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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 
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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 
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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 • • • 
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