 
high doses, respectively, experienced ALT 
increases, compared with 33.6% and 
38.0% in the current study. No evidence 
of liver enzyme elevations was reported in 
a pivotal trial of IFN-beta-la (IM), 
whereas in the current study 23.0% 
developed de novo ALT elevations. The 
postmarketing experience prompted a 
Food and Drug Administration MedWatch 
warning in March 2003 of hepatic injury 
including elevated serum hepatic enzyme 
levels, some of which have been severe. 
The researchers was unable to identify 
predictors of IFN-beta-induced liver 
injury. They suggest regular monitoring of 
the liver tests, particularly during the first 
year of treatment, emphasizing, however, 
that a balance should be found because 
frequent testing can cause anxiety, pain, 
inconvenience, and is not without cost. 

[Neurology 2004;62:628-631] 
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