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Liquid Chromatography-Tandem Mass
Spectrometry (LC-MS/MS)

[

v ¢ A A a v o Y oo @ e oa Y P a & a o
wansed Fanand Inda Jwmisy d3w3 duum w@ndd nndnd §ve nanenis
anased andufigy uas nasgy teziumi
aningamwuazanuasnstaIms nsuinenmansmsuwng wuny3 11000

unAnga wandurissua s sasIwaalumsheamhuiin insussomwmand thasinssa viamheudly
Hymguawanaiimsvssiurasingeangrdudemuwutiagiy ialiiRanaiidasmsstanaiilos i
anudasadssasguilag demsldmamailaiuiaingussasdaranaliifatymaamwathehausmudediold
miﬁnmf’?ﬁﬂﬁ'ﬁ'@uuﬁ%mimﬁﬁmiwxﬁl,%mmmw Lﬁ'ammaaumiﬂaauﬂuwaqmuwuﬁwﬁu 16 wila Misuh
nlglundadaeiaduamslsznanas e walye uaztainsan Taglddhazas MeOH:H,0 (70:30) lums
afauazUSue pH 2asmsazaeliiflunse mntuthasasadeas 10 wh aneienzddiemadia LC-MS/MS
Fasinannuiianiamsanaiadmiumsiuiunanihiy 5 faandudadlandu dwmsudeiealszon an
msnadauenylglearadid wuhe 9%diagnostic sensitivity, %diagnostic specificity, %positive predictive
value U8z %negative predictive value Sienwhiu 1009 daihidFianzsiiasianul anwsmne ANNUAUENG
lihTiAemauinanudonaauas wazsnunsodnnzienns 16 #ia ldluaiuden Fuiumsantiinmumsls
sseiiuazszeznmlumsiensi adsslenilumsmuanaumwidadariasiemsbilduldmungminauas
AnasasnnNdasanglviiuguilog

MaAY: MINMUNITIAA, eunutagiy, waadaeidsne1ms, LC-MS/MS

Corresponding author E-mail: kanyarat.ch@dmsc.mail.go.th

Received: 17 January 2023 Revised: 31 May 2023 Accepted: 2 June 2023

NININTNINENANTATMIUNNG
U 65 adui 2 wwey - 9w 2566




mMsnannIFiensieunulagiunvasniulucdadosiaiuems

YaNSeU @aNad uazan

U

UNN

Uagtuguslaaiisnldndadaeiasuaims
iiatagUszaedang g W aoumiln w@iuade
masaiulavesndanile tinaussnmwmane
thyaiwsso vidaud latlaauammay 4 Feudesosi
uniinoaiimsUasaudsenuauilagtiv dialw
Aanaswsideinsluszaznadunad uden
dapaABNd g INY B UT LN ARENTULSS "
wuldnndnmsidedioniaeinmsuszamvasuyag
givilnawdofaiaiuoimadiniuaaiinin
smguaniliiiesuans fa madeewduanan
wmiinlusdadasidanan Tasmlumanimin
azdenelasunnd (ielfifludiunilaimsdnmnlsn
2w mambhwinutaiu 2 Ussan owmsean
gnuaeen® ldun nquaangnideaussiinacogud
MIUANMIFUYTEMUDIMTVIDANNITNBEINBINT
Toanssauaudmuauanuduuasiliidaamaie
2799 15U sibutramine, phentermine, fluoxetine,
desoxy-D2PM mﬁﬁﬂaaﬂqw‘énmﬂizmml,asamms
MNIUYBIAUEAIVANANNAD 1Y fenfluramine
u,a:na:u‘*?;aaﬂtm%{ﬁuaﬁ'mzﬁuﬂ 1% ephedrine,
pseudoephedrine ﬁﬁmnsx@i’unixmummm AR
Tusameuaziiadasmmsnuaalusi phenolph-
thalein fignailuanszing nszdumsiiuduesald
wlfiamsiudeinniuviatesiu lasame
gudehuazindousionlidnnanasateno
wazenaiin1sld diazepam LipanNaTI9LAEIIN
mamhuiiniinszdussuulszamaiunanindas
mslasuanmaiilulinainnfuluandiwads
GRFUMW LB LHABIMTIANNND NNATLWN UBY
linau nennuaNgazaIdnIzndauslusme
W3anIMNuEaIuNelBsiaUnd wazwinlden
waildadatuiunanunieldluusnadibu
20 DAEKEDIz ULz ¥ la uazvaaaldan
udstuFedia

wannniiwundaduiaiumsiseasiwan
Hraspndaymaumn uaiinsuasniuetssnn

dliasa86 iy prednisolone™ waz dexamethasone

o Ae’ a a e el
nignsumsdnay nagianny lasnwmeanmsuw
SnmanuiiaUndnenussuunaaiia nszgnuas
v a a ' Y 4
78 madumela muduemns wazdawlivie mnld
[ < Yo a v Y a v =
Wunamnuvseldvsaiulianneldiianatnudes

v
] a

WU LNNANNLFEINMSAaEaLUATISEINGNENISNA
ANANNU LNNTZAUINIMA LUEDe NN SazaN LNy

u 9
v ]

ANANNEENADNIENTEONWIY Uz ldTame
ngoaafesosdausssnnd aeiuiangald
iz liemeneaiissesdaiasunay
anaiaAMian vuadd wasldeiio wanniwide
L@saaNssamwmManeaslund e fasiasnemsh
uUATIE WN3lY sildenafil (viagra), tadalafil ¥38
vardenafil® Fuilusnsnwlsandauaussamnma
WA apngnEdITauAaENdNLipraaDAEeR
Heiinmslwadeulaialusiasezwems wazse
Tadenzwauded wnlasulusunasnaduldena
mligadamsssuiivegdunauniamimla
NeRuEEEI0 GaumMsHaNmMIUNER A o
onns Liinqusrasdiiieldiiuenuas lldsums
muanUsinamsuslaaauduen sxamnlviuslaale
SuPMEB N HATILREIREN B HaduaTE
dogumw uazidediole
UsEMANTENTNEIBITUGY atuf 293 W.a.
2548 (304 HAO AN T iieny wa sl
winenmsh WurdasaeinldSulssmuuaninile
ansSulszmuamsmnlnd Feilaserms
wisanspuiussdusznavaglusluuuiio uatya
k9 180 BB wiadnwasdy Feiildguuy
onsmuiUnd dwmiuguslaaiimanielsslani
yaduduadugan daiumaihiageangns”
(% sibutramine (az desoxy-D2PM ‘ﬁlgﬂﬁmﬂu
5’mqaaﬂqw§ﬂszmﬂ 1 alprazolam, ephedrine,
phentermine a8z pseudoephedrine ﬁL‘ldJufJIqu
aangN3Us2LAN 2 Uae diazepam ﬁLﬂui'mqaanqwé
Uszan 4 nlddudwisenauluaimsialdlums
nspnifiangvan uaﬂmﬂﬁmiﬂaauﬂummwzu
Niaw® U sildenafil, tadalafil, fluoxetine,

prednisolone, dexamethasone g1auas18® 2y

N3 ININTENFNTNSUNWNE
U 65 aui 2 wwey - 9w 2566




Method Mevelopment of Modern Drugs Adulterated in Dietary Supplement Products

Kanyarat Chuakunchat et al.

fluoxetine enunuilagiuiildmuunmdviainduns
Farhiiy @y § bisacodyl lundesasiadnems
Fatlumsldediininguszaad enanaliAasuane
deguslnauaziilumsnssvnilianguane
maiiamsanaleniingaangniuazen
uwuthgiuiinaameiin® daudizmsiuguiild
asaansaaiiaadu 1dud TassnInnniluuuwsivna
(thin-layer chromatograph; TLC)""™® fiond
wadaMsuenasuuLzatuiLazaaural lagld
alumina %38 silica gel L?Jui’gmﬂmﬁ (stationary
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§17019337U: alprazolam, diazepam,
ephedrine hydrochloride, phentermine
hydrochloride, pseudoephedrine hydrochloride
(DMSc reference standard, ﬂ’NNU%ch’ﬂéu1ﬂﬂ’j’l
Saeaz 99.0), bisacodyl, dexamethasone, fluoxetine
hydrochloride, phenolphthalein, prednisolone,
tadalafil, vardenafil hydrochloride (Dr. Ehren-
storfer GmbH, mmu’%qw%mniw%’aaax 97.0),
desoxy-D2PM, sildenafil citrate (Sigma-Aldrich,
mmu‘%qw%nmdw%’aaax 99.0), fenfluramine
hydrochloride, sibutramine hydrochloride
monohydrate (LGC GmbH, mmu’%qw%mnh
SP88T 98.00)

#15tAd: acetonitrile (ACN), methanol
(MeOH) (flu HPLC grade wag formic acid flu
AR grade

wa3asiiauazgunsel

LASPITIANNAZLEER 0.001 NIH (Sartorius
AG, 7u LP 620S, Germany) uaz 0.01 Naansu
(Mettler-Toledo AG, ju XPE, Switzerland),
refrigerated centrifuge, Lﬂ%:m{]‘u (Nessei,
Japan), vortex mixer, shaker, micro pipette
uIn 2-20, 10-100, 20-200, 100-1,000 Lt
1,000-10,000 ulAS8MS, screw cap centrifuge
tube 1@ 50 NAAANI, micro-spin filter tube
0.2 lulasiues #iia PVDF, 2a3au3ines e
10 W8z 1,000 NaddNT, NITUBNGIN UIA 100
W8z 500 Naaans, pH paper 739 0-14 WUae
2.5-4.5, 1309 LC-MS/MS vsznauds binary
pump, auto-sampler, micro vacuum degasser,
thermostatted column compartment: Agilent
1100-API 4000, detector %1 triple quadrupole
mass spectrometer (Agilent Technologies,
Germany) WazAaauY Zorbax SB C-18 (4.6 mm x

150 mm, 5 um)
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fissnasgune 16 zile welasiurnuionme
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MIFNAAIBEN

anaNdaAMeiLENINIBaNNe 1la ualya
wazta3eadn TaaFadiaehe 1.00040.05 nin 1d
screw cap centrifuge tube 2U10 50 NadaNT dzae
gemmazananan MeOH:H,0 809182 70:30
U31n@s 10 fiadans wanliEh sy iyl $ue pH
Farunauiisimsanmen pH 719699 tienagau
UszandSmwzasmsanamsithuing Taaiimsusum
pH Tuzedre g lawn 1.5-2.5, 2.5-3.5 uay 3.5-4.5
e formic acid wanlizhnULazenaIe shaker
WU 15 Wil mnﬁumum’%mﬁmmﬁa 4,000 58U
GauN aUNN -4 BNALYALEEE WU 10 U
gadsazaradiula 1 §addns (nIdludaN M

\3uIMETiaeInsaN Lipsnndetaazsiiy
iladenfufudrasasianansogamsazasle
navae) leasly micro-spin filter %iin PVDF 2110
2 findans i vaguuissiinnug 9,000 soudaIN
auuNil -4 avFnwwalded W 10 H hasazany
fildanden 10 wh dhy MeOH:H,0 davdu

70:30 AauINlAeziareeIas LC-MS/MS

NILHIINEITAZAIINIANIFIU

LWSBNEITATAENINIFIU stock standard
solution ANNWNTY 1,000 lulASASNARNARANS
Tﬂﬂ%’qmsmmgmu@iawﬁmﬂismm 10 Haaniu
avaauazUsulsinasilu 10 198305 @28 methanol
MinueNNENTUIaNITINesIUthring 63
§ITYINTTIUNTNANNINTY 100, 10 Udz 1
lulasnsusaiiadans laamsi@aaeals methanol
dmsuasazarsanasguildlunisauineie
LC-MS/MS Wuuuu single point standard il
ANuINTU 50 lUNTuGDNAAANS

MMy LC-MS/MS

Lﬂ"ﬂila\i Agilent 1110 series API 4000 MS/
MS ﬁamazé’ﬁj mobile phase tfu 0.1% formic
acid war acetonitrile THlUswn5w gradient Tu
msusnans o lumsienziname 22 i Tog
JanAMzue9 mass spectrometer Usznaume ion
spray voltage: 5500 volts, temperature (TEM):
400 B9FNEaLEed, collision gas (CAD): nitrogen;
medium, curtain gas (CUR): 30 psig, ion spray
nebulizer gas (GAS-1): 40 psig, tis heater gas
(GAS-2): 50 psig aMUNNYBIABANUNAY 35 BIAN
walded uas injection volume tnnu 5 WlAsaNS
Togansgnmvilulassuuingas electro spray
ionization (ESI) 1aaauﬁ1é’gn‘3miwﬁﬁaﬂ multiple
reaction monitoring (MRM) waz@n#) mass 17; m/z
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M39# 1 MS/MS fragmentation conditions

Precursor ion

Product ion

Retention Time

No. Compound name (m/z) (m/z) (RT) (min)

1 alprazolam 309.100 281.300 (primary) 8.29
205.300 (secondary)

2 bisacodyl 362.000 184.000 (primary) 7.35
167.000 (secondary)

3 desoxy-D2PM 238.000 97.000 (primary) 6.34
117.000 (secondary)

4 dexamethasone 393.000 147.000 (primary) 7.16
355.000 (secondary)

5 diazepam 285.300 193.200 (primary) 7.89
154.200 (secondary)

6 ephedrine 166.200 117.100 (primary) 6.07
115.100 (secondary)

7 fenfluramine 232.200 159.100 (primary) 6.38
109.100 (secondary)

8 fluoxetine 310.100 44.000 (primary) 6.35
148.100 (secondary)

9 phenolphthalein 319.000 225.000 (primary) 6.72
141.100 (secondary)

10 phentermine 150.100 91.100 (primary) 6.15
105.100 (secondary)

11 prednisolone 361.000 307.000 (primary) 6.90
343.000 (secondary)

12 pseudoephedrine 166.200 117.100 (primary) 6.19
115.100 (secondary)

13 sibutramine 280.000 125.000 (primary) 6.92
139.000 (secondary)

14 sildenafil 475.100 58.000 (primary) 6.34
100.000 (secondary)

15 tadalafil 390.100 268.100 (primary) 6.88
135.100 (secondary)

16 vardenafil 489.400 151.000 (primary) 6.20

312.200 (secondary)
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ANNNNEYIITIATI12H (diagnostic speci-
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< = oA A vy
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g5

diagnostic specificity

number of true negative sample

total number of samples without condition

ANuhua9I531A1Y (diagnostic sensitivity)

AL BE1NNIN N UANLETHBINSBHARN
(0 wntye uaziasasdu Midinansnguihvane 16wl
fiszauenuugu 5 daansuaanlansy siadaths
8z 100 7 Usziiuwalagmunamuans'®
diagnostic specificity

number of true positive sample

total number of samples without condition

positive predictive value (PPV)
Jieshtienadaudadivzadlamannua
A RIGER A afm%umimnwumimjuL%’Jﬂwmﬂﬁ
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msziions e walye LAZLAS AR ﬁﬁman’u
dhnsnedfisissauanududy 5 GaanSudenlann
#ilafagear 100 91 Usziiunalagmuian

g5

positive predictive value

number of true positives

total number of positives

negative predictive value (NPV)
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negative predictive value

number of true negative

total number of negative
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mmiammwuman'uLi"Jmmﬁﬁy'q 16 310 HAFDU
specificity WU ion ratio War retention time
(RT) 2896150a180081NULANEANAIN ion ratio
uaz RT m?{ﬂwmmimmgm PDNMINTIATDUMNE
3¥UU system suitability Tadhusesas 20 way 2
MINSIAU UaLILASILY matrix blank WIITAN

Tasanlnsunsuwasimaslinudyanaiiie) RT uay

o

v
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A m/z ‘ﬁmaﬁumsmmgm ADUNNONINAUNIE

(A2 AALFAS LMD 1

alprazolam soes bisacodyl - desoxy-D,PM
= m/z 309.1/281.3 e m/z 362.0/184.0 | | m/z 238.0/97.0
= RT 8.29 g e RT 7.35 - RT 6.34
g I, = 2 ...
F oo g oo E.
o dexamethasone e diazepam = ephedrine
renen m/z 393.0/147.0 m/z 285.3/193.2 - m/z 166.2/117.1
g e RT 7.16 s RT 7.89 = RT 6.07
|<Jmoe 2 =
£ o LIRS -
’g . oo . o phenolphthalein
= fenfluramine fluoxetine o m/z 319.0/225.0
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= i. ol
- |
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blank LA3BaRY
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Jaeimeamaiia LC-MS/MS tas matrix blank 2896108 NKNANNUNEINDINTBUAK LG
wAUza LazAIBIAN(AD)

N3 ININTENFNTNSUNWNE
M 65 atUN 2 e - AU 2566

c



Method Mevelopment of Modern Drugs Adulterated in Dietary Supplement Products

Kanyarat Chuakunchat et al.

FNNANMINTINIANREIMTUNEUGUMaUIN
(cut-off) uazanuldlavadisnsanalusiadi
=~ L 2 L | d‘ T
nMstiudy cut-off lasanaeaganlaifing
wnasnguviang (matrix blank) wazaagani
maanaInguihvang seauaNuNY 5 Jaan3u
gafnlaniy #liafIaeNa: 100 7 WUTIMNEIBENT
1 a J Yy 1T o Y a 1
lusimsdnansnguiihuing Limldiewauin dw
smagnnanasnguihvanglvikauinme 16 #iia

Tunnaeg denunszauaNIdNty 5 Jadndy

dailansy aansaldiduge cut-off o dauanaly
Wi 2 uar 3 warldmaanadiucmiaiauns
M3sa53anwy (limit of detection, LOD) luanea
wao S ssiion e uatye uazie3asiu
ilasnnwamanadauwuh fetmnlssanasa
wumsInasuenueuilagtuna 16 i mundn
NATRNATIUMIITIANUTIMWUA Y wasiaaghadl
lisimsdnansnguiihvang wuhasalinuasngy
hwinelunnafiadiaenaunu

@317 2 MINAFBUTANNANMIATINIANLI DI NN M9ILaTNIMNITTARS LA UAUYS LazLATBIAN

AVSUMSHUTUNANTZAUA NN NTY 5 NadNTNADN a5y

BUANI #HALNG riaualra HALAIDIAN
FUATIS Conc. Conc. Conc. Conc.
%rec %rec %rec %rec
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

alprazolam 4.15 83.00 4.23 84.60 4.30 86.00 4.14 82.80
bisacodyl 4.77 95.40 3.98 79.60 3.77 75.40 3.96 79.20
desoxy-D2PM 4.34 86.80 4.25 85.00 4.81 96.20 3.91 78.20
dexamethasone 4.09 81.80 3.83 76.60 3.86 77.20 4.86 97.20
diazepam 4.21 84.20 4.76 95.20 3.75 75.00 4.11 82.20
ephedrine 4.23 84.60 4.19 83.80 3.80 76.00 4.36 87.20
fenfluramine 4.12 82.40 4.40 88.00 4.13 82.60 4.17 83.40
fluoxetine 4.71 94.20 4.16 83.20 4.31 86.20 4.33 86.60
phenolphthalein 3.85 77.00 3.79 75.80 3.79 75.80 4.00 80.00
phentermine 4.19 83.80 4.07 81.40 3.78 75.60 3.89 77.80
prednisolone 4.36 87.20 3.95 79.00 3.75 75.00 3.92 78.40
pseudoephedrine 4.43 88.60 4.16 83.2 4.28 85.60 4.02 80.40
sibutramine 4.27 85.40 4.08 81.60 3.98 79.60 3.98 79.60
sildenafil 4.29 85.80 4.29 85.80 5.16 103.20 5.06 101.20
tadalafil 3.84 76.80 4.66 93.20 3.80 76.00 3.93 78.60
vardenlafil 3.90 78.00 4.17 83.40 5.02 100.40 4.60 92.00

N3ENINFIANNEFASMSUNNEG
Ui 65 atiun 2 wweu - Igueu 2566




mMsnannIFiensieunulagiunvasniulucdadosiaiuems

YaNSeU @aNad uazan

U

MIIN 3 MIFUTUTANNANTATIVIATIERNTUAATUNAUIN (cut-off) NTLAUANNINTY 5 NAANITNAD

Alansu wazHamsNaaaU UM BENNINAMIEINDIMSUSEANGNN 9

samples above

sample below
total sample

cut-off (n) cut-off (n)
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BUARN 100 0 100
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TeAwannduie %diagnostic sensitivity,
sdiagnostic specificity, %PPV uaz NPV 1y
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100% FunAsARaNIERenrhdemsiene
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Fuaauiliinsnassuazdnwiladaifidananseny
faUsEanSMnEamM AL laeiinsusua pH Tu
%19 1.5-2.5, 2.5-3.5 WAL 3.5-4.5 o lWasanad
Uszandnmmggauazlaasnanihvanaasunnaiia
WUz pH 2.5-3.5 [ughefivianzaudige sunso
anaasnguiihuaneglaasunnarsuazliuanis

a (dd‘ dﬂ' e Vv L a a g 1T a L
WAANZHANGN NITAUANNLINIU S ladnsuaanlansu

ansoaINUasaglud e NNy 3.84-4.77

fiaansudanlansy Aatllusesaznisdunau

wuaglunie 76.8-95.4 Faglurnmeinig
w(17)w3dd n‘l’md o A

gansu’” sanududenldismsanainge pH 2.5-3.5

e8aINaraIy methanol:H,0 8051874 70:30

M5UszanaAIA Nl HYaINITILATIEH
(measurement uncertainty)
=Y U ] 1] YV Jd

msuszdiumanuliuiuey logldinasing
AMuaN@ standard deviation Zearanuly
uluauINEENAISUBENT 2 1YeY predicted
Horwitz’z RSDr® Tagamanuluiuiuauiaisas
I~ o . . a L d
Wuanmsamuawes sibutramine TUHEA A 9]
NN TEHon 1le ualzge uaseieedn Nssau
5 HadNSNABNLANSN WNAY 8.00%, 8.26%, 5.26%
UaT 4.18% MNAIAU NILAUANNTBNY 95% (k = 2)
MIMIWANLazNaTaUANNgNEaNIBNsHlahen
anybiwiuunnnauvasniinsan Ussnaudae
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Chart of Relative standard uncertainty: Sibutramine
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Chart of Relative standard uncertainty: Sibutramine
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The Method Development of Modern Drugs
Adulterated in Dietary Supplement Products

by Liquid Chromatography-Tandem Mass
Spectrometry (LC-MS/MS)

Kanyarat Chuakunchat, Witthawat Wangkaewhiran, Atcharee Inkaew,

Saovanee Wajasit, Suwimol Muadmah, Sakulrat Somsuntisuk,

and Thongsuk Payanan

Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT The dietary supplement products that claim to aid in weight loss, enhance sexual
performance, improve skin health, or cure health problems might be intentionally adulterated with
psychotropic substances or modern drugs. Misusing these substances can lead to serious health issues
or even death. This study aimed to develop the qualitative analysis method for detecting the adulteration
of 16 modern drugs, which are commonly used in dietary supplement products, including powder, tablet,
capsule and beverages. The extraction method involved dissolving the sample in a MeOH:H,0 (70:30)
solution and adjusting its pH to acid and then the extraction solution was analyzed by LC-MS/MS after
a 10-fold dilution. This developed method provided a limit of detection for confirming (cut-off) at 5 mg/kg
for all categories of the sample. The validation indicated that this method showed 100% of 9%diagnostic
sensitivity, %diagnostic specificity, %positive predictive value, and %negative predictive value. Moreover,
it was simultaneously used to analyze 16 modern drugs in a single run that reducing the use of chemical
substances and time consuming. Overall, this developed method is highly beneficial for ensuring that

dietary supplement products comply with the laws and for consumer protection.

Keywords: Method development, Modern drugs, Dietary supplement products, LC-MS/MS
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