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ABSTRACT For the prevention and control of Down syndrome and other chromosomal disorders, laboratory
procedures for prenatal diagnosis should be established for high-risk pregnancies. A rapid molecular
karyotyping assay, BACs-on-Beads (BoBs™), has been developed for diagnosis of Down syndrome and
common aneuploidies of chromosomes 13, 18, X and Y as well as nine microdeletion/microduplication
syndromes. The study evaluated the performance of BoBs™ assay for prenatal diagnosis of Down
syndrome and other chromosomal disorders in amniotic fluid samples (n = 1,004 ) obtained via amniocentesis
between the 15" and 22" weeks of gestation in comparison with the gold standard conventional karyotyping.
Interpretable results were obtained with BoBs"™" assay in detection of 26 chromosome abnormalities comprising
23 aneuploidies (Down syndrome, n =10; Edwards syndrome, n =7; Klinefelter syndrome, n =1; Patau
syndrome, n=1; Triple X syndrome, n=1; and Turner syndrome n=3) with 100% agreement with
conventional karyotyping and three cases of microdeletion/microduplication syndromes [22q11.2 microdeletion
(DiGeorge syndrome), n=1 and 22q11.2 microduplication, n = 2] missed by conventional karyotyping.
The assay has been implemented for prenatal diagnosis service at the National Institute of Health according
to ISO 15189:2012. In conclusion, molecular BoBs™ assay provides a rapid and reliable method for detection
of common aneuploidies and microdeletion/microduplication syndromes in uncultured prenatal samples
and should be helpful in the prevention and control of Down syndrome and other chromosomal disorders

in the country.

Keywords: Chromosomal disorders, Down syndrome, Microdeletion/microduplication syndromes,

Molecular karyotyping, Prenatal diagnosis

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

Received: 25 November 2021 Revised: 1 Feburaury 2022 Accepted: 28 Feburaury 2022

NsasnsEInenenaasmMsunng
T 64 20U 1 ¥NTAN - TAN 2565 ©




Prenatal Diagnosis of Down Syndrome and Common Chromosomal Disorders

Siripakorn Sangkitporn et al.

Introduction

Down syndrome is one of the most common
genetic birth defects caused by presence of all or
part of a third copy of chromosome 21. The World
Health Organization (WHO) predicts Down
syndrome prevalence to range from 1 in 1,000
to 1 in 1,100 live births worldwide.””’ Children
with Down syndrome usually have a wide range
of intellectual impairment accompanied by
a variety of congenital anomalies and delayed
growth, which require special care in monitoring
and treatment of several physiological systems.*®

The rate of live births with Down syndrome
increases with maternal age: 0.61-1.46, 4.58,
15.7, and 33.50 per 1,000 births for mothers
aged <35, 35—-39, 40—44, and 45-49 years,
respectively;” however, the majority of children
with Down syndrome are born to mothers
aged < 35.°7' National public policies including
additional financial and welfare support are
recommended to provide adequate antenatal
care for mothers and reduce economic burden
of lifelong medical care for offspring with Down
syndrome."”

Appropriate laboratory procedures for
prenatal screening and diagnosis are required
in programs for prevention and control of
Down and other syndromes of chromosomal
abnormalities. Screening tests should be carried
out based on maternal age, ultrasound for
measurement of nuchal translucency, serum
assays and non-invasive prenatal tests."'™"
Pregnant women with high risk of having fetus
with Down and other chromosomal abnormality
syndromes are usually offered prenatal diagnosis,
which consists of fetal karyotyping to analyze
numerical and structural changes of all

observed chromosomes and is considered the
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gold standard."” The advantage of this type of
karyotyping is that both imbalanced as well as
balanced chromosome aberrations are detectable,
but suffers from several disadvantages, such as
requirement of specialized technique, lengthy
duration (10-14 days) of cell culture, possibility
of cell culture failure and limitation in detection
of chromosome abnormalities ~5 Mb in length,
e.g., microdeletion and microduplication.**”
The lengthy wait for laboratory results imposes
high-risk mothers to stress and anxiety prior to
genetic counseling and appropriate intervention
measures.

Rapid aneuploidy diagnoses (RAD), such
as bacterial artificial chromosomes (BACs)-
on-Beads (BoBs™), fluorescence in situ
hybridization (FISH), multiplex ligation-
dependent probe amplification and quantitative
fluorescence polymerase chain reaction
(QF-PCR), have been developed to detect
common aneuploidies."*'"*" In several countries,
implementation of RAD services for all prenatal
samples are considered a necessary requirement
in optimization of prenatal services.”” For
instance, in the UK, RAD is recommended as
a stand-alone approach in a Down syndrome
screening program.”””

A rapid molecular karyotyping BACs-
on-Beads (BoBs™) assay is a multiplex assay
employing beads impregnated with different
concentrations of two different fluorochromes
to create an array of up to 100 different unique
probes to measure DNA copy numbers at
chromosome arm resolution, such as DNA gain
or loss and genomic rearrangement.””” This
molecular karyotyping assay has been developed
to detect common aneuploidies of chromosomes

13, 18, 21, X and Y, as well as nine common



msanItaenauaasadsunguamsamluaslaslulaniaundnnuiae

F5NNT WaINANS uazAae

chromosomal microdeletions/microduplications
responsible for Angelman, Cri du Chat,
DiGeorge, Langer-Giedion, Miller-Dieker,
Prader-Willi, Smith-Magenis, Williams-
Beuren, and Wolf-Hirschhorn syndromes,
selected based on their relatively high prevalence
(1/2,000-1/300,000 population), significant
morbidity/mortality, mild or unspecific ultra-
sound findings, strong genotypic and phenotypic
correlation and changes typically too small to
be detected by conventional karyotyping.®*"*”
The assay is accepted by European countries,
Australia and New Zealand.”**”

The Department of Medical Sciences,
Ministry of Public Health, Thailand, in
collaboration with the Department of Obstetrics
and Gynecology, Faculty of Medicine, Chiang
Mai University, has the goal of developing
a molecular karyotyping service for rapid
detection of Down syndrome in prenatal
amniotic fluid samples. In this study, molecular
karyotyping BACs-on-Beads (BoBs™) assay
was evaluated as a potential rapid and reliable
prenatal diagnosis for common aneuploidies of
chromosomes 13, 18, 21, X and Y, as well as
the nine common chromosomal microdeletions/
microduplications. The findings should provide
baseline data for development of a prevention
and control program for syndromes associated
with common chromosomal abnormalities

present in the country.

Materials and Methods

Participants and sample collection
Amniotic fluid samples (n = 1,008; 3—5 mL)

were obtained from pregnant mothers at 15-22

weeks of pregnancy attending an antenatal

clinic, Maharaj Nakorn Chiang Mai Hospital,

Faculty of Medicine, Chiang Mai University,
Chiang Mai, from August 2016 through October
2017. All subjects had undergone prenatal
diagnosis by amniocentesis and chromosome
study with an indication of high risk of
having fetus with Down syndrome. All cases
have been counseled and informed that amniotic
fluid samples would be tested by using two
techniques: the conventional one and the
molecular karyotyping assay. The samples
for the conventional method were sent to the
cytogenetic unit of the Department of Anatomy,
Faculty of Medicine, Chiang Mai University,
as usual. The others (3—5 mL of amniotic fluid
samples) were stored and transported at 2—-8°C
within 7 days after collection to the Department
of Medical Sciences, Ministry of Public Health,
Nonthaburi, Thailand.

The study protocol was approved by the
Ethics committee, Faculty of Medicine, Chiang
Mai University (approval no. 188/2559,
research ID 3862, study code OBG-2559-03862).
Prior written consent was obtained from all

participants.

Molecular karyotyping protocol

DNA was extracted from amniotic fluid
using a QIAamp DNA Blood Mini Kit (QIAGEN,
Germany), concentrated and purity determined
by measurement of A260 nm:A280 nm (NanoDrop
1000 spectrophotometer; Thermo Scientific,

USA). Molecular karyotyping was carried out
using a Prenatal-BoBs™ BACs-on-Beads
assay (Perkin Elmer, Finland) to detect aneuploidy
of chromosomes 13, 18, 21, X and Y and nine
microdeletion/microduplication regions. In
brief, genomic DNA samples and reference DNA

(male and female) samples (Promega, USA)
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were labeled with biotin, purified based
on ultrafiltration (NucleoFast® 96 PCR;
Macherey-Nagel GmbH & Co., Germany) and
hybridized to BoBs™ beads overnight at 52°C
in a 96-well plate (Perkin Elmer, Finland),
washed with wash buffer (Perkin Elmer,
Finland), and then transferred to a 96-well filter
plate (MultiScreen® HTS HV Sterile plate;
Merck KGaA, Germany). The reactions were
washed as described above, incubated at 37°C
for 30 minutes with phycoerythrin-labeled
streptavidin (Perkin Elmer, Finland), washed
as described above, and then fluorescent
signals were measured using a Luminex "
200 spectrofluorometer (Luminex Corp., USA)
(A532 nm excitation, A575 nm emission).
Molecular karyotyping results were analysed
by BoBsoft 2.0 analysis software (Perkin
Elmer, Finland) and reported as fluorescence
ratio relative to both normal female and male
reference DNA at each chromosome locus of
interest, acceptance requiring a coefficient of
variation (CV) less than 6%. A sample is defined
as normal disomic when fluorescence ratio for a
chromosome region has a value within the lower
and upper threshold limits (mean fluores-
cence ratio+2 SD) and as having a deletion or
duplication at a specific chromosomal locus
when fluorescence ratio is below lower or above

upper threshold, respectively.

Performance characteristics evaluation
Performance characteristics including
accuracy and precision were evaluated.
Accuracy is defined as degree of compliance
with standard karyotyping method (n = 1,004)
carried out at the cytogenetic unit of the

Department of Anatomy, Faculty of Medicine,
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Chiang Mai University. Precision of the assay
is defined as between-run variation (n = 44) in
fluorescence ratio of six chromosome loci (13C,
18C, 21C, 22q11.2 (DiGeorge syndrome, DGS),
X and Y) compared to male and female DNA
reference samples performed by three different

operators in the same laboratory setting.

Statistical analysis

Primary output measure is concordance
of any numerical, structural or submicroscopic
chromosomal abnormalities between molecular
karyotyping assay and conventional karyotyping.
Data are presented as numbers and percentages.
Maternal age and gestational age were
expressed as median, range and interquartile
range (IQR). Mean, standard deviation (SD)
and percent coefficient of variation (CV) were

used to estimate precision.

Results

Participant ages, gestation status and DNA
samples

Participants (n = 1,008) had a median age
of 36 years (range 15-48 years) with a median
gestational age of 17 weeks (range 15—-22 weeks).
DNA concentration and A260 nm:A280 nm
values of amniotic fluid samples were 9.7+5.78

ng/uL and 2.0+0.4, respectively.

Molecular karyotyping assay

Molecular karyotyping assay gave conclusive
results for 1,004 samples; failure in four samples
was due to maternal cells contamination.
Among the samples karyotyped by molecular
assay, 978 (97.4%) were normal disomic, 23
(2.3%) aneuploidy and 3 (0.3%) microdeletion/

microduplication (Table 1). As expected, Down
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syndrome was the most common, followed by
Edwards, Turner and 22q11.2 microduplication
syndrome, while there was only one case each
of DiGeorge, Klinefelter, Patau, and Triple X
syndromes. For Patau, Edwards, Down and

22q11.2 microduplication syndromes, mean

fluorescence ratios of chromosomes 13, 18, 21 and
22q11.2 marker, respectively, were above the
upper threshold limit, whereas that of DGS
marker in DiGeorge syndrome was below the

lower threshold (Figures 1-3, Table 2).

Table 1 Molecular karyotyping assay was compared to conventional karyotyping of amniocentesis

samples obtained from mothers attending the Antenatal Clinic, Maharaj Nakorn Chiang

Mai Hospital, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand (August

2016-October 2017).

Number of

Maternal age (years)

Molecular Conventional
Syndrome samples (%)

(n = 1,004) Median Range/ IQR  karyotype karyotype
Normal, female 451 (44.9) 36 15-47/35-38 XX 46, XX
Normal, male 527 (52.5) 36 17-48/35-39 XY 46, XY
Down syndrome, female 2 (0.20) 34 30-38 XX,+21 47, XX,+21
Down syndrome, male 8 (0.8) 41 34-46/39-45 XY,+21 47, XY,+21
Edwards syndrome, female 1 (0.1) 38 38 XX,+18 47, XX,+18
Edwards syndrome, male 6 (0.6) 37 27-41/33-40 XY,+18 47, XY,+18
Patau syndrome, male 1 (0.1) 36 36 XY,+13 47, XY,+13
Turner syndrome 2 (0.2) 25 21-29 X 45, X
Mosaic Turner syndrome 1 (0.1) 36 36 X/XX mos 45, X/46, XX

(45%/55%)
Triple X syndrome 1 (0.1) 36 36 XXX 47, XXX
Klinefelter syndrome 1 (0.1) 45 45 XXY 47, XXY
DiGeorge syndrome, female 1 (0.1) 38 38 XX, del(22) 46, XX
(q11.2)

22q11.2 microduplication 1 (0.1) 26 26 XX, dup(22) 46, XX
syndrome, female (q11.2q11.2)
22q11.2 microduplication 1 (0.1) 27 27 XY, dup(22) 46, XY

syndrome, male

(q11.2 q11.2)

IQR, Interquartile range
mos, mosaic

del, deletion

dup, duplication
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Molecular karyotyping profiles of normal male (A) and normal female (B). Red

and blue spot represents sample:reference female and sample:reference male

fluorescence ratio respectively.

Performance characteristics of molecular
karyotyping

In the accuracy study, all samples showing
aneuploidy were in agreement with conventional
karyotyping, with no false-positive or false-negative
results. Molecular karyotyping assay successfully
detected three microdeletion/microduplication
syndromes missed in the conventional method,
including DiGeorge syndrome (22q11.2 microde-
letion syndrome) (n=1) and 22q11.2 microdu-
plication syndrome (n = 2). Precision of the assay
was determined as between-run variations of
mean fluorescence ratio of six chromosome loci
(13C, 18C, 21C, DGS, XC and YC) in male and
female DNA internal control samples. Variability
of between-run precision ranged 1.52-7.81% CV,

considered satisfactory (Table 3).
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Application of molecular karyotyping for
prenatal diagnosis

Preliminary molecular karyotyping for
prenatal diagnosis of Down syndrome and other
chromosomal disorders was implemented at
the Hematology Laboratory, Thailand National
Institute of Health (Thai NIH) according to
ISO 15189, ‘Medical laboratories-particular
requirements for quality and competence’.?**”
Three medical scientists were trained to perform
the analysis according to standard operating
procedures. Of 19 samples investigated, 2 Down
syndrome fetuses were identified. Performance
specifications of the procedure were monitored
for each analytical batch using male and female
DNA internal quality controls and the findings of

the participants in inter-laboratory comparison
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C) Trisomy 13 (Patau syndrome)

Figure 2 Molecular karyotyping profiles of Trisomy 21 (A), Trisomy 18 (B) and Trisomy 13
(C). Red and blue spot represents sample:reference female and sample:reference

male fluorescence ratio respectively.
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A) 22q11.2 microdeletion (DiGeorge syndrome) B) 22q11.2 microduplication
Figure 3 Molecular karyotyping profiles of 22q11.2 microdeletion (A) and 22q11.2
microduplication (B). Red and blue spot represents sample:reference female
and sample:reference male fluorescence ratio respectively.

Table 2 Molecular karyotyping assay fluorescence ratios in chromosomal disorders of 13C, 18C,
21C and 22q11.2 DiGeorge syndrome (DGS) from amniocentesis samples of mothers
attending the Antenatal Clinic, Maharaj Nakorn Chiang Mai Hospital, Faculty of
Medicine, Chiang Mai University, Chiang Mai, Thailand (August 2016-October 2017).

Number Fluorescence ratio (mean+SD)
Syndrome
of samples 13C 18C 21C 22q11 (DGS)

Down 10 0.98+0.03 1.0140.02 1.2940.03 0.9940.02

Edwards 7 0.98+0.02 1.304+0.04 0.9940.02 1.00£0.02

Patau 1 1.29 0.99 0.99 0.98

DiGeorge 1 1.03 0.99 0.96 0.69

22q11.2 microduplication 2 0.99+0.01 0.97+0.04 0.99+0.01 1.2740.02

Normal 978 0.9940.03 1.00£0.03 0.9840.03 1.0040.03
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Table 3 Between-run precision of molecular karyotyping assay (n = 44).

Control Probe Min Max Mean SD %CV
Normal, male 13C 0.96 1.05 1.01 0.02 1.87
Normal, female 13C 0.98 1.05 1.01 0.02 1.52
Normal, male 18C 0.95 1.03 0.99 0.02 2.10
Normal, female 18C 0.96 1.04 0.99 0.02 2.03
Normal, male 21C 0.93 1.07 1.01 0.03 2.55
Normal, female 21C 0.95 1.05 1.00 0.03 2.62
Normal, male DGS 0.96 1.04 1.01 0.02 1.97
Normal, female DGS 0.95 1.04 0.99 0.02 1.73
Normal, male X 0.79 0.89 0.84 0.02 2.64
Normal, female X 0.96 1.15 1.01 0.03 3.08
Normal, male Y 0.94 1.07 0.99 0.04 3.92
Normal, female Y 0.46 0.71 0.59 0.05 7.81

were evaluated according ISO15189:2012
requirements. Turnaround time was reduced
from three weeks using conventional method to

three days with molecular karyotyping assay.

Discussion

In Thailand, the prevalence of Down
syndrome is 1.21 per 1,000 births® and in
2016 there were 1,100 newborns born with
Down syndrome.®” A national Down syndrome
prenatal screening program was implemented
in the country by the National Health Security
Office (NHSO) in 2019 whereby mothers > 35
years of age in the second trimester are offered
free blood serum screening tests and prenatal
diagnosis for at risk mothers to determine
chromosome abnormality.®” Mothers carrying
Down syndrome fetuses are counseled on
the choice of carrying to term or having an
abortion.” Although advanced maternal age is
the most important risk factor for Down
syndrome, Adams MM et al.”’ reported 80%
of infants with Down syndrome were born to

mothers under 35 years of age and hence, from

October 2020 the program was extended to all
Thai pregnant women.®"

In order to assist in the national Down
syndrome prevention program, the Department
of Medical Sciences, Ministry of Public Health,
Thailand has collaborated with the Department
of Obstetrics and Gynecology, Faculty of Medicine,
Chiang Mai University to assess the reliability
of molecular karyotyping assay for detection
of common aneuploidy and microdeletion/
microduplication syndromes, in comparison
with conventional gold standard karyotyping
technique. Aneuploidies detected by molecular
karyotyping assay was in concordance with
those observed by the gold standard karyotyping
technique and in addition three cases of
microdeletion syndromes missed by conventional
karyotyping were detected. Precision of the
assay was quite high, with an overall »CV
of between-run precision within the required
range.

The major advantage of molecular
karyotyping is its ability to provide more
informative results than FISH and QF-PCR
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methods that can only reveal common

aneuploidies,®”

namely detection of micro-
deletion/microduplication syndromes. Total
reagent and consumable costs per sample in
molecular karyotyping assay are comparable
with FISH and QF-PCR but less than
array-comparative genomic hybridization
(CGH)."®*"*? In addition, molecular karyotyping
assay is less labor-intensive and suitable for a
high throughput platform, with a turnaround
time within three days. However, molecular
karyotyping assay cannot detect chromosome
inversions, balanced translocations, point
mutations, polyploidies, alterations in methylation
and low-level mosaicism."****” Both molecular
karyotyping assay and conventional karyotyping
alone could not detect all fetal chromosomal

abnormalities. A combination of these
techniques should improve the detection
and accuracy of prenatal diagnosis."®?*®
In 2019, Miao Z et al* reported that the combined
use of molecular karyotyping assay and
conventional karyotyping could detect more
fetal chromosomal abnormalities (4.51%) than
either molecular karyotyping assay (2.97%) and

conventional karyotyping (4.04%) alone.

Conclusion

Molecular karyotyping assay is as reliable
as conventional gold standard karyotyping in
detecting common aneuploidies and is able
to identify common microdeletion/micro-
duplication syndromes. Its high accuracy,
low sample volume requirement, ease in
implementation, adaptation to a high through-
put platform and rapid turnaround time should
assist in improving acceptance of the national
Down syndrome prenatal screening program

especially among late antenatal care pregnant

women.
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Lymphoblastic Leukemia ﬁﬁmiﬁuqﬂiiu
whole genome apuFali¥s HIV-1 $1uau 1 (9

Galad (1 copy/cell) aNUUMUIULAFAILLATD
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B0 LU G (Sysmex XT-1800i cell counter, Sysmex
Coperation, Chuo-ku, Kobe, Japan) GPEN
W3BNANNENT e sE5 B 25, 50, 100, 200,
300, 400, 500 Waz 600 cells/mL @EMSLANLIS
8E5 avluidannsudiu (whole blood) mﬂrgl'u%mﬂ
ffisnudiadaarnldiasnd 4,000 cells/pL
Ltaxﬁwammmiam%a HIV-1 {Juau (negative)
MEIBAINTFIUNITNTINAANTDILEDAUINIAYDY
guguimslafiouiemd ammanalne wangad
sE5 uaztdanlviinnuduaiveadiundulsuns
50 UL sNUUNTzM B ULEDA 903 Thailand NBS card
(Eastern Business Forms Inc, Mauldin, SC,
USA) fifisegfinvienauidusiugudna 10 mm
S0U 6 WABNTEMETUEDN 1 Wi Hedrathelw
wisilgampiivies Tufisy livasnd 24 #alas

Mad @ INeAain (clinical samples)

e DBS zaadiniimssaiindnnsia
ashatias 2 a5s Tugheegsenig 1 Su 8 12 Wau
waziinansamedlslod iaaglaomuzmsaalda
eyaaaiiong 24 W@ou® ' Taafludednsa
ﬁmﬁa (left over samples) NPUUVINITAIIA
Afademsfoda HIV-1 1nuigdan vasdaiiu
Fnenendasnemsunwng seuint w.d. 2559-
9561 1Y 287 deee vy freehaiifinams
asduuIn (positive) GI'E]L%EI HIV-1 35 PCR
fadaduathaios 2 a5t Sndudayaamuzmsdaie
apudniiang 24 oy U 88 haghe tiadnun
anuhmMeadiin (clinical sensitivity) waraInee
fisuamsanaiiuau (negative) daide HIV-133
PCR fodafuathaiian 3 a5 fufudayaanus
mshiﬁm%yamuﬁnﬁmq 24 iou iaANMIAN
AUWILNNAFIUN (clinical specificity) U 199
fBEN

M2E19AIVANAMAINDITNAGAY (control
samples)
MIBENNTEMHTULEDAMIUANAMMNEHAIY
(DBS negative control sample) @38NINLEDN
fusnaiifiinnuidadaaimaliiasnd 4,000 cells/uL
wasnagIdaide HIV-1 fusudeisinasgu

M5815NTHANENFFATANTUWNE
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N30919ANTNLERAUINA 2aagudusnslatio
WHINH FMMIA NE LAIVEAIUUNTEAM BT ULE DR
903 Thailand NBS card 374U 6 WHa06D 1 LWHY

ABENNITEMVTULIBAAMIUANAUMNINELR
uan (DBS positive control sample) a3aulag
[RaNaaNnIgIu s8E5 (ATCC CRL-8993) ¢
\daaguinaitlifiode HIV-1 T¥idnnu 1 cell/uL
UAIVEANUUNTEMBH UL 903 Thailand NBS
card MU 6 NWEDAAD 1 LWHU

MTUBAYNHNINAMUENTINMINNTANMTANKIE
Tuau

mslddaadeafimaannnuuimmsnea
AR LaTUNMIYNANNAMLN TTNNITRAITN
nsiseluau nsudnerdaasnisunnd aad
EC116/62

MsATIANIEe HIV-1 3§ﬁ1ﬁu'%ﬂ1ﬂuﬂaqﬂ'uﬁm
quwmsnﬁﬁ'wuﬁivﬂﬁlaa

MILmIBNA0819 DNA

dfadag1e DBS #ldiiudlagednuw
AAMAAYBININTINILATIER B NFENEINMIAFTHN
KATFNBENAIVANAMMNANITNATIUAMIDENDE 2 N
(durhugudnas 10 mm) wiadaul3nasuas
1886 100 pL ﬁ'ﬁﬂ‘iﬁmmgmqﬂﬁwm QIAsymphony
DSP DNA (QIAGEN, Hilden, Germany) a2
Lﬂ%aﬂﬂﬁ’(ﬂgﬂiuﬁ'a QIAsymphony® Automate
Extraction (QIAGEN, Hilden, Germany)
T8daehe DNA U31na3 50 pL tiufi -20°C aunh
azldau

11361373 real-time PCR

N303IAMEITWUGNITNYENTa HIV-1
1#n190579 LTR gene uazl#n15@932 human
RNAseP gene Lﬁlmﬂu internal control @287%

Duplex real-time PCR® Tasuanihendudagu
KAPA Probe Fast qPCR kit (KAPA Biosystems,
MA, USA) nu HIV-1 LTR primer/probe Waz
human RNAseP primer/probe lud3uias
15 uL sgazidsaarauiadlelnduazanuidudu

284 primers Waz probes AILFAIUAITINN 1 1PN
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DNA 5 uL sufludhumanname 20 ne s
ﬂ%mmmsﬁuﬁqﬂssuLLaza'mmaﬁTmm’%’m ABI 7300
Real-Time PCR System (Applied Biosystems,
CA, USA) Iﬂﬂ(?lzﬂﬂ'l'i‘ﬁw’lu pre-amplification
71 50°C 1 2 17 waz 95°C W 2 Tl MaITINTTTH
PCR U 45 58U Usznaume denature step i
95°C WU 15 217 annealing Waz extension step

71 52°C WY 30 NN

MIMuANAMMNULAzLAHA

N30 9I907DENNATOU NIINTIVAIDEN
muauziiaunuazaiaaumugaiannais Tagld
thatemuauziioniiil HIV-1 DNA #i 5 copies/
reaction vawuﬁ’tymﬂmﬂmmitﬁ'uﬂ%mmms
Wugnss5u289 HIV-1 LTR gene fifidn Cycle
threshold (Ct) g 35 LLaxwuﬁ’ﬂnywmmiLﬁu
USINauasWugnssNees human RNAseP gene
fien Ct an 25 daudegumuausiioay wu
Lawwﬁﬂgmgmmitﬁ'uﬂ%mmﬂaq human RNAseP
gene N1 8eha DNA fiwueh Ct lu LTR gene

wdz human RNAseP gene A5UN 2 81U azgnuia

Han5INTULIN SIUMIBENNATINDUILATIANURINE
Ct 289 human RNAseP gene i §20e1aiin 573
Tsiwueh Ct 289913 2 B NBNUNTNATIIAER
Taile (invalid)

manmaniida HIV-1 meiinsnsamadi
DBS lnansamels real-time PCR (direct
DBS real-time PCR)

MIeIaNGIae19 DNA

iz DBS fdludhathednm LOD dhetha
ANENNAdiin wazdlvgNMmuANAMIINEIAUIN
wazgiloau vwadurugudnany s mm (Aaly
UsNas20a800 3 pL/aaee) "> Muudmag ey

1 29 et lum PCR luaussuoa

11930323 real-time PCR

maufnfwm DirectDetect™ QRT-PCR kit
(Coyote Bioscience, Beijing, China) AU primers
waz probes niarduiiinalalnduazanuduiy
wudenduismaildgmbenanaiiianiuas T
U5m@s5 50 pL 1d DBS fiweld 1 29 thlduiia

A51N 1 Neazdaamauiinmale Induaranudaduyes primers/probes NlEmsann®

Final Primer and probe sequence GenBank
Target gene concention
(5’-3%) Accession no.
(nM)
HIV-1 LTR gene (89 bp) AF033819.3
forward primer 300 TGCTTAAGCCTCAATAAAGCTT- 61- 89
GCCTTGA
reverse primer 500 TCTGAGGGATCTCTAGTTACCAG 127-149
probe 400 FAM-AAGTAGTGTGTGCCC- 97-117
GTCTGT-BHQ
Human RNAseP gene AK296196.1
(65 bp)
forward primer 100 AGATTTGGACCTGCGAGCG 28-46
reverse primer 200 GAGCGGCTGTCTCCACAAGT 73-92
probe 400 HEX-TTCTGACCTGAAGGCTCT- 49-71

GCGC-TAMRA
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U3 U TNUGNTINUALEIUNDGIBLATES Minis
Real-Time PCR System (Coyote Bioscience,
Beijing, China) #46ansiaulititerh pre-
amplification 7 95°C 1y 537 7 45°C 1Y 5
it 1w 15 58U 71 95°C WL 60 317 B0 1 58U
Wi UGA%e PCR Fausenauae denature
step 95°C WU 5 3 annealing W8z extension
step 71 52°C 1 30 37 T 45 T8V

MImuANAUMNULazUUAE

N30 92907ENNAFOU NIINTIVAIDEN
muQwﬁmmﬂLtawﬁ@aumwjﬁaﬂnﬂﬂ%ﬁ log
é’aaﬁwmuqmﬁ@mﬂﬁﬁ HIV-1DNA 71 3 copies/
reaction ﬁ'mwué’iymﬂmwaamil,ﬁ'uﬂ%mmms
Wugnssuwas HIV-1 LTR gene fieh Ct eni 21
Ltaxwuﬁ'zymuwmm'sLﬁuﬂ%mmmiﬁ'uﬁqﬂismaq
human RNAsePgene fieh Ct shnt 13 shudaaehs
MUANUAU wuLawwﬁzgimmmitﬁ'uﬂ%mmwm
human RNAseP gene whitu §eehs DNA fiwuen
Ctlu LTR gene a2 human RNAseP gene A5U
W 2 fu argnuianansiaiiuuin drudadnsia
auzeINUERWIZ Ct 838U human RNAseP
gene whifu frethefiasialinue Ct aeana 2 fiu
wNBNUHENANNENLYLle

msﬂimﬁuwaLtazﬂ"l'ﬁl,mwﬁﬁ'agammﬁﬁ
msUsztiiumnligaites1ey (analytical
sensitivity)

WTNINNAYBINITAIIILATIEH (LOD)
FMSUMsATIIeNWEe HIV-1 33 real-time

PCR Tugadagwamsudnmnioninaaimsnsa

Jinnzififienuduiuead sEs 5t 25-600
cell/mL a5293t051% 10 % Tuudazamnuudy
Togd LOD Ao erenududunausadionga 7
ﬁ'ﬁﬂﬂﬁ'mmimaauLﬂumniunﬂﬂ%y'wmmimm

ANV

M3Uszdiuanalimandiin (clinical sensitivity)
ANNINWIENNAAED (clinical specificity) uag
ANNFINAADIYIIONIINIIT (agreement)

Usziliuanuhmeadiin anuamnzmendiin
LaLANNTDANBNYBINSNAFaU LaawSauliiau
MsasIANEWiZa HIV-1 835 real-time PCR
ludaghe DBS Nvasnnauudmsiunasads
(amuzmsﬁm%wa HIV-1 wamﬁﬂ) MUIUAISDEDE
209AN 1 ANNIUWIE ANNTDAADY LATITLHU
YNANNFINAFBWBTITNMINTIN EFdnaNUsZENS
uadthaaslaau (Cohen’s kappa coefficient) fiszeu
HedA p<0.05 MNEazdanlIzmsamunuanyl
ANUUNIZ UAZTANINTDAAADNYBIIDNITNITIA
auaaslumsed 2

anulimendiln (clinical sensitivity) @
Samsnedaunaasraduin dianegauiudods
Sedaiiaumniade mualdan

%sensitivity = {a/(a+b)} x 100

AMNAINIEINAAIN (clinical specificity) A
Samsnasauudasnaiiuau danagauiudiad
shadandaaumulidods amwaldan

9%specificity = {d/(c+d)} x 100

ANNFDAAIBNYBIIDMINTIA A IGMINAFDU
UEMNKAA TN UAUFOI UM NYBIAIBENNDNDY AU
Taan

%agreement = {a+d/(a+b+c+d)} x 100

MTNN 2 FMIINAUANNININNAREN ANNIIWZNNAFLN LaZANINFDANEANYBINTIFNINIIA

a a g <
Waa19d9 (d01uznshinida HIV-1 2a9tiin)

faida Tidadda FPTY
HAMSNAFIURLAINIBNMIATIA HAUIN a c a+e
WNOAU b d b+d

Rt a+b c+d a+b+c+d

M5815NTHANENFFATANTUWNE
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We

A hBIILA18% (analytical sensitivity)
2aINsATIAIIE HIV-1 ehd direct DBS
real-time PCR

115057191588 sE5 1A3duTuszning
25-600 cells/mL WUNIAMNNAYDIMIATINIATIER
(LOD) 53 real-time PCR Tag33ilsiusnslu
ilaqtudeahenasaiiwannauldias i LOD agil
500 cells/mL w3adailu 5 DNA copies/reaction
slmlmxﬁea%' direct DBS real-time PCR & LOD
aiui"?'; 200 cells/mL v3adaiiu 0.6 DNA copies/

reaction AILEN UMD 3

Ay limamdiin (clinical sensitivity) A3
119N (clinical specificity) ANudanAaag
2B4IDNIMIIA (agreement) uazmdnlszans
ualihzadlatay (Cohen's kappa coefficient)

NNEIBEINSEMEFUEDANING 287 Fragha
flushetheidnie HIV-1 510U 88 atha waz
fhadeitlifadasiuau 199 §98e 555059
wiiie HIV-1 @8 direct DBS real-time 1#ua
MInTIAesItuFaUEMsanEe HIV-1 luin
g 24 (Hau I 88 vt Aaluanulimg

aa

Adlin Sz 100 UG ikaaUASINUFINUNSAIlaiie

¥
=

e HIV-1 3111 180 fMat Aadluanuaimig

5191 3 anuhlumsens1aezd (analytical sensitivity) 2897M30513v %8 HIV-1 real-time PCR

Tagdsnliusmslutaytiudegaieasaniannzuldieawszds direct DBS real-time PCR

Aanlivinsluiaaiu
rﬁm"qmﬁ"lmmmﬁﬁmmﬁﬂﬁtm

3% direct DBS real-time PCR

ANNTNTUVDY — —
U’Uaﬁ) 8E5 ﬁl,":)ﬂﬁ)’]\i ANNLINTIE DNA ANNINTY DNA
Zadan Nnnf3nasaan Positive ”" Nnd3aILEan Positive ”"
(cells/mL) 10 PL (n/n) positive 3 UL (n/n) positive
(copies/ (copies/
reaction) reaction)
25 0.25 0/10 0 0.075 0/10 0
50 0.5 0/10 0 0.15 5/10 50
100 1.0 0/10 0 0.3 7/10 70
200 2.0 4/10 40 0.6* 10/10 100
300 3.0 6/10 60 0.9 10/10 100
400 4.0 8/10 80 1.2 10/10 100
500 5.0%* 10/10 100 1.5 10/10 100
600 6.0 10/10 100 1.8 10/10 100

a

*35 direct DBS real-time PCR & LOD # 0.6 DNA copies/reaction n3adatfluanuduiuzasgadninize

200 cells/mL

**35 real-time PCR laggmnenasianwminzueenliuinslutagiu § LOD # 5.0 DNA copies/reaction %32@@

& v oda &
Lﬂ‘uﬂ]’mLﬂuﬂuﬂaﬂtﬁaaﬂmﬂtﬁa 500 cells/mL
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sauar 90.5 AnllluAIdnAaBY (agreement)
v v o a £
So8ay 93.4 (95% CI: 89.9-96.0) loglmauUseand
upUihzaelatau (Cohen’s kappa coefficient)

WNU 0.853 (p<0.001) laawukauInUaauauiu
19 Mpea visadalusasas 9.5 (95% CIL: 5.8-14.5)
AIULFAT UMD 4

M3 4 ANNFDAAGINUDINAMINTIAINIED HIV-1 35 real-time PCR Tagganenasiainanndums

nldusmslutagliiuuesid direct DBS real-time PCR luenatedinsia (clinical samples

P a & < P
NNIUFNUMNMNINALED HIV-1 YBNONTBIEY 24 LOBU

dgouawnsinida HIV-1 lusadedinsia (n= 287)

351150973 faaa Taitioza
(n=88) (n=199)
enliusmslutagtumegeunen NaUIN 88 0
AN RINTUF D9 . o 199
. NaUIN 88* 19
18 direct DBS real-time PCR
Naau 0 180**

*sensitivity = 100%, **specificity = 90.5%, agreement = 93.4%, kappa = 0.853 (p<0.001)

a 4
AU

nnmanaseudemad sEs Mldiuduny
apsmannamiuihwineusuie HIV-1 ludath
neadaawisiiiuuunszaeiy hmenviened
msfiaida HIV-1 35 direct DBS real-time PCR
fien LOD 1y 200 cells/mL @ni1asiliuims
Tufligtiudisgauhmasnaivawniuldias 7
LOD iy 500 cells/mL #l#@aghe DBS 210
s mm e 1 U WiauhiuUsnasdaatiie s pL
ToeTlddathedennaasluluihenh PCR dlaaass
laidasinszuiumsana DNA mlvlamsiugnssy
manuaiiagludathaiy dennmansadeis
lismsluilgtudegehenasainvanniulfios
fifinssuumsadadatuvaeduaou aaudnms
AZaEFITWUTNIINDBNINNTEM Y NITNANTIS
suMUUHATEN MIANMANNFZIIAUIZNTBZET
wugnssueanlugtuuumsazmeindaahainldlu
ms¥h PCR dsenavhlviiAamsgayyesns DNA Tu

SEUINNTEUIUMSAINaII

M5815NTHANENFFATANTUWNE
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MsA5IMMsiade HIV-1 538 direct DBS
real-time PCR lu@ae clinical samples 210
Wnfieaaannwifidada wusaaaduuinlas
Nnnfmethaidanuslidade HIV-1 fasay 9.5
(19/199 daee) Tuilagtiu FEilMusmsdene
whenasrafiwanzuliieswuanseiuaaiunin
msfautia HIV-1 2099ndon dnghafiliinainn
loe direct DBS real-time PCR ‘ﬁlﬁ’mLET\‘l
Suamurmsinidanafianniuaaun s pre-
amplification MU 15 58U MNNNFIN amplifica-
tion MU 45 59U Jmdlaunuilumsvindjisen
PCR #1@l9 2 A39 590 60 58U luwazdinis
1A% PCR shagahenanaiiianniues imeh
amplification I1UIU 45 FBU ﬂ%y'uﬁmwhﬁgu
Falagmhlumen PCR fidauusihlivhmaiiiadnny
Taitfins 45 5907 wazmsiiuman pre-amplification
v lsitie amplification bias tiiasanaziiy
matinUSNudyauYes target gene udnu
waren (fold) MNAIUIUYDY gene target
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niagaseludiagie mliiiansgiumauuuns
Wuarunusniduly (overrepresentation)
Fefuhiuimiideduanamssrudunauan
Uaauld®” adlsfaugatneniiidunounsim
pre-amplification ﬁﬁaﬁ’lumfﬁﬁﬁaaﬁwﬁms
Wugnssuihvanedsnanisaniaine
N1981UNANITNIINRIBLASEY Minis
Real-Time PCR System Fuiluasasiiafieanuuy
T¥fianusmIzAue1957a DirectDetect™
QRT-PCR kit %mﬂuwﬁmﬁm*ﬁmmjmﬁmﬁmﬁ’u
TasaSuduauuas fluorescence (detector)
Hhumalulafiuazanuduasisnguan Fa3y
duanauasgnasnuuuliianuiimwzuazany
Twasmsnsasudyana fluorescence MAAIN
Ufjisen PCR drsnenvasuiinluseduga®
Fauandanisiliuinmsluilagiudegaine
asnieunaulfieilfindes ABI 7300 Real-
Time PCR System dailuta3asiiaflgfuumnsnas
Taawuiiilalddagiiienududuresinnuiiu
Whnanefitiifu 1a3es Minis Real-Time
PCR System 1@ Ct snenitahuldaniaias
ABI 7300 Real-Time PCR System iszanou
10 cycles (ﬁ'agaﬁlﬁlvﬁ"mmmé) Faflunssu
i Ct wuudaluddiiliansnsaudue threshold
WUU manual la WaNNNH 1AS81 Minis Real-Time
PCR System #52UUNS8IUTUQIMUEI UL
sznuilganidumiianszay DBS fiegdunana
mlildlanuvanaufisenuuunnd (strip tube)
wiauuumaaaielutnandewhiueazaie

MUGIBENaTIgIgalatiies 8 a8 uay

1
=

35 direct DBS real-time PCR o8 lusaued
tA389 ABI 7300 Real-Time PCR System il
szuumssuduanausluturfaniouaiag
real-time PCR My #eazldanansasuendayana
wele fluorescence ANI5 direct DBS real-time

PCR wzgniNeanszany DBS Nagnunaan

M5115 direct DBS real-time PCR anld
Tumsliusmsvasaontiudineneaasnemsunng
FasfimaUFulgsiunaumsanaiensilimnsau
iy USuamsauuaemsin amplification %38 pre-
amplification @1am Ianlamaiianauinlasw
wazdeaanmlumanugasenliduadlasn

AsLiiuGad1e@nINIeAaTin (clinical
samples) 4 Lfﬂulﬂmummgmmsﬂsmﬁuﬁﬂﬁwm
figinnuAnENIINMIIMNSLaTEN LA (FEhs
fadpathaioe 100 et wazdatalidada
pEN9UBE 700 MIBENY)® wihMNMsIeuiiau
fugiusayanugnssu primer/probe Aldlums
Anwiitanusumzdathwing HIV-1 LTR gene
(in silico analysis) warlaisuiuBuuaadiay 9
(Fayaildldmauns) anzfisaidiuiaising
ANIM3LAa cross reactivity 2893aMIas1aNaa
Aennmsaadoay g diadndaly 1y Hepatitis
B virus, Hepatitis C virus 8z Dengue virus
(Elueiu

gl

35 direct DBS real-time PCR fianulilu
Edezige WiAsmsiie azansied waslaii
FUMDUIAAINTRUGNTIN TOANNIMIATIVIATIEE
fanudululgiazinlFasiadtasemsiade
HIV-1 mevasufidmssmsuiiniinaaaanu

e mawmuassudaliismsiianaaimng

1 v v
4

ety uNsEiinIEMInTIRIMmENUIUMIBEN
AINAFIT N UANENTINAITDINITLALEI TN LA
Tudaswaanaiindasiunsiadoasled i
ﬁwwummf*ﬁmimaauw%iLﬂiwﬁqﬂmmﬁmm
wnsaiheddniilamiiatenayana Mol
anwhiEBe LT 1009 zasinuedelitos
A1 100 F1BEN9 UBZANNSIINZEDTSET 99.5%
Pp9nIUMBE laiiaandn 700 Maee® azmly
#111501135m 55 018 luns1wusnslade I

Tuawnaa
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Aeeanssndsena

mMsfnesilldSunuaiuayuananitiy
FAnereaasnenIsunng asuIneraans
NISWHNEG NTENIINEITITUGY UasUYBUAM
auduinislafiaunad anmnimalng AlW
msauayuiadlafiouinaglifoda st
qumwidnudend uslsmenamlliidnss
fageasamsiade HIV-1 ludniinaseanua
daadalumslidayaamusmstadarandniild

Tums@nnil

ualszlaninusau

AsAneITe dortuiiinemaninig
mMswnng nsadnenenaasmsunmg lailadmauselami
Wiudau (conflict of interest) Milusiuladiude
vida masunuatuayumsidennihenustn KAPA
Probe Fast qPCR kit (KAPA Biosystems, MA,
USA) uaz 1henu3¥m DirectDetect™ QRT-PCR
kit (Coyote Bioscience, Beijing, China) il
anlFlumsanunii
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HIV-1 Diagnosis from Direct Dried Blood
Spot Samples Using real-time PCR

Wiroj Puangtabtim,’ Ratchaneekorn Jaisue,’ Nuanjun Wichukchinda,®

and Archawin Rojanawiwat’

‘Medical Life Sciences Institute, Department of Medical Sciences, Nonthaburi 11000, Thailand
*Medical Sciences Technical Office, Department of Medical Sciences, Nonthaburi 11000, Thailand

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

ABSTRACT Perinatal HIV-1 diagnostic testing by real-time PCR using a dried blood spot (DBS)
sample is easily accessible for service delivery. We proposed a novel method, using DBS samples without
DNA extraction (direct DBS real-time PCR), which is convenient and less time-consuming. A compari-
son between the new method using Coyote Bioscience reagent and the current one using KAPA Probe
Fast reagent with DNA extraction was performed with the same set of primer/probe. Limit of detection
(LOD) was determined by using 8E5 cell line, while clinical sensitivity and specificity were done on 287
leftover DBS specimens sent to the Medical Life Science Institute, Department of Medical Sciences, during
2016 to 2018. Of all the leftover samples, 88 were HIV-1 infected and 199 were non-infected. The LOD of
the direct DBS real-time PCR and the current assays were 200 and 500 cells/mL of blood, respectively.
The novel method had 100% (88/88) sensitivity and 90.5% (180/199) specificity with 93.4% (268/287)
concordant results at kappa score 0.853 (p<0.001). This study showed that the direct DBS real-time PCR
was not only less time-consuming, but also more sensitive (lower LOD) than the currently used method.
However, optimization to raise the specificity to be higher than 99.5% as per the Thai FDA criteria is

needed for use in routine services.

Keywords: HIV-1 diagnosis, real-time PCR, direct dried blood spot samples
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fidaldwannssuunagey Tasdunnmafnmmaudaseenzasiuiiiedasiulsiunguilluzasuzdumsdes
4 %iia §eA% quantitative real-time PCR s3mma3aszdumsinaumaslnlstulawaly cell lysate udazaiinas
3% ELISA tiladaidenizadiivanzan dadanad HeLa smsuiannszuunagay nnbudnmanmsiiansa
WuIW3Ha cell lysate 0.125 mg/mL peptide substrate 0.25 pug @avgn ATP 25 nM waztian lumsmug{nsen
30 W wnzandwsumsu e lawus ilanadauszuuiwanndeasiigniiudaese wuiwaﬁnq’mﬁﬁ
gndduiamsihauasinlstulawssamdaanalussuuld negauauldldvasszuulagiensiamuulssi
YRIMFYAIN WUNWNRABSNAEIUN TN TENTY waesliifivhszuunagauiiannsarh lduazmsnzas
dwSuldnadoums aasdiveduhssuunaaaudnannasaugnifuansataayulns 180 Mot uazasIadey
fuugnsanaseaeias MTT assay Uaz transmembrane assay Wushshuaaagnamunzdlumadinnz@nase
ssuunaseufinannFumnzauiiuszuunasaudmiudansesastudaimshouraseuladlnlsiulawe

maen: wsy, ssuunadaudnsuaansasarstuguauluadlnlstulawe, ssdugimsmanuvesinlsgulawa,
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Parnuphan Panyajai et al.

UNUI

Tsansdailutlgmamsageiiddgzadan
Tudl w.ai. 2563 Uszanamsnigideiinmelsauzise
uu 10 Hueu wasiigthodulsaus Gty
1w 19.3 uay loglull w.a. 2583 Mansainaedl
fthenfulsausBaintuiulszann 28.4 duau
ol dmsulszndlnalsaszGuiusmamsidedio
auou 1 aadafuvanst Tutll w.a. 2562 Heidadio
dalsanzi3a 84,073 au lagildnnmsme 128.2 Ay
@aUserns 100,000 AU® MISnEINLSIN o lag

t

MG NMSANYTIT wazmMslEIseiuIUe wnwne

a

21NN HIAI8IBLRINIaNaI8ITIINAY
masnnluihiudmuilammsnduiiiuh msaaen
wazmstinemsliialszaediiiasnnenaiivhie
Tainangnasumziumadud maawasindves
$19m8® MW nilszansnaduaziinnw
sumzdathminededailuiidasmssmiulsail
Tnlsdulaa (tyrosine kinases) Wuoulad
(enzyme) wﬁﬂwfjaﬁLﬂuqtyumfwﬁmﬂumidq
ﬁaumunmﬁamuquﬂssmumwhq 9 maluad wu
Ms@s MstiNTIIY M3wasud wazmsilasy
s TWsiuriiaihmibiideloumaamadhe
('Y phosphate group) 210 adenosine triphosphate
(ATP) lugialusdudhuaneienumislnlsgy us
Wu 2 ﬂq'&l 0} ﬂﬁjuﬁtﬂuéﬁ%’u (receptor tyrosine
kinase: RTK) Ltazﬂ@:&l‘ﬁlﬁ {luimu (non-receptor
tyrosine kinase: NRTK) mMWIINNIZUIUNITEN
Fyapomaslnlsdulawandy RTK Guandunud
(ligand) $Ufu RTK shuiiduaguanizad ¥ RTK
whamilugduuulawss (dimerization) uaznszeu
Winamsdunyneaaszwineny (autophos-
phorylation) b kinase domain S'z’;mgimﬂslumaa"
9ntiy RTK axLéuéﬂé’t’n;npmimﬁmaéﬂa&ﬂmmn
ATP LLazdwﬂIaulﬂé’q‘[ﬂsﬁuﬁu (phosphorylation)
fiietaaruidmssiduann Fedenadansnay
duawauraane iU msdsduanaeslinlsdulaws

nan NRTK fiansazadendeny lasila NRTK
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Qﬂﬂ’is&iluﬁlmﬁﬂ autophosphorylation #38Lia
phosphorylation Tag NRTK wﬁmﬁuﬁau%éu
GALRITTRI nsuaaaanfanniiulizaslsiu
nareziialunguiliisrtasdunisasaidvla
MIUWINTEAY NITANIIN UAENIINILAUMTIIN
waaadoalnailuaduse ™ Tsdunguilfadu
whuuelumswaue ¥y EGFR (epidermal
growth factor receptor w38 ErbB-1), HER2
(human epidermal growth factor receptor 2
w38 ErbB-2), c-Met (hepatocyte growth
factor receptor: HGFR) waz c-Kit (proto-
oncogene receptor tyrosine kinase) Wuau
enfisnumzaaiihwnawariilesunsiunzideu
TunaraUszmaudr®” wagenuilymnisaas
wazmsiinenmslifalszsad® G msaum
asfuianmsmaueasnlsiulaug (tyrosine
kinase inhibitors) Lﬁaﬁmmﬂﬂwﬂﬁaaﬂqwé
asauagulusiuihvinavanesila dUszansuad
wazduaAslaeeia A

I's s o

madenziszaumamaueatinlsdulawue
e dumianshdgnsdudinisyaurellsiu
Fanantiu wain1sh% filtration assay (FA) 3414
[y-"P] ATP Tunmsmiisen uaznsasuanidulng
fgnidnuynaao fevazasaiaUinudieeias

[

Sasaduuuduiiaasu (scintillation counter)®
il liiievasdeiivssnaumessiusiunied uay
TiwanzaunumsnagauAua SN 9 MNUIUNNAIN
AaeastAd (compound library) IWHMINMUIID
Ienerszaumsmaueaenlstulaaaieisms
WiananmMInY Wy 53 scintillation proximity
assay (SPA) #1% [y-"P] ATP unu [y-"P] ATP
Wasniianuadssuinni wasdianzdszau
msﬁw’mwa\ﬂwis%ulﬂmamn‘[vxlmauﬁgnﬂéaa
sanmnmssuimiwasdlindideudululadiu
(biotinylated peptide) futfintinnialulasiwaniii
scintillant®'® uanaINHEAIAE fluorescence

polarization (FP) #sldszaumstinszinuuaauas
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(polarization) Tumsa519@51LH* 35 fluores-
cence resonance energy transfer (FRET) B
JLA5IZHANAN N NTUYBINSEDILEIRLAAIN
n1saneNaanNasIusEniNluena’? wasid
luciferase-based ATP detection %Q%ﬂizé’ljv
nsvaueeslnlsfulawannUsuna ATP #
winaluszuulagiaulysl luciferase™ 350573
Jenerineauidenne wu 35 FA wdudaaly

U o 2 Y

fnuluased Jeeeslfjuanuluiecdjianis
wwzity 35 FP Idddyanadmnsidda
duaNusunIu (signal-to noise ratio: S/N) R
warlsimansfumanadaufuansiidenududugs 33
FRET ua luciferase-based ATP detection 1iu
m‘ﬁﬂﬂﬁﬁ%ﬂﬂmé’amtazmmgﬂmmumﬂms%{ﬁ
protease %38 luciferase %ﬁLﬂuLaulﬁﬁﬁiﬁuszuu
NAFDUAING

ELISA (enzyme-linked immunosorbent
assay) (Wudnieafianilsiigninanldluamsasie
Joszaumarnnueetinlstulaws 5ildnadiadl
wlduaudvadfismzadalnlsduiigniavvaae
(phosphotyrosine) Tumsasadanzv®® Feazain
wazanansaufualaluiasufiamamlu udaulvg
inl#lnlstulawaivigndseinmguazindimg

dolnlsaulauaniioniia g i msanuiiaed
Jogussasdiilawannssuunasaudmiuie i
szaumsauaslnlsdulawamamaiia ELISA
Toadnwinmsuaasaanzesdunguinlsdulaiua

o

Tugadimzidsuianadanigad amsuwann
STUUNAFAU ManMzimanzandmiulfasen
NAFBUANNIELAVBITEUVLAENAABI LENUES
PUIUNIN LA laSEUUNAFa U NS UANNST DI
(screening assay) Hgzaan Usendadunu o
asaungu Inlsfulamanaeniia swsuiumadan
Tumsssgndldiiadumansiifionadudalnlsgu-
Tawannanssnnusnn tiethldnwuasianndiu

NSNS LU

TSN D

Lszfaa‘*mﬁammmgmwmgm HeLa (CLS,
Germany) maéum‘%qﬁmwwmﬁym PLC/PRF/5
(CLS, Germany) u,azmaﬁmlf%qLé'mmwm,gm
MCF-7 (CLS, Germany) tagaluens MEM
(Gibco, USA) MaSuae 10% fetal bovine serum
(FBS, Gibco, USA) a8z 2 mM L-glutamine
(Sigma-Aldrich, USA) waduziSaiathamne @
KKU-100 (Japanese Collection of Research
Bioresources Cell Bank, Japan) Lé%lﬂ‘h!ﬂ’l‘l/i’li
DMEM (Gibco, USA) fitad3uaas 10% FBS Uui
aoungi 37°C meldaniie CO, 5%

asanauasiinaaulng

thathemsaftaayulwsildlumanagauiu
aatNNAsIEsanadNulnIasanTuEIne -
AFASNINMITUNNE SNINEIAFASAITUN NG
Togduasanataniuea 31UIU 180 G884
0ty 120 #ile sauaasluasei 1 nsese
ssanaloadazudiueaiiadiafigliizunedn
wazialiuisiigumgiiias haudufisuieiild
winaEEeMuaa 95% Wt 24 $la9 NIaIUAY
wingan 24 $lae whasinsealaluszmauis
melagaanme NniueIeadag Tagazaaans
ananlaas absolute ethanol l¥laanudagis 0.3,
1, 3 U8r 10 mg/mL

dmSusashaitsiuaaagnan IC,, <100 ug/mL
mﬂmsﬁmﬂimﬁ'miw‘u"nﬂaaqugﬁuﬁgmﬁﬁwm
gaaau el lnlsdulows lawn viudin (Punica
granatum L.) Muvianued (Eleutherine bulbosa
(Mill.) Urb.) wzan (Phyllanthus acidus (L.)
Skeels) ﬁﬁuu‘ﬂﬁaﬁ (Euphorbia hirtaL.) tazwg
(Piper betle L.) fimstiununufiegeinass
Pniuiisanianey @aunsngiey 2562 uazana

sxYBlaNsaNIaMaIntansslianeds e
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muNaiuSnnARis Sty nsudnemand
mMsunng vaneunssaly DMSC 5274, DMSC
5278, DMSC 5275, DMSC 5277 ez DMSC 5273
MO

msﬁnmmmamaaﬂwmﬁunéjmln‘[s%ulﬂtua
\We1aea1%ad HeLa, PLC/PRF/5, MCF-7
waz KKU-100 #fi0ae 3 @208 Uanimaaunay
%iin 91101 1.5 x 10° 1208 1nafin RNA fagaihen
RNeasy Mini Kit (Qiagen, Germany) §tA51¢%
cDNA Ta#1d RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher, USA) wazld
"qm}lﬂm LightCycler® FastStart DNA Master
PLUS SYBR Green I (Roche, Germany) Tu

MmN 1 Mednasanaayulnsildlumsmeasy

Mt uiuidasnsdne Taeld primers
wazanmz  oauaaslumsnd 2 uaz 3 awseu
wadnwduthwie e EGFR, HER2, MET
war KIT #sfayacauiinilalnduas primers
lemangiudaya PrimerBank"” laanisana
RNA msta3es cDNA wazmsiiint3ana DNA
GhLﬂumimm'i%ﬂammfwmﬁv'wm PNAATIE
sgaumsudavaanasiiuihvaneaieds quanti-
tative real-time PCR ﬁ"JElLﬂ%'m LightCycler®
(Roche, Germany) 148w GAPDH ‘?%QL‘TJ‘L!
8uta1U71 (housekeeping gene)®” dusu
normalization @1UIMAI relative expression
NNMIEMSEANETIIY (copy number) 2aafiy

g sagammstiNINUINY9Ew GAPDH

o wzasulns L e . wzasulns e
aaun 4 duin L aaui 2 L oo duin g
(Banavnu) (danavou)
1 NSZIRBULA Aauazly 14 MAD9 a8N
NAAU Tu
2 AEPRTILY Mo 15 A Tu
3 AsEiigaLen Tu Waanau
aan 16 wia Tu
4 N5278 drumiladu 17 Tnau 1y
) 18 225 Aauazly
5 LAWY druwmiiodu 19 Py druvitiadu
LA 20 A8 Aquarlu
6 nszaulway druniladu 21 oNDNY dumiladu
7 nszqnlnen duniladu 22 g dauniledu
8 A5 Auazly LA
Ha 23 29 druvitiadu
9 nszouth lu 24 ug druwmiiodu
oan 25 AUNsnIENTH Tu
10 Asealuu druniladu 26 BEWY Tu
11 N5z nnau 27 HNNSY Tu
12 nane Tu ann
maan 28 HINFEN 1)
HafU )
L 29 FINLUIA Tu
13 ALUNTILO duwniladu aan
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m597 1 gadnasanasyulnsnldlummasau (da)

r Noanulng Lo s o wzayulns e
aMaun o duin L aaui PR duin L
(Fanaaau) (Fanagoun)
30 AULHAMA Tu 57 LR a8n
a8 58 winlne Tu
31 FoBf duwmilanu HaAY
0 59 W3n¥aw Aauazly
32 G Tu e
33 fzANUHY dumiianu 60 "y Tu
34 AL dumilafu 61 WNATIN Tu
90 a8n
35 Audnun GRY 62 WAUNT N
36 NoU Aauazly drumiiodu
mn 63 Wy druniiadu
37 NN a8n 64 no a8n
38 Nuiiy Aauarly 65 WNINE druiladu
Lgﬁ@] LVI\'l?"]
39 U Ne 66 w fQ]'QLLa‘::sLU
40 558id5 Aquazly Wa
41 Wasnih R0 67 Twaem druniladiu
42 W NNEI @9
43 1RO Tu W
M 68 Hhnzarelas duwniladu
nauaan 69 N30 waeanwa
44 nulaiglse drumiladu WA
45 Tuwe duniiadu Aauazly
46 inlauns druniladiu 70 aEmM 1u
47 finiEe druviianu 71 vz G ANy Na
48 finidel Fruniiadu 72 LU Tu
49 NNWASH drumiianu Na
50 ﬁﬂI‘ZJNW duwniiadu 73 NEQH Tu
51 HANIAU nnau Wanaan
52 Hng drumiladiu mgmq
53 Rl Tu Wianus
aan 74 LU Auazly
N Wannua
54 WM lu 75 Nzl wWaanwa
Na N
55 WnUau daymﬁaau 76 JENG Tu
56 fnviuhu Aaazly ) amaan
wa LWAN
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m3Ni 1 dradnasanaayulwsildlumnasau (ds)

L. Hmasulng . . finaaulns o
MU PR daun g AU PR daud f
(danagon) (danavou)
77 wLANYMINZUNLY Tu 98 TUMUDY drunilodu
78 Uz wWasnau 99 MNUNDUUAN L
1u 100 NUNNsEY wWaenlu
79 Ne5e Ha oy
80 NZIZUUN Ha 101 AU Ty
81 - T 102 §3508N84 duniladu
. 103 GETtR) Tu
aBn
82 NLaLNa Tu .
. o WA
;MU
- 104 et RIo] NI
83 Nzd u . '
105 Frseuny nna
a8n .
. 106 dudsan lu
84 NLdIad Tu 3
waanua
nan \ , o a
107 CRNERN duwniladu
85 NLWIUAID duwniiadu o v - D a A
108 L@aOWINBUMLTY duwniladu
86 Vuahuenas drumiianu K
109 GAPKE Aauazlu
waldau 110 Taslne duwniladu
87 Tunhu Aauazly 510
88 lugay dumiaau 111 nanunvy drumiiadu
89 o0 e N
Ty 112 WAPNTN duniladu
90 1119 Tu 10
91 an fauazly 113 wanvualos dunilodu
92 NI Tu 114 NUBUMENEND 90
93 NEngnyd Tu 115 WNUA NaAU
aan 116 MNUNTEFY GRI
94 e 1y 117 wpnudszaume Tu
95 anldlu T 118 niau Tu
06 Fuag ey 119 widandanruein duwniladu
97 Wwuliau Tu 120 oyl _aan
Aawaslu
AN
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@159 2 Primers N5 lums@nn

gwihnang Tulséiu Forward primer Reverse primer

EGFR EGFR AGGCACGAGTAACAAGCTCAC ATGAGGACATAACCAGCCACC
HER2 HER2 TGCAGGGAAACCTGGAACTC ACAGGGGTGGTATTGTTCAGC
MET c-Met ACAGTGGCATGTCAACATCGCT CCATTGAGATCATCACTGGCT
KIT c-Kit GGCGACGAGATTAGGCTGTT CATTCGTTTCATCCAGGATCTCA
GAPDH GAPDH TGTTGCCATCAATGACCCCTT CTCCACGACGTACTCAGCG
Gl"li"l\‘l‘ﬁ 3 a:mgﬁ“l%’lumﬂﬁ'uﬁwmuﬁuﬁﬁmmiﬁmsn

guihwnane EGFR HER:2 MET KIT GAPDH

Pre-incubation  95°C, 10 W% 95°C, 10 W

Amplification 45 59U 45 58U
95°C, 15 ¥

62°C, 45 1NN

95°C, 15 N7
62°C, 45 1N
72°C, 83Hn  72°C, 9 3w
65°C, 1 17

40°C, 30 W

65°C, 1 W7
40°C, 30 39

Melting curve

Cooling

95°C, 10 W7
45 89U

95°C, 10 W7
45 58U

95°C, 10 ¥
45 58U

95°C, 15 39 95°C, 15 3w
62°C, 45 N7

72°C, 43N

95°C, 15 ¥
62°C, 45 N7 62°C, 45 N7
72°C, 83 72°C, 10 3
65°C, 1 U7 65°C, 1 U7

40°C, 30 ¥

65°C, 1 WM

40°C, 30 1N¥ 40°C, 30 ¥

J [

AITWAUIIDAIINIAIILHITAUNITNINIUYBY
Tstiungulnlsdulawa
AMSHALNSZUUNAFBUB NN SNAUIIS
anveNzisraumsmaueaslusiungulnlsdu-
lawd Faudadlu 2 sunsu s mahugasenlawns
(kinase reaction) waznN159533 phosphotyrosine
dramaiia ELISA dauagaslunnd 1 sreuusn
LWWL?:ML%&{ HeLa, PLC/PRF/5, MCF-7 uaz
KKU-100 %08z 3 #1081 uanhibasuaazsie
11U 5% 10° 1Had antludredae PBS (Gibeo,
USA) uazta3an cell lysate dmsumujnsen
lagi@n lysis buffer (KH PO, 100 mM: pH 7.8,
Na3V04 1 mM, 0.2% Triton X-100, 10% glycerin)
U309 1 faddns ntuneivld 10 il fgamgd
wasuaihluiluanaznaui 1,200 rpm 10 W
1 cell lysate WAeszilSinalusiudania
NanoDrop®ND-1000 (Thermo Fisher Scientific,
USA) wazdSuanunduraslusauliilu 1.50

mg/mL ¢ lysis buffer

amsmujnserleiudaaulasarnisaes
Ghosh G uazamz"" Fuusnia3en peptide
substrate dwmiuuinselawd Tasddlng
KKKAEEEEYFELVAC fii#anfiyu biotin
FadaeziannuSen GenScript (USA) T coating
buffer (N32003 15 mM, NaHCO3 35 mM, pH 9.6)
wwaauasuululasiweyn Nunc MaxiSorp™ (Thermo
Fisher Scientific, USA) viauaz 2 ug Uui 4°C
uduuaiaelulasinanaas tris buffered saline
with Tween 20 (TBST; Tris base 20 mM, NaCl
150 mM, 0.1% Tween 20, pH 7.6) :ntua3eal
Ufnsenlewus Toauan sX reaction buffer (HEPES
60 mM: pH 7.2, MnCl2 30 mM, MgCl2 45 mM,
bovine serum albumin 120 pg/mL, dithiothreitol
3 mM) 50 pL, 50% glycerin 15 pl., 1 mM ATP
(CALBIOCHEM, USA) 15 pL uwaz cell lysate
70 uL (53% 150 pL aalfjisen) ihasazaeuan
senaninaslululasiwaniiadaudis peptide
substrate ﬁm%'ﬂuvﬁwqmz 50 uL LLa:ﬂuﬁqquﬁ

Y99 30 W
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1157579 phosphotyrosine Aiiumslagais
TuTasimanivhuiasenlawade TBST uda block
M8 3% skim milk (BD Biosciences, USA) u
TBST 13105 100 uL daviqu Unfigamgiivas
1 #las dwlulasiwaners TBST udaiis phos-
pho-tyrosine monoclonal antibody, clone pY20
(Invitrogen, USA) o primary antibody T
3% skim milk/TBST 8051015138279 1:1,000
13105 100 uL doviqu Unflgamgivios 1 %l
Salulasiwandrs TBST ntutdn polyclonal
rabbit anti-mouse immunoglobulins/HRP
(DakoCytomation, Denmark) Fadhu secondary
antibody Tu TBST 8051115138979 1:2,000
U31N05 100 uL doviqu Unflgamgivios 1 %l
dralulasiwandas TBST a1ntutds TMB
2-Component Microwell Peroxidase Substrate
(SeraCare, USA) 100 uL dioviqu Unilnamgiivias
20 W wamgaUiseralenisiin 19 HCI
U511035 100 pL dovgu Jasnsganauuaei
ANNENIAEY 450 nm aEtasaesululasinan
Infinite M200 PRO (TECAN, Switzerland)

mMsmanmeimsnzanamsunsuiisenlawe

msmanmefiminzandmiumsnuiase
Tawua eiumsnail

1) MsuUsHUANNNIUYDY cell lysate
0-2 mg/mL laawm3en cell lysate IWlaNuy
74 0.008, 0.016, 0.031, 0.063, 0.125, 0.25, 0.5, 1
uaz 2 mg/mL uazvnufizenlaiua lasnguatuaw
Tidn lysis buffer lutsmnasuhiu Mniuasa
phosphotyrosine e NEHsERUMITMNUY 8
Inlsgulawe uarSsudisumdyanumsganay
uavAunguAILAN tiladaEanANuIdT U zaN
NAFOU 3 AT ASTAT 3 2

2) MuUsiulsune peptide substrate
Tumsndaululasiwan o-2 pg davan lasin
peptide substrate lu coating buffer aAdaUAY
vululasiwan Nunc MaxiSorp™ wawaz 0.016,

0.031, 0.063, 0.125, 0.25, 0.5, 1 U 2 ug lAENGN

M5815NTHANENFFATANTUWNE
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MUANIVLAY coating buffer TuuSanaswinnu uu
i 4°C thuduuaziugnsenlawe TaglFanudndy
cell Iysate filgannmsnagauluda 1) Mntuasa
phosphotyrosine a3tz HszaUMITNNUYB
Inlstulawa udnSauiisuandyanamsganauus
funguanuautiadadanyFinaiivanzan naday
3 a%1 Asaar 3

3) maulsiuenuntuaes ATP ludjasen
0-200 nM Tagta3anasazas ATP HanuEndy
0.031, 0.063, 0.125, 0.25, 0.5, 1 L&z 2 mM W&
Tunanny sX reaction buffer, 50% glycerin waz
cell lysate wazyujasenlewd Tvdanududu
qmﬁm"luﬂﬁﬁ%mlﬂu 3.1, 6.3, 12.5, 25, 50, 100
waz 200 nM MNAOU énuﬂduﬂauqﬂﬁ'@uﬁw—
nauludSinesiieniu Teeldamudngu cell lysate
uazUSanae peptide substrate lumsiadaulalasiwan
Algannmsnagavlude 1) uaz 2) NNTUATIA
phosphotyrosine Ll EsERUMITNUY 8
Inlstulawa udrlSeuiisumdnanamsganauus
funduauquiiedaidananudnduiiinanzas
NOFDU 3 A% PS8 3 2

4) msuwdsiunalunsmuiisenlewud
0-60 W Tmaﬁwﬂﬁﬁ%mlﬂmaumﬂuﬁqmwgﬁﬁm
0, 5, 10, 15, 30 waz 60 W lagldanNundy cell
lysate USu1au peptide substrate Tumsindau
TuTasiwan wazamuEndu ATP fldnnmanadeu
Tuda 1) - 3) mﬂﬁ?umn phosphotyrosine D
Ienziszaumsmauaslnlsdulawd wWisudiau
My IumMIgandunaiunguamuan (1aly
MUFAse o i) wedadanalunsrh
ﬂﬁﬁ%mﬁmmzau NAFBU 3 ASY ASIBE 3 7

NINATIUAIINAINUGBANINIBEAIY (solvent
tolerance) adszuUUNAFAU
negavuszuuRwauIdulugniiziiiea
MazaaMuea was dimethyl sulfoxide (DMSO,
Merck, USA) U3 0-10% lagiiy absolute
ethanol wia DMSO lutunsumsiaienuinsen
lawa Tifianudaduganedu 0.5, 1, 2, 4, 6, 8



MSNHINTLUUNAFDUEINSUAANTNaNsEUsa InTsdulawua

o 4
maius Jaanla uazeoe

Kinase reaction

———P”“ o0 ———*

I I ADP Phosphorylated peptide

Tyrosine kinase
(inactive)

Tyrosine kinase
(active)

a
MAN 1

/)(@C
AN

Detection
OO0
@ Biotin ® Phosphate
0000000 Peptide substrate N 1° Antibody

@ Tyrosine /s 2°Antibody

Msaneszaumamaurasinlsdulamamameiia ELISA suusnyiijisenlawaiialviie

msmelaunywaailaain ATP lUga peptide substrate Nenunialnlsgu Mntulduaudived

fanzlun15@51a phosphotyrosine LWDILATIEHIEAUM NI

War 10% uazlniiguvgfives 15 Wil faw
ssazansuandanainaslulalasmaniiindau
peptide substrate Mo3anly iiaynufAsenlawe
Togldanmeimmeaniilannmsdngm Tdun cell
lysate ANNWNAY 0.125 mg/mL USana peptide
substrate lumstadaululasiwan 0.25 g davau
ATP anuugu 25 nM waznian lunmsmuinsen
lawa 30 Wi mﬂﬁy’u‘ﬁﬁmeﬁ@hﬁiytyﬂmmsgﬂ
nauwsfiaNudNTuae ) veedrhazay uas
Wisuiisurunguaruguislitdudirazans
ndain nadau 3 A% Ase 3 7

1130 TIFBUANINYNABIYBITEULNATAY
nasgausTUURRaNTuR ussH g natuda
wzi%e 9w 7 wie wiaiumshiisnenugnasuds
Tusdungulnlstulaua EGFR, HER2, c-Met
war c-Kit 574 6 %10 A axitinib, crizotinib,
sunitinib, gefitinib, erlotinib waz lapatinib®”
wazansfidgnatuaSisnalnmsunsndnly
DNA (DNA intercalation) f® doxorubicin &9
wvnadunansasies Sigma-Aldrich (USA) Tog
dnansuunaumsiadendiasenlawaliianu
WugY 0.03, 0.1, 0.3, 1, 3, 10, 30 (AL 100 ug/mL
Unflgamgiivies 15 Wil AewhasarmanauLiy
adlululasiwaniiiadau peptide substrate L

mufasenlaws Tagldanmziimanzanilaan
msdne laun cell lysate ANNENTY 0.125 mg/mL
USanas peptide substrate lumsiadaulalasiwan
0.25 pg Gavign ATP anuudy 25 nM uazia
Tumsmufasenlaws 30 i Nnsamduana
MIQANAULE wazAtaneisaeazmstudamsrnnuy
299InlsBulaud (»inhibition) wa119n5IW
lameanuENT I sHEIsaSUEIM STy
yaalnlstulawalaspeas 50 (inhibitory concen-
tration at 50%, ICSO) Lﬁammaauiﬁxuwﬂaau
fiwannausansaldsmiudansesasingnasusa
Inlsgulawaldwiolal nagau 3 a3 A3z 3 %

mInagauaNulilazasszuunaaay

mMsnadauaNulilevesssuy nsdinadau
gy (intra-plate) ealalasiwan (inter-plate)
(WazeNU (inter-day) daulasaInisues Iversen
PW uazanz®? nagauszuuiwannaulusng
a9 fmldlamdyaaidiunstsuaiug
(normalized signal %ﬂuﬁ‘ﬁ’ @8 %inhibition) 5zAU
gNge (max) unan (mid) Ltazﬁwqﬂ (min) é’\ﬁf

m‘mﬂaausluamqzﬁﬁﬂﬁlé’@hé’agmwmgqqﬂ
(max) laamufisenlaws ualady cell lysate
waransniignasudimsmaureslnlsdulaws
avludfnsen 14 lysis buffer Tusmnasidenuunu
cell lysate Elu%y'umaunwm‘%wﬂﬁﬁ%ﬂﬂmua

NsasnsEInenenaasmMsunng
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nmsnadavluaninzimldlde Fyaro
thunan (mid) lesmijasenlaws waziuas
fifignagudamsranuedlnlsdulaws (gefitinib)
Tutunsumaniendfisenlawsfianudadusa
D 0.25, 0.5, 1, 2, 4 WAz 8 pug/mL

managauluanmeinlildamdyanaman
(min) Tasvufaselaws waldiduansifigns
Fusamsauzaslnlstulawaluiunaumsiadoy
Uinsenlelud

mahuFselawe Mdanmzfmanzandle
NnMsane laun cell lysate ANUENTU 0.125
mg/mL 133 peptide substrate Tumsiadau
lulasiwan 0.25 ug davgu ATP anangu 25 nM

aaa

waza lunsmujnsenlewud 30 wi NNy
TaMdyaIuNNsganduLay lagnadaudnizas
4 5 Tululasiwani@iensu (intra-plate) 119U 3
Tulasiwan (inter-plate) Anaanu 3 (inter-day)
wdmme Z' factor dailumnniiweindnly
msfimsonanalglduasaamwesszuu mduszans
aNuUUsUIIU (%coefficient of variation %38
%CV) 29fduaNnl waz) %inhibition 1NGAT
mnadalUil

SDm - SDmi

mean - mean .
max

min

ax n

7 factor =1 - 3 x

%CV = SD X 100
mean
oD - 0D
%inhibition = { °°““21)D “f“}

control

Toa SD @a duidieauuanasgIl, mean @p

Mw@de, OD waz OD  Aa AINISONNSULE
control test Y
YBNFHAIUANUDENFUNATOY INTIOU

LNUTINISEANSUBBINANISNaday >

loun msnadau intra-plate laaudazlulasiwan

Al %CV  , %CV s %CV < 209, @

midfnormalized)

<20 Waz@ Z' factor > 0.5 SIUMINAFDU inter-plate

SD 284 %inhibition szauthunan (SD

ey inter-day @) %inhibition sewislulasiwan

LAZIEVINNIUADILANGNAUU DN 15%

M5815NTHANENFFATANTUWNE
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nmsnagaugnasudansinauadinlsdulaws
ludadnasanaaaulng
iszuunagaUTiNanIunedaufuIagh
nnageasanaayulns lasduasanaenmues
PIUIU 180 MIBEN NN 120 280 Lloefinaines
FSINAANNEINTY 0.3, 1, 3 Uz 10 mg/mL USNas
1.5 uL lutiumpumsiedeuu§asenlane 18 gefitinib
fenudutunazlnesdmiudmiunduanuau
10 warld absolute ethanol sinasieniugusy
NANMIUANAY 1NdITarMEHaNUNTIDaM T
15 it wazidnadlululasiwaniiadau peptide
substrate tiavnuiasenlawa Tagldaninz
fnanzaafilaarnmsinem laun cell lysate
AMULTNTU 0.125 mg/mL USanau peptide substrate
Tumsiedaululasiwan 0.25 pg devgn ATP
ANuENTU 25 nM wazna lumsmufnsenlawus
30 W mm?u*?@mé’fa;ﬂﬁmmsmnﬁuum NagaU
2 651 ém%’umsmaamﬁam"u (primary screening)
MNUBLATZY A gaznsHUSINI S uYeY
TnlsBulaiua (%inhibition) way IC_ wazAqidan
asafanuaaegnsn IC_ <100 pg/mL nagaugNs

3nA33 legmMNsSNAFaU 3 A1 AI8E 3 A

panadaugnadudenisaiyuadgadustse
lusadrasanaasulng
ihdhadumsataayulwsiuaasgndi 1C,
<100 pg/mL Tumsdiugamsvnaoneasinlsdulawa
Wnadaugnsiudimaiyraasuzide e
asndaviudugnisunsdilumadinedns Tos
w3eNEad HeLa 1WHUS1n 2x10° cells/mL
wdrmzdsslululasiwansiio 96 vau wquas
200 pL (flunan 24 Falas My Gudesmsaia
ayulwsanuandy 0.3, 1, 3 uar 10 mg/mL
Usines 2 uL 14 gefitinib tiniienududuuas
Usmasideanuainiunguaivanuin wasld
absolute ethanol iinfiU3anasdeiudwiungu
MUANDU LWNwAAENGD 48 Falad uazaTIVTAMaLT30Y

Vv

2DULDENIEID MTT assay™ ioleanevimsosas
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MSHUEINISIAS YR UTAANELSS (%inhibition)
SNSUA IC MNSNAFIU 3 A9 A998 3 B

MINAFaUGNEEUSINIUNI NSz BYaRTARNES
lugadramsanaauulng
videgasafaayulnsivansgnsi
IC,, <100 pg/mL lunisdudenisreiuaas
Inlsgulawanmageugnagudansunsnseane
2DULAFNZIE LpaTITRUFUSUgNE NS
Tugadiniziaes lasdaulaainds trans-
membrane assay®” lasiaSauigad HelLa
195iUSInm 2.5 x 10° cells/mL luamsiaes
iwad MEM filaiuay FBS ldasly cell culture
insert (Corning, USA) %auaz 300 pL uastily
magnansanaayulnsanNdndy 1 ve 3 mg/mL
U5103 3 uL 1 gefitinib fienaududuuazusngs
WWennuansunguaIuguuIn wazld absolute
ethanol fiUSinasiderfudmiunguaruguan
nntuedzalulasiwandmiung cell culture
insert Togidinamsiaeasas MEM finsy FBS
10% wazsmantuuunlusiy SDF-1 (stromal
cell-derivedfactor1) 100 mg/mL 13363538700 pL
avlululasiwanyiio 24 g wast@nalInens
ssanaayulnsanuuu 1 ¥5e 3 mg/mL U303
7 uL 14 gefitinib fenududunazusinasidensu
dmdungumuauuin uazld absolute ethanol 7
USmnasidmudmiunguauauay antni cell
culture insert fito3zansasuululasinan uaz
INeaes 18-24 1l laasumvue a3agadae
wimuaa (JT Baker, USA) uazdandizanme 25%
Giemsa strain solution (Merck, USA) Huahuiu
iwadiiimzagiu cell culture insert uazwIAL
fhdasaemstuiimsunsnsEnaas (%inhibi-
tion) MMsnagay 3 a%q
dmsuseendunurilusiu SDF-1 Fudums
NIZGEUMIUNINTENLYBUBANATN ™ Haalazlaay
#u SDF-1 :nwad PLC/PRF/5 wgwaiadie
pGEM®-T (Promega, USA) tiiaas1asausiau
fnaaTlalng Mniiu subclone Fhgwanadio pET-21a

(Novagen, USA) uaziwing E. coli BL21 (DE3)
andnInanTuuwilusdiu wasvlviusanaeeis
Ni-NTA affinity chromatography®”

mﬁmswﬁifagammﬁa

Foyarnaualugidnaissanissiuu
NINIFIU mswdsuiiisuanuuaneeaasdnis
NN 2 ﬂéiN 1% ANOVA (analysis of variance)
NnntunlFeuiisudayaiidiefudis Tukey’s
multiple comparisons test MWUAA p<0.05 DN
HlaaAeuneddd Ieelessandus GraphPad
Prism 6 (GraphPad Software, USA)

We

mMsAnwnsuansaanvasdungsinlsdulawe
msfnwnsuaasaanyasdungulnlsdu-
Tawa nuhlasnwsin 1wad HeLa Hseaums
udemenuetEiunIaYiin #e EGFR, HER2, MET
waz KIT ganiugas PLC/PRF/5, MCF-7 uaz
KKU-100 aglsAanaseaunsuaniaanaadiy
EGFR, HER2 waz KIT Liwanernuluudas
1wad oniuiiu MET fifimsuaaseanluwad HeLa
nANEasINzEeEY audaslumui 2A

ASHAHUIITANTIAILATILHILAUNITNINIUY B
Tstiungulnlsgulawa

AMIWAHUIIBATIILATIERITEAUNITNINY
paslusfunguinlsdulawa Tagi cell lysate
2091998 HeLa, PLC/PRF/5, KKU-100 uaz
MCF-7 sifjisenlaiud uazas1a phos-
photyrosine Lia31A5129¥526UNISHIIUYDY
Tnls3ulatua wuiwwaa HeLa, PLC/PRF/s5,
KKU-100 waz MCF-7 lvimdwanauily 2.8s,
1.45, 1.79 W8 1.02 MUAIAU Gaudaalunw
fi 2B (ilasnnwad HeLa fsz@umsuansaan
vasiungulnlstulawageniigadaiiadulos
M5 waziiszaumsmanueslsaulnlstulawe
geiige Fudenldivad HeLa lumswannszuy
NaFaU
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A
10

100..

NN

1041
10'2' *

103+

Relative expression
(fold change)

104.

EGFR
HER2
MET
KIT

HelLa

KKU-100
MCF-7

B
4-
PLC/PRF/5 -

3-

£

< *

o

e 2 Y

Q

[e] *
1
04

control
HelLa
PLC/PRF/5
KKU-100
MCF-7

Mwil 2 wamsEnmmauaasaanzasBunau nlsdulews uazmsanaiaszaumemnmauzeinlsdules

Tugaduzisamziassiianie g (A) ns@nwminisuaavaanuasdungalnlsfulaiue
leun EGFR, HER2, MET waz KIT luinadiwizidass HeLa, PLC/PRF/5, KKU-100
uwaz MCF-7 #1875 quantitative real-time PCR nadaunuizaazsiinas 3 @1a819

* @0 UANANRENNNEHIAYNINEDH (p<0.05) Walfisunuwas HeLa (B) 15091930520 U

Asmaueelnlsdulaiuaain cell lysate vaatsastwizidss HeLa, PLC/PRF-5,

KKU-100 waz MCF-7 w3suiiisunungueiuaudelaitds cell lysate 31001570

hosphotyrosine NtAeanUANSeNlatud aie75 ELISA nagau 3 A4 ASI8E 3 61 * Aa waneN
p photy

pENHTEAYINEEA (p<0.05) WBWBUAUNANAIUAN

mamanmeimansandamiunsuiisenlaws

msAnMANNENTURWINzaNYaa cell lysate
Turn 0-2 mg/mL wuhadyanuanmsesIa
Jaszaumsmauzaslnlsdulawalunguaiuaw
Falsiiin cell lysate 18 0.15 Iﬂﬂﬁﬁﬁmﬂpm%tﬁuﬁu
AL atah MaUAANNTAI 0.008 mg/mL (0.53)
LLﬂz%gjﬁL!ashwimﬁammmmLﬁ'uﬁuﬁtﬁuﬁu
NniaziENesiiile cell lysate Hanadusudud
0.25 mg/mL 2ulU Tasendyanaluganudniy
0.25-2 mg/mL azagasvin 3.68-3.87 Hlaidl
ANNLANGENNY wanalitiiudeUSIna cell lysate
fnnihuwe SudenenuEngy 0.125 mg/mL 3
Tiendananiy 3.44 lumsnasssdald aeuaas
Tunmwil 3A

m3sAnUSana peptide substrate ﬁLﬂNW:ﬁﬂN
lumswedaulalaswan wazmsdnmenududud
winzduzes ATP Tudjisen Wansanalananms

M5815NTHANENFFATANTUWNE
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Wenfiu dmsu peptide substrate wuhiluSina
0.031 ug Giawaquﬁulﬂ aﬂﬁ'mﬁmumgmﬁgmimalu
muauagiiiedymeada wezaziFuasiiilad
USanaunaud 0.5 pg dovqu daudaslumwil 3B
Fudanldfsnm 0.25 pg davan lumnaassdaly
du ATP aliiehdanadiginhinguamuguods
fidaaameand audanuEudy 3.1 nM 2auly
wozazEnasiinamudatunaud 50 nM Sudenld
ANundy 25 nM Tumsneassdald aeudaalu
Mnii 3C
smsunafiomnzaslumanuiisenlawe
wmhﬁh&'iyiywm%gxﬁiyuaaiwﬁﬂ'ﬂzhﬁﬁgmqaaa ilah
UfAsendaue 10 wiituly Lmz%@qﬁuaahwimﬁm
Li‘iaﬁﬂﬂﬁﬁ%mmuﬁu Tosfiom 30 uaz 60 Wil
arlendanoniy s.24 uaz 3.76 Fauaneeduy
sgniliaadameada Waiasen Z' factor Fuily
wniwasvanlumsnesauanuldlavasssuu wu
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Nen Z' factor 2avszuunadautilu 0.83 war 0.89
FlnatAesnuuazEunaeinssansu s lalssuu
nadgavuilldnaaniuld 3udenldne) 30 wn

Tumsmunzen asuaaslumwi sD

NINAFAUAIINAINUGBAINIBLaIY (solvent
tolerance) aadszuUUNAFaU
MINATDUANNANNUA DA BLNEVDITZUU
WuheThazagemusaia: DMSO 25wl
A dyyraanatedilisdfyneada nou
ANMUTNTY 6% WAE 8% MNAAU Lagazylvad
NUANUBADINED 74.02+12.67% BT 74.40+6.91%
MNEGU Faudaslumnii 4A mInagauiuss
nagavielinstdmrhazansmaihuanugugy

AN

N1IATIFAUANINNGBIYAITEULNATAY
MIATINFBUANNYNABNTNTEULLAENAFRU
Fuanshilgndsudanse wnhmmajuﬁﬁqm‘éﬂ’u&
msvhanuasinlsiulawa 6 #iie laud axitinib,
crizotinib, sunitinib, gefitinib, erlotinib &g
lapatinib anfmdaanaluszuumaanaugui
Ny GansnuantaNNFRugeIaNE NIy
sudazaiiafuadasamsiusinsiaues
Tnlsgulaws dauaadlumui 4B Taadiasmunaem
ICsoﬂmmsmjuﬁ WU sunitinib, crizotinib,
axitinib, gefitinib w8z erlotinib ﬁnw’éﬁuﬁy’q
msnnuasinlsdulawags leadidr I1C_ aglu
929 0.1-2.5 pg/mL Tuzauzdl lapatinib flignasuda
manuzaslnlstulawamniiasdulungs
logiien IC_ {lu 88.53+9.95% dauandlumsad 4
d7u doxorubicin FuiluamssudanziSenalnay

Tiaamdwana ancunanuEuiy 100 ug/mL

msnagauaNuldlanasszuunagay
msnadauaNNlFlauaissuunstinagaua

%au (intra-plate) wune Z' factor, %CV_,

X

YOI

mid-normalized

%CVmid, %Cme wae SD
Tulaswanagludn 0.77-0.96, 1.06-7.05, 0.71-
12.09, 4.45-13.13 WaY 0.44-4.15 GINAIAU
%mn@hagi’lummﬂmsaau%u faudasluamsd 5
Msnadauannlilazesszuunsainaaauaig
lulasiwan (inter-plate) waza19iu (inter-day)
WUIWAEIIRIASREarNSTUHINISINOUERY
TnlsBulaiud (%inhibition) szwielalasiwan
wazsenInIuegludn 0.08-5.67 waz 0.08-13.07
maEIRU Fafasni 15% wazagluneinseansy
Faugaslumsid 6 wamsanwiiaeuanddiiiui

SLUUNAFDUNNHINIUFINITAMNT LG

nmsnagaugnasudansinauainlsdulawe
lumadrasanaasulns
athszuunasausmiudansesansiuss
nsvauzasauledlnlsdulauaiwauniy
NAFBUNUMBENATINALDMUBANINNY 120 %A
Y 180 BEN WUSTENANNNY 5 Bila laud
ANSAFANATURN IUMINUAT NN UUNITEI
wazwg den IC,, susugnadudimsiausas
Tnls@ulaually 16.25+3.27, 23.16+1.94,
30.59+7.47, 50.44+1.64 LAY 73.82+10.45 pug/mL
onuadu luzoisd gefitinib %ﬂL‘ﬂuﬂ’liﬂ’mﬂNU’Jﬂ
fieh 1C,, 1w 1.7120.50 pg/mL Gauaaslumsad
7 dwmsuasanaayulnsdn 175 Gaeee wunhien
IC,, 410NN 100 pg/mL
lilasanszuunagauiwanndufluszuy
nagaudmiuAansaslevdy wazldujnsen
meFaailumsnagay msanwiisedaidan
ssanaanulwsfiuaasgnidudenisiauaas
Tnlsgulaweii IC,, < 100 pg/mL laud fuiisn v
WONWAY NZHY UUNTITEN wazwg nagaugNs
Fudamsiasa wazgnituiemsuninsznevaas
W15 1iaaaFeuiudugnas NGl umaduzds

&
LNIZEREN
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A
4 ]
34
S
c
(=]
(e}
1-
0 L) Ll L] T
0 0.01 0.1 1
Cell lysate concentration (mg/mL)
C
4
34
£
c
2 2
<
(=]
o 1-
0 I B L] L L] o L]
10 100
ATP concentration (nM)

OD 450 nm
e

0 0.01 0.1 1

Peptide concentration (ng/well)

OD 450 nm
b

0 T v T v T v 1
0 20 40 60

Time (min)

awd 3 wanmsanmanzimanzanawsumuiselawd (A) msAnmenududuiuuzany o

cell lysate lagndin cell lysate 2augaaiwizidey HeLa Nenuwady 0o-2 mg/mL Tuufpsen

v 1w a a 3 o P a P
wazaIamdyanuitiennmsmaurasinlsfulews (B) msanmuSinafivanzauuas
peptide substrate lagpdaulilng KKKAEEEEYFELVAC #iaunu biotin #ilalasiwan
U3 0-2 pg davigu uazmunsenlawa tilaanaiamdyanaiieru (C) msdnmenuuidy

Mmnzanwes ATP Tudjasen Teedn ATP ludjdsenldanududugavediu 0-200 nM

wazaNaadya uiiiedy (D) MsAnmszaznaMuinzan ausumsmuijisenlawe

Taavnujisenloiud o, 5, 10, 15, 30 WAz 60 W UAzATIVIAMFUANUTINGTU NATOU 3 AT

A598¢ 3 M

Msnadaugnadudenisasauacmadusiie
lusadrmsanaauulng
MaNaFaUgNEEUHIN TIRT BTN
WUNIIENNNNUNBNUAILAzNgNA IC,, vy
ANBHUEINSIT B NBAENHTIINAY 89.8946.31

ez 90.91+2.21 pg/mL @IUEITENANNNUNN
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NEEH Wzt UNTEEW fen IC,, 8007 100 ug/mL
Tuwasdl gefitinib e?;ufﬂum'smuqumﬂﬁ@h
1C,, 1{lu 19.58+0.17 pg/mL dleRmsand3osas
msfuiemsaiaaarasuzde wuhnenuugy
100 pg/mL miaﬁ'@mnimwamLLmLLastﬁuﬁy'q

NSRS VDILLAINISITEAL 64.994£7.34 UAL
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62.93+8.18 MNAIAU FIUFITFNAMNNLHNUTA
andtuiemsiasaegadnzdalndidaety lug
AN NTURNAdaY Geud 3-100 pg/mL
WapsaEa: 49.00+2.66 Tuzafissafanniuix

3089z 21.75+5.43 WAL 22.26+1.02 MNAIAU
NANuENTY 100 pg/mL dw5U gefitinib Fuilu
ANIMIUANUIN FUENIMSIISYUDULATNLIIT DAL

82.65+4.64 NANUINIYU 100 pg/mL

WA UNTFREUEIN SIS YBITAA NS E

A B
e DMSO

§ 100;; A Ethanol -0~ Axitinib
E T § i c -# Crizotinib
o % i ] - Sunitinib
0 =
< i S = Gefitinib
[=] £ -
S 50- 4 £ ~— Erlotinib
.g } X -®- Lapatinib
= -8 Doxorubicin
&

G T T T T 1

0 2 4 6 8 10

Solvent concentration (%) Concentration (ng/mL)

AN 4 WM ITNAFBUANNAINUABMINALILUIENINTIVTDUANNYNABNUBITEUUNATBUFINTUAAN BN

ssusamsanuzaaeuladlnlsiulewe (A) MINAFBUANNAINUABMMBLAIY LALHNA?
Mazaslamues uas DMSO fianuduiy o-109 lulfjasenlaawazilioudiaud
Fuanaiiiedu iaasadaunansnurasirnazansniidaszuunadau (B) Annduwusyasamy
Batussudazaiionuamiasarmsuiemsrauaslnlsulans A5IFDUANNYNADIYDITLUY

Y Ao Lo & a & & ¥
Iﬂ‘c’mﬂaa‘Uﬂ‘UGWS‘YINQVISEIHENN%L%Q 7 %10 NONULNLIY 0.03-100 pg/mL noddu 3 AN AN 3 6

~ U PR Lo & g aAv v Lo & v 7 <
MMINN 4 AN ICE,O ?IBQH'I?VINQ‘V]ﬁEI‘UENNZLSQ‘VIlG] MINAFIUGNIYUSINITUNINISANSYDILTAIINSEI

ANNMSNAFTBUMYSLUUNATDUFIVISU °luﬁ'aaeiwaa1iaﬁ'maqu1ws

o g g; o A(QJ g \
ﬂ(ﬂﬂiaﬂﬂ'l‘iilﬂﬂﬁﬂ']’iﬂ'lﬁ']u%aﬁLaul‘ﬁﬁ NMINOFUGNDYUENNITUNWINISANYBN as

InlsBulae N3 WUDIETINANANITUEINITUNINTENY
pE NN NEDR (p < 0.05) NANULNIYU 30
&3 IC_ (ug/mL) o 2
20 waz 10 pg/mL lasduaesaaas 98.58+1.23
Axitinib 1.584+0.54 . o , °
o U8z 50.86+9.97 MINAIAYU FIUFITENAAIN
Crizotinib 0.5040.01 v e .o
Sunitinib 0.1940.09 'J’lu‘l'iEmLLGNEI‘IJEJ\‘lf'l’l’iLLW‘Sﬂ'i::ﬁl’lElaEI’lxmutlﬂ’lﬂ?
Gefitinib 9.1140.17 MNEDR (p < 0.05) NANNLNTYU 30 pg/mL losgues
Erlotinib 2.16+0.13 SPEAY 47.08+2.90 lUMLNAISEINAINNLN
Lapatinib 88.53+9.95 NUNN waztUNTIZE lauanagnineanuugui
Doxorubicin >100

nadau § M3 gefitinib Fudussmuguuin duds

MIUWINIzNYRE NN AYN DG (p < 0.05)
fienududu 30 waz 10 pg/mL Tasdudedasas
99.97+0.04 UdZ 86.57+11.77 MUAIAU AILEA
Tugns1adl 7
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M1 5 MINFAOBIANN ) NNMSNAFUANN LT LAYBITEUUNAFEIU LNBAANTBIFITHUEINITININIU
vaveulmilnlsdulana nsdinaaausinaw

WINHAaS Z’ factor %CV,,, %»CV,,,, %»CV,,,, SD, .1 sormatised
plate 1 0.93 2.04 0.76-4.12 13.04 0.62-1.77
N 1 plate 2 0.89 3.27 1.17-6.44 6.70 1.08-2.56
plate 3 0.96 1.06 1.30-7.75 8.42 1.21-3.28
plate 1 0.95 1.61 0.83-7.19 4.45 0.44-2.35
U 2 plate 2 0.94 1.45 1.43-12.09 12.65 1.31-3.85
plate 3 0.84 5.14 4.28-9.21 5.13 1.07-4.15
plate 1 0.87 3.96 2.07-4.71 6.74 0.90-2.56
UN 3 plate 2 0.82 5.35 0.71-7.29 13.13 0.69-3.68
plate 3 0.77 7.05 1.22-4.06 8.15 0.22-3.00
(awinsEaNsy > 0.5 < 20 < 20 < 20 < 20

a519f 6 waeEasAsaarmstuEamsInuraslnlsdulawassrhelulaswanuazserneiu Wenagau
AU gefitinib NANUETNAUAN 9

AN N o uasua A agazMsgugamsmanzad inlsdulawa (%)
o A . o .
gefitinib inawinnsgansy inter-plate .
%inhibition o o o o o inter-day

(pg/mL) M 1 M 2 M 3
0.25 5.77+2.12 0.95-2.84 0.59-2.23 0.45-2.71 0.27-5.95
0.50 13.50+2.87 0.90-2.34 0.28-2.95 1.25-2.71 0.09-17.53
1.00 25.72+3.57 2.44-5.67 0.55-1.44 2.68-5.58 0.25-10.50
2.00 42.65+4.63 <15 0.14-3.88 0.08-2.58 1.17-3.59 0.08-13.07
4.00 62.62+3.37 0.44-3.24 0.25-1.84 0.46-3.09 0.25-9.89
8.00 79.29+1.85 0.15-2.05 0.17-0.49 0.31-2.67 0.15-5.37

v 4
v @ o

i Lo & ° o =4 a < o '
MmN 7 HamsAnmgndiugamsnnuadlnlsduleus gnadudimsnday uazgnddugsmsunsnszang
YDUFATNI vavansanaayulns 5 oiia

¥ Q(u g’l I
qwgﬁluﬁ'q lo 2 - HNDYUHINIIUNINISANY
NoYUBNINIILAITY . sl sps
. do AN UY DY 9 . © ﬂﬂﬂl‘lfaﬁ&l%ﬁt%ﬂ (%inhibition)
anulns dauin g . YDUTAINELS
k TnlsBulaws 30 ug/mL 10 pg/mL

(IC_, pg/mL)
ac,, pg/mry M€

MURDNUON LA 23.16+1.94 89.89+6.31 47.08+2.90 5.53+1.39
Wy Tu 73.82+10.45 90.91+2.21 98.58+1.23 50.86+9.97
Negy Waanau 30.59+7.47 >100 - -
nunu Aduazly 16.25+3.27 >100 - -
ﬁmmmﬁﬁ 'vgﬂehu 50.44+1.64 >100 - -
Gefitinib 1.7140.50 19.5840.17 99.9740.04 86.57+11.77

(positive control)
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faulald el fenwemudamaiail Jaanw

s

wazUszndadunu® MsieNiszaum sy

v
o

aoelnlsaulaws tiledumansiilgnadudins
maruzadddsiudenantumldvarandnnis
%1 ELISA (undnmasniliigmanswannssuy
NAFIU STUUNAFaUNaNNS ELISA ﬁudwuaz
ansaufialaludanlfiamsmly fivssuuuy
#Fwad (cell-based assay)™*'® LLaxgﬂLmumﬁ
UfAsenmstaail (biochemical assay)™*'® azhals
Reudaiidasie szuunagauiildmadaamagau
asfuadluudazvgusslulasiwanioy uad
Saa3ey cell lysate wazaeludadnlulasiwanniis
taenzimshnueesnlsiulans udnazasans
nadauaa lilgad luudazrguiianuinias
g msszeauguldienududurhnuiaiuy
30900 duszuunaaeuildugasemeiaaiitn
THlusduiiusanddeiings uazdumzaalnlsdu-
Tatuandianiie g whiy szuunegauiiwanniudl
Tisndudadlalusduiviand Tasumeduldsu
sfialazfionils wazlifanugeenlumsaiuay
ANNENTUY cell lysate Feorafiumadanwii
dmsulFlumsdansassnsiiiignigudamsauga
TnlsBulewale

AN HLEaNANEINSUFAIDBNYBIHY
EGFR, HER2, MET waz KIT luigaduziia
WNeEeeriaae q tiadadanimaddmiuRan
sruuneday Lasnnduniaeiiafiuiueadlusiu
nawlnlstulanaiduihwnemssnm uasiiendldsu
mstunzdeunnasdmsamsuazen awsgadm
WEEY wamsAnWUNIEasInzE s o NS
1hnuagn (HeLa), #t596u (PLC/PRF/5), uzi5

9116 (KKU-100) waznziSaumun (MCF-17)

fimausasaanuasiunguilianue Haaandasiu
msannAnuNwasus S mnauldinsuansaan
yaalUsfugasdungnaanan® " &msumingaia
seaumsMNurednlsdulauareamasneisams
[aeanadeiio wuhigad HeLa Tendyanngege
§80AZBIRUNIMSANEIMSUERIBBNYBIEY FawuTh
wad HeLa fimsuaasaanuesiunsaaioginingad
aulasmwsin agalsiauiissanszuunagau
fwanngulaisumesulsiulnlsiulawasiole
ilanile ﬁwé’muaﬁmﬁl,ﬁﬂﬁuﬁqmmﬁﬂmnmsﬁnm
vaslnlstulawanioauiinuluas HeLa e
2 Janus kinase (JAK), focal adhesion kinase
(FAK), platelet-derived growth factor receptors
(PDGFR) wae fibroblast growth factor receptors
(FGFR) {Wuau®?
msmanmziunzandmiuuiisenlama
WUNMsNANNENTUEY cell lysate, peptide
substrate waz ATP MIdedua unnmsns
Saseaumsrnauaslnlstulawatiingy faia
anudntudeszuniie MdyanaazEues uaa
ThiudelSnaimnniune Genadewansznuds
MsNAFaUgNaEs M3EananuENTuiINTan
Fmadanenuiuiuiifeglussazendlnuuden
(exponential phase) u,a::ﬁﬂﬁlé'ﬁhé’fagaﬁmﬁqq
[iieawe MsAnNTiaaEen cell lysate 0.125 mg/mL,
peptide substrate 0.25 ug Giawqu waz ATP 25 nM
Tumsuiasen dmsumsmszasnanfionnzas
Ansanerenanmsiiientu waldlwszuunagau

v v
a @ =

nnanzuldnmainnaiull Jedenldna 30 Wi
TumsuFazen diasnnliendyanaiigs uazlien
Z' factor flndwdeeiumsviufasen 60 uni
Feanziilaiin1auandaInSTUUNAER US N B
@entulumsnmnaute = dlasmnwad Tuseu
viasuaasaildenai

ASANEIE LANAFEUAIINAINUYBITTUY
negaviiwanniudadrhazaneiienldlumsazans
#5NaFaU lewn Lemusauaz DMSO Lfia\‘mn
aazmensasiafanauiinlilustuanasnay
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WIaLdaaMNC ™ Jepnadanansenuaatoulyaily
Ufnsenlecus HANSNATDUNUIIE5ALAIBT
davriinazmIvandyauanasediivadan
FIUAANNENTY 6% Bz 8% muaey Taely
msnegaugnarasasiniasazansludadin 0.19
89 5% Seuaasliiiuiszuuneaauinanniu
fanuaanudadivhazaaeaesaiio Msanwil
gelansragauanugndssyasszuunadaulosly
maﬁﬁqwéé’uﬁy’mxﬁq Naﬂ‘l’iﬁﬂH‘IWU’j’Ia‘l’iﬂﬁiNﬁ
signatuialnlsulauanivnaanmdaanawes
seuu saEfienshiigniiuiauzEaienalnaulian

mauanaulagsin Juaasliiiuinssuunadau

1
o v

¥ Lo &
AN UITUFINISalF lunISAsIAdaUgNDEUE
msmnuzasInlsdulawals agrlsharnnwuns
Y v { =<
anaIMdanaaniaannmnagauanigns
o &’5 < v d‘ dl v v
guganziSeaena lndunanuudy 100 pg/mL
Foranennlsuaarsnanniuldsuniunism
Ujsen szuunedauiiearaiidane lunsdinedau
L d‘d v k4 =y
fuansnienuNTuInmiull
MsAN¥IULYE Z' factor (Huwisiieas
wanlumsasaaaugumunuazanlslazasszuy
Toe Z' factor HunsIN@asNULEMNZEINANNAIN
PNMFYAIN STUUNOFIUNNAY Z' factor GNUA
0.5 ulddainiussuunagaund® Jelderil
o s 73 d’lul v
Tumsmvuanawimseansu wanNsald %CV uas
SD waasdauanuuwlsusiveesanduanc uazld
WA NYDIA %inhibition ASIAFDUANNULANGNYBDY
MsnagausznIlulaswantazser U ua
MsAnnuPIMWINTeasNnA U
HONSU AUFANIALAUIITZUUNAFDUN WU 3]
AMMWLAzENINTaN LA
MInadaunumegRasanagyulnsuy
180 R8N NANY 120 FUA WUFITING 5 BUA
Lo & ° o d'
uaesgnsiuiamemnauzasinlsdulawain 1C
<100 ug/mL A8 NUNN UL NL8N UNTIZEV
uazng imnnszuunadauiianniluszuunassy
° [ [ d‘y $4 YV aaa = =
dmsuaansaaliovdu wazldufnsemdied
lumsnagay 219gnIUNIUNNENTIY 1Y §15N3
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FIUATFNON AT NI UNDNUAEULIN TUNINTZANE
agad NI egNiTed Ay neadfianzi
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. e w e & -
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3 ' ¥ = £ v
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Lo ¥ - ;
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Development of Tyrosine Kinase Inhibitor

Screening Assay for Anti-cancer Agents

Parnuphan Panyajai, Patamaporn Pruksakorn, Pantida Treeyoung, Chattraporn Jaima,
and Panadda Dhepakson

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

ABSTRACT Tyrosine kinases play a key role in various cellular signaling pathways, linking to prolife-
ration, migration, invasion and angiogenesis of cancer cells. Many of these are therapeutic targets for
the treatment of cancers. This study aimed to develop the tyrosine kinase inhibitor assay for compound
library screening. The assay development was started by investigating the expression levels of genes
associated with these proteins in four cancer cell lines by quantitative real-time PCR, and measuring the
tyrosine kinase activity of each cell lysate by ELISA. HeLa cell was chosen for the development. We further
optimized the assay conditions, and the following were found: cell lysate, 0.125 mg/mL; peptide substrate,
0.25 pg/well; ATP, 25 nM; and incubation time of 30 minutes was suitable for the kinase reaction. The assay
system was verified by using anti-cancer agents. The results showed that tyrosine kinase inhibitors
decreased the assay signal. We also validated this assay by quantitative measurement of signal variability.
It was shown that all parameters met the acceptance criteria, indicating that this assay was reproducible
and suitable for screening. This developed assay was also used to test 180 medicinal plant extracts, and
the active extracts were further tested by MTT and transmembrane assays. The results showed that some
extracts exhibited potential anti-cancer activity in cell lines. Thus, the developed assay could be used for

screening of tyrosine kinase inhibitors in a large number of samples.

Keywords: Cancer, Tyrosine kinase inhibitor screening assay, Tyrosine kinase inhibitors, Cancer

therapeutic targets
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uanfasinsvhelulszmdalng Salawannnsainands EN 15662: 2018 QuEChERS a51aaasimnaiia
selected reaction monitoring (SRM) mmﬂ'%f'aa GC-MS/MS MuNuKanI8 matrix-matched calibration curve
wansnagauaNN g lauaisinnedasillnsiiauaziuanlulad 2 #iia (fipronil-desulfinyl uas fipronil-sulfone)
Tuldlawasldilla wuiier LOD war LOQ (Hu 0.002 wuaz 0.005 mg/kg MUAIGU MSNATDUAINLAIY
Fuhathafilinansiseau 0.005, 0.05 Waz 0.1 mg/kg Adasazlumsaunay (recovery) agfluz2992.9-111.6% logil
ANNLBIuEaes RSD tagn 8.69 msuUszanaanuliuiusuzasmsialien relative standard uncertainty
W8N 20% HFNMIIATILVBETNIN 0.005-0.5 mg/kg aglutnarisansu Hhasiifienul windhuasdedals
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Wlwsfia (fipronil) Wuansiaiitlasnumin
AngWY (pesticide) Usetanansziunas (insecti-
cide) Ngy phenyl pyrazole Hzaviglumsldau
A9 ansamaauuaslevianaziie wu Tdmaadiu
wazniialugiis 19ehnds vuau ua Umn Hudu®
flumsiignifalildiamsiuisuasdadidely
thuitemsmmsaguoniiu i lildluvhsudes
Fo1ilFHuenms isenidledaslasuasillnsia
1Ng3NMBazianszuIUMS metabolism 1Huas
wonluladifanuiluivdenyudgalosamsy
fuldin® ginoulnilasdeiedanurenian
an33a1u53M (Environmental Protection Agency:
EPA) wuinilelgsuasilinluaziinemsivia
saninn aauld adeu thauazSeudse: thavias
#n wazidediala® dayavinasdnisewialan
(World Health Organization: WHO) '5314".)"13’13
Wlwsilaluansieszaunan daagly Class II
moderately hazardous Lil} alasuludsinasnnazdu
Suasaaadu lo uarszuninmaes® Wwstiadiuans
ﬁﬁimaqaﬂmmﬁn slenuduinhunansuazsnanse
azanglummazaeueniin lad Wiy acetone toluene
Wudu® lusssumdarsiinstiaasvufinsen
¢4 4 13U photolysis, hydrolysis, reduction
uaz oxidation tieiuas fipronil-desulfinyl,

fipronil-amide, fipronil-sulfide waz fipronil-

Reduction

mn

oxidation
F F

fipronil-sulfone fipronil-sulfide

F N F

fipronil

sulfone MuaGU® Gaugadlumuii 1 MmsaTade
msUudsuandresedasmildsaswalulad
69 Mdesude idlaansillwsiiagn oxidized
o8 cytochrome P450 Tudadasiiodly fipronil -
sulfone” Futlumsisionuiuivdadaisinszgn
Fundannniududs 20 uh winillwsiiafluasi
fanuasdhm udanswnluladnduiianuasdagant
2@ yananiidasinsasudtusuluiulaas
AaNUAU bioaccumulate Tuvildems wuh
iuﬁsimﬂaLﬁ'aWTwsﬁagﬂLéqﬂﬁﬁ%mﬁmumtﬁmLﬂu
a5 fipronil-desulfinyl lutSinannn AT
Banas1Tienzianssu 3 #iie 16w srseasunse
active form fa Winstla wazaswemlulad 2 wiia
loun fipronil-desulfinyl tta¢ fipronil-sulfone
NNMSFUAIEATNIVIENEEFSsHInsta wuh
Hdayamsnanuaznagauannlalaveaisiens
Tudsuasiie Tasdndasldieins GC-ECD,
GC-MS/MS waz LC-MS/MS fuaiasiie
L TTE AT LU POYC 1 RO MPT RPNl foT
liquid-liquid partition, solid-phase extraction
(SPE) a2 solid-phase microextraction %QL‘TJu
Wigeenn Tdmaeiiinunn wasdimanssny
dasunngan YJa3Uuiin51135 QUEChERS (quick,
easy, cheap, effective, rugged, and safe) ¥
UseendllFachaunsvans™ finenumslaisiami
maste3ancatldiiadenziansillnsiialiannin

photolysis

hydrolysis
F FN

fipronil-desulfinyl

fipronil-amide

PY <[ v o AI a <[ 1 7o a aaa ' (5)
HNN 1 ﬂﬁﬂai’m‘ﬂ’mlﬂﬂﬂaﬁa’]ﬁw WIUDLLASLNAILY am%tﬂﬂﬂ’]ﬂﬂ{]ﬂﬁﬂ’]m’m’]
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Faihisimhasiianuminzandamsldnuanniige
wsrzuannazldnsiadesneiillnstiauads
aansolFdy multiresidue method 5INAVENS
sieauq lofusunuann®® fsenumsleisid
dmSuiedandiageldiediassdasillnsiia
Taisnntin sammaenumesasmsiadeudaaly
A9 M3mMIaassuNIL (interference) Miflulusiu
Tusiu uazeatadnases sailussddsznaulilaan
ﬁqﬂ Lﬁ'mﬁ'ummh (sensitivity) l¥enansoan52939
Tafiszaumannle msidanld GC-MS/MS (i
wa3aeilafidenumanzanmnslianuluazens
Hluduase (linearity) 2oamsiaszsiie

Tudl w.é. 2560 eAnIsANNUBRAABYBY
ElTVi’l’iLL“I/‘I'Qa‘VmWWEﬂ‘i‘IJ (European Food Safety
Authority: EFSA) wumsudlauresansillwsia
wazasauq ludaialadlafiinsduaa gudu
mfmgwmﬂwmawquisﬂ%wﬁwumﬁﬁ 0.005
faansuaanlansn® ™ mliiinsyaneldlnduy
S1nunn wazdimspenewamsasialududiald
wazkdafasiwdsgyanlalade dwwaliiiaanu
aszniinlumlan Ussmaditu uas Codex® fuug
YSnaasiennaNgeda (Maximum Residue
Limit: MRL) zasansilnsiauazinolulas by
T4# 0.02 fiadnsudanlansy swmiulszmalng
MUUAMNUIENIANTENTNEITI TN tauf 387
W.A. 2560 (399 annshisiasisand Tagfvue
USinaasisandegegaluiisunsiiafissdu
waneanuly wazednaadaia (default limit)
FmSuomsauq saunaldl3n 0.005 fadansude
dlansu leszfieansiuwanaeluiniiy fipronil
Gazanglulyin) wazludniilunasinves fipronil
ez fipronil-sulfone sreunaily fipronil
(azaelulynu) %qﬁwﬁuﬂsu%mmam%
nsunnd lasarinqunainuazanlasans
2115 lusSmsasdiesnziansillnsiialusnuay
ualai® Taedl limit of detection (LOD) wihnu
0.01 Aadnsuaanlansy wadeliiifasiraans
Wwstiauazwaluladlulduazndnnusiluszau
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d1tAluazaININIZIY

d15ta8 (Reagents) lown acetonitrile
(HPLC, Merck, USA) acetone (AR, RCI Labscan,
USA) n-hexane (PG, Burdick & Jackson, USA)
ethyl acetate (HPLC, Burdick & Jackson
Korea) QuEChERS Extraction Packet (Agilent
Technologies, USA) EN Method Part
No: 5982-7650 (UudIunanya3 MgSO, 4 g
NaCl 1 g sodium citrate dehydrate 1 g uaz
disodium hydrogen citrate sesquihydrate 0.5 g
Dispersive SPE 15 mL, Fatty sample, EN
(Agilent Technologies, USA) Wudrunansas
MgSO, 900 mg PSA 150 mg ttaz C18EC 150 mg
(Agilent Technologies,USA) 13”’1 rverse osmosis
(RO) D-sorbitol (AR, purity > 98%) ":JJHQMUQN
AMUMW Quality Control Material (QCM) FCPM11-
EGG2QC Pesticide Residues (fat soluble) in
Chicken (Hens)

#150193571U (standards) leun fipronil
fipronil-desulfinyl w8z fipronil-sulfone tn5m
’?fﬂqaywaﬁ%’usim (Certified Reference Material:
CRM, Dr. Ehrenstorfer, Germany) mmu’%qﬁ(
(purity) = 98.5%

n”ﬁm%'smmsazmﬂmmgm v‘iﬂmam?wmmzmﬂ
N334 (Stock standard solution) u@azniie
fifianuEudy 100 pg/mL lu acetone ugaa3e
AILNYNNTFIUNEN 3 5Ue (mixed intermediate
standard solution) @NMINTU 10 pg/mL lu
volumetric flask 2119 10 mL USul3unases
acetone Lﬁu%'nmﬁqmwgﬁ < -18°C fiaumslgdnu
1393979 intermediate standard solution @78
acetone M13aa3aRANNGIBLN Ll working
standard solution Z2NANNWNIU 0.002, 0.005,
0.01, 0.02, 0.05, 0.1, 0.25, 0.5 8¢ 1.0 Ug/mL
(na1sazars D-sorbitol 3% (analytical protec-

tant) Usanas 3 uL lussazans 1 mL 18 e

S | S @ | a 1 a
Miufiviasansanusnmngamgll < -18°C lalaiiu

1 dUont

m‘%imﬁauasqﬂﬂmi

\A3B9RIANINGLLBEA 0.001 g Sartorius Ju
LP 620S udr 0.01 mg Sartorius 38 MC 2108
(Sartorius AG, Germany) ﬁm%’uﬁl’q&l’aashmaz
mimmgmméaﬁzmamsaxmmmu heating
box wasldudalulasiau (N) Tumsssveas
dnn REACTI-THERM III #TS-18824 Thermo
scientific Lﬂ'%lawaguf']uwaumsaxmﬂ Vortex-2
Genie micropipette 2U10 2-20 UL amber vial
centrifuge tube guzuivgaumgiionnii -18°C
certified volumetric flask fiauﬂﬁ”lﬁ'\‘nmﬂ%}amﬁ'a
yinfia e acetone 2 A51 uax n-hexane 2 A3
Nnvuitsliuiedauhanlgn

LR Gas Chromatograph-Tandem
Mass Spectrometry (GC-MS/MS) 224 Thermo
Scientific TRACE™ 1300 Gas Chromatograph
(Thermo Scientific, Italy) AanuLAIDy TSQ
9000, Triple Quadrupole Mass Spectrometer
(Thermo Scientific, Italy) laald PAL RTC auto-
sampler wazld TraceFinder 4.1 EFS software
ﬁ’ldlﬁla’l’il,ﬂuﬂ’ixﬁ!ﬁ’m electron ionization mode
(EI, 70eV) mi%gmwﬂ(;fﬁﬂ fused silica capillary
column DB-5ms (30 m X 0.25 mm i.d., 0.25 um
film thickness) 284 Agilent Technologies Tusunsa
lddmsulSugamaiily oven zaaia309 GC Fuan
70°C {Hunm 1 17 WiaRses 50°C el auds
150°C iaians 6°C dawndl auds 200°C Liwdi
5051 16°C daunfl auds 280°C Ael3 8.5 il niiy
WNfiBas 50°C dewnit Aegamniigahed 300°C
adld 0.5 @ WFnamsaulszana 25 it Taed
injection volume ilu 2 uL 1% inlet %fia pro-
grammable temperature vaporizing (PTV)
sagavgiinas PTV 137 s0°C éald 0.1 il
Wiaiidan 5°C dand aufls 300°C degmmgi
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ion source tUu 280°C uaz quadrupole MS1 (Elu quench gas wa¢ Argon ({lu collision gas
waz MS2 (Uu 180°C tilaehsnga3as GC-MS/  gnas133a6Ie selected reaction monitoring

MS azgninliuandidulszqlogldudalulasiany  (SRM) mode aauaadlumsnei 1 uazawi 2

#1397 1 Selected reaction monitoring (SRM) transitions waz collision energies 284a15 fipronil

waziuanlulad
Compound Precursor Product Collision Energy
Transition type
(RT, min) (m/z) (m/z) (eV)
fipronil-desulfinyl 333 231 20 Quantification
(12.07) 333 281 12 Qualification-1
388 281 26 Qualification-2
388 333 12 Qualification-3
390 333 12 Qualification-4
390 335 12 Qualification-5
fipronil 255 157 34 Quantification
(13.86) 255 228 14 Qualification-1
351 255 14 Qualification-2
367 213 28 Qualification-3
367 245 20 Qualification-4
369 215 30 Qualification-5
fipronil-sulfone 255 228 10 Quantification
(15.02) 335 255 10 Qualification-1
383 255 15 Qualification-2
385 257 15 Qualification-3
452 241 20 Qualification-4
452 255 25 Qualification-5
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a ' a a ' v 1 = % '
mAeNziasilnsiavazuanluladanaslulduazsuann o

T ety waz s3diens luanena

Q2

MS detector

Q1
[ I ]
)
Sample extract oo EEEEEER o
| SE—

MS/MS spectrum

Intensity

Mz

Intensity

Mni 2 nalnmMImMauses selected reaction monitoring (SRM) mode f8t@389 GC-MS/MS
(MunendsUsenaumsuIsENems 1EA3e9iaannUSEn AB Sciex Thailand Ltd.)

MIE1NUAENITLAIUNAIDE
fagildlumswannuaznagauanyldle
22935 2 ofia lowd Lilauazlade THansldanuay
Tiuas Tdsmden tunandrethaudazaiioliiiy
iadenfumeiniasiinanems Fautedagatiie
(Hlu analytical portions Iﬂﬂ%ﬁﬁ’sﬂﬁ‘lﬂﬁ’mﬁﬂlﬂlﬁ
wazldle 10.0+0.1 g a9lu centrifuge tube 2119
50 mL edniidalithiniensiazgrifiuinm
Tugududefigumgiionnd -15°C dmudaed
Mlundasasiainlyd TEdedraamsuszan
200-300 N3y tusanliifuiiodendu
msafafpee heeehaiaal3iéin acetonitrile
USunas 10 mL wermalioaduss 1 Wf
QuEChERS extraction pocket (wg@adn 1 w17
hluiunnaznaudisanudy 4,000 saudaud
WL 5 w1 wisesanediuladiuuy 5 mL
1§11 centrifuge tube 2110 15 mL NATULHY
Dispersive SPE wehéneila 30 3unil ihluiluan
ALNDUMEANNED 4,000 5BUARINN WU 5 Wd
Fussazanesuuy U505 2 mL hlussimesui
USudsinesaammazananauaedy n-hexane:ethyl
acetate (3:1) (1 2 mL 1@z D-sorbitol 3% USna5 6
L ldamandadudaghe 1 g/mLannthuhliiesed
FaLaans GC-MS/MS
fhaghadmiumsasatamuiiieady §nin
AUMNLAzANNUIBAAEIMNS MMSLAUIBEN

laun ldgagfiauvsrasuazsinfivssynuai

Usenaumeldlniuazldille drediear 12 Was
Tdunnsem Meehear 30 Wae wazndnnnsiannl
Tdun gunfiviainld wWu nesvean neeuiu
taanas dataz 200-300 g litaiussyma ludu
wianuilnawvild daeees 2 wie (16/dae/
waan) wazldie fsgheas 200-300 g Tagdoud
wumagaduamaan Weasswaumumuan was
ﬁ"maxmn%aiummn;qmwumum Unuanil uasugu
UUNYT ayNSUTING wazaynIaInT 9IN 6 WA
10U 11 Mpthedesansa SINAY 66 a8
Tosudsszazmsiiudu 3 hau Wousr 2 Jania
auaaslumsai 2

A3 2 wuMstiumaselduazuandam Ny

o - v o o
66 09t 1l W.A. 2564 (IWINBL 11 HIBEN)

(hau ANIR
(e NTUNWHNIUAT UUNYI
WOHNAN Unusil aynsanas
Ngueu uAsUFN aynIUIMs

msiiannuaznagauannldlavadisiensd
MIHAUISIANA
Uszgndfliiienndennisinasusasanmn

glsU EN 15662:2018 Fafluidiansyimaail

lasiumdadasiigluomsiilundnsuinnis

(food of plant origin) wUU multiresidue method
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Analysis of Fipronil and Its Metabolite in Eggs and Products

Weerawut Wittayanan and Thoranit Chaimongkol

meesssuialasininnsn (GC) uazia3psanin
Tasunlnns (LC) laamsanaale acetonitrile
uaz partition #1835 QUEChERS vhlvusgnaae
dispersive SPE audaslildiuaimsiiu
HAMAM9INEaT (animal origin food) Fatflu
matldlanazlido @59 mass transition
condition mnm‘%laq GC-MS/MS ﬁaiuwwm'ami
sulauaz@aidan dispersive SPE fitnazane
msnzdomsiilafuduasdlsznay (fatty
sample) TIndamsUsudhazaregamelviinng
flushimnzaniuasillnsia
AMNIUNIZYDNID
5ﬂmsmmﬁwmﬁﬁm§m GC-MS/MS ¥
dANZRAYUA $119U 3 T Tufin retention time
(RT) ua ion intensity ratio waInaaauANu
N85 19831A512H method blank (reagent
blank) #1511 RO unudasha was sample blank
Taun lilauazledfle alinufianianuiiaid

Syl signal-to-noise ratio (S/N) dasann 3

o
]

i RT waz/vi3e @ m/z lInathsenuasanasgu
0I5 UNANNEITUNIULBZIDNANNIUNIE
anuiluduassvasnsanasgiu
NSINNINTFIULUY matrix-matched
calibration (MMC) @nwlegldansananlaanlyla
wazldiflonifly blank Wudvazars @eas
intermediate standard solution 1le 12 széu
ANNANTY leA 0.0002, 0.0005, 0.001, 0.002,
0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5 taz 1 uL/mL
wazdaniedas GC-MS/MS wuudn (random,
n=3) mnanenduUsEans anduwLs (correlation
coefficient: r) MUUANMAEDNSU © NAIWINNT
0.995
AAMNAVBINITNIIANY
AAMNOBINMINIAWU (limit of detection:
LOD) dnwlagfnaisacasaunasgiuadluasane
nnlilivazlilaiiszéu LOD udnhluiarheis

GC-MS/MS eultu@) signal-to-noise ratio

M5815NTHANENFFATANTUWNE
7 N 64 aUUN 1 ¥nT1AN - AN 2565

(S/N) ntiududud LOD #fszduanudusy
0.002 mg/kg laadnasunasgiuasludmadlala
uazliflo afamutunaAeneiaun 74 (n=7)
udeme S/N @ LOD #a szduanudagui
1vien S/N annnh 3
Ananazain1Iadadiana
FaNNAIMTINTUITINAL (limit of quan-
titation: LOQ) @nwlaglddayannnisnagau
ANNUAULEEANNTIBBIMSIATET Hszauana
Bt 0.005 mg/kg AT U 7 B (n=17)
WaIAUIN %recovery MuUALNMINIEDNTUBE Y
F93pear 70-120 warAndsvunasyuduing
(RSD) MuuaLnsiganiy < 20%
anuihudunsezasdiansiessy
anududunswasnmsiengianmla
ms@umsmmgm’lué’mﬂw (sample blank) 1’7; 6
SLAUANNINGY lawA 0.005, 0.020, 0.050, 0.1,
0.2 uaz 0.5 mg/kg IANLHEAUIE 3 0 (n=3)
gennenuFuiussEnee TR inag
Tudagefuanududuilasiany a1l mm
dwﬁuﬂszﬁw%’&wﬁuﬁ’ué (correlation coefficient: r)
MAUALNIIEBNSU r FMIINNT 0.995
AN (accuracy) WazAIINLTIE
(precision)
dAnmlogdnasinasgruludedg (sample
blank) # 3 szduaMMENTy laud LOQ, 10 uaz
20 Whaee LOQ e nudaduiiu 0.005, 0.05 uay
0.1 mg/kg MUAAU IANLAIEAURE 7 % (n=17)
waImuIa %recovery war RSD laainaigansu
ANULAY (mean recovery) MUHN 70-120% Way
naigaNsUANNTiEs (RSD) fe < 20%
mMsuszanadau liuivauainsin
asUszanaeanliuiuaueInIsIa
(Estimation of Measurement Uncertainty: MU)
apamIIANsiasmiadagiigluamsimaaay
1%53n5989 EURACHEM™® @uflumseuin

Toaldnnuvasnuzasanulinvivay anuy



a ' a a ' v 1 = % '
mAeNziasilnsiavazuanluladanaslulduazsuann o

T ety waz s3diens luanena

erurmaanuliudusurenefiszduanuda iy
faeny 95 Taglden k =2 ({hAsiTianugndauiy
firanSuuazimnzandamatlu1Fnu
NINAFIUELANTENUYBINNING
AnwnansEnuusn3Ing (matrix effect: ME)
Tasdaasuaspuanudaduiiaeensilaan
spiked matrix blank w8z standard on solution
UAIFTN curve SEWINANUINIY (x-axis) NU peak
area %38 intensity/response (y-axis) @28
slope 229nININTFIU MAFGUMS y = ax+b oo x
@8 analyte concentration, y @8 analyte peak,
a A3 ANNTUYBN calibration curve wdz b Aa 30
GOUNY y MU matrix factor naNmMs MF
(matrix factor) = a(matrix)/a(solvent) NnT
M ME (%) Mnaums ME (%) = (MF-1) x 100
mnkamsUsediunun ME (%) fikansznuiips
(soft) WEMINNANTENUYBINNINE LailHapeaiiile
NAYMIEDABIM ALY wazanansol standard
on solution lumsewiaeale manuhilnansenu
unanNuazin (medium and strong) WA

Tsignansaly standard on solution Tunmsenuia

M50 3 NSO ATUKNBNTENUYBILNNING

HAle (NAIMSAATUNINTENUUBUNNING AT
Tua519 3 Mne3eenine ME (%) Wuun
HaNSENUYBUNNINFauUUU enhancement ¥N
iadaening ME (%) (Juau manssnuzeammsng
Az uuy suppression®
mMsmudauanulilovais
msmudauanulilaradiz@nmlosiia
MUANAMMNIUGINGI (matrix quality control
material) QCM Product Code FCPM11-EGG2QC
910 FAPAS® Fansiueanudusuees fipronil-
sulfone lu chicken (hens) eggs W 12.0 ug/kg
NaweensuagIEnIN 6.7-17.3 pg/kg diadased
Fredsiwanniuud waillddasadludisaniu
99UFNNITAMNNYNADY wazveNsuaUIEa
fraghannslasadieldliuazldifaludunay
mMsnagauanuldlawasis @151 internal
quality control Tagmsnagaumsaunsuiszau
LOQ Tudreehaldunnsemuaznansaeionmsim
nnlddu g nnafiafihmsnesau uadasaglunam

#BN3U %recovery BHILWIN 70-120%

Matrix effect (%) Consideration Result Consideration
-20% to 20 % Soft Negative (-) Suppression
>20% to 50% Medium Zero (0) No matrix effect

>50% Strong Positive (+) Enhancement

We

namsnadauaNylglezaisinszd anw
SUm1zraedd wud peak fildarnnisitasizw
method blank 8z sample blank ﬁl.ﬂul‘lilfiuaz
Tila Togldides GC-MS/MS drewmaiin SRM
asaldnvassunuiildieasinialndidseiu

retention time (RT) 2848138109914 UazNAT

aanuNdaNn signal-to-noise ratio (S/N)
UpENI 3 TUFANINITNANNINUNE AILFAD LUNW
7 3 MAANVLUU SRM a8asas GC-MS/MS
mlananeasilnsiauaziwenlulad laass
w [~ a n:l'd o

Fotau Wumadiaffianulinazanuamzgs
fnsaasiNamsaulaluwnsasniarssumules

AAULFEAS LMW 4-5
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Analysis of Fipronil and Its Metabolite in Eggs and Products Weerawut Wittayanan and Thoranit Chaimongkol

zn

mMud 3 TasanTnunsuwas method blank (a) matrix blank 121 (b) uaz matrix blank lafla (¢)

Ouun Pk v 5 X | ko Ovoley v T X spectu v T X Oum Pusk v F | X | onOsolsy ¥ ¥ X
0TI 10 F priae o o 5 s TR 30 Fgrenl
T208THa 89 Fpesni desutryt mz TI0OT1E 10 F graenl dadadiey) ;4?.: [‘ Sgl.‘f-:u.l syl ’:‘:.‘"": T20TM4_B) Feronl mz 33300 L
AT 1237 0 LiBI2 e e AT 138 120. i
o 05N RT 1204 £, b Ui : .
0 § A¥ W ; B
- »lu'[w % ; i - 104 il
- | " e 1 1] £
9 L
| n ) o o o
o 3 ™ [z FEFoa [T
e 0 210 g = and i
s e L s
£ ER) i
P 2 1
P € H
' 3 l ;t 0
» L i \
I ud ( ) = l\ 10 (
a q 1 b)
. | k 4 ' a 204
nd - 1id 64
e we
RTuimen 1184 115 L]
4 [) i o oo 1] 2
el We s g W th : W Lk
M L0 LR NE R RTime . =
Cum Pest v % % [ ton Crley v s X
e v L R
s - o mw
aa wwn /71502 g
AH 1308t wd 3wy
| £ ml
- 3 o
+
ol @ ay
] ol
< b= muo
E S
2
1w
a
o8
()
1+
1682 1487 1402
)
T T
“a e

MW 4 Quantification and qualification peak 289815 fipronil-desulfinyl (a), fipronil (b) az

fipronil-sulfone (c)
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a ' a a ' v 1 = % '
mAeNziasilnsiavazuanluladanaslulduazsuann o

T ety waz s3diens luanena

=, fipronil-desulfinyl

1w

"ne ne

nan

14 1w

fipronil-sulfone

fipronil

s \fﬂ

(o

nm nme zmn

1243 1281

e do dz da s ds  do oz s

98 oy own

1is o Wz s

: ©

‘nu " a8

184

24 S 148 A wes Wum

wol

198 44y wy

e do 22 de s e doe W2 s

s o Wz s s ds o

Wi 5 Total ion chromatogram (TIC) 289815 fipronil-desulfinyl, fipronil &g fipronil-sulfone

Tu acetone (a), lila (b) wazlila (c)

AN dulduassasnsIMuINsgIuEI 50
AN NWINIFIUANNFNNUSITNIN concentra-
tion AU peak area (response) 2a9d15aU lAdiANY
Wuiduaselugie 0.0002 4 1 uL/mL aaudndly
MU 6 laanvinespuasansnnaiiadian r lugi
0.997-0.999 ‘?%ngndwmmcﬁﬂau%uﬁ 0.995

NN INAFAUAANNALBIM IO TIANY (LOD)
28985909 3 %ila WhAY 0.002 mg/kg (S/N > 3)
wazmsiusulagmsanadageiszau LOD wa
wuhwuaannaiions 7 # losiidaddaesmsia
U (LOQ) 4aynNU 0.005 mg/kg AT
Tuan 5197} 4

HANINAFAUANNUNULLAN N BDIIT
gauaaslumad 5 eanuuiuazamuiisaiiszau

LOQ, 10 waz 20 a9 LOQ 1‘7; 0.005, 0.05 LB
0.1 mg/kg I %recovery ag5z1iN 92.9-111.6%
Toafanuiigsuaasdrs RSD 1asn 8.69% G’?;qag;'
Tunauieansuil 70-120% uaz < 20% MNEIRU
nan1snadgauaNuiudunseuasdiens
Sieeveeuaaslums1i 4 LOD # 0.002 mg/kg
waz LOQ 1 0.005 mg/kg wuhansm s wile iz
anuluduasiogsznin 0.005-0.5 mg/kg 68
andnsauziamaihmmagauamaldlduaash
sansaldziteneiansauladenanle
MINAFIUNANIENULDUNNING NMUT 6
ANNFUBDINTIWNINI9IUES fipronil-desulfinyl,
fipronil waz fipronil -sulfone waza ME (2) ieninms
Tasauaaslumsdi 6 wuhwansznuaswmsng
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Analysis of Fipronil and Its Metabolite in Eggs and Products Weerawut Wittayanan and Thoranit Chaimongkol

M0 4 Wamsnaday Limit of detection (LOD), Limit of quantitation (LOQ) 8z Linearity

of working range

S/N ratio Working range r
Compounds .

(at LOD = 0.002 mg/kg) (mg/kg) (chicken egg/duck egg)
fipronil-desulfinyl Infinity 0.005-0.5 0.9998/0.9990
fipronil 31-4329 0.005-0.5 0.9997/0.9991
fipronil-sulfone 63-170 0.005-0.5 0.9998/0.9995

MINN 5 WAMINAFBUANNUNULDZANNLNEN (accuracy and precision)

. Spiked level %Recovery
Compounds Matrix %RSD
(mg/kg) (mean, mg/kg)
0.005 95.7 (0.00479) 8.62
chicken egg 0.05 99.1 (0.04956) 6.11
0.1 99.1 (0.09908) 4.86
fipronil-desulfinyl
0.005 98.8 (0.00494) 6.17
duck egg 0.05 94.4 (0.04720) 5.55
0.1 111.0 (0.11100) 7.86
0.005 92.9 (0.00465) 6.47
chicken egg 0.05 100.7 (0.05033) 6.40
0.1 101.0 (0.10100) 5.77
fipronil
0.005 111.6 (0.00558) 6.55
duck egg 0.05 100.7 (0.05034) 8.57
0.1 104.2 (0.10420) 8.56
0.005 96.2 (0.00481) 5.64
chicken egg 0.05 105.1 (0.05256) 5.41
0.1 101.6 (0.10160) 2.85
fipronil-sulfone
0.005 107.0 (0.00535) 6.03
duck egg 0.05 99.1 (0.04954) 6.22
0.1 110.8 (0.11080) 8.15
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a o ag a o v v a [ o = a a LY 14 a 4
ﬂ']i'JLﬂi']z%ﬂ']iWIW‘iuaLLGSL&IW]I‘UIGGIWFIﬂ'l\ﬂ‘l!l‘llLLﬁ%Nﬂ(ﬂﬂﬁl!‘l’l AP INPIUUN UL BIUAIT lﬁﬂuﬂﬂa

9000000.00

8000000 fipronil-desulfinyl (a)

7000000.00

’ y = BE+06x + 19655 y = 7TE+06x + 43890
” R? = 0.9994 R =0.9996

4000000.00
3000000.00

2000000.00
y = SE+06x + 25458

R?=0.9975

) 02 0.4 06 o8 1 12

1000000.00

0.00

‘900000000

fipronil (b) y = BE+06x- 14732
> =0.9988

8000000.00

7000000.00

600000000

y =6E+06x + 7400.4

5000000.00
R?=0.9998
3000000.00

2000000.00 y =4E+06x- 852,75

R?*=0.9993

1000000.00

0.00
o 02 04 06 08 1 12

10000000.00

oo | fipronil-sulfone (c) v =SE+06x+9270.8
Foo0emom R?=0.9995

7000000.00

y = 8E+06x + 32788
5000000.00

5000000.00 R*=0.9998
4000000.00

3000000.00

y = 5E+06x + 8828.5
R*=0.9991

2000000.00

1000000.00

0.00

0 02 0.4 06 08 1 12

¢ Onsolution @ Onhensegg a4 Onduckegg

MW 6 NINNINIFIUVBIES fipronil-desulfinyl (a), fipronil (b) was fipronil-sulfone (c) Tu

solution, matrix 12ilA waz matrix leiiile

M1 6 WANIZNUYAN matrix 2eN fipronil-desulfinyl, fipronil waz fipronil-sulfone LUy on solution,

matrix 9lA waz matrix il

Matrix Effect (%)

Compound
chicken/solution duck/solution chicken/duck
fipronil-desulfinyl 39.67 medium 54.47 strong 9.58 soft
fipronil 60.60 strong 92.07 strong 6.39 soft
fipronil-sulfone 53.75 strong 78.74 strong 13.98 soft
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Analysis of Fipronil and Its Metabolite in Eggs and Products

Weerawut Wittayanan and Thoranit Chaimongkol

Talauazldilladamsias1es on solution Wuwuy
Lﬁuﬁ'ﬁytyﬁm (enhancement) wazlaina 2 wie laidl
NANIENUBENNUETIAYNINEDAVINTILATIEH
ganu dansolamaununulauaswulimansznu
yaaunindldlnwazldlafinantrelitadan
PNEDRIMIIUATEEABNMTIATIZA on solution

AALFEAI LMW 7

HansUszanaa ANy biwiLeuraImMsInmu
wu2ae ISO GUM Approach #38 Bottom-up
approach (Rsz@duanudasulszana 95%, k = 2)
nmMsUszanaamanuliuiuay NuuBaIRNY
lﬂLLﬁuauﬁﬁwﬁ'zyﬁqﬂ @8 calibration curve (C0)
(43%) waz method precision (36%) 31 bias 38
recovery (8% ), standard concentration (6%) waz
sample weight (3%) LLazmﬁﬂi:nauﬁ'uﬂ Huie
Hlussdusznauditasnn dauaadlunnd s

stron
9 70
medium

20

soft 10

0

fipronil-desulfiny | fipronil fipronil-sulfone

[ chicken/solution 39.67 60.6 83.75
B duck/solution 54.47 92.07 78.74
[l chicken/duck 958 639 13.98

MWH 7 Lqu{]ﬁLwiq ME (%) weN fipronil waztnenlulad

Recovery
8%

Method precision

Standard concentration
6%

Sample weight

Sample taken

0,
% 2% _

Co
43%

ﬂ. L4 1 o 1 |} 1} = I's a = v 1
i 8 daduvesasdlsznauurasa Ny biwiuaurasmsiengvasilnsialuldla

1526 0.005 mg/kg (Co = calibration curve)
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a ' a a ' v 1 = % '
mAeNziasilnsiavazuanluladanaslulduazsuann o

T ety waz s3diens luanena

nan1smudauannldlaradisfiwauniy
AawhlulFu Fedasannsalinamsiiaseii
andas wuindahisgauauaaninludina
matrix quality control material, QCM Product
Code FCPM11-EGG2QC findnlay FAPAS®
Fansueiutuewyes fipronil-sulfone 1 chicken
(hens) eggs tUu 12.0 pg/kg FNBDNTUBEININ
6.7-17.3 ug/kg NaN5ILATIEN fipronil-sulfone

Id d! [l v @ v 3
(W 11.0pg/kg Wagludneansuld nuunasau
I1QC logmMsAnMIAuUNaU Wawu %recovery agj
Tutnasfeansun 70-120% wansa5I1atlaedu wu
U ﬂ' %dd‘ v d?l 1 L4
MEa IS NN UL UM SNAFaUA NN 1T LA
280935A912Y U7 95980 U ldLazNERN T U
66 enaee MRuNNNFIMWIMUAsLazU3Numalull
W.A. 2564 WalNwuNMIAnANTasasiinstiauas

wonluladlunndiegn aeuaaslumsi 7

i a 2 . I ' a o g
MTNN 7 WNANITNIINILAINCHFT ﬁpronll LLazLNmﬂUlam LLU\?@HNﬂﬁglﬂ‘V]ﬂaQNaﬂﬂmsﬂ

Analyte

Uszanaiadig

Fipronil-desulfinyl

Fipronil Fipronil-sulfone

legarfiauieny lifiussydond (n=18)
lgaussluussadominssyunasnde
(n=18)

NanNAN LY (n = 30)

Not detected
Not detected

Not detected

Not detected Not detected

Not detected Not detected

Not detected Not detected

a 4
AU

m‘sLm"?ﬂw?hasimﬂuﬂzumauﬁﬂmmﬁwﬁfy
damsiuamsianziignaas maa3eudacal
Thfluilaideniu (homogenization) ¥lahent
msta3audagheinualyl iasnndedheiaanuy
[uvaaman mesei lildhmsienziansilinsia
fianaandavsaedsuildanld uaazvnsesia
Sienzdmmzdiuiiuslaalaiialisanndaany
NINIFIUNSLATENGI0819) dmSunisanald
acetonitrile Al NNTuTIsTRUABENINTARZANE
asillwstiauaziuenluladlad wasiinaanti@mla
Tusiuludadadanannuazdudiiuiudou
LLEIﬂaaﬂf\]’md’Juﬁ'u‘“] (protein precipitation) N9
afaaslamswerlunundawes centrifuge tube
wazghaeiiaagianss snseldiadsauy
mechanic unulg Tagldunaniniaziolums
wlisauTusiuuandalaamiu wmnwelaiusaisane

ADUMDENALAANVIBDANAFANIN I LNEN5DENG

fseaninle wasnnleasanauar 14 dispersive
SPE lumsiliusqns®” fefidunanddny do
C18EC msiifinuantagaduladiuldd Sauflums
ManlriunaiedNudn A uiaIndndle a1l
Uszandsnw
asnnasilTusiauazaluladusns
sengldiilagnanuiounazasdiiigauvnige
Seaansoldiaiasioniia gas chromatograph
dmSunanuazdenzdasla srsilusiafluansng
electron §3NIANNIAMEAINTINIALUA electron
capture detector (ECD) ﬁwﬂumémﬁaﬁ’ugm
MFludes jiamsdmsvienziasaitlosiu
ﬁ’l%ﬂﬁmgﬁ%ﬁﬁ electron 1une§u organochlorine
(00) ﬁqﬁuLﬁaqﬁuﬂmz@35&%«15%%9@%15
naspuiiedeneimeeias GC-ECD wuh
m’%}mﬁaﬁﬁ selectivity Lae sensitivity ‘ﬁa GREaRN)
ara3aldszdumannd 0.0002 mg/mL (0.2 ppb)
wazanansousnasaulasannniulasddaau
Tusuasunsnagauanuiuduasawansin
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Method Development and Validation for
the Determination of Fipronil and Its

Metabolite Residues in Eggs and Products

Weerawut Wittayanan and Thoranit Chaimongkol

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

ABSTRACT Fipronil is an insecticide whose degradation products are highly neurotoxic for humans.
In Thailand, fipronil is approved to use for plant protection but not as a veterinary drug. It was found that,
egg contamination by fipronil in Europe in 2017 has generated concerns in Thai consumers. Thus, an
analytical method is required for the investigation of the fipronil residues in commercialized egg and egg
products in Thailand. Fipronil was extracted by a developed procedure based on EN 15662:2018 QUEChERS,
detected by selected reaction monitoring techniques in GC-MS/MS and quantified by matrix-matched calibration
curve. The validation of the method to detect fipronil and two metabolites, fipronil-desulfinyl, and
fipronil-sulfone, in chicken and duck eggs showed that the LOD and the LOQ were 0.002 and 0.005 mg/kg,
respectively. Satisfactory recoveries were obtained in the range of 92.9-111.6% in spiked samples at 0.005,
0.05 and 0.1 mg/kg with RSD lower than 8.6%. The relative standard uncertainty value was less than
20% and the method working ranges were between 0.005-0.5 mg/kg which were acceptable. This method
was sensitive, precise, reliable, and suitable for use in the laboratory. The validated method was further
applied for the analysis of 66 egg and egg product samples collected from Bangkok Metropolitan Region
in 2021. The result showed no detectable fipronil residues in any samples. Overall results indicated that

the described method would be applied for detecting the fipronil and its metabolite residues in the future.

Keywords: Fipronil, Eggs, GC-MS/MS, Method development and validation
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aaa

laaumas (*-test) NATANANUUANANMISTDA

2AU p < 0.05

msUsziiuanuquaasnsldiuleduas
walwandy andiumslasmsnudayansnaday
ANNTNQYTERINY W.6. 2560-2563 Tusmuem laae
TunsaanienarsuasnsauaanIalusuad,
Usmnamsldnszay warszaznaniildlumssams
nansemnsvandeluswald TaaSeuiiausewing
maeiiunuuuulduas lildiulad Ussiivanudu
areansldivladuazuayndndy aulw
Amasdatlyasdiarnasuaseauddlusudld
Usmnamsldnszay wazszaznaniildlumssams
nansemsuaslusudid Tagl4add paired sample
t-test HITANANNUANANNNFAGNTZHU p<0.05

NI USUUR daswann eliums
Tosfimssrusamilammiinuludfsiun weludiu
aouilom Tassaduuazmsaanuuy Lﬁ'aﬂ%'uﬂ';q
anuazanlumsldnuuazgldnuionuidnems
waguulasivuadsagiane numuuaziuas
ssuumséﬁmﬁmﬂa (backup data) Avanzan 53
Memualumsdsas uasFulssdayaliifuilagiu

We

Aulzduazuauwdeduldlumsieasuas
MLiuuUEMITaMsnagauaNNNy laaiingy
v < v a va a ks
lFnuluaalfUamsnsaienzives 4 ununy
A auen enuanstandalutaans musEnde
o d{
Tlneluresnan wazauingaangnsluzasnang
Togddaan MBI LasMBUAEILANEN
[ v = v S v
nuluudazuruny do muendudided sudaan:
I = =~ v a I =
Wudndes auenandalilneluzaanaradudues
o e Z a o
wazenuingaangndluzessnarndudun@u ims
Yasnusnwmenuaulealdsvanu (password)
v Y 1 n:‘lydd%’ P o v g v
AauNgseuy uannHNNuNUsEnduusuazuaN
Amasiangnnanu
msudaaradu 2 M da M lnauazmmn
gang luansazgluuudaanumnaingumnu
v 2 v A o <
mamming laszawyldiedasnneiu (/) au
sEnimen druaeasduladnn q mhuaasdays
leun Favihanuuaziiag vanaealnsdwivingaz
° a o £ .
Tnsans ManUdVEN5 (copyright) uazniusnaey
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Proficiency Testing Website and Application

Siriphorn Laomanacharoen et al.

Gulsd (Home) sauaaslumwndi 1 Usznauss
Foameanasandndulyd (PT register)
Foamangszuudiuled (PT login)
WYWan 6 iy laun Home, About us,
PT scheme, News&KM, Q&A uaz
Contact us
MNAALNGNYURUMINATIY
yedahguyiefumeny

(About us)

dadngma:dnniawin

Bureau of Drug and Narcotic =~ geesssssssessssascsses

Proficiency Testing of
Narcotics in Urine

Proficiency Testing in
Pharmaceuticals

duarsiawaAnaludazo: v

vi) deameehgmasaiasnsinyssyu

FuNUFNBN

ol & A o o v .
vii) WuhUsenduiustayaiaznians
viii) Juden (web link)

iX) ZOINNMSINATIUANNNIYL)
(E-Newsletter)

fadulad (Site map)

X)

Proficiency Testing of
Narcotics/lllicit Drugs in
Seized Materials

Proficiency Testing of
Psychotropics in Seized
Materials

Bureau of Drug and Narcotic, ISO/IEC
17043: 2010 accredited, is the national
proficiency testing provider in
pharmaceuticals and narcotics.

\%

[Z] ReadMore

PT-BDN Application

***Download for free now***

/IIIIIR T
BDN'|

E-Newsletter / 9AKUEV1D

Apply for E-Newsletter, type Email and click “Subscribe” /
ATASSUIARLNDYID WUWBILANA:AGNUL “Subscribe”

Home About Us PT Scheme News & Km

- Home - AboutUs + Proficiency testing of

narcotics in ufine

- News & Km

- Proficiency testing in
pharmaceuticals

- Proficiency Testing of
Narcotics/licit Drugs in
Seized Materials

- Proficiency Testing of
Psychotropics in
Seized Materials

ftal, Twanon Road, Nonthaburi, 11000, T

88/7 Soi Bumrasnaradura

Join Training:

Training-Seminar programs offer an opportunity to
discuss technical topics and understand participants’
needs

[R Join

Contact Us
- Contact Us « E-Newsletter
- Map - PTRegister
+ Google Map

na Narcotic Al Rights.

a
hailand | Tel. +66

mMwii 1 Gulsdmsmegauanudingeslfiams snineuazinganda
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Aulrduszuaundiedunmsnadauanuinnyissl jUams

AINT AINUSIATY LaZAE

Suladaatalawy (Domain name) Tumina
go.th Ltazﬁgq%aTﬂLuu https://bdn.go.th/pt fide
anuninederasmieny Tagldsnusdedanmn
AN HYNEUNEUIINYENGHA (Bureau of Drug
and Narcotic: BDN) wazuusnmsnadauay
ey (Proficiency Testing: PT) Fudummmz
fuhlaussduasdmiunguildnuhedemsand

iy “About us/\fenfui” Timygaelsznay
8 Our history/UsziGuaus uaadayannuiy
1N9AENTUIEIMITaNUUEMINATaUANNEINY
yeNEInNeUazIngLaNGa, Quality standards/
MNATTUANMN uaasTayaInasgIuammWi 15l
MIMIUNUUIMINAFaUA NN YBNEIUNE
LAzINQLENAN LATMILATUNMITUTBINNINATTIV
ISO/IEC 17043:2010, Our team/@@eNINIU
WUZIEALTUNIUUIM INATBUANNTIUEY

Wy “News & KM/2ansuazanus” iy
dogUsenaume News/2Ma15 waoadayazIans
Uszenduiusimly Avnssuwesmieny uasuds
AHINNMITDUGBULAz NGl Lagaansamrua L
waasimhusnaasduludld ialwddeldhe KM
/adsamud uaasunanam llmeinms

WY “QRA/MN-NBU” LFMIAMINNULAEMNDY
Afigisusouny Tashlugluuugoudmasuuay
uaasmnauiiiananiicmuiiy

1y “Contact us/AndaLs” uaasdaamsil
HldusmsanansaadsdaanuaaumnvIaaandeand
HInNUUSMInadauanudny énineuazing
ndia uazlasumaaurumelusedigdiannsaiing
waruanedayaiiag doemedadaginauuinig
nagauaNNEINYIUNNInsANy nsans uae
Tusudldaidnnsaiind uananiluaasiumisicsmag
diinenuazinguEwdalusluuuusuiimwuasad
dlannsaiindsu Google Map

Gudsdidendevhanuiiedaaasiulyd
duilifsdasfumsnadauamaiing wu Gulsd
WKUMITNATDUANNDINYNTNINENAMENTMIUNNE
Buladnsznsnassugy Auladainnuaus

AINMTDIWITHALEN ﬁnlﬁﬁéﬂﬁfﬂmuﬁgaﬁwé’ﬂgm
o < & v aaa s < '
323 Dulgdaatuidinaeans dulsdnsy
CY r's < I'd a < I'd v

g ulsdnsnguiszngd Buladaodu
AAFINe Tsawenuraeisna Duladaiinaiu
NAWENINAAUDLDITYINTIHUNITHUSEBI TR
< & o W Y (7
Aulzdainnuanznssymstasnuuazlsiulsy
gande wazduladnsadineneansusms

v g P ' o v PX

faduladudrunuaasunune S uladnivie
dl' a v 3 < s W o v v
teadunalassasanavaavesiulad Javinlveld
Usmssansarhindayafiaeanslane iy

MssuaaNNAAIIY FDLEUBLUEABNULSNNS
nadauANNdINY wazmsigusmsenudulsd s
8eanaeImsNNg lFuims lugduuuarsna

P . v v
paulay (online survey) wasUsemdunusnms
d5aluny News & KM/21a5uasanug oy
HUUEITIIANNINIWD 12

SEUUMSIHUSMS aanuuulvinsaansdiey
wuueaulal (register online) tiaannsiuaanan
U k4 < I'd Vv o
naumsldnuiuled Taamsnsandayaluwuunasu
dldnnsaiing dayanantuvesdandndmiums
aanzliey WY 39¥UI89U USLLANpanuigdy
fieg FerUszanunu waslusedigdidnnsatind teld
Tumsdarauszanuau §msld CAPTCHA (Com-
pletely Automated Public Turing test to tell
Computers and Humans Apart) Fallumssnm
anutasanslumsanaslzusmsdulae waznisas
nzifaudaaiimssansululssmaulanesnmndays
druyananay Waiimsameileuudinzinignga
dautayadandn tiaiarsanaylamsiudansn
szuumsanasaandn aanuuulialasanise
mvue lsediddiannsatinduassviaruansulsizn
garuu aumeaninsaud laildsuudaslamadiies
warh ldnuduladszuuazasadaunaziiuiudmay
{lanuaeglusedddiannsaiinduazsviasiy &
Msuaadaunsainnsan lisedldadnnsatindvse
swarulignees nsdinglddusianu ssuvasds
swarnulimalusuaigaidnnsatindnlaaansideu
13 pszrnumsnasgauanudinuiidiueasnuusms
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Proficiency Testing Website and Application

Siriphorn Laomanacharoen et al.

Neaedans AndaTu-dedpyanuaNINNNTUABUIY

ATZINELHUMSLEIETA wazilunszuumsnnezuy

uag

a8n

o P
[AAAY EUE

294

AN

AT : axIn

[ LRN

wilaunulunnurunu Teszunaue 9 Tuauusms
NAFAUANNTIUIY AIUFAS LUAIWT 2

a9 uda
918911 »
daya wiila
Hang
Han1g 21BN

VLG 21111979

Auysal

MU 2 JuesumslivimsnasauanunynMeiesd jidms stlnenuazianganda

Fuasudenarasnuuuliisnwasiiud
ﬁgum AUMSIIUIMS (tracking bar) uazmuuadzay
tracking bar wazmhAuladresudasununuuan
FNNY FaNZNENINTaAAMNFINULTITUYBILHUMS
nageufiaiasle amiiunislundaziuaay
i lUsudldddnnsaiindnaunausnlusd (auto
reply E-mail) ussiiugusiiiums unuiadunau
M5LAUSMS (tracking bar) HAanN5sN5IN 8 Funou
Ganaaslumnwi 3 (an i uuEUAIUEISIENG®

@ ©) ©

Register Payment Lab Code Sample

dnasMIMaday 528U SudENEN Acknowledgement

fBUTUMBEN

Tudaanz susandalilneluzasnain was
ﬁwui’mqaaﬂqwﬁuwmﬂaw i 7 dumewilasan
lifidumaumstsedu) 1aud Register/asiasms
Nedau, Payment/7152[{u, Lab Code/sWaaanan,
Sample Acknowledgement/@ausuagN, Re-
sult Report/aiNamnaday, Interim Report/
#aUSUNENURTUIN, Final Report/sneuativ

auysal waz Certificate/lutssmatiavns

Result Report

dNHaMINAdaY

@ ® ©
Register Lab Code Sample Result Report
aiasMInaday SvaaEn Acknowledgement, danamsnaday

(2

Register

aiasMInagay

aiasMINaday

7N 3 Tracking bar 209UHUMSNAFBUANNTINYMUEN (Fidien) muasiandalutdlaany (Fwdee)

Lab Code

SHadNGn

Lab Code

sviaangn

fausUMBtN

Sample
Acknowledgement
fBUTUMBEN

Sample
Acknowledgement
fBUSuUmBEN

Result Report

dramInaaay

Result Report
dramnaaau

Interlm Report Final Report Certificate
aauSuUNBNUATUTN NenuauaNysal Tudszmeaileias

Interlm Report

ABUSUNBNUATVUTN

©

Interlm Report

fBUTUNBNUATUIN

El

Final Report

i‘lﬂ»ﬂuﬂﬁuauginf

Bl

Final Report

NenuatuaNysol

Certificate

Tudsemaiiedas

cugnandalvilnyluzeinan (Fuas) uasmuingaangnsluzasnans (Finku)
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AINT AINUSIATY LaZAE

Funaumsliums s Juasu aadeludail

1. Register/diasninaday duaniaan
TUsunsuigasnsaiasnnsemsnidaliusnms
wazdnwdayaneazidaavasuaazlisunsulaan
gilamanaday (PT Protocol) laanaiu Protocol
Download tilaidananaslusunsuudiszuvastiuiin
flufanssuusnamuisiunaumsliudms (tracking
bar)

2. Payment/215:3u dundnuuulvanan
31un1‘s°zh'ixl,'3ulﬁﬁy'ﬂugﬂLm‘u PDF waz JPEG 21
ﬁ”’ucﬁ’ﬂu%ﬂﬁmaaummﬁmmuj aTIFaULazEUEY
mmgﬂﬁaﬂuﬂgumaumsﬁ’]szzlﬁu

3. Lab Code/sWaadn®n fanuimanagau
ANNIUIYDBNIRATINTNNDUINENAIDENNATIU
tilalWaangnldswaiiansdelumsasadaunans
Usziliu Teedluswammzresanndnuiasneuay
sanswalnailundazlusunsunisnagauiiandn
GER

4. Sample Acknowledgement/®ausu
et ladadiiethamagaulisngnugs sandn
A3 UTNINAIDENUIZADUS UM BENNATDU
Tagnsaniaazdanuasiiain Juiildsudiad
amweathailasuluwuuresunaududatha nsdl
thagsitldsuiiagnmwliundansoszymeasiden
amwiagauazuuulwdglammilsznould el
HAAUINISNAaaUANNDIUIYNINTUINITIAE
maealudlvigandn

5. Result Report/dinanisnagau Lﬁ'a
NAFBUMIBENUE danBndenamsnadaulaansan
easdealunuunasudidnnsaing Fedzuuuy
mwwdmiuudarTsunsn Tuagiuniouasanuos
o900y (U YayadauuasdyanualNLAY
19YaAININGTD NIBNTNYALLBEANIBLEaNAINBY
athalandanils Tasdayaiisdunsanazudas
LS DININEABNTY (*) Huaenfiu ‘?;wﬂuﬁ'aga
AFausumsiszidiuna

6. Interim Report/®aususnanuaiusn

WaKIauIMInadauaNNdINIAMNNENUATY

$aeda ihsuwsasuudulsd dalwangnainse
Funguaztufinlusuuuulug PDF sauviauds
maudlavsedaiauauuzdanenuatius

7. Final Report/iﬂﬂmuaﬁuﬂuyiiﬁ ija
HA0UINITNAFUANNEIUIYIANITI8IURTY
auysaliada ihdundesuudulad wialWaundn
sansndenguastufinluguuulud PDF sams
MaUSUNBNUATUTNY D]

8. Certificate/lutszmatistias audn
fidawamanagauuazlddumslsaiivazlddulu
Usgmailatins auaasdenmaidrsiumanagau
ANNTNNYAUTIUNEIUBLINYLANGN §INITD
Banquaztiuiinlugduuulud PDF la Taslu
Uszmatiatasinatiumnnsuazmensangy

msl¥usms 8 duaaudinan aaundn
dniiumaadaluudasiunou asfissuudslusudd
ddnnsafindaaundudalusiduduiieldaundn
nURazEUgUMIMLIUMST MIUTaYALENUY
Hulgduaznmssudayenng ldnudulad dszuu
Samsduladviaszuundatu (back-office) Lo
UIMIIMs unuNNTayauazatasn (export)
ﬁaa&aﬁwmﬂismawasjm https://bdn.go.th/pt/
weadmin/index.php ‘[mﬁmumjﬁmmimﬁ'ﬁ
TFruszuunaaiu saudemsmvuadnslunis
dhistayaivadnmanulasads Fansiivua
usiidlulumaumhinasguiidau fdedasiu
SEUUAMMNETALUIUNINMINATBUAN NI
laun Administrator @8 HIANIAMMNHIBTEN
{iamsammw ISO/IEC 17043 Fwihilguaszuy
wazusmstamsiuladnisnagauanudruey
venluamsaningnuazinguanio snansnie au
wazdvpandayaled Webmaster Ao fussaiu
UHUNTNAFDUANNTIUIY (coordinator) WIa
gitldasunaumng dmhivimsdamaind au
wordseantayauuiulsdinwsluduiifsdasiy
WHUMINadaUTSUfieTay uax Assistant Aa {9
duiiuusumanasauanuiing dmhiitugse
webmaster aansafiunazsieandayauudiulad

@Ml UEIUNNENTBINULEUMINAFIUNSUNABDU
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Proficiency Testing Website and Application

Siriphorn Laomanacharoen et al.

atineuazingande lawmuualwaiady
nMsnadgauanuiIuIy IManisaldlanuszuy
UJuians i0S waz Android Faannsnanilnan
HIUSHEAI18715 (QR code) ;;ﬂmwﬁi%tmu
waUndadunsalanau (icon) sanuuulaelsd
Tnudennudulad fe Fdenuazindas Ja18nus
PT BDN doanumingiamunsanguuassiineg
WAEINQLENARN WATNIUUTNMINATDUANNTIUIRY
fmmnilnfidedunugiuniaues Z-Score dwsu

Taszifiunamsnagauanuding aauaaslumw

nd2 T

BDN'W[

& App Store

Py
NNN 4

[=]3
ST
® Google Play

) uaUwaedumMImasauaNNNY HUNENUALINENGA woe 7) MBEN

lﬂ' 4 a N
71 4 n) sYuvumsldnuuazyuaundwduiianuas
Wenduduled dangnaansahgauaaumsantiiu
v a o Y 1 = v @ v < I3
nuehuuaUwategulaudenuivinudulyd Tog
a v oo 4 d‘ s =
wauwanduiiszuumsldnunmnnnniulyd ds
MIuNLADY (notification) SINTOETDANINTU )
o o v o« a 4} ' o A o
Smsuudandauamndnludasde g ndeInums
MEHUNUNAFDUANNTIWNY La8UaaUUHINAD
v ¢ A o ¢ P =S
yaalnsdnsiadaunuuuaansalluniaunuian
HILFNSLUNND 4 2)

Tuesday, September 12

@ pr-eON

for of
Please note that the result of PT

ADANNUIH DULFNUUYINABYDIINTANTILA DB UNUUUFNSH TN U

Waduladianundandalday Fecuy
UYszmannusuasuuziimsldnulunsdszya
FuuuIFNZINLKUNMINaFauaNNFIUIYUIEI
YevUszanm w.d. 2560 oAU UIUTUYI
WOAINMEY W.A. 2559 O9 ANAIWUS W.A. 2560
sunaundedudolFnu Taadulssnduiusuas
wuzihmsldnulumsussgnaunmnandouuums
nagaueNNHINUsENTNUUSEIN M W.6. 2561 289
UoBEUHUILLE IR 19-20 UM W.A. 2560 UAZ
USLFNNUS [AFN BN NI U UN N KTN TSI S
wazlusudldddnnsadind

maudENTamslinudd w.e. 2563 sy
wosuuamsanasilusaundnnldivladszann

M5815NTHANENFFATANTUWNE
7 N 64 aUUN 1 ¥nT1AN - AN 2565

1,300 98 wazualwdeduilszana 370 g M3
Senuianalamsliudmsmegauanumuie
thumeduladuazuaundieduidudszamnd log
FFnBnnalasnHINMIMeFauANNTINLLIRNY
Uaz 878 918 ApULUUFDUNINANINNIND lALndY
Uaz 235 918 d0IMINDUNAULUUFDUDINIRAE
sawaz 27 JUuvvresswuudaumNtiunsidan
szauaNNRawela 5 szau U w.e. 2560 aullald
< P & o ~ <

Auladlduesausn drsraenuianwelalulsziau

< s A o ° a o

sUwuuraatiulad tiahradmaninsantuly
Tagdunmsdrsagduuuamuanuminzangag
MIDBNUUY ANNYNABIYBITDYAUALLHDIN MTLN

fadvlrduazszuusnmenylanany anuaINzaEN



Aulrduszuaundiedunmsnadauanuinnyissl jUams

AINT AINUSIATY LaZAE

DANYAT wazannazanlumsldnuudazariay
uaau wuhezuuuanniswelagduuuzeadulyd
Tuwdazaupallusoeas 87.5, 86.8, 86.9, 84.7
Wz 85.4 INNAGU Wl W.A. 2560-2563 WUTILHD
° =2 a v < <

fenuiisnelazesandndsiuladlulsziou

msiidayauasiiiaminlaing asuiiu wasnuaxe

fausaslumsed 1 dawisuisuanufianala
Suladluwsasl Taaldaddlaguwas (1’ -test) wu
M % AW 20.181, degree of freedom LAY
12 dariulundazdl (w.6. 2560-2563) Fangniianu
wawalasadulzdlsiuanaeiu (p > 0.05)

M1399 1 HaMIE9I9AN NN lagaeanFnurumMsnagauaN NN gEasaneILasIngLaniace

< J v =
L’J‘Ul‘ﬁ(ﬂ 35N U W.6. 2560-2563

= < s
HaMI NWQWE]GIQ L’J‘le‘lim

. AUUY
U w.a. : : ety Y
walaan wala Uunaa Tawala  Tluwalaann 089
2560 66 73 8 0 1 148 87.4
2561 155 142 41 3 2 343 86.0
2562 98 90 11 1 0 200 88.5
2563 115 122 12 2 0 251 87.9

KaM 35NN la lumnsInesms i
usnsnadauauiIuy Wiuneduladuas
woUwatedu Uszanthudszanas w.@. 2560-2563
wuhamndniianufiswalanniige fa masfiszuu
ANUUaBANEAIEMS LESHERNU LasdnBNTANUNY
waiaﬁaﬂﬁqﬂ Ao mmsjamnwmf?umaumsﬁﬁzfﬁu
wazANNTUTBUYBILUUNBSHMSEIHANISNAFDU

Lﬁ'aﬁwﬂ'a33amseﬁLﬂmm%’ﬂiﬂmﬂsums
NAFDUANMNTIUIYIZHWINT W.A. 2560-2563
wUszifiuanuduarzeansldivlyduas

waunateiy Tasaumaaasdailyasdrdns
tanasuarAuaenelysuald Ysumnisly
sz uazszaznaniildlumsiansanasanu
dalusudld (AaszazaIMsInLaTnsIEauA NN
9NABNYBABNFITABFNITN 1 NAVNNY 30 IUIT)
Wisususeninemsisuas laildduladluns
MUY (lﬁsauﬁgumaunwsﬁﬂdqﬁmﬁw
nadau) laalddde paired sample t-test
faudaslumed 2 wuhilanuuaneeiusghedl
HAFSIAUNNEDA (p < 0.05)

MIND 2 ﬂ'ﬂllLLGIﬂGhﬁ"ll’rNFh%lﬂﬁﬁL'r)ﬂHW?LLGSﬁW‘ZJHEi\W]NIﬂSEiﬁETU%N'Imﬂ'lisl'{i’ﬂ’iﬁiﬂﬂﬂ LLazizﬂznmmﬂu

MsIanstanasansudsldsuald serinamslduazluldduladlunisariivausznined

W.F. 2560-2563

8NN3 T Sulae TldGulad  Jsewndale (Sasaz)  t-value
AmaBIaTenasILasmaLEs 45,900 268,562 222,662 (82.9) 17.066*
maluswdld (1)
ﬂ‘%mmmﬁ'amﬂﬁnizmw (WHw) 1,080 213,294 212,214 (99.5) 12.862%
szammmﬁlﬂﬁiﬂﬁﬁ'ﬂmsmnms () 540 1,589 1,049 (66.0) 23.541%

*p < 0.05
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detlalFnuduladudiimaihadnm Ul
wasWanniulszsmnil wu U 2561 mauia
anulasassrasdulyd (asnnideyadiu
duasdayansfssiurasangnlugiudaya
saumansnagauan N wailunissiiiv
ANNEINIT0209ENNEN FansSnwranuauiiy
Famnuaid A aIun1nsgIu ISO/IEC
17043:2010 HANUIMIUNUMINAFBUANNEIUIEY
Faeatiiunsarntanivue seasuarnmsly
http (Hypertext Transport Protocol) W https
(Hypertext Transfer Protocol over Secure Socket
Layer %3a http over SSL) titellasfumsuinia
Fayanniau matiusUuuuzasuunasumsdina
msnagau issnnuellsunsumsnagauiisiaths
NAFaUNINAT 1 MBEN MIAaEaauuunasuied
SnuarBsedanuiuungm dedduau@auranm
iiansandayaliasunndate Fdanugeennly
msnsandayauasilamaionane Farhueeanuuy
Tifisnwasiuwuuneaszaiudasmaeataniuua:
Nerauuiu Tasfiuauduudasdafethesmiuaan
tile@anudasmhuuunesuuasdrashaiu g
msanszazmsiaausamwlnauas mslduihes
Lmquﬂﬁu (pop-up window) WHAININLZIULUY
smenuianwelagauiuiinihusnaasiulsd e
Weamulvaunaniiaiusivlunsaauwuudauou
Falugaemeiiszanuazehiledhe Tuil 2562 Sms
wWagumwisznavimhusnrasdulad dasnnly
FuusnrasmsaamnSulad lEmwdsznavannSulyd
sUamwilifiaaansuaslideenldae dadlaldnu
Gulwdlaszaznile Seiimswasuiumwisznay
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Proficiency Testing Website and Application

of the Bureau of Drug and Narcotic

Siriphorn Laomanacharoen, Masvalai Likitthanasrate, and Angkana Kritpitakngoen

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

ABSTRACT The Bureau of Drug and Narcotic provides proficiency testing (PT) for pharmaceutical and
narcotic analysis programs. The objective of this study was to evaluate competency of drug and narcotic
testing laboratories for use as evidence to indicate the reliability of testing results. Initially, the bureau
coordinated with drug and narcotic laboratories by sending formal letters via post and facsimile. It was
found that there were problems of document loss, high cost of document preparation and distribution,
difficulties with management, and storage of paper documents. In 2017-2018, website and
application programs were implemented, respectively, to develop the document management for PT
operations. Based on the website and application in PT operation during 2017-2020, the difference
of cost of document preparation and distribution, paper and time consumption for document
management between the use and non-use periods of the website was found to be statistically
significant (paired sample t-test, p < 0.05). The difference of website satisfaction in each year (during
2017-2020) was not significant. The most satisfaction was noted for security system by using password.
The proficiency testing website and application programs have been found to promote convenient
and rapid operations and reduce the operating cost. In addition, it can enhance contactless
operations with environmental friendliness and safety during the COVID-19 pandemic, promote good image

and modernize the operation by using information technology in accordance with the Thailand 4.0 policy.

Keywords: Proficiency testing, Website, Application, Bureau of Drug and Narcotic
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