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(% w/w) id/g) (mg catechin/g) activity Inhibition
acid/g ..
(IC,, mg/mL) activity (%)
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Pharmacological Activities of Coriander
Fruits in the Provinces of Nan, Phayao,

Lampang, and Chiang Rai, Thailand

Tathaporn Maison', Wikit Prakayharn', Kulthanit Wanarat', and Thassanewet Yaso’
!'Division of Complementary and Alternative Medicine, Department of Thai Traditional and Alternative
Medicine, Nonthaburi 11000, Thailand

’Lampang Hospital, Muang District, Lampang 52000, Thailand

ABSTRACT Coriander has medicinal and spice properties to reduce blood sugar and lipids. This study
aimed to comparatively evaluate the yields of crude extracts and essential oils, as well as the pharma-
cological properties of coriander fruit samples grown in the four provinces of Thailand: Nan, Phayao,
Lampang, and Chiang Rai. Crude extracts and essential oils of coriander samples were prepared
using the same extraction process. Each sample exhibited distinct physical characteristics and a varying
percentage yield of the extract, including differences in efficacy against alpha-glucosidase and HMG-CoA
reductase inhibitory activities. The coriander extracts of all samples had yield, amount of active
substances (Total phenolic and flavonoid), and pharmacological activities higher than the essential oils.
Flavonoids and alpha-glucosidase inhibitory activity of the crude extract from Nan were highest, while
the crude extract from Chiang Rai showed the highest HMG-CoA reductase inhibition activity. Thus,
the results from coriander planted indigenously in those four provinces may provide a guideline for
planning coriander growing in the northern part of Thailand to produce dried coriander fruits, thereby
extending the production of coriander extract and adding value for further medical use in herbal medicine

development and healthcare.

Keywords: Coriander fruit, Coriander fruit extract, Coriander fruit essential oil, Pharmacological activity
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ABSTRACT This study evaluated the efficacy of microwave technology for disposing of infectious waste.
The technology involves shredding waste into smaller particles, less than one square centimeter, and
exposing it to microwave radiation in a closed system. The evaluation was conducted according to the criteria
of the State and Territorial Association on Alternative Treatment Technologies (STAATT) Level 3,

achieving a reduction of >x10* log CFU (> 4log,, reduction) of Bacillus subtilis spores. The results

showed that Steriwave100™ with vessel capacity 100 L, using 400 Volts/3 phase, 40 Amp electricity and
generated 110°C for 20 min in 10% humidity (w/w) could inactivate the spores of Bacillus atrophaeus
ATCC 9372 (previously B. subtilis var. niger) at 1.7x10*, 1.8x10° and 3.2x10°. Therefore, microwave
technology could serve as an eco-friendly and sustainable alternative for infectious waste management

disposal in healthcare settings.

Keywords: Infectious waste, Hazardous waste, Microwave, Waste Management
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Detection of Vaccine-Derived Measles,
Mumps, and Rubella Viruses Found in

Patient Specimens in Thailand, 2017-2024

Atchariya Lukebua, Kannikar Kwanchum, Narawan Punngram, Duanpen Chuapudee,
Prasopchai Aramrungroj, Tanatorn Chantavorakit, Thanapol Preamkamol,
Thanchanok Suttibul, Phiengjai Armeencharoen, and Pilailuk Akkapaiboon Okada
National Institute of Health, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT The Measles-Mumps-Rubella (MMR) vaccine is a live attenuated vaccine. Although
the MMR vaccine is generally safe, it may cause adverse effects such as high fever, joint pain, rash, or
parotid gland swelling. In rare cases, infection may occur due to the vaccine strain itself. This study aimed
to analyze the genetic sequences of measles, mumps, and rubella viruses using the Sanger sequencing
method from viral isolates collected from patients during 2017 and 2024. The obtained sequences were
compared with the World Health Organization (WHO) reference strains to monitor the presence of imported
strains, mutations, and vaccine-derived virus strains in Thailand. The results showed that among 1,862
measles, 26 mumps, and 12 rubella virus samples, the vaccine strains were detected in 4 measles virus
samples (0.21%), 4 mumps virus samples (14.29%), and 1 rubella virus sample (8.33%). These findings
provided evidence supporting the possibility of vaccine-derived infections and indicated the circulation
of local strains within the country. This information is essential for viral surveillance to control disease
outbreaks and prevent adverse events related to the vaccination. The data from this study will be useful
for public health authorities in developing future national immunization strategy planning to enhance

disease control effectiveness.

Keywords: MMR vaccine-derived Measles virus, MMR vaccine-derived Mumps virus, MMR

vaccine-derived Rubella virus
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MINT 1 uaNIUAIINENuRamuaNammumely (IQC) wazmanuamaAdauRde (%) 283
wihanululsawenva Dy 5 wiheou luthudssanm w.d. 2565-2567

AMAMNADIALATIY  AIANNADIAAFDY  AIANINAIIALAFDY

WY Wudszanar  wou 4o 4 4
waa /Al waa /Al dg L1+Le2
malulsawenua .6 1M
L1 (%) L2 (%) (%)
ER 2565 12 9.81 9.09 9.45
ER 2566 12 9.81 9.23 9.52
ER 2567 14 8.73 6.04 7.39
IPD 2565 9 11.85 8.40 10.13
IPD 2566 12 9.07 6.35 7.71
IPD 2567 10 4.89 4.95 4.92
LAB 2565 12 7.96 6.58 7.27
LAB 2566 47 7.42 3.47 5.45
LAB 2567 47 4.54 2.70 3.62
LR 2565 12 5.56 4.65 5.10
LR 2566 12 10.00 5.30 7.65
LR 2567 12 11.30 5.71 8.50
nBUHuaUsNgd 2565 9 7.90 2.71 5.31
nrUHuaUsugd 2566 21 7.20 2.76 4.98
ATV T 2567 15 8.30 2.36 5.33
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L1 (%) L2 (%) (%)

IN.F0.NABN 2565 11 10.10 6.26 8.18
IN.T0.NADN 2566 12 5.93 3.12 4.52
IN.§0.0A8N 2567 12 9.44 4.35 6.90
sw.am.ﬂ'mifw 2565 12 15.93 9.17 12.55
‘sw.am.ﬁmﬁm 2566 12 13.33 3.51 8.42
iw.am.ﬁmﬁm 2567 11 8.28 6.11 7.20
TN FR. U NALLAEY 2565 24 10.93 7.12 9.02
TN FR.TUNALAEY 2566 30 5.93 3.27 4.60
TN FO. U UNALLALY 2567 34 5.75 2.06 3.90
IN.F0.NABDN 2565 11 10.10 6.26 8.18
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‘sw.am.ﬁmﬁw 2565 12 15.93 9.17 12.55
sw.am.ﬁmfm 2566 12 13.33 3.51 8.42
sw.am.ﬁmﬁww‘ 2567 11 8.28 6.11 7.20
TN FR.TUNALAEY 2565 24 10.93 7.12 9.02
TN FO. U UNALLALY 2566 30 5.93 3.27 4.60
TN FR. U NALLAEY 2567 34 5.75 2.06 3.90
TN TR U URIOLYY 2565 25 10.93 7.37 9.15
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mmﬂmmﬂ?{aumgﬂwama IQC Fuwlinanag 23 IQC aﬂaqashwimﬁawaam:ammﬁﬁﬂm
athadaay Tasihulszanm w.e. 2565 Aewas  eeuaaslums i 3 wazmwi 2

M99 3 UENAIANINANAARURAEHS [QC 289WiEnuUny 12 wid (wihanumelulsawenua
PUBINELNG MUY 5 WUIBOY AT SR, MUY 7 witd) Tudlaudseanas w.6. 2565-2567

Waudszanm . .. . AANNAIALATDY
DMUIUBIBUSIT DUIUSIYNS S .
W.A. @agINA (%)
2565 12 402 9.01
2566 12 406 6.28
2567 12 406 5.90
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Trend of Average IQC Deviation per Fiscal Year

10

=== Trend Line
% Average IQC Deviation

Average 1QC Deviation (%)
~N
/!

2565

2566
Fiscal Year

2567

2nd 2 udeuunlinamanuedoundeatus IQC 2a9renune 12 ui (mihanumelulsawenua

PUBINZINE MUY 5 NUIBNIY 1B TW.FH. MUIU 7 wiih) THUUSEINa W.A. 2565-2567

N133LASIEHAII NN USTEHI199 U IUAT
nslFaulisunsuiuaianueaiaeiauna
aiua IQC il
MleNeillddoyassdunineuins 12
wis Teafiarsenannaaassiniunsanslaay
TUsunsuaalfuaIaasANAaIALAR D UYBINE
IQC etuvusiv 3 Una 1 “IBUSMST A9DATN
Teudszanns w.é. 2565-2567 MMINATILHAANIN
Fuiusszninsuuasaaasdaiizasnsldoy
Tusunsu Nongmamong Blood Glucose Meter
IQC Online ﬁ'ummmﬂamLﬂ?{ama?\'ﬂwama
muanaaumwagly (IQC) Tagldadd Spear-
man’s Rank Correlation Coefficient Lfimmﬂ
Fayailfiflutoyadeduduniadayaidalsunm
fanalaifulumunmsuanuasuuulnduaziiaue
fradgiaiaife (N = 12) dudasluasied 4

%9 Spearman’s Correlation NAMNLRNIZEN
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FIMSUNITILATIEAANNTUNUSTWINNAILYS
flaiudady wazansoasiauwurldures
Fayalunguumnadnlad lunsdlilerduissand
ANMNFNNUS (1)) Al@M1fy 0.366 wazan
p-value = 0.016 fiszdutadr@daynians
p < 0.05 auaaslumsNd 5 uaAIBIRNNENTUS
MavInsERUMARTET Anesdn senieanad
Tunisldaulisunsus AuaauAaIaLAaD Y
209Wa IQC MeUmunasimsuuNseauaNNFNNUS
(Strength of Correlation)® dauaaslumsi 6
naMAeMhENuRiMINENUNe 1QC Ussasd
wnliufaseuaueamuamandaulddiy Tos
fanNeaIaaauYaINanInaiLlinanas
anuenualumslFnuTusunsadiiagu madiaeuwsin
Snuazssenuduiusmanninuduanaduiug
seduen uaRanansaaztaulwiudaunlinlumeie
PBINITUIHITIANITILUUAIVANAMUAINGIE

TuUsunsy aghaaatiing
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M5190 4 NMNUASAUMS IFNUTUSHATNLAZAANNARIALAFDURASTINYBINIEUSMS dTNUUsEINN

W.F. 2565—2567

mudsnanen

annugdaya (N) r

p-value

s

anvdlumslFnulusunsy IQC Online aail
AumeNNANAAFaUIINe IQC

12 0.366 0.016

WINEwg: r, = Spearman’s Rank Correlation Coefficient udaaszauanuaunusszninanudlumsldnulsunsa
o g} Ay v { = ¥ o L) Y aa
fuemanuaaandauzadna IQC lasmild (r, = 0.366) Foivanuduiusmaninssaumuasiitedagnadd

MITNN 5 NAMIIUATLANNFNNUSIZYINANND U5 IFNUTUSLATHAUAANNAIINLATDURAHYDINE

1QC Taalsd Spearman’s Rank Correlation 2 :UNUUszan0 W.6. 2565-2567

MU NURaY /A

AMexNAaIaAfauRdeIN/ (%)

KUY
ER 12 8.79
IPD 10 7.59
LAB 47 5.45
LR 12 7.42
AR 15 5.21
IN.§0.NABN 12 6.53
sw.aa. 12 9.39
TN TR UNALAEY 29 5.84
TN FR. UBUBIRLYU 17 6.61
TN.FO. ALABY 19 5.36
TN TN FTWIUTAY 17 6.67
. a0, rupaNslug 12 8.62
M7 6 uFanaEiImMruamMsLamanNENTuSDImEnENRYE (r 3D r)

A r v, SEAUANNENNUS AUV
0.00-0.19 Taifi vida o3 wnulsiianudunus
0.20-0.39 a ANNFNNUS DY
0.40-0.59 hunan ANNFNNushunaN
0.60-0.79 N ANNFNNUTF
0.80-1.00 gaann ANNFNNUSLULUHY

msanswnhinlunsingdanueaiaeaay
Wagyasua IQC MnIUASTinheusnslE
ulusunsu

lddayanmingusnis 12 uva lagWarsan
mmi’mauﬂ%y'qﬁmhmmifuﬂ NanuURe IQC U
Tusunsu Nongmamong Blood Glucose Meter IQC
Online wazApasaNNAaIaaauadna 1QC lu

seaznia 3 hudseanas (W.6. 2565-2567) IATIEH
d00LZ900008BLFUE1N9I18 (Simple Linear
Regression) AnwnauasTIuIuAsIN5s1FNY
Tusunsu IQC Online fifldasmenuemanaaumas
298 IQC 5161 iiavmnehanuasslumsldny
Tsunsuiinlindnalimanueaaindauanas
Mmuaiulsa (X) e snnuasslFnullsunsuly
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szazIa 3 U Mudsemu (Y) A meanuamaiaany
@asraINe IQC (%) WamSIANLANUNNIUIY
3 d‘ L4 o a a 1 1
asenladanulusunsuiidnSwnanivauaaainly
o a I AN w o W aa
ANALAFDURNAEANNED IQC BENNUIFSIAYNNEDG
(R® = 0.407, p = 0.026, B=-0.044) Pauad Ly
mwd 3 legluwasmnsaadueanuudsusiuves
\J tﬂl v 2 <~
MaNNAMAAIaUle R? = 0.407 w3aUseant 40.7%
d! <~ 1 v v -7 d’
miaedluszautiunas auaaalumsnen 7
P ¥ A P P
wazdiuuliunAIAINAIALARaULRAETAN B
P2 ) ] PAR 4 ' ™
a1 UIUNIS EUTYSUASNLANTY na1Ae
A 4 P! v &
namaiszuzasanudlumsldnulsunsu 1 a5

[ v LY

WFNWUSNIUNITANANYDIAIANNADIALATDULRDE

Uszanas 0.0449% Tag@nasd (intercept) LAY 9.00
nngaNuNMn LdiimslFdnulusunsues e
ArAuAaIaLAdauIRdsagilssana 9.00%
HaNMSILAITRTiFanAdaefuNamsIaTIzHaN
FuNuSWUU Spearman Augasliifiunsnuass
TumslFnullsunsuiianuduiugmauinszduem
fumsaneanuaaIaAaoY (r,=0.366, p=0.016)
naNAaMIENURTNsNENuUNe IQC Usynis
funliufiasmuguaranuamanidoulads
HudasruiuasanslFnuduiusludisnmauan
fumsanenuamaaaay saduwadludeszuy
AMIAIUANAMUNN

Simple Linear Regression

~ =]
T T

Mean Deviation (%)

o

IQC Usage Frequency vs. Mean Deviation

—— Regression Line

30 40 50 60
Number of IQC Reports (3 years)

70 80 20 100

MWD 3 ANNFNNUSTENINUIUATINNUIBUSN51FUTUsSUunsH Nongmamong Blood Glucose

Meter IQC Online #8aasz821a) 3 VauUszanal (W.6. 2565-2567) NUAMANNANLARDULRDY

panamuaANAMMWME Ty (IQC)

MMM 7 waaMsAaNNA R?

A R® JEAUNTAZUNY wlany

> 0.7 g0 Tueaaninsasdunzanuulsusiuasioyalad
0.4-0.7 thunan Taeadianuainsalumsadunedayalussauthunan
0.2-0.4 minthunan Tueaianuannsalumsssunedayamsthunan

< 0.2 31N Tueaianuansalumsadungdayamann
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msuSaudisudimasmanuaaaeaauszning
FrnuuazdNUmavasszaznaIdny)
Aneidoya 2 nau laun 96y 18 liauwsn
Tutdeudszum w.d. 2565 denutlaudszuno
W.A. 2566 (1 AN W.A. 2564 D4 31 HUIAN W. 4.
2566) (N = 244) NuzNUMY 18 LABUNDY Tudae
Wudszana w.6. 2566 89 TNUUIZAQ W.A. 2567
(1 WE8Y W.A. 2566 D9 30 NUENYU W.F. 2567)
(N,= 363) smﬁagaﬁy’q?{yu 607 A lagldadd
Mann-Whitney U test ﬁ’muﬂﬁ’ﬂﬁ’lﬁiyﬁ p<0.05
Wisuisumsinduay (ranks) 2esdayadaIngu
WisuiisuamasanueaaLnaauszningedy
wazdUaananIsAnE wuiAmasAIAN
ameaaaeulutedy whiu 7.93% (SD = 3.86%)
wazluzgrauare Ay 5.28% (SD = 3.34%)

NN INAdaunIe Mann-Whitney U test WU
M U = 62,380.5 WaLA p < 0.001 e lritiiui
A1AITNABIALARDUTENINNEDITIIAI A AN
UANAINNUBE NN TSI AN INGDA AIUaas
Tums19i 8 wazawil 4 axiauimslETusunsa
Nongmamong Blood Glucose Meter IQC Online
ﬁmwiamsaﬂmmmﬂmmﬂﬁlauwmwamsmuqu
Qmmwmﬂuizﬁumunmq (Effect Size (r) =
0.345) nande lUsunsuidniwoendedaiau
AEMINBINANNYNADIWBINAMUANAMMNME LY
uagaliteszaunazinalva mumsulaa Effect
Size (r) MuNAI3 U Cohen®™ lumsinvune
2a9Wa (Magnitude of Effect) %38@78L54
waqmmu,mnGhﬁmmfwamnzﬁu‘[mabﬁuagjﬁwmﬂ

a1 (N) auandlumsn 9

NN 8 uasmsilIeudigumanuamandaumdszedns IQC M8V FENINENEY (1 AN W.A.

2564 D4 31 HUNAN W.A. 2566) Wazd UMY (1 NEIEU W.A. 2566 D9 30 NUENBU W.F. 2567)

2BILHLNINNANE

, UIUBDND Mean + SD

BRI v U p-value Effect Size (r)
(N) (%)

299U N, =244 7.93+3.86 N/A N/A N/A

FnUae N, = 363 5.284+3.34 N/A N/A N/A

NAMINAFBUAMY

N/A N/A 62,380.5 < 0.001 0.345

Mann-Whitney U test

nnene: N: ﬁhmuﬁayaiuLLGia:nejuﬁﬁmﬁLﬂsnxvf, Mean + SD: cshLaﬁlaLLazr:huLfJ'mLuummgwuwmmmmﬂmﬂLﬂ%‘lau
Tuudazgrsnm, U: maddnn Mann-Whitney U test TilSouifisuszinvaaingudassiitayaliuanuas
wuund, p-value: manuhaziulumsufjiasaunigiuig (p<0.05) uay Effect Size (r): 2u102890N5Wa
Muwamn Z/VN taianuusewawalagnasiues Cohen

WwiliefiufunazAnmniameainatiad
lammsieszaleddd Linear Regression
[ianIadaUANSNaeIIIafifidadIAN
amatnaauRasuane 1QC Taamwualiiulsau
(Independent Variable) fa #3a) (0 = 410y,
1 = 23nUae) uazimudsmu (Dependent Variable)
A9 ManuAaIAAaaUREEIaINE TQC (%) HaMS
Sinneinuhenaslugedy (intercept) Wiy
9.13% wazaranuaaatedauluzrlasanas

1238 2.65% (B = —2.65, p<0.001) danBauiieu
nurneu lagluwasmainsaadneanuulsusiuves
eeanuaaaeasulaluszdutuna (R? = 0.118)
Gauaaslumsni 10 msudanaludufudasiaun
msldanulusunsy Nongmamong Blood Glucose
Meter IQC Online agwdatiiadluglae danali
LAANI5ANAIAINABIALAABULRATYBINE 1QC
pENNUgEAYNNEDG (p < 0.001) Naﬁaﬁuaquiw
msemiiiunufidatiiowalusunsuty danade
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d‘ a va L o Q.I 1] L v o
M380ANNANALAAEURING IQC TumeUfud  dedAnwuiu (p<0.001, r = 0.345) FBAARDINU
HaawsHAvatuayudaAuNUINGDA Mann-  wWludimsiSsuiisunguuasmsnensaiuuhix
Whitney U test AWUANNUANGINDEING  2a9manNuaaandousadns IQC

Comparison of IQC Deviation between Early and Late Periods

(o]
20 o
o]
e b4
— A
R
= N-R
.2
S
8
>
810
Q
o4
5
0
Early Period Late Period
(Oct 2021-Mar 2023) (Apr 2023-Sep 2024)

MW 4 LN INTEDBVNAIANNANAATOURAEVBING IQC FENTNBNAY (1 AN W.A. 2564 D9
31 AUAN W.A. 2566) WazdNUMY (1 LUEIBY W.A. 2566 DN 30 NUENHU W.A. 2567) BN IANE

e13NN 9 udaensuilaan Effect Size (r) euana3g1u Cohen™’

a1 Effect Size (r) aueuadua (Effect Size)
0.10-0.29 tan (small effect)
0.30-0.49 unan (medium effect)
0.50 Auly Tnaj (large effect)

A1519% 10 UFINANTIATIZA Linear Regression (3guiilaumanuamaiadauseningnauuazlas

QU L] QU = é‘
” . AUNAMIBEI duilszans , ,
Mmuilsdass p-value R @1 Intercept
(N) )
°Zi’.NL’Ja'] 607 —2.65 < 0.001 0.118 9.13

(0 = oy, 1 = Uane)

NNELG: BN A fhudsdasznldlumsiensdonnss Tagmwuasie o = Fnduwesmsdnm (1 AINAN W.F. 2564
849 31 NUNAN W.A. 2566), 1 = FNUMBBINIANY) (1 LNHIBY W.A. 2566 D3 30 NULNBU W.A. 2567), B (Beta
Coefficient) o mdulszanionoesudanavesiulsdassdacmdudsmy Togluiiien p = —2.65 wanads
msasuannesuluguhameiinalimanueaandounasusme IQC anasnas 2.65%, p-value fia AN
whanihuillFnagauizshdamaadn lage p<0.001 Mangamah waﬁlﬁ'ﬁﬁﬂéﬁﬁquaamus:ﬁugq, R?(R-squared)
Ao mdudszandnsdedula wansdadiueatenuuwlsumuludulsmuiiansnsaasualalosdiulsaas:
Faluiisl R? = 0.118 wanseah Tumassnseasunsanaulsunuasmanuamanasulauszana 11.8%
%ﬁﬁaiwaﬂluszﬁuﬂmﬂaw, Intercept (faef) @ menuamanasumasimamsailalugreduidiadlais
mswasunlasiulsdase (hanm = o) Tagluitisiauhiu 9.13%
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msulSuiiaudssandawssninenan 5 niheau
Melulsansuanuanzlasdundalsaingiuia
daaSNguNINEIUD 7 UK g3
mmsisuisumanuaaanaauRas
ppuamuaNAumMWMely (IQC) seninaaengu
da nawmhenumelulsaweua 5 mhenu uas
NaNTIWENNAELETNFUMNEIUD (SW.F0.) 7 U
Toel#ad6 Mann-Whitney U test (ilasnngaya
lidlumsuanuasdnduazilumsuisuiisudaya
suhsdasnguiiiiudaszdady Tasfinnadad
sangulainhiy mvuessduisadmaadad
D < 0.05 NAMPIATEHHUNMANNAIIAAEDUEREY
229rENU LNV LNNU 6.11% (SD = 3.99%,
N = 244) vnuiingy sw.a0. fidadawhiu 6.519

(SD = 3.63%, N = 363) HaNMINadaUaIg Mann-
Whitney U test wuie) U = 40,931.0 uaza
p = 0.061 waadliiunlinuanuuanaeaeng
e AynNadfszniNgaingn aquaasly
MTNA 11 uazmwil 5 Bnvseinauasua (Effect
Size) agiimsé’uﬁnum (Effect Size (r) = 0.076)
MNNIINITUUazes Cohen UAAIBNANNUANGN
senindasnguiizinadninn aulidealumeU{iua
veh TUsunsa Nongmamong Blood Glucose
Meter IQC Online #Usz@nSniw lunisan
AANABIALAGBUDENIATDUAGNITII BN AL
nndszianmbanunalulsanenanussuslug
waT TG0

m397 11 aguramslSeudisumanuamandou IQC stvinngumhenumelulsneninanuaanzlan

waznaNlsawenaaNLEINGIMWENUD (SW.80.) N3

. MIUTaNE o Effect Size
nax Y AIRaY (%) SD (%) U p-value
(N) (r)
vihanululsanenng 244 6.11 3.99 N/A N/A N/A
PuUpINlNg
W 6. 363 6.51 3.63 N/A N/A N/A
HamMInaauna N/A N/A N/A  40931.0 0.061 0.076

Mann-Whitney U test

winewg: N: nudayaluudaznguiihiniesed, SD: dndanvuinasgivgasmanuamandsy, U aadaan
Mann-Whitney U test 1fil3auifisumsswinaaingudaszidaya ivanuawuuind, p-value: aanuiaz
Wuhwaansaziietulaeiady wine p < 0.05 udasnuaaNttadAymeddd Effect Size (r): lTdudasuua

YDIBNENANITONALBIANNUANGN 108 r = 0.076 F0agluszaumann (Waendn 0.1) munawinmsulazes Cohen

Comparison of IQC Deviation
between Hospital Units and PHC Units

20 o}

-
[

1QC Deviation (%)
=
o

)

H
Hospital Units
(N=244)

L
PHC Units
(N=363)

MU 5 WEANNITNTEAILUBIAIANINADINAABULRABYBINE IQC FENINNFUNUIBNULIINEIUD

nupanzlauasngnlsanennasaasugunmweua (PHC units)
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AsdSauiaudsesdnSaInseBINrHIg9IY
12 uwWd
WiaAnEIAINLAnAIvTaIUsEENS AW
M3MUANAUMNAETUIEHINRDBN UL
Togl#ad6 Kruskal-Wallis H test (ilaqngaya
fhudeyaidasinadbisniludauanuasuuulng
wWarlIUIUNGNNINATY 2 NN MUUATEAY
Vs @umeadat p < 0.05 lagdaneil3suiion
mnifaga@hmmﬂmmﬂ?{aum?{ﬂﬁﬁwmmmnma
M3IN52aU IQC L1 oz L2 2a9riieu 12 Wi
Tughstludszanas w.a. 2565-2567 fauaaslumsd
12 waza i 6 Tunsudasnamsiliouiiiauen
mmﬂamLﬂ?\'aum?ﬁmamamamuquqmmw
mely (IQC) 29uaasnigusMSLeMuUALn I
Asnedafiszau 5% aldiflunasiRansananw

WANLFNYBNMANUANALATBUAINGT lagRaITan

msmvuaduiedil 5% NiTagussadiiauans
nawinadssuildineliasiauiamsmugu
aamwmelufifiussandmwgs mhauinsiiie
anuemanasuasmnimsslnadsadusedeil
dadrivszaninwluniseniiunsluszdui
ihfanala Twasindheiiisanueaianioy
FNINTERINEN 2adeimIUSuUTInsELINMS
muquqmmmﬁ'm&u Lﬁ'aﬂnssé’uqmmwmsgua
Q”ﬂmuazaﬂmwm‘e’immﬂmmﬁﬂwmmiumsmn%’m
msAnNUNMANNAMAREaURAEYEINE 1QC
FERINNUNLBNU 12 U wenaNNUaeNTtasAny
MNEDA (H = 94.70, p< 0.001) Loz HAUNUDIDNENG
(Effect Size; 1°) wihfiu 0.141 aauaasluasei
13 Feimagluszaulva) (Large Effect Size)®”
dauaaslumsad 14 ugadlifiudeanauanes

[
t

NN A USEWINKUIFUINS

o

MINN 12 dFUMANNANAAIDUIREEYBINS IQC TEWIIENY

) '«iwmuﬁaﬂa ANNABIALATEY . SD L. .
BHUITIY , NFaF U (%) AIURENED (%) AIFgINTgn (%)

™) W@ay (%) ’ (%) ’ o
ER 38 8.71 9.01 4.05 1.00 17.63
IPD 31 7.51 6.24 4.86 1.61 20.02
LAB 106 4.84 4.01 3.05 0.00 13.63
LR 36 7.09 6.43 4.77 1.00 18.35
RrATRIVEI LAY 45 5.16 4.78 3.06 0.50 13.07
IN.F0.NAI8N 35 6.49 5.95 4.21 1.00 22.75
sw.am.ﬁwuﬁww 35 9.45 9.28 3.56 3.73 17.13
TN FN. UNALLAEY 88 5.54 5.09 2.80 0.50 11.96
TN.FR. TUNUBIAZYU 51 7.21 7.84 3.27 0.00 12.40
TN.FR. NNLLAEY 56 4.53 3.84 3.08 0.00 10.01
TN F0. FENIUAY 50 6.16 5.56 3.80 0.00 13.74
sw.aa.vuaanzlag 36 8.62 8.51 3.09 3.23 14.91
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Comparison of IQC Deviation across 12 Health Units
o (. Lowest Deviation

@ Highest Deviation
== Standard Deviation Threshold (5%)

20

o
|
|

=
o

Average |QC Deviation (%)

LAB ER IPD LR

e

]
uesisl v Me
MLAnLL 9 Me

N
n
S
=
o
-3
£
w
&
o
N
v ©
gt 2
! &
®
MRYIAWLLILI WM }_E}i
|
o
...
&

MRIZWLL BR'ME

NANLMARE BS
SIEAMNRIA W M

NRZSECAKILA YR ME

NG 6 UFANNMINTZNYLBIAMANNANALAFDURAEVNKE IQC UENMNWUIENY 12 UK

M50 13 MsiSeuifisuamanuemaedauadeatrs IQC sernanineny 12 wiie lagld Kruskal-
Wallis H test

318013 A
Aani Kruskal-Wallis (H) 94.70
@ p-value 1.990e-15
Mnungy (k) 12
ai’ﬂmuﬁa;gaim (n) 607
21NaYa9dnna (Effect Size; 1%) 0.141

vingwa: @ H @e draddainnsnasday Kruskal-Wallis H test 41ddmiuasagauanuuandiszase
ANNAMALARDUIRAETEWINNGUVIREUMSINNNT 2 Nagw, p-value WaassEAUTEHAYMIEEA win p < 0.05
HUEANIN mmtmn@iwﬁwuﬁﬁaﬁwﬁmmma&, Effect Size (1)°) @ 2uazasdndwalunmsinanuuss
wamaﬁLﬁﬂﬁu Toai@ 0.141 s“n’@agﬂu‘s:é’uwumslmj (Large Effect) mMuLnaugiaed Tomezak & Tomezak (2014)
Fauaasliiifuhanuuandesrnenguiienudaruadiiiadidny

a3i 14 M3feNNA) Eta squared (1)°) m3Na9inIn35514289 Tomezak & Tomezak™

an? N13HAN

0.01 210180 (Small Effect)
0.06 2101 una (Medium Effect)
0.14 20 lva) (Large Effect)
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= o
AU

msanmiiuaadliiiuilusunsy Nong-
mamong Blood Glucose Meter IQC Online
fiuszansnanthiawulumsandmenuaaaaaoy
eanamIuananunwaly (IQC) 299LASDY
as1athanaludansiannn Taswuiruunliy
A1ANNAIIALAS D ULRAEANAIRENIAaLTpInane
szazaa 3 U an 9.019 Tuthudssana w.e. 2565
wnBLE 5.90% TutuUsLann w.¢. 2567 donAaBY
AULLLINNYAN Clinical and Laboratory Standards
Institute’® Hiuhmsmunuaumwiliszamsam
msdnalimanuaaaeaauanatatadatiia
FeranuamIaAIURAsTIanasn 9.01% Wae
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Effectiveness of the Nongmamong Blood
Glucose Meter IQC Online Program on
the Accuracy of Portable Glucose Meters

in Nongmamong District Health Network,
Chainat, Thailand

Supattra Suwansiri and Wittaya Juntaroje

Nongmamong Hospital, Nongmamong District, Chainat 17120, Thailand

ABSTRACT Internal quality control (IQC) of portable blood glucose meters is critical for ensuring
the accuracy of test results, particularly in primary and secondary healthcare settings where personnel
diversity may contribute to potential errors. This retrospective descriptive study aimed to evaluate the
effectiveness of the Nongmamong Blood Glucose Meter IQC Online Program, a system that records real-time
data and performs IQC assessments. Data were collected over three fiscal years (2022-2024) from 12
healthcare facilities in Nongmamong District, Chai Nat Province, Thailand, resulting in a total of 1,214
records. Descriptive and inferential statistics were applied, including Spearman’s Rank Correlation,
Mann—-Whitney U Test, Kruskal-Wallis H Test, and Linear Regression analyses. The average 1QC
deviation significantly decreased from 9.01% in 2022 to 5.90% in 2024 (p < 0.001, r = 0.421). Frequency
of system usage was positively correlated with lower IQC deviation (r, = 0.366, p = 0.016). Simple linear
regression showed that each additional use of the program predicted a 0.044% reduction in IQC deviation
(R” = 0.407, p = 0.026), while temporal analysis found a 2.65% lower deviation in the later period compared
to the earlier phase (R = 0.118, p < 0.001). No significant difference was found between the hospitals and
primary care units (p = 0.061), but a significant variation was observed among the 12 facilities (H = 94.70,
p < 0.001, T]2 = 0.141). These findings demonstrated that the program effectively reduces IQC deviation
and has potential for scalable application across all levels of the healthcare system. However, continual
monitoring of other influencing factors such as staff training, equipment maintenance, and supervision

is recommended to ensure sustainable quality improvement.

Keywords: Portable blood glucose meter, Internal quality control, Nongmamong IQC Online Program
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wazteh ntuAas ) 1@y sulfuric acid Wady
US1105 1 mL 2619219 @NYBUKADA §ILNA
mswasudfiusnasudaszninnsatussaza
mnUnngndihviefihGuuaasihnumsauan-
Tnalalza@?

nswmdsaailuadnsin (Total phenolic
content)

nadaumUsuauiusdnsinaladd Folin
Ciocalteu logSauiinunsiwanasgiu gallic acid
daulasnnan Singleton VL uazanz"® ¢aii

LHIBNFITAZYFITINOIDEN 1,000 mg/mL
Iﬂ‘c’l%’\imiﬂﬁﬂ 1 g aza8@I8 95% ethanol (QReC,
New Zealand) 1 mL negaumiusinailuadnsiv

Nsasasyingengasmsuwngd
7 U 67 atud 3 nangaw - Auene 2568

% ﬂgl a\ -7 (-7
Al Yileansazanadrsanavienu 0.5 mL  WaNNU
d1308zan8 2.8% Folin-Ciocalteu (Sigma Aldrich,
USA) 2.5 mL 913 3 19 anuudnansazans
7.5% sodium carbonate (Loba Chemie, India)
2 mL wehlwizhnu aeield 30 i luniie whluie
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Preliminary Phytochemical Screening and Antioxidant Activities of

Jack Fruit, Siamese cassia, and Chaya Leaves Waraporn Mahasap et al.

Preliminary Phytochemical Screening,
Total Phenolic Contents and Antioxidant
Activities of Artocarpus heterophyllus,
Cassia siamea, and Cnidoscolus
aconitifolius Leaves

Waraporn Mahasap, Wachitrawit Pamadee, Aphatsara Khotchang, Siriprapha Sutburin,

Nattakan Sapan, and Parichat Onongar;j
Department of Medical Science, Faculty of Allied Health Sciences, Nakhonratchasima College,
Muang District, Nakhonratchasima 30000, Thailand

ABSTRACT Jackfruit (Artocarpus heterophyllus), Siamese cassia (Cassia siamea), and chaya (Cnidoscolus
aconitifolius) are medicinal plants widely used in traditional medicine and recognized as important
sources of phytochemicals, especially phenolic compounds known for their antioxidant properties. This
study aimed to perform preliminary phytochemical screening and quantify total phenolic content in the
leaves of these three plants, alongside evaluating their antioxidant activities. Qualitative and quantitative
analyses were conducted to identify major phytochemical groups, including alkaloids, flavonoids,
anthraquinones, coumarins, saponins, tannins, phlobatannins, terpenoids, steroids, and cardiac glycosides.
Total phenolic content was measured using the Folin-Ciocalteu method, while antioxidant activity was
assessed via DPPH assay. Results showed that extracts of the leaves of jackfruit and Siamese cassia
contained up to eight phytochemical groups, whereas chaya had six. Siamese cassia leaves exhibited
the highest total phenolic content at 0.89+0.004 mg GAE/g extract, followed by jackfruit at 0.86+0.016
mg GAE/g extract, and chaya with the lowest at 0.49+0.009 mg GAE/g extract, in terms of antioxidant
activity, jackfruit leaf extract had the lowest IC,  value of 0.77+0.289 mg/mL, indicating the strongest
free radical scavenging ability, followed by chaya (0.90+£0.880 mg/mL) and cassia (1.454+0.821 mg/mL).
This study demonstrated the potential of these three plants as natural sources of antioxidants, supporting

their possible applications in health products and dietary supplements.

Keywords: Jackfruit, Siamese cassia, Chaya, Antioxidant, Total phenolic compound
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Development of Determination of mRNA Encapsulation
in Lipid Nanoparticles of COVID-19 Vaccines

Natthakarn Mingngamsup et al.
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Development of Determination of mRNA Encapsulation
in Lipid Nanoparticles of COVID-19 Vaccines

Natthakarn Mingngamsup et al.
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NANNLADAN 1:80, 1:200, 1:400 Uz 1:800 HANAY  NadanImMNMOU (M08 1NIATUNTLAUANIINIY
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mMai 3 wanmsMAeNzUSnU RNA iasgu lusameniuazlafl Triton X-100

U330 RNA ae3gu Usaas RNA fiennadla
(W lunsu/Nadans) (W lunsu/Nadans) L
e ARIY SD %CV %RE
Tuaamnenlais
. 1 2 3
Triton X-100
200 196.07 190.81 194.32 193.74 2.68 1.38 3.13
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. 1 2 3
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1:1,000 - - - -
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v £ . = .:‘:’w a a o 4
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TWwwad (Pfizer-BioNTech) uazindu Spikevax™ 2a3usunluaasin (Moderna)

P

HANLHAR HAIINIBAWRNNY
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Saduiive B 0.190 0.184 86.27%

nangwma: Jadudvie A @ Ia%u Comirnaty™ (Pfizer-BioNTech, USA) Ta%uéivie B @o

(Moderna, USA)
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Soduzluuulvi AfimaihanlFlusaumsalszng
Tsaledn 19 Felusnziuidaifauesdayonasi
nagautarasnaspuieldlumswaunia il
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RNA Reagent and Kit snl#lumsianzviuSana
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ribosomal RNA 21 E.coli flaglugahenifiu RNA

NAPU NaUnUMslE mRNA N0IPIUNNEREN

Pl v o

102U Spikevax™

waziimstiiu 29 Triton X-100 LilagMIsUNIY
284 Triton X-100 @#aM5I0USa mRNA wuh
anmnespuildiduduasiwasaninsoinnzid
aMuENTures mRNA masgulaluaniziil
Triton X-100 wutigrdulugnizilaisl Trition
X-100 wuna FLU duwusnudSanas mRNA
MuNBNUAUNIN ) waaalwiiiuniianudu
Tldlumsldgaine Quant-iT™ RiboGreen™
asr9mU3nar mRNA lusgnedisl Triton X-100
Taalifmssumumsianezina waziiasan pKa
Hnaramslantlaas mRNA a0 LNP anadmswein
msldmsazaraiiien pH fitmanzaslumsnauny
71514 Triton X-100"% wagmnIsasIAfanIn
mRNA Tuingdumadreaaly
diammsieszsiunliin (Trend Analysis)
AMANHULYIHANNUNNNTBYAEHES WuTATY
%10 mRNA {U331no mRNA uazsoeazue9 mRNA
figniariuche LNP asnianalunniumsude Tosil
USanas mRNA 8a5¢ wmagUszanas 10% weU3anm
mRNA vavwe dagidehmsaunnuiasiu il
NNTUFRNENMTIe T I sannuUSun
RNA 1asquitld wuhgaiinsas fis 219301z
RNA U3uausnn (50-500 wlunsu/iadans)
Faa13150310512Wlanan15uIUS e mRNA
5as5e uazUSanar mRNA nanualuSegudaa
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ngraNnuduiduaswaanismusun
RNA a3nam wunansomuuaa) FLU cut-off
\asduanne FLU #i3amnu3anm RNA NAIFIY
WnAY 100 Wlunsu/diadans legnswarsanain
AANNAAALASEUENTUS (%RE) athalshaue
FLU cut-off azdmansomuuaduamaisiansu
msmuaumanasauldilaiidayauiiuanniu dmsu
MILOIBNAIRENIATY Uanana) FLU cut-off
U53ae mRNA &gqﬁ'uiui'ﬂ%uﬁ'aﬁmm&hﬁfy
damsiians tawlsuiathaiadulumsiane
U3 mRNA 3a52 wazt33na mRNA 1anue
milmAseisiumslasldSaguniio mRNA 7l
AT UYas mRNA Gudui 100 1luniy/fisdns
Fariurareimsianeaauanaeiululuiaduis
gosuandeiy garhetiiasansolansivisine
mRNA Tuiagudiadnla idedalammsauin
fasnzens mRNA fignviasin wuhliehaaandas

[

UM N eeERAnilEE Fluorescence Assay
Aguaouaasluionansudodomi e liimnzaudiu
HAOAM9 AM3lEaTInNasgIueEHEnee wazky
msasdeuiafluiGeusesudr Taanasimmue
fmavien mRNA zasudafuriadasivamuue
#lsinn 859 usaslifiuidgmdiumsiuiiany
Wululdlumsuszifiunmsvierin mRNA Tu LNP
yavindulada 19 %ila mRNA 16 weiiluawnan
ansothinasadauanulileradds laadeuans
AaidnunzradisFuiumsinnsidaBna lums
W3 mRNA wazmsvavin mRNA Tu LNP
YANIATUGIDEN

Tun195097988UANINYNAH B92BIITAINTD
MM NLUIME 289 ICH Q2 (R1) wumsuszdiu
ANMNUNUENNID Precision (Repeatability ua
Intermediate Precision) miwﬂﬁaummﬁmﬁm
(Accuracy) mamenuudunse (Linearity) log

M%) Linear plot 5¢wiUSuinas mRNA fannale
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(Back calculation concentration) nuusSue
mRNA ‘*7; Man3e (Nominal concentration) 'ﬂu'ﬁgﬁ
MANUNUPBIIS (Robustness) loun szaznialy
msshuramsnagau Uana Triton-X Faaiiany
LANFIsEWIaNARA e Saeanuusslumswan
[flasneanaiinadadniizaas mRNA 1a (fudy
neiimsasragevenulFlduesizaansavadled
BRnesuLazansaldsviumuSana mRNA
sawdeiasifesasaas mRNA fignasiu
asaymaululaduladeld adrelsfiaruain
Jagussasdaasnmswannis tiehinldluns
Senedunlinuazanusinenezes3inm mRNA
wazdpeasmsviasin mRNA lu LNP wasindu 3
HALNDUANUNNYDINAANUNUILNTLUIUNTHES

WaldansamasnasmIuamsamsunan e

v
ad o v

W30a15NINTFIUSEAUAINA LAY ADHUEIENITD

o [

fagaauazinatuisaeBarnIadIs e sHIuE NS

9

WHENUMUANMINULAsEKEN mRNA Tagula

1]
P

WaNNSANYILAED ULNEUEININTIFIUIINAY

Y a

4 ' o v = & @
WHOOWIDWUINUNINEIYDN Feazitludseleniae

msmuandssiiuiadulviiqumwasandasiu

viananasall

a'gﬂ

ABmsanadensiiilamisazmiany
mRNA lusymeawnluluiiu (LNP) zaaiagulaia 19
%fia mRNA #2835 Fluorescence lagl#ihmasa
Jeedsinaesidue Quant-iT™ RiboGreen™
RNA Reagent and Kit shansolinamsiaansy
JegarMsvierin mRNA lu LNP ludiadningu
1a30 19 #ila mRNA 1l uaaainizsmsnadau
iwdasiiagunsafild uasnadaunasiasl fidnsil
s samifiumsgenanld Wumsiiniaana
susazasiasl juanmsludssmalnaligetu

liln5995UTATunlin mRNA-LNP duq laaald
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wianssy (anan.) Alimuatvayumsise il
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Development of Determination of mRNA
Encapsulation in Lipid Nanoparticles of
COVID-19 Vaccines using

Fluorescence Assay

Natthakarn Mingngamsup', Wipawee Wongchana', Puthita Chokreansukchai’,

Achira Namjan', and Supaporn Phumiamorn®
!Institute of Biological Products, Department of Medical Sciences, Nonthaburi 11000, Thailand
’Medical Sciences Technical Office, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT The mRNA COVID-19 vaccine contains mRNA strands encapsulated in lipid nanoparticles
to prevent degradation of the mRNA when injected into the body, and it can effectively induce immunity.
The percentage of mRNA encapsulated in lipid nanoparticles is one of the quality control guidelines for
vaccine quality established by the World Health Organization. During the pandemic, the manufacturer
had not yet revealed the specifications for the relevant test method and standard substances. This study,
therefore, explored development of the method using Ribogreen, a fluorescent dye available in commercial
kits, to analyze the amount of mRNA in the lipid nanoparticle-encapsulated mRNA COVID-19 vaccine
and examine the percentage of mRNA encapsulated. Triton X-100 was added to the vaccine to determine
the total mRNA while quantifying the free mRNA; however, Triton X-100 was not necessary. The results
showed that the method could be used to analyze the standard RNA amount and monitor the mRNA in
the vaccine samples. The linear standard curve was obtained, and the detection ranges were established
at 2.5-25 and 50-500 ng/mL for the amounts of low and high mRNA, respectively. All conditions had
R’ values greater than 0.99, and %RE and %CV were less than 10%. The appropriate ranges to dilute
the vaccine samples in determining the free mRNA and total mRNA were less than 1:100 and 1:1,000,
respectively. The percentage of encapsulated mRNA calculated was found to be close to the results of
the manufacturer’'s method. The method in this study has been proven to have the potential to determine
the encapsulated mRNA COVID-19 vaccines, which may be useful for the mRNA vaccines under

development, and in clinical studies in Thailand.

Keywords: Covid-19 vaccine, mRNA vaccine, Lipid nanoparticles, Determination of mRNA,

Fluorescence assay
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ainATENEaNUALINGIUNTIY NININENMTATNITUNNE UUNYS 11000
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UnARga MuUsznAYeINIENITNEITUEY aqtym‘lﬁm%méwmqﬁﬁmuwamamaanaaaaLﬁ'aqwamﬁa
dmsuilafifldunanzavafiausanagesd vialelalnsiausanagas viadulnsiausanaged e siiInie
wanTINAuagaLauIaInnhiasas 70 Taaukinas mansowdn i viameld uasliayanelvlduiauaanesed
Wuduuau a"wﬁfﬂLﬂ%}mémwuaxi’mqﬁumm NSANENAFASNISUNTE TN UITIAERUSINuLeanadad
4 ¥il nungvanemvue leawmeia HS-GC-FID wamsannldannemssdaueanagedlosinios Headspace
ﬁqquﬁ 70°C 1 5 Wi wazanmzmsileneilasiaias Gas Chromatography Aadwiiziin DB-5 auuNil 45°C
8051M5Ma 0.5 ml/min Szazna 8 WA wamMIMIasIEaUANNIFlAreITIAIL wuhaInsousnasle
5 il TINmasn-taausanaged Fuilu Internal Standard Tag Resolution > 2 35iananluduase r > 0.995 waz
FNYDIMIIUATIH UL 0.50-8.00 Fadnudaiiadans mIvaazuaesmsdunauagludn 95-110 ANMLTiEaN

MM LI UAEINY 58NN wasserINUnIeLiieneansule (% RSD < 3) 4adNaueamsnsiany

'
' ada v =

Gainauasdeamnn Seas 0.01 wazipeas 0.001 lagdines ewaayu aguiIsnanniianumineay
amsuldlumiwnsimusinauesanagadasauaqumaiinguinamvue 4a6uedisil fe Bwiandadiie
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msasadauanylglenasisiwazilsinauasnaaas
Tundanaitaanadadansuiialagwmaiin HS-GC-FID

AT a2 uasA

unin

Nnamumssimsuniszinaveslsainide
Th¥alalsin 2019 (COVID-19) Fufluslaymmalu
Uszinduazanalszmd msunsszunaiisnadiuas
daiilnsdananssnudaganinsesssmsunay
FEUUANTITUFUBENTULT MIINHANNTLDINND
Fenaredudeddyadiedclunisaanisuns
nszneradehls issnnilefludanasdiday
flniAenseade® waedasimenuazanaile
fiflunansgesudiulsznau Tugduvuasasane
wazaalaelildin Hudaniliilasuanuiionann
Fnsumstlasnuautesraslsemzu laandnnm
G9na128n15nUIelUN BN BEINUNI AT
HAO AT ANEze 0 BLran i d unaN LTy
woanadaariiantefiounanadasd (ethyl alcohol)
#w38tamuea (ethanol) lalalwsWausanaded
(isopropyl alcohol) vialalglnsmuea (isopropanol)
wastdu-Inshawaanadas (n-propyl alcohol)
wiatsu-Twsmusa (n-propanol) Fuiiluiifie
uagedinisanaauiItNfiawpanadad (methyl
alcohol) %38 methanol aiudrunan® Tagnaln
Tumsvauresiaanagadlunisiusaal$e
symalisanalsa COVID-19 azluvhanslaseadis
FiuTlUsiupashianlulusaudeamuliasnse
asgUhadnlild dalsduilaseaalimiiauda
Jambihsaldarusanlugamnsiuwadues

4
a A =l

FanFIedunazliginison lumarsgaanag

4
a adda

FiiFInduld wennnilueanagaddeaninsnazais
v A g v [ [ o v

ladundulaseasravanzashiamldaynmazas
hfasanadmlaisnmnsounsnsznanugle®

HAR AN ANNTzRIAN o NTdIUHTNYDY
wpanagadnalimsianududuadlugieiasas
70-95 lagU3u105 ANNWNTUYaILBanaTaaN
@nNseeaz 70 aaliaansamaadaiuigad

o el k4 d‘ Vv 4
pavuuaiitiauazlifald aasianudniuges
upanagaangannIasas 95 Nnszvelahauazlaii
wniigawalumsmldlstuuazlusiululaseasis

g Sanamsdaamwla®? aulsemeansznsn

FFITUFY 1AM 137 ADUNLAY 549 W.FA. 2563 NMUUA

{ oy g

SnumzrauasasdafiidunaNYatLaanagad
iaguawndadviuiiafivhunda ud viams
w.d. 2563 lagliia3nedraiidrIunanyas
woanasediitaquamfadmiviie losanuuudy
ypalafiaunanadaaniataniues Llalalwsiia
uwaanodaanselalalwswiues tBu-1wsia
LBANBIRANIBLEU-INTNIUBS LNENENTIRYINTD
HENsINAUAM NI NTudaslianI1Sasa: 70
Tagd5u10s @ansondn W wieelawas
liayanalvldmiiauaanaaad™

madnwasil eiiTegussaedlumaiann
uwaznagaumnldleresdtiimsreiuSun
waanagadlundnAneifiilusanagadng 4 wila
winnfialagdaniadudiulsenavlundadaed
waanaaadiiiaquauniadiviviie Tasaunso
3sumateleadesiaE lFUsinassiaiivas
laigesnn ansodensiuaanasadng 4 wio
Tunamsauny negauaNNgNaaweiIditeszy
Interday uas Intraday wazenulaiudusuzsg
e 512%>? Tagldinalia Headspace (HS)
Gas Chromatography (GC) #168523270%ii6
Flame Ionization Detector (FID) %ﬂL'ﬂumﬂ‘ﬁﬂ
Jiazddatauazuanasuaniansoszmele

vsanaailula

'3’&161 WaLIaNIg

msmﬁuazmimmgm

NN IFIUL msmmgmmﬁauaaﬂaaaﬁ
(methyl alcohol) (LGC Dr. Ehrenstorfer,
Germany) ANNUIGNSI0EaT 99.77, LaTiaudanadaa
(ethyl alcohol) (LGC Dr. Ehrenstorfer,
Germany) ANNU3ENS3o8az 99.72, lalslwsia-
waanadaa (isopropyl alcohol) (LGC Dr.
Ehrenstorfer, Germany) mmu’%qwﬁ’ﬁ”aﬂaz
99.46, LdU-IWsNaLdanadad (n-propyl alcohol)
(LGC Dr. Ehrenstorfer, Germany) mmu’%qwé

MsEsasiinanenaasmsunng
U 67 atfun 3 nsngiay - Mieneu 2568




Method Development for Determination of Alcohol Contents

in Hand Sanitizer Products by HS-GC-FID
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Sauar 99.73 wavinasn-Ulfawsanadas

(tert-butyl alcohol) (Sigma-Aldrich, USA) yd
= Qa’ 1

ANNUIFNENINATI 99%

MBEHAN I U

LASENMAN AU NIAIINGZD 1A B 75
u,aanaaaéﬁJudauﬂsznaugﬂuuumaﬁm‘%ﬂnﬁmm
ToeUsnennuaanagadig 4 #iia 69t 16y 0.79% w/w
carbopol (Lubrizol, USA) USua 20 n5u aalu
ﬁmé"uaju 1,137 fiaddns auliazassuduile
Wenfuuazaanal3li carbopol wassa funan
24 H T ﬁqquﬁﬁaq NNTUADEY 4 16N 0.3% w/w
trietanolamine (Lubrizol, USA) US1at 10 n5u
auaunsznaaatadinazifuiiaderiuasle
a8 USinm 3,000 NN wisussyldna
tilel#iflu Matrix blank dwiumsnagauany
#levasdsineh

MR AT NEzatafiiiunanagad
udhusznaugtuuuas Sunu 40 et Gail
Hwfausanagadedden uIU 1 A0EI9
10N aULBaNDIDABEINLAEY IUIU 18 (288N
BU-TnsNaLaanadadaawie) MU 10 Mt
efauaanagaanaylalslusiauaanadad U
5 #0819 wazlalalwsiaweanadaa HasLdU-
Twsfiauaanagad s1uIu 6 G089 fHilsmie
Tuaaaiauasinaassndum ludaniouunysuas
ngunwauas e lflumsnasauamaldlduais
TumsnadaundndusiLaanadadmMANNELaI0iD
sduvuan

tasasiiauazgunsel

Positive Displacement Pipette 211a 500
lalAs805 (Brand GMBH, Germany), Piston
pipette U1 500 Tulasans (Transferpette S,
Brand GMBH, Germany), 7% Headspace 2U19
20 4988303 (Agilent Technology, USA), Vortex
Mixer (G-560E, Scientific Inc, USA),
L3aatandly (Headspace) (G1888, Agilent
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Technology, USA), taissufalasuilans il
(Gas chromatography) (7890A, Agilent
Technology, USA) UazLA3pInTIVIanie Flame
Ionization Detector (FID) ‘ﬁﬂﬂaﬁuﬁ%ﬁﬂ
DB-5 2110 30 LNAT X 0.250 NAALNAT X 0.250
Tulasiuns (Agilent Technology, USA)

MLHIENEITAZABNA33)Y Internal Standard
Udadrsacaranasn-iiNausanadad
(tert-butyl alcohol) USu1as 1 Uaddansaslu
Volumetric flask 2U16 100 §addns azagas
Usulsanasareinnay wenlvazaaduiladeny
[~ = v vV vV I'd
ullumedmazloanuidudu 1% masn-

faupanaaad

MSLA3BNEITATAIBNIAIFIULDANTDE
LASENEITAZAIININIFIUYDIUDANDTDE
uazzile loun SsazasanasgIuNfiauaanagas
lfiouaanades lalylwsiauaanaded wastdu-
Twsiauaanades FUiagausanagadudazyiie
USI@s5 5, 10, 20, 40 waz 80 lWlA5aNST avluza
SaU3nas 110 10 95803 HNhnauaudsanes
10 §i8dans N e lvasazaradfudly
idawden Wldanududugaesesnsazas fo
0.5, 1.0, 2.0, 4.0 WL 8.0 NAANINGDNIIANT
ausey ldasluzne Headspace fitadanly da
d19aeae 1% wasn-Uifausanages Usuas
500 lulasans eliifuamsanasgiu Internal
Standard MniuTamamerosgiidienlvaiin
WianauSuMIeevideLnins Headspace-Gas
Chromatography-Flame Ionization Detection

(HS-GC-FID)

NISLHTINAIDENKEOAUNNIANINFZAIANANH
S < [
waanagaatdudiudsznav
AIBEINHANNUNNIAIINFEDIAN DN N
uaanagadiludiulsznaugluuunms IIUNImNG
40 918819 Usenaumy NNaLPaNDEd INUIU



msasadauanylglenasisiwazilsinauasnaaas
Tundanaitaanadadansuiialagwmaiin HS-GC-FID

AT a2 uasA

1 @d1e efiauaanadas IUIY 18 G288
LBU-TWsNoUwdanNadnd 1UIU 10 H2DEI
tafiaupanodoandnlalylnsiousanadad
PIUIU 5 919819 lalslnsiausanadadnay
Bu-Twsiauaanadad s11Iu 6 G298 38910
AU INETINFUMEIN T Tudaniauuny3
WAENTNWAYNIUAS Snuaaumsiadendail Uia
ueazeagar 500 lulasans avlunaiadsines
210 10 H85a05 avansuazUSulSnasmehnauy
wihliazanadudiadeniu nnhdamsazans
fatheiile 500 lulasans aslume Headspace
PUIA 20 WBAANT LANFITaLAIY 1% LNBIN-
Thfiausanaded USunas 500 lulasans Uakiinane
thozgfiiien walidwiladeondu dmsvieney
fheLe3es HS-GC-FID msasiaieszvmusina
weanagadna 4 wiia euAias HS-GC-FID 14

FANLYBILATDY AALFAILUNTIN 1 TeadiUSanas
Msae 1 lulasans

1196092 UANINBNITENYDITzUY (System
suitability)
A0§19828NINIFIULDINDTDAUADTYUA
1 4 %0 Henududu 2 Tadnsudefiadans Mniy
WaEsazanemasn-infauaanadas ANNINIU
1% U3385 500 lulasans dernwihidu Internal
Standard ldasluzian Headspace #a3anls
nntuilamacethasafidieyliain wioudmsu
M5IAIERE81A30e HS-GC-FID vn1sia
1398 IFIULADLEUA MUY 5 2 M %
Relative Standard Deviation (% RSD) 284 Peak
area uaz Retention time (RT) laatnaminsaansu
A8 % RSD 284 Peak area < 3 uag % RT > 20"

M50 1 WEMNFENMZINNNNDSUBIATas HS-GC-FID

Gas Chromatography

Headspace

v

fvie Agilent 3u 7890 Agilent 31 G1888
[RRLEN s[fZ]' DB5, 30m x 0.25mm X 0.25um Oven temperature 70°C
Column temperature 45°C Loop temperature 80°C
Injector temperature 150°C Transferline temperature 90°C
Detector temperature 250°C Vial Equilibration 5.0 min
Carrier gas/flow rate He/1.5 mL/min Pressurization time 0.20 min
Split ratio 50:1 Loop Fill time 0.20 min
Hydrogen Flow 40 mL/min Loop Equilibration 0.05
Air flow 400 mL/min Inject time 0.30 min
Make up gas/flow rate N,/45 mL/min Incubator time 5 min
GC cycle time 9 min

mi‘nmaaummgnﬁawaﬁﬁ‘imswﬁ (Method
Validation)
113M5AFAUAIHNNILINNLLAIZAN (Speci-
ficity)
Aed199zalaNInIgIULNTaLDaND TS
a 4 a S < a
L@NAULDANDTDS Lo LA INSNALDANDTDS LOU- WIS

a a

LDANDTDS NNANNINYY 2 NAFNSNABNAIINT LD

asazany 1% wasn-thiiauaanases (U Internal
Standard uazshsazaaeagadneiss GC meld
gnzimwun saudaslumsei 1 iaasiagaums
weNYaYNaLeanades wiauaanadas Lo lslwsia-
UBANBERE LaLldU- INSNaLBaNdRa NNMIFUNIU

2a9asauluage Tna@aalal Retention time

(10,11)

(RT) wanannugaauuaze Resolution > 2
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MsnasgauaNlutdunse (Linearity)

LOSENEITAZAIININIFIUADIULDANDTDE
udazaila lown sazaanasgIvwialaanagas
tofiouaanadad lolalwsiausanadad way
ou-Twsiauaanagad loglilagauaanagad
unasniin Usunes 5, 10, 20, 40 wae 80 LulASANS
atluaUsul3nes 2ua 10 fadans Wathnau
aude Y3nas 10 fadaes Tilaanudndugarne
YNFTLAY @B 0.5, 1.0, 2.0, 4.0 LLAL 8.0 HAAN5N
AaNaRANT NAIOU a1ﬂ§u@®awsa3awﬂu1m5§1uﬁ
leanmsesen Usines 500 lulasans ldasluwa
Headspace nasanly nasazans 1% masn-
fhiiaweanaged Usaas 500 lulasans tialiflu
#1331993 % Internal Standard Nntulazn
drashazgfiiiaaliain wilinuiudaidondu
wianauTumienzraieieis Headspace-Gas
Chromatography—-Flame Ionization Detection
(HS-GC-FID) Lﬁaa'ﬁ”wnswmnmgmswdw

ANUINTUYBNENTNINIFIU (AU X) NUNUD LA

<

YONEITNINTFIU (DU y) euIUIaNUIZENG
drdunUsuaaLNesau (Pearson Correlation
Coefficient, R)lagaianudnnusneansule

@agliiaanii 0.995 ¢

MINagauANINUNU (Accuracy)

AR USINUULDANATDS LUMBENNLATE N

2uta9 (Matrix blank) N@naazaIsnNInIgIU

Wiauaanadad Lafauaanaded lolalnsia-
uaanedad waztiu-lwsiausanagad HANNEN
29U 3 AU A SPEAL 50, 100 WAL 150 LagUSHIAS
ANNINTUFANE TaEas 1.0, 2.0 o 3.0 laad3ines
NI awnﬁuﬂLﬂmmsmmgwuwamaanaaaa'
udazatiofiemaT UL 1,000 aaniudaiiaaans
YulaUsanes saudaslumaed 2 inadudiodatas
U33na3 500 lulasans Tumedsudsinags 25 iadans
USusanaslwasu 25 93305 saethnau weh
Tiesmnasgiune 4 oiie Mduadlnsludad
wallwilaididiu gamsazaradadeiildain
Msesen 500 lulasans ldasluzne Headspace
Wxasarae 1% masn-tifisusanadadilu
Internal Standard Usuas 500 lulas@aas
nntutlamaderhosgiifienliain el
Hudlaiiieniu wlandmiumsitenzicania
Headspace-Gas Chromatography-Flame
Tonization Detection (HS-GC-FID) Mmsiazv
seuenNENTIaL 7 9 enaUSinaniouiiay
NUEINAIgIUAIN Calibration curve WaIAUIN
AuRas % Recovery uas % RSD Taauszifiuna
MINAFBUANNYNGDIBNIB MMM VUAR
ANWAY (Accuracy) PIVUALAMIIEBNSU
MSD8aYYBNNISNAUAY (% Recovery) 95-110%
waz % RSD < 3% AanTies (Precision) laann

M % RSD Tasnamiaansu % RSD < 397

A5 2 UENUSNINSUNLDANDFDAIN 4 FiANLANI LI UFITMBENIS

500 dN.

750 HNN.

FHAUaILaaNaTas 250 3.

a o a
WhaLpanadas 250 lulAsans
teNaLaanaaad 250 lulAsans

lalolwsiawaanaaad 250 lulAsans

< a 4
Lau—TwswaLLaanaaaa

250 lulAsans

500 lulAsanS
500 lulAsa0S
500 lulAsa0S

500 lulAsans

750 lyulasans
750 lulasans
750 lyulasans

750 lyulasans
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msasadauanylglenasisiwazilsinauasnaaas
Tundanaitaanadadansuiialagwmaiin HS-GC-FID

AT a2 uasA

AINAFAUANNANNT T (Precision)

nsitasrzia lusud e i (Repeat-
ability)

Tuaasasimanuazanailafiiiusanagad
Lﬂudauﬂsznaugﬂtmumaﬁm%uﬁmm (Matrix
blank) L&umiazammmgmuaaﬂaaaﬁﬁy’q 4 %o
fa Wiouaanadad tohausanades lalalwsiia-
LBaNBERE WaLldU-IWSNOUBANBTDS LM
ANNITNTY 2.0 H9anSNADNARANT MNUULHN
f5aranenasn-infauaanadad ANNLINTY 1%
USuas 500 wlasans (u Internal Standard
Tdasluznn Headspace Mazanls nduilawin
sgthazgidenlvatin wiaudmsumsiesesi
fhoLades HS-GC-FID Sasesidantheas 7 1y
MLHET uaIMIMMUSHIULEaNEDE LUGIBEN
WusasarlaguSines enme % RSD laawni
#aN5U % RSD < 3911

MLATIEHIsERIeTY (Intermediate
Precision, Between-Day)

Tuaasasiianuazaaiiafiiusanagad
Huduisznaugluuuinaiieiendues (Matrix
blank) Laumiazmammgmuaaﬂaaaa"ﬁya 4 ¥il
fa Wiauaanadad tohausanades lalalwsiia-
LBANBERE WaLLdU-IWSNOUDANDTDS LU
ANNITNTY 2.0 H9anSNADNARANT MNUULHN
d15azangnasn-tifiauaanadad ANNLTNLY
1% Tuusuas 500 lulasans (Ju Internal
Standard ldaslusia Headspace fasanly
nntillemadehazgiidienlvain wiandmiu
mﬁmswzﬁﬁamﬂ%m HS-GC-FID @8814
asdenzddlune 5 Ju Suaz 7 7 udreuan
USunawaanagealumadraiusesaslngUsunng
mnaa % RSD laginamisausu % RSD < 3901

n153tas1ehg Tanlaauiinitasizy
(Intermediate Precision, Between-Analysts)
Tuaasasiianuazaniiafiiusanagad
Hluduisznaugluuunaiieiendues (Matrix

blank) (@NETAZNUNINTFIULDANDTDANY 4 %1
= a 4 = 4 o
A9 WNaLPaNDTd LaNaLDANDTS LolElWTNe -

4 < a s Yy
WAANDIDE WALLDU-INSNALAANDTDE LUNAIN
WNYY 2.0 NADNSNADNADINT MNUUONFITALE
WasN-UNNawaanadad ANNINIY 1% ulSias
500 1u1A5805 111 Internal Standard laasluwa
Headspace fito3au 13 nivullamameshazgiitiion
Tigiin wsanavsumsIeNzviorsnias HS-GC-
FID At@9:¥losiunitessy 2 au auas 7 9 uad
o a CY [ [d v
AMIaUsSuaLaanaaad luaaalalusasas
TasUSuas aurue % RSD laginausigansu
% RSD < 3991

MNIAINLHTANNAVBINTATIAIWY (Limit
of Detection, LOD)
nagaulaaldna IazaENINITIULNDTDE

v
o a

N 4 200 NONNANIUM ) N 0.005 NOANINGD

a a

finddns asludeawdadnriiaguaindadmiu
flafila3enauas (Matrix blank) uaziinansazans
1% wasn-ifauaanased i Internal Standard
Mz 7 9 nntududua LOD Tagrhms
ez 7 9 wanlagaslainy False negative uaz
aovlvidanme Signal-to-Noise Ratio annni
wIawnu 3 ewdandusasazleosdsuinsuas
fnagge

A5IATIEFTANNAVBINITIAT T
(Limit of Quantitation, LOQ)

nadaulaaldnaTaraeNNITIULDNDTDE
M 4 wiia ienudutulndidsediaiganas
nlinasyu asludeiandodnriilaguaunie
dmSuiiafiadantiues (Matrix blank) wasifis
asavans 1% wasn-tfausanases (lu Internal
Standard MnUMMSIETIE 7 71 udrenanily
M3peazlaeUu3unsuee % Recovery waz % RSD
Toenoeigansumsasazuad % Recovery davagly
%9 95-110% waz@ % RSD < 391"
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mMsUsziivaanyliwivauzaimN ez
(Measurement Uncertainty, MU)

msUszdivenanyliuwiueuraimsin mikde
uvasraan Ny bivdusunnynuras laun Ysanes
ATINIAIFIU ANNLTEY wazAMNLY udIeual
sumannliniuaunInae NTUAIAN
Tsiwivausenafiszduanuidanu 95% (k=2) uile
Usziiuaanaliuiuaureimsiansiansdsile
nagau UsinassimunihadudesazlaoU3ines
(%v/v) WaEMUINANNITNTUIDIESTHATIANY
nnnnrnesIu legldaumsiduase®

We

MsnadauaNulutduns (Linearity)
ramsnadauanuiuduasesssnasgIu
NNBUPANDFRE Lafiauaanadna Lalulwsia-

A v v

LDANDEDA UaLLDU- N aLANDERE NENANNINY

0.5, 1.0, 2.0, 4.0 LAY 8.0 NAANINADNIAINT TEWIN
ANNLINTUBIESHIAsTIUNANAUNUN AN e

a o Y = (%3 v & @ v

NIMFIANHME GC Hanudunusiluduase
ToganamnaNuENILIBIETINASTIURAENATIA
Ja9ehle wuhenUseansanduwus (correlation
coefficient, r) LWNAU 0.9997, 0.9996, 0.9995 LAY

0.9995 MNAAU AILFAILUMND 1

8 8
7 74
6 6
2 5 51
£ ..
s3— 53-
2 2
;| 1
0 0
0 4 2 @ @ B & T ©& @ 0 19 2 8 4 B & 7 8
& Concentration (mg/mL) ] Concentration (mg/mL)
7 Isopropyl alcohol 7 N-propyl alcohol
6 6
a5 B r'= 09996 5- r =0.9997
§4 §4.
gs. 23§
2 2]
1] 1-
0- 0-

Concentration (mg/mL)

3 4 5 6
Concentration (mg/mL)

lﬂ' o v < 1 v ¥ Aﬂy nﬂ' Y a < YV IS
MAN 1 ﬂi'l‘w&l'l@liﬁ']‘uLLG@QV’]’J'\NHNWHS?Z%’J'NF]’J']NL?lN?lULLﬁZW‘U‘VIiGIWﬂQ'Iﬂﬂ'ITJLﬂi'lz‘l/iﬂ'.)ﬂ GC uay

< v ' a s . . . = 4
WULFUNTUBZUFANENYDINILAIIEY (Linearity and working range) #a4lu71alasnadaa

a 4 a 4 [~ a 4
LanalasnNagas IBI‘ﬁIWSWQLLBaﬂaﬂBa LLaZLi’Ju—IWSWEﬂLLE’Jaﬂi’JEBa

NINAFBUMNINIUNILLAIZAN (Specificity)
HANINTNFDUANNINIZUBNID (Specificity)
ladaarsarareninsgivinfiausanaged
tafausanadaa lalalwsiousanadasd way
Bu-Tnsiiausanagas aaldaniiziaias
HS-GC-FID W‘IJ’J"lmSJTSﬂLLEIﬂH'ISVLﬁﬁQWN@ 5 @13
Ao Wwiauoanadad oNausanadges lalalwsia-

Nsasasyingengasmsuwngd
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waanadas masn-tinNausanadea (Internal
Standard) waztdu-Twsiausanagad Henuusy
2.0 §aansuABNaRaNT panINNULG Llasdian
Retention time (RT) Ussanos 4.1, 4.4, 4.6, 4.8
wae 5.1 w9 lagUszana @NaIau asuaaaly
il 2 Tawil Resolution time Wiy 1.2, 1.2, 1.1,

1.2 aT 1.4 NIIAU



msasadauanylglenasisiwazilsinauasnaaas
Tundanaitaanadadansuiialagwmaiin HS-GC-FID

AT a2 uasA

3

(] ‘e
£ ¢ ¢
e g ¢
c €
& & @
g g8 g
& € @
ts %
T E &
] ‘« ‘e £ v
250 - R
- .
4 gﬂ E
1 [ ol
1 w 9 9 9
J @E
200 £ s
1 e €
- gl
] €3
s 1 3
@ u ]
£ 150 € <
] 4 3
i 1 3
[ i ;'
100 3
] <
" UL
LI D A B
T T B ML SR T S e S S B T AR S ) SR A N A m S [ S S (e e [ s m
1 2 3 4 5 6 7
Retention time

a2 Tasunlawnsuueearsniasgiunfiounanadad afiausanadas lalalwsiausanadas

AU-TWSNALULANDFRS UAZNAIN-TNNAULDANDTDS NANNNIU 2 NaaNSNAINAFANT

PNAMIANLHUSINULDaNDTRS LUAIPEN

a [ 4 < 41' L% o u = a{'d
HAnAMYiLeanadadtNaguawINea vsuiiand
weanadadlugluuuaa wuldenmsuaniale
NUNA 5 WA laadia) Retention time (RT) 289
WNTBaULRaNDdad taNauaanadna Lalylwsia-

LAANDIDE LNDSN-UINAUAANDTDE WAL

25
200
175
150
125
100

- -

IHNALLAANDEDN

Peak area

4.148 -

-

4.357 - \aVaLBaNRHRR

Bu-lwshausanadas LnaLpenum Retention
time 289nWINASTIU Galundanmunii 3 Taadie
Resolution time luaghawnu 1.2, 1.2, 1.1,
1.2 waz 1.4 eoNeeu sanwuhlndidssiuans
MNAIFPIULBANDTDS LNV 1.2, 1.2, 1.1, 1.2 Udz 1.4

MUY

-

INAULDANDEDR

a

o

3

= —-na-linfiausanase
EunsNaueanased

4566 -lealalw

4.7/
5073

Retention time

2NN 3 1A IAUNSNYBIMIBENHANN R ANNFLDIANBNNLAANDED

4

ot

< '

Yudiudsenaugduuuias

NNHaweanadasd eNawaanadad LalslnsNawaanadad Nasn-U11aupanadns was

BU-InsNaLaanades HauNy
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MINAFUANNUANY (Accuracy) UazAINLNYT

(Precision)
AISNAFTIUAIINUNULIEAIINLNYIY D

F53tes1zrUsSuIvegiNTauaanadad

LpNawLAanNaand LaldlWsNaLdanNaans Way

BU-TWINALBANDTRE NITAUANNLINIY S8

a a P ¥
1.0, 2.0 U8¢ 3.0 WeUSAAIATIEE 7 9 (n = 7)

WU % Recovery 1nagid 3 5¢AU LWHauaanadas

agluziedasaz 99-100 Lafiausanadas aglurn
Jaeay 98-100 lalylwsiausanadad aglugas
3o88T 98-100 Uaztdu-lwsWausanaded agflugn
Ja8az 99-100 wazAMaiENTilssiiiuen % RSD 284
wiauaanadad aglud 0.78-1.03 Laliausanadad
agluza 1.00-1.08 lalglwsiiauaanased atly
939 0.97-1.21 uaztdu-lwsiausanagod agflugn
0.78-0.99 MuMAU Fauaadlumnd 3

AMIINT 3 ANNUNULATANNINENYDNIDIATTHUS I UINNALDaN DTS LaNaLDaNDTRS Lo 1ElWTNe -

LDANDAS UAZLAU-IWINALAANDTDE

- . Spiked level % Recovery of % RSD
ZUALDINDEDD v v e
(5a8ag) Mean of + SD (tneuneansy < 3)

Methyl alcohol 1.0 100.14+0.01 0.78
2.0 99.74 +0.27 0.98

3.0 100.75 + 0.11 1.03

Ethyl alcohol 1.0 98.57+0.08 1.00
2.0 99.67+0.30 1.08

3.0 100.45+0.22 1.01

Isopropyl alcohol 1.0 98.77+£0.70 1.02
2.0 99.93+0.31 1.21

3.0 100.69+0.37 0.97

n-propyl alcohol 1.0 99.02+0.25 0.78
2.0 99.68+0.31 0.99

3.0 100.81+0.40 0.78

ML NIATaINITATIANY (LOD) was
Fennerasmadilsana (LOQ)
HANINAFBUTANNAYBINTIANY LOD g
i e v | Yo = o 1
whAusagaz 0.001 laad3unes leglvdyanmuiiniien
§9n 3 1es Signal to Noise duaninnnazed
M5INTUSINa LOQ whnuseeas 0.01 lagusanas
lunnzliaans wanisigana LOQ lundasdudi
lﬂl o4 o el ) lﬂ'd J
ieguawNedviulieniiuaanagedsliuuiaa

Nsasasyingengasmsuwngd
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TogmsiiinansannsgIuuaanagadng 4 »ile de
WhaLaanadea Lafauaanadaa bolalnsiia-
LeaNBFRE UALLdU-ININALDaNDTDS LAEIATIZH
7 ‘*g’l (n=17) laen % Recovery Tuzreseeas
100.56-102.14, 98.56-96.75, 97.78-99.77 LAY
100.45-101.02 MNMAU waz % RSD Tuza 0.91,

1.22, 1.83, 1.82 MNAAU AILFAILUATIN 4



msanadauanulilaraitiwnziuiinausanagad
lundanomivaanagadamsuiialaamaiin HS-GC-FID AT a2 uasA

M0 4 WAMINAFDU % Recovery uaz % RSD wava LOQ

HiauasnagasnLon % Recovery % RSD
Methyl alcohol 100.56-102.14 0.91
Ethyl alcohol 98.56-96.75 1.22
Isopropyl alcohol 97.78-99.77 1.83
n-propyl alcohol 100.45-101.02 1.82

N15NAFAUANINNILAENITIAIITHINIUTY  WENNY AD (NNALDANDTRE LANALRANDTDE
iwenu (Repeatability) lolalwsiausanadad waztdu-lwsiauaanadad
a Jd a 4 a g 4 a r ] %’ w = =

NaMSILAEAUSINUULDINDTDES LUKANA U JPVaIE 5 DU wunie % RSD
manNasaalajluuuaniuaanaded 4 ¥la 1WA 0.47, 0.69, 0.67 WAZ 0.66 HILFAILUMTNT 5

MINN 5 HamsaauaNNelean ez ldudennu lumsiwnzilsinauaanasad lUNaaN

GRRHEPR UHERIMRIEER

USua (Gasazlaed51n05) (*n = 5)

a S o &
FUALLRANDIDINLAON ARNN

AMna % RSD  awaasluiudeny % RSD

1 67.7900 0.46
2 67.7373 0.53

Methyl alcohol 3 67.6346 0.45 67.7765 0.47
4 67.8904 0.41
5 67.8304 0.51
1 78.8453 0.69
2 78.9025 0.45

Ethyl alcohol 3 78.9784 0.87 78.8811 0.69
4 78.7382 0.87
5 78.9413 0.56
1 73.7309 0.68
2 73.6578 0.87

Isopropyl alcohol 3 73.5760 0.93 73.5753 0.67
4 73.4564 0.34
5 73.4554 0.54
1 68.9874 0.52
2 68.8865 0.57

n-propyl alcohol 3 68.9769 0.49 68.9212 0.66
4 68.8903 0.78
5 68.8648 0.92

VAL * TUIUATIYBIMTIATIEN
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AINAFAUAN NN BN IAENITIATITHEIFTEHINIUY
(Intermediate Precision, Between-Day)
NAMIANLHUSINULBANDTDE LUNIAN U
° - P s a
MaNuazaIaiiajUiuusniueanaded 4 wila

NENNY AD tNNAULAANDTDS LANAWPANDADS

v
°

Y o < a o
TalslwsNawaanaans waztdu-lwsnawasnaaoa
Tudaehieazd Wuna 5 M Yuaz 7 % wuh
4@ % RSD (MNU 0.32, 0.29, 0.15 W@z 0.44

fauaaalums i 6

MITNN 6 NAMITFIUANNNENLAENITIATEHEITEUINNY TUNMSIATERUSHIULDINDEDE LUKNANN A

VAGRRFEERREHLIRIER

Usum (Sasaslaedunns) (*n = 7)

= S o v A
FUALLRANIDINLAON IUN

Mnde % RSD AMmasszwiieiy % RSD

1 67.9879 0.56
2 67.7873 0.43

Methyl alcohol 3 67.2346 0.65 67.4563 0.32
4 67.5674 0.44
5 67.8984 0.41
1 79.4563 0.89
2 79.3245 0.56

Ethyl alcohol 3 79.8764 0.78 79.0984 0.29
4 79.6342 0.23
5 79.4536 0.12
1 73.7874 0.48
2 73.3432 0.72

Isopropyl alcohol 3 73.4531 0.80 73.5644 0.15
4 73.5667 0.62
5 73.7677 0.13
1 69.6574 0.64
2 69.4565 0.80

n-propyl alcohol 3 69.3422 0.78 69.2332 0.44
4 69.4333 0.32
5 69.5405 0.45

VREG): * NNIUATIWBINMTIATIEN

nsnadauaNNtiiBslagnItersid laandoy
WniAsiey (Intermediate Precision,
Between-Analysts)
KamIeNeiUSINaeanagad lunannued
ﬁ1mwasmﬂﬁagﬂuuuwaﬁﬁuaaﬂaaaﬁ 4 ¥UN
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NENNYU AD LNTALDANDEDS Lafiawdanadas
lalalnsiauoanages wastdu-Iwsiauaanadad
Tughathadeszv Tagindesi 2 au auaz 7 %
WUHM % RSD (AU 1.12, 0.27, 0.42 UaE 0.26
fauaaslumsad 7



msasadauanylglenasisiwazilsinauasnaaas

Tundanaitaanadadansuiialagwmaiin HS-GC-FID

AT a2 uasA

MM 7 HANSNAFAUANINLNENYAINITIATW A8 NENIeIEY Tumsiensilsnauasnadad

luwdafaewimanuazanaiiagluuuiaa

USaa (Sazazlagl5unng)

FHALAANTAANAN  WNILATITH

Aady (n=7) ARANINIATIZY (n=2) % RSD

68.8776

Methyl alcohol 68.33865 1.12
2 67.7997
1 80.1879

Ethyl alcohol 80.0324 0.27
2 79.8769
1 74.5365

Isopropyl alcohol 74.3136 0.42
74.0907
1 70.5098

n-propyl alcohol 70.3826 0.26
2 70.2554

WINEWA: * NUIUATIWIMTUATIER

MINAFIUKDAHNUA UBANBTIINANINFLDINND
;51J|,L1Jmamﬁﬁa31mhﬂ
KaMIATAUSINUULDINDTDE LUHINNUH
ﬁwmmazmﬂﬁa;sﬂuumaaﬁﬁuaanaaaﬁ 4 il
fa Wiouaanadad tohausanades lalalwsiia-
LBANBIDA WaLldU-INSNALDANDTDS MNANH U
MANNEEINNBIULUULAA NUIN 40 AIBEN WU

100
90

80

)

HANAFDUYDINANNUTUDANDTDANIANNTLDIA
Hanwunesgu MilsnaeLaanadadniion
o & ' P °
nguanamMyuaaIud 70 wWasidudaull w13
Mot (Uszanusesa: 33) wazlimuanasgiu
26 MpEN (Useamsaeas 67) uanannilgawy
1 e NNEIUNFNYBUNNOLDINDTDD AILTA

Tumwi 4

* wiaueanoaed

70

51015

60

sloenl

50

§ (Saa

3

40

30

20

USuaeanads

10

o ALLLRELELL L L L L LLALL

L AL L LR LR LA AR LR

12 34 56 7 8 9 1011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 40

nNsEYRIRINNAAS U

MUD 4 LFINMIDENNANITIATIEHHINNUNULBANBIDSMNIANNFLDIANDUUULID UIU 40 G2DEN

835 HS-GC-FID MNWUNAaNunNiuaanadaazianlglaaaus 70 wasdudaull uazennm

s S @ & s o V| oda a »
70 LWaSIHUN SINNWUKINAIDENNNLNNBLULDINDTDS
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msUszdiva e liininaurain ey
mMsusziiuamanuliniuaureiniIsnsia
Jeeuaasliifiudeaeldnsasunauloves
mMsia Tagfiarsanunasanaliuivauiasing
ATENUABNISATINNATIEY lawn Aanwluntiuay
mnmmu%qw%mmsmmgm MsdauLiey
Wiaaile AnwENTurasdiadiefisuldain
NSINNINTFIU ANNLREYadsLateh way
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Method Development and Validation for
Determination of Alcohol Contents in
Hand Sanitizer Products by
Headspace-Gas Chromatography-

Flame Ionization Detector

Suphatchaya Lamkhao, Siriporn Thongprakaisang, and Laweng Nilmanee
Bureau of Cosmetics and Hazardous Substances, Department of Medical Sciences, Nonthaburi

11000, Thailand

ABSTRACT The Ministry of Public Health, Thailand, has issued a notification stating that alcohol-
containing cosmetics for hand hygiene with a concentration > 70% by volume of ethyl alcohol, isopropyl alcohol,
or n-propyl alcohol, alone or combined, are allowed to be produced, imported, or sold, and methyl alcohol
should not be used as an ingredient. The Bureau of Cosmetics and Hazardous Substances, Department
of Medical Sciences, Thailand, developed a quantitative method for the determination of the four alcohols.
The optimum extraction conditions for headspace were obtained at 70°C for 5 min. Gas Chromatograph
conditions were performed using a DB-5 column with a temperature of 45°C and a flow rate of 0.5 mL/min.
Method validation showed resolution > 2 of five alcohols, including tert-butyl alcohol as the internal standard.
The linearity of the working range was from 0.50 to 8.00 mg/mL, with the Coefficient of Determination,
R > 0.995. The accuracy was shown as % Recovery in the range of 95-110. The repeatability and
intermediate precision were in an acceptable range (% RSD < 3). The Limit of detection and quantitation
were 0.01 and 0.001% by volume, respectively. In summary, this method was appropriate to use in routine
analysis. The advantages of this method were simple, convenient, fast, and capable of analyzing the content

of all four alcohol components within 8 minutes.

Keywords: Alcohol-containing hand hygiene, Ethyl alcohol, Isopropyl alcohol, n-propyl alcohol,

Headspace-Gas Chromatography-Flame Ionization Detector
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nodeu MSANINATIEH Waaliamsiisunssusaaanan
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Occult blood 7.8
Semen analysis 5.0
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India Ink 7.8
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Dengue Ag /Ab 2.2
Influenza A/B 1.7
Covid-19 Ag 1.1
Scrub typhus 1.1
D-dimer 0.6

WEWE: * FaNaTIuTINNNeIUURmsnTumsasialsudiu .11y 180 uris MaBLe: 20-minutes WBCT = MsnadauanuiaUnd

Tumsudiwaudaaviagngiisia, ESR = danmsanaznauuauiiaidanued, Microbilirubin = msasinszaudagiv
Twdnusniiaiiadiasaamediwdas, PT/INR = msnagauanuiinUniizasmsuieinaidsauazmsinmumssnmen
fudaauiad, Bleeding time = MmsnadauanuiaUndlumsuiadizaadsn, Reticulocyte count = mMIUszifiuame
Tadinans Mndammsadinidanuas, Het = Msasannudadusaudan, DCIP uaz OF test = MINTIAAANTBININE
saadiile, Wet smear = M3asiamisdalasmsganmendasaanssal, Tzanck smear = MinaanuiaUnfvanad
ﬁﬁm%wah%'amwﬁm, Body fluid analysis = M50 3@NeRramMaIINgaeae ) Tus1ame, Fern test = Msasiaifiang
maxqqﬁmé’wLmﬂfiaumsﬁumsn‘, Microfilaria = M3a5amnenslsauingeludan, Occult blood = MIATIAMLEDALEN
Tuganse, Semen analysis = m'wmf»ﬁLﬂswﬁﬂmmwfuﬁa, THC = msasamasiandanamlutlaans, Troponin
T = mHTassnmznlanadan, Microalbumin = msanailasnziiediassnnsladey, Capillary blood sugar =
msmmmemuuﬂﬁlﬁﬂmﬂmﬂﬁu, HbA1C = mimwmfmwaawaﬂmaaﬂ Blood lactate = n150573a¥) Lactate
tilavsuandvilaasra 2aesamenneendiay, CK-MB = msifiassnzilanaden, Co, -mﬁmmmw
miuaulﬂaanlm”lw,aaml,l,m NTpro BNP = msiflansnnziilasuwal, KOH preparation = msasadanmatinmi,
India ink = msmuamma Cryptococcal lalduiin India, Scabies = mSGl’i’JQWLﬁaMﬂ Leptospira antibody = N136333
maaﬂm‘mmma Leptospira, Rheumatoid Factor = msauﬂaakﬂ"uaama‘ugmmaﬂﬂ, Dengue Ag /Ab = msasivitiang
Tsaldidanaan uas Influenza A/B = msasinaselsalinialug, Covid-19 Ag = msasaiiaselsadadalain 19,
Scrub typhus = m3asaifdadalsaldnnamalna, D-dimer = mﬁﬁm‘fﬂm'wqmﬁuwméuLﬁam
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Comparison between Requirements of
Thailand Medical Laboratory, Ministry
of Public Health (MOPH) Standards 2019,
with ISO 15189:2022, and Non-conformities
in Laboratories Accredited by the MOPH
Standards 2019 during Fiscal Years 2020—2023

Wannaprach Ruengdet, Siriphan Saeng-aroon, Raevadee Siritunyanont,

and Surasak Muenphon

Bureau of Laboratory Quality Standards, Department of Medical Sciences, Nonthaburi 11000,
Thailand

ABSTRACT The requirements of the Ministry of Public Health (MOPH) Standards for Medical
Laboratories have been met by complying with the international standard ISO 15189:2012. In 2022,
the international standard ISO 15189 underwent revision; therefore, the MOPH Standards must be
revised to comply more with ISO 15189:2022. This report is based on a retrospective review that compared
the MOPH Standards with ISO 15189:2022 and analyzed the conditions and non-conformities of 180
medical laboratories accredited by the MOPH Standards (edition 2019) from October 2019 to September
2023. The study showed that most of the requirements of the MOPH Standards 2019 were comprehensive,
aligning with the international standards. The average number of non-conformities and observations was
15 out of 75 requirements per laboratory. The top five non-conformities were internal quality control,
external quality assurance, management review, laboratory information for patients and users, and
method verification at 4.7%, 4.4%, 2.8%, 2.7%, and 2.6%, respectively. Among 35 testing items, there was
no internal quality control and external quality assessment. In addition, laboratories required support
from management in terms of resources, as well as knowledge about quality systems and the continuous

development of these systems. This will reassure and provide acceptance from service recipients.

Keywords: MOPH Medical Laboratory Standards, Medical laboratory, Quality system, Non-conformity

analysis
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Patient Radiation Doses by Body Interventional Radiology
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Patient Radiation Doses by Body
Interventional Radiology in

Ubon Ratchathani Cancer Hospital,
Ubon Ratchathani, Thailand

Kantinan Somjai

Interventional Radiology, Ubon Ratchathani Cancer Hospital, Ubon Ratchathani 34000, Thailand

ABSTRACT Body interventional radiology is a procedure that aims to provide treatment to a patient
through the use of blood vessels, by inserting a small, specific medical device or a small particle substance
into the patient’s body for diagnosis and treatment, guided by an angiography. The procedure usually
takes longer than a regular X-ray and results in the patient receiving higher radiation doses. Therefore,
it is necessary to analyze the amount of radiation dose that the patient received from the radiological
examination and treatment, and compare it with the reference radiation dose values, by collecting data
from 96 patients who received radiotherapy of the body system during January and December 2022 at the
Ubon Ratchathani Cancer Hospital, Ubon Ratchathani, Thailand. The study included three procedures of
trans-arterial chemoembolization, intravascular embolization of abnormal blood vessels in the trunk, and
insertion of a bile drainage tube through the skin. The average radiation doses received by the patients
were found to be 68.26, 67.20, and 8.91 Gy/cm’, respectively. By comparing with the standard reference
radiation doses, Department of Medical Sciences, Ministry of Public Health, Thailand, 2023, and some
international standards, it could be concluded that the cumulative radiation doses were found to be less

than the reference dose limits.

Keywords: Radiation absorbed dose, Radiation dose reference, Interventional radiology
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Development for Filth Identification

in Food and Database Preparation

Ananya Yingjaroentana, Vanida Yurayart, Pondnapa Netchularrat,
Prapassara Butprom, and Tiwa Keanwong

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

ABSTRACT Physical foreign matter contamination in food can occur at any stage of the production process,
originating from personnel, equipment, tools, facilities, or the environment. Due to its heterogeneous
nature, physical contaminants are often difficult to identify. To enhance the analytical capabilities of
laboratory personnel and reduce processing time, a comprehensive database was developed, focusing on
various types of foreign matter groups, including light filth contaminants. Between 2021 and 2023, a total
of 143 distinct foreign matter types were collected, imaged, and categorized into groups, including material
fragments, insects, hair, parasites, plants, and animal components. To validate the effectiveness of this
system, five laboratory analysts used the database to analyze spiked rat hair and elytra in both rice flour
and macaroni samples. The test was conducted twice: firstly with 5 rat hairs and 5 elytra, and secondly
with 10 of each. The results showed a 100% accuracy in detecting and identifying the contaminants. This
method significantly improved analysis efficiency and clarity, eliminating the need for external references
such as picture books. It may also enable more accurate and timely responses to physical contamination

issues during food production.

Keywords: Foreign matters in food, Physical contamination in food, Analysis for filth in food,

Identification of filth in food
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ADUNWIDINNIATZIU ISO/IEC 17025:2017 NOUUAZUAINITINMITUTDY w@nid 21INgTY wazan

Analysis of Nonconformities to
ISO/IEC 17025:2017 Laboratory
Accreditation, Comparing Pre- and Post-

Accreditation Audit in 2021 and 2023

Saovanee Aromsook', Thanawat Sridapan', and Siriphan Saeng-aroon’®

'Bureau of Laboratory Quality Standards, Department of Medical Sciences, Nonthaburi 11000,
Thailand

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

ABSTRACT This study aimed to analyze the number and types of nonconformities (NCs) identified
in public health testing laboratories based on the ISO/IEC 17025:2017 standard, which have applied for
laboratory accreditation from the Bureau of Laboratory Quality Standards, Department of Medical Sciences,
Thailand. It compared the assessment results before accreditation in 2021 with the surveillance assessment
results in 2023. The study utilized secondary data from assessment reports of 138 laboratories, consisting
of 37 public health laboratories and 101 private sector laboratories. The data were analyzed according
to the requirements of ISO/IEC 17025:2017, including Clause 4 (General requirements), Clause 5
(Structural requirements), Clause 6 (Resource requirements), Clause 7 (Process requirements), and Clause
8 (Management system requirements). The results indicated that the total number of nonconformities
(total NCs) and major nonconformities (major NCs) significantly decreased after accreditation (X* = 19.487,
p<0.001 and X* = 9.635, p = 0.047, respectively). The most frequently observed nonconformities were related
to process requirements (Clause 7). These results suggest that the accreditation mechanism effectively
enhances laboratory quality, promotes continual improvement aligned with international standards,
and reduces the occurrence of nonconformities that may compromise the accuracy and reliability of test
results. The role of accreditation bodies and ongoing surveillance assessments is crucial in maintaining

quality standards and ensuring the sustainable development of testing laboratories in Thailand.

Keywords: ISO/IEC 17025:2017, Nonconformities (NCs), Testing laboratory
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Biological Diagnosis
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ABSTRACT DNA and RNA are genetic information codes that play a crucial role in the regulation and
transmission of hereditary traits in living organisms. These genetic materials can be degraded by various
environmental factors such as temperature, humidity, UV radiation, and contamination with DNase and
RNase enzymes in laboratory materials and equipment. Degradation of DNA and RNA can interfere with
molecular diagnostic procedures. Preventing the degradation of genetic materials can be accomplished
by chemical methods, such as the use of antioxidants, chelating agents, pH, physical processes such as
storing samples at -80°C and avoiding exposure to UV light, and biological methods such as using sterile
materials and equipment and preventing microbial activity. These processes are suitable for applications

in preserving DNA, RNA, and biological samples for molecular analysis in medical laboratories.

Keywords: Genetic material, DNA, RNA, Genetic material degradation, Genetic material preservation

L Msmsnaaingenaasmsinng
U9 67 atun 3 nsngIaN - AUy 2568




UNANNNLAY 2 NINANY W 2568; 67 (3): 541-556

] ' [y}
ﬂwsﬂaﬂammsﬁaﬁaamuasagmﬂl’na
Tun1sanansniineaanyad e
mnﬁ’aashwgmf

NY @ o a S v P
e300l Jauzlaades waz Namaal Snvadl
MATNNENZTING PUUNNIANFATINNENNSTINIBUG NITNENDENTND NFUNNNIIUAT 10400

UNARED ﬂ’l‘iEiE]EIaa’lﬂL“ZfaE{LLaZ‘ﬁ’]a’]ﬂIﬂ’Nﬂ%ﬂﬁﬁﬁaﬁnﬂﬁﬁuqniinL‘ﬂ‘uilg‘u(ﬂEluLL'iﬂEi’m%Uﬂ’]’iﬂfTﬂﬂiﬂﬁ’maaﬂ
S?;qLﬂuﬁv'umauﬁéwﬁ'ngﬁm%’unsxmumimsaﬁmeﬁtﬁyah%’aﬁakﬂ @ HIV, SAR-CoV-2, MERS-CoV az
Influenza (fudu Fsdhemuaun Ehsslimsundszng nunsdnsiiawnmsmeniugaashianalsn duaauil
funumaaglunszuiumsasaienzineeuiluena Wy PCR, Real-Time PCR uaz Next-Generation
Sequencing (NGS) mswanndamsaauiialdrmelasiadiinadlalsiu dudimsianueeuluiiaiied
wazmsmaadnuiouiadudiidy SEmamailheliweduasaymalifadasaaslaadiszdnsamw
Uszaumsailumsitademeiasl fiamsuaasliifiuh aumwaasnsainedaniiadaldinslosassdonny
W UENYBINITIATIEN Tﬂamwwxasiw?iﬁuéhas;iwﬁﬁﬂ%mmt%ah%’ﬁei"w°“| MsHaNIsmMsananiUszansnmw
5<1L“1’Ju§'aziwé’fiy Lffmf\nﬂﬁmslwylﬁnmﬁaﬂé’5ﬂ'*?'iﬁmmu%zgwﬁtazﬁﬂ%mmtﬁmwaﬁiamsmaﬁmiwﬁmq
wasuuamsuazmslausslamimemsunnd

MmaAy: Mitegdasad, Mmamasayma s, dedlalusiu, msananseilieddn

Corresponding author E-mail: kingvirusrama@gmail.com

Received: 29 April 2025 Revised: 24 July 2025 Accepted: 29 July 2025

MsEsasiinanenaasmsunng
U 67 atfun 3 nsngiay - Mieneu 2568




Lysis of Cells and Viral Particles for

Viral Nucleic Acid Extraction

Treewat Watthanachockchai

and Kingkan Rakmanee

unin

hianalsaludsanainiausedagunin
yaelsznau Tegmlumsdwensinsaihedanain
fratheametimuniadaedsuilumsanuiile
ssymeiuguerifannmanasdaliia® maatanse
#1Padn (nucleic acid extraction) Lﬂuﬁgumaumﬂ
LLaxLﬂu%gumauéwﬁmﬁwﬁmiﬁmmmﬁwmsmw
Aenzdluszauluanalad™ wu DNA Hybridi-
zation, RNA Hybridization, Polymerase Chain
Reaction (PCR), Real-Time PCR, DNA %38
DNA %38 RNA sequencing (RNA-Seq) %38
Whole Transcriptome Sequencing Famswmanii
lasuanuaulawazgmirluldludsslaxiae g
WNNNEY TINTNUNTITUGY MTITRENNAGTIN
wazzInen®
agiuiimsiensimidahsfdlinny
@8Wug (unknown virus) wiah3anarzxile
Tudsdansiaisrtulagldinaile Viral Meta-
genomics 598NU Next-Generation Sequencing
T msidendamsanaiinadarnuusiuilumsesa
Aiamed ummsadamsiugnIsnaasdaliiai
andelunywsd (Human Virome) {issnnismsana
fimanzanazioiin DNA Wi RNA mndiat
winIsmsliminzanaamnIigadassnugnssu
yaelisavredrumliusaalautiaanadans
Siezviviamaimstudioussau g ludsdinsa
16@ 1w msanawuuiluea-naalsWasy (phenol-
chloroform extraction) LLazmsﬁumémuuuld
LAUANNNUILUY (density gradient centrifuga-
tion) mnﬁmsmﬁm%ﬂﬁ’lwaqm'ﬁaagiawa'ma
sumuwsaduiajjisen PCR 1@
msanansathedsn Taemluusznauds 4
sunau ldus msvliasuan (cell disruption)
mMsmMaralasedsieseninlusiuuaznsaiiiniddn
(nucleoprotein complex denaturation) NM3&U 83\1
msianuzesaulysiineded (nuclease inacti-
vation) LLa:msﬁﬁﬂmiﬂmﬁau (conta-minant

(1) &1 1 4 ] o
removal) URWFDIUNITAUNITUNIIZUIA

Nsasasyingengasmsuwngd
U9 67 atun 3 nsngIaN - AUy 2568

COVID-19 yhlandnmaunauginsaiiisnil
SwsunssuMIINITIANEiTNNIaate 39ims
WannuazUszand lismsanauuy Precipitation-
Enhanced Analyte Retrieval lagldasazae lysis
solution hmefavuasuazdaulda nu
Fenmznau RNA, DNA wazlusdulaslduaanagad
aansaadamsugnssuldageTIn dunue uas
fissAnsmwiisuhgaana ludawndigdeng 9@

wihdayaiierfunsdesaasimaduas
aumab¥msiivnnwas uddayamaidslilad
msnunuitelslanidemsldlumsanaiens
wazmsdnmmaiiluena danumsAneilsed
Joguszadiilonunatayauieniugaauiauesas
lFlumsdessmeimaduazaymalys tilaaiuay
mswannismaimaingaududuhlulszandlaly
NUMIENNILONAM U JUAM I UM SUNNE
waza U luana

>

a =
A0NIIFUAU

-~ v 4

SUAUTBYANINIZINITINUNANN IUIRE
LnashaRNn LLaszmﬁagamﬁmmi%}uﬂ N
3udaya PubMed waz Google Scholar laaiy
ilamifsdastiumsatansaiiieddn aaawd
T lumseum lewn nucleic acid extraction, cell
lysis, viral particle disruption 182 nucleoprotein

Wudu

&
tHan

anwaEnNAMgAININgaTasladauaz e
wadnsmenywetidavumadiinaalwaile
(phospholipid) Huasdsznauiugn® Lﬂutﬁaﬁu
(cell membrane) %ﬁtﬂuimaqa amphipathic log
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azaganulu menadiilulasasr9wae phospholipid
bilayer tipasansztlasiunazusnsrumeluas
panMNEMNWIAFaNMEUDN®

Tassahamausad Usznaudas Wovuead
(cell membrane) T lnwandu (cytoplasm) Talylow
(lysosome) nFPanazuIAIlea (vesicle and
vacuole) lulamautase (mitochondria) lslulaw
(ribosome) U3 laauazunslon (centriole and
centrosome) NBAIULBWWINAE (golgi apparatus)
ulawanadinisfganuuumenu (rough endoplasmic
reticulum) taulawarainisfganuuuiEey (smooth
endoplasmic reticulum) waziaded (nucleus)®”
meluiineded Usznoudae WaWuilnedea
(nuclear membrane) lasaniu (chromatin) wag
hnaladd (nucleolus)® finadsaiufifiudaya
PNWUFNITNUALAUIAIUANNITUFANDBNYRILTAE
Tumsiaeedidue (DNA replication) Msnansia
(transcription) %nnszmumsmﬁﬁmaﬁ%wm
esunmelufiiedeauaznszuiunisulasia
(translation) 5?%@Lﬂuﬁumauqmﬁ'm’lummmmaan
vastudazululalnwandu®

galou (histone) WulUsauivhmhisafiu
wazus5y DNA lulaseadeiiianilasuniiu
(chromatin) v11# DNA fifienuennnussqagiu
Huededleatniiszuy § 4 wihedas lawn H2A,
H2B, Hs uaz H1 log DNA azwusauddalau San
Taseadniin fhealalen (nucleosome)® iy
druniivaeslassadrdaandlsluihaalalusau
(deoxyribonucleoprotein) ﬁwumﬂﬁqﬂiuww{fﬂ‘”

hisanfludasardeagludedidiodiovans
Wug asugnssunavnauathis (viral genome)
Usznaudhes DNA wie RNA vhmhiilumsauau
A159188907189  LagasdalasIzvaIulsenausag
hialaglscuvmaanadlaadiivnzay aymazad
TSansaisaniy hseau (virion) Qﬂﬁ%ﬁqﬁumﬂ
sulsznaviidaensilmilumaslaadmmbidy

WivzluMsmenaaasWUgNIININYNG (genome)

lfaaslaaddaluiiiaunszurunmsaaielus
209l %a asdUsznaviumaadhia Usznaudae
viral genome &1¥5UIBIAILBILBUAUTA
(capsid) Fufhmulusuivieriuansiugnasu dmsy
13%’&1*7‘1'531,%% (envelope virus) LLﬂﬂ%ﬂ%gﬂ
§ousaudie lipid bilayer fildwnanwadlaasd
Toadilnalalusdu (glycoprotein) wwizuaslisa
(virus-specific glycoproteins) unsnag 3adas
Aowadlaadlumsduanzilusiuuazluanai
fudlulumsiansdaied’ Tusduidoru (membrane
protein) LﬂuTﬂsﬁuﬁ'wumnﬁqwiuh%’auau‘ﬂu
avdlsznauadagreslassainlunsmuuaguig
p09l5d Tagazidanloeszuiniinenaloualia
(nucleocapsid) ﬁuuﬁaﬁula%’aﬁﬂﬁmm%a
Th¥afienuaies wu ludaliss Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) Hanuaeidundenainaie (triple helix
bundle)? {luau

Nucleocapsid Hulnalalusiuisudu viral
genome vnuihifluwnunarsvaslss Unilas
nsaTeddnnnaMnnaasneuanuasiiudu
daalulassaalisat® Flusiuiisuiu DNA
#30 RNA 2:9nuU539 U capsid aegnawiumin (3anm
edlaldsiu (nucleoprotein) Imﬂiﬂ’iauﬁ{fvﬁ'u
DNA 5aah deandlsluiiiedlalusiu (deoxy-
ribonucleoprotein) wazlUsiudisuiu RNA Ganih
Tsluiiadlalus@u (ribonucleoprotein) Favhwihi
Tunmsunilesnsaiitaddnuazaralunssuiuns
Nassguawaehia” wu hialivialuamenugie
(Influenza A Virus)®® nanlein nucleoprotein
lidhudeaalunszuiumsan g nnuneglunasiie
291258 laun nsviarn (coating) msunilas
(protection) RNA 223254 MIMUANNIZUIUNT
08059Wd (regulation of transcription) MIAIUAN
ASEUIUMSNDBIAILBN (regulation of replication)
warmanszauliiiamasudaniiduiu (induction of
ﬁ(14)

immunosuppression) TuswmMeauaslad
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l#a15azare lysis buffer lunsanansa
fheaan tilausnuazynmeasdlsenauregadnse
aymabi3aaanannny lysis buffer drulnaiitnda
U a3 (buffering salt) wu Tris-HCl Lﬁamuqu
A pH uaztnaalaaaiin (ionic salt) iy NaCl
iilemuaNAMIENduIaIs ez (osmolarity)
Tunisanansaiineasn inistdudrsgnwan
(detergent) 1@ Triton X-100 %38 Sodium
Dodecyl Sulfate (SDS) tilahaalaseaeas
HovuasC?

#98nWen Ao d1590LNANAT (surfactant)
luvipaljiamstiimenluenalunssuviumsana
A9WugNTIN e cell membrane uazlusiu
Tuguuuy lipid bilayer ililassahadavumaniiy
(@eve dana L DNA was RNA #gaaannnlasasi
fivieriumeluad wlusiuuasdaiuioguasnio
waziianuasilussazaratiadfuandeiu
Fatumsidenldasineniimsdanlimnzaudu
Tsuuazidiavuniioons 107 sssnuaniitealdly
ASELIUMIINATNIWUGNTINGU SDS, Triton X-100,
Tween-20"" waz Cetyltrimethylammonium
Bromide (CTAB)®® ({uau
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mstdanld lysis buffer iawsn DNA uaz
RNA nnlaseaswlusiuuasidaiumsnugnasy
demstnneniiadasaaeidaiumaduaclusiu
iefunsaiinaddneld DNA uaz RNA vqa
20N s?;qﬁagiﬁ'mﬁuwmﬂ%ﬁm 1@un Tergitol-type
NP-40 (NP-40) lysis buffer, SDS lysis buffer,
Ammonium-Chloride-Potassium (ACK) lysis
buffer uaz Gentle lysis buffer®
NIZUIUNIINNNILNIN
MsMaeEaslaaliusina (mechanical
disruption) Wumsuaniam liwaauanaiawsina
i mavadatedelnsauazgnlnasdmiumadii
AN wiamslalaludluwes (homogenizer)
13 Dounce Homogenizer l#uadiaehsluasazae
Y loun
nMsuameiie (manual grinding) mMs5L%
\Aaasiin A3 Wazan (mortar and pestle) 13a T3
wazgnlnielumsue W Mt NANNNEUTBINTTAN
dundawesnywd (human intervertebral disc)"”
M5 lEusanTEUNn (impact force) Wunsue
Wianszunnmagmaameiialaaldgngu (pestle)
lunszuanum wu gunsal Dounce Homogenizer
swunvasazareunineslalulniin (hypotonic
buffer) Hreliwasuandanslanamewsang mli
Huddaieniulagligadldassnnanc wu msld
Potter-Elvehjem Tissue Grinder ttaz Dounce
Homogenizer iiaanauiiadEaananne
nsldusaiiougs (high-shearing homo-
genizer) WueiasiafilddmSvamawadlonls
Wann1s Rotor-Stator 13y 1A3a9 Polytron
Homogenizer lFata RNA Mnsila®
M5BT U (high-pressure homogeni-
zation) mﬂﬁlmé’fugm%aszummé’uﬁ'ue] Toald
wSAUIINGNgU (piston) laamstivaacadnery
#DIVNALEN (orifice) Lﬁ'aiﬁ' NALR0Y (shearing
force) uazus9a®m (compressive force)
liloaewad 1wy nsldia3es French Press
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msl#ia3aq Gaulin Homogenizer flaausaciugs
1NN French Press M bitianmsasranasainmea
(cavitation) sluamqumumﬂmﬂ (vacuum condi-
tion) LLazzmﬁauﬁﬁwmmLfqumﬁaum%mﬁuﬁm
(high-speed jet) MlvAaUSIRDUMEVDITAD
(fluid shear) iR
mﬂ%’gnﬂﬂwmmﬁﬂ (bead) (iaviane
L?l'aﬁumaﬁuazﬂaﬂﬂéaﬂmsﬁuqﬂssuaaﬂmnmaa'
fingarenu 2 wuu laun ardanalnnisvyu
(rotating mechanism) flumstiudiatghandaniu
anilazwnadnluzamad %ﬁ%ﬁﬂﬁmaéﬁgmﬁm
melu grinding chamber Wen LU Lﬂéa\i Bead
Mill Homogenizer Tumsanamadeauss® was
21A8L592U (collision force) Wumsanamiad
ToeldaslUlunasndathesnfuansazans anti
ldgnilaudninldudiaanudigeasiliife
us920u (shearing force) usinszunn (impact
force) wazused (hitting force) asgnilazwnaldn
fuigad mlvlassaeadgnime® wu mslyd
ania (bead beating) lunsana DNA :neipeN
83N 3xYDNYHE "
a::aammmmmﬁauﬁﬁmmmL‘%agq (Liquid
Aerosol-High-Velocity Stream) 21d8n5eUIUMs
nebulization lunsasreazesswaunal (liquid
aerosol) *?'iﬁmmL%agﬂumiﬁwawmaé U
BioNeb Cell Disruption ({luta3oe nebulizer fiviu
8PN ANMTINAENTI AN Naz B aaaET N
fasnaualumemeaduasiuana®
nmsmarawgadloaldgungil (thermal
disruption) t{lumsldgaumgiiiianuiouuas
ey e liniugaduasdauiadiions
uannLazEsamwmalaseass lawn
MslEaNusau (heat lysis) lunisana
SswugnIINEM IRV oUNTigumnigaiiias
athadien wuhiilszansmwenIedaadinasenly
WatiinUszansawlumsada wu msadaas
WUgn3sneIe chelating resin ¥3aL58n3)
Chelex wuh#miinanullumsasiadalss

SARS-CoV-2 iawdsuiisuiumsldanuiau
LlENPENaLEEn F9EIN509nsEERAUATIUABY
msafanianusuFaunansiuaauadld yenanil
Fuapumsduniamatniigunnfigaasdisduds
Ms6aEe 1wy SARS-CoV-2 wltunsumsiau
flenudanaspiuc

MIFAUTENNBUTLEENaTane (freeze-
thaw cycle) Wumsugaaegialululasuwan
v3auguiefigumgil -80°C uazvhliazansuuy
530%7 Tagmsrevars q sautiialiwiiagad
UANEaN tINzEMSURaNANTIU Wy MslEE
aNHEUsEw I I madneeh (hypotonic
burst) SINAUMTUBUI-MAZNEVAIY 9 TDU Laz
153i@%u (sonication) Tumsana L%yi-) Lymphocytic
Choriomeningitis Virus ’3'§msziaa|amﬂf‘jlﬂuﬁ%‘ﬁ
Fuaziivszandmwgegalumsdasaymalifai
dota sansahlulEsuhIasu q Rihsiiauuy
Ranmadnennaamsiandesdalhsausinannn )
2RNNNLAR LTFA Lo

MIFAUTEHINANNTDULBLANNEU (cycling
heating and cooling) Lfﬂu%ﬁmiﬁﬁwmﬂimm%w
yaugasuazaymalise lasardamsaaunuees
gamiilumszuinenusounazanudy g
mslanusauiudediigamgi 90°C flunm
5 W ;MusemsmIdidy 6°C Wuna 5 i
Whiasmavhaslaseaeiiieuasiugnssu
Tunszviunsanansatitndadnlasdresiaiy
wazaEusudoIunsainIsszuIaluanialse
ﬁﬁmiszumgq Wy nsszuieveialae
SARS-CoV-2©V

mshmemadniAenAauaNNd (wave-
induced cell disruption) msldaaudasuas
pauaNud ehaaniugaduiaidaiuisad
aauannamlnlasanugadsadoniouanaan
wdseanllu 2 Uszon lown msmanawaslagly
ﬂﬁ'mam (Sound Wave-Based Cell Disruption)
wazmsrmewadlasldaauanud (Frequency-
Based Cell Disruption) laun
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nsvatasaslagldeauildes (Sound
Wave-Based Cell Disruption) tzu mslgaaudes
(sonication) fiaglutnsanuigslumsdusziiau
miiausuaumarslaseasanemenInees
wimaduazifinrnmaduasdiode Wy maaia
nsadheaannndeeiuie Tegldaaudoianud
100 Hz gounindi 4°C Wuna 3 5 uazmsld
ﬂﬁ'mﬁmmmﬁ'gqmn (ultrasonication) Mang
davuadinai®? msldanuigeasialns
2INIAAINNTEUIUNS cavitation TuBILUA
Feazifindungresadiainanud arediu
1,000 W/em® 7 1 MHz msnadzaanasaime
TuszaugameuazsziineanazasnausINszunn
wazusadaugs Mazlimelassaemaugadii
waauan®?

marhaeawasloslFaauanud (Frequency-
Based Cell Disruption) @umslgaauusmanluih
(electromagnetic wave) {HeannsFuLUY
Uszaunu (synchronized oscillation) 2898114
Tn#h (electric field) uazauNwsinan (magnetic
field) WldiAneduanud 1 ﬂ?\'u'img (radio
wave) aaululasiou (microwave) AaUBUN ISR
(infrared) (Hudu® nsldaaululasiav
(Microwave-Assisted Lysis) 21@8Wa391u
Tulasouidelugafae Felsinns el uay
USanauna e1s@aneild Ussinnuasvaan uaz
mseamndsnuiiuaneausdaadouszansmnly
msafansainedsn srliwssnufisnndullen
denald DNA (Fowanin 3

e

wnlulasnuiiagmly uaawsy
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Filfidunuan
fiigalumsanald
aaululasoni 300 Sad Huna 40 Junic
Msaegaanlenseud Wi (Electric-
Induced Cell Disruption) t3u nmsaaraLgas
me IAhie i (electrochemical cell lysis) e
W FA3usEnasau (cathode) Wia9UIN
wazn lWThilwaEnaseau (anode) iataulums
wanasuleasulasldansazaneinnda (saline
solution) Tumzue cathode and anode chamber
iilaaelasaulansanlye (hydroxide ions; OH-)
fiauhliiiaslumsiaewad (alkaline lytic

agent)®®
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oulsy Proteinase K Wuaulndinasulusiied
(serine protease) Fuaulediindnainidas
Tritirachium album Limber fanwauzianzlog
uanuszlulng (peptide bond) ﬁﬂma carbon
terminal panannsavsiluvaenilia 15luns
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toulzi Proteinase K flgamail 25°C lumsaria
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WNZENEIMITUNMSENANIATIAGEN U MR
hialinialnajmenugia (Influenza A Virus) 210
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(hydrolysis) waslasiu (fat) lddosidavinmadi
flasfuiussddsenau® Huasdusznauiugiu
soufiavn® vialassaamanzaliaffiudaniiy
(envelope virus) ﬁﬁﬁauﬂs:ﬂaw N lipid bilayer
Aldnnnaadlaad imliidedumailgnias
vagaeliiaulmiuazmsldasaiiau g aoule
daulunssuumaafomaiugnssn ™
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haddn 7781 DNA waz RNA %¥aaaanain
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. =< a o { o o v v v o acd o
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wadgan
Ammonium- GRRItEY F9UsI0 U INAN WA UaE Tsiwnnenuwadsiindu
. . a4 o s < A
Chloride-Potassium WamaneLaas LNOLIDALLON
Dounce PIBNBBINg Tduseuaiun g vivevnats euauszaumsmaala  ldussnnmanziu
Homogenizer Taseaeimad gagUSinaniae
Mortar and pestle  @38988L39NE UALYDEBENNENU Tdnude s1engn UseanSamwenaaldsiy
viallalaseaawad NUIBaU
Potter-Elvehjem  (@3asiiaiBinag THusavanyulunmsmans mmnsiuila@agau liinziuwaaiuiauss
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Lysis of Host Cells and Viral Particles in
Extracting Viral Nucleic Acids from
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Treewat Watthanachockchai and Kingkan Rakmanee
Department of Pathology, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok
10400, Thailand

ABSTRACT Cell lysis and disruption of the structures encapsulating the genetic materials of viruses
are the initial steps in nucleic acid extraction, a critical process in the molecular diagnostics of viral
pathogens such as HIV, SARS-CoV-2, MERS-CoV, and influenza, which are essential for controlling
outbreaks, monitoring their spread, and studying the evolution of pathogenic viruses. Nucleic acid
extraction plays a pivotal role in molecular biology techniques, including PCR, Real-Time PCR, and
Next-Generation Sequencing (NGS). The development of extraction methods that destroy the genetic
material envelope structure, inhibit nuclease activity, and eliminate contaminants is essential. These
approaches contribute to the efficient degradation of cells and virus particles. Laboratory diagnostic experience
indicates that the quality of extracted nucleic acid has a direct impact on analytical accuracy. This effect is
particularly significant in samples containing low viral loads. Therefore, the development of efficient extraction
methods is crucial for obtaining pure nucleic acids in sufficient quantities for laboratory analysis and

medical applications.

Keywords: Cell lysis, Viral particle disruption, Nucleoprotein, Nucleic acid extraction
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