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Mutations of PAH Gene in Thai Neonates

Rotjanapan Pankanjanato et al.

unin

Iﬁﬂﬂ‘ﬁamm&ﬁﬂ (phenylketonuria, PKU)
Wulsamennnanugnssuuuududas (autosomal
recessive) ﬁmsnmﬂﬁuﬁ:ﬁﬂﬁmim?\mLaulﬁﬁﬂﬁa—
azanilulansandiad (phenylalanine hydroxylase,
PAH) unnsad ﬁwaﬁﬂﬁﬁﬁL?Juiswfrlﬁawuwimsiaa
amensnaziluliiaasaniiu (phenylalanine, Phe)
Tululnls@u (tyrosine, Tyr) lewmiiaurund
[Amsazanyad Phe lusamesnniinUnd shammadl
nsaliialwgin (phenylpyruvic acid) uaznsndun3e
(oganic acid) auq Yuanluilaans ud PKU du
Tsannulaaauiraiss wannlaldSunissnm
o liiAaiagunwdeuss e1msiiarany
Taun du #n aunsdu luagils fade wuddau uia
anailumafitieaniamissnay anmela i waz
Haamedinaumuny manfidanmaasadula
nhund emsiidaudssduiasaudssduguns 7
MlvszuvdseamuazaduaaiaaNudemauazdd
Hyanunwias lsaimuldinnluauiingm (av@msal
Uszanar 1 @8 10,000) Useenalnawulaiias
(au@masniUszanat 1 ¢ia 200,000) MnetheiaIMs
fonafluduanawaddseil unndazdinsiaden
wUsIa Phe tiiamadiiaselse uazanansasuiy
Wnaediay Wy asatlaaizuiansiams
wugnssn udu nsdiigihevieauluasauai
weiilsziaduTlsail deunsusndiyasensludiom
uwngviagdemamenugmanst

Uagtiumsnusniialudszinalnesasaz 95
lasumsasanansaslse PKU laamalsewenua
MMSAUMBENEDAYBIMSAULAINEAUUNTEA
Fulden MntudensEaTUEBAWRS (dried blood
spot, DBS) a31afinsuingdraandnisunnd
N3ENINANFIIUGY MNWU Phe Tuidaaiianiv
20 H9aNSNABLAFANT (mg/dL) s niulsa
PKU luaudniien Phe enih 2 mg/dL udluse
ffulsaliguuss Phe anagiiiaaud 5 mg/dL
auly Faoramliszauladmnheaulnd unndas
Snwnmuaimsuasilasnumsiianzunsndau lag
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wulzai PAH gnasiiaddu vnwhildesnse
9zdily Phe {u Tyr losfiwaslalasluaaumasu
(tetrahydrobiopterin, BH,) Wuazesalu
magiae ulyl PAH gnasangu PAH (Gene ID:
5053) ﬁagjuuim‘[u‘[ﬁwjﬁ 12 (12 q22-24.1)
Usenauluale 13 tBnzau (exons) 2UIAANN
817 90 Alawwd (kb) Uaytulugiudaya The
PAH Mutation Analysis Consortium ﬁﬁayja
msnaneWugzesdy PAH anauthglin PKU
FuAnEeAUIINNT 520 M

malasuulasnswugnssuvdemanaawug
yoeieiidio Tesawzluszduiudififinalalng
(nucleotide) Tuanadiiue (DNA) wasuuasly
Nnndn Feadenalilusiudeamumsiaunia
fimsadulusuiiiaund Ussnuasmsnaewus
wuady wuumsmemnely (deletion) W3auWuu
AMSUnsALAY (insertion) #asiiinalalnddaud
witwatull wuuasuswaamziumia (point
mutation) Failuaisviaasuauliann
i ldlsduidquanidasuluainids
(missense mutation) ¥38lalUsAumLdn (silent
mutation) LLUULUéﬂuLﬂuiﬁawqﬂ (nonsense
mutation) MlwlalUsduduasn iy wuuiday
nsauulasna (frameshift mutation) 9I0NS
fivaunsniiinniazamelduvuliasulaasuy
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pan2evdu(transcriptional mutation) Al
HAMNANNAAUNR LUNTEUIUNITEILATIEH DL
AULEUBNDISLEUED (MRNA) a9k LiNIeunsIzi
Tsduradndlilastanizusnanaivquns
uaneaanupdu(regulatory elements) laun
Tuslaunas (promoter) touuauzas (enhancer)
uazimuriauad (cap site) tHuau®
AsasIanIeauiinnalalng (DNA
. & A A9 Y ' 44'
sequencing) Wuwmailafldaeunsvaaiiiansia
maauihealalndluusnanauladnwnvsanaims
ATIAFUMAUTIND B INFINaNEAINNTLUIUNMS
daaszidudiu DNA gnaasnsali DNA
sequencing L?Ju'i%'mmgm (gold standard) &%su
lodudunavasnnaiianiumsasadansesens
Vs . P~ A ladaa =
nMeWug DNA sequencing Aviangiaueisnilen Aa
ATlAYBIULLNLNas (Sanger sequencing) ZNNYD
Nialumsshusauieales lndlagega i 1,000
Auud (bp) wazdssnnumauinaalalnduas DNA
NagduinalmenIauTnMINUINNYBILTNMNAN
44' 4 . o < 4
Wieaanwuulwsiues (primer) uwazanduaag
nuaauiiedlalndusnatuluaudndnily
dl o L4 = =
(reference sequence) v S uiiiey
Tunsdlasramarauihedla lnanudeuudaely®®
Usznalneiimsinnaiia DNA sequencing
nlddnwlsn PKU annmsasiadiu PAH uazéiuh
a v [ l PRt YR °
endasnumandas BH, fidludzalumsmau
o = = = CAl
wpaaulEd U w.a. 2560 Insnumsdnwlugihe
4 8 wumsnanawuguesdu PAH 2 g uasiuy
6-pyrovoyl-tetrahydropterinsynthase (PTS)
(1) Q' T
2 98 59 8 JUuuu™” uagll w.a. 2564 HENU
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MsAnwanantavesdy PAH ninsnaigwug
11 3Uuvy Tueuthelsa PKU 13 518 wulil
UssAnsmwidaanieulmiund®” gudujians
ATIVAANIBNFUMWININUINLAAWNAA Tvusms
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Ans3 (guthrie) Ffudingrvvasmsnusniia
angaaud 48 laduly wazlasuunuar nadinuan
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o ' v & A A P o o v
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ac = d!
BuwnaaUnlasiund (mass spectrometry) 99N
dunsaasiatiuguarn DBS e azdreldunnd
ATARHUAZUNUNMIYUASTIEIMINLALEITY AaU
NAReilaih DBS inana DNA maauiindle lng
M35 Sanger sequencing WALILATITHANUANA
Unfiwesiiu PAH Millusvguaslse PKU lumsn

P2 wa o I o 2
Ing tiagau@msaimsnarawuguestiu PAH #009
i lFoanuuumsasnieneiaudvnsuidanglse
PKU liiiuszansanaslulusunne

MM ITUAULDYININTINAANTBIFUNIN
MSAUSALAAEDUNRAY TUSTUUFITTULNAZBIBY
UJuimMIn3nansa9 (NNSPLims) draud 1 w.e.
2554-2564 LaglEna9inan1sasIagugua Phe
Tu@Snannni 2.3 mg/dL waz Phe/Tyr snnni 2
#31AeVeeLA399 Tandem mass spectrometer
(Waters, United states) 31U 32 #2889 Faflu
DBS fwasnnmsananansasisatiulaluad
athafiuauaamail 2545°C warld3uayane
TildmagremunaninainisliUsslarianaas
frathenszauiudannsatiuldanianssuns
NTIIAANTBIFUMIWM INUINAAUVNEIAYBINTH
Inenendasmsunng w.d. 256307

maseilldsuayiannaasnssumstiessa
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16 NUENBYU 2564

1@z DBS 21nadusngugnan 3.2 108103
10y 6 1 diehluaia DNA masuaauiiszyly
lenasMAugene QIAamp DNA Blood Mini
Kit (QIAGEN, Germany)“* ladiatre DNA
Y3105 50 uL 9513d0uAMMN DNA 62835 gel
electrophoresis waz/n3aaUsinasioning
Nanodrop 2000/2000c¢c Spectrophotometers
(Thermo Scientific, United states) tAuSn®
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Mutations of PAH Gene in Thai Neonates

Rotjanapan Pankanjanato et al.

vinUinaaswugnssy Taeld primers
d1M3U 13 exons 28481 PAH aNaINNUINY
ApunIh**'® wazaunieiineadlalndvesiiu PAH
8984 (reference sequence, Ref) @u GenBank:
Accession no.NG008690.2 3In§1udays NCBI
(The National Center for Biotechnology
Information)”” dauaaslums 199 1 w3euduney
PCR master mix 289 KAPA2G Fast Multiplex
PCR Kit (KAPA Biosystems, United states) Tog
1% primer fianaudugarna 200 nM uazdagn

DNA 10ng luufjzen Usanes 25 L mu{?umauﬁizq
Tutenansmautnen® 1hisie3as Thermal cycle
(iju ProFlex PCR System, Applied Biosystems,
United states) éiy'\iqmwgﬁéuﬁ'ﬂumsﬁw PCR il
95°C 11U 3 W7l wasniuLRnUSINa DNA sh1u
35 58U Tmé’?qqmwgﬁﬁ 95°C 11U 15 31l i 60°C
WY 30 FNT wasdl 72°C 1w 45 i iaesuiia
il 72°C w1 Wi WATHIINFOUAMMNWKANN I

PCR 62875 gel electrophoresis

M3 1 Neaztdan Forward uaz Reverse primers §%3U 13 exons 28398U PAH

Primer , , Position Length Tm PCR Product
Name Sequence (5 to 3') (Ref: (bp) °C) size (bp)
NG008690.2)
1F CCTCCTGCGTCAGGACAAC 46093-111 19 59.1
1R AAAGCCACCGAGGACAGAT 46528-46 19 56.4 o
oF TGATCATTTAATTGCCCTGGA 50320-40 21 51.1
2R TGGAAAAACTGAAGCTCAGA 50790-809 20 50.9 490
3F TCTCCATTTTGTTGCGTTAGG 68392-412 21 52.8
3R AATCCCCCAAACAGTCTTCC 68841-61 21 54.8 410
4F CCGGTTTCTAAGGAAAATG 85687-705 19 47.8
4R CCAGCCCTCGTGTAAATAG 86075-93 19 52.7 o7
5F GCCCCCATTCAAAGCATT 96668-85 18 53.5
5R CCATCCTCAACTGGATGA 96883-900 18 50.9 238
6F TGAAATTCACTGTAGCAAGT 107953-72 20 48.2
6R TTCCTGGAGGAATCAACCTG 108399-418 20 54.2 468
7F TGGGAATTTACTTGATCCAGAT 110273-94 22 50.4
7R GATGGAGCAAATCTCCAGAA 110745-64 20 51.8 o2
8F GCCTTTTATGATCCCAACC 111489-507 19 50.8
8R ACCACACACCCATTTCAGGT 111852-71 20 56.8 283
9F ATGGCCAAGTACTAGGTTGG 116386-405 20 54.3
9R GGAAAGTTTCAAAGACCTGAGGGC 116565-88 24 58.5 228
10F TCATCCAGTCAAGGTGA 118910-26 17 49.1
10R ACTGGAGAATGAGTTCCC 119189-206 18 50.9 291
11F GCATTTGGGCTGTGATGTAG 119503-22 20 54.1
11R GTGTGTGCAAAGGTCAGCAT 119945-64 20 56.2 1oz
12F GCTGTTGAAGACCCTGCTCTA 122766-86 21 57.0
12R TGGAGTGGAATCTAGGAAGG 123214-33 20 53.2 47
13F TGAGGCTGTAAGCTCCTTGAA 124048-68 21 55.8
13R CTTGAATGAAGCAGGTCCC 124536-54 19 53.5 201

#HLH6: Tm = melting temperature, F = Forward primer, R = Reverse primer

L+ NSASNSNINENANFasMTUINE
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L < o e = =
mMINIIYNUDY amuWuaazmuulamaﬂma ﬁlu%'ﬁﬂl‘ﬂﬂ

sawssar dumaaule wazame

whwdadur PCR fildanyiliusanioudu
mauﬁszq’lmanmiﬁﬁufwm ExoSAP-IT PCR
Product Cleanup Reagent (Thermofisher,
United states)” NnTTh sequencing reaction
mmT"umauﬁﬁzq”lmaﬂaﬁﬁwﬁuqmﬁﬂm BigDye
Terminator v3.1 Cycle Sequencing Kit
(Thermofisher, United states)®” Tmé‘?qqmwgﬁ
Eneui 96°C 1w 1 17 7 96°C 111 10 317 71 50°C
WY 5 37 wazdl 60°C W 4 Wi 51U 25 58U
iudasualildunh liusanioutuaauiiszy
Tutenasifugainen D-Pure dye terminator
removal kit (NIMAGEN, Netherlands)®"
gamsazansdnlaildaliings 15 uL ldluwan
Jenzimmauinealalndmaaiaseuiiinalelng
aalui® 3500XL genetic analyzer (Applied
Biosystems, United states) UszananatJautiiau
seuihealalndusssatheiinneilasuiu PAH
21999N GenBank: Accession no.NG008690.2
malusunsu SeqScape version 3.0 (Applied
Biosystems, United states) Wiiauazayanie

4

d0AEINTIAN uaaeANNDZaIFULUUMSIANENUG

9

Wuhnuuazsagariasany lagunaziiaeauand
HaN 30598 uduA1 Phe Tudsy (mg/dL) ivag
ANNFNRUSIEnINgULUUMInaIeRugNasIaNY

9

waze Phe lu#su (mg/dL)

We

A1IASINTBUNINN MY PCR 01835 gel
electrophoresis 289 DNA #iafaain DBS wu
HAOA9 PCR W 13 exons 2adiiu PAH faue
mugasms dauaaslumwi 1

KamMIeNERaeuinealalng 13 exons 284
fu PAH#laan 32 dhathe wisuiieudu fiu PAH
81989Mu GenBank: Accession no.NG008690.2
WUNNEIBENTANINAIBNUS 2-5 dunie lag
fithealslnduanseluanngiu PAH 81984 17 gduuy
Fuduwvuasusiauanilaaunienasiio
homozygous mutation ttaz heterozygous mutation
wiafunsudasiaudrdouilunsaaziluga
I3 (missense mutation) 13 sUuuy Fawulu 17
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MWD 1 WAaA9 PCR M9 13 exons 2a48iu PAH lagld DNA fanaanalaga DBS

Lane1 - DNA Marker 1 kb ladder Lane 2 - PCR Product Exon-1 (454 bp)
Lane 3 - PCR Product Exon-2 (490 bp) Lane 4 - PCR Product Exon-3 (470 bp)
Lane 5 - PCR Product Exon-4 (407 bp) Lane 6 — PCR Product Exon-5 (233 bp)
Lane 7 - PCR Product Exon-6 (466 bp) Lane 8 — PCR Product Exon-7 (492 bp)
Lane 9 - PCR Product Exon-8 (383 bp) Lane 10 — PCR Product Exon-9 (223 bp)
Lane 11 — PCR Product Exon-10 (297 bp) Lane 12 — PCR Product Exon-11 (462 bp)
Lane 13 - PCR Product Exon-12 (478 bp) Lane 14 — PCR Product Exon-13 (507 bp)
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Mutations of PAH Gene in Thai Neonates Rotjanapan Pankanjanato et al.

Mutations of the Phenylalanine
Hydroxylase Gene in Thai Neonates with

Suspected Phenylketonuria

Rotjanapan Pankanjanato,’ Pawinee Innark," Maliwan Numnuan,' Thirayut Sombun,’
Supaporn Nammoonnoy,' Nuanjun Wichukchinda,” Hansa Thaisri,’

and Surakameth Mahasirimongkol'

'Medical Life Science Institute, Department of Medical Sciences, Nonthaburi 11000, Thailand

*Medical Sciences Technical Office, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Phenylketonuria (PKU) is a rare genetic disease caused by mutations of the phenylalanine
hydroxylase (PAH) gene. This gene produces an enzyme, which metabolizes phenylalanine (Phe) into
tyrosine (Tyr). Accumulation of Phe in the body leads to brain damage and mental retardation. To study
PAH mutation in PKU-suspected Thai neonates, DNA extraction and sequencing were performed using
leftover dried blood spot samples from the routine work of The Neonatal Screening Operating Centre.
We selected 32 DBS which had confirmed Phe in serum > 2.3 mg/dL and Phe/Tyr ratio > 2 (n=32).
The sequencing results showed all samples had 2-5 point mutations. From the total of 17 mutation types;
13 were missense mutations, 3 were silence mutations and 1 was a mutation at regulatory element.
Especially, missense mutations were found in 17 samples (53.12%) with Phe in serum > 5 mg/dL. Due
to the limitation of Sanger sequencing and many point mutations found, Next Generation Sequencing

(NGS) may be used for targeted gene sequencing to diagnose PKU effectively.

Keyword: Mutations, Phenylalanine hydroxylase gene, Phenylketonuria, Thai neonates
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NMINBILATNAFAUANINYNAILBTIDIATIZH
U353t 5,7-dimethoxyflavone lussanmi
NNBNNTTIIMAIEISLAsaNInns W
YAHAITNTTOULF

L =y = = g v g &JA N J = = =
quum Aslann a3IAns LuilNﬂf!a W5 A0AY ANPIZY daunas Swdiu E!ﬂ'l‘l?ft’lﬂﬁ)

JUTIY UAUNANDUNT waz @33R Feaaysalus

amvuIveayulns nsuInnemansmsunng uuny3 11000

unAnga nszAnee (Kaempferia parviflora Wall. ex Baker) figsswaalumemsunndunulng Tagldingemaa
inanssammmane gaelszuulnaSeulaiadiu wazsuitianszonzems deilasada #o 5,7-dimethoxy-
flavone (5,7-DMF) ﬁqw%(ﬁmmggaﬁasz gusnau uazenunzs lutagtiugaliiismsmuauaamweealsna
msddglumsadahnnunhngsnemn msfnniiiagussadionannuasnagauemuldlduasidinney
Uswe 5,7-DMF sl,umsaﬁ’mfwmﬂmi’mszmsﬁwé’w’iﬁ‘[mm‘[mnmﬁwmmmamsauzqq (UHPLC) 95323008
photodiode array detector nannEIAaY 264 wluwns Togldnadny ZORBAX Extend-C18 Rapid Resolution
HD (2.1x50 mm, 1.8 um) LLaxi'gmﬂLﬂélauﬁwaq (A) 0.2% glacial acetic acid °lu1fw waz (B) methanol tuu
gradient Mste3anasazmacIathalagaineleds sonicate lu methanol unm 30 il wamsanwwuIIE
Wannguienusime Sheenudluduasiienuduiudaug 0.06-0.36 mg/ml Toseduscandanduiug (r)
NN 0.999 3p8AZMIAUNGU (%recovery) BglunI 98.31-105.12 enuiigenamsvhe luiudenfuuassewing
Tneneiienieansule (%RSD <2, %RSD <4 uaz HORRAT < 2 mueav) danfamsiadusnm (LOQ)
WU 0.04 mg/ml Famsasraiensiinanniuiisinsoih WlFUssTousdlumsasiaiensvusina 5,7-DMF

tWamMUANAMMNL BN IENaNNszngmnimshihgludawndizdla

MY MINMUIBIATILA, MINATBUANNYNABIWBNIZIATIEN, 5,7-dimethoxyflavone, A15aNAIN
Wwinsenam, UHPLC

Corresponding author E-mail: sununta.s@dmsc.mail.go.th

Received: 8 December 2021 Revised: 23 September 2022 Accepted: 6 October 2022

NsasnsEInenendasMsunng
U 64 aliun 4 gmnaw - Sunay 2565




Method Development of 5,7-dimethoxyflavone Content of Black Ginger Extract Using UHPLC

Sununta Srisopon et al.

unin

nszEem adnenmans fe Kaempferia
parviflora Wall. ex Baker agﬂ.m«ff Zingibera-
ceae” #nsangy Ao Black ginger® duinihanly
UseTeooninmaen @a i Feiidnuaznan Saedanu
P fhdthena efidieseu shady auded
Wen asswaadlumeamsunngduulngldingamas
LN ENTTOMNINLNE Wuegnangiaue alwszuy
Tvadeuladinditu Fuaw utanidee uihenssne
a3 Wudu® dauaadlumwni 1

sswaiififluasdlsznaunanlusihdunes
TMENMNNINTEEIEM Ad borneol MIENALKN
nssmBemedazansiiianuiiugigs

methanol uaz ethanol wuasnau flavonoids®

"
-

~ 2
e
w.

15U 5,7-dimethoxyflavone (5,7-DMF) Zailuaad
Usenaumaeinaaa® aauaaslumnd 2 lagansil
~ 1 £ v a £ v <
Insnuniignaauayyaddse gnamuNsie lag
N30 UENNITATYYN human cervical cancer
HeLa cell line (82 human gastric adrenocar-
Q( QI 4 3
cinoma AGS cell line® gndausniau laagduss
Asuaaeaanyad iNOS, COX-2 waz Rel A
l&a) a
mRNA® gndzensvieandanuasiiuayyadase
li! Yy L = . .
Feanusatasnuenuidswieusy ischaemia-
refusion'” mumMsandULa: degranulation 284
basophilic leukemia cell 2any™® wasduds
human immunodeficiency virus type 1 (HIV-1) 1g®
k4 Q( i o % o o v
8NN INEIMNAEIAYaINTEEIEa NILA

AszEm lasumsaununam lauiiasing

MWD 1 wdhnsEmemdn

HC

HaC

i 2 laseasemaaiiaeg 5,7-dimethoxyflavone
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MINMUNIDIATIEY 5,7-dimethoxyavone TuUasaNANIEMBM @IS UHPLC

qrum aslann wazani

WHULNUNUIN AT e sWanayulng
atiufl 1 .. 2560-2564 TENTENTNNSIOUGY
waraadnImasg-tanau myvuaayulwsiddnanw
W product champion Fanszmamlasuns
dadanliiiluayulwsiihminaieduindauwnu
Fana12 0" waafuaiadueIvisnanade
Turiasaarafidiulsznavrasarsanansseege
FanndayalasamsAnlamamimsamamsana
anulwaiihvane U w.a. 2561 wuhasananszanee
Hyammsamalszana 34 Muum dnlvailszann
segaz 69 Wumsnmbeludianammnnssueuny
Tusi wasseaanmUssanusneas 24 MU
ldsgaamnssuniadaurnasuaims® duiy
nsAIVANAMMWENUINIEITEAANIZEIBA)
Fafianwandu wnzasmliguslaalasulsslond
nnmsldmgulnsuasiliiuladalssansmwild
Suea mIaneNsiUTInaEsaanluanulng
i{hAgmsmuauaamwmaeiizensld UHPLC
Failuasmaengiidanuluazanuiimeg
d1n1503Las1zdaad19ldad1992015uaz i
UszAnsmne® mafnmniFeiingussasdiilaann
warnagauanNlglevasdisnsialsinm 5,7-DMF
Tuansaterhnsznee dialildiaihidaiadismwe
wazanansoih lldlumseuanaumwaassnsane
Whnsznee

Madrasatmihnszmam

I90AUNTENEM NUIY 5 MedN Usznay
g NNTEHEMEN IIU 1 0IBEN NNUNEN
Ugn sneunde Sawiamasysel ldsumaszyie
INMans mMunanaynINIsIUNTNINFNITUINY
anulus nsudngnmansmsuwnd Tasfivanaiay
Herbarium specimen DMSC 5285 109aUna
N3EE 11U 4 e Bemnumsenanulng
luansanwumuas

MIeseNmagNNNNNTENEMEan 1o
i ingduwminssmeamannnuvaslananaauen
& 1 wezennbiuie i lusuwislugaudoud

auugil 45-50 avenaed Mnuuhinuaung
' v P < o VA v o
WAZENIULINLUDS 180 LHUMIPENNT LA LUzNALAIE
Upain MIeIeNIBENNNINYAUKINTAIEA
nlannuneenayulns Toshingdumansznee
WENULTLUDS 180 wazthulumaundmtaaiin
UeaanTeyuse Waanan wasninawuiIag
MILASLNFESANNUINTEHEA LALTIAIDEN
500 NSN @89 lUZIAUMAUNAINTUNG 4 BAT AN
AU 3.5 305 MNUUINLU reflux LaINTBIAE
ASEABNTBIUDS 4 dNAEEMS reflux 7 NUIUY
3 @39 MIREITFNAUINTLH AT NTUAIELATD
szinggaaInauazmliuieaiaissziiaas
= . < o ¥
ANNLEU (freeze drying) tAUAITENAUINTEEIY

a =

mlumedntasiniaunnil 2-8 avdgades
UpaaInseysa wraanun IBeTeN wasnnIeLaY
MedN NNUUSITENaUINTEa lUWMUIIE

Jenzvivaznagauannlglevadisaall

130103531

5,7-DMF mmu’%qw§ 99.95% (Chengdu
Biopurify Phytochemicals Ltd., China, Lot.
PRF20082101)

d13LA3

methanol (HPLC grade), 13’1’1 (ultra purified
water), glacial acetic acid (AR grade) uac
ethanol (AR grade)

l,ﬂ%imﬁauazqﬂﬂmf

\A389 UHPLC 51 1290 Infinity IT (Agilent
Technologies®, Germany), guard column %@
Eclipse XDB-C18 2u10 2.1x5 NaalNen3, 2110
aume 1.8 lulasiuns uaz Extend-C18 2110 2.1x5
NodLlAT, YUNDUNA 1.8 lalasiuns, column
%1ig ZORBAX Eclipse C18 Rapid Resolution HT
2NA 2.1x100 FAANAT, 2108UMA 1.8 [WlATNGS
oz ZORBAX Extend-C18 Rapid Resolution HD
2UNA 2.1x50 FAALNNT, 2U100YMA 1.8 INlATNAT
(Agilent®, USA), 3asdiannazidon 0.1-0.01
§aan5u (Mettler Toledo®, Switzerland),
Lﬂ%mﬁzmmji‘gmﬂﬂﬂﬂ (Eyela®, USA), gauiau
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(Memmert®, Germany), ?J'N“Lf’l’lﬂ%lau (Contherm
scientific Ltd., New Zealand), sonicator (Ney®,
ULTRA sonik™, USA), freeze dryer (Labconco®,
USA), PVDF syringe membrane filter 2116
0.22 lulAsuAs waznsEMENIBNLUDS 4

MSNAUNIDIAEH

MsANSTUUMTILATIZYITY UHPLC

dsazanaciagng wisnlasdasanain
ASEIEM (NNHNNTEHBMEN) 500 TaanN5N arane
wazdsuUSaNnsee methanol 14le 25 fadans
nIaNEIazaanIU PVDF syringe membrane filter
2109 0.22 WWlA5LAS

GRRGEGREERIZR RN wisealagi 5,7-DMF
1 99058 ararauazdsul3uNasa28 methanol
1%la 10 f8ddas nsevansazanesu PVDF syringe
membrane filter 211 0.22 lulASNAT

ANuEMAaY Anwlasihansasansanasgu
wazasazanasananszmaliienesidas
UHPLC msidanamnugnaauiiansanainanuen

= o 4 4 <
AIFNN 1 I)MOLAIDUNICUUN 1

ﬂ?{ugﬁqﬂ (Amax) lumsganauuswas 5,7-DMF
waziuildiaras 5,7-DMF fawFeuiiiauiu
asdulagldanuemaiu 264 waz 308 N Tuas
Jamawadand Anwlasiensiarsazas
nasyIuaie UHPLC 1#35gmeasiiziio ZORBAX
Eclipse XDB-C18 Rapid Resolution HT 2u1a
2.1x100 Nad~T 2WeaYMaA 1.8 lulaswes Igme
waeUTiLUY gradient loun 0.29% glacial acetic acid
Tuih waz methanol MsGaFUNAIATILERNTON
90 tailing factor s lgdnamsdensisoudiau
SEWINANMNITNT UL glacial acetic acid 7
UONENNY mnﬁ?uﬁwmsazmﬂmmgmua:msaxmﬂ
asananszmeeluiensd wWisudisuna
msfAnmsznigmawaeuiiuuy gradient 289
0.2% glacial acetic acid 11413,1 W&z methanol 52UUT 1
gawaaslumead 1 uazszuuii 2 daudaslumened 2
MIAATUNIATILHNNITAUNIN resolution
Fgaaaedi dnwlasiasziaisazas
mmgwuuasmiazmﬂé’aazhamiaﬁ'mfwnszmﬂdw

o8 UHPLC wSgutiisunanisitasieisening

Time (minute) 0.2% Glacial acetic acid in water Methanol

(%) (%)

0 45 55

1 45 55

7 15 85

8 15 85

11 45 55

12 45 55

@151ﬁﬁ 2 %aﬂﬁﬂtﬂgauﬁ§$UUﬁ 2
0.2% Glacial acetic acid in water Methanol
Time (minute)

(%) (%)

0 50 50

1 50 50

9 15 85

10 15 85

13 50 50

15 50 50
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qrum aslann wazani

Spmeasiitiisnunzasaymamslunandedu
Teun Smaneiiziin ZORBAX Eclipse XDB-C18
Rapid Resolution HT 2u19 2.1x100 NaalN®T
anaayma 1.8 lulaswes 1¥gmaindaud
szuUil 2 dauaaslumsad 2 Auigmensiiziie
ZORBAX Extend-C18 Rapid Resolution HD
YUNA 2.1x50 NABLNAT 2UINBYNA 1.8 IulATLuns
I#gmaedaufiszuus 3 aauaaslumsed s
MIAATUNBILAIIZHNIITUIAIN resolution
Waz tailing factor MndudnwL3auiisuna
msvudadizasigmanisuiissninessuui 3
Gauaadlumseil 3 wazszuudl 4 dauaaslumsai 4
e lwiimsueniiady madadunadenzdiinsan

A0 resolution e tailing factor

AIINN 3 INMALPFaUNTZUUN 3

msanwtarslunsieSandrisazaramniatreds
anmhnsyamanAe e 5,7-DMF

Fipuasdnnazaty FansanatnsEanm
500 HaANITN AN Bz ethanol %38 methanol
20 #aaan5 1l reflux WU 30 N AR
ASEMENTBIUDS 4 udsuveasazaaliuane
Lﬂ'%'mszmaqnumunmﬂ NntuaransuaziuUsINgs
MeMINazae methanol Lile 25 Hadans nIas
d1vazaraniy PVDF syringe membrane filter
2109 0.22 WlAswns waih lWiweiere UHPLC
wazlSauiaunamsIasIzi

S2HLAIMTANA FIENSANATNNTEABEM 500
085N LHNAINAza8 methanol 20 Hadans 1l
reflux WU 30 N ¥ID 60 WIN NIBINIUNTZAIE

Time (minute) 0.2% Glacial acetic acid in water Methanol
(%) (%)
0 50 =0
0.5 50 50
> 25 75
6 25 75
7 50 50
° 50 50
Gl'l'i']ﬂﬁl 4 %{]ﬂﬂﬂLﬂ‘é}au‘ﬁ'i:‘JUUﬁ 4
Time (minute) 0.2% Glacial acetic acid in water Methanol
(%) (%)
0 50 50
0.5 50 =
7 25 -
8 25 5
9 50 50
10 50 .
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n589U85 4 uaU5uUSINAIa28 methanol liile
25 fiadans Nntunsasansazaeilathy PVDF
membrane filter 2110 0.22 lulaswwas W ly
Iezvions UHPLC wasilSauiiaunamsie sz

38015870 FIESIRAUINTEMBET 500
108051 1Hn methanol 20 #addns W lU reflux
1Y 30 W NTBIENIUNTEANBATBIUBS 4 wazUSu
U33N05@78 methanol 1¥ld 50 fiadans aniu
nsavEsazaailary PVDF membrane filter
2110 0.22 Wlasas ldiwseviens UHPLC
WlsuilauRuanas de Fiensanannsznam 500
188n5% AN methanol 40 {93805 111U sonicate
30 il slifaamgiivias USuUSanasde methanol
18le 50 fiadans ntunsasasazarsilanii
PVDF membrane filter 2119 0.22 ulasiuas
uanh lUieeiars UHPLC wazilSauliisuna

MIIAEA

msnagauaNultlaraditinsey

ANNNLINE (specificity)
AANZANTALENINITTIULIZATALAIYES

afmhnsznames UHPLC ud3suiisunanas

UV spectrum uazmsiudlauaasansay

anuiudunse (linearity)

%’qmsmmgm 5,7-DMF 60 §adn5u azae
wazdSuUSnsme methanol 14la 100 Hadans
16 stock standard solution mﬂﬁy’um'%ﬂumsazmﬂ
NA3FIU 6 szauANNENY IaeTliue stock standard
solution MUIU 1, 2, 3, 4, 5 UL 6 NADANT MNSIAU
l@aauazUSuUSn105028 methanol lvla 10
Nadans

MIIATIZA sample blank il sample
blank 500 Hadn5u (7 52?1) (®8 methanol 40 Nadan3
1l sonicate 30 il Mel3liduiigamgivas
USuU3u105078 methanol AaUASU 50 NWadans
nsavEsazanailary PVDF membrane filter
2109 0.22 lulasuns uanh lAeneias UHPLC
lossaraaanasgriuanudusu 0.06, 0.12, 0.18,

0.24, 0.30 WAZ 0.36 NOANINADNANANT MNNAU

M5815NTHANENFFATANTUWNE
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nsmmiazmﬂﬁlﬁmu PVDF membrane filter
219 0.22 lulaswns uanhluiwniars UHPLC
Togdimneienaudnduas 3 91 aennnanasg
SEWINANNTNTY (LAY X) AU peak area (LAY y)
fnsanenuiluduaswesheiivhmsnagauanne
éﬁlﬂixaﬂgawﬁ’mﬁluﬁ (correlation coefficient, r)
maulszanamssadula (coefficient of determi-
nation, R?) uas residual plot lagtnasinmsaansu
AN UUEUNTI AD T > 0.99"Y, R? > 0.99 UaT re-
sidual plot filannwacwasa N U nauas
AMANNENTUUIZINN (y-residual) BBINNITEAU

ANNNTUINMINTENEITOU °) Angud”®

ANNWNU (accuracy)

n51@388 sample blank 1hansanain
ASEANEEING 5 1pEe IAeEHZIN 5,7-DMF
TogaansanaInnsz2nee 500 Aaan3a i methanol
40 fiadans U sonicate 30 Wit Hal3leiiEud
auuivian USul3mnasas methanol Tvla 50
{89805 n3e9asazaneR lathy PVDF membrane
filter 2110 0.22 lulaswas waludesed
oea UHPLC wuu triplicate LAL DALY BINE
JANLHleeMUIUANNINTUYBY 5,7-DMF luans
aAAINsENEAIIN calibration curve mvualy
thasheiifiu3ana 5,7-DMF vasfigailu sample
blank Tasmuralsinaiasazlaginvinyes
5,7-DMF 91ngnseail

ANNNYY (mg/ml) x dilution factor x 100

%W /W = P
1NN (mg)

M5IANLY spiked sample lagdnansazans
MOIFIUANNANTY 0.04, 0.08 UWAZ 0.12 NAANTN
daiiaasns atlu sample blank vhanlundazszau
AN AnuETTuRE 6 9 udnhludenew
¢ne UHPLC

N5t analyte Mlagdasieiars
MNATTIUIN 3 SERUANNTNTY ¢ UHPLC fund
AN NTRAEY89 5,7-DMF 90 calibration curve

MNFATNITAIUIN LNUIINITEBNTUANNYNG DY
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qrum aslann wazani

acia o A ¥V = L
BNIDILPTIZY PD IDYISVNNITAUNAU (%recovery)

agluresasaz 95-105"

(C -C)
C

3

%recovery = x 100

C i anuETuiisalauessnsly spiked
sample

C, #a e e lauassnsly unspiked
sample

C  @p eNNENAUABNENITNITFIUNLAN

3

ANMLies (precision)

ALY BINTNIUT (repeatability)®
"3LﬂswﬁmiaﬁmﬁmsxmmﬁﬁLaumsmmgm
ANLTNAY 0.04, 0.08 WAL 0.12 NAANTNGD

a

finaans stauaMNENTUaz 79 Tagdanzimely
MWLHBINUMEUNIATILA 1 AU AUIUSDEFZUB
duﬁmwummgmé’uﬁwé (%RSD)

ANULREIDIN TN (within laboratory
reproducibility )" SATIERENSER AN ASEAN N
FANNTINATTIUANMENTY 0.04, 0.08 WAz 0.12
faanSudafiadans seaUANNENTUAL 7 91
TaginItes1ed 2 Au Ies1zszazian 2 U
AurndesazeeeadavuunasgIudNng
(%RSD)

Usziliuan Horwitz’s equation ez HORRAT
Wnawinseansy #a HORRAT < 2%

AennanIIadaUsana (limit of quantitation,
LOQ)

Uszana@r LOQ a1n calibration curve
31A91¢% sample blank (7 sz?”u) a1n§utm§au spiked
sample lagLinasazaaNNITIUANNINIUYNIAY
muszanawes LOQ aslu sample blank (6 ﬁgw)
Jwnnzdenuduturesssmasgufipuacluly
sample blank (2 7)) AN N NTUYD
5,7-DMF lu@1aghean calibration curve &y
LOQ TagUseiiiumanuusiume g%recovery Wag
Usziiiudanuiisedas %RSD

We

PINWNINITANBIVBINITWAHUIIDILATIEA
Uswa 5,7-DMF Tussafatinsema wudh
anueeauililunsasiaieszy 5,7-DMF
mmia@ﬂﬂﬁuLL&Qlﬁ'@qqmﬁﬂ'swuﬂwaﬂﬁu 264 Ua
308 nm Wadenzdasanainnsenamuaziarsen
chromatogram wuiwmmmm?{uﬁmmzau
Ao 264 wluwes saudaslumnd 3

Wadnwmsuiiisuigmadsuil lae
'3Lﬂswﬁmsmmgmu,a::miaﬁ'mfmszmﬂGhiszw
SYUUR 1 AUSEUUR 2 Wudh resolution iy 1.234
uaz 1.347 NGy eeudaslumsed 1 uaz 2
AneinManefisznin column 2 #iia wuiield
ZORBAX Eclipse XDB-C18 Rapid Resolution HT
2NA 2.1x100 FadNAT 2NAaYMA 1.8 Iulasiues
igmmﬂ'é'auﬁizuuﬁ 2 16 resolution was tailing
factor WA 1.347 uaz 1.362 muaeu luwaeild
ZORBAX Extend-C18 Rapid Resolution HD
2INQ 2.1x50 FAALNNT 200YMA 1.8 [WlATINGS
Samewnaeuiiszuud 3 16 resolution uaz tailing
factor WU 3.054 W8 1.130 MwEeU tilaUSudadiu
vavigmenasuilasld column #in ZORBAX
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MINMUNIDIATIEY 5,7-dimethoxyavone TuUasaNANIEMBM @IS UHPLC
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MINMUNIDIATIEY 5,7-dimethoxyavone TuUasaNANIEMBM @IS UHPLC

qrum aslann wazani

DAD1B,Sig=264.0,4.0 Ref=360.0,100.0
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Method Development of 5,7-dimethoxyflavone Content of Black Ginger Extract Using UHPLC  Sununta Srisopon et al.

Calibration curve of 5,7-dimethoxyflavone
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MINMUNIDIATIEY 5,7-dimethoxyavone TuUasaNANIEMBM @IS UHPLC

gum a3lanm wasanue

51N 7 WaMsNaFauANNElazaidienelaguaasnnuusiu (accuracy) wazANNLes (precision)

Accuracy Precision
Sample Spike (n =6) (n=17)
blank sample Repeatability Reproducibility
(mg/ml)  (mg/ml)  *Recovery’ within day” within laboratory®
(mean+SD)
%RSD HORRAT %»RSD  HORRAT
0.0976 0.14 105.12+1.49 1.14 0.70 3.80 0.18
0.17 98.31+0.82 1.11 0.42 3.67 0.89
0.21 99.07+£0.52 1.07 0.40 3.55 0.78

aTINMseaNsumMN AOAC guildline™”

“Accuracy: %recovery = 95-105%

"Precision: repeatability; %RSD < 2 and HORRAT = 0.5-2
‘Precision: within laboratory reproducibility; %RSD < 4 and HORRAT = 0.5-2
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Method Development and Validation of
5,7-Dimethoxyflavone Content of Black
Ginger Rhizome Aqueous Extract
Using Ultra High Performance Liquid
Chromatography

Sununta Srisopon, Somchit Niumsakul, Nawarat Chadchen, Sakwichai Ontong,
Tissanin Supachaiyakit, Somchai Sanlaung-in, and Siriwan Chaisomboonpan

Medicinal Plant Research Institute, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Black ginger rhizomes (Kaempferia parviflora Wall. ex Baker) are used for tonic,
erectile dysfunction aid, blood circulation system improvement, and antispasmodic in Thai traditional
medicine. The major constituent, 5,7-dimethoxyflavone (5,7-DMF), was reported as antioxidant,
anti-inflammation and anti-cancer. Until now, the quantitative determination of black ginger rhizomes
aqueous extract has not been specified. The objective of this study was to develop and validate
method to analyze the content of 5,7-DMF in the extract using ultra high performance liquid
chromatography (UHPLC), detected at 264 nm. The stationary phase was ZORBAX Extend-C18
Rapid Resolution HD (2.1x50 mm, 1.8 um). The mobile phase was the mixture of 0.2% glacial
acetic acid in water and methanol as a gradient system. The sample was prepared by sonication
with methanol for 30 minutes. As a result, this method was specifi c. The linearity was shown between
0.06-0.36 mg/ml with r > 0.999. The %recovery was 98.31-105.12. The precision repeatability within day
and reproducibility within laboratory, were acceptable with %RSD < 2 and %RSD < 4 (HORRAT
< 2), respectively. The limit of quantitation (LOQ) was equal to 0.04 mg/ml. Therefore, the method can
be used for determination of 5,7-DMF content for the quality control of black ginger rhizomes aqueous

extracts which are commercially available.

Keywords: Method development, Method validation, 5,7-dimethoxyflavone, Black ginger rhizomes
aqueous extract, UHPLC
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Effects of Distance and Radiation Dose
Scattering from Mobile X-ray Machines

used in Hospitals in Bangkok, Samut
Sakhon, and the 4™ Health Service Area

Surachai Tuidung and Supaporn Saard

Bureau of Radiation and Medical Devices, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Mobile X-ray machines are used to take pictures of immobile patients, which has
amount of radiation exposure depends on the radiographic time, distance and technical settings.
If the scatteredness of radiation is high, it will affect the health of the radiation recipient.
The objective of this study was to study the effect of distance on the degree of scatteredness of
radiation doses and the scatteredness characteristics at 80 kVp and 32 mAs of radiographic setting.
The study was carried out among mobile X-ray machines used in hospitals in Bangkok and 6 provinces
in the 4™ Health Service Area and Samut Sakhon province in the 5 Health Service Area, with a total
of 83 X-ray machines (7 brands, 15 models) with a fixed radiographic technique value of 80 kVp and 32
mAs. The tested mobile X-ray machines had degree of scatteredness (mean+SD) at a distance of 1 meter
ranged from 2,100+1,253 uSv/hr to 11,500+9,192 uSv/hr, and when tested at a distance of 2 meters, the
degree of scatteredness was reduced to the range of 800+0 uSv/hr to 2,940+3,624 uSv/hr, while the tests
at 3, 4 and 5 meters showed a significant decrease in degree of scatteredness, which were in the range of
256+0 uSv/hr to 1,278+1,021 uSv/hr, 131+78 uSv/hr to 719+575 uSv/hr and 84+50 uSv/hr to 449+387
uSv/hr, respectively. When comparing the degree of scatteredness with the measured distance, the results
showed that the degree of scatteredness decreased with the distance measured in all machines, and the
degree of scatteredness had an exponential reduction pattern. The results also pointed out that at a
distance of 2 meters or more, the scatteredness value did not exceed the individual dose limit for radiation
workers. In conclusion, the mobile X-ray operation should be carried out at least 2 meters away from
the X-ray machine. However, the distance from the X-ray machine should be as far as possible when

performing imaging work with any mobile X-ray machines.

Keywords: Mobile X-ray machine, Scatter radiation, Distance
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