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Optimal Conditions for the Determination of

Tylosin & Spiramycin in Poultry, using High

Performance Liquid Chromatography with
Diode Array Detector (HPLC-DAD)

Issam Mohamad® Darem Tabaa®
Tamem Alya® Lobaina Alrhia®
ABSTRACT

This research studies the optimal conditions for extraction, separation and
determination of Tylosin & Spiramycin compounds in poultry samples, using
High Performance Liquid Chromatography technique with Diode Array
Detector (HPLC-DAD).

The best recovery ratios for Tylosin and Spiramycin were 90.0, 93.0%
respectively at 0.10ppm, and 91.90, 92.90% respectively at 1.0ppm; using an
extraction solvent of Mcllvaine-EDTA at pH:2.6. The study revealed an
excellent recovery ratios of 96.50, 97.50% respectively for Tylosin and
Spiramycin at 0.10ppm and 98.10, 100.50% respectively at 1.0ppm, at the
extraction by ultrasonic water bath with a percentage relative standard
deviation less than 1.1% during half an hour. On the other hand, Cartridges
solid phase extraction Oasis HLB (Hydrophilic Lipophilic Balance Copolymer)
(500mg, 5m /) showed also an excellent response for the recovery of Tylosin
and Spiramycin: 96.50, 97.50% respectively at 0.10ppm and 100.10, 100.40%
respectively at 1.0ppm in comparison with other cartridges. The results showed
that the recovery ratios of Tylosin and Spiramycin were not affected by
increasing the volume of methanol used in elution more than 3.5m /. The study
showed that the holding time needed for the quantitative determination of both
compounds from six poultry samples was about four hours, which considered
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as a good time for the application of this method in the control laboratories
(Food Section). The calibration curves of Tylosin and Spiramycin were found to
have an excellent linearity and correlation coefficients; R?*= 0.99990, 0.99997
respectively within a range of concentrations between 0.080-1.20ppm.

Keywords : Tylosin and Spiramycin (Macrolides), HPLC-DAD, Poultry.
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Materials and Solvents sdasdiicall Jallaally dgall

-(Sigma USA) 48 5 Uiy} ¢(98%) Spiramycine el S 5
-(Sigma USA) 45,4 ~ i) «(98%) Tylosin (yshll (Sye o
d
Merck-) 48,3 =L «99.8% (HPLC-grad) (Methanol, CH;OH) Jsl—iw e

-(Germany
Merck- 48,5 ~ L3 ¢99.8% (HPLC-grad) (Acetonitrile, CH;CN) Jusiigie ol o
.Germany

-Merck-Germany 48,4 =5 <99.8% (Aceton, CH;OCH;) Osisl @
Disodium Hydrogen Phosphate, ) 4L da g juell o g saall 48600 Clivsd o
-Merck-Germany 48,4 =& <98% (Na;HPO,
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.Germany
-Carlo Erba 48 ) <IN (Sodium Hydroxide, NaOH) asdsuall 2S5 08 @
:Poch SA-Poland 45,4 ~3) 99.5% EDTA agagall Al =l o
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Sl e dulle Ay Loman eniondll Jilaally LSl i
Apparatus and Tools FORECIRARLA PN PRSP
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.(Ultra turrax, IKA T18 basic) 4S)le Cilejudl asie Luall duilany ada Al
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g5l (ye (Waters, USA) 4S5 ) cboall shally 35, (adlatinl L5k 2

-[Cartridges SPE Oasis HLB{(100mg, 1m ) (500mg, 5m { )} + Carboxylic acid]

il (e ((Saplco, USA) 48, 7z b) cabiall )glally 4855 adlaiu) Adsh)a

-[Cartridges SPE C18 {(100mg, 1m () (500mg, 5m {)}]
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.[10] pH:5.5 xic

Cra 21750 Al i) il Jslaa juimad 1(0.2M) alidll cilisgdll Jyla
ponsaall A0 Gliud (e 859 5 AALOU Cpagpaaed) AU o i) ilau
[10] pH:8 xie 1000m (353 o AL dism g 1l
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Glingd e 859 4L B Jslaas <1000m /)50 A A8l Gua g yaed) AL
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Glingll Jolaa yan’ .1000m 0 (350 (A AL dia g yuel) 2 g saal) 55
.[7,16] (55,945) canilly A, B e pH:8 i il
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.HPLC- DAD 4l 35
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el ragea ST a0 S day el 320 Lo el g o Ledas 8 L)
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Sample preparation procedures Adal) sl Gl
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(alall (e JA aal) laall aal die 5029 G3s

e (e 2m/l Cilia) JAgpae gk Al alasiuly Geilads zlaall aal Ao cald e
my alad) Liall il clgiada ol 3 aalll die ) GaY 23add) (DA
2baalg A8E) Bae 4wdd DALY Cudh (30 30M L ae cahall Alae (e o L)

@ 0.10, 1.0ppm 1S5 (bad) Gausalpaalls Gysbll Jslas o 1m0 Caliay e
Baaly 488y Baa duall uilad

el gy sae Al & Gild) audl 335 (DA s Jahe

i G phaiuly sy Qi) dlee (g o LY 2ay AL AL Juadie

oadlainl Guhba Gaa (Gl degyie) Al daliind) L) Akl 3.
LoadAia) il UK il e slall Jie A ddiliahs samih calall gkl

-Jsili5m £ alaall Hhally (aMALN) Absh A (e dball (alere
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-HPLC-DAD jlga (s (siall
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ks Grenalypandly (sl Al oS aaaill b (HPLC-DAD) il caasiiiad
sl Loy 3l (1)dsaad) iy zlaal) aal cilie (o Lagie S g il Aaasi 20a3
(1) sl (& Gansalsadly (sl S50 Juadl i)
(B Cpemalally il (Srh Juall Mal) Aldatl) Jag i) 3(1) Jgaad)
.[17] HPLC-DAD 4i\&3

tial) elatiall ghll qud A[Na,HPO,(0.04M)pH:2.4/ACN(80:20v/v)]/B(ACN)
liall aganll 8 B da 40°C
i) alieY) Aagall Jsho Amax (ty.) =280nm, A max (SP.) =232nm
Jia¥) datial) skl (3 1m ¢ /min
(Al gilag <) aganl) C8-250x4.6mm, id.,5um
Ji) By ¢ R (Ty.): 7.013, Ry (sp.): 4.214
PN a2 20l
(min)gesl A B
okl el caadl) zoail daj) gealisl) 0.01 100 0
. %in e 05 60 40
10 60 40
12 100 0
Results and Discussion dEBlial)g )
Quantitative Determination =Sl paadl)

@8 Oin e LS Cpmainnd Cipmssaanlly iU (S50 e US55 234
Cilye apl Ae JS s e Db Al pal die JS<05) K Slie ay)) G0
Clipell 8 585 hgie 25 e 8 3 G 5858 da i olld aey Gl AL,
Y] AD (e (AT il A ikl el 358 Gles B )
LAY Jglaa Aad dalua

Liad) ) S8 X = call S pall 1S5

(PPmM) gkl Jslaall 5853 ol Jsiadd b s (PPM) i) Sl iS5

Test of Sample Matrix dial) QB Ll
e I3 eyay il slall i Lensen Al cilisSa disall allly 2ad)

Ol ge

sy il KU sl are (2-a, b) JSE & peaagal) Ajlad) Hlidl e asil) -1
agally (Mellvain-EDTA Gae dalsy padain) cillee lelya) b dexdiusdl)
(2 Axiiall C8 a5ac yue Juadlly «<SPE HLB Oasis (500mg, 5m/{) sac e

sy GBS e JS 18 G5 3] ¢ Cmmalally sl 55 555 apaa
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7.013, min LléaY) Se) die Gaaelpandly sl SH8 35 e Aeadiual)

GJ\).J\ e 4.214
a:280nm : b:232nm6 €:280nm d:232nm

A LA (c, d) ASall LA (a, b) (il Gl cilasilag S 1(2) Sl

b oy JAIA3 Cigan aae (2o, d) IS 8 meagal) LD jlaal e Al 2
aaldie 8 aball Ad as (Ladsas Jis () Co-Extractive 4] yall <ulS yall
s slall BLESY) () 2 edgns Jla (o i slally Aalleal) e laal
Leale Cupals g pnall slally dallas yu zlas pal cilie @daf (el Gaial,
18l 48 gum 5l HPLC-DAD 4l (385 Jmdlly diiilly Loadatoy) cililee Lol
die Gpaalyaandls sl Cpgpaa) pabaall A 4l 3sas e ISH pae )
Sl Je 7.013, 4.214min Llaay) )

Test of Recovery Percentage dggiall £ i) Aol Ll

gl aal clie (e A JS Gadlaiul S5 e Gadlaiu) 3 e I X
Ompalypanaly 025sLEN €38 53 EM LA lpe a)f (D) laliall (e dgla
& (HPLC-DAD 4l aladiuly aal il (e die JS DA 8 Ladasag Ja b
Op=S Al Alialy (Fortification) Sajeil) dlee cuyyal LAl 535 (e Lasla (s
s Clshaal) 385 cAlEiad)l Culiell o 385 JSI il S daa )5 0.10, 1.0ppm

Adgiasall Zaphall 3ig aalll e ciylale

syl Agell ) Tl €0l S0 iy 2t S5 il Syl e Capale

Lpadlatin
248 gen gall Adyyall (385 Al 03] (AN Gillee Ciyne
(Y] AR (335 g LoDl Ay giall Al )N
(PPmM) g siuall Sjal) 385

100 x = (%) £l A
(PPM) cilaal) Syall a8 5 e
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Preparation of Standard Solutions
Cryshal) (gaba (ya J<1 25.0mg o35 a5 :(Stock Standard Solution) A glad) Jslaall 0
A8 8 50.0mg Aalll) cpabaall A5, C_x_gg\ :25.0m 0 A (glue (3y50 (8 Gaeasal s
Jslae o Jyamnl did oyl 5L) a4y anal) 23y il e Jsilisall (re dnnlia
Bl Ay Al 35d zlsadl e plas (8 (350 s (1000.0pPM) 0385 (gl
Cagyes Adlay (350 353 AR Al 3k 5 Al lsd Al A sac Lusall Smin 520 8,310
(20°C) By Aayo die baead) b allie Sa 8 asiiall (35 4dl 2my
Jsladl (e 1.0ml J& :(Middle Standard Solution) (Aasll gluaad) Jg-laall e
(Jsibipally il 3)LE) s anall 035 <100M { Axws Biles (3y50 Y Y1 (golunl
Allay aaad) (3)sal) 253 .20.0ppm o385 oy (olhe dslae o Jsanll 4
Bha A (A srenall (A allie LS (8 asoiall ()5 4dl day Bdly iy
Aglall Jillaall ALl jucas & aadadinl cps ) (-20°C)
@bl Jsladll (o Wil 3yla2 :(Standard Solutions) 4kl Jallaal) dludes e
0.080, 0.10, 0.20, 0.40, 0.60, 0.80, SIS yall Ayl Jallae Aludis  assll

the Calibration Curve
Dbl il 3y cpsalandly Gaysblll (Sie (e S Blak iaie 1
@b i) Gl cuwyd L paliall dilis 3805 vie External Standard oa)lall
Oyl oS el Ana=280nm 5 (el i) (1S el 410 =232nm s Joha Aie
0.080, 0.10, 0.20, 0.40, 0.60, 0.80, Aplall Jllaall e dayiia 5815 Al Hlasinl
At lye gl e Jslae US e 20p 0 GEA Y ¢aHal (e 11,0, 1.20ppm
caSe JSI(X) Sl Jolie () el dalose alidle Talaie) 80l iaie 2usls
Llgia) ) die 3ua Glabisy (Sl (o S 328le add seda (2) Jsaad) il iy
< Cpral ) Syl 4.216min 5 () sLBN Syl 7.016min
A8bgal) Causalisaally 3ol (S (a JS Bl (ajg aad dalsa 1(2)J g2
.0.080- 1.20ppm (s <aagly JuS)yil

sdgsbad) Jallaal) yuiaas

.1.0, 1.20ppm
ppladall Jada

0.080 | 0.10 0.20 0.40 0.60 0.80 1.0 1.20 (PPM) S0
4.245 | 5.458 | 10.916 | 21.279 | 32.748 | 43.664 | 52.578 | 63.837 | *(mjsktill dad daluwe
R:7.016min sl Jaldta) cpal

4.769 | 5.897 | 11.794 | 23.825 | 35.556 | 47.176 | 59.266 | 71.475

¥ Cpmasalonal) dad Ao

R:4.216min

[ paaral i) Bl (10
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-Copengalipsally (3555 S Ll o) G 3585 S Aalana Ay 5 s

70, 0.080-1.20ppm (14sbial S ja 6 slae (inie 70 0.080-1.20ppm (sl S sa & laa (sia
b : 12
60
1 5:3 ‘
3 50
- 08
08
3o 3
% 06 y=
g 0.6 y=53.424844x g : V,;ff:;;gs;gx
: R? = 0.99990 3 e
3 & 04
2 & i 0.2
&ds
P74 Ads R &
0 3 0.5 1 15 : o : 03
pPm WIS G pe 345 pPM Oaisbll oS ya 38 5

0.080-1.20pPM Jlaa craa Cusalyssdly ) sbla aSpal 3laall iata (3) Je

Jlae Ganm 52 Ay 28 63 isbitl) Syal 3ladl) inia (3) IS iy

O e R2=0,99990 correlation coefficient alsi)) Julzass <0.080-1.20ppm S|yl

ki Gpenalyndl S pal ledl) aie Sad Al dga (e Jaad .7.016min Ll
.4.216min Llial e 2ie R2=0.99997 Ll Jalzars 4313 Jlaall fpeia 300a

Test of the best Extraction Solvents t ALY Cuda Mi oLl
o sy i) Lainall 3 0 U Siak myhe (pe 4ty aliall adlatiul 3
2o il e Lagae oy S palaind cilipall 38 Jie st Jalie canaal
i (e 1Y 48 Y) 1] Aseime e alasiul gaslly il (e paliil)
cre Alainall A A1) Lk dn gl gl el (e claliall DAL (g )
B g lasial o 13 atiall ehal) (05 O 8y 0 e ¢ig s slall Ll
iple 5uShi (G chalball (e g ol gm AA zlas anl e ) sl
8583l Ll jpaat Cileya) Caxdily €0.10, 1.0ppm Graspabasalls (1) shlal S5l
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CGaIALN Slih (e 5yl A aaas Cpraasalandly (sl Gadatul b
A(3) Jsanll (B miage 58 LS

Gilie e el pally 03yl S5 g lasind s Juadl G (3) dsaall ci
Ly 4 Mellvaine-EDTA idll (adaiol) cuth ahadinl sty qrlandl ol
2,41 83.583, 85.637% g lasia) daui Jausgic il 3 ¢(4-a, h) JSall mea
le 010, 1.0ppm CmSHll die Cprael il (1S5l 85.288, 87.999% 5 (oLl
1% (e dﬂ\ Gsie i (elme Caailyy Mgl

JLiaallS Ay ame DAt al iyt poa daliin Jollae plasind il Cayp el
pad Sl e Opealiidl) GpS Al il 9350 Jasssie & dasiigina )y
G Ul 393y e ol &L 3 ¢Mcllvaine-EDTA VJ:u_A\ Gl 2 aally el
0.10, 1.0ppM Cxpmasalysmdly (shldll 540 75,834, 76.202% 5 61.398, 62.902%
£ i) als dga (e Jaad . Jsilinad) e Akl AN (s axdiad vie sl e
pladinl die mea dag (8 Graabpualls (L) 545)*4 oL G Jas i
2ie Mcllvaine-EDTA 5 ¢(pH:2) xic Jsilis J)S_u)ﬂ\ Ay FIN Gludk
Aadaiall calyd Al A aally (PH:5.5) Jslisll s ?LM&\ Al cud sy ¢(pH:3.5)
‘FES)A ubﬁy\.«;}( ) Ja) ).@_L.' (pH 8) e Jgiline —chlan g8l ChluaS 4, lall
Adlde it zladl aal Slie (e cpealiioad) e pandly (3Ll

au e . ]
0.1ppM Cpesabpad) oS8 clalfgigas (h-m) i sblld o) claésisas (a-g) 1(4)Jed
(Cagiamd — el Gz, ] Jsilise — shusil) (an :h, i (alill) Mcllvaine- EDTA :a, h
1:1VV sitisa —0.06M aliiall clieagl o, | 1:1VAV Jsitisa —0.2M alaial) cilbeusdl) :dl, k
LiIviv Jsitina - @u\ <Al :g, m
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Alaall . bl aghall dded draly Ay

2017 . Js¥) sl . (33)

bugia 1(3)d sand)

ly Ciobl a1

el Cppestal
...!Q.. w - . ‘

day

g

KESn

K

aluda

0.10ppm ¢pjsbtall 1.0ppm ¢jsbat 0.10ppm {yseasalppanadl 1.0ppm Cppmasalyzual)
Sfbasia | L) jihuge | MSFBasie | Ll jilugie | BSABasie | Gl G| 38 basia 385 ugia
(1) "G @" (1) &) @ (1) "L @° (1) "G (2) " da)
Ol (il 35 baaagia i) (ol 55555 auagia Rl (il 5555 busia O (il 555 Bgia
cmu.w..&wir ("+RSD% Conc) ("+ RSD% Conc) (“+RSD% Conc) (“+RSD% Conc)
Xtraction
Solvent Osiall £ i) Lpash bauagin Ol la i) duuad banagia Ostiall £l i) Ladi bagia Osiall £l i) Lyl Jauugia
) (%" Rec) (%" Re5) (%" Fe)
T 4 o T £ o T 1 o Y £ o
= 1 x8D — .t xSD =, txSD =, txSD
Xt = Xt ,\M Xt ,\M X Hl,\ﬂl
Mellvain- 0.084:0.678 | 0.084£0.652 | 0.8560.079 | 0.857+0.103 | 0.085:0.482 | 0.085:0.717 | 0.880:0.074 | 0.880+0.102
EDTA 0.084+0.617 0.856+0.090 0.085:0.615 0.880+0.079
pH:3.5 83.583 85.637 85.288 87.999
0.084:0.001 | 0.084£0.001 | 0.856:0.001 | 0.8570.001 | 0.085:0.001 | 0.085:0.001 | 0.880+0.001 | 0.880:+0.001
<l 0.073:0.077 | 0.073£0.535 | 0.735:0.133 | 0.735:0.084 | 0.072£0.582 | 0.072:0.417 | 0.842+1.242 | 0.842:0.255
. 0.073+0.381 0.735+0.103 0.072+0.468 0.736+0.974
e 72.851 73.531 72.384 73.597
pH:2 0.073:0.001 | 0.073£0.001 | 0.735:0.001 | 0.735:0.001 | 0.072:0.001 | 0.072:0.001 | 0.732:0.013 | 0.740+0.003
—— 0.058:0.432 | 0.058:0.539 | 0.585:0.130 | 0.586:0.243 | 0.057£0.529 | 0.057+0.589 | 0.584+0.099 | 0.584+0.292
0.058+0.665 0.586+0.206 0.057+0.718 0.584+0.202
asipd 57.924 58.573 57.221 58.408
pH:5.5 0.058:0.001 | 0.058:0.001 | 0.585:0.001 | 0.586+0.002 | 0.0570.001 | 0.0570.001 | 0.584x0.001 | 0.5840.002
~0.2M phi) cliegin | 0036+1137 | 0.036+1.347 | 03670356 | 0363:2.377 [ 0.036£1.039 | 0.036+1.334 | 0.368:0.448 [ 0.368:0.182
ik 0.036£1.165 0.365:1.673 0.036+1.117 0.368+0.317
) 35.980 36.510 35.803 36.815
pH:8 0.036£0.001 | 0.036:0.001 | 0.369:0.001 | 0.365:0.012 | 0.036£0.001 | 0.036:0.001 | 0.368£0.002 | 0.368+0.001
e il 0.03241.253 | 0.033:1464 | 0.335:0.164 | 0.335:0.206 | 0.034:2.383 | 0.034:1.811 | 0.382+0.227 | 0.3830.121
0.032+1.306 0.335+0.185 0.034+1.986 0.382:0.195
fl:1vIV dsitisa - 0.06M 32.440 33.491 33.783 36.815
pH:8 0.032:0.001 | 0.033:0.001 | 0.335:0.001 | 0.335£0.001 | 0.034£0.001 | 0.034:0.001 | 0.382£0.001 | 0.383+0.001
~0.15M i cou] 006261327 | 0.061£0.554 | 0.629:0.062 | 0.629:0.096 | 0.076:0.928 [ 0.076:0.718 [ 0.763:0.133 | 0.763+0.079
it 0.062+0.969 0.629+0.077 0.0760.813 0.7630.110
*E 61.398 62.902 75.834 76.292
pH:5.5 0.062:0.001 | 0.061:0001 | 062960001 | 062960001 | 0.076:0.001 | 0.076:0.001 | 0.763:0.001 | 0.763:0.001

ok
kk

5 Jana gia
hu‘,.\d :***

all a8
Lag-ia Js!
dic 48 aa

<
)

i

pal
s

-

i iy S dag Y
glas

e

a‘_{)‘ '.J .:r,. y
aal Ale (e cipall dgial) @

Laal

gl diall
O GadAil ey e
FRETICIY 4

(@
.

3

Lugie
Az (3

-

&

]

I

Fkkk

(S 5ua

.95% 4&f

87



................ Cnmssalypandls O5sbE S5h aaail Bl Jag ) - Lall —lle —p Lk — daaa

Optimal Extraction solvent pH s JiaY) paMAIN Jglaa pH

1 0.10,1.00pm 3-S15 cssadodly Cpshl 5% rn Ayl Jflae iy Lo
Clely 2y s ot aly el (e psi gl e Ll 1A zlan aal el
Tacus pH e 8 5 g il (DIAE ) 8 Rkt Al S8 Al A L)
Il Coned ALl Slely Y1 Coydis MollvaineEDTA alii &l (adlas ) (s
(4) Oal 8 zad) sl i (e i) Cpsalyndly cssil 5805

il (ALY itk pH dara A Al s3a 8 sl (e ki
oy 8 s Connalndls sl S deniis S SIRA jy el pre Ll
Ao asigia Jas (a8 pHI58 Jlse e Ciman (g5 B8 4 (i aen
ol Ja s (pH:28-35 Jlae (ain manll BLu V) 8 Syl a g laji ol
el il 5010, 1.0ppm (ssspaal Syl (S5l g lasiad A o uiie
11% 00 S (gsie s (g)luma iy (pPH:2.2-2.6) (ol
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2017 . s amdi . (33) alaal

s Aalad) o glall

G daaly Ao

£ iad dpud augia & Mcllvaine -EDTA (abAIN) e

o) aad clie Ga Cnugall (S5

0.10ppm &5 bl 1.0ppm sl 0.10ppm Gaauzal izl L.Oppm Gsesal aadl
(1) 4 (2)" Lt (1) 4l (2)" L (1) 4 (2)" S (1) & (2) Ll
AR (il 358 5 B s | oIl (il 558 5 B e | ool (ol 38 5 g | il Gl 3567 g
(Conc "+ RSD%) (Conc "+ RSD%) (Conc "+ RSD%) (Conc "+ RSD%)
T [ omal e A T basia | oiall o A i rsia | (oall g i) 2o B g | (ol £ ¥ A B gin
(Rec%™) (Rec %™) (Rec %™ (Rec %)
X A+ X @ X +a@ o X A& s
X_‘XSD 7:”50 7+1xSD Y+1><.SD
n \/; n n
0.088+0.584 [ 0.089+0.607 [ 0.913=0.164 | 0.924+0.079 | 0.092+2.019 [0.092+1.033| 0.926:0.091 | 0.936+0.063
2 0.08940.596 0.919+0.122 0.092+1.526 0.93120.077
88.500 91.850 92.000 93.100

0.088:0.001 [ 0.0890.001

0.913:0.002 [ 0.9240.001

0.092+0.003 [0.092:0.002

0.92620.001 [ 0.936+0.001

22

0.089:0.836 | 0.090:0.498

0.9130.344 | 0.924x0.122

0.092+1.903 [0.0930.144

0.927+0.017 [ 0.937+0.149

0.090+0.667

0.919+0.233

0.093£1.024

0.932+0.083

90.000

91.900

92.500

93.200

0.089:£0.001 [ 0.090+0.001

0.913£0.004 [ 0.942+0.002

0.092:0.002 [0.093+0.001

0.927£0.001 [ 0.937:£0.003

0.089+0.692 [ 0.091+0.481

0.912:0.103 | 0.926+0.153

0.093+0.877 [0.094+0.468

0.926+0.070 | 0.936+0.210

0.090+0.587

0.919+0.128

0.094+0.673

0.931+0.140

90.000

91.900

93.500

93.100

0.089::0.001 [ 0.09120.001

0.0912+0.001] 0.926=0.003

0.093£0.001 [0.094+0.001

0.9260.001 [ 0.936+0.004

2.5

0.089::0.660 | 0.0910.176

0.912+0.040 | 0.925+0.080

0.0920.595 [0.0940.666

0.926+0.122 [ 0.934+0.576

0.090+0.418

0.919+0.060

0.093+0.631

0.930+0.349

90.000

91.900

93.000

93.000

0.089:+0.001 [ 0.09120.001

0.91240.001 [ 0.925+0.001

0.092+0.001 [0.094+0.001

0.926:+0.002 [ 0.934+0.010

0.089+0.582 [ 0.091+0.835

0.9120.040 [ 0.925:0.006

0.092+1.989 [0.094+0.108

0.925%0.177 | 0.93320.323

> 0.090+0.709 0.919+0.023 0.093+1.049 0.929:0.250

o 90.000 91.900 93.000 92.900
0.089:0.001 [ 0.0910.001 | 0.9120.001 [ 0.925+0.001 | 0.092%0.003 0.094=0.001] 0.925+0.002 | 0.933+0.006
0.088+0.597 | 0.089:0.240 | 0.893+0.067 | 0.899::0.582 | 0.090+0.653 [0.091£0.656] 0.912+0.778 | 0.9211.023

28 0.089:0.419 0.896x0.325 0.091:0.655 0.917+0.901

& 88.500 89.600 90.500 91.700

0.088+0.001 [ 0.0890.001

0.8930.001 | 0.899:0.010

0.09020.001 [0.0910.001

0.912+0.001 [ 0.921+0.017

0.087+0.744 | 0.087+1.492

0.875+0.077 | 0.898+0.127

0.089+0.846 [0.091%0.707

0.895+0.090 | 0.904+0.186

- 0.087+1.118 0.88740.102 0.090+0.777 0.900+0.138
87.000 88.650 90.000 89.950
0.087:0.001 [ 0.087£0.002 | 0.875+0.007 | 0.898+0.002 | 0.089:0.001 [0.09120.001 | 0.895+0.001 | 0.904£0.003
0.0830.555 [ 0.08420.471 [ 0.856+0.397 | 0.8840.499 | 0.0850.658 |0.087+0.238] 0.880+0.630 | 0.898+0.071
- 0.084£0.513 0.870+0.448 0.086+0.448 0.889+0.351
¢ 83.500 87.000 86.000 88.900
0.083+0.001 | 0.084+0.001 | 0.856+0.007 [ 0.884+0.008 | 0.085:0.001 [0.087+0.001 0.8800.011 | 0.898+0.003
0.068+1.110 ] 0.0670.502 [ 0.689+0.076 | 0.694+0.256 | 0.07820.591 [0.07720.521] 0.7910.148 | 0.809+0.080
i 0.068+0.806 0.692+0.166 0.078+0.556 0.800+0.114
67.500 69.200 77.500 80.000
0.068+0:001 | 0.0670.001 | 0.689:0.001 [ 0.694+0.003 | 0.078+0.001 [0.077+0.001] 0.791+0.002 [ 0.809+0.001
0.056+1.214 | 0.058+0.523 | 0.5730.213 | 0.580+0.143 | 0.057+2.616 |0.059:0.703] 0.584::1.062 | 0.602:£0.833
A7 0.0570.869 0.5770.178 0.058+1.660 0.593+0.948
i 57.000 57.700 58.000 59.300
0.056+0.001 [ 0.058+0.001 | 0.573+0.002 | 0.850+0.002 | 0.057:0.002 [0.0590.001] 0.5840.009 | 0.602+0.009
T R D R W A

pH G :(4)d g2

.3aalgll wch.ﬂ\ PJ oadia ) S dag N GSpall a8 Jaegia ¥
WMM\ume\@Jmchaeﬂuﬂaﬁyhuy**

&y pSa 4.’.3)\ dﬂJ Oiliioa cla.i ?ﬂ u.u.\c (S pall ‘LnJ.n.d\ ila‘).wn‘i\ 4..:“4 hugia (FX*
LA@.\:.JSSUAM\

.95% A% 5giua die AR s FFFF
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O Caliinal Goasabaadls bl S5h g sileg S (5) JSEN el
-pH:2.6, 4.5 xic Mcllvaine-EDTA uia zlsall aal cilie

AU o - -3
»- 2 |
i " | 0
i s | 1] o i
VAN . "
: i ot i 10l
D: ] 1l : 1
10-| 4 5
' A0 0
N- m. .
: 5 ; ¥
30~ 3 .
- T ————————t I"""']vv-v|
0 § 0 5 Ci 5 0 5 1
a:pH:2.6 b:pH:2.6 c:pH:4.5 d:pH:4.5

Cnmesalianal) iS5a (S 5igag S (D, d) «Caishlill @S ya el 5isag S (@, C) :(5)Jsdd)
pH:2.6, 4.54is daasiwall 0.10ppm
Determination of Optimal Extraction B RS EG el

o 08 Olple Mol laball e 55 ol e RS zlas pal Gl () ol
Aaje y) -Legia JS10.10, 1.0 ppm (53:85% Gplandl Cpabaaally sl S5a
30m / &iLia) e ellly (LSS0 Aapa zlaall and cilie (e Sl Gadlatal
OadAh ) 393y e Gt A pH:i2.6 e Mcllvain-EDTA =dai o) cud b yw
V) Al EAN Jalyall san) 35
oadkail dlee (5525 :(Extraction by Rotavapor) Jlsad) jaally adaiul .
Cre 30m (. Aslialy Aisall dusilae 3y Takal) iy 38°C Bya Aayd (o3 (Sl
(el apl Bae lsall AL LAl &l .Mellvain-EDTA padlaiu) cudh
desie) daliinal ALul) Aaall i el ay) bae i 8 ol 2y J&6 24
sball Jie Ay ccabiall shally A Gubla e @l sy 30 (i )
+Jilisa 5BM /o dpaldi 25 (ag (oAt &l Alila AL e
Al 235 :(Extraction by Magnetic Shake) (uslaliall g iy (adAEu) o
L€ Lay MCIVAIN-EDTA (i) cuds (e 30m £ o Galiivually dsilaial)



2017 . Js¥) asmdi . (33) alaal) . Lualal) aglall (3aiad daaly Alsa

A 8 Al Ji L clebs o)l 50 38°C Biha dapy 8 ewbline s dpas
S ALl llatl) e fadl elld any it che b gy e

Ll

o e

@AA—?

:(Extraction by Ultrasonic Bath) 4sisuall (35 z1sa¥l padiin) o

G358 )5 Mcllvain-EDTA GadAiu) Cude (e 30m £ o doaliivealls dusilaiall
830 30°C Aayall d Aigeall (348 7 lsaY L 353 Sl plea 8 Lgmunsy lld g ¢35 sl
Al Cle yadl GlId dy aaadl ede L oy 300 Al 3 Ja 25 el G
Al oda e Al gt (5) Jsaall mlagy . KA Al
(4 0.10, 1.0ppm - Caeasalpacally a3 sbll) ($5a £ Lo sins) Gaead Jansgia 1(5)J gand)
daial) QDAL ik 31y zlaal aal cilie

0.10ppm G2kl 1.0ppm Gajstd) 0.10ppm Gzl gz} 1.0ppmOzeasal )
Spbasia | jSibusia | JSihugia | Sfbugie | JSibage | SSGibagia | 5Sihugie | 5800 b e
G | @8 | Tad | @74 | U | @A | ()Tl | @) L
g [ OO Gyl 58 5 e | (Sl il 5 i | (il (il S i lngia | il Al (i) 38 58 Jane i
;’ (Conc "+ RSD%) (Conc "+ RSD%) (Conc "+ RSD%) (Conc "+ RSD%)
‘j tinl g ) o e 51 (pianl] i) A B ia] il U il A o e | (piall pla sl i b i
q (Rec%™) (Rec %) _(Rec %) _(Rec %)
)?i—l?.\lt R ;(—ii.?.x!\ i X +@ " X @
YiIXSD E{—itXSD /\7iIXSD ,?iIXSD
n n n n
. [0.090£0.615.09120.2760.916+0.260]0.922:0.085[ 0093+ 1.451[0.094+0.357[0.930+0.146]0.947+0.062
1, 0.091+0.446 0.9190.173 0.094+0.904 0.939+0.104
3 90.500 91.900 93.500 93.900
" [0.090£0.001.091+0.001]0.916+0.001]0.922+0.001{0.093+0.002 [ 0.094+:0.001]0.9304:0.001{0.9470.001
0.091+1.044.092+1.0980.927+0.104[0.939::0.912[ 0.093+0.368[0.094+0.712|0.932+0.368[0.949+0.649
.3 0.092+1.071 0.933+0.508 0.094+0.540 0.941+0.509
*‘)‘1‘ 91.500 93.300 93.500 94.100
0.091+0.001.092:£0.001/0.927+0.348]0.939+0.002 0.09320.001 | 0.094+0.002 | 0.932+£0.005]0.949+0.001
% 10.096+0.955D.097+0.4810.9741.123[0.988+0.953] 0.0970.826] 0.098+0.4840.998+0.975]1.012+1.010
3 0.097+0.718 0.981+1.038 0.098+0.655 1.005+0.993
.} 96.500 98.100 97.500 100.500
% [0.096+0.001D.097+0.001D.0974::0.010.988+0.001[0.097+0.001[0.098+0.001 0.998+:0.014] 1.012:0.002

Saalgll Aall ol aal GaMatol clSe sl Gyl 3858 Jaugia 1%

Lo S padliiun) S daf (39 Oilitinns gl pad (Al 5850 Jamagie ¥
@ Sa dayyl 3y (pilEins glad pad e Ge GSpall Aygiall £ laiul) dud Jaugia ¥FF

Lagia JSI Dl

(059 A% g gia die A an FERE

e IS g lagial Aas (331 (5) dsaad) (A Al dpddl i) e 0
Cjbﬁ dwy Mcllvain-EDTA adlaiuy) cuds e\A;:u.uLa Crmana) pranallg gy 5Ll ‘é_\S)jn
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iyl A3)aal Afisaall (358 7 15aY 0 930 e ales 8 (AN Ne 57% (o
=S g laiad s cla L) ¢ alalisall 0l SRl padlan )
90.50, 93.50% Lfsall A sally (AN aladind vie 0.10ppm Cpressal pandls (331U
96.50, Juadl milns cilals cpa ¢ Jsil) e 9150, 93.50% halinal) )5
alaaiuly (e e gl e 0.10ppm Gasselyanadls G25sbl) S 5A) 97.500%
eda AL LAY G 8 Aia) 520 DA Aigaall (35815l 3550 Gle ples
Mcllvain- cuier Craliiival) Guoalpandls G0y sl S5h Glalje silag S (6) JLa)
G5 715Vl 353 Ale alea alasiuly pHi2.6 e zlaall aal Gilie (1< EDTA

Ak gaal

mALF—|
LA |HU_—
20| !
102 4216 102
o— 3
= ‘5 - 7.015

107 o
E 62
20 =
430"'5 -

5| T S ; g 5 T T T T

C 5 C 5 10

a b

1432l 0.10PPM (i) 52 28 35058 (D) <Crisbli) Sa pl sisast (a) 1(6)J
Agigal) 35 glsa¥) alaa
LA g Aapaad) Jilagll o Afisaal) (358 7 15Y L ag3all Jlal aleall 2a
B g layil A 4sladinl (e 3 ¢lgmen ARl A8DAN las 855805l
S Dlgiads cgadainl) dglee Sy AU cadgll 8 Jhna) cula ) cclalall
eadidl) ALl M gally ciluydal
solid-phase extraction tqlall shlly adaiuy)
glsd ol daa B 55 (Laias Lpnpda) AlesS dlse 3 e aledall (55iny
(e S dgaany afialy cdabiaily Ay A0S Ahka ) laaaas 8 )53l sda
Al sl s Blal yoaliall s3a )35 )5 .[18] pg, ng, pg, mg i
paid 28l 2138 e (e Ledial Aty (i) el & Ll Callaly Laa ¢lgus

Jre o laaly Laladin) dadiyal) LglSs oo SPE calall hally (adlanial) (ihalya
Al Al piah LS (i) cilaiid) Glaliioe e bl 4,
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2017 . Js¥) asmdi . (33) alaal) . Lualal) aglall (3aiad daaly Alsa

SO Sh e IS claliall G g5 ol e LA zlas pal clie ) gl
GlehaY) e ALl Jabyall Caadily €0.10, 1.0ppm (53855 bl el
Sihh A (e Ao gene Al 02 a b crardil odel 5)S3 d) Tl ALl
Oasis HLB, C18, LC- «\Slis ¢ Jpusnysld (adaha (i SPE alall jshally adlannd)
Liplie Lay paiisall dganll 8 LginaSs Alall saldl) £53 dgal Lin e e s «NH,
G 4ty adie aay Gilalyal) ol e Adishyn JS Ledi cuSyall g lagind Bos
iaY 4 geasall Jalyal)

8 Anlagally Ayl o3 deasindl) bl ekl GadAt) ilaha cudadh
Gy Dledll g oyia bl AU ele 2m ) Leadiy Jilise 2m 0 o< (6) Jsaal)
ekl At WY il A e Adishya JS ea Mcllvain-EDTA ) Aada
Adsh)a e lall LAl e Crmsabanadly Gy (S50 Sliiel Ay liall
Dbl 5L 6 La 2mils dgenll o Lelant aay Lipall Jusith cdadiiusdll (adlain)
Lishd (e el ay aSal) (ale) ([19] diall B AL AI) Ay 35l g i
rgsae S A e e ] @il (Jslisally aDlanul)

) Cpesalpandly 03l AT ¢ i B Jasie Juadl (6) Jsaall el
@il Jaall il (e g e aliall shally (SRR (el (e (a5 )3e g8 JS
) 058 G o e el e LC-NH, 5 msppslill o JS 528 o0
A Tanigiay Al 73% e J8T g lagind Fes B Ysdie GLAW o (Sl
0.10, Crmmusal il (1521 92,50, 94.80% 5 (333sLill (aS 341 93.50, 95.80 % & L jiws)
C18(500mg, 5m/ lall ghally (Al Adshya sladiuly gl e 1.0ppm
96.50, & lajind Ao Tavsgiag ¢ salac] 3 1.50% (e S8 (g5i0 oansi (g)lme alaily)
e 0.10, 1.0ppm (presselyund) (1S540 97,50, 100.40% 5 (hsblil) iS4l 100.10%
Oasis HLB(500mg, 5m/{y) luall jshally (adaiuyl dbsha slaainly Ml
sydia e Ll aae Laf Jaad L kel 0581206 (o Jif (550 s (g)lime il
oA A Jaugie (o8 Oasis HLB 5 C18 cbliall jshlly adlanu) ilala
s 1.0ppm Sl die 196 Helam Y A V)
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0.10ppm (5 1.0ppm (ujsltadd 0.10ppm yseazalyzand) 1.0ppm Gseasalppal)
y Fibugia el jeihend HSibasie | GSihasie | GSShasie Rian cn ] S basie | 585 bugis
i (1) "G ®° MG | @ G | ()G @" M)'Gad | (2) L
. O (piial) 585 bugla | Ol Gl S5 buagia | Ol Giial S5 baugia | (il Culial 555 buagie
("+RSD%Conc) (“+RSD% Conc) (“+RSD% Conc) (“+RSD% Conc)
w Ol o) L i | bl ploiu) A buagia | il o) i ouagia | ol gl o g
m () (%" Rec) (%" Rec) (%" Rec)
X ta@n " X ta@ u"" X i) " X ta@ u""
= 1 x8D — 1 xSD — 1 x .t x8D
Xem Felim s Jw.b Ve
Florisil
(100mg, 1m/)
LC-NH,
(100mg, 1m/)
0.068£0.632 [ 0.069:0.484 | 0.708+0.155 | 0.719£0.423 | 0.070=1.106 | 0.072:0.968 | 0.717£0.077 | 0.72420.410
Silica 0.069:0.558 0.714£0212 0.0711.037 0.721:0.244
(500mg, 3ml) 68.500 71.400 71.000 72.100
0.068:0.001 | 0.069:0.001 | 0.708+0.002 [ 0.719:0.003 | 0.071£0.001 | 0.072:0.001 | 0.717£0.001 | 0.72420.002
0.093:0.728 | 0.0920.775 | 0.951+0.190 | 0.9640.384 | 0.093£0.306 | 0.09320.666 | 0.942£0.373 | 0.957:0.576
. %_m% - 0.093+0.752 0.958+0.282 0.093:0.486 0.9500.349
° 92.500 95.800 93.000 95.000
0.093£0.001 [ 0.092:0.001 | 0.951:0.003 [ 0.964:0.001 | 0.093£0.0003 | 0.094£0.001 | 0.9420.005 | 0.957:0.010
0.093:0.661 | 0.094+0.731 | 0.951:0253 | 0.96420.506 | 0.092%1.757 | 0.093:0.418 | 0.945:0.189 | 0.951:0.223
c18 0.0940.696 0.958+0.023 0.093+1.088 0.948+0.206
(500mg, Smi) 93.500 95.800 92.500 94.800
0.093+0.001 [ 0.094x0.001 | 0.951:0.003 [ 0.964:0.001 | 0.092£0.002 | 0.093:0.001 | 0.945:0.003 | 0.951+0.004
Oasis HLB 0.095:0.676 | 0.096:0.731 | 0.993=1.188 | 0.994:0.582 | 0.097:1.706 | 0.098:0.656 | 1.005:0.653 | 1.017+0.823
(100mg. 1mi) 0.096=0.704 0.994+0.885 0.098+1.181 1.011+0.738
+ 95.500 99.400 97.500 101.100
Carboxylic acid [ 0.095:0.001 [ 0.096:0.001 | 0.993+0.016 [ 0.899:0.010 | 0.097:0.002 [ 0.098£0.001 | 1.005£0.009 | 1.017:0.004
Oasis HLB 0.096+0.955 [ 0.097+0.492 | 0.994x1.123 | 1.008+1.227 | 0.097:0.826 | 0.098+0.747 | 0.998+0.975 | 1.009:0.986
(500mg. Sml) 0.097:0.724 1.0011.175 0.098+0.787 1.004+0.981
+ 96.500 100.100 97.500 100.400

Carboxylic acid

0.096:0.001 [ 0.097+0.001

0.09120.015 [ 1.008+0.002

0.097:0.001 [ 0.098+0.002

0.998:0.014 | 1.009:0.001
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.Oasis HLB (500mg.5m /) oediiu) Ldghjd o

0.10ppm g sk 1.0ppm ¢yt 0.10ppm el pand 1.0ppm ipmasalpd)
ik [liah ibagd Sbasia | SSkasia | GSSkugie [ o] SO buia | 55 bugia
m (1) 2} M | @& | )i Q" || 9w
: ALY ial 385 buagle | D (il 35 buagia | Ol (il 365 buagia | liasd) (il i buagia
(“£RSD%Conc) (“+RSD%Conc ) (“£RSD% Conc) ("+RSD% Conc)
M Ol Bl A s | ol ) g b | il ply ) gl | 3 ) i i
M (%" Rec) (%" Rec) (%" Rec) (%" Rec)
X tan" Xt u"" Xt X ta@ "
.t x8D =t xSD = 1 x8§D —. 1 x8D
Tep Felim ;flsh_ul Fem
Florisil
(100mg, 1m/)
LC-NH,
(100mg, 1ml)
0.068:0.632 | 0.069:0.484 | 0.708:0.155 [ 0.719:0423 | 0.070<1.106 | 0.072:0.968 | 0.71720077 | 0.124£0.410
Silica 0.069:0.558 07140212 0.071:1.037 0.721:0.244
(500mg, 3mi) 68.500 71400 71000 72100
0.068:0.001_| 0.069:0.001 | 0.708£0.002 | 0.719:0.003 [ 0.07120.001 | 0.0720.001 | 0.717:0.001 | 0.72420.002
0.093:0.128 | 0.092:0.775 | 0951+0.190 | 0.964:0.384 | 0.093:0306 | 0.093:0.666 | 0.942:0373 | 0957:0.576
y smm i) 0.093:0.752 0.958:0.282 0.093:0.486 0.950:0.349
J 92,500 95.800 93.000 95.000
0.0930.001_] 0.092:0.001 [ 0.951:0.003 [ 0.964£0.001 [ 0.0930.0003 | 0.09420.001 | 0.9420.005 | 0.957:0.010
0.093£0.661_| 0.09420.731 [ 0.951:0.253 | 0.964£0.506 [ 0.092:1.757 | 0.09320418 | 0.945:0.189 | 0.951£0.223
ci8 0.0940.696 0.958:0.023 0.093:1.088 0.948:0.206
(500mg, Smi) 93.500 95.800 92.500 94.800
0.093:0.001_| 0.094:0.001 | 0.951:0.003 [ 0.964:0.001 | 0.092:0.002 [ 0.0930.001 | 0.945£0.003 [ 0.95120.004
OasisHLB | 0.095:0.676 | 0.096:0.731 | 09931188 [ 0.994:0.582 | 0.097:1.706 | 0.098:0.656 | 100520653 | 1.017:0.823
(100mg. 1mi) 0.096:0.704 0.994:0.885 0.098=1.181 1.01120.738
+ 95.500 99.400 97,500 101.100
Carboxylic acid | 0,095:0.001 | 0.096:0.001 | 099320016 | 0.899:0.010 | 0.097:0.002 | 0.098:0.001 | 1.005£0.009 | 1.01720.004
Oasis HLB | 0.096:0.955 | 0.097:0492 | 09941123 | 100821227 [ 0.097:0826 | 0.098:0.747 | 0.998:0.975 | 1.009:0986
(500mg, 5mi) 0.097:0.724 10011175 0.098:0.787 100420981
+ 96.500 100.100 97.500 100.400
Carboxylicacid | 0,096:0.001 [ 0.097:0.001 [0.0912:0.015] 1.008:0.002 [ 0.097:0.001 | 0.09820.002 | 0.9980.014 | 1.009:0.001
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Reproducibility and Selectivity of the Method : Lgauilati)g A8y yhal) 4, )85

Sm (ALY ) Al o ) (35 Ayl Al Al Al el
& Aaally bl o3 gl Glea s Al zlaall aal Qe e Cpuaahaally G250
Gliball e A #las aal Glie U.A(JJSA) uquM aaly ey §(7 )JS_..'".J\
s S5l )le slae (e 0.10ppM Leie JS () Cilal 12,09 Leie IS (3
@llig ¢(pH:2.6) e Mcllvain-EDTA (=Blaiul) cudh (ra 30m{ ae Gpeasalanalls
Badiadll cpadall A1 8 saals 488 sae dilaally Lalally adall Glilee aa el
Cauai 52 30°C Al die Afigaall (38 715Vl e JSI padlATLWY) il ey
Ay Al ADA) 3 e L oy B Adiie 8 Ae JS AadA Jd el
adaiidl) Oasis HLB (500mg, 5m /) cball jshlly jaMaiul) Gl 8 leandi
ighin Jsh cligl) o5 a Ty baie 2la 2mf Lgashy Jsiliie 2m () Akl usy
LSsh pala 2 (g Bl 3ls s LS Tyhia 2la 2mf o bl jshally (adlas )
el i Jsilie 3.5m (o GadlaiuN) Adishd (e el sl (5L
all Qlay 25 e ¥ Jle e L Cadats 0.45pm medip il alads Ll dasll)
Lish \HPLC-DAD jlea (o8 dulaill iala @13 nay Gisall maaal Jilie Im (8
HPLC-DAD 4l (385 lebiai oa ) -20°C 8ylpa dayn 8 saenall & cilisl)

el aal die Auilass ak -1

2g gladll pal Ae 0139 gyl b She e e dslaal 1m £ ddln) -2
o - .0.10, 1.0ppm S5
@ Jstae Ll UadALY) i e 30m L pe Dpaladl palll dne (uilas -3

. 3aaly 448) 300 Mcllvain-EDTA

@\ G gl Re U9 GaNAIN) gl el -1
485+ adladia) > die JS s Jif 4ol Ciual 530 30°C daall ie
e lu gy 50 Al 3
/ HPLC-DAD[17] \ Cibba 8 Leaads e daslll LN 82

+ Rnax sp=232NM, Ay 1y=280nm dnsall Jsba @ Oasis HLB (500mg, Smcalall jshll jadaiuy)

Flow:Im £ /min Gl « loal hlly GaNATN Atslyd Jush izl £)
.C8(250 x4.6mm, i.d., Spm) 3hesisa Sl ganll Lokl A5 L 2m f g
40°C il s)ha Aagy o . e ekl swkel e L3

sy, ) e Usha Ge Omasbadly  G0sY Sy pale

Jelie 3. oo Ay
A[Na,HPO(0.04M)pH:2.4/ACN(80:20v/V))/B K—] Jslise 3.5m £ o padaiy

o8l panldll 41 38y (ACN; 0.45um s B alasiuly dasll) DAl a4

lebsiad Sy Jpiia 1m £ olll sy alil) @il ol

20u] Aigindl Adall s ‘ K S e o JL'-”/

Lal) jpnt Jalha 1(7) Je&
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2017 . Js¥) asmdi . (33) alaal) . Lualal) aglall (3aiad daaly Alsa

Lagiifis Cpumalyuadly Cysbilal) (Sn padlaiwl 4S5 (8) Jsaall poasy
Dl 3dy L) Juasill 25 Al Bl dllasl) Jog 18l (385 0.10ppm 3855 Legluad
.HPLC-DAD

Se g lafia Ay Al Jaugia o (8) ISy (8) Jsia il (pe Jaa]
A el Lo gyl aldic b Ay paall zlaadl aad Glie G Grabaadls GsLLAl
3% (o i gsie st golime ilaily 97.0429%, 97.629% Andyall s3a L) Cilass

glaall aaldie 20 8 Cpaalpandly G2yslilall S50 20a0 S0 il iy
@Iy lasliy (HPLC-DAD 45& (385 apaaill b saiedl) Biall dldasl) Jo g 800 4l
Saall gl i) A Jasgie PlA (g

0.10ppm Cpeaalanally ¢ sblil (S3a (DAl 4Byl Ay ))S3 a8 1(8) g2a))

Mayaaty lghady Lgiliig zlas pal dle 20 (1

0.10ppm (bt

[ 1 2 3 4 5 6 1 8 9 10 11 12 3 14 15 16 17 18 19 20

*30 | 0095 | 0.096 | 0099 | 0.095 | 0.095 | 0.097 | 0.098 | 0.095 | 0.096 | 0.09% | 0.095 | 0.097 | 0.094 | 009 | 0.106 | 0.099 | 0.099 | 0.096 | 0.097 | 0.101

el | 948 | 9869 | 9450 | 9631 | 95.18 | 9733 | 97.73 | 9461 | 9620 | 9611 | 9465 | 97.05 | 9387 | 9563 | 10579 | 9929 | 9857 | 9650 | 9695 | 10109

Conc =0.097**

Rec £ RSD%=97.0424** £278

0.10ppm Gaplyndd

30 | 0098 | 0098 | 0.098 | 010 | 0.093 | 010 | 0.10 | 0.098 | 0.098 | 0.097 | 0.098 | 0.096 | 0.09 | 0.10 | 0.098 | 0.095 | 0.097 | 0.09 | 0.098 | 0.097

9289 | 9982 | 9970 | 98.14 | 97.77 | 9733 | 9878 | 95.76 | 98.75 | 9951 | 9791 | 94.64 | 97.03 | 9649 | 980 | 97.07

e | g1 | o194 | rn | 2

Cone =0.098%*

Rec £ RSD%=97.629*** £ 1.769

Saalgl) Lall zlaal) and cpe il S Aoy el 558 Jaagia 1%
s glad pad Aie Gy b S Bagia %
Al glad aal A Gupde (B iSpall s dygtall Ll Jaigia :¥**

b3 zlay e mie (A Chbiall )33 Sy o i) apaatl) #Las oty
DU Ana)l saall 52l i 31 eulaill Slady 4P (il sadiadll (2dALY)
o bl 4 gl 8 st e o) A 8 Ll AL Clelya) SLasy
s lyal JlS Slai) 8yg i Al s el yg ([19] Aubdal) A8kl Ayl
O el (Sl Gaplas padlainl (Jodfi ilas (gad) Al jiaas
c3al5 a5 3 HPLC- DAD 4l (385 oSl amilly (30ainall Jusl) Liigha 2
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pal Glie (140.10ppm Crmmasal saad) 3 (3 SLE (S 0 £l sl dopau

A gl zlaal
110
100 k—__.g‘A — _| - e
-— ‘w *'_W‘N N
90
80

1 2 3 45 6 7 8 9 10111213 14 1516 17 18 19 20

==ty sp

(4 0.10ppM Ceasalpsacally (a3 shY (Sa £ Lo dygiall dpudll bacugia Cp Jabeda 2(8) sl
Ayl zladl) aal clie
Clehay) alaie s Luball sda (385 =lad pal il i jumaad Cleha) il
OSpmall il AadY gl e lie b Lagal) il cdad (ie L A8l dbda))
HPLC-DAD 4il& (385 4ailil) culadlall b (s s paall
Conclusions and Recommendations Glua gilly claliiiuy)
Sye g lasind 3 Mellvain -EDTA (=Daiuy) e pH Ll )y aie Jaal
Ol (pSall & Lo il s o Ll = laall aad cilie (e Cpnalpadly (5400
PH22-2.6 die zladll aal ilie
igpall B8 zlsaVL 3550 e ales aladin) die g la i) A agie Jads v/
el Slne e Grnabanadls G shLN (oS ya & byl A Caagl) 3) B il
0.1ppm 355l 1.09% Cre S8 g5ie ot (g)lira Cilpaily 9650, 97.50% sl
.1.0ppm Sl 1.1% o i (gsie s 5)lma il 98.10, 100.50%
Oasis 5 C18 caluall shlly (ALY Jishha b sgdal)l 4 53l aae sl v
oA A Langia 4 HLB
oadAi Y A Sshd e gyl Grahndls G2l LaSya pltiag v
laganladl Jsilie 3.5m/ s)laia Laaa Oasis HLB (500mg, 5m ()
e Jecadl st Oasis HLB cabeall jehally (oMt Gaulalya candl v/
(@AY GRllAlL AEAL Wl o ey Gusbal S)a
aal de 20 8 0.10ppm  Greasabasally (3L (S50 aaas 4S5 il o v
Lalls ¢HPLC-DAD 4l (385 apaaill 8 sadiadll dllail) Loy il A4l - Laal
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il lsad) Linall cold A8 el 3 cpoliall o 30 auay
(8 anill) Zghall jlie b Sleiall
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b ot U Libulat (g cod ity A5 (G assalyually (sl gala
Slerdind pbaall (s sS Aaliaal Al Lelatiay dulgal) duall culul<)
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