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una 1 unun

1.1 anudunuazanuddgussdeym

nsldndnfusiayulnsuazndnsusiasuemnduiitounar ldsumsonsuiunniulutiag i
Tnesinsnunldluguiuusing q fludnsagnsléiduniesiumms ndnsusiaduomsiiiogunin ms
Tduedesdhensunuarouiameayulng Tuaudmslfiieusslesinen nsiindesusinadlasu
arwioniiniuogisioiies  ordunauanftugruanudedindesusiildannsssueadany
Uaendy saurtnszuanuaulalunisunmdmadenuazanuinnannsldenuiiogtudainidy
asedduangivssianns 0  msldndndariayulnsuasndndusiaiue1msdenainssuuaas
ontevEndsuanennnslfmaniuasnatnafssdionaifntuld

Mnnszuanuioudangnn Ioilinaianansariayulnsuagndnsasiauemnsdadunaiaid
yarwaznsudeduge’  duanunssedefinisdnasutudasusiunuiiagtuadlunda el vinlid
JsAvsnmidulunuasnealdfity waransnsotioduseansdmine  fd1uandsisaunsany
nsUasutugunuiagtunguing 4 adundsfusiayulnsuasnandsiieiuensifiequam Wy o1
FIUNITONLEY BIAAAIUTIU BIATUNIITREDUANTIANINYNALNA LLasawaaﬂqwédaamﬂizaww D™
Tngluszmelng nsUulasugifissnunuinniigafe msvulasuasafiosesd Tususulusa”™
uenanilugaslfiusndadinismsanunisdnasuldenanarudiuleynsniiu (sbutramine)  aslu
wanfusiaiuommatiionisauauimiin’ nsuulasusunutagiiuadlusdn Susiayulnsuasnan S
iesuensvinliguslnaldsualaglinsuieyauaslilseglunisquaresunnd devinlmAnuadrudes
#19 9 ware1aiidunsesuusaidin Suduriavessn Vinuefilésu wargunimuesuslng

nMsnnneTgimeasuuulundnsausiayulnsuasndnsusiaiuemsdedinuddnuitoli
wlaiguilnaldsunanfusifiinuamuazunanmsuuasy  luuszinalne quéineraians
MIumg NsENTRassaugy Wunhsnurdnlunsdndunudseeunutagtudulaetlundnsioe
ayulwsuagndnsasiauewnaiiogunmsalufeusulunu Wneislengiiinsnunsld b
Biwead dusuiuldlunisesiaminisvudasuveseiwnudagiu laud wneusilou
(dexamethasone) wsnaillelau (prednisolone) lnogduly (diazepam) Alatanleu
(phenylbutazone) waz AaeLNdis iy (chlorpheniramine) uonaniidadisnesunisldislag
nnsflvesvadaussaurgas (HPLO) uazdslasuninnsflvenaiaussaugguionniunsiiasizvivin
waluanavesans (LCMS/MS) Tumsnsniesiesinnsulasueunutiogiungueng 4 liidauas
Ui’ dmsuisatisenumsianldnsieiinsgsimleynsdulundn fusianulnsuay
wanFeilase s THuA 389uead’ 38 HPLC " uay s LC-MS/MS’

og13lsAnu WS HPLC uasds Le-MS/MS  Afsnsaunmstanldlumsiwsgilaynsily
HandaESIe M sitefenulgwaransadlaTeme lavangvialuiiaifediu waglds LC-
Ms/MS aanansoldlaflunsdiiansliwonoonaindu’ uiisdanandniudesendeiniasiionauns i
Aldaegddunsiigsquasnu llaunsademlsluesufjiRnisily uazdsdesendeguiiRvsinngg
gy ueneniuds leseinudnsudiasue s dundnsusiilaansssuwndn
ssfUszneumaaiiivannvats Sannld3s HPLC %3038 LeMs/MS  Fesudlahifituneunisisien
Hegrsiineiiotdesiunisgadurediniuazsuniunsiieneh luvaefinigliitiuead fdelduTeu
fo JuBflidedldindostionaung vildie aznin s Sumeunsdeudoedlgeenn
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msldfueaddenaduisifdenldlunisiinsesinsiudasuvessunutagtulundnSasiasulng
uazsAnfusiaiuovnaiequniw esnndlednisldanngnmsengiildfumsiauegamngay
JzanIanTITNUANINguANe 9 Ieegretaay  fineadduluisnieuarazain annsainngidiedis
$rununnldluasifieaty alddeuasanufudesesiviazaneildilutnmawndoud (mobile
phase) ditasndIn1s1438 HPLC uenanifafinUszgndliisiueatlunsinsesiandeuiun
Tnefssanufsnisiaunmaiansiieneiidaninegsitesmivisiueatlunsinsgiaindsi
Uinamazideiina " faduisiliesenduiniosdienaundlunmsiesesimuTunam suuisui
weadidloiauiunislaisiueadinudlawed (TLC-densitometry)

agalsinny wiidseanunisldisiueadlunisasramanslaynsfiuluiiogwdnsdue uwiisnd

senuegiullliinUszgndldlunsinsgidasma’ s R vedlaynsdufivsingdandi
1nd 1 Fatdasen Rf vpsansfimnzanesoglutng 0208 ueninieinvesiueatifldidunuusia
HPTLC Safisanganniflerisuiunisliusiuiineaduuuiily
msibiRjatunsiauisnsesnahelunmssienesiseaaudulsynaivluEnsus
iduesLilogun N Lﬁaqmﬂmﬁmﬁmeﬁm‘%ummﬂmaLawwzLﬁ'amimmmfmﬂfﬂL{‘Jwﬁﬂumamﬁmeﬁﬁ
FSuauiieugs winduilerumsnsranunsuudasudedinadrlunansasivedintulutiagtu
Taemniinsuslaandafasifiinnsvulasuleynniudunaniueansliinsunnesoguilaald
uon9nd ilesaniiiiuandsliinefienuietunsliisiueadsmtumslilusunadinseinimly
nsnsauazUIaeseanamslsyiulundndusiadue s 3BnsieseideUiinais
enuiindesofoiedosdionauns ldngdmiuies fifinsuadn dedu Teaasfiaziinng
fimunAinseiidanudie azan gndes usludr Wediold uazldgunsalfifisianlsiunsdn ilelannsa
ihllflumansaeuldossmniludesiu wardamunsmilussgnddlunudunsosusinaiold
Tunsiinseiiiogedwiuinniinnainnisdunsia Brvandlisouaslsdeyaiduuszlovidonis
avvdeunMsUulasnsunudaulundnfasiaue v aiioguamiisminsegluiesmanslulszine
Tneld
1.2 IngUszadnvadlasans
1. ieimuiBlenesilumnsauariinnsiusinuelsynaiiudeislasninn v
(Muead) Inganfumaliadenin
2. \ieusnduiFieneilasumetanniy
et EifautunUszgndldlunisasndinsginisuudaonsleynaiiulunnfusies
819113
1.3 YaULUAYAINITANEN
1. NsWmunIsIATIe (Method development) lunsasiauasdiaszvivsunaelaynsiiuie
Wiueatlagedeinaladenin
11 msiananzvesisiueadivenzaslunisiigatiiondnuaiveeilaynsii
12 meiauiEiueatiionsmnalinsziidsUina nsendomadaann
2. meUszduisinesildsunsiann (Method validation)
msUszgndldiBAlEsunsfanfulunsesTinsgieleynailuiiogiman s
819113
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2.1 saniuaziag wisslauazgunsal
2.1.1 asiadiuazian

arsumsgiuteynsniiu lalasaaslsd (sibutramine hydrochloride, SH)
(nsuAvermaninisunng) uazansduameisy 1 Meeiissnunmslififonuauinin Tdud mumes
ilu (phentermine) luys1diu (fenfuramine) Uag WsSWALLNMNEY (methamphetamine) lAsuAIY
oyATIZHIINAUSINEIMansnsuImMEn 3 vay3 nanfasiiauens $uu 20 fegis (U3EMENER
fefi) Forniudumsassmusaiatin nsBuwoSuAkAE uYIEEN Tneiuni1sdondn Sl
iduemsuiondnfusiasulnsiidasimauamiminiasameilifnsdounndinauenssuns
9IMNMTUALY

Fihazanennafiniliidu analytical grade 1ngaasazanglfidulalasufy (microcaps) 1un
2 lulasans (Drummond Scientific Co.) wiuikaad laun 1. wku silica gel 60 Fysq TLC wilnazaiiiiley
wagwaadn (Merck) 2. uiu silica gel 60 Fusq HPTLC wilnozailitley (Merck) Wag 3. whu Al,O5 TLC

wilnozgililuy (Merck)

2.1.2 \pFasilouazgunsal

\n3osmeuasdansililonn (CAMAG UV-cabinet 1) m%ﬂﬁ;mmiasmmﬁEJEJ"NuuLLN'uﬁLLaa‘%
Nanomat 4 (Camag) Lﬂ%‘adﬁjuLLNuﬁu Immersione device (Camag) 1a3aunudlafiwes (densitometer)
CAMAG TLC scanner Il with CAMAG CATS 3.1 software (Camag) Lﬂ%‘lmﬂamﬁamaﬁu HP Intel
Pentium 1400 MHz 1.40 GHz 248 MB (Compagq) LmaﬁmiﬁgmﬂLﬂﬁauﬁ(Camag) NABIAIYAIN
A3noaju 960 IXY (Cannon) uar LA3osALALIUBIIU SCAN Jet 3500C (Hewlett Packard) Wag
TUsunsu Sorbfil TLC Videodensitometer (Sorbpolymer)

22  msfnwidestuiewaunishinneilsynniudabuudsivend
221  Spmensiiuazignandoui

vinvosigniaasiiildlunisdnmi 16ud uiuiueadsinesgiidounarsianarafiniadoude
silica gel 60 Fus WHW HPTLC vllmewaiiilluuiafiounie silica gel 60 Fus Wa wufuoadyiln
avaliilluuiafauig ALO; Fpanandeudiviinin 4 Wudaanddumsed 2.1
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M13197 2.1 vliavesignansiiuazignandeuniltlunmsdnyilewu

1n1ARIY ARG

TLC Si 60 Fysyq Toluene-MeOH (9 mL:1 mL)

Toluene-acetone (9 mL:1 mL)

Toluene-MeOH (15 mL:1 mL)
Toluene-acetone-diethylamine (9 mL:1 mL:2 %ein)
Toluene-MeOH-diethylamine (10 mL:0.5 mL:2 #gn)
Toluene-MeOH (10 mL:0.25 mL)
Toluene-MeOH-diethylamine (10 mL:0.25 mL:25 pl)
Toluene-MeOH-diethylamine (10 mL:0.25 mL:50 plL)
Toluene-diethylamine (10 mL:0.25 mL)
10.Cyclohexane-diethylamine (9 mL:1 mL)

Y oo N o RN

11.n-Hexane-diethylamine (10 mL:0.5 mL)
12.Cyclohexane-diethylamine (10 mL:0.25 mL)
13.n-Hexane-diethylamine (12 mL:0.2 mL)
14.n-Hexane-MeOH-diethylamine (10 mL:0.025 mL:0.125 mL)
15.n-Hexane-MeOH-diethylamine (10 mL:0.025 mL:0.2 mL)
16.Toluene-hexane-diethylamine (10 mL:2 mL:0.2 mL)
17.Toluene-hexane-diethylamine (8 mL:2 mL:0.35 mL)

18.Toluene-hexane-diethylamine (9 mL:1 mL:0.3 mL)

HPTLC Si 60 Fysq 1. Toluene-MeOH-diethylamine (10 mL:0.25 mL:50 uL)

TLC ALO; 1. Toluene-diethylamine (10 mL:0.25 mL)
2. n-Hexane-diethylamine (10 mL:0.25 mL)

naewng faeg1slunisnwilessuldnseiiussglu sibutramine HCL capsule 91131 15 mg azanalu MeOH
13U 3 mL uaggnasazateiiegenitay 4 UL

222  FBnsyeans Bmsesaadakazmsiiudeyanin

lunmsfnwidesiu Bnsaeansvhmanaseulaensligaarndu (spot) wieunu (band) Kae
duwuin 2 war 5 pl dmuiinimseteaslunsdinsudosiurnismaaeulnonisgaielias
Fangihloandianuenaau 254 nm wagmsawsevieguseansazats Dragendorff Msifiudeyaniw
yhmsnwlaemsaeamaeliuassansihlowedimnuenadu 256 nm wagmsawnuiudeya

223  msAneniiemdsanadutuiifinuduiusidady

A1302a183ANTUATEIU SH WnTeufinnuidudu 0.5 me/mL Tuiwsuea 270 stock solution
fimandudiu 5 mg/mL dangaansdiuiu 2, 4, 6, 8, 10 wag 12 plL lasldidulilasuAvaun 2 pL as
vuuiuoadviananafinndeusie silica sel 60 Fysq Wnagaduuauawin 0.5 cm usasuaumiaiy 1
cm W99INYeUEAN 1.2 cm uazveuiisegsies 1.5 cm lagnisldiaies Nanomat 4 %elunisen
asaranediegng Mntuinhusiufigeansudildadumediuin 10 x 20 cm  fiigniaedeud
toluene-hexane-diethylamine (9:1:0.3) USunad 41.2 mL lnefisgazymslunsnaiiukwyinny 7.0 cm
uwufiimuas sV menidsnalsemaiadunnuasnsldiasonnuilafmesnoly
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224  Fwanendalsuuiieitiveadlasmatiaguninuaziaudlawns

Feneidaiinamneisieadlaomaiaidanm silasnsiiuteyaniniineadiinnaia
udwazquasluansazans Dragendorff Inonsldia3esguusiugy Immersione device (Camag) #ae
Arand1 1 mm/sec uagdisliifunan 6 it et linausiunieldgaaatudung 5
wift uendielididiutatu Adf 15 wit meldgaaatunoutiilvawnufvtoganmlasnisawnude
woauanuiLes Tugu JPEG file inTuasiBen (resolution) 200 9ndudwidoyaninauin 10 x 10
cm %38 10 x 20 cm fiAnAuaziden (resolution) 40 pixels/cm nUszifiunalagldlusunsu Sorbfil
TLC Videodensitometer saamnsiiimasvesvunnusazuan (band width) Tngld default settings tite
nrrfavniuivesanslayninfuvuusuiiuead

dvduiengimuinamsiasaioumdlaines vhldlasiukuiveadfiinmunaiaudily
anaialaonisaunuselnieanudlniines CAMAG TLC scanner Il with CAMAG CATS 3.1 software
absorbance mode ATwETIARY 225 nm Taftufivosusasfinifiew Ul lumslienesidaSuusdely

2.3 MUsBuANNgNAEIYRIIs AT
2.3.1 NINAHIUANTUNILIRILA (specificity)

NTNAAEUATIL LAV 93T AT LAS U TWAINT Y vinlnen1T s esiansinTgIy
uazansieg AN Aueilauemsnugiull Tuiindeyanmlasunlnunsudile Wisuidiouen Rf veq
lyyyihiluasiegisiuasnasgiu venaniduhmslinneiuiouiioud Rf vesasunsgiu SH
fuansdaunsizidu q fieeiisemumsliidenumnimn T6un wmesiu s iy way wsueu
vty Taeldigmansiuas fgmawdeuiilafunsimutusuandude 2.2.3 (wiuivoadulanaadin
WaaUAY silica gel 60 F,s, A toluene-hexane-diethylamine (9:1:0.3) @11a16U) La¥3IBN1IMTIATA
sananslude 2.2.4

MsVeEaU peak purity vesasvlaenisiasesenisuaualafines Wisuiieus Rf uway
awnmsuvedloyniiuluasiogisiuansiasgiuiianasiums lun AsumiaSuvesdin (peak start,
S) fumissanvasiin (peak apex, M) uagdishumisauresiin (peak end, E) URNGUPIRED e tudin
A1 (S, M) uag riM, E)

o s

2.3.2 MSNAFIUAMUFUNUSITUFULAZY29N15AT12H (linearity range)
nMsvadeUAIAITLEIBLAULALYIvRINTIATIZI TilneinsIsdansaratnsgIu SH 9
amdutu 1, 2, 3, 4, 5 uaz 6 pg/spot laevhnsgnasazaneaRsgIuRnNTLTL 0.5 mg/ml
Fruau 2-12 pl edululasuAdounn 2 pl vuukuiinead wagyinisiesieilasldanneaaandude
2.2.3 waz 2.2.4 Mudufitamiaswdlulieneidnalaenisidedeanudlafivesuazimnaiianids
A iedaiudlvesiin SH  Audasaududy udnhumedeuauduiuiidadu Tneatiansa
11m3514 (calibration  curve) vosAnuduRuS sz suifuUSIa (neg/spot) VOIFITUINTFIY
Aunamendul sz avsandusiug (correlation coefficience, RY) g4 Tusunsu Microsoft Excel ¥1nns

AUATILVINTINUIATZIY 6 T
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2.3.3 MINAAIUINIINANITATIVTARAZTIAIMNANITNIUTUIA (limit of detection uwag limit of
quantitation)

ATnd1inn1sasIaTa (LOD) wardinsiian1symusuinm (LOQ) wesismsinseideindaanudln
fimosuazimadiadenin viimsAnwinaiSues Ansar, MJ. Tagn1sadiadunsmianasgiuuuy linear
regression (Y = mX + C, Y = Muilldfiin, X = pg/spot, m = sarudurasnsil (slope) uaw C = Sl
YOINTWIAUAL Y (V-intercept)) sewinsiiudifuanududuvesansinmsgmdienududu 1, 2 uay 3
ug/spot IngA1 LOD wag LOQ vasisn1sinseiaunsamuinilaainams LOD = (3 x SDV/m uag LOQ
=(3xSDYm  SD fie @hlﬁmmummg}u (standard deviation, SD) mmqmﬁmmmwﬂmmgmﬁLmu
Y uazen m femanudundsvendunsniléainnsiesizi 6 o

2.3.4 N1INAFBUAUYNABY (accuracy)

N1INAFBUAIINYNABIVBIITAEN1IANYILUY recovery studies 3873 standard  addition
method Tagnainsuasazatefioguazansayarefieg s nANa TR s SH Ananududu
0.17,0.33 and 0.5 mg/mL (1, 2 uag 3 pg/spot Lﬁaﬁﬂmiﬁgmmﬁazmaﬁﬁiﬂmu 6 ub)

Anziasazanedeguilsuiuasazaredaeg 1eiiinnivasunsgudiisdu lagge
asazatsdILesag 6 pl adufuasazaisanasgiu SH fnnududu 1, 2, 3, 4, 5 uag 6 pe/spot
puaeu warldannemyinnzisandute 2.2.3 uag 2.2.4 dusuivaunasaudaly
Annginuinnans SH luasaraefogiuarasaraefogeiinIsANa1sInTEIU SH felaed
wudlnfmeduavimadalanin vn1siesizd 3 9

AUIUNIAT % recovery LLaszﬁmLuummgmé’uﬂ’m‘ (lugUseeas) (percentage relative
standard deviation, %RSD)

% recovery = [(B — A)/C] x 100

B = U'%mmmsﬁ%Lﬂiww“léﬂumsazmsJéfﬁ@&iwﬁﬁmilﬁumsmm@u (ng/spot)

A = Usinaansiteseilgluansazanesiegns (ue/spot)

C = Uhnamsuasyuiiuaduansazatedosng (ug/spot)

9% RSD = (SD x 100)/mean

SD = ﬁWLﬁENLiJummgm‘Uaﬂ % recovery

Mean = ALaA883 % recovery

2.3.5 N1SAgaUAMULLUET (precision)

NINAFDUAMNLNUEIUDIITNITILATIZRUIUTUIUYINAN15ANEY Repeatability  (intra-day
precision) kag Intermediate precision (inter-day precision) IG}EJﬂ’l’i"?Lm’lzﬁmﬂ%mma’ﬁmmg’mﬁ
AILTNTUY 2, 3 WAz 4 pg/spot  AIBITILOATRINANIIZAITINAU LarIATIZANIUINIAVOIENT
wasguiianuduiuinansondonaudlafivesuazmadadunim viimsiiened 3 61 waglivh
M AsIEeluTustenniion Intermediate precision (inter-day precision) ATUIMIAT % accuracy
LLawhLﬁ&ldLuummgmﬁuﬁwﬁ‘ (lugUsawaz) (percentage relative standard deviation, %RSD) 371

% accuracy = [A/B] x 100

A = Uiinuansitinneildluansaraesanassuiimsueandudu (peg/spot)

B= mmL%’;J%usummsmmgmﬁﬁmﬁlmwﬁ (1g/spot)

% RSD = (SD x 100)/mean
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SD = ANJ8AUUNINTFIUVEI % accuracy
Mean = ANLaAYYBY % accuracy

2.3.6 MSANEIAMUNUNIU (robustness)

AUNUYNY (Robustness)  9839333Las1z4 vinsAnwilaenisusudsuitidndes laud nns
U%J‘ULﬂﬁlsuﬁlﬂﬁm‘naﬁgmmﬂﬁlauﬁ (toluene-n-hexane-diethylamine (9:1:0.3, v/v/V), (9.1:0.9:0.3,
VA, (8.9:1.1:0.3, vA/N)) ﬂﬁ‘LJ%jULUg‘EJUi%EJBL’Ja’]i%WjNL’Jmﬁﬁ;ﬂﬁﬁﬁjunmﬁgmﬁww]LLN"LJ (+ 15
unil) wae serinsnaniiimunusiuasafunaiituiindeyanimvdenisaununiw (+ 15 widh) lngsins
’3Lmﬂsﬁmimmgmﬁ'mmLil’u%’u 3 pg/spot lnensldiasenmualnfmesuazmaiadenin wazTaiui
Tfinvosansimnudududangnn ¥insiesied 3 sfiusaanznsuiuasy fuamadonuy
mmgmé’mﬁwﬁ‘ &ugﬂ%@aaz) (percentage relative standard deviation, %RSD) maaﬁuﬁﬁa@mm
NUNTUVDIID

24 NISBATIZRA0E19R 835 TIneadRldSunIsWaILn
2.4.1 NSASIUEITAZAIAIDES

NSLASBUENTALANYFIDYNANKNANN UTLETUDINMNT T1UIU 20 Fa9813 (51-520) wnseulagld
FrogamanfausiasuemnsundmsuuUsemusienss Tdasanaduazifis MeOH S1uay 20 mL an
fensletian (sonicate) Wuan 15 ui ansazanedladanlddmiunsinsgismeiiuead sniu
413610879 510 way 519 Whhasazanefiwdeuldandreiunniearaiifase MeOH  Aeuly
BIGEREA)

2.4.2 malanzimunalsynaiivludegwdnsusiidsuamnsiiinisuuiiou
mMeTginUinaaslsynniuluiesamanfuiaiuemnsiidnmsvudeou  vilaega
asazanefegiiesuainde 2.4.1 Snaueswag 6 L adufuasazatsinsg e SH Aanududu
1,2, 3,4, 5 uag 6 pug/spot MUAIRU UuLKULead lagldannemyinsziduanslude 2.2.3 duru
finuaiudluiinneidonionnudlpiimefuasmadadanmneasdoadauandude 2.2.4 ileia
fuldfinvesans SH adensmnmsgussrisiuiisuenududuresasnnsgiu Auammiina
@13 SH Iuél’aasi'lqmﬁmﬁm%m’%mWmiﬁﬁmiﬂmﬁaumﬂﬂiW\lmmg’m ymslieszidietnses 3 o1
Usinaans SH ideszsilduandumieiaaniusevundulssmuniiends (me per one single dose)

2.4.3 n15USeUigunNan1sIATIZIMTIUSHIUA835TILaad T e AT AN TNLAZ IS IAURTALURAT
ANRA8Y9US AT TIATIETEA NI TkeaT tn g FeATATaN I NA U Tk aTnua LU n3
1vnsSsuieU Taensluaiauuy paired t-test NsgAumLTDIUSoEAY 95
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UNN 3 WANISALASITWYaNALAZIITAINA

3.1 Wan1sWANEInszileynsndudieisiuead
3.1.1 vilavesipniensiuazdganandaud
yinvosigniaasitildlunisinei 1dun wiufueadvinesgiidounarsiianarainiadoude
silica gel 60 Fus WHW HPTLC wvllmewaiiilluuiafiounie silica gel 60 Fus Wa wiufuoadyiln
ozgiilniadiouss ALO; 1uIM 1.5x 10 cm AR, wazdnwazgavesansloynduiiusinguy
wiufiueadlnenisunieduadluansazats Dragendorff Ingnsliinaansiuag igniandeuiiviaing
9 Wuiauandlunnsed 3.1
PNNANTITANYLAYTIUNUTI mﬂsﬁi’gmﬂmﬁﬁL‘flmmuazqﬁLﬁsmﬂﬁaué’w silica gel 60 Fysq 1
wuuriiafiueaduazeda HPTLC Tinaniswendildunnansiuunn Tunasfinisldunufiveadedn  ALO,
Tnamsieszinlls  dollumsdnnisadenlduiuiieadindoude siica gel 60 Fys 1ilasa1n
fsanliganndefisuiuudueia HPTLC  wasldwiuvdanaradnidesanidefdeiloguadly
@13avane Dragendorff  wullinanisdunmddaaunazlifigadidn 9 nszaredisuniunisiasizi
Usnguuskunaainidleiieunsliuiiaesgiiden
dmdunansAnwiiieimunuiudsuinaeandoudiviaig 4 wud
- flesmnlassadsvesansleynaifiudeudnsfiennsdudasm (non-polar) AmLIe (solvent
strength) vesszUUIMARABUTslimsgunntnuie lalimsiedouiluuuwsiuiiueadidu
szgzmaniuly (A1 R, 10 0.7)

Cl

sibutramine

- il diethylamine  \Judunanluviinaidnies ievisannisiindnunzrsuuumsan
(tailing) Y999AaTULLALTLEaT osanasloyndufinuaudidusiie n1sd
diethylamine  @sinaasdAdusldidudunanluigninnsiionatisannisuandves
Tnsad19en annsduiuseninalasiad1ewesefiuandaiu silica gel 60 UnwduTinead vl
PIIANNITIAGNYULWLUUNIIEINALA

- 151014 n-hexane %38 cyclohexane Wudusznaundnlunisuauiu diethylamine usiin
wvssansildungiidnvaznauuay laifleainen udsiiwuinen R, vesasloynsniiud
IFanmstanusuludazadsroutaunndnsiu Mdoraduradesmndyazatomani
fnmsszverouiing mlvdndmmesihazaeildluigmandouiiivisutuluusasady
oraAsuudaslunndndiuidosns dsarenisindeuiivosasuuusiuiiuead  eg1alsd
a1y winldusiianiz toluene Wudiulszneundnwauiu diethylamine wuindnuwazveye
vidowauansloynsduiusnguuusuiiteadidnvazidunu front tail ndes usililens
hexane aslugnemuingeiildfidnuarnantu lausingmain

- nmsAnwLdeddu wudn N5l toluene-hexane-diethylamine (9:1:0.3) Tiidnwazuos
wiuenldifuasnanlitmeann uazen R, Alddsoglutisiimnzanlaigaiuly
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Wesnansleyniuilaslumeslulasainiaunsaganiunasdansililewanald dady e
nsnsvinmelduasdansililalaniieniueindu 254 nm Fsnugevesarsusngiugaiiunasuuiiu
wdediden egrelsimunuinanudaulunsasianvanslufwindunisnumeaisavate Dragendorff

[V

vslloradumaglasaiiwesansleynsfiuivyieduriinnfegl (tertiary amine) Fvanunsavinufizen
\Anduanswu Dragendorff Usnguiugedduiiunalddniu lnenuinfianulilunisnsiaiageniings

nsragnglauasdansililolan (FUA 3.1)

agalsfinudiodununinujaseanisiindivans

Dragendorff udlunsaagsenielduasdansilileiasmuitanunsaiugevesasnieliuasdansililoen
1ARAT (U7 3.1 A Wagan3197 3.2)

a ' Y] = Yo a o « A a
M99 3.1 A" Rf LLagaﬂ@mgﬁ]‘ﬂlsﬁuwi’]ﬂJ‘UI@EJﬂ']{LG(nﬂﬂ']ﬂﬂQV]LLagflaﬂ’]ﬂLﬂaaummU(ﬂmqﬂ 9

Jgmanasil ﬁgmﬂm?{auﬁ A1 Ry

TLC Si 60 Fasq 1. Toluene-MeOH (9:1) 0.78 (Wnayeansianties)
2. Toluene-acetone (9:1) 0.58 (293811981n817)
3. Toluene-MeOH (15:1) 0.67 (1NaNUBDNIITNANTDEY)
4.  Toluene-acetone-diethylamine (9:1:2 vgn) 0.64 (WNaLNIB1IVN)
5. Toluene-MeOH-diethylamine (10:0.5:2 wain) 0.70 (WNaUNIB1IUN)
6. Toluene-MeOH (10:0.25) 0.50 (1nauesNIIANDY)
7. Toluene-MeOH-diethylamine (10:0.25:25 uL)  0.64 (WNauesnIe1IUN)
8. Toluene-MeOH-diethylamine (10:0.25:50 ul)  0.68 (39NaUBONTE)
9. Toluene-diethylamine (10:0.25) 0.64 (39nauidl front-tail
10. Cyclohexane-diethylamine (9:1) BRUGE)
11. n-Hexane-diethylamine (10:0.5) 1.0
12. Cyclohexane-diethylamine (10:0.25) 1.0
13. n-Hexane-diethylamine (12:0.2) 0.78 (wildnwazuauduau)
14. n-Hexane-MeOH-diethylamine 0.23 (TanwazNauLAUY)

(10:0.025:0.125) 0.48 (39naw)

15. n-Hexane-MeOH-diethylamine (10:0.025:0.2)  0.76 (2slidnwaznauLaAv)
16. Toluene-hexane-diethylamine (10:2:0.2) 0.10 (TanuwaznauLAU)
17. Toluene-hexane-diethylamine (8:2:0.35) 0.72 (1idnwaznan)
18. Toluene-hexane-diethylamine (9:1:0.3) 0.47 (Aflanuwaznau)

HPTLC Si 60 Fys 1. Toluene-MeOH-diethylamine (10:0.25:50 puL)  0.68 (3snau©dNIY17)

TLC ALO,4 1. Toluene-diethylamine (10:0.25) 1.0
2. n-Hexane-diethylamine (10:0.25) 1.0

nuewn fegslunisanyitoswuldnseussylu sibutramine HCL capsule 9113 15 mg aganglu MeOH
U 3 mL karnasazaIefIegeniiay 4 UL
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i H BH A H B H

. <. f.
1nn1AAIN w TLC ¥lln silica gel 60 Fpg, 110 10 X 10 cm
innnAFaUTN toluene-hexane-diethylamine (9:1:0.3)

Ul 3.1 wiviweaduansansloynsiiufinnadudu 0.5, 1, 2, 4, 6, 8, 10 pg/spot Tnen1sgardiung
(Track 1-7; Track & lsynsiufianududu 10 pg/spot Tasmsgauduuau) n. deausiuldiuas UV 7
254 nm . Juasluaisagansy Dragendorff A. Juasluansavans Dragendorff wagmumien1sdeunule
uas UV 1 254 nm

] aa 1 i ~ = =
M1FNN 3.2 19113679 9 mﬂUﬂqiﬁiﬁﬂWUbLéUUuﬂﬁ']NUUuLLN‘N‘WLLaa"U

3813 HAN1TNARADY
1. desliuasdansililolaniinimegnindu 254 nm kAN  vuitundaden
LOD (s8@1) ~ 1000-2000 ng
2 dodlduasdanslalelandinuennadu 366 nm Linugalausing
3. Juuuastluansavane Dragendorff VYT

LOD (s1em1) ~ 500-1000 ng
4. uunuasluansazane Dragendorff Lagnumen1s  ANULESULTIUNELTE)
doslauasdansnlilolanfiniugindu 254 nm LOD (sq8m1) ~ 500-1000 ng

3.1.2 35n153aans A3mInsaadauaznisiiudayanin

nuansAnydosiu fuandugud 3.2 wudnsléiduaune 2 pl Tumsgeansiduag (spot)
(track 1 waz 2) wiotluuau (band) (track 3) Tianwasiduadewausauliidunsainaniuinwintu
nsgnansiedurnn 5 pl (rack 4-7) uarludosudovhnmslinseivunvesarsusazuondae
TUsunsu Sorbfil TLC Videodensitometer #siinmilarioutrsgslunsiinsizsigaansuaziiniudionay
azannlumsldon ansavinisialéiisanuguasiuildnsmuesaslundasuodld wuiiiuiives
ansionslfifuruin 2 uaz 5 pL Sasstudszinaind luaefidmiugaesiinvesasiian
9 5 pl FAmnningeawin 2 pL liuinin ety Lﬁ'mmﬂmsﬁ;mmié’wLﬁﬁmum 2 uL Tvidnuwaza
yosansiameildini TumsinudusisluiadengeansTaomsléiduoun 2 pl (el 3.3)

fiusmaaswiiiy Weiansunisnisnsaiaaisnuiinisld Dragendorff  wagmisawnuLiy
Toyanmmifievnuldinsedt nuhauiiiialdddganinmsmeninliuasansllenn wanai35s
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aruligandilunisnsiatn m13edl 33)  wenaniidewssuifisuaueindieludesiu nuins
senmlduasdansihlaandeutisgseinndt iesnfusumsnmuamuaindes mstuninuazdsdos
T¥gunsaliniesdosuassansthalowan luvazfinisguusiuasiuasazans Dragendorff waznsaLNLAIN
Aunuinduneudeniuadlifoyanmiifigunind dufulunsinududeluiadentdiBnsmsanuans
waiudayaninlaenisld Dragendorff wasnsaunu

. .
igmﬂmffi WU TLC %iln silica gel 60 Fys, U11A 10 x 10 cm
1nnnAwzdeudn toluene-hexane-diethylamine (9:1:0.3)

U 3.2 wiufiueaditldannsgaansiulsuazifunay (Track 1-6: standard SH 5 mg/mL; Track 1:
Spot 2 uL; Track 2: Spot 2 pl; Track 3: Apply as a band (0.5 cm width) 2 uL; Track 4: Spot 5 plL;
Track 5: Spot 5 uL; Track 6: Apply as a band (0.5 cm width) 5 uL; Track 7: Reduce® 5 meg/mL
Spot 5 ub) n. weuiwanasaudaguadly Dragendorff solution . usufiamLaSaudguasly
Dragendorff solution wagmusienisdeusuldinas UV 7 254 nm

11
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M13199 3.3 YW IRIULAzAINERlas s IULLHUTILEaTlugUT 3.2

Track Number Dragendorff + scan Dragendorff + UV 254
A H A H
= 1 156658 4791 135397 3191
~ :&l 2 157748 4712 132209 4245
= 3 161659 6283 125943 4208
4 300676 6174 232198 3882
“ g; 5 276412 5385 238371 3601
= 6 269188 7060 212790 3825
7 309327 5187 279613 441

A = peak area; H = peak height

o1l osnndeyaluzuil 3.2 wagmsnedl 3.3 1ABafuIBnsgeansiesyadunuule
viaduuuuuaudslifissweivilfaslfinsnslaaslinansinmedianiniu fuhlumsnw
fusioluisinnimeaeuluesiuiiondn %RPD vasrAuguazAmiufivesasildainnisiiases
TagBnsgeansuuuifinaaziuuduiay fauanddumsned 3.4

. <.

5’Qmﬂﬂ<ﬁ7{ W TLC %din silica gel 60 Fosq U110 10 x 10 cm 5{]mmﬂ§@uﬁ toluene-hexane-diethylamine (9:1:0.3)

Ul 3.3 n. wiufiueaduaniansunnsgiu SH taensamifuns was v. msgadunau (Track  1-5:
standard SH 2 mg/mL # 2 pulL/spot)

12
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M13199 3.4 W IRULazANERans s IULLHUTLEaTlugUT 3.3

Track Number SPOT BAND
A H A H
1 60428 3115 48821 3191
2 65771 3398 64210 4245
3 67460 3550 64090 4208
4 61543 3193 56903 3882
5 57961 2948 54258 3601
AVE 62633 3241 57656 3825
STD 3906 237 6605 441
%RPD 6.24 7.30 11.46 11.53

A = peak area; H = peak height

otdlsfnudnunrreuduiiiaunldgslifvindians uuivesansiivsngesnifuuuldsdy
(smiley) (U7l 3.3) fh %RPD  AlESsdndnAouttegs (el 3.0) sadlenaiflesanunsdiilatnaia
\nAsuigsliBusinounsliu fafulumsfnududelueonsinuuasussdiuisinmed 3ddh
nsnageulngldnsznunses (saturation pad) meluumsdiitetaelfunsdousaldigmu

MnwamsAnsudosunuindleldunediingdumd wiuiitaunasaudiumngdunlfanas
dauandlugud 3.4 Taga s wuine %RPD fildanmsiinszilasisnsgeansuuuuuaud]
AAnIInIsanansLULL s (Medl 3.5) uenanilgusnsiindldannisaansduuauidnuusndumns
anemitiosniinisgeansifuag (qUA 3.4 1) dafulunsAnenifadeniBnsgemswuuduiay

13
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B8 Ls
B4 8- -t Bt W-TET
= = T - -
- - = A = A 1 2 3 4 5 [ 7 g
2200 T 3,009 |
2100 | |
2008 L 2.800 |
1208 I 2000 |
1,808 |1
1,700 | 2400
180 | 2208 |
1,508 \ |
¥ | 2000
> ;.:- | I', 4? 1,805
£ \ e |
wv) 08 i c 1,808
S | % P |
= : = 1,200 |
- o0 1,008
e | 8% | ll
00
a0 | 808 |
.u: \ b |I l, A
et} | % 208 | /'
] [ 03 04 o ] T L1 [ 10 o0 o4 oz o v i Yy o o
Rf RF
f 9.

5)Qmﬂm‘17'll WU TLC 6iln silica gel 60 Fas, U1IR 10 x 10 cm i’gmﬂmﬁauﬁ toluene-hexane-diethylamine (9:1:0.3)

JUN 3.4 0. uluiiueaduanansuinsgiu SH leenisgaduns wag v nsymduuiau (Track  1-8:
standard SH 2 mg/mL 1 2 uL/spot) Inefinfilsarnnisgeansilunauiidnwazuaulumsaineniey
nn1sgeasiliuag

14
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M13199 3.5 PaiuTLarANgIvesasiuusaziauusuiLeadlugu 3.4

Track Number SPOT BAND
A
1 46350 2283 39950 3114
2 48921 2301 39944 3126
3 51473 2257 39378 2985
4 49691 2125 39365 2884
5 53260 2199 38382 2815
6 53549 2250 38494 2833
7 56913 2333 39417 2976
8 55959 2357 42349 3035
AVE 52015 2263 39660 2971
STD 3602 75 1231 119
%RPD 6.92 3.30 3.10 4.02

A = peak area; H = peak height

3.1.3 WANISANYILUBIAULNENNIYI9AMUTUTUNT AT UTUNUS LT IbEY

nansenwidosduitemeuduiuddadusuduiianumdudu 1 pe/spot owniiaududu
ifunnududusiaedtansafuieyanmussansldlasnisawnu 91nsanisAnyudesfunudiingiw
spyhaiiufiuaganudadulienenuduiusiinhinsmssrinamanuguazenududy (el 3.6)
Tnenslssminefiufiuaraududuiitanududu 16 pe/spot Iframuduiudidaduriuwuuingly

Fuaffign (A1 R = 0.9985)

ﬁqﬁﬂumiﬁﬂmLﬁ@ﬂszLﬁummgﬂﬁawaﬁ%ﬁqLﬁaﬂ"lﬁi?ﬁzmmm%m%u 1-6 pg/spot Tun1sadis
nsmluansmudusBaduuuundludeassninsiuiivaseundudu deldlunsinsemdasinm
lngodematian1sAs1Eiden nalglusinsuy Sorbfil TLC Videodensitometer LagtUssuifisuniuna
n15Uszliuiildannnisimsigaenisldinienaudlaiimeslnonisialulnuaueugeswuud
(absorbance mode) firyETIAAY 225 nm LﬁaamﬂL‘ﬁummawaﬂﬁuﬁwudﬂawsﬁﬂWi@ﬂﬂﬁuLLmqqqm

15
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v '
) d

131971 3.6 ANUFUNUSFUAUTEVINVUIAYBIYAATT (WP Y50 AIUEN) Auanududy

Analytical Concentration Linear regression (y = ax + b)
technique (ng/spot) a b R’
TLC-image analysis 1-5 Aand C 34441 -20384 0.9973
Hand C 1441.2 162.2 0.9799
1-6 Aand C 34684 -20951 0.9984
Hand C 1356.7 359.33 0.9819
2-6 Aand C 35037 -22594 0.9975
Hand C 1209.1 1048.2 0.9942

Polynomial regression

(y=ax2+bx+c)

a b c R
TLC-image analysis 1-5 Aand C 311.93 32570 -18200 0.9974
Hand C -100 2041.2  -537.8 0.9865
1-6 A and C 269.02 32801  -18440 0.9985
Hand C -90.304 1988.8  -483.5 0.9912
2-6 Aand C 130.5 33992 20767 0.9975
Hand C 5.2143 11674 11212 0.9942

A = peak area; H = peak height

3.1.4 FFnnerileyninduaiesiueadlaemaliadnmuasiauilawng
INNANIANRUITIATIEHAITAY aunsaaguieasdenvedisnsimaeianslaynsndueie
Tiueadlaemaladanmuazinudlawes lanad

16



nyazmUsalsyniulundndueiasuemnig B ikeadlagmnalinnsias il m

ANSIATINEIT
A13UNIFIY ansumspulaynaniiu lelasaaelse (SH)
fvinazane MeOH
AN38aNLNINTFIY 0.5 mg/mL
GRELPLIRR wAnAuiEsuevnsTugUY nul uaUgauasdy 9
WnsiwSeuansavalusiegns DU 1HAR A UNLATUDIMTVIUINF NS USUUTENU

sonds ldaalanaduasiiin MeOH swau 20 mL sudaenisleiian (sonicate) Juran 15 undl
ansazavdulanlddmiunsinseisiefiuead sniuansiegna S10 waz S19 lhharsazaned
Ww3sNlANT19R UL TR WNAA8 MeOH Aputhldiinsien
Jpnimnsil

uHU TLC wllawarafniaaaunae silica gel 60 Fus, (Merck, Germany) U11a 10 x 10 cm 438 10 x 20
cam
FpaaLadouil

Toluene-hexane-diethylamine, 9:1:0.3
BN139AE5A9E9

yadeiiolagldiduawin 2 pl (Drummond scientific, USA) U3unas 2-12 L gailunauauin 0.5 cm
WHATLAUMIIAY 1 cm 199nTeuas 1.2 cm wavveutisegates 1.5 cm laensldia3es Nanomat 4
(Camag, Switzerland) ¥3glunsanansazatefeen
A/NISWAIUN

Juukuignansudaduumsdvuin 10 x 20 cm AfigaARARUTl Toluene-hexane-diethylamine
(9:1:0.3) Tudndau 36:4:1.2 Vluunadudiuszanas 30 udl Inefinnsldnseavnseduwnsdiioraslunisdusy
Ynradnlusywinenswamuiuay

srozydlun VAL MHLNgAETENRY 7.0 cm uuiiiamasafisliuieussana 10 wiitneld

€

AATU

f
Y
SN15ATITALALINATALTININ

) e

Juukuiiauasaudadluasazats Dragendorff Tnonislfiaiesguuriugu Immersione device
(Camag, Switzerland) @8A13L57 1 mm/sec wagialidunan 6 Juni LﬁaﬁwLLNusﬁumuﬁﬂﬁaNLLI:JW’]EM@’
anatuduna 5 undl ﬁjﬂ%ﬂﬁﬂﬁﬁﬁu%’wﬁu #9815 wndi meldganaiu newhluaunuiudegann
Fnsiivdeyanin

aunuukuiueadiifesnmsiiudeyanindielndesaunugu SCAN Jet 3500C (Hewlett Packard) lu
U JPEG file flenuaziBen (resolution) 200
BmrsUseidlupg

%’ayjamwmum 10 x 10 cm %30 10 x 20 cm fiAAuazLEen (resolution) 40 poxels/cm 113
UsziiunalagldTusunsy Sorbfil TLC Videodensitometer Tagsarnmnsilnodvosvuausazunaiiolddmsu
nsUsziliunalagld default settings
Wnsiaseilaenudlawn

Puduiwawnasaudlunsainlaenisaunusondennudlafines CAMAG TLC scanner Il with
CAMAG CATS 3.1 software ‘17{ absorbance mode mmanﬂ?{u 225 nm

17
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3.2 WamMIUssEiuANgNABIvRITTAATIER
3.2.1 AMUTUNIZLANZAN (selectivity)

INMsANEINUIN F5TLeadRlaun st ulnglduiurdn silica gel 60 Fys, L"T;Ju"igmﬂmﬁ
waz toluene-hexane-diethylamine (9:1:0.3) Lﬂui’gmﬂmﬁauﬁ fiaudmiziangaslunisuenanshy
ynsndiu A1 R vesanslaynandiuluasdegafiainduansuinsg (R = 0.46= 0.02) Tneusingilu
uoufiuuasreuinensmeliiasdansillelaniiauenadeu 254 uilung uiaansadiudusauddy
Fdnauiudionsiaaoudeaisazas Dragendorff wazusneanaina1sdu q Tufogadnfasiad
pwnsliaca q 18 (Ul 3.5 n) safadsusngdien RF ssinansdunseidy q fasdseaumsld
diomuguiwiin (U7 3.6)

asloynniudsdaduanslunguetiuuuundogd Usngdugeddudaau luvusiiansdaunsiz
ilnduinoglunguiofiunuuuzugdl (primary amine) #3ovAugil (secondary amines) Fasfusngadu
ARUT9RN I ERNR laINSanTIdeUlalnensId@1sazaty Dragendorff

uennidiornisieseiieinieunudlafinefuisuifioud R wavawnaiuvesleynaiu
Tuansiegafuasnpsgiu wuiida Rfwhiu (UA 35 @) alnefuvesansdesidnuny
[WuReITUATINASEIL (JUT 3.7)A0 peak purity vedlsynsiuluansiegnadidviniy (S, M) =
0.9993 wag riM, £) = 0.9999 Weldsuisuaunasuiishuviesing 4 1dud Asumissuvesiin (peak
start, S) ALRUIBATDINN (peak apex, M) wasfidussauveafin (peak end, E) U949a13 (;511‘1’7{ 3.7)

18
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2
=

S10

1 2 3 4 ] g 7z 8 ] 0
¥
I - s6 Ak S6

RS

T Y
s -
e / 1 S2

o 4

Intensity

S2

250

1000

1500

1000

A SH

500

T
B 18 28 38 4R 5@ EA mm

'i'gmﬂm‘ﬁ Weitd TLC wila silica gel 60 Fysq UUIN 10 X 20 cm i’gmmﬂ%uﬁ toluene-hexane-diethylamine (9:1:0.3)

V)]

Ul 3.5 sUTikoaTuansnisugnansleynsiiu (track 1) feFsaldsunisiamn n. fegrawaninsivie
Tlaynsdulaeudy (tracks 2-7: S2, S6, S7, S9, S10 and S19) wag éhashwﬁﬂLmﬂsgaﬁlajﬁ%wﬁ
flu (tracks 8-10: S14, S15 and S16) v.uaz A. ALeadlasulnunsuvewETUInsgUleynsIEu (SH)
nul (52), ovnsiedauuuiinua (S6) wazuuuuauga (510) Aldnsnninneilagisiueatlnemaie

LTINNLALLAUFLAUANS AIUBIAU

L Sp e

19
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i’gmﬂmﬁ w1 TLC willa silica gel 60 Fpge U9 10 x 10 cm i’gmﬂmﬁauﬁ toluene-hexane-diethylamine (9:1:0.3)

JUN 3.6 sUiueadvasasunsguloynsiiu (track 1) ansduasizviumnesiiu (track 2) wluysiiy

U

(track 3) wazwshouvngiu (track 4) 7 10 peg/spot

[

Method Scan  Integration Calibration | Spectrum  Tata EMND HELFP
Absorbance

186 7

anasuvesansunsguleymsfiui S, M uay £

anasuveslaynaiiui S, M uag E luansdegn

ZB8 258 388 3548 4B8

UM 3.7 awnasuvesansleynaduluansdiegaiuasunnsgiuainmsinseinenisanudladines

20
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3.2.2 ANUFUNUSITUEULAZY29N15IATIZH (linearity range)

gﬂﬁ 3.8 wanesUiikeadvesasunsguleynafivlugienududu 16 (1, 2, 3, 4, 5 ua 6)
Lg/spot A151991 3.7 LLazgiJ‘ffi 3.9 LLam%’aaﬂaﬂJaamimaaummé’uﬁuﬁ‘v‘ﬁaLé’uizmwﬁuﬁﬁ’w‘%mm
(Audut) vesansunsgIulugIsauduty 1-6  pe/spot TnefiianuduiusiBadunauuulngly
Jeadid (A R = 0.9985)

o] /\ 6
I I
wlo ]

T R O O 11

350

]
]
—

(]

]
oy
]

]
i
1
]

1

]

]

1
Irtensity

000

|
SR
|

L IJ

Tk

’3'g]mﬂﬂ\117i WU TLC wila silica gel 60 Fysq U110 10 x 10 cm 5’g]mmﬂ§auﬁ toluene-hexane-diethylamine (9:1:0.3)

JUT 3.8 ansuaspuloynsdivlugieenudut 1, 2, 3, 4, 5 wag 6 pg/spot uariineaglasuilnunsy
Alansaniaszilagmnalladenin
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= v o o e a v = )~ 2 & da =
M54 3.7 ‘Uazdamma:uwummLauLLuuiwaIumaa (Y = AX" + BX + Q) (Y = Wunwn, X = pg/spot) 1
BRAMUTNTU 1-6 pg/spot Laun1TaATIEiilen naaelusinsu Sorbfil TLC Videodensitometer tag
w3sauaudladines (n = 6)

TLC Image analysis Densitometric analysis
A -814.3 £ 975.8 175183
B 27265.2 £3912.4 7743 £ 1393
C -6994.8 * 2852.3 149.5 = 39.1
R’ 0.9987 % 0.0008 0.9994 % 0.0003
LOD (ng/spot) 190 103
LOQ (ng/spot) 634 344

U 3.9 n3mlunsgu (calibration curve) wansrnudiusidadusenIniuniuyim (anududy)
YBIATUNIPINIUYIIANUTUTY 1-6 pg/spot

Image analysis Densitometric analysis
140,000 - 4,500 B
120,000 A 4,000
« o 3,500
& 100,000 B3]
S 80,000 S ]
x 80,000 1 X< 2500
& 60,000 | & 2,000 |
40,000 1,500
20,000 | 1,000
500 |
0 : : : ‘ 0 ‘ ‘ ‘
0 2 4 6 8 0 2 4 6
SH in pg/spot SH in pg/spot

3.2.3 IAINANITATINIALAZIAIINANTITUIUTNIU (limit  of  detection  uag limit  of

quantitation)

A1 LOD wag LOQ 909m5IATIeidiuianiaisees Ansar, MJ. dwdnsseasidonluide
233 Tpgwudn A1 LOD way LOQ vasnsiasizilasnisldiadeanudlnimesdamualaandunsm
mmgmszmwﬁuﬁ (Y) fuFanas (X) (Y = 708.33 (& 103.95) X + 198.73 (+ 24.37), R® = 0.9994 (+
0.0003)) 1ei1AU 103 way 344 ng/spot MUAINU LagA1 LOD Wag LOQ wesmsiangilaansld
LwﬂﬁﬂL%amwﬁwmmmﬂLﬁuﬂimmmgmiwdwﬁuﬁ (Y) AuuTuna (X) (Y = 23144.67 (£ 2078.15) X
~ 3363.55 (£ 1467.17), R* = 0.9978 (+ 0.0022)) IHwiifu 190 uae 634 ng/spot MUAINU (M54
3.7)
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3.2.4 A2N3QNERY (accuracy)

AgnFasesIsTuendfiiamniu o1dunsfinuILuy recovery studies m3737l 3.8 wansA %
recovery TngnuiAnadeilfnnmsienegisesiueatueadlnmaiaiBsnnuar iaudlawedog
synindeuny 96.86 (v 106.57 uag Fogay 95.95 i1 106.92 mua1fy

A157199 3.8 Recovery studies

TLC-image analysis TLC-densitometry
SH amount added

Receovery Average Receovery Average
(ng/spot)

(%) recovery (%) (%) recovery (%)
1000 106.57 £ 1.99 106.92 + 1.73
2000 96.86 + 1.78 101.05 + 4.54 9595 + 1.13 100.34 + 5.16
3000 99.71 + 0.88 98.14 + 1.02

3.2.5 Anuwiugn (precision)
N1SNAADUAIIULLULTITRIITNLR AT neATALT N INLaz IS IAUdlauns vinlnen1sAnen

repeatab|l|ty (intra-day precision) Way intermediate precision (inter-day precision) lagnuiiAl

Lummummmuauwwﬁ (9%RSD) ilsfiantiosnindosas 2 fananslumsnad 3.9

3.2.6 AUNUNIU (robustness)

AIMUNY (robustness) Y835vIMsAnwlasnsuuasuante Toun nsufuasudadou
yesesdusznavluignandeui mfudsusseznansgninanaignamsiunafEuianusy ua
syysnaTiiausuEsatunaAtuindeyanmyEenisaunun

MnnmsfnvmuhAnssunasuduimvesiuiiifaldannisinsesidiisiueadiae
wmadadennuazisieualames nanmzane Aifinsusudsuiietosninfesas 2 fuandlunisng
#3.10
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A15197 3.9 Repeatability (Intra-day precision) iLa Intermediate (Inter-day) precision (n = 3)

Image analysis (Sorbfil TLC Videodensitometer)

SH (pg/spot) Amount detected (pg/spot)  %RSD Accuracy (%)
Repeatability 2 2.0310.03 1.59 101.33
Day-1 3 2.96 +0.03 1.08 98.78
4 3.97 £ 0.07 1.82 99.33
Repeatability 2 1.98 £ 0.02 1.01 99.00
Day-2 4 3.01£0.02 0.51 100.44
6 4.00 = 0.02 0.52 100.08
Intermediate precision 2 2.00 £ 0.04 1.75 100.17
4 2.99 + 0.04 1.19 99.61
6 3.99 +0.05 1.26 99.71
Densitometric analysis
SH (pg/spot) Amount detected (pg/spot)  %RSD Accuracy (%)
Repeatability 2 1.96 +0.03 1.28 98.17
Day-1 3 297 £ 0.02 0.51 98.99
4 3.89 +0.06 1.51 97.13
Repeatability 2 1.98 £ 0.01 0.58 99.00
Day-2 3 2.95%0.01 0.34 98.17
4 3.92 +0.02 0.44 98.00
Intermediate precision 2 1.97 £ 0.02 1.05 98.67
3 2.96 £ 0.01 0.50 98.61
4 3.91 % 0.04 1.04 97.71
15197 3.10 Robustness studies
Parameter TLC-image TLC-
analysis densitometry
RSD RSD
Mobile phase composition
toluene-n-hexane-diethylamine (9:1:0.3, v/v/v) 1.54 1.23
toluene-n-hexane-diethylamine (9.1:0.9:0.3, v/v/v) 1.13 0.23
toluene-n-hexane-diethylamine (8.9:1.1:0.3, v/v/v) 0.14 0.44
Time from spotting to chromatography (+15 min) 1.75 1.16
Time from chromatography to image capturing or 1.90 1.61

densitometric scanning (+15 min)
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3.3 Wan1sATEiieteNAnduaiETIaMS

Tiueadlagwmealiadnmuwazswudlaunsunnussandldlunisnsiswasinsgimusunans
lyynaifulundnfasieiuemnsfisinddunauanyasansssmi $1um 20 e 1nHans
'3LﬂiwﬁwuﬂWiﬂulﬁauﬁuaﬂmﬂszﬁwiwﬁmﬂ,umamﬁm%m%ummimﬁmu 6 fve1e lawn S2, S6, S7,
59, S10 uay S19 Famugadduvesansloyniiuunngdaeulusiedsiifimsuudasu (GUf 3.9)

13797 3.11 uansUSnamesansleynsiivlusiesaiiinsuutasulnensiinszvisne 35 iuead
FFsunsiamLT Taganwan1smaaeUIaRRLUUAUE (Paired t-test) nudAnadsUnallayn
iuieseildlaesiuoatlnomadadaninuaifinualowes liusndstuesrsdidedfynieada
(p > 0.05) fiszdupnudeiudosas 95 (m319ft 3.12)

sUT 3.10 iueaduesansuinsgiu SH (track 1) was Mehamandusivdaiifloynsiiuvasuu (tracks
2-7: 52,56, S7, 59, S10 and S19) wag fegreiilaidleynsniiy (tracks 8-10: S14, S15 and S16)
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M13199 3.11 YSnauansleynsdu (me/unit) Tundadusiemsiasusingiie 4 31nnsinsy
LOATLALLNATALTININLALITAUE LALLM

v

M obl3b)

Bl

Samples TLC-image analysis TLC-densitometry

(characteristics) SH amount % RSD SH amount % RSD
(mg/unit) (mg/unit)

S1 (dietary supplement (cachet)) N.D. - N.D. -

S2 (slimming coffee) 11.85 3.03 12.27 2.65

S3 (slimming coffee) N.D. - N.D. -

S4 (slimming coffee) N.D. - N.D. -

S5 (slimming capsule) N.D. - N.D. -

S6 (slimming gel) 16.64 1.09 17.07 2.18

S7 (slimming coffee plus green tea) 6.75 0.68 6.82 3.05

S8 (dietary capsule) N.D. - N.D. -

S9 (slimming coffee) 16.36 1.49 16.36 0.28

S10 (slimming capsule) 19.98 0.87 20.63 1.13

S11 (slimming coffee plus ginseng) N.D. - N.D. -

S12 (slimming coffee) N.D. - N.D. -

S13 (slimming coffee) N.D. - N.D. -

S14 (slimming coffee) N.D. - N.D. -

515 (slimming coffee) N.D. - N.D. -

S16 (dietary capsule) N.D. - N.D. -

S17 (slimming coffee) N.D. - N.D. -

S18 (slimming coffee) N.D. - N.D. -

S19 (slimming capsule) 23.57 1.18 24.16 0.52

S20 (slimming drink) N.D. - N.D. -

N.D. = not detected
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M19199 3.12 Han1snAFsUNSARALUUTUE (Paired t-test) WIsuiisuadeyIaaslaynsiiuly
NARSUILATUDIMNTINUIU 6 HIDE19 (S2, S6, S7, S9, S10 wa S19) MAszuilalaeISAkeadlnumaia
LBININLAEIDLAUFLALUAS

t-Test: Paired Two Sample for Means

SH amount analyzed by SH amount analyzed by

TLC-Image analysis TLC-densitometric analysis
Mean 15.85833333 16.21833333
Variance 35.26981667 37.43925667
Observations 6 6
Pearson Correlation 0.999456941
Hypothesized Mean Difference 0
df 5
t Stat -3.289992926
P(T<=t) one-tail 0.010856844
t Critical one-tail 2.015048372
P(T<=t) two-tail 0.021713689
t Critical two-tail 2.570581835
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unil 4 unajluazUalduauus

Bhareileynniuiefiueatlasmeiadnildiunsiauiu Taglduiuiiueadvia silica
gel 60 Fs, wianana@niduinninnail uag toluene-hexane-diethylamine (9:1:0.3, vA/A) 1ufnaia
\AeuTl waznTIvTAeaIsazats Dragendorff Saufunisldmaiadinimiiolinszvimusinaensle
ynsihilundndusinsinisuassu

mﬁmeﬁ‘ffﬁmuamwmaﬂLLﬂiuﬁLLaa%mﬁ'ﬂ‘UiLmim Sorbfil TLC Videodensitometer software

iensaianuilafinvesanslaynaiiu silalaenisadralasunlnunsuvesurazua v uikuiveadaine
AULTEUUUIBIAMULTNYDILAUAN 9 TULAAZLAI19INAMUTNYBINUNST Tnea1A N T ULYs
AadudananduiusAuUSInamsluusiayan dagun 4.1

200

L IJ

ol B

O 1S | 0 O O

R O

I

— e I e
INSE.

.

WA

Lt

UM 4.1 NTIATIMBINMUVBMRUTIKEaTIAY Sorbfil TLC Videodensitometer software (tracks 1-6
Ao ansunsguleynsnidud 1, 2, 3, 4, 5 uay 6 pg/spot ANUEIRL)

naUsudurugniestesisiueadiildsunsiamtwduluamy  ICH  (the Interational
Conference on Harmonization) guidelines lngfimudnnnziazasiunisuenanslaynsiivesnain
a5y 9 lumegamansusiownsiady A1 peak purity vedlsynsdiufldwindu (S, M) = 0.9993
wag rM, £) = 0.9999

namadeuAdITLS LA st uUTaanslutse ety 1-6 lalasniusiogn 3
AudURuUSIULUU polynomial regression Aidlasuansen R 11001 0.99 Tas1Ann1snsiaiauay
FndriansiasgimuTinavedlaynnduieiueailnsendomadadsnmlumsdnmidiiauin
190 uag 634 urluniusieqn

AngneaIvesisfiueadiilasumetautunanddngd % recovery wesamnasguiinadly
asazanefegsdumuANIdy (5197 3.8) afldvinty 106.6, 96.86 uway 99.71 ladlen
\Deauunasgudusing lugu¥esas (%RSD) Wiy 1.99, 1.78 uag 0.88 muaiu A NULUSIYDY
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FBarsiasziuandaedi% RSD  #ilda1nn1sAnw repeatability (intra-day  precision)  way
intermediate precision (inter-day precision) $4#1 % RSD FgHamailintosninZevay 2 wansi
AUIILEwaeTE (19197 3.9)  wenandSawuiTisiRANTuiaumuUTnee %RSD vasn1TIn
Nufivosfiedildanmsiamnuiumeldnisusudeuanizsing q eitesnindesas 2 (msedl 3.10)

Fiueadlavordumadadanmdldiunsiamiu fldhussandldlunsiesneided
NARFelLaSLe TN 20 feganguaniuandeiy Taeiunisidenifiufiegiamandusiaiy
ownsgULLLAg 4 fiflassnaauiionisantmiin lifnsdeues. messamunaneiiavionsdumesiun
IINNTIATIEINUILNEASUNETUDMTTIUIUEN 6 081 %nﬁﬁumwﬁmmLLWU@@&WL%@ o
watgauazdina Anunisuuvasuansleynsnfuadlundndos levsnaiiemeildegluradaus
6.7 14 23.6 TadnfusiovAFuUsEYUMTMY (M7 3.11)

AnedsvesTnamsleyniiuiiinseildseisiueatlnsodomaiadanmuasiiinge
feintonnudladises iuamsleseiiliuandneiu dadu Biueadlaserdomatadannildsuns
fanTuieennanmnsntanlfumisiueaildiedonnualnives dallangandiun

Tnvasy Bieneiildiauniulumiteadsd ansoiulflunmsnsasesiemsinuin
granausnlayniiiuiivassulundndasiadue s Bmsisesiianudumng gnies usiug
wazvuvy WansiesginUnamslynaiuildlasendemadadanimuasisiueatioudle
wnsldunnneiuegaliedfgneadd - wenwiloananugnieswiug1veditum Ffueadlnuonde
walannTzhidinmivatuddiduneunsiieseiie avan mawseuedislidudounarld
gunsalfdamlaing anunsadmvinldluiesujiinisvundnifinisamuliinn wanzdwmiunsdid
Hognduunuazdiaunsatanieziionsuiainaaslsynaiiuiinnsdnasuldasly
wAnfausiasuomaiiensauauiniiniifndesdieda msfifuilaaldsuaslaglinsuyiin
nazteyaehliiunsieguusededin Bhnseiildfaivselontidmivnuduasesiuslnaielily
mMsguasanarlideyaiiiuuseloninotunsuulassunutagiulundndasiadue v aiiogunm
fifldmineegluriesmanslulszimalne
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A simple thin layer chromatographic (TIC-image analysis method was developed for rapid
determination and gquantitation of sibutramine hydrochloride (5H) adulterated in herbal slimming
products. Chromatogra phicseparation of SH was achieved on a silica gel 80 Fazs TLC plate, using toluene -
n-hexane-diethylamine (9: 1:0.3, v/v/v} as the mobile phase and Dragendorff reagent as spot detection.
Image analysis of the scanned TLC plate was performed to quantify the amount of SH. The polynomial
regression data for the calibration plots showed good linear relationshipin the concentration range of 1-
G pigfspol. The limits of detecion and quantitation were 190 and 634 ng/spol, respectively. The method
gave satisfactory speafiaty, predsion, accuracy, robustness and was applied for determination of SH in
herbal formulations, The contents of SH in adulterated samples determined by the TLC-image analysis
and TLC-densitometry were also compared.

@ 2011 Elsevier Treland Lud. All rights reserved.

1. Introduction

Overweight and obesity have been recognized as one of the
serious worldwide problems leading to the search for a number of
weight-loss medicines and especially the use of altemative
treatments based on herbal formulations. The demand for
slimming formulations and dietary supplements originated from
purely natural substances is prominently increasing due to the
belief that these natural products have been regarded as being
harmless and do not cawse harmful side effects as synthetic
chemical drugs [1,2].

From the increasing popularity all over the world, the market
share of herbal slimming products has been highly competitive, As
a result, some manufacturers committed illegal adulterations of
synthetic anorexics in order to improve the efficacy of their
products forweight loss. Sibutramine hydrochloride {SH) has been
one of the most commonly adulterated anorexic drugs found in
herbal slimming formulations [3-6). In many countries including
Thailand, SH was withdrawn from the market due toan associated
risk of serious cardiovascular events such as nonfatal heart atrack

* Correspond ing author at! Department of Pharmacewtical Chemdstry, Faculty of
Pharmacy. Silpakorn University, Nakhon Pathom 73000, Thailand.
Tel: +66 89 TET 6710; fax: +66 34 255 BO1.
E-maill addresses: ypanaddaisu ac th, p phattanawasingyahoocom
(P Phattanawasinl

037907 384 - see front matter @ 2011 Elsevier Ireland Ltd All rights reserved.
dod:10.1016/] forscilmt_ 200 1. 12004

and nonfatal stroke |[7]. Without adequate quality control, those
taking herbal slimming formulations with the presence of
undeclared sibutramine may be suffered from several unpredict-
able implications ranging from headache, vertigo, numbness to
serious cardiovascular effects, depending on the amount of drug
consumed [8,3). In order to protect consumer risks, a simple, rapid
and low-cost method for screening and quantitative analysis of the
adulterated sibutramine in numerous brands of herbal slimming
products available in the market is of importance for local
authorities related to public health control and surveillance.

Several methods including HPLC [58,10], LC-MS/MS [11,12],
capillary electrophoresis [13] and infrared spectroscopy [14] for
identification and guantitative determination of SH in pharma-
ceurical formulations and herbal products have been reported.
Even though the major advantages of these methods have been
claimed for their being highly sensitive and specific, the analytical
instruments are quite costly and expertise is usually required.
Unlike those, the use of simple and inexpensive TLC method can
overcome these drawbacks and being more accessible to many
local authorities and small laboratories. Furthermore, based on a
combination with simple com puter technology and image analysis
software, TLC-image analysis method has been developed and
applied for quantitative assay with good accuracy and precision
[15].

Therefore, the aim of this study was to develop an economic,
accurate, reproducible and convenient TLC-image analysis method
for rapid determination and quantitative analysis of illegal

Please cite this article in press as: P. Phattanawasin, et al, Quantitative determination of sibutramine in adulterated herbal slimming
formulations by TLC-image analysis method, Forensic Sci. Int. (2012), doi: 10,1016 j.forsciint.2011.12.004
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adulterant, sibutramine, in herbal slimming formulations. The
proposed method was validated in com pliance with [CH guidelines
and compared with the TLC-densitometry.

2. Materiaks and methods
Z1. srandards and samples

Standard sibutramine hydrochloride (SH)L phentermine, fenfuramine and
methamphetamine (punity = 9% ) were obtained from Regional Medical Sciences
Center 3, Chonburl, Thailand. Twenty products of herbal slinming fomulations
were purchased from local vendors, drugstores and via Internet. All reagents and
chemicals were analytical grade.

22 Preparation aof standard and sample salutan

A working standand solution of 5H (0.5 mg mL™") was prepared from a stock
solution (5.0 mg mL~") in methanol. For preparation of sample solutions, §1-520,
the weighed content of one single dose (one cachet or one capsule) of each herbal
farmulation was placed in an Erlenmeyer flask and sonicated with 20 mL MeOH for
15 min 510 and 519 solutions were further diluted twofold since they were highly
adulterated with SH. All sample solutions were used for TLC assay.

23, Chromatographic conditians

TLC analysis was performed on TLC silica gel 60 Fasy plastic plates
(20cm = 10cm with 250 wm thickness, Merck, Germany L A standard or sample
solution was applied as a 5 mim band onto a TLC plate wsing a TLC sampler Manomat
4 (Camag, Switzerland) and a 2 pl capillary tube (Camag, Switzerland) The
distance betwesn each band was 1.0 cm. The plate was developed to a distance of
Tivemina TLC chamber previously saturated with toleene-n-hexane-diethylamine
(9103, vV for 30 min.

24, TLC-mage analysts method

For the determination of 5H by TLC-image analysis method, the developed TLC
plate under the chromatographic condition as abowe was airdred at room
temperature, then, dipped into Dragendorff meagent for 65 wsing Immersione
Device 3 (Camag. Switzerland ). After 5 min, the plate was dipped again in the
eagent for another & s to enhance the color and dried for 10 min before scanning by
a digital scanner { Hewletr Packard SCAN |et 3500C) at a resohetion of 200 dpi. The
color image of the plate was saved as a joint photographic experts group (JPEG) file
The JPEG image was resized and cropped according to the plate dimension at
20em = 10 cm and saved at a resolution of 40 pixels oo~ for image analysis of SH
content by Sorbfil TLC Videodensitometer software (Sorbpolymer, Russia)l

The image file was opened with the software. Equal width of each track line was
et and the evaluation of the chosen track to measure peak area was performed by
Process Track command using for each line method aption at the values of width
and height at 3 and 30, respectively, and noise filtering at 7. The software evaluated
a5H band in each track on a TLC image on the assumption that the size and the
intenzity of a band (in relation to the plate background intensity) depended on
the quantity of a substance in the band. A chromatogram was constructed on the
deviation of track intensity from background intensity. Ryand peak area of SH were
determined.

25, TLC-densiramerric methad

For TLC-densitometric analysis, the air-dried TLC plate developed under the
chromategraphic condition as above was scanned by using a Camag TLC scanner 11
with Camag CATS 3.1 software in the absorbance mode at 225nm. The slit
dimension was 5 mm = & mm and the scanning speed was 4 mmjs.

26, Merhad validarion

The specificity of the TLC methods was determined by comparing an Ryvalue of
%H ima sample with that of standard 5H and in elation to interferences from other
components in herbal formulations. A TLC analysis of SH and synthetic conpownds,
eg. phentermine, fenfuramine, and methamphetamine. was performed. The peak
purity of SH was also determined by TLC-densitometry The spectra at three
different regionsof the sibutramine peak.ie_ peak start (51 peakapex( M) and peak
end (E) were compared.

For calibration curve, different aliquots (2-12 pl) of standard solutions at
0.5 mg mL~" were applied on TLC plates using the Nanomat 4 with a 2 pL capillary
tube to give the concentrations of 1,2, 3, 4, 5 and & pgfspot of SH The plate was
subjected tothe TLC-image analysis and TLC-densitometric methods as described
abowe. The calibration curve was constrected between peak area and drug
concentration in pg/spot and the calibration dara were subjected to least-squares
regression analysis.

In order todetermine limit of detection (LO D) and limit of quantitation (LOGQ), the
linzar regression data constructed from the lower concentration range (1. 2 and

3 pglspaot) was used | 16]. The LOD and LOQ were determined from the formulae 3
5075 and 10 505 where 5D was the standard deviation (50 ) of the intercept and 5
corresponded to the mean value of the shpe

The repeatability (intra-day precision) and the intermediate precision were
performed by determining the amount of standard SH at three different
concentration levels (2, 3 and 4 pgispot) in triplicate. The intermed iate precision
was determined on two consecutive days. The relative standard deviation (RSD)
wvalues for repeatability and intermediate precision were calculated.

Robustness of the TLEC methods was studied by introducing small changes in the
mobile phase compositions e g. tleene-n-hexane-diethylamine (9:1:0.3, vivivl
(L.10903, vivive (B2 1.1:03, viviv)and by varying the time from spotting to
chromategraphy and from chromategraphy 1o scanning or image capturing for
15 min A concentration of 3.0 pglspot was emplored Each wvariation was
performed in triplicate. The RSD values of the peak areas were calculated for all
vanations.

The accuracy was performed in term of recovery studies using a standard
addition method. A sample spiked with known amaount of standard 5H to give the
additional concentrations of 1, 2 and 3 pgispot was analyzed by the proposed
methods. The experment was cond ucted in triplicate. A mean percent recovery was
calculated.

2.7, Analysis of SH in herbal sliimming samples

A6l of each sample solution was spotted on TLC plates and analyzed by the
methods described abowve The amount of adulterated 5H in the samples was
analyzed by the TLC-image analysis and TLC-densitometry. Each sample was
analyzed in triplicate. The results obtained were expressed as mean of SH content
(mg per one single dose).

2.5, Srarksrical analysis

The mean values of 5H contents in one single dose assayed by the TLC-image
analysis and TLC-densitometric methods were tested by paired r-test at 95%
confidence level.

3. Results and discussion
3.1. Method optimization and method validation

The chromatographic condition for determination of adulrerar-
ed SH in herbal products was attempted on the most common used
silica gel 60 Fasy TLC plates. Among various mobile phases, the
solvent system consisting of toluene-n-hexane-diethylamine
(9:1:0.3, vivjv] gave a narrow band of SH at an Ry value of
046 = 002 bur weakly detected under UV at 254 nm. The intensity of
spot detection was enhanced by dipping the plate in Dragendorft
reagent, The crange-colored band corresponding to SH was clearly
observed and well separated from other components in the samples,
The specificity of the TLC method was ensured by comparing an Ry
value of SH in the samples with that of standard SH. ATLC analysis of
SH compared with synthetic compounds, e.g. phentermine, fenfur-
amine, and methamphetamine was also performed. The data showed
that, the tertiary amine SH produced the strongest positive orange
color whereas the other synthetic compounds, bel onging to a group of
primary and secondary amines, were weakly or not detectable with
Dragendorff reagent and none of the compounds were detected at the
same Ryvalue as 5H (Fig. 1}

Furthermore, no other interferences in the samples were
observed at the Ry value of SH. There were no any crange-colored
bands corresponding to the Ry value of SH found in the non-
adulterated samples, suggesting that other compounds found in
the herbal samples did not interfere with the identification (Fig. 2).
Peak purity of SH in each adulterated sample was also assessed
from TLC-densitometry by comparing spectra at the start (5), apex
(M) and the end (E) of the peak obtained from the band, i.e., rS,
M} = 0.5999 and r{ M, E) > 0.999,

The digital images of scanned TLC plates were analyzed by
Sorbfil TLC Videodensitometer (Fig. 3 The calibration curves
between peak area and concentration were obtained from TLC-
image analysis and TLC-densitometric method. The polynomial
regression dara showed good linear relationship owver the
concentration range of 1-6 pg/spot from both methods

Please cite this article in press as: P. Phattanawasin, et al., Quantitative determination of sibutramine in adulterated herbal slimming
formulations by TLC-image analysis method, Forensic Sci. Int. (2012), doi:10.101 6/ forsciint2011.12.004
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Flg 1. A TLC of 5H (track 1) and synthetic compounds, phentermine (track 2L
fenfuramine (track 3) and methamphetamine (track 4) at 10 pg/spot.

(R* = 0.9990) (Fig. 4). The LOD and LOQ values obtained from TLC
image analysis and TLC densitometry were at 190 and 634 ng/spot
and at 103 and 344 ngfspot, respectively.

The precisions of both TLC methods were found to be
satisfactory as the RSD values determined by repeatability and
intermediate precision studies were all less than 2% as shown in
Table 1. The TLC-image analysis and TLC-densitometric methods
showed RSDs of peak areas calculated from robustness studies
for all variations were less than 1.90% and 161%, respectively
(Table 2).

The accuracy of the methods was determined from the recovery
studies by spiking a sample with three different concentrations of
standard SH. Mean recoveries obtained from TLC-image analysis
and TLC-densitometric methods ranged from 96.86 to 106.57% and
from 95.95 to 106.92%, respectively (Table 3}

3.2 Analysis of herbal slimming formulations

The TLC-image analysis and TLC-densitometric methods were
applied for detection and quantification of SH in twenty herbal
slimming formulations whichwere claimed to contain only natural
ingredients obtained from a variety of herbs, for example, aloe
vera, garcinia cambogia, lotus root, konjac and cinnamon. Six
formulations, 52, 56, 57, 59, 510, 518, from twenty products were
shown to be adulterated with SH. The presence of SH peak was
clearly observed in the TLC chromatograms of the adulterated
samples (Fig. 2). The contents of adulterated SH were shown in
Table 4. A paired r-test suggested that there were no significant
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Flg. 2. { A) TLC image of standard SH (track 1) adulterated slimming formulations (racks 2-7: 52, 86, 57,59, 51 0and 519) and SH-free samplesi tracks 8-10: 514. 515 and 515 ),
{ BYTLC chromatogram of standand SH. s1immdng coffee (52, slimminggel { 55) and slimming capsule | $10) obtained from TLC-image analysis and { C) from TLC-de nsi tometry.
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Fig. 4. Calibration graphs between peak area and concentration from (A) TLC-image analysis and (B) TLCdensitometric methods (n=61
Table 1
Intraday and inferday precision study.
5H concentration { ng/fspat ) TLC-image analysis TLC-densitometry
Intraday precisien’ Inrerday precision® Intraday precizion* Imterday precizion®
2000 1549 1.75 1.28 105
0 108 112 051 0S50
S 182 126 1.51 1.04

* kelative sandand deviation (% RSD, n=3).

Table 2
Robustness study.
Parameter TLC-image analysis TLC-densitomety
K& (1]
Mobile phase composition
Toluene-n-hexane-diethylamine {2:1:03, wviv) 1.54 123
Toluene-n-hexane-diethylamine (9700903, viviv) 1.13 023
Toluene-n-hexane-diethylamine (B2:1.1:03, viviv) [iRI} A
Timee from spotting to chromatography (41 5min) 175 116
Time from chromategraphy to image capturing or densitometric scanning (+15 min) 150 161
Table 3
Recovery study.
5H amount added (ng/spot ) TLC-image analysis TLC -densitometry
Receovery () Average recovery (%) Receovery (%) Average recovery (%)
1000 106.5741.99 106492 £1.73
2000 Sh.8641.78 101054454 95854113 100344 5.6
3000 99 714088 QT4 4102

Please cite this article in press as: P. Phattanawasin, et al, Quantitative determination of sibutramine in adulterated herbal slimming
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Table 4

The mean content of SH (mgfunit) in the herbal slimming products analyzed by TLC-image analysis and TLC-densitometry.

Samples (characteristics) TLC-image analysis

TLC-densitametny

Amount (m g unit) % RSD Anountmg unit) % RSD
51 (dietary supplement (cachet)) NI - NI -
52 (slimming coffee) 11.85 303 1227 265
53 (slimming coffee) NI - NI -
54 (slimming coffee) NI - NI -
55 (slimming capsule) NI - NI -
56 (slimming gel) 16.64 109 1707 218
57 (slimming coffee plus green tea) 675 LI GR2 305
58 (dietary capsule) NI - NI -
58 (slimming coffee) 1636 1449 1636 028
510 (slimming capsule) 1958 087 20.63 1.13
511 (=limming coffee plus ginseng) NI - NI -
512 (slimming coffee) NI - NI -
513 (slimming coffee) NI - NI -
514 ( slimming coffee ) NI - NI -
515 (slimming coffee ) NI - NI -
516 (dietary capsule) NI - NI -
517 (slimming coffee) NI - NI -
518 (slimming coffee) NI - NI -
519 (slimming capsule) 2357 1.18 28 052
520 ( slimmning drink) N - M. -

N0, not detected.

differences (P > 0.05) between the contents of SH determined by
TLC-image analysis and TLC-densitometry, suggesting that the
proposed TLC-image analysis method can be used as an altemative
to TLC-densitom ety for quantification of SHin the complex matrix
samples.

4. Conclusions

This is the first report of the validated TLC-image analysis
method wsing a common computer technology for detection and
quantitation of sibutramine as an illicit additive in so-claimed
purely natural slimming preparations. Statistical analysis indicat-
ed that the amount of SH content determined by the TLC-image
analysis and TLC-densitometric methods was comparable and
varied from 6 to 24 mg per one single dosage. For those being
unaware of taking the adulterated herbal products, serious
cardiovasculareffects may be developed depending on the amount
of drug consumed and overused. The proposed TLC-image analysis
method could thersfore be useful and affordable to local
authorities and small laboratories due to its simplicity, low
operating cost and uses of inexpensive and general instruments to
conduct surveillance programs for rapid detection and content
determination of undeclared SH to ensure the safety of herbal
slimming products.
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