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Epidemiology of SARS-CoV-2 Beta Variant (B.1.351)
and Risk Factors for Severe Illness

Sawanya Chantutanon and Choopong Sangsawang
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Epidemiology of SARS-CoV-2 Beta Variant (B.1.351)
and Risk Factors for Severe Illness

Sawanya Chantutanon and Choopong Sangsawang
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Epidemiology of SARS-CoV-2 Beta Variant
(B.1.351) and Risk Factors for Severe Illness
in the Southernmost Provinces of Thailand,

April-September 2021

Sawanya Chantutanon' and Choopong Sangsawang’

! Office of Disease Prevention and Control 12 Songkhla, Songkhla 90000, Thailand

? Field Epidemiology Training Center (FETC), Office of Disease Prevention and Control 12 Songkhla,
Songkhla 90000, Thailand

ABSTRACT This study aimed to explore the epidemiology of the SARS-CoV-2 Beta variant (B.1.351)
outbreak in the seven southernmost provinces of Thailand. A cross-sectional study was conducted on
confirmed Beta variant cases. The surveillance and case investigation data of the Office of Disease
Prevention and Control 12 Songkhla were reviewed from 1 April to 30 September 2021. The Beta
variant was confirmed in 551 cases (18.93%) out of 2,911 lineage-known SARS-CoV-2 cases. The top
three highest proportions of Beta-variant cases were found in Narathiwat, Satun and Pattani provinces
at 50.78%, 34.13% and 13.66%, respectively. Of all cases, 294 were male and 217 were female. The age
range was 1-100 years (median 34 years). Most of cases were Thai (99.27%), most of whom were Muslim
(96%). The first cluster of Beta variant was found in May 2021, while the peak of cases occurred in July
2021. Risk factors of the outbreak were gatherings in Islamic activities. The retrospective cohort study
was conducted by reviewing outpatient cards and investigation documents of 286 patients (including
14 severely ill cases or deaths) who were diagnosed with Beta variant in Narathiwat and Satun from
1 April to 30 September 2021. The risk factors of severe or dead cases were age over 60 years (adjusted
OR = 11.26, 95%CI: 2.42-52.59), chronic lung diseases (adjusted OR = 23.80, 95%CI: 1.23-458.61) and
male gender (adjusted OR = 7.36, 95%CI: 1.02-52.76). Risk factors of the Beta variant outbreak were
illegal influx across the Thai-Malaysian border and Islamic gatherings. Thus, the following should be
undertaken: strengthening border surveillance to prevent illegal influx; banning religious gatherings,

and improving vaccination coverage in elderly and chronically ill persons.

Keywords: COVID-19, Beta variant, Risk factors for severe illness, Southernmost provinces of Thailand
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Anti-SARS-CoV-2 Activity Screening of
the Selected Thai Medicinal Plants and
Potential Host-target Molecules

Sarayut Radapong,’ Tiyanee Sahad,' Nathaphat Harnkit,' Praw Suppajariyawat,’
Pilailuk Akkpaiboon Okada,” Wandee Meechalad,” Pornchai Sincharoenpokai,’
Somchit Niumsakul,! Sekrachatakorn Buaboa,’ Sakwichai Ontong,’ Kenneth J. Ritchie’,
and Siriwan Chaisomboonpan'

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

’Center for Natural Products Discovery (CNPD), Liverpool John Moores University, Byrom Street,
Liverpool L3 3AF, United Kingdom

ABSTRACT Coronavirus disease 2019 (COVID-19), the pandemic, is caused by a virus called SARS-
CoV-2. The objective of this study was to investigate the anti-SARS-CoV-2 properties of some selected
medicinal plants used as antipyretic in Thai traditional medicines. They were screened for anti-SARS-
CoV-2 activity using plaque reduction assay. The extracts were further investigated for activity in enzy-
matic inhibition and gene expression assays of several host-target molecules. The results revealed that the
aqueous extracts of Mesosphaerum suaveolens (L.) Kuntze (HSF, HSD) and Helicteres isora L. (HID) at
the highest concentrations of 5, 5 and 10 mg/mL showed the highest anti-SARS-CoV-2 activities of 100%,
100% and 99.49%, respectively. Rosmarinic acid (RA), one of the phytochemicals found in M. suaveolens
(L.) Kuntze and H. isora L., at 0.625 mg/mL, gave an antiviral activity of 94.49%. RA also showed the
highest relative ACE2 inhibition of 70.25% at 100 pg/mL with no toxicity to the cells, whereas the other
extracts showed a lower level of relative ACE2 inhibition. RA also reduced the expression of ACE2 and
TMPRSS2 but not PIKfyve or cathepsin L in Calu-3, lung epithelial cell lines. In conclusion, HSF, HSD,
HID and RA provided anti-SARS-CoV-2 activity, which could limit the viral infection in the early phase.
The extracts should be further investigated for anti-SARS-CoV-2 activity in animals and clinical trials

for development as herbal drugs.

Keywords: Anti-SARS-CoV-2 activity, ACE2 inhibition, Target molecules, COVID-19
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Introduction

Coronavirus disease 2019 (COVID-19) is
caused by a virus called SARS-CoV-2. Patients
will develop respiratory symptoms, including
fever, cough, and shortness of breath or difficulty
breathing.”” It can cause complications such
as pneumonia, kidney failure or even death. It
was first detected in December 2019 in Wuhan,
China. The World Health Organization then
declared an international public health emergency
and a global pandemic in March 2020. Currently,
Thailand has cumulatively 2.8 million infected
cases and 22,849 deaths, whereas globally there
have been 285 million cases and 5.4 million
deaths (February 2022)."” The Economist
magazine reported the value of global economic
losses in 2020-2021 due to the coronavirus
pandemic at $10.3 trillion based on a 6.6% drop
in global GDP compared to forecasts in the
absence of COVID-19. The total economic
damage to Thailand is estimated at 18.4 trillion
baht.” The COVID-19 outbreak now has a huge
impact on the people and economies around the
world. The Thai government has issued various
policies and measures to help alleviate the
suffering of the affected people by developing or
adopting vaccines, medicines and related medical
products. It is very important for the treatment
and prevention of this virus. However,
vaccine and drug development takes a long
time and costs a lot of money. The use of
herbal medicines or traditional medicines that
could prevent, cure or reduce illnesses from
COVID-19 is another alternative measure.
Thus, such health products or modern drugs
have to be developed.

From such events, some people have

turned to use medicinal plants or alternative
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medicines, which are recorded in the Thai
Herbal Pharmacopoeia or other traditional
pharmacopoeia. Most of them showed antipyretic
property and alleviating viral diseases including
Andrographis paniculata (Burm.f.) Nees
(Family Acanthaceae), Cinnamomum verum
J.Presl. (Family Lauraceae), Cinnamomum
bejolghota (Buch.-Ham.) Sweet (Family
Lauraceae), Houttuynia cordata Thunb. (Family
Saururaceae), Tiliacora triandra (Colebr.) Diels
(Family Menispermaceae), Mesosphaerum
suaveolens (L.) Kuntze (Family Lamiaceae),
Cinchona calisaya Wedd. (Family Rubiaceae),
Helicteres isora L. (Family Malvaceae) or even
Kaempferia parviflora Wall. ex Baker (Family
Zingiberaceae). Some of them were reported to
alleviate symptoms or inhibit the coronavirus.
A. paniculata (Burm.f.) Nees extract capsules
containing 60 mg andrographolide were reported
toreduce fever, cough, sore throat, sputum volume
and headache in COVID-19 clinical trials.”
Boesenbergia rotunda (L.) Mansf. (Family
Zingiberaceae) and Zingiber officinale Roscoe
(Family Zingiberaceae) extracts showed potent
activity against COVID-19 in vitro in the
pre-entry and post-infection stages.””’ Procyani-
din A2, procyanidin B1 and cinnamtannin B1 in
C. verum J.Presl. posed activity against
SARS-CoV by inhibiting clathrin-mediated
endocytosis.”” Moreover, quercetin, the active
compound in H. cordata Thunb., was found to
inhibit chymotrypsin-like cysteine protease
(3CLpro) of SARS-CoV-2.

The infection process of the virus begins
with the virus entering the cell by attaching a
spike (S) glycoprotein to human receptor cells.
The main receptor is the host angiotensin-

converting enzyme 2 (ACE2) receptor, which is
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cleavaged together with transmembrane serine
protease 2 (TMPRSS2) before endocytosis. Once
it enters the cell, the virus also needs the PIKfyve
enzyme to form an endosome and transport
virus particles in the cytoplasm. This process
also needs cathepsin L protease, which is
responsible for endosome maturity. The inhibition
of PIKfyve and cathepsin L protease has been
shown to be effective against SARS-CoV-2,
Ebola virus (EBOV) and African swine fever
in the early and middle stages of the infection.
The virus then gets disassembled to release
the nucleocapsid and the viral genome. The
transcription process utilizes RNA-dependent
RNA synthesis to generate mRNAs to translate
into structural and non-structural proteins.
Finally, the virion progeny is generated via
rough ER, Golgi apparatus and exocytosis."”
This research, therefore, aimed to inves-
tigate the antiviral property of the medicinal
plant extracts to the main host receptors and
proteases focusing on ACE2 and others such
as TMPRSS2, PIKfyve and cathepsin L, which
were involved in the pre-entry and early phases

of infection.

Materials and Methods

Cell culture

Vero E6 cells, African green monkey
kidney epithelial cells (ATCC, NY, USA), were
used in antiviral property investigation. Calu-3,
lung epithelial cell line (ATCC, NY, USA), was
used in the gene expression assay. The cells were
grown in Eagle’s minimum essential medium
(EMEM) (Gibco, NY, USA) containing 2 mM
L-glutamine, 0.1 mM non-essential amino acid,
1 mM sodium pyruvate and 10% fetal bovine

serum at 37°C in a 5% CO, incubator.

Virus

SARS-CoV-2 (Delta variant/EPI_ISL_
3797061) was obtained from a human naso-
pharyngeal swab. The virus was propagated
in Vero E6 cells by three passages to establish
a high-titer stock and stored at —80°C for use
in all experiments. Virus titration as TCID50
titer/mL was performed. All the experiments
with live SARS-CoV-2 were performed at a
certified biosafety level 3 facility of the National
Institute of Health, Department of Medical

Sciences, Thailand.

Standards

Rosmarinic acid (RA) (>98% HPLC grade)
and quinine sulfate (QS) (> 98% HPLC grade)
from Merck KGaA (Darmstadt, Germany) were

used.

Plant Materials

Fresh aerial parts of M. suaveolens (L.)
Kuntze and green-brown fruits of H. isora L.
were collected from Kanchanaburi province,
Thailand, in February 2019 and September 2020,
respectively, while fresh leaves of T. triandra
(Colebr.) Diels, fresh bark of C. calisaya Wedd.
and fresh rhizomes of K. parviflora Wall. ex
Baker were from Phetchaburi, Chiang Mai
and Tak provinces, Thailand, in October 2020,
December 2020 and January 2021, respectively.
The plants were identified by Mr. Sakwichai
Ontong, a botanist, based on the plant identifi-
cation handbook of Royal Botanic Gardens, Kew,
London, United Kingdom. Voucher specimens
were collected as DMSC5291, DMSC5270,
DMSCs5240, DMSC5295 and DMSC5285 for
M. suaveolens (L.) Kuntze, H. isora L., T. triandra

(Colebr.) Diels, C. calisayaWedd. and K. parviflora
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Wall. ex Baker, respectively. All of them were
deposited at the DMSc International Herbarium,
Department of Medical Sciences, Ministry of
Public Health.

Plant Extraction

The plant parts were cleaned up with tap
water, cut into small pieces about 1 cm in length.
For the dried plant extraction of M. suaveolens (L.)
Kuntze, H. isora L., and K. parviflora Wall.
ex Baker, the materials were dried in a hot air
oven at 45-50 'C for 2448 hours and then ground
into powder. The dried powder then was refluxed
with distilled water (360 g of the powder in 3 LL
of water), the plant part was filtered and passed
through the extraction process with distilled
water two times consecutively. The aqueous
extract of each plant, M.suaveolens (L.) Kuntze,
H.isora L., and K. parviflora Wall. ex Baker,
was then pooled, concentrated and dried by
rotary evaporation yielding HSD, HID and KPD
extracts, respectively. The dried extracts were
collected and kept in a light protective bottle at
—20°C until use. For the fresh parts extraction of
M. suaveolens (L.) Kuntze, T. triandra (Colebr.)
Diels and C. calisaya Wedd., fresh small pieces
were ground and then the extractions were
conducted using the same procedure, but with
lyophilization instead of rotary evaporation to
dry the powder, and yielding HSF, TTF and
CCF extracts, respectively.

The extracts were also analyzed for its
phytochemical compounds with quality control
using high performance liquid chromatography
(HPLC) with diode array detector. Rosmarinic
acid was used as a standard for HSF, HSD and
HID, whereas quercetin, quinine sulfate and
5-hydroxy-7-methoxy flavanone were used for
TTF, CCF and KPD, respectively. The plant

extractions with the quality control were
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conducted at the Herbal Quality Assurance
Center, Medicinal Plant Research Institute,
Department of Medical Sciences. The data will

be further published elsewhere.

MTT assay

The cells were seeded at 5 x10° cellsin 100 pL,
medium per well of 96-well plates and left
in the incubator for 24 hours. The medium
was removed and the cells were treated with
eight different concentrations of each com-
pound in triplicate and then incubated for
48 hours. The medium was replaced with
200 uL. MTT reagent and then continued to
incubate for 4 hours. The MTT solution was
discarded and 200 uL,. DMSO was added to
each well to dissolve the purple formazan
product. The absorbance of the formazan
product of viable cells was read using the
microplate reader at 570 nm. The background
absorbance was reduced by the blank and
%viability was calculated compared to the

control.

Anti-SARS-CoV-2 activity screening using
plaque reduction assay

This assay was designed to investigate
the antiviral property at the pre-entry phase
modified from Kanjanasirirat, P. et al., (2020).”
The extracts were pre-incubated with SARS-
CoV-2 at 37°C for 1 hour before transferring
200 uL of the solution with virus particles onto
the monolayer of vero E6 cells. Viral adsorption
was allowed for 1 hour in the CO, incubator.
The cells were washed with a fresh medium to
remove both the unbound viral particles and the
extract/compound. Then 3 mL overlaid medium
was added into the wells. The semi-solid
medium was allowed to set and all plates were

placed in the incubator for 7 days. The overlaid
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medium was discarded and cells were fixed
with 5% formaldehyde and then stained with
0.5% (w/v) crystal violet. The excess colour was
washed with tap water. The plaques were counted
and % inhibition was calculated compared to the
controls (without the compound). All extracts
were used at previously determined non-toxic

concentrations.

ACE2 inhibition assay

The enzymatic inhibition assay was
conducted using angiotensin II converting enzyme
(ACE2) activity assay kit (Abcam, MA, USA)
at the Toxicology Laboratory, Department of
Medical Sciences. The enzyme solution and
reagents were prepared following the procedure
described in the manufacturer’s protocol. The plant
extracts were diluted with water at the highest
concentration, which was not toxic to Calu-3
cells. Totally, 48 uL of ACE2 assay buffer was
mixed with 2 uL diluted ACE2 enzyme solution
and then the solution was added to the diluted
extracts or the standard inhibitor (the background
and enzyme controls were also tested). The
mixed solutions were placed at room temperature
for 15 min. Totally, 40 pL. ACE2 substrate mix
was then added to the wells and immediately
placed in spectrofluorometer and the fluorescence
signal (Ex/Em = 320/420 nm) was measured after
being in kinetic mode for 1 hour. The relative
inhibition activity (% ) of the sample was calculated
using arelative fluorescence unit (RFU) compared

to enzyme control.

Gene expression using real-time reverse-
transcription polymerase chain reaction
(RT-PCR)

Calu-3 cells were seeded at 5 x 10° cells/
well in 6-well plates for 24 hours and then treated

with the compounds or extracts at concentrations

that were not toxic to the cells for 24 hours. Total
RNA of each sample was extracted using the
RNeasy Mini Kit (Qiagen, Hilden, Germany).
According to the manufacturer’s protocol, RNA
was re-suspended in 30 puL of nuclease-free
water and then the products were run on
agarose gels to check the quality of the RNA.
cDNA was synthesized using QuantiTect Rev.
Transcription Kit (Qiagen, Valencia, CA, USA)
following the manufacturer’s protocol. Briefly,
2 ug template RNA was added to the reverse-
transcription master mix and then the samples
tubes were incubated at 42 °C for 15 min. The
cDNA samples were tested in triplicate with
quantitative PCR using a QuantiTect SYBR
Green PCR Reagents kit (Qiagen, Valencia,
CA, USA). Totally, 2 uL of each sample was
mixed with SYBR Green PCR Master Mix and
10x QuantiTect Primers (Qiagen, Valencia, CA,
USA), and then the real-time PCR (RT-qPCR)
was performed using the manufacturer’s protocol
in Thermal cycler (PCR) (Analytik Jena
GmbH, Valencia, Jena, Germany). mRNA
ratios relative to the glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) housekeeping
gene were calculated for the standardization of
gene expression levels. A melting curve analysis
was also performed to verify the specificity and
identity of PCR products. For selected genes, the
data were analyzed using the equation described
by Livak and Schmittgen® as follows: the
amount of target = 2%, The average ACt from
the untreated cells is a calibrator for each gene
tested. This assay was conducted at the Toxi-
cology Laboratory, Medicinal Plant Research

Institute, Department of Medical Sciences.

Statistical analysis
The total percentage of plaque reduction

assay was expressed in the mean of duplicated
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experiments. The percentage of relative ACE2
inhibition and relative quantity of mRNA
expression was expressed as mean+SD (n = 3).
Statistical analysis of ACE2 enzymatic inhibition
and gene expression of mRNA was carried out
using the one-way analysis of variance followed

by Dunnett’s test.

Results

The six aqueous extract - HSF, HSD, HID,
TTF, CCF and KPD - were obtained using reflux

method and dried with rotary evaporation or

Table 1 Percentage yields of the herbal extracts

using lyophilization technique. The highest
percentage yield was for TTF at 20.74%, while
those for HSD, HID, KPD, CCF, and HSF were
20.11%, 14.32%, 11.72%, 10.12% and 2.18%,
respectively. RA quantities determined by using
HPLC analysis in HSF, HSD and HID extracts
were 0.35+0.02%, 0.18+0.01% and 0.29+0.01%
(w/w), respectively. The weight of the plant
materials and the percentage yields for the six
extracts were shown in Table 1 and the chemical
profiles of RA in HSF, HSD and HID were

provided in Figure 1.

Weight
Extracts Plant Parts used Plant Yield (%)
materials (g) Extracts (g)

HSF M. suaveolens (L.) Fresh aerial parts 1,200 26.20 2.18
Kuntze

HSD M. suaveolens (L.) Air-dried aerial parts 360 72.42 20.11
Kuntze

HID H. isora L. Air-dried fruits 800 114.56 14.32

TTF T. triandra (Colebr.) Fresh leaves 160 33.19 20.74
Diels

CCF C. calisaya Wedd. Fresh barks 500 55.60 10.12

KPD K. parviflora Wall. Air-dried rhizomes 600 70.33 11.72

ex Baker

The activities of the plant extracts to
reduce the pre-entry phase of SARS-CoV-2
were evaluated. Vero E6 cells were used as
host cells for the virus. The percentage of the
plaque reduction was calculated compared with
the virus controls. HSD and HSF showed the

highest plaque reduction of 100% at 5 mg/mL
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while HID, TTF, CCF, KPD and RA gave lower
plaque reduction of 99.49%, 95.95%, 88.95%%,
85.24% and 94.49% at 10, 10, 0.625, 2.5 and 0.625
mg/mL, respectively. The anti-viral activities
at different concentrations of the six extracts

were shown in Table 2.
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Figure 1 Chromatograms of rosmarinic acid in the three extracts, inj. vol. 10 uL, monitored

at 330 nm A) HSF at 0.836 mg/mL; B) HSD at 0.479 mg/mL; C) HID at 0.747 mg/mL.

Table 2 Antiviral activities at the highest concentrations of the herbal aqueous extracts which

were not toxic to the cells. The data was expressed as the mean, n = 2.

Herbal extracts, compounds The highest concentration Plaque reduction
tested (mg/mL) (%)
HSD 5.000 100.00
HSF 5.000 100.00
HID 10.000 99.49
TTF 10.000 95.95
CCF 0.625 88.95
KPD 2.500 85.24
RA 0.625 94.49
Qs 0.250 81.65
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ACE2 enzymatic inhibition of the extracts
was evaluated at the highest concentration,
which was not toxic to Calu-3 cells. HSD, HID
and RA showed the inhibition activities in the
dose-response relationship. RA showed the
highest activity compared to others giving the
relative inhibition values of 70.25%, 55.03% and

40.00% at the doses of 100, 50 and 25 ug/mL,

respectively. HSD showed the inhibition values
of 40.37%, 25.83% and 11.20% at the doses of
200, 100 and 50 pg/mL, respectively, while
HID’s inhibition values were 20.88%, 18.53%
and 12.79% at the doses of 50, 25 and 12.5 ug/
mL, respectively. ACE2 enzymatic inhibition
values at different concentrations of HSD, HID

and RA were shown in Figure 2.
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Figure 2 ACE2 enzymatic inhibitory activity at the concentrations which were not toxic to Calu-3
cells of the standard inhibitor (STD), (A) HSD, (B) HID and (C) RA. The data was

expressed as mean + SD, n=3. Statistical analysis was carried out using One-Way

analysis of variance followed by Dunnett’'s test (*p < 0.5).

Gene expression assay of four main genes
for viral entry and progression processes was
conducted. The lung cells were treated with RA
at the concentrations of 25, 50 and 100 pg/mL.
ACE2 and TMPRSS2 genes were down-regulated
compared to the untreated control and demon-
strated a dose-response relationship, whereas

the expression of PIKfyve and cathepsin L
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remained the same at the doses of 25 and 50 pg/mL.
At the highest concentration of 100 pg/mL,
RA up-regulated PIKfyve and cathepsin L
(around 1.4- to 2-fold increase at 100 pg/mL).
The mRNA expression data of ACE2, TMPRSS2,
PIKfyve and cathepsin L in Calu-3 cells treated
with different RA concentrations were shown

in Figure 3.
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Figure 3 Relative quantity of mRNA expression of ACE2, TMPRSS2, PIKfyve and cathepsin L

in Calu-3 cells treated with RA at 25, 50 and 100 pg/mL versus control data set for

24 h. The data was expressed as mean+SD, n=3. Statistical analysis was carried

out using One-Way analysis of variance followed by Dunnett's test (*p < 0.5, **p < 0.005,

*#%p < 0.0005 and ****p < 0.0001).

Discussion

Various Thai medicinal plants with tradi-
tional uses against viral diseases and antipyretic
properties were screened for anti-SARS-CoV-2
activity. The aqueous extracts of M. suaveolens
(L.) Kuntze and H. isora L. were reported here
to pose anti-SARS-CoV-2 activity for the first
time. The aqueous crude extracts were derived
from fresh and air-dried plant parts. The fresh
one has imitated the traditional extraction
method® using fresh plants and then the filtrate
was dried using lyophilization to reduce the effect
of heat. On the other hand, the air-dried plant
extraction was undertaken and then the filtrate
was concentrated and dried using rotary

evaporation.

RA is one of the constituents quantified in
HSF and HSD. RA content determined in HSF
was about twice that in HSD. RA in HSD might be
degraded during the drying process. The extracts
were screened for antivirus properties at high
concentrations, which were not toxic to vero
cells. HSF and HSD posed high anti-SARS-
CoV-2 activity of 100% plaque reduction at 5
mg/mL. RA also showed anti-SARS-CoV-2
activity of 94.49% at 0.625 mg/mL. RA, therefore,
may contribute to the antiviral property of the
extracts. RA and its derivatives were reported
to be the constituents of M. suaveolens (L.)
Kuntze and H. isora L.,"*"” which could cause

the aqueous extract of H. isora L. exhibit the
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activity. Besides, M. suaveolens (L.) Kuntze is
an aromatic herb containing various compounds
such as essential oils, phenolics, diterpenoids,
triterpenoids, steroids, alkaloids and flavonoids."”
Ursolic acid is one of the phytochemicals in
the plants reported to show antispasmodic”
and antiviral activity against rotaviruses, HIV,
influenza and hepatitis B and C viruses."*"”
Moreover, ursolic acid was identified as a strong
protease inhibitor to the main protease (Mpro)
of SARS-CoV-2 based on the molecular docking
approach."®

RA inhibited ACE2 enzymatic reaction.
However, the concentrations of HSD and HID
depended on cytotoxic level of the extracts.
ACE2 inhibition property of RA might be one
of the important mechanisms contributing to
the antiviral activity. Gene expression was
investigated in Calu-3, lung epithelial cells,
which expressed ACE2, TMPRSS2, PIKfyve
and cathepsin L. The expression showed that
RA down-regulated ACE2 and TMPRSS?2 in
the dose-response relationship but not PIKfyve
and cathepsin L. The highest dose of RA was
likely to up-regulate PIKfyve and cathepsin L
expression but not higher than twofold. RA was
also reported to show high efficacy in terms of
molecular interaction and drug-likeness
properties against ACE2 and TMPRSS2"” or
SARS-CoV 3CLpro"® by molecular docking
analysis. The mRNA expression analysis showed
that the compound inhibited ACE2 along with
TMPRSS2 which had been highlighted in recent
studies to be one of the main targets of SARS-
CoV-2 infection."** We also reported here for
the first time that the aqueous extracts of fresh

leaves of T. triandra (Colebr.) Diels (TTF),
C. calisaya Wedd. (CCF) and K. parviflora
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Wall. ex Baker (KPD) were also found to possess
in vitro anti-SARS-CoV-2 activity. T. triandra
(Colebr.) Diels has been generally used in
cuisine and traditional medicine in Southeast
Asia. The main compounds of the aqueous
extracts were analyzed as quercetin, cyanidin,
gallic acid, chlorophyll, rutin, tannic acid
and catechin.”” Some sources reported that
chlorophyll derivatives and quercetin could
be potential therapeutic agents for treating
COVID-19.* C. calisaya Wedd. has been
identified to be the primary source of quinine,
used as antimalarial. Quinine was reported that
it targeted 6 LU7 COVID-19 protease resulting
in inhibition of the viral infection by in silico
analysis.®” K. parviflora Wallich. ex Baker
belongs to the family Zingiberaceae, the same
as B. rotunda (L.) Mansf. and Z. officinale
Roscoe. This plant family has been reported
to be the source of phytochemicals which were
active against SARS-CoV-2 such as 6-gingerol
from Z. officinale Roscoe and panduratin A from
B. rotunda (L.) Mansf.®”

Currently, the SARS-CoV-2 RNA-dependent
RNA polymerase (RdRp) is being targeted by
several inhibitors such as favipiravir, remdesivir
and molnupiravir; and there are some pieces of
evidence of drug resistance.*” HSF, HSD, HID
and RA provided anti-SARS-CoV-2 activity
targeting the host molecules, which could limit
the viral infection in the early phase and drug
resistance. These extracts might be developed
as anti-SARS-CoV-2 candidates in pre-clinical
and clinical trials. Moreover, these phytochemical
compounds should also be further isolated from
the six extracts which were investigated for

anti-SARS-CoV?2 activity.
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Conclusion

Based on the results, the two extracts of
M. suaveolens (L.) Kuntze (HSF, HSD) showed
the highest inhibitory activity (with no toxicity
to the cells) against SARS-CoV-2 at 100%
with the concentration of 5 mg/mL, while HID,
TTF, CCF and KPD gave lower levels of plaque
reduction of 99.49%, 95.95%, 88.95% and 85.24%
at the doses of 10, 10, 0.625 and 2.5 mg/mL,
respectively. HSD and HID showed ACE2
enzymatic inhibition. RA, one constituent of
M. suaveolens (L.) Kuntze and H. isora L., also
showed potent inhibition. RA down-regulated
the expression of ACE2 and TMPRSS2 but not
PIKfyve or cathepsin L in Calu-3 which were
involved in the pre-entry and early phases of
infection. The phytochemicals reported here
in these selected medicinal plants should be
developed as anti-SARS-CoV-2 candidates in
animals and clinical trials or further isolated
for other potential compounds against
SAR-CoV-2. This is the first report on the in vitro
anti-SARS-CoV-2 properties with detailed
mechanisms of action of the selected Thai

medicinal plant extracts.
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Centre for Natural Products Discovery, School of Pharmacy and Biomolecular Sciences, §%1Ingnag
Liverpool John Moores, Byrom Street, a'ana{gva L3 3AF ans12a1a09n3

unanga Tsalalsinhia 2019 vialain 10 fhilsassneiiheiumlandamgnnmsiaidalh¥a SARS-CoV-2
mseiiiiegussmdiiednmhayulnslnsadgnsdudaudaliadman alddansesgnichu SARS-Cov-2
Tunaaannasedleds plaque reduction assay °z1aqﬁﬁaqulwsmwﬁmﬁﬁasawqmamliﬂuﬁﬁumu,wul‘nﬂ Togans
afafifigndmubimsgninindnnjisendudaeulsl ACE2 uasnagaumsudasaansasiuluzaduanimsiaes
wamﬁﬁ'ﬂwuiwmsaﬁ'@ﬁmfmaqagulwmmé'nm (HSF, HSD) wazUatian (HID) ﬁmmtﬁuﬁug@zjﬂ 5, 5 LLOY
10 mg/mL fgnaeu SARS-CoV-2 16 100, 100 U8z 99.499% MNEGU rosmarinic acid (RA) Failusswgnuail
ﬁﬁwfiﬂuaqulwmmﬁﬂmuazﬂaﬁmﬁmmLﬂ'ml"u 0.625 mg/mL fgndauhian 94.49% uazdudaaulel
ACE2 gqqﬂﬁ 70.25% feMNENEY 100 pg/mL Feldlufivdowad ‘Iuwmzﬁmiaﬁ’maa\!ulwsﬁluﬁ@hmiﬁ’uﬁy'q
Yaend 39 RA anmsuaasaanuasiiu ACE2 uaz TMPRSS?2 udlianmsuaniaanyas PIKfyve w3a cathepsin L
Tu Calu-3 cells 3sanananagulddn HSF, HSD, HID waz RA fign3eu SARS-CoV-2 %1 RA Tusyulwsen
anmsunsnszaelialuszazusnraimsenidald duiuasinmsanngnisu SARS-CoV-2 2a4asafaaing

ludainaaasuazmendiinivewanndusnayulnsiuhsadaly

° o w £y Lo & i a
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msﬁ’mml,l,agmaaumwgﬂéfmwaﬁ%%meﬁ
§130NANAIDINAIDG LA LNINAIDH WaE
W6 Lurnwazia lalagwmaiia LC-MS,/MS

v
[ [ [ [ Y a

_ Q( _ U =~ o _ - U
@ndd NNENS §iva nanenlz 8ans auum daaniol @agemd Inda Mudiha
anase andufigy uas nasgy thaziumi
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unAnga NNadaMsnaseil nga herbicides snaasiiaan loman wiaA1ae waznTMan wuhiimsih
inl#lumsmiaTaiiamemainuas laglamaauaznmmaniumamiaaiwilsaaviuluials dussesimanua:
wimaaflumsduansimugumaeiyavlovesiis wosasmsldmamailoguliminzas Tasmwzmnnaon
raliiAamsandilufunadey waraansznudarniniaanseuaguilag ssdmsaundialanldialiivaesmnnman
agflu class II fp Himhunasuaznuwsznaiaaiogdunns w.e. 2563 saduiagdueneyiiod 4 mAdeil
Hldwannuasnadaurnugnaasadisienziaa 4 iia luinuasualsl Jssesgnafade acidified methanol
wdnhluihuuendiu dewhllonaiensyisiouss Ui LC-MS/MS Tagaani 4 #iia {6 limit of detection
uaz limit of quantitation WhAU 0.005 Waz 0.010 Aaansudanlanin MumEU FrmeTzdilienuduius
Hhuduaseaglugi 0.01-0.20 Faandusenlansu meamuusuaglug 66.1-117.29 wasAmanuiiissagszwing
0.4-14.5% W3DaNOATHlasumssusesanusInsaeslfiamsmuanasgiu ISO/IEC 17025:2017 il w.a.
2563 Sefemumnganianhizinldlumsenaiensimeiasjiams iemaduasasguilnauazaiiums
munguanadall uananilldmsdnamsendimasnanguilludnuasualiaalull 2563 w219 et

HAATIAWU 3 6298 Zaluniiean 2 Madhe wazAaasiman 1 Mad waznnape e NUNNMBN
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NsLalm3aTrRy (herbicides) viaafiZaniu
mluezmah fnsldtusdrauninarsuas
fwnlduazinnnivlulsznalng Tagasiail
mMiaYrRrudazyiaiuszansmwlunsiaui
uanany laalamen (diquat, 1, 10-ethylene-2,
20-bipyridinium ion, DQ) tazwI151mIDH
(paraquat,1,10-dimethyl-4,40-bipyridinium
ion, PQ) tJuarsmaniaiy (bipyridylium
herbicides) uwuuziinlaitdanmae (non-selective
herbicide) TEnulrnglunauazvan aaasiman
(chlormequat, 2-chloroethyltrimethylammonium
ion, CQ) wazluW@Ian (mepiquat, 1,1-di-
methylpiperidinium ion, MQ) Wussdaasey
ldaruaumsiasadulavesis (plant growth
regulators) welidatiuaasluy dauandd
Tumsnsedu duds wianldeuudasnssuiums
NNETIINGIVBINY 1BU NILAUNITEBNABNNTD
mldRgnumudagnmwuindaniladmunzan
Ne2BINITlEasaE19laselnsEde Mannunla
wialdliaseauaainszy naldiiadayninig
an@arasansmaniludeingan uazidanleg
WlE01915 SIHANITENUADFUNINYBILNHATNS
ildsuduiaansiilosassnnmsiony uasanu
livaaaseaunsguilan Fedanadasiuiayauas
N3NNI EATNENUUTINAUNMTIENEISMA0
Sosiafluniaad] W, 25512561 USauadg 70,000
125,000 dudall yammnnhaamiudiuum
Aafludanas 74 28981500NRNANIVNG T8989 AD
ARG RRTITEVON R

paAmsawsielan (World Health Organi-
zation: WHO) swunanuiluiivzainmsnalen
aglu class I Aa #dunelunan (moderately
hazardous)™ usnnniialaiimsanmiinasss
svezem 1ag The United State Environmental
Protection Agency (US EPA) 5:ynW510320

¢
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=l @ ‘lvoﬁ‘LWA U‘(S) ISL ]
¥I0MIBBU LNMILUNANMINIIYNUT T LG UFIUYDN

aslaman EU ludeagliifiumsaangn? (active
substance) lundafamioSnmniiy lssnwuh
lameafianudesgedagldnuuasun® Usandlng
ﬁ'ﬂwwswmamL“I‘Juﬁ’mqé’umwﬁﬁﬂﬁ 4 (19.4) MW
WIzNBUYAAINGIUATIE W.A. 2563 MUANLAE
nsudmnstneas’® deiinatedulfiiasuil 1
NuIEU 2563 MUNAN 10 d99BN ATBUATEN N
40P RNMNUTENMANTENTNABITUGY atiuf 419
W.A. 2563 (399 DINsHilasiBanaN (TUd 3)
szqﬁamawlﬂwui’mqé’umwamqmsmws%ﬁmﬁ 4
Tog3smaanaiensiuasiasljidmsiifiania
289M530 (limit of detection: LOD) eaudluly
audauluresianasuuuedszaadl (Uay
wnaLeY 5)4

MIINANEHENTABDINABN LMD LNNAIBN
LAZWITIAIBA ﬁaﬂqmauﬁ'ﬁmqLﬂﬁﬂmmsnajuﬁy
L“ﬂuuuuﬁﬁyﬁgﬁ (high polar herbicides: HPH) ua
Wuleasuuinens mlvasiingdnssuiiaziuiu
Hufuazansens q 1aeehed sulludaslsizmsana
LATEANMIEASULENENSAIAMNTUNILAIZIT TINN
fedlidaHanIEnUABMTIATIEE 91EIDIATeH
WUy single residues methods (SRM) ainn1s
Anwaddeirhumnmuh dulvajedesiodslas
75 solid phase extraction (SPE), matrix solid
phase dispersion (MSPD) uazldmsanauszian
methanol %38 methanol NGN‘L}I’I, acetronitrile
wanih viaewhiiannziiunse uay clean up Togld
C1s, Florisil, PSA, GCB"® 1fludu asivianiie
wazdSunuasaemeiinge g 1y HPLC-post
column derivatization #935Hazld9a1luns
neFaLINUINTIERasiimseIaNasiiasTURGen
derivatized %39 liquid chromatography Lzu
mixed mode %38 ion pair chromatography ol
wuanaliaNENarIRaM e NTasNNA80
uazloman Iﬂﬂﬂfy‘m chromatographic (La¢ mass
spectrometric 3131NNINTINIAYT£YBIATN
(f [M-H+] single charge %38 [M2+] double
charge unNNHHIIIT AN MTUNNAIBA
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wazlaman lagly isotope labeling standard L@
1%l@ robustness wuag accuracy fau>'? Uagiu
8N15FNALATNITNIIAILATILHEITNANNNLIFY
andonilanienld Aa QuPPe-Method Fanemn
Tae EURL-SRM (s nianuamzansannuas
nawil dnmdeanansodenzdnsannulavaneyiia
TunitaiSmematin LC-MS/MS lagil detector
< a . 2 & P
tJunile triple quadrupole Zumalianange
AensimUsinamsanasluszaua Neliguag
[ = v o, A o v A g 1o a
Aunstaanld interface NMuihNluLviasn Lo
loaau (ion source) TwsnsanfuaMWIIZBIENS
(polar compounds)“”
{BAIUANAUMWNIMNIIINNNYVIE lned
THanianmsldnsaaauwastinansIuaaIunIsal
M3ana aaaeaulfiudayanugiulunmsnaue
mdumsnenguanalinumibeanuninedas aue
{ITealadnmwanisienzdnasnsoltenzd
1999 4 B10 lawn APSNAIBN leAIN LNNAIN
L ] L v k4 v v
UATINTIAIBG TUAIDENNNLAZHE LNFa laNIaNNU
Tuasatden Natlanansonsanaladalasiasy 14
Usnaaseiivas Ussvdaelganeg lagldnaiia
LC-MS/MS #dunaiianiianulinazany
o ld'd =Y v v 1
NN aasaaTdaumsiivinaniaaldad
wauen Toglgazin mae dnmaznd i luwh Ne@ame
v Qq’ < o . o v
d wazuaUa Wudunuwag matrix HNWLaZNE L4

m‘smﬁuasmsmmsggm

#130093)U: paraquat dichloride, diquat
dibromide, mepiquat chloride ttaz chlormequat
chloride ﬁgwumﬂuwamﬁmeﬁwm Dr. Ehrenstorfer
mmu%qﬁ > 98% (UIHNEKE® LGC labor GmbH,
Usendeasuil) #15ted: methanol (MeOH),
acetonitrile (CH,CN) s HPLC grade, formic
acid, ammomium formate (NH,HCO,) 1{lu AR
grade, acidified methanol @38ulaetiue formic
acid 1.0 183305 891U volumetric flask T MeOH
wazdSuUsnasiilu 100 Jaddns are MeOH
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NLAIBNEITIZAIHNINIFIU

a38zaNHNNIFIU stock solution ANNLANTIL
1,000 lulasniudafiadans lasdeasnasgu
wiazaila 10 Haansy avarswazUSuusunasiiu
10 {88805 M8 MeOH U@ NaNTUBNENS
MNesPUThrang LazLa BN TN ENINTFIUNETN
ANNINYY 100, 10 waz 1 WlASASNADNIRANT AnY
acidified methanol:H,O (1:1)

ta3asiiauazgunsal

LATDIRIANINAZLEER 0.001 N3N UaT 0.01
Uadn3u, refrigerated centrifuge, vortex mixer,
Lﬂ%'mmf']uéhath, micro pipette 2116 2-20,
10-200, 20—200 L@z 100—1,000 LNIATANT, screw
cap centrifuge tube 2110 50 88863, micro-spin
filter tube 0.45 pm nylon, volumetric flask %ii@
polypropylene 2u1e 10 §8dans, vial dxuiia
polypropylene 2116 1.5 888619, 1A399 LC-MS/
MS dsznauaig HPLC ju Agilent 1260 series
(USEneIeud malulad, Useinadenlls), MS/MS
detector %10 triple quadrupole mass spectrometer
31 5500 QTRAP (U538 AB SCIEX, Useinauanen)
ez column: Atlantis® HILIC Silica (2.1 mm x

150 mm, 3um)

NILEIANAIDE

NSNAFBUANINYNEBI2BIITILATIEA 1F
MBENNALIN MBY KNNINU W L wzdamd du
uazuaiidla Wudununguiinuazua ld (represen-
tative matrix)

Msa TN UMIANELIEITNT 4 %iia
10T w.6l. 2563 SINNIEAY 219 0 uieantily
fhathennurasnsznedumimussmans 77 3am3a
SnunaEY 65 fae wialluin 51 dhage way
Halal 14 6198 WaLMIBENIINLATINTEITIAEN
wazka lian 6?%@Lﬂufmqauﬁlumsﬂszﬂaummswm
Tsawenuna hudsehemnlsanentnanenadnuas
wumiwnjmamquﬁuﬁ 12 WAFUAW U 154

ot wualuin 100 draee waznaly 54 data



MIIATLRFITARDINAMN [AMBA WRAIBA LATINTIMBA Tuﬁnuazwalﬁ

o a £
WNaEd NNEANS  wazem

HANMINTILATIEH
Whiinuasualiueazdsaiduhnay :niy
afaasan@ag 4 #iia Nt acidified
methanol Tasiuehdaiiiaslu water bath figanail
80+2 BNANTALTEE WaUINIANALNBULAENS
centrifuge @mhuizﬂ,a' micro spin wazi LU
centrifuge tiansasduladnsay Mntuihansh
anaaamnziaussUsinalesmailn LC-MS/MS
AunmUSinamn calibration curve 7 plot 3&WIN

concentration NU peak area YRNFAININIFIU

IEMINTINATIER

nwsaﬁ'muasnwsﬁ1°lﬁ'u'%qw§ (extraction
and clean up)

F1619£1910.0 N3 avlu screw cap centrifuge
tube 210 50 {adans HxnauliATU 100% BB
Aemutiuaniata™ (dathady dnmaeun i
anwEudanaz 96.6 SBatathefinnme 10 Ny
AFlumsiesne axiiuSinasineh iy ((96.6 x 10)
/100) = 9.66 NS atSINATIBRNNAUTLGNINAY
10-9.66 WNNU 340 LulASANS 1159 0.34 H8daN3)
lude vortex mixer tlunm 1 il diw acidified
methanol 10 N8aan7 10']141(5’38 vortex mixer tJu

0 1 W wehdaiiasly water bath Ngaumgil

~ < ~ 2y v o
80+2 avAwBaBed Wunm 15 Wi NenaliEun
gaungiivias Mty centrifuge A10137 3,000

\ = d‘ = | =
SaUMMIN N -10 eFEawded (Wuna 10 W9
gassazanzdiula 1 1adans ldwana micro-spin
filters 1114 centrifuge M13t33 10,000 58UABINT
a o < o P
7 -10 a9A@aded Hune 10 WIH wmasazaan
nsaalaldlu vials waradnaz i luasineniiouas
USunaueeasas LC-MS/MS

M30NATHALazUSN IO

1389 Agilent 1260 series 5500 QTRAP
MS/MS: §l@n12z69il mobile phase: 20 mM
ammonium formate waz CH,CN 1#TUsunsu
gradient lunisusnas nailFlumsiieszd
ﬁgwm 24 1117 laadign1izyee mass spectrometer
Usznaual8 ion spray voltage: 4,500 volts,
temperature (TEM): 500 aqenw@aLzad, collision
gas (CAD): nitrogen; medium, curtain gas
(CUR): 23 psig, ion spray nebulizer gas (GAS-1)
: 50 psig waz TIS heater gas (GAS-2): 60 psig
Tagansazgniviilulasauuindie electro spray
ionization (ESI) 1aaauﬁ1é’%gn3mswﬁé"m
multiple reaction monitoring (MRM) lag@nen

< o =
mass 1 m/z (ﬂ\iLLﬂﬂQi‘N(ﬂTi'N'ﬂ 1

= o e a s I a
$19799 1 MS/MS acquisition parameters 83N IILAINLVAIDINAIDAN 1@]?17]?]9] LNWEIBG LLASNINPIBEG

precursor ion product ion DP EP CE (0).4 34

component
(m/z) (m/z) (eV) (eV) (eV) (eV)
chlormequat 122.0 58.0 (primary) 148.46 7.07 36.65 7.06
122.0 63.0 (secondary) 148.46 7.07 27.11 10.40
diquat 183.3 168.0 (primary) 81.20 13.10 30.82 10.32
183.3 157.1 (secondary) 81.20 13.10 22.00 9.79
mepiquat 114.2 98.0 (primary) 254.96 7.84 34.09 13.57
114.2 58.0 (secondary) 254.96 7.84 32.53 9.17
paraquat 186.3 171.1 (primary) 80.00 11.69 28.00 11.80
171.1 77.0 (secondary) 156.30 8.00 46.65 9.24
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mMsAwadSann
AIUIUAN NI NTUYBIEITNATIANY Lag
T#wneiia external calibration tUSsutigunu
calibration curve MNFNMSLEEUANN Y = aX + b
USnadsnesiany x (Fadnsuaanlansy) whnu
(Y-b)/a lag Y @ wunladezasarsunasgiu, a
= o =~ Y]
A9 ANNTUYDINNNINGIFIY Uaz b A I9GaUNU Y

NINAFBUANINGNABIYANITIATIEH (method
validation)

MINAFAUANNINNILLAIZA (specificity)

M93388U specificity TagWasaaIn ion
ratio Ua¢ retention time 2a9E58LAYAIDE NG DY
Tsiuanen9an ion ratio uaz retention time AR
YNNI TN TFIUDUN UM THDNTU 4 retention
time 289815A8053AIBA lAMBN LUANAIBN WAL
WISIM80 TUAIBEINULANAINIINTITNIATFIULE
Taithu 29692

msa%’nnswﬂmmgm (calibration curve)

1®381% procedural mixed standard calibra-
tion curve IG]EI‘BLQ matrix blank MU 6 VBaA
u,a"aLaumsmmgmﬁszé’ummLﬁuﬁu 0.01, 0.02,
0.04, 0.08, 0.10 WAT 0.20 NAdNFUABALANTY
Nntwihmssdauasliuiagnimiiounsada
BN FTNNTNINATFIUIENIN (N X) ANNLAN
FUBNATNOTTIU DU (AU y) Huildievasans
AU e dNUsEAnsandniusyaedesdu
(pearson correlation coefficient: r) Fulszandms

dadula (coefficient of determination: R?)

1193tA518% method blank was matrix
blank

method blank afauazitaNdmMNAETNAL
Toeldansiainamue ualifidreshedmdu matrix
blank #il#azasaunquiadiiiliasiasauany
andasasis Felsznaudisdadieash @a
inmern walaoh wzdemd du wazusiila
afauazitAzim N E WAL Mntuiaasane
method blank uaz matrix blank 1311A384
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LC-MS/MS (Wa®573d8U318 mass %38
fyanusuniuassasuasgiuviala tailasnu
ANNHANINVDINAILATIES

NSHITAMNOVBINITATIANY (limit of
detection: LOD)

mMuuaa LOD Tagldm 0.005 Jadnsude
Alan3u onutszmansznsnam gy atuil 419
W.A. 2563 1309 BNNSHITANIAHANMA (aﬁ'u“?; 3)
nagaua LOD logdnasunasgiuadly matrix
blank fiszauanuEagy 0.005 AaanTudanlansy
Nnnudusue LOD Tasvnmsnagaulitaani
6 2 WasalaiNy false negative uazaaslWduyan

@ signal/noise > 3

MIFIAANNAYaINIINEIUIINA (limit
of quantitation: LOQ)

mMuuaem LOQ lagldm default limit (0.01
faansuaanlansin) eulszmansensNesI g
ATUR 387 W.A. 2560 (Ba9 DINSTRANTAEANAIN
1199210 A18195 (target value) 2898158@)
uanaafulundazsiiofy daludediudiue LOQ
Tasdaasanasgpuiissauanudugiy o0.01
faansuaanlansy avlu matrix blank 3e51ed
Tsitfagnh 6 #1 @l %recovery MNLALNNIA
#a3uegludn 60-120, %RSD"” uaz HORRAT
(Horwitz ratio) muuatnamigansumy Codex oy
EU #i@ < 2 naums

HORRAT = Experimental RSDr
Predicted RSDr

psnadauaulutdunsanazsranis
IRt (linearity and working range)
Laumimmgmﬁ"’q 475710 alu matrix blank 7
LAUANNIANYU 0.01, 0.02, 0.04, 0.08, 0.10 UAE 0.20
fiaansudanland iaevstauas 3 71 a9nW
ANNFNUSTT e NN NI U @RaEaY
Waguiiasany Munamdnlszansmsaadula

(coefficient of determination: R*)
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NINAFIUMIINUNY (accuracy) Uag
ﬂ’nmﬁlm (precision)

nogaulazdnasnasgiun 4 s aly
matrix blank RSGUANNENTY 0.01, 0.05 WAL
0.20 Faansuaanlansy Iwneiszauaslaiipani
6 % MinalInauigunussNaIgIu uaImun
ﬂ"ll,aglﬂ grecovery, %RSD waz HORRAT lagtnami
#aNSUANMNUNY: mean recovery 60—-120% et

gaNSuUANNLNEN: HORRAT < 2

MsUszanaaanulitivanrainsinszy
(uncertainty)

MsUszanam e liuiuaureensint®
Tagamisdeunaszasnnuliwivaunnunassina
anwliiiuaunanue udrenamansbiwivey
aenefiszauanuden 95% lumsUszdiuaana
Taiuwdusurasmsdensiasdsilanagay Usina
sshmumbe§luiaaniudenlansy (mg/ke) Tos
AN T U BIENSAATIINUN calibration

curve

We

NNMSANIMIAIINATIEV AT 4 5Ti0
loun paasiinman laman winIae LALWITINIBG
melaannsfimuua @ansaasannvanasgu
procedural mixed standard calibration curve
5?%@L?JumilﬁumsmmgmﬁmmLﬁuﬁussﬁudw 4
a4lu matrix blank LLa:ﬁwmiaﬁ'ﬂmuﬁgumau
A5ItAsIEuReInUAIaee tunisyare

HANTENUINANHULAIDENUALAALFE N TFY WY

yasanshaulafisafeduluiuaaumsadale Too
LEPAMNFNTUES TN T UT LN UL
Tansin awrsedesiedarsasnarnle lugae
ANNLENTU0.01-0.20 Taansuaanlansy lansw
fuduass Tosen R? oglurng 0.975-0.999 Ll
315129 method blank wasasLARlFnanNe
(e matrix blank 2840288N9AZIN MIFY ANNIA?
wlsrh wzdame v wazuauila linvduana
sumulugrrasmsasiaiassithuane
NaNIINTIAFDU specificity @1 ion ratio uaz
retention time 2a9ansaraeMaenalaiLanaNan
jon ratio U8z retention time |AEYBIANTIN M33U
Togdeaglunmeminseansu uaz retention time 289
§5P005Man laman WAMBN LazNnITIABN
A ennamedNuanaNnasINasgIuliiu 2%
auaaslumnd 1
NBNSNAFDUIANNABININTIANU (LOD)
WU 0.005 Nadansuaeilansy loglvdwa e
fgandn 3 123 signal to noise IUAIANNA
2a9MTIaENUSINN (LOQ) Ny 0.01 Fadnsu
aanlandy lunnalioans wamsiigais LOQ log
Ms@nanTINasL ek 6 9 ldegnazh
e Mz W lseh wzdeme du wazualills
1@ mean recovery L% 69.2-114.4%, HORRAT
Tz <0.1-0.6 Gaudaslumsei 2
NANINAFDUBNVDINTIN (working range)
wazeaNduidunsa (linearity) a1nnsiwaNu
Fuiugsznivenududuiidniuemasanudugy
finsrany Tughe 0.01-0.20 Fadnsuaailansn leen

2 coagd o al P
R* 917149 0.975-0.999 oNLLEMI LUAIINN 3
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Determination of Chlormequat, Diquat, Mepiquat, and Paraquat in Vegetables and Fruits

Saovanee Wajasit et al.

L 197 30 20000 4.0 e
" s 15000 b
R 20
i i i i
5
2 H 1 H 10000 £
204 10
5000 0s
Tod 0s
0l 00
45 0 55 45 0 55 o 40 451—50 (1] oo 40 45 ¥s50 (1]
Time. min Time. mn Time. min Time. min
paraquat blank diquat blank
G5 % 58 40 1566 316 4
Se5
. 0 3
) g § g
i o= i @ i g e
205
10 ot 1
s
00 0
20 30 20 5 30 000 25 3 a5 R aan 35
Time, min Time, min Tiwa, min Time. min
chlormequat blank mepiquat blank

MWD 1 TﬂsuﬂmLmiwaqmsmmgm waz blank i m/z 186/171 (W151A87), m/z 183/168 (LamIaM),

m/z 122/58 (AADSHAIBN) AL m/z 114/98 (LUNAIDN)

M98 2 WAMINAFAUA mean recovery, %RSD uwaz HORRAT Aszduanudaty 0.01 Haaniu
@anlansy 2a9ENIAABTNABN LAABN LINAIBN LALWITIAIBN MUAIBENNALIN MF HKNNAZM
wlah wedema du wazuatiila

i chlormequat diquat mepiquat paraquat
MBI ghRec. %RSD O sRec. %RSD O sRec. %RSD " %Rec. %RSD 0N

ﬂ%ﬁ"’l 112.8 4.2 0.2 74.3 9.9 0.5 92.9 8.8 0.4 73.4 11.4 0.5

(?i’lﬁﬁ 100.4 0.5 <0.1 105.9 5.2 0.2 100.6 2.5 0.1 77.3 10.4 0.5

ﬁﬂﬂ'\ﬂ“ll']’) 96.5 13.1 0.6 89.5 10.2 0.5 100.9 2.0 0.1 69.2 4.1 0.2

ﬁ'ﬂ‘lﬂﬁl’] 100.9 8.6 0.4 104.4 7.8 0.4 108.4 7.7 0.4 108.8 3.9 0.2

N:ZIEIBL‘V]W 92.3 4.0 0.2 106.8 6.7 0.3 93.5 1.7 0.1 90.3 9.7 0.5

E%J 99.6 1.6 0.1 76.6 10.0 0.5 90.8 5.5 0.3 83.4 3.5 0.2

Llaﬂlﬁa 99.6 3.6 0.2 110.9 4.8 0.2 114.4 1.8 0.1 89.3 9.3 0.4

mM51ai 3 anuiuduase idrsenuEusy 0.01-0.20 Faanudanlanu

R®
R ELAT
chlormequat diquat mepiquat paraquat

g 0.988 0.986 0.999 0.990

RGN 0.987 0.984 0.990 0.994

NNAAA 0.999 0.999 0.989 0.975

wlnh 0.993 0.989 0.991 0.991

Nzl 0.976 0.998 0.988 0.997

GEY 0.996 0.996 0.999 0.994

wadiila 0.999 0.998 0.999 0.998
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a = a L v I = g
MIIATLRFITARDINAMN [AMBA WRAIBA LATINTIMBA 1uwnLLa:wa1u WNaEd NNEANS  wazem

MINAFBUAIANINUNULATANNINEN2DIT  oEfludn 66.1-117.29 uazANNLien (precision)
IALENTLAUANNENTY 0.01, 0.05 waz 0.20  NUssLiuAIg %RSD waz HORRAT agludin
N9dn5uaAanlansy IAT1LWILAUBE 6 T WU 0.4-14.5 UAY <0.1-1.0 AILFAIIUMTNTN 4

ANNUNUNUIZLAUIN %recovery 1RFETN 3 52U

3197 4 WAMSINATAU %recovery LazANNINENIUNMTIATIZY 2DIFITAADINAIDN LAABA LNNAIDA

LATINTIAIDG TUAIDENALIN ANEY HNMAY WA Nz@ame d4 wazwalila

Spiked level

Sample type compound Mean Rec. + SD %RSD HORRAT
(mg/kg)

Az chlormequat 0.01 112.8+0.5 4.2 0.2
0.05 82.0£0.3 0.7 <0.1

0.20 86.0+£16.7 9.7 0.7

diquat 0.01 74.340.7 9.9 0.5

0.05 78.5£0.7 1.8 0.1

0.20 80.846.4 4.2 0.3

mepiquat 0.01 92.940.8 8.8 0.4

0.05 100.140.6 1.2 0.1

0.20 113.5+7.1 3.1 0.2

paraquat 0.01 73.4+0.8 11.4 0.5

0.05 80.240.6 1.5 0.1

0.20 102.0+8.4 4.1 0.3

AN chlormequat 0.01 100.440.1 0.5 <0.1
0.05 101.9+4.7 9.1 0.6

0.20 88.4%17.2 4.1 0.3

diquat 0.01 105.940.6 5.2 0.2

0.05 94.3+5.6 11.9 0.7

0.20 76.7+£18.6 11.7 0.9

mepiquat 0.01 100.6+0.3 2.5 0.1

0.05 93.1+6.7 14.5 0.9

0.20 86.3+8.3 4.8 0.4

paraquat 0.01 77.3+£0.8 10.4 0.5

0.05 85.84+9.8 8.5 0.6

0.20 88.7+15.2 8.5 0.6

WNNNIA chlormequat 0.01 96.5+1.3 13.1 0.6
0.05 91.4+4.0 8.8 0.5

0.20 100.240.5 0.5 <0.1

diquat 0.01 89.5+0.9 10.2 0.5

0.05 100.0+4.1 8.3 0.5

0.20 97.2+7.6 3.9 0.3

mepiquat 0.01 100.940.2 2.0 0.1

0.05 92.5+4.3 9.3 0.6

0.20 93.4+5.7 3.0 0.2
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Determination of Chlormequat, Diquat, Mepiquat, and Paraquat in Vegetables and Fruits Saovanee Wajasit et al.

A5197 4 WAMSNATBU %recovery UazANNINENlUMTIATILY 2DIFITAADINABN LAABA LNNAIBA
L ] v o = X Y v = YV ‘;91 i\
UazINTIABN TuAaa Azt Mae KNI W lah Nedamd du wazuatla (o)

Spiked level

Sample type compound Mean Rec. =+ SD %RSD HORRAT
(mg/kg)
WA paraquat 0.01 69.2+0.3 4.1 0.2
(a9) 0.05 100.7+1.2 2.4 0.1
0.20 97.5+4.8 2.5 0.2
Wl chlormequat 0.01 100.940.9 8.6 0.4
0.05 91.240.3 0.8 <0.1
0.20 104.2+2.9 1.4 0.1
diquat 0.01 104.440.8 7.8 0.4
0.05 95.1£1.0 2.0 0.1
0.20 107.2+5.9 2.7 0.2
mepiquat 0.01 108.440.8 7.7 0.4
0.05 96.240.3 0.7 <0.1
0.20 115.5+3.4 1.5 0.1
paraquat 0.01 108.8+0.4 3.9 0.2
0.05 93.540.2 0.4 <0.1
0.20 107.3+3.0 1.4 0.1
NzaNe chlormequat 0.01 92.3+0.4 4.0 0.2
0.05 102.8+1.4 2.7 0.2
0.20 94.841.6 0.9 0.1
diquat 0.01 106.8+0.7 6.7 0.3
0.05 117.2+1.0 1.7 0.1
0.20 96.5+12.1 6.3 0.5
mepiquat 0.01 93.5+0.2 1.7 0.1
0.05 100.8+0.3 0.6 <0.1
0.20 97.0£1.3 0.7 0.1
paraquat 0.01 90.3+0.9 9.7 0.5
0.05 105.2+2.5 4.8 0.3
0.20 82.246.0 3.7 0.3
GEY chlormequat 0.01 99.640.2 1.6 0.1
0.05 110.1+0.8 0.7 <0.1
0.20 73.4£19.6 13.3 1.0
diquat 0.01 76.6+0.8 10.0 0.5
0.05 103.6+2.4 4.6 0.3
0.20 86.94+16.9 3.7 0.3
mepiquat 0.01 90.8+0.5 5.5 0.3
0.05 107.0+0.9 1.7 0.1
0.20 66.1£5.9 4.5 0.3
paraquat 0.01 83.4+0.3 3.5 0.2
0.05 102.2+2.1 4.0 0.2
0.20 91.1+£23.8 13.1 1.0
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MININANLHTTAD5HAIDN 1(7'1(5]’36(?1 NNAIDH WATWITIAIDG °1u€i'mtama1ﬁ'

o a £
WNaEd NNEANS  wazem

51N 4 WAMSNAFBU %recovery UazANNNEIlUMITIATIZA 209515ARDIHAIBN AN LNNAIDA

LAZINTINIBA MUMIBENALIN A9 HNMAZN 9 e Nz@iand d3 wazuad@a (¢d)

Spiked level

Sample type compound Mean Rec. + SD %RSD HORRAT
(mg/kg)

LLaﬂLﬁa chlormequat 0.01 99.6+0.4 3.6 0.2
0.05 86.9£0.7 1.6 0.1

0.20 90.6+5.2 2.9 0.2

diquat 0.01 110.9+0.5 4.8 0.2

0.05 100.8+1.9 3.7 0.2

0.20 107.7+£3.5 1.6 0.1

mepiquat 0.01 114.440.2 1.8 0.1

0.05 97.340.6 1.3 0.1

0.20 103.4£3.3 1.6 0.1

paraquat 0.01 89.3+0.8 9.3 0.4

0.05 106.7+2.1 3.9 0.2

0.20 112.046.9 3.1 0.2

nmsUszanaa e lauiuaureIns
Sienzdandsilanagau Tagtihmsdansias
wnmaaludududmunumsama wuuwaadian
gasanaldutuay laud mstnhminyasdiad
(sample weight: Ms) ta3asuiaSausuasilsd
(sample volume: Vs) @1 concentration ﬁa’m
16270 calibration curve wazaAINNISLATUNFIS
119957U (concentration of sample: Cs) bias uae
precision AnamaNy ldLiLaUIBIEITINTIMBN

' ' V@ a Y 4 d
wuNAALNU +26.2% NICOUANNLITDNY 95%

Sample volume
S s

1% i

Bias

10%

wazilanZsuiisudadumenaliwiveunnunas
enwliwiveu idwadaUsnasnsnninn llwiias
Taun e adsimsnew (method precision,
58% ) concentration #shuldan calibration curve
UAZAINMILAIBNEITNINTFIY (concentration of
sample, 28%) anuisuunnaas (bias, 10%)
msFuhninyadae (sample weight, 3%) waz
NNAIIAIAUSNA5TLE (sample volume, 19)
Fauaaalumnd 2

Sample weight

3%

AN 2 FaIUYDIaNAUsENaULENA NN LN LULAUBIMTIATIERENTNITIAIA LUAIDENIEN
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Determination of Chlormequat, Diquat, Mepiquat, and Paraquat in Vegetables and Fruits

Saovanee Wajasit et al.

wannnitluil w.a. 2563 latidE ez
mManagauaNugnasIuaIn lFlunsasnaie s
fnuaznalilan admaUsnumsanaeeans
s 4 7iia Tulassmsamsuasassmunlauneaady
N3ENTNNINGY Usenauemis lasamswannumas
nszneiuming Fufufednnunainszang
UM AMAMEN NENNBATNT waLIaVNIYNTY
SHuvdouhsumens 77 Sl wu JavAanuay
audisausiasegianaiiievgurulanladmesinla
JaniauasUsn, amaln Jiaunusil, amede
NIUFITU WHINQUITEEI UazaaIamnaAuIa
iiasdaniagams Wudu Sununsdu es e
wtailunn 51 @aede wazkalyl 14 Gaeehe @519
liwussnguanaalunneiadn Tassmslaawena
msUasans Wudmadnnnlsswennathuana
ﬂiamquﬁuﬁ 12 WAFUMW U 154 MIBEN
wtailurn 100 et wazkalal 54 Gaaehs Wiay
WguAuAMUUAMNUTEMANTENTNEBITHUY
atiufl 387 (W.A. 2560) MvuameAansimaniy
dnaadaie (default limits) §wSuiNs 0.1 Hadnsu
@anlansy mutuivanaay 3 wuumeadseme nsol
vanwilamnni lFmanaadainsmiuiinle ity
0.01 Hadnsuaanlanin wuhenLazualinsIANY
3 gaee Aelluseeas 1.95 laanwuasiieanly
milnemuazdulanuuina 0.11 uaz 0.02 fiadn3u
danlansy awadu Fudumineadaiang 2
Mo wazwudmsaaasimanlunnlawuid Usina
Weanh 0.01 fadniudadlaniy  Fuiasnindn
anoadaie

a 4
AU

Bidnwilansanasauasaneeluinuas
ualdlanavue 4 wia laud aaadiman laman
WNAIBA LATWISIABA laeA molecular masses
lown 122.0, 183.3, 114.2 uay 186.3 g.mol™ My
seu Tagldia3eq liquid chromatograph (LC)
gl tandem mass spectrometer (MS/MS)
Hudi051938 0N5adezieaeIais

MNsasnsnintengasmsunne
7 U 64 AUN 2 Liwnawy - Hgunau 2565

LC-MS/MS guilumaiiaisianuly (sensitivity)
warANNMNIE (selectivity) 1d¥anns mass
spectrometry a37330lasauressnsiueniueie
ANI80aU583 (mass-to-charge ratio, m/z)
fuandresy lun1siaszviltaan interface
Fehmhiduunssmiiialasay (ion source) %iia
electro spray ionization (ESI) laaau‘ﬁlﬁ'ﬂzgﬂ
31A312%028 multiple reaction monitoring
(MRM) mode Wmmaaumaﬂmlaaauﬁtmn
2anN) (fragment ion, transition ion) nnloaau
Gadu (parent ion) TAEENTOLENANNULANG
yosashiaawniule ilasan fragment ion
fuansanazdiududuiismnzaslossuudazsin
detector %1@ tandem mass spectrometer
as1a3alagldan mass 89 2 A39 AseusNLEEN
precursor ion ¥3@ parent ion mﬂﬁ?utﬁﬂ
fragmentation lev product ion %38 daughter ion
L@an product ion 2 ion ﬁﬁﬂ'ﬂ response QQLLazlsiﬁ
asdusumu Tesaslamanazgn ionized Tugl
[M+-H] (dehydrogenated molecular ion) fim/z
183.3 iy precursor ion uazidan product ion 7
m/z 168.0 NU 157.1 §IUABDSHAIDG LNNAIBA LA
W151M80 390 ionized Tugy [M+] i m/z 122.0,
114.2 4ar 186.3 MuaIouLlu precursor ion
{dang product ion 7 m/z 58.0 U 63.0, 98.0 AU
58.0 LA 171.1 AU 77.0 MUMAU
dmsuaanzades LC fidalduSunnisus
QuPPe-Method Taglalusunsu double gradient
Tumsuenans mldldnmlumsanadenzidivan
12 i §lu 24 Wit tilatlesdumsiie carry over
Tuszuu uazld column wiia hydrophilic interaction
(HILIC) & particle shape ({lutuu spherical ol
HANUNLAYENNTONNOU 2 FUWUY WENHEUNY
(difunctional bonded) 5% silica-based C18
%\‘IL‘TJ‘L! reversed-phase NU normal phase M i
anunglumsminmsifanentd HPH agly
column leu MW retention time asasithuang

= v < a 1 ac [
NANNLBNISTY 1Naamiamu1ﬂ dIUIDNIIFENG
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o a £
WNaEd NNEANS  wazem

Qyﬁﬁﬂiﬁﬁwm QuPPe-Method Version 8.1 Tog
Hafandniidasmuauamiviuaaumsana fe
damEAMNZULBITIag Fadauinthlasy 1009
spainfetn Tasmnulsnashnaeudis uas
anamelaanizaamnil 8o+2 avewa e wanNG
wuhmaafaisinldansuiansioumsiadiaias
fifigensANAzNauAIBLAIDY centrifuge uazld
micro-spin filters Falunsnsasaznauriiiy
M giTenuidadiinuaswaldi matrix
nanvang ﬁy'mimmnﬂaa‘['iﬂagq meagq Fratiu
nsanaznaualsamngiveslaiainisoniie
desunaupanlaninue ldsuniuna Gety
n5aeielanaassdsuanisaungiivme
anAZNBUAIELATEY centrifuge lunndunauily
guunil -10 avFaEed WU lFaIane
°lunﬂ°f|¥umau“la Miadesunulad Fuanuiiad
asnudaEy Heaamsusaiiunaitenzd Tums
Anneidsldmmuamsmuauamnnive1¥ldwua
figndas ldud msidan identification point 3
Huszuumshnazuun demstuduriiaanslums
wanatays Tagldannu parent ion Gudu uas
daughter ion FINAMYUAANNULANGINGIFO
fieansule (maximum permitted tolerance)
294 relative ion intensities mu‘ﬁ European
Communities (EC) M#ua"® UBNNNIIM precision
Alasiedulszansanuulsusiu (%RSD) g
Tuge 0.4-14.5 Taafien HORRAT <2 guiluly
aanaiuasii Codex mvuald wananiigale
imMsneukumInIuguasmwely (internal
quality control) tieanusulalunanmsdansv
aaenn batch Tasmuualiliiy 10 dreen
MMINAdaU method blank, matrix blank,
duplicate analysis wuaz spiked sample luns
NaaUANNYNADIB0IT AT s iIWanN T Uil
lailﬂ”l%"iasga”waﬁa%’usaq (certified reference
materials: CRM) Tumsusziuanmwaainams
NAFDULAZATIVNFBUANNGNABIUBITNATDU Ul

MsLeN (spiking) §5u@55 1Ua91U matrix blank

uny aglsimudsslfuanmsiimamuanamnmn
tatihszSeanuldlauasnsnagau Taahsw
Tusunsumsnagauanumwy mMsilSauiieuna
M3iaNzisznidesluamsluaiadinlea
09130 30lag FAPAS 58USsWINLGaUNEIEU—
figuiay 2563 wuhwamslsziivaglunasiaansy
1o (1Z1<2) losmapsimanuaziuiiaian A Z
score WA 0.9 WAL -0.1 MUAAU 1Tl w.¢. 2563
38051991A51:Wi LaSUN155Us0IANEINI5D
wanuuamsannanasgiu ISO/IEC 17025:2017
NndinNaIFIUieslfuams uaaeliiiuinis
Alenagaviidanumanzanlunsliiensvias
w4 %0 ludnuacualsl Tagmaiia LC-MS/MS
BRI TANANNTNGFUHAZIAIANIN
Tawiuau Tegldinasimsauiaainan standard
deviation aanuliudusuiiarsazflunhiu 2
predicted Horwitz’s RSDr"® damuaany
Taiwiusuimsazdu whiu 31.69% udanndsiian
e lduivaufiinsannnuvasanaliutiuaudii
HansznUAaUSINMEs A 26.2% deilaniaant
Arfiasazily wuiddienedilinanzanuas
dDAAIDINNNUTMINNTANANNTNNATUHAYBN
manulaiuwiuay
PDANBNMITNTIANUMIANANLNEY 3 AIBENS
NATINUTIBtheMNe 219 Gaathe Anfludpeas
1.4 Tasasrawuasiiiaranludailnens o0.11
Naansudailaniu wazdulunu 0.02 Fadniuee
Alansy Faiumdnaadaiafimvualismsuizle
Tsitfin 0.01 HadnSudaAlandy 14 2 Mo uazwy
§5eaesiman lurnlauunl YSwnanipeniy 0.01
fiaanSudanlansu Fnjasnheiveadaiafimmun
Biseauanudugu 0.1 fadnSudanlanin mutind
VAPDY 3 WUUTNEUTEMANTENTNENSITUEY atui
387 (W.. 2560) MNNANTHNTIAAINGINUNANUIU

@ ]

d' a kg v Y
MPENNWUUTNIUNITONANUBENIN LLH@QVL@’JW

Y a

Huaadanuaum lumsanszduinasgiuduauas

u

UNHANGULDINIATINANININITNTIFDU WU
Tassnsarsauaziihszisnsananyasasiad
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Determination of Chlormequat, Diquat, Mepiquat, and Paraquat in Vegetables and Fruits

Saovanee Wajasit et al.

Yasfiumiadagiizanaludnuazua liadavas
TA59M3 ABDAIUINATTIUMSNANTUAMNNMSINEAS
(Good Agriculture Practices: GAP) ddnanmw
=l d‘ v U Y a L v v
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Method Development and Validation of
Chlormequat, Diquat, Mepiquat, and
Paraquat Residue Determination in
Vegetables and Fruits by LC-MS/MS
Technique

Saovanee Wajasit, Suwimol Muadmah, Atcharee Inkaew, Kanyarat Chuakunchat,
Witthawat Wangkaewhiran, Sakulrat Somsuntisuk, and Thongsuk Payanan

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

ABSTRACT According to the statistics on imported chemicals, herbicides, including chlormequat, diquat,
mepiquat, and paraquat, have been used as weed control agents. Diquat and paraquat are the herbicides,
while chlormequat and mepiquat are synthetic substances for controlling plant growth. The inappropriate
use of these agents, especially paraquat, can lead to environmental contamination and cause adverse effects
on consumers’ health. WHO has categorized paraquat’s toxicity as class II, which is moderately hazardous;
moreover, paraquat is also classified as a category 4 hazardous substance according to the Hazardous
Substances Act, B.E. 2563 (2020). This research aimed to develop and validate the analysis method for the
four “quat” substances in fruits and vegetables. Firstly, the sample extraction was undertaken by using
acidified methanol, and then centrifuged. After that, the extraction solution was examined to identify
and quantify the herbicide residues by LC-MS/MS. The results indicated that the LOD and LOQ were
0.005 and 0.010 mg/kg, respectively, and the linearity was shown in the range of 0.01-0.20 mg/kg. The
accuracy of this method was approximately 66.2-117.2%, and the precision was between 0.4% and 14.5%.
This method has been recognized as ISO/IEC 17025:2017 accredited method since 2020. Therefore, it is
suitable to be applied in a laboratory for consumer protection and law enforcement purposes. This method
was also used to survey the contamination of these substances in 219 fresh vegetables and fruits in 2020.
It was found that three samples contained herbicide residues: mepiquat in two samples and chlormequat

in the other one, while paraquat residues were not detected in any of the three samples.

Keywords: Chlormequat, Diquat, Mepiquat, Paraquat, Vegetables and Fruits
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Evaluation of Factor VIII Freeze-Dried

Reference Standard for Potency Testing

Soammarisa Paungpornsri, Assajun Amen, Pattama Bunnag, Titaporn Pootipinyowat,

Chanwit Chukaeo, and Paisan Pangjunan

Institute of Biological Products, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Factor VIII is a biopharmaceutical product for the treatment of haemophilia A patients.
The injection dosage varies depending on disease severity and the specified drug label concentration.
The potency testing against reference standard leads to the concentration value as international units
(IU). The objective of this study was to prepare and evaluate Factor VIII freeze-dried reference standard
prepared by the Institute of Biological Products for the potency testing of Factor VIII products. The evaluation
of the product revealed that the variation coefficient of packing was 0.18%. The potency value was about
16.26 IU/vial and the moisture content was approximately 1.77%. The homogeneity was not significantly
different and it had good physical characteristics and reconstitution. Its pH was approximately 8.517. A
long-term stability study in storage condition at -70°C for 150 days suggested that the potency did not
decrease. An accelerated stability study suggested that appearance and pH were normal. The moisture
content at 37°C was higher than those at 4°C and 25°C and the potency at 25 and 37°C declined on days 3 and
7. Thus, the lyophilized Factor VIII could be used as a reference standard for the potency testing of Factor

VIII products and potency testing should be undertaken every 6 months for long-term stability evaluation.

Keywords: Lyophilized reference Factor VIII, Potency, Stability
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muaald anuiiaUn@iionEuuaaisimsnuis
Wnidnviaiedu g ldnnszas Tatiudiliiiznsle
lszauamudiSalumsdnwnlsad iligithawes
AUASILAsUNANIENUABANMNEIN DL NNINAIN
ANNUNWIBINS DM IFaLFBMINBILIAY

nnmsdnnludainasssiiiiulse RP Toald
waaauniiennlunszgnuasdaiwadarnluium
wugadaunitiinainlanszgniuurTduzdie
AsEMWMSINuIBLEas UL lufiav3e cone
cell 16 Fafuiisnaesmsdnunil Fenasidald
FWeuazianNIzUIUMIOSEEadaUALlayie
DMSc Stem Pro #aifiu MSC mnlanssgnuasgthe
s dwsuin lldlums@nmeanudululauazany
Unaadsvazadduiniionnlanszgn adah
Funudgihalsnamiansdfidenaamewugnssu®
TasdAnwaniziuansanlunmsimnsides MSC
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FINTNMINTINFTDUANNYNABIYBINTEUIUMTHAN
(process validation) fauNgmMsIFeNNAFIN
AN SN AN SMNWEN N STLEZAEMS
Tumsedaeuuuilagiy (Good Manufacturing
Practice: GMP)® wasdanuuadinadInsu
msnauen vl (Investigational New Drug
Applications: INDs)®

[ =

aa@u,a:n%ms

o o =
matailglunsdn

o 3

fmadnilslumsmnzidasuazasiadauany
gnaawaInszuIumsKan Wualadlanszgn
nlasuanuayeNzinnausunnamans a3y
wenwa lagldsnansaduaunaulideaiyanarlv
lanszgnle w4 918 Febumsiasannnaas
N3IUMFAIBIINATINIUAU AUTUNNEETAS
@owenua o Si126/2010 Tuh 12 Hueneu
2561

L 1 lﬂl wva

gadnnldlunszvrumsasagauguanis
yaradaumiila MSC ({udmatmadannsgiu
human mesenchymal stem cells: HMSC (cell

applications, Canada)

MTRENUAENSINZLA BTAS AR
aaaeelanszgnuIliaaeey sterile
PBS pH 7.4 (Invitrogen, USA) uddiluily
LenAIBLAI It uMI B (Hitachi, Japan) tie
thudiuzed buffy coat ﬁﬂml,wwmgﬂﬂum%uz
tWeiAsegiie T75¢m? (Corning, USA) e
Msiaeaad Usznaume Dulbecco’s Modified
Eagle Medium (DMEM) (Invitrogen, USA)
fetal bovine serum (Lonza, USA) antibiotic/
antimycotic (Sigma, USA) i lunee CO,
incubator 'éu NU-5100E (NuAire, Inc, USA)
Wasummadsagednn 3-4 Tu untigadasd
anavALLUsEaNEL 909 BIRUAINZLEEY Nty
M 508LEadpan NN RUTIMBUL LN LA IR

0.25% trypsin/EDTA (Invitrogen, USA) wazi)

saln v & ' ' 2 o a
waan lonsideeaaly passage ol Faoiiums
Mele laminar air flow biological safety cabinets
51 NU-430 (NuAire, Inc., USA)

Py & Y o a & w
anunsLaENaaa ULl uvasazana
520U class 100 a1 aesUfuAMIHaaaUMLia
NINAINENENFASITUNNE TNITATINEAMNTNIL
WIAFDNTNMUM LM WULAZMUTINMN laemIAam
szauaNudzaauasdnzasanlugouslaiing
UjudnudazamusmMasljuany asauaguns
aamumsUuilauresrdunid Msianniuy
auMAlUDIMA ANNGU BUVH LaNINTIAFDY
a I8 v 1 a v I o
wniwasaillesumetiammzau Wulsea

FanENe MNNNIFINEINa ISO 146447

NMIATITIUAMNIN
NMIRTINFDUAUMWUALAMTNTAYDITAS
auniile eudamvuadina ISCT Usznauaie
msngatianansoliasauniiie (identity) ms
NAFBUANNFINITOVDITAOUN IR (potency)
msmaaummu’%qwgﬂmmaa"(ﬁuﬁnﬁﬂ (purity)
msmmm‘sﬂmﬁauf\gaﬁw (sterility) wazmsansIa
FaUMSHTIAYead (viability) Gl
msfigattenanyaligasaumiile laawmeile
flow cytometry® 1demMInTIAAAMNBUALDUALAY
firnwzuuiiged MSC wazasalasiuiuwad
ToslFuauaiasnasdu fluorescent Mdnaainly
#i antibody l¥tiamsSewuas Tagld anti-CD9o
APC (BD Bioscience, USA) anti-CD105
PE (Miltenyi Biotec, USA) anti-CD73
APC (Biolegend®, Canada) anti-CD34 PE
(Biolegend®, Canada) anti-CD45 PE
(Biolegend®, Canada) anti-HLA-DR
APC (Biolegend®, Canada) 7-AAD (BD
Pharmingen™, USA) ¥MM5a5123tA51e% Llag
\A384 FACSCanto II (BD Bioscience, USA)
ASNATDUANNEINITOVILTBIAUNILHA
Tumswsadulailugasau q ldagaias s »ila

(trilineage in vitro differentiation) A8 L7%a alusiu

MssnsinenengasnIsunng
U 64 adun 2 W - dginey 2565
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\wadnszan wasadnszgnaay Taauwnsians MSC
Tuawnadssadidanudime: mansanszauly
wiyiuladhumadaiinea q lalugnmsiimainza
Imﬂslfff“qm}’ﬁm mesenchymal stem cell adipo-
genesis kit (Chemicon, Canada) Usgnauaie
adipogenesis medium oil red o solution #%®
When mesenchymal stem cell osteogenesis kit
(Chemicon, Canada) Usznaueie osteogenesis
medium alizarin red solution LLax?gﬂ‘li'lil'] NH
chondrodiff (Miltenyi, Germany) Usznauas
chondrodiff medium
MsnadeuANNUTINSrauEadduLila
mfiumsasiamusana endotoxin TagAs limulus
amebocyte lysate (LAL) tuu kinetic turbidi-
metric method® a1davanMIMUNNIENT=WINGS
ANOYDUIDAUNIMNZLANUENT bacterial endotoxin
wineaeail bacterial endotoxin Uuiilauagas
n3sauly proenzyme wWasuulauily coagulase
figu50 hydrolyses coagulin F4fidnuwazadiaias
MIAAMNANNLUYBIMSLNALRA IUeuanTNUTINN
msﬂm“ﬁau bacterial endotoxin 16 Iﬂﬂiﬁ'ﬁﬂﬁ"lﬂ’l
Pyrogent® 5000 test kit (Lonza, USA) mﬂﬁ?u
ﬁwlﬂﬁmwﬁﬁ'smﬂém microplate reader model
ELX808 TM (Bio Tek® Instrument, USA)
msanamatuiaugadn®® duiumsaaa
mstudlaurauuaiidauazidos Tasd8 micro-
organism culture Tuems L?;IENL%  tryptic soybean
broth medium (soybean-casein digest medium)
(Difco, USA) dwiudauuaiiids uay fluid
thioglycolate medium (Difco, USA) d%35u Has
dhumsasramsiuiloulalanmaan® ¢1e33 PCR
Iﬂﬂi‘l’iﬁ”lm Venor Gem OneStep (Minerva Biolabs,
Germany) Lﬁ'uﬂ%mmmiﬁuqﬂssu feiaIaaiiiy
USauasWugnssu GeneAmp 5700 (Applied
Biosystems, USA) aniusihliasiagau PCR
product Togld 29 agarose gel electrophoresis
meldiniaschammaamelduagidu Bio-Doc-It™
System (UVP Laboratory Products, USA)

MNsasnsnintengasmsunne
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NINTINFBUBATINSHTINTDAYBUTAE Lag
M58ana28 trypan blue stain (Invitrogen, USA)
danamsaadaeldndssyanssed ju TE2000S
(Nikon, Japan) logumadiiizinaslidadinGy
Turasisadiliizinazfoddon (Hosangad
WNLUSURAMSIEINEM NI S0 R a T oMY B

trypan blue lev

mﬁtmwﬁﬁ'agammﬁa
1y IeTNVim@ae (mean) + dandieaiuy
110531 (Standard Deviation: SD)

We

nnsinaIaglanszgn U 4 e
(20.25+1.71 H89aNT) anthuuen buffy coat WU
1#&@ mononuclear cell (MNC) Laﬁlﬂ 26.16+13.45
Sruad deilansewing 7.35-39.15 auwad Lo
nzEes MSC Ty DMEM iy 109 FBS Uil
37°C, 5% CO, uasfamumstasataulaaasas lu
2 MUSN WuLras MSC mmsoﬁmmxﬁﬁyuﬁa
mruznzEes saudaslumuit 1 0 wazdlaimne
Beald 5 Su Thmsiasummsiasesad wuhwad
#laild MSC azlianansatmeiufinmausinzi@es
warnnuaguamsiasradeanazaatamag
MSC Lﬁﬂﬁu LLazLﬁ'BLW’]::LgEN MSC {luszaziim
36+4.69 U (MNFYWNNU 31-42) WUNTDNT
MINFINTDAVDILANIDEAY 96.37+2.68 (ANFY
WU 93.64-98.75) adnimzAldTgUeUae
Benuvan wiaduladamefiufiwaatn fauans
Tumuit 1 ¥ (passage no. 2) Wisuieuiuwad
MSC WZENNGIENadAIgIN Gauda
Tumnii 1 @

msfigatananwaligasaumiile laawmeile
flow cytometry wuniizaganlunszgniinis
wan9eanuad CD34 waz CD45 ua lsinumsianiaan
289 CD90 uay CD105 nasmnziaesliifiu MSC
WuUNAIEaaIMsuEaNeanzas CD9o waz CD105
wo linumMsuanieanzas CD34 waz CD45 Gauand
Tumui 2
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Guwzidesanlunszgn (n) passage no. 2 () Wisuifisuiuwas MSC itWziaeNINGIDE
HAaNINIFIU ()

Count

Count

10° 10° 10" 10*

107 10*
CD90 APC-A

CD105 PE-A

(x 1,000)

Count

10° 107 w* ’ 0%
CD45 PE-A

P a A o a s = ™ P o s
NNN 2 ﬂ']iLl,ﬂ@N'rJi*]ﬂ‘llﬂ\iLL'rJ‘Ll@lLQ‘L!‘VI‘NLW"I%UNN']L‘ﬁaaQ"mI“UﬂTJG‘]ﬂ (ﬁL‘YI']) WS UNEUNUY DL DS
MSC passage no. 2 (&@ia7)

Nsdsaswinenedaimsunng =
U 64 adun 2 W - dginey 2565




DMSc Stem Pro for Clinical Research

Acharaporn Dambua et al.

NSNAFDUANNEINITOYDILTDIOUNILIA
Tumswiadulaldumadou suiia laud waslusiu
BAFNILQN UALIBASNIZANBBY HAMIANINUT
iiohdage MSC anmnziEsaly adipogenesis
medium fimsasuulawsamadann MSC {lu
wadlasiy iladandie oil red o solution WU
lipid vacuole Tuwaa lsiudaduas Januvauziniiay
wiodu luasiiinedesdafihidudy G

Tuamwil 3 0 dumsedadulaluiflugadnssgn
wuhiiieheaghe MSC snumnzidaslu osteogenesis
medium §imsiasuulaauzadan MSC v
hugadnssgn adandas alizarin red solution
WU calcium Goddn daudaslumwi 32 dmsums
winiulaluiluwadnszgnsau sansanaaiiule
waah MSC snwnziaesly chondrodiff medium
dauaadlumnii s @

Psteocy @) -+ Y
- t..,.. ‘. ¢':“‘_

"3 4 o ”‘
. A AT
it - B

TR e

‘o’,.._ >
5 00um v,
PN L g

Chondrocyte (f)

NN 3 1Bed MSC mmimﬁtyLauimlﬂLﬂuL%aaﬂwﬁu (n) L%aéﬂis@ﬂ ) LLaxmaﬁnszgna’au (")

mM3te3aNaNNNSaNuMIWANNTEUINNS
wisuad e lulddmiugihelssnauds
auyaans lagyaanslasumsilnavsnlviiang
ANNEIIID wazlasumsasragumuwuaziaingu
vialiiguewndeiiddulszamnd duaoui
wisnad Wuipsazaaussduuaniiimsaugu
oo waztuiingumwaimauazmstudiou
Muigianulusinaszanstndaiiies Togil
BUMAZUIN 0.5 [NATEU TIUIY 789.14+71.53
auMA (MNWFEWIINY 703.66-867.80) AIINGOY
80.68+4.37 Lama (MNdeAY 77-87) angil
21.53+1.12 BFEaLTad (MNFLLINNY 20.20-22.50)
ANNBUTNING 3080y 59.9842.48 (MNFLINU

L NsAsnsNInggassuwng
U 64 atun 2 W - Tgwnay 2565

56.70 - 62.70) WAEMINTINAAMNIATWBE LU
Atmue ndiinssauiisugnnizuiedanras
ABUIN MUINAIZIUEINE ISO 14644 (Huiszamnd
MuMsURUGNY IM3I0mManesgIumsU ianu
wasuuutiufin 910U 60 Al ATEUAGENNIUABY
AfenudanlumsieienuazaadouamnIn
as SINHIMsAIuMINaINTTUIUM TR Nad
110U 4 A% tieUszfiunszuumsUNENNEe
Taghamsiasagaganllunszuiumsuaaly
Tnatdssnumsufidnudszar wazfiamua
Us1@antEe wansANEIWUIIBIMISIABITaE S
Snwaelalinuaznou fidduuea Unannmsuudiou

endotoxin LLazqa%w
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MIANHINIINYNABIYDINTEUIUNITNER
(process validation) &33glaaanuuunszLIUNS
HANUAZNITAIVANAMMN ATBUAGNAIUANITFU

datalunszgn (initial control) S5WINNTIUMS

production quality control

Na® (in process control) LLazmaﬂﬁ’m“ﬁﬁﬂﬁw
(final product control) Aauaaslumni 4 uay
AMRUANUTNITUS DI UNAAN T Pauanaly

o
MINN 1

e

initial

control

—

bone marrow

/

identity: FCM
cell number/viability
sterility: bacteria/fungus

purity: endotoxin

/

in process

control

—

cell isolation

& expansion

\

identity: monitor morphology
cell number/viability
sterility: bacteria/fungus

purity: endotoxin

final product

control

—

DMSc Stem Pro

-

\

identity: morphology/FCM
cell number/viability
sterility: bacteria/fungus
mycoplasma

purity: endotoxin

potency: trilineage in vitro differentiation

/

AN 4 NTEVIUMTHENLIEMIMNIUANAMNIN DMSe Stem Pro

MssnsinenengasnIsunng
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A1590 1 1NainsUaasIUNEa N Ead e uniin DMSe Stem Pro

quality control test product release criteria reference
cell dose 10 MULaa maienastuLwng
viability >70% INDs, U.S. FDA 2020
sterility

- bacteria/fungus no growth INDs, U.S. FDA 2020

- mycoplasma negative INDs, U.S. FDA 2020
endotoxin <0.2 EU/kg USP 41. Biological test. (85) “?

flow cytometry

positive: CD90, CD105, CD73

ISCT 2006®

negative: CD34, CD45, HLA-DR

trilineage in vitro
differentiation

adipose, osteocyte

ISCT 2006®

a2 chondrocyte

NNMIANHIANINYNA DIYBINTLUIUNITNES
(process validation) U 4 58U R CIC eI
anuwiaunaudhgmsisemenadin wuh MSC
wnzaealeiiusnaemnas+SD Wiy 8.67+42.23
UL (AINFULVINY 6.00-10.62 SIULTAS )
SanmsiiFindnds+SD Anludanas 96.3742.68
(A ANFNINY 93.64-98.75) MSC ﬁlﬁgﬂs’w
Uanedeauvan daaantdlumsuaaiaanyas
CD90, CD105 waz CD73 e lyiiinisuansasn

289 CD34, CD45 waz HLA-DR ah31350t338Y
a I LY < 4
wulonluwmadlady wadnszgn uazwwasnszgn
gauld Unannmstuiden endotoxin uazgadin
NILUANLSBUaLLEDs) Aeuaaslua1sed 2 lae
ASTUIUNITNINNAALTHUNITAINNAN LA U UL
Bmslumsudeenunuilagiu (GMP) wasdamuue
Snadunsumsnane lud (INDs) aenansensa
a Y el v o ' &
KanAN lednnNazan Uaaane linumsduidleu
HENEREAN

P v a Y o a a °
AIINN 2 Namiﬁlﬁﬁ]aamﬂn’mQﬂ(ﬂaﬂlmﬂiz“lnuﬂ’liwa(ﬂL%aamuﬂﬂtuﬂﬁuﬂ DMSc Stem Pro 374U 4 18

sterility

. . d3nns  szeznan trilineage
MIDYUN 4 3 identity (microorganism mycoplasma endotoxin . . %viability
L. s lunszan fonsides . in vitro
aeun " . (FCM) culture; bacteria (PCR) (LAL) (%)
(Hadams) (W) differentiation
and fungus)
1 22 34 negative: CD34, CD45 no growth negative < 0.25 EU/ml v 93.64
positive: CD90, CD105
2 20 37 negative: CD34, CD45, HLA-DR no growth negative <0.25 EU/ml v 98.60
positive: CD90, CD105, CD73
3 21 42 negative: CD34, CD45, HLA-DR no growth negative < 0.25 EU/ml v 98.75
positive: CD90, CD105, CD73
4 18 31 negative: CD34, CD45, HLA-DR no growth negative < 0.25 EU/ml v 94.49

positive: CD90, CD105, CD73

a 4
AU

Tagmlunszurumsasanwastivai luly
dmsugthe NuiNamsdneiTanedtinuasiive
MITNHNINIFIU WA NEIUMTINEADEDA (trans-

]
P~

lational research) tialvinulalnaanasiadn

MNsasnsnintengasmsunne
7 U 64 AUN 2 Liwnawy - Hgunau 2565

=

w3z ladaumuuazlaaassamsugithe”? luna
UjudaunIeesafiunmslidanaaasmuisenme
AIENINATITUFY 1309 MIMNUATIBAZLBEA
Renfundninarivarismslumsudamusuilagiu

G]”INﬂ{]WNWEI'J'”I(?%I']EIEI”I W.F. 2559 smﬁammgmuax
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L4 o d‘ d‘ L4 (2’577)I v 1JQ wa
DM UUAFINANLNYITBY aeavl uanIs
daedaldiiyaains a1ans danui dazIedan
a P ~ ¥ Ao & A wa
t309iia Jaq ased wasine nandulumsu i
NUYITIUUAMTRENUMINZTN YUAINTA DN Y
BINNENG HAMENTR ANNS UazANNENITNBEN
VNENID ANSERNLUUFIIUNUAZENNILWINBDN U
a £4 [d L7 v o ts'
mswdadautulumunannsuazdamvuaissy
Tunaninawiuazdsmslumsudna mungrang
eEE) W.A. 2559 MANUIN 1 NINENE
Us1ANLEe LNBLARNSZAURULTNAIINANVAY
P29anaaaNluMIMNu wazinasmslumsaiuau
d' c{' L4 ] v Y a q'q [ Id
Miendaeathuvinzdy 0a9lgusnuniusiauily
wnlugunaumsude insmuan Gaan waz
v = N AP
vunnqamMwaimMawazmsdudaunuinujunny
a Id o d‘ = g{' Y v Yo
TuuSnaazaialulszan wesaeianldaaalasu
nMsupSnmldazarauazinisaauiiisuagi
gauiae Jaq a15tedl wazielunssuIumInEe
LAZNISLAUSNEINAOA DY GDINTLAUNITHEN
Mmuanzduamsulineediin (clinical grade)
wialfisuh minliammnsedamle Jag aswadl
¥ o o % ¥ v % a va
wazinenMhan lgazaassnumsnedauneviasjiue
‘ﬂ' = 4 \ = e lﬂ' v a vYa
M5 weduduiiauansasmuniesljuans
mviua nawhlUlflunszuumsudauaztdusnen

a [ L

HANA NI wazia Ay swamunszuIum sl
viamsildsunlasnssnumada desininea
FBUANINYNADIVDINTZUIUNITHEG (process
validation) faul¥uimsamuluduasgisznay
Inzwiana®

fmsunsdnmil §iduld@nmaniiei
wnzanlumsinzdss MSC Tasnmamnziaes
Tummsideaadain DMEM $1ufu 10% FBS
Undl 37°C, 5% CO, Lﬂﬁ'ﬂummmﬁyﬂqmaﬁnﬂ 3-4
Sufunm 31-42 Su wedildiguantiasenndas
anuammuamng ISCT® naludugiednuas
MsUEARNBLBUARY wardna M Wlunsas
duladumadau 3 #ila Unannmstuilou
endotoxin uazyaIW MNtUTIEEMTITedasan

(UAUAMTLOTENANNNTBNMUTDIUN YADINT

tn3esila a1stail waziheniildlunsedenad
UM imﬁamiaanqunizmumsﬁﬁmimuqu
Qmmwnnifumauaﬂwmmws ﬁv'mwims%'ulﬂnisqn
Fasiimsnnadaunmmwingaady (initial control)
sewianszumsinzdesluiasazann deaiins
ATINTDUAMMWKANAMWT2WINKEA (in process
control) warluSuidaunisundnsasidslrunnd
RN muquqmmwmﬁmﬁ’msﬁ (final product control)
Fauaadlumnd 4 nanssumsiianuidndos
amanaspususulslumsujitausaansinie
NNBUIIINISANE media fill tialwiulat

nszumawdeUnanamatuiiaugainiaudg
MINTINFBUANINYNABIUBINTLUIUMTHAN Y

NMINTIAFDUANNYNG DNYBINTEUIUNIHAR
Lﬂumif\hamﬂszmumiﬂﬁﬂﬁmumuﬁlé’aammu
13 Tosndasueinlddasshunasinisuaasniy
HARS T Nfiunndfiunay (release criteria)
Gauaaslumsed 1 shumssudasdaauliuwng
FuLiENUMIUJUANUI (ELaNEaNaiLa e
Aldaslaldinluldfugihe asdaninduines
dauamMwlagazden INTIMIANHNANNAIMNY
(stability) Lﬁ'aL"ﬂuﬁagaﬁ’ugmﬁamﬁngmﬁﬁ'ﬂmq
aatinaaly

MIANHIANNYNABIYDINTLUIUM THAN G B
anfiunsliriumuananifasndndnsiad
Wfoy 3 saUMsHARTIARdaRU® msAnmaSailnas
EIFEOLIUNMTTIN 4 TDUMTHEN HAMIANHIWUT
nanSulmadauiiiafnienlathumadammvua
0 ISCT Maludhugtsednunes msuaasaanuag
waudian wazdnamwlumswsaduladuwaday
3 #ila ﬂsmmﬂmsﬂut'ﬁauwawﬁa%wuazmi
a52980U endotoxin thuinaeiimvue fulad
NSLUIUNSHENTANNANT HEa AT lada
dzen0 Uaaady wiswudhgmsdnmiTenadiin
aalule

MINTINTDUAMMNIBAFAUNITA §IH5D
asnaauldasounguing 4 du ldun maigad
tananeallaaeunILtila NISNAFaUANINTINITD

MssnsinenengasnIsunng
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YDIHDIOUN IR msmaawmuu’%qm'gwaqmaﬁ
aunLila u,asmsmnmiﬂmﬁauqaﬁw RGN
MINTINFDUMSNTINYBIea penalsimuasiins
Wannmanegauriadsluduby q Wy mswenn
Jamsamagauanulasafoueanas tilenagay
enudsslumswannuasunlssgasauiidionie
MSC Wunasusisa msmaaummtﬁlammwwm
1ad® meswanndansamsiudiay Tag3d PCR
AlauaEisdu Msns19deu colony forming unit
fibroblast assay (CFU-F) lumsdaamiuany
MaNsorauasaunLilia®” SINBNMIWAIUISNMS
a19d0U marker Togmswauisieldaanse
LENAMNLANEITENTY MSC uaz fibroblast @
Hhuadifiandnsasiindadu¢

nsigadtananyoizadtgas lun1s@ne
process validation 718 1 Anzgidalddnmms
UFANDDNDILDURRUUUIITSE Loadanly positive
marker 2 %16 A8 CD90 waz CD105 811 negative
marker 2 %iia @8 CD34 uaz CD45 1iipsaniise
sinaludasulsznauaziaiasionly aehlsioy
Tumeii 2, 3 was 4 anzgiveldWannizmmaday
Msudaeeanyey CD73 waz HLA-DR uuiigas
WNeN wams@nswu DMSe Stem Pro §ims
uaA9eanzad CD73, CD90 wayr CD105 wazliwy
Mauane@anzae CD34, CD45 waz HLA-DR 1aii
nssuMININMsAnnilleuenawagmafnmive
mMandiin Liath mesenchymal stem cells 370
lanszgnuasgihaas i ludawniumuesgiae
retinitis pigmentosa Fenenulas Tuekprakhon
A. wozaoix® wuh MSC fldiigaaniaimanzay
audanivue ISCT 2006 Usidanmsduiiiou
98%W waz endotoxin aasolU1FlumsAele
pgvlaannt

msAnwnaagand iy MSC luassil venain
Hunszuiumamaiesfans weliifiaana
sulalugaumnuazemalaanstsndofurisad
gumiiiaziia MSC fawengmsiTenadinuad

90 T UAULUUN TZUIUM SN UM SN KB NN 8T

MNsasnsnintengasmsunne
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wagauiEin HNTINAASaeiadTaBY q (e 1
inisedhumadduiifiowasuaasasinaunndiugs
29U FENE §INI0HUNUFIAAFDINNTDMNUG
analaagnamanzan

asu
9

DMSc Stem Pro fita3sulaaviaslfjianms
wwadauniineansuingramansnisunng i
AuanlfaaandasNtamvuaang ISCT nilu
MUFUTNENEUE MITUTAIDBNVBILDUALAY UdY
) a a < ol a
dnamwlumsasaduladuwadau 3 #ia Unenn

P . = &
M3Uulau endotoxin UazIW NTLUIUMITNUNA
auiunuaNdaMuUaAUMNEING 1 IH1NIY
ianuulalugumwuazanulasasavasigad
Vv o = l!ll = k4 vV o Y v ad v A
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Manufacturing Process Development
of DMSc Stem Pro: Autologous Bone
Marrow Mesenchymal Stem Cells for

Clinical Research
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'Medical Life Sciences Institute, Medical Sciences Technical Office, Department of Medical Sciences,
Nonthaburi 11000, Thailand
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ABSTRACT Mesenchymal stem cells (MSC) are multipotent stem cells with the potential to differ-
entiate into various tissue lineages. This study aimed to research and develop a manufacturing process
for DMSc Stem Pro, a clinical grade bone marrow MSC for the development of a treatment for retinitis
pigmentosa (RP) patients. Optimal conditions for MSC and process validation were studied prior to clinical
trials. MSC were isolated and then cultured under GMP conditions with the classical media composition
consisting of basal medium DMEM and 10% FBS, and incubated at 37°C with 5% COZ. The resulting MSC
“DMSc Stem Pro” showed fibroblast-like cells which adhered to plastic culture flask. After expansion for
36+4.69 days (range = 31-42), cell numbers were 8.67+2.23 million (range = 6.00-10.62) with more than 90% cell
viability. Cell surface antigen test revealed positive expression of CD90, CD105 and CD73, but negative for
CD34, CD45 and HLA-DR. Expanded cells revealed multilineage differentiation into adipocyte, osteocyte
and chondrocyte. Microbiological assays were demonstrated the absence of bacteria, fungus and
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mycoplasma. Endotoxin level was under the critical limit. All the manufacturing processes of
DMSc Stem Pro prepared from Stem cell facility of the Department of Medical Sciences were in compliance
with the GMP, INDs and ISCT standards. The DMSc Stem Pro prepared by the stem cells laboratory,
the Department of Medical Sciences, is of high quality as per the regulations of the International Society
for Cellular Therapy (ISCT) and pathogens free. The clinical grade DMSc Stem Pro can be used for

clinical study in retinitis pigmentosa patients.

Keywords: Bone marrow, Mesenchymal stem cells, Process validation
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