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(CBD §4) afameiTuailnaingmieee (Supercritical Fluid Extraction) JtaszwiSanaeieds HPLC was
nogauanuiuivdomadinzdededs MTT assay wudwaﬁaﬁﬂﬁ'ﬁgmﬁq 3 %l uamgNITuTuTadNzE
14 7 %iia Toes PTCo729 Seiidadhu THC : CBD whiu 1 : 6 fianadimsuandasiiiaddyuasiiuiivgage
daumaduziThun (MCF-7) iwaduzisla (A-198) uazizaduzEady (HepGe) Tvieh IC_ oy 2.81 +0.85,
5.48 +0.27 UAZ 7.65 + 0.49 lulAsn3u/adans muaey g1 PTCo602 #9ildadiu THC: CBD whiu 10 : 1
wamaeNIduRENINzAawadNzSIUan (A-549) waanz3aanld (Caco-2) waanzi39auad (A-172) wazNeis
dugau (PANC-1) T¥é IC_ 1y 10.92 +1.05, 14.65 + 2.05, 15.11 £ 2.52 Uaz 19.19 £ 1.79 lulasnin/iiadans
anuaey lusail PTCo601 fidadiu THC: CBD whiu 2 : 1 Sfisdsmadimnzdsudlisimnsiumadlo sxidiu
lahmsatadymniuglnasnsodudaugasusSumsidslduazarawann lhfluaduuzdmiam v
eneuNziale

maa: nynnuglneg, Nvdswas, adNSUINEEeN, A9-tetrahydrocannabinol (THC), Cannabidiol

(CBD)
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Cytotoxicity of Thai Cannabis Extracts on Cancer Cell Lines Sarayut Radapong et al.

ﬁmﬁﬁtﬂuﬁﬁiulﬁﬁ Cannabaceae fifoIneneansae Cannabis sativa L. subsp. indica (Lam.)"
Tudszndlnedanuiaes vie waw (Hemp) Fadneneansae Cannabis sativa L. subsp. sativa fianwas
MRNgNEEFASATIBAEINY LadANNLanaNivBTInas s dgvanlunguuauiniueed 2 oila laun
A9-tetrahydrocannabinol (THC) waz cannabidiol (CBD) %ﬁlﬁﬂizﬂau’lumif\huuﬂ‘swiwﬁaujmuas
oYz slu‘f]wﬁuﬁ%ﬁy’qaaﬁmmﬁm’lﬁlﬂwﬁm (species) L@EgNNU wATANULANEIIUSEAU sub-species
w3 variety whiu® ® ssadyludamgnwuinnnd s45 giia ludnnuilosnd 100 #iia fignszyiniiu
TWlauauindused (phytocannabinoids) 6‘?;0Lﬂuawsﬂéuwﬁ'ﬂﬁﬁqw%(wwqmé’%‘iwm(” Taseasmaniizes
wauniiuasdlsznavsssiudiiuludiu (lipid) saRaszesdusa (alkylresorcinol) uazinasiiu (terpenes)
miLmumﬁuaﬂﬁﬁwuiuﬁa;mdm‘lmj%agﬂugﬂwm carboxylic acid LﬁaTﬂuLLam'%ammé"au%ﬁﬂﬁgn
decarboxylated TWagluzuuas reduced form Tasansahdquaniivasdiwuldann #a Ao-THC wasz CBD
shussaaauaniivssaiinuldiaand wiu As-THC, cannabinol (CBN) UBNNNANINGNUAUINTUREA
W Samuansau q 3nannT 400 #iie Wy Waluess astiuasd samasad aligsons satau nslusu
wazthea (Hudu® » NNMIMUMUNENItEgnEMundinenzasiymlasniugnizesarsada laud
THC uaz CBD wud THC uazeyius figniudthe Tasnwzemsthennlsamessuuszam nsedu
anuagnamuazanaimanauldnnmsldiaiitnie seUnilawasnszdumsaiaradanas du CBD
figniussmaimsantn aaaimsianfnansludnnguamsaaiistnvialugihediivssSamaandam®
uanaNiigawu THC CBD wazaywusuauniiuess 17 cannabichromene, cannabigerol 33u@eans
Walueed 1 apigenin, chrysoeriol, kaempferol, luteolin, quercetin, vitexin uaz cannflavins Elueu
fgnsemuaszSaansyiio wiu nedadun (breast cancer cells) uz1396aNgNINN (prostate cancer)
221390U (hepatocarcinoma) ¥2139Uaa (lung cancer) Net34tintdan21 (lypmphocyte leukemia cells)
N5 UBaY (pancreatic cells) Ua N34T (melanoma cells)® ' MeNUTIUINGNEMSTUS BT
32159299 CBD °lumaﬁtwmﬁyaw%aiu&’m'imaaqwuﬁwﬁqwgﬁiamaé’m&mﬁmu (MCF7 and MDA-MB-231)
WWaaNzSENae (Us7-MG, U373, primary 3832 wag 387) waaNz54Uan(NSCLC, A549) aaNise
ald (HT29) waduzi3ausay waauziaedangnvann (PC-3, DU-145, 22RV1, LNCaP) uaziuad
uzGafinidon(Leukaemia/Lymphoma, Multiple myeloma) Tagnalananlumstiudamsiasauesad
(proliferation) wasiuwuulimdeasu (receptor-independent manner) U 3 ldUNNKAN (pathways)
lawn extracellular-signal-regulated kinase (ERK), Reactive oxygen species (ROS) uag
phosphatidylinositol 3 kinase (PI3K) s'?%amuqumim%muLLazmi‘[maqmaﬁ (growth, proliferation)
MIFNUAZEaIBENT (metabolism) NMIBEYIDAVBIYAS UALNTZUIUNIATNIEULEDA LYK (angiogenesis)”

masnadavludainaasfeuaadifiuhamshdalutumnuaunivesduazanseuiilalduaun
fiuped (non-cannabinoids) 3308 cell proliferation nszaulysunsnadae (apoptosis) 402N
angiogenesis La¥NIUNINITANHYBINLI (tumor invasion/metastasis)® ' Jagiuasdamsamnsuay
#N2898%530145M (The US Food and Drug Administration, FDA) ayanalviiimslaen Dronabinol
(Marinol®) uay Nabilone (Cesamet®) &4l THC (fudutsznaunan Tw""lﬁ‘luﬁﬂ'sﬂuzﬁqﬁﬁ MM
aauldonFounaziioamsnnmsldenaithia diu Nabiximols (Sativex®) %ﬁtﬂumiaﬁ’wmuﬁ’mm
(# THC : CBD = 1 : 1) lalugduvvansdnulugasihn (Oromucosal spray) Tussimamsthedaio
Nnwzd aglusswihsmanedauneeaiinluanizawim enfllasumsaunsdeuiusasudiluwenen dingln
wazunUszmalunauglsy®? mslfansananiassaanludumiieldSnnuiazhigaguzilasnsai
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v Y s ] a v d' Y a a o (% < o al' v = d'
gadmamsasdanuilminnmaieieltiadszansmwlumssnmusSimisaaanudeannaaiaufesions
Woadule

nymwuglneilasusndasiniunugnangalulanwusuils da Wugwenszsan (Thai Stick)
o

Al hinifivsine THC ga@® agnlsiomuiymuglnennnenueenssinenmansmsunndni

o

Y

MstiuUNINUSH @ sonuunmulsinasssngy THC waz CBD finsiawu winly 3 wus

9

o

ol o '

ldun Ayniugnivsina THC §9 (sWadiagn PTCo602) Wugnaymiliar THC waz CBD dadiu

k]

S v Pt ¥ o

Indideeny (sviaeagy PTCo601) uas Wusnumnld CBD ga (sWiaadn PTC0729) wausiifiy

o
v

M 3 Wug agseningaiusaiugnadunsuITIMINENS NTensanEasuazannsal’” el

aUszaedlumsdnmanuiluiiveesasaianyzmwuglng PTCoso1 PTC0602 uaz PTC0729 6d
s < & a A4 99 v o o o I3 v, g -

wadnsisumsdsgiane g ieldiludeyalumswaniymwuginsluediuazsmiseldly

Al [ v

Hihewz5edaly

dstaduazasazang

Sodium bicarbonate, Sodium chloride, Potassium chloride, Potassium dihydrogen phosphate,
Di-sodium hydrogen phosphate dodecahydrate 8z EDTA Disodium Salt, Dihydrate (MERCK,
Darmstadt, Germany), 0.25% Trypsin (Gibco, New York, USA), Trypan Blue (Sigma-Aldrich,
Oregon, USA), Dimethyl sulfoxide (Sigma-Aldrich, St. Louis, USA), MTT [3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (Invitrogen, Oregon, USA), Doxorubicin
(MERCK, St. Louis, USA), Fetal Bovine Serum (Gibco, Paisley, UK), Dulbecco s Modified Eagle
Media (DMEM) ez Eagle’s minimal essential medium (EMEM) (Gibco, New York, USA).

BABZLR B

ad A-549 (Baanz39Uan), HepGe (10aanzt3aau), A-498 (maanzi3ala), A-172 (waaneis
a99), PANC-1 (madueiSadusau), Caco-2 (aduziemnld) uaz MCF-7 (waduzdadun) #aanan
uSHN CLS Cell line service GmbH, Eppelheim, Ussinetaasuil 16ad A-549 waz A-172 L?:ﬂﬂummi
[Aeaadyiin DMEM dhuiwad HepG2 A-498 Caco-2 PANC-1 waz MCF-7 tagaluamsiaeamaduiio
EMEM i 2mM L-Glutamine, 0.1 mM Non-essential amino acid, 1 mM Sodium pyruvate a2

Fetal bovine serum azaz 10 unlugaumnzidauvuldmsusulasanlyd gamnil 37°C

m‘%‘mﬁauazqﬂnstﬁ

Lﬂ%aﬂ%'d 4 Ui, Biological Safety Cabinet (BSC Class IT), Circulating water bath, (ZITEIULW'ISL%E]
uwuuldensuaulasanled, 1a3pe Elisa microplate reader, 3astuinissmuananmgil (Refrigerated
centrifuge), Lﬂ%a\‘l Sonicator, 96 well plate, Micropipette 241® 10-100, 20-200, 100-1000, 5000 LLBE
10000 lalasaas, Micropipette tip 2119 20, 200, 1,000, 5,000 Waz 10,000 lulasans, Multi-channel
pipette 2119 300 lulA58AS, ¥aM centrifuge tube WA 15 WAL 50 PAANT, AAUANENS, ﬂs::muif"mi,
Microcentrifuge 2110 1.5 Jaaans, nasuzuiamad (Cool box), Wapiuadaalusia, N&B9aNIIAY

winau (Inverted Microscope), tA3a9t2enas (Vortex mixer)
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[

aafduAannam

megnayulnsteaanmadenynwuging 3 Wug lagliswadiadge PTCo601 sWaeiag
PTCo602 (ﬁ'uﬁ:ﬁ"lﬁ THC g4) uazsviaaiaegn PTCo729 (ﬁuﬁ:ﬁiﬁ CBD @) iusmnnnuvasimnzlgnnsy
Menendasmsuung vilidedayeanialsean s mﬁfgmﬂgmawﬁ 90/2564 (Ugn)
BuAaUMIR AN

ihMmaddanannelis PTC0601, MU 132 15N, PTC0602 waz PTCo729 Usana 132, 126

UaE 100 ASNMNSIAU UANENU aﬁ’m@Tm”?%wmlwaﬁnqméqam‘[@sﬂﬁmémaﬁ’méu Spe-ed SFE U3#n Ap-
plied Separations Uszinaansgawdm wazldmsuaulasanladiludinazas usedu 250 bar gamail
29369 (oven) 40 NANEALTEE lAU3INUENTING 10.92 NI, 8.95 NTN WAL 7.07 NN MUTAU IANZH
USinae THC waz CBD lussana aae3d High performance liquid chromatography (HPLC, model
LC-40D, Shimadzu, Japan) §i§1a57950 UV-Vis AuemAaY 22044 nm Asaxil 150 x 3.0 mm C18
InfinityLab Poroshell packed with 2.7 micron particles wandauily (A) 0.085% H3P04 in Water
waz (B) 0.085% H PO in Acetonitrile SuLUU isocratic 30%(A) : 70%(B) Ww3sumaglaginasana
20 fiadn3u USuU3nas@ae methanol : chloroform 9:1 1 volumetric flask 211@ 10 §a8an5 NN
Yo 1 addns USuUSinas me methanol lu volumetric flask 2116 10 §8dans NS48 nylon

syringe filter 0.45 micron

<A v < ] Y a
mManadauaNluivdaasnzsunzdededs MTT
= ¢ & & ¢ r oA N o ¢ ¢

wisnadnzidasluwanideusaasiio 96 vay Uniiaamail 37°C Mamsuaulasenlsd 5%
& < = v o ¥ v & VW v o &4 = o s =
Wunanu 24 9l WSaNaNIERANNANNENTUEN 9 AsudszauaNENTumE Lifinahmawasauia
FTAUANNTNIUGT TN BTadNNNTITBEAE 90 TN 8 TxAUANNIINTY laamsiiaanuuy 2-fold
serial dilution ANNENTUGIFAZBIINATDUINAU 5,000 LulasnIu/Hadans lussazaraermsideasas
(0.5% v/v DMSO) lagmMmanaasd 3 71 (n = 3) IBATUNMUNGENYAT QAEITAZIERIMNTBRNINLNAY

3 a 3 e v v d' L= v v d‘d 4 a a

nmtiamsazarans 8 szauanudntuiwIenliuay adluwaniiwad loeduvanas 100 lulasdas
Untwanfigangil 37 ssenuades Mamsuaulaaanlad 5% Wunanu 48 9alas e 1X PBS 2 A5
Win MTT U3nes 200 lulasaes unwanlugiaswadiiuszaznm 4 27lue Yneasazans MTT aan
limdsmizndn Formazan s DMSO Y305 200 lulasdns Tuudazvauiieazarandn Formazan
wewanUszana 1 Wi Jaaganauusai 570 Wlwaas 678LA389 microplate reader MUINIDEE
ANNITInUBNeE (% cell viability) lagtfisununguauaun (hidiuasmagay) lumsmegaulden Doxorubicin

G positive control

mﬁmswﬁﬁaa&ammﬁa
a P 3 v v g . . ' . ey v Y
ALV IC50 Togldanudunuswu non-linear regression 3¢WIN %viability taz@nuLany
inadau dumsilSauiiisue IC_ 299308 luaduaazyiin 1460& One-way ANOVA 35 Tukey's

multiple comparisons test Toaldsunsu GraphPad Prism version 9.0.0 N5zAUANNEDNUSDYNE 95
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We

USunaasananaziuazuaunivass

asafageaanmadsrasdgmiuging 3 Wug ldmsadaiddddiunardimdanhoag
myensiiinamsdaalungs cannabinoids 1d5ana THC uaz CBD dwaasluaesil 1 PTCos01
PTCo0602 waz PTC0729 9@ yield Tnatfeanuyinny 8.27, 7.10 Uag 7.07% MNUMOU LaLNNMTIATIER
USunaansaaaeid HPLC THC #{uUSunauvnu 20.08, 38.03 WAy 4.28% MNEIAU Tunaziiusana
CBD feinfu 12.18, 3.55 Uz 25.89 % MNeU iaifisudasiuszwing THC : CBD wui PTC0602
T THC Tudadau 10 11 Tususii PTCo729 Tieh CBD ludachuganhwusaudian 1 : 6 daudnads
PTCo601 iimdadiuzasansilnatdaeiulszanm 2: 1

3199 1 YSinaasana (% yield) THC wae CBD luaaghanam

FRAMDENEIIENG Yield (%) Total THC (%) Total CBD (%) THC: CBD
PTCoe601 8.27 20.08 12.18 2.1
PTCo602 7.10 38.03 3.55 10:1
PTCo729 7.07 4.28 25.89 1:6

anuilufivdaigaduzSamnzasedeis MTT assay

saafafamiugingns 3 wug mansodudmiesnisadusald Tasdicamudutuggauasdioss
v 3 wiia fewadungan 7 wiie ldnnnh 0% deufunduadamuguiiiensnd 100 lulasniu/
fiaaans TasAanududurasiaghon s #ie avaglurig 0.78-100 lulasniu/fiaddas imhedazas
msummm ANMUTNTUDDIFT ANEHULUU non-linear regression M IC_ dawmadus Sat,ww B
m 7 %UA muaﬂ\ﬂumiww 2 #1 doxorubicin m (Elu positive control Teien IC mamaat‘m LBiI\T‘Zi‘L!GWI’N |
agfluz 0.10-1.43 lulasnsu/iaddas o IC_ w91 PTCo601 PTC0602 u,a.v PTCo729 falras MCF-7
mummamLuamiﬂumﬂunumaaau ) U 4 67 +1.31, 3.66 + 0.43 UDZ 2.81 +0.85 Iuiﬂiniu/uaaam
auaau Tuad A-498 Tien 7.35£0.92, 7.97 +0.79 uaz 5.48 +0.27 lulasnin/fadans muaau o
sniluad HepGe dnias Tiehiu 9.36 +0.48, 8.13+0.86 uay 7.65 +0.49 lulasn3u/fadans
mumau Tuas Caco-2 waz PANC-1 Tvim IC_ wawas PTCo601 PTCo602 uaz PTC0729 TnatAeenu
loglutzad Caco-2 1A IC_ iU 16.7 £ 1.50, 14.65 + 2.05 WAz 25.21 + 2.41 lulAsn3u/dadans muaau
dluwad PANC-1 Twm IC_whiU 18.58 £1.65, 19.19+ 1.79 UAY 23.40 +0.88 Tulasnsu/Nadans
MUV LUTed A-549 LLau A-172 funliuitas anﬂummﬂmamqmsaﬂﬂ‘wu THC geluizad
A-549 Tien IC_ 1y 23.41£1.91, 10.92+1.05 UdL 26.90 2.27 lulasnsu/fiadans muaau
duluwad A- 1721wm IC_ iU 23.8141.10,15.11 +2.52 Ua 33.68 % 1. 59 lulasnsu/iadans muaau

maLﬂsﬂumaummLmﬂmwmmmmLﬂuwmmmsanﬂm 3 wuﬁ 5 Inalda0@ One-way ANOVA
oz Tukey's multlple comparlsons test muam"lumwm 1 miaﬂﬂnmmm 3 %l ANuaowwas MCF-7
geg (lvieh IC_ maﬂ) Fafianuuaneazaem IC_ adniivsaany (p<0.05) 2 INMBEN PTC0729
waz PTCo601 LLa“’SuﬂUﬂ’J’mLLG]ﬂGl’NElElNN‘LlEIﬂ']ﬂﬂJVINﬂﬂG]‘ZIENH’]’SaﬂGWN 3 Wug dalianuunilaunuluwad
HepG2 (p <0.05 5enI @108 PTC0729 waz PTC0601) duluinas A-549 A-172 uaz Caco-2 15800
PTCo602 Tvien Ic,, mammmﬂiﬂumﬂmum‘sanmaamuﬂ UazUANANBENNUITIAYNNEDA (p < 0.0001
8z p <0.005) mamaunumianﬂ PTC0729
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mm PTCO601
** B3 PTC0602
- ns
40 ox FEE . = PTC0729
*kkk
*
*%k ¥k * %k
30 *
: ns ns
E W [ ] F
B’ ns *
e 20 . -
3 Bl "
O w ns % -~ ns ns o
= o |_| = l_||_‘ o
1010 B o ,T i il )
o-LILE o E i

A-549

A-172 A-498 Caco-2 HepG2 MCF-7 PANC-1

i 1 wazesansanana lng PTCo601 PTC0602 way PTC0729 @alzasnzi3umzidey 7 4ila
@ IC_ UAMARAEEUTEUUUNINTTIY (n=3) WIBUNBUANNUANGNYDIAILAFYDIET
TumasuzSuaazaiiologldada One-way ANOVA uwae Tukey’'s multiple comparisons test

(ns = not significant, *p<0.05, **p < 0.005, ***p < 0.0005 LAE ****p < 0.0001)

msnfasuulaadnuasasuzaduzds MCF-7 nqumuquuasvaamsunlumsafadamiuslne
3 Wug fssduenudutu 5 Tulasn3u/dedans Wunannu 4s #lus nniudesdendasganssmiingu
(Inverted Microscope) faszens 20 1 azifiuanuuandessnienguzasmuauilidvmsmesaumad
fisUseunduuuadifioy (epithelial-like) fivhe sumasn sunsafunadiurauenaduasineies
femumnuiuzaazadUszanasonas 75-80 vasiiuil druwadinadauiumsatafye 3 Wug fissdu
anundugaazivigadons (waameadszannsagas 100 Aenuauiy 10 lulasniu,/iadans) sanad
souenudugy 5 lulasniu/faddns annliigadvad dnvasnaninages: imenguvdaifhuzadifents
vuimnadsagaduasluanmsides Taglumsada PTCos01 uas PTC0602 inadniasanuasiansasads
fudlunguuaduad nssnsuuiufimatasnhioeas 50 asituil dumsasa PTCo729 asfiuizadue
dinaw duluaifhuzaditen nssnediioaniiasas 20 sasitudl dauaaslumwd 2

MITNN 2 @ IC (lulasnsu/diadans) aesarsananum PTCo601 PTCo602 PTC0729 wazen Doxorubicin
AaLTARNLISUNIZEES 7 Bi0

IC (lulasnsu/fiadans)*

Cell lines
PTCo601 PTCo602 PTCo729 Doxorubicin

A-549 23.41 +£1.91 10.92 £ 1.05 26.90 + 2.27 0.18 £ 0.04
A-172 23.8+1.10 15.11 £ 2.52 33.68+£1.59 0.44 +£0.15
A-498 7.35 +0.92 7.97 +£0.79 5.48 £ 0.27 0.16 £ 0.01
Caco-2 16.77 £1.50 14.65 £ 2.05 25.21 £ 2.41 1.43 £ 0.02
HepG2 9.36 £ 0.48 8.13£0.86 7.65 £ 0.49 0.15+0.03
MCF-7 4.67 £1.31 3.66 £0.43 2.81+0.85 0.10 £ 0.01
PANC-1 18.58 £ 1.65 19.19+1.79 23.40 £ 0.88 0.31 £0.01

*annaga U lsN I uuNAITIY
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il 2 Mmaasuulasdnsuzrangaduziis MCF-7 nduaiuguuaswdamstnfuasafada
Wuglne 3 Wug fssduenududu s lulasniu/faddas Wunany 48 Flue iy
doaenaaganssAimnau (Inverted Microscope) Matens 20 (1 (A) MWBASNGNAIUAN
(B) mwmae‘fﬁmaauﬁ’ums PTCos01 (C) mwmaéﬁmaauﬁums PTC0602 waz (D) MWzas
finadauduans PTCo729

a 4
AU

ﬂﬁiﬂﬁﬂﬁmﬁ1ﬁu§1ﬂﬂﬂzﬁ 3 hathe afalanndyniiivsnamsuaunivesd THC uay CBD
uaneNuee3s HPLC a1sane PTCoe02 U3aar THC gendn (THC: CBD = 10:1) du PTCo729
#iU3nau CBD gend (THC: CBD = 1: 6) uaz PTCo601 t¥uug THC uaz CBD Inatdeniu (THC: CBD=2:1)
nnmsuanagauenuiiuiivdamadimzidsasiuldetdanuhassratunainsaduiagaduzds
w7 wialda Toaiiusz@nimwgege 3 duauwsn dawasnzFueun (MCF-7) wasuziiala (A-498)
wazasNssey (HepGe) d1sanem PTCo729 %«ﬂué‘saﬁwﬁ'cymﬁﬁﬂ%mm CBD @ lanuadimnsuas
Whiiugagalvian IC_ il 2.81 +0.85, 5.48 + 0.27 Wz 7.65 + 0.49 WlAININ/A0da0T Mudey Fauaneha
agNNtEAY (p<0.05) dialSeuiu PTCo601 %a PTC0602 wuhiiSuna:r CBD ¢mndh danaaaaiy
senuMsNagay CBD ssnsaduiamaduzZadunyiia ErbB2-positive 108N INTLAUMIUTAIDDNYDY
cannabinoid receptor 2 (CB2), ELK1, Tyrosine kinase C-Src TRPV1 ﬁ'usfly'qmsm'%tywmmaﬁ“s) aenals
BouimsnusnnmiBdieiiuaaddiifiui CBD fudamadusSianas (Us7-MG, T9sG, SF126, U251MG)
penalata Iﬂﬂguélzﬂﬂ’ﬁm%muLLﬂZﬂ’]’iéﬂ’i’N (invasion) 283%aa"” dHussana PTCo602 Feiiusuna: THC 6Nl
HANNNINLApITAaNIUDn (A-549) WaaNziS9m e (Caco-2) Wwadnzi5eanad (A-172) waznzida
dusau (PANC-1) lvim IC_ gni PTCo601 uaz PTC0729 DENNUITAYNNEDA MNHANINADD
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srdunalanaisana PTCo601 Zildasiunas THC waz CBD lnatdssnulifianasnmzdamadusise
riialawas mnnalnlumsiuuziSwasansananaymeumsuaasaansas CB1 uaz CB2 unwan CBD @9
- PR v o Ve . o o o
Undnalnnmseangndazlilarniunu CB1 Teaass udazyaiiiy competitor 7029 THC lumsaunu
wagmsu“® e il seansmwlumsdugarasnSenas agalsimalusmsananaymeiiarsdu g uannn
1 I ] = o ﬁ! = 1\ A{U 3
aslunguuauiniusad Wy Wahuesd maslussd uazdamansd Fenaiinadowasnzse MNgNGHUL
< S aAq v Y v 4 [ o I v < v v = o] = a
waanssnlaainsalfiiudayalumsnannianiugnaduendunzseaalule sandemsiimsfinwiie
a L3 I3 d" Y a e ) d‘ = d" o v = a v Gl 4 a e g 1
Inenludninaasunslitioenulasads inzade tiethdeyaluldlumsdnmitensanannudadaminall

asu
9

asanadananasfywuglng 3 Wug laun PTCos601 (THC:CBD=2:1), PTC0602
(THC:CBD=10 :1) waz PTCo729 (THC : CBD=1:6) Ltaﬂqu'ﬁ(ﬁugqmaﬁuzﬁqﬁq 7 #iia log PTCo729
FaiiU5ano CBD g Sanusumsuandasiiiadhdnmesdauasiiuiivgegadamadusdudm (MCF-7)
waaNsSle (A-498) LAZLYAA NG (HepG2) lvian 1050 (AU 2.81 £ 0.85, 5.48 + 0.27 WY 7.65+0.49
lulasniu/fiaddns muddu @m PTCos02 FeiltSmna THC g1 uaasandufiviimsdainaduze
Uan (A-549) waanziSaanld (Caco-2) waanei39aned (A-172) wazneisaauaau (PANC-1) e IC_
WA 10.92 £ 1.05, 14.65 +2.05, 15.11 +2.52 Wae 19.19 + 1.79 N1ANTN/NadanT MNaIGU Tunauil
PTCo601 Hfiudaiadmnzidaudlinimsiumadlo awduldhmsadadymniuglneamnsoduduged
vzdumnzanle dasmnmaseidumsanmiseludananian Feisadunanio daiunansnaass
Tilgazrtouludamslddiuay 1 vaeiam %ﬂ@%’ﬂ%ﬁmsﬁnmﬁwﬁq 1 yaeiam wu Tu i fu ardu 50
PN LaTINEARa LU

Aeenssndsena

mAeildFumsaiuayuaulsanamndinnuausnssumsdidninenmans Jeuazuianssu
(anan.) °z|mlauwsxqmlﬁmﬁwﬁﬁmﬂﬁﬂ’ﬁmsw\nzLgﬂmfra iouaziasfuamsilufindiialumsiameas
fymwuglnens 3 daghe an. wnsaans T Wmthigudanaseunasusesgummanulnslums
Ansitiinamsmani dhwhiveslflidmsivinemaiuilienuseamialumehamiseduedd
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Cytotoxicity of Thai Cannabis Extracts on Cancer Cell Lines Sarayut Radapong et al.

Investigation of the Cytotoxicity of
Thai Cannabis Extracts on Various Cancer
Cell Lines

Sarayut Radapong' Praw Suppajariyawat' Tiyanee Sahad' Nathaphat Harnkit'
Kanchariya Phankhajon' Phatipan Primprai' Phichet Banyati' Siriwan Chaisomboonpan’
Pornchai Sincharoenpokai' and Kenneth J Ritchie®

!Department of Medical Sciences, Tiwanon Road, Muang, Nonthaburi 11000, Thailand

?Liverpool John Moores University, Byrom Street, Liverpool L3 3AF, United Kingdom

ABSTRACT Cannabis (Cannabis sativa L.) is an addictive plant. Currently, in Thailand, the plant is
legalized for medical use and scientific research. It consists of two main active cannabinoids; A9-tetra-
hydrocannabinol (THC) and cannabidiol (CBD), both of which report a wide range of pharmacological
effects. This research aims to study the toxicity of Thai cannabis female inflorescence extracts on seven
cancer cell lines. The three cannabis strains, namely PT'Co601, PTC0602 (THC dominant) and PTC0729
(CBD dominant), were extracted using supercritical fluid extraction and then quantitatively analyzed
using HPLC. Cytotoxicity was investigated by MTT assay. The results showed that all three extracts
posed toxicity to all seven cancerous cell lines. PT'C0729; (THC: CBD=1:6), demonstrated significantly
different toxicity and specificity to breast cancer cell lines (MCF-7), renal carcinoma (A-498) and
hepatocellular carcinoma (HepG2) with IC50 values of 2.81+0.85, 5.48+£0.27 and 7.65+0.49 pg/mlL,
respectively. PTCo0602; (THC : CBD=10:1), showed specific toxicity against lung cancer cells (A-549),
colon cancer cells (Caco-2), brain cancer cells (A-172) and pancreatic cancer (PANC-1) with IC50
values of 10.92 £ 1.05, 14.65 +£2.05, 15.11 £ 2.52 and 19.19 + 1.79 ug/mL, respectively. Whereas, PTC0601
(THC: CBD=2:1) was cytotoxic but not specific to any cell lines. In conclusion, the three Thai cannabis
extracts exhibited cytotoxicity towards several cancer cell lines and may have the potential to be developed

as anti-cancer drugs.

Keywords: Thai cannabis, Cytotoxicity, Cancer cells, A9-tetrahydrocannabinol (THC), Cannabidiol
(CBD)
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qumwearsnagaunalamssiuunatiudslugadiaamzidsssiowadiiioy saudenisdnwigns
madudniau wasmsAnmeuanasassrssnssianndanandamiwads waidudoyaaivayumaiann
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Wound Healing Effect of Cannabis Extracts on Lung Cell Lines Pornchai Sincharoenpokai et al.

unin

ﬂ’lia(ﬂL%Eﬂu’sx‘U‘U‘VI’NLﬁu%’lﬂiﬁld’)‘l&uu (upper respiratory tract infection, URI) L‘ﬂu‘i’]tymmq
sorsaquitwutas smaauluajiieani@ali¥a wWu rhinoviruses, influenza viruses, parainfluenza
viruses uaz adenovirus gihefiaadeasiianmadaayn hynduniawmdas uazanaiililuusn Moty
amsazaas q a1 1Fnannu 7-10 Su amzunsndauiinutas w ﬁ%guﬂmqé’mau Toi@anay Yandniau
nnidauuaiize® luthgiuwulsadedslussuumadumaladuuusheida himiuglmiiGenhlsadoida
Th%aTalsun 2019 (COVID-19) iannmsaaidaliss SARS-CoV-2 Q’ﬂaﬂﬁLﬂuTSﬂ%ﬁmmiwmz‘uumq
wiumnela Tl daumds lo wmelavaumiles weladnn dasmnuediiaadahimanmetudunguiou
(cytopathic effect) wazmlvigadmeTamnldiianensanmn (amwwaﬂsmﬁtﬁmﬁ'uéwma) Tudaa gihe
fifimmaadlsadbisuusmendanmwlulaafiiaduasaansoiludunduainldmnldfumsguadnmasi
daiilasanansldssaznmaaudanu lunsdiiaimssuusann eniAemmsiadelussuumadumela
dausa (lower respiratory tract infection, LRI) leun Jaauiu Uaasniayu wisnmzunsndauau wu
lone viaoadetiale™ ” Msuwsszunavas COVID-19 dNMansznuatNummanalszmnsuastasegna
yhlan S1nsdesenuletnauazanasmai | tiememda ussimeamandeasaulvdugths yamnsmams
wnduastszmuildumanssnu Tasundmsinmlsadadalussuumadumelasfiumssnmeauains
viiamsldanduhiateanuwathadsilagihelduminm msldmulnsdamsaronnsssumnalums
Sonvidailungumwiumenasfthedaiugnmudanviliiessemuguuswadlsauazansanmadedio
wpatfihe Mudsheaivayumsldaulnsiasduwesiiumsiiisyasmsasayulns

ﬁ'agwnﬂuﬁﬁﬁﬁ%'aemmﬂmmﬁw Cannabis sativa L. lund Cannabaceae™ fimslauselanil
yemsuWngnagneeiny Mngnadaindszanniiiesu luthatuidayafinandmsldtamamanuas
Wy Mmssnwnzse Wuendudn aneimsthe wagldlulsaead® & > 2 deav inamnmedunssus
Tudsanlnaaghann lumsmaunndunulng fedgmiiduildiuimenludmiuefoundiu wu 9n
fuly lu wazeusaadananduds (Fiigniusiige) dnasswguenlnaszyh fynisawnde
fiasswanuandfumuduild wu lulssswaaudveuiin wigems yhas udibidalasaands s
Uszannvasu aaniigsswanudlsadszam mliuaunay Wwigems asmaauvsluaas Wudu®>
sedUsznausaeilludumiladey leud asnanueuNTueee (cannabinoids) 14U A9-tetrahydrocannabinol
(A9-THC) cannabidiol (CBD) cannabinol (CBN) cannabigerol (CBG) cannabichromene (CBC)
waransngumasituasd s Ao-THC umsiiwulutinagegalunduuauinivesd Tasaawulddedosas
17.3 s99anldud @5 CBG Fnuldianas 16.3 @15 CBN wudasaz 9.6 a3 CBD waz CBC wuly
Usunalnatpesnusesas 7.7 @5 A9-THC ﬁqménszﬁué’a%’umumﬁuaa@i‘ (cannabinoid receptors)
WU partial agonist W 2 %l @@ ¥ia CB1 waz CB2 mliiemanszduszuulszam (psychotropic
effect) uenNNilaNs Ag-THC ﬁ'ﬁﬁwﬂﬁﬁ%mﬁ’ué’ﬁu%}uﬂ Taanvaeniia 399angnslanainvans W
auadsu umhe mMunzd saanuaulugn mliadyens adilsiou wuhas Ag-THC anan
iamséia (addiction) wazaMidnniaa (anxiety) 160 142 grusns CBD sansnasngnsmiueasusn
wanemia vhlsi CBD ahansaaangnieumsaniay uithe amefos suszd srumseauldondou uazeu
msgnlde > 19 pndayadananusadiiiuhiamilasmaumeenualnglumsdnmnmssnauldiauiiu
nsrnUMIRBUTuBRIT NMadaiiladaiigniaaiedenusndiesmendsldfunaldu®® nssuums

FRNUTNVITDMITFNULKS (wound healing) S3nsoutila 3 szay Fudazszasiimsnausatiiaaznudauni
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v o v = . A o . o
laun ssaeh 1 ssasmamuEen (hemostasis) uazssazNimsdniau (inflammatory phase) 5zl 2
szezaanveng (proliferative phase %38 fibroplasia) wazszazh 3 izﬂxﬂ%ﬂﬁ’stﬁlﬁ’g’mWﬂﬂa (maturation

= . =~ Ada & & x4 v v & A @ oAy ° v al v
%38 remodeling phase) ZmsaNuuHaNRaIUNNaTiazdeldilla@andudugamwuasimihilalng

= a S an = < v a . . < a ‘s'slaﬁl
Wenun@snniga”” msdnwgndasnuuNacmenaile in vitro scratch assay Wwmnaliamnasgrunldluns
AnmaassmssnuuNereEaai lasuanudeme ddedlumunamnsomnmmsdnmlesldszaznamaass
du sansadeuuuungdssnlumsiedaudevaagad® naunumsinmludainaassasdisananunnd

L 1 a d a 36 a v ] l{
nanureasdainaass loawuniiayulwsnisevaesyiianldinaiiaiilumsd@nside wu msnegaugnd
snuunazasansanannlungaaad lwlusuaiad L2 aae3s in vitro scratch assay FWuNEIUAN0
sL v 1 I = v a e 5~L I ¢ = v 19’(19)
ungmelanaalslitmuaunsonszaumsiianuiugawgad blusuaaduaznsiadaudeaasad bo

4 A W v o < . v & a
wannil maliaaenangenansald@nmgnduesen pulvomycin lumsdusamsasapagadusSauiun
%10 MDA-MB-231 human TNBC cells Wui &) pulvomycin N3N30gugamsiindiIuLazmsiaday
L 1 § Qﬂ) U a { X gj
therpaanzsumunainanla® aswnassnaauazgndmanadrinanivainnarsyeanymnalumu
Paamsunvauiie axsannzlumee wazdusnay Jutuiizmhazidnamwlumsihindnyideiald
=4 J Ay vo = a & [ v [ 1 a g

lunmsiuigadvaanlasuanudemennmsiade hidldunduganmund Wumsannnuguusees
Tsauaztiagamwiasaiham ligihaamnsanauanlddia lamuund asumsd@nwieiiiinguszad
tadnwUszansmweasasanannganenigzinadisnug inalumssnuunadawadlaamsides log

T#waiia in vitro scratch assay

MILeIBNINYGY
datnayulwsiamdeesnuneadanus nediuiu 2 wug thunnlsaautgnuuu Green house 284
a 4 4 U o w a a P Y v o 1
nsaIneneanimsunng nilided anndazenanwio lilnelulssnm s 7 90/2564 (Uan) Taalvisviadagn
PTCo601 (Wugnil THC : CBD unfiu 2: 1) uazswiaaaga PTCo729 (Wugnil THC : CBD uifiu 1:6)

MINATAAN YA

iheadndananedienuging PTCos01 11U 132 N3N uaz PTC0729 100 N3N 3NUARENU
wsatamesuadluaingaiiaenn (Supercritical Fluid Extraction) ‘[mﬂslﬁm%"maﬁ'miu Spe-ed SFE U349
Applied Separations Uszinaansgawwsn laalduseau 250 bar ﬁqmwgﬁwamj’au%’au (hot air oven)
40 vFnEaFed MnTuThansananladensimnUsina THC uaz CBD lussade ae38 High performance
liquid chromatography (HPLC, model LC-40D, Shimadzu, Japan) §ifha51230 UV-Vis anugnaay
220 + 4 nm APaNY 150 x 3.0 mm C18 InfinityLab Poroshell packed with 2.7 micron particles tWd
Lﬂgauﬁiﬁ (A) 0.085% H‘%PO4 in water oz (B) 0.085% H3PO4 in acetonitrile SULLUU isocratic
30%(A) : 70%(B) Tagihasana 20 §9an58 USuUSunasaie methanol : chloroform @288n51d 911
Ty volumetric flask 2116 10 §adans ﬁﬂﬂﬂ?u Yo 1 Hadans UsuUsunes ae methanol 11 volumetric
flask 2110 10 §88805 1ANT890Y nylon syringe filter 2110 0.45 micron WAININFITHLAIENTIA

Aeeiaeasas HPLC
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Wound Healing Effect of Cannabis Extracts on Lung Cell Lines Pornchai Sincharoenpokai et al.

RS INZLA BILAENITLA BLTAE

wadlaamnzideniioUnd Human fibroblast (SV40-transformed) cell line (SV-80)
Faugaalumnd 1 3e91nU3En CLS Cell line service GmbH Ussindaniusmmsnsgieasuil inmnsides
Gl,ummsL?ivmmaéwﬁm Dulbecco’s Modified Eagle Medium (DMEM) Us¢nauaa8 2mM L-Glutamine,
0.1 mM Non-essential amino acid, 1 mM Sodium pyruvate tag 10% Fetal bovine serum (FBS)
dedlumamnzasunad 2une 75 muzudwes ulugauwnzdeuuldmivaulasenlyd igumagf 3741
peenaded aaEusenar 90410 uazanuuTumsuaulaaenladioear 5.041.0 Wuszezna 72 $alug

Mui 1 anwoegUineesradlansiioUnd (SV-80) Mnnassganssmirtianinau (Mmaswens 10X)

MsAnEgNEsINULHaRaITaslamWIZIAIa83S in vitro scratch assay®!

w3BNmas SV-80 TlaUSinamwaswadiinnu 4.0 x 10° waddaliadansaenan laasluauy
insiBEasEie 24 vew Alownadsuad vnlugaumnsdauuuldmsvaulasanlyd Agamail 37
avenaded Wunm 24 $le auwadiesauasmeinuuiomuusildfinnz@ss (monolayer) wWawu
feesiapaadoan 19 SPL Scar™ Scratcher (SPL Life Sciences, Pocheon, Korea) 2aa359naNaad
uAazraN LLaza"msziaéﬁwqﬂaaﬂoﬁ'mmmitﬁymmaﬁﬁlﬂﬁ FBS inshsazanaiainiinioalaessasane
Foaanuweadianuglng Usina 50 §adndu Mazaeeig dimethyl sulfoxide (DMSO) Usuas 1 Hadans
szlfanudiTureasan BN 50 Taansudaiiadans MNTUNMSIEeINmsaRamothadeaImsEe
waslilaanuuTy 6 q flavmseadan menasimseaEanenuEutursssnsatamathagauiiy
enuiuiilineliieanuilufivdawadinzdss (nsana PTC0601 NadaufistauaNuEay 0.63,
1.25, 2.50, 5.00 waz 10.00 lulasnSudafiadans; ssata PTC0729 nagauissuaMNEni 0.94, 1.88,
3.75, 7.50 WaE 15.00 NIATASNADNAFANT) Waaaz 1,000 Tulasans nq’umuquﬁwmstﬁumm’n'gmmaﬁ
unuasazaeaIng N vanaz 1,000 Wwlasdes amuwsaslinasinazaudazvgnlogldnaasgansse
#iiavndu Nikon ECLIPSE i2-E (Nikon, Tokyo, Japan) fisansamuauuia anuiu wazgmmgi
femuinm 0, 5, 10, 15, 25 (L@ 35 slag mw*?igntimﬁwmmﬁuﬁﬁmdwﬁmE';sml,l,ﬂaqlﬂimmmawiw g
deTUsunsumaniimas NIS Elements AR Analysis wasauiamaisagaznmsiaaauiliveasas

[

(relative migration) A4il
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) P . (Wuiszezvinmeunad T- Wuilszezvieeasad T )
9988¥NSIARBUNYDITAS = 7 3 : p * 100
Wuiszaevinwensaa T,

TO SLALIANNIUAUNTNATDU

Th

SLEZANMNUA

mﬁmswﬁﬁaa‘!amaaﬁﬁ

ﬁ’]ﬁagamsﬁnmqw?;{amuLLmam'amaéﬂamﬁw‘?’% in vitro scratch assay :9NMINAFBA 3 2 WUU
Biological replicates (n = 3) M@annmuazilauiisuanudndudn g aassnsananunguauay Tasly
#06 One-way ANOVA 735 Duncan’s New Multiple Range Test Taalusunsy SPSS/PC version 19.0
fiszauanudaiudanaz 95

We

MIaNATaNaN A

Banannuwdlls PTCo601 waz PTC0729 Lﬁaaﬁ’ﬂﬁ'mwmlwaﬁﬂqmémm (Supercritical
Fluid Extraction) loUSinaansan 10.92 waz 7.07 n5N Andlusagasuainandn (s%yield) Wwhiu 8.27
waz 7.07 disdenzimusina THC uaz CBD luasafia wut ersana PTCo601 uaz PTCo729 f5anmy
THC uaz CBD sauaaslumsai 1

@397 1 USinaans THC waz CBD lugaaandamweiianuglng PTCo601 uaz PTC0729

FHAMIDENAIIINAN YA THC:CBD Total THC (%) Total CBD (%)
PTCoe601 2:1 20.08 12.18
PTCo729 1:6 4.28 25.89

MsAnMgNsdsnuuKanaadlandieds in vitro scratch assay
MSANINEFNULHAADIBAdUDANNEZIABIAE3E in vitro scratch assay eauaaslumui 2
waz 3 Wud ssafenam PTCo601 Menuwudu 2.50 lulasniudafisdans mivimsweasuiivasad
Lﬁuﬁmmnﬁhqmﬂnéumuquathqﬁﬂfﬂﬁwﬁagmmﬁa (p<0.05) #iIN 5, 15 uaz 25 Ml Fauaaslums
il 2 Teswuhimawilanhlfidemseduiizassadinanhnguauguynienm sncdunmi 35 #lu
LAZWUNTANNITNTY 10.00, 1.25 uae 0.63 lulasniu/Aaaans iuarhlwlszansmumsiaaauiiveusas
AABIUANINNAUBENTTHENAYNNEAR (p<0.05) finm 15 uaz 25 Blue dmdussatatym PTCo729
wuhitssduenuduii 1.88 lulasnsudaiiodans ﬁmim?{auﬁﬂaqL%aﬁl,ﬁ'uﬁuLmﬂshamﬂﬂajumuquath\i
Nlad AN NED6 (p<0.05) M 5 $lue whitu dauaeslumsed 3 drunanau 7 @1sanann PTCo729
nnenudndulifinademsindeuiiuusadilon SV-so iawFsudisuiunguauny
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S2HZIA) andaduzasasana (lalasniy/Naaans)

(7lan) 0 10.00 5.00 2.50 1.25 0.63

15

25

35

AWil 2 wezasIsaRafam PTCo601 damsiadaufiuazadianimziaes SV-so fignialvifiuunadians
¢he SPLScar™ Scratcher uaztammweendasganssaiziinnndu fiszaznadaumanaday
(it 0 $1lan) wazsswiemanadau (W 5, 15, 25 wae 35 Halae) Mwiignaehannuil
Favheidsunladyluszaznadng g selusunsuaaniineas NIS Elements AR Analysis

susza anadnduzasasana (lulasnsu/Naaans)

(lan9) 15.00 7.50 3.75 1.88

15

25

35

AW 3 HauDIENIINANEYY) PTCO729 damsiadauiluaszadlanmsids SV-go ﬁgﬂ%ﬂiﬁ'ﬂmmaﬁwam
¢he SPLScar™ Scratcher uazammweandasyanssaiziinningy fiszaznadaumanasau
(nmﬁ 0 ii"ﬂm) UWHZIEUINMINOFDU (nm“?; 5, 15, 25 L 35 %"a‘[m) mwﬁgndwﬁwmmﬁuﬁ
Fasnafinlasunladuluszaznanee g salusunsuaoninead NIS Elements AR Analysis
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= o Y a @ ' = ° ,s' u' <
MmN 2 wavavEIsanadenaniyrwalanuging PTCoso1 damamilenimsindauiveswadlan
tNzden SV-8o Nigndialvtluumainass

AN NT UV Sagaznsiedaunyaaaalanmnztasamuzaal (Falae)*
15800
(lmiﬂiﬂ%’N/ 0 5 15 25 35

NadanI)

0 0 21.48 + 3.44™ 52.19 + 3.59" 73.24 + 4.38" 95.75 + 5.62°

10.00 0 11.75 + 3.89™ 33.75+ 1.54° 56.79 + 10.25° 83.88+17.18"

5.00 0 24.59 + 4.94" 60.00 + 4.46" 86.62 + 9.43% 93.90 + 10.14°

2.50 0 32.15 + 2.20° 72.75 + 9.63" 93.08 + 4.58" 99.17 + 1.44

1.25 0 18.48 + 4.49™ 33.25+13.35° 56.35+ 12.92° 76.34 + 23.15"

0.63 0 14.94 + 6.67% 27.50 + 3.28° 38.74 + 5.26° 50.99 + 1.98"

wanawme: *Auade + daudsauuanasg, anadeluasduiidediund

@

@

NI

NAUdANNUANENNUaE N TaE ALY

NNEDG (p<0.05)

= v v v e v ) o P2 d‘ 8 dy
#9173 KarNEsENaTananiy@enugIng PTCo729 damstnilentnmsindsuiuaasadyaninsae
SV-so0 Ngndialvtiuunainas

ANNTNT UV JagaznsinaauiivasmadlanmnsEaemaEI (%’ﬂm)*
d13anm
(lalasnsa/ 0 5 15 25 35

Nadans)

0 0 21.48 + 3.44" 52.19 £ 3.59" 73.24 + 4.38" 95.75 + 5.62"
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Wound Healing Effect of Thai Cannabis
Female Inflorescence Extracts on Lung
Cell Lines

Pornchai Sincharoenpokai Tiyanee Sahad Praw Suppajariyawat Sarayut Radapong
Sekrachatakorn Buabao Phichet Banyati Siriwan Chaisomboonphan and Nathaphat Harnkit
Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000, Thailand

ABSTRACT Upper respiratory tract infections are common public health problems. These include the
infection from the coronavirus 2019 (COVID-19). These patients may develop complications in the
lower respiratory tract leading to pneumonia resulting in lung cell damage. The aim of this research was
to study the healing effect of Thai strain cannabis (Cannabis sativa L.) female inflorescence extracts in
lung cell lines (SV-80) by in vitro scratch assay. The results showed that the extract PTC0601 exhibited
potent wound healing properties, increasing the stimulation activities, cell proliferation and migration
at a concentration of 2.5 ng/ml. The extract PTC0729 did not induce SV-80 cells at various concentrations
when compared to control group. Therefore, it was preliminarily information for Thai cannabis that has
potential to heal wounds in lung cell lines. This herb can be developed as a health product for patients
with respiratory viral infections. However, the use of cannabis extracts to develop health products should
take consideration proportion of active ingredients. In addition, the development of a health product
should further be tested the wound healing in epithelial lung cells including the study of anti-inflam-
matory activity and safety studies of cannabis female inflorescence extracts as information to support

development of further health products.

Keywords: Thai strain cannabis (Cannabis sativa L.) female inflorescence extracts, Lung cell lines

(SV-80), Wound healing
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uUnAAga N (Cannabis sativa L.) Wuisilasuanuaulafluadranonilumenmsunnduazmaasugna
P = 1 = [ v @ I -~ a 4 v o 4
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MaAy: Msananyy), Teaawadainzides, fynwuging, 35 MTT, 35 Neutral red uptake
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chloroform 9:1 11! volumetric flask 211@ 10 fiaaans Mntiu Yiean 1 Fadans USuU3nas ere methanol

Tu volumetric flask 211a 10 Hadans nsp9R8 nylon syringe filter 0.45 micron
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BB INELA BILAZE TR LTS

wadlan (SV-80), waamu (Chang-liver, Hela derivative) uaz wadlo (HEK-293) %amn
158N CLS Cell line service GmbH Usein@easnii wad SV-80 Lﬁyﬂﬂummsﬁyﬂqmaﬁﬁﬁﬂ Dulbecco’s
Modified Eagle Medium (DMEM) duitad Chang-liver uaz HEK-293 Lﬁyﬂﬂumvml,?:mmaﬁwﬁﬂ
Eagle’s minimal essential medium (EMEM) ‘ﬁ'ﬁ 2mM L-Glutamine, 0.1 mM Non-essential amino
acid, 1 mM Sodium pyruvate waz Fetal bovine serum 3888 10 ma&ﬁauu%‘[awglm’f (BALB/c 3T3
clone A31) 6?‘?E]ﬁ)’lfl European Collection of Cell Cultures Usstnd ansisaianans L'é'yﬂﬂuamm,?:m
wwaanila Dulbecco’s Modified Eagle Medium (DMEM) wag3a8az10 New born calf serum ﬂulug“i’au
wnzdauuuldmamsuaulasenled aamgil 371 asmwaidaaamuduianas 90£10 uazanuENTU Y
msuaulaoenladseeas 5.0 £1.0

dnmensiluiivdamadnzds SV-80, Chang-liver waz HEK-293 @2835 MTT assay
wisuzadinsasslunumnsdsusasuiio o6 vaw Taaldiuadisudu 5,000 wadaanaw ) az
100 lulasans ﬂuﬁqmwgﬁ 37 amnwaldes anududumzmsuaulasenlydiosas 5 (Wunm 24 Flug
LA3BNENIEN AN RANNENTUL ) saudszauANNENTuMET i nahansaFauEsE R UAMNT Y
gqs'z’;qa‘iwaﬁwmﬂmaa“mnmiﬁaﬂaz 90 MU 8 FTAUANNINIY (0.78, 1.56, 3.12, 6.25, 12.50, 25, 50
war 100 ulasnSu/Nadans) Wansunmuuasrastilaemsasnnnaumnaes nntuille
msafiafyn 8 seauenuutuieIenliud sslunumnzdnifiead lesdumguas 100 lulasaas tu
ﬁqmwg:ﬁ 37 paenalded Mamsuaulaseanladsasas: 5 (Huszazin 48 Hlus dleasuiuuanm dree
Phosphate Buffered Saline (PBS) 117U 1 ﬂ%ﬂ a3 MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-1
Diphenyltetrazolium Bromide) U535 200 lulasans ﬂumummﬁyﬂﬂusj Aeaadustazom 4 1l
Ywaasezars MTT aen Witvasianeidn Formazan (Wandsiae) 1in DMSO (Dimethyl sulfoxide)
U31as 200 lulasdas Tul,l,siazwqmﬁaazmawﬁﬂ Formazan Wenumnzidsaunsznulszana 1 i
i'ﬂﬁimmnﬁuumﬁmmmmﬁu 570 W IULNAT MUINSBEBLANNITINYBITLAE (% cell viability) laaiiiau

AUNGNAIUANDINILALILAFLTDINEITNAFAY (Vehicle control)

dnmenudlufivivwednziasgiin BALB/c 3T3 #2835 Neutral red uptake 21929150 N
OECD Test Guideline 129"

w3snadinsasslununzssadsio 96 vaw Taglfimadiaudu 5,000 waddonay 4 o 100
Talasdas Unilgamgil 37 ssemiaaides anududuisensuaulasanlsdionas 5 iWuszaznm 24 9l
L3ENEsERa NI RA NN NT U fauAsERuANNENTUE LTl HaYh st FUA NN
iinahmemadinnnhiiasa: 90 $1uu 8 stduANNENTY (0.78, 1.56, 3.12, 6.25, 12.50, 25, 50
waz 100 lulAsATN/NadanT) disasunmundsrastaennsiasdoaanannnumnzins ntute
MsafafnIm 8 ssauenudNtuiedanliud aslunumnsdedifiees Tasdanguas 100 lulasaas
Unflgauvindi 37 asrnuaides feesuaulaaanludianas 5 fuszernm 48 tlus daesunmuaiine
aNIATMERBNNNNNVAN aNeY 1x PBS 1 P39 Winansavas Neutral red U5anas 200 luTasans udnh
Tundalluszaznm 3 %l Juaasazars Neutral red ponanynviguuazdnddismsazars 1x PBS

U305 200 lulasdns 1in Neutral red destain solution U5anes 200 lulasans avluudasraqy weh
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mmwnm’gﬂqLLm'ﬁgmuﬁqmw{]ﬁ 37 asnades Wusseznm 20 Wi mnﬁy'uﬁﬂﬂ’i'mhms@ﬂnﬁuumﬁ
ANNENMIAAY 540 WIUNAS MInasagazaNNiiTiauawad (% cell viability) ﬁ'umjumuqummitgm
wwadlaeaNasnadayu (Vehicle control) auamen LD50 (50% lethal dose) viatN USinmaians
Wil drathailiftudnineassnavaaLieansaden udrlvinauasdninaassiaeas 50 (ARIVIN) M
LD Ansandinaildludainasss Mnenuduiug IC_-LD_ relationship @2auns log LD
(mg/kg) = 0.372 log ICSO(ug/mL) + 2.024

mﬁtmwﬁﬁaa‘gammﬁa

Fayamsanmnenuidiuiivaesnsadadananwadiadamlng 3 Wug dewadmnzdss 4 i
a5 MTT assay wazdd Neutral red uptake assay TagymmMsnaand 3 Gg’l (n = 3) 1456 One-way
ANOVA 735 Tukey’s multiple comparisons test Togldsunsy GraphPad Prism version 9.0.0 ﬁs:é’u
amudaiudaeay 95

We

HANIIEINATAAAN DA
fsananntanannalisuasnummeradluaingadeena (Supercritical Fluid Extraction)
[ @ 4 v [ n:l’del 4 d! < 4:! . . = = %’ a r'd
i lng 3 Wug lassananianvuzuraeiauianumad (semisolid) Fndasnma Nnmsiassi
B NUIINUNGN cannabinoids ldU3inmarsaagy THC waz CBD 6l

M990 1 uaesdasul3inm THC waz CBD Tuwugnaznlng

FRAIDENEIFINANYA) THC:CBD Total THC (%) Total CBD (%)
PTCos01 2:1 20.08 12.18
PTCo602 10:1 38.03 3.55
PTCo729 1:6 4.28 25.89

mMsanmeniluiivdatsasnnzdss SV-80, Chang-liver waz HEK-293 m&35 MTT assay
ssanagananialng 3 Wug laun PTCo601 PTC0602 waz PTCo729 fiendugamsiasayivle
Sa88T 50 (IC,) dawadle (HEK-293) miiga (ennlufivgaign) WawSsuiisunuwaddu g whnu
[ a aa o g v . Yo
6.72+£0.72, 7.47 £0.96 WdY 6.63 £0.69 WlAsNIN/Tadans muamau Tuiradau (Chang-liver) lvim
IC_ 1Ay 9.69+1.47, 9.04+£0.80 Uaz 9.47 +0.37 lulasnin/Nadans mumau Feegandimadladn

v [

e diulumasdan (SV-80) Tvim IC_ 1Y 20.08+0.70, 12.78 +0.61 UDT 24.98 % 3.58 lulasnsu/
98305 MNEIGU Fennuamsnesasiaminawalasldaie one-way ANOVA udasliiiiunn ssanae
e lng 3 Wug PTCo601, PTC0602 waz PTC 06729 fianuiluiiudawmadlo (HEK-293) qqﬁ'qm 589
MINABAIAULAITAa UM NG U

dlanBsuiisuanuuandaasemenuiiufivuasansatons s #iia Tooldaaa One-way ANOVA
ez Tukey's multiple comparisons test ugaslumuit 1 ssanafumn 3 sieiifivdawadlo (HEK-

293) gegea (lvien IC_ @gn) wazva 3 Wuglaiuanaany (p»>0.05) Tuadlouazizadau (Chang-
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liver) dhulumasian (SV-80) ANuuanaauaa IC pENANEEAYNNEDE (p < 0.05) Feninwug
PTCo601 uaz PTC0602 Wazszyinmiug PTCo602 uaz PTC0729 ianuuanesuasd IC_ adiiviasany
NNEDH (p<0.005) m‘wﬁ 3A, 3B uaz 3C Ltaﬂaﬁqé’ﬂwmzﬂmL%aﬁtw1zl,§m SV-80, Chang-liver taz
HEK-293 9ua160u nsdesgansuszaagasuazaamwlosldnaasqanssainingu (Inverted

Microscope) MaueNs 20 1

MINN 1 A0 IC_ (lulasnsu/8adans) vesarsanndanannuz) PTCo601 waz PTC0729 uay
Doxorubicin luinas SV-80, Chang-liver uaz HEK-293

IC_ (lulasnsu/diadans)

FAAARINIZET
PTCoe601 PTCo602 PTCo729 Doxorubicin
SV-80 20.08 £ 0.70 12.78 £ 0.61 24.98 + 3.58 0.44 +0.08
Chang-liver 9.69+1.47 9.04 +0.80 9.47 £0.37 0.45 £ 0.01
HEK-293 6.72 +£0.72 7.47 +£0.96 6.63 £ 0.69 0.054 +0.03

ARde + SHULTENIUUNINTTIY

40+ .
*k

30+ mm PTCO0601
z . = PTCO602
2 204 = PTC0729
3
14

10~

0=

SV-80 Chang-liver HEK-293

MW 1 udeaKazesIsananymIWuging PTCo601, PTCo602 uaz PTC0729 daigadinsiaes 3 ila
@ IC_ UAMAIRAEEEULTENUUNINTTIU (n=3) WIUNEUANNUANGANYDIAUAFEYDIENT
luwadimnzidesuaavaiinlagldad® One-way ANOVA was Tukey's multiple comparisons test

(ns = not significant, * p < 0.05, ** p<0.005)

dnwanailuiislumadinizidegiin BALB/c 3T3 61833 NRU assay @13 OECD Test
Guideline 129

ssanazananfialng 3 Wug laun PTCo601 PTC0602 uaz PTC0729 fiendudamsasaivle
a0z 50 (IC_ ) luimad BALB/c 3T3 WU 11.79 £1.12, 10.90 + 1.38 WAL 13.99 & 0.45lulAsn5u/fiadans
muaeu theani lamunamneuszsnaese LD 1oynAU 256.68 +12.37 264.39 + 9.46 LA 281.96 + 3.39
findn3u/Alansu muddu Fnuamanesss uaesliiiui msafadymwug PTCoso2 famaniiy
Wuealras BALB/c 3T3 Qaﬁqﬂ 59989NAD PTC0601 uaz PTCO729 Maaay wazpinauuzsnisuey
amsunadauimdaunwauludaineasss Ay 300 Fadnsu/Alansu
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dlanBsuiisuenuuandaasemenuiiufivuasansatons s «iia Tooldaaa One-way ANOVA
oz Tukey's multiple comparisons test waaslumwil 2 asananm PTCo601 waz PTC0602 laiuen
NNY (p>0.05) 53N PTC0601 waz PTC0729 Aluuanmanugudedny ua PTCo602 waz PTC0729
Hanuuanaeea IC_ pENNNadEIAUNNEDAE (p<0.05) MW 3D LEMNEISNHALYBUTA IR
BALB/c 3T3 ynmsdasgansazvadgasuazinamulogldnaasqanssaiiingu (Inverted Microscope)

ASIYENE 20 L1

Men 2 A IC50 (lulasnsn/Nadans), LD50 (Jaansu/Alansy) wasainasuaunasauNssunay

4

YA SANANYM Ing 3 WuS

9

UIAUSHNSHAUFEINTU

amaday IC5° (ng/ml) LD5° (mg/ke) nadauiwmdsunay (mg/kg)
PTCos01 11.79+£1.12 256.68+12.37 300
PTCo602 10.90 +£1.38 264.39+9.46 300
PTCo729 13.99 +0.45 281.96+3.39 300
Doxorubicin 0.16 +£0.04

AMLRAE + SIULTEILUUNATFIY

ns
204 | |
ns *k
|
M |
-
S
2 10-
3
O
o
0_
N o
& QQ’& v
S & S
PP
2’4 ' 14

Muil 2 wazasansananqmWuglne PTCo601, PTCo602 waz PTC0729 dawaaiwisiaesyiln BALB/c
3T3 @) IC50 waaA@ae+auLleuuNNIgIU (n=3) WisuisuauLaNaNABIAILRE
P95 UadzIaeesiia BALB/c 3T3 lagldaié One-way ANOVA waz Tukey's multiple

comparisons test (ns = not significant, *p <0.05)
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SR AY ST Sl Rl .
MW 3 Anvaad SV-80(A), Chang-liver(B), HEK-293(C), taz BALB/c 3T3(D) doamele

NaagansIAmimnaumaszens 20 o

a 4
AU

Uagtiunmalszmaiinsldinnneged swsulszmdalnaimslandandrulsznauiiniom
wignunau sannnmsuenandalilne aghalsioumsdandanasnandssaiimszeayananndinnu
AzNIINMIIIMSUazen wazaasUfudmungsziisvrasnguaneasdszmealumsinlulsdselomd il
fimsdlawdian mlihaenudaimslumsldfamannisiy Salenuinadasemnuasasovionaing
weslumsldtamn sumillufisfifiansesngninesmenmesia fadafemsuauinduesd Fediwads
sumeaysdlunmadu Tasfimsihanldnnduuddenadayamsinmnmeinmsiiihidedie isunsathin
Tiemsdnsiteussiiatszlomimamsunndld mamsldtamnmemsunnglasilinnulssansmmues
HathaAsTReszaTauLaTsTEzen TeEseulasastyastuyraailunuisiduiidassiiums an
HAMINAaBINUD Ay lng 3 Wug ﬁmwmﬂuﬁwiamaa‘”lmmﬂﬁqﬂ %ﬁﬁﬁﬂgﬁmﬂ‘l’iﬁﬁﬂiﬁﬂl@l MAIN
DIEIANFAT AnzuNNBMFas Junainsaiuminndsnand lusumeveyed Tdsumaeiiidnuns
Tassadndeansasngnanniam Boenh sasuamsuaunivesd drsuasweanimumnnluaues dulszam
wlwilelesunamnunly fgnieulumsnavszam udlwasdaifnulueimzay 9 udde saiumslesy
sseiinnian madaeaalald dmsfnmuavasssiainnsynsemshoueslanuhilenufedaaiu
liiReanmsenuaziiansiialula ™ Tasdalinsunalnfiuide Fuiadunamiudimsadadula

v
Sp8az 50 (IC_) ¥eIad3aNaNYAIN 3 Wugaawaadu wudne IC lalaunnareanniad laxnin
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tudadaliiiaenuduivdaduld ddayawuhas CBD dwwalieieulmiduiug’? dmsumsdnm
anuuiuwlugadinzdeaiin BALB/c 62898 NRU assay @y OECD Test Guideline 129
wuhrnauuzthGuduamsunaasuRmisunduludainaans whiu soo fadnin/Alandu Feuide
289 Won Hyung Choi LLaSﬂmzﬁﬂmﬁwiaLszfaﬁt,wwzLgﬂmﬁml‘mﬂmuma@i“tauu%‘[awg (NIH3T3) 289a13

e

CBD T¥@h IC_ iy 40.78 £ 4.21 Tulasnsu/findans"? Sdeandasiumidefiasatadymlng 3 Wug
lvien 1C_ st 50 Tulasndu/fadans Fuileinsanunezeimsisnauinznasauludainaasdehen
Aautheenann Ay namsnasaUREdamadzEswiaUnd laul wasUan wasey wadle uazwas
wonv3lavy sasansanadan ne 3 Wug Fefidadhuues THC uaz CBD uandaiu Tiwarnauiufiviumad
1 4 e wazazdanahu3na THC was CBD fualumsiiaenaiuiiudamadineies uazaraasilan
58U 1uﬁ'ty°mﬁaanqm§émagiﬂ"w N1IUBY Aranya UazAe AN NHYBIANTANG LULBLNAANEY (LFNW)
fiunn 2.8elud 9.88918 uas 2.0 gesUsundlng dawwadinedes human skin fibroblasts 83
SRB wamsm\amwud’uﬁaszé’ummL“ﬁuﬁug{qﬁu&ud 0.0625-5 HaaNIN/Nadans A% cell viability 9z
anas NszAuanuENgy 5 Taanu/faaanslien swcell viability vaslufaee (lauwW) whiu 57.66 + 6.49
WaTLNAANYT (LENW) LINNU 32.37 £ 4.30 %ﬁﬁnmmﬁﬂizqiwmmmLﬁ'uﬁ'uﬁ 0.0625-1 Naan3u/Nadans
Isifiaiﬁ'l,ﬁmﬁwsiaLsziaﬁl,wm,gm%\i@mﬂﬁh %viability annd 70% Fememuiuivdamadinzdeas
wanenefuilasnanasdusznavzasaslumsaia® mudseves Martyna uazane Anmanuilufivyes
d198nN®a Cannabis sativa L. CBD gﬁﬂ”.h THC ¢a\%ad keratinocyte (HaCaT) waz fibroblast (Bj) N
wasaswiiaflumadfimiarioUnd ¢ae3d Alamar Blue, Neutral red uptake 1az Lactate dehydrogenase
(LDH) HAMINABBINUN LA AR EABLYAEINLEEIR U 2 adna NNy 1-1,000 LulASASN/TaaNT
Fannmanadaudawadionian 2 m1dTe awwuhasana Cannabis sativa L. azliiiniudaasioni
Turnudaduiinasau”® udnunadeusasgiseasnasauiiadeimzihuine 3 wadiawadlan wadeu
uazizadle umsdnmnuedimsidmeuasaiio ffaymudasiug fimafuluiuiivialuhanmiuendeiu
seliansadnuazasdusznaumaniiluiisiuandeiy masemsmesauiivlumadmnz@amioUndas s
un3vednwiinnin duluainmsdnunlumedusde adnlsionn mnanhayulwsinwannduevie
fimsfnlunyed ssdosiildrhayulnsisnnfgnisuduzadusdu ademadamaduniluhmennud
mugiull astudamsssiass T mahdnn W fuslneiiiilsatszhdviafimasulssmumusuilagtiu
winenau 1 asldtaynmeldmuusizaaunng 3\1LLﬁ'ﬁﬂﬂ%ﬁgﬁuﬁ'ﬂajwuwﬁﬂgmﬁﬂénﬁ\amﬂﬁ'ﬁmﬁﬁuﬁuﬁ
fumaielsnloneiFass lsadu Tsadaa fmsithsslinmeunsndaunnmsldiaen uaseideilldifiuiaya
iaadu sansmihua lushsdauasldlumidededn wu msdnmniivseludainaass msdnmnalaea 4

v o =2 v - LA g vy [ o Co
s[uam‘nﬂam smmLﬂwzlas&aslumimaunﬂgﬂwﬂmaﬂamlmﬂnumﬂumssﬂm‘vmmmwmmahJ

asu
9

msdnmenuiuiivassansanangyming 3 Wug laun PTCos01 (THC:CBD lnatdeenu)
PTCo602 (THC 16) uaz PTC0729 (CBD 1) dawmadimzidewioUnd 4 wad laud wadlan
(SV-80), waanu (Chang-liver, Hela derivative) uaz 1niaa Lo (HEK-293) wu ésanazanannm lng
3 Wug ﬁ@hﬁ’uﬁ%mmﬁm@u‘[m%’aﬂaz 50 (IC_) falzaaln (HEK-293) mgwﬁqm ﬁuﬁwﬁmmtﬂuﬁmjﬁqm
soeannEaaau uazmadlan dluwed BALB/c 3T3 wulhasananywug PTCos02 fianuiy
WuAawas BALB/c 3T3 gqﬁqﬂ 5998930@8 PTC0601 waz PTC0729 wnauuziniEasuauiunagay
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wudsunwauludaineass Ay s00 Tadnsu/Alansy FllaRNnsaNNNNEMINABY NS LEN QYT
I a a & S W A s S v & = o w 4 4

anuiuiwieduly 3 weavande wadlan waseu wadle azuumniimsinymlulduselami a3
= = 41' a; v 3 dgl a 41' v d J 4 Q' a
iimsanmlusasenuiasassaaradimzideiodu ) manedauludainesss wazmsih W ldNadu
2 v L4 v = Yo = ° v o 3 4
iaaumUsslemivasuarnudssnnmsldnamlusea wazmaimsihlldieusslomineanmsuwnd
aavagmealamuuzihuazaUsnmaasunnduihiy asmnmAdstidumsdneivaludansniam
Jodlusnandio aaunamsnaaaslilasziouluemslddudu quasinn segiveazimsdnmdiuegg
Peenem 1wy Tu 510 8% dald

anenssndsena

mieillasumsaiusuusulssnamndinnuanznssumsdudsiinenmans Jouasuianas
(and.) wawauwszqmﬁamﬁﬁammwwLﬁymLﬁymﬁ'aﬁ% wazvaslfuamsiludindin lumsiiudioes
anulwsingn an. w@nsrans 1un gudasadauuaziusssqamuayulnslumsmuanaumwmueaiias
wanUIaasaan THC way CBD waviat NNy u,asLﬁ'mﬁ'wﬁﬁ'aqﬂﬁﬁﬁﬂﬁﬁiﬁwmnﬂmuﬁﬁlﬁmm
Heas lumsmnnuideiluseed
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Cytotoxicity of Thai Cannabis sativa L.
Extract on Various Types of
Normal Cells

Praw Suppajariyawat' Sarayut Radapong' Tiyanee Sahad' Nathaphat Harnkit'
Kanchariya Phankhajon' Phatipan Primprai' Phichet Banyati' Siriwan Chaisomboonpan’
Nuttapong Wichai’ and Pornchai Sincharoenpokai'

'Department of Medical Sciences, Tiwanond Road, Mueang, Nonthaburi 11000

*Mahasarakham University, Amphoe Kantarawichai, Mahasarakham, 44150 Thailand

Abstract Cannabis sativa L. is an addictive plant that has been gained dramatic attention in Thailand.
According to its medical and recreational properties, this plant can be developed as a drug or commercial
product and boot the country medically and economically. However, the toxicity and safety data are still
limited. This research aims to study the toxicity of female inflorescence extracts of Thai cannabis to
normal cell lines. The three cannabis extracts, namely PTCo601 (THC: CBD=2:1), PTCo0602
(THC: CBD=10:1) and PTCo729 (THC: CBD=1:6), were extracted using Supercritical Fluid Extraction
and then quantitatively analyzed using HPLC. Cytotoxicity was investigated in normal cells, including
lung (SV-80), liver (Chang-liver, Hela derivative) and kidney (HEK-293) cell lines using MTT assay.
The in vitro dose estimation for acute toxicity using mouse embryo, BALB/c 3T3 cells, was also
investigated using a neutral red uptake assay. The results showed that the extracts exhibited the
highest cytotoxicity to kidney cells, followed by liver cells and lung cells, respectively. Neutral red uptake
assay was found that PTCo0602 posed the highest cytotoxicity, followed by PTCo0601 and PTCo0729,
respectively. Which was 300 mg/kg, recommended as the initial dose for acute toxicity testing in animals.
In conclusion, the three extracts exhibited toxicity to certain extents to normal cell lines and
recommended at 300 mg/kg as the starting dose for in vivo acute toxicity testing. This finding could be
used as preliminary toxicity and safety data. Moreover, more comprehensive research on other cultured

cells or animal models should be investigated for Thai cannabis.

Keywords: Cannabis sativa extract, Cytotoxicity, Thai Cannabis sativa, MTT assay, Neutral

red uptake assay

MNsEsasingnenadasmsunngd
U 63 atfuin 3 nsngiay - My 2564




Anusauatu 2 NININY W 2564; 63 (3):490-504

QOJ ] Q) [+ 74
MsANHIgNINanaeNUIUIEITING
NNYanannyLINuglng

WIM ANA3EINT 330 guma’ e dar’ doen Aot wsaens W' angs szamey’
fiveg Uayalf' #3259 deaaysaliug’ uwn gna3ening’® waswste duwadalaleg’
"NININENAFNTM TUNNE DOUUANIUUY UUNYF 11000

*NesNTNgFsTIN DUULsTNEY UNTD NTUINAYIUAT 10800
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HANTNATAUANINURLYTD
wa 4‘1" U ° 1 ‘:3' . . g 4 .
HaMIATIAMENUAERNUIMINAFaUENEWUT (¥ S. typhimurium 4 Wug waz E. coli 1
Wug dnaentfasudiunnmanaday As ANNAaINIINInB:illuBanau/ n3Ulawmu rfa mutation R-factor

o , , e 4
wazANNEAUNG uvr mutation logld mitomycin C daudasluasai 2

L Msmsnaainmenaasmsinng
7 U 63 atuh 3 nangaN - Auene 2564




£ Y Y ' Y a o
E]‘VlﬁﬂBﬂa'l‘c’J‘INuﬁ?llE]\‘Iﬂ'liﬂﬂﬂﬁl'lﬂ’liﬂﬂaﬂﬂiy?ﬂ NI FANAILNINT UoTAE

e

P wa . . . & o
NN 2 AUFNUAMINOFDUYAN S. typhimurium woz E. coli TN 5 WUd

Kl

AuaNiGNNadaunay S. typhimurium/E. coli

mﬂﬁ'uﬁ: ANNABINISNIRBsH ludanau/n3Ulawuy

- - . rfa mutation R-factor uvr mutation
Neg His Bi His+bi Tryp
017 Taiviio e
TA9s8 - ++ - +++ N/A
clear zone clear zone clear zone
o Taiviie (A
TA100 - ++ - +++ N/A
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ANAEDU 5,000 lulAsnIn/uan dauaaslunwi 2 a'mﬁuﬁfﬁ'u 1 WBENNYNANATDU background lawn
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m31970 3 Nulalalinaneiug (Revertant colony) 2avansanafnyxiiug PTCo601 Galdpuuniise

5 wug luszuulaifitaulysd S9 (Without S9 enzyme)

. AN N Taladina1eus (mean+S.D.)

#13606
(ng/plate) TA98 BL TA100 BL TA1535 BL TA1537 BL WP2 BL
Negative  24.6+6.11 N 153.33+10.07 N  9.00£0.00 N 7.33+4.93 N 52.33+9.07 N
v o 5,000 25.67+3.06 N 121.33+15.57 N 7.33+6.11 N 2.33+0.58 K 32.33+4.93 N

FIFANANEYE
1,500 20.00+2.65 N 139.00+11.53 N  7.33+1.53 N 5.00+£2.00 N 49.00£872 N

(PTCo601)
500 17.33+5.13 N 146.33+5.03 N  9.00£3.00 N 4.33+2.52 N 50.67+9.29 N

(-S9)

150 21.33+1.33 N 173.67+6.11 N 10.00+4.36 N 5.67+2.31 N 59.33+14.22 N
50 20.67+3.79 N 162.67+10.26 N  7.00£3.61 N 5.33+1.53 N 46.33+8.08 N

vanewme): BL waneie  Background lawn
N vwwnede  Normal background lawn
K wwnede  Killing effect background lawn
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Tussuudniiteulsd So Nmaszens 10X Tagaziiumsiia Killing effect background lawn
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M3 4 Nnulalaiinaeug (Revertant colony) wesansanafuxdaauwuaiite 5 wug luszuy
Houlzad So9 (With S9 enzyme)

. ANNTNTY Talaiinaneiug (mean+S.D.)

GARGHG
(ng/plate) TA98 BL TA100 BL TA1535 BL TA1537 BL WP2 BL
Negative 21.00+6.00 N 159.00+8.72 N 11.00+1.00 N 10.00+1.73 N 50.33+5.77 N
5,000 24.33+7.09 N 158.00+9.17 N 12.00+2.65 N 9.00+3.61 K 42.33+4.73 N

AIINANYE
1,500 32.33+1.15 N 163.00+11.53 N 8.00+3.00 N 7.33+3.21 N 52.00+5.00 N

(PTCo601)
(+89) 500 24.00+2.65 N 170.33+22.72 N 11.67+4.04 N 567+3.21 N 46.67+3.51 N

+S9

150 36.33+1.15 N 158.00+18.03 N 8.67+0.58 N 11.33+3.06 N 62.67+7.77 N
50 30.33+8.50 N 153.00+14.73 N 11.33+4.04 N 12.67+4.51 N 45.67+7.64 N

ningwe: BL e Background lawn
N waneie  Normal background lawn

K wanade  Killing effect background lawn

mam‘mmaaquﬁﬁanmaﬁ'usﬂm%aLmﬂﬁt‘%ﬂﬂaamsaﬁ'ﬁlﬁmjmﬁuﬁﬂm PTCo602 Tuszuulsisivaulasi
S9 (Without S9 enzyme)

msAnmgnitanmenuguasnsasadqymiiaiade Supercritical Fluid Extraction #eldizfa
wueiise 5 Wug (S. typhimurium TA98, TA100, TA1535, TA1537) waz E. coli WP2 frnanagay
5 5L (50, 150, 500, 1,500 Wz 5,000 lulasniu/wwan) Tuszuuitlifoulsyd So wamsnaaaawut
nnwuguaznnunenagaulinaliiiamsnanarawus lesgaindruiulalaiinarawusliladnuiu
wiandu 2 wh aifisudy negative control wazliwuanufiauniiues background lawn lunnwuguas
Namnanasay Gauaaslumsd 5

m35191 5 Nulalatinangwug (Revertant colony) wasansanafiymwug PTCo602 dalauuniitse
5 Wug lussuulaifiaulysal So (Without S9 enzyme)

. ALY Talaiinae1ius (mean+S.D.)

GRRGHIG
(ng/plate) TA98 BL TA100 BL TAi1535 BL TA1537 BL WP2 BL
Negative 24.00+1.73 N 153.67+17.01 N 6.33+2.52 N 3.67+1.15 N 41.00+13.11 N
o o 5,000 20.00+5.00 N 140.00+8.66 N 7.33+4.04 N 5.00+1.73 N 34.33+5.03 N

asananys
1,500 27.00+1.73 N 132.00+7.94 N 6.67+3.79 N 2.33+2.52 N 40.00£1.00 N

(PTCo0602)
500 17.67+1.53 N 152.00+12.53 N 5.00+2.52 N 5.67+2.52 N 41.33+9.49 N

(-S9)

150 16.67+5.77 N 161.67+21.03 N 7.00+£3.81 N 3.00£2.00 N 4500+7.21 N
50 20.67+3.06 N 170.67+18.50 N 5.20+1.73 N 4.00+1.73 N 46.67+5.86 N

vwinewe: BL wanedy  Background lawn
N wwgin  Normal background lawn
K waeie  Killing effect background lawn

NamS‘nmaauqw§ﬁaﬂmﬂﬁ'uﬁfluL%yaLmﬂﬁlﬁ%ﬂwaﬂaﬂsaﬁmﬁmuﬁ1ﬁu§lﬂﬂ PTCo602 luszuuiitaulansi So
(With S9 enzyme)

ﬂﬂiﬁﬂﬁﬂq%gﬁaﬂaﬂﬂﬁuiﬂmﬂﬁﬂﬁﬂﬁiyﬁﬂﬁﬂﬁﬂﬁ”m Supercritical Fluid Extraction @4l%#a
wuaiitse 5 Wug (S. typhimurium TA98, TA100, TA1535, TA1537) waz E. coli WP2 frnanagay
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[ [ Py T L4 '
5 5¢9U (50, 150, 500, 1,500 @z 5,000 bulasnsu/wan) lussuuinbifeulyy S wamsneasanun

4 L4 T Y a v I 4 o = 4 v vy o
nnwuguaznnawenadaulinaldiianisnenarawus lesgannuiulaladnarawusliladanuiy
iy 2 uh Wiafieuny negative control uazlainuanuiaunfives background lawn lunniuguaz

o A
nﬂﬂuﬁ(ﬂ“ﬂ(ﬂﬂaﬂ M LLH@QIN@W?WQ‘YI 6

i 6 Mnulalatinanewug (Revertant colony) 2avansanangyznwug PTCo602 Galauuaiiiie
5 Wug luszuuiitaulyd S9 (With S9 enzyme)

. ANNLT N Talaiinaatius (mean+S.D.)
araana (ng/plate) TA98 BL TA100 BL TA1535 BL TA1537 BL WP2 BL
Negative 31.00+£6.08 N 18.00+22.30 N 14.67+2.02 N 10.00+1.73 N 43.33+10.69 N
asananym 5,000 25.00+3.61 N 164.00+9.17 N 10.33+1.43 N 11.67+1.76 N 34.67+6.43 N
(PTCo602) 1,500 21.33+4.16 N 175.67+11.68 N 9.67+4.07 N 5.00+£252 N 35.00£1.00 N
(+S9) 500 18.33+4.73 N 136.33+29.02 N 12.00+4.00 N 6.33+1.00 N 23.00+2.65 N
150 30.67+8.74 N 180.67+10.02 N 7.33+1.59 N 10.00+2.58 N 47.67+7.37 N
50 27.67+9.50 N 169.67+22.37 N 7.00+£1.53 N 6.00£2.31 N 39.33+3.06 N

vanawmen: BL waneds  Background lawn
N wanede  Normal background lawn
K wnade  Killing effect background lawn

mam‘mmaaqu§ﬁana1ﬂﬁuﬁﬂm§aLmﬂﬁFszl‘zlamwaﬁ'mﬁ'mumﬁ'uﬁ:lnﬂ PTCo729 Tuszuulsisiaulasl
S9 (Without S9 enzyme)

msAnngndnenmeiugaesnsafafymfiaiadie Supercritical Fluid Extraction #4l#iia
wuaiitse 5 Wug (S. typhimurium TA98, TA100, TA1535, TA1537) waz E. coli WP2 fanagay
5 526U (50, 150, 500, 1,500 waz 5,000 Wlasndu/wan) Tuszuuiilifioulsd So wamanaaaswuth
nnwuguaznnunenagaulinaliiiamsnanarawus Tesgaindnulalaiinarawusliladnuiu
viflu 2 1wh iaifisui negative control udwuaNNEAUNGIBY background lawn ﬁﬁuﬁ: TA98, TA100
oy TA 1537 fimnanaday 5,000 lulasniu/iwan dausadlumwil 4 duiugdug wesnnanududu
background lawn Un@ Fauaaslumsd 7

TA98 5,000 ug/plate (-S9), 10x TA100 5,000 ug/plate (-S9), 10x TA1537 5,000 ug/plate (-S9), 10x
MW 4 uaoN Background lawn 2891%8 S. typhimurium seWug TA9s, TA100 uaz TA1537 N2A
nadau 5,000 Lulasnsu/wan Tuszuulifeulyd So inasveny 10X Togazdiumsiia Killing

v

effect background lawn WUSNHMULYBNTDIINNNUNSY ULFANDINIONEVDILED
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<

m3191 7 Innulaladinarewug (Revertant colony) waaansananys) PTCo729 daauuaiie 5 wug

9

Tuszuuilifitaulasd Se (With S9 enzyme)

N AN N Talalina1o¥us (mean+S.D.)

#1581 0
(ug/plate) TAo98 BL TA100 BL TAi1535 BL TA1537 BL WP2 BL
Negative 12.33+3.79 N 142.00+13.08 N 11.00+5.57 N 6.0041.00 N 39.33+9.02 N
o o 5,000 6.67+1.15 K 34.67+2.52 K 9.00+2.00 N 2.67+0.58 K 43.33+11.00 N

Ssananm
1,500 11.67+1.15 N 99.33+3.51 N 6.00£1.00 N 5.67+1.53 N 43.00£7.55 N

(PTCo0729)
500 11.67+4.04 N 129.00+6.24 N 6.33+0.58 N 6.33+2.52 N 38.67+£7.57 N

-S9

(=59) 150 9.00£5.20 N 144.33+15.31 N 11.00+3.61 N 6.67+1.31 N 41.67+7.23 N
50 13.33+5.51 N 171.67+22.23 N 7.67+4.04 N 6.33+1.15 N 48.33+12.31 N

vanawe: BL wiede  Background lawn
N wwede  Normal background lawn
K wwede  Killing effect background lawn

Namfmmaauqngﬁaﬂmﬂﬁ'uﬁfluﬁiyal,mﬂﬁﬁmaamsaﬁmﬁ'&ymﬁ'uélw PTCo729 luszuuiitaulansi So
(With S9 enzyme)

msﬁnmqw‘éﬁaﬂmﬂﬁuﬁ:wmmsaﬁﬂﬁmﬁﬂﬁaﬁﬂé’m Supercritical Fluid Extraction Faldida
wuaiise 5 ﬁ'uﬁ‘: (S. typhimurium TA98, TA100, TA1535, TA1537) wac E. coli WP2 ﬁwmmmaau 5
5¢0U (50, 150, 500, 1,500 Waz 5,000 lulasnin/wan) Tuszuudideulysd So HAMINAABINUIINANUT
wazynunanagaulinaliiiamsianaeiug Tasgunininnulalaiinaeiuglildinuuindu 2 wh
iawfisuiy negative control LLazLﬁ'aﬁ’qLnmﬁhmu‘[ﬂ’laﬁnawﬂﬁuﬁ:ﬁmummaau 5,000 lulasnsu/twan
sznuhlalailanasUszana 2 uh lafieuiu negative control uannuWuANNAAUNGaY back-
ground lawn ﬁﬁuﬁ: TA98, TA100 waz TA 1537 ﬁ'wmﬂmaau 5,000 Tulasnsu/iwan aauaaalumw
il 5 Feaandostuinnulalaiifianas drunugau | wasnnunanasoy background lawn Und Gauans

Tuemsai 8

TA98 5,000 ug/plate (+S9), 10x TA100 5,000 ug/plate (+S9), 10x TA1537 5,000 ug/plate (+S9), 10x

MW 5 Background lawn 2841%8 S. typhimurium aawug TA98 TA100 was TA1537 Hivwanagay
5,000 Wlasnsu/wan Tuszuulieulsd So Anmawweny 10X Tagasiiumsiie Killing effect
background lawn 2 WUSNHULYNTBNTNNNUNEY LEAIENNITANLUBNLED
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e

m391 8 Nulalatinarawug (Revertant colony) 2avarsanafy PTCo729 dadauuaiise 5 wug

k]

Tuszuufiteulysi So (With S9 enzyme)

L enadadu Talaiinaaug (meantS.D.)
19600
(ng/plate) TA9s8 BL TA100 BL TA1535 BL TA1537 BL WP2 BL
Negative 23.00+1.41 N 178.00+19.31 N 7.67+1.53 N 12.00+1.73 N 42.33+10.50 N
o o 5,000 16.33+3.79 K 69.67+7.37 K 11.67+3.51 N 6.00£2.00 K 39.33+9.29 N
ASENANEYT
1,500 26.67+8.02 N 120.67+11.37 N 10.00+1.73 N 11.67+2.08 N 58.33+7.64 N
(PTCo729)
500 32.00+5.29 N 177.33+13.58 N 13.33+5.77 N 14.67+586 N 52.67+6.43 N
+S9
(+59) 150 33.67+11.37 N 188.0049.17 N 13.004£0.00 N 16.33+3.21 N 56.67+10.07 N
50 27.33+11.93 N 214.33+30.01 N 13.00+1.73 N 14.67+8.33 N 37.33+1.15 N
wanawma: BL vangds  Background lawn
N wwede  Normal background lawn
K wwede  Killing effect background lawn
a 4
AU

funfluisiienmhaula deeniimsldiumagennnulasldiiuedasssnavamsuazen
Snnlsn Mndaduenmiuunulnefisagnduduman 16 35U udsgnlsimuigniienudsduans
dogumw windimahanldlumeitlimanzay Fuihuaueibivmelszmaimsmwuainasmsmuny
fidune Sanu Johldmsiannnuidsesiistamiaemnuadi daiu maahemuiaiiusuaniniaan e
srumssnelse vienathadedianaaziedunnms it Suflusaduandnuezsinuiidasdiiiums
dsusenalneluthyiummemhsnunimaisuasiensuldamiiumsinmideiathinldmemsunnd
meldwszsmiugaaenaalilneatulmi @iuf 7) w.d. 2562 wazlaiimsayanadiuyesigiam
tiaszmnlumsdnwdiseuasdndsd mAdeluduenulssnds viasnumuiivinenienusayuas
anudnfuEselumsdnnise wiedstlemiuazanulasadsunsiuilng minadaugninenansanug
wudaunsdulaglduuaiids F1e19d93aa1n OECD test guideline 471 {lumsnagauiisine ludiuwag
genotoxicity tilal¥lddayaiugudauashmsdnnluisidedn iy ludainasss hilvlddeaguiuivey
Tushuamuiasasezssasimhlunagausaly %'qmsmaauqm%anmaﬁuﬂmﬁaLmﬂﬁlﬁ%ﬂ Wlumsnasau
astedl ansayulns uazndadusigunn Lﬁa‘mmstﬂﬁ'ﬂuLL1Jme‘qaéfwﬁuﬁqﬂﬁu’lm%ymmﬂﬁL%'ﬂ Fasnsiail
fdawaliiiamanmeiusdaasnmeiiaimauilaeduniennliidemsdanmeiugiu 4 ol

< 1

J [ ) 4 < Y a a a o 4 a v & &
L‘ﬁaagﬂwmuﬂﬂLUuLﬁaaustqwsaﬂaslmﬂﬂ‘[smamwﬂﬂnmmwuqﬂsiulm wams‘nﬂaaﬂumsmﬂmmwu

e

hansatafaziuglng 3 Wus fiafade Supercritical Fluid Extraction nasauluBauuaiiGens s wus
(S. typhimurium ﬁ’uﬁ: TA98, TA100, TA1535, TA1537 waz E. coli WP2) nﬂﬂmﬂmaaumﬁﬂﬁlﬁﬂ
masnenanawug neluszuviifuaslifioulminadu Tasguninnulalafinmewuglildainuuiiandi 2 vh
liaifisuiu negative control wawuaNwAaUnGizes background lawn lushsafadyinsaniad
PTCo601 wpifauunii3enug TA1537 sunanadauil 5,000 lulasniu/iwan uazsadngn PTCo729
ﬂﬂﬁL%ﬂLLUﬂﬁL%ﬂﬁué TA98 TA100 waz TA1537 S¢UBNANAFDUR 5,000 lulasnSa/iwan Feaswy
$1Ae Killing effect background lawn :WUSNHazuparafifiunas uansdamsmeuada dalu
MINAFBUILABINNIEDIG background lawn Melenass inverted microscope lasnnsdnuazues
background lawn (Hutnaminiiwas guideline #lFlumsaadulahasiaieimsiuiamsaiaaeida
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ildnasauviald Famsiia killing effect azfumaidoussguilaaludiusassnanagauiimansay
Tumsih g s18numsI9e2a9 Tennille wazane (2018)Y lanadaudseiiuanulannnazasarsana
fymniifians CBD Uszanm 969 waz THC vaenih 19 afasie Supercritical Fluid Extraction lagld
35 bacterial Reverse Mutation ®3 OECD Guideline No.471 funanagau 5,000, 1,600, 500, 160,
50, 16, 5 lulasnsu/man wamanassswuhmnwusuasnnmnanagaulidaliAamananmeiug elu
seuuiiiuaslifioulel waznenumsisares Margitta uazame (2020)7° Feeuiiumsimiioutufuae
Tennille LAZHANMINABBIAFIAARDINUNENUITEEDY Jungae Jeun wuazamy (2011)"° nagaugns
msnenmeRuguazgnsumstanmewugaasmssiawdadaymilaiadensulasifiond doie
wuafiSeWug TA9g waz TA100 wluszuuiiiuazlifoulad Se fiuwnenaaau 25,000, 12,500, 6,250
waz 3,125 lulasnsu/iwan mam'i‘wmaaqwuiﬂajﬂ'Eﬂ.ﬁtﬁmm'snamﬁuﬁ:uazﬁqwﬁﬁwuﬂwiﬁaﬂawslﬁ’utjf
FIYNUMTIYVDY WIN Uazame (2563)"7 ﬁﬂmqwéﬁanmaﬁu'@]’waqmsaﬁ’mﬁ'zgwwwmnmqﬁaﬁ’mﬁm%%
waﬂwa’inqmﬁ'qmm (supercritical fluid extraction) lagl#358198921n OECD test guideline 471 1ut§a
wuaiise 5 Wug firnanasau 5 svAu (1,250, 2,500, 5,000, 10,000 Uaz 20,000 lulAsNIn/Hadans)
Tuszuuiifiuas lfitoulmingsdu samsnasasnuhmsadadaymeananiiiuina THC g namnanaday

s &

) A~ vt Pl v vt < v ¢ oS4 A o ~ )
NONUD ‘VNs[,‘u‘j‘zUU'ﬂNLLG%INNLaul‘ﬁNﬂ%Qu INNQwﬁﬂaﬂajﬂWuﬁq SZNLNaLﬂiﬂULﬂﬂUﬂUNaﬂjﬁw@aaQﬂaq

{iveuazan: wuhasananumwuglnens 3 Wug linaliiiansnareWugiiuidedny Fenym
Wus lnafunugnuandanyasasdszme inziugaeszindaziivsinaamsérdy CBD gann

q
[

waz THC dasnn wawuiwanisnaasdliuaimiaunu ds nawugnnamanasaulinaliiions

s

Aenmewugimnanasey eluszuuiidivaslifioulsl So lumadeililumsdnuidelugaasndam
Fefadafuenanio daunamanasasiilildnaniemsldduiu g vaeinmn Ffiseazinmsdnmdiu
G99 289neE) WU lu 510 984 dald damisseaiaseis msibnmluly Q’u’%‘[nﬂﬁﬁ‘[iﬂﬂixﬁwﬁm%a
fimsiulszmusnusuilagiuviesnau q aslifammeldmiEnnesummdiilosmndslifitoyamsdnm
fanareuasisenszrInayulnsiymuasenurutagiu Nndedsiimsmeaausu genotoxicity auq uive
Wumstudunaliiienudulanniely anadasssiaseidlumsldmulnsaiod fwamanaaasilaanse
hualugradauaslFlumsisadedn wu msanmniwEesiludainaass msanmnalade g ludainaass
daly

asu
9

msmﬂaaum'in'aﬂmtlﬁ’ufﬂuﬂ%ﬁ@umimaawﬁﬂu mutagenicity scope F9fagasiimsann
°1uﬂ’1'imaa11§"u °) 15U In vitro chromosome aberration assay, Mouse Lymphoma assay, In vitro uag
In vivo micronucleus ({udu iiaudunamsdanmeiugieisauiudy asnnmsadadaymnugine
PTCo0601 waz PTC0729 ﬁqwélumsﬂ'ugmﬁm%ﬁgwmL%ymmﬂﬁl,%aﬁwummaau 5,000 WIASNSN/LWaN
6'2“;\1mmeﬁwaﬁ%maamzqiwmnﬁmié’l'uﬁy'\‘mmL%aasé‘l"mlahjmummaauﬁﬁ’uﬁ%msm’%ma\‘lL%yauﬁlmwﬁwa
wazasinsanawzsnanadaui iiiomstudsands dlummesau §iseldhmadonsenududy
5 5,000, 1,500, 500, 150 Waz 50 lulAsnSu/wamn ﬁaﬁ"'uQ’ﬁ%ﬁﬂﬁmﬁwﬁ’uﬁlmuﬂ%’maﬁmﬁwﬁaﬁq
naenNUasasis Fnnuamsnagaumsazmintslumnefivesnhuiawhiu 1,500 lulasniu/wan
manasaviliudayaduanulaanssrasmsadadymiuging iisldauasasuilnauasiiousatssenm
Titenuiulalumsldayulnslngagalanafamnniau
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Mutagenic Activity of Thai Cannabis sativa L. Praw Suppajariyawat et al.

Investigation of Mutagenic Activity of Thai

Cannabis sativa L. Extract

Praw Suppajariyawat’ Sutjarit Aunkat' Wijittra Sudhong' Padtaya Sirinantananon'
Sekrachatakorn Buabao' Sarayut Radapong' Phichet Banyati' Siriwan Chaisomboonphan’
Praew Suppajariyawat’ and Pornchai Sincharoenpokai'

'Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000

*Ministry of Justice, Prachachuen Road, Bang-sue, Bangkok 10800, Thailand

ABSTRACT Cannabis sativa L. is an addictive plant, which has been allowed for medical use in
Thailand. This species has been recently drawn attention by the public conducting studies, research and
development, and producing herbal products for medical purpose. The amount of active ingredients, the
efficacy of the treatment and the safety for consumers should be taken into serious consideration. This
herb has been legalized for medical purpose and daily consumption. The notification is enacted in the
ministerial regulation regarding the names of narcotics in category 5, people can take advantage of any
parts of cannabis and hemp (except trichromes of cannabis), which are not classified as a drug.
However, toxicity and safety data are still limited. This study, therefore, aimed to investigate the
mutagenic activity of the fomale Infovescence extracts from three of Thai cannabis, including PTCo601,
PTCo0602 and PTCo0729 extracted using supercritical fluid extraction and then investigated the
mutagenic activity using method complied with OECD GLP test guideline 471. The four strains of
Salmonella typhimurium (TA98, TA100, TA1535, TA1537) and Escherichia coli (WP2) were treated with
five different doses of the extracts at 50, 150, 500, 1,500 and 5,000 pg/plate with and without metabolic
activation enzymes. The results showed that the three trichrome extracts did not produce significant
revertant colonies in all strains of bacteria and all concentrations of the extracts (both non- and
enzymatic activation). However, in-depth testing or mechanisms for safety in animal model should be
confirmed in order to ensure that the Thai cannabis extracts can be consumed or continue to make

products.

Keywords: Cannabis sativa L. extract, Mutagenic activity, Thai Cannabis sativa L.
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AN LAZRUS NI UUAUHITUD G
Tulunazmeis Ultra High Performance
Liquid Chromatography

Q.

a a % 4 A’QW 1 ~ v o
sudanl nasiu asnes age isossw diesdisuiol arda Gawwes @ity dounas g Uaalh

aa o S v o [ LY ]
F3ITIU wﬂaugsmwuﬁ LasaFAITY BIYNINN
amﬁu?a?”aayulws nm‘?wmﬂmm{mmwm]”nuuﬁvmmf ‘lHJWl!? 11000

unAnEa A (Cannabis sativa L.) lagnihanldlunssnwlsaasuaaialuna ssaragnnuluiymn
a . 4 o £ a Rt £ a \
#® Tetrahydrocannabinol (THC) #afluaisneangnideinvstan wazashlisangninainlszam wu
. q. . = < P P P ~N o W
Cannabidiol (CBD) uaz Cannabinol (CBN) &5 THC dgnsusstmaimsthe anAzaduldadauanneiiinge
o v dql = A°l 4 v a L v 2

waLsNIIANIENMNLLBNANSE a5 CBD dfgndussimarmsansn unlie aneimslsamsiudy aumsaniay
1 P Lo & < < v o ° v s a o o
71815 CBN dgydaueNgadNziinlaa ﬂaﬁguuﬂiymgnmmimﬂummlsznaummmaxwamnmmqwmw

T
o ]

fivannvans asslsfioudsliifismaemuauammwansinuludam msfnniliiogussadiowannismainns
USuawauuniuead (CBD, CBN waz THC) lulunnweie38 Ultra-High Performance Liquid
Chromatography (UHPLC) lagmsanaaiadrelunazlu ethanol @eis reflux n5aquazinansanaasEinetig
NntuazmEnduLazUSuUSINesHe methanol udINIaNTIe3ss UHPLC namsnagauanulslaueds
F1AT1LWAHINE WU calibration curve 284 CBD, CBN waz THC #anwaeiduduaseluzianuudy
1.07-106.89, 1.00-99.60 Waz 1.00-99.90 NIATNSH/Hadans MuaIAU A correlation coefficient (r) NU
0.999, @1 %recovery DElUYN 96.83-100.89%, A1 HORRAT agluz14 0.30-1.96, limit of detection (LOD) 284
CBD, CBN uar THC fewhiudasas 0.006, 0.009 was 0.003 laghwiin anuaeu luaaed limit of
quantitation (LOQ) ANy 58882 0.020, 0.032 WAz 0.011 Tasthwiin auaeu aaFaeneiiNanIuil
fanuwmmnzan annsahlldihisenaiwnziusinams CBD, CBN waz THC lTuingduuasansananuxnle

adea : Ny, CBD, CBN, THC, UHPLC
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Determination of Cannabinoid Contents in Cannabis Leaves by UHPLC Thanawat Thongchin et al.

unin

@ =

Ay fiemaineneansh Cannabis sativa L. 39agluiad Cannabidaceae f#ai3anau
ﬁ'ﬂgm?}u, Qul,il"l, U1, #1ua, Hashish, Hemp, Indian hemp, Marijuana ey 5@Lﬂu1ﬁl§’3\l§ﬂ (ﬁlu(?lzﬁ
059 Aanmguazaandfiauaniuagauasay fauiidiaamie q mlu dduiumvasundnies luilaglng
Taudusaniflugassthuiu luileglndeaadeauuiuladeau fylu 2 u Wusuidudeiaaglau dulusn
Uszanad 0.5 wudmes 0anse lsehe wivluduuan 5-7 uan udazuanifiuguven Umsuanuvamdud
Touunnuviay zauwdn Mulufizy daudadlumwi 1 eandgaaniiiudemuialunszaan aanfinduiies
Fuden o 5 ndu ldedu ndustrausinu eandudis sendenq muhululazean udazaeniily
Ussdudidendn ademuussiimududoniuag lifinduaan weglivdasus indes iiludssduiuag 2 Tu
dsswanastmiiaail fa Tuifluenymas udgaunds winems nazdulszann ihliuaundu deaanduiie
dehgalssam udthauszam nldeawily fogndidusnssiutie wiadumgmas mldssiudau
Und dusduiiassngangadssam™ Agmildulsznavaasasieinnnn 450 gila laaannni 60 gile
Wuasnguuauiniused (cannabinoids) Ha9AUsznaunanda Tetrahydrocannabinol (THC) uaz
ms%ﬁﬂﬁ'ﬂuﬂzﬂmﬁmﬁ’u (%4 Cannabinol (CBN), Cannabidiol (CBD), Cannabichromene (CBC),
Cannabigerol (CBG) tdudu® » suiszmeanssnsna1onsngy atiufl 424 (W.6. 2564) (399 FWuA
MsINKEa 1 viasmihe aetui 25 ANAMWUS 2564 laandniam-nam Nndgdaaniolilng
swdamsayanaliinludslifisaaviedenaniaundas is du 90 wWien sy ule ilidaduenanio
Uszandl 5 anldussTemimemaunnd msfnwide waodasiguamn sawmsbivssnmumansaldduee
P0efYm -tz lusznauams mensnmlsala® dagiudiinnueuznssumsenmsuazen laasnlu
auanafynduiuasdnsee 9 Tuudrnnu 2,210 e Tfuaniamnaiugimasamauasiuging aghls
Ranudnm nedslifienadaruludamasiug Tasmeantiideayulns nadnenmaasmsunmd Sy
winenasmaluladinmaadau Inmwaanaues lammsdnwmnaniuglveinng 4 wug lauda
nIzIaNgWIMEaN 1 (ST1) wNidadnaunasin (TT1) mzunﬂ%ﬁﬁumaé’mﬁagl@l (WA1) uazaziIfs
fuueoda1 (RD1) Taevhmsanmnnsanuasillulnd 3Tulnd weselulniluduvavianan deladunzidey

d o

WugAunsaimmainues wuhdymwuslne 4 wug Tanwvameui 3 wuu wuuil 1 Sudanitlions THC ga
laun Wug WA1 uas TT1 wuudl 2 ufamitliens THC waz CBD lusanaddiuhdy (THC : CBD =1:1)
Tdun Wug ST1 uazfyuuud 3 #lvins CBD gs ldud wug RD1 dialédugiigndaudiazannsoild
duasnlvinuineasns Isnudaguguaie g iludgnlduazindiudne g 2asiam (anciugananuazindn)
TUldusslemilalagmmzly

Tufgeifhudusznauvilwasigiifiansddailungu Cannabinoids ag lagansidiuii3indud
tufia CBD, CBN uaz THC Fuflumsiiaangnd nszduszuudszam aasluu uasgiidudiushe g lumsld
Usslamlvasludamniinazihinldlumsdsznaummstitalildssnafiaauuazihaniudsznaumswan
Wugnunulunalunasisu wu esedthene adulaanl suddanne suilseda ssngaladn
elwad ealosad eviharswszgng eviwendaa® a5 CBD wazans CBN danwazifunadnn
@3 THC fidnwazdiuzsuvadla s CBD fignSussimaimsandn aaemsiandnanihudnnguains
aofiadn vialufiheiifiussidmsiawdnmn a3 CBN fignddumssniauuazananuiuihe duans THC
figndudihe nszduanuasnansuazanemsnaauldnnmslfieditne heunilaawsznszdumsasa

iadana® gnslaseaseweas CBD, CBN was THC aauandlumwi 2
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MsnauIIeNziUsnauauniveadlulunymnalsds UHPLC sl NBIU wazAn

Uaqiu mawannimayulwsnaniedsslesimenmsunnd Suiludasims@nmnmsiannasane
a < a o ¢ o - v A v @ Y
Msuenasusgnduazkdanarinniyn waliiluiisnasnsaldsslesinmemsunndlasgammnzan
° g ) J o w o T Y a o w

wazlumsihludmandsznavarmsuazilussdlsznaulumsuseimSuendsbifidayaUsmnaumsadny
Tudl 2555 dmanumemiinag)s CBD, CBN waz THC lunymesds HPLC/UV® uaiilasann
MIIANUTINaaINgN Cannabinoids Tufiyneeds HPLC/UV wu ldnannu da 22 il milvdundes
IMeedaui (Mobile phase) uazaaanluil 2561 d5enumsmiianaas Cannabinoids lunamaieis
HPLC-DAD® uazm3itanziU3inmarsngu Cannabinoids lufiaymeagis HPLC-DAD i lgnannu
= = [~ Y P~ ~ Y [ a o S oo [ ada 4
4 50 W waznlusnazasmsauldssanseiisneuiu MaideaNliingUssad lumsnanizinsi
CBD, CBN uwaz THC luluigen waznedauanugneatzadisiialilaisiasgivessiaslfjuians

<

niianugndsauiug a20n M015 wazlszndaasedl e ldlumsussiiiuaumwuaanamnuging 4 Wug

9

wazinghvaaslungmnugnlulszmalng stunsmamuSinasmsaanieglulukazamnsaihludyn
wuglnswessudaziug lianansmh lulduszlamimamsunndlaaammnzas uannniidasnansaldlunmside
wazWannasuguazudadasinnayulwsiiinymidudiunay HudadudayalunmsWanwugnymn

tatnyaazatlunymmadsegiadaly

i 1 Tudem

8.
N (J
HO ]

Cannabidiol (CBD) Cannabinol (CBN) Tetrahydrocannabinol (THC)

il 2 g93lAs9a319289 CBD, CBN waz THC
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Determination of Cannabinoid Contents in Cannabis Leaves by UHPLC Thanawat Thongchin et al.

A150AIFIULAZEIILAN
#13316337 : Cannabidiol (CBD) mmu‘%qﬁ2 99.9% (THC Pharm GmbH, Batch : S19-014),
Cannabinol (CBN) @auu3gn3 > 99.6% (THC Pharm GmbH, Batch: DWO180.707-1),
Tetrahydrocannabinol (THC) mwu’%qw?f > 98.6% (THC Pharm GmbH, Batch: DWO181.121-1)
#15tAN: methanol (HPLC grade), acetonitrile (HPLC grade), ethanol (AR grade),
hexane (AR grade) LLaz‘Lij’l‘lJ’i’lﬂ‘il’lﬂﬁaau (deionized water)

wasasiiauazgunsel

Lﬂ%m Ultra High Performance Liquid Chromatography-DAD detector ‘éu 1290 Infinity II
HAnAM9iaeN Agilent, ApaNTa ARC-18, 2110 4.6 x 150 NaANAT, UIADYMA 2.7 Talasiuas
waz ARC-8, 2110 2.1 x 100 NadLNAT, 2NADYMA 3.0 IulAsIunT HaaA iz Restek, gausauluih
$u UL-50 waaAminas Memmert, (a3aquaily ju RT 34 wdafosioes ChyunTseh Industrial,
CEENIEN 3 AS 200 Basic nannniuad Retsch, Lﬂ%’aqssmaqmmmﬂ HanA9izae Eyela Ussnauee
SuuuMmUANgaMR Ju SB-1000, LA384 rotavapor i N-1000, 1A389 Aspirator i A-3S uas
i3psindunyuiey Ju CA-101, wapsdeluihanuoziden 0.1 Todnin ju XB 220A udadod

22N Precisa a8 Nylon filter syringe 2u41a 0.2 Tulasiunsg, nsemEnsBAUUDS 4 UBLLATBILAD

(e

lufygnaunannlasemsdnmnsdgnuazeenawugaunumamelaamulsaEeuuuuiae
pasanUiIdeanulng nsinenaaasmsunng uwasiinenaemaluladnganadan Inwadanauns
NI 12 798N fa A lneg 9w 4 Wug laun wensesengwiueaiil (ST1), wdadnauasiifi 1
(TT1), asumesmuamauidagal (WAL) wazasumasmuueansal (RD1)

MINANI5IAsIEHUSInar CBD, CBN waz THC Tulunam

MsAnImanzvasszuulasanInnii

@SENEITaraI8NINsgIU CBD, CBN waz THC anudusu 20 lulasnsu/diadans ihasazas
anespuilaliitensidsaias UHPLC

samathalufanus shmin 1 n$n §e ethanol Usinas 40 fadans lagda reflux Wunm
60 W71 NIBIUAINANSERAN laaSEMEBUT azansuazUSulSINas@Is methanol auAsU 50 Aaaans laald
volumetric flask n599W1u Nylon filter syringe 1hansazagsiatheilaluiensiarainias UHPLC

MstdaniaraImIMazaglunsann

anamathelufymuwis hmin 1 03y Tagld ethanol 40 fadans wWisuileuiu hexane 40
H08a05 Medd reflux 1Wuna 30 1 N58ENUNTEMBNTBIUBS 4 1Na15870 ethanol was #1580 A hexane
lﬂszmmﬁqﬁ'amﬂ’%'aﬁzmaqﬂgﬂﬁmﬂ NnniuarmeuazUuUsINasAIe methanol AuAsU 50 fiaaans Tagld
volumetric flask N384/ Nylon filter syringe WENhaAANEeIsLASas UHPLC taw3suiiey
anuannsalumsanaas CBD, CBN waz THC nlunan
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MsnauIIeNziUsnauauniveadlulunymnalsds UHPLC sl NBIU wazAn

msdnwszaznaminzaslunisana

anamathalufuis thuin 1 n3u e ethanol Taedd reflux Wunan 30, 60 uaz 90 Wil
NSANHIUNTEABNTBLUDS 4 ﬁwmiaxamﬁlm"lﬂs:mﬁLLﬁm”aﬂm'%aﬁmﬂanfywmﬂ Nnduaransuaz
USuU3unasme methanol aumsu 50 Jadans logld volumetric flask 989U Nylon filter syringe
Whasazaradiageilalidemedaisieias UHPLC awSsuiiisunazasnardldlunisaiass
CBD, CBN uaz THC

madanldanaemeiulunsnnaiesnziars CBD, CBN waz THC

anaathelufamuis thudn 1 n3u fe ethanol Taeds reflux funan 60 Wit nsasshu
NSLAIHNIBIUDS 4 ﬁwmiasmﬂﬁl@“’lﬂszmmtﬁqﬁmmfimizmﬂqmumgmﬂ NntuarmeazUTUUSnesee
methanol auA5U 50 10dan3 lagld volumetric flask n589611 Nylon filter syringe 1hasazae@agn
ldlAenevicdheinias UHPLC Tamsganauuss UV zee CBD, CBN waz THC Lﬁa@‘mmﬂnﬂ?{uﬁaﬁ
ﬁﬁ@ﬁmmia@ﬂﬂﬁuumgﬁm (\max) wasdeneiasazanasaealuiynlosld DAD wiadananuenaay
§m3um3as1a3a CBD, CBN waz THC Taafilinumsdausiuuae peak (co-elute)

i'gmﬂmﬁ (Stationary phase) Lmzi'g]mmﬂﬁauﬁ (Mobile phase)

Fameaad wWisudfisunaesnadniiiioma ﬁl,mﬂ@mﬁuslm%’mﬁﬁﬂaqmﬂmﬂ’luﬂaé’uﬁ (ARC-18
waz ARC-8) anuemaaani (150 waz 100 Nadwues) lagiasanidanmaany Mnansasuad peak shape,
peak symmetry Lae retention time

FnaaLaaaui ﬁnm%ﬁ@LLaxﬁ'ﬂdwwaﬁgmﬂmﬁ'auﬁ TaaWa150nan peak shape Wag retention
time 289 CBD, CBN waz THC anuaansalumsuen impurity 370 peak 289 CBD CBN waz THC
Tussazaremedelunum wazanuausesszuulasinlnani

mMsnagauannlilanadisiesed

nagauanldledvesddiiasziusana CBD, CBN waz THC lulufamaiwanniuma
wnUudmsnagauanugnassranidivnsimaeilosdaslfudinsided nsudnenamansnisunng
NSENTNAFITUFY”

MsnagauaNluduns (linearity)

MILE3I8NEITAAI8316351% CBD, CBN waz THC

%anw'smmgm CBD, CBN uaz THC 1hwtin 10, 25 uay 100 f0ansu eusey azaguay
USUU31na5M8 methanol AIUASU 10, 25 WAL 50 Naaans e volumetric flask MuMOU Axla stock
solution 29 sazaaaNAsgI CBD, CBN waz THC windi 1,000, 1,000 waz 2,000 lulasniu/iiadans
muaau Yueassazarsanasgiu CBD, CBN waz THC USunas 1,000, 1,000 waz 500 Lulasans muaau
Tdasly volumetric flask 2w1a 10 §98305 udIUSUUSINASHIY methanol MniuEanlild 5 sz
ANuNEY Ap 1, 10, 20, 50 way 100 lulasniu/ladans deasazaaanasgiu CBD, CBN way THC
#i 5 seauAMNENTY ANNETUaT 3 % sseias UHPLC 1heh peak area Uazanadaiugaiansazais
#5055 CBD, CBN waz THC luad1 calibration curve mdnussaniandunus (correlation

coefficient, r)
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Determination of Cannabinoid Contents in Cannabis Leaves by UHPLC Thanawat Thongchin et al.

NMINAFAUMIDELUBIMIAUNAY (%recovery) WazANNLiia (precision)

L@38n sample blank (sample blank @ia fagslufumiithinatauazanadenzimisna
CBD, CBN uaz THC udilusinaians CBD, CBN waz THC Tuusmnmen ) Tasgadaadhelusamn 1 n3u
e ethanol Tagd3 reflux luan 60 Wil nsasrhunszmEnsasuas 4 thansazansiilaluszimauia
ﬁ'smﬂ%msgmaqmmwmﬂ NniuazasuazUSuUsNAsee methanol auAsy 50 §aaans 1agld volumetric
flask n9896U Nylon filter syringe L‘hmsasmaé’aaﬂwqﬁlm"’lﬂf‘mswzﬁﬁmLﬂéaq UHPLC WU 6 %’1
WEHINYALRae (mean)

1038y spiked sample aslu sample blank Tagifinssazanganasguiianududu 3 szau as
3 % AnThar 2 A3 TaseIan spiked sample TWilanadugu 50, 100, 1509%

WnansazasInasIuiaNIdaEy 3 52y adlu sample blank udi3as1ew sample blank

unspiked) 4 f o9 ¢% spiked sample 5£AUE 3 6 PINUUAMUIUA %recover
(unspiked) MNUIY 6 A LATIATIEH SP ) y

(C1 - CZ) X 100
C

3

We  C #e eanwdanduresansly spiked sample

%recovery =

C 9 anudaduresaslu sample blank
C P8 ANNYNIUYBIFISNLAN

AsNadauANNiE (precision)

Repeatability precision ItaszvU3aunaans CBD, CBN waz THC luaiadslunym ) 10 P59
Twdudennu ﬁwmm@hLﬁmmummgmﬁuﬁmé (%RSD)

Intermediate precision, between day t@s1zviUSanaas CBD, CBN waz THC lusade

Tunayen Wuna 3 79 ag 10 7 MwaedssuunasgIuauims (%»RSD)

NMINAFAUTANNAVRININIIANY (Limit of Detection, LOD)
MinaumUszanaes LOD an calibration curve
LOD (ug/ml), estimated

3 x standard error/slope

LOD (pg/ml) x Ysanasniadan (ml) x 5zAURDAIN x 100

LOD (%w/w), estimated

1,000,000 x WHHUNNIBEN (g)

wisnasazanadisteluiym Teetedadaludayn 1 ndu afaaie ethanol Tagdd reflux
Wuna 60 wH nsaeEUNTEMENTBILUBS 4 ﬁwmsazamﬁlﬂ“’[ﬂsuwLLﬁm”mm'%mssmaqagaﬁnm NNt
azmauazUl5uUSaNnsme methanol auAsU 50 Taaans lagld volumetric flask n5a461u Nylon filter
syringe

W3aNasarans spiked sample ldianudntulnalAeenumuszanaas LOD uaaiae ey
USina: CBD, CBN waz THC u spiked sample 6 %
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MsnauIIeNziUsnauauniveadlulunymnalsds UHPLC sl NBIU wazAn

NMINAFaUINNNAYRINIIAZIUIHIM (Limit of Quantitation, LOQ)
M Uszanmas LOQ a0 calibration curve 641l

LOQ (ug/ml), estimated = 10 x standard error/slope

LOQ (ng/ml) x Usanasnadan (ml) x 5zAURDAN x 100

LOQ (%w/w), estimated

1,000,000 x WIWHUNNIBEN (g)

iw3anaEIazae spiked sample IilanuntulnaidganuaUssanawse LOQ ua1059a ey
USaa CBD CBN waz THC lu spiked sample 6 7 @@ %RSD wag %recovery

MINAdauANNINE (Specificity)
f@ansazale mixed working standard solution ANaANdY 100 lulAsnSN/Nadans uay
Iazaamad aan3ad UHPLC tiaasadaumsuanas CBD, CBN waz THC aanannuLazaanann

MIFUMUTNENTIY TNADINA retention time wanNNNULAG

M3AzHUSa CBD, CBN waz THC Tulunam

MIeSaNEITaTaI8an1a81

anadathelusamn 1hwin 1 n§u @8 ethanol USinas 40 iadans Taeds reflux Wunm 60 wil
nsasuaninasanaflaussmeudy azmsuazUsulsnnses methanol auasu 50 fadans lagly
volumetric flask N84k Nylon filter syringe 1hasazmeiiaiilalidesziaainias UHPLC

Ie5zsiSana CBD, CBN waz THC luamashelunm M 12 aaeds sheAsfiwannau Toed

v L 1 U L4 %’ kg o 1 d'
LLGlag(ﬂ'JBEI'NGlﬂ'JLﬂ'i']Sﬂ 3 9 UINNIWIALRIY (mean)

MIAAUANNENTUTIE SIS lumaanlunu (Saaazlasuwinalaerlunum,
%W /W)

C, (ug/ml) x YFanasneien (ml) x 55AURDIN x 100

C, (%w/w) = Y o oo
1,000,000 x WRUNEIBEN (g)

2 PN v Aa el o v
We  C, A enuwndurasasiitenzdianalennnnninasgiu
C, @ enuwnduassIieNzdiiaulasiiusosazlaatviin

W

MSNAUIDIATIEHUSIN CBD, CBN waz THC Tulunamn

msanmmanmzrasszuulasininnnil vasnnihasezasanasgiuzas CBD, CBN waz THC
wazshsazanzratheluranlienesdmeweias UHPLC wuhlaanmzvasszuulasnInanilfimansas
Tumstienas CBD, CBN uaz THC daudasluaasii 1 laedadiuwesigmainaauiiuuu gradient program
BTN iR 0.0 B9 WIAiT 8.5 19 %A : %B (28:72), Wil 8.5 B9 Wi 8.6 15 %A : %B (5:95),
WiT 8.6 89 WT 9.5 19 %A:%B (5:95), with 9.5 B9 AN 12.1 19 %A:%B (2:72) uaz
WAT 12.1 89 Wi 15.0 19 %A : %B (28 72) sauaaslumed 2
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Determination of Cannabinoid Contents in Cannabis Leaves by UHPLC Thanawat Thongchin et al.

M99 1 dazeesszuulasininaniiwmanzaulumsuenars CBD, CBN waz THC measzuu UHPLC

annziimnzan
’E’Qﬂﬁﬂﬂﬂ'ﬁ UHPLC column %1l ARC-18, 2110 4.6 x 150 {aALNAT, YUWDYMNA 2.7 Tulasiuns
aaurninaan 40 DIPBALTEE
’3'g]mﬂLﬂ§'au“7; Gradient: 0.1% ortho-phosphoric acid sl,m}l’l wae 0.1% ortho-phosphoric acid
Tu acetonitrile
805IMslna 1.5 Aaaans/ui
MINTININET DAD fiemuemaau 220 wluas
U31nNaInsie 5 lulasans
@597 2 "J’g]mﬂmé"auﬁuuu Gradient program
Time Flow 0.1% ortho-phosphoric 0.1% ortho-phosphoric
(min) (ml/min) acid in water (%A) acid in acetonitrile (%B)
Initial 1.5 28 72
8.5 1.5 28 72
8.6 1.5 5 95
9.5 1.5 5 95
12.1 1.5 28 72
15.0 1.5 28 72

msfnweiiavasihazanglumsata wamsAnswuhidathasazaeiilannmsanalufan
e ethanol uaz hexane AN ¥IELA3as UHPLC fathea: 2 o1 wuth wudilénsviodaves peak
&5 CBD, CBN waz THC annmsane lunneie ethanol # retention time 3.35, 4.85 WAL 6.10 W
MNSIAU NAI 323.89, 1,036.74 Lo 2,431.62 G’?;qmﬂm'ﬂuﬁ'mumﬁaﬁ’mﬁw hexane @8 Hiufilannwmas
WNAU 309.89, 1,006.44 UAT 2,141.23 MNTGU dauaaslumui 3

CBN Ethanol extract
485

Hexane extract

1]

-'-' CBD

2 3 y THC

= RS b 335 (Esa

o) 1 i ] H 1

o T . | 3 £
o & X A

M 3 wamsane CBD, CBN waz THC lulunamneais ethanol was hexane
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g ada < a a i v ac
NITINAUIIBI Lﬂ‘nwﬂimmuﬂuumuaﬂGﬂulmmummmﬁ UHPLC

SUIMY NBIAY uazAM

auulumswanITAeneivsina CBD, CBN waz THC Tulunaen 3edenld ethanol (iu

fmazaalumsana lunen

msanmszaznaMmanzaulumsana nunasazaanlennmsanaaagnlunum dedne
Y oo a o o ' P! o ' o A o a v o
meddeeInulaams reflux NuU ethanol uaszaznaNlElumsanauanmeny WathuIwNziaeLaIo
UHPLC wu @5 CBD, CBN waz THC 14 retention time 3.39, 4.89 uag 6.15 W¥l MNUAAU NI
NAAILILELIAT 30, 60 WA 90 W AMGeH Ap MNuNlanazasas CBD, CBN waz THC 21nn5anaaae
SLazI 30 W UaENNIMIINANILTLELIAN 60 LA 90 N FIUMNUNLANAZaYES CBD, CBN uwaz

THC NMSanaagssaziIa) 60 wWas 90 1N INUONANNY AILEOS UMW 4 ez NN 3

i t b ?"' £ THC i 30 uni
i E i
S AR } 9.8 i X
Cannt chans: exract_Yom_T70A031 | DADTA 53-330 04D RefedsD & 100,01 3310617 136041 -07-CoE o o
i ! gy afin 30 urit
: pEE | L - I “ g .- !
.5 m XX s
Canra dhars cxract S0mn TP0AEE1 | DAOTA 53730 G40 Refadi € 160,01 10210617 13.1435-07-CO0AN & o
‘ CBN THC
; c8D § a0 60 u W
gl L )i v o1l g
XAX i 3EA S .S X
Canra dhano: extract S0ma_ 170820211 DAD 1A Sigu220 0.40 Refudsd € 100 0120210617 1320610700000 & e
i j L] * afn 60 il
g it F — %] )\ % i/\ B £
AR T A e A SRR e
o o mn_1 708"
] (a1 T& THC ]
i -] 5 ain 90 Ui
= F L ]\ = :
A A [BSS T8 R
. m .
i 5 & 90 unil
g g Bl /\ ] :./ § ‘
RAX § A BEs /At X

2NN 4 wazessTaznNLFlumsana CBD, CBN waz THC Mnaadelunum

M54 3 Aiunlanaesas CBD, CBN uwaz THC 9nmsaname ethanol Nszaiian 30, 60 Wa

Retention time (W) /WU laiie

CBN

THC

90 W7
areuil M8819 2110
CBD
1 Ethanol extract (30 W) 1 3.383/175.134
2 Ethanol extract (30 W) 2 3.384/175.080
3 Ethanol extract (60 W) 1 3.384/333.796
4 Ethanol extract (60 W) 2 3.386/333.899
5 Ethanol extract (90 W) 1 3.385/334.259
6 Ethanol extract (90 W) 2 3.384/333.998

4.890/528.840

4.891/529.344

4.891/1009.748

4.893/1010.747

4.893/1012.480

4.890/1011.890

6.150/1243.732

6.152/1243.689

6.150/2346.040

6.153/2348.429

6.152/2352.464

6.148/2350.904

dauulumMsnanIsIn¥Usunaas CBD, CBN uaz

< CY ° u ¥ X =1
Wummazaralumsanawazldnarlunmsana 6o wi

THC Tulungniadeanld ethanol
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Determination of Cannabinoid Contents in Cannabis Leaves by UHPLC Thanawat Thongchin et al.

mmmmﬁﬂumsmni’mmi CBD, CBN taz THC

NIMIANNMIQANAULEN UV 2as CBD, CBN waz THC wud) Amax #84d13 CBD uaz THC
s 208 waz 274 wluaes d3u Amax 209 CBN fehiu 220 uaz 284 nluwes daudaslumui 5
LLazLﬁ'Eﬁmswsﬁmiasmﬂﬁam;hqﬁ'fy%wi”'gmﬂ%m UHPLC Tagld DAD luadasnsiada fenuenaay
220 W lUNAS lHNUMSTBUNUVBY peak 2aean3a

Mmmmmﬂhﬂﬂmlw‘wﬂﬂnw CannaPPS bala ¢ Shoripat 210663 | DADY Sean RT=4 505 Wrnbis
na PPS befare shortpath 210563 | DAD1 RT=6 401 Scan RT=4 912
PPS shortpath Ind 210563 | DAD Scan R -4 856 Minutes.

i

Response|maL)]
PR

04 -
mmmmmmmmmmznmmmmummwwwmu‘):‘nm:ummmmmmmmwammw:ummno
aveien:

Wi 5 UV spectrum 284 CBD, CBN waz THC

aatiulumswanIsieneidsinaas CBD, CBN waz THC lulunwzn Fadenmsnsiaia
MIQANaULE UV fenuenaau 220 ilumes

’ng]ﬂ"lﬂﬂ\‘lﬁ (Stationary phase) uazi’gmmﬂﬁ'auﬁ (Mobile phase)

Jnmeasii MsAnY UHPLC chromatographic fingerprint #84an5afia ethanol a0
lufynuazasaiodie DAD fienuemaay 220 wiluwes Toeld 0.1% ortho-phosphoric acid Tuih
ez 0.1% ortho-phosphoric acid Tu acetonitrile L‘fJu")J{]mmﬂa}auﬁ wunileld UHPLC column #iie
ARC-18 (A), 2U10 4.6 x 150 NOILNGT, 2UNDUMA 2.7 lulaswues UHPLC chromatogram Al
peak 284 CBD, CBN taz THC 17'; retention time 3.35, 4.85 WAL 6.10 WIHI MNAIAU s'z‘;qﬁmmﬂﬂf\nﬂ
REY (impurity) auagheiaay us UHPLC column %iln ARC-8 (B), 2118 2.1 x 100 NadLN®T,
2N08UMA 3.0 WWlATINNS Timsusnansaanandudavuduldiasnit column ¥l ARC-18 Gaudns
Tumwii 6

'3';]ﬂ1mﬂ§'iauﬁ Lﬁ'aﬂ%’mﬂﬁlﬂumﬁ’ﬂszﬂamlaﬁgmmﬂﬁlauﬁmnimax acetonitrile (C) (flu
0.1% ortho-phosphoric acid 1‘141}"1 Waz 0.1% ortho-phosphoric acid 1u acetonitrile (D) Wu retention
time 2a84d15 CBD, CBN wag THC Lﬂﬁlﬂumﬂ 6.37, 7.24 UL 7.75 W) S 3.35, 4.85 LAY 6.10 U7 le
peak shape 289 CBD, CBN waz THC #ifiau msuendizy uazienann impurity auaghesamy dauae
Tumwl 7
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MsnauIIeNziUsnauauniveadlulunymnalsds UHPLC sl NBIU wazAn

% CBN
4.85 G
in
- CBD THC

5%CBN

4.85 ®)

Tz o4 w6 &8 5 82 84

MW 6 Chromatogram 2adesazmamiagNlunym Waldigmeasnienziionuy laah (A) Aa Aaanil
%1im ARC-18 uae (B) fe Aaaniiziin ARC-8

i S
- 22 THC
-
5
7.75
=
. (c)
=
5
.
-
o v CBN
i .
i: %
- CBD 7.24
- &g
* 16.37
-
zs
x
%
. g X R 2% v Hemes SEmn =N
& 02040608 1 12141618 2 22242628 3 32343638 4 42444648 552545650 6 62646668 7 72747678 § 62848688 9 92949698 10
DR
J P s S
: L]
= CBN
2 4.83 (D)
% 5
‘, THC
7 6.10
£ J 5
1 ) 3 H

AW 7 Chromatogram wasasazmamatnluny Waldigmeandauiiannu laadn (C) Aa W
uaz acetonitrile &1 (D) A1 0.1% ortho-phosphoric acid 111 wae 0.1% ortho-phosphoric

acid Ty acetonitrile
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Determination of Cannabinoid Contents in Cannabis Leaves by UHPLC Thanawat Thongchin et al.

aanulumswannitiwseiSina CBD, CBN wa THC lunaumeiaasss UHPLC Jadan
14 UHPLC column #ila ARC-18, 2110 4.6 x 150 §aawas, 2neaymea 2.7 wlaswes 14 0.1

ortho-phosphoric acid Tui waz 0.1% ortho-phosphoric acid lu acetonitrile L‘flui'g]ﬂﬂﬂtﬂaauﬁ
v v J o
$922790978 DAD MenNe81IA8U 220 ‘L!']I‘L!LNG]?

mMsnagauaNltlaraitinsey

anuludunsa (linearity) : MnAWNA351U (Calibration curve) FEWINANNANTULBY
ssasanEneIPULasiunlaia wuhanududurasasazaeanassiu CBD, CBN waz THC fuiluiildiia
fianwaziuiduase Tesasinasgru CBD Hanwawiluduaselugnenuduiu 1.07-106.89 lulasnsu/
fiaaans laadedulszansandunus (r) Whiv 0.9999 5u103571U CBN fanwailuduasslugnany
Wty 1.00-99.60 Tulasnin/fiaddns TaaRmanUszandandumus (r) Whiy 0.9997 wazasnNasyIu

= v YV | vV v U = aa = 4 = l{ 4 %
THC Hanwaziudunsalugiaanudugi 1.00-99.90 lulasnsu/iadans loelemandssandanaunus (1)
WU 0.9999 AILEAIIUMND 8

Calibration curve of cannabidiol Calibration curve of cannabinol

600.00
- 500.00
250.00
400.00
200.00
g. ?; 300.00
S 15000 =
(5] [
- J— g 2000 5
y=2.7377x + 1.9345 - i 5-32"3’;;93-5937
e =0,9999 =Y
0.00 0.00
0.00 2000 4000 6000 80.00 10000 120.00 0.00 2000 4000 6000 80.00 100.00 120.00
ANUINTY (pg/ml) ALY (ug/ml)

Calibration curve of tetrahydrocannabinol

350.00
300.00
250.00
200.00

150.00

Area peak

100.00
y = 2.8844x + 1.1825

50,00 r=0.9999

0.00
0.00 2000 4000 6000 80.00 10000 120.00

AMYNTY (pg/ml)

MWN 8 Calibration curve za9asaza8E1 58035511 CBD, CBN waz THC Turenaingu 1.00-100.00
Tulasnsu/dadans
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MsnauIIeNziUsnauauniveadlulunymnalsds UHPLC sl NBIU wazAn

MINAFIU3EAIAINISAUNAY (%recovery) UazAMNLIEY (precision) Walinasazaaas
@53 CBD, CBN way THC fanuduguszausa 9 Tuguemsldnu s szeu aely sample blank
P91eH sample blank MUY 6 M WA spiked sample 52AUdE 3 M UAazETh duplicate
MUAIAU M5LA3au spiked sample WHANNENTY 50, 100, 150% ANNINGUPDY CBD, CBN waz THC
Aeunalduhiudenas 9.09, 16.67 uay 23.08 Taguhwiin Mumeu

PIMTIANLHAIBEN spiked sample WUNIBEALYBIMIAUNFULBIFS CBD CBN way THC
aglurep8az 97.50-99.75, 97.77-100.89 UdT 96.83-98.33 MNTIAU sauaaslumsai 4

nINAFaUANINTIT (precision)

Repeatability precision t@a51¢%USanaes CBD, CBN waz THC luaiadalunm wuhiim
Lﬁmwummgmé’fuﬁwﬁ (%RSD) WhiU 0.89, 0.55 UAZ 0.33 MNTNY FIUFAILUMTNT 5

M3NA§aU Intermediate precision, between-day aseviUSunauas CBD, CBN waz THC
Tudagelunm wuiwﬁ@hLﬁmmummgmﬁuﬁwé (%RSD) AU 0.42, 0.51 UL 0.32 MINIIAU
saudaslumsed 5

MY 4 WANMSANY %recovery Wae repeatability

mﬁ‘ﬁ'am‘nzw Sample blank Spiked level %recovery #RSD HORRAT
(ng/ml) (%w/w) (%) (%w/w) mean t SD
50 9.09 97.50 + 2.50 2.56 1.96
CBD 14.40 0.07 100 16.67 97.70 + 0.49 0.50 0.60
150 23.08 99.75 + 1.17 1.17 1.79
50 9.09 97.94 + 1.58 1.62 1.23
CBN 6.84 0.03 100 16.67 100.89 + 0.76 0.75 0.89
150 23.08 97.77 + 0.26 0.27 0.41
50 9.09 96.83 + 0.38 0.39 0.30
THC 13.91 0.07 100 16.67 97.02 + 0.74 0.76 0.90
150 23.08 98.33 + 0.96 0.97 1.47

(NTIMSEBNIUYBY %recovery MmN AOAC Peer-verified methods program on policies and procedures, Arlington,
VA, USA (1998) 8 95-105% uazmMsgansuanuings yssiiuan HORRAT (< 2)

MINN 5 WamMIANE intermediate precision between-day

da o o %RSD %RSD 284 intermediate
asiitenzilumadialudum . .
224 Repeatability precision between-day
CBD 0.89 0.42
CBN 0.55 0.51
THC 0.33 0.32
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Determination of Cannabinoid Contents in Cannabis Leaves by UHPLC Thanawat Thongchin et al.

MINadavinanauainIsnsIany (Limit of detection, LOD) wui LOD 284msiansy
CBD, CBN waz THC whiudasas 0.006, 0.009 Waz 0.003 Tagihwiin anuaau

MINAFUAANN AN TINEIUSHIa (limit of quantitation, LOQ) wul LOQ 294
mM53a51Y CBD, CBN waz THC whitudasas 0.020, 0.032 waz 0.011 Taihwiin anuandu Taadien %RSD
UNAY 1.00, 1.19 UAY 1.54 MNAIOU Ua3DEAzYRINIAUNG UL lULNTDEA: 95.75-98.33, 95.51-98.21
ez 97.62-99.87 MNMGU Gaudaslumei 6

@599 6 WaMSANE limit of quantitation (LOQ)

, Spiked sample L0Q srecovery #recovery %RSD

asfaIeH
(ng/ml) (% W/wW) mean + SD

97.15

95.75

98.33
CBD 0.96 0.020 96.91 + 0.97 1.00
96.20

97.65

96.39

95.51

97.08

98.21
CBN 6.34 0.032 96.90 £ 1.16 1.19
95.57

98.01

97.03

99.87

97.62

98.74
THC 2.14 0.011 98.52 £ 1.52 1.54
96.00

100.08

98.81

MINAFaUANNNLNIE (Specificity) MNMIAATTAZAIHNINTFIULATEITOZAEAIDEN
wun melaaniz UHPLC AWannay anansouenans CB, CBN was THC aanannule wazlaiimssuniu
ypaa5ulumaee Taelia retention time AU 3.35, 4.85 WAL 6.10 W MUAIOU HILFAILUMNH 9

M5815NTHANENFFATANTUWNE
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MsnauIIeNziUsnauauniveadlulunymnalsds UHPLC sl NBIU wazAn

BB gca BuS.ed. Ge8.Sel G o gell

o + CBN
" Mixed standard 4
2 - 4.85
B B | | THC
is : ]
i : ' 3.35 6.10
: | cox Ethanol extract
< THC " ’ 485
: | 6.10 3 .
¥ ) I “
F
: | AR e
(\ v | | ‘\ 6.10

AMWi 9 Chromatogram 2agasazaaaIa3gIu CBD, CBN waz THC wazasazaadagnlunam

M3ATzRUSa CBD, CBN waz THC Tulunamn

namIeNeianas CBD, CBN waz THC lumatelunum 1w 12 aaedn wuhludgen
WUEWNNIZIBNYIIWEaT 1 (ST1) vudednauasiiii i (TT1) esunasmuzmaudage 1 (WAL) uaz
fzuNAIIULANDI5A1 (RD1) #USinaas THC lussezlugauganilumamauazluun drmuFanm
3 CBD wusnnluluuduesiug RD1 fefanas 2.50 Ingnihmiin Usinass CBD, CBN uas THC lushaths
lunaniienagluzeiasas 0.002-2.500, 0.002-0.023 Waz 1.363-7.392 Tagnnwiin ey USane CBD,
CBN waz THC #eaglurnsasaz 0.002-2.500, 0.002-0.023 Waz 1.363-7.392 Tagrhwin auaey
auaaslumsad 7

maNf 7 HamsIesiUS CBD, CBN waz THC Wuludaneeds UHPLC

ANNTNTUYRIT TN LAINTNNIT

BN Y . . =
o . . . c 4 .. td1m3991n Calibration curve Ysanaas (% w/w)
MDY WHI/ILUENITLNULNYY MDY
; (pg/ml)
(g)
CBD CBN THC CBD CBN THC
1 ST1 szezlusau 1.0044 12.037 0.060 54.585 1.198 0.006 5.435
2 ST1 szezluinwaan 1.0033 14.160 0.081 55.360 0.882 0.002 1.379
3 ST1 seazluun 1.0040 40.164 0.457 54.720 1.000 0.011 1.363
4 TT1 szezlusau 1.0049 0.284 0.121 74.284 0.028 0.012 7.392
5 TT1 szagluinwaana 1.0036 0.320 0.440 70.531 0.016 0.022 3.514
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Determination of Cannabinoid Contents in Cannabis Leaves by UHPLC Thanawat Thongchin et al.

M3 7 HaMIIATWUSINe CBD CBN waz THC TuluAnale3s UHPLC (6a)

ANNTNTMIaIa SN AIMlAINaNNT

IR Y -
. y . N Ldum3931n Calibration curve UInaas (ew/w)
MDY WUHD/ILULNITLNULNED [ RN
? (pg/ml)
(g)
CBD CBN THC CBD CBN THC
6 TT1 3$E|31°Ullﬂ' 1.0045 0.082 0.640 67.380 0.002 0.016 1.677
7 WA1 33ﬂ311_|'fjau 1.0054 0.750 0.470 71.492 0.075 0.020 7.111
8 WA1 ‘53831ULW33']@ 1.0019 0.223 0.347 68.060 0.011 0.017 3.397
9 WA1 553311“,“]' 1.0050 0.139 0.454 49.694 0.007 0.023 2.472
10 RD1 ‘sz'ilﬂua'au 1.0043 23.990 0.080 45.420 2.389 0.008 4.523
11 RD1 igilSIUL‘Wﬂa"lﬂ 1.0045 41.725 0.286 61.665 2.077 0.014 3.069
12 RD1 ‘sxilxsl,'uu,ﬂ' 1.0046 50.222 0.424 44.182 2.500 0.021 2.199
a 4
VI

[

fyifuagulwsiiidnamwidndeduasivslemimaduanuesiundosuiauamm sansothin
wanluwdofeidng g W ndasduayulns wdadurieissdan Tnsnumsdnmmainmmans
mashuiedl daine wasivdinainnaineaiiatuayumsld wdmswannfusdasasiiy dadeiddyi
msmiliieda Tadeduqumwassayulnsilosnnfymiimshdynguuauniuesd #s CBD, CBN
wa THC fifignimandaine Tumswanniziensivinamsueuniuesd Tuiagiuludan Tesada
Tufanuiainnen 1 n3u 88 ethanol Usinas 40 fadans 1aeds reflux i{lunm 60 it nsasshunszens
N39S 4 u,amhmsaﬁﬂﬁlﬁlﬂsmﬂuﬁqﬁmLﬂ%f'aﬁzmaqmumﬂmﬂ NnntuaransuazUiulsnaseie
methanol auAsU 50 §83ans lagld volumetric flask wainsageIu Nylon filter syringe ihasazans
Ganam Usnas 5 lulasdas dadhdssuulasaninnniluaneias UHPLC #sldaadniaiin ARC-1s,
YUIA 4.6 X 150 NOALNAT, U0DUMA 2.7 lulasues uazld 0.1% ortho-phosphoric acid lu deionized water
W8z 0.1% ortho-phosphoric acid lu acetonitrile {{uSgmaiadoudl sanmslua 1.5 fadans /i
a51930@8 DAD fienuemaau 220 nlues azU5ng) peak 289 CBD, CBN waz THC i retention
time NNV 3.35, 4.85 War 6.10 W AN HamsnadauaNNlFlaueidinsziaenarn wuh
calibration curve Aanuiuduass Taaasuiasgiu CBD fanwauziluiduassludieanududy
1.07-106.89 lulasniu/fiadans leaiiedulseandandunus (r) whiu 0.9999 3410957 CBN
snvaduduasilugisenududy 1.00-99.60 laulasnin/fiadans lasfedulssandandunus (r)
(AU 0.9997 wazesanasgu THC fanwaiudunseludienuengu 1.00-99.90 lulasniu/iiadans
TogiaduUszandandunus (r) uhiu 0.9999 M %recovery agluze 97.17-99.85, 97.92-101.89 Uaz
97.08-98.99% Mua19U A HORRAT (AU 0.60-1.96, 0.41-1.23 Wag 0.30-1.47 MNaIOU LOD a9
MIIAH CBD, CBN uaz THC nNU588az 0.006, 0.009 WAL 0.003 Tﬂmfmﬂfn MU LOQ 209
mM33Aef CBD, CBN waz THC whiufasas 0.020, 0.032 uaz 0.011 laghuiin museu laadien
%RSD 1AV 1.00, 1.19 Uaz 1.54 MNAGU Warsp8azaINIAUNaUaLlud NS 95.75-98.33,
95.51-98.21 U 97.62-99.87 NNAGU UIanaans CBD, CBN waz THC lusatningdvludam
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MsnauIIeNziUsnauauniveadlulunymnalsds UHPLC sl NBIU wazAn

12 dhaehs aansnth iUl dudayadasdulumsmmuausinuas CBD, CBN wos THC ludatheingiiu
Tumla Tumsdnwiildmmsasnalsinassuaunivesduasimaialusunluszazmsiaiyivle
saslufiuandefiu da Tusserlugou Tuwame uazluuizasdaming 4 wWug Tdun anszsengwiuieaii 1
(ST1) vadeanauasiiii 1 (TT1) ezumndsmuzmeautiaga 1 (WAL) uazazumndsmMuuaiaisa 1 (RD1)
wuUsinaas THC lussezlugaugeanhlumwamouasluuilunyanery 2 wWeaw dmwisinaas CBD
wusnnluluudzasiug RD1 edasas 2.50 Tasuhwiin dautSnams CBN wululudaudaias lau3ey
Wsuiusiusnamsuauniuesd wuh WAL uaz TT1 #USnas THC wes CBN genhwugau
FalSanawes CBN asulsiumnal3inams THC ﬁg@ﬁu Feapandasiumidefinuiiens CBN aufly
uanaaiildann THC lugaewasms decarboxylation szwiramsauwisshuemuday dedrmniiusum
THC fige USinamas CBN azgalidhe® ™ daut3anaians CBD wuannies 2 wug #ie RD1 uaz ST1
Fanndayauiinamsndniagluludautiegs danFeuisudugdnmismnamsuaunivasdluly
Fawuhiichagsznin 1.10-2.10% Mndayamunsmiludnm Ineluudasiug s lsmimamaunnd
Tdashamngay nudaiudayalumsianniusiamiiariinyamuasluinmmaasugiadely

UHPLC lu High Performance Liquid Chromatography (HPLC) fisimswannuive 1eid
Ussansmmmasusnans anwhlumsuenasiiiiu 185gmeandauiivasas uaraaszaznanlumansa
ez @a ilpthigieseiusine CBD, CBN wa: THC lulufamersid UHPLC fiwanndusnlns
wWisuisunumsmiianaes CBD, CBN uwaz THC lunanaeis HPLC/UV® waz3s HPLC-DAD®
WuN35 HPLC/UV ua35 HPLC-DAD l#naiesziaiaaennymes 1 6aad1e 1y 22 Wi waz 50 Wi
MO v‘iﬂﬁ'?;’mﬂﬁaﬁgmﬂmﬁauﬁ (Mobile phase) d1AFeneifinannuan v Woa lumsiesei
10 i Fanaduezdsudaigmamdeuii duiuiudenldiates UHPLC Tumswannigiesziusinm
CBD, CBN uaz THC Tulusaen smnmsnagauanaldlduasdsiesizdusina CBD, CBN uaz THC
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Development and Method Validation of
Cannabinoid Contents In Cannabis sativa L.
Leaves by Ultra High Performance Liquid

Chromatography

Thanawat Thongchin Sorrapetch Marsud Peradhama Thiemthieprat Sayan Ruengkhet
Sakwichai Ontong Phichet Banyati Siriwan Chaisomboonpan and Aussavashai Shuayprom
Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000, Thailand

ABSTRACT Cannabis (Cannabis sativa L.) has been used to treat several diseases since the ancient
time. Tetrahydrocannabinol (THC) is the major psychoactive compound and the other non-psychoactive
ingredients are Cannabidiol (CBD) and Cannabinol (CBN). THC has been used for pain relief, reducing
nausea from chemotherapy and muscle contraction treatment. CBD has antiepileptic mechanism, relieve
pain and neuroprotective property for Parkinson’s disease, while CBN has a potential use for
anti-cancer therapy. Cannabis have been used as active ingredient of several drugs and products in the
markets. However, the appropriate analytical methods for quality control of those compounds are still
limited. This study aimed to develop analytical methods for quantification assessment of CBD, CBN and
THC in cannabis leaf samples using the Ultra High Performance Liquid Chromatography (UHPLC)
technique. Samples were prepared by refluxing in ethanol, filtering and evaporating until dry. The
residue was redissolved and adjusted with methanol and injected into UHPLC system. Linearity was
established for CBD, CBN and THC at concentration range of 1.07-106.89, 1.00-99.60 and 1.00-99.90 pg/ml,
respectively, with a determination correlation coefficient (r) of 0.999. The %recovery was in the range of
96.83-100.89% and HORRAT was in the range of 0.30-1.96. The limit of detection (LLOD) of CBD, CBN
and THC were 0.006, 0.009, and 0.003 %w/w, respectively, while limit of quantitation (LOQ) was 0.020,
0.032, and 0.011 %w/w, respectively. It has been shown that the developed method is suitable and can
be used to analyze the content of CBD, CBN and THC in cannabis leaves. Therefore, the appropriate

specification of cannabinoid contents (CBD, CBN and THC) in cannabis leaf extract can be established.

Keywords: Cannabis, CBD, CBN, THC, UHPLC
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Cannabinoid Contents in Thai Cannabis sativa L. Leaves Sorrapetch Marsud et al.

Faquan laun finwed (araunu®), lalann (usEnlala azn3aaass Nia), nasiiglan (UsEm
Speedy access) WA 2-4 HAANAT, WBSLAY (USHEN Speedy access) 4-8 HaALNAT, MUNTNINEY,
{lolalasTuiing (gasi 1 dmFussmsisgavlomeduddu uasgnsil 2 dmiuisimssanaen), nszan
210 24 i1

ININIZIU l@wn Cannabidiol (CBD) mmu%qmé > 99.9% (THC Pharm GmbH, Batch:
S19-014) Hanwaeilunaden, Cannabinol (CBN) mmu’%qw%{ > 99.6% (THC Pharm GmbH, Batch :
DWO180.707-1) anwaetilussdzn, Tetrahydrocannabinol (THC) mmu‘%qﬁ > 98.6% (THC Pharm
GmbH, Batch : DWO181.121-1) Nanwaziiuzaaviadla
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Usenauaae d1aﬁ1ttuumauquqmwgﬁ‘éu SB-1000 (Eyela), 1A399 rotavapor 3% N-1000 (Eyela),
LA399 Aspirator 34 A-3S (Eyela) LLaxm%aqﬁﬂfnﬁumguﬁﬂu 51 CA-101 (Eyela), tA399 Ultra
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Cannabinoid Contents in Thai Cannabis sativa L. Leaves Sorrapetch Marsud et al.

anmizpasszuulasanlnani "’J’Qmﬂﬂqﬁ (stationary phase) 1% UHPLC column %%in ARC-18
YA 4.6 X 150 NABNOS 2NADYMA 2.7 [WlATLHAS BUMnT 40 BeewaFed, "J"gmmﬂéiauﬁ (mobile phase)
A 0.1% ortho-phosphoric acid Tuth B 0.1% ortho-phosphoric acid lu acetonitrile
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° Tu (n3x) Tu (n3x) (LBUALNAT) (LUUALNAT) (LBUANAT)
Tusau ST1 0.985+0.12"° 0.221+0.11° 8.18+1.17% 0.78 + 0.09"™ 1.05 +0.14°
TT1 0.580 + 0.07° 0.158 £0.01" 8.66 + 0.65" 1.00 £ 0.11° 0.81 £0.10"
WAL 0.630 + 0.06° 0.168 £ 0.01" 7.45+0.49" 0.87 + 0.08" 0.91+0.11°
RD1 0.770 + 0.06" 0.224 +0.01* 8.58 + 0.89* 0.71 + 0.06° 0.80 + 0.08"
F_test * k * k %k * 3k %k
C.V.(%) 11.79 9.57 10.28 10.23 12.43
Tuwaana ST1 1.790 + 0.26° 0.443 £0.04% 15.39 +1.68% 1.82 £0.20° 3.67+0.19°
TT1 1.781 + 0.24" 0.379 +£0.08" 17.13 +1.29" 1.94 £ 0.21° 3.34+0.23"
WA1 1.332+0.13" 0.351 + 0.04" 16.87 +1.94" 2.89 +0.22% 5.36 + 0.52%
RD1 1.633+0.17% 0.454 + 0.05" 14.35+1.62° 1.88£0.17% 1.56 £ 0.15°
F_test * %k * %k * %k * %k %k
C.V.(%) 12.86 11.36 10.34 9.46 8.94
Tuwn ST1 1.832 £ 0.25% 0.406 + 0.04" 11.55 +1.34° 1.53+0.18" 4.37 £0.28"
TT1 1.310+£11° 0.402 + 0.04™ 12.21 £1.33™ 1.89+0.18" 2.38 £ 0.27°
WA1 1.435+13° 0.362 £ 0.02* 14.02 £1.57° 1.67£0.19" 4.59 £0.39"
RD1 1.366 £ 13" 0.353 £0.03" 13.32+0.73% 1.70 £ 0.12™ 3.33+0.21"
F_test 3k 3k k 3k * 3k * 3k
C.V.(%) 11.26 10.20 10.03 10.07 7.98

1/a

mde + dHrudssuuanessiu lesmmdsNanuvasmaaisnesiaenuluuuas (a, ab, b, be uaz ¢) Fanuuananu
DENNUIFIAYN NG (p<0.01)

MIANIZEEMIAIVVAINYDINUS N 4 Wd ﬁmq 2 1hau nalgn
nnMsdnnszazmaRsnuasiywuslng 4 Wug fieng 2 ey wdnlgn Tusserlugauwuh
NAWug RD1 ﬁﬁgmﬁfn"luamu,aﬂ‘uu,ﬁ'wia"lumnﬂdwﬁ’uiﬁ'u61 DENNUBHAYNINGDG (p<0.01) AIUFA
Tumait 2 Tosfienandu o0.428 n3u waz 0.128 ¥ muadu anwemluwuhwug WAL fanwenly
nniigadianAy 12.40 wuAWes uaneedumMeaddfuusau 9 anwunheluwuihiug TT1 fenunhs
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Cannabinoid Contents in Thai Cannabis sativa L. Leaves Sorrapetch Marsud et al.
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;i 2 swegluseu Tuwaane wasluun (Geenndraluen) eeianiiug ST1 TT1 WAL uas RD1

SRR
! -~ e
luzna 1 dou nasdagn

Tugegadienniu 1.32 wufiwes wandsnnugau ) warludrmasemuemmuluwuiniug RD1 uas
TT1 fienuemniuluananihiugau | Sauhiu 1.36 wo1.32 wudwes Musey Fuandanniugau
DENNUITIAYNNEDA (p<0.01) Fauaaslumsd 2 uazmwil 3

Tuszaglumame wuhdgwug ST1 waz RD1 fihwiinludaanniigandy 0.867 waz 0.821
n$u auddy wasihuiinluwiaihiy 0.219 uaz 0.217 n¥u mu@dy Fannnhiugay 4 aeeiiiadidny
Yeada (p<0.01) enuemluwazamuniilu ma 4 wWug Lifienuuaneheiu Feiiagasving 14.04-15.52
BURNGT waz 1.35-1.54 BUANAT MNa1eu wasludinasanuemmulunuinug RD1 Henuenmu
1uu1ﬂnd1ﬁ'u§'5u o WALV 3.08 LEURLNAT Lmn@iwmnﬁuﬁ:ﬁu ) pE NN AYNNEDA (p<0.01) AIUFON
Tl 2 uazmwii 3

Tuszasluud wuihdaeiug RD1 fihwidnlusaanniigaundy 1.487 n¥u snnniugau 4 adhadite
aNAYVNNEAG (p<0.01) F89893 A Wug ST1 fhhwiinlugawhiu 1.248 ndu ﬁwwﬁfn’luuﬁqwuﬁﬁuﬁ: RD1
ST1 way TT1 ﬁﬁ?mﬁfniuuﬁwia’lumﬂﬁqm AU 0.372, 0.358 WA 0.340 NSN MNTIGU FIUANENS
NIWUG WAL aeniidedagneadd (p<0.01) anxenluwuiwug TT1 WAL uas ST1 fanuenly
infiga TAhAy 17.92, 17.33 uas 16.11 WURWAT MUMAU UANENIINTLE RD1 asaiiiadhdny
YNaAR (p<0.01) amunheluwuhwus TT1 WAL waz ST1 flenunizaslumnniige fdwhiy 2.05
1.95 WAz 1.89 WUANAT MNAIAU UANENINWUG RD1 adnitaaAnneadd (p<o.01) uazludiuvag
anuemilunuh wug RD1 femuemmulusnaniwugauq fienniu 4.19 wufiues Fuandean

o w a

Wugau 9 aeNANEaAYNNEDH (p<0.01) AauaasluasNm 2 uasmuwi 3
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s o

a3 2 wmiinlude wwinluwis enuenlu enunilu enuemmulu sesnen 4 Wug sz

q

lugau luwama wazluun zesduiymay 2 Wau vaslan

1 . . wminludga/  wminluuia/ anxanlu anuniely  ansaniulu
szazlu uo o o - - -
’ Tu (n5%) Tu (n5%) (LUUALNAT) (LAUALNAT) (LBUALNAT)
Tugau ST1 0.206 +0.03"° 0.063 + 0.01°¢ 9.44 +1.01° 0.93 +0.11° 0.56 + 0.08°
TT1 0.279 £ 0.05" 0.091+0.01° 10.73 £ 0.09" 1.31 £0.11° 0.32+0.12"
WA1 0.302 + 0.05" 0.082 + 0.01" 12.40 + 1.60° 1.14+0.16" 1.21+0.13"
RD1 0.428 +0.05° 0.128 £ 0.01" 10.29 £1.18% 0.86 £+ 0.01° 0.36 £ 0.12%
F_test * 3k * 3k * 3k * %k * %k
C.V.(%) 16.42 12.45 11.58 11.32 10.30
Tuwaana ST1 0.867 £0.11° 0.219 +0.10" 14.95+1.73 1.38+0.15 2.48 £0.32"
TT1 0.610 + 0.06" 0.189 + 0.04" 14.20+1.13 1.54 £0.150 2.40 +£0.31°
WA1 0.558 £ 0.06" 0.151 £ 0.06° 15.52 +1.59 1.40+£0.19 2.66+£0.27°
RD1 0.821 +0.10" 0.217 £+ 0.05" 14.04 +£1.48 1.35+0.17 3.08 + 0.34"
F-test *x ok ns ns *x
C.V.(%) 12.46 10.17 10.23 11.79 11.80
Tuwn ST1 1.248+0.18" 0.358 +£ 0.03" 16.10 £1.73% 1.89 £ 0.15" 3.57 £0.43"
TT1 0.971 +0.17°¢ 0.340 + 0.05 17.92+1.13% 2.05 + 0.25% 3.55+0.38"
WA1 0.999 +£0.15° 0.295 £ 0.03" 17.33 +£1.59% 1.95 +0.25% 3.46 +0.32"
RD1 1.487 £ 0.23% 0.372 + 0.04" 14.76 £1.48" 1.61+0.19" 4.19 £ 053"
F_test k. 3k 3k * 3k * 3k
C.V.(%) 15.57 11.66 9.01 11.55 11.37

Ve gade + dudesuunessiu leammdsimuvataniaaianysnannulunuias (a, ab, b, b uag ¢) anuuanaenu
peafiied A MeaDa (p<0.01), ns = lilANUUANANAUNMNEDH

sT1 ! 171

W A I a’u o g op

mui 3 szezludeu luwame wazluun (Besnnghelian) vesdymwug ST1 TT1 WAL uas RD1

neng 2 au vaslan
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Cannabinoid Contents in Thai Cannabis sativa L. Leaves Sorrapetch Marsud et al.

msAnwIEmanIvTIna@suannivesdvasludymiug ineds3s UHPLC

NNMIANFTNNIFIUYBNE15 CBD CBN THC Wu retention time #a9a15 CBD CBN uay
THC whiu 3.36, 4.85 Waz 6.12 W auaey dauaaslumni 4 Weanadwnsiansadaluludyn
udtasWugiions 1 uas 2 (a1 WU retention time 28953 CBD CBN waz THC uaasiinalndidsafiuiy
INNTFIULINNAY 3.36, 4.84 LA 6.09 U MNAIGU saudaslumnd 5 wazilaw/Zsuiiou UV spectrum
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AN 4 TasinInunsupaeansannesgiy CBD CBN wazTHC 62835 UHPLC
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C 210663| DAD1 362 Minutes ‘Canna PPS before shortpath 210583 | DAD1 Scan RT=4.905 Minuks
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mswSeuiisuszazmsadaracly danmswdsuwlasasuanivessd
KAaNNMINTITIATLMUSINaEsuauniuead laun 815 THC CBD waz CBN zasluntym
lussazlugau Tuwaaa wasluwn wunlugie 1 e naslgn s THC lussaslugaunnaneiug lUsanuans
THC ganhluiwaanauasluun agneivashagyyneada (p<0.01) %ﬂﬁdwagquﬁaq 1.825-5.79 % Taghvin (w/w)
TagwWug WAL waz TT1 a3 THC luludaureudngalasiivsana 5.79 uaz 4.04% w/w druluiwaandl
03 THC savassnanludeu Tasudaziugiian THC agszwing 0.857-2.244% w/w #ug ST1 fians THC
i 1% w/w dnluuisesudasiugivianams THC anas fifagluzig 0.367-2.084% w/w lagwui
wug TT1 fins THC Tuluurgefigauiiu 2.0849 w/w Tumaueiinna 2 diou waagn as THC Tuszely
gaunniug HUsnaens THC innnhlumwaaauazlunnagniitaaagneda (p<o.01) lasfimaglugn
4.53-7.39% w/w 589093 g lutwaaa fUSanaans THC vesudasnugag lugie 1.397-3.514% w/w way
TuluuAnnwusiions THC shitgadienagluzi 1.363-2.4729% w/w dauaaslumwd 7
nsuMInNIeNIMUTIMEs CBD wuh Tudn 1 Wau wasdgn lugaudians CBD g
figafienaglugie 0.010-3.828% w/w lagwuans CBD annluwus ST1 way RD1 sasasn e luiwaaa

@

wazluun denagluznig 0.001-1.427% w/w waz 0.000-0.787% w/w MNTIAU UATEINUTNTDELTE 2 Wi

N

TumuziiuSanams CBD Tuths 2 1iou ndnlgn wuiieswus ST1 uaz RD1 Tagludeuiions CBD gefiga
luwug ST1 wanennnluunuazluwaae sgniitedAymeadd Fainu 1.198, 1.000 uaz 0.882%
w/w MuSaU dHuwug RD1 wuans CBD geluly uandnnnlugauwazluiwamaagniivadagmeadi
ey 2.500, 2.398 WAL 2.077% w/w MNGIAU Faudaslumnd 7

idlanniensimuiinaas CBN wuh lugn 1 @au wdnlgn ludauiians CBN gqﬁqmwu
ynwuglasiicaglugg 0.003-0.009% w/wsesaaun fa luuduasluiwaana muadu luaniing 2 e vaagn
luunwug ST1 WA1 was RD1 #ians CBN genhlumwaaauaslugau Aaagludn 0.011-0.023% w/w
Fauaaslumnd 7
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Cannabinoid Contents in Thai Cannabis sativa L. Leaves Sorrapetch Marsud et al.
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THC

Tuwmaan Tuun lueeu Tumaam

1 iy 2 \fiou

BST1 BTT1 BWAl NRD1

Mui 8 USwnaars THC zasluiaiug ST1 TT1 WAL uas RD1 luszaslugau luwamea wazluun
%1 1 10dU waz 2 1Haw vaslgn

nnmiensiviinaes CBD lulufamitony 1 wou wuhlugeu lumama wasluuduas
Ay RD1 fif3anes CBD guitgalasdienagi 3.829 +0.003, 1.427 £ 0.001 Wa¥ 0.787 £ 0.000% W/W
auadu Nnmwaziiuldhwug ST1 wes RD1 azwuuiina CBD gelulugau uasfiuunTiuaasadly
Tuwamauasluud muady duludamiions 2 weu wuhludeu Tuwame wazluuduasiamiug RD1
fiv5ano CBD gailgalasiienagi 2.389 +0.002, 2.077 + 0.00 WAL 2.500 + 0.001% w/w MU NAMW
aufiuldnwug ST1 wee RD1 azwutina CBD geluludeu wazlisaiugifiendo RD1 fifians CBD
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Cannabinoid Contents in Thai Cannabis sativa L. Leaves Sorrapetch Marsud et al.

nnmsienziliinams CBN lulufymniieny 1 Wou wuhlugeu wasluiwama saafamniiug
WA1 fiU5inn CBN gefigalasiidagii 0.009% waz 0.003% w/w muaéu Tuwdwug TT1 asiivsanm
CBN geiigalaafienagii 0.003% w/w anmwasidiuldhniug ST1 wu CBN Tuludauwhiiy wug TT1
waz WD1 fivsinm CBN figslulugauuasiivunhiniisaasluluwsmauasluud iladinnsimans CBN
Tudmnitons 2 Weu wuhluwdusslusounasiymwus WAL fivsina CBN geiigalasiidagii 0.023
ua 0.020% w/w anuandu Tumameug TT1 ziivsina CBN geilgalagiidagi 0.0229% w/w :nam
azfiuld g RD1 uaz WAL aziiUSina CBN geiigaluluudilaiisuluiugidentu uazazimanaslu
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fagluluiindn Fanduademaiamhninga hwinuiimeluly Tusasdeduiug RD1 i
Tugauarluuiaann lasnnfimnezasiuluiideudeemaiwugou FaduluiimshlflFussTamime
suwnndunulnelaglfiiudrudsznaveuneiiu mslamulufienuaziivinaluaFaiudnvasidues
fAymwuglng ednmnuSinamsuauiniuesddeis UHPLC wuhaansaasaiausinaens THC CBD
waz CBN Tuludamlénslugen lumwaaa warluud Jadenanldnalumsiensidadaalszana
10 Wit FlFnaniesrhldainsaanaladinhmenaiengiseds HPLC fldnannuds 25 i@
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NNMINTIIEEIE UHPLC waz HPLC lumsnudawuhainsaanamsuaunivssdiagluingduiamn
lusUoes native form 5Iu89 acidic cannabinoids 34 THCA CBDA laheniimsasadnssviaie
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The Cannabinoid Contents in Different
Growth Stages of Thai Cannabis sativa L.

Leaves

Sorrapetch Marsud' Thanawat Thongchin' Korravit somkid' Phanuwit Poolsab'
Paparvadee Suchantaboot' Kotchaporn Chotmanotham' Tipawan Phrugmanon'
Ratree Pranakhon® Wanwipa Pinta® Phichet Banyati' and Siriwan Chaisomboonpan'
'Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000

’Rajamangala University of Technology Isan, Sakon Nakhon Campus, Sakon Nakhon 47160 Thailand

ABSTRACT Cannabinoids are the major compounds in cannabis containing tetrahydrocannabinol
(THC), which is a psychoactive compound and other non-psychoactive compounds, such as cannabinol
(CBN), cannabidiol (CBD). Cannabinoids are mainly found in inflorescence of cannabis, but sut some
of them are also detected in other parts including leaves. The information of cannabinoids contents in
cannabis leaves is still limited, especially in Thai cannabis. This study, therefore, aims to investigate
cannabinoids contents using the Ultra High Performance Liquid Chromatography (UHPLC) technique
in leaves of different growth stages. Four cultivars of Thai cannabis including Hang Kra Rog Phu Phan
(ST1), Hang Suea Sakonnakhon (TT1), Tanao Si Kan Khaw (WA1) and Tanao Si Kan Dang (RD1)
were grown and recorded leaf sizes as well as THC and CBD contents in different growth stages.
The results showed that the immature leaves (both fresh and dried) of 2-month-grown ST1 and RD1
gave the highest weight compared to others. The immature and mature leaf stalks of RD1 were higher
in length than others, but not different in width and length of their leaves. The highest THC content
was detected in 2-month young leaves cannabis, while CBD content showed the highest (3.83 %w/w) in
1-month young leaves of RD1. In contrast, a small amount of CBN was detected in all cannabis leaves.
The information reported here could appropriately support medical use and create value-added for Thai

cannabis.

Keyword: Cannabis sativa, Cultivar, Cannabinoids
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Tayruiigluana Cannabis Sauenandolilnyludszinn s wiawszsmdyafenawdolilng
w.6l. 2522 aioanludl w.a. 2562 Tdiimsudluiudn wszssaaananialiing iui H® “nas 26/2
vaililonde 1 viadseandeeniawdalwlnyludssian 5 uud Tunsdisifudilayssleniang
yamEms maunnd masnmgthe viamsAnmnide weswann el Winudimaneasnssy widzenssu
Inenenand viagamunssn evsslarimemsunndang Aldsuluayapenngayanelasanuiiiuzet
ADIABIENTINNS” uaziilszmansznTnamsaigy Goe sndesandalilnylulsznn 5 w.a. 2563 1
NMsszyeniningrsaansvadnyuasnys (Hemp) Anaalutszme loun (n) Waen sdu w@ule A
fu wazsn () Tu delifieaaviadananinmneis (a) ssananiasueaunilaasa (cannabidiol, CBD)
Wududsenau wazeasiiansiwaslalasueuiniuea (tetrahydrocannabinol, THC) lutiusasas 0.2
Taerhwiin (1) mnvdaAufivdennmsasasynuasdasiinsnanlalasuauindues (tetrahydrocan-
nabinol, THC) lithusasas 0.2 Taeshwin Liduenanwdolilnylutszon 5@ welisinsathlulsly
mswamnw’%aaagulwsmﬂuiﬂmﬂmsslﬁ'ﬁ’ﬂgmLﬁaﬂiz‘[ﬂ%ﬁmqmmwm‘f Tugduvuasananyn oy
wazeneFusulng Fsmsdansasingaulnldanmwenaiid asmsiazananNEsEnsandazansudian
fouhanldlunszumsudnenuazkdofurimemsunng Pndszmensznynassagy (a9 szymaen
w.d. 2561 Wiahmendeluilifludmeunutiagiu 1dud damnaspusnayulnslng w.e. 2560 wazaty
{NL6Y (Thai Herbal Pharmacopoeia 2017 and Supplements ) lutiiosdudafinmslanamisvuai3une
msmﬂv»i”’NLLasawsﬂuLﬁauiuﬁﬁﬁ’agwwﬁwqﬁqmmhi’mmgmmasgulwﬂmaﬁ’uG'ﬁﬂa'n‘” §93U crude drugs
#insmuueliinagde (maximum limits) sstedidlasnumandagizandn laun sslunguaasmiu
aaa3u nguesimluraawle ngumsduensiluinsesduoznguau ) 9w 33 #ila wazmwualTinugge
aasTavzluiion 4 »iia leun a13nY (arsenic) wAALNEN (cadmium) Az (lead) wazUs8n (mercury)
iiaanulaaadsunsuilan dmduiTiensimsandauazlansiuitiaumeias fiams aninaamw
wazaNNUaaafaanIpuzisslfidnsdndemnuqaumuuazanulasassenmszaslsznd lasusay
wnsnnnsaInenamaaimsunng isuliagaumsanadenzisuanudasadovasiaymniialfussloml
yamaunng  Galudsiimaiannuasnasauanugndaseisiinnsiliasaunquaiiadaeiiadiam
ssafetym hiutuuezm Uiy sauﬁ@ﬂnwidwﬂwaﬂLwﬂIuIaﬁﬂwsﬁLﬂﬁﬁzﬁiﬁﬁ?U@uﬁﬁwawﬂwamf
ﬂwsuwwﬁﬁaugﬁnWﬂ“>LﬁaLﬂuﬂwswﬂwﬂwﬂaﬁu%ﬂwisaQ§UﬂawuﬁEQﬂwsiuiﬂrﬁﬁQ 12 WAFUMW UAzaTN
wiarevaslfiansidammw Tiifuisasiuluanuwinienduraswamsieszd Sedniudas
1N32UIUNMTATNINFUANNI TV UJUANS Wi MadsindSsuiisunaszniiaslfiuanis
(interlaboratory comparison) MENINUNUNAFBUANNZ L (proficiency testing) Lwil,fimmnﬁ%ﬁ’mum
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2,

o

miaxmﬂmmgmﬁy’qwumﬂu certified reference material (CRM) grade wazilundnsnumians
CPA chem UszmenlSaea Usznaus astadillasiumindagiiy leun synthetic pyrethroid pesticide
standard 8 components AMNNWNYU 100 mg/], organophosphorus pesticide standard 25 components
AMNLANAU 100 mg/1 Taadie uncertainty value < 2.6 mg/1 uazansazasanasgIulaviewiin Usznaume
Az uaaLloy aNInY wazsan MNNWNTU 1,000 mg/1 {6 uncertainty value < 4.9 mg/1

Lﬂ%mﬁauasqﬂmtﬁ Taud wdasdaluih 3 s uaz 4 AL, LA3DIUA (Mill Machine,
POWTEQ HM100), LATDINENDINS 2UA 3 an9, La3astlaniinasanuan (heat sealer machine),
lA389 GC-ECD/FPD (Gas Chromatograph-Electron Capture Detector/Flame Photometric
Detector), L3t aaszuululasnu fivia Mile stone s;u UltraWave, LA3D9 Inductively Coupled Plasma
Mass Spectrometry (ICP-MS), TR Graphite Furnace Atomic Absorption Spectrometer (GFAAS),
Lvﬁ'm Mercury Analyzer (cold vapour atomic absorption spectrometry technique), Lﬂ%m’ia‘:maﬁ”m
luimmu, micropipettes 2416 2-20 pl, 20-200 LLadz 200-1000 pl, volumetric flask 211@ 5 ml, 10 ml
ez 25 ml, round bottom flask 2UI® 250 H8aaN3, centrifuge tube YU 50 Nadan3, Quartz sample
tube 2110 1 §9da0, NAFUAULAE, FaUTUAULAE, Faawaadnaliuaagiitianvasd

Faeinenenans laun QuUEChERS Extraction Packet, AOAC Method P/N 5982-7755; MgSO4
6 g oz NaOAc 4 g, dispersive SPE P/N 5982-5421; MgS04 150 mg, C18EC 50 mg, GCB 50 mg
oz 50 mg PSA
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numuiieaunshmindszana 1 Alansy wuwvsiudiudedialidwiuiudnmnelssana 1 ih iy
upazdaaaeesasuaty (Mill Machine, POWTEQ HM100) AautaHaNsINAULAITOURNIUALLAT
duauad (Standard Sieve, Aperture 1.0 mm) lagasefinnamimsasladanwaeiliueg 2unaliny
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mMsnadaudSinadsiunamizasmsma (Relative Standard Deviation) #agninsagas 22 MMSWL
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. o ] 1 1 a A < [ 91-:' al 1 a =
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P o ! o v a = <) & o [ g = ' I 4
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23l du modified QUEChERS™® Smart DI 0600 SOP 0005 : In-house method
based on AOAC (2019) 2007.01 %ﬁﬁaaﬂwqﬁwﬁmmﬁumamﬁﬂm 1.0 N5N a9lu centrifuge tube 2110 50
fiaaans Wnhnauniath (deionized water) Usu1e3 9 §adans wgnaly 30 Wil iatiineNNBUIY
dathegatuthuazwasi Tduranindiamelumsmunan ndudia 1% acetic acid in acetonitrile
10 183305 wehemeiie 1 W GuaHEN extraction kit (AOAC 2007.01) uaiiwen lienAumeiiadn 1
117 11U centrifuge fienuEisau 4,000 58U/17 Wuna 5 19 fhatheaziiamsuensu e 1 Tasans
cg]mmsaﬁﬂﬁzuuuﬁwmﬁﬂﬁ'u%qwﬁé'm dispersive SPE fvanzan N centrifuge anasa ienuiiiseu
wazna ey e lwiiemsuendusznihweiuazsaaman Twassazansmuuy 0.5 Jadans szie
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acetate 1 lUandenzimaiiawasUSinameniasiia GC-ECD dmiumsinnsimsaiillasiumie
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MFIe TagrmMsanauazas I ATEeaehe (dried tea) Hn519liNUEsANAI (blank sample)
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MANAANY

IR enznsuudlensaclaneniin
MsanNeNLEMsUulaurasuaaiisy (Cadmium) Mels In-house method based on AOAC
(2019) 2015.01° TaazemaeNNnumMNUAaLBan 0.6 N3N a9l Quartz sample tube L@y deionized

water U305 1 fadans allasnudagafomssznnnmsidunsaluadnudy (min. 67% w/v,

Nsasasyingengasmsuwngd
7 U 63 atuh 3 nangaN - Auene 2564
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wazlavientinluinnam

high purity for trace analysis) Usu165 5 488803 nnnhludassataisdaslulasnnaumsazans
lalafinznau snaannniadsuazldasliiBussdigumgiives udunldmainusines (volumetric flask)
2100 25 Uaaans wazUSuUsunasme deionized water Tillu 25 Gaddns uanhluiamenuduiuves
waauilsalaglfindasilo ICP-MS

msanenzimstuiieurainm (Lead) LLG%GﬁMH“ﬁQWNﬂ (Total Arsenic) lagtinadiaeing
wianiuaamUSinuesnaaiiasamaiafiuandety 6ai Fedaiefintunivaazdon 0.3 nix
avlu Quartz sample tube iy deionized water U515 0.5 Hadans tilatlosiudathuiamsusey
PNIMSHENNTA LUASALENTY (min. 67% w/v, high purity for trace analysis) USias5 4 §adans uaih
ludpadmaiasdaglulasnnaumsazmslalifioznou sneannniaissuazldesligumniiduaariu
aaniivios Mniuldnaiauinasune 25 103503 uasl3ulsnasde deionized water lsiflu 25
fiadans ulsssazasUsnaslszina 1 - 2 fadaas o luiamenudnduresnzmmeiaias GFAAS
@M% Smart DI 0600 SOP 0012: AOAC (2019) 999.10” wazaNasaca8UsiNgs 5 1aaans 1dbuzne
SauUsInasuINa 10 Hadans s internal standard UuuSinasiiiu 10 fiadans mntwhluSamenuduiy
waamswgﬁgwmﬁamﬂ%m ICP-MS o« In-house method based on AOAC (2019) 2015.01

msanenzimstuiiausasisanitiviae (Total Mercury) 1935 Smart DI 0600 SOP 0013 :
In-house method based on AOAC (2019) 997.15"" Tﬂﬂ%’«?hathﬁﬁﬁmumﬁnﬂamﬁﬂﬂ 0.3 NSN aalu
round bottom flask #w1a 250 Haddns WNNIANENTNTUIENINNIA lUAIIUAZNIAFaNTN B 111
Usm@s5 25 fadans seuuwarlWiiaisimsdasssduniduazaiunidaunmefuansazaalalifinznou
snasnnuladlwuazlaasligaumgiiiuashiugaumgivies dnansazars KMnO, iiiopandladusanlsiag
Tugu Hg* antiudinansasars Tin (II) chloride tio3andusanlioglusy He Feaglusauzle sunsn

=

757170 UaNNINALAELAT DY mercury analyzer #4138n37 cold vapour atomic absorption

spectrometry technique

nsnagauaniludiadan iy

dugasusTatiisiamiedenld wwugudasy (random sampling) 11U 10 %ae lagld
@& RANDBETWEEN lulusunsu Excel Aawthaniamsianaiaiillastumiadasiisuaslanswiin Taeyh
meensizatas 2 MBI NisrydInaNgNiy hramslensindmnamssiaiiensiadey
MgAea (maximum difference) lagld Cochran’s test Tumanagauanuulsusiumeluzadiag
(within sample variation) mﬂﬁy'umaaummLﬂmﬁalﬁmﬁumu ISO 13528: 2015 laglAverany
wUsUsiuads One way ANOVA single factor for homogeneity test @A) mean square between
(MSB) a8z mean square within (MSW) ﬁwmmﬂ'uﬁ'mLuummgmswdwﬁaath (S , between samples

standard deviation)

VIMSB-MSW |
NIFAs s = ———
s Ve

Toglfnamisansun S wamﬂimmﬁmswxﬁ msieaendi 0.3 a9t UeNtuuINa IgIUlSzLY
NanMInagauaNNIUIY (standard deviation 289 PT, Gpt)
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NINATIUAIINAIG)

dumesusTIeteiaiym wuududas: 9w 3 989 1hanussgluraanszany M luluili L
msmuangamal une 3 Ju dladeuuuuanmzmsudsilifimsmuaugamai Tuhsnmmaduma
nnadtnaumMwuazaNNlasadgeIms nsuIngmaasmsunwnd luisiaslfudinmssanan Nniuthin
Fuldi -10 asrnuwaides Hunm 2 @Wew hainiensinaeiitlasiumiadagisuaslanswin Tasmugu
amMmeimiiaufuaaaanssinumamagauasdasmanasauanuiuilodandu 1dud 38ieney fhemed
waz3esiie ihewasiildiniEsudisududinasmasmesauanuiiuiladedu dnsanmssansu

NNURMNUAMN ISO 13528 1 2015

We

dagheiiamiadenldisnuanium wnalidu 1.0 Gedwes tminey 840 ndu Wadu
GIBENIN 3 90 UazIIUAAZANINTIVIANH wuhiimsandmereasasiaiilasnumiadagivy laun
chlorpyrifos (8% cypermethrin LLa::mnwumsﬂuﬁjauwaﬂamwﬁﬂ lown cadmium, lead, total arsenic
War total mercury Taguansnagaulsanassiiunusizaimsing feeniiiosas 22 YBINNES
Nnwhmauisussy Iddeieinny se 9as muiseidasmahauansasdaanamsinmanuiiiy
ilaiiientiu wazanuadaas s %iia laun chlorpyrifos, cypermethrin waz cadmium eansamaaiiuas
anuilufimsasssiaiisauaadlumsed 1

namsnagauanuiudiadenty vasansaanananndaie 10 gae mmsienzsizetar 2 %
wuﬂ%mmmmawﬁL‘ﬁ'mmummgm é’qﬁy chlorpyrifos 85.6 + 3.5, cypermethrin 32,520 + 1,625 Tulasnsy
donlansy uaz cadmium 344 +18 lulasniudanlansn WauszfivaanudssvumeadivesUsinm
ssanaemelugasdiahafieniy uarsswinemasdiagefieneiy Mnnasisvue my ISO 13528 : 2015
myienzimgacilag Cochran’s test tilanadaurnuulsusnumeluresdia wasamnamideuy
NAIFIUILWINBEN (between samples standard deviation, s,) wmhtfhLﬁ'mmummgmswiw
fat deiiaani 0.3 whwaqmLﬁ'mLuummg’lmﬂmmﬂﬁﬁwmmmn Horwitz’ equation uas@iade

aasmsnadauanuiluiio@ennu (é s < 0.3 ) Fuaasnaetaianududiadenuuasiiieaws

pt (Horwitz)
flfdudethmagauamusnng fauaaddumse 2
Lf‘immﬂqmauﬁaﬁwﬁmwmﬁaazhwlmaaummﬁwmﬁyﬁmﬁﬁy’qmmL"TJuLf'IaLﬁmﬁ'uLLaxmmmﬁa
Tugnafimvuaismiiuununegauanasing é’qﬁ?utﬁaﬁaatiwﬁwﬁ'ﬁgmﬁm’%amN'mmimaauuax
fiaudivasenuihuiladentuudh suihrsdasdnmenuasiuassludech dielvivlahdethadenam
fionuunzaningldlumstssiivenuaminsovasisal fUams nnmssanuuumsnaasuiiadnmana
asilaaiudaiiluuinailifimmuavaumgl Sedsivazagluanmsduiaduaampiilugn 2s-34
ssrwaded Wuom 3 Ju nntuhindulsi -10 sswaded Juom 2 @eu dewhindwensiasiad
Hasfumdadasiisuazmsiiensilansninaeisiensidentutumanadaueniniuilodandy fdmas
mﬂmsmaaummmé‘hLLaxmLﬁ'mmummgmﬁqﬁchlorpyrifos 89.6 + 3.4, cypermethrin 33,75- + 2,619

Talasnsueanlansy waz cadmium 321 +11 lulasnsuaanlansy

Nsasasyingengasmsuwngd
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wazlavientinluinnam

AN WANTU UazAE

a wa = 2 a Y v o v W - o @ VoA @
MIFNN 1 aN‘UGl‘Vl”NLﬂNLLazﬂ’nNLﬂu‘W‘Eﬂla\iﬂ']iLﬂNﬂﬂﬂﬂ‘lﬁnﬂﬂﬂ@EWﬁLLaz‘[aWﬁViUﬂﬂlu@jaﬂ’NW%ﬂﬂJu?n

Chemicals

Properties

Toxicity

Organophosphorus
pesticide: chlorpyrifos

Cl ~ cno
I P \\P/OVCHJ
Cl NT o7 \o
N\
CHs

CAS Number 2921-88-2

Molecular Formula
CQHllclgNoaPS

Acute toxicity, (Category 3), H301 Toxic if
swallowed

Acute toxicity, (Category 1), H400 Very toxic
to aquatic life.

Aquatic Chronicity, (Category 1), H410 Very
toxic to aquatic life with long lasting effects
Acceptable Daily Intake (ADI): 0.01 mg/kg
body weight (JMPR in 2004)"?

Synthetic pyrethroid
Pesticide: cypermethrin

(mix isomers)

CAS Number: 52315-07-8

Molecular Formula
CZZHWCIZNO3

Acute toxicity, Oral (Category 3), H301

Acute toxicity, Inhalation (Category 4), H332
Specific target organ toxicity - single exposure
(Category 3), Respiratory system, H335
Acceptable Daily Intake (ADI): 0-0.02 mg/kg body
weight, summary for cypermethrins,

including alpha-cypermethrin and
zeta-cypermethrin (JMPR in 2006)"®

Food Contaminant:

Cadmium

Cd2+

CAS Number: 7440-43-9

Mutagenicity, (category 1B), H340 May cause
genetic defects

Carcinogenicity, (category 1B), H350 May
cause cancer

Reproduction toxicity, (category 1), H360 May
damage fertility or the unborn child.

Eye irritation (category 2A), H319 Causes
serious eye irritation.

Provisional tolerable monthly intake (PTMI):
25 ug/kg body weight"*

a IS o (= = v J P I & [
AWUANEVINIANINAN GI'JIGIEI WIBuWsuAMNULENANTBNAEREY NNMINaFaUANNITULDOIN UL

ARAY PVNMINATIUANUAIAT TINBLNMIANNANUAIAIWDIUTINUES chlorpyrifos cypermethrin

waz cadmium Wanuluaameideuuvumsaudilogliimsmuangamgil Wuna 3 34 wuhiianuaei

INENWAMNANIANITIU ISO 13528 : 2015 NUAZLBHAAILTAN UM TND 3
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[ ]

M3 2 wansnagauanNitutiiafeduaasasteidasiumandasisuazlavieviinludadig

u

WHN a2

Usinaasiadilasnumindnziiaanae (ug/kg) Usanalanzduilon (pg/ke)

SRaMNIDEN Chlorpyrifos Cypermethrin Cadmium

Duplicate 1 Duplicate 2 Duplicate 1 Duplicate 2 Duplicate 1 Duplicate 2

#MdJ-05 86.6 83.2 33,833 34,134 357 314
#MdJ-10 92.9 84.6 30,632 32,299 362 346
#MdJ-14 81.5 87.3 30,694 32,939 347 324
#MdJ-18 92.7 83.0 29,825 32,411 344 347
#MdJ-22 81.7 82.5 29,051 32,043 326 333
#MdJ-28 90.6 87.4 35,670 32,374 358 328
#MdJ-49 84.7 83.0 32,438 33,0565 364 359
#MdJ-51 84.6 88.1 31,791 34,089 317 353
#MdJ-55 87.6 84.2 33,391 33,055 349 317
#MdJ-56 84.9 81.5 34,679 32,002 371 369
Mean N . 85.6 32,520 344
omogeneity
SD 3.5 1,625 18
COChranmmal 0.602 0.602 0.602
Cochran ) 0.367 0.229 0.311
calculation
Gpt(Horwitz) 18.8 3,080 65
S L 0 537.8 8
S(between samples standard deviation)
0.3 Gpt(Horwm) 5.6 924 19
$.< 0.30 Passed Passed Passed
S pt (Horwitz)

ninawn s (between samples standard deviation) Aa ALlEgUUINAITTIUTTIINGMIDEN

. VIMSB-MSWI|
A NS = ——————
V2
c da endsauumnasputhvanaiauiaan Horwitz’ equation Wazaadguag

pt (Horwitz)
manadauanuihuiiaentuiialflsefiunamsnagauanuiing

dathamusinamsandanararstuiiauiildnnmsnagauanuiuiis ety waznasau
anuaei waaafly scatter plot tiadanawnliuanudNRugsENsGUnINgaaGIathewIaaGuzad
M3uteussy 1ae unu x Ao wngoufeieiigas war unu y fa Usinams TasSnuamsia 3 oie loun
chlorpyrifos, cypermethrin Waz cadmium §M3snsze dauaadlumui 1-3 muadu NNMWA 1

o

) . ! ) pt(Horwitz)uﬂ’]
= < ] = v o Y v [ 1A [ (SR} = v v ¢
@RAFYNANNUULUDOEINUNANNYNYY 85.6 + 3.5 INIﬂiﬂiN(ﬂﬂﬂIaﬂﬂJ PIFIULUNLUUNINIFIUTNNND

wuhuamsiensienuiuila@eniuuasans chlorpyrifos imsnszansiagludn 0.3 o

(relative standard deviation, RSD) 59882 4.1 WazARaeANNANGIN 89.6 + 3.4 lulasnsuaanlansy

Feoglurrunamisansu Wown lyl- y21<0.3 G ‘
u pt(Horw1tz)

M5815NTHANENFFATANTUWNE
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m397 3 wamsnadauaNNAITEassaiidasiumiadagisuaslansviinlumag ey

Usinaarsiaiilasiumdndagiiznnae (ng/kg) Uanadanziuilau (ng/kg)

INFNDE19 Chlorpyrifos Cypermethrin Cadmium

Duplicate 1 Duplicate 2 Duplicate 1 Duplicate 2 Duplicate 1 Duplicate 2

#MdJ-07 95.3 90.8 35,296 35,213 303 335
#MdJ-39 89.7 86.6 33,478 33,267 322 326
#MdJ-46 89.3 85.9 36,302 28,961 322 317
Mean (stability): 32 89.6 33,753 321
SD 3.4 2,619 11
Mean (homogeneity): 51 85.6 32,520 344
lyl1- y2I 4.0 1,233 23
18.8 3,080 65
Gpt(HOYWitZ) ’
O.SGpt(Homm 5.6 924 19
-_— a a
Iy1 y, [<0.30 phHorvits) Passed Not Passed Not Passed
_ 2,028 27
O.SGPt(Horwier2\/u2(y1)+u2 o) Passed” P d’
- asse
13,7 9,14086 iy VU 40y

LERETUTI R *enuuaneessrieamasrssSinamsnnmanaseuanuiuiadansunasuiinamsnnmanagau
AMNAIR SAannn 0.3 whaaseides wunasuihvang figaann Horwitz’ equation tite 15Usufiuna
MINAFBUANNEIUIY
b enuuansessriedimasrsssinamsnnmanaseuanuiuiadansunasuiinamsnnmanagau
anuasiagludinamisaniu amanuliuiveusssrssmanuuandgssmiadsnmaday
anuduiaidefuuazmnagauanuasi wdy 0.8 whassandessuuanaspudhving fauan

NN Horwitz’ equation

namsaNeiaNNuiiadeInureIds cypermethrin Gauaaslumnd 2 wunimsnsenaa?

aglugn+o0.3 © Fe@dseenn N luilafenuneNNTNTY 32,520 + 1,625 LulAsNSN

PtHorwitz) . . .
@anlansu 1A RSD 50882 5.0 TUtp90 UKam@a82aImMINadauaNNAIaIN 33,750 + 2,619 LNlAININGED
Alanu fienliaglusanamisoniu udilothaanaliuiueuseny (expanded uncertainty) 294AANN
wandnsasAmasmsnagauanuuiadafuazmsnaaauamuaeiy IR 0.3 whaase sy
inasputhwang fidnnuan Horwitz’ equation Fuilumsuensmanasioansy dnnuangas 1yi-yz2|

<030 +2V(u” (y )+u’ (y)) 9Wuhs cypermethrin Tudhadniinnuasiaglunasisansu

pt(Horwitz) ”
) (% a 4 =1 = (% . 1 LY il ]
mmuNam‘nmswﬁmmLﬂmuammﬂuwm cadmium QzW‘U'ﬂNﬂﬂiﬂi%‘ﬂ'\ﬂﬁnagiuﬁlﬂ

= 1 a I & = o oA Y v [ 1A [ = 1
£+ 0.30.30 JARdsraeNNUULDOLINUNANNINYY 344 + 18 IN‘[ﬂiﬂSN(ﬂﬂﬂ‘[aﬂiﬂd y@ RSD

pt (Horwitz)
4 g v 1 d' L a' o ) Il ] s a 1 d}

$p8az 5.2 MUUPNAUNIAINRIEVDINSNATAUANINAIAIN 321 + 11 umluagiumunmmamu WELND
MUV BN U DN SUTA BN TANAIA NN LN U UUBULTULR AN UNUNTAINSNAFTDUANNAIAIYDIES

cypermethrin WU cadmium Hanuasiaglunarieansu dauanslunng s
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108.0
;UR: +0pt (Horwitz)
T 1024
[
i
2 968
S :
3 ® 93.0
2 012 +0.3 0p; ot
»% . © 837 & g73 i 89.0 ® 332 ¢ gI_Eﬁé
t: Y- Qi —YTITIYTS B e e RBRRARAS A A A s s . e An
= 856 R 3839 'l 83.2
8 - ¥ 821 )
S 800 —0.3 0 rowio
o
[e]
T 744
-
& 688 —
g O'p[ (Horwitz)
& 632
=
57.6

0 5 10 15 20 25 30 35 40 45 50 55 60 VEL@UA08N

® Homogeneity ® Stability  eeeeeens Linear (Homogeneity)

- 5 a o a ¢ & X a o
USunauans chlorpyrifos waglaanmsieszieuduiossiy
USauans chlorpyrifos T34 0.3 0, o

USnauans chlorpyrifos Tue o, omi

P % a < 1a . I 43’ = o
MNN 1 MINTTNYMUNNAIATIVUTNIUES chlorpyrifos NAMINaFaUANNIYULULAEINULDE

o
NIINOFDUMNINANIGN
37,140
DE 36,216 .
«; t0pt Gowmitz)
% 35,202 ® 35,255 o
=
Dg 34,368
e ; 33,983 .
S
=2 33,444 933,373 2‘3‘5,3404'0_3 Gt tronmis
£ ] I 30746 “.%32&
:C: 32'520 L OV T S --J_ A .
[0 e
® 31/816 1
% 31,59 31,466 ] T —0.3 0y g1owitn
g ® 31118
E e ® 30,547
g L
E 29,748
| —Op; (Homit)
e 28,824
27,900

0 5 10 15 20 25 30 35 40 45 50 55 60 VAG@UAI0EN

® Homogeneity ® Stability  eeeeeees Linear (Homogeneity)

USunaans'cypermethrin wagldannsinszienuduiobotu
USuauans'cypermethrin Tug19"0.3 Opt ot

UFnmans' cypermethrin Tut9',; gonwio

MW 2 MINTENEMVNKIIATIEHUSINUEIT cypermethrin Mnmsnadauanuiuiiadennu uay
MINAFOUANNANA?

L Msasasuingengasmsuwnd
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439

R 420

: +O0pt (Homito)

e 401

@

=

ag 382

< ® 370

b% 363 F F F 9 362 - 403 A —

E ¥ e T

E 3 — oo PYEVPA W——

£ 7 1 ¢ ® 3333

% 325 330 I o324 —03 A

8 ® 319 - o b

pa 306 il

@

g 287

ag “Opt (Howitz)
268

249
0o 5 10 15 20 25 30 35 40 45 50 55 60 VHWUAINIDYN

® Homogeneity @®  Stability  eeceeeees Linear (Homogeneity)

_ Usmauens’cadmium wigldannnsieszienanduiedentu
YInauascadmium ut39'0.3 Gy tromitn

Unaans cadmium U9y, o

NN 3 NMISNTENEMTaINaIANziaUSIIalany cadmium nMInagauaNNuilatfainu

MINAFDUANINAIN

a 4
AU

msAnnwanndssunadeuiisioym Tasdensiiamagiionanumsandiegud (incurred
sample) lasnniisiamiimsgadumamaivhluluisdatisldnndunadanniaaaldsunnmsianu
Tuwdaaneas wiadanuilahasunasiisanalitiaanudemslurasiudnwnsymuds Sudu
Framduammietheaseiivecficmsalasu mildetedananasiaussTamlumsldusafiuussansam
"3?‘5mswzﬁwmﬁmﬂﬁﬂ'@am%ﬂLﬂ%a*’zimﬁ'ma EUMSANEN single laboratory validation Iaald spiked sample
iiienashaiien wihasdasasazasmandudulumsmuauammweglunasisaniu udiieinnzidasha
maaummﬁ’lmmﬁﬂu incurred sample mafinadenzindeaunlylumeau vdadasnheuSnaesly
Fregnasauiiiummvun Fnennuamstszdiuiien z-score luauuaninamimnue Faiasfiams
msinsanamandny ldud madanlddrazmei liminsauviaiivssansmwliiisswe invasaavia
afamsiiagluilaiavasdatuaanin Tasameasishaisiifdnsasduiawis lumsiensiasiad
Hasfumiadasiisuasmaiensilanswin Suludasiitusaumadahasludacansiiia by
Tuilaidovasdoinuasiulssansmumsadadadudihazars Tunsdinlifmaduhaswuiee
mﬁLﬂiwzﬁﬁﬂ%u1mmsﬁ'aﬂﬂi1ijaLauﬁ”ﬁLﬁ'mmﬂ(?h‘v‘hasmmzmmsnaﬁ”ﬂmiﬁLﬂﬁauagiﬁuuﬁmaqﬁaafm
e M5 EAIDENNATFUAN NI AN HULAINGITNFTDAAFDINURANNITOBNULUUAIDENNATDU
@muﬁmmﬁa@ﬂﬁlﬁ@ﬂiz‘[wﬁdam‘sﬁ’wmmmmmsﬂwmﬁ'mUﬁﬁamiam%ﬂﬁumsﬁmﬁwﬁqﬁwﬁﬂLLaz
Usinasnsfinsinialiaeandalndidesiufmetaieiivaslfidmanmaiensd nunsldasnasgiu

naniamssaunaulamemnasing mlvansodasaawaindadimagauanuinnyiiguanis
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dusagaedudasnniifuanuduiadodu fanuasdiunzauuasidanyliuiveuii
anuaNaduRahiEeia adelsimumsdumeadeiiily incurred sample fifinfingsuazisunad
nzafumsUssdiuanusinsozesiasl foamaiududesnn sadesimsdnidendathannwmaunas
Lﬁaﬁmﬁmesﬁmmﬂ%mmms’lmﬁmé’uﬁmmzauLLé’Jﬁﬂmm’%ﬂuLﬂuﬁaat’mmaaummﬁﬂmmﬁiam
nuamsienzimasauenuiuiadediu wuriiemaeiitlasiumiadasiizande laun
chlorpyrifos ﬁ@hLa'a"ﬂLLazdauLﬁmmummgm fszduanuagy 85.6 + 3.5 lulasniudailansn e
WeuAuUSINMgdn (maximum limits, ML) 284 chlorpyrifos 'ﬁszq 0.2 Nadnsuaanlansy (W38 200
Tulasniuaanlansn) Anluusmnaandaisaniie ML Uszana 0.4 wh lusaiziinuss cypermethrin 71
32,520 + 1,625 WIAsNSuaanlansy AaludSinaanaeannniigr ML 1 fadnsusanlansy (¥58 1,000
TuTasnSudanlandu) 84 32.5 h warwumsmstuiioures cadmium Aisduamnudini 344 + 18 lulasndu
danlansu aeiluSinalndidasiua ML ﬁsz‘uq 0.3 Naansuaanlansy (300 lulasnsuaanlansy) luims
mnaspumayulwslng w.a. 2560 wazatuiiady daiudateisdamieisnldlsiawazusnumns
fanunselfifudunuiioms Aimsmuauuinamsandauaslansminuudiouluiagdudamamsy
matdafluwdasarimmsuwnd Nawadnmnanuesdlaadulluiuiiibiimsmuauaamgfivia@auuuy
aamslusasauds Fadadiwienladmsdudatugamaiiludag 28-34 ssewadea (Hunm 3 Ju
namsAnmaenaneduuaasliifiuhai it inien faudavesenuiuieadoiuuazanunh
iieawa ananasifueInassu ISO 13528 2015 aansolfiiuasunaseurnudingiifiamumn
1umiﬂssLﬁummmmiamﬁmezﬁﬁy’ﬂu@mmmw (qualitative analysis) (ilassyaiinunsansuas
MAeNABIUSIN (quantitative analysis) vasviasUfuamssungniasanelanaly

asu
9

o ] o o v P vt va I & @ o A

matnnagauaNNIngEnym s lalguentaenuuiia@anuuasanuesdnunzay
Wulumanasisansuanasgiu ISO 13528: 2015 sansah g lumsusziivanusinsavasljua
miwNsiaseiidasnumiadagizuaslaneniin NImMsenReNzvigiiauasUsimes chlorpyrifos,
cypermethrin uas cadmium luiiziay WandimMsMruamUTnagegaiamuaNUTIMaIONAN
wazansludlanluingdudmiundasasilusmnmnaspunanulusing we. 2560 Msdamuuunagay

o a Y g v ¢ s a ¢ ¢ s s

anungmMIBeNeinymnliUssleminemsunnduaainsiinenamansmsunng dagUssadivadamu
Usziliuwauazwanndnamwiasufudmaeiaie Tiidssaumsallumsimnzdiaadnianynlosas
P A v I J v ] a 1 v a va 1y g J Y v '
asvnnignymlunguimeseialmidmmeiasl fidmsanalifivszaumsaliesz uazmsldaad
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UszfiutssAnsmn 33 waramuainsozasie s nnmabsuiisunassnihaiosfiamssaiiisms
MIUANAMMNWINNMEUBN (external quality control) udamnuazasnnsgiu ISO/IEC 17025 : 20177
uanmilennmsld spiked sample Faas fiiimsdnlvglflumsiensitiamuauaamnmelu (internal
quality control) niltilewpsfiamsthuadiasz NMsSauigusEnINesluamsnuiuls
Qmmwmﬁmiwﬁﬁy'u Wumsduasuwanenuansansathaveslfinmsvasdszme Tidiqanw du
faauuluanuuiifisuturasuamsinnai wazadeenuiulalifugihuamsinnsilllfusslamd
Tumsdansasingdviiaiynlildgaummuanuiidaimsuazananuidssasssanduasaniuiiounou
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Development of Cannabis Proficiency Test
Sample for Pesticide Residue

and Heavy Metal Analysis

Wischada Jongmevasna Panawan Kluengklangdon Weerawut Wittayanan Supat Sangsuay
Thoranit Chaimongkol and Kanpirom Lertbumroongchai

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

ABSTRACT Since 2019, the medicinal cannabis policy has been established, the value chains related
to cannabis plantation, distribution and product development have then been dramatically increasing.
For the quality and safety of medical product’ concerns, pesticide residues and heavy metals are highly
recommended parameters for cannabis raw material analysis. To monitor and enhance the competency
of DMSc network laboratories, the Department of Medical Sciences, a reference laboratory for medical
services and public health has planned for setting the cannabis proficiency testing. Therefore, this study
focused on the development of a cannabis proficiency test (PT) sample. The dried cannabis containing
incurred pesticide residues and heavy metals provided by the Office of the Narcotics Control Board was
prepared, packed and tested for its homogeneity. The result showed that the candidate PT sample was
sufficiently homogeneous, the average concentration and standard deviation determined by using
GC-ECD/FPD for chlorpyrifos and cypermethrin were in the range of 85.6 + 3.5 and 32,520 + 1,625 ug/kg,
respectively. That of cadmium analyzed by using ICP-MS was 344 + 18 pug/kg. In addition, temperature
effects during transportation for 3-day at uncontrolled temperature and 2-month at -10°C storage were
carried out. Chlorpyrifos, cypermethrin and cadmium concentrations still remained at the level of
89.6 + 3.4, 33,753 + 2,619 and 321 + 11 pg/kg, respectively. As a result of statistical analysis, it
indicated that those analytes in the prepared PT sample were satisfactorily homogeneous and stable. It
could be concluded that the prepared sample was successfully developed as a potential PT sample with
sufficiently homogeneous and stable properties following ISO 13528: 2015 and suitably used for the

laboratory evaluation of pesticide residues and heavy metals.

Keywords: Proficiency test sample, Cannabis, Pesticide residue, Trace element
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lagwmpiia LC-MS/MS
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anason! andufigy 8393 duudr w@ndid MEnd Fine nnendiz dwanimi dagamd Inta Nudisa
waznasgy theziumi
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IR RANUAzEUSINA Hasnniasddnnguuaminiuesd 2igndns psychotropic waz non-psychotropic
w [ v [ v £ ] £ ] <
Haywusuan laun CBD waz A9-THC annsagielvirauame amaanunna uazhglumsusuvay sghelsnou
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mmgﬂﬁawm"?%m’ﬁLﬂ'ﬂzﬁmsmjnLmumﬁuaﬂﬁﬁwm 6 %110 lown As-THC, A9-THC, THCA, THCV, CBD
waz CBN Tuihuzwsn laemsanaedamneaiia liquid-liquid extraction ua) clean-up ae SPE HLB cartridge
MmmenzvniauazUsinalesmeila LC-MS/MS wuIsHNdadnauainsasanwuinny 2 lulasnsues

as @ 1o o W U a a Vo v 1 a o a s v v v & ¥
Alansu wazAanneraImMIaEIUSinawinu 3 lulasnsuaanlansy sumsieszin lvanudunusiludunse
WU 3 - 50 lulasnsuaanlansy wasdien correlation coefficient lu%I4 0.9921 - 0.9985 HANNUNULFAINIE
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unin

fy? (Cannabis) uaz iy (Hemp) §%amainenenansin Cannabis sativa L. {uiinangn

#iianileluned Cannabidaceae FaslasuamusulannuaaUszmemlansndelszmelne diasnignd
delitiauems dafiu amsenuduaisaussins vssmemusdnduthe washeliuaundy Guqndil
snnnasteiindluenanualmmsussistamuas i laud msnfcjmmumﬁuaaﬁ%ﬁﬁmﬂmfﬂ 60 il
wisewdnuasmsaangnaldifiu 2 nqu de msilisangnidaiouasissam (non-psychotropic
compound) 17U Tetrahydrocannabinolic acid (THCA), Cannabidiol (CBD) w8z Cannabinol (CBN)
wazansiiaengnidaiauazlszam (psychotropic compound) lasansfianansneanguslaanniiga Ao
A9-Tetrahydrocannabinol (THC) laags THC ﬁazaamw%ﬁ'm Endocannabinoid fwulusrameea
Fofuazanyud Wadududiusimn: Faldun Cannabinoid receptors iia CB1 finuannlusuas asdawa
TWanfienugy uwasdsiinadamuasdnizuianuiae anuduihe msdudamusdn mamuauszuums
waaulnzasiame wazszuudenliviedndas dudfusiin CB2 aswuannimadlussuuniiduiy uas
wWudszamaulae® wazesmslasuuauniussdiemenuennszduissanm ennavssanm envasulszam
nuiha uazenileangnidaintszam mathanl#feananaldnassleminasne duagiuBnadsudily

WAZEMWINMELBIYAAD Gauaoslua e 1

*

A9-THC (Delta-9 tetrahydrocannabinol) A8-THC (Delta-8 tetrahydrocannabinol) THCA (tetrahydrocannabinolic acid)

0]

J.

HO

THCV (tetrahydrocannabivarin) CBD (Cannabidiol) CBN (Cannabinol)

Mui 1 Tassawasansnguuauindused lunusuaz oz ™

~ o ,J = P Yy v v Y a4 A

nanadszimaimsUsunlasunguanaviesannguingluinnerdasnunamuazngesiivadon
gmaih Il dundndainniu dwsulszndlnaimssandszmansznsnamssuguatiun 424 szyld
UNFITRINTN M uasnyse loun wWien meu wule femu 510 Tu (Mlifideaanfinunme) asane uay
mnfiidannmsana (i THC Ly 0.29% Teamnwinuia) wwnzilasuayanalindaludssmarinu
Uaarunnmsillueniandolvlnulsennd 5 uazlimsdudsumsinnmuaznaman lduslanilusdan
AN LAFDIENDNUAZIMNS LR auauaILlgamMsWaNiymuasnyzuigasegha Flasumsnsy
o Aa = o v ] v P < ady v < = o
Suddunnuazimsihanlgadeneene ssain CBD Wuasnnsssuandn lignovainvanauaziilselani
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Determination of Cannabinoids in Coconut Juice using LC-MS/MS Sakulrat Somsuntisuk et al.

FRFUMW (BU ZIBMITUBUNAU LAY aAMTONLEU 99130 aneImsindandaile Uasnumsiiaayya
dase annsohludszandlfifuenuazanmnsld daugndlumsdadumssniauuazayyadas: Mgaaanuds
WEYNAININNNUENUAN NIzaUMIFTNADIRU LD wnsangemsthan1luedssdon dmsundosos
MNsUasASanN IMsihaiues 9 asdumuasiazanldaghamnvans wi 1?1qﬂﬁé’um1néwﬁuﬁn;m Qﬂﬁl
wine3 wea uazesasaman Ui arnsiasensSananluium thiunsuesananum FenuEe
asnillumsuilaa fe duanennmsudlaaiuene dasmnmessylsinamsuilaefimainzauduaed
vhldenn Idamsailimannvans wu seug ey anmw wasduzesiamviaiazsiitihanly nssuiums
wAouazaulsznavay g luarmauasiaiasin nuisilhdsnnguilag wu thwindg ey e ssuuluen
voddw Wudu wannnil msuslaetgviadymdaddsreznanudaumseangns logldsreznanu
A9 30-90 Wi Tumsdidesans THC Tdsauas uazliszaznanlumssengndgegauszana 2 - 4 Hlag
wasnnuilaa Jainliuslaearaliddniivenlusazusn wazuilaeauiwine dwaliiiaeimsadiann
wmdasesay Wasdy Jadeu thedsus wesiladuuss maldduluBinadnadulysmsaaguus
quistulsyamuany Wiummwaiem WU ¥R ANNAeFUEY wazmuaNaaelila

UszinalnaiimsmvualinagegavasanssagiunuaznynslusmsudazdUszom laggndean
il'al,l,u::ﬁw"\"mqwmwLLaxmmﬂaamﬁ'ﬂwm Federal Institute for Risk Assessment (Bundesinstitut fiir
Risikobewertung, BfR)® Usznetensaiinlanannms ALARA (As Low As Reasonably Achievable) waz
a’iﬂ'wiw“?;qﬂLﬁ'mﬂﬂuﬁuﬂismﬂﬁuﬂ wuh Waieuiue Acute Reference Dose (ARfD) 284 total THC
Fahiu 0.001 mg/kg bw/day® o izﬁuﬁLﬂm%ﬁwwuﬂawminﬁﬂﬁtﬁmmmﬂaamﬁ'&nﬁm%’uﬁu’%‘[nﬂlﬁ
TagUseMANTENTNESITUEY (Ui 425) w.. 25647 Igmuuanasilinaesasianmsiiddnlsznay
yaandn 1y vislusiunnwindun Wy ndasaeisynasnmiuamsh ndasaruNay uNTURH
fififuSs Syd ullwdesndy (starch) udusznay fdmaludiougsgaues total THC whiy
0.15 fisansudadlandu waz CBD whiu 3.0 dadniusedlanin sumailinamisviundnsusiaims
ﬁﬁdauﬂssﬂawaqﬁ’ﬂgmﬁaﬁ’mm MAUYTEMANTENT NI TN (AUR 427) W.d. 2564 Pawualy
avanuas THC lalaiiu 1.6 fadnsudamiiaussy uaz CBD laitiu 1.41 fadnsudaningussy anviu
915 UM BINSEENIMSUMINUEANEN waziA3BRNTINaNNIWEY

o W

mIanienziasnguuauiniuesd lundedasionmsuaziasasdnniinymvsenays Jadu

o

v
= ]

duadylumsquasasnnulasasezaeguilng Funailalumsasadensy duilvanvars wu Gas
Chromatography (GC), Liquid Chromatography (L.C), Thin Layer Chromatography (TLC), Fourier
Transform Infrared Spectroscopy (FTIR) w8z Nuclear Magnetic Resonance Spectrometry (NMR)
Taawmaiananfidexls laun HPLC was GC diasnnsansadensiasvanssiinlaniauiy fanusimns
wazamnalhge mansaasndaumsiilinaniasldaguiuen udiitaduazdaiiautszms Tag GC i
T#5mnu detector wuu Mass Spectrometry (MS) %38 Flame Ionization Detection (FID) 2a@289n15
1% GC Aasansadenziarsszvg (volatile compounds) au 1 Tufamuasiamld @y Terpenes aehals
Ay MAwNziag GC fdennade lumansauanaywusuauinduead lugunsauaznany wu THCA
waz THC sananiuld liasnnlumsiensidadldanaiaugsis 300 asemmaides 39l THCA ifa
decarboxylation nanewilu THC uazwamsdianeziiildazifiumanulugiuas total THC failu vndains
Ieevlaguensiingsny @5 THCA 226 p461unszUINNs derivatisation nau® dwsuinaiin HPLC
w38 LC # detector ﬁawminiﬁémﬁ’u loun Mass Spectrometry (MS), UV/VIS Spectrophotometer

Nsasasyingengasmsuwngd
7 U 63 atuh 3 nangaN - Auene 2564




meNsiasnanuauniused luhuswinlaawmailia LC-MS/MS anasenl andufgy uasanie

(UV) uae Diode-Array Detection (DAD) paaniniienldlumsuenarsilulseinn C1s stationary phase
issnnansnguuauiniueed dauantdiu hydrophobic uananil Uszlemizasnmsld LC fa anansousn
aywuslugunsauaznanla asnnliimslianusougs THCA Falindsuudasliaglusudu uaiide
o @ av a o a ¥ o ¥ o v ao g v Ao W ' a
Nnhenliminseiensiassameziiodu q lunsannula swmsuisinespunldanatiuiuasnguuauind
waed lasinmsssylulssmeanssnsnaan sy atui 425 uas 427 (W.a. 2564) lildindasiianardananms
Iﬂsuﬂmﬂiﬁmuuwaqmmamsﬂu:g{q (High Performance Liquid Chromatography, HPLC) w’%agmﬂﬂw
M3AnURTAQUszaNANBNMUNIEMIFNaLazATINIANENINGNLANINTUBES NI 6 Fila
lown As-THC, A9-THC, THCA, THCV, CBD waz CBN lun5asay laawmailn LC-MS/MS o
U a Yy = o o aa . . v ¥ v & @
ldEmsimnzanudy MMInadaunnNgneieswads (method validation) lHinuswinluduny
(representative matrix) 209tA3BIANUANNAUTE LHBIINMBENYBILAIDIRNNNUMNN DI AT anwaTly
‘ﬂl dl' 1 1:! %’ v n’t:l' o 9/4:2’1:4 a %’ Y o % £Y 1 a -:l' = o
AN RUAITEN U Fuhuzwsnnareslsdmhanldil ivsinanhmalndidssiuieeeiiodu 1 Faih
I dumunule wazimsIese’ method blank, matrix blank, limit of detection (LOD), limit of
quantitation (LOQ), linearity and working range, accuracy ttaz precision §§ EURACHEM Guide
(10) A s vadd“lyd £4 ° ovlﬂslsv a vo’w 1 44' ﬂ w‘[ 041 d?l
2014 tiadugunIsnladanugnass wimnzay snsehlldanaiwmngvimeginedsslesilunmsau
neiiaueIms MsmuguauMwaImMImNNguIng wasmsthsslenulasadaliiuguiloa wanani
gailsslamidamsussilivanudas MsmMuuanIsgUIsnasauasnguuauniuaad luams amnsald
a g & v & Vo ] a A v A v [ Y [ v v A
uamieNsiiludayaiugvlumameuauinumbanuniedss ineileenu uazithszianmsldmsmail
Thwsnzanaaly

msmﬁuazmsmmgm

910393 ¢ delta 8-Tetrahydrocannabinol (A8-THC), delta 9-Tetrahydrocannabinol
(A9-THC), Tetrahydrocannabinolic acid (THCA), Tetrahydrocannabivarin (THCV), Cannabinol
(CBN) (Waanauwizag Lipomed, purity > 98%) wag Cannabidiol (CBD) (#anAnwizas Bureau of Drug
and Narcotic DMSc, purity 99%)

#1910 : methanol (CH3OH), dichloromethane (CH2012), acetonitrile (CH3CN) I HPLC
grade w2 glacial acetic acid (CHgCOOH) t{lu AR grade

ia3asiiauazaunsal

LASDITI 3 UM UBE 5 ALLVUN, Lﬂéawmﬂu, vortex mixer, reciprocal shaker, refrigerated
centrifuge, turbo nitrogen evaporator temperature controlled, SPE vacuum manifold, micro pipette
2110 10-100, 20-200, 100-1000 Waz 1,000-10,000 LulATANST, screw cap centrifuge tube 2119 50
499903, test tube UM 15 NABNI, micro-spin filter tube 0.22 um PVDF, cellulose nitrate 211
Lﬁumuquﬁﬂaw 47 mm 0.45 pm, HPLC vials &% 2u1@ 1.5 ml, solid phase extraction cartridges
(SPE) Oasis HLB 6 cc (200 mg), Lﬂ%}m LC-MS/MS Usznauaae binary pump, autosampler, micro
vacuum degasser, thermostatted column compartment: Agilent 1100-API 4000, detector #%ii@

triple quadrupole mass spectrometer wazaaany EC 150/3 NUCLEOSHELL RP 18, 2.7 um
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NILHIBNAIALEN

afamanguuatniuesdnndaens Tagldihuzwmanalsdiudumilumanasouaulald
2BIRMIIATERE MU matrix (AIBeANLAINUTE MIIEMIAT Fadaehe 10 + 0.10 N3N aelu screw
cap centrifuge tube 2110 30 {85305 MNULGN dichloromethane 10 iadans wanliE UMY vortex
mixer uazwENAIELAIaY shaker {lu1a1 10 - 15 Wil Aauthl centrifuge # 4,000 saUABINT gound -4
parnaded Wunm 10 i LLE;I’JQﬂﬂ’liaxa’lEl%gu dichloromethane ghuaasnanae 1d test tube 2110 15
N98an5 5LMEdI9LaI868 nitrogen evaporator ﬁqmwgﬁ 40 - 45 DIFANBATET UABUULN udzazany
residue 718 methanol 1 183309

111U clean-up #e SPE Oasis HLB 6 cc (200 §i9an3y) Tosiitunaudadi (1) Pre-washing:

[

¢t methanol 5 §a3805 UWAzINNAY 5 TadANT MUMAU (2) Loading : ldmsazansiianaldnanuaasly
cartridge (3) Washing: @78 25% methanol 3 #8880 (4) Eluting: #d5aeh waztiuduiilva
Euaean laald 90 : 10 acetonitrile : methanol 5 183375 Waz 60 : 40 acetonitrile : methanol 3 Jadans
muadu Teemnauseudasmuauliisanmslramhiane was cartridge liusaudull ssmemsada
#l@1nms clean-up #78LA389 nitrogen evaporator ﬁqmwgﬁ 40 - 45 NANTDITEY AUNDUBNG WA
aza8@Ie acetonitrile 500 lulasans n589/11 PVDF filter 211 0.2 lulasiuas wuamansanald HPLC

vial % 2119 1.5 Hadans e ldandenzviniiawazlSinaumeansas LC-MS/MS

MLy LC-MS/MS

dnmzeineiia Liquid chromatography : Agilent 1100

mobile phase (Jussuumiazae 2 #iia lagdvazare A @8 0.1% acetic acid in DI
water : methanol (95:5) waz@yazaiy B @a 0.1% acetic acid in acetonitrile : methanol (95:5)
anuvQiizaenaduinAy 40 asmnaLded injection volume Ay 5 lulasdns wazamedildlumsuen
ssnguuaundused Wuwuy isocratic sauaaslumsned 1

#3197 1 LC conditions dmSumsiensviansnguuauinivage

Time Mobile phase A (%) Mobile phase B (%) Flow rate
0 27 73 0.7
15 27 73 0.7

dnMzipIadia Mass spectrometer: API 4000
Mienzilaos MS/MS asazgninliidulassuuinuazau Tae electrospray ionization
(ESI) laaauﬁlﬁ%gﬂﬁmiwﬁﬁaﬂ Multiple reaction monitoring (MRM) mode lagiannsaae mass

spectrometer NN 2 UBz 3

NINAFBUANININGBILBNITIATIZH

MIFTNANUNAIFIU

(@383 matrix-matched calibration curve Tmﬂ%"\‘lfmzw%nﬁ t¥ matrix blank I 6 ¥aBA
usIANETNIN5gIU As-THC, A9-THC, THCA, THCV, CBD uaz CBN # 6 stauanuduTy laun
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-7 1 =\ % 3 o % o Y a Qa’ L L% 1] v
0, 3, 5, 10, 30 waz 50 lulAsnsuaaRlansn MnUUIMMIINAUazYN IVUSENSWMauMsanaaatN 5N
NOIFIUTEHINANNANAUANTITNNTTIU (UNU X) NU peak area BIEITNNTFIU (LNU y) LAzAILIN

Vo a £ v o . . .
mmanUseanonmsaadula (coefficient of determination, r*)

M350 2 MS/MS miniiwasmiumsiengiansnguuauiniused

Ionization mode ESI, positive and negative
Ton spray voltage 5500 eV

Temperature TEM 500°C

collision gas, CAD Nitrogen, 7 psig

curtain gas (CUR) 25 psig

ion spray nebulizer gas (GS-1) 60 psig

TIS Heater Gas (GS-2) 60 psig

M35 3 M/Z 2eeansnguuauiniueed uas fragmentation conditions

compound precursor ion product ion Dwell time DP CE RT
name (m/z) (m/z) (m/z) (ms) (eV) (min)

A9-THC 315.00 193.000 (primary) 50 70 31 6.28
135.000 (secondary) 50 70 27

A8-THC 315.100 193.100 (primary) 50 70 31 5.97
135.100 (secondary) 50 70 25

THCA 357.400 313.000 (primary) 50 -100 -35 8.41
245.200 (secondary) 50 -100 -42

THCV 286.900 165.000 (primary) 50 60 30 3.29
123.000 (secondary) 50 60 45

CBN 311.000 222.900 (primary) 50 80 30 4.65
241.100 (secondary) 50 80 30

CBD 315.000 123.100 (primary) 50 73 45 3.09
259.000 (secondary) 50 73 24

1153tA312% method blank waz matrix blank
a ¢ o acta od o v v o Mo a
3109121 method blank Tagafamaidiensinnan dremsldasieinmuaud liinmsida
@98 Uaz matrix blank lagmsanainzwsnliimsluidawwasasnguuauniuasd maudsiensy

=

296U ea5a1e method blank waz matrix blank 1@A589 LC-MS/MS tWagii m/z %38 peak

SUMU AFAUMUAUIIBIETNNTTIUVID L
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MIFITAMNAVAINIINTIANY (limit of detection, LOD)
nadaulaatduasanasgIung 6 7l Nszauenuindy 2 lulasniuaanlansu aslu matrix blank

IA5ILH 10 9 UFINTIAEBUA signal /noise laananadliny false negative

MIFITAMNAVBINIIINBIUIHIMN (limit of quantitation, LOQ)
nadaulaatdnasNAsTIUNN 6 7l Nszauenuindy 3 lulasniuaanlansu aslu matrix blank
P51EA 10 T MwnalSinaniisuny calibration curve waM I %recovery, %RSD waz HORRAT

MINaFauANMTUEUNTI WazEINMTIATIEY
nadaulaatduasunasgiuaslu matrix blank NszauANNLNTUMN calibration curve NIVING
6 550U Loun 0, 3, 5, 10, 30 4az 50 lulAsnTNGABATaNSY IANLrsEAUaL 3 20 aSHANWANNFNNUSTENIN

ANNIANTUYDIENTNINTFIU NU peak area FBIFITHINTFIUN 6 FHUA UAZAIUIUNIAT 1°

AINAFAUANNUINY wazANNTIES
nogaulaglinasnasun 6 ¥ila nsvauanuENdy s, 5 waz 50 lulasniudadlandy asly
matrix blank Sa5zdseauar 10 @ mumUSiaiisudu calibration curve UgIFuIAL ALREY
srecovery, %RSD uaz HORRAT ‘[mﬂﬂsmﬁumamsmmaaummgmﬁ'mwaﬁ%‘muansﬁﬁmuﬂﬁqfr
ANUUNY (accuracy) myvuanaeisansulaaminae grecovery BElUTN 60 — 120% AMULTEN
(precision) tnaiaaniulaeld HORRAT (Horwitz ratio) 7t Codex waz EU fvual3fi < 2 % HORRAT

(Horwitz ratio) @uIaa1n

Experimental RSDr
Predicted RSDr

HORRAT =

a ' [l ] a I'd
mMsusziiuam e liwivauraImsIney

msdsziiiumanuliniusuzainisia® milidsuvasssenuliviuaunnyouvas laun
Wvn USNes nINesgIY enuies LazaNuuNY LaImM NN ANN NLULBUTNYNG DINTUUN
meanuliuiususeneiszauaNudasy 95% (k = 2) aUseiliumanulaiwiuauasmsiieneiannds
Py
nlanagau

YSinasnsinumbeadululasnsudailansy (ug/kg) wazmuaANNENIUYBIENTINTIANY

N standard curve

Toglgaumsidunss Y = aX+b

ﬂ%mmwmmiﬁmmwu CA (ug/kg) = (Y-b)ra
Tos X = concentration

Y = peak area

CA = conc. of analyte (ug/kg)

a = slope 2@4 calibration curve

b = intercept 984 calibration curve
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We

NnmMsAnmmIensiasnguuaniuage w6 %iia laun A8-THC, A9-THC, THCA,
THCV, CBD waz CBN meldismsuazannzimnue a3nsaasansnanasyuanuduiusssunnma
Bz U peak area 2aesnasyIuaananla Tudnemandagu s - so lulasnSudanlanin lansnidu
@uase fian r Tuzne 0.9921 - 0.9985 uazlianwayed peak sauaaslumnit 2 waziiaitwszv method
blank 209an5tA3i7 15 Manae waz matrix blank 2a3saaehathuzndn liwu peak sunulugiaimsasia

-7 YV
015Ny
THCA

B et Y
-
L]
LEE ]
LEET
-
-
-
et
08

g o
-
-
-
-
-
-
1808, AB-THC
102, 7 AQ-THC
- CED -
- THCV

ot CBN

ates. 400

- A J
A

1 20 2 4' se g RO " ” we "e 2 ne 2
Tame, min

mwﬁ 2 Imm‘[mmsmmmimmgmuﬂumﬁuaﬂﬁ 6 #in lawn A9-THC, A8-THC, THCA, THCV,
CBD uay CBN Jaesienaiains LC-MS/MS

HAMINAFDUAANNAYBINIATIINY (LOD) zavasnguuauiuese W 6 70 §M3U matrix
w3nshu vy 2 Tulasniudeilaniy Taslidayana S/N gand 3 wh Tunndedhe duddediaze
maladeline (LOQ) whiu 3 lulasnsudanlansn wamsiigaia LOQ lasmsinasainasgiuuas
05129 10 71 Wuh Feanuusuilszdiuanamas grecovery LUBIN 103.93 - 113.37% Wae %RSD
T2 2.6 - 4.3% ANNLAIEIIN HORRAT agluz249 0.10 - 0.17 auaaslumsed 4

uamnagauaNNIuduased19msienzi (linearity and working range) figesanuENTY
3-50 lulasnsudailansy lonsnidunse fien r* Tugie 0.9921 - 0.9985 FIUMINATDUMANNULIULAY
enuiiEaRBeneinssauaMuENTY 3, 5 wat 50 lulasniudanlansy anudususs 10 @ wut il
annusuiiUszfivaneaas srecovery 2a9ans As-THC, A9-THC, THCA, THCV, CBD uaz CBN
ag/lu2249 92.20 - 108.20, 95.96 -~ 107.53, 94.00 - 112.70, 91.16 - 113.37, 96.02 - 106.96 Uz 94.82 - 109.13%
MNEITU B9 srecovery ﬁvgnssé’um’mLﬁuﬁuagﬂuﬁwmsaau%'u 60 - 120% WazANNLAEY (precision)
filszifiuan %RSD uaz HORRAT agluza 2.65 - 15.00% uaz 0.10 - 0.90 muadu dauaaslumsi 5
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Sakulrat Somsuntisuk et al.

3NN 4 wamAeNeasnguuandueedlumagiaunuzwiIng LOD was LOQ

A9-THC As-THC THCA THCV CBD CBN
Limit of Detection (LOD)
2 ng/kg
Range of S/N 30.7-54.9 15.6-30.5 35.1-153.9 11.6-34.1 13.8-59.1 5.9-12.9
Average S/N 39.40 22.07 69.18 17.15 30.03 8.58
Limit of Quantification
(LOQ) 3 ug/kg
Average conc. (ug/kg) 3.23 3.25 3.26 3.40 3.12 3.27
Recovery (%) 107.53 108.20 108.57 113.37 103.93 109.13
Standard deviation (SD) 0.14 0.13 0.09 0.13 0.13 0.10
Relative standard 4.31 4.01 2.65 3.86 4.33 2.94
deviation (%RSD)
%RSDexpected 25.32 25.32 25.32 25.32 25.32 25.32
HORRAT 0.17 0.16 0.10 0.15 0.17 0.12
@919 5 Accuracy Way precision PaiEmenziuaunduasdluhuzndn
%recovery %RSD HORRAT
Spiked level p o p o
#13116033 U (n=10) Mean = SD (tnaumgansy (LN gaNy
(ng/ke) Min - Max < 20%) < 2)
A8-THC 3 99.67 - 114.33 108.20 + 4.34 4.01 0.16
5 95.60 - 111.20 104.50 + 4.62 4.42 0.19
50 69.80 - 109.40 92.20 + 13.83 15.00 0.90
A9-THC 3 100.67 - 113.33 107.53 + 4.64 4.31 0.17
5 99.20 - 109.60 105.38 + 3.69 3.51 0.15
50 77.20 - 115.0 95.96 + 14.32 14.32 0.86
THCA 3 105.67 - 113.67 108.57 + 2.88 2.65 0.10
5 103.40 - 120.00 112.68 + 5.38 4.78 0.20
50 75.60 - 110.20 94.00 + 13.60 14.47 0.87
THCV 3 104.33 - 118.67 113.37 + 4.38 3.86 0.15
5 97.60 - 118.60 109.52 + 8.09 7.39 0.32
50 74.40 - 103.80 91.16 + 10.19 11.18 0.67
CBD 3 97.00 -110.00 103.93 + 4.50 4.33 0.17
5 99.80 - 115.00 106.96 + 4.95 4.63 0.20
50 74.60 - 107.00 96.02 + 10.14 10.56 0.64
CBN 3 102.33 - 112.67 109.13 + 3.21 2.94 0.12
5 97.00 - 113.00 104.12 + 5.36 5.15 0.22
50 75.00 - 112.80 94.82 + 11.94 12.60 0.76
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msUszanamemuliwivateimsiaszd thmsieszwans CBD uaz Ae-THC lurhuzwddiu
heths wuunasiisnasemalaiuivey laud thuinuasdads Usinas anudduisulaan calibration
curve 13NAIY bias uaz precision lamnamanuliuiuausenszesas CBD waz A9-THC Wy
11 SEINAU £ 12.29% uaz 13.4% MUAINU HzAUANNEaNY 95% eauaaclumed 6 uazmui 3 waz
Wisuieudadueenuliuivay nnuasenyliwiveuiideuadaU3inasns CBD mnsnnliias laud
calibration curve (4.3%) AT (4.1%) anuBauLINas (1.3%) miﬁ"mfmﬁ'ﬂ (0.6%) woz
U515 (0.3%) 115U A9-THC loun ANLTiEN (5.1%) calibration curve (4.0%) anuigaunaInAase

(1.6%) MIEUIMUN (0.6%) Wazl3uas (0.3%) MUSIAU

MINN 6 MIUszInameNN N U UYBINMSIANLREMSUES CBD waz A9-THC

CBD A9-THC
Source of uncertainty unit X u(x) Percent X u(x) Percent
1. Sample weight g 10 0.06 0.58 10 0.06 0.58
2. Sample volume mL 5 0.02 0.33 5 0.02 0.33
3. Concentration of Sample pg/kg 50.83 2.18 4.29 50.33 1.99 3.96
4. Precision % 100 4.10 4.10 100 5.12 5.12
5. Bias % 100 1.30 1.30 100 1.62 1.62
- Combinedrelative standard  ug/kg 50.83 3.11 6.11 50.33 3.38 6.71
uncertainty of sample conc.
- Expanded Uncertainty 6.21 12.23 6.75 13.41
at C.I. 95 % (k=2)
Relative standard uncertainty of CBD analysis Relative standard uncertainty of A9-THC analysis
v I s
reiion [ — ]
————— Concentroion of Savple |
— ssanplevotone [
snpteweic [ ssnpleweies [
0000 0005 000 0015 0020 0025 0030 003 004 0055 0050 0000 0010 0020 0030 0010 0050
Relaive sandard unceriney Rebative standard uacertiary

Wi 3 Relative standard uncertainty 283m33tA51¢% CBD wae A9-THC 1nuwraan Ny laiiuaua 9

a 4
AU

AN 6 riladildhmsanaienzilasmaila LC-MS/MS ATBUAINMNUIEMANTENTN
NEITUGY 304 whnsasionsnimsatauauindlossadiudiulsznau e muuadmsuss CBD uaz
THC uannniimsdinnevidansounquayiusau g iddn 1dud total THC vieuiinamsnangns THC
nananaansanulandsnnurnvistymlaiuanudou Wy Manssuaumsmsauniamaaslsdly
MIHANATERN TNANNINKATINBY A8-THC, Ao-THC waz THCA Tag THCA {Wushsiiliisangns
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dednlszanmlognse udiilalduanusauiigamail daudt 85 pernizaided 1ull §1unsniia decarboxylation
waznaenilu THC ‘[mﬂmﬂﬁmm'%"auﬁqquﬁ 100 ssenwaded uszeznm 3 il w%aﬁqmwgﬁga
160 asrnalded 10 17 uaz 200 asewades Lifdni sansawasy THCA wwwaludy THC 16
penanysal’? uaz %L'%mmﬂé?m,@iqmmﬁ 157 seenuaded 2uly é’aﬁumﬂﬁmwu%’augﬂussﬂmmﬁ
wuiuldazrhldusinams THC anasluathann® dwiuans As-THC ailussiilinangniuasiu
Tolwwadues A9-THC sansaldsuudalaseddesiumsiio isomerization nmeflusisaangnd
A9-THC 1§ wananiiamsienzinnannauamansaldasaiesnzd CBN lawuiu #1 CBN fluas
fienmssanadiues THCA waz THC aldsuanudou 85 - 100 asenwaides uaziivaliaanse
szylSinaensaaylaseneasaungu MSIANENMI07ITA NS Cannabidiolic acid (CBDA) ilaqan
CBDA fumsmsduiisnansa/asuily CBD s decarboxylation wuidienfumswasuain THCA
Wlu THC udaziisanmsiiauinsensinhiuszana 2 th®

aynuslungu uauiniiuesd flassaadiu bi- w3 tri-cyclic Fusznaudsmamsuauua:
lalaswuiunan fieandau 2 aznaw ﬁqﬁqmauﬂ'&ﬂumﬂﬂﬁ{% (hydrophobic) azanglalidluthniad
vhasaefifitann uiesmsldaludazmedunid Tasmwslufuussuoanasad ™ wasiiayiusiilunse
i THCA #wsznaulushaaaniiau 4 asaaw waziimjildiuilunsamsuandan Sufluansiiiinannnt
autusauq datumaidanlddazmefiminzaniafeanuddgasannlumsadalild recovery g
LLasﬁﬂﬁmiaﬁmﬁqﬁlﬁﬂmiﬂuﬁﬁaummﬁulﬂ mslEsrazaneiiiizauna (intermediate polarity)
uaniy dudnmadennil uddasiimsuSuriiauazdadnlimanzant® maseneunthi®® lavhmsase
mimjuu,ﬂumﬁuam‘fﬁnn‘tfwﬁmau Toe degassing MeI5MS sonication wazl# 1 : 99 acetic acid : acetonitrile
Husihazans fewmihltieeziens LC-MS/MS athalsion 5amsilduanmsdans duhlilae
LOD waz LOQ guﬁun’hﬁ@i”mms LﬁmmﬂﬁaLLuxﬁwsxumsﬂuLﬁaugqqmm THC lutaiasanlities
0.005 Hadnsuaailansy Jmaasalagldisms liquid-liquid extraction (LLE) wazlfmvnazanaiy
dichloromethane #afludvhazmedunidiaousnaiinios i polarity index whiy 3.1 vhluensuiu
fathandashuuasaansafiansnguuauiniuesdosninlususnasmedunid samausnmsiioasldlu
1hafiadu q fieasumumsiensy Wy thaa tnaeus aenld fnmAdedldmsatameianms LLE wufut?
Tosdumsatandasasinndayse Wy wisedy e 9 weeam sadihazarenanszwin ethyl
acetate : hexane 8a5187u 1: 9 3§ polarity index WA 4.4 UaZ 0.1 MNTIHU

MaNvimewmaiia Liquid chromatography ‘mﬂL?Juﬂwiﬁ'mﬁ‘ssé’mmmﬁ'uﬁ'uqq iy Tuszau
fiaansudailansy aansald detector #iin UV wazasiaiafienuenaau 220 nluwas™® wddmsu
Femsiiwannauil fidhwnaiennaselussauiionnd s lulasniudeilandy Sudenldinaiia LC-MS/MS
Faiienuhuszunsiunsienziiaams damndumseade m/z fadudnvazmmeiusiasudas
#iia aniuansiidiy isomer fuvndio lumsiesneil leud As-THC uaz Ao-THC @adien m/z whiu
¥4 precursor ion Wat product ions™® é’qﬁy'unmwnmsﬁmmwﬁmf:aaﬂmﬂﬁ’uimﬁqmsuﬂﬂagﬁuéﬁu 9
Lﬁaiﬁmmim:q%ﬁmLtazﬂ%uwmlﬁatiwgnﬁaq faean@amsla mobile phase Uas stationary phase sz
fmAseenu Aesulxiin C18 #uflu reversed-phase chromatography fHUszansmwgelumsuenans
nanuauniuaea™® Tumswannisassil tnemaaasld Zorbax SB-C18 column wawuh Liaainsousnans
As-THC uaz A9-THC aannniule Tagssnsaawniiofdims co-elute aansmianfuily single peak
Jaldsuaasmiifluaiin EC 150/3 NUCLEOSHELL RP 18, 2.7 um %ﬁﬁwumLﬁ'umuqutfﬂmmﬁﬂm

Nsasasyingengasmsuwngd
7 U 63 atuh 3 nangaN - Auene 2564




meNsiasnanuauniused luhuswinlaawmailia LC-MS/MS anasenl andufgy uasanie

wasdemuimeumsuanaslunguuaunivasd Jsnansausnayiusie 6 xiia aannniuldagedany
athalsfionu msldmadulil dawalianuduludiuzes LC Aeuthegs wasanussiinssTaliliiiaymenina
Tuajidhgeadinl ilasnniidurhugudnasmnadnann daiumansasmsafade filter Afdushuguenas
2100 0.2 lulasiuas yoasanewhludaiieias LC 8nmamaidans mobile phase fionuddnlumsuanas
Fawumsld mobile phase fiiiu formic acid ntiag sansagielianyaraas peak faulauaztelians
wenaananiulaaiuc finsanmenuiinisld mobile phase #il pH 5 s3nsausnaslaasy peak i
ANNENANATINNAIULEE baseline Yaanii pH 7.15% Taglumswanndail suusnld mobile phase #iia
0.1% formic acid in DI water L8z 0.1% formic acid in acetonitrile wuhienusnselumsusnasn
6 sl le LLGiLﬁE]Lﬂ%EmLﬁEmﬁ'Uﬂ'I‘ﬂ‘Z’f 0.1% acetic acid in (95 :5) DI water : methanol L8z 0.1% acetic
acid in (95 : 5) acetonitrile : methanol WU peak 2aNUAZFISHMSULNNIUTR UANNTY ANHLD peak
femuanana sty uaz intensity gedu
NNMINAFDUANNYNADI9IFIATI iumsnasavlunamniinas @ precision il
fieh HORRAT tfaeni 2 Fadulumunasiuasil Codex uaz EU fuuals uanandigeldinmsnaunums
muauaumwely (internal quality control) tipamuiulaluwemsiiansidiagann batch Tasay
MMINAFaU method blank, matrix blank, duplication w8z spiked sample fisziu 0.005 Hadniuaa
Alansu muAN %recovery Waglugie 60 - 1209 1agnsm control chart &WMSUNTININATTINLDIENS
weiadidl ¥ dasn 0.995 asnniiumsvh matrix-matched calibration curve 3erhlwanaiianu
wUsiuandunaumsana zimaslﬁ'mmqﬂLﬁﬂqmulﬂ'«amnﬁmﬁumq Lﬁaﬁmsmwﬁqmmaumqaumawm
danalindusu Tasldinaminmsmuinmn standard deviation Feananwlauduauilivinzas
asiaani 2 whaes predicted Horwitz’s RSDr® Taaeenwliwiveuiinisszdiuanmsenn whiu
46.9% arueanylaniuauzens (k = 2) 2o 5Nnurasn Ny llwiuauee 9 SrSumsiesed CBD way
A9-THC Heuhiu 12.2% uay 13.4% enuaeu aeileniasniinasisuuayszany -4 wh dieen
§ims¥ calibration curve WUy matrix-matched calibration curve Fufumsi umsmm,@mﬁ' AMNLTNTU
£euens 9 a1y matrix blank ANy lndiAseT UM ez MsERAMNTUABUM IR LGN
e JudunmsawenansenunnanEaeaInee (matrix effect) u,amfmLwamigtymﬂwmmsﬁau%
fonadeiulusuaaumsate lvmmnsaaamenyliviveunnuvasanaliuivauianan recovery
adle iy fenuliuivauanenudsuuuaindase (bias) uaﬂmﬂfrmﬂﬁaﬂ%’awmmgmuaz
wdasifafiienanuliuiveutias ffuarnlimnanulivivausadsaadldiuiy gamei iasmnniedasia
{u matrix fiflanuwanwane ﬂﬁﬁﬂﬂﬂssqnm&l"ﬁﬁuLﬂéaqﬁuwﬁmﬁu ) 19MITNMINATDU working range nau
Fafidazaiiiumadaluluaiag

asu
9

WBiensiinaniuninsaldanamanguuauiniuesdluhuswinldnmue ¢ oia ldud
As-THC, A9-THC, THCA, THCV, CBD uaz CBN laznaila LC-MS/MS fluidfifanssous
EUN 9N SN UYBINITNAFDUANNYNE 892DITIANMIAi el fUAnsee) anugnaag
uiueh fenwh wasfienuimnsdamsiidasmanaday winsdumsldnuanaiagUssasd mansnthdsi
T lumsanadengiiiiemuguannIwe1mMsauauany musNlsznansEnsNas g
309 waasasianshisansana Cannabidiol (CBD) Wuduisznau sindsanansaldlumsasaiesesd
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Determination of Cannabinoids in Coconut Juice using LC-MS/MS Sakulrat Somsuntisuk et al.

The Development and Validation of
Analysis Method for Cannabinoids in
Coconut Juice using LC-MS/MS

Sakulrat Somsuntisuk Atcharee Inkaew Saovanee Wajasit Suwimol Muadmah

Kanyarat Chuakunchat Witthawat Wangkaewhiran and Thongsuk Payanan

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

ABSTRACT Cannabis and hemp have been classified as narcotics of category V, but some parts of them
are recently allowed to be used legally. Consequently, foods and beverages containing hemp or cannabis
have been in the limelight among food producers and consumers due to their active substances called
cannabinoids, which consist of both psychotropic and non-psychotropic compounds. The main metabolites,
CBD and A9-THC, can provide effects of relaxing, relieving worries and improving sleep. However, the
overconsumption of cannabis and hemp products can cause adverse effects, such as drowsiness, headache,
fast heart rate and possibly severe symptoms, such as hallucination and an uncontrollable body.
Therefore, the regulation of cannabinoids in foods and beverages is very important for protecting
consumer’s health. The Bureau of Quality and Safety of Food has developed and validated method for
analyzing 6 derivatives of cannabinoid group which are As-THC, A9-THC, THCA, THCV, CBD and CBN
in coconut juice. The extraction method was relied on liquid-liquid extraction and cleaning-up with SPE
HLB cartridge. For the analysis technique, LC-MS/MS was employed to determine the type and
quantify the amount of cannabinoids in beverages. As a result, this method had the limit of detection
(LOD) at 2 ug/kg and the limit of quantitation (LOQ) at 3 pg/kg. The linearity of working range remained
at 3 - 50 ugs/kg, and the method could provide a correlation coefficient between 0.9921 - 0.9985.
The accuracy was demonstrated by percentage of mean recovery which was in the range of 91.16 - 113.37%.
Finally, the precision of the method was proven by percent relative standard deviation (%»RSD) which
was approximately 2.65 - 15.00%. In conclusion, this developed method is reliable and suitable for

analyzing cannabinoids in flavored beverages.

Keyword: Cannabis, Hemp, Cannabinoids, LC-MS/MS, Coconut juice

L Msasasuingengasmsuwnd
U9 63 atun 3 nsngIaN - AUy 2564




Anwuseualu 2 ASHANY W 2564; 63 (3): 571-594

MINaUITIeNzHaseiilasnumindagivy
v v A @ < v
ANAN LUSUNTLAzONUNAAURS Lo GC-MS/MS

a 4 = a a A4
2IUAT vl"lii’lNﬂﬂﬁ Ltax’ﬁ?‘ﬁu INYIUUN
SINAUMNUBLANNYBDANEDINT NININENAFNTMNTUNNE DUUANUUY UUNYF 11000

unanga syiiruarmudawiaiiuansignualaafiuiinaanamlan mawnslgniismanilonimsldmaad
lasfumiadagiiziietlasiy Snwn uasiisuSinamendn uazilornulasaoraafuslng HaauaMINSINLNAS
FadnaldFumsasasauihunannmsiviuangandadeitiensifigndeaindete ldnadeunlFaudieu
UszanSmumsta3enineesznieds QUEChERS ua: FaPEx® ududenis QuEChERS tiiawain YSulp
waznageuanuldldnasitiensiliminsoanaiensimsimiaula 122 #ia wisuiuluinuazdunia
waawiala lagdateazgnanameazdlolulasduazenums salting out dresswanvaunniiFeon dane uas
i azdion msadagninliiduduudnlasudnhasamefivanzay mamamunasgninnsideiaias GC-MS/
MS Tasmaiin MRM isaaassumu wamsnadauanuldldnadidiensimuiandamsananuiasdoida
msanaiadaFnouiu 0.02 uar 0.05 fadndudadlandy muddy fetinuazmdaandauiaiidinms
NATTUATERU 0.05, 0.20 uaw 1.25 Hadniudanlandy svduas 8 1) wusRAEMIAUNSUBL TN 74.3-119.8%
warduiissuuinaspuduminsiioant 209 3iTeenuihuduasaiiu 0.05-2.50 findnudailansu aglunosi
ganiyu (r > 0.995) Aanzaelanszurumsnrvanquanmely waziinan1sMUANAMMAINAIEUDNIIN
madhin PT Wanduihhwels daiisiianniuaninsoihluldensinsieiilosiumiadagilusaisuas
MudauiuilamsduasasfuilnauazaausuasngranaiiiedasldosamaiagUszaed

maan: aseilasiumiadagiigandrs, soyity, awdaus, GC-MS/MS, QUEChERS

Corresponding E-mail: thoranit.c@dmsc.mail.go.th

Received: 12 November 2020 Revised: 2 June 2021 Accepted: 10 July 2021

MsEsasiinanenaasmsunng
63 AUl 3 nIngIAN - Miene 2564

[t
.



Analysis of Pesticide Residues in Cereal Grains and Pulses Thoranit Chaimongkol and Weerawut Wittayanan
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oy 4.6 Sudu Syamnh 1.3 waudum® nndanmauilnainiguasisaulnsuaslssnnslan
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Residue Limit; MRL) wssmiayafaanns w.e. 2522 wazldiumsuiuusdiiiuiagtiuanadadadios
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wiiivannvmendouiudeiaios GC-MS/MS fiviasufiamsldaglushageinualiaauasldiumsiuses
auszULAUMN ISO/IEC 17025: 2017 tilauensrauieniafeiilagldiaidmnuazaumdouadowia

Wusunasngusyiiauazngumimdauia muaeu luguaaumsaaidaniswsenmatamnmsuseuiiau

Nsasasyingengasmsuwngd
7 U 63 atuh 3 nangaN - Auene 2564




a a 4

maAnzdaseiiilasnuiiedagiizanmelusyisuazonadauis 55863 lopaana  uazdsd Inentius

q

AnanyasUazsEdN5NNWI5 QUEChERS i WhABanassunuis FaPEx® (Fast Pesticides Extraction)”
Fuihiswdendemauulmifihasidnsmuwlumsaasaunmmaiensild nnlufidadenisimansay
ihlunageuanul#lduaidiened 35ildasgninluldlumsanaiensianulasasisnasdniisuas
Mudauis asdamumsandeaasingauanemamainyasiveynlimnuaaumsaieaNuTULTIzDe
Uy ihandszifivanudasaseaasguilnauazanmnsaih lWldhniuanaiwnsindanaeismsuativayu
msdeanzastszng uannnilssldienanasdanuiuazisludaianlfidnmaedahensinanmanims
wwnd Favhlassmssauiisunasznieviasdfidns (Inter laboratory comparison, ILC) Thuiszana
w.A. 2563 iiomMsNanNAnamwmMIanIienzinasguiinanmanimauwnglugiimadnde

d13LANUaZEIININIFIU

d151Adl: acetonitrile, HPLC (Merck an33a143n) acetone, AR (RCI Labscan av3gatnan)
n-hexane, PG (Burdick & Jackson 8%338L45M) ethyl acetate, HPLC (Burdick & Jackson LKA L6)
QuEChERS Extraction Packets, EN Method Part No: 5982-7650 (Huaunanuas MgSO4 4 N34 NaCl
1 N34 sodium citrate dehydrate 1 N33 uaz disodium hydrogen citrate sesquihydrate 0.5 N34 (Agilent
Technologies aw%’gam'%m) ‘1}"1 reverse osmosis (RO), D-sorbitol, AR >98% glacial acetic acid (Merck
KGaA ga5uil) uaz SiliaFast FaPEx Cereals Part No: FPX-CER-50 (SILICYCLE Inc. taien)

@993 (Standards): N30 3808 19895U589 (Certified reference material, CRM) (ilu
ssazaranaNwasseiilasiumiadasity 122 ¥l Tenuddusedeiusaalszanm 1003 lulasndy
#afiadans 8o CPAChem (C.P.A. Chem Ltd. tl5aeid)

MSLASENEITATABNINTFIU: LessNEITaraeNauaNNENTY 10 lulasnsudaliaddns voq
asunasgIu 122 #1ia Tu acetone Taallilaa 58830 ITIUNENULADLAINTUIU 6 210 Uszana 1 Taddns
avlu volumetric flask 2110 10 findans UsuSinasdedhazas Rusnmilgamgiionnh - 18 C wiew
intermediate solution NauMsldNu anuniu 1 lulasnsuaaiiadans Usuas 1 Tadans Usulsunas
Fradsananlaanniiage was working solution F39ANNENEY 0.005, 0.01, 0.02, 0.05, 0.1, 0.25 UAZ 0.5
lulasnsudaiiadans inasazare D-sorbitol 3% (analytical protectant) Usana 3 lulasans laiasew
yiudt vieaansaifudnuniiaamgiionni -1s 'C dlaidu 1 e

m‘%‘mﬁauazqﬂnstﬁ

1A309HIANINAZLEEA 0.001 3N dwfuFdiad1e ta3asuailu mill machine POWEQ fu
HM100 Lﬂémﬂumﬂmnau (centrifuge) s;u HERMLE Z366 Lﬂémizmﬂmiasmmmu heating box tag
THudalulasaulumsssmeasada REACTI-THERM III #TS-18824 Thermo scientific iA3pswautiu
NaNE5azane Vortex-2Genie micropipette 2110 2-20 lalasans 21a 20-200 Wlasans wazaune
100-1,000 lulA58AS amber vial 2110 4 §adans centrifuge tube 2WA 50 NPAANT WAL 15 NAAINT
Guzufsaamgiionnd -18 °C certified volumetric flask naumsldnuaiasutmnaiialdredas acetone
2 @31 uaz n-hexane 2 33 udisIFuTIRBINTF N

1A399 GC-MS/MS: Agilent Technology 7890B, TQ7000C Triple Quadrupole MS/MS
Togld analytical column: DB-5MS (30 m, 0.25 mm id, 0.25 um film thickness) ﬁamazmémé’qﬁ
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Analysis of Pesticide Residues in Cereal Grains and Pulses Thoranit Chaimongkol and Weerawut Wittayanan

&1 injector dlu ALS, pulsed splitless mode, initial temperature 80°C hold 0.1 min, 300°C to 300°C
cryogenic temperature 50'C # injection volume Wl 4 Tulasaas oven temperature program tlu initial
70°C hold 1 min, rate 50'C/min to 150 C, rate 6 C/min to 200'C, rate 16 C/min to 280°C hold 8.5 min,
rate 50 C/min to final 300°C hold 0.5 min w8 post-run at 70°'C TFnmlumsiwnzviuszanm 30 ¥
1% ion source temperature 280°C 1% quadrupole temperature MS1 waz MS2 Wy 180°C 14 mode

constant pressure 7 15.8 psi uazyn RT locked &5 chlorpyrifos # 12.0 +0.1 W% &saulaliang

L. e

1A399 GC-MS/MS azgminlviuanduiludszqlaelduna He 1y quench gas uaz N 1l collision gas 1
1 §1988056017 WAzgNATIIAGIE multiple reaction monitoring, MRM mode #aya@auandlumsnm 1

®159% 1 7938 mass transition 2898156149 9 Tuia3as GC/MS/MS

Transition 1 Transition 2
Pesticides (II:;II‘I) Quantifier Dwell CE Qualifier Dwell CE
(m/z) time (ms) (eV) (m/z) time (ms) (eV)
DDD-p,p’ 14.75 234.9>199.1 10 15 234.9>165.1 10 20
DDE-p,p’ 14.03 246.1>176.2 10 15 315.8>246.0 10 15
DDT-p,p’ 15.34 234.9>165.1 10 20 234.9>199.1 10 15
acephate 5.09 136.0>94.0 10 10 142.0>96.0 10 5
alachlor 10.92 160.0>132.1 10 10 188.1>132.1 10 15
aldrin 12.01 254.9>220.0 10 20 262.9>190.9 10 35
ametryn 11.19 185.0>170.0 10 5 227.0>170.1 10 10
atrazine 8.85 214.9>58.1 10 10 200.0>122.1 10 5
azinphos-ethyl 17.24 160.0>77.1 10 20 132.0>77.1 10 15
azinphos-methyl 16.68 160.0>132.1 10 4 132.0>77.1 10 15
bendiocarb 7.76 126.0>108.0 10 5 126.0>52.1 10 15
BHC-alpha 8.20 218.9>183.0 10 5 180.9>145.0 10 15
BHC-beta 8.89 218.9>183.1 10 5 216.9>181.1 10 5
BHC-delta 9.91 217.0>181.1 10 5 219.0>183.1 10 5
BHC-gamma 9.07 218.9>183.1 10 5 216.9>181.0 10 5
bifenazate 16.14 199.0>184.2 20 10 184.0>156.2 20 10
bifenthrin 16.02 166.2>165.2 10 20 181.2>165.2 10 25
bromacil 11.72 207.0>190.0 30 15 205.0>162.0 30 15
bromophos-ethyl 13.34 302.8>284.7 10 15 358.7>302.8 10 15
bromopropylate 16.09 338.8>182.9 10 20 341.0>185.0 10 20
buprofezine 14.17 305.0>172.0 10 5 105.0>104.1 10 10
butachlor 13.53 160.1>132.1 10 10 176.1>147.1 10 10
cadusafos 7.95 158.8>131.0 10 5 158.8>97.0 10 15
carboxin 14.21 234.9>143.0 10 10 234.9>87.0 10 20
chlordane-alpha 13.62 372.9>265.9 10 20 271.9>236.9 10 15
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M1599 1 7938 mass transition 289136149 9 Tua3as GC/MS/MS (6ia)

Transition 1 Transition 2
Pesticides (;{i:) Quantifier Dwell CE Qualifier Dwell CE
(m/z) time (ms) (eV) (m/z) time (ms) (eV)
chlordane-oxy 12.89 114.9>87.0 10 15 114.9>51.1 10 25
chlordane-gamma 13.38 372.8>265.8 10 15 374.8>265.8 10 15
chlorfenapyr 14.32 246.9>227.0 10 15 136.9>102.0 10 15
chlorfenvinphos 12.96 266.9>159.1 10 15 268.9>161.0 10 15
chlorobenzilate 14.61 251.1>139.1 10 15 139.1>75.1 10 30
chloroneb 5.82 208.0>193.1 10 10 191.0>113.0 10 15
chlorothalonil 9.51 263.8>168.0 10 25 265.8>231.0 10 20
chlorpropham 7.59 213.0>171.0 10 5 213.0>127.0 10 5
chlorpyrifos 11.98 196.9>169.0 10 15 313.8>257.8 10 15
chlorpyrifos-methyl  10.70 285.9>92.9 10 20 124.9>47.0 10 15
cyanophos 9.21 242.9>109.0 10 10 124.9>47.0 10 15
cyfluthrin I 18.32 226.0>206.0 20 10 198.9>170.1 20 25
cyfluthrin IT 18.45 226.0>206.0 20 10 165.0>91.0 10 5
cyfluthrin IIT 18.52 226.0>206.0 20 10 162.9>91.1 20 5
cyfluthrin IV 18.58 226.0>206.0 20 10 162.9>91.1 20 5
cyhalothrin-lambda 16.86 197.0>161.0 10 10 197.0>141.0 10 10
cypermethrin I 18.717 181.0>152.0 30 20 162.9>91.1 30 5
cypermethrin II 18.91 181.0>152.0 30 20 163.0>127.0 30 5
cypermethrin III 18.99 181.0>152.0 30 20 165.0>91.0 30 10
cypermethrin IV 19.05 181.0>152.0 30 20 165.0>91.0 30 10
DCPA 12.07 300.9>223.0 10 25 331.8>300.9 10 10
DEET 6.59 119.1>91.0 10 10 119.1>65.1 10 20
deltramethrin 21.72 253.0>172.0 20 5 253.0>174.0 20 8
demeton-S-methyl 7.15 88.0>60.0 10 5 112.0>79.0 10 5
diazinon 9.38 199.1>93.0 10 15 179.0>137.0 10 20
dichlorvos 3.75 184.9>93.0 10 10 144.9>109.0 10 10
dicofol 12.35 139.0>111.0 10 10 250.0>139.0 10 8
dicrotophos 7.64 127.0>109.0 20 15 193.0>127.1 20 5
dieldrin 14.12 345.0>263.0 10 8 262.9>191.0 10 30
dimethoate 8.52 92.9>63.0 10 10 86.9>86.0 10 5
dioxathion 9.06 270.0>197.0 10 5 152.9>96.9 10 10
disulfoton 9.68 142.0>109.0 10 5 153.0>96.9 10 10
ditalimfos 13.67 148.0>130.1 10 10 130.0>102.1 10 10
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®139% 1 7938 mass transition 28398156149 9 Tua3as GC/MS/MS (6ia)

Transition 1 Transition 2
Pesticides (:1'11‘1) Quantifier Dwell CE Qualifier Dwell CE
(m/z) time (ms) (eV) (m/z) time (ms) (eV)

endosulfan-alpha 13.61 194.5>125.0 10 20 194.9>160.0 10 5
endosulfan-beta 14.68 194.9>124.9 10 25 206.9>172.0 10 15
endosulfan sulfate 15.29 387.0>289.0 10 5 273.8>236.9 10 15
endrin 14.48 316.7>280.8 10 5 262.8>193.0 10 35
EPN 16.07 157.0>110.0 10 15 169.0>141.1 10 5
ethion 14.75 230.9>129.0 10 25 230.9>175.0 10 10
ethoprophos 7.30 138.9>97.0 20 5 157.9>114.0 20 5
etrimfos 9.84 291.9>181.0 10 5 168.0>153.1 10 5
fenchlorphos 11.19 285.0>269.9 10 15 286.9>272.0 10 15
fenitrothion 11.60 277.0>260.1 10 5 125.1>47.0 10 15
fenobucarb 6.93 121.0>77.0 10 20 149.9>121.1 10 5
fenpropathrin 16.19 181.1>152.1 10 25 265.0>210.0 10 10
fenthion 12.10 278.0>109.0 10 15 124.9>79.0 10 5
fenvalerate I 20.20 167.0>125.1 10 5 181.0>152.0 10 25
fenvalerate II 20.58 167.0>125.1 10 5 125.0>89.0 10 20
fipronil 12.86 366.8>212.8 10 25 350.8>254.8 10 15
folpet 13.22 261.8>130.1 10 15 259.8>130.1 10 15
fosthiazate I 12.53 199.0>102.0 10 5 195.0>139.0 10 5
fosthiazate II 12.59 195.0>103.0 10 5 195.0>139.0 10 5
heptachlor 11.10 271.7>236.9 10 15 273.7>236.9 10 15
heptachlor epoxide 12.89 352.8>262.9 10 15 354.8>264.9 10 15
(cis)

heptachlor epoxide 12.97 216.9>181.9 10 20 262.9>193.0 10 35
(trans)

heptenophos 6.50 124.0>89.0 10 10 108.9>78.9 10 5
hexachlorobenzene 8.26 283.8>248.8 10 15 283.8>213.8 10 35
hexazinone 15.42 171.0>71.1 10 10 171.0>85.1 10 10
isofenphos 12.93 212.9>185.1 10 5 212.9>121.1 10 10
isoprocarb 6.13 121.0>103.1 10 10 121.1>77.1 10 20
isoxathion 14.39 177.1>130.0 10 10 105.0>77.1 10 15
malathion 11.86 126.9>99.0 10 5 157.8>125.0 10 5
metacrifos 5.69 208.0>180.0 10 5 208.0>93.0 10 15
metalaxyl 11.15 234.0>174.1 10 10 234.0>146.1 10 20
methamidophos 3.70 95.0>64.0 10 10 141.0>95.0 10 5
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M1599 1 7938 mass transition 289136149 9 Tua3as GC/MS/MS (6ia)

Transition 1

Transition 2

Pesticides (nI:;II‘l) Quantifier Dwell CE Qualifier Dwell CE
(m/z) time (ms) (eV) (m/z) time (ms) (eV)
methidathion 13.35 144.9>85.0 10 5 144.9>58.1 10 15
methoxychlor 16.16 227.0>169.0 10 25 227.0>141.1 10 40
metolachlor 11.92 238.0>162.2 10 10 162.2>133.2 10 15
metribuzin 10.74 198.0>82.0 10 15 198.0>55.0 10 30
mevinphos 5.01 192.0>127.0 10 10 127.0>95.0 10 15
monocrotophos 7.87 127.1>109.0 10 10 127.1>95.0 10 15
naled 7.55 184.9>109.0 10 15 144.9>109.0 10 15
omethoate 6.78 155.9>110.0 10 5 155.9>79.0 10 20
parathion 12.18 138.9>109.0 10 5 290.9>109.0 10 10
parathion-methyl 10.91 262.9>109.0 10 10 125.0>47.0 10 10
permethrin I 17.70 183.1>168.1 10 10 183.1>165.1 10 10
permethrin 11 17.84 182.9>168.1 10 10 182.9>155.1 10 10
phenthoate 13.07 274.0>121.0 10 10 274.0>125.0 10 15
phorate 8.07 121.0>65.0 10 10 231.0>129.0 10 20
phosalone 16.60 182.0>111.0 10 15 182.0>102.1 10 15
phosmet 16.04 160.0>77.1 10 20 160.0>133.1 10 10
phosphamidon 10.48 192.9>127.0 10 5 127.0>109.0 10 10
picoxystrobin 13.65 145.0>117.1 10 10 145.0>115.1 10 15
pirimiphos-ethyl 12.51 318.1>182.0 10 10 318.1>166.1 10 10
pirimiphos-methyl 11.54 232.9>151.0 10 5 232.9>125.0 10 5
profenofos 13.97 296.8>268.7 10 5 337.0>309.0 10 6
propachlor 6.97 176.1>57.1 10 5 120.0>77.1 10 20
propargite 15.57 149.9>135.1 10 5 135.0>107.1 10 10
propetamphos 9.18 138.0>110.0 10 5 138.0>64.0 10 15
prothiofos 13.89 266.9>239.0 10 5 309.0>221.0 10 25
pyrimethanil 9.51 198.0>183.1 10 15 198.0>118.1 10 25
quinalphos 13.08 146.0>118.0 10 10 157.0>129.1 10 15
quintozene 8.90 295.0>265.0 10 10 295.0>237.0 10 15
simazine 8.72 201.1>173.1 10 5 173.0>138.2 10 5
tebufenpyrad 16.27 332.9>276.0 10 5 332.9>171.0 10 20
tecnazene (TCNB) 6.79 214.9>179.0 10 10 258.9>201.0 10 10
terbacil 9.74 160.0>117.1 10 5 161.1>144.1 10 10
terbufos 9.20 230.9>175.0 10 10 152.9>97.0 10 5
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®139% 1 7938 mass transition 28398156149 9 Tua3as GC/MS/MS (6ia)

Transition 1 Transition 2
Pesticides (nI::l) Quantifier Dwell CE Qualifier Dwell CE
(m/z) time (ms) (eV) (m/z) time (ms) (eV)
tetrachlorvinphos 13.47 330.8>108.9 10 15 328.8>108.9 10 15
tetradifon 16.50 226.9>199.0 10 15 356.0>159.0 10 10
thiometon 8.38 93.0>63.0 10 5 125.0>47.0 10 15
tolclofos-methyl 10.93 265.0>250.0 10 15 265.0>93.0 10 25
tolylfluanid 12.92 136.9>91.1 10 20 237.9>137.0 10 15
triadimefon 12.25 208.0>181.1 10 5 208.0>127.0 10 15
triazophos 15.00 161.2>134.2 10 10 161.2>106.1 10 10
trifluralin 7.61 305.9>264.0 10 5 264.0>160.1 10 15

M8 UAENITLAIYNAIDE

fhatailFlumsiannuaznagauanuldlauedid laud iuszdamasundauiiuailudagals
Shudladintuseaeiasuailu Fautsdethaitadu analytical portions Inedaghesmids QUEChERS
Ywiin 2.0£0.02 31 a9y centrifuge tube 21N 50 Hadans TW3UIE FaPEx® 1hwiin 0.5+ 0.01 N3y
aslu syringe wana@nzine 10 fiadans haseidalaldihaniensiazgniusnmnluguiudsiianmgd
g -15°C

M3fiauiisulszansnmuaais QUEChERS ua:z3i5 FaPEx®

nadaulszansmway 2 35 lagmsuamsunasgIunseauanuENIu 0.05 Naansuaanlaniy
o a %’ (-7 1] v o Qdd'd o d‘ v
NUITer 8 9 (n=8) luIvE 19T AUIN mean %recovery Wae %RSD 5NN %recovery

v P o A o w 1A @ acaa a a v
waz %RSD aglunawizansui 70-120% waz <20% cuaeu NnnNdauIsnAUTzENEMNINNATD
P P v aa

wastdanStuuiaMsnagauaNnN g levadds

35 QUEChERS: 1hmaghanzaliunidiani RO Usunas 8 198803 wehuannuwaneialinehaipy
30 ¥ LGN acetonitrile YSH1a5 10 Hadans wemedinadNuss 1 119 uatdn QuEChERS extraction
kit weheadn 1 WA W lUduanaznauaIeaINGE) 4,000 58UABNTN WU 5 WT wieasanadula
v a aa 1 . a aa ° v % a v @ o
MUUY 2 Taaans Laly amber vial 2110 8 §adans W lUszmewiadsuUsinasaemmasanaNyad
n-hexane: ethyl acetate (3:1) {WJu 2 188305 tin D-sorbitol 3% U3unas 3 lulasans leanuwuzu
M98 0.2 NFNADNAFINT IATLVAEAIDN GC-MS/MS

35 FaPEx®: Maeha1miin 0.5 + 0.1 n53 L syringe nanadnindavUae 3 2100 10 198805 tHn
RO U531n95 1 195305 Uade plunger laamaaanunediu wehuannuwaINenaliaeheias 30 1 i 1%
acetic acid in acetonitrile US3935 5 §adans weale Vortex U 1 W wadih ldweaisiaIaawen

< v =1 a0 . v o ® . v [ ]

AN 100 58UABINT WU 15 W7 saUane syringe 11nuU FaPEx® cartridge na plunger Tansanamu
cartridge 895157 1 ¥eAApINN a4ly amber vial 1hansann 2 Nedans lUseweuralSulsnasme
MNara8NaNYD9 n-hexane: ethyl acetate (3: 1) tilu 1 fadans leanuuduaag 0.2 nSuGaladans
AeNeimeAIas GC-MS/MS
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a a 4

maAnzdaseiiilasnuiiedagiizanmelusyisuazonadauis 55863 lopaana  uazdsd Inentius

q

mMsnasauaNltlaraditinssy

ANNIIUNILVDIID

5@313:4191331141.7711,@1'%@ GC-MS/MS mudn=ifuuasin 3 1 1uiin Retention time (RT)
W& ion intensity ratio LEIMAFDUANNIINEYBIIFIALILAIEW method blank (reagent blank) #l#1h
RO unuéaghe uaz sample blank lauf uazdindsuniouds Walinuiewisnuiiaiidduana
signal-to-noise ratio (S/N) 1ipeni 3 il RT uaz/visad m/z TnatdesnuasnasgudanIsuneann
F13IUNMULAIDTANNINNE

anuiluduassvainslanasgiu

#3719 UNIATFIUUUY matrix-matched calibration (MMC) Tagldmsatailaannduas
dmasandauiefidly blank @udvhazas Faane intermediate standard solution T¥laanudagu
fidasmsuasiawhieies GC-MS/MS wuugs (random, n=3) e maNUszansanduwug (correlation
coefficient: r) MUPUANUNREBNSU T NANNINAT 0.995

AeneuaInIInany (LOD)

WIAMNAYBININTIANY (limit of detection, LOD) Iﬂﬂlﬁumsazmﬂmmgmaﬂumiaﬁ’m
NnEMLerdImaNNEauisfistau LOD udmhluiadiaias GC-MS/MS fuime signal-to-noise
ratio (S/N) nsuiiudue LOD hssduamnudagy 0.02 fasnsudailaniy Togdnansunasguasluy
fhatharmuarmaaundaurs udrasamuiunau SenLRanu s (n=8) uaruum S/N @ LOD
AoszauanuuTuiilien S/N snnnh 3

Aeneasmazilsaa (LOQ)

MIaNAereInTIaEsina (limit of quantitation, LOQ) lealddayaannsnasau
ANNUNULAZANNLTEBIMTIATIY PszduamuEagy 0.05 Faaniudanlandy Sz s o
(n=8) UAIAUIN %recovery MUUALNMIBBNTUBLlUENTBEFL T0-120 LLa::ﬂ"]Lﬁmmummgmé’uﬁmﬁ‘
(RSD) MuuaLnaieansy <20%

anuiudunsIsasdamIIeIEy

ﬁﬂmmmL‘ﬂuLﬁumwawhqmi’?Lﬂiwzﬂmmmaumimmgﬂﬂué’aaﬂw (sample blank) ﬁs::éi’u
AN 0.05, 0.1, 0.2, 0.5, 1.25 WAL 2.5 Haansudanlaniu IANeseiuar 3 20 (n=3) d59AW
anuFNTUSITNenNENTuiiinaslufsthetuamnENtuiasIany Munamemalssansanaunug
(correlation coefficient: r) MUUANUIEBNSU r HANINAD 0.95

ANNUULAZANNLTI B

Laum‘smmgmslu(?hashq (sample blank) ﬁizﬁu LOQ, 4xL.OQ oz 25xL.OQ ﬁmmtﬁuﬁu 0.05,
0.2 Uy 1.25 Naansudanlandy MuAGU HATNTEAUSL 8 T (n=8) WA %recovery Waz RSD
Taatnaeisansuanuuay (accuracy): mean recovery 70-120% Wastnasioan3uANNAEY (precision):
RSD i@ <20%

m3dszanam A liwivauainin

msUszanameanyliuiueuraImsia (Estimation of Measurement Uncertainty, MU) 284
menzinsmiadagiiluannsivhmmegeulfismsues EURACHEM Fufhumsdnalaglinauvds
fanzasenaliwivey Mntummameanyliwivausaefiszauanudaiuiesas 95 Tagldem k = 2
HhiasfienugndauiiufisansuuasminsandemaihlulFny
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mithtmammﬁmwé’tﬁaﬁ’mmﬁ'ﬂﬂmwﬁ'mﬂﬁﬁ'ﬁmsm%mhﬂ

iatilumsaiuayuuazanszduanumusovasl flidmsiadedensuinanmansmsunng
Tugfima Ssduiumstinoussismanaiensiliudgudinenmandmsunmdauiuguuasiugasm 7
wii waziitenadauaMEnsavasl fUAMsEh S umsause SasniiumsialasimsiSeuiisunaszviig
Weelu@ns (Interlaboratory comparison, ILC) M3itanzviansiaiiiasnumandagiizluin Taudssanm
W.A. 2563 (ILC-PRo1-63) fian®n 3 uwa laun vasljudmseheansmindagiiguazendainndre diin
AMMNLATANNUABANEDIMS wazgudinenmansmsunngdn 2 uvs ldadndewesiagnasay (QC
sample) Fuiludrathadnunanid (Basmati Rice) hlamnmsnagauamusinnaues FAPAS Product
Code: FCPM2-CCP51 Test No. 09128 waniglvungidnsinmsiSauiisunassniniesljudns
uadeNsinniasl juimsazgnissiivenuuidisnnuleslde RU (Relative expanded uncertainty)
minaleaan Reference value wag Expanded uncertainty (U) ‘ﬁizuﬁlu reference data sheet 299 FAPAS
laa@n reference value + U 284eh5 alpha-BHC, methamidophos, profenofos wag fenpropathrin flu
18.2 + 8.0, 42.0 £ 18.5, 45.4 +20.0 Wdz 59.8 + 26.4 lulAsnsuaanlansy awaau MyuaLNMTIEaNSY
<UwnRU< +1 dia RU = Relative expanded uncertainty, RVx = Reported value, RVo = Reference

value, U = Expended uncertainty a9anns

RU = (RVx - RVo)/U

We

wan1stlsuiaudsedndnneadls QuUEChERS wazis FaPEx®

Wisuieudszansmumse3ondiagi 2 58 daumsaadanianazihlunagauanulsle laud
3% QuEChERS wasUfiamsdiinaammnuazanulaanssamslddmivinnsiinualiae duis
FaPEx® fafjudassyhiindnmadendu udldannauastunaurilisiadiny fanaasainsoianls
wmmu'ﬁ%tﬁulé"[Gmlﬁmaﬁmmgmﬁsxﬁwmmﬁ'uﬁu 0.05 finansusanlansy U 8 % (n=8) M
gerecovery Waz %RSD sausaslumuii 1 § 1915155 QuEChERS a198991n38 EN 15662 ShAsilanudaths
anuiiuge Idwannuulpneunsldnulimmnsaldinnsiveuild ilasnndasduamwliidioeiil
AN 10-15% IdTlanuduimanzaniudd (anudu >70%) Tagmsidnih 4 whaesSinadisehs Tudu
28935 FaPEx® lananmsiansdeanda AOAC 2007.01 dauaaslumwil 1

NnmMsneaslisuiisulstans mwdsedendeee wanuiis QUECHhERS lvswnussidl
grecovery BEIEUIN 70-120% N 122 @13 Aodludasas 100 wasemaissiiuansdsddeuy
inaspudning msnanueaglunasisaniu (<20%) luansiiis FaPEx® lnumsiil erecovery
aEITNIN 70-120% MU 108 @15 AaLluspaa: 88 uazil 2 13 TW %RSD Liaglunanizaniu uaash
58 QuEChERS fanuwansaninsldsmiumsiadaudiothannnh 3udenldiaiamsumammsnagau
anulElaaisieneyd

Nsasasyingengasmsuwngd
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a a 4

5303 lrenena wazdsad Ineniiuy

q

maAnzdaseiiilasnuiiedagiizanmelusyisuazonadauis

uanmsnagauaNlilauadisiesed

NNMIANHIMTIA5IEW method blank waz sample blank Rilusuazdindasndaus
anabinvassumuitiieaswselndidestuansinasyu msdenziuuuy MRM aeia3as GC-MS/MS
wlainsaasaiaiinmseiilosiumdadagisldeddanuy Wumaiaiidanuluszanuiimzg
ansaaniassaulaluamindiiimssumuldasaaasumnd 2

140

120

100

80

60

40

20

0

wamsnfSoumeusesazmMsAundUIL1I1995 QUEChERS U FaPEx

<70%

70-120%

>120%

[l QuEChERS

0

122

0

W FaPEx

11

108

3

140

120

100

80

60

40

20

0

namsnouivudiudoauunasgudusintsenineds QUEChERS AU FaPEx

0-10%

|

>10-20%

>20%

M QuUEChERS

113

9

0

W FaPEx

115

5

2

M 1 wamalIauiisusagazmsfunauLazdIUlENUUNINIFIUTNANS 5213195 QuEChERS
nu FaPEx® udaauiua1snil s%recovery agisenin 70-120% uag %RSD <20%.

AMFOFITNNININTFIUANNTNWUSIZWIN concentration AU peak area (response) 2o
ssaulafiananiudunselugng 0.005 81 0.5 lulasniudaiiaaans duaadlumnd 3 Taenmwsnasues
aannziiadien r g 0.995-0.999 Fganinamiganiui 0.995

HaNMIMAFDUIANAALEIMIATIANUY (LOD) 2a4ansnziianniy 0.02 Hadnsneailansu (S/N > 3)
wazmstudulasmsanadateiissiu LOD wawuhwumsnnziions s  Tesidendesasmsiadzna
(LOQ) fawynu 0.05 Aaansuaanlansu

HaMsNaFaUAMNIIULaTANNTiEwadEfudadumed 2 meanuusiuuezenuiefiszau
LOQ, 4xL.0Q uaz 25xL0Q # 0.05, 0.20 Uz 1.25 Aaansudanlansy aasmsdenziasiediasiumia
ANy 122 7l TuguasmasUNEauRs HamMsnaFaUANNLNL (%recovery) Rszau LOQ feszuing
74.3-119.8% WAzANNHEIIN RSD HA5enig 1.2-20.0% HamsmagauamuaiuuazaNuiesiiszaunans
(4xLOQ) waz g4 (25xLOQ) 1A 91.3-120.0 % WL 0.5-20.0% MNIIAU e'?}qazﬂummﬁaau%'uﬁ 70-120%
Uaz <20% MG
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Thoranit Chaimongkol and Weerawut Wittayanan
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q

Chlorpyrifos - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs
x10 64 y=4174.781401 * x - 411.894025
2| R"2=0.99920132 )
154 Type:Linear, Origin:lgnore, WeightNone
1.6
1.4+
1.2
‘I -
0.8+
0.6+
04+

Responses

(a) chlorpyrifos

+ MRM (196.9
x10 ¢

Counts

-> 189.0) P2010.

196.9-> 169.0 ,313.8->257.8 ,
11.955 min. 5

x10 2 | Ratio = 86.9 (101.5 %)
4] Ratio =974 (100.0 %
0.8
06
04
02

+MRM (11.891-12.013 min) (1

x10 61 169.0
257.8

Counts

Relative Abundanc..

96.9 313.8

cCanvwsmo

1 P -

T
11

0.2
04

5
Acquisition Time (mi...

¥
150 200 250 300
Mass-to-Charge (m/...

T T
1.5 12
Acquisition Time (mi...

T
12

T T T T T T T T T T T T
25 0 25 50 75 100 125 150 175 200 225 250

T T T T T T T T T T T
275 300 325 350 375 400 425 450 475 500 525

Concentration (ng/ml)

DDE-p,p’ - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs

x10 & | y=5409.289596 *x + 3223.960588
| R"2=0.99925913
2.5- Type:Linear, Origin:lgnore, WeightNone

2.254
2 |
1.754
1.5
1.254
1 -
0.759
0.5

Responses

(b) p,p’-DDE

+ MRM (2461

£ x10°
5
3
o

15
1
0.5

-> 176.2) P2010.
14.016 min.

246.1->176.2 ,315.8->246.0 ,

x10 2| Ratio = 141.1 (100.8
Ratio = 90.0 (100.6 %

+ MRM (13.974-14.070 min) (2
x10 7
125
1

Counts

176.2

0.75
0.5
0.25.

Relative Abundanc..

246.1 3158

*

0.254
0 -

Acquisition Time (mi...

—
200 250 300
Mass-to-Charge (m/...

T y
13.8 14
Acquisition Time (mi...

T y
13.8 14

L ‘ o

T T
25 0

T T T T T T T T T T T T T T T T T T T T T
25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525

Concentration (ng/ml)

w3 MatnWINAITIULe: Chromatogram LaeN quantification transition, qualification transition,

ion intensity ratio 82 mass-to-charge (m/z) ¥aN

(a) chlorpyrifos waz (b) p,p’-DDE

P ' a a P Y v o W
13NN 2 ANNUNU (average %recovery) WazANNLNEN (%RSD) aaamAN@NziaIstaNlaInunm

dagiizluinuazaundasndouisnenududue

241 gwaaunEauR
0.05 mg/kg 0.2 mg/kg 1.25 mg/kg 0.05 mg/kg 0.2 mg/kg 1.25 mg/kg
Pesticides (n=8) (n=8) (n=8) (n=8) (n=8) (n=8)

Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
DDD-p,p’ 110.5 2.9 118.1 19.1 102.1 3.3 103.7 1.9 110.1 5.7 98.4 1.5
DDE-p,p’ 104.3 3.9 118.2 12.4 100.2 2.2 104.6 2.1  109.9 6.0  99.9 0.9
DDT-p,p’ 103.8 1.8 119.9 7.8 105.3 4.2 102.1 2.1 108.6 6.1 99.6 0.9
acephate 119.5 8.2 74.6 13.8 119.8 4.0 105.3 6.3 106.6 8.9 107.8 1.4
alachlor 109.4 4.2 119.1 6.3 100.6 2.0 105.6 3.1 104.4 16.9 104.4 0.9
aldrin 100.8 4.2 117.6 16.4 97.5 1.9 103.6 3.8 106.9 6.7  98.7 1.0
ametryn 107.0 4.1 119.6 11.2 100.7 2.1 106.3 2.6 105.2 15.5 101.5 0.8
atrazine 104.3 2.7 118.1 11.9 100.6 1.6 103.0 1.7 106.5 10.0 100.5 0.6
azinphos-ethyl 112.4 4.0 116.8 13.9 120.0 9.5 101.5 2.5 108.9 6.6 105.2 1.5
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~ 1 d' a o = Y v o w
M3NN 2 ANNUNY (average %recovery) WazANULNEN (%RSD) 2a94mMIitaNzaedUainuman

[ -

VY Q'I =) < v tﬂ' v ¥ J 1
ﬂ@lgW‘ZﬂM?ITJLLaZﬂ’JL‘VIa?J\‘ILNGG]LL‘VNVW]’J'INL’UN?IUGI'N 9 (D)

21 MIHADIUNAAWHY

0.05 mg/kg 0.2 mg/kg 1.25 mg/kg 0.05 mg/kg 0.2 mg/kg 1.25 mg/kg
Pesticides (n=8) (n=8) (n=8) (n=8) (n=8) (n=8)

Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD
(%) (%) (%) (%) (%) (%) () (%) () (%) (%) (%)

azinphos-methyl 111.0 13.5 113.0 18.7 118.2  11.3 104.5 1.5 109.0 6.4 105.2 1.4
bendiocarb 106.5 3.3 120.7 6.7 107.7 2.2 102.4 1.8 111.0 6.4 101.6 0.8
BHC-alpha 104.2 4.6 116.1 10.7 98.0 1.8 103.4 3.5 112.2 6.3 101.0 0.7
BHC-beta 104.6 4.8 119.5 11.2 98.9 1.4 103.1 3.3 110.0 6.1 100.1 0.6
BHC-delta 107.7 4.8 115.8 14.7 101.0 1.5 102.9 3.6 109.7 5.5 100.2 0.7
BHC-gamma 103.6 4.9 107.4 19.8 98.9 1.1 104.5 3.5 111.4 5.4 101.0 0.8
bifenazate 105.6 8.7 119.2 11.3 92.8 8.1 106.1 8.2 115.0 8.0 87.4 4.5
bifenthrin 108.7 2.5 114.4 18.5 104.1 4.7 103.3 2.1 112.5 5.6 101.5 0.9
bromacil 105.2 18.2 119.4 8.0 110.6 2.7 104.3 3.8 107.2 6.7  99.3 1.1
bromophos-ethyl 102.3 4.6 119.9 7.2 100.7 2.4 105.0 3.7 109.6 5.4 100.2 0.9
bromopropylate 109.3 3.2 119.4 9.9 106.3 4.8 102.6 1.3 108.9 6.5  97.3 1.3
buprofezine 106.9 5.2 116.6 14.5 101.3 2.5 108.2 4.0 111.0 5.8  98.7 1.2
butachlor 103.8 2.3 119.3 6.2 103.5 2.2 107.2 1.9 109.3 5.3 101.0 1.1
cadusafos 107.8 5.1 119.9 18.1 99.7 1.9 106.3 3.2 111.1 5.5 100.3 0.7
carboxin 74.3 19.9 155.2 18.1 110.7 4.4 109.5 4.4 105.6 7.1 102.2 1.0
chlordane-alpha 104.6 3.9 119.6 8.6  98.6 1.9 105.1 2.4 108.1 5.7 99.0 1.4
chlordane-oxy 100.3 2.7 119.5 10.3 99.2 2.1 110.1 1.9 109.9 6.1  99.6 0.9
chlordane-gamma 104.0 2.7 118.7 12.9 98.6 2.2 106.0 3.6 108.1 5.7 98.5 0.7
chlorfenapyr 110.3 7.4 116.0 18.7 102.7 3.4 96.4 3.4 108.8 5.6 99.4 1.2
chlorfenvinphos 112.4 5.5 117.0 16.3 108.4 2.8 107.0 1.9 110.6 6.1 101.6 0.9
chlorobenzilate 108.3 2.6 115.4 16.6 105.0 3.2 102.5 1.8 110.6 5.8 100.5 0.8
chloroneb 104.1 7.4 115.2 9.4  96.4 2.5 107.8 4.9 109.5 5.9 100.3 1.0
chlorothalonil 110.9 5.0 120.0 14.4 107.3 2.1 101.2 3.9 109.5 5.8 101.8 0.7
chlorpropham 105.8 5.7 117.9 12.7 98.7 1.5 103.9 3.9 111.5 6.4 101.9 0.9
chlorpyrifos 108.6 3.6 118.8 16.8 101.4 1.8 104.6 2.3 109.2 5.9 100.9 0.8

chlorpyrifos-methyl 106.4 3.0 117.7 14.1 104.1 1.4 104.6 2.1 111.3 5.7 102.4 1.1

cyanophos 104.2 4.1 119.8 11.7 101.7 1.8 104.5 2.5 110.3 5.8 106.1 0.8
cyfluthrin I 112.4 7.7 118.7 8.6 118.6 8.7 108.7 2.9 112.8 6.4 108.9 3.7
cyfluthrin IT 100.0 5.5 119.5 11.9 116.5 10.3 113.9 4.5 108.3 5.8 106.0 2.8
cyfluthrin ITI 97.0 14.5 119.8 7.8 118.2 9.6 105.0 4.1 107.7 6.3 105.5 3.4
cyfluthrin IV 109.6 13.9 119.7 10.4 115.4 9.3 104.8 3.4 114.1 6.7 108.7 3.6
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ﬂmgwﬂummaxmmammammwmmmmum 9 (D)

21 dwaaundauRe
0.05 mg/kg 0.2 mg/kg 1.25 mg/kg 0.05 mg/kg 0.2 mg/kg 1.25 mg/kg
Pesticides (n=8) (n=8) (n=8) (n=8) (n=8) (n=8)

Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
cyhalothrin-lambda 119.4 7.5 116.9 17.6 111.6 7.1 106.7 3.0 109.9 6.8 101.7 0.8
cypermethrin I 95.7 16.1 119.3 10.1 120.0 7.4 118.1 3.9 100.2 6.9 103.6 3.1
cypermethrin II 102.0 18.2 119.7 9.7 117.0 10.0 111.5 4.5 108.4 7.2 104.6 2.5
cypermethrin IIT 114.6 20.0 117.3 13.3 119.0 6.7 116.9 8.5 103.9 9.7 101.2 2.5
cypermethrin IV 117.2  14.4 119.9 11.5 115.6 8.9 96.2 5.2 108.8 6.9 111.2 3.0
DCPA 104.7 4.1 119.4 12.1 100.1 1.8 105.6 2.6 109.5 5.9  99.9 0.9
DEET 107.1 3.6 115.3 15.8 101.3 1.7 104.9 3.4 109.9 6.0 109.2 0.6
deltramethrin 101.3 9.8 119.8 10.4 114.0 8.6 103.2 3.6 107.3 6.7 105.9 3.1
demeton-S-methyl 96.1 12.0 119.9 5.8 107.4 2.1 112.7 2.9 108.3 6.4 103.0 0.8
diazinon 103.8 3.5 119.4 8.0 100.7 1.4 106.9 1.8 110.6 6.2 100.5 0.8
dichlorvos 109.5 8.7 119.0 1.1 98.5 2.2 105.2 4.6 111.7 5.7 106.4 0.8
dicofol 106.3 2.3 116.7 13.7 101.1 2.5 111.1 3.0 111.0 5.5 105.8 1.3
dicrotophos 111.5 6.1 119.8 4.9 116.0 3.0 104.0 2.8 110.8 5.8 113.1 1.5
dieldrin 105.2 6.1 119.4 5.4 100.9 2.6 105.3 5.2 108.9 4.4 100.1 1.3
dimethoate 108.7 4.4 119.6 4.4 110.0 2.3 106.2 1.9 111.2 5.9 102.6 1.0
dioxathion 98.0 7.1 119.9 6.4  95.9 1.7 103.1 2.7 111.9 6.8 102.7 1.1
disulfoton 94.3 16.5 119.1 2.4 100.9 1.0 112.2 3.6 109.4 5.8 101.4 0.9
ditalimfos 107.5 2.7 119.7 10.5 104.9 2.9 104.9 2.1 108.2 5.9  99.5 0.6
endosulfan-alpha 103.7 6.5 119.1 6.7 100.8 2.8 102.6 7.4 109.0 4.9  99.0 1.0
endosulfan-beta 97.8 3.1 119.7 7.4 102.3 2.9 106.6 2.0 110.8 5.6 96.4 1.5
endosulfan sulfate 104.3 6.5 116.8 17.2 102.5 2.8 103.1 3.6 107.2 6.8  95.9 1.4
endrin 98.1 9.6 119.3 5.0 96.9 3.6 107.6 9.3 106.6 5.4  92.1 3.6
EPN 104.1 4.0 118.4 7.9 112.6 5.1 111.4 1.5 112.7 5.8 110.2 3.6
ethion 109.1 3.4 118.7 11.4 104.3 3.3 107.2 1.9 111.1 5.8 102.1 0.9
ethoprophos 104.0 3.8 117.1 11.7 100.9 1.7 103.7 3.0 111.0 5.6 101.2 0.6
etrimfos 109.0 6.1 119.0 10.2 99.9 1.5 105.8 2.7 111.1 5.7 101.3 0.5
fenchlorphos 105.1 4.9 118.4 9.9 101.7 1.5 105.3 3.4 110.5 5.8 101.4 1.0
fenitrothion 102.5 4.3 119.5 10.4 107.8 2.0 107.1 4.2 116.7 5.4 111.1 4.2
fenobucarb 104.8 3.8 121.3 4.3 101.4 1.4 104.4 2.4 110.0 5.9 109.9 0.6
fenpropathrin 108.8 4.1 118.1 12.6 105.3 5.8 105.9 2.7 110.1 6.1  99.8 0.8
fenthion 105.3 3.1 116.7 15.2 102.2 1.7 105.1 1.8 110.7 5.5 101.2 0.8
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A 1 P} a s Y [ o
13N 2 ANNUNU (average %recovery) UazANNNEN (%RSD) 2aamMIIaNevastailaanuman
L3 <~ YV 0!’ =~ < 4 nﬂl ¥ v ' J
ﬂ@lEW%‘lu"lﬂ’JLLagﬂ?LWGBQLNGQLLMQ‘V]V’YJTNL?IN?IHG]'N 9 (D)

2 MIHADIUNEAWHY

0.05 mg/kg 0.2 mg/kg 1.25 mg/kg 0.05 mg/kg 0.2 mg/kg 1.25 mg/kg
Pesticides (n=8) (n=8) (n=8) (n=38) (n=8) (n=8)

Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD
(%) (%) (%) (%) (%) (%) () (%) () (%) (%) (%)

fenvalerate I 102.4 4.1 119.7 10.7 118.4  11.1 108.0 3.2 108.2 6.7 106.1 2.2
fenvalerate II 115.4 5.6 119.8 17.1 118.6 10.7 107.6 4.3 107.6 6.2 106.6 2.6
fipronil 107.0 4.9 120.0 10.2 108.3 3.0 108.5 3.0 113.6 5.5 106.3 2.5
folpet 103.4 6.5 119.1 6.8 113.9 4.1 101.3 4.4 109.3 6.7 1051 1.4
fosthiazate I 109.0 7.6 106.3 14.0 118.9 3.3 98.8 2.1 108.1 6.7 102.4 1.5
fosthiazate II 117.6 15.8 118.3 19.0 116.8 3.8 104.5 2.5 112.7 5.7 106.3 2.5
heptachlor 106.6 4.4 116.2 11.9 101.2 1.6 105.9 3.1 111.2 5.6 101.4 1.0
heptachlor 105.0 3.4 117.7 7.2  98.4 1.9 106.2 3.5 109.9 5.3 98.7 1.0

epoxide (cis)

heptachlor 99.2 3.7 119.8 9.9 100.4 1.9 104.3 3.6 110.0 6.2 99.2 1.0

epoxide (trans)

heptenophos 111.3 4.3 118.3 8.7 104.6 1.6 103.6 3.0 110.3 5.9 102.0 0.8
hexachlorobenzene 103.5 6.1 119.4 3.6 96.4 1.8 105.1 4.2 110.9 6.1 100.7 0.6
hexazinone 107.9 4.4 120.9 5.4 105.4 2.4 104.5 1.2 108.2 6.5 103.0 1.0
isofenphos 102.5 3.1 119.4 10.2 100.3 2.5 105.1 2.3 109.7 5.8  99.3 0.9
isoprocarb 105.5 3.9 124.1 8.3 100.9 1.1 107.3 4.0 109.4 5.8 106.8 0.7
isoxathion 104.4 4.6 116.7 4.4 119.7 9.5 109.4 3.2 119.3 5.4 123.1 8.1
malathion 107.0 3.6 119.6 11.4 105.3 2.4 107.2 2.5 110.2 5.7 101.4 1.0
metacrifos 105.8 7.3 119.7 5.1  96.6 2.1 106.2 4.6 109.7 5.6 101.5 0.7
metalaxyl 103.9 4.9 117.0 3.2 103.3 2.8 102.6 1.9 108.0 6.3  99.4 0.6
methamidophos 98.6 3.9 118.6 14.5 105.9 1.9 105.5 5.8 108.7 5.9 102.0 1.2
methidathion 110.9 2.9 118.8 10.7 108.5 3.1 106.5 1.5 110.9 5.4 101.9 0.9
methoxychlor 107.7 2.9 118.3 14.8 106.0 5.3 104.9 2.7 108.2 6.7 99.1 0.7
metolachlor 105.4 3.1 119.6 3.9 101.9 2.3 104.3 2.8 109.7 5.9  98.9 0.7
metribuzin 110.8 2.7 117.9 15.2 103.4 1.6 110.5 2.0 120.0 6.3 107.8 2.8
mevinphos 111.1 7.6 115.1 11.2 102.2 1.9 106.4 4.4 109.0 5.9 101.7 0.8
monocrotophos 108.7 10.0 119.6 3.8 114.6 5.0 104.2 2.9 109.6 6.0 106.9 1.7
naled 116.7 16.4 126.1 17.6 94.1 8.9 112.6 6.0 107.5 7.9  92.6 5.0
omethoate 112.2 9.4 104.0 17.8 119.6 3.3 104.6 6.5 109.4 6.4 112.1 1.4
parathion 109.8 4.4 119.9 11.0 107.0 2.3 110.5 2.1 113.2 5.4 110.4 3.4

parathion-methyl 113.3 2.5 118.9 12.7 110.4 2.3 110.2 3.0 117.7 5.3 113.5 5.2
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ﬂmgwﬂummaxmmammammwmmmmum 9 (D)

m naaundauie
0.05 mg/kg 0.2 mg/kg 1.25 mg/kg 0.05 mg/kg 0.2 mg/kg 1.25 mg/kg
Pesticides (n=8) (n=8) (n=8) (n=8) (n=8) (n=8)

Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
permethrin I 117.4 14.2 117.6 13.5 114.4 8.0 98.6 4.5 109.2 7.8 100.0 3.4
permethrin II 119.8 6.3 119.0 14.8 110.3 8.3 106.6 2.6 109.3 6.6  98.8 1.5
phenthoate 105.1 2.4 118.7 5.2 103.6 2.2 104.4 2.3 112.7 5.4 103.6 1.2
phorate 104.5 3.5 119.7 5.3  99.7 1.1 107.1 2.2 112.6 5.6 102.2 0.8
phosalone 115.3 3.8 116.9 16.8 117.1 9.0 105.5 1.7 110.2 6.3 102.5 1.1
phosmet 118.2 5.5 118.8 9.5 118.7 5.8 104.4 1.4 108.0 6.4 102.5 1.4
phosphamidon 115.6 5.8 117.4 14.4 118.4 3.9 104.3 3.6 111.9 5.4 103.0 1.3
picoxystrobin 114.1 5.7 127.0 14.5 101.7 3.0 95.8 4.5 108.2 7.8 101.4 1.2
pirimiphos-ethyl 104.8 2.7 116.2 14.8 100.7 2.2 108.4 2.5 110.4 5.4 101.1 1.0
pirimiphos-methyl 98.8 4.5 119.6 6.8 102.0 2.0 107.2 2.3 110.9 5.5 100.9 1.0
profenofos 112.2 8.6 119.9 7.5 107.2 6.6 102.2 5.9 105.8 7.3  98.0 6.1
propachlor 107.1 3.3 117.5 10.5 101.5 1.4 104.4 2.9 111.2 6.1 100.8 0.6
propargite 111.1 3.7 117.5 9.8 103.6 5.0 102.4 1.7 107.2 6.3 91.3 4.1
propetamphos 105.3 4.0 119.5 3.6 101.1 0.9 105.4 2.3 114.1 5.5 112.5 1.8
prothiofos 106.7 3.5 119.1 8.7 101.4 2.8 102.9 2.8 109.1 5.9  99.9 0.7
pyrimethanil 106.1 3.7 119.7 5.6  98.8 1.5 108.7 3.2 110.5 5.9 102.5 0.7
quinalphos 107.3 2.4 118.2 7.0 102.9 2.7 105.8 2.2 109.9 5.6 101.8 0.8
quintozen 109.6 7.5 117.4 6.7  99.2 1.5 107.9 5.0 111.6 4.8 104.8 2.0
simazine 106.3 4.0 122.8 4.1 100.0 1.6 104.2 3.8 111.2 5.8 102.2 0.7
tebufenpyrad 107.2 5.1 119.6 11.3 108.5 5.7 103.3 3.5 109.8 6.0 99.5 0.6
tecnazene (TCNB) 108.2 5.9 119.8 2.1  97.9 1.8 106.0 4.0 111.9 5.6 103.7 1.0
terbacil 111.2 4.1 120.0 8.1 108.0 2.4 104.7 3.0 110.0 6.6 101.8 1.0
terbufos 104.0 5.9 117.5 10.5 98.7 1.5 106.2 3.5 111.8 5.8 101.9 0.7
tetrachlorvinphos 113.9 2.5 112.9 9.9 115.4 4.1 103.4 1.9 110.4 5.6 100.9 1.3
tetradifon 111.3 5.7 104.1 17.8 107.5 6.4 106.2 2.6 109.7 6.6 98.1 1.8
thiometon 100.4 12.0 115.8 8.5 101.3 1.3 110.9 3.5 107.6 6.5 100.7 0.8
tolclofos-methyl 105.0 4.6 118.2 5.5 99.5 1.4 106.6 3.3 111.0 5.7 101.1 1.0
tolylfluanid 108.1 2.9 117.5 10.8 103.7 2.0 106.0 2.3 112.0 5.1 101.0 1.1
triadimefon 106.5 3.0 118.9 7.8 103.4 2.9 104.5 2.2 110.2 5.7 101.0 0.9
triazophos 113.0 6.2 122.9 14.1 110.4 5.1 103.7 1.4 109.9 6.2 102.1 1.2
trifluralin 106.6 6.1 114.4 14.2 100.0 1.9 107.5 4.3 1153 5.3 105.9 2.0
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WUUAANIBY (screening) eataifitlasnumiadagiizluinuszanndsundauisdaiudunuyeangusyivy
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msUszanaranuliuivaurasmTIaamuwnyas ISO GUM Approach %38 Bottom-up Approach
HannmIUszanamanuliuiveunuhuvasnnuliviveuiedgyiige @e calibration curve (38%)
sample weight (26%) Waz method precision (23%) &1u bias %38 recovery (a¢ standard concentration
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(6 Uz 4%) warasalsznavdu auudaillussddsenauiiasunn asuaaslumwi 4

Recovery

N

\
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\Sample taken

Standard 20,

concentration
49, Final volume

1%
t:i [ | o U ) ] a I'd . v
AN 4 dadiuzaiasdUsenaunrasn N iU INITIATIE chlorpyrifos 1)

wamidmnammﬁmwNé’tﬁlaﬁ'mmﬁ'nﬂmwﬁ'mﬂﬁﬁ'ﬁm‘sm%mhﬂ
wasljianmsiesatelasumsilnausiifiensiusadiinnginaumuuazenulasafeenms
Tt w.a. 2563 190 7 ui LLﬂQLﬂuﬁmﬂﬁﬁamsﬁiﬁm‘%’mﬁa%y'ugq 4 wis navnadaliuimansaiene
U warrtasUfiamsiiliedeiaiugudn s uwis Walwusmsud 1 wis e fiumsnegauanuaanse
wazlsziiudsz@nsuamsilnausniarmlassmsilSauiisunaszuiniasujuiamsmaienzdarsini
Yasiumiadagigluin loaldmennds (Reference value) waz Expanded uncertainty U (k = 2) %89
ssfidnen 4 #iia @9 alpha-BHC, methamidophos, profenofos uaz fenpropathrin dauaaslumsad 3
Toadiias§UAn512N990 3 wrie 189U 4 @ (14, 1B, 2 waz 3) Namstsziliunadandnlosly Relative
expanded uncertainty (RU) sauaaslumnii 5 Tosfwuamnasisaniudiy RU < + 1 sandnnesaunua
USaneaians profenofos laluszuiiwalans s uvs (3a8a2 100) §a1an5 alpha-BHC, methamidophos
waz fenpropathrin #im RU luszauvinala 2 uie (Seear 66.7) ﬁqtﬂuﬁmﬂﬁﬁ’amﬂamﬁu wazdl
Waefams 1 uvis fifien RU lussdulihwalans 3 as dsaqldhivaslfoamsiianansoiassd
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A o a @ o a vad &
LwamLuumi‘wmuwﬂmﬂqwmlmzunqmmwmﬁnLﬂiwﬁ‘lwﬂmw

M50 3 Mo1de (Reference value) uaz Expanded uncertainty U (k = 2) 289a15N#ANEN

Pesticides Reference value (ug/kg) Expanded uncertainty
alpha-BHC 18.2 8.0
methamidophos 42.0 18.5
profenofos 45.4 20.0
fenpropathrin 59.8 26.4

3.0

2.0

Relative expended uncertainty (RU)

-3.0

alpha-BHC methamidophos profenofos fenproparthrin
W 1A 0.0 -0.1 -0.8 -0.3
M 1B -0.8 -0.9 -0.8 0.6
| P -0.7 0.3 -0.4 -0.6
3 -2.0 26 -0.2 -1.7

NN 5 RU 229m53@s1evars alpha-BHC, methamidophos, profenofos wag fenpropathrin
Tudregheimnuneind tnamiaansu RU < +1

a 4
AU

MInedaulsz@n5mMnaasid QuEChERS waz FaPEx® wuiisanasgiu QuEChERS Tvien
grecovery uaz %RSD aglunamisaniuinnniis FaPEx® uiisiiasldnauazanaiaiiasnt udinmsd
M3ANLEDNGBNNNANNGNEIBIBLITudUAULSN wazmslddmadnUsmnaisaazdinaiannuuiy
wazANNiieNwadis iy cartridge iussy SPE didaquiifinadaanuusiunasizdudiududng
WIzrasENgREe Wihs FaPEx® fidnsmwiimansanannliiiuisnaspuldidaimnaionn SPE
Thminzanluaneasaly

mswannidienzilosldieias GC-MS/MS lusuaey instrument method development
i dauaziionuuiudamsdenziuuy multi-residue method aghann Tagmmnzmsmaniz

waz MRM transitions fitvanzan lagdasamisdannindnatlussana msidan transitions Nlaimanzan
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e linamM A NRHANIIANNAIIUNIY wazmIIeNedashnunawsaunussiaduanuime
@naliadagin sy
8103endaee QUECHERS lasumswanniuiuaSusnlildldfudashiifianusugannnh
709% Ussiamiinuaza lifan Tusnsimsimngiomangusyiisuasmimdauwisiuiiudoslunduaai
anwdueh fiutl Tusiu uasnselasuaguiinaann Swasuaaaiiumssunulussu chromatography ly
msieneiluszaumidiululdenn e miaasiaiianunenmulfinafiaea o wu dispersive SPE #iil
dhunanat PSA wox C18 iivamiansndunid naaladuuasinenaunsiiold viems centrifuge ignmndion
1830 co-extracts matdanldiadasdiaiifienudimzgeazannsamnlvaamssumuldalaglidas
iumshliusandlduuiu msafalosld acetonitrile fludiwhazansmnsoazaremsiisinaauia
wannvanalgmiiiiuazliiier mndasieisiioienilasnse suieiiazyhats stationary phase
wlWagmsldnuues analytical column duas tiaifumsiaagliamnsainnsimsldnuiuuas
Humsuszndaninennsiahmswasudihazarslasmsssmeuislagldufalulasnuudiusuusmes
Toaldaswanae ethyl acetate uaz n-hexane 8aT1EIN 1 69 3 MIIATTIBLAIES GC-MS/MS
avananiiaananU)n3ennu active site Tie3nsile Sadeeiinsidis analytical protectant (D-sorbitol) 9aMS
adsorption wazn5 degradation yavshsauladaudaunadaciia Samsiazdaely repeatability e
mMstaanly inlet 28l PTV (programmable temperature vaporizer) lagmsaag 9 ﬂ%’uqmwgﬁ
Tgetudiumaielmsiiil volatility fwanehefiudg column liwsandiu iassansmmwmausnaslda
Tunsdiftadaeiialisl inlet #iiaiisnansold MMI (multimode inlet) #l#lenauwuy split/splitless wazU3u
qmwgﬁﬁuaﬂeﬂ" 138905793 0e 5580 triple quadrupole mass spectrometer 11 mode MRM, multiple
reaction monitoring gnsl%lﬁ'mﬁ'u sensitivity w8z selectivity mmsnmaﬁﬂmiﬁszﬁuGi"wmnlﬁ'u,amﬂu
Lﬂ‘éaaﬁaﬁﬁmmwu (robustness) Tmﬁ"ﬂﬂ%’lﬁ‘lumuﬁmiwﬁ drug metabolism, pharmacokinetics,
environmental contaminants, biological analyses WaZUENIANAN LB ﬁaqﬁmimmaauafmsﬁ
mmzauﬁaumﬂ%’m%aqﬁavgﬂﬂ%gq wniwasiiiniimsasaseu ldud Anuaizes retention time, peak
area (response) 138 MUNNTHEINNTONTIAFDUA ion intensity ratio eLBuNY
oﬁ”]LﬁumsmuquQmmwmam'ﬁLﬂswzﬁﬁqmﬂiuuazmﬂuan Toam33t@31e¥ method blank,
spiked sample waz duplicate sample NNYAYBINTANAUIDBENUDHUTENIM 5% VAIAIRENNATDY
Tunsdififideseiunuinn uasmanuasissdaiiiunsandaulassdashmsanatududennass
matuduriiozasansiinsanudesiiudunacie ion intensities ratio 1o ion intensities ratio 284
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Method Development for Pesticide Residue
Analysis in Cereal Grains and Pulses
using GC-MS/MS

Thoranit Chaimongkol and Weerawut Wittayanan
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi
11000, Thailand

ABSTRACT Cereal grains and pules are the most common consumed foods worldwide and the use of
pesticides in agricultural production for plant protection has been the cause for increasing concern.
The safety of these products must be checked for toxic pesticide residue contamination by reliable and
trustable analytical method. The efficiency of QUEChERS and FaPEx® method for sample preparation
procedure was compared. A modified QuUEChERS method was selected and was improved for
simultaneous determination of 122 pesticide residues in rice and dried soybeans and the method was
established and validated. The samples were initially extracted with acetonitrile (MeCN) and combined
with salting out step by the mixture of MgSO‘1 and CHgCOONa. The final extract was concentrated
and reconstituted with appropriate solvent. The target pesticides were detected by gas chromatography-
tandem mass spectrometry (GC-MS/MS) with MRM technique to minimized interference. The limit of
detection and the limit of quantification of the validated method were 0.02 and 0.05 mg/kg for the
pesticides respectively. Analysis of fortified rice and dried soybean samples were performed at three
different levels (0.05, 0.2 and 1.25 mg/kg). Mean recoveries from eight replicates ranged from 74.3-119.8%,
with relative standard deviation, RSD lower than 20. The evaluation showed that the QuEChERS
method held excellent linearity at 0.05-2.5 mg/kg (r > 0.995). The participation in PT scheme for
external quality control showed the satisfactory results and internal quality control was applied for
routine analysis. Based on our results, the developed method was successfully applied for the detection

and quantification of pesticide residues in rice and cereal grains for health concern and regulatory propose.

Keywords: Pesticide residues, Cereal grains, Pules, GC-MS/MS, QuEChERS
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Historical Control Data from Repeated
Dose 90-days Oral Toxicity Studies of
Wistar Rats (Mlac:WR)

Passaraporn Srimangkornkaew Kittigan Suwannasaroj Pakamon Yottharat
and Aunchalee Sirimontaporn

National Laboratory Animal Center, Mahidol University, Nakhon Pathom 73170, Thailand

ABSTRACT The control group data of any parameters such as age, sex, food/water consumptions,
hematological, clinical biochemistry parameters and organs weights were useful for toxicity studies.
The aim of this study was to collect data from 13-week of Wistar rats (Mlac: WR) which the strain
widely used for toxicity study and efficacy research. The data of this research consist of hematological
parameters and clinical biochemistry parameters including organ weights in 239 rats (119 males and 120
females) were collected base on 8 repeated dose 90-days oral toxicity studies and the result were shown
as maximum and minimum values, means and standard deviations. Thus, these historical control group
data would help to support for interpret the effects of test items in toxicity studies that used Wistar rats

for further study.

Keywords: Wistar rat, Historical control data, Toxicity studies
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Introduction

Wistar stain rat which the scientific name was Rattus norvegicus and this strain derived
from Denmark. The weight of mature had in range 250 - 300 and 180- 220 grams for male and
female animals, respectively. For the husbandry, various environment factors, such as ventilation,
temperature and humidity were controlled under the HVAC system. The temperature and humidity
were controlled at 22+3°C and 30- 70% RH. Lighting cycle was 12 hours lighting and 12 hours dark
including the noise control to not more than 85 dB. Drinking water was reversed osmosis (RO)
water with chlorine concentration of 5 - 7 ppm which sterile for Pseudomonas aeruginosa. Bedding
made from corn cob and mixed with water hyacinth that sterilized at 135 C for 7 minutes before
being used. The Wistar rat was used to study and research in different fields such as Nutrition,
Pathology, Pharmacology, Toxicology, Physiology, etc.”’ This strain produced, husbandry by
National Laboratory Animal Center (NLAC), Mahidol University and used in various toxicity and
efficacy studies in many products such as food additives, pharmaceuticals and industrial chemicals
which carried out according to international guidelines, such as OECD guideline or ISO 10993.
For the background or historical data are used to determine various parameters ranges and these
data were invaluable and essential because it was the first step for appropriate interpretation of
treatment related changes and help better evaluate the toxicity of various substances.”” Historical
control data on toxicity studies in rodent,® rat™ * and rabbit® or some strain of rat such as Crl:
CD (SD)® or RecHan™: WIST and Crl: WI(Han)™ have been previously reported. However, the
background data of experimental parameters for Wistar rat (Mlac: WR) from National Laboratory
Animal Center, Mahidol University in toxicity studies have not been published yet. The results
in many studies that use this strain have been interpreted on the basis of background data from
previous toxicity study instead of the histological control data. Therefore, the purpose of this study
is to publish histological control data in Wistar rat (Mlac: WR) by collecting data from 13- week of
Wistar rats (Mlac: WR) on 8 repeated dose 90- days oral toxicity studies. The results had 3 parts
(hematological, clinical biochemistry parameters and organ weights) which were analyzed and

shown as maximum and minimum values, means and standard deviations.

Materials and Methods

Preparation of Animals:

Healthy 13 weeks, 119 male and 120 female, Wistar rats (Mlac: WR) of body weight range
200 g + 20% were obtained from Office of Laboratory Animal Production, National Laboratory
Animal Center, Mahidol University, Thailand. The animal had been quarantined and acclimatized
for at least 6 days prior to the study. They were observed from their general health. The animals
had been housed in stainless steel cages (two rats/cage) with commercial feed diet (No. CP 082,
Perfect Companion Group Co., Ltd) and 5- 7 ppm chlorinated water ad libitum under the following

conditions: 12 hours light dark cycle, at temperature 22+3°C and 30- 70% relative humidity.
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In during the dosing period, the animal had received distilled water by gavage once daily. Guidelines
of “Guide for the care and use of laboratory animals” were strictly followed throughout the
study.”” The study was approved by National Laboratory Animal Center Animal Care and Use
Committee (NLAC- ACUC), Mahidol University; Thailand, approved all experimental protocols

conducted between 2018 and 2020.

Hematological and Clinical biochemistry Analysis:

On the last day, all animals were kept for overnight (15- 18 hours) fasting (feed but not
water) prior to blood sample collection. The animals were euthanized using CO2 inhalation.® Blood
samples were collected via cardiac puncture and separated into 2 tubes, one tube contained EDTA
for hematological and the other tube for serum clinical biochemistry analysis. The hematological
analysis used approximately 200 ul of blood and were analyzed by using an automated hematology
analyzer (Procyte DxTM, IDEXX Laboratories, Westbrook, Maine, USA) which parameters, unit
and measurement method were summarized in Table 1. For the clinical biochemistry analysis, that
used approximately 800 pul of blood per sample. After that, blood will be coagulated by remaining at
room temperature for 60 - 120 minutes and then centrifuged 2 times at 6,000 rpm for 10 minutes
to collect serum samples. The clinical biochemistry analysis were measured by an automated
blood analyzer (Cobas®c311, Roche Diagnostics, Basel, Switzerland). The parameters, unit and

measurement method were shown in Table 2.

Table 1 The parameter, unit and measurement method for hematological analysis

Parameter Abbreviation Unit Measurement Method
Red blood cell count RBC M/l Laser Flow Cytometry
Hemoglobin HGB g/dL SLS-Hemoglobin Method
Hematocrit HCT % Laser Flow Cytometry
Mean corpuscular volume MCV i (Het(%) x 10)
MCV =

(RBC Count x(1)

g
Mean corpuscular hemoglobin MCH pg MCH = (HGB (a) x 10
10 12
(RBC Count x (—L)

Mean corpuscular hemoglobin MCHC g/dL MCHC = (HGB (%) x1,000)
concentration MCV(fl)x RBC x (1_]?)12
Red blood cell distribution width RDW fLL Laser Flow Cytometry
Reticulocyte count RET % Laser Flow Cytometry
Reticulocyte hemoglobin RET-He pg Optical Fluorescence
Platelet PLT K/l Laser Flow Cytometry
Platelet distribution width PDW i Laser Flow Cytometry
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Table 1 The parameter, unit and measurement method for hematological analysis (Continued)

Parameter Abbreviation  Unit Measurement Method
Mean platelet volume MPV fL, Laminar Flow Impedance
Plateletcrit PCT % Laminar Flow Impedance
White blood cell count WBC K/l Laser Flow Cytometry
Neutrophil NEUT % Laser Flow Cytometry
Lymphocyte LYMPH % Laser Flow Cytometry
Monocyte MONO % Laser Flow Cytometry
Eosinophil % Laser Flow Cytometry
Basophil BASO % Laser Flow Cytometry

Table 2 The parameter, unit and measurement method for clinical biochemistry analysis

Parameter Abbreviation Unit Method
Sodium Na mmol/L ISE Indirect
Potassium K mmol/L ISE Indirect
Chloride Cl mmol/L ISE Indirect
Glucose SGLUs3 mg/dL Enzymatic Hexokinase
Cholesterol CHO2I mg/dL Enzymatic Colorimetric
Triglyceride TRIGL mg/dL Enzymatic Colorimetric
Uric acid UA2 mg/dL Enzymatic Colorimetric
Blood urea nitrogen U-BUN mg/dL Enzymatic Colorimetric
Creatinine CREA2 mg/dL Enzymatic Colorimetric
Total protein TP2 g/dL Colorimetric Assay
Albumin ALB2 g/dL Colorimetric Assay (Bromcresol Green - BCG)
Globulin GLO mg/dL Calculate from Total Protein Albumin
High-density lipoprotein HDLC4 mg/dL Enzymatic Colorimetric
Low-density lipoprotein LDLCs mg/dL Enzymatic Colorimetric
Alanine amino transferase ALTL U/L IFCC without Pyridoxal Phosphate
Aspartate amino transferase ASTL U/L IFCC without Pyridoxal Phosphate
Alkaline phosphatase ALP2S U/L Colorimetric Assay/IFCC

Organ Weighting:

After blood samples collection, all animals were sacrificed. The positions, shapes, sizes

and colours of internal organs were evaluated. The following organ: Liver, Kidneys, Heart,

Adrenal glands, Brain, Testes, Epididymides, Ovaries and oviduct, Uterus, Spleen and Thymus were

trimmed to visually detect gross lesions and weighed (For all of the paired organs were separately

weighed) by using an electronic balance 4 digits (Mettler - Toledo, Columbus, Ohio, USA).

Then, the weights of these organs were converted to relative organ weights by calculating in the

relative weights per 100 g animal body weight.
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Data collection and analyzed.:

The data of Wistar rats (Mlac: WR) that same breeder, ages and animal sources of Wistar
rats (Mlac: WR) on 8 repeated dose 90- days oral toxicity studies. This studies had been performed
in the same of environment, equipment, and facility testing (National Laboratory Animal Center,
Mahidol University, Thailand). All animal data were collected for hematological parameters,
clinical biochemistry parameters, organ weights and then, statistical analysis was calculated by
using Microsoft Excel (Version 2013, Microsoft Corporation, Redmond, WA, USA) and performed

in maximum, and minimum values, means and standard deviations.

Results

The clinical biochemistry analysis data for male and female animals were shown in Table
3 and 4, respectively. For both sexes animal, the standard deviations of Total protein, Albumin,
Sodium and Chloride were less than 10% of mean values. The standard deviations of male animals
were less than 20% of mean values for Blood urea nitrogen, Creatinine, Uric acid, Cholesterol,
Alkaline phosphatase, Potassium, Globulin and the standard deviations were more than 30% of
mean values for Glucose, Triglyceride, Low- density lipoprotein, Aspartate amino transferase,
Alanine amino transferase, High- density lipoprotein. In female animals had the standard deviations
of Blood urea nitrogen, Creatinine, Alkaline phosphatase, Potassium, High- density lipoprotein,
Globulin less than 20% of mean values and the standard deviations of Glucose, Uric acid,
Cholesterol, Triglyceride, Low- density lipoprotein, Aspartate amino transferase and Alanine amino

transferase were more than 20% of mean values.

Table 3 The hematological analysis of male animals

Organ N Mean + SD MAX MIN -2S.D. +2S.D.
RBC (M/ul) 119 9.90 £ 0.74 12.06 3.49 8.42 11.38
HGB (grdl) 119 17.4+£0.73 20.5 16.0 16.0 18.9
HCT (%) 119 54.8 £ 2.78 67.0 48.3 49.2 60.4
MCV (fL) 119 55.1+1.94 58.8 50.1 51.2 59.0
MCH (pg) 119 17.5+0.43 18.5 16.1 16.6 18.4
MCHC (g/dl) 119 31.8 £ 0.94 34.5 29.8 29.9 38.7
RDW (fL) 119 32.0+1.27 35.7 30.0 29.5 34.6
RET (%) 119 3.18 £0.53 4.48 0.61 2.12 4.25
RET-He (pg) 119 19.1 +£0.47 20.1 17.9 18.2 20.0
PLT (K/ul) 119 888 + 78.72 1215 699 731 1046
PDW (fL) 119 8.8 £0.51 10.2 7.5 7.8 9.8
MPV (fL) 119 7.3+0.32 8.2 6.6 6.7 7.9
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Table 3 The hematological analysis of male animals (Continued)

Organ N Mean + SD MAX MIN -2S.D. +2S.D.
PCT (%) 119 0.65 + 0.07 0.93 0.50 0.51 0.79
WBC (K/ul) 119 6.92 +£1.09 9.89 4.18 4.73 9.11
NEUT (%) 119 12.1 +4.14 21.5 0.7 3.8 20.4
LYMPH (%) 119 81.4 +4.32 94.0 71.8 72.8 90.1
MONO (%) 119 5.4 +1.72 13.8 2.1 2.0 8.9
EO (%) 119 0.9+£0.30 1.9 0.3 0.3 1.5
BASO (%) 119 0.1+0.11 0.5 0.0 0.0 0.3

Table 4 The hematological analysis of female animals

Organ N Mean + SD MAX MIN -2S.D. +28.D.
RBC (M/ul) 120 9.57 £0.60 11.26 8.35 8.36 10.78
HGB (grdl) 120 17.8 £1.08 20.9 15.5 15.6 20.0
HCT (%) 120 55.9 + 3.65 67.7 49.2 48.6 63.2
MCV (fL) 120 58.4+1.53 62.4 53.9 55.4 61.5
MCH (pg) 120 18.6 £0.37 19.6 17.5 17.8 19.3
MCHC (gvdl) 120 31.8+0.73 33.5 30.0 30.4 33.3
RDW (fL) 120 29.7 £1.09 32.9 27.4 18.2 22.9
RET (%) 120 3.43 +0.61 4.98 2.15 2.20 4.66
RET-He (pg) 120 20.1 +0.52 21.6 18.7 19.1 21.1
PLT (K/ul) 120 931 + 86.24 1150 702 758 1103
PDW (fL) 120 8.5+ 0.52 9.8 7.6 7.4 9.5
MPV (fL) 120 7.2 £0.31 7.8 6.5 6.5 7.8
PCT (%) 120 0.67 +0.07 0.90 0.52 0.53 0.81
WBC (K/ul) 120 4.87+1.02 8.68 2.69 2.83 6.91
NEUT (%) 120 8.6+ 3.11 19.2 0.8 2.4 14.8
LYMPH (%) 120 85.9 & 3.41 93.7 74.2 79.1 92.8
MONO (%) 120 4.7+1.15 8.8 2.5 2.4 7.0
EO (%) 120 0.6 +0.28 1.8 0.2 0.0 1.1
BASO (%) 120 0.2+0.17 0.9 0.0 0.0 0.5

Nsasasyingengasmsuwngd
U9 63 atun 3 nsngIaN - AUy 2564




v

ayanguamuaNIINMINadauaNNTuTEMIhnEBMYLITEIBWUE Wistar

AddIN50] AININTUAD LazAME

The hematological analysis data of both sexes animal showed the standard deviations
of Red blood cell count, Hemoglobin, Hematocrit, Mean corpuscular volume, Mean corpuscular
hemoglobin, Mean corpuscular hemoglobin concentration, Red blood cell distribution width,
Reticulocyte hemoglobin, Platelet, Platelet distribution width, Mean platelet volume, Lymphocyte
and Reticulocyte count, Platelet, White blood cell count were less than 10% and 20% of mean
values, respectively but the standard deviations of other differential counts were more than 30%

of mean values. The all data for the clinical chemistry analysis were summarized in Table 5 for

male animals and Table 6 for female animals.

Table 5 The clinical biochemistry analysis of male animals

Organ N Mean + SD MAX MIN -28.D. +28.D.
SGLU3 (mg/dL) 119 451.1 £ 94.54 731.3 255.8 262.0 640.2
U-BUN (mg/dL) 119 20.8 £ 3.22 31.3 14.4 14.4 27.2
CREA2 (mg/dL) 119 0.39 £ 0.06 0.61 0.29 0.27 0.50
UA2 (mg/dL) 119 8.4+1.64 15.0 4.6 5.2 11.7
CHO2l (mg/dL) 119 81.7 +15.87 141.0 43.9 50.0 113.4
TRIGL (mg/dL) 119 133.3 + 34.11 224.8 69.9 65.1 201.5
LDLC3 (mg/dL) 119 9.0 + 3.48 18.5 2.8 2.0 15.9
ASTL (U/L) 119 129.9+43.28  267.0 63.7 43.3 216.4
ALTL (U/L) 119 126.2 + 60.92 324.8 37.0 4.3 248.0
ALP2S (U/L) 119 754 14.29 143 45 46 103
TP2 (g/dL) 119 7.56 £0.74 11.74 5.73 6.09 9.03
ALB2 (g/dL) 119 5.16 £ 0.43 7.06 3.88 4.30 6.02
HDLC4 (mg/dL) 119 63.0+13.11 108.6 33.4 36.8 89.2
Na (mmol/L) 119 152.9 £11.25 197.0 124.8 130.4 175.4
K (mmol/L) 119 11.65+1.98 16.55 7.83 7.68 15.61
Cl (mmol/L) 119 104.0 + 7.78 134.8 84.6 88.5 119.6
GLO (mg/dL) 119 2.39+0.34 4.48 1.85 1.71 3.07
Table 6 The clinical biochemistry analysis of female animals

Organ N Mean + SD MAX MIN -2S.D. +2S.D.
SGLU3 (mg/dL) 120 220.7 £ 91.99 524.1 59.4 36.7 404.6
U-BUN (mg/dL) 120 20.1£3.15 35.2 12.7 13.8 26.4
CREA2 (mg/dL) 120 0.42 + 0.07 0.65 0.29 0.29 0.56
UA2 (mg/dL) 120 5.0 +1.04 9.2 2.2 2.9 7.1
CHO2l (mg/dL) 120 95.9+19.39 152.1 55.2 57.2 134.7
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Table 6 The clinical biochemistry analysis of female animals (Continued)

Organ N Mean + SD MAX MIN -28.D. +2S.D.
TRIGL (mg/dL) 120 85.8+27.20 182.6 42.1 31.4 140.2
LDLC3 (mg/dL) 120 8.5+3.54 21.2 1.7 1.4 15.6
ASTL (U/L) 120 86.5+18.57 224.4 60.3 49.4 123.7
ALTL (U/L) 120 47.9410.05 82.0 28.2 27.8 68.0
ALP2S (U/L) 120 35+6.68 67 20 22 49
TP2 (g/dL) 120 7.54£0.68 9.92 5.82 6.18 8.89
ALB2 (g/dL) 120 5.48+0.45 7.38 4.39 4.58 6.39
HDLC4 (mg/dL) 120 78.9+14.64 119.0 44.0 49.6 108.2
Na (mmol/L) 120 151.1+£10.22 205.0 131.5 130.6 171.5
K (mmol/L) 120 12.18+2.37 19.32 6.52 7.44 16.92
C1 (mmol/L) 120 107.248.12 146.4 90.7 91.0 123.4
GLO (mg/dL) 120 2.05£0.27 2.89 1.48 1.50 2.60

The standard deviations for the organ weights of male animals were less than 10% of
mean values for liver, right kidney, heart, spleen, brain, right and left testis. For the left kidney,
lung, right and left adrenal, right and left epididymis had the standard deviations less than 20%
of mean values except the standard deviations of thymus which more than 20% of mean values.
The standard deviations of liver, right and left kidney, heart, spleen and brain in female animals
were less than 10% of mean values. The other organ as lung, right and left adrenal, right and left
ovary and oviduct and thymus had the standard deviations less than 20% of mean values on the
other hand, uterus had the standard deviations more than 30% of mean values. The organ weights

for male and female animals can be summarized as shown in the Table 7 and 8, respectively.

Table 7 The organ weights of male animals

Organ N Mean + SD MAX MIN -2S.D. +2S.D.
Liver 119 2.6916 £0.19  3.2191  2.2943 2.3042 3.0790
Right Kidney 119 0.2547+£0.02  0.3087  0.2106 0.2177 0.2917
Left Kidney 119 0.25114£0.03  0.4185  0.2080 0.1930 0.3093
Heart 119 0.2861 +£0.02  0.3346  0.2538 0.2542 0.3179
Lung 119 0.4123+£0.06  0.6473  0.2875 0.2931 0.5316
Spleen 119 0.1751+0.02  0.2121  0.1382 0.1434 0.2068
Brain 119 0.4260+0.03  0.5060  0.3464 0.3628 0.4892
Right Adrenal 118 0.0075 £ 0.00 0.0107 0.0055 0.0057 0.0093
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Table 7 The organ weights of male animals (Continued)

Organ N Mean + SD MAX MIN -2S.D. +2S.D.
Left Adrenal 119 0.0084+0.00 0.0112  0.0061 0.0063 0.0105
Right Testis 119 0.3674+0.03 0.4567  0.2879 0.3017 0.4330
Left Testis 119 0.3695+0.03 0.4523  0.2904 0.3072 0.4317
Right Epididymides 74 0.1136+0.01 0.1441  0.0889 0.0903 0.1368
Left Epididymides 74 0.1133+0.01 0.1431 0.0836 0.0900 0.1366
Thymus 119 0.0598+0.01 0.0956  0.0384 0.0358 0.0838

Table 8 The organ weights of female animals

Organ N Mean + SD MAX MIN -2S.D. +2S.D.
Liver 120 2.7335+0.25 3.4176  2.2193 2.2328 3.2343
Right Kidney 120 0.2936£0.01 0.3278  0.2526 0.2643 0.3229
Left Kidney 120 0.2804£0.02 0.3147  0.2385 0.2484 0.3124
Heart 120 0.3473+0.02 0.4135  0.3096 0.3074 0.3871
Lung 120 0.5895+0.09 0.8703  0.4058 0.4144 0.7646
Spleen 120 0.227140.02 0.2765  0.1639 0.1876 0.2667
Brain 120 0.7669+0.04 0.8795  0.6544 0.6817 0.8521
Right Adrenal 120 0.0162+0.00 0.0243 0.0119 0.0117 0.0206
Left Adrenal 120 0.017440.00 0.0282  0.0080 0.0121 0.0226
Right Ovary and oviduct 120 0.0179+0.00 0.0243  0.0127 0.0131 0.0227
Left Ovary and oviduct 120 0.017940.00 0.0258 0.0114 0.0127 0.0230
Uterus 120 0.2150+0.08 0.4324  0.1260 0.0624 0.3658
Thymus 120 0.0849+0.02 0.1405  0.0464 0.0521 0.1177

Discussion

The analyzed parameters for hematological and clinical biochemistry were frequently
affected by fasting period, collection technique, conditions and methods of storage. In addition, the
hematological parameters can be affected further by anticoagulants and measurement method.
In our study, the parameter of hematological analysis consists of Red Blood Cells (RBC), Hemoglobin
(HGB), Hematocrit (HCT), MCV, White Blood Cells (WBC), Neutrophils (NEUT), Reticulocytes
(RET) in both sex animal and Lymphocytes (LYMPH), Basophils (BASO) in female animal were
differences from previous reported findings."” The analyzed parameters of clinical biochemistry

(10)

analysis were mostly differences tendency to that previously reported* ™ except Alkaline Phosphatase

(ALP). The fluctuation of data could be occurred due to age, gender, species and other factors.
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The organ weights, male animal had number of epididymites in both sides less than
another organ because some cases the tissue were missing. The organ weights parameters had
affected by trimming method, weighting time, and measurement sensitivity. Addition notes of
number for male and female animals were not the same because one of male animal died by the
husbandry accident. For our study, the organ weight was similar tendency to that previously
reported® except liver, kidney, heart, lung and testis in male animals and liver in female
animals which the variation of data caused by species and other factors. However, the data included
in this publication are for informational purposes only and can be used for establishing reference

values for Wistar strain rats (Mlac: WR).

Conclusion

The present study carried out the hematological parameters, clinical chemistry parameters
and organ weights data of 13- week Wistar rats (Mlac: WR) on 8 repeated dose 90- days oral toxicity
studies to establish specific reference values of Wistar rats (Mlac: WR) which shown data in maximum
and minimum values, means and standard deviations which will be helpful for interpretation of
the experimental results and evaluation of the effects of various test items. For the future study,

the data were usually improved in accuracy as the sample size increases.
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1 ZIKV 835 TTGGTCATGATACTGCTGATTGC 835-857 prM
ZIKV 911c CCTTCCACAAAGTCCCTATTGC 911-890
ZIKV 860-FAM CGGCATACAGCATCAGGTGCATAGGAG 860-886

2 ZIKV 1086 CCGCTGCCCAACACAAG 1086-1102 E
ZIKV 1162c CCACTAACGTTCTTTTGCAGACAT 1162-1139
ZIKV 1107-FAM AGCCTACCTTGACAAGCAGTCAGACACTCAA 1107-1137

3  ZIKV 4481 CTGTGGCATGAACCCAATAG 4434-4453 NS2b
ZIKV 4552¢ ATCCCATAGAGCACCACTCC 4524-4505
ZIKV 4507c-FAM CCACGCTCCAGCTGCAAAGG 4479-4460

*snunisgasBuihvinevashisdmarawug MR766 (GenBank accession number AY632535)
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ﬂﬁﬂﬁﬁﬁuqniiuﬁ’?ﬂLﬂ%}aﬂgﬂiuﬁa EZ1 Advance XL (QIAGEN, Germany) ldnaaia EZ1 DSP Virus
Kit (QIAGEN, Germany) laguanmadetaanns 300 lulasans nu buffer AVL (QIAGEN, Germany)
100 lulasdns dwsumegndsunsanaraan uazhsamuanuinldumnas 150 lulasdas uaniu buffer

AVE (QIAGEN, Germany) 250 lulasans uaihniasadlamagnesiduatsnes eo lulasans
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iaLnIaliuaned Ct w3ail amplification curve WU S - curve ¥Salaa Ct nANWSBWNNY 40
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HaN 3059 TWUENTIN 1I5aTNEIS real - time RT - PCR loaanntuiagineneansansisogy
nsuinmmansmaunng U w.e. 2559 - 2563 dauaadlumanil 2 madeESundowman uazilaan:
Y 12,820 Moe thunngihadninaeidgausulsauazduiasn 9,559 318 WUNAUIN 918 (DL
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Epidemiology of Zika Virus Disease in
Thailand, during 2016-2020

Sumalee Chanama' Pattara Wongjaroen' Sirirat Naemkhunthot' Laddawan Meephaendee'
Arisara Posanacharoen' Pongsiri Tanthong' Husneeyah Vateh' Sarinee Chumnanraksa'
Wararat Jamfa' and Areerat Sa-ngasang’

'National Institute of Health, Department of Medical Sciences, Tiwanon Road, Nonthaburi 11000
’Retired Government Official, 690/25 Bang Kraso, Amphoe Mueang, Nonthaburi 11000, Thailand

ABSTRACT Zika disease is an important mosquito-borne disease in Thailand and the most
appropriate laboratory diagnostic test for the disease is the ZIKV RNA detection in serum and/or urine
by real-time reverse transcription-polymerase chain reaction (RT-PCR). The objective of this study was
the epidemiological survey for Zika disease in Thailand between 2016 and 2020, employing laboratory
diagnostic test. A total of 12,820 serum and urine specimens collected from 9,559 patients were tested for
Zika virus (ZIKV) by real-time RT-PCR using 3 sets of primer/probe specific to prM, E and NS2b genes.
The results showed that 918 samples were positive (7.16%). The highest positive rate (23.38%) was in
the age group 25-34 year old while both 15-24 and 35-44 age group showed the same positive rate
(16.01%). The confirmed ZIKV cases were distributed in 35 provinces of Thailand. The top 3 provinces

were Bangkok, Bungkan and Nonthaburi, respectively.

Keyword: Zika virus, Zika virus disease, Epidemiology
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Comparison of Efficacy of Crocodile Blood
Extract against Inhibition of Cell Viability
in Hepatocellular Carcinoma and Human

Cholangiocarcinoma Cell Lines

Rassameepen Phonarknguen' Kanjana Assawasuparerk® and Thanakorn Rawangchue’
‘The Monitoring and Surveillance Center for Zoonotic Disease in Wildlife and Exotic Animals,
’Department of Pre-Clinical and Applied Animal Science, *The Center for Veterinary Diagnosis, Faculty
of Veterinary Science, Mahidol University, Phutthamonthon, Nakhon Pathom 73170, Thailand

ABSTRACT Crocodile (Croccodylus siamensis) blood extracts (CE) consisting of natural active
peptides, which are used in cancer therapy. This study investigated the activity of CE and their effects
on cell viability of hepatocellular carcinoma (HepG2) and human cholangiocarcinoma (HuCCA) cell lines
by MTT assay. A range from 100 to 1,600 ug/mL of CE decreased the viability of HepG2 and HuCCA cells
as compared with control group, while CE statistically reduced cell viability of HepG2 more than HuCCA
cells (p<0.001). The 50% inhibitory concentration (1050) of CE on HepG2 and HuCCA cells dose
suggested to approximately 120.36 ug/mL and 846.28 pug/mL, respectively. The treatment of CE could
induce nuclear morphological changes apoptotic cells, nuclear chromatin condensation and fragmentation
by Hoechst 33342 staining. In conclusion, CE could inhibit cell viability and induce apoptosis in HepG2
and HuCCA cells and it could reduce cell viability of HepG2 cells more than HuCCA cells. This study
indicated that CE had more promising treatment of hepatocellular carcinoma than cholangiocarcinoma

in vitro study.

Keywords: Crocodile blood extract, Cell viability, Apoptosis, Hepatocellular carcinoma, Cholangiocar-

cinoma
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Introduction

Hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA) are two main histological
types of liver cancer.” Liver cancer originated from either the liver or structure within liver, such
as blood vessels and bile duct. HCC and CCA are malignant cancer. These cancers are crucial
public health problem worldwide. The incidence of the cancer can find throughout the world. It
is relatively common in developing countries.” ® In particular, the incidence of cancer is very
high in Thailand. The highest incidence is in the northeast of Thailand, where chronic infection
with hepatitis B (HBV) and the liver fluke, Opisthorchis viverini is the major risk factor for the
progression of liver cancer.”” Both HCC and CCA are highly incurable disease.”’ Curative
option in the cancer presently remains rather unclear. Moreover, resection of cancer, liver
transplantation, radiotherapy and chemotherapy are still a matter strong debate with many reasons
for the best treatment. One of the treatments for HCC and CCA is chemotherapy by 5-fluorouracil
(5-FU), which however is rather ineffective."” The combined treatment of chemotherapy with
radiotherapy in HCC and CCA causes severe side effects without significantly improving the prognosis
of a patient.”” Therefore, alternative therapies without side effects have been widely sought
after. Natural products have been a source of medication efficacious drugs.® Crocodile blood from
Siamese Crocodile (Croccodylus siamensis) has bioactive compounds such as hemoglobin, plasma,
serum and white blood cell. These compounds have been suggested to contain numerous types of
antimicrobial agents.””*® Antimicrobial agents have been reported to be a propitious anticancer
remedy. Previous research suggested that some antimicrobial substances show anticancer properties
which these substances can reduce cancer cell viability.(m) Therefore, antimicrobial substances are
being vastly studied to define whether they can function as anticancer drugs.""” White blood cells
extract from Siamese crocodile are considered a prime source of natural active peptides, which are
used in the treatment of cancer. Previous studies found that the crocodile leukocyte peptide could
inhibit human cervical cancer cells (HeLa), human lung cancer,"” ' human colon cancer cells
(Caco-2)"* ' human prostate cancer cells (LNCaP and PC-3) and human breast cancer cells
(MCF-17).“* However, effect of crocodile blood extract on hepatocellular carcinoma and human
cholangiocarcinoma cells has not formerly been determined. In this research, we evaluated the effect
of crocodile blood extract on hepatocellular carcinoma (HepG2) and human chrolangiocarcinoma
(HuCCA) cell viability in vitro. To our knowledge, this is the first report of crocodile blood extract
to inhibit of HepG2 and HuCCA cells. In addition, this is comparison of the efficacy of crocodile

blood extract against hepatocellular carcinoma and human cholangiocarcinoma cell inhibition.

Material and Methods

Chemical and reagents
Crocodile blood was obtained from a farm in Kanchanaburi province. Dulbecco’s Modified

Eagle Medium (DMEM) was purchased from Invitrogen-Gibco (Grand Island, NY, USA). Fetal
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bovine serum (FBS) was purchased from Hyclone USA. 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT), 5-fluorouracil (5-FU), Hoechst 33342 and Dimethylsulfoxide
(DMSO) were purchased from Sigma Inc., USA. Other common chemicals and reagents were
received from the Monitoring and Surveillance Center for Zoonotic Diseases in Wildlife and Exotic

Animals, Faculty of Veterinary Science, Mahidol University Thailand.

Cell culture and cell lines

Human hepatocellular carcinoma cell line (HepG2) was received from the Monitoring and
Surveillance Center for Zoonotic Diseases in Wildlife and Exotic Animals, Faculty of Veterinary
Science, Mahidol University. Human cholangiocarcinoma cell line (HuCCA) was provided by
Associate Professor Dr. Adisak Wongkajornslip, the Department of Pharmacology, Faculty of Medicine
Siriraj Hospital, Mahidol University. HepG2 and HuCCA cells were cultured in DMEM added
10% FBS, Penicillin (100IU/mL) and streptomycin (100 pg/mL). Both cells were kept at 37 C

in an incubator with a humidified atmosphere of 95% and 5% (v/v) COz.

Crocodile blood extract (CE) preparation

Crocodile blood extracts were prepared as formerly explained.®'® Concisely, the crocodile
blood extracts were sonicated with a High Intensity Ultrasonic Processor (Sonic, VC 500) (pulse
on 5s, pulse off 10s, 40% amplitude, at 4 'C for 20 min) and centrifuged with refrigerator centrifuge
HERMLE Z383K at 4 °C 12,000 rpm for 20 min. The supernatant was dried using vacuum chamber
and freeze drier. Next, the extracts were dissolved in 1x PBS (pH 7.4). The protein concentrations
were measured by BCA protein Assay Kit (Thermo Fisher Scientific).

The research protocol was conducted by National Research Council (NRC), Thailand and
was approved by a committee of Faculty of Veterinary Science, Mahidol University, Thailand,

animal use license no: U1-01313-2558.

Treatment of cell lines with CE and cytotoxicity analysis

HepG2 and HuCCA cells were seed into 96 well plates and incubated under 5% CO2 at 37 C
for 24 h. After that both cells were treated with different concentration of ether CE or 5-FU (100,
200, 400, 800, 1,600 pug/ml), control (0 pug/mL) for 48 h. Later moving the media, the 100 pL of
MTT solution was added in each well and incubated for 4 h at 37°C."® After 4 h, the media was
forsaken and added serum-free media. Then, DMSO 100 ul was added to each well to solubilize
the purple formazan yield and incubated for 5 min in the dark at room temperature. Absorbance
was measured at 490 nm using a microplate reader (Bio-Rad, Hercules, CA). The results were
used to assess 50% inhibition concentration <IC50) or concentration that cause 50% loss of cell
viability. The IC50 was calculated by GraphPad Prism program version 8.0.1 (244) Software. The

cytotoxicity was measured by The MTT assay. The experiments were done three independent trials.
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Analysis of apoptosis by nuclear staining

The nuclear condensation and fragmentation indicative of apoptosis was evaluated by
Hoechst 33342 (Sigma, USA) nuclear staining. After incubation with CE for 48 h, the culture
media were removed, the cells were washed two times with cold phosphate-buffered saline (PBS)
and fixed with cold methanol and acetic acid (3/1 v/v) at 4 ‘C overnight. Afterward, the cells were
stained with Hoechst 33342 for 30 min the dark at room temperature. Next, cells were washed with

PBS two times and assessed under a fluorescent microscope (Nikon, NIS-Elements).

Statistical analysis

Data of cell viability were presented as mean + SD from three independent experiments.
Statistical analyses were performed using GraphPad Prism program version 8.0.1 (244) Software.
Two-way analysis of variance (ANOVA) with Bonferroni post-test were used to compare the
differences between treatments and control group. All data were considered statistically significant

at p-values < 0.05.

Results

Cytotoxicity of CE on HepG2 and HuCCA cells

After treatment with CE for 48 h, the viabilities of HepG2 and HuCCA cells were
decreased in a concentration-dependent manner from 100-1,600 pg/mL as compared with control
group. CE could decrease cell viability of HepG2 cells more than HuCCA cells (Figure 1). In addition,
the effect of CE on HepG2 and HuCCA cell viability were compared with treatment 5-FU for 48 h.
The results showed that CE could reduce HepG2 cell viability similar effect to the 5-FU treatment.
At the CE dose 1,600 pug/mL, the inhibitory effect on cell viability was 1.99 times more than 5-FU
at the same dose (Figure 2A). Whereas, HuCCA cells treated with CE found that CE could decrease
HuCCA cell viability lower than 5-FU treatment (Figure 2B). The average 50% inhibitory concentrations
(ICSO) of CE on HepG2 and HuCCA cells were 120.36 ug/mL and 846.28 pug/mL, respectively.
Meanwhile, IC50 of 5-FU on HepG2 and HuCCA cells were 77 ug/mL and 103 ug/mL (Table 1).
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0 100 200 400 800 1600
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Figure 1 Comparison the cell viability of HepG2 and HuCCA cells after treatment with CE at

various concentration for 48 h. All values are presented in mean + SD, ***p<0.001.
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Figure 2 Cell viability of HepG2 and HuCCA cells after treatment with CE at various concentration
for 48 h compared with 5-FU. (A) Cell viability of HepG2 cells. (B) Cell viability of
HuCCA cells. All values presented in mean + SD. ***p<0.001.

Table 1 The average 50% inhibitory concentration (1050) of CE and 5-FU on HepG2 and HuCCA cells.

Cell Treatment IC50 pg/mL
HepG2 CE 120.36
5-FU 77
HuCCA CE 846.28
5-FU 103

CE induced HepG2 and HuCCA cells apoptosis with characteristic morphological changes

The nuclear morphology changes of treated cells were determined by Hoechst 33342 staining.
The results showed chromatin condensation and fragmentation which refer to nuclear damage
were presented in treated cells (Figure 3B and 3D) whereas round nuclei were observed in the
control cells (Figure 3A and 3C). This result suggested that CE could lead HepG2 and HuCCA

cells to under apoptosis.
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HepG2 cells HuCCA cells

Figure 3 Detection of nuclear morphological changes in HepG2 (A-B) and HuCCA cells (C-D)
following CE treatment for 48 h by Hoechst 33342 staining, as observed by fluorescence
microscopy at 40x magnification. Control group (A, C) and CE treatment group (B, D).

Arrow indicate chromatin condensation and fragmentation.

Discussion

Hepatocellular carcinoma and human cholangiocarcinoma are an important public health
problem worldwide. These cancers are relatively common in developing countries. In Thailand, high
incidence of hepatocellular carcinoma and human cholangiocarcinoma are especially found in the
northeast region. These cancers are highly mortal disease because the cancer is characterized by a
poor prognosis and poor response to contemporary therapeutics.”'” Recently, it has been reported
that treatment of hepatocellular carcinoma and human cholangiocarcinoma with chemotherapy
and radiotherapy cause severe side effects without improving the prognosis of the patients.”’
The discovery and development of an effective treatment control of the cancer are desired. The use
of natural products for cancer treatment has received a great deal of concentration toward their
various health benefits and notable lack of toxicity and side effects. Crocodile blood has a broad
(9, 18, 19, 20)

range of biological properties. The crocodile blood peptides have antimicrobial potential.

Additionally, extracts from crocodile (Croccodylus siamensis) leukocytes have been reported
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anticancer activity"" '

against human lung cancer (LU-1), prostate cancer (LNCaP, PC-3),
breast cancer, colorectal cancer (CaCo-2) and HeLa cells"" ' While, showed non toxicity to normal
cells such as Vero cells and HaCaT cells."* The effect of CE on HepG2 and HuCCA cells have not
formerly reported and this is the first study that we examined its effects on HepG2 and HuCCA
cells. The results indicated that treatment with CE could decrease cell viability of HepG2 and
HuCCA cells. Notably, CE showed decrease cell viability of HepG2 cells by 2.08 times higher than
HuCCA cells. Thus, the data demonstrated that CE shows a broad spectrum of antiproliferation
against HepG2 and HuCCA cells. Moreover, the data showed that CE and 5-FU displays the similar
potentiality on the decrease in HepG2 cell viability at the same dosage. However, CE treatment
reduced the viability of HuCCA cells by 1.84 times less than 5-FU treatment. This study indicated
that apoptosis was induced following treatment with CE. HepG2 and HuCCA cells were likely adjusted
through apoptosis by which nuclear morphological changes consist of chromatin condensation
and fragmentation. Hence, the CE treatment of HepG2 and HuCCA cells could reduce cell viability
due to increase apoptotic cells. Mechanism of apoptosis in HepG2 and HuCCA cells by CE also

awaits further study.

Conclusion

In conclusion, our study indicated that CE could inhibit the viability of HepG2 and HuCCA
cells by the induction of apoptotic cells. Furthermore, CE could decrease cell viability of HepG2 cells
more than HuCCA cells. Therefore, CE has more promising remedy of hepatocellular carcinoma

than cholangiocarcinoma in vitro, which can be used for information further study in vivo.
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The Acute and Sub-Chronic Oral Toxicity
Testing of Cordyceps militaris

in Wistar Rats

Kittigan Suwannasaroj Passaraporn Srimangkornkaew Pakamon Yottharat

and Aunchalee Sirimontaporn
National Laboratory Animal Center, Mahidol University, Nakhon Pathom 73170, Thailand

ABSTRACT Cordyceps militaris consists of Cordycepin, Adenosine, Polysaccharides and other
compounds. For many countries including Thailand used C. militaris as an ingredient of a dietary
supplement for many years. Whereas, toxicological testing data of C. militaris has less been to conduct.
This study was conducted for the toxicity assessment of C. militaris by acute and sub-chronic oral
toxicity testing in Wistar rats. The evaluation of C. militaris for acute oral toxicity in Wistar rats were
performed at dose level 300 and 2,000 mg/kg body weight according to OECD Guidelines for the testing
of chemicals 423, Acute Oral Toxicity —Acute Toxic Class Method. The results in all animals were not
shown signs of toxic effects, moribund and mortality. Thus, Cordyceps militaris was classified in GHS
(Globally Harmonised System for Classification and labeling of Chemicals) category 5 or unclassified,
the LDSO cut off at 5,000 mg/kg body weight to infinity (o). The sub-chronic oral toxicity of C.militaris
was performed and the methodology was modified from OECD Guideline for testing of chemicals 408,
Repeated Dose 90-Days Oral Toxicity Study in Rodent. The assessment and evaluation of toxic effects
were investigated at the dose levels 5, 20 and 80 mg/kg body weight of C. militaris in Wistar rats and
the result conclude that, the no observed adverse effect level (NOAEL) of C. militaris was considered to

be 80 mg/kg body weight per day for Wistar rats.

Keywords: Cordyceps militaris, Acute oral toxicity, Sub-chronic oral toxicity, OECD Guidelines 423,
OECD Guidelines 408
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Introduction

The Cordyceps militaris has several bioactive compounds such as cordycepin, adenosine,
polysaccharides, amino acid, sterols, cordycepic acid and multivitamins.”” *** These compounds

(5)

exhibit various beneficial biological activities such as anticancer,” immunomodulatory, antioxidant,®

(9, 10) (11)

antifibrotic,” renal protective,”® anti-inflammatory," antiangiogenetic and aniti-diabetic.

Thus, C. militaris is one of the most important fungi in traditional Chinese medicine that using for the
treatment of asthma, bronchial and lung inflammation”? including longevity promoting herbs."*'*
C. militaris has been sold as dietary supplements through online marketing and television in
many countries including Thailand. Consequently, the safety assessment in animals should be
evaluated before initial use in humans. However, the toxicity study of C. militaris has less been
conducted.” ' '* ' Therefore, the purpose of this study is to estimated acute oral toxicity of
C. militaris in Wistar rats complied with OECD Guidelines for the testing of chemicals 423, Acute Oral
Toxicity — Acute Toxic Class Method."® Then, sub-chronic oral toxicity of C. militaris in Wistar rats was
performed to confirm the edible safety and evaluate the no-observed-adverse-effect level (NOAEL)
for long term use. The methodology of this study modified form OECD Guideline for testing of

chemicals 408, Repeated Dose 90-Days Oral Toxicity Study in Rodent."®

Materials and Methods

Cordyceps militaris powder

Cordyceps militaris powder has a bright orange color which storage at room temperature,
away from heat, sunlight, oxygen and moisture. The constituent of Cordyceps militaris powder had
cordycepin and adenosine for 0.289 and 0.037 % wt/wt, respectively and the stability was one year
after manufacture date. The level of microbial contaminants monitored by laboratory of Quality
Control Office, National Laboratory Animal Center, Mahidol University, Thailand for aerobic plate

count and coliform were less than 300 cfu/g and 3 MPN/g, respectively.

Preparation of the Dose

For acute oral toxicity, the C. militaris powder were calculated at 300 and 2,000 mg/kg
body weight and freshly mixed with distilled water as vehicle prior to administration. In the sub-chronic
oral toxicity, the 3 dose levels (low, medium and high dose) of C. militaris were 5, 20 and 80 mg/kg
body weight and freshly mixed with distilled water prior to administration. The constant volume

was not exceeded 1 ml per 100 g of animal body weight.

Preparation of Animals:
The 50 males and 50 females of Wistar rats were used for sub-chronic oral toxicity but

the acute oral toxicity used only 12 females of Wistar rats. The Wistar rats was Rattus norvegicus
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species, Mlac: WR stain and body weight range 200 g + 20 which were obtained from Office of

Laboratory Animal Production, National Laboratory Animal Center, Mahidol University, Thailand.

Animals Husbandry Conditions

The animals were husbandry under standard conditions 12 hours light, 12 hours dark
at temperature 22 + 3'C and 30-70% relative humidity which were housed in stainless steel cages
with food (082, Perfect Companions, Thailand) and 5 - 7 ppm chlorinated water ad libitum. All the
animals were quarantined 1 day and acclimatized at least 5 days prior to the study. Guidelines of
“Guide for the care and use of laboratory animals” were strictly followed throughout the study.®”
The study was approved by National Laboratory Animal Center Animal Care and Use Committee
(NLAC-ACUC), Mahidol University; Thailand, code RA2017-37 and RA2017-38 for acute and

sub-chronic oral toxicity testing, respectively.

Administration of Dose

The acute oral toxicity: The test substance at the dose level 300 and 2,000 mg/kg body
weight was administered orally to the animal in a single dose by gavage using stainless steel stomach
tube and all animals were kept for over-night (15 - 18 hours) fasting (feed but not water) prior
to administration. The Cordyceps militaris was administered orally to 3 animal of group 1 at 300
mg/kg body weight, if no animals or one animal was shown evidence of toxicity, moribund state
or mortalities, new three animals of group 2 were repeated at 300 mg/kg body weight. After that,
three animals in group 3 were administrated with the next dose level (2,000 mg/kg body weight)
if no animals or one animal was shown evidence of toxicity, moribund state or mortalities new 3
animals of group 2 were repeated again at 2,000 mg/kg body weight. The animal was observed
after administration for toxic effect at first 30 minutes with special attention given during the first
4 hours, periodically during the first 24 hours. The time between treatment groups was determined
until confident of previously dose animals, 24 hours for this study.

The sub-chronic oral toxicity: The 50 male and 50 female of Wistar rats were used
and randomized into 5 groups (10 animal per sexes/20 animal per group). In group 1 - control
group (vehicle control; distilled water), group 2 - low dose, group 3 - middle dose and group 4 - high
dose (5, 20 and 80 mg/kg body weight of Cordyceps militaris, respectively) and group 5 - recovery
group (once daily for 90 days at 80 mg/kg body weight of Cordyceps militaris and no administrated
by gavage for the following 14 days). The dosage of administration to each animal was calculated
based on the body weight of animal prior to administrate at a constant volume not exceed 1 ml

per 100 g body weight.

Observation
The observations were included changes in skin and fur, eye and mucous membranes,
respiratory, circulatory, autonomic and central nervous systems, somatomotor activity and be-
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haviour pattern daily. Addition will be directed to observations of tremors, convulsions, gasping,
cyanosis, vocalization, salivation, diarrhoea, lethargy, sleep and coma. The data of animal body
weights, feed and drinking water consumption were measured and recorded weekly throughout

the termination period.

Necropsy Examination, Hematological and Clinical Biochemistry Analysis

On the last day of each group for the study, the animals were kept overnight (15 - 18 hours)
fasting and then euthanized using CO2 inhalation.”” Blood samples were collected via cardiac
puncture and were separated 2 tubes which first tube for hematological (200 pl) and second tube
has EDTA tube for clinical biochemistry analysis (800 ul). Hematological analysis was analyzed
using automated analyzer (Procyte Dx™, IDEXX Laboratories, Westbrook, Maine, USA) following
the parameters: Red blood cell count (RBC), Hemoglobin (HGB), Hematocrit (HCT), Mean
corpuscular volume (MCV), Mean corpuscular hemoglobin (MCH), Mean corpuscular hemoglobin
concentration (MCHC), Reticulocyte count (RET), Reticulocyte hemoglobin (RET - He), Platelet
(PLT), Mean platelet volume (MPV), Plateletcrit (PCT), White blood cell count (WBC), Neutrophil
(NEUT), Lymphocyte (LYMPH), Monocyte (MONO), Eosinophil (EO) and Basophil (BASO). For
the clinical biochemistry analysis was measured by using an automated blood analyzer (Cobas®c311,
Roche Diagnostics, Basel, Switzerland) that the parameters consisted of Sodium (Na), Potassium (K),
Choride (Cl), Glucose (SGLU3), Cholesterol (CHO2L), Triglyceride (TRIGL), Uric acid (UA2),
Blood urea nitrogen (U -BUN), Creatinine (CREA2), Total protein (TP2), Albumin (ALB2),
Globulin (GLO), High - density lipoprotein (HDLC4), Low — density lipoprotein (LDLC3), Alanine
amino transferase (ALTL), Aspartate amino transferase (ASTL) and Alkaline phosphatase (ALP2S).

Organ Weighting

After blood samples collection, all animals were sacrificed. The positions, shapes, sizes
and colours of internal organs were evaluated. The organs was measured by using an electronic
balance 4 digits (Mettler - Toledo, Columbus, Ohio, USA) and converted the weights to relative

organ weights by calculating in the relative weights per 100 g animal body weight.

Analysis of Result:
Quantitative results were expressed as mean + standard deviation. The Kolmogorov-Smirnov

t*® were statistically analyzed the data for normality and homogeneity of variances.

and Levene’s tes
For parametric statistics, all data of vehicle control group and each treatment group were
compared by 2-sided Dunnett or Dunnett’s T3 test, using ANOVA analysis. On the other hand of
non-parametric statistics, Mann Whitney U test was selected for comparison all data of the vehicle
control group and each treatment group. A significantly differences were considered at 0.05 levels

with SPSS® Statistic software version 18.0.0.
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Results

The acute oral toxicity of Cordyceps militaris in Wistar rats

All tested animals were normally for consumed feed and drinking water including clinical
observations and health examinations. Body weights were continued to gain throughout the study
and the body weight change was shown as percentage which within range 11.49 - 20.01%. In the

necropsy examinations result of all animals were not found any lesion.

The sub-chronic oral toxicity of Cordyceps militaris in Wistar rats
Feed, Drinking Water Consumptions and Body Weights

The feed and drinking water consumptions data as consecutive data were shown normal
in all animals by means of the result were transient change and no effect on animal health,
represented in Figure 1-4. The body weights of all animals were continued to gain throughout the

study and the data are presented in Figure 5 and Figure 6 for male and female animals, respectively.
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Figure 1 Effect of Cordyceps militaris on Feed consumption in male rats treated for 90 days.

(a) Control group, Treatment group (5, 20 and 80 mg/kg BW) (b) Recovery group
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Figure 2 Effect of Cordyceps militaris on Feed consumption in female rats treated for 90 days.

(a) Control group, Treatment group (5, 20 and 80 mg/kg BW) (b) Recovery group
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Figure 3 Effect of Cordyceps militaris on Water consumption in male rats treated for 90 days

(a) Control group, Treatment group (5, 20 and 80 mg/kg BW) (b) Recovery group
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Effect of Cordyceps militaris on Water consumption in female rats treated for 90 days
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Figure 5 Effect of Cordyceps militaris on body weight in male rats treated for 90 days.
(a) Control group, Treatment group (5, 20 and 80 mg/kg BW) (b) Recovery group
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The Acute and Sub-Chronic Oral Toxicity Testing of Cordyceps militaris Kittigan Suwannasaroj et al.

Observations

All animals were observed according to dosing period for 90 days and recovery period for
14 days which were no change in skin, fur/coat, eyes and mucous membrane, posture and response
to handing. The health examinations such as respiratory pattern, social interaction, mobility and

activity were normal. Moreover, all animal were not shown any neurological signs.

Necropsy Examination:

For macroscopic finding, petechial hemorrhage of the thymus was observed in control,
all treatment group and control recovery group of male as well as in control and high dose group
of female. Only one male in control group was observed with a subcutaneous mass on the ventral
side of the neck. For abdominal cavity, in medium dose group, 1 of 10 male was observed with
oval, yellow, firm, fat nodule (0.5 x 0.5 cm.) based on the right side and in low dose group, 1 of 10
female was observed with round, smooth, slightly firm, peritoneal fat mass (0.6x0.6 cm) adhesive
with abdominal fat at right side based between right kidney and ovary. Besides, the accessory lobe
of spleen was found in 2 of 10 females. For microscopic finding, there were no significant difference
of severity grading mean between control group (Distilled water) and high dose group (80 mg/kg
body weight). In addition, the other lesions which have been well known to occur spontaneously

in Wistar rats of the same age were observed.

Hematological and Clinical Biochemistry Analysis

The all result of hematological and clinical biochemistry analysis that shown in Table 1
and 2, respectively. The summary result can be described following the group of dosing:

Low dose group (5 mg/kg BW); the means of WBC and LYMPH for male animal and
the means of MPV and WBC for female animal were significantly different higher than control
group (p<0.05) but the mean of NEUT and BASO for female animal were significantly different
lower than control group (p<0.05). The mean of CREA2 in male animal was significantly different
lower than control group (p<0.05).

Medium dose group (20 mg/kg BW); the means of HGB and PCT for male animal
were significantly different lower than control group (p<0.05). For the female animal, the means
of Na, CREA2, TP2, ALB2, GLO and ASTL were significantly different higher than control group
(p<0.05) but the male animal has only the means of CREA2, UA2 and SGLUS3 were significantly
different higher than control group (p<0.05).

High dose group (80 mg/kg BW); the means of MPV and LYMPH were significantly
different higher than control group (p<0.05) for both sexes animal and the mean of WBC that was
significantly different higher than control group (p<0.05) only in male animal. Besides that, the
male animal had significantly different lower than control group (p<0.05) for the means of NEUT
and EO. For the female animal, the means of Na, U - BUN, CREA2 were significantly different
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higher than control group (p<0.05) and the means of SGLU3 and LDLC3 were significantly
different lower than control group (p<0.05).

Recovery group (control and 80 mg/kg BW); the means of PCT and NEUT were
significantly different lower than control group (p<0.05) except the mean of RET — He was significantly
different higher than control group (p<0.05) for male animal. In female animal, the means of
MPV and EO were significantly different higher than control group (p<0.05). The mean of UA2
was significantly different lower than control group (p<0.05) for male animal but the mean of K
in female animal was significantly different higher than control group (p<0.05).

Thus, all significantly different parameters of hematological and clinical biochemistry
analysis were no treatment related effect except the mean of LDLC3 in high dose group (80 mg/
kg body weight) of female animal was treatment related effect. Effects on LDL levels tended to
significant decrease with the dose given, in the high dose group including HDL levels were not
found to be significantly low. Therefore does not affect for the occurrence of Atherosclerosis which
was according to the information from many journal that found of higher LDL and lower HDL

levels are high risk of Atherosclerosis.”” **>*

Table 1 Hematological Analysis of control and Cordyceps militaris treated rat for 90 days

Mean of parameters

Recovery
+ standard deviation
Sex Parameters Control
5 20 80 80
Control
mg/kg BW mg/kg BW mg/kg BW mg/kg BW
Male RBC (106/ul) 9.91+0.58 9.8440.36 9.47+0.20 9.86+0.37 9.63+0.36 9.58+0.23
HGB (grdl) 17.3+£0.68 17.2+£0.35 16.7+0.48a 17.1£0.52 16.7+0.32 16.7+0.33
HCT (%) 54.7+2.58 54.0+1.35 52.5+1.92 53.6+1.94 52.2+1.46 52.2+1.50
MCV (f1) 55.2+1.20 54.941.63 55.4+1.33 54.5+1.15 54.2+1.01 54.5+1.32
MCH (pg) 17.540.48 17.540.51 17.6+0.33 17.440.37 17.440.35 17.540.38
MCHC (gvdl) 31.7+0.35 31.9+0.35 31.8+0.31 32.0£0.25 32.0+0.34 32.0+0.38
RET (%) 2.78+0.50 2.66+0.37 2.85+0.31 2.51+0.24 2.23+0.44 2.07+0.20
RET - He (pg) 19.440.39 19.440.51 19.540.25 19.240.40 19.3+0.46  19.4+0.23b
PLT (103/ul) 916+123.75 910+52.83  820476.25 908+102.71 855+48.20  883+75.43
MPV (fl) 7.1+0.19 7.3+0.15 6.94+0.24 7.4+0.20a 6.940.23 7.1+0.23
PCT (%) 0.65+0.08 0.66+£0.04 0.57+0.05a 0.67+0.07 0.59+0.02  0.62+0.06b
WBC (106/ul) 6.46+1.02 7.99+1.47a 6.40+1.20  8.18+1.28a 6.0240.81 9.46+1.19
NEUT (%) 13.3+2.69 9.0+2.17a 12.6+2.73 9.0+2.16a 14.7+3.51 9.6+1.24b
LYMPH (%) 80.8+3.17 85.4+2.66a 80.8+2.60  85.7+2.35a 77.242.79 85.4+1.19
MONO (%) 4.9+2.38 4.8+1.37 5.6+1.78 4.7+1.44 7.0+1.19 4.240.94
EO (%) 0.840.28 0.7+0.25 0.940.30 0.5+0.19a 1.1+0.53 0.8+0.22
BASO (%) 0.240.12 0.0£0.07a 0.1£0.09 0.1+0.07 0.0£0.09 0.0£0.05
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Table 1 Hematological Analysis of control and Cordyceps militaris treated rat for 90 days
(Continued)
Mean of parameters
Recovery
+ standard deviation
Sex Parameters Control
5 20 80 80
Control
mg/kg BW mg/kg BW mg/kg BW mg/kg BW
Female RBC (106/pul) 9.19+0.30 9.38+0.50 9.20+0.62 9.65+0.65 8.9640.47 9.36£0.71
HGB (grdl) 17.0+0.44 17.1+£0.76 17.1+1.02 17.9+0.86 16.7+0.73 17.240.88
HCT (%) 52.9+1.48 52.9+2.55 53.3+3.67 56.0+3.20 51.1+2.51 53.0+2.88
MCV (fl) 57.6+1.25 56.4+1.05 57.9+1.08 58.1+2.14 57.1£0.90 56.841.97
MCH (pg) 18.5+0.35 18.3+0.41 18.6+0.41 18.6+0.63 18.6+0.41 18.440.59
MCHC (g/dl) 32.2+0.30 32.3+0.34 32.1+0.39 31.9+0.36 32.6+0.30 32.5+0.34
RET (%) 3.25+0.42 3.30+0.65 3.4140.42 3.41+0.94  2.40 +0.17 1.7740.57
RET - He (pg) 20.3+0.44 20.2+0.58 20.6+0.61 20.5+0.60 20.1+0.49 20.4+0.57
PLT (103/ul) 896+101.35  931+112.41  846+94.82 924+130.19 889+141.48  934+80.48
MPV (1) 6.9+0.20 7.3+0.28a 6.9+0.15 7.440.28a 6.8+0.11 7.140.43b
PCT (%) 0.62+0.08 0.68+0.11 0.59+0.07 0.68+0.10 0.60+0.10 0.67+0.10
WBC (106/ul) 5.60+0.75 7.28+1.52a 4.91+1.42 5.83+1.03 4.76+0.65 6.74+1.29
NEUT (%) 8.242.29 6.2+1.21 9.1+£2.91 6.0£1.60 10.240.91 8.6+2.16
LYMPH (%) 87.1+2.07 87.943.00 85.9+2.96  88.7+1.88a 84.8+1.17 85.8+2.43
MONO (%) 4.0£0.92 5.3+2.22 4.5+1.28 4.741.35 4.340.43 5.0+£1.05
EO (%) 0.6+0.26 0.540.31 0.5+0.33 0.5+0.33 0.6+0.17 1.7+2.62b
BASO (%) 0.1£0.10 0.1+0.08 0.0£0.10 0.1£0.10 0.1+0.11 0.1+0.09

Note: “The mean difference is significant at the 0.05 levels of control group

"The mean difference is significant at the 0.05 levels of control recovery group

Table 2 Clinical Biochemistry Analysis of control and Cordyceps militaris treated rat for 90 days

Mean of parameters

L Recovery
+ standard deviation
Sex Parameters Control
5 20 80 80
Control
mg/kg BW mg/kg BW mg/kg BW mg/kg BW
Male TP2 (gsdl) 7.8240.19 7.9140.36 8.47+1.17 8.73+1.00 7.47+1.04 6.4240.27
CHO2L (mg/dl) 82.0£8.15 79.4+£9.03  81.5+17.96  82.3+15.40 69.8+10.86  67.8+£13.02
TRIGL (mgsdl)  128.2+23.03 118.0£27.91 133.1+£36.74 128.8+26.61 91.0+£17.93  99.0+35.81
ALTL (U/1) 94.0+£62.01 69.3+20.38  96.3+40.29  86.7+26.02  76.5+17.96  70.0+24.39
ASTL (U/1) 98.6+33.19 92.6+17.80 114.4426.51 109.1+£24.75 103.6+20.31  83.6+22.10
ALP2S (U/1) 88+12.04 78+14.63 97+21.27 85+16.24 6146.40 62+5.52
ALB2 (grdl) 5.41+0.10 5.39£0.12 5.95+0.71 5.96+0.65 4.5440.32 4.2740.11
GLO (grdl) 2.4140.13 2.46+0.15 2.7940.47 2.76+0.38 2.3340.13 2.1540.17
CREA2 (mg/dl) 0.38+0.03 0.30+£0.02a  0.43+0.05a 0.40+0.04 0.37+0.05 0.34+0.03
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Table 2 Clinical Biochemistry Analysis of control and Cordyceps militaris treated rat for 90 days
(Continued)
Mean of parameters
Recovery
+ standard deviation
Sex Parameters Control
5 20 80 80
Control
mg/kg BW mg/kg BW mg/kg BW mg/kg BW
U - BUN (mgdl) 23.0+1.57 25.24+4.20 23.942.88 22.6+2.12 18.941.68 19.843.62
UA2 (mgsdl) 6.5+0.85 5.9+1.11 8.6+1.23a 8.0+2.08a 6.6+0.97 5.240.45b
SGLUS3 (mg/dl) 334.5£52.00 323.0+48.07 439.1+£86.04a 336.1£60.02 326.5+29.91 289.5+37.63
HDLC4 (mg/dl) 63.0£5.41 58.5+£5.26  65.5+15.78  62.7+12.50 48.1£7.31  60.0£22.87
LDLC3 (mg/dl) 6.7+1.76 6.6+1.55 8.2+1.98 5.1+1.86 7.242.08 7.0+2.31
Na (10-3 mol/1) 153.35+1.45 155.45+4.38 171.63+£20.34 165.92+8.79 137.52+7.54 132.06+5.42
K (10-3 mol/1) 10.24+1.07 10.1540.66  11.50+1.74  10.60+1.31 8.85+1.03 8.15+0.53
Cl (10-3 mol/1)  101.68+1.59 102.19+3.43 116.83+15.44 109.314£6.17  89.84+5.27  85.68+4.43
Female TP2 (g/dl) 7.88+0.20 8.09+0.44  8.83%+0.53a 8.2140.61 6.83+0.32 7.19£0.70
CHO2L (mgsdl) 113.0+£13.69 109.1+£30.17 102.0+19.12  94.4+23.07 74.9412.76  70.5+16.14
TRIGL (mg/dl) 96.2+33.40 91.1+28.95  82.84+34.04  75.2+18.53  65.1+22.74  60.0+16.17
ALTL (U/1) 46.846.19 48.4+12.14 51.7+8.49  48.5+10.51 53.4+15.88 53.6+13.67
ASTL (U/1) 76.9+8.04 80.1+12.78 91.8+9.55a  86.8+£12.17  88.0+£15.29  86.0+12.15
ALP2S (U/1) 4146.77 46+9.08 44+417.57 4046.60 35+5.86 35+7.73
ALB2 (grdl) 5.65£0.15 5.84+0.30  6.24%0.51a 5.85+£0.41  4.74 £0.20 4.98£0.43
GLO (grdl) 2.23+0.09 2.2540.20  2.5940.26a 2.36+0.23 2.0940.15 2.2140.28
CREA2 (mg/dl) 0.42%0.03 0.40£0.03  0.48+0.04a  0.46%0.04a 0.4240.03 0.43£0.05
U - BUN (mgdl) 20.9+2.64 23.2+2.61 21.5+2.12  24.1+2.33a 21.8+4.77 21.9+3.66
UA2 (mgsdl) 4.3+0.93 4.8+0.99 4.3+0.65 4.2+1.39 3.440.48 3.440.59
SGLU3 (mg/dl) 235.6+33.47 282.4+58.12 168.0+51.39 184.5+32.60a 197.5+46.66 153.8+63.27
HDLC4 (mg/dl) 89.1+9.87 88.0+£20.50  85.3+14.49 70.84+29.04 60.1+8.61  58.4+12.65
LDLC3 (mg/dl) 9.2+3.06 8.4+7.78 6.0+£1.94 4.3+1.85a 5.6+2.87 4.74+2.50
Na (10-3 mol/1) 152.66+1.09 153.46+1.60 163.64+8.09a 158.69+4.34a 137.64+7.31 137.10+8.36
K (10-3 mol/1) 9.74£1.10 9.50+1.44  10.92+1.26  10.13£1.12 8.82£0.55  9.19+1.66b
Cl (10-3 mol/I)  104.02+1.36 101.96+2.55 112.29+6.56 106.59+2.31  93.24+5.27  93.08+6.34

Note: “The mean difference is significant at the 0.05 levels of control group

"The mean difference is significant at the 0.05 levels of control recovery group

Organ Weighting

For the female animal, the mean weight of right adrenal gland in medium dose group

(20 mg/kg BW) was significantly different lower than control group (p<0.05) and the mean weight of

heart and left adrenal gland in high dose group (80 mg/kg BW) were significantly different higher

than control group (p<0.05). The organ’s weight was calculated in the relative weights per 100 g

animal body weight that showed the relative weight was not related with dose level what used in

this study and the result of organ weight for male and female animals were represented in Table 3.
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Table 3 Organ’s Weight in relation to body weight of Wistar rats treated with Cordyceps militaris

treated rat for 90 days

Mean of parameters

Recovery
+ standard deviation
Sex Parameters Control
5 20 80 80
Control
mg/kg BW mg/kg BW mg/kg BW mg/kg BW
Male Liver 2.6552+0.15 2.641940.09 2.7351+0.14  2.5923+0.14  2.5526+0.06 2.4729+0.13b
Kidney Rt. 0.2587+0.01  0.2598+0.01 0.2607+0.02  0.254040.02  0.260340.01 0.242340.03
Kidney Lit. 0.2533+0.01  0.25704+0.01  0.2529+0.02  0.245840.02  0.254640.01 0.239140.02
Heart 0.2839+0.02  0.27924+0.01  0.2560+0.07  0.2735+0.01  0.2838+0.01 0.2862+0.01
Lung 0.3799+0.03 0.3634+0.04 0.3704+0.06  0.3369+0.04  0.335840.08 0.3907+0.05
Spleen 0.1824+0.01 0.1766+0.02  0.1827+0.02  0.1700+0.02  0.1785+0.01 0.1746+0.03
Brain 0.4744+0.03 0.4589+0.04 0.4705+0.02  0.4578+0.03  0.4394+0.02 0.442040.02
Adrenal Rt. 0.0080£0.00  0.0083+0.00  0.0076+0.00  0.0075+0.00  0.0076+0.00 0.0083+0.00
Adrenal Lt. 0.0088+0.00  0.0086+0.00  0.0085+£0.00  0.0085+0.00  0.0089+0.00 0.0087+0.00
Testis Rt. 0.3943+£0.03  0.4009+0.04 0.3937+£0.03  0.3762+0.03  0.3636+0.05 0.3905+0.04
Testis Lt. 0.3895+0.02  0.4024+0.04 0.3985+0.03  0.3868+0.03  0.3701+0.04 0.3985+0.03
Thymus 0.0714£0.02  0.0674+0.01  0.0564+0.02  0.0663+0.01  0.0578+£0.01 0.0689£0.01
Female Liver 2.5012+0.12 2.6613+0.14 2.6077+0.16  2.5907+0.18  2.5796+0.17 2.4362+0.21
Kidney Rt. 0.28734£0.01  0.2948+0.02  0.2908+0.02  0.2824+0.02  0.29544+0.01 0.2783+0.01
Kidney Lt. 0.2741+0.02  0.2875+0.02  0.2789+0.01  0.27504+0.02  0.280640.01 0.2746+0.01
Heart 0.32724£0.02  0.3404+0.03  0.3334£0.02 0.3546+0.04a  0.3461+0.01 0.3397+0.02
Lung 0.5054£0.07 0.5261+£0.03 0.5386£0.10  0.5373£0.05  0.5073+0.09 0.5353£0.10
Spleen 0.2403+£0.03  0.23474£0.03  0.2400£0.02  0.2555%£0.03  0.2535+0.03 0.2440+0.02
Brain 0.7573+£0.04 0.7735+0.06  0.8040+0.04  0.7969+0.04  0.8002+0.05 0.7758+0.04
Uterus 0.1765+£0.03 0.2319+0.09  0.2734+0.11  0.2378+£0.08  0.1579£0.01 0.2169£0.07
Adrenal Rt. 0.0169+0.00  0.0153+0.00 0.0142+0.00a  0.0168+0.00  0.01704+0.00 0.0168+0.00
Adrenal Lt. 0.0157+0.00  0.0172+0.00  0.0145+0.01 0.0186+0.00a  0.01704£0.00 0.0174+0.00
Ovary Rt. 0.0179£0.00  0.0173+0.00 0.0172+0.00  0.0166+£0.00  0.0170£0.00 0.0181£0.00
Ovary Lt. 0.0165+0.00 0.0184+0.00 0.0170+0.00  0.0168+£0.00  0.0188£0.00 0.0184£0.00
Thymus 0.0948+0.01 0.0887+0.02 0.0786+0.01  0.0929+0.02  0.0809+0.01 0.0943%0.01

Note: “The mean difference is significant at the 0.05 levels of control group

"The mean difference is significant at the 0.05 levels of control recovery group
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Discussion

The C. militaris possesses extensive bioactive compounds which has been used as an
ingredient in dietary supplement for many years but the safety data of C. militaris have not been
conducted enough. In compliance with OECD Guidelines for the testing of chemicals 423, Acute
Oral Toxicity - Acute Toxic Class Method of C. militaris at dose level 300 and 2,000 mg/kg body
weight, all tested animals were not shown signs of toxic, moribund and mortality including the
health observation, feed and drinking water consumptions was normal. For the body weights were
continued to gain throughout the testing period.

In gross findings, there was petechial hemorrhage scattered in the thymus parenchyma
that was no gross evidence of necrosis. Thus, this lesion in these animals likely resulted from
necropsy technique. Accessory spleens are rare findings in rodents and may be congenital or a
consequence of traumatic injury® caused by bisection of spleen. For the abdominal fat was considered
to be non-adverse since it appears small in incidence and minimum in severity that can occasionally
be seen spontaneously.

In our study, the analyzed parameters of the hematological analysis and clinical
biochemistry analysis were mostly similar tendency to the histological control data of Wistar
rat (Mlac:WR) including previous study that studies the toxicity study of C. militaris'® except
some parameters such as Neutrophils (NEUT), Lymphocytes (LYMPH), Red Blood Cells (RBC),
Hemoglobin (HGB) for the hematological analysis and Alanine amino transferase (ALTL), Glucose
(SGLU3) and Potassium (K) for the clinical biochemistry analysis. The fluctuation of data could
be occurred due to age, gender, species, dose level of test item and other factors.

Thus, the toxicity level assessment of the C. militaris can be summarized no related effects
at any dose level and no side effects or abnormalities after repeated oral administrations for 90
days. The sub chronic oral toxicity according to OECD Guidelines for the testing of chemicals 408,
Repeated Dose 90 - Day Oral Toxicity Study in Rodents of C. militaris at dose level 5, 20, 80 mg/kg
body weight. The all data result such as clinical signs of toxicity, body weight, food and water

consumptions, necropsy examination, etc were not shown toxic of C. militaris in Wistar rats.

Conclusion

The acute oral toxicity of C. militaris in Wistar rats at 300 and 2,000 mg/kg body weight was
not shown signs of toxic, moribund and mortalities in all animals. Thus, C. militaris was classified
in GHS category 5 or unclassified, the LD_ cut off at 5000 mg/kg body weight to infinity (o).
For the sub-chronic oral toxicity result that the no observed adverse effect level (NOAEL) of
Cordyceps militaris was considered to be 80 mg/kg body weight per day for Wistar rats. All result

of this study were within only the test conditions which described earlier.
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laiadlagnéame Taglidasdediadng Fdnnanldnna wu annsamnsarems Jasnne wasiiagn
ypenaNNasdenlutauasmnnmiaa danuhawe 1.0 lulasnsu/ladaas (ug/ml) Auld anuu
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fidnanwansanenunalagndanazlivandnanwanagavreuinniivesdfudnsievine
NAUEINEMAASMTUNNEN 12/1 058 walliasnnganemadauasnantluuuy 2 Junau

L4 J ¥ ] ] o Y 1 = = Ve v Y v
msldnuaauineenn ligzain wasihliidens demlulludszina wa. 2562 lddnnaunidaya
P ol v ~ Y a 2 3 & = 61 (10)
walimsnagaumnnaeaiizunaunhedunannganadaumnalaawuuiunsuded lugluuunalzya
Tasiinguszadiiipanzunaumanaaauan 2 Juaau iuguasu 1 uazldnude azann uassad Mnse
ilUldasangaimnmanludmainnaunannssnziien wazlasnsla

Lﬂ"?"mﬁauazqﬂnstﬁ

winaralnihaiio 4 My, 220300505219 10 war 1,000 Nadans, UadaluNd 210
20-200 lulA5803, 2U19 100-1,000 NIATANT LALVUIN 10 NAINS, walgaen was o, NTzaunIeYila
Wil fi¥e Whatman Cat No. 3001-917 tital#ia3sunszanmilasunauin, NWNFANFIMTUUTIIYANATDY
Ll,a::l,ﬂ%a\i%a“dﬁﬂngq;’lﬂ’lﬂ, Ta@mmw%yu (Desicator)

J1ININIFIU
W91M86 Paraquat dichloride hydrate, (CHEM SERVICE) mwu%q‘ng 99.5%, Lnalulan
(Glyphosate), (Dr. Ehrenstorfer) mmu%qw§ 98.7%, 2,4-% (2,4-D Sodium salt), (Dr. Ehrenstorfer)

a £
ANNUIFND 98.5%

d13LaH

mimﬁmﬂumsmaam%gqf':nﬂ%ﬂmﬁJu AR grade laun Sodium dithionite (Merck), Disodium
tetraborate (Merck), Sodium bicarbonate (Merck), Sodium chloride (Merck), Hydrochloric acid
(cone., 37%), Methanol (Merck), Sodium azide (Merck), Pepsin from hog (Fluka), Silica blue

25M3
NIAIBNEITAZAIINIANTFIY
I9zNYNINIFIUNITIMNBG (paraquat) 1,000 pg/ml (Stock standard): %"qmimmgm Paraquat
dichloride hydrate 0.0107 NS4 azEMIY 5% LWMUDS USUUIINATAUASU 10 Hadans
AI9TAININIFIUNITIMBA (paraquat) 500 pg/ml: Yaasuns5HIUNITIAIBN 1,000 ug/ml
U3105 5 §i9aans USuUSanasauasu 10 dadansaetnnay

Nsasasyingengasmsuwngd
7 U 63 atuh 3 nangaN - Auene 2564




& a I
gﬂwﬂaaumiﬂmammuwum autﬁm AUAUY NIOLON LLASALUS

mmzmammgmlna‘[ﬂmw ANNLTNYAY 1,000 pg/ml (Stock standard): F9E1ININTFIU
Tnaluiam 0.0102 N5 azmeaNMUDS wazUSUUSHIATAUATU 10 NaAANT
99TNINTTIU 2,4-0- [ALHLN 1,000 pg/ml (Stock standard): 965NN 2,46 - lEhawy

0.0112 NN ALAYMYNMUDD wazUSUUSHINTIUASU 10 NEdaNS

MILeNEANAFauINIManziiaualys

W3BNLAUgRANAdaU: NaNas Disodium tetraborate, Sodium bicarbonate tas Sodium
dithionite lWidhiuuasussylunatga®®

W3BNASEAEHEUNAUIN 1.0 pg/ml: Ylaasinassiumsean 500 ug/ml Usines 10 lulasans
NYAUUNTEMBATRIINAUTEIN 3 x 1 WUdwes Wdumisunauin (msihluldnu Tanszanwieuna
vnasluvann Wuthnau 5 Ta3ans asvhlvilenuduiurasnnmaauhiu 1 ug/ml)

uAlgeranadauiny 3 wAUYa waNTEMUNEUNAUINIIUIUN 1 o U553 lUgInaafnwsan

a139aaNNAY (Silica blue) wazllaaindraniasdaniinguanme aauaadlunni 2

NSTAMARUAAUAN |

A 2 ganadgaunmanriaualya SvFuNesay 1 MI8EN

MIAITNAIDEI

haenainn ldud drathahauiiussaiinuasimbeluiasama (ldsumneeunsadeumsnan
MNAULNITNNITDINIILLDSEN)

hathathananseanzdien wdealagazans Sodium chloride 2.0 N34 Wae Pepsin (Pepsin from hog)
3.2 n3u luthnaueu Hydrochloric acid (conc.) Usanas 7 #aaans uazUsulsunasasu 1,000 Naaans
Ghenhnaut

dhashatlaans laud dhaghetlasnzaasginlildulsemumaiialaweluszos 1§ oW 1 0.19

Sodium azide tiailussiuye

MsEsasiinanenaasmsunng
Ui 63 atfun 3 nsngiay - Mieneu 2564




One-step Paraquat Test Kit Jintana Krodtem et al.

Msnagay

Yuwadmotha leun drethainas thawnsamnedion wazilaamzlavaaanasau 5 iaaans Tula
ihnauldwasanadau 2 nasn wasmaz 5 daaans AunszamefisunavInaslunasaisuNauINaaai 1
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MIKIATAIINAYBINIINIANUNITIMBA (Limit of detection: LOD)
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wazlulSnasaudsdasetha haenssoneiien wastlaans muadu udeiahan 70 230 1han
NIEINEigN 70 220 wazUaan iz 70 210 NAFBUMELANANBUINTIMBABHALAUYE ANNNTUE 10 1

mMsnedaUINMInNiazeInsaranumMNmen ludatahay haensamnzdion uazilaan:
difiumsTosmadauenududiuas 10 1 1huafildnnmanasauiilinauinia 10 9 sasmenududusae
AATINUNITIMIBAYDILARZGIDENT HNAIUIUMATATIAAYBINTATITNUINITIAIBA (LOD) ludaes
T@aaio® Ghmmgﬂﬁaw%af\hmwgmmé’aaiiwmaauﬁslﬁwamﬂ/Naau (No. of positive/negative)
Faal@uauInmie 10 21 UAZAMINAINANSATIMSNBUTUBIEILIN Wip Positive response rate (%) lag
mahinnuheashatnadauganuhasiaieilinaun dasldihiy 100% Mntuhendadia
299N1505ANUNITIAIB0T e ludiadhan haenssimsiiiey wastlaany MMINgad 10 o
tilo gAML

mMInadaumInuiiug) (Precision)

L3ENcagahan 1hanssimnediey wazilaany (sample blank) UIUMBENSE 10 n
NaFaUMELANAFEUNTIMIBATTALAUYS

WSeaimathuhay hdensameiien uarilasns tenudadurhiue LOD yasdiagh s1ou
thatheaz 10 1A wisndsguiienudutuganiial LOD snnuagea: 10 10 wazanudutiueni
@ LOD snnusotheas 10 130 6ail

La3oNFIaENNAN AR NNENTY 0.3, 0.7 U8 1.0 ug/ml YlaasnasgIumNalanaNuNy
100 pg/ml Usa@s 30, 70 war 100 lulasans aslumaiaUsunaseune 10 §adans wazdsulsinns
dsdadmhau wisuemudutuag 10 1 130 30 1A NeFBUETANAFEUNITIMBaYTALAUYA

W3ensathnhdenssumafieufienadisiy 0.7, 1.0 uaz 1.5 pg/ml lasdlamsmnasgumnaen
ANNLENTY 100 pg/ml USHI@S 70, 100 way 150 lulasans asluznaiadSuaszuie 10 Jadans
wasUiulsinasauiviodmhdenssnaiiey w3suanududuas 10 91 93 30 190 nadaudByaNaday
MNManzilaunlya

wdeaathatlaameiamagngy 1.5, 2.0 waz 3.0 pg/ml lagTaansnaspumnmanaaEndy
100 pg/ml USanas 150, 200 waz 300 lulasans aslurnaiaUsneseine 10 Jadans wazdSulsinns
auisiacedlasny wisnanudnduaz 10 91 538 30 2190 NAFOUMIBLANAFBUNNITIABABHALAUYD

HamsAnsNInamwammMeNnh AN wasaNNgnaes Nngas> Y Gail

manuly (Sensitivity, %) (Ture positive sample/all positive samples) x 100

AMANNAINWIE (Specificity, %) = (Ture negative sample/all negative samples) x 100

ﬂ'ﬁmmgmﬁ'm (Accuracy, %) [(Ture positive sample + Ture negative sample)/Total

samples] x 100
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mswmaaumwme’i’mammnmau (Stability)
MO BNAANATAY

W3NFANAFDUTIUIY 8 U laun s;uﬁ 1, 2, 3, 4, 5, 6, 7 WAz 8 lagudasIuNNAL 1 dUav
mﬂﬁy'ul,ﬁuﬁqmwgﬁﬁm LLaﬂu‘[n@mmm%yu Wiguiieudusedlonst s 2 @ou Mnunagauaunh
qamaam‘éméau ToswSsuidisudusaiou (@oudi 3-6 ) 53 6 o 1 lunasaufisuiunszawiiay
HAUINTAMNENTY 1 pg/ml

We

MINANNNNILYBIYANaFaUNINMBarHaualga Tuaradnay annszwstiie
waztlaamz wuimisainaniianunmizsgileglviauiniumnaaamissriiodsn wazlinulfizeuauin
MHean Dithionite NUlnalwian wae 2, 4-H AUFAI UMD 1

IR 1 KM SANHAANNIINLYBYINAFB U TIAIBATHALAUZTS

#3303
FHAAIDE WITIAD6 Tnalwlean 2, 4-6)
(positive/negative) (positive/negative) (positive/negative)
JWG\HN 2.0 p.g/ml 370 0/3 0/3
ihdenszmnziien 2.0 ug/ml 3/0 0/3 0/3
taaz 2.0 pg/ml 3/0 0/3 0/3
‘waamﬁﬂnwamn 1/0 - -
waamﬁﬂuwaau 0/1 - -

msAnmminfiazaimsasanumnaan (LOD) Taanagaudisthaing hannssumneiion
wasilaane: fiemwudndu o, 0.3, 0.5, 0.7, 1.0, 2.0, 3.0 UaL 5.0 pug/ml WAENAFBUMEYANATIUNITINIBA
wiiauatyga wuh @ LOD Tudhathaihin hdnssimsiien uastlaamzuhau 0.7, 1.0 was 2.0 pg/ml
MO Gauansluam i 2

d' = 1 o L4 b ) ?” 4" %l v =
MINN 2 HANITANEIAYANNAYANNITATIANUNWITIAIBN (LOD) Iumaaawumu UIFNNISTLNISINE N

waztdane
ANNTNTU No. of positive/negative Positive response rate (%)
MAaA v 4 W v Wda
w6 . dadne AN . dadnne
(ng/ml) EEA R EANEEY EEA REAR LY
0.0 0/10 0/10 0/10 0 0 0
0.3 0/10 0/10 0/10 0 0 0
0.5 0/10 0/10 0/10 0 0 0
0.7 10/0 0/10 0/10 100 0 0
1.0 10/0 10/0 0/10 100 100 100
2.0 10/0 10/0 10/0 100 100 100
3.0 10/0 10/0 10/0 100 100 100
5.0 10/0 10/0 10/0 100 100 100
LOD (ug/ml) 0.7 1.0 2.0
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& a I
gﬂwﬂaaumiﬂmammwum autﬁm AUAUY NIOLON LLASALUS

MSANHIAINUAIUEN

MINAFUTIAENT 3 7l A8 1 Thanszimnziiey uastiaansiliuaunasuiings 20 feth
LAZHAAUASIBUADE 20 PIDEN HANIANEN LNUNAUINGN (False positive) wazNaaUa N (False negative)
Tughatam 3 #iia Tasdidanuly danudime wazmeamugndas whiusasas 100 daudaslumasii 3

M13191 3 wansAnwANNUNUEN (Precision) 2aganadaumisaaagioualya ludiadainan
aNNSEINziey wasddans

nadaumagaNATaUNINMantiauala

PIUMBENN

H3IANU a523 liwu 3
NaUIN 20 AIDEN 20 (TP) o (FP) 20
WNaaU 20 MIDEN 0 (FN) 20 (TN) 20
SRHY 20 20 40

manuly (Sensitivity) = TPx100/(TP+FN) = 100%

AANNNNIE (Specificity) = TNx100/(FP+TN) =100%

@hmmgﬂﬁaq (Accuracy) = (TP+TN) x 100/Total sample =100%

MIANHIANNAIIVRITANATAY

Tosfuganeaaumnamsasiiouatyaiuil 1 fejuil s wiafuil 2 sz ldud Huiigamgivies
wazifululogaemudu wamsfnmwuhganaseuainsafuiigumgivasldunu 1 ou duganaseuifu
Tulagaanadulduu 5 ey Tesiiddliuammasaugndas dauaaslumsaii 4

[
=

MmN 4 wamsdnmaNuaGBIanagaumNMmangiioualrs Tuannzinungumgiivewaziiuly

El

Togaanazuny 6 Wou

BANATAUNIT manziaualys

]
= 3

< PS < A
(hutigamgiivag wululogaanau

9

1o A P A P -~ P A a - a - a A P P a
Euﬂ AUN 1 tAUN 2 AUN 1 LOUN 2 LAUN 3 LABUN 4 LADUN S LABUN 6
(FUaH 1-4) (§UaH 1-4) (§Ua¥ 1-4) (dUa¥i 1-4)

1 + - + + + + + -
2 + - + + + + + -
3 + - + + + + + -
4 + - + + + + + -
5 + - + + + + + -
6 + - + + + + + -
7 + - + + + + + -
8 + - + + + + + -
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= 4
AU

mswannganadaumnmaniugluuuualgaiinguszadiioaatuasumanaadeuliivdaies
Fumauiden waziieldanaigaimmnmandegumwludioiuhay ihdanssmnaion uasilaans
wuhisiemasnenuliisenidennaslalsleluilinanniumnmeniiewsiodiewaz binul§asen
fAennaslalslaluy fulnaluem was 2,4-8 deansna 2 wile WusnsmiaSafemiaudiy wiilaseada
TuanauasihwiinTuanauandeiu Seaansaldunulameald Milidasmnmbenuldfimsnasgu
Ganam ethadedAazasmaasanumnnmaniisziu LOD Tudaghahay hdunssnziion wastisams
fenudniuady 0.7, 1.0 uaz 2.0 pg/ml Muaay Teanagaudiatheas 10 31 wuhldamsazasdih
NNNIBA ATIANUIBLAE 100 mﬂﬁgulﬁ'ﬂizl,ﬁuﬂssﬁwﬁmwwm"qw@aau‘[mmiﬁnmmmLLsiut‘iﬂu(?fmsiN
i hdnssnaiiey wesilaans ilinainadefaiees 20 faths uaskeauaiifaiees 20 faths
wun linueauInanuaskaauan laamanuly anudm: wazanugndassagaz 100 i 3 et
nnmsAnmndnanwuhidianugndasuasndedald asmnmanaspumnmenilfieieudade
TuSuses indasiiald wwu TiadaTuld maiausines sumssauiiisy sunsumsioieusadalideenn
waz Blank matrix lififssuniudule Jahldmildianugndasgs uaslullauussana w.a. 2566 ided
WA asIIUSnamnmaaludaianey hananssnedien uastlgans dreeissiiadfivey High
performance liquid chromatography &M3uHaMsAnEIANNAITIIBANAFaY (Stability) lata3anye
nadauuazlFeuiisulasutmanasauudarjumananfuiingamgivas wasdululogaanudu wuhze
nosauiiuiigamgiivieuiuldlinu madesnnmaaiiilfindouganadey wu Sodium dithionite fiay

o 1J EI:J :5’1911 (15)4}%] Y JI I nlI 43'3:?4}6191“
LEDEIUIUNINL ua'ﬁ@ﬂﬂj’]uﬁu oNY LWBUDNNUAIINTUY @ﬂLﬂUﬁﬂﬂﬂaﬂU U ﬂ@@ﬂj’]N“ﬁUWQULWB YiNengy

]
~

m3ldnunu sziuhgenadaunuiiguugiiveslewu 1 Wau drugenagauitiululageanuiuainnse

9 U

2
o U v v

duldnu 5 @ou namsiTeasifisedasmanfeuiiisumaeiiildiedonluudesquiionuuanceiu
vialil dlasnnmaeiineieduldhe udnnmaSsudsumsedanenasau s 8 u wuhliuanehs
INIgaziiumsAnn Stability msfnwviawnisugenadaundouiuluasude
mawannganaseumnmeauuviusaudslusluuuuays 1Fwanmasmued (Dithionite
test) UFATeNsEM M NAIBATY Sodium azide Tuamwens Fannmsiaieaganaadeulduayansivnly
uena smsluuﬂﬂsgaﬁ'ma'n“”’ 1@wn Sodium dithionite, Disodium tetraborate uaz Sodium bicarbon-
ate Fansudazaiiafgaantamuaiidude sanudunsa-ae i 8.5, 9.2 uaz 8.6 mudEuCs ="
nnmsnagauannlilavads wuh FBieanugndesiu 100% wamedannazasenaaauansely
maaéf'sasiwﬁﬁé’numﬂauazhhju dmSusataiiidsuliasiadaidasiiefitay 1wy Ton exchange, High
performance liquid chromatography Wuedu drudregntaaizresnudnianinsansiammnnasnaie
35l Faisumunanagau ldmemugndaadu 1009 dwsudatsiifiosnaulviluuenaznauidu
Talunagaurnldmsdunadvesjisendanuiy athelsimaulfisenmsiadihnisiinduzeimnnaen
win wiahlalawudumslalslelu luaameaagliasiuazasaemalulunabiudiagnuas
W NABARAzgN reoxidized NAUING oxidized form laifFldlashe® duldsdasdunalfAzemaiod
mely 5 107 vasnnnadeu dwmsudufisunanngideldidenldnsmwiisunaniiienududu 1 pg/ml
idlasnniflumeanuh viaciandesasmsananumnmnman ludeiuhdenssmnsiien nsdifiatiayu
ganagaumnamsalviulamennaiialdanadaiethedvdulugfudaiahnnnszwzaims

= [ Py =y 4 = 3| v v [ 4 [ 4 1 v <
f\NLUU‘VIN']"ZIENﬂ”IiLaBﬂhl"lfﬂﬁg(m‘b}lfﬂimNa‘U'Jﬂ‘V]ﬂ'J']NL?lN?lu 1 ug/ml waqmﬂwwmqmmaaumnanLLaQLasa
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‘ﬁqﬂ‘l/lﬂﬁE]UW'ﬁ']ﬂ'JamLLUU?TuGl auULhEn AUAU NI LaN (153131

gelafichagese fuleaudlandanaadnaday (unknown) waze3anganaaauNNMBazliaualya
delifulsewenuaiiihdinlasimsnun 20 uwis milialiidmbivesl foamstugaseaslsmenna
fivinye wazwdsnanunsaumeiasfianmsiefianudaads wihaivssmawuumnman Nndszma
Tuwsznafanyunesn feiinatdeduldaoud 1 Toweu 2563 Wuduldo® udilatuil 25 fuseu 2563
fnsnunngudamatoyaidiilaguslne imsananumanmenludatayiasas 33 Mindaes 24 et
lu 6 Tamdameawiia®® waashUszmdlnegasimahmnmaninldnuniaansasiimsanasuininuay
il lumsitiia masdsnanuwianmaiasfiinmsussiiganadaumnmansiaouaya wiawldnu
FadhAsiwannzulnl msldnuhe ssann mdafissueewdo nouwaimely 5 il Snvsaansn
ilunegaudataihlumamnunsdisssuniaithass tastumauidiounasmswnmaald sun
WANIFEAIN ‘f%mmn@imﬁ'ugmfmmmaauwwswmammeawﬁm 2 dumau Asmanadoudaafishe uiia A
uazeaed B msldnuaauinageenn ldazann wazmvidsna msanafigadmnnasalinediidian
dailuedsdsdesamegiheilddulasmsiu maanawuhldumsismnnmaaunngmansoteimie
Hihauaslvenudfiuylanurieg

asu
9

MINaganaFauMNMBakuUTUnaudl lusluuukalge wuihisidianugndes ldnuhe
ANZUNBUMINATDULMABLNENIUABUAEY d2aIn TI0F) wastminzanianh lU1ldamanigaimnaiee
ludaenanay aenssinziien waztaanzla

Aeeanssndsea

dsmanaunal it Unamnas gansmaguiinenmansmsunnei 7 zauunu ildd3nm
FarsuauuruadaAafiude g savauanneIdnG sunddy qudinmmansmaunndi o uasTEIN,
weTasde 53lsating audinenenansmaunndi 6 20u3 uazinesiud nadld audinenanaasmaunndd 3
uATENTIA AaTuayunBNes UM UMATEA uaruaraunaEnEm nasFased Tsammnatumas
fihaaamuduativ
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Development of One-Step Paraquat Test Kit

Jintana Krodtem' Sarinya Rittinium' Thammawut Chumark' and Laksika Thongruangsri’
'Regional Medical Sciences Center 12/1 Trang, Department of Medical Sciences, Amphoe Muang, Trang
92000

’Palian Hospital, Amphoe Palian, Trang 92120, Thailand

ABSTRACT Paraquat is a herbicide that is widely used and has serious harmful effects on humans and
animals. Science 1998, The Regional Medical Sciences Center 12/1 Trang set up a 2-step paraquat test
kit and supported to hospitals used for testing specimens derived from the patients that were suspected
to be exposed to paraquat. In 2019, the one-step paraquat test kit was developed in capsule form in
order to reduce process and time for testing in drinking water, simulated gastric content and urine
samples. The results showed that the test kit could be used for testing paraquat with highly specific
reaction. The limit of detection of paraquat in drinking water, simulated gastric content and urine
samples were 0.7, 1.0 and 2.0 ug/ml, respectively. The test kit showed the perfect performance of
sensitivity, specificity, and accuracy at 100 percent. The test kit could be stored at room temperature for
1 month and in a desiccator for 5 months. In conclusion, the one-step paraquat test kit developed in this
study is easy to use with quick result and suitable for testing in drinking water, simulated gastric content

and urine samples.

Keywords: Paraquat, Test kit, Herbicide
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v
v

UNANEa m‘sﬁﬂmﬁmmqﬂsxmﬁtﬁ'aLﬂ%’ﬂmﬁﬂuﬂ%mm%’qﬁnsz@q (Scatter radiation) :NLA3BIENTLSHAEDUT
(Portable X-ray) ﬁ’v’i’a SHIMADZU §'u Mobile Art Evolution waz FUJI FILM wuu Full DR i;u FDR GO
Plus 2aslsangnunauasigy laansienzduSnasednszide ﬁﬂmmazszﬂzﬁﬂaamﬁmmﬁjﬂ}jﬁ'ﬁmuﬁm%ﬁﬁ
wazyaramlinnmsdemmiiddeiaiauanmsdindauil suiumsienziiiamsi o, 45, 90, 135, 180, 225,
270 UAE 315 BIM Tl5¥BEW 0.5, 1.5, 3.0 WAz 4.0 A3 laelamnity 80 wudwas duiisulafumumies
Gonad 284AUg 175 wUdmes wazlnaldsannuguaudasiithe ldnafindamusidienssdlaamuaunng
(Chest AP Supine) lTHunusumwssdaune 14 x 17" Gadinailn 85 kVp, 1.6 mAs 70 kVp, 0.63 mAs &3
;jﬂasuﬁﬂ wazlfinafindamwiadnszgniansiu (Pelvic AP) Gadinaila 85 kVp, 3.2 mAs 5282 100 BUHNAST
Taams1#a399d15719598 (Survey meter) KaMINaaInUNUTINaSedn el siunussazvinanndgthe e
Litufuiiemsufianudusidusstssmunll Aldfulsinasidnssdsifuamiondamslaused ludu 2o
mSv/yr uazliifin 1 mSv/yr mudey taanulaaasslumsufiou fufianuasegisnnvasatansisd
fiszazannni 4 wos uazyuiilanade @o o asen wasasmudansmilosiuiad
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unin

tagiunudusidiiadeianuddnlumsdhsunndiiasalse Fvludasiudfidniuuins
ymeFidunsngunuiidnuunn W wissenasdaoiinges enasgmll wnsisduuumglelsalail
iwapsanasdindouiiiueissiiolunududiditadeilsdlumsitadelsadesdulumemsunng
T lumsiensisddaudie q dwmdugiheiiiiommaninuiadoudaainn Tdlumsienmsdiinagiie
Wasshdauazaouiiau 1 1ussuu DR sansagmwmesidnnasnaniinaesnniaiadld ilwdnmiihe
asduldnadenlosadenlidonmadefiowasimaiosas lumsliuimadasmilalinuied
funzauuasanulaaasenasgihe whil uaryenaseud desdilaie International Commission
on Radiological Protection (ICRP)® lemwuaithnainamsilastussdiiananiasenmsiia deterministic
effects BnMaaalamamaiia stochastic effects Sidandiinamaions 2 nadi IWaglussauiisaniulduas
dnsamhHdlU1Flussinanissiige TesreliAaslenigge mstlasiusuamnenndidaiiiudasing
JawnFewtiads wu madaaouitliiminsan msnusumsnasds madengunsaiuasiididn fe anamdan
apsyrmnswaziaiasiia gunsaillosiy wy Haesi Inseaddad yamnsfiufidnuieduiidasdas
fenufinendumsilostusuansnniidueisilasiusuansnndid wasaminsoufianuldgndeay
dupauagniilssaniamw uannntuazdasiiniasiiafidislumstlesfuduanennied wialihou
Idageanuaaadouazazainiedu yaarnsiufidaumedudidasldiulinasidlitesiga
Tasdanan 3 Uszms Wiszesvhanniigafianansat fidnuld lnmlumsenssdiveiige uazldanmiia®
Idud dansm Tnsosdad

naunLaEInm Tsmemnauasgy Wumhsnudusiditeds imsbivimaeiasenaadiuy
wdeuil a vegtheluudas Tuihusinnuinn emssezuasiumisiaan saudgufiaou hwhitlssin
wazyamauinalndides ldfuthinasiidesiigalumsmamnionssdnniadevanaisdindaud Wwhi
wifagldidasilasiuudr anabiiisswalumsilasfuduansdadimhiiguidanuussithe Fefimsdmvua
nafidgegeiisansulddmiudmhildinionannsdindauillumsitads Taae effective dose 1
Tuszazna 5 U laithu 20 millisieverts per year (mSv/yr) fanuaaansansed®

msanmniifiumsSeusinasidnszdufiamsear Hame wazmunissuaennidseu
i3astenatsdindauil tilatlosiulsinafidnssdidmbifuitany dhmhisshan wasyanausion
Indidesdeasldsunasihmsdamnied

4

daaunsal
\n3auensLsdindauiiivio SHIMADZU 91 Mobile Art Evolution VANELOUATDI: 0162590607
kV 125 mA/mAs Lﬂ'%f'mﬂamaauqmmwm’%amaﬂmiﬁ 1. RTI Model Barracuda 320 mAs 2. 1A38981979
USmnaad Victoreen Ju 451P aaauLiiaiuil 19 0.0, 2559 MINELEINATBY 4059010596
\A3pslanaLsdiaasuiids FUJI FILM wuu Full DR 51 FDR GO Plus VANBLAULATDN:
MQ000128A028 kV 133 mA/mAs maximum 320 mAs Lﬂ%‘laqﬁawmaauqmmwm’%auaﬂmﬁ 1. RaySafe
Model:X2 R/F S/N 266644 2. Fluke (Survey meter) Model:451P-DE-SI-RYR S/N 0000007930
aadauLiiaiuil 24 n.W. 2563 VaNBLAINATEY 2001230147(4063001922)
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Scattered Radiation and Protection Practice from Mobile X-ray Unit Wasan Buthpa

1PN 5I359E (Survey meter) HaAAoiwae Fluke ju 451P-DE-SI-RYR Serial Number: 6608
Haalasu3EN Fluke Biomedical Uszinaansgawsm lasumssauiiisuiui 11 amew 2562 anvsaljudms

daULiguAIaNIastdNasgIundenil nsaINMaRsMIUNNg NTENTNMEITHGY aauaadluaInd 1

v

® Fluke 5u 451P-DE-SI-RYR S/N: 6608

NN 1 1A39E1999598 (Survey meter) &

[ v
< o

v =& A U a =t = P v o oo Al
ﬂaaﬂLﬂaﬂﬂlﬂLﬂiﬂﬁﬂﬂi’miﬁﬁ YUIN 29 X 39 X 16 LYUNNNT L‘lJﬁ‘c’l‘ULV]EIULNE‘)Q']EIIHW?QHLNBI}‘\!‘U'JEI

¥

= PR <
UDULHEN stretcher NNWULKAN

ABM Ay

3an193aUsinasidnszidaedasangisdieaauil JaUsnased (Radiation output) 29
\a3aaanyLsd FUJI FILM was SHIMADZU (30Hamsnagautaaaaiansiss @us‘f’immmam%mmwwﬁﬁ 5
AUNTINATIN) msasagavlsinassdeunisuannsdmllie MIATINTDUANINGNADY ANNUNUEN
wozanuiiigasaiiudaiduiiy wnweIssenssdildnulildnasyu Vinasidigiheesldiueasy
sntiuenssndy eiawengsanildlueissiofildSediandiasiiaisuiiisuiuiaiacila
mamsunndau g #ldsadand Lwiﬁé'l’qﬁmmlﬁmsiaﬁwjﬂm MsNAFEUAINIMBIEN 9 ReTasiy
matiasidendisidudasinmanaadau laun snlaladgege (Kilovoltage peak: kVp) nanlumsms
(Exposure time) uazU3inasad (Radiation output) lumsasiaaauiaisate nmﬂ%ﬁai&ﬁ"ﬂﬂﬁiﬁqﬂﬂsd
1Usnassdlumsnedau loun

ﬂ'"lﬁta‘haﬁfgﬂz!ﬂ (Kilovoltage peak: kVp) iwiasiaeilaliaduuy Non-Invasive X-ray
Beam Analyzer massana3asianzisd ssmnmaiiamsmesad Tosdanildlumsdammwidlitugihe
13U 80 kV 20 mAs qutﬁwmmam{mmwmfﬁ 5 dYNINAIN gadunaiiadl 80 kV 10 mAs 1MaLAad
Jaanlahiadlvsussdgugiionngiiamsldnu Ysuvameresasedliasaunguiinie anased adrlae

T v
[

5 A3 WAUGINENANFASMIUNNEN 5 aynTaaIN MENE 6 A1 lumsaauiisuiaIaeenysdadaunm

o o = ] o ¢ A ¥ = @ o ¥ ) o 1A o o v
2 P39 UunneNNGNAndvasanaulanneIadia M leamsusulasuanlalad lUunenaaansas
nagau
MINANEH
° a o ¥ oA [ " v @ a £
FuMIAMIMANNEaNIaaNNME (kV) ludsua mA m3egazdudssansanuulsusu

(Coefficient of variation)

SD
%CV = x 100
X

Nsasasyingengasmsuwngd
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e SD A andentuuanesgIu (Standard Deviation)

X o emaspesmnlaladnlaanmsio

X, da edlaladiialaadad i

anlaladinialasmannaiaasldiy 29 (Coefficient of Variation < 0.02 for high frequency
1oz three phase)

@hﬁ‘[ahaefﬁi’mlé’ehqmﬂ@hLaﬁlsﬂ,mﬁu 5% (Coefficient of Variation < 0.05 for single phase
full wave waz half wave)

AINUNU (Accuracy) Lﬂ%"aﬁwhﬁ‘[ahaﬁu,w Non-Invasive X-ray Beam Analyzer ms&?wh
w3asienaisd Uudaeilahadiummuauiidamsia dam mA uas time agil

M3 nuedasiamilahadlimeldsidusugi ssasnnyalilisunmasaionnsdiueiasin
mnugiiamsldnu Usunnesasisdlinsauaguiiassd msmesd duiindrilahadiidawaseniiiald
ehlasmsuSunasumalaladluiefidasmsaznagey

M 1haniisaldinenameanuianaamuanmsaase Ui

kV - kV

%ERROR = —2 %X 100
kV

m

dle  kVs @a eenwudadndvasading
kVm #a emenuddndwaaaileannmsie

nalumsaesed (Exposure time) ANNThe (Reproducibility) 31nm3a Maulszana
ANNLUIUTIM (Coefficient of variation: CV) @asiimlaitiu 5% menuuiuen (Accuracy) nNNMTIA
Fasfiehanuiiawanalsiiiv + 109 vaemiiog

U33aus9d (Radiation output)

anuthuBady (Linearity) ToglFiedasiaUSinasidunuasmnusednszide Taaasmining
%5y Wy 80 KV 0.05 s W39 0.1 s At 1asua mA vsatUasu mAs

38ma aemialuusnaiuiidlsugd ssesnnyeliiavaaaenasdmumuushmsliiadosio
galruamsiauuumsiaUsnadidny (Integrate) MURUAZManNauIEn TN U nauTNG e
Usumnazasanadlieauituiimnenasiia Jacusinasdian mA wia mAs whithansoTalalumel fiis
;2 WGy

MR MnamUSinasidaammaliengs ——— ;X
mAs

] A
v % 1

Tagmsmsmudnassdnialdaiaa mAs 169 Jugan X 299 mA %30 mAs Mlagfanu audmn

u

[ a Q( < a %
weguUszansaNnuuzaegu

ﬁxlOO
X, +X,

) a £ I a s
% guUszandsenuuzagu
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Scattered Radiation and Protection Practice from Mobile X-ray Unit Wasan Buthpa

ANNTEA (Reproducibility) TagliadasSamnaniainiesinsiduiio Non-Invasive fiansnsa
SamnamsaeSdlalagdei KV, mA uas time A9M 15U 80 KV 200 mA U8 0.05 s H3D 0.1 s

38ms auadenialuuinuiuiisigugd ssesnngalndanasaenssgmumuuznmsls indes
Jousumnenasfadliaquituiiinesasiio mesidachaion 5 a3 Tagasmnmildnuissn

MmNt ihuadldnmunamuaumsmissasdulszansanuulsusu

SD
% CV = x 100
X

(8 SD A AndeauuanesgIu (Standard Deviation)

X e sumdesnasilahadildnnmsia

X #a eirialdase i

AUsanasaanialasmenneimas iy 5% (Coefficient of Variation < 0.05)®

anududaduuismsasaaaudy 2 nadl de

nsiesauangsdasauuuiasuanuls (mA linearity) Fulszansenafludady aasiien
Taitiu 109

N3LASBILDNAIHAIMUUUNARAATENINNTZUARUNM (mAs linearity) dwlszdnianuiiy
@udusasianlaidiu 209

msiaUsinasidnssde snvaeaenmsdludumhlasiaunagnede Aauagmemn muua
s:ﬂsmqmnsﬁ”uﬁ’lLﬁ@%’qﬁﬁq@ﬂi’mﬂ%mm‘%’qﬁﬂmﬁqﬁszm 0.5, 1.5, 3.0 LA 4.0 LNAS MUTGU auaaslumndi 2
TassauiaaaENSEMNYN 360 89N 7i 0, 45, 90, 135 WAL 180, 215, 270 WA 315 IA AN
1naaendniildiainad51a5ed (Survey meter model) 2u1@ 29 x 39 x 16 wuAWAs Muuld:ls
fianugs 80 wudAmes eulddudumiianas Gonad upsaugs 175 wudmes uarlndidesrnugaaaio
fthe muuadmmeiiaiilfasdumsmammnianaisglaniuou (Chest AP Supine) lugtheidin 70 kVp,
0.63 mAs waziiherlvg 85 kVp, 1.6 mAs msmamwiangisdnssgnazlnn (Pelvic) 85 kVp, 3.2 mAs
Femmadians 3 o Wudnaiiedldlumsthemwmeiidnneionensisdindauiivadsmennauasgy
ilinsazdeazasmuuasftheldiulssinasdies Jausmnasidnssduweuaiavanaadindouiia
SHIMADZU 3u Mobile Art Evolution uag FUJI FILM wuu Full DR 3u FDR GO Plus lagiaemunis
A muadunisas 3 a3y dausadlunwi 3

MIIARTaYs
i Bnasdnasdeildnnmsia s a5 saudazaaiimmuaniensiteyalaslusunsudidasy
Data analysis 284 EXCEL 2010 Usznauaae ﬁinaﬁ'ﬂﬂ%mm%’ﬁnsmﬁq LLaxdauLﬁ'mmummwgm (SD)
munamBinadidnsz@ilasudet (mSv/yr) AsUsinaudidnsziae (mSy) x Suunaimms
@AY /AU x NUWIU/FUMA x 52 Fleni /T

Nsasasyingengasmsuwngd
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= o a Yy v o v o H 4 4 o
ﬂiuwmiqﬁnsmmLtazmiﬂmnuaumwmnﬁammﬂsaqLanmsﬁmaauw AU UaInn

180°

270°

Mt 3 MmyieUsinasidnssdweunisuennsdinaeuil FUJI FILM (A) war SHIMADSU (B)

G

Wa211N15)m Radiation output wazUszanmisdgnsziae

a o o .o ~ o & P Voo £
USainaused (Radiation output)™ > wamnmsaputiizuasadianasam liiinenadauanuadna

2.

299%aa0 (A1nlaliad, kV) glusf%mmam{miuwmfﬁ 5 dNTENATIN YDILASDILDNTLTE AR D UT
SHIMADZU uaz FUJI FILM Tasdeamaiinnadl @ 80 kV 10 mAs #isz8 50 wudimas aused
6 A% WaA@AY (Avg) A3auanyisdinaauil SHIMADZU waz FUJT FILM whity 79.64 kKVp ua 81.02
kVp ﬁhdamﬁ'mmummﬁm (SD) Wh#u 0.05 Uz 0.20 Muay dauaaslumeii 1 anuhemsia

NININTHINENANFATNSUNNE
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Scattered Radiation and Protection Practice from Mobile X-ray Unit Wasan Buthpa

MU3nwused (Radiation Output) 1um’5’3’mu91aamlm@uﬁ%mﬂmm%ﬂﬁuwmfﬁ 5 ANNTENATIN HaTile
Ao wiswengsdieaauil SHIMADZU ldemaila 80 kV 10 mAs Togldiaey mAs wanldanmsda
USnased (mR) ﬂ%uwm%’qaﬁﬂqmﬁhﬁ’u 244.93 USINUNTFANAY 245.37 HaeaE (Avg) Whity 245.22
@hdamﬁ"mmummgw (SD) whiiu 0.15 A3peazdnlszanaemuulsusiu (Coefficient of Variation)
whiy 0.06 saudaslums i 1 wiswennsdieaaudl FUJI FILM wafilannmsiausanassd (mR)
Unassdmganiniu 204.50 USinasidgegauniu 224.2 wariwas (Ave) Wiy 220.00 mdnudesuy
W93 (SD) inu 7.76 fdatazdnlszansanuulsusiu (Coefficient of Variation) whiu 3.53
sauaaslumsei 1

MM 1 WaNSNAFULASDILDNYLINABUN (80 KV, 10 mAs, 528 50 LBUALNAT)

AN 1 2 3 4 5 6 CVy% SD Avg
' ... S 7961 79.66  179.66  79.69  79.55  79.69 0.07 0.05  79.64
AMANNANANE
F 81.30 80.80 80.80 81.00 81.20 81.020 0.25 0.20  81.02
. S 244.93 24529 245.28 245.22  245.2  245.37 0.06 0.15  245.22
Uanoueg
F  223.10 223.90 224.20 224.30 204.50 220.00 3.53 7.76  220.00

vinawme S = SHIMADZU , F = FUJI FILM

HannMsaUiBULAIpangLsEm lUllanasauanumednavasann (Ailaliad, kV) wiia
wimanuuNu (Accuracy) ﬂaqquﬁimmmamﬁmmwﬁﬁ 5 ANNTENATIN Toodeamaiindl 16 mAs Tag
Wague kV seaaipuansisdinasui SHIMADZU fmnaila 3 6 7 60, 70, 80 kV HAAANNEENATIe
AU 60.17, 69.43, 78.94 KVp muaey saudaslumsii 2 uavasaladiduddnlszansanuulsisiu
(% CV) fhemueadng (kV) 2aanisangisiinaauil SHIMADZU @o -1.33 % aauansluasad 2

391 2 anssud ihiuraatenssdgege (16 mAs, 5382 50 WURWAT) YBNLAIDABNYLIEAFDUDN

SHIMADZU
A9 1 2 3 Max
Set kV 60.00 70.00 80.00 80.00
\J L 1{
aNNENAnAasann (kV) 60.17 69.43 78.94 78.94
SagazAaNNaNAng (%kv Diff) 0.28 -0.82 -1.33 -1.33

HaTnMssauiisuAiasangsimluianasauanuiednazasaan (nlalad, kV) tieme
ANULNY (Accuracy) wamuﬁﬁmmmam%mmwwﬁﬁ 5 ANNTENATIN Toadadinaiind 16 mAs Tagwasuem
KV 2941030a10nesdiadauds FUJI FILM @inaile 4 @ 7 60, 70, 80, 90 kV Hamamnueadnanialawhiy
60.90, 70.10, 80.60 Waz 91.05 kVp muaau fauanslumei s narssmniladFuddulsyansanuulsusiu

(% CV) Menueednd (kV) 20903890n2580aaun SHIMADZU @8 1.67% 09uadndlumsnd 3

Nsasasyingengasmsuwngd
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i ' X 1 3 a 2 3 2 N
MMINN 3 mmmalﬂﬂwmuwamLaﬂmsslgqqﬂ (16 mAs, 5282 50 HUALNAT) YDNLAIDILDNALILLADDUY

FUJI FILM
Asan 1 2 3 4 Max
Set kV 60.00 70.00 80.00 90.00 90.00
L L2 A(
ANNANANAzaIaan (kV) 60.90 70.10 80.60 91.50 91.50
JagazAaNuENEng (%kv Diff) 1.50 0.14 0.75 1.67 1.67

wan1InadaulInuied (Radiation output)

Anszuaiurasaengsivsaanuiudaudy (Linearity) Tumsianagavzasdudinenemaas
MIUUNGN 5 annIeNAINAITBNENALIEIAaauN SHIMADZU Tvaunaiia 8o kV uaiidsual mAs
t!' l!' k4 W =Y L | 1 % o %

1, 1.6, 20 mAs HaNleNAMFIAUSIIAUSIF (mR) WNNU 245.28, 240.92 UAL 240.15 MNAAU NITUE
Eueaaengsd (Linearity) AU 0.90 ALEAS UMD 4

MM 4 WaNSATIAFBUUSINIWSIF (80 kV Seair 50 WUALNAST) 289LATLBNTLSEHIAdaUN SHIMADZU

¥
[

asaf 1 2 3 Max

AMAlA mA 10 16 20 20
AWALA mAs 1 1.6 2 2
mm@hqﬁ'nﬁwawaa@ (kV) Lﬂﬁ'ﬂwh mA 79.66 78.94 78.90 78.90
ANNLELMANNIANRYaIanaLUaua mA 79.66 78.94 78.90 78.90
SazazAaNNENAng (%kv Diff) -0.43 -1.33 -1.37 -1.37
USnased (mR) 245.28 385.47 480.30 480.30
mR/mAs 245.28 240.92 240.15
ANszuaEnUaantanysd (Linearity) 0.90 0.90 0.16 0.90

wingwme: mylaenuiudady (Linearity) Toswdsud mAs Tiasd kV wiaiad Dose msmwalvdudiulos
4@ mR/mAs ndanu

enszudshuvasaengstuiaanmiududy (Linearity) Tumsianagavsasgudingeans
MIUNNGN 5 NIANATIN 1ATBNBNYLIEAABUN FUJI FILM lvidnaiia 8o kV uaaudsud mAs 9 10
waz 16 mAs KanleanMIAUIINASIT (mR) AU 220 wae 325 MNseuaUaantanLse (Linearity)

WO 3.97 AIULEANLUMTINN 5
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Scattered Radiation and Protection Practice from Mobile X-ray Unit Wasan Buthpa

M50 5 HaMIATIAFUUSIIMSIE (80 kV Szar 50 w@WuUANAT) 289LA39enssawnaaun FUJI FILM

A59N 12 Max

Asai 1 2 Max
AWAta mAs 10.00 16.00 16.00
Anueadnarawmane (kv) wWagua mA 81.02 80.60 80.60
AnuuuI A NINAnAYaIraan Wasum mA 81.02 80.60 80.60
Segaraanuandng (%kyv Diff) 1.28 0.75 1.28
USnased(mR) 220.00 325.00 325.00
mR/mAs 22.00 20.32 20.32
MmnszudriuiaaatangLsd (Linearity) 3.97 3.97 3.97

wingwa:  mytaanuiududu (Linearity) loswdsud mAs Tviasen kv iiadad Dose mamwialwdugnu
Togl#@ mR/mAs Nfany

namasUsusiEnszde mamwasiilannmaiaUsnasidnsidweuniaventsdndaud
MNTZEE 0.5, 1.5, 3.0 UAT 4.0 LUAT MNAIGU LOETBUMNADADNTLIHMNYN 360 BIAN il 0, 45, 90, 135, 180,
215, 270 WA 315 BNA) MUAAU é?qmmﬂﬁﬂ 85 kVp, 3.2 mAs, 85 kVp, 1.6 mAs uaz 70 kVp, 0.63 mAs
fauaaslumsd 6 FrUsinasidnssiweniavensisiindauil SHIMADZU waz FUJI FILM azan
Maglndvvesaanmsduasmmaiiafiinnnh uasanuduiussenialFinasidnsstussasmediviing
wraaLAIauansLsdiadoull SHIMADZU was FUJI FILM uinashuwnisiildsutbnasidnsziaiasiige
YBILAS BTSRRI UTING 2 1A3Pe Ad Tiszee 1.5 was 21l Aeuwis o paen

AaslBinasidnssdigign

wanInMTiadieasUsinuidnsdwaneiavanaisdiadauil SHIMADZU 1 3 dwnaiie
SarmasUznasidnszdanniige #a dumisgn 180 a3 uaziaiadennLsdiedauil FUJI FILM
SafwasUsinasidnss@siigigauesdinaiia 5 kV, 3.2 mAs A suniagy 135 83 ainadia ss kV,
1.6 mA s Uaz 70 kV, 0.63 mAs A MUNUYN 45 BFN

v
= o

cshmﬁsﬂ‘%mm%’aﬁnizﬁwmqm

HannMsIammasinasidnsiiwsuniauenysdnasuil SHIMADZU fminasiSanasd
ﬂ‘ix@ﬁ‘ﬁ@%’l&jﬂ AB GUVUNN 215, 315, 270 BIFN fisvez 0.5 AT MNEIRU UAZREIUVUL 0 BaFN Nszay
1.5 wns 2uly Epsanusdindouil FUJT FILM simaslbnasidnsdeiionge fo duviay 180,

90, 215 BN SEEL 0.5 LNAT WALHNUWUG 0 BIAN NIzay 1.5 WS 2ulU Aeuaaslumsied 7

Nsasasyingengasmsuwngd
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= a @ o a d ' < P
MNINN 6 ﬂ‘iiﬂmiﬁﬁﬂixﬁ]ﬂ%itﬂmmmﬂ&lm'\\i’]‘llﬂ\il,ﬂia\il,aﬂ‘miﬂtﬂaﬂuﬂ

WS WA

USnasadniead (uSv/h
(tue3) (@960) Y (n )

85 kVp, 3.2 mAS 85 kVp, 1.6 mAS 70 kVp, 0.63 mAS
S F S F S F
Awas SD @umds SD awnds SD  ewnds SD  @uads SD  awnds SD
0.5 0 7,800 0 7,867 306 3,347 25 3,533 58 927 25 1,333 58
45 7,500 520 17,500 1,039 3,150 90 4,200 289 900 90 1,440 392
90 7,800 520 7,200 900 3,330 52 3,000 275 870 52 1,140 137
135 8,100 0 8,700 520 3,120 52 3,090 275 930 52 1,650 187

180 8,400 520 6,900 520 4,020 52 3,930 52 1,020 52 1,260 392

215 7,200 0 8,400 520 3,300 52 3,180 104 960 52 1,110 104
270 7,800 520 8,400 520 3,450 52 3,870 180 840 52 1,260 90
315 8,100 0 8,100 0 3,060 52 3,480 187 960 52 1,470 364
1.5 0 40 0 10 0 19 0 7 0 2 0 2 0
45 833 58 833 115 350 10 467 32 100 10 160 44
90 867 58 800 100 370 6 333 31 97 6 127 15
270 867 58 933 58 383 6 430 20 93 6 140 10
3156 900 0 900 0 340 6 387 21 107 6 163 40
3 0 10 0 3 0 5 0 2 0 1 0 1 0
45 208 14 208 29 88 3 117 8 25 3 40 11
90 217 14 200 25 93 1 83 8 24 1 32 4
135 225 0 242 14 87 1 86 8 26 1 46 5
180 233 14 192 14 112 1 109 1 28 1 35 11
215 200 0 233 14 92 1 88 3 27 1 31 3
270 217 14 233 14 96 1 108 5 23 1 35 3
3156 225 0 225 0 85 1 97 5 27 1 41 10
4 0 6 0 1 0 3 0 1 0 0 0 0 0
45 117 8 117 16 49 1 66 5 14 1 23 6
90 122 8 113 14 52 1 47 4 14 1 18 2
135 127 0 136 8 49 1 48 4 15 1 26 3
180 131 8 108 8 63 1 61 1 16 1 20 6
215 113 0 131 8 52 1 50 2 15 1 17 2
270 122 8 131 8 54 1 60 3 13 1 20 1
315 127 0 127 0 48 1 54 3 15 1 23 6
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Scattered Radiation and Protection Practice from Mobile X-ray Unit Wasan Buthpa

aIi 7 UTinasadnsaiianuyneimzaeanalanmMue

y ., USinasednszegedn USainasadnsz@emgn
LAS8NLBNTLSE
4 4 T TAIRN a yu (89e0) o u (29A0)
tAdaud
frnaiia (tuer3) 85kVp, 85kVp, 70kVp,  85kVp, 85 kVp, 70 kVp,
3.2 mAS 1.6 mAs 0.63 mAs 3.2 mAS 1.6 mAs 0.63mAs
S 0.5 180 180 180 215 315 270
1.5 180 180 180 0 0 0
3.0 180 180 180 0 0 0
4.0 180 180 180 0 0 0
F 0.5 135 45 45 180 90 215
1.5 135 45 45 0 0 0
3.0 135 45 45 0 0 0
4.0 135 45 45 0 0 0

ihwamwdsUsinusidnszdlegldmmasimnasidnss@gganannamdinasidnlasunn

130N A UNNG 3 aiia NlFlumsiaamuSinasidnszds laemliua lsswennauasiguldau

LAIDILBNTLIELABUNIREY 0.5 T LMD (Szezna@denmmMstanysd) lagldny 5 Tudadua was 52

dlonvieatll azlemUsanasadnszienlasuaall UsSianssi@en luaszauanylasadamesadnmvue

Hsmsuuianihnmeseduanissensisdiie SHIMADZU @ 17, 8, 2 mSv/yr uas FUJI FILM @p

o v o 4 & ' a o v a o o a
18, 9, 3 mSv/yr MNIAU @QLL’GTG]\‘IIUG]’]‘J'NVI 8 N 3 MILNAUA ‘Vﬂ?ﬂuﬂ’li?Glﬂ'ﬂﬂm'ﬂﬂﬂﬁglﬂﬁﬂ’izﬂg 4.0 LGOI

Aﬂ' 2 =] a a U o a d‘ ke P v
3197 8 Usnasidnsz@iggauasUsinasidnsidainlasudsl (mSv/yr) vadudasszeznia

USinassdnsziegegauaudayszazng

USnasadnsz@anlasusatlvasusazszasng
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Analysis of the Scattered Radiation and

Protection Practice from Mobile X-ray Units

Wasan Buthpa
Nakhon Pathom Hospital, Amphoe Muang, Nakhon Pathom 73000, Thailand

ABSTRACT This study aimed to compare the scattered radiation from two portable x-ray machines
(SHIMADZU Mobile Art Evolution and FUJI FILM FDR Go Plus) at Nakhon Pathom Hospital.
The radiation safety distance of staffs was also analyzed. The scatter radiation was measured by a surve
meter at the height of 0.8 meter from the floor, representing the gonad level of a 1.75 meter human height.
This level is similar to the height of the gurney. The measurements were collected with varying angles
of 0, 45, 90, 135, 180, 225, 270 and 315 degrees at various distances of 0.5, 1.5, 3.0 and 4.0 meters from
portable x-ray machines. The exposure technique for chest AP supine radiography was 85 kVp, 1.6 mAs
for adult patients and 70 kVp, 0.63 mAs for pediatric patients. The exposure technique for pelvic AP was
85 kVp, 3.2 mAs, at 1 m SID. The 14 x 17" DR detector was used for radiographic imaging. The result
showed that the amount of scattered radiation was inversely proportion to the distance from the patient,
but it did not depend on the direction. In this study, the radiation exposure that the staffs and public
received did not exceed the radiation exposure limit of <20 mSv/yr and <1 mSv/yr, respectively. For the
safety practice, the staffs should keep the distance more than 4 m, stand at 0 degree from the x-ray tube,

and wear lead apron.

Keywords: Scattered radiation, Radiation protection, Mobile X-ray unit
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Assessment of Knowledge, Understanding,
Awareness and Practice on Quality System

among Personnel of the National Institute
of Health, Thailand

Waralak Lertsupangkakul' Daungkamon Asawutmangkul' Thunwa Kaewket’
Kamolpan Khruemyanang' and Archawin Rojanawiwat'

' Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000

’Mae Fah Luang University, Amphoe Muang, Chiang Rai 57100, Thailand

ABSTRACT The National Institute of health (NIH), Thailand is an organization that has been
implementing quality systems as a management tools since 2003. All relevant International standards
have been adopted in the institutional quality systems. The quality systems have been transferred into
practice by using standard operation systems (SOPs) in all work processes which cover all levels of
personnel. As the systems have been timely implemented, there is a suspicion on knowledge,
understanding, awareness and quality practice of current personnel working in this manner. Therefore,
this study aimed to explore the perception of quality of the NIH personnel with additional assessment
of communication efficiency by survey design methodology. The results showed that knowledge,
understanding and awareness on quality systems were at high level while quality practice was at
highest score. Personnel with different duration of services had no statistical difference in the level of
knowledge, understanding, awareness and quality practice (p > 0.05). In terms of communication
efficiency, it was found that circulars were the most effective mean while e-mail was the most simple
and thorough channels to receive quality information. The results of in-depth interview indicated the
issues to be considered as continuous quality improvement, namely creating systematic learning of
quality systems. These included increasing learning channels and up to date learning materials and
providing an organizational knowledge management process for self-learning.In addition, the right
communication channel should be used to communicate with all levels of personnel in order to achieve

effective awareness throughout the organization.

Keywords: Knowledge, Understanding, Awareness, Quality practice
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FIUTINANENUFIAUNITIIIMsuwnd doiuddeinenaaasansisugy nsndInenmansmsunng NuIu
12 eWug laun Escherichia coliDMST 4212 (ATCC 25922), Bacillus cereus DMST 5040 (ATCC 11778),
Clostridium perfringens DMST 16637 (ATCC 13124), Listeria monocytogenes DMST 17303,
Saccharomyces cerevisiae DMST 22805 (ATCC 2601 ), Salmonella Typhimurium DMST 562 (ATCC
13311), Staphylococcus aureus DMST 8840 (ATCC 25923), Vibrio choleraenon O1/non 0139 DMST
2873, V. cholerae O1, Eltor, Inaba DMST 28002, V. cholerae O1, Eltor, Ogawa DMST 9700,
V. cholerae 0139 DMST 22139, V. parahaemolyticus DMST 5665

mm’s&gﬂﬁﬁ;a

mmil,gmL%vaém%uwam?:maﬁum%t‘fﬁﬁmm 9 loun

NUINYAUNTE: plate count agar (PCA)

NUIUEFAUIZ): petrifilm yeast and mold count plate

E. coli: EC broth, Koser’s citrate broth, lactose broth, lauryl sulphate tryptose broth
(LST), levine eosin methylene blue (L. - EMB) agar, methyl red - Voges Proskauer broth (MR - VP),
tryptone broth

B. cereus: mannitol - egg yolk - polymyxin agar (MYP), motility medium, nitrate broth,
nutrient agar (NA), phenol red glucose broth (PRG), tyrosine agar (TA), trypticase soy - sheep
blood agar (SBA), Voges - Proskauer medium (VP) (modified)

C. perfringens. cooked meat medium (modified) (mCM), lactose - gelatin medium
(for C. perfringens), motility nitrate medium, spray’s fermentation medium (1% salicin Wag 1%
raffinose) thioglycollate medium (fluid) (TGC), tryptose - sulfite - cycloserine agar (TSC)

L. monocytogenes. agar Listeria according to Ottaviani and Agosti (ALOA), blood agar,
CAMP medium, carbohydrate utilization broth (L - rhamnose w82 D - xylose), Fraser broth,
half Fraser broth, motility agar, oxford agar (OXA), tryptone soya yeast extract agar (TSYEA),
Voges - Proskauer (VP) medium

Salmonella spp.: buffered peptone water (BPW), Hektoen enteric agar (HE), lysine indole
motile (LIM) %38 motility indole lysine (MIL) medium, modified semi - solid Rappaport - Vassiliadis
(MSRV) agar, Muller - Kauffmann tetrathionate novobiocin broth (MKTTn), nutrient agar (NA),
Rappaport - Vassiliadis medium with soya (RVS), triple sugar iron agar (TSI), urea agar, xylose
lysine deoxycholate agar (XLD)

S. aureus. Baird - Parker agar with egg yolk (BP), brain heart infusion (BHI) broth,
trypticase (tryptic) soy broth containing 10% NaCl and 1% sodium pyruvate (TSB 10% NaCl),
coagulase plasma (rabbit) with EDTA

V. cholerae waz V. parahaemolyticus: alkaline saline peptone water (ASPW), Arginine
dihydrolase saline medium (ADH), CHROMagar Vibrio (CV), L -lysine decarboxylase saline
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medium (LDC), saline medium for detect of indole (Tryptophan saline medium), saline motility
indole lysine medium (MIL), saline nutrient agar (SNA), saline triple sugar iron agar (TSI),

Thiosulfate citrate bile and sucrose agar (TCBS)

WEuazasad

Butterfield’s phosphate buffered dilution water (BPB), basic fuchsin staining solution
Gram stain reagents, 3% hydrogen peroxide solution (HZO2), Kovacs’ reagent, malachite green
staining solution, methyl red solution, nitrite detection reagents, oxidase reagent, ONPG disc, 0.1%
peptone water, polyvalent V. cholerae O1 taz 0139, 0%, 6% Wd% 10% saline peptone waters, 0.85 %
sodium chloride (normal saline), Salmonella polyvalent O antisera and monovalent O antisera, V.

cholerae Inaba antiserum, V. cholerae Ogawa antiserum, Voges Proskauer (VP) reagents
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29UBUAN UNENTUNDY (RETUEN iFngmsduguanyazsnaa (Tninenmaad
msunngidenenn) ueemades Yyaeilssans doinmnmansmsunndinngmsfiiny dinguamuas
anuiaaadaans nswineneaasmsunng Alvmuuah dauauus wasasmuduatu uazsaug
dmhives fiamsanaieneiormsmegaininsmauigislunueiaudisiuazanainne
IMNSUBEMYULANNHRINT

Nsasasyingengasmsuwngd
7 U 63 atuh 3 nangaN - Auene 2564




M3UszHUAMMNNNYEIINENYaIIN W BN LNALAzMIULENHTDINS agNUG AaANNT wazAne

10.

11.

12.

UG ARGANED

. NBIUINNTINUALITE NINAIUANLIA. unuATemumMUaeny muANlIALALABGUAN W.A. 2562 - 2564.

[eaulail]. 2562; [FuAu 12 5.0. 2562]; [112 WiN]. whdalaan: URL: http://irem.dde.moph.go.th/

uploads/book/5¢779¢5¢14610.pdf.

. aningmavamsuazin asuewde. gilamsujianudugniviasimsuazi @y 5 325

MuguAuasmns (aae). [eauladl. 2556; [Fudu 12 5.a. 2562]; [52 wih]. whdsldan:

URL: https://foodsan.anamai.moph.go.th/th/handbook/911.

. UBNS a0SANA. 9TIMEIMNDIMS. WauWATIN 4. sezan: gudnildaninenaerintos 2552.
. iingnAteamnsuazin nsBINNE. AlanangasmsgmamaemsniuduiaasuasEsznay

Aamsemuems. [eaulaiil. 2557; [§uAu 5 5.0. 2562]; [115 Wih]. Wdelean: URL: https://food-

sanold.anamai.moph.go.th/download/D Media/Handbook/@Naviangnsua ﬁ’amms.pdf.

. inguMNLAzANNYaBANEEINT NININENAMENSMTUNNE. NMTIAMMNNNTZTIINEYBIINTUDE

MYULANEEINS AUUN 3 (W.A. 2560). UUNYF: NININENAMFATNTUNNE NTLNTNINDITNGY; 2560.

. Chapter 6: culture methods for enumeration of microorganisms, and Chapter 8: mesophilic

aerobic plate count. In: Salfinger Y, Tortorello ML, editors. Compendium of methods for the
microbiological examination of foods. 5" ed. Washington, DC: APHA Press; 2015. p. 75 - 87,
95 -101.

. AOAC official method 997.02 yeast and mold counts in foods, dry rehydratable film method

(Petrifilm™ Method). In: Latimer GW, editor. Official methods of analysis of AOAC International,
volume I. 20th ed. Maryland: AOAC International; 2016. p. 19 - 21.

. Feng P, Weagant SD, Grant MA, Burkhardt W. Chapter 4: Enumeration of Escherichia coli

and the Coliform Bacteria. In: Bacteriological analytical manual (BAM). [online]. 2017; [cited
2019 Aug 2]; [18 screens]. Available from: URL: https://www.fda.gov/food/laboratory - meth-

ods - food/bam - 4 - enumeration - escherichia - coli - and - coliform - bacteria.

. Tallent SM, Knolhoff A, Rhodehamel EJ, Harmon SM, Bennett RW. Chapter 14: Bacillus cereus.

In: Bacteriological analytical manual (BAM). [online]. 2012; [cited 2019 Aug 2]; [10 screens].

Available from: URL: https://www.fda.gov/food/laboratory - methods - food/bam - bacil-

lus - cereus.
Rhodehamel EJ, Harmo SM. Chapter 16: Clostridium perfringens. In: Bacteriological analytical
manual (BAM). [online]. 2001; [cited 2019 Jul 5]; [7 screens]. Available from: URL: https://

www.fda.gov/food/laboratory - methods - food /bam - clostridium - perfringens.

ISO 11290 - 1:2017. Microbiology of the food chain - horizontal method for the detection and
enumeration of Listeria monocytogenes and of Listeria spp. - Part 1: detection method. Geneva,
Switzerland: International Organization for Standardization; 2017.

ISO 6579 - 1:2017. Microbiology of the food chain - horizontal method for the detection,
enumeration and serotyping of Salmonella - Part 1: detection of Salmonella spp. Geneva,

Switzerland: International Organization for Standardization; 2017.

MsEsasiinanenaasmsunng
Ui 63 atfun 3 nsngiay - Mieneu 2564




Evaluation of the Microbiological Quality of Foods and Food Contact Articles Nutthakan Tiyasiwaporn et al.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.
23.

24.

25.

26.

Tallent S, Hait J, Bennett RW, Lancette GA. Chapter 12: Staphylococcus aureus. In: Bacteriological
analytical manual (BAM). [online]. 2016; [cited 2019 Jul 12]; [6 screens]. Available from: URL:

ISO 21872 - 1:2017. Microbiology of the food chain - horizontal method for the determination
of Vibrio spp. - Part 1: detection of potentially enteropathogenic Vibrio parahaemolyticus,
Vibrio cholerae and Vibrio vulnificus. Geneva, Switzerland: International Organization for
Standardization; 2017.

viaail yauszas, @uad Hifinsia, ussandms. a8@ luiTamamsunnd. fisinsai 2. AT §1N
WHHUWNUNANNIaININENaE; 2541. Wi 79,

Health Protection Agency. Guidelines for assessing the microbiological safety of ready - to - eat

foods placed on the market. [online]. 2009; [cited 2019 Dec 13]; [34 screens]. Available from:

fnwa uizsuas. Mesyagaunsdlugaadnwsanuslaa. neniinus]. snlazumaasdne, Undie

enan. Weslval: wninenaadesl; 2545.

a = = = P a
uni 1 msidennumwaazmstdanderesenns. Tu: asiy deUszan. Immsouanerms (FD323).
[eaulaii]. 2548; [§UAU 8 W.o. 2563]; [21 Wih]. WhDelean: URL: http://old - book.ru.ac.th/e - book/
f/FD323(54)/FD323 - 1.pdf.

ANAITIN NULEN, DIRTI BEAY, 55 INT HITITNUL. ANNUaBANENINYATIINELBIIMNITNIBNUFLNA
e o doiaudslosasluangumwamuas. 7 nsuIng w 2558; 57(3): 269 - 78.

guaen Twudug. 393INEMeeIMs. RNWASIN 2. N3N TN INENassIsNmans; 2549.
unwea Usziadgduase, Awesod nvendu. lulaildn das wiadas. 2 Innmaasgumwdniuas
walulad 2562; 3(1): 24 - 32.

Linscott Ad. Food - borne illnesses. Clin Microbiol Newslett 2011; 33(6): 41 - 5.

o a ¢ = a Y ¢ a o o a 7y o o v o ¢ ¢ a
sudw Wszasdias, ade gansed, And a3la. Mmalwnzvilatenienuduiusaaanmsalgniue
msluamanauasienlan Jniafvolan. 1 N5ITMEuMEns 2558; 45(3): 230 - 43.

A9 305A5NE, 1850Y ANIWG, 1T5T FWABUNS, aNY UnNg waes. NMIUsHRUANNFZDIAYBINTUL
dunaamnsluHuamsmualuamanasing NFNWNINLAS. 3 ANNUIDANBULALFUMN 2559; 9(32):
18 - 30.

<~ = = QQ‘ o d‘d 3 u/ o v a a 3

woula Frfiesitees. Jadenianudunusnung@nssugnitnaaImsmunueinasF UM Iaza10
samdasesradissnaumsmamnsluasuRagaueegudanlen 1 NTNNNEY NTENTNATITNGD.
[nendinus]. senimgedne, TadieIneas. NJmns: NINeaansasmans; 2551.

2wed lawty. MsUGURMUMENTN AN TUDIFNHFTDIMNTUTAMM NN TINAIUATINED
TusHunmbhaawmnswsanuslae. Byenfinus]. sdnlasuemansdne, UndaInenas. @eslvyy:
wvmnenaedealnl; 2552.

Nsasasyingengasmsuwngd
7 U 63 atuh 3 nangaN - Auene 2564



M3UszHUAMMNNNYEIINENYaIIN W BN LNALAzMIULENHTDINS agNUG AaANNT wazAne

Evaluation of the Microbiological Quality
of Ready-to-eat Foods and Food Contact
Articles in Welfare Restaurants of the

Department of Medical Sciences

Nutthakan Tiyasiwaporn Kamonwan Kantaeng and Patraporn Srimai
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi,
11000 Thailand

ABSTRACT Between the fiscal year 2019 and 2020, the Bureau of Quality and Safety of Food
collected 270 samples of the ready-to-eat foods (110 samples) and food contact articles (160 samples)
from welfare restaurants of the Department of Medical Sciences. This study aimed to evaluate the
microbiological quality of the collected samples using the microbiological quality guidelines for food and
food contact articles, third edition, Department of Medical Sciences as standard guidelines. The results
showed that 42.7% of 110 samples of 6 types of ready-to-eat foods did not pass the criteria and they were
caused from yeast, aerobic plate count and Escherichia coli as 52.9%, 20.0% and 19.0%, respectively.
The pathogenic bacteria, such as Bacillus cereus, Clostridium perfringens, Listeria monocytogenes,
Salmonella spp. and Staphylococcus aureus were found as 19.6%, 2.1%, 1.0%, 6.4% and 0.9%,
respectively. However, mold, Vibrio cholerae and Vibrio parahaemolyticus were not found in all
samples. Thai salad-papaya salad-food with vegetables-fruits did not pass the highest criteria (80.0%).
A sum of 73.1% of 160 samples of food contact articles did not pass the criteria and they were mainly
caused from aerobic plate count. In comparison, the qualified results of the fiscal year 2020 was 1.3 times
greater than that of 2019; however, they were not significant difference (p>0.05). In order to improve
the quality and safety of ready-to-eat foods, food handlers must have good personal hygiene and good
hygienic practices during preparing, cooking and selling food. The Department of Medical Sciences should
provide training and assessment of welfare restaurant on food sanitation, including randomly collect
sample of food and food contact articles for quality testing. Consumers should follow the principles of
“eat hot food, use serving spoon and always wash your hands” and “eat cooked food that is still hot and

clean”

Keywords: Microbiological quality, Ready-to-eat foods, Food contact articles, Food safety

MsEsasiinanenaasmsunng
Uh 63 atfui 3 nsngiay - Mgy 2564 <




NNl JUans 2 NININY W 2564; 63 (3):704-720

mswaaaumwgnﬁ’awaﬁ%’iLﬂswzﬁﬁﬁ%fwse?iu
Tuawslegwmetia HPLC

[ s < a 4 a da Ju a J
AUNILWEY Tmmuu‘n LLa%!ﬁ"l‘YIWEI 'JTIEI”Z[?I?‘G)I'NW
SINAUMNUBLANNYBDANEDNINT NININENAFNTMTUNNE DUNBLNBN UUNY3 11000

unanda Faslnstusglunguddunidduensizionil Wudidenuhdsusuasanuiou Saidhingidatuamns
MNUIEMANTENTNINFITNGY atuil 418 w.a. 2563 sanmuanalunsensiydfenms w.a. 2522 Basmvue
wanunast Jauly 33msld uasdonduzasingidatuams (@iiuil 2) msnmilldwannuasliulisinnsy
Usinadaslnsaulusmssadnldnisanaais 1-butanol ug13iaUsanaeieweiae spectrophotometer &4
nzE SN sTiazanenhiiy T,ﬂﬂL‘Uﬁ'alumL"fJum‘saﬁﬂéhasimwiazﬂaiumms (mmsﬁazmﬂﬁﬂ, aaL]
Tiiazanein wazermsuszanidluin) udrldinaiia HPLC lunisasiasadSina mnmsnagaunuinis
fianuuwzianzas gadas usiueh wazanuiuduasseglugng o.10 &1 50 faanTudanlaniy Tasdmduszand
m3aaaula (R”) 10 0.9995 uaaznguamsimaiinasean &ail Feamsasaaiia 0.06, 0.10 UAE 0.10
Faan5uaanlansy MUaeU  IeNNANITIANLHUTINMIA 0.20, 0.20 LaT 0.25 HaaNNABALANTN MNAIGU
mmLﬁmmmamﬁwﬂ'wLﬁ'ﬂ\uuummgmﬁuﬁwﬁ (%RSD) el 1.5%, 4.5% Waz 2.9% MNSMIOU ANNULNUEN
LHOITIBALRAEYDY %recovery agludedaegas 96.1-99.4, 92.1 - 95.1 AT 83.3 - 96.0 MNAGU Fenewil

MansalFienziUsinadssinggu asaunanlunnnguenmslagianudmnzazas gadee wazulue

AdAa: 39303y, 013, weila HPLC
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q

unin

HPLC %48 High Performance Liquid Chromatography ({huaiasiiails WNzNaNYasanIUsEnaY
dunddiliszme wionguansusznoudunigicnansasuveldihunas Tasdednianhaniensiszda
Ansandeanuansalumsazarsasasiinesmsiansiiuihazas dunidnanildnou iiatlaeiu
m3sliazananaieny vianmsanaznaurasdnazanaray uazliliiiamsgaauluszuy saneRansan
mms@mﬂﬁuﬂé"mmwméhﬁwa::mslSuﬁz‘fe‘ﬁa (UV cut-off)™”

ATaMILenIflsznaurasasNaNa9eaes HPLC andeanuuaneaesasmsiaaauiza
uiazadUsznavyesasuanuuansdi (Stationary phase) %qagiiuﬂaé’uﬁ malamswweananaaud
(Mobile phase) Aadhazmeduniduay iamsiidasmaienzithuddiaias HPLC s13@ananazgn
whgeaanilagdmmasaraduniduay tialiiiamsuenans (Separation) Tasandamsnufasensevig
msiegmelunadind uazenuaainsalumsasasussanay

§83lnstu (C,HINaO) caudaslumwil 1 v3a Food Red No.3 MusIanaudeas US. FDA
%38 E 127 mum33angnduas European Food Safety Authority (EFSA) 3naglunguzasdduniddaunssy
ansaasaeldluhuaziemuas hdaussuasanuiau fuadauwizasidauns @ Wl a.6. 1989 the EU
Scientific Committee for Food (SCF) waz U a.¢. 1990 the Joint FAO/WHO Expert Committee on
Food Additives (JECFA) laimsussiiiuuazmununa Acceptable Daily Intake (ADI) 284895 n58u
Wiy 0-0.1 fiaansudanlanSuhmindidedy demnil a.d. 2011 SCF wazd a.¢. 2018 JECFA #ims
numue ADI laagsasmipa®

[ I
NaQ @) 0
)@
| I
0
ONa

NN 1 TesaasamaeiyaddsInsdu

#85TnsBuiien ADI oh wildfuuinaniasanadinadegumuld Insnuisivdiesesdsiiodl
ilasnnlassailuenazesddsinsduileladuiiudulsznavagionas 57.6 Tasanaiinanszdumsinnu
aaeranlnsand Feanadanarnliiiaiiasanidenlnsesdls wismliiionmshdauas (phototoxicity)
aelsfmunnnsnuanudadiumdnanmanszes EFSA Fufumbsnunassanalunguanam
glsv laasun d85lnsgugnaadndnsumeladnias lifimsazan wazlaladuluddsinsdulildgname
panu dduiiaidenldluamalsaanzedsidon anau wannga 1Hudu dmsulszmalngayane
Tildluamslafdssnan TassiiaamauasuGinailddandullaudszaansznsreasisagy
(217ufl 418) w.a. 2563 sanmuanulunsznatyafienns w.e. 2522 Gesmuavdninoed auls
Bmsld uwardanduzesingiatusms aliuil 2)@ Rayapalildlumnaams dausadlumei 1
Tosdidouladail
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g 1 vannad Reuly 3801519 wazdandinesinglievuemstenanalildlunanasims

USinugegaiayann

BNINDINT A Qauly*
(fiadnsncianlansy)
LN LEBD WATIISHNLEN 200 THe1
Naliugdy Wan visaLPaauMIENIMa 200 54
NN ENUENLLD PB3 30
WUINEKS 50
NANN I L AR DU DUAIHIN I UN LB LTDFNIIU 100
a tv o é’ [ (3 Ay A L v ) aa
NAGNUNLUDTOITNTUNIDOOUON LLASHIUNTINID 30 4, 16, XS96, XS97
A v o4 o @ ' aa
NAONUNUBFNIUALILHIUNTTNAD 30 4, 290, XS88
Qauly*
4 = THamsUsenuns vSamASaanINaUUNEN NI
16 = lddmsuedaunsannuasinlusnuasualsl Wadaivsala
54 = TFd v umaIAannanazlyaInNLEANYUNLINTY
TH61 = @WMSUNAANimNUsEMANTENITNGEIMGY (RUUN 213) W.A. 2543 (389 L8N BB}

wazandnian lumpuzussyiitaaiin ohiu

XSs8s8 = #nnuUNdnNMIaN Standard for Corned Beef (CODEX STAN 88-1981)

XS96 = snnUNINAMImN Standard for Cooked Cured Ham (CODEX STAN 96-1981)

XS97 = #ATUNANAMI 9N Standard for Cooked Cured Pork Shoulder (CODEX STAN
97-1981)

luadiadiingumwuazanutasadsanms Iwnzimisnaddsinsguluamslagldmsana
fhagame 1-butanol udhluasaiausinalaueias spectrophotometer™ ® F3adananimanziv
datheamslunguiiosaraih Tasawnangudu ashimmnsaanaiensimuiinald uaswihmeie
spectrophotometer azanansaassinsduludathsfiazaneh uad ludrotheenmsaiintuiinmslaaasinsdu
SawfudduNsdauasiau %@TmﬁwmmﬂﬂLwiasﬁﬁmmatuisluéhatiw’lﬁlﬂuﬁtﬁmﬁmmﬂﬁﬂ paper
chromatography fau udranhuavdfiuenldnasaiausinamheeeias spectrophotometer ¥lwtin
srezMMInNeN warldndwennsrasiasliamsinniulusn é’qﬁv'umqﬁamﬁﬁ'&mﬁmqL%fiaﬂu
pmsiaRannuazUFuliimaenalensinyinadssingu dewies HPLC® mlvaassaznm
Aned aaanugiennuasiudaulunsdidaeiidasnsdunnsudbunidduansiou nntuiaims
nagauANNgNdatatitiene 1disiigndas wiugh mansalensiviinaddsinsdulunasngueims

A g o Y v v o
mﬂumtmumaquummﬁinﬂﬂ‘ssmwlﬂamqgnmm LLNUE

A190AIFIUUAZEIILAN

INNAIFIU : §D3IN33U (Sigma, USA) mmu%qﬁ 92.4%

#5t@il HPLC grade lawn acetonitrile (RCI-Labscan, Thailand), methanol (RCI-Labscan,
Thailand) a8z iso-propanol (RCI-Labscan, Thailand)
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q

d15.@i AR grade @A ethanol 95% (RCI-Labscan, Thailand), petroleum ether (RCI-Labscan,
Thailand), ammonia solution > 25% (Merck, Germany), diethyl ether (Merck, Germany),
glacial acetic acid (GAA) > 96% (Merck, Germany), acetone (RCI-Labscan, Thailand), polyamide
(Fluka, USA), sand (acid wash) (Sigma-Aldrich, USA), methanol (RCI-Labscan, Thailand), tetrabutyl
ammonium hydroxide 30 hydrate (TBAH) purity > 98.0% (Sigma-aldrich, USA), buffer solution
pH 5.0 w3aulasin TBAH 8.00 n5u azmauazU5udSanasaie iso-propanol 100 Haddns uaztdineh
AUATU 1,000 Nadans USu pH lu 5.0 aaa GAA, eluting solution (methanol : 11 ;: ammonia solution

R38N 90:5:5), ethanolic solution (ethanol 95% : ammonia solution 8®&IU 95:5)

N3LAIBNEIINZAIHNINIFIUTD S INITU
W TNINTFIUTDSINTTU 0.1000 NFN BzNBAIY 50% ethanol Lantias USulsmnasmeainlume
TouSanasdm 21e 100 Jadans laasazaaanasgiu 1,000 lulasnSuaaiiadans

wasasiiauazgunsel
Lﬂ%a\i’izmﬂqmﬁg’lﬂ’lﬂ, LA3aeiiaziBen 3 euw uas 4 @uniN, pH meter, ultrasonic bath,
ABANULAI 2UIN 6 1.0 X 25 cm, NTEABNTBNTHA cellulose acetate ﬁﬁgmuwum 0.45 lulAstuns 2100 47
193Lue3, syringe filter (Cellulose acetate, 0.45 pum, dia. 13 mm), ZANTAIEITALANEY LA YANTBIEIDEN
1A399 HPLC (WATERS®), Column : Hypersil BDS C18 (5um, 250 x 4.6 mm), Detector : UV/
VIS

MSLATENAIDEN

wtsdesseandlu 3 ndu 1dud ndudhadaiiasmenild : 1dhday (sparkling water) fiku
manadaund liwuddunidduanei Wudunu sample blank, ngudpgaiiliazmeni : livialinas
Taatuliazidaasanissuatuihumanegaundr linuddunidduasnsd udunu sample blank,
nauehaesiiilusiuge : 1dgnzuny Testhuliazdeadeiedasilu Hiumsmesauud inuddunidduame
Wuaunu sample blank

ez
o VoA vy ¥ o o & o ' a o P s a ¢ a aa o v g
Madrnazaeinle : oai Feaiegeusina 10 n5u Tudinnes wWuih 50 Hadans Usuliilu
30618 gracial acetic acid 1 UKIUADANINUTY polyamide 819AANUAIY U Uas acetone NN elute
PPN a ¥ . . ° o a ¥ a a aa
#85Insguaaneis eluting solution W lUszmamaiaIasszmagyanmelimaatsnesuszinm 2 1adans
MadsazagatlunaInlsineszing 10 8adans uaUSulsinasliasuameinnay Nsee6e syringe filter
%iia Cellulose Acetate 2119 0.45 lulasiuns nouihluiesermensas HPLC
maehanlsiazanaih : viia linas FemaenauSina 10 n5u Tudininasifia ethanol-ammonia solution
(95:5) wazi) 150 Nadans MY 1 AU NIBIMBENMUEFLaTIMSENAMBENTIAUANFNNIBENN
ADINUNAMBFTNINANLAN MNFIDE NN TLMEMELAIBNTZIBFAINA Lia ld ammonia USulvilunsass
. . . ° 1 o oa . v v Y ¥ & PPN a
gracial acetic acid 1l NUADANUNUITY polyamide aNADANUMEU LD acetone NNUU elute #85lnsdu
v . . ° % o vy o a a aa
aanee eluting solution W lUszmadiaedasssimegyanmea TimdsUsinasUszanu 2 T9ddns
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seansazasasluzaiaUsinesuing 10 fasans udSulsnasliasumehnay nsasdie syringe filter
%l Cellulose Acetate 2119 0.45 lulasas fowihluiwneiaawndas HPLC

dhathsiiiflasiuge : gniiumy FadashaSina 10 n3u Tufinined afalusfusande petroleum
ether : diethyl ether (@318 1:1) 2-3 a%1 udunia 1hareag 93Ny ethanol-ammonia
solution (95:5) 150 #8aans Nl 1 Ay nsasfathuhusauasyhmsanamathenaunhdnndaa
DANNNAMIYTIHTNLAN 131673asiwmszmaﬁmLﬂ‘%'msfzmﬂqﬂgmgmﬂ liials ammonia USuliiiunse
¢e gracial acetic acid ﬁﬂﬂshuﬂaﬁuﬁﬁmsag polyamide §1naaniieeh uaz acetone Nt elute
d83lnsBuaanas eluting solution ﬁﬂﬂs:mﬂﬁmLﬂ'%lmsxmﬂqmnpmﬂ TiudedSinesuszanm 2 Tadaas
sassazansasluzniaUsnnsung 10 fasans udrSulsnesliasusehnay nsasdie syringe filter
%iia Cellulose Acetate 2119 0.45 lulasiuas dewhlUinneiaaiaiss HPLC

annzaasszuulasaninasiy (HPLC)
Mobile phase : 0.01 M TBAH (pH 5.0) : acetonitrile = 45 : 55, Flow rate : 1 ml/min, Detector:
UV/VIS (\ = 537 nm, Temperature 30 C), Injection volume : 20 ul
NINTIAFDUANNLNRNIZINYDNTEUU (System suitability)
ﬁﬂmimmgwuﬁmwmﬁuﬁu 10 lalasnSudaiiadans 1w 5 1 e %RSD 284 peak area
uaz retention time (RT) laatnawimsaaniuae %»RSD (peak area) < 2.5 uaz %RSD (RT) < 1
M : USinaddslnsdu (Fadnsuaanlansy )= CxV x D

W
oy C = enuenduresddsinggu (lulasnSudaiiasdns) Manwanassu
V = Usneshdsu (Hadang)
W = wwmineledN (n5N)
D = dilution factor

NMINAFAUANINYNABIYBIIS
NINAFIUANNIINILIAIZANDDNID (Selectivity/Specificity)

t@38na 588 mixed standard solution lagldddunidgduanzvlunguduas-suw laun
duaaga 130 10, Faaly 4 913 NINAUEBS IS Aenuaui 10 lulasniudaiiadans nnevidis HPLC
ATINEBUMSUENYBIEB3INsBuaanNndau Taadninuagesiie retentiontime uannnAuFaEY Faddanan

[T = A Y 4 e a (4 v
Wuddsziamduas-guynayanauazainazgnldmaunuddsinsduludadams

< ¥ [ = r'd . . .
NMINAFIUANNUULFUNTIUAZTIYDINITILATIEN (Linearity and working range)
L3BNENTNIATFIUTDS INTTUNeNNENIY 0.1, 0.5, 1, 5, 10, 20 waz 50 lulasniudaiiasang
ANNLANTUBY 3 91 NIBNKIU syringe filter 1A 0.45 lulaswas W lvAweialemsas HPLC
v 1 Y ¥ o A4 Ay v < v v . . °
NN NNIeIIUsSTEINANNENTUNUNUN LaTe nadauanuiuiduasilaaaie regression line A

o a £ v A L v A 'R’ ' o . A A& o v
manUszansmsandula (R®) Zenaslien litiaenin 0.9995 wazi residual plots wiaiuduanindudunss
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q

N1INAdaU matrix effect

L@38 spiked matrix blank (113 3 NYNAIBEN) TaTlenudusuiissduima 4 miausuasazae
NAITPUIHANWANAsIY AnaEEes 3 21 Samziens HPLC wazdnamanudadunnnnninasyu
Uszifiu matrix effect Tnams plot enadnwugsswinenuduturassazasanaspuiinesluly matrix
blank (4AY x) AUANNITNTULDY spiked matrix blank fishuldannsv (wnu y) nagauanufludy
ASIUENOFDUTIT VI NNEANY (confidential interval : CT) 284 slope Agw 1 wial fiszduanuide
2 95% AN uaeaNlNd matrix effect & CI 9849 slope (b) mumaldannaumsi 1

dope = b+ t(n—z)Sb .................. a5 1
b = slope
. = standard deviation 284 slope aunaldnnaumst 2
- @iilannmie t (two-tailed ﬁi:ﬁuﬁ’ﬂéwﬁ’ﬂ; 0.05 Uz (n-2) degree of freedom)
S, = Sy/x ................... gumaf 2
JE & -%)
S . = @inﬁmmummsgmwm y-intercept munldanaunmsi s
x = MeNNENTUERINTAraIEINeTIY
% = menuEuiuresasarmeINaIURaY
Sy/z = i-9)° e JUMST 3
(n-2)
y, = fwanafisnldnnedasiioda
§ = e uaﬁmﬁmmﬂu munailagld method of least square

(lmmnaummﬁumwaqnswﬂmmgm)

1198 1AANAVBINITAIIANY (Limit of Detection, LOD) uasdananazainisindaUsaim
(Limit of Quantitative , LOQ)

0512 sample blank (%13 ngu) TﬂﬂLaumimmgmﬁﬁ%‘[mﬁuﬁixé’ummLﬁ'uﬁ'u 0.5 NaanN3N
danlansu 91uU 10 % ﬁwmmmmmtﬁ'mmummgm (s) uarihanuszanmen LOD waz LOQ naNS
LOD = 3SD waz LOQ = 10SD

MstuguUAIdANNRTBINTIABIUSIH (LOQ)

Wnansinasyuassinsduiissauanadutiu 0.20, 0.20 waz 0.25 faansudanlansn ludasha
sample blank nguil 1 nguil 2 wasngudl 3 MuMmEU P 10 i aunamiasazrasmanauiy
(grecovery) WazALiBULINATUANINS (%RSD) inawimasaniuANNuuEN : recovery 80-110%

UazANNLNENAS : Horwitz’s equation

MIneFauMINLIUL) (Accuracy) wazaNNNeInsd (Precision)
NATOUANNUNUIIUAEANNNENA T2 BIIBLAEMTIATEVENBEN sample blank NANEITINATTIY
#85Ins3u 0 3 srauenndy Fuugamae yenenan uazgagegauasialinu Innziszavasliaenth
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7 %h emnumeiagazmsnaudy (srecovery) Waz M3a8azy ML DEUUINAITIUTNINS (srelative
standard deviation, %RSD ) fudazszauamuEniy Tastnasiaansuanueiug : recovery 80-1109% Waz
inauiranuAMNTiENnse | Horwitz’s equation

nauii 1 dhadiiesaahle was ndwdl 2 : dhacheiiliasmenh Snesiiissduanadudu o.20
(LOQ), 25 war 50 Naansuaanlansy

ndnﬁ 3: m“'msmﬁﬁlwﬁugq JiaEWilstduaNNE Ny 0.25 (LOQ), 25 uas 50 Aaansw
@anlansy

msmaaumwmﬁmmq Intermediate precision (%RSDi) TagA@s1e¥ control sample AN
Suaz 2 9 nnu 14 Yu ludeshangud 2 misliaes wasnguil 3 : gniumy Fududunuesnguams

noyanalvldddsinsgula

mMsusziiAmaNuliwivauraInsItesey (Measurement of uncertainty)
walinamsienzinlagninllgianmihdetennddu wazlulumumnasgu ISO/IEC
17025: 2017 Usztiiuananuliwivaurasimannaiensy loaaildwnasenuliviusunnunas uas

WasnemanNlytiuaunvNe sl MmuaemenyliwiyausenaNssauaNNEaiy 95%©

We

AMSNAFAUANNIINILLILANVDID

9INM330 mixed standard solution WUNEINTOUENTDI INITUDBNNINTUDAYT 130 18T Uay
daaly 4 93 laleglaifimssuniu uaziien retention time wasduaags 5o of, dUssly 4 o135 uay
335Tn5%u AU 3.666, 4.133 WAL 5.114 17 Muaey daudaslumnd 2

AU

0.020-

Mui 2 TasannsunsueasasazaIgneIgIU mix standard solution

<) v [ a I'd . . .
MINedaumNINUULEUATILAZTINYDINIIAIIEY (Linearity and working range)

HAM IR TAZANININITFIUTD INSBUNTLAUANNTNAUGN ) AU 0.1 T4 50 InlasnSudaiadans
SEAUANNINTUBE 3 7 WUANNFNNUSIEWINANUENIUNUNUN LANA A nMANUENTY uasNunlane
Yo < v VoA o @ a £ v o 9 VoW Y
loanwazrasnnuiiluduasinasndnimagou uaziimauuszansmsaaaula (R?) whAl 0.999995 uastudy

anuiuidunsisne Residual plot fauaasluawi 3
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7000000
y = 1.215753E+05x - 3.283605E+03 ®
6000000 R?= 9.999950E-01
5000000
4000000
3000000
¥
2000000 e
1000000 —
.
0 &
0 10 20 30 40 50 60
awdl 3 anududuaswsinninasgudssinedy

mMInadauy Matrix effect

WuANNFNNUS SEWINANNT NI U IE sazaeesIuNtdNaslUly matrix blank (A x)

AUANNLTNT LYY spiked matrix blank Nerulannnsn (uru y) Wudunsinasadrinagay Toaiian

4 = ‘g’ L = 1 ﬂl L L L ts'
guUseanomsaadula (R?) tnnu 0.999999, 1.00000 WAL 0.999999 MNAAU AILFEAI UMW 4- 6

60
40

20

AN 4

Matrix effect & Erythrosine ﬂ&jmﬁ 1

vy = 0.999999x + 0.000024
R? = 0.999999

0O 10 20 30 40 50 60

ANNFNWUSTZWINANNINT UL DI T BNIATFIUTDS INTTUNUANNLTNTUYEN spiked matrix

blank 2a4MagNNaza8unla: Waamy

MINOFDUENVIANNTDNY (confidential interval : CI) 289 slope WU slope HZIUDI

ANNFDIUAILG 0.9980 3 1.0018 d5UlaT T matrix effect
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Matrix effect § Erythrosine ﬂq:uﬁ 2

60 -

40 -

y =0.994002x + 0.025875

20 -
R? = 1.000000

0 20 40 60

AWM 5 ANNFNWUSIZUTNANNINTUYDITN Tz ENIATFIUTD INTTUNUAN NI NTUYDN spiked matrix
blank 289iMaeei liazareni: vislines

MINOFULNUBIANNITONY (confidential interval: CI) 284 slope WU slope H7NBIANN

\Fo3UAIUG 0.9710 89 1.0166 a3Ula T matrix effect

Matrix effect & Erythrosine ﬂq:mﬁ 3

60 -
40 -
20 4 y = 0.999999x + 0.000021
R? = 0.999999
0 T T T T T 1
0 10 20 30 40 50 60

AWM 6 ANNFNWUSIZUTNANNINTUY DI Tz ENIAIFIUTD INTTUNUAN NI NTUYDN spiked matrix
blank 2aaaaeenil lusiuge: gnaumy

MINAFIULNYNANNLBDNY (confidential interval : CI) 284 slope WU slope HFNUBIANN

\Fo3UAIUA 0.9980 T4 1.0018 agUlad 3l matrix effect

NIFITAVINAVAINIIATIANY UALAAMNATAINITINBIUINIY

HAILATIZN spiked sample blank RszAuNENEL 0.5 TadnSudanlandy 31w 10 2 M
Aanudsauusnasgu (s) ludogunguil 1 nquil 2 woenguit 3 1duhAu o.016, 0.018 uaz 0.024
MNAOU AMuIA LOD latinnu 0.049, 0.055 waz 0.071 Waansuaadlansy muaeu waza LOQ

1@winu 0.164, 0.183 waz 0.237 HaaNSNHBNANSH AMNAIOU
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MsdugumAnNNATaININadelInm (LOQ)

HOM AT sample blank Aifimsidumsnasguddsinsduludeis nquil 1 nquil 2 uae
nguil 3 Aiszduanautu 0.20, 0.20 uaz 0.25 fiadn3udanlandu muddu Mu 10 91 Munadpea
YDIMINAUAY (%recovery) aelugag 94.50-97.50%, 88.00-101.00% WAz 81.60-84.40% wazaniiearu
MNATFIUTUNNS (%RSD) 1WINU 0.991, 4.325 WAL 1.078 MNAIGU

AINAFAUAMINUNUEN UAZAMNTIEINT

NaN5ILATIEY sample blank ﬁﬁm'sLaumimmsgwuﬁﬁ%Tws%u1u€1’oasiwq naju‘v“i' 1 @9 0.2, 25
waz 50 Nadnsuaanlansy nzju‘ﬁ' 2 @8 0.2, 25 WAL 50 NAANSNABNLANSN LLazﬂﬁju‘ﬁ 3 @D 0.25, 25 WAL 50
finansudanlaniy stauar 7 91 lagdeszilugne repeatability condition WuaMNUNuEhAIUsELY

N %recovery YN 3 FxOU NGNN 1 AD 94.50-97.50%, 94.77-99.46% WAL 98.78-99.71% MUMG,

.

v =

NNN 2 A 88.00-101.50%, 93.04-96.33% Wdr 92.61-96.10% MNANGU NGNN 3 AD 82.00-84.40%,

q
] 1

93.32-97.12% U8z 90.07-98.16% MG WENUNMI %recovery 80-110 uazANNNENNT (%RSD ) ngni 1
r
AD 0.890, 1.457 WAL 0.276 MINAAU NFNN 2 AB 4.473, 1.012 WAL 1.125 MIUAOU NGNN 3 A 0.984,

1.223 A2 2.881 MNAIOU AT LUMTNN 2- 4

M3 2 @) %recovery waz %RSD (a1 LOQ) I53enzvivinaddsinsgulungueims
naud 1: eatnfiazanele

nau 1: WIBANY

asail SeAUANNENTY (Fadnsneanlaniy)
0.2 25 50
1 94.50 94.77 99.24
2 96.00 99.01 98.78
3 97.00 98.92 99.17
4 96.00 98.95 99.55
5 97.50 98.88 99.42
6 96.50 99.42 99.71
7 95.50 99.46 99.60
g%recovery Wan 96.143 98.490 99.354
SD 0.856 1.435 0.274
%RSD, 0.890 1.457 0.276
Predicted Horwitz 13.451 6.504 5.860
HORRAT 0.044 0.148 0.031
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M3 3 @) %recovery waz %RSD (a1 LOQ) 53w nzivnaddsinsgulungueims

\ Aﬂ' o 1 Aﬂ' 1 90’
NN 2. GI’JEJ?_I'NVIVLNGZQ'IEI‘N']

naw 2: wialinag

asail SeAUANNENTY (FHaansneanlansy)
0.2 25 50
1 91.50 93.04 92.61
2 88.00 94.54 94.36
3 101.50 95.70 95.60
4 90.00 96.33 96.10
5 95.00 95.30 95.96
6 90.00 95.98 94.64
7 88.50 94.71 95.60
%brecovery L 92.071 95.083 94.982
SD 4.119 0.962 1.068
%RSD, 4.473 1.012 1.125
Predicted Horwitz 13.451 6.504 5.860
HORRAT 0.333 0.156 0.192

M519H 4 @ grecovery uaz %RSD_(f LOQ) Wieneilsnaddsinsgulungunaims

1A v v daq o
naui 3 : faeandlusiug

v
Py

ﬂzju 3: anduny

e S
asail seAUANNENYY (Fadnsneanlansy)
0.25 25 50
1 84.00 96.66 97.99
2 82.00 96.34 97.05
3 83.20 93.32 98.16
4 82.40 95.50 97.80
5 83.20 97.12 93.79
6 84.40 96.63 90.07
7 84.00 96.11 96.72
%recovery 1A 83.314 95.956 95.940
SD 0.820 1.174 2.764
%RSD, 0.984 1.223 2.881
Predicted Horwitz 13.007 6.504 5.860
HORRAT 0.076 0.188 0.492
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WanNSNedaU Intermediate precision (%RSD)) TagynMsIATILH control sample (lusaes
1
] v Qq’ P v o ] a Vol A a a [ v v a a o A [
wila liaasuazgniiuny Fudunguaiateiayana lvldddsinsgu) Nszauanududu 3o Haansudailaniy
AUBE 2 7 MUIU 14 U NINAANEVMEFDA one way anova® WUTAWMNU 1.32 Uz 1.16 MNAIAU Lz

@ HORRAT tnHU 0.195 a2 0.171 MNaOU #3960 unom HORRAT Gaudad luasi 5

M99 5 WanInaday Intermediate precision (%RSD ) : NMTIANLRITIU Tuaz 2 T
1

USaaudasinsdu (Hadnsusanlansy)

Sudi nau 2: wialinag nau 3: gn%uwg
1 2 1 2
1 28.219 28.330 28.938 28.794
2 28.502 28.479 28.780 28.994
5 28.848 29.030 29.323 28.560
6 28.460 29.096 29.035 29.189
7 29.067 28.943 28.940 29.139
8 29.070 29.129 28.826 29.121
9 29.161 29.141 28.614 29.037
12 28.724 28.027 28.614 28.198
13 28.309 29.298 29.259 29.574
14 28.938 28.451 28.514 29.358
N = 20 20
%RSDi 1.32 1.16
Expected %RSD 6.779 6.779
HORRAT 0.195 0.171
tnauvigansu HORRAT < 2 Pass Pass

msissiiva iy liiwivauaainideIIzh
Usstiiua e N Lt ua U5 IA TSN AITINYDINANTENUNIVNAN NG aranadauiilu
a a v 1 ] ] = .{ = d‘ GlJ d‘ v A:I' v =
@UFine laun anuliniuaunnaNuuIgnareIssNN I MsaauLfisunInenl wIssumnldiniew
L 1 v v nﬂ' 1 v Aﬂ' = (%}
IATABNIATFIULATENTTNAAIDEN ANNTNTUasEsiaIulanesas HPLC msiesezann
A1308azYIMIAUNGY (%recovery) MINATBUANNYNAD92NMS hanmwaaanuliwiuausiu

(combined uncertainty, uc) Faam s AN I wUuaUYENe (expanded uncertainty, U) N150U

]
=

ANNERNY 95% Laaldan coverage factor (k) WWNNU 2 Ad 0.684 NadNSNABNLANTN AILFAS LUMTIN 6
wazuanauvawaIaNy liwivauludadiuneany asuaaalunmwi 7
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Janpen Towiyanon

and Suthatip Vitchaivutivong

P o J 1 1 1 a o (ama‘[ a 61 (10, 11)
MMM 6 MIUsznamany it ugaIMNNIANaDa Insduluaivs

dndIuunag
Value, x.  Unit uxi ux /x, analaiwiuay
(%)

1. Standard
Pustd 0.00067312722 0.04

-V, 50 ml 0.0190000000 0.00038000000

P, 0.25 ml 0.0001389020 0.00055560800 0.01

V.. 50 ml 0.0190000000 0.00038000000 0.63

-M_, 0.0739 g 0.0001909190 0.00258347767 0.14

v 0.00121730728

-V, 50 ml 0.0190000000 0.00038000000

Vo 10 ml 0.0079881162 0.00079881162

P 5 ml 0.0032198098 0.00064396196

-P_ 0.1 ml 0.0000375932 0.00037593220

-P_. 1 ml 0.0003785829 0.00037858288
2. Sample

-M, 10 g 0.0021213200 0.00021213200 0.01

-V 10 ml 0.0041036569 0.00041036569 0.02
3. C_read from curve 10.480 ug/ml 0.0676416310 0.00645435410 3.91
4. Precision (%RSD) 1 - 0.0288100000 0.02881000000 77.94
5. Recovery 100 % 1.3574898520 0.01357489852 17.30

relative combined standard uncertainty (uc/c)

Stamdard uncertainty (uc)

Expanded uncertainty (U),
k = 2 N92AUANNTDNY 95%

Reported value: 10.47 + 0.68 mg/kg

= 0.34 X 2 =

0.03263310820

(c =10.474 mg/kg)

0.03263310820 x 10.474 mg/kg
0.68 mg/kg

= 0.34 mg/kg

Precision
Accuracy
Co

Mstd
Vcurve
Pustd

Vs

Vstdl

5

0.00000

0.00500

0.01000

0.01500

0.02000

0.02500

ux /x

0.03000 0.03500

i 7 menyliwiveunnurasne g luanuliwivausiv

M5815NTHANENFFATANTUWNE
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= 4
AU

meenzivsinadasinsauluems uabuiimsenzivsinalegliaiss spectrophotometer
uazafiadlushatalasld 1-Butanol Flumsinnsidneisdnaniidenianaatszms wu msl# 1-butanol
Tumsafadaannindiede Jaildednazdasegludnnsiiosmeiniszanmnsoaiadssingdusonain
dagalanue uddateunedsson wu waldideuuks viadledatulagl msvevaedasinsdusenin
fufludasiiansasarsuaanaseaduanivnsasaauanluiionlansanlyd ariinUszansmwlumsded
Fananaannnudadaet sdmsadaiuaanaganduauag tialfiy 1-butanol iivausndiumad Msazme
wnmiwiladndulimmnsousnduld Ussnaudu 1-butanol iflumsasarsiifinduauuazdisian
Aauthage uasqasaudnussmanilmaimsinlasinias spectrophotometer AatviansAumsmuGinadaiua
e 4 whitu Tunsdifidhassiduaumnnnd 1 § maenaiensidssinsduasienududounaseienninniu
Tagazaasinmaeeainan luinmsueneu paper chromatography ntrhmseammnzauniuEasTnssy
Wazasuazszmauisludisszimenniuiuhindiusinaslulsnaiuivay ﬁqﬁmﬁaaﬂﬂtym
sanamlidaziusumsasadegedasinsdusannndiaths dameunaurasensazans tamEassen
wiamsatadaannnmaelunsdindetaiuidduensiuanaginnnt 1 & uasiidasTnsdusindas
sansahmsatameisieduiisrsafmuasininiadueies HPLC Tudanduasduauiiagludashs
il I§imsmannziminzaaisas HPLC TagUSusasidiuwas mobile phase tive liilifiavasdasing
Fugnsumulasdau suldsanduiivnzay Weasnnddslnsduiianyhdousuazenuiou Feuualden
3'§mﬂmﬂsl°z°ﬁ§m'iizmsﬂmﬂ“lffmémszmslquﬁywmmmumiszmsmuaiwﬁﬁau warlfiadauidmnie
vmstlesfuuaslagisau 1 wu maieiumpuslumsnnzideegiidisuesdssiaunaumsinney
iivetlasfumsamedasddand

#83TnsduiisnlFluansussanigesiiien gnow wanadss Wudu dviulsunalneayane
Tldluawnshifsznn madszmanssnaaosags (auiuil 418) w.a. 2563 Usznaufumsdiinaaumm
wazanulasadsanshufudninnuanznssumsamauasen lahmathssSamslunguiidaliayane
W85 Instulaafufmatudinnaiinnsiagudaiias Tasmwizialudundadniunnmsnna
wumsl#383Tnsduiishuan wazilald@iBiminsauuddsiiummadauamugndasadisiinnzimand
Taevasfidnmsident deldmmanaseuludadiem 3 ndudedns de datilazanehld el
Liazaneh wasshaensiiiladiugs e liifudunuaseuaquannmnsiio uasnasaunuhBianudmng
s gndas wiueh wasanuihuduassaglugn 0.10-50.00 lulasnsudaioddns Taadamduszans
msdadula (R?) 1nnnm 0.9995 351 Liiiinansenuann matrix effect WaEUAAZN AN IHAIN NN BTN )
¢ail # LOD Wi 0.06, 0.10 uax 0.10 aansuaaRlandy muady i LOQ AU 0.20, 0.20 WAL 0.25
findn3udanlaniu ouadu anuwiuiuasanuiissnsiaglunagi Tos s%recovery agluzng 8o-110% uaz
@ HORRAT 1asnh 2 malszanamanuliwivausssmsiaihuaiasinssduamumwanimamnadan
mmam@hmwulahuiuauv'iﬂﬁ'@h"?;iwamuﬁguﬁmmﬂiuﬁmauyszﬁuazﬁuﬁ'aﬁa nnmsUsziivenuliwivay
spsmaminagaudasinsdunumanuliuiuousnsuniu 0.6s iadnsudenlandu fissduanadiugi 10.47
fiaansusailansu Msrduanadasiudosar 95 Anilu relative uncertainty = 6.5% FunATenidinani
ansalfiensilsinaddsingdu aseuagulunnnguenmslagiinnuanumzianzas gneed wasuaiue

daslnstudnaglunquidunidduansi fmshinaummnuazanulasadaannsldmmmageu
anuEnaiy FAPAS aghwdatiios udluszaznamasdnghsnrhmsnasauenudinydaldnuig
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a aca a o ] A o o o & U o2 o .
maanddsinsguasludegrihmsnagauanudinng MuuNEIeIziNMsaaay blind sample
v U U o o I o a S Y aa oAl Ty
IMAUIANEBUEN 2 au Tl 3 AU WALININIATLYAIEEAR one way anova wunmlalidiam
wANANBENHTHEARY LazilinNNYNABININNT 95%

i < a S Y 2 v L (4 2 v oA <
aglsionumsiensimieaias HPLC msldanusziasz dasmnnaeduilizmaaymaian
Uszanas 5-10 lulaswes asnuiailasiumsgeduluszuu mste3an mobile phase ¥38 ssazaeaipg

=~

Nzdanesas HPLC Janiudaensases filter NHawa 0.45 lulasiues uananniesidanldasiai

Dy

fluinse HPLC iaanuanssnuiiiody wasnsdiild degasser msmediden manlddasiinnuuiand

Taivfaann 99.999%

a5

9

msAnwilawannisieneiddsinsguluemslegldmaiiamsienesvais HPLC wanhly
NAFOUANNGNG BIYBIIE 1HAIDUAININMITNATBUANNTUWILILAENIS Manadauanududunse
PNTIMINATaUANNUNUEILazANNTIENGT Tasnamsnaaauilathunasisanisunimae agulainisi
inNnugNeaY wiud @wzzas winzannzldlumsanamisnaddsinsdulunnngueims uaz
a I A = as v ! & o o v
MIANHED3 INBulags HPLC failanuazain Heaatuasulumsmau mivaassaznmlumsnsa

a d 2 3 v a va Y a
RINGRRAY! fommmmm:&mLLaxmmmumﬂﬁ"luwmﬂgummﬂmsq

Aeenssndsznma

2BYBUNWIEAMUNENIFa NG Indgeqaned wmihhetagaatuaims alnqumnuas
anudasaneeIms nlimuuzihUinmlumsdnmniTeuasdisunanuaisll uasvaraugminmhnviesl judms

[

P J Ay o v av Jo o v v =
Fagilalunnvhuniisnnlinuideiidnsagaluesd
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Method Validation for Determination of
Erythrosine in Food by HPLC Technique

Janpen Towiyanon and Suthatip Vitchaivutivong
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanon Road, Nonthaburi 11000,
Thailand

ABSTRACT Erythrosine is one of organic synthetic color, sensitive to light and heat. It is food additive
according to the Notification of Ministry of Public Health (No.418) B.E. 2563 issued by virtue of the Food
Act B.E.2522 Re: prescribing the principle, conditions, methods and proportion of food additives (No.2).
This study developed and improved erythrosine determination in food from 1-butanol extraction and
quantified by spectrophotometer which only suitable for water soluble food. We changed the extraction
process for 3 groups of food (water soluble food, non-water soluble food and fatty food) then quantified
by HPLC. The method proved to be specific, accurate, precise and linearity and range was 0.10 - 50 mg/kg
with coefficient of determination (R?) greater than 0.9995. Validated parameters of each food groups were
shown as following: limit of detection (LOD) were 0.06, 0.10 and 0.10 mg/kg respectively, while limit of
quantification (LOQ) were 0.20, 0.20 and 0.25 mg/kg respectively. Precision expressed as relative
standard deviation (%RSDr) were within 1.5%, 4.5% and 2.9% respectively. Accuracy expressed as
%recovery ranged from 96.1-99.4, 92.1-95.1 and 83.3-96.0 respectively. The method suitable for

erythrosine analysis in all food groups which proved to be specific, accurate and precise.

Keywords: Erythrosine, Food, HPLC Technique
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NISMUFAUANINYNARIYBIIDNATAUAIINUT
AN Factor VIII
m815 Chromogenic Assay

Taaaan waanses Fonasal ganadedan! wazlwena W
FONUFIING NTNINNAMFNTIIUNNEG OUUAIUUT UUNYT 11000

unAnga Factor VIII iflulnalalusiuiidhdnlunalnmsudedmasidan vivihiliiiu cofactor nszdu Factor IX
Thiluguueaiindeansonssdulil Factor X aglugluaaiinudniliGudaufnimmsudsieaudon fiduld
MMIMUTDUANNYNABIYBITNATOUANNUNNANIMIN Factor VIII 62875 Chromogenic assay Fadlhiae
MNA5UBI e European Pharmacopeia 10.0 mvua wanagauanuiuduasiladimsienziimnzas
Y2435 AB 0.000625 - 0.005 TU/NAGANT MINAFBUANNUANY HAN %recovery Geomean BETEWIN 84.48-109.35%
ol nzianuifisemamadaun luiudmuazieiy nunaamaneaaulasgienay 2 au likamanasaud
A158arNNLUsUTIN (%CV) WAL 11.57, 10.84 WaT 7.74 MNAIOU WATINMIANIANNINNILVDIID
Togmaaauiundasasinnanyiiody wuiiiienuswnedamanaday Factor VIII uananiildihiziitu
MIMUFBUNINATDUNUFIIDE N MUY 2 KN AB WANAMIN A U 11 GIREN uasudninm B 1w
6 ot wuh 2 waad ddemausshunasiinassuglal TessanFeudisumanuussssuhdsimuday
Toisuasusinguaonuhiamuuaniannudados A agnidaddymesdd foradennusinguaaldis
NAFDULATINIBNBITILANIINNEITE FeanuadinanlinuenuaneeiumemMuuTaIHAniae B 110ua
MIMUTBULENI IDNAFDUANNUTINANAMI Factor VIII lagvanns Chromogenic assay #1835 microplate
fenumanzay 1alaase sansmhanldiiuvisienzdluiasd jidmsvasaantuiringaaly

aaA: Factor VIII, 5lasluaiin, msmudauis
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Potency Test of Factor VIII by Chromogenic Assay Soammarisa Paungpornsri et al.

unin

Tsndlailide Aa lsndanaaniva livaaviadansandhenaaen WulsamanugnssunnenuiaUnd
vulaslulanand Tsadladlide o eannatdadamsudedizaaidan Factor VIII gufinisalvaslse
ludszmalngunnu 1 6a 13,000 - 20,000 283Uszns IMszaslsnaziiidanaands Taaimaazdu g e
naaudiin uds emaving deasenlunduiilauazdade exmsidaneeniiaseginundsnnmanadu
\Entiasviamsthda uazeaguussmnilidansenluaimsiicdny wu iowes madfiadalasdaunaannens
MazLdannTeIERy Factor VIIT uasmsasasuiiasnudamamsinenlusswieaiesssd Taadluilide
Limansasnmnlimenald wimsquanuasesed ligithedqumwiuasdangiiduenau masnmiihe
vhldlagl¥ Factor VIIT Saafumssnmmuenms Usinaeniiligthemuuamuanusuuswedlsadluilide
Fadnnuanuina Factor VIII fissyuuman™?

Tuilagtiundasdas Factor VI #ldlussmaiinsaiiohduassdaludsane duniifinge
nnwananysduasindadomaluladiaouiiuuu lunssnumsmuaumiuiniaquanlsune uda ol
Fringunuiiadashumanadouammuwmemenm f wasamuus alsznaumstunzdouuasmsua
MITUTBITUMIHEA iioamalanadeuatszmzululssna

35539 NNWse Factor VIII wuslewlly 2 35 fe 1) one-stage assay dvann13Aa Factor VIII
ﬂiz@i’uﬂﬁﬁ%mﬁﬂﬁlﬁﬂ Factor IX, X Iugﬂ active form gelugnnedial calcium ions e phospholipid
azlU¥ 14 prothrombin waewdu thrombin msmu3anm Factor VIII aztiufinnaniiianznau (Ufnsen
APTT %38 activated partial thromboplastin time) tHguUNUAMNINTFIU 2) Chromogenic assay Hnan
ms@a Factor VIII fivhwhiiiu co-factor uazvlWiin Factor X Tugu active form uideniundnms
one-stage assay Tae Factor X ﬁmmsaﬁw%alaeﬁ substrate Lﬂ?}lﬂmﬂumsﬁﬁ% p-nitroaniline
Faanansniarganduuasldii 405-490 wnluwas Tas3ann Factor VIII asuilsfiunsafuamganauuaa®
Fennuam3fnmues Moser KA uaz Adcock Funk DM 1udl 2014 ugaslwifiutn 55 Chromogenic assay
femuwiuuasienuulstnuiaent wazssyiiihisdmingdmiuldanamusina Factor VI vialu
dhathathauaslundnsiant Factor VIII aae® wannniimudammwuemnasyudmsmana European
Pharmacopeia 10.0 a1z 35 Chromogenic assay ém%’umaamﬁas:qmmmLtiaﬁﬂwﬂam‘ﬂu IU
(International Unit)™® 2a4uann i

mf’]mmaau Chromogenic assay fiismhemlandusiiafildamiuienzisetaien
fthewhiu® wasaniiu dsliiisnadaurnuuss Factor VIIT dadumaihisanldluvasufiamsdedas

IMsmuaaunau

¥
-y

M3AnUTTngUszad 1HaMUTaUANINYNHBIYBNITNAFDUANNUNKENANMY Factor VIII

Taananms Chromogenic assay #1835 microplate tWal#fuisiwnzdluaslfidmsmuanasgiuana

#195819849 c2a819 Factor VIII u,azqmiywmmau
813591849 Factor VIII STANDARD 13" BRITISH STANDARD FOR BLOOD COAGULATION
FACTOR VIII CONCENTRATE, HUMAN NIBSC CODE; 10/188 adw3N 9.4 IU/ampoule MBena
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Factor VIIT wnzy 2 usun angudnludszme (A) wazihid (B) M1 11 uas 6 JUMIHEN 4onaday

HemosIL® Electrochrome™ Factor VIII :91nuS#9 Instrumentation Laboratory, USA

MSLA38N §15819949 Factor VIII TMNEmMadauLazaIatg Factor VIII
araa 591999 Factor VIII @81nnauUtazalaea Factor VIII @8iynazaauadNann g 1ia
ANNUTITNAY 1 TU/Na8805 dmiuganadaulsenaueis Factor reagent waz Chromogenic substrate

=

Taznemniznssylugiiomslding mashasarsudimnaiNamv)ivies w1y 30 Wi

RERIGEata

11 Factor reagent Waz Chromogenic substrate ﬁm'%tmméjuﬁ 37 aNFNaLEes WU 10 W
AouENMINAFDY FpINMIIBiuazdee Factor VIIT dramsazanatiinpsunsganagau i 4 sedy
ANNNTY @B 0.000625, 0.00125, 0.0025 WAz 0.005 [U/Haddans wafnuaazaNuaNdulsines 50
Tulasans aslu 96 well cell culture plate MntUUNWaNT 37 aseizaided ifluna 4 il udiin Factor
reagent U315 50 lulasans aslunnwgu Uniwanii 37 aseniaded fiuna 4 il ideasunatnliidy
Chromogenic substrate U33nas 50 lulasans Usiwani 37 asewaidod flunm 10 wit éin 209 acetic
acid tilavgaUfisen srurganduuasiianuenadu 405 wnluwas sinaudisd 490 iTuwns muilszy
Hlugiiaganaaau laanguauauladnasazmainwasunumsiinasazaraaiag

1N3IAIUIN

mnammMnadgay Mmsmudauaniudunss anuutin anumwslolsdlusunsy Excel
M nINANNFNNUSFNMSIFUASS r° lsidaendn 0.95

AUAAANNLIBEIEN MINIUFaUANNIEY @285 parallel line analysis Taguhen
aanauuasaninulogldlusunsu Gens Toamanudumusssningmsdndawasdoge Factor VIIT dudnuoe
dose response ANNANWUSLUULFUAT (linearity) wasaNNFNRUSUUUGUIY (parallelism) KamInaaay
asthinynARagLUUTIhWD (weighted geometric mean: WGO-Mean) @hl:l’j'mwummgm (standard
deviation: SD) ﬁ’lﬁnﬂ‘isaﬂéﬂ’nmtﬂiﬂi’m (percent coefficient of variation: %CV)

MINAFIUANININNIZUDNID (Specificity)

nadaumIade 3 7iin Aa AvEe Factor IX (Factor IX vwih#isiunu Factor VIII Tudjizen
M5LAAI2BNEEA) MIee Normal human albumin waz@I8e9 Factor VIII 289u38n A Taemsiadew
o 1 . [J = o a d L o U o = =1
o duplicate wazy 3 MInaday lagwssnuaznagauiidudaszaany ihamdsuens Wisuiiau
ANHUUANANAUNNEDA One-way ANOVA N5z@UANNTDNY 95%

MsnadauANNIuFUATILELE1NITIATIEY (Linearity and working range)

(§aa9an 381989 Factor VIIT wuu 2-fold 1{u 4 seduenudndu Sweszed 6 manasauiniudass
@aNU MUNUAIANNWLSE back calculation UaIFTNATIWANUTFUNUSSEWINIAATBNEN 81984 (expected
concentration) wazeilganmsnagau (back calculation concentration) wazeamendulszans

ANNFUNUS (correlation coefficient; r*)
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MINAFaUANINUNY (Accuracy)
WW38NFI5819D9 Factor VIII 2 szauanu@ndude 0.25 war 1 IU/Nadans ntuly spike
weazANNNTUUSINN 5 [Nlas8a5 a9lumInde A 0.00125 TU/H8dans USHNAS 1 N8, 103aNMSNAFDU

duplicate uazy 3 MINAFOU WHANATOUIANEHAINNINYNABNFNWNS %recovery Geomean

MsNAFaUANINHE (Precision)

mimaauegw (Repeatability) Tuluuaziiandediny (within run precision) lagnsnadau
fhathe A 10U 6 o niludaszaau ThnanadaumnumanUszansanuulsusiu Fudaiian <159
MINaFauTmeTy Tagmsnaaaudaga A $110u 2 % NAMINagau 3 u (between run precision)
ihanasaumnumdNUsEinsanuulsUTIu Sadasiien <15% nagaudatne A Mgz 2 auq o
4 %1 (Reproducibility) 1huanagaumunamdulssanaanuulssiu edaien <15% wazilSsuiiou

NNaD6 Independent sample T-test

Msnadaumasaunateas VIII
NAFBUMBENN Factor VIII UIU 2 HAGN N PD HANAN A U 11 $IDEN WazHANAMY B

I3

U 6 TIBEN NP U 2562-2563 laanadaud 2 A5 LHUBFTzAaNULaIIALREE

We

MINAFDUANININUNIZYDNID

NAFAUMBEN 3 %ila Aa M1aeN Factor IX @09 Normal human albumin uaziag
Factor VIII wu éae Factor IX dm WGO-Mean AU 0.00038 @88 Normal human albumin
1A WGO-Mean tynAU-0.00052 Wazeag N Factor VIII dig) WGO-Mean 1y 1.165 ITU/Na88803 Wa
W3suiauauuaneNAuMeEaa One-way ANOVA fissuanutiniy 95% faga Factor IX §298h9
Normal human albumin tazm blank hiuanaegiiiednumeada nnuamsnagauLandliiiun

FNaFUNANNNINILADMTIINIATIEY Factor VIII

MsnadauANNIuFUATILEEE1NITIATIEY

MINATEUE58B4 Factor VIII Hszduanusus 0.000625, 0.00125, 0.0025, 0.005 IU/Na8a07
la@ @159£SD (AU 0.0003640.00023, 0.00131+0.00026, 0.00273+0.00023 LHT 0.00487+0.00039
IU/§i98805 muadu wamsdansinmnnanuduiusszniidildmasawesassads (expected
concentration) uazanmsnasau (back calculation concentration) WU w2 s Tenuduiug
wnlinlTuwnmadioniu Taefienudumusuuudadu mumnaummanseansanudunus (correlation
coefficient; r2) Wiy 0.9879 saudaslumwii 1 wanasavennluduaseladramsienziunzas

24I0MAD 0.000625 — 0.005 TU/Nadans
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1U/Ain8ans
0.006
r’ = 0.9879
s )
0.004
...
0.002 )
.-".“
0.000 IUAIaaeAS
0 0.001 0.002 0.003 0.004 0.005 0.006

N 1 ANNANNFNNUTTENIN M3 TENDY (x) war AMNLleNAMINAFaY (v) 28915814
Factor VIII

NINATDUAIINLAY

nanaaaulag spike 81591989 Factor VIII anadady 0.25 uaz 1 IU/§iaddns U %recovery
Geomean WU 109.35% Gauaaslums il 1 uaz 84.48% daudaslumsedi 2 muaeu Fausasifiuih
uanmsnadaululumunanimsnegaulaaiian s%recovery agluzg 70-130

ASNN 1 MINeFaUANNLLY spike §15819D4 0.25 TU/Tadans avluaiaee Factor VIII

o . . . o . %recovery
NIINATIU MIDYN spike + buffer spike + 72874 %recovery
Geomean
1 0.001662 0.001297 0.002927 97.58
2 0.001407 0.000949 0.002618 127.53 109.35
3 0.001288 0.000987 0.002325 105.06

M5 2 MSNAFBUANNLLY spike a1581984 1 TU/Tadans a9luciagns Factor VIII

o . . w %recovery
NIINATAU MIBYN spike + buffer spike + #2284 %recovery
Geomean
1 0.001662 0.004860 0.005435 77.63
2 0.001407 0.004214 0.005243 91.02 84.48
3 0.001288 0.004366 0.005015 85.34
ﬂ"li‘ﬂﬂﬂﬂﬂﬂ'ﬂﬂtﬁﬂ\‘l

MINAFDUL LULBLOALHENNY NN INAFDUNAIANNUTURILNINY 30.96 TU/Nadans Lag
WUNHA %CV AU 11.57 % OUaes LluesNN 3 Fie %CV waann 15 WulUaunamimsnagau
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MSNN 3 WaNAFUANNINENLAEMINAFD U LU UGN

asail MANNUN (TU/Haddns)
1 32.00
2 31.75
3 31.25
4 37.00
5 27.75
6 27.00
WGO-Mean 30.96
SD 3.58
%CV 11.57

wanawe: WGO-Mean: weighted geometric mean, SD: standard deviation, %CV: percent coefficient of variation

MSNAFDUTIINIULILIANNY HANTNAFDUTN 3 I HAIANNULTIRILINU 25.43 TU/Nadans
@ SD U 2.76 @ %CV 1NV 10.84 9auaaaluasim 4 #ele %CV waann 15 Wuluemunam
MSNAFDU

M3 4 wanadauANNNaelagMINAFIUTIAINIU

Fuil Asai AeNNu (IU/Nadans)
1 1 217.75
2 20.30
2 1 26.50
2 24.85
3 1 27.00
2 27.00
WGO-Mean 25.42
SD 2.76
%CV 10.84

a6 ¢ WGO-Mean: weighted geometric mean, SD: standard deviation, %CV: percent coefficient of variation

M3nadau Reproducibility lagiiaseyi 2 au HanaFaUiimANILsIRAETNAY 27.91 TU/Jadans
@ %CV whitu 7.74 faudaslumsed 5 waziimhmenuusaisudisuamuuanaeiumesdnlagls
Independent-samples T-Test uaasliifiunuamsnagavzaainitanzding 2 au lidanuuandeiy
(p > 0.05)
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TaunSan Wansas waznoe

MINN 5 MInadau Reproducibility

{naday AN AANNLI (TU/Nadans)
s 1 1 30.50
2 28.75
3 28.00
4 26.25
i 2 1 26.50
2 24.85
3 217.75
4 31.25
WGO-Mean 27.91
SD 2.16
%CV 7.74

wanann: WGO-Mean: weighted geometric mean, SD: standard deviation, %CV: percent coefficient of variation

nMsnadaumagle Factor VIII

NA§aUmBEN Factor VIIINuanmi A uas B laeisnmusauil Hemamnuusiagluzig 86.8-102.1%

WAz 82.2-110.9% MNEIGU Fag 1419 80-120% YaemaNNuNNTzYULRIIN Teuaaslvitiunarun el

WIATFIU GILFO U TN 6

M50 6 HANAFAUAIDENN Factor VIII MnNNaan A was B

NN A (%)

NANNMI B (%)

WMIHAA NaNaFaU Huaa NaNasaU HHae
1 91.1 108.0 94.3 95.8
2 96.1 114.5 96.0 94.6
3 94.3 114.0 110.9 103.6
4 103.9 107.0 98.0 99.6
5 98.6 115.0 94.8 94.0
6 102.1 105.0 82.2 99.6

7 102.0 108.0

8 94.4 104.7

9 86.8 111.0

10 87.5 103.0

11 90.0 105.5
WGO-Mean 94.99 108.62 95.7 97.8
SD 5.97 4.28 9.2 3.7
%CV 6.29 3.94 9.60 3.79
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HANAFDUNANANT A 119 11 JUMsHEe lammnnmenuussinasaulossudn aauaadlunnd 2

P a L% 4 Y Y a [ Y a = ' a A v v v = v a
oisinaNNuTEaasnd B laemlnadesiugude losdl 3 gumswda nlaaniaandy wazdn 3 Jumswaa
Y 1 e Ad' 4" = = v Y Y a a v 4 1A
lamannnd auaaslumuni 3 WaSeuiisunammasauszniNgIBUasHHAANAaNMT A Wuhil
ANNUANANNUDENNUBTAYNINGDA (p < 0.05) MNNBUTHUTNEUHIM INATBUTENTNENTLUDLHHER

a v 4 v 1 d v
naeA9 B wunhldfienuuandeny (p > 0.05)

%

150.0 NaLSEUREUMSIATEARANN A A

100.0
50.0 I I
0.0

2 3 4 5 6 7 8 9 10 11

Lot
XY A d
B I raanam A
Y
MW 2 Wlsuieunaieneiuaasu A
NaSeutieuMsIANARAN 9 B
%
150.0
100.0
0.0
1 2 4
3 5 6 Lot

a [ 4
W {50 W Waniui B

MWD 3 WSeueunaIeNLiNdnN 9 B
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= 4
AU

MIMUFBVITNATIUANNUTIHEAN I Factor VIII Chromogenic assay naw1iitaas laun
AN ANNUY AMATIET BN TINANA3§IUEBI e European Pharmacopeia 10.0 Hagana
waasliifiuIsnadaumsnadau Chromogenic assay Sianauaiy anuiies sansathainl#iiisnasgu
NSV NEANNUNKENS I Factor VIIT luasjidamtugiing

msfnmasidenuanfariiioauiiiunddamnnnwarsnuiauiy etuiuhedusznau
319 wanAarlifiuadonsieszyf Factor VIIT Hanaaaudingh Normal human albumin uazkan s
Factor IX #uilulusiiufifiendastunalamsuisdnendan wuhemganduuamasniasasissasin
fienlngisetumsnagauiildamsarastnmes uasiienuuanseaseiieddymesandaieudisuiu
Mt Factor VIII :inwaninanuansliiiuiiinadavianuaime

mamusauasidanliyanesaunnguandmduiiuusindniumenadeu Asoduinoglddu
Bnaspulunmsmuangumn Factor IX agud) uazanenunamsdny Chromogenic assay 19
Pickering W wuihmsaAnwlSsuiiisuganadauzila Chromogenic assay 310 6 USHNENAN WU
nnganagauiianuulsunulpes danndesiuxamsdn®ued V. Collazo uazan 11l @.@. 2012 wuhganagay
Chromogenic assay AA3UY (sig 0.6959) uazanutiea®™ ” Fadiuleh HAMSANATILIANNADAAGD
wazdululuwnmadmdums@nndingn  uannniimsdnuues Pickering W uazani szydet
Manedaundnnuei Factor VIII TesSauiisuanuasaedeaina WHO International standard
%ﬁ@hmmLmsi"wﬂ'jwijansé"Nﬁqﬁu’lﬁ’uqﬂmaau (plasma calibrator) Uszanes 10 Wasaud®
Faitunniiuan A T8EnadaULLY one stage assay uazldmanasguandsianduganagau avadhising
fimnlieamuussuandsnneiilémsanuasail

Fannarasmsanmasai wuihidlumsmuseulagldfed Factor VIII silafuaannwanaan
wysduhiy wasthyiuwdasuriuamasaiadneniuuuiidmaiddies 2 usdn washifidhad
ihinlugenaasmsmuday saussnidudasinsnmiudnludsgadanan vananiiiissan
387984 Factor VIII fanuasdim vaamsazmaudiliaansafivlildamsumsmasaunssau s lasn
Failuiaaneldhesasmalinnsiuasaivayulilsanaiomnauesld aoiun asdnmmsieiaums
@33 Factor VIII wiiel#i{lu working reference standard vasuszmalumsitansadaly

asu
9

nedaurnNuLNNAnNMI  Factor VIII laananns Chromogenic assay &35 microplate

&) acaa vo a ° PR 1% ° v & ac ° v a P
WhABNHANNuaINE aNNLien annTwe @adala ansothinl@iignespuadmivitensianuus
Haafnal Factor VIII Turiaaufianmszesamtiudringealy

Aeeanssndsena

MmATeafdadEumslesliiulssinawainsiinenmaasmsunng nsenINasITMEY uazuauAN

P3.MNW3 9N Ho1nemMIantugding NatiuayumIaHiunuINg wasaauAn 03 3gNsUN ayNIAS

¥
av A o

g v % Y o << o 4 [ J v =
nlimsatuayu Tiausne nldnuideiidrsaganlimsd
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Method Verification of Factor VIII Potency
Test by Chromogenic Assay

Soammarisa Paungpornsri Titaporn Pootipinyowat and Paisan Pangjunan
Institute of Biological Products, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT Factor VIII is an essential blood-clotting glycoprotein which is a cofactor for activating
factor IX to an active form and then reacts to factor X for initiating the blood coagulation system.
The aim of this study was to verify the potency test of Factor VIII products by chromogenic assay
according to the European Pharmacopoeia recommendation. The results of linearity suggested that the
appropriate concentrations for this assay were in the range of 0.000625 - 0.005 IU/ml. The percentage
recovery geomean of accuracy test was 84.48-109.35%. The coefficient of variation (CV) of precision;
within run, between run and reproducibility were 11.57, 10.84 and 7.74, respectively. The analysis
of other plasma products by the verified method showed the technique was specific to Factor VIII. In
addition, the determination of potency of Factor VIII products (11 lots of product A and 6 lots of
product B) by the verified method found that both products complied with the European Pharmacopoeia
specifications. The comparable results to the manufacturer’s test showed that the potency results were
significantly different in product A but not in product B. However, the manufacturer for product A used
the method and reference standard which were dissimilar from this study. In conclusion, the potency
testing of Factor VIII by chromogenic microplate assay is suitable as a standard method at laboratory of

the Institute of Biological Products.

Keywords: Factor VIII, Chromogenic assay, Method Verification
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Quality of Herbal Tea from Light Filth

Assessment

Kuntong Pednog and Kokeiat Sarttarin
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi 1100,
Thailand

ABSTRACT Herbal tea is a very popular drink. Most of them do not contain caffeine, so they are
suitable for the elderly. However, herbal tea has no quality requirements for light filth such as insects,
insect fragments and animal hairs, which are indicated as nasty contaminants and poor hygiene
production. To assess the quality of herbal tea this study uses the Defect Action Levels (DAL)
requirements for Oregano crushed products of the Department of Health and Human Services, the US
FDA as a guideline for examination of the light filth in herbal tea. 100 samples were divided into leaf
type and powder type, containing 50 samples each type. Results under a microscope light filth was found
in every sample. Herbal tea leaves and powder were found nonconformance to the DAL criteria in the
number of 33 and 44 samples, accounting for 66% and 88% respectively. Although there is no regulation
to determine the quality of herbal tea on light filth, but the manufacturers and the exporters should
strengthen on good manufacturing practices (GMPs) on processing in every step, in order to raise the

quality of the products with good and consistency to the acceptability of consumers.

Keywords: Quality assessment, Herbal tea, Light filth
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