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LETTER TO EDITORS 

(Bioequivalence study) 

Bioavailability MlJlUa'l ifon1LLll~U'hmu 

m~ L-51 \j'i1'l111u mfi10fa u 1"1i'fi1aV1ci1umM 

tJ1~mu UV1LiJ1mhlJ 1 tJ1urn Viuuilrnrla hi' 
m lV1U'Jfi\lV1 LiJ1La'WLa11 VI vh 

Bioequivalence (~1lllJlJll'11il'lm) 1'1lJ1Ua'l 
" 

1'111mvi1LYiulJn'W'll1l'lfi1 bioavailability 'llfl'l 

mmll'iy (generic product) LU1urnViuuilu 

U1lll'WLLUU (innovator product) 

Therapeutic equivalence '11lJ1Ua'l 1'111lJLvi1 

L nulJ n'W'Y11'lU1dh1il f.J ll 1111-lm,n LLll ~mllJ 

U l'fil VI flu 

Pharmaceutical equivalence VllJltl~~A11lJ 

L fi1 L nUlJ n'W'l'll'l Lil a'lf m"llJ 1'Wll1'W'll1MVl11lJ 

IL 1'l'll1Miil1mmA'ru 1ULLUU'llfl'lmLLl'f~fl1"j 1 l1m 
v " 

Disso lu tio n '11 lJl [J li'l fl1., l'f ~ m mrn ~ 1111 tJ irn [J 

ii\'1 m <11A'rufl11 mn n L~ VI ml1111 Lll'!U'lf l'f '11111 m 
v " 

""' ft I d ..J 'i' cv 
l~rnllJJ u LL uu 1l'W 11'1\ll1l'lfl111111l'f~l'f1U'll1l'l vi1m 

Innovator product (original drug) fiaml'iu 

LL UU~J>Jiivi LL "jflL~lJ 1 u fan ~'lJJflll~i11111'lVI 
a'1'1lluvi1m 

Generic product fiammll'ruLll'W'lfUVILLl'f~"lU 
v " 

LI urnmmi\'Umlll'WLL UU 
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u1<1111'ty 1 mi 

m·mlivimmircy 1 miv~'l'i11iii'w111rl11 
miii''WILUU'HlJVlill'lliUVl"ll'llJA'l11·m•b 1Vlu • 

' 'Jo' v .,. CJ " 

aaumlJ\llfll'll'HWll'l 11u, Ll<i~m:JJ'l'l'l'l'm 

aum1i'lruun 'inflii'W~'l'll 1111'Wt1J1\l11'Jl1\llm1 
u u ~ u 

• ,,J a.J ., ..., 

11m1m LVW'W©J'Wl~\ll'l\lll'lUUlLl<J~fl1'j 

1LA'll~Mm 1Aml1 raw material (1\llU~tJ • 
m1m<l1i1cy) m'l'i11tlu~1fouum (dosage 

form) 1rl11~©J'Wl<l\ll"llii1'lum 1vi''11 L~\lLLr.11 
" 

'l~~ 111'l'i11111fln1,n Lil il'lf n .,., """" <i 
" 

(pharmaceutical equivalence) 1vi'1ui 1111 

ti < -~ "' mi 11"ll'lf'W\ll\l11Ul\lll:JJ'l'l"l~tJ ( % label • 
amount), content uniformity, weight 

variation LL<l~fl111'1Vl<l11tJfl1"l<l~<JlU (dis­

solution test) ~1ll'nv~\ii11il'Wfl11\lll:JJlJl\l11 
:,;1u~1~u 1ilmnil'lflii1'lumn<1 fan 1vi'11ri 
~ . 
USP2 3 ,.t'll1lJV1Q1 llu111-,t1-,~1U'WAWill'W • 
'll 11'l J>Jli\ll.il w'll'i1'1'i1111-, J>J l1\ll 1iil J>J <i 1111nmii 

lJl\ll"l!ijl'WI Vlu11V1 uw<1~Af1~wl1\ll 1vi'J>Jl1\ll 

.ilw'll'~i1~11 :JJaJ1L<l:JJ111uA11m111'l1111ii\'1 
• 

m<l1i1cy tl1'11un'l1111J>Jl1\ll.iltuoli'iim1:JJ 

aJ1ia:JJ11'11"l11 hi 1'1111nwoli'~~1 lfo"J11 hi 
fl1 "l\ll "l1'il a11ui1u~,;1'1ffJ>Jl1\ll1!ii''lu m'l'lu 

" 
'l11'llJl\ll'l!ijl'W\lll:JJ GMP (good manu­

facturing practice) l1"l11 hi 1ll\lll~ti1u 

ti ~ 1· ~ "' 'l~fl'Wl'jWill'W Vl'l~VltJ'H'W'l 'W11f1'illf1\ll'l1\l 

'111tJ11 [J <I~ I~ [J Vl'ill fl 1'J <I fll 1 Afi'lfl !fl il'lf 

fl11Afl'lflLi1il'lfm'l:JJ<l:JJ:JJmtlu in 
" 

vitro study 1vi1Ju 1i.i<nlJl'lUU'l?J'i'Vll'il'W 
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<V I <:::.! '1.1 'V 

fllTHl't/1 L 'YllL 'VlUl.JnUl'Jllll'WLL uu ( thera-

peutic equivalence) ll'h:i hi L'Vl'Jl~ii~iJ 

LL vJ i'l Llil a{lin ll i.l1 u LL vJ i'l Llil o{~il (;J iWl Bfll'J 

1Ul.Jlj't/U (bioequivalence study) ll~Bfll'J 

Lu~uuLYluui:.Jan1-,~n'tl1'111"li'lliun 

(comparative clinical study) ~"l'il~Lllu\i111J' 
1i 11u1a1 lJ'IJL m.J ~ i:.J lilil~U1J11i i:.Jafll'J 

~n 1'11 LL a~ iJ i'l11 l.J U a fl liln UL rh L YJU lJ fl U Ul 
• d 

lil'WLL uu 'IMi'ltu~m'Jl.Jfll'Jflllll'JLLa~m 

U'J~L'l1A 1 'Vlu 1~oonn{)ifl'U"lAU L 1-l'u'i~i'l~ 

i:.JlililU1<11lJf\JLll"'il~~B"lnlnl'JW<l'ilUff1<1lJ 
v • 

l;Ja'llB"ll'Jl ll~flAn'tll comparative clinical 
' J "" .,,. ' ..... 'V 

study 11Uli'llilUi:.JalilL'l1UUL 'YllnUl'JllilUU uu 
~ ' £ .,,. 
'il"l'il~ mu fll'>'llUi'l~ Lu uu m 

1lilu~11 u'l5ni-,~L'liwa'ilu11u1~i1 • 
\i11mihi1'1! 'll'lJllil LLa~~ULLuumilounu 

LL~ i:.Jlilil~1um'l1J'l!lua~~i:.Jlilil~1"lnu L 11 • 
i:.Jafll'J~n'tllL 'Vi1 L YJUl.JflU (therapeutic 

equivalence) ~"l'il~<l1"1'J'1L'liLL'l1UflU1~Ju 
QI """"' <V J' 
" 4 1ll lil"lU 

1. 'lllL u~urn Yluu fll'JAn'tl1ff1<11J1Ja Lu • 
lJ'lj'tlU (in vivo bioequivalence) 

2. 15LU~UULYJUUnl'JAn'tll'Vll"lUH.l'll 

'Vl a Al <llil'J"l Ul.J'lj 't/U (pharmacodyna­

mic studies) 

3. 'J5L u'iuUL YJUU i:.Jafll'J~n'tlli'll"li'lliUn 

(comparative clinical studies) 

4. 'J5L u'iurn YJUUi:.Jafll'JAn'tllnl'rn~i.llU I 

ua\iluirnu\i11u1LullaBlili'llilaB"l (in 

vitro dissolution/release profiles) 

Supeecha Wittayalertpanya 

'lih u'iuu L Yluui Bl.Ja'Yll"lff1<ll.Jl.Ja LU 
• • 

lJ'lj'tlU (bioequivalence study) Lllu'l5~ 
uuaJ L'linim1 n L d B"l'ill mn m1'11'lilrn1ualil 

U~ BUvl1Ul'illnl'J1 fll L ~'il'JU'ilU m~~"l'1nlillil • • • 
~mi1rim~LL<IL~Blil 1lil1li1Ulil'l"l <hu'l5 • 
L u1urn Yluu i:.Jafll'li'llil<lflU L UllaB\il'Vl\ilaB"l 

(dissolution test) <lll.Jl'J'1 L'li'LL'11Ufll'JAmn 

ff1<1aJaJa L uaJu'llu'1lil1 uu1~muh Yi1Ju ~~ • • 

d ~ • 

L i'lUl.JnUl'Jllil'WLLUU 

(narrow 

therapeutic index) 

3. l'Jl~BBnLL uu L 1-l'i1ni1ualilU~ BUvl11'J1 

L mi'n'llru~w LA'tlLLliln~1"l 1 u'il1muu uu • 
un&J L'liU sustained, controlled ll~B 

extended, prolonged LLa~ delayed 

release 

d d ~~ d "'" _; d 4. l'Jl?f"ll.Ji'ltu<llJUlil'Yll"lLi'llJ-;"H"iff<I i'lfll'il • 
ni L1-l'ff1u-,~ai11ii:.Ja (bioavailability) 

Lu~uuuua"l L'liu v11ma1i1'1Ja~a1u 1~ 
il'ou ni1An'tl1n11a~a1u1ua\ilu~au 

vl1U1 LU ll aB\ili'l\ila B"l'll B"l l'Jl m lJ'IJ~l"l 
'V 0 "" ... ' 

'illnl'Jllil'WLL UU <llil'Jlill'JUl'JllJ<l1Ui:.J<llJ • 
~ d .I .I' 

Ul"l'llU lili'l Bl'il'JU n1U fll'Ju a\il ua BU 

LLa~lillil~lJ • 
.J .,,. 'JI "" " 5. Ul'll"ll.J'll Bl.Jai'll"lLil<l'll'ilaUAl<llil'J 

• 
(pharmacokinetics) LL<llil"l"h\il1m~n 



Thai J Pharmacol; Vol 24: No 2-3, May-Dec 2002. 

L i'lutl'hnruinn 1 u1~uum~L~umm1 

l'l~fliiluri flm~1<h~uu 1 mu'itiu falllil -
(extensively presystemic metabolism) 

Lil <i''ll'il <'lu f!l <11i11'1rn~mif u hi aiJwu Ii' 
L:a'lL<i'Uli11~rl'U'lltlllilm~1'iJ' (nonlinear 

pharmacokinetics) 
4 d <> "' 

6. l'llfltl '1'1f'l<f1UfN1UAOl~fl·nlJf111 

fl1"1111LL<'l~mil'il110l1 L ilu <flJA111 i 
i'1 n B1!11 <f lJ lJ <'IL vl fl~ mi' u ti 1di'YI 5 r-rn -

' 
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fl'Hiili;i'i'umui'u 1i.ilii' B'l~UW<'lf111 
i'inm!l1<1lJlJ<'l1ulJuBi1 l'l~fl N<'lf111Af11'11 - . 
f111<'1~mu 1tl<l1i1tl~fluiil1m 1 ul'l<lfllil'Yllil<l fl'l 

1. m 1 u~tlm1<l~mutl11f!'il1m?l'<1a1"11.:ru 
1 'lfm~ "11 <l fllil L~ fl Iii 

2. ma1"11.:ru1'1i'muu<1n 

3. m~1"1111ilu1i.iwJ'~N<lf1111illil!lm'li'1a~1~ - -
mu Liu Ul<llilmlil (antacid) mri1u 

wm5 (anthelmintic) tl1"11Uillillil1 

. 
.... 0 • ~ ~ <!ii 

10. '1~11U~1UN<l W1fllJ'llfll;J<lLL<l~Lflf1'111fltl 'l NU'Wi'll'llfl -
t11~n fl'U m1~t1'YI~ Lu uu~h.:ru m 



JOO 

(ophthalmic preparation) l'J1'1'1U11lll1j 

( otic preparation) m'lliu-l~a(radio­

paque medium) 

4. m~i'l'ltmu'li'iammlJ l'1Hlfl1'1UJ~~LU'W 
u 

nl'lf'1'1~11111.,~mu (vapour) ~ilm1:1J 
'""'"" <V ""v L VI 1 b'YJ U lJ fl 'W 'I'll~ Ltl a'lf fl 'J'JlJ fl 'lJ U1 lll 'W 

U'U'U 

5. u1tl1-luu'J~Vll'Wl'W'Jua1'J<1~<11uia 
u 

(oral solution) L'li'W elixir, syrup, 

tincture 
.J Q I .ct CV 

VllJlnllJL Vil L VJUlJVll~ Ltla'lf 

m., lJ il u m el u u u u 

6. l'Jl~uuuurN (powder) ~~el11~ll1LU'W 
m'la~mu iariem i'll' 

,J ,J ,.._ ~ 
7. Ulfl'W 'l'IM" 1'WfNl'Wl'l!l.l~fl'J'JlJfl1'JB1'1'11'J 

U<l~l'J1Vohl1'J!l.11LL.r1 Lil'Wa!Jln'J li;)-lu 

umi'ufl1'JAfl1'fl!i1a:1J:1J<1 i 'W:l.J'W1'1El 
u ' 

(Bioequivalence study) 

'J~'l'lil~ 18-45 TI 'ill'W1'W111mal1A'Jel11~ 

1iJ~1fli1 12 A'W m'J1111mLuu'l1iVJmaa~ 
l'l1'li'lf11i randomized crossover lllll'ILLU~ 

m1:i.i111mal1A'J1111flLU'W 2 fl~lJU'U'UcilJ ill' 
' ' ' 

lvFfo m el u u u u Lrn ~ m m l1 r;y i u fl1 '> u "'i 'I'll'> 

(washout . ' 
period) fl1'l'U"'im'll'l1A-l~li 2 111mal1m 

'ii~ 1i-lu Ula fl'lfU m 'l'I rl~ a<l u n 'lJ l'l 'J11 LL 'Jfl 
• 

VJ fl A-l~ 'l'l ol~ m 'lu"'iV11'lm a1 m air A'>'il~ a fl 
' u 

L'ill~ L~ fl lllllll lJ L 1<11 ~~LL~ L~lJ l i Ul'iluUl 

'l'llJlll'illfl~l~fl1U ~ ~. 
!Jfl'il~L'ill~L u'Wnm'Wl'W 

t V l I d QQ, z 
111'J1~u111'J 3 LVl1'll11~1'lll'l'J~'lf1lll'll11~1'J1'W'W 

ll1\il1ati1~ L~11m ( l1fl'il" i'll'wmamV1~11!1-l:1J 

Supeecha Wittayalertpanya 

1 ·1· )dd~' lJ 'If whole blood V!Lfl'U t'WLLm<l~'ilmnm 
' 

1 Ul L l'l 'Jl ~ ll '1'11 'J~ \ii 'lJ I'll LL .r1 ll1 fll 'Jl L l'l 'Jl ~ ll 
l'Ja LU~ U 'lJ L .yj U 'lJ 1'1°1 Vil~ Ltl a'lf'il <1 'W I'll am { 

'J~V1i1~ I'll m l1 r;yil um iu LL uu 

.,~\ilu m a~am 1 u w m alJ1VI~11!1-l!J 

1ml'l1'li'~h 

u ' 
.J ~ 

L1<11Vl'J~lll'Ul'J1~~~lll (Tm,,) 

L<f'W l\;)~ 1'111 lJ a!J-W'W tl 'J~'Wil~'J~\ilrnn l 'W 

<:!I CV .J ~I "" " La11lllfl'UL1m (AUCo-oc) 'lf~Lu'W'Wl'JllJLlllB'J 

a1 A'r;yV11~ Ltl an'il au 1'11alll1 L ti u lil1 L u~l'Ju 

Li'iuu!l1amm'll11~1'J1 Lta~ i'li''l'l<lnao&l 
u 

ANOV A LL<I~ 90% confidence interval 

"" <LI"" o' 
tl11'11'111 Ltla'lf1Vll'J1 l'l!l.l~U 'WVJl'Jl'llalll'J 
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Abstract 

Subchronic effects of barakol, a major constituent in flowers and young leaves of 
Cassia siamea Lam., on blood clinical biochemistry parameters were investigated in this 
study. Thirty-two male Wistar rats were randomly assigned into 4 groups. The first two 
groups were fed with normal or high cholesterol diets serving as control groups. The other 
two groups were fed with normal or high cholesterol diet along with 30 mg/kg/day barakol 
given orally. After 90 days of treatment period, serum sample and whole blood of each rat 
were assessed for blood clinical biochemistry parameters and hematology. Normal or high 
cholesterol diet-fed rats treated with barakol demonstrated a significant decrease in TG but 
increases in total and direct bilirubins. A significant decrease in ALP was found in high 
cholesterol diet-barakol treated group, but there was no change in normal diet-barakol treated 
group. There were no significant effects of barakol on the following parameters: SGOT, 
SGPT, BUN, SCr, total cholesterol, LDL-C, HDL-C, LDL-C/HDL-C ratio, serum glucose, 
Hb, Hct, platelet count, WBC count and % differential WBCs in both dietary conditions. In 
addition, rats fed with high cholesterol diet showed significant increases in SGOT, SGPT, 
ALP, total cholesterol, LDL-C, and LDL-C/HDL-C ratio as compared to the normal diet 
group. The alterations of these parameters might indicate the different types of liver injury 
caused by barakol treatment and hypercholesterolemia condition. Further studies on the 
effects of various doses of barakol on blood clinical biochemistry parameters as well as the 
mechanisms of which barakol-induced liver injury are in progress. 

Key words: barakol, Cassia siamea Lam., high cholesterol diet, blood clinical biochemistry 
parameters 
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Introductiou 

Cassia siamea Lam. is a plant in 
family Leguminosae1 that is generally 
grown in tr.opical countries. In Thailand, 
flowers and young leaves of this plant 
have been used as a sleeping aid, increase 
appetite as well as an ingredient in Thai 
food recipe. In 1949, Arunlaksana found 
that crude ethanol extract of C. siamea 
leaves decreased movement and activity in 
animals but not sleep despite being given 
at high doses2

• The major constituent in 
flowers and young leaves of C. siamea, 
barakol, was first extracted by Hassanali et 
al in 19693

. Barakol (C 13H120 4) has a 
chemical name of 3a,4-dihydro-3a,8-
d ihydroxy-2,5-dimethyl- l ,4-dioxaphe­
nalene or 2,5-dimethyl-3aH-pyrano­
[2,3,4-de ]-l-benzopyran-3a,8-diol (Figure 
I)'. The physical characteristics of this 
compound are pale yellow needle crystals 
with boiling point of l 65°C 3

. A proposed 
synthesis of barakol was described by 
Bycroft et al. in 19705

. Subsequently, 
pharmacological and physiological 
properties as well as toxicity of barakol 
were studied continuously, including the 
effects on central nervous system, 
cardiovascular system and antimicrobial 
effect, as summarized by Thongsaard 6

• 

OH 
H3C CH3 

OH 

Fignre 1 Chemical structure of barakol 
(3a, 4-dihydro-3 a, 8-dihydroxy-2,5-
dimethyl- l, 4-dioxaphenalene) 

Following intraperitoneal adminis­
tration of barakol to mice in an acute 
toxicological study, it was found that 
barakol possessed a median convulsant 
dose, CDso, of296.71 mg/kg and a median 
lethal dose, LD50, of 324.09 mg/kg7

• 

Acute hepatitis was reported in patients at 
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Phramongkutklao and Chulalongkom 
Memorial Hospitals in 1999 when 20-40 
mg/day of C. siamea capsules were taken 
for 7-60 days8

. 

Recent pharmacological study has 
focused on the anticarcinogenic and anti­
mutagenic effects of C. siamea leaves. 
Interestingly, it was found that hexane 
chloroform and methanol extracts of 
flowers and young leaves of C. siamea 
protected rats against aflatoxin B1-induced 

. 9 mutagenes1s . Moreover, the chloroform 
and methanol extracts prevented muta­
genesis induced by benzo(a)pyrene9

. This 
group of researchers also studied the 
effects of C. siamea leaves on hepatic 
drug-metabolizing enzymes in rats. 
Feeding rats with 5% dietary C. siamea 
leaves for 14 days resulted in a significant 
increase in phase II detoxifying enzyme 
activities including GST and uridine 5'­
d i ph o s p hog l uc uron osy l tr an sferase 
(UDPGT), along with a decrease of some 
bioactivting enzyme activities in the CYP 
systems such as aniline 4-hydroxylase and 
aminopyrine N-demethylase10

• 

Since subchronic toxicity of barakol 
has not yet been reported, blood clinical 
biochemistry parameters in rats were 
investigated in this study. In addition, 
barakol was shown to possess an 
advantage on the cardiovascular system 
such as hypotensive effect in both systolic 
and diastolic blood pressure in rats and 
cats, reduction in the contraction of 
isolated rat thoracic aorta induced by 
phenylephrine", and reduction of heart 
rate in anesthesized rats12

• Hyper­
cholesterolemia is a risk factor of athero­
sclerosis, which is generally associated 
with almost cases of cardiovascular 
disease"- Therefore, this experiment was 
performed in rats fed with normal or high 
cholesterol diet to study the lipid-lowering 
effects of this compound as well. 

Materials and Methods 

Barakol solution 

Barakol was extracted by Assist. 
Prof. Dr. Watchareewan Thongsaard, 
Department of Physiology, Faculty of 
Medicine, Srinakharinwirot University, 
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Thailand. Briefly, fresh young leaves of C. 
siamea were cut into small pieces and 
boiled with 0.5% sulfuric acid. Tbe water 
extract was alkalinized with concentrated 
sodium hydrogen carbonate solution, 
further extracted with chloroform, shaked 
with 5% aqueous acetic acid until 
colorless, neutralized with concentrated 
ammonia solution, and cooled. Crude 
crystallized barakol (greenish yellow) was 
added with concentrated hydrochloric acid 
and dried immediately with filtrated 
vacuum. The obtained crystallized-yellow 
needles was anhydrobarakol hydrochloride 
(MW 251.4)'. The administrated solution 
was freshly prepared by dissolving 
anhydrobarakol hydrochloride in distilled 
water to make a concentration of 30 
mg/ml. The solution appeared greenish 
yellow in color and was reported to be 
stable for about l hour after preparation4

• 

Animals 

Thirty-two male Wistar rats 
weighing between 200-250 g were 
obtained from the National Laboratory 
Animal Center, Mahidol University, 
Salaya, Nakomprathom, Thailand. 
Animals were kept in animal care facility 
at Srinakharinwirot University, Bangkok, 
Thailand and acclimatized for at least I 
week before the experiment. All animals 
were allowed free access to food (S. W.T. 
Ltd., Thailand) and drinking water. Light/ 
dark period and temperature were 
controlled at 12/12 hour cycle and 25°C, 
respectively. During the time of experi­
mentation, body weight of each rat was 
recorded every 2 weeks. 

Animal treatment 

Rats were randomly assigned into 4 
treatment groups fed orally with l) normal 
diet, 2) high cholesterol diet, 3) normal 
diet with 30 mg/kg/day barakol, and 4) 
high cholesterol diet with 30 mg/kg/day 
barakol for 90 days. High cholesterol diet 
composed of l % cholesterol diet mixed 
with 2% sodium cboleate. 

At the end of the treatment period, 
the animals were fasted for l 0 hours 
before anesthesized intraperitoneally with 
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0.6 - l ml of pentobarbital sodium 
(Nembutal®). Blood was drawn from the 
left ventricle for an approximate volume 
of 5 ml. Five hundred microlitre of whole 
blood was transferred to a microtube 
containing a few grains of EDTA sodium 
and mixed thoroughly. The remaining 
blood was transferred to another tube, 
allowed to stand in a slope posture in 
order to collect the highest amount of 
serum and kept at - 4°C until the time of 
analysis. Whole blood and serum were 
investigated for the hematology and blood 
clinical biochemistry parameters, respec­
tively. Meanwhile, the liver was also 
removed and weighed. 

Determination of blood clinical 
biochemistry parameters 

Serum samples of individual rat 
were measured for the following 
parameters using specific test kits: serum 
glutamic oxaloacetic transaminase 
(SGOT), serum glutamic pyruvic 
transaminase (SGPT) and alkaline 
phosphatase (ALP) (Enzyline®, bioMe 
rieux sa), total and direct bilirubin (Bili­
T/D®, Merieux Vitek Inc.), blood urea 
nitrogen (BUN) (Uree cinetique UV®, 
bioMerieux sa), serum creatinine (SCr) 
(Creatinine cinetique®, bioMerieux sa), 
total cholesterol (Cholesterol RTU®, 
bioMerieux sa), triglyceride (TG) 
(Triglycerides Enzymatique PAP 150®, 
bioMerieux sa), glucose (Glucose RTU®, 
bioMerieux sa), low density lipoprotein 
cholesterol (LDL-C) (LDL-C Plus®, 
Rocke) and high density lipoprotein 
cholesterol (HDL-C) (HDL-C Plus®, 
Roche). Whole blood samples were 
measured for hemoglobin (Hb ), hematocrit 
(Hct), platelet count, white blood cell 
(WBC) count and % differential WBCs. 

Statistics 

All numeric data were presented as 
mean ± SE. Statistical analysis was run on 
SPSS for Window version 7 .5. 
Independent-samples t test was used for 
comparisons between the two groups at a 
significant level ofp < 0.05. 
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Results 

Barakol had no effects on body 
weight gain (Figure 2), terminal. body 
weight, liver weight and relative liver 
weight in both normal diet and high 
cholesterol diet rats (Table I). However, 
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high cholesterol diet rats comparing with 
normal diet control rats showed a 
significant increase of liver weight (16.32 
±1.02 vs. 10.36 ± 0.23; p<0.05) and 
relative liver weight (3.55 ± 0.24 vs. 2.34 
± 0.08; p < 0.05). 
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Figure 2 Subchronic effects of barakol on body weight gain 
Rats were given normal diet (C), high cholesterol diet (T), normal diet with oral barakol 30 mg/kg/day 
(C-BK) and high cholesterol diet with oral barakol 30 mg/kg/day (T-BK) for 90 days. Body weight 
gain of each rat was recorded every two weeks. The statistical analysis was performed using 
independent-samples t test for comparisons between the two groups (C-BK vs. C and T-BK vs. T) at a 
significant level ofp < 0.05. 

Table 1 Subchronic effects of barakol on terminal body weight, liver weight 
and relative liver weight 

Group 

c C-BK T T-BK 

Terminal body weight (g) 444 ± 11 426 ± 14 463 ± 16 422 ±22 
Liver weight (g) 10.36 ± 0.23 10.29 ± 0.60 16.32 ± 1.02 16.29 ± 1.25 
Relative liver weight 2.34 ± 0.08 2.41±0.11 3.55 ± 0.24 3.82±0.15 
(%of body weight) 

Rats were given normal diet (C), high cholesterol diet (T), normal diet with oral barakol 30 
mg/kg/day (C·BK) and high cholesterol diet with oral barakol 30 mg/kg/day (T-BK) for 90 days. 
The statistical analysis was performed using independent-samples t test for comparisons between 
the two groups (C-BK vs. C and T-BK vs. T) at a significant level ofp < 0.05. 
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Figure 3 Subchronic effects of barakol 
on blood clinical biochemistry para­
meters: SOOT (a), SGPT (b), ALP (c), 
total bilirubin (d), direct bilirubin (e), 
BUN (t), SCr (g), total cholesterol (h), 
LDL-C (i), HDL-C U), LDL-C/HDL-C 
ratio (k), TG (I) , glucose(m). 

Rats were fed with normal diet (C) 
or high cholesterol diet (T) along with 
oral distilled water I ml/kg/day (control) 
or barakol 30 mg/kg/day (BK) for 90 
days. The statistical analysis was done 
by using independent-samples t test for 
comparisons between the two groups at a 
significant level ofp < 0.05. 
* significantly different from the corres­
ponding diet control groups. 
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Table 2 Subchronic effects of barakol on hematology 

Group 

Hematology· c C-BK T T-BK 

Hb 14.53 ± 0.40 14.86 ± 0.42 13.88 ± 0.25 14.32 ± 0.28 
Hct 44 ± 1 44 ± 1 42 ±1 43 ± 1 
Platelet count 329 ± 51 314 ± 26 346 ± 18 331 ± 23 
WBC count 1.53 ± 0.27 1.91±0.19 1.94 ± 0.34 1.90 ± 0.44 
% differential WBCs 

- Neutrophil 29 ±2 23 ± 2 24 ± 5 24±4 
- Leucocyte 69 ± 2 72±2 72 ±4 73 ± 3 
- Monocyte 2±0 4±2 2 ± 1 2±0 
- Eosinophil 1±0 1±0 1±0 1±0 

Rats were given normal diet (C), high cholesterol diet (T), normal diet with oral barakol 30 
mg/kg/day (C-BK) and high cholesterol diet with oral barakol 30 mg/kg/day (T-BK) for 90 
days. Values perform as mean ± SE. The statistical analysis was performed using 
independent-samples t test for comparisons between the two groups (C-BK vs. C and T-BK 
vs. T) at a significant level ofp < 0.05. 

Serum sample and whole blood of 
individual rat were measured for blood 
clinical biochemistry parameters and 
hematology, respectively. Subchronic 
exposure (90 days) of oral barakol 30 
mg/kg/day in rats fed with normal and 
high cholesterol diets demonstrated a 
significant increase of both serum total 
and direct bilirubins (Figure 3d,3e) but a 
significant decrease of TG comparing with 
their corresponding control rats (Figure 
31). Barakol showed an advantageous 
effect on liver function of high cholesterol 
diet-fed rats as demonstrated by a decrease 
of ALP comparing with the corresponding 
control group (Figure 3c). There were no 
significant effects of barakol on the 
following parameters: SGOT, SGPT, 
BUN, SCr, total cholesterol, LDL-C, 
HDL-C, LDL-C/HDL-C ratio, glucose, 
Hb, Hct, platelet count, WBC count and % 
differential WBCs in both dietary 
conditions (Figure 3a-3b,3f-3k,3m) (Table 
2). 

Compared with normal diet rats, 
high cholesterol diet rats demonstrated 
significant increases of SGOT (274 ± 30 
vs 179 ± 10; p<0.05), SGPT (188 ± 48 vs. 
36 ± 2; p<0.05), ALP (91 ± 5 vs. 62 ± 3; p 
<0.05), total cholesterol (92 ± 10 vs. 64 ± 

4; p<0.05), LDL-C (63 ± 11 vs. 8 ± 0.5; p 
<0.05) and LDL-C/HDL-C ratio (0.868 ± 
0.186 vs. 0.101 ± 0.006; p<0.05). 
Markedly increases of SGPT and LDL­
C/HDL-C ratio in high cholesterol diet 
rats accounted for about 5 and 9 fold, res­
pectively, of those in the normal diet rats. 

Discussion 

Barakol, a major constituent in 
flowers and young leaves of C. siamea, 
was investigated for subchronic effects (90 
days) on blood clinical biochemistry in 
rats fed with normal and high cholesterol 
diets. A study by Thongsaard and colla­
borators in 1996 indicated that barakol 
given intraperitoneally to rats at a dose of 
10 mg/kg demonstrated an anxiolytic 
profile on the elevated plus-maze similar 
to that induced by diazepam. An increase 
in exploratory and locomotor behavior, 
which was not produced by diazeparn, was 
also found at this dose of barakol 14. This 
was an interesting advantage of barakol 
over benzodiazepines regarding its anxio­
lytic effect without sedation. However, at 
the higher doses (25 and 50 mg/kg, i.p.), 
barakol produced less effects on anxiolytic 
property and the decreased in exploratory 
and locomotor behavior were observed. 
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At very high dose (75 mg/kg, i.p.), lost an 
anxiolytic property but the sedative effect 
was found 14

. Sedation and antianxiety 
were indications of C. siamea capsules in 
clinical use. It may be traumatic for the 
animals to receive the drug i.p. for 3 
months to investigate subchronic effect, 
oral route was used to study instead. 
Because of the effects of absorption and 
bioavailability of drugs, oral adminis­
tration given lower plasma concentration 
than i.p. administration15

• And due to no 
previous report on pharmacokinetic of 
barakol, the oral dose used in this study 
(30 mg/kg/day) was approximately 
expected to give the same degree of 
plasma concentration of i.p. dose with 
effectively anxiolytic effect (10 mg/kg). 

Subchronic treatment of oral 30 
mg/kg/day barakol demonstrated a marked 
increase of total and direct bilirubin in 
both normal diet- and high cholesterol 
diet-fed rats. These findings were con­
sistent with those studied in rats receiving 
dry C. siamea leaves at dosages of 200 
and 2,000 mg/kg/day for 6 months 16 as 
well as those reported in patients with 
history of taking 20-40 mg/day C. siamea 
capsules for 7-60 day at Phramongkutklao 
and Chulalongkom Memorial Hospitals8

. 

The elevation of serum levels of 
endogenous compounds that are normally 
concentrated in bile such as bile acid and 
billirubin, is a useful biochemical marker 
indicating liver injury from biliary 
secretion defect defined as canalicular 
cholestasis17

• Barakol did not cause an 
increase of SGOT, SGPT and ALP in both 
normal and high cholesterol diet-fed rats. 
This might be an implication that biliary 
secretion defect should be responsible for 
the liver injury induced by barakol at the 
dosages used in this study rather than an 
effect of barakol on hepatic parenchymal 
cells. 

High cholesterol diet-fed rats 
demonstrated an increase of total choles­
terol, LDL-C, LDL-C/HDL-C ratio along 
with an increase of SGOT, SGPT, ALP as 
well as the relative liver weight. There 
are two broad categories of liver injury 
commonly found, cholestasis and hepato­
cellular damage. Cholestasis is charac-
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terized by a predominant elevation of ALP 
and gamma-glutamyltranspep-tidase (y­
GT) whereas hepatocellular damage is 
detected by an elevation of hepatic 
parenchymal enzymes such as SGOT and 
SGPT18

. It is likely that high cholesterol 
diet feeding is responsible for a mixed 
pattern of these abnormalities. Accom­
panying the increase of relative liver 
weight that indicates enlargement of the 
liver, an accumulation of fat in the liver 
might be involved in lipid induced liver 
injury in this group of animals. 

Barakol seemed to possess an 
advantage on liver function as demon­
strated by a decrease of ALP in high 
cholesterol diet group. In general, no 
single test such as aminotransferases, ALP 
and so on is satisfactory for the assessment 
of all forms of liver injury. The 4 major 
test categories recommended for eva­
luation of experimental hepatic injury in 
laboratory animals include serum hepatic 
enzyme tests, hepatic excretory tests, 
alterations in the chemical constituents of 
the liver and histologic analysis of liver 
injury19

• Therefore, a decrease of serum 
ALP but not serum aminotransferases and 
bilirubin caused by barakol treatment in 
high cholesterol diet rats was not a clear 
indication regarding significant improve­
ment of hepatic function. 

According to the Frederickson/ 
WHO calssification of hyperlipopro­
teinemia, the pattern of elevations of LDL­
C and total cholesterol (but not necessarily 
an increase ofTG) is classified as Type Ila 
hyperlipoproteinemia in human that 
indicates high atherosclerosis risk20

. The 
high cholesterol diet rats in this study 
possessed all of those characteristics 
(elevation of total cholesterol, LDL-C, 
LDL-C/HDL-C ratio, but not TG) as 
mentioned in Type Ila hyperlipopro­
teinemia. Barakol (30 mg/kg/day) 
administration orally along with normal or 
high cholesterol diet caused only a 
significant decrease in TG, but showed no 
significant effects on total cholesterol, 
LDL-C, HDL-C and LDL-C/HDL-C ratio. 
This characteristic effect of barakol at the 
dose used in this study seemed to offer no 
advantage for this model of hyper-
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cholesterolemia. This result was 
inconsistent with a previous study in 
which C. siamea leaves were given to rats 
at the dosage of 2,000 mg/kg/day for 6 
months. They found that C. siamea leaves 
caused a significant decrease in serum 
cholesterol and triglyceride 16

. The 
differences of doses, duration of treatment 
or other constituents in C. siamea leaves 
may contribute to the lowering effects of 
the lipid profiles in serum. 

In this study, barakol exhibited no 
significant effects on these following 
parameters: BUN, SCr, serum glucose, 
Hb, Hct, platelet count, WBC count and % 
differential WBCs. These findings 
provided a preliminary information that 
barakol given subchronically at the dose 
used in this study exhibited no toxic 
effects on renal function, carbohydrate 
metabolism and hemopoietic system. 
Further studies on the mechanisms of 
which barakol induced liver injury as well 
as effects of various doses of this 
compound on blood clinical biochemistry 
parameters should be performed. 
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Modified Method for Serum Paraxanthine/Caffeine Ratio: 
An Index of CYP1A2 Activity 

Yaowarat Hinsni, Supeecha Wittayalertpanya 

Department of Pharmacology, Faculty of Medicine, Chulalongkorn University, Bangkok 10330, 
Thailand. 

Abstract 

Jl3 

The ratio ofparaxanthine/caffeine is generally used to be an index ofCYP1A2 activity. 
The assay of serum paraxanthine/caffeine ratio was modified from the method of Koch J.P. 
et al. The validation of a reverse phase high performance liquid chromatography (HPLC) 
method with UV detection for both paraxanthine and caffeine in serum was described. The 
optimum time of blood sampling after caffeine intake was detected in a pilot study. Each 
subject took a 180 mg single oral dose of caffeine solution. Blood samples were collected 
before and 1,2,3,4,5,6 and 8 hours after caffeine intake and analyzed further by HPLC. The 
assay validation was shown as these parameters. The lower limit of detection of the assay was 
0.125 µg/ml and 0.25 µg/ml, for paraxanthine and caffeine, respectively. Accuracy expressed 
as% recovery, those range were 97.73 - 105.49 % and 95.84 - 100.63 %, for paraxanthine 
and caffeine, respectively. The precision expressed as relative standard deviation, the results 
were 2.88% and 5.25% for intraday and interday assay of paraxanthine, and 3.07% and 
5.78% for intraday and interday assay of caffeine. Linearity of calibration curve of both were 
covered 0 - 8 µg/ml ( R2

= 0.9999 ). Serum samples were stable when stored at -70°C for 24 
weeks. Tbe best sampling time of serum paraxanthine/caffeine ratio was 5 hours after 
caffeine intake. This method is simplified and reliable for serum paraxanthine/caffeine ratio 
determination as an index of CYP 1 A2 activity. 

Keywords: paraxanthine/caffeine ratio, CYP1A2, HPLC 
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Introduction 

In vivo study, CYP IA2 activity can 
be measured 1• Phenacetin, a substrate of 
CYP IA2 was assayed for CYPIA2 
activity in previous report, but it has 
carcinogenic activity'. Presently, caffeine 
(l,3,7-trimethylxanthine:l37X) is the most 
popular probe for CYP l A2 activity deter­
mination because it has low toxicity'". 
Biotransformation of caffeine is virtually 
confined to the liver and about 16 
metabolites are excreted in urine'"· 
Caffeine undergoes demethylation to 
paraxanthine ( 1, 7- dimethylxanthine: l 7X) 
as the major metabolite (84%) while 
others are minor metabolites (Fig.1)6

. 

CYPIA2 is the major enzyme for 
caffeine metabolism. A number of 
parameters based on caffeine metabo !ism 
have been selected as marker of CYP IA2 
activity, including caffeine breath test, 
urinary caffeine metabolites ratio and 
plasma or serum caffeine metabolites 
ratio1

'
7

. The first is tested by the 
t f "co " · measuremen o 2 or C02 followmg 

a dose of caffeine labeled in the N3-
methyl group6

• The requirement for iso-

137X 

' 

' 7U ARIU 

' ' ' ' ' ' t 
3U 

13U 

Figure 1 Metabolic pathway of caffeine 
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tope labeled and specialized equipment is 
needed to measure the labeled carbon­
dioxide in exhaled air1

• The second is the 
determination of caffeine and its 
metabolites in urine after caffeine 
intake8.This method based on either 
secondary or tertiary metabolites, are not 
ideal indices of CYP I A2 activity because 
these metabolites are not exclusively 
formed by CYP I A2. Futhermore, these 
methods might vary substantially with 
factors such as urinary flow, inter-ethnic 
differences in renal function and sampling 
time of urine collection 1•

3
. The last one is 

the determination of caffeine and its 
metabolites in plasma or serum. 
Paraxanthine/caffeine ratio has been 
recognized as a good index for CYPIA2 
activity because paraxanthine is a major 
metabolite and catalyzed by CYPIA2 
only7

'
9

• In previous report<3
•
4

\ blood 
samples were collected at 4 or 6 hours 
postdosing of caffeine in which a high 
level of paraxanthine appeared. 

The main purpose of this study was 
to develop a high performance liquid 
chromatography (HPLC) method for the 
determination of paraxanthine and 
caffeine in serum. We detected the best 
sampling time for paraxanthine/caffeine 
ratio assay in a pilot study. 

Material and method 

Samples 

Pool human sera were obtained 
from healthy volunteers who abstained 
from caffeine containing food and 
beverage 3 days. In pilot study, serum 
samples were collected from three female 
healthy volunteers who abstained from 
caffeine containing food and beverage 3 
days and not exposed to compounds or 
drugs which interfering caffeine 
metabolism. Each subject took a 180 mg 
single oral dose of caffeine solution. 
Blood samples were subsequently 
collected at 1,2,3,4,5,6 and 8 hours after 
caffeine administration. The sera were 
separated and stored at -70 °C until 
analysis. 
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Reagents 

Caffeine (anhydrous, BP grnde, 
betch no71015), paraxanthine and 8-
chlorotheophylline as the internal standard 
were obtained from Sigma Chemical 
Co.Ltd. Trichloroacetic acid and acetic 
acid were purchased from MERK, methyl 
alchohol HPLC grade from Lab Guard and 
acetonitrile HPLC grade from Scharlau 
Chemie S.A. Tetrahydrofuran was 
obtained from Farmitalia Carloerba. 
Double distilled water was used 
throughtout this investigation. 

Apparatus 

HPLC apparatus from Spectra 
System Thermo Separation Products was 
consisted of a model P 1000 for delivering 
the mobile phase, a model automatic 
injector AS 3000 for injection samples and 
UV detector with a model of UV 1000 
used to monitor paraxanthine, caffeine and 
8-chlorotheophylline at the wavelength of 
273 nm. Aµ bondapak Cl8 stainless steel 
column (30 cm, 3.9 mm, I.D. Water 
Associates) was suitable in the condition. 
A computer system with PC 1000 software 
was used to analyse peak and ·set the 
standard system 

Method 

Serum samples 

Stock standard solution of 
paraxanthine and caffeine were prepared 
and used to spike into the pool serum. The 
series of serum paraxanthine and caffeine 
standard concentration were 0 (blank 
serum), 0.5, 1, 2, 4 and 8 µg/ml. Serum 
samples obtained from volunteers who 
took 180 mg of caffeine were prepared to 
assay. 

Sample preparation 

The sample preparation was 
modified from Koch J.P. et al10

. Serum 
protein was precipitated before the 
samples injected into the chromatographic 
system. Procedure for preparing the 
sample was achieved by the following, 
500 µI of serum sample added with 200 µl 
of internal standard, 500 µl of methanol 

Yaowarat Hinsui 

and 500 µl of 10% trichloroacetic acid. 
The sample was mixed on a vortex mixer 
for 1 minute and centrifuged at 4,000 rpm 
for 15 minute. 50 µl of the supernatant 
was injected into the HPLC system. 

Chromatographic condition 

The mobile phase for paraxanthine 
and caffeine assay was the mixture of 
acetic acid, tetrahydrofuran, acetonitrile 
and water (1:3:40:456). The mixture was 
adjusted to pH 5 .6 and filtrated over a 
Milllipore filter before used in the assay. 
The mobile phase was delivered to HPLC 
system at flow rate 1.2 ml/min and UV 
wavelength 273 nm. Quantitation was 
based on peak area integration hy 
software PlOOO computer system. 

Method validation 

Analytical method validation was 
modified from the method described by 
Koch J.P et al10 and Guidance for industry: 
Bioanalytical method validation (U.S. 
Department of Health and Human 
Services FDA, CDER, CVM. May 2001, 
BP)11

• 

The analytical method developed 
was validated to ensure the acceptability 
of the performance. The parameters 
determined are lower limit of detection, 
accuracy, precision, specificity, linearity 
and stability. 

Statistical analysis 

The statistical program was 
employed by computerization of the mean, 
standard deviation, percentage of relative 
standard deviation and linear regression 
analysis. 

Result 

Specificity 

Chromatogram of paraxanthine, 8-
chlorotheophylline (internal standard) and 
caffeine were shown in figure 2. The 
retention time of paraxanthine, 8-chloro­
theophylline and caffeine were 8, 10.2 and 
14.1 minute, respectively. All peaks were 
not disturbed from endogenous and 
so ]vent peak. 
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Figure 2 Chromatogram of serum 
paraxanthine, 8-chlorotheophylline and 
caffeine spiked in pool serum 

Accuracy 

The accuracy of the method for 
analysing paraxanthine and caffeine in 
serum was determined in terms of the 
percentage of analytical recovery 
averaged 100.63 ± 4.24% and 98.34 ± 
2.4%, respectively. The efficiency of 
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extraction procedure was expressed in 
term of the percentage of physical 
recovery. The average of percent physical 
recovery of paraxanthine and caffeine 
were 87.61 ± 1.8% and 91.17 ± 2.01%, 
respectively. The recovery of both 
compound as shown in table I. 

Precision 

The precision of this assay at 
different concentrations was represented 
by percent of relative standard deviation 
(%RSD). The averages %RSD of intra­
day and inter-day of paraxanthine were 
2.88% and 5.25%, respectively. The 
averages %RSD of intra-day and inter-day 
of caffeine were 3.07% and 5.78%, 
respectively. The prec1s10n of both 
compounds was shown in table 2. 

Linearity 

The calibration curve for the spiked 
paraxanthine and caffeine in pool serum 
was linear over the concentration range 0-
8 µglml and correlation coefficient (R2

) 

was 0.9999 aand 0.9996, respectively, as 
shown in figure 3 and 4. 

Table 1 Percent recovery of serum paraxanthine and caffeine assay at low, medium and 
high concentrations 

Standard cone. %Physical recovery %Analytical recovery 
~g/ml paraxanthine caffeine paraxanthine caffeine 

1 87.12 ± 4.85 89.14 ± 3.89 105.49 ± 5.1 98.56 ± 5.1 
2 86.10 ± 9.01 91.2±3.2 98.67 ± 9.19 95.84 ± 2.47 
8 89.60 ± 8.46 93.16 ± 6.95 97.73 ± 7.05 100.63 ± 2.4 

Average of 
87.61 ± 1.8 91.17±2.01 100.63 ± 4.24 98.34 ± 2.4 % recove 

Table 2 Intra-day and inter-day precision of serum paraxanthine and caffeine assay at low, 
medium and high concentrations 

Standard cone. Intra-day precision (%RSD) Inter-day precision (%RSD) 
µglml paraxanthine caffeine paraxanthine caffeine 

1 3.85 4.89 6.08 9.24 
2 0.74 1.72 7.91 3.06 
8 4.06 2.6 1.77 5.32 

Average of 

%RSD 
2.88 3.07 5.25 5.78 
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Figure 3 Standard curve of serum paraxanthine 
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Figure 4 Standard curve of serum caffeine 

Lower limit of detection 

The lower limit of detection that can 
be assayed by this method is 0.125 µg/ml 
for paraxanthine and 0.25 µg/ml for 
caffeine. 

Stability 

The stability of paraxanthine and 
caffeine was determined at the con­
centration of 2 µg/ml and stored at - 70 °C 
for 24 weeks. The area ratio of both 

compounds at any storage time closed to 
the value at time 0, as shown in figure 5. 

The appropiate time to determine 
paraxanthine/caffeine ratio was identified 
in normal volunteers. The level of para­
xanthine and caffeine at before and after 
caffeine intake was shown in figure 6. At 
5 hours after caffeine administration, 
paraxanthine level was as high as it could 
be determined. All subjects who took a 
180 mg of caffeine did not manifest any 
adverse effects. 
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Figure 5 Stability of serum paraxanthine and caffeine at 2 µg/ml 
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Figure 6 Average serum concentration of paraxanthine and caffeine at each time 
after caffeine administration in normal volunteers. 

Discussion and conclusion 

Caffeine is often used as a probe for 
CYP IA2 activity.3 Paraxanthine is a 
major metabolite (84%) and catalyzed by 
CYPIA21

. Serum paraxanthine/caffeine 
ratio was chosen to be an indicator of 
CYP I A2 activity. The determination of 
serum paraxanthine and caffeine using 

HPLC was developed 10
• In this report, the 

method was modified to be simple and 
practical for routine assay. This modified 
method was validated following the 
bioanalytical standard method of 
validation10

·
11

. 

It has been approved with the 
acceptance criteria of each standard 
parameter. 
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Lower limit of detections of both 
compounds are acceptable. Percent RSD 
of the detection was less than 20% 11

• In 
general, percent RSD of intra-day and 
inter-day variation that present the 
precision of the method should not be 
exceed I 0% and 15% respectively10

-
11

• 

The result shows good precision of both 
paraxanthine and caffeine determinations. 
With the accuracy of the assay, percent 
recovery should be within the limit of 80-
120% 11

• The result also presents good 
accuracy of both. Specificity indicated by 
the characteristic of chromatogram, 
paraxanthine, 8-chlorotheophylline and 
caffeine did not disturb by each other and 
other serum peaks. That shows good 
performance for determination of each 
standard in the same sample. The 
calibration curve of both were linear, R2 

closed to 1.0, and covered the range of 
paraxanthine and caffeine in serum. The 
good stability of both compounds was 
shown when stored at -70 °C. All results 
indicate that the method is high 
performance and reliable for a routine 
assay ofCYPlA2 activity. 

In a pilot study, serum paraxanthine 
and caffeine level at each time point was 
analysed. The profile concentration vs 
time curve of both was interpreted. The 
result suggested that the blood samples at 
5 hours after caffeine intake should be 
collected to determine paraxanthine/ 
caffeine ratio. Paraxanthine level was as 
high as it can be determined. If the time is 
too prolong, paraxanthine will be 
metabolized to other compound by CYP 
I A2', as shown by the metabolic pathway 
of caffeine in figure l 6. The study 

· expressed that this simplified method can 
be used to determine CYPIA2 activity in 
population who exposed the CYP1A2 
interference agents. 
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Abstract 
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The cytosolic enzyme, thiopurine methyltransferase (TPMT) catalyzes the S­
methylation of aromatic and heterocyclic sulfhydryl compounds such as 6-mercaptopurine. 
Genetic regulation of TPMT activity is associated with large interindividual variations in 
thiopurine toxicity and efficacy. Assessment of TPMP genotype/phenotype will increase 
rational outcome of individual drug therapy. In the present investigation, TPMT activity was 
measured by the radiochemical assay from blood samples of 539 randomly selected Thai 
subjects. The genetic polymorphism of TPMT was trimodal distribution, TPMT activity 
ranged from 0 - 23.5 Units/ml RBC with the average of 6.91 ± 3.68 Units/ml RBC. Most of 
the Thai subjects were intermediate metabolizers (95.35 %), followed by high (3.75 %) and 
low (0.93%) metabolizers. Gender, blood groups and smoking had no effect on TPMT 
activity. 

Key words : thiopurine methyltransferase, genetic polymorphism, 6-mercaptopurine. 
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Introduction 

The cytosolic enzyme, thiopurine 
methyltransferase (TPMT, EC 2. l.1.67) 
catalyzes S-methylation of aromatic and 
heterocyclic sulfhydryl compounds such 
as anticancer drugs 6-mercaptopurine, 6-
thioguanine and immunosuppressant 
azathioprine1

""- TPMT activity exhibits 
genetic polymorphism, in white subject 
approximately 90 % are homozygous with 
high activity, 11 % are heterozygous with 
intermediate activity and I in 300 
individuals inherit TPMT deficiency as an 
autosomal recessive triat4

'
5

• This common 
genetic polymorphism is responsible for 
interindividual variations in thiopurine 
toxicity and therapeutic efficacy'. Patients 
with low TPMT activity develop severe 
myelosuppression with standard doses of 
these drugs while patients with high 
TPMT activity are undertreated7

• 

The active gene of TPMT is located 
on chromosome 6 with approximately 34 
kb in length and consisted of ten exons 
and nine intrans. The wild type allele is 
TPMT* l. At least 8 mutant alleles have 
been identified for low enzyme activity. 
These mutant alleles have interethnic 
variability with different frequency and 
pattern. In Chinese, West African, 
Kenyan and Japanese the mutant allele is 
TPMT*3C. TPMT*3A is found in 
Caucasian and South-West Asian and 
TPMT*6 in Korean8

'
9

'
10

• All mutant alleles 
in South East Asian are now identified as 
TPMT*3Cu 

TPMT activity is normally detected 
in red blood cells, showing high 
correlation with relative TPMT levels in 
other tissues or cells including kidney, 
liver, lymphocytes and leukemic blast 
cells"4

'
1
"

13
• The radiochemical assay by 

Weinshilboum et al4 is a well known 
method in determining TPMT activity. 
The product of S-methylation, 6-methyl­
mercaptopurine is measured using 6-
mercaptopurine as substrate and S-adeno­
sylmethionine (SAM) as the methyl donor. 
One unit of enzyme activity represents the 
formation of 6-methylmercaptopurine in 
nanomoles per one milliliter of red blood 
cells"'. 
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There is very little information 
about TPMT activity in Thai population. 
Therefore the frequency of TPMT pheno­
type was studied m the present 
investigation. 

Material and. method. 

Subjects 

A total of 539 blood samples from 
healthy blood donors at National Blood 
Center, Thai Red Cross Society were used 
for TPMT activity study. The exclusion 
criteria were hepatic, renal and other 
chronic diseases. The demographic data 
was collected from each blood donor 
including sex, age, blood group, 
smoker/non-smoker, and current medical 
problems. 

Blood samples: preparation of 
lysates 

Samples were prepared as pre­
viously described by Weinshilboum et al4

• 

Aliquot of 3 ml whole blood collected in 
heparinized tube was centrifuged at 800g 
for IO min at 4°C to isolate red cells. 
Plasma, leukocytes and the upper layer of 
erythrocytes were removed. After 
washing the pellet twice with l.8 ml 0.9% 
normal saline and centrifugation for I 0 
min at 800g, supernatant was discarded, 
4.8 ml iced cold water was added to the 
pellet to lyse the red cells. Erythrocyte 
lysate was centrifuged at 13,000g for IO 
min at 4°C. The supernatant was kept at 
-80°C until analysis. 

TPMTassay 

Potassium phosphate buffer, 25 µl 
(150 mM, pH 7.5) and either 5 µl of 6-
mercaptopurine (18 mg/ml in DMSO) or 5 
µl of DMSO were added to I 00 µl aliquot 
of erythrocyte lysate. The reaction was 
initiated by adding 25 µl of a freshly 
prepared cocktail containing 14C-methio­
nine 12.5 x I 0-6 M, non-reactive S-ade­
nosy-L-methionine HCl 12.5 x 10-6 M, di­
thiotreitol I 0-3 M and allopurinol 5 x 10-' 
M. The reaction mixture was incubated 
and gently shaken for I h at 37°C in a 
shaker water bath. To terminate the 
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reaction, 0.5 ml boric acid buffer, pH 10 
and 5 ml of 20% isoamyl alcohol in 
toluene were added. After vigorqus 
agitation for 10 seconds, the mixture was 
centrifuged at 700g for 10 min at 4°C. A 
3.5 ml aliquot of the supernatant (organic 
phase) was added to the scintillation 
counting vial, to which containing 1 ml of 
absolute ethanol and 10 ml of toluene 
fluor. Radioactivity in the scintillation 
vials were counted in the scintillation 
counter for 10 min. The TPMT activity 
was expressed as nanomoles of 6-
methylmercaptopurine formed per hour 
per ml of packed red cells (hematocrit) or 
Units/ml RBC. 

Statistical analysis 

Data was presented as mean ± SD. 
Probit analysis was used for frequency 
distribution. Data comparison was tested 
by one way ANOVA using Duncan's New 
Multiple Range test. 

Result 

The correlation between experiment 
was carried out using same reference 
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enzyme together with other test samples. 
The average TPMT activity between 
experiment of the reference enzyme was 
6.54 ± 0.24 Units/ml RBC with C.V. of 
3.7%. 

TPMT activity was studied from 
539 blood samples of healthy 438 men and 
101 women with age range 17-64 years 
(average 35.5 years). Enzyme activity 
varied from 0 to 23.5 Units/ml RBC. The 
mean value was 6.91 ± 3.68 Units/ml 
RBC. There were no differences of 
TPMT activity in different gender, blood 
groups or smoker/non-smoker (Table 1 ). 

The distribution of TPMT activity 
was trimodal (Fig. I). With probit 
analysis (Fig. 2) the high enzyme activity 
were 16.7-23.5 Units/ml RBC, accounted 
for 3.72% of population studied, while 
95.35% carried intermediate enzyme 
activity ranging from 1.3 to 16.6 Units/ml 
RBC and 0.93 % with low enzyme activity 
of 0-1.2 Units/ml RBC. 

Table 1 TPMT activity from 539 healthy blood donors with age range 17-64 years 
(average 35.5 years) 

TPMT activity*(Units/ml RBC) 
Demographic data Numbers 

Average Maximum Minimum 

Sex: Men 438 6.93 ± 3.55 23.53 0.00 
Women 101 6.91±4.11 22.30 0.15 

Blood groups: A 88 6.80 ± 3.76 19.78 0.00 
B 177 6.73 ± 3.59 22.32 0.14 
0 257 7.10 ± 3.78 23.53 0.12 
AB 17 6.24 ± 2.66 13.23 1.00 

Smoking: Smoker 42 6.67 ± 4.21 22.27 0.13 
Non-smoker 497 6.93 ± 3.62 22.53 0.00 

Total subjects 539 6.91±3.68 23.53 0.00 

*Mean± SD 
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Discussion and conclusion 

From present investigation, most of 
Thai carried intermediate TPMT activity 
which means that Thai may be prone to 
thiopurine toxicity, especially children 
treating with 6-mercaptopurine in acute 
lymphoblastic leukemia. Determination of 
TPMT genotype/phenotype before 
antileukemic therapy may be practical and 
may have clinical relevance. 

Frequency of TPMT genotype in 
Thai children with acute leukemia (75 
patients)14 and 200 healthy Northeastern 
Thai subjects 15 reported to be the same as 
Caucasian population. The variant allele 
was TPMT*3C. 

Therefore the correlation between 
genotype and phenotype assessment in 
Thai population should be performed to 
verify the use of either TPMT genotype or 
phenotype in minimizing toxicity and 
maximizing efficacy of thiopurine drug 
therapy. 
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Abstract 
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Diabetes mellitus and its complications constitute a major health problem in modem 
societies. The prevalence of the disease has increased dramatically every year. Successful 
treatment of diabetes involves changing life style such as exercise and physical activity, 
reducing body weight with diet and behavioral modifications, and using pharmacological 
agents. Currently, there are at least six distinct classes of antidiabetic agents available. Each 
class displays unique pharmacologic properties. Insulin and ins,µ!in analogues are used for 
treatment of both type 1 and type 2 di~.fftes mellitus. Sulfonylur~s stimulate the production 
and release of insulin. The meglitinicfi?'is nonsulfonylurea agent that also works as insulin 
secretagogue. Unlike sulfonylureas, meglitinide requires the presence of glucose to close 
ATP-sensitive K+ channels and subsequently induces calcium influx. Adverse effects 
including hypoglycemia and cardiovascaj~r complications are probably less pronounced than 
that caused by the sulfonylureas. Metfo~ reduce ~l?atic glucose and increase peripheral 
glucose utilization . Alpha glucosidase inhibitor, acarbb~, delays carbohydrate absorption and 
reduces postprandia)-::lzyperglycemia by inhibition of brush border enzyme in proximal small 
intestine. Thiazoli&i~dione activates peroxisome proliferator-activated receptor gamma, 
leading to improve insulin sensitivity predominantly at skeletal muscles and adipose tissue, 
decrease serum LDL cholesterol, and increase seru!J¥{IDL cholesterol. In recent clinical 
trials, the new drugs of diabetes therapy such as prartrl1ntide, glucagon like pegtide-1 have 
been shown to slow down gastric emptying time~ glucagon secretion and food 
intake. 

Key words : diabetes mellitus, insulin, metformin, metiglinide, alpha glucosidase inhibitor, 
thiazolidinedione, pramlintide, glucagon like peptide- I 

Address correspondence and reprint requests to: Sirichai Adisakwattana, Interdepartment of 
Pharmacology, Graduate School, Chulalongkorn university, Bangkok 10330, Thailand. 
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1 if 11 il1 in'i !ilLil iJ!f 'j 'YI 117 U tu'iiW 'j 'YI 117 a II, 2 
il7f'J'i!f7LiliJ!f'j'YI117 f'I tu~ ff "11 U W'YI II ff7 ii w{, 

'nw'i!f1wil!i'imn f'ltu~uwn11milw1 vuw~nwfmn'in111a11 

,. ,,,,-dd·~ QtlQ Q 'd b 'H'l L Ul'll11'W L u'W b 'JA'YJLfi1'11'1J eMfiUA11lJNVl fi\il'Yll~'J~UULlJ\illU fl<l<llJ'IJeM'Jl~fill'l'YI 

fom 1:Wmumvi ri~ NmauciaArum'l'lil'lmL<i~a~Am \'Ju 5umn U'1'1uuwu1m u1'll11uii • • • 
41u1m ~lJa~:ff u'Ylntl 1 um.,fmn hm Ul'll11'W mh~iitl.,~5'Yl1lil1'1'1 wu1u41L \'Juc;fo~tl{u 

• • • 
L tl~uu'l5il'lAu1~t1.,~m., Liu m':imUAlJmm':i a anfi1'1~mm 1'luti'J~41 ':i1lJ«~m., 1i'm • 
muviilu 1 ti U'1'1uumfn1'!1 hA L rnM11mL ti~a an 1vi'au1~tl' au 6 ncilJ uci<i~ncilJaanq'YIBLL\iln 

'U q ~ ~ 

ci1~0'W ~fl au'IJa'WLLGI~ insulin analogue 1i'ifh'llfufnmtJ'u1mu1'1l11'W«~'IJUVl~ 1 LIGI~ 'IJUA • • 
~ 2 m 1 un~lJ sulfonylureas flflfit]'YIBm~llf um'laf1~LL<i~mt~•rn{fouliu'(fam~1\jm~LL<f 
L1iavi meglitinide L \'Jum 1 uncilJ nonsulfonylurea aanq'YIBm~vi'um':i'll&~ 1rn{[1Juau'IJau • • • 
1viun<i 1nm':iflfln t]'YIBA<i'l l'IA li~ilum 1 un~lJ sulfonylureas Ltci'!'lumm':i 1frw~tl.,~a~vi' 1iu • 
fil'JGIVJJ1\il1<11 um~um1i fl A u<1~Nmaucia'J~uu'l111'1~1ni1mncilJ sulfonylureas • 
metformin fl fl n q 'YI B GIA m'Ja{1~ fi\j fa <f '11 n tilu LL<!~ L ~ lJU':i~ 5'YJBil1'l'l11XL 'IJGI ti'm m':intl1 n \j faa 

1tl1 "' ·Qd' ' .t ~ :i; • 'llbVlVl'IJ'W alpha glucosidase inhibitor L'IJ'W acarbose flflfit]'Yllll'JUl'l~fil'J'Yll~l'W'llfl~ 

Lfl'W hiJ glucosidase ~u~nru brush border 1u~11<l'L~n Yi111Xm'l~AillJA1':ilu 1mlil'Jlili'1<1~ 
LLGl~GIA m1~J1 \ill<! a~ 1 um~ LL<IL1i fl Aill l'l 'll '1~-iutl'J~'Yll'W m m':i thiazolidinedione 11'lu I'll~ • 
fl flfit]'YIBm~vi'u PP ARy ri~ NG! 1 i.1'1'1J<1tlni1'1lJ L if mL<i~L'IJGIGl°1'1ll:rm ~lJA11lJ bci mlflTilJ'WB'W'IJa'W • • 
1um':itl1n<1 LA<!L~1riL'llG1tllJlfi~~:ffu 'J1lJ«~GIA':i~~u LDL LLGl~L ~lJ HDL cholesterol A11lJ 

• • 
tl11MU11 'Wm'lffi1'11 L 'JAL Ul'll11'WU 'W11 '1lU~~fi1'1~fJU'J~'llil~fil'J'YIVl<lfl~'Yl1~Aailn ~fl ffl-'J 1i' • 
pramlintide LLGI~ glucagon like peptide-1 ( GLP-1) 1um'lfnm hmul'll11'W 1'11~~nci11<Jflfi 

t]'Y1Buu§~m':i'll&~n<1Alfifl'W'11ntilrniau L~lJ gastric emptying time ri~N<i11XA111Jtila~m'J{u 
• 

U'J~'Yll'W fll'lll'J'IJ fl~ tr U11'1Gl A ~1 GI~ • 

iil1<'11~i!J : LU1'1l11'W, S'W'(fa'W, metformin, metiglinide, alpha glucosidase inhibitor, 

thiazolidinedione, pramlintide, glucagon like peptide-I 
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u11'111 

T 'lA L 'U1'1111'W L UUil1'l~~LlJ\111'U aalilJ 

'II a~ .,·11 fl1 u i:i \ii ti fl w1 tlT \ii uii'i'u a' au 1lJ' 

<f 1 lJ1'ltiaf1~ a U'lla U 1 i L W U1 W a \11° a fl1 'l 
u 

tl
,J ti ~ f .. 

L llUULL lN'l~\1J'UU1\111<l'il1flfl'lnLaLGla\11 

1 uil 'il~u u T., AL 'LITM11UL u u ii f.1!'111'1111 m 
.J.~ d '1.:1. 

li1'ltlltj''ll'l1<11Af.Y LUa1'il1flb'lAU lJ<J1lJ1'ltl 

foi;11ti'mt1'111\111\ii' ri1N<11titfi\1JhA 

• d 1 ·.. • LL'11'lfl'llaUaU \ilafl 1at1<1~ 4 '1Ja1tl'l~'ll1fl'l 

l<lfl~~'MlJ\11 Luu hm 'LI1'1111mw~iht u1 T tl' lJ 

\j1~u'11fli'.1 1 
1ui'.I A.A. 1995 nilmArn 

• u 

L iit1 \ii ~1u a a fl t5u11i wu11'il1u1urtti1 t1 
u 

hAL'U1'1111Uii{at1<1~ 20 LL<l~Ai\1Jfl1'lW1u 

i'.I A.A. 2025 -0ilmmmilu\11~1uaam5u~ 
") V .ct Vn'I ~ V {;$ 

b\1J'il~lJWu1tl<f1t11'latlGI~ 27 LL<l~'il~LUUtliJ 
u u u 

mA~iirJ'tl1u T 'lAL 'U1'111iumfl~<J\11 2 
u • 

ii 1 '11 {u ti 'l~ L '11 A1 '11 ti U 'l1 u1iu fl1'l 

A fl i;1fi1'il1u1 u rt thu T ':IA L u1 '111iu'ili fl 
u 

fl'l~'11'l1~<f1li1'ltlltj''ll W'U'il1U1U 33,3 AU 

1u'il1u1u 100,000 Au 1ui'.I A.A. 1985 

LL<l~\j~fi~ 147.2 Au1u'il1u1u 100,000 

Au1ui'.1 A.A. 1997
3 

hmui'l111mtu~aamuu 2 'llil\11 

iia type 1 '11'.ia insulin dependent 

diabetes mellitus (IDDM) LL<l~ type 2 .. 
'M'la non-insulin dependent diabetes 

mellitus (NIDDM) llfl1'1W~ilii1f.]J'lla1 hA 

t'LI1'111iu type 1 iia n11~nill'i'1Jnu'lla~ 
u ' 

':i1~rnt1'il~l11mt1 ~-cell 1uii'i'rniaul111'11' 

him m'l t1 a{1~ a u'llau ..,'.1am1J1'lt1 af1~~u 
u 

LWU~L~fltl'au irflwurJ'tl1mum~fl irflW'U 
u 

h A 'LI fl W ';/a~ '11i~ {! iJ vl lJ n U ~ U 1-:i 1lJi1 ti 

t'liu Graves'disease 1utl'l~L'l1A1'11t1U'l1tl 
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1iu Afl1'11'iliu1u ~ U1U T 'lA L 'U1'111iu'llil \ild 

1m~nm<j~1fli1 15 i'.I niAmi1aAfl1'!11u 

i'.J A.A, 1991-1997 W'U'il1U1U 0.37 AU 

1u'il1u1u 100,000 Au' mA\11~1uaafl 

t5u~miiaAfl1'1i1ui'.I A.A. 1991-1995 

W'U'il1U1U 0.30 Au1u 100,000 AU
5 

LL<l~mA1iAfl1'1i1ui'.I A.A, 1992-1996 

W'U'il1U1U 0.52 Au1u 100,000 AU
6 

i11'11{'UhAL'U1'1111U type 2 L0\1JL~a~'il1fl 
• 

fl1'l~a~aau'llau !iluriaua11J1'lt1wa\11 
u 

iilu'l!au 1\ii' tt~1a.Jmm'lul1111u 1'1\1111Jtlflw 

~~ hA L u1'1111u'llil \1Jdii'il1u1uwtl1umfl~ 
u 

tj'\11 uam'l1Ua'il1fl~fl~11lJ1Ui1'1Ju hA 

ii'i'uriauei'marn{a{~ hA Cushing syn­

drome '11'.ia fl1'l 1'll'mui~'llil\11 t'liu thiazide 

diuretic <!1lJ1'l1JmduTu11ti'tii\11 hAt'Ui 

'1111U 1\ii't'liu nu 
a1 fli 'l'IJ a1 T., AL u1 '1111 u ai lJ1., u 

a~m\111\ii' t'liu m~'l11utl1tw~ilam1~uau 
t .ct .,,J ~I <:!I -;;s1 V 

a a UL W<ltl LlJ<lL uULLW<l'M'lawLL<l1'111UU1fl 
'°II • ..... d ... 
lJ<l1fl1'l\111W'l1lJ1 lJa~muw\iltlflGi (reti-

nopathy) 'll1\1111Jtlmuiiatlmm'111 (neu­

ropathy) '111U'11'111'llJ1flLL~tli'Mil'fl<l\11<1~ 
• 

LW~\1J'l1'ilW'Litli\111<11 uilam1~ 

T 'lA ei'1u L uuu'il~t1i11i1ru~ci~ ta~lJ 1 ti 

Lfi\11 hAL Ui'l11iU~U Uafl'il1flila~fifl 1 ti'tfi\11 
'I • d ' 'I ~, 
b'lALL'l1'lfl'llauau 'l L'llU b'lA'l11 b'il (coro-

nary heart disease, CHD) Lrn~hAA11lJ 

ii'i'u fai1\1Ja~\1JilJm 1\ii' 
u 

ii 1 '11 { u L fl ru-ri' fli 'l'l il 'il u u T 'lA t ui 

'1111ul111\1JL\1JU\1J'l1'ill\1J'l~ii'i'utl1\111<11u 
fl'l~LlaL!Jfl\11 iil~\111'l1~~ 1 '111flWU1UWL\1JU u u 

Iii fasting blood glucose (FBG) lJ1flfli1 

126 mg/di Iii 2-h postload glucose 
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d v v .I 
(2-h PG) '1Mlil'l1'\1'!11'1~'\11ff'lUu1~'111'W 

il1'!1111 2 'lllJ. Lfl"llnll 200 mg/di LL<l~vll 

hemoglobin Ale (HbA1) mnni1 7 % 

~lili1Li'luhmuiV111u Lwi1111n FBG ilvi1 

mnni1 no '. ' mg/dL LL\il'W<ll'ln11 126 

mg/dL ~~Hi'l'W impaired fasting glucose 

(IFG) LL<l~vll 2-h PG eJU1~'!11l1'1 140-• 
200 mg/di ~lilLi'l'W impaired glucose 

tolerance (IGT) 
7 

Lil1111mu111'1n 1um1 

1nm hlilLUl'!ll"ll'WOAei lil"lUlillJ m11111 • 
'ii1vnnlillTIU 1CH1i111ilLL'1~ 1'lliJu LL<l~El'1 

i <1'1 lil1U Iii t1J11111! nli11'll <1'1N'ihu1 'Ii' aci1 u • • • 

L U1'!1111'W lil1'H i'J 'W <ll '!1111'ii1vn n ir n LL<l~N<I 

lll1':i1'1~ 1 Lnru'lfm1'lil'1Ul'JhlilLU1'!1111'W 

Sirichai Adisakwattana 

1'~ ' d d 1 • ~ dd v 
N LL\il'!ll<lnL<ll'l~N<I tl'll'Wlil'l'ltl'Hf'!ll11'W'illil 

' 0 1 d d d~ ... 
L'll'W'll'W'W '11 l'J ~lilL\il1'1'11iltl'l1tJLL<l<lfi<l<f<l'1 

' 
fi1111elnfl1 a'1 n1 l'l <ll lJ11 trib ut11utl1'1 LL<I~ • 
L vi lJ q'l1ll'll B'1 ilu'!jli'WLL<1~·1hu <11i1J1m!n 1i 
N'u1um1aann1'1'1mu11ci1'1uau 3-4 1i1~'1 • 
Iii <J<lUlill'lf LLm<l~lil~'11 'li'5ll!11fi11Llll'W'll1l'1 

n<11t11~mru 30-60 mii" m1mulilt1 • 
.,~~uJ1ll11<11 un.,~um~ <Jlil L \'Ju L U1'!11lJ11'l~ 
<il~t\J '111'1 American Diabetes Asso­

ciation rll'!ll'WlilLfitu'l11'Wm'llil1Uliltl 11~'1\lll • 

'11n Diabetes Care 2001;24(Suppl l):S5-S20. 

lilutln&i Impaired glucose hlilLU1'!1111'W 

mg/dl,(mmol) tolerance mg/dl,(mmol) mg/di (mmol) 

FBG 

2-h postload glucose 

HbA" (%) 

< 110 (6.1) 

< 140 (7 .8) 

<6 

110 - 126 (6.1-7.0) 

140 - 200 (7.8-11.1) 

6-7 

'11n Diabetes Care 2001;24(Suppl l):S33-S43. 

Normal Goal 

Whole blood values 
Average preprandial glucose (mg/di) < 100 80 - 120 
Average bed time glucose (mg/di) < 110 100-140 

Plasma values 
Average preprandial glucose (mg/di) < 110 90 - 130 
Average bed time glucose (mg/di) < 120 110 - 150 

HbA1o (%) <6 <7 

> 126 (7.0) 

> 200 (11.1) 

>7 

Suggested 

80 - 140 
100 - 160 

90 - 150 
110-180 

<8 
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f11'lA1UA" tnVl1'lLLiil::f11'lfl f)fl rha~ • 
n 1 f.llil ::i vHh A1U vi' nu fl1 'l Li u1-jmfl 

" 
~~LtJU'1vUt.1m-rn"M1hALU1V11TU type 2 • 

1. Insulin and insulin analogues 

2. Sulfonylureas 

3. Biguanides 

4. Metiglinide 

(non-sulfonylurea secretagogues) 

5. Alpha-glucosidase inhibitior 

(AGI) 

6. Thiazolidinediones 

Insulin and Insulin analogues 

au'lfau~iltiluilvvuinf u ~a{9)v1n " . 
'i" 'i" ""' ""' 'i" .. .. .. .J .... L 'YIA L 'U LrlffYl1~'lJ'1.fl1'W LVIU~r1{9)fltJ~rl'U'YIJJ 

n'lviv::"1uL~u~~1via1uvi~~nuau'lfau 
" 

JJ'U'MU LLU~flflfl l~L UtJ 5 ni:iJJ l~uri ultra . . -
short-acting insulin hl'Llri insulin lispro, 

insulin aspart 
~ ~ 4 

insulin lispro nu insulin 'llfl~JJ'l~'MU Av 
~ .J ""'i" • • .J 

f11'lGfr!U'Yl'llfl~fl'lVleJ::aH tJ prolme-lysme 'YI 

tla1t1 B-chain na1mllu lysine-proline 
~ . 1.J ""'i" d1Vl'lU insulin aspart v::LurltltJfl'lVlv::JJL'U 

~Qi1uviil~ 28 'llfl~ B-chain v1fl proline .. .. 
LUU aspartic acid au~aun~av~'ll'ilviil 

""1" ~ "I "' ""' flvflq'Ylli Vl'l1VIL'l1 .fl1LILtJ 10 fM 20 tJ1'YI 

Lrndh::u::na11 um'lvvnq'YIBtl'l::mw 3 

il~ 4 i'1h1~ -wum1:: hypoglycemia Ufltl 

ni1LdvLtl~urnYiuunu regular insulin ~~ 
""1" LUtJ short-acting insulin flflflq'Ylli Vl'l1VI 

L~1LLvi0lh~ na11 um'lv vnq'YIBfiu ij 

1h::lu'lJ'tl'mmdv1il.umru~muu L'liu • 
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f11'lr!Vl'l::vlU HbA1c 'l::vii1~ insulin lispro 

nu regular insulin 'WUi1ij~113JLL{9)flvi1~ .. 
QI 24 I CV o 1 fltJ LL{9) insulin lispro r!Vl'l::VIUtJ1{9)1rl tJ 

L~ v vivia~-rutl'l::'Y11u mvi1'la~u1u ~vitln&J 
" 

1~ Vl~fl post prandial hyperglycemia 

(PPHG)
11 

Intermediate-acting insulin L'li'IJ 

NPH vi~v isophane ~amvu1u'ltlm'l 
" " 

'\.h::n eJU L~~'livtJ'll fl~ protamine nu fa vi:: 

a~n::a1um'la::mu phosphate buffer 

a'U'lfa'U'll'ilVl'if VIVl:aJJ'li1 LLvivvflq'YIBl~m1 
" -=-"--

mu 1 o il~ 16 i'1 tm 

Long-acting insulin L'liu insulin 
ft 1J ""'i" 0 ' .J glargine LurltltJfl':iVlv::mum1LLV1'U~'YI 21 

'lleN A-chain ~fl aspargine LUtJ glycine 

ua::L&IJJ arglillile 2 ~1 vivn1u B-chain 

L lluQi1u viil~~ 31-32 'Yi1 l ..Xvivi:aJJ'li1 
~--

·~ ~ ti .ct ~ 'l 12 LL{9)J.Jq'Ylli LVIU11tJ1tJfJ~ 2 3 'll'1 LJJ~ 

au'lfatJ'll'ilviavin1t1 premixed insu-" . 
lin 1~v1flf11'l~aJJ NPH nu regular 

insulin LtJel{9)'l1ri1tJ~LLmflvil~n'Uvflfl ltl 
L'li'IJ NPH 70 o/o nu regular insulin 30 o/o 

vvnq'YIB1~mu 1 u 30 u1fi ijq'Yltl~u1u 

16-24 'll'JJ. LtJ'llt1.1::if ijvtJWtJB protamine • 
"' ' 'llfl~ insulin lispro L ':itlfl11 neutral 

protamine lispro (NPL) ~aJ.Jnu insulin 

lispro 1u8m':i1Gl1'1J NPL 75% viv insulin 

lispro 25 o/o (lispro mixed 25 insulin) 

Ldmtl~urnfiuunuau'lfau'll'ilvi~a" ~v 
" 

NPH 70% : regular insulin 30% 'WUil 

lispro mixed 25 insulin r!V1':i::vl'utl1~na1u 
4 1 if~ I } 3 m::LLalr!eJVI VIVlfl11 

.; v vi1':i':i::i'~~rt1 "1ru Ld v 1 'lfau'lfau 
v " 

Vil fl~U1LI 1~-ru au'lfatJvtJ LOtJ'lltJ1Vl'1::di VI 
" " 
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m1::tl1m1a L'UL~t1~~1 l~ (hypoglycemia) 

LLa::rhil~o~m"iLn~u~n~m"i::vr-h~mLrlti 
1iau'lfau~1JJnum~u '1 lil1mh~Liu 

" . J .:::ii. .ci.. .idl 

corticosterro1ds '1::a~q'Yli'i'lltl~tl'U'lfa'U 'Yl"itl 
.J.d .t ..... 

ACE inhibitors 'YILWJJ(')'Yli'i'lltl~tl'U'lfa'U 

Li'.J'U~'U Vl11JJ011'YIU1 L mj'lltl~B'U'lfa'U 
" 

fh a-~ mh::'Yli1~n1"iW Vll'U1N aGJB'U'lfa'U L 'U 
" " 

"iU insulin inhaler Cf1JJ1"itl 1i-rn~1NU1U 
" " 
1w1LU1'Yl11'Ui.:i type 1 LLa:: type 2 
.. .. ,.. .J.1 "1".:: m..1-gau ~n~ ~'lfJJ'Ylu ti ~'1 ::ti tin q'Yli'i ~ L "i1 

ni1B'U'lfa'UU"i::L.f)'YJU~ 'Yl1fi~tl~fiT'i-ru 
" 

u"i::mu mV11"inm l~na1m"ia 1 iau'lfau 
" 

q ..: I 1 ti' CV .c:il }4 }5 16 
'lf'U~'Ufitl'Utll'Yll"i ~'Yl'U'YI ' . 

Sulfonylureas 

L i'.luma~"i::~utl1m1a~ L~JJ 1ivY~ LLvi 

A.VI. 1950 m~'ULL"in 1umiJJ sulfonyl-• . 
ureas l~uri tolbutamide, chlorpropa­

mide Li'.J'U~'U m1uiu~ati.:i l~uri glipi­

zide, glibenclamide (glyburide ), glime­

piride 1inumh.:iLLw~mnu1'uil'1~uu na 

lnm"ititinq'YIB'llti.:J sulfonylurea v::m::~ 
P-cells 1ulilueitiu1i'Yl~.:iau-gau t~um 

.... .J d 
'1::'11.J'YI sulfonylurea receptor (SUR) 'lf.:J 

Li'.J'l.J51'U'Yld.:i'llti.:J ATP-sensitive K• chan­

nel 5-:ii:.JaLi ATP-sensitive K• channel 

tl~ L'lfaaLJJJJLU"i'l.JLfl~ depolarization 'Yl1 

1'11 calcium channel LU~ Ca
2

• ~miutin 
L 'lfac;f '1:: L'll1 a .fl1 u L '1.J L 'lfaaa.:i Na 1 iLn~m"i 

m::vl'u 1 i'Yl~.:iau'lfau a an'11mLn"ium'll1a 
~~~~"""-"-~" .---£1___.., 

"' m::umaa~ 

SUR LLu.:iaami'.lu 3 subtypes 
.,. "' .J A 

'lf'l.J~LL"ifl rlfl SUR1/Kir6.2 WU'Yl p-cell 

1ulilueiau 'lfU~~aa~fla SUR2A/Kir6.2 

Sirichai Adisakwattana 

tfilVla~li'1fJfifl SUR2B/Kir6.2 
.J 

WU'YI • 
ii .cl .q ~ 17 1 . 

fla1JJL'UaL"iUU'lltl.:J'Ylafl~Latl~ m 'l.JfiaJJ • 
.t .J 

sulfonylurea flflfl(')'Yli'i'YI SURl /Kir6 .2 
~~ Q,I t .c( ..J 

L u'U'Ylafl LLGleflJJl"if:lflflfi(')'Yli'i'YI receptor 

an 2 'lfU~ l~Liunu L~a1'lfmLu"i::u:: 
.Of .J .... "' u1u m'1wuutyV11 Lnmnu'YI a a~ Laa~ ua:: 

hril11hluN'il1ul~ Lrlmu~urnViuu 
" 

I I CV1,J td 
"i::'Yl11~U1"i'ULL"iflflU"i'U'YICffl.:J fJl"i'l.J'YJCftl.:J • • • 
aanq'YIB1~L~1ua::m1u1uni1 i.:i gliben-

clamide (~u 1 A) LLa:: glipizide (~u lB) 

Li'.Jum~u~aa.:i~~h1uilvvuu u"i::a'Yl5 . . -
.tnWfil"i'Yl~.:iau-gau'lla~ glibenclamide 

mnni1 g_!ipizide ~m.:inaunu gli­

benclamide WU.fl11:: hypoglycemia 1~ 

u~ni1 glipizide 

iltymanu"i::fl1"i'lla.:i glibenclamide 

fla flfl~~:aJJ 1~tl'auJJ1fl L'U"i::uum.:iL~'U 
" " 

mm"i ~.:JflfiLGl~UJJLimi1u"iu micronized 
" " " 

form L vj aL ~JJ bioavailability 

1utl rt.VI. 1995 glimepiride (~u 

1c) Li'.Jumlil1u~m~aam1~'l11u1umm~ 
iim1mLmnvi1.:i'11fl glibenclamide 'YlalU 

~1'U Liu iiti'YIBa~"i::lii'utl1m1amnni1c;GJ) 
., . 

wum1:: hypoglycemia 'Ut!Ufl11 '11fin1"i 

Afi~l'llfl.:J Deerochanawang LLa::rint::wu 

11 glimepiride 'll'l..11~ 1-2 JJfl./l'l.J iiu"i:: 

a'YJ5.fl1W LLa::u a a~flu L ~U.:JW fl t%i'Yl-ru ~ 
" 

thu type 2 L'1.JU"i::L'YIVl1'Ylu 18 m1JJ 

CflJJl"ifla~"i::~u HbA1c 'lla~m1un~JJdatj 
"i::V1i1.:i o.8-2.0% ua:: vi11innm"iaa~ 

"i::~u fasting plasma glucose (FPG) atj 
• 19 

"i::'Yl11.:J 60-70 mg/dL(3.3-3.9 mmol) 

mn1im1un~JJ sulfonylurea Liu glipi-
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~tiff 1 lfl1..:ia·hn11..:iLfliimMmlun~i.J sulfonylureas 

A. Glibenclamide (Glyburide) B. Glipizide C. Glimepiride 

zide ~1i.Jtl'lJ 1m.Jtb£J~1~8u'lfam ~fl..:J'lfUVI 
\J \J 

L&im aii.J11m i'imh::~h1fim-w 1 um1aV1 

.... 1 " .. ~ .r 20 
1::V1U PPG LLa:: HbAlc VIVlfJ'l'll'lJ mm 

d d ,, ,, 
L'Yl'lJffillnm1:: hypoglycemia 'l'l'WULLa1 ~ 

" I 

ti 1m1::iitl1 V1ir Ml1 L -w" LL a:: fll"il 'WU m nl1 -d 1" IV 4 I flau a 'l'lfl..:JflVI fl"il"il11::11..:i 

Gliclazide LU'lJ sulfonylurea vi'11'Ylii 
d I .f I 

'l'lflflnavialVI flflnfl'l'lLiN1'lJ SUR 1 /Kir6.2 
\J 

~ P-cen 1uvi'u~fl'lJmnni1 SUR ~l11h 
".J'.c1 4 " 

LLa::na1m 'lJ m 1£Ju 'lJflm 'Yl'lJ fl"il1nm::viu • 
1-H''Yl~..:JB'lJ'lfa'lJLL~1 5..:i'li1t1aV1 free radical 

\J 

.J I .. I d 21-23 
'lf..:J"il::a..:i (:.Ji;"IVIVI fl'Yli;"lflVILa fl VI 

Biguanides 

Metformin LU'lJt111umii.J bigua-- - . 
nides ~iilmuil"il"ilU'lJ A'lJ'Wu1utl fl.YI. • 

1'YIL'lfl'lJU fl.YI. 1995 biguanides vl1~'W 

L'liu phenformin ~manl'lf1 L~fl..:J"il1n-wu 
~tl1mnY1m1:: lactic acidosis LLa::l'h 1-H 
\J --

!!! .... 24 1 .( 
L'1fl'lf1VI na nm1flflnfl'1'1Li'llfl..:J metformin 

A fl a VI .J 1VI1a1 u La fl VI t VI ti a VI nl 1 a{ l'l 

na lfla"il1nvi'u aV1m1V1V1~i.Jna lfla"il1mh 
--"--~--'-~ 

1 " <$ a~ metformin ali.Jl1t1aVI triglyceride, 

1 ".'I d .. LDL cholesterol 'lJNu1fJ'l'li.J.fl11:: hyper-

lipidaemia U1'11lfJ..:J1'lJ~m~niiNaaYi total 
~ 25 

cholesterol LLa::L 'Wi.J HDL cholesterol -
1 u~tl1£J~tl1V1\rnvi'1mn(metformin hhh: 

Llftl1vi\rnvi'1'llfl..:J~tl1mi'ii.J 11i.J..r..:i ihh 1-H 
\J 

Q nV1m1:: hypoglycem~ 1li.JG'f1i.J11fll;"IVI 

1::vi'u HbA1c 'llfl'l metformin fltj1::vii1..:i 

1. 5 - 2. 0% LLa:: fasting plasma glucose 

(PPG) 1::vii1..:i 50-70 mg/dL (2.8-4.2 

mmol)
19 

1u fl.YI. 1995 Defronzo LLa:: 

Goodman ~ffMTt.h::a'l'lfimr.'llfl'l gliben­

clamide Ldfl1oH~1i.JOU metformin LU'lJ 
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'l~t1~na1 2 9 atlvi1-H' wui1'l~~U HbA1c 

'llt1'3~tht1aV1a-nnnni11v-i'i'u glibencla-
... I ... 4 26 ~ 

mide L'W£.1'3tl£.11'3LV1£.11f:M 1.6% nl'l\Oln'lil 

.:' 1 ... .J ".'I ~ J' I 

'UL lnn~a>J 'Wn'ltu'Ylc..iu1mnV1m'lVlt1Vl t1m 
" 

L dt1'3-:11n 1'lfm~V1vit1nt.1t.1Tu LV1EJ-:1d1m ~aJ 
tl'l~a'Ylfin1w1un1'laV1'l~~utl1V11a'llt1'3t11 
naaJ sulfonylurea i1-:i-:itrt.1i'lt11v-i'i1 met-. ~~· ~ 

formin ua~ sulfonylurea L tlumi'm;i hvi 

.J ,,. I I " .. 'I 
LU1'Vl11'l.I type 2 'YILL'W'Yl£Jv~-:i1umunc..iu1u 

"--
LU'Ual~ULL'ln 

--mm'l 1ij~'3tl'l~a'3Yi'~irmnVI ~t1 

vi~u 1a thV1nt1'3 Lrn~nt1'3Lau wu 1vr 

• I ".'I .J1 " 27 u'l~>JlN 50 % 'lltl'3c.Ju1£.l'YI 'lf metformin 
" 

tl1 Ol'';iif G'IVI GN 1vf 'Vil ni°utJ'l~'Yll 'l.W1~1>J nu 

tll'Vll'l m1>JLriEJ'3'llt1'3nl'lLnV1m1~ lactic 

acidosis ifutl't1uni1 phenformin ~'3 Stang 

LLa~viN~ Am11m1~ lactic acidosis 'lltl'3 

metformin lviuAO'\il~tl'U'Vla'31'Utl VI.YI. 

1980-1995 'Wuc.TihmnV1m1~ lactic 
" 

acidosis 9 vit.11'U 100,000 Vl'l.I ~'3'WtJUt1£J 
ni1 phenformin ( 40-64 viu1u 100,000 

28 1 " ... .J 1 " .... " viu) V1V1amat1'3m'l 'lf metformin nuc..i 
--~~-------~" .J ' ~ ti 1EJ'YI L ti 'UL 'lVI 1Vl L 'W 'll ~-:!~ L ~ >JV111 >J Lt'rn'3 

J' 
>JlO'll'U 

" m'la'l1'3 lactate 

Metiglinide ( non-sulfonylurea 

)
29,30 

secretagogues 

Repaglinide (~tl 2A) LU'UmLuntj>J 
Q.I d.ci1 • • 

non-sulfonylurea Vl1LL 'lO'YliJ11'3v1'Vl'U1£.I 

L 'Unel'3VIG'l1VI LVl'l'3a{1'3'Y11'3 LVlii'll el'3 repa­

glinide LU'Uel~~'l.IB'llfM benzoic acid iina 

1nm'lelelnq'Yl5L'Vliiel'l.lnum 1unai.i sulfo-• 

Sirichai Adisakwattana 

H 
I 
NYY') /0 ylyoH 

(0 0 0 
2A 

28 

metiglinide analogue 

A. Repaglinide B. Nateglinide 

nylurea 1Vlum~v-i'u 1-Hiim'l'Vl~'3 au'll'a'U 
--1. 

J ' t.cil 0 ' 

3J10'll'W c.Jl'U'Yl1'3 SUR LLV13JVl113J-:11L'Wl~Vlel 

SUR! mnni1 SUR 'lfUVl~'U ~'3a'3c..iaLa£J 
'Ji t1 n1'l Ln VI 1'lvi1111-:iua~'Vla el VI La el ~el0 
C!it!i'lun~>J sulfonylu~ Repaglinide 

""1" I 0: II elelnqvm Vlelm'3'l1VIL'l1 mi.11'lfln'l~Vl'U -- -
nl 'l'VI ~'3 au'll'a'U Ln aL~ £.1'3nuam1::tJ n ~'Vla'3 
i'utl'l~'Yll 'Um 'Vil 'l ~'3 m m'lui°u tl 'l~m um 

n tl'Utll'Vl1'l 1v-i'nun LLa~U'3ii'l~£.l~L1alelelO 

q'Yl5Bu Ldm tl~utJL nuutl'l::a'Ylfim'W 1 u 
~ 

ni'la Vl'l:: ~uJ 1vi1a1 u n 'l~ LL a La el Vl'll el'3 

repaglinide ~'3 PPG ua:: HbA1c 1ijiivi11>J 
I GI GI 31,32,33 I II ... 

LLVIOVl1'30'UOU sulfonylurea LLVl'llelVI ----I <0 

~sulfonylurea Viel 'WUn11~ hypo-

glycemia Uelt1ni1ua~ 1'lfaV1m1:: PPHG 

1 v-i' Ld m tl~u UL Vi El tJ 'l ~ 'Vli1'3 repaglinide 

nu metformin wui1iitl'l~a'Ylfim'W hiuvin 
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I d 1" I <V vi1~n'U LLl?m.rn 'lf repaglinide 11:1Jfl'l.J 

metformin aim1oavi1::Q)u HbA1c hi 
I ".'I .J1 .,.., "" 

:IJ1flfl11f..Ju1ll'YI Vl1'l.J metformin LVm~ 
" 

• "" ... 34 
am~Lvit11 o~ 1.1 % 

Nateglinide LU'U non-sulfonylurea 

l9111ini (1tl 2B) LU'Uv'UW'UG'llv~ D-phe-
" . 

.fol '"" .f~ I nylalanine a a nq'YlnL 11LLVl:IJfl'Yli'Hl'Ufl11 

35 ti"' .J " repaglinide LLa::'11fl 1:1J1fl.!ll1'Ylfl1::VJ'U 

fl11'H~~a'U~a'U 1~rrhn-u nateglinide '1:: 

.f, .J..,1 " 
aanq'Yln&-.11-u SUR2B/Kir6.2 'Yl'H1 '1'Uvll 

" 
ni1 repaglinide Q)~iJ'U nateglinide '1::a~ 

&-.1a Li:lti l'i a1::uul11 hua::'Haavi L~aviu ati 

ni1 repaglinide
36 1-um&~hH1:1Jnu 

metformin tl1dh1Bm-w 1-um1aV11::Q)u 
I V 

..... 37 
FPG LLa:: HbA1c L'W:IJ'lJ'tJ 

Alpha- glucosidase Inhibitor (AGl)
38 

fl.I U'1~U'U glucosidase inhibitor ~ 
1'lf~l'H~'l.J~flti1~U1llhAL'l.J1'H11'tJ type 2 

tl1::nau~1t1 acarbose (~ti 3A), miglitol 

135 

(~ti 3B) ua:: voglibose (~ti 3C) u~atj 

1::w)1~ m1Anti1 l 'Utl1:: L mrn'H~.! m:iJ~m 

alpha glucosidase inhibitors LU'Umaan 
4QI ~ 0 ~ 

fl'Yllill'l.Jll~fl11'Yl1~1'U'llfl~ alpha glucosidase 

enzyme u~nru brush border 1-ua11aL~fl 
.J' ~I .J .cil .,!S .::\ QI 

'lJfU::'tJ acarbose L u'Ull1'Yl:IJ&-Jr1flti11'1ll:IJ1fl 
" .J QI ~ • 

mf VI "1:1J110ll'l.Jll~ glucoamylase 90%, 

sucrase 65%, maltase 60%, isomaltase 
fl 91 QI 25% LLGl~ lactase 10% Lu'UVl'U LLa~ll~ 

~u5~ La'U hat am:rlase '11nl'lue:ia'U~1a@ 
.Ja.J' QI~ 1 d' 1J'o11/ 
'YI Lfl Vl'lJ'tJ'11 flfl11ll'l.Jll~ La'U 'lf:IJL 'HGlTU'Yl1 'H 

I .J' ... 
carbohydrate Oflllflllll1fl'll'U ~ 

.r1 !' .J 
LL u~LLa::'tJ1Vl1Gi"lf~"1:1J110aVI PPHG 

QI .cil ' ~ d' 
Acarbose t1~:1Jf..JaV1vfl11'Ha~na1-

l:1JWillfl1~'l.J'l.J'Yl1~L~'UflTVl11 1~LLO gluca­

gon like peptide-1 (GLP-1) ~~na1t:iJ'tJ 
" . dd r " a.1 ~ ~ 

'U :IJ'LI 'Yl'l.Jl'YIVI a m1 n1~V1 'tJ m1'H a~ fl'U"lfa'U 
' v-

QI~ 1)1 Qll 

ua~t1ut1~n11a11~naA1na-u'11nV1uaa-u 

'Uflfl'11nd acarbose u~a~@yia gastric 

emptying time ll11'U1'U:ff 'U
39

'
40 

CH~H 
CHa 0 CHzOH 

HO NH~~ /~>-, ~O), 

HO 

~ .. Y\H ' 0 / HO OH OH 0 OH 
OH OH 

3A HO 

38 3C 

~ti~ 3 fa1~a"i'l~'Y11~LAil'lla~m1'Ufl~:IJ alpha glucosidase inhibitor 

A. Acarbose B. Miglitol C. Voglibose 
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Voglibose hfornL'lhJL&imnu acar-

bose lum'ln'l::vi'um'l'H~'I GLP- 1 LL~ • 
"""'1 .,:: 1" i.Jfl'Ylli 'Unl'll:JutMLa'U 'll'i.J maltase m:i:: 

sucrase i11nwh acarbose 20-30 Ln1
41 

1u'Yl1'1flailm.h::a'Yl5m"W'llt1'l alpha glu­

cosidase inhibitor a~'l::vi'u HbA1c 'l::Wh'I 
4 I t t 

0. 7 fN 1.0 LLa::fll FBG tll:J".i::'H11'1 35-
" 

40 mg/dL (1.4-2.2 mmol!L)
19 th:: 

a'YJG.fll'V'l l um·rn~".i::vlU HbA1c 'lJ tl'I alpha 

1 'd 1 ., "" ., g ucos1 ase inhibitor 'OJ:: naLfll:.l'lnU 

glibenclamide ( Lrie:i 1'H'll'U1~'ll tl'I acarbose 
" 100 iin. 3 fl-r'l~e:iiu Lnaunu gliben-

clamide 'll'Ul~Lw~a 4.3 iin. ~e:iiu)42 LLa:: 

Lri m Viautl'l::a'YIG.fll'V'l'lltl'I acarbose 1 um'l 

a~'l::vi'u HbA1c nu metformin 'll'Ul~ 850 

iin. 2 fl~'l~e:iiu 1-H'c-Jalum'la~'l::vi'u 
HbA1c lnaL~a'!nu LL~ acarbose 'li1aa~ 

fi'V1'l1a1u'lJt1'1 LoL ~e:i HDL i11nn-:i1 

f . 43 1 met ormm 'U fl.A. 1997 Costa ua:: 

Pinol
44 ~ni;1~.Ja'llt1'lm'la~'l::vi'u HbA1c 

'lltl'I acarbose ~1iinu glibenclamide LLa:: 

luuti~m Rosenstock LLa::flru::
45 ~ni;1lu 

., "" ., ' U .J ~I 1 " ' ani;ru::L~a1nuLLVIL aauLu'Unl'l 'H'l1i.J 

nu metformin 'OJ1nnT'l~0'!;1'.r'latl'l'V'lU11 
..,il., ' ., 

Li.Jtl 'H acarbose -s1iinu glibenclamide 

ua:: acarbose ~1iinu metformin 'l::vi'u 

'lltl'I HbA1c a~a'lmnn11m'l1vi'-ru gli­

benclamide (LLVIO~l'ltl'U 0.8) 'H~tl met­

formin ( LLVln~l'ltl'U 0. 7) L oWl:J'ltlUl'IL&im 
.. fll .J ~ ., 1 " acarbose 'OJ'ILu'Ul:.11'YIL'H"1::"1'H'lUnl'l 'H 

~111num lun~ii sulfonylurea 
.. 

'H'lel 

f . "" .... met ormm Lvrna~'l::~u HbA1c 

Alpha glucosidase inhibitor ihie:i&i 

~el 'lhaa~m1:: PPHG LLa::hhh111'Ln~ 

Sirichai Adisakwattana 

m1:: hypoglycemia LL~'limaa~eirXtha 
" 

vi'a'l-rutl'l::'Y11um 3 fl~'l~fflu ua::m"OJ 

Ln~mm'l 1ii~'ltl'l::a"'~ Liu li'e:i'la~ ma 

aii LLa:: li'e:i'ILaa 

Thiazolidinediones 

Thiazolidinediones 1vi'LLfi trogli­

tazone (~ti 4A) (11'1.S1wu1aluu fl.A. 

1997 lutl"l::L'YIAGl''H-r~mii~m), piogli­

tazone (~ti 4B) LLG'I:: rosiglitazone (~ti 

4C) na 1nm"laanq'Yltlii1vi'n"l::vi'um"l • 
""~"'ilu'll'aumi'.launum l una11 sulfonyl-__ ., •:---~ 

urea LL~L~i.Jfl11i.J b'lJeJ'lna1mif mrn:: 

adipose tissue ~eJB'U'll'a'U 1~a thiazo-
- " - -·--~ 

lidinediones 'OJ~::~unu_peroxisome Eroli-

ferator activated receptor (PPAR-y) 'WU 

receptor 'lfil~lli11nlu adipose tis~ nl"l 
0 3 ti ' QI 

'Yl1'11'U'Ul1lfl'l"l1i.Jnu retinoid X receptor 

( ) d fll ' "" RXR 'll''ILu'U nuclear receptor L'lf'l.H~m 

nu ani;ru::m"l~U"l::'H11'1 PPAR-y nu 

RXR LU'ULLUU heterodimer Ln~m::u1u 
.r 

nl"l transcription mn'll'U a'!c-Jali 
.... .. 
Gf'ILfl"ll::'H glucose tran~orter (GLUT) 

famw"W1::L~iim"la{1'1 GLUT-1 ua:: 

GLUT- 4 1~a GLUT-4 'OJ::Lfl~fl'U~m -.. ...i ., .. 'i • " 1" U'lL1CULtltl'H1JL'll'aa na Lfla''OJ::flO'U1L'lJ1i.J1 'lf . " " 
.ma luL'lia~L~i.J~'ULLa::L ~ii-S1u1u adipose 

cell differentiation a~m"la::aii 1mJ'U~l.'i'u 
L~i.J"l::vlU HDL a'l~·rn111''l::vlU LDL ua:: 

triglyceride 1'WLaa~a~a'l46'47 '48'49 

PPARy fl1Ufli.Jn1"la"f1'ltleJTiil'U 

1 . d "' .... ti eptm 'li'I a an q 'YI nfl1 u Y! ii m_-s;...;-s;..;:u:...;:....:"l~::.;_:'Yl..:...l'U~ 

...i !'i" • 1 ., ., 
fll'Hl"l Li.Jfltlfl"lLil'U leptin \J'l'Yll 'Hnl".i".iU 

tl"l::m'Wmm"la~a'I "OJ1nm'l~ni;1"Wu11 
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.J~ ... ' "' 1.J'Yl1.J1'Yl'Yl"1Vlty'llfl-il PPARy l?lfl leptin Vlfl 
., d 1 ' 

a~f11'l(;f'n-il leptin L3.Jfl ~'ill~ PPARy a'-il 

~a 1l1L~3.J'l:~U'llfl-il leptin Vl113.Jf1£Flf1-j'u 

tl'l:n1u flll'll 'l~..;itl' mia..;i LLa:J1wir n~1"il: 

1 umiaJ thiazolidinedione "li1£Ja~V1113.J~'l.J • 
1 ..,. 1 ., ~ ., 53 

al'll?l ~Laf1'Ufl£J a~ fibrinolytic ~ 
53 .... ., 

vity ua:£J..;ia~m'la''l1-il TNFa LLa: IL--6 "il1f)~1.J54,55 

Troglitazone Ltlum~1U'ln~1'lfnu 
flU1-ilU'W~Vla1£J LL~Lda1'61tl1"'Ul'U wui1 

LW£J-il pioglitazone ua: rosiglitazone rrh 
~.Jq tl ... ' 

'U'U'lf-il3.JV1113.J afl~iW3.Jlf1f111 troglitazone 

4A 

48 

thiazolidinedione A. Troglitazone 

B. Pioglitazone C. Rosiglitazone 

137 

Vl113.Ja'lm'ltla~'l=~u HbAIC 'llfl-il 

1 . .J' ' ' .ct 
m unqaJufl~":i:V111..;i o.5 11..;i 1.5% Lrn: 

Yll PPG atj":i:Vlil-il 25-50 mg/dL (1.4-

2.8 mmol!L/
9 

lull vi.~. 2000 jj~ 
" 

~nM18..;itl'l:~nBn1w'llfl-i1£J11un~aJ • 
thiazolidinediones ~iJauluna..;il?lai~ Lda 

" 
1\1~13.Jnu metformin "illf1f11":iAnM1wui1 

d ".'I 1 "'"' ' "" L3.Jfl~u1£J ~'l1.J pioglitazone 'l13.Jf11.J 

metformin LLa: rosiglitazone ~13.Jnu 

metformin 'l:~u HbA1c a~a..;imnni11vi' 

-ru metformin LW£J-ilelU1-ilL~mo..;i 0.8 LLa: 

1.2% l911aJ1h~u55•59 ri1um'lAnM1num 

1un~3.J sulfonylurea 'llel..:.J Woffenbuttel 

' d ".'I 1 "'"' ua:viru: 'W1.J11L3.Jel~u1£J ~":iU rosiglita-

zone ~13.JnU sulfonylurea "'13.Jl'ltia~ 

'l:~u HbA1c 1vi'aJ1nni1~tl1£J~1vi'-ru 
sulfonylurea LW£J..:.JflU1-ilL~£J160 lum..:.i 

Vl~iin"il: 1\1m1urn.ill thiazolidinediones • 
~13.Jnum1un~3.J sulfonylurea Vl~fl 1\1~13.J 

nu metformin LL~1"ii£.13.J 1'lf L tJuml'li:rn 1 u 

m'lvi1uV1aJ'l:~uJ1l?11a lum:umaa~ 1 u~ . " 
tl1u hVI L rnV111u type 2 mm'l 1"w..:.i 

tl":i:a'..:.i~~Lii~~'U 1vi' L'li'U J1m!n~1L ~3.J 
u13.1J1 luamV1l?lel'ulnadmlurn.~3.J thia-• 
zolidinedione "il: timhm 1'lfmn~..:.i~u 

" 

m 1 l'l aJ1 u nT1i' mfl 'h m u1't'l11u 

t!ni~u 1vi'AnM1ua:i~mvim111tla 
" 

f11'l~ WJ'U1£J1~11 Viii a1V1-j'1.J-j'f1M11'lVIL1.Jl 
., 

Vl11'Uli'..:.i type 1 LLa: type 2 L'li'U 

A I. I as,a1 
my m ana ogues 

Amylin L tlm tltl1 n~ flelTitl'U 

tl'l:nauvi'1£Jm~a:i3luvf..:.i~u 37 ~1 LLa= 
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' Q.I' Q.I 1 I ~ CV Q. .ic::tr. 9,1 

'VI i;l.:i'.11 nVlu t1 t1m"lfmvim nu B'W'lfa'W t'lMl'W " .., 
~ .,J :;ii 

'WUA':i..:JLL':inurnu A.YI. 1987 amylin 

n1..:J1'W ~1 :IJ tlU a 'Utf a'U LLa:m ~;.!-'A'--'-1.u.O .... B'Y=---.::L.:..:~~tl 
-rmn glucose homeostasis 1-M'A..:i~VIGIBVI 

~ l" ~ {j'Ylli'lltl..:J amy m 'l::L'W:IJ gastric 
... ' 

emptying time ua::uuu..:im':i'Vla..:inaA1 

0 f.l'W'VI a..:i-ruu':i::'Yll'U tll'Vll':i~..:J L 'W f.T U1t:J t ':iA .., 

LU1'Vl11'U'l::ijn~A1ntl'W~..:JffllA'UUO&i @ 
~ylin 'l:: 1"uu~..:im':i'Vl~..:in~A1n fl'W 1 u 

a.J..::ii. ..::::i. ' 1 """ mru'Ylfl'U'lfaunt1 mnvim1:: hypogly-

~ °'1·' ~.J"" cenna ~ t:J..:J utltlfi{j'Ylli'YlU':iL1ru 

a:1.1t1..:ia..:i~alri'A11:1.1f.l1:.110-ruu':i::'Yl1"Wt11V11':i 
... 

'Uflt:JGl..:J 

~u1mmV111u..r..:i type 1 ua:: type 
~ v el .. la 

2 n1':i'VIGl..:J'2Jtl..:J amylin "il::'Utlt:.IL:IJBLu':it:JU 

tlUA'Uun&i amylin analogues ~~f1~WJ'U1 
.r..,. ' 10 ,cJ 
'2J'UL':it:Jn11 pramlintide 'UVl1LL'Vl'U..:J'Yl 25 
.c!iil . , O I ~ .of 

Af.l alanme LLGl::V11LL'Vl'W..:J'Yl 28, 29 AB 

serine '2Jtl..:J human amylin t'lnLU~t:J'ULU'U 
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HA is a natural biopolymer made up of repeating sequences of disaccharides 
(glucuronic acid and N-acetylglucosamine). In patients with osteoarthritis (OA) synovial 
fluid HA becomes depolymerized, resulting in a decrease in molecular weight and 
elastoviscosity and increasing susceptibility of cartilage to injury. Intra-articular (IA) 
injections of HA lead to restoration of elastoviscosity of the synovial fluid. Moreover, these 
HA preparations are also believed to exert their therapeutic effects in OA via anti­
inflarnmatory and anti-nociceptive effects, normalization of HA synthesis, and 
chondroprotection. Hyalgan® (Fidia S.p.A., Italy) is a viscous solution of highly purified HA 
of well-defined molecular weight (500-730 kD) extracted from rooster combs. In several 
clinical studies, 3 to 5 weekly IA injections of Hyalgan® in patients with OA of the knee are 
superior to placebo and generally well tolerated with sustained improvement of pain and 
functional status. It has also demonstrated that 5 weekly IA injections of Hyalgan® are at least 
as effective as continuous treatment with naproxen for 26 weeks. IA injections of either 
Hyalgan® or methylprednisolone acetate modify a number of structural variables of synovial 
membrane and cartilage of the osteoarthritic human knee towards the appearance of those 
obtained from normal subjects. These provide evidence that Hyalgan ®might possess potential 
structure-modifying activity. Local reactions such as pain, swelling, effusion, warmth or 
redness at the injection site have been reported. Usually such symptoms are minor, transient 
and disappear spontaneously within a few days. Hyalgan ® should therefore be considered in 
patients with OA of the knee who present a history of NSA!Ds intolerance or lack of 
efficacy, or in patients with a relative contraindication to use of the NSA!Ds, such as the 
elderly, or patients with a history of or currently active peptic ulcer disease. 

Key words: hyaluronan, Hyalgan®, osteoarthritis of the knee 

Address correspondence and reprint requests to: Chaichan Sangdee Ph.D., Department of 
Pharmacology, Faculty of Medicine, Chiang Mai University, Chiang Mai 50200, Thailand. 
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u11'1l1 

ri fl'IJ 11u1if fll'l 1nui-rn'U1 t 'JAW m'li1 

b~fllJ (osteoarthritis of knee) ii~\ll 
• I ' d u'l~i.'l'lm 'Wfl1J'l'lb 'Yl1'11f11'l1.J1\ll U<l~<l\ll 

A11 lJ 'VJ w <1il1w L\ll u1 "Ii mu.,., t '111 fl1 fll'l 

(symptom modifying drugs) ~flflnq'l'lB 
d d1·. •.1 

b'l1 'lf'I \llbtn tl1ltnu1\ll (analgesics) U1 

·~ dlil'd' ~11'1Jflnt1.'IU'l'l lJ 'lfat\llU'lflU\ll (nonsteroidal 

anti-inflammatory drugs, NSAIDs) bl<!~ 

mm0it1'lflt1~'1fu\llu\llt'l11'li'fl eith'I hn\l11lJ 

U'il~uu 1~ii1111Vl'wimt11fo'U1 hA'li' m~fllJ 
anmh:nl'flu 2 mfo ~'I l~tlrl • 

1. uiu11t mm1111'li m~fllJ~flfln 
,£. 

f;]'l'lli'lf1 (symptomatic slow acting drugs 

in osteoarthritis, SYSADOA
1

) tllum~ 
fl flnq'l'lB'li'1u~iitJ1~a'l'lliN<i&i1 u'l:;m1 tt<i:; 

Ill .<II .QI d 
1.'11 lJ11tl<l\ll A11 lJ \l1 fl'lf11'l11'lfl11<1n l<IU'lf111 

-rmn L\llu'lii~u t'liu NSAIDs 111flmat0iu 

., fl U~'lfii \ll U\ll t'l11'li fl l U'IJ Gl'IJ 

2 
d d .1d • I • Q 

. tll'l'llJ Nm u<IU'Wll u<l'lf11'l\l11l 'IJ'IJ 

hA'llfl'l'li'm~fllJ (disease modifying 

osteoarthritis drugs, DMOAD
1

) 111flm'il 
.q <>I .J .J 1 d<=>1 nl !'I 
t 1un fln'lffl11'W'l11 t11'1'1lJN<1unufl'ln'l~\lln 

" 
rifl'W (chondroprotective drugs) tllum~ii . 

Q • ~ 

N<ll'WlJf11'l'lffllJLL'lflJ ll<l:;/111fl 'lf:;<iflf11'l 

'l'i1a1um:;\lln riflumu 1 u'lifl~t~fllJ 
" 

""'""' V QJ 1 .::!j 

'Yl1'1A<i'Wnm'W1.'l'IJU1.'l'4'W11 hyaluronan 111fl 

hyaluronic acid (HA) U1'iJ:;,)\lllU'IJtl1 

·' 1 2 d d1 ·~ u1~lil'l'l SYSADOA ' 'lf'I HA '11 'li'lmn 

hA'lim~fllJ 1uil'il'ilU'Wii11mu'liu\ll2 t'liu • ® • 
Hyalgan ('ll1m1ntmana 5-7.3 ttau • 

QJ ® Ill 

\l11<i\ll'IJ), Artz ('ll1m1n1m<ina 6 tta'IJ-. . 

Supanimit Teekachunhatean 

• ~) ® :' QJ 

1.2 <il'IJ\l11<i\ll'IJ , Synvisc ('1J111'1Jn 

tm<ilJ<i 7 il1u\l11aiil'Wlta~iia1utJ.,:;nflu~ 
LU'IJL'ila) tuuiu flU1'1 hn\l11lJ u'1'1m1:1Jd 
d • I ,,J ~ d d 
"~ \l1u.,:;1.'l'I A '11'il~11:1.J11:1.Jm'l"'n1fl'l'l tn u1 

~ 1 ,£ 
nuna nm'lflflnf;]'l'lli'llfl'I HA tta~1111 

A n'U1'1'11'1Aiiiin~tl11.'l'IJ 1 'ill rl U1 nu fll'l 1 "Ii 

Hyalgan ® -rn,,.1hA'lim'li1t~flmlhifu 

na lnm·rnflnq'l'lli'llfl'I hyaluronan 

1 u m'l-rn'U1 h Ai m~fl :11 

~. 'i' d Q : 

HA tu'IJ1.'ll'llJ1"1mana'l'ltn\ll'il1nm • 
\l11'1Ll.Jb<llj<i~ (N-acetyl glucosamine Lt<!:; 

glucuronic acid) \J':i:;mru 12,500 fi t~m 
" 

ii11.J'1 '1 ll<i~~flrl'IJLU'IJ1.'11tl polysaccharide 

iitl1m!ntmanatJ.,~mru 4-5 il1u\l11aiilu • 
HA 1utl11'ini'fliim1m'!l:1J'!lua'lfi'I 2.5-

" 3,4 .d QJ ... 

4.0 mg/ml 'lf'11.'l'ILA11~11'il1n syno-

viocytes 'llfl'I synovial tissue 1'W'llW~~'lifl 
d 1 . • 1 . LA<ifl'IJ 111fltl1'1'1i1 ']lb<i~ lJ1'1Jll 'l'I HA 'il:: • 

'l'i1 hl'tl1 l'll'llflii~rua:1Ju&i11u\ll (viscous) 
.d 1.dv r.Jv J' 1 d 

bWfl11<1fl<l'IJ'llfl ll\llllJfl'lleJLA<ifl'IJ 111l11 

ua:;'l'IJlt1'1 HA 'iJ:;'l'i1li1'tl11'1l'li'fliiAru • • 
a:1Ju&ia\l111ciu (elastic) tvlfl\ll\ll'lluu1'1~ . " 
m~'l'i1~fl'lifl !il'lifu HA 1utl11'1l'li'fl~'ltU'IJ 
fl'll'l \J':i:;n flrnh~ ru~'l'i11 i1' tl11'1l'li' flii..f'IAW 

0 • 

'~'""'""" I <:II 4 <flJU\lltJ\l111~'1Jll<i~11'1J\ll ( elastoviscosity) 

'il1nf11'lAn1'11wu11 tl1 l'll'li'fl'il1n'li'fl~ 
l~fllJ (osteoarthritic joints)4-6 iim1m'li'lJ . ~ 

'll'IJ'llfl'I HA <i\ll<i'll1"<1fl 1-3 mg/ml tta:; 

tl1wil'n tm<inaa\lla'lm~fl 1-4 il1u\l11a • 
iilu 'l'i11 i1'tl11'1l'li'flii elastoviscosity <l\ll<i'I 

~'I l ft fl 11°4'IJ1Mdi\l1A11lJtl!tJ111 fl \ll' fl fl1 
I ,£ Cl.I 

m::~nflfl'Wll<I~ synovial tissue mn'll'W \ll'I 

ifum'lu\ll HA t'l11'lifl~t~flmvlfltJ-ru 



Thai J Pharmacol; Vol 24: No 2, May-Aug 2002. 

elastoviscosity 'lleMJ11'll'lii'l ~'l'Vll 11'l'J11'll 
'V 1.d QJ d .. 

'll mn :i.Jl':it:l'l1<l i'li.'IWLLi.'l~(i]WlfULL ':i'l'Ylm~m 
u 

ri'lN<l l ia(i] i'llfll':ilb(i]'lii'l 
I V d J 

(iJ i'l'll i'lt 'WlJ'llW 

• , • • d 1 1 ·~.!! 7 
LLil~'Yll bM'lli'ltl'lili'lW M1 (i](i]'lJIJ 

-"' w d ' (i]llJ ul\l~UWL'lli'l11 HA flllJl':iOU':i':iL'Yll 

i'llfll':i'lli'l'l hA'll i'lt~i'llJ L(i]l'Ji'l1Al'Jf1'11f11iil'l 'l 
J 4 tlw 1 . . J 
'Yl1Ji'lf1LM1JeJl\llf1fll':i 'JU e astOVISCOSlty 'M 

w a mt11 vi' iil'l if 
' ,., , .J' 

1. 1\11 f1fll':i~1 f11'11 b m 'llam w1~Lill'l'l 

wu11 HA ilq'Yltl.r1wm':iei'mau L(iJl'JJJNa 
QJ z . 8-10 
l'JUl'l'l phagocytos1s , cell migra-

. 8,10,12 'V 12,13 
t1on , fll':im~qw lymphocyte 

ua~ fll':iMt'l prostaglandin
14 f1'11f1m~1if 

L1'lwni11f1'Yll'lflll'lill'WUil~LAJJ (physi­

cochemical mechanism) ~hi'illL'Wl~LLil~ 
1 . .J <j) ..... 1 <V "" 8 15 16 

!-ltf11'J1'lli'l'lf1Uf1'1 f1'Y11'1Lilfl'll1'Yll'Jl ' ' 

~.fwtlJ~I 
2. HA lJ(]'Yli'i':i~'lU 1(i]'ll'lLuWNa 

'V .i 'V QJ A' <V 

'Yll'lCJi'llJl\llf1(]'YliJ(iJ11Ji'lf1LflU 1Ji'lf11\llf11J l'J'l 

flllJ1':i!lil(i]A11lJL'lilJ'liW'lli'l'l pain mediators 

(L'liw bradykinin LLa~ prostaglandin E2 ) 

1 wJ11'11'11 i'l'lli'l'l'li i'l~!l m Mdu1ii1'liei'mau
17 

u 

QJ d ""'.J 
LLil~flllJ1':i!lf1f1Lf)U (entrap) fll"Hl'llJ'YI 

J • w ti 
lf11'J1'lli'l'lf1UA11lJ 1(i] (pain substances) 

111w1milna'lli'l'l HA ti'l'l
18 ':i1lJ~'lflllJ1':i!1 

' 
LA~i'lu~w~~1mu 'lw'lii'l l'll 1iiil1'.ium11J{ 

u 

" ~ • 1· i:if1tl\lU (pain receptors) ~nm~qw "1l'Jlf1 
;f 19-20 
'llW 

(in vitro) 
' . 

WU11 HA flllJ1':i!lf1':i~"1W 
' • J .[ , vw ' 

synoviocytes 'lJCJ'l'lli'l'YIWi'llJ bMfl'lLA':il~M 

d .J' 21 
HA L'WlJ'llW 

4. 1\11 n f11 ':i i'1 n i,n 'l w mm Vl'YI vi i1 i'l'l 

wu11 HA l1q'Yltllli'l'ltlWfll':iYi1mum~vin 
u 

<law (chondroprotective effects) l(iJl'J 
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• • m~qwfll':i<l':il'l tissue inhibitors of 
22 "" z 

metalloproteinases (TIMP-1) Lli.'l~l'JUl'J'l 

.. ' d <'54 ""' 
f11 ':i'Yl1 mu m~vi n CJ i'lW'll i'l'l LlJ vim i'lV1'll11w1 -

u 

l(i]':iWil (neutrophil-mediated cartilage 

degradation) 
23 

1J i'l f11\l1 nil'il'l m lJl':i !1'1 (iJ fll':i 

0 • d "' 
'Ylli.'lll'lf1'l~l{Jf1 i'l i'lW'Yllf1"11\llf1 interleukin-1, 

degradative enzyme LLil~ oxygen-derived 

free radicals
24 

l\llf1fll':iAf11'11lwtlllll'Yl"1i.'li'l'l 

~11mMdu1tl111'l'Lnvi hA'llm~i'llJ 25 ' 26 wu11 
u 

HA U'llJN<l'll~<li'lfll':iLfl(iJ hA lllili'l(iJl\llJi.'l(iJ 

f11'l L ti~ l'J 1J LL ti il'l 'Yll'l 'W l'J1 '5fli11 'W~ Lfl (iJ tlU 

n .,~vi n ei CJWLLa~~w n .,~vi n 'Ii n ':i~VI n ei i'lW 
u u u 

( subchondral bone) 

Ulff'lll\l<IW1111 fllilf (pharmacokinetics) 

"IJCJ'l hyaluronan 

I <V 'V..J.J' .d 
11 HA flllJ1':i!lf1':i~l\lll'llil1L'lll<tlWi'ltl'li'l'lli'l'l 

u 

'llB 1vi'mh'l':i1"1L~1 1viuwum1m'lll-l'llwm 
u 

~vi 'l wJ11'll'lii'l lilllJvl11'llLAtl'galf lJ'lii'l (joint . ~ . 
capsule) LflWLi'lW (ligaments) LLil~f1mlJ 

Lil'i'l~i'lU'li'lU'lii'lllllmhiilu HA 1111n1'5'111 
u u 

CJi'lf11\llf1J11'll'lii'l 1vi'mu'lw 2-3 1w (l1il1 

A~'l~1111t1.,~mru 10.2-13.2 ~11m uii'1 

' ~ w 'i' 27 ' J !'I d 
LL1111J1M1Jf1 b!-ltilf1'1) LLlil HA 'Yli'll'J blJLl'JCJ 

' u 

i1J'llmfwmlJ1'l11A'li'lU1vi'w1w 7 1w HA ~ 
' u • ''l 'V ..... 'VJ 0 QI 

i'll'J W'll i'll\l~f1'l~l\lll'Jlil1L'lll<t':i~UUWJLMiliN 
u u 

' . 
0 ""' ' 0 QI 

uan1 f1 mm l'l'Yllil CJ lJWl L Mil i'l'l 
u 

i'l CJf11\llf1~1'lflll'J 1"1 i'lU1'l':i1(iJ L~1 l(iJl'Ji'l1Al'lf1'1 

1nm':i'5'utnu (uptake) l\llf1~L'll'WL111i'l{'lli'J'l 

Li'lWLVlllL~l'lm'lla<i° (endothelial cell) ~i'ltj 
'l w iil u 

28 
w i'l 111\11 nil' il'l wu m'l'5'rnnuri1w 
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• d. 1 
miu (minor uptake) 'Yl:IJllJU<I~ ?Jm~~fl 

mh~ hn~llJ tl'~il HA ~~iltl1v11Tfl LlJb<lfj<I 
;o<:ill .d.d QJ I 

~1 fl fl <ITW '11 'IN 'Y1 fl fl?JU fl fl fl 'ill fl 11~ fl1 !J'Yll~ 
" 

1~ 1~m.hwm~U1'1Jfl11mfl~ (glomerular 

f 'l . )29 1 trat10n 

"' " - -- ® 1 u1~'1'1'liHl<l'Y11~1'1<1'Wfl?Jfl~ Hyalgan 'W 

fl11i'fl'M1 °hl'l'ilBt°lill~fl lJ 

® "' -Hyalgan (Fidia S.p.A., u1~1'1'11'1fl 

~1~) ~1'1Jflflmllu~i1 "am1flu" 1tlu<111 
<:II .::J.,. ,£,d 

<l~<ll!J'l1'1J~?Jfl~ HA 'Y1U1'f'Yl!ifl!Jl~!J~!J1~ 

(highly purified HA) aii'~'illfl'l1~fl'IJ1fi\il1 

~(rooster comb) iltl1m!flLlJl<lfl<I 5-7.3 " . 
ll<l'IJ ~1 <1\il'IJ U<l~iJ 1'111lJl '5 lJ'il'IJ 1 0 iJ <il\-

-~ v 1!ifll'j'jfl'tfl 

?Jfl~11w<i~fltilJ • 
- . 
11lJ~'IJ 

A+ p 

A 

HA-1 A+ HA 

HA-3 A+ HA 

HA-5 A +HA 

7 

p 

HA 

HA 

Supanimit Teekachunhatean 

® Q/ QI 

Hyalgan flUfl111fl'M1'11<1flfl 

'illflfl11Afl'M111UU double blind 

randomized placebo and arthrocentesis 
30 d ' •.•1 • ' 4 controlled study '1MUU~l(ju1!J?Jfll?JltafllJ 

~iltl11mi'Bflri1~il'flu 3 il<1lili~1 'ii1u1u 

lOO 11u flflmtlu 5 fltilJ1li11ii'u fam1w • ' 1 •v v v 1"' .J <l"fl<llJ ~1Ufll'fifl'Ml~Mll<I~~ 1 b'IJ~111~'11 • 
1 11<1~ hi'i'um1t11~1ilulil'111 tl1w1~ 'l 1rlfl 

0 "" ' .... .... ""' 

60 ~llJ<ll~U 'WU11 60 1'1J'l1<1~'illflill'I 
• 4 

ml'li'~ 111fl mm1tl1~vru"11'1<1flu 1 '111 11<1~ 

Lequesne's functional 
I .d. !V 

<ll'l<l~'illfll'l111lJ~'IJ 

v 

1'1J'Yl 

14 21 

p p 

HA 

HA HA 

index ?Jfl~YJflfl~lJ 

UWfltilJ~11il-ru • 

28 

p 

HA 

... ® IV !V I ... ;f; ... 
HA-1 = fl1'jil\'l Hyalgan Ll11lJaLlJ1 L\'W~\'l'j~Ll'lm 

'"" @.,111'""tJ o' :::~ l: o"' 
HA-3, HA-5 = fl1'jil\'l Hyalgan LlJ1lJablJ1 5 l'l11'1ll•l'l'j~ 'l1'U1U 3 Lill• 5 m~ l'l11Jil11'1U 

•· • r1. 1"'• .i A= fl1'jL'J1•lJBLlJ1 (arthrocentesis) LLil11()1'1Ul lllJBBBfl lHl'llJ1fll'l~l'l 

A 
1 
= mwil1•'limll1LL~1a.iilm.,l'll'ltl11miaaan • 

P = S11'1il8fl (placebo) ~~1~LLfi <ll'rn•ma buffered saline 2 iiiililil'l., 
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® :; :; 
Hyalgan 3 l'l'NLLa~ 5 fl1~ (HA-3 LL<!~ 

HA-5) iJii1a~rn~mnrii1LLa~iJuua1\oJ'ty 
QQ .i ~ ~ ' .i ( _,.i • 

m~<HHiH!JfH'Yll'JUf1Uf1<1:1J<l'W 1u'Yl 1) LL!J • • 
i1 hi 'WU m1 mL\ll n vi1~m~ a1i &h~11i1~ n<i 1J • 

<V I I <::.I 

HA-3 nu HA-5 LL\llf1<l!J HA-5 !JLL'W1 • 
t iJ' !J'IHM f111\ll auamM Lfll'l111J~~ni1nci1J • 

~I' ""' @ v v , 
HA-3 i'11u11f111ilfl Hyalgan L'lll'llfH'lll 
.,., ,,. :;,..,J.,., <:II,?::"""' 
atlA111a~fl1~\llmua~nu 3 111.i 5 fl1~ 1J 

U1~ l\'YJ GJll 'W 1Uf111-i'f11'11L1fl'ilaL'li1 L~el !J 

90 

60 

50 

40 

30 

20 

10 

0 

2 
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uamnnif u~iJm1Anmuuu ran­

domized, placebo controlled, blind 
31 1 ._., .,. • ' .i .i 

observer study 'W~u11'lb1fl'llfH'll1L<lel!J'Yl 

~ d 

!J Kellgren and Lawrence grade II 111.i 

III ( ~mflN'W1f1) Lfll'IL tl~urn iiuu1~11i1~ 

""' ® "" """"' v !V • f111ilfl Hyalgan 2 1Jaaafl1L'lll'll<H'll1 
• • • 

atlf11'!.fa~fl-i'~·:n!J 5 fl-i'~ fium15f!tl1 

Lf1~m'll1'1la (mvman) ua~&ifl\lll1JNa11'1~ 

5flmfl{~LL1f1'Wl'W 6 L~el'W 'WUi1nci1J~1~ • 
.... ® ""' ftl """ 1U Hyalgan !Jfl~LL'W'Wfl11!Ju1fl'IJOl~Lfl'W 

~ 1ni1n~1J u111 a an a fi1~ iJuua1 loJ'!]J'Yll~ 

• 

' ~ ~ 

~'WVI 60 

ti .. ' .J .J1 'ti Q .; 1 .; ~ 'II 1 fllLlrnU (mean± SD) 1rn-; visual analogue scale (VAS) 'II 'IJ 1"L!J'IJfl1l!Jtl1fl'11W"LflaD'IJ lnL!JD 

L~1J:i'n1:11Lrn"1-1a1fom 60 1u '11a1ntj1J~1aEi11i1'11hn~1J (n= 20 flu1ntj1J) *p<0.005 Lrlmll'iuu 

... QJ I ~ I .J1'11QJ ... ® ... II' I 

L'llUUflUUl\la1Jfl fl11L'l"L'111 LLa" HA (HA-1 1'1!JlU01fllj!J'll fl1Ufll1\!lil Hyalgan L'lll'llDLlll 

4 .t: Q ..J <"I I .J1 IO'QJ ... ® OI Ill I ""ml II ::: 
L'VW1fl11LflU1 o1U HA-3, HA-5 1'1!J1U01fllj!J'll fl1Ufl11\!fl Hyalgan L'111'llDLll1 <lufl11'1a"fl1~ 

ii1mu 3 LLa" 5 fl~1 L'111J~1~u) (~flLLlla~•1man<111'11~a11-11J1ma'11 30) 
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v d "" d "" .J 
'lJBmUlJfll'lllJ) Hilfl'W'YI 4 LL<llL~fl'W'YI 6 

( 1tl~ 2) 'WBn'il111du~vm11 n<i1J~1iilfu 
u ' 

Hyalgan ® ii Lequesne's functional index 
' o I I I .::t 

( ~il1AN'W1fl) ~1f111fl~1Jt11'11<lflflfltn~IJ 
<V 0 <V """"' d tJ ~ ~tl ,,J 
'WUi:flAf.\J'Yll~flll~ LIJB 'llLIJ'W ll.I fl ~1'11'YI 

5 (p=0.03) LWIL~fl'W~ 2 (p=0.04) LL\lJ 
~ .J :; .:,I I 

L~fl'W'YI 4 'W'WW1JLVW~A111JU~fHlll~LL1J1J 

!'.J • -<>.! ® 
fllM (p=0.053) fl1U11fll'l'il~ Hyalgan 

'VV ,JJ_ ""tJ o' :;, ..J <V 

L'lll'IJ BL'lll'YI WBIJ fl ~1'11 <llA':i~~ BL 'W fl~f1'W 

5 A~~ iitl"i1a'Ylllmwmi1B1111m'l1<iBn 

u<i1fl11J11llAiU":i1a'Yllln1wn1":iu":i":iL'Yl1 

tJ1~ 1iil'Wl'WB~l~UBU 6 L~B'W 

~ 70 
(/) 

:;; 
(p 

IE 60 ri 
~ 

qci: 
ci: 

qri 
~ 

;! 50 
«ti> 
~ 

~~ 

a .,. 
40 ti> 

C" 
-;:I 
ri 
r 
C" 30 cc 
;! 
;! 
::Ji 

" cc 20 

~tl1111'1f 0 ~tl1111'1f 5 

Supanimit Teekachunhatean 

'illflfll":iAmnuuu prospective, 

randomized, single blind, placebo 
32 , •.•1 'f • <I .J~ 

controlled trial b'WNu1Ub'lA'lJBWBIJ'YllJ 
u 

• ® 
tl11'W'llB 110 ":ilU T~ut'!l' Hyalgan 

tl
.::t ..,. <V ® .col 

L ":iU1JL'YIU1Jfl1J vehicle 'llfl~ Hyalgan 'il~ 

VVl<Vtl o' ,1;,_.J <V 

L'lll'IJBL'lllfl ~1'11<l1A":i~~fll'Wflifl'W 4 

~tl , tJ ~ ~tl ,,J 
fl ~1'11 LL<ll 'JlllJ'WN<l ll.I fl ~1'11'YI 7 

u<i= 52 (iru'il1m~1Jfnm) m'liimndii~ 
u1u 95 ":ilU 1iilfum"ifnm'il'WA":i1Jfl1'11'W~ 

wu11 ru atJ~1l1'~ 1 c 4 atJ~1'11''11a~'il1n 

U~A~~~~VllU) ~U1Ul'Wfl~IJ Hyalgan ® lJ 
Q.f ..J tl.:ol .::t <V I 

fllfll":i~'IJ'WLIJBL ":iUUL 'YIU1Jfl1Jfl<l1JA11JAIJ 
' ' 

11<i11AB visual analogue score (VAS) 

--+--- m1rn~n (n=41) 

__,,_ Hyalgan (n=39) 
P=0.0049 

P=0.0124 

P=0.0572 

.. 
Li11'EIU 2 

.. 
Li11'EIU 4 

.. 
Li11'EIU 6 

'iU~ 2 ~1b\l~EI (mean ± SEM) 'llo~ visual analogue scale (VAS) ITT1l"1Jmi1uvi111Jtl1VJm;u"1~1J'llo~ 
u 
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'IJeNfllflTHb~n11111.N -35.5±26.4 ITil'JU 

nu -25.8±21.4 ii<11illJlil'l (p=0.03) 

Lli:l~ Lequesne's functional index l.l\ill.l'I 
d w 

-3.8±4.3 t'l'll'JUflU -2.3±3.3 fl~LL'll'll 

) 
d ·' ~ •.1 .. d (p=0.03 11<1nlJeJu'l~llJ'llWl.l fl.I <luli11VJ'Yl 

52 (1 llVJ'1'1~1flU\ill'l1Af'ILl'lfl) wu11N' 
" 

n 11 ") 1 @ <V .co! 

u11'1 L'llfl~lJ Hyalgan l'l'llJ Lequesne's 
. . ! I I I .co! 

funct10nal mdex li11fl11fli:llJA1UfllJfll'J1'1lJ 
' ' 

umhl'i'1Ym"a1i&i (-4.4±5.l 
d 

-2.7±4.1 A~1mu, ~u'Yl 3) 

d • 

l'Yll'IUflU 

~1 fl ~" m lJ m 'l 0 fl w1 ~ fl <i11 m '111" Iii u 
·'1 V1 _,. ® V V I .J 

weia1u \i111 fl1'lil\il Hyalgan l'll1'1lelb'll1'Yl 

1~eilJatJ1i111'1<1~fl.f"~mdei"ilu 3-5 Af" ii 

~ 0 ;! 
;! 
~ 
~ ,, 

-1 (>: 
"7 ~ 

"' x .. (]) 
"7 "O -2 
c;:; .!: 

";;:! 
~ o; 
~ 

-3 ;! c 
0 ill +:; 

-~c;:; CJ 
";;:! c 

-4 ~ 2 (1" 
r "' c ·cu 

c -5 
"' (]) 
:::J 
O" 

-6 (]) 

-' 

0 7 14 
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mm'ltlA'IU'l~i:l'l'liimw 11ilmu ( mh'IUeJl'I 

2 1~eiu~" 1 ti 11&1111~m'lAflw1) lil1mV11iJ 

if HA ~'l~li11UlW1~flmhA'li'm~eilJ 
.I I ' 1 ~ d u'lnll'Yl SYSADOA fll'l1'1 'lflli11lJ !We! 

A'IU'l~i:l'Yl1i111w m'l~flw11 li' m1u1u~"tu 
~,.d. d ® 
lJfl1'l~1fl1'11'Ylll<l\il'l11fl1'lil\il Hyalgan 1 

'lf\il (5 l~lJ) 'Ylfl 'l 6 l~eJ'lliiWi:'IU'l'll'Yl1 
' ' .I 1 • ,-,d~ fllfl1'lu1\il \illill.leJ\il'l~l'l~l1<11 2 u'Yllil\illi11lJ 

~Jl.'133 

d w 
l'Yll'IUflU NSAIDs 

® 
Hyalgan 

Altman lli:l~ Moskowitz 'l11fl1'l 

Afl1'1111UU double blind, double dummy, 

placebo and naproxen controlled, 

-+- tn1!1i:l"1fl (n=46) 

-111- Hyalgan (n=49) 

__ ,, ·-r ·- -------i 

21 28 35 42 49 56 

1\l<11 (iu~n~J 

.Id ' ,J ) .1.J .I . . • d 
;\Ul'I 3 rl1LW01J (mean ± SD ~B1nl'lLuoffWLLuiNmM Lequesne's functional mdex ru nm•rn 1 LIJB 

Lfiaunul'i1L~1J.i'1J~B1n~w~1i;Jfo Hyalgan ® Lrn"m1rnan (tii'lilLLua11nmamn>1i118H11J1ma~ 
32) 
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stratified, randomized, multicenter trial" 

1lJt11"1'J"L1m 26 atl(ln1'i' 1t1r-Ttl11'Jtw1'1la 
u 

1th1~mmuu laJ'Y111ummt'l (idiopathic 
JQ 

OA) 495 111'J'YllJ Kellgren and Lawrence 

grade II ..,-:ia III llilm1ti~rJu11'JaarnlJt1 3 

f1~1Jfia 

® 1 1) f1~1J Hyalgan ~{Ul'Jllil'~ 

f1ri11Qlil1-51-5B1 '111 atJ lil11'f '1" A f~ ~el L ti a~ nt1 

5 atlli111'f ~11Jnum1futJ1"'Ylltll'J1'11'1Bf1 

2) f1rilJl'l1'11'1Bf1 1~{Uf111Qliltfi • 

60 -

~ 

(/) 
50 

~ 
(!" 

6 
;;i: 40 -~ 

qu;; 
&;; 

q;;i: 
~ 

6 30 
(" 

"';;:I 
;;i: 
r 

20 (" 
Ci: 
;! 
;! 
~ 
~ 

" 10 
Ci: 

0 

0 4 8 

Supanimit Teekachunhatean 

3) f1~1J naproxen 1~fUf111Qlill'Jl 

'li11'51~t11'1flJ't11~fl1'11il'~ atlli111'101"Af~~a 
1tia~ii't1 5 atllil11'i' ~11Jii'um1fut11"mt1 
naproxen 

t1 an'il1 nil' if~ B1.it\Jl\ll l l1'lJf1f1~1J 1'1lm 

"W1111'li\ll11Jaoi l~1rlaiiaim1tl1lil N<im1 

0f11'11 Ll<l lil~il rJ U 1 l'J 'YI f1 f1 ri IJ iJ A~ II ti ti A11 IJ 
u • • 

tl1lil<ililM'llru~1il\t11~1'J"'Yi1~ 50 1/J\ll ( 1tl~ 
• u 

I I ® _,,,. : 1 I 

4) ll\llf1~1J Hyalgan IJA~lltltl\lllf111f1~1J 

m'll<ianmh~iiil'mhl'ltym~aiiil\ (p<O. 05 
~ti .. J 

ru a lill'll'YI 4, 5, 12, 21 1101" 26; 

ANCOVA, p=0.010, repeated measure 

--+-- Hyalgan (n= 105) 

-o-- m"Ha~n (n=115) 

_.__ Naproxen (n=113) 

12 16 20 24 

Jtlll 4 Ylll\l~!J (mean) 'IJB1 visual analogue scale (VAS) ll1ihh•Lih.J~111JU1~lJW•L&im•a•m1 50 vllil 
QJ ~ ..i ® 

lJB1ntj1Jmati11vmn1Jntj1J *p<0.05 11Jmtl'.larniiauntj1J Hyalgan iluntj1Jm"Haan (lii~11tla1 

•nmanm~ri11li1"H1J1urn'll 34) 
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d ~ ~ti ;d 
analysis) LL<i::UJilVfill'Hl.11 ru a fil111'YI 26 

wu11a1ilri1u'llil'1rj'tl1ulwntjlJ Hyalgan ® 

( 4 7 .6%) ~1l.iilm1111tl11ilM~iltl1ffWil!J 
d , , 

lJlfi lJlJlfin11fi~lJ!J111'1ilfi (33.1%, 

p=0.04) LL<i::ntjlJ naproxen (36.9%, 

p=0.22) 

'il1nOrJu1untjlJ Hyalgan ® U'1il Western 

Ontario and McMaster Universities 

(WOMAC) Osteoarthritis Index (fililll'l 
u 

r.iu1n) ~1'll'tl1::d1um11Jtl1fil (pain 

subscale) 

(physical function subscale) &ini1nzjmn 

1101 il nil ti1~ilu mh l'lqj'Vl1'1<f ii iii ri1u r.i 01'll'1~ 

Lifo~ifu illf111tl1fil ru ~1LL11U~~Qfil!Jl'WU 

1., ~ , ® 
filUil!JL'Wfi~lJ Hyalgan (38/164 11!J = 

.J ,,,. Q.I ..,. 

23%) LlJilL'Ylt1UfiUf111\:lfil!J111'1ilfi 

(221168 11u = 13%, p<o.001) 1u'llru:: 
,J 1 'V ""' I 

'Vlfl~lJ naproxen WUN<l'lll~Ll'l!J~filil1::uu 

'Vll~L&\'Wil11111 (68/163 11!J = 41%) 
I I ® .cl! I 

mnm1n~lJ Hyalgan (29%) 111iln~lJ 

m1101!ln c 36%) !lti1'1ilumhl'll\!'Yl1~aiiiil 

® "' a1tli11111Ulil Hyalgan 5 L'lllJilm1 

U11L 'Yl1 illf111tl1fil LL<i::rh L 'li'1111'tl1~l'W'llil~ 

i m~1&i~u 1 u1::u::m1 u iln'il1nil'u~iltl1:: 
a'YJ!lmw 1l.iu!l!J 1tlni111111'll' naproxen ~il 

® • tld ti 
N<l'llil~ Hyalgan fililn11L <ll'l'WLL '1~ 

1 'ih ll'l1~af1~'!Jil~im·1.h~ t~il 1J 

'illfif111AffH1LLUU prospective, 

randomized, controlled study
35 

Lll'W1::t1:: 

nm 1 tJ LfilmLu~~tl1t1hl'lim~1L~illJ 
u 
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1"'"" ®<>I 'V'V<Vtl ; 
<fil~ fil1U Hyalgan ufilL'lll'llil<f fil111'1:: 

l'l~~~mdil~nu 3 l'l~~ (omliu 1 'lffilm1 • 
fffHl) LL<i::1-ti'.J'1'Yln 3 L&iill.J 11lJ~'1~1.J 3 • 

~ • ti ~ tld ti "lflilf1111fflfl LL'11 1::1lJ1.Jf111L <l!Jl.JLL '1~ 

Lil~ Ll'l1'1<1f1~ Lfilum1a!l~n<i'il~Li11tl\ll11'il 

amwi il ( anthroscopy) LL<l::l.h N<l L 'W~b~ 

fi il 1.J lJl L ti~ ti UL fi ti U fl U°li1~ 11<J''1m1f n 'Hl 

m 1 i'l n'H10 ii rJ tl1u~hl-rum1f n 'Hl'ill.J 1'l 1u 

• "' ._., ' ® f11111.Jfil 36 11tl Lu'W~u1!Jfi~lJ Hyalgan 
, d d 

19 11u Lrn::mmmul'llJ!ln 1 7 11t1 LlJil • • 
tl1::LilunzjlJ~hi'-ru Hyalgan ® Ltl~uu 
LViuununciiJmUl'llJ wui1i1 Society of • • 
French Arthroscopy (SFA) scoring 

system Lri1nu +3. 7 ±7 .3 Ltl~urnfit1unu 

+9.0±11.5 (p=0.05) LL<i::m1tl1::Lilu 

(overall 

assessment of chondropathy) ilii1Lri1nu 

+5.1±12.1 Ltl~t1rnfit1unu 16.7±18.3 

(p=0.016) [11lJltlL11\ll: lil'lfil'1iii'1LLt11i1'1 • 
i 1.J LL ti 1W1.J L fil tl\ll 1~ fl U 1'111 lJ L ~il lJ'll !l'1?f fl 

L~l] LL<ffil'1llfitjlJ~1!ilfu Hyalgan ® ilm1 

L~fl m 'ii~ Ll'l1'1<lf 1'1U fl t1 ni1 mi lJl'l1U l'llJ • • 
fla1'1ilumhl'll\!'Yll'1<1iiiil a1tli1m11 'Ii' 

® ~ -~ ~ "' d Hyalgan LL UU 111'lf1 3 "lflil 11.J 1 u fll'il'il::lJ 

r.i <i'lf::<iflm1L tl~umL tl<i'1 Lil~ Ll'l1~af1~'ll fl~ 
.,.J.t1· 1· 'llilL'lll'YJL<lfllJ fil f111'Ylfil<lfl~ 11!J1LLUU 

L&it11nu 1 ut11::L 'Yli'la'1nl]'H~l'i1~u'i\1n 11 

0uu 1u~tl1t1~<1iJ'1'l1Li1fum1fn'H1 
u u 

'51u1u 408 11iJ Lfil!J Jubb LL<i::l'lru::" 1-tl' 

.J..., 'V'V "" 

N <l'Yl<ll.J U <!1.Jl.J f111'YJ fil '1 fl'1'll1'1\ll1.J fll 1\:lfil • 
Hyalgan ® LLuu1-H.J'1 3 "lflili11!JL1.J 1 ti 
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'111 tJ'li~" B fll 'JLL AU LVl'll B..:i'liB..:ii1..:imt11 u L'li1 

mh..:iilumhl'lqr111..:iaiii1i 

Pasquali Ronchetti LL<1:;mu:;
37 vh 

fll':iA 11u11 u r% u1t1 t ':il'lV m'lf 1 L~B u famfa..:i 
u .... 

nifB'ILVl 1u1u'lfB LL<l::\il'JTil LEI B11 :IJ'll B • 
(synovial membranes) 

' ~ ~ <l'Yl':i':i i'l'll LL lJ lJ!i'l':i :IJ ~11 LL<!:; LL lJlJ B L<l fl \il':i B'W 

1 u'l11..:i ri B'W m 'l-i'11 u1 LL<i'1tl1 m L u~arn Yi au 

Cl "'4 .,,. . " 

11':i1l'il\iltllaL\iltl':iBtl\il (me thy lprednisolone 

) 
w v ""'.,I " :; 1 ..J .,,, 

acetate L'lll'llB<fu\illl1<1:;1'J'J'l\il1JL'WB'lfl'IJ 3 
• 

au \ill'H wui1Vf..:i aB..:i n ril.J ii l'J:;u uu m., • 
"" .d~I ""' ' v BflL<flJ'Vlu'J:;L:IJ'W'illflfll':i<f B'lfl<I B'I 

( Vl'i!l':i!lll'illfli1'fl'H!ll:;'lJ B'I L if <JL~B ,jl'W1'1l 

L'li<i.J LL<l~'tl<IB\ilL~B\il) <l\il<l'l'illfl'lf1'1nB'll 

..... ' ,,. "" " .,,, ""'""' ..J 
':ifl'Hl Btll'l:IJ'WtlalAqj'Vll'l<!fJ\il LL<l:;t:IJ B 

0 ..... ""' ' .J 91 

'ii 1 LL 'W fl" n uru:;'VJl..:i'il" fll tl1 ill A'll B'I LEIB 11 :IJ • • 
L'li<i<l'BBmllu 3 .ffu f'iB 

1) .ffu synovial lining ~'IL liu.ffu 

uua\il~mii1i\ilnu'l1B..:ii1..:imu 1 u'lf B 
• u • .J • 

2) ii'u sublining 'li'ILU'Wii'unm..:i 

3) .ffu subsynovium ~..:iLllu.ffu11ii' 

wui111~u~11ii'-i'u Hyalgan ® iim'l 

L U~tl'WLL U<1..:ii1'11uru:;'lJ B'I synoviocytes 1 u 

.ffuuu~\il (lining cells) 1u1uYi.im..:i~~~'W 
( Aiflt1A~..:inrn~B'ljl.JVB'llB'IA'WUfli1i) 11ri11 

fl B ii fll ':i Lu~ ti 'W fll ':i L ~ti'! lll1LLlJlJ11 <ll a.ff u 
(multilayer) :IJlL U'WLL uu.ffm~t11'1'1~B<IB'1 
.ffu (mono- /bilayer) LL<1:;iirn'l'5'ull11nu 

(aggregate) '11 B'I L'li<1.l<1\il<l'l 1ll'h..:iiiil't1 

a1~ t\J'Vll'l<fii iii 'W B fl'ill nil fll 'l'li:IJ ~l'W 11'1 B \il 

Supanimit Teekachunhatean 

L~ 0\il (vascular permeability) 1 u.ffu 
sub lining LL<i::4l'W1'W'llB'1'1'1<1B\il L~B\il 1mYu 

subsynovium U'l<l\ilMf!Ul'liiil't1a1~ru'Vll..:i 

ai\&ilii'1t1 1u'llru~~fl~:IJ methylpredni­

solone acetate iim'l<l\ilMBu1..:iilil't1a1~qj 

'llB'lfll':i\illtl (necrosis) 'llBWlf<l<l1'W.ff'll 

lining LL<i:; sublining ·nu~..:i,j1u1u mast 

cell 1u.ffu sublining BUl'I hn\ill:IJ wui1 

Ell rf ..:i <I B'l'liU \il ii LL 'IJ 1LU:IJ~fiB1'IfL0 \il N <I~ 
(LL~hiwuuaa1~'1J'Vll'lai;\&i) AB iim:rn\il 

0 ... .Jq 1 ' 
'ill'W1'WL'li<l<l'Vl:IJ'll'Wl\il '11'1J (hypertrophic 

cells) LL<J:;L ~:IJ,jl'W1'WL'li<l'1'Vl'l'ln'J:;<f1tJ 
(spindle-shaped cells) 1u.ffu lining 'WBfl 

• <>I CV <> d .:!ii 

'ill fl 'll ti'! <I \il 'ii l 'W 1 'll 'll eH L:IJ \il L <I B \il'lll1 

(macrophages, lymphocytes) LL<ln'li<i<l°'l'll 

ifu (adipocytes) \il<IB\il'il'W<l\ilfll':ilJ1:1J'llB'I 

L'li<i<i1m~BiuvB.ffu~11il\ilmlii'1a Bu1..:i hn • 
_ ,.i • I .J ' ~ 

\ill:IJ fll'JL u<lil'WLL u<l'l'Vlfl<ll1:1Jlal:IJl':ifJL 11'W 

1!ii'ii'\il1'WV1lL~B:IJ'liU\ilU!ij:IJiJil (primary 

OA) :IJlflflll'liU\ilVJ&itiiJil (secondary 

) 
d .,,. d Q,I .lJ 

OA 'li'l:IJ<flL11\il:IJl'illflfll':ilJl\ilL'illJ \il'l'll'W • 
~..:i a'lu11ii'i1'il1nm'l011u1 LL uu&i\il m1uN"1 u • 
'J:;a:;nm him1u11 (medium term) mrf..:i 

<f B'l'liU \il ii N <lrll 1 'lfL~ B'lf :IJ'll B'!.J' fl~ L~B uii • 
fll ':i Lu~ tl'IJLL u <I'! LA"" a{1..:i 1 u1 'W Yi i'l'Vll'I~ 
L1i'1aun&imn~u 

u 

1 ur11u B'I L~t11nu ii~':iltl'll'WN<l~B 

fll ':i Lu ~tl'WLL u <l'I L fl..:i LA':i'l<ff1..:i'l1 B'I f]'j:; \il fl 
u 

' 38 1 ._., • ' .. .J1 ·~ 
BB'W 'Wi:Ju1tJ'll1JL'lllL<IB:IJ'VI \il':ilJ Hyal-

® 
gan (11 ':ilti) LL<i:; methylprednisolone 

acetate (13 ':ilti) 1mail'l5m'ltlltllLL<I~ 

';i:; ti:; L1mfll':iAfl1'11 L 'l'1 ii B 'W nu fll'JA fl'HlVl'I 

Hyal-
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. ' . 1'111 l.J 'WWl LL 'lJ 'lJ'IJ iM L'lHHI fl 1~ \ii fHJ El 'lJ 
• 

4 ' ( chondrocyte) U<l~<l.fll'W'IJEl~Ll.J\il':ifl'll 

(matrix) 1tl~uuutl<i~ 1t11um~~&itlumh~ 
iiiiua1fl'ru'Y11~aii~ uamnflif fl<il.J~1iilfu 

u • 

® <V ""' DI """ ..J.ct ' ' Hyalgan U~l.J N<lf11'lu'l~Ll.J'W'Yl\ilf111fl'jl.J 

• q v 

methylprednisolone acetate Ell'Jl~l.J'lJU 

a1 fl'ru L~ EJVl'ill'lfJJl'ill fll11111U'l11i EIU'YI fll111 
u • 

Hyalgan ® 1:i.iii1'il~afiu1u 1\il'illflfll'lufu 

elastoviscosity 'IJEJ~tl11'1l'llarwu~mh~1&it11 
1 ® r t>1 l 1 • d 

U\il Hyalgan 'Wl'il~l.JN<lEll'Jl~ \ileJl'Jl~M'lJ~ 

~'l"h 1 i fl'j~\i)fl Ei El'lJ Lil \ilfll'll U~U'WU U<l~ 1:a~ • 
T1n~af1~ (structure-modifying activity) 
• • 'l1l.J\il1U 

u . ~ ~ 

'ill'W'l'W A'M'll fl~ fll'>il 6l I'll 

(Dose schedule) 

® 
Hyalgan 

1'll1'llaatloo1i.fo~flf~~EJI ~ a~i\'u 5 atloo1'11 

( uiJi1'il~ hiwufl11 m1\il fl~1~a u1~iiiiu 

fllflqj'Yll~<lii~'l~Mil~fll'li'itiJl'llLLUU 5 Af~ 
::: • ""' .t _.,,. 

Ll<l~ 3 fl'>~ LL\ilfll'lil\ill'JlUUU 5 A'l~l.J!l'lJ1 

t tl' l.J'll a~fll'>\il au au a~ L\ilt1">1:1.J~&ifli111 uu 

3 Af~30) LL<l~<lll.Jl'ltl 1Mfll'lffl'lfl'lf\il1 M:i.i • 
.J'11\iJ'Ylfl 6-12 1&J EJ'lJ M~EJ\illlJEllfll'>~ • 
tlll~U 

• ~ ® 
i;J<J'lJl~LfltM'lJEI~ Hyalgan 

Hyalgan ® m'il'l111iu~nru~5001ii\il 
Ellf11'lU1\il U1lJ LL~M fl'lJ 11~aiitl11u'lla • 
au1~ hntiJ1lJ N<i'll1~ 1iiu~ 111<i1diJrniitiJtlu 

~1fl'l11Lm~mu 1\ilia~mu 1 u-,~u~L1<111:i.i~ 
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i't111<l~wfl fll'> 1'll'~1t1'll EIM~EIU'>~Auli11utl1 
LL~~ 'illflf11'>Afl111LLUU controlled clinical 

@ 34 d ~I 
trial 'IJEI~ Hyalgan study group 'lf~Lu'lJ 

f11">Amn~iiiJ1'bu~1\ilfu Hyalgan ® 

'11tJ1'lJ 105 '>11'1 LL<l~l'JlM<IElfl 115 '>11'1 

\illlJ~liilU WUEllf11">U1\ilU~l1ru~5tiJl'J11 t1 

I ® I 1 • fl<llJ Hyalgan LL<l~fl<ll.Jl'JlM<IElfl \ii 2 3% • • 
U<I~ 13% \illlJ~l!ilU mh~ hfl\illlJ V~ii 

" d d d v • q 
fll '>~I fl 111 a 'lJ 'Yl'>l U~l 'lJ L fl U1 flu N <!'Ill~ L flu~ 

d1 • d1•v @ q v 
Li!Wl~'YI 'Wfl<ll.J'YI tiJ'>U Hyalgan L'YIUUflU • 

..,,. .... 32 "" "' 
37% L'YIUUflU 39% LL<!~ 34% L'YIUUflU 

31 ~I -v 
28% Lu'lJ\il'lJ 

'illflU'>~<lum-,cl fll'l 1'll'mmu11<l~~ 
'11mi1u 1 mfo~\il<ll\il (post-marketing 

experience) ~~U'>~lJlrui1ii1'il~iim-,5oom 
l.Jlflflil 1 .i'1t1'lf\ilf11">fflm (u'l~mru 5 • . 
if1m~lJ) WUWU1U'11'lJ1'lJ 2 '>lUYiLn\il • 

d ~I • anaphylactic-like reaction 'll~Lu'lJN<l'IJl~ 

1iiu~~'>m1-,~ 11~W'u1u..f~aa~">1uniJ1\i)1ii\il • • 
EJt1\il'>lU'ilt1li~ 11fi~1\il ( 'illfl!L W1J'lla:1.J<1'1J a~ • 
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U l'il~U 1 lJl Vl'ill'l ru11'lfl 'lJ WU 1tl L ">A'll Ell °1i1 • 
L~EllJ~~ 1:i.imm">tl'Yl'lJ~Ell'llfl<il.J NSAIDs • 
(NSIADs intolerance) M~amru~1'll' 
NSAIDs 11.1111~1:i.i1\ii'N<i '>1lJli~mru~ii'lla 
MllJiflJW'Ylif (relative contraindication) 

~Elfll'l1'li' NSAIDs 1?it1 WU1tl'1~flltl w~ii 
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tta~ii1111V1t111ii'1 (sclerosis) 'lf1l~~'Wm~~fl 
Llllfl1~\ilflB1l'W (subchondral bone) 

• 

• 40 
2. Lequesne's functional mdex 

.i, 'ti ~ LU'Wiil'lfil (tt1JU<l1l1Jtl1lJ) 'Vlb'lf 1~tlJ'W 

1111111 trn~1111'111~1t1'lf a~'ll m 'Iii fa u 

Yl'il11ru1'il1flil111tl1~1~ '1 t'liu m1111tl1\il 
~ ~ ~ ~ 
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3. Western Ontario and 
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Osteoarthritis Index 
41 

t U'WiiT'lfil (Lt UU 

<11l1Jtl1lJ) 

'111~1t1'lf1l~'llm'li11\ilmtt.i~tllu 

fl. mmufou~1'1l't11~1lJuA11lJtl1\il 
(pain subscale) Yl'i111().11'iJ1flil11111tl1\il 

'lfru~L~uuum~11u t~u~uvi"iaa~uu 1\il 

,,. QJ'V 'V 

A'WVl!.NL'lfl'W 1l'Wtt<l1 

'If. <Hflau'au~1it11~dJu1111111 
ii\il1\ii~ (stiffness subscale) 'i'l'il11().11'il1fl 

' ' QJ.::l!Cl.'"11 <V <V 

811111'lf\il/\il~Vl<l~\il'W'W1l'W Vl<l~'illfl'W~ 'W1l'W 

vi"ia'W'fl11111'11~1u 
' .i, 'ti ~ A. <ltfl<ltl 1l1JYI L'lf 1~LlJ'Wfl11 

'111~1m~~t111J.f11'1'1 (physical function 
' ~ . ~ 

subscale) 'l'l'il11().11'iJ1flA11lJ1Jlfl"11J1f1LlJ 1l 

a~uu 1\il ~uuu 1\il afl'il1flri1if~ if~ uu nlJ 
' :f 0 !II d 

t~'WYl1~111J 'IJ'W<l~'ltl 1'11~1'WU1'W tt<l~1l'W '1 

11lJ 1 7 i11tttl1 

~. A~tt'W'W11lJ (total score) m1vi' 

I. Lequesne M. Symptomatic slow acting 
drugs for osteoarthritis: A novel 
therapeutic concept? Rev Rheum 1994; 
61(2): 69-73. 

2. Maheu E. Hyaluronan in knee 
osteoarthritis: A review of the clinical 
trials with Hyalgan®. Eur J Rheum 
Jntlamm 1995; 15(1): 17-24. 

3. Balazs EA, Gibbs DA. The rheological 
properties and biological function of 
hyaluronic acid. In: Balazs EA, ed. 
Chemistry and Molecular Biology of the 
Intercellular Matrix. London/New York: 
Academic Press, 1970: 1241-54. 



Thai J Pharmacol; Vol 24: No 2, May-Aug 2002. 

4. Balazs EA. Viscoelastic properties of 
hyaluronic acid and biological lubri­
cation. Univ Mich Med Cent J 1968; S 
255-9. 

5. Balazs E, Briller S and Denlinger J. Na­
hyaluronate molecular size variations in 
equine arthritis and human arthritic 
synovial fluids and the effect on 
phagocytic cells. In: Talbott J, ed. 
Seminars in Arthritis and Rheumatism. 
New York: Grune & Stratton, 1981: 141-
3. 

6. Balazs E. The physical properties of 
synovial fluid and the special role of 
hyaluronic acid. In: Helfet A, ed. 
Disorders of the Knee, 2"d ed. 
Philadelphia: JB Lippincott, 1982: 61-74. 

7. Balazs EA, Denlinger JL. 
Viscosupplementation: a new concept in 
the treatment of osteoarthritis. J 
Rheumatol 1993; 20: 3-9. 

8. Balazs EA, Darzynkiewicz Z. The effect 
of hyaluronic acid on fibroblasts, 
mononuclear phagocytes and lym­
phocytes. In: Kulonen E, Pikkarainen J, 
eds. Biology of the Fibroblast. London: 
Academic Press, I973: 237-52. 

9. Forrester JV, Balazs EA. Inhibition of 
phagocytosis by high molecular weight 
hyaluronate. Immunology I 980; 40(3): 
435-46. 

10. Pisko EJ, Turner RA, Soderstrom LP, 
Panetti M, Foster SL, Treadway WJ. 
Inhibition of neutrophil phagocytosis and 
enzyme release by hyaluronic acid. Clin 
Exp Rheumatol 1983; 1(1): 41-4. 

11. Partsch G, Schwarzer C, Neumuller J, 
Dunky A, Petera P, Broll H, Ittner G, 
Jantsch S. Modulation of the migration 
and chemotaxis of PMN cells by 
hyaluronic acid. Z Rheumatol 1989; 48 
(3): 123-8. 

12. Peluso G, Perbellini A, Tajana G. The 
effect of high and low molecular weight 
hyaluronic acid on mitogen-induced 
lymphocyte proliferation. Curr Ther Res 
1990; 47: 437-43. 

13. Darzynkiewicz Z, Balazs EA. Effect of 
connective tissue intercellular matrix on 
lymphocyte stimulation. 1. Suppression 
of lymphocyte stimulation by hyaluronic 
acid. Exp Cell Res 1971; 66: 113-23. 

14. Yasui T, Akatsuka M, Tobetto K, 
Hayaishi M, Ando T. The effect of 
hyaluronan on interleukin- I alpha­
induced prostaglandin E2 production in 
human osteoarthritic synovial cells. 
Agents Actions 1992; 37(1-2): 155-6. 

155 

15. Ghosh P. The role of hyaluronic acid 
(hyaluronan) in health and disease: 
interactions with cells, cartilage and 
components of synovial fluid. Clin Exp 
Rheumatol 1994; 12(1): 75-82. 

16. Goa KL, Benfield P. Hyaluronic acid. A 
review of its pharmacology and use as a 
surgical aid in ophthalmology, and its 
therapeutic potential in joint disease and 
wound healing. Drugs 1994; 47(3): 536-
66. 

17. Aihara S, Murakami N, Ishii R, Kariya 
K, Azuma Y, Hamada K, Umemoto J, 
Maeda S. Effects of sodium hyaluronate 
on the nociceptive response of rats with 
experimentally induced arthritis. Nippon 
Yakurigaku Zasshi 1992; 100(4): 359-65. 

18. Gotoh S, Miyazaki K, Onaya J, 
Sakamoto T, Tokuyasu K, Namiki 0. 
Experimental knee pain model in rats and 
analgesic effect of sodium hyaluronate. 
Nippon Yakurigaku Zasshi 1988; 92(1): 
17-27. 

19. Pozo MA, Balazs EA, Belmonte C. 
Reduction of sensory responses to 
passive movements of inflamed knee 
joints by hylan, a hyaluronan derivative. 
Exp Brain Res 1997;116(1): 3-9. 

20. Schaible HG, Schmidt RF. Effects of an 
experimental arthritis on the sensory 
properties of fine articular afferent units. 
J Neurophysiol 1985; 54(5): 1109-22. 

21. Vuorio E, Einola S, Hakkarainen S, 
Penttinen R. Synthesis of under­
polymerized hyaluronic acid by 
fibroblasts cultured from rheumatoid and 
non-rheumatoid synovitis. Rheumatol Int 
1982; 2(3): 97-102. 

22. Yasui T, Akatsuka M, Tobetto K. Effects 
of hyaluronan on the production of 
stromelysin and tissue inhibitor of 
metalloproteinase-1 (TIMP-1) in bovine 
articular chondrocytes. Biomed Res 
1992; 13: 343-8. 

23. Tobetto K, Nakai K, Akatsnka M,_ Yasui 
T, Ando T, Hirano S. Inhibitory effects of 
hyaluronan on neutrophil-mediated 
cartilage degradation. Connect Tissue 
Res 1993; 29(3): 181-90. 

24. Larsen NE, Lombard KM, Parent EG, 
Balazs EA. Effect of hyalgan on cartilage 
and chondrocyte cultures. J Orthop Res 
1992; 10(1): 23-32. 

25. Armstrong S, Read R, Ghosh P. The 
effects of intraarticular hyaluronan on 
cartilage and subchondral bone changes 
in an ovine model of early osteoarthritis. 
J Rheumatol 1994; 21(4): 680-8. 



156 

26. Abatangelo G, Botti P, Del Bue M, Gei 
G, Samson JC, Cortivo R, De Galateo A, 
Martelli M. Intraarticular sodium 
hyaluronate iajections in the Pond-Nuki 
experimental model of osteoarthritis in 
dogs. I. Biochemical results. Clin Orthop 
1989; (241): 278-85. 

27. Brown TJ, Laurent UB, Fraser JR. 
Turnover of hyaluronan in synovial 
joints: elimination of labelled hyaluronan 
from the knee joint of the rabbit. Exp 
Physiol 1991; 76(1): 125-34. 

28. Fraser JR, Appelgren LE, Laurent TC. 
Tissue uptake of circulating hyaluronic 
acid. A whole body autoradiographic 
study. Cell Tissue Res 1983; 233: 285-
93. 

29. Laurent TC, Lilja K, Brunnberg L, 
Engstrom-Laurent A, Laurent UB, 
Lindqvist U, Murata K, Ytterberg D. 
Urinary excretion of hyaluronan in man. 
Scand J Clin Lab Invest 1987; 47(8): 
793-9. 

30. Carrabba M, Paresce E, Angelini M, RE 
KA, Torchiana EEM, Perbellini A. The 
safety and efficacy of different dose 
schedules of hyaluronic acid in the 
treatment of painful osteoarthritis of the 
knee with joint effusion. Eur J Rheum 
Inflamm 1995; 15(1): 25-31. 

31. Huskisson EC, Donnelly S. Hyaluronic 
acid in the treatment of osteoarthritis of 
the knee. Rheumatol 1999; 38(7): 602-7. 

32. Dougados M, Nguyen M, Listrat V, 
Amor B. High molecular weight sodium 
hyaluronate (hyalectin) in osteoarthritis 
of the knee: A 1 year placebo-controlled 
trial. Osteoarthr Cartil 1993; 1(2): 97-
103. 

33. Scali JJ. Intra-articular hyaluronic acid in 
the treatment of osteoarthritis of the knee: 
A long term study. Eur J Rheum Inflamm 
1995; 15(1): 57-62. 

34. Altman RD, Moskowitz R. Intraarticular 
sodium hyaluronate (Hyalgan) in the 
treatment of patients with osteoarthritis of 
the knee: a randomized clinical trial. J 
Rheumatol 1998; 25(11): 2203-12. 

Supanimit Teekachunhatean 

35. Listrat V, Ayral X, Patamello F, 
Bonvarlet JP, Simonne! J, Amor B, 
Dougados M. Arthroscopic evaluation of 
potential structure modifying activity of 
hyaluronan (Hyalgan) in osteoarthritis of 
the knee. Osteoarthr Cartil 1997; 5(3): 
153-60. 

36. Jubb RW, Piva S, Beinat L, Dacre J, 
Gishen P. Strncture modifying study of 
hyaluronan (500-730 KDa, Hyalgan) on 
osteolarthritis of the knee. Osteoarthr 
Cartil 2001; 9 (S): Sl6. 

3 7. Pasquali Ronchetti I, Guerra D, Taparelli 
F, Boraldi F, Bergamini G, Mori G, Zizzi 
F, Frizziero L. Morphological analysis of 
knee synovial membrane biopsies from a 
randomized controlled clinical study 
comparing the effects of sodium 
hyaluronate (Hyalgan) and methyl­
prednisolone acetate (Depomedrol) in 
osteoarthritis. Rheumatol 2001; 40 
(2):158-69. 

38. Guidolin DD, Ronchetti IP, Lini E, 
Guerra D, Frizziero L. Morphological 
analysis of articular cartilage biopsies 
from a randomized, clinical study 
comparing the effects of 500-730 kDa 
sodium hyaluronate (Hyalgan) and 
methylprednisolone acetate on primary 
osteoarthritis of the knee. Osteoarthr 
Cartil 2001; 9(4): 371-81. 

39. Kellgren JH, Lawrence JS. Radiological 
assessment of osteoarthritis. Ann Rheum 
Dis 1957; 16: 494-502. 

40. Lequesne MG, Mery C, Samson M, 
Gerard P. Indexes of severity for 
osteoarthritis of the hip and knee 
validation-value in comparison with other 
assessment tests. Scand J Rheumatology 
1987; 65(S): 85-9. 

41. Bellamy N, Buchanan WW, Goldsmith 
CH, Campbell J, Stitt LW: Validation 
study of WOMAC: a health status 
instrument for measuring clinically 
important patient relevant outcomes to 
antirheumatic drug therapy in patients 
with osteoarthritis of the hip or knee. J 
Rheumatol 1988; 15: 1833-40. 



Thai J Pharmacol; Vol 24: No 2, May-Aug 2002. 157 

NEW DRUGS 

® 'L w Uprima 'Wfl1";i";ifl'M1fl1'J:t: Erectile Dysfunction 

- ~ 'lA. lil'l. 'lfmmy tW~lil 

m11'i1mmll'f'inm fl ru"u wnflmff .i{ um'infl?im ffm hui 

Abstract 

Erectile dysfunction (ED) is defined as the persistent or repeated inability to attain or 
to maintain an erection firm or long enough for satisfactory inetrcourse. There are many 
causes that can lead to ED including organic, pshycogenic or both. Recently, ED receives an 
intense interest since we learn more on the physiology of erection together with the 
availability of new and successful treatment regimens. The first drug with proven efficacy is 
sildenafil, however, this drug carries several disadvantages and serious interaction with 
nitrates. Apomorphine HCl sublingual (Uprima®) is recently introduced to treat ED with 
impressive results. It is the only drug that works on the central mechanism to activate the 
dopamine system and thus to producing erection closely resemble to naturally induced 
erection. Uprima® has several advantages including fast acting, its erectogenic effect lasts for 
2 hours, multiple daily dosing possible, consistent effect with no tolerance on long terrn use, 
effective in organic, psychogenic ED or both. The drug is well tolerated with good 
acceptability profile. There are few side effects associated with Uprima®, they are usually 
mild in nature and usually disappear after chronic use. 

Keywords : erectile dysfunction, apomorphine, Uprima ® 

Erectile dysfunction (ED) L 1'1um1•~il-1A'l!1~1i.imm1mt~11i1'11~L wmwan'la 1i.ia11J1'lmNm1• 

m1tt~11i1'1muwat1111fom1~1m vm ED m11tnlil 1~111nmt m•pn1mu m.; h 11'lil'ti'1aa1aa11~11Jii'u 
il11~uu ED 1~foml!J au 111aa11 flll-1~11-1 L ;j il-1\11 f11'J'l1Uff'i'l11'1m~il-1f11'lLL~-1 ii\1~ il-1 il-1A'l!l~L Yi1J~U!Jlf1 
Ltadlm~w~11tl'i11~1~mlunwl'mn ED m'liillilLL'lf1~iltl1•linllmwlum1-i'mfl ED ilia sildenafil LL~md 
illi'mliu11a1utl1rn11tm•iltl{in~m~au\il'llUii'umn~1J 1 ULlil'lVJ (nitrates) apomorphine HCI il!J 1~~u 

® "' 1 ,.J1 ·- 1 • q "' ~ q .J .(' ti _, (Uprima ) Luum 111J1'1 'li'lf11-11 ED \i!Wo\il LLa•LuUUl'l!UlilLlilm1'1ililf1q1'151'-11\J'l'll-1'l•UU 'l•tf1'11a1\Jf1"1-1 

!11111'a1ri'l!1~LL~-1~t1iumtuu5'l'l1J'l!1~1J1n~~lil Uprima® illi'a~11mutl1•m1 triu 1rnnqn~L~1 ilqn~u1u 
2 ii1 l1J1 tl1•linllwa~a1m1 u m1!11111' a.; ri'l!1~LL~11i1'1tnlil~uaa11a~1ta1Ja1V1utl1•linllwa 1i.iaV1a1trla1ii'm 

~lil~aii'umu 1 h1~;mii'um1• ED ~ilaim.im.;mu m1h 11'lait1aa1aa11~11Jii'u t1'1u~u l'l'tl1unu~a . . 
mdriauli'11 &i tmd~'i'um1u a1Jfo111 n ~tl1u tmdjli'a tliun'lmh 111'tnV1wali'11 ti'im1J'au wali'11 ti'iu.; L mhil' 
il'n 11hmt 11trn•ll'noV1m1mmt11a1trla Hmmu~u . . 
Address correspondence and reprint requests to: Chaichan Sangdee Ph.D., Department of 
Pharmacology, Faculty of Medicine, Chiang Mai University, Chiang Mai 50200, Thailand. 
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Erectile dysfunction (ED) L U'W 
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Llil'jtJ1111u~'lliltl'l~'il11'u:w1n~u ED fll'il 

Lil1111\K'il1n<l1L'Hlil'l'll'lf11iJ 'I'll'! 1'iJ ll'i<r.t'l • 

' d ,% :-.,,..,,. 
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f11'lWA11:w<l'ml1<11'1'11'lL Wi'l1ufl~lil hlil 

Gil'!'] (hA~mi'1{1 L1Jll111'W lil11:Wlil'W 

faiilil<l'l) 
2 LL<l~W<IVl'l LiitJ'l~L0111'illnm • 
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"' -vd.:.1 'V "" d 

LLW'l'liJ W'l'l:Wil11~ ED lilfl'lll<lnL<liJ'l<lltlllil 
• • 

~li11 '11'Lil111 tl-i'rn tl~tJu'l~rn'llii1'l'l~'llil -i'u 

Chaicharn Sangdee 
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,J.,. 'V z 
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Llill'l lil1-:iv1 n m1ifl.J irav~'lh 1 'Vi'Lfililfll11il m.J 

au il'l'11 fl-:i~L vhm'lf1'W1'11il'W11if-:i1~1ilu sacral 
do1• ~«w1• 

2, 3 Lill~ 4 '11-:!'Vll Mfl-:!A"lfllilll'11'llil1 lilLLll~ 

" w 1 ' .; .. A'! <lill 'W fll 1 II '11'l lil1 'IJ 1~ 1111-:! 'YI l.JL 'W fl 

i\'l.JVl''Wtl ril'WfllTl'll 1 'Vi' fl'IA'lfl0l'l11ilm1 Lfllil 

• I th . d 
vlm~'U'Uu1~<1TYI sympa etJc 'YIA1Ul'!l.J 

fi1'l'ViVl~1°lJfl'lVl!;lfllil L~EllilLLVl'l helicine 

Ld fl'11llil\il1aei\ild,,,lilm1 rnrnlil 1 tt'llllfllil 

La fl lil ~ 1 m 'U ml v~ ll lil ll-:! ILll~'lll Li La fl lil ~ 1 

1 J'.J "' ""' 
'11 ll fl flflvl fl I 'IJ fl Ll'I fl fl'l A"lfl Ii) Lill~ fl'! A"lfllilv~ 

el il 'IJ Iii 1 

'IJ flflvlfl<ll'l~iltl1~<1TV1 dopamine 

1L<i'1 m1~Btl1~m'Yl'l1~flm1~u~iiu'Ylrn'YI 
1ufll1 Al'U A l.J fll'rn ~" lii1 LLll~ ei il'IJ mTll fl'! • 

~1v •51112 
fl'IA"lfllil lilLLfl ' ' 

1. Serotonin ( 5-hydroxytrypta­

mine 'll~fl 5-HT) m1~eitl1~m'Vlif1h~u 
O'U 5-HT1A receptor 1'W<ll.Jil'lv~ifu~-:i1:iJ 
lttfl'IA'lnOlLL~-:ilii1 LLl'i!i'1m~l'fu 5-HT10 

receptor l 'W 1'11if'W'l1if-:iv~'111 l '11 fl'IA'lflOl LL~'! 

lii11i 

• 2, Nitric oxide (NO) m~lil'IJ • 
Lfl'W 1mi guanylyl cyclase 1 ttufll'l 

if-:iLA1l~ll cyclic guanine monophosphate 
d 

(cGMP) vlfl guanine triphosphate '11-:iv~ 
• ,.~ 'd .;.,. 

'Yll 1 mnlilm~u1um1lil m 'W fl'l'Vl'Yll 1 M'llllfllil 

Laeilil'11 fl-:i fl-:iA"1110i'11mulii111iluii'u~-:im'lN1u 

~ " w 
fl'IA"lfllil LL'IJ-:ililllilll.Jl.Jl 

3. Prostaglandin El 

Lfl'IJ hiJ adenylyl cyclase ~-:iLtl~l'J'IJ 
adenosine triphosphate (ATP) 1'Vi'LU'IJ 

d d' ' ' t·' cAMP 'li'l<ll'l'Wv~L'l'lfll'lm'Wflflf1'11fl'I u-

LLlil<IL"lil'Jl.J fl flflvlfl'llllfllil LafllilLLlil'I '1111 i 
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4. 

peptide 

Vasoactive intestinal poly­

(VIP) IU'IJ<ll'l~iltl1~<1l'Vl'11fl'l 
d1 w w 'l~'U'Utl'l~<ll'VI cholinergic 'VI '1J<l'W'11ll'I 

w d1·' d' 'l~lil'U sacral 2, 3 Ll<l~ 4 'VI ullll'J-:!Mllfllil 
£'A _d "" <:::I doGJV 

Ill fl lil 11\il'l'VI il'I A"lfl lil LLll~!.Jt)'Vltl'Vll l '11 'llll fllil 

d "" "" OJ LL lil'l'Vl'llll il lil L<l fl lil il'l lil"lfl lil'11Ul l'Jlill 

5. Norepinephrine LU'W<ll'l~fl 
d .. 

tl1~<ll'Vl'1lil'l'l~'U'U sympathetic '11-:!!J'U'VI 

u1'VI1um'l'll11 'Vi',,, ll fl lil 1 a fl lil '11 lil m1 "1" ..f-:i 
' 

'llll fllil LafllilVlfl'IA"lflOl Nll~fl'lll l ifl'lA"lflOl 

el fl 'IJ lii1 

• . @ ~I 
'11fJJ~U sildenafil (Viagra ) lu'IJUl 

f u ti"~ 'Vil 'W ~1ifum11'1uifui1 ii ti"~ ll'VI B 
ill 'Wl 'IJ fll 'l '111111" fl 'I '11101 LI~" lii111il"&i 

dw :; 1 < sildenafil flflfl!]'Vltll'J'Ul'J-:!Lil'IJ 'lfl.J cGMP-
d 

specific phosphodiesterase- 5 (PDE5) 'lf'l 

'1111iiim1~'l'1lfl'l cGMP LU'WNlllilllilfll'l 
• 

W1u"lJB'l Ca++ L1r1L'lfaa'ni51i.1LilaL~UU"lJfl..'.J 
<!,I .d ""' ..... d 

'llll fl lil Lll fl lil ILlil'l'VI fl'! A"lfl lil LL<l~ fl'IA"lfllil 11'11'1 w, d ,'!1. .. ,£ 
lil1 l'W'Vl<llil sildenafil 1'111\ili:-Jlllil ililfl!]'Vltl • 
mu1u 40-60 mVi 

.; .. 
Sildenafil <lll.Jl'l!I 1?5-:imn ED 'Vl!J 

m L'l1\llv1nm-:ii1u'illil 1v 'Vll-:imu 11ll~..f-:i • • 
<1fl-:im1'11\llu~11.1nu eiri1-:i hn\ll11J silde-• 

"'4 d,..s. OJ OJ .J <:II I 

I A l'J'l'VI '11 A!\JUll~ il'IJ \ll 'll !'l'Vl'f lil A fl \ll fl'l~'U'U 

'111 l v Lill~ '11 ll fl lil La fl \ll l lil 1'1'111 l 'Vi'Lfi lil fll fll'l 

n<i'1mil'fll111v\llll'J (myocardial infarc­

tion) '111 hifl-:i<i1-:iLi'W hhll'W~'l'l11~ 

(ventricular arrhythmia) '111 Lv'1illilLafl\il.t1 

A'll1 (transient ischemic attack) tafllil 

fl ilfl l 'W<ll.J fl'! ( cerebrovascular hem or-
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rhage) LLa::11111Jiilu T.iii111~1a~ LLa~ih1t1 
~1'1Jf11'lLiilt1:il1111'illfif11'l 1"li' sildenafil LL!Ji1 

'il::u~hiii'u1'ili1 sildenafil Li'l'W<flLVlliJLlllU 

1111~·1nMm'>Lau:ii1111'1Jei~ i;Jti1m mhll 111ei • 
Lfl 111'il1fifil'l~WU1tl UL 1111.h::'ii 1lif1~hi 

• 
..J ""'""' ~ ""' rnm::'Yl'il~IJfi'i)fi'j'jlJ'YJ1~ L 'VH'I i:.J<l'lll~ Ll1tl~ 

.J . ' "" ~ .... ?1 
<l'IJ'IJ<l~ sildenafil L'li'IJ <l~l1'li1\l1LL'IJ~\l11L u'IJ 

n<11mu 11<11t1.t1 Tm (mu ni1 4 - 6 .t1 

fo~) tl1111~h'<I:: 11tl'1u111~ All1'il1Jn Li'Julii'u • 
i:.Jai1~Lfi t1~ L mhllii11111Ja1Jwufim.h~ 1mi 

:a111nui:.J<1'1J<l~ sildenafil l'Wf11'l'llmt111aei111 

Laei111~eii't11::~1~ 1~1~1~mt1 1:iJ11111"li'm 

ll1ui;Jti1t1~ti1a~ 1"li' nitrates 111ei nitrites • •19.I 1 IV ""1•.J lll<l~ 'Ii sildenafil eim~'l~IJ~'l::1~ 'IJl'J'YI • 
n<i'11JL llei'111 h'lllll1Laei111 '111l'ilLlii''IJ1:iJL i'Ju 

~~111:: m11Jiilul<iii11~1 (~1ni1 90/50 

IJIJ tl1ei'YI) '1111'il<i'm 11a1LL<1:: h1111aei111 

4 ~ l d ~I 
Ll.'l<lll1111 'il'Y!Lu'IJ<l'1L11\ll'IJ<l~ unstable an-

' 
gina 

Apomorphine HCI Sublingual 
(Uprima®) 13 

'1 I _.J..., ti 

Apomorphine L U'IJU1Lfil'Yl<f~Ll1'l1::11 

'ill rm ei{'Wu LL~1:iJii t)'Ylll rni1 eiu1J a{'Wma t1 

1 ·1· .td .. ~ 
LLa~ IJ 111<l<lfit)'Ylll'YI op101d receptors 111~ 

Ju mi1l:iJiiq'Ylll1::-!utl1111111fl't'i11 ita'W 

Gl111 1uei~\ll apomorphine 1i\'i111a111{u 

• 1 • ~ Q 1 ·d~ ti fi'l::\ll'IJ 11Lfill1fil'l<l1L'ill'J'IJ 'IJl'J'Yl'lU 'l::'Yll'IJ ' . 
<fl'lW1'1111B 11ii'{um Lfl'IJ'IJ'IJ1111L vl <l<i\llf11'll(Jll1 
~ "" QJ' I 

'li1J'IJ<l~l'J1LL<i~<fl'l'W'<lll1~na11 apomor-

phine Ll1t11'lf"lum1{mflh11 Parkinson 
9.1 ,$,,. .... . 

1111EI 'llfl.!~'IJIJfil'l'WWJ'IJl apomorphme HCI 

l 'IJ'ltl LL uu I'll Lll11a IJ f)IJ 11ii'ii'u L vl ei 1ifo1'11 • 
ED 

Chaicharn Sangdee 

.;~ . 
Apomorphine <l<lfit)'Ylll bll1Elfi'l~liJ'W 

dopamine D
2 

receptors L'IJ<l'IJ<l~mh~ 

d "' 'iilL'Wl~L'ill~'il~ apomorphine 'il~Lumn 
QJ _,,. "" ""' .J .:( I 

'lfi1'11 ED L'Wtl~'li'IJll1Lll1El1'Ylfl<lfit)'YlllN1'1J 

• l.'l'IJil~ i:.Jl.'l'illfifil'lfi'l~liJ'W D, receptors 

fam'il'Wl~~ paraventricular ·nucleus 

d ~ "' ' (PVA) 'IJ<l~ hypothalamus 'lf~(lfllu'IJ<l1'1J 

11d~'llil~ autonomic center JllEll'IJ<l'IJ<l~ 
~ d ~ J ,.J ' 1tld1 ~ ~ d 
<lqjqjlfl.!'Y!Lfill1'1l'IJ'il~'1~\ll<l 'YI 'll<i''IJ11'1~'YI 

S2, S3 LLa:: S4 'lleM sacral segments 'IJ<l~ 

ti ,d ·1· 'l~UU 'l~<fl'YI parasympathettc 'li~'il~'Yll 11 

tvl1Jfil'l11~~<fl'l~<ltl'l~<fl'YI LL~<fl'l~<l 
t11~a1'Y!~11~~eian'il1ntla1atl1::a1'Y! 

d1tl ~ 4 parasympathetic 'YI El~11'1<lll1L<i<lll1'1J<l~ 

ei~11'1i1Glnau 11J1~ acetylcholine (ACh) 

' "' LL\ll'ilnuu 

(VIP)14 

vasoactive intestinal peptides 

~~'1111 iu1~11.f~ L1t1m'lfa'1 

tl'l~<fl'YI autonomic 
1 .J'' 

L11<1l'IJ11 non-

adrenergic and noncholinergic neurons 

VIP ~11~~aan1J1ll'il~'l'i11'11 endothelium 

'IJ<l~ helicine artery 'IJS~<l~l1'li1Gl11~~ nitric 
d • 1 .. oxide (NO) 'li~'il::fi'l~\ll'IJL<l'IJ 'lilJ gua-

' 
nylate cyclase lMLtl~tl'IJ GTP 1t1Li'J'IJ 

cGMP LL<i~ cGMP ll'il~uu#~ 11J1MUfil'l 

11~~ Ca" <l<lfi'illfi sarcoplasmic reticulum 

'llei~n<i'11JL dm1au'IJa~11aei111 Laei111 ~~'1111 i 
helicine artery 'll<l~11aei111La<lll1'lll'J1E1tii'1Lrn~ 

Laa111'il~Li1m'*~eit11u.ffu cavemosum 'll<l~ • 
ei~11'lf1m i:.Ja~Ln111tu't'i11 ia~11'lf1&i'llmatil1 
ua~LL~~tii'1mntu m1'*~'1Ja~ Laa1111 u.ffu 
cavemosum 'il~n11111aei111taei111\1111 uei~11-

'lilW'l'i11 ita a111111aeiein'il1n ei~11'lf1wa111a~ 
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fl1"!'111~1'W'llfM"!~UU1.h~m'Yl sympathetic 
V I ~ I 

'il~!lflfl"!~Gl'WeJ!Jl~lJlfl LL<l~'11'N ATP "!1lJ 
" ' 

nu NE 1l1lfllJ1 ATP 'il~'l11LMflollmiJ'ei 
d ' 
L"!UU'llfl~ ductus deferens LL<l~'lleJ~GleJlJ<lfl • 

~' " d.1tl 11lJlfl11 \i1 GJ1 fl m~ "!1\il L "!1 LL<l~"!'WLL "!~'1f'l'W1 
' 

~m"!51i111~-:iJ11ltj'~1l eJfllJl (ejaculation) 

rl1u NE '1111'11 ductus deferens 11\ilm1~ei 

L~eJ'J 1tliifl"!~Un1~'1 NE ~'11~'11l1lfllJ1il'ii'I 
'111L,.j'11 <I eJ\il L~ fl \i1 LL\il~'lleJ'J fl~ \il'lil&\11\il li'J1 

LL<I~ a 'IN <1LiL~fl\i1.J1111<Iflflfl1 ti L ~1~'W 
ei'l\il'lil &i~'J fi ei u 111\ilm1LLa~ a eium1a'J tu~ 
<f lil • 

d 
l'W fl~'illfl 

mfo 11ilum~!ilu • 

.( 
Apomorphine flflflt)'Ylli 

0 2 receptors L'WU"!~<ll'Yl 
I .,( ® do 

<f1'Wfl<ll'I fll"!flflflt)'Ylli'llfl'I Uprima 'Yl'Yll 

1'Ii'1Hlil'IJ1&iLLV~m1 i;.i1'1J'Yll'l"!~UUU"!~<ll'Yl'l1l 

1 'V .:!! <V ,Jd ""' 
1111 a ei li1 L<I ei lil'll mu m1 Lill'll ~'Yl'Yl eJ'I A'lil m 

d.c,1 .J..,._.J't 
'1f'I L<IU'WLL UU fl"!~U1'Wfll"!'Y!Lfllil'IJ'W \ilUli"!"!lJ 

'111&1 ~'1'1111 'Ii' eJ'J\il'IJl&iLLV'lmllilollU\il~'lnU 

o"!"!lJ'IJ1&imfl~tj'lil tl"!~fleiui\'ui:l 0 2 re­

ceptors ill U'W fl fl<f lJ fl'IU fl UlJl flLL<l~11<1 fllil 

L~ fl \i1 m'1~ "]'II eJ'J"!°l~ fll U iJ Lif 'WU"!~<fl'Yl 
parasympathetic 1tlL~U'!UeJUlJ1fl umi''W~ 
11 <I fl li1 L~ fl lil°IJ fl'! fl'! lil'lil &i~i:J La 'WU"!~<fl'Yl 
parasympathetic 1t1L~U'I LL<l~fll"!m~lii''W • 
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':i~UUU"!~<ll'Yl parasympathetic i;.J1'1J'Yl1'1 

dopamine 0 2 'il~'l11l'li'11<1eJ\ilL~eJ\il~eJ'l\il­
'1flGJ°IJmum1!i'l~~1!ilmh1mLL<i'1'1l1~ei''IJ !ii'! 
• .,,, ~ • v 0 

'W'W N <l°IJ fl'! apomorphine 'il'llil eJ'W°IJl'l'ill L l'll ~ 
d .:::., .:::d I I V !V 

'YI fl'! lil'lil GI LL<l~lJ N <!GI eJillU'W fl fl \i1 eJ'W°IJl'J'W fl U 

d ' d.1. 
'1MLIGJflGJ1'1'illfl sildenafil 'Yl'Yll 1111<1'1\il 

' 
L~eJ\ilVJTll'lfllU°IJmum1 LL<1~'111 l 'li'Li11i1 N<I 

'll1'1 iii u'! 1L<1~ 1111i1tlfii1~mi\'umm1'1 1 mfl 

~d ''1tl mu lil'l'Yl'il~fl m1 m ei 

1u 40-60 'Wlll Ll~t)'Ylt~1111'1i'ei'l\il'IJ1&i 
LLv'!m1L~lJ1i11i1~'JLL~ 10 u1YiLL"!fl 11i1mu~u 

• d.1v ..,.i:;;Q.} ..,. dd 
Ll<l1 N<l'Yl'Yll 111l'l\il'IJ1GJLl°IJ'JG11'il~Lfl\i11GllJ'Yl 

I .QI .J "-' o 1 'V d 
"!~1111'1 18-19 'Wl'Yl '1M'WU11\i11l'W°IJ1'11"!1 

. """ d .:.14 ( apomorphme lJL1<11\il"!'l'IJ1GJ half-life) 

U"!~mru 2 -8'1tm (°IJ'Wllil 2 :il<ilifl'.i'lJ) ~'I 
apo­

morphine ~flnl~\il~mrn~1mfl 11ilu11l1&ilJ 

sulphate LL<!~ glucuronic acid i:lrl1utl'eiu~ 
~fl01~1i111ilu N-demethylation !il1u 

cytochrome P450 CYP1A2, CYP3A IL<!~ 

CYP2Cl 9 1'111ll'W norapomorphine 

llJLL'YlUeJ1mfoei'l apomorphine rl1ulmy'il~ 

I U'W apomorphine sulphate lJ1flfl11 apo-

morphine glucuronide 
I !V ?1 

<f1'W'W eJU'iln u'W 

norapomorphine glucuronide LlJLL'YlUeJ­

hvf I mi1il'1iJ i:l q'Ylt'Yll'l L.fl il'1f1'Ylm LL<!~~ fl 
~u ei ei fl'ill fl'il'l m U'Yll'IU <1<111~ 
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r.m'li1'lLA!'M'lliN apomorphine 117i'uri 
,J 1w d _ 

111<1u mrnlll'IU ( Lfllilthnnru 6.8%) tJ1111 

A'l1'1~ (6.7%) Lll'lt!A'l1'1~ (4.4%) tlllJn 

hrn (2.8%) f.JGl~l'lLAl'l'lLmhil'Lnlil~t! 
~h'l~ULL<i~il en rn1~hi'lmL 'l'li:l'lil m1u1u ' , 
u1'ltl1uflm'l Lw~11'm1uilu'llm111m~1i 

" 
!V .tj .J .J 

f.JGl'lll'l LAmrqt1LL "'i'l'Yl'jlil'll fl'l apomorphine 

A fl enfll'lL Ut!GIUflUl'lfl'l~Vlt!Mt! 

(syncope) LLl'iQU"wrn"'lruil'Ln111il'fll'l!Jlfl 

LWl'l'lU'l~!JlfJJ 0.1-0.2% ('llt!l\il 2 ll<l~ 3 

"'"'"" o<V 1!V<ol 

:IJGl<lfl'lU \ill:IJ<lllilU) LL\iltll:IJfll'lU~U'llt!l\il 

mmh'l°ll'11 ~~t111mn111enrn1d1J~ hhn111 

en m1d a flLGI l'I f.J<l'lil'l LA l'l'l ~fl cii1m'li1117i'u 
,J ' 

\l~GI Ill 11111:IJ(]LL<l~11111 :IJ 'lt! LL 'l'l Gl'l ti'.i fl L °1l' tJ1 , 
.::., I Q..' ~ I <V 

lil 111\il fl flt! Vi'l fl f.J 1u fll'lU"'iU'llt!l lill'll Li 

L'H!Jl~<l:IJ flUl'l hnm1:1J hiil11l'Mlt1fll'l 

L~l'l~l\il\llflfll'l 1°1l' apomorphine ;f'l'l~Viil'l 
""w ""'= ..,.. <V 

fll'l1\ll'J'Yll'l A Git! fl Vi 'j fl Vi<l'l f11 'l'51 'H'Wll'J L ti 

tlfiii::la1ilul'l15u (Drng interactions) 

L d fl'l\ll fl apomorphine <i1u il' fl l'I (]fl 

fll~lilfal'I cytochrome P450 tJ{jfi::im~L~\il 
ilum5u~~fln1~1111111mflt11'lll1L Vici1il'liflt1 

'li11il' fll'I LLfl<iflei!lmHa.h tl~auu tl<11 Lilif'll 

\l<IUl'll<flil1'llfl'l apomorphine LL<l~mdnhi 
L tJ ~ l'lt! LLU Gl'l Lil if'llll<I ti I'll <f\il'l,'11 i'H 

LLfl<lflfl<lfl<i' i1i"'!Ju tJ{lii1m~\l~Lfl\ilflU 
Lrn<iflfl<lfl<i'll~ 1:iJa1"111Jil'fl flUl'l hilm1" 

LL fl GI fl fl <l il <{ \) ~ W1J.J 1 i f.J G!Vl'l LA l'l'l'll fl'l 

apomorphine 1ui711u111~u 1aenL~l'lt!LL<i~ 
L'itJui'J11'1~ Ln111117i'ti fll'J1tu ~'l 1:iiu1 LL tl<ifl h 

d d a'd 
L ti fl'l\ll fl fll'l\il lJ LL fl <!fl il <lil GI fl Yi 1 L iLfi Ill 

Chaicharn Sangdee 

enfll'lLVici1dfltjLui'1 apomorphine 1:iJLiilll 

tl{lii11'l1~il1"111J flUl'll~fl1'!11111111111ui1i"u 
fai!lm<H 

" 
(beta-blockers, diuretics, 

calcium channel blockers, angiotensin 

converting enzyme inhibitors Vl°1fl a -1 

blockers) apomorphine 1:iJiltJ{lii1m~ 
o<>J<V I ,J'JJ 

<flA!\JflU nitrates llflflflt]'Ylfiilu LLl'iYi1hi'~ 
d"] 'V .J "' 'lJ 

'YI b'll nitrates 'Ylililflt]'Ylilt!lt!ilm1:1J11i"t1 

fa M \il rl 1 U ti GI Ill Gl'l fl U l'l iJ iJ' l'J il1.J" !1J 'Yll'l iJ 1\ W 

ulii11111J.Ji1Juhi1mvi1uud<1111<1'lLWl'l'l 10 "" 

tl1a'Y! LL<i~ilenrn1tL<f lil'l~1:iJ1mL 'l'l , 

MlJ.JL°ll'mil'ilu~~m-l' apomorphine 
~ "' ,, ,J ,Jd1 " 

Vi'leJ"l"'iu"'l~flflUilt!'YllJ ULJ.J\iltll t!flfl\llfl 
w dW1W "-''Vf 

t!'YllJ.J '11 apomorphine flUf.Jllil unstable 
" 

angina fl<i'1md<Jti1hm1!'l (myocardial 

infarction) ti1 h<i'J.Jm<11.ffu1mL'l'l Vi°1ei 
' 

m1J.Ji1Ju hi1m~lilU1'l!Jlfl LLGl~~~LL 1/'l'YIUil 
" 

11111J.JLiiui1fll'lilLw0 ilwwu 5 fllll Lil u 
elt!\il"'ill'lliifl~Ju ~'!LUU 1tJ1uYi1t1fl'lL~l'J1 
ilu sildenafil 

A1'l'l~:iJ'1111~1'lm'l1°1l' apomorphine 

ilu ~il 11111J.Ji1Ju fai1m\j"'l~A1Ul'jJ.JcJ'l 1:iJ117i' 

m1ui1i"u 1<ii1m~1 11°1fl~iltJ1~1"w'llfl'lA11J.J 
" 

i1i"u fai1m<1111<11 Ld m tl~l'JU li1mu'Y!<JU1'l"'i1111 

" L 'l1 (postural hypotension) LLU 

apomorphine 1Jd:iiiltl{lii1m~il1.Truilum 
fom h11111111J.J11i"t1 foi1111iJ'lLLGI~ nitrates n 

" 
\illlJ LLliiLLt1~il11111imdflul'l'l~:ir111"'i~1'loU 
~~n1 ol'l L °ll'm L Vi <i1if L vl il'Yl~fl L~l'J'lU !\J'Yll~ 
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1rnHlVJ 

mJi1 apomorphine i:hw1'Vlqj'i!~~fl 
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CASE REPORT 

Diclofenac .related skin rash, a case report 

Viroj Wiwanitkit* 

*Department of Laboratory Medicine, Faculty of Medicine, Chulalongkom University, Bangkok 10330 

Thailand 

Abstract 

Diclofenac, is a widely used nonsteroidal anti-inflammatory drug (NSAID). Here, we 
reported a rare adverse effect of diclofenac as diclofenac related skin rash. The case was 
diagnosed on the present illness and follow up. This is a rare adverse effect of diclofenac with. 
the incidence less than 0.1 %. The awareness of the physician to this widely used drug on its 
rare adverse effect is necessary. 
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Introduction 

Diclofenac, is a nonsteroidal anti­
inflammatory drug (NSAID). Diclofenac, 
as the sodium or potassium salt, is a 
benzeneacetic acid derivative, designated 
chemically as 2-[(2,6-dichlorophenyl) 
amino ]benzeneacetic acid, monosodium or 
monopotassium salt1

-
2

. In pharmacologic 
studies, diclofenac has shown anti­
inflammatory, analgesic, and antipyretic 
activity. As with other NSAIDs, its mode 
of action 1s inhibition of enzyme 
cyclooxgenase, involved m its anti­
inflammato1y activity, as well as 
contribute to its efficacy in relieving pain 
related to inflammation and primary 
dysmenorrhea1"'. 

The most common adverse effects 
of this drug are gastritis, peptic ulceration, 
and depression of renal function, all of 
which result primarily from prcstaglandin 
inhibition 1• The types of side effects 
observed with diclofenac are similar to 
those of other nonsteroidal anti­
inflammatory drugs and are unavoidable 
given that the drugs are prostaglandin 
inhibitors. However, the incidences of 
such side effects may be lower with 
diclofenac than with some of the other 
nonsteroidal anti-inflammatory drugs'. 
Here, we reported a rare adverse effect of 
diclofenac as diclofenac related skin rash. 

Case report 

Patient history 

A 52 years old female patient 
visited the physician with the problem of 
skin rash in her both forearm. She 
revealed the persistence of this skin lesion 
for 10 days. She notified no past history of 
drug or food allergy. Concerning the 
present illness, she revealed the 
concomitant use of the self - prescribed 
diclofenac tablet and gel for her arm pain 
symptom. She notified the skin lesion 
three days after start of this medication 
and therefore she tried to stop the tablet on 
the seventh days. However, her skin rash 
was still persisted, therefore, she decided 
to visit the physician. 

Viroj Wiwanitkit 

Physical examination and labora­
tory investigation 

At first, this case was suspected for 
diclofenac related skin rash. The skin 
lesion can be described as erythrema 
multiforme, itching iris (central lesion 
surrounded by concentric rings of pallor 
and redness) macule lesion on both arms. 
She was advised to stop any drug 
including the diclofenac gel application. 

Result of therapy/follow up 

On follow up visit, her skin rash 
disappeared completely within seven days. 
This case was diagnosed as diclofenace 
related skin rash. 

Discussion 

Adverse effect due to usage of 
nonsteroidal anti-inflammatory drugs is an 
important awareness for the physician in 
using these widely prescribed drug. Apart 
from the common adverse effects such as 
GI disorder, the rare disorder has also 
been reported 1• These include blood 
dyscrasias, erythema multiforme, 
hepatitis, and others, such as aseptic 
meningitis, anaphylaxis, and urticaria. 
Moreover, some nonsteroidal anti­
inflammatory drugs appear to have unique 
side-effect profiles. Examples include a 
higher incidence of ulceration and 
erythema multiforme with piroxicam, and 
acute pancreatitis, in rare instances, with 
sulindac. From a careful survey, 
diclofenac appear to have less unusual 
adverse reactions than the other drugs3

• 

Therefore, it is considered as a safe drug 
and widely prescribed. 

Here, we reported a case of 
diclofenace related skin rash, which is a 
rare adverse effect of diclofenac with the 
incidence less than 0.1 %. Presently, the 
real pathogenesis of this disorder has not 
been clarified. This adverse effect is 
reported only in literature, not seen in 
clinical trials, and is considered rare. 
Indeed, the dermatologic reaction of 
diclofenac as pruritus is described in upto 
1 % of the patient. However, the skin 
eruption as skin eruption, urticaria, 
erythema is infrequent (less than 0.1). In 
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very serious case, the Steven Johnson 
syndrome can be detected'. We diagnosed 
this case by the present illness and follow 
up. However, we did not performed any 
skin test4 or specific lg for diclofenac 
determination to confirm the diagnosis. 

published literature concerning the 
adverse effect of diclofenac was presented 
in Table I. 
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