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The Correlation between Newborn
Thyroid Stimulating Hormone with

Maternal Urine Iodine Levels and
the Assessment of Iodine Status in

the Population during 2019

Hansa Thaisri,'’ Piamnukul Krasao," Penpan Thong-ngao,' Supaporn Nammoonnoy,'
Thippawan Kornsiripanya," Napaphan Viriyautsahakul,” Nuntaya Chongchaithe,’
Jutharat Supanuwat,” and Surakameth Mahasirimongkol’

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

*Bureau of Nutrition, Department of Health, Nonthaburi 11000, Thailand

’Information and Communication Technology Center Office of the Permanent Secretary, Ministry of Public
Health, Nonthaburi 11000, Thailand

ABSTRACT Iodine is a fundamental element for thyroid hormone synthesis, crucial for infant development
and growth from prenatal stages. This study investigated the correlation between newborn
thyroid-stimulating hormone (TSH) levels and maternal urine iodine (UI) concentrations in 2,471
maternal-child pairs across 25 provinces in Thailand in 2019 (B.E. 2562). Spearman’s correlation
analysis showed no significant relationship (r = -0.024, p-value = 0.233). The assessment of adequate iodine
intake at the population level, as per WHO criteria (median urinary iodine, MUI > 150 pg/L) and < 3%
of newborns with TSH > 11.2 mU/L (5.0 mU/Lin blood) was conducted. Among 4,395 pregnant women, MUI was
156.7 ug/L, suggesting sufficient iodine intake. However, 11.3% of newborns exhibited TSH levels >11.2 mU/L,
indicating iodine deficiency. Utilizing TSH levels for assessment might be inappropriate due to the timing
of blood sample collection, mainly at 48-72 hours after birth when TSH levels are not normalized.
Additionally, from 2023 onwards, congenital hypothyroidism screening for Thailand will be carried out by
10 laboratories using diverse technologies, reagent kits and TSH cutoff values to track babies. Therefore,
relying on TSH levels from newborn hypothyroidism screening for regional iodine status assessment in

Thailand is discouraged.

Keywords: Iodine deficiency, Maternal urine iodine, Newborn thyroid stimulating hormone
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Comparison of X-ray Beam Overlap
Measurements between Digital X-ray

Ruler and Collimator Test Tool

Rungtip Putburee and Khatayut Nigapruke

'Regional Medical Sciences Center 8 Udonthani, Muang Udonthani, Udonthani 41330, Thailand
’Regional Medical Sciences Center 9 Nakhon Ratchasima, Mueang Nakhon Ratchasima,
Nakhon Ratchasima 30000, Thailand

ABSTRACT A newly developed tool, the Digital X-ray ruler, has been designed for evaluating X-ray
beam and beam overlap. The objective of this study was to compare X-ray beam overlap measurements
between the Digital X-ray ruler and the collimator test tool, which was the current standard device used
for measuring beam overlap in general radiography X-ray machine. The test results comparing X-ray
beam overlap with the light field revealed that in clear-beam general diagnostic X-ray machines,
the digital X-ray ruler had a maximum difference from the collimator test tool at 0.03 centimeters,
accounting for 0.34%. Meanwhile, in general diagnostic X-ray machines with unclear beams,
the maximum difference between the beam overlap and the light field was 0.09 centimeters, calculated as 1.41%.
Therefore, it could be summarized that there was no significant difference in measurement results
between the two instruments. The Digital X-ray ruler can be used as a suitable alternative to

the collimator test tool.

Keywords: Digital X-ray ruler, Collimator test tool, X-ray beam overlap measurements
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c = L&IBQﬂﬂi%G}iuﬂ?ElLLﬂQ aLanmauwagummumlwm%ﬂaummiaauumenau'ﬁwsau

RENLSNME LG HRIRTT R NIGR
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winiasedlateausanaineduaziniasiia
wnndliusmsillundanasizacuien Landauer
Ussinaanigausn % InLight® badge OSL
dosimeter Usznaudsunuinsdlalaauaaziio
InLight® uaenauUTIuHUIA9T InLight® holder
Feaduussausiuiadsdlaoauaail demunzun
uanvindie wazghgauinuinn mldlidisawe
damslwusms Baudesasiluiuesu3sn Landauer
o Quixel® badge OSL dosimeter flsznaude
wHuInSedlateauea #lia Quixel® wazAAUUII
Wiu3e3sd Quixel® holder WanIUGNTUMSITR
Tuamsdsziiuadsinasidyanazaanmauiem
whiiu i whelisumbenuiy deamadna

AMZEIBIINMINUUTTUELTaSeFlataduaa

2uluiza DMSc holder tialddmiuussyunu

v @

T05vdlateduaaziia InLight® Usenauae
2 Fudiu Aeeumhuazeunas sauadaslunmnd 2
Sadatumsunuiivmihfiduuuiunasiciden
dmdullansu daudaslumud 2 (A) vlwie
famIussuHuInsedlataauaaninnd InLight®
holder ﬁﬁqﬂnsmﬂumsﬂsmauwam%u LN
Tumwii 2 (B) Tas DMSc holder Ha@MnWanaan
co-polyester wm::ﬁ InLight® holder wanain
Wad@n polyvinyl chloride (PVC)® anuaniid
PBWANFANIIFBY Fauaaslum i 1

>

/?‘\\
(0 ) ’a\u
\ y

Mui 2 SudsenaureInauusuHIasidlaeausa

A = oduussukuiniedlateauas DMSc holder

B

PIUUTIUHLINSIFateauaa InLight® holder

311 1 gaentfzeananadnilslumsndaaauussyuwiniassdlaaauaa™

qmauﬂ’a

polyvinyl chloride (PVC)

InLight® holder DMSc holder

co-polyester

ANNNILLY (density)

MNNINBBNYAI (melting temperature)
auuNinad (glass transition temperature)
ANNANILINE (specific gravity)
NDAATUTION (tensile modulus)
ANNITUMULSIAN (tensile strength)
ANNUTIUS B 90ATIN (yield strength)

M38AaIN0ATIN (elongation at break)

1.38 g/cm’ 1.40 g/cm’
212°C 265 °C
87°C 69 °C

1.30-1.58 1.29-1.40

2.4-4.1 GPa 2.8-4.1 GPa

48.3-72.4 MPa
59.3 MPa
30-300 %

40.7-51.7 MPa
40.7-44.8 MPa
40-80 %
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PNNUIYYBY Croonenborghs B. et al.”
lednsuansznunessdane polymers logldunas
AMiaSIFendwasu 5 MeV wazssdunuanann
fsnuNuasdlavead (“°Co) Mesedld PVC uay
polymers 8n 4 %0 Toun polyethylene (PE),
polypropylene (PP), polystyrene (PS) uwag
acrylonitrile-butadiene-styrene copolymer
(ABS) fighUSanased 30, 60 uaz 120 kGy wuh
polymers 13 5 %0 liidenadansnzgneaisaag
S9deenaNn uasedazdenanannulavesnarain
wananii Moskala EJ.® lqnagaunansznuaa
NFUANIGD thermoplastic co-polyester WU
waadnlaidananansnzgnsanyaased uesed
NN LY N TR N T ULHEINY

Wasfiamsseiyana diindsduasiaiasiio
wnnd laSumstunzdeuiuiesdfiansimm
N195U589ANNEINITONINNINIFIU ISO/IEC
17025:2017 amugaruuamllhasanuainse
yavviasufuamasnasaudazvas juanmsdauiiieu
(48 6.4 13p3iTR) ™ AaUUIIURLInSFlataauaa
feanuuulmisniudaclaSumsnagauanulale
waseaunauihin g legliisnedaumainasgiu
Japanese Industrial Standards Committee

(JIS) Z 4339:2004 (R2016) Optically stimulated

luminescence dosimetry systems® ﬂ’lﬁﬁ'ﬂ‘ﬁ’
ffiogusrasdiilanadaunkiuingad InLight® fiussy
Tu DMSc holder snuanasgiuuazilSauiisumanis
nadaunu InLight® badge uaz Quixel® badge T
YN INATDUYBNUTHNHHEO UAZEIUNTNATDY
MUNAIFIUAINEIUE1 " Tasaniiunmsnaday
feSitanduazunsanwhiiy liswdeSdton waavh
warihnsau WasnnludinSiduaziniasiiounng
Tifiundamiiinseditluseddon waavh uazihnsau
WNAIFIU

i'aquaz‘i%ms

m‘%mﬁauazqﬂmtﬁ

nmsnesaulduiuiasedlonauas (i
Landauer, ';; 1 InLight® BasicXA, Landauer, USA)
1dlu DMSc holder fnuu ISO water slab phantom
Audaanss ¢ polymethyl methacrylate (PMMA)
AUIANIN 30 LHUANAT 8717 30 LHUANGAT WD
Win 15 wudwes sauaaslumwit 3 9rntuth
Tuanesadfiszozieannunaeniiie 1 was?
Togldunasnuiinsadunuanain Cs-137 (Buchler,
England) uazuvasmiiiassdiandanansgiu (PTW,
Germany) @ viesufudnsSedunasgrundegi
ATIINENFFASSUNNG

Mwi 3 wiwiesedleteauaa InLight® Basic XA U539 1 DMSc holder fiauu ISO water slab phantom
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waameseadiueuInsedlateauaanarum
Uinasedaaaiassuuiuioidlawauaaniio
80 luNG 34 OSLR (Landauer, USA) sulusunsy
Uszuiana Whole Body Dose Algorithm for the
Landauer InLight® LDR Model 2 Dosimeter?
FeapuiisumswiuiaSidlaasusaniingauiiau
s;u InLight® Basic CC (Landauer, USA) ﬁw'm
MImesadnnvesluiamesedinasguniend o
University of Wisconsin an3gau3m Saaudau
ﬂﬁulﬂﬁﬁaqﬂﬁﬁﬁﬂﬁ%’q%mmgmﬂgugﬁ o the
National Institute of Standards and Technology
(NIST) Department of Commerce Uszine
GURLRIEEIE

mInadauanyltlazas DMSc holder ﬁusa‘ﬁg
WEHHIAS9E InLight®
nodauanulglamuanasgu JISZ4339:2004
(R2016) Optically stimulated luminescence
dosimetry systems"® Grail
AanuaaaAaauTaImUSINasd thadud
U55UHUINNElaLaawaa MU 10 Hau Mesedens
Cs-137 MUSInmad H,(10) 2 mSv #aimme
LiimnmssumUsnaside 3 A% wasnamae
aemUBnasd mntunsandusasmgigauas
Mange Fdamdudinanmuanasgudicnisousu
lolahu 1.3®
anathudadurasmUsanased Weau
fussawsiuinsedlataauaameieddis Cs-137 1
USanauad H,(10) 0.1, 0.3, 0.5, 1.0 4az 10.0 mSv
ToglFasuiiussquiuiofdlaaauss w8 ady
fa 1 MUSNuNE nasmsmesedarueUsunused
7 3 A% UATMMRATYaIAUSINASIE Mt
AMMINBUTUDN (response) DIUABLAUINIUTIE
NnsanswrasmUsnassdisulasumusn
$aERNse5eE warmsadIuNsAaUFUDa
(response ratio) S¥UINANINDUTUDIVDIUADE
AUsnasednuanseauduasasaUsuused
§1989 FedasrdIunIsaauFupLiasINAUA
AN s nNamaLAaaunaesnmseansulad
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R VoA a v o
+30% WI2URYNMNAIUSNINSNET 0.1 mSv wae
= v 1 d‘ 1 =Y U o d‘y
+£10% W3aUasNMNAUSHINIF 0.3 mSv auld
ToaldemuUsanasad 1 mSy Wuaaede® aeanms
1 uaz 2

0.7 <=L +1<1.3 fendSunased 0.1 mSv

RRef ,
dunsh 1

3 fy e e Y
0.9 <— lf +1<11 AenUSanasad 0.3 mSy auly

Re

guNISN 2

Mseavauatdanssnulileay (9dand
wazunx) hasuiussauduiofidlaaauas
MENFUNNINN Cs-137 WaNIU 662 keV azdad
1ng 31598 N-series Wasnu 24 keV (N 30), 42 keV
(N 60), 87.5 keV (N100) ttaz 120 keV (N 150) i
Usinausd H, (10)2 mSvTmﬂﬁmé’uﬁussmw«'ui’m%’qﬁ
Toladuas MUIU 8 AAUAD 1 WAKIU NAIMIMESIF
sruaUsinade 3 A% wazwAILREEYDa
AUSINUE NN MMSABUTUBIRINEINY
A BUBIUABTNAINUINDATEIUYBIMUS I
Sedfisulasuamusnasedimsmesed wazm
DOIFIUNMINDUTUBITENINAINITADUTUDIYDY
UABZWANIUNUAINITHDUFUDIYDINANIUD DY
Fesandumsaausussandsnulaauiasniu
fanun s nuemaeasuiinasinseansy
167 +30% TaglFwasnuzassad Cs-137 Wumasnu
$1989® Gagumsn 3

0.7 < =
ERef

+1<13 aumsi 3

msmauaumsiaaguslum'sﬂsmﬁwhﬂ%mm
$4d theduiiussuiuiafdlaeauaamedunun
o8 Cs-137 USInid H,(10) 2 mSv ﬁqumm
wuiueay (horizontal direction) devd1e 60°,
LBENTNE 30°, M 0°, LBENY 30° WATLDENYI 60°
fhadhemImesediBeen 30° dudaddumui 4
ToglFasuiiussquiuiofedlataaues 1w s ady
do 1y vdsmsmesidaumuiinasdn 3 ass
wazwIAILRasraIAIUSNIased a1ntunien
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MINDUTUDIABYNINDA N FIUYBIAITHIUTIE
fenldfumuBinasidihmsme wasmaandiu
N3ABUAUBITENINNAINTABUAUB LULGAaT AN
fuFmIneuduaeede FdanaumInauaung

Source

®o—

Top view

WBIINNUAIANNNINYBIANINADIALADDUN LA UN
magansulan +209 lagldyn 0° Wuyasede®

AAFNNISN 4

‘ 30°

Phantom

AN 4 MINAFBUMINBUTUBIADYNBENTNIMNUUIUDY 30° (HNG)

08<-A +1<12

Ref

N15HIAIAIINNTINTBIAINAIIALATEY
(width of error) WIAIAINABIALABDY
PeesadIunsaavduasiaualdanay
AaIALAABURIAIUSHIMSIE N1SAaUFUDIAD

A
duNIIN 4

wasnulasy (Sedenduazununn) ey
@aduraemUinaiag wazmsnauaussaaynly
mMsUsziiuaUsinusad legmumannaunsi 5

tnref 2 J
o 5Dref/ aumsi 5
fref

MANNNINIANNANAAFBY (width of error)
ARAYMNTODUFUDINO AU | LATOIUNUIDIND

MENUTENLUUINATFIUTNIUTUL | LaZEIUVUNE1EY

LD l =
firfref =
SD;, SDye _
n - Sunudetheildlumsnageu
th = mesfidmiuudas n

(lumsneagauil n = 8 loda t, = 2.37)
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We

manadauanuldlavesnauussqunuie
Sedletaausafivanuuulmiouinasgiu JIS Z
4339:2004 (R2016)® lanamsnagay Gail

ANuAMALATaNTaImUSINasad musina
Ssdmasnnmsnagauiien 2.05, 2.01, 2.03, 2.02,
2.04, 2.02, 2.04, 2.05, 2.03 U 1.89 ‘[ﬂﬂﬁm@iwqﬂ
A9 1.89 UazliAgedn Ad 2.05 MINUAIANNANA
LnaaurasmUsinasadle 1.085

M5191 2 ManagauenNuuEduaasmUsinused

< = £ ¥ a U U

ANl udatduaaImUSHIMsNdE wun

ANSIFIUNTADUAUINVILANAT 0.968-1.158
Aauaalum N 2

MseauaUaIdanNaINUINnay nuNBaEIU
MSADUFUDINVILANAY 0.987-1.090 GILLFAIY

M519% 3

mInadaumsnauduataaslun sy
ANTINUIE WUNEATIMINBUFUBY B JNEN )
Magsening 0.985-1.000 Gauaaalum N 4

Test Dose H, (1 0)

Field Energy (keV) Response ratio Width of error
(mSv)
0.1 1.158 0.074
0.3 1.023 0.053
Cs-137 662 0.5 1.034 0.050
1.0 1.000 0.043
10.0 0.968 0.037

MWD 3 mswmaaumsmauauawiawé’quV\Imu

Test Dose H,(10)

Field Energy (keV) Response ratio Width of error
(mSv)
N 30 24 1.090 0.048
N 60 47 1.040 0.108
N 100 83 2 1.010 0.091
N 150 117 0.987 0.062
Cs-137 662 1.000 0.054

M1399 4 MInadaumsnauauadaynlumsUsziliuaUTinusd

. Test Dose Angular . .
Field Energy (keV) . Response ratio Width of error
H,(10) (mSv) (horizontal)

Left 60° 0.999 0.066

Left 30° 0.988 0.046

Cs -137 662 ) Center 0° 1.000 0.050
Right 30° 0.988 0.053

Right 60° 0.985 0.042
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maSautiisunanimagaunu InLight® badge
waz Quixel® badge

NndayaramMINadauNI 4 Wde athan
Wisuifigusiunamsnagauses InLight® badge i
msnadauasenulu 2 wide Ae enutudadures

AUSINasE wasmsnauaussaaynlumslssiiiy
MUSnasedua: Quixel® badge Zutludayamy
LOAFNIMNVYIUTENY RN NHHANMINATDUA TN

3 L v e C‘I
N 4 W28 Audaeluem e 5

99i 5 MstUSeuiisusErinceg DMSce holder NuU553unuIn3ed InLight®, InLight® badge waz

Quixel® badge
HAaNIINAFAU
NINAFaY DMSc InLight®* Sauaz Quixel®* Sauay
AINULANEI AINET
ANNANALADDUYBIMUSIIUSIT 1.085 - 1.080 0.463
anudaduras 0.1 mSv 1.158 1.018 13.752 0.967 19.752
MU sed 0.3 mSv 1.023 1.018 0.491 1.004 1.892
0.5 mSv 1.034 0.996 3.815 1.017 1.672
1.0 mSv 1.000 1.000 0.000 1.000 0.000
10.0 mSv 0.968 1.006 3.777 1.025 5.561
NMINDUFUDIAD 24 keV 1.090 - 1.003 8.674
nasnulneau 47 keV 1.040 - 1.069 2.713
83 keV 1.010 - 1.046 3.442
117 keV 0.987 - 1.029 4.082
662 keV 1.000 - 1.000 0.000
msmauaumeimgu Left 60° 0.999 0.940 6.277 0.953 4.827
Tumsuseiium Left 30° 0.988 0.970 1.856 1.007 1.887
Usunaused Center 0° 1.000 1.000 0.000 1.000 0.000
Right 30° 0.988 0.985 0.305 0.993 0.504
Right 60° 0.985 0.990 0.505 0.990 0.505

VGG * KANNTENUNAN INATBUZBIUTENINEA

a 4
AU

daymanmslanu InLight® holder Ndiany
unNuazuaninde denalveaulaiisanadants
Tusnspesiasdjiamssedyana ariinaduas
wdasilounnd nsuinenmaasmsunng Aiigls
U3Mstszanae 30,000 98 Az laWRINATY
ilFdmSuussawiuiasidlowauaa ¥iie InLight®
Toglsiah DMSc holder #iianuudausannnh

ARULUULANULATENISane e luaiuuesnsia

ATUNNUIENLHENDT 70% wazaau DMSc holder
finanuuuisdansussyuduiossd dasani
punsaffiasdunhaduuuudailimansoansses
nanlumsufanu udeduiieanuuuluidashms
nagauanuldldnamhluldnu fmeansgiveld
miliumanadaulaasdaanasgu JIS Z 4339:2004
(R2016) lu 4 %1% figaaaasarumsliusmspes
el uanissedyeaa Alwuimagufdaanu
nussdaaudlunan
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masnaaau DMSe holder fiussquniuinged
Tateauea #iin InLight® WU HamMsnagaunaviug
EUNTNASTIY ipthramsnadausine DMSc
holder fiussqueuindedlotadupasiio InLight®
WSsutnaunu InLight® badge uaz Quixel®
badge wuhdoyaildianudanadasiu Tagms
nasauenudududuresmUsnuddi 0.1 mSy
fidosazanuuandigeiigaiaiFauiisudy
InLight® badge waz Quixel® badge A8 13.752
UaT 19.752 MUSIOU 1A8AISBEILANINUANGI
fiannnianagauiicnUsinassdamrianagaui
wasnusade dssnnamusinassididenanin
Tiasilumssuamusnassdudazade

PANIMITNAFBUAINILEA L LH LI DMSe
holder AWanndumnluaidaninsoinlulalumslw
Usnmsungufudnuausedla lusuwasimsneaay
Tushaau q faldgansavhmsnagaule laud ms
NAFBUNUSNFUMUIDUNUANMTNAFDUNMTADUTUDY
danulumsszfumunasediyumuuung
(vertical direction) asandasialudases
\n3asiiouasgunsafildlummasou Tasmsnageu
Tushaaiigalalamhmsnasaudaliluamnaaazdie
MWinaanuanysallumsasagauanuldlaves
DMSc holder

asu
9

masnaday DMSc holder fiussausuined
Totoduaa 2iia InLight® duamunasionuanasgiu
JIS 7Z 4339:2004 (R2016) Iy 4 ¥7a laun
anuamaAaauraemUsnesed anadudady
yaumUSunassdnisaauduasaanwasulnaou
wazManadaumInauauasdaynlumslsziiven
USINusad wazdonraenuaay InLight® badge
dmsunmsnadeuanududaduresmUsunm
FduazmanagaumsnauausaaynlunmsUssiiiy
MBnasd dueduussuiiadidlaauaai
Tawannzulmitmansah W liEmsudgufoaou
Mussdasiasljiamssiduanald

M5815NTHANENFFATANTUWNE
7 U9 65 atfud 4 ganaw - Sunau 2566

deenssndsenma

v v ld' v a va |
Pazaugin el judmssadinasgu
nhgnd nsxInenenaasmsuwng Tuennayensi
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U ara JYV v a va v o 0O W w o
unAand5d Waslfuinmssdyana drtinSeduas
sasiaunng nsnIngeansmsunng Ny

nnganliamuinmlumsnauide wazvsvauqm

2 ]
=

unaIuanns wgd nnjanlieinulunsg
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Performance Verification of
the OSL DMSc Holder

Tewit Tungkasereeruk, Sataporn Klomkaew, Prachern Chethasingha,
Sirina Kurdsithong, and Udomsap Chanthason
Bureau of Radiation and Medical Devices, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT The InLight® holder, previously used to contain an optically stimulated luminescence
(OSL) dosimeter, due to its fragility and insufficient durability. To address these shortcomings,
we developed the Department of Medical Sciences (DMSc) holder, a more robust and user-friendly
cartridge holder. This study aimed to verify the performance of DMSc holder in compliance with the
Japanese Industrial Standards Committee (JIS) 4339:2004 (R2016). As a result, it was indicated
a 1.085 deviation in radiation quantity measurements. The dose linearity of radiation quantities at
0.1, 0.3, 0.5, 1.0 and 10.0 mSv yielded values of 1.158+0.074, 1.023+0.053, 1.034+0.050, 1.000+0.043
and 0.968+0.037, respectively. The photon energy responses at X-ray 24, 47, 83, and 117 keV,
the values were measured at 1.090+0.048, 1.040+0.108, 1.010+0.091, and 0.987+0.062, while at 662 keV, it
was 1.000+0.054. Regarding angular dependence in horizontal radiation quantity assessment at angles of
60° left, 30° left, 0° center, 30° right, and 60° right, the values were measured at 0.999+0.066, 0.988+0.046,
1.000+0.050, 0.988+0.053, and 0.985+0.042, respectively. In comparison with the InLight® holder, the
DMSc holder displayed acceptable differences in dose linearity and angular response tests for horizontal
radiation quantity assessment. All test results affirm that the newly developed DMSc holder is well-suited

for use in personal radiation exposure risk assessment.

Keywords: DMSc holder, OSL dosimeter, Performance verification
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a-Glucosidase Inhibitory Activity of Coumarin-3-Carboxylates

Piraporn Boonumpol and Wanchai Pluempanupat

unin

Tsawnvnu (diabetes) (Hulsaiinan
mmﬁmﬂnﬁwmmwé’maﬂuuﬁuyﬁu (insulin)
demaliiianmehmalunszusdaagauasgniy
aanmatlaams Famshmalunssusidangs fa
dgnmzmiannanaiaUnivesamaldaansath
ihnanglashduadang 9 Tusameld dagiiu
ﬁhmmjﬂmEﬂmemﬁl,l,uﬂﬁ'uLﬁugﬁvuaziw
70157 v‘iflﬁl,ﬁmﬁmu‘mGimqmsmmimqwﬁ"ﬂanu,as
ihlugnaialsaunsndauauininning mslden
i a2anslud (acarbose) wag 1andlud (voglibose)
dhuasadenlddumnndmiumsinmgihediiu
Tsatwu Tegemaniiglefudensmauas
mul*ﬁﬁuaaﬂmg‘[ﬂ%ma (a-glucosidase) uag
woanozluiad (a-amylase) aaflutoulss
ffunuindraglunsissuinsenlalaslada
(hydrolysis) wami’hlﬂL?Jmfwmaﬂg‘[ﬂa“) mlw
magaduhmanglasnnaldidndignssumian
a0y Seaansaannnzmsiithmaludaagald®
aghalsiomu MsAnuasannesnnlsawInu
yiialnigeasianusniuadids tiasarnns
Aunuaiialviiifivssansanganhenildly
Hagtiuardreligiheifulsanvuiiaann
Ny

aINANAN3U (coumarins) WuarsUsznay
a:l53n@in (aromatic) nalasadrauwuululyaan
(bicyclic) 2a9atuudunazumuuaanlnlsy
(a-pyrone) ‘wums'ﬁmqmdmﬁﬂq’uﬁaanqwg
MRFIMUINEN WY guseuuuaiise® gnidu
ayyadaay® gnicunni® uazgnitudaaulyl
pzLrfhalaauladnalsd (acetylcholinesterase)®
wannniiimsthasnau coumarins W ldmedued
NNMINHAT qmmwﬂiimﬂ%mémw wazthman®
Tasa3ndu coumarins waiwunnisvmeyiin®
wisnnmsduanzdiulaelduinsemani@
Falaseaauasnyunuiiuasssngu coumarins
fiflenuuanaeiuaziinadalszansmulumssan
YaegnaTmu‘® fmAtenfsdastumsduanz
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M3ndx coumarins tiarh lunagaugnimenmu
POUNIN 1HY §IINGNANITU-1,2,4- lastalaa
(coumarin-1,2,4-triazole) #ienuanise
Tumastiudanmansyidulazasydunid sauis
ﬁuﬁgmﬁtﬁmﬁmmwmL‘naémﬁwhqﬂ 16 i
N159Uen weSaduy waswnzSai NIy
luduasnguganiu-s-m3suandian (coumarin-
3-carboxylate) waz@an3u-3-msuanzlud
(coumarin-3-carboxamide) 155189714
sansaduiaeulsd PTP 1B fivawihiidedann
kU FuBuYAuldC? uannilasngu coumarin-
3-carboxamide fafignilumamunuuasduds
mswsaivlarendanla® Hilaseadeasans
F1A919¥ngu coumarins Gauaaslumnii 1
Tudruuesansngs coumarins damsdnm
gisugamsvhauasaulasl a-glucosidase WU
fimsnenuagndaiiies Wy aywususslniula
QNﬁu (pyrindocumarin derivative), 3—@341%14
mslulanslad (3-coumarin carbohydrazide)
waz 3-gu3ueslulaasileu (3-coumarin
carbohydrazone)™ (mui 1) Fawamsinuil
Fliiiudauszansainlunisdudeoulasd
a-glucosidase wasananguil uadslainusaau
ﬂ‘l’iﬁ’lﬁ’liﬂ&ju coumarin-3-carboxylate ‘?;\‘IL‘TJ’LJ
ﬂduawsﬁﬁqwﬁwwqﬁaﬂwwﬁwmn‘wma“” Anwgna
msfudamsaueules a-glucosidase g8
TAS§3NMILATYBIENINGN coumarin-3-carboxy-
late Mlalafianududou Seansadeiasis
Txhetisuder anUiiseedmaiiliadu
(esterification) lagldnsngun3u-3-msuandan
(coumarin-3-carboxylic acid) wazasusznau
waanadad (alcohol) luaseady MmATeiiaula
fiazdaanziayWusuas coumarin-3-carboxylic
acid Lﬁaﬁﬂﬂmaaquﬁuﬂﬁé’fnﬂy’qmiﬁnmwm
toulzal a-glucosidase Taguamsdnuiildaziu
asdanwslual snnsawanndeseamsnguiiluidi
endhusumssnmlsanvnule luainea



g
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OH (¢} R
LD J@ff
(O 0] R o]
R=H R=
R =NO, R=

4-hydroxycoumarin derivative®

R=CH,
R=4-CIC;H,CH,
a1

coumarin-1,2,4-triazole

pyrindocumarin®

7-aminocoumarin

0~ >0

R =PhCH,
R = Furan-2-carbaldehyde

coumarin-3-carboxylate

O (0] O (0]

=H R =PhCH,
- R = 4-CH;Ph

3-coumarin carbohydrazide

R=CH,
R=OCH,
R = OCH,CH5

@ coumarin—chalcone hybrid®

o}
X N’R
H
O~ ™0

R =PhCH,
R = Piperazinyl

(12) (13)

coumarin-3-carboxamide

R = PhCH,
R = 4-CH,Ph

(14) (14)

3-coumarin carbohydrazone

MU 1 MegnlaNgmuaizesdsnguauniy (coumarins)

m%im:ﬁauazqﬂnsiﬁ
gudulaseasmeaiizesansngs coumarin
_3-carboxylate nauaszile laaldinaiia 'H
waz °C fdedesunniudntslosuuud (nuclear
magnetic resonance; NMR) %qazmami
drathalumaalsnasudminetsea (chloroform-d,
cDCL) lawdatawenladdineise (dimethy
lsulfoxide-d,; DMSO-dé) #3an:dlau
AINBLse (acetone-d,) T(ﬂﬂﬁtﬂﬂﬂ%ﬁlé’gﬂﬁ'ﬁﬂ
UULA3D9 Bruker 400 MHz AVANCE III HD
spectrometer (Karlsruhe, Germany) finnud
400 MHz é%5u 'H NMR waz 100 MHz d45u
“C NMR Tosdaanuitldasuansluguammaiau
maadl (chemical shifts; 8) fislwihedu ppm
N1N153LATILYNIAEITENAAIINALLBEAGY

(high-resolution mass spectrometry; HRMS)
waqmsﬂa:u coumarin-3-carboxylate ‘ﬁﬁ’ﬁmi'\sﬁ
lev ﬁaamém Bruker microtof-Q III (Karlsruhe,
Germany) lagldluua ESI positive ﬂ"lﬁlﬁ'
azuaadlugiinadalszy (m/z) MMTIamM vy
SEINULENB9EsAELe3elna13iiead (polari-
meter) 'éu ATAGO™ POLAX-2L (Tokyo,
Japan) TAA190V0aNWa22848150281AT09
’E'Mowaaumm (melting point apparatus
SMP10) 54 Stuart Scientific (Staffordshire,
United Kingdom) uagzssiviammazaiadunidane
Lﬂ%f'mssmﬂqngmmmmquu (rotary evaporator)
(Heidolph, Schwabach, Germany) NntuSae
ﬂﬁi@ﬂﬂauttﬂ\iﬁﬂ'}ﬂ\lﬂﬂﬁﬂgu 475 ‘Ll']I‘L!LNGﬁ 1(?3!’Q'1ﬂ
menzimseissshululasinan (microplate
reader) (Spark™ 10M, Tecan, Switzerland)
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m'imﬁuaz’i'aq

MmMaraedunsd leun hexane uay ethyl
acetate (Zenith Science, Thailand) ﬁL‘TJuLﬂ‘Sﬂ
119M15A1 (commercial grade) gﬂﬁwlﬁu%qﬂ§
freiimanauiiyaidaauasdihazmedunidia
ianldnunnads wiadlastulaliiissvudau
Tuguaaumsusnasuanfaailiuians daud
mararsdun3dnilunsadesneyd (analytical
reagent grade) 1laun dichloromethane uas
dimethyl sulfoxide (Merck, Germany)

MR WsUMIeNLazMnagaugns
1léwn coumarin-3-carboxylic acid (Acros,
Belgium), methanol (Kemaus, Australia),
ethanol (Kemaus, Australia), butanol
(Kemaus, Australia), (+)-s-butanol (Kemaus,
Australia), cyclohexanol (Acros, Belgium),
(-)-menthol (Fluka, Germany), benzyl
alcohol (TCI, Japan), 2-phenylethanol
(TCI, Japan), concentrated sulfuric acid (Merck,
Germany), triphenylphosphine (TCI, Japan),
tribromomethyl phenyl sulfone (TCI, Japan),
triethylamine (Sigma-Aldrich, USA), anhydrous
sodium sulfate (Qrec, Newzealand) sodium
hydrogen carbonate (Kemaus, Australia),
wulysl a-glucosidase (Sigma-Aldrich, USA),
4-nitrophenyl a-D-glucopyranoside (TCI,
Japan), sodium carbonate (Kemaus, Australia)
oz acarbose (TCI, Japan)

A15ILAIILHEITAI8nATla thin layer
chromatography (TLC) Iﬁ'LLUULL&iuazQﬁLﬁﬂuﬁ
iaauMedaniaa (silica gel) 60 F,,, (Merck,
Germany) WgNEIAILNALA preparative thin
layer chromatography (PTLC) lduuutsivunszan la
YUIA VU 20 x 20 LWUALNAT HLAFBUMIE

silica gel 60 F,,,

M5815NTHANENFFATANTUWNE
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38msdaanziangs coumarin-3-carboxy-
late

554 1: a3 coumarin-3-carboxylic acid
U1 95.10 Hadnsy (0.5 Hadlua) ldaalune
AUNaN 2110 25 Nadans mmstidausanadas
3 498973 Way concentrated sulfuric acid %ﬁﬁW
whidudiseinsen s vea laasluiimatunas
OINEIFEY YINInIuTasKaNTiguu I HEnT
(reflux) flunm 1 F2las Lﬁma‘%a?;umsﬁwﬂﬁﬁ%m
WraNNdNNIdNna28 dichloromethane uag
dsazandudvaclndanlalasiauasusiun
(saturated sodium hydrogen carbonate) ans&d1u
1:1 1h#u dichloromethane MaRagaEn Sas1aY
1:1 Wnueulansalufeudame (anhydrous sodium
sulfate) mlﬂsluifzu dichloromethane Lﬁaﬁﬁ'm%
fludlousan nseuiaianludondaa (sodium
sulfate) #Fud190n Wazseive dichloromethane
aaﬂmfmmwaué‘hﬂLﬂ%'msmslqnumpmmmwagu
mnﬁummaaummu‘%qw%mmsmémﬁ'w%é’m
TLC uazusnansudadusilviuigns Toglfinaia
PTLC #fitandaud (mobile phase) tJua?
H5arangdUNIINENTLINN hexane 7d ethyl acetate
(3:1) lg coumarin-3-carboxylate ‘ﬁlﬁlaﬂﬂ’li

557 2: “8"\1 coumarin-3-carboxylic acid
USuie 95.10 §aansy (0.5 Nadlua) was
triphenylphosphine (PPh,) U3 196.7 iaan3u
(0.75 Fadlua) ldasluzianunay 2110 5 Tadans
Uwadimazare dichloromethane Usuna 0.5
109805 avluzeenay iy tribromomethyl
phenyl sulfone (Br,CSO,Ph) U310 196.4 Naansu
(0.5 HadlNa) ﬁwmsmuﬂﬁﬁ%mﬁqmwgﬁ 30 94FN
wades luna 30 Wit meldussameaidague
argon (Ar) nniuTlauaanasad (0.5 Hadlua)
waz triethylamine (Et,N) Usanas 140 lulasans
(1.0 §95lua) a9luRIHFNMINSIOU INI15NIU
UfAseniinomgdi 30 ssmnmaide fiuna 5 #lu
ilaadumahuiiseninewanildnaiaas

dichloromethane @8U) dM51dIU 1:1 UIAU
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Wnsel yadwa waz Jude Uaumauing

dichloromethane maﬁlﬂ(ﬁ]m}lﬁmaaéuﬁi (brine)
Sl uuaulandaladaasama (anhydrous
sodium sulfate) mﬂluiizu dichloromethane Lﬁa
mamhiluidiauaan nsauilaten sodium sulfate
#lFudroan vhmsszme dichloromethane aanan
YDINETN GT’JEILﬂéﬂ\iiztﬂﬂqmumu’lﬂ’lﬂLLUU%ﬁgu
asvdauANNUIgSuanTHAASuridhs TLC way
wenanswansasilviuians lagldinadia PTLC iifila
inaauiiludansazansBunIduanszuiie hexane
78 ethyl acetate (3:1) 1@ coumarin-3-carboxy-
late figasns

ax < o & 4 .
aﬁm's'nﬂaauqmamsaummﬂ%u a-glucosidase
Tuvaaanaaag (in vitro)
< o & P . (16)
nadaugnoMsueaau Lyl a-glucosidase
wmaﬁmju coumarin-3-carboxylate NFweIEA
lave 8 a5 waviUSaulfisuny coumarin-
. . P2 < ¢ o = Y
3-carboxylic acid #FUUUFITAIOUNANINLYY
dugamneuinnu 100 lulasluars Taeld acar-
bose L?Jumimmgm (positive control) 73
o & »
nadaundil Ylaa1sninsgiu acarbose %3d
§1356n08 N coumarin-3-carboxylate 138 couma-
rin-3-carboxylic acid NANNBNIUSNAUINNU
1,500 lalasluans Tuansazane 15% dimethylsul-
foxide (DMSO) Y3195 10 lulasans nuansazans
WadnauniWes (phosphate buffer solution)
0.1 Tuas 9 pH 6.8 Us1as 50 lulasans aslu
96-well plate MnUUANLBULEY a-glucosidase
(0.2 glin/Naddns) Usanas 20 lulasdas wenld
YDINFN N YLD UNNUNYN 37 BedYaLFed
Wuna 5 i msdy 1 Tuas 4-lulnsiila
a-D-nglalwslulsd (4-nitrophenyl a-D-
glucopyranoside; PNPG) U51as 20 lulasans
' Y v g &L o o VoA a
wehldeasnandiuiia@eniuuazuniguvgi
37 ssenaded lunm 15 17 NnuumgaUjizen
v a s = s .
meamsidn 0.4 luas lafsnasuaiue (sodium
carbonate; Na,CO,) Usaas 50 ulasans Jaen
N139ANAULEINAMINENIAEY 400 UITULNGS
maldinsaverululasinen nadaudInNInum

5 A39/8150089 A mstudaeulea
o-glucosidase Gﬁﬂ@(ﬂ’i

%1 =[((Blank - Blank control) - (Test - Test
control)) / (Blank - Blank control)] x 100%

I #o gnasudaauls a-glucosidase

Blank #a nmsnadaufild 15% DMSO
Tusmsazaranaamatnimwasunuasaioens

Blank control #s msnagauiildasazans
WaatatuwWinasunuioulysl a-glucosidase way
1% 159 DMSO luansazarenaanainiwasunu
190198

Test A MsnagaumNUnG

Test control #a msnagauiilassazais
WadauWinasunueulas a-glucosidase

1§19 coumarin-3-carboxylate Aflams
ﬁ'uﬁgal,aulﬁﬁ a-glucosidase ¥INN 65% (ﬁﬂam
Wndugahaunnu 100 lalasluas) neaaumen
1C,, sasmsiudaoulen! a-glucosidase Tagvhms
A 9 AnwNENTUdEESEIa819 (F29BB3
anudutugaeilddnmadil 0.625 G4 160
lulaslams) wazldlusunsy GraphPad Prism 6
Tumsmuit?

We

ﬂ'l‘sﬁ'\‘ll,m’lzﬁmiﬂﬁju coumarin-3-carboxylate

NnUHAseaanaslndu (esterification)
284 coumarin-3-carboxylic acid Wazioanadad
fi 2 35 Juaguniinzasuaanagadild mndu
waanagadnisrumsuaululassaralaiiv 6
azaan @onliiamsduazii 1 sauaaslunnd 2
iilasmnnuaanasadiainselifiudivhazaedunad
Tudgnzenle fqyaidealigaunn uaziiasanlahe
Iuﬂzuﬁlauﬂ’l’iimﬂﬂﬁ”mLﬂ%aﬁ’izl,%ilqmumﬂﬂ’lﬂ
wuunyu wamwumsvaululassaiuiy 6
azaay BanldHsmsduenzii 2 dauaadumni s
laeuanI5§9LA1¥Y coumarin-3-carboxylate
WavNe 8 @3 fienuuanszaslasiaeludin
waanadad wu mivaumeldase 13he ez 2n
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Maaais WUNHaNAUDIHENNnTTag T1E 17-65%
sauaaalumsnd 1

HaNI3§9LA1sa19NaN coumarin-3-
carboxylate #8357 1 wuhmsdauanzilalaanda
ANFU-3-M3UBNTLEG (5) Iﬁwawamgaﬁqmﬂhﬁu
65% SIUNITFIULATILHLNTS ANIFU-3-AI5UBN
Baa (1), Ua Au3u-3-A15uendian (3)
waz (+)-taa-07%a Qansu-s-asuandian (4)

L4

Iauananlugie s8-46% lurmsiinsdaasny
wiia gandu-3-miuentian (2) lduandnmiige
UNAY 17% IUNAMITUATILHENINGN coumarin-
s-carboxylate @28330 2 wuhldwandnuaeas
(-)-tuuiia guI3U-3-M5UBNTEEa (6), LWUTD
ANISU-3-A5uBNTLan (7) uay 2-tWiiataiia
ANFU-3-MIUBNTEG (8) LINNU 54% 43% Udz
299% MNERU Faudaslum T 1

o ROH (3 mL) o)

conc.H,SOy4 (3 drops)

oL
O” "0

Coumarin-3-carboxylic acid
(0.5 mmol)

1 h, reflux

o "0

Coumarin-3-carboxylate

MW 2 MIFUATIEVAINGN coumarin-3-carboxylate 51 1

o] PPh; (0.75 mmol)

MOH BrzCSO,Ph (0.5 mmol)
o~ "0

Coumarin-3-carboxylic acid
(0.5 mmol)

30 min, rt

0 ROH (0.5 mmol)
MBr Et3N (1 mmol) MOR
o 5h,rt 0 Yo

O

Coumarin-3-carboxylate

MU 3 MIFUATLWENINGH coumarin-3-carboxylate 359 2

M99 1 msﬁ’mmwﬁmanzﬁu coumarin-3-carboxylate

waanadas ANIU-3-A3UanGian 3305 ueude
lFlufasen Haans Taseasumaadl daenzd (%)
(@)
CH,0OH wila aaN3U-3-M3uBndan (1) @\/ka/ 1 46
(O]
(o]
~"OH ahia guI3U-3-M5uBNTLan (2) MO/\ 1 17
O O
o
SN NOH {niia gan3u-3-m35uansian (3) ©\/§<%N\ 1 43
(©] [©]

/W/OH

J =
Auandee (4)

(£)-ta5-1U7a AINIU-3-
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MINN 1 MIFUATILHAINGN coumarin-3-carboxylate (619)

a 4 a
waanadasd ANIIU-3-AUBNTLAR WMT WAHEH
§ aaa i o ~ o wal
ldluljnzen Bad5 TAS9a519MaLA3 aAE (%)
OH lolaatanda gan3u-3-m3uendian 1 O
o o
5
(5) o
a a o = 2 54
d (=)~ LUNY ANIIU-3-AIUBNHLAA o)
; OH (6) @f‘\o
PN 00
o 2 43
OH a a s a
EjA LUUTD ANNTU-3-A3UBNTELEA (7) @fﬁoA@
O o]
a a a a (o]
©/\/OH 2-1WiiaLana @msu—s—ms’uaﬂmam M A/<j 2 29
A O
(8) oo

NnMAeNLALaziugulassasamanize
13NN coumarin-3-carboxylate figaLATIZHle
W 8 &3 Semaila 'H uas °C nuclear magnetic
resonance (NMR) @10190532708288155110
ANNALBEATY AIANAINLNAT UazAIBaUiABd

=

Tstngu (optical rotation) lagwansItasIzh
lafianuaannasinulaseaseesarsuasdoya
NLBNEI58198 Bedltieq (£)-taa-u19a
ANIFU-3-A15UBNTLan (4) waz 2-tWiliatadia
ANITU-3-M15UBNTLAN (8) whity #ilaiananse
Wisudisuiudayannianassedeld iesniiy
sslmifilameiimsnenumnioy

s QuI3U-3-A15uandan (methyl
coumarin-3-carboxylate) (1): 2pauaE7;
m.p. 115-116°C; 'H NMR (400 MHz, CDCI,)
08.54 (s, 1H, Ar-CH=C-C=0), 7.60-7.55 (m, 2H,
Ar-H), 7.29-7.23 (m, 2H, Ar-H), 3.86 (s, 3H,
OCH,). "C NMR (100 MHz, CDCl,) & 163.5
(C=0),156.6 (C=0), 155.1 (Ar-C), 149.1 (Ar-C),
134.5 (Ar-C), 129.6 (Ar-C), 124.9 (Ar-C), 117.8
(Ar-C), 117.8 (Ar-C), 116.6 (Ar-C), 52.8
(OCH,). HRMS (ESI) m/z: caled for C,,H,NaO,
[M+Na]": 227.0320, found 227.0321."®

tefia auISu-3-A15uenFian (ethyl
coumarin-3-carboxylate) (2): 289u9§213; m.p.
138-140°C; '"H NMR (400 MHz, CDCl,) § 8.52
(s, 1H, Ar-CH=C-C=0), 7.57-7.52 (m, 2H,
Ar-H), 7.26-7.19 (m, 2H, Ar-H), 4.29 (q, j=17.6
Hz, 2H, OCH,), 1.31 (t, J = 7.8 Hz, 3H, CH,).
CNMR (100 MHz, CDCl,) § 162.8 (C=0), 156.6
(C=0),155.0 (Ar-C), 148.5 (Ar-C), 134.3 (Ar-C),
129.6 (Ar-C), 124.9 (Ar-C), 118.0 (Ar-C), 117.8
(Ar-C), 116.5 (Ar-C), 61.8 (OCH,), 14.2 (CH,).
HRMS (ESI) m/z: caled for C,,H,[NaO,[M+Na]":
241.0477, found 241.0487.®

U7fia an13u-3-msuandian (butyl
coumarin-3-carboxylate) (3): 284Uz LN ; m.p.
65-66°C; '"H NMR (400 MHz, CDCl,) & 8.49
(s, 1H, Ar-CH=C-C=0), 7.66-7.52 (m, 2H,
Ar-H), 7.35-7.31 (m, 2H, Ar-H), 4.34
(t,/ =6.7Hz, 2H, OCH,), 1.75 (qui, / = 6.6 Hz,
2H, OCH,CH,), 1.53-1.39 (m, 2H, CH,CH,), 0.96
(t, J = 7.4 Hz, 3H, CH,). °C NMR (100 MHz,
CDCl,)d8163.1 (C=0),156.6 (C=0),155.1 (Ar-C),
148.4 (Ar-C), 134.3 (Ar-C), 129.5 (Ar-C), 124.8
(Ar-C),118.4(Ar-C),117.9 (Ar-C),116.7 (Ar-C),
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65.8 (OCH,), 30.6 (CH,), 19.1 (CH,), 13.7 (CH,).
HRMS (ESI) m/z: caled for C,,H,,NaO, [M+Na]
: 269.0790, found 269.0822."?

(+)-tag-1r%a AuIFU-3-A15UBNFLan
((£)-S-butyl coumarin-3-carboxylate) (4):
PR INFENABIBBY; m.p. 73-74°C; 'H NMR
(400 MHz, CDCl,) &8 8.43 (s, 1H, Ar-CH-=
C-C=0), 7.64-17.59 (m, 2H, Ar-H), 7.35-7.30
(m, 2H, Ar-H), 5.10 (m, 1H, OCH), 1.81-1.61
(m, 2H, CH,), 1.34 (d, /= 6.24 Hz, 3H, CHCH,),
0.98 (t,/= 7.52 Hz, 3H, CH,CH,). “C NMR
(100 MHz, CDCl,) § 162.6 (C=0), 156.7 (C=0),
155.1 (Ar-C), 147.9 (Ar-C), 134.2 (Ar-C), 129.4
(Ar-C), 124.8 (Ar-C), 118.8 (Ar-C), 117.9
(Ar-C), 116.8 (Ar-C), 74.2 (OCH), 28.8 (CH,),
19.4 (CH,), 9.8 (CH,). HRMS (ESI) m/z:
caled for C, ,H,,NaO, [M+Na]" : 269.0790, found
269.0808.

Tnlaatanda gun3u-3-m3suandian (cyclohexyl
coumarin-3-carboxylate) (5): YRIUIIFU; m.p.
106-107°C; '"H NMR (400 MHz, CDC]l,) § 8.45
(s, 1H, Ar-CH=C-C=0), 7.64-7.60 (m, 2H,
Ar-H), 7.34-7.30 (m, 2H, Ar-H), 5.02
(m, 1H, OCH), 1.95 (m, 2H, CH,), 1.79
(m, 2H, CH,), 1.59 (m, 2H, CH,), 1.49-1.24
(m, 4H, CH, x 2). **C NMR (100 MHz, CDCl,)
0162.4 (C=0), 155.1 (C=0), 148.0 (Ar-C), 134.2
(Ar-C), 129.4 (Ar-C), 124.8 (Ar-C), 118.8
(Ar-C),117.9(Ar-C),116.7(Ar-C),111.2 (Ar-C),
74.3 (OCH), 31.4 (CH, x2), 25.4 (CH, x2),
23.6 (CH,). HRMS (ESI) m/z: caled
for C,,H,,NaO, [M+Na]": 295.0946, found
295.0950."%

(-)-tuufia auI5u-3-A15uBngiaa
((-)-menthyl coumarin-3-carboxylate) (6):

23.7_

< = o o
YDIUWNFLYWIDY m.p. 139-140°C; [a] 5= -1.20
(¢ = 0.0002, MeOH) ([alp = -62°(c = 0.23,

CHC1,))“®”,'H NMR (400 MHz, CDCl,)

= Msasnsinmemaasmsunwad
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0 8.47 (s, 1H, Ar-CH=C-C=0), 7.67-17.61
(m, 2H, Ar-H), 7.37-7.28 (m, 2H, Ar-H),
4.96 (m, 1H, OCH), 2.15 (m, 1H, CH), 2.01
(m, 1H, CH), 1.74 (m, 2H, CH,), 1.57 (m, 2H,
CH,), 1.14 (m, 2H, CH,), 0.83 (m, 6H, CH, x 2),
0.81 (d, J = 7.0, 3H, CH,). °C NMR (100 MHz,
CDCl,)d162.6 (C=0),156.6 (C=0),155.8 (Ar-C),
148.0 (Ar-C), 134.1 (Ar-C), 129.4 (Ar-C),
124.7 (Ar-C), 118.9 (Ar-C), 118.0 (Ar-C),
116.8 (Ar-C), 76.1 (OCH), 47.0 (CH), 40.7 (CH,),
34.2 (CH,), 31.5 (CH), 26.2 (CH), 23.3 (CH,),
22.0 (CH,), 20.9 (CH,), 16.2 (CH,). HRMS
(ESI) m/z: caled for C,,H,,NaO, [M+Na]":
351.1572, found 351.1589.%”

WuZa axI3U-3-a15uandian (benzyl
coumarin-3-carboxylate) (7): 284U LN ; m.p.
79-81°C; '"H NMR (400 MHz, CDCI,) & 8.56
(s, 1H, Ar-CH=C-C=0), 7.67-7.58 (m, 2H,
Ar-H),7.50-7.47(m,2H,Ar-H), 7.42-7.31 (m, 5H,
Ar-H), 5.40 (s, 2H, OCH,), "°C NMR (100 MHz,
CDCl,)d8162.7 (C=0),156.5(C=0),155.3 (Ar-C),
148.9 (Ar-C), 135.4 (Ar-C), 134.5 (Ar-C), 129.6
(Ar-C), 128.7 (Ar-C x 2), 128.5 (Ar-C), 128.4
(Ar-C x 2), 124.9 (Ar-C), 118.0 (Ar-C), 117.8
(Ar-C), 116.9 (Ar-C), 67.5 (OCH,). HRMS
(ESI) m/z: caled for C,,H,,NaO, [M+Na]":
303.0633, found 303.0645."®

2-tWfiata®ia QuI3u-3-A15uBnFLan
(phenylethyl coumarin-3-carboxylate)(8):
299u9F W09 m.p. 155-156 °C; 'H NMR
(400 MHz, CDC],) 8 8.46 (s, 1H, Ar—-CH=C-C=0),
7.69-7.59 (m, 2H, Ar-H), 7.39-7.25 (m, 7H,
Ar-H), 4.58 (t, J = 7.1 Hz, 2H, OCH,), 3.12
(t,/ =7.1Hz,2H, OCH,CH,). °C NMR (100 MHz,
CDCl,)8163.0(C=0),156.7(C=0),155.2 (Ar-C),
148.8 (Ar-C), 137.5 (Ar-C), 134.4 (Ar-C), 129.5
(Ar-C), 129.1 (Ar-C x 2), 128.6 (Ar-C x 2),
126.7 (Ar-C), 124.9 (Ar-C), 118.1 (Ar-C),
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117.9 (Ar-C), 116.8 (Ar-C), 65.4 (OCH,), 35.0
(CH,). HRMS (ESI) m/z: caled for C,,H,,NaO,

[M+Na] : 317.0790, found 317.0805.

Lo & 4 .
mswmaquﬁﬂummﬂﬁu a-glucosidase Tu
waammaawaqmsmju coumarin-3-carboxy-
late

(i911819n0a§¥ coumarin-3-carboxylate

fiduaszilens s a5 negaugnisudaeulys
a-glucosidase Liasduiinnuidutugamnanidu
100 lalasluand wuhilans s 5 @3 fims
sangnatiudaoulysl a-glucosidase Tapfenms
ﬁuﬁgqag'cluﬁw 40.6-84.4% ATienganT coumarin-
3-carboxylic acid ﬁt,ﬂuaﬁé?qé’u Fauaaslumsad 2
Taeids coumarin-3-carboxylate fiflszans
Tumstiudaoulasl a-glucosidase qqﬁ'qm A (-)-
(ufia aNsu-3-M35uantan (6) Taaiemstiuda
toulegal a-glucosidase AU 84.4+4.3% DON

Ao 2-lflatatia guN3u-3-a5uangian (8) Azl

v
v @

msudiatoulel a-glucosidase LAY 68.1+4.4%
Tuduweaas wiia AIN3U-3-MIUBNEEA (1), LULTD
ANFU-3-MFUBNTEN (7) waz Bfia AITU-3-
miuandian (2) Semsdudaeuls a-glucosidase
WNNU 55.446.9%, 53.6+£9.2% WY 40.6+6.6%
anuaeu Tuwaiei Taia AINFU-3-MTUBNTEN (3),
(2)-185-1a 9aTU-3-MIUBNTLEN (4) Waz
lolatanga gan3u-3-asuandian (5) Taiugaegnd
mstugaaulal a-glucosidase AAMuENTUi
NNMFUANINFY coumarin-3-carboxylate
fiienmssudaeulas a-glucosidase RANNENTY
gavhewhau 100 lulaslums innnd 65.09% N
2§95 a1 I1C,, wud (-)-Luuia AaIu-3-
MIuBNZLan (6) waz 2-tWiiataia QuIFu-3-
M3Suandian (8) HA IC,, WNNU 7.16+1.87 WaL
11.70+2.66 lulasluad ewaeu Fudussia
Uszansmwlunissudaeules a-glucosidase
ANNEITNINTIU acarbose #fien 1C,, vhiu

350.50+40.37 INIASINEIS G9uaaluamen 2

= £ . ' .
MINN 2 wam's‘wﬂaauqmﬂummul%ﬁ a-glucosidase Iuwaaﬂmﬂaawaqmanu coumarin-

3-carboxylate

. - ¢ o o & IC,, + SD
d13NaNANIIU-3-AITUBNTLAR M3guee £ SD (%)" .
Y (lulastuans)
N30AINIU-3-MFUBNTEN 4.7£1.7 -
iia gan3u-3-msuandtan (1) 55.4+6.9 -
Laia QNNIU-3-MUBNTLEN (2) 40.6+6.6 -
s gan3u-3-msuaniian (3) 0 -
(£)-1aa-Tiia guN3U-3-M5uBNTLan (4) 0 -
Tolaanda gan3u-3-msuandian (5) 0 -
(-)-wuiia QINFu-3-M3uanBian (6) 84.4+4.3 7.16+1.87
WuZa QISU-3-Muanan (7) 53.649.2 -
2-Wilatana Qm%u—3—m‘§uan%mm (8) 68.1+4.4 11.70+2.66
pzA3lud (acarbose) 15.7+1.2 350.50+40.37

WINBg: ' ANNNTUGANeYeY coumarin-3-carboxylate (v 100 lulaslums
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= o
AU

NNHANITFNUATILHIITNGN coumarin-
3-carboxylate WUIHANANYBIHAN ST 716
agfluzrnhunansdaen Tasams3smadaansyii 1
msmufnsenedmasilintulaaldnsaiuase
Uinsentusmsaiaufisedeunaulde duua
TiuFasemnilliaansafaldasauysel Sedanuii
fsaedumdaTInmMeNidismaiia TLC 3
mﬂﬁaqmmﬁ'uwamamwamamﬁmﬂﬁ'tjjaﬁu 219
mmsanwiadezasmmesiimanzaalumsmu{nsen
dold wu waveslSinadvhasas Hawaeah
1FlumsrnU§asen wienavesziinuesasiigne
gounlutfasen udu uddaduasmsduansy
daedsi Aeladasldizmsusnansliuigniaae
wmaiiamslasininnsil Wy PTLC mszansilaily
HANA T ENINTAMANB DN LA lagIS M ananIeLUd
W38 IENEANAIBLATDITHNE YN ALULVINLY
S msdaanedd 2 hmsanmuaznenuiveld
dFuanziarsngulniiataanes (thymyl esters)®”
faasliwandanaswdaduriibiguduiu ey
wmnzgamgiiildlumsiiaufazenluginanie
narildlumsiiaufaseniesiuly Femsiia
pampiligedunaznafianniu a1avldide
HAe AN ulaC

nNanIsnadaugnssudataulasl
a-glucosidase wmmsnalu coumarin-3-car-
boxylate 113 8 §15 WUansTies 5 a3 (a5 1, 2
war 6-8) whily Rusasgndlunsiudaaulasd
a-glucosidase irnaudugarheii 100 lalasluans
LATUEAIgNEMSTUTIRFNT coumarin-3-car-
boxylic acid duiluasasdu uaasliifiuii
msUSuiasulaseadraludiu carboxyl group luiflu
ester group sudluwnmailsiidredindszdnsnm
msfudaoule a-glucosidase 1wazule Tagansd
aanqwéﬁﬁqm A8 (-)-Luiia ANSU- 3-MIUBNTLaN
(6) %qNamiﬁﬂmﬁylﬂuaqﬁmm:ﬂmimqﬁm
msﬁummiaanqw%‘ﬁ’uﬁgﬁLaul‘ﬁﬁ a-glucosidase

#lialnainiUscdn5ninganin acarbose

M5815NTHANENFFATANTUWNE
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fdluansinaspuds 40 uh definsanadasadi
maeiuasansii wuhduueanaged @a menthol
%ﬂLﬂumiﬂa;uTuTuma{ﬁuaaﬁ (monoterpenoids)
fiilaseadrananiiurclalaatangruas
(cyclohexanol) LLaxﬁmijuﬁumwﬁmu
aawnj A8 methyl group waz isopropyl
group %amsﬁﬁammﬁumwzﬁmLﬁﬁdﬂizﬁﬂ%mw
Tumsaangnasiui a-glucosidase Wagu ila
i ldwSsudisuduansleleatanda gun3u-3-
Msuanian (5) ﬁlﬁﬁaawaﬁumq LLaxﬂ'l’iE]E]ﬂi]‘Vlé
Fudeiiniueansgasniansaslaseadraiy
aduauldaseinialdis vananiinuirmnld
phenyl group whlUlulasesasevesdruueanases
asamunaarsresasldafuauasdioiia
ﬂisaw%ﬂﬂwiuﬂwsaanqmgﬁuﬁy'ﬂ a-glucosidase
Iﬁ'gﬁyu eRansannnmmsfudasswinms
2-ilaeiia QINFU-3-MIUaNTan (8) NuLatia
AN3U-3-MIUBNTLaN (2) AilAhAU 68.144.4%
WAZ 40.646.6% MNTIGU FeBIRHUBIUNUM
fighdayras phenyl group dwmsumsivasulaseasng
NG

diohans (-)-wuiia gINIY 3-MSUBNTLan-
(6) fifleh 1C,, iy 7.16+1.87 lulasluand was
2-iWiliatedia AINFU-3-A5UBNTEa (8) e
IC,, vinu 11.70+2.66 lulasluadsd lUwseu
Waudszansmwlumstiudaeuly a-glucosidase
fuasngu coumarins Masfimsnenudaumiil
WU EIsHIdeen e udTel ldwaun s uiiy
fiuszansmwlumsiudaeulassl a-glucosidase
g Wy asaRsu eanluieanes (coumarin
oxime esters) nien IC,, WU 15.91£0.25
lauTasTuars®) a9 3,7 -Taaui13fiadions
(3,7'-biscumarinil ether) Afien IC., tMAU
18.70£0.80 lulaslua15s™ wazaywusvaelniy
Tﬂ@uﬁu (pyrindocumarin derivatives) ‘ﬁlfl@h
1C,, 3nnd 100 lulasluand®® imharsaanan
ﬁgmawﬁmlﬂLﬂ%ﬂmﬁﬂuﬁ’umsnéuﬁ'uﬂ Al

< v & .
M358UgNIMsHUE U g a-glucosidase
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D

Aouning U a9 2,4-lapzSatunulayl4,5]
e la[1,2-allwS8du (2,4-diarylbenzo[4,5]
imidazole[1,2-a]pyrimidine) Fefien IC., tvNu
53.8+0.04 lulaslua1s® arsenslulanslyd-
\wudiiolga (carbohydrazide-benzimida-
zole) PN IC,, whiu 70.6+6.8 Tulaslua1se”
waza1sngu alkaloid 1,2-latunand
NWaSHLUALAALNNE (1,2-dimethoxy piperum-
bellactam C) Miien IC_ Wiy 98.0740.44
Tulaslua1s® wuiasngy coumarin-3-car-
boxylate FmAseimmsanmuazivanlasa
muaiitufigndlumsiuiaeule a-glucosidase

PR ARIN AN AL A

dasd
9

nnmsanmuaztuasulasiaemanil
284 coumarin-3-carboxylic acid Tudu cou-
marin-3-carboxylate Tanng 8 3 TagUfAsen
aamasiledy Tasweamaaiivasansigaassw
I@fianudaandastudayaildnnmsiensiide
waile 'H waz °C Hedssuuniudnislawuud
MMINTIVINNINNITUAANNALIBEATY WazUaYd
NNENETENeR Taed (£)-tad-ta AIN3U-3-
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uanLan (8) Fussniilieeiimsnenuniay

dashasmamualunagaugnimsiudans
el a-glucosidase wufluasawsni
(-)-tufia ausu-3-a15uenBian (6) uas
2-1tWflatafia guISuU-3-A1SuanTian (8)
fiuszansmwlumssudaaulss a-glucosidase
N NE5Na55IU acarbose @4 49 uaz 30 h
MNEGU TINEIESAU ] Bnvarariiefiasing
syenunAaunihil Taswanisnaassilaarnaduy
WeilduasdanuluilumsuSunldsulassase
MaLAHUBN coumarin-3-carboxylic acid vl
ﬁuwuawsaaﬂqm§§u§QLau1%ﬁ a-glucosidase
FialnidUsans M wiRnTuLaza N SaW AU
dasansseangnasaauari lUduesniu
M35 lsanynule lueunae

deeanssndsema
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Synthesis and a-Glucosidase Inhibitory

Activity of Coumarin-3-Carboxylates

Piraporn Boonumpol and Wanchai Pluempanupat
Department of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of Science,

Kasetsart University, Bangkok 10900, Thailand

ABSTRACT «-Glucosidase inhibitors represent an important role in the treatment of diabetes. Although
many synthetic inhibitors have been reported, novel and more efficient compounds are still necessary to
exhibit this activity. Coumarins are aromatic substances composed of fused benzene and a-pyrone rings
and display a wide variety of biological activities, especially a-glucosidase inhibitory activity. This research
aimed to study the structural modification of coumarin-3-carboxylic acid into coumarin-3-carboxylates
to enhance their a-glucosidase inhibitory activity. Eight coumarin-3-carboxylates were successfully
synthesized by esterification using coumarin-3-carboxylic acid and alcohols as starting materials.
The desired products were obtained in 17-65% yields. All synthesized compounds were examined for
their a-glucosidase inhibitory activity. The results found that (-)-menthyl coumarin-3-carboxylate was
the most potent inhibitor against a-glucosidase with an IC,, of 7.16+1.87 uM, followed by 2-phenylethyl
coumarin-3-carboxylate with an IC,, of 11.70+2.66 uM. Both compounds were first reported to exhibit
30-49 folds activity more efficiently than acarbose and could be further developed into a new potential

antidiabetic drug.

Keywords: o-Glucosidase inhibitory activity, Coumarin-3-carboxylates, Coumarin-3-carboxylic acid,

Esterification
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Tyrosinase Inhibitory Activity of Monoterpenoid Esters

Sasithorn Buppatano and Wanchai Pluempanupat

unin

wanilu (melanin) wiatladinusiaiog
masssumannulgludeizianeden dhans uay
Fiane FeiimhiiredestuSidnnusiuen Tog
warduegluwalulanzinalvguazainsogadu
wssuaaiiianuduluszaused UV ¢ waniiudl
Fadaanzinannlnlsdu (tyrosine) Fuslunsaasiily
fduluseme Tesulellnlsgue (tyrosinase)
s fnsenlansandiaziu (hydroxylation) wWae
Tnlsduifluuea-Tath (L-Dopa) aniulath
szgnasndladilulathailuy (dopaquinone) dae
Ufnseneandiazu (oxidation) LiamsduiasIzw
ganmeduwaniuwazdenuludusadinndlulye
(keratinocytes) ﬁaumﬁaugjﬁa%y’uumamﬁfqﬁm%ﬁ
i fdnsvdy dufumniauledlnlsdus
nusnaullazdana itnamsaadiadwaiiv
anaiy i ldivuesemay wishaenuiaUnd
2093f 180 demailgaaunssuiaiasdiary
Tuthyiudadimaihasidauauidlunsduds
mymnuraseuledlnlsdusnlfiiedaiivems
nszanlalviunin wu nsaladn (kojic acid) waze1s
y@u (arbutin)®

Tnlsguaduaulmifidadalunssuiums
Fuansdifedwmarin®® guiulusiuidowa
Uszanae 60-70 nlamadu Melulesesasdsznau
manalilas (copper) ﬁ'l‘i/l‘l:l”l“?;l,i'ﬂﬂﬁﬁ%ﬂ'lﬂ'ﬁtau
mﬂaman%a (hydroxyl group) Tiunlnlsdu N
Hunseazaluluemetiiadianziiuwas-Tath
wazsafsensandiatunasuluifiuTathasluu®
Hdesdnietumsshaiedwaiv dateulyd
Inlszud Toooulsdnlsduailinaaasatalaan
winuanilayes (Agaricus bjsporus)“)%aﬁﬂmauﬂ'ﬁ
Tnaidanuiaulsilunyud mlddagtiuaaias
2MSLEsN uazta3esdanslianuddyiuash
sansedusamshaueeueyluiuiaibuedhann
ilasnndenadamsadafindmiuiianas nail
nalnmsmuQuiﬁ'ﬁwamﬂﬁmsa%'m,ﬁﬂﬁmmﬁuﬁ
anas leud 1) msfudamsdaaneiauladlnlssue

M5815NTHANENFFATANTUWNE
U 65 atun 4 gaan - SUNAN 2566

Failkadonsnensia mRNA 2) MIfudemsinay
2o0aulsNlnlsBua TRP-1, TRP-2 was/%30
LWeIaNTLad (peroxidase) 3) MILINNITNAN
wadfvla 4) msfudensaudanalulay 5)
MIFUEINTAIUMISIEY Waz 6) MIRnTuBYLa
a5t yhliamaadasdiansaiumaiasid
aaautamailUlFfundasaiiiaianasala
wisnansamiaathnszyidfishene asan
unaladiuaziiuszansmwluaamsaadiodi
RN

aszumMswaniadaamduluiinvi iean
wullnlsduanszdulilnlsdunsasudulo
wazlathedluy awsdu nduasiatredluy
szilasufulatrlasn (dopachrome) Tag
N52UIUNISERLIABBNTLATY (autoxidation)
Tunszrrumsudaganiiu (eumelanin) Tothlasy
azildsudu 5,6-lalansenidulaa (5,6-
dihydroxyindole) %38 5,6-lalansanddulaa-
2-@15UaNTantade (5,6-dihydroxyindole-
2-carboxylic acid; DHICA) lagaulmilathlasu
i Inwelsd (dopachrome tautomerase) %3a
TRP-2 1ty DHICA filéazrufisentuiaulal
DHICA oxidase 38 TRP-1 ladulaa-s,
6-AIluuAsUandaniada (indole 5,6-quinone
carboxylic acid) FehufAsewadielsuiy
(polymerization) latlugianiiu Fasldhana-e
drumswanillawwaiiy (pheomelanin) nsnasiily
(amino acid) ngmlﬁ‘[au (glutathione) %38
Faadu (cysteine) azmujasennulatheifiule
WWungalsleulath (glutathione-dopa) %3®
FanilalaUr (cysteinyldopa) Mmldiadiod
Alowwaniiy Feflduae-mass detiunsdne
Uszansarwlunisdudenisvineuaasioulssd
InlsBiug wamuaumssadfiofumiuien]dis
Tathlasn dasnnidhnimsienzdlagldinaia
annslnlawn3 (spectrophotometry)® sl
dzmnuaz g 3amsilduas-Tathdluaseady

mufnsennueuladinlstuadssuiulatlasy
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Yaguuinmswuarsusenauvargziiaain
UWEIsSTNTBNENINTaTUSIN ST U aseulesl
TnlsBuua Wy nseansud-8uniin (trans-cinnamic
acid) lundasamiannsssunanlaaniniueas
ULy wuNienuansolumsannsasaiia
fiuafluuazdanadanisuansaanaataulyii
Rengastumssaanedwaiin® Tulumasiuess
(monoterpenoid) % Tnuoea (thymol) Whudmu
Usznaunanaeen i lngd wazmsnesea (carvacrol)
Hlughusznaundnlinhiiuessmily wumsneau
Mienuduiugaieamiidu s00 lulasluans
Tnuaauazainasaasansaduiaeulzsllnlsug
lowhnu 29.49% waz 35.7% muaau® Tuil a.6. 2002
finsuransdluilvessaduuriue (hinokitiol
cinnamate) FUHUESHANNNAITTINAUSEWIN
nsanud-guniin wazdluilneaa (hinokitiol)
ToaldUfnseaaimasWiadu (esterification)
wrdanwgnadudaeuladlnlsdiuataadu
fanududugamaidu 100 lulasluad
wuhanstiimsiusaeulsllnlsduawhiu 57.50°
warluil a.¢. 2018 Tn1sAnwrgnanisduda
touledlnlsdiuavoslniaduuiine (thymyl
cinnamate) finnadatugarheihiu 100 lulasTuans
wuhimsiudalnlsdiug 209 Fawamsanui
AiiduhasnguluTumesiiuesdiaamasiinan
MsduaNzisErIensanud-guiniin ualulumes
Aussdiianuihaulafasdnwuaziannds (e
Aumlassanalulumasiuosdiasnasau ia
UszansmwlumsiudaoulenTsdusiiaan g
asngulnlumasiusediaamasarnnso
duanzdlonnufiseeamaiilnduszninense
msuandanuazlulumasiuesd lagldSioiaud

(reagent) wWauszuiIlnsiniianaailu

(triphenylphosphine; PPh,) uazaladtuiaaaue
(halogenating agent) u Inseaalsasinmiia
(trichloroacetamide; C1,CCONH,)"" w38
TnseaalsezBlnlulnsd (trichloroacetonitrile;
CL,CCN)“? Fawdafasiiadmasinlaazinanan
figs wazuasenialdmeldnneitliguussuay
Hunane mawdsuanladiuieudiiasdlsznau
289A885% (chlorine) (WJulusiu (bromine)
g Istanuddvszansawlunmsiiaujiszen
nanau® dasnnlusiufluszaauiiiianu
JashlumsiieUiisenannniaaeiu
MmiAdeiliTagUssasdiadnmnmauansy
TuTunasdussdiadinasarnnismujnsen
tanasiiatuseninensans ud-duuniinuay
Talumesiivasdnilaseaeivarnnans laald
Suananser e lnsiiianealuuaza ladiuis
audiilusiiuluasdUsznou ihasndaasey
Ialu@nwinisaangnsdudeauladlnlsdiug
Lﬁ'mﬂumﬁmmflwﬁ waztuuuamemswain
dseangnisiialndfisnunsalfifudrunaaly
wwiasdhanlansluuamnen

ﬁ'ﬁwg WaLIaNI5

m‘%imﬁauasqﬂmtﬁ
sangululumesiiusadiaamadiildan
msduanzdnanae Stesziuaciiuiulasias
maeimemeila 'H uwaz “C dwadasunniudn
tslzuuud (nuclear magnetic resonance; NMR)
f81A389 Bruker 400 MHz AVANCE III HD
spectrometer (Bruker, §%Wusas15au3gLaasuil)
fiewd 400 MHz dw3u "H wae 100 MHz §wSu C
A1n15LEauNaLALl (chemical shifts; &) ile
AsgnuaoN lurdg ppm MAIGINIAAIU (coupling
constants; J) ﬁlﬁ'ﬂsgﬂuamiuwmﬂ Hz wazly
cDCl, Wusvaraeasidauasedlaniie
MININANIAFITFUAANNALBEAgY (high-
resolution mass spectrometry; HRMS) x1a1n

N1531AT1LW MM Bruker microtof-Q III
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Tyrosinase Inhibitory Activity of Monoterpenoid Esters

Sasithorn Buppatano and Wanchai Pluempanupat

(Karlsruhe, anWusasisusgiaasuil) Taald
ESI positive mode éiilduanslugianadailszy
(mass/charge: m/z) @YANADNHAIGNIATIEH
é’aﬂt,ﬂ%’aﬁm}lﬂwaaumm (melting point
apparatus SMP10, Stuart Scientific, d¥5%
21an4n3) MmeaUdmealsindu (optical rotation)
gn"itmwzﬁﬁmLﬂ%,miwm’%ﬁma% (polarimeter)
(ATGO™ POLAX-2L, ATAGO, djtu) Tasld
tunmuaatlualviazarauasdayanisinad
msgﬂﬂﬁuuaﬁmmmmﬁlu 475 W lULNGS
Tgannisitasizialsiaiassiululasinan
(microplate reader, Spark™ 10M, Tecan,

= J o
FINHDIUIURN )

d13LaH

fvhazmedunidindunsamamsa laud
tanty (hexane) waztaNaosBLon (ethyl acetate)
(Zenith science CO., LTD., Uszinelng) gninl
uignddiismanaunaminldnu dihezas
sunsdimiunsedessd laun lanaalsiimu
(dichloromethane) (Merck, aWWUSE5150453
wasyil) wazlawwiadanenlsd (dimethyl
sulfoxide)(Merck, auWusaIsIsnsgLlaasNil)
ssweiidldlumssuaszvuaznagaugnd laud
ASONIIUF-FUUINN (trans-cinnamic acid)
(Fluka, avWusasnsasgeasuil), Insufianasiu
(triphenylphosphine) (Merck, awﬁ’uﬁmmsm%’g
wasnil), M3suaumnszluslug (carbontetra-
bromide) (Acros, Luatdau), Tnsiafiariu
(triethylamine) (Acros, Luatdiaw), lnuoa
(thymol) (TCI, i\jﬂu), A3NAT8a (carvacrol)
(TCI, njﬂu), giuaa (eugenol) (TCI, tﬁﬂqu),
#lunlnesa (hinokitiol) (TCI, ifjﬂu), (-)-Luunaa
((-)-menthol) (Fluka, a¥Wusaonsuigieasuil),
(-)-m153888 ((-)-carveol) (Aldrich, 1193
aLu3n1), (S)-(-)-twa3ada waanodas
((8S)-(-)-perillyl alcohol) (Sigma-Aldrich,
an3gaLusn), (x)-tuafiuoa (myrtenol)
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(Sigma-Aldrich, a¥3galuam), (-)-uasiiaaa
((-)-borneol) (TCI, ﬁjﬂu), 139911008
(geraneol) (Sigma-Aldrich, ansgatnsnn),
nsaladn (kojic acid) (TCI, ﬁjﬂu),
woulansalofendaine (sodium sulfate
anhydrous; anhydrous Na,S0O,) (Merck,
annusassasgieasuil), lalwunadeulalasau
Nadnalaslainse (di-potassium hydrogen
phosphate trihydrate, K,HPO,¢3H,0)
(Sigma-Aldrich, tau1a), Tnunatde s
lalalastaunaana (potassium dihydrogen
phosphate; KH,PO,) (Merck, awﬁ’uémmsm%’g
wasuil), uea-lath (L-Dopa) (Sigma-Aldrich,
ansgownsn) wastoulndlnlsdiud (tyrosinase,

EC 1.14.18.1 from mushroom) (TCI, ﬁjﬂu)

Tasulnns il
Msevagmaiialasaninanil lown
thin layer chromatography (TLC) 1% silica gel
F254 uuukuasgiitiian (Merck, anWusans1snsg
lwasuil) waz preparative thin layer chromato-
graphy (PTLC) 17 silica gel 60 PF,,, UNUHULA?
A 20 BN, x 20 %Y. (Merck, WWUSINEITUST

wasNil)

msdaanzdmngulalumasiivesdiaamas
WINsansIud-guurlin 0.5 Jadlua wa
Tnswiianaalu (PPh,) 1.0 #iadlua wnldas
Tuzianunay 2110 5 W8dans humIMazaie
Taaaslsiitnuuuulsiaanin (dry dichloro-
methane; CH,CL) adlU 0.5 fiadans aniu
wWanesuaunmnseluslug (CBr,) 1.0 dadlua
avldlurasway masmudfisenmalaussenme
Hpepaeasnauy (argon; Ar) ﬁqmwgﬁ 30 aNFN-
watded Wunan 30 i wwnlulumesiused
0.5 fadlua wazlnsiefaniiu (Et,N) 1.0 iadlya
avluzaanay muﬂﬁﬁ%m@iaﬁqmwgﬁﬁm Wunm

& P2 Y o aaa ° A v
5 ﬁ?IlN LNaLaiﬁlﬂuﬂ'ﬁ‘ﬂ’lﬂaﬂ’iiﬂ u']“ZlBQNﬁNVllG]N’]
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anadelanaslsimudath lusasdu 1:1 :niy
ihsulaeaslsiitmunatameinndeand (brine)
Snuiless udrmsnhiludleululanaslsiimy
aanlagmsiinuaulansaladengaa Msnses
it lgdendaiaasn Wasazarsimas U
sualanaslstimuaanmeIsananuaULUUSTUY
qtymgmﬂam?lENmauﬁlsﬁ”ﬂsmmnlﬂﬂaaiiﬁm 1
ssmanifNsinsiited Togldnaiia TLC wos
usnansuaassiliiuians lagldineiia PTLC azld

AslulumasNuaLF LFNASNABINS

nmsnagaugnaguduaulailnlsdue

aslalumesiivasdiasnasnguaszy
Tavmegaugniduiaaulallnlsdiuat asdud
anudatugahenhiy 100 TulasTums (ilesan
ﬁﬁaﬁwﬁ’waqﬂ%mmmsﬁﬁaﬂ) Tagl535l00lasw
(dopachrome method) tUSsutfisununsalaan
% \Wunguauand@euin (positive control) Toaway
dsareealalumasiuaadiadines (avaaly 5%
lawdagananlsd (DMSO) lTusmsazmanaaue
Tinad 0.02 Tuas 7 pH 6.8) U3anas 40 lulasans
fuasazanswagiainines 0.02 Tuas 7 pH 6.8
U3mas 8o lulasdas adlululasnaman 96 vaw
(96-well plate) arnnudntauladilnlsdiug
(100 units/#adans) Usuas 40 lulasans Uui
il 23 asenwaded Wuna 10 Wil NNt
WWuasazae 0.3 Jadluas wea-lath Usues
s0 lalasdas dadhansaadu shluSachmaganduuss
fiene1neau 475 wluwns aeeiees Iy
TalASNANUAZYNNMSNAFDUT VNG 5 A33/815
frege ammainistussaulailnlsgiug
aoalulumasiueedaatnasmegns

I1(%) =[((Blank - Blank control) - (Test -
Test control)) / (Blank - Blank control)] x 100%

I #a mssudaaulsilnlsdue

Blank #a msnadaufild 5% DMSO lu

FsazaraadnauninasunuaIsaIaeNg

Blank control #ia msnagauiildasazans
Wadatunmasunuauladllnlstiug wazld 59
DMSO Tussazmenadnatniwasunuasaaens

Test @A MsnadaumNUnG

Test control #a mMInagauiilassazais
WaawatWiasunuaulzdlnlsdiug

i TnTumesiiussdiasinasndammsiuda
wulwailnlsBiuaannni 70% (Renududugare
whiv 100 luTasTuand) negaumenistuds
wulmdlnlsdua (1C,,) Tagvhmsanmi 9 e
wadu/as warldlusunsy GraphPad Prism 6 1u
msenna’® malulunesiusedeanasziiale
fienmsiudaeulsilnlsBiusipani 509 (fanw
Wndugahaunnu 100 lulasluars) azszynien

IC,, 30N 100 Wlasluas

We

mMsdaanzilalumasivesdagmas

nnmsdanzilulunesiusediodanas
Tagtadnasiinduseninalulumasiussduay
nsanud-suiniin legldlnswiianasily (PPh,)
wazAsuaunnseluslud (CBr,) Wusiataud
Gauaaslumuil 1 wuhnendnzaswdofuriaglus
5-64% B (-)-a5Iaduunua (6) ﬁmawam‘iwqﬂ
wAZASNATATUUING (2) HNAKANFIFA aauaaaly
it 1 Tesnqulalumasiiussdioamosifinanan
Tuzege laua arsn@aduunwe (2), §luiln-
2083UNNG (4), InTaguinwe (1), (-)-tuhiadu-
wuae (5), gaiaguuweg (3) war (-)-uasilia
Fuune (9) laglAHauaniInNy 64%, 61%,
57%, 54%, 51% Waz 50% MNAOU NFNIYNUS
Tulumasiussdfinanaalugrelunars laud
(2)-waniaduiniue (8) tazaNilazduuniueg (10)
TaaliAHAHAAYINNU 26% WAL 25% AINSIOU
dunguayiuslulumefitussdifinondnluiaem
lown (S)-(-)-wa3adaduinue (7) uag (-)-ans-
8BUWA (6) laaRMNANE® NN 15% Way 5%
MU
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) PPh; (2.0 equiv) o) Monoterpenoid (1.0 equiv) 0
CBr, (2.0 equiv) i R
X oH q o X N Et;N (2.0 equiv) > N o
CH,CI, (IM), 30 min, rt 5h, rt
trans-Cinnamic acid Monoterpenoid ester
(1.0 equiv)
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HamIaNsilaseasasngululumasi-
weedaamaiildnnmssaenzinanue e
wazdudulassasramaaiisramaila 'H uaz °C
fTedasuuniudnislawuud ANAYBBNLTAT AN
paUfmoalandu WazAINISATINIANIAENTTA
anuazdaagslanamaiensidsdaliil

TnfiaBusnwe (thymyl cinnamate) (1): 6&n
§277; mp 71-72 °C; "H NMR (400 MHz, CDCI,)
017.93(d,J =16.0Hz, 1H, Ar-CH=CH), 7.69-7.60
(m, 2H, Ar-H), 7.51-7.43 (m, 2H, Ar-H), 7.29
(d,J =6.6 Hz, 1H, Ar-H), 7.09 (dd, / = 7.9, 1.8 Hz,
1H, Ar-H), 6.96-6.91 (m, 1H, Ar-H), 6.71 (d, /
=16.0 Hz, 1H, Ar-CH=CH), 3.08 (q, / = 6.9 Hz,
1H, CH), 2.38 (s, 3H, CH,), 1.26 (d, /= 6.9 Hz,
6H, CH, x2). °C NMR (100 MHz, CDCl,)
0 165.7 (C=0), 148.0 (C=C), 146.5 (Ar-C), 137.2
(Ar-C),136.6 (Ar-C),134.2 (Ar-C),130.7 (Ar-C),
129.0 (Ar-C x2), 128.3 (Ar-C x2), 127.2 (Ar-C),
126.5 (Ar-C), 122.8 (Ar-C), 117.3 (C=0C), 27.2
(CH), 23.1 (CH, x2), 20.9 (CH,). HRMS (ESI)
caled for C,,H,,NaO, 303.1361 ([M+Na]"), found
303.1356.""

MSNATaTUILNG (carvacryl cinnamate)
(2): Wand217; mp 60-62 °C; "H NMR (400 MHz,
CDCl,) 8 7.92 (d, J =16.0 Hz, 1H, Ar-CH=CH),
7.69-7.58 (m, 2H, Ar-H), 7.50-7.39 (m, 2H,
Ar-H), 7.20(dd,/ = 7.8,0.8 Hz, 1H, Ar-H), 7.07
(dd, J =17.8,1.8 Hz,1H, Ar-H), 6.98 (d, / = 1.8 Hz,
1H, Ar-H),6.70(d, / =16.0Hz, 1H, Ar-CH=CH),
2.92 (sept, / = 6.9 Hz, 1H, CH), 2.21 (s, 3H, CH,),
1.28 (d, / = 6.9 Hz, 6H, CH, x2). °C NMR
(100 MHz, CDCl,) § 165.3 (C=0), 149.4 (Ar-C),
148.1 (C=C), 146.5 (Ar-C), 134.3 (Ar-C), 131.0
(Ar-C), 130.7 (Ar-C), 129.1 (Ar-C x2),
128.4 (Ar-C x2), 127.4 (Ar-C), 124.2
(Ar-C), 119.9 (Ar-C), 117.3 (C=C),
33.7 (CH), 24.0 (CH, x2), 15.9 (CH,). HRMS
(ESI) caled for C,,H,,NaO, 303.1361 ([M+Na]"),
found 303.1359.

g?}ﬁa%ummm (eugenyl cinnamate) (3):
NandLvaeveau; mp 86-87 °C; 'H NMR
(400 MHz, CDCL,) 6 7.89 (d, / = 16.0 Hz, 1H,
Ar-CH=CH), 7.66-17.55 (m, 2H, Ar-H), 7.48-7.38
(m, 3H, Ar-H), 7.05 (d, J = 7.9 Hz, 1H, Ar-H),
6.87-6.78 (m, 2H, Ar-H), 6.69 (d, / = 16.0 Hz,
1H, Ar-CH=CH), 6.00 (ddt, -/ =16.8, 10.0, 6.7 Hz,
1H, CH=CH,), 5.19-5.06 (m, 2H, CH=CH,),
3.84 (s, 3H, OCH,), 3.41 (d, /= 6.7 Hz, 2H, CH,).
C NMR (100 MHz, CDCIl,) 8 165.2
(C=0), 151.1 (Ar-C), 146.5 (C=C), 139.0
(Ar-C), 1388.1 (C=C), 137.1 (Ar-C), 134.3
(Ar-C), 130.6 (Ar-C), 129.0 (Ar-C x2), 128.3
(Ar-C x2), 122.7 (Ar-C), 120.8 (Ar-C), 117.1
(C=C), 116.2 (C=C), 112.8 (Ar-C), 55.9 (OCH,),
40.2 (CH,). HRMS (ESI) caled for C,,H,;NaO,
317.1154 ([M+Na]"), found 317.1142.“%

§lunlnesadusnwe (hinokitiol cinnamate)
(4): wandhaa; mp 70-72 °C; 'H NMR
(400 MHz, CDCl,) 6 7.87 (d, /= 16.0 Hz,
1H, Ar-CH=CH), 7.56 (dd, /= 6.7, 2.9 Hz,
2H, Ar-H), 7.40 (p, /= 3.7 Hz, 3H, Ar-H),
7.21 (s, 1H, Ar-H), 7.17 (d, J= 10.6 Hz,
1H, Ar-H), 7.07 (t, J= 10.4 Hz, 1H,
Ar-H), 6.96 (d, /= 9.9 Hz, 1H, Ar-H),
6.66 (d, /= 16.0 Hz, 1H, Ar-CH=CH), 2.80
(sept, J= 6.9 Hz, 1H, CH), 1.24 (d, /= 6.8 Hz,
6H, CH, x2). *C NMR (100 MHz, CDCl,) &
164.1 (C=0), 160.2 (C=0), 147.3 (C=C), 145.9
(Ar-C), 137.4 (Ar-C), 134.4 (Ar-C), 134.2
(Ar-C), 130.8 (Ar-C), 130.8 (Ar-C), 129.0
(Ar-C x2),128.9 (Ar-C), 128.4 (Ar-C x2), 128.2
(Ar-C), 116.6 (C=C), 38.4 (CH), 22.9 (CH, x2).
HRMS (ESI) caled for C,,H,,NaO, 317.1154
([M+Nal"), found 317.1167.

(-)-tunaduining ((-)-menthyl cinnamate)

32.0

(5): veumamialalaifid; [«a]f° = -124.01°

(c=0.0002, MeOH) ([al}y’ L =—59.29% (c=1.06,
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CHC1,))"®, "H NMR (400 MHz, CDCL,) § 7.67
(d, /=16.0 Hz, 1H, Ar-CH=CH), 7.58-7.48 (m,
o2H, Ar-H), 7.43-7.32 (m, 3H, Ar-H), 6.44 (d, J
=16.0 Hz, 1H, Ar-CH=CH), 4.83 (m, 1H, OCH),
2.12-2.02 (m, 1H, CH), 2.01-1.85 (m, 1H, CH),
1.77-1.66 (m, 2H, CH,), 1.61-1.40 (m, 2H, CH,),
1.08 (m, 2H, CH,), 0.98-0.83 (m, 6H, CH, x2),
0.80 (d, /= 6.9 Hz, 3H, CH,). °C NMR (100
MHz, CDCl,) 6 166.6 (C=0), 144.4 (C=0C),
134.6 (Ar-C), 130.2 (Ar-C), 128.9 (Ar-C x2),
128.0 (Ar-C x2), 118.8 (C=C), 74.3 (CH),
47.2 (CH), 41.1 (CH,), 34.3 (CH,), 31.4 (CH),
26.4 (CH), 23.6 (CH,), 22.1 (CH,), 20.8 (CH,),
16.5 (CH,). HRMS (ESI) caled for C,,H,,NaO,
309.1830 ([M+Nal"), found 309.1860.""
(-)-m5aduuun ((-)-carvyl cinnamate)
(6): vaunaniialalauifid; [alp'= -159.89°
(¢ =0.0002, MeOH), '"H NMR (400 MHz, CDC],)
017.71(d,/ =16.0Hz, 1H, Ar-CH=CH), 7.57-17.50
(m, 2H, Ar-H), 7.38 (m, 3H, Ar-H), 6.47 (dd, J =
16.0, 4.5 Hz, 1H, Ar-CH=CH), 5.68—5.55 (m,
2H, C=CH, OCH), 4.74 (d, / = 1.8 Hz, 2H,
C=CH,),2.38-2.22(m,1H,CH), 2.19-2.08 (m, 1H,
CH),2.08-1.94 (m, 1H, CH), 1.77-1.58 (m, 6H,
CH, x2), 1.62-1.50 (m, 1H, CH). “C NMR
(100 MHz, CDCl,) 8 166.9 (C=0), 148.3 (C=C),
144.8 (C=C), 134.0 (Ar-C), 133.1 (C=C), 130.3
(Ar-C), 128.9 (Ar-C x2), 128.1 (Ar-C x2),
126.0 (C=C), 118.4 (C=C), 109.4 (C=C), 73.3
(OCH), 40.3 (CH), 34.1 (CH,), 30.8 (CH,),
20.5 (CH,), 18.9 (CH,). HRMS (ESI) calcd for
C,,H,,NaO,305.1517 ([M+Na]"), found 305.1509.
(S)-(-)-twasadaduuriue ((S)-
(-)-perillylcinnamate)(7): sauvaviialalaiid;
[aly*= -89.94°(c = 0.0002, MeOH), '"H NMR
(400 MHz, CDCl,) § 7.70 (d, J = 16.0 Hz, 1H,
Ar-CH=CH), 7.59-7.48 (m, 2H, Ar-H), 7.48-7.29
(m, 3H, Ar-H), 6.47 (d, / = 16.0 Hz, 1H,
Ar-CH=CH), 5.82 (dp, / =4.4,1.6 Hz, 1H, C=CH),

o)
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4.73 (dt, J = 4.1, 1.3 Hz, 2H, C=CH,), 2.24-
2.16 (m, 4H, CH, x2), 2.00 (m, 1H, CH), 1.87
(m, 1H, CH), 1.75 (s, 3H, CH,), 1.60-1.45
(m, 1H, CH). ”C NMR (100 MHz, CDCl,)
0 166.9 (C=0), 149.6 (C=C), 144.8 (C=C),
134.5 (Ar-C), 132.7 (C=C), 130.3 (Ar-C), 128.9
(Ar-C x2),128.1 (Ar-C x2),125.9 (C=C), 118.1
(C=C), 108.8 (C=C), 68.5 (OCH,), 40.9 (CH),
30.5 (CH,), 27.4 (CH,), 26.5 (CH,), 20.8 (CH,).
HRMS (ESI) caled for C,,H,,NaO, 305.1517
(IM+Nal"), found 305.1513."®

(£)-antaduunue ((+)-myrtenyl
cinnamate)(8): 2auvanilalaludd; 'H NMR
(400 MHz, CDCL,) 6 7.69 (d, J = 16.0 Hz, 1H,
Ar-CH=CH), 7.57-7.48 (m, 2H, Ar-H),
7.44-17.34 (m, 3H, Ar-H), 6.45 (d, / = 16.0 Hz,
1H, Ar-C=CH), 5.62 (m, 1H, C=CH), 4.66—4.51
(m, 2H, OCH,), 2.47-2.21 (m, 3H, CH, CH,),
2.26-2.07 (m, 2H, CH,), 1.30 (s, 3H, CH,), 1.22
(d, J = 8.7 Hz, 1H, CH), 0.86 (s, 3H, CH,).
C NMR (100 MHz, CDCL,) 8 166.9 (C=0),
144.7 (C=C), 143.1 (C=C), 134.5 (Ar-C), 130.3
(Ar-C), 128.9 (Ar-C x2), 128.1 (Ar-C x2),
121.5 (C=C), 118.2 (C=C), 67.1 (OCH,), 43.6
(CH), 40.8 (CH), 38.1 (C), 31.5 (CH,), 31.3
(CH,), 26.2 (CH,), 21.1 (CH,). HRMS (ESI)
caled for C,,H,,NaO, 305.1517 ([M+Na]"), found
305.1504.%”

(-)-vasiiaduuriue ((-)-bornyl
cinnamate)(9): 2advavialalufiad; [a1D’
= -154.89° (¢ = 0.0002, MeOH), 'H NMR
(400 MHz, CDCL,) 6 7.67 (d, / = 16.0 Hz, 1H,
Ar-CH=CH), 7.59-7.50 (m, 2H, Ar-H), 7.38
(m, 3H, Ar-H), 6.48 (d, / = 16.0 Hz, 1H,
Ar-CH=CH), 5.02 (ddd, / = 10.0, 3.5, 2.1 Hz,
1H, OCH), 2.42 (dddd, J =13.6, 9.9, 4.7, 3.3 Hz,
1H, CH), 2.05 (ddd, / =12.1,9.1, 4.4 Hz, 1H, CH),
1.78(tt,/=12.1,4.3Hz,1H,CH), 1.71 (t,/ =4.5 Hz,
1H, CH), 1.42-1.23 (m, 2H, CH,), 1.07 (dd,
J = 13.8,3.5 Hz, 1H, CH), 0.95 (s, 3H, CH,),
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0.89 (d, / = 6.5 Hz, 6H, CH, x22). °C NMR
(100 MHz, CDCl,) § 167.4 (C=0), 144.2 (C=C),
134.6 (Ar-C), 130.2 (Ar-C), 128.9 (Ar-C x2),
128.1 (Ar-Cx2),118.8(C=C),80.0(OCH), 49.0(C),
47.9 (C), 45.0 (CH), 36.9 (CH,), 28.1 (CH,),
27.3 (CH,), 19.8 (CH,), 18.9 (CH,), 13.6 (CH,).
HRMS (ESI) caled for C,,H,,NaO, 307.1674
(IM+Nal"), found 307.1661.””
(9UaBUUING (geranyl cinnamate)
(10): auwaIviladwastsay; '"H NMR (400
MHz, CDCl,) § 7.70 (d, / = 16.0 Hz, 1H,
Ar-CH=CH),7.57-7.47 (m, 2H, Ar-H),
7.38 (m, 3H, Ar-H), 6.46 (d, / = 16.0 Hz,
1H, Ar-CH=CH), 5.43 (td, J = 7.1, 1.3 Hz,
1H, C=CH), 5.10 (tt, / = 6.8, 1.4 Hz, 1H,
C=CH), 4.74 (d, J = 7.1 Hz, 2H, OCH,),
2.19-2.01 (m, 4H, CH, x2),1.75(d, =1.4 Hz,
3H, CH,), 1.69 (d, / = 1.4 Hz, 3H, CH,), 1.61
(d, J = 1.3 Hz, 3H, CH,). °C NMR (100 MHz,
CDCl,) §167.0 (C=0), 144.7 (C=C), 142.4 (C=C),
134.5 (Ar-C), 131.9 (C=C), 130.2 (Ar-C),
128.9 (Ar-C x2), 128.1 (Ar-C x2), 123.8 (C=C),
118.4 (C=C), 118.3 (C=C), 61.5 (OCH,), 39.6
(CH,), 26.3 (CH,), 25.7 (CH,), 17.7 (CH,),
16.5 (CH,). HRMS (ESI) calcd for C,,H,,NaO,
307.1674 ([M+Nal+), found 307.1661.%"
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Synthesis and Tyrosinase Inhibitory

Activity of Monoterpenoid Esters

Sasithorn Buppatano and Wanchai Pluempanupat
Department of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of Science,

Kasetsart University, Bangkok 10900, Thailand

ABSTRACT Monoterpenoids are recognized as potent tyrosinase inhibitors to reduce the production of
melanin. The structural modification of monoterpenoids into monoterpenoid esters is a potential approach
for developing novel tyrosinase inhibitors that enhance the activity more effectively. This study aimed
at assessing the potential tyrosinase inhibitory activity of monoterpenoid esters compared to kojic acid
as a positive control using the dopachrome method. Ten monoterpenoid esters were synthesized by
esterification of trans-cinnamic acid with monoterpenoids using triphenylphosphine and carbontetra-
bromide as reagents. The desired products were obtained in 5-64% yields. All synthesized monoterpenoid
esters were further examined for their tyrosinase inhibitory activity. The results found that hinokitiol
cinnamate was the most potent inhibitor of tyrosinase, with an IC,,value of 1.58+0.09 uM. These results
indicated that hinokitiol cinnamate could represent tyrosinase inhibitor 9-fold more efficiently than kojic
acid. Notably, this compound has the potential for the development of a new skin whitening agent for use

in cosmetic ingredients.

Keywords: Tyrosinase inhibitory activity, Monoterpenoid esters, trans-Cinnamic acid, Monoterpenoids,

Esterification
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FUanaatanauntsinian (rPET)
logwmeiin GC-MS

-~ Q( = 1 v U = = o= = o
513 waNGagnd  Adss ldum  Aadsiu megrssm dndien Bue AdsT naNmINANA uay
a3 uSusal
9 U
dningamwuazeuUaanAEa1ns nsninenmansmsunng uuny3 11000

unanga wnadnulslaluiniianadeiaumiswmian (recycled polyethylene terephthalate; rPET) fazih
m“lﬁ'msagmm’sﬁ'mvhunssmum'iﬁﬁmﬁlqﬂul,'ﬁauathﬁﬂizﬁw%mw MNUsEMANTENTNATTUFY (aﬁ‘uﬁ 435)
w.6. 2565 lagmsnagausisasUudlaudiuny (surrogate contaminant testing) wazudaesmsmanssuuidian
udazsuaaulunssumsilnda msfnmiliiogussmdiawanniziensimstuiioudunundumsdunid
Tu PET enadammualumsmiadaiudouamnmuswaadniiliud Tashindanwanadnaudlumsdunungy
asdun3d 4 nan laun fsszmehanuuii9n (chlorobenzene) shsszmehauuulifiih (toluene) asluiszme
wuuiiin (benzophenone uaz methyl salicylate) waransluszimeuuuluiion (lindane) §NAAIBAIMIAZANE
sundd mntuanadenzisamaiia GC-MS wamsnagauanulFldvadiziinnzd wuiisiianus sz
nnwanasuienuiiuduase Tefien R?> 0.995 a1snauil 1-3 uaznguii 4 fieh LOD iy 0.010 ua 0.020 mg/kg
MNEIAU @ LOQ Whiy 0.020 Waz 0.040 mg/kg MNTIAU ANNUNULAZANNRBIATIERANNTNTY 3 526U
WU %recovery, %RSD, uaz HORRAT agfludie 86-102, 5.3-7.9 Uag 0.3-0.4 MNAGU HANIATIVIATIEH
waa@n PET ﬁﬂuﬁ'jaumsé’amwneﬁumsﬁuw’%ﬁﬁ% 4 Tagsassmatudleunauuazndheanuazanadieane
6N °) wuiﬁﬁﬁﬁmmﬁuﬁﬁmmmmzau6iamsmaaﬁLﬂswzﬁaﬁﬂuﬁﬁauﬁaLmuﬂfcjumiSuw%'ﬁﬁy'q 4 NGN @50
hlWdieUsadiudssansammsiiassvudaulumsnaananadn rPET loganaaasmunguang

maan: asludaudmununguansdunsd, wanadn PET wlsldlual, mswannis, msnesauanuldlawsdis,
GC-MS
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& a ¢ (a & o S B
MnUMIe NI aEsUUdauaIununLvae
aglundazauaaunisnmiaarslutauszning

4

= a 41' Id = o 1 acda
AszuIUMSIELAa tivaumstugunISieacv
o o a P & o dl
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#130033 U

benzophenone ttaz methyl salicylate
mmu%qwé > 99% (Sigma Aldrich, USA),
toluene mm‘lﬁq“n'ﬁ{ 99.8% (Alfa Aesar, Korea),
chlorobenzene GC grade (Merck, Germany)
1oz lindane (gamma-HCH) mmu%qw% 99.45

+ 0.30% (Dr. Ehrenstorfer, Germany)

GRRIGEY
1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP) mm‘u%qwé 99.5% (Acros Organics,
Belgium), isopropanol (AR grade), sodium
hydroxide (NaOH) pellets 98% waz Triton-X100
(ultra-pure), ethanol (AR grade)

NILHITNEIININIFIU

a138zaNENNIFIU stock solution ANNLANTIU
2000 mg/L 03snlasfiansnasguudazsiin
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11!7]’3615}611J%3J'W]i?|u'1ﬂ 25 mL

M5815NTHANENFFATANTUWNE
7 U9 65 atfud 4 ganaw - Sunau 2566

AIBTNUNATTIUANNIANAY 1 mg/L 1o3eN
0NN IFIUNTN (chlorobenzene, toluene,
methyl salicylate 48z benzophenone) taz
§199¢9718N19357U lindane wannnaiindy lag
A0 stock solution &3AzMUNINTTIULADLTIR
25 uL avlumamiausineseine 50 mL YSudsunes
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m%imﬁauazqﬂnstﬁ

1A399 GC-MS (Agilent 7890B, United
States) WianLA3asdnmathesaludasmsu GC U
G4513A Column HP-5MS tdurhugugnaamelu
0.32 mm #M 30 m ANNWINNSN 25 um (Agilent,
United States), ta3aqunazidon (POWTEQ
LM200, China), LA389398s1880 4 AWl
(Sartorius ED224S, Thailand), gTau%’au
(Memmert UF160, Germany) LLazLﬂ%aQLLﬁ"J
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NSLEIYNMIDE
= % 1] 44' v ad
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a a a <
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dadlat19z10 PET Iiidluindawaradnlaslsd

A35LNT MNUUUBLUNAIELATANUNBZLDEA

NMSENAAIALEIINAEHN

FIMDENNAFHNNUA 0.5 NN 18 LU2IALAD
anaaslutaudmunuloadnainiazars HFIP
avluiaee hhgausaunigumgil 60°C Wunm
24 #7139 NNUUEN isopropanol gausaun

a ° 'TJ & I o el v q' a
gaunnil 60°C Wunian 24 il M viBussngamail
4°C Wuar 8 Hlan tiNeanaznauwaraan®
o A va P a &
ydrsazaranleitasizvmusuiaaisvutoy

MIUNUAIELAIDY GC-MS

nMsasINnsHewazUSIaasUnauaIwny
Vanmigiensiansdudaumununguans

v

duNIgaeasne GC-MS MUUAAI m/z 284 scan
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aoudl oven (36U 50°C woztingamniiiuddy
auDe 300°C Flow 1.0-1.2 mL/min gl MS
Source: 230°C (az MS Quad: 150°C vusum
sstudlousunu Tasmssuewisuieusunsm
NOITIUITHINANNANAUNY peak area WA

NN

nMsnagauanldlayasisitesey (method

validation)

NMINAFDUANNINNIZLAIZAN (specificity)
LOIENENTAZANENINITIULLNIY 1 NBENTN

GOANS AATIZVA m/z 209uaazd1sannssu laald

scan mode WAZATINHDUMIUENYDIENTN 5 BiIA

FTNIVNAADINAT retention time UeNAUTALAY

Msnadauaudutdunses 42901531A518%
(linearity, working range) waz matrix effect

LOIBNEITALAIENINIFIU chlorobenzene,
toluene, methyl salicylate 8¢ benzophenone 1%
wdazshsiiamaguguil 5, 10, 35, 60, 85, 110 UL 135
ug/L uaz lindane RANNENTY 10, 35, 60, 85, 110,
135 18z 160 pug/L Tu isopropanol (reagent blank)
Nnnie peak area 799815UAZETNNTIUNIANTTIU
SEWINANNENTURU peak area Ransandulszans
msaagula (coefficient of determination; R?)
pannnvINaspudesliiaeniy 0.995 uazm
residue plot tilafufuanuiludunse

1§38 spiked sample Immaumsmmgmm
Tuiaene vPET (matrix blank) Tileanuiiudu
wilaumsnagauanuiuduase naumnsane
Tagdanzdanudaiussduas 3 9 adrens
AT NN NTuTRN U TINU
nagauenuiludunse uaznagauranuBay

(confidential interval; CI) 284 slope A59UAQN 1

waz CI 289 intercept ATBUAQN 0 W3 lN NIzaU
ANNEDNY 95% ATBUAGNUAANTILNE matrix

effect

Apnevain1snslany (limit of detection;
LOD)

nadaue) LOD 2aeansiununguansdunss
Togszifiunnmsannue SD Aildnnmsiiivans
ansgasly matrix blank fissuanagugi s woz
10 pg/L dhwuansngudl 1-3 waznguit 4 auddy
Fafuanududussduagareennnuasziu

mmsnagau 10 7 Usziiuer LOD = 3SD

AeanarainIadiliina (limit of quanti-
tation; LOQ)

Muuae LOQ 2a9anauil 1-3 uasnguil 4
femuENL 0.020 WaE 0.040 mg/kg Hudiue LOQ
Toainansanaspuiissduanudady 0.005 waz
0.010 mg/L MuaaU a9lu matrix blank Itaev
10 % AUIDU 9%recovery aglude 60-115 Mwue
LNaTINIS8BNSY %RSD, isunua) predicted
RSD; a0 Horwitz formula waz@IuIa)
HORRAT(r) mMuuatnasigansuay AOACY”

A 0.3-1.3 A9FNNISN 1

MIMAFAUANMUAIY (accuracy) WasANNLTIE
(precision)

nagaulasidnasnasgIung 4 ngu adly
matrix blank fiszduenugndy 3 szu Jened
seuas 7 91 ennlSnadisuiunnwinasu
waIeN U %recovery, %RSD, lagtnasisansu
AMNUNLU: recovery 80—110% LAZINAADNTUANIN

(en: HORRAT(r) = 0.3-1.3"" ouaunsi 1

RSD,.
predicted RSDy

HORRAT(r) = guMIN 1
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mmtﬁmsswiwﬂaw (intermediate
precision) wmaauiﬂaLauaﬂsu1mS§1uﬁ§ 4 NN
aalu matrix blank fisz@uanududy 3 26U
Jeziuentu 3 u Suaz 8 100 udreue
o%relative intermediate standard deviation
(%RSD,) logl4aD6 one-way ANOVA iiaunua
predicted RSD;"" (interlaboratory reproduci-
bility standard deviation) lag %RSD, 96 a41i0¢
A predicted RSDy, Gaaumsi 2

RSD,
predicted RSDy

HORRAT(R) = dNNSN 2
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(uncertainty)
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1 1 v P o [ 2 <& 19)
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1383 znsumsnagauanuldleun
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(chlorobenzene Was toluene) ANNINIU 10% v/v
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31@9129 batch a8 3 21 PNUULINAIDENLNAA
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v/v ethanol™® Aezilsinasuaurasasiudlau
dunulundanarddn (C,) waznIn1smMInas
duavlutndanwarafinareIsnuanaiany aqil
1) 819618 1% v/v Triton-X100 Ngangii 90°C 1y
= v a' a o Iq
1A 15 W dazauuiNgamnil 160°C {Wuna 4
M 2) W68 2% w/v NaOH figoungil 80°C
a o ulqz v A a °
Wuian 30 i uazaulvuisngunadl 130°C
I & a ' & & Y %
Wunan 1 7l e laenuzy nuulvenusau
220°C tHunan 30 WA @0 uaz 3) vanaanaaan
T/idnaguazaas 2% w/v NaOH Wannu 2%
. a - U aca ~N o W
v/v Triton-X100 NFAMHINUIDTN 2 NSANAR
FUwaueuIsn 2 waz 3 LFINERWITANNNUD
a a ° I ) 2 @
0.6 mm Namud 50°C Wuna 7 W Wudmuny
Tumsiesev
NUUUANIFInwazanedsUuilou W
TUasamnzvisisnias GC-MS JalSuaas
Juiaunaandanasmmsany (C,; Usuaile
NnamMIEh 1-3 muuadlu C,,-C,.,) Muam
Uszandmwmsmaassuutlou (% decontamina-

tion efficiency) A9auNIN 3

MUsEENSMW (C,-C,.)
= " x

. o ¥ = 100
msmanssluau C,

FNMSN 3

wanwnast @ouly wazwwmalumsiszdiv
Uszandniwzeeanssuiumsuaauwdslaluy?
muuaN mndsanm C, sigwm'wmms@ﬂ%’u (sorption
value) yasansUudloudiuny dauaaslumsei 1
dasnmsudlauFinaimealulosguuraiaad
(simple factor) P4ENSFAUNUUADZTIR GIFNNS 4

(Sorption Value)
G

Simple factor

a
duNIIN 4
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auunil 25°C"Y
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FHassduauaunu

Sorption Value (mg/kg)

ARR AN IR LRI E k)

Chlorobenzene 1,080
sssemedhouuu it Toluene 780
mﬂa\iszmmmuﬁﬁa Methyl salicylate 200

Benzophenone 49
asliiszmouuulaiiin Lindane 750

We

msnadgauanyldlanaddsiessi
ANNTINILEAIZAT
NaNISNAFaUANNINIzIaEsUUa Y

@i chlorobenzene, toluene, methyl salicylate,

WUNA) m/z BanUaa AN Av 112, 91,120, 105
Uay 181 MNSIAU Waz retention time Wp9ENS
AILNUAINEGTI PD 4.94, 3.78, 10.08, 13.38 LAY
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. v a o v a
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3 .l 44 in. 8 119 8
o § . 0.9
§ 0.8
4 06 07]
il 0.7 0.6~
3 0.6 0.5
- 0.5 0.47
0.4 0.3
J J 0.2
! 02 01
o T T T T T 01— J 3]75 3|8 3I8 T T 0 T T T
3.65 3.7 3.75 3.8 3.85 3.9 3.95 9,9 10 10.1 10.2
.05 o SoNe ,
48 48 %\gqlﬁ.s?lﬁ)n'?'im:(?nin) Acquisition Time (min) Acquisition Time (min)
Benzophenone Lindane 7 005.0
+ Selected lon (105.0) 210607_025.D "gse:)‘;tfd lon (181.0) 210607_005.
4 4 € X A
§x10 | *43.377 min. 3 b * 13,347 min.
Q |
© g4 18
1.2 1.67
. 1.4
1.2
0.8 | “
0.6- 0.8
0.4 0.61
0.2 0.4
1 T — T T T T
I 133 134 135 132 133 134 135

Acquisition Time (min)

Acquisition Time (min)

P P o a
i 1 TasunInsunszasasnasgiuasluiloudiunu 5 %ila: chlorobenzene; m/z =112/77,

toluene; m/z =91/92, methyl salicylate; m/z = 120/152, benzophenone; m/z = 105/182

wae lindane; m/z = 181/219
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andudunse 429m1531A18Y war matrix
effect

nansnadauaNuiuduasatazdiad
myenziasnaspuasiudioudiuny wuh
asuasgrudenuluidunsinanntiens
Anned dauaaslumaail 2 Tosfidn R? aglur
0.9986-0.9997 (LIBUAEBNIU > 0.995) UATAIN
residual plot WUNTBYANMINTLNLHITDULEY 0
auaalumni 2

MINAFDU matrix effect WUNANUTNNUS
sznieanudnduresssinasgruasiniou
hunuditinly matrix blank (uny x) SUANNENTY
fiwu Feahuledannnn (upu y) Huduasinasatii
finaday Tosiien R aglug 0.9950-0.9981 ¢is
waaslumwil 3

wamsmaauﬁwmmﬁ}aﬁu (confidential
interval; CI) 284 slope Aenudei 95% U
waazansuuiloudiuny daaaslumsiei 3 wu
e CI 2249 slope ATBUARN 1 UazA) CI 2@3
intercept A5BUAYN 0 waANIINTKANTENUIIN

Wwn3ng (matrix effect)

2aNNeuaIn1Inany (LOD) uazdininnzed
MIadIUsIu (LOQ)

Hamsnasaua LOD vasasuuidiaudauny
nana1sdunid lannmsauinles LOD=3SD
dwmFumanguil 1-3 woznguil 4 ey 0.010
Uae 0.020 mg/kg MUANU waze LOQ Ny
0.020 Waz 0.040 mg/kg MUAINU WUA %recovery
wae luge 76.9-100.4, %RSD luze 8.2-12.3
war HORRAT(r) Tuze 0.3-0.4 %qagjmmsﬁms

gaNSU""” Gauaaa luasNN 4
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ANHULIULAZANNTE

msnagaumaNNLNLLazaNnNfisam el
L‘f{auhmiijgﬂé’ (repeatability condition) Wu
aNNUNUTIUsHANING %recovery RABYBIES
Uudloudununs 3 ssduammdnty agludas
85.8-101.5 ANNLMETIUszEUNNE %RSD 209613
ﬂut‘ﬁaué’umuagﬂuﬁw 5.3-7.9 wex HORRAT(r)
agluze 0.3-0.4 Faduluamunamisaniu®”
Fauaaslumsed s

NaMSNAFaUMELd intermediate condition
nnmsienziansiudaudiuny wuhenuus
fiusziiuaine %recovery agrassiudlan
cunuagludn 82.6-96.1 anafisefiszdivan

M %RSD aglur 9.8-17.1 aauaaaluesed 6

ANl wiLauraINTIATIEY
nnsUsEaeNNliwluauepINg
Ansiasiuauimununguansdunss wuunas
Nnzasanuliviuay lown USunasuasansazans
NAIFIU NMITUIMUNGIEN (sample weight)
39U MN1FIAUSINAS (sample volume) MSLATeN
ATNNIA55IU (calibration curve) ANNLANTUBDI
Maehanemlaan calibration curve (concentration
::' aaca ' o .
of sample) ANNLVENYDNIBILATIZY (precision)
A 1 a .
LATANNLUENLUUAINAIAN recovery (bias) Tag
o ¥ o vy v 5 A
Wwanldszduanudnduangalunsnagay
Wuna 3 3 e 8 91 WUIHNNMIMINIMANN
TiwivauaenafseauANNTDNY 95% VBIANTAILNY
chlorobenzene, toluene, methyl salicylate,
benzophenone Waz lindane (MIAU 17.92%,
20.60%, 12.31%, 20.13% W8z 11.13% NSO
aananaluaisiei 7 dadruarianalaiviusu
PNUNAIANN LU LB UNFINAABNITIATIEHENS
Yuidaumunuinniga Asanuienganisiessy
WINAU 68.05, 59.79, 55.18, 70.42 WAL 61.47%
MuAOU FeaNulsiiuauNNuraIdl 9 den L

45% GALFN UMD 4
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a I3 v ' a s & o ' 9
#9310 2 ANNUULFUNT °Zn\1°2|a\iﬂ']ﬁ']Lﬂﬁj%%ﬂjiﬂj@liﬂj”ﬂ'\ﬁﬂulﬂau@ntlfﬂu oz R

- Yo Linearity Working range
Fuaarvdulauaiunu R*
(mg/L) (mg/kg)
Chlorobenzene 0.005-0.135 0.020-0.540 0.9997
Toluene 0.005-0.135 0.020-0.540 0.9990
Methyl salicylate 0.005-0.135 0.020-0.540 0.9986
Benzophenone 0.005-0.135 0.020-0.540 0.9996
Lindane 0.010-0.160 0.040-0.640 0.9995
Chlorobenzene Toluene
2500 A 1500 1
1000 +
1500 4
" w 5004 8
T 500 - * * . s . « °
3 3 [}
g 00 ' T L —8 o ] -g 0 T —® .—|
& 500 4 50 o 108 150 o e 85 e 1008 150
L] ° -500 - H
-1500 1 -1000 A
2500 -1500 -
ALY (ug/L) Aty (ug/L)
Methyl salicylate Benzophenone
5000 - 7000 -
5000 A
3000 o
3000 L4
= 1000 . * = ° .
o § L] ° =
1000 4
75 '. *— Ly = _3 '." i —2 o L) *—
v
3 1000 4 $ 08 ® 100 o 150 ¢ -1000 { 50 o ® in® 150
[ ]
-3000 A
-3000 A
-5000
-5000 - . v -7000 - Y
AuLnay (ug/L) ALY (pg/L)
Lindane
1000 =5
800 o
600 A
400 A
% ]
S 200 N e g8 8
T ot} . . ,
M e ° [ ]
o 200 4 50 100 150 200
-400 A °
600 A
-800 A

-1000 -~
¥ v
AT (Lg/L)

= o . a v v o 2 o
MUN 2 MINTTNYMIYDN y-residuals NONNLANAUTEOUAN °) waqmimmgmﬂmﬂaumLmu
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140 Chlorobenzene 140 Toluene
~ 120 J120
S ™
= 100 =100
2 80 £ 80
_‘é =
‘§ 60 ag 60
8 40 y = 0.9269x - 2.8549 % a0 y = 0.9447x - 1.9347
=
E 20 R? = 0.9950 é 20 R2 = 0.9968
e T T T U U . . 0 T T T T T T 1
20 40 60 80 100 120 140 20 40 60 80 100 120 140
d a v ¥ o a
AradntuRdy (ug/L) AMuTNTuARY (ue/L)
140 Methyl salicylate 140 Benzophenone
% 120 5120
=100 =100
=1
E 80 £ %0
1= =
a3 60 2 60
=
S 40 y = 0.9492x + 0.7056 ’g 40 y = 1.0337x- 0.6851
§ 20 R? = 0.9978 € 20 R? = 0.9981
0 T T T T T T 1 0 T T T T T T 1
20 40 60 80 100 120 140 20 40 60 80 100 120 140
Y ¥ o a Yy v ooda
AN (ug/L) AULTUVUILAY (ug/L)
160 Lindane
—~140
D120 -
2100
= 80
2 i
ag 60 -
g 0 - y = 0.9702x- 0.5147
€ 20 RZ = 0.9976
0 T T T T T T T 1

0 20 40 60 80 100 120 140 160
pandaduiidin (ug/L)

MWD 3 ANNFNWUSITEUINAN NI NI UYIF UL DUMIUNUNNY AUANNINTUYBIFISNLAN TUAIDEN9
wanaan PET

9199 3 menuiuduass (R®) 2894msnadau matrix effect 2raanuzany (CI) 2a9 slope 91 95%

w8z slope Waz intercept 2avansUudaudiunu

FHaasuulan , . CI 224 .
o R CI 224 Slope 41 Slope 2N Intercept
MILNU Intercept
Chlorobenzene 0.9950 0.927+0.075 0.852-1.002 -2.855+5.859 -8.714—-3.004
Toluene 0.9968 0.945+0.061 0.884—-1.006 -1.935+4.766 -6.701-2.831
Methyl salicylate 0.9978 0.949+0.052 0.897-1.001 0.706+4.016 -3.310—4.722
Benzophenone 0.9981 1.03440.052 0.982-1.085 -0.685+4.010 -4.695-3.325
Lindane 0.9976 0.970+0.055 0.915-1.025 -0.515+5.439 -5.954-4.924
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M99 4 HEMINAEDU %Recovery, %RSD waz HORRAT(r) tilafiuguah LOQ

U 3 [
ﬁ%ﬁ?jtﬁ?ﬁ;‘! (nfg(;gg) % ?;‘:;:;ry %RSD HORRAT(r)
Chlorobenzene (1) 0.020 76.9 12.3 0.4
Toluene (2) 0.020 82.7 12.2 0.4
Methyl salicylate (3) 0.020 86.7 8.2 0.3
Benzophenone (3) 0.020 100.4 12.1 0.4
Lindane (4) 0.040 90.9 8.3 0.3

M99 5 KAaNSNAFBUANNUNY (accuracy) wazANNLNEN (precision) 2B9mMIIaNziasUudaumuny
Tunwsafin PET Aseauanutingy 3 520U 520UaE 7 7

#inasluiiloy  Spiked Level  %Recove Predicted
g P Y %RSD HORRAT(r)
MIUNY (mg/kg) (mean) RSDy
Chlorobenzene 0.220 86.0 5.3 20.6 0.3
0.240 84.1 5.3 20.4 0.3
0.540 96.4 5.4 17.6 0.3
Toluene 0.220 88.0 6.8 20.5 0.3
0.240 86.2 6.5 20.3 0.3
0.540 85.8 5.6 18.0 0.3
Methyl salicylate 0.220 93.8 6.1 20.3 0.3
0.240 90.2 6.0 20.1 0.3
0.540 97.3 7.9 17.6 0.4
Benzophenone 0.220 101.5 6.8 20.0 0.3
0.240 98.1 6.2 19.9 0.3
0.540 100.8 6.3 17.5 0.4
Lindane 0.220 88.8 6.5 20.5 0.3
0.340 100.5 6.1 18.8 0.3
0.640 85.8 6.5 17.5 0.4

maenzinaain PET finsandears  40°C Wunm 14 Ju waadinng 2 anaviun gadu
Uutﬁauﬂwﬁ"umuntjmmsﬁuwfiﬁ msﬂuL'ﬁauﬁumu”luﬂ%mmﬁgqmﬂ (816-20,920

uamsIanzdwanddn PET fishumsud  mg/ke) Tagwmmsnguansszede (chlorobenzene
Tumstudloudununguamsdunddna 4 ngu Ty waz toluene) Jwamedldusanamnniy 12,000
WANEHN 2 AMNWLN PEAMIEIRY M saeiuin mg/kgpgr (> 1.2%) waiinisUuilaufinuio
G8 10% v/v ethanol JwnzilSmnadionde  waradnlulSinasnn dsaunsenzeanlagly 109
Tundawanain (C,) waznmamansudloy  v/v ethanol ¢ 27-78% ( C, whitu 301-8,478
Tundanwanadneeamisiimsiudensdilined  mg/kgpp) ﬂﬂﬁunéjulﬂizmmmuﬁﬂgﬁ finnw
wida lundanaadn (C,) NamIIA Ly WUNMS  ¥Ul 0.3 mm fusnaenstudaunsudreiuin
aiwaamma:msﬂm‘ﬁaumaqwmaﬁﬂﬁqmwgﬁ liuandwain ¢, Teaar C, wesasmununnngy
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A51N 6 WANSNAFBU intermediate precision 2aamIeNzdasvuilouaiunulunarafin PET

i 3 szeUAMNMNENTY Wuna) 3 M Tuaz 8 7

gunarsduidau Spiked Level %Recovery %RSD Predicted
o 3 (4 i
GIuNY (nNax) (mg/kg) (mean) ' RSD;
Chlorobenzene (1) 0.020 82.6 17.0 29.7
0.240 90.4 11.9 20.1
0.540 88.6 10.2 17.9
Toluene (2) 0.020 89.7 17.1 29.3
0.240 93.1 11.4 20.0
0.540 91.2 10.5 17.8
Methyl salicylate (3) 0.020 89.5 16.9 29.3
0.240 95.3 11.4 20.0
0.540 92.0 10.2 17.8
Benzophenone (3) 0.020 96.1 16.5 29.0
0.240 92.5 11.6 20.1
0.540 95.9 10.3 17.7
Lindane (4) 0.040 84.8 15.8 26.6
0.340 94.3 11.4 19.0
0.640 89.5 9.8 17.4

MITNN 7 WAMIAMWAUMANN INULUUDUTINNTEAUANNZIDNY 95% AN IIANHaNTUUAUMILNY

v a = &
NYNFIDUNIY

wiinasuuilay Spiked Level

Expanded .
Uncertainty (%)

AIUNY (naw) (mg/kg) Uncertainty (mg/kg)
Chlorobenzene (1) 0.020 0.003584 17.92
Toluene (2) 0.020 0.004120 20.60
Methyl salicylate (3) 0.020 0.002462 12.31
Benzophenone (3) 0.020 0.004026 20.13
Lindane (4) 0.040 0.004453 11.13

wnewma: MImwImmaanyliuiuauzeny (calculation of combined standard uncertainty) @1 expanded

uncertainty ﬁﬂu')miﬂtl@m@i’l combined standard uncertainty 938 coverage factor (k) = 2

g4NIA sorption value 284 PET (miwﬁ' 1) #nY
lindane (simple factor ﬁm’lwm 0.3 LL8% 0.6 mm
WU 1.2 uaE 1.4 muaney) Wamdaaeluiloude
19 Triton-X100 figamgfi 160 °C (351 1) wuh
C,., aglurdiv 10-337 mg/kgpy; lOBaITNGN
suadglunard@nanuuud 0.3 mm e C,

]
Vv =

Uaenge (10-20 mg/kgppr) AILFA LU TN 8
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dwmsuanmzugiigamgd 50°C funan 7 5u
wangdna 2 ewmn Uudlausseunuiaani
figamadi 40°C (Huna 14 u enciu lindane
s RUAITIE 109 v/v ethanol wuh fien C, ag
Tuz4 416-2,095 mg/kgpgr %av!ﬂﬂ&juﬁﬁw C, N
@ sorption value 289 PET (3@ 1) sntiu

lindane (simple factor ¥4 2 ANNHUI LNV 1.8)
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Chlorobenzene

68.05%

Benzophenone

38.53%

Toluene

Methyl Salicylate

Lindane

B Precision

61.47%
Others

M 4 dadnesasdlsznauunasany biviveurasmalnsiasiuideudununguarsdunsd 5 oiio

Tuwana@n PET

mann 8 Usinaastudeudiunuluwaradn PET axnmsiassnssuiumstudavluanmizudngumgi

40 °C Huna 14 Tu

q

v

ataarsuuitlay ANNKU 0.3 Nadwms (mg/kg) ANINKU 0.6 NadLums (mg/kg)
IUNU naua C, C,., nauaN C, C,,
Chlorobenzene 18,431+2747  8,478+392 20+2 20,920+4786  8,334+274 47+2
Toluene 12,11242071  2,677+142 10+1 14,655+3989  3,227+130 21+1
Methyl salicylate  1,842+395 1,7124+208 36+4 1,564+332 1,341£119 46+3
Benzophenone 2,609+599 2,665+794 203+5 2,396+391 1,865+67 337+10
Lindane 866+273 631468 24+4 816+194 518+49 85+4

WNEma: C, Manain KadANziNlannmsanaiagnee 10% v/v ethanol, C,, ¥igdi Haleeiilaanmsan
o ' % . = a ° I ~ v A a ° I &
G18ENGE 1% v/v Triton-X100 Mg 90°C Wutian 15 Wil uazauwiangumngil 160°C Wuia 4 Flaa

WaIINENeIE 19 Triton-X100 (33819 1) wuh
%decontamination efficiency nauaIszINEIy
M 2 amavn agflugn 91-979% dwSunguaud
ANV 0.3 mm KdE 0.6 mm DY LUHIN 85-96% Uaz
57-85% MNTGU MNLUFINWIFGNTIANNIN
0.6 mm ﬁaﬂnmﬁﬁqmw{]ﬁ 50°C 1Wunm 7 u
dadisansazats 20 NaOH fiquunil 80°C
aulviisinamgii 130°C wazlianusou 220°C
(g 2) wuhuszansmwlumsmdaamsiuiiou

aglun9 86-99% (C,_, = 15-148 mg/kgpyy) a9
Usainasstiudleumiatasniinsdredreddn 1
a3y chlorobenzene &uSUMsaNAIEIET 3 Ao
uaWaERn i nasuaza eI sazay 2% NaOH
Wy 29 Triton-X100 figaunail 80°C auliuma
figaumnii 130°C wazlwanudau 220°C wuh
M C,_, agludnlinudmsumsszmens aauans
Tugms19dl 9
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M99 9 ﬂ%mmmsﬂulfﬂauc?hl,musluwmaﬁn PET mnmiﬁwamﬂszmumsﬂuLﬂauluaﬂwaxttﬁ

figaumndl 50 °C 1w 7

ANNBUN 0.3 Hadwes (mg/kg)

ANNBUI 0.6 Nadwns (mg/kg)

asduilaudiuny — —
NAUAN C, C.., nNauaN C, C,., C.. C.;
Chlorobenzene 4,659+97  2,095+36 8145 2,660+£92 1,022+47 9243 94+3 Taiwu~
Toluene 1,726+29 990+26 8249 1,200+£35 1,187+31  41£2 15+1 Taiwu
Methyl salicylate 1,736+61 657+33 6048 872440 648+27 97412 24+1  0.35+0.02
Benzophenone 2,254+60  1,892+73 7647 1,474+79 1,457453 25146 148+44 10215
Lindane 958461 416+34 5945 718+58 428+41 183+13  62%1 83+5

winewme: C, WINETN Kadenlannmsanisgeie 10% v/v ethanol, C,, Wigd MaIATiNldnINMan

o . = a = v o =
GedNeie 1% v/v Triton-X100 figeuuigii 90°C Wuna 15 Wil uazauurisigamigil 160°C Wunim

4 9lan, C,, vanade wadeninlannmaandiednae 20 w/v NaOH figamgil 80°C Hunan 30 wil

v E4 A a Q'I d} J 4 3 Vv v =
wazauluisiigamigil 130°C Wunm 1 Hlus ialaanudu nnuuldanuseu 220°C Wunm 30 nil,

C,.; HAATIWNLANNMIENAIBENMY 29 w/v NaOH Haufiyu 29 v/v Triton-X100 Nigangil 80°C

P = & 2 ' g & q v v
Wuna 30 wiil wazauliwiaiaamai 130°C Wunm 1 %lua isldanuzuy nnuuldanusay 220°C

I =
Wuran 30 W

*LOD 284 chlorobenzene taz toluene; LOD WAy 5 ug/L %30 20 ug/kg

a 4
QI

msiwadingiie PET firunsldau
wudsldlna wielddudanuaimsaasiulain
sansamdaasludisuiidamniunaradnlasdnd
Uszansmw Tagansiaiions q fendsluiiawaadn
Fasliunarinvue saeiiieraandagiunng
Faumsnagaulsans MwaaenszuIumsalu@a
Sadpenaasanumsel Tealdasuudioudauny
dnlunana@nuzgnsliinseunqunguansiaifiims
Wuielszariu SHweneiansiudiousiunily
wanadn PET maamnszmums’%lmﬁaLﬁ'amuqu
aumwnaadnulsldlva dauduisiiaanse
IneaIslaod Nl UsEENS N waziranzd
damslédiiansdmstudaunslussdugauazen
PINNTNUMUITIUNTIN WUNRMIeNRas
fununguduniddismaia GC iilasmnianu
sansalumsiaasdunidlavarnvarsuazuanans
fenedld fiTeTevauniziensiansiuiiay
srunulagldnain GC-MS Fuflumaiaisian
UWITEILA ranmsunddUninsiuns (mass
spectrometry) fhunaiiaiinsiaiass Tesusn
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wadalsey (m/z) fuandiedu waasualug
alnasuzasnna mbiausannulaseasemand
2aalatana sauﬁy’qﬁagaﬂ‘%mmwmmﬂﬁmﬂﬁmnunm
fulsiuasstuamnuETuress Jananmaanse
nagoumstuiloudununduasdunid 4 nqu
5§msau¢1qumuﬂsxmﬂnsxmwmmimqw
(atud 435) w.a. 256570 laud 1) asszmede
LL‘U‘UfI"ZIz] (chlorobenzene) 2) &133¢tMENISULUU
Tsifi#h (toluene) 3) ssliszmanuuiisn (methyl
salicylate Lta¢ benzophenone) wae 4) d5laiszine
wuulsifith (lindane) mailafldiiaszviinny
Fumsdamaiuiloudunuudazngu ilasan
T WUNIS5UNIUBBIEI5AY 1aaA) m/z 289
chlorobenzene, toluene, methyl salicylate,
benzophenone a2 lindane A9 112/77, 91/92,
120/152, 105/182 Uaz 181/219 MNAIAU A m/z
fdanlidyaageiige dmdumsdiuaniag
1das GC-MS lenaaasldnadmi HP-sMS uaz
DB-5MS waUsinpaenaanyd HP-5MS 14
sensitivity fifin31 NNISNABBHAFITULUY

splitless wag split ratio 9 2:1, 5:1 wagz 10:1
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Lﬁa|,§anmifmmsﬁ“lﬁ'ﬁwﬁ'mmwmgmazammitﬁm
wifie (tailing) wuild split ratio 9 10:1
LWN12d@IMIU toluene, chlorobenzene waz
lindane it 2:1 dwsu methyl salicylate waz
benzophenone M3U3U step temperature program
289 oven laaU5u rate, flow way hold time
talWle retention time Amanzaaliaanid
wsatiuld wazlithamsdaununueaunaziia
studouduny Tasldnarsnlumsdasz
fmadeladmniull Tdnesiu 20 Wi waz 17
W dSU split ratio 1011 Wag 2:1 MNSIAU
wuhiteasssudlaudunuildianuananas
waransusazyiiaiiiefuenaannniusgeiomy
msanaasludoudunuannwaaingiia PET
T#ihazans HFIP Gufludrhasmeiiguusdmsu
PET #3814 polymer matrix (AamMsuIn wazana
fseeninledhe MsNaasanamenIasaesiin
au 18un dichloromethane lignsnsagniaasiy
{oushunusananldinamun
Nnmsnagauanulglavadds nuhnsw
mmgmwmmiﬂmﬁaué’nmuﬁgﬂ 4 g ey
LWHUANNa00d1NMTIAN laadian R” agludn
0.9986-0.9997 uazlifinansznunnuning laad
@ R? wazdeanaidanuaa slope tulumatnasi
mssaniu M LOD #asansenunungail 1-3 woy
ﬂic'ill“?; 4 1NNV 0.010 Waz 0.020 mg/kg MUAINU
%qnﬂﬁiﬂﬁ'ﬁmmwm signal/noise #1011 3 @1 LOQ
WY 0.020 WAL 0.040 mg/kg MUMGU Fefina
MIasIBudun %recovery as %RSD way
HORRAT #utnausinisgansuaad AOAC
guideline"” wamﬁmswzﬁmmLLﬁJuLLazmmL‘ﬁm
2993591A512H lee spiked sample blank 3 U
ANNLENTY SEFUSE 7 B HN recovery uaz
HORRAT(r) hulumuinamizaniu usnnniiu
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Method Development and Validation of
Surrogate Organic Contaminants Analysis
for Evaluation of the Recycled Polyethylene
Terephthalate (rPET) Plastic Production
Process by GC-MS

Chalathan Saengruengrit, Sasitorn Khaikaew, Passarin Saisuwan, Pimpisa Chaobon,
Sasitorn Homdumrongvong, and Uma Boriboon

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

ABSTRACT The recycled Polyethylene terephthalate plastic (rPET) to be used as food packaging must
be previously processed under efficient decontamination. According to the Notification of the Ministry
of Public Health (No. 435) B.E. 2022, the decontamination steps in the recycling process must be
displayed and the assessment of the surrogate contaminant testing is required. This study aimed to
develop a method for the determination of surrogate organic contaminants in PET following contaminants
removal. In this study, flakes of plastic containers were added with 4 organic substance groups of surrogate
contaminants which included volatile polar (chlorobenzene), volatile non-polar (toluene), non-volatile polar
(benzophenone and methyl salicylate), and non-volatile non-polar (lindane). The flakes were extracted
using organic solvent then analyzed by GC-MS technique. Method validation data was indicated that
the specificity was acceptable. The calibration curves of surrogate groups showed the good linear range with
R? value > 0.995. The LODs of surrogate groups 1-3 and 4 were 0.010 and 0.020 mg/kg, respectively, and
the LOQs were 0.020 and 0.040 mg/kg, respectively. Accuracy and precision at 3 concentrations were
investigated; %recovery, %RSD,, and HORRAT were in the range of 86-102, 5.3-7.9, and 0.3-0.4, respectively.
The analysis of PET plastic contaminated with all 4 groups of organic substances was monitored before
and after cleaning under various conditions. In conclusion, the developed method is suitable for analysis
of 4 groups of surrogate organic contaminant typically used to assess the efficiency of decontamination in

the rPET production in compliance with legal requirements.

Keywords: Surrogate organic contaminants, Recycled PET plastic, Method development, Method
validation, GC-MS

MnsEsasinanenadasmsunnd
U 65 aliui 4 amas - Sunew 2566




NNl JUans 2 NSNANE W 2566, 65 (4): 312-324

[:Y] v v < ¥ -4
MSANYISURBIYDINANITINEI LIANZSIHDNUILB DY
AUAULBAE é’mm’%u%tmuwﬁﬂ%ﬁmqﬂé’mﬂﬁﬁ

a, @1 a = vy = [ v Jy
I ﬂﬂzqtytymu‘n WNW&l"\) HAINWY A UINUY ﬁizamwswuq
"NGANIUBIYINTIN INWENIINTZUUNG) UUNYF 11000
AMSUNNEMEFNT [NENNGTINBUGT NITINGBENTAD NFUNNNTIUAT 10400

un@aga  mMsinvvdnresnzidennmasiintivad Aslveaithtesutuninluleausauaudued
CD20 %'aﬂﬁn%u,uu (Rituximab) %qmﬁ'uuuuﬁﬁmqq ﬁqﬁwmm%ﬁmqﬂéﬁﬂﬂﬁqﬁﬁwamﬁnmﬁlﬁdwmn
anduuuy Mlddeauladnmdnnmsnauauss (response rate) 8091M30E500 (survival rate) WazwagAes
(side effect) waven3nBunuziindringaarands (biosimilar rituximab) °1u&j’ﬂ’mmt’%wiaufwmﬁawﬁﬂﬁmaﬁ
Tutszmalng msdnsifudwssananngihensdidamhmvdoniiafivad Sunu s au mdssguaguhiu
65 U (25-88 V) Iientaditniasiniuenindunuaiiofingeaaranda GIUAFPUNNTIAN W, 2561 BuFaUSUNAN
w.d. 2563 lulsemeninasansuduaclsanennansziand wazuiafluniia double expressor $8az 59.5 fighe
naunzSwinalvaisasas 63 lfthaszauuaniandlalasiiue (lactate dehydrogenase; LDH) ganhin@sasas 69
WM IINE 5 U WUNHANDUAUDILIAFNUSEAY 84.5 MBUAUBNUNEIUSDEAY 3.6 WarlmaUdURISRERL 11.9
SeezIMNENTINMAY 50 e stazmUanalsaRds 53 ey Wsenmuazuuy TPT Gaud 0—4 WuszEza
500730 45, 56, 48, 47 WAT 29 [HAU MNEGU (p-value < 0.001) WaTHaAEINULUUlNIUUSITRED: 9.5 WAy
Tawukahapeasasas 90.5 mnmiﬁmenwmhms%’nm‘[smm%wiamfwmﬁawﬁﬂﬁL%aﬁﬁmﬂﬁn%uuwﬁﬂ%ﬁmq

v = 1 v a o L4 v e ldld = YV = v
ﬂa']'r"_lﬂEN’i'JNﬂ“UEl']LﬂNU’]“U(ﬂN’WI'iﬁ']uELWNaﬂT'ﬁ'ﬁﬂH']VlﬂLLazNNa?I’NLﬂEN‘LlE]EI

maan: uzsdsmnmasiielimed, sdniunursiiedringearaads, Ussandan

Corresponding author E-mail: joe chavada@hotmail.com

Received: 18 August 2023 Revised: 17 October 2023 Accepted: 31 October 2023

= Msaansinmemaasmsunwnd
U 65 atun 4 gaan - SUNAN 2566




masnwlsanzisnaninmaassiiolwadmomnigiusunieiiiagasoas

% Vesynyanuun uazani

o

unin

a a

#3nBuny (Rituximab) ueuaufvad
(therapeutic antibodies) #lia IgG ﬁaaﬂqwg
UNULBUALIY (antigen) CD20 UuiRLAEAIM
yiialmad (B-lymphocyte)” ™ lasunsaysia
TilFmamsunngaauddl a.6. 1997 Smiumssnmn
weSaramhmaawmiiolined lagliuamssnwue:
sanseaiialagsiniwiianiinsldeneiviie
WNENBENaRIC® MnuadAnINSSAElsANLS
donndesiiadwaduunalng (diffuse large
B-cell lymphoma) feealthiagnsnnsgIu
(standard CHOP chemotherapy) Falsznaude
81 Cyclophosphamide, Doxorubicin, Vincristine
uaz Prednisolone tfigufiumslignsydunusuuuy
TNUeeNUIUe R-CHOP (Rituximab with
CHOP chemotherapy) WUNaABUTUDIDAT)
5003307 6 U Whiuseear 80 wardoear 90 M
seu sanvasalsail 6 U uhiudesar 56 uaz
Jagar 74 NaOU wuhgihanauausdlsaaay
(complete remission; CR) 5888¢ 68 LLa38as 86
auaau® lugihagees e0-so U fild CHOP
Wisuiguiu R-CHOP wudgthanauauss
Tsaaau Saeas 63 wazsaaay 76 Mmuaau”

MabThera™ (Roche, USA) tUugn3nguny
FunuuiilFfusraunsvas finags ligihe
Tulszmamaanannuneiiigasfaliaunse
whieenlad® usemenvansuialananneninguy
‘dﬁﬂ%ﬁ%@lgﬂgﬂﬂﬂﬁﬁ (biosimilar rituximab)®*®
(2 Reditux™ (Dr. Reddy’s Laboratories, India),
Truxima™ (Celltrion, South Korea), Rixathon™
(Sandoz, a Novartis division, Germany) W
smaLdaniidagaadunuaeninunuauasily
giheuhdsenldunniy endydununiadiiog
aaaadalasuaynldlusudmuazelsulull a.a.
2017 fimsAnmindunangriudalszinduacen
SBwnsieiringadeaduilauduanuadonds
ﬁumﬁuuuuﬁqmnmﬁmeﬁqmmw MIAN

Tudainaass MSANEINTBAIUATNS /LAEY

aaa

waenans MsdnmmanszquUfisemanauauas
PNAHANAY WazmIAn¥IMeAaiin"Y

mafnwnmslaensydununiiofiagaaaaas

4 o " W e = ln:l'

Tudszmanusasuaud wuhdansendia 3 U agh
39882 73 WNAUENINBUNUAUUUUNTINNTDAZIN
3 U agnsazaz 73 wunu"® sdnlsnmuludagiu
U = L4 d’ % = a
geiimsAnwdayatiginudsednsainuaziua
v = =N a 7Y = Ql v =1
9LAeraee3nBunusiagiingaaresadsly
Usznalnedas 3T unuIgeens@ngaunad
Tagmsnumunsszdsy tiafnnUssanSmw oo
AMSOBUEUDY DOILSATIU FHLIFINITIDNTIA
szaznUaanlsanaulun wasKaTaLAENINeN
a A a v = A < 1 ?a’ =]
Snunvriinaaaadslugthelsansseranunmans
e Uas lulsaneIuasINISuduazlsawenua
WILUNA MUY 84 8

5’6{@1 WazIDNIg

1 Q Ul Y 1
nanmadgihe
s v ~ & v A v
wudayannnrssiisulasidangUlaile
o aa o & g S & P s
SumsitaRalulsauzSiaaninwdowiialwad
(B-cell lymphoma) lulsawenuasandudiuas
<& v = v X! A v
Tsanenwanszuaing lesdnwmdayanngihenle
UM B NTEWNTIUN 1 NTIAN W.A. 2561 B9
31 SUNAN W.A. 2563 IUIU 84 518 NINLANENUNA
TINFUH MUY 64 TP AN SANENIANTZIAUN
° =2 v o A v o = &
U 20 Mg Fithelsananihulumsdnmil
=) Ul < 1 %’ =) = = o )
da fihalsansSedaninmassilelwasuinalvg
U 80 N8 PINMNNGNT3ANZEIEDNWEDITR
Twaduinalva) (large B-cell lymphoma) fuwiaau
loun Q\IT‘I'J’JEJ primary mediastinal B-cell lymphoma
DU 2 e ;;li"llhtl primary CNS B-cell lymphoma
U 1 N8 l,l,azli;:llﬂ’ail intravascular large
B-cell lymphoma 11w 1 98 Tasgiheananua lesu
M33NeIEEANLITANIANTFIUGHT R-CHOP
(Rituximab, Cyclophosphamide, Doxorubicin,
Vincristine, Prednisolone) p&91iag 3 5aULAl
niaauly
WNau9iRaLn (inclusion criteria) lown I;;I'ﬂiil

< v P a o < v P4
NZLNADNLINTUNULEBD 218NN 18 ﬂ“llul‘lj

NsasnsEInenendasMsunng
U 65 aliun 4 gnawn - Sunay 2566




Rituximab Biosimilar in B-cell Lymphoma Treatment

Chavada Piyabun-yanon et al.

ildsumsinmnaemindunuriiainingadend
§03 R-CHOP 1nnn 3 sauadithe lulsawenuna
nusuduaslsnennanssiand

IR eean (exclusion criteria) lauwn
HUelasunissnmeieenindunuriiodiing
ANEATN §0n5 R-CHOP waand 3 sautailithin

NMIMUINYUIAGI8E191EITE198991NN3
= v v 2 ¥ o ] o <
Anwnawmh ldunadadgi M 84 Al LAy
% BYDLLUU retrospective cohort study Toendud GEG)
Ussiagihedaunasnnngsadey aulsiaaany
Wy mItanalse nauiiie gasenilasu wathades
HamMInauaues laatiuiindayamuuuutiuiindaya

OX o a
HUhe aeuaaslunnd 1

B-cell lymphoma who received biosimilar rituximab-based therapy
(R-CHOP regimen) in Ramathibodi Hospital and Pranangklao Hospital
in 2018-2020

Exclude those who received

Y

\ 4

<3 cycles R-CHOP

Disease response evaluation

And record adverse reaction

Y

(n=84)

Review chart

Analytical dataset

MNH 1 MINEINNUIE (Protocol flow chart)

NM3IANRTaYIN DA

doyarihacmuang tne szezlsn (Ann arbor
stage) Suumidlsauandaninmaas natden
520U lactate dehydrogenase (LDH) &u350mMW
r}j" 1he ECOG performance score (eastern cooperative
oncology group) @zuuuwensailsa IPI score
(international prognosis index) AMUIUTAUEN
@R 52AUNMINBUTUDIADMIINE LazMLAA
Tsanau lagniuiinliuazienzvmeadaloald
Tusunsu STATA nasau 16.1 (StataCorp, College
Station, TX) 1& pearson chi-square (x2) test
ieu3suliisunguanguaz1433 Kaplan-Meier
LiloUsziiunamsine szeznansendin overall

M5815NTHANENFFATANTUWNE
7 U9 65 atfud 4 ganaw - Sunau 2566

survival (0S) wazlddd@ log-rank test e
U5zl UM UULONANY DD ATINITIDUFUBNABNIS
Snwwasihaudasngy Tanannmsiensiais
CcOX regression Lﬁ:aﬁwmmmmwmﬁm hazard
ratio I@EI‘&’NF]’JWL%}aﬁI' u“?; 95% confidence intervals
(CIs) Tosudazsuslumsanmniildmenuidasiv

p-value N8N 0.05 DoNAUUEAYNNTDA

BaassumNieluaywd
msfnilldFumsaudannamsnssums

Wasasesssnn e lunywd Tsaweruia

wszilaund oyliddioduil s numwWus w.a. 2564

MNLanIINIYLeY EC11/2564 wazlsanenua



masnwlsanzisnaninmaassiiolwadmomnigiusunieiiiagasoas

% Vesynyanuun uazani

o

FINBUA BUNANDIUN 4 HQUIBU W.A. 2564
gmutandsungtay COA. MURA2021/504
e

nndayaihenzisdanmaawiodwad
TulsawenunasansuauaslsawenuIanssLaLnad

nlasumssnmeaeaitinige R-CHOP a&atias
3 sautaNNUeTull Tugesennaun 1 ¥new
W.A. 2561 DNIUN 31 SUNAN W.A. 2563 NIUNG
° ¥ & & v o @
U 84 e dayaiugumluazdayaienulsn
AUAINlUNTND 1 UasdDYANAMITNE) AT
Tumsai 2

mM3Ni 1 Fayaiugiuuazdayatiednulsarasfihenssedaniimassioliwaanldsunisinwmens

enINBunvrtiadIIngamaaa

Rituximab biosimilar

Characteristic (N =84)
Number %

Disease subtype

Diffuse large B-cell lymphoma 80 95.2

Primary mediastinal B-cell lymphoma 2 2.4

Primary CNS B-cell lymphoma 1 1.2

Intravascular B-cell lymphoma 1 1.2
Sex

Female 44 52.4

Male 40 47.6
Age, year [median (range)] 65 (25-88)
Age, year

<60 27 32.1

> 60 57 67.9
Ann Arbor stage

| 6 7.1

II 30 35.7

111 11 13.1

v 37 44
Lactate dehydrogenase (LDH)

Normal 26 31

Elevated 58 69
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Rituximab biosimilar

Characteristic (N = 84)
Number %
ECOG performance status
0 43 51.2
1 29 34.5
2 11 13.1
3 1 1.2
Bulky
Bulky 53 63.1
Non-Bulky 31 36.9
Pathology
GCB 23 27.4
Non-GCB 57 67.9
NA 4 4.7

Double expressor lymphoma; DEL
DEL 50 59.5
Non DEL 34 40.5

International prognostic index; IPI score

0 5 6

1 21 25
2 22 26.2
3 19 22.6
4 16 19
5 1 1.2

Myl 2 dayananssnmlsanziedemnumiswialwadmemindunusiiedringeasad

Rituximab biosimilar

Characteristic (N = 84)
Number %

Median OS (month) 50 (0-71)
Response

Complete remission; CR 71 84.5

Partial response; PR 3 3.6

Progressive disease; PD 10 11.9

Stable disease 0 0
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Rituximab biosimilar

Characteristic (N = 84)
Number %

Relapse

Relapse in 2 year 18 21.4

No relapse 53 63.1

NA/Missing data 13 15.5
Adverse reaction

Mild infusion-related reaction 8 9.5

No adverse reaction 76 90.5

2MIINIINAUTUDIADNIIING)
NaM3snElalsaau 1 71 e Aady
Spuay 84.5 lsAMBUAUDIUINEIU (partial
remission; PR) 911 3 58 dollusasas 3.6
wazlsaliinouauawdafluaniy (progressive
disease; PD) $1u7u 10 99 aadudasas 11.9 3
\flumsnauauasdamssniniilndideeiuenindusn

auuy®

3282118130 ATI6
seazanseadinmasnefiheuz5edoy
vndesrfintmadlulsaneuiasinnsuiiuas
Tsangnnanszianarnlasunsinwaiseiail
111Ua R-CHOP @8 52.7 LGau
lafiansanusnainazuuy IPI score
Gaud 0—4 Wuhilstaznmsaaiian 45, 56, 48,
47 uar 29 @eu museu seudaclumed s

wazdi@ p-value < 0.001 AIULFM LUMWD 2

lﬂ' a dl CAl < i %’ <~ a I <
MMINN 3 53‘(’]303138@’6’)@LQBEI“ZIENE\IIU'JEINSS\WIE]NHWLﬂaaﬁﬁuﬂULﬁaaLL‘c’lﬂﬂﬁﬁJ IPI score

Standard 95% CI lower 95% CI upper
IPI Estimate

error bound bound

0 45.400 7.449 30.800 60.000

1 56.857 2.091 52.758 60.956

2 48.500 3.820 41.013 55.987

3 47.283 6.520 34.504 60.063

4 29.063 6.039 17.227 40.898
Overall 52.653 2.969 46.833 58.473
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10
] I__—H——o——o—+ﬂ+o—-o+ IPI score
09 1
058 * —], , H—HH-H ﬂ;
T 07 ‘ |_ o N
'E I —I o —I14
2 —tt
@ 06 : &
= -
2 05 ) '
E
S o4 it
03
- p-value < 0.001
0.1
3 15 27 2 51 63 75 &
Month

Aﬂ' aa d‘ Al < v 90’ =l a = <
MAN 2 i%ﬂzt’)a’]iaﬂ‘ﬁ'ﬂ@lLQGEI“ZJE’NQﬂ’)ﬂ&l:ﬁlﬁ\‘ﬁﬂaNH']LWaEN“ZIUG]UL‘ZiaaLLEJﬂGnN IPI score

WaRMSaNUeNMNBUAed germinal center  WUNHSEHZNATDATIAUANANAUN 43 UL 47 LHiDU
B-cell lymphoma (GCB subtype) Wastzaazfio?t  eusIOU a9uansluans i 4 uazdien p-value < 0.047
1314 germinal center B-cell (non-GCB subtype) Aauaas lumwi 3

M0 4 szaznMsatiawasyasgihensSdaninmdawielwasusnmuriowasuzGwantnman
GCB uaz non-GCB

X Standard 95% CI 95% CI
Subtype Estimate
error lower bound upper bound
GCB 43.174 6.341 30.745 55.603
Non-GCB 47.420 2.627 42.271 52.568
Overall 52.385 3.063 46.381 58.389
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1.0

09

0.8 _m1 GCB

-~ Non GCB
0.7

0.6

05 | HJ——*-H*—'«

0.4

Cum Overall Survival

03

02 p-value < 0.047

0.1

12 24 36 48 60 72 84
Month

Mwil 3 szeznmseaiinwdseeithenzdaninmassilalmaduanmuriiawaduzseaennmasy
GCB taz non-GCB

szaznaUaanlsn
sxﬂznmﬁpjﬂmﬂaaﬂIﬁﬂné’ULﬂueﬁqLaﬁgwaq WHaNSLENINATLUY IPT score MLLE

fihenzSedomnmdssiadizadildfumsinm  0-4 wuhissaznmilsauzFanduaniuni ss,
MEeAitIte R-CHOP fa 53.1 1y 52, 42, 52 WA 41 LHBDU MNAAU ALFAILUAITI

o a o o
N 5 ez p-value < 0.886 (ﬂ\iLLﬂ(ﬂ\ﬂ‘LAﬂ'l‘W‘Vl 4

MmNl 5 szeznmdasalsanavredthensiaennmisaiadiwaduenaa IPI score

Standard 95% CI 95% CI
IPI score Estimate
error lower bound upper bound
0 35.400 10.735 14.359 56.441
1 52.394 3.364 45.799 58.988
2 42.474 4.535 33.585 51.362
3 52.000 6.576 39.111 64.889
4 41.727 6.108 29.756 53.699
Overall 53.140 2.903 47.449 58.830
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1y

[ 1
08 =

IPI score

-0

06

b - -
-2
-3

04

Cum Overall Survival

02

00

4

p-value < 0.886

Month

=D,

MN

WaRsaIuenaIuziaigad germinal
center B-cell lymphoma (GCB subtype) uwag
wasztionlily germinal center B-cell (non-GCB

" a < o & 3
subtype) nuNiszeznmlsanzsanavinium
RAIUANAINAUN 51 WAL 47 LADU MINSIAU
AALaEAluAI59N 6 wazliA1 p-value < 0.694
AHILFA LUMND 5

anIINISAAlsANAY
wugthenlsanaullugnmely 2 U S
a & v v, PR 1t o

18 98 Aolusagas 21.4 uazgihendsliilsanau

< ¥ PO a & v

Wulu 2 ¥ i 53 g dailusesas 63.1

60

Ql LAl < v %’ -~ a I <
4 i‘&iﬂzl{)aﬂﬂaE](?]Iiﬂﬂa‘lj?lENQ‘U'J‘EINSISQGIﬂNuWLWaBﬁﬁuﬂULﬁaaLLﬂﬂﬂWN IPI score

ANIINSLNAKNAY AL
wugthaniianadnadensldenivue
3 a Id 3 v = Id
MU 8 N8 Aallusaear 9.5 lasrainadeay
pmsiunuaeliien (infusion-related reaction,
IRR) naansalieneaale laswiiyszazialien
ansdaslumslien waziingnanaimsuwngy
aiasesduazenuauddamiiu leglifigihesele

a ¥ = = 3 v v
ENANIYNLAENIULINIUINYUG EN‘WE!@&L‘WEIW

P @ UAl < ¥ =~ a o 4 a 3 s ¥ I~
MIINN 6 i:ﬂmmﬂaaﬂkﬂﬂammQmﬂmmmaummaawumumaa LN NYUNLTIINSLNABDNUILAD DN

GCB a8z non-GCB

. 95% CI 95% CI
Subtype Estimate Standard error
lower bound upper bound
GCB 51.941 5.821 40.532 63.351
Non-GCB 47.739 2.972 41.915 53.563
Overall 53.220 2.971 47.396 59.044
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GCB ez non-GCB

a 4
AU
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iunu 84 e Aldfumasnmeemiaiiniages
R-CHOP aghavias 3 savuly iladnnissamsanm
waznadaLAssiiddyaaseindunuriiadiing
adreads Fuflusimdnlunisdnulsausis
deunmdassiiafwadmlanluiagiu ilesan
gn3ngunvdunuuiluauantydenanuian
Afisauns dafimswannenindunuriiaiiog
adeadedusuhanlFinmgtheadaunivans
wndu iieUszudacmldielunssnnuasiia
mahdsensndunuanndu Tasdssanaeldie
lumsSnwiithe 1 918 eesydunuriiedriog
amaadslulsunalne Al 73,600 1 WSsuisu
fu 193,456 1 alFnFnBunuduuuu®®
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WulsauziSedantinmiseriiomaduuuio i
T8susnidenfunanue 39ldhmsieszuasiuty

mssnmuzSidemnmasriintised o
#INTunurtioiingeaigads wuKanIInm
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Biosimilars of Rituximab-based Therapy
for Treatment of B-cell Lymphoma:

A Retrospective Analysis

Chavada Piyabun-yanon', Pimjai Niparuck® and Noramon Teeraumpornpunt®
‘Medicine unit, Pranangklao Hospital, Nonthaburi 11000, Thailand
*Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok 10400, Thailand

ABSTRACT Rituximab is a monoclonal anti-CD20 antibody used with chemotherapy to treat B-cell
lymphoma. Rituximab with cyclophosphamide, doxorubicin, vincristine and prednisolone (R-CHOP) is a
standard chemoimmunotherapy regimen for treating diffuse large B-cell lymphoma worldwide. As original
rituximab is still expensive, so biosimilar of rituximab has been developed and used widely in many
countries. Our objectives were to study the efficacy and safety of biosimilar rituximab for treatment of
B-cell lymphoma in Thailand. Retrospective descriptive study was conducted in 84 patients with B-cell
lymphoma. the patients received biosimilar rituximab plus CHOP chemotherapy in Ramathibodi and
Pranangklao hospitals from January 2018 to December 2020. A total of 84 patients with B-cell lymphoma
were evaluated and their mean age was 65 years (range, 25-88 years). Of all the patients, 59.5% had double
expressor lymphoma expression, 63% had bulky disease, and 69% had high serum lactate dehydrogenase
(LDH); and after 5 years of follow-up, 84.5% were found to have complete remission, 3.6% had partial
remission and 11.9% had progressive disease. The median survival time was 50 months and the median
progression-free survival was 53 months. Based on each IPI score 0—-4, the overall survival periods were
45, 56, 48, 47 and 29 months, respectively (p-value < 0.001). Regarding adverse events, 9.5% had only
mild infusion-related reactions and 90.5% had no adverse drug reactions. Thus, biosimilar rituximab and
standard chemotherapy together are quite efficacious for treating B-cell lymphoma, causing just minor

side effects.

Keywords: B-cell lymphoma, Biosimilar rituximab, Efficacy
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Molecular Diagnostic Laboratory Preparedness

Sumonmal Uttayamakul
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gidmmnalddudungiheneifidoasetu S9ldd
msUszmanugithedudumnsusnluiui 13 unneu
w.a. 2563 Fluginessusnuanassusy
Usznsuiu Tesaguwann 2 Wasufidnsili
HAAINNUYBIEITUITEINGIAIFAT 51 TG
AsNANEIAEnINIsUNNg wazvaslfudnisues
audinenenansgumwlsngialn 62835 whole
genome sequencing”’

msnTRmusgiluenamemaila real-time
PCR ilamaswugnssudanuaniiulumsaa
Aflady warmstudumsiode iienauauaIns
h3z3s Uesiu wazeauaulsauasdszing Tuns
WaUIMINTIAIMaINUGNIINYBY SARS-CoV-2
61838 real-time RT-PCR 2nmsliineniinmnn
TasnsaAnmnmansmsunndvdathenadaguiichy
matssiiuaummlasnsninneaasmsunnd o
anvitasedmiugadedaidanolsn COVID-19
MNIZVUNUMNNAIFIUMSUHUGOY PCR waz
nasgiuaNNlasansansuaal jiildnsiiisns
U 2 wuuldsnansIous  (biosafety level 2
enhanced: BSL-2 enhanced) diaUsinadedinsa
inndunfludasimsuiudasussuunululiedes
Salualh iileansrezansaNamInTIv
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Uszindlngluszazauauliuimsasamas
WugnNIsNEanalse COVID-19 ¢35 real-time
RT-PCR lagaontiuideingnaansasismgy
AININGIAFATNITUNNG wazgudIneImans
MIUNWNE 15 U ARINHWNENUNIMATFULZIENT
lolousmstanay Tesdinsuineenansnisuwng
M52 UNINITIUUAZLATIFTNNNMEMW TINNI
Ussiiiugaumwaelusunsunaaauanudinyn
el fuams mlviivesdjudmsiesadnafinou
mssusasuazliusmsmsnnalansauagunnivud
FatayUuivealiamsnlasunssuses i 534

'o(4) v G‘L = ] 1 <
wie' (dayaludaunaan w.a. 2566) aenalsnmu
89NN luMIBanuUURaIU udins msteden
AMNNWIBNAINNINIFIULAZANINUBAABNIY
wenlfuansilluduguddydmsunissassu
MIaTINFaUR Ininamnsatiatuleluaiaa

wasUfianmsagdlaena aontutnae-

o an o X

usgs dUszaumsallunmsenaifdadeianalse
matdumalanziuaannais w3a Middle East
respiratory syndrome coronavirus (MERS-CoV)
Wnau & MERS-CoV daluizaduanalunga
W@ENTEAU 3 eTUANaIIaheNNkasUssaum ol
Wszgnd lgla5201539u181 Tagunauild
2 Al J ] =
Joguszaedmanaalszaumsal Tugnnisieden
Waalfuanmsasiaitanezia SAR-CoV-2 #4940
I 43' [ v o [ ° < 4 4
Wugesuanalungudesszau 3 Indudaald
vesljuamsthiisneszau 3 (BSL-3) lumsimnzides
@ah3a nsdimsaniiadadamaiinegdluana
dusalduuinaljudeunudedensianiu
NasuaNNlaaanamemallaiIlsnauuuEIN
an530uz (BSL-2 enhanced) tatdudayalums
MHUHUALO TN NI UM IR NN A RnD
BUANHEVIUNIIENUDUNDIAA DI WIING T
& g
@olunguil

(274

ﬁ@;uaﬁ%msﬁnm

NI NHUIIY

WU JUAMS: MHUOUMNUINININGTFIY
v ) b a va
auaaEhluena wazanulasanylumsujiany

Menatin BSL-2 wuutasnanssous imsussiiu
amandesnaumsmdivnu Tesfnwtadeiiedes
MeszuvEIReIl§AmMs msusmsiansssuy
anudaaasmunguidswandalan wioansiasm
l,muﬂszzl,ﬁummLéaqwaqﬁaqﬂﬁﬁ'ﬁms donuiiuas
ammnndey SuiuitamssmiuldSuaedina
WuitazoradiniulddaAugasinuazgunsal
wiatlasfuduypna iufidwufitnuenaiens
wasiuiiafudegiimiannmsanadenzy
wialdauilehide Wiy

yamnsivhmihilenadeng: sududa
Ta5unsausaiawaudneninlunisasia
muamdluana dnvinsensUjidauainvan
ANNUaaaNaNNEINMNW MsanuazaangUnsal
Uaanuaiuyaaa (personal protective equipment;
PPE) atgndasuasldiumsausumslsiniasiia
MNNINTTIU HY 0BINIAY 52eU 2 (biological
safety cabinet class II; BSC Class II) d@wsu
maUfuanuiuideene aadldenusziaseily
msuanshageihliiiamsilsnsznevie aerosol
mﬂ%méamuﬁwjuﬁa (autoclave) sauﬁgﬂ'ﬂn
ausumﬂﬁqmﬁwmdm%’umsmmmiﬁuqﬂiiu
woziaIasiiafiiendas Nadyaansiiufian
aavlasumsausuauanulasansuazlnujua
Faamsanlduazaan PPE saumavinuzmsufis
auiladasfumstuidoudalsa

w3aefia 1 uaziaqaunsal: Sufludaed
Lﬂ‘%lmﬁaLLazqﬂmtﬁﬁugmﬁﬁwLﬂuuazmmzau”lu
M395290 N laun BSC Class IT wuta3aw
a1t Yaaaludl® (autopipette) gifiudmsu
duhen gquidmiuifiuniainmathe wiasile
dmSuaiamaiugnIIy AiaenTiensiasia
real-time PCR uazta3a4 autoclave

nsEUIUMSABUMINAdaY: Hundamiu

[ <

AADULBLLOTUNGIDEN LUIUADUNBUATIIATIEN

2

fgunsalianuuazyudeiiadiuaaads auau

9

aungimuszezna lumsaudeisiasujuanig

9 u
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Molecular Diagnostic Laboratory Preparedness

Sumonmal Uttayamakul

ASLUIUNITNAFDU: IDNITASIAAILNALA
azg%ﬂmaqa niludsarmunurmimaumsUUiRNY
Y’ @ & o P & A
viNatlaanunsUulouwasnIsAN LA e NN UN LY
ANABIMNNANMITATIAMNEIT PCR MilyaizioIan
PAIBENNENFLERDUATIY AISUUNNTLELIAINA DI
YU uazfiathaamuzas i “wnwh waeil
LRI HINNIBINTIVILASIEN FNFINTIFIT L H D
UAE”

MSLUBNBLAZNITINENIUNS LLﬂawamm‘jﬁa
LATAILLULIN LUBNENSMN UL LATSIENUNIONN
SEUUANATHIUMSTBNURSAIIUA LT

MIMUANANMN: TUNITA9IAIATITHR
maghilglumsmuanaumumeludsgaauan
NUINTBNAVYANTIVIATIET UazNITLTITINUEY
NAFDUANINTIUNYMNIZUUYINIATIA BIDLNTIN
UHUNAFDUANNIINYNUNTHAINN AN TN TUNNE

ASLUIUMSVERINSNATBU: SNENNIAVNES
Wugnssuastnusnm iluguduisuaziiu RNA #
aﬁﬂlﬁﬁqm‘w{]ﬁ —~70 NFNHALEHE LAUBAAFIDENNT

=] a va v dIQ = a
waannmsufuinulimusaulumuusitlafioge

% % da .ﬁy <~ . .
FLUTYINHUANLED 9D biohazard sign wae
v A va P ° a & v a
Walfuamsiszuumsmanaaezfaldanignang
autoclave nauuI8aNINYWIUFUANIT Taa
= o’d‘ vV v =~ o 1 td' =~
INENAFNSN LEUAINIDAIDENNUEDANNAITATI
a P a & A % S o
A2y g0 PPE wazpazfniiaduy | wiaunanms
aamsUuou (decontamination) MIDULNRNED
waz1haan lUMANMNITZUVLBIFIUNENUS
15U UM UANNUIBAAENINTININ:

MSUHUANUMNNIATFIUNANINUANI NN GN LT
Pavszaualin masnlavianangunsal PPE way
s ldmiaauvaninms IunInsia liilge
Aamsasuudlaunie biological spill kit Tiwsaw

a va

Y &4
Tdnulununufiams
%4 1] a” d'
ASAAUUINUD
-] = ﬂy d‘ Vv a va o 7
MIAALOIHNNUNDIURUAMT: WSUMINTI
manaila real-time PCR NiMstnnUsanaas
Wugnsau (nucleic acid) Fuumaiianienuligs

M5815NTHANENFFATANTUWNE
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Wendnidsenszviumsluidiounnwandnuas
U380 PCR anmInenuraiionaa msujiaau
SudeandsumsnuamsasnuuuResgians
Jaliiwuiuenaandu s dw Tdud msiadeathen
maafafege MmaiinTnuasiugnssn uay
Soua®® Toefiiuiiuftoou wiuilu s wsom ldud

WShai 1 iaaadeanhendwiu PCR (reagent
preparation area: PCR 1) u'%nmﬁmsﬁﬁuﬁﬂgwiﬂ
2.5 x 3 M3Wes Tszgiilfianazliaazaan
geaniie wazdifurwdanaldmsuldiame
Woeil gunsaliadasiiafugiudsznaudasdifiu
2-8 avAgaLded quiuia -20 avdgalded
\iaifiurhen § PCR cabinet i mhaadiSaguih
dhndnlszneg visdondugdwanadinfavaan
waeans laae (ultraviolet; UV) wianadasila
UV wdamsldnuuasiimsssnmtald UV e gunsal
auq fsndunelilng Gj'f: 8 vortex mixer, spin
down centrifuge, autopipette 2110 P10, P20,
P200 wuaz P1000 wiaw filter tip uazguiiaeg
wuuldudls Wudu waeilsalSiiewdanthsdmsu
UfA3en PCR daifluvinsiiazara liayanalii
Sedensrauaz PCR product whanluusnaiilas
A28 MIaTeheaeauiInIUATIMES
ﬁ’uqﬂﬁimau%ya SARS-CoV-2 (master mix)
ansonauhalFasnugasiifiuasuanmsaadu
e A w%aﬁwf’lmzhL’%agﬂmﬂshqﬂsxmﬂ
nutafluraaadn g neufiaztheanluidiudats
flatauarluiasdall duansluamd 1

usnad 2 laun Heundeudatauazane
MIWUFNTINNINAIEIN 529209618 (specimen
preparation area: PCR 2) U%nmﬁﬂﬁ{fﬂm%ﬂu

¥ ]

= =] & 1o & v
WU 3 x 4 e idszg 2 7u ldandudas

D,

v [

uiasanuauay Uszgruusnidr luaeludy

ca

L

4

v
a o [

ungmsuanlduazoan PPE anulssgn 2

=

[

sl Ul UaNY Jaaiia w3aeiia waz

Unsalugrunandlu Usznaudae ¢ BSC Class I,

0 D

vortex mixer (AIBNENAFITHUTNITNUUUBALUNG

= [ 4 @ ° v 4
W30aNAEIWUINIINUUY manual InTudaals
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e3ptlumdssnaEn (microcentrifuge) Al
anusaulugin 12,500-16,000 g Guaamail
2-8 pFnALEod GuiLlngumni -20 aenialdes
SMSULRUMBENIMUANANMN autopipette 2110
P20, P200 oz P1000 W32 filter tip 4azaiiag
wuul3uth venniimsuidanumsialiiinuisu
sdena maldnsasduhudaga (pass box) N
gl jians PCR minlaifinaasaeru@ing
aansnoanuuuiaslifivssg 2 du iiodsdat
EumMedszgund

uiai 3 WesanatamswugnITHLay
IANevina (post-PCR 138 detection area: PCR 3)
uinaiimsiawdsuiiui 2 x 3 ;mouues wiaw

sanile WuudnamimsuiaUsinamsnugnss
Wnmasa PCR wisgunsalnagludiuiidau
naululuviss PCR 1 uazvias PCR 2 lasiinna
watlastumsdudlounonaioduld arsiiians
MstduaInyas PCR 1 lUdevias PCR 2 uevins
PCR 3 lLisfludaailuvesfiniuies PCR 2
#9va9 PCR 3 niiUssqzuide anns0dalidl
o s Y v ) ﬂy kd
pass box wazigunsalidnveslasrriuniaiile
aauaaa lummwi 1
a4« o do g v
in3asiiauazaUnsainugrunantu Usznauee
t3aniteNziLastiiaUnaaswugnssnlugnw
234 (1A389 real-time PCR) WSaumaunLeadswLa
Tusunsunlduszanana MINMINsTaesengalios
yialsuilvluudazye

==

a
MAN 1

1} lg’ lﬂ' ° el = v 1 v v 1]
MILUNNUNFINIUNY PCR IGIEINW’J'INﬂTJ'N?IBQLLGIGZVIBQ 3—4 NI LWNANNU Taguus

Wu s Wud laun dasedsnnmamivljizen swsssinussidandinnauhiuiedey

e (PCR 1) ﬁmaﬁ'@\msﬁuqnﬁu muqﬂnsni personal protective equipment NauLENNUN

ANAMIDENMNNINIFIUANNUIDANEIZAU 2 wuuEINaNsTaus (PCR 2) viaanndSanm

wazAIINTINUGNIIN (PCR 3) was [S] An snaniialuudasias

Tugorunisallsaszuaiilanasufuians
Tasudvdensiasnunn sufudasiszuy fully
automation 39l#ia3peiiosaluidanaas
WugNIu w%amﬁuﬂ%mmmiﬁ'uqﬂssuu,asmm
gauna asnnflussuumshnusiauasonace
szuulla fatusansalsnasiifiome 5 x 5 M awuas

Woudginsanananie lasuanunaaluly
Wudadiu dasiiyaarnsmmihin3snaladis
ansnavasnntheldnasaiioinidieiesdnluie

Ao w

wazdasdaiunamsuainlduazoanginsal PPE

]
P
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Molecular Diagnostic Laboratory Preparedness Sumonmal Uttayamakul

ia3asiiouazgunsaliiugiuinandu Usznaudme  waz P1000 wiaw filter tip uazgeiienauwuulsuils
@ BSC Class II, vortex mixer, gifiugmmgii  (Uueu

2-8 BNFNLTALdYd, autopipette 2U10 P20, P200

\ I = - - | i |
-4 =N s ©® AAFU Sample
| K
BSC|Class Il =
e R
T || e
r 1

LAFRIAAALAzAFIRILATITEAIUIIR (Fully Automated)

MWN 2 MBENMITNURUAIY U JUANMNHLATa0alUNG (U0 5 X 5 WAT)

W

12 v
= =

° a a vV . N‘ e = v
N3UIUNM T HUNULAZU TN UANNNT DY checklist tWpam LGIiEJNE}Iﬂ nsalluuaaziunaog

yasiasfuamsninnsluvi Sutudasimsmvue  vaslfidns PCR asuaasluansii 1

m397 1 Nemaesasiauazalnsaiivaldlumsdsailivenunian

22

o W o = - 4 ° = ]
aAUN immsmsa\mauazqﬂﬂ‘sm AIUIU kY IN

PCR 1: Reagent preparation room (Master Mix): Clean area

1 PCR cabinet (with UV) for master mix preparation 1
2 Freezer -20°C (for reagent storage) 1
3 Adjustable autopipette 2, 20, 200 and 1000 uL 4
4 Filtered tips 0.1-10 uL, 2-20 uL, 5-200 pL, 100-1000 pL 4
5 Vortex mixer 1

L Msmsnaainmenaasmsinng
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= 2 =] s a 4 v
M3 1 NemsesasiiauazaunsaiivaldlunmsUssiivenansion (da)

aaui ‘smm’sm‘émﬁauasqﬂﬂszﬁ wou 8§ laid
6 Spin down centrifuge 1
7 Microcentrifuge tube 1.5 ml 1
8 Microcentrifuge tubes rack 1
9 Disposable gloves latex powder free 1
10 70% Alcohol 1
11 Distilled water 1
12 Gauze pad 1

PCR 2: Sample preparation room (Biosafety level 2 enhanced practice)

1 BSC Class 11 1
2 LA aERAB LG 1
3 Adjustable autopipette 20 uL, 200 pL 2
4 Filtered tips 2-20 pL, 5-200 pL 2
5 Bench top microcentrifuge (capable of 20,000 x g) 1
6 Microcentrifuge tube 2.0 ml 1
7 Microcentrifuge tubes rack 1
8 Vortex mixer 1
9 Refrigerator (2-8 °C) (for reagent storage) 1
10 Disposable gloves latex powder free 1
11 70% Alcohol 1
12 Distilled water 1
13 Gauze pad 1

PCR 3: Room/Area

1 \A4a real-time PCR

2 Adjustable autopipette 20 uL
3 Filtered tips 2-20 pL

4 Vortex mixer

5 Spin down centrifuge

{lgumaﬁmmzﬁmmL?iml,l,ammmﬁﬂﬁﬂ'a\ﬂu
mameainagiiluana laaiinainasgiuges
SEaUANNLEE (degree of risk) @INANNIULT
YNNINTENU (impact) é’i"'\uwi 1-5 uazlamaiaziie
anudesdaud 1-5 laud sy 1 vesann 2 e
3 unae 4 g9 uaz 5 gaann® FeRansNANNLEE

91NANNAYBINITLAMANITAINALANNTULTY
fiiedu wanmazasanudss enneud x
ANNFULS Snsoudaala 3 & laun den wdes
uwae vianede anandestias 1hunan ge uday
Fauanslunwil 3
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Molecular Diagnostic Laboratory Preparedness

Sumonmal Uttayamakul

ANHTULNYNNINTZNU

5 = gNNIN
u

4=

3 = hunan

1 = UpaNInN

1 = UpaNIn

DD,

AN

5 = gNuIn
u

2N 3 MIAIATTHANULETES NAMHNTULNYEN NansEnULazlamMan AN

mnmsvﬁuwugﬁmwmﬁm (risk map)
HIUTOUNIINURNUUINTANNLTY IUNIUszLlU

ANMNLFLINNEINM WYV IURUANIT AeuLaas
gadaluansnd 2

AN 2 LHUMIUIMIANNFENLAzU S UANNIENNEIM WY TAN50973 SARS-CoV-2

ANMLEes fladaidn WNNIMITANIANNLEEN uansznu  lamatin
Woandeutien 1. fimstudauan - dasusniasuaseiasiialdnuams 1 1
master mix maUfuanu dmuwdeuhen luuaau pre-PCR

2. w3snnenlaigneag - Higiaujuanuviaenansusznau 4 2
dmueIeunhen master mix
- Hnausnyaainslithunamineu
msUfuanu
Wousdeutnede 1. dedemnmaUfidnu - @enld PPE Thmansan 5 2
LA3ENEIDEN - UjuGinueseniaglug BSC
Class II

- Ufudmugiieufuanuedansanio

2. FOUMBENKIBIASHN
MBENNAAY

MUFBUNYILLDEAUUVDDAGIDEN 4 1

V‘!ﬂﬂ’%lxi (primary nU secondary tube)

ISP

PoIRTINAER
real-time RT-PCR

@anld protocol liigndas  figilanmsujifnuviaanarsusznau 4 1
dmFumsm real-time RT-PCR

RoINIINATIER AIDENIVNNAU I UIUA DY
SARS-CoV-2 11Ma8NTNAT D O TUNG
MIELAIDIDALUNG

3NN ldnasiithta-alug BSC 4 1
Class IT waz1iaeNneIaeenluN
maly 3 3nd

dl d‘ v ' Yo
yaansiieddasdealasumseusy lag
v v d‘ a ' 4" Yt v v
WwigminNesIle il lvianugeu
aadilutana Hnvinven1sUfuden PCR e
Yasiumsvudeu Hnawlduaznangunsaiilasiu
duyana (PPE) adngndes uazlasumsausu
msldia3asiamuanesgiu wu ¢ BSC Class 11
msldnun3at autoclave Hnausumsldnuinsasiia

L Msmsnaainmenaasmsinng
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ausuitailuanusoiiastlar 1 a5 finmaiia
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TAURTRUaTIRIeIinIEe SARS-CoV-2
U 26 AU Wszuumsmautundadena lag
a Ya (-] ﬂgl o o I~ v = k4 v d'
MsUfuenusuasuee IntudaedidIving
Ufuanunniuag sy 2 au tiaanylasans
19908 U UANITUAZLATDIND
qﬂmtﬁﬁugm‘ﬁai"uLﬂuﬁm%'ummmmsﬁuﬁqﬂssu
21D SARS-CoV-2 UannnNMsuiNnunufucaau
Muvann1s PCR wa? gaainisauvsaantily
a o o A v ¥
9 JrUU NTHAedAINaNlY laun szuu
. . I YA [ @
semi-automation Lﬂumﬂmﬁanmmswuqnsw
a v o = Y o wa 1 o a
NNENFINTIAAIB N NI DLATDIBA LUNATINAULATD
real-time PCR TumsiinuSanauazasiainas
WugnNIIN aauaaalumuni 1 Warasljianmslesu
faaesNNTUINIIN luFgoIuMsallsasEUe
ludeslissuu fully automation #l#ia3niia
galud@anaasnugnssy wisnnUsanauasy
A1FUNS NspanuUURasU A saunsald
1 9199 WaTHN UMMM ZFNN U AYDILAIDIDG LUNG

@ o ~
wazaunsailsenau aauaaslumwi 2

msmuQumsﬂmﬁaﬂuﬁmﬂﬁﬁ'ﬁms PCR
wananlaseadanenienIn §efian ey
Tunsfesnuuaitanziianarn Aansaiugy
matudlauluwasfidns PCR Tasuanginsal
Tuudasiuilalivzduiu Jalifigeiaseliudle
wazidan1id sevuhnluudasdasuanadiudy
ninUjianunnadidesianuazaiadis
waanadad 70% w30lY bleach agent W3a 0.5%
sodium hypochlorite MANNFLDIAULALLTAAIE
NAUIANNATI M Sthsinmuazaauiisuriasila
auanasgIufimuue maasasaumsluileu
Fufudasld negative control AIUgNnAsaly
mMsmifnsen PCR iauﬁgmsmaauﬂﬁﬁ%muuu
non-template control @@ Nauﬁéﬁﬂﬁﬂmﬂmi
DNase uaz RNase futhen master mix
wansetiunuludmumsesananuniswy
apunIaviiauazingm aasaauiaagunsaifianiy
Twiasudiu Tasiinsiiadesasainsey

aalunfinldlianzaunudSinuaadrenlasu
waztioANI03 TunITIIEIUNAAINLIDN
NOMUA NITVIUNMTADUMINATDU NISUIUNT
NAFIU NISVIUNIIVAINIINAFDU NIsulana

& P
waznsseura (uldaiuszuuauning
Murue L 1udAsmMsafivaumanasgiu 1w
Tusunsunadauanuming wazinanisusziiiv

MULNUTAN N AUA

a 4
I

iflasnnide SARS-CoV-2 Wuidadunne
fgndalilundudesnguil 3 arudadfidne
Waslfiinms mnwnzdsedehisidecfianu
Tuanessruenuiasnnaszau s (biosafety level 3;
BSL3)®? ualumsujidnuasiamansnugnssy
@835 PCR avdnsamnaiglantaz@iiuzinan
whenuifivszaumsailumssasglssnguiu
Toanuiianulasadessdu 2 wuusw
du550Uz (BSL-2 enhanced) @@ %’mﬁuﬁﬂﬁﬂ'ﬁmu
Wluszdu 2 wiisdsuivanumunasguans
UaaaAguuuszau 3 aanaasNase Laun madan
Tagunsaillasfudiuyana inanusziaseislu
Fumaumsatamswugnssn Tasuiicnuada
mfriiemuhuuuldudanie waon wihmn N-gs
face-shield wasangeiio 2 #u saaiiinta lu
nainLifidemifuh gl usehiu
Wouwmatinlg  msuftinusuadensiasm
Tug BSC Class II wasifuituiidmiunandaog
fafanswugnssuudiiuing PCR fa3eulily

'
aaa <~

waaaUfnsen Waljudnuadausidasineny
dzanaiuiniufianudehamaedslhdauas
angluiasiisniludasldguamsuazinasnluoy
shifanoumiamuszuudaly
uannnmsanuuuisdlaglassasauentiiv
3 Wae finudekiafu Tugaumsalissdumansn
shwdasasenad Tealduienssaniurauny
wiadmhenuladiuilds 2ua 5 x 5 Was

aznuuanaiumelumeantianszanliily 3 vasdas
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P < o = X A awa
LwammsmLsﬂumiwLmﬂuwu‘nﬂgumm o
a & < [ v ¥ A 9 o
mmmmsmﬂi‘ummﬂuﬂﬂimmawmLwaﬂamu
P v = a Aa &
madutlau IG]EItaWﬁz‘WﬂQLﬂiﬂ&l'd\?ﬂ\i(ﬂi’)%ﬂﬂﬂﬂﬂ

garilsnsasanilideszuumsluadsuaime uaz

feamsanisasladsuniuszuumsmauesg BSC

]
P [

Class II M99 lULGAY D0 DA I HNUNE NS

aunsal PPE aauaaslunmwi 3

=l

(2) Sample Preparation Area

@ BSC clas Il

(1) Reagent Preparation Area

PPE

IATRIAARANsHUgNTTN

PPE

3) Real-time PCR Area

MNGH 3  MBENMIINUNUNIHEY PCR (2116 5 X 5 LUAT)

(1) Reagent preparation area Huiite3aninen master mix (MMX) Tag/ld PCR cabinet
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Molecular Diagnostic Laboratory Preparedness Sumonmal Uttayamakul

Preparedness of Biomolecular
Laboratories for Detecting Emerging
Pathogens: Insights from the COVID-19
Pandemic Experiences at Bamrasnaradura

Infectious Diseases Institute

Sumonmal Uttayamakul
National Institute of Health, Department of Medical Science, Nonthaburi 11000, Thailand

ABSTRACT In December 2019, the novel coronavirus or severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) was reported as the cause of the unidentified pneumonia (now known as COVID-19) in
Wuhan City, Republic of China. Since then disease has spread to all other parts of the world. Laboratory
investigation is very useful for diagnosing and monitoring patients, including information for disease control
and prevention. The World Health Organization has recommended the nucleic acid amplification test for
COVID-19 virus screening for patients under investigation. In addition, the Thai government requested
cooperation from all provinces to implement the One Province One Laboratory policy. The laboratory
preparedness for real-time reverse transcription-polymerase chain reaction (real-time RT-PCR)
technique had to be urgently set up to meet the laboratory standard workflow and safety arrangement in
compliance with the biosafety level 2 enhanced practices for dangerous pathogens in risk group 3 during
the global pandemic. In implementing a quality management for laboratory design, the spaces were
divided and designated for pre-PCR activities including reagent preparation and nucleic acid extraction
rooms, and amplification and detection room with the real-time PCR machine as well as result analyses
in the post-PCR area. In conclusion, two systems of molecular platform were proposed: semi-automation
and fully automation. The experiences in PCR technique and laboratory safety management could be
further applied to other biomolecular laboratories for detecting other emerging infectious pathogens

classified in risk group 3.

Keywords: Biomolecular preparedness, Emerging pathogens, Novel coronavirus 2019
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