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U.lil: 'lllHcii. WLl'l'll* 

Diuretic Effect of Pluchea indica 
Nuntaporn Ni/vises, Valla Vamnatjinda, Boonsom Vanveerakul and 
Punnee Pidech. 

Abstract 

The study of diuretic effect of Pluchea indica was divided Into three parts. 
The first part was performed on water-loaded rats under ethanol anesthesia. The 
rats were injected intravenously with 0.2, 0.4 and 0.8 ml .. of 5 and 10% Infusion of 
Pluchea indica. The amplitudes of response, i.e. the percentages of increment 
of urine output, were dose-related. Potassium constituent of the Infusion was not 
the causative agent of this diuresis, since much higher concentration of potassium 
than the level found in the Infusion did not cause equivalent effect. The other 
active substances should play the role. 

The acute toxicities of the Infusion were studied in rats. The L050 value 
was higher than 5 g !kg. body weight. No pathological change was detectable 
after this very high doses. Thus, The "Infusion" may be classified as "non-toxic" 

The third part of the experiment was performed on normal human subjects. 
Thirty volunteers were assigned to drink 250 ml. of 5% Infusion of Pluchea indica 
and urine of those volunteers were collected consequently for 5 hours. The result 
was compared to the response exerted by 50 mg. of hydrochlorothiazide plus 
250 ml. of drinking water. The diuretic action of the Infusion was greater than 
that of hydroch:Jrothiazide; the values of which were 1.952 and 1.255 respectively. 
The saluretic action of hydrochlorothiazide was conversely higher than that of the 
Infusion and the values of which were 2.256 and 1.207 respectively. 

Thus, the Infusion of Pluchea indica can exert its diuretic action in both 
animal and human subjects. The Infusion is non-toxic and may be employed as a 
potent diuretic agent. 

l 
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1ii2ill1!1'11,J1futlr~vnu 'ilri1J1mrn~rn•'il~~ri • ~ ., ., ( 1-3) • d ' d ~ £ 
i1111unm ~nm1u9,11u •9Vl9iMmt1~Vlfi 

i'iulf 11111~ ~'ll!l ''ll~1 u ~m1Vlri'il !l '11 f !l l-iii',A mni11't 

•il!Ju11iuhm,i'll1~ mnilM~1l-iu'il!liiln!111!l~,f1mn 

~Vlii'iulf 11111~~ 1uMutlrniii"1!l1t1"1'1!1 

iiililtta:~iin'lli • 
U 1i1 'll'llzjii'' WJ\JU 'ii~ l Ul-i 1'Yi1M11l-ill~!l1 r\U'il ~ 

' . 
~,1\\'uii' 'Vi11uium'll' 5% U'il~ 10% il1m'll,'lltjd'.lu 

J 1'il ~'ii 1!1'll!l ,II 1 r1l1"911J91n'll~~~~~1111..11uJ1 
'Vi1\Ji'lri11-i",'lltj 5 nfl-i L~~'l\Jil1'11\J~Ufl~\,(r!llM~!lU 
~V1um1l-if!lu1"1' rutl"!iii!liil~,1uur~l-!1ru 100 il~iiiiiilr 
iJrie./1~.;Htlr~l-!1ruM1,-i"11l-!' ~'ruu~~kuJ1!l!ln 
mil,; 1\\'1"1'm'll.;Mrn lOO il'iliiiiiilr (J1m'IM 5%) 

'iiimfi'l'llll&1'imiilm.i1irviii'imlas1':!:'lui1'111-l'V1111&1il~ 

1-infimri'1 n1't1Lu11u ~ n r!l n J 1u 'ii rn !l 'ii n!l ~ !l ii" . . 
(water-loaded under ethanol anesthesia) ii11l-i 

:jfi'll!l' Bisset(4 ) 1ri!1H11i;'l111•Ym~J1mrn 200 -

250 nfo 'Vi11ii11.;u..1'~11mrm!lnlllii!l'ilu!l'ilnM!li1" 

12% ~1mu 5% 'll1J.;tl1mrn&h r!l1 iii'.lmr'ifuu11111~~ 
!l'1lnm111!1LU 30 - 40 u1V111~.;m!ln ~"~'1lnH 

11uJu iu"1'111tl'Vi1 water load 1ri11m'!lntl1•t1~1 • 
c.i1u~u 3% 'll!l,J1mJrnil1 u~~'Vi11iill'i1UM~!J~lfi'1lf 
91nJu~1iifiillUiil external jugular vein 11'1liil 

cannula (internal diameter o.4 l-il-i.) Hll111fu 

il1i1tl11J1V1iil\1!llNii1i1,m!J &l'i1'1liill1'i11Vliil'il'1l' infuse 

J1'il~'il1!1~.;tlrm!lu..1'111 ethanol 3%, glucose 

2.2°10 LL~~ sodium chloride o.1 a0
10 M®Lti®..:irlu 

' . 
.:II ,.... " I l !1!l rn1'11iil'ilU 1'll!l .;n,; m11 

' 
- cannulate common carotid artery l~!l 

., 4 .... ..!ii 
U\J VI mt1,;iiltJl'il'1lii1Uiil.; 

- 'Vi1 suprapubic cystostomy liil!Jll!lri 
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cannula (internal diameter 1.77 Im.) dhm~•111~ 

U\11111~U~'l 1 iiu111111~!l!l nV11.;tl'i11!JvJ'1Jl1!Jii1~1\J 

photoelectric lamp 'Vi11miiiilm11uuVin1111iilu111111~ 

uu potentiometric recorder (Servoscribe) V]~~ . ' 
11Uii11U9\JMrLl 1 \J1VJ -~l.JU\JVlll9~miii,tKuV1 0 1m.J 

m 1 l-i ~ ,; 'll!l "II u~' 1u11111uuVim1/u c.i1u 1u1111 ii1 'll!l.; 

u111111~"1!lU1Vl m 1riV1'Vi11 iii'.lmr'ifuu111111~!l!lnm 

1un1rnri'il'1l .;i'1n1'f1~V1i'ifuu11111~~1u11i; '1111 

~.ii11!Jl-JuuVinc.i1u1uu111111~~!lu1Viilritl1111'1M'llzj . . "" ., 5% U'il~ 10% m!lurn1iilr 0.2, o.4 U'il~ o.s l-i'il. 1ri~'il 

•lluf!l!J'il~'ll!l.;tlhnruu111111~~•~l-i~u u'il~m~1 
91u1u 1thtiil11• ~!JIJ ~tlr~ n'1lu'1lzj1 u J1!1111 nMf' 
d d 

~lliilr!Jl-i. 

'l'l~'l'lllllllil~ 

H11i;'l111V1ri'il'1l,mfi1 ~D 5o 'll!l,J1m'll.;'llzj 
• • 

H11uYf,11l-iri 40 iif1 il1mTniif1 250 nfo mJ.;n~l.!~~ . ' 
10 iif1 tl11'1~ 5 iif1 m~•il!! 5 iif1 !lrl!l1mrri~um!ln 

tl1m•llu•1m!lih,iJ1J1116 -i'11l-!' 1iim•i1m~f"~m 
U'il:;te111i1mn1r 1, 2, 4 i11l-i' Ul'l~Vln 24 i11l-!.; . ' 
9'UM1J 14 oJ'U 

UUVln J1mJniif1 U'il~_,;1\.11\Jl1Um!J 
I I j 'IJ "'~ 
V\mmt~~11i;vhhi'.i1JMrn 14 .Ju iifri~.Jm~m!11u 
• 
Vf"l1l-iii1~119~ histopathology 

n~IJ~ 1 nrnntl1•u~112.s l-i'il. 
' . 

n~i.JV\ 2 nrnm.i1m'IM'lltj 10% 12.5 l-J'il, (5 nfw 

ii1'ilnfl-iJ1mJniif1) 
' . I ,,,j ~ I 

n~IJVI 3 nrnnu1m'll''ll~ 5%, 2.5 l-!'il. (0.5 

nfwii1'iinfl-!J1mrniif1) 
' . 

I "" n ! 
n~l-iVI 4 m'1lnm111'Jl''ll~ 5%, 1.0 l-!'il. (0.2 

n f wii1 'ii n fotl1mr niif 1) 



01e fl n'tl1q'il R 'litnl ll ll1'l: !Iii u '211U1'!l \l '!l~ 'l tu1 u 

'l.len1ii 

1i\'m11111ll'flrn111mmnol'17.oo u. n1uif111111~ 

. ' 
n. tl1nli'u 250 l.i'it 

'11. J1m'll''ll~ 5% 91u1u 250 mt (12.~ nf~) 
fl. Hydrochlorothiazide 50 1.1n. + tl1nli'u 

2501.111. 

11li°'"nndL1iuif111111~VJn 45 mVi 9\lflrn 5 

.J-111.1, 11\i',91n'lili'fmn 

uuVim.i1l.l1111m11~M11.1ti'.lun1111~1' (pH) 

'11'11,u\11111~ '1111m1l.li>i'UL!i'11111LL11~iru~w"11 i11if111111~ 

~tnu11l.l'lili'mfi1 Na+ u11~ K + 

JA ml 

3 

n 11~ mn ~ V1ifiluif111111 ~'11'11,J1u1'11 ''lltj1 u 

11u'l/11 t111umrn11111'11,;;111J1u1'11''ll~ 5% u11~ i 0% 
' ' 

ili'1uml.l11111 0.2, o.4 llll~ o.s 1.111. "11nmwuuVln~'lJi' 
(itl~ i) l'l1u1rumLti'1lfL'llul1i''ll'1l,91u1uu111111~ 

' ' . 
VllWl.liiu 91nm1\'111J®'1l'Hm~'l/11 c.i1u1u io Lii1 . ' 

! q o I ,_, V t•• Q 

111'111111'illllU1Ul'll,lWlll~fl11l.ll'lll.l'll\l lllfl1l'ilil!J91n 

r11wli'u'lltMc.i1u1ulf 111111~~l ~l.l~u VJ m.Hm1111'11'1l' 

tl1u1~ii111L-ii11111'1Jllll~'11111iii1 (111111'~ l) ~llVlLilf 
wu~1m1ii111J1u1'll''ll~n1L~l.lc.i1u1uml.l11111 111'11 

l ~IJl'l11 l.IL -iil.l-iiu '11'11,J1m'I ~ 1i\'c.111ilc.i1u1u n 11iTu 

if 111111~l ~l.l~u ti 1fi 1'11'11 'c.111L ~l.lc.i1u1u lf 111111 ~ 
u11~fi1 log 'll'il,mm1111'11'1J'J1m~ii111 m1hil'unf1vJ 

u11111,m1l.l!i'l.IW'ufinu1u Log-dose response curve 

zj,'lili'd'.Jwil'u111N (itl~ 2) u11111,~1n1t~l.lc.i1u1uVl'll 
~ :h'n 1u'lili'fu'I~ 1i\'c.111il1111iTulf 111111~ L ~l.ll.l1n~u 

0.8 ml 

5% lnf~sion of the Pluchea indica Less 

c.!11'11'11,n1tii111tl1m'!M'll~ 5% ~'1191ll1\ll1!Jlll'll'11'Uill111~~'11\l1VlLLll~LLNi>i'lllli'1111111\j'll11 
' ~'lili'vh water-loaded under ethanol anesthesia 
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mmru~ 
c.il'l• Yi11~1t.11t.1 lf ih'\11~ 'ut.1 % c.Jl'UYi!J •Vi1.1rnut.1 A~•ut.1 

v v . 
.... "" Q .... d.t 

K+ ,1h~n'elU m11J\'111J~t.1 ., 
' .: ' -- 1-li'l,'il!1J!.11 \.111-1\.IOVl'li 

'il~ (11fl.) fl1\'il!'l!JU!'l ~fl1Vl~!J (t.11V1) (11n.) 'ell.I ( µg) 

5°/o 0.2 32.5 (29.6-34.4) 7-10 10 7.8 

0.4 70.9 (67.8-73.2) 7-10 20 15.6 

0.8 108.5 (104.7-112.9) 5-7 40 31.2 

10°/o 0.2 72.8 (69.3-76.l) 7-10 20 15.6 

0.4 116.2 ( 119.1-118.8) 5-7 40 31.2 

0.8 150.7 ( 147.3-156.9) 5-7 80 62.4 

fl1111•ii11.ift.1 mm~~~ c.i!'l\~l.1~1t.11ulfMn1~•ut.1% A~•uu K+ 

3.73°/o 

150 
;:< 

'"" " ··::: 
-"11~ 

" C' 
r 100 "' >§ 
;:< 
C' 
;:< 
r 

•<r .., 
"' 50 

"' 
"' 0 

' 
\l~ (l.lfl.) fi1•'ilil1.1u!'l~fi1Yil11.1 (l.ln.) 

0.2 

0.4 

·0.8 

/ 
/ 

/ 
/ 

• 32.5 

1.0 

10 

13.3 (l l.8-13.6) 

21.2 (20.5-22.3) 

28.8 (27.2-29.5) 

/ 

~.3 
// 

/ 
/ 
~ 71,85 

I. 3 1.6 

20 4 

3.91 

7.82 

15.64 

•• / 
/ 

1.9 
80 

'~ (µg) 

150.7 

Log dose 

J.Jn.Yi-n 



L~'1l,91nJ1m'll'~~d'.luJ1m crude 91ni1'l1 Lrl'1l 
' 

r.lML '1i11Al'l'1JML~'1lM"119, 11l'e-il'lilur,riluL~'1JMUM'lil n'vi'uYI 

vh 111'91u1m~'1J M 1tlcitlill'lMl'l ,~®Ld'1l1L 'll'11Llil'1l ft~lu 
' 111rm~~u1#i'mn'11'1l 9,iJmn~:1J91u1uu111111~~u 

®iJwnmL9u J1m'll,~d1ili'1m19miJl'mrultlLLlil'i\L~m-1 
' 

Yltlr~n'1l1J'1liJili'1u 'l1ucJ1iltlr~n'1lu'1ll'iLi'Ju91u1uu®t1 
' ' 

mn L~'1lm1MLu19cJ1mr'1l'1lnq'Vlii'iuu111111~~'1l,J1m 
·1M~dillili'L d ®"lJ 191n91u 1u t tlum !IL ~!JlJ~ ti r~ n'1lU'1l ti 

' ' 
9, 1Wi1Mtl11'l~ l'l 1tl t tlUlil'i\L ~tllJAl'l'1l trM1 il'ilrh t tlulil'i\L ~!JlJ 
tlr~n'1lu'1ltjili1u1ummru~11l'e-il'lL~lJ91u1uu111111~~ 
iTU'1l'1ln tl1mVi1nf1vJLm1JuYiuunu91u1uttlum11L~t1lJ 
~tlr~n'1lu1uJ1m'll,~rj (;ti~ 3) 91nnf1vJJ11'l~l'l1t1 
ltlLLlil m ~!JlJAl'l'1l h!il~iit tlLLlil'i\L ~tllJl'1l '1l '1l\J tlr ~n®u 

' v I '>'J'V ... ..... "!' .,.4 
'1l~ 15.6 lJn. 9~'V11•iAlJmr~uu'il'i\11~L'l1lJ~\J 28.8% 

(m1n'~ 2) ci1utl1m'll,~zjiittlLL1ii'i\L~t1lJl'1l'1l'1l\J 
tlr~n®u®iJ 15.6 tlJlArnflJ 11l'e-il'ln1ri'iuu111111~ 

' ' y y 

Li'llJ~\J 71.85%(70.9, 72.8) LL'i\ii1,cJ1 U1!J1'11"~~ 

11l'e-im~:1Jn1ri'iuu11~11~m'll91nq'Vlt~'1l,tt1LLlil~L~!JlJ 

100 
~11~ 

"' """ -"![~ 
H 
C' 
r 

"' >!l 
" 50 / 
C' / " r / .,,. 
'7 

2'-2 % "' ., 
13.3 % 

;j2 e--0.6 0.9 

4 8 

/ 

5 

Yltlr~ n'1lu'1Jtj n~ 1ti1A' [\J~\J ~'1J'1l n qY1i'iiut1111111~ 
tlr~ n'1lu®i.i1 u ~~ J 1u·1'll,~'1l1ili''VIM'il'1l1J'i\1ri1A' ru 

'II 'ii 'll "' 

'111JcJ1tlr~n'1l1Jili'1unli'!!lA'ilt1!ilLLl'l~LL'1ll'l~11'l'1JtJ!il 

Lrl'1ln1r~mnqY1i'iiuu~~11~~'1l,J1m'll,~zj 
1m1m1"YIMl'l®' 11l'e-11d1iiqY1i'iiuu~1111~L~:1J~u1ili'91' 
L d® ,91 n~1ri1A' L1J~U\J'1l m 1AU'1l91 n t tlum'i\c ~!JlJ 
.,J I .tfl o ,,,,,· .,(..,; .... 

Yltlr~ n'1lU'el!J 9'mmrAn111nY1fiL'il!J1J'l1l'l\J 1u1A\J~11 ' ., ' 
LM1Jmfi1 LD 50 91ne-il'lmrY1Ml'l'1l'm;J~1#i'futl1m 
'll"~d~mM'il"Llil1!JlJ91ni1'll91u1u 5 ni'wnll'lnflJ 

' ' 
J1mYnfil1 91u1u 10 fil1 hiiil-1Ulil1!JLl'l!J LLM,cJ1 

' 
mrHi1'lloi1u1u s nflJ!fitl'lnflJtl1iA1Ynfil1Li'lufi1~ 
U'1J1JncJ1 LD so lM!Jrl1 LD 50(mg/kg)1uiAu~11 

' 
9~U'1l nM1:1JLi'Ju Y111~®"111rnM'il'1l1Jlili' 91 n mr 

9'1u u n111rYl11 zj w1m1mrnu1iJuh mL u~tl 11-l 

111rzj"d®11l'm,tl1n1uiA1;J~11 iifi1 LD 50 mnncJ1 

s nfwfitl'lnflJ li®cJ1Li'lu111r~1i.liiYl11 9,m9li'1l11 

J 1!J1'li'91 n ~ '1ld'.I \j \11r1i.J ii Yi 11n1 iii 
' 

,... ' ~l'l µg 
' 

// 
/ 

/ 

/ .-
28,8 % e K+ 

e 

1.2 1.5 Log K+ 

16 32 mg of K+ 
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. 
91u1t.1'1'1~1111w ii1mrn1>11 

91t.11t.1'1'1t.1~HV1111~<M Li:i'fl11Xmmu 14 iu • 

. 
2 m®nu1m'l!1'lltj 5 nf1J1ii1~nf1.1 ' Q 

n~1.1V1 

' ./ nill.Jl'l 3 
' 
' Q 

n~l.ll'l 4 

. . ' nrnnu1u1'l!1'll~ 
• . ' 

nrnnu1u1'l!1'll~ 

o.5 nfl.J1ii1~nf1.1 

0.2 nf!Jlii1~nfl.J 

0/10 

0/10 

0/10 

0/10 

nfl.J 

310.8 

309.7 

311. l 

310.5 

• flrn 14 iu tJ11nn•-hh!i'.1'1'1t.11i111'J .ft-1J1mini>l1'1'11.L 1i.lwuf1111.1u111nlli1191nncl1.1f11Ufll.I ~ 'U 'I) , , 

~1m'flntl1®1h~i'.iirml1f'iqi ~1'1~i>l111'1lim~mu1u111n9wmiiM1w wu~11i.lwumntJ~uwLtJ~1 
1tJ•nnncl1.1muf11.1 1i.lwuwu1fil'lmwt1111 

' ' 

' < • 
1111111Vl 4 crnm1fim:n~V1lii'uu111'l11~'11'1l1u1m'l!1'lltj1uflt.1Umiii• 

' ul'll'l11~ 1 .fi-111.11 n~l.Jl'llll~'fM 

91t.1~\.I 30 flt.1V1nn,;1.1 m1.111111 pH Na+ 
' ' 

. ' 
iJ1ni\'u 250 I.I~. 438 5.9 41.38 . 
iJ1u1'l!1'11~ 5%, 250 I.I~. 855 6.0 49.95 

50 1.1n. 'll'tl1 hydrochlorothiazide 550 6.0 93.34 . 
+ ii1 250 1.1~. 

•Diuretic action = 

Saluretic action 

• 

urinary excretion of test group 
urinary excretion of control group 

sodium in 5 hrs urine of test group 
sodium in 5 hrs urine of control group 

Diuretic action Saluretic action 

tl1t11"l!'l"IJ~ 5°/o, 250 J.Jft. l.95 

1.26 

1.2 

Hydrochlorothiazide 50 1.1n. 2.26 

Kol- BP HR 

l 0.12 110/70 70 

12.64 100/62 68 

19.82 110/70 70 



1ci'1l(,i'ilVllil'MJU!i1't1:\l !JUYl~ll1 \H\1;i'll11l'IU~1 
J1m'll-:i91n'll~ s nfwn1'1lnf!JJ1mrniii11'1vh11lin111 

Yi11 (mn-:i~ 3) ~-:iu1miiin111qV1ifiuu111111~ 
1 u~mJrniii 111111vT11tl\,\!HJ 1unru1 il'rJ'lm\i1i>ilu 
" ' Q I Q I .,. .o!l f ..., 

\l1!J1'11.:J'll'il 5% 9'1\l1\J 250 IJ'il. lil'1l1\l 'IMIV11nu 
' 91u1u'll~ 12.5 nf!J~1J1mrniii1Au (s.o n1'1lnf1J) 

1"1V111111'1lU'1l1111111TArnil'1~1i1-:in111'1l~1um1~tlrniii 

1'1'111111J1 rrn~1ili'J1m'11-:i'lll'l 5% 111'~1 d.iuretic 
' 

action 1.95 mnn~1 hydrochlorothiazide 50 1Jn. 

zj-:iiJ~1 diuretic action 1.26 ~1umrirnn~'1l 
v 

saluretic action ll'u hydrochlorothiazide 50 !Jn. 

1 <y I .,,. .,; 1rt1 .:i I 
\,\(,I'll m n n11U'il ~IJ mr~ tlJl 11 !J ullMlll 'll!JIJln n m1 

Jit11"11-:i"11~ s010 rYcinvic;i~®-l1iKfuJ1u1"11'1"1J~ s010 ~1'W'1ti 
'IJ 'IJ'll 'IJ 

250 IJ'il. 9~iJ1t111111111zj111Jtlr~n'1lU'1l~1uJ1m ?.1s 1Jn . 
' 1cimnuu\l'il11~ 5 i111J.:J mt111111111zj!J1JilJ'1l'1lnm 

12.64 m.mol ~'1liivir (1111n-:i~ 4) ~-:itl'uu111111~ 
5 i11m ~l11mr~n111~1mu 855 IJ'il. 9~iJhluvi111zj!J1J 
iu'1l'1lnm 421.48 IJn. n1'11J~~1JJ1niuzj-:i1uun1'11J . ' 
A1u~1J91u1uu111111~1u 5 i1t1J-:i 1vi1nu 43s !J'il. 

i11tl11M'il1zj111Jiu'1l'1lnm l 0.12 m.mol ~'1liivir ~-:i 
lvi1nu 172.86 l-Jn. v1'1i1'W n't~1i.XJ1u1"11'1"11~ 5°/o uar,,!: 

iln1r~t111~111tluvi111zj!J1JU'1l!Jn~1 hydrochlorothiazide 

u~ n1;J1ilfvh 1il'i'Jn1r~.:J'll'1l -:i 1 tluvi111zj!J1J1 u i1-:i n1!J 

7 

1ci '111 V\11u ~1\l 1u m roif u 1ti111i1111zj!JIJ'1l'1lnm1 u u 'il II 1'J~ 
5 i111J-:inunl'l1Jfl11Jf\IJ ~1\lUN~\ll~'1llilU~.:JU'il~ 

• • ' ' 
~Yi 9r1'11ti~11u11u 'il .:Jfl .:J9~ 1 ii '1l .:J91 m uu m r 1 il'm1 Ylm 
~ ~ 

f\Nllilm 

-ii'11Vi-:ir~i-:i1 un1ru111i;u1 l'lr1tlH A1r9~111' 

1 uzu'll'1l·.m11il'qnJi'1l-:iu'il~"1111'llu11i1~1A111 -l'nm.11 

mnilmr~111uu'il-:irum \,\r'1l'llu1111~1'l'mrl11mr~n111 
' 

'1 'Y ""' !:'. 1 v '1 ' 1 v V1iil'il'1l.:J•\,\'il~l'1l!Jlil1>111J'll\llil'1l\l m1u 9n'1lu 'II 

. -L ilflil'lliil'llHl\3 

·~1~ ,. " ' ' 1. 'il1'il 9111 U'il~flru~mr•'li'il!1ml'ln'il1J 2 •Anmr 

~i>J.iu 11Vlflilfln1rvhm11i;u1 Yir, u r~V1111 rn1 'il'l!ll 

91n1112s24: 34 
... ....... ~,,.,! .! 

2. 1uV1u1 -:i1m1>J.1u mrliln91U'1l.:Jlil\lll'l'1lmq'V1u 

iuu111111~'ll'1l .:Jll1Ju1 Y1r LVl!J, ~u if ii'1l 1J'il'il 1Ju1 Y1r 
~ ·.y 'IJ ~ 

U'il~n1rnY1V1!JLV1!Jliii1J 1Jm':iV1m~!J1Ji'.iii1'il 2525 

3. Ferry LM. Medicinal plants of East and 

Sountheast Asia, Attributed properties and 

uses t 980 :96 

4. Bisset GW. Rat urine flow Br J Pharmacol 

Chemother 1962 ; 18: 405 - 420. 
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V1U'1 95-127 'llfM'l11i'l1'1 Uli'll~'l'IU1 ti\~ 10, 2531 (Vol. 10, 1988) ,j'll..:J "u-aui'l'fl" hm tl11tJJ1'l6 fi1::w..iM LLl'!::Li'l1 fi1::1'Mtl 

'lltnui111ti;iu ~~1 .. nth.im111..i~ 3 (Ul1JJi1..i~1..id) l'!-l1uviU1 104 

Monograph 
Conditions 
Category I 

None 

Category I 
Category II 

Category Ill 

Category II 

Nonmonograph Conditions 

Category 111 
Antimony potassium Ammonium chloride Potassium guaiacol-

tart rate 
chloroform 

Iodides 

Ipecac fluidextract 
Squill preparations 
Turpentine oil (oral) 

Beechwood creosote 
Guaifenesin 
Ipecac syrup 

Pine tar 
preparations 

generally recognized as safe and effective 

s4lfonate 
Sodium citrate 
Terpin hydrate 
Tolu 

= not generally recognized as safe and effective 

insufficient data to classify as safe and effective (however, FDA 
proposal to change guaifenesin to Category I) 
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... ... ... 
O'liL \Ji!J'l.JL 'Viti 'UO'li UGI OIPI 'JU a:n'li a: il'ltl 

!lil\'.ltl'lLGiitl 3.11 'WtiilniiLLf'lll bLGil\J '21 aii!l'lt11. \I, \Ji :L 'Vlfl\ 'VI ti ... 

Comparison of Disintegration and Dissolution of Piroxicam 
Capsule Products Marketed in Thailand. 

Pramote Teerapong,Somboon Jaetleela,Kritsanaporn 7angkuptanon and Chureeporn 
Thathiengtham 

Abstract 

Piroxicam is a widely used oxicam nonsteroidal antiinflammatory drug 
(NSAID). There are at least 23 brands of piroxicam capsule oral dosage products 
marketing in Thailand. The United States Pharmacopeia (USP) XX/I requires the 
dissolution test for piroxicam capsule products because a drug with very slighly 
solubility like piroxicam may possess a rate-limiting step for its absorption and 
have the bioavailability problem. The purpose of this study was to evaluate and 
compare the disintegration and dissolution of the available piroxicam capsule 
products using the United States Pharmacopeia dissolution test for piroxicam 
capsules. 

Of 9 brands of piroxicam capsules evaluated, 3 brands failed to meet the 
USP requirement. And of these 3 brands, 2 brands products showed the slowest 
disintegration. The other 6 brands conformed the USP dissolution standard and 
displayed better disintegration. The failure of the 3 brands products to meet the 
USP requirement for dissolution most likely indicates inappropriate or poor formulations 
that could result in altered bioavailability and should be taken into account by 
health care providers concerning the standard, equivalency and efficacy of the 
mutt/source piroxicam products available in the market. This study is also useful 
for guiding to seek the highly therapeutic efficacy preparations and help to consider 
which preparations need to be reformulated. However, drugs which have different 

dissolution performance were not necessarily always or significantly different 
in therapeutic outcome. So it is needed to further study their bioavailability in man. 
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LYir'1ln'ilLli'li.J (Piroxicam) LU\.!'11\.!W\.!B oxicam 
' 

· ·iii•mri,~1'1iurnV11'1l1nwam'llrnL~~'1l1mn.h1111uhfl 
• 

rheumatoid arthritis LL~~ osteoarthritis l1''llil1>1 

L;l\'.Ju'l'iiu LL~~lf'1lf, (lu'llu1111')u~~ 20 il~\infiJ) '11\.l'll>l 

~~Au (L'liu iu~~ 40 il~~nfiJ) Hummmmr'll'1l' 

1 mihl'l lll\'.Ju'l'iiu1.K LL YiVl\'.J"l urn,tlr~L Vlfl!T,Hf n1't1 

1rr1tl1111-ii'1lLL~~/ilT'1l nl\'1i.JLd'1ltu 1 L-tlu ankylosing 

spondylitis, acute musculoskeletal disorders 

1'1T'1l H~111'1l1mnh1111'li,eJ1iii111 1'1T'1l1'li'fl~'1l111(H) 

1Yir'1ln'i!LLAIJ Li'.Jum~il911'1tl1\'.J1J1nn~1100 
tlr~L Vlfl tlr~L VlflL Vl\'.Ji181Ll>lr\'.JIJL Yir'<Jn'ilLlf\IJ 911'1111\'.J 

f 'll .,..., 1~ 'II I ., lj'll ! 

'1181,l.!'11\'.J 23 UTMVI LL'il~ 'll'll'1lmrm1>11' 1 nu 11>1LLn 

Focus (Yung Shin), Piroxam (The .forty-Two), 

Pyroxy (Shiwa Chemicals), Piram (General 

Drug House), Flamic (Siam Bheasach), Med­

Piroxcam (Medical Supply), Feidene (Pfizer), 

Sotilen (Medochemie), Riacen (Chiesi), Ammidene 

(Ammipire Pharma), Butacinon (TP Drug Lab), 

Calmapane (Chankit), Felcam (Asian Pharm), 

Felrox (Seng Thai), Itemed (Medifive), Neotica 

(Thai Nnkorn Patana), Piroxen (Godel Synto), 

Pirox'1m (Thai Japan), Pirax (Pharmaland), 

Posedene (Pose), Roxycam (Greater Pharma), 

Roxicam (Nida Pharma Inc), Xicam (Central 

Poly) Luu.Ku nF11mL1>1r\'.J1JLY1r'1ln'ilLLfl1J i LLflU~'il 

~'111\'.J hUf~LVlfll Vl\'.J'll\.!11>1 10 iJ~~nflJ lLU1r'.fl.l~'LLi>\ 
~1n~1 i u1V1 9u~'mnn~1 s u1V1 v1111XAru~~9\'.J 
.K'1l,n1rnnu~1 mL1>1t!J1JLYir'1ln'lllflrnLAU~'il'll'<M 

u'1tiV1i>\1, 1 L1'1~1d i1~tUl11YiL1'1:J:1'1lunl.l1'lt'1lLll 
tlr~ n'1lU nui1LL YiV1l'f•rn1!Jvl1\JlA!JU111 ll~1\'.J1Llilt\'.JIJ 

'llU l>lL~m n \.! uri i>\1,u rtlVl'1l191,X~~ n1 rf n1't1LLl>I n i>\ 1' 

nu'!Jl 1.!'1ln91nd Barone lL~~f\tU~(S) '!Ji'V11>1~'1JU 
n11~~~1\'.J\'.J1Ll>lt!Jl-JLYir'1ln'iiLLAIJClAU'll~ 25 'llUl>I , 
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(brands) LL~~'l~r'1ln'iiLLA1JLil111 s 'llUl>I zj,1.Km91n 

tlmV1fl1u~1nJ (1 tlr~LVlfl), ~1~l.!'1lL1Jrm (8 tlr~LVll'I) 

LL'il~L'1JL~\'.J(3 tlr~LVlfl) ~'iln1rVll>l~'1lUU'1nlJ~1 f'1J\'.J'il~ 

12 '11'1l,\'.J1L1>1r\'.J1JLYir'1ln:JiLLflrnLF1t.I~~ LL~~r'1l\'.J~~ ao 

'll'1l'\'.J1L1>1r!Ji.J 1 Yinin'ilLLfli.JLil1>1 (L~'1l Hm111r;i1umr 

Vll>l~'1lU L oJ\.!L~mnu n 1rVll>l'll'1JUL '111'11 n'iiLLf\IJLLf\U'll~) , 
' ' ' •i.J ~ 1u1J11111;J1un1rn1>1~'1l u n 1rn~~11J1>11 rn11i'll 

o .., I ..., "' 

1>111lJLL 1'1''1l1'11j'1lLIJ1n1 
'!.> 'I.> 'I.> ' 

n 1r:J9\'.!Af ,)J9' n 1~Vi1~m i'l'1lL ur\'.JUL Vl!JU 

mrn111niii1 LL~~ mrn~~1!1'11'1l,\'.J1Ll>IT\'.Ji.J'l '111'11 n'iiLLAIJ 

LLAU1~ '111.J111110 il~iinfiJ 9 'llu"1 ~'ll1\'.J1ui1'1l11>1~1111 
I q l .., drl \j I cl I !:: 
11i.JF1~11Ju1>1n1111,nmo11'1l11JLl~~\'.J1L1>1rn1JL 1'1~1\.l u 

'I-' .., 0 .., ~ ... 

L~11J11>11j1\.ll>11J.JLJl'll'lll>11rlJ'll'1l1~1'11j'1lLIJm1 (The 

United States Pharmacopeia, USP) 1'1T'1lhJ 

~ii'Vlill!Ull'l 

~1J1'11'1lti1,mL1>1~\'.J1JLYir'1ln'liuA1JLlflU'll~ 9 'llUl>I ' , 
L1>1\'.Jmr~'1lm'l1nhu'111\'.Jm il1m1>1n<1~J,in1'tru~ 
'11'11,LlAU~~ Ll~~i11!!11l1\'.Jl\.!LlAU~~ ~1i1int'ltU~ 

L ~ihu 1'lT'1lLL111n~1,nu .f ,~J1wwn'll'1l'u~~~uf'ltl~'il 
Q • • 

Vl"l~U11J1Vll>l'll'11Um\'.J 

il1ml'l1T'1ln:JiuA1JLLflU'll~ ('lll.!11>110 il~i1nf!J) , 
~ ~ ' .I ,J, '"" ~ '11'1l'Vl' 9 'llUl>llJ1'11!11'~~ 12 Llflu'll'ilL Yi'ill'll~1mu , 

mrn111~'1lumA1n1nL111niii1 (6 Llf'IU~~) u~~A1 
.! J'l 'Y.%i.iv 

n1"'1~~1\'.J (6 Lbf'lu~~) 'JMl\.ln1rV!"1~'1Mflf,u l<'l 

Ltun~'11 mLlllT!JIJ ~il1mV11>1~'1lU buHiinMr1111't1 

®'n~1't~1 A, B, C, D, E, F, H, I, J l~'111l-111Xrl'vi1 , 
111rn"1'il'1l,Ln1>1'11Ai1ih~~mrn111~'1l' u~~ L~'111'111m~m 
tr 111J.l111{] \,jl-) 1\'.)~''1l1'll n l>I ~u 91nn1n1\'.)'1 \j ~ ~ 
n11Vlllll'l'11,~1\'.J1Ll>IL-ii11J1111r~1\.!'11'1l,Llli'111>hfrnLvi' 

~ 

~1'lf j'1lL1J~n1 Lll'lt\'.J1L1>1Ll.JL i11m1>1rj1u1>111JL11i'll 

11hfuuvi'~"f1!'11Ll.lrm "1'1Y1.J '1ln1'tr AB c D E F 

H I J h~d ~,'tiJ1.Ku'll1>1,~1 1'1T'11 1'lm\'.Jm11J~1 



' 
Llluu1b1>1~u1.1'll·~'u'Ti;-Y111>1 ii~!l LUUIJ1bl>l~mJ~tt!l 11>1 

...i I 'V • /':! .,j ! -ol 
b !1!J,bblillil!l,n17l urn!Jb Yl!JlJ~~ n1TYll>l~!lrn11.1m11.1 

Lbl>I n!il1"1u1 uLdmm1>1ni>l~ Lb~~ n1T'il~'i11!J'll!l' 

"" ""' " odl 1 ' • u1w11u1.1Y11J1lJ1Y11>1~!llJ 1.1rn 1.1 u11~L'l111.111>11,;i1u 

'll!l 'L11il'lliil1fuLL iA '111.1fj!lLl.lrn11.1'1!l 1,J 11>1u1iJ il 

m11.111'1.1~ufi nu ~!l~tt!lu1 1.1~!l ~!lu°fi;-Y1u111>11 

n. mH1flllil'Umau.91nf;i11 (Disintegration test) 

t11u1L111°Tu1.111111Jn'ilLLA1.1 m~tt!l'il~ 6 LLAti'l,11 

L ~!lYllil~!lumm111ntil111111.1USP XXI I (Disintegration 

test for hard gelatin capsule)(6) 

L111rmJLl'1i!l,iJ!lY11>1ll!lumnWlni>l1 (Disintegration 

apparatus model USP 19) tlf!JbL'il~A11J~l-!~ruw;iil 

'll!l' disintegration medium (J1niu) 1mi11 

37.o ± o.s '1l'Pl1b'll'ilb~!Jll 1-ift11n~u1.1!iu 1111'1ln'ilbbAl-I 

bbAU'l,'il 11'111,1u111~nf1 (basket rack assembly) 
' • I ~ "" ' ' ~I .I v 'll!l''il~ 1 bbAu'l,'il (vM1.ll-llill.I 6 'll!l'J u1>1~1111rnn 

LL~1t111 ULL 'll1u ~LAi!l, LUlilLAi!l,L ttlil ~ nh ~!lu ~u 
'il'!ltj1u disintegration medium 11.1~11111L~129 -

... Ji.JJ' ft 

32 7'1llJ/\J1YI bb'il~1~!J~Yl1,bJ'l'il'1l\JYl'll\J'il' '1lqT~m1' 

' ~ .1-1• . • 5.3 - 5.7 L'll\Jlilbl.llilT urn m~u~1111~1ii'll'1l'111~nn 

iA1,91nnu beaker 2.5 L'llui1iL1.11111 Lb'il~T~u~~,~111 
Y ~ I ""' ';;" ""' "" ~ I 'llM1>1rnn1111m1mu1 2.5 L'll\Jlilbl.llilT 9rn11111MLL11J 

L~l.J,J.11>1~nf111,1u disintegration medium 9um~if, 
~'IJ11.l~lil'll'1llil~1u1>1~bbn1'1111>1'1l!lnm9u111.11>1. 

11. n11'1'1flllil'llmH1:111'l!I (Dissolution test) 

t11m1111!ln'i1LLA!.1 m!l~1'11~ 6 bbAti'l,11 b~!l 
Y1lill'l'1lum~1m111~111u1>111.1 USP XXll (Dissolution 

test for piroxicam capsule)(7,a),y,d 

"" ..v .oil ""' 1. L1>1rn1.1111111~111um1>1Ln'll!l Ll1!lb'ilW.lLL1JlJ 

m1>111m1~L111~!l11.111 u!il1lJi'.IL!luL'lli1' pepsin 

(simulated gastric fluid TS without pepsin) . 
911.1~1.1 beaker "~ 900 i111iii~1>11 l'l17'1l~'i11!mTlilil 

11 

tl1rn!luilf~u Ln~!lbbn" (sodium chloride) 1.8 nfiJ 

bb'i1~nTlilLn~'1l (IN) 6.3 i111l1l1m 11.1J1niumu 

900 i11111~1il7 

(maximum absorption wavelength, X max) 'll!l' 

~1T'i1~mum1>11,;i11.1111rnn'ilLlfl1J (standard solution) 

111rn:;111umm,;i1ud (~~1!.JLii1.1.rru o.s i111iinfw 

i111ii~1>11) Ll'lrul.Jq1nmrn~111u~1111111JniiLLA!.J 

l-111'17j1u~H'Li'.lu111i'nih1.1frntlrurnViuu (Piroxicam 

Reference Standard) 125 i1!liinf1.1 1u methanol 

ml.l11il7A11J 250 i:i11ii~l'l1 (1.j' volumetric flask) 
' ' ' "'I V I .J "'I qq 

bl.J!l lil !l' n1rn1A1A~ 11.1 m~·n~ 'Pl'il\J YllJ n 1T~l'lbb11-l 

~'~~il'u 11l't11111rn~'i11Um1>1131um 2 jj,,~~1>11 
L~1Jq1,i11~u111rn~'i11unr1>1 (q1nii!l 1) q1.1i:Jm1.111111 

Arn 1 oo i111ii~m LL11'~t111iJm~1n11~i;ibb~'~'~'" 

(X max) i11~rnAr!l' spectrophotometer (Beckman 

Acta C Ill) tlnn!J~11"'A1 X max Lvi1nu 334 nm 

3. b1>1ru1.1111rn~111u 1't11!ln'ilbbA!.J 1.111>11311.1 

M'mLii1.1iiu 2, 3, s, 6, 7 LL'il~ s h11mnfwi111~ii1111 
' ' 

Lil'1lt11mm~1m1~1>1bbll' (absorban~e) Vi X max 

11l'tl 111111'l~'il1!JIJ11117j1\JL !17!) niiLbAJ.I •1~11Jb ii1.1iiu 

o.5 il!l~nfwi111ii~1>11 m o.4, o.6, l.o, i.2, 1.4 LL11:; 
""' """" 0 .., "'" y 1.6 IJ'i1'il'illil7 lil1!.J'i111'11J b9!l91-ll>IC,!J~1Tll~'i11!JnTl'I 

(91nii!l 1) 91.1i:Jmm1111Arn ioo i1lliiiil'l1 u'i\'•, 

t111iJ111~1n11~lilbb\l'~P1~1!.JU1~~~'Pl~\J 33 4 nm 

().. max) 1h~1~1i11m~f1,nnw (1~11~1,A1m11.1 
Liil.Jiiunul'l1m1~1>1LLll-l) tlnn!J~11i11nnwLll'u1>11' 

il~1 slope 0.0802, intercept 0.005, coefficent 

of correlation ("Y ) = 0.9999 bbl'l~ coefficient 

of determination ("Y2) = 0.9998 

4. bl'l~UMAi!l,Yllil\l!llJn1T'i1~~1!J( a) bblJlJ~ 1 

(Dissolution apparatus I model USP 21) 11ilu 

Uf!Jb~j!l,L1Xm1ui1i~um1•1Lf~ 50 rpm bLl'l::C ~~1J~;1 
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J ..J.J'.,.. 
'1lnJWli1~'1M dissolution medium •1M11l'V11.lfl'1l ' . 

<>I .di, y ... 11 y 
l'l11i'l~i111'1mi>ILni'l'1l1'1 Li>IL1>1rnm1 (beaker i'l~ 900 .. 
i'.li1\i\i1>11) 11X'1ltj1~\1~1~ 37.0 ± 0.5 '1l'1fl1L'lli'lL'ill'll'l 

1~mL111ru1.J 1w1'1ln:iiLLA1.JVl9~1'1i>ll'l'1lul'l"1 u111~nf1u IX" 
!::: ... "" <OI 0 1>1~nf1!'l~ i LLl'ltl~~ (mimi>ll.J 61>1~nn 1-11'111'11 

n111'11ili'l'1l'1 6 rif'1) mi'1lu111~nf11'l'111ll'l11i'l~i'l11'1 
nmn~'1l1!Xnu1>1~nf1'1ltlih'191nnu beaker 2.so ± 0.2 

' . ' 
L 'II uiiiLl.J 1>1ni'1.J4'UL1~1l'lu VIVI 11tl'1l u111~nf1i1"1 u l'l11 

.J .. 
5. 1'1L1i'l1 l, 3, 5, 10, 20, 30, 45,LL!'l~ 60 \l1\'I 

i>ll>ll'l1rn~!'l1l'lmi>ILn~'1l91n1>1Nn111'1 beaker ~1u • 
nT~i>111,tnrn'1 (Whatman No 1 111'11 Millipore 

J' !:': ""' -- 'll 
filter 0.6 micron) ~\ll.J1fl1'1i'l~ 101.Ji'li'li'li>IT W1'1ll.J 

nrniii1.Jl'l11!'l~i111'1mi>ILn~'1l1mJ 1 i1'1LULL\'lll~ l'lf'1~~ 
10 ill'liiii1>1n~unw ~'1lfntl1mm1>11~'1l'1l'l1rn~~1u 

' ' .. 1 1" .. 0 
.. mi>1Lni'l'1l u Beaker 1'1fl'11'1 u11'l1rn~i'l11'1\'l~i>I 

~um1tlmfi1m1~i>1LL'IM~fl11l.Jl'l11~1'1fl~u 334 nm 

LL~1U1fhVl1iii'lt!fhll1nJ mfi1f'1ll'li'l~ ~'1l'1n1rn~i'l11'1 

(% dissolved) 1>11iJ~1111 

mg dissolved = 

% dissolved = 
mg dissolved 

absorbance x m1.J11>11 

slope x 1000 

mg labelled amount X 100 

1Jtl1'1i'1l1ucl1r1qJ1'11'1l'l ~iill'1r'1l 1i.i11>lu 1 fill Analysis 

of Variance LLl'l~ Least Significant Difference 

Procedure 

Thai J Pharmacol Vol.11,1989 

Nlilfl'l!i'l'llillilil\:I 

n. Ii n'IHU. :'1'11\lni11111w 'llil\l!l'llm ii 11 &1 

1'11Li>lrl'Jl.JLWrnn=iLLfll.JLLflU~i'l ~U11.J1\'li>1~'1l'1 
L U\l 1'11Li>I rl'liJ~HLLflU~!'l'ilUi>ILL ~" Lri'1l n'1li>ILLflU~i'l 

' ' .. '1l'1ln LL~~111119~ ~'11'11 .rnu.uwm1 1'11L111rn1.J A 

LLl'l~ B i'J~'11'111'11'11UUUrl'1l\lLL~'1L~n 1 ~\l1i>ILi.il'lJ1Ll'll.J'1l 
... - .J .J .;; ... ... ... .di 

~1\ll'l1Ll1lrnl.J'il\li>l'1l\l 1 \'IL\'1i1'1ll.J~'11'11i'l~L'1ll'li>li>I Ll.J'1l 
::: Cl .J' ¢ I ..,...,... ... 11 t o=ll 

L'1l1\l11.J'1l~l'li>lfll11J11)J!'lntlnJ~L\ll'IU LLl'l~ L)Jl'l1nl.J•a • 
mlJ'1lUl'l1Ll>l°11'11.J A LLl'l~ B 

!I. llliln1V'l'lmililllmaumnGi-:i 

91nm1\'ll>ll'l'1l'1wu.J1 mLmru1.Ji\', 9 'llillil i'1m1 
u111n~1 ~,d (m111'1~ i) 
fl. wamfi'l'lmllilun1ga:a1u 

' 
f'1l!Ji'l~~'1l'1n1rn~muVIL1!'l11, 3, 5, 10, 20, 30, 45,LL!'l~ 60 

\l1Vl i;T,tl ('1111'1~ 2) 

_J ""' I ... !::: """ 
LW'1lW911nJ1~fl1n11i'l~i'l1m'1l'11'11Ll1lr!Jl.J\'1'1 9 'il\li>I 

LLl'l~U11.J1Ltff!JULVl!J1Jrlll\'11'11'l~l11J~1 1'11L11Ji'!J1.J I, D, E 
Q f V lj f I .,. I .:ol .._.. 

LL~~ H l.Jfl11'1l!Ji'l~n11i'l~mmrnL1>1n1111'1nU'1ll'l1'1l.Jll!J 

cl1r\'qj\'11'1l'lniii~L1i1120, 30, 45.L!'l~ 60 \l1Vl (P)0.05) 

(-OiU~ 1) LLl>i1'11Ll1lr!J)J E Ui'l~ H i'1fi1f'1l~i'l~n1rn~i'l1!J 
( .,j I Q .... o .., Q 

LLmm1'191nl'l'IL1>1m1.J I '1l1'11'11.Jll!Jl'l1fl(l.J\'IL1~15 LLl'l~ 10 

' ( .,, I ,,,j ..., o ..., ""'""' .:I 
Ui>Jnlil1'1nU'1ll'l1'11.JUl'll'l1fl(l.JV11'11'lrn>I \'1L1~1 30,45 LL~~ 

60 mV\ (P)0.05) ul>iumnl>i1'1nu1Jtl1'1i'.ll1mi1f1qJm'1 
' ' 

""'""' d ""' ~ .,,, l'ln1>1 \'1L1i'l1 3, 5, 10 Ui'l~ 20 \l11'1 '1l\l'1 l'l1L'1m1.J F 

LLl'l~ J i'.lf'i1f'1lt1i'l~mm~!'l1uu~nl>i1'191nmL~1u1.J 
1d..,o ... """"'"" d 

~1'11'11JU!JmflqJ\'11'11'lni>I \'IL1'il1 20, 30, 45, Ui'l~ 60 U1\'I 

(mL1>1r!JiJ F u1>1ni>\1,91nmLm1u1.J 1 '1ltl1,iJl1u'il1'1qJ 

.... ,.,) "" m'1~niii1>1'll'1li>lmm~l'l'1lu um1ul'l•~m i m\'1) 

1'11L'1r!Jl.J A U'i'I~ B i'.Jf'i1f'1l!J'il~n11\'l~i11!Jli.i 
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.: ••'<llil-:ifi1n1mlilniif~~r,i-:im•lilr\'.11JLl'ir®niium-1uAtl~l'l~1-:i 1 ~iJ1mV1lilMu mn-:iVI 

Disintegration time (t.11V1) 
~ 

\'.11\lilrnlJ 

2. 3 4 5 6 x ± S.D. 

A 7.75 11.70 17.25 17.38 17.50 26. 17 16.29 ± 6.25" 

B 15.00 15. 17 17.83 17.50 20.00 20.83 17.72 ± 2.40" 

c 2.42 3.08 3.33 3.58 3.83 4.17 3.40 ± 0.61 

D 2.LS 2.33 2.50 2.75 2.83 2.92 2.60 ± 0.28 

E 1.83 2.17 2.58 6.83 7.33 7.58 4.72 ± 2.79 

F 6.72 7.25 7.42 7.83 8.00 8.08 7.55 ± 0.52* 

H 2.03 2.25 2.78 3.02 3.37 4.13 2.93 ± 0.77 

I 2.38 3.08 3.25 4.12 4.33 4.83 3.67 ± 0.91 

J 2.08 2.30 2.85 3.32 3.i12 6.67 3.49 ± 1.67 

• U!iln~1-:i91n~i'.llil~ll 1 (um.Ju E) r,iti1-:iiluuci11'lqiV11-:i~iiiii (P ( 0 05) .. uliln~1-:i91mi'.llil~u 1 r,iti1-:iiluuci11'lqiV11-:i~iiiii (P < 0.05) 

I?:: .,; f I 

(P)0.05) Ulil\'1-:j A Ul'l~ B l.IA1n1rl'l~l'l·1\'.1Ulilnlil1Wln 

munru!J c ul'l~m•lilr\'.JIJ~u 1 r,iti1-:iiluu~1rTqiV11-:i~ii~ 

~-~l'l1~"-~ 10 \.11~\JLU \l®n91nd !.11\lilr\'.JIJ A, B 
' ' .., ,,.j ! 'V "" .,j' Q I 

Ul'l~ C ml.lmr®!.ll'l~mrl'l~m\'.JV1\1\'l1 45 \.11\'I mm1 

l'®!.ll'l~ 75 iii-:iJu !.11\lilr\'.JIJ A, B Ul'l~ c 9-:ili.l\.Jh 

mlilr~·1umrV11il~®umrl'l~l'l1m11J1J1!1~~1fumh~\.1f~-
~ ~ 

:S<i11!l!m 

Ll'i'®nii\tA!J dJumun\V11'il1il1r'flrn11u Ul'l~ 

mmrtl~lil~i!~V1iuNn'.11 phenylbutazone Ul'l~ 
tolmetin(9) u1N~tl'u~ur,i19V1u~r,im1'W1n~1m indome-• 
thacin Ul'l~ aspirin(io) !.11\lilrtJIJL\~rr,inii\tAIJ 'i"llu 

m~1'1iul'ii\.11'l1tJiif1\.1ci-:ibtlr~•V1AL\'1!.I 

®1mr Ul'l~ifoil enterohepatic recirculation Jl1u 

ll1\'.J\.1~-:ifutl1~V11u ~1i.mnliln9l'iU!.111u\~®lil !11\'.Jlu 

mu1u 1 -B"11m ''~'~iiium~"11il1w~·a!illTn•nlil~u . ' 
il1\'.J\.1~'1fuU1~\'11Ll!.11 2 - 5 i1l1J'i miJfhA1-:im!ilL'il~!J 
45 - 50 -B"~1J.1-:i(11. i2) u~LCr,i-:i91nmll'irnniiLtA1J 
ilfi1mrl'l~muJ.1~!Jiif~ (solubility) \ULlli"lil'ii~u~u'ilu 
mn (1 :1,000 - 1 : 10,000) 'fllilr1mrnlil~1J'i-:i~unu 

• 
'fllilnmmlilniif1 (i\'-:i disintegralion U'tl~ deaggrega-

tion 1-1"1® dispersion rates) Uil~'fllilnmrn~m\'.J~®-:i 

!.11Llil~tJIJ (dissolution rate) !.11\lil~!.ll.l~ilmrn~'tl1utl1 
ur,iumrn~ud \.11niJm,~liJJu1~1fu1i.ii1111r,i•a19iJlfqim 
L~mnumr~lil~l.I. bioavailabilityu'tl~ bioequivalency 



[i11'j'1-:JVi 2 rhn1jfl~'ii1t!"li'il-.ltl11W1'tln'iillF\l.JLLfltl~fl:~1'11 ~U1l.J1YIV'lfl'ilU1u~'1fl:1 1-60 u1Vl 

filUfl~~'il-.l011fl:~fl:1tl 

tl1blYl°1't.id-l l u1Yi J u1Vl s u1Vl 1 o u1Yl 20 u1Vl 

A 1.23 ± 1.26 1.34 ± 1.46 1.34 ± 1.46 1.72 ± 1.31. 2.28 ± 1.94. 

8 0.26 ± 0.17 0.26 ± 0.17 0.44 ± 0.22· ~.49 ± 0.06* 

c 0.83 ± 0.12 5.57 ± 7.43 15.59 ± 12.40 30.36 ± 7.78 41.42 ± 8.25 

D 0.67 ± 0.63 8.25 ± 7.94 44.56 ± 19.97 74.31 ± 17.46 97.47 ± 3.09 

E 2.84 ± 3.47 7 97 ± 4.83 27.57 ± 7.21 67.95 ± 9.08 90.98 ± 8.33 

F 0.74 ± 0.82 0.93 ± 1.02 3.61 ± 3.92 20.93 ± 8.54 76.02 ± 11.08 

H 6.13 ± 7 12 11.15 ± 12.80 32.00 ± 19.27 66.15 ± 13.16 91.30 ± 6.36 

I 0.41 ± 0.42 23.19 ± 17.84 59.72 ± 25.17 87.96 ± 1.98 97.67 ± 2.13 

J 1.98 ± 1.00 16.59 ± 14.77 45.45 ± 16.16 71.74 ± 14.49 86.97 ± 4.04 

;;;; lLVln~1..i"!1n'ililV'ltu 1 'flEl1..ii'.lUuri1rlryV11..iftti~ (~ P < 0.05) 

• 45 1..11Vl 30 'W1YI 

3.15 ± 2.24. 3.79 ± 2.09• 

2.54 ± 0.23• 4.30 ± o.a5· 

48.49 ± 8.52 54.05 ± 10.05• 

98.44 ± 2.07 98.74 ± 1.66 

94.99 ± 6.99 97.19 ± 7.40 
87.10 ± 6.15 92.49 ± 2.76 
94.70 ± 5.52 96.77 ± 2.93 
98.30 ± 1.84 98.30 ± 1.84 

89.39 ± 4.14 90.69 ± 3.39 

• 60 U1'VI 

4.50 ± 1.47. 

6.63 ± 1.07' 

61.91 ± 7.91' 

98.74 ± 1.66 

97.99 ± 7.55 

94.74 ± 3.02 

97.03 ± 2.43 

98.30 ± 1.84 

91.05 ± 3.27 

,... 
"' 
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B 
---A-

10 20 30 40 50 60 min 

iu~ nnWU\1"1,A1mrn~l'l18~®'mL!iiru1Jhmin:ULLii!JLlflU~l'l A, B, C, D, E, F, H, I LL'i1~ J 
'I-' " I J v "" i v 'I.I .J 
LllUu1~u11vi,mM1j1um1l'l~m8"111J USP 'll'!il'"'!Jn111'1~1'118®m'u'"m'"81'1~ 75 VIL~\'11 

d 
45 U1VI 

n•~V1ui>l'1l1J1~\1V1fiml'lm1frnnL'i1~!'11T®~l'loU1'W1m~'1l'i 
d ,. ' "" ' d " mL"1'81J.in '1ltrn1rn"111Jrnn1rn~'111rn'1l.:imL"1rnl-J1"11 

hk111A,n.:i bioavailability LLl'l~U•~iiVlfiml'l~'fl'm 

L"11u1J1ll1J1l1tl 111'" ®tl1,1111rnru1m1~ifolJu94'u~u 
" 

~-!11JJ1Lflti1oif'el'1~nJ.J1ni11u til-.'lJu n1'.l'1'1Vl~'elUV11t"11 
n1rn~'i11!JLU!11'l'tl'!ilVllil'i1'1l'111111m1~1'lli1V1un11V1"1ll'1lU 

mri1 bioavailability 'l!®'m1uAu1~( 13 ) n1'Vililll®U 

1 ut'1u if ,,j~ lJufjfi~~~'ill\il~~~\il~1~1fu'llra'1tJlLV1'1uinlu~ 
' " 

11r®1il'1ltl1,L, mw11ul-J~lJmn'fr>1Jm1>hfuhi~ LLl'l~ 
iluqJm1uL~'"'~'"'n1rn~l'l1um9lJr-il'ln•~V1u1tln,n11 
A"1~lJ~'1l'!n 1"1rn11l'l1~m1"1ru1Jt/1~UlV1~'1i'Mnm•"1"1~11 
' " 
~n91nvicil1u'1i'Mn~1~®'m'~~mu (dissolution rate-

limiting absorption) u'1lm1ndn9~lJl'l'i1m~V1u1tln' 
tl1~1iV11il'l'i1'1!'1l.:JmL!ilrrn< (efficacy) u'i1~m1®N'i1-ii1~m 

.::I 'V I ">I .,; I .,; 

~'1l,U1l"1'8lJm!J l'l!UV1lil!Jl1118'11U11 U1lM•!Jl1\11'11!J 

~u 1ulii'1l 1 t1d1 il'~l'l ni•fn1'l111'111111'l~11r'1lilr-il'l-ii1"~m 
1i'i1J~u1ri'1l111'1'll1>hfuflm1~r>1Jm1!1~ Wli1ri digoxin, 

tolbutamide, prednisone, chloramphenicol, nitro­

furantoin, oxytelracycline, tetracycline, griseoful-
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vin,spironolactone, warfarin LL'il~!J1~1>1mm1'elm11u 

~hrt'li11L111'111'1luv1 (NSAID) Luu"11P 'l 

USP XXll ri1i,,u111~1 !J1Ll>irrn.Jlri1'1Jn'iiLll'llJ 

Lll'lU~'il ~L'1i1m1>11j1U i>l11JLJli•m>11frn'1l,'il1.lfj'11LIJ1m 

i'f'1l,i'.Jm1'il~i111JLu'i11rn~i111Jm1>1Lnihi (simulated 

gastric fluid TS without pepsin) '1lU1'1J'11!J 75% 

mu1u 45 mVi Lil'1l1-l'll'l1'1l,iJm11>1'il'1l1Jn11i1~i11m11J 

USP LL1J1J~ 1 LLi1~1i\'i,,i.;uii\'1u J'fl11JL~1 50 rprrl/, •) 

91nCJi1mrn1>1MJ1Jn11LL1>1nii11 LLi1~mrn~'il1!J 
<=I !: ..., I ... ..,j I 

~'1l,mL1>1m1JlN 9 'llUl>I Yirn1mL1>111J1J A LLi1~ B 1Jm 

mm1>1nii11-l'1~11111 A'11 16.29 ± 6.2 5 LL'<'l~ 17.72 ± 2.4 
' 

mVi11111Jli1iilu (1>11n'Vi l) ~'LL1>1n11h,91nmL1>1i'u1J 
"'l ... .,g... .... l q,... 0..... - ... 

'1lU 1 'VlL1.li1'11'11n 7 'llUl>I '11!J1,IJU!J'il11'H1J'Vl1''il~i>l!J1Li>lmlJ 

A LL'<'l~ B ET''<'l~'<'l11JIY'1luVi111111i\'1u A'11 LYlm 3.79 ± 
' 

2. og:o;, LL'<'l~ 4.30±o.85%1>111Jli1iilu ViL1'<'l1 45 mVi 

(mn'~ 2) (pj~ 1) i1'i1u !J1L1>1i'!J1J A LL'<'l~ B 9, 
hH1m1>1•j1U~'1l,LJli'll1>hfu~'1J,'i11'1fj'1lL1J1m LL'<'l~ 

n'1l~1 hlL '1i1m1>11j1U~'1l' L 'Vl!Jli11m ti'11,91niJ1~L 'VlML'Vl!J 

H mi'll1>hfu~'1l,'ilttfj'1IL1J1m,11ttn'll'1l1ru1~m LL'<'l~ 

~hiJL\'.luttin 

'il1L\.l"l~"111i\' !JlLi>li'!JIJ A LL'<'l~ B i'.1mm1>1n1ib 
'1 l<ol - ... «:( 

LL'<'l~mrn~mm1J1>1 '1119Ln1>191nmL1>1m1J A LL'<'l~ B 1J 

~1>1whfu (formulation) 1i.Wi (L'liiihin tt'1'1li'.1'il1n~1J 
mm1>1nii11~1i1Lttm~<11J) ~'9~Lihi1ii\'~1nm1~ri'm 
mu11JLll'lU~'<'lLUUn'1l'ULL-il' ttmu LL'<'l~LiJ11J1L'illJ'1l 
v111il'mL111rurn1>1niil1-ihmn LLi1~Lri'1l'Vl1>1<1'1lrnm1'<'l~'<'l11J • 
nl'i1J~1 Lri'1li°U~l>ln11Vlli1'<'l'11' ( 60 mVi) !J1L1>1r1J1Jif,~1J 

' ' ,,. ~ il 'II ... ... .... 0 

LuUn'1lUL\.l'<'l'11'11~ u111~nn mn1mL1>111J1J1Jm1'<'l~'<'l1u1111 

mn'1l19Ln11191nm1Yirnn'iiLLA1J '1l~1uiu~1il'<'l~'<'l11J 
(L'ilu bnl base ttl1'1ln1111) ttli'11 '11>1~<'iu1m'1ln'iiLll'llJ . ' 
i'.JA111J1J1~'VlifliJLVhnu ttli'11i'.J excipients ~U 1 mu 

mJ1,Lttclmm1'<'l~mu1i\'-l'1'<'l,ttli'1lLn1>191mrnummli1>1 
hJ~ 

Thai J Pharmacol Vol .11,1989 

..iv ~ !::" 
m'11!Ji1~~'1l,m•'<'l~i11u1111iiu ET'm9Ln11191nm11JLuu 

1iJ1mlu 1:am'liu milA111JA,iil1~1 ttli'1l'ilmuii11 i,,li'11 

L~'111J~ruml'i ttli'1lmmrum1u1>hfuJu~1n~1 ttli'1l 

1il1>11'fl1J~LL~,1.Jttli'1l~l'n19~LU'U ,,,1'11Ln1>191nfii1>1'1JU 
"'> .J di a '1 ~ di I\ I 'I-' m1CJi11'1, m1~u·.,tt1'1ln-mnrn1J111 tt1'11L1JL~1m1>11~1ii 

u 

"1,Jiimni1n·u:j~u~'111u+1 mwirm.J1 m'1ln'iiuA1J 

'Vln'llil111~i11m'Vl1>1'il'1l,i1ii i'.1mmrum'1l•ilum1>11'1ii 
' • u 

ool.~ I .:ol V'1'11 dj 

1Junnrum1~m1' 92.5 · 107.5% ~'11,'VlLL9"1 A'11 10 

il'lllinfaJ ttli'1l1il 
' ' 

mL1>1ru1J c i'.1mm1>1nii11Viii\ (111111,Vi 1) u~m• 

'il~muET,1il'1'1luiil ncl11A'1l ~L1!l1 45 ii1Vi tti,91m~l.J 
'Vl~M1u mL1>1ru1J c i'.1i''11ui1~mrn~i11rnY/u, 54.o5 ± 

l0.05%LVhJu (111111'~ 2) !JlLl>li'!JIJ C ~,1;JL'1f1 
m1111~1u~'1l,mi'll"11fu'llttf~'1lL1Ji-mL'liunii u9~11ttli'1l 

~ ~ 

'il1L\.l"l~1, 1 zj,'1l19LUU1iJ1"1'~v111!l'mLi>lr!JIJ c 1iJL'1i1 

1J11111~1u~-uii'll"11fu11ttf~'11Ll.ffn1iJ19~Li'.liiL'liuL~mnu 
~ ~ 

mL1>1ru1J A LLi1~ B 1111rn'ilri1~1Jth,ri,111m~91nm1 
1'11'1JmJJhfu ~if,hJ~rill 

mL~r!JIJ D, E, H, I, J i'.Jmm1>1nii11V\ii\ri'111 nu 
• v 

numL1>1r1J1J C mL1>1r!J1JVl' 6 'llil111il (C, D, E, H, I, J) 

i'.1mm~niil1miJu1>1n~1'1~tt~1,nii1JtJ1,iJiJmhlC1Jm' 
11ni>i mL1>1i'u1J F i'.1mm1>1n"11~-l'1'<'l'L~nurem (7.5 5 ± 

~) I °"'~ ""'(" o.s2 'U1'Vl LL'il~•L1>1n1>11,~1nmL1>111Jl.JllU 1 ljnm um1u 

1n~ru1J E) '1Jtl1.;l'.hruihrl'C1Jm'11ni>i llth,hil1111l.J 
' 

!J1Li>lr!JIJ D, E, F, H, I, J i'.1m1i1~'<'l1!JViL'1i1m~•:i1u 
• v 

~'1l,Lni'l1"11fu<1ttf:l'1lLl-il'n1V1,iiii 
' ' 

.,;i .F.:! "" ! v "" "" 
LIJ'11LU1!J1JL'Vl!JUA11'1l!J'<'l~n11'il~'<'l1!J'VJL1'il1 45 'U1'Vl 

' . 
~'1l,!J1Li>lr!Jl.JLW1'11n'iiLll'llJLll'lU'lli1 Vii11m'VJ1>1~'111JVl' 9 • 
'llUl>l LU 'Vl1,'il ni>i Yi1J11jl11J1rnLLU"1J1Li>11m.1'1l'1J n 1"1'L i'.lu 

3 ncl1JA'11 ncllJ~ 1 1"1'url !J1Ll'lr!JIJ I D E H ( riJ~ l) 
' ' . J. ,,,; I V ,,,; ?;::: """ _;;; 

'!'1Jm1'11!Ji1~n11i1~!l1!J'il,~l>I !J1Li>l1!JIJ'Vl' 4 '!Ul>l'U 
" ' 



vrn11lii>i1urhf'1l1m~n1rn~'il1rnLlliw>1nlli1"numL1>1rmJ 

Vlll-\~'1liill 1 (F, J, A, B, C) '1lU1"iliJu'ii1l'lC)JVrnlllii>i 

' ' o I I I I I .:,( I <>I ...- o .., 

mm1nlj1JllmLL1>1~"m1 n~IJVI 3 '1lm"1Jll!lll1AC\JVl1" 

11lii>i llAtl1lW!JUVJ!JU111!JLllntjlJ !Hl>ir!JIJ F LL'il~ 

J 1iJ!ii1"nll ntjlJ~ 31ilfllrl mU>lr!llJ A, B ll'il~ C 

(ltl~ 1) li'.Juntj1J~rhf'1l!J'il~mrn~mu~1~~fi1 LL'il~ 
' l ._, I Q I cl.., o .., ""'"" 

u1>1nm"nun~1JV1 1 LL'il~ 2 '1lm"1Jll!Jl\1AC)Jmnm"11n1>1 

mi 1Jdilr11n1rn~ 'il1Uifo hh ,;11J 11>11~1uL.n« 'lllii1fuu iA" . ~ 

> > 

11i1f:J'1lL1Jrm1'1"iiu 

lii1fu111.Jf;J'1lL1Jrm 3 'llilfi1 ~'1l mL1>1rmJ A, B LL'il~ 

C mLl>ir!JlJ~" 9 'llUfi19~iJA11lJLL!>in!il1"nll11JLL~'il'1l" 
bioavailabilltyLL'il~therapeutic efficacy1.JT'1l 1iJ 9~ilf'1l" 

·,hmTVlfi1'il'1l"'l9ulli'1l1tiwn1~illf99utu 1 ~n1.Jmu'1l!l1" 
..Jc1 I ""' ~ (15) ' 
V11J~'il1>1'1lmT~l>i'il1Jmll'1lrn1.Jll'1l91nmT'il~'il1!J l'llll 

'llll1ri1'1llf11A ~"Li\n~"il~uvh11mt'il~'il11Jmn), i\'niotru~ 
~~n. m1L1>1rmJ~1frn'il~mmii1>1, illmruu!l~1h~uiV1 

"ll'fl-l®1'lrt11~f1JiJ1~VJ1u Wii1rwJ1~~i.J, n11Uu~11 
'il'MnT~Lw1~1i1111 (gastric emptying time LL'il~ 

intestinal transit time) (zj"'lJu stirring effect), m 

~u~futl1~V11u~11Jili1u, rmullumfi1 · ~1" '11'1l'I 

V11"li>'ill!l11.J1T, LLUAViLr!JL\lV11"li>'ill'1l1\.J1T, illmrul~'1l(i) 

~mLil'u", h~i;\1" 1 '11'1l"Vl1"li>'iU!l1\.J1T, mT11.J!l'il'1l"J1iii, 

first-pass metabolism (l'lill lm>Tu ~ir"li1111' LL'il~ 

;iiuV1ru1 uvrnLi>'ium1.J11) LL'il~Lllliwi'llilfi1'11'1l"ml '1l"~"J'u 

'11Llluili''1l"Yhm1V1fi11\'1lU~ bioavailability '11'1l"m1u in 

vivo Lfi1!Jl'ilW1~'11U1"~"1uAlllli'1l1ti 
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1hlli1Uflru. c'.Vi9rn'1l'll'1lUAru A,ru®m1f1>1u ii.n61>1 • • • 
~1illmru1Yl1Jrfiliu'iluu LL'il~ Aru'loifu • • 
il!l'1l!Ju!il ~1ill'li1u~1u1ru1.J1V11"11lii>i 
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2. DesjardinsPJ.Analgesic efficacy of 
piroxicam in postoperative dental pain. 
Am J Med 1988; 84 (5A): 35 • 41. 

3. Brogden RN, Heel RC, Speight TM et al. 
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Pharmacological Practices and Needs of the Dentists 
Graduated from Mahido! University 

Chavengkiat Saengsirinavin 
Department of Pharmacology, Faculty of Dentistry 
Mahidol University, Bangkok 10400, Thailand 

Abstract 

Five hundred and twelve questionnaires were distributed to the dentists 

graduated from Mahidol University in order to get the feedback information relating 

to their pharmacological practices and needs. The total number of responses 

were 183 (35.74%). Most of the dentists (94.5%) have been applying pharmacological 

knowledge in their profession. Majority of them (70.52 % ) occasionally encountered to 

problems in the drugs prescriptions. The drugs that have been used frequently included 

local anesthetics, analgesics and antibiotics. Most of the dentists (90.64%) would 

like to obtain current information and continuing education in clinical pharmacology. 

According to these results, it is tempting to suggest that the pharmacology curriculum 

at the Dental Scho<?I of Mahidol University be adjusted to fulfil the needs of the 

dentists in their professional practi~as. 
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Effect of Paraquat on Skeletal Contractile Responses 
in Albino Rats 

Chaiyong Rujjanawale and Amphawan Apisariyakul 

Department of Pharmacology, Faculty of Medicine, Chiang Mai University. 

Paraquat, a member of the group of 

compounds designated quaternary bipyridyls, 

is a widely used herbicide. It is also quite 

toxic to man and animals. Paraquat dichloride 

is a quaternary ammonium salt which is 
hygroscopic, nonvolatile and extremely soluble 
in water.(1

) It can be reduced to a stable 

radical cation by a one-electron transfer 

process and this property of paraquat is 
believed to contribute to its herbicidal 

activity.(2
) Since the discovery of its phytotoxic 

property in 1950s, paraquat has become 

widely used as a herbicide. It rapidly desicates 

all green plant tissues with which it comes 
in contact. Paraquat which is available to 

farmers in Thailand is marketed in the form 

of concentrated aqueous solution under the 
® ® 

name Gmmoxone , Comtiowne 

Paraquat intoxication may occur 

accidentally or suicidally. In both cases, 

ingestion of concentrated paraquat solution 

causes damages to many organs but the most 

fatal effect is in the lung. The relation between 
paraquat concentration in the lung and the 
degree of its toxicity was demonstrated in 
rats.(3) Studies of lung tissue with electron 

microscope after a single oral dose of 

paraquat indicated that the first discernible 

changes were pulmonary edema, swelling of 
the epithelium and increase in collagen.(4

) 

The mechanism underlying lurig toxicity 
caused by paraquat was proposed to be lipid 

peroxidation in pulmonary tissue.(5
) 

The initial symptoms of paraquat 

poisoning in man include burning of the mouth 
and throat followed often by nausea and 
vomiting.(B, 7l Paraquat may directly elicit 

contraction of the gastrointestinal smooth 
muscle or skeletal muscle, but these effects 

have not been confirmed in experimental 
models. Van den Heede(B) reported that a male 

patient who ingested an alcoholic drink, 
. ' ® 

containing Gramoxone showed an extreme 

dyspnoea, and died, and the high paraquat 
concentrations were expected to be found in 

all tissues of visceral organs. Further, it has 

been .shown that paraquat was to be toxic in 
the lung mainly through the mechanism of 

inhibition of acetylcholinesterase, it must be 

assumed that the compound is concerctrated 
100-fold in a compartment containing 
acetylcholinesterase. 19) 

The purpose of this study is to examine 
the toxic effect of paraquat on skeletal 

contractile responses. Experiments were 
carried out both in vivo and in vitro 

preparations in order to study the effects of 

paraquat on neuromuscular junction in rats. 

MATERIALS AND METHODS 

Experimental animals 

Albino rats of either sex weighing about 
150-300 grams we.re used in this investigation 

both in vitro and in vivo experiments. The 

method was based on modification of the 
technique of BOlbring110l and Apisariyaku1.l11 l 

The resting tension of the hemidiaphragm was 
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2 g. Isometric recordings were measured by 

a Grass 79D polygraph (Grass Instrument Co., 
Quincy, Mass., U.S.A.). The preparation 

was left in the tissue bath for 30 minutes 
to reach equilibrium before the experiment 
commenced. 

Single repeated supramaximal nerve 
stimulation 

Nerve stimulation was elicited by 
rectangular pulses of supramaximal voltage 

of 0.6 msec duration and at a frequency 
of O 4 Hz. 

Train-of-four nerve stimulation 

A short train of four supramaximal 
electrical stimuli was applied to the phrenic 

nerve at a frequency of 2 Hz. The duration of 
each rectangular pulse was 0.6 msec. Each 
train was repeated every 20 seconds. 

c 

• paraquat 

10 ag/kg aln 

• paraquat 10 

20 ag/kg aln 

• paraquat 

40 mg/kg 

10 

11in 

10 

•ln 
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Drug administration into the tissue bath 
Muscle twitch in response to single 

repeated stimulation or train-of-four 
stimulation was recorded before and after 

ad61ng the drug into the tissue bath. The 

preparation was washed three times with 
Krebs' solution and left 30 minutes before 

starting the next experiment. 

Determination of acetylcholinesterase 

activity in the presence of Paraquat 
This experiment was performed to study 

the effect of paraquat on acetylcholinesterase 
activity in vitro. The reference drug which was 

treated in the same way as paraquat was 
neostigmine, a reversible cholinesterase 

inhibitor. The colorimetric method used was 
as described by Augustinsson et al.(12

) with 

some modification. 

30 

min 

30 

min 

30 

min 
tgL 

!min 

Figure 1 The effect of paraquat on neurally-evoked twitch in ra sciatic 

nerve-gastrocnemius preparation, in situ. 
A Paraquat 10 mg/kg body weight produced a slight potentiation of the 

neurally-evoked twitch. 

B Paraquat 20 mg/kg body weight produced !v,1tch poteritiation followed 
by twitch depression. 

C Paraquat 40 mg/kg body weight produced twitch potentiation followed 

by complete neuromuscular blockade 



RESULTS 

The results of the effect of paraquat on 

skeletal muscle contraction were divided 

into 3 parts as follows: 

The ellect of paraquat on neurally-evoked 
twitch 

In the isolated rat phrenic nerve­

hemidiaphragm preparation, paraquat in the 
doses of 1.00 x 10- 3 M, 025 x 10-2 M, 

and 1.00 x 10-2 M caused twitch depression 

18.5 ± 2.7, 47.1 ± 12.4, and 82.4 ± 12.2 

per cent respectively. 

The effect of paraquat on neurally-Bvoked 

twitch in rat sciatic nerve-gastrocnemius 

preparation was shown in Figure 1. It was 

found that paraquat in the doses of 10, 20, and 

40 mg/kg body weight produced a slight 

potentiation of the neurally-evoked twitch. This 
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twitch potentiation was followed by a gradual 

twitch depression when the doses of paraquat 

were 20 and 40 mg/kg body weiaht. Pa·qquat 

in the dose of 40 mg/kg body weight produced 

a complete neuromuscular blockade within 
20 minutes. 

Paraquat in 1he doses of 1.00 x 10-3 

M, 0.25 x 10-2 M, and 1.00 x 10- 2 M did 

not produce depression of the directly-evoked 

twitch of the isolated rat hemidiaphragm 

preparation (data not shown). 

The effect of paraquat on the nerve 

action potentia' was studied in the isolated rat 

sciatic nerve preparation. The per cent 

amplitude of the·actior, potential in isolated rat 

sciatic nerve preparation after 10 and 20 

minutes of paraquat administration was not 

significantly different from control (fable 1) 

Table 1 Effect of paraquat on the nerve action potential of isolated rat sciatic nerve 

preparation, determined 10 and 20 minutes after paraquat administration 

Dose of 

paraquat 

[M] 

Per cent amplitude of nerve action potential 

(mean ± S.E.M., n = 6) 

O (control) 

1.00 x 10-3 

0.25 x 10-2 

1.00 x 10-2 

10 minutes 

after paraquat 

95.2 ± 4.0 

92.0 ± 13.2 

81.0 ± 15.9 

96.2 ± 5.9 

The effect of paraquat on muscle twitch 

procuced by train-of lour nerve stimulation 

The train-of-four nerve stimulation 

was applied to the isolated rat phrenic 

nerve-hemidiaphragm preparation in order to 

examine the effect of a drug on presynaptic site 

of the neuromuscular junction. In this study 

it was found that paraquat in the doses of 

20 minutes 

after paraq~1at 

93.1 ± 4.2 

91.3 ± 12'.8 

80.0 ± 16.1 

91.9 ± 4.3 

1.00 x 10- 3 M, 0.25 x 10-2 M did net 

produce a train-of-four fade while d-tubocurarine 

in the dose of 1.00 x 10- 6 M markedly 

produced a train-of-four fade as shown in 

Figure 2. In the rat sciatic nerve-gastrocnemius 

preparation, in situ, paraquat in the doses of 

10, 20, and 40 mg/kg body weight did not 

produce a train-of-four fade. 
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Figure 2 Comparison of the effect of paraquat and d-tubocurarine on muscle twitch 

produced by train-of-four nerve stimulation in isolated rat phrenic 
nerve-hemidiaphragm preparation. 
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Figure 3 The effect of paraquat on rat denervated gastrocnemius preparation, in situ. 

The effect of paraquat on denervated muscle 

The left gastrocnemius muscle of the rat 

was denervated by aseptic technique. After 20 
days of denervation, the set up four recording 

muscle contraction in situ was performed. 

Paraquat was injected via the right femoral 

artery and the contractile response of the left 

gastrocnemius muscle was observed. It was 

found that paraquat in the doses of 10, 20, and 

40 mg/kg body weight produced fasciculation 

of the denervated muscle as shown by the 

tracings in Figure 3. The fasciculation 

produced by paraquat in the doses of 20 and 

40 mg/kg body weight was more prominent 

that that produced by paraquat in the dose of 

10 mg/kg body weight. 

The effect of paraquat on acetylcholinesterase 
activity 

Acetylcholinesterase activity in the 

presence of paraquat was assayed invitro 

by the colorimetric method. It was found 
that paraquat in the dose range 10- 10 M 

to 10-3 M could not inhibit the activity of 

acetylcholinesterase enzyme more than 8 

per cent while neostigmine markedly inhibited 

the enzyme activity (Figure 4). 
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Figure 4 Comparison of the effect of paraquat and neostigmine on 

acetylcholinesterase activity 
[] : paraquat 
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DISCUSSION 

The classical view of physiology of 
neuromuscular transmission holds that 
transmitter acetylcholine is released from the 
nerve endings by nerve impulses, and it acts 
on the postjunctional membrane of the motor 
endplate to set in action the chain of events 
that leads to muscle contractionP 3l 

According to this view, when extended to 
pharmacology, there are two possible sites 
within the neuromuscular junction where a 
neuromuscular blocker can act. They are 
prejunctional site and post junctional site. 
Blocking of the prejunctional s'1te results 

in diminishing of acetylcholine output and 
thereby produces neuromuscular depression. 
Blocking of the postjunctional site interupts 
neuromuscular transmission and results 
in depression of the muscle twitch. 

Neuromuscular blocking action at the 
postjunctional site can be clasified into 
two types. They are non-depolarizing block 
and depolarizing block. In brief, non 
depolarizing agent acts by combining with 
the cholinergic receptor sites at the 

postjunctional membrane and thereby blocks 
competitively the transmitter action of 
acetylcholine. Depolarizing agent acts by 
depolarizing the postjunctional membrane and 
making it unexcitable by depolarized blockers. 

In this study, the method of "train-of-four" 

nerve stimulation was applied to the isolated 
rat phrenic nerve hemidiaphragm preparation 
and rat sc·1atic nerve-gastrocnem·1us preparation 

in situ in order to postulate the site of action 
of paraquat within the neuromuscular junction. 
This method is helpful in distinguishing 
between depolarizing and non-depolarizing 
drugs. In brief, the train-of-four nerve 



stimulation utilizes a short train of 
supramaximal stimuli applied to the motor 

nerve at a frequency of 2 Hz. The amplitude 

of the neurally-evoked twitch is recorded. 

The ratio of the amplitude of the fourth twitch 

to the amplitude of the first twitch in the same 

train indicates the degree of non-depolarizing 
block. During a non-depolarizing block this 

ratio is reduced and inversely proportional to 
the degree of neuromuscular block. During a 
depolarizing block, all twitch heights are 

ideally equal, or in other words, no train-of-four 

fade occurs. 
The mechanism underlying the train­

of-four fade was considered to be primarily a 
prejunctional phenomenon.(14l Lee et al.(15

) 

demonstrated that the powerful postjunctional 
receptor blocker alpha-bungarotoxin did not 

produce train-of-four fade although it produced 
marked tensiorl depression. This suggested 
that the train-of-four fade resulted from a 

different action to that which produced peak 

tension depression. 
Miyamoto(1B) reported that nicotinic 

chlinergic receptors are present on motor 

nerve endings as well as on the postjunctional 
membrane of the motor endplate. Blaber(17l 
showed that "decamethonium", a depolarizing 

agent, acted on motor nerve endings to 
increase the mobilization of acetylcholine 

transmitter from the reserve to the readily 
releasable store and this action was blocked 

by d-tubocurarine. This finding led to the 
postulation that blocking of the prejtrnctional 

chlinergic receptors impaired the mibilization 
of the transmitter so that the train-of-four fade 
was produced.'18) 

In the present study, paraquat produced 
no train-of-four fade both in vitro and in 

vivo experiments. This suggested that 
paraquat had no prejunctional effect in 
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blocking neurotransmitter release and the 
neuromuscular block produced by paraquat 

might be a depolarizing type. 
Alternatively, depolarizing of the 

postjunctional membrane of the motor 

endplate can be demonstrated by means of 
denervated muscle. It is known that 

chronically denervated skeletal muscle is over 

excitable to acetylcholine and some other 
chemical agents.'19) In this study, paraquat 

produced a dose-related fasciculati9n in 
chronically denervated rat gastrocnemius 
muscle. This finding supported the suggestion 

that the depression action of paraquat on 
neuromuscular transmission may be due to 
depolarization at the postjunctional membrane. 

Brown and Maling(2
0) reported that 

acetylcholinesterase activity of rat lung was 
inhibited by paraquat. In this study, paraquat 

did not inhibit acetylcholinesterase activity. 
This result agrees with the finding of Kohen 
and Chevion(21 l who reported that 

acetylcholinesterase activity was not inhibited 

by paraquat. Thus, it might be suggested that 

the neuromuscular depression produced by 
paraquat may be due to its depolarizing action 

at the oostjunctional membrane rather than its 

anticholinesterase action. 

REFERENCES : 
1. Windholz M. The Merck Index, 1oth edi­

tion, New Jersey: Merck & Co Inc., 1983. 
2. Ledwith A. Electron transfer reactions 

of paraquat. in: Autor AP.Biochemical 
Mechanisms of Paraqua!Toxicity. New 
York, Academic Press 1977,pp. 21-37. 

3. sharp cw, Ottolenghi A, Posner HS. _Co r­
ation of paraquat taxicity with tissue 
concentrations and weight loss of the rat. 
Toxicol Appl Pharmacol 1972; 22: 241 -
51. 



32 

4. Kimbrough RD and Gaines TB. Toxicity 
of paraquat to rats and its effects on rat 
lungs. Toxicol Appl Pharmacol 1970; 17: 
679-690. 

5. Bus JS, Gagen SZ, Olgard M and Gibsor 
JE. A mechanism of paraquat toxicity in 
mice and rats. Toxicol Appl Pharmacol 
1976 35: 501-513. 

6. Bullivant, C.M., Accidental poisoning by 
paraquat : report of two cases in man.l'lr 
Med J 1966 ; 1 : 1272-1273. 

7. Matthew H, Logan A, Woodruff M F A 
and Heard B. Paraquat poisoning lung 
transplantation. Brit Med J 1968; 3: 759 
-763. 

8. M. Van den Heede J, Cordonnier L, Van 
Bever and Heyndrickx A. Routine metho· 
dology for the toxicological determination 
paraquat in case oi Gramoxone poisoning 
in man. Med Fae Landbouww Rijksuiv 

Gent, 47/1, 1982 
9. Brandenbu rge E A and Malin H M. Effect 

of paraquat and related herbicides on 
acetylcholinesterase of rat lung.Biochem 
Pharmacol 1980 , 29 : 465-466. 

10. Bulbring E. Observation on the isolated 
phrenic-nerve diaphragm preparation of 
the rat.Brit J Pharmacol 1946; 1: 38. 

11. Apisariyakul AC. Pharmacology of Neu­
romuscular Synapse.Department of Pharma 
cology, Faculty of Medicine, Chiang Mai 
University 1984. 

12. Augustinsson KB. Clinica Chim Acta 89, 
239-252,1978. 

13. Taylor P. Neuromuscular blocking agents. 
·1n: Goodman LS and G'ilman A The Ph­
armacological Basis of Therapeutics, 
7th edition, New York: Macmillan Publ­
ishing Company, 1985. 

Thai J Pharmacol Vol.11,1989 

14. Bowman WC, Gibb AJ and Marshall JG. 
Prejunctional and postjunctional effects 
of"v'ecuronium : in Clinical Experiences 
with Norcuron., Amsterdam : Excerpta 
Medica, 1983. 

15. Lee CC and Katz RL. Characteristics of 
non-deporalizing neuromuscular block 
post-junctional block by alpha-bungaro­
toxin. Can Anest Soc J 1977 ; 24: 212. 

16. Miyamoto M. The actions of cholinergic 
drugs on motor nerve terminals. Phar­
macol Rev 1978 ; 29 : 221. 

17. Blaber LC. The effect of facilitatory ac­
tion of decamethonium on the storage 
and release of transmitter at the neu­
romuscular junction in the cat. J Phar­
macol Exp Ther 1970; 175: 664-672. 

18. Bowman WC. Prejunctional and 
postjunctional cholinoceptors 
at the neuromuscular junction. 
Anesth Anal 1980;59:935-943. 

19. Eyzaguirre C and Fidone SJ. Physiology 
of the Nervous System, Year Book Med· 
ical Publishers Incorporated, 1975. 

20. Brown EA Band Mailing HM. Effects of 
paraquat and related herbicides on ace­
tylcholinesterase of rat lung. Biochem 
Pharmacol 1980; 29: 465-466. 

21. Kohen Rand Chevion M. Paraquat toxicity 
is enhanced by iron and reduced by des­
ferrioxamine in laboratory mice. Biochem 
Pharmacol 1985; 34: 1841-1843. 



33 

Teicoplanin : .. 
ti '1 m '1 'U. b ii eUL 'I.I fl <Vi b fill n i 3J 'I.I 'Jn 'll 'U. '1 'U. L \'13.i 

I! i91l 'Ii '5 :u a i91l 'llmi ru. 'Iii 

:111fl '5n1111 Rl'l '5'11111 fl ru.: u. 'W '11111'11 lilfl liiilifi1'!1'W111'1.11 a 

b·h1ih1il~rhum 1ili'i1mr:'ic.\'v W[i!J\J1 LLl'l~ 
~ii111mili'1u;~~v;1mJ 1~um1-1~1rn1J1ul 1 1 ~~11'1[\!1 
1• ' 111un 

1. !111untjlJbeta-lactams L'liu aztreonam 
' . ' 

;i,i:Ji.Jrdv'llu1un1rfmn1rnii111L ~'1lvhmLN 1111v 
' 

Vill11~'1lU1'~'91m~'1lUUAVlL1mflJ~u~Lnli\~\j1\j1 ,, 
V<!J1U1~12 1 (nosocomial infection); imipenem 

(N-formimidoyl thienamycin) !J1ili'1u9~~v;~ll 
' 

~VI iA r'ilUA ~ lJL ~'il n.J1,u~ ~ i"ltlr~ 1 !J'iiu1 umrf mn 

Jl11~n 1 riillilL ~-'ilrtiUN~U" 1i.Jvinrn11L \.111\U ti i111( 3) 
' ' 

2. !111un~l.J quinolone compounds L'liu 
' 

norfloxacin, ofloxacin, ciprofloxacin, pefloxacin 

u~~ enoxacin ~"\J'1lm1m~i"11h~1!J'JIU~1\.1fUn11o 

fm·ntrAiil1>1L~'1l'll'1l"V1ni>iulf~~11~u~~viniiiu'1l1mr 
d'/um~·m,1\"1 !T,Hfni:t1hAi>i111L~'1l91m~'1lnflrnu~ 
Ln1111u1Nvm1m~1ili'L'liurfo( 4 l 

3. !11Luntjl.J macrolides 'llU1u11-1i.J A'il 

roxith romycin zj,i"J1,~vi€'11uL~'1lU~~.Ji'1l11"1-l'L 'liu 
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.... .! ~ '<'!l'V l<;''V 

1J']l'lnW111 nu vancomycin m!lii1'11Um1L\'lnU!lU 

l~!l group JK diphtheroids ii11oi'1J vancomycin 

mnn<l1 teicoplanin 

\11i,,frn~'11 MRSA (methicillin-resistant S. 

aureus) m teicoplanin ilqY1t~'1Jun<l1 fusidic 

acid( 1•) LL\'I:: rifampicin(2o) uoiL1'1U!l-n<l1 

vancomycin, flucloxacillln ll\'I!: nafcillin 

A1 MBC 'll!l" teicoplanin oim~!l~1u1mi) 
q::mnn<l1~1 MIC 1.ir::mru 2-4 Lvi1(1o) um•l'u 

\{1i,,frn~!l pneumococci ~"'11 MBC ~,n<J1 MIC 

4-16 Lvl1 LL\'l::\{1i,,frn~'1I enterococci LL\'I:: listeria 

zj,'11 MBC ~,n<J1 MIC mnn<l1 16 Lvi1~u'tl.i ~" 
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li'1l<l1 teicoplanin 't:i.lilql'ltLuu bactericidal . . 
Q ..... .:II ,,... """' 

\'11,,,1Ul 'llll<l!J"f;1nWi'HU 

II 11'1fum11un1 r n1f !ilL ~'1l 1 wil !ill~ '1l !il'1111'11!l" 

teicoplanin !T"il'1i!lililLltJ'r'iu'1lti Carper ll\'l::Aru:: 
' . . 

' Q'l fq I .:II 1 o nu"1u11 mu 1J1Je.J\'l!il'1lL 'll!l S. au re us ULIJ!il 

L~!llil'1111 LmuuLi'luur'iu rifampicin zj,1.n~e.1\'1121 

1u'11ru::~ William LL\'I:: Gruneberg n~11<l1md 
llmnon1JL'1i1~ phagocytic cells 'lillii 

' 
1uLL4'11'1l' inoculum effect Neu LL\'I:: Lab-

• 
h ' 4 t avikul v;rn1L'll!l S. aureus ll\'I:: S. epidermidis 

ii inoculum effect ITT'1l'Jl'lt'll<rH teicoplanin(12) 

Greenwood LL\'l::Aru::nm1u~1 teicoplanin ii 
fnoculum effect mnn<l1 vancomycin( 111 

1u'11ru::~ WilUam ll\'I:: Gruneberg v;u<J1 

inoculum size ile.i\'loi!l inhibitory concentration 

'1/!M teicoplanin LYIU"L~ntl''1Ju! 10) 

L~mr'ium1Hffi1Jr'iumu5~11u::~u 1 e.i\'lmr 

~n~1tT'1ii;)UU'1rlti'flclL~'Wil'W n~1'1f1'fln111i tei-
' 

coplanin i11Jnu rifampicin e.J\'l~'li>\';'.J..\', syner-

gistic( 20) i,,1'1l additive(23) n11J 't:i.io\1,,.1nmr Hf 

m'llil!iiL~m(24) Ld!l1il'i11Jnu gentamicin 1'1~'1l to-
..... l'V tJ<V'V""I 

bramycrn lJrl!l·:nUA'1JU'll1'\'1'1l!ilA\'1'1l·1nUU1' A'1l 

!11u1my'v;u<l1ile.ircul'li'1JqY1tnu LLoinil'1im!iino\1,11i111J 

'llU!il'll'11"L~'1l~~ntt1~1u n~11~!l~l'l synergistic 

q::Ln!il~unrn~!l S. aureus LL\'I:: s. epidermidis 

uii\q::1il'e.imYfu, additive cl1i,,frn~'1l Listeria 

moncytogenes LLl'l::'l:i.lilm1oi!lL~'1l St r. faecalis( 12; 

m1~m:n1u1'11'l'1iml'l!ilti'11' n'i'i1~~'1l'li>l'~\'1~~11o1fumr 

ili!iiL ~'1l~Ln!il.,1m ~'11nf!lrnn~11iii1Jm 1u1'1\'l!l~Vl!iil'l ~" 
,X,'llilm aerobe LL\'l:: anaerobe LL\'1::1i>\'":\'l~n11 

vancomycin i>\'1d 18•21 ) 



111111~~ 1: 1'11 MIC 'il'il~ teicoplanin wz~:; vancomycin ~'ilL~'flnf~1J'1n(a) 

ISOLATES MIC (,glml) TEICOPLANIN 
ORGANISM 

(n) RANGE 5Q 0/o 

S. aureus 

methicillin sensitive 494-536 0.03 -6.3 0.5 

methici!Hn resistant 243-294 0.1-6.3 0.4 

S. epidermidis 41 0.125-4.0 0.5 

Str. agalactiae 25 0.05-1.25 0.1 

Enterococcus spp. 452-483 0.03- 3.1 0.4 

Str. pneumoniae· 93 0.05-0.78 0.1 

Str. pyogenes 77 0.02-0.2 0.07 

Str. viridans 10-19 0.06-0.25 0.06 

C. perfringens 106 0.03-0.25 0.125 

C. difficile 28-31 0.01 -0.8 0.2 

L. monocytogenes 36 0.2-1.3 0.7 

Group JK 113·124 0.2 -22.0 0.8 

diphtheroids 

MIC (,glml) VANCOMYCIN 

90°10 RANGE 50°10 

1.1 0.1 -8.0 1.0 

1.0 0.2-8.0 0.9 

1.5 0.25-4.0 0.5 

0.16 0.25 -1.56 0.7 

0.8 0.125-8.0 1.4 

0.1 0.06-3.12 0.5 

0.1 0.25-1.6 0.5 

0.06 0.06-1.0 0.5 

0.125 0.5-2.0 0.5 

0.3 0.06 - 3.2 0.6 

0.7 0.2-1.4 0.9 

f5 0.3 -5.5 0.7 

90°/o 

1.7 

1.4 

1.0 

0.7 

2.8 

0.6 

0.5 

0.5 

1.0 

1.0 

1.4 

0.8 
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n1rAmn serum bactericidal activity '11'11'1 

fluuniii~1ilifutn teicoplanin n11X~'l11umr~1u 
•~'1lnfo1YJnt>l1.:i 11JlL-iimmmnu u~V1u~1t11>1nmr 
ri19'1>1L~'1l'll'1l.:i te>icoplanin -D1n~1 vancomycinC22 ) 

LL'/1~ rifampicinl23\ 

""! I I ,.... 

r.nnmMm,;1 m.:ina.:i1un'/11111L11\l'll9'11U-

Pl1\11>1{'11'1l.:im teicoplanin ilim1ru~Lumiuu two­

compartment model u~m.:inm1unL~'1l~1iuu 
uuu three-compartment model mnn~1 rl1 

"11.:i 1 m.:iL111i''llr.i'l1UP11111>1f~na.:i1uHilli1>1nt>l1.:inu 
'1l'1ln1tJ ~uriu'll1.111>1tn~H ~fimrn"fmm1 :)fin1r 

iimrnL'l1~1>1n9'11>1n1.Jil'.:i1fimrr11u1ru mh.:ihnmV1'1l 

M1J1iiltil.:id 
' 

Teicoplanin 1iJ~n•i1>1:/l1.J91m11.:iLiiiummr 

~tl-l'U1'V11'.l' 1"1t1 nld;u(YlL -D1'Vl~®\1'1L ~t1 !flcP11V1°1® n~~ll-JL d'el 
bioavailabil ity '11'1l.:imin'1lu"fmr 11>1amr:U1>1i ;J1nK11.J . 
li'.lt1i:ir11U1:::l-11ruf®tJJN::: 90(2s) 

L~'1lu"fmrll>l!Jn1T:ft1>1L;f1i,,'/1'1ll>lL~'ell>li111 L111iXtn 

11.1'111.111>1 3 1.Jn.1nn. r~filum11.:i111>11m~'1ll>l9~Luu 53.4 . ' 
l.Jfln./l.J'/1. LL'i1~LUU 111.8 l.Jfln./l.J'/1. in'1l1mU'llU1"1 

- ~ -6 1.Jn.1nn. r~1>1Utn9~'111>1'11.:im'i1'1l 2.1 l.Jfln.ll.J'/1. 1-l'/1.:i 

1iXm 24 of111.J.:i L111J1i,,1~11>1!!mr:U1>1i;f1nK1rnd'1l 
Jl1rnu11>1Li'il.J9~1>1nr.iV1rn~filum11.:i111>11m~'1l1>1th~mru . ' 
2 i11m111i".:ilXm LL'l1~i1rl1 1.1 l.Jflfl./l.Jl'l. r~filmn 
'111>1'11.:iL11~'1l 2.3 l.Jfln.m'i1. m!!1u 24 of111.J.:i zj,r~filu 

•• 
fil.:incl11!1.:ifl.:i~.:in~1rl1 MIC .,'1l.:iL~'1lnfomnll1u 
1ml) 

li111fumr9unu1t.lrmu1u'ilfl.J'll'iM teicoplanin 

Verbist LL'i1~flru~nrmu~1i1r!1f'1l!l'i1~ 40 Lu'llru~ 

~ McNulty u'l1~flru~V1u~111.:ili.:if'1l!J~~ 90(26) m • 
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" ' '1 ' ' steady state l.Jfl1'1l~ u'l11.:i1~m1.:i o.so-0.84 '11./ 

nnfa,9) McNulty LLl'l~flru~nm1u~1mL;f11u blister 

fluid 1JWi A'1lt.ir~mruf'1l!!l'l~ 75 '11'1l.:ir~filum1u 

L~'1l<'l zj.:i11.:in~1 MIC 'll'iHL~'1l~11t>l'1lm~1u1ml) • 
ii'111.Jl'l"l1nmrAmn1um~oi1u V1u~1r~filutn • 

1ml11'll'ilui,,li".:i~.:in~1 MIC 'll'iML~'1lll1u1ml)li.:i 3 
I J 4 '! VAii 

LV11 LLl>l91nn11Pln1:11'11'1l.:) Stahl LLl'l~flru~ •U~u1!J 

L~'1l1X1.Jlll.J'1l.:it1m11u 1 na V1u~11~filumtutl11'llllu 
' ..,. ! 1 ~ 4 ... cl ..., 

1-l'i1.:i1>11m1 MIC '11'1l.:iL'll'1ln.:i 6 na l.JLVl!!.:inrn<'lm 

i·vhtl'u~i11~filu~.:il'l'1l 1 nurl1 MIC '11'1l.:iL~'1l(27 l Bibler 

LL'i1~flru~nm1u~1mi;J1hl1u synovial fluid 1JWi 

V1'1llll.Jf11r(28 ) Wilson LL'i1~flru~1~Vl<'l'i1'1l'li<'lr~filum 

1u fat washing 'li'ei.:iel'tl1!!~1Mun1r~1iif<'lll'119 • 
V1U~1i1r~filumrl'1lu;f 1.:i~1( 29) 

Teicoplanin nnrh9wa<m91nh.:ir11aV11.:i11>1 • 
illmhifr\! L~'1l~1'1l19i1 renal tubular reabsorption 

Lii<'l~uJ\1a LL'i1~!11U1'1'i11U'1l199~~mt.l~!!ULLU'/1'1LU 
11.:in1!11-lr'1li1mr-llut11a1<'l!!V11.:i~uu'1ln91n11>1Jl1tJ 
mean· total body clearance '11'11'1. teicoplanin 

i1rl11~11~1.:i 14.7-18.2 l.J'i1./U1\11u'llru~\1 mean 

renal clearance llf-11 7.6-11.8 J.J~.1u1Vl 
' . McNulty Li'i1~flru~n!!.:i1u11r'1l!!'i1~ 25 '11'11.:i 

m~tir9~nn-ll1J'1l'1lnvi1.:iu11~11~1u 24 of1ll.J.:ili'i1~ . ' 

tJr~mruf'1ltJ'i1~ 48 nn-llu'1l'1lnl.J11u 96 '1111.J.:i • 
li111fu1u'1l991r~ 1iJV1u~1i1 activity '11'11'1!11 irl'1l 

' 
urm•l~!Jn11;j<'l(261 

Falcoz LLl'l~flru~( 3 0) nm1u~1terrninal 

elimination half-life '11'1l'1!!11UflU 

t.lniiii1~1u1>1n11h.:inu1~mmL'l1~i1-ii1.:i~.:iu~ 33 li.:i l 9o 

of111.J.:i 1uel'tl1a~i1m1~mrvh.:i1u'l1'1l.:il1>1K1.JL1-l'i11 rl1 • 
half-life d.,~Luu 2-4 Lvl1'11'1l.:i~ut.lniii 1u'llru~~mr 
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E~n~uiu.1~~~uu:a~AuE~u1 

Lti'1i-l"l1n111'111~N11l"1-l'll!l-l teicoplanin ~11'1t. , 
~11,nu vancomycin mm1£u1iJV1,iJ1~11,r)9, 

~i\'1vnu nl111i'l!lm"l"l~Lii"1Yl1111i!l 1111LL~~V11ili' 
" '\J 

rl1V1fui'l1111i!l11'11ili'iltl'vhmrVllil~!l-l1UVIU VlV , , 
~ 1!J1'Vh 111'Ln lili'll'111i !l l1'11,\1"1!JiJ m1 IJ\I IJ~U fi rllJ'llll 1 lil 

'll!l-l!J1~H LL~~"l1nmrnlill'l!l'1u~1I'll L~!l1!1'm1u 
'11U11il 40 1Jn.1nn.1iu i>il'liil!lnULuUL1~1 i \iil!lu 11u 

~1vh1!1'Liilil histological change 'll!l-l renal tubular 

epithelium Li'l!J-lL~nu!lv(10) 

rl1V1fui'l111'i!l1;J "11nm1An1111UV!l;ll'l~Lm11'1!! 

'J.11'v11u'll\J11il 75 1Jn.1nn.1'1u i>il'liil!lnu 2s iu 
1ill1u~1v'h 111'Liililrim~mLl'i!lcl1,1"1 LLl'i"l1 nn·11An111 

1"11J1In"Ci4'v®nnl11JV1ti, !1U~1L~!lH1J11u'll\J11il 90 
' 

1Jn.mn.1iu i>il'll'i!lnu 21 iu 111mrnvh111'Lii"1Yl11 

llill1;]1illif,1url1u vestibular LL~~ cochlear\8) 

"l1nm1An1111 u!l111111lT1'11tlni>i i oo~u( 1° )~ 
1ili'fum1u'll\J11'1 7.5 1Jn.1nn. 1iJl1ummr<flu1iJV1, 

Lll"~il-l1'1Llil 11iJ11um1vi11'l1!J~!l"d!lL~!lL\Jl'i1LLVitl,~ . 
u1mr 11i11Jm1ill'1L .if1 n-.111JL W!l LL~~ 1i.l!1u~1vi1111'Liilil 

th romboph le bit is L~!lu1mr 11il!J mrillilL .if 1V1~!ll'l 
L l'lll "11111 ® n nv,1u Viti -lA n 111lu!l111111 lTmtl n iii 

r.i1u1u 6 1'1\J 1"1v11Xv11u'llu11il 5.7 1Jn.1nn. Lif1 

™!llilL l'lll "11111il1iJ11u n 11L tl~ !JULLtl~ '1 u r~uu m111h' 

LillilLi'l!llilVl1'1lL1'1iJ'll!l ,Li1!llil( 26 ) !lU1,Ll" nl'l 11J"l1n mr 

Vllill'l!l,1-D'm1um1fn111tl'i'111Jh1'1i>il'1L~!l1 uu~L~ru , 
iil1-l 11illilnv-l1uril'l.if1,L~!J,Liil'l~uu1,1illurl rlul'llJ 

\111, eosinophilia, neutropenia, mni'llJ'll!l' 

;-~;'i"UL!l\JoD!Jif aminotransferases 1w~1w1 n1J 

if ,iJnv-l1un11Liil'1Yl1111i!l11'1LLl'l~1;l~l1u1ili'tl1~tln1J 

Thai J Pharmacol Vol.11,1989 

.,,., lj,,..,. ~ ti --
VlrJ1\JIJ1blil1Jn1l"~nl'11 1~!IV1fitnl1'1l!l-l tei-

coplanin 1 um1fn111 hl'1iiililL~!l~L.nlil"l1nL~'1lnflJ 
rnn1iJmn1In m1~'11'1l-llr1'1iiililL~!l~1ili'fum1An111 . . ' 
\j V t ... .:!! o=ll -<!! I ""' .Gf' blilLLn n1l"llllilL~'1l'll!l,L\J!lL!J'1l'1l!l\J Vl1,Llil\Jul11111~ 

Ll!llil nl"~lilnLLl'l~.if'tl L~'1l1Ji1'~1'°1 Vl\'l'illilL~'1llil1111 LL\'l~ , ' 
1um1~ septicemia 'll\J11il'll'il-l!J1~Hrl1u1mi)L~IJ 
ili'11J loading dose 400-600 1Jn. Vl1'1l 6 IJ./nn. 

v y .:!! ..... 
LLMl'111Jm1J'll\J11il 200-400 1-1n. mil 2-3 1Jn.1nn.11u 

L .if 1n11' 1 IJL d !l V11!lw1H1 lilL ~ '11 "11111 mrn 11fn1111"1 vrl ~ u 

n1J1ili'rJl'l~tlr~mrul"!lvl'l~ 60-90(28•3 '·32) !lcl1,hn 

~1 u h1'1i>il'1L ~!l~l"ULLNl1U~1 L'1rJl'l Li.1Luu ~Vl!l L "1 llil!J 
' 

L'il l11~'1lU1'~ '1 \j n1l"i>ililL ~!l'll'1J 'j"~1J1JLll"~l11Vl nl'l 1-l 

zj '"l1nn1J,1u Viti '!1u~11J1L .if 11 tl1uJ11 'JJ!lu w5' 1'1 

iillvmn\ 27 ) 

1 ULL4'1l!l,n1l"U!l,rl\J h~i1ililL~!l iJ~Vllil~'<NH 
teicoplanin 1um1U!l-lilum1i>i"1L~!l"l1nm1~1iifl'l 
m~lilnLL~~i1'1h rJ~m1An11111u~1 1J1111mrnu'1l' , 
n \j n 1 l"i>ililL ~'1l"l 1n n1l"~1 iii l'ln j"~~n 1ili'L U\J ~tl 1Vl!l1 "I 

LLl'l~L'1rJ~~n~1 cefuroxime(8) ul'i1umrtf!l,n\Jml" 

i1i l'lL ~'1lm1JV1i 'm1~1iif lili1'11 "111u~1 ~i'111J~1ili'fu 
teicoplanin i1.fll'111m1iiililL~'il'll'il'LLrJ~~1iiflilmnn~1 
~il~v~1Mu llucloxacillin i~IJtllJ tobramycin(29) 

auu • 
Teicoplanin Li'Jumili'1u~~:Ji!1'11\J1U1 Vlil1 u 

ntj1J glycopeptide LV!ilmJ vancomycin il~viivh . ~ 

~1!JL:Ji'11LLU1'1ViCfonf!Jrnn~-l aerobe LL~~ anaerobe 



3. 111lJ1rnu·hrn1filmrnl\fildhn~1rnd'1l'l~· zj, 

11::mnn~1 

'il::Af,'\,,\' 

LU !l\.l 1A !>l !J1d'1l1'i9::ilUVIU1VI~ '1l n11 f nl'11LL 'il:; 

U'1l,rlUn11i>ifilL~ll~'1l'ltid 
1. m1i>ifilL~'1lnflJrnn1*1'ltl L'liu m1i>ifilL~'1l~'1l' . ' . 

LU'1lLU'1l'11'1lu V11,Li>iuu111111:: ti'1lfil LU'1luir11r.; m::filn 
' ' 

LL'il::'li'1l LL'il:;Lu1111~ septicemia 1film'ilvn::'1l!.h'ri' 

~LOfil91nL~'1J. MRSA 

2. Enterococcal infection 1umr;J~~i'hu 
' 

LL~ ampicillin ,_,r'1lL~'1l~'1l~'1l ampicillin ,,,r'1l!l1 

~u 11unnudA11Hi1lJnutJ11uo~lJ aminogly­

cosides 

3. Pseudomembranous colitis LL'il:: sta­

phylococcal enterocolitis 1filtJUi'm11uitl'll1M1J1nu 

4. Shunt infections L'liu1u~u1tJ CAPO 
' 

(chronic ambulatory peritoneal dialysis) LL'il:;Lu 

~U1!!~il ventricular shunt 

5. Rheumatic prophylaxis 

6. U'1l,nun11i>ifilL~'1l91nn11~1!iit'lm::~n 
i11,,,fun11~1l'lfilir11"l tfilm'ilw1:;'1Jtl1,ri,1 u 

m1Lti~!JU~uir11"l r.nn'li'1llJ'il1UU"l9UUii,'\i!11lJm1 
' ' 

u°1lJ11-D Ltl!M91nWU~1L~'1l1uncllJ 
' 

coagulase-negative staphylocooci ~'1l~'1l!l1mn . 
LL'il::~uliim1'll'1l'n11i>ifilLii'1l'll'1l'LL~m.J1iiifiln~,n~11J1 

~LA!JL-ifLi>ilJ 
11tl1,hii!>l1lJ i..h:;iiV1limw'll'1l'm 1 un11fnl'11 

' . ' 
11 "'"" ~ "" - I ..,i I <OI 11 "'<0I m19:: Lfil1Un111'1nl'11L Wl,JL!>ll,JlJ1nm1u n'1lUVl9:: Lfill,J 

m1i! 1m H11tl1,n<J1,'1111' LL'il::ci1,,,fu 1 utl1::LVll'IL VI!! 
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91nL~'1l~1 vancomycin ~H'1ltl1u'llru::dil'1luliimr 
' ' 

'11'1l,mniifilril'191 nm 'lil11''1'~~1>1 n nu LL'il::tl1:: i\V1li 
' 

mw'll'1l' vancomycin ~'1lL~'1lnflJrnn1>h' 1 nii,ii\ 
'1ltj U9~!J~LUUU[\!mci1,,,fu vancomycin Lu'llru:: 
J' ' l_,,l .,,j I !:'. ..,. !;: '!.' 

u11~V1nA1'11M!J1Vl~'mmvnuu fil'uumi,nnnm 

'Jiil' teicoplanin ~nn~1 vancomycin LL'il::tl1:: 

iiV1li111wLL'il::A11lJU'il'1lfilll!J'll'1l"1 teicoplanin 'li>\'fu 

m1iiuiiu mdnr.;::il1'1ln111LLVIU~ vancomycin 'till 

. -L ilfl~'lliil'll'lil \'I 

l. ui\il <fi'l'l~1nf\. UVIU1m!H!J1"11U9'il~\~'llU1U 
' 
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• Q 
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u"iuud ili>T1m1-11'111J'llil"1~il~ru1uiu1!1u 
m1oh1'11u 1h11hi'll (anti - retroviral) 'llU"1 HIV 

' ' v 

Vld'/m11m!)l'lill'1 hf1Lll"11i' LLl'l~l-1il .-i 1 ll !J1L m11uAll 
' 

3' - azido - 2', 3' - dideoxythymidine 1-11•m1un11 

'iil"11~u (zidovudine) 1-1r'il L'il ~ VI zj,1i11i'.lm1 
• 

LL\1"1'11 ll'L i1u1Lil'111!l11J1rnl'l"1'illl"1 nu LL"~" "1'il"' n 
v ' 

- ~ < 1 "'' "v- = n11"'1!J'llll'1fl\l'1"1L'll'ilL'il"1\I \lu fl.M. 1986 b"1LnJIJ 

mn11m Lil ~ VI L'1i1m1-n'luRui>i"1hf!L'il"11i'~lltj1u 
.n'utuLLn mh.-ihnITT11J i\'.-i Lil ~ VI ""~m'llil<'l~u 1 
d u'iln,,1m~11!l"1.-itljjmmlii'il'11u HIV 1u1-1""'"' 

VI"'" ll ""II' 1EY.-iLL11"' ,ti jjm m '1i1 "'flu,~ Luu i111L n "'~u 
nmu Hili'1 u 1"1ui'il 111~ 91u 1uf!u Hu 1 ~ m ru f llul'I ~ 

It I I ...- V -=I ,,.j It 'V 
40-80 blJ\'l11J1nlVl\l!)llln111nl11"11!Jt/1 L'il 'II VI b<'l 

u1uli.-i 26 ll'tl"11ilLtill.-i"1mii"1m1~LUlli111i>l'il1'11 
' ' v ' t.> 

m~~n LLl'l~~u 1 ll.-in11urni'.ill1ilmumil 6.-iilnu 

'11u11 !l1mrn11un HIV "l1nflu1'1i~1ili'fom Lil ~ 
.,,. !'!I .,.._ ...i 1 """ v """ VI LiJ\ll11'11\l1\l 1 'l-11®LT!Jn11Ln"1!111~!)11\lV11\J1.111l 

~'iltrnii"'~uii'w"'' 91m1-1~~"d 9.-iilm11J91Lliullcl1.-i 
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~"~"~'11J'1ilm11Vii1Ju1m'ii11-1foliill'11u1m'il"1iliill1ti 
2', 3' - Dideoxyinosine (D D I) il~ITT11flN 

11f1.-i '1'1LLll"1'1Lll;ti~ 1 LU\l purine dideoxynu­

cleoside ilm11J!l1mrnlii'1l'11u HIV L\l91\lLVl1~ 
v ' ' "" .,...,, ~ v .... v ..... ..i...i f 

Ll'l!J'1V11JL'ill'll'llln.-ii;i1J~1Jn\lVJL1um1 T cells LLl'I~ 

Lii"1Lli'il"1'll11'llil"111J1u1'11111(monocytes)1Jtjili'1u 1u 

" -==1 11' L'll1'11'111'1n1!JlJlj11!J "1 "1 ll (D D I) ~nLIJ'11 lJ l'IVI 

1ti1llu 2', 3' - dideoxyadenosine - 5' triphosphate 
v v 

(ddA- TP) 111'1~ ddA- TP ull11J1rn!Yutl''1n1n'h 

11\l'llll'1iil1JL'ilif 1L11lfa 'VlnllM~uL!)l\'l (reverse 

transcriptase) 1.1r'1l~L1un+1 ~ Liilu L'il 111i111J'ilfL1!l 

(DNA- polymerase) 'llll-1 HIV i>T'1il'u9'1!l11J11n 

trutT-.ln11~f14 ~ t®u L'fl l-1'11fltlu~u~n"11~1Jl tJ1 ~ 
' =1.,,. ..... 1v1~ ' = "1 ll IJ~n.iillJlJ!)l!)lll!)l1\l 11\'l LLl'J~!)l1'191n!J1 L!l 'II 

VI 111Jif, m ~ ~ ~ (2', 3' - dideoxycitidine: ddO) 

num ddA- TP zj'1tfl!JU11J11flum1fn111hf!L'il"1ii 

mnllu "'1,~il"1'm"'mumnwl1 12 i111J, iln 

il'.-iEY.-iili1111iill1'llm~~nu'1lumn 

;ti~ 1 lfl1'1ilh'1'11'1l'1 2', 3' - dideoxyinosine (DD I) 
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1'1l 1iXbl'1~~Cilbvl1~9~vh1rli" ilni1''1!J'1bf'111X urij'\'I 

u'l'l'llil®'" bl-IW'1lf i)'r;l'i!ii m ~ ~ 1'1l vhmmi'i!iim1iX • 
bl'1n'11il!iinmml'i1>1b~l-I 

mbb!ii'"~biJl>l1ill'l1mrm.i1m"ll11'1n11iJiJmrnl>l 
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1'1l 1rli"1iXmilunAuViLl.lu1 mL®l>lli''iiuif u!ilnl'll'1rnLN 
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.J.... JI .... ..,,. 
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40 llu1>11if Ll>l1'111XA11l-lb'1il-l'1iu·n®'mu1>1n!ii1,nu a 

•~fii"u (dose) 'lilv;uunmm'1i1'1b~l'l'191nmr1-iiri1°u 
'V 'V .,,J ...- I ;!,:: ...- "" ..-v 
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r;r®l-11 nu 9~Y\11i~°Lnl>lmriruiT,mn91t1J"ll'1l'111fo 

1rli"1-1'l'®'!il bbV<V1ii1-1'"11'11 vi1uf\1>1cJ1n1'fn1'!1i1mlu 
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n'1ull'rnrtJr~bi1u~'"rnr1-iim i\ i\ 1'1l iT'11il 
.I " ..- I t "°".,,. 1 • ur~\1urJ'"i'l1br9 Broder n'N1111m !ii Cil '1l fl'N11'1 

m b® 'ii Vi ~L'1i1'1ubbl'lmbb'll'1nurnn~l-l'1lurnA"ll'1l'1 
' 

11fohAb'1ll>lli' 11>1tm1'iiuiT'1mr11h'1l'l11'1!1u~mrn 
"ll<H11fo"1''1n~11 u .. ~91nmrHmnuriuHhrib'1l1>1'ii' 

~®t!1mTuhrnLNJu r;ucJ1 m i\ i\ 'l®"llu11>1i'l'1 4 • • 
"llU11>1 (1.6 il"Nl'infal>i'1l1i1'"nfl-I 11n 12 .ft'11l-1'1, H 

il'"iiinfol>i®1i1"Nnfl-i \'In a .ft'11l-1'1 3.2 il"Niiinfl-J!ii® 
' 

n1"Nnfl-i 1'1n 12 i1tm bb'"~ 3.2 il"Niiinfol'i®1i1'"nfl-I 
' 

Vin a .ft'11l-1'1) ~bi'l1>1'1r.1~n1rnCil91iJ1u"ll®'1l1fa1uJ1 
' 

m~'1l'1Au1-if'!rli"ii, r'ell'l'N~ ao bb"N~ri,n~1JuiT'1i'.im~ 
b~l-191u1u~'1l'1 Vi b'll'N~ (T cells) ~i'.i~1u1umrYi1 
"N11'1b~®11failnrli"1u ~"n1-1ml'ln'1cJ1m~~1® Yi11iX 

·~uun 1rvh'11U 1'11 '1rli"1ul1i1Al-lrlU Wu ~Ul.11il n n1'1 . ' 
riu H;:JJ 11-1\J nrii1b ~l-ltwri'1l 1-iirii1m Vir~fii"uri11l.lb '1il-I 

'1iu ~' 1 ~'1bbM'111®1mr"l/®'1flu'liWi~u 
1umriin1'l1r'iuri.J1m9un'1u9"\UuiJAu1 '111 rfl 

b'1ll>li~1rli"fum~ ~ 1'1l Lril'I' 90 AU bvhJu bb'N~'1ltj1u 
•~l'l~n1;;-,m~1>11l-lr.1'"m'fn1'11'1ltj t111'11 ~ ~ h "1!11'1 

flUb~Utrflb'1l~llLJf9j', "1''1~WJ'1Hn1-1ml'lfl11l-JcJ1hri 
b®1>1li111mrnfn1111rli" i1',du®m1-1u®91nm ~ ~ L'1l 

bb51 Ln1ili'.i"1'1mtu ~~1mrni11mHnuAubuu trA 

b®!ilcl' LCill'Jli.li1m1l.lbUUi'l1'lbn1>1~Ub'Nl'I 1"i1''191n~1i.lbAl'I 
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l'llT1Jn!lmzj,mi'i.1.J11J1mr 11Jill'l1L l'11i1"11n mriiiri 
' v ' 

4, - ' .. 4 -L~!l1Ur~uuY11"Lriumw"I mr~rnim l'1r!l!l1"1Lnlil 

91nm1J.Ji11iltlniii'll11"i1'1m1J~!T'1ml'l1m~h/1i>l iif-lii'u 

n1rAn1't1Y11'1flliiln'll!l'1!11U1'1~illil9'11ii1i>lr1J.J1J1n1r 

111Lli1HLuummrli1'1L~m91nmrHm u~i:hiuu 

m1J.JLzjlliif'1nl'i11i1i'1J'1L tl~!!u 1tl L Ylri~ "11 n mrii n1't1 

mrH1J1n!'iJ.J ACE inhibitors ilnm1u~YlJ.Jrfu'1'1 
' 

951 flf'1~Y1u.J1mn1r1muumn1rli1-iL~!M'll!l'11J1 
nl'il-Jd ~,d1iJr1J.Jn'1mr~n1't11ur~1J~urn~mL~'1Lli1 

' 
'<llilil1A LY1n~mr~n1't1Yl1'1Aliiln'll!l'1 captopril 1u • 
~1'1LLrn 1 'liJ1""11Xfl11J.J\'IU1"1r1J.J!l1n1rL!lL 1i1LU\.I 

!11 mrli1'1L~!M'll!l'1!J1 ih1m1u 1 utlr~L VIAL YltJYIUcJ1 

e1'lJ1tJm1J.Jiifu1il'iilill'l-1~'liii'fum•fnmi>l1!! captopril • • 
111!1 enalapril "l~ilmmr1!lu ,r, 1 zj,Y1u1i>ltl11tJn'11 

~Lfl!Jrl!J-11\.11.Jl \.1~1'1Ur~L VIA( l) LL!\~ mmriif-lnl'i 11 
' ' 11.f "'* I s..i "'1 ...-

"i~i.111JbLJLJ.J!Jl'11J(iltl1 lil!lJ.J1nm1m1mnmnumn1r 
' 

'l!ldL~J.J~UL~'el!J 1 Lvl1~nunJ.JLi>l'llru~dfililLU\.I 15.4% 

'llll-1AU'l1i~-111J.Jlil~1;lfum ACE inhibitors zj,Ll/u 

11u1i n 1r ~mn n.J 1~u'.il:fY1eJi:Jli lilLfl!JntJ'11uB ' . 
(0.7·1.4%)( 2) 

mmrL!l~Yluilin1'tru~LU\.ILLUUL'11LL1X'11 ii'ilil~!l 
nulTmnlil"l1nm1J.Jffim~A1tJ1ul11A!l mmr"l~L~J.J • 
mn~u 1UL1!l1n!l1'1~u111'11Lri!lu!lunu U1'1flf'1'111"1 

rnLLN"IULnlilmHrn'l!!ui1J.Ji>l11J '111mr1'11~LnA!l1"1 
' ' 
ii i:J!! L lXL ihrn tl~!!u 1tiLLl'l~L nlilL~ mu l'1ULL iX' 1i>l 
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il~Ll'lU'1lnil1nmrLnlilmr1'11"11n ACE inhibitors 

H111111Jtlr~mr L~u mrLBJ.J bronchial reactivity 
' ' "" ...i 'II ... mrmJ.J cough reflex m!l~!l"l1nmrm~~umrnin 

prostaglandins (PG) LL!l~/111!1 bradykinin 111'11 

91nmrm~~u irritant receptor ~tl11A Luui1fu 

n !l L m l'1'1i1d1J 1"lilm1J.Jimi'u finu 1iiY11-1 Lliln 

Y11,11d, cl1u11'1r\ifiA.J1 PG Llluiif1Ll'1rimil111XLnlil 

mr1'11 LliltJnr~~u~ afferent vagal C fibers urL1ru 

'!'1!\!llil!IJ.J LL!l~YIU'l1 captopril l'h~iXr~iifu PGE2 
1 u Y1!!1\'lii1L ~J.J~ui>l1!! 9 '1L uu 1'1i n •1u~Y1!l"I~ l'lu u 

~ 

l'luu1iXLzj111i>l.J1 PG Luutif11'1111XLnlilmr11l ihumr 
' 

L!l~Lnlil"l1nmrlil!lUl'll.l!l'1~!l bradykinin 11u.J11iJ 

'li>lililcl1ur1umrm~~u1iX11!!1Jlil!lJ.J~utif1'll1N brady­

kinin Lll'11ue1'lJ1tJhAiilil n11'lnd~,1iiill'1in•1ul'\uu 
• v ~ 

"" ""' ...... ""' ..... .... f \'IUUL YltJ'1Yl!l u!ln"l1num;m!l n •1u11uul'\uu11 
' ~ ' 

ACE inhibitors l'l11i1'mil!llil!IJ.JL1~11 capsaicin 

~u'.imrLlil!Jn1rl'llillilJ.JJ.J1n~u zj,!l1"1L~mli11'1numr • 
115, substance P (capsaicin m~i1fumrn5,1'll!l'1 

' 
substance P "11n afferent C fiber LL11~'ltlm~i>lu 

' 
Auilfl~UflJ.Jn1rh~ medulla tlniii substance P . ' 
"l~~nl'l11i1'1'1J.JA~Yli1iii'Ji'~tJ ACE ii"1'1l kininase II 

iif'1ii'uti'1 ACE ~ntiui\',1>11tJ ACE inhibitors LL'1'1n 

r.;~i'fmrl'l~\'IJ.J substance P L~J.J~u l'l11i1'Lnlilmr'l11 
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m1fn1'n ~ll1mn.:inl'lti.1'1l1-,vium'1lrenn111'1l~ 
' v ' ' 

Ln!il~u1iilvh 1 iXiil'1l.:ii.m!ilm1 uVi11!il :n.:i-,~•llurn!il1 iX ' ~ -, 

ctnm1~'1l'lhM~fmn'1ltjri1(~umn~u ~.:iil'u1u~ll~u 
L 1.1~ 1tl il91L llw•~m'1l'llii'1l mnm1~ Su'1J1mrt'1l~ 

I i!V.,,j'Y "J'Y -"' L \.11J1~111JIJ1'il~l'I b!il1Ji-!Vl!il~'1J'I b 'i11'11'il1L'ilW1~Vl LL~~ 

' 
mn~IJ NSAID 1u~1hm~IJL~n 1 th~mru 5-7 

' ' ' 
111'1 wu~1mntj1J NSAID (sulindac LL~~ diclo­

fenac) 1 iXm11~SU'1l1n11t'1l t'1i1~11!il( 2 ) 
' 

91nm1~ ACE inhibitors vh1iXLn!iln11t'1ltl 

1um11o!'mnu~ll1uu'1Jm1m~ii1'1l.:i«.:iLrn>1'1l1m1.rr1.:i 

Lfll'l'l~WUU'1ll'I '1iutiifur1 mnn!ilri'il ~uLJlm11!11JiJ\1 
wK1 !T.:iiif'1l.:ifi1il.:in.:i'1J1n11t'1JuiX.:i 1 MU~tuiif1tJ 
II 1u '1l 1m1-li1.:iLfi u"~~'1lt.1-li1.:i 11..1LL1 .:iLLmwuii'1l uiii '1l 

' 
proteinuria, agranuiocytosis LL~~ leukopenia 

nd'.Ju~'l~U'lm'1l'l~1U'ln'!L.Junu U'1ln91ntlu.:i'1J19Ln!il 

'1l1n11'"1'1LMl'l'l~U 1 L~IJ~u®nLu'1JU11'l!ilLW11~ ACE 

LtiuL'1lt.1-Duif~il'1lclvf11u1 u11.:in1J' l L'llu '1l19Lii!il 
' 

n 11tlrnii1~'1l .:iim '1l !il~IJ 1u~ll·m1 rM \1!il-, 1nn1rni .:i 

Thai J Pharmacol Vol.11,1989 

<=!! q y""' ""'1' -~ bradykinin 1.11'1l'1l19l-1'1l1n11~1'1LMl'l'l'1lu IJA1!ilM!ilVI 

Ln!il~t.1tiif91nqviif!TrnT.:i ACE ~.:irrt-l'mA~•·~~nn'I 
'1lclLlllJ'1l u~iJ99iJ1..19~!T'ltiliJ111'1'11m~mnu-1i'1lA11 
' ' 

1~i'l1.1T'1l-1i'1ltt11J1.n ACE inhibitors 1uhAi1!ilLL~~/1.11'1l 

1rn~u 1 ®nn!il11J 

..... ''""'' d' .... .,. ,,. 
l. 1'Vl11J1~ !l!ilm1L!llu u~~~n'ill'I m.1'1l1J\'11Wl'I. 

m~'1l'1lnqvi~~'1l1~uu Rinin-Angiotensin'Aldos­

terone. ihunYlmf '1l1f ~ Yl. 2529. 

2. Just PM. The positive association of cough 

with angiotensin converting enzyme inhi­

bitors. Pharmacotherapy 1989; 9 : 82-87. 

3. il1111Jru d°!ilmuu. Angiotensin converting 

enzyme inhibitors. 1vim1111L!lu1fni:i 2530; 

40: 129134. 
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~ilfiG'lt~u1.utsn·u~Ai'U5il'U 12 ii 
~ 3.l'l fl 3J b5l if 21 ~'YI tl'lbb \Ii \1 \15 : b 'YI t'll 'YI ii 

<!' °" <=l I ,., ..;,i 

91nm~mmm1u 1 mLnYIL9!l!l~Ylmu Vim 

Li!l'ln1~1nl'liii~!l!ln1tln"1~tiiu11muu 1~tiiU'lniii 
LLl'l~·hi1 l'l n M!l'IU!ll-!fu~1Y1n~ '!Ylri!l!h'ILU~UULLUl'l'I 

' ' 
11jnlilL~1mn!liJ1,1iJ1h~!l u 1umti'll!l'IU1~L YIP! 

LP11i;~ii9 m1~ni;1 Lti~uu1tiLLY1Ulil1l-!1i.ll1u L!l1LLri 
M 

1n'1\'iii~L'1i1m'VlU!lU n114'1iln11LtUUn1111!lU~1'1 ·1 

iin11i''li1LLm 1 u1J~9~tlfrn tl~uumnmu Lri!lw911ru 1 

lilLL '1\'1v11L1hJ 1foi lil~ 1ii9n11!l ~ 11nlil1l-J~L 11vl1rlU!l U • • 
n1Yi1~1L9!lULuull 11i.1M!lt1tifutiN~1>1Ju111Xl1u . ' 
rl!Jl1Jl1l1LL 1lil'11'!ll-l~Ltl~uu1tl n~19~f tii1ilwi'!cl1LLU • 

1Xun\i'u1J1l-J!l'llilii9n11'l/!l'll1l-!1l'll-!Lllil'll:iY1m 
•• 

LLil'lti1~LY1PllY1U Uliluil!l1Ul'l1U1!lU 12 llLL'l\'1 ilm1 
' 

LU~UU~!JT'Vl11lU'Vll'l1Uflf'I lil1l-J~fllil1l-Jl11TULLl'l~ 

W91HU 11il11U~!l.x,,,l-JlilLL'11'19~L 1'.lu~'Wl'~L uutif 14' m • • 
cl1r1t11~ild1u'li1mli'ntiiu'!1ulli1" 1 'll!l'll1mfllJ!lU1'1 

9T'l4''1Lu1!lU 12 udil!ltj!lu1'!mnniiun~1MUL'Vi1Ju 
~ n ~ 1'1 L ~'W d iJl~ VI :w 1tJPI '"J1:W rJ 1~ -:i ~1Jvl'YW d vl1-:i1u 

1>'1 ,_. ' • > _. • I -lil ll-!"1 Y11U1'11'11Ul-J11il1Ufl111JL\1Ul11'l~LLl'l~u1~LM~ 
M 

L'1f1m'Ji18"1U'll!l'l\1l-!1fll-Jl-!1nL'Vi1~M1 vh1JX1h1Ju 

"1'1-:irl 1vl1u ~ -:ivr1C11t1~1lr;iu:w1u~'1nrl 1~ullb vr~1d 
9~i1LL1,v1111J1mlnnmnu!lu~ 

• • 
m n'l91ilu9,!lmn n!l L!l n111L :iiru'l!1u nu® nMf'I ' . 

1 iX'Vi1u11m:iin..l''!Vli11u'li1unuw91nu1L~!lnflu ii: 1 .,,iJ 
' 

rn1l.lfoiriLilu1V1iJ 1 ilL1i11 i'.IL1mLLN ~9~m'li~unu 
~1>1Ju1'!1ulli1" "I 'll!l'i'rlmfllJ~ Wm~iiunm'il'I ~!l"b 

""' 1 I ""' ..-'lJ!J'!\1l-J1'JlnYlnYl1ULYl1L YIUl-J nu 

1 ull1u~L~mnuu1uu1m!l'll1ml'll-!~ -J19~ 
w911ru1t11~L~ulli1" 111XililL9u~1ii9nn).J11il'll!l'I 

11ml'll-!il'11il ntl1~11"1'1!lil1'1hu1'1 L '1iu'11u11uu11u u 
' ' 

Yl1'1:j'il1n11 '11U!JTn1111l-!1:iimL11~il'lfll-JLlilUll1m1l-J 

LL \1~ '11U VllYIU YI f 11 if L Y11l llU !JI\ u u ii 9 n 11'1/!l 'I 11 mfl l-J 
' ' 

i.11~ m1cl1r1 t11 nf1'fl9~iif !l'lfoi liln'li'll-! 1:iin 11ilud~u 11l-l 

Ll1l-J!l~11"1t11~ 1u'lluill-!ri1V11!l 1i.1 L Ylm Llil 
' ' 

tl19~i! n1!l!JL 1XLLR!J\1'1l-!1Vl'l1U 'll!l'1~111111 

<i"I d. t/.oil =ii'! 11i.''tl I.., nu 19~n'IL 1111LL111Y111m·nmu, 1'1l-!9~ lilL 'll1m'll~Unu 
' 

fufllil'll!l!J ~1'!ufou1u LLl'l~~l'IJU1'111Jlli1" 111X 

mm~i'll-J 1u"11uu1urnu 9~iif!l'li1m1lilnl'l'lr~l-lnu 

rl!J~1U4'1ill'i19\11'111 LL!l~m1tl1~'1!1JU1~91ll'll!l'lilmfll-J~ • • 
..\',1u"11uLd!lmLL11~'!utl1~mru L~!l11Xilm1tl1~111u 
"1unuLL;i~H,utl1~mru11Xill-Jri1 Luutl1dmulli!l • 
~ 1J1:n nLL \1~ii'!flj.J1"1mn~i'llil LL \1~fl'IM !l'l1'hfl11l-J 

• 
L'1i119nu'Vi1u111J1:iin'll!l"ilml'llJ~ ~1 'l1m111111-

i;i1111 dLuum1ii991Luu~Ln1"11iXrhaTunu11m'in 
H Luu.X,m1~1>1Ju 111iru11uul'l11l-Jn11V1ii1Y11" 

• 
1'111n11 LLl'l~LUU!JTn1rnn11m:nn LLl'l~LLnil'lfll-JLlilU 

d1unl-J ( d"m11X1fo,111Jlil 1N11mu11'lLL11~11muu . ' ' 
'.I ' ) ... ,_ .. m'I 1 u1~mnrn111so num1 '11'11'11•Vl'll!lLl1U'I 

'll!l'll1l-J1fll-JLtlu~U!ll-Jf!J!lU1'1n'11'l'll11'1 Ll111~'il~iru 
~ 1ri '1irl®rl1L i.lu vrU 1 ~11® -:ifl :w1~ nYl n'Yl 1u ~ 9::: !Kt1 -:i • 
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111n ':i111u1if11'h1111 

flru::::jvimP11i!OJf 1Jiililll 

,_ 
fl ru:::u wvi11Pi11'!1i11Mn'llrm1u1!l 

fl(lJ:::Lrnl'llPl1il"'f IJiilill'l 

flru:::LL l'IV1m111"'f L ~!NL i,y3.1' 

fl(lJ:::LLl'IVIW'l1il"'f 91'11 
' 

fl(lJ:::LJlli'llPl11'11ilf 9!'11 
' 

- ' -flru:::~vimP11i1"'1 IJ'l-llil!l 

fl ru:::u wviuP111'! "'fmn'llwmu1ll 

m:::vin1i11n11ru~~ 

91n~11u1:::LviPi 

~1.11 

.. 
2 3 4 5 6 7 s 9 lo 11 n1JLrn1 

7 3 6 5 4 

2 3 6 2 3 2 

3 3 3 2 3 

3 3 3 2 2 

2 2 

2 

2 2 

2 2 

2 

2 3 2 

5 

2 

2 

28 

24 

20 

16 

9 

4 

3 

2 

2 

2 

5 

5 

3 

10 

9 

15 13 15 17 15 22 8 14 8 8 8 143 

• 11.1nnil~~L~u1.1~~1Jr'i1.11"!l1ai1mu1.1 
' ~ 

urn'il111:::i!mu1.1~'111~fui11ii'll'1lU1"«n~'1l1L1'1l1u1.11 
""" .J "" Ll'IV1'11'1lLlilm 
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'liafimt~u1:u.tan'lafli'Uiil'U 12 ii 
i:Q 3.l'lfl 3J Ul tf 21 ~\11 ll'l 1.L 'Vi \'.I 'l.J I :: L \II fi 1. \II ti 

o' .., _,,. I .., ~ 

91rn11~mm11'ilu 1 !il1Lnrn9'il'il~11ml! m'il 

Li'il,n1~'lnl'1iii1'il'iln'lt1ii'31~tiiu11mul! 1~tiiu'll1ii 
LL\'1~-*•11'1n rli'il'3!J'ill.lfu1Tnn~'IYln'ilth'ILU~!J\!LLUl'1'1 

' ' 
'l1JnlilL~1mnml1'l'liJ1h~'il l!LulJl!J'11'il'3U1~LVIA 
LArl:tjii9 m1~m:n LU~!Jl!lULLY1u1•nl.l'lil'111.! LmLLri 

1ni\'~1Lolf1m11il'il!J m19'1i1n1rLt!Jl!n111'1'ill!11i1'11 

n ri1"1'3iiLL\!1 L Ul.1~9~tlfrn U~!J\!l.11 nma Lri'ilr;911ru1 

!ilLLil' 1vh 'l i\'il 1ioi "111 ii9mrn ~ hn ml.l~L nvhnllmi • • 
n11'119'1L9'iltjLi'.JutJ 1 'liJA'il!Jufut1'{'3l'T1>1-1m1i\''0'1.! 

rllJl'lllll'lLL 1 lilil''il lJ~LU~!J\!L t1 n119~f ~1iiw1'3tl1LLii • 

1.11.!nli'ul-11l.l'il~~n9n11~'il'3i'lml'll.ILJli'll:'iY1m 

'·' 'l -dd ll'd LL 1A'lu1~L VIA VI!! lJli\\!lJ'il1!!1'111J1'illJ 12 LL I'll l.ln11 
' 

LU~ !l\!~Ui'1A11 LU1Al'11 !Jl'lf 'I !illl.l!Jl'I lill lJl'llJ !JLL\'1 ~ . ' 

" "" .:!.:! I I o.- .., ! I 

1'111'1C\JV1l.ll'lll!'lll!l~l'lnlill!'31l!!il1'11 ~'il'li'lml'll.l'ilm'I 

9)',{,1m'ilu i2 udii'il~'ilti1"mni'\i.1un11Al!Lvi1tl'l! 
~ n 'tl 'YH -du diJ\i;1,,,,iJ 1tJfl'11iJrJ 1~ 'l ~1J'Vl 1u d vl1-.l 1u 

'lJi'liJiii vl1\lvl1'31\!mo'il!!l'\11lJb~!Ji'll'l~LLl'1~U1~Ll'li'~ 
~ 

L-lf1m-d1m1l!~'il'll'lmAmnrnvi1~m1 vh11Xil1Li'.ll! 

~'1 'lrl1vl1u ~'l1Ail 1tJ~1i'1tJiJ1urKr;i nrJ1~1JtlL 1A~1tl 
d ·111~.. > 9~l.ILL1'1Vll 1 lil'ilnnmnl!'il!l~ 

iJl (1'1'1,l?ld~'l®t.Jln rlt11 il nl'bi\L ~ '1J"l!'1ti flu~ nrif 'I 

1i\'vl11.!11m:nnv\'ml'1111-d111nl!Vl911ru1L ~'ilnl'll!fr 111iJ 
' 

m1l.li'ili1Li1u111iJ 1 iiL11'11 iiL1mLL1'1 ~9~m-il11Jnl! 
vT1>1-1m'11\!~1" "i 'll'il'l\lmi'll.I~ 1i\'m~ilum~L'ill 1'illb 

-=> I 1 ..,,j ...,. 

~'1!" ii m'll n 11nYI11.!L YllL YI !Jl.I n \! 

1 llrllll~L~mnul!1am!J'll'il'31'\ml'll.I~ iJ19~ 
\j911ru 1t11~L~\!~1" 1'l1Xi1i1L91.!11n9nn1.i'llil'll'il'I 

l'\lJll'll.lii'11ilt1U1~\l'lrl'ilii1'1hU1'1 L'li\!'11\!ilUlJil\!\! 
' ' 

V11'l7i'll1m1 '111.!ui'm111m:nrnLl'1:!i'll'll.ILlil!!rl1m1l.I 

LL l'1~'31\!111YI\! YI f Vl UL~ 'ill'\ ir lJ I'\\!\! ii 9n11~'il "ii lJli'l lJ 
' ' 

t11~ n 111i11'1 C\! iil'i'fl9~ rli'il li'ilil ii'lill.I 1:nn Lli11J'i11l! rll.I 

L lll.l'fl11'lillt11~1u'llifr\l.lri1,,,1'il 'liJ L flu" 'llil 
' ' 

n19~ii\m'flu'l i\'ui'lUl'l'll.11Vi'l1\! ~'fl'l1111111 
' ' 

LJl i 'Jl:'i VI !J1 ii -lf 'il VjiJ 11'\ li\'1) n 111'11 mr'il '1119~ l>i1L U \! n11 

fui11il'll'illJ 11'1\!L!JlJl!J LLl'l~l'Ti>!-11.!1'11\!~1'11 'liX 

L11m~11l.I 'lll'11ll\!Luu1a 9~rlf'fl'liim1!ilnl'1lr1l.lnl! 

nu~1u9'1i1Yi191'11'111 Lt11~mru1~'lll.lt11~'11ll~'il"l'lml'll.I~ 
' ' 

v\', 'lll'11w tl'ilmLLl'i~'lutlr~mru L ~'il 'l i\'iim1t11~111\! 
'11\! rll!LLl'i ~ H'lut11~m ru'l i\'~l.lfl1 LU\!U1~ L!J'llU~'il 

11m:nrnLl'1~i'll'll.ILillmn~illi\ LL1'1~Mrli'il'3vl11'111lJ 
' 

L-lf1'l9nuvi11.!11m:iin~'il'lill.l1Al.I~ 11 '11\11111111-

91'1ii11 ddJ\!Jl11n9~1L U\! ~L n 'lill'l il'r11ii\! rllJil m :n n 
' 
H Lu\! vi' "m 1vr 00-I\! 111ir u11\! \!1'111lJ n1111iX 1V11" 

' 
'l'll1n11 LLl'l~LU\!Ui'mmrl11m:iin LLl'l~LLrlil'll'llJLli\!J 

~1\!11l.I ( il'lvtt1 i\'i\''il'li'll.llil Lr'll'l!JllJ1i'ILLl'l~l'lt11u\! 
' 

1 .I 1 J "'I ,,.di .:! 
!ill'I 1 u1~mrun11 i so num1) 'IMYl1•11'11'ilLl'l!l'I 

p1.J .... ,,, ~ 
~'il'li'llJ11'\lJLu\!Vl!J'illJ1U'il!J1'1n11'1~11l Ll'l11~'il~\l\! 

' ' 
9'lflr;i1ti®rJ1L ll u ,,,,u 1Vl °ll'el -:i l:'l l-11:n n VJ n vl 1 u V1.,::: rK !fl -:i 

' 
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- , -mw~~V1ml'\1!11i11 IJ'l-!lil~ 

1V1mKmwrnal'!111mfm~1J~~nmli'1 
,_ 

flill~llW'V1£Jl'\1!11i11Mn'llW£1'11J1~ 

flill~lllli''lll'\1111ilf IJi:'ililll 

Arn~11wV1al'!1~iilf 1~m1m.J 

flill~llW'V1£Jl'\1~1ilf '1~1 
' 

flnl~lllli''lll'\1111ilf ,~1 
- , -flnl~Vl\llilllWVl£Jl'\1~1i11 IJ1~/illl 

Arn~1V1mm111iif !l''llll1 

- , -flill~~'Vl!J1l'\1111l11 IJ'l-!lilll 

fl ru~ II W'VI £1 l'\1 II Iii f mn'llW £111J 111 

nr~V11~'111n11ru11'11 
' 

.; 
2 3 4 5 6 7 a 9 lo 11 nrnr!l' 

7 3 6 5 4 

2 3 6 2 3 2 

3 3 3 2 3 

3 3 3 2 2 

2 2 

2 

2 2 

2 2 

2 

2 3 2 

5 

15 13 15 17 15 22 8 14 8 8 

2 

2 

8 

28 

24 

20 

16 

9 

4 

3 

2 

2 

2 

5 

5 

3 

10 

9 

143 

• 1unnil~~l~£1\lt~1Jrl\l1"111£Jll01UU LllJll!W1~!1n1U\l'll!H~fui'.ilil'Jl!llJ1"Kn'll!l,111HtTU l 
"' "' "' IWtM'll!ll/ilm 
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'1l !.11n;'jLi'l11:: tfL ~ !J1 rl ll~cl .:ni'1l 'IJ 11'1 'ii\Yi mf 

1 u11rn1n11il'll:'iV1!!1 Ul'l::'ll n1UU'll'1l,~L:Uum Yl'1l 

tl1L'llu'1l11Xvi1u'll1J1ilnh'll'l'1l,Yl91nu1~ uL>i'1l1hli'1l 

L UU91"L i'.lu {'nu rif 1L l'l'l/IJ1ni1mYl!!,Ufl'1l!.11n1 iXL iiu 

mwn.J1, 1~1Li'1l,L>i1'1 ~ii!Yl1Jw"lu1111'l1rn1 11 i'I 
~ .... Av ..,. 1 v .J 

(n1JV1,'ilt1t1umu) 1Jmm1::91!!'1lm,11rn' (1'1111,VI l) 

vi1u'll1J1iln~1ili'liXA111Ji11Jil'1l'1l~1,ii\ R'1l 

1Ji'cl,Li'1l,IJ11'l,LU111'1l11Lr!M91n~'~Cilfi'1l15 .1'1l, 

l'l,1tl9uii, 2 Li'1l, '1lt11n9::ii'1l1'1lm'llul'lCii,A111J 

'll'1lt1~ru1t!Ji'11J1'111Jcl1rifurif,d '1l191HJ tln11JV1U 

.,,. ... ""' .... 0 "°' .... 
n1W,1'1, UWl'l1 nm,nl'lm, mwl'l ~nlilJuql'l, i·mm~ 

ill'lu7i'11i1JW, 'fi1u11J n~1'ttufi. <el1Jwfo '1lii'll111::nl'l, • • 

.... ... ""' .- .... .., 
Ln1'11'l'1l1Cil, '111[\JqCil Ll'l'll1Ci11'~ ru '1l~fi!J1,Vl~U!J 

~1u{uV1f, nr'1l,Vl'1l' L'll11l\1'1, 1'1liil'I nrrnml 

nN1m L9uw1ru'llu, tlr::L'llr•r-'ln~ il\9uCi11, nnii\ . "' . 
1wiim, -D11runff LilCii~, il'll11Jru ill'lmuu, 1Jruoiin 

51 

.:i I ..-.=i I V J 
IJVI 1U'1l 1911!!'1l n1Ml1!JV11U UIJ9::cl,L1'1l "IJ1 

iH1U1111'l11U'1l!J uL>iii1Ji'~1!J,1U'l/'1l,111'1l111J11J1n 

9,'ll'1ln'1l 1'1ln1'1l'l/'1lllflillL~ULiilmnu L~U'1l191HJ • 
lWLr9U m1'~ lj[\JL~'1l n1ruuV1f, Cil1ru~ Vl;J~muu'l1, 

~CillJ {~VJnfni;:~r, -Du'll1qJ LL'll,ii\, TI~ V1q1'l{j~ru. 
~ ' • .I 1 ~ ~ • ' 9,nl'l LVl!MCi11~, W1LW[\j Lum !JfiU Ul'l::'ll1U Vl'1l,L19U 

Li'.Juilf u U'1ln91nd u,iJ:1Jn~l'l1!JvJ1U~L~IJcl,Li'1l, 
1J11'l,1u11rn11 LLl'l::d'.Jun111',cl1fi'qJ~9d11N1u 
'll1J1AIJ"1 Ul'l::,1U111'1l11"1 LJi'lU'1lU1fll'I 

> 
o V I <=I ! .:,I "" J 

'l/'1lU1L'llU'1l'll'1ll;jM1111 LW!J,LV11U Ul'l::AC'l11 

A "9:: ill '1l ,i:J1nA111J ~'1'H~'llIJ1 ilnVI nvi1u 11X'1l 1'1l1 • 

""'Vq Fl°""" V o.l"l' o" 
LCilU~U1 IJ~l'l,1ULuUVIL '11Cil~U1~1'11Ul'l::Vl1u1:: L!J'llU 

1iXun'll}J1ilmLl'l::il,A1J 1iliWu 1 ti 

w.a. 'll'Vi1111 n1111~n111u1 

unru 1fin11111'1l 1n11il'll7iV11J1 

9 LIJ.!J. 3 3 



ill fl 

. ' 
104-106 n.illiru1an a,~,1~11~1 n~~.10300 • 

1 n1. 2322935, 2323532 

. . ' 
~~l~Uflu1u~u~i~u1a11T111nma1 

- ABIC 

- LIPHA 

- LEK 

- RX PRODUCT 



u 1L\11..1'1l L il'vl11..111m:iin 1rli"l'l'1l ,v;"l1H\J 1~ LL~'1l81ii'1l 

L ll1..1r.i°1'L 111..14'' nuin1L ;i~l-11ni1m~8,LLM'1l81n1 il'L \11..1 

mwn.\'1, 1 ~1Li'1l,~1' 1 ~mrll-lw"l 1..11111111m 111'1 
" > ' 

(111Jvfo'iluui'.lrli"18) ilmrn1~r.i18'1l81,1nh:i (mn"Vi l) 

vl11..1\1lJ1:iin~1inli)'A11l-lr1l-liJ'1J'1Jtl1'~ ~'11 
1rlfi1,Li'1l,ml'l'L1..11111111 L~mr.i1nl1,\11i1~'1l l 5 Li'1l, . ' 
;i,1tlr.i1..1ii' 2 d'1l, '1l81nr.i~ii'1l1'1ln111LL\1lil,A11lJ 
~'1lu~ru1tlrlf1rn>n1Jli'1inuin,d '1l1r.i11u tin 1m•1u 

"" tf """ ..., " ...i~ 
!i1W,,,;, uw1>11 n;i1,n;im, mw;i Mn00<1..1~;i, i·mml'I 

ll'1>181'1oo;u, '1111..118 1i~1w1..1fi, '1ll-lwr1..1 '1lii11°18~n;i, . ' 

.... "" .... tf .... "" 

Ln1't\1'1l11i1, ~1'1J~lil Llil'll1m'l'I ru '1l~!im,vil'lt.18 

l1°184'1..1vif. n1'1l,Vl'1l" L'1111~1>1. 111ii1>1· !i111J'1l11, 
' 

n1,1n1 Lr.i1..1w1ru'llu, tl1~•11°1~1'in~ m;:;1..11i11, fin~ ' ~ .. 
1wilm, -ll8ruNfi" L=ii11111. il1111Jtil ll"Mmu1..1, 1Jruolin 

51 

tf ,.j ""' .....,. ""' ""' I tfv tf 

W,1'1, L'll1,Lnmm LLll,1'111..1111..1, '1l1Vl8 '1l11lJW,1'tW1..l!i 

LLl'l~~ nl-11'l 18vl11.!~'hJ1rli"Lu1..1\1)J1:nn~·MlllJ1AlJ ~ 
.ci ! tf.cf I 'II' ~ 
IJVl11..1'1l1"111!!'1lnl-1!'l18V111..I LLlJ"I~ ~ 'L 1'11,l-11 

'1M11..11111111U'1l8 u~ii1rlfoi/18,1t.1~'1l,1111111l-11l-11n 

' ' L'llt.1'111"1118 

lj '\' ... ~ .. Cl .... .. .... """"' tf 
LWL1"11..I ri11,l'i,lit\JL"l'1l !i1r\J1..IVl1, lil1rtJl'i Vi1"1811..11..IVI, 

~lill-1 4'1..1vinfn~M~, oD8'111'1J LLll,~, tliii vi~,,;jj~ru, 

"'"n;i L~8,ml1; mLW()J Ltiw18ii1..1 LLl'l~'ll1U V1'1l,11r.iu 

Lli1..1rlf 1..1 1..1'11 nr.i1nd !T,iJ~nl-11'l18vl11..I ~L~IJl'l,Li'1l, 
l-111'1' L 1..11111111 LLl'l ~Lu1..1ri111" ,,;1r) ()J~"I ~oJ1!M11..1 
11l-J1Al-I~ LLl'l~,11..11111111~ \inlu'1l1..11Al>l 

> 
o 'V I -=I I ...i ..., I 

~'1l1..11Lll1..1'1l~'1ll;jM1111 LW8,LV111..I LLl'l~Alil11 

A' r.i~ rlf '11'~1nA111J 1.1'1' 1 '1~11 l-11:ii nvi nvl11..1111''111111 
' 

L oif 1l-11oi/1an1..1~~ n"11..1iir.in1rn~1' 1 ~'11 "11l-11Al-IL i1' 
Liii1..11-1U 1 il~l'l "11..ILU1..I ~L :iiiiil.1U 11jlil1LL l'l~v11tl1d!!'JIU 
1 il'url111J1:iimL;i~l 'A l-l 1~u1 ti 

w.m. uw9111 m1i11n1u1i 

unru 1iin 11111111rn1il"'Jl:jvim 

9 LIJ.8. 33 



;)lfl 

. ' 
104-106 n.~1an a1~1L~l1~1"fl~"·10300 

T n1. 2822935, 2823s82 

. . ' 
~~1ifu~'1u~u~i~u1u11~n'iuwu1 

- ABIC 

- LIPHA 

- LEK 

- RX PRODUCT 




