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Apoptosis Induction on Human
Cancer Cells of Cannabis sativa L.

Cultivar Tanao Sri Kan Dang RD1 Extract

Sarayut Radapong', Nathaphat Harnkit', Tiyanee Sahad', Praw Suppajariyawat’,
Sekrachatakorn Buaboa', Pornchai Sincharoenpokai’, Siriwan Chaisomboonpan’,
and Kenneth J Ritchie®

'Medicinal Plant Research Institute, Department of Medical Sciences, Nonthaburi 11000, Thailand
’Centre for Natural Products Discovery, School of Pharmacy and Biomolecular Sciences, Liverpool John

Moores University, Byrom Street, Liverpool L3 3AF, UK

ABSTRACT Cannabis sativa L. has been reported to be active against some kinds of malignant
tumor cells. However, the mechanisms of action of the Thai cannabis, Cannabis sativa L. cultivar
Tanao Sri Kan Dang RD1, have not been revealed. This study aimed to investigate the anti-proliferative
and apoptosis-inducing properties of Tanao Sri Kan Dang RD1 extract (TRD1), cannabidiol (CBD)
and A9-tetra-hydrocannabinol (THC). The crude extract, TRD1 was prepared from the cannabis
female inflorescences using supercritical fluid extraction. The content of THC and CBD of the extracts
was analyzed using High-performance liquid chromatography. The anti-proliferative properties were
investigated on several cancer cell lines. The results showed that TRD1, CBD and THC posed
cytotoxicity against MCF-7, Hep G2, PANC-1 and A-549 cell lines. MCF-7 cells were the most
susceptible to the three compounds investigated (IC,, = 2.81, 2.69 and 4.51 pg/mL, respectively)
and chosen to investigate apoptosis induction. TRD1 induced apoptosis dose-dependently
(2.5-10.0 ug/mL) in the same manner as CBD did (2.0-8.0 pg/mL), whereas THC induced
apoptosis to the same extent as necrosis at 10.0 uyg/mL. CBD and THC also moderated caspase-3
protein expression and induced chromatin condensation in MCF-7 cells. In conclusion, TRD1,
CBD and THC exhibited anti-proliferative and apoptosis-inducing properties suggesting that they
might be further investigated for their anti-cancer drug potential. In addition, in vivo pharmacological
and toxicological studies should be conducted to ensure efficacy and safety for further research as
medicinal product in the future.

Keywords: Cannabis sativa L. extract, Tanao Sri Kan Dang RD1, Apoptosis, Cannabidiol, A9-tetra-

hydrocannabinol
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Apoptosis Induction of Thai Cannabis; Tanao Sri Kan Dang RD1

Sarayut Radapong et al.

Introduction

Cannabis, marijuanaor Cannabissatival.,
is a plant that is legally licensed for medical or
recreational use in many countries. Currently, the
Thai government allows the legal use of cannabis
for medical purposes. Thailand has been reported
to be one of the habitats of C. sativa descendants
which have the characteristics of narrow leaflets,
slender and tall habit and late maturation."”
Some cultivars of this plant have been found
to have specific characteristics and intensively
studied for medical purposes which are
Hang Kra Rog Phu Phan ST1, Hang Suea
Sakonnakhon TT1, Tanao Sri Kan Khaw WA1
and Tanao Sri Kan Dang RD1.”” Tanao Sri
Kan Dang RD1 is reported as a cannabidiol
(CBD)-enriched cultivar, whereas, others

) Canna-

presented varying amounts of THC.
binoids are found to be the active compounds
in this plant; among these, the most common
compounds are THC and CBD. The proportion
of THC/CBD is also used as a criterion for the
identification of cannabis strains or cultivars.”
Besides, there have been reported other
cannabinoids in the lines of phytocannabinoid
synthesis such as cannabigerol (CBG),
cannabichromene (CBC), A9-tetrahydro-
cannabivarin (D9-THCV), cannabicyclol
(CBL), cannabinol (CBN) as final products by
decarboxylation reaction. The precursors most
presented in raw plants are in acid forms
including f D9-THCA, CBDA and CBCA.*”
Moreover, 400 other phytochemicals have been
reported to be presented including flavonoids,
terpenoids, alkaloids, steroids, alkanes, fatty
acids and sugars.“*”” The pharmacological
activities of cannabis were reported to focus on
THC and CBD. THC and its derivatives were
reported as analgesic, appetite, nausea reduction

N5F5NTIANENAFATATUNNE
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induced by chemotherapy and brain cells
protection from oxidative stress. CBD, on the
other hand, showed the effect of relieving
epilepsy and reducing anxiety. THC, CBD
and cannabinoid derivatives such as
cannabichromene (CBC) and cannabigerol
(CBG) or flavonoids such as apigenin, chrysoeriol,
kaempferol, luteolin, quercetin, vitexin and
cannflavins were found to be effective against
many types of cancer cells In vivo.”® CBD has
also been found to be active against cancer
cell lines in vitro such as breast cancer
cells (MCF-7, MDA-MB-231), brain cancer
cells (Us7-MG, U373), lung cancer cells
(NSCLC, A549), colon cancer cells (HT29),
pancreatic cancer cells (PC-3, DU-145, 22RV1,
and LNCaP), prostate cancer cells (PC-3,
DU-145, 22RV1, LNCaP) and blood cancer
cells (leukaemia/lymphoma, multiple myeloma)
by inhibiting cell proliferation and angiogenesis."”
Evasion of apoptosis is an important hallmark
of cancer and the induction of apoptosis is
consequently recognized as an important
property of any potential therapeutic.®?
Therefore, research continues to focus on
the elucidation and analysis of signalling
pathways that control apoptosis. There are two
main pathways of apoptosis; extrinsic and
intrinsic pathways. Both pathways activate
the executioners through caspase 3, 6 and 7.
The execution pathway results in characteristic
cytomorphological features including cell
shrinkage, chromatin condensation, the formation
of cytoplasmic blebs and apoptotic bodies and
finally phagocytosis of the apoptotic bodies by
adjacent parenchymal cells, neoplastic cells or
macrophages."” However, the other dichotomous
mechanism of cell death is necrosis which has

been characterized as accidental cell death.
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The causes are chemicals, external injury
or trauma of cell membrane resulting in losing
the membrane integrity and releasing
inflammatory cellular contents. Necrosis
normally causes acute toxicity.""

This research, therefore, aimed to
investigate the cytotoxicity of Thai cannabis
strain (Cannabis sativa L. cultivar, Tanao Sri
Kan Dang RD1) crude extract, CBD and THC
in various cancer cell lines and the ability to
induce apoptosis. The results of this study
could be supportive information for developing
Thai cannabis as an anti-cancer drug or

combined chemotherapy.

Materials and Methods

Cell culture

Adenocarcinoma human alveolar basal
epithelial cells (A-549), human Caucasian
hepatocyte carcinoma cells (Hep G2), human
pancreatic cancer cell line (PANC-1), and
human breast adenocarcinoma cells (MCF-7)
were obtained from Cell lines service GmbH
(Eppelheim, Germany). A-549 cells were grown
in Dulbecco’s modified eagle medium (DMEM)
(Gibco, NY, USA), whereas, Hep G2, PANC-1
and MCF-7 were grown in Eagle’s minimum
essential medium (EMEM) (Gibco, NY, USA).
Both cell culture media were supplemented
with 2 mM L-glutamine, 0.1 mM non-essential
amino acid, 1 mM sodium pyruvate and 10%

fetal bovine serum at 37°C in a 5% CO, incubator.

Standards

Cannabidiol (CBD) (> 98% HPLC),
A9-tetrahydrocannabinol (THC) (> 98% HPLC),
cannabidiolic acid (CBDA) (> 98.5% HPLC)
and tetrahydrocannabinolic acid (THCA) were
form Merck KGaA (Darmstadt, Germany).
Doxorubicin (> 98% HPLC grade) was purchased
from Sigma-Aldrich (Buchs, Switzerland).

Plant materials

The plant material was obtained from
Cannabis sativa L. cultivars Tanao Sri Kan
Dang RD1 (TRD1) and certified by Department
of Agriculture, Ministry of Agriculture and
Cooperatives (certificate no. 1688/2564). It was
cultivated in the greenhouse of Medicinal Plant
Research Institute, Department of Medical
Sciences which had a license to grow category-5
narcotic plants (No. 90/2564, planting place).
Fresh female inflorescences were collected

from 6-month-old cannabis in September 2021.

Plant extraction and quality control
TRD1 cannabis crude extract was produced
using the following procedure. The fresh
inflorescences were cut into small pieces about
1 cm in length. They were dried in a hot air
The dried

plant was ground into crude powder and

oven at 45-50"C for 24-48 hours.

then extracted using supercritical fluid
extraction (SFE); CO, was used as the solvent
to extract bioactive components. The extraction
condition was set at 250 bar and 40°C. THC
and CBD in the extract were analyzed using
High-performance liquid chromatography
(HPLC, model LC-40D, Shimadzu, Japan);
with a photodiode array detector at wavelength
220 nm, column 150 x 3.0 mm C18 Infinity Lab
Poroshell packed with 2.7 pm particles.
The mobile phases were (A) 0.085% H PO,
in water and (B) 0.085% H_PO, in acetonitrile,
using isocratic 30% (A): 70% (B) applied from
Thongchin et al., 2021."” The sample was
prepared by weighing 20 mg of the extract
and then adding methanol:chloroform
(9:1) 10 mL in a volumetric flask. The portion
of 1 mL solution was adjusted to 10 mL
with methanol in a volumetric flask and

filtered with a 0.45 um nylon syringe filter
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U 65 2UUN 1 ¥NAN - HINAN 2566 OF




Apoptosis Induction of Thai Cannabis; Tanao Sri Kan Dang RD1

Sarayut Radapong et al.

before analysing by HPLC. The standards of
THC, THCA, CBD and CBDA were prepared
and diluted in methanol at concentrations
between 3.125-100 pg/mL. The crude extract
and the quality control data were conducted
at the Herbal Quality Assurance Center,
Medicinal Plant Research Institute, Department

of Medical Sciences.

MTT Assay

A total of 10 mg of TRD1, THC and CBD
was dissolved in DMSO to provide 10 mg/mL
of stock solutions. Then the solutions were
diluted to 1,000 ug/mL with the culture medium
as a working solution. The cells were seeded
at 5x10° cells in 100 uL medium per well of
96—well plates and left in the incubator for
24 hours. The medium was removed and the
cells were treated with eight different
concentrations of each compound in triplicate
and then incubated for 48 hours. The medium
was replaced with 200 pL. MTT reagent and
then continued to incubate for 4 hours.
The MTT solution was discarded and 200 uL
DMSO was added to each well to dissolve
the purple formazan product. The absorbance
of the formazan product of viable cells was
read using the microplate reader at 570 nm.
The background absorbance was reduced by
the blank and %viability was calculated

compared to the control.

Quantification of Apoptosis

A total of 10 mg of TRD1, THC and CBD
was dissolved in DMSO to provide 10 mg/mL
of stock solutions. Then the solutions were
diluted to 1 mg/mL with the culture medium
as a working solution. MCF-7 cells were
seeded at 2x10° cells in 3 mL in 6—well plates

and treated with CBD, THC and TRD1 at
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different concentrations for 24 hours. The cells
were trypsinised and washed with ice-cold
phosphate-buffered saline (PBS), and then
1x10° cells/mL were resuspended in 100 pL
1X annexin-binding buffer. Total 5 puL. Alexa
Fluor 488 annexin V and 1 uL 100 pg/mL
propidium iodide (PI) working solution were
added. The cells were gently mixed and
incubated in the dark for 15 min at room
temperature. Finally, 400 pL of binding buffer
was then added to each tube and the apoptotic
cells quantified using Attune™ NxT, Acoustic
Focusing Cytometer (Thermo Fisher Scientific,
Singapore) within 1 hour of harvesting.
Cells that stained positive for FITC annexin
V and negative for PI were undergoing early
apoptosis. Cells stained positive for both FITC
annexin V and PI were in the late apoptosis.
Cells were positive for PI but negative for
FITC annexin V were undergoing necrosis
or were already dead. Whereas the cells that
stained negative for both FITC annexin V and

PI were alive.

Caspase—3 Expression

A total of 10 mg of THC and CBD were
dissolved in DMSO to provide 10 mg/mL
of stock solutions. Then the solutions were
diluted to 1 mg/mL with the culture medium
as a working solution. Active caspase—-3 staining
was performed following the manufacturer’s
instructions (PE active caspase—3 apoptosis kit,
BD biosciences, San Diego, CA, USA). Total
5x10° cells of MCF-7 were treated with
different concentrations of the compounds
for 24 hours. The cells were harvested and
washed with ice-cold PBS. The washed cells
were resuspended in 0.5 mL BD Cytofix/

Cytoperm™ solution and incubated on ice
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for 20 min. After that the buffer was removed,
the cells were washed twice with 0.5 mL
BD Perm/Wash™ buffer at room temperature.
Then, the cells were resuspended with 100 pL
BD Perm/wash™ buffer plus 20 pL antibody
and incubated for 30 min at room temperature.
Finally, the cells were washed with 1 mL
washing buffer and resuspended in 0.50 mL
washing buffer. The cells were maintained

at 4°C until analyzed by a flow cytometer.

Nuclear morphological detection using
Hoechst 33342 staining

The nuclear morphological changes of
chromatin condensation induced by CBD
and THC were examined using Hoechst
33342 staining (Sigma-Aldrich, Buchs,
Switzerland). The protocol was followed
according to the manufacturer’s instructions.
Briefly, the cells were treated with different
concentrations of CBD and THC in 6-well
plates for 24 hours. The 10 mg/mL Hoechst
stock solution was prepared and diluted with
PBS (1:2,000). The medium was removed

from each well and then 500 uL of the dye

working solution was added. The plate was then
incubated at 37°C for 10 min. The cells werethen
washed with 1 mL PBS 3 times. The cells
were viewed under the fluorescence microscope

(Nikon Eclipse Ti2-E, Tokyo, Japan).

Statistical Analysis

The inhibitory concentration (IC50) was
calculated using nonlinear regression analysis
(curve fit) (GraphPad Software, La Jolla, CA,
United States) and expressed as mean+SD
(n =3). The total percentage of the cell population
in apoptosis and caspase-3 assays was

expressed as a mean of duplicated experiments.

Results

A total of 100 g of the crude drug yielded
7.07 g of the crude extract following extraction.
From the result of HPLC analysis, it was found
that TRD1 contained THC, THCA, CBD, and
CBDA compounds as 1.51+£0.01, 3.16+0.01,
4.254+0.03, and 24.67+0.16 %w/w, respectively.
The chromatogram of TRD1 is shown in
Figure 1. Therefore, this extract provided

the CBDA enriched extract.

mAu
4 E_tg PDA Multi 1 220nm,4nm
75 %
50
25
i [a)
= 3
i 3 8}
4 I I
o L E i~
0.0 25 5.0 75 10.0 125 15.0 175 20.0
min

Figure 1 Chromatogram of TRD1 extract (0.200 mg/mL), detected at 220 nm.
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The anti-proliferation activity evaluated
using MTT assay gave results that TRD1
possessed cytotoxicity against MCF-7, HepG2,
PANC-1 and A-549 cell lines with IC_ of
2.81+0.85, 7.65+0.49, 23.40+0.88, and 26.90+2.27
ng/mL, respectively. The two cannabinoids,
CBD and THC also showed cytotoxicity
consistent with TRD1 extract. CBD posed
potent cytotoxicity against MCF-7 and HepG2

with IC_ of 2.69+0.20 and 2.93+0.30 ug/mlL,

respectively, whereas, THC were 4.5140.19
and 5.73+0.40 ug/mL, respectively. MCF-7
was susceptible and gave the lowest IC, to
three compounds. The IC_ of TRD1 was not
significantly different to CBD (p = 0.9637)
but significantly different to THC (p = 0.0160).
The IC,, of TRD1, CBD and THC to A-549,
Hep G2, MCF-7 and PANC-1 cancer cell lines

are shown in Table 1.

Table 1 The 50% inhibitory concentration (IC,)) of TRD1, THC, CBD, and doxorubicin
against cancer cell lines; A-549, HepG2, MCF-7, and PANC-1. The data was expressed

as the mean+SD, n = 3.

IC,, (ng/mL)

Cell lines

TRD1 CBD THC Doxorubicin
A-549 26.90+2.27 4.76+1.05 8.03+1.02 0.1840.04
Hep G2 7.65+0.49 2.93+0.30 5.73+0.40 0.1540.03
MCF-7* 2.81+0.85" 2.69+0.20" 4.5140.19 0.1040.01
PANC-1 23.40+0.88 5.82+0.26 7.82+0.18 0.3140.01

*Statistical analysis was carried out using One-way ANOVA analysis of variance followed by Tukey’s multiple comparison test;

a vs bns p-value = 0.9637, a vs ¢ * p-value = 0.0160, b vs ¢ * p-value = 0.0121

Apoptosis induction of TRD1 was
investigated using flow cytometry. Apoptosis
was induced in MCF-7 cells in a dose-dependent
manner. The total cell populations (%)
of apoptotic cells were 13.30+£0.27, 4.27+0.09,
1.8940.04 and 0.86+0.02% at 20.0, 10.0, 5.0
and 2.5 ug/mL, respectively (Figure 2).
While there were 3.86+0.08 and 3.79+0.08%
of the cell population in necrosis at the
concentration of 20.0 and 10.0 pg/mkL,
respectively. The percentage of living cells was
higher than 80% in all treated groups.

Pure CBD and THC were also investigated
for their ability to induce apoptosis. CBD was

found to induce apoptosis in a dose-dependent
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manner, with the cell population in apoptosis
being 7.10+£0.03, 2.164+0.04 and 0.96+0.00% at
the concentrations of 8.0, 4.0 and 2.0 pg/mL,
respectively (Figure 3). The result of necrotic
cells was 3.16+0.80% at 8.0 ug/mL while using
other doses, necrotic cells were relatively low,
which was 0.39+0.10%. at 4.0 ug/mL (Figure 3).
A total of cells (84.86+2.19%) was alive at 8.0
pg/mL, which was increased to more than 97%
at 4.0 pyg/mL. THC induced apoptosis as
9.05+0.26% of cells at 10.0 ug/mL, while
7.02+2.24% of the cell population was found to
be dead at this dose (Figure 4).Cell viability
remained above 80% in all concentrations

treated (Figure 4).
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Figure 2 Detection of apoptosis using flow cytometry in MCF-7 cells following treatment with

TRD1. Bar graphs showed the percentage of MCF-7 cells which were alive, dead or in

apoptosis, following treatment with TRD1 at 2.5, 5.0, 10.0 and 20.0 ug/mL for 24 hours.

The data were expressed as the mean, n = 3.
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Figure 3 Detection of apoptosis using flow cytometry in MCF-7 cells following treatment with

CBD. Bar graphs showed the percentage of MCF-7 cells which were alive, dead or in

apoptosis, following treatment with CBD at 0, 2.0, 4.0 and 8.0 ug/mL for 24 hours.

The data were expressed as the mean, n = 3.
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Figure 4 Detection of apoptosis using flow cytometry in MCF-7 cells following treatment with

THC. Bar graphs showed the percentage of MCF-7 cells which were alive, dead or in

apoptosis, following treatment with THC at o0, 2.5, 5.0, and 10.0 ug/mL for 24 hours.

The data were expressed as the mean, n = 3.

The apoptotic executioner protein,
caspase-3, was also determined using an
anti-active caspase-3 antibody conjugated
with PE. MCF-7 cells treated with different
concentrations of CBD at 0, 2.0, 4.0 and 8.0
pg/mL for 24 hours showed a slight increase
of caspase-3 expression compared to control.
The total of the cell population (2.29+0.05%)
was caspase—3 positive at 8.0 ug/mL. For
THC, MCF-7 cells treated with different
concentrations at 0, 2.5, 5.0, and 10.0 ug/mL
respectively, in the same manner as CBD.
It was shown that the total of the cell population
was caspase—3 positive (11.2940.05%) at
10.0 ug/mL, with lower caspase-3 expression

about 0.2% at 2.5 and 5.0 pg/mL (Figure 5).
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Chromatin condensation was one of
the apoptotic morphological features induced
following treatment. MCF-7 cells were
investigated for nuclear and chromatin changes
following exposure to CBD and THC (Figure 6).
CBD at the concentration of 8.0 ug/mL was
found to cause chromatin condensation.
THC-treated cells also presented condensed

chromatin at 10.0 pg/mL.

Discussion

TRD1 was extracted from the female
inflorescences of the Thai cannabis (Cannabis
sativa L. cultivar Tanao Sri Kan Dang RD1)
containing the content of CBDA at 24.67% w/w
and CBD at 4.25 %w/w. CBDA has also been
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Figure 6 MCF-7 cells treated with CBD 8.0 pg/mL and THC 10.0 ug/mL for 24 hours and then

=4

Condensed.chromatin ™

- W

o =4 THC 10.0 ug/mL

CBD 8.0 ug/mL

stained with Hoechst 33342 for chromatin condensation. Magnification x20; scale

bars at 200 um. The bright green arrows indicate condensed chromatin.

reported at the highest constituents (more than
80%) of the cannabinoids extracted from
inflorescences of industrial hemp using
Supercritical fluid extraction (SFE)“® that
could be decarboxylated by heating or oxidizing
and transformed into CBD."* This cannabis
cultivar presented CBDA and CBD contents
higher than some other cultivars such as

CBD therapy (10 %w/w), Candida (CD-1)

(11-20 %w/w), Juanita La Lagrimosa (7-8
%w/w)."” The extract possessed potent
cytotoxicity against breast cancer (MCF-7)
and hepatic cancer cell lines (HepG2) consistent
with previous studies."” CBDA in TRD1 extract
may contribute to the inhibition and present
as an active compound, which was reported
to inhibit migration of highly invasive

MDA-MB-231 human breast cancer cells.”
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CBD and THC are cannabinoids, which are
known to be the main constituents in this plant.
The results showed that CBD was more active
against the cancer cell lines than THC (Table 1).
The anti-proliferative property of CBD has
been previously demonstrated in several human
breast cancer cell lines including MCF-10A,
MDA-MB-231, MCF-7, SK-BR-3, ZR-7-1,
and the PC-3 prostate cancer cells."® Crude
extract of cannabis and its main compound
CBD had also been found to be active on
different cervical cancer cell lines and to pose
cytotoxicity to breast cancer cell lines including
EVSA-T, MDA-MB-231, MDA-MB-468 and
SKBr3 cells."” Since CBDA and THCA were
not stable, thus, CBD and THC were selected
to study instead.

MCF-7 cells, the most susceptible to
the compounds, therefore, were chosen to
investigate apoptosis induction in this study.
Cells were exposed to compounds for 24 hours
to investigate the induction of apoptosis. TRD1
induced apoptosis in a dose-dependent manner.
Similarly, CBD and THC also induced apoptosis
dose-dependent relationship. CBD and THC
had been previously reported to initiate
apoptosis via activation of the cannabinoid
receptor (CB). However, CBD had been reported
to exert this effectindependently on CB1/CB2
receptors.’” CBD was also reported to induce
intrinsic and extrinsic apoptosis consistent
with a previous study that coexisted with
autophagy by inhibiting AKT and mTOR
signalling.”” THC also was reported to show
anti-proliferative activity through activation
of CB2 cannabinoid receptors, blocking the
progression of the cell cycle and inducing

apoptosis.®” TRD1 extract showed the anti-
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proliferative property and induced apoptosis
in the same manner as CBD did. The cytotoxic
property of TRD1 might be the effect of
CBDA.“” However, apoptosis induction
might be influenced not only by CBDA but
also by its derivatives, THC and others.***"
THC induced apoptosis and was likely to
induce necrotic dead cells at the high dose of
10.0 ug/mL. Therefore, CBD mostly caused cell
death by apoptosis induction while THC at
high dose caused damage to the cell membrane,
necrosis induction combined with apoptosis.
Caspases play an effective role in the
execution of apoptosis either through the
extrinsic or intrinsic pathway."” In this study,
caspase-3 enzyme was analyzed following
treatment with CBD or THC for 24 hours.
CBD and THC at high concentration of 8.0 and
10.0 ug/mL, respectively, activated caspase-3
protein. Caspase-3 protein induced by CBD
was lower than the induction induced by
THC. However, THC was reported to inhibit
Fas-induced caspase-3 activity in A-549 cells
without directly affecting the caspase-3
enzyme.”” Apoptosis induction of CBD and
THC in MCF-7cells was characterized by
morphological changes. The events included
condensation of chromatin and formation of
apoptotic blebs within the plasma membrane,
cell shrinkage due to the leakage of organelles
in the cytoplasm as well as the presence of
bright blue stained cells at high concentrations.
The CBD-treated cells were observed to
display chromatin condensation in some cells.
Chromatin condensation and the formation of
apoptotic blebs within the plasma membrane
of apoptotic cells induced by CBD and CBD-
enriched cannabis extracts had been previously

reported in Cervical cancer cell lines."”
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Thai CBDA-enriched cannabis extract,
TRD1, and CBD played a major non-psychoactive
constituent of cannabis, providing anti-
proliferative properties in several cancer
cell lines. The crude extract and CBD also
induced apoptosis induction. These compounds
should be considered as a potential candidate

for cancer drug development.

Conclusion

Thai cannabis extract, TRD1, CBD and
THC displayed anti-proliferative properties
against A-549, HepG2, PANC-1 and MCF-7
cancer cell lines. TRD1 extract at 2.5, 5.0, 10.0
and 20.0 pg/mL showed anti-proliferative
property and induced apoptosis in the
dose-dependent relationship as same as CBD
at 2.0, 4.0, 8.0 ug/mL in MCF-7 cells. THC
induced apoptosis to the same extent as
necrosis at the high dose (10 pg/mL).CBD
and THC moderated caspase-3 protein expression

and induced chromatin condensation.
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Measurement Light Intensity
from the Collimator of the X-ray Tube
Using Smartphone Applications

Sineeporn Jansawang' and Khatayut Nigapruke®

'Bureau of Radiation and Medical Devices, Department of Medical Sciences, Nonthaburi 11000, Thailand
’Regional Medical Sciences Center 1/1 Chiang Rai, Department of Medical Sciences, Chiang Rai 57100,
Thailand

ABSTRACT The light from the collimator of the X-ray tube using to define the area of the radiation
beam and the light intensity is required to comply with the quality control standard. At present, there
are many applications for measuring light intensity that can be freely downloaded on a smartphone which
will be useful to solve the problem of a lack of lux meters in hospitals. The purpose of this research was to
study the measurement of light intensity from the collimator of the X-ray tube using three smartphone
applications: Smart Luxmeter (Smart Tools co.), Lux Meter (Light Meter) (My Mobile Tools Dev)
and Lux Meter (KHTSXR) compared with the standard reference lux meter (Yokogawa model 51001).
The result showed that after calibrating, all the three applications could measure the light intensity of a
light emitting diode (LED) lamp with the close value of the standard reference lux meter. The percentages
of difference were between 0.9% and 1.4%. In addition, measuring the light of the collimator from the X-ray
tube at a distance of one meter from the X-ray source showed that light intensity from all the three
applications had an average difference between 1.5% and 5.2%. The Lux Meter (KSTSXR) application
had the lowest percentage of difference (1.5%) which was closest to the reference values and comply with
the acceptable range of the quality standards of the medical diagnostic X-ray machine of the Department
of Medical Sciences. In conclusion, if for light intensity screening, the calibrated lux meter applications

could be used in stead of the light meter.

Keywords: Light intensity, Smartphone application, Light of X-ray tube
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MINa) Indirect Enzyme-Linked
Immunosorbent Assay

Lﬁaﬁtmwﬁmwu,swaqms;muﬁﬁvg L)

Twena ﬁ’aagﬁ'uﬁ waz 3017 1NAdU

amuudIIng nsuInenmansmsunng uunys 11000

unAnga B udmsunsmmanuussugNuATEh luam e muualildidnessuludainaaas
10e35 mouse neutralizing test Ltdﬂaﬁﬁumqwamw‘%ﬂﬁﬁuﬁ'mm’s’lﬁé?mﬁﬁamumﬁwmmamﬂé’ﬁu,mmq
aamslddninaassmunanms sRs aaivedalanaunismanadauanuusizeunguuiivywilesds indirect
ELISA tianaunidsnslddainaaas wamﬁﬁ'ﬂwuiﬁ%ﬁﬁmmﬁwwazﬁ'um‘éuLl,ﬁ'ﬁwgl,mﬁmwmiuiﬂﬂﬁm
%Recovery Wiy 93.54 Safiammiuduasuiloaannuanuduiusssnieen 0D fumanu@deneiat
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fumsnagaudedsil de 0.2-0.8 Nadnsudaiiadans Haianufissnnnsnagauluiuderfuuazaieiy
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037 direct ELISA nuamanuusinnisainasgiuas lflusunan

MEIAY: ANV, WINUANEI, Indirect ELISA
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Potency Test of Cobra Antivenin by Indirect ELISA

Paisan Pangjunan and Wipawee Wongchana
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chlorine (normal saline) blocking buffer
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Usenauale 29 BSA (sigma) lu PBST diluting
buffer Usznaueis 0.5% BSA lu PBST Alkaline
phosphate substrate solution (Pierce™)
PNPP-Phosphatase substrate kit (Thermo
Fisher Scientific, USA) waz 2N NaOH

waufuan
goat anti-equine IgG (H+L)-alkaline
phosphatase (Southern Biotech, USA)

131033

WEINUANBIVIZUANIUAY JUNITHEG
NK00217 (8011610 amMmMea lng) uaziisgi
FUANILYY JUMITHEA CV170211 (H0IULEINN
anmmanalng)

MadN

WEINUANBILA JUNITHER NKo00117
(FuEnm anmanalng) MeeNauSunagau
Wdaanuanme laun winuiiegiuaiea
quMINaa BCoo118 (amuan, anmmxnalne)
uazgNuAN B @I lul Jumsnda TAoo118
(FUENM ammaalng)

aegnnIumMIkdaiamanyazluliym
Famuuanoudaiifinsgunsiioulivaziu

M3usasguMsHaalaganuuEIing

MIOIVNEITNINIZIUUASAIDE

@D TNUAN I JUMIHE NKoo217
(szyloaguan: aazmediendy 10 Tdans
AEHAIIVUTILIINY 0.75 UadNSNADNIIINT)
Ghethnay 12.5 adans ielildanuusasudy
0.6 fiadnSudaiiadans suflunasiumitsansu
SmsumsasnulunssuIunTMIuANANIN
e ldifhusunussanaspudmiumnamanuus
fethe wazflumnuusssududmiumsnagau

< 3
ANNUULFUNT

= 1 YV a 1 1 =
QIMNBINUAN I JUMIHER NK00217
% R a aa o v a2 v
LN 10.66 NAAANT LIND L LAANINLIUSTNAY
0.8 HadNSNABNAAANT wUNldViapANAanY NUIU
41990 982 1, 0.75, 0.5 WAL 0.25 NaAINT MNSIAU
g a ¥ D o = a v (a

NNUUANINNAUNIDAN 2 DIaaaN 4 WRUSNIAS
1 Nadans azlé’awsazmamjmﬁﬁwyﬁwmwmm
0.6, 0.4 WAL 0.2 NAINTNABNAIINT INBIAU
NUTUNATDUANNYNABIANYDIID

= Ll YV 1 Ll =

QAN TUUAN I JUMNTHEN NK00217
TWlaa NN NTY 5 waz 0.5 NAdNSNABNAAINT

= o 1 YV a 1 \l =

w3eNlagTNLANEIM JuMInEn NKoo217
Y 2 20 (seylasu@n: Waazmamenay
10 H99aNT LHAMNUSININY 0.75 NadnIy
ARNAANT) VIAUITNATAIEAIBUINAY USH10S
15 §89895 lOANNWSY 0.5 NAdNINADNAANS
2707 2 azagnwUINAUUINING 1.5 NadaNT
Taanuuse 5 NaansNAaNadans aMsuUNSANT
ANNGNABIluANNULNUE2DIIT

[ADANBE N TNUAN I TUFINATILAZIEIN
ufNEgdena vl areinaulsines 10 Jadans
TaP3L59 0.45 NAFNTNADNAFINT WA 1.1 NAANSH
GaNAaaNT MUY SIMTUMIANKIANNYNADI

ANNDUNILYDD

gaanlalumsianz
maulszandugasmssadula (coefficient
of determination: R?) l#luniseduraaiiu
wlsusudidaudsdase sansassuediudsas
v linear regression model damﬁ'mwummgwu
(standard deviation: SD) wazedulszand
M5uUsHU (coefficient of variance: CV) T#lums
RNANMINANUTBWDINMFIATIER AN
F0AIAIEY t-test WaE one-way ANOVA Qﬂnl‘?}'

1uﬂ’1’il,ﬂ%ﬂ'u WEUANINUANAINTEHINTANE
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MIAN¥IANNGNABIABNIENIT®
ELISA {unmslduanmsanudimnzssring
wauAued (antibody) Uazuaudiau (antigen) lagly
4 dl' ] o Yo [~ ma’ a d?’
Ul (enzyme) tazramlidanaiudninazu

v
aaa [ v v

Lﬁ'aﬁwﬂgnimnumsmmu (substrate) AN
spadnieduiudadiufulinazeeuiinuia
LLauauaﬁﬁﬂiwngluﬁaathq Felunsdliueudrmudy
Weguazuouduadluguuniey
Fewgvhaiionawisliiimin 5-10 Tadn3u
aranamenauliianududy 1 fadnude
198805 Wa2l39919M8 coating buffer TNUSNa
2oalH 0.5 lulasniudangy Usmnasvguas
50 lulasang thwantnfigauvndi 2-8 asenisaded
Whua 12-18 FTue 81968 washing buffer
300 lulasansdonan 4 A%1 W@ngaLARBN
aagtazrINLATBIIINIAsTIME e lae Ty
diluting buffer wuu 2-fold dilution U
7 MSABAN AN 173,750 §9 1/240,000 89 ULWaN
50 lalasans hzramadensas 2 GLY NNy
ﬂmwamﬁqmwgﬁ 25 parnuaded Wunm 1 9l
a8 washing buffer 300 lulasdns 4 ﬂ%ﬁ
tAx goat anti-horse alkaline phosphatase
conjugate MiAov9ae diluting buffer sama
1 6@ 2,000 131103 50 lulasans Unwaniigamgd
25 svenwaded Wunan 1 il nniudde

a

washing buffer 300 Tulasans 4 A54 tiw alkaline

[
ac af

phosphate substrate solution mmﬁmx‘lﬂmmﬂ
avlungn Y3mnasvauaz 100 lulasdns Unwan
Tuiisiofigamgivies Wunm 30 il Gn 2N NaOH
iangalfizen Usues so lulasdes srudn
M3gandulas (OD) i 405 1TuNas FELATDS
81und ELISA

NSANUAIAIINLTA
1#1A1 OD MALleaNIAIUIUNIAIAIINLTA

YBNABENUTI U UN U TNUANEINNNTFIU

N5F5NTIANENAFATATUNNE
Uh 65 2UUN 1 NNTIAN - HUAN 2566

laaldadfuuyu parallel line assay® a2
Tusunsu Bioassay Assist (National Institute of
Infectious Diseases) %ﬁ‘f’:ffmumiﬁl“ﬁm oD
athatine 4 Aszaumsidaaniidenudiudunss
TagR1sane F value nuaasly parallelism
uaz linearity Mdayanimualafiduandiefiu
atheiitieahany Junarinsansuldanmsmun
NNEDH lagNanISNATaUILLEAIAT invalid
o parallelism %38 linearity fuanaany

o

agNitadADY

MINAFIUANNYNABIABNIE
anuuduns (linearity) wazn19¥17928930
(range)

nagauanuludunse laamsidanygu
uiiwghanasgIufienuusaGudy 0.6 Hadndu
@aNAAANT MUIU 7 SEAUMSLARN laun 173,750,
1/1,500, 1/15,000, 1/30,000, 1/60,000, 1/120,000
ey 1/240,000 #39AWIzHINE OD waz log
AANNLEN leaditnaeiingdesdiadetise 4 @
anuEsniifienudludunse (A R > 0.95)

MINATBUEINLNIT lagn1tiaaugiu
UATHILNINATTIY Y 4 ANNUS Laun 0.2,
0.4, 0.6 WAL 0.8 NAINSNADNAINT UILIDEAIDEN
w&hmmmamﬁ%‘ﬁszq mMinaumanuusilagly
Tusunsu Bioassay Assist %378 parallel line assay
#an3an linear relationship 5w ANNULTTILS
nnmsenanlisuisutumeanuuseiiseldase

T8z NP NNV FNYBITILA p9iA R® > 0.95

ANMNINILYDNID (specificity)
MIAIAIINLIIYBIGIDEUBTHUAN YLD
wnuANBUaias wazguuiieydenmalnd
WU UN U INUAT I ANATIIY KOMTNATDY
e ] ! Y a a tdl' ¥ v
PeIIBE N TNUANHrTindudaslinaay (non-

reaction) %38 laxsaMle (invalid)
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ANNUNUYDIID (accuracy)
LATENAIDEINTTNUANHIW) AIINUT
0.5 NaansuGalanans Usns 1 §addns nuu
2 Y000 LANBINUATEIVI AN 5 TaanTu
dafiadans U31nas 20 lulasdns adluvasail 1 uas
Wanhnaud3ines 20 lulasans unuasuudisgvn
ANuLS 5 fiadnfudaiioddns avluvasad 2
ihéahansaasvasalimeanuusaisuiiou
AULETNUANHILYINIATIIN LEIAIUIUNIAD
g%Recovery msilIaudisueanuusafiiiaduan
st guudnsgidnduasliisuiuvasa
fdanhnau Tosfiinavisansuagssning 80-1209

InNNUTIAa LT Mngas

%Recovery = ANNWNNIALG x 100

a v
ANULLINNED (511'.)

ANfEN2adds (precision)
MIAIAINUTIYBIIDE NG TUUAN LN
Fau 1 Jumswda U 6 a3 Tuiudendu
tilpynen repeatability LaLINAANUUIIVDINBDEN
wuuAREENTIIIY 1 Jumskda S 3 ads
wuueeiusy iamen intermediate precision
Winansnadausnanalesifuddudssans
aNauUsHY (%CV) Taaditnamimsaansum %CV

Aa41aENI 10%

ANNNUBDIID (robustness)
= [N P
M3aeuEIATIZY
NATBUMBENIBTHUANBILIZIALAEINY
N P & & = P
Tagrieszd 2 au az 3 A% NnuuIauiisy
NAMSNAFDUITHINUN LAY
matasudvaiwan
NAFDUMIDEINLTTHUNNHILIVINAEINY
Tagldiwandvia Costar waz Thermo Scientific

o &
gviaas 3 AN

nsdsuudasszeziiainisiUinsen
FENINDINUAN I UAZ NI

naaauzItIa lunIsunaladIaEgn
uAfiwgoi1 e LU fase fuiivgvinlungu
fiszezia 30 90 war 120 Wi Wisuiisune
managaularumsuadiszezim 60 W

qmwgmuﬁumaumsmﬁamwaw

naapUIEEr M LAz RT T lutuaay
msdauwan 3 aaaz ldud vufigavai
2-8 avegadod une 18 #las ﬁqmwgﬁ
9-8 permwades Wunan 30 5l wazaMnai
37 aveaded (Wuom 2 il wWisudisy
Arannuseilafufianiie 2-8 sedgaldes
Huom 18 Falaa

LT AINUAYBINITNATIUANIUNUYDIID
waovwe @ Liflenuuandsatheiidasanmesia
Lﬁ'awmaauim%% Independent t-test %3®

one-way ANOVA N15¢@UANMNEDNY 95%

We

M5NAaaUANNTUFUATY UazT AN
Amnzanadiiemzd WuhisseuaNLSIRIRL
0.6 NaansuAaNasans HAINSEENN 5 sEEU
G9U 177,500, 1/15,000, 1/30,000, 1/60,000
Waz 1/120,000 SMTOFINNNIWNIATFIUTZHIN
@1 OD fu log 2a93vdumatdeaniilier R
WAY 0.9991 dendaslunnd 1A wazwui

1
" a o

WINUANBIIINTAIANNUTUTHGU 0.8 HadNTH

U

T a a [

faiiaaans wazideanailu 0.6, 0.4 waz 0.2 Hadnsu
VA aa < ' o o Y oo
MaNadans YU NNFINITUININAFDUAIYID
indirect ELISA g annmsennaanuuseloinnu
0.77, 0.59, 0.42 WAz 0.21 NAINSNADNADINT
MNPV oaien R thnu 0.9971 Tuns5 W linear
relationship Aeuaaslunwi 1B uahauuws
0.2 HadNINABNHDINS AINISERDVNNAICTNINDS

LIDBLINENZTIN 4 SEAU A 1/7,500 84 1/60,000

N5F5NTHANENANFATMTUNNE
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A B
—
é 39 1.0
0 qg /';; 3l
= g & "M
a 24 T‘s: ag
9 e = 0.6
z s -8
© = = 047
= 1 zZ
1@ Z @
[ 2 =2 @ 0.21 2
[ R =0.9991 < = R =0.9971
e? [N
- &
c 0 T T T 1 0.0 T T T T 1
-& -5.5 -5.0 -4.5 -4.0 -3.5 0.0 0.2 0.4 0.6 0.8 1.0
55(§‘l’Uﬂ'liL?]E]‘1]'l\iL?ﬁ;NLLﬁ’ﬁUﬂLﬂl’lN'Wliﬂ'lu ﬂ’J'\NLLiQﬁIﬁR]'\ﬂﬂWiﬁ’]u?m
(log dilution) (Hadn3ueaiianans)

it 1 enududuasiweziemuusasidamuuiiugn (A) anuduiussuhmmsganduua
(OD 405 nm) AUTEAUMTIEIBINFINUANEIHINNTFIU (log dilution) 5 FEAUMTIABAN
TosGEunnuduudivgniidenanuusiusiu 0.8 §0dn3udafioddns uss (B) linear relationship
UIAANNLTIBNENLARBIINGTIY Sshemamaussiiialdasefuamanuuseiildannms

AMm lagd R wamaanudunussewieauwyslu linear regression model

v
o w

AINAFBUMANNIIINILYDIID WUNIEH  way linearity Wilanuuanaenuageiiadaoy
fanununzdaguuifegh ualinunzdargy wazaansammanuusld oy 0.78 Tadnsu
wifiwgiuationar wasiriuuiivgdaamslng  defiadans Tunasilicansomnameanuuse
waINAIIWANNFNNUSIENIINA) OD waz  ludiad s NuANHINUaINAIILAsITNUA T
log dilution fauaaslumndi 2 iodesnzimenuuse  @eamelmiilesnnliua invalid lunmsnagau
Tae'l% parallel line assay wudwﬁaashmmju neddd laald parallel line assay

uANEuaaee F value Tuviada parallelism

-&- unuiREgwinanmIgu
- AR eIl

2

R =0.9967
I = ar = 2

—&- wfunfiegiuaiiaaan R =0.9914

' = 1
-0~ VITHUNWELUN

(OD 405 nm)
5

= 104

©
& .

e = R =0.9024
&2 2

2 ._ér_-*ﬁ'ri R =0.8592
(E 0.0 T T T 1
s

-5.5 -5.0 -4.5 -4.0 -3.5

FEOUMIIRDNNBTHUANBINNATTIY
(log dilution)

MU 2 ANNINWIZYIITABIYTHUATN I 1EFNUAN BT UaRIAaY wasrgnuAfegdemalud
lagNNINNNANNTNNUSIENINMIQANAULE (OD 405 nm) AUTEAUMIFDVNBTUUAN I
195371 (log dilution) 5 52AUMTABIN VBIMNIBENM 3 il WIBUNBUNUBINN B

MO M R? udeanuFunusszniaIntslu linear regression model

N5F5NTIANENAFATATUNNE
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UATLHANNUIWBUBINUANEINAIEIT indirect ELISA

Twena Wegiuy waz 3003 wdoue

MINATBUANINUANUYBIIT WUINNBNIAD
ANUITIYBIGIDENIUFTNUANBILVIINGNLANGIE
gNuANBENTY DU 3 A58 lamwdauhny
0.56 HadnuGAaNadans s lumumnuamanuus
a4 & & =t = Y A a v ¥
nnsaulagIeuiisunuiagnanmeuInau
16A1 %Recovery agssnIN 80-120% GIUFA

Tuensnn 1

MSNAFDUANNNENYBID WUINITNANNNEN
LNANINISNAFBUAIANINLII LUIULAEINY Wwae
AIUNUNAT %CV NNV 7.65% Was 5.13%

AMNIINU AILFANI U5 2

MINT 1 MINAFBUANNUNUIUMINANNLTIYBITIBENTTNULAN LI

ﬂmmﬁmmﬁ‘mziwméu

. . LAWK
U U
ANN . e b oo %Recovery
(NAANINADNIDANT)
ANNUTINABINS uah lean Spike
1 0.06 0.59 98.21
2 0.60 0.58 96.32
3 0.60 0.52 86.09
9%Recovery 93.54

MINT 2 MINATDUANNNEZBIITIUMIMAIANNLTIYBIIBE B THUAN I

AN aw‘i’msi"n\ilfm;uu,ﬁ'ﬁwg ¥

[y v

a a

ANNdissads (NaanIncaNaaans) Awds SD  %CV
1 2 3 5 6
Repeatability 0.89 0.81 0.76 0.77  0.75 0.72 0.78 0.06  17.65
(6 %l 1 5u)
Intermediate 0.78 0.74  0.82 - - 0.78 0.04 5.13

precision (3 Tu)

MINAFDUANNNULDIID Laamsilauliiey
HATENINKIATISHEDIAU UAZNITNATDUANINNY
pa938lagnisldiwandeivady wuirlvua
Taluanensefuathaiidoddn dauaaslunmni sA
o 3B m'iLﬂﬁ'ﬂuuﬂaﬁsﬂsL’Jaﬂumiﬁmﬁﬁ%m
senhaguuiivgiuasivgid 30, 90 uay
120 Wil Wisuieudune 60 Wil wuhiim so

= E4 ] J QJ ‘U d‘ =
e 90 UM 1wwa1mmnmmunuwnm 60 UM

Felasansammamanuussldannmsnagaui
120 i daudaslumuni 3C MsnagauaNaNy
°zlm‘i‘%eiaszmnaﬂumsﬂuLwawﬁqmmﬁ 2-8 BNFN
waEed WUNMANNUSITLASEWING 1 uaz 2 Au
Taiuaneedy snduiignie 37 avdnealdod
fhunm 2 il Menuuswesiai iy

" AN v ' o o P
gL“Ir‘ITYIIG]EjQﬂ’J’]RﬂﬂHJ’]TJSBu (ﬂ\iLLﬂﬂﬂuﬂW\m 3D
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1.0 T

0.8

ya

AT R FNLATE

0.6

0.4

(Haaniwiianans)

AU 1 aud 2

inAAII=n

7)

va
aa

ANuuINTFuIATE g
iiad

(fadnduia

30 60 9 120
wanlumavinl§izen

sowdauafuuifEguituazfisgui (ui)

ya

ANULIATFUUATIBG

n.s.

|

2

0.6

0.4

(adniudaannT)

Costar Thermo

FRY
910

rjuniiygi

ANULT

2-8°C 2-8°C 37°C

1Ay 2du 2w

grapiiuszinatluniuan

NN 3 ANNNULBNS MM STIAMANNLSI a1y (A) Hndwnerensau (B) siiauanwan (C)

285008 lUMIMUGAsenssn e uRsguh luwani 30, 60 waz 90 Wi waz (D)

d' al ] 3 <~ kg a v = v ) =
mstﬂasuqmwgﬂumiuuLwaw"luwuﬂaumsmaauLwa‘ﬂmﬂwugmw CFUANNUANAINDEUINY

o w

NEEAINEDR, n.s. WTaNuuana o litadAynNate)

a 4
AU

MINaUIT indirect ELISA W2 @s1evim
ANNLNYBIYINUANHIIN WU WFHANNT UGB
U Va 1 o < v ] <
wgnufiwuhuazidnenududuase aghlsionw
WHaMMUATHANNLSINIAY LAY 0.2 Nadnsu
ADNADANT WULNEN 4 AIANNLIDINNIAIANN
Wudunse e 177,500, 1/15,000, 1/30,000, AL
1/60,000 F9ENLNENWDADMFINNAIUIUAINNEDH
il MaiennmeegnRsINAILUTINMULBUAUDG
Ve o o v a aaa o o

lavaawanazmlviiaufisenfimunsauny
upufiauld NNTaYANNAANNIUMIBIHUA NI
NAINTINANLIHANNUSITEVIN 0.6 — 0.8 NAINTN
1 a aa 1-1! 4 Vv o a [ o
aNadans B lulUeINTBNINUAYIINE NN UN
dudagl aenuEeeisisasaunaumIeNed
AANNLIYINAAA I UBAMNHNNNISNAFDU
ANuNuaNsdatalemuaamgiiuazan lumsun
NHAEDNITILAIIEHAIAINLINFTHUA NI

#eoratieantavsanuasiiuazUjisenaun

aaalUsauluanmezasnanlimianzanntds

N3ENINFIANNEFASMSUNNEG
Uh 65 2UUN 1 NNTIAN - HUAN 2566

MSWHUIITNITNAFBUAIINUIIYBILT Y
unWugui ng (Naja kaouthia) (3NAIUG A.6. 1991
lo# Rungsiwongse J. uaz Ratanabangkoon K.
lawaun3s ELISA Tumsusziiiumanuusiay

Y a \J N‘ a v o v \ Y a \J
Ay Inefindnnni muua i guuiiegun
qumsndanilaiudinauin (positive control)

= = = <~ v

wazAnwUIautiaunIsiadauIwanele crude
venom, toxin fraction 8¢ purified neurotoxin
nlganniegun ng wumsld purified neurotoxin
@aaULWan e correlation coefficients (r) ﬁﬁﬁqﬂ
78 0.95 (p < 0.001) aehelsRMuMSsIASeN purified
neurotoxin #nszuIUMINANANalYAndUANHED
Y (a va Y o

U UG luwaizi crude venom tiuangannse

o < P & a A w '

nivlugdmeuis fenuduiwiveendy way
NANNANIGE TNHUNINNMNIANNANNYNABIYBID
4! 4 a J 4 =y

%414 crude venom Waghnawislumsidauiwan
uaaalvitiuinisaansadtanzdaanuuseagy

udi ey ldagnegnaasuazusiuen
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Tudl @.¢. 2014 Kumar S uazamz"" la
WHUILAENTINTBUANINYNADIYBIITILATIEH
ANNUNVBUYFNUAN YN BUAE (Naja naja) A
3% ELISA isldmemanuusindosasiidody
(screening test)lunszuiumsuae logldingn
WA BN BUAEY ANNUTI 0.66 HaaNTNGDNAAANT
L?Juaﬁmmgm iarnuae inverse antibody
titre UAINATDUAIDENBININNTEUIUNITHER
Taa38 ELISA uazitAs1z¥aIn199anauuas
20990 ENNNUTHULNBUNUAIZAIEITHIATFIY
tiemA inverse antibody titre ewiuAuIn
MANNLN ibadaansudaiiadans luraeidennu
gadnasnanlunagaumaranuusalasis
MNT Fuiuisinasgulasase dawssudieu
manuusailanninegasds wuhianaduiusiu
NIMIANYI Kumar S uazams™ uaasliiiu
$135 ELISA war MNT {hAgildunuiuld vail
35 ELISA i Kumar$ uasaniz wWannauiiinguasaed
LA ANNLTITBINAA S i Tiag sEMIaMSHED
Fadfalaifundofuridisagy wedlfusuudivgun
dudeasinasgivlumsmearanuuss laalifims
wanuaLlFsufisuaianuussiindaldduigu
uiwghanesu ssimsdnmlunsnuatiuil
WannmemeNuuIaIHaa Saeid Sagliiens
Uaagruuazlslusunsunedda parallel line assay
Tumsmaanuusalsauiisunuanuusausgu
wARBgNAsHIuAinTIuA F93smeadddandn
Hazyluanenanenguang

1udl @.@. 2018 Khaing EM uazamz"?
laWauIuazasIdaUANINYNAB9YNIS AT
ANNUNYBIBTUUAN U (Daboia siamensis)
Futluginviinvludseinalng §1693 ELISA
Tushaehsifudanhiignnssdunfiduiu dauasi
Tndalundadudiansazd Tasldismsmuin
AMANNUTYBIMBENNNMTTBUTIEUAINITN
ABUUENNUEITNINIFIULBUGEINUNY Kumar S

WazAME MIANENLEAILA LI MSWAUISNS

M5IAIMANNUSIYDBI NI NEIlaeIF ELISA
anansozenazauiemsi lUlFlugsnudiegdu g

lausnmiloanniguuniegum

]
A ¥ a v

msdnmiludadliifiudeianeiiinide
safumnisiiaansonaunumslida naass dwsu
nadauriuuiingiiagluruaausevitnsnda
humdn esnilatiumuusniheasasdmsanis
TanuazeNeNaIng MUUALHIBMIMATIUANINIL
Tog33 MNT ({hiAsnespulumsnageuiiveuses
HuHAA Suriuasiamanewie

1nI5nslddainaans wis MNT fu
WBeIIu idlasnniauszansmwannemauaanse
rauggnunieylunslasnuiiavasdainaass
Tseadinnniiey agalsnomuuulinyassesssw
mslddainaaasilaniienuduneiu o
wwnzagnismsuandumsaamslidainaaasom
nanms 3Rs mnidayamsilIauiisusamsnaday
sewiumslddainaasiuaz ELISA iledasis
ansaldnaunuiule ssnsaldiludoyasivayu
751135 ELISA alfilvisuasgriulumsly
uaaAaTTIMhele udmiumsnasauanuLse
N3AA®MY human tetanus immunoglobulin
fifisnjlusmenanna® aghalsinumsdawdeuas
MATPUBTNUINBIN SEaUUszmalaN Aty
eliiinmnaspusiniulumsandinnsiuaosost
d15a3U szuhemihsnumiumesguazuan
HuisMshasnasyunlglumsdnsnaanuus
Wisuiflsuszuiheneaesds uannnimanieh
AN0018N8035 Indirect ELISA lvinugude
Tudszme dwmsuihluldaansasanuussnanaan
apuhiigninzfiuden viamsanaiensissig
nszwunsude aeldldfdamvuaidasldis
wnaspulumsnasay Wumssemslddainaans
o udnas waztudayadiuayunieinns
Tushuiliertastuassenussamslddafiieny

MOINNAFATIUBANNS 3Rs (ﬂ'i’ﬂﬂ
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U 65 aUUN 1 ¥ANAN - HUAN 2566




Potency Test of Cobra Antivenin by Indirect ELISA

Paisan Pangjunan and Wipawee Wongchana
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Development of Indirect Enzyme-Linked
Immunosorbent Assay for Potency Testing
of Cobra Antivenin

Paisan Pangjunan and Wipawee Wongchana

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

ABSTRACT The potency test of cobra antivenin using a mouse neutralizing test is a standard
method that is recommended in Thai Pharmacopoeia while the 3Rs principle is recently mentioned
according to animal ethics. For that reason, indirect ELISA was developed and validated to replace
the use of animals. The results showed that the method was specific to cobra antivenin. The percentage
of recovery showed the accuracy of the method at 93.54%. The linearity was acceptable (R* > 0.99) when
the relationship between the cobra antivenin serum sample serial dilution from 1/7,500 to 1/120,000
and the OD was plotted. The method was suitable for testing the sample at concentrations ranging
between 0.2 and 0.8 mg/ml. The repeatability and intermediate precision showed percentages
of coefficient of variation (%CV) were 7.65% and 5.13% respectively. The robustness was acceptable
by varying the analysts, assay plates, and reaction times between antigen and antibody which did
not show a significant difference. Taken together, the indirect ELISA method proposed to test the
potency of cobra antivenin was reliable. It could be applied to study the correlation between the potency

value obtained from indirect ELISA and the standard method in the future.

Keywords: Potency test, Cobra antivenin, Indirect ELISA
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FOUTIINNMFNTINNITUNNE NININENAFNTNISUNNE UUNYF 11000

unAatia MsnianaumMuaLa: /vMEamsnuinusnfiaas §5¢@u thyroid stimulating hormone (TSH) 1
mlimsasadansasldnaavanuazbinumsniifunmewsassasluulnsosduaiiiia (congenital hypothyroidism)
({B1519A181989 (reference intervals; Rls) 71 2.5"-97.5% percentile LAZNTWIZINEIWIUATIA
dansesnh msAnmilldiessissdu TSH saamsnusnifieany 2-7 Ju nndayassdu TSH mwdeogasad
(gestation ages; GAs) ihedudumw waztwinusniAe (birth weights; BWs) mihenunsu daunas 2 U
(2563-2564) °z|a<1gluifﬂ;jﬁ'amsmnﬁ’ﬂnimqﬂmwminLLsmﬁvaiqma AsEANENAENsSNsUNNg lasuuamsn
{hu 8 ngu M GAs woz BWs wudh BW fidnaslaifinadessdu TSH zaamsniiadl GA > 37 lunausiisedu TSH
PaIMsNAAT GA < 36 Huualinmawny GA uaz BW fianawasmsn wamsanmnwuisedu TSH 2aemsniie
#t GA 32-36 flalndidserumsniiaasummue Tﬂﬂﬂﬁjumsnﬁ'ﬁ BW 11nn#saLiny 2,500, 1,500-2,499
waz 1,000-1,499 3 TSH RIs (lunihe mU/L) whnu 1.67-13.68, 1.56-13.81 Wa¢ 0.93—-14.46 MNSIOU
sluwmsﬁmsmﬁmﬁ GA < 32 §e TSH RIs ﬁwamehuﬁulﬁ'ﬁ'miuﬁw 0.07-7.22, 0.89-10.14 taE 1.14-10.67
Susumsniian GA < 28 BW < 1,000-2,499, GA 28-31 BW 1,000-1,499 waz GA 28-31 BW 1,500-2,499
uEay fauiielasiumsiianaauannmsasadansas TSH lumsniianaufwun 'ﬁqm‘smiwz?wﬁmq

aamaniunniunmnsmivssiidauasegarmeandedagiun s2 den uaz > 34 donvi muaeu

maay: dasluulnseadadyad, 1msnds, ensumuue, msmnuinusotiedas, Mzwsaaasiuu
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nsIngedasmsunng laaguaujuanms
ATIANNTDIFUMWMIAUIAAAUWNNEG (AUn.)
lal¥usmsasianansasnisnsesaaslaulnsead
we@nile (congenital hypothyroidism; CHT)
GI8N13039MIseaudesluulnsesdadaiata
(thyroid stimulating hormone; TSH)
1uéﬁasimixmu%'m§amﬁl,ﬁumﬂmsnusmﬁmmq
wnni 48 Hla Tagldheasiaienssaiie
enzyme-linked immunosorbent assay (ELISA)
# en. Woannuazwansuldias dauat w.a. 25390
Fanamsasanansasszau TSH Tudaehanszons
Fudaadisidannnihvdaundu 25 Jedgiiodados
(milli unit per liter; mU/L) faflucaiinund
(TSH cutoff > 25 mU/L) fenudssaamsifiu
Tsa CHT® wazdaeasiafuiusaranisasiam
s¢@U TSH uaz free thyroxine (FT4) Tuaaea
Fuwnaman Tasmanlugeany 1 @ou Aiflszdu
TSH gnd1 11 mU/L uazszau FT4 daani
0.83 wluniudandans Iidamsniudulse
CHT® msnfilasumsifassuazsnmaemslien
levothyroxine (L-T4) asiwsam%amﬂumq
2—4 dUMY waenaan @xsatlasnumsiianie
dfdaaunwiatarnniseingasiuulnsasad
Tumsausniiala®® wamnlasumssnwmari
azldaansoun lra@dayanunwsasuazwauinis
MNTNMEEBIMsn e " Namsmiivanuses aun.
Tud w.a. 2559-2561 wugU@msalueslse CHT
Tutsemnalnewinnu 5.55 samsatia 10,000 18

wuINIenIsIfadauazsnuilse CHT
U w.a. 2564 209dnaNGaNlSadnuazIaqulng®
Funufualumsitiaaelse CHT Tumsnifianau
ﬁmumﬁmqﬂsaﬁﬁaﬂﬂdﬂ 37 §UM¥ (preterm; PT)
warmsniiuwinusniiatasnit 2,500 niu
(low birth weight; LBW) lmanlunguaanan
Fosdeiaiuaadansedlsa CHT $110u 2 A5

Ao Wausniia (21g 48-72 HILNY) WaztiEMIN

aglszans 2 dlonvt Tunsdiimsniiaiieagasssd
Yasni1 s2 dUad wuzihliasiadansessn
nn 2 denw auarmasafasy 37 dew vail
Lﬁaﬂaqﬁ’umstﬁﬂwaauaw (false negative)
nnamgiunusaslallmanda-findm3-lnsosd
(Hypothalamic-pituitary-thyroid axis)
209M3n PT uaz/win LBW daweminle lianysol
mlinds TSH laardmiavasniimsniung
AsasIadansadLiiesnsadenionauusniia
analden TSH o0 msldar TSH cutoff iy
29 350Und Famliiiadunaavarala©®
Feumsdnsdeseau TSH 2a9msnusniie
Togmsninafigusniimiasniudenidu 6 Su
4@1Un@ (normal range) 284 TSH agiluﬁaq
0.7-15.2 mU/L® uazdmsa@nmiwunmsnind
fiong 49-72 #alug fig29M181989 (reference
interval) w89 TSH #ilasiGudanuazai
2.5" - 97.5™ 1WasGulng (2.5"-97.5" percentiles)
WY 1.00-17.30 mU/L dwsumsn PT iiaf
98AT3A 31-34 dUAV oz 25-36 UV Hszau
TSH *?imq 7 U WNAU 3.60+4.80 (X+SD)®®
ez 0.80-2.00 mU/L™ muagu drwmsn PT
war LBW Hufinfiaraasas 22-27 dand fuhwin
usnifainas 811 n3u wazAnfiongassd 28-31 denvi
fhhvinusniiamas 1,383 n3u Tszeu TSH an9ds
flang 3-4 §Uoni #i 25" 95" percentiles (iU
8.20-9.00 Waz 11.00-11.80 mU/L auaau"®
yenaniinumsn PT uaz LBW %ﬁl,ﬁ@"?imqmsﬁ
26-36 §Ua¥ Thwinusniiawmas 1,923.3 NN
fignae TSH $adaitong 2-3 dani it 25%-95"
percentiles (¥Ny 1.01-10.14 mU/L"® (Judu
T1d) w.. 2564 avn. lansranansaslsa CHT
TUMSALSILAATIUIY 501,882 518 U Uil
AMINAANDUMPUA MU 43,502 18 (59882 8.67)
MSNIMINUSNIAANRENTY 2,500 NN F1UIU
47,465 98 (38 9.46) LATMINAANDUMNUA

wazHUINUNUSNLAAUREAI 2,500 NSN IUIU
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23,141 318 (30882 4.61) FIMIAINIUNININAT
FasgniAudadaiiadinsiadansasdnasaii

fausinsasiadanseslsa CHT #rheilasiy
MINAKRIUANLG wAnISAEIUMIAINEIM A
FuNUAaVINEYBINITIARANTBIlsA CHT gaﬁu
dnmMsznuresEmhnlumsiemumsn mstiu
LAzt aaat I iansIaRANTeIT HANuEss
fionaazlisansadamudiadhele msitasalsesh
nmanUnd aazEiTedslaieasidieardneds
209 TSH ludhaganszanudui@aauasmsniiie
Aaumwue MmsnihwmiinasuazmsnUn@nasnsia
Aansealsa CHT luzrel w.d. 2563 wuaz 2564
Fnsuinh g duinaeiarededrinsunsiaiiany
wasiamudaiamadansaslsamlungudiath
fanan ialumsiindseansanmsliusns

M57190aNn599lsA CHT

NI AALEaNTaYa
msanmiiiuuuudaunas (retrospective
study) lagsrusindayanansnsIaieszyd TSH
Tudagunszanuguidanaeasmsn 4 nan laun
ndqumsnindiafiongassd > 37 dUai uae
fihmiinusnidia > 2,500 n¥u ngumManiBaiigaAT
> 37 dUany warfiwiinusniia < 2,500 N3N
naumsnifafiangassd < 37 daviuasiivhmin
WsnLAG > 2,500 N3N uAzNgUMINAATIoNYATIH
< 37 Slavuasfininusniie < 2,500 n3u
fidanaransoslsn CHT Tutl w.a. 2563 wax 2564
Madanszauiuidauasmaniiiidaya
WANHIA 9N AUANTG §3di (1) Humsnlne
figninsfudenasuunszauduiiong 2-7 Ju
TogludszialiszyndulsandainneioUnd wu
Uanantdu (pneumonia) ﬂ‘]’;::am%yal,%’s (early
onset sepsis; EOS) mMznglaaunn (respiratory

distress syndrome; RDS) %38 wela$iem

N5F5NTIANENAFATATUNNE
Uh 65 2UUN 1 NNTIAN - HUAN 2566

(transient tachypnea of the newborn; TTNB)
mazgmfwé’n?ﬁﬁw (meconium aspiration
syndrome; MAS) (fudu siunadaslailesuen
ﬂﬁ%auzw’%amﬁu 13 WaNNTaaU (ampicillin)
LNUHZaAY (penicillin) LAUMN8FU (gentamicin)
AaanNBau (cloxacillin) wlWunny (cefotaxime)
Wudu (2) @rvgenszavduidsaiianinysal
Tosiivaaidanudiansiifamsgihunaaoninszay
waglivuiloudesduniduas/viamanail uas
(3) FeansIneNzimseau TSH é’wqmﬁyﬂm ELISA
209 aln. warlfiaiasanaiiensiduyluodiad
soludauuumsiadlumsanadensifinamsasa
Aansaalsa CHT Wuwaau (TSH < 25 mU/L)

MSUUINANMINUINLIA

ihdayanansIeierszau TSH 2aemsn
LLsnLﬁmﬁﬁhumiﬁmﬁanmuancﬁuﬁﬂmju Tag
ueneuIEATIACY wazthwinusnia®” muinosi
aeAmsawnalan (World Health Organization;
WHO) @il

1. msnifafietgassdiasuiniiga
(extremely preterm; EPT) aWQﬂiiﬁ < 28 dUMmA

2. m‘smﬁﬂﬁmqﬂﬁﬁﬁaﬂum (very
preterm; VPT) a1ga534 28-31 dUmvi

3. mimﬁﬂﬁmqmsﬁﬁ'aﬂ (preterm; PT)
agAI3A 32-36 dUMw

4. manifefingasidlnd argasad > 37
U

5. ﬂ13ﬂtﬁﬂﬁ§1ﬂﬁﬂﬁﬂﬂu1ﬂﬁ§ﬂ (extremely
low birth weight; ELBW) YWl < 1,000 N3y

6. MsntAaRuIMTnasNIn (very low
birth weight; VLBW) 1Wiin 1,000-1,499 nda

7. Msnifeihuinias (low birth weight;
LBW) 141 1,500-2,499 n3a

8. MsnaNnmhninlné 1niln = 2,500 NN
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MINTINIANHIzAU TSH

7579Aan504l5A CHT @8mInsinInseau
TSH ludhadginssarsiuidon lasldgauhe
ELISA nasan. inannuasuanauldias qmﬁgwm
NN lot MINANEIUMIMUTBUANNYNABINNEAY
ANMLTiE (precision) HmduUszanaanutunls
(coefficient of variation; CV) #agnsingas 20
ANNLNUEY (accuracy) HU5988LNISNAUAY
(%recovery) 2a3e1981053 14 TSH aglugin
80—120 AW (sensitivity) WUAANNAMINTIANU
(limit of detection) wazrdnaNaNITIMBIUSI
(limit of quantification) 283 TSH Henluzo
0.20-3.00 mU/L #lanuiudunse (linearity)
2897990 NLT Ty TSH 7d1 correlation
coefficient (r) 310N 0.9900 Bgl1HN 1-90 mU/L
waziianua e (specificity) Toalawuufisensnu
Augasluudiunuaaaslaiinlninlalnsty (human
chorionic gonadotropin; HCG) gasluulwaiaa
afiytad (follicle stimulating; FSH) uasaasluy
Qﬁluﬁﬂ (luteinizing hormone; LH)"*'”

@51931As1zWszau TSH Tasldiadaq
duylutaataddnlusifuuunsiad (Explorer™
G3 Workstation; PerkinElmer, USA) ﬁﬂzumau
W3endag Tasnenssmuduidaaiiiansnasgu
TSH ana@iNgu 0, 5, 10, 20, 40, 80 La 160 mU/L
waralaEINnsEA T ULRBAYBINIIN I¥NaUIa
ushugudngs 1/8 i $1uu 19 (hiud3anes
#5u 1.37-1.71 lulasans) lalululeslowasiwan
#iia 96 nqu fiAdaudis mouse anti-TSH
WatWiasdmsudanatianaanainnszarugu
USines 150 Wlasans iwanidulunassnaadn
ifenuduliandasliainuaznelinigaumgivos
Wuszazne 16-18 Hlad iaasunamusamad
WazNSEMEFUN AWaNaIenED 1 A% Fuwan
T wdnhmanshieissnsIadensisaludia
Fefduasudnivwasamiudrawan Usinas

300 L1805 NWaNz 3 53 NNUUGNFITzAE

ABUILNNYBY anti-TSH-HRP U3u1as
100 lulasans aslululaslowasinan undjnsen
fluszaziom 100 Wil Agumgives Samand
3 A%y huarsazarenldidadusuns
150 lulasdns aslululaslowasinan Nawanlsd
Tuitiia ieasuna 20 107 s sarmevgaUfAzn
U505 50 lulesdns aslululaslawasiwania
AMaganauuaiiaNNE”ATY 450:620 W UGS
Uszanaramsnnienzimalisunsumsiszanana
(Gen5 3.09; Agilent Technologies, USA)
g3 dulAINNATFIUINAINITQANBULEILDS
AMNLTNTUEIN Y 2a9a1TNIasg I TSH Tu
N5EAHEULEN UIAINITOANULEIYDIAIDEN
nsznwiuidaninieuiuidulaunasyuiiediy
Aranuiduiy lasaranandududilaidue

ANNNTUIRY TSH ussy

MTIATINZIA TSH 81994

Whdayaszau TSH 2894msnusntinmn
nnzideyannadilogldlusunsy IBM® SPSS
Statistics version 23 (IBM Corp., New York,
USA) Tagsumaumsiaevities TSH 81954
fiaudon aail

mMsnadaye TSH Ailuaanlnfaanan
LOVEETE

aazaya TSH Huefiaund (outliers) aan
NNYTNAMIEITYRN Turkey™ Tagamnaangns
Foyaeiiaund = dayaiifieiaani Qi-1.5 IQR

wasdimannd Qs+1.5 IQR

Q1

Q3

IQR = Q3-Q1 (interquartile range)

v v P < < S 1w
m‘uawagamﬂasmu(ﬂwammu 25

v ¥ ] < < S 1w
mwawagamﬂaimu(ﬂﬂamﬂnu 75

waannaea TSH adaundisanangadaya
ud dnnasn TSH emiaauniigraulinudayae
taUndlugadayadn lasnasnndadayad TSH
fdaun@aanluudrsasiiinumathwaimsnusnio

' o J VL "V v o 1 (21)
UOSNYN LNUBENTT 120 MIBEN
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MA@ TSH 81994

AT TSH a8 Tosnhgadaya
fidae TSH fAnUnfinan 1hinasiadaumsuantas
wmﬁagaduﬂmmuﬂﬂa (normal distribution)
wialy lagldadd Kolmogorov-smirnov nogau
fissdutiaandny (o0) uhdy 0.05 gadaya TSH
ffimsuanuaswuundliienziemsds Tagld

BN Tas (parametric method) Tog MU

WRAULAUANA (mean; X) LLathﬁmwummgm
(standard deviation; SD) #19@1 TSH 81489
AU X+2SD UaznadauANNULANAINYBITLAY
TSH 5eiNngueiee semsienzianuulsunu
UWUUNNLAEI%e Completely randomized design
#t o uhAv 0.05

nsdifigedays TSH dmsuanuasuuyliung
(non-normal distribution) T4 LﬂgﬂuttﬂaﬂgﬂLLUU
ﬁ’agaiﬂﬂol“ﬁl Box-Cox transformation wa? 38
Kolmogorov-smirnov maaaaunmmmmwmﬁaga
flssdutioddny 0.05 dwuhgadayaiinsuanuas
wuuund Tiiwneidaaeandlegldismniiwes
(X+28D) udnsdifinuhgadayadansiimauanuas
wuulaiund Tegauraaladieldaiviuninninse
WNNU 120 MBEN wazdian skewness (K) annni
WNAU 0.5 eIz WEe@ TSH anadameis laild
WNTUOdS (non-parametric method) MUIUM
Nsagiuuaze TSH sndsiiasiBudanudaza
(cumulative frequency) waqﬁaga Tagdreen TSH
$19549 A 2ewaed TSH Muladidudanudazani
2.5"-97.5™ percentiles UATNATAIUANVUANGN
289320U TSH 5:MINnguenedn semsinazi
anuuUsuuwuumaden logld Kruskal-Wallis
test 71 OC Wity 0.05

m's"namgai"ﬁmnﬂmznssmmsﬁmsmwmsﬁnm
Falunu
Tddayadaagannlasimsideildasunms
aylifnNANznIITNMIRNIANM AT Tuay
AsuINENAERsMIUNNg 5WalaseMIINen 8/2564

WaYuN 8 Uueu 2564
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We

ieduunngumsnusniiamuangassinam
fmsndauasininusnifaauinmyd WHO
aansautaldiiiu 8 ndu daudaslumned 1 Tas
Fnumsnusniiaiinunarinsdadandoya
fiaviun 131,812 faehs nasnndedayad TSH
dauUn@aannnngnaiagamlvvaainuuaiag
ADIMNINUINLAG 128,496 G0EN FaangATaAuNToNT
MINAANREFALININGD NAWIINY 21 waz
48 Flond anuadu drhmiingasmanusniia
Waggauazanngn AAAY 556 waz 6,030 NN
amuaau leangs 4 msn EPT uas ELBW to LBW
(GA < 28 §a% BW < 1,000-2,499 n5%) tHums
J053umsn ELBW, VLBW waz LBW vaglu
nqudeniu e lifichashaliiaand 120 daehs
Fumnzandemsdameyizne TSH 81989

NANMINAFBUMIUINUITaYs TSH wuh
daya TSH 229Nnnaumsnusntiniinisuantas
LLuuthﬂ&ﬁqﬁauuawﬁqmsLﬂﬁlﬂuuﬂmﬁ'mﬂaé’m
Box-Cox transformation (p < 0.05) IFIANLH
7291 TSH ﬁlﬂx‘iaﬂ‘ﬁl 2.5™-97.5™ percentiles
Miisagu daudaslumaedi 2 Taswuhmsniia
ATUIYATIAN GA > 37 dav feaee TSH
Sedauasisapulimasmuhvinusniiafianas
Tusaisimsniiadaumvueil GA < 36 dow
firnedn TSH swdsuasisagiuemasmuaiansss
wasthwuiinusniinionas loemsn EPT was ELBW
to LBW (GA < 28 §Ua1% BW < 1,000-2,499 n5%)
figaaen TSH $adauazaisogiumgadl 0.07-7.22
wor 2.34 mU/L mudau feadfienlndauduas
Auuzeem TSH $deuasisagiu Seend
M3nUAG 1.35 Waz 2.62 11 AINAIAU WAL
lilanagaudis Kruskal-Wallis test wui
56U TSH 2aangumanusniians 8 nau ama

UONENNUBENINEEAYNNEDA (p < 0.05)
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MINN 1 NGUMINUINAINUUNAINDIYATIANINIMINAAUAzNMINLINAAMNLNMIT WHO

UMD 218338y .
~ MIAUMINIUID i WIBUNNITN
wsathe _ . 31501 _
) .y Wembdays - WINLAK
GEY . _ N NIBNG _ Y imand .
3 ANWUSMITIUIILAR . . HIATILH* . vasgn—
N WHO (enaan) o . Hagan—
(enagnda) ¥ NG
(n-= NINER o
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Thyroid Stimulating Hormone
Reference Intervals of Preterm
and Low Birth Weight Neonates

Jaranee Phoungphosop, Penpan Thong-ngao, Piyanan Thiplakorn, Piangkamol Tiamsiri,
Piamnukul Krasao, and Hansa Thaisri

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

ABSTRACT Preterm (PT) and/or low birth weight neonates with low levels of thyroid stimulating
hormone (TSH) caused false negative results, leading to the missing case of congenital hypothyroidism
screening. To determine TSH reference intervals (RIs) at 2.5"-97.5™ percentiles and optimal timing
for repeat screening, this study analyzed TSH levels in neonates at the age of 2—7 days. Two-year data
of TSH levels during 2020-2021 including gestation ages (GAs) as weeks and birth weights (BWs)
as grams were obtained from the Neonatal Screening Operation Center, Department of Medical
Sciences. Eight groups of neonates were categorized according to GAs and BWs, it was shown that
the lower BW were not related to TSH levels in neonates born at GA > 37, whereas those of neonates
born at GA < 36 were provided a trend of the lower TSH levels correlated with lower GAs and BWs.
The TSH levels of neonates born at the range of GA during 32-36 were nearly the same level as
term neonates. It was found that neonates with BW > 2,500, 1,500-2,499, and 1,000-1,499 had TSH
RIsat 1.67-13.68,1.56—-13.81, and 0.93—-14.46 mU/L, respectively. On the other hand, neonates born at GA
< 32 had remarkedly the lower TSH RIs at 0.07-7.22, 0.89-10.14, and 1.14-10.67 mU/L in neonates
born at GA < 28 with BW < 1,000-2,499, GA 28-31 with BW 1,000-1,499 and GA 28-31 with BW
1,500-2,499, respectively. Therefore, to prevent false negative results of TSH screening in PT neonates,

the repeated samples should be performed at the postmenstrual age of 32 and > 34 weeks, respectively.

Keywords: Thyroid stimulating hormone, Reference interval, Preterm, Low birth weight neonates,

Congenital hypothyroidism

N3ENINFIANNEFASMSUNNEG
Uh 65 2UUN 1 NNTIAN - HUAN 2566




THE BULLETIN OF THE DEPARTMENT OF MEDICAL SCIENCES

The Bulletin of the Department of Medical Sciences is an official publication of the Department
of Medical Sciences, Ministry of Public Health. It is devoted to the dissemination of knowledge concerning
medical sciences and the facilitation of co-operation among scientists.

Owner Department of Medical Sciences, Ministry of Public Health

Administrative Advisor

Technical Advisor

Executive Editor
Editor

Assistant Editor

Editorial Board

Administration

Office

Printed by

Supakit Sirilak
Ballang Uppapong

Pimjai Naigowit
Panadda Silva
Busarawan Sriwanthana

Prapai Wongsinkongman
Nuanjan Wichukchinda

Apiwat Tawatsin
Piyada Wangroongsarb

Pilaipan Puthavathana
Prasert Auewarakul
Danai Tiwawech
Suwanna Charunut
Padet Siriyasatien
Pornpimol Kongtip
Srisurang Tantimavanich
Sunee Sirivichayakul
Chanitra Thuwajit

Pintip Pongpech
Salakchit Chutipongvivate
Usavadee Thavara
Suthon Vongsheree
Wichuda Chittangkura
Supanee Duangteraprecha
Nuanchawee Wetprasit
Wantana Paveenkittiporn

Uruyakorn Chansang

Numfon Noiprasert
Prasan Julwong

Aphimon Jiraphongsathorn
Navy Srivarom

Pawinee Sukcharoen

Phichet Banyati
Piya Sirilak

Sumol Pavitranon

Duanthanorm Promkhatkaew

Siripakorn Sangkitporn

Mahidol University
Mabhidol University
Naresuan University
Huachiew Chalermprakiet University
Chulalongkorn University
Mabhidol University
Mahidol University
Chulalongkorn University
Mahidol University
Independent Scholar
Independent Scholar
Independent Scholar
Independent Scholar
Independent Scholar
Independent Scholar
Independent Scholar
Independent Scholar
Independent Scholar

Department of Medical Sciences
Department of Medical Sciences
Department of Medical Sciences
Department of Medical Sciences

Department of Medical Sciences

Medical Sciences Technical Office Department of Medical Sciences
88/7 Soi Tiwanond 14, Tiwanond Rd., Nonthaburi 11000, Thailand.
Tel. 0-2951-0000 ext. 99662 Fax: 0-2951-1297

E-mail : bull.dmsc@dmsc.mail.go.th

Thanaaroonkarnpim Co., Ltd.

457/6-T Phra Sumen Road, Bangkok 10200

Tel. 0-2282-6033-4



NSAANNATDASNISLLWNE]
DepartmentlofiMedicallSciences]

wald IS AAnUSSSU

uKkan3sIMms viasguaina

’@ https://bit.ly/BullDmsc



	0. Content 1-4
	1. Apoptosis induction (ศรายุทธ์)1-13
	2. การวัดความเข้มแสง (สินีพร)14-22
	3.การพัฒนา Indirect (ไฟศาล)23-33
	4.ช่วงค่าอ้างอิงฮอร์โมนไทรอยด์(จารณี) 34-44



