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Method Development and Validation
for Analysis of Selected Terpenes and

Terpenoids in Cannabis and Hemp
by GC-MS/MS

Weerawut Wittayanan and Thoranit Chaimongkol

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

ABSTRACT Terpenes are one of the major components present in cannabis and hemp varieties.
The therapeutic effect of cannabis on physical health and brain depends on the specific composition of
terpenes. The treatment of mood disorders and anxiety disorders was clinically confirmed and necessitated
the entourage effect of terpenes coupled with cannabinoids. Besides the quantification of the cannabinoids,
the determination of the terpene quantities and proportions in cannabis and hemp plants could be of
importance for the plant selection process. In this study, a Triple Quadrupole Mass Spectrometer method
has been developed and validated using SRM technique for the quantification of selected 21 terpenes
in cannabis plant materials. Samples were prepared by extraction of the plant materials with ethyl
acetate followed by sonication and centrifugation. The final sample extract was directly injected into
the analytical instrument. The results showed that the linear range was between 0.05 and 5 mg/g with r’°
values higher than 0.99. The average recoveries for all terpenes in spiked samples were between 92.3 and
105.1%, with the exception of geraniol. The measured repeatability (% relative standard deviation) was
acceptable and ranged from 1.6 to 13.2%. The limit of detection and limit of quantitation for targeted
terpenes were determined to be 0.03 and 0.05 mg/g, respectively. The proposed method is highly selective,
reliable, accurate and has been applied to the simultaneous determination of these major terpenes in
the cannabis strains developed by our Department of Medical Sciences, in parts of the plant including
inflorescences, leaves, stems, and roots for further registration of plant varieties with the Department of

Agriculture.

Keyword: Terpenes, Terpenoids, Canabis, Hemp, GS-MS/MS

Corresponding author E-mail: weerawut.w@dmsc.mail.go.th

Received: 20 September 2023 Revised: 31 January 2024 Accepted: 27 March 2024

MssnsinenengasnIsunng
U 66 atiun 2 W - Ty 2567




Analysis of Terpenes in Cannabis and Hemp

Weerawut Wittayanan and Thoranit Chaimongkol

Introduction

Terpenes and terpenoids are aromatic
hydrocarbon biomolecules produced by a wide
variety of plants serving such purposes as
attracting insects for pollination and deterring
herbivores."”” This phytochemical activity is
crucial for the survival of the species. Terpenes
are among the more abundant compounds that
provide the unique aroma of cannabis and hemp
plant materials and extracts.”” Terpenes are
thought to impact the user’s experience and
preference of satisfaction linked to the fragrance
property. Moreover, cannabis is considered
a valuable medicinal plant with a variety of
therapeutic benefits.” Cannabis terpenes have
also been shown to contribute to physiological
responses associated with the use of cannabis-

® and are credited

based consumer products
for the so-called “entourage effect”. Despite
the fact that it is not typically regulated in
Thailand, terpene profiles can provide valuable
information for product quality. The quality
control of incoming raw ingredients as well as
finished products across their intended shelf
life is important for health-related product
manufacturing.

Of all the natural products found in plants,
more than 140 terpenes, mainly mono- and
sesquiterpenes, have been recognized in
cannabis and hemp.""® Among the large number
of cannabis terpenoids, only approximately 20
to 30 terpenoids have been reported and used
for the chemotyping of cannabis cultivars.®'”
The concentration of individual terpenes varies
by strain, depending on harvest time and drying
or storage conditions. By cause of the volatility

of terpenes, the concentration levels decrease

over time. Thus, different storage conditions

MNsasnsnintengasmsunne
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should be taken into consideration to result
in appropriate products. The drop in terpene
amount over time varies for different terpenes.""
The recent proliferation of new terpene
profiling methods can be attributed to the
ever-increasing legalization of cannabis use.
Terpene analysis can be beneficial for patients
and consumers as well as providers and breeders.
Due to the uniqueness of terpene profiles, they
can be used by cultivators as a “fingerprint”
to partially identify the specific strain in
question. Cannabis is wind-pollinated, which
also contributes to the variability of cannabis
metabolites including terpenes. As a result,
many cannabis strains lack the level of
standardization on genetic and chemotaxonomic
to classify the species."”

Due to their high volatility, gas
chromatographs equipped with FID and MS
detector are the most frequently used
technique for the analysis of terpenes."'®'"
The most widely used sample preparation
method for cannabis terpenoid analysis
throughout the literature is liquid solvent
extraction” thanks to low cost-effectiveness.
GC-MS/MS is among the instruments that
have been used to provide a much-needed
improvement of identification, selectivity, and
sensitivity with a specific ion intensity ratio."®
Also, headspace (HS) GC was selected to
recently report a comprehensive profiling of
terpenoids in cannabis.””

The following study was conducted to
address the development and full validation of
a simple preparation of samples and a precise
GC-MS/MS analytical method for accurate

and efficient determination of the 21 major

cannabis terpenes shown in Figure 1 that have
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been indicated for pharmacological activities.®

procedure on a cannabis strain (GG#1) to analyze
The method was validated for specificity and  four parts of plant including inflorescences,
selectivity, linearity, accuracy, precision, limit leaves, stems, and roots (20 samples for each
of detection (LOD), and limit of quantification part) for further registration of plant varieties

(LOQ). We then applied this quantification with the Department of Agriculture.

G oA Q9

a-pinene camphene p-pinene myrcene d-limonene
Z OH
/ | / | Ho\\'
L] | |
ocimene y-terpinene a-terpinolene linalool isopulegol
™ HO
N OH X Pz
| ‘ |
geraniol B-caryophyllene a-humulene nerolidol caryophyllene
oxide
;:( 2 é? (@)
HO
guaiol 3-carene a-terpinene p-cymene cineole

bisabolol

Figure 1 Selected terpenes and terpenoids from naturally occurring cannabis included in this

work"®
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Analysis of Terpenes in Cannabis and Hemp

Weerawut Wittayanan and Thoranit Chaimongkol

Materials and Methods

Chemicals and reagents

Ethyl acetate (HPLC grade) was purchased
fromJ.T. Baker, USA. N-hexane (pesticide grade)
and acetone were supplied by RCILabscan,
Thailand. Certified reference material, CRM
of terpenes standards mixture with certified
value and uncertainty approximately 2,5004+130
ug/mL were purchased from Dr Ehrenstorfer,
USA. The certified value is based on the
gravimetric and volumetric preparation of this
CRM. Twenty-one terpenes includes a-pinene,
camphene, -pinene, myrcene, d-limonene,
ocimene (o-isomer and -isomer), y-terpinene,
o-terpinolene, linalool, isopulegol, geraniol,
p-caryophyllene, a-humulene, nerolidol
(isomers 1 and 2), caryophyllene oxide, guaiol,
3-carene, a-terpinene, p-cymene, cineole and

bisabolol.

Standard solution preparation

The working standard solutions were
prepared by diluting the CRM of terpenes in
ethyl acetate to become a working solution of
250 ug/mL and were stored in amber
screw-capped glass vials in the dark at -20°C.
The calibration curve of standard (1, 5, 10, 20,
50 and 100 ug/mL) was freshly prepared before
use by serial dilution of stock solution to
the appropriate concentrations. The residue
concentrations were calculated using the
calibration curve generated from the peak
area response versus the working solution

concentrations.

Instrument and materials
Digital balances with 1 and 0.01 mg
readability for weighing samples and standards

MNsasnsnintengasmsunne
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were from Sartorius, Germany. The refrigerated
centrifuge was Thermo Scientific, a UK product.
Vortex mixer was from Vortex-2Genie, USA.
Ultrasonic bath cleaner was purchased from
Yakos, Taiwan. Calibrated micropipettes, 2—20 uL,
20-200 pL, and 100-1,000 uL, were used for
the preparation of the standard solutions.
Twenty-milliliter scintillation vials and 4 mL
amber vials were used for extraction and
reservoir recipient. All glassware were washed
with acetone and n-hexane and dried before use.

An analytical method was developed
for the Thermo Scientific TRACE™ 1300 Gas
Chromatograph and the TSQ 9000, Triple
Quadrupole Mass Spectrometer. The GC-MS
/MS system was equipped with PAL RTC
autosampler using TraceFinder 4.1 EFS
software. The analytical conditions of
the GC-MS/MS method were provided in
Table 1. The MS system was operated in electron
ionization mode (EI, 70 eV). The analytes
were separated in a fused silica capillary
column DB-5MS (30 m x 0.25 mm i.d., 0.25 um
film thickness) from Agilent. The column oven
temperatures were programmed as follows:
an initial temperature of 50°C was held for 2
min, then increased by 2°C/min to 85°C and
then increased by 3°C/min to 165°C and then
increased by 30°C/min to 280°C and was
held for 10 min. The total run time was
approximately 60 min. The injection volume
was 2 uL using programmable temperature
vaporizing (PTV) as an injector. The PTV
temperature was set at 80°C for split
injection with a split flow of 50 mL/min. The
purge N, gas flow was set at 30 mL/min. By
using the Thermo AutoSRM software, the two

most intense transitions and their optimal
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collision energies were selected. The most
intense product was selected as the quantifier
ion and the second most intense was set as the
qualifier ion. Depending on the type of matrix

interference, alternative transitions could be

selected for quantitative and qualitative ions.
The settings on the mass spectrometry detector,
including the retention time (RT), quantitative
peak, confirmation peak, and collision energies

(CE) were reported as shown in Table 1.

Table 1 Selected reaction monitoring (SRM) transitions and collision energies of terpenes

Transition RT Window Product
Analyte . . Mass CE (eV)
type (min) (min) mass
o-pinene Quantification 6.67 0.50 91.10 65.10 16
Qualification-1 6.67 0.50 93.10 77.00 12
Qualification-2 6.67 0.50 93.10 91.10 6
camphene Quantification 7.31 0.50 93.10 77.10 12
Qualification-1 7.31 0.50 93.10 91.10 8
Qualification-2 7.31 0.50 121.10 93.10 8
[-pinene Quantification 8.51 0.50 69.10 41.10 6
Qualification-1 8.51 0.50 121.10 79.10 10
Qualification-2 8.51 0.50 121.10 93.10 6
myrcene Quantification 9.19 0.50 41.10 39.10 8
Qualification-1 9.19 0.50 69.10 39.10 14
Qualification-2 9.19 0.50 69.10 41.10 6
3-carene Quantification 10.02 0.50 79.10 77.10 10
Qualification-1 10.02 0.50 121.10 93.10 6
Qualification-2 10.02 0.50 121.10 105.10 6
a-terpinene Quantification 10.49 0.50 93.10 77.10 10
Qualification-1 10.49 0.50 93.10 91.10 6
Qualification-2 10.49 0.50 121.10 93.10 6
p-cymene Quantification 10.96 0.50 119.10 91.10 12
Qualification-1 10.96 0.50 119.10 117.10 8
Qualification-2 10.96 0.50 134.10 119.10 8
d-limonene Quantification 11.15 0.50 68.10 67.10 6
Qualification-1 11.15 0.50 93.10 77.10 12
Qualification-2 11.15 0.50 93.10 91.10 6
cineole Quantification 11.26 0.50 71.10 43.10 5
Qualification-1 11.26 0.50 111.10 43.10 10
Qualification-2 11.26 0.50 111.10 55.10 10
o-ocimene Quantification 11.66 0.50 79.10 77.10 10
Qualification-1 11.66 0.50 79.10 77.10 10
Qualification-2 11.66 0.50 93.10 91.10 6
[-ocimene Quantification 12.23 0.50 79.10 77.10 10
Qualification-1 12.23 0.50 79.10 77.10 10
Qualification-2 12.23 0.50 93.10 91.10 6
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Table 1 Selected reaction monitoring (SRM) transitions and collision energies of terpenes

(continued)
Transition RT Window Product
Analyte . . Mass CE (eV)
type (min) (min) mass
y-terpinene Quantification 12.80 0.50 93.10 77.00 12
Qualification-1 12.80 0.50 93.10 91.10 6
Qualification-2 12.80 0.50 136.10 93.10 10
o-terpinolene Quantification 14.36 0.50 121.10 93.10 6
Qualification-1 14.36 0.50 136.10 93.10 10
Qualification-2 14.36 0.50 136.10 121.10 8
linalool Quantification 15.63 1.00 55.10 29.10 10
Qualification-1 15.63 1.00 71.10 41.10 10
Qualification-2 15.63 1.00 71.10 43.00 6
isopulegol Quantification 18.47 1.00 81.10 79.10 6
Qualification-1 18.47 1.00 121.10 77.10 20
Qualification-2 18.47 1.00 121.10 93.10 8
geraniol Quantification 26.10 1.00 41.10 39.10 8
Qualification-1 26.10 1.00 69.10 39.10 16
Qualification-2 26.10 1.00 69.10 41.10 6
B-caryophyllene  Quantification 33.04 0.50 93.10 77.00 10
Qualification-1 33.04 0.50 93.10 91.10 6
Qualification-2 33.04 0.50 133.10 105.00 8
o-humulene Quantification 34.72 0.50 93.10 77.00 12
Qualification-1 34.72 0.50 147.10 77.10 32
Qualification-2 34.72 0.50 147.10 105.10 8
nerolidol 1 Quantification 38.44 1.00 69.10 41.10 6
Qualification-1 38.44 1.00 93.10 77.00 12
Qualification-2 38.44 1.00 107.10 91.10 10
nerolidol 2 Quantification 39.74 1.00 69.10 41.10 6
Qualification-1 39.74 1.00 93.10 77.00 12
Qualification-2 39.74 1.00 107.10 91.10 10
caryophyllene Quantification 40.28 0.50 79.10 51.10 20
oxide Qualification-1 40.28 0.50 79.10 77.10 10
Qualification-2 40.28 0.50 93.10 77.10 10
guaiol Quantification 41.09 1.00 107.10 91.10 10
Qualification-1 41.09 1.00 161.10 105.10 8
Qualification-2 41.09 1.00 161.10 119.10 8
bisabolol Quantification 44.74 1.00 109.10 67.10 8
Qualification-1 44.74 1.00 119.10 91.10 14
Qualification-2 44.74 1.00 119.10 117.10 12
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Sample and sample preparations
Sample for method development and
validation

The sample blank selected is a material
known not to contain detectable levels of
the terpenes sought for spiking trace level of
analytes. A sample blank of dried cannabis
leaves (~10% moisture w/w) was obtained
from the Medicinal Plant Research Institute,
Department of Medical Sciences. Also known as
a matrix blank, the sample was homogenized
into powder using a cryogenic blender (POWTEQ
HM100, China) and passed through a 2-mm sieve
as a blank sample to optimize and validate the
method. The blank sample was then macerated
in ethyl acetate for 30 min and the extract
was filtered through the filter paper No.2. The
collected powdered cannabis sample was dried
in a ventilated oven at 50°C for 24 hours before
use in method validation. The samples (0.1 g)
from previous step were weighed into 20 mL
scintillation vial and spiked with appropriate
amount of standard solution. Five milliliters of
ethyl acetate was added to the vial and closed
suddenly with a screw cap. After mixing by vortex
for 1 minute and sonication for 20 minutes,
the vial was left at room temperature for at least
10 minutes. Then, approximately 4 mL of the
resultant extract was transferred to a 15 mL
test tube. Samples were centrifuged at 4,000
rounds per minute for 5 minutes and a portion

was transferred to 2 mL GC vials.

Sample analysis for registration of plant
varieties

A variety of Thai cannabis, GG#1, was
developed by comprehensive research, including

the study of botanical characteristics, chemical

and genetic profile in the Department of Medical
Sciences. The species would be supervised and
have distinctly different characteristics. To be
registered by the Department of Agriculture, the
terpene profile was determined in each variety
from four parts of plant including inflorescences,

leaves, stems and roots (4 x 20 samples).

Method development and validation

The method was developed and validated
in accordance with AOAC guidelines with respect
to linearity, accuracy (recovery), selectivity,
repeatability, LOD, and LOQ. To achieve high
sensitivity, MS conditions were optimized. An
appropriate concentration of working solution of
mixed standards was prepared and injected into
the GC-MS/MS system. The obtained optimum
MS parameters are selected. The identification
of each compound with corresponding retention
time were obtained by comparing with library
database of instrument software.

The external standard calibration curve
was performed for the quantification step. The
six-point standard calibration curves were
obtained by spiking mixed standards, ranging
from 1 to 100 pg/mL, into ethyl acetate used
as a solvent. The concentration-response
relationship of the present method was required
to be linear with r* values > 0.99. Accuracy,
expressed as a percentage of recovery and
precision (%RSD) was determined based on
10 replicated samples spiked at 0.05, 0.5, and
5 mg/g. The LOQs were evaluated by
determining the lowest concentration spike for
samples where accuracy and repeatability were
satisfactory (within 70-120% and less than
20%, respectively). The estimation of LOD was
calculated from the variability of the blank

TMssnsuinnagasmMsunng -
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signals read from the calibration curve. The
standard deviation (SD) of the blank amount
was used for determining the LODs, i.e. mean
plus 3xSD. The single analytical LOD of all
terpenoids was selected to facilitate the method
application in routine work and should be above
all LODs calculated. Generally, LODs were
estimated as one-third or half of the LOQs.
The selectivity of compounds for
identification and confirmation of 21 terpenes
when samples were analyzed, in all cases,
should comply with three criteria. Firstly, same
retention time as the stanudard (+£0.1 min);
secondly, for GC-MS/MS, 2 product ions
analyte peaks in the extracted ion chromato-
grams must fully overlap; and finally, ion ratios
from sample extracts should be relatively within
+30% of the average of calibration standards

from the same sequence.

Results

Under the optimized chromatographic
gradient temperature, all 21 mono- and
sesquiterpenoids of interest were separately
resolved using the selected reaction monitoring
(SRM) mode (Table 1). The results from method
validation showed that the method was specific

and selective. The method blank is a complete

analysis conducted using the solvents and
reagents only, in the absence of any sample, and
also known as a reagent blank or procedural
blank with no interference in the chromato-
graphy system. The analytical peaks obtained
by the injection of the cannabis leave sample
blank, extract of a sample known not to contain
detectable levels of the terpenes sought, aliquot
into GC-MS/MS with SRM technique shown in
Figure 2 presented no interference nor peak at or
close to the retention time (RT) of the standard
of interest. Moreover, the method was sensitive
because the detected terpene peak has a signal -
to-noise ratio (S/N) of more than 3 at the limit
of detection. The specific ion intensity ratio
of each component could improve the degree
of confidence in the identification process. This
GC-MS/MS SRM analysis allowed the detection
and quantification of terpenes and terpenoids
in cannabis plant tissues. The total ion
chromatogram (TIC) of full chromatograms
of 21 terpenes as well as some representative
peak shapes of quantification and confirmation
transitions is shown in Figure 3. The figure
shows four examples of the chromatogram
including one quantitation peak and two
confirmation peaks at the same retention time

in ion overlay display.

ue ne
un a3
na e

[
D 2 4 » & b 2 ¥ “

Figure 2 The total ion chromatogram (TIC) of the method blank and sample blank in GC-MS/MS

under selected reaction monitoring (SRM) mode
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Figure 3 The total ion chromatogram (TIC) of 21 terpenes and some examples of quantification

and qualification peaks; a-pipene, camphene, B-pipene and mycene at LOD of

0.05 mg/g

The linearity of calibration curve was
assessed and could be obtained by the relation-
ship between the concentration of compounds
and respective peak areas (responses). The
standard curves with linearity in the range of
0.05 to 100 ug/mL are shown in Figure 4. These
curves for 20 substances had the coefficients of
determination (r*) ranging between 0.990 and
0.999, except geraniol (0.973), which was higher
than the acceptable value of 0.99.

The limit of detection (LOD) was evaluated
as the lowest concentration that could be

statistically distinguished from an instrument

blank, following the criteria that the signal-to-
noise ratio must be greater than 3. The limit
of quantification (LOQ) for each terpene was
the lowest concentration at which the identi-
fication, accuracy, and precision criteria were
met, according to the AOAC guidance. The
LOD and LOQ for each individual terpene were
determined to be 0.03 and 0.05 mg/g in the plant
sample, respectively.

The method accuracy and the method
precision were determined by spiking a cannabis
leave sample with three different concentration

levels at LOQ, 10xLOQ and 100xLOQ of
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Figure 4 Calibration curves of some terpenes (0.05-100 pug/mL)

a) o -pinene, b) camphene, ¢) f-pinene and d) myrcene

the standard mixes. The three levels were
within the dynamic range of concentrations
of all the analytes. Accuracy was determined
as the percent recovery from the comparison

between the mean concentration obtained and

the expected concentration. The precision of
the whole method was assessed by calculating
the %relative standard deviations (#RSD) for
repeatability. Accuracy and precision criteria

are listed in Table 2.

Table 2 Acceptable criteria for analyte recovery and HorRat at different concentrations according

to AOAC 2016"®

Analyte concentration %Recovery HorRat
10 ppm 80-110 0.3 < HorRat < 1.3
100 ppm 90-107 0.3 < HorRat < 1.3
> 0.1% 956-105 0.3 < HorRat < 1.3

The method accuracy was determined by
spiking a cannabis blank sample with three
different concentration levels (LOQ, 10xLOQ
and 100xLOQ) of the standard mixes as

presented in Figure 1. All the tested terpenoids

. NIasnsInenamaasasuwng
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showed accuracies (%recovery) within
92.3-105.1%. The precision was calculated as
repeatability represented by #RSD and Horwitz
ratio (HorRat). The Horwitz ratio shown in

Table 2 is the ratio of the observed RSD(r) from
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the experiment and the corresponding predicted
RSD(R) calculated from the Horwitz equation.
The data showed the precision parameters were
between 1.6% and 13.2% for %RSD and ranging
from 0.3 to 1.1 for HorRat. The working range
was estimated by spiking triplicates of five
different concentrations (0.05, 0.1, 0.5, 1, and
5 mg/g). For most of the analytes studied, the
linearity within the working range (r*>0.99)
was found to be 0.05-5 mg/g in the sample.
The validation parameters for the GC-MS/MS
method including linearity, accuracy and
precision are shown in Table 3.

According to the acceptable criteria
for analyte recovery and HorRat at different
concentrations proposed by AOAC 2016 in
Table 2, the method was accurate and fit
for the intended use of the quantification
procedure. Overall, these results indicated

the good efficiency of the extraction and

Recovery

5%

Method

precision

27%

Standard
concentration

21%

instrumental protocol. Nevertheless, the
accuracy of the whole method depends on
the natural variability of terpenoids in the
inflorescences and the precision of preparations
(spiking a small volume of standards onto
0.1 g sample).

The results of the measurement uncer-
tainty were estimated according to the ISO
GUM approach or bottom-up approach
(at a confidence level of approximately 95%,
k = 2). An example of the estimation of measure-
ment uncertainty value of d-limonene in dried
cannabis leaves was shown in Figure 5.
The major contributing factors were sample
weight (42%), method precision (27%) and
standard concentration (21%), while other
elements such as bias or recovery (5%) and
calibration curve (C,: 3%) contributed minimally

as shown in Figure 5.

Sample weight
42%

Sample taken

Co

2%
3%

Figure 5 Contribution of the different sources to the overall combined uncertainties of d-limonene

in dried cannabis leaves
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The developed GG-MS/MS method was
applied to the determination of terpene profile
characteristics of GG#1 cannabis variety grown
in our Department. Four parts of the plant
including inflorescences, leaves, stems and
roots were selected to be analyzed. The blind
selection of 20 individual plants was harvested
from a cannabis field trial plantation of
approximately 100 plants from the same seed
species. A total of 80 samples were tested for
the quantification of terpenes to give the unique
profile for the further species registration.

A variation in the total and individual
terpene content between four different parts
of the plant was observed. Table 4 shows,
in general, that the concentration of all terpenes
in inflorescence was higher than in other parts of
the plant. For example, the content of a-pinene
was around 10 times higher in the flowers

than in leaves and stems. Three compounds,

which were caryophyllene oxide, geraniol, and
isopulegol, were not traceable in any samples.
Leaves and stems presented slightly the same
content level of terpenes while roots did not
contain any terpene in plant tissue. Figure 6
shows the distribution of cannabis terpenes
present in four parts of GG#1 cannabis variety.
These observable data may help in the selection
of a specific variety or to differentiate one variety
from another on the basis of terpene content
profile. In our works, as all plants were grown
in a specific area and under the same condition,
the consistency in the terpene concentration
was consequently noticed in these materials.
More studies should be undertaken using the
principal component analysis to investigate the
distribution of terpenes in the same cannabis
strain produced in different areas and with
changes in climates, resources, and farmers’

cultivation practices.

Table 4 Quantitative analysis of four parts of cannabis plant samples in mg/g (n = 20)

Average concentration + SD (mg/g)

Terpenes

Inflorescences Leaves Stems Roots
3-carene 0.83+0.02 0.06+0.01 0.11+0.01 ND
o-humulene 3.54+0.14 0.18+0.01 0.134+0.01 ND
o-ocimene 1.29+0.02 0.11+0.01 0.15+0.01 < LOQ
o-pinene 1.54+0.09 0.09+0.02 0.13+0.01 ND
o-terpinene 2.54+0.03 0.22+0.01 0.20+0.01 < LOQ
o-terpinolene 2.154+0.06 0.214+0.01 0.16+0.01 < LOQ
B-caryophyllene 5.25+0.27 0.1740.02 0.1240.01 ND
bisabolol 2.52+0.06 0.1440.01 0.17+0.01 ND
B-ocimene 1.4340.02 0.1140.01 0.16+0.01 < LOQ
B-pinene 0.47+0.06 < LOQ ND ND
camphene 0.86£0.01 0.06+0.01 0.10+0.01 ND
caryophyllene oxide ND ND ND <LOQ
cineole 0.3740.03 0.05+0.01 0.06+0.01 ND
d-limonene 0.95+0.03 < LOQ 0.114+0.01 ND
geraniol ND ND ND ND
Y-terpinene 0.76+0.01 0.09+0.01 0.09+0.01 ND
Guaiol 2.8240.08 0.174+0.01 0.1940.01 ND
isopulegol ND ND ND ND
linalool 1.1240.02 ND 0.09+0.01 < LOQ
myrcene 1.03+0.02 < LOQ 0.12+0.01 ND
nerolidol 1 1.5+0.05 ND 0.0940.01 ND
nerolidol 2 2.57+0.06 0.07+0.01 0.19+0.01 ND
p-cymene 0.54+0.04 0.08+0.01 0.09+0.01 ND

ND = not detected; < LOQ = less than 0.05 mg/g
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Figure 6 Distribution of cannabis terpenes present in four parts including inflorescences, leaves,

stems and roots of GG#1 cannabis variety

Discussion

The challenge for the analysis of different
classes of properties of terpenes is the selection
of solvent of extraction. Even though the
optimum solvent composition for terpene and
cannabinoid compounds differs depending on
the mixture of analytes of interest,"® in this
work we found that ethyl acetate is the solvent
of choice and represents an excellent extraction
property with a compromised recovery rate
obtained. The use of small amounts of organic
solvent results in low environmental impact
with less waste to be managed.® Another
important parameter highly affecting the results
was the sample concentration before instrument
injection. Due to the powerful instrument
sensitivity given by GC-MS/MS with the aid
of triple quadrupole technique, the sample
concentration of 0.005 g/mL was prepared

and was enough for clear separate detection.

. Nsasnsinenanaasnisuwng
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The terpene testing still provides sufficient
concentrations of terpenes in working sample
solutions to be quantified without concentrating
them. Because the terpenes are very volatile
and significantly lost during evaporation step,
our technique has been shown to be suitable
for recovery reservation. To identify individual
terpene by gas chromatography using analytical
column, the analytes were separated in a fused
silica capillary column DB-5MS with ubiquitous
stationary phase based on 5% phenyl/95%
dimethylpolysiloxane. This middle polar column
was selected firstly because it was available in
our laboratory as a column of choice in pesticide
residue analysis. The terpenoid compounds were
therefore easily separated between each other
using the temperature gradient programme®”
set by constant low rate of temperature changes
due to a big difference in volatility of the

compounds.
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The developed method presents a great
analytical performance within a reasonable
analysis timeframe, since it provides separation
of multiple components in cannabis plant.
Twenty-one analytes were separated with
excellent resolution and the baseline was clean
enough for identification and confirmation.
Validation data including the linearity,
accuracy and precision parameters shown in
Table 3 confirmed the suitability of the method
also for quantitative use. Sufficiently low
sensitivity limits given by the instrument
set-up were important especially from the
terpene standpoint, and on the other hand,
accurate results during extraction and analytical
step allowed work with non-concentrated or
non-diluted working sample solutions. This
is a great advantage especially in view of the
process simplicity.

The developed extraction and instrumental
analyses provide sufficient sensitivity to identify
target terpenes highly present in cannabis
plants. Figure 3 shows the separation of 21
compounds and isomers; and in Table 4, the
identification of terpenes with ion intensity
ratio used for confirmation purpose is provided.
Eighteen terpenes were abundantly present
in inflorescence samples and could be used
as complementary chemical markers in
the qualification of Cannabis genus plants. A
variation in the total and individual terpene
content between parts of plant was observed.
Within the inflorescences from cannabis flower,
the content of terpenes was generally higher
in the other parts. For example, the content of
o-humulene was around twenty times higher
in the leaves and stems (0.18 and 0.13 mg/g),
while the compound was not detected in the

roots. The trend was observed continually in

the rest of target terpenes. These observations
may help in the selection of a specific variety
or to differentiate one variety from another on
the basis of terpene content. More studies are
underway using principal component analysis to
investigate the distribution of terpenes among
different Thai cannabis varieties produced in

Thailand under medical cannabis laws.

Conclusion

In this study, a GC-MS/MS method was
developed for the simultaneous analysis and
quantification of 21 terpenes. Using tandem
mass spectrometer offers the added benefit of
spectral confirmation of peaks to ensure that
identification is accurate with no co-eluting
interferences. The method was shown for
cannabis terpenoids; however, it could also
be used for other natural terpenes as well.
The extraction and instrument method were
fully validated showing the reliability and
practicability of the method. A single solvent
was used to demonstrate an environmentally
friendly and simple microextraction of hemp
and cannabis plant materials. The validation
parameters, including linearity, sensitivity,
selectivity, precision, and accuracy, were
acceptable within analytical criteria. The working
range covered the whole concentration of
terpenoids present in GG#1 cannabis strain.
This method has been successfully applied to
the analysis of cannabis inflorescences, leaves,
stems and roots. Data of terpenes profile from
this work, which will be incorporated with
botanic, genetic, and other chemical information
from our Department along with the medical
efficacy and safety of cannabis varieties, will
be registered by the authority for the official

recognition in Thailand.
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Acute and Sub-Chronic Oral Toxicity of

Kratom leaves aqueous extract in Wistar rats

Passaraporn Srimangkornkaew, Kittigan Suwannasaroj, and Aunchalee Sirimontaporn

National Laboratory Animal Center, Mahidol University, Nakhon Pathom 73170, Thailand

ABSTRACT Kratom, or Mitragyna speciosa (Korth.) Havil. is widely used in pharmaceutical and
medical applications, including food or dietary supplements. Toxicological testing data for Kratom has
been less conducted in Thailand, although Kratom can be easily traded at present. This study aimed
to assess the acute and sub-chronic oral toxicity of Kratom leaves aqueous extract in Wistar rats to
obtain useful information for product registration, including confidence and product safety for consumers.
The results showed the doses at 300 and 2,000 mg/kg body weight did not cause acute toxicity and
mortalities in animals, thus Kratom leaves aqueous extract was classified in GHS (Globally Harmonised
System for Classification and Labeling of Chemicals) category 5 or unclassified, with the LD,, cut off at
5,000— mg/kg body weight of the animal. The sub-chronic oral toxicity testing was investigated at 250,
500, and 1,000 mg/kg body weight. It was concluded that the no observed adverse effect level (NOAEL)
of Kratom leaves aqueous extract was 1,000 mg/kg body weight of the animal. From this study, the toxi
city profile of Kratom leaves aqueous extract provided valuable data that was essential and could be
supported for future studies, especially the toxicity study of Kratom product, which was produced and sold in
Thailand. In the future, chronic toxicity studies will be emphasized to evaluate its safety and long-term

effects.
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Introduction

Kratom (Mitragyna speciosa (Korth.)
Havil.) is a plant belonging to the Rubiaceae
family and native to Southeast Asia.""?
The botany of Kratom plants is perennial, with
a height of around 15-30 meters.”” The trunk
is generally straight, and the outer bark is
smooth and gray.”’ The leaves are dark green,
glossy on their upper surfaces, ovate-acuminate
in shape, and opposite in growth pattern.”’
The spherical inflorescences are grown in clusters
of three at the ends of the branches and are
deep yellow.®” In Thai traditional medicine,
Kratom leaves were used to suppress stomach
pain, cure dysentery, cure diarrhea, relieve
body aches and pains, and act as sedatives.”’
It produces and accumulates substances in
various groups, including alkaloids, flavonoids,

triterpenes, phenolic compounds, etc. The indole

"
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Figure 1 Chemical structures of alkaloids in Mitragyna speciosa (Korth.) Havil. Leaves

The pharmacology of mitragynine
affects the nervous system, digestive system,

anti-inflammatory and antibacterial effects, and

other systems such as high blood pressure, etc.”’
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Mitragynine

alkaloids are the largest group of compounds
found in Kratom. The active substance is
mitragynine, the main compound reported in
Thai Kratom leaves as high as 66% by weight

. while other

compared to the total alkaloids
alkaloids are reported in small amounts, which
are not more than 2% of the total alkaloids,
such as 7-hydroxymitragynine, speciogynine,
and mitraciliatine.”” Mitragynine is the main
compound of alkaloids in Kratom leaves, and
other alkaloids are derivatives or diastereomers
of mitragynine (Figure 1).®” The mitragynine
substance was first isolated in 1907.” However,
to synthesize mitragynine using organic
synthesis, it was succeeded by Takayama
H., et al."” and Ma J., et al.“” However,
the amount that could be synthesized was less

than the natural extraction.

Corynantheidine

(8)

For the toxicology study of Kratom, there were
some reports; for example, Sabetghadam A.,
et al."” indicated that the LD,, of mitragynine

in mice with oral administration was 477.1 mg/kg
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body weight, and kratom extract containing
20-22% mitragynine content had an LD,
of 591.6 mg/kg body weight, while the LD,
value of the mitragynine compound with oral
administration was higher than the intravenous
administration reported by Smith LC.,
et al."” and Harizal SN., et al."* The oral
administration of the methanol extract from
Kratom given to rats at doses of 100, 500 and
1,000 mg/kg body weight caused no deaths in
14 days. This substance did not affect feed and
water consumption, including visceral weight
and blood values, but was found to have an
effect on the weight gain of animals, while at
a dose of 100 mg/kg body weight, it inhibited
weight gain. The results of the aforementioned
were consistent with Ilmie MU., et al."* It was
found that rats receiving methanol extract from
Kratom for 14 days at doses of 100, 500 and 1,000
mg/kg body weight had significantly higher
blood pressure than the control. At a dose of
1,000 mg/kg body weight, the liver tissue was
damaged, but the lung and kidney tissues were
not damaged, and no abnormality of the blood
cell count was found. From Sabetghadam A.,
et al"® it was reported that oral administration
of mitragynine to rats for 28 days showed a
decrease in red blood cell, white blood cell, and
platelet counts, yet hemoglobin (HGB) and
hematocrit (HCT) levels increased. Besides,
those rats receiving the methanol extract from
Kratom at doses of 100, 500 and 1,000 mg/kg
body weight performed alanine aminotransferase

(ALT) higher than the control group, which

was taken morphine-treated patients at
the toxic dose also had changes in albumin and
triglyceride levels, which indicated abnormalities
in liver function and hepatic tissue injury.®*
The rational of the Kratom study was
that, due to legal control in the past, Kratom
was classified as a narcotic drug type 5, but this
law had been abolished in the present which
effective on 27" August 2022."” Thus, Kratom
was popularly and widely used as medicine
because it was believed to be safe with little or
no side effects. Moreover, it was important to
document toxicological data comprehensively
for their safety reasons, resulting in more
Kratom studies nowadays. Notwithstanding
the widespread use of Kratom, there was still
insufficient data about its toxicity. Therefore,
this study was performed to evaluate acute and
sub-chronic toxicity. The acute oral toxicity
of Kratom leaves aqueous extract was studied
for classification in the GHS (Globally
Harmonised System for Classification and
Labeling of Chemicals) category, which complied
with OECD Guidelines for the Testing of
Chemicals 423, Acute Oral Toxicity - Acute Toxic
Class Method (Figure 2).“® The methodology
of sub-chronic oral toxicity modified from the
OECD Guidelines for Testing of Chemicals 408,
Repeated Dose 90-Days Oral Toxicity Study
in Rodent"” that was performed to confirm
the edible safety and to evaluate the no-observed-
adverse-effect level (NOAEL) for long-term

use of Kratom leaves aqueous extract.
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mg'kg b.w.
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-01.23: Number of moribund or dead animals at each step
-GHS: Globally Harmonized Classification System (mglkg b.w.)

- = - unclassified
- Testing at 5000 mghkg bw.: see Annex 3

Figure 2 A test procedure for acute oral toxicity with a starting dose of 300 mg/kg body weight.

Materials and Methods

Sample preparation

The Kratom leaves aqueous extract was
provided by Ruay Anan 168 Co., Ltd. The quality
control of samples was performed by Central
Laboratory (Thailand) Co., Ltd. for heavy
metal analysis such as arsenic, cadmium, etc.
(Reference method: AOAC Official Method
2015.01; “Determination of Heavy Metals in
Food by Inductively Coupled Plasma-Mass
Spectrometry First Action” (2015)). The active
ingredient (mitragynine), including microbio-
logical contamination tests such as Salmonella
Spp., ete. (reference method: ISO 6579-1:2017,
“Microbiology of the Food Chain — Horizontal
Method for the Detection, Enumeration, and
Serotyping of Salmonella-Part 1: Detection
of Salmonella spp.) The mitragynine content
in this lot that was used in both studies was
reported at 1,822.84 mg/kg by high performance
liquid chromatography (HPLC) with UV detector

as the reference method.®”

MNsasnsnintengasmsunne
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The leaves of Kratom were washed twice,
drained, and finely chopped. After that, it was
boiled and stirred with a boiling and stirring
machine (SUS 304-4L, Khonthong 2520 LTD.,
Bangkok, Thailand). Then, it was extracted
with a high-speed extractor using high-tempera-
ture and high-pressure water to flow through
the sample, and then the water was evaporated
and concentrated extracts were obtained. Then,
it was filtered to remove residue, freeze dried
at a temperature range of -80 to -60°C with a
freeze dryer (GFD-200SM and GFD-400SM,
Grisrianthong Co., Ltd., Ratchaburi, Thailand),
and prepared into powder by blender with
50-250 kg/hr, 450 mesh (WFJ-450, Swentech
Ltd., Bangkok, Thailand).

The Kratom leaves aqueous extract
received from the method mentioned above was
fine brown or brownish green powder. It was
kept in a tightly-closed container, protected
from moisture. The storage condition of this
sample was kept at room temperature but not
exceeding 30°C including sealed the container

and stored away from direct sun light.
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Preparation of the dose

For acute oral toxicity, Kratom leaves
aqueous extract was being weighed and freshly
mixed with sterile water as vehicle prior to
administration, which was calculated at 300
and 2,000 mg/kg body weight. Kratom leaves
aqueous extract for sub-chronic oral toxicity
was prepared as same as the acute oral toxicity
but using 3 dose levels (low, medium, and high
dose), which were 250, 500, and 1,000 mg/kg

body weight.

Preparation of animals

The 12 females of Wistar rats (9 weeks)
and 50 males and 50 females of Wistar rats
(6 weeks), whose their body weight ranged
from 200 g +20% were used for acute and
sub-chronicoral toxicity, respectively. All animals
were obtained from the Office of Laboratory
Animal Production, National Laboratory Animal
Center, Mahidol University, Thailand.

Animal husbandry conditions

The animals were housed in stainless
steel cages with feed (082, Perfect Companions,
Thailand) and 5-7 ppm chlorinated water
ad libitum under standard conditions of 12
hours light, 12 hours dark, at 22+3°C, and
30-70% relative humidity. All the animals were
acclimatized for at least 5 days prior to the
study. Guidelines of “Guide for the Care and
Use of Laboratory Animals” were strictly

followed throughout the study.®”

Acute oral toxicity test
For the administration of the dose for acute
oral toxicity, the animal was fasted (feed but

not water) overnight (15-18 hours) prior to

administration. After that, a substance at dose
levels of 300 and 2,000 mg/kg body weight was
administered orally to the animal in a single
dose and then feed to the animal after 3—4 hours
that test substance had been administered.
Observational, the animal was monitored
during the first 4 hours, with special attention
during the first 30 minutes, and then periodically
during the first 24 hours. A general observation
of animals was observed individually for toxic
effects such as changes in skin and fur, eye and
mucous membranes, respiratory, circulatory,
autonomic, and central nervous systems,
somatomotor activity, and behaviour pattern
daily. The addition would be directed to
observations of tremors, convulsions, gasping,
cyanosis, vocalization, salivation, diarrhea,
lethargy, sleep, and coma. The body weight,
feed, and water consumption of the survived
animals were measured and recorded on days 1,
7, and 14 after each dose level administration.
Necropsy Examination, after 14 days,
the survived animals were euthanized using
CO, inhalation.®” And all tested animals were
sacrificed. The positions, shapes, sizes, and

colours of internal organs were evaluated.

Sub-chronic oral toxicity test
Administration of doses for sub-chronic
oral toxicity, 50 males and 50 females of Wistar
rats were used and randomized into 5 groups
(10 animals per sex/20 animals per group).
Group 1 as the control group (vehicle control;
sterile water), Group 2, 3, and 4 as the main
groups at low dose, middle dose, and high dose
(250, 500, and 1,000 mg/kg body weight of
Kratom leaves aqueous extract, respectively),

and Group 5 as the recovery group. The dosage
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administration for each animal was calculated
based on the body weight of the animal prior
to administration at a constant volume of 1
ml per 500 g body weight. All animals were
administered once daily for 90 days, and without
dosing during the recovery period, 14 days
for the recovery group.

Observational, all animals were monitored
at least once a day for clinical signs at the similar
time and were done outside the cage. After
the last dose, animals in the recovery group
were scheduled for follow-up observations to
determine persistence and look at the exacer-
bation and/or reversibility of potential adverse
effects for a total of 14 days. A general observation
of animals was observed, as same as the acute oral
toxicity test. In addition, the ophthalmological
examination was performed before and after
dosing, and the neurological examination
was examined once a week, starting at week
11", The animal body weight, feed, and water
consumption data were measured and recorded
weekly, and the recovery group was continuously
observed for another 14 days after 90 days of
administration.

For necropsy examination, the animal
was fasted (feed but not water) overnight
(15-18 hours) on the last day of each group,
and CO, inhalation® was used to euthanize.
The cardiac puncture method was used for the
blood sample collection, which was separated
into 2 tubes for hematological (200 ul) as an
EDTA tube and clinical biochemistry analysis
(800 ul). The automated analyzer (Procyte
Dx™, IDEXX Laboratories, Westbrook, Maine,
USA) was used to perform the hematological
analysis of 13 parameters: red blood cell count

(RBC), hemoglobin (HGB), hematocrit
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(HCT), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC),
platelet (PLT), white blood cell count (WBC),
neutrophil (NEUT), lymphocyte (LYMPH),
monocyte (MONO), eosinophil (EO), and
basophil (BASO). The 17 parameters of clinical
biochemistry analysis were measured using
an automated blood analyzer (Cobas® c¢311,
Roche Diagnostics, Basel, Switzerland), which
consisted of sodium (Na), potassium (K),
chloride (Cl), glucose (SGLU3), cholesterol
(CHO2L), triglyceride (TRIGL), uric acid
(UA2), blood urea nitrogen (U-BUN),
creatinine (CREAZ2), total protein (TP2),
albumin (ALB2), globulin (GLO), high—density
lipoprotein (HDLC4), low—density lipoprotein
(LDLC3), alanine amino transferase (ALTL),
aspartate amino transferase (ASTL), and
alkaline phosphatase (ALP2S). The necropsy
was evaluated the positions, shapes, sizes,
and colors of internal organs. The organs were
trimmed and weighed (all the paired organs
were weighed separately) to determine relative
organ weights as liver, kidneys, lung, adrenals,
heart, spleen, brain, thymus, testes, and
epididymides for males, uterus, and ovaries for
females. Paraffin section technique: the organs
were trimmed and embedded for histopathology
examinations, and then the liver, kidneys, lung,
heart, and spleen were compared by a scoring
system between the control and high-dose

groups.

Statistical Analysis
The mean + standard deviation was
used to show the quantitative results. The

Kolmogorov-Smirnov test and Levene’s test®”
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were performed to statistically analyze the data
for normality and homogeneity of variances.
The data between the control group and each
treatment group were compared by ANOVA
and the Mann-Whitney U test. A significant
difference using SPSS® Statistical software

version 18.0.0 was consulted (p < 0.05).

Ethical approval

The study was approved by the National
Laboratory Animal Center Animal Care and Use
Committee (NLAC-ACUC), Mahidol University,
Thailand, on May 25, 2022, coded RA2022-12
for acute oral toxicity and RA2022-13

for sub-chronic oral toxicity.

Results

For both toxicity test, it was shown that
no animal mortalities occurred, and the clinical
signs did not show any toxicity or changes
in physical examination. The result of the
ophthalmological and neurological examinations
was normal.

The result of the animal motor activity
assessment showed the average in the low dose
(week 12), high dose (week 11), and recovery
group (week 14) in male animals was
statistically significant difference higher than
the control group, but the recovery group of
males (week 15) and females (week 14) was
statistically significant difference lower than the
control group (p < 0.05). Moreover, there was
no statistically significant difference between
animals for both sexes in fore-limb grip strength
and hind-limb grip strength; only females of low
dose (week 11) showed a statistically significant
difference higher than when compared with

the control group (p < 0.05). The individual body

weights of the survived animals continued to
gain throughout the testing period. There was a
statistically significant difference for only male
body weight in the main group, but in the recovery
group for both sexes, there was no statistically
significant difference when compared with the
control group (p < 0.05). The data on acute
oral toxicity and sub-chronic oral toxicity are
presented (Table 1 and Figure 3), respectively.
For oral toxicity tests, acute and sub-chronic,
the feed and water consumption of animals
were measured daily, and the data showed that
all animal feed and water consumptions were
regular. The result showed the feed and water
consumption data for sub-chronic oral toxicity
in animals (Figures 4 and 5).

Regarding relative organ weight, the
following organs (Tables 2 and 3) were
converted to relative organ weights (organ-
to-body weight ratios). There was a statistically
significant difference in organ weight when
compared with the control group for both sexes
(p £0.05). The averages of left and right testis
(low dose), right epididymides (low dose and
middle dose), heart, and pituitary glands
(high dose) for male animals, including the
right and left kidney, right adrenal gland,
and right ovaries, and oviduct (recovery) for
female animals, were statistically significant
differences lower than the control group, but
only the left thyroid and parathyroid glands in
low dose for female animals were statistically
significant differences higher than the control
group.

Macroscopic findings were observed as
mild multifocal thymic hemorrhage (all group
in male animals and low dose and high dose

in female animals), clear fluid retention in
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the uterus (all group in female animals),
severe distension of the stomach (severe gastric
dilation), and moderate reddening at the
peripheral area of both caudal lung lobes
in high dose male animals. For microscopic
findings, according to the macroscopic lesions
at necropsy findings, necrosis consisted of the
minimal to moderate focal thymic hemorrhage
observed in the thymus gland for all groups
in male animals and low dose and high dose
in female animals, the mild to moderate
dilation of the uterine lumen (all groups
in female animals), the endometrial and
glandular epithelial degeneration, and
necrosis (low dose in female animals). The kidneys
revealed minimal focal hyaline cast (control
and recovery group in male animals), which
was characterized by homogeneous eosinophilic
material (tubular proteinosis) filling the tubular
lumen, minimal focal tubular mineralization in
the kidneys (recovery group in female animals),
and minimal focal mononuclear cell infiltration
at periportal areas without associated alteration
of adjacent hepatocytes in the liver (high dose,
recovery group in male animals, and control
group in female animals).

The clinical biochemistry analysis showed
a statistically significant difference when
compared with the control group for both sexes
(p £0.05). TP2 and ALB2 (low dose), U-BUN
TP2 and ALB2 (middle dose), ASTL ALTL
ALB2 (high dose), Na (recovery) of males and
TP2 ALB2 (middle dose), and CHO2I TRIGL
ALB2 HDLC4 (recovery) of females were
statistically significant differences higher than
the control group. The averages of K (middle
dose), CREA2 (high dose) for males and CREA2

(middle dose) for females were statistically
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significant difference lower than the control
group. In addition, the averages of Cl in low,
moderate, and high dose groups for both sexes
were statistically significant difference lower
than the control group (Tables 4 and 5).

In the hematological analysis, the averages
of RBC, HGB, and MONO of male animals
in the moderate dose group were statistically
significant difference lower than the control
group (p < 0.05). The averages of RBC, HGB,
and WBC of females in the moderate and
high dose groups were statistically significant
differences higher than the control group
(p £ 0.05), but only the WBC of females was
related to the dose of the test item. For the
recovery group, there was no statistically
significant difference in hematological results
when compared with the control group for both
sexes (p < 0.05) (Tables 6 and 7).

Discussion

The toxicity study of Kratom leaves
aqueous extract started with acute oral toxicity
with a single dose of the test substance at 300
and 2,000 mg/kg body weight. All animals did
not show signs of toxic effects, moribundity, or
mortality, as in the studies of Harizal et al."*
and Kamal MSA et al.®* where the animals were
orally administrated single doses of 100, 500 and
1,000 and 175, 500 and 2,000 mg/kg body weight,
respectively. However, the other signs of
animals were differently found in this study,
such as a low level of activity (slow movement)
and rapid breathing caused by an increase in

blood pressure”, fatigue and sleep sign®*

, ete.
Then, sub-chronic oral toxicity was performed

by oral administration of the test substance for
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Figure 3 Effect of Kratom leaves aqueous extract on body weights (g) in animal treated for
90 days
(a) Control group, Treatment group (250, 500 and 1,000 mg/kg BW) (n = 40)
in male animal (b) Control group, Treatment group (250, 500 and 1,000 mg/kg BW)
(n = 40) in female animal and (¢) Recovery group (n = 20) in male and female animal
Note: AC = Acclimatization
*The average is statistically significant difference of control group (p < 0.05)
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Figure 4
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Effect of Kratom leaves aqueous extract on feed consumptions (g) in animal treated
for 90 days

(a) Control group, Treatment group (250, 500 and 1,000 mg/kg BW) (n=40)
in male animal (b) Control group, Treatment group (250, 500 and 1,000 mg/kg BW)
(n=40) in female animal and (c¢) Recovery group (n=20) in male and female animal
Note: AC = Acclimatization

* The average is statistically significant difference control group (p < 0.05)

" The average is statistically significant difference of control-recovery group (p < 0.05)
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Figure 5 Effect of Kratom leaves aqueous extract on water consumptions (g) in male and
female animal treated for 90 days
(a) Control group, Treatment group (250, 500 and 1,000 mg/kg BW) (n = 40)
in male animal (b) Control group, Treatment group (250, 500 and 1,000 mg/kg BW)
(n = 40) in female animal and (¢) Recovery group (n = 20) in male and female animal
Note: AC = Acclimatization
*The average is statistically significant difference of control group (p < 0.05)

" The average is statistically significant difference of control-recovery group (p < 0.05)
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Figure 5 Effect of Kratom leaves aqueous extract on water consumptions (g) in male and

female animal treated for 90 days

(a) Control group, Treatment group (250, 500 and 1,000 mg/kg BW) (n = 40)
in male animal (b) Control group, Treatment group (250, 500 and 1,000 mg/kg BW)
(n = 40) in female animal and (¢) Recovery group (n = 20) in male and female animal
Note: AC = Acclimatization

*The average is statistically significant difference of control group (p < 0.05)

" The average is statistically significant difference of control-recovery group (p < 0.05)

(continued)

Table 1 Effect of Kratom leaves aqueous extract on body weights (g) in animal for acute oral

toxicity (n = 12)

Body Animal Body Weight (g) Body
Weight No. Weight
Change (%) Quarantine Acclimatization Day 0 Day 7 Day 14 Termination Change (%)

1 208 213 210 232 243 238.56 15.71
300 2 207 208 204 224 232 230.35 13.73
3 206 214 203 227 235 228.63 15.76
4 205 201 198 211 227 224.08 14.65
300 5 201 201 198 221 223 224.69 12.63
6 201 198 200 217 236 235.28 18.00
7 200 198 204 228 240 235.21 17.65
2,000 8 200 200 204 221 230 229.07 12.75
9 199 214 214 236 244 242.69 14.02
10 199 211 219 243 258 252.83 17.81
2,000 11 197 203 205 224 240 234.22 17.07
12 196 201 208 230 240 236.57 15.38

198§
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Table 2 Effect of Kratom leaves aqueous extract on relative organ weight in male animal

treated for 90 days (n = 50)

Main Group Recovery Group
Organ Control Low Medium High Control High

(Sterile (250 (500 (1,000 (Sterile (1,000

water) mg/kg BW) mg/kg BW) mg/kg BW) water) mg/kg BW)
Liver 2.612240.11 2.741940.23 2.7661+0.15 2.7118+0.09  2.5055+0.12 2.5039+0.11
Right Kidney 0.258240.03 0.258440.02 0.2550+0.02 0.2630+0.01  0.2476+0.02  0.2543+0.01
Left Kidney 0.2496+0.03 0.2523+0.02 0.2505+0.02 0.2463+0.01  0.241240.01 0.2520+0.01
Heart 0.3110+0.02 0.3023+0.01 0.2974+0.01  0.2921£0.02"  0.292640.01 0.3044+0.02
Spleen 0.182140.01 0.177440.01 0.177340.01 0.1699+0.01  0.1813£0.01 0.1678+0.03
Pituitary gland 0.0024+0.00 0.0022+0.00 0.0021+0.00  0.0020£0.00"  0.0020£0.00  0.0021+0.00
Brain 0.4271+0.03 0.3981+0.02 0.4141+£0.02 0.4322+0.05  0.4100+£0.02  0.4326+0.05
Right Thyroid, Para 0.0018+0.00 0.0019+0.00 0.0019£0.00  0.0018+0.00  0.0019+0.00  0.0018+0.00
Left Thyroid, Para 0.0019+0.00 0.0018+0.00 0.0018+0.00  0.0018+0.00  0.0016+0.00  0.0018+0.00
Right Adrenal 0.0073+0.00 0.0079+£0.00 0.0075+£0.00  0.0082+0.00  0.0071+£0.00  0.0071+0.00
Left Adrenal 0.0092+0.00 0.0091+£0.00 0.0086+0.00  0.0093+0.00  0.0083+0.00  0.0083+0.00
Right Testis 0.397340.03 0.3699+0.02" 0.385240.03 0.40374+0.02  0.3757+0.02 0.3875+0.06
Left Testis 0.3983+0.03  0.3699+0.02"  0.3910£0.03 0.4102+0.01  0.3865 £0.02  0.3935+0.05
Right Epididymis 0.128240.01 0.1180+0.01*  0.1150+0.01*  0.1252+0.00  0.1168+0.01 0.1216+0.01
Left Epididymis 0.1238+0.01 0.118740.01 0.115740.01 0.1275+0.01  0.1195£0.01 0.1217+0.01
Prostate gland 0.1064+0.02 0.0885+0.02 0.1019+0.02 0.1007+£0.01  0.0848+0.02  0.1042+0.01
Thymus 0.0636+0.01 0.0627+0.01 0.0694+0.01 0.0636+0.01  0.0510£0.01 0.0604+0.01

Note: Values are average + standard deviation

“The average is statistically significant difference of control group (p < 0.05)

Table 3 Effect of Kratom leaves aqueous extract on relative organ weight in female animal

treated for 90 days (n = 50)

Main Group Recovery Group
Organ Control Low Medium High Control High
(Sterile (250 mg/kg (500 mg/kg (1,000 mg/kg (Sterile (1,000 mg/kg
water) BW) BW) BW) water) BW)
Liver 2.6361+0.20  2.542040.16 2.6335+0.22 2.5467+0.16 2.5177+0.04 2.4510£0.11
Right Kidney 0.288240.01 0.2912+0.01 0.2952+0.02 0.2895+0.01 0.3060+0.02 0.2830+0.01"
Left Kidney 0.2785+0.02  0.2819+0.01 0.2789+0.02 0.2766+0.01 0.2924+0.01 0.2720£0.01"
Heart 0.3565+£0.02  0.3580+0.02 0.3516+0.01 0.360440.02 0.3538+0.02 0.3420+0.01
Spleen 0.223840.01 0.2343+0.02 0.238740.01 0.2308+0.02 0.2353+0.02 0.222040.01
Pituitary gland 0.0051£0.00  0.0052+0.00 0.005140.00 0.0049+0.00 0.0056+0.00 0.0048+0.00
Brain 0.742140.03 07748+0.05 0.770940.04 0.770140.05 0.7989+0.06 0.7684+0.02
Right Thyroid, Para  0.0029+0.00 0.002940.00 0.0030+£0.00 0.0029£0.00 0.0031+0.00 0.003140.00
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Table 3 Effect of Kratom leaves aqueous extract on relative organ weight in female animal

treated for 90 days (n=50) (continued)

Main Group Recovery Group
Organ Control Low Medium High Control High
(Sterile (250 mg/kg (500 mg/kg (1,000 mg/kg (Sterile (1,000 mg/kg
water) BW) BW) BW) water) BW)
Left Thyroid, Para 0.00254+0.00  0.0032+0.00" 0.0028+0.00 0.0029+0.00 0.0026+0.00 0.003040.00
Right Adrenal 0.0175+0.00  0.0187+0.00 0.017040.00 0.0155+0.00 0.0183£0.00 0.0154+0.00"
Left Adrenal 0.0190+0.00  0.0206+0.00 0.0198+0.00 0.0200+0.00 0.0196+0.00 0.0195+0.00
Right Ovary, oviduct 0.0267+£0.00  0.0293+0.00 0.0284+0.00 0.0272+0.00 0.0288+0.00 0.0257+0.00"
Left Ovary, oviduct ~ 0.0265+£0.00  0.0271+0.00 0.0280+0.00 0.027940.01 0.0264 +£0.00 0.0276+0.00
Uterus 0.2035+0.04  0.1981+0.06 0.2335+0.07 0.2110+£0.07 0.2450+0.09 0.2489+0.11
Thymus 0.1008+0.01  0.0984+0.02 0.0905+0.01 0.0865+0.02 0.0883+0.02 0.0868+0.02

Note: Values are average + standard deviation

? The average is statistically significant difference of control group (p < 0.05)

"The average is statistically significant difference of control-recovery group (p < 0.05)

Table 4 Effect of Kratom leaves aqueous extract on clinical biochemistry analysis result in

male animal treated for 90 days (n = 50)

Main Group Recovery Group
Parameter Control Low Medium High Control High
(Sterile (250 mg/kg (500 mg/kg (1,000 mg/kg (Sterile (1,000 mg/kg
water) BW) BW) BW) water) BW)
SGLU3 (mg/dL) 415.48+74.33  396.76+41.87 410.54+71.77 416.44+33.33 375.1+42.99 331.5+63.93
U-BUN (mg/dL) 19.15+2.53 21.07+£2.02 21.87+2.06" 19.60+1.72 19.2+1.18 19.0+2.34
CREA2 (mg/dL) 0.43+0.05 0.4240.02 0.40+0.04 0.37+0.02° 0.44+0.02 0.4240.03
UA2 (mg/dL) 7.04+0.91 6.91+0.81 7.18+0.71 7.58+0.63 6.6+0.75 6.5+0.76
CHO2I (mg/dL) 74.34423.23 81.31+17.61 80.00+11.83 71.084+10.07 71.2410.38 74.1+15.41
TRIGL (mg/dL) 96.50+32.29  109.83+39.54  100.09+22.12 101.54+21.43  87.5+20.15 79.3+14.84
HDLC4 (mg/dL) 54.82+15.75 64.79+13.77 63.37+9.46 56.26+6.91 53.3+6.93 55.8+12.37
LDLC3 (mg/dL) 12.97+8.80 10.13+5.14 10.89+2.59 8.98+3.21 8.3+2.68 10.4+3.96
ASTL (U/L) 82.29+10.28 90.71+14.48 84.36+20.22  103.23+25.58" 102.4+15.95 86.5+19.78
ALTL (U/L) 51.62+12.31 72.26+20.17 66.94+28.23  87.00+30.12"  81.2427.40 60.5+22.02
ALP2S (U/L) 81.20+8.52 88.30+£10.65 85.00+7.18 78.56+5.64 80+6.80 80+10.99
TP2 (g/dL) 7.014£0.20 7.2840.21" 7.3240.19" 7.2040.17 7.1540.08 6.97+0.28
ALB2 (g/dL) 4.9140.13 5.10+0.11" 5.1740.13" 5.06+0.11" 4.9940.02 4.97+0.12
GLO (grsdL) 2.10£0.12 2.17+0.20 2.15+0.08 2.14+0.11 2.16+0.06 2.00+0.18
Na (mmol/L) 146.60+0.97 145.50+£1.08 145.90+1.45 145.78+1.20 147+1.10 149+1.14°
K (mmol/L) 9.81+0.97 9.33+0.66 9.04+0.54" 9.55+1.00 9.71£0.43 9.74+0.58
Cl (mmol/L) 101.75£1.11 100.15+0.88" 99.34+0.78"  100.33+1.77°  101.8+0.55 101.9+1.36

Note: Values are average + standard deviation

“ The average is statistically significant difference of control group (p < 0.05)

" The average is statistically significant difference of control-recovery group (p < 0.05)

MNsasnsnintengasmsunne
%) 14 66 aifuil 2 e - igwnay 2567



AN duidsundunasieiigasamathnuasansanatnannlunssvian

AFdIN50] AININTUAD LazAME

Table 5 Effect of Kratom leaves aqueous extract on clinical biochemistry analysis result in

female animal treated for 90 days (n = 50)

Parameter

SGLU3 (mg/dL)
U-BUN (mg/dL)
CREA2 (mg/dL)
UA2 (mg/dL)
CHO2I (mg/dL)
TRIGL (mg/dL)
HDLC4 (mg/dL)
LDLC3 (mg/dL)
ASTL (U/L)
ALTL (U/L)
ALP2S (U/L)
TP2 (g/dL)
ALB2 (grsdL)
GLO (gsdL)

Na (mmol/L)

K (m mol/L)

Cl (mmol/L)

Main Group Recovery Group
Control Low Medium High Control High
(Sterile (250 mg/kg (500 mg/kg (1,000 mg/kg (Sterile (1,000 mg/
water) BW) BW) BW) water) kg BW)
250.73+71.62 285.52+57.62  274.10+96.51  255.424+64.73  189.78+18.52 175.44+20.08
18.41+2.52 20.78+2.65 18.85+1.49 17.49+3.35 16.76+1.43 16.54+1.18
0.47£0.04 0.43£0.04 0.42+0.03" 0.43+0.04 0.47+0.03 0.4440.03
4.55+0.76 4.4910.60 4.85%0.61 4.72%0.50 3.80+0.49 4.121+0.48
80.03+21.29 83.24+11.53 88.22+12.26 81.26+9.02 75.42£9.37 90.12+10.21"
66.79+15.43 58.99+13.74 63.78421.69 63.27+16.82 46.58+6.19 66.80+14.71"
67.13+£16.30 70.41+7.96 75.72+9.80 69.56+7.18 62.76+6.69 74.4449.08"
8.27+4.60 7.71£2.28 8.16+1.68 7.561£1.59 6.36+2.25 8.44%0.61
76.19+6.56 76.65+6.21 83.91+25.81 83.08+7.23 87.04+13.65 87.22+7.71
41.4149.22 39.82+7.43 40.20+12.62 42.24+4.06 45.60+10.76 50.08+8.26
45.80+4.42 47.70£3.95 44.40£6.20 46.60+6.33 39.80+3.35 39.40+1.34
6.89+0.14 7.09+£0.20 7.2040.23" 7.10£0.20 6.87+0.15 7.12£0.19
5.22+0.12 5.35+0.20 5.44+0.21° 5.40+0.24 5.23+0.11 5.474+0.18"
1.66+0.13 1.74+0.15 1.75+0.07 1.70+0.13 1.65+0.14 1.66+0.12
146.30£1.70 145.70£1.16 146.70+2.31 145.30+1.16 146.20+£1.30  147.00+1.58
10.27+1.02 9.78+0.61 10.31+1.62 10.69+0.93 10.26+0.64 10.75+0.83
105.98+1.64  103.91+1.07"  103.38+1.28"  103.83+2.01" 105.504£0.93  105.32+1.32

Note: Values are average + standard deviation

“The average is statistically significant difference of control group (p < 0.05)

" The average is statistically significant difference of control-recovery group (p < 0.05)

Table 6 Effect of Kratom leaves aqueous extract on hematological analysis result in male animal

treated for 90 days (n = 50)

Main Group Recovery Group
Parameter Control Low Medium High Control High

(Sterile (250 mg/kg (500 mg/kg (1,000 mg/kg (Sterile (1,000 mg/kg

water) BW) BW) BW) water) BW)
RBC (M/uL) 9.94+0.30 9.90+0.54 9.53+0.25° 9.98+0.65 9.64+0.23 9.84+0.47
HGB (g/dL) 17.6140.42 17.38+0.93 17.00+0.29" 17.56+0.96 17.0240.31 17.144+1.09
HCT (%) 55.43+1.54 54.54+2.98 53.79+1.00 55.43+3.37 53.34+0.91 53.50+3.44
MCV (fL) 55.75+0.78 55.10+1.31 56.50+1.27 55.57+1.31 55.34£1.27 54.36+2.48
MCH (pg) 17.72+0.32 17.57+0.39 17.85+0.39 17.62+0.34 17.66+0.35 17.44+0.82
MCHC (g/dL) 31.774+0.29 31.88+0.27 31.62+0.23 31.68+0.39 31.90+0.16 32.02+0.19
PLT (K/uL) 685.20£56.00 702.70+63.36  689.60+41.67 708.67+38.30 680.80+59.23 680.40+61.16
WBC (KruL) 8.16+0.96 6.87+1.34 8.16+1.39 8.41+1.39 6.91+0.83 6.82+1.02
NEUT (%) 9.93+2.32 11.78+2.63 9.48+1.44 9.87+1.53 11.00+1.21 12.974+2.60
LYMPH (%) 84.07+2.32 82.58+3.25 85.93+2.00 84.99+1.57 83.50+1.32 81.74+2.80
MONO (%) 4.92+0.96 4.62+1.30 3.7240.62" 4.09+0.76 4.20+0.64 4.16+0.79
EO (%) 0.89+0.38 0.86+0.10 0.7040.26 0.8340.37 1.18+0.69 0.82+0.36
BASO (%) 0.1940.24 0.16+0.08 0.1740.14 0.2240.14 0.1240.13 0.30+0.25

Note: Values are average + standard deviation

* The average is statistically significant difference of control group (p < 0.05)
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Table 7 Effect of Kratom leaves aqueous extract on hematological analysis result in female

animal treated for 90 days (n = 50)

Main Group Recovery Group
Parameter Control Low Medium High Control High
(Sterile (250 mg/kg (500 mg/kg (1,000 mg/kg (Sterile (1,000 mg/kg
water) BW) BW) BW) water) BW)
RBC (M/uL) 9.00+0.48 9.37+0.30 9.48+0.34" 9.4840.36" 9.46+0.47 9.80+0.59
HGB (g/dL) 16.81+0.88 17.3140.32 17.85+0.56" 17.70+0.56" 17.64+1.01 18.34+1.11
HCT (%) 52.09+3.12 53.73+1.26 55.28+1.90 54.89+1.89 54.26+3.21 57.16+4.17
MCV (fL) 57.88+1.84 57.37+0.89 58.36+1.27 57.91+1.03 57.34%1.01 58.26+1.06
MCH (pg) 18.68+0.52 18.49+0.30 18.86+0.46 18.68+0.36 18.62+0.31 18.68+0.16
MCHC (g/dL) 32.2840.37 32.2340.24 32.29+0.24 32.2440.24 32.5240.11 32.1240.43
PLT (K/uL) 690.60+56.84  733.00+£40.16  710.40+58.58 653.90+88.84 701.60+45.93 691.00+£93.69
WBC (K/uL) 4.31+0.62 5.11+0.99 5.85+0.60" 6.53+0.70" 4.31+0.80 4.3441.03
NEUT (%) 8.59+2.18 9.89+2.26 8.12+2.42 8.14+1.81 8.90+1.44 8.70+2.29
LYMPH (%) 85.52+3.15 85.10+2.89 85.79+2.95 86.20+2.59 85.64+1.58 85.28+2.58
MONO (%) 4.81+0.87 4.19+0.80 5.26+1.22 4.93+1.07 4.44+40.47 5.30+1.41
EO (%) 0.78+0.29 0.58+0.18 0.54+0.16 0.49+0.22 0.68+0.24 0.6240.08
BASO (%) 0.30+0.34 0.24+0.18 0.29+0.23 0.2440.11 0.34+0.24 0.10+0.14

Note: Values are average + standard deviation

? The average is statistically significant difference of control group (p < 0.05)

a total of 90 days, and the results showed that
there was no mortality caused by the toxicity
of the test substance up to the dose level of
1,000 mg/kg body weight. The body weights
continued to gain throughout the study and
were statistically significant differences
but were not related to the dose of the test
substance, including feed and water consump-
tion. The feed and water consumption of
animals is a normal, transient change that was
not related to animal health.

The clinical biochemistry analysis results
showed that U-BUN, CREA2, ASTL, ALTL,
TP2, ALB2, K, and CI in the main group and
ALB2, HDLC4, TRIGL, CHO2I, and Na in the
recovery group showed statistically significant
differences. The results of the clinical analysis
showed similarity with previous studies.”>'®****
The hematological analysis result showed
that RBC, HGB, WBC, and MONO showed
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7 U 66 AU 2 ey - Tgunau 2567

statistically significant differences, but only
the WBC of female Wistar rats was related
to doses of the test substance. However,
the increase in WBC levels in the moderate
and high dose groups was still within the
historical control range.®"*®

Other studies showed that the hemato-
logical data, which contained RBC"®, HGB"?,
and WBC"** showed statistically significant
differences, as in this study. But parameters
NEU"**, HCT"?, PLT“”, and LYM®” showed
a statistically significant difference.

For pathological evaluation, according
to the macroscopic lesions at necropsy
findings, the minimal to moderate focal thymic
hemorrhage might be attributed to necropsy
technique and considered a dissection-induced
artifact, and there was no evidence of a vascular

lesion.®” The mild to moderate dilation of

the uterine lumen and the endometrial and
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glandular epithelial degeneration and necrosis
were physiological changes during the proestrus
and estrus stage, respectively, of the estrus
cycle.®** The severe gastric dilation and
red discoloration of the peripheral area of
both caudal lung lobes showed no remarkable
alteration on microscopic examination. The
kidneys revealed a minimal focal hyaline cast,
which was characterized by homogeneous
eosinophilic material (tubular proteinosis)
filling the tubular lumen and occurred
incidentally at low severity and frequency.®”
In the liver, minimal focal mononuclear
cell infiltration at periportal areas without
associated alteration of adjacent hepatocytes
was considered a background lesion and
occurred spontaneously.®” All findings were not
considered to be treatment-related changes.
Some studies found the abnormalities or

changes in the internal organs of the animals,

(14-16,24,26) (14-16,25,26)

such as liver , kidney R

(229 and brain™® In other studies

heart®”, lung
for toxicity in accordance with Organization
for Economic Co-operation and Development
(OECD) guideline No. 407°?, it was reported
that the Sprague-Dawley rats were orally
administered test substances for 28 days with
dose levels at 100, 200, and 500 mg/kg body
weight"”, and 1, 10, and 100 mg/kg body

t"®, including 10, 50, and 150 mg/kg

weigh
body weight.®” The results for all studies
mentioned above showed no deaths in rats
during the 28-day period but showed some signs
of toxicity, such as a toxic effect on the liver,
kidney, and lung with abnormal values in
biochemical analysis such as AST, creatinine,

etc., as presented by Ilmie MU., et al"?

Sabetghadam A., et al”® described that
mitragynine was relatively safe at lower doses
(1-10 mgr/kg) and exhibited toxicity at the
highest dose (100 mg/kg), which was confirmed
by liver, kidney, and brain histopathological
changed. In addition, Hassan Z., et al®®
explained evidence of toxicity from histological
investigation of the kidney, liver, and brain
tissues, including a low platelet count in
hematological analysis and a high amount of
uric acid, AST, ALT, and alkaline phosphatase
in biochemical analysis. However, chronic
preclinical toxicological investigations of
mitragynine for a longer period are
recommended to confirm this observation and
also to provide adequate safety data for future

clinical trials.

Conclusion

In conclusion, there were no related signs
of the acute toxicity arising from the orally
administration of Kratom leaves aqueous
extract to Wistar rats. The result suggested
that the test substance could be classified in
GHS category 5 or unclassified, with the LD,,
cutoff at 5,000—c mg/kg body weight. However,
sub-chronic and chronic toxicity studies should
be further carried out to assess the long-term
safety of the test substance. The results of the
sub-chronic oral toxicity study were shown that
no mortality in the animals was caused by the
toxicity of the test substance up to the dose
level of 1,000 mg/kg body weight. In addition,
the evidence from the test item-body weight,
food and water consumption, hematological,
clinical biochemistry, relative organ weight,

and histopathological effects could confirm that
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Kratom leaves aqueous extract did not show any
signs of toxicity. Thus, the no observed adverse
effect level (NOAEL) of Kratom leaves aqueous
extract was considered to be 1,000 mg/kg
body weight per day for Wistar rats under

experimental conditions.
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tetrahydrocannabinolic acid (THCA) (Lipomed,
Switzerland) T,mﬂmimmgmﬁgwumﬁmmu’%qwé
NNNNToEaT 97

d15LAd: acetonitrile, ethanol &z methanol
(HPLC grade, Merck, Germany), dichloro-
methane a2 hexane (HPLC grade, Burdick &
Jackson, USA), glacial acetic acid (AR grade,
Labscan, Thailand) w8z deionized water

(DI water) (Type I di@ resistivity > 18 mQ.cm)

ta3asiiauazaunsal

Lﬂ%}m HPLC-UYV detector: Agilent Tech-
nologies series 1260 (Agilent Technologies, USA),
Aaaxy Brownlee SPP 2.7 um C18, 3.0 X 150 mm
(PerkinElmer, USA), 1a3p359auazidan
0.001 NSN (Sartorius 'éu LP 620S, Sartorius AG
Germany) wa 0.01 §a8an3u (METTLER ju XPE,
Mettler—Toledo AG, Switzerland), Lﬂéawmﬂu
(Nessei, Japan), vortex mixer (Vortex Genie2 ‘g:u
G560E, Scientific Industries, USA), reciprocal
shaker (YAMATO 34 SA300, Japan) refrigerated
centrifuge (HERMLE ju Z366K, HERMLE
Labortechnik GmbH), turbo nitrogen evaporator
temperature controlled (Organomation iq'u
N-EVAP 34 position, USA ), SPE vacuum

manifold, volumetric flask 2419 1,000 waz

10 #8803 (BOROSIL, Maharashtra India),
graduated cylinder 211 100 488365 (BOROSIL,
Maharashtra India), screw cap centrifuge
tube 21110 50 ¥adans (BIOFIL, Guangzhou Jet
Bio-Filtration, China), test tube U110 15
498893 (Pyrex, USA), SPE CHROMABOND
HR-X, 85 um, 6 mL/200 mg (macherey—nagel,
Germany), micropipette ¥¥1® 10-100, 20—
200, 100-1,000 W& 1,000-10,000 +ulASANST,
micro-spin filter tube 0.22 um PVDF, cellulose
nitrate 2U10EUEIUGUENAN 47 mm 0.45 um
uazguAUINgUBYN -18+3 aeenwalded (Sanyo,
U SF-C1497, Usem Fule wad.18x.1a. (Insuaud)
Nne, Uszinelng)

nsdudnagelungm
1uﬁm%1ﬁ1ﬂumsﬁnmL"fJuﬁ’t.ymﬁuﬁf
arunaifunasuarluinmwusiid THC was
THCA gu thuluszae 3 o (luwame) guaiae
Taghlufymluiugiferdunmuasuiu was
dausneumnaluilndidssiulasmsia Ussnaude
3 ngw laud wadn nan uazlva) a0ty
dulumnnia 3 2we wneas 4 Tu HumaEy S
12 ludangu Hahwinzass 12 Tu ey
wasdely wastufinuhmindsildussudasly
wmsguuiiinnuiedu 10 ngu (n=10) NNy
Jonauludnumzdentun 2 wug dauaaslumud 1

(nguaz 12 Tu 11U 10 NGY, n = 10/WUg)

M 1 Msguiegluiymwugazumasiuues leamsuusngulufynamueine Ussnaudis 2uaian

na waslvg) duannnnzine sneas 4 lu saumedu 12 ludengu 91w 10 ngudanug

o
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Cooking Processes on Cannabinoids Content

Thongsuk Payanan et al.

NILHIBNAIALEN

aanzdnwduaiaznaunsiludiuny
mstpemnsludiatsziu Tagldluiidalai
nszuaumslys (luaa) @nwinislaluiys
Usgnauannssmenssuumanlignig 3 38 ldud
ASZLIUMSAN 0 uazNan uaaziisnuau 10 o
(n = 10) wazlFNeNa1UsENDUNENYBINTLLIUMS
whituluudasds laud dhuazshiiy Taglifinsda
avdfsznavau miiouduni 2 wug neosdeadail
Tuddslaishunszinumsuse: iludam snnu 12 Ty
Hulvazidaadianiasuailunazfuiidududs
QNN -18+3 auAALEaE

nszuaumsan: lunwe Nuau 12 Tu wew
e 1 das dulunifatlashiigamgiivszana 100
s Wuna 10 107l Hudathandusaui 1
US1105 30 NaddAT UALANABAUATULNIA 30 W7
Rumathauhdusaui 2 USines 30 iadans :niy
dulufymfdunsduanduazideauazfud
Auude goumndl -18+3 avrniga e

nsEUIUMSEe: W lunem nwu 12 Tu Tdlu
nsene Wahsuhdy 45 f0aans (3 Fouldy) uas

[
v A

HaNgauiUszanns 90-100 svenzaded Lunan

a =

30 N DNUUNFIUNFNNIBNAN U UL DL AL

< A

uniguiuda gamnil -18+3 avenades

aszuIumsnen: lunwm Puw 12 lu
Talunseny WWuhiuthdn 100 a8 waznoai
gaungiiUszanal 150170 asenaded Wunm 60
it ntuenmmzludynmen dantuasden
\Fuiigusude gumgi 1843 aeen uazfudioe

iU ldneafgubula gamgil -18+3 avenuaides

msanadmsdaynduuannivass
msatassnnluiwen (lusauasluiisu
NITUIUMIAN WO UAzNaa) lagmsaNeLH
Usinuasnauuauiniused luisiyse Ay
warndnAaieaeds HPLC: sasradilufgzni
luaziBen 2.540.05 n31 aclu screw cap centrifuge
tube 2119 50 NaddNS LAN methanol 10 HaddNS

MNsasnsnintengasmsunne
7 U 66 AU 2 ey - Tgunau 2567

waLHaN 1NN UMY vortex mixer MNUULUENAIE
@589 shaker {Wuian 20 W waz centrifuge

v
ts

N 4,000 s0UABUIN QUUYH -4 BeA LTI
\Wunm 10 il geasnsazanzailacduuu 2 faddes
14 test tube 2110 15 Jadans wazinly clean-up
@18 SPE CHROMABOND HR-X, 85 um,
6 mL/200 mg ﬁﬁ‘ﬁl’ 1) pre-washing @28 methanol
5 §i0dan5 wa DI water 5 §adans 2) loading Me
FsaraamadN 2 1adans 3) washing 018 25%
methanol 3 §83aa5 waz 4) eluting @38 90:10
acetonitrile:methanol 5 Naddns Laz 60:40
acetonitrile:methanol 3 §aadn5 ﬁnﬂﬁ?usxmsl
msaﬁwﬁl@"ﬁw nitrogen evaporator ﬁqmﬂ{]ﬁ
4045 BNFLTALTEE LHOUWYN azae residue @
acetonitrile 0.5 §88305 N9DI6IU micro—spin
filter 2110 0.2 pum waztiuasanaly vial &
2119 1.5 mL e ldasiadeszdriionas
Usuadasiaias HPLC lagdasifinaaenis
#9573V (limit of detection; LOD) Wnu
0.3 lulasnsusanlansy
msatennnalufm®: Fdaghandu
Tuntzn 10.0+0.05 N5 a9lu screw cap centrifuge
tube U0 50 Nadan3 AN dichloromethane
10 fiaaans waznan [¥EhLAE vortex mixer N1
wEhaneLe3as shaker fluna 20 17 uaz centrifuge
il 4,000 s0UdDUT paMQll -4 peruaFed
Wuna 101 e‘]ﬂmiazmﬂﬁméwﬁg\mm 10 460803
1d test tube 2u10 15 Hadans W luszneaie
nitrogen evaporator ﬁqm%gﬁ 4045 DNENLTALTY
HBULAY dzane residue 028 acetonitrile 0.5
U08a0T NI99EIU micro-spin filter 2UIN 0.2
um waztiuasanely vial d271 211a 1.5 mL
e luasiaderzvsiiouazUSinasianias
HPLC Tag LOD whnu 0.1 lulasnsuaanlansu
ﬂ15&ﬁﬂﬂ’]‘5ﬂ1ﬂ‘l§lﬁu%amiuﬁm‘lf’l“”: 9
fraghaniunanlufym 0.50 £0.01 n3u asly
volumetric flask 2U1@ 10 Vadans LAN 9:1

ethanol:hexane US8195 8 NAaaNT WATNANAY
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vortex mixer MWolagazaranne (a1aldns
. . I =1 ~ 1 v %
sonication tua) 5-10 ¥ tiwataliazaale
dd?} o a v a aa |}
#21) Ysudsunashinsu 10 1adans wusasazae
¢nBHNNIBINIY micro—spin filter 211 0.2 um
waslAuaNIane 1y vial d21 2U10 1.5 Nadaas LN
i ldandenzviniiauazlSinametasas HPLC

Tas LOD ihnu 0.3 lulasnsuaanlansy

n3aanIIaNeIgIU

1@381N mixed working standard solution
anuty 10 lulasniudaiiadans fsznaudie
ssmaspunauuauniused 5 #dia laun CBDA,
CBD, A9-THC, As-THC waz THCA Taena3eauly
acetonitrile Z15LAUANNINIU 0.3, 0.5, 1.0, 3.0,

a

5.0 Uaz 10.0 INIAINSNADNAFINT AIULEN LUMWD 2

CBDA CBD
350 y = 30.607x + 0.9457 250
R2=1 Y y =20.724x + 0.6637
300 - R2=1 { ]
- 200
250
150
§ 200 5
< 150 ® &
100 o
100 e
. s
50 o 00 -
* O
o & o Lo
0 2 4 6 8 10 0 2 4 6 8 10
Concentration ml X
(kg/mi) Concentration (ug/ml)
delta 9 - THC delta 8 - THC
160
= 14.045x + 0.6499
140 e . 200 y = 19.439x + 0.3598 ..
R2=1 .
120
150
100
@ 1]
2 80 . o
< .. < 100 P
60 :
40 L4 50 e
20 .- -
) @
o L& o L&
0 2 4 6 8 10 0 2 4 6 8 10
Concentration (ug/ml) Concentration (pg/ml)
THCA
230 y=21.819x + 1.6336
RZ=1 .
200
& 150
<
100 -
.'."'
50
o
o &
0 2 6 8 10

Concentration (ug/ml)

M 2 niw‘V\ImmgmﬂaqmsnzjmmumﬁuaﬂﬁIﬁ'l.m' CBDA, CBD, A9-THC, A8-THC taz THCA
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e siasdAangauanIinassaie

HPLC-UYV detector
aiiumsianeiaisieias HPLC-UV

detector lo#l mobile phase ldUsznausie A: 0.19

acetic acid in DI water:methanol (95:5) ez B:

0.1% acetic acid in acetonitrile:methanol (95:5)
TUsunsudldlunmsusnansnguuenindused @o
isocratic lagld flow rate 0.7 Nadansaanh L

P a X o v a
PFlUMSIAILINIING 15 W ILFAa lUNWD 3

mAU
30
<
25 a
(5]
o
6]
15 5 2
o U';
E = 3
) E
10 “',§_ )
e X 8
© &
5 /L
0 j&r L T
RIS RS el e e = e I R B TR = B 1 (Sim = i
2 3 4 5 6 7 8 9 10 1 mi

mui 3 Tasmlnunsuzassnsinaspunguuauiniuesd laun CBDA (2.873 i), CBD (3.271 W),
A9-THC (6.355 1111), As—THC (6.696 w1#1) waz THCA (9.052 W)

n15UssLfivmlntdeagadrs Ao—THC
Pnmsvilnaamnsiidudsznavyasnu
Uszliumssudunannmsuilne (exposure
assessment)"" awnﬁagaﬂ%uwmaws A9-THC
idenzilannludymaauaslufya b
nszvIumMsURgluuuin 9 legldsinamsuilan

mugiladmiudiuamslng® Fauushlils
fynanu 1 ludawy dwsuhwinduesiuslaa
Tidayahminduadsuaslssnnslnefinenulos
SUNNUNIATTIUTUALNHATUATDIITUANTIE
WLUNENNENBIY AB 18-34.9 U, 35-64.9 U uaz 65 U
duly ihdayamwaail

U3nuans A9-THC (ug/g) x Usinamsuilnadans (2)

USinamssuduaannmsuslne =
(ug/kg bw)

PNUUMUIN margin of safety (MOS)
WadnnMUsinamssudunaanmsuslaaiianu
@ liiasueneaghudsunaudogunnwnia li

wmtinaeuslan (kg bw)

TogwSsuisunumaedaingm (acute reference
dose; ARfD) a1n European Food Safety Authority
(EFSA) #afiehwhiu 1 (ug/kg bw)

YSmnamssudunannmsuiloa (ug/kg bw)

margin of safety (MOS) =

MNsasnsnintengasmsunne
7 U 66 AU 2 ey - Tgunau 2567

MaNdInge (ug/kg bw)
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wina MOS 1Waenin3awnny 1 waneds
USina Ao-THC fisumaldduiilisnnweiiazda
TAauanssnudagumwldvialufienadssadail
Hadag wamne MOS 1nnd 1 vanade Usunu
A9-THC #ld5uifummasgruvioaglussdud
livsaadsdagumnianuidssdagumuanms

G LAR

We

Uinaasdaunduuamnivasaliluiyman

namafahuinluge wuhludsgaiug
arumaimuuasiitninlasmds 0.860+0.088
nfudely wazlufymimaswannwusiivin
Tosade 0.669£0.091 n3udaly wamINMIIANLN
Usmnaansaagy wunluwugazunasnuuasan
fiv3anaians CBDA uaz CBD ganhugiimaswann
Tosfienndeagi 256.91£18.10 Uaz 29.74+3.66
fadnfudadlandy awadu drulusawusi
Maswen HUSunaa1s A9-THC waz THCA gan
Wugazumas Muues lnefdmasati 102.83+8.36
WaT 1,317.36+53.32 NaaNSNABNLANSN MNAIOU
uazadasuglanuas As-THC dauaasluma

1 wasmMni 4

UBinaasaagndauaunivess lulunymds

Tufgwugasunaimuuaadatindy
wWuhiUSinaiens CBDA wasUszanas 30.62+4.33
Haansuaanlansu uaz CBD 103.55+7.81 Jaansu
danlansn iawdsuiausuluge wuhiusmnm
&5 CBDA 00295888 88.08 (tax CBD Lﬁ'umnﬁu
fedena 248 danhaulusamiine 10 uaz 30 il
WUNHUSINUES CBDA 0.98+0.11 Ua2 1.09+0.30
Hadnsueenlansy eua1eu wazlinwuassiia
du 9 dwduludgmiimsaianniug wulnams

A9-THC @d8Uszanm 885.15+12.48 Haansnma

Alansu uay THCA 154.09+12.7 Hiadnsuaanlansy
dianBsudisuiuluse wuhiiusinaens Ae-THC
[NINNZU3PEaY 761 Uaz THCA anaa3a8as 88.30
shuhaalufmng 10 waz 30 il wuhilvsnm
THCA 7.86+0.86 La2 5.67+0.10 Uaan3uaanlaniu

MNAPU AILFAIUMNTIND 1 LazMND 4

Uinaasdannduuanivasaluluiynin
NTLUIUMIHANYNNANN 90-100 BIFLYALTHE

4

Wunan 30 il wuas CBDA Tuludgmwug
ALUMAINMIULAIUTENIY 15.14+1.69 Tadnsu
danlansn anassanar 94 awSsuiisuiulude
waz CBD Uszaneu 62.49+3.49 Aaansuaanlansu
Faiindunnlulusndasaz 110 dwlufamzie
A&awannWug wums A9-THC 370.5148.55
iadnsuaanlansy waz THCA 571.45+22.54
faansudailansy Wanldsuidauiuluge wu
Hiivsnanfingusasar 260 uazanaidasas 57

MNAPU FILFA UM TIND 1 LazMND 4

Uinaasdannguuanivaseluluiyzman

nizmumiwa@ﬁqmwgﬁ 150-170 B4
waded Wuna 60 Ji msieeriadn
238 laun lusammaauazinsunanlufnm wuth
Tunaawugasumnaimuuaiivsana CBDA lu
Tusammaatasnilmhiunaaluiym Taswuy
4.94+0.50 UWaT 8.57+0.67 NaANSNABNLANSN
MINAIAU WarWu CBD 25.03+£1.31 Naansu
dadlansn Fuiasnhluae wuas CBD dwlngl
agluthiunaalufym 53.7544.48 Hodn3udo
Alansu dwiuludymmeawugiinmdswani
USinae A9-THC nNNU 176.21+6.26 NaanIuea
Alansu uar THCA 156.01+6.70 Haansuaanlansy
dmfwﬁwamwu A9-THC waz THCA 10.440.92
Wae 60.17+2.03 Naansuaailansu @uaIau

AALFAI UM NN 1 wazMND 4
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¢l 0o v o

m397 1 USinassdaynguuauniussdnnlufiynwugazumaimuuastaziugnmasiannluluae

wazluiehunssuIumsUsegn (n = 10)

9

Panaasdagnduuannivase

Nugnaym 19937335 (mg/kg)
CBDA CBD A9—THC A8-THC THCA
AZUNIAS a6 Tunumaa 256.91+18.10 29.74+3.66 14.07+2.25 ND 36.51+3.60
MU A Tunmeaw 30.62+4.33 103.55+7.81 8.55+1.28 ND ND
(-88.08%) (+248.18%) (-39.23%) ND
e 10 il 0.98+0.11 ND ND ND ND
Wt 30 1l 1.09+0.30 ND ND ND ND
] Tunaynie 15.14+1.69 62.49+3.49 12.31+1.32 ND 6.16+0.89
(-94.11%) (+110.12%) (-12.51%) ND (-83.13%)
20 Tunmmaa 4.9440.50 25.03+1.31 3.740.36 ND 2.49+0.37
(-98.08%) (-15.84%) (-73.70%) ND (-93.18%)
Whifunan 8.57+0.67 53.75+4.48 ND ND ND
v‘i’uﬁ:ﬁﬁﬁaﬁ’mm a0 Tunman 24.54+7.76 1.6540.37 102.83+8.36 ND 1817.36+53.32
R Tungyneu 8.03+1.35 16.02+2.48  885.15+12.48  ND 154.09+12.7
(-67.28%) (+870.91%) (+760.79%) (-88.30%)
e 10 il 0.3140.24 ND 0.4140.05 ND 7.86+0.86
e 30 i 0.6340.06 ND 0.8440.10 ND 5.67+0.10
) Tunaynie 13.2140.72 0.6040.09 370.5148.55 571.45+22.54
(-46.18%) (-63.64%) (+260.31%) (-56.62%)
N2 Tunmnea 15£0.95 5.84£0.73 176.2146.26 156.0146.70
(-38.88%) (+253.94%) (+71.36%) (-88.16%)
Whifunan ND ND 10.4+0.92 60.17+2.03

WELWR: 1) MZANNePININTIRINY (LOD) 2arismsanaienziluiyman au naa waziniunae

v 0.3 lulasnsuaanlansy was LOD #a9315Ms5a510@ey 1esyinnu 0.1 lulasnsy

@anlansy

° Vv A' 4?’ Vv Vv e VY YV
2) MIUIUIDYITNITLNNYU/ DN N (mmmmuwmﬂqqqﬂ - ﬂ'NNL?IN"ZI‘NGLU’dG]) X 100

nsdszdivanandeezasars Ae—THC 1nm3
wslnaamsiidnlsznavzasim
PnnMsUszunssSuduiaaInnsuilaeg
amsiifidlsenaveasiy wuihmsuilae
Tufamiugasmesfuues s 1 Ty i
Tuas 0.86 n¥u lasgudlnaiiiiony 18 Tl $me
azlasuas Ao-THC Tuz 0.05-0.22 lulasnsu
danlanduiviin (laisiue 0.00) amunme

MNsasnsnintengasmsunne
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L4 L4
anuiNtuluae

margin of safety (MOS) (3guiiaunumareds
Snga (ARM) 7 1 lalasniudanlansuhuint®
wuilar MOS Tuzas 0.05-0.22 Feaeni 1
waaesnmuilaaludgnwugasunnainuuesly
Vs 1 lu fihwiin Tuas 0.86 nSu azlaivilw
I¢sumaiummnasguuazaglussduiivannde

aagunIn d1msunisuslaanymgiainias

v 4 4 J af d'd v g o‘d‘y
NAHUINUD ‘W“IJ'Nﬂ'ﬁ‘U‘JIﬂﬂB']ﬂ']’i‘YlNElUﬂiUu"ZﬂWH’D:u
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as

Yinuasdrdgiiasanululuiyuinugasuniaitiuung

v

250.00 &2
. \
Z 200.00 %
£ \
c 15000 BN
g N
- N
G 5=
S 10000 R
=77 N
7 N
S 50.00 %
Nmi S |
lwiftyanan TGN AT WIFH 10 W 1UIAN 30 Wl lurftyadn lwiftyamen Wliman
an Fin £im nan
CBDA 256.91 30.62 0.98 1.09 15.14 4.94 8.57
OcCBD 29.74 103.55 0.00 0.00 62.49 25.03 53.75
B A9-THC 14.07 8.55 0.00 0.00 12.31 3.70 0.00
B THCA 36.51 0.00 0.00 0.00 6.16 2.49 0.00
Ysuuarsdragiinsianululudyviiugnmdsiam,
1400.00
~ 1200.00
&
2 1000.00
= 800.00
G
)
"% 600.00
€ 40000
B 200.00 I
0.00 :I:I: B E — — = [ __lg . — =
lurftyaan lurfoyasia 1A 10 Wl 1A 30 Wl lurftyadn luifyamen Wluman
an Fiat £im nan
[MCBDA 24.54 8.03 0.31 0.63 13.21 15.00 0.00
OcBD 1.65 16.02 0.00 0.00 0.60 5.84 0.00
B A9-THC 102.83 885.15 0.41 0.84 370.51 176.21 10.40
B THCA 1317.36 154.09 7.86 5.67 571.45 156.01 60.17

M 4 ﬂ‘%mmmsﬁwﬁmmjuLmum‘ﬁuamﬁ (CBDA, CBD, A9-THC, As-THC waz THCA) 28907

sl o v @

WugazunAsMuLatwasiugnmainawn Tuluaauazluniunszuiumsdy dauasnan

k]

P 1 Tu wmtinluas 0.669 n3u laefuslaant  Alansuunwin™” wuhiian MOS Tur 0.01-10.62
fiong 18 Yauld sumeaslasuas Ao-THC luzn  Fewnsundszaniilasnnnd 1 uaasihmslasy
0.01-10.62 lulasnsndailansuumin (ldsiwe &5 A9-THC iummaspunisagluszauiions
0.00) eamslasududanganganvluluigmey  lLivssadsdegumwiianudedaguamwedheiie
PPN v o oy a o o w W o

nslnalesusloeary 65 Tauld wasileawar  §ag swwaaslumsd 2

A MOS w3suifisufiue ARfD 9 1 lulasnsuda
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Cooking Processes on Cannabinoids Content Thongsuk Payanan et al.

The Effects of Cooking Processes on

Cannabinoids Content of Cannabis Leaves

Thongsuk Payanan', Atcharee Inkaew', Sakulrat Somsuntisuk’,

Witthawat Wangkaewhirun', Lekha Prasarthong', and Phichet Banyati’
'Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000
’Department of Medical Sciences, Nonthaburi 11000

ABSTRACT The cooking processes can affect the increment or reduction of the substances, cannabinoids,
in cannabis leaves, causing foods to have different effects. This study aimed to investigate the alteration
of cannabinoids content; CBD, CBDA, A9-THC, A8-THC, and THCA in the cannabis leaves that were
cooked by boiling, stir-frying, and deep-frying. This study employed 2 strains of cannabis leaves; Tanao
Si Kan Dang and the ongoing-developed strain, which were developed by the medicinal plant research
institute. The cannabinoids content was compared between fresh leaves and cooked leaves, using HPLC.
The results indicated that boiling process resulted in an enhancement of CBD and A9-THC for 248.18%
and 760.79%, but the CBDA and THCA were reduced for 88.08 and 88.30. Additionally, these substances
were slightly found in the boiling water. For stir-fried, heat was found to increase the contents of CBD and
A9-THC for 110.12% and 260.31% and also reduce the CBDA and THCA for 94.11% and 56.62%. Lastly,
deep-fried process affected the reduction of the cannabinoids content compared to the fresh leaves, but
some substances were detected in the oil. The exposure assessment to A9—-THC from cannabis in food
based on the acute reference dose of 1 ng/kg from the EFSA showed that the consumption of one fresh
or cooked Tanao Si Kan Dang leaf contributed to Margin of Safety (MOS) during 0.05-0.22 (MOS < 1),
thus this A9—-THC exposure did not excess the safety guideline. However, consumption of the developed
strain leaf led to MOS 0.01-10.62, showing that the exposure to A9-THC exceeded the guideline or could
significantly cause the adverse effects to consumers health. Therefore, when consuming for cannabis in
food, both the amount of existing substances and cooking processes should be awared before taken for

safety concern.

Keywords: Cannabis leaves, Tanao Si Kan Dang, Cooking process, Cannabinoids
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UNAMED @a5luu 17a-estradiol, 178-estradiol waz testosterone LﬂuaaﬂuuLWﬂﬁv'imﬁwﬁmuqumm%ng
DITUUFUNUG TIndeainadamsuaasanenseatnandauazinae Jagiuwuihiimsihaaslaumadunsnzy
anlFlumsinzdsdoih lesmmnzmsnzidswmiavazuamsauuumeiien Tagld testosterone wilaniliiin
Uanilaines] uas 178-estradiol tiioliiAaamuamedis mauawaaslulupnsananaliiiemsandsluilodod
wardunadaw dualiiernudsdegumwaasiuilne faiidammuannamwglsl (EU) vszmehalsaaslay
Fananlumahdadafuasiinsdesdonih madnmiliiiagussmdilonannuasmasauanugndaswasiziinnsy
sanguaasluuine laud 17a-estradiol, 17B-estradiol uas testosterone lutilatm demaiin UPLC-MS/MS
Minaunalaglyd procedural mixed standard calibration curve wui1 LOD waz LOQ Wu 1 uaz 2 lulasniu
ganlanu euaiau FmMAeNziagsznin 2-100 lulasnsuaanlanin @ coefficient of determination (R?)
AT 0.999 ANNUIULTAIEIE s%recovery DEluzIN 89.7-114.0% WazaNmiesudaadie %RSD agfluzi
3.5-26.5% udaslifiuiIsleneiiiamu g wiug thidede vansandmiuldansdensiluiasjiams

ﬁ’lﬁ‘lﬁ’iy: 170a-Estradiol, 178-Estradiol, Testosterone, aa‘ﬂuu, UPLC-MS/MS
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Method Development of Hormones Determination by UPLC-MS/MS

Suwimol Muadmah et al.
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dunwus nszaunsiasudulazealdluseld wse

k] 9
¥

aueegiludume (Sand gasluumnea Jaag
1uﬂéuﬂ1‘iﬁ1ﬁﬂiﬂﬂﬁ€laﬂuu (steroid hormone)
ilesahaihneiugueasaidiiesasd gnduass
Tnsilnalaaansoa (cholesterol) Wuansaacy laud
estradiol (17ua-estradiol wag 17B-estradiol) (Elu
gasluuwand ﬁm*ﬁhﬁmuQué’nummwwmﬁmaz
Snnanaasruuduius® uay testosterone ¥4
Wugasluumane® Jaytugasluunadanszid
funumlumswannszuuEsmuuumedsmia
wlaatwalaweniia (mono sex) BEHNUNWIVAIE
iasmndasmstiinnandalumsmnzides deuh
ToamauauzasTuumaluamsdmiugnian e
wifignhmadanluszesadalifimswanmense
seazgaliuasgulwldiwalarainiidasnis®
Femsinuinnlumsinzidsaaiiawazlamae
‘?%uﬂuﬂmtﬂmgﬁaﬁﬂulmﬁﬂuwaztgﬂqﬁuaﬂw
wnsuaenainemamuazudlnamnziladisanaa
agn®® TaghlddariiamwagTonalvajuas
wsadule hahwede dissnnumiamediodas
Towasnudnlvalumswannmadauiuganonilyd
Tumssadula®” Jeiimsldaasluu testosterone
wilenhmadariialiifuwad® dudamue
waialagsssnmasiomnaluainnwe loauweaiia
fhnauszanm 17-20 wudiwes thwn 95-125 n3u
Tunausiwagfnnadies 15-18 wudwas hmin
60-95 n3u® fimsldzasluu 178-estradiol Fuilu
gestuuwadiamienwalamuslidumweds

mathaasluuduanzinldlumsmnzdes
Fo1uh oaneliietummsludlevsasaasluy
TuaIMsuazaNndeN Wy uaahvsefudniy
MINUNBAITNTIN ANBNUNUMITTzTNITDS LU
agluasnauninnssiaasslar Taswuaasluy
INANENYTA estrone dxanagluaznauy 0-0.17
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luTasnsuaadlansy wazasanlulan 0.09-1.24
luTasnsuaanlansn™® wunsanaezasaasluu
i estriol luthusnameanidaninssaniuay
¥ay3 0.001-0.063 lulasnindailansn Tuhmsia
USIMNIUMNA 0.001-0.004 LulasnIuaailansu
°1u‘wammaq;j (Pernaviridis) 0.001-0.153
lalasnsudanlansu? wasiissnunumsanaig
testosterone luwdanAmsivaranaaranian
iaangslals Ussnadine ldun wasinasum gniutm
wazUaumy 0.1-1.32, 0.01-0.20 Wag 0.13-1.28
Tulasndudanlansu awaau©? Taamluaywd
wazdaiasnsoduaasluudiuiueannTNMen
Uasnzuazganszla®? wimnuywdladuiansa
wlnailadasiuudaugedluumniunedanasay
anafinansznudaguMnlaswzssuuFUNLS Wy

s

e Isuiayasluansisnmsgwug teasnas
wmaildenananisanszaunsdamziaaslay
alasaN (estrogen) lusrme wazluindne
2IANUNNMIENTANDBHYBITIUIUNIBAMUNINY B
agRana" Msaldesaadaaslauyiia 178-estradiol
WINENGTNMERAANIZUIUMS metabolism Ty
estrone waz estriol fgnatiuasnanzSaudun®
M3ANANNYIERSINY testosterone §ANNLEE
damaifunzdeludamhuy thauagn uagn uas
dangnuann Mvtanuduazmehgisndywug
152? Tag Joint FAO/WHO Expert Committee
on Food Additives lamwua@ acceptable daily
intake (ADI) vaedsdifiasaadansluy 178-
estradiol 71 0-0.05 ug/kgbw/day uas testosterone
il 0-2 ug/kg bw/day tiladumsithseSamanseny
dogumwayud©® lusasiianmmelsy (Buropean
Union; EU) laUszmenuldaadlaunavnue 6
%o lown 17B-estradiol, melengestrol acetate,
progesterone, testosterone, trenbolone acetate
uat zeranol lumsuadauasmamnzdasdorfh
iaUnilasnguaunsinsdamslasumsaieasosd

n‘I v < ﬂ'ﬂllly 1o a [ ((17)
FDILNU LTU LOANEN NL“ZI']Q'JEILQ?@WHD:
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waialumsanaiensiasnguaissase
gasluulwiladativearnuas dulngisnesia
Ienzdaramaiia GC-MS/MS w3 LC-MS/
MS uannniansaasadnnzdaailuuldae
(nAilA thin-layer chromatography (TLC) i
Wumsienziidqanmwlianadansesldad
0137 910190 wazaPNLANiraIaaatela
wiaunu"®'® maila enzyme-linked immuno-
sorbent assay (ELISA) #ansoldlumsieszi
TugUuy semi-quantitative ANFONAANIOTI9
wuluszduauasiinnuinwisgs udiidasnda
fa 1 gansra aansnssyldiies 1 afamsihiiy
wlifienldhege Tuaunu Junfasmaed was
Aoliiin waste SMIUMNIN FeneTIINUR DY
fnsfudunadnasediamaiaiugs maia
GC-MS/MS %38 LC-MS/MS flunsasiaia
meaadalszy anuanuwzanuligy snse
asafufuriio uariasinumsionanuldgndas
uauen mmsaLmﬂawsﬁauiaaaﬂawﬂawsﬁﬁzjm
Tassaulnsidssvsaduanasumule mlvasiaie
Tafiszduanududuamanzdmiunsnsiass
ilioyanalildviolifirivua uddodiazes
inaila GC-MS/MS #s ssihanienzidaaiiy
msﬁszmalﬁ (volatile compounds) s'z’;qmsnzg'u
siigsaedgasluuiianusansolumsszvea da
mslengidasiumsieienasliaglugui
sualade laamsmaywusamaljisenaiivie
nszUIUMs derivatization nauasiaia Feauwda
maazaldie > nafla LC-MS/MS
G208197 HIUNTZUIUNTHRAUFIFINITOATIA
Ienedlalasass §anudzaIn 539157 @50
Sienzdgasliunarerinlandauiuluadadon®”
siinauMWuLazaNNUaaaNEaINI NIAINENMENT
msunng Feldinmeiiainldwaudzdmnzsd
asnauaaslau 3 wile laud 17a-estradiol,
17B-estradiol wac testosterone °lmﬁyaﬂm
Wasessulszniavas EU lasldindasiiaddl
Uszdndamgs As UPLC-MS/MS vinsusu

dnziA3esiie waz mobile phase TAwmanzan
ialianinsaiensiusnsiiauwazUiinasasluy
17a-estradiol uaz 17B8-estradiol aanannule
iWasnniszmaes EU saphwldmssiio 176-
estradiol aeENgARY TINBIWBIN ININIAIATIEA
T@luemandagiueh ddiumanadauamagnadasung
809193051y EURACHEM Guide 2014
iafufuhistemugndaaningay Faiwannzuil
Feanmsan lUlFlukest fodnmsiauszTand
Tumsithssvanadasanelvinuguilae d199
ﬂ%mmmsﬂmﬁauwmmsnduaaﬂuuiummmax
faunedan lddayaszdumstudiauvassasluy
wazihlumuaumsldasnguaasluuatingnass
Tiumeamsinyasuazgaannssy udslddaye
USinamsandngesluuiiemvuamuinugege
fnmanuluemsuazdanadaniiesasdungmans
Tudszmealng

’S’aq WazIaNg

d13LANUAZEIININIFIU

d15tAd: acetonitrile (HPLC, Merck,
Germany ), hexane (HPLC, Burdick & Jackson,
Korea), methanol (HPLC, Merck, Germany),
formic acid (AR grade, mmu’%qm%mnh%’aaaz
98, Fisher) waz DI water (Type I i resistivity
> 18 m{.cm)

30955 U: 17a-estradiol, 17B8-estradiol,
testosterone (Manualfundnfusizas Dr.
Ehrenstorfer GmbH, mmu’%qw%wmdﬁaaa: 95,
Germany) Wwaz internal standard zeranol-D5
(HANAUINYDI Witega Laboratorien Berlin,
mwu‘%qw'%mmiﬁ'aaas 99, Germany)

NILEIBNEITAZAIININIFIY

38y stock standard udasafiafeNNE L
1,000 lulasnsudaiadans Tm%"qmsmmgm 10
N9dn3u azaN8eIE methanol 10 §adans HI1EN3

151 1 U 19383 mixed intermediate standard
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Teendaan stock standard 3 #ile nanaenulile
AnuENTy 10 lulasnsuaaiiaddans 11 methanol
H21gmslednu 3 tiau w38y mixed working
standard @NWNTY 1 war 0.1 lulasniuda
198803 1y methanol dengmsldnu 1 ey
1383 stock internal standard ANNINYU
1,000 lulasn3udafinaans 5ans 10 Naaniu sz
M8 methanol UsuUsinasilu 10 Nadans wien
intermediate internal standard 19#38214 stock
internal standard Tsileanuugu 10 lulasnsude
108805 11 methanol wazt@38n working internal

standard anNwxdu 1 WWlasnSudaiadans lu
methanol #mnamsldnumuluiuses

= -~ P
Lmawauazqﬂﬂsm

1
[

3aedelnihewazidea 0.001 n3u
(Sartorius, 31 LC 620S uag 0.01 4adn3u
Sartorius, 54 MC 2108), LA3asuaiiy (Tefal,
DPA130, France), refrigerated centrifuge
(Hermle, Z366K, Hermle Labortechnik,
Germany), shaker (Yamato, SA300, JICA,
Japan), vortex mixer (Vortex Genie2, G 560 E,
Scientific Industries, USA.), nitrogen evaporator
(Organomation, N-EVAP 34 position,
USA.), nitrogen gas (mmu’%qw%wmdﬁaaaz
99.9), micro pipette 2110 2-20, 20-200 LaE
100-1,000 lulAsAAS (Eppendorf, Research plus,
Germany), screw cap centrifuge tube 2u10

50 Naaan3, glass test tube 2UIA 10 HadanT,

micro-spin filter tube 0.20 lulastuns 2 PVDF
(Vertical, Vertical Chromatography, Thailand),
cellulose nitrate 2UNALFURIUAUEININ 47 HAFNAT
0.2 lulasiuns (Vertical, Vertical Chromatography,
Thailand), HPLC vial &1 2116 1.5 188805 Wag
solid phase extraction cartridges (SPE) Oasis
HLB 6 cc (200 #aan5y) (Oasis, HLB, Waters,
Ireland)

1A384 Ultra Performance Liquid Chroma-
tography (UPLC) 34 ACQUITY UPLC I-Class
(Waters™, USA), Zorbax SB C-18 (150 mm x
3 mm, 5 um, Agilent Technologies, USA) Toa
anmzgunnizesnaani 40 BIALEaLYEd injection
volume 5 lulA5805 deionized water {1 mobile
phase A 18z methanol 1{l1 mobile phase B
msusnansnguaasluwiuwuy gradient Gauaea
Tumsai 1

1A389 Tandem Mass Spectrometry (MS/
MS) #ii@ Triple Quadrupole Analyzers 3u Xevo
TQ-XS, (Waters™, USA) l#naiia electrospray
ionization (ESI) multiple reaction monitoring
(MRM) mode ssugaslumwdi 1 Taafiane
Polarity: negative & positive, Capillary voltage:
3.0 KV, Cone gas Flow: 150 L/hr, Desolvation
temperature: 500 89 LHaLHed, Desolvation gas
flow: 800 L/hr, Source temperature: 150 L/hr
Tagiiniinas mass spectrometer AIUENLY

o
MINN 2

#5190 1 Gradient UPLC conditions émﬁ”umsnajuaaﬂuu

Time (min) Mobile phase A

Mobile phase B Flow rate (ml/min)

0.0 50
8.0 35
11.0 25
12.0 0
14.0 10
16.0 10
18.0 50

50 0.30
65 0.30
75 0.30
100 0.30
90 0.30
90 0.30
50 0.30
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==3 l Shabex l Potential OCBorrier  RFBarrier  Toscanning
@ Lowm/z lon ~ ~ Quadrupole
@ Intermediate m/z lon (MS2)
3 @ High m/z lon *
W Dynode Storage Region Ejection Region
(a) Traveling Wave

a - 2 —

-t
Traveling Wave

PR RO T O -—

Traveling Wave

s it e st -—

-
Traveling Wave

(b)

MWD 1 wdaenNI5m9IUZed MRM mode (a) wazn1syNIuaed ScanWave collision cell (b)
(MNNINBNEITNTUTIENBVDIUIEN WatersTM, https: //doi.org/10.1039/C9AN02145K)

@19199 2 The specific MS/MS parameters for hormones

. . Cone Collision .
Parention Productions . Transition
No. Compound Structure voltage energy ESI polarity
(m/z) (m/z) type
V) (eV)
1 17a-estradiol 271.2 145.0 -2 -28 Negative Quantification
271.2 239.1 -2 -42 Qualification
2 17B-estradiol 271.2 145.0 -2 -42 Negative Quantification
271.2 183.0 -2 -40 Qualification
3 testosterone 289.4 97.1 38 22 Positive Quantification
289.4 109.1 38 20 Qualification
4 zeranol-d; 326.2 264.2 -48 -24 Negative
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MIE1NUAENITLAIYNAIDEN

Fiilauanfiatfiudiuny (representative
matrix) TuMINATBUANNYNABIUBNIZINATIEH
Togldmaadmiia Uszauna 1 Alansu Mnaanada
uatamziladuiinuld daduiiiuliuuazwiaan
wudadailuiurunadn vadewiasuailuay
szBaauiiodeiy nageumiBaiateiinsa
Taiwumsanamzessnsnguassluu a1y ma-
trix blank Tumsnagaunnugneewaisitanzy
fiwann

MILO3ENGIDENT F9628819 240.005 N3N
891U screw cap centrifuge tube 2110 50 Ja3a0S
\§ internal standard fienaEugy 50 lulasnu
@anlansu way DI water 500 Iulasans wanlvitdnnu
aaislifigamgivias Wuna 15 Wit Mnlluda
methanol 10 7183305 WEAELAIDY shaker Ty
a1 10 W ﬁﬂﬂwumémﬁmwﬁa 4,000 58U
aowil aamail -4 asenwaded (Wuna 10 Wil
Q% methanol nanwaldluvaan centrifuge
tubes @fA?1628 methanol 5 Haaans Ny
Whanaleng 2 ads HansINA UGN hexane Budace
methanol 10 §ada5 wanlwiznou 1 1i wazihly
mgumi’mﬁmmtf%a 4,000 59UGDUIT QU -4
asrnuaidea 1unm 10 1fl gy hexane i
uargaty methanol 7.5 fiadans 1alu test tube
PUA 10 NBAAAT 2B nitrogen evaporator
flgaumgii 40-45 avnuaides Tiindatszanm 500
lulasaas @u DI water 5 Nadans uanliznnu
1 17 wazhms clean-up esnanals ey SPE
Oasis HLB 6 cc (200 §88n3%) ‘ﬁgﬂ pre-washing
a8 methanol 5 183305 wae DI water 5 198003
auaeu nniuldansazmefiatalanauaadly
cartridge 8N cartridge @8 acetonitrile: DI water
eI 20:80 USHNA3 2 F93305 waz eluted ae
acetonitrile 10 iada03 loemnaunaudasmuanl
fisasmslvasmingus uay cartridge lausts tfu

a

eluent lu glass test tube 2119 10 Hadans 1Y

a

SEVEAY nitrogen evaporator ﬁqmwﬂu 40-45

U
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svrnalded TWuie ntuazansansianalaas
0.1% formic acid:methanol 8®5187U 65:35
U369 1 1938605 N39360U PVDF filter 2110 0.2
Tulaswes wazih ldamaiwnevisiiouazUSaname
LA3D9 UPLC-MS/MS

msﬁ'mm u,a::‘nmaa‘umwgnﬁ'awaﬁ%ﬁmswﬁ
(method validation)
MagN
v & a < Y
IﬁtuE]‘lJaﬁuaLUH@]'JLWIHIHﬂW‘J‘V]ﬂﬂE]Uﬂ'NN

9NABIYDIID

M53tA312H method blank 1as matrix blank

31A572% method blank laganaaInid
Sinediiwanngldasiaiinauaudlidinmsid
MBENN AL matrix blank leganaalngns
dleumitlifimstudiovsasmsnguaasTuuuasdy
internal standard #isz@uanugugy 50 lulasniw
danlansy anamudEiiaseiinady antuia
#1580 method blank Waz matrix blank L“Zgl"ll,ﬂ%aﬂ
UPLC-MS/MS titafiansanhi m/z vwia peak
SUNIUNIAT retention time AIIAUAIUVU

asnasgIungnaasluuniala

mMnadauanuiuduassainsinasgiuuas
matrix effect

m%ﬂumiasmammgm 17a-estradiol,
17B-estradiol waz testosterone ANNIANAU
7 520U oA 0, 2, 5, 10, 50, 75 Waz 100 WIIUNTN
GaNadans L@N internal standard @NwLYNIY
50 WlUNSuABNARANT ludSavaI8NEN 0.1%
formic acid:methanol 851§ 65:35 d5MNATIN
N19IFIUILNIN concentration ratio (UAU x)
N peak area ratio (LAY y) BNEITNINTFIUAD
internal standard fnemdnlszansmsdagula
(coefficient determination; R?) tnawsigausu
> 0.951%% @i residuals plot il calibration
curve WULldUATI UaLNAFDU matrix effect U

AUNBUAD LU
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Ne&aU matrix effect loewa3an standard
on matrix®” TWlseauaNNENIUAN q Wilauny
msasmﬂmmgmﬁﬁmﬁwmmgmuauau
internal standard lunnvasa a5nsiaNy
FUNUSTEWINNANNENT YD standard on solution
(U x) Nustandard on matrix (LAY y) NOFDUANIN
Hhuduasiaznagauranuday (confidential
interval; CI) 2a9@anuzy (slope) lag@ CI faq

CIsIope

Wa b slope

t(o.os, n-2)

S,

y/X

S

S -
LN D A ok

slope of matrix

Ay 1 Feudaehlaifl matrix effect Gaaumsfi 1
WIDMMSNAFDU matrix effect (%¥ME) 91 %ME
1UpENI £20% WFANIIWNSNE I TNansENUaINITD
1% standard on solution 81 %ME annni £20%
LEIININNZNETHANTENY GaaumsT 2 Gaudps
i@anld standard calibration curve fitwsnzaxN

Minadsinaasluaadg

bi_t(o.tm, n—Z)Sb

t-distribution (two-tail) NszaUAMNTDNYU 95%, degree of freedom = n-2

standare deviation 284 slope

duNSN 1

% ME = (

-1) x 100 JUMSN 2

slope of solvent

A58 %ME (Huununnni 20% waaeine

msidsudanulaaay (ion enhancement) wae
< v U 1 a

N %ME Uuauuaani -20% LaanmNILAanIIne

danalesau (ion suppression)®

NMINAFBUANNINNIZLAIZAN (specificity)

NedaU matrix blank a8z matrix spiked
TuLﬁaﬂawﬁLaumsmmgm 17a-estradiol, 178-
estradiol, testosterone L8 zeranol-d5 ANNTNTY
50 ng/g MU 3 1 1hhiasas UPLC-MS/MS
é’aﬂama:ﬁmmsau TagWasa matrix blank
aaslinudyanaiiafiossiuasnaulauwss matrix
spiked ‘zlmmimmgmﬁq 4 %1lo SINTouaniaaan
nnnule

11585190371 11035574 (procedural mixed
standard calibration curve)®”
%9 matrix blank MUY 7 19D LANEIS

WM 17a-estradiol, 178-estradiol uaz

testosterone 7 7 SEAUANNINIY 0, 2, 5, 10, 50,
75 war 100 NIAININABALANIN waztdn internal
standard N5£eUANNTNTY 50 LulASNSuGD
= -7 -7 o = 13(
alansu lunnvasae anauwasmliuigndmiiau
MSENAAIDEN PNUUFINNIINIINTFIUITEHIN
concentration ratio (4N x) NU peak area ratio
(WU y) PBNEITHINTFIUAD internal standard
&y % [ Vv k% o U 2 4
guguaNNduduasearsmsawIume R e
#aN5u > 0.951%%

[~ £ ] = I'd
MINAFUANMUULTFUANTI UazAIINITILATIE
(linearity and working range)

LANENTNINTTIUN 3 e ANNETNIY 0, 2,
5, 10, 50, 75 waz 100 WlAsASNGBNlaNSN avlu
matrix blank wazl@y internal standard a1
v v [ 1T a w a r'd
W 50 lulasnsudailansy lunnvaae Itasci
LOUAT 3 7 MAUUFTNNIINANNTNNUSTEHWIN
concentration ratio (AU x) AU peak area ratio

(Wi y) ﬂaamsmmgm(ﬂ'a internal standard
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=~ 4 I 4 v ° v 2 4
gusueNNUUEFUATNMENMTAMUINNAT R® 1N

#ONSU > 0.951%% ards N residual plot

MIFTANNAYDINIINTIANY (limit of detec-
tion; LOD)
nadaulagliNaTINAITIUN 3 e Nenw
¥y v v a o .
Wadue 1.0 lulasnsuaailansy aely matrix
blank (azta internal standard N5eAUANNANTY
o T A w a I'd %’ tz{' Y v
50 lulasnsuaanlansy ey 10 9 wahlanas

TWideyanae signal/noise > 3

119BIAANNABBINIIIAEIU NI (limit of
quantitation; LOQ)
nogaulaginasnasun s il Henw
wWudy 2.0 lulasnsuaanlansy aely matrix
blank L% internal standard ﬁisé’fummtﬁuﬁu
50 lulasnsudailansu Sws1zef 10 T wazen
USuaudSeueunu calibration curve ﬁﬂﬂﬂ?u
M %recovery, %RSD waz HORRAT laginot
gouFuALAAY %recovery Bgfluzig 70-120°%)
%RSD fszauanuniucn 10 lulasniuda
Alansu < 309 uard HORRAT (Horwitz ratio)

< 2@ gyar HORRAT anaums

Experimental RSDr
Predieted RSDr

HORRAT =

NINAFAUANINUNULAZANNTEY (accuracy
and precision)
maaﬂﬂmaumimmgmﬁy’q 3 %ila Nsziu
ANNWNAY 2, 50 war 100 ulAsnSuaanlansu
1§ internal standard Rsz@uAMNTNTY 50
lulasnsudanlansy aely matrix blank 3t@5eH
suaz 10 % NatumnaUSINaSsu@oudiy
calibration curve MinALRAY 9%recovery, %RSD
waz HORRAT Toginamisaniuaiaas s%recovery
agfluzie 70-120°%" %RSD fiszduanuuudu
g 10 lulasnsudanlandy < 309 uas
@ HORRAT (Horwitz ratio) < 2©”
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asUsztinaIaaliwivauaInIsILATIER
(uncertainty)
msUsziiivaanyliniuauzeinsinc?
ailsBauvaszasanuliwivaunnnounas laun
wwin U3anes ANNINAITFIU AMLE LazANLL
Aamenylaiwivausinnaine ntumen
enulaiivausenaiissduanuEanu 95% (k=2)
iemsusziivananulaiutiuauseinisiaszi

Qddl v
a¥Shlenagau

We

Han133tA318% method blank waz matrix
blank

WU method blank &z matrix blank 284
il Taiwudaanasuniuiisl m/z uas retention
time (RT) aNAUaININIIUNNGTHA Gauaaaly
mui 2 udeshasaiinmsefildlumsanadet
e matrix blank wamﬁaﬂmﬁmumimaaum’m
5ud hivuidlaveasmsnguaeslay

KANINAFAUANINIIULNILLAIZA

matrix blank laiwuduanaieiinsaiuansd
aulauaz matrix spiked ﬁtaumimmgm

170-estradiol, 178-estradiol, testosterone
wae zeranol-ds ’lmf‘jaﬂm WNUDMFNTOULNNA
289 3IAITIUNG 4 File sannduld Taadie
retention time 11.98, 11.60, 13.42 (& 11.16
auaey sauaadlumwii 2 ugesdsmsnasauil

FaNuNnIzazas

Nam‘mmaaumnsznuwmmw‘%nﬁ

HaNSNAFBU matrix effect wuhanaiu
LUASI2BNES 17a-estradiol, 17B-estradiol
uaz testosterone lu standard on solution AU
standard on matrix HAANNAUANAY GILFA
Tumndi 3 waziiedeanudesu (confidential
interval; CI) 289028 %U 17a-estradiol,

17B-estradiol uae testosterone YA 0.34-0.37,
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0.11-0.12 @% 0.16-0.18 MNAAU FeMAaNNTUN LA
laingu 1 uaasnm3ndiilalaniinansznuadneiive
SAUNNEDH wazlinadamNeNziLuunaFyaNM

(suppression) lag %»ME 28461594 3 &5 Jan

Uoan1 -20% AUEIlUMINDN 3 AIUUMITIIN
NNNINTFIU EIUSUNMTNAFTBULLEDNILUU

procedural mixed standard calibration curve

Method blank

Matrix blank

g7 1784

m,q{ 10.92 44441240 12881357 1401 1518 167016,

17P-estradiol

T
1342
testosterone

B e o s b s L L s b e

2w 2 Tasunlnunsuzes method blank, matrix

uannadauanNiudunsuainsNNassIU
NININIFIUANNFNNUSITHIN concen-
tration ratio NU peak area ratio 2a9aNININIFIU
17a-estradiol, 17B-estradiol w8 testosterone
FnanNENTu 2-100 lulasnsuaailansy danw
I v = 1 2 v @
Wuduass Tasdien R? iy 0.9999, 0.9991 uaz
0.9996 MNANGU FWGNTINMINLBNTUN 0.951°

KN INAFUANMIMEUNTILALE1MTIATIER
NNNNAIFIUANNTNNUSIZHWIN concen-
tration ratio NU peak area ratio 484N ININIFIU
17a-estradiol, 17B-estradiol tag testosterone
Tugranududy 2-100 lulasasudailansy
T I v 1 P v v [
nundenududuase Tega R? whlna 1 whnu

0.9971, 0.9942 LA 0.9738 MNAAU Laz residual

min

LA AR LA L A LS ML LA AL LML LAARS e A

blank taz matrix spiked §13310IFIUNN 4 %A

v = I £ =
plot tdunsnTanuiluduase lasdimsnszaeves

y-residual plot iauﬁwgus‘f AIULFAS LUMND 4

MInadaudannaraenIsnsIany (LOD) uaz
AeNneasmadilsana (LOQ)

We LOD waamin&juaaﬂuuﬁy’a 3 #ile wun
whu 1 lulasnSuaanlansu Taalvidyana signal
to noise T 14.5-70.8 FINNNNATITIVUA
fa 3 dwe LOQ whnu 2 lulasnsuaanlansu
HamMIgata LOQ lagmsiinanssnasgu ez
10z wuhilenuwiuiussivanaimas %recovery
Tuz9 91.9-113.7% wazaNNHEn %RSD was
HORRAT lu%4 5.5-26.5% W 0.2-1.0 MNAIGU
Faudaslumsad 4

NsasnsHANenendasMsunng
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(a) ; _ ;
. Matrix Efflect of 17Q-estradiol Y = 1.565x - 00207
R? = 0.9993
3.0
0
=
€ 20 y = 0.558x - 0.0022
[15]
[
= R? = 0.9999
~ 10
©
[}
o
0.0 ¢
0/0 0.5 1.0 1.5 20 25
-1.0

concentration ratio

b) Matrix Efflect of 173-estradiol
y = 4.4186x - 0.0794
0.9978

10.0
R? =

©
o

o
o

y = 0.5158x + 0.0049

peak area ratio
EN
o

20 R = 0.9991
0o 05 10 15 20 25

concentration ratio

© Matrix Efflect of testosterone
200 y = 9.3198x - 0.0561
) 2 = 0.9991
o 150
2
©
© 10.0
o y = 1.6007x + 0.0247
X
o 50 R? = 0.9996
o
0.0
olo 05 10 15 20 25
5.0

concentration ratio

i 3 anuihudunsevesas (a) 17a-estradiol, (b) 17B-estradiol taz (c) testosterone

Tu standard on solution NU standard on matrix

@519 3 A %ME 28961504 3 #1ie 11 standard on solution NU standard on matrix

Compound % ME Evaluation
17a-estradiol -64.3 suppression
17B-estradiol -88.3 suppression
testosterone -82.8 suppression
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Linearity and working range of 17Q-estradiol Residual Plot linearity and working range of 170l-estradiol
1.40 03 -
1.20 . *
1.00 ‘/
o _a y = 0.637x - 0.0096 01 -
s 080 —
5 - R? = 0.9971 El N A A
0 060 A ke A T 2 4 yy )
2 04 g 05 1 15 2 25
& 040 01 A
2 _
0.20
A
000 A4l
0.20 0:00 0.50 1.00 1.50 2.00 2.50 03 J ) )
concentration ratio concentration ratio
Linearity and working range of 17f3-estradiol Residual Plot linearity and working range of 17f3-estradiol
1.20 0.2 -
1.00
0.80 01
kel A
H _ _ A
S 0.60 A y = 0.5523x - 0.0016 g N " A
g Y R? = 0.9942 S 0 Mk : . 4 —~ )
~ 040 2 05 1 15 2 25
54 A
2020 01 A
0.00
020 0 0.50 1.00 150 2.00 2.50 02
e concentration ratio
concentration ratio
Linearity and working range of testosterone . . . .
ty S rang Residual Plot linearity and working range of testosterone
4.00 1
o 3.00
=1
© A 05
® 200 = A A
© y = 1.559x + 0.0197 > A
x 2 0 e T 4 T 'y 1
g 100 Re=09738 g 05 4 15 2 25
A
0.00 A& 05 4 A
0.00 0.50 1.00 1.50 2.00 250
-1

concentration ratio concentration ratio

AWM 4 DNNINATFTIUANNTNWUTIZHWI YD concentration ratio MU peak area ratio ADBIEITHINTFIU

17a-estradiol, 17B8-estradiol, testosterone wazn3s@nA N (residual plot)

MM 4 MSNAFBULANNAVBINMINTIAINY (LOD) tazdannaaaam5Iadeusana (LOQ) 289msiaszy
g5 LU

17a-estradiol 17B-estradiol testosterone tnawgaNsU

Limit of Detection (LOD) 1 pug/kg

Range of S/N 15.6-32.1 46.1-70.8 14.5-23.0 S/N >3
Average S/N 23.4 59.0 18.5 S/N > 3

Limit of Quantification (LOQ) 2 pg/kg

Average conc. (ug/kg) 2.3 2.1 1.8 -
Recovery (%) 113.7 104.7 91.9 70-120
Relative standard deviation (%RSD) 5.5 9.7 26.5 < 30
%RSDexpected 26.9 26.9 26.9 -
HORRAT 0.2 0.4 1.0 <2
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NINAFAUAIAINUNULAZANNLT B
MINATAUMANNUHLLAZANNTIENadET
SLAUANNINIY 2, 5 waz 50 lulasnsuaanlansy
anuENTuay 10 % Mfeenawiy (accuracy)
uan4lae mean recovery UaNa1T 17a-estradiol,

178-estradiol 8z testosterone agﬂuﬁw

107.6-113.6, 89.7-114.0 W&z 91.9-107.0%
U B4 gerecovery NnszAUAMMENTUDE U
MsEPNSY 70-120% waziiAnuiiies (precision)
wanslas %RSD way HORRAT #eagluzag
3.5-26.5% WY 0.2-1.0 MNAIAU AR Y

M15199 5

MMM 5 HAMINAFDUMANNUNULSZANNLNLN (accuracy and precision)

] %Recovery
Spiked level
Compound (n =10) Mean+SD 2%RSD %RSD xpected HORRAT
(ng/kg) .
(Min - Max)
2 102.4-119.7 113.6+6.2 5.5 26.9 0.2
17a-estradiol 50 87.6—118.7 107.6+9.0 8.3 16.6 0.5
100 98.8-118.6 110.7+5.8 5.2 14.9 0.3
2 85.7-118.6 104.7+10.1 9.7 26.9 0.4
17B-estradiol 50 77.7-105.4 89.74+10.2 11.4 16.6 0.7
100 106.4-119.0 114.0+3.9 3.5 14.9 0.2
2 60.2-118.7 91.9+24.3 26.5 26.9 1.0
testosterone 50 71.5-119.1 107.0+14.4 13.6 16.6 0.8
100 83.7-116.6 101.4+14.1 13.9 14.9 0.9

uansUszanma AN laiLivauTaINISIATIEH

819 17a-estradiol, 17B-estradiol uag
testosterone Elul,i”:aﬂmmml,uwm ISO GUM
Approach wuunasfisnzasenalaiuivay laud
mHathmin volume of dilution sample ANMENTY
ﬁé’mm’ﬁnn calibration curve (concentration of
sample) anufigauazanaiissuaInaase e
Anal relative standard uncertainty Wagnan 20%
wazAANN LU uauEN8YDIENS 17a-estradiol,
17B-estradiol tas testosterone WNAU 8.5, 10.2
LAY 25.5 MUY TIsTAUANNEDNY 95%, k = 2
aaudadlumsed 6 uazmui 5 sul3auiiiau
Fadumeanuliuduaunnunasenaliuiueud
dNuanaUSINMES 17a-estradiol :nana lumiiae

k4 1 l!' v v l!' 1 v
lawn anuies (47%) anududunaiulaann

MNsasnsnintengasmsunne
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calibration curve 5063 1U (30%) ety
NN (11%) mﬁ%"q‘tfmﬂ’n (10%) wag volume
of dilution sample (2%) 17B-estradiol loun
aniEs (51%) anudaguiauldan calibration
curve §13NINIFIU (31%) anaiisauunaas
(89%) MsFahmiin (8%) uaz volume of dilution
sample (29) 13U testosterone leun ANuLiea
(66%) AMUTBIUUIINADZ (14%) ANNTUTY
‘ﬁ'a"luv[ﬁlﬁnﬂ calibration curve 30103537 (14%)
MW (5%) waz volume of dilution sample
(19) daudaslumwii s TOgN MR NINENHIGFTNND
29 AN L uaUApIiiAiaend) predicted
Horwitz’s RSDR x 2¢9 iiafiasanwuieens
Tiuiueuenefisziuanud@aud 959 fehiiaanih

WNUREBNIU (16.6 X 2 = 33.2)
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M51N 6 AsUsEINaA NN L NBUYRINITIATILWAIS 17a-estradiol, 178-estradiol way

testosterone
17a-estradiol 17B-estradiol testosterone
Source of uncertainty Unit
X u(x) Percent x u(x) Percent X u(x) Percent
ms#ahmiin g 2 0.03 10.0 2 0.03 8.0 2 0.03 5.0
Volume of dilution sample mL 2 0.01 2.0 2 0.01 2.0 2 0.01 1.0
Concentration of sample ng/kg  53.31 2.21 30.0 48.26  2.60 30.0 59.39  2.44 14.0
ANNLTE % 100 6.46 47.0 100  8.85 47.0 100  18.89 66.0
ﬂ’J"INL‘lAJ;EI\ILUu‘\Nﬂ?hQ%\I % 100 1.48 11.0 100 1.48 8.0 100 3.84 14.0
- Combined relative standard ng/kg  53.31 4.2 100 48.26 5.1 100 59.39  11.7 100
uncertainty of sample conc.
- Expanded Uncertainty 8.5 10.2 23.5

at C.I. 95% (k = 2)

17a-estradiol

o
ATUNER
47%

o e
ATULUEREUUITARTIT
Conc. of sample

30%

mstahmin
volurfie of 10%
dilution sample
2%

17B-estradiol

]
ATTUNE

51%

a4 » o
ATTUELERLUUITNATIN

Conc. of sample 8%

31%

MITINKID
volume 8%
dilution sample

2%

7N 5 dadueerUsenauwniasnnu il uaueInIsItAsIEas 17a-estradiol, 178-estradiol

Lae testosterone °lmﬁmjm
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o
ATIUNE

66%

aandsamnumnniat

volume of
dilution sample
1%

MW 5 dadrueertsenauunatnnyliuiuauyaInIsItAIEas 17a-estradiol, 17B-estradiol

waz testosterone lutifauan (dg)

a 4
AU

asnauaasluunAnIaaLiesadansluy

v < a v J
Hlasanuthnanuazlsingn Ussnauas msuay
18-21 9adN lFlAAULAZDNTEAN 2 AzaaN N
aaanUduanslaufian (hydrophobic) azanalad
Tudmmazaedunsd laammzluiuuazuaanaaad
nnMsanNUIEaazarantanlglumsana
asnguaaslaund laun methanol®*** uaz

ethyl acetate®” laganwiz methanol Aamanta

v v
a R

Fraanaznaulusfudinald wrecovery Laaiu

lilasnansamanaesuniuandiagald 337
Wanniienzinanguaesluuld 3 wia ldud
17a-estradiol, 17B-estradiol tas testosterone
TumsnagaudszansmnaadiSuennniimsnagau
specificity, accuracy, precision, linearity wac
working range 89M0&aU matrix effect WU L‘f!la‘l_la'l
HnansenuadltednuNNadanamMIATIZH LY
ANHUZANNINATUAIU NaMIIATZRAUTIN
finsradaldaniiaiase SedeseuInNass
procedural mixed standard calibration curve
Toanst@uarsuasgiuly matrix Filouilaiie
WdaUNUUNUNSIN calibration curve on solution
wazly internal standard lumsmiuguuazan

ANNRANAIALUATTUIUMINAFTAU MTFSINTIN

M5815NTHANENFFATANTUWNE

238 U 66 atiun 2 W - dgunay 2567

wasgvaziumsiSauisuiludadiu (ratio)
Tog plot 521 concentration ratio Ny response
ratio 289 standard NU internal standard ‘?;Q
msenwmandsauiisuiudadiunevasaamnms
nauAUlam ¥ precision uar accuracy #6e0 lums
[§enasnl#iu internal standard s lwajiiluans
isotope #aseNIUMTEAMENTRADEAU TaisunIu
AMINATBU UGS isotope HTIAGIULAANTUNTIA
firunaunsdadaenililianansam internal
standard laawilssy Tunsnasevilidanld
zeranol-d5 ({Ju internal standard tieadintien
Tumsinalinafienanuduasnguaaslu
nnas sawamliamanaliuiuaures method
precision #ifMguanNnn 60% LanFauiiisuiue
anuldwivauiinnnurasdy WaRnsananu
aNLaaNHaza9A1AIN laLUuauN predicted
Horwitz’s RSDR x 2¢° wyuihaenuluiuiuay
PenafiszauanuEeiuil 95% Heiasninae
gansu Hamsiaadanumnza

mudszmazes EU dimsssyrinldaasluy
6 7o lawn 1 7B-estradiol, melengestrol acetate,
progesterone, testosterone, trenbolone acetate
Wae zeranol Iﬂil‘i::‘qu‘liﬁﬂﬁ’li 17B-estradiol 884
Farau soilumsienziasiiuisiensdensd
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msananslutSinamuazanansousn 178-estradiol
ez 17a-estradiol aeINEALAU Lfiﬂ\ﬁ’]ﬂéﬁ’i
17B-estradiol uaz 17a-estradiol W1 2 #iia
(Uu isomer fu Hgasluiana uazd m/z whiu
iR parent ion 8z product ion lwansnsans
wonnndulaen daiulumsinmadiiizensiade
sfiouazUinamsnguaesluudainins UPLC-
MS/MS Xevo TQ-XS dmw LC Huziia ultra
performance liquid chromatography ﬁﬂmauﬁa
NUANNAULAIINDY 15,000 psi §13N50 1Y injection
volume waz mobile phase USaneauiiag uazilasy
mobile phase «{l14 DI water:methanol uaﬂﬁ)’lﬂﬁl
detector (Ju MS/MS §u Xevo TQ-XS du
collision cell QﬂaaﬂLLUUﬂ’l‘iﬁ’N’luLﬂu ScanWave
Daughter mode Teedl DC barrier uae RF barrier
Wuaann parent ion waz daughter ion Ay WA
Udesg MS2 wiawdu dausaslunmwi 1 vl
sensitivity suIwhIidanadlad intensity
§9 u8nas 17a-estradiol uaz 178-estradiol la
atefaay SIndeEInsanaialaseaumi 2
Tulasnsudailandy uenanillddidiumsnmugu
Qmmwmalu (internal quality control) LA
slawamsiiansifianugndaslunamsiaasy
aaenn batch Tasmuualiliiy 10 dreen
MMINAdaU method blank, matrix blank,
duplicate analysis (8% spiked sample m‘iﬁﬂ‘lﬂ‘lﬁl
sansazenewalaminisluldiiasisramsands
yasgasluumaluiavariinemheluiasnaa
HumsihseSienulasasslumsuilnaiiaUm
Tudszinalne

a5
9

385ediiannaumansalslunsesis
miﬂ&juaaﬂumwﬁgﬂ 3 9l laun 17a-estradiol,
178-estradiol wa testosterone lutiauam Tos
el UPLC-MS/MS #ign LOD was LOQ tilu
1 waz 2 lulasnsudailansy @uaIau B3¢
MIIANMBEIZNIN 2-100 lulasnsuaailansu

< ac d‘d = a = =l v 1 o
WuIsmsnidssansang denenugneas e
F01u1 WaTANNINWILABEITNADINSNATDU
-3 YV [ o Y a
wirsiumMsldnumuinglszand waslvuinig
a v a va 4' 4
Tunmseasadeszdluiasufians wwaidums
AIUANAMMINDINIMNNYNINBUAZEITINAN NN
USnamsanmeeasansnanaasiuume a39nny

o

Wulaluanudaaasalinuguslne Jasnumsiany
NNMIA LazMSHANNITIUNAINUFMNNSDNEIVISU
NEAINIAD 11

a A

Aeenssndsenma

mATeildumsaivayuaudiiiueuan
SUNPNUMTIBUWNIIG (3%.) EHIUNINBIANSE
WINNFALATINTUDINININENAETIBA YA IUFHUM
2BYBUAMUINGYY UTamnes garudansain
AaMwuazaNNUaAfEIS Ml¥msatiuayy
Tasamsin®il wazudam uindiluanasy
dsumathuiinmdndnms sumsdnunildida
qanludqed
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Method Development and Validation for
17a-Estradiol, 178-Estradiol and

Testosterone Hormones Determination by
UPLC-MS/MS

Suwimol Muadmah, Wannaporn Payao, Atcharee Inkaew, Witthawat Wangkaewhiran,
Kanyarat Chuakunchat, Sakulrat Somsuntisuk, and Thongsuk Payanan
Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT 17a-estradiol, 17B-estradiol, and testosterone are sex hormones mainly regulating
the development of reproductive system and the expression of male and female characteristics. Presently,
the synthetic hormones have been used for aquaculture, especially the monosex farming of tilapia and
climbing perch. Testosterone has been employed to induce tilapia to become male fish, while 17B-estradiol
has been used with climbing perch to obtain the female fish. However, the use of hormones in feed can
contribute to the residues in meat and environment, which may have adverse effects on consumer health.
The EU has regulation to ban the use of these hormones in livestock farming and aquaculture. Therefore,
this study aimed to develop and validate the method for analyzing sex hormones, including 17a-estradiol,
17B-estradiol, and testosterone in fish meat using UPLC-MS/MS, and the analysis results were derived
from procedural mixed standard calibration curve. The results showed that the method had LOD and
LOQ at 1 and 2 pug/kg, respectively, and the working range were between 2-100 ng/kg with coefficient of
determination (R*) more than 0.999. The accuracy showed by %recoveries were between 89.7-114.0%, and
the precision illustrated by %»RSD were during 3.5-26.5%. So, this analysis method was specific, accurate,

reliable, and proper for using in the laboratory.

Keywords: 17a-Estradiol, 178-Estradiol, Testosterone, Hormones, UPLC-MS/MS
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msﬁ’wuﬁ%uawmaaumwgﬂﬁamaﬁ%‘imswﬁ
N-nitrosodimethylamine

= Iy, < .
Tundnsunain Metformin

a ] a a a 4
A agdy waz Yaana danuswiiiyd
SineuazIngLENin NININENMFNINISUNNE UUNYF 11000

UNAMED nitrosamines gﬂmmwUﬂutﬁauiuwﬁmﬁ'mﬂﬁﬂ1waWﬂﬂﬁﬂ loun angiotensin II receptor blocker
(ARB) ranitidine ua2 metformin #itWen N-nitrosodimethylamine (NDMA) ﬁﬁﬂLamtmﬁuﬁlﬂumsﬂmﬁau
nitrosamines ﬁwﬂum metformin aﬁL%GlﬂaﬂﬂﬁiLﬁﬂﬂﬁiﬂuLﬁau nitrosamines luwamﬁmﬁmawmami’mqau
sateluddy 1 dhesans nssuIuManEe wariaquasAnel 1{la9aIn nitrosamines (Wumsitaranal
tinzFeluayud é'Qﬁy’uﬁmeﬁﬂﬁmuquﬂ%mm nitrosamines lWlitiuan acceptance daily intake (ADI)
d115U ADI 289 NDMA t1fiu 96 wlunsuaaiu msﬁnmﬁﬁqﬁ’h’mQﬂ'ﬁsmcsi’l,ﬁ'aﬁ'muﬁﬁ%mswﬁﬁm
gas chromatography-mass spectrometry (GC-MS) #denullunisesatausnass NDMA
FefvFmaniesunlundaduderiiio metformin TaaWwauianisiniisnumivguadiueiuag
aUIEINAINELNS MINaFauaNNNaaeIsieneiilulumu International Council for Harmonisation
(ICH) guideline wuiiWiaaas NDMA waz NDMA-dé Ligns5uniuain N-nitrosodiethylamine
(NDEA) metformin a15278ludisu wazadimazars daanezasnmsasianuiiy 0.8 wlunsudaiiadans
yazfidesiiazesmsiadlsmnauhtiy s wlunsudaiiadans Feaninusizes NDMA foanliiled

a

a [ . ac da v o W a £ (g '
Tundasagiendio metformin 8HHanududunse Tasfiendudseandnmsandula (R?) unnin 0.999

[ u

ANMNUNULTANAIHAY %recovery DELIUTIN 87.4-103.4% ANTEUUUNIASFIUFNWNNGYDY repeatability

N
(5/01

8¢ intermediate precision Ha®nI1 8% War 11% MINAIOU INUITALeWMUITUTMNIzTN

dmsuldmuauusina NDMA lundadmsienide metformin

Adraa: msﬂuﬁﬁauluimmﬁu, N-nitrosodimethylamine, Metformin, NDMA, GC-MS
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unin

amumifﬁmﬁﬂut'ﬁau nitrosamine
TundasamienGuiiel a.6. 2018 dnenuwums
UuLﬁau N-nitrosodimethylamine (NDMA)
TuingauarendrAnueten valsartan 289U3EN
Zhejiang Huahai Pharmaceuticals E{’lﬁ’lim%'g
Usenuudu lae valsartan L‘TJuEI'ﬂuﬂEj 4 angiotensin
receptor blockers (ARB) 1#5nwlsaanuaulaiogs
aaanlufaunuensy a.@. 2019 TNITNBNUNU
msUuiiouzas NDMA lugn ranitidine #l#iiu
g3 lsAuKE Lunsznsasuasa ldanauay
lwdausunen a.6. 2019 A518umsnu NDMA
TundaAasien metformin #1F50EILUINIY
mlinmiisaumiugualudssinadis g a1
aqﬁmsmmmazmaw%’g (U.S. Food and Drug
Administration; USFDA) igumaugua
cuenzasannInglsl (European Medicines

HNO,

Agency; EMA) ﬁmsduﬁumslﬁamuquﬂ%mm
nitrosamine finuluidlaulundasosion Goniudu
ENNNNINNO MAUANNN AN UERETIn QALY
wﬁmﬁmsﬁmﬁwL%QgﬂﬂimﬁummLﬁ'mwaqmsﬂmﬁau
489813N§Y nitrosamine ATIVIATILNBEUTY
USanafinsanunazimuauunmanmstasiunie
aamsvuiilau nitrosamines®™ Tagmsuuidiau
nitrosamines a1alanngINIAgaUMIEIEIATY
#5828 lumS5u (excipient) Thuazdhazaeily
NILUIUMSTHEN UazIaqUsTY "

nitrosamines Hlassasamaaiitdu nitroso
group FUNU amine ﬁlﬂﬂ?uﬁﬁlﬁ’ﬂ‘ﬁlﬁﬂﬁ'tﬁm
nitrosamine @843 amines laun secondary,
tertiary %38 quaternary amines Wa¥ nitrite
salts melaanmeiidiunse Faluanmeaenarnild
nitrite salts 1Wagudu nitrous acid uasyhu{Azen

(¥ . v & . . 1% PN
U amines 161L‘1J‘L! nitrosamines O3 LLamluﬂTW‘Yl 1

=

O —

MW 1 URATeNUaaInIsLne nitrosamines™

NnURAZEAINa1IM1¥Ae nitrosamine
impurities 7 %910 lawd NDMA, N-nitrosodiethy-
lamine (NDEA), N-nitroso-N-methyl-4-amino-
butyric acid (NMBA), N-nitrosoisopropylethyl-
amine (NIPEA), N-nitrosodiisopropylamine
(NDIPA), N-nitrosodibutylamine (NDBA)
waz N-nitrosomethylphenylamine (NMPA)™?
uiriiafinumsuuidonlundasasien metformin
uar ranitidine #p NDMA whilu sasflenngu
ARB wumﬁﬂmﬁauwm NDMA, NDEA ua¢
NMBA®™ Ta# nitrosamines ({uiineanugnssy

(genotoxic agent) ludniranayiia International
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Agency for Research on Cancer (IARC) dal#
nitrosamines aglunguuasasiionananzids
(carcinogen) lunywe %ﬁﬁmmuqﬂﬁﬁﬂ%mm
mnssauiimaiaanuidsstanzgomnnlasu
e Feiuiemvuae acceptance daily
intake (ADI) 289815 nitrosamine logld1anms
204 Assessment and Control of DNA Reactive
(Mutagenic) Impurities in Pharmaceuticals to
Limit Potential Carcinogen Risk ICH M7(R1)
o UsinaiilviiAeanuidsedansSalunywd
Uszanme 1: 100,000 AU Lﬁﬂlﬁ%’uawseiatﬁaqnﬂi'u
Wussaznan 70 T s‘z’;wh ADI 289 NDMA Ju
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Ao adgy waz Yaana Aaguzwniiyd

96 wlunduaaiu®® aumlumnlasu NDMA lu
Unadivhiundamnd 96 nTundu yaudunm
70 1 mehdaldfianudsidamsiionzde®
Tudsewmalngen metformin WueanSnmnlsa
wvmududuusniideeligiheuszussgeglu
ayBmmanueend w.a. 2565 ndayansiu
NzLUeUMSUNNUHIUNNUANMZNTINM TN SULEZEN
WuNANzUguaSueN metformin MUIU 100 G5U
wvaduenadaludsema M 75 M5U wazenihin
U 25 MU ialunsduasasguilan
Sefludasiimsarsamsiudiousas NDMA Tu
g0 metformin fismhelulszmelng ud
iiasanen ADI 289615 NDMA iUSanaenann
Bandeneiilddasiienalgs nmsdudu
wuhitienedlumnhsinladlesasansgacm
(The United States Pharmacopoeia; USP) ey
MTIALA nitrosamine impurities Tudi M) AUUDY
gngn ARB logldinaiia LC-MS, LC-MS/MS,
GC-MS uaz GC-MS/MS %ﬁﬁm’ﬂ%’ NDMA-ds
(¥u internal standard wasldiuniueaiiy
gaazare® duasgladeunrsunlade
(The European Pharmacopoeia) 135305129
nitrosamine impurities Tud mqaml ENEnﬂ’st ARB
mewmaiia GC-MS/MS wagld N-nitrosoethyl-
methylamine (NEMA) ({1 internal standard
ﬁﬂﬁuﬁﬂﬂlﬁlﬁﬁfﬁﬁmﬁzﬁ nitrosamine impurities
SNSUNANNIIEN metformin tuamsenla q dau
NUIENUNMNUQUANINAIUEIYBIUTELNAGIN )
LWBLNIIDNITATINIATIEH nitrosamines U
WAOAuaTeneiail USFDA 3iamesi NDMA Tuiagau
UaLHANNMIE) metformin @l8malin LC-MS
FAOMNOVBIMINTIANU (LOD) UazdaNNauaIns
JadaUsina (LOQ) (i 0.01 ppm waz 0.03 ppm
muaau’” e Health Sciences Authority
e lUslawmaunsisimsed 2 35 loun ns
30512 NDMA lundanawien metformin way
ranitidine Menaiin LC-MS/MS uaz ¥ NDMA-ds
t{}u internal standard Iﬂﬂﬁ%@lqﬂizaﬁﬂqﬁ'tﬂu

maudanuazliunmelumsasnaienzd wsausey
TWiimsasasauanugndasnswnluld’ uas
M5IA51eH NDMA lundanmuien metformin aae
GC-MS 3anmaeaaammazag dichloro-
methane WazdnNaaag 0.1 N hydrochloric acid
Aawhansazangsu dichloromethane 335129
e GC-MS"? duniieau Swissmedic 289
SINYDIUAUR LA LHELNINITIATIEN nitrosamines
lundasdasienngs ARB e GC-MS/MS™ anns
FuAuAINEN WUIMBIee NDMA lTundaduad
&1 metformin finanaila LC uar GC %iinzeq
@IMaragay internal standard LLax‘fly'umau
mstassuiatheilaienuvainuas fatnAde
a3ail JeitToguarasdilaiannisiensimysne
NDMA lundnfawieniiin metformin 0eg GC-MS
Toawaunanidinihenumiuguaduszas
datszmawauns e llumsarsamsiudion
PB4 nitrosamine impurities Tuenifia metfor-
min #iinsiunzsdsuenlulszmalng wazvialg
nswamumsaimsUuiiou NDMA luwansasien

metformin luszmnelne

ﬁ'ﬁwg WaLIaNI5

ﬂ'ﬁN'lmig'luLtﬂSﬂ'ﬁLﬂﬁ

8193316993 7U: N-nitrosodimethylamine
(NDMA) (Chem Service Inc., USA, d15avanglu
methanol ANUANTY (certified concentration)
104.0 ug/ml +2.0% (k = 2) Lot No. 7979000),
nitrosodimethylamine-dé solution (NDMA-de6)
(Chem Service Inc., USA, 1sazane/lu dichloro-
methane ANUANIYU (certified concentration)
1,010.9 ug/ml +2.0% (k = 2) Lot No. 12628700)
w8z N-nitrosodiethylamine (NDEA) (Chem
Service Inc., USA, d15azar8ly methanol
AN NTU (certified concentration) 100.9
ug/ml £2.0% (k = 2) Lot No. 14609000)

§151A3: methanol (HPLC grade: Merck,
Germany), dichloromethane (HPLC grade:
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Carlo Erba, Germany), povidone K30 (Phar-
maceutical grade, Ashland, USA),magnesium
stearate (Pharmaceutical grade, Italmatch
Chemicals, Spain),hydroxypropyl methylcellu-
lose E15 (Pharmaceutical grade, Lotte Fine
Chemical Co., Ltd., Korea) waz polyethylene
glycol 6000 (Pharmaceutical grade, Liaoning

Oxiranphex Inc., China)

ta3asiiauazaunsal

gas chromatography-mass spectrometry
(GC-MS) (Thermo Scientific’™™ TRACE 1310
Gas Chromatograph, Thermo Fisher Scientific
Inc., USA), detector (ISQ™ 7000 single
quadrupole mass spectrometer, Thermo Fisher
Scientific Inc, USA), Lﬂéaq%’qmmamﬁm
0.0001 N3N 3UXPE204 (Mettler Toledo,
Switzerland), 1A389%3 ANNAZLEEA 0.01 HAANTH
i:u XP205 (Mettler Toledo, Switzerland), LA3D9
Fiamuazidea 0.001 fiadndu ju XPe (Mettler
Toledo, Switzerland) volumetric flask 2110 1,
10, 25 WaL 500 Nadans, UiUe 2u1e 10 Nadans,
micropipette 2110 25, 100 waz 250 lulASANT
(Microman, Gilson S.A.S., France), eppendorf
tube 2110 2.0 NaddNT, centrifuge (Hermle®
7306, Hermle, Germany) wa¢ shaker
(Gerhardt®Laboshake, Germany)

Ma&ELin metformin
dedniildlummasauanugndasuadi’
Glucophage XR %@ extended release 1,000 mg
Hanlae Merck Sante S.A.S. Jundn Y07802 JUkE®
01/2020 JUVNABIY 12/2022
fagildlumsdrsaUsina NDMA lu
en10 metformin GaudaaIAN W.A. 2563 Heriuene
W.6. 2565 TINNAEU 794 e wilu daghaan

Hudaludssna 40 518 62 nuidiauaiuen dadn
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U 66 atiun 2 W - dgunay 2567

Y o v =) [ & I
NN 11 918 22 nadauaniuen laanaruaiy
MIDENNFUNNUANLATINMTDINSUaze (88.)
< Y a Y o vV
ANUNNEREALAZENN

900U metformin wanlag Merck Sante
S.A.S. Jundn M11601

placebo (matrix blank)

luegnifia metformin 2u1a 500 Hadnsu
Usznaume povidone K30 27 §iadn5u magnesium
stearate 5 §8an38 hydroxypropyl methylcellulose
E15 9.76 §88n3% waz polyethylene glycol 6000
(PEG 6000) 0.24 §8aniu TEavae 50 (e

MILEIBNEIIAzA BN NDMA ANNdadu
200 W lunSuGaNaaans
UuladrsazaranInsgiu NDMA 104.0
lalasnsusaiiadans uu 20 lulesans ldalu
volumetric flask 2110 10 Naddens USulsuag
a8d199ra18 internal standard (@NLANYU

50 N UNSNADNSINT)

MILEIENEITAA83N05314 NDMA ANadazy
1, 3, 5, 10, 30, 50 ka2 100 W UNTHABNADANT
d1%3Un139519n3M11035371% (calibration
curve)

Uilaansazaainasgiy NDMA anuandu
200 W lunSunaliadans MU 5, 15, 25, 50, 150,
250 waz 500 lulpsans ldly volumetric flask
2110 1 Faaa0s USulsunasaiaasazals internal

a

standard (ANNENIY 50 W lUNSNGBNAAANT)

NSLASaNdIsaLane internal standard
ANNENTY 50 N UNINABNaINT U dichloro-
methane

Yuassazaeannsgiuy NDMA-dé 1,010.9
lulasnSuaaiiaddns wiu 25 lulasdns Usu

US3a5078 dichloromethane 1¥a5u 500 Nadans
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NISLEIENFITATAIIAIBE

UALIIAEN metformin MU 20 LG HIKQEN
1%5USu1ee metformin 1,000 #Haansu lalu
volumetric flask 2110 25 ¥85865 Ydaarsazary
internal standard (ANNWNIY 50 W LUNSNGD
a aa a aa ] v <
199805) 10.0 Nadans wehae shaker (Wunan

MINN 1 dnNzEeeszuulasanlansimuas GC-MS

50 W7 WEsarMenIve1Naely eppendorf tube
gure 2.0 Aadans W lddumisedaaiaiag
centrifuge 7 14,000 rpm (Hunm 5 Wi NNty
Yuammzdiulaliieneiaies GC-MS

dgnmezaasszuulasanlans vl (chromatographic
condition) Aauaaslums9N 1

d@nnsyas GC

injection volume
inlet temperature
carrier gas (ml/min)

injection mode

2 ul
250°C
Helium (1 ml/min)

Splitless

Splitless time: 1 min
Splitless flow: 50 ml/min

DB-WAX 211 30 m length x 0.25 mm
ID x 0.25 pm film thickness

GC column

45°C (hold 1 min), 15°C/min to 180°C,
20°C/min to 250°C, 250°C (hold 1 min)

oven temperature program

NDMA: 6.20 min
NDMA-ds6: 6.19 min

retention time

d07122aN mass spectrometry detector
transfer line

ion source

acquisition mode

target SIM

250°C

300°C

SIM

NDMA: quantified ion Wu m/z 74

qualifier ions Wu m/z 43 42

NDMA-dé6: quantified ion i m/z 80

N19ATIAFAUANMBNILENYDITEUY (system
suitability)

Fulszandmasadula (RY) 2as calibration
curve Aasiien liipandn 0.995 SagazuasmsAunay
(%recovery) 2aNd9zaN8 QC (§199:8NINIFIU

NDMA fienadagy 4 mnlunineaiiadans) aavag

LI 80-120%

NMINAFAUANNYNGABIYBNIE '
N9LAIBNEITALAIBNINTFIULY placebo
(matrix blank) §¥SUANNIUNIZIAILANVDNID

v
=

(specificity) o4l

Mse3aNaIsazaIaNInI5I NDMA
Yuaarsasaraniansgiy NDMA 104.0
TulasnSuraiadaans iy 250 lulasans laly
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volumetric flask 2116 1 #adans USulSunasae
dichloromethane Mniuiliaasazarsiile 40
lulasaas Tdlu volumetric flask 2110 10 Hadans
UsuUsunasmeansazae placebo Tlaanudugy

a

100 W UASNGDNARANS

MILEIBNEITaININ33H NDMA-d6
Juassazaennsgiu NDMA-de 1010.9
luTasnsudaiiadans M 50 lulasans ldlu
volumetric flask 216 2 fiadans USulsunasaie
dichloromethane niuTlilassazareile 40
1ulasaas lalu volumetric flask 2110 10 HadanS
USuUSunasmeansazas placebo T la NN NI

a

100 N UNSNGDHNADINT

MIEIBNEITa8NIM337H NDEA
Uiladrsazaran1nsgiy NDEA 100.9
lulasnsudaiiadans 1w 250 Wwlasans ldlu
volumetric flask 2116 1 §adans UsSulSunasae
dichloromethane Mniuiliaasazarsiile 40
lulasaas Tdlu volumetric flask 2110 10 Hadans
UsuUsunasmeansazae placebo T laanudnzy

a

100 W UASNGDNARANS

NILMIBNFII82a18 metformin

%ﬂ’?ﬁlq #U metformin 2 n5% 18l volumetric
flask 210 50 N8adns Uil dichloromethane
20 108an5 laly volumetric flask wazizenae
shaker {luna 50 17 mﬂﬁuﬁﬂﬂﬁumémﬁm
mém centrifuge ‘ﬁ' 14,000 rpm LﬂuL’Ja’l 15 Wl
aputilammzainld uazdwsnziais GC/MS

NILHIBNEIIATAYNINIFIUNANIZHI I NDMA,
NDMA-ds6 waz NDEA
LATENEITASAIBNINTFIUNTN NDMA,
NDMA-dé wuaz NDEA l#laanudndugais
{flu 100 wlunSudefiadansaaninms muiunay

Aeeu ua liidaaluaugarhelu volumetric flask

M5815NTHANENFFATANTUWNE
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= (% = v < a aa v =
Wwennu Ulsnasgamettu 10 §asaes uazdsulsanes

vV
MgaITazand placebo

NSLAIBNEITATAININIFIUMTNIZHI NDMA,
NDMA-d6, NDEA a8z metformin
LA3BNFEITATAIBNINTFIUNTY NDMA,
NDMA-d6 waz NDEA anudngdy 100 wly
nudaiiasansaaniingns musunauinady waly
Fonwludugaely volumetric flask @enfu
US1as 10 §adans wazdSulSunasaadsazais

metforminTu placebo

MILMITNEII8zaNY internal standard ann
windy 50 wilunsueaianans lu dichloro-
methane dwsuanuiudunse (linearity),
LOD uwaz LOQ

Yuassazaennsgiuy NDMA-dé 1,010.9
lulasnSudaiiaddns wiu 25 lulasdns Usu

US305078 dichloromethane 1%a5u 500 Nadans

MILEIaNEIIaza18 internal standard an
WNdY 50 wlunsueadadans luaisazaie
placebo &%3U linearity, LOD uaz LOQ
Yulassazareunsgiuy NDMA-dé 1,010.9
lalasnsudafiiadans 3w 25 lulasans Usu

USnasamedisazare placebo AU 500 JadaNS

N3LMIBNEIIazaI placebo (matrix blank
solution)

W& povidone K30 1,350 N9an3u magnesium
stearate 250 daaniu hydroxypropyl
methylcellulose E15 488 #aan3u polyethylene
glycol 6000 (PEG 6000) 12 #iadnsu l4dnnu
szl dichloromethane 250 §933n5 wazien
oo shaker lunan 50 it hluiusisssaniag
centrifuge i 14,000 rpm (Hun™ 15 Wi Nt
dulaluldlumsiessnasazaaanasgiu
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N13LASENAITAzAIEGIaE19 N AT NTY 3
(LOQ), 10, 50 waz 90 ¥ lunSNAaNadans
#IBIUNINAFaUMIINUNY (accuracy) waz
sNAFaUANINHE (precision)

FaaenWiiUsan e metformin 1,000 faan3y
161 volumetric flask 2110 25 Nadans MU
4 10 BNETTENAITIU NDMA anuingu
200 Wlunsuaaliadans leanstle o.15, 0.5,
2.5, 4.5 899305 Ldlu volumetric flask Mua1AU
WWNE9azane internal standard (AMNINIYU 50
lunsuaaianans) 1WlaUsinnssiv 10.0 1adans
Taamsthie 9.85, 9.5, 7.5 WAL 5.5 NaaanT Laly
volumetric flask @Mua1aU 1281028 shaker
Wunm 50 il Pntumansazanadrageldly
eppendorf tube 2110 2.0 HadanT waztihluihy
WiENeIBLASaY centrifuge 1 14,000 rpm 1A
5 w1 neudaanzdiulauazitasziaie
GC-MS

MINATAUANINIUNIZLAIZAIVBNID (specificity)

enzdasazneanasgiu NDMA Tu placebo
asazaeNn33IU NDMA-dse lu placebo ehsazans
1935371 NDEA lu placebo sazane metformin
Tu placebo AI9TAININIFIUNFNIEYIN NDMA,
NDMA-dé waz NDEA lu placebo dsazae
NNTFIUNENTZIN NDMA, NDMA-de, NDEA
uaz metformin lu placebo A@Teia1 GC-MS
naiansusalinudyanadiie retention time
War m/z finseiu NDMA uaz NDMA-de

< L4 . .

mManagauaNNUutdunsy (linearity)

= I v c{'m (=]

dnmanuuduassluaanzniuaz laidl
placebo effect a1l

MIeseNasazaIsNNeIgIU NDMA anuay
94 1, 3, 5, 10, 30, 50 WAL 100 WIUNSNADNADANT
lussavae internal standard (AMNENTY 50
nlunsuaeiasans) lu dichloromethane

NSLATENEITraI8NINIgIU NDMA

Tuansazana placebo o3auudennuly dichloro-

methane Ingto3snanudduas 3 9 hliesz
M GC-MS Fnmanudunusserinanudniy
warsandminuilaie aannwnasgIusEnig
AN NTuLazs A duRuR e arudaen
dulszandnnssasula (RY) dedasdianliasniy

0.995"%

N1IBITANAUBINITAIIANY (LOD) uaz
FeMnerasmadilsaa (LOQ)
AN NDMA HszAuanuEy
2914 0.5, 0.8, 1.0 8¢ 3.0 WUNTNADNADANT DU
ANNENTUDE 10 B MW signal to noise
(S/N) %9 LOD #asil S/N whiu 3 dw LOQ
el S/N iy 109 TasaSsuaisazais
#1935574 NDMA lu dichloromethane wazlu
dichloromethane “?;ﬁﬂ’l‘i spike placebo uanmﬂfr
§91181 LOD waz LOQ 31nN15AIUIMUAIY
Ghl,ﬁ'thmummgm (standard deviation; s)

Nngas LOD = 3s uar LOQ = 10s

MSNAFAUANNUNY (accuracy)
Jiasziasazanafiagiinasazais
WINIFIU NDMA # 4 seduamnuuiadu s 3 (LOQ),
10, 50 8% 90 W UNSNADNIDANST IANLHITLAUAL
6 71 MNUN A TDEALUBIMIAUNSY (%recovery)
fudazszauanuEusy Taanamisaniuanuusiy

grecovery 80—120%""

NINAFAUANNT (precision)

MSNAFDU repeatability I@ziETAzAE
faghnfiinansazaeanasyy NDMA #i 4 széu
AN fe 3 (LOQ), 10, 50 wae 90 wlunsu
daifiadans Inneiszeuas 6

MSNAFDU intermediate precision ATIER
fsazanisgiussazaensgIu NDMA 1
ANNENEN 3 (LOQ) inlunsusaiiadans nulu

6 %) MIULITANUNILATIEN
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LNOIEBNSUANNLNEN: M3 DeazaBNmLTeaLUY
mmgmﬁuﬁwﬁ (%relative standard deviation;
%RSD) laitfiu 20%7

MIANIANINAIENINYBIEITALAIMIBEN

Ainziasasmaciagiiagmeldaniag
msiivly autosampler wivansazaemaensldly
vial U 30 270 lagdaasazaralneneluuaas
AN 7] 20 WIT (13082 1 1UN) Nnumnan3ina
NDMA luuaazdnm

WUREBNTU: AISERLYBIANINUANAINYD
USana: NDMA finmens 9 wlsuidieuiunad o
foalaihy 20

msusziiuam N lininauaIn1sIn (Uncer-
tainty)

M AN LU UBIMTINMNLUINN
289 EURACHEM"® Tagailafeunasniny

Liwduaunnounas sanaanuliwiveunivng

@ SY Metrix in #1 Blank new (Di TIC

AMNUUAUIUA AN N N LU U UBENENTEA VAN

Wonu 95% (k = 2)

G

MINAFIUANININNIZLAILAIVDIID

PnmsaadsuIasgIunanluasazais
placebo uazlussazane placebo NuU metformin
wun il peak sUAIUIIN NDEA metformin
a158u 9 Tud15u uaz solvent #1¥ Aduma
retention time, m/z 293 NDMA oz NDMA-de6
UBNANT WY m/z 129 299 metformin GIUFA
Tumwit 2-5 15U retention time 289 NDMA,
NDMA-ds waz NDEA ﬁmm 6.20, 6.19 A% 7.0
MUMAU MIUAN mass Y89 NDMA 1@ m/z 74.0,
43.1 uaz 42.1 NDMA-de6 i@ m/z 80.1, 48.1
oz 46.1 NDEA 3@ m/z 102.1, 56.1 uaz 42.1
auaau saudaslumui 6 GunAsHEINsauen
NDMA ez NDMA-d6 aanann NDEA metformin
asau 9 Tusm3u way solvent #lFle

6.0e9 1206, 11 SY Meix Metformin #18 Metrix Blank MS_F1_[74.0, 500 MMU]]
5.0e9 e
3.809 7.5e5]
2569 5.0e5 8
o
1.3¢94 2.5¢5 c
0.0e0 0.0e0]
1.0e9 -20e5 - G v : : ;
20 40 60 80 100 12.0 T 45 290 40 60 80 100 120 s
H
. =
dichoromethane d19aza18 placebo 1 m/z 74
6,005 - JLSY Metrix #8 Metrix Blank MS_F1_{80.0, 500 MMU]] g T SY Mot e T METRTHICZ 0T e
5.0e5
3.8e5 1.0e5
2.5e5
5.004
1305
0.0e0 A - 0.0e0
-1.0e5-1; T T 7 T T -2.004
20 40 60 80 160 120 14 20 40 60 80 100 120 T a5

d158zany placebo 91 m/z 80

d13azany placebo 1 m/z 102

AW 2 chromatogram 284 dichloromethane wazasazalg placebo
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#159za18 metformin 1u placebo 1 m/z 80
P .
2WH 3 chromatogram 284a15aza18 metformin 11 placebo
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1667 - JLSY Metrix #34 mix std ¢ Met MS_F1_[74.0, 500 MMU]] 1,606 - L SY Metrix L] mix std ¢ Met MS_F1_[80.0. 500 MMmuU])
3 5
9 -]
1.0e7 g 1.008 g
5.066 5008 T
. Ny l
0.0e0 - 0000 Y
2,066 2005
20 40 6.0 80 100 120 145 2% 40 60 80 100 ‘fo 145
a Py
NDMA v m/z 74 NDMA-d6  m/z 80
3006 - 1Y Metrix in #84 mix std ¢ Met MS_F1_[102.0, 500 MMU]]
2.0e6
1.0e6
0.060 \ L,”bLN
5085
20 40 6.0 8.0 100 120 145

NDEA # m/z 102

AWl 5 chromatogram 2a9a5armenan5e1Ie NDMA, NDMA-ds waz NDEA Tu placebo + metformin

120.

Apex NDMA Scan: #1277 RT: 6.34 min NL: 9.22E+008

+ ¢ El Full ms [30.00-300.00]
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‘ g 100] 740
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3 " 80 421
o
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40 al
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20
0.0e0 T T A o 1
5.0e8 e
20 40 60 80 100 120 145 20
00 125 250 375 50.0 625 75.0 87.5 100.0
, .
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5.0e9] ©
8 80]
3.8¢9 % ) 16
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-
40]
1.3e94 8.1
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00 125 250 375 50.0 625 750 875 100.0
'
=
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3 ]
g
4 42.1
3.069 8 3 80
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40]
1.0e9
20]
0.00 Y T 0 TN ||| PR m | 1
5,088 "
20 40 60 80 100 120 145 20 o
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psnagauaNNluduns

HaM IR sazaIzNasye NDMA fisvau
AT aud 1-100 WlunSNGADNAAANST
seduaMMENEua: 3 9 a5 WINasIuIEIN
@ peak area ratio 289 NDMA wuaz NDMA-de
(YY) fuanududuues NDMA (whu X) &4
mmsanmenuiuduase 2 wuu e Mseden

35 -

25 4

Peak area ratio

asazazanasgie NDMA lu dichloromethane
uazly dichloromethane RN spike placebo
WUNNNNIASTIUT NN TAZANENINTTIV
NDMA lu dichloromethane wazly dichloro-
methane i5im3s spike placebo {udunsinann
Frumanadau waziiedndszanamsaadula (R?)

WNAU 0.9999 WAL 0.9991 MNAIAU AILFA LU

]
MNN 7 e 8

y = 0.0306x - 0.0052
R2 = 0.9999

0 20 40

60 80 100 120

NDMA concentraion (ng/ml)

2NN 7 mmLﬂutﬁumiwaqnﬁsMNmigm NDMA lu dichloromethane

25 -

1.5 4

Peak area ratio

y = 0.0198x + 0.0308
R? = 0.9991

0 20 40

60 80 100 120

NDMA concentraion (ng/ml)

MWD 8 mmLﬂuLﬁumqwmmemmgm NDMA Tu dichloromethane # spike placebo
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MIWWAINAYAINIIAIIANY UaZAAINAYBINIT
ABIUTH

TN TINAsTIU NDMA fienagudu
0.8 wlunsuaaiiadans wunid S/N wnndn 3
w10 a3 Fuflugeauasmsasany dudende
22IMNABUSTIUMAY 3 lunsuaeiiadans
§i S/N annnh 10 1 10 a3 Teslduawmiiauny
uiIAzLeSaNEITazIENI095IU NDMA Tu
dichloromethane %3811 dichloromethane ‘ﬁflm'i
spike placebo

NIMNIONLAE NN NDMA 1638
Tu dichloromethane Togns spike placebo fszdu
e 3 ilunsudaiadans 1au 109 funa
M s Lo 0.166 W lunSunaliasans m LOD wnnu
0.50 W lunSNGaNadans waz LOQ 1.66 M lunsu

NNBIINT

v v
v o =]

MaHUITIAEUN LOQ whAvu 3 inlunsu
Gofiadans FeneNENTudaNuluLaz
anuiitssaglunasisaniu du LOD iy
0.8 UNSNABNAAANT

NINAFAUANINUANUUAZAMINTI B
HansEasIazasdateeninfiiinsdu
ssazaneaNasU NDMA 7l 4 ssauanudatu fa s,
10, 50 LAE 90 N IUNSNABNAAANT SLAUANNAINTY
av 6 21 wuanuwunUszduan %recovery
M 4 STEURULNMG %recovery 80-120 Uat
AL B (repeatability) Feflardpuazyaq
ﬂ'1Lﬁ'mmummgmﬁuﬁmﬁiﬁﬁu 2.9, 7.2, 2.1 UaY

2.5 MNAOU AILFAI UMD 2

M990 2 MINAFBUANINWIY (%recovery) WazaNNLINEN (repeatability; %RSD) 2a053ia51ziUSanm

NDMA Tugnifin metformin

=

szauANNENTY (W UnINAaRadanT)

3 10 50 90
1 98.1 94.2 91.1 91.8
2 106.9 86.0 86.4 91.6
3 104.8 88.9 87.0 86.8
4 102.7 102.3 87.0 92.6
5 103.9 84.3 86.8 91.9
6 103.9 90.5 86.2 92.9
%recovery 103.4 91.0 87.4 91.3
%RSD a8 2.9 7.2 2.1 2.5

HaNIINeddU intermediate precision Tog

MINIFIATENAITALALAIDENENHANHAITLHN

NSAIUIN

§99za8an53 U NDMA fenaudugu s wnlunsy
GaNadanT Bz 6 7 3 W lasdazRaIuLey

ANUNIATIEY AILFN UMD 3

anunduia NN NWINAsHIU (ng/ml) x10 ml x Wwindasads (g)

U33ae NDMA (ng)
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Ao adgy waz Yaana Aaguzwniiyd

15197 3 WANSNAFBU intermediate precision (%RSD) 289353ta51eWUSinae NDMA luenifie

metformin
USum NDMA (slunsy)
Day 1 Day 2 Day 3
Analyst 1 Analyst 1 Analyst 2
1 30.5964 29.2171 31.9915
2 33.3469 26.4462 28.1155
3 32.7019 24.7714 29.2640
4 32.0559 26.4845 29.7587
5 32.4250 28.6440 28.1716
6 32.4252 23.0087 27.2074
U3 NDMA 29.2573
@8 (n = 18)
%RSD 10.08

MIANIANHAIFNINVBIFITALAI 8RB E
wamsAnsWUhasaraadagaiiagmeld
annzmsiulu autosampler danuasamn 3
Flus datudasiiodanzdansazanedathemenas
namstedaaadamely s #lug

msUssiiua Iy liiwivauaInIiin
Togaunaeanyliwiusuniedunnuaay

wriad MnaaNN liuiuausIn (combined standard

NDMA
precision
accuracy

std concentration
calibration curve
final volume

sample weight

uncertainty) waz@uImuAIANNlNLuaUBEE
(expanded uncertainty) PseauenuEausanay 95
(k = 2) eenuliniuaures2eInIsIATIER
NDMA lugnifin metformin f@ 0.0330+£0.0022
ppm Hamadediuresasdlsznauunsininy
lTdwduauraenisitasizd NDMA lueiidia

metformin @LaALUMWA 9

0 0.005 0.01

0.015 0.02

0.025 0.03 0.035

2NN 9 daadruzasandlsznauuviasanylyituauaan ez NDMA lugniia metformin
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iAsmsenaiengiildnasauanugndas
2893530051 A NEAade lumsE SN
msﬂm’ﬁau NDMA luenifia metformin 5% 794
oty wiadludadananlulszna 40 8
62 NzilaumIven waziog NN 11 918
22 nuideudsuen wuhasaalinu NDMA 9uu
108 N @91awu NDMA 1agnil 0.03 ppm
U 523 77989 WU NDMA LAy 0.03 ppm
e Lty 0.048 ppm MUIU 113 BENN uazHities
50 (Bea HAIaNU NDMA (it 0.048 ppm At
FBENAIN 6 USHN 8 NzLdaumsuen

= o
AU

MINaNISIAILmUSInas NDMA Tu
g3in metformin laatdanmaiamsiesiziiiy
gas chromatography tae detector Wy mass
spectrometry iiieean NDMA @uansiudiaud
HUsinaniaesnnluseau ppb wasiimsld internal
standard Lﬁmfﬂumimuqmmzammmﬁﬂwam
Tusumaumsitaszsf Msiden internal standard
§MSunaila mass spectrometry ﬂ’Jﬂ‘ﬁﬂ’l‘J‘ﬁﬁ
TassaamiiouasnamaIa s uadsnaluana
N lagmsunuiueezaaneIeds isotope™
favuiadenld NDMA-de (Ju internal stan-
dard issnniflu isotope 284 NDMA fisuso
wenlaeie m/z wazlianantAneaiuaiuay
Handwmilousu NDMA wananiimsldimaia
selected ion monitoring (SIM) Wumsidenia
Lawwlaaauwmmsﬁauh 1o8 mass analyzer a2
faLdantamz precursor ion 2avasfigulashuih
4 detector LilaanU3ananlszqiilidosnsiig mass
detector l¥sunuanasinn 33isailisms
Jieneinmnzgmumsiensiansusnaios
(trace analysis) tiasnniianublumsiese
fidaudege 35iliden precursor ion ({u m/z 74
waz 80 @1su NDMA waz NDMA-de euaiau
diumpantitaanld DB-Wax #i stationary phase
Hlu polyethylene glycol ﬁﬂmauﬁa polarity &4

MNsasnsnintengasmsunne
7 U 66 AU 2 ey - Tgunau 2567

wianzahw3ulFuenansit polar % NDMA iy amine
F9aduans polar Mstdanmymazagfiansanan
fmsazaeas NDMA wuhiimsazansni alcohol
uaz ether lad uazazanalu organic solvent I4&N
dichloromethane"” 1531035711 NDMA-de o
Tuguasasanelu dichloromethane fatiu3adanTd
dichloromethane (Huasana 1ilasanie NDMA
uwdz NDMA-de azanalaly dichloromethane
11!‘11&!3“7; metformin %ﬁaﬁgﬂmaa hydrochloride
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insoluble)®” wanaNLISH AWMU UlinS
Ww3eumaENaIemsazaely dichloromethane
wdaediesed Fuihasfituaeumsiadauns
é’aatiwﬁhitqummsaﬂmmﬁmwmmiui}y’umaumi
@ﬂ%y'uaﬁazmﬂ dichloromethane ‘?%qagj%v'uéwaaﬂ
Wiened manzdwsumensimeehanifiy
smnumnn ianSsuieuiudslushen USP fidly
38 GC/MS wilaunuuailuziia headspace §i6n
azaneilu methanol uazmsiadandothaiitunan
ﬁtjqznﬂm'w Taadimsidy imidazole acetronitrile
UaNLMilaINd15azae internal standard Tuwoue
isiwanniiflumsiamsazanadginias GC/MS
Tasnse azilanuiieelunisdeszianniy
n5taenld dichloromethane (Judimazare
[{isandratheen metformin vaiulagmmiz
ﬁLﬂu‘dﬁﬂ extended release Lﬁ:aicﬁéfnﬁwazam
({1 methanol aznanefuaalailalluasazans
a1y methanol 3elimnzlFifudrhazats 3
daandasfuisinen USP fissylddmiumem
Usna NDMA Tufagauuhiiuliasauaguisly
ARSI fanATIRanNiReEn sy USP
Tumsldiwseiusina NDMA lundasasiendia
metformin
MINATIUANNYNABIYBIITANTUNITNIN
ICH Guideline”™'® wunanuiuidunseaglu
%29 1-100 UASNABNAAANT FANNAVDINITATIA
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anuuNuagluinasilosdl %recovery aglugig
87.4-103.4% sniuANNRBIMsAnIRILUY
repeatability 8z intermediate precision WU
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AMUINAINA) maximum daily dose 284 metformin
FAnnu 2,000 Fadnsu waz ADI 289 NDMA
lsithu 96 ng/day(1,2) wamsiwszk NDMA lu
gufin metformin nimiheluszmalng wuh
il 50 haghe finsrawu NDMA (fiu 0.048 ppm
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v
v o
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Method Development of N-nitrosodimethylamine Determination

in Metformin Tablets Sasida Yoosook and Piyamas Kitchanapanich

Method Development and Validation for
Determination of N-nitrosodimethylamine

in Metformin Tablets

Sasida Yoosook and Piyamas Kitchanapanich

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

ABSTRACT Nitrosamines have been detected in several drug products such as angiotensin II receptor
blockers (ARB), ranitidine and metformin. However, N-nitrosodimethylamine (NDMA) is the only
nitrosamine impurity found in metformin. Nitrosamines impurities in drug products may be occurred
by raw materials, excipients, water, solvents, manufacturing process, and packaging materials. Since
Nitrosamines are probably human carcinogen, quantity of nitrosamines impurity must be controlled to
not exceeded the acceptance daily intake (ADI). The ADI of NDMA is 95 nanogram per day. The objective
of this study was to develop an analytical method using gas chromatography-mass spectrometry
(GC-MS) for the determination of low-level NDMA in metformin tablets. This method was developed
from the method available from oversea drug regulation authorities. The method validation was
performed according to International Council for Harmonisation (ICH) guideline which found that NDMA
and NDMA-d6 peaks were not interfered by N-nitrosodiethylamine (NDEA) metformin excipient and
solvent. The limit of detection was 0.8 ng/mL and the limit of quantification was 3 ng/mL which was less
than the NDMA acceptance limit for metformin tablets. The method showed linearity with a coefficient
of determination (R®) greater than 0.999. The accuracy as expressed by %recovery was between 87.4 to
103.4%. The relative standard deviation values of repeatability and intermediate precision were less than
8% and 11%, respectively. Therefore, the developed method was suitable for monitoring NDMA quantity

in metformin tablets.

Keywords: Nitrosamine impurity, N-nitrosodimethylamine, Metformin, NDMA, GC-MS
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Quality Assessment of BCG Tokyo 172-1 Vaccine Produced by Queen Saovabha

Chonlada Petthai et al.
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Quality Assessment and Subtype Monitoring
of BCG Tokyo 172-1 Vaccine Produced
by Queen Saovabha Memorial Institute

During 2015—2021

Chonlada Petthai’, Supaporn Chumpol,’ Sukanlayanee Chaimee,’

Apichai Supasansatorn,’ and Supaporn Phumiamorn®

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

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

ABSTRACT BCG vaccine has been included in Thailand’s Expanded Program on Immunization (EPT)
for all Thai newborns. Therefore, quality control must be determined in every production batch to ensure
the quality and efficacy of the vaccines. The quality assessment and safety of BCG Tokyo 172-1 vaccine
were investigated on 133 lots of vaccines manufactured by Queen Saovabha Memorial Institute during
2015-2021. The testing results of appearance, identity, moisture content, potency and stability revealed
that all lots of BCG vaccines met the product specifications and the standard requirements of the World
Health Organization. In addition, the subpopulations monitoring of BCG Tokyo 172-1 vaccine were
investigated on 109 lots and the results revealed that 65 lots (59.63%) contained less than 10% of
BCG subtype II, whereas 44 lots (40.37%) contained more than 10% of BCG subtype II. These results
compared with the BCG vaccine manufactured by Japan, which contained no more than 5% of BCG
subtype II, and the vaccine manufactured by Taiwan, contained 40% of BCG subtype II. The correlation
between the potency test and %BCG subtype II was analyzed, the results presented that the data has a
very low value (r = -0.287) at 95% confidence level, revealing no correlation. Although, the trend varied
inversely, there was no effect on the quality of the BCG vaccine because the testing results met the product
specification. This study can be used as a guideline for further improving quality in the manufacturing of

BCG vaccines used in the country.

Keywords: BCG vaccine, Quality control of vaccine, BCG Tokyo 172-1
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115186 Pseudovirion 229 HPV mﬂﬁ’uaf 16
NaNISNEIUIID Pseudovirion-Based
Neutralization Assay (PBNA)

I wdaus’ amdu los@dndad was gnws piians’®
"auuFIIng nsnInenmansnrsunng wunys 11000

*GinInmMIIMENMansnIsunng nsNInenmansnIsunng uuny3 11000

UNAAga M3AAEe human papillomavirus (HPV) fianuduiusnumsienzisahnuegn nasmslumsan
anuides fe msanieduiiailesiumsiaidie HPV maihia pseudovirion-based neutralization assay (PBNA)
gmhanlalunmsnedauszau neutralizing antibody TugSuiagy UNANNTIBNUMSHAA pseudovirion anenug 16
(HPV-16 pseudovirion) Felasumsehenanismsan National Institutes for Food and Drug Control (NIFDC)
sorssgusznzuiu Taswuhudamilenhwarafio piesheLL uaz pcDNAS.1 eGFP Lil"wgimaﬁl,wwzl,gm 293FT
135000 pseudovirion NilUsAuGas eGFP lemely 48 #ilus wazansofndawadimnzass 2903FT
18 deumedSeiumeniss ELSPOT awlassaulanasans pseudovirion fihldizadiauas 300 1wad 6o
0.1 fiaaans fu 4.37 snamenudensiisnsahlv1dlumsnageu PBNA lauhiu 11,771 0 wasiiszau
Tawnasinlidasas 50 wpwadiimsaaite (TCID,,) @@ 0.1 fiadans {lu 6.67 MunamanuEansiaanseld
Tumsnaday PBNA flu 11,585 uh aguiisiouinsoininldlumswdo HPV-16 pseudovirion fignansavnly
wadandauazdnumlawasla msudn HPV-16 pseudovirion 3afluguuuulumswan pseudovirion 289 HPV
seusau nunsldmemaassdanuilimbenuiiiendasiumsndauasiannisduilasfunzdahnuagndaly

MaA: MINA9 pseudovirion 289 HPV aewug 16 , mawmilenhwaraiiawngwad, Pseudovirion-based

neutralization assay (PBNA)
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M3SWa® HPV-16 Pseudovirion &1%5U PBNA

IMI NATUE wazaMe
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human papillomavirus (HPV) Wulsa
ﬁlﬂﬁLﬂﬁaﬂﬁN (non-enveloped virus) §&13
Wugnssnziia DNA agmelulusiuvieniu (capsid
protein) #1Usznausie Tusdu L1 flu major
capsid protein HUSinaspeas 80 2aeUSinaluseiu
ﬁgﬁ‘wwﬂ wazlUsiu L2 (4 minor capsid protein
Faiunumlumshliadiiomsiods TaaTusi
L1uaz L2 v‘imﬁ'ﬁﬁ‘huﬁuﬂlumsviaﬁu (encapsidate)
asiugnssneeshsali® dnuitewuigli@nsal
HonzGaansriiaduwusiumsiods HPV wu
wzSehnuagnuazuziseihndasaase Wuau®
e HPV fiannnh 200 anewug ifhunga high risk 7

4

dunusiunzsnhnuegn 14 Mewug laun erewug
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 66, 68
Wax 70 uaznga low risk Fduusiumsifaousde
Uwauwgﬂﬁiw Wy aEWug 6, 11, 42, 43 ez 44°
Uagiumstiihszlaedauhauagnldmsasadanses
msGaide HPV vinahnuegn wazmstesiu
Toamafaiagu'®

Hndewunluseiu L1 snansodssnaudies
(self-assemble) WWuaymaasalr3d (virus-like

particles; VLPs) 1o %4 VLPs flassasrawiiaunu

v
<

(e HPV duuvuuuazaninsanszqulisameaing

a ¥ oo

ANANNUADLED HPV MIANNISWaUINISHEN

u 9

v o a

faFuriio VLPs dwiuilasiunzdahnuagniu
ilafiasadudenandhnaile AranII0nIzaulA
TNMEFSN neutralizing antibody GI'E]L%WE] HPV
ewugihinuaaiaduld® dagtiumlaniiiad
wzi5ahnuagnuiia VLPs 3 wuu laun wuu 2 newug
A9 16 WAy 18 WUU 4 G18WUS A 6, 11, 16 Uas 18
WazWUY 9 E8WUS Ao 6, 11, 16, 18, 31, 33, 45, 52
waz 58
AMSAAMUNABAIAINNITANIATUNZLT
hnuegn Infudssimsdszifiunmsaausuainia
AN lag@nizn193tA91ed neutralizing
antibody udiileannide HPV laiannsamnziasa
Tumadimnzdeld ™ lwhisunseldiznmsesa

neutralizing antibody f1#1255a3e Fefimswann
353512H antibody-mediated neutralization
#lailFlh5aa30d unae3s® Saiiienie pseu-
dovirion-based neutralization assay
(PBNA) ﬁﬂﬂN’]Sﬂﬂ‘jzﬂﬂﬁLﬁI’IﬁULﬂ%’ﬂ\?ﬁaﬁﬁ(ﬂ
high-throughput lun15@573 neutralizing
antibody @anaraaenuglansay Au"> Ty
1% pseudovirion BasudasaWUsHTiMIUFada8N
229lUsAURAMN (reporter protein) [iavaEaY
sansomsandelumagnzdeld ¢
dontuging nssinenaaasnmsunng lasu
nuauayunantuiafuuisndiaiuns
menaameluladiann National Institutes for Food
and Drug Control (NIFDC) ahs19a33Usemzuau
lun1swda HPV-16 pseudovirion &1w5uian
TFlumsnadau neutralizing antibody Taa3d
PBNA“*Y HPV-pseudovirion to383laa1nms
witienth packaging plasmid #%ii@ pl6sheLL il
fiFududy capsid 1gun L1 uaz Lo 98338 HPV
Eﬁil‘i/?l'ui:f 16 (L@ reporter plasmid #il@ pCDNA3.1
eGFP Aizuduiulusivdosuss lunaraiia
peDNA3.1 vector Ngiadimziaea® il HPV-
pseudovirion fildfianantamliizadinzides
daawmiiau HPV musssundudlianansonalsa
iinsnnlifasdusznaumswugnssuiiiuilus
2091158 iilnih#suvasildsuiatuilasiunsie
ﬂwﬂuﬂgnﬁisé’mﬁamqma ) (titer) ¥IUNNU
pseudovirion wWHNITOMITAULAN neutralizing
antibody M 1¥ pseudovirion wiaaanusasaly
msfadeluasnz@esle
unauiiusieaunisudn HPV-16
pseudovirion #azMsIAIEHIEaUlALRBIYRY
pseudovirion adsfilasunmsaenaamalulad
fugasdaanusiSalumsnan HPV-16 pseudovirion
swsalfismsiiudunuudniumainlig
ﬂ’l‘S‘ZIEnElNaLﬁElNaGI HPV-pseudovirion mﬂﬁ’u'fjﬁ'u
wazehananasdaNnsEkan lulszinaniannide
dmsuatiuayuuITeuazsassumsnaniadunssa

hnuagnmelulszmalngladaly
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Production of HPV-16 Pseudovirion for PBNA

Wipawee Wongchana et al.

L“ﬁﬂé‘LW’lglgﬂﬂ 293FT Llaga’lﬁ13§i1ﬁ%’1]l§ﬂﬁlsﬂag

WNZIA89%ad 293FT (Invitrogen, USA)
Tua1n5iaeased DMEM high/glucose (Gibeo,
USA) #Usznaudie 10% fetal bovine Serum
(FBS) (Gibco, USA) 1% non-essential amino
acid (NEAA) (Gibco, USA) 1% penicillin/strep-
tomycin (Gibco, USA) waz 2% HEPES (Gibco,
USsA) lumsnliisadvgasannnmausiwmisiie
Watinsuunia lWldnssviunmsnida HPV
pseudovirion 1% 0.05% trypsin-EDTA (Gibco,
USA) uwaz phosphate-buffered saline (PBS)
(Gibco, USA)

wWarade (plasmid)
packaging plasmid (p16sheLL) fiFuauiy
HPVié6-L1/L2 (ID. No. 37320, Addgene, USA)

p16shelL
10827bp

&

¢
Qo &

HPy1g 12

reporter plasmid (pcDNA3.1 eGFP) 2116 6,
148 bp.“” fidiureelusiuEeeuss enhanced green
fluorescence protein (EGFP gene) unsnlu
pcDNA3.1 vector 1a# reporter plasmid lasuanu
aueNzinNMenu NIFDC sssasgussnzuiy
(NIFDC, China)
mstinsunaraiarhlasmsinaaio
Lﬁ'ﬁj E.coli TOP10 competent cells (Thermo-
Fisher Scientific, USA) 1hlalaiiwuadiGefilaan
aﬁ’mwmaﬁmﬁmqﬂ QIAprep Miniprep (Qiagen)
wazasadauaduinnalelnduesiiy HPVI6L1 #
ussagaaﬂuwmaﬁm ¢ BigDye Terminator v3.1
cycle sequencing kit (Thermo Fisher Scientific,
USA) Taald CMV promoter primer waginsey
nalauiains ABI PRISM® 3500xL Genetic
Analyzer (Thermo Fisher Scientific, USA)"®
Fayaiildgminnifisududayszasmanadiodldan

vV

WNHA®

e

pcDNA3.1 (+/-)
| 5428/5427 bp

it 1 Tassaananainfillunswae HPV-16 pseudovirion
(A) packaging plasmid (HPV16-L1/L2) waz (B) pcDNA3.1 vector

arsaduazasazang

OptiMEM (Invitrogen, USA) Lipo-
fectamine 2000 (Invitrogen, USA) ttaz Dulbecco’s
phosphate buffered saline (DPBS) (Hyclone,
UsA) [lumsihwanadiawngiwad

MNsasnsnintengasmsunne
U 66 atiun 2 W - dgunay 2567

benzonase nuclease (Sigma, USA) uwag
plasmid safe ATP-dependent DNase (Epicentre,
USA) 1M (NH,),S0, wa3aulasifis 1.3 nSu
(NH,),SO0, (Sigma, USA) Tnhnau 10 §03305 5M
NaCl 3aulaaidiy 14.6 n53 NaCl (Sigma, USA)



M3SWa® HPV-16 Pseudovirion &1%5U PBNA

IMI NATUE wazaMe

Tunnau 40 188805 10% Triton x-100 L@3aulag
L@ 1.0 Jadans Triton x-100 (Sigma, USA) lu
119U 10 #adans (1FlunszuIums maturation)

msﬁmmaﬁmLﬁ1§t%aﬁsw1stﬁym 293FT mg
N32UIUNIT transfection

NEEEAE 203FT ANNBNTY 4x10° 1598
dofiadans lusmsamiumnziaousad 293FT
U31as 15 §asans lumamisidsugadaune
75 MINDUANANT ﬂuﬁqmw{]ﬁ 37 aeFaLded
°1ugi”amwwzl,%ya‘nﬁmm§uaul@aaﬂlw‘f (3uNU-5510E,
NUAIRE, UK) (fluner 18 #lus 1iwadi
AMNNUILUY 40-50% INLNTEINFTA
idhgiad Tasnauasunm 18 Halus wisudunay
°luviaammgumfi'mwmaanﬂiwﬂmnL%yawum 15
98803 Y 2 Men Wapadl 1 LHx OptiMEM
1.5 N89anT WodN® plésheLL wazwardaie
pcDNA3.1 eGFP agi9az 12 lulasnsw
Wapan 2 iy OptiMEM 1.5 Nadan3 way
Lipofectamine 2000 US1a5 60 lulasans NnT
ﬂudauwauﬁqmwgﬁﬁm Hluna 5 wit ilsasunm
Tidnshunannvasad 1 adlunaaai 2 fazvee
Tnua ua:ﬂmiaﬁqmwgﬁﬁm Wuran 20 il e
asunminasuandldadluasnedes 203FT
fodenls Unmadinsdssdananiigamadl 37 asen
wadidea ludaumnsidasiiomiuaulasanlud
a6 1T mm‘fuq}mmmsLﬁyﬂqmaﬁﬁuaaﬂuas
nemnsiaswadlval 15 188303 udnaadiuna
48 #lus ilaasunemhandasmeldndasgansse
wuumgastsatzud (1 IAXIO, ZIESS, Germany)
fimdwes 5X Tagfiansanuasnisasuss eGFP
male fluorescence (FITC) wazanuaen gL
Inenvouraame brightfield (BF)

MsRUREIEmasNsEee 293FT 7l HPV-16

pseudovirion (az1 maturation
gaosiassiradaanliunalassse

lslnsenunuizad @n DPBS 10 1988803 way

v '
= <~

AAYU-BILUT ) Lwaslﬁ'maa"ﬁmeagiwqﬂmnm%ux
wnzdaslildwaduruans fhawasluzaumadld
waawqum%mwum 15 findaas nntuldiaies
MHuLViSjIEJ\‘IWJ’mL%)QQLLUUﬂ?UQNaquQﬁ (31 CAX-
370, TOMY, JAPAN) thuniseiinnudiseu
210 g auugil 25 avenwalded WWunm 5 Wi
gadnlafavdansnaumesiuings 200 ulasans
L@y DPBS 1.0 #88805 ua19aaznaulyad Ld
wanatuwiswe 2.0 fasans ihluidumde
fianudisou 210 g gunnil 25 avewaLdua
Hluna 5 il gadlai Usuaznaumadlid
USuas 200 lulasans tin DPBS Usines 195
lulasans muele 1M (NH,),SO, USuas 12.6
1uTA58a5 10% Triton x-100 Us1nas 25.2 lalasans
ATP buffer Y5aas 20.2 ulas8as benzonase
nuclease buffer U311a5 50.4 315805 benzo-
nase nuclease (L8 plasmid safe ATP-dependent
DNase agwas 0.5 ulasaas lausanasgns
504.4 lulasdns wehin 9 Tidhiu ihliisfigamad
37 svmaidea lugauinziFesiiamsuoula-
sanlys Slunan 24 H1l disasunanth immature
HPV-16 pseudovirion flauslushudia fluna
5107 1Hx 5M NaCl Y5105 86 lalasans (0.17 th
yasUsinasnanue) Unluhudeds @uom 20 i
dansunanihluihwwisdiannuEisay 5,000 g
Hunar 5 wit wumwzdnls Faily mature
HPV-16 wisldvaanuua 1.5 lulasans vaanas
25-30 lulasa03 wasiiuiiguaudennmoii -8o aaen
watdesd (FORMA™, Thermo Scientific, USA)

M3 lanasuas HPV-16 pseudovirion

WNEadtwIzaes 293FT feundy
1.5x10° waanaiiaaans Uswas 100 lulasans
avluwanidesgaduig 96 ¥an UM 2 LWan
UNwadanaumil 37 avemwaided lugaumzie

A s ¢ & <& '

siiamsuaulaanlyd Wune 4 72las Aauasunm
Tie3enmanideaazing 96 nau HMSUMIRBAN

pseudodivrion UIU 2 LWaN LANDIWITIINSU

MssnsinenengasnIsunng
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INeiAENad 203FT 15103 120 luTasansdanau
Tunnuau Nntiuth mature HPV-16 pseudovirion
fulinaamnii -80 ssrwaldea panuazme
Tuthufisuazdanedsanmssmiumsiassad
203FT fdaman 1/100 lunasauing 1.5 lulasans
{fin HPV-16 pseudovirion idaveliaslunaduiiii 2
uo B-G (6 vaw) Usmas 120 lulasdasdenay
uaIToaNABUUU serial 2-fold dilution Tutwan
s l3dmiudancliasu 2 ivan mawnaadu
3218 HPV-16 pseudovirion fiiifmsiaaaeaud
1/200 04 1/104,857,600 ¥ Tandnaslumaniii
[FINLEee 203FT Unasu 4 39l Ysnasviaues
100 lulasaes loeiumsiis HPV-16 pseudoviron
Tupadud 1 uaz 12 wddluum A uez H e
UD9NUMIDIUNBAAWAINNINNITTLLHEVDIDINIS
iaeaadsEiemsUu awnﬁuﬂuﬁaﬁqmwgﬁ 37
avealdea lugaumnzifasiiomsuaulaaanlad
Wuna 72 il TuinougedEesuaslundas
SEAUAMNLIRNA8TUSUNSY ImmunoSpot

7.0.23.2

MsAnum latnasuas HPV-16 pseudovirion
MNAIUULINYPY NIFDC mviualvaiuiu
ABLIDLENT 300 1HAS GaINA laL@aININAI 3.0

IVNITFNG M5 LENaday PBNAC® ynsiu

PUIULLDS LSBT LUUABZTEAUANNTDN MY
TUsunss ImmunoSpot 7.0.23.2 HHa69 l1LATB9EIU
ELISPOT (CTL ImmunoSpot®, OH, USA) :ntiu
MANUFUNUSFUFUTERINM log VI UIUTDS
Boaudn lanua log 2895eAUANNETDIN 1NFNMS
NlennANNFUNUSIZUFUINNAANNEDNNID
o*a' o Y o o A 4
lawasnimlulanuueadiseuas 300 wad lag

4

msunua X lugumsee log 300 neilmlanas

v
IS )

Alannmsanusisanmsdaduilinihedu log
YOGS EPILET 300 1HaF/0.1 Fada5 [(log 300
WWad)/0.1 Nadans] msmmlawasuas HPV-16
pseudovirion FusoemulenledId Reed-
Muench®™ Tagmeanuidanavsslawmasiile
wwaslseuaisagaz 50 (logTCID,,/0.1 Hadans)
ihifayaiildanlusunsy ImmunoSpot 7.0.23.2
aniuinuaueasudazenuEeiiiinnuwgad
Bosusaannniviauniu 3 wad Wuvquitliiuauan
woztiosnd 3 wad uvauitliuaay mewa
smaxamawquﬁiﬁ'ﬁnﬂuum (sum of positive
number; SP) wasamxamaqwquﬁlﬁ'@iWLﬂuau
(sum of negative number; SN) é'fmamﬂumiwﬁ 1
(Laz¥IA) upper 0.5 Waz lower 0.5 NNAIAIUIN
Megns SP/(SP+SN) mﬂﬁuﬁwmm‘[ﬂﬂiﬁgm

A = (upper 0.5-0.5)/(upper 0.5-lower 0.5),
LogTCID,,/0.1 §83a3 = log (dilution) + A x log (2)

3N 1 MuaEniiFasusluudrganadauiasiumeteise ELISPOT laglUsunsy ImmunoSpot

7.0.23.2 e lFlumsmelainasuas HPV-16 pseudovirion

4 1 2 3 4 5 6 7 8 9 10 11 12
twani 1
1/200 1/400 1/800 1/1,600 1/3,200 1/6,400 1/12,800 1/25,600 1/51,200 1/120,400

A -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

B -1 1,360 1,841 1,753 1,789 1,653 1,131 656 271 141 62 -1

C -1 1,287 1,530 1,664 1,501 1,533 1,069 579 233 120 67 -1

N D -1 1,298 1,567 1,666 1,633 1,543 1,212 605 255 91 61 -1
© E -1 1,258 1,555 1,670 1,799 1,586 1,273 467 122 113 56 -1
F -1 1,290 1,586 1,836 1,934 1,764 1,241 660 261 89 68 -1

Y G -1 1,353 1,686 1,870 1,975 1,842 1,321 673 307 130 76 -1
H -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

MNsasnsnintengasmsunne
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m397 1 MnuadniiGawualuudngunasauuasiumenias ELISPOT laglusunsu ImmunoSpot
7.0.23.2 e lFlumsmelainaseas HPV-16 pseudovirion (7a)

r 1 2 3 4 5 6 7 8 9 10 11 12
wani 2
1/200 1/400 1/800 1/1,600 1/3,200 1/6,400 1/12,800 1/25,600 1/51,200 1/120,400

A -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
B -1 45 21 10 3 5 3 2 1 1 3 -1
C -1 43 11 12 6 2 0 2 0 0 1 -1

25
© D -1 33 9 11 3 5 0 0 1 0 2 -1
E -1 34 9 4 3 2 1 1 1 0 0 -1
F -1 44 18 12 6 3 0 0 2 2 2 -1
\/ G -1 45 19 10 9 4 3 1 1 0 1 -1
H -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

UBNINA LALABIUEI ENINTIMINAUAILTDAIN
(dilution fold) 284 pseudovirion Anaale
et lUlEnagey PBNA Taansamuiaaine
lawwasaausuns 50 lulasdns anmsSeauds
300 (a8 [(300 L%8d)/0.05 Naaans] WIpAMUIN
0 200 ey TCID,, #iUsas 0.05 Aadans
(200TCID,,/0.05 fadans) Fuflueiiniiony
NIFDC ssnsausgiszannuiu dnwuazlalums
naga1 s PBNA ita3a512 protective titer
yav3ndu HPV Aifimsllummsasylssnsuiue

A

We

msﬁwwmaa’im‘ﬁwgjmaﬁmwmﬁum 293FT @7g
N3EUIUNIT transfection

#avi packaging plasmid §MSUNE®
HPV-16 pseudovirion tde reporter plasmid
Lﬁ'ﬂgivziaél,wm,?:m 293FT (ilaasunan 48 il
AN SUFAE DN lUSAULSDUE
wgoais@mBudian eGFP Tuadimeides 203FT

Y v L4 14 4
ma”lmnamagamsﬂuuunﬂgamiamum NWULEDD

(SONLEN AILFRAlUNND 2

MNN 2 wadlnzdes 203FT wasgniiilenineds packaging plasmid (HPV16-L1/L2) uas reporter
plasmid (eGFP) {Wuria 48 %l ilaamadaudisnaasgasisamud mele (A) fluorescence
(FITC) uas (B) brightfield (BF) "maswenatauding 5X

MssnsinenengasnIsunng
U 66 atiun 2 W - dguney 2567
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HPV-16 pseudovirion fiuanlaaiansarly
waswNaee 293FT At

WM HPV-16 pseudovirion Ml
wuu serial 2-fold dilution (?iy'm.ei 1/200
4 1/104,857,600 LN NILHNaeluLgasd 293FT
Toelsifimsiiuhendm3ums transfection wui
pseudovirion fiKAalAEINTavNIRIHad WIS
293FT (309ua9 Femadimnzaes 203FT (3asuaqayd]

NUUINUENLNBNAMMSIA2 VD9 pseudovirion

Dilution-1/1600

Dilution 1/409600

o v 8 = v v ' ° s
WNAY waa AU TN US SENINIUIULEAE
(SauanuUSua pseudovirion AIBEINLRE
o A - ' o o ]
(309UENTNANNEDNAINNY AUFAIIUNINWD 3
ansafaaunsudasaanaed eGFP luwrad
Wzden 203FT aglandssganssmiuuuigens
P & < a Y

auannm 72 7l Wumsiigadlannszuiums
Wa® HPV-16 pseudovirion Nansivanzan
lun1swdn HPV-pseudovirion NNaNNaI11150
Tumsmimasumnsidasiadale

A-2

AN 3 waslaen 293FT Neame HPV-16 pseudovirion (Wuna 72 talus fiszauanaiaag

289 HPV-16 pseudovirion 1/1,600 uaz 1/409,600 tiawansanmealadnaseganssmiwuy

V\Igamsamu@i‘ fluorescence (MW A-1 wuaz B-1) wazuy brightfield (A-2 waz B-2)

¢d' o e gYV
nMaveNaeuaIng 5X

Msma lanasuas HPV-16 pseudovirion tas
Mstaniitmanzanuas pseudovirion findale
sl ldneasay PBNA

Uad 203FT Eaausdiafinie HPV-16
pseudovirion mmimﬁmﬁmezﬁﬁmm’éaa
ELISPOT daugaslumnii 4 uazuamsiusiny
wasi3aeuas dausaslumead 1 snansathaneum
wmenlawadldananmsiduass dausaslumni s
wuh HPV-16 pseudovirion findalaiienlanas

MNsasnsnintengasmsunne
7 U 66 AU 2 ey - Tgunau 2567

[log300 1Bad]/0.1 Fadans (AU 4.37 Tems@ean
(dilution fold)/0.1 {adans Aa 1/23,542 1 lag
f1M1300919 pseudovirion Mudaldiieluly
nagau PBNA (AU 1/11,771 1M Tunauziienuon
alanadesis Reed-Muench fausaslumsd 2
wunienlawmas logTCID,,/0.1 §adans v
6.67 1MMSADAN (dilution fold)/1.0 Nadans
Ao 1/46,340,950 W uazlilaNenumEaIN

M uaad NIFDC agianinnu 1/11,585 1M
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HPV-exp low-1 - 3_520

1 2 3 4 5 (] 7 8 9 10 1 12

LNANT 1

HPV-exp low-2 - 3_520

12 1 2 3 4 5 ] 7 ] 9 10 11 12

LWANT 2

H

Counted by: ImmunoSpot 7.0.23.2 CoToL

P P o & = d a & .. a Yy v
NN 4 waniiwasinzdes 203FT Gasuauiliafaiia HPV-16 pseudovirion NANNTNIUAIN )
NADINUUY 2 91 IUIU 20 A A9LLE 1/200 D49 1/104,857,600 UNLTUO 72 H1u4 Liiaynms
AN NUNULAFNELATEY ELISPOT Taswanil 1 aaaniin 2-11 UdaEaatsaaunaanan
ANNLIADINAILA 1/200 99 1/102,400 MNUSIOU LAZLWANT 2 ABANUN 2-11 LWHAUTIHLIDILE
NANPANUADINAILG 1/204,800 849 1/104,857,600 MNAAU oI B-G 2pawani 1 way 2
< o %’ U = 3 n’d’ (= I3 d‘y
WuUmMsm 6 91 209u@azANNENG, ABANUN 1 waz 12 wazuad A waz H liflwadinnsides

NsasnsHANenendasMsunng
o o P |
UM 66 aud 2 wwey - Hguey 2567
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6.00=

5.00

4.00=

AUANNLIDAN

3.00=

@
o
o

2.00=

(log dilution)

y =-0.9634x+ 6.7538

2_
N R*= 0.9921

Log 2849

0.00 T T T 1
0.00 1.00 2.00 3.00 4.00

° Moy
LOg YNNUIU L‘daﬁﬁm LLEN‘V]lGl

(log cell number)

MW 5 enuFNRUSEudusEuem log 2assunuEasEacuasile (log cell number) Aue log
209520 UANNEDAN (log dilution) 289 HPV-16 pseudovirion findalannmsed 1 uaz
MINAMIRAINEVTUMINadou PBNA
ANMSANNFURUT y=-0.9634x+6.7583 7 R® = 0.9921 muualdunud X fg 2.477121
(= log300) wazm y #a log dilution T&lumsnanumlamas

@159 2 Mseuua logTCID,,/0.1 §adans lagds Reed-Muench tiammlainasuas HPV-16
pseudovirion lagfsanIuaasasuasioulamanias ELISPOT wazmsmenns

RBINENSUMSNAdaU PBNA

UYWAY DIUTIVDY Punani
B - ? AEEREREGEY SP+SN SP/(SP+SN)  #aaLtie
[ FISRERN 11338319 (log) LLEMIHD °
819,200 5.91 6 0 18 0 18 1
163,844 621 6 0 12 0 12 1
3,276,800 6.52 4 2 6 2 8 0.750 Upper 0.5
6,553,600 6.82 2 4 2 6 8 0.250 Lower 0.5
13,107,200 7.12 0 6 0 12 12 0.000
26,214,400 7.42 0 6 0 18 18 0.000

winewa: SP da wannaranzaguilienduuin lesAeazananaimsidaaaiinnige (aeuuu)
SN #ia manwazanuaanguiliduau losAnazananamsidoanidasign (uuasa)

a 4
AU - ¢ ¢ w 4 . - ) v
AUANEHRLTIIVNN N ULIUINITNGD 48 ﬁ'ﬂiﬂ "8

MINdALaTMIMAlatnaszas HPV-16 @389 flow cytometer WULBARINNNT 80% HNMS

.. ' o P ° a - A o o s R
pseudovirion WUMIWUAINITLURUYIUINDITNA (Sa9ude eGFP afisunuwas 293FT flaidins
Ngumadinziaeees lipofectamine 330053 hwaaliowhgad masaadasnunamalanass
AamumaauaangaatsaruduadlUsiu eGFP  qanssaduuungastsaigud uanatniwudd
melumadle nmsnagautiindunuinie mswlieanwaraialune 24 3lue Tiua

MNsasnsnintengasmsunne
7 U 66 AU 2 ey - Tgunau 2567




M3SWa® HPV-16 Pseudovirion &1%5U PBNA

IMI NATUE wazaMe

FIUIUBAENIELA BT A I LU U SE o
60-70% lunaiziitne 72 Halue wadimnzide
FanumnuuuaNnn 99% uazéuﬁmaﬁﬁwqmaaﬂ
Nnniuinmrue weasliiiiuhnafimananiils
Tumsudn HPV-16 pseudovirion #ia 48 %3l
[lasnsnueadlumauzsiasugadinnunmn
wiufitmnzaw fa Uszana 80-909% mudilasums
Menaaisnmsnn NIFDC

Lﬁ'aﬂ'l HPV-16 pseudovirion fiudalauniv
L2DE LW‘\ngﬂﬁ 293FT laglaifimsiis lipofectamine
wui HPV-16 pseudovirion d@asamlviaag
izt 293FT Gaauasld uaasliifiunnszuiums
wilenhwanafiahdiadimnzissihlild HPV-16
pseudovirion ‘ﬁﬁ infectivity u,a::mmsnﬁaﬁu
reporter plasmid ﬁﬁﬁuwm‘[ﬂsauﬁamm eGFP
dhguadld waildduluamuildsunmsdianan
38970 NIFDC wazmus1e9uaes Buck CB
wazamee

waslsasuaaansanasiulomeldnass
YanssaiuuungaasalBud winsuuINNUEad
Gasuaameldndesanssamiuuungesisaisud
fiTomatinenuianaaldun asnenudy
yaedsiiasuaclundazigadiiariuanaraiy
Fauaaslumud 2 wazndaslisansanad cut off
YDIANNLINYDILES (intensity) 289lUs6Y eGFP
fugaseanmelumasle sasfimstumad o
NNe3ee ELISPOT aaalusunsy ImmunoSpot
7.0.23.2 ansaemiasadifinadansiusiuiy
yaugadtsasuaslitliunaninaeidaddulunn
msnadaula®? Fasiinademsmuuelamas
299 pseudovirion findaaaluld drmiunis
wsaBadsasuaenglandssganssauuy
Wgeasagud @sanmuInmalawnss
M ei5 Reed-Muench u@ldaunsainanaiuin
Toaldaunsiduasuniiaudayaiildanniaias
ELISPOT twsizldaansouvuanuiutadisag
waslundazanudens Taswmmzuquitiuinna
adEaeuaTIIwINn audaslunmni 2A wuh

Mlaeas logTCID, /0.1 §adans Newmniu 7.8
wazliardaaraieiluldnagay PBNA @a
1/168,632 i (dawalailatuauns) Tuamziims
M lanasmeis Reed-Muench #umsiesei
NNA3BY ELISPOT #imlanas logTCID,,/0.1
fiadans whiu 6.67 FemiFansimunls da
1/11,585 LV MNSIAU Fauanenanulszanas 15 wh
HaNLASas ELISPOT wiathinmeidaasdmsu
nadau PBNA 62835 Reed-Muench w3amsld
FuMsIEUNTs wuhlaeiilndideady @ 1/11,585
W UaE 1/11,771 61N MNSIAU LFATNANSUUINUIU
wadlaglUsunsnueaains ELISPOT udugnannnih
msldnassganssaiuvungasisaaud wazsiiull
auAuLUzges NIFDC setiuluifasduia
133ns@nwilunlduae HPV-pseudovirion
aewug 18 vy Fuflu HPV smewugiiegly
Teguileeiu HPV wuy 2 sgwug wuhaunsonae
pseudovirion i infectivity Tavdunu (‘ﬂ’aga
Tail@tmewns)

Uaquudalaifidnese neutralizing antibody
MNMSANINNAIUNTINTUUININAFDUIINAU
HPV-16 pseudovirion i mﬁmﬁu ualasimsnadau
NULOUAUDANNIFIU (anti-human papilomavirus
type 16 serum (NIBSC 05/134) azilauduafea
HPV- 16 Mndorimaaasiildsuiagu HPV sewus 16
(in-house) mu3d5a1n NIFDC wuin HPV-16
pseudovirion JUAUKBUAUBANINAIINILYLAA
neutralization 16 (RETEWINMSINELUNT) YNNG
35n5waem HPV-pseudovirion lasrenaal
fuiwanietululssmauasinids wialdlums
Anwwanniaguilasiunzzatnuegn dmsuld
Tudszmealng mulasansmienaasadanugey
msmuanammwiaguilasiunzSahnuegnas
35 pseudovirion-based neutralization assay
(PBNA) iadl w.q. 2563 Tngawnaamniimsan
Jeguilasnunzdalhnuagnneediin avdaug
fldannduwuumsudn HPV-16 pseudovirion i

wgmhinWandaeaaliNandn HPV-psuedovirion

MssnsinenengasnIsunng
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aanugdunazihnldnsiadau protective titer
g lasuinduilasnunsdahnuagnas lule

asu
9

as

HPV-16 pseudovirion 7 TEIAG R

=b.

[

lasumsgenannNVIBNUAMUANMNUNIA

]

mMuiadurasansrsusguszensuiu (NIFDC) &
ananiiliieadinsdss 203FT Gaidaldlos
flawasimnmsahmannaiudmanuidans
i luldmaaay PBNA 38mswdailaunsold
Wuduuuulumsuaa pseudovirion 784 HPV
Mawugau asanaudenanaidanuisnsli

vhsnuniiengaaleaa

Aeanssndsena

ypwpuAn s TaTuLiemNE Hatuayudy
nululasensiaduasednaninyaesiaslfuans
TumsieSen pseudovirions dgUuTIINENATAS
mamsunng nsdnenaaasmsunng Tunsuiia
PNUIUNNFHAUIZATINILATILHANINYN G DIV DY
waraiafldlunuise meldlasenisditeiiia
ANENINUaENITANUTYURATINNITHNITUNNE
Dr. Jianhui Nie 210
Division of HIV/AIDS and Sex-transmitted
Virus Vaccines, NIFDC a1515a33Usemauau

ASUNITHILIATU L

ﬁaqmswxvf Reporter plasmid (eGFP) 53um4

M3018NaAIDNINE® HPV-pseudovirion az

[

TenUsamauniiaeil

o

159086
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Production of HPV-16 Pseudovirion for PBNA Wipawee Wongchana et al.

The Production of HPV Type 16
Pseudovirion for the Development of

Pseudovirion-Based Neutralization Assay
(PBNA)

Wipawee Wongchana', Sakalin Trisiriwanic', and Supaporn Phumiamorn®
! Institute of Biological Products, Department of Medical Sciences, Nonthaburi 11000, Thailand
? Medical Sciences Technical Office, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Human papillomavirus (HPV) is implicated in the majority of cervical cancer cases, which
vaccination being a crucial method for preventing infection. The pseudovirion-based neutralization assay
(PBNA) has been employed to determine the neutralizing antibody levels in HPV-vaccine immunized
recipients. This article introduced the product of HPV-pseudovirion serotype 16 (HPV-16 pseudovirion),
a technique transferred from the protocol established by the National Institutes for Food and Drug
Control (NIFDC), China. Results following the transfection of p16sheLL and pcDNA3.1 eGFP plas-
mids into 293FT cell lines showed the production of pseudovirion containing the eGFP protein within
48 hours, with infectivity observed on the 293FT cell line. Fluoresced cells were counted using ELIPOT.
The calculated pseudovirion titer, based on 300 eGPF-positive cells per 0.1 milliliter, was 4.37, with a
dilution factor of 11,771 for PBNA. Additionally, the pseudovirion titer examined through TCID,, per 0.1
milliliter was 6.67, with a dilution factor of 11,585 for PBNA. Overall, the adopted method successfully
produced HPV-16 pseudovirion, serving as a prototype for producing other HPV-pseudovirion serotypes

and facilitating their transfer to relevant agencies to support the HPV vaccination campaign

Keywords: HPV-16 pseudovirion production, Plasmid transfection, Pseudovirion-based neutralization
assay (PBNA)
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Competency of Community Medical Sciences Nattiga Prucksikanont and Yutthana Yaebkai

Competencies in Community Medical

Sciences of Village Health Volunteers

Nattiga Prucksikanont' and Yutthana Yaebkai’

! Pharmaceutical and Health consumer Protection Subdivision, Sukhothai Provincial Public Health
Office, Sukhothai 64000, Thailand

? Sirindhorn College of Public Health Phitsanulok, Faculty of Public Health and Allied Health

Sciences, Praboromarajchanok Institute, Phitsanulok 65130, Thailand

ABSTRACT The Sukhothai Provincial Public Health Office has been continuously developing community
medical sciences (CMS) capacity for village health volunteers (VHVs) since 2015, according to the guidelines
of the Department of Medical Sciences under the Ministry of Public Health (MOPH). VHVs promote,
support, empower, and enhance the public sector’s leadership in the body of CMS knowledge and
technology for consumer protection and community health management. In addition, VHVs provide
preliminary medical diagnoses and primary health care. This descriptive research aimed to study
the competencies in CMS among VHVs in Sukhothai. The study sample involved 64 health-care
providers (HCPs) and 64 VHVs in the province. Data were collected using a questionnaire and then
analyzed to determine the frequency distribution, percentage, mean, standard deviation, paired sample’s
t-test, and independent sample’s t-test. The results revealed that VHVs had the highest level of expected
CMS competencies as well as the high level of actual CMS competencies. VHVs had higher expected CMS
competencies than their actual CMS competencies. As per both groups comparison, VHVs expected and
actual CMS competencies were higher than HCPs. Therefore, relevant agencies should further develop or

train VHVs to enhance their CMS competencies so as to perform CMS tasks more efficiently and effectively.

Keywords: Competencies, Community medical sciences, Village health volunteers
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Development of the Management Systems of
Accreditation Body of Bureau of Laboratory
Quality Standards in Accordance with
ISO/IEC 17011:2017

Sitaphaisith Ekachampaka and Piyawan Chainarongkuekul
Bureau of Laboratory Quality Standards, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT ISO/IEC 17011:2017 has been announced to replace the original edition (ISO/IEC
17011:2004) by International Organization for Standardization (ISO) and International Electrotechnical
Commission (IEC) since November 2017. The Bureau of Laboratory Quality Standards (BLQS) of
the Department of Medical Sciences is approved to be a full member and signatory to the Asia Pacific
Accreditation Cooperation (APAC) Mutual Recognition Arrangement (MRA) and becomes a signatory to
the International Laboratory Accreditation Cooperation (ILAC). Facing national challenges, BLQS needs
to strengthen the capacity to provide accreditation of conformity assessment bodies in accordance with
the new version standard ISO/IEC 17011:2017, and a peer evaluation process must be carried out by the
APAC Evaluator within 3 years of the announcement date. By comparing the contrasting requirements
between ISO/IEC 17011:2017 and ISO/IEC 17011:2004, BLQS was able to conduct a comprehensive
analysis. With this information, BLQS could effortlessly incorporate the gap analysis, taking into account its
current status. In doing so, BLQS could strategically devise a transition plan to ensure the maintenance of
the APAC MRA across Accreditation Bodies. One notable accomplishment was the revision of the quality
manual, which included updated requirements, and processes. BLQS had also succeeded for
a significant development in competence, information, and risk managements. Nonconformities gained from
accreditation process and views of interested parties were also discussed to identify opportunities for
continuous improvement. Finally, our efforts had been acknowledged by the APAC, who had approved our
comprehensive report of ISO/IEC 17011:2017 on February 28, 2020. In addition, BLQS was also re-evaluated
and approved to be a full member and signatory to APAC MRA and ILAC MRA in 2022. This information can
be used as a guideline to plan the improvement of the organization to have a quality system that is accepted

internationally as well as promoting the further development of the country’s bioeconomy.

Keyword: ISO/IEC 17011:2017, APAC, ILAC, Accreditation body, Bureau of Laboratory Quality Standards
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