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Abstract 

Arbutin is a natural extract isolated from Pyrus communis L. in addition to its outstanding 

antioxidant and anti-tyrosinase activities. The purpose of this study was to develop and obtain 

high encapsulating arbutin beads with Ocimum canum Sims gum. The preparation of arbutin 

bead was investigated by ionotropic gelation technique and to investigate the influence of 

formulation composition on physical properties, encapsulate and release of beads. The 

optimization, in vitro release and entrapment efficiency of beads were employed for 

spectrophotometric method and HPLC system. Micellar liquid chromatographic method for the 

determination of arbutin were developed. The sample was extracted and then detemined by 

HPLC using Nova-Pak C18, 150x3.9 mm analytical column, Brij 35 (pH 7) as mobile phase, with 

the now rate of 1.0 ml/min and detected at 280 nm. Linear calibration curve was obtained over 

the range 2-350 mg/L. The results showed that the optimized beads formulation could be 

achieved by using 15% (w/w) arbutin, 0.2% w/w alginate, 4% (w/v) CaCl2, 1% Brij 35 and 4% 

(w/v) CaCl2 was 2:1 and Ocimum canum Sims gum:alginate was 0.25:1.0, respectively. The 

entrapment efficiency was 62.87% by spectrophotometer at 280 nm. Controlled release of 

arbutin beads was obtained over 9 h. The beads with Ocimum canum Sims gum are high 

entrapment efficiency represents a promising delivery system of arbutin for anti-tyrosinase and 

elastic skin. 
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fl1'1TJr.r(;l~N'l'Vl~flYl1 t Vi N'lTJ1'l L iJl.IL~fl\lTJtNfl"l'lL~J.I fl'l1J.l\l1J.I ll'l!lff\l fl).IJ.l'lfeltl~l.liltl J.lfl1'1 

il~N'lTJ1'lJ.11flflrJ1~N'lLilJ.I LVi'11:LLfl~ff:'E1c;f\Jl1LLfl:ffc;i Lff fl1'1il~fl~tu:ffN'lvlU\Jlfl\Ji1\l fll.I ii 
U'"lr.rtt ~ 1'"11 fl L 4'il'Yf 1 ~'VI ~'E fl"j"j).I ~l.I~ ~ \l~l.I~~ L fi c;i2-11il ~N'l L ii ~~\lVitl1tl1J.I Ltl1'Yfl.l:fi "j"j).l'Yf 1~~'ltifl1'1 

Liiff1'1ff\lL'"1'11:i.(Lii1~'l!ILYi'tl'Vlil\lNflLVtN'l~'"/1\lfl\lUfl:TJ1'lfl.I 
' ."'( .... .J' I .... v d'd 0 '""°' ~ dft ,,K ' ol I .J~11 Ll.lu'"l'1Ul.ll.I Vi'U'l1N'a\Jlfln.19FIVl'Yl1 L'VIWlTJ"l'l L1Jl.l'Ylwtl~).11fl'Yll.1Ll.l\ll'a1tlu'1:LYlfl L'til.I qj 'i l.I 

1 Yl!I LLfl:'Vl'a1t1th:L YI flt l.IL'il L~!I L Vi'11:ff\l'"1J.lil!IJ.lfl1'1il~tl'lvlTJ1'l lc;tt1L~'r41:N'l'U~L'ln.I L'U'VIU1 f\l 

Llil.1'1"'L~l.1Ll.lfl1'1Lii1i'lfl).I vhTViiln1'1Liff1'1vhTVitl'l111'l vlLtil.l~'ll.INa2-1Tl.IN~1J1fim'7iJ.11flfl.I fl1'1 

TiiN~\Jlnn.ierlf\lNf:f~a1'1t14'i;i~tl'l 'Vli'tlvi1 tVitl'lTJ1'l ti;ittn1,t1utY\lTJ'U'll.lf11'1a~1\lL).l'a1ill.lt"'t113-lvi1 
t Vi L 'tifl~ff~1\l~N'l1J1111 L tll.1111~nfl1'1~\Jfl~f)\l LLs:u11~ tiiitl.lu~iul.I .... u.J1a1'1tlutY\lLfll.l L "if).1°1 'YI t, 
'L l.l'a '"l:L iJl.l~iltt ).I ~\l~\Jl LL ia:il fl1'1~..ftt tlil.lfl~1 L ~tl'V11ff1'1 l 'V13J1 f \lif t)Ylt~\lfl~1'l).11 f iiJ.11fl).11tl 

L ~'fl LiiLLYll.l Llf l(;l'1fl'lll.ll.I f\lU'"l~Ul.l'Vi'UrJ1ilNflii1\lLfltl\lLL'a:ii'il L~fJJ.11flJ.11!1 ll'lt1L~'r41:tlt.i1\l~\ltl1 Tii • 
Llil.I L 'l'a1l.11l.11 '"l:vi1 TVi LOl'l ~1\11'l'1Ul.I LU'VIU1 L rl'fl\l~1flff1'1~'ltl1']fl'tltlfl' Ll'l~l'ltl LLff\l LL"1"1 us: 

fl1fl1fl '"l:L tl~fJl.IL iJl.l~J11J11fl us:~1 Ll.lvl~i;i uia:n1'1 Ti1rt lc;t'1fl~ll.ll.I Ll.lfl'1:U'll.lfl1'1N~\Jlvi1 LVtfl\l 

~'l 1~111fll.l'ilfl'"/1flilt1\lLtil.lf:f1'1YiL'l\Ji'ELLa.:i vi1tVi~iLn\Jln1'1LL..;LLa.:i1;J~1t1 f.:i Tl.lu~iul.ln1'Vll.l(;l tv; 
Vi1J.1 Titl.IN~\Jlnm'7i'Lfl~'il\l~1fl1\l us:r.fl'lLrll.lt11~tl~Ll.lfl'l1J.1~uiaTJ'fl\l LL'rf'YltJtJt.i1\l Tniati;i vi1 TVi 

~Nfl\Jliill.1~1 TVifl'l1J.1al.I t,., Ll.ln1, Tia1,anc;i'i1nf11ra~l.ILY4i~ila1i~1fl'tyf!ltl fl1i\1~u 'Vli'il 4-

hydroquinone-13-d-glucopyranoside f'lLrlUff1'1~il~1l.I flfl Lflfl1'1ff~'l\l.N'l us:LtiUff1'1vi1 LVtN'l 

TJ1'l r.rc;iLtlULlf l"1'1fl'lluufl~ lfl L'ti~ il~\Jl'l lfl'1\lff~1\l~'l4tlfl1Yi 1.1 

~ ~ 

OH 

¢ OH 

OH 6 0 I 
HO''''' .. 

OH 

OH 
3'1mM 1.1 lfl'l\l'iif~1\l1Jil\l (a) tl'l{\l~l.I LL~: (b} Llf ll'l'ifll~lul.I 
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f-3u\JiL~3-l'il1{1J~h~afl'i;i411n LUtl'iN Bergenia crassifolia u'a::Y1'ti Bearberry (Arctostaphylos 
.Q A SI I -' A I "/ ~ """\'. .f -' .J 4 t uva-urs1) 3-lfl'l13-l'l::fl1£1Lfl'il-3U'iltlfl'l1LL'a::fl-3!Jl'li;ifl')1 L!I L"''lfl'l Ll.\UJ.11fl fl1'lUfl-3!Jl'l'Vl'VfL'il'ti 5-6 u 

1Ji1i'rnfl~'il-3~1tl1'3ila>-1 t;rtufl'l1>-1Ltfa.~fiu 3-7% f-lfiJWfl2-lU~LfiUt1'il-l'il11°1J~U ;l'il vh t~A'lt11'li'u 
'tiflflfit'l13-l u.fi u.~::1"tl-lflULLfN u"""i1flf-lff\f~U/\f~f 

Llf L"''lfl1JLUU il''ilLit1fllJl13-lifl\!IW:: Lfli-lfli1'3 Lli'Vl'a1£1,tl LilUN-34tlL~J.l~tl1'l Ldtli>-INfl 

Ufl-lVl~tl'fltlfl~L'iU t U'il1fl1ff'i::L tl~tlULiJU~L fi3-1 fl1'lfl13-11'l{l'a::'a1tl 11i;tt uJ1 'a::'a1£11i1,iu1'3'lt'lu tu 
LL'il'iifl'fllf'flfl a1'ldilt;rlu~!Jlfl1Vlfl'l'l3-IVl'a1a'tiili;i Lirlu Liiu reducing agent tuJ1a1t1,.fl1'Vf ~-lil 
'l1t1'31u n1'l LLWL!I L"''l fl1JL uu t u'fl1;t'Vf ~1'34tlV1~'il t ufluf '3il-31utl~h 1mht1fl1'Vf LL'a::~1..,4t1 L'fl-3 tu 

~1Jlfl1VI fl'l'l3-I t11'31i'l'l3-l'Yf1~ uia::a1'3i-l Lfl'l1::\(41:: Ti 1zr Li;i'l t'l~L uuLilua1'l~1u'fl'iJJflilfl'l:1t'lt1'Yh T ~ 
N~!Jlfim'Flfl-3'VIU LUfl!Jlfl1Vlfl'l'l>-l'Vf'il~m'il{ fl~3-lfl1'l acrylic LL'a:: polyester 'i::LiiLlfL"''lfl1JLuu 

1"'fl-3flUfl1'l'Vlfl'flJ.l LVl'a'ltl'fl'3fl1'l fl'f!UU13-11N~!Jl LtJUN~IJlfiru-n1u4tl LLUU~~'fl-3fl1'l ~..,i!u t U'fl1;t'Vf f '3 

i'.ln11i2-lNflfl1'lL!IL"''lfl1lLuu Lirlu LUL1'3'31U~!Jlfl1Vlfl113-IN~IJl2'f11~1l.\'fl'i3J'a~fl'l:: N~{Jlfl1'l 

bacteriostatic L'l-3'31UN~IJltl1 L'l-3-31UN~IJIN1t1ui1J11 L'l-3'31UN~IJI~ L'l-3'31UN~9l'Vf'a1fl~fl 

L'l-3'31UN~IJlfl1'l stabilizer Vl~tl rubber antioxidant L'l-3'31l.\Lfil~t:iu~u L'l'3'31UN~{Jlfl1'3LLfl::t11'3 

i-3 Lfl'l1::~ 41::Sl11t1'31Ufl1"j LL w fl1"j Llf Li;Ji f'l1JL uuuuu i3-I Nfl 'lf'lUfl1'lLfl"'lfltlfi1'3111'l'i1flfl1'liJ.l Nfl 

fl1'l Llf Li;J'lfl~L uu'i::'Vfu L~rn:: t utl1;t'Vf'!t1-3fl1'Vf Lvhi!u 'Yiu1J1 U'Vf'Yl~'i:: Ti1zr Li;J'lt'l~LuuNflJ.l t ua1'l~i;i 

wuYi1 L~Lfl"fl1'lUWLU'lf'fl-3U1flU'a::~3-!Ntl1flVli-3i'fl\!11 L'lfl'YiUIJlfl"j"jJ.l tuil fl.ff. 1940 Oliver LLfl:: 

.-iru:: 1i1,i'l1a-31Ufl1'lLfli;J'ltltl ~1'3tl1'l'i1flff1'lLflil Nfl3-I L UtJ-3Sltlt11'3 ;l'il monobenzylether 

hydroquinone (MBEH) Vli-3411fl,!U~-3Slfl1'lU1fl1'lfl~3-ld>-11tli'u~A'l Ltlt:i-3411fl~N'lflJ1Ltluuqivi1 
t ui!,l1ufl 'l13-1'313-1 a1'ltJi'u ~tl 'l~-3 L tiua11f '3 Sl fl'l1>-I~'fl-3fl1'l11tl-39l'a1 l'I Lfil ~tl-3~1'il1-3 '!i!,!Sl fil'l13-I 

'Vftl1tl13-l~fl\!11Vl1fl~3-lfl1'l~irl'lt1fll'lfl1"jYi1'31Utltl-3L'lffl.aai1'3u11'1it>-11u1uTl'!aa1'l'lf'lULVlqjLtll.\fl1'l 

n~>-1~l.\tlfl LL'ii:: uflVifl'il'ii a1'l~-3n'ti1'lilin\!lru:: Lfil'l'3fli1'3f1~1an'll'lfl::ilt u 1 vi t 'lfu f-3Lilua1'li.., 

iJ!utifl-3 L~~~LJ.l~1ilu ,dtlL 'lf flif ai1..,'~"ff"~..,u1a1'ln~,,,d'ru!ia-i1'3 ,n~ffu. V1ua111 fl T1fu'i::vh 

t ~ L fi l'I ff1"j LL u u SltJ1::i'il'i3J flflff 'l::Yi1 fl1tl L 'lf 'aflff i1'3 L~ l'litLli Lfl"' L tlU'lfl ti fi1'3111'l t uu~ L 'lW'Vl1tl 1 

u Yf'VlflN'lVIU-3!i'-3Sl fl'l13-l'Vf t11t11>-1~4l::tJi'u~3-11ru11-rNff1'lfl~3-ldLrtfl titJi'ufftl'l t ~1i!,i'l::~ufftl'ltJn~ 
u~ Nflfi1'3 L~tl'34l1flfl1"j LL wi>-1 Nff Ufl::'lflf.l fi1'3tl1'ltltl'3fl1'lfl~).ldff ti'3YfU~'33-11fl 1iJtJiatl l'lfifl LL'a:: Li-i 

fl3-lfl'l'l tii:.iaJ.& LULfil~fl'3~1tl1'3 a1'l Tun'tiJ.1MV1ia1t1'tiil,.,Y..,ual'!-3 LuiJ11'l1'3 1.1 • 
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'9'l"i'l~ 1.1 Chemicals demonstrated in man and in animal models to cause depigmentation 

Hydroquinone 

Monobenzylether of hydroquinone 

Monomethylether of hydroquinone (p-methoxyphenol or p-hydroxyanisole) 

Monoethylether of hydroquinone (p-ethoxyphenol) 

p-tert-Butylphenol 

p-tert-Butylcatechol 

p-lsopropylcatechol 

p-Methylcatechol 

p-Octylphenol 

p-Nonylphenol 

p-Phenylphenol 

p-tert-Amylphenol 

p-Cresol 

Mercaptoamines, such as N-(2-mercaptoethyl) -dimethylamine hydrochloride (MEDA) 

J3-Mercaptoethylamine hydrochloride (MEA) 

Physostigmine (eserine) 

Diisopropyl fluorophosphate 

N,N',N"-triethylenethiophosphoramide (Thio-TEPA) 

t uu fit.fl. 1968 Sl~1u~4'!1tl'l::~'Ylfifl1vm1,-al'l~N'l tu tu\i'Vl\i\Jl::Lfl1~fi111t:1~ff1'l'Vlfl1!!'!SUfl 

~'l\.I t 'Vlqj L tlun~3-lff1'lUf'IYi filflfl u-a::fl~~ufi 'V4Utl1 4-isopropylcatechol iltJ,::~'Ylfifl1Y4'ij~'if" ~bu 

ff 1"j t \.!fl~ 3-1~\.l\.lfl fl'"l1flff 1"j Uf'IYi f'lfl -aft'tf1).11"j{lfl ~~N'l'Vl\i\Jl ::Lfl11iJi ;if) 111 tl'l"jf'l1jt \.1\.1 L tiutfiu ~'l\.I 
'tf1"jft'Ylflflfl~ l-uf'l\.I wuil1'!i'l!!'Ml~N'l 1iJi Li1U'if1"jfl~3-1~\.lflflfl u-a::Y4uil1 4-hydroxyanisole '"l::il 

tl'l::~'Ylfifl1W'ij~'if ~ LL~~fifl t ~ Lflflfl1"j'l::fl1!1'ij~ 14~ Li.i~!l>-1 ti ~'l\.l'if1"jfl~3-l-a'fl°ri1{l'l~'l U'a::fJ~~\.I~ 

tun~3-I '"l::vh tVitl-a1V1fJ~~t'i1il~'"l1~-a~ u-a::1dfJ fi'Y11N'lit'i111fJ~i\Jl1Ll!!~~fl'1'l!!\.l>-l'"l::-afliN'l L" 
U~'if1"jff13-11'lt'lvi1fl1ll Ll!f'a~'tfi1~Lif l'I~ ~~ 1i.iilfl1"j~"-l\.113-11-rfl~1~N'lfl\.I tuu fl.fil.1998 ilfl1"j ti 

ff1"j 111 Lfl"jfl1jLu-ui'flt1-a:: 3 V11N'l'VIU~~u11 li11uLi1n'fiu wuil1'if1"jff13-11"jttflfliN'l'ifU'!l LiJitu 1 

""• • .! .d , .. n "" tJ..I ~ , "" .t IP ff u fl1"YI LL fl:: L3-lfl'YI 'Wl fl fil"jtJ 4 Ll'lfl\.l~'l ~\.!'!IL 'all\.ILlJ\.l'lfl ti fl 1~'!11'l l'l'3\.l\.I \ \.lfJ\.11 fl \Jl fl1"j'YI flff fJU 

tl,::~V1tin1wu-a::N-ati1~1;lt1~'!lfl~ff1,tl-ru~N'lfl~'i~"-lu1 Lliff1,tl-at:1flfit1fu Lw,1::n1,'Ylflflfl~V11 
tuf!U'!l li'!IU'"l::Li4\.lfl1"jLU~ll\.IUtl'a~'!lfl~~N'liflL'"l\.lfltl1fl1"j'Yll'l'afl~ l\.l'Vl\f\Jl::Lfl'lf~il'!l\.lll1'l Ldflf'l~i.I 
Nff >-lff1"jU"jfl'YJt~ Lf'lll tit1-ru ~N'lvi1 t ~ L fll'IU(ij'Vl1fl1"j uV. Lflflfl1"jff::ff3-I Lli\.l'lflll fi1 U'a::ilft~ l'ifl 1tJt 
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n~1t1Ltll.lfi11~'fl,n~'Ul a11~ilt13-lti~l'l~N'l tl.1~1~U<Ji'fl3-11i-l'fl f.11'Vl1 monobenzyl ether 

hydroquinone (MBEH} tl.lf'l'l13-1Lii3-liil.liflfl~: 1-20 Sh1a~1l.ltl1:~'Vlfifl1'W'T.lfl~ MBEH tl.ltl 

fl.R.1951 u~:; 1953 LL~:i'.ln11flfl"fl1N~1ltl~ MBEH <JifJL9i!~iA'ffi1~Lif 1'1~11fN'Vt\ftJl:Lfl1'WUrl1 

tl~flc;u1tifi'U.j11f.1fi"'ffN'l 1;t u<Jivtfl'34'/1flR~3-ld'uw"ivtfi1tJLnfN 5 ti /1iJ11t1~11..lfl11LLMLli1..1~1..1 
'fi'n Lau LL uu LL ~i3-IN'a tuu1~11awu Lil1..11fla~1u~:1flac;i1~111'l tuu1L'lmV11a1 t utl1:L'VIR~i'.ln11 
r.i1'V1~1fJ fl~3-ldt"'t1 Li.i~'fl~tf'!fl1!11 LLW'Ylf1 "l:'WUfl11 U~ LLUU11..ILL 1~ 'Vlifli'.l1flfl ~1LL~:1flf.lc;i1'3111'l U UU 

LLtl~n1 3-11fl3-11tl ~'lututli:L'Ylfi~~fi1"jd''fl~fl1flt~n1i~u~'TJ'fl~U'W'Vlf1 ~tJ'3'WUN~ii1'3Li4fJ~,r~fl~1'l 

L'Tiunl.I "l1nn11fln"fl1tru~n1icln1iLL~a11 MBEH wrntlu~utimauuuuu~i3-1Nfii'flas: 13 ~u 
fl1"1L tluL~flUflfJ'Vlifl11.ILL "j-3 us: t UU1~11fJ ~Ufl1:"11fJ 1 tit uui L 'lfU~U~'l~'l tt'la ilfl'W1fi1"j,r~fl~1'l 
Lt.I ~'ll.lfl1"lLfi"'iflflN'l~1fill1Vti'fliflac;i1~111'lwutli:;3-11miflafi: 1 Ld'fl'Vt~"V11 MBEH l1Url1~fl'3 
"lflU11..l'Vtfi1tt L~flu ~N'l~~niutlnM u<Jiu1~11a~N'lN"tl fl~f'Mfl~u1uvifi1t1il "11flfl11Afl°fl1 tu 

.fftJttJVl(Jt~fl~'WUrl1 MBEH vi1fi1tlL9i!fiiA'ffi1~Lil"'ff LLfi:L~flrl1 MBEH Ltl~auLtll.1~11L!f Lc;t1fl'5tl.ll.I 

ulfl~(JtfJ-'Lth tuiui:l'l'VIU~ Ldfl Li.iff13-l1irit1-rufil'l13-1Lii3-liiu11fl~ MBEH tVit1fuffN'l L;twflLV13-l1: us:; 

#i'Jt1fl'l13-1 L'l'llfl~L9i!fiiA'fii1~Lil"ff~'fla11 MBEM tuu~s:~filfl~i'.lfl'l13-IU\Jlfl~1'3 NSfl11fi'1ffN'l~~ 13-l 

u~1..1fll.ILL<JiN~fi1~L;it1~~~3-11n a11 MBEH 1;J\)nVi1i.1 t<fiLilu~11v4tJflffN'l~'3ilffLiiilNc;ttln~ tu 

u"liul.l~1i MB EH "I: tiv4'flflffN'ltlfl ~"llfl~ ~tl'lac;i1~111'l t Vinfi1fl L tJUN'l c;i1~111'l~'l'i1~n1m vi1if l.I 

t(JtfJVl1fJ1 MBEH tufl'l13-ILiiJ.liiUiflfl~: 201'l.I~: 1-2 flf-3 u1L'lfUN'lVIU~tlfl~ 'Vtfl~Vl1tl1~Lfi(Jtfl11 
1:fil1t1N'lu1'3 ~N'l4'/1'3fi'3fl1!1 Tl.I 3-6 ,,,flu ufi:tt1'lLfi1nu1fJt1fi1'3tt1'ln1tl tl.I 1 n 1dflft11 MBEH 

\)flVt13-l t<fiLi1l.l'i'f11v4flfl~14~ilfl'l13-1WfJ1fJ13-IVl1ff11~UVl'1LLVIU tutl fl.fl 1965 Fitzpatrick u~:flm: 
i1t1~1uft1i 1ri t"1"'5t uufi1i111ri'Ti'lafit'lffN'l L~"'t1fi(Jtn11vi1'311.111tJ~Lfll.l L 9i!2-1't V1 tiaaLl.lff L ii1 t~r)1 
fi1"j 1i.ii'.ltil.llJl"j1fJ~fl L9lffi~ffi1~ L~i;Jff ff11 L!f L(Jt1fil'5t Ul.114~ 1;J\]flU13-11Ltll.lfi11v4flflffN'lUfi: ti 

LLW"i'VIS1fl~l.lu~iuu tutl '°1.ff. 1975 i'.ln11V1"'fftJU'°1'l13-ltlfitJc;tflf.11ltl'3tl1Vl1 L!f tc;i1f'l~Luu fl'l13-l 

Lifa.iiw~tui~:; 1-7 LfitltlfuftN'lTJtNfil1..IN'lc;i11f1'lLLtl~n1 wu~1T1..1R'l1J.1LiiJ.1ii1..1itlt1fi: 5 Vlifl 

3-11flflrJ1fifl tViLfi(Jtfl111:fil1fJLfi'fl~ fh tufl'l13-1LtJ3-ltJl.litlt1S:; 2 ~:;t1Stlc;Jfltlfltl1 i'3iil.lff11 L!f tc;J1fi1'5 

t l.IU t l.1'°1'l13-l Liiiiiil.1~1~~LilUff11v4flflff'VtflflL fiflfi(JtffN'l3-111.111.lfl~1 30 ti us:;~1flfl11Vl(;lff'flU 

t11:;~V1fitl1wn11v4tlflffN'l1lfl'3fi'l1 L!f L(Jt1fl'5t uu-rni;1A'lf'll1 tuf'l'l13-1Lii3-liil.liflt1s:; 2 wu~11#1Ns 
L vi1nuiflt1 s:; 5 ufi:n11i:fl1t1 N'l"l:wuutltJn'11 ~'3 Li.i u u:;u1 t~ifi111ri t,.,",,t Ul.lfl'l'l3-l L ii2-1iil.I 

'i~ fl'l1 t~fi11 "C11.Y"1"~tl.lu?l.li.A3-l1miflt1s: 2-4 "ll1nn11;tni;1 ?uvt1JV1"sfl~ tun fl.ff. 1974 

wu '11 Lri t"'1 "~t l.lu t l.lfl'l'l3-l L ii3-liil.l~~~:vi1fi1tJ L 9i!siA'fii1'3 Lif c;iffL;t u'111 l.11l m:iil.INsn1if n1!l 'lffN'l t l.I 

fill.I fl~ 1i.iwui1 ty'Vt114~fi~ fil~iln1i tiff111ri t,.,",,t l.ll.lfl~ LdtJiln11tift1i111 ttJl1fit,,tl.ll.lflth~ 
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LLW~Vlfl'UJtUvtfl'1t14tJLL'l.J'l.J 'l.J1'1~1i''l.JNff3-ltUfil'l13-ILtl3-ltllA~'1'1.J1'1~1i''l.JNff3-lff1"i~'1L~3-ln1"i~fl~3-I 

Nfltl1'1Lfiti'1'i1flfl1"iff:ff3-l'llfJ'1ff1"i~'1Sl"i1tl'11ULfi3-l(u L'liU fl1"iUW fl1"i"i:fl1tl fl1"iLflfl"ifJtll'i1'1'll1'l 

n1"iLflfl"iflt1~1Lti3-I LLfl:Ldfl tit u"i:t1:t11'l'i:LnflriuN'1"13-13-11 a1"i 1rr Lfl"ift15Luu~"Lriua1"i~13-1 tit u 
Lfil~fN~1fl1'1milfJuL'!fuff11thflVIU'a: MBEH t1m'1uTitu!l1iifJJ.1NJ.1 Turi R.R.1986 Sl11!1'11UN'a 

wt11W5VIt1'1TJfl'1riuN'111fl'1~tl'lt1 1 "i'"ltl vii..,tit11V11LrrLfl1fl~Luuu1u 10 iJ tuiJ ft.fil. 1988 1#15'.l 

n1"i ff n~ 1 fl 'l13-l'Tjfl'Dfl'1if qivt14l1nn1':i tia1':i 1rr tc;i, fl,,L uuL i4flflfl~N'l t u1'1'l ufll'An1~1"i'l4l tu 

fil~i'ln~tl'lt1Uflfl'llfl'1 L"i'1Wt11u1'a 2 uvi'1vfLilfl'1W~V1tnit1 Lc;it1~flL~flo~tl'lt1f'1i.11wuuwV1ti;}'lt1 

Ut\JV11 UJLftt1'liifJ'10'l.JN'l'Vlil''1'1.J~L'lt"U tuV1i.huuu~3-1 wuduN'1 tu1'1t1 8 flu Vlq)'1 60 flu vtwutifJti 

'1fl'li'l'1fl1~ 40-49 iJ tu~tl'lt1vtiltJ"i:1"~tiflim.Ji'u~N'l 87 fill-A i3duN'1 60 riu U'a:tu~tl'lt1f'1Sl 
riuN'1 68 flu wu~1Lifli3-!Lrflfl':ifl~Luu 60 flU tu~tl'lti 12 fluti1rrtfl':ift'SLuu~fl~fJnuu1u 5 iJ 

WtJ~UN1 7 f'IU ~UN'1WtJti'ilt1tJ~L'lt"ULVlUflU03-liflt1fl: 93 tJ~L'lt"UVl'1'3fl'liflt1~: 54 uni.1ifJt1fl: 

37 VliA1N1flifJ!Jfl: 37 tu~ifltifl: 26 'i3JflifJt1'a: 22 tl1'1~1flfJ1fltifl: 12 L'Vlilfl1i.t1Jtl1oiflt1'a: 

9 duLnfl t uu~L'lt"U LflULLff'1 LL"" u'a:~'lu tV1qjwmtiu#hu<fi1t111fl'1 ti.JV1u1L'Vi1nu~1ut1'l1 u\Jl'tuu1'1 

':i1t1wrnriu~1u'D'l1i.i1on~1-fi1t1 t11:1"~011 Lifli3-IWtJVli'1 tiLY1t1'1 6 Lllflu 1flt1ia: 70 ufl:Ld'il t;f 

u1u 16 iJ wuduN'1il'1iflt1fl: 92 ~tl'lt1V1~1t111t1 L#iVl~fl tii1rrtfl':ifl15Luuu1uV1fl1t1iJ u,jduN'1 

fi''3fl'3LVlilfJUL~3-I fl'l13"11ULL':i'1'TlfJ'3'j'flf.l~UN1 ff13"111flUU'3'fl'flmriu 5 UtJtJ filfl 'j'fltJ~'l 'jf)tJ~11'l3"1 

~i.il'i1'Du1c;iL~fl ~>-i~1'TJU1fl tviqj u~:tJ'1WtJN'a-ii1'1Lfit1'1'D'fl'3 Lrf lfl1fl,,Luuio~i-u:~u1'li.i#i'la L'liu 

"j'fltl~1'3'Tl1'l N'l'VIU'11.J1'3 LLfl:~UUfl'3 

fl1"51~ 1.2 Severity of ochronosis 

Grade 

2 

3 

4 

5 

Faint macular sooty pigmentation 

Distinct macular stippling/small papules 

Dark deposits and papules 

Colloid milia (I mm and greater) 

Keloid-like nodules/cysts 

Total 

35 

24 

7 

2 

0 
68 

51.5 

35.3 

10.3 

2.9 
0.0 
100.0 

L'1aff1t1011Lf1flN'1 'fl'"lfltl 3 if4l4't1 Afl "i:t1:L'lfl'lUfl:~i.i1i-ua1"iUrlfl"ifil15luu~lii'u lhil 
n1"ia:ai.ia1"i tu~>-i'lt"U\f '3ff Lfl" L ~'l(u if4l4't1"110 Uff'3Ul'lfl4l:fi'3 L~iin111f'flN'1 ~'3~U1fl!I du~.., 
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L~'l..l-a'"ui L 'lN t Vl'l..lfl ufi3-1 ~'31~-ru UfNLLc;tc;t L'l..l~i.l'lN'-3 Ufl:if "l~t1~ff1i.1,,t:1~·tNil L~flt(ffi1'3L~c;t~ 

{i1Y11ff1'l l!1 l(;l'lfil~l '1..1'1..1 L'l..l\Ji L'ltlJ 13-iil L~fl~ffi1'3L~(;l~ L'rf'l..I 'lfltli;i1'3'!11'l L'1..1UiL'ltu'ltltlfi1'3'!11'l~ 

Y11t11~"1: 13-iwu N'1 L fi1L"l~1N'1"l:Lf1c;tV1i'3"11nff1'l1rr l(;l'lfil~l 'l..l'l..ILfi11tl'l'l>-11Ji''lnu~'l'l..ltli:ot:1u111t1 t '1..1 

L~fififf11'3L~(;l~L\.lt1~3-l1t"UJ.11flWtlR'l'lUfi:tdtlff11,)'3fl~1'liffl11fuN1Utlflfl.,1flL~flfiff11'3LJ1"~ 

L 1111 t1.f'l..IV1u'3 uVl~'3n'l:~'l..I t ~ L~fl~ -wtu'lufl1fft.tffi1'3 tti rit:1flfl1L"/'1..1Nc;tt1n~ ,r'3if 'l..las'3Ln"N'1 

V1~'3"/1flt11 l!1 l(;l'l fl~l 'l..l'l..lff13-l1'l(ltlfu~N'l"/1'3fl'3fltl'l..I t 'l..IU'i,U'l..ltl'3 l3-imfi3-111Jl'll1'1..1-rfl~1N1 il 

'l1f.J'31'1..1fl1"j-rfl'l~.11~'ltl LflL ~t:1{~11'1Nfl ff 1it1fu~N'ltl'3 LtJ'l..l~~fl'3fl1'l'!ltl'31Jlfl1c;l Lfl~tl'3~1fl1'3 L wi1: 

fl'l13-1i'lt13-! ~N'l'!l'fWlf1'l L'fl L f t1 '1'fl N'l'11'l 13-iil~1V1il ~'3iln1i ;t'l..lfil"i1V11~1it1fu~111w~N'l'Vlfl1flVlfl1t1 

'tiU'1Nff3-I L'1..1~1f\JLfil~tl'3'ii1tl1'3 L"!f'l..I fl"jc;} lfil~fl tl\i~'l..l'('51J11i'.l'l..I f ~1"j~fl""l1fl'ti:Ltl3-I LLfl:fi1'lfifl'1 

"11fl~'ti'Vlfl1fl'tiil" utJit11:~Y1~111wfi1i,)'3n~1'l~1u1n L'l..lti'ti'Vlfl1ti'tiilc;tw\Jf{11tl1{\l;\'l..I f1~t:1'fl\i 

ri'uft1t:1'3f{11 L!f t"ifl~l'l..l'l..I L(;lt1tl~L'l..l4tl P-D-glucopyranoside hydroquinone ff1idr'l..lu.,iu'l..lilt13-I 

Nffi.l L '1..1Lfl~tl-3'ii1tl1'3 Li4'fl L ~N'l'!l1'l f{1'ltl1{\l~'l..IW'Ui.l1fl L'l..I L \J Ufl:Ltl~flfl'!ltl-3 bearberry. cranberry. 

mulberry. blueberry LLfl:u w{ L 'l..l~IJl'l~1-rut11f n~1 N'l'!ltl'3'ti1'lql~i.i'V11'fl'ti1'll4''1..1Liltl-3tl Li.i~n'l..I.,: 
~ I ..r <t' ... t1"" _.-j ":? :'i' ~"i' • ~ l!'I V 0 <t' Nf{3-ITI'tiL Vlfl1'1..1ff 1'l'fl11\j1Jl'l..lf1'3 L fltl'l..IL tJ'l..lff11 L!f L"'lfl· J L '1..1'1..1 L 'l..l'ti'l..l.,.'l'Vl'l..l-3 LLfl:flc;tfl1'l'Y11'31'1..1'!1tl'3 L ~flfl 

1{11'3 u1 (;l~L VI il'fl'l..lf{11i'3 Lfli1:t.fC!1 ll'l'lfil'5l '1..1'1..1 LLIJiL Utl-3"110 fl'l13-I L fii.ifi'l..l'!l'fl'3f{11f{fll'J1i'l'l3-l'ti1~~1Nfl 

n1iwtlfl~~'3~1 iln11flo~1 t 'l..lfl'l..IVlfl1tlfl~i.l f{1>-l 1'l(l1Jl'l'l'il'f'Uf{1i 1a t"iri'51 '1..1'1..1 L'l..I LflVitJI LL fl: 

Uf{f{1'l: f{11'fl1i\j~'l..l'fl1"/f{fl1tl Lli'l..lf{1"j L!f Lc;t'lfl15l 'l..l'l..lfl1tl t 'l..l,1'3fl1tl ,r'3,f 'l..ILd'fJIJl'l'l"l'l:tA'Uf{1"j 

1a tc;ii "~t im t 'l..IL~fl" vr1fluffff 1'l:~'3wrn.A1-11wff1i 1a tc;ii R~tuuutJ1ntJi1'3outJ11uu~'lfil1tfl1vr11vf 
futli:'Yl1U tl-3 l>-i il Nfl L~tl'!lfNf{1'ldtJi'fJ'l:UUfl1tl t U,1'3'Vl1tl utJiilo11f1~1'l~1'3tl-3tli:ibtlfl1W'!ltl'3 
f{1'lf{fl '1 L V1~hrl'Ldt:1 Nf{>-1 t 'l..l~1fu Lfl~fl-3'ii1fl1'3~1'fl1"11i'lt1tl-ru~N'l L#lf{1'ldfil'3tl'3fl~L 'l..lfil'l1i.iilt13-l~fl 
'1..11'1..1LVh~ni:LLf{fl'l13-l~'fl'3fl1'JN'l'11'ltl'3tl~ u!Jitli: Ltiwvft~w fil'3Utltl l3-1~3-1fii1 fl1'lifl~1N'l t ~'!l'l'l 
fl'l'l L tJ'l..lfl1'lU'fl'3n'l..l~'3"1: L iJ'l..l~tivf tlfl'fll'lntt LL fl: ~3-l fii1n~1 uf'i L UtJ'3'i1fltJ'3Sl fl'l13-I ~tl'3fl'l'l t~ N'l'!l'l'l 

L 'l..IU~fl1'l1Jlfl'l(;l N~IJlntu"FiLfl~'fl'3~1'fl1'3 L ~'fl N'l'!11'l~'3tl-3il fil'l1>-ll'ft11tl'l~U1f{1'li'3 Lfil'l'l:\(f '3 Lfiltl Sl 

i1t1'3'l'l..l3-l1u1J1'tui1m3-11tlfutitvi3-i V11'flu1'3N~1J1nm"Fl~wt11t11i.ifinl'lf{'l'l'9'lfl~'ti'Vlfl'lfl'tiilfli.11Nf{~ 

Nfifl'l'l l;Jff 1'li'3 Lfil'11:~~!1'3ilif qi vr1~1i.tfil'l1>-1tlfiflflnt1 L Tl'l..IL~a.i Sln1i~nfit:1U Nf{3-lff1'11rt Lfli fil~ 

t 'l..l'l..lnu N~ IJlnm"Fl L i4'fl N'l'!l'l'l'fl ~ 3-11n3-l1t1 ufl:fN'i:vi'l t ~ Lnflif qiV11N'1 L'Vl~tl'l..IL -d'l..I L'l..ltli:a'Ylfl 

U'flfR fl'l L W'l1:fl1'l L;f L i4fl N'ltl'l'l'"l:'Yl'l fl1a.i"''lvT-3t1.J'VIU'lNfifi'l-3 Lfltl-3 fil'3'9:L1'1'1f 'l..IL ~'l LfltJ LUW'l: fl1a.i 

~IJl'lNff3-I u w'Yl!i N'lVIU'3~'3~tl'3 L ti'l..l~i'u1i'3fl3-I L'l..l'Yl'l-3~tJfl~fl'3tifl'l..l.,::Ln,.trqiw11"1 Lw t 'l..ILLt:1YRn1 
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i-3,!u~'5~t1~'3L~'3L;ijuti'3f!'l1i.tfl1'"1'ty11fl'3fl11W~U1'5fi'5Lfil11::,.;'t.Ai.i1tufl1{\j;iUuia::L!f l'11 

.-i15L uu t 'U~'lflf11'3i4'1fL-Afl t ~il fil'l13-l~fl ~'fl'3 1'l3-ltl'3fl11 fil'lU fiJ3-1 filtuil1Yi'!lfl'3 N~\Jlfitu'1Lfl~fl'3fl1fl1'3 

U'a~'lfl'a'1N'a<fi1'3Lflf.1'3~fl14l'i::Lfi'1j'Utun11t;fN~\Jlfitu,fi'3fl~1'l 

«'t11tn'S::ft'lfilqJ't'lflL ilfltr'l'ii4L ritt'lfil~ 
'RfJ'a'if1~ (Pyrus) ilaa.11inr.l1wJu 50-60 '!filfl Tuu~L'ltuL 11t11~'11Jifl'!lfl'3Y11t1Lf1Ltt1uia::~ t 1tl 

1'lJ.1"Yf'3Y11'3L'Vlilt:J11fl'3Y1~tlutJy('jn1 Lilu1liN~'1tu'Vl~flri'3N~'1 tu Trn~t1'l L1t1'3'if~u '!If.JU tmit1u'Vl~fl 

~nwuL~flfl ilrhu tu ia tu11u1'1L~fl uia::'Vl~'1i'l'3~1t1 flflflflflmilu'!ffl flflfll'lflflrlflu'Vl~fl'riifl>-1nu 

tu '1flflffJ.1\j1WLYif1 ~'!11'l'Vl~fl'ritJU1'3~Ltiu~'lfJ.1~ n~rnit1'3 5 fl~tJ Lifli.t~'1flULtiu4tlflULYl'Vl~fl 
11'L.l"flfl4tlii'lfl fl~tJ"flfl 5 fl~tJ ltlfl'ai.t'Vl~fl4t111ifl~tl Lflff1~'l~ 20-30 tiu 37'nil~Ut'l'3 Lflff1i'l 

Li1t1tl1::flfltl~'lfl-i'31tit~'l'3fl~U f'311iilt1uL~fl'lU'a::il 2 'lffN LLIJiia::1ifl'3ilL1ififlU 2 tiuuia::61'11fltl 

UflUi'li.t fl1'ULflff1~'lLi1fl 2-5 tiu N'aLLUUN'aUfltlLil'a 'iffJ'aff1~Uti'3flflmilUfffJ'atifl!IL~ 2 fffJ'a 

tifl!I Plfl fffJ'atifl!l'!lfl'3'if1~ (Pyrophorum) -a'n~m::~L~i'l'l ;lf) t'lflfli1fi1umin1i'lLi1flUflflflUi'3ulJi 
~ ,,f ~ ,~ ~ oV .d • I ~ oV ... ,,f d 
·~'lu11u u-a::LUflN'a~L~'a'aYIU uia::1-1ian~w::L~Yi1:: filfl LtJflflU1-1flfl~tu::i.i'lU11flt111u uia::niau 

"flnil~111'l !lflL ilu~u(~ ~h L 'Vl~1Sln~u t'lflfl~'lfi.i~ LliNia~\J1w t 'it Uff fJ'atiflt1Uuti'3flflflt111i.i u 'Vl~'3 
ti "? 11 I .d I oV .!'Ii I .J~... II ft ti .J ~ 

'ijfl L" 2 fl~J.I filfl fl~J.l\Jl::'lU\Jlfl Lu'Um~J.IYl~fl1'L.1'1flflU'a::fl1'L.IN'awJ.I Nfl4 Yl1'3N'a'if1'a uia::N'a1-1 

'l'3fl~tJLit1'3~i.i'Vl~'1i'l'3 1~url 'if1~1i11i.t'11 (common pear; Pyrus communis L.) uil::'a1~~i.i:: 

(snow pear; Pyrus nivalis Jacq.) fl~J.1\Jl::tJUflflmilun~i.i~illi1ut'lflflU'a::n1uNfl Liidi.i Nflltl'Y11'3 

N'aUfltlLilfl uia::Nflil'l'1flilrnit1'3'Vl~fli'l'3 !lm~u Pyrus ussuriensis uia:: Pyrus ovoidea lcJiufi ff1~ 
~U~111'l (chinese white pear; Pyrus Bretschneideri Rehd.) ff1~Yl11!1 (sand pear; Pyrus pyrifolia 

Nakai) uia::a1~ti'a"Q'Lit1u (ussurian pear; Pyrus ussuriensis Maxim.) 

'if11Yi filWY11'3!11: ff 1~ L tiUNfl Lli~Sl'R11Yi fJtM t 'L.lfl111i'ltJU11'3i1'3fl1tl Ufl::fltJfl'l::fl1tl t U 

~1'3j fl1YiL1iu n1::LYi1:: tlfl" uia::LIJI Uflfl'i1flULL.a'lt1i-3Sl'a1~fJtu~1i'lt1 tun11tiflt1fl1'Vl11 'li'l!! 

ia"fil'l1i.tiflUfl1tl tui1'3n1t1 uliLfl'a::fl1t1Lff i.t'Vl:: u'a::ti'31i'lt1 t un11u11L Yl1fl1fl1111fl'3L1fl'Vl'aflt'l'a3-I 

tin Lffut1n iJi'ltJ tJ11-iu !11uNu1 u11m: V11nil1L fl'l~nff 1~ac;i>-11iu t~ia::Lt1t1'1 uia'lu1 l t1;!i.11'l>-1 nu 

i.h1J11flY111t1 uia'lil11t1-iut11::Y11uLv1flt11,LYl1fl'lfl1111fl'3t1fil'VltJ'1 tJ"j'UY11fl'lfl'l1 Lfl ufl::-in~1 

tl1fl1111fl'3l1 fil'Vl fl fl" fl i.1 L~flf '3 i4'l'L.lfl'l1ftJtl 1::YI 1Uff 'l~tl1::'41,!u~"::fl ft'l'L.l'li'ltl t 'L.lfl'l11!fl'3fl'U fl'l1 

L ilu t 1fil;t""tt1u lll 'Vl~tl'V11nll1Lfl1Lif tJ11'fl'3Nflff1~i.11'11J.fntJ1f 1if '3uia:if 1"1flLif flwt1-m1~~"1Jiflnu 
Ufl'l t1"9::1i'lti-ifl~1fl'lfl11 Lfl uVi~ 'Vl~fli1Lffi.l'Vl::fl1fl tu~1filfl 'Vl~fl'li'ltt'iflti'ltl1fl11'ifl'1~fl 111 Lilu 
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L flflMfl.,h-1, ;\'1'lil'l t;pjLfll1~1'tAia'lnlti'l.f\! Jl'U 
fl'l"j~Lfil"j'l::~tlii.t'lfMtl'l{tJ{jiu ;}')tJL'Ylflilfll'i'l-31 LliUfl'l"j(Jl"j')~fftltlfilmfl'l'Vi uia::tliJ.t'lfM .. . 

a1i~1 ~ty'"l1fli)'(Jlq~uvl~::ihi.t1Llii..ifi'li..1NaJ.1 t i..1NitJtnm-r1Lfl~tl.:J~1tl1-:i ~1flff1iffn '1ff~i..i1 ni uia:: 

'i'lflff 'l"j~ff'3LR11::Mi'UJ.11 il11fJ'3'l'Ufl11~ LR11::Mtl1{tJ""' .,1fl~U1fl11;tflt!J'lfiN1~1'1-td 
Keller (1960) 1;}Yi1fl1i'5Lfili1::~tliJ.11mtl'l{\l{jiu ~1fl tu bearberry L"t1U'l~'ltlti'1'3J.11 

ff fl l'I "'l!Jff'l"j'a::"a'UJ 10% fl"j"ifl~fl fffll'l!Jitl;t'ltl Ltl'V11Utl'a L{jii.tff'l"jfl::'tl1!J L'tl'1fl::#8L(Jl(Jl Ufl'l 

fl"jfl-3 u1a1iia::ia1tJfil;}J.11 L'VIL'Yl"j(Jl~'ltlff1"jfl::fl1tl3-11(Jl"jl1'11 0.1 UfliJ.ltl'a Lfl Ltl 1,.1J1 (1 ~fliitJt1 

t1'iN 0.1 i..i'fl{J.l'flfl Lfl Lfl 1""1 ~::whnu 0.013 fl1i.t t1tl-:if11{\!~u> 

Brailovskaya uia::film:: ( 1976} ~ L9'111::MtliJ.1'1fMtl'1{\j~U ~'lflf;'lfff~U ln1#l'ltJ1lfiffLUfl 

t 'Yl'l t ~LtJt LJ.l'Vl~ Lflt1U1a1'1ffn"fi'L;}invhtJjjffltJ1nt1ff11ia::fl1t1 L'tl"tl::'8LCfltJ1Ufl'lYi1tJjjfflt11~fl ;t'l!J 

ff11fl::fl1t1 L~L;ifJa.iiflL~tJt ~tJ1't1WLfl1f 9.3 #l'lt1ff'l"ifl::fl1t1LLtli.t LJ.1Li'lt1i.tLtJfl{iiaL~tJ1 .,1nlfuYi1 

tJjjffltn!Jitl ~'lt1ff'l'l'tl::ia1t1'fl::il'f u 1 n r4-u Lf1" Llii..iff1'1ia::ia1t1v!Slfi LLfl'lU1ff1'1'tl::ia1tJ 1 tJi)'" fi1fl1'1 

IO" fl~ULLff'3vi fil'l1J.ltl1'l 9'l~U~'3~"vl 540 '111 t ULJ.l(Jl"j 

Buhl uia::9'lw:: (1991) 1;tYi1n1i'5Lfil11::~tAi.11mtl1{\l~u.,1nf;'lfvlu1J.11ti1tiui)'tJtq'1uli'lt1 
~fiaLtJfl L'Yl'l L~LtJIUl'Vl~ L"t1vh t~Lrl"tJjjfflt11i,rniu11tl-:i Ce(IV)-arbutin Lliu Ce(lll}-arbutin LLfl:: t~ 
Yi1tJjjfflt111Jitl#l'l!Jff11'tl::ia1t1 amenazo Ill Lf1'1Llii..iff1'1'tl::'tl1t1~Slfi LLfl'lu1 ltJi)'i;ifii1n1i~'1flit'U 

LLff'3v\9'l'l13.l!J'l'l9'l~U,.:i~i;iv\ 655 'U1L'ULJ.ltJl1 vif1Ltl11' 3.5 

Zhang LL~::rtn.i:: (1987) "!;!ri1n11~Lft"i1::MtAi.t1Wtl1i'\jflU tun'IH~~UL'Vi14'U P. 

calliantha L"tJ'5fiLfil'13-11 L'Vlfl11~N'ltl1-:I ti developing solvent ;ttl L'fll~tl::'8L'V11tJt LJ.l'Yl'1UflflLLfl:J1 

tu'tltJ111fi'lUNffJ.1 20:3.4:2.7 L"t1tJ~i.t1tJti ti..ifl'l'1Utlflff'l'l tJ11'l~i)""'lt1Uff'3\j1'vifil'l'lJ.1t1'1'lfl~U 
720 U'l L'UL3-l(Jl'l 

Sticher LLfl::9'lw:: ( 1979} l#!Yi1n1i'5 L9'1'11::MtAJ.1'ltMtl1{\l;lu LJ.l!fltl'l{\!~'11-LIJ L'11 fit'5L 'U'U 

uia::LIJLl'l'19'1'5L-uu LJ.1LULJ.1~'tlflL1itl{ ti..it1'1f Arctostaphylos alpina, Aretostaphylos Uva-ursi, 

Bergenia crassifolia, Calluna vu/gans u'tl:: Vaccinium vitis-idaea L'1t1'5tlflliJ.1'lL'Ylin11~1Jfl'3L'Vlfl'l 
I 

.... u , • u .J ..1~ r • 
ff3-111tl'U::'-:i L trfiltlfla.l'U Bondapak C18 L'Ufl'l1Utlflfi11 'l{}fl1filLfilflfl'U'VlntJL3-IV11'UtlflLLfl::U1 L'U 

tl(Jl'1'1ft'l'UNfi3-1 10:90 L"tltA3-11(Jl1 . 

Kraus uia:: Stahl (1979) 111Yi1n11'5Lfil'1'l::MtliJ.11tutJ'l{\16''U ut1::u.iliafl1{\l~'M L'1t1'5fi 

Lfil1J.l'l L'Ylfl1'l~tlfl'3L'Vl'tl'lff3-111tlU::'-:i TifiltJ~J.til Nucleosil C18 Tu1111ut1nfi11 i)'{)fl'lflll.fll~flUfiLtiu 
J1 LL'tl::Ul'Yl'l'Ufl'tl tutli'l'l'lfi'l'UNff3-1 80:120 f'1t11.AJ.11(Jl'i i'l1'l~i)"#i'lt1Uff~,1Sfifl'l'l~tl'l'lfl~'U 254 

'U'l t 'UUl(Jt1 
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Formard LL~:: Francois (1983} LIJi\Jl'i'llO/Ltlnin1e1cltJ1{\l~U I0/10W'ti Aretostaphylos uva-

ursi 1"'11111 TL c u~::1 Lfl'i'l::~v11\flJ.11wtJ1{\l~U L'1ti1fiLfl'iJ.11 L 'Ylfl'i1W11fN L'Vlfl'lffJ.l'i'it'lU::~-3 

Teglia LLfl:: Alessandro (1989} L~.,n1e11n1'i1Lfl'i1::Mlfl2-11wL!f L"'ifil1Luu LLfl::tJ'l{\l~utu 

LR4·eNff1il1~ L'1t11filfil'i~1l'Ylfl'i1W11il~tvtfl'lff~'i'i(lU::~~ Tirr11iuu Lichrosphere 100 RP-18 Tu 
n1'iLLt1n'Gf1i 1111'llO/tJ'1~'lt1 LL'Gf'3\j1l~fil'l1J.lf.l1'lfil~U 294 u1 LULJ.11111 a1vtiu'5Lfil'i1::i(Czrt'11fil1Luu 

LL~::fl'l1J.lf.l1'lfil~U 288 U1 LULJ.1\Jl'i~1'Vli'U1Lfil'i1::Mtl1{\l~U 

Sun LLfl::filw:: (1997} L'11Lfl'i1::M~J.11W11fNtl1'f\j<AU tuw'tiff~UL'r4'i vaccinium vitis-

idaea L"'t11lfiLfil'lJ.11 LV1n11w11tl'3L'Vl~'l'GfJ.1'i'it'lU::\i'3 tifiltJi2-1il lnersil-ODS tun1'iLLf.lfl'Gf1'i tl{)fl1fil 

Lfil~tJuvt LliULJ.l'Yl1Utlfl LLfl::i.h t u'fl111'i1ff'lUNffJ.1 15:85 L'1t1\PlJ.111111 111i'l'itJ'1 ~'lf.l LLff-3\j'lvt fil'l1J.ltl1'l 

fl~U 280 U1LULJ.1\Jl'i 

Coutea LLfl::flw:: (2000} L~~n1e11n1i1lLfl11::MUiJ.11Wtl1{\l~UI0/10W'tiff~UL'W'i 

bearberry (Arctostaphylos uva-urs1) LL'~:: vanilla slice (Achillea millefolium} L'1ti1fiLfl'iH1 L'YIO'i1W 

':'/., 0 "' A V I o l...I o I I ·"" '!ltl-3 L 'Vlfl'lffa.l'i'it'lU::'ij LL fl:: L'1'Yl101'i n01!!11t'l'3Nfl'!ltl'301'ifffl1tl \Jl'l\Jltl LL'Gf-3 Ufl::01'iL ufltlUU ufl-3 fil1TI 

Lil"lf tifiltli2-1il Nucleosil 5 C18 tJ{lfl1flLfit~tlU~L;jULJ.l'Yl1Uflfl i.h Ufl::O''jl'!tJ::~~n tu'tl\Jl'i1 
I 'i' 

0 
~ V ., ... ...1 ... 'i' I I ...I 

ff'lUN'Gfa.l 60:35:5 L'1tlu1J.11\Jl'i (;f'i'llO/'l<'l'1'ltlLLff'3\J'l'Ylfil'l1J.ltl1'lfilflU 267 U1 LULJ.1\Jl'i 'W1J'l1fil1fit'3'Yl 
.., .., ... "?...... -4 -4 -4 "" A~ 

tltl~tl(;f'i101'ifffl1tl\Jl'l'Yl L<'lfiltl 5.5 X 10 7.0 X 10 LLfl:: 24.1 X 10 U'l'Yl nnLil'ti 5, 7 Ufl:: 9 

\Jl13-l.a1~1J 

Qui 1.1.fl::filcu:: (2000) 11l1Lfil'i1::M'lfl~1cuf11{\l~h.1 Tt.iLfil'fl~ff1f11~ L'1t11fiLfil'iU1 ll'lfl'i'l~ 

11tl'3 L 'Vlfl'l'Gfa.l'i'it'lU::\i-3 

Huang Ufl::filw:: (2001} 1~1Lfl'i1::~uiJ.11tuf.l1{1J~UL'1ti1fi Lfl'i>-11 L'Ylfl'i1W11fl'3L'Vlfl'l 

ff3-l'i'lt'lU::\1'3 tuLfl4tl'3ff1tl1'3 tifltliJ.lil ODS-C18 tun1'iLLtl0ff1'i tl{)fl'lf!Lfl~tlU~L;jU 
-a11fl::fl1t1tl::~L'Yl'i\JIU'WL~f.l{vtrf Ltl'!f 5.0 LLfl::L3-l'Yl1Uil~ tu'fl(;f'i'lff'lUNffH 95:5 L<'lt1UiJ.11(;11 

.., ., ~.J ...; 'i' 
\Jl'i'llO/'l<'l<'l'ltl LLff-3\j' d'Ylfl'l1J.ltl1'lflflU 280 U1 LUL3-1\Jl'i 

Parejo LLfl::flw:: (2001} L~An1e11fl-3(]~ tun11Lf\ui'lflfi1'3W'ti r41Jtl1 tu{]~ tu liH'l-3Lliu 

'1::ti::L'lfl1vt Aretostaphylos uva-ursi ita11ff1flqjil1i\j~Ua..11niftt'1 1.1.fl::ff'lutuit\flJ.11CUfl1i\j~U 
\i'3tl'3 9.1 % 11fl'3J1vti1nw"lfLLVi'3 l'ifl3-!1 ls$i~~u11fin1ian'1LLuuiu111fluL;\t1'l a1vtiu-an'1-a11..,1n 

wiu-a~uL"W'i LL~'l~n1e111Lfl'i1::~vt1\Pla..11wfl1{\!~u..,1n tu11fl'3W'ti bearberry Lf;lt1'5fiLfl1>-11 LV1ni1Yl 

'!lfl-3 L 'Vlfl'lffJ.l'i'it'lU::'ij-3 
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fl'l'i Pl'i')"f{'i)1J fil')'lJ.11)fl ;t'il~,.'il~'ifi'S L fil'i'l~M 

ffl'l'l Lfl'l1!:~tli3-11Wff11ff1 ..rty L ;jutlU'lUfl11viSl fl'l13.lff1 ..r\\j Ufl::4'::~fl\1Sl3.11(Jl'lfl1'l 
(Jl'l'J~ff'flUtli::LilWl1 Lllu'ltivl\]fl~fl\I Lu.Jufj1 'fl~LumwtJ1vlii1vtu~ vY\lii'Lwi1::Nfl~1flfl11'5Lfl'l1::,.; 
'i!:U\l~fi\l~mfl1W1lfl\lff1'lff1..t'ty vY\I ?u~1utli::~Vlttfl1WLL'tl!:fl'l13.ltl'tlfl~tltl Uflfl'i1flift5~Lfil'l1~ 
fi\ltitun1i~~(Jl1J-lfl'l1J~J,i~Wfl1W1lfl\lff1'lff1..rtyt~il3.11t11'll1Ufl\lvifl~LffJ-lfl Vl1fl'5~Lfil'l1::,.;Ltiu 
15tivlt ~ Nfl 13-i\Jfl ~fl" ufl'l Nflvf1~~1nn11'5 Lfli1 ::~~a.J ~13-l 11riti"~n" ~mn1w LL fl::fil'l13-lt1flfl~nt1 
tlfl\lff 1'lff 1..rqi1"1 ~\l~U t un1115 Lfl11::~ "1'lt115tiLfl'lJ-11 t Ylfl'l1~tlfl\I LVlfl'l ff 3-l'l'lflU::~\14/!:~fl\l;f fl~ 1 

fffl1'l::n11Y1~'tlfl\I ufl::Vl~ffflU t UL~fl\lfil'l13-lfil\l~'lt1fl\lff1i fl::fl1t1~1\lj t ui::uu LfliJ-11 t Y1ni1~ 
t11fl'fl ~41u'5tiYI ~ff flU l"t'l1m vtJ-11::ff3-lt1fl\l'l::uu Lfl'l3-11 t Vlfl'l1~ LLfl::~tin1ivt1fii1w1i1Sl L(Jlfl{~1\lj il 

~\Id .. 
fil'l'lJ.lt)flPl'il~ (accuracy) 

uffc;i\ln\1Nflt1fl\lfl1i15Lfl'l1::~~1 LflflL;it1\lfii14'i'ILWt1\I t~ f\1~~1iw1'i1nfii1 %recovery Lc;it1 
.... .! °" I ..J ti~ .!Ii u 9' ....... ~ O' ~ fl11'l Lfil'l1!:l'I (Jl'lfltl1\IVIYl'l11J •3-l1W LUUfl1'l'l ~ fl'l13-l\)fl(Jlfl\11lfl\l'l1b Ll"l11::vt Vl•flVl1l"l'l1J-I 

il~Wfl1~1lfl'315tin11 LUfl11Vl~flfl\l'i::~fl\IVl1fii1 %recovery 1lfl\lff1'lfl::fl1tl3-11t11'll1UviSlfl'l13-I 
., ., .., ~~..J 0 ·--~ ....... 0 "l' ... ..J Ltl3-ltlUVlfl1tl'l::~u · rn'VIU13-11 L'tfr1'fl 'lfi standard addition Vl1 Lflmt11i.lff1'lfl::fl1tl3-11(Jl'll1UYIYl'l11J 

1.A3-11WLLUU'flUfl\ILtlLUN~(JlflWtJlvili'fl\lfl1115Lrt11::~ vtifl~'lt11 viN~(Jl(Jl13-ltlU'lUfl1'lN~(Jl'i'3'3 il 

ff1'lff1..rtyvi~::'lLfil'l1::~fl~LU~'lflti1\lfl~Ufl'lO'flU'i::L~3-lff1'lfl::fl1t13-11(Jl'll1UviYl'l1Utli3-11W 
LLUUflULi1 Lt1L-Ai.1~fl 

fil'J'lJ.ILLa.iMth (precision) 

LLffc;t\ln\lrt'l13-ILLtl'ltl'l'lUtlfl\INflfl1115Lfl'l1::~Ldflvi1fl1'lVl~flfl\l,f1Vliflfl1'lfl'l::'i1tl~'ltlfl\I 
Nflfl1'l~Lfl'l1::~'i1flfii1L~~tltlfl\lfl1'l'lLfl'l1::~Ldflvh-l1 fl'l13-ILLU'ltl'l'lUVliflfl1'lfl1::4/1tltlfNNfl 

n1i~Lfli1::~~1n11'11L~~t1 Lllu random error t1uLrl'fl\13-11'i1fl~'lu•1i1::~ Lfl~fl\lilfl ff11Lflilufl:: 

~\ILL'lc;tflflJ-1 ~1\lj tun11~ Lfili1::,.; f '3t11nvl4'::fl'lU ~3-1 t ~ LvtilfluL~i.l'YJfltli::n1i fhVitiuff~\lfl\I 
fl'l13-ILL3Jufj1 ;if) relative standard deviation (R.S.D.) vtifl coefficient of variation (CV} f'3fl1U'lW 

Lliufi11flt1fl:: ?un1ivt1fl'l1i.1ui.iuth LLtlfl 1;JLilUfil'l13-ILL3-iuth LUf11ivi1-l1 (repeatabillity) LL'tl::n1i 

vi1 Tvti.i (reproducibillity) funu15tin1iY1i;tflfl\lvtifl~fl-:itJiju~n1i ;if! repeatabillity vt3-l1t1n-:in1ivi1 

%R.S.D. Tun1i'lLfili1::~-l1 tuiluL~tl'lflU 'if'lu reproducibility fifln1ivi1-l1~1\lilunu f\l'i::L(JlittJ-1 
I' I • o'P 0 I' 0 I ..r <V <V .d ~ .f'. • ~ 

U1tl1(Jl1\lj LVl3-1 LUtl11Yl1'll'1 tl11fl1V1Uflfl1 %R.S.D. 41::11unui::~Uff1'll'l'i::· d Lfl'l1!:l'IVl11ni.11W 
1..r I ..J ~ 

%R.S.D. 'i::L'Ai.1t1ULSlfl1.A3-l1Wtlfl\lff1'lVl~fl\lfl1'l'lLfl'l1::~1'11fl\I 
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:. . :. ... 
tAa.1'lN1t'lf{ftM1t1'l"f'1ft Ta (limit of detection, LOO) LLtt::tAa.1'lN1t'lf{flY1111'l1.Aa.1'lN 

Ta (limit of quantitative, LOQ) 

LOO iy:a'ifl~v11t-un1,vi1 limit test ~'lu LOO titun1i15Lfl"j1::~tAu1wvlrl'"l#i~1fft'ltifl~i~ 
vl~tNn1iV11 Tui'lflfi1~ vlff1u1ifl~,'l~wu 1;tli'ltifil'l1UQfl~tN u~::rr'l1uLUJu!i1vlt1flu1u 111 n1i 

ii1viutfl'°11 LOO uia:: LOO tu15tivltiLfl~fl~i1tJtun1,'5Lfl"j'l::~vi1Ltflf.IVl'lfii1 background uia:: S.O. 

Ltflf.I ti blank n1,15u•1,1::~V11'°11 LOO 'Y::Lvi1nuviitt).l'lflfl~'l 3 S.O. uia::fii1 LOO 'Y::Lvi1nuV1itJ 

3-11nn~1 10 S.O. V>h LOO tl1'YV11L~'Y1flfl'l SIN (signal to noise ratio) Ltflf.ILtf'!f.ltJLYifJtJ"j::V1~1~ 
0 ..., .J ... ~ • .J .... ~ "' a1"jff'lflqj'Yl4u1u1wuia:: blank fil1'Ylf.ltJU"jtJritl 2:1 Vl'ltl 3:1 

fil'l'llU~M'l::L-.1::11t~ (selectivity 1111s specificity) 

LiiUfl'l'l).la'lU'l"jfl11fl~15ft'3Lfl"j'l::~ vllJl"j'J'Yr.tJtJth~~fliJifl~ L'Y'l::'Y~L~r.1::a1,vliJitJ~fl'l"j 
15 Lfl"j'l::lK L vi1lf u fl'l"j15 u•1i1::~~fl"jtJfl'lU'i1fl~'l\,\Nff3-ltltl~fJ1 i'lf.11i'lu i~~;t'Y1flfl1"jff'a'lf.I i'l 
titJ~tJ1 a1it1uLntJu uL-a::a1i&~iJiuiy1nn1,N~1Jt~'lt11ft1A"qj 

fil'l'la.IL flMLftMlt1~ (II nearity) LLtt::1l'l~fl'loMLfil11::i (range) 

fl'l"jVl1fii1'Ti'l~tlfl~fil'l'l3-ILii3-liiuvlt'MN'afl'l"j15Lfl"j'l::~~fl\$)f)~Liiuic;i~')\,\LtfltllJl"j~fltJtAu1w 

i'lf.l'lvlilfl~'Y~~ ft'lVl1tJfl'l"j15 Lfl"j'l::~ ~'lf.IL 'YI flilfl Lfl"jU'l t 'Ylfl"j1~tlfl~ L Vl'a'lffU"j"jfl\,\::,~ ~::llifl~vi'l 

system suitabillity i'l3-I Tun1ivi1 validation ;r'lfJ L~fllJl"j'J'"#fffltJi::uu111ivi1~1u'Y11~~L~fl L'Yliilfil 

U'a::flfl~3-11l ~'lfl~tUff1l'lr.vlLVl3-l'l::ff3-lft1'Vl1tJ ti~'lU'Vl~fl Li.i fl'l"j'YltflfftltJfl 2 ff'l\.I ff'l\,\U"jfl fiitt 'Vl'l 

fl'l'l3-ILL3-iuti1Ltflt1~NiaLdt!UtJ1,f'1 ltflfJ~1fl'l1UV~ifuvl vtitt respond ratio J.11Pl1\.l'ltl.I %R.S.O. 1:J 

Lflw-rlvit1flu1u USP 26 fl1'VIUtflt'M %R.S.0. Ufltlfltl1 2 LdtJUfl,f''l 5 fl.r~ u-a:: %R.S.O. ).11flfl~1 
2 l~ LdflUtJ1,f'1fl'u 6 filf~(u Ltl ff'luvlfftl~ iiitt fl'l1Uff13-l'lifl tun1iutJn Lflt1fl'livi1fii1 resolution 

(R) LL'n:: tailing factor (T) USP fl1'Vl\.lflfl'l R UJufltlfl~1 2-3 

fl'l1LMtiu71~'llt1J'lM 

Liiun1i'JLfl'i1::~1111tAJ.11wT"'st~tu1(Jl1"J1Utu~1U'J'4't1fiQn;lfiu~u~'l T"'s!iff111'l:: 

uia::fU(Jlfl\.ltifl-.315fiu11JtiJ1U~-.3'VIUt'l LL(Jl1i~'lflth~v1Li1(1ifl~fl1i15Lfli1::,(tun1ivi11.Ru1wu#bvi1 
fl'l"1 L tlit1tJ L YitttJ N'a~~ fl'u15fivi iii fl #iu(UJ.11 t V13J~115fivi iii t'l tliu(uu1lf uit fl'l'lJ.I L'VIU'l::ffUfl~'l15fi 

J.11~i31Uvlilfl~Ufi'lL~tJ'Yi1n1'i,;'~u1~f1Ltl 
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~ .. qu1~•"An11flnti1~i'ti 
~ .. qu1~•"A~9"n11flnti1 
Lvitl~~U'1Ufl:Ll'l~tl3-l~IJl'H~hi'uu1LUtl'li\j~Ufll13-I 

Lvitl'Ylflfitlum11.JflflUfltlt1tl'li\j;'IU1ii1nu1"u"u1Lufll13-lus:'YlflfitlU'J'YlftiutT"LtlUL'lf3-11'YI 

L 1tL Ufi t 'UtlU'l'Ufl'l'ifii'l-3 L3-lfl'lil'Utltl'1~R'l 

L Yitl~ Lfl'i'1:1KtA3-1'1t1'tl'li\j&l'U4i'lfl Tu Lfil'iU(;l'U'l t 'Ufll~3-I ;i')tl L'YI fllilfll Tu L 'lfflfl'li~""" Lfl'i 

3-1'1 LV1n11~vf Li1umi~~u1L'YI "tu Lflftfi:tl'l(;lt1tl'1 L 'Ylfllilfll'5Lfll'i'1:\.f~LijuSl1J11nu 
~'1U'lfl~tl3-I 

u1~lti~M~~~l~-i't.J~1n11Anti1Li"~~ti0~fizM19Li"u1z~ni 

Li"Lf'f1tiJf'f'l•R-f 
tJ 1:1f '11f'Ufi'l3-l 'l'if1U 'l fl'l 'l3-l~ViliJl1ii'lfl\l'lU'54't1 Ufl :m1il1 L tl'lfi'l1fifl l'lfi'l~U'l L ut;rN ~" Li1 u 

N~l'lnm'1Lfil~tl'1ff'ltl'l'3 LL~:L~3-11'ltl 1;tt~fll1tlUfli''lUUUt'lt1U i.J1:1f'l1fl.lfi'l3-l'l1flN~IJINl91nm'1 

Lfll~tl'1ff1tl1'1il11 i.Jtii.J1: Lt1mfeiJ!tnh~i.Jflttflfit1ufl: t;r1;tl u\.A3-11mvt~nPitl'I 

Li"fi'"AJ.I 

i.Ji:1f11fu u~ :vtu'lti'I 11.1 !Ji1'I i l#ii'utitl 2.1 fl Lfltl'IPiuLrlmnu q'Ylf ti utT'I Ltlu L 'lf3-11'YI t 1tLu fi 

tl'I f'lu i:n tlUt1tl'I fi11ff 1iiqi'YI1'li'lfl 1~ t1tl'I ff 11 fin" lli'l n \1 n fi'l ~ u ~ :15~ n1115 Lfil11:\.f '1 'l t1 

L 'YI" tu Lflflfi:tl1flvf fll'l13-li.J~tlflfit1~" Lnf11111fii1" Lfllitltht11:wi1" ~N~IJI irn~1f1n11iitl'lau 
i!11~1f1n11f11fili'3 i.J1:1f11fu u~:N'ltl ~3-l fll1tl'I ~u~Lnfil tu1111th:fi'lU\l'lUfll'l'l3-l<j'l3-1Sltlt1.11111 
... •• ... ~ ... ~ .. • ... ..l ... 1'i 
~ ~ U'l 'J t1'fl 1~ Ufl :fil'l13-I u ~tl fl fltltltl\I N-n l'lfl m .,, Lfl1tNfi1tl1'3tltl'3fi'l1fifl!Jllli'l flfi'l ~ tlUL uU 

LLU'l'Yl'l\ltun11~~u1N~l'lfim'11Jitlli.J t;rLtlultl~flvfu31uff1vti'um1154't1 Lfifl~~u1i.Ji'ui.J1" u~: 
1~Hitl~flLiftl'l~u fii'l'lfil'l13-1Lti3-ILL~" t~nutf3-11ru L(;lt1fh t~Lnflfl'l13-l~'l3-liltl tun11~~u1N~1J1fim'1 

~tlfl'l'Yi L Yitltf2-11rU t~1iJi3-l 1\Jl'il1Ufi1fl~ Llluvf t1tl3-li'U 1" Lflifltht1fl'l'l3-l<j'lJ.1 ilfl tun11~'ltl'Yltlfl 
L'YlflLULflfl~~N~l'IU~:tf2-11rU L~N~\11U151f1fl11~;1~3-1,.(viitl11tl\11'U.ULrlfl'1~1flfl'l1U1:tf3-1tu 
1:flU1f1~vtitlU1U'l1f1~ 

~9UL ~ Pl~9"fl11flflti'l~i°ti 

\11u154't1Sl11flu L t11J1n11 t;ru1:tt1tnl~1nfi11ffnflfitli~1n~1f~il'J'Ylf Uutf.,, Ltlu 1'1fifi 'YI t 1tL uff 

tut1u'lun11fii'l'ILJ.1fl1ilut1tl'l«R'l 1;tufi mi\!~u 



Ill. B!t1 !.tt~ .. U,IJll.~tc~1~fU,Vlfl~H::~11 UW1~1..~l..!t1l..!\~LUHIA.11161A.B~1 ttl*B1 ::~lllfllll. l..!\~LU 

Bjt1 C.tf~l6_tll.t-l..Bl..~t-B;w1ttt..itt-t..IA.l..Bl:'l..IA.~fU,Vlfl~Hl..tttft)~ttp1tiB~lfl1B~1JtJ1UB::~111..111..riu~1..tc1..~ 

H~!fl)L::t..iw1~::~11ura11~1b~t..~t1..~::~11 tcB~l4C.111:'~11~~1fltjttp1B~1141..B::~~WUWIA.11..tttft)~ttp1 

i:-~::nu~~l1~t.~ It\ 11:-Bfl.~l..~U IA.! Ltc~w1 W?iWIA.1 BC.!t tc~wn11..ttl61}14~1Ul..f!.tt~1\71.. BfUl..11~11 j'L::t..tW1 ~ 

~Ul..l!. C.tf~l:-Gll.tttiL~ 1111:-Bll.~14~1 l:'l..~~~l..UHC.1111.1"\ l ~tt1&~ ! IA.lJC.11. l. HB1 c-~m.@jlA.lmB~lfl IA.::~11 ti..~ 

BB~llW~ll~LUt.. R.U11 ::~11 n~l\71..iii:-ea.tc~Httt.~ ts~tc~wn1 Ltttc B~~, ~1..u t..tttft)~::~n 1.. R.U~ 

-£~-



1J'rll4 2 

Vlqt!JnLLft::L~tl'1i1tl 

Vlqt!J~tl-1 lfl'S~1 t Vlfl'S~'lltl'1L )'lft'Jfft.l'S'SO~f-1 
Lri12-11L'Vln11~Ltiu~tiu.t1nfl'3~t11::nfl\Jt1fl'3ff11Nff2-1Li;it1fl1Rt1fil'l12-IU.(Jlfl~1'3tlfl'3fl11 

,£ I V ... v ...! V _J ...i-r -r et 
n1::-,1flt1fl'3tl'3r1tl1::nflu1::V1'l1'3 2 'l{)fl1fl filfl '1{)fl1filfil'3'VI us::'1{)fl1fi1Lfilflfl't.l'VI Lrt12"1 Lnfl"i1n 

tlfl'3LVlfl'1ff2"11tl't.1::~'3 Lti't.IL'Vlflilfilvft~Lfil11::~ff11~'lflti1-3vY-3'V11'3fJ(Ufl1W~Lfil11::~us::tA2-11N 
~Lfl11::~ f'3ff11~'lflti1'3'i::\lnil~nih!utufi'lu11fJ'3fltlfl2-1l1 1'nn1flLfil~fluvf.,::vhviihvfw1'tf11N1u 
1 ti !l-3 filflfl2-!Uli;Jflfl1R't1u.1'3ti i;,.,1nif 2-1 ff 11t11::n'tlu u~s::~'l'i::\lfl~ "1-B'u us::\lnvi1t~Vtf!i;lflflfl1 ti 
.,1nn11~"1-B'uuufl11f11flvfu11i'tl\l'tufiltlfl2-1l1 ft11t11::ntlu'i::iln11n1::"'1t1fl~1::vit;i1-31'!Jfl1flfil'3yf 

..... .Js .. .J. .J. .... ...i .... _~.z:·""' 
LL fl ::'l{)fl1 flt Lfl flfl'U'VI "D-3'1{)111 fil Lfilfltl\.A'Vl'i::'U1ff11l'l'lfltl1'3'VlfJtlfl2"1'"11fl flflfl2-l'UL TI fl L "01~ Lfil1tM 

t'11'l'i1'"1 LLfl::'i::fi'3iqJ{\11N~fl L t1vf Lfl~tl'3UUV!niNqJ1N'i::L tl~fJUityqJ1Nfltlfl2-11 t u4t1Lfl12-11 L 'VI 

un"i2-1 ~fin11uflniJi'lfl L 'VI fililfl Lfl12-11 t 'Vln11~t1fl'3L Vtfl'lff2-111nu::~'3 ff12-111nu. i.J.:Jtiflflfltln Lliu 

lt1LL\J\J~1'31 tJl12-l'!fill'ltlfl-31'!Jfi1filfl'3vfyftiL~~'3;i' 
Absorption HPLC L'Vlflilflii'il1'!Jfl1flfl-3vf Lti'U'fl1'f!1fl11tl'3LLi'3vtfl4w1u LLfl::flrfuN'l2"1fl L'li'U 

i~fl1L.,fl Vt~fl fl::~~\.A1 f'3Slvf\.AN'lvft)fl'3L'l LW Vt~ silanol vffl~uurfuN'l11fl'3i~fl1L'ifl U.fl::il ff11 

Lfil~fluvf L tiu<A''lvi1fl ::fl1flV1Sl fJ N ff2-IU~ i-3 u~ilffn1w.f 'l~U tl-3 LiJil ff n1w.f 'lvi in n11 LLfl nff 11i!u 

'fl1ff't1n11 Lfii;itiutJl1~~11vt~1'3ti'-A1::vit;i1'3ff11 tiurf uN'lvit;itM L 'l11fl-31'!Jn1fil fil'3vt 

Ion exchmge chomatogaphy L'Vlfililfldrit1fl'3LLi-3Vlil4w1uLti'-A1'!Jfl1flfl'3vf tJn~.,:atiu 
W'lflL 1'Bu (resin) vf iJvr~Lflflfl't.ltJtflfl~~'1flnU1l::'Yf1'3 Lflil L~fl,t'l 1u!i1'1Jfl1fil Lfl~fl't.lyf L tiu 

ff11fl::fl1t1U"L"fli f'3t11::flfltJ~'lflLfl1iL\Jlfl-flflfl'fl'Uyf iltJ1::'1tJl1'3ii12-1tiuvi~vtfl~tJ'UN'lt1'fl'3'B1'fi'lfil 
vfu11ifl~LflflfluluL"ffLfil~fl1..1vtvfs:1t11::r.i1Lviil'B1..1tiu Lflflflu~tlitNn11LLfJn ufl::'"1::1'l2-1nuvi~Yifl~ 
1.J'UN'l L 1iu t 'Uflfl1!1N::vf L ti'-A~Lflflf)'U L~flvi1t~tJ1::-,vY-3Vt2-lflfl~t 'l..lfffi1'l::ff2" "Jfl fl11LL 1i'3iuti1..1 

1::VttJ1'3 Lfl'flfl'Uvf fl~t 'l..lff11fl::fl1fJntJLfl1iL\Jlfli!flflf)'U L ~fl L ii1fl1tltJ fl1f)'3\Ji1 LL VIU'3~iltJ1::iuu~'l L 1 

iutit::ilN-avi1!~Lni;in11i1i;iLn1::i1..1 fi'lut1u'l1..1n11LLt1niunu'!filflt1fl'3L1i\.A fil'l1mtlun1fl-LUff u.fl:: 
I ":? V _J.J. 

fll'lfil'l12" LL 1'3tlfl'3 Lflflfl'Utlfl'3'l{)fi1fil Lfilflfl\.A'VI 

Molecular exclusion HPLC (gel pemeation vrifl filtration) L'Vlfllilfild'tl1Rt1fil'l12-IU.(Jlfll'i1'3tlfl'3 

'1'1vril'n L2-1 LflfJfl LLfl::Jlllifl t1u1"1t1fl'3 L2"LflfJflvf "l::\lm~flfl t ~ u. w~N1u4w1u11fl-31'ff 'Jvf u111 tu 

fltlfl'2-1\1 n11vfff11'i::\lflVIU'lt1t~tJ~t1..1flfli2-1\1u1uvrifl13-ii'\.A'fl~nu11u1fi111tN LJ-tLflfJflLdflLV1ttutiu 

11u1"4w1u11fl-31'ff fJvf u11i t Ufiltlfl2-IU 'f 2-1 LflfJfl L~nff 12-111n~"l::N1UL ii 11 tJt \.Alyf L ~fl 'f 2-1 L flfJfltlU'lfl 
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fl'ft1'3N1ul;tL~w1::u1'3~'lUt1fl'3lW1Utlfl'3ff1'ivlu,,, tuflfli>-i1lLvi1,!u ff11>1i'u L>-1L'ftfJ'ftvlilt1u1C'I 

tV1qjJ.11fl"i::liJff1J.11'iflLfl~flUN1UlWcUL#i ,Y'3,fULJ.1L'ftfJ'ftvtilt1u1" t1>1f\i~-3Lfl~fluvtflflfl"i1fl9'lfli>-1u 
flflU L VI flilflUL 'VIJ.11::ff>-i ff1'Vli't.J LLtlflff1'lvlil>-l'l 'ft LJ.1 L'ftf'J'ft,'3 

Partition HPL C L trfitilflQfl1RfJ'Vliflfl1"1ffi'J.I LfiQfitlfNff11th:flfl1Jfl1:411fli'l1:w-J1~1'{) 
::. ..!'? I .!Ii ,K .. V o&I ::. ., 4 .Jf'\ ::. I V 

fl1 flVl'3fffl'3Vl L>-i 'ft::'ft1tl L 1JUL Ufl LC'ltl'l flU L n ffVl-3 ff fl-34/::!Jlfl-3 L 'ftflfl"i1fltlfl'3 L 'Vl'ft'lVI ~ fffl1Wtl'l IJI 1'3flU 

J.11fl1 fl1tl{)fl16'16'1'3vtili'l (potar) "i::~fl'3L~flfl titJ{)fl1flL6'1~fJUfft~sti'l ff1'Vli'Uff1'iU'i::flflUvliti'l 

~::\jfli1C'lfl~flt.Jtl{)fl19'lfl'3viflth'3LLUU LVlfililflU ;if) normal-phase liquid chromatography u~li11'{) 
.J'? 'f'I::. •• 1 .J .J., f'I::. •I .J:!'t::. •• 1 .J .J4 fl'lfl fl'3Vl LJ.1 ~tl'l L nffLfl'ftflUVll'lfl'3~tl'l ff1'l u'l::flfl1JVl1-1'D'l"i::1ffl1J L nff Lfl'ftflUVl4N\jfl1f::flflfl"i1fl 

flfliJ.11lflti1'3'i'lC'IL~'lLVlfllilfllU;}fl reversed-phase liquid chomatography 

n1.,M'11J'f:IV1ifl'lM~9~fil1JftMY 

w"i11w1 liJi"l1n fl'l1a.1nil1'3t1tNYl fllvl\ln~::flflnJ.11 1h::ivitin1wt1fl'3 flfliJ.iuvl;i rto u~fi:: 
.K.J ., f'I .J ... :? ... ,.J.., ........ ~~ ... , 
WUVI \I fl~::'flflfl J.l'l"i::\Jlf1'31-131uV1 LLfilU LL'ft::Utlflfl'flfl"i1flflU Lfl fl'lVI L 'lf'l !Jl u'l::·"'V111fl1Wtlfl'3 flfl'ftJ.IU 

iil'fl -i'lU'lUL W'ftl'ltlfl-3 fl'fliJ.lil ff'lJ.11"jfl fi'lU'lW Lli"i1fl lfl'iJ.11 t VI ULfl"jJ.l,r'3ii 

N = [i.1w] 
2 

ulfl N = number of theoretical plates 

T = retention time 'Dfl'3ff1'l 
X .-9..l• ' .Jo 

W = fl'l1J.lfl' d1'3tlfl'3nflVl1'11U'VIU'3tlfl'3fil'l1J.1~'3Vlfl1'VIU~ 

a = '°11fll'3vlfunu~fin1'itJC'lfil'l1J.1ni)1'311fl'3Wn (tangent = 16) 

u 'ft:: fil'l1J.1~'3'fl'fl'3 L w 'ftl'I ut'i'ft::L w 'fttJI t Uf'lfliJ.iil f '3 ff'lJ.11'ifl L u~t1u L Yi t1 uth:: ivi ti 111w tl'fl-3 

flflii.iilYiil"'l1a.1t11'l l~Lvhnu 1#1 LC'tt1YI 

H = L/N 

Liffl L = LiJUfll'l1J.ltl1'ltlfl'3filfliJ.IU il'VIU'l!JLiJUSl'ftiLJ.ll'l'l 

fl~\J'i'i1'J9~LMft'>iftfLflY'3'!JmALAhYJ\ 
fl1"ivi'l3-l'l"i1f1LLO'l f'3itiit:>Lit!J;'lfl LL\Jlfl~'ltl 'Vl~fltlff~~ui L1tu tenon, stainless steel 'flU1C'I 

t.J'l'l"(fil'l'ith::3-11m 1 itJ1'i 'Vl~'ila.11nnrj1 Tun'idlTiLrft1L\'lit1a.1ft1i'ft::'ft1t1 \li''lvi1'ft;'ft1t1 Ltlui'luth 

vlitfil'l1i.lff1AfU3-11fl tun1iut1ofi1'ii'lflli1'3flflflLilutJ'3~Ui::nflufiflt1 IK'lvi1'ft::'ft1t1vltiLiiu1'{)fl'lfl 
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Lfl~tluvltuLVI !ili'.lfl lfl'ni1 LV1fl11~11tl.:i mfl'lffll'l'lflkl::\1.:i 1#1 LL ti ~'lvh~::fl1t1fiuV1~!1 'l'lllvT.:i 

ff11~::fl1t1~u1 1ltl\1Lfl~tl'!fi'.ll'll'i1.:i f'Jt"Uffllu;,vl~1~cyu1.:it11::n1111tl.:i'1!Jll1f11Lfl~tluviflt~tu 
L VI flli'.lfll lfl"JJ-11 l VI fl11~'tltl\I L Vl~'lff3-l 11flkl::\1'1 1'1 LLfi L~vi1tlfii'At110\Jfltlf\'J.f U (\li1 tviLnflfl'l'l~fltKkl 
t klfltl iJ.iu L tlun1·n ~ll fl'l1J.i ,rut u1::uu LLfl::ff11fl::fl1tt ~'ltlth.:iVJn1ri'.lflritJun111' Lfl11::~"1fl t~ 
L VI fli'.lfl lfl'lll 1 t Vlfl11Y4'tltl\I L Vl~'lffJ-111flkl::\1'1 fl'l'lfl1tl\IN1klfl1::"1'11!1fl1tl\lflst4'V41u11u1fll 0.45-0. 5 

1J.i f11tlu LL fl ::rl1r.i'!'ln1-tl'~.:i fl::fl1t1 t uff11 ~::fl1t1vT.:i VI ll" fl1VI i'uJ1niu"f ::;ttl.:it111ff"f 1nff11fiuV11ti 

LL~:: LL \J f!V\ L1fl f'i1'11 L VI J-11::ffJ-1 OU'!fi1"111tN Lfl~tl\1 '11'l.,tJflvltifl'l1'0flfl~klLLff\l'tltl\ltl{)ll1fl Lfl~tluf\ 
fl'l1 J.i u;~VI t11tJ.:i ~'lvi 1 ~::~1 fl st fl'l1J.i ~1 ~qi t'itl m1 tit11:: lt11fU1ltl\I Lfl~tl\l lJ'l1'lliftll'l11tl\I Lfl~tl\I lfll'l 
J-11 l Vlfl11~11tl\I L VI ~'lff3-111flkl::'ij'lvift fl'l1J-I 1 'l\1'1 tltlfltL.,klvifl::~1fltl\l°t kltl{)ll1f1Lfl~tlklflvi1 L~ L ~ll 
background Tui'l'l\115~1 m1 Lfitl1fl'lffff1J.i11fli'lt1UtiilqiV11L#i Lfl~tlviLi1klff11 ion-pairing Liu 

tetramethylammonium salts ~nil ff11tlklL ntluft fOl'lfl~klLLff\I \115 ~\I fll'l'H~tlfl'!fill'lvifl fl'l1~\J;~VI~ 
'ij\I L vhv!.,::V11 L;! 

1~\JU t MA'J'la.I ~"' 
Lilklff'lk1~1~qj Lk!Lfl~tl\I lfl1ll1 lV1n11Y411tN LVlfl'lff~11flkl::\1'1 L\4tl,rkl'tltl\I LVlfl'l t~LVlflN1kl 

fltlillu ;!'lflfl'l1~L1'lfiLVli.11::ff3-ILLfl::fl\lvj 1::'U'UL~fl'l1J.i,rklil 2 LL'U'U;1tl 

"J::uuvlt ~i..A3-!1lJl1 ""vi ~tl "J::uuvltrlJl11L1'l11tl.:i m1 LVlfllif::fl.:ivl .,::vi1.:i1u lflflfl'l'lNin,ru 

;!'ltJLL'Nfl~ fitlfii11tl\11::U'UU fltl t~ bese line vifl.:ivli.11flnt)1 retention time .,::il reproducibility 

i.11flf1t)1 L~N~m111Lfl11::~\Jfl~tl\ILL~::LL~klthnt)1Ll'lt1L~'t'41::tlti1.:i~.:itufl1dlftt~ gradient elution 

"J::uuvlt~fl'l1ll,rklfl'lvi ~tl 1::uu"f::\}flfii.:iflfliuu~::fl'l\J~~li'lt1fl'l1~,ru.,1nih1 iti!tl~ 

n'i1 tu#i1u11 fl1LL~::fl'l13-1 L~-Kuf tiu t un11vi 1.:i1u LL,jfl'l1i.1\}fl ~tl\llif ::Utlflnt)1 titun1nlftt~ 
~tl\lfl11fl'l1ll\Jfl~fN LL~:: reproducibility mm!n 

iii.ivhviu1vi'ij'UtJ{]fl1 fl Lfl~fluvi Lvitlff\I L fi1~fltli1m1UtllJl11L1'lvi L 11 L~tlfl fl'l1~ iu'tltl\I 

"J::UU"l::Tf utl~O'Utl lJl11 fl11 Lfl~tluvl11tl\ltJ!)ll1 fl Lfl~tlufl ( ll1fl'l1~L1'l\1'1"::vi1 t ~ Lnflfl'l1~iU\1'1) 
Utl fl~1 nU fi'.:itf utl ~ O\J fl'l1 i.I VI ill'l'tltl\l tl{)ll 1 fl Lfl~tJuv! 'tlU11'111tl\ltl1ifl1 fll LL~:: fl'l1 i.lfl'l'l'tltl\I fltlf\' ~ U 
~nli'lfl ll'lfltln~ fl'l1i.i,ruiifti~n1~Lnu 4,000 psi ii1-1ff1ll'l1flLLU\ltltlflL#iLilu 2 LL\J'U ~tl isocratic 

pump LitJ'111ff'lU11tl\ltJ{]ll1flLfl~tlUftt~fl\liifl'lfltl"L'lfl1 LLfl:: gradient pump LijuiJ~vlff1i.111f1 
fl'lUf'J~fl'l1Ltl~fJULLtl~\ltllJl11ff'lU'tltl\ltl{]ll1filLfl~tlklvtclfilJl'l~L'lfl1fln1V1kll'I 
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Lfl1'B~QJJff'l1i1'B!h~ 

Syringe injection Li1uw111l1ff11i11flfi'l.:1Lfh,flfli>.nlLl'l!ltJl"i'I Li4flftflfl'l1i.!0~1'1tJfl'IUflU 

rifluviff1"i"l::: 1 uti'ltJfl'I LL ~'l"ifl'lft1vf tJ"i"i'"( t Uflflii.i\lt~ufl!lvf~l'I SHltnlt1;1f) 1i.i LVli.11:::01.Jflflii.iuvl 

fl111i.i~u~.:i 1 Loop injection ff13-111n tf nu flfl ii.iuvl fl'l1I-I~u~'l1iJis:ttJ~i.i1tJ11 fl.:ivit ~1.J~i.11tJ11~1'1 
Lvi1ouvinlirf.:1 14.:it~ reproducibility ;\ ff13-l'l"ittTiou1~utitJ1Linr;,1"~1t1 

.,, .. 
A'ilft~M 

flflii.nl~hv1fu1l~fl1i.11 LY1n11~t1fl'ILVIS'lff3-l"i'U1u:::'.:i irnfi1#i'lt1Lvr,nli.iLi1uffib.i fl1tttu 

u11i#i11fJ'Jff'JU"i"i'"(flfli3-lu'!ffll'lt'i1.:11 1fufl~OtJ1i"i"ii.itr'l~t1fl'lff11i11flfi1.:i~;tfl.:in11ufJn vr~fl 
1lLfl"i1:::~ i'lflflimhhi'l'lfJ stainless steel un11 vt~fl Tenon s:l11u11'1L~n L«uN1u~utins1.:i 

1.J1:::i.11m 1-25 ils~mtJ11 tu.:i1u'5Lfl11:::~it1u11'1 1-5 i:isiLi.1tJ11 us:::tit1u1fltviqjwhd'ou.:11u 

preparative separation us::: size exclusion chromatography ~1vtft1flflii.iu~Lfl"i1:::~t.:i1;ju 

filfl~i.iuvltftum1LLt1nff11Li4flm11lLfl"i1:::i.4°1Ls:::fl'ltJfiJi.!fiJmfl1'Yi'i:::\J1:::nfltJi'i•u.1 guard column 'i::: 

fl~rifluflflii.iu1lLfl11:::~fi1vru1vltrf1.:inutiu"11t1t.:i'i:::Ln"LLriflflii.iu i'lt1t~,.flii.ius:lf11~m1ti 
.:11uu1ufu precolumn material fi1vru1vln1tN particle packing material Yltltu.:11u1lLfl"i1:::~s:I 2 

'!filr;i fi1fl particular type us::: microparticulate 

Lfl1'B~Pt11"-j'" 
Lfl~fl'llJl"i'l"ltJl'lvitftu HPLC s:I 2 \J"i:::LflYI tvrqjj flifl bulk propety detector LLft::: solute 

propety detector Lr;ifJ'l..h:::LflYILL"in "l:::tJl'lfl'l1i.ILU~fJuutfs.:ifJm~u.1u;lY11.:in1t1111'Yi~'lvti.!l'I tlfl'l~'I 

ff 'l "ii 'l fl fi 1-:i LL s ::: 1' !) 111 fl L fl ~flu vi 1 #i LL ri refactometer, conductivity LL~ ::: dielectric constant 

detector tf 1:::n11vl fffl'l"l:::tJl'I liJm ffi.iuMtifl'I i'l\}O~:::ft1t1 Lr;ifJ L~'Yi1::: u,i"l:::LL u.:i L ;jutJ1:::LflV1vili.i 

41 L ;ju i$i fl .:i Lfl 11' {]fl 1 fl Lfl ~flu;; fl fl n Lfl~fl 'I tJI "i 'l "1 tJ r;i n ~ i.i if!#! uri ultraviolet absorption, 

polarographic LLS::: radioactivity detector us:::tJ1:::LflY1vi~fl'ILfl1tJ{)t11fi'ILfll~flUviflflnfiflu 1"ufi 

Flame ionization detector u~::: electon capture detector Lfll~fl'ltJl"i'l'itJl'ls:lvt~1t1trtll'lt~L~fln u,is:t 

~.:ivifl'l"iW"l11m1 tum1L~fln tf1J1"i'l"ltJl'I L,fu i3 fl'l'll-l L'l'.:i tf1#inutJ11111s1t11 tr\ll'I u~:::s:lfl'l11-1 

L~'Yi1:::L'i1:::"1.:i 1>-ifi1~1t1i'lflfi1.:i s:lf1'l1>-1i.l1 L~fl tiflus:::ff:::fl'ln 1un11 Ti.:11u 

"i~UtJf'B\ift 

1:::uuiifl~~t1fl'ILfl~fl'I Lfil1i.11 LY1n11~t1fl'I LVl~'lffi.111nu:::'.:i s:ti.:iu,i1:::uu~1t1j t.:i Titu 

ffirtiL~i.!LL"in LllULfl~fl'IUUVin LL~:::1iJl~~u1fu"IUL;jU integrator tutf'i'"(UUeN•tJIVlft1tlU'Vlff'll'1 

il1Lfl1"i:::tJtJ microprocessor vitJ1i.111flfl'ltJf~i.in11fi1.:11u11fl'l"i:::tJU lfl"ii.11 Ll'IO"i'l~~'IVIJ.11'1 f\1 t~ 
m1~Lfl11~s:I fl'l1i.1\}0~fl'I L1J.iufi1i.11nf u LL~:::ff:::l'l'ln tum1 ti.:11UJ.11nfu 
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LYlfllMflllawlf•fi'l.fiR'Sfltfil"ia.i'llYlfl'S'l~ 
LYlflilflii'LtiUfl'l'5Lfl3-lfl'l'5'a::fl'ltl L!Jl!ltl'lfl!lfl'l'5fl"U'l'3ti1'3N'l Vlitl~ilt13-IL~tlfltl'l surfactants 

viitl surface active agent ~\lfltl TuLflflflVli'fl LtlfltJUf.:ii.J"i::fltl\Jli'ltt 2 ff'lU fltlff'lU~ili'lviitl~'lU 
fi'lftltJ\f'l Ufl:: iCi.iitf'lvtiflff'lUieiJ'!ftlUlr'l Ldtl1;fi.ifl'l1fl!JlU1\l.,\IR'lfl\I tuff'l1fl::'a'ltlUWLWtJ'f41:: 

vh t~fl'l"ifl'1 u '5.:itJl.:iJl'lil fl'l'li.l Lfii.iflutl'3'5::~ufil'l'lm fli.iflu13nq" li.i Ltfl'flfl t tfl'L~t13-I t" L'1,fleUitt LW"il 

fl'l'li.l Lii.iflu'lnq" Li.I Ltfl'iafi~ 8.0 ilfl~L3-1ia,jtl~\Jl'5 L3-1LflQfl11tl'3fl'l1fl"u '5'3~'3N'l"l::i'li.ifl~3-lnuLtiu 
'l'3niai.i L'1t1l1utli1u~'!ftluJ1tJdtli1uutlnufl::tli1u'!ftJ\J l11arufl~tli1utuV1i'fl~t1nia1.:iLn"Ltiul>-1L9irflfi 

ltJIYm 2.1 ~fl1!1tu::fl'l'5Lfl!JlU-!Ltfl''afh{11fNff'l'5fl"U'1'3{j1'3Jl'l 

LYlfililfilLi.!Ltfl'fl~'li'Lfil'13-l'lL'rl'1fl'1'l~LtiuLY1fililfil~~fl~~u1fut'lt1 Weinberger uia::fltu:: 

(1993) Ltliiln11V1"fltl'3 tiL3-1Ltfl'flfl Tun'1::\J'lUfl'1'1Ufiltlfl1it5L~fl L'r1'1 t ~f ffL'fttl tiut1nfl11fltiJSl 

tl"i::i L"t1fl'l'5L;f i.iff 1'1ia"u '1'3~.:iR'l~ili.J"i::iia.:i Li.Jtufl1'1ia::ia1t1uWLWtJ{ fl'l'1itt'1 u i.:i91.:iN'l~ilt1>-1 Ti 

;ltJ Ltfl'L;ftti.i L'1 L'1,itt-B'flLW" ~.:i1tiufl11ia'1u1.:i;i-d3'l~Slth::iiau fl'l'1L~i.!fl'l'1itt'1u i.:i~.:iN'l Tu 

fl1'1ia:fl1t1uw LWtl{4l:L(jb1 t~fl'l"iitt'IU '1'391'3A'l Slfil'l'li.!Lfli.itutl.:i'5:~u'lnq1J1 L3-1 Ltfl'ittfi t ,a;f g3-1 L'1 L'1 fl 

'ftia-a'ia1 w"Sl fil'l'l3-I L ;i3-1;iu15nq" L3-1 Ltfl'fl~~ 8.0 ilia~Li.ifl,jtl~IJl'l ~.:iSl fil'l"li.l L fl3-1flu'lnq" L3-1 L tfl'ia ~ 
L3-1 Lflflfl11il'3fl'l'1flflU '1'3~.:i N'l4l::'1'li.lfl~i.ifi'u1tiu'l.:iflfli.l L"t1\1uli1u~'!f tJuJ1tJtJfl~N'l "11uutJn ufl:: 

\1ui.Jia1t1tli1u'!ftJu l 11aruL fl1~~ut1nia1·nn" L tiu Li.i Ltfl'iafi 1:uu11tJ.:i L3-1 L tfl'flthi'Lfil1i.11 t Ylfl"i'l~ 
1.J'i::ntiuli'lt1 2 LWff ~ti1wflJ1ufl::Lwflla.11tfl'ia~1{ La.iLftflflieiJSli.J"i:in'i:"l1t1til'l '5:wh.:i1wflJ1 

uia::1wff TuLtff fl~1{ y;tt ta.i LflQmi'lftiu l 11aruff1i.11,mn" u '5.:in,::li1fi'rn wff Tu Ltfl'flfl1illi'1nr)1 vh t ~ 
ff'l3-l'l'i\l LL ti fl Tu1iafJflfltiJiltJ1:ititifl4l1nti'u 'tli LWff LJ.Wlflthi'4.:ivhviihfifllf 1tJ LWflfil.:ifit u Lfil'13-11 

LV11n1~1wflTu1tffs~1i'4.:iQmit1nr)1 LWflfil.:J~Lflilflu uuia11ia~Ln"u1.:in1:vhfi'uLWflL3-ILtfl'flS'l.fili 
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;i 'i:: tiL'l~1 t un1•mt1nu1unil1 LJ.1L~fl~vi1f 'fltnf 1 111inn1'llul1u11fl'1L'Vlfllilfll LJ.1 L-U~fi1{uff ""~" 

4tJfl1Vi 2.2 

Mlcelle 

L riff LJ.1 Lllr~fi1{L tlu1fil"tl'l::ifiu l"ti LJ.1Lfifl~11fl'1ff11fi"'u 1'1~'1N'l Lfll'lfl111'lJ.lfl~i.iLliu li.i 
Lirf~~ uft:: LJ.1LftfJft~'l\Jflft::ft1t1"i::n1::~1t1!K'l1::vitj1"Lwff11wwftfi1i'uft::twffJ1 f"l'l1J.1ff1J.111'1 Tu 

fl1"iUtlfl11fl'1LL"~::ti.iL~flft (ufJ~nUfi'l'l1i.lff1i.11"i'1t\.lfl11fl"i::"i1!1~'l"i::Vltj1'1LWffLi.!Lllrfifh{ufi::LWff 

J1 Tu L~fl~vtn'1::'i1t1~'l t \.IL w ff li.i L -rr~~1.fl;;1~;;4l::Lfi'l~fl\.lviflflfli.!1rlflu t u11m~J.1 Lfifliavln1::4l1t1 

~'l tuLWffLJ.1Lllr~fi1fC;;;t'i::flflm.11i1nil1 li.!Lfiflflvlni::'f'ltl~'l tuLWfffl'1viLffilfl\.IL;;Tu~ 

tJ"=Lllml9"fll1il 

flii.i .,'fl !I 1t.i1Vi'lflfi~ ~iuvlflin'l!I m::ri" u ~"ri"' Vlfi'l ti'Vl1fl1t1\.lflfl iltii.r tit \.1Lfi'l~fl'1ff1fl1'1 
u~:: !l1-rn'l!l1l'1fi'IN'lVIU'1 fiJWffi.1~1lfl'1flii.rv\;1 .,fl fNIK'ltu~WV1s.Jil1i'1'1J.11'11 LUflfl~i.i~ i.lfl'3~1J1 
ti L if fl fli3-I LLNfl'l::4l1!11"1~1!1 Ldtl'Vl1 vh t ~Lfll'I fi'l'l'lJ.l"J.1fuuriN'lvii1'1 Ufl::~1'3J1flflfl~1!1 

fl~fii\.I Vl3-11tlii'1 N~tJ1fiw'1vit1'1::flfl1J;;'ltl 1lfl'1LVlfl'lfJ!i1'3Ufltl 2 'llilfl L'li\.I J'1ufl::J1~\.I 
f'1U13-11'l'l>-ln\.I tuin'l!lm::vtNffJ.IN'i{1\.ILi1LliuLUfJL"!l'ln\.I l'1t1ti ~'lvi'lfi~fli\.I Lli\.l~'lN'if1\.I 
11fl'1LVlfi'l~'1fftl'1L4i1~'ltln\.I fi~iaiuvlLn,.(u lhi.rfl'1;j'l!JtJl1LUfh 4l::Li4\.lftfl'l!ltu::LliuLdflL~tl'ln\.I 
u!'ili13-ltl'1~'ltlfl~fl'1,~'Vl'1"1Ril ~4l::Li4uLli\.I 2 il'fJfl1fi'I ;'If) L~\.ILli\.I VlfJ'1L~fl1 11fl'11lfl'1LVl'a'l1fil'1 

vtrl-3 vt Litifltl1 il'fJfl1flfl"lfl t \,I fl'l::'i1fJ~'l U'Vl'iflfl~tu11f1'3LVl'a'li1fl~l'IV1U-3vt Lit1nil1 tl{lfl1fl 

fl'UJ\.lflfl Li;it1~'l LUVtt1flt1tNtl!Jfl1fi'lfl1ti tu fl1'ti111u1'1'11'11 nu tf_,u.!11u1tlv\L~nn'11 0.05 

L3-1 fi'l'l f)\,I 'i\.I it" 2 5 L3-1 fi'l'lfl\.I f '311u1i;itl~1 "11fl'11'()fl1fllfl1fl t Wl Nia l1ifln1in1::'i1t1 uff "111t'i1'3nu 

at'1vi1 t ~fi~tq,fu~in'l!I w::fl1t1uflnvii.rfl'1 L ~u lli u.int'i1'1nu 11u1'1liitJl'lfl~1fllil{)fl'lfllfl1t1 tu uia:: 

flfl'l!lfM::fi~ri'\.l~i.ifl'1Li4\.I 
<I I ...,._ • 

Lflflfl'l1 0.05 u.1fll"JtJ\.I ti.J1'3tff 

0.05-0.10 Tufll1tl\.I Tj\.IVl~tl ttJ1'1LLff'1 
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0.10-too LJ.lfil'jflu 

tvtqJn~1 too LJ.lfil'jfl'IJ 

' ~ .. 
Water-Based 

Oil 
Emulsifier 
water 

~111'lfl3-1~1 

~'IJ1l'l'l~tl 

•

water 
Emulsifier 
Oil 

' 
Oll·Bued 

fl'l'1UU'1!fil'1TJfl'1fjJ7~tf'~ fl1,,$llili'Vl~'l!l~fl1!1W::~'1d 
n. uti'1tJ1'lJ.1flfl1!1tu::fl'lt1UflflytJ.1fl-3L~u 1#1Ltlu 2 '!ril!FI ;i!l 

UJ.I fil Lfil'jfi37 fliu flfl fiJ7flWflfl1!1tu::~u111'lyf 'Wt1 LIFl!l~'l L t11i'uL 'fN !11-ffl'l fil1lfl'1tl!Jfl1 filfl'l!I tu 

11fl-3fi>ffliu1fil1F1d >fnil11u11F1i.,,u\Ji 0.25-10 L3-lfil'jflu (t1F1t1~'l lt1,,::tvtqjnt)1 1 Tufil'jflu} ~"vi1 t~ 

L ii !Fl fil'l'lJ.1 UIJlfltJl1'1 l Uf!i'l ~1filfl'l'jifl L 'Vl11fl'1 U'a-311fl'3tl{)fl'lfil~-3'afl'1 Uft:: Lfil'lfl'l'jfl'j::'i'ltl LL'a'1 vi1 l ~~ 
J.1fl'1~u111'l fi>ffliull 'fl1'iu1fotlflt1 !;tLtlu ti>fftwLd'!lvtt11u f'1ilfl1'f!'lfilfi!luih" Tviqjufl::ti>ffliu 

Lifflfl::Lilt11F1 t'1ilfl1'f!'lfilfiflu;t1.,,L~nvt~flL~nnt)1 5 LJ.lfil'jflUft" lt1 UJ.lfil tfl'jflarfliu Lllufiarftiu 

1fill'lyt..,t1J.11nft~" ~"tu fl'lvt'l'j t11 ufl:: Lfil~fl'1ff'lfl1" lJ.1 Lfil'jflarfliuilin1!1m::ttli"tff Llifl-3'"l1n 

fl1'f!'lfil11fl-3tl!Jfl1filfl'ltl LUL~flJ.l'lfl tf'j::J.l'l{U 10-75 U'l LULJ.llJl'j (0.01-0. 75 Tufil'jflU) f'1ilfll1\m!J 

fltl'l vtd-3 t U~tlfl'1fil'l13-lfJ'l'lfil~UU'a'1yf J.lfl-3Li4u l#i ~" liJim'Vl'Vl~flfl'j::'"l'l!ILL'a'1 LL'a'1~'1'a13-l'l'jfl'YI::~ 

~.bu l#i vi1 t~~ Ltli" Lff VtfJIFl11fl'3tl{)fl'lfilfl'l!I tu ilin1!1m::mu1 \]flflflJ.1'1flt1li'lt1~ftJ.11lfl'1i'lvi1 
"' fiar~ il~-3 '!ril!FI O/W Ufl:: W/O 

11. uti-31Jt'l3-ltiil1F1t1!l'11l'fNL'Vlfl'l ~Ltlutl'!Jfl'lfilfl'l!I tu ufl:: tl{)fl'lfilfl'lflUtlfl LliLtlu 3 'lril'1 ;ffl 
!'t., ... .ft rip r ... ~..,.., .ft ..J'fl.., • 1li r ., 1li r.., 
'l.13-lfl1fU 1f w!FI U'l LUU'lJ.IU 'l.13-lfl1N1fw!JIU <H'l{)fl'lfllfl1tl LllL\JUU'l 'l!Jfl1fllfl'lflUtlflL1JUU13-IU 

'Wt1fi>ffliU1fil1F1d LUN~tJlfituertLfil~tN~'lfl1'1 L1fu fil~J.l~'l'1'VIU'l fll~J.IYl'lflft'l'1J1U fil~J.IU'l'1\llU'l Utt:: 
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fliJ.1!1f11't2-1u LtJU~'l.I Lrtfl'3'i'lfliiarflw1fil(;ld fif1uii1'3LMUfl:V1U:U.fl:.a1'3J'1f1flflfJ'lfl ~'3LtluvtiltJJ.1 
twflfJ 

l!t"" .... ft r..,' r :!!t.,.., ft -r .., ., .., ft lit ~-- • ~ r.., 1:12-lfl'tiU 1fw"1 U13"ULUU1 1:13"fl'tiU1fi.1"1U flfl\Jflfl"\J1fw"1U."'jfl r1fl a.1'l{)ll'lflfl'ltJLULUUU'lJ.l'l.I 

tJ!Jfl'lflfl'lfJUflm tiuJ'1 ~'3ilfl'l13"LVnm:vtU:UfJfJ 'Yl1Uf'lfl"'j:~t1M th'3J'1fJfJfl-31fJ ttlufiilt1a.f 3"'lfl 

tuN~~fitu'1Lfl~fl'3'Ci1fl1'3 L'li'l.I fliJ.I Ufl:lflW'Yl'lN'l filiJ.l'Yl'l'Vll°l'l filiJ.IO'l.IUt'lt'I ftiJ.l"'jfl-3,'l.I Lllu;tu 

ti~fli'UL~'3;fflu Ltiutiarfli'uv\il<l{)fl'lfilll'lfJ tu;fflUO'l.lfl~ f'3Lti'l.l1Jfl-3LVlfl'l~'N1fil(;lfl'l.I L1i'l.I 

W/O/W Vlifl O/W/O tl~fli'ULi-3.;ffl'l.ILVlfhd ff1J.11"'jtlflfl\Jflfi'lfJLllufiar~w1fil"11i"'j"'jJ.1(;111'1 L1iU 
s ~ r 1'i .., ,.., , ~ r .., ~ !t r., , W/0/W "D'3a.1'1.11LUU'lf)fl1flfl'lfJUflfl U"'l~fl'lfilfl'lfJ L'l.ILU'l.l'l-!12-1'1.1 'i:a.1VlfJt'IL'Nfl1 11fl-3'VlfJ"1'1.111Jtl'l.ltl\j 

finVi ulflnfiunfl1fJLtiutiarfli'u1i,12-1l'l1'i:flfl'lfJLtlu1rt'lt'I otw "WU iiarfliwlll'ldih-3 tuNi"fiiwrl 

Lfl~fl'3'Ci1fl1'3 L1iu cold cream f'3Ltlu1rt'l"1 ONil/O Llluliu 

fil. LLU-3~12-1fl'l'la.ivtil(;lt1fl'3il~flW 1iJ!Ltlu 2 1rt'l" ;'!fl 

Lfli'u L tiuti~fliuvf i1 fl'l13-lvtil"1~1 ( L'Vlfl'l) 1"W,1:i11'!Jll'lflfl'lfJ tut1~2-11tuv\1'3 <l'!Jll'lfil 

n1t1tu~ni113JLfiU 35% lfloU'l.lfl1'iLtlui'31fil"1 O/W U.fl: W/O Vl~fli1tfl1,fJfl~1'3flflfl1tl '11J'1ui.1 

Lllu4tlu.uuvf'Vi\JJ.l'lflvt~"1 tuN~"fitu'1vfti'Yl1N'l l(;lfJLQ'W1:N'l'Vlll'-3vtilu~L'ltufl"i1-3 L'W"'j1:'Yl1Uif'l 

;i.11\'u 13-lLvti.ifl:vtu: ~"1'82-1~ t~fl'l1i.ii~nffu1t1 ufl:~1'3flflfl 11i~1fJ LWL~i'uvi1A'l LflWUtl'30'U 

LLff'3LL"1"1 LtJuiJ!u lfloUU'!fil"1 W/O iln11 tith'3LL9iLJ.iLtluflilfJ>-1 L'Vi"'j'l:ulfl'Yl'lLL~'l 'i:i~m'VIUtl:'Vl'l.I: 
N'l L1iULfliuufl'30ULL"1"11fil"1vtil"Jtuffi.iu~nuJ'1flttvi1fifl'l.lfl'3l~'l.IJ1 Lliutliu fJtuffi.iuOhiud 

flarfli'u1fil"1 otw 1J.J~1i.111f1vi11;1L..,11:41:~nJ'11f:~1'3flflfl'VIJ.I" Llluliu tfli'udf114l ttff111fi2-1 

fl'l13"VIU"1 tu<l{)fl'lflJ'1Ll4fl t~vtil(;l('!.11;) u~!i'-3fl'3Lti'U1lfl-3L'VIMvIT'Vlfl 111 

V'liJ.I LtJU~~fliuvf i1 fil'l'lJ.IVIUt'l~-3 ( flfl~tu:fl'3uf '3) L ..,,1:ilfi'l'Utl"J:flfl\J'!lf1'3ff'l"'j'Vi'lfl 111 

u~-3 ufl:ltt~u f'31i'lt1LW3-IV'l'l12-1111ill'lu.fl:1iiflfli2-1YlNff2-1tl~nuJ'1aru ti.i<l'!Jfl'lfilJ1~u riii.iili'31fil" 

O/W LLfl: W/O f'lia.iilfil'l1a.ivtil"1flrl1 lflW LYi"'j'l:ih.Ri.11tu<l'{)ll'lflfl'lfJ tu,'3flrl1 ,,tltl,:2-11tu 35-

75 % u~'l LLlJi fl'l1a.iviil"1vltSl-ei-:m11 Lt'ttiilnT' tiff11tfiiudfl "'a.i t1iu 111aruufl: 111 uf '3'1'3fftlinii1'l 

3"1LL~'l Ufl fl'i1fld niW11fl'3'"1i2-11fil"1 O/W fl'l4li1n1i tfiff1iL~i.lfit'l'lJ.1'Vlil"1i'lJ.1li'lfJ tu~i'liu L 1iu 

acacia Ufl: methyl cellulose Lllu~u f'31i'lfJfl'l13-!Vlil(;l t~ufi<l{)fl'lflJ1 Ni<'lfitu'1Lfil~fl'3ft1tl1'3Yl 
1tluf'lii.t1fil"1 O/W L~LLfi flii.ivi1A'l flia.iu.~'3N2-I flii.tlfl'U'Vl'l.l'l" "'i.ivi1nuu."'" f'lii.1,:~u1viitlufl: 
fl~'l.l,r'l flii.t'Yl'lLLfl~'l flii.t'Yl1UfiPl1 LllU~'l.I fltii.t1filfil W/O 11iufi fltii.t1Jtl1'ti.1u fli2-1~1'3'Vli.°l1 "').I 
'U'l"'VloU'l f'li3-ILL9i'3Na.1 LtJuiJ!u Uflfl'i1fld!i-3il tiarfliu1rt'l'1~Lff1!1 _,ti anhydrous emulsion f'3'U.iilJ'1 

' ti ~ r .... .J A ., fl\jL~fJ i:flfl\JVl'lfl u12-1uufl:~1'j polyols L"D'U glycerin, propylene glycol, PEG 400 LU'l.l<'l'l.I 

fiarfloUl.lvIT;Jti1'iilflfl~tu: t~Vl~fl~U111'l 
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ft~MU~tfl9U~tl~IMfti'M 

N~1J1fitwr14tluuufi27'ftiu il~'lutJi:nfluviini1filqi 3 ~'lul'lf) 

tl!Jfl'lflJ'l l~uri ,r., Uft:ft'l1tJl'l~, f '3fl'l"iLi1U'llfl'3U~'3'Vl~f)'llfl'3L Vlft'l~ft:ft'ltl '!lit uJ1 fl'l"l 

Li'.1uft1·n~J.1fl'l'lJ.1V1ilc;i LtfU acacia, veegum, methylcellulose, carbopol fi'l1i'lLJ.lflUf1tUtJt LWU 

glycerin, propylene glycol vii'fl glycol ft'l10ULltt L,fu methylparaben, sodium benzoate ft'l1ft'1 

ui~~~N'l L1iu tween, sodium lauryl su~ate -~ff:ft1t1J1 ft'l1~1Uflflfl'iLC'lfu Ltiu sodium 

metabisu~ite Uflfl'V'lfld fl'l"i LtiUft'l1flflflt)Vlf~u~ft:ff'lt1J1 '!;t Ltiu cetyl pyridinium chloride, 

benzalkonium chloride Li1u~u a11\Ji1~1 L'Vlff'l;f fl'l"9L{jiJ.1ff~tu'1!Jfl'lftJ11~,f~iu Uft'lU\Ji 

ff'lUtl1:flfl1.J'llfl~ftJt1fUN~IJlfiW,fu~fl:ll1:LflVI 

tl!Jfl'lflJ127'u 'liJiuri lhJ7'u,j1'3i L1iu olive oil, mineral oil, castor oil l'!127'u LW stearyl 

alcohol, stearic acid, cetyl alcohol, lanolin l'llU~~ Ltiu bee wax, paraffin wax. camauba wax I~ 
fl:ft1t1fulh27'u J'1vtfJJ.1\Ji'1~1 a11ou~u Ltiu BHT, BHA ft'l1'af!U1~;1~~'l LW span, emulgin C 

1000 Vlifl ft'l1flflflt)Vlf i1i1'31 L1iU !fflilJ.lu ~IJl'lilU Ltiu~u Uft'lUi1iff'lUtl1:flf)1.J tuf"1'11fl~ 

N~"fiw'1ui1ifl:tl1:LflV1Ltiuou 

~'lfi1fi27'fli'u 'liJiuri ft'l1flC'lU1~1Jt~e:l'l Ltiu tween, span, sodium lauryl su~ate filf)flfffltl~~ 
'titJuJ1 Ltiu acacia, gelatin 'llfl'3U~'3fl~.fl'lflft:Lt1t1c;i L'riu bentonite, colloidal magnesium 

aluminium silicate Ltiu~u ~'lfi1fiirfli'u Ltiu'1'lihfil'qi tun11NftJ.1Nft1utM'1!Jfl'lflJ1u-a:J1iruL;t1 

Li1UL ;Jfl L;itl'lOU liJi 

"" ... "" ... LliffLfltla.ltlftlltL MR 

tlfl~LUIJl'Vlifltlfl~ULtiua11~-anc;i liJi'V'lflft'lVli'lt1Vl:LfliJ11J1'lfl tun11N~IJltlfl~LUIJILi'.1u 

~IJlft'lVlfl11J.1fi''lVli'lt1V1:Lfl;lti '!;turi macrocystis pyrifera ilt1fl~Utl1:J.1'1W 14-19%, laminaria 

cloustoni ufl: laminaria digitata iltifl14utl1:J.11w 15-40% t.AJ.11w;f..,u41:;funu'tiil1J111fNff'lV1i1t1 

t)'Ofl'lfl Uff:UV1ff'3;l-a1vii1t1L"l~qjL~1.J l!Jl 'a'lVli'ltlL'Vlff'ld'Wu 1;t~'l, 1tltu1'afl t11:LV1flf;IN~"'fl~ 
LUIJIJ.l'lfl;}f) flLJ.l~fl'l ti~fltl'l!J ~~~Lfilft ftLUU UfliL'lfi UfllU'llJl'l Ufl:qj~u tifl~LU"Li.iVJfl'tiillJlil 
fJWftJ.I~ LtiUL"lflUfl:"l:Lf1t'l L "lfl 111 ulflfi1tlflMt11nu ca2

• lfl1~ft~'l-3'11fl~ L"lftilflfl'l!JW:flft'l!lflflfl~ 

11i ll'lttil Ca2* Lfl'l:fl~nua1t1frf~L3-lfli fJWffJ.1tJ~~;t11fNtifl~LU'1'1fl fi1tMLnfl irreversible gel tu 

J'1Lii'uLdflil ca2
• 1'lJ.lfl~;)'ltl «~'JWftJ.IU~Tun11LnflL"9fl~~WV1iJS3~1dYh tMtift~LUIJI U(Jlfl\Ji'l~ 

.,.,n1zri~1flflflftflt1~YITiJi411n-a1vii1sluc;i~ 
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fifl~ L i.tt'l\lflil11 tJtft i.tN~(Jlnm-ri'fl1'V111'Vlfl1!J1rll,.i'3 u"tl fil. fl. 1920 Ll'lll Lfi3-I t Ufl1'Vl11\J1'3 

1fili;i tidJi.tff11Lfi3-ljll'l13-l'VIUi;J ff11Lfi3-lfl'l13-lfl'3~'l fi1t~fi~flii.tfll'3fK'l fl'11fi1t~LflflL~'a U'a::ff11 

!lutT-3fl11Lfli;Jflfl 1nn11i'3Lfl"i1::,( IK'lflti1'3L~i.t propylene glycol alginate ttluJ1ffi'1 u'a::Ltl!Ji 

L r4"i1::tf fll'l1J.lff'U.i11€lfl::fl1!1 t~~.:i~f4Lmf~1 

flNil~llrlLftJ 

fl::"1L~fJLtii.tn3"vl11i~1n~i.it1fl'3 Acacia Senegalu-a:: Acacia Seyal f'3Ltii.tLYi~Utirfilfil1L1~ 
Li.:Jffli.tUfl::il1'1-d L(Jl1L'°li.t-i1'1-d'l1.IL~flUflfJ fl.:J~t11::flfl\J'Yl1'3Lflillil::U'1fl~1.:Jffi.iL~flUflfJ'113"U'Vliii'3ft3"1 
3Ji4fl1fl 1 fl ti~ fl1fl u fl ::fl 1tf!l'fN ~"" f .:ifl.:J fltl 1::flfl\J'Yl1'3 Lf11 ili4'1.111i.i;til~t 'U L>-1 L'a fl'a1.11 ::flfl\J li'ltl 

J'1911flU'a::fl"~i.tfit1tNJ'1(Jl1fl #lfl galactose {44%), arabinose {24%), glucuronic acid 

(14.5%), rhamnose {13%) Ufl:: 4-0-methylglucuronic acid {1.5%} n>.ilil1flfl::fll1Lt!Jlil::Sh.Ji>-11m 

'!lfl'3 rhamnose Ufl:: glucuronic acid ~1fl~1 Acacia Senegal u\JiSh.A>-11mTJfl.:J arabinose u'a:: 4-0-

methyl glucuronic acid ~.:in~1n>.i Arabic f.:iLtiu heteropolysaccharide v\il'Lfil1.:ifl'11'3iuffli.iilri.:i 

LL'!IU-3 i.tflfllil1flifruTuLflQflfl'3tli::flflUli'lt1 amino acid tliufi hydroxyproline u'a:: serine 
., " ., fllUNtrflLLN'3tlfl 

LL3"'3ifl { Ocimim canum Sims.) fl~tu'l.:iflf Lamiaceae Ltiu~~ff~ULYi,;fl.;f'lnuun-i'Vlfl1tl 
tutJ1::L'YIRL'Ylll Ltl~flflL3"~i;iilff11Lilflfl Lflflil1 luu'!h!11ii:Yifl.:JIK'l Lli~'3 45 L'Vi1 ifll!IW::Ltiu1i.i tft~>.i 
L3"~,.~~1 L~fl1 l"lih-3t'\.dfil~1!J1 ti nu Lfl!Jff11Lilflfl L3-l~flU3-1'3ifliffl LliuL~ ttJfl1'V11'lvliltJ1:: Lti'lfil"fl 

;1'3fl1tl Lil fl fl '!lfl-3 L3" ~"' LL3-1'3 iflt11::flfltJii'ltiff1tl'!lfl'3 Lif" u ,}' .:iii11"'l'U>-l 1fl>-11fJ L ~fj '3 ~'lfl'UU iJufl~t 'U 

UU'l,'3fl1.JLU~flfl'!lfl.:JLJ.j~c;tt.i1U'lU'!lfl'3Ulc;tLLU'3 tuu"'a::ff1!Jilt11::>.i1m 50-70 L~t't~'3U1LilflflTJfl.:J 

L3-l~l'ILLiNim.i1ftnc;iLtiun3-1 Ll'llln3-lfffl'nc;i~1nL~"u>.i'3inilfJmff>.i~tun11Ltiuft1ivlt~fll'l1>.i'Vlil" 
umtft U'l.A3"1WL fiti.:i L~flYflll ilf11"ififl'3tK'lufl::jll'J13"ff 13"11tl t 'Ufl11~3"J111i L tiuflth.:i,;f '3ff 13"1'ltl 

U1>-11 L tii.tff1"ififlL lilfl 1~ 1.1Lfil~fl'3~1fl1'3 



LA19~a9ff1M;'tJn1~~~ft9~ 
Lfil~tl'3lfll"12-11lY10"11~!1tl'3L~fl'l1Ul"1"1~-U::,'3 ;u Shimadzu SCL-10 A tJ1:LY1flfqi~u 

t1'1:ntlt1#i'lt1 Pump LC-10 AD 

Detector SPD-10 A 

Analytical column Nova-Pak C18 • 150 x :3.9 mm 

Lfll~tl-3 UV-visible spectrophotometer, Model 1240v Shimadzu tJ1:LYl"qi~u 
Lfil~tl-3 pH-meter iu MP-220 

Lfll~tl-3 Zetameter, Zetasizer® Nano Series, model ZEN:3600, tJ'i:LVlmNfl'l'l!I 

tf1~LAil~t~ 
~1"12-11111"1l1Uil1i1J~U (Arbutin standard) 

~1'ii.11111"1l1U!ltl'3L1'1Sfli~tl~ (Resorcinol standard) 

~1"12-11111"1l1UO'il'l lfll~n (Kojic acid standard) 

Methanol (HPLC grade) 

Acetonitrile (HPLC grade) 

Sodium hydrogen phosphate 

Disodium hydrogen phosphate 

Lead (II) acetate 

Sodium dodecyl sulphate (SOS) 

Cetyl trimethylammonium bromide (CT AB) 

Polyethylene dodecyl ether (Brij :35) 

Tyrosinase from mushroom, tJ~-lYI Fluka {EC 1.14.18.1) 

L-DOPA (L-:3, 4-dihydroxyphenylolanine); u~-lYI Sigma 

~'lflti1'3Lfll~fl'3~1fl1'31J112-!Vlfl'3tJl~1'1 
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'jfim'iMflft'il~ 

fl'l'i L ,.;ti 1-lff'l'ift::ft'ltl 

fl'l'iL ,.;ti J.1tf'l'itt::tt1t1 ,.,.,,.,11u'i114" AuR111n t J.itu 1000 ilttlni1-1 .t'Blfl'i 

t_,~1·n111J1'131\.lti1{\!;!\.lihvnl'n 50 ilfl~ni'i.i a:f!1t1t'i1un!1niu LYI tfi11'lvr1'11tl~i.11t¥1i 
tl\.11fl 50 ilft~~Vl'1 LL~'ltli'u~1mlhni\.l'i\.lfl'11J1.Ai.!1t'l'1 

fl'l'iL,.1t1a.itf1'itt::tt1t11-11Pr'i,!'lU 1n t,.-s,.'St uufl'J'lM L fi1-1tu 1000 ilttlflia.i.t'Blfl'i 

i_, ~1'1i.I 111,31\.1 i!f LV1'1fl1'L \.l\.IJ1viil'n 50 s:ifl~ni'i.i fl:fl1t1'1'lt1J1ni\.I LYI tfit1'lflrl'1 

1.Ai.111J1'1t1\.11vr 50 ilfl~~,., u~'ltli'rnSi'lt1J1ni\.l'i\.lfll'1\JlAi.111J1'1 

fl'l'iL,.;tl Mtf'l'ift::ft'ltll-l'lPl'i,!'11.lL 'i"Ef'BfiU'ilftfl'J'll-I L ta.itu 1000 ilttlfliMMPl'S 
~ .c• r ., l'I • ., J! r ~ t..J ., 
11''3~1'1i.11t'l'131\.IL'1'!1'flT11\.lflft\.11Vl\.IO 50 1o1ft-n0'1J.1 fl:fl'l!IP'l'l!l\.l'lOft\.I LY! -n11'lfl'lfl 

tl~i.!1!Jl'1TJ\.11VI 50 il ft~l 111'1 LL~'ltli'u;! 'lt1J1niw~\.lf111\Jtl1h-l11J1'1 tf L~fl Ltl~ti\JLf1tJ\J t\.ln11 

15 Lfl11:1Kt1fl'31Z\J\J Lfll'1i.11 t Vln11~tltN L 'Vlft'l~i.11'1{1\.l::~.:I 
'!f. ., .. "' .. ., .. ..a..a fl'l'iL "'ltl M'J!)fl'l f'lL f'lft'il\.IM L M'BM '1tf'il1JVl'l'>!J m fl Lf'lft'il\.lftM L VIM'l::tfa.I 

L"1t1a.i SOS 
~ r., ., .!! r ~ t..J "'·" t'l~u' 11''3 SOS \.11'\11\.10 1.4419 0'1i.I ftZft1!1v1'l!l\.1'10ft\.I LVI ~!l'lVl'll'lu"li.11t'l111U'lVI 500 1o1ft·~-n(Jl1 

. U~'ltli'utl'!i.11"'1'i\.lfl'1\Jtl'!i.111J1'1'i: i;J1'!)111fi1Lfil~fl\.lftfi fl'l1J.I Liii.1fi\.1Lvi1nu 10 flfllLJ.1 ft'l{ t-1 
sos 'i:s:l1vr1'nq1J1 iJ.IL'!l'ftfl~~ 8.0 ilfl~LJ.lft1{ '1.:iii\.l'i:i'itNLIJl~!IJ.I sos t'1!Slrt'l1J.1Li!J.1fJ\.IJ.11nn~'l 
V1~flLvi1nu1vr15nq111 ii.1L'!l'fl 

fl'l'iL,.1t1a.itf'l'ift::R'l!I CT AB 
i_, CTAB J1V1il'n 0.1823 ni'>-1 fl:fl1t1tJl'lttJ1ni\.I LV1tfit1'll'lrlfltl'!i.11"111u1vr 500 

Slft~~IJl1U~'ltli'u1.Ai.11111'1'i\.lfl'1\JlA>-t1111'1'iZ 1"11'!)f11f11Lrt~fl\.l~~fll'l1i.1Lfii.ifi\.1Lvi1nu 1 s:lf!ILJ.1fl1{ 

t-1 CTAB 'i:fl'"(fl15nq!JI i>-tL'!l'ftfl~~ 0.92 ilfl~L>-tfl1{ ~'3,f\.l'iZilifl-lLtll~!li-1 CTAB t'1iflfll'l1i.!LfiJ.1i!\.I 

i.11nn~1V1~tiLvi1nu1vr1'nq1J1 TuL'!l'fl 

fl'l'iL,.1t1J.1tf'l'ift::ft'ltl Brij 35 
~ r ., ., J! r ~ t..J ., 1..1~ 

11''3 Brij 35 \.11Vl\.ln 0.2995 n·rn f!Zft1!1P'l'lll\.11nfl\.I L'Vl ~tl'lVl'll'l "lJ.l'lt11111u11'\ 500 

Sl fll~IJI, U~'ltli'utAi.11 IJl1'i\.lfl'1\JlA>-t1111'1'iZ itJl1'!)f11fllLfl~fl\.lfifi fl'l1 J.I L fiJ.1fi\.ILvi1nu 0. 5 fl allJ.1 

ft1{ '" Brij 35 'i:s:l,fl15nqt'I ii.iL'!l'ftfl~~ 0.09 Sli1ITufl1{ ,r_,ifu41:iJif1'3Lfl~!IJ.I Brlj 35 t\lis:lrt'l'lJ.I 

L fii.iiiuJ.11nn~1vi~fl Lvi1nu1!Jl'5nq1J1 Tu L'!l'ft 



fl'l'SL,.1t1Ni'lflfi'N 

fl'l1L,.1tJNi'>flth~M~ 
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ff1~ff1tlW'U{lJi1'31 U1NflJ.l1fl1'3vi1fl'l1J.lff::tl1'1 ut1mtl'U LU~flfl'Utlfl ntJLUtlff1~ tl'ULtl'U 

~L~ni u11tlsuumT'U~sufta.i1si.i 40-50 tl_,fil1L4rl'ftLf!lff uft::u,,!Mft::Litfl" 

fl1'lfffl"~'lflfi1'3W1f;r'lfJJ1; U1~'lflfi1'3J.l1vi1fl1'l~\Utl'Utiu~fl, tli::i.11m 1 nt-anii.t 

ufl'lU1 l tlt:1uvi~m'VUJilth::J.11m 60 tl'3fif1Lttriu f tJff 4t'U~'ltlfi1_, u ~'3 ufi'lu1 lt1tlu t M Ltl'UN'3W'rrll'lfl 

Lfl~tNtlu L~u l1itu111irru::vitl'1ffil'VI Ufl'3n'ULJ.it~\]flUff'3 n1iLf*litJi.t~'ltlti1'3fi1'Vliu~Lfl'l1::\.( 

tAi.11mt'1tJi'-3J1'Vlil'fl~'lflfJ1'3fl::LflfJ"1U'l::J.11W 1 nii.i LLft'lU1J.11fl::fl1fJl'i'ltJJ1ni'U L~J.ILLflflLftJJ.l 
fl1{UtlLUIRfl'3 Ltl 0.02 nii.i Ufl'lU1 ltJ sonicate tli::i.11m 30 'U1Yl Uft'lU1J.11fl1tl'3;r'ltlfl1::'111!1 

fl"jfl'3LUtli 41 411fl~\.IL;iJ.l 4% lead (II) acetate '41U'l\.I 2 ilfl~~fl"j Ufl::LftJ.l 0.05 fli'i.t'!lfl_,1-irL;ifJJ.l 

vJflffLl°'JIJI LLfl'lU1 Ltlfl'ltH;r'lfJfl1::1'111!1fl1tl_,LUtli 41 tli'utAJ.111J1"i;}'lfltl!Jfl1flLfl~tlUvi4lufl'lU 
tAJ.111J11 10 S'.lftiitJt'l 

fl~'lfffl'1~'ltlfJ1'3W1f;r'lfJLJ.l'Vl1'Utlfl; fl1'lLf*litJJ.l~'lflfJ1'3fi1'Vli'U'lLfl'l1::\.(tAJ.11Wi"1tJf'3 
J1'Vlil' fl~'ltl fJ1'3fl::Lf1fl'1U"i::J.l1W 1 fli'J.l Uft'lU1J.11ft::fl1fJ \li'ltJLJ.l'Vl'Vl'l'Uflft L~ J.l Uflft L f fl J.l 
fl'litJflLUIRft-3 Ltl 0.02 ni'J.1 Ufl'lU'l Ltl sonicate t.Ji::i.11m 30 'U1ft Uft'lU1J.11fl'ltl-3'1'lfJfl1::fl11!1 

fl'ltNLUtli 41 4/'lfl~UL;li.i 4% lead (II) acetate 41\.l'l'U 2 ilfl~if*l"i Ufl::LflJ.t 0.05 fli'>-l'!ltl-3 LttrLfttJJ.t 

vJtlffLl°'JIJI Ufl'lU1 Ltlfl"itl-3'1'lflfl'1::'111!1fl"itNLUtli 41 tJi'utAJ.t1fl"i#l'lfJtl{)tl'lflLfl~tlUvi4tufl'lU 
tAJ.11IJl'l 10 flflififl'l 

fl'l1L,.1t1a.atf79fi1~fl1N 
.... .... , ~ x r ~ .... , -9 • 1 .... .., .t'! r .... "i' 

fl'l'lfffl'1f*l'ltlfJ1'3fl"l3-fV1'lfJ\.11 ; 'rr-3fl'lfltl1'3fl"l3-fu"i::J.11W 0.5 fl13-f 4t"1U'UT1fl'U1'Vl'Ufl Ll'lfl 

fl:afltJ" tafl-3 !'Ut1'll'ltlc;ttAJ.t1"1i11u1c;i 10 ilfti~", L;iJ.tJ1niu11tufliutJ~J.11"1"i ufl'lu1 lt1 
centrifuged vi 3500 rpm Lil'UL'lfl1 30 u1fl Ufl'lU1J.11fl"itl'31i'lttfl'l::l'l11!1fl'ltl'3LUtli 41 

fl1iffnl'l~'ltlfi1'3flii.i#l'ltJLJ.tY11utlft : f'3~'ltlfi1'3flii.ttJ'l::J.t1m o.5 ni'J.1 41c;iuuYin 

J1'Vlil'fl Ll'ltJfl::Lflt1l'I tfifl-3 tu11'll'ltll'ltAJ.1'lfl'l'!l'U'l'1 10 ilfllitJt1 LOlJ.1LJ.1'V11'Utlfl4tUfl1UtAi.t1tJt'l us'l 

U1LU centrifuged vi 3500 rpm LilUL'lft'l 30 u1f1 LLft'lU'l3-11fl'lfl'3~'ltlfl1::1'1'ltifl1fl'3LUtl{ 41 

n11Am11"Wl'ltffl'l'>:ilL111N"l:tfNMl~'S:tJtJ MLC 

An~1wna.at11'>~1l9~f'n'f~nlMutf~flnltlfll'l4\1AM 
L~tl4t1'3ff11ft::fl'lfJJ.f'lfl1J'l'Utl'li\l~'U4t'lflfll'l13-fLfi.tf'U 1000 flfllfli'i.ttfitll"1 f ~Llifil'l13-I 

Lfi3-liuLtl'U 10 ilflini'J.t~tli"1 Ufl'lll1a11i.1'lf*l1J'Ml'li\l~Ltl1'l'l'V11fli'lfl'l1~flfl~'ULLff'3~'3if"~'lt1 
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Lfil~fl~\11'~m.Jn t 'Vl1 t wLlJlti LlJlfl-i u~'luuvtnfi1n11~ fln~uuft~,~if"' L vit:Ju1 Lutft5 Lfil11:~vt1tA>-11w 
tl'l{\!~'U 

An~.,,..a,.,.s~~nfl1RLAisM~ 

Tun11ri1n11'VlflfftlU'1!Jfl1flLfl~tluff ri1Li4fivr1'1!Jfl1fllLfllatlufifi,vru1::«ufi«1vri'un11 

~ L fil11:~vh!~" t1n11 L lJl;tJ >-1il'!)tl'l fil Lfil ~tluft Uft'lri 1n11'VI "ff flu iJi•unfil1tM Lfl1J.11 t 'VI n11" 

Tlfl~L'Vlfl'lffJ.l'l'ut'U:~~ Ll'ltl tiff '11fl:fl1tJJ.11\Jl'll1'Utl'l{\!;l'U ft11fl:fl1!JJ.11\Jl1l1'U Lii Lfl'lfl~L 'U'UUfl: 

ff1'lfl:fl1tlL'l'titli""'tlfl UtJ1LihLl1Lvitlf11u'ltufii1 retention factor Ufl:i~Lfll'tftfl'l!IN:TJtl~rtmtllitu 
LL~ fl:il'!)tl1 fil Lfil~tluvlvit~ flfttlul~ 3 1fn"1Yl LlJl;tlJ.1 L~ "'i1fl~'U~ L~flfli'lfiL'VIJ.l'l:ffa.iviff flU'lJ.11 ti 

Lti'U'1!Jll1fil Lfil~fluvf t 'Ufl1'l~ Lfil'l1:~i'ltlth~ 

Afl~1R'YlNL fNf M,.9~~fifl1f11Lfllh'Wt4 
Ldtlri 1 fl1'l'VI fl ff tl U'1!)1l1 fil L fil~fl'Ufl LL fi'l L iflfli'lif L 'VIJ.11:ff J.lfl if t'I "'i1fl~'U~ L fl~tJJ.I 1'!)111 fil 

Lfil~tl'U;t i'lvl L~tlfl titt'ltJfl1'l LlJl~t1J.1it fil'l1J.I L fiJ.1iu9i1~1 fl'U ( fil'l'lJ.1 Lfia.iiuufifll'l11UiJ.lii'Ulifl~ 

L\Jl~t1J.1i.11nn'11ifl1'flt]\11 Li.IL'tifl} i~~'U~fl~LlJl;t1i.iflfil'l'lJ.1LiJ.1iut~u1nn~1i,.1Snq" un'tift ~1fl~'U~ 
i.l1J.1'l'Vlflftf1UiJi'lt1 Lfil~fl~ Lfil'lJ.11 t 'Vlfl'l1~Tlfl~ L 'Vlfl'lftJ.111fl'U:,~ L"1!Jfl11Gl'lft11ft:ft'ltlJ.119l1l1'Ui~ 
ft13-li'lL'!i'UL~J.I LLfl'l~Lfil11:~Nfl;ft#iu~'lL~tlflfil'l1J.ILiiJ.1fi'UflL'VIJ.1'l:fft.1fliffl 

An~1U'SZihllfl1"',.9~«1~•=•1tiUMLMtt~ 

Ld tlri 1fl 11 L~fl fl fil'l13-I Li J.liuil L 'VI J.l 1:~rn LL f 'lifL;t~1n fl11YI fl ft fl~ ~'lfl~'U~Yl "'ftflU 

th:irrlfl1¥4TlfNff11ft:ft1flU¥4Ll4'fli viwLfl!f,j1~j nu Lfl!Jfl11L\Jl~flU'1!Jl11fllLflltftn.tfiflTliiltn1!11J.11 
fitl'U'VIU'ld LL fl: tiff1'lfl:fl1!JUV4 L l4'tli L tiui'lri'lfl:fl'l!J tun'l''U\Jl;!JJ.lil'!)ll'lfll Lfil.tl'U;t ft11fl:fl1!J 

un Ll4'tl{LlJl;tlJ.1 L;}~1flft11Nft3-l'l:'Vl'11-3 L'UL;it1i.i Lfl Llf Ll'l'lL~'Ul4'tlffLl4'\JlflU LI'! L'tiLltt1J.1 Llf Lfl1L~'U 

~tlftL ~ lJI ultl LIJlit1J.1fl:fl'ltJ Lft~"'ILLfl'lU'l L\Jilfl fi,,n Ltl1rli'lt1 Lfil~tl~ pH meter LLfl'l\Ji'u'1Ltl'lf \Jl1J.I fil'l'lJ.1 

~tl~fl11virt Ltl1f~1~, fl'U LL ~'lU'l L U'VlflfttlU t 'ULfil;tl-3 Lf'l'lJ.11 t Ylfl'l1~,,tl-3L 'Vlft'lftJ.l'i'lfl'U:,~ Ll'ltlfl1'l 

~ flft'l'l fl :fl1tJ 3-11\JI1 l'l'Ui-3 ff'l J.1 <Ji'l L 'rfu L;,J.I uf 'l1' Lfl11:~ NftfiLli LL f 'l L f tln fl'l'lJ.1 L f i.if 'UTJfl-3 

«11ft:ft'ltJU~ L ~fl{ uft:Yi Lfl1fif L'VIJ.11:ffi.1flff fl Lt'ltl~"i'lflfli'l retention factor ftl!i1'U'lN lliuft: 

ftfl1!1N:Tlfl'3'1flvf!#i 

An~1U'SZthillfl1"',.9~tf~19=91til'WM1lfiLINtHlu 

ri1n11'Vlt'lfftlU\J1:IY1,ll'l~TJfl'3ff'l'lfl:ft1t1IYY1~ffiL~>-1fl'3lULflt1n11tli'lri1ft::ft1t1 
fiY'Vl;tl11ill'l~h~, Nffi.l~N ltJtuil'!Jll'lfilLfil§tl'Uff ? un11Y1,.fttl-1111.f~ifrlllfi'°lri1ft:ft1!1l'UYl'ti~f1 fl:: 
tl\JILYL'V11ilLLfl:l~'lW1Yflft flilfl'l'lJ.1LiiJ.1iiuflL~J.1tNLtJtuil'!Jll'lfltLfilitl'Ufi L~'lflU 1%, 2%, 3 %, 

4% LLft: 5% \Jl'l~fi1iu LL~'lri'lfl'l'lvt"ftflU"'lflLfil~fl~ HPLC lfltlfl't'SGftft11ft::ft1tia.t1MJ1Y ..f~ 
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fi'13-I i'l L 'th.!L;\3-1 U~'l'5 Lfl"11::l(NflffYlivt L Vl3-1'1::fii.ivitf L'1 LL'ltl ft'lU'lW~'lflf'i'l retention factor m Lfl"1'1~ 
1;tufl::in~w::'tlfl'3ftnff!#i 

iltn'l!l'l'ilJt'f'lfl'l, T M•7'L Ma.t'l:tfa.a 

Ldflvi'1fl'1"1L~tlfl'tlil'1LLfl::fil'l'1J.1LfJ.ttU'tlfl'31'{)fl'1filLfl~tl\,\fffiL111J.t1::ffJ.tLL~'l~1mf'Uffvi1n1i 
'YI l'lfifltJtl\Jl"1'1fl'1"1 LVlfl'tltWl{)fl'l fl Lfl~tl\,\vt L'1t1tlWtl1'11'1fl'111111ft"lltl'3il'{)fl1fllLfl~tlUftt ~i1tl1'11'1fl'11 
LV1flt'i1'31 nu LL~'lvi'lfl'11'Yl'1fitltJiJi'lfJLfll~fl'3 Lfl13-1'1 L'Ylfl"j'1~'tltl'3L'Vlfl'lffJ.111flU::f'3 LL'l!Jfl11Ut'I 

fi'1'lfl::fl'1!J3-1'1\Jl'l3'1U vT'3fi'13-li'lL'fh.IL~3-I LLfl'l~Lfl'l'1~NftfftiJi'tt'lt1~~'1flfii'1fl'11LLtlfl'tlfl'3fifl LLft::L'lft'l 

fit~ Lfl'l'l::~ ufl::L~'ilfltll'!11n11 L 'Vlflff L'VIJ.t'l::tn.ifttf" 

fl'l,ff4'wfl,'lMa.11Jt'7J'lM 

n11vi1n11~3-l'll'l"1l'1Uvi1liJi'tL'lt1Ll'l~!Ji.1fi11fl::fl1!JJ.t'11'l131uLfll!Jfl'11ULtll'lff'1'1ft::ft1t1 

3-111J1"1l11..1vT'3fl'1i\1~uufl::LrtL,fl'2Luu!Mtl'tf'l'3fl'l13-ILfiJ.tfiu&'3u,f 2 ilfllni'3-l~tJl(ll1 fl'3 50 

ilfl~fli'3-1~tl~1'11 LLfl::ULtl!'lff'11fl::fl'ltl3-1'11'1"1l'1\.IL'ltfffl{f'Utlfl t~i1fl'l'13-ILfiJ.ifiY 10 ilfllfli'J.1Jitll1'11 

fl'3LtlTu«1"1fl::fl'1!Ji.l'1l'l131uNff3-l~flfl'l'1J.1Lfii.ifiuu~'ltli'u~i.i11'l11i'l!Jil{)fl1flLfil~fl\.lff u~'lu1lt1 
'5 Lfl11::l(li'lt1 Lfl~tl'3 Lfl1J.1'1 t 'Ylfl1'1~'tltN LVlfl'lfiJ.ti1flU:t'3 iJi'l!Jfl11Ut'lff11ft::ft1fJJ.111'11J1'UNff J.lff it 
'ti'l'3fil'l13-1Liii.itiu&'3ut'i 2-50 ilflfini'i.i~flfi1'11 Lt'lt1n11GL'l«11fl::fl1!Jfil'l'1J.1Lfii1fi'Ufl:: 3 ,f1 T\.liruu 

MLC 'ti1uuuYi fl fl'l~\,\vtt;;vin Ufl::U'l L tlf'i'1U'lWffi'1'3fl1'1~3-1'1!Jl'll1\.lff Uff t'l'3fil'l'13-!IJ.1,;'\,\fii:V1'1'1'3 

fil'l'1J.1Lfi3-lfi'U'tlfl'3ff'l'jfl::fl'l!J3-l'1\111l1\.lvtfil'l'1J.tLfii.tfi'Ul'i'1'31 ti'5Lfl"11::1(nufli1l4'\.lfit;t?in Ufl:U1fli1vt 

1;t1t1TiPi1u'l™Li4tJ1111'11 Rn1!11fC1t41nC1t~1tf""tJ'3n11<1t'l~,,u uft: tfll41n1r~1tf"'f1'1n11 
\111'l~il'L'lif!3-11W Lil 

iltfl'1!11'2i'>'1fll'>11U fluL~,_,_, 

ftn~ 1'ti'l'3 "'l1 i.i L tiuL~U\11, '3 t 'U'ti'l'3 fll'l'li.t Lt i.ituftt'3 uft:~1n'11n"11~ J.t1 l'l"1J1U Lt'lti 

L u~t1ULL UiN fil'l13-I L iii.iiiu'tltNff11fl::fl'ltli.t'11'1"1J1Uffti15Lfl11::~ ufl::fli1wlwfli1 R-square Lfltl 

n1"1ULul'lfi1·n-.::fl1t1J.t1111131\.lvT~tJ1i\1;t\.I Ufl:Lll'lt'l1fl1'luuT~«11s::fl1!JJ.t11J1131uilfil'l'lJ.1LfiJ.tfiu 
... 

i'3u!Ji 2 ilflfifli'J.t!JitlfilJl"j ~uif~ 500 ilfllni'i.t~tll"1 Ufl:ULUl'lfi11fl:fl'ltlL1tffflit'l.Atlftfil'l1J.I 

LTl3-ITJU 10 ilfl~ni'i.i!Jiflfi1'11 L~3-lfl~lt1tu~n1 fll'l13-ILfiJ.tfiU'tltl'3ff'11ft::ft1fJJ.119'1J1'UNffJ.ILLfl'ltli'u 

~3-11\11'1 ;t'ltl il{)fl'l fl Lfl~tJuvt ufi'lu1l1..112 Lfil"11::1(li'lt1 Lfl~tl'3 Lfll1i11 t 'YI n11~ttl'1L1llft'lff a.111au::1'1 

vi1,t'1fl'l'li.ILfii.ifiufl:: 3 ,r, fhuluv\t;t?in ufl::vi1n11«i1'3n11liJ-111'!131uLfllt1fl'l1 «~1'11111'4 
Uff (;1'3 fil'l'13-1li.i,;'ufi"1::'Vl'11'3fll'l13-I L fiJ.t4iU'tltl'3fi11fl::ft'l!J>-111'11l1UflUtii1ffmft~nMLfll11~1i 
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I 0 

wna..LLa..Mtl'l 

;1n1!11fl'l1J.1UiJu!i1t1tl'315fir5Lfl1'1::,. L"1t1ut1nn11;ln1!11Ltiu 2 i.h::L~U ;ltl i.h::L~uu1n 

;tn'l!'l repeatability ;ifl ;tn1!l'lfl'l'lJ.1U.>Ju!i1n1E1Twl'uL;ifl'l l'1E1vi1n11,,Lfl1'1::M'tlia.11<Mf1'1{\f~U 

LLfl::LtrL"11fl15Luutu~'ltltl1'3fttrufl::fil~J.1~L\Jl~t1J.1 ~ vi1n1,t)i;i,f 1/'3V1J.1"1~'lflli'l-lfl:: 7 ,f1 i.h::L;tu~ 
flf1'3;1fl1!11 reproducibility ;]fl n11i1n1!11fl'l'lJ.1UiJ1ah"i::Vl'i1'3tJU L"1t1vi1n1"iV1"1fltNL~ULlifJ'l01.J 

fl'l"j ~fl1!11 repeatability L ti'!tiu L Vitiu fl'l 'lJ.I U"'3"'1'3'!ltN Nflfl11VI "1flfl'31::Wh'3tJU'!lfl'3fl11vi'lfl11 

15Lft11::M' n11vi1fl'l'1J.1LL3-iuti1 vi1ll'iti;itJ011Ui;ia11fl::fl1t1J.11\Jl131u~ilfl'l'lm4iJ.1tu 5, 10 LLfl:: 15 

Sl fl ~ni'a.1"1fl~1Jt1 1Jt'1J.1 ~1tKu LPIEllll 1.11Jtff'l1fl::fl'lEI a.1111t131ufl'11\f rAUu.fl:: 111 lP11 fll"l uu T if ilfll'l1J.I 

L4iJ.1;!1.1 5, 10 Ufl:: 15 ilft~fli'J.ltJitl~\Jl"j Uft::VJfl1 fl'l1J.1diJ.1tUL~J.lfl11ft::ft1tlL1tiftl{tuflftfil'l1J.I 

LtJJ.lttU 10 ilflflfli'J.1tJiflit111 U~'li.Ji'ut.AJ.11\Jl"ili'ltitJ{)ll'lflLfl~flU~ vi1011UP1fil'l1J.1LfiJ.1tlUfl:: 7 ,f., 

ti.i1'uL;lt1'lOl.IUfl::"i::Vltl'l'3tJU LytflL1f!t1ULVit1UNftUft::fl1U'lWVl1fOl1 S.D. Uft:: %R.S.D. 

fl'l'la..t1nlit1~ 

fl1"i,.fl1!11fil'l1J.l~flilfl'3vi1 ti;itJ Ti standard addition method Tun1iV11fl'l1J.l~flilfl'311fl'31'! 

l'1t1n11'11u'lw 11i...,1nfi1 %recovery LdflL~J.lfl1"iJ.11t'l"i31U~Vli'lufl'l1J.I LiiJ.1fiuft'31ututK'lfltl1'3 3 

"i::~u fl'l'lJ.I L i!J.1iiu l"1tl'!l'l"1~ 1 13-i~fl-3 titta11ft::ft'lJ.l'lt'l"i3'1Ufl·:i! i.J u\Ji L~J.lfl'11fl::ft1tlJ.l'"l\Jl"j31UL, 

tif flitufls ~ilfl'l1J.I L ;i,.,;tu~L vi1ou us::tl L tJt11fl1"is::s1t1J.11\Jl"il1u t Viil fl'l13.f L tiJ.1tui'3u!Ji 0-15 

ilfl~fli'J.11Jiflil'l1 /'3fl1i\j~UUfl::L!fl"11fl15lUUl"1tlL~J.lfl'l'l3.UiJ.1tui'3u" 0-15 ilfllfli'J.1,ffll\111 

u~'li.Ji'utlii.11\Jl1 t~Ltlu 1 ~fli~t111#l'lt1tJ{)tl'lflLfl~tlu~ UP1a11s::s1t1~L\Jl~t1J.1 ~11'll'lfl:: 3 ,f1 ti.i 

1::1.JU MLC 'fi1ufii1wnvllli LLft::fl'lU'lNVl'lfl'l %recovery '!lfl'3LL,ifl::fl'l'1J.1Ltii.1iiu~L~J.l~HL1.J 
ti. -t!I 0 ., & t!I 0 ., & ., a l"Jt. 
P1fl'l!l·rnft"'1flftWltf MtJ~fl'l'Ul'l~\J Utt= "Dft"'1flflWltf MtJ~fl'l'fft'Mlli'lftu7a..'lN 

An1!11i P1410'1~1if Cil'!lfl'3fl11\Jl'l...,'WU ti;mvi1n11fl"1 fl'l1J.1 L iJ.14iu11f1'3~'l~'lflfi'l-lft'3 L i.J L~flt11 
4iUulfltJ'1f'l'l1i.!''3~UTJfN~'lflfi1'3 LVitiunu noise (signal to noise ratio) u~'l lllfiii11.J'l::i.11w 2-3 

Lvi1 ii'uf'lfl fil'l'li.!Liii.1tiu~1ff"1~~Lfl1'1::l{...,::a1J.111t'l\Jl'l'l"'l'WU lli us::n11.,n1!!1tf!.;1oi;i~1ifl'l 
'!lfl'3fl11l'l1'l...,1'"1tl'bnw ultltJl'lfl'l'li.!~'3'!1fl-lfit1fl'3tK'lt11 LVitiuou noise Ufl'l Lli'11tli'J.11w 10 Lvi1 

I ' .J... il'u;lfl fl'l'lJ.1 L tJ.1ttl.l!'t1ff m!'lft5 Lfl11::l{"'l::fl'1J.1'11tt'5 Lfl11::l{vi 'ltJiJ.1'1 N Lli 

fl'l'fAfl111'l Robusness 

fl11"fl1!1'1 robustness Ltli-Afl11Vlfl~tltlfil'l'li.!fl'3i'l~fl~'5fi1Lfil1'1::l4'fl'lt1fl'l1Ltl~tlULfl~fl~vi 
t~Lfl"j::l(tflfJ tffl1l'l'l::L~J.1~vi1n11'5Lfil'l'l::l{~tl'315~~;,"t11ufu U.fl'lvi'lfl'11ft,.fl'11i.!'l(Jl1l'lU~fll'l'lJ.1 
LfiJ.1tufi1'31 i-lu1Jiilflt11tJa.11nufl'lfl~1'3n11'riJ.11l'l131utltlni.11u.~'lvi1n11LVit1uNsfte#iouNflfte#i 
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~1nfimf'l~fl~ li1Nflfimfil~fl~~Lfl11::i.fe#iu.iu.tJtntJi1'3u.fifl-3t)1'5tfl""#iutuJ.11 t111iJft1J.11·rn t-B1#inu 

fffl1'l::Lfl~fN~U, Lli 
fl'l'SL illt1tJnu'SIM'l"'SJ'N 

n 1 'H ft fJU~tiJ.l '19'11l1UL i1un111' Lfll11::1(1111tll! J.11W t .. fJ tft5f J.1'19'11J1U t U~1U~ .f fJft \I fl 
A~ J.l'tfC~ u. fl') LflfJ tififl1'l::LLfl::fu!JlfJU1JfJ'3,,, J.119'11l'1U~'3111J.1 fl u.'1ttft''lfJt.i'N;t L 11 lifl-3011 

'5Lfll1'1::~ufl11VI 1tl~ 3-11WLL fl'll'i1fl'l 1L1At1t1 L ;f t1u Nftft'cli nu'51fl ~fl t1iu4u3-l 1 t VI iJ t)1'5IYI ,.fl #lu 

tUJ.11,iuit fil'l13-I L VI 3-11::ft3-lfltJ'1'5~3-!11J1131uflilfl~ u.f r;i 1 ftfll'i1111'1,;' w.iu1C*ifJ ltl 

fl1'Sl'lfltfflUqYrftiutf4LflM"f41ffM'f Yrl,fLMftfl4tf1'1tfflfl 

fl1'SL .. ~ti Mtf1"fft=•1t1 R'lflti14 

fl:: fl 1!J ff 11ffnfilVI!J1m fl fl 'lUfJ fl~'l fl fi'l~ ft1t1,;'ut l'i 'l-31 J'1111il' n41ur;iu 1 ni'3-1 li'l !J 

flfl'fl L1lifliJ.1 20 Slfl~ft9'11 111t.i1 30 u1;t 1ftfJti'lt1fl'l1fl::ft'ltJ 4t'ln,flAfin,.LLtifl'fuli'lt1 20%Lfl 

l'J'lUtlft 8 flftftftlJl'l "9'1WlU 3 l'l.f-3 ff'l'lfffll'l;t;ttl'3fl'l141::tl"1lJ~ 20% Ltll'J'lUtlft "J'lJ.I~ 20%Ltl 

YI 1Uflft 3-11tl i't1tA3-l 1 IJl'l L iJu 2 5 il ftfii lJl1 li'lt11J 'l ,.i),.t.AJ.11911 1111J'1111Uflfi'11fifl flYift::ft'ltltl~t U 

.fu 20%Ltll'J'1Utlft lfl!Jll1J'1111il'n11tNff'l1 tufufllftfl t"JlifliJ.1 ( 'l::L'lllfJLL-Di'3fl'ltJ tlitltUtU'lfl'lfl) L\Jftu 

flfln4t1nJ'1V1unft11ftn filV1t11u L fJYl'l'Uflft '11u'ltufl'l'l3-!L tJ.1ofiu11fl~fi11ft::ft'ltJ tu~ 20% Lflfl'l'Uflft 

LLfl'lll'lJ.11LIJl,tlJ.ILiJUff'l1ft::ft'l!Jft''lflt.i'1'3fil'l'lJ.ILl3-!IU"'1'31 ;1f) 4, 2, 0.4, 0.2 U.ft:: 0.04 Slft~fli'>-1 

,fflilft.~IJl1 Tu 20% LflYl'llJfJfl utfJ1l'lft'11fl::ft'ltJfi'lfJti'l'3 50 LJ.1 tfll1ft\111 J.l'lLftJ.lft-3 tlJ4t'llJ111f!J.ll'i'l 

t-Diu.C*ift::Vl~J.lil 1.AJ.1'l!Jl'l'l'l3-I 200 LJ.1 lfl'lfi9'1'1 .,::fi1U'lWfl'l'l3-ILTlJ.1tu tf11\1'1t111fl'3ff'l'lfi::ft1!J 

ft''ltlt.i'l-3 tuLL!Jifl::Vl~>-1 l;lt.i!J ti'ijf'l'l N,V, = N2V2 lfltJfl N, = fl'l'lJ.1LtJ.1tUL~J.1iJiu (ilflfifli'J.lt'itl 

ilftfil1J11), V1 = t.A>-111J1'1L~>-1iJiu (50 °tJ.ILfl119l1), N2 = rt'l'1J.1Ll>-1IUtffl\11t1 (ilftlfli'J.1t'itls:litllf'l1) 

u.ia:: v 2 = 1.RJ.119l'1fffl\11tJ (200 Tu lfl'li'11) 

fl1'1LR1t1J.1tf1'1•:•1t1M1"'1J1Mfl'lflt~ 
fl::ft'l!Jfl1fl Lfl~fl J1V1il'n 0.0142 ni'J.1 li'lfJff'l1ft::ft1t1 20%LfJYl1"'flft tli't11.A>-11fl1 10 

Slft~ifl1.,::Llift11ft::ft'l!JJ.119'l131un1fl t1t~fl 10 Slttl~ft'li (1.42 Slftlni'J.1fifJSlttllfl1) .,,n,fu 

ll'lJ.l'lL4fJ"t'l~li'ltl 20%LfJYl'lUfJft t-Dilli ft'l'lJ.1LIJ.1filJ'41-3, flLVIJ.l'l::fiJ.I ~fl 2.84x10-
1
, 5.68x10-

2
, 

5.68x10-3, 2.84x10-3 u.ft:: 1.42x10-5 Slftlfli'J.1fiflilfillfl1 Lftfl ttLi!Uff'l1fi::ft'ltJJ.l'l9l1J'lU Liifl 
ll'lff'11ft::ft'lfJi.119l1l1Ufl1fllfll~flflfl'l'lJ.ILIJ.1fiu'4'l'31 50 °tJ.ILMl"1 J.l'lL.,J.ltNtlJ"t'l'U'lllf!J.l Yi1t\1iu.C'i 
ft ::'lllf!J.lil 1.RJ.l'lf'l11'lJ.1 200 LJ.1 lfl1 i '111 .,::fi'l'U'ltufl')'lJ.I L;; J.1IUt11t'ti'lt111tMfi'l1ft::ft'ltlJ.l'l911J1U 



~ ~ • I -:'?J!. .!ill -2 -2 -3 -4 -5 l\"I ~ ... fl1t'I Lfil"Yfl L'UUl'lft::vt~pHl'ILU'U 7.1x10 , 1.42x10 , 1.42x10 , 7.1x10 Uft:: 0.36x10 folft·nfl1J.I 

\Jiflilftiil'l1 l'l'lJ.lfl'l~Ufl'l1L\ll~tJJ.IUWLWfl{ Lfl'UL'UJl LLft::fi11l.,,;t-uYi1t1nnit11 fl'l1L!Jl~tlJ.I 
ff11ft::ia1t1L'lfL~tJJ.1WflfiLW(JfUWLWfl{ 0.02 LJ.ift'l{ (pH 6.8) {.,, Na2HP04.2H20 .;1w1-u 0.44 niJ.1 

uia:: NaH2P04.2H20 -i'l'U'lM 0.39 fl1J.1 ft::ft'lflli'ltnf1nlu 250 llftli"1 fl'l1Lf'l~fl"1ff11ft::ft'l!I 
Lfl'UL'lf>fi'VI L 1,L'Uff (314.8 \jill'l!Jifls:iftl~,,.,) ft::ft'ltlLfl'UL'lf>fi'VI 11tL'Uff (Tyrosinase from 

mushroom, uiti'VI Fluka) (EC 1.14.18.1) 0.2 Sliainii.i li'lt1 5 Sliall911 11fl'3 0.02 LJ.lft'l{ L'ULl!t1J.1 

WflffLW\llUWLWfl{ (pH 6.8) fl11L!Jl~tli.lff'l1ft::ft'ltJ L-DOPA "91-U'l'U 0.34 ilialLJ.ift1{ LfltJf.,, L-

DOPA (L-3, 4-dihydroxyphenylalanine, uiti'VI Sigma) 0.32 ilialnii.i ft::ft'ltl~'ltJ 5 ilialll'l1 

'!lfl" 0.02 LJ.lft'l{ L'UL~tJi.!WflffLWl'IUWLWfl{ (pH 6.8) 

fl'l1'1flfttJqMftitJtf,ns1'l•MlMt"1LMtf 
u1ff 11 ia:: ia1tJ IK'lfl!i1" fl'l'li.I L fi i.ifi-u\Ji1"i fl'-u i.iw flftfluqYif fi'utf.,, n11Yi1.,,1-uTJfl" Lfl'U 1 ttrJl 

L'VIL1,L'Uff L('ltJtl Dopachrome method t.,,1~fl'flutlft"J.l'l'i1fl'S1'!1fl'31't\J1 ~'Jft'lifl,;- (2541); 

Masamoto LLft::filN:: (1980); Morita LLft::flm:: (1994); Lida LLft::fllN:: (1995) LfitJUfl\Jff11ft::ft1tl 

i.11\ll1l1'Ufl1(il Lfl~fl ,r.,,d: L'!l!i'l t~ fi'l1ft::ft'lt1NfiJ.lfl'U., U~'ltiJ.lvl~N\UJil 25 f)"fl'lL'lfftLftJff 10 

-u1~ 'i1n~-uL6iJ.1ff11ia::ia1t1 L-DOPA 50 LJ.1 Lfll11911 ft" t-uufiia::Vl~J.I 111!i1'1fln11~('1flfl'ULLft'3fi 
fil'l'lJ.ltJ1'lfl~'U 492 'U1 L'ULJ.1\ll"i ~'ltJLfil~tNtll'lfl'l1~flfll'ULLff'3 t-u'i1'UVl~J.I (microplate reader) 

'i1fl~'U tii.ivlflNVIQSl 25 fl"f'T'lL'lfftLftJff 2 'U1fl LLft'ltlflUii'lfl11~flfl~'UUft'1fiflt11f'3vlfl'l1J.ltl'l'lfl.'U 
L~J.1 L(jji.ifi'l1 ia::ft'lll A, B. C LL ft:: D Utlflfl'U ft'3 T-u'i'l'UVl~i.1 (microlitre plate) (Yi'l 3 ..f1) lliuri 

A (control): ff'l"ift::ft'ltlLfl'ULttrJlLviL1'L'Uft (314.8 ~919iflilftll"1) 50 

Tutfl1l"1 

LttrLJlll3-IWflffLWl'IUWLWfli 0.02 li.ift1{ (pH 6.8) 100 Tutt1111'11 

20% Lfl'Vl'l'Uflft 50 Tu Lfll1flM1 

B (blank of A): Tiut;l!li.1rifJffLriflUritritJ{ 0.02 'ti.lft1{ (pH 6.8) 150 LJfLfll1iM 

20% Lfl'Vl'l'Uflft 50 Tu Lfll11'11 

C (test sample):ft11ft::ft1tJLfl'UiiuJlL'VIL1'l'Uft (314.8 "ill'lfiflilftlll'l1) 50 

Tut"-,1"1 

LttrLltt1J.1WflftLWl'ltl'riLritl{ 0.02 't1-l•1i (pH 6.8) 100 Tut111lfl1 

-a11tt:ft1t1i'ltlti1" V1~fl«1.,•:•1t1~1t11J'l'U 50 Tu Lfl1l1Jt1 t -u 
20% Ltm'l'Uflft 

D (blank of C): tiuLlitJl'riflffLrifltmLritli 0.02 'tJl•1i (pH 6.8) 100 LJfL1t'1lfl1 
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ff1ifl:fl1t1i'lflthitu 20% LflVl1Uflfl 50 ~tfllifi<Jli 

fl1'SA'n.l')fUM1Wt~9tJ•~~·~n1'Hiutf~L9'Ml-m1r'V1t'?ILM• 
f'l1l.l'ln.IVl1f'l1iflt1fl:TJfl-3f11iiul..,n11l'i1-31l.ITJfl-3Lfll.IL"lf,fiVlt1tLUfftftt1ti11J1i 

% Tyrosinase inhibition = ((A-B) - (C-D)f x 100 

(A-B) 

ll'ltl A, B, c Ufl: D Pifl Nfl,j1'3tlfl-3fli1n1i~IPlU.ff-3;tfil'l1i.lfJ1'lfit~l.I 492 l.11ll.lu.l<Jli i:wh-3 

fii1vf1',.li.!irifll.lf1'litii.1 Ufl:Vlfl-3tii.iufl'l 2 u1Vl (A2 min-Ao min) 

fl'l'SWrU'>NM'lWt IC50 "1flfl'f1W 
n1ivi1fii1 IC50 (fii'lfl'l1mfii.ifiuvfiutf..,Lfll.IL"lf,fiVI titLuff 111 50%) t«fff i.hu.nii.i excel 

ffi'l-lfl'i1WL~l.llJl'i-li:wh'3fii1 log10 TJfl-lfil'l1J.1LfiJ.1fil.ITJfl-lff'lii'lflti'l-l (U.fll.I x} fi'u %Lethality 

(unu y} f'i'll.l'ln.lfl'l IC50 tl'ltJUVll.lfii'l y = 50 fl-lll.lffJ.lf11'if1'i'lWLfu'1i-l 4':Vt'lLlifii1 x Ufl: antilog 

x ":Ltiufi1 IC50 

fl'l'SLR1tJNNIRnm.ftL~~-19~ftati'J'MN«N"1fltfl'S«nfl 

fl'l'SLR1t1N.i'litJMN'M'll'Milf•Wft1N 
.., r. 1 J:'. r .., r .... 1 Jl r ... 
'l{)fl1fll.11ui:nfl\Jl"l'ltll.11 tween 80 Ufl:'1111L\Jl.I Ufl:'l{)fl'lf'tl.11J.ll.lui:nfl\Jl"l'l!ll.11i.ll.I 

ufl: span 80 Ll'ltJ{)fl1flJ1fl-3 tu1'!Jfl'lfinf1iruufl'l Nffi.1li'lt1Lf't~fl-' Polytron ;lfl'l'li.IL~'l 10,000 

rpm u1u 3 u1Vl .,u l;jflirfliui.J3i.ir.iil "9'lf1,f u1h 1u .J1uLrt~fl-liruNffJ.1 L;1uLdti Lfl!l'l fl'l1J.1'1l.IV-' ;I 
fil'l1J.1'1l.I 1,000 \J1~ (14,500 psi) m ~NVllJil 25 fl..,ff1L"lfflLftlff "91U'll.I 2, 4, 6 Ufl: 8 ifl\J Ufl'l 

~..,ll1~irfliuvfe;jli.J~n1!!1t1u1,.V1t1"1fl~'lfllUfl:fii1fll'ntfiw~1f1J11 (Zeta potential) t"t1tiLfll~fl.., 
PCS Ufl: Zetameter n1ifil'IPlL~flf111'11i'i11uviilfll'l'lJ.ILVIJ.11:ffJ.1Liffl..,~l.I t,.m;.,1in.i'l4l'lfl flf11!1N: 

fl'ltll.lflf1 L1fu n1iL1'" coalescence Vl~fl phase separation, ~ Ufl:n~ TJl.111PlVlfJl'lfl~'lfill.Lfl:n1i 
ni:"91t1i''lt1fl..,TJU1'1V1t1t'lfl~1fil Ll'lti Tf TEM ufl:Lfil~fl.., PCS ri1fl'nt11w~1f<Jl1 li'lt1Lfil~tH 
Zetameter (Zetasizer®} n11L1J1~t1i.ii'lflti1..,LYitJ1'1111u1t'IV1t1t'lfl~'lflU.fl:fi1ft'ntfiw~1fft11i'lt1 
Lfil~fl.., Zetameter vi1 tftt1L~fl.,'l'1Nf'1J1nm-rlli'l!IJ1niu tuti1J111ft'll.I 1:1,000 u.~:tt~'lL'lflU.\J\J 

DTS 1060C-Clear disposable zeta cell 1"i'111'u;lLV1J.11:ftJ.14l:lifl-3~fl~MJ1:nfltJ1lfl·nf1irutl.I 
fl'l'lJ.1 L fiNfil.l~-1 Slfl'n1!1N:fl'ltll.ltJflftli uJLnftfl11U.flfl" il11U'lftfl~'lf11Lflit1 UJLftl.I 500 l.11 tu 

LJ.1\Jl1 u.fl:Slfll'nt11w~113-i~1n'11 ±30 mv L~u'11i'ufltlii'un11KflL•fln~.11i'U4l'lnlu,.t>un11 
~~u1tJi11'u~~i.iu1tu4i.Juuuu1tu~irfliY~u~~flu.n'lnl.lu.ff..,f~'lflt1n1'l:~1..,1 ~fl ~m~~a 4 
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fNR'lL-zfflLftJf{ (Lf\utu~Li1U) 30 fNR1L-zfflLftJf{ (~W\llfJSl-MtN) LLfl:: 45 tl'3R1L-zfflLftlff (L~utu 

~flU) Lf{ui'lfltl'l'31.)u1u 4 L;lflu i'lJ.1fl'3Vl"ffflU tufffl1'l:ifl'U-L~'UffflUfl\.I (Heating & Cooling) 

ii'lU'lU 8 iflu f-3 tuu~h-.::iflu4t::L~u~1fu 'Plfl~tu\llfJil 45 fl'3flf1L-zfflLfttff LtiuL'lfl1 24 f'l Li.&'3 

fffl'unun1·nf{ufi~cuvr1Jil 4 fNR1L"lffu'1t1ff Ltiut'lfi1 24 i1 UN Lfittfl1uri1vruftL'lfi'lu.f'l 1l1fi'lfu 

irll'ttJ;fn"e11 fl'n"e1m::fl1t1ufln iLLfl::n~u n11ni::~1t1i'l11fl'311\.11f1Vlfl"tl\fl'lfl'I L'1t1 ttLfl~tl-3 

Photon Correlation Spectrophotometer fl'lRnt11~~1f"1ii'lt1Lfl'l~fl'3 Zetameter L"1fl~fll1J.IVJ'lA'l 
4il1flff'liffti"4t1flff'l~~fftif1Lli Lflit1J.1~'lfUt11,Ufl'l1~u~'l~fl1!11fl'l'l'li.tfl'l'3i'l11fl'3ff'li~1~fU4il'lfl 
~i'lfut11"4'uflii.1 Lf1tl~l'IL~tln~1fut11"4'uf'li~ ufi::Vl'1fffl\Jfil'l'l~~'3'Wtl t., ilflfi'l pH 11tl'3'11i.tVl~fl 
Lfliu T"t1f'3'1i~J1vr\l'n 0.1 ni'J.1 Tt:tTuumnfl{11u1" 50 ilflfl"i L~i.1J·mtufl'3 ltl 9 ilfl~I,., 
f'l\.14il\.lfl::fl'ltl tifrihtiu U~'lilr;i'11 pH L"tl ti pH meter flfl1!1tu::Vl1'3fl'l!Jfl'l'W11fl'3fl1~Vl~tl Lfliu 

i'3Lflttl~flfll!ICU::Vl1'3fl1tlfl1'W11fl'3fli~ f'3L;!uri ~fl~ Ldflfll1~ n1iut1n~ Ufl::fil'l1~Vli1fl 

fl'l'i'l~ 3.1 i"~'l\.111fl'3\AJ.11CU'tf1ifffifl (5, 10, 15 Ufi:: 20 %) Ufi::tA~1Wl'ULJl!JJ.loEfl~L'U(Jl 

(0.25%, w/w) 
.. 

Part INIC Name 'liwl.W ' 

fM1 f"2 .... :$ ... , .... 
A Water 64.04 59.04 54.04 49.04 

Carbopol ultrez 10 0.15 0.15 0.15 0.15 

Titanium dioxide 0.10 0.10 0.10 0.10 

Glycerine 2.00 2.00 2.00 2.00 

Methyl paraben 0.10 0.10 0.10 0.10 

B Cetyl alcohol 1.20 1.20 1.20 1.20 

Tween 80 0.25 0.25 0.25 0.25 

Span 80 0. 75 0.75 0.75 0.75 

Propyl paraben 0.05 0.05 0.05 0.05 

Crude extract 5.00 10.00 15.00 20.00 

c Water 1.00 1.00 1.00 1.00 

Sodium hydroxide 0.06 0.06 0.06 0.06 

D Water 25.00 25.00 25.00 25.00 

Sodium alginate 0.25 0.25 0.25 0.25 

E Water 100.00 100.00 100.00 100.00 

Calcium chloride 4.00 4.00 4.00 4.00 
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fl'l'7L,.1tJMLR~fHfttr'l~L~ftilft~'>fJLYl..nlfllenGm"ttUtri'Y 

Lt'l~!Ji.i ~";j,.;tSlit'lUNff2-lttl~'a''l1tl'li\l.,u LftfJfl'l\llUIPltA2-11mff'l1fifi'"1;tfl'l'l2-ILi2-1tu 5. 

10, 15 LL'if:: 20% fl'l\llUl'ttA2-l'lmL-irL;itJi.itlft~LU'1Lvt'lfi'tJ 0.25% (w/w) LLfil't~~~(Jl'l1'l~ 3.1 Nfii.I 

Part A LLft::fl'lUfMdhti'u ll'lit'lUNffi.lfu Part B J.11111ftflJ.lll'l!Jfl11fMfl'l1J.1'1tlufif1m1111Jilt11::i.11m 

10 'fl~fl11L'lfflLft1ff vi1n11L(Jl~tJ2-1Ldtlfil~i.ithr~t,.tJn11\l1 Part A ,_,1Nff~nu Part B LIPlfJL~,_, Part 

B fl~tu Part A fl'lUli'l!Jfil'l'li.IL~'l 500 1tltJ9itlu'lfl L;jUL'lft'l 15 U'lfl fl'ltJtlif1m1111Jil 70 tl'3fif1 

L'lfflLfflff 111fl~"t'lflliufiflt11 L;,~ Part c LLft:: Part D fifl::fl'lfJLf'lfi'U~LLli'l vi1n1iNffJ.IOUiJi'lfJ 

f"l'l'l2-IL~'lf Ufl'l1fl'lU 500 1fltJlJitlU1V1 L;jUL'lft'l 5 u1fl 4/ULliflm!lm::Ldtlfl~i.ltbrftiU~l'l'lflJ.I 
L\ll~tl~ilfil'l'l>-liU\llilflL~flilflfl"l'lfl,fU,.;1fl'l1L'1~fl,.,Lif fli1'1 LflfJfl'l1ft::ft'lfJLLflftLft1>.ifl'l'ftJtlLUIJI (20 

nii.i) iNTu.J'1fliu (480 nii.i) vi1n11irun'luff11fl::fl1t1uu magnetic stirrer L"1tJtttl'1J111Tun11 

fl'lU1::~tJ 2 \llfl~411flf"l'ltlf'Ji.lfiatftiuf Mfl~1u1f'l~~m1111Jil 70 fl~flr1Ltlfl'flLftiff fltlfl1 111t11Plfiatriu 

rJ1ulL~i.i~i;it11;iilLftuohu~utirJ1~ufinft1'3ttl~lL~,_, 0.10 tifll~", vi11111irun'lutl1::i.11m 15 

u1fl 111fl'~411nliu.,:: lli&.if fli'.1l'l LL~'lll'l l tJ.fi1~1i11tJJ1nlu 411mrull1 l tJtfttu491uLYifl1J1ll1 Lif ,.;j,.vftll 

ltJflu;\~m\lltJtl 50 tl~fif'lL'lfflLft1ia L;jUL'lft'l 6 f'l Tu'3 

fl'l'7fffll!l'lfl'l'St.ltt1ttJtiflt1&UJtJIM~lY1'7 (/n vitro release) 

n11;fn-ei1n11t1ft1P1t1fitlt1fl'li\l~U"9'lm~l'li1fl L'1flfl'l1f~L~'1i1'1J1111ll'n 200 ilfl~ni2-1 
\l12-11ui;i#i11!1 mortar -a::ft1t1TULtl'Vl'lUtlftflflJ1 (20:80, v/v) 4'1u11u 10 Slftll'11 u1l~Lflt11::~ 

li'lfl L 'VI fililfl Lflt'ii.l'l LV1fl11~ttl'3L111fl'lffi.111tN::t'3 LIPl!1"9::il1 lt1ilftYJfl1 f'l Tu'3 
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Nftfl"l"i~n111"lM"lflll,.,:ftLMM"l:flM,.94UU\J MLC 

Nft,.94WMMti"l~fti,.,t4~Rt~tn"iR"i~R1.AJl"laat1~1\&WJB~IMLC 
~1nn1i~n~1~1n1i~fln~uu.fi~,~tf"1lil.:Jfi1iil::ft1t1M1fli31uil1{\l~ULflt1n1i 

LIJlittMff11ft::il1tlM1\Jl131Uil1-f\j{j!Uvlfl'l1MLfiMfiu 1000 tlftlni'Mlfiill\Jli U.~'lL~f)~1~1i'ltJ 

J1n&utVi1'1fi1iJ.11\Jl1l'lUil'l-f\j~Uilfl'l1J.ILfiJ.tfiu 10 Sli1i$ni'J.1,ji)i$\Jl1 U.~'lU1LtlfiLLflUtlflfl1 

n11~,.n~uu.ff.:i'.:i~flcSi'lt1Lfl~fl~\1'1fiLtln t,., LWL\JISlL\Jlfl-f vlfl'l1Mtt1'lfil~ui~u.,j 200-400 

u1 t-uLJ.f\Jli v.u~1,j1n11~,.n~-uu.fi.:i'.:i~,.,,fl~ff1ift::ft1t1i.11\Jl131uil1i\1~1UhihLYi1nu 2ao 
-u1 t t.ILJ.t\Jl1 U.fifl.:itA'.:i4tlfl'lV. 4.1 u.ft::~1nn11f!tn~1fifl\iilf'i1n1i~"nftuu.ff.:i'~tf"'1lfl.:J 

fi'liil::i11t1J.111J1131-ulnt"i"~ti.iuv.u~11ntfl1fl~LuutVifii1n1i~fln~uu.fi.:i,.:itf"vl"'l1i.it11'l 
'1~'U 289 U1 L 'ULJ.llJl1 (La.iLlf U.fffl.:J\j'SfntlnfJti'J.f) u,it Ufl11'1,.ftfNlfilf ~driJiti'lMU'1~1fl1"i 
~"n~-uuff.:i,.:iif"vlfl'l'l3-lt1'l'lfll~i.i 2ao u1 tuLMl'liLr.11::Litw1'11n11~"'ntuu.fi.:i11fl~ff11 
~.:Jfffl.:J'tiill'IJ.11-liflu~unuu.~'l vlfl'l1MtJ'l'lfl~u 280 u1 LULMfl1 ft11~~fiil~'tiilflflsut~ 
1lLfl11::~Vifi1fl'l'l3-l L'lvl'1vlif"fi"'l'lMt11'lflM 

r, ,.I i \ 
• • \/\ -1 •• ii I! • -

N~941filRfl"l"ift:ft"ltiftRU"i4.4A~tn"iLftR'fML41f9'U~tn'n:~1itM"*•M 
Nftfl'l"if!tn~-nrilflUft::fll'l1MLfiMfiU11~ff'l1il::ft1tJftflU.1~~~A'Jfi\l1M'lA~1i1 3 ~ 

illfl Sodium dodecyl sulfate (SOS), Cetyl trimethylammonium bromide (CTAB) U.ft:: 

Polyethylene dodecyl ether (Brij 35) LdflU1ff1"ift:ft"ltJ SOS fl'l'lJ.aLIMfiu 10 SlftlTuft'li fl 

~L'fl'ti 7 ;.11tiLi1'ULWfiLfll~'fl~'UL'1flilfil MLC tl9111011LMtUYi1fl\J 1.0 Slftli911fitm'lfl tflltJ 
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t<fifiltl~i.lil Nova-Pak C18 tl\.11Cll 150x:3.9 mm i.d. 5 mm tJl1'l"till'lvifll'l1J.lfJ1'lfil~U 280 u1 

LULi.11J11 \Ji3-11911ff11ft:fl1aviUC11Ll'i1fiu 20 TuLfll1ltJ1i Ll'lt1<1l'lff1ift:ft1fJJ.111J1il1UNffJ.1tl1{ 

\I ~u 1ir LC'li fl~L uuLL fl:L ,~tl{tuflflviilfll'l1iu tJ.1tu11fl~ff 1"H~::fi1fJ Nffa.I L l'i1fiu 20 i'lfilni'J.t 

!'ifJf~'l 11i'ffil1J.11Lnuo'lJ.1'1'~uff'1~Tu4tln1w 4.2 

4l10 Lfil1J.11 tniLLfliJ.1fiLLff "1~ t u4tlfl1w 4.3 wur)1011t1l'tft11fi::ft1t1J.11tJl1l1UfJ1i\I 

~u 1ir t,,., f!'5L uu LLfl: L i~flituflfi~~wot1fJ~ff11ft:ft1t1J.119!1l1ul~ff1J.11Sil'1 l3Jff1J.11•u1\11 

t~LLfJfltlfJfl'i1flflUL~ ilfii1 retention factor ~'l (Nfi4l1fl\Jl1")1~ 4.1) LLfi::UfJ04l10tlti~Sl 
iftyvi1L~fJ~~fJ~ vht~1~ff1J.11'j{IU1ff1'jfi::fi1ll sos J.11ttLtiuLY4ffLfll~tluvi'rll Ldf1~1 
ff1"jfi::'a1fJ CTAB fll'l1>-1LiJ.1iiu 1 i'lft~L>-1"Znf vifiLM 7 J.11 ttLi1uLY4ftLfl~tJuft llitfll1>-11 LVJu.n 

'jJ.1'1'~LLff"'~ tu4tlfl1'rf 4.2 LLfi::ft1U'rf111SILIJltlilit1~01")LLfJfltiWt'l1")1~ 4.1 

•• 

. .. 
I 

• • -
3'-1fl'lft 4.2 Lfll"jJ.11 L'YILLfl")J.ltltl~ff11'a::fi1fJJ.11(111l1UfJ1i\jftU (1) LllL.W'1fil1JLUU (2) U.fi::Li 

~tl{tUfJfl(:3) LdfJt.fi SOS vifil'l1>-1Li>.ii!U 10 i'l'alTuft1i ffLfl1f 7 Lf1Utl'!Jfl1fllLfil~fJUft 

... 

... 
I 

I ... ! 
•• 

••r---...J 2 

•• ! 
• 

3 
! 

• • -
3'-111'1'4 4.3 Lfil'1J.11 L't'ILLfl'jJ.111fJ~ft11'a::ft1fJJ.11,.,J1UfJ1i\j~'U (1) l11t1tifi'l'5LU'U (2) U.ft:Li 

~flitUfJ'U (:3) LdfJ tt CTAB vjfil'l1J.1Li!>-1tu 1 i'lfilTuft1i fif1Lfl1f 7 LtiU'1'!Jfl1fi'ILfll.tlUfi 
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"i'lfl Lfl'l>-l'l t l'l'lLLfl'lJ.l;i Uff l't-3 t l.llUfl'lV. 4.4 V.\J~'lfl'l'lft"ft'l'lfl::fl'lti>-l'l\Jl'll'll.lfl'li\j 

~l.l la t"ifil1'L l.ll.l ufl:: L 'l'lfflitl.lflflf-3Vln11fl'3ft'l1fl::fl111i.111111l1l.lfl'l-f\l;,l.lufl:: la 'f "1 ""t l.ll.l 

LLflflflflfl*l'lflflU llfllJll itfii1 retention factor ~'l ii'lUflfltlfNt1 T 'lffMflmfuu!lflflflfl.,1flff'l1 

;iffl.lt"i,,Lfl'1'l::~#i;t u,jflnil'Vl'l'3L~flilflti ·vh t~UJff'li.11'1ttil1ff'l1fl::fl'l!I CTAB J.l'l tiLtil.lL~ff 

Lfil~fll.lYIT~ LdflU1ff'l1fl::fl1ti Brij 35 i.11tiLtil.lL~ffLfil~fll.l;itl.lLl'lfllilfl MLC ;ifl'l'li.iLiJa.iiiu 

0.2. 0.6, 1.0. 1.5 ufl:: 2 ~fl~Liifl1{ ;if1Lfl1f 6 L~fl'1il'l Ll'lun1i.1~'3Uff"'3 Tl.l41.Jn1v. 4.3 

Ufl::ff1UV.'l11~LtJtflil'J'l'3fl'l'1Utifl~'3111'l'l'l'3 4.1 
2 

o:t I 3 

.. 

..... 
.o.:a-

•• •• ... .... . ... 
JUMM 4.4 Lfl'li.l'l Ll'ILLf1'1i.11lfl'3ff'l'lfl::fl'ltii.11111'1l'll.lfl'li\l~l.l ( 1) Ll'f t"1fl'5l \,l\,l (2) Ufl::L, l'lf 

fl.lfll.l (3) Lfifl ti Brij 35 ;ifl'l'li.ILiJl-liJl.l 0.6 ~fllLi.ifl'li iif1Lfl1f 1 Ltil.lil{Jft'lfllLfl~fll.l;i 

fl1{\f~ 

l1i£,..,r11'tw 
L1'1tlitufl~ 

0.25; 1106.82 

0.38 ; 1358.30 

0.56; 536.81 

0.48 ; 1959.02 

0.66 ; 484.67 

0.98; 49.34 

_ -lriJH. 
0.50 ; 153.25 

0.96 ; 177.93 

1.78; 194.04 



N•n11~n~1R~1MLfMfM994«11•R~14.4A~994fl11LftwlML•••~•tM1 

«ll'ntflLMMit«M 

'i'lflfl1'i.,fl1!11 fl'l'lJ.1 L iJ.ll'UHNff'l'"'" LL'i'3~-d~'l,,tl'3fl11Lf'i'1 L3-1 L'lf flfl Ldtl~1 
ff'l'ifl:fl'lfl Brij 35 J.11ffLi1'ULT4ffL'1~tl\dff-uL\11"1lfll MLC ;ffll'l1J.1LfiJ.1f'U 0.2, 0.6, 1.0, 1.5 

LLfl: 2 ~fl~Tufl1{ ;f~Ltl1f 7 LiJilfll'il·l1f\llLLfl1J.ti'3LLff'1'3f-UitJll1'n 4.5 
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3tJ11'lM 4.5 Lfl1i.11 LV1un1J.1'!1tl'3ff11fl::fl1tJi.11l'l1l1uNffi.111fl'3tl1i\1;,u (1) l11t"1fl1'Luu (2) 

Ufl::L'1L9lf""'tl1" (3) Ldflti Brij 35 ftfl'l'li.ILIJ.1tutli1~1 nu ~~Ltl'lf 7 (fl) 0.2 mM (11) 0.6 mM 

(fil) 1.0 mM (\I) 1.5 mM Ufl:: ('i) 2.0 mM L;j1"L1'ffLf'l~tl~ 

'i1fl4tlfl1Yf 4.5 Yf1.Jtl1Ldtl tia11fl::fl'ltl Brij 35 ~Lfl'lf 6 fll'l1J.1Lli.ilu 0.2 ih~~Tufl1{ 

L;j1"L1'ffLf'l~fl1"~ l#ltf'l1J.11 LVIUfl'1J.1,r\IUfl"" tu4i.J~ 4.5 (fl) '41.Jtl'l fli1 retention time 11fl\I 

tn{\I ~"" tmlou~ n11fl\l !Ji''lYi1fl ::fl1t1J.11n 1'i'lufin11tl\I lzr L'11fll'2L uuufl::L 19lftl{""'flfl1iuut1n 

flflfl'i'lflO'UL;}li tiL'lfl'l tun11Utlflff11fl::fl1tJJ.1'1"1l11"NflJ.1,\ll'IJ.1'1 UJLfi'U 7.5 u1f1 utliLdfl 

LoAJ.1fil'l'lJ.1LIJ.1i1"1Jfl\I Brij 35 L;j'U 1.0, 1.5 Ufl:: 2.0 ilfl~LJ.lfl1{ "1J.1~1iu 'WU'i1fli1 

retention time 11fMtl1{\J ~"" tn~ou~n11tl\l!Ji''lYi1fl::fl1t1J.11n ft'l1"~fl11tl\l Llf L'11fll1'Luuufl::L 1 

9lftl{~Uflfl,r1"U!lflflflfl'i1fl01"Lli~ utlitiL'lfl'l tun11UtJflff11fi::fl1tJJ.11""jl11"NffJ.1,\ll'IJ.1" 

J.11flfltl1 7.5. 10 Ufl:: 12.5 u1f1 l'l1J.l~'lfl1J Ldflfl"fll'l'li.iLIJ.111"11fl\lff11fl::fl1tl Brij 35 L;j'U 

0.6 ilia~LJ.lfl1{ Yturi1fli1 retention time 11fl\lfl1{\j~uu!lfll'i'l~tlflfl'i1nfifl11fl'3i'lYi1fl::fl1tJ 

3-11nnr)1 fil'l'lJ.1 L tiJ.1tiuff Yi101'1 ;f n"e11~ui ft'l1"~fl11fl'3111 t"1 fl,,L uuufl::L 19lf flft'Utlfl,fuut1n 

fltlfl'i1fl01" L;j ~ Ufl:: tiL 'lfl'l t 1"fl'l1 U!lflff11fl::fl'ltli.11tJl1l11"NflJ.1,'3l'ls.!t'l-Utltiflrl'l 7 .0 1-A'lfl 

L'W'i1::~::iru~\IL~tlflff'l"jfl::fl1tl 0.6 ilfl~Ls.!fl'li Brij 35 ftYiLfl'lf 7 L;j1"f'l'l'lJ.1Lts.ilu11fl'3 

ff11fl::fl1!l~LVIJ.1'l::ffJ.1LdtlYt~fl"n11Yh::viti1'3fli1u1'nL'1flit11'l'lJ.I, 01Jfl'lfll'l'ls.!LIJ.1t1"1Jfl'3 

Brij 35 ftLfl'lf 7 LLff'1'3Nfl~'3l\Jfl1Yf 4.6 Ufl::l'l11'1'3 4.2 
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+Logk 

25 
•logk2 

311mM 4.6 fli1Wfil'l1i.tii.i~u.fii::vttl1'3fil'l1J.ati.itutJtN Brij 35 vil4Ltl1f 7 nufii1 Log k Lt'ttl 

vifii1uwml1ltlifll'l1J.1it1tN'fl1i\IMu (Log k) ufl::fhuwm(Jltlifll'l1ui11tl'3 L!f L'1"Jfll'5Luu (Log 

k2) l1!1>-1~1i;lu 

fl'l"i'l~ 4.2 ri1uWml11tlifl'l1J.l,Ufl::fhiJ1::ft'1lfl1Vitltl'3ftflflJ.11l Ldtltt Brij 35 vift'l1J.1 

LfiJ.lfi'Ur-i1'31 nu 

fl'l{\!Ol~ 

lrtl1'11fil1'l~~ 

L1"ll'tl~tl~ 

0.2 rnM 0~6.rnM 

0.40; 527.31 0.50; 153.25 0.40; 290.44 0.30; 562.12 0.30; 54.99 

1.07 ; 612.97 0.96 ; 177.93 1.63 ; 279.98 2.17 ; 446.90 2.25 ; 69.44 

2.04; 823.49 1.78; 194.05 2.66; 372.29 4.14; 988.74 4.37; 39.29 

Ntt't'lflfl'l"iAm11'1 MLil1f ,.il~L"tnfllit1'4A 
~1nn11 ,.n1!:11 -w Ltl'!i 11tl-3ff 11fl'1u 1'3tfl~-3Jl'lt1fl'3n11Ln,. 1,., L1f flfl' Ldtlil1i111fl::fl1t1 

Brij 35 vifl'l1J.1LtJ.1t'U 0.6 flfllLJ.1fl1i u1tiL~'ULWffLftffluvituL'111tilft MLC fif1Lfl1f 4. 5. 6 

ufl:: 7 l1!1u~1~u l'1tfl1J.11 LY1un1J.1i;l'3uff'1'3 tu1un1Vi 4. 7 
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itJn-m 4. 7 Lfl"jJ.l'l L'VILLfl"jJ.1,,fl-3'R'l"jft:ft'lt1J.111J1i31uNffJ.11ltNfl'li\1~u (1) lirt~,,.~Lllu (2) 

LLft::L'i-trfli'tUflft (3) Liiflti Brij 35 ~fl'l'lJ.1LiJ.1tu 0.6 Slft~LJ.l'a'l{ vi~Lfl'!f {fl) 4 {11) 5 (fl) 6 

LLft: {-3) 7 

1df1Yi~fl!Jlfl"1'lW'i:'Vl~'1'3fi'lLLWflL(Jlfl{fl'l'lJ.1, fitJfi'lPl'l'lJ.1LiJ.1iu11fl'3 Brij 35 ~Lfl'!f 7 

LLff '1'3NftK-31Lifl'l'Yi 4.8 LLft:IJl'l'i'l-3 4.3 
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Log k 
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·0.1 0 2 4 6 ~ 8 +Logk 

•togk2 
-0.2 

·0.3 

-0.4 

~ -0.5 

-0.6 

f4Ltl1f 

3\11Ym 4.8 n11~fil'l'1J.1ffJ.1~u1f1:t11~'1'3 0.6 ilttlLJ.lft'li Brij 35 flfilLfnf l'i'l'l1 fn.Jfli1 Log k 

Lt'ttJfifii1LL~m1Jtflifil'l'1J.1'11lfl.:Jfl'li\I~ LL fl: fii1LL~mlJlflifll'l1J.111JtN Ui t"ifll'JLw fl1J.1fi1-r1J 

fl'l'i'N 4.3 fii'1LL~f1L\Jlflifil'l1J.1'1LLfl:fii1tJi:~lfl1..-.T1f1'3fllflflJ.11l uf fl ti Brij 35 ffLfl'!f"1'3, 

0.29 ; 448. 75 

2.07 ; 204.02 

4.14 ; 732.56 

0.33 ; 407.58 

1.48 : 386.96 

2.95 ; 451.14 

Nft"91flfl'l'SL;\a.111~tt .. T1.1lfl'Sft 

0.35 ; 432.94 

1.09 ; 275.63 

2.13 ; 371.62 

0.40 ; 324.57 

0.65 ; 304.32 

1.60 ; 248.76 

"1nn11fltn1!11 fil'l1J.IL f J.1iu11t1'3«1ift"LL ,.:J,.~·dl'l11t1'3n11Ln" lJ.1 Lllrftfi Ldt11i1 

ft11fl:~fJ Brij 35 J.11 ttLi1UL~ftLfll.flUfltuL'Vlflltlfll MLC fift'l'llUla.tiY 0.6 s:lftl~ft'li flft 
LtlTf 7 tllJl1'10'11L111flLvi'1ntJ 1.0 s:lftfHh1t11'ifJU'lf1 LLfl:L9'J.1fJ:tt .. twlw11lt.AJ.1'11l111 Lvi'lntJ 1, 

2. 3, 4. LLft: 5% 1"1Lf11·n~'lL'VILLfl1J.lil.:JLLftfll.:Jtultfll"m 4.9 
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JUll"lYt 4.9 Lt'l'Ul'lLVILLfl1J.11Jfl'1~'l1fl:tt1!IJ.119l1J'lUNf™1twtl1~1" (1) l1i£111,.1'tuu (2) 

LLfl:L1tirtli'1.Aflfl (3) Ldfltt Brij 35 fi,.'l1in4ia.1h 0.6 ilttlLMfl'lf ffLfl1f 7 Laa.1tJ:tt .. lu 

L"'ift(fl) UJtftJ.I ('IJ) 1% (") 2% ('1) 3% U.ft: (.,) 4% (~) 5% Li1Wfttr~ 
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Ldfl..,~fltJlfl'1'lW'1::vt~1~f'i1uwmtflfl{fit'l'li.I, nufii'lfll'l'li.!Lfii.1tu11f1~ Brij :35 ;\i4Ltnr 7 

L9li.ifl::'BLt'IL'ULtJl'1" (fl} UJL(;ii.i (11} 1% (fll} 2% (~} :3% Ufl:: (~) 4% (U} 5% LLftt'l~Nfi'1~ 

4t1rnw 4.10 Ufl::tfl1i1~ 4.4 

Log k 
0.6 

0.4 

0.2 

0 
0 

-0.2 

-0.4 

-0.6 

-0.8 

l 2 3 4 . 5 

t---+--·__....f-~f~-... , 

6 
+logk 

•logk2 

3tJ111M 4.10 n'11Wfll'l1i.iii.i-Wufi'1::vt~1~"'l1i.1Lii.iiu11fl~fl::'BLtJ1 l-ul"1"nrnih Log k Ll'lt1fi 

fii1u wmtJ1fl-f fll'l'li.!111fl~fl'l{\lfliu Ufl:: fi1u WfUtfltl{fll'l'li.1i11fl~ 111 Ll'l1'1~L -uu tfl'li.1~1~u 

,, .·. "~"''""'"•lf1 U..W.hlwtrtl~ft ... 
~-~ l .. 1" Liii ~ Lltf !" ta..:• •• ; •. · ·. 
fl"li\j3'U 

lniP11ri~iuu 

L~flitUtlfi 

0.28: 207.15 0.29; 194.49 0.29: 214.07 0.30; 242.24 0.30; 209.93 

2.00 ; 340.43 2.12 ; 289.51 2.24 ; 60.95 2.27; 236.50 2.32 ; 94.33 

4.03; 650.31 4.29; 643.15 4.53; 848.18 4.54; 621.97 4.66; 580.81 

Nft4t'lflfl11Ljb.a lM1M'Nt>ft 

~'lflfl1'1Afl~'lfil'l'li.I L ii.ii'UHMft'l1fl"' LL 1~ tfl~-3 Jl'l'llfl~ n1·nfh•1 li.1 Ltff tu{ Ldtlll'l 

ft'l1fl::fi'lf.I Brij 35 ,..,t~LtiULWftLfll~f)U~tuL'Vlflilfll MLC ~fll'l'li.ILfii.ifiu 0.6 Sit1l~1nf fii4 

Lfrlf 7 '8911'lfl'l1L'VlfiLYhnu 1.0 ilfl~lfl1fifl'U,;\ Ufi::L;,,..t..,~'l'Uflm.Ai.l'lfl1LYi'lntJ 1. 2. 3, 

4 Ufl:: 5% llitfllii.11L'VILLfl'1,..~~ufit'l~tu4t1rnn 4.11 
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J'1tnft 4.11 tfl"U~'l t,.LLfl1J-111fl~ff'l1ff::fi'l!IJ-l'lfl1J'l'UNffi.111tl@'l.f~~ ( 1) llf t-.1ft~t 'UU (2) 

LLff::114lrfl.ft'Uflff (3) Ldfltl Brij 35 ftf11'l1i.11ii.iiu 0.6 ilfflTuff1.f Mt1tl'lf 7 L~i.it..,1..,1-Uflff 
(fl) UJL~i.I (11) 1% (fl) 2% (~) 3% LLff:: ("9) 4% (Q) 5% L~LTftfLflitmft 
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Ldtl'W~tl91fl11Vh:V1'11~fi1u"flLl'lfl{fl'l'lJ.1, ntJft1fl'l1J.ILtiJ.lti'U"llfl~ Brij 35 fifiLtl'tr 7 

L~J.IL'W1'W1'Uflff {fl) 1J.iL~J.I {"ll) 1% (f'l) 2% {~) 3% Uff: (1) 4% (Q) 5% U'iflMN\Ul~lUfl1'W 

4.12 Uff!;IJl111~ 4.5 

Log le 
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-0.8 

2 4 

1--+-- I i I 

6 
+Logk 

•Logk2 

3tJll"Wt 4.12 fl11"fll'l1J.1iJ.1..;'-ufi1:'Mtl1~fll'l1J.ILIJ.1l'U"lltl~L'W'm'l'Utlft nufli1 Log k l"tJfifii1 

u"mf'ltl1fll'l13-1,"lltl~fl1{\I~ ufl: fii1u"mMJ{fll'l13-l,,.fl~UJtMfll1'JLw ft1a.iti1'1u 

Wl'S'l~ 4.5 fii1U "flLl'!tl{f'l'l13-I, Uft:tl1:.,.lfl'l'W"llfl'3flltlftJ.11l fiL~J.I l'W'm1'Uflftfll'l1a.!Lla.il'U 

\Ji"l-31 fl'U fl-3t'U Brij 35 fifiLM 7 

fl11\1~1' 

ln t",""t "'"' 
L 'i'!rflitl.lflfl 

0.25 ; 253.97 0.26 ; 227.60 0.27 ; 211.95 0.28 ; 235.05 0.29 ; 382.09 

1.60; 200.75 1.72; 273.25 1.89; 257.59 2.01; 266.31 2.20; 295.47 

3.22: 414.69 3.50: 454.57 3.79; m.96 4.09; 450.68 4.44; 633.64 

Nft11tlftft'S'lm'flMmfllJll'lftL..ieMfl 

11fl n111tn~ 1 fl'l'la-1 L tJ.1ti'U"llfl~ 'i{11ft" LL 1-391~'3 A'l1Jfl'3fl'l1 L n .. LJ.H'lf ftt{ Ldtili'l 

fi'l1ff:ft'ltl Brij 35 a.11 TfLti-uL'WfiLfildtt-uftT-uLYl'"1fl MLC fi,.'l'lMLfMf-u 0.6 ilftll'utt1-f ftfl 
L'il'tr 7 tlfl1'lfl11L'MftLvi'lfl1J 1.0 ilftll1111fiflvn1 Uft:lt'ttn.ii'tJLtlhMtifl1'lfl'l1L'MftLihi 0.8. 

1.0, 1.2 Uft: 1.5 ilfllfl1Cfifl'U1fl l;tffll1J.11fYILLMMi-3UtfMt~ 4.13 
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3tJrrm 4.13 Lfil'U.11 t 'Ylun·n.111tNff1'1ft::ft1t1>-11911l1YNffJ.11ltl~fl1i~~- ( 1) Llf Lfl'i fll'5L YY (2) 

Uft:: L'19lffl{fyflff (3) Lflfl ti Brij 35 flft'l1J.1Ll>-1IY 0.6 ilttibitt1{ flftLtl1S 7 tl(Jl'11fl111'Vlft 

Lvi1flU 0.8, 1.0, 1.2 Uft:: 1.5 ilft~911,jfly'lfl LliYL'riffLft~flYfl 

Lfltl'W~tl91fl'11'ri'1~tJ1~fi1u'rim"tl{fll'l1,.., flUfl1fll'l1J.1LIMIY11tH Brij 35 fl'1Ltl1' 7 

tl91'11fl1'1L'VlftLtiY 0.8, 1.0, 1.2 Uft:: 1.5 ilft.l'l1ttttlY1fi Ufffl~Nftft~ltlfl"m 4.14 Uft::fl111~ 

4.6 
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'il1J111n11lvi~11f!~~{]fl1flLflifl'Uvi(ilft~f"1~fJu'lf1) 

fU111M 4.14 011Wfl'l13-lii.i,;'u{i:l'ltJ1~fltJl11fl11 LVlft11fJ~~{]fl1fllLfllifJ,ni tiufli1 Log k 

Lf'lt1vifi1uwm1J1fli''"1'l1i.ii11fl~f!1{1.1~u uft:: fli1uWmtJ1t1ifll'l13-11'fJ-1UJLfll1fll~Luu "13-lti'lM! 

ti"1"lm'fln 
<a.lltttM ,.,., 
tl"l{\!~'U 

111Lfl1A'5t-u-u 

L1"/ftl{~'Uflfl 

0.8 

0.36 ; 280.28 

0.89 ; 202.57 

1.82 ; 163.81 

0.31; 512.05 

0.91 ; 175.28 

' 1.84 ; 191.95 

0.32 ; 240.66 

1.06 ; 259.56 

2.17 ; 289.57 

Nft"'1flfl11ftn1111ffm'Jtfl1'mflftf)~tMJ'SI MLC 

0.34; 81.18 

1.90; 170.70 

3.81 ; 433.58 

~{]fl1flfl1'U'"1~f1Ufi : Brij 35 fll'l'l3-ILfi3-ltU 0.6 ilttl'U.ifl'li fi'1LfJti 7 

'il\Jli1n11lvt~ : 1.0 tlftffft1Mn41fl 

tAi.11tJ11tur11if1111 : 20 LMLfll11tJ11 

., " flflfti.!U 

L'lft'lvitf-5Lfl11::~ 

: 280 U'lLUL3-f(Jl1 

: Nova - Pak C18 • 150x3.9 mm 

: 15 U'lfil 
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Nftfl1'ifl'i'1'tfttlUfl'11M~flhfttl"~LM1=M . ~ . "" ' Nftfl1'i"flV·1~fl't'lflflfn•"1l9"fl'l'ifl~U 

~1nn11~n~1t'1~10,.~1~"1ltl~fl11P11'l.,WUL~tl~fl1fll'l1J.IL'l1lfl~1J~Lfll1'l::~~'l 
\.AJ.11Ntl1{\I ~h.!LLft:: Llf r .. , fll1JLUU l"tlfl'l1 ft1U'lN"t1fl fl1'l'43-l'l11111l1U ff Yi1n11G .. n1t1 tu 
<luL~t1'luft::i::wh~ilu11fl~fl11WJ.11t111l1u Ll'lt1fli1u'lm~1n«J.1n11 3 S.D./S ulfl s.o. ;1tl 

"11 L rlti~ LUUJ.111J1131u;t fli1u'lN 11iG11ni4'u~tlii1n11tl~tl1-f\ltlu LL ft:: llf Ll'l"ifll11L uu uft:: s ;1tl 

fi1fll'l1J.1iuvlt;t.,1nn11wftuft'1l~"'l1J.1ft'J.1wu1f1::wi1~"'l1J.11tJ.1tunui4'~tli-An~1"11::~ 
l;t wu'11ftfll'l'lJ.1LiiJ.1tuft 0.51 ilftlfli'J.1fittfit11111tl~tl'l-f\l;lu utt:: 0.37 ilftlni'J.1l'ittlfl1 

1ltl~ Llf Ll'l1fll1JLUU 

Nftfl1'iAnv'lt".h1"~•1M1'ia'SL~'i'l:MM'lt.AM1aaTA 
~1nn11~n~1~l'l~'l~flffff1J.111~1JLfll"i'1~~1U'SJ.1'1NLli1l4tt~t"~'l~"~tl~tl'li'\I~~ 

LL ft:: Llf L'11 fll1JL uu r,. tltl'11fli'lU'l N"t1flfl11'4i.!'lt't1l'1U ff Yi1n11Gl'lfl'ltl t ~ilu1;! tl'l U.ft:: 

i::wh~ilu11tl~tl1'1'4i.i'lfl131U ll'ltlft'lU'lN"t'lflm.lfl11 10 S.D./S ultl S.D. ;ftlt'i11ilt1~LU~ 
J.111J11l1uftfii1u'lmlli~1ni4'ufttli-An11tl~tl1{\ltl~ uft::LlfLfl1fll1JLu~uft:: S ;!ifl fii1fll'l'lJ.1iuff 

liJi.,1nn11Y4ftLLffl'lfil'l1i.iff'i.iwufi,::~'11~fll'l'li.1Lti.itunui4'ufttlii1nft'l1"11::~1i wu'11ft 

fll'l'lJ.IL ti.ituft 1. 70 ilft~ni'J.1l'itl1it11"J1lfl~tl'l-f\j~Uu.ft:: 1.25 ilftfini'i.ififl~t'l,1ltl~ Llf Lfl"Jfll'i 

LUU 

Nft't'lflfl1'iAflV1M1MLaMLINfl'i-t 

~1nn11An~'lfll'l'li.IL;ju1fUt'l1~11fl~fl1'1WJ.111111"Jl'1UvITli4t'lflfl'l"JVll'lftfl~1~ 2 i)~ 
I t ~ ., ~ t .ft 4' 1' ~·~ _, 'l' WU'l'lfil1 R-square 11tNVI~ 2 'lUJ.ift'l 0.99 LLft::Jtft'l'li.lft-3Pl'l1lfl~Lt4Ufl"J'lnVI~ 2 'lUf-3 '"ti~ 

411nfii1fi'l'l1i.iiu uft::fii1 R-square fltli LLft::n11Wfll'l'lJ.1ftJ.1WUf"J::~'11-3fil'l'lJ.1Lfii.1tunui4'u~ 
ft1JLfl"J'l::lf(litf~ 2 ilu~l\1fl'lW 4.15 LLft::ltlfl'lW 4.16 Lflflff1'Ntl"J'1Wfit'l'li.lftJ.IWUfi1::~'11~ 
vf ufttli-Annu fl'l'lJ.1Lfii.itu11fl~tf'l"Jft::ft1t1i.11P11J1Ufl'li°\fltULLft::111 f ,.,,.,,t uu 49::llin11"-r~ 
lU 4.15 LLft:: 4.16 



6 

5 

4 

3 

2 

1 

0 

0 20 

-ec>-

40 

y = 0.0434x t 0.0475 
R2 

•· 0.993 

60 

•Arbutin2 

• Hidroquinon3 

31.lll"lM 4.15 fl'11Ylfil'l'l).lfl).IW'Ufi1::vt'11-3if-u~tli~flfl'Ufil'l'l~ L t).ltmtfJ-3tl'li\j~'UU~:: llf y,., 
"'51 u-u tl'-u~ 1 

i4'u~t~~n 
5 

4.5 

4 

3.5 

3 

2.5 

2 
1.S 

1 

o.s 
0 

0 10 

v = 0.0882x + 0.0302 
R2 = 0.9958 

v = 0.0466x · 0.0526 
R2 c-0.9929 

20 30 40 50 60 

•Arbutin2 

• Hydroquinone3 

3t1mM 4.16 fl"11Ylfil'l1).lfl~..;'u1fi::vi'1~ffu~~~flfltJfil'l'l~Ll).IMtwtl'l~~u~::ltrLfli 

fll'5tu-u .ru~ 3 



1' 1 fl'l~~ 0.0434 

1Jril'l1rt,,iYY 0.0948 

fl'l~~ 0.0466 

111i"'1"1'i-u-u 0.0882 

Nt101'if1011!1'11i'J~WMNLflMLf'WWH 

0.0475 

0.0541 

-0.0526 

0.0302 

.. ··.~.· 
0.9930 

0.9887 

0.9929 

0.9958 

'i'lflfl'l11tfl~'l'lf'Nfll'l'l34Lthnfu(Jl'N t .. flQ,.ft'l"lfi::fi'lfl~'l(Jl1l'l'UNft34fl'l-f\j~'U 

l!t t",-fil"t UULL -a::L 1"lrflfi'Uflfi;tn fil'l'l"'Ll"'lu t14i'1"fil'11~Ll"'lu11fl"ft'l1"'1<'t1J1Mff t"n11 

fl1'lW34'ltJl'1l'l'U t,.fJLtJisuLLtJfl'3fll'l'l34Li34iiuK'3ufi 2-500 i'lfllfl1~fitlllJl'1 LLft'l~fi'l'l'li.tL;j'U 
LiutJ11'3 ultJff i'Nni1wLLff ,,_,fll'l1i.ifii.1-Wufi1::wh~ffu;tt11'1nnufll'l'li.1Lli.itu11tl'3ff11fl::fl1s 

i.11tJ1111utJ1{\l~YLLfl:: L!I' t""""t uu~:: llin11W~fl'lfi 4.17 

vf uiltt~f1n 
30 

0 50 100 150 200 250 300 350 400 

311111M 4.17 fl'1'1Wfll'l'li.lfii.t-Wuf 1::\111'1'3il'u~Mf1nnu fll'l'li.t Ll~W'lttl-3fl'l-f\j.,YLL2':: l1tt111 

fl15Tuu 



-·· 
ii'ulllflvf uiiltli~fli1 fll'l1J.liJ.l~U1iL tiuLf'l.1911'3fltlfll'l1J.ILiJ.ltU'llfl-3ff11fl:fl1!JJ.11lJl1 l'™ 

fl1i\1~uuft: 1iit"i"15tuu t u'li'l-3 2-350 Slfliifli'J.1Jifli1J11 

I e 
fll'l'llULNMll'l 

~'lflfl11Gf!ft11fl:fl1t1J.1'llJl131ufiilfll'l1J.1LIJ.1tu 5, 10 Uft: 15 Slflln1J.1{1jflf!itJt1 

(111J.1~11'lt1 L"t1ll L tJt11ft11fl:fl1EJ.11t11131utJ1i\1~ufl: 1rt t"1fl1'Lw t ~Slfll'l'lJ.I L tJ.1tu 5, 10 

Ufl: 15 Slfllfl1J.1,fflf!il'l1 Ufl:l'Jfl1 fll'l1J.ILIJ.1fiUL.,J.lft11fl:ft1tlL1~tlftuflflfil'l1JUtiJ.1fu 10 

Slfl~fl1J.1fiflfit111 u4i'ltJ1t1tAJ.11,.1li'lt1'1tJn1fllLfthufi vi1n11fi'1ft'l1J.1LIJ.1tuft: 1 -11 twl'u 
L'1t1'lfl'l.1Ufl:1:V1~1'3tl'l.I L~flLlA!JtJL;t!JtJNftUft:ft"lU'lN'Vl1fli1 S.D. Ufl: %R.S.D. 'lltNNftfl'l1 

'Vlflftfl-3 lli %RSD UJLnu 5% 1:tl,ti.11i'l'3fit1tlJ.11t1 lli l'l-31'lft:Lftl'1Nftfl11'V1'1flfl'3 tu(IJ'l11'3 

4.8 

·~ 
5 0.58 1.97 0.97 0.58 

10 0.36 0.77 0.33 0.86 

15 0.44 0.67 1.03 1.02 

20 2.90 0.33 1.37 1.25 

,r..,,fUNflfl'l1iiffl'l!l'lfil'l1J.lw.iUth L"!Jfl11il1lfl\jflLdtl'31iYJ.11LLUftNfl'Vl1'3ft~fl Ufl'l 

Llifii1 %R.S.D. lJl'lJ.llJl11'1'3 4.8 f'3ilfli'l %R.S.D. UJLflu 5% f'3t1flJ.1i't1Lli 

fil'l'lN\}flh~ 

~'lflfl'l1iiffl'l!l1rt'l1J.1\)fllifl'3vi1 Lt'ltl tt Standard addition method Ti.ifl11'V11fll'l1J.1 

\l fl litl-3!1 fl-3'lfi'l L" "11:Mt" ti fl 'l"l Pi 'lU'l N 1'1i~'lfl ft 11 fJ !I ft :!f fl-3 fl 'l"lfl fiu #iu tdfl L llJ.1ff'l1 

J.l'llJl1l'1Ufl-31tJti.i~'ltlS1'3 3 1:it1fll'l'lJ.1L4iJ.1tu lfttll'lfllfi 1 LJ.ilifl'3 ttitf11ft:ft'lJ.11fl1l'lYfl'3 

1tJt1miluft11s:f11t1L141f fli'fufJs~fl.., tfi'Jflfil'l1J.1LIJ.1tufl LYi11 tiu l1tt1n11l1LtJ,.«111':ft1t1 

J.11t111J'™ t~ilfll'l'lJ.1 LIJ.1iiul..,u,j 0-15 Slflln;,.,tiifl~t111 ,f..,fl1-f\t•uu.f!: 1rtt-.1,.~tuu'tt1rt1 
LfiJ.1fil'l'lJ.1LtJ.1tul..,ufi 0-15 Slslo11-1fiflllJl1 LLfl'ltli't1tAJ.11lJl1 t-M1tiu 1 Slsf!il911li'lri{) 

fl1filLfll~flYfi41flft'l1ft::ft'ltJfiLfl~tJJ.1 L~'ll'l"fl:: 3 ,, tws::t1t1 MLC thi.iri1ftofttli Uft:: 



fl1Wlt:l.IVl'lfl1ifl!lft!:'tlfl~n11nit1;iu'tltNLU-ift!:fl'l'lJ.IL~J.1tu LLft'lVl'l~fl!l'a::11tl'3fl1"Jflft'UJ1U 

LliNft~'31'111'N 4.9 LLft::~111~ 4.10 

Pl'l.,'H 4.9 fhifl!lft::'tlfl~n11nit1 ;iu'tlfl~n11~n\!J'lfl'l1J.1\)mlitl'3'tlfl'3fl'ltlti1~'11 

ffJ.lfl'l'UfU~'N11fN fl'li\j"U ,,fl y = 0.0466x - 0.0526 

ffJ.1n11Lfu~1~11fl'3 U:rt1Jt1fll'ltuu J1tl y = 0.0882x + 0.0302 

~,,.'~ . --~ - :· 
,,.. '~"-~·">'> ··' . 

fl'l4'1;m (5, 10. 15 i1ftlflf>JfitiltJ11) 
lnt""""tuu (5, 10. 15 i1ftlmNJifJl1111> 

fl'li\I~ (5, 10, 15 i1ftlfl-fa.tfitil1111) 
lnt,.,,.15fuu (5, 10. 15 i1ftlfri1.1Ji~1111) 

fl'l4\1;m (5, 10, 15 i1ftlfl~MlltJ11) 

Tui,,1fll1'iuu (5, 10. 15 ildni'JJPitllP11) 

tl'l4\f~ (5, 10. 15 tlt1lni'a.tMlh1> 
lni111fll'5lw (5, 10. 15 ilalni'a.tfisl1111) 

tl'l4\1flu (5, 10, 15 flftlfli'NPitlllll1} 

lnt111fl1'Luu (5, 10, 15 ilttlfl!NPitllfl1} 

fl'li\I~ (5. 10. 15 Slftlfl;'JJPitlilll1} 

llt111ri1'tw (5, 10. 15 ilttln4fa.tfisl1111) 

''::.··,.---· ............... 
...... i'.tltr 

103.77 

104.37 

99.67 

102.87 

96.30 

104.82 

102.54 

99.44 

96.12 

96.64 

97.28 

'il'lflNftfl1"J'Yl tJlftfl'3yf '3fl'lflth'3f1'!f u.ft::fll~J.1 tfl!lfl'l'U")lfi'l1)l'lfl13'1UM lutUfi''ltltJ'N 
t ufll'l1J.1 L IJ.1tu~1'3i ulfl'Vi1n111JLfl11~ u.tltnJ11ih t~n J.11'Vi1n11u.1.lftNm1-w.aatMJn'l1 

Vl'lfl1'~flt1ft::1lfl'3n11niu~ulKCMLriu ±5% 4'3-t::fJfla.t;'u L~ -t1fl'1111'1.,ttttft::11tl'3f111 

niu;iuTJfl'3LL~,r'lflth~W5Lfll"i'l::"'11iSl~tlfJft::1ttl'3fl'l1fli1.J"U l~Lnu ±5% 1'1,fY1JtM-1 
!lflJ.l;'U 1iJi 



-!54-

uttn'l'i~LR'i'l~MM'lt.AM'la.&9'l.f\IAuLL•~l•t,..,Wltuu tumti~•::ft1Mti114A'> 
~'lflfl'li15Lflli'l~V11\Ai.t1N'fl1{\j~\.JLLfl::UJL"ifll'SLW uitnl'lff11fl::ft'ltl Brij 35 3-11 

ttLtJ\.JLl'4ffLfll~'fl\.J;ft\.JLYlfllUfll MLC ;ffll'l'l3-IL~3-lt\.J 0.6 ilftlTufl1{ flfiLfl1f 1 LLfi::tl'111fl'li 

lw~ 1.0 S'.lia~~"i~'fl\.J'lfl T"t1!ffllt:1i~u Nova-Pak C18 111.l'lfl 150x3.9 mm i.d. 5 mm 

",'l~il"~"'l13-lt1'l'lfil~1.1 2ao \.J'l t\.JL3-l!Jli \A3-11.i1ff1ift::s1!1f1G11LYi1nu 20 Tu t,.,1", t.it1 

(11Jtff 1is::ft'lt13-l'l tJ11311.1Nff 3-lt:1'li\!~\.J 111f111 fll'SL \.J\.JLLft::L 141f tlit\.Jtlfttf~ t \.JcK'lfJti1~;111uft:: 
fl~3-IU'l1~'3'l t'1t11'f L3-IL41fftft'li t"!lfli'lU'lN .. 'lflff3-lfl'l1L.\.J'11'311tl'3 fl'li\!~"11 ~fl y = 

0.0466x-0.0526 LLfl::ff3-lfl'liL•UtJti'3'1JtN L!f t"ifll,,LU\.J '1tl y = 0.0882x+0.0302 LliNfl 

f1'l1Yl'1fttl'3~~d' 

1 

2 

3 

2 

3 

2 

3 

2 

3 

1 

2 

3 

1 

2 

3 

0.36 

0.34 

0.33 

Tum.n.Aa.i'la.& 

UJyt\J1.Aa.1'1a.& 

UJyt\J1.Aa.i'1a.& 

0.58 

0.59 

0.60 

UJvt\Jl.Aa.i'la.& 

~'la.& 

UJyt\Jl.Aa.i1a.& 

0.54 

0.54 

0.53 

UJvt\JlAa.i'la.& 

~'la.& 

UJYft.n.AM'la.& 

0.34 

ND 

0.59 

ND 

0.54 

ND 



wt"i'N 4.12 Nfin111lLfl11::~1.AJ.11tufl'l-f\l;,""u.t1:: lrr L1P11fl1'L """" twMt1!i'Wfl~J.1u11'3'3'l 

fll~J.IO~tl Cute press 

1 

2 

3 

2 

2 

0.92 

0.93 

0.91 

lJ.iMtJt1'J.11tu 

lJ.iMtJtRJ.i"ltu 

1.Tl 

3 1.50 

1 u.i~t.AJ41tu 

2 

3 

2 

3 

2 

UJM\Jt1'J.l"ltu 

lJ.iM\J\RJ.l'ltu 

UJM\Jt1'J.l"ltu 

U.iMtJt1'J.11tu 

UJM\J\Ai!'ltM 

lJ.iM~il"ltM 

U.iMu~ai 

:':ill.ll.1 
0.92 

ND 

1.72 

ND 

ND 

ND 

Nftfl'l'f~Lfltn::itAa.11wt1'l'f\t RM&Ltt:: 'fatMflt~t 1.11.1t1.1.t'Jt1ti1~ft1f&Ltt:: fit~MU'l1~A'J l1tt1 

'Silol'lMJ'l1.I 

"91nn111S Lf111::~ti111.AJ.11tufl1i\j;,'Uu.fl:: lir LIPl1 fl11L wu ..f _, t uii''ltJtJ1'31J'!f u.fl::fll~J.1 
U'l'f'3'3'l Lft!1'2~ ~191131u Lft!I tl1'1Jll'lfitLflt•f11lflLi1u J1 : Lll"'l'Utlft : 0.1 ~ftlt1~fl11tt1:: 
f;lntutit'l11ft'lu 89:10:1 Lflt11.AJ.11t'l1 ilit'l11n11LV1flL~'lfl\J 1.0 ilfil~"1~tJw1fi t'l1'l"t1'11 

;tfl'l1JUl1'lfl~'U 280 'U'lL'ULJ.lfl'S LIPlfJfli1U'lN"9'lflftllfl'l1L~'Ut'l"H11fl-ltl'li\l~'U ;'if) y = 

0.0325x + 0.0235 ftJ.1n11LWt'l1-311fl-3UrL"1flt'2Luu "fly = o.072x + 0.0367 LliNfit1n11 

""'fifl-3ii''3d 



1 0.0021 

fl'l~liu~tvlfl~ fl'li\I~ 2 0.0018 0.0017 

3 0.0012 

1 umutffM'lN 

lrrt"1"1'tuu 2 UJyttJ1Jbnt'M ND 

3 UJMJ\AM'lN 
1 0.0083 

fl1~li-u~1d''3 fl'li\I~ 2 0.0003 0.0039 

3 0.0031 

1 UJYC~'lN 

1rri11111fll1'Lw 2 ~N ND 

3 UJYC~'lN 

1.5316 

ff1~li'U~tl~LLi;t'3 fl'li\f~ 2 1.8622 1.6323 

3 1.5032 

1 ~'lN 

lrr'&i1fll1'iuu 2 UJYC~'lN ND 

3 UJ~'lN 



ft'l1'H 4.14 N~fl11'1Lfl11:~tA~1mfl1-f\j;,'ULLff:11tt.i1fl'5tuutui'lfltl'Nfl~~u11~A'l t,.fJ 

,,~LvtfJU 

fl~J.l~~fl Cute press 

fl~J.l~~fl Ctr!. 

1 0.0019 

2 0.0019 

3 0.0018 

2 

1 0.00064 

2 

3 

0.00085 

0.00089 

1 0.00007 

2 0.00005 : 

3 0.00005 i 

Nflfl'l1Lfl1t1MNl1tnNlfiL...1.~thYNAi1..,MN•M..-lflff'lflftltt 

0.0019 

ND 

0.0008 

ND 

0.00006 

ND 

.., rtl ~ r K. r., ~ 'l{)fl1fl'U1 1:mfl\JV1'lfJ'U1 Tween80 LLff: V.11'lL\J'U LLff:·1!Jll'lfll'U'l~i..ttl1:flflUP'l'lfJ 

J'1Jl'l.l LL'tl: Span 80 Lflif{)tl'lflJ''ltt'3fi..tif{)fl'lfllJ'1iYLLWJ Nft>l~'lfJLfll~fJ" Pofytron fl 
fl'l'l~L~'l ~0.000 rpm 'U1U 3 i..t-wl wlliliriutlpiQSl "t'lfl,fu1l'lltJN'l'ULfl~t1"1'1YN«MLi1u 
LifflL;\fJ'lfl'l1~~'U,~ fifl'l1MKU 1.000 u1-f (14.500 psi) m 1'llmQSI 25 tl~'lLlffftUffJff 
'i'N'll.\ 2, 4, 6 LL'tl: 8 1flU LLl'l4-nl1ftMfii'~ltJ~flV'l1N'llllllfJflfnltl'lf"Lfl:li'l 
RfltfC~~1fi't1 tflt1tlLfll~fl" PCS LLfl: Zetameter fl'l1fi"LlfJflf"1Wrfufii1M'lML1lll-l'l:«M 

Lflfl'3;iu tflt1i4"t11m1t<t10 ifl1!.IN:fl'lfJ'Utlfl LW 01·nft1t coalescence lll~fl fl'l"SLL!I~ t 
LL'tl:o~u 1JY'lllllltlfltl1¥1'lfllLLfl:o11n1:..1t1i'ln~u'llllll!lflfl1't'lfl lfttJ tt TEM LLfl:Lfll~-1 



-ea. 

PCS fi1'1'nfl1 rh~"1ttJn i'i'ltt Lfll~fl'3 Zetameter fl'l'Ul'l~tt~IA''lflthu ~fltlft'!l'U'lfl111tlflfJlfll'lfll 
u.fl::fi1'1'nfll~Yf1f\1l1;J'lt1Lfll~fl'3 Zetameter Yi1 t'1ttL4fl491~Nlfltltu..tli'lt1J'1niu t-u 

tlt'111~'l'U 1:1,000 u.fl::til\'lL'l'Yl~U.tltl DTS 1060C-Clear disposable zeta cell f911'11i'ufi 

L viin::1n.i.,::;r'fNiltNflltJ1::flflU!lfJ-nr'uru t UPl'l1~LfJ.lfUf~ ilftfll!lfU::ll1fJUflflfi~ UJ Lft" 

n11u.t1flf-u s:t11-u1flfl1¥11"LQit11i.iLn-u 500 u1 t-u~\Jl1 u.'R::i1'1'ot1'tw1'1U.i~1011 ±:so Slfti 

L'lfl~L~t1~1iuvlL<Jiiun11~"'L~fJfl11td'3~1i'u11of-u\Jlfl'Ufl11,;'~u1'11i'tJ"~~1t-u;uu.uu 
'U'l t-u~irflWm'U'!l'lflU.fl'lfl'UU.fl'3~'1f'lfiffll'l'l::fi1'3, .,fl ~fM1111JSl 4 f)'3"'lL4b'tuft1ft (LfhJ t-u 

~Lf1'U) 30 fNfil'lL1fflLfttfl (~W1111Jil~fl'3) Ufl:: 45 fl'3ff'lL4b'tUft1« (L~tJt'U~fltJ) L~tliA''lflti1'3 
~'U'l'U 4 Lf1fl'U 1'l~n'3'Yll'liffltl t-uiffl'l'l::~fl'U-Lf1'UttitJfl'U (heating & cooling) "91U'l'U 8 '1fltJ 

t-3 tuufifl::1flt1'i::L~t1~1i't1 'Plfi~w1111JSl 45 fl~ff1L1fflLft1« LlJ'UL'lff1 24 f'l UH ftiunuo11 

Lf~t1fl~WV11Jil 4 fNlfif'lL'll'flLftlft LlJ'UL'lfl'l 24 f'l~ Liifl,.1tJ011'11l"L'l'R'lU.ft'l \l1.i1i'utl1i 

1u,.fll!l'l ftfll!ltu::111t1'Uflfl L'li'U n11Ln" coalescence 11t~fl 1111u.t1mf-u ft U.'R:miu 1111 

01::'i1t11A''l'!lfl'3'!l'U'll'lvtt1"1fl1¥l'lfl lfltt tiLfil~~ PCS •hKotfiw~'ltfl'l li'l!1Lfil~fl'3 Zetameter 

L(Jl1tti.i fl1i.t'Y11 i3'l'i'lflft11ftfl"'i'lflif'l~fifln" lli Lfl1t1w'11i't1s1lfufll~~ U.~'lltfll!l1flt'l1WIN 
IA''l11fl'3ft11'li'l~ty'i1fl~1i'tlfl'li('Uf'l1W Lfiflfil,.Llflfl~'liftJtJ'l,'Ufll~~ U.'R::'Y1flflfltJflt'l'l~;;~ 
V.fl t'i '1l'lf'i1fiLfl'!!' '!lfl'3fil1w111~tl tfli-uf'3Pt1i.i 111il'o 0.1 n!w t~ui.1mnt1i11u1" 50 Slftll"1 

L;,i.nf 1fli'Ufl'3 L tl 9 ilfl~~\Jl1 fil'U'i'Ufl::fl'ltl t ~Lf 'lfl'U Uft'ltl,.fQLfl1f t,.t1 tffhtl'lfilLfllt'li 

ftfll!IW::fl'l~ fl1fJfl1"!1tNPl1J.lvt~fl lfliU ft-3Lfll'l~ftfl1!1W:fl'l-ifl1fJll'l"TlfNfll'W f-i Lliu.ti ft 
fl~'U Lifflf'l~J.J fl'l1Utlfl,f'U Ufl::fll'l'lJ.JVlilfl 1#iN'Rfl11'Y1l'lfltl-3~'3d 

fl'l1~~'U'l~'li'UlfliUtl'l{~;,'U~'lflfl'l1flflfllff'li,uutJtl'U1L'Ulirfli'U~'U'!l'l,.LLfl'l 
fl'UUfl'3ft'!!''l~flfl'l'l:l'h'lj ~'3dfltl ~WVUJil 4 tl-3fif1LttfflLftJft (tf{ut-u~Li1u}. 30 tl'3ff'l 

L1fflLft1fl (~OWllJil~tl'I) Ufl:: 45 fl-3fil'lL1fflLftJfl (L~tJt'U~tltJ) LfhJIA''ltlti1-3'Vi'U'lU 4 L"tl'U 

1'lWn'3'Yl"ffflUt'Uflfl'l'l:itlu-Li1'Ufffttlfl'U (Heating & Cooling) 41'U'l'U 8 1tltJ «~t-uufiff:: 
1tltJ'i::L~tJ~'lfU l~~~WVllJSl 45 fl-3ff'lL4b'flLft.tff Li1'UL'lfi'l 24 fl 'U-1'3 ffflUfttJfl11LfftJfl 

f.lWVllJSl 4 tNR1L'lfflLftlft LlJ'UL'lif'l 24 f'lTu'3 uitlfll1tJfl'l111'U,.L'lff'lLLfl'l LdtlLli'11i'tJK..i 

LLft'1-3'1-3lU~ 4.18 U~'lU'l~1iu;il#i1uiltfll!l'lfll'l'lJ.Jfll~IA''lfifl 1u LdtJ lliNl9ltltu..t'11i'ufii1 

tAw'lWfl'l{~~u 1% NflWOtlfl11fll'ILLi-3~-3A'l fi"11'ULft~tl.rlJUHffWLi1udftlLllt1'l"'l'lM~~ 
1000 tl'l{ 41'U'l'U 8 1fltl U~'l \111 Uftfl'3 LLfl:d'ltJfl'mli'lflflflfl"1ft"11"1llL.flft1tl'ULLUtJ 

ftfN o.41-u t'3vh t ~ L i4uft'ol!lm::11fl-3V1 t1 l'ltllfll'lflLi1-u"1~n'Ri.aS111-u1"fllfll'l ft Lino11 1 

1w t""~"" L'1t111tt1l'ltl"¥11"fi'lu>-11049::Lfno11 500 -u1 t-u~"" K~u•Mt-u;un-m 4.20 



fllsmt 4.19 fifl'l!lm:l'ltit'lf>"fll'lfitllt'lflflfltN SEM 1Jf)~~'lWLflM'li\l~'U'lL'Utbr~ 1% 

Nfta.lfl1Jft'l1flt'I u 1~;1~A'l 

------------------·----------· 
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14 ' 

i 10 -... 
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0 .J ....... lb .. 
Size(d.nm) 



-eo-. 

NR~n~1"'l1~.w~9fll14\1aM~1~u-=t~uuuM1t~ar..a;, 
~1flNfifl111ffl1!11fll'l1i.lfll'3fftl'mH-3fl'l-f\j~ 'Vlfl'3"9'lflL~\J ~ftfftl'l'l::L'i'3tfi'l'3, lliLLfi 

fi~m'VllJil 4, 30 LLfi: 45 fl'3ff1LlfrfiLftlff Li1\U'lfi1 4 Lf1flu LLfi:1lLflt11:~'1t11ll MLC lliHfi 

fll'l'l~ fil'3fftl'lYifi~mvi1JSl 4 tl'3ff'lLlfrtuft1'« lh.Lu'l t MM11fl'3flt'l1Mflt~i'l11fl'3fl11\iltuflititti 
fi'1fi~tlti1'3i11 Ufi:L~~tNfii'34tlll1Yi 4.21 fi'luft~W'VllJSl 30 fNft'lLlfrfiLftJff ilLLU'l tlli.i 
11fl'3fil'l1~fll'3i'l11fl'3fl11\!;\UL~i.lfifltNflfi1'31'l"L~'lLLfi:L~Mflt-3ft i~ltlll'lfi 4.22 LLfi:ft 

~mvttJSl 45 fl~R1L llrfi Lf t1ff iluu'l LMi.l1lfl'3fll'l'lllfll'3i'l11fl'3fll~i.lfl'l~fluefltfi'3flti'l'31'lfltL ~'l"tU 

uYJu li-iL~un1·ntl~tJuutlfi~i~4tltl1v. 4.23 i'31fuLfiWfl1i~flU1:il,.'l1~,.'3i'lft~aiWJSl 
tfi1'31 l;t;if1~1fll~~fl1i'~;iu 

501 
! 
i 
! 
I 
I 

I L ___ _ 
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l. :II -=-=· • • • • • 
7 1'! 23 2R 31\ til 51 "7 ~µ. 120 

3\11l'1Yt 4.23 fli'lfll'l'li.lfll'1~'l11tl'1tl'l1\l~_,~~fl~tMl'l1Jil 45 tl'1flf'lL1ff1LffJft 

MM'ltJLM'! L~-LLf'l'1 ~tl fll~~fl'l'f~.,y 

L~•J''lL~Y ~fl tmfl'li\l.,Y 



n111.J1=LQMtl'n1!t~~1~n1&tnft~•=WYdffl~M•t111tMth1Ufl1M~•=t""' 
Nft11tl'3flfl1!1(M:Yl1'3fl1tlfl1W11f1'1fl~J.fU.ftttm "t1flfl'l11tfl1!t'ltifl1!ttu..""'1'1fl1tlfl'lW 

11tl'1 L dtJfliJ.i Uft: LftW 4/1flfl11L\Jl~tla.f fll~J.f~i!~ff3-111tl~~~M""tUJSlfi'NNft3-l'Dfl'1 

t:J1{\f~h~,u~:41111n'l"JL"isi.1 tm,f-i 6 fMwt.rhlriUtf'l'rif 1 u.a: 3 Mtf" 

uwum .~(. 
fl~N UJfl~~Hml1lfl'3 

ff'l1fffl" fiBMi 
Slfi~fi'l411fl'3 111'lfll4 L 'llllfl'3 Ma.I fl:Lttlll UJ&WflW 

ff'l.,ffflfl L~flUtltl mmi 
t~ L'lll~~fifl\11 Ma.I flZLf.ll!fl UJLLtJ~ L'lllfl'l~nWtl 

2 L'llllfl~fifl\11 MN 'llltl'l\J Ul&Ltl~ l\I 
3 L 111lt1'3fifl\11 '111914 flZLf.ltlll UJLLtJ~ L'lllfl'lL~mitJtl 

4 L'lll~'3fifl\11 MN t1:Llt111 UJu~ L'lllfl'l 

5 L'lll·fl~fiW1 'lllflN fl:Lf.ltlll Ul&LIJ~ L111fl'l 

6 L'lll·fl~fiW1 'lllflN flZLf.ltJll UJ&LtJ~ L'lllft'l 

1.J1:LQM~~1J.1fl~9t"ftMn"l1tf111N~A~~ta=tft'iM 

tJ1:Lih~L~!l ttuuuftfl\Jtl'l3-I tl13-l"l'lflfl1ff'lft>tfll~Ylfllftfl..ittfl°13-I Lfllt1fftl\Jfl12-1~1M 
flfl1!1N:Vl1'3fl1tlfl1W lliufi fl~Y • tJ1:iY1lfl'lWttl'1fl~Utun11t~rt'l1J-l~LUtiYA'l fl'l'lJ-1 

13-l~vttVinuN'l LLft:fl'l13-ILVIYfl:l'IY:L'lft1Yl1L"L1.JfliL~'1fl'l'lJ.if1..i,.flt4'/ .t-iuftfl'1tM9'111'1 

4.16 

.. 1flfl'l1tJ1:LilYfl'l1J.ifi'3Wfl t .. tuNIM'am lflltlftfl\Jfl'lJ.149'lflfl'lff 1ffUft,fl,.flftfl'1 tt 
rti3-l-si1wlu 30 flY wut:i1S31:~Ufl'l'lJ.1f1'3'"flt.-,fl,1u,t'l..i 60-70% f'3fl'l'li.ifl..iwflt"fq1u 

1:,YutJ1Ynft1'3tl'3;1 



finvtu::Y11~n1tlfl1YftltNHlt1ii'tu'rf 

fll'l'l>U°'1Y 75% 

fll'Yliiw 67.5% 

fll')'l)IWL~'l 72.5% 

• 70% . 
l'l'l'llommm>-:!fllu 65% 

,.'),,.,,,~Yifl t111tu:flttNlt1nam 

fll'l'll.H'ltlt"Yn'11LflttJ 72.5 % 

fll')'l)liu 67.5% . 
l'l'l'la.Mt>MttHnl"Y 62% 

1'1'Yl)lii~Yiflt1111~ttNlflli'tu'rf 

l'l'l'la.ll~L\l!Yfl~ 70% 

70% 

fll')'l~ 60% 

Nt1m'SifflV'lfl~t1"1.Jfttl119~Li1"0"t~A'M (/n vitro release) 

411111111Afl1:!1'1 In vitro release L;jun11Afl1:!l'lfl'1'1Ufll'IUfttJt1\.AJ.1'1Nfi'11fl'li\j~U 

"i'lflu1"'il"t"t1111-ri''3u1"'0"tAi.11m 100 tlfti11i'i.1 il1i.iw1tli'l!ftni'3Uflt11 fl:ft1t1?u 95% 

LfJVl'l'Uflfl .ri'lU'lU 10 tlflll.i1 ll1 lt.P5L"1'1:,(li'lt1L,.~fl~"""'LilfU'(LUfl i'11 LliLflflLflfli~ 
fl'l'li.!tl'l'lfl~ut~tf"' 280 u1 LULi.ifl1 tflllf'lt:il1 ltltf M'Jnf'l UH Lflt1"t:Lt.At1uLflt1u11nu1"'tl" 

~iJf1'11W9MU'lt\Jl1"t'lfl flJ.1tl:fl'1Lft1fitltiff~LUJl LLfl: fi'J.1utfllLLJ.1~fiflfitltifl~LUfl tl'lt10'1'111Ufl 

tAi.11mtifl~LUIJI Lvi'lflU 0.20% t11tJJ11111l'fl ~e\Jl'1'1fi'lULlltr'lfl'U"tl 0:1. 0.25:1, 0.5:1 LI.fl: 

1:1 



1.U.l"l!IL1'1ti 

100 

ii 80 
Iii •• 
~ 

I 60 
~ 

~ 40 

-~ ... ,,.. 
Iii 
~ 20 

0 

0 2 

1f Mti\ifi 1 #!ti 1"""~J.i~ 1 

1fMtl\iff 3 #!fl 1"""'J~ 4 

6 

. 1Mfl\iff 2 • tM"'~ 2 
1Mfl\itt 4 #!fl tM"'Ji&fi 3 

8 

"1fl4Ufl1Yi 4. 24 fl11~ L~'UUft'1'1fl11UftflUftfl!ltfJ..,u1fli1fl Lfii'Ufl1i\j~'U"t1flNfl 

fl11~fl1!11 In vitro release fl'lsttLfll~fl'1\j~ldlfiftLUflLY11t~tedlLftfl'fftflt'l1i.l!l'l'lfllii.& 280 

i.&1ti.&Li.1"1 ,,.,fil~Mfi 5 i101itJfll'IUflfl!li.!1fl~'1 6 f'lLi.1'1 4~.,,,.,,.~mt :3 M1ft~'U1,ft1 
af-3 LiJin11tJftl'IU~tlflfi11fJ1{~;li.&"1fl u1l'li1flfilltf'li.&NftMtfl'3fli.lfit1ti""1fl u1f1Ui.1'3flfl1:: tt 
L 'lfl1 t i.&011t1ftt'lt1tit1sft 9 f'l tM.., tl'ls"t:: t ~n11tJttfltJfittsf1t11'li.&'li.&n'11u1 ,.11l'lfli1if'li.&Nfii.r 

tlfNtli.lfl::fi11LfflftttL'lfl1ti.&n11t1ttfltJfiflflL~fl-3 4 f'lTu'1L~ t""l1-1n1Yi 4.25 



80 

0 

0 2 4 10 12 14 

~Ul'lfJ L'Vlf'l 

ffli.ifl1ftyj 1 ~fl m1\Jflft1.lflflfJfl'l~~"'1fl~flti~NtUtti~flZfll'lLfll ~tltrMWN 0.25:1 

ifli.ifl1"Yi 2 ~fl m1tJfll'ltJfi11flfl'l-f\IR"'-.1n~~"'"™ti~~"~infifJt1-4L"'" HflTlWJ\.I 0.25:1 

J'1111" 4.25 fl11~ LWLLff .i'3fl1Wflm.lflfltJ1Jfl-1~"tl"fl'li\t~ 

Ntlfl1"mfltr'ilUqnitru~L91411rNrnt.,.e,,,.,,ltHtr1'ff(flfl 
n11Y1l'lfffl1Jt]V1f ;t1uLfl'U L 4ti>fr YI t 1tLu« "t1nn11il1«11«ill'l"t'lflft'l'Utl1::nflu9i·Ni 

'!lfl"ft1~vlffn,.;t'ltJIK'lfi'lfl::fl'ltJvlLLIJlflM'l"fl'ULtll'l"ftfl1Jt)l'lili1uLtl'UL4ti>frl'IL1tL'Utft,.tJ'Sf 
dopachrome method f'3L;jun11tiuB'3n-nfi1'3'N1JfNLfl'UL1nfCY1t1'Lu« L"t1"t::Ltl.t1u«1·nf'3 

;tu;lil L-DOPA LtJL;j'U1'3flil\Jlqu1"~ fiLfl'ffeomelanin LLfl:: eumelanin f,.t1i1n1fllfll~m;ju 
ft'l'U-11\Jl1l'l'U 11fJ'31'UL;jufi1fl'l'lJ.I L iiJ.1iiuvltiutf "n11fi1"'l'U't.lfl" Lfl'U '[41r>f[" t 1tL'Ufi 11i~tlfJft:: 
50 ~1nn11Y1 '1 «fl1Jfl'l1J.1«1J.111ri t un1·niul"Lfl'U l 4ti~ t 1tLu«11fl-1«11«il,.«1U"'VIJ.1fl 3 

~'lflfi'l-3 wut)1 «11«n.i"r1n«1ff «il,.li'ltnf1stqY1ili1uLtl'U l4Ua1'CYI t 1tLu«Mitf" Lfltl t~fli'l 
EDso L'Yi101J 11.31-11.66 i4a~ni'J.19ifli4ftll"1 LLIJl1'1qwiilfltJM'lff'l1J.1'1'11l1'Ufl1flffll~fl 
4._, t~fii1L'Yi1nu 0.0167 S4alni'J.1fifli4ttll9111 ff'l1ftflflff'liflstl}"f1tt'3fWJ.l'l,.fl ff11«n11 

• .,~~1nvl«n"n" li'ltJ 20% LtlYl'l'Uflft t'311tltlZLfltJ"tfl"ft11ffflfl91i1", LLtt::fli'lLQits~tJft:: 
50 't.ltl'3fl11ti1Jl'1Lfl'U L4UJ.l"'t l'I t 1f L'Uft LLff """"""111" 4.17 



""""~ 4.17 fi1L~~t1~flt1fl:: 50 'llfl'1n11iul,ntml11i.11V1 t1tLuff'llfl'3ff11fffl'M1nft1lfiffnfl 

~~!1~~~1ft::ft1!1fi~~fl~1"flU 

Lf1Vl1Utlft 

fil.f.,,vt 1 

fil.f.,,;t 2 

".f.,,;t 3 

20% Ltm1Uflft 

fil.f-:tvl 1 

".f.,,;t 2 

fil.f-:tvl 3 
r 

U1 

".f.,,;t 1 

fll.f-:tvl 2 

".f.,,yf 3 

41 en 
0 
"O 

' i i 
~ 
41 
~ z. 
0 an 

100.000 

80.000 

60.000 

40.000 

20.000 

0.000 

0 0.005 0.01 

11.66 ± 1.83 

11.37 ± 2.53 

11.31±1.46 

47.55 ± 2.33 

47.97 ± 2.53 

48.61±0.74 

81.13 ± 2.13 

81.16 ± 2.16 

83.35 ± 1.85 

0.0167 

0.015 

3\1mYt 4.26 fl1'niL~u~·H~ffl'l_,fii1~fJ!lfl:: 50 'llfHfl11itJtT-3LfJUl1f~1VIL1'LYff firt~~ 
L;b~tu,.1'31 fl'u'llfl'3ff11fl::ff1!1fl11'1 Lfil4n 
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f!Jll'lft 4.27 n11~LiY.r1-3LLff'11-3fl1~fl!lft: 50 11t1.:in11iutT.:tLfl'UL1SafCVJL1fL'Uff ~'1'l1J.I 
L f J.ifiY~"l.:t1 O'U!lfl.:tff11ff0'11 t-ui'ni"lft:ft'ltJ Ltm'Mlft. 20%LflV11'Uflft LLft:if 1 1111J.1~....ru 



...... 
Nftfl'l~M~•9uqMJtiutf~91ftt9i«1=tl&Hf"lflftl~ 

fl'l1Vl (ilftfltJfjVI~ li'l'Ufl\f\ifllft1:: "t'lflfl'l1U'lft'l1ftfl"1"t'lflfM'Ut.11::nfltJ~'l~, ,,fN 
' 

ft'l~ftftfi' (il#i'lt1i'lfi1tt::t11t1ftLL(Jlfl\Ji'l~fl'U ltJV1,.tffJtJfjV1frfll!l'S! Of)fl1n scavenging assay 

1f'lt1ittJ1{\l;l1.lLtiUft11J.l'll'l1l1U 11fl-t11.lflflflJ.11Lti1.lfli1"'l1J.1LIJ.1Mft1a.111f1tiul~fllfJJtl 
lff1::1#i;tl!ltt:: 50 .,1nn11V1'1ftfltJ"'l'lJ.1ft'ls.t'l1fl tun11ti'ul-tfl\f\iftlfl1::,,fl~ft11ftn"ft'lfl 
~~'VIJ.l(il 3 ~'lflth~ V4tJ~'l ft'l1ftfl'14''lflft'l~ftn"li'l!lLflVl'NfJtdlqYlf Mutl\f\f fflft1::~fltf 1t 

tfl!l t~fil1 IC50 Lvi'lOtJ 6.53-8.61 i'lttfh1fJ.19'tJSlttllt't1 u.it~qYW~tlfl~'lft'l"iJ.l'lt't"il'lU 

fl'li\j&lu «-, t~fil1Lvi1fi'u 0.198±0.05 i'lttln!i.ifklilttllt111 ft'l1ftflfllfl'lilflSlqV1f,fl~t1-tJ.11 
'1fl ft'l"iftflflft'l~.,1nftftnfllflfllli'lt1J1 LLft:: 20% LfJY111.lflft 9111>-lfi'lMJ LLftfll~.r~,.'l"i~ 4.18 

,.,~,~ 4.18 fil1L~~t1;flt1ft:: 50 ,,fl~"'l'li.tLfii.1tun1"iiul~tl\i\iff4'ft1::,,fl~ft'l1ftnfll"r'lflft'li 
viff nl'lli'lfl~'l~1tt::tt1!lftu,.f1~1~nu 

20% LflYl1UfJft 

- 1 8.95 ± 1.15 

- 2 8.37 ± 2.53 

- 3 9.31±1.46 
&' 

U'l 

- 1 6.53 ± 0.40 

- 2 7.97 ± 2.53 

- 3 8.61±0.74 

LflVl'lUflft 

- 1 5.76 ± 0.04 

- 2 6.16 ± 0.16 

- 3 6.35 ± 0.85 

fl'l{\j;,U 0.198 ± 0.05 



~1nn11~n~1vi1fffi'l'l::viLviJ.11::ffMft'Wl1u1'Lflll11::1(vi1~N1nitl1~auuft::l1i~1"~iuu 

W1.Jtj'lfffi'l'l:ViLVIJ.l'l::ffJ.l~fl tiil'!Jfi1fi1Lfl~fluv1Li1u Brij 35 ;tfll'l'lJ.1LiJ.1tu 0.6 i1ftlLJ.1ft'l{ fiflLtl1f 7 

tl'1J111n1, 1viftLvi1nu to i'.lft~~\1l,~flu1ff <!91nn11"1,.11:,('1'ltJ1Stuw1aa1i wu;tltJtt:11tNn1., 

n~u;iu11tJ.:iiJl'lflli1.:i1191n ff'l1ffni;i~1nl4'lf~fl ff1~~ufiYifl.:i ff1iW'ufJ1~ utt::ff1i,;'ufV1flJ.1ufil.:i 

Li1u 104.37, 102.87 Uft:: 104.82 \1l'lJ.lfl'lK1.J Uft::W1.J;flfJft::11fl.:lfl'l1fl~1.J~U11fli'lflti'l.:lflll~N1.hc.:i 

A'l;tlfl d~fl Moniga ti~fl Cute press us::ti~fl Ctrl Li1u 97.27, 102.54 LLft:: 96.12 lft1J.1ti1Ku ditl 

"n~1fl'l'lJ.1uiJuti1wutj1fl'l'lJ.1LL3Jufj1tJ\j'tuLnn.1"1vitJflJ.111.J liSi "fltlfli1 %R.S.D. Utlt1n'l1 5% ~ 
Yi'lfl'l1'Yl{;lftfl.:IJ.l'lflfltj'l 5 ,..f.:i(ultJ Nft119'lflfl'l1iltfl~'lflll'l'lJ.1Li1uL~'l1'1Uft::1i'l'1flll'l'lJ.ILi1uLiuft1'1 

Uff (Jl.:I t~ Li4utj115!;1t~Lfl"j'l::l( t~fl'l1MLi1UL~\Jl1'1 tvi'l.:ivln1J1.:i Ufi::fl1tl1.Jflll~J.1 1t'l.:lfl'l'lJ.1Lla.ilu 

11tl.:lfl"j'l'riJ.11\Jl"jl1Ut~fl'l1J.1Li1uL~U\Jl"j.:ivl;i vistfii1 R-square Ll'i'lfl1.J 0.998 LLft:fl1'l'riJ.l'lfl131Uil 

fil'l13-l fl.:llJl'l~ LfiltJSl f'i1fl'l13-liu11fl.:lfl"j1'riviilfl'l13-I L rlt1.:iL1.JUJ.11\Jl1l'lU~'l LLftZ1'lflfl'l"j~~'lfll'l'lJ.1 L'l 

11fl.:i~fi5Lfl,1::,.fi'i;it1n11vi1;lfil~1nfil~1~fil11~n1,\Jl.,'l1il'flllfi1vi~Lflll1'l::,(ff1a.111nft1'l11'fllltl'l{ 
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Abstract 

A simple micellar liquid chromatographic procedure for simultaneous determination of arbutin in.medicinal· 
plant extracts was proposed. This method was developed and validated. The chromatographic conditions 
were also optimized. All analyses were performed at room temperature in an isocratic mode, using a mixture 
of 1 o/o (v/v) acetonitrile and 0.006 mol L·1 Brij 35 (pH 6.0) as a mobile phase. The tlow rate was set at l.O 
mL min-1• The analytical column was a 150 x 3.9 mm Nova-Pak C-18 column. The eftluent ftom the 
analytical column was monitored by UV detection at 280 nm. Under the optimum conditions, arbutin could 
be determined within a concentration range of 2-50 µg mL-1 of arbutin was obtained with the regiasion 
equations; y = 0.04Sx + 0.042 (r2 = 0.9923). The limits of detection were found to be 0.51 N mL"1 for 
arbutin. The proposed MLC method was applied to the determination of arbutin contents in medicinal plant 
extracts. This proposed MLC method is thus suitable for routine analysis of arbutin in the pllarmaceudcal 
formulations and raw medicinal plant extracts. 

Keywords: micellar liquid chromatography, arbutin, medicinal plant 

1. Introduction 

Whitening agents are of major importance due to the negative effect of exposure to UV radiation on the 
skin. Skin whitening products have become increasingly demand in the past few years. The main purpose for 
skin lightening products is to lighten the skin as well as even out skin tone or to treat pigmentation disorders 
such as freckles melasma, pregnancy marks and age spots. In the skin, the enzyme tyrosinue biochemieally 
converts the amino acid tyrosine into melanin. Arbutin is tyrosinase inhibitor. wllicll inactivate tyloSinase by 
chelating with its vital copper ion and suppressing the tautomerialion &om dopadlrome to S, 6-
dihydroxyindole-2-carboxylic acid (DlllCA) (Zhai et al.,2001).AJ:butill(h~~) 
is a naturally occurring glycoside of hydroquinone. It is a natural pheaolic glycoakfe found in variolls plant 
species of diverse families such as Ericaceae (Vaccinium spp., .Arctoltapliyloa tpp.i Asteraceae (.A.claillea 
millefolium), Betulaceae (Betu?tz alba) and Rosaceae (Pyrv.t com""""8 L.). Arbutin is commonly used in 
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urinary therapeutics, and as a human skin-whitening agent (Tomita et al., 1990). Arbutin can prevent serious 
sunburn caused by an accumulation of melanin in subcutaneous tissue produced and a tyrosinase-catalyzed 
metabolic pathway (Jin et al., 1999; Maeda et al., 1991; Meada et al., 1996). Tyrosinaso is the essential enzyme 
for melanin formation. The depigmenting effect of arbutin bas been reported to reduce cellular tyrosinase 
activity without changing the cell viability (Maeda et al., 1991 ). Arbutin is highly water-soluble and bas been 
used in many skin whitening, depigmenting cosmetics and antioxidants. In recent years, a technique known as 
micellar liquid chromatography (MLC) has been used as an alternative method to conventional liquid 
chromatography because of the large number of interactions of solutes with the mobile and stationary phases. 
Micellar liquid chromatography has several advantages over other chromatographic methods, including low 
cost, low toxicity, low volatility, the possibility of simultaneous separation of ionic and non-ionic compounds, 
direct injection of biological fluids, and high separation selectivity, because of the involvement of many 
adjustable conditions (Ruiz-Angel et al., 2002; Ruiz-Angel et al., 2009; Ruiz-Angel et al., 2009; Cheng et al., 
2010; Garcia Alvarez-Coque et al., 1999; Roses et al., 2009; Koenigbaucr et al., 1990; Tonova et al., 2008). 
The primary objective in the development of MLC separations is to optimize chromatographic performance by 
adjustment of such experimental conditions as temperature, type and concentratioa of organic modifier, pH. 
and concentration of surfactant. MLC separations are mainly modified by varying the composition of the 
mobile phase. Optimization is often effected by varying conditions one at a time, while keeping the others 
fixed, until an optimum is reached for each variable (Berthod et al., 2000). 

In this research work, a rapid and simple micellar liquid chromatographic method for the determination of 
arbutin in medicinal plant extracts has been developed. The optimized method was applied to the analysis of 
arbutin in pear fruits. 

2. Experimental 

Apparatus 
A Shimadzu model SCL- 1 OA liguid chromatagraph (Shimadzu, Japan) was used for the analysis of arbutin. 

The following instruments were also used: spectrophotometer (UV-mini 1240; Sbimadzu, Japan); pH-meter 
(Model pH 900, Precisa, Switzerland); water bath and shaker (Model SB-200-10, Thailand); Ultrasonicator 
(Model 889, Cole Panner, USA); and a rotary evaporator (EYELA N-N series, EYELA, USA) 

Chemicals 
The arbutin standards was obtained from Sigma (Saint Louis, USA). Cetyl trimethylammonium bromide 

(CTAB), Polyethylene dodecyl ether (Brij 35) and Sodium dodecyl sulfate (SOS) MR purchased from Fluka 
(Buchs, Switzerland). Acetonitrile, potassium dihydrogen phosphate and 2-propanol MR obtained from Carlo-
Erba (Italy), disodium hydrogen phosphate from BDH (Poole, UK) and orthophosphoric acid 85% (w/v) from 
Fisher (UK). Deionized water was obtained from a Millipore Milli-Q system (Millipore, Bedford, USA). Other 
chemicals were analytical reagent grade. 

Materials and methods 
Stock standard solutions of arbutin was prepared in water to provide a concentration of 1 mg mL-1• These 

stock solutions were freshly prepared each time and stored below 4 °C and protected &om light. The solutions 
were diluted with 0.006 mol L-1 Brij 35 to the desired concentration levels just before performing the analysis. 
A 0.006 mol L"1 Brij 35 stock solution was prepared in phosphate buffer solution. Otpnic solvents MR added 
to the mobile phases where necessary. All mobile phases and standard solutions weN filtered through 0.45 µm 
Nylon membranes (Millipore, Bedford, USA). 
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Chromatographic conditions 
The MLC analyses were carried out with a Shimadzu Model SCL-1 OA liquid chromatograph, thermostatic 

column compartment, online degasser with an UV-visible detector model SPJ>-lOA.(Shimadzu, Japan) 
chromatographic separations were performed on a Nova-Pat C1s. column (150 x 3.9 mm, 5.0 µm. Water 
Associates, Harrow, UK); at room temperature. A mixture of 1 % (v/v) aeetonitrlle and 0.006 mol L-1 Brij 35 
(pH 6.0) was used as a mobile phase with a flow rate of 1.0 mL min· 1. Each sample and /Of standard aliquots 
of 20 µL was injected by auto sample injector onto the analytical column. The effluent from the analytical 
column was monitored by UV detection at 280 nm. The quantitation was achieved based on peak area of 
arbutin. Under the optimum conditions used, the time taken for complete separation and determination of 
arbutin was within 6.0 min. 

Sample preparation 
Arbutin was presented in many plants, for example in flowers, leaves, peel and pulp of some oriental species 

of pear (Pyrus bretschnrideri, Pyrus pyrifolia,Pyrus ussurlensia, Pyrus sirilciangentis) (Santos-Montes et al., 
1999). In this study, attempt will be made to determine arbutin in pear which is present in Thailand(~ 
communis). The medicinal plant samples used in this studied are Ya pear, Fragrant pear, Early-Matured pear 
and Chinese pear (commercially available from markets in Tbailand). The kernel of each sample was peeled, 
dried at 60°C for 12 hand then powdered. About 2.0 g of each plant powder was weighed accurately, sonicated 
for 30 min with 30 mL of deionized water and 0.1 O g calcium carbonate and filtered through membrane filter 
paper (Whatman®, No. 42). The residue was washed tborouahlY with deionized water. Then S mL of 4% 
lead(II) acetate solution was added to the filtrate, cooled and diluted to SO mL with deionized water and filtered. 
Then 0.20 g of sodium phosphate was added to the filtrate, mixed and filtered through a milipore membrane 
again. This solution was kept for further MLC analysis. 

3~ Results and discussion 

Chromatographic Conditions 
The mobile phase flow rate has an influence on the cheomatograohic efficiency in MLC. The effect of flow 

rate bas been studied in the range of 0.8-1.5 rnL min"1 under the optimum conditions. As a compromise between 
resolution. sensitivity and analysis time, the optimum flow rate was 1.0 ml.. min·1• All analyses were performed 
at room temperature. The chromatographic conditions were carried out in the isocratic mode using a mixture 
of 1% (v/v) acetonitrile and 0.006 mol L"1 Brij 35 (pH 6.0) as a mobile phase. The flow rate was set at 1.0 ml.. 
min"1• The analytical column was a 150 x 3.9 mm Nova-Pak C·18 column (Waters Associates, Harrow, UK). 
Each sample and/or standard aliquots of20 µL was injected by auto sample injector onto the analytical column. 
The eftluent from the analytical column was monitored by UV detection at 280 nm. The quantit&lion was 
achieved based on peak area of arbutin. Under the optimum conditions used. the time taken for complete 
separation and determination of arbutin was within 6.0 min. 

Method validation 
Under the selected micellar chromatographic conditions, the linear range of the signal response for arbutin 

was studied over the concentration range of 2.0-500.0 mg L-1• Tbe linearity of catibntion graph was determined 
using the optimal experimental parameters. Nine standard solutions rangina tom 2.0·50.0 mg L"1 in 
concentration, in three replicates each, were injected into the MLC system. The calibration graph was obtained 
by plotting the absorbance of the solutions against the standard concentrations. Linear calibration graph over 
the concentration range 2.0-50.0 µg mL-1 of arbutin was obtained with the regression equations; y = 0.04Sx + 
o.042 (r2 = 0.9923). Limit of detection (LOD) and limit of quaatitation (LOQ) of arbutin were estimated ftom 
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the calibration curves using the expression 3.3SD/S where SD is standard deviation of the response and S is 
the slope of calibration curve and limit of quantitation (LOQ) • lOSD/S. The limit of detection (LOD) and 
limit of quantitation (LOQ) values were found to be 0.51 mg L"1 and 1.25 mg L"1 for aubutin. The precision of 
the method was determined by measuring the repeatability (intnday precision) and the intermediate precision 
(inter day precision), both expressed as relative standard deviaUon (R..SD). The precision was evaluated by 
assaying six replicate injections of 5, 10, 15 and 20 µg mL"1 of arbutin. The accuracy of the proposed MLC 
method was assessed with recovery using the addition of four known concentration levels (5, I 0, 15 and 20 µg 
mL"1) of arbutin. All samples were injected in three replicates for each concentration. The concentration found 
was calculated against the concentration added. The teeoveries of analyte were in the rar.ages of 96.04-98.58% 
for arbutin (Table 1 ). Additives and excipients did not interfere in the determination of those active ingredients 
since the samples used to in the samples evaluate teeovery were prepared with thote additives and excipients 
present. 

Table 1 Accuracy of the proposed MLC method (n=S) 

Arbutin concentration; µg/mL) % Recovery (mean :i: S.D) 

Added Found (mean± S.D) 
5 4.9 ±0.1 
10 9.8 ±0.4 
15 4.7 ±0.2 
20. 9.2 ±0.2 

Method application 

98.2±2.5 
98.6±3.4 
98.1±1.7 
96.0± 1.2 

The proposed MLC method was applied to the determination of aibutin in pear extracts. The samples 
were extracted and prepared according to sample preparation section. The conteAt of arbutin in each· sample 
solution was determined using the MLC optimum conditions. The samples gave well-defined peaks. There is 
no interference peak present in each sample. The average contems of arbutin in each sample were presented in 
Table 2. The results compared favorably with those obtaiaed by the published HPLC method (Thongchai et 
al, 2007). Statistical analysis of the results by using at-test •wed that the calculated t- values were less than 
the table list t- value at 95% confidence limit (Miller et al, 1993). Therefore. there two methods are not 
significantly different in any of the samples. 

Table 2 Determination of studied arbutin in medicinal plant extracts (n=5) 

Samples 

Chinese pear 
Fragrant pear 
Early-matured pear 

Compounds 

Arbutin 
Arbutin 
Arbutin 

MLCmetlaod 
averace (lg.-•> 

0.38 
0.59 
O.Sl 

Publllhed method (351* 
averw (!111 ("1) 

0.35 
0.55 
O.Sl 

• Cluomatographic conditions: an lnertsil-ODS3 (C ) column (250 mm><4.6 mm i.d.; 5-Jllll particles), 
18 

·l 
(89: 10: 1, v/v/v) water-methanol-0.1 mot L"1 acetic acid, 1.0 mL min , 222 nm. 
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4. Conclusion 

The proposed MLC method can be used for the determination of arbutin in medicinal plant 
extracts. This proposed method bas proven to be selective, fast, simple, relatively, inexpensive, precise and 
accurate. The speed of analysis and the precision make this method suitable for quality control of arbutin 
in medicinal plant extracts. In addition, the selected mobile phase is cheaper and less toxic than those used 
in conventional RP-HPLC method. 
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