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Exposure Assessment of Lead, Cadmium
and Mercury from Consumption of Bivalves
from Aquaculture Sites in Kanchanadit

District, Surat Thani Province

Khemikar Hemloha Junya Bunvijit Nirundorn Raekasin and Supatinee Soboon
Regional of Medical Sciences Center 11 Surat Thani, Department of Medical Sciences, Amphoe Muang,
Surat Thani 84100, Thailand

ABSTRACT Surat Thani Province is well known as source of seafood especially oyster. Kanchanadit
District is one of the most oyster culture area. In 2013, cadmium contamination was reported in oysters.
This might raise concerns about consumer’s safety. In 2016, Regional of Medical Sciences Center 11,
Surat Thani therefore assessed the exposure of heavy metal; lead, cadmium and mercury from
consumption of bivalve shellfish. Aquaculture area in Kanchanadit District, Surat Thani was selected for
the study. Lead and cadmium content were analyzed by Graphite Furnace Atomic Absorption
Spectrophotometer and Mercury content was analyzed by Mercury Analyzer Combustion technique in 25
oyster, 13 mussel and 7 cockle were analyzed. The results showed that lead and mercury contents in all
samples were not exceed the standard criteria of the Ministry of Public Health No. 414 B.E. 2020.
However, cadmium content in 19 oyster samples, 2 mussel samples and 3 cockle samples were exceeded
the EU standard, accounting for 76.0, 15.4 and 42.8 percent, respectively. The exposure assessment showed
that consumers were still safe from ingestion of lead, cadmium and mercury from the consumption of
bivalves in the study aquaculture sites. Causes of heavy metal contamination in bivalves depends on the
environmental conditions which may change. Therefore should be periodic surveillance For further

safety information for consumers

Keywords: Exposure assessment, Lead, Cadmium, Mercury, Bivalves

MssnsinenengasnIsunng
U 63 atiun 2 W - Ty 2564 S




Anusauatu 2 NININY W 2564; 63 (2): 246-258

ANSATIAAANTAILIANISUNNI DTS LU
AaNBNIN LOweNILHeTHAIRLEY LEsl
21-hydroxylase #a4mM3nLLINLN ﬂiuﬁuﬁ
AMARIUBNRgNKHanaNUNYIUsS I A kN

#1903 walszans’ daam Toaanins’ eyl fanN’ 2laws Tsasladr® wazimia amuIns’
"FUUTIINENMFNTNNMTUNNE NININENANFTATNISUNNEG OUUAIUUT WUNYF 11000
*guUEIMENManIMIUNNET 8 aasonil nswinenmansmsunng sunawios anseil 41000
*lsswenunagnsoid nnatiiay anssnil 41000

‘aqzunngmans ymanenagdenIna el 50200

unAnga  lsanmzunwsesaasluudanvinnlauaniila (Congenital Adrenal Hyperplasia: CAH) Wulse
Wugnssn thennmamaaulsd 21-hydroxylase msnusniiefiamedeh @ande wazadenzinammulutdnwda
fthelildsumssnmagamnsanuasiunmasndediald madnwnilfumsdnumhiaimsanadansaslsn CAH
Tuaguami s temgiamsaimaialsauaziiadeiifinadamansadanses Tasfudaganssauiuidasan
SN MUIU 39,503 518 FIMSUATINNATILHSEAU 17-OHP (17a-Hydroxyprogesterone) 1ag35 ELISA
WUHALIN 1Y 34 N8 ATFUTUND 33 T8 uazlina1n 20 918 udliwumsniiulse CAH wiiaguuse msnitd
KaMIaTIIRaNsasiinaIN wuhiogassdinsmuasihminusniamnhinumisasas 76.47 uaz 61.76 MNAIRY
wazilavhmsilisudisudsisasu 17-0HP Tungudesasadansasinfutimuangasisussivinusniia
wuhmaniiaasadaumvuauasihviinanniinasiazissdu 17-0HP genhmanusniiafinaaamummuauas
ﬁmﬁfﬂﬂnaaiiwﬁﬂ'ﬂéwﬁngmqaaa (p < 0.001) uaztlasaiiinadaszdu 17-OHP @a mtgﬂssﬁmsmuazﬁmﬁ'ﬂ
Usnna

maan: lsanzunwsasgaslaudanvannlauaniiia, MInTIAAANTEN, NILAMEFULEREN, B Llath
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unin

Tsammizunnsasgasluunannainlouaniiia (Congenital Adrenal Hyperplasia: CAH) flu
T3ANNNUGNIINUUY autosomal recessive tiaMNMINMeWUGuadu CYP21A2” vilvnaaulzs
Tumsdaunssvinasdzaazasnanviyinle ;jﬂaﬂimf':mﬂﬂ'jﬁaaas 95® naaulsd 21-hydroxylase
S Il e unsad9as1Ed Progesterone liflusalaaiaalsy (aldosterone) wazildauluifiy
17a-Hydroxyprogesterone (17-OHP) LLa:mifﬂﬂmmsaé’fqmezw’lmﬂu 11-Deoxycortisol lo vl
Tdsnansaasemadzea (cortisol) la JaiamsazanuSinawas 17-OHP ﬁqqﬁu iadanmnnlaliananse
aswansluunsdraauazaaloainalsy Juianmzdauniin lavnauunwssswuuidsunay laamanusniie
MwAN Bz VNI Madandauas (salt wasting form) Wamgtssaina 1-2 dlaviauly
wenaniliimsadrsasluuneulasay (androgen) niaUnd MmldAeaiensinammaulumsniwavds
nsdinlildfumsifiadauazmadnmniigndas mannguilindediadongmissznn 1.15 Wou® nqu
flaifimmsideindauazh (simple virilizing form) szwuadezwammundiausniialudnnds waxdl
SnvausManemAsnfiuuueane (secondary sex characteristic) tiaangannau lumsniwaeneasiianuos
‘vmLWﬂnaﬂgﬁLﬁﬂﬁuﬁaﬂ’hﬂna anmzlunjunauiauazimsasadulaziniund mqnsx@négmﬁ’w
015939 nszgnaziladaiud imlivgawsanduladudlvydidaluiige

fimsasalan CAH afwusnlumeaily wdmniuiivasnmsanadansasluaghaniiens
faqtiufiannnd 30 vssna Aidadszuumsnnadansasgumwmanusniiannzunwiasaasiuuan
doavnnla gidmsaimaiialsalushalssnaiiceil fa sniaafly 1: 282 warandnsmafierszde 1: 5,000
AUWUSEHITUIFUNEA 1: 7,500 ENTITDIDNANT 1: 12,000 dK5FOLNTNN 1: 18,170 HIFuaud 1: 21,000 >
ludszalneiimsnsnuzaansainenmansmsunng Tl w.a. 2542 waslaanenadiuniums Jwmin
ouudy Tull w.a. 2551 flgiamanl 1: 10,512 was 1: 5,771 cuadu™® wannnifanunenunms
Anwndayangssisunnsunnamanumnineanee q aauet w.a. 2522 89 w.a. 2554 Hgthalsaiiinny
TVNA 180 T8 LWAHE 57 T8 LNAWEN 123 $1g@ 1o

35M5051900n5a9lsA CAH 2805799Ae¥s2auray 17-OHP Tunsemuduldnauia (maila

T
o a

Endghinldivanvaneds laun saleduyluealad (radicimmunoassay) 8la?h (enzyme-linked
immunosorbent assay) Wglasue3 (fluorimetry) wazunuay unadatnlnsings (tandem mass
spectrometry) (Uudu luurdszmaldinismsiwnzdanatiudunanniudameiiaizmeduluans
(molecular analysis) tilaantlammaiiauauiniaauiiiannmsnsadansas Fansmuasmsniifnne
in3sandimsnaanyas lidanwmusdtueasaasluugslasillifiornmsuaslsn Tasnwzlumsniinaan
Apufwun ihwinusnifinios wasiionmsiSutheay [ (3 185 1)

yndayaveslszndlng wuhlse CAH Wullymeaszuuaosaguueslszmd loawmmzlume
azTusanidsanilaiinenugiamsnieslsaiiynn® duiuisldhmafnmhieaiaiannmsenadansas
gamwmsnusniialsannzunwiasaasluudauvnnlagiianaiaulsd 21-hydroxylase Tu 7 Sania Feag
Tuaguawil s zasdszndlne Tasmaihinaiieds ELISA inl#lumsasadensisedu 17-0HP Tumsn

WINLAA A9UAD W.A. 2559 B9 W.A. 2561 tamatamsaimsiialsauasdnmiadade g Nikadamnsa

v
[
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Congenital Adrenal Hyperplasia in the Upper Northeastern Area of Thailand Sawittree Nakprasit et al.

a1

datheimhmndnmniiudunguidsiumsnusniiefinnadansaslsnanewiaslnsssdaasluy
wazlsnliiadloyde Tusefiansen o wasUnATeY BueaNeNNLATNTINY YAINTNNMIUNNE
PavdmuNenIalY 7 3mie laun Samingasendl anauas uasHuN ety uesme @y wazlanu
Ighmatuiindayalululseid wesnzdaamannndurhviaiduidaamivdsiie veaasuunszay
Fuiden wanihnssanuduidanmniannliuds wianniudsiaganiiaaniiudAnmenaasmemsunng
ATHINENENTASINSUNNG RBINMIATITILATILWNTEAU 17-OHP $1N0uUNadu 39,503 1e lumsniweeng
U 19,996 e umsniwamdis M 19,492 e uazlilaszywa Sy 15 9 msnhlasumsineiden

918 48 192 FILa8 FwIu 39,015 8 Meniilasumsinzidaaangiasndi 48 alae Fudu 488 N

A oA @

tp3asiauazarnsal
3aeaulsenuululasiwan (microplate reader) U ELx 808 (BioTek, USA) dwsuiae
MIQANAUUEN LATDIUNLINEEYD (incubator) WUUMUANANUANN 37 Beawaded Ju 800 (Memmert,

Germany) gtfiu 3u Tiara (Mitsubishi, Japan) uaznszamuguidaniuas 90sTM (Whatman, USA)

qmﬁmmmauéu‘%agﬂ d15306531U

gohenmagaudiGagudmiudisganssauduidan ELIZEN Neonatal 17-OHP Screening
(ZenTech s.a., Belgium) Usznauaig 96 well strips plate ﬁl,ﬂﬁauﬁ'aﬂ anti-17-OHP, é150163531ULee
AIUANAMUNIN, 100X conjugated faamnale horseradish peroxidase, mea"m%'uaﬁmﬁammﬂﬂizmw
FuldpauURa (extraction buffer), 1endm3udawan (washing solution), 5636y (substrate) (o
mufnsennuaulaad (s,3,5,5° tetramethylbenzidine; TMB) LLax‘tfmmqﬂﬂﬁﬁ%m (stop solution, H SO )

aohenmasavuiiFagUludiaediu 17-OHP Progesterone (NOVATEC IMMUNDIAGNOSTICA
GMBH, Germany) Usznauaig 96 well strips plate Maduae anti-17-OHP, a3a10551uuas
d190UANAUNIN, 17-OHP conjugate @naa1ne28 horseradish peroxidase, fwwﬁm%ﬁjéﬁmwaw
(washing solution), msé?yqéfu (substrate) Lﬁaﬁﬂﬂﬁﬁ%mﬁmaﬂ%ﬁ (8,3,5,5” tetramethylbenzidine;
TMB) LLasifwmqﬂﬂﬁﬁ%m (stop solution, H SO )

ooy
3515

msehL‘ﬁumammﬁmnﬁmqﬂmwmsnLLiﬂLﬁﬂIﬁﬂ CAH 1iaa512310512% 17-OHP lasds ELISA
AALFEAI UMD 1

M5815NTHANENFFATANTUWNE
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MIASINIANEY 17-OHP
TudaeganszautuEan
I

v
[wav‘ﬂumﬂ 17-OHP (>90 ng/ml)J
v

AAMNMINNAUNINTIATHNAE

wazlzLdaaiuASNINanTIAE U

I
i \

TNMERaUNGLUY simple virilizing

smMaUnd .
198 salt wasting
[mmﬁué’uwamn%%u]
NansEULUUNG nansvEuguuIn
(<16.60 ng/ml) (>16.60 ng/ml)

MU 1 MITIUNIUMINTIRAANTBIFEMUMInuInialsn CAH Tuaguaini 8 aassil Ndediadn

o =) o v a g a 4 4 =
NIEMUFULIDALDEAINNINTINILATIEHAT 17-OHP 24 ASINeN@anInIsnmg UUNUI

HURBUNSTIUIUATINSEAY 17-OHP

A5ATINATILHS2AU 17-OHP Tu@l1a819n5:mutulion lagana1ad19nseaIuduLann
N3N0 wazansmuaNAnMw HduEhgudnaeng 3.0 iadns Tlulalaslawmasinaniedau
Frauaudivadae 17-OHP nthendmiuanaidannniiaganszassudaaiiidiunanasuaudey

1
P

nieaanmeaaulyiilaseandiaa (peroxidase) Usunas 200 lulasans aﬂuum’a:wqu il §asen
0

P

a = 4 = o v vV v I'd 3 o v v = %
Nl 4 asenaded Wunan 1 Ay iwannameunes 4 A% WALy LA LANTUFLASN (substrate,
TMB) U31a3 100 lulasdasdevan thulilunifienaamgiiveuilunm 15 wil tievhiidedueslfizen
FEUTNUBUARULAsILAUAUBG WgaUfnsenmansatayin (0.5 M H SO) U315 100 lulasdasdangu
wazthaIammsganauuaed 450 nluwes moaadiiia > 90 wluniudaiiaddns Aamutdnnauan
< Y 44' = % v
WDUdsHNaasatuguaa LU
mMsaNeNziiuiumalumagndsy laadn 25 lulasans veemapidsy H5N05571U LAz
ssmuaNammn adnaz 2 vaw ldlululaslawasiwaniedaudeuaufivadds 17-OHP @ntinas
Adunanzanaudtaunfaasnaleeulaliuaseendina (peroxidase) Usuns 200 lulasans
] aaa d' a = Iq <& o v Vv v o 3 o v v
avlunnuay UnUfnsennammngil 37 ssenaided Wuna 1 271 hinaemeinues 3 a5 wazy i
W@nguaLesn (substrate, TMB) U33na3 100 lalasdasaevay iulilunfienaamgivieadune 15 il
warh Iiiieduesdjisenssninueudnuuasuauivad vaaujnsenaiensadansn (0.5 M H SO ) U5mas

100 lulasansdangy wazihaIaMIanauLsan 450 Wluns

MssnsinenengasnIsunng
U 63 adun 2 W - Tguney 2564




Congenital Adrenal Hyperplasia in the Upper Northeastern Area of Thailand Sawittree Nakprasit et al.

mMsudaca
MI05790AN5DY 17-OHP Tudagunsemudutdan o1ia) cutoff > 90 W IUNSNABNAANT
Tradluunn® wasmaansiatiuduna ludmae gy e cutoff > 16.60 Wlunsudaiadans Inatluuin®

nw’)tmwﬁﬁ'aagamaﬁﬁﬁ
MsAnUlTadfBanssan lown Saear A1RdY wazddadlnszy laald T-Test,

Kruskal-Wallis Test lumstl3auiiisussvinnguaiudsea 4 lasiissauanuuandwagniteaayneae

(statistical significant) i p-value < 0.05

3UTIINMNTINY

msfnnideilldraanuBusannnginasasmnsnusniie anzdaafudemanhmsdnunise
wazlasuayainnauznssumstinsanmsfneidelunysduainsainenmansmsunng s%alasans
001/2559

We

NNMITIVTINYBYIMIATINIANEWIZAU 17-OHP eI ELISA lungudiegnssmuduidan
apamanUINIAaIvNg 39,503 T8 WuhHAMInTRAansNung TSnnunadu 39,469 18 Fuiu
LWAZNE WY 19,977 318 (50.57%) LWANEIN WU 19,477 318 (49.31%) Wavnnszautudaaduuin
fanunady 34 918 (0.09%) WHuneme 19 118 (0.05%) AW 15 18 (0.04%) Gaudadlumaaii 1

AI5MN 1 MIATIVIANLH5ZOU 17-OHP TudasNnsemusuldanuaamsnusniia e cutoff > 90

nlunsuaeiasans
@1 17-OHP 9nf2ae19n5emuduLtian
HAaNIIHIIR - 2
o 117] MUIUINY AIRDY
AANTAN . S.D. p-value
(9a8ag) (ng/ml)
il 19,977 (50.57) 14.63 9.253
wWaUné YN 19,477 (49.30) 12.94 8.750 0.001
Taisey 15 (0.04) 12.14 5.734
e 19 (0.05) 112.25 18.021
WAUIN - 0.410
URIN 15 (0.04) 117.81 20.777
EREY 39,503 (100) 53.954 12.507

MEIUMIAANINIINNFUNINTIVITNMEUALLANZLEDALND LAV D NTS NS UATIE U UNS Lo
° P Mo P 8 o " N o o < ' v ~
DU 33 e 3 1 98 NNaNsazEaanumaeNgsy loliasnnitlumsnths wazwuh 20 918 HHaMINTIA
-~ [} LY v o v < 4 a
guguaad@sutuuin Wuweame 11 918 (33.33%) (WANAN 9 8 (27.27%) Wwaz 13 M8 (39.39%)
= o~ v v 4 a < a (% d'
Huamsasrdugudsutulnd loaduwenns 8 18 (24.24%) INAWEIN 5 518 (15.15%) AUULEAILUAM TN 2
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TspnzunwIaeaasluuaa NN louafiiiauaamsn 303 elszans uazane
Tumeaaziusaniesawitisnauvuraslsemnalne

Aﬂl = 'S e e 1 ~ v = = 1 ol
I[N 2 MINNPNEHIEAU 17-OHP 1‘1.!(?1')E’]EI”I\‘ISZT‘SN?IBQ‘YI”IiﬂLLSﬂLﬂﬂNﬂW cutoff > 16.60 uﬂuﬂsu

ADNIANT
@1 17-OHP 9nc2ae1935%
HANIIAIIA - T
o LNe NUIUIEY AR
PANIBI ” S.D. p-value
(5a8az) (ng/mL)
R e 8 (24.24) 10.42 3.340

Waun@ R 0.469
URIN 5 (15.15) 12.26 5.220
@8 11 (33.33) 27.84 8.070

WAUIN - 0.117
BN 9 (27.27) 45.61 34.900
EREY 33 (100) 24.03 12.882

msasememsniiinamsaansaaiiuunn binuenmsidaindauazih visaSonzmamniu uaz
M5A53850BLEnINslad (electrolyte) lown lathay Inwaadannaalsd wazlumsuaiue uaund

ilathdayanasnguiatnszmeiuidanniensidayameadaiamainamhninusniia
warARAsEATIfNIMEaIudazianie wuhdmasaglunasiindueasdmsawnialan fa Jauads
TWinusnAa > 2,500 n3x u,awi’na?;amqmsﬁmsm > 37 dUansd dauaaslunmnd 2

6000
*
* *
5000 9 * # * H
l o
F o0
&
n) &
‘C
C 000 . 3079.30 053.98 3052.81 3041.08 3043.79 3056.94 . 305439 = mean
'}
= nausNAsEIL
g
W& 2000
x ] o h
o ° H
®Q * ©
1000 *
0
passd ANAKAT  WATAKK  MUDULAAN)  MWDIAL Ay Jumw
50 " "
45 .
* o
—_ o
'S
& w
] 38.80 38.62 38.68 38.34 38.61 38.74 38.63 = mean
= fanessu
) c 1
&
£ 35
*
’
% * *
r * * * *
3 H
I * * ¥ "
a .
*

20 *

onsTi AnauAT WATALN  MUDILAANY  HuDuAnY [B] donW

NN 2 n) WNrHILSNIAAWEY (n5N) 2BIMSALSNNANLASUNIATIARANTBI LY 7 9%

s a o @ a _ av ve o v o
7]) a’]ﬁ!ﬂii.ﬂu’]iﬁntaaﬂ (aﬂ@n“) "lli-N“m‘jﬂLL’iﬂLﬂ@ﬂlﬂ’ium‘m%ﬁ]ﬂ@ﬂiﬂﬂu 7 NYIN
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Congenital Adrenal Hyperplasia in the Upper Northeastern Area of Thailand Sawittree Nakprasit et al.

hpgnszmeguiEae M 39,113 winily 5 gy eweIgAIIAINsm (AaLenAIBEN
P M v 3 3 A 4 ¢ & & A 1 J s @
nlilaszyuagassfnsasan) laaargassdunsoni < 37 dlev iWudnfinaaanaumvue wuhiimisegu
284 17-OHP ganMsnusntianaasamaumyue 2ianuuanannuagitedayneada (p < 0.001)
[ a 1 v v v o ] [ I ] v [
aauaaalumsnd 3 dwadlsegiu 17-0OHP aasnguiagndansaniuvinliuaneeiy (p=0.33)
aauaaeluamsed 4

MmNl 3 maSeuiisumiisegueed 17-OHP lungueiegasianansesdnd uivemuegasssansen

agAIn NNIUNMINUINLAG AN aEgIU* AN
(Fow) (Sasaz) 17-OHP (ng/ml) 17-OHP (ng/ml)
<34 105 (0.26) 23.35a 3.19 - 88.55

34 -<37 2,495 (6.38) 14.86b 0.00 - 88.25

37 - <40 29,483 (75.38) 11.96b 0.00 - 88.80

40 - <43 7,019 (17.95) 10.75b 0.00 - 84.70
>43 11 (0.03) 10.05b 0.00 - 35.52

EREY 39,113 (100) - -

o o

*ANo8gIuYas 17-OHP Tu column @iy mumednyseny Ienuuananiusg it agneada (Kruskal-Wallis

Test, p < 0.05)

P = = v @ 1 o ] [ < v
MINN 4 ﬂ1§L1J‘§EIUL1/lEIUﬂ']NﬁEI§1u°ZIB\1 17-OHP luﬂQN@I?B&WQ@S?QﬂﬂﬂﬁBQLﬂM‘U?ﬂ HUAINIE

ATIANITN
agAIn NIUNMINUINLAR AT ANde
(Fow) (Sasaz) 17-OHP (ng/ml) 17-OHP (ng/ml)
<34 11 (32.35) 118.18a 91.85 - 158.98
34 -<37 15 (44.12) 110.60a 93.71 - 130.85
37 - <40 6 (17.65) 97.64a 94.56 - 124.66
40 - <43 2 (5.88) 126.18a 106.87 - 145.50
>43 - - -

ERL 34 (100) - -

*MaisagIurad 17-OHP lu column (@ennu aumesnusidennu lilienuuandnnu (Kruskal-Wallis Test, p > 0.05)
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wisdathanszauiudananman 10y 39,369 118 iy 5 ngu aanhulinusnide (Fauen
daghitlildssuihminusniiaaan) Tashwiinusniia < 2,500 n3u fumsniiihuinusndacniin s
wuhiaNsegiuees 17-OHP lungumadnasiadansesnd Henuuanadnnusgiveddanymasi
(p < 0.001) saugaslumsit 5 dauaiisagiu 17-OHP yasngueiadnaansauiluuinliuandieiy

(p = 0.17) aaudaslua i 6

dﬂl 4 = 1 1 1 L4 1 L 1] v a
MINN 5 MIUFTHUNEUMANNUANGNTZWINAINTEFIUYDN 17—OHP°1uﬂqumamqmmﬂﬂﬂsmﬂnm
LU NEHUNUSALD

agAIn NNIUNMINUINLAR ANaEgIU ANde
(§Uaw) (Sauaz) 17-OHP (ng/ml) 17-OHP (ng/ml)
<2000 171 (0.43) 17.61a 1.87 - 88.55
2000 — 2500 2,776 (7.05) 13.15b 0.00 — 88.25
2501 — 3000 15,209 (38.63) 11.84b 0.00 — 84.25
3001 - 3500 16,250 (41.28) 11.72b 0.00 — 88.80
>3500 4,963 (12.61) 11.90b 0.00 - 86.35
3N 39,369 (100) - -

o o

*ANo8gIuYas 17-OHP Tu column @iy mumsdnysenny Ienuuananiusg it agneede (Kruskal-Wallis

Test, p < 0.05)

319 6 MIUTBUHBUMANNUANAINTENINAINEEF LY 17-OHP lungudagansnanansag

un wiNmNINYTNWLSNLAN

angAIIn PIUMINUINDA ANBEgIU ANde

(Fdow) (Sasaz) 17-OHP (ng/ml) 17-OHP (ng/ml)
<2000 11 (32.35) 118.18a 91.85 - 158.98
>2000 - 2500 10 (29.41) 110.80a 93.71 - 124.66
>2501 — 3000 10 (29.42) 102.89a 94.56 - 134.47
>3001 — 3500 2 (5.88) 103.61a 95.07 — 112.16
>3501 1(2.94) - -

PRIl 34 (100) - -

*MaisagIuead 17-0OHP lu column @ignniu emumesnusidennu lilienuuandnnu (Kruskal-Wallis Test, p > 0.05)
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MINTINAANTBIFEMNUMINUIAAALSA CAH lagmsnsaieieiseau 17-OHP g5 ELISA
TunguaiadnnszautuldanuaamsnusninnIvag 39,503 918 AIUE UMW 2

[msﬁﬂwﬁ%'ﬂmimmﬁ'ﬂniaﬂiﬂ CAH]

!

[ MBENIIUIU 39,503 578 ]
H % a o s o <.
WIBUNLINENA (ATN) DEYAIINNIIN GillaD)
UIU 39,403 8 NUIU 39,147 8

| I
v v v v

Naun@ NaUuIn Naun® HAUIN
<37 >37 <37 >37

<2,500 {22,500 <2,500 {22,500

7.48% 92.52% 61.76% 38.24% 6.64% 93.30% 76.47% 23.53%

Mui 2 WaMINTIAANIBIFEMUMInuINialsn CAH ludiednlagardedadazasinninusniie

LLa%ﬂﬂﬁ!ﬂﬁﬁﬁNﬂiﬂﬂ

a L4
AU

MININANLALNDINTEAU 17-OHP lTumaeansemuduidanmeds ELISA :1u3U 39,503 518
NNFNUUITMINTIIUFUAFENNG 8 905518 1 7 e Tuszwint w.a. 2559-2561 wuilass
el'at 4 LY dl a a o < = I3 %’ £ a d'c'b U '
Ninadaszayu 17-OHP Ngeiiaund & 2 Useldy Ao 21853831500 wazintnusnianaInInn
FMNNANTATIANITEMHTULADN WUKARAUNG 34 978 LOAAMNNAUNIATIVINMEULASLAUMIDENTSTN
44' = U ¥ = a a o a 4 wva S 1 W 4 a
iaasadudule 33 Mg AuaiiaUnd uiu 20 M8 daluglidnsalimiu 1: 1,975 Teallunaund 13 98

v v
s °

FudunavinUasy Aallusesas 39.39 udaenlsimumagungunauinUasniliisngassfnsmuazinmin

9

wsniamNIINael fa 218Asssl < 37 dansi wmnilin < 2,500 NSN waziiANBETIUYEITEAU 17-OHP g4
Tumsnusniiandiivtinusniiauazangassfnsmmninnmed agnaditedagmaada (p < 0.001)
mInfiananansasuaziinalniinauinnndy 90% lagiimsnaaamuengasssUniuazinniine
< 4 N P v = v v JY ' o !
Wuldmuinast lusazineifinauin @ 17-0HP ge danudunusiumsaasanaumnuasnnnil 70%
wasdiihninemninarisnmend 609% Noadumwnzagassiinedestumsnannmsiiadaxvannle
d =2 v A = a a PP I3 H C g 1 g
22amanlunssd afivnlinnaziianuidswsimsialsagalunsiiangassduaziminailiduly
N
dmsumsmuuaa cutoff 2895:0U 17-OHP Mnnszmuduidanlumsdnmil ldmanmsdnm
a a (8) 2 < e oy = [~ v Ao ISP 1y
204 ANAAN uazanz, 25517 Wasnnlumnlannmsdnmnludnlng wimsasadudunaanndsudlud
GL = b‘Lw s A = (3) 4 o ' o
msNenululszma elgenendennmsfnmues Ibrahem wazane™ Fdumsmuuameunuzizes
ngassdnsmnuiniminusniieilumelsznanlanhinldidunasidedulumsdamudnnauinesa
Buduna wasmlimsasadansaslidivssdnsmmwannzu®®
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' ] 1o o a o a £
T5ANNIZUNNIDNTDS LN UABNNNIN LOUARILTINYBIMIN 303 elszans uazane
Tumeaaziusaniesawitisnauvuraslsemnalne

mathwaila ELISA anlflumsanadensiiliemniuitiazan ludssanaipaniis
duq Semundennauaiasiio gunsal uasganadau danuhuazanuinegs Fawuhiisunhe s fve
wafidies 1 8%e ffidunudmibelulssmealne deasnndslidinsanadansadlsalulssme 3ahld
fidanalumaidanldgemhmmesaudidagl fluanemsiannisenadansasuuuduiifienuimsuss
amwhanndy wu Time-Resolved Fluorescence Immunoassay (DELFIA), Liquid Chromatography
Tandem Mass Spectrometry (LC-MSMS) waz Molecular genetic analysis Wudu dusumswu
wawnUasiuilomaialannmsiensinamnnds ELISA uagisau wu nnmsdnsmsanadanses
T5A CAH 293 UMM UazAnLz, 2542 H3IANATIZY 17-OHP 1neagNnszmududan waznmsdnuss
Aadaw uasAms, 2551 241935 RIA war DELFIA wuwauinUaausasas 95.59 uas 50.00 MNdIGU
manmadansaslaaiilulszmadu g wutlgmdudodu Smsiensiamezasmauinlaauiianan
anuTINsaILeuivaa e a1azimsiuAsendaiuansssnavaiiesesdau | lunssanuiuiden
waziannmManassadaumwue hvinusniieas Tansaisavdnaan uasiaimaduthe?

agtulifimsanadansaslsaiilutssmalnadiasnndalildussedlussuuranlsane dafy
msnsanMnMIaasataumuuaweniviinusniiafifesnhinaiiulsdlemideunndiazimsandamsn
Funlivrasmsiialseiililasumsasaiiiasalan (early detection) tite lianansarhmssnwlsale
sunm uwihsmedndudnumsgandehuasindefivldsumadnwmiui udlumneilinumsgadahuasnda
samsanalinuiuied @oenmsndeiialuszesnmdamnd biléfumsamadansadlsaiiaudusniia

adlsionun lumsdnsnhiasilawannmsnnadansesiiamatidnsaimsiialsaluman
wsnifiadl fimsusanhilasimsmunanadesssumaisnnansm o wasHUnATBIYBIMIN LEs
ooy 64.57 apamanusniiaiinsadansaslsannzwiaslnsosdaasluy woslsafliiadloyds Fonl
Limansahmaamadansasmanusnidalannneluiuiiivmsdnm finunuiinamsluiuaiaiimsn
fulsaueag

wozasmsfnmluaSiianiulslenidassuumsmasageuaniszma ilinuilym glasen
wartlsadadlumaiialsnamsunnsasaasluudonminnlaudiiiie mnsnhinudlawessulseiann
suumsnsafansasmanusniiaiiulsslenidalsznauimll nunaiudayaihddmiumsnaunuey
muuaulanalumsudlaidymszuumsnsaglussdusandludaddsanmsunwiasaasluudannunle
waMLiin

asu
9

HBN15ASIAANTBIMIAUsALIa luMensiusandsuniianauuuzasdsundlng seuined
W.F. 2559-2561 wuim’ﬁﬂiuﬂéuﬁﬁNamsmaﬁmswzﬁ 17-OHP Wuwnn udlinumsnusniediienmsyas
TsAuuuguLss udiisedu 7-OHP ganinawi flamaidssgelumsifalsanmzunwiasaasTuudanninnla
uamiiie Taefitasadseiinarias aa mInasafaufnue (218A554) <37 dUan) wazihwiinmsnusniie
mnnnasiasasdmsawsalanmmuual’ (<2,500 n5H) guDNsPEaY 76.47 WAL 61.76
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Study of Neonatal Screening for
Congenital Adrenal Hyperplasia due to
21-hydrxylase Deficiency in the Upper
Northeastern Area of Thailand

Sawittree Nakprasit' Sumonta Chaisomchita’ Boonipa Songkhram® Walaiporn Rojsanga®
and Kevalee Unachak®

'Medical Life Sciences Institute, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000
’Regional Medical Sciences Center 8 Udonthani, Department of Medical Sciences, Amphoe Muang,
Udonthani 41000

*Udonthani Hospital, Amphoe Mueang, Udonthani 41000

ABSTRACT Congenital Adrenal Hyperplasia (CAH) is an autosomal recessive disorder due to
21-hydroxylase deficiency leading to salt wasting symptoms and ambiguous genitalia in affected female.
The patients will have high mortality if not receiving proper treatments in a timely manner. This study
was a pilot study of CAH screening in the Regional Health 8 office, Thailand to find the incidence and
related factors affecting to the newborn screening. The 39,503 dried blood spot samples were collected
and Neonatal 17a- Hydroxyprogesterone (17-OHP) Screening kit with ELISA technique was used to
measure the 17-OHP level. There were 34 cases found positive and 33 of them were followed for
confirmation test. Twenty cases found positive from serum samples testing but none of them was
diagnosed with CAH. The results showed that newborn with positive screening test had average
gestational age and birth weight were below WHO criteria 76.47% and 61.76% respectively. When compare
the median 17-OHP of 5 groups of gestational age and 5 groups of birth weight, premature infants and
under birth weight infants had higher 17-OHP values than mature and normal birth weight infants,
the differences between the medians were significant p < 0.001. Therefore, the factors found related to

17-OHP levels were under birth weight, premature.

Keyword: Congenital Adrenal Hyperplasia, Screening, Dried blood spot, ELISA
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ANIENIBILINIBYA TS LNUUADILHA LUNITNUINLAA
Tu 4 Qzﬁmﬂwmﬂsgmﬁlwﬂ 729U W.A. 2559 D49 2561

an v EL

t‘i"Jﬂmgga AselEs! iawssa naan’ nsdl falwdan' Sozen WA uwisw Inaad
wazaZIums lsauddand®

"ANUUFIINENMFATINNISUNNE NTNINGAMFNTIIIUNNE OUUAIIUUT WUNYT 11000
“UnImmsdass 96 wy 3 auulsuSeugnsal-ngay 2 arevguund Unusil 12140
ANUUIVE TN AT TSN IUGY NTNINGAFNTIIIUNNE OUUAIIUUT UUNYT 11000

unenda amensaslnseadaasluuuamdiaiennmsmalnsesdaasluulumsausaie mlddeameduansau
uazwannmszasmsniinaUnd dainaslifimsuaaasnyaslsanaunann minaransadlsaieianuddyuss
finaathanndamsn e WilasumiaseSuusniemsinenlosdy mdiumslasanaiwnsimssaulnsasd
dayadegasTuunniatunssauiuidaalasmainsdaadunhaasmaniiaiginnnt 48 Hilumdsnsan deds
ELISA :1nm3sasianansaamsnusniia lnaludl w.e. 2559 - 2561 31U 1,610,479 58 wumsniifiaUnd 110y
830 18 guiamsafzaslsaiiy 5.15 da 10,000 iaiFsuiisumsdansasnmewiaslnsesdaasluuudiiio
Tufiudi 4 ma sesszmalng (Mmanae mawile menzSusandsuvila wazmald) %ﬂﬁmmmaumﬁaﬂa:
97.65, 99.87, 97.52 U8z 80.92 MNMAU wuatamsaluaalsalu 4 ma AU 5.01, 6.22, 5.60 UaT 3.52 Gd 10,000
auddu Tesmamilanugiansaiaslsngege uazmaldwusiga manfienadansauiiumemesonas 51.49
wazilumsniiasaanaumvuasosas 4.92 Mamsasadudunusanmaialsalumandegeniunens oz
manaaaanaumvuaisanmaialsaginhmsnaaaaiiagassdasummue ailgiamaniaslsaiiun sy
nnilunnmevaslszindlne

maAg: Mzwsaslnsaadaasluuuanide, msasaaanssesmsnusniie, nseadadyadaasluu
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(Neonatal TSH EIA, In house) 4aza5193la5=iaiaiaininsiadanzwaalusia (Hamilton Microlab
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Extraction buffer (1.25% Casein hydrolysate monohydrate, 1.25% bovine serum albumin, 0.5% 0.1 M
EDTA, 0.1% Tween 20, 0.1% NaN , 11 0.05 M Phosphate buffer pH 7.4) Y5105 300 lulasans ane
\dampanannszmuiudandsmseinanin 1 mndutlamanuaniulundaswanadniidenuiu Uandas
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bovine serum albumin, 0.1% Tween 20 11 0.05 M Phosphate buffer pH 7.4) U511as 100 lulasans
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assay (ELISA) Iﬂﬂi‘ﬁqﬂﬁlﬂﬂmﬂﬁmﬁzﬁ Total T4, Accubind ELISA Microwell., Monobind Inc.,
USA. Uszananamsasiaienzimelusunsumsdszuiana Gens, copyright 2005
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Congenital Hypothyroidism in Newborn
in 4 Regions of Thailand
during the Period from 2016 to 2018

Piamnukul Krasao' Penpan Thong-ngao' Jaranee Phoungphosop'

Wiyada Charoensiriwatana® Hansa Thaisri' and Archawin Rojanawiwat’

'Medical Life Sciences Institute, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000
’Retired Government Official 96 Moo 3 Chulabhorn school-Thaicom 2 Road, Ladlumkaeo, Pathum Thani
12140

’National Institute of Health, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000, Thailand

ABSTRACT Congenital hypothyroidism (CHT) is caused by thyroid hormone deficiency in newborn
which leads to mental and growth retardation. Clinical symptoms do not manifest at birth. Neonatal
screening for CHT is therefore necessary and made possible of the affected neonates to get early
diagnosis and treatment in time. CHT newborn screening was determined by measuring thyroid
stimulating hormone (TSH) from dried blood spot sample (DBS). The heel prick samples (whole blood)
were collected on filter papers from newborns at age more than 48 hours after birth and the
enzyme-linked immunosorbent assay (ELISA) technique has been used as screening test for CHT. From
2016 to 2018, a total of 1,610,479 Thai newborns had been screened for CHT and 830 newborns were found
to be CHT, while the incidence of CHT was about 5.15 per 10,000 screened newborn. As compared with
the CHT screening in the 4 regions of Thailand: Central, North, Northeast and South, the samples had
coverage of about 97.65%, 99.87%, 97.52% and 80.92%, respectively. It was found that the incidences of
CHT in the 4 regions were 5.01, 6.22, 5.60 and 3.52 per 10,000 screened newborns, respectively. As can
be seen, the highest incidence of CHT was found in the northern region of Thailand whereas the lowest
was found in the southern region. Furthermore, 51.49% of the screened newborns were boys and 4.92%
was preterm infants. From confirmation of the follow-up samples, it was found that the incidence rate
of the confirmed screening in girls was greater than boys and preterm infant was greater than in term

of infant. The CHT incidence rate has increased over the year in all regions of Thailand.

Keywords: Congenital hypothyroidism, Newborn screening, Thyroid stimulating hormone
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Factors Associated with Survival of Elderly Patients with Advanced Non-Small Pintumas Autkittanon
Cell Lung Cancer
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Grade ECOG

0 Fully active, able to carry on all pre-disease performance without restriction

(nsamnaiasdssn iy wasmanulamuund)

1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a
light or sedentary nature, e.g., light house work, office work
(nsamiaiasdssniuwazinauls Tasianmsuaaszaslsadniioy)

2 Ambulatory and capable of all selfcare but unable to carry out any work activities.
Up and about more than 50% of working hours
(gansaquaduaile lesdidadnalumamiaiasdszaniu uadianansarouldinnnii 50% 289
DATNNN)
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Factors Associated with Survival of

the Elderly Patients with Advanced
Non-Small Cell Lung Cancer in Saraburi
Hospital: A Retrospective Cohort Study of
Survival Analysis between 2010 and 2014

Pintumas Autkittanon

Saraburi Hospital, Muang District, Amphoe Muang, Saraburi 18000, Thailand

ABSTRACT We conducted a study to evaluate the factor that might associate with survival of the
elderly patients diagnosed with advanced Non-Small Cell Lung Cancer disease. A retrospective cohort
of 78 patients with age of more than 70 years in Saraburi Hospital were enrolled between July 2010 and
December 2014. The median age of the patients was 76 years. It was found that the Eastern Co-operation
Oncology Group (ECOG) performance status was the significant factor associated with survival of the
elderly patients with Hazard ratio 5.16 (p-value < 0.05, 95% CI 2.82-9.45). One, two and five years of
survival were 21.79%, 6.41% and 2.56%, respectively. There was significant difference of median
survival time between the elderly patients with and without receiving chemotherapy (10.8 and 1.5 months,
p < 0.05). The Grade III-IV adverse effects of the elderly patients receiving chemotherapy were 13%
(pneumonia and febrile neutropenia) but no treatment related death was found in this study.
In conclusion, the ECOG performance status is the good prognostic factor for the overall survival in the
elderly patients diagnosed with advanced Non-Small Cell Lung Cancer. It is a good guide for physician
to treat the elderly patients with chemotherapy properly.

Keywords: Advanced Non-Small Cell Lung Cancer, Elderly Patients, Survival Rate
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Health Promoting Behaviors of Pregnant
Women Attending the Antenatal Clinic

at Banmanik and Si Sunthon Subdistrict
Health Promotion Hospitals in Thalang
District, Phuket Province between

June and July 2020

Nantana Junjongkon' Duangkamol Kongbamrung' and Araya Khoka®
'Bachelor of Science Program in Public Health, *Lecturer in Public Health Program, Phuket Rajabhat
University, Phuket, 83000 Thailand.

ABSTRACT This research was aimed to study knowledge, health promotion attitude and behavior
among pregnant women and the relationship between knowledge, attitude, perceived benefit, social
support, and receiving advice from healthcare professionals and health promoting behaviors of pregnant
women. The samples were selected from 83 pregnant women who attended at Banmanik and Si Sunthon
Subdistrict Health Promotion Hospitals in Thalang District, Phuket. Data were collected by using
questionnaires. Descriptive statistics and Pearson correlation coefficient were used to analyze the data.
The results revealed that the pregnant women had knowledge at high level (89.16%) and the attitude
was at good level (66.27%). Health promoting behaviors were classified as having moderate level of dietary
consumption (M = 2.97, S.D. = 0.83), having exercise and rest at a good level (M = 3.01, S.D. = 0.86),
having emotion at a good level (M = 3.09, S.D. = 0.79), having overall self-care behaviors at a good
level (M = 3.30, S.D. = 0.84) and having sexual behavior at a good level (M = 3.02, S.D. = 1.01).
The perceived benefits of health promotion among pregnant women, social support and advice received
from the healthcare professionals were statistically significant (p < 0.01) and positively related with the
health promoting behavior of pregnant women. While the knowledge and attitude were not correlated
with the health promoting behavior of the pregnant women. The results obtained from this study could

be used as basic information for promoting the optimal health behaviors among pregnant women.

Keywords: Knowledge, Attitude, Health promoting behavior, Pregnant women
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Notch-1 Signaling Mediated Dendritic
Cells - Induced Autologous NK Cell
Proliferation and Cytotoxicity Activity to

Cancer Cell

Supaporn Suparak' Kanokwan Ngueanchanthong' Busarawan Sriwanthana® and
Somchai Sangkitporn’

!National Institute of Health, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000
’Retired Government Official 23/30 Phaholyothin 60, Khu Khot, Lam Luka, Pathum Thani 12130

’Pink Park Village, Queen Sirikit Centre for Breast Cancer Foundation 47, Nong Chok, Bangkok 10530,
Thailand

ABSTRACT Natural killer (NK) cells mediated immune responses via cytotoxic activity, or secreting
cytokines. The interaction of NK cells with dendritic cells (DCs) contributes to NK cell-mediated
anti-tumor or anti-microbial responses. However, the cellular and molecular mechanisms for controlling
DC-mediated NK cell cytotoxicity interaction are largely unknown. Here, we showed an involvement of
Notch-1 signaling interaction in augmenting NK cell cytotoxicity mediated by DCs. Stimulation of DCs
from 6 healthy donors with lipopolysaccharide (LLPS) could induce Notch-1 receptor and enhance NK cell
proliferation (64.71+£1.89%) and their cytotoxicity activity (42.18+1.04%) against K562 cells (human
erythroleukemic cell line). DC-mediated NK cell cytotoxicity was suppressed by Notch-1 inhibitor,
a y-secretase inhibitor, (11.91+0.62%), as compared to the LPS treated-DCs (p < 0.05, paired t-test).
These results suggested a possible mechanism of DCs mediated NK cell expansion and cytotoxicity
regarding to Notch-1 receptor, at least in part. These findings provided an insight that the modulation

of Notch-1 signaling could be a strategy to eradicate tumors or to suppress NK cell-mediated diseases.

Keywords: Dendritic cells, NK cells, Proliferation, Cytotoxicity, Notch-1
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Introduction

Natural killer (NK) cells and dendritic cells (DCs) are specialized cell of the innate
immune system. The cooperative interaction between DCs and NK cells plays a key role not
only in the regulation of innate immunity but also in the promotion of appropriate downstream
adaptive responses.”” > * DC-mediated NK cell activation occurs mainly through both the release
of soluble factors and cell-to-cell contacts. DCs release interleukin-12 (IL-12) and interleukin-15
(IL-15) after antigen uptake and enhance NK cell proliferation and cytolytic activity.” > ®

The Notch signaling pathway regulates cell proliferation, apoptosis and cell fate decisions
during development and adult tissue homeostasis.”” In mammalian cells there are four Notch
receptors (Notch 1-4), that are a group of highly conserved transmembrane receptors. Notch signaling
is initiated by the binding of the Notch receptor to Notch ligands on neighboring cells. There are
five Notch ligands (Jagged1, Jagged2, Delta-like 1 (DLL1), DLL3, and DLL4).”” Notch pathway
is associated with DC differentiation.”” The expression of Notch protein in antigen presentation
cells and matured DC was demonstrated.”” The lipopolysaccaraide (LPS) -induced maturation
of monocyte-derived DCs is regulated by the Notch signaling through the up-regulation of the
chemokine receptor CXCR4 was shown."” The triggering Notch receptors can promote dendrite
outgrowth and MHC II expression on DCs. Both dendrite outgrowth and MHC II expression are
essential for DCs migration, antigen uptake, and/or antigen presentation.”® Notch signaling
blockage with y-secretase inhibitor, N- [N-(3, 5-difluorophenacetyl)-1-alany1-S-phenyglycine
t-butyl ester (DAPT), influenced the differentiation of DCs.""” DAPT can hydrolyze Notch binding
protein to block the Notch signal, and consider having the effect to down regulate the Notch-1
expression at the mRNA level."”

The previous studies demonstrated Notch-1 signaling promotes the development and
activation of NK cells."” The studied in mice model demonstrate Notch-1 signaling controls
DCs mediated NK cell activation."*"'” The relevance of DCs -NK cell cross-talk in the control of
infectious diseases and tumor growth were controversial."® In this study, we addressed whether
DCs could mediate autologous NK cell proliferation and cytotoxicity.

A human erythroleukemic cell line, K562, target cells, was used for assessing NK
cell cytotoxic activity. K562 cells were susceptible for assessing human natural killer activity
with reduced expression of HLA class I and heightened expression of ligands for activator NK
receptors."” The effect of blockade Notch-1 signaling on DCs mediated NK cell proliferation and
cytotoxicity was determined. This study may provide the modulation of Notch-1 mediated DCs
and NK cells signaling could be a strategy to eradicate tumors or to suppress NK cell- mediated

diseases.
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Materials and Methods

Cells and culture

Human erythroleukemic cell line (K562) were obtained from the American Type Culture
Collection (ATCC CCL-243TM, Manassas, VA, USA) and cultured in Roswell Park Memorial
Institute (RPMI) 1640 medium supplemented with 10% heat-inactivated fetal bovine serum
(Gibco, Grand Island, NY, USA), 100 U/mL penicillin, and 100 ug/mL streptomycin (Invitrogen,
CA, USA) at 37°C in a humidified 5% CO2 incubator. K562 was susceptible sensitive cell line for

assessing human natural killer activity.

Isolation of human peripheral blood mononuclear cells and ex vivo generation of DCs

Ex vivo generation of DCs was performed as described in a previous study."®
Leukocyte-enriched buffy coats, 6 healthy donors, from Thai Red Cross served as sources of
human peripheral blood mononuclear cells (PBMCs) with no data of donor for personal
identification. PBMCs were isolated using density-gradient centrifugation with Ficoll-Hypaque
(IsoPrepTM; Robbins Scientific, Sunny-vale, CA, USA) and washed twice with phosphate-buffered
saline (PBS) (Welgene, USA). Positive selection for CD14+ PBMCs was performed using
anti-CD14-MicroBeads, MS+/RS+ columns, and MiniMACS separator (Miltenyi Biotec GmbH,
Bergisch Gladbach, Germany). DCs were generated from CD14+ PBMCs and plated in 6-well plates
with RPMI 1640 complete medium (10% FBS, 100 U/mL penicillin, 100 ug/mL streptomycin, and
4 mmol/L L-glutamine). The cytokine cocktail of Granulocyte-macrophage colony-stimulating
factor (GM-CSF; Miltenyi Biotech, Bergisch Gladbach, Germany) and interleukin-4 (IL-4; Miltenyi
Biotech, Bergisch Gladbach, Germany) was added to a final concentration of 1,000 and 500 U/ml,
respectively, at day 0, 2, and 4 in 500 pl of fresh medium/well. On day 5 or 6, the immature DCs
were transferred to new plates and half of the medium was replaced with fresh medium containing,
LPS 1 pg/ml (Escherichia coli, serotype 0127:B8; Sigma-Aldrich, St. Louis, MO, USA) for 2 days
to mature. Differentiate of human monocyte to DCs was detected by surface marker staining
(anti-CD14-FITC, anti-CD11c¢-FITC, anti-HLA-DR-PE, anti-Notch-1-PE monoclonal antibody;
Thermo Fisher Scientific, Carlsbad, CA, USA) and measured with Flow cytometer FACS Calibur
instrument (BD Biosciences, San Jose, CA, USA).

Treatment DCs by y-secretase inhibitor (GSI)

The DCs Notch signaling pathway was inhibited as described previously."” DAPT
(N-[(3, 5-difluorophenyl) acetyl]-L-alanyl-2-phenyl] glycine-1,1-dimethylethyl) is a kind of
GSI (Sigma-Aldrich, St. Louis, MO, USA) was added at 1, 5, 10 um on day 6 of DCs culture. DCs
viability was checked whether the DAPT did not affect the maturation of the cells. DCs surface
molecules was detected by surface marker staining (anti-Notch-1-PE, anti-HLA-DR-PE
monoclonal antibody; Thermo Fisher Scientific, Carlsbad, CA, USA) and measured with Flow
cytometer FACS Calibur instrument (BD Biosciences, San Jose, CA, USA).
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Isolation and culture of NK cells

The isolation and culture of autologous NK cells from 6 healthy donors was done as
described in a previous study."® The Human NK cell (CD3-CD56+) isolation kit EasySep™
Human CD56 Positive Selection Kit (STEM CELL technologies, Vancouver, Canada) was used
according to the manufacturer’'s instructions using Falcon 5-ml polystyrene round-bottom tubes
on the EasySep magnet. PBMC suspensions at a density of 1x10° cells/ml were centrifuged at
300 x g for 10 min at 4 C and suspended in 1 ml of recommended medium in a 5-ml polystyrene tube.
A total of 50 ul EasySep NK cell isolation cocktail was added, and cells were incubated at room
temperature (15-25C) for 10 min. Subsequently, 100 ul EasySep Streptavidin RapidSpheres was
added, and cells were incubated at room temperature (15-25C) for 5 min. Cell suspensions were
brought up to a total volume of 2.5 ml by adding the recommended medium, and placed into the
magnet for 5 min at room temperature (15-25C). The EasySep magnet was removed and the
desired fraction was poured off into a 15-ml tube three times following 5 min separations in the
magnet. The isolated cells in the 15-ml tube were NK cells. The number of NK cells was evaluated
using (anti-CD3-FITC, anti-CD56-PE monoclonal antibody; Thermo Fisher Scientific, Carlsbad,
CA, USA) and measured with Flow cytometer FACS Calibur instrument (BD Biosciences,
San Jose, CA, USA).

DCs mediated NK cells proliferation assay

The NK proliferation assays was done as described in a previous study.®” NK cells were
stained with 0.5 uM Carboxyfluorescein Diacetate Succinimidyl Ester (CFSE) (Thermo Fisher
Scientific, Carlsbad, CA, USA) for 10 min at 37 C, washed twice using complete medium.
The stained NK cells were then incubated with DCs conditions (non-treated DCs control, LPS-treated
DCs, DAPT-treated DCs) in RPMI-1640 plus 5% human serum in 96-well round bottom plates
for 4 days at 37 C with 5% COZ. Before acquisition, 1 ul of 1 mg/ml propidium iodide (PI) (Sigma
Aldrich, St. Louis, MO, USA) was added to each well. The culture cells were acquired on a Guava®
easyCyte Flow Cytometers and analyzed using Guava software (Millipore Corp, Hayward, CA,
USA). Percentages of live proliferating NK cells showing CFSE-negative and PI-negative were

calculated. All experiments were from 6 donors of independent experiments performed in triplicate.

DCs mediated NK cell cytotoxicity assay

The NK cytotoxicity assay was done as described in a previous study.®” NK cells were
co-cultured with DCs conditions (non-treated DCs control, LPS-treated DCs, DAPT-treated
DCs) in RPMI 1640 complete medium in 96 U-bottom well plates at 37°C in a humidified 5%

CO2 incubator overnight. The cytotoxicity of NK cells against target tumor cells (K562 cells)
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were measured by a flow cytometry-assay using CFSE (Thermo Fisher Scientific, Carlsbad, CA,
USA) staining of K562 target cells. Briefly, K562 cells were stained with 0.5 uM CFSE for 10 min
at 37 C. Cells were then washed twice using complete media. CFSE-stained K562 target
cells were placed in a 96-well round bottom plate in triplicate and then mixed with NK/DC
co-cultures cells. The plates were centrifuged at 1,500 rpm for 3 min and then incubated for 4 h
at 37 C with 5% COZ. Before acquisition, 1 ul of 1 mg/ml propidium iodide (PI) (SigmaAldrich,
St. Louis, MO, USA) was added to each well. The co-culture cells were acquired on a Guava®
easyCyte Flow Cytometers and analyzed using Guava software (Millipore Corp, Hayward,
CA, USA). Percentages of dead K562 target cells showing CFSE-positive and PI-positive were

calculated after subtracting the percentage of spontaneous death of target cells. All experiments

were from 6 donors of independent experiments performed in triplicate.

Statistical analysis
Statistical analysis pair t-test was performed using SPSS 26.0 statistical software package
(SPSS, Inc., Chicago, IL, USA). The p < value < 0.05 was considered to be statistically significant.

Results were from 6 donors of independent experiments and expressed as mean + S.D.

Results

Notch-1 signaling blockade reduced the DCs mediated NK cell proliferation in vitro
We investigated whether inhibition of Notch-1 signaling could affect the DCs mediated
NK cell proliferation in vitro. The DCs-mediated autologous NK cells proliferation was performed
from 6 healthy volunteer donors and determined by flow cytometry. The autologous NK cells
(CD3-CDs56+) were purified from peripheral blood mononuclear cells by positive selection and
co-cultured with DCs conditions (non-treated DCs control, LPS treated-DCs, DAPT treated -DCs)
as stimulators of NK cells. The mean NK cell proliferation from 6 donors of independent experiments
was shown in Table 1. NK cell proliferating was significantly increased after co-cultured with
LPS-treated DCs (64.71 £1.89%) compared with the non-treated DCs control (25.13 +1.85%).
NK cells co-cultured with DAPT treated -DCs significantly reduced the DCs mediated-NK cell

proliferation (26.57 +£1.42%) (p < 0.05, pair t-test).
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Table 1 The percentages of autologous NK cell proliferation and NK cell mediated cytotoxicity
on K562 target cells.

NK cell culture %NK cell proliferation

conditions Donor 1 Donor 2 Donor 3 Donor 4 Donor 5 Donor 6 Mean

NK co-cultured with 27.75 £ 2.56 25.89 + 3.87 23.87 £ 3.76 24.61 + 4.21 26.12 £ 3.17 22.51 + 4.76 25.13 + 1.85
non- treated DCs

(control)

NK co-cultured with ~ 67.94 + 3.47 64.97 + 4.56 62.15 + 4.54  63.91 + 2.89 65.04 + 3.97  64.23 £ 4.50  64.71 + 1.89
LPS- treated DCs

NK co-culture with 28.62 + 4.89% 26.41 + 2.56* 25.74 + 2.56* 24.84 + 2.56%  25.87 + 2.56% 27.91 + 2.56% 26.57 + 1.42%
DAPT-treated DCs

NK cell culture %NK cell cytotoxicity
conditions Donor 1 Donor 2 Donor 3 Donor 4 Donor 5 Donor 6 Mean
NK co-cultured 15.23 + 4.21  13.56 + 3.57 14.25 + 2.58 13.87 + 4.59 12.98 + 3.60  13.74 + 2.61 13.94 + 0.75

with non-activated
DCs (control)

NK co-cultured 42.75 £ 3.22 41.98 + 2.87 42.59 + 3.14 41.07 £ 2.59 43.69 £ 3.50 40.98 + 3.47 42.18 £ 1.04
with LPS-activated
DCs

NK co-cultured 12.13 + 2.56% 10.98 + 4.57* 11.84 + 3.21* 12.46 + 3.91* 11.42 + 2.60* 12.61 + 3.61* 11.91 + 0.62*
with DAPT-treated
DCs

Remark: All experiments were performed in triplicate and expressed as the mean + standard deviation. *, p < 0.005, pair t-test (NK co-cultured
with LPS treated-DCs vs co-cultured with DAPT-treated DCs)

Figure 1 was result of donor 1 from 6 donors of independent experiments. NK cell proliferation
was significantly increased after stimulation with LPS-treated DCs (Figure 1B, 67.94%)
compared with the DCs control (Figure 1A, 27.75%). DAPT treatment reduced the DCs
mediated NK cell proliferation in vitro (Figure 1C, 28.62%). We suggested that NK cells

proliferation mediate, at least in part, DCs Notch-1 signaling interaction.

Notch-1 signaling blockade reduced the DCs mediated NK cell cytotoxicity in vitro

To investigate whether inhibition of Notch-1 signaling could affect the DCs mediated NK
cell cytotoxicity in vitro. The NK cell cytotoxicity on K562 susceptible target cells was determined
after co-culturing with DCs.

The mean NK cell cytotoxicity killed K562 target cells from 6 donors of independent
experiments was shown in Table 1. The significantly increased of K562 target cells killed after
co-culture with LPS treated-DCs (42.18 +1.04%) compare to DCs control (13.94 + 0.75%).
co-culture with DAPT treated -DCs significantly reduced the NK cell mediated cytotoxicity
(11.91 + 0.62%) (p < 0.005, pair t-test).
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A. NK cell co-cultured B. NK cell co-cultured C. NKcell co-cultured
with non-treated DCs with LPS-treated DCs with DAPT-treated DCs

Figure 1 Notch-1 signaling blockade reduced the DCs mediate NK cells proliferation. Autologous
NK cells were co-cultured with DCs and determined NK cell proliferation using
CFSE-based flow cytometry, the NK live proliferating cells shown the CFSE-negative and
PI-negative, lower left. The NK proliferation was significantly increased after co-culture
with LPS treated-DCs (B) compared with non-treated DCs control (A). Co-culture with
DAPT treated-DCs reduced NK cell proliferation (C).

Figure 2 was NK cytotoxicity result of donor 1 from 6 donors of independent experiments.
NK cell cytotoxicity was significantly increased after co-culture with LPS-treated DCs
(Figure 2B, 42.75%) compared with the DCs control (Figure 2A, 15.23%). DAPT treatment
reduced the DCs mediated NK cell cytotoxicity in vitro (Figure 2C, 12.13%). We suggested that
DCs mediated NK cytotoxicity, at least, via Notch-1 signaling dependent.

A. NK cell co-cultured B. NKcell co-cultured C. NK cell co-cultured
with non-treated DCs with LPS-treated DCs with DAPT- treated DCs

" 7K562 Killed
- 1243%

Figure 2 Inhibition of Notch-1 signaling reduced the DCs mediate NK cells cytotoxicity.
The cytotoxicity ability of autologous NK cells on K562 cells was measured by
CFSE-based flow cytometry assay. The dead K562 target cells showed the
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CFSE-positive and PI-positive, upper right. The NK cytotoxicity was increased after
co-cultured with LPS-treated DCs (B) compared with control DCs (A). Co-culture
with DAPT treated-DCs reduced NK cell cytotoxicity (C). Data shown were donor 1

from 6 donors of independent experiments.

DAPT treatment reduced the expression of DCs cell surface molecules

The surface molecules of DCs and NK cells were determined by flow cytometry after
co-culturing for 4 days. The NK cells retained the CD56+CD3- phenotype (data not shown).
The DCs Notch-1 receptor and HLA-DR were shown at low level expression in non-treated DCs
control (Figure 3A) and increased in LPS-treated DCs (Figure 3B). The decrease of these surface
molecules was observed in DAPT treated-DCs (Figure 3C). This suggested the expression of DCs
cell surface molecules might be involved to DCs mediated NK cell proliferation and cytotoxicity

activity.

A. non-treated DCs B. LPS-treated DCs C. DAPT-treated DCs
81 2
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Figure 3 DAPT treatment reduced the expression of DCs cell surface molecules. The DCc surface
expression was determined by flow cytometry after 4 days co-culture with autologous
NK cells. Notch-1 receptor and HLA-DR surface molecules were expressed at low level
in non-treated DCs (A) and increased in LPS-treated DCs (B). These surface molecules
were reduced after DAPT-treated DCs (C). Data shown were donor 1 from 6 donors
of independent experiments.
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Discussion

Notch signaling controlled the development and activation of the innate and adaptive

(21)

immune system®” including the development and activation of T-cells.”” Notch receptors on

T-cells play a regulators role of T-cell differentiation®”

and induction of tumor-specific cytotoxic
T-cells and memory T-cells.®” Effector CD8+T-cells cytokine production regulated by the Notch
signaling was shown.®" Notch ligands are expressed on stromal and epithelial cells in the marginal
zone of the spleen, thymic epithelium and bone marrow stromal cells, or on stromal cells at
inflammatory sites such as rheumatoid arthritis synovium.®*" ¥

This study demonstrated the stimulation of DCs with LPS can enhanced expansion of
autologous NK cells and their cytotoxicity activity. Notch-1 signaling blockade reduced the DCs
mediated NK cell proliferation and cytotoxicity in vitro. One mechanism by which TLR modulates
Notch signaling is by inducing Notch receptor and ligand expression.”” There is amble evidence
that activation of macrophages and DCs with TLR ligands leads to induction of Notch receptors and
ligands including Jagged1, DLL1, and DLL4.®” TLR signaling indirectly promotes Notch pathway
activation and expression of Notch target genes. The Notch target genes can be induced by LPS
in both Notch-independent and Notch-dependent manners. Notch signaling was activated after
LPS stimulation.”® The expression of Jagged 1, a Notch ligand, induced by LPS occurred in a
JNK-dependent manner. In addition, Notch target genes were upregulated by early
Notch-independent activation followed by delayed Notch-dependent activation after LPS stimulation.
Disruption of Notch signaling by DAPT attenuated the LPS-induced inflammatory responses.
) Dendritic cell-mediated NK cell activation controlled by Jagged2-Notch interaction was
demonstrated. Stimulation of NK cells by Jagged2 enhanced the antitumor cytolytic activity of
NK cells in vivo and in vitro."” We demonstrated the inhibition of Notch-1 signaling reduced the
expression of DCs cell surface molecules. It suggests that Notch-1 signaling can play a role in
DC-mediated NK cell activation through interaction with Notch-1 receptor and HLA-DR surface
molecules.

DCs and NK cells interaction is a bi-directional activation, once activated, NK cells can
eliminate the more immature DCs, allegedly tolerogenic DCs and activate DCs subsequently to
adaptive immune response.®” * Most of the studies on DCs subsets are emerging with distinct
biologic functions of naturally occurring DCs subsets. In human blood, at least three DCs subsets
can be distinguished, plasmacytoid DCs, CD141+ and CD1c+ myeloid/conventional DCs, each with
distinct functional characteristics.®” DC-mediated NK cells activation is based on DCs derived
from monocytes, generated from the culture with different cytokines. The interactions between ex
vivo isolated human DCs subsets and NK cells have not been largely elucidated. Plasmacytoid and
myeloid peripheral blood DCs can activate NK cells and enhance cytolytic activity. However, it is
challenging to obtain high enough due to their low frequencies.®” Different of DC subsets in the
human system is leading to new insights of innate cell interactions, particularly for the cross-talk

occurring between these DC subsets and NK cells.®” *” As DC subsets show a specific
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distribution in human tissues, therefore, DCs and NK cells interactions should be considered as
a more complex of cell subset networking to optimize the response against microorganisms and
cancer cells.

Regulation of Notch in cancer immunity is a very attractive approach in the ongoing
revolution in cancer immunotherapy.®” *” The rescue of Notch-1 signaling in antigen-specific
CDs+ T-cells overcomes tumor-induced T-cells suppression and enhances immunotherapy in cancer
was revealed.®” Our data show the Notch signaling effect on DCs mediated NK cell effector function.
Thus, manipulation of Notch ligands could provide to induce NK cells immunity in immunosuppressive

conditions including cancer or to inhibit certain NK cell activation on autoimmune diseases.

Conclusion

This study described DCs - mediated autologous NK cell proliferation and cytotoxicity
function in vitro requiring Notch-1 signaling. The inhibition of DCs Notch-1 signaling reduced
the autologous NK cells proliferation and cytotoxicity activity towards K562 target cells. DAPT
treatment reduced the expression of DCs cell surface molecules HLA-DR and Notch-1 receptor.
We suggested the expanded autologous NK cells cytotoxicity mediated by DCs Notch-1 interaction,

at least in part, Notch-1 receptor involved.
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Trend analysis of Osmolality content 53%314U 2559 - 2563
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Lot Release of Plasma-derived Products

in Thailand During 2007-2020

Ubonwan Chaiarrayalert Titaporn Pootipinyowat Saranya Saichan and Paisan Pangjunan
Institute of Biological Products, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT Plasma-derived products are biologics made from humans or animals and may be
contaminated with microorganisms from blood due to inappropriate production control. Therefore,
the regulatory agency has a lot release process to ensure the quality of plasma-derived products such as
Human Albumin, Human Normal Immunoglobulin, Specific Immunoglobulin, Coagulation Factors, and
various serums according to the international guidelines established by the World Health Organization.
The objective of this study is to present the lot release of both imported and local plasma-derived
products in Thailand between 2007 and 2020. Also, it can educate relevant public health personnel on the
quality control of plasma-derived products following the international guidelines. This can ensure the
quality of 3,723 lots of plasma-derived products used in Thailand during that period. The process was
carried out by reviewing the summary production protocols, performing physical appearances of the
registered drug and considering the trend analysis of their test results. The results showed that physical
appearances by visual inspection of 3 lots (0.09%) of the imported Human Albumin did not comply with
the European Pharmacopoeia and were rejected. It can be concluded that the lot release conducted by
the regulatory authorities is an important tool for the regulation of plasma-derived products. Therefore,
it is essential to ensure the consistent quality of each lot of plasma-derived product before it is released

to the market in order to guarantee the product quality and safety.

Keywords: Lot release, Biological drug, Plasma-derived products
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Usznaume Uniwes pH 2.5 uae methanol ludasdiu 45: 55 laguSunes wnumaannazasmsasianuly HPLC
SYUUR 2 989 tranexamic acid, glutathione waz acetylcysteine (¥NAU 2.0, 0.16 WA 0.12 FAANINGDNAAANT
a1 2 Saehumanadauanaldlanadda miluihulssana 2562 lhAsinantunldasneigaiandnval
ssther i lusndauasnansamiadnems Ty 73 et assanuastevhlingm s 22 feths
(30.1%) 3§ﬁﬁmu1§ummsammﬁgaﬁmné’mutﬁmsﬁv’q 5 #1ie leeeanusIaE Helszudanauazenldne
Tumsasiniesey

maa: asdermlvingm, msnegauenuldleusdis, msasaigalienansal
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msaTafigaiienanvalmsdier iz ndiemadia HPLC Frssaunsel vigialsedls wazdnyy udnnina

o

unin

ﬂwﬁu;j'u‘%‘[nﬂﬁumauslﬁwiammmmaqﬁawsamﬁ’umnﬁu Toafiuldgnninnunaineduenuns
Ny uaskdndaeiaduamsidasswaadeliinmnszala dnmbelussmaadiuiinunn
fims@nmumsnAseRetudineseushladwandeiu wazAUNUNNUAEIAY Ao ladwarily
nszvIuMsauiiadwaniiy 3807 melanogenesis aNNSdyIUuINIzAUYad melanocytes W
toulal tyrosinase yoanndu 13sUAseUaeY L-tyrosine (lu L-DOPA uazwdeudaludlu DOP
Aquinone MniAdaansiaadiuwariiu Feildresusassiio 16un eumelanin uaz pheomelanin
Faaaslumwd 1 nntudeduaiiumaisgnauddliiiulisasmTulan wasgnauddllmuaulase
iiodufiodmaillufiwad keratinocytes Fvaglddufioniia uanmnilsedyideaslunssqumadannsy
plasmin luwad keratinocytes litinsnniu Foilinasansnareriinaansn laun prostaglandin
E (PGE ), a-melanocyte stimulating (a-MSH) S'z‘}qLﬂuaaﬂnuﬁaﬂﬂﬂizﬁumsa%ﬁq waniiueni cAMP M 1i
msshamaniuinnau TesUndinmisesnusazisaulumsudamadinszana 28-39 Ju Mntuazad
wadimisuannsitialiiaenunszelauacin simnlidulumusavivas liiiaenamussaszu®

AN 1 nszvuMsEPaadmaiume Ty

Un UV < J o o A d o v < a = L4 . 2 1 o w
{REvRuhnguas Ay finmnumsaudaduaniiu As wwulyd tyrosinase Fawuhianssany
PN o & v & o a & & v ~ v & o A P
waggfanamnsaduiamsanuiedwariiy nidlnalnmsmuanlismaimsaadeduaivanaad
1 v 1 o al s ' [ a A 3 el va ‘s'el v aa PN o
avaanaln asuaesluamsnn 19 uannaadenRatnaiam kM lFamuedinesuenuny wes

= Q-’ =N 1 4 ' ‘J ' o L

HANA U LFI NN 5T 12N LU 29 a7 lASUN NN NUAMLNTTNNNTAIISUALE UaLeNDITONG
NNFNLITIA NNATINUEN 528N IARIZ1I614 9 391 tranexamic acid, glutathione, N-acetyl-L-cysteine,

. . . . = o o a
ascorbic acid 8¢ niacin Iﬂﬂlﬁ’]ﬂazﬁ)‘c’lﬂ ﬂﬂLLﬂﬂQiu@]’]ﬁ’]\?Vl 2
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H gu 3 =
5197 1 nalnmseangndduganszuIumsaaumiu®

<
nalnnsaangnd a9
AsEUIUMSEUEIMFaAIziteu ol InlsBiug Resveratrol, Tretioin, Retinol, Retinaldehyde,
(Inhibition of tyrosinase transcription) Glucosamine
gugamsmanuzaseulsd nlsdue Glutathione, L-Cysteine, Hydroquinone, Arbutin,
(Tyrosinease inhibition) Azelaic acid, Kojic acid, Ellagic acid, Resveratrol,

Oxyresveratrol, Vitamin C, Mulberoside F

o & v IS a . .
YUENNISVIUMIFINLUOTLNDIUY Tranexamic acid

(Inhibit plasmin cause to inhibit melanogenesis)

wWasumswdegumiuduillawmiu Glutathione, L-Cysteine

(Switching production of eumelanin to

phaeomelanin)

LIAMITHA ALY NIV Thioctic acid, Retinoids, Lactic acid, Glycolic acid,
(Epidermal turnover accelerant) Salicylic acid, Liquiritin

gugamsauasina lula Linoleic acid, N-Nicotinoyl dopamine, Niacinamide,
(Suppressing of melanosome transfer) Soy milk

HugNNTzUIUMIINEU (Anti-inflammatory) Niacinamide, Soy milk

é’ﬂﬁ’ua%aﬁasz (Free radical trapping agents) Glutathione, L-Cysteine, Vitamin C, Vitamin E,

Tropical steroids, Glycyrrhetinic acid

tranexamic acid ({ussdam azaeinlad die pKa W 4.3 waz 10.6@ 1{u plasmin inhibitor
= e v o ..
dignslumsvhuiden WuenldlumssSnmnanzdansaninn exmsanden 11l a.6. 1979 Nijo Sadako

1 o nlq/u 91‘191(3)d o Y o 619&1 (% Y | 61914 1 a 4 = :.[ oalel

wuhaansahanlgsnmihla® Fedigihanlglumssnnehuazanelvitngm waenaiaamsiadeslagm v
a a o o 1 v o @ 0w VoA & @ N & W 2 A 1 Y4, 5)
ndudangaaulusme mnaaaualezaay wu Naves Yae enadudumensailuduanedediale

glutathione (Juwadun azangluinlad fen pKa Uy 2.12, 3.53, 8.66 uaz 9.12° (Huas
loswulng fidavaldmansuwnd da 1dlumssnwiivan cisplatin chemotherapy wunigitheadlasu

= . A l!' l;’ ® o Y o v = 3 Ya l;’ lﬂ' . =t 1

M33a glutathione {dfHzMYY dFhnaTAEsBeENINN IR iaean glutathione filutana lvg)
a 1 = a v o a @ . = 1
unhazgadunnmuduemsle wazdaradrdglumudueims masulssmuy glutathione Felifing
1 ° [N =2 o Yo . a ¥ o ° VoA o fl o Y]
v i i glutathione inldlaamsdahvasadan uatiissndienlia sanadihe

= = o Yy o o va = v v 2 o v a < o 8
Tunssuadan Jeiligwianalunsmilvizndaluanudndugs Femlviiansiea anuauem

a = a v 1 I 0419/::1 a:u;‘l?l(r]’&g)
vaanaNdy viaamsuwagguwsaulumamlvidaziole

acetylcysteine (N-acetyl-L-cysteine) tiunadzm azangluih uasiamuealon den pKa flu 9,52
° a’L v ﬂ ° o o 4 a iy - (% ‘U ° a (11) ‘ij
a1 idusnszargaurzuazea IUN N ULUIINSUUSEMU paracetamol tAuauIa " (u
N-acetyl derivative 2939050 aziily L-cysteine wuhlu tanauad acetylcysteine mmin@m%u EIMLAUINS

Y < v v =t a =~ P . P

lohauazsiandy uazlusiuanulusiu 2 slialunszudidon Ae glycine waz glutamate Zilu precursor
Tumsdateszi GSH peroxidase nalviialuianazss glutathione waz L-cysteine lunszuaildaan

(12, 13)

Ffigih acetyleysteine Zaiiluansnsduzas glutathione i lglundndueiasuenms Hrevn i
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Frssaunsal 2Tiadssdis wazdnyy ulning

H e A( ! o a 3 a
M 2 anasn gaslaseasne nalnaangnd wathudes uazdanguangesasgie i in s oiia

. o
; o < o AamnuaANIe
Ba/aulnnin goslaseasn® o> | aglnaangnd® TEHANGEN o

nwaE

1. Tranexamic acid o - fusansznumsade | iedudangacu enuautlaaty

9
931 o - o o .
tranexamic acid Wiadmaiiu mnaacuaiene Ussnnensua e
. OH GRLLTEANTGHEN %8 3 (70) (eNdWN
& | o
HN o dasaratluanme | fisavisnadwiu
\‘\\\ o=} & & <2 quu o <
0000 5000 30000 so0 vsauauaneds | Tdhhnde usamvie
aa Y o a Y
Wavelength ‘ﬁ’lﬂlﬂ(a) 5ﬂ1§ﬂﬂ'w\h)
2. Glutathione o & . 5 a W -
- - fugamsiaures | nsdilanveanden | lundesamiasy
fi§5.5 o o - . > -
o B @*NH HO wulmilnlsdue MUALAAMIUNBEN | grnslaslalaiu
4 - cava o
3, :8—\ HN - wWasumsuan FUUSRUBIN ARG | 250 fiaaniue
. o 5-5, o o
0 MH \—2: gamniuily nMs%an ANNAUM
0 B e — i~ H o N o o
2000 600 .00 3000 HG o’ | Wlawaniiy napnaNdy s
- Gnduayyadasy #Hala®
. o & ° PP v o o
3. Acetylcysteine - gugamannuees | nsdidadivasniden | euwutaguu
SH wulmilnlsgug madnad M| Ussanenduase
11855 acetylcysteine o ' . Y
010} - asumMInaEe aanueuladiae | 8 3(8) (enawn
on| gwaiuiuy UATIMNININUAN unlaflgdmsu
, : Alawaniiu (flushing)®" FULENTL)
T H
200.00 250.00 300.00 350.00 v o a
Wavelength - GnduByyadese
4. Ascorbic acid - dugamsmanuzes | eduldenideu
sscortic acid HO oH wuladlnlsdue Tiaude tiarias
v o a a _a o
— - GNAUBYYADATE Hathuaaida
o aananlula®
o'oo:llel*'\ L UL LU e B OH
200.00 250.00 300.00 350.00 é
Wavelength =
5. Niacin o & , 4 - - Ao w
o - frugamsauas aauldandauy MmN 20 Jadnsu
. o v wanlulou youde warems | eemnasuUsemu
. AN oH | - dniuayyadase TN nilaitadadu
® 0.05-

S
200.00 250.00 300.00 350.00
Wavelength

(flushing)®”

OUATIY TD 3

ascorbic acid ¥32ImAuT Wunadumdandssseu sazaeluninled Ne pKa 1y 4.04 wae 11.747

e a a %’ 'l! l{' 1 a aaa b d
Jodimfivaranglnnndgnslumsdadusyyadassga ilulaunawaslulfisenmsdaanzinaaaau

haglu fibrous tissue, connective tissue n3zqn Wy wazraaadan wuMimindiehnlglundadud

e I > 1©

niacin ¥323IMAuT 3 Wukedzn araeinlad Jm pKa i 4.85” dadlinfuazaalusinn

wulansludinuazdons Wududannldlumsasrelaeulyi NAD (Nicotinamide Adenine Dinucleotide)

uaz NADP (Nicotinamide AdeniDinucleotide Phosphate) #uiludiudanlunszuiumsiumuadza

Tulnalau lasiy nsaazily wundmsihan lglumsdei it e
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NnITNT 2 siuhashehliimunesiiefisedadeiisuans eaddiold Samsiisena
Anmsdimansmanil uiislumsanamasteih i lutgiudlnginuinaniiisiosamnans
Sluﬂajmﬂ%:aqéﬁawﬁhuﬁ'u loun glycolic acid, ascorbic acid, arbutin, magnesium ascorbyl phosphate®*
Tutlagtiudsanaiensdiamans s oiia (Huisiueniuiensluudazeiio dilinumsasamans
drevilEemme 5 ofie deduliddidedy Suduinsesmswannisanaendnsalssdrarily
fhems 5 wfiaganan @aes HPLC danedauanuldlausdidinanniumuuunme ICH-Q2 (R1)
udiilasmnilumsanaiiguiiendnua Sanaseuanulfldzeditiameidarnudiumsanzas ms
NeFDUINNAIIaIMINTIANY wasmanadauaNNIULass lasisiwannauiiminsaanaigaiiandnual
st liinenme 5 gie lunendewsswdadaniiasuamaneluasudon delszudanauas
aldhelumsenaiensd fmmnsoihlllflununsssoaduaniumaihssfadsguamunguilaaled
usiilasnngiainaSumesans tranexamic acid, glutathione uaz acetyleysteine ffgANduuaIgaga
(Amax) agluzawes UV Cutoff 2839 methanol was acetonitile Fuflugrudsznauluasazanadimn
Tosawnasuiifludnsasanaduilisumeamzas dauaadlumasi 2 Sadasiufunamaanaigad
lndnualdheds HPLC ssuuil 2 wimduiiedgaihdeisiionanumadnanine 3 oiia & retention

time 29ensazanadIag N natdsanuluasacmsnnIgIUN 2 2L

Lﬂémﬁauazqﬂn'sfﬁ

High Performance Liquid Chromatography (HPLC): Waters Alliance System Model 2695
with Photodiode array detector 2996 Waters, USA; Microbalance: MX5, Mettler Toledo, Switzerland;
Analytical Balance: XPE 205, Mettler Toledo, Switzerland; pH meter: Sevencompact, Mettler
Toledo, Switzerland; Ultrasonic bath: Elmasonic S100H; HPLC Column: Mightysil C18 211a
4.6 x 250 NOILNGT, UINBYNA 5 Tulasiuns Lot No. 8027372, HPLC Column: Gemini C18 211
4.6 X 250 NABLUAT, NBYNA 5 lulasiuns S/N H17-406465; HPLC Column: Zorbax Eclipse XDB
C18 UM 4.6 x 250 NADLNAT, NBUNA 5 Tulasiues Lot No. Bi1s5125; HPLC Column: CAPCELL
PAK C18 2116 4.6 x 250 NaaLNAT, 2UNDUNA 5 Tulasiums Cat No. 12533; Membrane filter: Nylon
0.45 lulA3 LN®9; Syringe filter: Polyvinylidene difluoride hydrophyllic Type (PVDF HL) 0.45 Tulaswns

J1ININITIU
a Ly .
tranexamic acid USP, Lot No. R021Ko, @nuusgnosaeas 99.9; glutathione USP, Lot No.
a Lv . a Ly .
FoJ340, ANNUIgN5I08aL 99.0; acetylcysteine USP, Lot No. K0K294, AN UgN53089¢ 99.4; ascorbic

g

acid USP, Lot No. Q1G135, ANNU3gN5308az 99.9; niacin USP, Lot No. I0E295, A1NUSgN5308as 99.8

GRRIGEY

trifluoroacetic acid (TFA) HPLC grade; sodium lauryl sulfate HPLC grade; methanol
(MeOH) HPLC grade; acetonitrile (ACN) HPLC grade; phosphoric acid AR grade; purified water
Type I (ﬁm’%qwg)
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madruunsng
WHUNNINFVDINAA AU LESNDI1MSNLUN tranexamic acid, glutathione, acetylcysteine,

. . . ' g a ¢ . ' ~ o ' a ] a o 8 a £
ascorbic acid (8¢ niacin Na&lagtﬂuu\m’iﬂ?ﬂ (matrlx) a’maluﬂ‘imm’.)ElEl‘NiI'mG\I‘UL?JVI’Sﬂ?fL‘lJuu'IUSE!‘VIﬁ

Emsanafigniiananwaliszuuil 1 (§mSunends tranexamic acid, glutathione, acetylcysteine,

ascorbic acid L8 niacin)

N3LAIBNEIIIZAIINIAIFIU

m%smmsa::mﬂmmgm tranexamic acid, glutathione, acetylcysteine, ascorbic acid wae
niacin °1u1i¥1u%qw'§”lﬁ'ﬁmwmﬁwﬁuﬂs:mm 0.4, 0.08, 0.06, 0.025 WAL 0.015 NAANSNADNIDANT NTBINIU
%589 PVDF %ila hydrophyllic 211 0.45 lalasiuns

MSeFBNEITAZAIBMBE N

MERMIDENNANNMESNDIMIUszIN 100 Haandu ldlumeUsudnasyne 20.0 §addas
Wanhusansussina 15 793803 1hlU sonicate Uszanas 10 il USudSinassaehuiand nadienia
w3sndatvazmslnhuianslienuduiuiisushivnsesaemnasyu (gnnamnenida) nsasu

#1n389 PVDF %16 hydrophyllic 2116 0.45 lulaswas

#nzA3ae HPLC ssuui 1

Column . Mightysil C18 211 4.6 x 250 NOLNAT 2UNDUNA 5 lulaswas
Mobile phase . 0.05% trifluoroacetic acid: acetonitrile: methanol (97: 2: 1)
Flow rate : 1 dadansaaun

Detector : photodiode array 190-400 W ULNAS

Column oven  : 30 aN@LZBLZE

Injection volume : 10 lulasdns
Emsenaiigaiienanvaelszuuil 2 (§MSULENES tranexamic acid, glutathione was acetylcysteine)

MIAIBNEITAZAIININTFIY

LO3BNAITITNUNINTFIU tranexamic acid, glutathione uaz acetylcysteine qum%qm%( w5
ANNNIUUSZIND 0.4, 0.08 WA 0.06 NaNSNABNAAANT NIBNENUWINTEY PVDF #ile hydrophyllic
PR 0.45 WlATINAT

NISLOFBNFITAZTAIIAIDEN
PN DENKA N U LESNDIWNSUSENA 100 §aan5H ld2nalSulSanesoue 20.0 1a8ans
a T a < a aa ° . P~ o a v T a < =~ = =
W@ahusgnduszanm 15 1005005 11114 sonicate Uszanns 10 w7 Usulsunasmeinuignd nsaeniansa
% 1] 90’ £ &‘ 1 QJ 1 %)
magazmglunuigndlianudnduiisuwhiuasasasinasgn (QNNaaneia) N5aeIURINge
PVDF #ii@ hydrophyllic 211 0.45 lulasiuas
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#Aze3e9 HPLC seuud 2

Column . Zorbax Eclipse XDB C18 2110 4.6 x 250 §aaNe5 21108uma 5 ulaswns
Mobile phase : 6.35 mM sodium lauryl sulfate pH 2.5 : methanol (45 : 55)

Flow rate : 1 H0AanIRauT

Detector : photodiode array 190-400 W luN®S

Column oven  : 30 NELZBLTE

Injection volume : 10 WlA5aRAS

251m38¥ 6.35 mM sodium lauryl sulfate pH 2.5

<& . [ [ a H a e a aa [

% sodium lauryl sulfate 1.83 3% USuuUSinasmeinugnslla 1000 iaddas wasusu pH
1%l@ 2.5 @e phosphoric acid

nsnagauanulilavadisasafignienanuel
v ac a s [ 4 t:l'
1. mi‘nmaa‘umwmslﬁ'lmamﬁwgwtaﬂanwmssuuw 1
3 oy . .
1.1 MINAFIUMINNLNILLAILAYBIID (Specificity)
MsLe3eNdITazals standard stock solution 1

<

d1398a18M1AIFIU tranexamic acid : OTENATALNLNINTFIY tranexamic acid °lm§m%q‘ﬂﬁ
AN 2 HadNTuADNAANS

d13azanannIg U glutathione : LW3aNaIaza8NINIFIU glutathione °lmigm%q‘n'§ ANUTNTY
0.8 NBANTNADNAAANT

8139918016337 acetylcysteine : m%aumiasmﬂmmgm acetylcysteine 1u1§1u’%qw§
AN 0.6 NadNINADNIFINT

d1392a18NIN55)U  ascorbic acid: (@3ENFITALALNINTZIU ascorbic acid °lu13”m%q1n§
ANUNTY 0.25 TadanSualadans

?)l o Q( vV vV
#1392 NINIFIU niacin : LGI%EING’]’S'Q%'QWEIN']G]?@'\H niacin IH‘NWU’iEﬁWﬁ ANNLYNYY 0.15

MIAIBNEITAZAININIFIY

Yuadrsazare standard stock solution 1 284 glutathione, acetylcysteine, ascorbic acid taz
niacin 8&€NaY 1.0 ¥AAaNT Waza138vane standard stock solution 1 484 tranexamic acid 2.0 NadanT
Tdlunausudsinasaua 10.0 Tadans ﬂ%’uﬂ%mmé’wﬁm‘%qw%{ N9996NUWINTaY PVDF %1l hydrophyllic
210 0.45 lulASIIAS

MsesanaIsazaIsaaIgIuluamsng
<& a ¢ A a @ v o a A aa a
Fepatun3ngduszanas 100 Haansu laluziadsulsineseine 20.0 §addans iadrsazans
standard stock solution 1 284 glutathione, acetylcysteine, ascorbic acid (a2 niacin 98N8z 2.0 NadaNT
o aa I P
azdI39za8 standard stock solution1 284 tranexamicacid 4.0 ¥AaNT LANUIUIFND 3 HADANT
° . = [ a ke a £ v CY o .
11U sonicate 10 W ﬂsuﬂsmmé’mumsqwﬁ NIANEIUNINTAN PVDF %U6 hydrophyllic 241a 0.45

Talasiuas
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MseSaNEITaZIBNNINT
Huuan3nguszaa 100 Fadnsu laluziadSulsmasene 20.0 §addas anusgnd
a aa o . =1 o a v H a £ ] £ a .
10.0 488803 11U sonicate 10 W9 Usuﬂ‘smmmﬂmmqwﬁ NIANEIUKINTDY PVDF %1a hydrophyllic

210 0.45 WlASINAS

MINANH
. - - y e -
hasazareanasgv ssazasnespulumming esazarawnsnduazinuignd Waadeaew

aadn: HPLC ssuud 1

LU NITAATUES

WAYaN tranexamic acid, glutathione, acetylcysteine, ascorbic acid Waz niacin Tussazane
wasgruuenNniueenanysal lagUsziliuaina peak purity uas resolution laitaenin 2

@ retention time 2audaziazasansiasuludsasmainaspuluwunindasnuasnasgiu
tranexamic acid, glutathione, acetylcysteine, ascorbic acid a8z niacin ﬁagi“lumsa::mﬂmmgm
MU wasiiazasansaenanlignsumu TagUszifivane peak purity

aulnasuiarasssinaspulussazazanasgulumming daanssenualnasuueessnansgIu
Tussazaaunasgiu

@ retention time 209#ale q TussazaeanindlinsenuinzasansaNasgIu tranexamic acid,
glutathione, acetylcysteine, ascorbic acid Lae niacin

1.2 MINAFUAAIINAYBINI303aNY (Limit of Detection: LOD)

N3LH3INEITALAIVINAI3IU standard stock solution 2

Ulaansazans standard stock solution 1 TuHITaMINATBUANNNWNLIILADIIDVBIE AT
N33 tranexamic acid, glutathione, acetylcysteine, ascorbic acid waz niacin peNaz 4.0 HeANT

¥ ] @ a A aa @ a Y ¥ a <
wern la luueaznaUsulsanasuune 20.0 Naaans UsulSnasanaihuignd

MFAIBNEITAZAIINIANTFIY

Uiloasazane standard stock solution 2 YNAITALYNINTIIU tranexamic acid, glutathione,
acetylcysteine, ascorbic acid 8¢ niacin 39U 5.0, 3.0, 1.0, 2.0, 1.0 FadaANT MNUSAU 1dluzIA
USudSnasaua 20.0 Nadans ﬂ%uﬂ%uwmﬁﬁ'aﬂﬁﬂu%qw'§ N999HIUNINTDY PVDF %0 hydrophyllic

210 0.45 WIATINAT

MsLessNEIIazaI8NAIFIU AN nd
& a a a o ¥ o a a aa a
HpaLnangUszana 100 aaniu lalunauSulsmnesuung 20.0 Taddes Yuassazareanasgiu

standard stock solution 2 #aNdTacAN8NINIFIU tranexamic acid, glutathione, acetylcysteine, ascorbic

a a

acid W8T niacin MU 5.0, 3.0, 1.0, 2.0, 1.0 Haaans MUV LdlunadsuUsINA52I0 20.0 Nadans

£

1114 sonicate 10 W YSulsanasmeinuiagns
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MANEH
. - - Y o e
hesarneInes U saransinasyulumming ssazarawninduaninudgns lUdedwssy

MeanN1Ie HPLC seuud 1

LNAUTNITAN U
mmLﬁuﬁuﬁﬁwﬁqmmmsmmgmLL@iamﬁﬂﬁL&NaﬂumiasmﬂmmgwﬂuLw‘%nﬁﬂﬁ'ﬁﬂﬁ%ﬂLaau

Taeiisndin signal to noise lionn 3: 1 waldanasuiidaiay senadastuainaiuuesssinassu
Tuasazarsunnsgiu

1.3 MINAFBUANNNUYIID (Robustness)

FANEHEANTENUDIWNTNABIAN 9 LeUA resolution, retention time uay tailing factor il
fimswdsuuasannzdne g sasszuulasininnnu do asdninngudndsiu gampi sonmsluauas
159ZAYAIN) UAZFATIUVBNETALAIAIN) LOBLATBNEITAZABNINTFIULDLETNTALNUAIDLINAT LUNS

NAFAUANNNINLAIZANYDNITUININTININATIEH

LNATNITANTUHD
Muasnniiwasan g aetiulumunasinmiwuemluluaneanassiu laun resolution laj

1aen 2, tailing factor NN 2

2. m‘mmaaumnflﬁ’lﬁwaﬁ%’mmﬁgaﬁmné’nmﬁszunﬁ 2
2.1 MINAFAUMNINIILNILIAIZANWBNID (Specificity)
MseaNaIsazane standard stock solution 1
lw38udI98zane standard stock solution 1 289 tranexamic acid, glutathione waz

. v Yy Y @ v ac a 4 (% 3 N
acetylcysteine sl‘ﬁ'lﬂmmmmuﬂﬂumsmaaumm‘lﬁ’lmaﬂﬁmmwgamaﬂaﬂwmww 1

NSLATBNEITALAIYNIANTFIY
Udearsazane standard stock solution 1 284 tranexamic acid, glutathione (az acetylcysteine
9E19aT 2.0, 1.0 WA 1.0 Nadans muaau lanedsulsinesuina 10.0 Faddas USulSinasmennuigns

N999EUNINTY PVDF %ile hydrophyllic 2110 0.45 lulaswas

Mste3ENaITazaIBINnIFIUluANING

Fawsuninduszana 100 dadnin ldmeuSuuinesune 20.0 feddans duamsazans
standard stock solution 1 284 tranexamic acid, glutathione taz acetylcysteine atiNas 4.0, 2.0 uas
2.0 #8803 MNAGU ldaUsulsnesamnae 20.0 1adans Lauﬁm%q‘né 10 #9dans avluzialsu
U3nasz1a 20.0 §9dans1ly sonicate 10 Wi ﬂ%’uﬂ%mmé’mﬁm’%qﬁ n3846UINTBY PVDF wila

hydrophyllic 211 0.45 Tulasuas
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MSLHTINFITAZ NI
QIJ = = = o 1 QJ a = aa = ?” = l{
WEaNN3IngUseanas 100 Fadnsu ldaraUsulsnesauna 20.0 T9ddns W@nIUIENS 10
a aa ° . = [ a v ¥ a < ] % a .
188805 11U sonicate 10 W Usudsnasmeinuignd nsenuinses PVDF %iia hydrophyllic 2116

0.45 lulasiuas

MINAEH
o = =N %’ =y ‘{ =
hasarenesyu esaransinasyuluming ssazarawminduaninuigns lUdedwssy

MeanN1Ie HPLC ssuud 2

LNUTNITAATUES

WAYDY tranexamic acid, glutathione W8z acetylcysteine slumiazmﬂmm‘sgmtwﬂmnﬁuashq
anysol logdszifivaine peak purity uaz resolution litipandi 2

M retention time 2adudaziazasansiasPUludsasmainasguluwnindasnuasnasgu
tranexamic acid, glutathione wae acetylcysteine ﬁagﬂumsasmammgmmuéwé'fu UaTNAYDIENS
aananlignsumulesyszilivainan peak purity

dulnesuiieasssinasulussazmsinasguluaming deeedasnudilnasuussasnasgu
Tussazaaunasgiu

@ retention time 2a9#iale q Tussazasunindlinsenuinuasssan 331U tranexamic acid,
glutathione 8% acetylcysteine

2.2 MINAFBUANINOVBINIIMTIANY (Limit of Detection: LOD)
N3LH3IINEITALAIVINAI3IU standard stock solution 2

Yaarsazare standard stock solution 1 luIdanIsNAFDUANNAILNILIAILNYBIID
YANETBTIBNINTFIU tranexamic acid, glutathione Uag acetyleysteine aeeaz 4.0 Hadans wenldluy

' [T a _aa [T vy ¥ oA L
uaazen Usulsnessne 20.0 adans dsudianasmeinuigns

ﬂ"lil:ﬁl%ﬂﬂ\lﬂ"ﬁaga"lﬂﬂl']msg"lu

Udearsazans standard stock solution 2 a4 tranexamic acid, glutathione 18z acetylcysteine
J =Y aa o QJ LA d a = aa o | %’ = Q(
AMUIU 5.0, 1.0, 1.0 HAFINT AINIIOU 1aslu?nﬂﬂ§1]ﬂ§u1mﬁ°ﬂu1ﬂ 20.0 N9 ﬂiUﬂiNjﬂiﬁﬁJﬂ‘NjUiq‘nﬁ

N989UNINTY PVDF %ile hydrophyllic 2110 0.45 lulaswns

Mse3anaIsazaIsaInsgIuluaming

Fawauminduszana 100 faan3u ldlumausuusnasana 20.0 iadans Yuassazanennnsgu
standard stock solution 2 284 tranexamic acid, glutathione wa acetylcysteine a1U3u 5.0, 1.0, 1.0
fiodans muadau Tdlumelsulsinesane 20.0 faddns 1l sonicate 10 7 USuUFinasdehuigns

N58960UWIN5BY PVDF %ila hydrophyllic 211 0.45 lalasiuns
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MANEH
I'd

. - - vy e -
hasazaraanaIgu ssazaeanasulumming arsazaraminduazinuigns Wieinn:
aeanM: HPLC szuud 2

LNATNITANTUHD

anududuiiinfigaeasmanamuudasaiaiduadlumsasmemnasguluamingliiaiidom
Taefisasaiu signal to noise laienn 3: 1 wazlianaSuiitony seandasfvalnaniuasssnnsgu
Tuahsazaraunnsgiu

2.3 NMINAFAUANNNUYDIID (Robustness)

ANEHBNTENUVDINITINLABDIT AN ) loun resolution, retention time 182 tailing factor Lﬁ alms
wasuwasannzia 9 aasszuulasninnny fe Aeduinnguandeiu gamgi sanmsluaesasazms
M daduzassnsazanaaim wazanuilunsa-meastiiaslesassumsarasnasmuLasaIsazag

B8N lUMSNAFDUANNIINILILAWDNDININATIVIATES

DUNNITAATURS
' a PR v o s o & ° ¥ .
maaanNinasane g aasdluliumunasindivuanlulumnenesgiu laun resolution
laisiaen 2, tailing factor lusnnn 2

nsavaigaiienanvalashei Wi luiludszane 2562

Fathaudadaiiians e lifiem sunuisau 73 st Tasunnainnueaenssumsaims
WazEN MUY 30 GIBEN wazaaniiingda MUY 43 s Tesudaudusluvude 1w 3 drat walye
NUIU 18 GIBEN K NUIU 15 GIBEN UazeNfagUuuugadval NI 37 e aTIaigaitenanyol
mstharnliiimemeisiwannay

We

uansnadauanulilavadisanafigniananvaizes HPLC sEUUdi 1
NINAFIUANINILNILLAIZANYDNID (Specificity)

Nnndgnz HPLC ‘j::”U“U‘ﬁ 1 WUNABY ascorbic acid, niacin, glutathione, tranexamic acid a2
acetylcysteine °lumsa::mﬂmm§mﬁ@h retention time tu 3.469, 3.948, 4.592, 7.042 LdT 8.140 i
muaneu fauaaslumnd 2 wazlumsazazanasyuluun3ngien retention time fu 3.471, 3.941, 4.591,
7.089 oz 8.146 17 N Fawdaslumwd 3 1 5 Aauenfuathsaaysal wasiia 5 e fieh resolution
NN 2 Lwiazﬁﬂiumiazmﬂmm‘gmLLasmsazmﬂmmgmiuLw'%ﬂ‘ﬁ"laiwunwmmumnﬁm’%qwéuaz
sadUsznauduluamsng TasUszidiuaine peak purity wutle purity flag iy No ugashudaziia
Lﬂumiu‘%qw'§ (pure) 13Jgﬂiunau‘[ﬂﬂaws§:u 1u1§1u‘%qw'§LLazawiasaﬂﬂLw‘%mﬂ,a\iwuﬁﬂ’lﬂ 7 i#i retention
time ANAUNAADIEITNINTFIU ascorbic acid, niacin, glutathione, tranexamic acid a2 acetylcysteine
faugaslumwi 2 uaz 3 Ltaﬂ0511fwu%qw§LLazmsa:mﬂLw%ﬂeﬁlu'ﬁmimﬂmﬁﬂwmmsmmgm wazadnasu

YFITNATZIUN 5 #dla Tuarsezarsinasguluwninglaa PDA match flag 1y No udashainasu
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AT 5 wila Tussazanaanaspulumming daansssnulumsazaaainasgiu dwuaeslumn

a o a
N4 0ITNN 3 LUASHIINDT 4

014
0.12 2
g = 3
2 S = =
0.10 B 3 © L3
tle (3 3 e
0.08 SIS | e o ko
ol|7 |l & E 2
2 008 llc [|E 2 k)
HERIE g g
=3
0.04 a/\c |\> NE s
[ANVANIYAY FAY FAY
0.02 ‘ﬁ/"
000 — A
-0.02
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Minutes

i v ¥ oA L a -
NG 2 Iﬂi&l']‘[‘ﬂLLﬂiN’ZJENH'ﬁa%ﬂﬂ&ﬂ@liﬁ?uLﬁ‘c’lUﬂ‘U‘HW‘UiE’!‘V]ﬁLtazﬁ'ﬁaﬁa'l‘c’lLN‘Yﬁﬂ‘ZﬂuﬂﬂTw HPLC szuun 1

0.14
0.12 2
2 8 3
0 B 5 s
10 @ 3 - ©
o |2 M -g 2
0.08 Sl o o ‘T
ollo |5 E @
2 = ! 3 @ >
2 008 Slle || x 2
Q'S 8 [ 2
alle 13 s 3
0.04 © c =) /\.& ©
O
0.02 _—__‘,JL\/AN
0.00 —‘——ﬁ[—«
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; PR -
mui 3 Tasinlnunsuzasansasanamnasguluamindiisuiuihusgnduasasasmeuningluaniie
HPLC ssuu 1

0.20 e 0.

ascorbic acid ) niacin
’ 241.6 Match #1 Angle 0.104 ascorblc acid Match #1 Angle 0.195 niacin
0.15 0.15
] 94.3
2 0.104 2 oto i3
] . 258.2
93.1
0.051f34.5 0.
0.004 0. — ol
L S B e e e e e e O U A A WS N S s B B
200.00 250.00 300.00 350.00 200.00 250.00 300.00 350.00
m nm
ascorbic acid niacin
o glutathione tranexamic acld 0.15
Match #1 Angle 0.285 glutathions 0030 a3 Match #1 Angle 1.932 tranexamic acid 9:: Match #1 Angle 0.784 mgn‘::::
o002 01\
2 oo10] 2
0.05
0.000] .
]
e e e —— 0010 ———— - vea e el T =
200.00 250.00 300.00 350.00 200.00 250,00 300.00 350.00 200.00 260.00 300.00 350.00
nm - nm nm
glutathione tranexamic acid acetylcysteine

M 4 sulnesurasasnespulussazasnespuluaninfildsuisunussasansanasgiuluanne
HPLC szuui 1
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‘ﬁl o d'
MINN 3 wamsmaaummmwaztawzQQIuaWia:awﬂmmgwﬂuamaz HPLC szuun 1

Peak purity Match plot
PDA PDA PDA
Standard RT Rs TF  Purity Purity Purity
match match match

angle threshold Flag
angle threshold Flag

Ascorbic acid 3.469 - 1.1 0.135 0.315 No 0.000 1.090 No
Niacin 3.948 3.8 1.3 0.290 0.448 No 0.000 1.165 No
Glutathione 4.592 4.7 1.1 0.338 0.628 No 0.000 1.298 No
Tranexamic acid 7.042 9.7 1.9 2.361 2.541 No 0.000 2.912 No
Acetylcysteine 8.140 3.7 1.0 0.698 1.065 No 0.000 1.697 No

i 4 wanmsnedauanNPzizaslumsazmanasguluninglugniiz HPLC szuud 1

Peak purity Match plot
PDA PDA PDA
Standard RT Rs TF  Purity Purity Purity
match match match

angle threshold Flag
angle threshold Flag

Ascorbic acid 3.471 - 1.1 0.111 0.335 No 0.102 1.099 No
Niacin 3.941 3.8 1.3 0.356 0.540 No 0.189 1.201 No
Glutathione 4.591 4.6 1.1 0.493 0.893 No 0.283 1.411 No
Tranexamic acid 7.039 9.6 1.9 2.553 3.802 No 1.997 3.607 No
Acetylcysteine 8.146 3.7 1.0 1.160 1.594 No 0.628 1.947 No

RT = Retention time, Rs = Resolution, TF = Tailing factor

MINAFUAAIINOYBINI30323NY (Limit of Detection: LOD)
wumﬁmf\hﬁ'ﬂwmmsmmwuwmmsmmgm ascorbic acid, niacin, glutathione, tranexamic
acid ua acetyleysteine luahsarmamnasgluamdndiianaudasiu 0.10, 0.0, 0.48, 2.0 waz 0.12 FadnTw
daiiaaans muaau Tviedirawuy saaadlumui 5 Tagliaaau signal to noise fu 20.75, 25.41, 46.87,
11.47 uae 14.61 muaau uaslisnasuiidau seansasiuanaSmasssmnaspulumsasmenasgu

NMINAFAUMNINNULYDIIS (Robustness)
nnmsasuanzan g nalasinlnanil loun easdminngudadeiy gaugil sasmslua
YDIIN UALFATIUYBNETALALIIN AILFAILUMND 6 larnTmasana g laun resoluiton, retention

time wa tailing factor AauaaalumsId 5

MNsasnsnintengasmsunne
U 63 adun 2 W - Tguney 2564




msaTangalienanvalissiiemvikigndiamaiin HPLC Frssaunsal 2Tiadssdis wazdnyy ulning
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A 5 TasanTnunsngaImMInadaudnannenaednIsnIanuaasa sazaIsiasgIuluunindifisunu
T a £ o {
WUIgNsuasasasen3nglugns HPLC ssuui 1

AISNN 5 HAMINAFDUANNNUYDIID luan e HPLC szuui 1

Robustness
Chromatographic
Ascorbic acid Niacin Glutathione Tranexamic acid Acetylcysteine
condition
RT Rs TF RT Rs TF RT Rs TF RT Rs TF RT Rs TF
Mightysil 3.469 - 1.1 3.941 3.8 1.3 4.592 4.7 1.1 7.042 9.7 1.9 8.140 3.7 1.0
Column
Gemini 3.265 - 1.2 3.721 3.1 0.9 4.337 3.3 1.1 6.460 7.2 1.4 8.210 4.6 1.0
25 3.578 - 1.2 4.056 3.4 1.2 4.905 5.6 1.1 7.849 10.6 2.0 8.572 2.2 1.0
Temp.
30 3.469 - 1.1 3.941 3.8 1.3 4.592 4.7 1.1 7.042 9.7 1.9 8.140 3.7 1.0
(0
35 3.364 - 1.2 3.856 4.8 1.3 4.330 4.1 1.1 6.371 10.4 1.5 7.633 5.3 1.1
0.8 4.322 - 1.2 4899 4.0 1.3 5.688 4.9 1.1 8.656 10.1 2.1 10.120 4.3 1.0
Flow rate
1.0 3.469 - 1.1 3.941 3.8 1.3 4.592 4.7 1.1 7.042 9.7 1.9 8.140 3.7 1.0
(ml/min)
1.2 2.886 - 0.8 3.268 1.4 1.3 3.798 4.3 1.1 5.796 11.1 1.4 6.741 4.3 1.1
TFA: ACN: 95:1:4 3.387 - 1.2 3.896 4.2 1.1 4.325 3.1 1.1 6.453 10.9 1.4 7.522 4.6 1.1
MeOH 97:2:1 3.469 - 1.1 3.941 3.8 1.3 4.592 4.7 1.1 7.042 9.7 1.9 8.140 3.7 1.0

MssnsinenengasnIsunng
U 63 adun 2 W - Tguney 2564




Identification of Skin Whitening Agents using HPLC Technique Thiwanporn Kwankitpraniti and Jiranuch Jamtaweekul

] 2 e
= = a
0.08 -
2 . ,_i
om,ti s e __‘/\%—_
= : SR
b
0.05
3 4
0.00 ]
= . -
- e
0.05 =2
'g @
2 ] s 2
0.00 —1 = g A%
 BR v g 5
o 05__ é
3 -
0.00 _/3%.
. = A
b = ]
0.05_- % ; £
i 2
0.00 h
B = —
_ e S
0.05 @
2 1 3 E
] P v
0.00
7
& =
] s - 2
0.05- =
2 i
0.00 § LE
0.00 1 60 2.00 £ ‘GT!D};‘ : .7 rOO 81‘)0 9.60 : '10.'00’ i ’11.‘00‘ ;

awi 6 lasunInunsuzasasazarsanasgiuluanzan g ndsuldanganeg HPLC ssuud 1
[a: §AMZAUAN, b: ABANUNINHAAGNY, ¢ gl 25°C, d: gaungil 35°C, e: 801N IWa
0.8 Hadansaawnd, f: 805IMs5Ha 1.2 TadansAawi waz g 0.05% trifluoroacetic acid:

acetonitrile: methanol (95:1:4)]

uanmsmadauannldlavanisasaiigaienanvaiuas HPLC szUUf 2
NINAFBUMNININNILLAILANDBIID (Specificity)

NnaNIe HPLC ’i::'lJ‘U"?ll 2 WUNAYBY acetylcysteine, glutathione Waz tranexamic acid
Tussazaeanasgudl retention time YU 2.526, 5.364 uaz 15.110 W MUSAU sauaaslumwi 7 uay
Tussazarsanassruluamsngil retention time (flu 2.526, 5.349 Uaz 15.068 W MNIGHU sauaeslunmmi s
Tosazfiuhiienasansnesyum 3 & usnannfuaghaauysol wasia 3 fin fieh resolution AT 2
Ltda:ﬁﬂiumsazmammgmu,a::miazmﬂmmgmhLuw%ﬂ“&"laiwumssumumnfw’%qwﬁmzmﬁﬂs:na‘u'é}u
Tun3ng Tasuszidfiuaine peak purity wudle purity flag (fu No waavhudaziaflumsuignd
(pure) lﬂgﬂiumu'[mﬂms'é:u eluﬁlﬁ“lJ%quﬁ{LLazﬁ’liazaﬂﬂLN‘YI%ﬂ‘ZﬂEJWUﬁﬂIG]°”| fil retention time @39fU
ﬁﬂwmaﬁmmgm acetylcysteine, glutathione waz tranexamic acid aaudaslumwil 7 uas 8 ugash
fwu%qmﬁmsmsazmamm’%nﬁ‘lﬂﬁmﬁumuﬁﬂwmaﬁmmgm LLa::aLﬂnm%maqmsmmgm‘ﬁq 3 %
Tussarmemnassruluansndlasm PDA Match flag 1{lu No LLamiwaLﬂﬂm%maqmsmmgmﬁ\a 3 #ii

Tussazansinasguluming dganeaasnulussazasnnasgIv aauaeslumni 9 M9 6 wazem Wi 7
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HPLC szuud 2

0.30_, . _ = o
194.3 acetylcystemnﬂl
; Match #1 Angle 0.288 acetylcysteine
012071" '
o
<
0.10] ‘
jl
Om% ] T T T T L B T ] T T T .
200.00 250,00 300.00 350.00
nm
acetylcysteine
ploos —— - R S
i1 84.3 glutath!one 0o tranexamic acjdw
1843 Match #1 Angle 0.275 glutathione 181.9 Match #1 Angle 2,180 tranexamic acid ‘
2 0.10 2 0005 |°8
- : V 08,
0.000 __ : R ——
0.007 T = T 20000 25000 30000 350,00
200.00 250.00 300.00 350.00 .

nm

tranexamic acid glutathione

i 9 dalnesuasasinespiulusmsazmsnespuluanindilisuiisunuasazaaanasgvluannng
HPLC ssuu 2

MssnsinenengasnIsunng
U 63 adun 2 W - Tguney 2564




Identification of Skin Whitening Agents using HPLC Technique Thiwanporn Kwankitpraniti and Jiranuch Jamtaweekul

Aﬁl o d’
I NN 6 wamswﬂaaummmwazmzaﬂumsazammmgwﬂuamaz HPLC szuumn 2

Peak purity Match plot
Standard RT Rs TF Purity Purity Purity PDA match PDA match PDA match
angle threshold Flag angle threshold Flag
Acetylcysteine 2.526 - 1.2 0.544 0.567 No 0.000 1.234 No
Glutathione 5.364 15.8 1.3 0.406 0.636 No 0.000 1.330 No
Tranexamic acid 15.10  26.6 0.9 3.958 3.999 No 2.457 4.661 No

MNN 7 wamMsnadauaNyTnzzasluasazasna sy luminglugniz HPLC ssuud 2

Peak purity Match plot
Standard
RT Rs TF Purity Purity Purity PDA match PDA match PDA match
in matrix
angle threshold Flag angle threshold Flag

Acetylcysteine 2.526 - 1.2 0.429 0.564 No 0.285 1.228 No
Glutathione 5.349 15.8 1.3 0.410 0.571 No 0.287 1.310 No
Tranexamic acid 15.068  30.4 0.9 3.577 3.602 No 4.565 4.661 No

MINAFaUVTANNAYINIIMIIANY (Limit of Detection: LOD)

NUMAAMNNOY INTNTIANUINTININTFIU acetylcysteine, glutathione (Lo tranexamic acid
Tuasazanganaspuluamingianudndy 0.12, 0.16 uaz 2.0 Aadnsudeiiadans mumeu Wifiaidawy
saugaslunmndi 10 Toelidasdin signal to noise iu 17.58, 11.01 war 7.13 mumdv wazlianady
ity seanasstuanasuussssnasyluasazaena sy

o 2 g
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NMINAFUMNINNUYDIID (Robustness)
nnmsdsuannzan g nalasinlnand laun eadminngudad iy gauugil 8asmslua
YDIFNTALNYOIN FAFIUVBIFTATNEOIN wazaNNTunIa-aezastinines aauaaaluawd 11 loen

resoluiton, retention time Wa¢ tailing factor Auaaslua 19 8
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amidi 11 TesainTnunsueasasazmemnaspuluannizing fivasuluan HPLC svuuii 2 [a: @z
Gatdi, b AaduTNINGHAAENAY, o guvgdl 25°C, d: amngdl 35°C, e: aTMslua
0.8 H8danIARWN, f: BaTIM5IUa 1.2 Hadansaaud, g: buffer pH 2.5: methanol (40 : 60),
h: buffer pH 2.5: methanol (50 : 50), i: buffer pH 2.3 a2 j: buffer pH 2.7]

HamsaTRRgaitananeaiashei lifsmluihulszanm 2562

wamsaRgniiananeaimsdisilinmmludednmdauasudodamiaduenmsiiensi
et luihudssana 2562 anviensideisinannau wohlumhateendogUuuuaasmaiiing
TugorudSuanunuuazlunaenaa DU 37 MBEN ATIRANUFITTIEMINRIZII DU 11 G188
Anusaeas 29.7 I8ATIANY tranexamic acid MUY 4 I8eN (58882 10.8) glutathione UIU 2 e
(5088¢ 5.4) ascorbic acid MUIU 4 AIBENT (5888¢ 10.8) UAE niacin MNUIU 1 ML (AFANULUMBEN
vitamin B complex injection) (5agaz 3.7) uazslué‘hathmﬁmﬁm%m’%ummsﬁ%gﬂuuum Wio uazualya
TuRaanann SNUNIEY 36 §298hs as1anua e i 1w 11 Meda aadludesar 30.5 Tagasa
WU tranexamic acid MU 1 Mo N (5880 2.8) glutathione MUIU 4 MpENN (SBEAE 11.1) ascorbic
acid MUY 2 MvEN (5888¢ 5.6) @5IANU glutathione WEN ascorbic acid MUIU 2 MIBEN (5088¢ 5.6)
war glutathione WaN acetylcysteine MUY 2 MIBEN (5D 5.6)
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AI51N 8 WAMINAFDUANNNUYDIID Ldn Mz HPLC ssuui 2

Robustness

Chromatographic condition Acetylcysteine Glutathione Tranexamic acid

RT Rs TF RT Rs TF RT Rs TF

Column Zorbax Eclipse 2.526 - 1.2 5.364 15.8 1.3  15.110 26.6 0.9
CAPCELL PAK 2.873 - 1.2 6.926 21.0 1.3 18.257  26.5 0.8
25 2.564 - 1.2 6.592 19.0 1.3 16.777 22.8 0.9
Temp. ('C) 30 2.526 - 1.2 5.364 15.8 1.3  15.110 26.6 0.9
35 2.511 - 1.2 5.241 16.1 1.3 13.088 22.2 0.8
0.8 3.140 - 1.3 6.605 16.1 1.3 18.543  25.9 0.8
Flow rate
) 1.0 2.526 - 1.2 5.364 15.8 1.3  15.110  26.6 0.9
(ml/min)
1.2 2.103 - 1.2 4.463 15.4 1.3 12.582  25.6 0.9
40 : 60 2.491 - 1.2 4.388 11.5 1.3 9.809  15.9 0.7
Buffer pH 2.5 :
45155 2.526 - 1.2 5.364 15.8 1.3 15.110  26.6 0.9
MeOH
50 : 50 2.585 - 1.2 8.321 24.6 1.2 23.921  27.8 1.0
2.3 2.523 - 1.2 5.060 14.3 1.0  11.243  15.9 1.4
pH Buffer 2.5 2.526 - 1.2 5.364 15.8 1.3 15.110  26.6 0.9
2.7 2.483 - 1.2 4.388 9.9 1.2 14.534 25.4 0.9
a 4
AU

manasauanilflduasizasnfigaiiondnuaimsharnlvingmn 5 #ie Tundoussudosasi
L3NS lewd tranexamic acid, glutathione, acetylcysteine, ascorbic acid Wa¢ niacin @ENAiiA
HPLC i 2 52uu Toe HPLC szuuit 1 18lumsusnanstelifinens s wiia Taglumswennizassensnual
suudl 1 laeaulasisanan Kiran R. Patil uazane® afhidnldlumsiensivsinadimaayas
tranexamic acid capsules lngnaulasiinaaaniily Cis taliainsausnasléne 5 #iia issan
Aaany C18 mmssdlﬁlmnmﬂﬁwmﬂwmaé’?ﬁLwimsﬁﬁ@mauﬁa polar U4 nonpolar laaaaaniiznile
Cis fenuemzeaneld alkyl fisnnnheaduilsia Cs ¥l#as non polar aglumaanilawuni lunsdl
fidasmsuanansiifaamuiaiuandefuiiy namnsadanldmsasmedmiiamsnzasiumsidaims
wenle Fenasmbiia C1s sansaldfussazanaiamnldwainuarsndn wenmniinmsnumussanssy
Wuhiienadensiissssudazding 5 #ie sulnaldeesmiiie Cis waz Cs Fudanldnadiizia
C1s tial#lumsuanansi 5 #ile NntuEhmsUSuiindasiusesasazaradimnludiu aqueous phase
iielsimniiauaniuateauysal uaziudanmsluaiiiosn run time uazlinniiafisuiiansny il
sInsauenanslen 5 #ile d9 HPLC szuud 1 Usznauldens aadufaiin Mightysil C18 2100 4.6 x 250
NoALNAT 2UPDUMA 5 lulasuns arsazanadn Usznauaig suNaNed 0.05% trifluoroacetic acid,
acetonitrile udz methanol Tuaasdu 97: 2: 1 laaUsmes sasmsluazasansazaadmw 1 Jadans
fa1#l a51930678 PDA detector iANueAay 190-400 W luwas wuhssnsalduenansn 5 siald
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e augsdma”lunm 10 W laadian retention time 284 ascorbic acid, niacin, glutathione, tranexamic
acid way acetylcysteine i 3.469, 3.948, 4.592, 7.042 Wag 8.140 W7 MNAOU WHaza13 1M retention time
Tndidsetunsluasazarsmnasgunazasazazanasguluaming Taens 5 iie wanfuadaNysal
fien resolution NN 2 udazialussazmainasguuazasazarsanaspuluwninglanumssuniu
amﬁm’%qwﬁmzmﬁ'ﬂsznau%’ﬂmw‘%n*ﬁ wazaUnaSurasannasIum 5 wie lussazmemnasgily
wnindaaandasiulumsasasinasgu uaasliifiuiismsigaiiandnualdhs HPLC szuudl 1 fienw
FUmzIwas (Specificity) waziilanaaauanunuuedis (Robustness) Mamsidsuulasanmemalasin
Tnnailang 9 laun peaninnguandeny aamll snmsluazasansazmedim wazdasdiugesasazay
dwn wuhmswasuudadlunnanns iavesasna s #iia faasueniuldodvauysel W retention time
fdsuualiisadnmisenhiu udadumsssnvawdasiianudaslulasnlounsudinuin uazasne
5 #iie udasdnanauNnglulasinlawnsumaly 10 wd

Lﬁmﬁnﬂﬂ lWneSuuaeas acetyleysteine, glutathione waz tranexamic acid éTmmmiumswﬁ 2
fishmaganduussgegalndidasium UV cutoff 2849 solvent léiur methanol wa acetonitile #iludiu
Usznavlumsazanesim duawnesuiilifionusimzansas Sadasdiudunamsanaenansaiesans 3
diliiandn Taefidadanldnaiin HPLC ssuuil 2 fedaudannnnidiensimismadmadapas
tranexamic acid sasshnvhdnladlesasssmadilu avduRaredei 1767 ndsuldidewsnas s siialu
Aty @anld sodium lauryl sulfate Failu strong ion-pairing reagent Tumsiadautnasua
Msasaadim Handnnisuashnvhanladezassanadiy atufiniadsil 1707 d{asn sodium
lauryl sulfate Nz AUTASIENTIENSHADINMSUEN ey amphoteric compounds AULALINUEIS
v 3 ¥iia wuhaansousniiesasansni 3 #iald warliguheiiaiiseny niudiudadumsazas
Fvnuitaliv 3 fie wendulasauysal uas run time lisnnnd 20 it uananiimanagauanuldldas
Saasratenanueitie HPLC szuudl 2 flawudh sodium lauryl sulfate lainssnudawanmsasiainszy Tog
HPLC svuuil 2 1#aaduniaiia Zorbax Eclipse XDB C18 2110 4.6 x 250 fiadiuas 21naayma 5 lulasiuns
fsazaneain Usenaumie drundnzastWines pH 2.5 waz methanol lusasidu 45 : 55 laguSunas
sanmslwazesdm 1 faddasdeni amainaie PDA detector inNueAdL 190-400 N TuLans
A retention time 284819 acetylcysteine, glutathione Waz tranexamic acid ﬂiﬂﬂ{]‘ﬁ 2.526, 5.364
waz 15.110 Wit mwanau Taglussasmenaspuuazansazanamnasmuluaming wuhn s iasanse
ugnINHUBENENYIH! Wazilan resolution 3NN 2 udaziAlUAIALAIBINAITIULAZANTALABNIAITTIY
Tuamdnd linumssumunmhuiansuasasdilsznavduluaming uasanaiuuasansinasgung
3 #ila lussazansanaspuluminddaaasasnulumsszmsinassiu udgedliiuinismsiigalionanuel
¢a HPLC STUUM 2 HANTIINZIEIEas (Specificity) dlanagauanunuzad’ (Robustness) 83
wasuwasanmemalasininnnild 4 1dud eeduninnguandeiu gamgf sonmsluaussdm dadu
yasansazngdnuazaNNiunsa-measinmes wuhmnanzlidwadaanuansalumsuanyasiia
Toswuhnnanmzaninsousnia 3 finldadsauysal Tosiizuseasiia viae tailing factor lndideedu
damzaasy endumsilasunlasdadiuamsasmedamn wuhilwadamadsuulas retention time 284
ssusazsiasmetu Tagmnuiiadadinueas methanol lushsazanaiamniinasansan polarity vasansazans
G 1hlansil retention time anas aghalsioy HPLC szuufi 2 faassnansausnans acetyleysteine,
glutathione Uz tranexamic acid e l#dufumsnnaiigaiiananuaizes HPLC seuuil 1 1d tlesan
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dadaguaamsiigatianantel Aa Mmatiudu/auiiaum retention time YasdyanufieuasansiaeIns
wanaignilumsasmemaiuuarmanaspuildideu venwilelunnmaisuisusnadunesas
slumtﬁ‘*?;ﬁmmsmmﬁgaﬁmsﬁﬁ@hms@,ﬂﬂﬁuuaﬂuﬁw UV cutoff 289 methanol uas acetonitile waslsi
mmsnuamﬁagagwmlugﬂaLﬂnm%’uﬁﬁé’nwmsﬁuwmﬁzmﬂﬁ WA BIMIAMNENLFNDYDIMIUFNT BN
w09iiA tranexamic acid Tugieén retention time dasfivsziansludasdacuuasmsazanadw tilosan
Fasupasansazanadimniilaeulufinade retention time 2949 tranexamic acid AauFAN
NnuamanTRiignilendnuaifaiiisvhmeh lifinmilddunndiinnuamsnssumsams
wasenuazamiiensa luthulszana 2562 Mgluuuandouaswdaduriaiuams wuhudesasieniod
Srhdherliiinen asawussheiliinmmannisinawiviediudesa: 20.7 Taenwy tranexamic
acid way ascorbic acid mnﬁqﬂ (388 10.8) savasnifly glutathione ($asas 5.4) FHANSITENHn
Ashenaneled ﬁamﬂuﬁwﬁuﬁumﬁﬂﬁdmmuﬁumaiﬁm Tsimazilu tranexamic acid, ascorbic acid ¥38
glutathione ﬁy'q;iﬂLLuumuﬁmLLamuuwau astneliinemnimay wu collagen, coenzyme Q10, placenta,
hesperidin Fsmsiiguilnadaandaies visdamuedindaufiohsuanenn madeamauiaarilyvien
ANaGUM aemaNiy wazdediald iamnilumsiadhasnden visaahemsande lunssusdannn
mslddndaenitliszaa Tunsdl tranexamic acid filomaAaauidangadu iusuanededinldEuiu
dundafaeasNa M ehheTh Winem ananuanshevhlinemanisinaunauiadudesas 30.5
Taa@s1any glutathione mﬂﬁqm (Segar 11.1) sa9893L Y ascorbic acid, glutathione W&¥ ascorbic
acid uaz glutathione &N acetyleysteine ($azas 5.6) 1@ glutathione vusxsaldlundasoe
wEuemslaliannnd 250 faansn Seiealdlundasaeiasuenms deinldniuasiisnedeld
ﬁ’J?I’l’J@l”Jﬁluﬁl’JEl lown collagen, astaxanthine, grape seed oil, pine bark Wudu vausiualdsinnu
ascorbic acid W3 acetylcysteine faludinehafinsiany UPNINTIFIATIAINY tranexamic acid (3088t 2.8)

anane Tunsdlasrawu tranexamic acid way acetyleysteine fahAanguinaiiiasnniuensunse

a'§1J

msnanIsaTangatitenanwaiansgiglviingm s oiia lusndauasndadnridinemmemeaiia
HPLC 1 2 szuu leshumsnegauenaldleuadizluimdaamnusimnzianzas dasnauaemsasany uaz
anunueasis Tag HPLC ssuufl 1 wuhainsaanaigadanssierlvingm s »iia 1dud tranexamic
acid, glutathione, acetylcysteine, ascorbic acid 8¢ niacin luszaudasauasmsasianud 2.0, 0.48,
0.12, 0.10 WaZ 0.03 NaININAANAFINT NAOU war HPLC szuufl 2 wuhaansalduivefiudunams
aniigaiienanuaisesanstgliingm 3 iia Feiidmsganduuadluined UV cutoff 493 methanol uay
acetonitile Tosdafuzluuunasanaduiilifianuiimsanzas 1dud tranexamic acid, glutathione
Wwaz acetyleysteine Tuszduiinnazasmsasianudl 2.0, 0.16 uaz 0.12 Haaniudafiasans muaAU
Tudlulszana 2562 Sfptheendauasudasasiiddnomsien ey Wi v 73 e asiany
st liinem S 22 dat (30.1%) Teegidaldlisinawniuhmsenaigaliandnualidad
i NadRERlFaIenzianInsanaldasse: 1-2 #iia 1Hne 2-3 Ju selisunmlumsiuduna
8N 1 52UV NIUATIAWU tranexamic acid, glutathione ez acetylcysteine LA RN IUENINTaNTIY
figaiiandnwalanans 5 wile ladeemunad hedsudanauaseldhelumsanaiinnsyi ainso
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Method Validation for Identification of
5 Skin Whitening Agents Using
HPLC Technique

Thiwanporn Kwankitpraniti and Jiranuch Jamtaweekul

Bureau of Drug and Narcotic, Department of Medical Sciences. Tiwanond Road, Nonthaburi 11000, Thailand

ABSTRACT Some skin whitening agents found in drug injections and dietary supplement products
may cause serious life-threatening side effects. The method for identification of 5 skin whitening agents
(tranexamic acid, glutathione, acetylcysteine, ascorbic acid and niacin) using High Performance Liquid
Chromatography (HPLC) technique was, thus, developed and validated. The identification took only 10
minutes, using Mightysil C18 column and a mobile phase of a mixture of 0.05% trifluoroacetic acid,
acetonitrile and methanol (97:2:1 v/v). The limits of detection for tranexamic acid, glutathione,
acetylcysteine, ascorbic acid and niacin were 2.0, 0.48, 0.12, 0.10 and 0.03 mg/ml, respectively. The results
were confirmed by an identification using HPLC system-2 to identify 3 agents: tranexamic acid,
glutathione and acetylcysteine with absorbances close to the ultraviolet cutoff of methanol and
acetonitile which contain in mobile phase, using Zorbax Eclipse XDB C18 column and a mobile phase of
a mixture of buffer pH 2.5 and methanol (45:55 v/v). The limits of detection of tranexamic acid,
glutathione and acetylcysteine were 2.0, 0.16 and 0.12 mg/ml, respectively. Both methods were
validated completely. In the fiscal year 2019, they were used for identification of skin whitening agents
in drug injections and dietary supplement products for 73 samples and 22 samples (30.1%) were
detected for the prohibited skin whitening agents. In conclusion, the developed methods could identify

the 5 skin whitening agents with short time of testing and low analysis cost.

Keywords: Skin whitening agent, Method validation, Identification
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Pregnancy Outcome and Congenital
Syphilis in Maternal Syphilis Infection in
Rayong Hospital between 2018 and 2020

Apiradee Uthaipaisanwong

Department of Obstetrics and Gynecology, Rayong Hospital, Amphoe Muang, Rayong 21000, Thailand

ABSTRACT Syphilis in pregnant women can transmit to the fetus via placental blood circulation and
amniotic fluid. Maternal syphilis is associated with poor pregnancy and neonatal outcomes, such as fetal
death, preterm birth and congenital syphilis. This retrospective descriptive study aimed to evaluate
pregnancy and neonatal outcomes of maternal syphilis at Rayong Hospital, including the prevalence of
maternal and congenital syphilis and associated risk factors. Medical records of pregnant women
diagnosed with maternal syphilis and delivered at Rayong hospital from April 2018 to Mar 2020 were
reviewed. A total of 99 pregnant women were studied with the mean age of about 21.5 years. Of 99
pregnant women, 26 newborns were diagnosed with symptomatic congenital syphilis, which 5 cases
resulted in fetal death. The prevalence of maternal syphilis was 0.7% in 2018 and increased to 1.3% in
2019. Almost half (42.3%) of the newborns with congenital syphilis were preterm birth and 15.4% were
small for gestational age. Absence of antenatal care, no syphilis treatment in the third trimesters,
inadequate syphilis treatment, and no treatment in maternal syphilis were significantly associated with
congenital syphilis (p<0.01). In conclusion, this study revealed that the prevalence of maternal syphilis
increased over the years, followed by subsequently increased prevalence of congenital syphilis. Health
policy to encourage antenatal care and complete treatment of maternal syphilis at least 30 days prior to

the delivery can improve both pregnancy and neonatal outcomes.

Keywords: Maternal syphilis, Congenital syphilis, Pregnancy outcome
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“inSnmshasy 690/25 MUAUNATEED BUNBLIEN UUNYS 11000

unanga h5a3m (Zika virus; ZIKV) L?Jut%yah%'asluﬂajumﬁh%'a (Flaviviridae family) feggarathuuas
gamgauiummzilsn waziideamadadameduiinuldies do NNUNFYN MANATHNUS uazm3litdan anvos
smsmll #e 719 saniiu 1hats wazmuas msdadalsadmszninmassdoarlimsnusnifadsuzdn
AAIRE) 3%“'7;mmzauﬁqmﬁiﬁmmmL%ﬂh%’ﬁ%ﬂﬁ fa msanamasnugnssnhiadmanndiegdsuuazdaans
10eA3 real-time RT-PCR 5’91@1]‘5::&1ﬁwmmsﬁﬂmﬁtﬁaﬁwmLLazmmaa‘ummgﬂﬁawaﬁ% real-time RT-PCR
LLazmﬁmh%'a%mmﬁﬁmmﬁ'ﬂﬁﬂumimuqu msneday ZIKV real-time RT-PCR i} l@gaulasnanisms
aamasiugnssnhiadmuasgudmunulsnfindaansizawinm (US-CDC) lagldlwswmasuasinsy
3 40 fisumzaaiy prM, E waz NS2b MIkdAUazaILANZE HIFTMDISDWBNIAIUANYINAANINET 350 bp
filuinealelnduasiiu prM was E Winaila In vitro transcription (IVT) NNMINTINTDUANNYNADIYBIID
Ta8MInTIAMBISIUBETAIUAN LLa::L%yavb%'a%mﬁtﬁamqmmLﬁ'uﬁu@hq6’| NUPHANUIUNILIEAE 100 AN
Limit of Detection ¥y 0.15 PFU/ml uanmnf’jmiwmaaummﬁwmmmuhﬁmwaamé’mﬁ’u%’aﬂax 100
uamsdnmuaasliiiuimmagaumasnugnssnisadmeis real-time RT-PCR aansansiam iadm
seugladeuazuaninle

Adrany : 135a8m, In vitro transcription (IVT), real-time RT-PCR
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unin

1h$8%m (Zika virus; ZIKV) Lﬂul,%yah%'aiuﬂzjumﬁh%'a (Flaviviridae family) @uidginu
ThSawman (Dengue virus; DENV) ThSawd J apanese encephalitis virus; JEV) wazlhSanadlugd (West Nile
virus; WNV) fiagswugnssuiluansiduaanue 10,794 base pairs (bp) dumautafly 2 anawug Aa
laide (Asia) uazuawinm (Africa) dwsulszmndlng wuihumenugods® dgemeadunvzinlse uas
fidpsmsdadamsduiinuldiias fa mamadiiiug msliidan wosnnuigan ssazilndaluau 4 fe 7 Ju
ol w.a. 2490 imamnzidehadmaiiusnldannadluthm Ussmegium wasiinesnuuesnizaliadm
TannauisamaludGelut w.a. 2511 gaadadulugliuaasams drunfaeild aanilu muas wes
Ut fddiinanmuuaasanuduiusiumsnusniindsuzdn (microcephaly) nsdifitiamsszunalvg)
ansmsanidalfagmillssmaunalutl w.a. 2558 Fanumsianguitheiifinnsdsuadnudiiio uas
fiheiiianuieUndimessuulssamiianau® ildasdmsawnialantssmannsanidudumsnsuge
sewhalsend Sadautinriaaiien im“ﬁw@ﬁﬂL’«ﬁﬂgﬁufﬂumsLﬁumﬂﬂluﬁuﬁixmﬂ dwmsulszndlng
fnsnunugaadehisdmesausnlull we. 2556 Wuinoudlendemd 2 .18 @umaanngamnme
wazpifialuthalmetl w.a. 2555 nasnniunsumuanlsaldmmssaumlsadounaassing w.e. 2555-2558
wugthefiudunaetlor 5 918 9 daanludounnnauuazwgumen w.a. 2559 Tnelnedmiagassi
gnfndfisunafiuinnndoveny nglnl ldwiu iasnniilduazasanuhiadshisdm snu 2 au®
Tufuit 3 nuaus w.e. 2559 nssnsnmssagulnglaszmeaiaialsadoidalsadnm (lussasusnGanh
Tsaldn) Wulsaiidasudsanumu w.a.u.lsadada® Tasnsumuaulsamvuaiisumaithssiilsaldsm
Gail ftheaeds manads giheilld wasiianmsesaios 2 lu 3 ams dadaluil 1) sanilu 2) 1heda
3) aued wazuamInabisaiesi hiava wazhiSagaunuenlinaay ihatiudu wineta fihesds
wazamsanameiaslfiansiudunuidabisinmluden vieamawuniiduiuiisimedaliadn®
weuwndnssageiaviadasdiiumsmnnuasuiiszylunesmasmuaulsansdiwugthedode liagm
atiuTudl 12 quanus w.a. 2559 msdawdsniaslfidmsantiteselseadalsainm Saianuduiu
ehuiidasdidiums  weasmatanljidmaiiududdglumstaaedaluiuiithninadeinlug
mamuanlsaliliundnssnsaudaiiulsaszine wnsmnifamassinaveslsadaidaliadmlulsane
ardamansznudagsiamavieuiien uazmsdidudslaasanlumedalszne

maandiaselsedaidehissmmetaslficns 1FEmsanamasiugnssnbhisdnmiunan
Wazdsay Wy MInsusudusinie IgM fsnwizaali3adnaieds ELISA (Enzyme-linked
Immunosorbent Assay) dlvajwuufisends (Cross reaction) fiulisadu g lungunanihsa wiu
Th¥maad hialdinaas hias® msaswihmsaladueuivaidsdisnaaisaiuiimsalawiu (Plaque
Reduction Neutralization Test; PRNT) wullWikaanwzannnimsasia IgM 35 ELISA wATdunau
Fudorannnh® mIaTrmananugnIsNaEIs PCR snsaanawulddeiui 10 ndaduthe Tagliwanms
One-step RT-PCR %38 real-time RT-PCR (real-time reverse transcription-polymerase chain
reaction) MNUNANNYDI Faye O wazame"? loinauaminsialsa@meeds One-step RT-PCR wuhi
anwhuazimnzaa h3aBn @ Limit of detection 1Ay 7.1 PFU/reaction 1wl w.¢. 2550 Lanciotti
RS wozans"? Idmsunsunenuiimiugaauiimeiugnisuuaspiiquiinenasudahisdmissuna

Tudszinalulasiides (Micronesia) waztdusininenmansamzusnninausisnsialisadnal1e3s
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real-time RT-PCR 5301 Ua0MWaIATEWa G ULUauDI0IED #snWuimMsns1335 real-time RT-PCR

Humsanaiiadelsadadebiasdmihidadauasdamulagts # e m
maAnmiliingusrasdilannilsatiadalh3ainmaeis real-time RT-PCR siaiiasadau

ANNYNADWBNIT UazHdnN3LdUEE3MIUAN (RNA control) 10g35 In Vitro Transcription viial#ily

d13MIUANUIN (positive control)

= 4
Msesan lnswmasuazlnsy
4 dl o £ a o = QQI o @ d! a o W
Twswasuazlwsuildlumanadau i s 4e duenzilos USEn Ssznsads Nne Filaauiud
wnzaatiudin prM, E waz NS2b 284553 aauanslumsed 1

il 1 Mauusadlwswasuazlnsudmsumsasamasiugnssn 3admlesds real-time RT-PCR

z;mﬁ Halwsias/Tusu aeuLue 5°--3° AIBUL* i
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 1162¢ 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

*nuniseasBuihvinevashisdmarewus MR766 (GenBank accession number AY632535)

msm%'ﬂumﬁﬁmam'smuqu

Auaduanzinn uiEn dulng e Taduiusussssiugnisnhisadn sndeaauiuayas
GenBank accession number EU545988 shtaf 821 89 1170 TINANHEN 350 bp TS inadEue
meAS PCR loanandiduadanszy 3 lulasans nu 10x Buffer 2.5 lulasa»s, 10 mM MgCl 1 lulasans,
10 mM dNTP 0.5 lu‘[mﬁm, 10 uM ZIKV 835 IVT Primer (TAATACGACTCACTATAGGGTTG-
GTCATGATACTGCTGATTGC) 1.5 lalasans, 10 uM ZIKV1162¢ Primer 1.5 lula5a05, Immolase
DNA polymerase enzyme 0.1 lulasansg LLaz‘leWﬂﬁl’uﬂiﬂﬂmﬂ RNase 14.9 lulasans ihviaaanaasd
L°z°hLﬂ?‘;amﬁmﬂ%mmmsﬁuqnim C1000™ Cycler (BIORAD, USA) élzﬂﬂiunsué’ﬁ: 95°C 10 W9 uaz
40 59U 2949 95°C 30 3111, 60°C 30 51T, 72°C 30 T UdE 1 58U 284 72°C 5 Wi NTIUER PCR product
Tiudans udhmsdauensiarsidualosds In vitro transcription segaihen In vitro transeription
Maxiscript kit (Ambion Inc., USA) u,azﬁﬂﬁm'ﬂﬁumﬁqwﬁﬂﬂw NucAway column (Ambion Inc.,
USA) ’J’mﬂ%mmaﬁtﬁul,aﬁamﬂ%aq NanoDrop (Thermo Fisher Scientific Inc., DE, USA) LL‘lJ'Q‘IJ‘i‘Sil]LLaz
Fudhmansduaiianmgi -70°C Téflumsmuaun
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Tasagmanasgiu

hi¥agnmanasgiu w2 @enug lasuanuayenzinngaiATeInenmansMILNNgnms
(AFRIMS) fa shewug MR766 (usanwuguanin Ianuus 2.5 x 10’ PFU/ml uazanawug SVo127/14SV
Humeugiaids Fuwsusnideldnnaulne Semuuse 1.5 x 10° PFU/ml waanntiunmsidanshiadm
SERuE SV0127/148V dsdduuasiiaans Tashmaidaas 10 wh deud 107 89 10° iehlunaaay

MINTIAMAINUINTIN 155833 real-time RT-PCR

M305MININUGNIINTFNM AT real-time RT-PCR daulasunanidussgudaiugy
Tsndndaanigawsn (US-CDC) Fesne89I5uee Lanciotti RS wazane® Tudrdauganan w.a. 2558
NINYAN W.A. 2559 mawﬂmﬂiﬁlwsmaﬁtaz‘[wwﬁmﬁ 1 uaz 2 Fuwzaaiy prM uaz E o809
feansiduamsmuan ludaudemen w.a. 2559 Guanamlaslflwswasuaslnsugail 2 was 3wy
aafiu E uaz NS2b diaegnes fe hianasgiuaenug MR766 uazaawug SV0127/14SV 1head
S35 100 lulasans ﬁmﬁaﬁ’mmﬁﬁmawmL%yah%’aé'mqﬂaﬁﬂ QIAamp viral RNA mini kit (QIAGEN,
Germany) léfagandiBuausnes 40 lulasans wasnnmnhmadadduaiianalalsnes 10
lulasans Nﬂdﬁluwaaﬂmam‘?‘;ﬁﬁ’wmmqﬂ QuantiTect Probe RT-PCR Kit (QIAGEN, Germany) 644
2 x Ready Mix 12.5 llA5805, Enzyme mix 0.25 Wla5a®3, 100 uM lwswuas 2 #iia wamﬂﬁ 1 w’%az;mﬁ 2 %138
qﬂ‘ﬁ 3 #ileay 0.25 lulasans, 25 pM IWSU‘ZI?N‘&!G]‘?; 1 w‘%aqﬂﬁ 2 w’%aqmﬁ 3 USies 0.15 lulasans uas
ihnduUsan RNase 1.6 lulasans ﬁ'WiaElﬂVIﬂaENLﬁlﬁtﬂémLﬁlﬂ\lU%NWmGWiWUﬁIﬂSiuiuﬂﬂTWﬂ%ﬂ ABI7500
(Applied Biosystems, USA) alUsunsudail 50°C 30 1, 95°C 15 Wt udE 45 50U 284 95°C 15 NN
waz 60°C 60 I Lﬁa&“;uqmﬂﬁﬁ%mﬁwmﬁmeﬁwamﬂLﬁawu amplification curve anwMe S-curve
Faau uazia3aeuansdn Cycle threshold (Ct) pen 40 uazkaautiialiwy amplification curve #3p

t3aslaiuaned Ct Sail amplification curve Wiy S-curve u3alaa Ct annnvIawnnu 4o

msagﬂwamawmsf‘hadw
° o ' v s ° - a a - P a
Mmsaamaaes lwswasuazlnsu N 2 70 fD 40N 1 wazyah 2 NI8YAN 2 wasEei 3
‘[ﬂﬂﬂ@ﬂlﬂumauaﬂLﬁawumamfmmlwnuasﬁ'uas‘[wauaﬁwﬁaﬂ NI 1 %A

N13MIIATAUANINYNABIVDIID
mmsmanunnzeasmsasamadhidlunguwaihis 6 #lia w10 dredn da s
= a o ' [ = o J a o v Y o 1 Ao
NA 1, 2, 3 uas 4 wlinaz 1 Megn hiawd washanadlud nliea: 3 detn Tagldmannlidans,
QBN 10 (11 KAz 100 W MMINAABNAIBENAZATI
Limit of Detection °11mmimaah%'a%mmmgmamﬁuﬁ: SVo0127/14SV U31nau 1.5 x 10° PFU/ml

PINNIDINABTS N UFFNENANNINIY 10 171 A9E 107 84 107°

MINAFAUANNTIUNIY

wihsnuiidhiullsunsamagauanumngmsanamhisdmi 2 vihenu fe gudmuaulsa
amsiaaw%'gam%m wazaou Quality Control for Molecular Diagnostics (QCMD) ymsnagauanu
MNYLALMTUNMIATINFEIBEN I 10 Uas 8 AIDEN MUTAU MaENNAFaUANNDNYYBIGUIMIUAN

MNsasnsnintengasmsunne
7 U 63 AU 2 ey - Tgunau 2564




mananuazUsziivanuldlaisanamiaaldadm J3N3 Fruzan WAz

<[ a v cu a < o ] =gy aa U A a & _g = —6 4
safadaansgaim Wudegndsuaudnanuanhsadmienudsan 107 6 10° asalealdlnswes

a - o ' o ) & @ L aw ad o
wazlnsugad 1 uazgeh 2 MedNnagauANNDINQEeIdITY QCMD uimesgngsuauundnuay 13
gm h¥awasi hidanadlud washialdmaas analegldlwswasuazlnsugead 2 uazyad 3

We

M30AMEINUgn I3 15aTMNNEI0E1Ne8335 real-time RT-PCR figaulasainisuas

<

gudmuaulsnfindaansgasn (US-CDC) lagldlwswmasuazlnsugai 1 (prM gene), 4071 2 (E gene)
wazgail 3 (NS2b gene) namsns1ahisadmanewug MR766 aauaalumwil 1a waznamsnsalisadm
aewug SV0127/14SV lumwi 1b wuhlwswasuazlnsuged 1 uaaennundenstumuazbifisnvoue
& & o ¢ ' ¢ = a o 5

(U S-curve MIapITeRUg uanadnnlwswasuazlnsugai 2 uaaennunienusugiuaziu S-curve
mdasenenug smsulnwswasuazlnsugen 3 ugaenWansme S-curve WIZEEWUS SV0127/14SV

wazlaisnansoasiaanenug MR766 Lo
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-10,000
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Cycle

mwﬁ 1 wam‘snmsﬁ'uqﬂssula%'a%ﬂwﬁ'sﬂﬁﬁ real-time RT—PCR’IG]EFL%’LW*JLNaﬁtaﬂwsmgmﬁ 1 (prM gene),
qm‘ﬁ' 2 (E gene) LLaszgﬂ“?; 3 (NS2b gene): (a) wamaah%’a%mmﬂﬁuﬁ: MR766, (b) Na®53
h¥agmanenug SVo127/14SV
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mawdsansiduamsmuanlasmaia In vitro transcription (IVT) ldwandaiiluasiduiaiid
a3ugnssn3aBnmanne 350 bp Usanasiv 9,640 inluniu ANNENTUGENTY 25.8 ng/ul thanFeas
10 Wh U@ 107 89 10 UNHINATIINIEIE real-time RT-PCR wuhlinatnniavun 6 anadusu
aaudaslumsed 2

M3NT 2 HaMIATIINE@IHUGNIINIFITMAIEAS real-time RT-PCR s Siduaansniuay loguaes
@ Cycle threshold (Ct) NANUANTUAN

a Ct (lwswasuazlnsu)

fad ANMLTNTY S S
7ol 1 1ai 2
mﬁﬁummsmuqu Tsiidaan 17.1 17.3
ANUTNTY 25.8 ng/ul 107 20.8 21.2
107 24.2 24.7
10° 27.8 28.3
107" 30.7 31.7
107° 33.6 34.2
10°° 36.9 37.8

HAMIAIFBUANNGNEBBITIeNzElumsamamuai hiaaiiadu q 53m 6 #ilia 9w 10
gt wuhlansaunsvuadaiuanuiiwmzsagss 100 NowansIIIEFIM@BNUTINAITIU MR766
o od v R -2 I SR g
wazahawugnuenlannaulnenaneay SVo127/14 MHaEaan 10 uh aaue 107 89 10°° Tikauinnavine
6 aNNNIY Aatue Limit of Detection iy 0.15 PFU/ml aauaaalumsni 3

MINA 3 WAMINTIIMNIITWUGNTINITaBNAEIE real -time RT-PCR zahisadninasgiu loguaos
@ Cycle threshold (Ct) NANUANTUAN

A Ct (lwsuwasuazlnsu)

MIBENN ANNLTNTY 2 2
10N 2 7o 3

h%’a%mmﬂﬁuq' SV0127/14SV 1.5 x 10° PFU/ml 107! 20.5 20.2

LRADVNAIYTIN 10 046 45
10° 27.4 27.0
10" 30.8 30.4
107° 34.2 34.0
10°° 37.2 36.9

h¥agmanewug SV0127/14SV 1.5 x 10° PFU/ml 10’ 22.1 21.4

<~ v

Waraatdae 1072 96.8 96.6
10° 31.2 30.9
107" 33.1 33.0
10° 36.4 35.4
10°° 39.1 39.1
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Nuamsnnllsunsumsneagauanuufugudmuaulsnfanaanszansnm lognsna
Awneichagemagauanung Mu 10 Mees legldlwswasuaclnsuyen 1 wazyei 2 wuhlvinagnees
FDAABDINUNN 10 AIBEN LAZHANITNTIAMBENNAFaUANNTINQBsdntY QCMD laaldlwswasuay

Twsugah 2 uasgai 3 WU WKagNADITAAABNAUNT 8 AIBE N aauaaslumsND 4

M9 4 wam'ﬁLﬂ'ﬁﬂxﬁé’l’aatmmﬂaaumm‘ﬁwmfymsmaﬂﬁaﬁmﬂmglusfm‘uQﬂiﬂamiaaw%'gam%m
wazam i QCMD
audmuaulsnfindaanigainn
@A Ct A Ct
BHIYLAY #AHAMaLI awihwang  (lwswesuas (Iwswasuas aslua
Twsmgm‘?; 1) ‘[wsv*’qmﬁ' 2)
PTo1 Zika 10~° Positive 19.90 22.80 Positive
PTo2 Zika 10°° Positive 30.70 34.00 Positive
PTos Zika 107" Positive 26.90 29.80 Positive
PTo4 Negative Negative Negative Negative Negative
PTos Zika 107 Positive 24.90 26.60 Positive
PTos Zika 107 Positive 27.70 30.20 Positive
PTo7 Zika 107° Positive 25.10 24.90 Positive
PTos Zika 10°° Positive 34.80 34.10 Positive
PTo9 Negative Negative Negative Negative Negative
PT10 Zika 10°° Positive 36.0 35.00 Positive
d§07U% QCMD
a1 Ct @ Ct
BHIYLAY AL awihwang  (lwswesuas (Inswasuas aslua
T‘wsmgmﬁ 2) Twsuzgmﬁ 3)
ZIKA17S-01 Zika (French Positive 37.5 Negative Positive
Polynesian)
ZIKA17S-02 D2, WNV, YF Negative Negative Negative Negative
ZIKA17S-03 Zika (African) Positive 37.4 Negative Positive
ZIKA17S-04 Zika (French Positive 32.9 32.3 Positive
Polynesian)
ZIKA17S-05 Zika (French Positive 30.0 29.5 Positive
Polynesian)
ZIKA17S-06 Zika (African) Positive 35.2 Negative Positive
ZIKA17S-07 Zika (African) Positive 33.0 Negative Positive
ZIKA17S-08 Negative Negative N/A N/A Negative
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= 4
AU

HANMINTIAMANINUGNIIN TN E8IF real-time RT-PCR lagaaudasnnisuasgudaiuny
Tsnfadaanigalnsm fimslFlwswesuazlnsunavaasiny 3 40 fisuwzaaiiu prM, E uay NSzb 1
wuhged 1 Sunzdehsimansiusuenim gail 2 hunzdehiaimaeiusueninuazieds gad 3
Hunzdahisimmeiugiods maasnvlensimemsiiiiudaddlnsimasiuosTngy 2 70 iioasia 2 fu
fiohatiu wuhlwswesuaslwsugad 2 worgail 3 TFasnlduadingedl 1 worgeil 2 MnuaM LIRS
nngatuiaay nnildnnmsldlwswasuasinsuged 1 dulugasuaasuamsiiaanuiumasnnmen
Gaudsauil 38-40 Fuflu nonspecific result Sadaduilunaay wazlumefinumavindunsnisasndn
Linudawmilaugad 2 wosyail 3 wamsnaaasilsanadasiunenumsdnmiseeas Cherrel R wozanus”
waz Corman VM uazaaiz™® lumsn5399 15830 Pan American Health Organization (PAHO) e
wuauuzlildlwsasuasTnsugadl 3 Feasradudiu NS2b®” wazwuhmnseanabhisdmmeiusiaids
I@dndgail 1 dulugudmunulsafadaanizawin Suldsisanalasldlwswesuasinsuyed 2 wos
°Z§(7’I“7; 3 fisumzdaiiu E uoz NS2b uazidsuifelwsiasuasinsuan ZIKA1086/1162¢/1107-FAM iflu
ZIKA1087/1163¢/1108-FAM® igidauazanslanasatldlnsmasuaslnsunad 2 uazgail 3 o ud
wuhasahisdmaeiug SVo127/148V Fullumewusiuanldnnaulnalduad duaadlumsai 3

HANMINATBUANNYNEBIBNISIANZINNMInTIIN LTaBmaewus SVo127/14SV aanees
5w 107 9 10 dnnae detection limit Iy 0.15 PFU/m1 #lumsdnmeseiilildhmadans
Th¥annah 10° Nneen 3 anuaTwesdehisdanadeddui 10° lde Ct 37.2 (zgm*?i 2) way
36.9 (zgm*?'i 3) MundnMsaNuETuYasda i SIeetL 10 wh azldan Ct dhefutszana s fufivenuEena
e 107 uaz 10 1haglden Ct 40.2 waz 43.2 mwadu Fe Ct i 40 azdaduilunaay Wi
Funahansidanshimiiedaamsiualien Ct guiulszana 2 soudanBsudsuiumsianiiodsu
oafhuwnzaanzlutlaens: wu anuiiunsads Usinalusiulimanzandiagldsnmamwlhia dudu
wamsiensienuimnglasasadahisiaauilildhisdm sunu 10 st wuhliuaaunmue
fnaenuiiwnzldsosa: 100 madnmilildamnasasazenul uazanudiwznnngudiogig
fhevsuilasmnlsadadabhisdniiulsalmi dldfidragegihessmnmbenulahinlfiunessu
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Development and Validation of Method for

Zika Virus Detection

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, Mueang, Nonthaburi 11000, Thailand

ABSTRACT Zika virus (ZIKV), member of the Flaviviridae family, is spread mostly by the bite of an
infected Aedes aegypti or Ae. albopictus and can be passed from mother to fetus, sexual transmission and
blood transfusion. The most common symptoms are fever, rash, joint pain and red eyes. ZIKV infection
during pregnancy can cause microcephaly. The most appropriate ZIKV assay is the detection of ZIKV
RNA in serum and urine by real-time reverse transcription-polymerase chain reaction (real time
RT-PCR). The objectives of this study were the development and validation of ZIKV real-time RT-PCR,
and also the production of ZIKV RNA control. ZIKV real-time RT-PCR test was modified from US-CDC’s
protocol, using 3 sets of primer/probe specific to prM, E and NS2b genes. ZIKV RNA control containing
350 base pairs of ZIKV nucleotide including prM and E gene was produced and synthesized by In vitro
transcription (IVT). The method validation of ZIKV RNA control and diluted ZIKV various concentrations
was defined as 100% of specificity and Limit of Detection (LOD) was 0.15 PFU/ml. Furthermore, the
proficiency testing was performed and showed 100% concordance. These results showed that the ZIKV
real-time RT-PCR test was successful developed to detect Zika viral RNA both African and Asian

lineages.

Keyword: Zika virus, In vitro transcription (IVT), real-time RT-PCR
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RN y = 2.961X -7.287X +3.145X, 0.337 2.197  logist(y) = 0.068X, 71.900 35.150
-0.531X,-13.573X,+167.399 -0.148X, -0.185X,
+0.004X, -0.029X, +14.970
ALIUDDN y = 1.805X +39.221X,+2.298X_ 0.718 1.993  logist(y) = 0.052X, 71.900 28.634
GENTIG) -1.132X,-8.450X,-1027.178 +0.269X, ~0.059X_
-0.032X, +0.086X, -2.147
¥ .
1 y = 1.523X +44.991X,+3.007X, 0.740 1.581 logist(y) = 0.074X, 78.100 25.547
-0.107X,+0.736X,-1382.088 -1.427X, +0.027X,

—O.OOGX4 +0.041X5 +34.607

ARy 0.647 2.014 75.000 28.449

3199 3 wuuasamsmemsaisangihelsaldidansandauauiszmng (y) wazuuuassmsmanisal
Tamamsszunazadlsalildanaan [logist(y)] 9 4 mMa U w.d. 2560

HUUIIBBINITAIANITAL . LUUIBINITAIANITAL
o . o - . Durbin- Overall -2 log
MNe ammgﬂm‘lﬁsﬂmaamaan R Taman1sszunYas L
, Watson o Correct likelihood
pauaulssng Lsaldidanaan
Wila Y = 4.948X -42.192X, 0.776 2.187 logist(y) = 0.150%, 80.000 31.694
-7.684X_ -0.375X, -0.421X, +0.120X,
+4.202X_+1704.680 -0.043X, +0.385X_ +3.484
NaN y = 3.283X -17.887X, 0.361 2.431 logist(y) = 0.084%, 72.500 39.413
+2.416X, -0.620X, -0.336X, -0.198X_
~7.254X_+456.037 +0.002X +0.085X +19.809
MLIUDBN y = 1.830X +15.109%, 0.624 2.726 logist(y) = 0.053X, 67.500 42.176
Beiniia +3.752X, -0.988X, -0.262X, +0.015X,
-2.531X_-513.617 -0.019X,+0.321X,+5.055
16 y = 1.607X +43.046X, 0.702 1.549 logist(y) = 0.072x, 75.000 37.011
+4.408X, -0.142X, +1.025X,, +0.075X_~0.004X,
-1.991X_-1428.470 -0.021X_-36.620
ARy 0.616 2.223 73.750  37.574
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Py ° P DXl v v ° o
319 4 wuunassmImamsaldangihalsaldidansandauaulsznng (y), wasuuuiaasimsmansol
Temamsszunazadlsalitdanaan [logist(y)] 79 4 mMa U w.@. 2562

HLUUIBBINITAIANITAL . HWUUIIBBINITAIANITAL
> o " - . Durbin- Overall -2 log
A ammﬂwkﬂlmaaﬂaan R Taman1sszuNnvag .
! Watson " - Correct likelihood
pawaudszzng lsaldidanaan
Wila y = 5.190X -35.623X, 0.778 2.265 logist(y) = 0.143X, 81.300 33.756
-8.858X_~0.113X, -0.556X, +0.078X_
+1.819X,+1603.182 ~0.025X,+0.394X, +18.855
naN y = 2.376X,-6.801X, 0.431 2.419  logist(y) = 0.094X, 79.200 40.162
+4.314X_ -0.673X, -0.199X, -0.146X,
-1.893X,+14.213 ~0.008X,+0.017X,_+12.558
AzIuDan y =2.533X +26.225X, 0.651 2.472  logist(y) = 0.080X, 75.000 44.469
Weawile +0.991X, -0.636X, -0.175X, +0.005X,
-2.328X_-674.451 ~0.018X,+0.130X,~5.787
e y =1.669X +44.067X, 0.706 1.696  logist(y) = 0.077X, 81.300 40.013
+8.611X, -0.124X, +1.305X, +0.015X, -0.011X,
-1.555X_~1406.333 ~0.061X_-38.874
ARdY 0.642 2.213 79.200  39.600

wa‘imﬁwxﬁmﬁagaﬁﬁﬂmLaﬁlﬂﬁhmulﬂ@iaﬁuﬁﬂlﬁqqmﬂ (X,) Trfaunneu-wo e 209t
W.¢l. 2559, 2560 WAZ 2562 71amn%’wi’amﬂmsﬂ‘ssmmhL%qﬁyuﬁﬂizmniqqmawaqﬂs:mﬂﬁ'ﬁmwu
ssaumanienans Nndayadsall w.a. 2559 lagumswsanmeiuls Usznauedie Regression function
Y = 0.202* X +2.628, mean = 0.112, Root-Mean-Square = 6.547, Mean Standardized = 0.017,
Root-Mean-Square Standardized = 0.982, Average Standard Error = 6.671 l,l,a::vlﬁlwammuﬁ
szuunssumagiaans dauaadluammwii 1 n degegeiimald wazsesenn do mansiueenidsamiie
MANIN UazMAiie MNSaU

Nndayas 5t w.6. 2560 loaumansanaciuls Usznauais Regression function Y = 0.586*
X +0.279, mean = 0.017, Root-Mean-Square = 1.895, Mean Standardized = 0.011, Root-Mean-Square
Standardized = 1.181, Average Standard Error = 1.588 wazldwdauwuilssuumsaumagionans
Gaudaslumwil 1 o fegegaiimanas wazsesann da mald maaziusenidsunile wasmawiia
MUY

Nndayadrsatll w.a. 2562 laaumsnsanaaiuds Ussnauaie Regression function Y = 0.173*
X +2.097, mean = 0.129, Root-Mean-Square = 4.052, Mean Standardized = 0.031, Root-Mean-Square
Standardized =0.919, Average Standard Error = 4.372 LLaxloﬁ'wﬁmLmuﬁixuumsaumﬂgﬁmam{
Fauaaslunmwil 1 @ fidgageiinald uazsesasn da manas mawila wosmanziusanidsuniia
MUY
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waida

p High : 18.847
- _— Low :0.221

.
il 2562

M 1 unuiszuussaumagieandas msdszanamidiuiilssnasgarsnnaimisinnulidaiuan
Tagaans 1odaya n. U 2559 2. U 2560 uaz a. U 2562

wamsHAGURUAsFUUNsaUIMAnTmans lumsnSsuiausamsmamsaiilaiuease wasie e
MA3DEasANNUNUENYBINTAN AN I0IUBINNTINIADIY W.A. 2559 lﬁuwuﬁizuumsaumﬂgﬁmam{
saudaslumnii 2 Fedasazanuudugasmsmamsalasmawile Mmana Mmeeziusandsumia
wazmele Toefidman 77.778, 88.962, 55.000, 56.716 WAL 69.614 MNAIRU GaudaslumseN 5

wowasil w.a. 2560 lduwnufissuuansaumagiicnand duaaslumwil 3 fidsasazamuusiue
Fasmsmamsalrasmewmiia manas menzSusanisumila wazmeald lagiimmashiu ss.889, 100.00,
85.000, 65.285 UAY 84.793 MNEIAU FIUFAIlUMTIT 5

NouasU W.6. 2562 Iei"l,mu'*?iszuuaﬁauLwﬂgﬁmams’ saudaslunwnd 4 TasilaSasazanuusiug
209MsAMAMSalRIMAWile Manan manyiusanidauniie uazmald fewaswhiu 70.000, 75.923,
58.823, 64.886 WY 67.408 MNAINU Fauaaslumsei 5 Ul w.e. 2559, 2560 WAL 2562 NASDEAY
anuudughrasmsmamsaliasmeawiia manas meaziusandounile wazmeald Tasfldwaswhiv
78.889, 88.295, 66.274, 62.296 L8z 73.939 MNAIAU audaslumsi 5
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n. AU
il 2559

2A. ANIFY
il 2559

d' ‘J a s W e ‘:}‘S = e e ‘J 1T o o
MUV 2 UNUNTZUUFITTFUNADNAITAT WAIANNNITITUIN (o) u@zmm@mlmmsszm@ (dvaen)

U 2559 A. MNAINNY WAL 2. MNAIAF

2. ANIFY
il 2560

A. AU
il 2560

d' 4 a s W e ‘:’d = o e 4 1 o o
MUV 3 UNUNTTUUATTUNADNAITAT WAIANNNIFITUIN (o) LLaz‘NW)C'WIVLNNﬂﬁﬁﬁz‘Lﬂﬂ (dvaen)

U 2560 A. MNAINUNY WAL 2. MNAIAF
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2. ARSI
il 2562

. ANVINUNE
il 2562

Mui 4 wudszuuasEumAgimans Jnianimaszine (Fuee) wazdamianliimsszne (Fde)

U 2562 N. MNAIUNY LT 2. MNAIAF

M5 5 5088TANNUNUENBINTMANIAl N9 4 MA U W.A. 2559 2560 WAL 2562

v ] o J =
J08a8zANNUNUEINTAIANIMYANU (W.A.)

M . 4
2559 2560 2562 ARy

Wil 77.778 88.889 70.000 78.889
naN 88.962 100.000 75.923 88.295
AzIUDDNLALNLHILD 55.000 85.000 58.823 66.274
16 56.716 65.285 64.886 62.296
Anae 69.614 84.793 67.408 73.939

290l

¥ o & P p= &,
Tsaldidanaannulamuszne insnumsssnauaziizeanaidunvzeadlse sUuuumMssze
v [ v (3) P a v a A [ a v 49’4 v =] [ v A &

uaneNAUMNLEazMa® Pdamwiunedanwazgionmanany lumsiteiitelaaadandanianduy
L4 v o [ a I's g Y A kg CAl o [
Munuresudazma smsumaenzdanntadalsaldideesan Usznaudie gihe gawvzilse i uas
Funeaan’® mAeild 5 Uadennmnuladadaslsaldidanasn Usznauee Uadegihalsaldidas
apndaudulszINg (X)) Wuthdgszneing awdsaavni (X,) andsanududuimg (X)) uaze
WwagUSananhely (X,) Wuthdsaafisnine wazamdsinulidaiudnldgaas 0:8) Wutadeiginen

1 =~ o d' a Y A q' Y
BNIADUNNINAN-NHEHNAN N'ﬂﬁUH'ﬁ‘VnLLUUQWGBQ LuaqmﬂgﬂuuumimﬂiiﬂlﬂLaaﬂaam‘mmaumuﬂ
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Winasduaaunantduiuiegadu® 39! hilaseiifiarasiulsalid 9@ Ut #
g 9aru® NenuIRewudRenngYeasnulsaldidensandnaulliany
Fuwussusandthelseldidanaannaantl® nnmadauselsn Ussnaume dananaaiuathaflussuy
wuudaasmsmemsal wazmsmamsaligmsalleglduuuiassnndayaidanu” nuddsiilaamdiuasy
asalsznavrasmsiaunalse waztiutadsnneinumsnalseld@anaan Masawaiinsin lulglums
WILUUBBINSNENNTZRINUITE © wazmsiiaunslsaldidanaanueiasdmsauneglan(WHO)
@ gwmsutateaailewinelasamzaamgiingdu inalissasvindweadabhisludgimsanas 80

a a %’ I % ] o % = d{' YV A o v ]
mssgavlazasszasgniyasgsanaiudmlitanas sanmsiavesgeanaunadisiialdidamhluasly
Lﬁuﬁuixﬂxl,amﬂﬁé'qﬁ'a«,ﬁmwhiwmqqmmwmﬁﬂaﬂm ANNBUFNANSUHAANUNTINTBETDAYBIENNY
fmaeUTInahluiiHanNesuazsaNfuLraIWzRLGYBEa 8

o Y (lﬂl Y A = v d vV Y 1
dmsuinaidaulynsszunezaclsaldidansanyaslsane WwaldinawisasngUlrsannniy 50

aauaulsznns®” wWaswinldinasidesngihamnnnhadsapudaunas 5 1 dmsulumiaeily

& v LAl U U dl t4 3 = 1 el' Id U Qaa}q 910'1 Y o A v ] o
tnamisangthemnnnhmwasdaunas 20 U leaamaailumadanienlsnmll 486 de whlade aunm
laigeenn manzamsumsilauiisy wasiismeadaldlumsasadauanuuandn Wy t test, F test,
Duncan’s test™ @usuunufiszuuassumagienanslumieidouitinianimsszne (Fuas)

o U A T o < v a ¢ ) o v oy
wazdamanlaiinmsszne (Fden) Jumsldnsiwnsdiiieunuinasitenlumsssuevaslse liidanaan
ﬂ' 2 LAl U v d‘ L4 2 = \ L o L o d‘ Ty o o = o Yo
Wagangihamnnnhaadsdaunal 20 Vusaudaziania Sanianbiinsszwne (Ede) vnada fgihe
v \ 1 d‘ L4 QJ = 1L 1} T Y YV A = W U QJ IS'Q‘ = =3
Waznewasdounat 20 U lilalufigihelsaldideasan saz@mniudianimsszune (Fuae) vanada

a

Hghemnnnnaminnue Msmukunssuuasaumagiangaslumadeildinasigenarieldluns

U
T

Wisugussrnineemnswazeas U w.a. 2563 Wuilndmsszunazashialalsin 2019 (COVID-19)
mszmainenuaimassangihalsaldidanoanssduimiaiien 108.79 agluzhe 20.90-570.46 dauau
Uszzns® Tulamada ludmdumsusuiissuumssumagiicaasmssznalsaliidonsen wuzharsui
mssznaihu 3 526y @a oh (Fiden) nans (Fwaes) uazgd (Fuen) ldtnawidanethaiien <50, 51-99 uaz > 100
dausulsznns muaau weldlumsiwSsudisudunaspudetunlssme

dmiumiadeild 2 suuuuass da wuuhessmsmemsaliihelsaldidanaandauautsznns
(y) wazuuuiassmsmamsallamamsszunialsnldidanasn [logist(y)] meismsinasvionnsanang
duls uazismsienzviaanaaladafannngu fnsnumsliismesddimuuuhassiuagaunsuans
dmdumadousslaa® © 2 @ uagasitedlulusunsuadfdnagy iy SPSS, SAS uas R udu
giaulaansninisilllddlagazain sufumsnanuuuhassiidasldgasmeduadamansvia
adangiuann® ideudaulisunsudenu HumstsnniinnhBuuuilinlou dwsuyeeailifiuanag
wozdoadauTusunsumsdenuy a"m%’udaumﬁmew"‘lumu'ﬁ%’ﬂﬁﬁm‘[ﬂsLLnsmwumsauLwﬂ{]ﬁmami’
giaulafsnansalfnuleglidaudeulisunsu esniign Menu s dmduiensildnuaglulusunsy
d15931 iy ArcGIS®” w3aidu Open sources MlufianlFshamslalusunsy Wy QGIS ), Mapwindow
GIS®? ludu giaulasansofdnmnidaudmsldnunndiia viaundeanuiinnuinnly internet wiu
m3sUszenald GIS, GPS, and RS zim%’umsﬁwLquﬁLLazmu%’ﬂoﬁ"mmm'smqw“” Aazanansaldnulusunsy
szuuasaumanimansmsum sl nsimamiadeild

dmfuanuwiudinasmsmanisaigihalialdidaananilddayannmagunuuazniniads
fanedey wuhiumsenfiashinwssudieuturamsnaasuluiesl foams wu memanuwsive
apismsnsialan mamemsaianuuusseaslsaliidaneanlugihe Wudu Afinmsmuauiadode g 3eld
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manuuiug Nnnenumsanemsalithalse ldidanssn lddayaiastaiegihelsaldidanaan Iz
MEaYNINNIA HmanNuuaglug 59-71% 2 nnnenumsmensaimsssinaveslsaldidanaan
Titayatladuammgil enududuing Sehenuwiugagludn 65-79%"" muidsimamsaimsssung
anslanldidonaanszduiania Titayatladagihelsnldidanoen auvgii anwduduing Usinanhlu
wazeimdsnnulddaiudnldgas fsnenuusiuioglugg 67-859 Asahaglunasigs anansomamsaile
szduwilenn 5 thieiifidays dutszaanamsaifivdsliminsoesingld maileunangihalsaldidansen
fnwuufiamauazlifiams uasiinalnmaifelsaldidaneanidudeutiuduiihe washieed dmsy
1238 Dengue serotype fimgnuihunldlumsmemsallamanssznnalsaldifenaan Jamanuuaiuen
Uszanas 6796 ugiiilasnn lifimafutoyaiideiilasuazeglugiuuuiiimsnsnesasdmionninlsuna
Flinansmhainliiensidmsumiadernisild nnlsalddanseniionuuandsiuluudasme mAdeil
Wienzimuuuheasemzudazae mlilamenuuaivigeamsumsidou ilduvvhasudenhluld
ailszna lvldmanuiugnanag
Nuvuassisenuuudminhdayatladereduiinldlumsiwn emsemansaina
Tussaeitlinuduly dufumsmamsailuszasamarmhld 1 1 Tamamsmamsaigndaaiiulyldias
FuludmdumAteiinmnsadszgndldnuidedasmsmensallsaldidanaanluiiuiivanianiatiidasms
v ienlddayatavednaull aslvnnuunliyanmi 2-3 Wau naumsszezadlsa el
iisawadmiuesumauazaiiiumamuangemeluiiniaiu g wu Samsunauwziug miaduduie
dludu dmSudayarszmnssansminsolddayanmadisaes 308 uazanz (2564)* dildan
mafutayani 7 U i lFlunuudiess maiimsdnageanludmianiaduivy Aashliuuuiioss
pndasnnieiy Nngluuumsideiimansalfifuduuuuinmsfnmluudaziania Tussduanavdadua
Togvmsdaidansuneviaduafiudiuny (Sentinel surveillance) iiudayalvnssnadimiania
Lidasdhmamndnne wiadua Wudayans 5 dadehainiessionaidded smunsahlldmanmsal
m3sznazaslsannuuudass laglddayannannaniamuadiaull fasnmuuwnlinanmh 2-3 oy
naumssznezadlsn lwiinaniisme tawdsumsuasdiiiumamuauesaassdusnnowiadua
Tudaniatiu Sndslddayadmiumsmuaugasuazisaliidansanludmiaiu dmsuwemsemansal
Tsalfidanaanssiudmio Nouamadeilaimahausagluduluduasaniviseinenemnansmon gy
whsnuiiimndaassgiiaulaminsodudutayaluldluudasdmialdlasazan luadialdnenuuina
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dmsumuuuaadlundasmMaraedNt w.e. 2555-2558, 2555-2559 WAL 2555-2560 KAMTIATIZLALUY
NaasnuEnanan smsuamnemsalfihalsalddaasandauaulsznns (y) legldisiwnzionosavas
duds (Multiple linear regression) Wul1ia R” aglug4 0.616-0.647 wazmamansailanman)sszine
Tsmuaaldidanaan [logist(y)] medsiwnzvionosaladafaningn (Multinomial logistic regression)
fieh Overall Correct agluzng 73.750-79.200 Mnwaiildianinzidemstauiudayemuioulsii
Mvueuas 77 Sania wdaunuiszuumsaumAginaas uaaamaiFsuiisumsmamsniildfudai s
Nemsagasanuudiunzaamsmamsninnianialutl w.a. 2559, 2560 waz 2562 agluna 67.408-84.793
Fauvudaasil dladasmsmamsallsaldidanaan Tuiiuiisaiandetliidasmenau tisslddayailadesg
aulliaznnuunlinaimh 2-3 Wau neumsszinavadlse Mlwiinae3sumsuazaiiumsnuangsang
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Early Warning for Dengue Outbreak
in Thailand Using Entomology,
Epidemiology and Meteorology

Analysis with Advanced Statistics

and Geographic Information System

Chitti Chansang' Thanyapak Makruen' Jariya Krutbut' Wannisa Suebsaard’

Ekarat Denchonchai' Piti Mongkalangoon® and Uruyakorn Chansang’

!National Institute of Health, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000
?Division of Vector-Borne Diseases, Department of Diseases Control, Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT Dengue fever is one of public health problems of Thailand and the disease control is
usually focused on Aedes mosquito suppression. However, there are various factors concerned with the
dengue outbreak. The models of dengue early warning were created in this study using the factors of
Entomology, Epidemiology and Meteorology in accordance with the analysis by the advanced statistics
and Geographic Information System (GIS). The data of dengue cases per 100,000 population (X ), mean
temperature (X,), mean relative humidity (X,), mean rainfall (X,), and average eggs per ovitrap (X,)
from January to May during 2012-2019 of 32 provinces in 4 regions of Thailand were combined and
analyzed for the selected years in each region. The results showed that the models for prediction of
dengue cases per 100,000 population (y) calculated by the multiple linear regression provided R2 between
0.616 and 0.647. In the meantime, the models for probability of dengue outbreak [logist (y)] calculated
by the multinomial logistic regression produced the Overall Correct from 73.750 to 79.200. Then, the GIS
was used to analyze the results from the models by overlay analysis for 77 provinces and the GIS maps
were created to compare the predicted results to the real data. The accuracy of the prediction of all
provinces in the years 2016, 2017 and 2019 were between 67.408 and 84.793. These models can be used
to early warning the dengue outbreaks in advance for 2-3 months in each province for each year by
in put all of the mentioned data into the models. In conclusion, this can be applied for dengue early

warning in order to control dengue vectors in the target provinces for the disease control in Thailand.

Keyword: Dengue, Entomology, Epidemiology, Meteorology, Geographic Information System
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16.66 + 4.72 §2/N884 LAY 3.33 + 2.88 (/NEBY MNAIAU WUNAANNUANENNIUDENNUBHIAYNNTDA

(t = 4.886, t-test taz p < 0.05), Hauanalua 199 1

3N 1 WisuieumwdsinugaudmeWnlunaseanas (resting boxes) diuazduae zuanaess

v

1 gnuAdwes (Wedasmaduuudausiy Tuiiufisiuenmns 2niazays 35 Paired

Sample t - test

U X S.D. T p
NaaANEn 3 16.66 4.72 4.886 0.019
NaaIFLAI 3 3.33 2.88

]
aad o

*Tlaa A neadanszau p < 0.05
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AMmasau
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FNTeBAYS MEITNTIANANNKUUTIU (Analysis of Variance, ANOVA)

unasaNaudIuIIn df SS MS F p
FENINNGN 2 2657.44 1328.72 4.210 0.035
melunga 15 4734.17 315.61
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%finuage 2 ana 2 MeWus #o Ae. albopictus uas Ar. subalbatus fauaasluamaail 4
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2ANEN 4 dNa 5 maﬁ’uﬁ: fa Ae. albopictus, Ar. subalbatus, Cx. quinquefasciatus, Cx. mimulus
oz Mn. sp sauaasluasnail 4

Wisuifisusmindsinuasnssuinulundasdngaden Werasmadhuuuidaueiu Tuituil 3 dnvos
fio Wuiian Huitinerds uasiufieuenans wuhlifienuuandeiu (F = 0.296, F-test uas p> 0.05),

AALFEAI UMD 5

INN 4 INUENIIEEI (Ae. albopictus) wazenziiadu ) Nwulunassdngs (resting boxes) &N
Wadeemazhuuudasiu Tuiundnwasiuidan Nunwnands wesiuianeawns Jviasays
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4 g - Nufanuae 4.
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PRI
Sus Ae. Cx. Cx. Ar. Ae. Ae. Ar. Ae. Ar. Cx. Cx. Mn.
' albopic mimu quinque subalba desmotes albopic subalba albopic subalba quinque mimu sp.
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06.00 1 (o] 2 1 1 (o] 0 2 3 3 1 1
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12.00 1 1 1 1 0 0 1 0 0 0 0 (0]
15.00 (0] 0 0 3 0 0 0 0 0 0 0 (0]
18.00 13 (o] (V] 1 0 8 2 10 5 0 1 0
21.00 1 0 0 0 0 2 0 0 0 0 0 0
‘\3'114!'314!‘5']34 22 1 3 12 2 13 3 12 8 3 2 1

Jagaz  (55.00) (2.50) (7.50) (30.00) (5.00) (81.25) (18.75) (46.15) (30.77) (11.54) (7.69) (3.85)
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MEIsMIeNEaNNU U (Anylsis of Variance, ANOVA)

unasmNuudIuIIn df SS MS F P
LNINNGY 2 10.11 5.06 0.296 0.748
melungu 15 256.17 17.08
SO 17 266.28

o o o aad o
*ﬁut’;lﬂ'lﬂiy‘ﬂ']\‘lﬂﬂﬁlﬂiﬁﬂU p > 0.05
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The Survey of Geographical Distribution
and Resting Sites of Aedes albopictus
in Chonburi Province

for the Effective Control

Ekarat Denchonchai’ Wannisa Suebsaard' Piti Mongkalangoon® Chitti Chansang'
Uruyakorn Chansang' and Archawin Rojanawiwat'

!National Institute of Health, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000
’Division of Vector Borne-Diseases, Department of Diseases Control, Tiwanond Road, Nonthaburi 11000,

Thailand

ABSTRACT Aedes albopictus, the Asian tiger mosquito is an important vector of Chikungunya and
Dengue fever in Thailand. Recently, there were 5,728 and 71,292 cases of both diseases reported in 2020,
respectively. According to the lack of information about geographical distribution and resting sites of
Ae. albopictus in Thailand, this study was performed to obtain the data for the efficiently focal
mosquito control. Two study areas comprised of rubber plantations and other different cohorts in Nong
Sua Chang of Ban Bueng and Phuong Thong of Bo Thong in Chonburi province were selected in this
study based on the geographical information. The adult mosquitoes were surveyed and sampled by the
questing and hovering techniques with the appropriate developed tools. Four genus and eight species of
mosquitoes were found. Among these, 80% and 90% of mosquitoes were Ae. albopictus which the captured
rates were 20 and 25 mosquitoes/hour, respectively. The developed resting boxes and new mosquito
suction were used to investigate the resting sites of Ae. albopictus in the high density areas of mosquitoes
in Chonburi province. The mosquitoes were more abundance in the rubber plantations with bushes
than those with rubber trees only. The environmental conditions were noted and then were analyzed
together with the data of mosquitoes. All the information was presented as GIS map showed
the density of the Ae. albopictus during 6.00 am-9.00 pm compared among the 3 areaes of residences,
rubber plantations and forerst in Chonburi province. These results could be used for the focal control of

Ae. albopictus in Thailand.

Keywords: Aedes albopictus, Geographical distribution, Resting site, Mosquito control, Chikungunya
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Contamination of Heavy Metals in the
Imported Food Products in the Upper
Northeastern Region of Thailand

Jiraporn Chusen Waraporn Nikom and Pattarakan Pontassa
Regional Medical Sciences Center 8 Udonthani, Department of Medical Sciences, Amphoe Muang,
Udonthani 41330, Thailand

ABSTRACT The present study aimed to determine four toxic heavy metals (lead, cadmium, mercury,
arsenic) contaminated in the imported food products that were collected from the upper northeastern
region of Thailand. The imported foods included 17 samples of palm seeds in syrup and 24 samples of dry
tea leaves (collected in 2013) and 21 samples of dry seaweeds (collected in 2016) were analyzed for heavy
metals and compared with the Notification of the Ministry of Public Health No. 98 B.E. 2529 (1986). Lead
and cadmium contents were analyzed using Graphite Furnace Atomic Absorption Spectroscopy.
Mercury was analyzed the Mercury Analyzer, while arsenic was analyzed by the Hydride Generation
Atomic Absorption Spectroscopy. The amount of lead and cadmium found in palm seeds in syrup were
between 0.01 — 0.76 mg/kg and 0.02 — 0.03 mg/kg, respectively. While those of lead and cadmium found
in dry tea leaves ranged from 0.01 — 4.27 mg/kg to 0.02 — 0.23 mg/kg, respectively. As for dry seaweeds,
the amount of lead, cadmium, mercury and arsenic were 0.01 — 1.0, 0.41 — 4.50, 0.012 — 0.03 and 6.12 — 29.6
mg/kg, respectively. The levels of lead contaminated in some dry tea leaves (37.5%) were higher than
the regulatory limit and all dry seaweeds (100%) contaminated with arsenic was also higher than the
regulatory limit. The contamination level of cadmium in food has not been regulated in Thailand. There-
fore, the relevant government agencies should consider the restriction measures and International trade
barriers for the import of contaminated food products. Dry tea leaves and dry seaweeds should not be
consumed in a large amount with a long period of time in order to avoid adverse effects on consumer
health.

Keywords: Heavy metal, Imported food product, Palm seed in syrup, Dried seaweed, Dried tea leave
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su MARS X wiadasiuas CEM winngagunsaldmiudandadadglulasinm, wiawwd class A,

MONNFANNTUUITIS ToreiIad il PE, n5zaunsad Whatman No.1

GRRIYG

n5alUASNIINGY 65% (Suprapur grade) WanAMIaad Merck, asavana Palladium nitrate
ANULNLIU 10,000 HAANSH/BNT HANNMIYBY Perkin Elmer, §158za08 Magnesium nitrate ANy
10,000 Nadn5N/805 WANAMIYBY Perkin Elmer, 1582818 Ammonium phosphate ANMANIU 10%
NanNa9uee Perkin Elmer, Potassium iodide, AR Grade udnnouiuae Carlo Erba, Ascorbic acid,
AR Grade HanAmM9i2d4 Ajax, Sodium borohydride, AR Grade wWanAM%2a9 Sigma Aldrich,
Hydrochloric acid, AR Grade KanAMs2a9 Merck, Sodium hydroxide, AR Grade wannawizas Carlo
Erba, Jm%qw'ﬁfqmmwgq (Ultrapure water) NNIA304 Pure Lab udadasiuns ELGA

13316551
A199LAENINTFIUAITAY ANNANTY 1,000 FadTN/G0T WAAAMIYEY Perkin Elmer,
9TMENINTTIULAATLN ANNANAU 1,000 HOANTN/805 NANNUIWEN Perkin Elmer, s58za8aa351u

UaME ANNNTY 1,000 F9ANTN/30T HANAMIVDY Perkin Elmer
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NILHIINEITALAILINAIFIUEMIUNTININATZIU

W38Na I8z stock standard solution lag@aaNMIazaIBINAITIU WY WAALTEN Loy
wamila hlenudnduzasarsny 10 lulasnsu/fiaddns uaailien 0.1 lulasndu/addns wazunamils
10 lulasnsu/diadans Tunsaluasn 0.1%

(W NEsazae stock standard solution ﬁmﬁm%qm%mquq lossazarsinasgiu dmsu
NI HaNuEiuLesa sy o, 1.0, 2.5, 5.0, 7.5 Uaz 10.0 WlANN/E03, wAAEBNINAY
0, 0.8, 1.0, 1.5 4@z 2.0 WIATNTN/BAS, wWIIMTFIYNAY 0.03, 0.05,0.1,0.2, 0.3 Uaz0.6 INIATATN/BMT

EGRIG R
1935105571 AOAC official method of analysis (2012)®

NILHITNAIDEN

Faghathainiuadudiodendulszanm 2 3y Tuiinthwiniiuiveu Tdlu tetrafluoromethane
(TFM) vessel tHunsaluasndadulsanas 4 iadans Uanh vessel Usenauhgadmiumsdasaas
Gi"aﬂﬂé’ulu‘[mnwLmuwummﬁug{q Thrhesssdassanslulasnn vhnmsdeasasaisieine Microwave
digestion #nzmstdas eaudadlumsed 2 wdndassansEsa 1Ja'aﬂﬁqlﬂﬁtﬁﬂnélﬁmqmwgﬁﬁm
measazmeadlu volumetric flask 21u1@ 25 fiada0s USuUGnasdmhuigniammmngs nsdinsazmegu
WeghannsasEnunsEmEnsas Whatman No.1 lassazanela smntmhasazaadiadhaluiieszed
Ysnaansny uaaiiiey uazusenila daemaiin FIAS-AAS, GFAAS waz FAAS muaau lasdian1is
YaemInagavasasuaacaiin seuandlumsed 3

MstesanaIsazars Method blank
FBLOSHNBULREINUMSIATINAIDEN Ue LNHOIDENT AILFNILUNTIND 2 waz 3

MIMIUANAUNIN
1) Aaummsienskazaeslsuniasiialaansm Sensitivity check lWladaanunanaguunas
Ay v v ' ' LAY oa a P v a4
Hinunldnagage uazlae absorbance agludi +20% wasmiguaneiaiianvuali w3ssdunminzay
A v a P
nazldmsasiadwneviaslu
2) AUMNMINTINVIATIEH
- NadauMaelaev blank samples S988z 10 YpNAIBENNILATIEH A1 absorbance
Malanasliiiue IDL (Instrument Detection Limit)
- Duplicate samples 58882 10 289628 NIATIEH @1 %RPD aglaitiu 5%
- Spike samples 508z 10 28960ENNIATIEN M %Recovery davagludie 80-110
- SEWINMIATINIATEAMIN QC check @1 %Recovery favagluzn 90-110
Vo a £ v v v 'K '
3) MandseandsanuFuwus (r) 209n1nINasIueeelitaani 0.9950
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MINA 2 Msmuuaan zmsdesamemagnmeaiatlulasnnuuunuaNaug

. . . . Holding time
Stage Power (watt) Time (minute) Pressure (Psi) Temp (°C) )
(minute)
1 600 3.00 400 150 3.00
2 600 20.00 400 180 15.00

I 3 dzmInadautinaIeNeiUsnam Iy uaaien wazswinnila deneila FIAS-AAS,
GFAAS uaz FAAS

e a1vy (FIAS-AAS) waatian (GFAAS) wnamid (FAAS)
Wavelength (nm) 193.7 228.8 279.48
Slit (nm) 0.7 0.7 0.2
Mode AA-BG AA-BG AA-BG
Lamp EDL EDL HCL
Current (mA) 380 230 20
Sample Volume 500 ul. 20 ul. 5 ml.
Conc. of standard 0.0, 1.0, 2.5, 5.0, 7.5, 0.000, 0.800, 1.000, 0.030, 0.050, 0.100,
solution 10.0 ug/L 1.500, 2.000 ug/L 0.200, 0.300, 0.600

mg/L

Pyrolysis temp. (°C) - 300 -
Atomization temp. (°C) - 1,500

ANINNAYRINITATINIATIEN

FONNOVBIMINTINZIAUAW (Limit of detection, LOD) mTuansny uaadlen wazusamile
WNAU 0.035, 0.005 WAL 0.400 NadN3N/AlanNTy MUIAU

FONNAYBIMINTIIWUEIUTINN (Limit of Quantitation, LOQ) §IMFUaINY uAMNN uae

WNIME WA 0.100, 0.010 LAE 1.000 NaANSN/ALANTN MNAIAU

nMyiAidaya

aqUnadensilinamsny  waailien wasussmila ludnudasafiofilgnluiuil 4 Seuda
senuiludimas meige mgage wesmiiisauuinesyu WisudsuammassenSinamsmy uaadsy
wazussmila ludnudazfiefifuluhahwanuisuisuiuiuds demmesauanuuandvens
mauUsUsudayamedic F-test mm‘fumaaummLmnshwaqmLaﬁ'aﬂ%mmmiwgﬁwaaa t-test

MssnsinenengasnIsunng
U 63 adun 2 W - Tguney 2564




Heavy Metals in Home-Grown Vegetables in Thailand

Lomsalai Wongchanta et al.

We

HamsAnsUSInaEsny ueaden wasuaemila ludnudazalin sIu 32 dradn NUgnluium

4 AW WIAaz 8 Mad Wuaadenduluriivain 4 @1ade wazdNuas 4 gaehe wuhUSunm

wagyaIssuyiuasaliny + 0.053 Tagasalinulunuaswininynnaiadi Usinaumdsuesuaaiiey

AU 0.013 +0.074 WUGNFATUWINANYINAY 0.047 £0.178 1n./nN. UTanauaderesusaniawny

12.155 + 28.168 WUGNGA LULIINAY 46.548+57.072 NN./NN. GIUFNLUONTINN 4

391 4 USinaensny weadien wazusmila ludnaiuadiudazaiia (slinas 32 dap8)

a1ny (un./nn.)

waatien (un./nn.)

wnanIHa (3n./nn.)

UMD Mean + SD Mean + SD Mean + SD
(min - max) (min - max) (min - max)
0 Tsiwu + 0.000 WUHBENI) 0.010 £ 0.006 46.548 + 57.072
(ldiww) (ldiwu - 0.031) (1.700 - 222.490)
VU WUHBENI) 0.100 £ 0.130 WUHBENI) 0.010 £ 0.007 6.920 + 8.058
(liwy - 0.756) (lsiwy - 0.029) (WUBENT) 1.000— 47.670)
LY Tsiwu + 0.006 WUHBENI) 0.010 £ 0.008 8.351 + 5.624
(lsiwu - wwniaeni 0.100) (laiwu - 0.033) (lsiwu- 24.700)
CONSHY Tsiwu +0.008 Taiwu + 0.001 6.269 + 6.030
(lsiwu - wwniaeni 0.100) (lsiwu - wuripani 0.010) (laiwu - 24.550)
w%nﬁwg Taiwu + 0.000 0.047 +0.178 2.925 + 1.189
(laiww) (lsiwu - 1.018) (1.130 - 5.480)
vzaie Taiwu + 0.008 0.010 +0.015 1.917+1.012
(laiwy - wutiaenh 0.100) (lsiwu - 0.069) (WUHBENI 1.000 — 5.910)
N Taiwu + 0.053 0.013 +0.074 12.155 + 28.168

(lsiwu -0.756)

(lsiwu - 1.018)

(laiwu - 222.490)

uanstisuiisudSinaasuymdsseuinaiag i ulugiaihveinivgdrauaswuinlad

ANNUANENAY (p > 0.05) dwmsulinauaadisumanlurzanuaziniuniiulugiahwainganinly

FRuaRENITEEAY (p = 0.025 Was p = 0.004) drdTnawamiawdslugzan AN wasWinainy

nnvlugmnuangeniluduaeeneitedan (p = 0.014, p = 0.013 UaT p = 0.008 MUAIAY) AILFAY

Tuensn 5

418
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= = = = I =] o v P 1 % [ 4 ] v
MINN 5 wammﬂsaumauﬂsmmmswg WAALNYN LLISLININIUT 1”@]3831QﬂLﬂUiuﬁ'NU’ma']ﬂﬂU‘lf’NLLaQ

. e . ) p-value p-value
Tanzwniin FHAM DL 2391380 Mean + S.D.
(F-test) (t-test)
GREINY 2 21UWAN Taiwu + 0.000
RNIGS Taiwu + 0.000
NULNE 21UUAN Taiwu + 0.000
— S 0.000 0.166
2LLA9 WUUDHNT 0.100 £ 0.179
Ao 21N Taiwu + 0.000
— - 0.000 0.167
2B Taiwu + 0.008
{U9IN 21UVAIN Taiwu + 0.008
— - 0.500 0.500
2LA9 Taiwu + 0.008
WINANY 4 NUmaIN Taiwu + 0.000
RNIGS Taiwu + 0.000
wz@awsr  Fiuan Taiwu + 0.008
— - 0.500 0.500
RNIGS Taiwu + 0.008
AR 2 21N WULUBYAI 0.010 + 0.004
— S 0.020 0.391
2LAY WUUBYN 0.010 £ 0.007
WU 221N WULBHAI 0.010 + 0.008
— S 0.007 0.095
2LAY WUUBYN 0.010 £ 0.004
BN 221%an WULAYAI 0.010 £ 0.010
— - 0.000 0.025
RNIGS Tainu + 0.000
AOAISHTY ARNNAIN Taiwu + 0.001
— - 0.000 0.004
RNIGS Taiwu + 0.000
WINUNY 221N 0.082 £ 0.250
— 0.000 0.138
2L 0.011 £ 0.007
wr@awse  Auman 0.014 +0.019
— S 0.000 0.057
RN IG WUUBYNI 0.010 £ 0.005
waamild | 2291%ann 44.734 £ 54.489
— 0.327 0.430
RN I 48.362 + 61.282
WU 2291%ann 8.512+11.113
— 0.000 0.139
2L 5.329 + 2.300
HeaN 2291%ann 10.546 £ 6.740
— 0.002 0.014
ENIGN 6.156 + 3.106
CRATSHTY FRNUNN 8.660 % 7.586
— 0.000 0.013
ENIGN 3.878 + 2.326
WSNIVY BN 3.438 +1.438
— 0.000 0.008
FENIGN 2.413 + 0.540
ye@awsr  29uvian 2.002 £ 1.320
— 0.002 0.323
i NIGN] 1.833+0.599
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a 4
AU

mafuiahudacyiio niieas 2 50U A HUASIN 1 Trashviann {ODUNGAIMBU-EUNAN W.F. 2559
WazA3ITl 2 e e Eu-wBMAN W.A. 2560 a1 liraandasiUTaLivaswaIngmargniisudasiio
danadanamwanidiagafiiu Tosfidadanandmaaiumaiifuludihwannazionelvn auysol
Tunsiidhageiisumaiiiuluhudadinnedn fddlindoufuin wudndussan ashivansansau
Tughaihman udasuansanluziauds limaiudeislusauusnlamaeszanluud Fandlilduslaa
mafudedlugrhwen Wullmudaduiivguinludggluasiansszdnlonsniinuasa sy
suanslnagunanhmssnsuasiudiouludunedon Gwamsdnnildienuseandauilaibauiioy
NUUTEMANTENTNETITUHY AUUT 414 (W.6. 2563) wazA Maximum Levels for Contaminations and
Toxins in Food; Codex 2017"® fimmualiiimsundioumsaaiionludnlulsitiv 0.2 un./nn. waziniuua
TaitAu 0.05 wn./nn. wuhmstudlauuaaidisnludeisiidivluhahnanfuaiimwual 4 dess
fia shatawinavynnianiadennuasimiagnug s uasiamasdailnsnnimiauasnadiuas
gnugIni

nsuAngnmansmsuwng lae nunws odqy uazemz lammsasalinalaveninluams
U w.e. 2552-2554 wussmyluniwiUinanisani 0.027-0.148 un./nn. uazuaalenluiinayulns
wazfiniiasdiu taend 0.001-0.226 un./nn.? awSsuisuiuwemsdnmnuGinumsnyludiumeiaz
fuagluzdnanaliny -0.756 n./nn.  Vsmnaweadisuludnauesiduly sduwasuaildaglug
asaliwy -1.018 un./nn. FMgegageniildineimsdnumnluil w.a. 2552-2554 Enifas

mtuidlourasmsmyueadisnuasnmildluiisdniuiumsuuiausasdonsniinludunedew
o luthuazluduiiieldlumswdadule Saiteadoduq wdanuansalumsgetulansniinuesiy
wiazaiiods MenuwamsAnmiiieithssimauidaulavsniinludaunedon udnamsdnmniiliaanse
doulaslufsemudmsadegummaasiuilog daihluuwawslasfisudumesdaaialsameaasily

nudoumsainsiudauzaalavieniinluvinldarmsuaslssndlnalagauiaay

asu
9

msdnmisinalanzminasmyuazuaaiisnludniuinuuszdnaruainugnlunuinmliyes
Uszinalng wunawasddnamsludaumsvyuazuaadannasanuluaiaginn 6 aiialuhudn

3 ] < dy CY C% < AI v d‘ a ﬁy
ngvanamuue adnlsnmumsvuilevssslaveninludnuazamsilludsasiauGaswaiemsluiou
Taviswiinluduuazin  lasuenuaulaadaunsnaramlan lasviaaUssmalananamimvuassaulSano
Tavzntinuazansieanamees 4 lundanatnsasivamuaumsihdhdumehuszma daudszmalngdaasi
udayauTinalaveninluiggiimada g saslszma tiedszlaxilumsithsziamsdudaulavzwin
Tuawns msdadeniglvmmneiunun msllasnussgumwannmsuilaaemsnilavzUudlon uastsslani

Tumsaanansznuaamsaaandummamsneasldavithalusalssmna
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Study of Heavy Metals in Home-Grown
Vegetables in Thailand between 2016
and 2017

Lomsalai Wongchanta Wisitsak Wuthiadirek Junya Buabaan Orawan Pattanakijjarak
and Payom Norsiri
Regional Medical Sciences Center 3 Nakhonsawan, Department of Medical Sciences. Amphoe Muang

Nakhonsawan 60000, Thailand

ABSTRACT Heavy metals are toxic elements that can contaminate in environment and food chain
which potentially effect on human health. This research aimed to study the contamination of heavy
metals: arsenic, cadmium and manganese in 6 types of vegetables. Galangal and sweet potato
represented the head-rhizomes vegetables, climbing wattle and morning glory represented the stem-leaves
vegetables, and chili and eggplant represented the fruit vegetables. The samples were planted in the
areas without gold mining in North, Central, South and Northeast regions of Thailand and they were
purposive sampled. The samples were collected during flood and dry seasons between 2016 and 2017.
The AOAC official method of analysis (2012) used Absorption Spectrophotometer (AAS) was used and
the results were compared with the data of the Notification of the Ministry of Public Health No. 414 (B.E.
2563). A total of 192 samples were collected (96 samples in flood and 96 samples in dry season) and the
average quantity of arsenic and cadmium in all samples did not exceed the legal limit. The ranges
of manganese were 1.700-222.49 mg/kg in galangal, less than 1.000-47.670 mg/kg in potato,
not found - 24.700 mg/kg in climbing wattle, not found -24.550 mg/kg in morning glory, 1.13-5.480 mg/kg
in chili and less than 1.0-5.910 mg/kg in egg plant. The mean cadmium content in climbing wattle and
morning glory collected in the flood season was significantly higher than those of the dry season
(p = 0.025 and p = 0.004) and mean content of manganese in climbing wattle, morning glory and chili
collected in the flood season were significantly higher than those of the dry season (p=0.014, p=0.013
and p = 0.008, respectively). Therefore, it should have continuously monitoring of the heavy metals in

home-grown vegetables for surveillance of heavy metal contamination in the environment.

Keywords: Heavy metals, Arsenic, Cadmium, Manganese, Vegetables
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FUEINENMANTNTUNNEDN 12/1 59 NININGMFNTMIUNNE BNUNBIABN 7T 92000

4 L] Yo | = ‘J Cd U a L \ YV 1 k4 L 3 v a wva v U
unanda mslasuisdnniulinneIswenasdananafesuanaaediheld amuguiudonudumsmenn
U aaa @ =K Y £ [ wud'od a '3 v Y v W = oda I
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wnly Tudl w.a. 2562 laafiumsI e Usnasad LN uUNeINaMNaNASINNATAWBNTLTTNY NUIN 77 LA
I al o -:} v aa o .:4' v U a v J U @
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unin

mathamwdiditasuiuiueauniwesmsifadelsaildnaludagiu sunimeduiuanssy
nnaddlulsameanasglsy wulSnamsldfadmaiuanssunhiu 1 Tu 3 sasmathamuisdnaue®
Toglumsthemwsed mhiisidazmmuammanaiiaiinissensisduanseiumuudnaidemn wis
ananedfluarasdsznaudu g 1dud ssuud¥umw samsanuiuasinssuasgu fidau Famsmanw
Sidudazass Whmhisedlildehldusnasiddmiugihainniaaiede daudgaumwaasmwied
Alawity reefioaldinasidinniulinldifesusnedagihauasgldnu dmiusuansnnmsld
Semeduriuanssn wamsaneiisnedsly European Guidelines on Radiation Protection in Dental
radiology”’ wuh%sdiilama1# DNA gnvhans nanssnuiudadiunadlaslulaniihldfemsnaawus
(mutation) SIuMAlamatinLiioinn WapLaduzIS Haree3IFuiiad laifiszu threshold dose Aa wilasu
SedBinaniesiilomarnliiiauald Gonh stochastic or late effects adezianalasunansznu laud
auas danhang danlnsaad msldadtadasssiossSalildinmsliismasdnnfull mhsnuiigus
muanulaaanalumsldsedanna laun amzassunsmstlasnuduananniadsenialsand vsa ICRP
(International Commission on Radiological Protection) Ltaz‘ﬂmqmswé’wuﬂsmq}aswﬂwﬂmwﬂ ET
IAEA (International Atomic Energy Agency) lamvuua Basic Safety Standard (BSS)® Aaszahany
Toauiulinmsldsedivan 3 Usems fa 1) justification (Benefit > risk), 2) optimization (As Low as
Reasonably Achievable: ALARA) wa¢ 3) limitation (Numerical Dose Limits) Iﬂﬂﬁﬂﬁﬁﬁﬂ%ﬂ%ﬁﬁﬁlﬁ%ﬂ
NNMIUHUANUMUSIF (occupational exposure) STAennMITasy waz/viamssnmmemsunng
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Patient Entrance Dose for Intraoral Dental Radiography Siriwan Buncharat et al.
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Hudien-nuipeuy 64.9 (49.8-73.6) 3.95 (0.16-14.80) 0.3 5.7 2.1 1.9 2.7  1.143
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CR/DR 63.1(58.2-70.0) 3.56(0.53-12.43) 0.3 4.6 1.9 1.8 2.2  1.019

ABLHG) wuuildy 62 @389, wuu CR/DR 15 1@589

311 3 mmameiianldmamwiiduazUsinassdmeliasaularanniluwiamnungaavy aaddsanenina

wazAdinluNuNTININA Wnge uazaga U w.a. 2562 iaunul w.q. 2560

i kV mAs US1Nsad (mGy)
2 U
mean (range) mean (range) min max mean median Q3 S.D.
Wumhuu 2560 66.5(53.0-76.9) 3.29(0.63-8.64) 0.3 3.7 1.8 1.8 2.5 0.824
2562 65.0(50.1-75.7) 3.16(0.12-12.20) 0.3 4.6 1.6 1.5 2.0 0.873
Wunhana 2560 66.7(53.0-76.9) 2.74(0.63-7.03) 0.3 3.0 1.5 1.3 2.1 0.684
2562 65.3(50.3-77.8) 2.53(0.08-9.80) 0.2 3.7 1.3 1.2 1.7 0.707
ﬁunﬁm—nswﬁaﬂuu 2560 66.5(53.0-76.9) 4.34(0.77-10.65) 0.5 5.9 2.5 2.1 3.5 1.337
2562 64.9(49.8-73.6) 3.95(0.16-14.80) 0.3 5.7 2.1 1.9 2.7 1.143
ﬂmﬁm—nsmﬁaﬂaﬁq 2560 66.5(53.0-76.9) 3.36(0.77-8.64) 0.5 4.2 1.9 1.8 2.5 0.864
2562 65.2(50.0-75.7) 3.24(0.12-12.60) 0.3 4.6 1.7 1.6 2.2 0.852
NunNUY 2560 66.5(53.0-76.9) 5.54(1.21-12.26) 0.9 7.4 3.2 2.9 4.3 1.602
2562 65.1(53.4-73.4) 5.21(0.18-19.60) 0.4 7.2 2.8 2.4 3.6 1.449
WunsIma 2560 66.6(53.0-76.9) 4.21(1.02-10.64) 0.9 4.6 2.3 2.2 3.1 1.005
2562 65.2(53.4-74.6) 4.11(0.16-15.20) 0.3 5.4 2.1 2.0 2.6 1.050
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Patient Entrance Dose for Intraoral Dental Radiography Siriwan Buncharat et al.
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Patient Entrance Dose for Intraoral Dental Radiography Siriwan Buncharat et al.
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Patient Entrance Dose for Intraoral Dental Radiography Siriwan Buncharat et al.

Patient Entrance Dose for Intraoral
Dental Radiography in Trang,

Phatthalung and Satun Provinces

Siriwan Buncharat Suchawalee Chuamahawan Jeeraporn Songkow Sirikwan Yewhiang
Regional Medical Sciences Center 12/1 Trang, Department of Medical Sciences, Amphoe Muang,
Trang 92000, Thailand

ABSTRACT High radiation dose can induce radiation hazard to patient, so the radiology technician
should consider for the minimum dose to get the best result of radiography. In 2017, the Regional
Medical Sciences Center 12/1 Trang (RMSC 12/1 Trang) studied radiation dose used for dental
radiography in Trang, Phatthalung and Satun provinces and compared to the Diagnostic Reference
Levels (DRLs) of the Department of Medical Sciences (DMSc). The doses were measured at
open-end cone, called Patient Entrance Dose (PED). The exposure techniques were set for 6 dental
areas, those included maxillary incisor, mandible incisor, maxillary canine-premolar, mandible
canine-premolar, maxillary molar and mandible molar teeth. The data were collected from 59 intra-oral
X-ray units, while 48 units were film system (81.4%) and 11 units were digital image system (18.6%).
It was found that the doses obtained from the 6 dental areas were 2.5, 2.1, 3.5, 2.5, 4.3 and 3.1 mGy,
respectively. These results were higher than those of the Diagnostic Reference Levels (DRLs) issued by
DMSc which were 2.3, 1.9, 3.1, 2.4, 4.0 and 3.1 mGy, respectively. Hence, the RMSC 12/1 Trang informed
the relevant hospitals and clinics to adjust the proper exposure techniques to reduce radiation doses.
The study was carried out again in 2019 and the data were recorded from 77 intra-oral X-ray units: 62
units were film system (80.5%) and 15 units were digital image system (19.5% ). The doses obtained from
the 6 dental areas were 2.0, 1.7, 2.7, 2.2, 3.6 and 2.6 mGy, respectively. Obviously, these data were
lower than the doses obtained in 2017 and the DRLs issued by DMSc. In conclusion, the PED could be

reduced by using the corrected exposure techniques and the digital image system might also use less dose.

Keyword: Diagnostic reference levels, Diagnostic radiography, Dental radiography
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Study of Nonconformities According to
ISO/IEC 17205 and ISO 15189 from
Auditing in Regional Medical Science

Center 3 Nakhonsawan, 2016-2020

Parichat Kanyaboon and Lomsalai Wongchanta
Regional Medical Sciences Center 3, Nakhonsawan, Department of Medical Sciences, Amphoe Muang,
Nakhonsawan 60000, Thailand

ABSTRACT Internal audit and evaluation on laboratory capacity by external auditors are important
parts of surveillance, monitoring and evaluation process of laboratory quality. The objective of this study
was to explore the weaknesses and challenges of the nonconformities (NCs) of the Regional Medical
Science Center 3 Nakhonsawan. The evaluation was conducted by gathering information on the NCs of
5 laboratories between 2016 and 2020. Data were classified according to ISO/IEC 17025 and ISO 15189
requirements, and then were analyzed and reported as percentage, frequency and the causes of
challenges. There were 318 NCs obtained from 5 laboratories performing 777 tests. Among these, 233 NCs
did not comply with the ISO/IEC 17025 standard and 85 NCs also did not comply with the ISO 15189
standard. We found that over 80% of the top five common challenges in ISO/IEC 17025 and the ISO 15189
were about testing methods, equipment, ensuring the validity of result, document control and reporting
of results, respectively. Analysis of the causes regarding the 5M1E among the top five challenges showed
that the testing method was the most common problem. The government authority should provide the
knowledge and raise awareness among staff members in laboratories. In addition, the laboratories should
further analyze the NCs data continuously. This can be performed by using more comprehensive data
collection that cover other dimensions related to surveillance programs, which are essential parts of risk

management of laboratories and continuous improvement planning.

Keywords: ISO/IEC 17025, ISO 15189, Nonconformities (NCs)
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Development of the System for Validation
of Testing Methods

Ekalak Songtan Kanitta Phuwanartnaranubarn and Puntawit Natakul
Institute of Biological Products, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT The Institute of Biological Products (IBP) has developed a guideline for method validation
of testing methods which is imposed systemic direction into quality system creating codes, format,
protocol of planning and report of method validation of testing. Therefore, there is the same operation
that can control pre-and post-steps of method validation of testing, and it can also be the standard for
traceability. As a result, the IBP has good standard operating procedures implemented for method
validation of testing. The system has been developed for 14 years, thus the IBP has academic evidences
that can prevent errors of testing with inappropriate methods for decision making of product quality that
the disqualified products will not be released. The system will support the communication of the IBP
which is the National Control Laboratory for controlling biological products and stakeholders, such as
manufacturer and importer to understand correctly for all topics. Also, it can be useful for communication

between auditors and auditees in laboratory competency assessment.

Keywords: Method validation, Method verification, Testing method
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