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ABSTRACT In Thailand, Siamese crocodile (Crocodylus siamensis) is an economic animal and dried
form of Siamese crocodile bile was used as traditional medicine and exported for a long time but safety
information including toxicity testing is limited. For previous study, an oral acute and sub chronic
toxicity study was conducted and the results showed that the Siamese Crocodile (Crocodylus siamensis)
bile was classified in GHS category 4, the LD50 cut off at 500 mg/kg body weight and the no observed
adverse effect level (NOAEL) of Siamese crocodile bile was considered to be 250 mg/kg body,
respectively. Nevertheless, the study to provide information the possible major toxic effects, indicate
target organs and the possibility of accumulation and estimation of a no-observed-adverse-effect level
(NOAEL) for a long enough period to realize for chronic effects have not been carried out. Therefore, this
study was done to support information as above for Siamese crocodile bile in Sprague Dawley rats in
compliance with OECD Guidelines for the testing of chemicals 452, Chronic Toxicity Studies. The Siamese
crocodile bile was not shown treatment related mortality and clinical signs of toxicity in Sprague
Dawley rats including the treatment-relates changes were not observed in necropsy findings and
histopathological finding in both sexes based on a result. The significantly different results of
hematological tests and clinical biochemistry tests were not considered as a treatment-related toxicity
effect but these results were recovered in recovery period (28 days). Thus, the NOAEL of Siamese
crocodile bile in chronic oral toxicity studies were considered to be 250 mg/kg body weight per day for
Sprague Dawley rats.
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Chronic Oral Toxicity of Siamese Crocodile Bile in Rats Passaraporn Srimangkornkaew et al.

Introduction

The crocodile product such as internal organ, blood, skin and hides can be sold at higher
price than other animals that are allowed for commercial aquaculture farm.”"” Crocodile bile is
by-product of the crocodile industry. In many countries such as China, Hong Kong and Taiwan etc.,
people used crocodile bile for an ingredient of traditional medicine. Siamese crocodile bile was
exported for a long time.”” Crocodile bile can be used for drugs solvent and treatment of sepsis,
hemorrhage and trauma.”” The compositions of crocodile bile are 0.8% of Cholestanol, 68% of
Coprocholic acid, 9% of Coprochenodeoxycholic acid and derivative includes; 10% of 3-oxo-174q,
12a-dihydroxy-5p3-cholestanoic acid, 8% of 3a, 7a, 12a-trihydroxy-5pcholestanoic acid, 7-oxo-3a,
120-dihydroxy-5p-cholestanoic acid, 3-oxo-7a, 12a-dihydroxy-5a-cholestanoic acid,
chenodeoxycholic acid, 5a-cholestan-3a, 7a, 12a, 26-tertrol, 5p-cholestan-3a, 7a, 12a, 25-tertrol,
Ursodeoxycholic acid and 5a-cholic acid.”” Ursodeoxycholic acid (UDCA) was used to be useful
for treating chronic hepatic and gallstones disease.”” Moreover, bile acids are physiological
detergents for intestinal nutrient absorption and biliary secretion of lipids, toxic metabolites,
and xenobiotics."” And it has been implicated in the regulation of all the key enzymes involved
in cholesterol homeostasis.” Toxic bile acids may cause inflammation, apoptosis, and cell death.
Aqueous extracts from Crocodylus siamensis bile (AE-CB) had effect on cell growth, cell cycle
and apoptosis of SMMC-7721 cells.”” Bile extract from crocodile gallbladder had inhibited cells
growth significantly, and the cell cycle was arrested in G1 phase. Bile extract induced QBC939
cell apoptosis. These results provide significant insight into the anticarcinogenic action of bile
extract on cholangiocarcinoma cell.” For information of oral toxicity according to OECD Guidelines
for the testing of chemicals 423"%, Siamese crocodile bile was classified in GHS category 4 or
estimated the LD50 cut off at 500 mg/kg body weight in Sprague Dawley rats.” ' However, long
term study of oral toxicological of crocodile bile has been carried out of Siamese crocodile bile
in Sprague Dawley rats in compliance with OECD Guidelines for the testing of chemicals 408,
Repeated Dose 90-day Oral Toxicity Study in Rodents only."” ' Therefore, the purpose of
the present study is to provide information on the possible major toxic effects, indicate target
organs and the possibility of accumulation and estimate of a no-observed-adverse-effect level
(NOAEL) of Siamese crocodile bile in Sprague Dawley rats in compliance with OECD Guidelines

for the testing of chemicals 452, Chronic Toxicity Studies."*

Materials and Methods

Collection of Crocodylus siamensis gall bladder
Gall bladders of Siamese crocodile (Crocodylus siamensis) were collected from Ayutthaya

crocodile farm, Tha Rua district, Phra Nakhon Si Ayutthaya, Thailand.
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Preparation of dried Crocodylus siamensis bile

Process for dried Siamese crocodile bile production of Thai patent application No.
0901001231, Kasetsart University was performed as following. The gall bladders without fat tissue
outside were surface sterile with 70% ethyl alcohol and the Siamese crocodile bile were collected
in tray and freeze-drying using freeze dryer (Lyomaster, USA) for 36 hours. The freeze-dried
bile was powdered by graining and stored in a sterilized and dry jar. The Siamese crocodile bile

powder was kept at 4°C until further use."” '

Dose preparation
The 3 dose levels of Dried Siamese crocodile bile were 2.5, 25 and 250 mg/kg body weight

and freshly mixed with distilled water prior to administration.

Preparation of animals

Healthy 6-8 weeks, 100 male and 100 female, Sprague Dawley rats of body weight range
200 g + 20% were obtained from Office of Laboratory Animal Production, National Laboratory
Animal Center, Mahidol University, Thailand. The animals were kept under standard conditions
12 hours light, 12 hours dark at 22+3 'C and 30-70% relative humidity. The animals were housed
in stainless steel cages with feed and 5-7 ppm chlorinated water ad libitum. 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."” The study was approved by
National Laboratory Animal Center Animal Care and Use Committee (NLAC-ACUC), Mahidol
University, Thailand, for all experimental protocols (RA2013-02).

Experimental design

The chronic oral toxicity studies were complied with OECD Guidelines for the testing of
chemicals 452, Chronic Toxicity Studies."

100 male and 100 female Sprague Dawley rats were used and randomized into 5 groups
(20 animal per sexes per group). The 5 groups were consisted of group 1 - control group (vehicle
control; distilled water), group 2 -low dose, group 3 - middle dose and group 4 - high dose
(2.5, 25 and 250 mg/kg body weight of Siamese crocodile bile, respectively) and group 5 - satellite
group (once daily at 250 mg/kg body weight of Siamese crocodile bile for 365 days and no administrated
by gavage for the following 28 days). The Siamese crocodile bile was prepared with distilled water
prior to administration. The dosage of administration by gavage for 365 days to each animal was
calculated based on the body weight of animal prior to administrate at a constant volume not
exceed 1 ml per 100 g body weight.

The animal health observations and mortality were observed outside the home cage at
least once a day, at the same times. Animal body weights, feed and water consumption including

signs of toxicity (general behavior, respiratory pattern, cardiovascular signs, motor activities,

reflexes, and change in skin and fur) were performed weekly.
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Necropsy examination

On the last day, all animals were kept for overnight (15-18 hours) fasting (feed but not
water) prior to blood sample collection. The animals were euthanized using CO2 inhalation.”® Blood
samples were collected via cardiac puncture for hematological and clinical biochemistry analysis.

After blood samples collection, all animals were sacrificed. The positions, shapes, sizes and
colours of internal organs were evaluated.”” Liver, kidneys, lung, heart and spleen were removed
and trimmed to visually detect gross lesions and weighed to determine relative organ’s weights
per 100 g body weight. Histopathological examinations were performed on liver, kidneys, lung,

heart and spleen and compared between control and high dose group.

Statistical analysis

Quantitative results were expressed as mean + standard deviation. The obtained data were
statistically analyzed by Kolmogorov-Smirnov and Levene’s test"® for normality and homogeneity
of variances. For parametric statistics, all data were compared between the vehicle control group
and each treatment group by 2-sided Dunnett or Dunnett’s T3 test, using ANOVA analysis. For
non-parametric statistics, the data were compared between the vehicle control group and each
treatment group by Mann Whitney U test. A significantly differences were considered at 0.05 levels

with SPSS® Statistic software version 18.0.0.

Results

The Siamese crocodile bile were not shown treatment related mortality and clinical signs
of toxicity in Sprague Dawley rats. The feed and water consumptions including body weights of all
animals that were measured throughout the study, were showed normal. The data of body weight
was presented in Fig 1 and Fig 2 for male and female animal, respectively. Besides that, the clinical
signs in their skin and fur, eyes and mucous membranes, respiratory and behavior pattern were not
found in control and treatment groups of animals. The other observations as tremors, convulsions,
salivation, diarrhea, lethargy, sleep and coma were not showed too. The result of hematological
tests that shown in Table 1, at high dose group (250 mg/kg body weight of Siamese crocodile bile)
have the means of platelet higher than the control group for both sexes within normal range for
Sprague Dawley rats of National Laboratory Animal Center (NLAC) (1,069.0+224.1). For clinical
biochemistry test that presented in Table 2, at high dose group were higher than the control group
for both sexes where male animals have high the mean of ALT (alanine amino transferase), AST
(aspartate amino transferase) and ALP (alkaline phosphatase) but female animals have only high
the mean of ALT (alanine amino transferase) and AST (aspartate amino transferase). Nevertheless,
these effects of hematological and clinical biochemistry tests were able to recovery in 14 days.

The organ’s weight was calculated in the relative weights per 100 g animal body
weight that showed the relative weight was not related with dose level what used in this study,

represented in Table 3.
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For pathology in this study can divide two sections: gross/microscopic finding and
macroscopic finding. In first section, the observation of male animal was found as watery diarrhea
without any lesions of intestine, colon gas distension, thymus petechial hemorrhage, lung
consolidation, hydronephrosis, simple cortical cyst contained with clearly fluid and proteinaceous
plug. The observation of female animal was found gas distension in small intestine, subcutaneous
mass at axillary area, petechial hemorrhage, calcification deposit a focal in renal medullar and
hydrometra. In second section, the lesions of kidney, heart, liver, spleen and lung were observed
in control and high dose group.

Kidney: glomerulosclerosis, focal inflammation, hyaline cast, tubular regenerative, tubular
dilation, single to few glomerulonephritis, single to few glomerulo necrosis, focal tubular necrosis,
predominate focal calcification and chronic progressive nephropathy (CPN).

Heart: various stage of cardiomyopathy and degenerative to necrosis.

Liver: various distribution of macrovesicle, micro vesicle fatty change, hepatocyte atrophy,
giant cell infiltration, hepatocyte hypertrophy and focus eosinophilia.

Spleen: mesothelial hyperplasia and mild amyloidosis.

Lung: eosinophil accumulation frequency occur in perivascular and peribronchiole,
histiocytosis, arterial calcification, foreign bodies, perivascular necrosis and osseous metaplasia.
These lesions were noted incidental finding, congenital defect, spontaneous, ageing lesion and the

effect of carbon dioxide euthanization.®”
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Figure 1 The body weight of male Sprague Dawley rats
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Figure 2 The body weight of female Sprague Dawley rats

Table 1 Hematological analysis of Sprague Dawley rats

Mean of parameters + standard deviation

Sex Parameters 2.5 25 250
Control Satellite
mg/kg BW mg/kg BW mg/kg BW
Male RBC (10°/ul) 8.4140.45 8.2740.26 8.3240.28 8.30£0.31 8.3240.55
HBG (grdl) 15.9+0.79 15.6+0.55 15.7+0.43 15.440.55 15.6+1.23
HCT (%) 49.6+2.44 49.1+1.44 49.2+1.59 48.9+1.55 48.5+2.63
MCV (1) 59.0+1.07 59.441.07 59.241.70 58.94+1.56 58.3+2.18
MCH (pg) 19.0£1.35 18.9+0.54 18.9+0.34 18.6£0.62 18.8+0.80
MCHC (grdl) 32.2+2.00 31.8+0.81 31.9£1.03 31.6+0.37 32.2+1.24
PLT (10°/ul) 890+109.20 918+95.96 967+104.99 1067+£126.04* 1012+78.59*
WBC (106/ul) 6.43£1.32 7.12£1.90 5.34£1.31 6.18+1.63 7.01£1.42
Female RBC (10°/ul) 8.10+0.35 7.93£0.48 8.04£0.32 8.06£0.29 7.96£0.35
HBG (grdl) 16.0£0.56 15.6+0.76 15.8+0.59 15.9+0.53 15.8+1.01
HCT (%) 50.2+1.73 49.3+2.32 49.2+1.70 48.7+1.52 48.242.11
MCV (1) 62.0+0.91 61.84+1.22 61.34+1.96 60.5+2.38 60.6+2.02
MCH (pg) 19.7+0.72 19.6+0.50 19.7+0.65 19.7+0.41 19.8+1.01
MCHC (grdl) 31.940.77 31.740.52 32.240.97 32.6+1.21 32.8+2.11
PLT (10°/ul) 772471.38 811+106.12 819+63.27 840+61.01* 799491.49
WBC (10°/ul) 5.07+1.39 6.04+1.93 4.49£1.31 4.934+0.96 5.01£1.09

Note: * The mean difference is significant at the 0.05 levels of control group
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Table 2 Clinical biochemistry analysis of Sprague Dawley rats

Mean of parameters + standard deviation

Sex Parameters Control 2.5 25 250
Satellite
mg/kg BW mg/kg BW mg/kg BW

Male TP (grdl) 7.6+0.85 7.74+1.34 7.940.63 7.64+1.02 7.440.60
CHOL (mg/dl) 174+56.04  145+44.94 150+32.74 146+36.89 169+29.63
TRIGL (mg/dl) 111+43.92  102+32.19 99420.72 96+24.09 112+30.65

ALT (U/1) 60+16.54 59411.38 73420.06 119+72.84% 85+40.76

AST (U/D) 74+13.84 83+19.60 81+21.96 98429.66* 86+33.58

ALP (U/1) 66+14.90 61+19.06 83+16.99 116+24.78* 92+35.23

ALB (grdl) 4.9+0.45 5.0+£0.84 4.74£0.59 4.54+0.44 4.4+0.50

GLO (grdl) 2.8+0.59 2.7+0.68 3.1+0.33 3.1+£0.92 3.0+£0.72
CREA (mg/dl) 0.3+0.05 0.3£0.06 0.4£0.05 0.340.08 0.440.06

BUN (mg/dl) 18.7+3.31 18.0+3.36 18.9+1.82 18.6+1.96 18.6+4.19

UA (mg/dl) 2.8+1.13 2.840.89 2.7+1.04 2.840.65 2.740.73
GLU (mgsdl) 185+50.74  188+45.29 179+36.93 178+31.04 178+40.80
Female TP (gsdl) 8.0+0.68 7.54£0.77 7.940.80 8.0+0.91 7.540.69
CHOL (mg/dl) 138+39.24  124+13.36 117+22.39 117+16.49 132+25.47
TRIGL (mg/dl) 92441.38 72421.97 714£19.54 74+21.39 92446.53

ALT (U/) 5445.47 58+7.04 5946.10 60+4.10* 54+7.68

AST (U/1) 8149.02 89+7.64 91+4.15 94+43.72% 80+8.72

ALP (U/1) 53+7.17 57+4.97 57+3.97 60+6.39 54+3.99

ALB (grdl) 5.7+0.86 5.6+0.47 5.6+0.49 5.7+0.62 5.6+0.36

GLO (grdl) 2.3+0.33 2.3+0.31 2.2+0.40 2.3+0.40 2.2+0.91
CREA (mg/dl) 0.440.08 0.340.05 0.440.06 0.340.05 0.3+0.05

BUN (mg/dl) 16.94+1.72 16.5+2.17 16.1+2.22 16.24+2.17 16.3+1.90

UA (mg/dl) 2.840.89 2.340.35 2.340.69 2.340.59 2.8+1.07
GLU (mg/dl) 184+35.01 165+16.54 164+33.51 163+29.10 185+60.32

Note: *The mean difference is significant at the 0.05 levels of control group
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Table 3 Organ’s weight of Sprague Dawley rats

Mean of parameters + standard deviation

Sex Parameters  Control 2.5 25 250
Satellite
mg/kg BW mg/kg BW mg/kg BW

Male Liver 2.74£0.19 2.85+0.22 2.77+0.27 3.03+0.27* 3.01+0.26*
Kidney Rt. 0.34+0.02 0.34+0.02 0.34+0.03 0.37+£0.02* 0.38+0.03*

Kidney Lt. 0.34+0.02 0.34+0.02 0.34+0.03 0.38+0.03* 0.38+0.03*

Heart 0.31£0.02 0.30+0.02 0.30+0.02 0.31+0.01 0.32+0.03

Lung 0.31£0.03 0.32+0.05 0.31£0.03 0.32+0.02 0.35+0.09

Spleen 0.18+0.02 0.18+0.02 0.19+£0.02 0.21+£0.02% 0.20+0.02

Female  Liver 2.2840.15 2.43+0.25 2.2240.16 2.4940.21* 2.514+0.21*
Kidney Rt. 0.3240.02 0.3440.03 0.3240.03 0.3440.02 0.3440.03

Kidney Lt. 0.314+0.02 0.334+0.02 0.314+0.02 0.33+0.02 0.34+0.03

Heart 0.3440.02 0.3740.03 0.34+0.03 0.36+0.03 0.34+0.03

Lung 0.45+0.05 0.46+0.07 0.44+0.06 0.45+0.05 0.42+0.07

Spleen 0.2140.02 0.23£0.03 0.21+£0.02 0.24+0.02% 0.22+0.03

Discussion

The present study carried out the toxicity level assessment of Siamese crocodile bile in
the dose levels 2.5, 25, and 250 mg/kg body weight were no mortality and clinical signs cause of
toxicity in animals. The general clinical observation results of all animals including body weights,
Feed and water consumption were normal.

The pathological evaluation concluded that, there were no treatment-related change in
both sexes. Simple kidney cysts are fluid-filled sacs that form in the renal cortex which do not
enlarge the kidneys, replace their normal structure, or cause reduced kidney function like other cyst
type that the causes for simple kidney cysts are more common as age®"” or obstruction of tubules, or
deficiency of blood supply to the kidneys may play a role, diverticula sacs that form on the tubules
may detach and become simple kidney cysts. The role of genetic factors in the development
of simple kidney cysts has not been studied.”” Proteinaceous plugs are commonly noted as
postmortem change resulting from agonal secretion of accessory sex gland fluids during euthanasia®®”’
The treatment-relates changes were not observed in necropsy findings and histopathological
finding in both sexes based on a result. The significantly different results of hematological tests

and clinical biochemistry tests were not considered as a treatment-related toxicity effect because

that can recovered in recovery period (28 days).
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From the issue of Herbal and Dietary Supplements related hepatotoxicity is a growing
concern particularly with the evidence in both the United States and Europe that the use of these
products appears to be increasing.*” Herbal and Dietary Supplements have been responsible for
causing liver injury and the major implicated agents include anabolic steroids, green tea extract,
and multi-ingredient nutritional supplements (MINS).*"*® Based on the results as declared above,
there were no pathology-related effects from any dose of the Siamese crocodile bile in Sprague
Dawley rats as the Siamese crocodile bile was administered once a day by oral gavage for 365 days

with 28 days for recovery period.

Conclusion

In summary, the Siamese crocodile bile doses not produce any toxic signs or obvious
symptoms of chronic toxicity. Thus, the no observed adverse effect level (NOAEL) of Siamese

crocodile bile was considered to be 250 mg/kg body weight per day for Sprague Dawley rats.
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Improvement of Laboratory Service of
Regional Medical Science Center 3
Nakhonsawan with Online Laboratory

Reporting System

Lomsalai Wongchanta' Wasu Bumrungchaichana' Kittichand Juntorn® Parichat Kanyaboon'
and Wichayada Woothiadirek'

'Regional Medical Science Center 3 Nakhonsawan, Department of Medical Science, Amphoe Meung,
Nakhonsawan 60000

*TOT Public Company Limited, Chaengwattana Road, Lak si, Bangkok 10210, Thailand

ABSTRACT The Regional Medical Sciences Center 3, Nakhonsawan carried out satisfaction survey in
2017 and found that customers would like to receive the laboratory analysis report faster. Since
laboratory testing time cannot be reduced, then we are trying to improve the reporting process by
developing an Online Laboratory Reporting System. The aim of improvement is to deliver laboratory
report quickly and solve the problem of postal delivery lost. We started studying the strengths of the
network reporting system, developing a new system with Waterfall Model process and linking it to the
existing Sample Management Information System (SMIS). The new system emphasized customer right
protection and confidentiality. It was successful and implemented on 15 March 2019. The evaluation
result after 6 months of service had 100 applicants and these included private customer (39), police (44),
provincial public health offices (3) and hospitals (14). A total of 1,852 reports approved between 15 March
and 30 September 2019 were delivered within 1 day after approval, allowing customers to receive reports
2-5 days faster than postal mail. The time from report upload to report download by customer were
between 1 day and 95.4 days and the mode was less than 1 day. It solved the problem of postal delivery
lost and reduced postal service costs approximately 33,000 Baht. The results of the Online Laboratory
Reporting System satisfaction survey from 21 customers was the highest level satisfaction with score 4.71

out of 5. The most satisfaction were security, confidentiality and convenience of data storage.

Keywords: Laboratory report, On-line service, Continuous improvement, Customer focus, ISO/IEC

17025
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Comparison of Surveillance Methods for
Aedes aegypti for Dengue Haemorrhagic

Fever Control

Jiraporn Sevana Bussarakum Sinakom and Boonserm Aumaung
Vector Borne Diseases Division, Department of Disease Control, Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT Dengue haemorrhagic fever (DHF) has been an important public health problem of
Thailand for over six decades. One of major strategies to prevent and control the disease is surveillance
of disease vectors, Aedes mosquitoes. This study aimed to compare three methods for Aedes surveillance
system: larval survey, adult survey and oviposition survey. The study was carried out in Ban
Tha Daeng community, village No.7, Champa Subdistrict, Tha Ruea District, Ayutthaya Province,
Thailand. The study area has different types of houses compose of concrete single houses (one-and
two-story), 2-story town homes and detached houses with garden. It was found that there was no
significant difference in appearance of Aedes mosquito eggs among the three types of houses (p > 0.05).
However, the ovipostion survey for Aedes mosquito eggs using LeO-Trap was the most effective method
for Aedes surveillance among the test methods. It was quite easy to apply in the area and could save time
and budget for operation of health officers. The numbers of eggs deposited in traps could be counted and
estimated for populations of further generations of Aedes mosquitoes that could be occurred in the future.
It also could be useful for further risk assessment of epidemiology and effective control for

the mosquitoes in the areas.

Keywords: Ovitrap, Aedes aegypti, Surveillance, Mosquito survey, Dengue haemorrhagic fever
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fsulssmuldiniensinouduuazudady afnmuazasmsaatinamseiiilasiumiadasiizand

lurinuazealal wasiiameunsdoasdayamaImmsunasIsoe
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ada 0

Asihanmaaeuil fuAsiwannaan AOAC Official Method 2007.01 Fufiuiaiiuu
msnagauaNNgndawa’ wasihitinaspuildlumsanaiensitateinuazua liuesdiinauam
wazANNYaBAfEaIMs lasUTBIANNEINTAMNTTUUAMMNWINGSFIU ISO/IEC 170251 2017 289ain
naspuvaslfiamsaadaiiias ﬁmimuQuQmmwmimaﬁmiwﬁﬁamﬂlu (internal quality control)
UAZMIMUANAMMNMEUBN (external quality control) wauMEMINTINIANATARTBITUMIAAN]
Hosnunsau 53 oiia ldud msnguaasmlunssiuinnu 21 oiia manduosimluvaanaiadiniu 24
¥ila waransnguasduaNsilninssadinuu 8 ¥iia mmsanienzvaiiouazUsinamsiaiidesnuman

Adngigdaasaufalasininnnuunaailnlasives (GC-MS/MS)

mimﬁuazmsmmgm

d13LAN: acetonitrile PR, glacial acetic acid AR, n-hexane PR, ethyl acetate AR, magnesium
sulfate anhydrous (MgSO4) AR, sodium acetate (NaOAc) AR, mixture of 150 mg MgSO4, 50 mg
primary secondary amine (PSA) and 50 mg graphite carbon black (GCB) (dispersive 2 ml pig
and fats, AOAC, W/CH fva Agilent), mixture of 150 mg MgSO 50 mg primary secondary amine
(PSA) 50 mg graphite carbon black (GCB) and 50 mg C18EC (silica type irregular particles
40-63 micron, 6 angstroms, lot number 98106-BH), acetonitrile + 1% acetic acid: # N acetonitrile
MUazanl 200 Haa0S LAN acetic acid 2.5 #adanT UWaIUSUUSNIAIA8 acetonitrile IUATU 250 HAAAN
1u volumetric flask, ﬁlmé’u

81331033 1U: mimmgmﬁwmLﬂuwﬁmﬁmsﬁﬂm Dr. EhrenStorfer #ufluzfioifien (single
standard) ﬂa:uaa§nwiuﬂaa'§u (organochlorine compounds) OCs 1UIU 21 §1F lewn aldrin, 0.-BHC,
OL-chlordane, chlorothalonil, Y-chlordane, oxy—-chlordane, pp -DDE, pp -TDE, pp -DDT, dicofol,
dieldrin, endrin, Ol.-endosulfan, B—endosulfan, endosulfan sulfate, heptachlor, heptachlor epoxide,
hexachlorobenzene, lindane, methoxychlor waz tetradifon ﬂ&juaa€ﬂ1IuWaaWa%’a (organophosphorus
compounds) OPs 17U 24 §15 lown acephate, azinphos-methyl, chlorpyrifos, dichlorvos, diazinon,
dicrotophos, dimethoate, EPN, ethion, fenitrothion, malathion, methamidophos, methidathion,
mevinphos, monocrotophos, omethoate, parathion, parathion-methyl, phosalone, pirimiphos- methyl,
profenofos, propargite, prothiophos, Lta2 triazophos ﬂzjumié’fqmwﬁlwgmaﬂﬁ (synthetic pyretroids)
SPs MUY 8 a5 lawn bifenthrin, cyfluthrin, lambda-cyhalothrin, cypermethrin, deltamethrin,

fenpropathrin, fenvalerate L8z permethrin

A - P
ipsasiauazalnsal
WAIBNTNANNALLBYA 0.001 NN FWSUBIANIDEN, LATBNTIANINGLLDEA 0.01 NadNTN EWTULI
M9059, assundlasinInanwunaalnlasiiwas (GC-MS/MS), wwaastuanaznau (centrifuge)
< v =1 = . 44' Y o
ANNLFITAU 3,500-4,000 IDURDINT, LAIBITEMEENTALNBULUU heating block F4lFufalulasaulumsseine
ARG Lﬂ%ﬁ)waguﬂumaumiazmﬂ Vertex-2 Genie, micropipette 21160 2-20 VLN‘[ﬂiﬁ(ﬂi, micropipette
2110 20-200 lulAAAS, micropipette 2U10 1-10 1adanT, amber vial 211@ 8 Hadans, centrifuge tube
2UIN 50 WAL 15 Nadan3, volumetric flask 2UIA 500, 25 WAz 10 Nadan3, pasteur pipette
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aa a k4 g v va <t a =
’Jﬁaﬂﬂiu’]mﬂﬂimﬂﬂ’]ﬁiumﬂLLESNBVL?\I $Aens ASlARs wazdmen dNFN

LA3asianinTiauasSanm

iraasufalasinInnsn: GC-MS/MS Agilent Technologies 7890B GC system and 700°C
GC/MS Triple Quad: MMI inlet (Multi mode injection) 60 °C hold 0.35 min, ramp 900 °C/min to
280 °C cryogenic (COZ) on, oven 60 °C hold 1 min, ramp 40 °C/min to 170°C and ramp 10 ramp
10°C/min to 310 °C hold 83 min (20.75 min runtime), analytical column DB5MS 30 m, 250 mm X 0.25 um,

flow 1.1 ml/min

a8 Lal

o w W

Tums@nwUsanamsanaaasasiaimiadagiiglunalsl Tddegnduanlasenmsdina
mMsanaNzaIasteiimIndagiiguazmsludaugdunidaeamsarugadnluwady (lassmsysanms
muasUasans Taudseana 2560) ZednunaliniansnMsnsIaNUMSANAMNYBIETARTBINUMAR

dngiirgeuasiiumaliniansulsemu msdnmnavesmssnihuaznazesmslanidandy

saatsinaasiaiitlasnumandngialud

ﬁwmszjuéhathqﬁuﬁy'wm 30 dhate 1T 2 %0 Tasgail 1 msAnmuasasmsansinums
andzasiaaiilastumindasiianounasuasdinn Taglddusinnu 10 det dadnar 2 Alandu
wdnhduudasdemanuinily 2 duwhiy dwas 1 Alandu dwd 1 Wudededuitlidrahiensd
madan ihasiuihudumnadn valiandes sdais 10 ndu wdnhllada wesanaineaiouas
Uinamnaeiillastuiiadagivianiawdalaaninnuaainlosiivsd dwil 2 Wudeddu
Ahauhiensinadidon Tasusih 2 a0 #9l3 10 7 mhie @ethseaunanslvaru (a3awmiiawenmd)
wdrdagaeanhemie 10 510l mara® Aaliliuds dhanduduunnedn valwasdee Hdad
10 31 winhlada wasanaiensisiiowsnBinumseiillosiumiadasiiadeniawudalasnTnosm
unaanlosfimad wudenfudiud 1

dhashedagail 2 msAnmuasasnssinumsantinamsandsuasasiaiitlasiumiadagiy
Aeunazudaanidan Taglddusnny 20 dathe dadses 2 Alandu Taamsutsndawadamnua duil 1
ughahsdulaidahilivendan 1 fTandu ihaniududumnadn ualiesden dadache 10 n¥u ud
hlafa uasanviensiioussUnamaeiilosiumiadagisdeeiawudalasnnnuuaanlos
fned dwdl 2 Wudadedulidrahivenndan 1 Alandy MHamsduile ianduiudunnadn
ualiiaziden Hadate 10 n¥y wdnhllade wazanviensisioussUiinamaeaiilosiumiadasi
dendasudalasininnnvunssnlasiives udmdudud 1

MBENNEN

Tums@nnunamsandsasmaaiimiadasiidludin 1Fdeseiniifudunusaudaznga
fhathe nnlassmstszdinenudssmslasuduiaansieduazanstudlauiiaulnglasuanmsuslaa (Total
Diet Study) (Tassmsysanmasuaimnsasads Thulszana 2560) Taadnihandsramsandail
I@suanusmiionngudinnemaasmaunndiifudunmaiudazmalumafudaghainiaae 4 ma
Tléud mawile manaw maeziusanidsuvile uazmald maas 2 Savia 5w 8 dwia Fududni
fludunmasngudagaudassiio Taun vsanladifiudunumasngudinasznansnan ™ asthifiuduny
sanguiinly umdsuiudunasnguinuansznauss Minenidudunurasnguinuansznam
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- < o Y - a Sy o o v @ o v Y g o
wzd@iaineitumunurainguinuansepanzida winzhiumunuueaengurnnansznansn intaumuny
v v = y oo ¥, < < a a s o v &
DINGUHNGUVZDEDA UaztiATIN laun Waunih 1Hawesy Heasdud waslia@une SINRNNIMNG
8 naNMBEN MMIANwIKazaInIzUIUMIanUTInamsanmmasaseiilasiumiadagiinludnilaiss

AAUANLIZVIBIAN

sandsanaasiaiitlesnumindagivaludn

FUIIRENINTANIVING 8 NGNEIBENIN 8 WWIA WWIAAE 200 NTN WENUAAENANITINAY W)

bl
I

w2 g Tesdun 1 Wuasaninaanliauiviin 100 A5y wanhuaanvsalan ¥ Aaues
1 Ao 1% % - & o ' Y ¥ o @ a ¢ a
wnzaunsulszmule wazualiazidan #9608 10 5N wanhllane wazadensisiouas
Usinasseiiilasnumiadasismeaeiasudalasininnnuunaannlasiiwas drud 2 udededngan
Taigaiviin 100 ASy waihaaannsatan W eauas@wizarunsulssmule ntuhluenlnhdan
719 engunnh MW EvRLEsea wazualiazdae % 10 A5N wanhlUane wazase =y
slouasUsnaaseiidlasiumiadagigmeainisuialasininanunaalnlasiives wudenuadiui 1

3531A512Y (Extraction)

Fagaeeharhntin 10 n3u sl centrifuge tube 2110 50 1adans Hin acetonitrile + 1% acetic
acid 10 193805 WeaEIUsT 1 W7 NG MgSO 4 N3 uaz NaOAc 1 n3u wdreh 1wt iy
ANALNBUIIANNIEIUTEANN 3,500-4,000 TAUABINT 11 5 1T MntuwisansasasulaileUszana 6-7
05305 1dlu centrifuge tube 2110 15 193803 LLE;I'Jli’llﬂﬁ’ﬂﬁl‘U%Q‘ng (clean up) @8 DSPE (dispersive
solid phase extraction) lagmstiy 150 Jadnsu MgSO + 50 J9dn5u PSA+ 50 #aan5u GCB (§wsu
fhathawdnath clean up Taamsiiin 150 Gaansn MgSO ,+50 {adn3n PSA+ 50 {iaansu GCB + 50
finandy C1sEC :ntuwsh 1 wit udnhluiluanaznaumeaenuidilszana 3,500-4,000 saUAB1NT
WU 5 n# fuansanasiuls (ansaransduuy) 5 Gaaans 1dlu amber vial 210 8 Gadans 1 lUszwe
anUsnasauiauwi uarlsudsinasasasasanaidn n-hexane: ethyl acetate (3:1) AIUATU 1 adaNS
anudutudhage 2 ndudafiaddns NntluhlliensisiiouasiFnamaeiiilasiumiadasiizand
FELA3ne GC-MS/MS

We

Pwamsliensiliinamaeimiadasinludulididiensiudandnny 10 dathe wy
maandseasmaaiitlasiuiiadasiialudumndiacne Taawumsanaianue 5 #iia laun chlorpyrifos
fienagluzn 0.04-0.35 Tadn3udailandu ethion fimaglugn 0.52-0.61 Nadniuaailaniy cypermethrin
lenaglugie  0.04-1.64 NadanSudanlanin propargite dmagludie 0.04-0.20 Fadnudanlaniu
waw profenofos fienaglute 0.04-0.14 fedniudailandy uaswuhmemeduduhimnsinaian
WUMIANANZRIENS 5 2ia wilSinumsanaanas laanunsanaezes chlorpyrifos anagluga
0.02-0.30 §adnINABALANIY ethion Haagluzie 0.02-0.51 Fadnindailaniy cypermethrin lfmag
w2 0.03-0.18 Niadnsudailansy propargite imaglunie 0.02-0.11 Fadninedanlanin uaz profenofos
iy 0.02 Fadnsndailaniy Usinaasanananatagludn 14-96% ansoudaniiouasUiinm

v a a
mimﬂmﬂmuaﬂﬂumiﬁw 1 WagNNAN 1
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ad a k4 g v va <t a =
’Jﬁaﬂﬂiﬂ’]m’d’]i@lﬂﬂ’]ﬂiuwﬂLLHSNBVLN 5Gens ASlART wWaxdTa WTNFN

M3Ni 1 wamsaadSinaseitlesiumiadagiglosnsanduaisl MNuaIENNaTINIANEH
10 MBEN AINUMIANANEITN eI uMIRdaFizNNGIEN

Ussnafinu (mg/kg)

aHAET GLEHE AR Silsidharn Sudr9ih USinmars  LOD LOQ
finsaany oy Siassiianldan Steszinanldan Hanas (%) (mg/kg) (mg/kg)
(min-max) (min-max)
chlorpyrifos OPs 0.04-0.35 0.02-0.30 14-50 0.01 0.03
cypermethrin SPs 0.04-1.64 0.03-0.18 25-89 0.01 0.03
ethion OPs 0.52-0.61 0.02-0.51 16-96 0.01 0.03
profenofos OPs 0.04-0.14 0.02 50-86 0.01 0.03
propargite OPs 0.04-0.20 0.02-0.11 45-50 0.01 0.03

winwme:  OPs waingda nguaaimluvaaada
SPs wingia nguansdazilninasd

USanaufimy (mg/kg)

2 ¥ =
& AuliidaiAesziviauBen

15 g duanhiezivialden

1
0.5 0.2 N o

201 014 g BUATITNNY
. 7
0

chlorpyrifos ethion cypermethrin propargite profencfos

mui 1 wamsaaUTnamseiiilasnumiadagigloamsandumain Usinamsanasasasiaiilaeny

Mindagizanaag g 14-96%

=Y ¢ a a ol o W L = v " Y %’ 1 L =l J
NneaMAeNBiauasUInamseimiadasigludulisnibnautasvaslanidan wun
dulisninlivanudannumsandrweasasieiiilasiumidadagigludunnaiadn laawuasanaananue
10 #iio loun &3 chlorpyrifos, cypermethrin, propargite, profenofos, malathion, fenpropathrin,
bifenthrin, chlorothalonil, lambda-cyhalothrin wa¢ ethion ﬁ@hag‘luﬁw 0.04-0.24, 0.04-0.53, 0.04-1.64,
0.04-0.20, 0.04-0.14, 0.03, 0.03, 0.06, 0.04 WAY 0.03-3.00 HAANFNADNANTH MUAIAU UBTWUNFY
(% H =] a 4 ] & v v a a v a <
lushandanideananadwnzdawzdiuila inumsanaerasasnsie Usinamsandsanasdatiu
100% §INSOUFNITHALIZUSINUMSANAN AUULEAIIUMTINN 2 wazmMnD 2
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mnd 2 wamsaadsnaastaiilasnumiadagiglasmsdanidandy huudmetnianienzi
20 MBEN AINUMIANANEaIaIRiasiumIadngNegnniiad

Usanafiny (mg/kg)

AR GLHCAD Suligran  duligann  USaaans LOD LOQ
NeIRANY nesawy  hidanw@dan  danwldan  Nanee (%)  (mg/kg)  (mg/kg)

(min-max) (min-max)

bifenthrin SPs 0.03 ND 100 0.01 0.03
chlorpyrifos OPs 0.04-0.24 ND 100 0.01 0.03
chlorothalonil 0OCs 0.06 ND 100 0.01 0.03
cypermethrin SPs 0.04-0.53 ND 100 0.01 0.03
ethion OPs 0.03-3.00 ND 100 0.01 0.03
fenpropathrin SPs 0.03 ND 100 0.01 0.03
L-cyhalothrin SPs 0.04 ND 100 0.01 0.03
malathion OPs 0.04-0.14 ND 100 0.01 0.03
profenofos OPs 0.04-0.20 ND 100 0.01 0.03
propargite OPs 0.04-1.64 ND 100 0.01 0.03

winmmg  OCs wwnete  nauassmlunasiu
OPs wangdie  nguassmluneanass
SPs wnade  nanansdaNzilninsasd
ND wmeds  avaliny

duliaun Yanuldan Jwensvianistila

USanasiinu (mg/kg)

3
3
sy Aulddralddeniyden
2 3 g SuliEnsionidon
2
1.64
1:5
1
2 0.53
O‘5 0.24 a 124'
0.2 0.14  0.06 0.04 0.03 0.03 BUAFIINNU
0 0 0 ZO 0 0 0 0 0
S & & ¢ ¢ & & & &
& P & 3 & & x° i & NS
Q‘OQ & \O\Q & 2 & Q\OQ & G\\(\’b
QR S
R & Q & & :

<~

d‘ =3 o Y v o QJ 4 = Vv =Y v =~ Y| Ql
2NN 2 wamsaﬂﬂsmmmsmuﬂmﬂummﬂﬂmgwﬂmﬂmiﬂanLﬂaanau YsunamsanaazasastaiUaeny
AMANANFNIINNI 100%
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’JﬁaﬂﬂiN’]m’ﬂ'ﬁ@lﬂﬂ’NIuNﬂLLQSNBVLN 5Gens ASlART wWaxdTa WTNFN

NnuaMIIeNitTInaEsiaiimIadagigludn lidenaudnadiuau 8 #lia wumsandazesas
uau 5 #iia Tuen 4 21l loun usenlad wunmsanAmNEaeans 2 #iia Ae diazinon 0.17 WAz chlorpyrifos
0.12 faan3uaanlan3u az1h wWu prothiophos 0.14 U8z cypermethrin 0.13 Aadn3udailaniy dilne
WU chlorpyrifos 0.07 fiaan3uaanlansy Win#Hh wu profenofos 0.07 faaniusanlansu liwumsanars
Tutnuwaey wzdanlne @t wasiion dathdmaddnlidaluunssnumsduud wumsand
ypsansananty 4 #iia Tuen 3 #ila lawun Az wu prothiophos 0.10 W8 cypermethrin 0.07 Jaan3u
danlansy Milneny wu chlorpyrifos 0.02 faan3uaanlaniy uazwsnash wu profenofos 0.02 Hadn3y
ganlansn Usmnamsandnanatagludn 20-100% linumsandsluusanlad VIuwaeN Nzdane
HNJN waztiie N MansaudailouazUsnamsandig Fauanalumsd 3 uaznwd 3

MmN 3 wamsaaUnaarseiniadasiglasmsanin NUUMBENTATINIATIET 8 MIBENN ATIANY
MIanAaIanseitasiumandagiizauiu 4 aieen

Ussnafinu (mg/kg)

BRI QGEERY USnaars  LOD LOQ

; p 6inlaians Bin lians b

NEIIANY NEIIANY Aaudal s nomad (%) (mg/kg) (mg/kg)
Uiaﬂiﬂa OPs diazinon 0.17 ND 100 0.01 0.03
Az OPs chlorpyrifos 0.12 ND 100 0.01 0.03
ﬁ'l'Jr:]ﬂEl'l'J OPs prothiophos 0.14 prothiophos 0.10 29 0.01 0.03
vy SPs cypermethrin 0.13  cypermethrin 0.07 46 0.01 0.03
[’::I’ﬂ‘l_zlﬁ OPs chlorpyrifos 0.07 chlorpyrifos 0.02 71 0.01 0.03
wanih ND ND ND - - -
Nziane ND ND ND - - -
Lia OPs profenofos 0.07 profenofos 0.02 71 0.01 0.03

Winwme:  OPs manads ngueasmluveanasd SPs vineds nduansduansilninsosd
ND nanedie asnliny

USanasiiny (mg/ke)

0.2
0.15 W AnlfaRours
0.12 IR
|/ Anlifavdasdy
7z
0.1 Z
“10.07 0.07 0.07
Z ZZ
0.05 7 7
Z 1
780.0270 0.02 - y
Z Z 7 FUAFTIINNU
0 ZZ
0 = Snvumer e 4 s Ao
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vsanlad Azl filnem windih  vau wm@e Al uasm
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Mui 3 wamsaalsnaaseiimiadesiglosnmsannn Usinumsanangasastailaanumindagig
anavaglugg 29-100%
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mﬂﬁlﬁx’?ﬁa‘"umwmﬁaq”umm@'u%‘[ﬂﬂﬂymmmsﬁgmﬂumiﬁwé’fﬂwa%ﬁﬁ'ﬂqmmwuas
anudasangens naInenmaasmsunnd logldszuuaamuwenaanasgiu ISO/IEC 17025 iyaains
ildFumsilnausuuasiivszaumsaifiiendasludumaeiilasiumiadosiiy dgunsaiuaziaiasiie
iuaiis nudeizmanesevildfumssusasaumwmaanalssfivanuminsaasfidns manna
Aeneiiianugnaas damain LLa::r;huLﬂm‘ﬁmsmuquQmmwmsmafﬁmeﬁﬁy’qmﬂiuuazmﬂuaﬂ
ms@nmasiilfumsinmuszaimsaauiinunaeiillasiumiadasiisandeludnuald Tasfnwwa
Yasmsgahuaziarasmslanildandy uaznaaImMsaNin YAUNEYBNMINTIVIATEHANINANANFNY
v 53 gila lagarsngn OCs, OPs uaz SPs Hdadnazesmsasanuainu 0.01 Nadniudailaniy
Tasansma 3 ngu Fdeddesasmsanaiadasnaiy 0.0 fadndudenlonsy anainnsisiouay
Usmnamsmetadawudalasininnnusaanlasies

Nnamsansrazasmsantinassandeludulidranienzsinaden wumsandeweds
ﬁgmu@ 5 #ia lown cypermethrin, ethion, profenofos, chlorpyrifos w8 propargite L’TJumiﬁ'ﬁﬁh
Maximum Residue Limits, MRLs 3 #ila muUsemanssnsnNassaugy @afl 387°% atiu W.A. 2560
Gaemmsniansiisande laun cypermethrin, ethion waz profenofos HemwuaLhAU 0.3, 2 W8z 0.1
fisansudanlansn muaau wazilussiilifienmvue 2 #iia ldun @5 chlorpyrifos uaz propargite
msﬁmmwuﬁ%wmﬂumsmﬂu OPs waz SPs @3 2 ﬂq'uﬁy Lﬂuawsﬁﬂﬂmmwumsmﬂﬁ'NMﬁWizgﬁé’N“”
dinhdagednlushunszuiumssnhuddensinadan wumsanaseasssnmag 5 7 wilsina
M3anANanaaglugg 14-96% ﬂ’%mmmsmﬂﬁwmmmsﬁaﬂm%mnw’%aﬁaﬂﬁuagjﬁuauﬁ&mqmsaxmﬂ
1h2asans Wy @13 profenofos™® lussfisnansaazareinle Wethdeeheduludrah Usnamesss
profenofos inn@aguudanduminsoanald uazmsiagindusuinlua flumsdelimaaieday
fdungasanlalduny

ilaAnmnarasmsanUsinaesandaludulidinh livenden wumsandeasssnamae
10 #iie lown bifenthrin, chlorpyrifos, chlorothalonil, cypermethrin, ethion, fenpropathrin,
lambda-cyhalothrin, malathion, profenofos LLa¢ propargite LLazLﬂuﬂ’liﬁﬁﬁh MRLs 4 %iia louwn
cypermethrin, profenofos, malathion (8% ethion Tosiienmruaduy 0.3, 0.1, 7 4a% 2 NaanSue anlansu
MUNAUY

fimsasanussiiliiien MRLs 6 #iia laud chlorpyrifos, propargite, fenpropathrin, bifenthrin,
chlorothalonil uaz lambda-cyhalothrin feusiazwumsanasaasansisienmuvuanis bifiemvue via
aranumsanaNgaiuaiinguanamuual’ udilaihdamedulisahlanadanuduhlfiensiame
e Tiwumsanmseassnsnnziie Usinamsanaeanssdediu 1009 wasiflainsanasand i 10 %
loun chlorpyrifos, cypermethrin, propargite, profenofos, malathion, fenpropathrin, bifenthrin,
chlorothalonil, lambda-cyhalothrin wag ethion Wuiﬁminﬂgfn‘ﬂu non systemic pesticide™® Aauiu
asfligaduuinnasinviawalsl daiumalanaldenduminsoasriouazUiinumaandsldasadl
Ussansmw uadsiisnsunsiianlianansaanalwnzilamemaiiautalasninnnnunaannswns uay
{flusnsuiia systemic pesticide®” uardaiinaliinnfionaansasulssmulanaudan®

nnMsdnwmrarasnsanlsinunsanagasasieiidlasiumiadagiigludnliarenaudu

NUNMSOINANYBIENT 5 B0 TURD 4 #ile WahenlualUmunszuIuMsaNwLa) wunnasiouazUsun
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91 §Uavi®® wazaninsaamalameemusaunnuaian vialuguvniiigedu wu s chlorpyrifos
soudlahiniinumsanaaluduruanudoulusiidan a5 chlorpyrifos® sunsagmasilausann
msandedaanas MamsAnmdana asalinumsanddludn 4 #ia 1dud tiumdsy sxdonln:

nds waziiesn lumsdnmmsasadimnamsananlasmsdninaiaildszaznanlumsdudn 7 Wi

1 [
=< =

ZeEnazgniszazna lumsanatue 5-10 Wil uagnuziievesdn tamuguna lumsauinlviminy
a v & = v v a < o o Ao 1 o v " a 1
lunngile aendsldszaznanlumsandnmaatiu 7 Wil imsesanuasidamvuausliiua MRLs
§i 2 9fla @@ a3 profenofos lumrnen uaz diazinon Tuiigasznanzyal FeuMsIANgUFUAILNEAS: N
PDIEUNNUINATUFUANHATUIZDIMNIUWING NILNTINHAUSzaVnIal InUsanladagluiizasznanzva
aTanwuash lidemmvue 4 28l lawn @5 chlorpyrifos luusanlad, &5 prothiophos wag cypermethrin
Tumzih wazans chlorpyrifos TudElnend wazasIaWUE s NTMMUUAMNANEZNTTNEMTNINTTIUDINS
serINUsend (Codex)”™ # 2 zila @@ @3 prothiophos luesih waz chlorpyrifos Tudainenn tive
N a & YU Y a v & a @ v v 1 o . @ v "
wnanNelulinuguilae dnnwdiadnaauazinan wu lunsdifinuas prothiophos Turnazi vy
0.14 fiaansuaanlansu uaziieihludy USine prothiophos anauilu 0.10 fiadnsuaanlansu Feludl
"o 11 o . = I a
ﬂ’]ﬂ']ViuG]GI’INﬂ’Szﬂ’]ﬂﬂ’ixV]’i’Nﬂ’lﬁ’liﬂéEfll wazlifienmyuamu Codex @15 prothiophos ¥@aNNLUUNH
(Toxicity) sludafiaesgneaeun® uazaninsadanaeiletsy lifian Acceptable Daily Intake (ADI)
wazlailluansyiie  carcinogenic®® war mutagenic DALNWUMSANA N LUENTALLENANUY HNUNLTIA
Sutsemude veziiadash luaunausulsemu uwaruesiiaSulsemunsdauazan msanaananuiuein
lairhunszuiumsan aauushian lusemeanuazaatsusndumsiiadssanimumsanasanaalao
Baau Aandnuanngsnun lvauad) Gidnwaneds wu msansnua ishennda mysemenduaey

msugluhannuiin wasmsanmeinula  usdiuenuazanlumsidenisuesguilon
=1 a = Y e o o L <~ d‘ U vV £4 1 o yd‘
nnmsAnmnmsaalinaasaiillasnumiadasiiginanmnday wuninuslinasanums
v o T 4! Y al Y al o yd‘ﬂ ol 4" U4 Q}Q‘ Y a

anangaliien MRLs Fguslnaaslavilaadnualindanesgiusessu iiagumweiniand uazguae
msuanduminsaspannmheduinualinlasessiiy uazmisnuzasmasgaslimsatduayulums
HanFuMInasTlasaansiivadeaatilas iU lnamssudszmuninua ivuunaudau lisuussmusin
wa llrfiadndadanuiunannuazdsaamsazanansiuidngsmeala

GRNL

9

nnmsanmmsaalinamseiniadagizanasludiagednuazaald wuhmsdsnaldandu
ansnanziiawasBinumsmiadasiiaiandsluduldageivssansmw massmhdumansnanaiiouas
Usinamsandslduddinsmutnamaandiag dlatssfiumeamuasnseraslsmnamsiandawuth
flanadedaguilng daluguslaaminsaduduldnuufanudensinunssiiumsdeenaisiadu uanantu
msAnnmaaatBinamsandsludn wohidnilonaliwumsandauazmansasulssmuldlasglidasdu
Tdun 1 fmfs szdewn: woudie wddimumsandsludinazh milnen wazwin wasnmidnludu
ilasnngaantiimaeiivesns duludeanlasadesesuilan mssulssmudnuuumyudsunan
wanezila lifulssmuinafioduilussaznmaadedunuilasemsszanasansandiiasingemeld

N5F5NTHANENANFATMTUNNE
U 63 atuN 1 upAN - HAN 2564




Minimizing Pesticide Residues in Fruits and Vegetables Rattiyakorn Srikote and Wischada Jongmeewasna

Anenssndszna

2UDUAN WIBFIAIT [F8aeaa UnInenemansmsunndUjians nheluauasumsanaaiadig

UYNFNIGHM FUNATU MIVThlasamsUssiuaNuEnMslasuanaaasweiwazasluilouneulnalasu

NnMsudlan Neoywnzdaisglinduiuiive Wwmhngudinenenansmsunngng s e Miludiuny

PNUE AN A TUNSAUMBENANULALAIDENEN IWINNFTUAUA LA IENENN T DIMNS N INENae

inuasndas Wuesauaiaginnauhanide

10.

11.

12.

13.

L@NEITA N

ueina liaehals Ivivaaalse. fineans Health & Cuisine 2550; 7(83): 58-9.
59 Jayan. 20 gasanivnnsssnmd (lidasaiu lidasiue). ngamnmws: Happy Book; 2557.

. Suntudrob J, Jongmevasna W, Payanan T, Srikote R, Wittayanan W. Monitoring of pesticide

residues in domestic vegetables in Thailand during 2015. Asia Pac J Sci Technol (APST) 2018;
23(4): 1-8.

. NUNWT 853, €10 (EAENAY, IONN FUNATU, 3100 WINEN, Navgy tastiuni, WaNws A1,

wazaudy 9. stafidlasiumiadagisnaulnglasunnmsuilanems w.a. 2542-2546. 1 N3N
W 2551; 50(3): 151-62.

. Liang Y, Wang W, Shen Y, Liu Y, Liu XJ. Effect of home preparation on organophosphorus

pesticide residues in raw cucumber. Food Chem 2012; 133(3): 636-40.

. 8o gunsge. masamsanamaludnuall. aundrnans sanenagnios. [paulsi]. 2562; [Huau 3

n.8. 2563]; [3 ¥i]. whdalen: URL: https://pharmacy.mahidol.ac.th/th/knowledge/article/452/
§5ANAN-NSNI.

. ddnaumwuazaNlasansaIms. MNenuazluanmsaiiulasinsysannmsamislasany

(Food Safety) Ussithuuszanss 2560. UUNYI: NININENANTASMIUNNE NTENTNEFITNFY; 2561.

- guDdl iy, wazeasusIandms. USinaesenmsandaiaslasudszaniudmiueulng w.e.

2563. NFUNNI UNLABUINT NTNBNNY NTENTNANSITUGY; 2563

. AOAC Official Method 2007.01: pesticide residues in foods by acetonitrile extraction and

partitioning with magnesium sulfate. In: Official methods of analysis. 19" ed. Guithersburg,
MD.: AOAC International; 2012.

ainamMWLazANNUIBAAEDIMNT NTNINENEFATNTUNNE NITENTNEITITHGY. LBNTITLHEUNS
TA59M5 Food Safety: 35aauUsinaansiiwlucinualsl. [aaulail]. 2563; [Fuau 3 n.a. 2563]; [2 WA
whdalei: URL: hitp://bgsf.dmsc.moph.go.th/ /index.php/

MNATPIUFUMNHAT NN, 9045-2559: NFIANGNTUAUNYNT: WY, NININUYLUNH 1AN 133 ADUNLAY
264 9 (Fufl 18 WoFAMEY 2559).

ISO/IEC 17025:2017. General requirements for the competence of testing and calibration
laboratories. 3rd ed. Geneva, Switzerland: International Organization for Standardization; 2017.
WIEBUYLADINT W.A. 2522 UTeMANTENTNANTITUFY @il 387 (W.¢. 2560) Eosmshiiansiie
ANAN. NFNINUYLUNE 13N 134 HBUTLAY 228 (Suit 18 fuenau 2560).

N5F5NTIANENAFATATUNNE
7 U 63 AUUN 1 NNTIAN - HUAN 2564



aa a k4 g v va <t a =
’Jﬁaﬂﬂiu’]mﬂﬂimﬂﬂ’]ﬁiumﬂLLESNBVL?\I $Aens ASlARs wazdmen dNFN

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

naegy thastiunid, Inun duiasy, I W&, 5Gens dilans, 5@ Imentiun. msdnwas
=~ Y L o L4 < v 4 a

LﬂNUBQﬂuﬂﬂaﬂﬂmgv\mmﬂmﬂuwaau. 2 NININY W 2558; 57(4): 391-400.

Profenofos in freshwater and marine water. Toxicant default guideline values for protecting

aquatic ecosystems. [online]. 2000; [cited 2020 Sep 3]; [3 screens]. Available from: URL: https://

www.waterquality.gov.au/anz-guidelines/guideline-values/default/water-quality-toxicants/

toxicants/profenofos-2000.

Roberts TR, Hutson DH, editors. Metabolic pathways of agrochemicals: insecticides and
fungicides. Cambridge, UK: Royal Society of Chemistry; 1999.

Nollet LML, Rathore HS, editors. Handbook of pesticides: methods of pesticide residues
analysis. New York: Taylor & Francis; 2010.

nesussansmsnuiied. Audnwalddulse. ngamwe: wnuiidadiudeiud; 2556.

gNE3nY WA, MIAAANANNNMINYT (aaud 1). [aaulail. 2563; [Fudu 3 n.a. 2563]; [3
wih]. whaelai: URL: http://www.chumphon2.mju.ac.th/km/?p=471.

Hossain MS, Fakhruddin ANM, Chowdhury MAZ, Alan MK. Degradation of chlorpyrifos, an
organophosphorus insecticide in aqueous solution with gamma irradiation and natural sunlight.
J Environ Chem Eng 2013; 1(3): 270-4.

Agenda Item 6. In: Joint FAO/WHO food standards programme. 48" session of Codex
Committee on Pesticide Residues. Chongqing, China. 25-30 April 2016. [online]. 2016; [cited

2020 Sep 3]; [29 screens]. Available from: URL: https://ec.europa.eu/food/sites/food/files/

safety/docs/codex_ccpr_48_agenda-item-06.pdf.

Ueyama I, Takase I. Fate of prothiofos (O-2, 4-dichlorophenyl O-ethyl S-propyl phosphorodithioate )
in rats. Pestic Biochem Physiol 1980; 14(1): 98-110.

Food Safety Commission of Japan (FSCJ). Risk assessment report - prothiofos (pesticides).
[online]. 2018; [cited 2020 Sep 3], [5 screens]. Available from: URL: https://www.fsc.go.jp/

fsciis/attachedFile/download ?retrievalld=kya20130612178&fileld=211.

N5HSNTIANNANFASSUNNE ==
U 63 atuN 1 upAN - HAN 2564




Minimizing Pesticide Residues in Fruits and Vegetables Rattiyakorn Srikote and Wischada Jongmeewasna

Minimizing Pesticide Residues

in Fruit and Vegetables

Rattiyakorn Srikote and Wischada Jongmeewasna
Bureau of Quality and Safety of Food, Department of Medical Sciences Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT The contamination of pesticide residues has been a problem that can affect to human
health. This research was aimed to study the results of the process to reduce pesticide residues in fruit,
the study was performed with citrus, and it was treated by washing and peeling. Whereas, in vegetables
represented by broccoli, chinese broccoli, loofah, yard-long bean, eggplant, chilli, water spinach and
mushroom, the residues were decreased by boiling. The analysis of pesticide residues before and after
reduction approaches was performed by AOAC official method 2007.01. The scope of this study included
53 pesticide residues; 21 organochlorine compounds (OCs), 24 organophosphorus compounds (OPs)
and 8 synthetic pyrethroids (SPs). The analysis was done by gas chromatography-mass spectrometry
(GC-MS/MS), and it provided limit of detection (LOD) at 0.01 mg/kg and limit of quantification (LOQ)
at 0.03 mg/kg. The results indicated that the pesticide residues in washed and peeled citrus were reduced
by 14-96% and 100%, respectively, and for the boiled vegetables, they were decreased by 29-100%.
There for, these approaches were efficiently able to lessen the risk that the consumers will receive

the residues into their body.

Keywords: Pesticide residues, Fruit and vegetable, Minimizing pesticide residues
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msﬁ’wmu,azmmaaumwgnﬁawaﬁ%’imswﬁ
AIANNUIIET Pegfilgrastim
10e?5 Cell Proliferation

andas niwdgndma Iaey dadn arergw agshadivur uasaniws piians
FOUTVING NININNMFNTNITUNNE DUUGTIIUUT WUNYS 11000

unAnga e Pegfilgrastim ({1 growth factor Glz?nszég"umil,ﬁuﬁ”nmul,ﬁﬂLﬁamm taguulaifiidanasgrudmsu
Arzianuuswasen lumnmana I Isienzilasminssauwad adapted M-NSF-60 figendaan
Fenudnsuilmanzan dealiiimsiinsunuausad uazSausinaugadiisdulagldans luminescence 31as1zH
naSeufisudumsinassumelusunsy parallel line analysis lvnsuemeamnuusweenls ilaih3silaly
NAFBUANNGNABILBNIT HamsAnwwuIIE Pegfilgrastim anansanssauliiead adapted M-NSF-60 (i@
mMsueLnT Y uazidianagauaMuwiu wuhile %recovery aglutnawiimvuaszwing so-125% anuiiies
2099519 %GCV 2aemshsuazaeiudensdiiu 9.70 uaz 9.65 Hanuiuduaswuazdiwesmagay
fanzanagszning 50-2000 ldnnifuduasinanaieiian ¥ = 0.997 druanuamuBasisilasasy
passage number 299288 waznIM MUy Wuhile %GCV <259 warlifianuuaneafuiissduanaiaiu
95% mm]"aagaﬁv'wmLLaﬂﬂﬁlﬁu’jﬁ%’ﬁﬁmm??uﬁmmmmzauﬂlumiﬁwuﬂ‘éﬂumsmuquQmmwm Pegfilgrastim

v o

3 fivia M lFlumsaAnmansuendvadu q dasnsragavdsnauinlyly

maAn : Pegfilgrastim, A4, Cell proliferation, NAapUANNYNABIYDIIT, MINMUIID
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UNU

Human granulocyte colony stimulation factor (G-CSF) W glycoprotein N¥M#UIN
muqumsa%’wmazﬂaﬂﬂ&iaﬂLﬁmﬁaﬂmwﬁmﬁﬂm?\la (neutrophil) aananlunszgn (bone marrow)
Pegfilgrastim Wuenhiinssinlusau recombinant human G-CSF (r-metHuG-CSF), Filgrastim
nuluanazas polyethylene glycol (PEG) 21a 20 flamadu lagluianazae PEGylated G-CSF gn
Mtafieses two disulphide bridges lutanaiizwne 38,000 mMaay vaush Filgrastim Hznalszan

s . Q( 1 \J . . 4‘ = n \J
18,800 MaGiu e Pegfilgrastim aangndmelusumealdununi Filgrastim fiasnniizinaluanalnain
= 1y ' = . . . < [y =~
Jegnausanmalaledasnin™ > > ¥ Faen Pegfilgrastim waz Filgrastim fnalnmseangnimilouny da
wsnuinlnsile ddevslalumssnmn fe Toieanstaznmmsiianizinlnsilaludenan (Neutropenia)
a0aUAN5alu29M3LAa febrile neutropenia wazanguamsniueansinigaanmsiia febrile neutropenia
1u;§'ﬂmﬁ1&i”%’ummﬁﬁwﬁmﬁa%’ﬂwﬂmuu‘%q (anIU chronic myeloid leukemia waz myelodyplastic
syndromes)™ >

Jagtiuimsudnendringaasads (biosimilars) wesen Pegfilgrastim lunaigUszmasiuny
Uszindlng (dasanendringeuuuy (originator %38 innovator drug) AIUIEHEIAVBNENEUAILE)

v o W v = o YVl tu a [ gy @ = d' v =
luilgiuendringessedahinldGanmmzsnundanaridringlssinldsdunlannnnszuiumsinalulad
v & a o { o Y a M v o v '
Famuwunuu wnzlurdesasinansanliuignslagaazainsaanadaugaanvaslailusged o
e v o’d‘ v a 1 dyd o v v a v d‘ = %
nanmsuailszleminlannmsudasnguiife midasdunumsedalaann neeazgnasiiaiisuiuen
duuwuy MlimsEhdsenlannau®®” msmuauaumwzesen#iingaaeadasmmsdnmilsaudisy
(comparability study) AUgFIINQAULUY ¥3ENTNINTFINEWEN (reference product) TagUsziiunemu
AN (quality), non-clinical uas clinical®® ' FenFringaaaadzinnuaaadaluuiammw

QJ = = o =~ L v o o =1 = = v = =
anulaaany wazlssanimwivenzriingauuuy dmsumsAnmilaudisuaaamn mswieuiiay
= L2 vV = L v a = = = v acia d = o
e ingameadInUNIINeIIUNENElagmMsdnmFauiisunuy head-to-head feiFiaNzitdeIny

4 L

Taed8medimu (biological), tAliMeW (physicochemical) wazniANAUINE) (immunological)
dhumsi3autiisueu non-clinic waz clinic 3auiisuanringameadenuasNasgIUENBlans
watl3autiisulszansmuuazenulasads asiasgudndeildmsiugumsndadeiuaasnns

]
Y =l

= = o (12) o A o A W o v A
Anwsaungu ﬂjiw@aa‘U'ﬂ'Nﬁ']ﬂ’]W'ﬂa']ﬂﬂlLW'ﬂﬂuﬂuﬂmﬂ’]WﬂE]Qﬂ’]“ﬁ')'.)(ﬂi]‘l,ﬂa']u AB NIININIAFDUAIINLLIN

o
v

Yaendasaeitiiatsuaniien biosimilars Hilemwuaansalumssnmleniali Fisnasauanuuseween
biosimilars lagdrulngazialasdr35lunesanaass (in vitro bioassay) Fefifienil 2 53 fe
receptor binding assays waz cell-based functional assays %38 cell proliferation assay"® ipaan
Yaguudalafiidnasgrudmsunasauanuuswesen Pegfilgrastim luussine ﬂmz@%ﬂﬁqﬁmuﬁﬁﬁu Tog
daulasnniBienzdaanuusevesen Filgrastim Ty U.S. pharmacopeia® @@ 35 cell proliferation
assay lagazSamsifinunuzausadnnaususia G-CSF lagvhmsnagaumadndeuiisuivas
nasguEeds ludunsumsiennisazaaunu3naed ssduanudaturaseniivangay uas3smasuna
mMINagau s‘z“hmmsn*?wh luminescence %58 colorimetric %158 fluorescence "z”iyuagiﬁ'uaﬁsf'iy’ﬁu (substrate)
Adhumiiolat™ ® nnusnasainlalas1slusunsy parallel-line analysis uazenunaiiue srelative
potency"® HaIMINRLAFN N MINENLE) ANATDUANNYNABNYDNIB LUWINT@ S 7 laua anname
amandudunsiuazdnmadiesnsd anausiy anudies wazenuameedi’” dweldiiisnespulumsm

ANNLLINYNE Pegfilgrastim yaUszndaa U
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MW u.axmaaummgnﬁ'awaﬁ%ﬁ ANTHAANNLTIEN GIRIRY! W%WETE!VI%J’I’]H‘I:!’ (I3

MDA EITNINIFIU
900953 7U Pegfilgrastim USP reference standard ANULENTY 1,000 ng/ml (lot no. FOM527)
10 U.S. Pharmacopeia d§1u@2ae8en Pegfilgrastim Mnusem (8%a) Usznauae 8 A 2110 6 mg/0.6 ml

a v a v oo v o v A v
#via B 2110 6 mg/0.6 ml azevio C U0 6 mg/0.6 ml IUGEINUNIUIU 6 VINOYYVID

BASINZIA

wad Mouse Mus musculus myelogenous leukemia, M-NSF-60 (ATCC® CRL-1838™)
finaudusna interleukin 3 (IL-3) uaz G-CSF wazlSuamuimaslaiianaldmSumsnasay
lagmsnszquizadaieg G-CSF anududy 1 ng/ml

wa3asiiauazaunsal

1A394 auljasenuululasiwan (Microplate luminometer) Ju Orion L %83 Titertex
Berthold Uszineieasuil napiganssminuuduniasn (Inverted microscope) 1 CK2 284 Olympus Useine
du §5illsfe (Biological Safety Cabinet) gautnz@auuyld CO_(CO, Incubator) gamgii 37 + 1°C
U Galaxy 170R 2839 New Brunswick Uszinagasuil lulastwandumnuuuu 96 wan finuwanle udadomd
2849 Corning UszmAansgaLusm

m‘smﬁuazmmmﬁymmaﬁ

RPMI medium 1640 (Cat. No. A10491-01, Gibco) WanA®9iuas Thermo Fisher Scientific
UseinAansgaLnin) Heat-inactivated Fetal Bovine Serum (Cat. No. 26140-079, Gibco) NANN N
284 Thermo Fisher Scientific Usztnaanigatusn) 2-Mercaptoethanol (Cat. No. 21985-023, Gibco)
nanfAuviuas Thermo Fisher Scientific Uszindanigaia3n CellTiter-Glo® Luminescent Cell Viability
Assay (Cat. No. G7572) WanAaizad Promega Uszindanigainsm

MI0FaUANNUTILA8IS Cell proliferation

MIATATDUANNLTBNEN Peghilgrastim 1935 cell proliferation lagandeanuanNsovpusas
M-NSF-60 ﬁamﬁmtﬂwzfaﬁl.ﬁuﬁwmuLﬁagnnssﬁuﬁaﬂm Pegfilgrastim Feomaideugadildlums
nadau (assay medium) wazdnmelumsnadauiiuluaudmneanadinsumsienziainnusen
Filgrastim"® lpanszquizad adapted M-NSF-60 113U 5 x 10° cells/50 ul/vqy luiwan 96 vau
fedagEuaraIAIIUie NI NTUENRY 0.5 ng/ml MatwFenadu two folds serial
dilution (117U 8 dilutions) udrgaldluwaniifiwaduimnes 50 ul/van anudutugaieas
faehefiaiiiy 0.001953 - 0.25 ng/ml Fefienududunsaamdiensy iwanliisi 37°C
Tugnneni CO,_ 5% e 20 il Taefasanasgu Pegfilgrastim Ainnududy 10 ng/ml {u positive
control ttaz assay medium Hlu negative control diaasunaria cell proliferation Iﬂﬂi"ﬁqﬂﬁﬁmwﬂﬂau
Ehl,%’wagﬂ CellTiter-Glo® Luminescent Cell Viability Assay (Promega, USA) Taaiin CellTiter-Glo
solution U33195 100 ul/vigu wdhluTna luminescence A81A394 Microplate luminometer Siu Orion
L (Titertex Berthold, Germany) 3Lﬂiﬁzﬁﬁaga‘[ﬂﬂ€lﬁﬂitmiu Bioassay Assist lagl% parallel-line
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model SenunaLlua %relative potency MuIaAILRdLs2IANA (Geometric Mean, GM), dudeaiuu

A . L. v a £ .
19550U521080 (Geometric Standard Deviation, GSD) wasmaniszandanuuwlsusiu (%Geometric
Coefficient of Variation, %GCV)

MINATAUANINYNABIYAIID

msnagauamEInz Anauduasuaz M HIeTeR anuusiy AnaLfies waranNAmY
20975

ANNIIUWIE (Specificity) lagnsnszduyasd adapted M-NSF-60 6288158105511 0
Pegfilgrastim éﬁ’aﬁhﬁﬂ wae formulation buffer 28480 Pegfilgrastim Ltdazéﬁ'ﬂ MMINeFaU 3 529?”1
msienzinedu Tosfnarimsingen fo wmemanaspuuasdamenniuiimmnsonssduiad
adapted M-NSF-60 lsifimsutsaiinsnnu dru formulation buffer zavsenlaianansonseduliiaad
WYz ia e e NI

anuiudunsauazg e (Linearity and range) a519t@9emaNuLss Pegfilgrastim
USP reference standard fita3asliienenudasudadiu 50% (0.25 ng/ml), 75% (0.375 ng/ml), 100%
(0.5 ng/ml), 150% (0.75 ng/ml) uaz 200% (1 ng/ml) MMINAFIU 3 sgﬂ Wudaszaany Ias1zim
Mdndszansmsaadula Coefficient of determination; r*) uay %GCV laglinamigansu r*> 0.990 waz
%GCV 1pani 25% nasinseaNsulannamsnadauaInmsin pre-validation 2835 snagau”®'®

ANNLU (Accuracy) ATIAFBUMSBEAZMIAUNGU (%recovery) UBNAMANNILTIWBN Pegfilgrastim
USP reference standard ﬁm%ﬂﬁ'ﬁmﬂmﬁuﬁuﬁmﬂu 50% (0.25 ng/ml), 100% (0.5 ng/ml) LLas 200%
(1 ng/ml) ¥hmsneasau 3 o Ailudastaany munm swrecovery aail

%recovery = (ﬂ'ﬂl,mdi'ima\‘i s%relative potency ﬁ%ﬂlﬁ’/%relative potency ‘ﬁ‘ﬂiﬂﬂﬂ'ﬁ) x 100
Toenawisausu g%recovery WNNU 80-125%

AMNLTEN (Precision) asaaauly 2 wida laud msvhalusudeoniu (Repeatability) nagau
anufisslaedenzdaanuuswaen Peghlgrastim &va A FUMSHAMALINUNUIY 6 IBEN NI
Anmsiluiunasnandendu Tasgiensiauis Jansin %GOV wasmsiaeiu (Intermediate
precision) TagdiaszdaaNuLsween Pegfilgrastim f3a A JUMSHAALAEINUIIUIY 3  Thmsiesed
giuiu Toae3iazd 2 au Ieszim %»GCV Teaiitnamiaansy %GCV Waanin 25% nasimssaniula
NANINAFIUINMTIN pre-validation adismnagau’®'®

aNueIn (Robustness) lagmsilasunlasdnnzassmsnadauiiadinadamsdenziae
Wy passage number 2a9aaRlElumIenziaanuusien Tagld passage number 12, 16 waz 19
Tumasnagau uananniilavnmsasuutasnmilalumsus (incubate) Tael#i 27 #lue waxi 20 1l
waziwaMAeNRINMUIN %GCV lasfitnasisansu %GCV daan 25% nasimsaansulaan

(18,19)

RNMIM pre-validation a4IGMINAFDU

mﬁmswﬁﬁagamq a06

Annziuazuaalasadfidanssan laun GM GSD uas %GCV lagldgasaunealiil

In(y;) +...+In(y,)
n

GM = /y1 X y; Xy3 .Yy = exp

N5F5NTIANENAFATATUNNE
7 U 63 AUUN 1 NNTIAN - HUAN 2564




MINAUBENAFDUA Nan 7 a4YBNIDIATIEHAIAINLTIEN duias nsw ETE!VI%IT]E“LI (1531314

GSD = exp(SD(ln(yl).ln(yZ),ln(ys),...,ln(yzv)))

%GCV = \/ expn(GSD)? — 1 x 100

We

MINAFIUANNYNGABIABIIE

ANMTNNIZYBNIS LoeM Nz adapt M-NSF-60 cell lines aneen Pegfilgrastim fwae
wae formulation buffer 289en Pegfilgrastim udiazéiva vnmsnadau 3 a1 dhaduiu nuhilemnzsta
e Pegfilgrastim &va A, B was C mm‘mnizﬁumstﬁuﬁwmuwmmaﬁmmzﬁummLﬁuﬁuﬁtﬁuﬁulﬁ'
Toesidinasua s%relative potency Whiu 115.3%, 108.1% Waz 102.8% museu luwaieil formulation

buffer zaenmnévialisinnsonszaulviia cell proliferation aauaaalumsnd 1

q' o aa . . a I'd .
MINN 1 AN cell proliferation Tun1sitasIzANNLSIwReN Pegfilgrastim wagy

formulation buffer laanaaaumaIu

fiva ﬁ%\‘l‘ﬁ %relative potency formulation Buffer
1 101.2 - ¥
A 2 123.1 -
3 122.9 -
GM 115.26
GSD 1.12
%GCV 11.30
1 111.4 -
2 123.0 -
3 98.7 -
B
GM 108.06
GSD 1.16
%GCV 14.78
1 103.5 -
2 113.9 -
3 92.1 -
C
GM 102.78
GSD 1.11
%GCV 10.67

a8 NN aM SN IUIY
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ANutidunTIarTMIeNLY logdneieanuuss Pegfilgrastim reference standard
= Yt vV v T W
wwsanlidianudntuynu 50% (0.25 ng/ml), 75% (0.375 ng/ml), 100% (0.5 ng/ml), 150% (0.75 ng/ml)
waz 200% (1 ng/ml) MMsneday 3 B Wudaseaany WUNHAINMINAFBULUSHUMNTEAUANNITNLY
{ o 1 v . o ° Y a £
W@ expected potency waz@ found GM relative potency aasNATWLazAUIMMIMFNUTZEND
v v ' v A v ' v o a1 W a £ v o
aNudunus nunlanswndudunsinsansieanaudngy 50 - 200% wazliaduuseansmsandula
Coefficient of determination; 1) (NU 0.9967 FIENUNUNNMWUA (r*> 0.990) waAd iy range
NMmMInagauiaNuINzdNIAMSMUIUA linear regression LAM r’ AU 0.9967 wazla@ F-test
nemnuleieaInn F-test :na519 (critical value for the F-test) Astauanudasy 95% (o=
0.05) wamN NN UFUNTIPAZ1NIINATILY LaLWUNAANNUSILUTHUATNADILAUANNINTY Uuay
A %GCV 2a90NNUNUENYBINITMEUMNNY 3.33, 4.73, 13.09, 15.20 Uz 14.05 MNSAU N %recovery
WA 91.6%, 101.6%, 96.0%, 108.3% WaY 106.5% MNANU AILTNIUAITINN 2

a51i 2 enuduiduasiwazdansieseiveadd cell proliferation Tumsnadauanuusezas

Pegfilgrastim USP reference standard

expected relative P found relative
AN GM % GCV %recovery
potency (%) potency (%)

1 45.1

50 2 44.8 45.8 3.33 91.6
3 47.6
1 78.5

75 2 78.2 76.2 4.73 101.6
3 72.2
1 107.9

100 2 83.4 96.0 13.09 96.0
3 98.2
1 167.3

150 2 137.8 162.4 15.20 108.3
3 185.6
1 249.2

200 2 190.9 212.9 14.05 106.5
3 202.7
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v aa v 1 o ' A o Y .
ANNUNUDBIID LEAIMIEA %recovery Laglumpenimsanlvimnnuusias Pegfilgrastim
USP reference standard #1 expected relative potency WU 509, 100% W&z 200% WUTNGIBENT expected
relative potency 9 50% 13500 5IAMANNUTLAAT GM WNAU 45.8% WAL %recovery WNNU 91.6%
UENBENNN expected relative potency f1 100% &13150057ale@ GM AU 96.0% Way %recovery
v @ P2y % v a . < v Y
AU 96.0% WazLiindaea expected relative potency tiu 200% sansaamiamanuuselaam GM

WA 212.9 WAL %recovery WNAU 106.5% T18ALLDIAAIUTAILUMTND 3

MINN 3 ANNUNUYBNID cell proliferation Tumsnadauanuusezas Pegfilgrastim USP reference

standard
expected relative P found relative
AN GM %recovery
potency (%) potency (%)

1 45.1

50 2 44.8 45.8 91.6
3 47.6
1 107.9

100 2 83.4 96.0 96.0
3 98.2
1 249.2

200 2 190.9 212.9 106.5
3 202.7

ANiiaaradds luids repeatability diammsienzdaanuuswecen Pegfilgrastim fivia A
FJUMSHANGEIMINIUIY 6 e IMFIANHluTuLasnafeInY loglinnziaude wul %relative
potency BgjluzNa) 89.2 -~ 120.4%, GM+GSD (U 102.06+1.10% Waz %GCV AU 9.70 GILEA
Tumsil 4 §mSumsdne intermediate precision waq@tﬂswxﬁﬂuﬁ 1 WU %relative potency Hen
8glu29 97.0 - 117.2% GM + GSD iU 104.33 + 1.11% udz %GCV WU 10.20 Q"itmwxﬁﬂuﬁ 2 WU
grelative potency aeluz9 88.2 - 97.29 GM + GSD WNU 92.73 £1.05% waz %GCV Ny 4.87
fauaaslumsd 5

ANMANNAINUZaNs lasmswasuwlasdnisaasmnagauiianadanadamsienzyd fe
Wasy passage number 2augadnlFlumsinnzimanuusien A lam %GOV uhiu 4.97 wananii
Tevmswasuulas incubation time Mniiu 29 (B 27 32lue wamsnagaulaem %GCV whiu 10.96 uaz
11.12 ;Muaeu sauaaslumaei 6 uazmaen 7 wazdlawdsuiisunamsdenzisznine incubation
time 27 W8z 29 "zai"ﬂm logldadd t-Test: Two-Sample Assuming Equal Variances wunlidianu

UANFNNUNTEAUANNTBNY 95% Laae t-Stat (1.56) NenwIaladeiaenine t Critical one-tail (2.13)
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M5NN 4 ANNLNE9YBIIS cell proliferation Tumsnadauanuusewasen Pegfilgrastim #va A lag

maneaauluiunaznandeny lesiensiaudenny

ﬂ%ﬂﬁ %relative potency
1 100.2
2 89.2
3 104.1
4 120.4
5 101.4
6 99.5
GM 102.06
GSD 1.10
%GCV 9.70

MINN 5 ANNLNEIE89I5 cell proliferation lumsnadauauLsIaeeen Pegfilgrastim 8veo A
Toamanadaudniy logeieszviaainy

4 %relative potency
GENL N P P U P P
WILAIISHAUN 1 WILATIHAUN 2
1 117.2 97.2
2 99.9 93.0
3 97.0 88.2
GM 104.33 92.73
GSD 1.11 1.05
%GCV 10.20 4.87

MINN 6 ANNAINUIBIID cell proliferation lumsnadauanuusivasen Pegfilgrastim &via A lio
1Udau passage number BUADEN LElUMTIATIEH

Cell passage number %relative potency GM GSD % GCV
12 107.8 101.82 1.05 4.97
16 98.5
19 99.4
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MW u.axmaaummgnﬁ'awaﬁ%ﬁ ANTHAANNLTIEN GIRIRY! W’%IWETE!ﬂ%ﬂ’]ﬂﬂ’ (I3

]
IS4

MYNN 7 ANNAINUBBNID cell proliferation Tunmsnadaunnuusezase) Pegfilgrastim 812 A
watlasunanlgly incubate 91 37 °C a0 29 Flaw Wu 27 Hlua

Incubation time

( P ) %relative potency GM GSD %GCV
L3N
95.3
29 80.3 90.98 1.12 10.96
98.4
98.3
27 98.3 104.79 1.12 11.12
119.1
a 4
FJAIIU

HeMaNadaUANNgNAaadis wuhAsinanundenuiiwzesis Taawuhmwsiad
¢ Pegfilgrastim ﬁﬁwm‘lﬁtﬂuéf'sLmu’lumswmaauﬁwanswj”u’lﬁﬁhmuma&ﬁuﬁu amuz#t formulation
buffer zasenuaazniialiainsanszqule uaaslvtiiuiisienuduwzuas formulation buffer lxfina
famInadau uamnnﬁvmimaaummgnﬁ'awaﬁ%‘luwwmﬁma%%’u61 Toud anuieadianauuurhn
TuTudeniu yhaeheiufu uasanausiuzesis wuhehunaeilunnmniieas masnagauanuiudunse
wuhnoiduduaseaaadimsasaranuEngy 50 — 200% uazimanUszanimsdadulauhiu 0.9967
ANNAIBdIaanInTolFmadh passage 4 §9 20 uaz incubation time 7 27-29 3l lagramnagay
Tdfienuuandmenuannramsnagau ‘[ﬂﬂﬁ"ﬂﬂm‘smumqmmwmqm Pegfilgrastim 2w@sIadaUNIEY
physicochemical waz biological activity 2891 F1msasIasauaANNLTwadn Pegfilgrastim 21853
cell proliferation assay lagaziamsiinsuinaaawasues adapted M-NSF-60 cells NAINTEO U
Pegfilgrastim %ﬂﬁ'mﬂﬁﬁammwiaxuﬁwx‘l{i‘i%mswﬂaau FAYDUYaaN1E FEMIBUNIMINATAULANG
fuly denalimamsiensiianuuandafu® > yannniifiasmsmagauanuusisieisou q laud
35 receptor binding assay IG]EIT?}'LGI%EN flow cytometer Tumsiausane Pegfilgrastim ﬁ%’uﬁ’u G-CSF
receptor Uaz35M53IM binding kinetic Tae35 Surface Plasmon Resonance (SPR)®® snmsdnulas
Biotherapeutics Group of NIBSC Fuflugudnmanasgiunas WHO lédaadanamsmnasmuuasasl
WeeUUiamsens 9 v 24 weal §Udns noviesd §Uams 1435 cell proliferation assay 11w 13 VasUfliams
1% M-NSF-60 cell line sufluwadziinieafuildlumsdnmiiisuay 2 #eafiams tléismssue
luminescence wilauitldlumsnmil Mnaguwemamasaunuhiasfiamailfizeduaismssuwa
manadeumiiaumsanmiliien %GCV asnh 25% wazild %GOV midlafieutuiesfidmsildized
wadimssuwananall wu 1Fmseuarlas colorimetric (MTT) uananiianseIua luminescence
svaznmnlFlumsnadausuniiladeustds colorimetric®® ffidasmilsidlummasaudedainann
auil A wadnldlumsnesaumsigmwaurads lifmsvudlauwuaiids Wosuaslulaswaraun sl
maéﬁmumiﬂsxﬁuﬁm G-CSF Lﬁasl,ﬁmaﬁﬁmmh@iamsmz@iﬂﬁﬁuﬁwmuﬁmm Pegfilgrastim @79
1Fiwad passage 71 4-20 lumsnageu Mnwamsansmaeidiulaiisiammnselslumsasaien

{ v o a ¢ Ul?lol:d'?l'

AnNuseen lan 3 e Nldlumsdnmn udnidiluigainaassldivaiedumenas
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MINAFoUANNUSIYDIEN Peghilgrastim 10835 cell proliferation NWaIWNZY tHanadauay

9NABIYANIS WUTIBMINAFBUTANNTILING ANNUNY ANNNEN LazANNAINUZENIS laala) %relative

potency agluze 80-125% FamnsndBilulHulumsmuanaamwen Pegfilgrastim 3 #via fhin

T lumsdnm dwsuendiadu 9 desasiadavisnauih U1y
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Development of Pegfilgrastim Potency
Testing by Cell Proliferation

Sompong Sapsutthipas Jiradej Patchim Saiwarul Jadoonkittinan
and Supaporn Phumiamorn

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

ABSTRACT Pegfilgrastim is a growth factor that stimulates the growth of white blood cells.
At present, there is no standard method for determining the potency of this drug in any international
pharmacopoeia Therefore, a cell proliferation assay was developed by stimulating the adapted M-NSF-60
with diluted drugs at a suitable concentration. The increasing number of cells was measured by using
luminescence substrate. The results were analyzed using a parallel line analysis program to determine
the drug potency. After the method had been validated, the results showed that pegfilgrastim could
stimulate the adapted M-NSF-60 multiplication. For the accuracy, the %recovery within the acceptance
criteria from 80% to125%. The precision of the method, the %GCV of repeatability and intermediate
precision were 9.70 and 9.65, respectively, with a linearity and appropriate range between 50-200%.
The linearity and range exhibited the r* value of 0.997. The robustness of the method was tested by
modifying the passage numbers of cells and the incubation time., the %#GCV was <25% and there was no
significant difference at the 95% confidence level. All data show that the newly developed method is
suitable for use as a method for determining the potency of pegfilgrastim 3 brands used in this study.

For other brands of drugs must verify the method before applying.

Keywords : Pegfilgrastim, Potency, Cell proliferation, Method validation, Method development
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luthtulaimaihgeddunidiannideasedsfosnmnzideaindunuuaziioiigadnle 1
adaugaantamelusiuiimn: wuhiinsudaseanzasldsdudnmzyesadaumiilosiafivulad
#a CD29, CD44, CD73, CD90 waz CD105 wazadmansoldsuwlaslliuwadniinae 1o @y wad
1 o < .o ¢ o ' (9’12,15)1 ‘IJQI & . vé’ Y o a @ o “IGJ
231, 1BOANTEQN UalYAdNIENEaY agUndlutunaumsuenuasimnzidearadaumiiiaganiy
gavlgunalusfunndsudaininmhadmndydlosmmzgsuangnia (fetal bovine serum: FBS) 1éin
lusmsmnzidsewad Jaraduawglissansmwmsuisdwsagadauinidalia® ™ wazaaiio
msludleualisa (virus transmission) vnianndaigeula’ ™ wazaufiwadauiiionnidan
aeazdavesnysdatluszuumsinaisuadan maslasulustunndsuuaayudlunszuaidan ey
naumhudgasdeannaaaimslddsunnideassazionldasasiuguazimzidsusadauniie
#H06N ) WU wadauniianniag, 390 Wharton’s jelly, Mnutianagnzuly wasanitiaywianagn
FuluC" e 22 TggaanuginlananvausuasgUndduandnannwasnunzidasludsnnngni msudaaan
= ° a o a <) v ° < J [ v J
ppalUsGudzuniead wazanuainsalumswdsuulasldidusmamennziliuandeiu wdused
nwzdaludsinnideseaeazieimaniydvlaladniflaieuiuwasnunzidesludsinngnis s
dihmsnzidsadauimiiefuenldnnidaameazianysdaisdsunnidaemeazians aavilviad
aumtiiaaninsoudsalaaniimiziassluaimsnigsnnngniuasiiumaddamsihanlddnwgioe

Tuawnea
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q

Msudansaasia

MM UEATNLHaYDIMINLINARDANNTBIAIBANI DV BN AN2BILTINEN LB ATTITINUIY
49 MDEN UTNUAIDENNAE 50-100 NAAANT Iﬂﬂ%ﬁﬁﬂ@zﬁﬂﬁﬁﬁauﬂ'r)llLﬁﬁﬁ%uiﬂiﬁﬂ’]iﬁ’mBjﬂum%ﬁ’m‘j’]ﬁmﬂ
auszdisunmsahnessd wazuaaeanuuganannuluenasiiumMsS U NNANLTINMITTIEEITNMS
eluau muvanawey Sio2s/2012 %ﬂé’haEJ'NLﬁaﬂﬁmﬁNaﬂwsmmm\aﬁaqﬂﬁﬁamsnhﬂaam%ya Syphilis,
Hepatitis B, Hepatitis C waz HIV type 1/11 I@ﬂﬂ1§tﬁuLﬁaﬂmﬂazﬁaﬁ"'u%v‘hmitﬁusluqmﬁuLﬁamﬂaamfga
RIFMMAANY PUIAUTTY 500 HAFANT fifldunansasastasiunmsuledveadanyiin Heparin
Tupnududy Heparin 0.1 fadnsuaaidan 1 fadans wazhdaipslfiamemelu 6 $alae waenn
Msihudaaaedzho

MsuBNLaTWNERBaTasaumEinNNEana BasAa

ihidananeazied Ldaniuil 1,800x g 1 10 17 inaumgi 20 ssealdea (Heraeus Labofuge
400R centrifuge, Thermo Scientific, USA) Lﬁaﬂiunaﬂﬁlﬁudﬁuwm buffy coat MKFNAU phosphate
buffered saline ﬁﬁﬁauwamm 2 mM Ethylenediaminetetraacetic acid (PBS/EDTA; Sigma-Aldrich,
USA) lusasdiu buffy coat 1 iadansaaadsazars PBS/EDTA 3 §adans wWanlinnuuad overlay
aquuasavand ficoll (Ficoll-Paque Plus; GE Healthcare, Sweden) lugasiaiuzasans ficoll 3 iadans
i@ buffy coat inaude PBS/EDTA 7 findaas ihluiluil 1,000x g wu 30 il ﬁqm‘ngﬁ 20 BFNLBALBEE
w§H3afiudinas mononuclear cells lanananaasslns d19878 PBS/EDTA 3 a3t lagluudazasedas
it 400x g Wi 10 Wil 'ﬁqquﬁ 20 DNENLHALTHE Ltaz@@awiazammuuuﬁq ilarhesu 3 Asaud
ThRuaznauasutsaanidly 2 ndw @eslumrusimnsdasiiinsiedauds 10 ng/ml fibronectin
Tuawnsinzdesiisidutsznaures Dulbecco’s modified Eagle’s Medium %1ie low glucose (DMEM-LG;
Gibco, Invitrogen, USA), 2 mM L-glutamine (Gibco), 100 U/ml penicillin/streptomycin (Gibco),
4 ng/ml basic fibroblast growth factor (bFGF; Millipore, Billerica, USA) waz 10% ES-FBS
(Sigma-Aldrich, Merck, Germany) %38 hUCS #lauenaa3snmsuas Phermthai T Toehluides
Tugunzdesiinamgi 37 asenwades lusamsiiivnamsuaulasanladiasas 5 wasldaummains
Gevgadnn g 3 Ju aunssiagadienumnuiulssanudesas so sasuiiinmauzwzdss Sahms
subculture 28 0.25% trypsin-EDTA (Sigma-Aldrich) uazthinadasasslummusiilifimsiedauds

fibronectin Ej passage @l

MINTITBUANNFINNTO USRI IWTAE (population doubling time; PDT)
HULaan8 hemocytometer MaNAIINS subculture Tunﬂ passage LATAUIMUMIITZEZIA

P AR s
nlglumsiinannuges augns
PDT = t x log2/(logNH-1ogNT)
NI @8 NDUDISENAY
NH @a $nuastiammstiu
t fa szaznanlglumsideasad ()
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BInumadsumiianndaamedsfanumzidasluamsmnsideudazsiaasgnininaum
J & [ S @ 1S
ma PDT YRABULEAIMINUTIEN A8 TUBU

msasndauldsivanmnsuuiinmasmemaiia flow cytometry

Twagaumiinnnidanaaszie passage 7 4 NnamsnzEsainsnnuluamsudazsiio
MaNAFBUANINTGTNIWE MEIS flow cytometry Teamssandrouaudvadfimmnzaamadaumiioniio
Himulesi loun CD29, CD73, CD90 waz CD105 (eBioscience, Sadiego, USA) uazUEUA LRI ZAD

waseumMilnnndan laun CD34 waz CD45 (Becton Dickinson, USA) uu 15 w1l luniinfiamni

9 u
v
kg

¥iad Nauaeme PBS 1 59 @391adana 1% paraformaldehyde (Sigma-Aldrich) nauthluinmein3as
FACSCalibur flow cytometer (Becton Dickinson) waziasizviaialusunsy CELL Quest (Becton

Dickinson)

Msugudfuasaumiinanidanaadzia (cryopreservation)

ansusudaiumaddumiionnideameazieluhenuguie (freezing medium) 1 §93a05 89
Usenaumea DMEM-LG, 7.5% dimethyl sulfoxide (DMSO; Sigma-Aldrich) uaz 40% ES-FBS %38
hUCS wdnfufigamaii -s0 asrnuwaded 1w 1 5u dewhlufuinwnmadlululasmumniigamni -196
asrnuaided (unm 2 @ou iaasumuualihinasasfiguvnii 37 asenaides wasldadluomsiil
dusznauras DMEM-LG uaz 10% ES-FBS v3e hUCS lutfanas 5 fiadaas unilgamgi 37 ssenusaidea
w5 it Aewhluiluwasihasnauadildasmadadluams 2 oiia Tasanadauiasasmasentio
(scell viability) @aamsgands trypan blue (Sigma-Aldrich) Fuzasilifod fo wasiily druwadt
Gadihdu A wadme uasthinueasilanmunumagns

gcell viability = (numasillu/nuumaaiu + Hnumadae) x 100

mMsasrdauanuaansalunswasuulaslldugadsnane (differentiation)
1. mawiimthmedsumidieliwannludussdlusu
Mmsnziasumadsumfiafienumnuiy 1 x 10° waddamusuins Tealdomsing
Beaasudaziin aunsznaldanumnuivlszanadanas 50 sasiuRimMauzzEes nvuasudiy
ihenwitlnthdmiumadlusiudalsznaughs DMEM-LG (Gibeo), 10% ES-FBS, 1 1M dexamethasone,
5 UM insulin, 0.5 mM 3-isobutyl-1-methylxanthine L8z 60 UM indomethacin (Sigma-Aldrich) (Elu
na 3 S Tasvhmsuaauhe 2 asadadon naaniundusadas 10% formalin (Sigma-Aldrich)
wazymsdandes Oil Red O (Sigma-Aldrich) tiansiadauanuainsalumssnasioladuausad
Togazdandndunsuuiiiolydy
2. mawilgnhwadaumidiebivannluifhusadnszgn
MMsnzdsunadaumlafin iy 1 x 10° wadgdamuzuiwes laaldarms
nzdsumadudazaiie aunsenalaanumnuiulssnmdesar 50-70 vasuEnMIULIINZERY Nty
LﬂﬁlﬂuLﬂuﬁ”lﬂ’lmﬁﬂ)ﬁﬁﬂoﬂﬂ%’uL‘ﬁﬂﬁﬂiz@ﬂ%ﬁﬂizﬂﬂuﬁ)ﬂ DMEM-LG (Gibco), 10% ES-FBS, 0.1 uM
dexamethasone, 10 mM glycerol-2-phosphate disodium salt hydrate tae 50 uM ascorbic acid
(Sigma-Aldrich) Wuna 3 dUmwt Taghmsiaeuminem 2 assdadoy nasnntuasuraday 109
neutral buffered formalin wazymsdoudae Alkaline phosphatase (Sigma-Aldrich) Lﬁ"ammaau
anusInsovasaslumsshuaule Fwziefhmamuuead
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q

mﬁm‘swﬁ'ﬂ'agaﬂ"mﬂaa (Statistical analysis)

FoyannaniiauslugUaiade (mean) + Mdudissuuanasgu (standard deviation, SD) was
1% Student’s t test TumsiSeuiisuanuuaneeuasd PDT Tuudas passage iiiadamnzianuasnse
Tumsiiinsnurssgsdaurfiennidaameszialuamsinz@eana 2 wia Tagiwnziealusunsy
GraphPad Prism 5 (GraphPad, USA) #een p Miasn 0.05 viaiszduanuiesiu 950 dahilanu

UONENENNNET AN NEDEA

W

< <~ =
Msiudanaadzia
NNMIAULERNEAZHaEBIMINUINABDATNNNG 49 FIDEN WUTAYAITIBRNIMAIAIITUNG
o v = Jd v J [ J a < v a [ £ Y [ 4
nEhfnlasmsiiongnssdagssnin 35-40 dUanvi Aadluminde 38.3 + 1.3 §evi laedieisagiu 39 dUmi
dudSinawedaameszfaniiulasgsznin 22-134 §addns Aadudads 60.3 + 26 Hadans Faiim

NBHFIU 56 NaAaNT

mMausnuazINzRBIBasautIiaIN@Eanmazia

MEVds 3 Tuusn sasmalsusasluamnsnzidsudazaio wuhweddudiiennideams
dzdafiuanlafianuarmansznefmuuiumsusisagaduandeiu Toswadauiiiaimnadesluddy
nngnhazagiuiiulalaiifiudlng wadildisnvazadellusumad wumadidnvuznanadomad
fadeatsluag uasnszmnemiumus Huweddudiiennideameasiafimzdasludiunndan
Medsdoty wasdulvgjazaguuunssnemiiunyus lidulaladl Fugadiwuigusndnvazade
Ilusumadagusiudumagnoy waznuhunaueusasaumiiafimsidadluddunnidaamessiad
snadnnhuadaumiiiafivnzdeddudZimngni dusaslunwi 1A wes 1B Fslumsuanadauiiiio
nnidaamesziaiilicansomldnidalunndoia laslduaanasasasemudiZasasmausniasmsiaes

VNG 49 GIDENN AILFAIIUATIND 1

M7 1 3888zANINENTIVAINISUENLALINZIEENdauiilanntEanadsia ludsuaingnia
(ES-FBS) uazdsunnidaaaedziia (hUCS) luudaz passage NI 49 1o

f3uNgn1 Fsuanidandradzha
passage . o . v . o . - o . o
UIUAIBEN Sagazanuansa NUIUAIBEN Sagazanuasa
0 49 100 49 100
1 21 42.86 20 40.82
2 6 12.24 6 12.24
3 3 6.12 5 10.2
4 2 4.08 3 6.12
5-10 2 4.08 2 4.08
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sewiamsinzdeedana e wadaumiilenndanmeaziafinsdesluanmsinz @ aeinasa
usiazatin lugeszes passage 0-1 figadgUnammeuuudsuny Fauaaslumnd 1C uaz 1D uddlamnzdes
doiiiasaude passage 2-3 WuadNlaTiieednuazien (homogeneous) aarawradlwWlusuaad
fauaaslumnii 1E uaz 1F

v 1 v
2IMISINIZIABIN S ES-FBS 9115112188998l hUCS

Passage 1 Passage 0

Passage 3

i
AV LY

MW 1 é’nwmsgﬂiﬁwaqmazi'@i"urhLﬁmmmﬁaﬂmﬂasﬁaﬁwnsL‘gﬂq’lummstwwm‘gﬂwwzﬁmnﬂgfn
(ES-FBS) wazluswsiiasunndsaseazia (hUCS) Togazifiuirlu 3 Tuusnvas
MINLAEN wuLsziaa'agiﬁ'uL*TJuTﬂTaﬁiummsﬁﬁ%%’umﬂgﬂfh (A) wazagiuuuunssneimluams
Afdfunndanmaszda (B) ammsimsiaes passage 1 WUILZaaHNsUsUUNUnaE
sUuuu fa Fuvuesewas lWlusumaduasiivuuihudanan o Tuamsinziaean 2 #iia (C, D)
waziilamnziaeadaeluauis passage 3 arwuhwadnianvaefionanazunaly waaties
wzadnigUeedemadWlusumadonty niluansinsdeiidunngn Huasdsu
Nnndeeaedzie (E, F) (MWMaweny 100 1)

o a

KaMSANWUILNBLINZIBeNaaAaLllagaude passage N 4 waanunilennidaasmadziadn

]
=y =

nzdesludsuanngnimasiiien 2 enwug uazigaasuniannideameasdanuzdedludsnnnien

]
=54 o

Meaziamaauiog s mewug TasanudiSrasmsuanuasinzdesadagiisasas 4.08 uas 6.12 MNTIGU
saugaslumsnd 1 dmsumsanagauanuamsalumsiinsinugadaedsnmsauasme PDT 284
\wadi passage 1-4 Wuhiadaumiiannidaameazdanimnsdesludsunngnidnamwlumsuiiig
@ fid PDT fennhwadaumiianmnzdedudiinndenmeazia swuaadlunmuil 24 waziasmua
Wemaguas PDT lunn passage °z|mmaﬁsi"uﬁwLﬁﬂﬁwasLﬁyﬂﬂu%%'umngni'aﬁﬁuvhﬁ'u 1.33 + 0.19 U
(g9¥1IN 1.03-1.63 1) Tunsfiaddumiiiafimnzdadudfunndeameasiaiiandu 5.71 + 2.18 Tu
(agjasuin 1.37-7.10 Tu) asfuldhimaddumiiiannidasmeasaiimadsduiunngn hilenuaanse

Tumsiiininnugad lagangaanunzidealudsinnidasamessfosgniivesayneada (p < 0.05)
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<Y (3 a = s =y <~ o ¢ aa = (4 4
L"Zfaa(ﬂuﬂ%uﬂllL%ulﬂﬂ%?ﬂtaﬂﬂﬁﬂﬂﬂgﬂﬂ FANIOU 1AATLIBNINUY LLaTAUS

q

Aauaaslumnid 2B Toaluserinamsnzidsawsad wuniwasaumiienimnziaen ludsnannidanaadzia
1 sheiugnlianansadesdala asmnnuaaianizing senescence 7l passage 4 Wi niludasdnaanain
MINAADY

>
=

10- [ Es-FBS 8 -
B nucs

6 T .
4 -
2 -
21 -
0 passage 0
1 2 3 4

T
ES-FBS hUCS

Population doubling time (days)
Population doubling time (days)
-
1

P ~ J I 1 S YV J a = o A dy
i 2 wevesszaznamMstinnuludaun (PDT) veusasaumiiinnnidandadzfdaninzides
lugSuangnth (ES-FBS, n = 2) wazludSunnidsemeazia (hUCS, n=3) lasusasaniu
mean + SD 293u6az passage (A) Way ¥a4 passage 1-4 (B)

* UANANBENNUBFIA YNNG (p<0.05)

msaadauldsivamnzurimasmiemaiia flow cytometry

ihwadaumiienni@anaedsie passage 7 4 naagaumsudaasnzaslusiusimzuy
fwas Taadanmsuauiuadfismnzdauaudnuuuinmesuainnzicsameaiia flow cytometry Wui
wadduiiiennidanmeasiafimsidaamslugsunngn hussdiunnideameazdaiimsuaataansadlisiu
nzeawadaumiiaziiadiizuled lawn CD29, CD73, CD90 waz CD105 wazliinmsuaniaannsa
uansaanluszauimallsiusimnzdawadauiiionnidan laud CDs4 waz CD45 aghalsian

s

NUNH DA UMLIANINEE LUETNNNERAEEFEHD 1 SIenus NIMsuaaaanad CDo Tuszauiion

9

anaaalum e 2

AN 2 AISHEANBBNYBILUSAUININILUURILEAE VBUTAS O UAILHAINLEDAEISFLA DN LNIZLAEN
Tu@swaingniy (ES-FBS, n=2) wazlu@suanidanaaazia (hUCS, n=2) lagudns
Aty mean + SD

Wstuawnzsuuigad F3uNgnN (%) FsHNnHandgdzna (%)
CD29 94.46 + 6.95 94.36 + 2.42
CD34 4.27 + 4.36 5.68 £ 7.5
CD45 0.92 + 0.91 0.63 % 0.01
CD73 99.47 + 0.42 96.46 + 0.76
CD90 99.85 + 0.11 50.88 + 67.76
CD105 99.83 + 0.18 99.27 + 0.89
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nsaadausagazmIzaniiauaznsiyiulavaugadmerssannutud

mwé’wwﬂﬂmv&u‘fmLﬁumaéﬁuﬁwLﬁﬂmﬂtﬁammﬂazﬁaiufwmﬁﬁ%%’umﬂgﬂ% (n=2) uazdsuaN
@anseazie (n=2) Wunm 2 Wau deasunaudisuhninazas wasiusumadesds trypan blue
iarmnasasarmasaatiovasad nawhllmzdsduanawsdediiziunngnhuasdsunnidan
Medsio MuMAU namsAnmwuhadauiieiuduivludfunngnhiimssaniinagiisosos 95.4 + 2
duadiuduivluiiunnidaemeaziofimesantinogiitosas 94.5 + 0.6 maudanMahadaumLia
avdasluamanzidsudessiia wuhwediasdnvaslilusumad dauaadluamwil 3 dadeutuwad
Apumsiiuutuii

Mui 3 anvargUnwsarasaumiiennidaamadziamenamnnmsnuLUULELEN wazinzEsluemns
4 4 W 4 d’ o L
nHgsuanan (ES-FBS) (A) wazdsvnndaaaadziia (WUCS) (B) 9 passage 5 (MWMad

U
2878 100 W)

dmSumsasndauanuansalumsiiinsnuEed wuhwasaumienndsasesziafine
Lgﬂﬂu%%'umngni'ammsnwaﬁyﬂﬂé’ﬁq passage 10 uamadaumiianmzEsdudsunndeamasia
LEN 1 mﬂﬁ’uﬁ:whifuﬁmmsnmeﬁyﬂﬂﬁ"ﬁm@i passage 7 WalYadasLdNganNIz senescence dIUBN 1
Seviug wadLig senescence Aaud passage 5 WLudasdameRugisannnmanadoy Fuidladua
Weaagwas PDT lunn passage (passage 5-10) waqmaéﬁuﬁwLﬁﬂﬁ'wangﬂq‘Lu%%uanni”Jﬁ@hwhﬁ'u
2.34 + 0.79 1Y (BYILNIN 1.30-3.56 1Y, n=2) Tupaimadauidafimnzassludfmndaamasciad
passage 5-6 JARABYe PDT AU 3.04 + 1.68 Ju (885:WIN 1.89-4.19 U, n=1) caudaslunmni 4

>
=

5 -
5- [ es-rBs
?
2 I ucs £
2 o I
2
E =
= oo
e = 37
3 £
£ =
= =
E <
T 21 = 27
S £
£ k=
- =
= E
£ 1 s
= -9
0 T T T T passage 0-
5 6 7 8 9 10 ES-FBS hUCS

MW 4 wavasszaznaMsiyuugaah (PDT) 2aswassumiiinanidanaedsfanimisides
Tud@suangn¥h (ES-FBS, n = 2) uazdsunnidseaaazia (hUCS, n=1) lasuaasaniy
mean + SD 293u¢az passage (A) (azuad passage 5-6 (B)
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£ d aa

waseumbeimulainnidasaadsia AN 305350 uazane

mMsaagauanxasnsalunmsisuwlasludugadsrenie (differentiation)

wamsdnm wuingagauiiiafinzdsdluddunngninasdiunnidaemeasioamunsn
wWasuwasluiflumadlufuuasisadnszgnld Tasmsasadaudeniston Oil Red O uas alkaline
phosphatase muddy dauaaslumwil 5 wuhiwadfmnzdsdduaimeis 2 #iie aansoadudioluiy
16 Toswumsinduasaes Oil Red O vuiialudiuiiagmelumad dauaaslumwil 5A uaz 5B uazanunso

a a 90’ J . [ a
wWasuwlauiluwadnszgnle laswumsiedinamaawes alkaline phosphatase faudadlumwd 5C waz 5D

X 4 2 4
1M1SINIZID 8NN ES-FBS P1M15IMIZIA 89N A hUCS

waa iy

d

gaanizgn

]
o

MU 5 wareadaumLlinnnEaamedsdannnsdeluaimsimnsdsanidsuangniy (ES-FBS)

° a =y

T
o b Dt <~

wazluarmsnigsuanniaaaseazia (hUCS) msasuwlaslifumadlady wumsaad
Oil Red OIuLﬁaﬁﬁuﬁwLﬁmﬁw\nzLﬁyﬂﬂ,ummil,wwxl,ﬁyﬂmzq 2 %16 (A, B) (mMWMaszeng 200 1)
LLaxmiLﬂ?;tluuﬂaqLﬂumaﬁns:Qn WUMIAnduDY alkaline phosphatase Tumazf@i”uﬁuﬁﬂﬁ
wmL?i”ﬂﬂummﬂwmgﬂqﬁ”'a 2 %16 (C, D) (MWMaIeNg 100 L)

a 4
AU

msdnwmil lavhmsusnuazinzidsugaddumifiannideamaszianinae 49 daeghe Tagth
uiaziahanuianzaasluasnzassilsaiuimaiony 2 nie fe #5uangn (ES-FBS) uae
FHunndaneeazie (hUCS) msil3suiieudneasmsimeiufinmauzimnziae anuazgUINYes
wad senanudidalumsahalumenus sanmadininnugad wasmsudasoanenuautifnms
YDUTAROUNLIIA LAEATIAFDUMSUFADBNYBILUTAUIINILUAG ) VDUTAROUMLIN LALANNFINITD
Tumswlasuulasdlumadnams

HAMSANE WUNMSINEEBEadaumIfianndeamadzdadasmamsinmde 49 fragha
diesnly 10 drethausn ilplFgsum 2 wile liammnsausnifuwaddumifionndisthaldias wiad
fuenldazaninsoaameiuinuazmnzdssld udmnzdssdaldliuund 15 u lu passage o wazliaunse
¥hms subculture Wiiaaeasaly passage 7| 1 adaaaanunamsnaaasiinenulilas Musina uazane e
fwuhwaddumiiesiiefiuladan@semeardsimnzidslamauazilomainsnuldenn udiilasan

M5 INSHAINNFAFASMSUNNG
U 63 aUUN 1 ¥ANAN - HAN 2564
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finsnunamHionaunhyas Shetty wazan® fugadifiuhwassumfoniaiivulailudenseasie
nsanzEsldmedunnidasmeaziouazaninsomnzaeslaae passage 7 3 AnuzEIAElarms
naassdalagiiiniuiudmatiuauis 49 dathe domnlidszauanudiZalumsuenuazinzidegas
Fumdennidasmesziauazutaiiinsiuauldaude passage 2 910U 10 g
dwmsumsdnmanuaemameiuinmauzuazgUhagadduiiio wuhmdmslsesliisad
imruuitumauemely 3 5u Ty passage 0 wadgaumfiannidaaaeardaimizidsdlummsmnz @i
FHuudazaiind Iinasnwarmsimzuuiumauzuazmsnsznedaugasaiy Toswadaumiiadiae
TudsunngnhagiuilunguadalalaiiwadWTusumad (colony-forming unit fibroblast) Faduiiug il
daangasnunmemsinmnaumin’® 0 Fansnumsnulalaivessadauiiiionndeaseazio
wxnzL’gﬂa’lu%%’umﬂgﬂ%’adwmmsammwﬂé’é‘?msﬁ'uﬁ 4-19 waemsinzies lupasiladaumiiin iz de
Tummsinsiaesiiiasunndaasesziaimsmeiumauzluuuunsznedimmauzinziass log
Tinumsshadulaladl wdfienumnuivassgadinanhuwadauiifiafiwsdsdudSumnngn T dwems
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Expansion of Cord Blood Mesenchymal
Stem Cell Using Culture Medium
Supplemented with Umbilical Cord Serum

Suparat Wichitwiengrat' Sasiprapa Thongbopit' Suphakde Julavijitphong’

Piengchia Vichaidith® Pussara Hakularb® and Tatsanee Phermthai’

'Stem Cell Research and Development Unit, Department of Obstetrics & Gynecology, Faculty of Medicine
Siriraj Hospital, Mahidol University, Wanglang Road, Siriraj, Bangkoknoi, Bangkok 10700

*Obstetric and Gynecological Nursing Division, Department of Obstetrics & Gynecology, Faculty of
Medicine Siriraj Hospital, Mahidol University, Wanglang Road, Siriraj, Bangkoknoi, Bangkok 10700,
Thailand

ABSTRACT Nowadays, the cultivation of cord blood mesenchymal stem cells (CBSC) can only
propagated in a medium supplemented with embryonic stem cell grade fetal bovine serum (ES-FBS). By
using a commercial human serum, the CBSC had been limited in cell propagation. Our previous study
had showed a successful establishment of animal free-amniotic fluid stem cell (AFS), using human
umbilical cord blood serum (hUCS). The current work is based on the idea of using hUCS for CBSC
culture as a replacement of ES-FBS. With 49 cord blood samples for MSC isolation, every samples were
cultured under the medium supplemented with hUCS comparable to supplementation with ES-FBS. The
result demonstrated that CBSC lines generated under hUCS-medium showed similar morphology and
specific MSC characteristics to the lines as from ES-FBS-medium. Both cell lines expressed CD29, CD73,
CD90 and CD105 without expression of CD34 and CD45. Moreover, they can be differentiated into
adipocyte and osteoblast. Nevertheless, the proliferation rate of CBSC derived in ES-FBS-medium was
higher than the lines generated in hUCS-medium. The author concluded that hUCS can be used to replace
ES-FBS in the medium for derivation and culture of CBSC lines.

Keywords: Cord blood mesenchymal stem cells, Embryonic stem cell grade fetal bovine serum, Human

umbilical cord blood serum
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Dengue Risk Areas for Thailand from
Aedes Ovitrap Survey and Dengue
Cases Analysis with Geographic

Information System

Chitti Chansang’ Jariya Krutbut' Thanyapak Makruen' Wannisa Suebsaard’

Ekarat Denchonchai’ Suwannapa Ninphanomchai’ and Uruyakorn Chansang'

!National Institute of Health, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000
*Faculty of Science, Mahidol University at Salaya, 999 Phuttamonthon 4 Road, Salaya, Nakhon Pathom
73170, Thailand

ABSTRACT Dengue fever is still the public health problem in Thailand. The population and
distribution of Aedes mosquitoes are important information for disease control. The visual larval survey
that calculated larval index based on containers with and without larvae is found not to relate directly
to the disease. While the eggs stage that collected by Aedes ovitrap, is associated with adult stage which
is the stage for viral transmission. This research used ovitraps for Aedes survey for 7 years by using 5,120
ovitraps in each year in 128 districts of 32 provinces in 4 geographical regions of Thailand. Data from
Aedes ovitraps, dengue cases in each province were analyzed with Geographic Information System and
statistics. The results showed that the average eggs per ovitrap and the percent positive ovitrap found
the highest in the South followed by Central, Northeast and North parts respectively and these value
varies by province. The relations between the Aedes egg data and dengue cases were statistically
significant. In addition, Spatial estimation of the Aedes population in the entire country were analysis
with the Geographic Information System in Ordinary Kriging method, using the data of all location
surveys. The obtained results could be used to estimate the Aedes population in every province.

These all results can be applied for risk areas and direct control of dengue in Thailand.

Keywords : Dengue, Aedes mosquito, Population, Ovitrap, Geographic Information System
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deasranendamnwanund leesmsden HeE uazynnsaaduliioan paraffin section uwazuuegdulile
vnaduiungumgil -8o asenwadad ('C) iale3en frozen section MNUUININUENLYAFTIUNITINING

aanNANlagmMmsuenEasnads Laser capture microdissection (LCM)

Matefinramiduaniaeiulagiswiaweiilalasaszsd (methylation microarray)

Togldmadmismwihnngtheuu 6 9 Tosvhusnaiiulseasfin@u (Involved skin) 6 %1
(fath), fmiiadilifiseslsa (Uninvolved skin) 6 #u (§298h9) uaziimniiaUnd (Normal skin) 6 3y
(Mag) NNAUUNGNUIU 6 T8 SINTNIUNIEY 18 B (fpe) MMsuenEasmeds Laser capture
microdissection (LCM) uanannildimadiniziass (Cell line, HaCaT) 2 §1agha PBMC wosauini
1 ghagn PBMC wasgthelsaasifindu 1 s wasdinuanwasdaiivn (Ilumina control) 2 61ag
(3WSanAuge Ilumina Infinium Human Methylation27 BeadChip) FIWINIUTIEY 24 Fpehs
ms?im-nﬂ?ﬁ‘ﬁmums%’usmmnﬂmgﬂssumsﬁaﬁssumﬁ%ﬂuwwﬁwammm‘wmmam’ ANl

NVINENDY WS 300/54

N33 8NMBE19lAaN1535 Bisulfite treated-DNA"®

m‘saﬁﬂﬁnﬁma‘[ﬂﬂiﬁqm QIamp DNA Min Kit (Qiagen, Hilden, Germany) (9« Protocol)
WaEmMUAIBNMIIN Bisulfite treated-DNA®® Tag3amsdadsil 196i5ute 2 pg luth 50 ul udwinlidduie
wanae laald 2 M NaOH w10 Wi 37 C Nniudn 30 pl 289 10 mM hydroquinone tag 520 pl
289 3 M sodium bisulfite (pH 5.0) 1hdaghaiilaluiu (incubated) # 50 °C 111 16-20 $2las fraghaile
(Bisulfite-treated DNA) QﬂﬁWIﬁU%Q%§N1ﬂﬁu Tagld Wizard DNA Clean-Up System (Promega,
Madison, WI, USA) mnﬁuﬁlﬁma%gnLLﬂnaaﬂuﬂﬂﬂWﬁwﬁqmwgﬁ 95 'C 311U 50 pl NAINNTU
(@i 5.5 ul 289 3 M NaOH Ml3uy 5 1l anaznaudisamuaauazlnalamy niutdsinsnm 20 ul
Bisulfite-treated DNA azgnifiulifigamaii -20°C

5019

Bwiaadulalasezisd (methylation microarray) lag Illumina Infinium Human
Methylation27 BeadChip

Bisulfite-treated DNA #amswasu cytosine (Wl uracil (unmethylated DNA) Tz
cytosine ﬁgﬂ methylated azmailu cytosine (methylated DNA) Q1ﬂ§u U bead type (ﬁf\ﬁmﬁzﬁu
unmethylated CpG) uaz M bead type (fistwiziu methylated CpG) daudaslumwi 1 Tagld Tumina
Infinium Human Methylation27 BeadChip (Illumina, Inc. SanDiego, CA, USA) (The manufacturer’s
instruction) duwnuame Ilumina BeadArray Reader uauszanawalaagandins GenomeStudio 3.2
(Genomestudio Methylation Module v3.2, User Guide. Illumina Inc., SanDiego, CA, USA) ﬁ’agaau
lasumsehnlilugudaya NCBI GEO meldninaiay Accession 289 GSE23789 I ansvismslusunsu
CU-DREAM (CU-DREAM program)“” Lﬁ'aﬁwmmﬁmﬁat@%’umémam@iazmjué"sashﬂmwiaz
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Global DNA Methylated Gene of Involved Skin Kriangsak Ruchusatsawat et al.

o Ao o 1 =y o L4 d' v W = .
MInaass (FNA 27,578 dunie vudluw) wazihdayailamsiunuuazdaGesaslulsunsy Microsoft
Excel

Methylated DMNA Locus Unmethylated DNA Locus

)

T\-get I‘glated A ". Unbmeéhylated
ead type By ead type
P G P

Bisulfite {@766 ¢ Bisulfite {
DHA DMA
> I, : J|||||H\

T~
L

°r\'\

'_?
_9
-1

| J..

@ T
Unmethylated - Methylated
bead type A“'_/__\_. bead type A _/
-~ G G
Bisulfite { A . ™ Blsulflte {
D“A\\-)” [, . \) I ;
GC

N

g

awii 1 wanmsvaawiatatululasezisd (methylation microarray) lag Bisulfite-treated DNA
ﬁamitﬂéﬂu cytosine 1 uracil (unmethylated DNA) 1u°llfuz“7; cytosine ‘ﬁlgﬂ methylated
Ay cytosine (methylated DNA) mnﬁy'u U bead type (ﬁﬁf’ll,wwﬁ'u unmethylated CpG)
waz M bead type (ﬁﬁ’lLW‘]zﬁ"u methylated CpG) (Illumina user Guide line, 2008)

MIIANHdaNIUAIDH

meNsnnaazululasazsed Lﬁagmmé’fuﬁ’uﬁ’wmﬁuﬁﬁw @ud (candidate gene) nulsm
dunadu azgnienziudazauluneadd wiu @ beta value ([3) uaze Difference score (DiffScore) T
izt CpG locus umiliszanmmuasssaurasiidummiatasy (DNA methylation) %ﬁﬁgﬁliﬁaﬁ

Max (signal B, 0)
Max (signal A, 0) + Max (signal B, 0) + 100

B =

o [ v . I o v a < a o Y v o ]
d1v3u@e DiffScore Lﬂuﬂ’ﬁﬂ']u?mﬂ’nllLLGIﬂGl']\i‘UE]\‘I@LautatuﬂaLa“ﬁUIﬂﬂlﬁﬂ’mﬂ\i B YNNYNOIDUN

(condition group) ﬁun&jué’wﬁa (reference group) I@ﬂﬁgm’iﬁﬂu%uﬁaﬁ

| B cond—B ref'|
p=z S? ref .\ S’cond
N ref N cond

DiffScore = 10 sgn (B cond - B ref) log 10 p

Tae@ Difference score (DiffScore) > 20 1@ p < 0.01%'® wazmsliinaimsuiana DiffScore
wantilu DiffScore < -40 ianmedduadwiiaedu waz DiffScore > 40 (iaMIdlduULDLNALETY
miagﬂiagaﬁu 9 1% mean + SD, median, interquartile range Was proportion MINAFDUFNNAFIUYDY
ms@an1F Wilcoxon signed rank test MIsnadauanuuanad (Test of difference) 1% Mann-Whitney
test uay Kruskal-Wallis test nadau correlation 1% Spearman correlation Iaszvilaglalusunsy
SPSS version 16 uazazdohildusdnmeadanssauanaudaiy a=0.05
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Foanaaduawiiaaty Tnawiiawaduanldinlnsies (Methylation Specific Primer,
MSP) wasdudsaadndiu (MSX1)
Bisulfite-treated DNA gnasiammsiiadiduawiiaazy lagld 1 x PCR buffer (Tris-Cl,
KCl, (NH4)2 SO4, 1.5 mM MgClz, pH 8.3), 1 unit HotStarTaq DNA Polymerase, 200 nM of each
dNTPs (Qiagen,USA), 0.25 uM of each forward and reverse primers and 2 pl of the Bisulfite treated
DNA. Primer MSX1 MF AGG-ATT-TCG-TTT-TCG-GTA-AGT-CGG-C 25 bp (0LL¥i1l4 282 - 306)
ez Primer MSX1 MR CTC-GAA-AAA-CGC-CAA-AAC-GCT-CT 23 bp (§UWUY 487 - 465)
(%50 methylated form) w8z primer MSX1 UF TTT-TGT-TTT-TGG-TAA-GTT-GGT-GGG-G
25 bp (§IUKUN 291 - 315) waz MSX1 UR CCC-TCA-AAA-AAC-ACC-AAA-ACA-CTC-T 25 bp
(MUY 487 - 465) (RefSeqID: NM_002448) &1%5U unmethylated form N PCR dataias
Gene Amp 2400 (Applied Biosystems, Foster City, CA, USA)
ﬁgumau PCR
94'C WU 5 Wl 1 99U
94'C WU 1 W
55°C WU 1 W9 40 58U (met/unmet)
72°C WU 1 Wi
72°C WU 5 Wil 1 99U

MIn5BUEIUIN LS (PCR product) ninumihaniusdulay gel electrophoresis
o A e v v v v ¢ A 7 ~
L@38N 2% agarose gel NNANNANLU 0.5 x TBE buffer luanuamedndasn 100 Taad wiu 45 i
wazdanene ethiedium bromide ameleauas UV tiadanam PCR product wasdiy MSX1 73 2 wuy
(M, methylated form waz U, unmethylated from) 2116 206 waz 199 bp MuaAU

We

3 [ [l [ o< a o .
NUENNINMIBYNAINANHULALAULBLNNALAYY (pattern of methylation)

M5 methylation microarray a3NI0ILATIVTIYNIUY 24 GIBEN (n=24) TUAALHIDEN
a o 1A A . & ° ' A o o & o Py
HONUNUNBNY (CpG site) TNUNA 27,578 GIVUS (MIDMUIUBUNIVNG 14,495 HU) NEINITOUTA
dyann (signal) anuaneule laglalusunsu Genome Studio Z4WUTIENINTALUINGNYDIGIDENMINAD
beta value () WlWiAaanwuzdiduawiiawdy (pattern of methylation) asiifa nguiiuzuiiia
sraglnanuilumadiaas (Cluster) uandnnnnguasiadanzy (PBMC) wadtwiziaes (Cell line,
HaCaT) uazmunneaidgiiu (lllumine control) 3sHANNUANGNINNNFN Gauaadlumni 2

NISULEAIBBNYBINISIANIEALBNIBLNNALaTH (DNA methylation) ¥3ansiinatduadiufiatatu
(DNA demethylation) (miw?i 1)

maNuuaneNatNtitea e (DiffScore) yaduaazimuniiauasiiu (CpG site) wazsrussniludu
T wuifluﬂa;maq%ul,ﬁa ) {IviteuUn& (Normal skin) flemuuaneenniy (Involved skin) luauu
(CpG sites) 1,293 FNI (Mo 1,019 ) Tesuandue DiffScore < -40 (1HanseuIumMs DNA
demethylation) UIU 861 FNWA waz@ DiffScore > 40 (LAanszuIUMs DNA methylation) U
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Global DNA Methylated Gene of Involved Skin Kriangsak Ruchusatsawat et al.

A2v1191/n@ (Nomal Skin)
i famis 1S lndseulsa (Uninvolved skin)
& .
— WU (Involved skin)
|: iradiiafenu1l veenunA (PBMC NORMAL)
wadiiiadenv1 veadilu (PBMC PATIENT)

AIAIVAU 8giini1 (illumina contro)l

y
radWIz@se (cell line HaCaT)

Muil 2 MIIONFNEIBEN (Cluster) ¥3dI0eNIN 4 Uszian laun Futilawmadiiiadanun wadmnziaes
uazaIMUANgN MuanEuzMsRefBuBWAaEdY (pattern of methylation)

o Ny <o Y o = = o W a o a v o a R
432 YN Ltaxszqtﬂuﬂulmﬂummu 637 8U LT 382 HU MINAAU V) NIINUNG ﬂUN'J‘VIH\WIlNNSEIEIISﬂ

(Uninvolved skin) Tusunu (CpG sites) 1,072 FWa (M3aauiu 804 i) lasuaniilua DiffScore < -40
U 833 FWA UazA DiffScore > 40 MU 239 FHI uazssyudule 591 8u uas 213 Gy auaey
A) fvianlifiseslse (Uninvolved skin) AU #u (Involved skin) Hanuuaneanuluanuiy eo2 Fn

< o ﬁ

=
3
(509 A

U 533 8u) waniluen DiffScore < -40 MUY 317 FWNA wazA DiffScore > 40 NUIY 285 &
seudulolluduiu 276 8u waz 257 u MO

9

dusunguaaialdany wuhszuinwedliiadaaumzesaulnd (PBMC normal) fuwad
Wodanumzasgihelsaaziiaiu (PBMC psoriasis) Hanuuaneanuaiuiy 483 3Wa (1w 359 fu)

<

weniiluen DiffScore < -40 WY 39 AN waze DiffScore > 40 MUY 444 ZWNa szuluzadiule 32 fu

q

WAT 327 HY MNAIOU AILFNILUAITINN 1

A5 1 ANNFNNUSVRIUIUENT (CpG site) WaLNUIUYBITUNIBNANLAAINAY DiffScore law
MaSautieuseninnguiaegn ([Aamteund, Normal skin) (éy, Involved skin, IN) (63w
laifisealsa, Uninvolved skin, UN) uasnguizadtiiaidanzn (PBMC)

@1 Difference Score
(DiffScore)
DUIUTNI DUEY  MINNIKID UaenI -40
(n=27,578) (n= 14,495) U (=40) (<-40)

msifauiisuszninnauiadig

PIUIUTNI IUIUTNI

(8u) (8u)
AaUn® Nu Wu 1293 1019 432 (382) 861 (637)
fvtladné Au fviled liiiseslse 1072 804 239 (213) 833 (591)
fivilan lidiseslse Ny il 602 533 285 (257) 317 (276)
=~ -~ Al < a
maammLaammmamﬂm‘[sﬂazmﬂNu 483 359 444 (327) 39 (32)

[ < < = a
AU wadladaaumaulnd*
wwaatnztae (Cell line, HaCaT)**

* Mmnumegnnieuiisuiuagnie: 1 Madn
= [Huwadanvammng Lifimswsauiisuiunguaiad
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anudniusratiussninngamasinmitauund (Normal skin), fiowiadilaifisaslsa (Uninvolved skin)
waziiy (Involved skin)

Tagfudisidanuuanaivadaiiaddey (DiffScore) Fauaniilud DiffScore < -40 uaz
@ DiffScore > 40 WU ) luﬂ&juﬁuiwiwﬁuwmmjuﬁwﬁ’\muﬂﬂa-Eju (Normal skin-Involved skin)
ﬁ'umjuﬁmﬁmuﬂﬂa—ﬁmﬁhﬁlﬁﬁsaﬂkﬂ (Normal-uninvolved skin) §ifufimiloutusuiu sss iu
waL 89 #u MNIAU ) mmﬁuﬁuﬁ'?lmﬁusz%dwﬂuﬂéuﬁuwaqﬁa%ﬁqﬁlﬁﬁsaﬂ‘[iﬂ—Fi'u (Uninvolved
skin-Involved skin) NuUngx fhwtisauUnd -y (Normal skin-Involved skin) faufimilourus i 145 fu
Waz 124 84 MUAIAU 0) mmé’uﬁ’uﬁ"ﬂaqﬁuiwiwﬂuﬂ&juﬁuwaqﬁawﬁqﬁlﬂﬁiaﬂkﬂ—ﬁ'u (Uninvolved
skin-Involved skin) ﬁ"UﬂTc}:N fwleund-fwisiilifisealsa (Normal skin-Uninvolved skin) i
wiloufusay 2 fu uaz 6 Su muareu dauaaslumud 3 uananiifanuduffly « Hot spot” dwiu
DiffScore < -40 (7% demethylation) 3uu 2 8u s MSX1 waz TCP11 wazahwiue DiffScore > 40
(7 methylation) 4 84 @8 C16orf47, HOXB1, HTR3B waz TH lagwuniamanuuaneeaaeied
HadAiintuniaanasetaiiuddy wu fu MSX1 fieh B Value saatathedaiiias TaaGuaniami
auln® (Normal skin), fiwiisilaifisaelsa (Uninvolved skin uaziiu (Involved skin) @9 0.602 , 0.420
Wwaz 0.251 MAEIFU fanaalum i 2

fiwianddufiomisitlifisasTse n=591 } fmisundanuiimisilisisaslsa n=213 .
L D o
faUnAnulY n=637 fmilanAnuiy n=382

\/ \/

Cléorfa7
MSXIT HOXBI
TCPIl HTR3B
TH
fomisiilsifisaslsanuiiy n=276 fiamiadilifisaglsatuiiy n=257

() ()

MW 3 ANUFNTUSIDEUNAING U ULFRE (Cp&) VR 27,578 UL (BITNUBUNIING
14,495 81) seweiviieauln® (Normal skin), fawiiadilifiseslsa (Uninvolved skin)
waziiy (Involved skin) ANNUANANENNNad Ay (A1 DiffScore) Fauantfy n) @n
DiffScore < -40 (PUIUMSNAALDUDANNABDTY) way 2) M DiffScore > 40 (VUIUNSLAN
Aduaaaty)
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Global DNA Methylated Gene of Involved Skin Kriangsak Ruchusatsawat et al.

M99 2 Buhiienuden 6 8u wazduniinenunianudunusiulsadziatu

SYMBOL TargetID ACCESSION NS.AVG_Beta US .AVG_Beta IS.AVG_Beta
MSX1 cg01785568 NT_006051.17 0.6020483 0.4197896 0.2507048
TCP11 cg22407458 NM_018679.2 0.4433122 0.2945935 0.16112
Cié6orfa7 €g17500962 NM_207385.1 0.3640586 0.612873 0.5986091
HOXB1 €g07823492 NM_o002144.2 0.5164548 0.8563957 0.9095344

€g17233506 NM_002144.2 0.2837003 0.4803769 0.6322188
HTRsB €g06531741 NM_006028.3 0.3813598 0.5289409 0.6747844
TH €g05912121 NM_199292.1 0.6278027 0.7132202 0.8366116

cg08573687 NM_199292.1 0.6536191 0.7545237 0.8691378
S100A9 cg16139316 NM_002965.2 0.7513244 0.7351661 0.2919489
BCAP31 €g01910452 NM_005745.6 0.5188954 0.1628981 0.1689605
ID4 €g17252960 NM_001546.2 0.1637356 0.06758781 0.07560308

fudiiauaraslsnaiingy (DNA methylated of candidate gene for psoriasis)

i MSX1 nedaudeItnsanduewiaaty 1oy Methylation Specific Primer (MSP) nu
n) wadmnziaes (Cell line) 110U 15 #ila laud BLCL, RKO, SW480, HL60, HepG2, HepG2.2.1.5,
K562, Malt4, SAHA, UACC, HeLa, CaSki, Jurkat, Hep2 was HaCaT wuiiiadduaiuiiaesu (DNA
methylation) (Iagwuwau M, methylated form) fusaginiziaes (Cell line) 4 il #i9 CaSki, Jurkat,

MSX1 Gene

Mui 4 msiiedduawiiaeiu/dduedwiiseiueeiiy MSX1 seunadmnzians dradeguiie
warinthawadiinldee M=methylated form waz U=unmethylated form, 15adiwiziae
(Cell line) BLCL, RKO, SW480, HL60, HepG2, HepG2.2.1.5, K562, Malt4, SAHA, UACC,
HeLa, CaSki, Jurkat, Hep2 taz HaCaT (ﬁ'u, PS=Involved skin) (#vtnauina,
NS= Normal skin), PBMC (auun@, N=Normal, githalsaazinaildy, P=Psoriasis) tiiaulummw
Y DNA marker, PCR product (M=206 bp taz U=2u1a 199 bp)
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Hep2 uaz HaCaT %) nagaufudiasesasiliadanniziioluluiinedss (PBMC) MU 6 Mg
(AuUn@, N=Normal, n=4 ¢1pgn gihalsaasiia@u, P=Psoriasis, n=2 doag1) wuhldnaiie
ALOULBLNNAATUNINNG War @) nadaunumageiluduiiia (tissue) MUIU 10 MIBEN (HINIA
auUn®, NS=Normal skin, n=4 @88N), ({1, PS=Involved skin, n=6 #78819) WUNHINLIAUUNG
A o g a v o Y V. a & v pRpa} . Va ag PN o
e uewhaeIuINIY 3 Mot Anlusaeas 75 Turazdiy (Involved skin) laiiadduianiiaiady
NavNaAUUSDEaY 0 AIUFASIUMNN 4 Uz N 3

P a o a Y o s o a 1y = s 2 o 2 &
$I191N 3 NSNAALDULDLNNALATU/ALDULDALNNDLATUYDNEU MSXI 2DNAILWIZLAEN DY NTULUD

UazADEN L‘ﬁaﬁtﬁﬂ CRae)

HUAMIDEN MsnafauaNiaete (Saaag)
WAALINZLAEN (n=15) 1. nguLaaLiay (Epithelial) 2. ngumaaLiaEan (Hematopoietic)
n=9 (3) laun RKO, SW4so0, n=6 (1) leun BLCL, HL60, K562,

HepG2, HepG2.2.1.5, SAHA, Malt4, SAHA uaz Jurkat* 989z 16.6
UACC, HeLa, CaSki*, Hep2*
war HaCaT* Sagaz 33.3

WasLinEaAIM (n=6) 1. auUné@ (Normal) n=4 (4) 2. @ﬂaﬂswamﬁmﬁu (Psoriasis) n=2

Sa88L 100 (2) 52882100
liiatEa (n=10) 1. aulnd (Normal) n=4 (3) 2. gjthalsnaziiaildy (Psoriasis) n=6
Sauay 75 (0) Sa8a% 0

o ' s g da ag A o
*UFONMIDYMNLTIILNILLAENNLN OO LD ULD LNNDLATU

a 4
AU

MsanwAduawiiaedy lnsSuwnaedululasazisd

Foyamuansusdiduefiatety (pattern of methylation) ﬁLLﬂaLﬂuﬂzju&’aaﬂN (Cluster)
Wumsuaasiamaiawiianiuifenuhimnsdamumisdidludunioguulisluees viaduuanas
TsTuimasuosiuii ) MNUADEBLAVBIAIDEN Fevauandemsiiiy tissue-specific gene lulzaaunazsiia
I@fuaeed®? wasmsdnmasiiflumssuduielildnduiuinnhinfifiuumddayaiidduazgans
danaansfuumaninimIdsunassedudiduewiaeiululsasmfiody wu SHP-1 (PTP1C, HCP,
SH-PTPi1, PTPN6)"" p15, p16 ink (CDKN2A, MTS1, TP16, ARF), S100A9, PDCD5 ,TIMP2*”
SFRP \fendasiu Wat pathway™ ({udu

WuiawsululasezsdamnsoduwungumasiuifimadsuwlasdiBuamiawniuiiddy Tos
iilamnenuduWusesdiuszning Normal skin, Uninvolved uaz Involved skin lunguusséufiany
woneNeeENNUad A (DiffScore) geusniflu DiffScore < 40 waz DiffScore > 40 wuhlunguduwes
Normal-uninvolved uaz Normal-involved ffuflviioufuduau 3ss du uaz s9 fiu muadu Fedunguil

1 [ = PR o w v a Y = [ = PR a a o Y a < a
‘L!W‘JZL‘IJ‘L!EIU‘VIN?]'NNGW?’IQJUG]Bﬂﬁitﬂﬂ‘[iﬂﬂaﬂg\!ﬂjﬂ ‘Viia?]”I%LU‘IJEIUYING’YNNN(?‘I‘IJT‘IGWHEIMLﬂﬂ‘[ﬁﬂﬂxtﬂ(ﬂlﬁu
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Global DNA Methylated Gene of Involved Skin Kriangsak Ruchusatsawat et al.

Tosiu Wnt signaling pathway, Infergin signaling pathway uaz Cadherin Signaling pathway
udu® wiu (BCAP31, DXS9879E, EFNB1, ELK1, EMD, FLJ44112, GRIA3, IL13RA1, MSX1,
OTUDs5, PHFs, PLP2, RPL10, S100A9, SLC9Aé6, TSC22D3, WDR45, RAB33A, RPGR,
CXorf40A uag CXorfs4) was (GPRs1, HAK, HOXB1, HOXB3, HTR3B, IL11RA, IL17RC,
ITGBL1, KCTD4, KIAAo240, KSP37, LGALS1, NUMBL, PHACTR3,PRX,RDH5,RHO/,
SLC7A11, SORBS3, SPRR1A uaz TH) vanniuaasliifiudimsuasunlasnindszaulng
ududadulse Tasfisenuiisannaasiuiiu ID4 (inhibitor of differentiation 4) fiwuiriinns
waasaanzasTsiuanaslugihalsnaufatuluduranadiiiey Fufsdasiumsiiamsieanlada®
wazfiy BCAP 31 (B-cell receptor associated protein 31) fiierdasdunalnmaialsaluauiu
fduedwiandy Wudu® wadawdsuiisussvidlunguiupas uninvolved-involved skin way
Normal-involved ffuiitmiiaufusiuin 145 fu uay 124 #u eueeu (ABRA, ACADVL, ACOT11,
ACOX2, ACVR1, ADAMTS13 ,BIK, BPIL1, BTBD4, C14o0rf68, C1orf42, Ciorf52, Ciorf61, GDF1o,
GDPDs5, NNMT, NOX4, NPR2X) waz (FCGR3B, FFAR2, FGR, P2RY2, P53AIP1, PADI1, LAPTM5,
LAT2 waz LCE1B {lusu) ﬁuﬁ@mdwﬁuﬂa;uf'fm%tﬂuﬁuagﬂuma:ﬂ'aua:tﬁﬂ‘hﬂamﬁﬂﬁu (prepsoriatic
state) FanuAaUndategiuiladavaresiio iy Mmagnnszdudis infiltrating CP3+T-cells uas
inflammatory DCs ¥hlsifiumsduiauanniy Sumailanafimsuansaananniu® uanniaunguil
Fonudunuswiunme Cadherin signaling pathway, Endothelin signaling pathway, PDGF signa
pathway® ({luau
dusuauwuiuiinnziBuedwfaeiu/flBuewhaaiufionaiianuddydamsiialse
dxtfa@u (Hot spot) Wigu MSX1, TCP11, Ciéorft7, HOXB1, HTR3B waz TH v sahanlsiu
biomarker §wsulsaaziaRuaald Huihaus (candidate gene) MSX1 (msh homeo box 1) g
faguulaslulun pie.2 fanuddgdumsudsiinazmsiaiaivloasad (cell proliferation and
differentiation) was ectodermal organ morphogenesis lagawizizaalszam nszgnuasiu® Ims
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Global DNA Methylated Gene of
Involved Skin and Uninvolved Skin of
Psoriasis Compared with Normal Skin by

Methylation Microarray

Kriangsak Ruchusatsawat' Laddawan Thiemsing' Phantipa Protjaroen®’ and
Jongkonnee Wongpiyabovorn®

National Institute of Health, Department of Medical Sciences, Tiwanon Road, Nonthaburi 11000
?Faculty of Medicine, Chulalongkorn University, Rama 4 Road, Pathumwan, Bangkok 10330, Thailand

ABSTRACT Psoriasis is approximately 1-3% of the population worldwide. Etiology of the disease is still
unclear. Recently, epigenetic phenomena have also been implicated in the pathogenesis of psoriasis. We
investigated DNA methylation by methylation microarray in tissue from 6 involved skins and uninvolved
skins of chronic plaque type psoriasis patients compared to 6 normal skins from healthy controls. There
are 6 candidate genes, MSXi, TCPi1, Ciéorf47, HOXB1, HTR3B and TH. MSX1 gene was selected
from methylation microarray data and was analyzed DNA methylation correlated with genes expression
in keratinocytes and peripheral blood mononuclear cells (PBMC) compared between psoriasis and normal
controls, using methylation specific primer (MSP). DNA methylation occurred in three of four samples of
normal skins, accounting for 75%. Whereas DNA methylation from 6 of all 6 involved skin samples were
represented 0%. In conclusion, the present study is the first study using high through-put technique
(methylation microarray) to investigate DNA methylation in psoriasis. The result of methylation micro-
array could indicate the significant the candidate genes for further studying in psoriasis. Moreover, this

study demonstrated DNA methylation plays an important role in pathogenesis and course of psoriasis

Keywords: Psoriasis, DNA methylation, Methylation microarray, MSX1
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Integrated Prevention and Control of
Dengue Haemorrhagic Fever Vectors

in High Risk Areas in Trang

Suwandee Sapcharoen' Chotika Kanin’ Warunee Thepmaneerat’ Kwankamon Kraisut®
Jariyaporn Baikodem®’ and Kriangsak Ruchusatsawat’

'Regional Medical Sciences Center 12/1 Trang, Department of Medical Sciences, Amphoe Muang,
Trang 92000

’Muang Trang District Public Health Office, Amphoe Muang, Trang 92000

*Banpho Tambon Health Promoting Hospital, Amphoe Muang, Trang 92000

‘Na Tham Nuea Tambon Health Promoting Hospital, Amphoe Muang, Trang 92000

*Vector Borne Disease Control 12.3 Trang, Amphoe Muang, Trang 92000

°National Institute of Health, Department of Medical Sciences, Amphoe Muang, Nonthaburi 11000, Thailand

ABSTRACT Dengue haemorrhagic fever (DHF) is one of public health problems that has Aedes
mosquitoes as vectors. The incidence of the disease remains high in Trang province, particularly Muang
Trang area. The effective prevention and control measures for DHF vectors are needed in order to reduce
the incidence of DHF, while the existing measures are currently not effective as expected. The use of
LeO-Trap and zeolite granules could be the effective devices for controlling Aedes larvae. This study
aimed to evaluate the control method for Aedes larval control using LeO-Trap and zeolite granules in
Muang Trang area, including Banpho and Na Tham Nuea sub-districts, between June and August 2020.
LeO-Trap sets were installed in 100 houses per sub-district. Aedes larval indices: Container Index (CI)
and House Index (HI) were carried out and the number of mosquito eggs were collected and compared
with the control sites. After implementing LeO-Trap for two months, CI and HI in Banpho sub-district
were declined from 28.29% and 87% to 12.88% and 47%, respectively. The total of 64,359 eggs was found
in traps, while the percentage of trap containing eggs was 93.25%. In Na Tham Nuea sub-district, CI
and HI were altered from 6.58% and 33.0% to 3.50% and 41.0%, respectively. The total of 53,125 eggs in
traps was demonstrated, while the percentage of trap containing eggs was 92.79%. Moreover, in
Banpho sub-district, average of the number of mosquito eggs was statistically different between indoor
and outdoor traps (p=0.03), as well as no DHF patient was found after placing traps for one month.
LeO-Trap and zeolite granules could be an effective device to control Aedes larvae, possibly leading to
an additional vector control to diminish the populations of Aedes mosquitoes and the number of DHF

patients in the future.

Keywords: Ovitrap, LeO-Trap, Aedes., Dengue Haemorrhagic Fever, Trang
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Development Program for Thai Medical Laboratories for ISO 15189 Surasak Muenphon et al.

Development of Accreditation Program
for Thai Medical Laboratories in

Compliance with ISO 15189

Surasak Muenphon' Patravee Soisangwan' Siripan Wongwanich® and Nattakarn Laieddee’
'Bureau of Laboratory Quality Standards, Department of Medical Sciences, Tiwanond Road, Nonthaburi
11000

’Retired Goverment Offcial, 53/1013 Chaengwattana Road, Pakkred, Nonthaburi 11000, Thailand

ABSTRACT The Bureau of Laboratory Quality Standards, Department of Medical Sciences, Ministry
of Public Health is the only accreditation body in Thailand providing medical laboratory accreditation
program according to ISO 15189. This accreditation program has a full member status of Mutual
Recognition Arrangement (MRA) under the Asia Pacific Accreditation Cooperation (APAC) and
International Laboratory Accreditation Cooperation (ILAC). There are 193 registered assessors who can
conduct the medical laboratory assessment according to ISO 15189. From B.E. 2547 to 2562,
accumulated numbers of 201 medical laboratories in Thailand have been accredited in compliance with
ISO 15189. Despite a number of success in quality improvement was shown by medical laboratories in
Thailand. However, the data obtained from the accreditation processes analysis also shows the weakness
of the processes that needs to be improved further. Therefore, accreditation body’s strategies have been
established to enhance the effectiveness of medical laboratory accreditation programs. By simplifying
procedures, reducing time and reducing the number of documents, used in the accreditation processes,
and then focusing on enhancing the competencies of voluntary assessors from external organizations and
all internal personnel of the accreditation body. Developing a more proactive form of communication and
public relations has been included. It aims to raise the medical laboratories that certified by national
standards to become ISO 15189 accredited laboratories. At the same time, the medical laboratory
accreditation processes has been developed to be faster which reduced the duration of the accreditation
process from 220 days to an average of 77 days, by implementing the Electronic-Accreditation process
(e-Accreditation). We are committed to expanding the scope of accreditation covering the preservation
of biological substances in accordance with the ISO 20387:2018 Biotechnology-Biobanking-General
requirements for biobanking by B.E. 2565. The study also proposes ways to improve the management

structure of four accreditation bodies in Thailand.

Keywords: Accreditation body, ISO 15189, Medical laboratory
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Protaine Structure Analysis of Therapeutic Monoclonal Antibody Puntawit Natakul and Anurak Muangsaguan
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Higher Order Analysis of Protein Structure
of Therapeutic Monoclonal Antibody by

Circular Dichroism Spectroscopy

Puntawit Natakul' and Anurak Muangsaguan®
!Institute of Biological Products, Department of Medical Sciences, Tiwanon Road, Nonthaburi 11000
?Chulabhorn Research Institute, Kamphaeng Phet Road, Bangkok 10210, Thailand

ABSTRACT Therapeutic monoclonal antibodies (mAb) are protein drugs that have a unique amino
acid structure. When there are any changes in the structure due to environmental condition; pH,
temperature or increasing production. Their safety, quality and efficacy may be affected. The
determination of their higher order protein structure is performed in the in-process control and drug
substances but not in the finished products. The purpose of this study was to analyze the protein
structure of 5 mAb drugs (4 reference drugs and 1 biosimilar drug) registered in Thailand, using the
circular dichroism spectroscopy technique in two ranges of wavelengths: 190-250 nm (far-UV) and
250-350 nm (near-UV). The study demonstrated that the protein structures of all samples showed
the specific pattern depending on the product type and the results were conformed to those as their
registrations. In addition, we found that the protein structure of the biosimilar mAb drug was similar to

its reference drug.

Keywords: Monoclonal antibody products, Biosimilars, Secondary protein structure, Tertiary protein

structure
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9 -0.3 0.1 -0.4 -0.2  -0.382 0.129 -0.490 -0.309 21.36 22.18 18.40  35.24
10 -0.3 0.2 -0.5  -0.2  -0.394 0.137 -0.474 -0.303 23.79 4599  5.49  33.99
11 -0.4 0.1 -0.5  -0.3  -0.384 0.139 -0.490 -0.301 4.17  27.88  2.01  0.17
12 -0.4 0.1 -0.5  -0.2  -0.379  0.147 -0.487 -0.288 5.54  31.74  2.60  30.52
13 -0.3 0.2 -0.5  -0.2  -0.397 0.134 -0.470 -0.288 24.34 49.81  6.38  30.48
14 -0.3 0.1 -0.4  -0.2  -0.350 0.141 -0.475 -0.305 14.33 28.83 15.73  34.43
15 -0.2 0.1 -0.4  -0.1  -0.401 0.129 -0.473 -0.303 50.10 22.18 15.34  67.00
16 -0.3 0.2 -0.4  -0.1  -0.403 0.114 -0.491 -0.313 25.50 75.44 18.45  68.09
17 -0.3 0.1 -0.5  -0.3  -0.391 0.119 -0.478 -0.287 23.18 15.97 4.60  4.71
18 -0.3 0.1 -0.4  -0.2  -0.396 0.115 -0.476 -0.291 24.24 13.04 1593  31.27
Auads -0.33 0.3  -0.44 -0.19  -0.38  0.13  -0.48 -0.30 14.77 1.68  6.77  34.30

SD 0.067 0.049 0.051 0.073 0.012 0.013 0.009 0.009
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Development of Image Measurement
Viewer (IMV) Program to Measure
Difference between X-ray Beam and Light

Beam of X-ray Machine

Surachai Tuiduang
Bureau of Radiation and Medical Devices, Department of Medical Sciences, Tiwanond Road,

Nonthaburi 11000, Thailand

ABSTRACT Testing of X-ray machines according to the quality standards of medical diagnostic
tomography have requirement to check light beam. By the overlap between the beam and the light beam
each side of the beam limiter shall not exceed 1% of the distance from the x-ray tube focal reference
position to the image receiver. If the light beam and the beam do not match or exceed the standard will
flatten the results of radiographic diagnosis. Hence, a computer program was written in C# to examine
the beam and beam distortion. By comparing the measurement of the X-ray beam with the light beam.
By reading results visually and programmatically, the maximum difference% is 75.44% and the minimum
difference% is 0.17%.

The data were obtained from the Dependent t-test to compare the reading results with the
naked eye compared with the programmed reading (left, right, top and bottom) that each area was
different significance statistically or not. Found that reading results with the naked eye and reading
results with the program on the right no difference for the remaining three areas of reading, the result
is a more accurate reading. This shows that in reading the results with the naked eye, if X-ray beams
appear on the radiographs between the imperfect scales, making them more error-prone and different

than reading results with a program.

Keywords: X-ray quality control, X-ray beam, Light beam, Program C#
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Tugaamnssumandaiiliadatulsg anafimaduanslulasduaslunse wiaindazaslulasd
wasndevasluase TeadioguszadlfifumstudaielosfumaasaduloveuuaiiGanandndioy
Tunatiu (Clostridium botulinum) fisansaanansisiitanuihiivguusdonyud - lulasdhetosiu
mstianauiliieseaed uaﬂf\)wﬂﬁﬁﬂ%’luqmamﬂisuwﬁmﬁmﬁtﬁwﬁﬂ (cured meat) o 1¥iRadua
anmnwnmsNuasslulasdiululalnaiu (myoglobin) ludsaululululastadlulasy (mono-
nitrosylhaemochrome)®

Tuasaamnsaasuludululasdlamannufiseiiaiumealusames wiassuinmsiiu
Snwitlianzan nuywgSulszmumsialuesadn i lusamenndull s lifusuens
doquamld Hluasaazgnidsudululasdlasuueiideluhnuaznszsmzenns lulasdzwdsudlilnedu
(heamoglobin; Hb) luaundlulnadu (metheamoglobin) ml¥tiasnznesandiauluwmas auhaeins
dudien saumds welaveud thedsuz Wladud Teswwmadndnienuiiufivguusannnihglie®
vannniilunssumawmuadduzashsmaemelussuumaduans mslulasduesluasaaariliie
Endogenous N-nitroso Compounds (ENOCs) gutlussiananenza ) a.6. 2006 wihsnu International
Agency for Research on Cancer (IARC) 5ﬂ1ﬁ'a§|:1u Group 2A Aa mamﬂuaﬁﬁamﬁﬂuwm‘f (probably
carcinogenic to humans)“?

Joint FAO/WHO Expert Committee on Food Additives (JECFA) Tamuuae Acceptable
Daily Intake (ADI) #a ehUSinamslasulumsauaslulasddaiulaslinalviiaduanadagumwaasn
2§98 137 0-3.7 uaz 0-0.07 faan3u/Alaniy thutinddau®” museu Tuil 2554 nAM Waawd
uazaoiz Ussiiumsldsuluasauazlulasdannmsuslaailadafulsslaestszansing aguldh maldsu
fuifalulasduasluaseiiszdumissesmauslaadiada fulssululsznasmlunnngueny fieend ADI
Tosnguiszmnnseny 3-5.9 T Wunquiliiszduamudssganinguangdu® mutszmansensrassoig
@i 389 (w.a. 2561)® lauSuasummualiliuazuSinamsandnawiululasdluiu so daaniuda
Alansu Tundasariiadat 1dud Tdnsan uaw weau wiua nuidies Wudu duluesalildmmuamnasgu
wasshuldlulasdluwdadrinygsa gntu wywdaiiamsse vyveas nyvdaiilony aglsinudinenna
wumaananzaslulasduaslumsalundosasiidadofUnaguiuinessu uannniudwuluwdodusd
o1 si liszyFinamsld masumeldiulusinamnnvielduiliulsshaaliidasuass diin
aumwuazaNlaaansamns Wladgnmmsdsziumslasuduialulasduazluesennmsuilnandanoe
iladat Toaldusinamsanduaslulasduas lumsaludaseiidsinned Tuilussanm w.e. 2550-2561
iannuamumsaiiinamaandseatlulasduaslumse Ussiiiumslddududamsdsnannnmauilaa
waadniiladat wosdinuemadslagmhinisudisudua ADI wastayadldmunsahluldinsan
muuanaspuiiaauasaslssnzunnmauilaaamsnguideld

msdszdiunslasudues (exposure assessment)
msUsziiumslasududgasannmsudlan Wumsuszudalsmnadsenudulylanguilan
P2 o s k4 v Y A o 1 = 4 a
ninauazlasuanslulasduaslumsadnlulusneme wdaslddayasany 2 da e 1) dayganmsuilanams
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Usziriwwasaulne Fldnndayamauslaaannseeslsamalngrasdninnumnaspuduamineasuazanms
v a (9) v = "L VL I3 1 191 a s a o ¢ & o ¢ ' a
uhind (une.)® 2) dayavsinalulasduazlumsaldnnmsanainziudadasiiadaiudazsia
ihdayamnawadimnamsiasududaasaslulasduazluasaiuilnadeiy Tagldmsvszdfivuuuge

(point estimation) muaumsN 19

M35 LASUFNEENNIMSUSLAA (Hadnsuaanlansy 1vinmaain)

USunae (Fadnsuaanlansy 8195) x YSinamsuslae (nSuaailansy utnemaeiu)..... aumsi 1

1000

= a Yy @ o dq’ Y Y a o a a a o 4
msdnmnmsdsudiumsilasudueail Tdayausmnalulasduazluasanonaiensilundano
diadadlud w.e. 2559-2561 USinaiammalemuannsh 2 Imsnenunansd mniensileann
LOD azvenulsinuy miieszileamnil LOQ assenuaisenn LOQ drumiieszilonnuwas
#and LOQ asneanuaiionany wazlduwmamsannamslasududa 3 uuu laun
- ™ (lower bound) @8 KAMIATIVIATILHNAAIMAT LOD wazmann LOQ azunue
G‘T'JE] “g”

1
1o 1

- @naN (middle bound) Ad WANIATIANIATE 'ﬁ'ﬁmmmw LOD unumaig “1/2 LOD”
@A LOQ unumme “1/2 LOQ”
- @1g9da (upper bound) @B HAMINTIVIATIE ffienenin LOD unueehe “LOD”
udmnenH LOQ unudee “LOQ”
milialiladayaihintssfiumslasuduiaasauaguinanuamatnasuuaseiionnh LOD
wia LOQ Hliaainsassyinaiuiuould
mwasinamslasululasduazlumsannudazudasan Tosldamasaslsnamsuaay
HAeAe uazUSinamsuslanamdulsznsiawae (per capita) LLazLawwspjﬁu%Tﬂﬂ (eater only) 218
3 Piulu enuiulFmaemsdaihnindguslnadeiu ihsinamslasuamsnnnauaasasiinsumiu
USsnamslasuasnanue (total exposure) nnmsuslnaudasasiieda’ nadnhlunSsudsuiue

ADI #aalulasduazlunse Taamuiauiy margin of safety (MOS)

msulSsudsunslasuduianua ADI
44' Vv =3 :x' Yo '3 al a v I's :§’ 3 4 Y o
va lvinsudeenudasaasmsiasululosduazlunsannmsuslnanaannamitiladnd lagldan
MOS Feualeaai*®

Total exposure

HBGV

MOS =

Health-based guidance value (HBGV) unumea ADI awsululasduazluiase fe 0.07
waw 3.7 fiadndudathviing 1 Alansuuesuilnadaiu muddu

& MOS s 1 ugashusinamsisemelasulinalwifauai liielszaed, MOS snnd 1
udashUsnassiemelasuiiumenulaands
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N5MNAT§IU: potassium nitrate o sodium nitrite fianuuIgndlaifasnd 99.00

&191Ad: acetonitrile (HPLC grade), glycerol (AR grade), lithium hydroxide anhydrous %38
lithium hydroxide monohydrate (AR grade), boric acid (AR grade), hydrochloric acid (AR grade),
gluconic acid solution 50% v/v (AR grade)

Lﬂ%aaﬁauazqﬂﬂstﬁ'

1389 HPLC wiande Photodiode Array Detector Toefidhudsznavay 9 29952uu HPLC 17y
quaternary pump, auto injector uaz column: IC-Pak™ Anion HC (150 x 4.6 mm), (P3P 4 UL,
N192M©N389 Whatman No.1, syringe filter (nylon %% GMF 211 0.45 %38 0.2 um, dia. 13 mm)
uazLeiaaut class A

ZeREAN

wansasiilada fdnuiihundosasiiladafulssunnidladat lusuiumsude guaneaiinsis
Tulasdvdaluesadialdidumsiwds ailamadssguiaiaudsuiumsuslnadada il
mautsgy Teadathendasasiifadoiulssuiidnmnid suu 1,281 daehe winilu 15 Yssan dsenay
ge ldnsenla lénsenuy (Wu fiihenma Tulah) ldnsendau uwuuvy wyes nuides wan weay
gy yuaaden iouwaaden gniiuny gnauile gndula uasgnauld udauazdinslasdiinnu
AMENIINANITANIMTUALE) UNNUMBTUFUIIVIN uazuTENENIUEAN 7 lugrhauaaIAN W.A. 2558 B
NUENEU W.A. 2561

Fensiusinalulasdnialuinse

Fadegiuaudilstann 10 ndn (Tuiiniviniiutuey) @uihdeu (50-60°C) 114
50 Hadans muliniu umoeldneialsunassng 200 §833as Wi acetonitrile MU 50 Hadans
e by aielilifegamniivies wasuSuusnasdamhmialasau (DI) nsasunszansnsas
Whatman No.1 aniunsassiy syringe filter %#i® nylon 2@ 0.45 pm wnaledalalalinsassu
syringe filter 211@ 0.2 um fawhlUiwszsiehs HPLC vhms3eszd blank lagldih DI unudaedhs
NUIU 10 HaDANT

Usinalulasdvsaluase (Fadnsudanlansy) = cxvxF s gumsh 2
B w
We ¢ = Usmalwasanselulasdlumeadrenanannsn (lulasnsunaiiadans)

Usuesueemaen (Hadans)

<
1]

w = WNUNIBEN (P5N)

=
[

dilution factor

e nsiUsinalulasduszluasalumiAdensai 158mnasu BS EN 12014-4: 200592 (Juids
AFlunulsza Uszansmweadidienzddmdululasduazlumsalanadei Fasiavaimsasiany
(Limit of Detection: LOD) AU 5 e 10 Hadn5Naanlansy mNa1ou daannazaimsdiadelsunm
(Limit of quantitation: LOQ) tnU 10 waz 20 FadnINEBALANTH MUTAU MIAIUANAUMNYNY
¥BIMIATITIATINY %RPD 23m5iaszien (duplicate) Lsithiu 5% 3105124 control sample (Lf':awgum)
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Toaeldaglugn +3SD uaziimsuhnamegauamuzng (Proficiency Testing) Nuniinen Food Analysis
Performance Assessment Scheme (FAPAS) daLﬁaﬂLﬂuﬂizﬁ‘lnﬂﬂ waagﬂumm*ﬁﬂwwa% (z-score < 2)

wazlunamsnagaunlasumssusasenuamansavasljuamsmuanasgiu ISO/IEC 17025: 2017

We

Wanalulasduasluasalumadsudadasiiadn fulsl
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U 121, 293, 140, 39, 10, 18, 10, 13, 14, 71, 164, 76, 150, 78 WAz 34 e MuaaU wululasd
luldnsanla lénsanuy uruamsy uas A sy WazliBUAAFEn 110U 78, 173, 17, 18, 6, 2 UAE 4 GBS
muaeu laawululasdiiuwsstinanaspuludednldnsanla 2 dreee ldnsanny 10 Mvee unuumy
8 9PN VYUK 2 BEN LasLilpuALFEN 4 dathe Aaludesas 1.6, 3.4, 5.7, 11.1, 40.0 MNIIAU
dwsuldnsandan vyea nuidsamy wevanguila aanwululasdudasisios 1 et Fvyeauasgniuila
WUAAINASILEAAN MY 1 et Aausesas 1.4 uae 1.3 muaeu dwsuluese asrawuluamats

NAUsEAN BniugnZuile aauandlumsn 1

msdsziiunslasudues (exposure assessment)
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wlnadsznsu nuhdsnamsldsududaanslulasdnnmsuslnaudasasidiedainamue (total expo-
sure) ?laﬂﬂfjuﬂ’sz%’m’iﬁnguﬂ (per capita) 17; lower bound, middle bound 8% upper bound ﬁﬂ%mmmi
wslnamasiianynfy 0.0044, 0.0061 Wae 0.0077 Fadniudanlaniy ihwiindidaiu aumeu drulSana
msuilnai 97.5 WasiBulng Aewniu 0.0417, 0.0549 Uae 0.0682 Naaniudanlaniy ihwingadaiu
amuaneu ausuluesafivsinamsuslaamas Sewhiu 0.0064, 0.0103 uaz 0.0139 Aaaniuaanlansy
ihwingadaiu wazSinamsuslaadl 97.5 wadBulnd Hewhsu 0.0617, 0.0934 Waz 0.1249 Taan3y
donlandu hniindeeiu seuaaslumsed 3

dmsusinamslasududaanslulasdnnmauslnawdasasiiado Mameuasnguamzgusing
(eater only) i lower bound, middle bound 8¢ upper bound fivsmnamsuslnamasiiauhiu 0.1141,
0.1409 UaT 0.1678 Waan3uaanlansy 1hwinddeiu muady dulsnamsuslaei 97.5 wWesiulng
fANAY 0.3444, 0.4191 WAz 0.4934 Aaansudanlansy hmindde Ty mumey swsulumseilSana
msuslnawas AWy 0.1961, 0.2610 way 0.3256 Raansudanlansy wwinddeiy wazUSina
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Nitrite and Nitrate from Meat Products
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Nitrite and Nitrate from Meat Products Kittima Sonamit and Ekkasit Dechanuwat

Exposure Assessment of Nitrite and
Nitrate from the Meat Products

Consumption

Kittima Sonamit and Ekkasit Dechanuwat
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road,
Nonthaburi 11000, Thailand

ABSTRACT Nitrite and nitrate are food additives used as preservative and color fixative agent to
prevent offensive odor in meat products. However, these chemicals can exhibit adverse effects on human
health if a person is exposed to their high levels. The notification of the Ministry of Public Health (No.389)
B.E. 2561 (2018) has permitted the residues of nitrite in meat products not more than 80 mg/kg; and the
use of nitrate has not been permitted. This study aimed to assess the updated exposures of nitrite and
nitrate from the consumption of processed meat products, in order to understand the situation of the
residues of nitrite and nitrate, and the risk from intake of these chemicals. In this study, 1,231 samples
from 15 types of meat products were analyzed during the fiscal years 2016-2018. The percentages of
samples with residues of nitrite that did not comply with the legal regulation were found in chicken
sausage, pork sausage, fermented pork, crispy pork, jerky meat, Moo yor and meat ball at 1.6, 3.4, 5.7,
11.1, 40.0, 1.4 and 1.3% respectively. In addition, nitrate was found in all products, except meat ball.
The exposure assessment of nitrite and nitrate from the meat products consumption at lower, middle and
upper bound of all population groups and eater only groups from the national consumption survey
demonstrated that the exposures of nitrate were safe. However, the eater only groups were found to be
exposed to nitrite higher than the margin of safety (MOS), implying that it might pose health risks to
consumers. Therefore, the producers should limit the use to ensure the safety of consumers. Moreover,
the responsible government agencies shall have surveillance by continuously sampling the meat products

and strictly enforcing the law.

Keywords: Exposure assessment, Nitrite, Nitrate, Meat products, Margin of safety
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System Uplink (MHz) Downlink (MHz)
AIS 897.5-905.0 942.5-950.0
Orange 1710.0-1722.16 1805.0-1817.6
GSM-1800 1747.9-1760.5 1842.9-1855.5
DTAC 1722.6-1747.9 1817.6-1842.9

Thai Mobile

CDMA

1760.5-1785.0

1885.0-1900.0

1965.0-1980.0
824-835

845-846.5

1855.5-1880.0
1965.0-1980.0
21565.0-2170.0
869-880
890-891.5

AIS = Advance Info Service Orange = Name of the Mobile Phone Company

GSM-1800 = Global System for Mobile DTAC = Total Access Communication

CDMA = Code Division Multiple Access

P a A v < 9 = o s o PN o s o P! =
OINN 2 mmmauuumanlml%lmmamugmizuﬁ[‘ﬂmwwLﬂaau*nmzmnimﬂwmmaauw’[uﬂ W.F. 2562

System Uplink Downlink
Police 814-819 MHz 859-864 MHz
RealMove - 869-884 MHz
DTAC 839-849 MHz 884-894 MHz
895-905 MHz 940-950 MHz
AWN 1950-1965 MHz 1820-1840 MHz
- 2140-2155 MHz
1745-1750 MHz 1840-1845 MHz
DTN
1920-1935 MHz 2110-2125 MHz
905-915 MHz 950-960 MHz
TUC 1935-1950 MHz 1805-1820 MHz
- 2125-2140 MHz
TOT 1965-1980 MHz 2155-2170 MHz
TOT (TDD) 2310-2370 MHz -
Real move = U3¥m (GeayW e
DTAC = U3 Tnifia uSeiga ﬂaugﬁtﬂﬂﬁu NNe (Mzw)
AWN = U3un waanud hifea Winnasa i
DTN = dune las die e
TUC = U3 ngywes giinasums eeniiieiiy Hifa
TOT = USHm filedl Mne (Wmzw)
TDD = Time Division Duplex (5zUudnassmsladasdanamudNnal)
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AFINNNSNAMINITEIYLFES NANTINTNANULBLNIN T INTANINANLYNTIH (NFNY.) NUFAINTInM lugesees
VLW U (% = v [l < 1 Y El Y LY (S)
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E-field strength H-field strength B-field Equivalent plane wave
Frequency range Vm™) (Am™") (uT) power density S, (W m™)
up to 1 Hz — 32 % 10° 4 % 104 —
1-8 Hz 10,000 3.2 X 10%7 a4 X 1084 —
825 Hz 10,000 4,000/ 5,000/f —
0.025-0.8 kHz 250/ aff Sif —
0.8-3 kHz 250if 5 6.25 —
3-150 kHz 87 5 6.25 —
0.15-1 MHz 87 0.734f 0.92f =
1-10 MHz Lyl 0.73f 0.92f —
10400 MHz 28 0.073 0.092 2
400-2,000 MHz 13757 0.00377'7 0.0046/ ' #1200
2-300 GHz 61 0.16 0.20 10

* Note:

1. fas indicated in the frequency range column.

2. Provided that basic restrictions are met and adverse indirect effects can be excluded, field strength values can be exceeded.

3. For frequencies between 100 kHz and 10 GHz, S,,, E% H? and B? are to averaged over any 6-min period.

4. Far peak values at frequencies up to 100 kHz see Table 4, note 3.

5. For peak values at frequencies exceeding 100 kHz see Figs. 1 and 2. Between 100 kHz and 10 MHz, peak values for the field
strengths are obtained by interpolation from the 1.5-fold peak at 100 kHz to the 32-fold peak at 10 MHz. For frequencies exceeding
10 MHz it is suggested that the peak equivalent plane wave power density, as averaged over the pulse width does not exceed 1,000
times the §,, restrictions, or that the field strength does not exceed 32 times the field sn'eugh exposure levels given in the table.
For frequencies exceeding 10 GHz, S, E, H’, and B® are to be averaged over any 68/f"%*-min period (f in GHz).

No E-field value is provided for frequencies <1 Hz, which are effectively static electric fields. perception of surface electric charges
will not occur at field strengths less than 25 kVm™'. Spark discharges causing stress or annoyance should be avoided.
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YDaLA38E (system) Nlvienanudngege wasiludyana downlink Fududwanaanaaniigiuszuy
nsanyiedaaun® winaziiesarannanalumsirusmsluweazsiud wawe3paNaN lEInaINISouan
= P v A 4 ' < ¥ o ) ' v v < LY Y] v
NazdataInnsuazdnanudeduwiman llihvilinnuhenudusnuusiman lnihgegadiialadu

PR v & A&
2a9tasanala lunaasNunTy

T
N

msanviamenudnanuuiman b luwensunwamuas wuhiamnaheamnasgiuannige

q
]

Uszanm 29,377 v wazluadinamaisnmnnammnasgiuannigalszans 39,170 1 wamINRANNEES
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nmMsaNIamanuvsnuwiman Wi luwangamwamuasng 50 we wazluginaiiiag
walinama 5 Jawia wuhdsmnhanaspiusnasgiann lagluaunuiuiimenuduanuusiman
Iihgengauszana 0.005741 W/m? 589893 laun wauewn fiedszann 0.004590 W/m’ dmsuluama
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Surveying to the Measurement
of Electromagnetic Field Intensity
from Mobile Phone Base Stations

in Bangkok and Perimeter

Arinya Pongsathornpisuth and Apichanan Kongthana
Bureau of Radiation and Medical Devices, Department of Medical Sciences, Tiwanond Road,

Nonthaburi 11000, Thailand

ABSTRACT According to Bureau of Radiation and Medical Devices, Department of Medical Sciences
often received complaints about people health concerns from Electromagnetic field of Mobile phone
basestation. Mobile phone basestation density must increase follow demand. In the present, 4G
technology that requires the installation of more mobile phone basestations. Therefore, to relieve the
concern from exposure the electromagnetic field from the mobile phone basestations. The research team
therefore conducted a survey to measure the electromagnetic field intensity from the 1,656 mobile phone
basestations in Bangkok and in Mueang district of Perimeter in 2019. In order to know whether the
magnetic field intensity value from mobile phone basestations is higher than the international standard
and how dangerous. By evaluating the electromagnetic field intensity use comparison with the standard
values of the electromagnetic field exposure of the general public according to ICNIRP standards. It was
found that the electromagnetic field intensity all 50 districts of Bangkok and 5 Mueang district of , were
significantly lower than the international standards. The area of Pathumwan has the highest
electromagnetic field intensity of about 0.005741 W/m?. The second, Bang Na District has the approximate
value of 0.004590 W/m®. For the metropolitan area Mueang District of Samut Prakan Province has the
highest electromagnetic field intensity about 0.002723 W/m’. The second area, Mueang District of
Samut Sakhon Province with the value of 0.001533 W/m®. The value is thousand times below the
standard criteria. Which shows that the electromagnetic waves from mobile phone base stations are very
low, that is, the electromagnetic waves from the measured mobile phone base stations pose a relatively

low risk or impact on people.

Keywords: Electromagnetic field, Mobile phone base station, Bangkok and Perimeter
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TUsiAuaz Related Proteins lugnilawnsgdn
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unanta  eilaunsadnlddnmigiheiifiamsfaidanmmen Tlustuiussdisznouiiddny Fubnalustuuas
related proteins TugniluadoUstansmwaesenuazaanoanmsi lifalsssd daiumsasnalsinalusiuuas
related proteins lugnielianudrAny ’3mqﬂ'izmﬁm'iﬁnmﬁl,ﬁa‘nmaaummgncﬁawaﬁ%mmﬂ%mm‘[ﬂiﬁuuas
related proteins ﬁagﬂugﬂaaﬂéﬁlmsﬁuas%a‘ﬁﬁmmwﬁﬂ‘[ﬂsmimn‘nﬂmmmmé’ugqLmuﬁuﬂﬁumﬁﬁwm
mnmanaralsy Taswamsdnmwuinisianunmzdemaienzienilaunsada Tenududuaseszning
wuitldRafuenududurasenlugig 0.1 8 0.7 Faaniudeiiaaans laefimanUszanimsaaaulawiiu 0.9998
iasazdruidsvuumnaspuduinsuesmahmluasaudertuuaceeassiunhiu 0.92 waz 0.65 maay
fignsaaazmIAuUNAUINNY 102.45 ansaanRIadilsinalate 0.0250 Hadnsudaiiasans laaidadnaua
msasanuelaunsadni 0.0125 fadniuaeiadans wasdiianuamuiawasueisdionldlumsianed
aquldiisiidnmilianugndasdedalduazminsanhanldlumsanauiinalusiuuas related proteins tila
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msnadavyaIsienzilsinaldsiuluenlawnsadn NS und dasans

UNU

gWaunsadn (filgrastim) ﬁ%'amﬂzy fa granulocyte colony-stimulating factor (G-CSF)
Wulalales (cytokine) ﬁﬁwwﬁwﬁnszﬁumsagsammmaa' (survival) mstiinsay (proliferation)
ms L‘lJa}EIuam‘W (differentiation) u,agmsm%iyl,ﬁui'ﬂ (maturation) 2a4Baanumiiiniinlnsila (neutrophil
progenitor cells) uaﬂmnﬁﬁmLa%umsia@‘?ﬁmu,axnszﬁumsﬁwmwmﬁﬂmﬁa*?im%zyLﬁuﬁﬁnﬁm(”
Tosenilaunsadulddnmngthedlfiaithiauaswuilgmidiodanumeniilng

eNWaunIaANYNHANMEMATANIANGBNINNUGNTIN (recombinant methionyl human G-CSF
win rhG-CSF)® TWsaufiluansardaluenilaunsanndasiivsinamunasiimuue® walszansam
luﬂﬂi%’ﬂHWIiﬂmﬂuﬁiqug uanmﬂﬁyawﬁ related proteins ‘?;\‘IL‘TJ‘L! product-related impurity ﬁaﬂmsa
nssdupiiduiumashemeuazananaliiiaaimsitlifsszaed Jsdudasanvinnsimusunm related
proteins“)IﬂElGh‘ﬂmmﬂaﬂmqiiﬂ (European Pharmacopoeia, Ph. Eur. (2018)) 331.!51 related proteins
ﬁmsaawﬁlumﬂauniaau loun oxidised filgrastim form 1, oxidised filgrastim form 2 (82 reduced
filgrastim uaazziinnoeluSinalaiiu 19 waraasiinaansuuiiausunavue (total impurities)
TaitAu 296

MIANRUSIN related proteins Tuenlaunsaduananmemsnadauzas Ph. Eur. (2018)
semaiialasnTonnilvaenudugauuuriundu visithiiizanlusie Reversed-Phase High Performance
Liquid Chromatography (RP-HPLC) LﬂumﬂﬁﬂiﬂsuﬂmniwﬂﬁmﬁﬂQmauﬂ'ﬁmsnszmaé’maqf;m
Tu 2 wla (phases) fa LWaagiﬁ’u‘?i (stationary phase) LLazLWam?{auﬁ (mobile phase) Tmmvslam?{auﬁ
AFinfusiinssazaedunad (organic solvent)® ashiimsnsznedluandouiilaaazinasuilumy
wadauiildidinh dumsiinsznedldalumaadiuinaadauilddinh mamanBinalsiuludos
snsarlalasmsiSeuiisusanduiuilafia (peak area) waqé’hathqﬁ’uﬁuﬁlﬁﬁﬂwmmimmgm
FnsuUsnalusiufiviveuudr smdumsmusina related proteins ssnsamumalalasnseane
Zovazusiiuilaien (warea) vaslasinlaunsuiienzile

sontudiing Fismesulumsmuangumwaasnilaunsadn Fudng1adeisiengiann
Ph. Eur. (2009)® {laq01igitaneiaananily Ph. Eur. (2018) TafimsUSundauanmemsnagauuas
dindnludnasmseIenansnaIUiRanasay system suitability Tagthassnaspusnhuiise
methionine oxidation wazUff3en reduction @28 dithiothreitol® Ima%’mqﬂszmﬁwaanﬁﬁnmﬁ )
Lﬁ'awmaaummgnﬁaqwaa’i%nﬁmaﬁLﬂswzﬁﬂ%uwmiﬂsauLLaz related proteins 2avenWaunsadiun Loy
38 RP-HPLC 68dnMemManaaauyadisitaszyieny Ph. Eur. (2018) aniumsnagaunnugneass
29935mudamuuares ICH guideline” wazwinUfudmanadauanugnaaswaniditansimaaiilas
woslfidmaidennasnsainmemandmsunnd® winhinlfiduitinaspulumsauguamnnaas
enlaunsadinaall

28819
gnansainanunu 3 e lown enlawnsadn 1, 2 way 3
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Method Validation for Determination of Protein in Filgrastim Surintra Lahnwong et al.

A13LANLAZEIININITFIU

asaiinldlumsnaaauiiu HPLC grade laun 1},’1 (Ligand Scientific CO., LTD.) wa¢ acetonitrile
(J.T. Baker) uazastadl AR grade (Sigma-Aldrich) Town hydrogen peroxide, trifluoroacetic acid
(TFA), methionine, a2 dithiothreitol (DTT)

msmmgmﬂmmsaau (CRS Filgrastim, Ph. Eur. Reference Standard, Catalogue Code
Y0001173)

m’%"aaﬁauaxqﬂmiﬁ

1399 HPLC Shimadzu 34 Prominence Ailsssanaiamsuuulalenasisd (Photo Diode
Array, PDA) Ainsnzinamealusunsy LabSolutions aaauiiniia reversed-phase VertiSep™ BIO C4
(4.6 x 150 mm 2110 5 WlAINAT) GUNDMMHN 20 - 25 BIME@ATeE GUNAMVAN 30 - 35 BeAwaLTed
L3899 4 shumis wazwsunsasluaaupng 0.2 lulaswas

mMse3salaiadauii (mobile phase)

wlataaauii A 3aas TFA U31nas 1 findans luthusunes 1,000 H3dANT LEINTBIAILLAHUNTB
Tuasuzina o.2 lulaswas

wlaeaauii B Gaa TFA US1nas 1 195805 TuthuU3ines 100 f1ad80s 910ty acetonitrile
US1nas 900 Hadans uanhlunsesmeurunsasluaauainag o.2 lulasias

MILHIBNEITNINIFIUEINIUNINAFaU System Suitability
MILA3ENEINIASFIUHAUNTIANEIMIUNTIATLY oxidised filgrastim form 1 uaz oxidised
filgrastim form 2

L@nasazane hydrogen peroxide ANNLINTIU 4.5 NTNADANS UTaNas 2.5 lulasdns asluasnasgiv
Haunsaduanundy 0.5 fadnsudaiiadans Usines 250 lulasdas wanliiniuuanhlualugus
aamindl 20 - 25 asenualdea una 30 1 NTudN methionine 1.9 fadniu nawliidriu nsasde
urunsaslusauzing 0.2 lulasiuns

MIH3BNEIINAIFIUNALNITANEINIUNIIIATIEA reduced filgrastim

@y DTT Y3anas 3.25 lulasans aslussinasgruilaunsadnanudadu 0.5 Haansuaaiadans
U31as 500 lulasans wanldhiuuainlugusammgil so - 35 svenwaides Wunm 60 Wil nsaseis
urunsaslusauzing 0.2 lulasiuns

MILHIBNAIDENIULATEIININTFIUEIBIUNMNILATIZH
WWaanaegilaunsafnuazasnassruilaunsaduarenlilaanuuduin 0.5 adnswy
faiaaans nsasmeuHunIadluaauzng 0.2 lulasns

35AH
1 blank, 51059 UNaUNIFANEIMIU system suitability, ssanesgruflawnsafnanuugiu
0.5 NAANSNMBNAFINT wazmpdNNaunsafndateAsse HPLC guaIou Llagaial1ansinislua
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msnadavyaIsienzilsinaldsiuluenlawnsadn NS und dasans

0.8 fiadansdawndi aangiineani 60 asmnaded Usinasmsia so lulasdns enuemedunldlums
7522308150 215 Wlues NN lElumMsIen¥aemsiaas 1 a39 nu 45 i luue gradient
elution an1EMIBLERY LC 04l

na (W) wapdaud A (%) wandaud B (%)
0 60 40
30 20 80
35 20 80
45 60 40

o a @ o a q o oA a ~ & de v o '

huameNzinemmnalsinalusivlumednilaunsadulalosmsiisuiunldieuasdiac
Weunuiunladesasssinasgpuilaunsada §msumamusana related proteins sansoeuialaan
m3pzazaasiuilanannlasinlounsuiienzvile

NINAFaY System Suitability

MIIATILY oxidised filgrastim form 1 w82 oxidised filgrastim form 2 ToeAtAs12 8 ‘g’]
HAILATIZVNLE Ao TAwae oxidised filgrastim form 1 wazWAuee oxidised filgrastim form 2 @@
relative retention time (RRT) tilaifiaufuiiananissanas 0.84 uaz 0.98 MU 1ipmuInen
symmetry factor 2a9iAvanaoIla iy 1.8 uazA peak-to-valley ratio StwiNNARINUALHNYD
oxidised filgrastim form 2 aasiimlsiiaenii 2.0

MR reduced filgrastim 10g310512H 8 1 WaIATIIA LA Ao WAas reduced filgrastim
@oeiien RRT watfisuiufiandnuszanas 1.04 uazen symmetry factor 2asiianangasiianlaiiv 1.8 uaz

@ resolution faeN@ lNpaNIN 1.5

NMINAFBUANINGNABILANITIATIZN

ANNMUWIZYDNID (specificity) Ianzdansinasgruilawnsafuanudniy 0.5 Nadaniu
AaNedansg, nWawnsaduauIu 3 MveN, formulation buffer 289enWawnsady, #oe19 monoclonal
antibody, #8814 interferon waz blank (1?1) mﬁLﬂﬁzﬁw'rNmimmgmLLaxé’hatiwﬂauniaauﬁlﬁﬁm
Tiualuluiiamafieniu #a chromatographic profile finansadeiu Taglifimssuniuwasssauludat

anailudunsiwadds (linearity) Jlanzvdansinaspuilaunsaduanudngu 0.1, 0.3, 0.5 uay
0.7 faansndaiadans Y 3 21 1hHaIATNIR LAna N NNaNAs ST NS sINATT I
LLa:ﬁuﬁiﬁ'ﬁﬂﬂgﬂ manUszansmasadula (coefficient of determination, R*) ﬁlﬁlmiflﬁﬂﬂﬁllﬁm 1

ANiinaads (precision) Sanzicatilaunssdnaiuiu 6 o TuSudieniu (repeatability)
LAz vTaaflaunsatn 3 Ju (intermediate precision) @iﬁaﬂazdmlﬂ'mmummigmﬁuﬁmﬁ'
(9relative standard deviation, %»RSD) waﬂﬁuﬁiﬁﬁﬂﬂﬁﬂﬁmlﬂ (AU 2

ANNYNABIUBNID (accuracy) LANATINATIIUNaUNTIANANNEINTY 0.25, 0.50 Uay 0.75

a a

fiaansudaiiasans asludhaailaunsadu Seseid 3 9 munamnmiagazeImInauiu (%recovery)
Famsianaglugae 90 - 1109

AeNNe2INIIRIANY (limit of detection, LOD) wazdaninauaimyiadausana (limit of
quantitation, LOQ) ﬁiamqmimmgmﬂaLm'iaauua”aﬁmﬁwm%aq HPLC @ LOD @a anuugy
yavsnsnaspuiiaduanasedyanasuniu (signal-to-noise ratio, S/N) whiu 3:1 uaz LOQ #ie
AnuENTursansIaIUR e S/N whiu 1001
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ANNAINUEEE (robustness) Wasueiss HPLC #ldlumsienzvidisthailaunsady 2
sewaedes HPLC 1 (Thermo, AS3000) Wazta3ad HPLC 2 (Shimadzu, Prominence) Wb
Tienanilalumma3auiioulagldadn t-Test

A liwineurain13’e (measurement uncertainty) wwasfixnzasanaliutusuzas
mslenzimnUiinalusiuuas related protein 10835 RP-HPLC ldud anauigndussansinasgiu
Wawnsady mwlﬁmiuauﬁvlﬁmﬂmﬁmimﬁmimmgmﬂaLm'iaau "TJL1Jmﬁ“l%‘lumsm%ﬂumimmgmu,a::
fhaghailaunsaiin auiewads (intermediate precision) NIMINAFBUANNYNABIUBIIT 1MAN
ANyl usIN (combined uncertainty, uc) wazA NN I wUuauYENe (expanded uncertainty: U)
fszauanudaiu 95% lagld coverage factor (k) whity 2

We

HANIINAFAU system suitability

HAIATEN oxidised filgrastim wuhlasinlaunsuiilaUsenaudaiananuasiinaa oxidised
filgrastim form 1 uay oxidised filgrastim form 2 ﬁ'z’;qgﬂmaanmﬁauﬁﬂwﬁ'ﬂ A1 RRT U 0.86
uaz 0.98 MNMGU laeiauad oxidised filgrastim form 2 liahansousnaananianan leaeedaiau
fauaaalunnd 1 wadtaian symmetry factor 289RANENITNA 0.87 sunaeiiivue da denldfu
1.8 Waz@ peak-to-valley ratio Sz¥INNARANUAZNAYDY oxidised filgrastim form 2 FAwnu 7.74
shutnaminmvue fa slelddasn 2.0

HaILATZH reduced filgrastim wuilassnlaunsuiilausznausefiananuiaziinuas reduced
filgrastim Fgnazaaniniivasfiondn Tasifidr RRT whiu 1.05 dausaslumwil 1 wanmsauane
symmetry factor 2a9MAVANLALNAY 1.71 waze resolution M@=RldWhAY 2.86 Euasifimvue

fa A luhu 1.8 waziienlaiasnm 1.5 MNaIOU

SummarviCamnannd)
PDA - Chl
mAU . . .
Oxidised Filgrastim (form 1) Main Peak (Filgrastim)
Oxidised Filgrastim (fortn 2) (
500i \ Reduced Filgrastim
4 ) A I Y
J “.'1 System Suitability 1.lcd
i "2 System Suitability 2.lcd
3 Filgrastim Standard.led
I e e o o . e e e o e
24 25 26 27 28 29 30 31 32
min
= . e
2 1 TasanlaunsuuEaINeNINAaaU system suitability

HANIINAFAUANINGNABIYBIID
v s a s a = . a a
HAMINAFTDUANNYNABIBNITNMIIANiUTINalUGAULS: related proteins luenlaunsatia
10835 RP-HPLC "8a:188003il
AMNINUNIZYBIID HaIANEHEITINeIgI U aunsafuuaz@ad Nl aunsafuny 3 ar1aee
Moy P o A v o o A o Y '
Tasnlaunsuiilausngiienaniien RT Inatdseduiiuszanas 20.37 il luanefia1a819 monoclonal
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aca < 1a = a = a g
msnadavredloieNeiUsinalusiuluanaunsad ’e‘!'i‘u“Vl’i'] NIUNEA LLITAtE

antibody waz@aeN interferon lifiWalsnngiar RT @ennunuiinnanaosssinnsgIunazaingi
Haunsatin wWudedny formulation buffer 2a9maeeilaunsaduuas blank NliwufinsunIu WAz

aadalaunsady aanaaalumwi 2

Summarvl Camnannd)

PDA - Chi

Main Peak (Filgrastim)

A Filgrastim Standard.led

/2 Filgrastim Sample 1.lcd
Filgrastim Sample 2.lcd
Filgrastim Sample 3.lcd

b 7/ .5 Interferon Sample.lcd

= - : — -6 Monoclonal Antibody Sample.lcd
R E— - — " -7 Formulation buffer.led

"8 Blank.led

15 20 25 30 35 40
min

i 2 Tasinlaunsuuaainamsnadau Specificity

anadudunss nnwinessussINeNuENd U eI s sIUlaunTERNN 0.1 - 0.7 Hadn5N
v a aa 43’ dl Y e v e Ad'
faNadans uwaziunlanawan uaaennuiduassasuaaalumui 3

50000000
40000000 —
[t /
3G
S 30000000
&
= /
LN
4= 20000000
=
a3

,/////, y = TE+07x - 2E+06
10000000

— R = 0.9998

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

ANULTUTRIANsINAsgIuTaunsaiy TadnIuseliadans)

‘ﬂ' \ v ¥ a a ﬁy d‘ Y e
MNAN 3 ﬂiﬁWNﬁﬂiﬁTﬂ‘J%WﬂQ ANNLNTUY mmsmmgmmla unsaAuuazNunlananan

ANNNEIE2935 HaATIAIBENWaUNTEAN 1 NANNENTY 0.5 TadnSuADTadaNT DUIU 6 2N
Tududennu (repeatability) lam %RSD iU 0.92 LaLHaNINAFaUANNINEITLYINNIY (intermediate
precision) lagnagau 3 7 lam %RSD WU 0.41 Auaalumi 1 uae 2 MuaIau
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AN 1 KAIATVcagNNaLnIFRN 1 WU 6 21 T ULPeINU

asadi Huiladiansn
1 27368324
2 27516930
3 27479649
4 27512770
5 27943015
6 27959771

%RSD 0.92

M1 2 WP VeedNNaunsady 1 anadaus 3 Tu

v

A e v ~ o
Wu‘rﬂ(ﬁmﬂ"nﬁ]\‘l‘w [R)GI

il 23 Y i %RSD
ANN 1 ANN 2 ANN 3
1 34196436 34550036 34867978
2 31804264 31949238 31635829 0.65
3 33780542 335833456 33916357

v aa a I'4 Y v v ] < oal o
ANNYNABDIYDNIG WRILATIEH %recovery ‘vflﬂagslumq 90 -110% Lﬂulﬂmmﬂm‘mwmwuﬂ

AAULFAI LUMIN 3

M3N7 3 A %recovery NlAINMINAFBUANINYNADIYBIIT

%Recovery

nadauAssfi  Spiked by 0.25 mg/ml  Spiked by 0.50 mg/ml  Spiked by 0.75 mg/ml

Filgrastim Standard Filgrastim Standard Filgrastim Standard
1 95.65 96.20 97.73
2 101.45 103.80 106.82
3 107.25 106.33 106.82
Mean 101.45 102.11 103.79
Overall Mean 102.45

LOD uaz LOQ uamanadauiild wuhanududunasnanasmuilaunsaduiiasiigaiisang
Unngiievanuazliar S/N sumulnaidss 3 Aa 0.0125 Taaniudaiiasans (A S/N U 8.14 lag
§ %RSD ynNU 3.26) LLa::mmL?Tuiuwmmsmmg’mﬂaLmsaauﬁiﬁ@h S/N lnawpes 10 @ 0.0250
fiaanSudafiaaans (A S/N whiu 23.72 Tasd %RSD Wi 0.20) daiiuah LOD whiu 0.0125 fadn3y
AaNaRanNs waza LOQ wNNU 0.0250 NaaniNaailasans muaau
\ NsNINSAINNNFASMSUNNG
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msnadavyaIsienzilsinaldsiuluenlawnsadn AuNe vanund uasans

AnuAIMWans iawdsueias HPLC #ldlumsiesnzddagailaunsatin 2 fiamudiudy
0.3 fadnSudefiadans wuildiailasaaaslumsed 4 dammaSsudsuiuildienanlanldana
t-Test WU @ t Stat wWhiy -1.31 fieiiasnda t Critical two-tail 39WhAU 4.30 GatuNadIANEWTIaENS
Taaadas HPLC 1 2 wadas fidlduaneiuathaiidaaduiissduamaudasiu 95

M5 4 NuUNleNevanuamatNWawnsadn 2 Miwzlawiatldsueias HPLC

s Wuilanenan
A3l
HPLC 1 HPLC 2
1 15487548 15405350
2 15674064 15532550
3 15362500 15533461
Mean 15508037 15490454
%RSD 1.01 0.48

anuliivaurasnisia fszauanudany 95% (k = 2) MmN lNuiLUINLELAIANN
Tsiwsiuauzensrasnmsmysinalusiulumagralawnsa®ueinny 0.012 waz 0.02 TadnsuaAaliadans
muaeu Aanuliuduausivuazmenyliniuauzeazaimsmusuna related proteins lTuaaeng
Wansa@NYNNY 0.007 LB 0.01% MNAIAU

a 4
VI

MTIATIEA related proteins 19g35 RP-HPLC lu Ph. Eur. (2009) wuamensm oxidised
filgrastim whity doanlu Ph. Eur. (2018) ladmswannenuaninsasadislasmsisusnnzmsnagau
tialiamsodeszd related proteins %ile oxidised filgrastim form 1, oxidised filgrastim form 2 wag
reduced filgrastim luahsmnasguilaunsatule diiulannmmaasy system suitability iadaens
@Y related proteins ludlagaWaunsadnaznsivlennmsilSauiisua RT 2aefinves related
proteins lussnaspuilaunsadniinegavly system suitability Hutes Toginasimsaaduzes Ph. Eur.
(2018) 52U related proteins udazriadaiiusinalithu 19 wazdeaiivsinamsiudiausinnanue
(total impurities) TaitAu 296 doanlu Ph. Eur. FiimsuSutpagaludl a.a. 2019 ldfimsusunas
maaaduiudaeiivsuna related proteins unazzfialuiv 3% wazUSanaesuuilousiunavualihy
6.5% TaglilgiimsuSudauannzlumsnasauudaghsle aghalsiaunmsmiu3ana related proteins
luenilaunsadnarsiiarsaneu Ph. Eur. uazinasinsanaueadsHansines

NnamsenmenTzadsudasiuhdethilaunsatiung s s luualulumadiondy
nuansunasuilaunsadn laadl chromatographic profile findheadety uazd RT #INANaNUIINgG
fnalnddssiulaslaifinmssunmuresasau q ludeghs (formulation buffer) uaz blank lunaizfinans
31AT1:12096284 monoclonal antibody uazdiaghy interferon wuhlifiiausngiien RT denfuiu
WAnanuaINsINATIIULAzaatalaunsafy Msasadauanuudunswanilasmsanmnnessu
sswiwﬁumﬁﬁwé’nLLasmmLﬁ'uﬂ'uwmmsmmgmﬁlmm‘sauﬂsaau waasliidiuinduasidenud
wuasslugnenuENdurssasinasIulaunsadin 0.1 63 0.7 Fadansuaaiiasans i R? AU 0.9998
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NAILATILUN latilanadaumadeilaunsady 6 % Tududenuuaznagaumadunudny 3 9 wansl

WuIBlfianuies KanMImMaaaUANNNABBNIS WU %recovery NALNAY 102.45% g luzn

90 - 110% Wulumupaminmvue dwnsuer LOD war LOQ ez laiaiasninanudnguyas

MataNaunsadNgINLYN 0.3 war 0.5 Naansudeiadns wanalwiiunUSnalusiuuas related
. N'A g YV Add‘y L L d' L k4 Ny d} =1 ac d} cl' dl'

proteins MaszmeIsilagluszauiisaniuld vannniiiafnmanuamuzadisiiisasuniass HPLC

plElumsieneialagralawnsady se119e389 HPLC 1 (Thermo, AS3000) NHLA5240519I0aNSHUY

o a d

@ﬂnﬁuum%ﬁﬂga Ieeinamelusunsa Chromquest LLamﬂ%'aQ HPLC 2 (Shimadzu, Prominence)
#flnintasaiemsuuulalanszisd (Photo Diode Array, PDA) Siasizvinasalisunsy LabSolutions
Togldmesuilideniulumsiensiilisuiio Seusieistnsiaiaasuesnsasniaaiiuauazsiany
ugnsaeunIasiinnuaansolumsiamgandunasiinanuenaiu 215 wluwes Idmudeniu et
IdfiansnuasdaailaunsaduiiiansildnnudaziaisandnawSouisulosldada t-Test Faag
Tehuamsianzvusinalusiuludmaiailaunsatulnainiss HPLC maaaaiaigananilaluiuanaiy
Aszduanudasiy 95% dmsuenuliudusuraimianseauanNdaNy 95% (k = 2) Wyl
ANy liwiuausInLazAm AN IuiuauzeneuasmsmUsinalusiulumagailaunsafnwnu o.012
Waz 0.02 NadNSNARNAAANT MNAEU AANN INwLLBUTINWazMANNlNLILBUEN BRI TINUSIN

related proteins TuapeNWAUATFANWIINY 0.007 WAL 0.01% MUIIAU

a5

9

NamamanagauANugnaasavnauaadliifiuiEmsiensiuiinalsiuuas related proteins
Tugnlaunsadn Taeds RP-HPLC mu Ph. Eur. (2018) ({idndanusume ANNYNHBY ANNLTIEN ez
fianuasnu wmnsandmiuihinidhAsinespumsissjidmsiiemuauaamwenilaunsaduiinmie
ludszimanasarivayuaadugaamvnssumsudnefaunsadnlulssmamuuaunannissmnalng 4.0

Aeenssndszne

YDUDUAM WNAEITH 2Q3NafIUY mhnguudasaeimelulagdimmwiiiamssnsmnnlviamuusin
LAZATIVMUANNNABIVBININAFDUANNINABIYBIT Uas A5 §MWs glans Fennemsaniudiing

nlsnwmlumsaiiiumsnasauanugneadwasis
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Method Validation for Determination of Protein in Filgrastim Surintra Lahnwong et al.

Analytical Method Validation for
Determination of Protein and Related Protein
Content in Filgrastim by Reversed-Phase

High Performance Liquid Chromatography

Surintra Lahnwong Saiwarul Jadoonkittinan and Supaporn Phumiamorn
Institute of Biological Products, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT Filgrastim is used for a treatment of patients with low leukopenia. A content of protein is
important for an efficacy of product and related proteins may cause side effects. The objective of this study
was to validate an analysis of protein and related protein content in both oxidised and reduced forms by
reversed-phase high performance liquid chromatography using European Pharmacopoeia condition.
The result showed that this method was specific to filgrastims. The linearity was found between the peak
area and the filgrastim concentration of 0.1 - 0.7 mg/ml (R*= 0.9998). The percent of relative standard
deviation of repeatability and intermediate precision were 0.92 and 0.65, respectively. The percent
recovery of accuracy was 102.45. Moreover, the limit of quantitation and the limit of detection were 0.0250
and 0.0125 mg/ml, respectively. This method also showed good robustness. In conclusion, this method is
precise and suitable to measure the content of protein and related protein in filgrastims for the quality

control of the products.

Keywords: Filgrastim, Protein content, Reversed-phase liquid chromatography
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msﬁﬂ‘mmwgnﬁaﬁ%’iLﬂswzﬁﬂ%mmuauauaﬁ
na Filamentous Haemagglutinin lu@dsu
%gﬁuﬁ’ﬂsﬁﬁﬂi’ﬂ%ulaﬂsuﬁﬁmvl%’lfziaaﬁﬂﬂ ELISA

afidy Anasams Saanuwn Sndw amasad e 33eNNed WIUAMEIIN wazgnINT Hiiaws
FOUTVIOG NININNAMFNTNISUNNE AUUGNIUUN UUNYF 11000

unanda Indulansuriialsizadindnludseinail Filamentous Hemagglutinin (FHA) ({uasddaaiianiie

1
= v ]

Zdasiimamuauanuustlilainasyu msdnwiiFuhmananauendiensiismuanaamniagulus

U
Ui

%

Gng %ﬁlé’ﬁﬂLﬁumsﬁnmmmgmﬁ'aﬁ%%miwsﬁﬂ%mmuauauaﬁ@ia Filamentous Haemagglutinin Tu#Su
vinshaasedulansuriinliimadles ELISA wansany wuidadanusmzuasiianuiuduasslugs
ANNENTUIDY anti-FHA 529719 1.95-4,000 mIU/ml fendudszandandunusinnni 0.99 dasdanmsia
BIUTaYIAY 3.91 waz 4,000 mIU/ml #1AINAEDE 1IN 15.62-1,000 mlU/ml Aausuiian
ANNAMALAADUTNWNSDESTITN ~1.34-1.69% anuifisaiimdulszandanuulsusiuagssning 2.23-20.00%

a1V @ = IA( ' J v acd o
Llﬂzﬂ'J"IN‘Vl’u"lla\‘l'JﬁNﬂ?ﬂllﬂi:ﬂﬂ‘ﬂﬁﬂ'ﬂNLLU‘SU‘J]UBQ‘S‘S‘WUN 12.21-19.68% NaLLﬂﬂﬂiWLﬁu’JTﬁﬁNﬂ)WNQﬂ NLUNIZTY

Mansoldaannuusiae FHA veddazulansursiialsiwadle

maaw: 1adulansuniialiizad, Anuusy, anti-FHA, ELISA
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ELISA Method for Potency Assay against FHA in Acellular Pertussis Vaccine Apichai Supasansatorn et al.

UNU

Tsalonsu (Pertussis) (Hulsadadarasszuumadumeladiuuy fiAenndauuaiide
Bordetella pertussis pjﬂam::ﬁmmﬂaﬁv’ﬂmané’nmﬁ Hudesfiiennmemelagunnmunassinisle
#i3an7 Whooping cough Tsnlansudiadaiulahe TﬂaL%ya%ﬂismﬂagﬂuasaawauawz ‘fw‘ﬂ e
waspthe LLas%aﬂGiafTuLﬁaazamLﬁmﬁﬁi;‘jﬁszwwmﬁumﬂh éau’lwnjamLﬁammﬂ&j‘lwmﬂumam%’a‘?ﬁﬁms
fodaudluilorms (carrier) wiaiimmsliann lsalansudluldiumsnaaudiiiauusn® wnmsnagiasnh
6 Wauiiiinnsunandau Radsasnaunnmsiadaasiomasuusiwasdanmadeiags® dagtuuih
adudmsuilasnulselansuwadalaamansamanlvvue Wl ®

Sagutlearulsalonsuil 2 wila Aa SedulansuriiafivhanuuaiiGenasad (whole cell: wP) wat
%l lswas (acellular: aP) %qwauagiﬁui’ﬂ%usauﬂaﬁu—mmmé’fﬂ ({luSadu DTwP w3 DTaP Saduia
2 wiailiszansmwlisheiu Tos DTwP Wuiaduildluukunuahusiugiduiulsazasszmalng
audt w.e. 2520 wd DTwP Wy azvhliiieemsiadssnnniy DTaP lasdniildsusedu DTwP
anazildge imstn n3esesnu wisiiamzisauuazlinauauas (hypotonic hyporesponsive episode)
Funagumelu 48 tlue nasldsuiatu wP doiadu aP lidelWideujasenilifalszasdaanan® Jagu
aP (Huiaduiindennmsatammzundiussdidalansuiimansonssdqulisumesigiduiulse
Tasahuilsznaureaidalansufithannaaiadu 1dun Pertussis toxin (PT), Filamentous hemagglutinin
(FHA), Pertactin (PRN) waz Fimbrial agglutinogen (FIM) TagSafuiindanainudazusem
sziidusznavrasdialansuuandefuldnaud 2 81 4 dulsznau wieadulensuriialfiwadasil PT
uaz FHA luduisznaunan FHA Wuluanalwajaine 367-kDa filaseasaugy hairpin-shaped
e lansuwh garuumudumelasgiuuy FHA azyhmhfimeRu ciliated respiratory epithelium vyt
GT)L%"Vaagiiusxuuwwﬁumahloﬁ” wdrsas PT Failu exotoxin ﬁﬁqw’ﬁ{mﬁamwmwi'u lymphocytosis Wag
pancreatic islet cell activity saunamienivhliemeldadamiu®

4

MSNANTATY aP 289Uz UTENIZHANNUANEINAY Laun ANNUNAINHAIBYBIEIENUT
duzelansu 357l lumswan Saildanadulsznaureda 33msvn 1y PT vuaiis (detoxified) naneilu
Pertussis toxoid (PTxd) 52um3U3ana PT uaz FHA ﬁiﬁﬁwqwawamﬂui’w%m Jmbinaduidemyuamme
(product-specific) ¥auaazsila (brand) enenu® fﬂ%um&hﬁﬁmlﬁ%’umimnaauqmmw Useandamw
Usznaumstiunsiiiauen wazdaumsnmbaudazqu® tagiuiedu aP dudalulssmaduiadu aP wuy
Jnawtuund Fuiuiadudusnildwanniulasinidelng l6fumseadninslunmeatssna® 1855ms
wughmnsaiianienuiuiivsadlsfunaudinumuall &liwadnn Yssadenh wazliuszansam
nnnmsldansiai”

MInTRFaUAMMWIAZY aP duanuuss iumsiamsasuaussmegiiquiy (Immunological
activity) Feil 2 75 A9 mouse immunogenicity test (MIT) 8z modified mouse intracerebral
challenge assay (MICA) Tag35 MIT Lfﬂuﬁﬁmsmnmﬂ%mmuauauaﬁiu%%’mawgﬁuﬁ'ﬂsﬁﬂisﬁuﬁw
Sa%u aP Taeld ELISA®” ({hisildiassdupiduiuilidasldizalansuiadhanomyiuinsdes
lvdainasasiianuduihansinunnmiioummageudeis MICA udselsimunauiianihiznms
nedauInldny mhanugmuguaumumesy fe antuding desnmsdnmanugnasadisnau
iasmnnamnusimnzaasiadu (Product-specific vaccine) @amsnagau MINDUAUBNNNYNANNUY BT
neaasiilduazenuuaniluneasdaaiuaauissaudasianlfiins® drnluensdideildwannisns
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ms L ELISA ©573@%LS968 FHA ﬂﬂﬁ%ﬂ%ulﬂﬂiuﬁﬁﬂli‘ﬁaﬁ A ﬂﬂﬁ']'iﬂ']‘w'i (121

avRaauammwiagu aP lagynmsdnmenugnessweddfitnnzivsinaueuivadds FHA lugSuvyduians
fida¥adu aP Ty ELISA wuy Indirect iitel#iiuiSinaspulumsnnasouqummnduanuusimasindy
aP waasung Hiivdnmsmanaseuiildiwaniiil FHA weufiauuasindu aP ndauagiidunay udld
shaensdsuaalluvau unlugamgiifi 37°C ueudivadludSuasiudunaudiauaisiime uasiilodaaulud
HRP congugated aalUdunuupufivadiuaufitauaaniwand uaiiin substrate azgneoadieiaulssd HRP
Wamsdnty nntudsmsiangaUfize msiinGuudsuiudvies wsshlliammaganduua
Feomutusasdasulsiulasasiuanudadureuauivadludog

#3103

#31105311: WHO Reference Reagent Bordetella pertussis anti-serum (mouse) 1RR (Code:
97/642, NIBSC, UK) ﬁﬁ anti-FHA antibody (WHO Ref. 97/642), In-house FHA standard in 40%
glycerol msmmgmmnQ’wﬁmﬁlﬁaamﬁﬂuﬁ’u international reference standard FHA (Code: 90/520,
NIBSC, UK) waYndulansuriialswas (acellular pertussis vaccine)

GRFILGEY

GAR) Lﬂﬁﬁiﬂuﬂ’l’iﬂﬂﬂamﬂuﬁﬁﬂ Analytical Reagent grade (AR grade) loun Sodium chloride
(Merck, Germany), Potassium chloride (Sigma-Aldrich, USA), Sodium hydrogen phosphate
(Merck, Germany), Potassium hydrogen phosphate (Merck, Germany), Sodium carbonate (Merck,
Germany), Sodium hydrogen carbonate (Sigma-Aldrich, USA), Tween 20 (Merck, Germany),
Hydrochloric acid 37% (Merck, Germany), Bovine Serum Albumin (BSA)(Sigma-Aldrich, USA),
Rabbit anti-mouse IgG (H+L) HRP conjugate (Abcam, England), TMB Microwell Peroxidase
Substrate (KPL, USA)

Lﬂ%;aqﬁauasqﬂnmi'

GELY Microplate reader infinite F200 Pro (Tecan sia@asuaud) LA389 Microplate wash:
ImmunoWashTM 1575 (BIO-RAD a#33a1a3m) gaumuaAnamnigil 37 °C (memmert a¥WUSaa150453
@asNi)

MaEg

Funyduansilasunmsaemsnszguaeiadulensuriialsimas

MILHIBNAIDEN
] o o ° v o v & ° = v o a v I .
msasSenIntudsuananinaaad: ymsesenindulensuniialiiwad (acellular pertussis
vaccine, code No. FB-PE25001) lagta3aningu 3 ngu laun ngui 1 (Uuiedulaiiaas (undiluted)
ngud 2 (uTaguwideaneis Phosphate Buffer Saline (PBS) latduinguanudaas 1/6.25 wazngui 3
I [ & v Y v o =l
Whiladuanui@eaeae PBS loluinduaauisa 1/15.625
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o

MINTEGUYIANNUUIEM A TENTININGR TNAaRy: MITaTaTuMYEUININGNSE 16 61 NUIM

v 9

o

4 ! d' = e L) . ! é" = v o <~ \J d‘ = U o
3 naw laengud 1 AaTaguilaidean (undiluted) ngui 2 AaTaZuANuiEaan 1/6.25 uazngud 3 daingu
= = v ° (g <) v = Y o v .

ANNADIN 1/15.625 Wazianyee PBS 911w 10 i iungueuan lasfiawgesyias (Intraperitoneal)
a2 0.5 ml WaINNUY 35 Tw Mmsdaunymeuiamsueulasenlzdneumnsdan idsaudazduenld
luraae Uuuendsumein3ssdunnuiiisay 12,000 58uaINT 1Y 5 17 gaTSNYBIUAaHIRAMNTINAY
(Pooled serum) luudaznguuaunuigumgiionnd -20°C

msdaaNdsunyduins: Weandsunye diluent Buffer 0.3% (w/v) BSA Tu PBST laangui 1
WudSunyndaiedu undiluted [Wunguifiszau anti-FHA gq (High titer group) (383749 1,000, 2,000,

1
1A

1 VoA < o v Ao v o =l I = [ .
4,000 U 8,000 ¥ NFNH 2 LTUBTUNYDAMIATUANNERDIN 1/6.25 1 TUNGNNHTLAU anti-FHA thunan
(Medium titer group) 138319 400, 800, 16,000 Uas 3,200 WM nNaxd 3 WuFSHMYNAaTATUANNEDNN
1/15.625 {Wunguiiiszau anti-FHA o1 (Low titer group) (3932 150, 300, 600 Uaz 1,200 ¥ §IUNGN

<~ )
MUAN (Normal mouse serum) L393AN 50 L

dainaaas

wyfudnsaneiug ICR oy 5 denvi w3erhwiin 25-30 N3N U 46 G w1 ngu N
quddainaasauwiand sminandouiioa smieuastgy (Tesmsldsumsaylalidamassuiionide
Tasnaiznssumsguamstassuazlidainaass nsuinenemansmsunng vanewalasims 59-033)

N3603IIAIIZH
MMAANVlesmatia ELISA wuu Indirect logldiwanini FHA wau@auuadiady aP 1pdau

agfiifunqy wilddagadSuadluluvau Unlugumaiifianzay Anti-FHA TugSuasiuiuueudiauadg
sz waziiatiinioulys’ HRP conjugated a9lUIunuLBUAUDALBURIAUABNIWANT WaLAN substrate
szgndagezoulyid HRP \ieensdhi@u Mntuliia stop solution iilongaUfAZen ashduiasudy
fmdaaazihliasmsganduuas Femutimasdazulsiulosasiuanududurasoudvadludo
Tosfingazdoadsil

LAADULNGN 96 vau (Clear Flat-Bottom Immuno Nonsterile 96-Well Plates, Thermo
Scientific™, USA) @28 FHA antigen (In-house FHA standard in 40% glycerol) fidanede coating
buffer liianudndu 1.0 lulasniudaiinddans Usnes 100 lulasansdanqy iufigamai 2-s °C iy
Fawangas PBST Taol#iadas Microplate wash: ImmunoWash™ 1575 (BIO-RAD, USA) sty
&y blocking buffer U513 150 Tulasaasdovau shluinilgamgil 3722°C 1y 1 Hlae Tugdaumuny
qmwgﬁ 37 °C (Memmert, Germany) 131'6{153416153114 anti-FHA (WHO Ref. 97/642) LLazG?f%’mmwg
usinguu3anas 100 lulasdasdangu ﬂu‘ﬁqmw{]ﬁ 37°C WU 60 W1 a1wanede PBST uaidnarsazas
Rabbit anti-mouse IgG (H+L) HRP conjugate (Abcam, UK) Adnan 20,000 111 978 diluent Buffer
(0.3% (w/v) BSA Tu PBST u5mas 100 lulasdnsdanqa ﬂu*ﬁ'qmwgﬁ 37°C U 60 W aNLWaNeIY
PBST 6ixa1s SureBlue Reserve™; TMB Microwell Peroxidase Substrate (KPL, USA) °?Tﬂi'aqm1ngﬁﬁ'm
Wuszazian 3w ngaujisenais 1 N HCl, Hydrochloric acid 37% (Merck, Germany) 81u@)
migﬂﬂﬁuumﬁ 450 WlUNAS o%'mm’%lm TMB Microwell Peroxidase Substrate (KPL, USA) Taen
FHA waudivad Taalusunsuliiadasdunad FHA waufived rasdathuiisumivansinaspuiinnu

@ FHA 1auduad visenluse
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NM3ANHIANINYNABIVBIITIATILH

msnagauansihuaunse (Linearity) ynmstaeans WHO Ref. 97/642 fif Anti-FHA antibody
@8 diluent buffer DNILAUANNINIY 286,000 mIU/ml (fhy 4,000, 2,000, 1,000, 500, 250, 125, 62.5,
31.25, 15.62, 7.81, 3.90, 1.95 mIU/ml szeuamudusuas 6 %1 asamUSnaesmaiia Indirect FHA
ELISA LLaﬁLﬂiﬂtﬁﬁagaIﬂﬂ software ?JENLﬂ%m Microplate reader infinite F200 Pro (Tecan, Switzerland)
AMUNUAIANNTNNUS TN INANNTNTULBUAUBATUAINMIganauLas laaldannansd (Equality)
Aomaulseanaandunus (goodness of fit with a coefficient of correlation (r)) @asiianannn 0.95
LAZANNFNWUE BadUATITEn I AN NT UL ud UBGaSIR UM AN T UL UG URET A ld Tag
THenduszansudansmsandula (coefficient of determination (r*)) @aaiiaannnii 0.95

Fannalumsindetsauas (Limit of quantitation; LOQ) nmMsnadauanuidunss dmnse
summaasiasialumsiadaUsunm (the lower limit of quantification (LLOQ)) warAguuRNlinnng
TumsiadeUsainae (the upper limit of quantification (ULOQ)) W158NNNANNINTUBILDUAUDG
ﬁﬁwqmuazﬁg«qm Adnlszansanuulsusiu (%CV) lsithu 20% LALFANNAALAA BUTUWNS (%relative
error (%RE)) agjszwin £20% yavanudaiuueudusd log %RE eunmlean %RE = 100 x (BC-NC)/NC,
BC = anudaduiennnle waz NC = anudasuaie

#iat (Range) mnmsnadauenniuduaswuasdansalumsiadasma snsodenidotied
mmzau‘[ﬂﬂﬁmsmmnmmLil'uil'uwmuauﬁuaﬁﬁﬁ@haéswdw LLOQ waz ULOQ #uuaanuuau
PNATNNIPIUBENUDE 6 M lase %CV liliu 15% waze %»RE wasanududuLauduadinesgiu
BETEVTN +15% YDIANNYNTULBUAUDN

MINAFIUANINTUNIE (Specificity) nadaumal Anti-FHA antibody lu@aaes

- FFuyduInINNMINTEAUANANAUMIETATUANNITNTUAIN ) MUNINTEAUNTANAULGE
Msiesedsunndninaassneey (High titer group, Medium titer group, Low titer group, Normal
mouse serum) 4z Diluent buffer finNuE0919 1, 4, 16, 32, 64, 256, 1,024, 4,096 LS 16,384 11h

- Ltauﬁuaﬁmmgm: WHO Ref. 97/642 ‘ﬁﬁ Anti-FHA anu39a8 64, 256, 1,024, 4,096
(e 16,384 L

1AYANAULES (OD) wiasaN MDY THHUANNTNWUSIZ1IN the specific signal to noise
(S/N) ratio fiu Serum dilution Tagthan OD 784 Diluent buffer i3alalumsiu OD wasfaghaau 4
#9 S/N ratio %LLammmLmﬂviwﬁ’ui:wdwﬂa;uﬁ'saahq*?iliﬁmaau TaedSuvyduing High titer group,
Medium titer group, Low titer group ﬁgﬂﬁmnsxﬁuﬁ'sﬁﬂﬁums &9 antibody response °1u'sgé'fu§<m'j’1
ﬂa:uﬂ’J‘UQN Normal mouse serum ‘ﬁLLHGN antibody response 11‘!‘5561%6%1 wazlaiaswu antibody response
u Diluent buffer iilasnnlildgnnssdugiiduiudasiadu

NsMAFAUANNUNY (Accuracy) (3819 WHO Ref. 97/642 #iil anti-FHA ¢g diluent buffer
NNTLAUANNINTY 286,000 mIU/ml WU 1,000, 500, 250, 125, 62.5, 31.25 WA 15.62 mIU/ml 50U
ANNENTUAT 2 T GEMINAFOUTINIY 3 MINAFDU HaMSNAFUINAIINM %RE ot %RE
AN IENIN £20%" YA NNNTULEUAUDGA

msnmﬂaumvmﬁ'ﬂa (Precision)

msaazion lusudeIsi (Repeatability) ¥rmsnaaaud Anti-FHA antibody titer lugaaeha

[

= = QI Vv a v b e = v L7 J <~ = v = e Vv v =
FINVRYAUINTAIUNINITAUHNANNU NITLATYNTINIINTNINAIDILDSNITLADINTINUYDUINIYNAYU OB
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High titer group, Medium titer group, Low titer group ta: Normal mouse serum lagnagau
TuSuuaznandienfusnny 3 msnagay nnhmlaanemun %CV feesdasiianlaitiu 2000

M55tATIWBaNTU (Intermediated Precision) Ynmsnadaue Anti-FHA antibody titer lu
FRENFINUYTUINTINMNINTLAUYNANNY NMIOTENTTNNNFN TNADILENIRRINTTNNYAUINTTNAY
@8 High titer group, Medium tlter group, Low titer group ttaz Normal mouse serum Teenadau
deTuuazmiueaias 3 A% A9 1 MIsNaFay NntuhaTlaIauIn %CV Faazdasiian
TaitAu 209 OV

MINAFaUANUNUZDNI5 (Robustness) Minadaue Anti-FHA antibody titer lu@iaeegsu
MNMINTEAUHNANNY MILATENFTNNNTN TNADDILAMIRDINTINVYAUINTT WU Ap High titer group,
Medium titer group, Low titer group tt8z Normal mouse serum ﬁ”amﬁtﬂi’lzﬁ 2 AU legnadauAUaY
3 MINAFaY 1uaTildannTa 2 A anaa %CV muuanasisaniulia »Cv lithu 200607

We

NM3ANHIANNYNABIYBNITIATIEH

HamsnagauanNiludunsIiszduANNENEY 4,000, 2,000, 1,000, 500, 250, 125, 62.5, 31.25,
15.62, 7.81, 3.90 LAY 1.95 mIU/ml seduanuiusuas 6 9 lamanuiiugiuuas anti FHA antibody @aguas
uiazsERuAMNENTLT AN aanaut uMITGUA NN NTUTlFluMsagaUaIN 3,782.45 9 2.41 mIU/ml
Gauaaslumsnd 1 uazwuhiden goodness of fit with a coefficient of correlation (r) Wwasnnsu
uaztduldindy 0.99993 daudaslumwil 1 uaziien a coefficient of determination (r*) Whity 0.9973
Faudaslumnd 2

M1 1 weamsnagauaNNuduaseaemeiia Indirect FHA ELISA

Indirect FHA ELISA

Nominal . . . ]
Back calculation anti FHA antibody centration Average
No. concentra- SD %CV  %RE
) (mIU/ml) (mIU/ml)
tion
Repi1 Rep2 Rep3 Rep4 Rep5 Repé
1 4,000.00  3,715.5 3,539.3 3,800.1 3,849.8 3,885.2 3,904.8 3,782.45 137.10  3.62 -5.44
2 2,000.00 2,183.4 2,214.4 2,116.1 2,067.4 2,077.4 2,057 2,119.28 65.56 3.09 5.96
3 1,000.00 976.66 987.05 991.03 1004 987.96 1,002 991.45 10.19 1.03 -0.86
4 500.00 484.19 482.72 489.46 490.12 496.16 489.61 488.71 4.80 0.98 -2.26
5 250.00 257.18 252.5 250.93 247.58 250.12 250.92 251.54 3.20 1.27 0.62
6 125.00 126.79 129.54 126.83 130.38 126.54 127.8 127.98 1.61 1.26 2.38
7 62.50 63.321 64.199 65.114 62.957 63.302 62.483 63.56 0.95 1.49 1.70
8 31.25 29.782 29.385 29.817 29.718 30.04 29.987 29.79 0.23 0.78 -4.68
9 15.63 14.936 14.72 14.587 15.208 15.648 15.792 15.15 0.49 3.25 -3.08
10 7.81 7.218 7.0903 7.1835 7.3313 7.631 7.7302 7.36 0.26 3.52 -5.71
11 3.91 3.9943 4.0776  4.2254 3.9511 3.8807 3.8726 4.00 0.13 3.35 2.31
12 1.95 2.6113 2.5523 2.4327 2.4675 2.2154 2.1518 2.41 0.18 7.64 23.34

Rep. = Manaaauz)
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Anti-FHA Antibody Standard Curve

25

0D 450nm

1 10 100 1000 10000
Antibody Concentration [mIU/ml]

—- Grp. 1: A=0.029105 B=0.75066 C=1737.1 D=2.0756 E=3.0876 d=0.010429 r=0.99989
®—  Grp. 2. A=0.017566 B=0.68917 C=10975 D=1.9789 E=10.242 d=0.010969 r=0.99987
—¥— Grp. 33 A=0.02811 B=0.74264 C=1329.3 D=2.0646 E=2 683 d=0.0080375 r=0.99993
“ Grp. 4. A=0.030689 B=0.74969 C=1606.2 D=2.0414 E=3.0611 d=0.0073468 r=0.99994
A~ Grp. 5. A=0037366 B=0.79746 C=642 64 D=2 0999 E=16667 d=0 0045058 r=0 99998
—*—  Grp. 6: A=0042397 B=0.8019 C=511.51 D=2.1685 E=1.3975 d=0.0051029 r=0.99997

MU 1 ANNFNNUTIENINANNENTULEY Anti-FHA AUAINIAQANAULENNAINENIAGY 450 nm
(Linear Relationship of Indirect FHA ELISA)

Linear relationship between nominal anti-FHA antibody cocentration and back
4500.00 calculated concentration across the range
4000.00
3500.00
3000.00 _
2500.00
2000.00 y=0.9645x+14.161

1500.00 R*=0.9973

NC (mIU/ml)
[0}

1000.00 Lo
500.00 @

o
0.00 &

0.00 500.00 1000.00 1500.00 2000.00 2500.00 3000.00 3500.00 4000.00 4500.00
BC (mIU/ml)

NN 2 ANUTFNNUSLTUTUAIITLWIN nominal anti-FHA antibody concentration (NC) wunu Y
Aum back calculated concentration (BC) wnu X

@ the lower limit of quantification (LLOQ) &z the upper limit of quantification (ULOQ)
Ansanannmaed 1 lgen LLOQ wazm ULOQ tinu 3.91 mIU/ml (%CV = 3.35, %RE = 2.31) uaz

4,000 mIU/ml (%CV = 3.62, %RE = -5.44) muaI9U
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nnmsnagauenuiludunseuaziesialumsiadasinm wuhitds (Range) fdadimnzas
@D 15.63 §4 1,000 mlU/ml ‘[ﬂﬂﬁm‘smmnmmLﬁ'uﬁ'u?lmuauauaﬁﬁﬁﬁhagjsx*mfw LLOQ uwaz ULOQ
laeenududuresansnnasgiu 7 @ fo LOURUDFAMMITNTUR 15.63, 31.25, 62.50, 125, 250, 500 UL
1,000 mlU/ml lagdl %CV whAu 3.25, 0.78, 1.49, 1.26, 1.27, 0.98 WA 1.03 MNUMOU wazia %RE
WY -3.08,-4.68, 1.70, 2.38, 0.62, ~2.62 WAz ~0.86 MNTAU Faudaslumsed 1

HOMIANANNTINNE (Specificity) @ Anti-PT antibody F5unyfudnsiignianssdudeindu
ﬂa;:u High titer group, Medium titer group, Low titer group 8¢ Normal mouse serum Lﬁﬁlﬁ’l@i’]
Qanauway (0D) udazANNEaININUsediunNNENNUSIENIN S/N ratio iud) Anti-FHA antibody
luudias Serum dilution WUNUFMIANNUANGNAUTTUINNGNIBENTINWYAUINS High titer group,
Medium titer group, Low titer group ﬁgﬂaﬂﬂizﬁi’uﬁ’m"ﬁ’ﬂ%u #52@U antibody response Q\iﬂ’hmju
AUAN Normal mouse serum aezaaY loanguaiuan Normal mouse serum 3si antibody response

Tuszaua wazlaiwu antibody response lu Diluent buffer aauaaslumwi s

Indirect FHA ELISA: Specificity
60.00 == Diluent buffer

== Normal mouse serum
50.00

== Mouse antiserum
standard

o 40.00 =4 High titer antibody
=
v
= —@— Medium titer antibody
= 3000
=—@—ow titer antibody
20.00
10.00

X 4x 16X 64X 256X 1024X 4006X 16384X
Serum dilution

MW 3 UFMANNFNNUSTEWIN S/N ration NU Anti-FHA antibody 11 Serum dilution

NaMsAnEANULNYN (Accuracy) Nnaday Anti-FHA anadnty 15.63, 31.25, 62.50, 125,
250, 500 L& 1,000 mlU/ml MUY 3 MINadau uaaea) %»RE 289 Anti-FHA antibody iy -0.36,
0.89, -1.34, 1.69, -0.80, -0.73 UaZ 0.64 MNAGU (1517 2) lasaguar %RE agsenin £20% 2890

WNIULDUAUD
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M3 2 A %RE Tumsnadaua NNl uyads

Standard Anti-FHA

. Assay 1 Assay 2 Assay 3 Mean SD %CV %RE
IgG antibody (mIU/ml)

15.63 15.67 15.39 15.66 15.57 0.16 1.00 -0.36

31.25 31.45 31.76 31.38 31.53 0.20 0.63 0.89

62.50 61.04 62.58 61.37 61.66 0.81 1.31 -1.34

125.00 129.01 123.66 128.66 127.11 2.99 2.35 1.69

250.00 243.97 254.117 245.85 248.00 5.43 2.19 -0.80

500.00 505.92 500.11 504.92 503.65 3.11 0.62 0.73

1000.00 998.60 1017.10 1003.60 1006.43 9.57 0.95 0.64

HaNSANMANNLTEY (Precision) msitaszvenluiutiieniu (Repeatability) Anagaudn
Anti-FHA antibody titer Tudaga@Sungy High titer, Medium titer, Low titer uaznguaiuax
Tuduwaznadennuasgiaeanuin 3 msnadau e %CV wnnu 2.30, 9.37, 10.93 WaL 12.64 ANMOU
Fauaaslumsan 3 dhumsieneyieneneiu (Intermediated Precision) finaaaud Anti-FHA antibody titer
ludneddiungy High titer, Medium titer, Low titer uasngu@muan aNIULAzINAUIIUIY 3

manadau le %CV 2.36, 20.00, 13.59 uaz 15.70 NNIAU Gauaadlum s 4 Taaagu %CV fianlaitiu 209

MIND 3 WamMInNadau Repeatability

Anti-FHA indirect ELISA: Method validation — Precision (Repeatability)

Sample name o SD %CV
Dilution Assay 1 Assay 2 Assay 3 (IU/ml)

1,000X 375.79 345.52 333.15 351.49
2,000X 398.48 414.73 393.29 402.17
High titer mice sera 4,000X 414.72 459.12 467.99 447.28
8,000X 474.63 520.44 492.98 496.02
Mean 415.90 434.95 421.85 424.24 9.74 2.30
400X 111.28 118.07 121.22 116.86
800X 121.41 136.55 147.94 135.30
Medium titer mice sera  1,600X 130.96 165.63 155.99 150.86
3,200X 140.09 178.73 166.27 161.70
Mean 125.94 149.75 147.85 141.18 13.23 9.37
150X 16.98 18.53 20.38 18.63
300X 19.45 23.55 25.32 22.77
Low titer mice sera 600X 22.15 26.85 26.50 25.17
1,200X 26.16 30.79 32.89 29.95
Mean 21.18 24.93 26.27 24.13 2.64 10.93
Normal mice sera 50X 0.68 1.08a 0.81 0.74 0.09 12.64
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MMM 4 WaMsNadaU Intermediated Precision

Anti-FHA indirect ELISA: Method validation — Precision (Intermediated Precision)

Sample Anti-FHA antibody titer (IU/ml) Average

Sample name SD %CV
Dilution  Day 1 Day 2 Day 3 (IU/ml)
1,000X 322.25 411.25 375.79 369.76
2,000X 401.82 441.00 398.48 413.77
High titer mice sera 4,000X 446.64 451.22 414.72 437.53
8,000X 482.53 423.19 474.63 460.12
Mean 413.31 431.67 415.90 420.29 9.93 2.36
400X 116.40 88.55 111.28 105.41
800X 137.50 93.71 121.41 117.54
Medium titer mice sera 1,600X 153.96 97.23 130.96 127.38
3,200X 160.90 92.15 140.09 131.04
Mean 139.49 92.91 125.94 119.45 23.96 20.00
150X 15.46 16.23 16.98 16.22
300X 22.14 17.69 19.45 19.76
Low titer mice sera 600X 24.02 17.42 22.15 21.19
1,200X 26.22 16.28 26.16 22.89
Mean 21.96 16.91 21.18 20.02 2.72 13.59
Normal mice sera 50X 0.85 1.18a 0.68 0.76 0.12 15.70

HAMIANHIANNNUYENIS (Robustness) MNEILATIZN 2 AU laA Anti-FHA antibody titer
Tusathedsunas High titer, Medium titer, Low titer WaLNaNAMUAN AUFE 3 MSNAFBY Lo %CV
2 g b 5 ] q
UNAY 12.21, 19.68, 18.27 WAz 17.82 NNAIAU Gauaasluemsei 5 Tagagd %CV fieludu 209

M5 5 HaNSNAEBU Robustness

Anti-FHA indirect ELISA: Method validation — Precision (Robustness)

Sample Anti-FHA antibody titer (IU/ml) Average
Sample name Lo SD  %CV
Dilution Day 1 Day 2 Day 3 Day4 Day5 Dayse (IU/ml)

1,000X 322.25 411.25 375.79 322.48 299.20 298.31  338.21
2,000X 401.82 441.00 398.48 371.84 328.31 315.48 376.15
High titer mice sera  4,000X 446.64 451.22 414.72 417.26 340.63 329.48  399.99
8,000X 482.53 423.19 474.63 456.32 347.87 347.66  422.03

Mean 413.31 431.67 415.90 391.97 329.00 322.73 384.10 46.89 12.21
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M319N 5 HaNINAFBU Robustness (918)

Anti-FHA indirect ELISA: Method validation — Precision (Robustness)

Sample Anti-FHA antibody titer (IU/ml) Average
Sample name oo SD %CV
Dilution Day 1 Day 2 Day 3 Day 4 Day5 Day 6 (IU/ml)

400X 116.40 88.556 111.28 111.55 81.88 74.46 97.35
800X 137.50 93.71 121.41 126.35 91.35 82.13 108.74
Medium titer mice sera 1,600X 153.96 97.23 130.96 134.74 114.52 89.23 120.11
3,200X 160.90 92.15 140.09 137.33 151.86 81.22 127.26
Mean 139.49 92.91 125.94 127.49 109.90 81.76 112.92 22.22  19.68
150X 15.46 16.23 16.98 17.48 14.63 13.15 15.65
300X 22.14 17.69 19.45 22.13 17.34 14.74 18.92
Low titer mice sera 600X 24.02 17.42 22.15 23.42 17.84 15.55 20.07
1,200X  26.22 16.28 26.16 27.59 18.46 12.55 21.21
Mean 21.96 16.91 21.18 22.66 17.07 14.00 18.96 3.46 18.27

Normal mice sera 50X 0.85 1.18 0.68 1.17 1.45 0.88 1.02 0.18 17.82

= 4
JAIIU

[
v

NneaMIAnBANNgNaaNsIeNzilinaueudvadae FHA lugsunyiuinsniaindy aP
Tag ELISA nawniwasiinatdulyarninasimvuavaudaznniines uaaslitiuiniziesnsyv
nmsdnmniianugndas Semuwiui Tanuiimzazas saandastumsinmussuaniadu aP melu
Useina Bl ngieldTedunszquazaugiqunulunyduinsiiuuannnui@dean (1/1, 1/6.25 uas
1/15.625) suguasiaduldmanssduszaugiiaulunyduinsiinu 4 anu@san (171, 1/2.5, 1/6.25
oy 1/15.625) wamanadavilademuaaaadaaiiululuwnmadamfuiumsnasauenugndasasis
Nngudan® @ ilasnnidhAsihuwnzdondadont imsldmsnaspusiiadniy meiugdaimasaily
Hhumewugidendu wdssiiawszguUnsaiviiauiu nuddidadedunadauasmamagauadeiu ilvuems
Anwniildliuanseiy sansahlldmageuiiamunuanmwingu aP 1d Tunsdimsdnnanumuadds
(Robustness) 1#fias1ew 2 au iilasnndadidavaslinadsunnuyivinsihindnmnmdelinanias
liwenagaudegfitamey 3 au aghalsfiouaz@nn robustness Tulszdudu 4 dhadudely vy gamail
wargnsrznMlghUAsemsnagauiiuaneafiy

mamnszduneuivedithaunsuniiseimsiomsasuauasmagiiduiu (Immunological activity)
#3907 mouse immunogenicity test (MIT) s'z”;qLﬂuﬁ'ﬁmimmmﬂ%mmLLauauamuﬁ%’mawgﬁuﬁni
finszdudheiadu aP wieldlumsusiivanuusswesindu TasdomadaunlFauiisussdunauivad
da FHA lugduwydudnsidainfudndnildasmmasauifisufussduuaudvedde FHA luifu
wgﬁu5ﬂiﬁ§ﬂ%ﬂ%u51ﬁﬁ1LW’]:M%E]EJJﬂﬁum‘UQN (a product-specific reference or control vaccine)®

msAnmemugndawadiimsiatinaueuivadide FHA ludSumyiuinsiiaaiadu aP ée ELI-

Y a ]

SA il i lunesaudiadeingdu Boostagen NijianaiasIaialssnaumszunsiisueuasmunsnum

U
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AauNNINY WUTIANNWS FHA Bun aeiondaMyuazesndanne aauaadlumsni 6 wagismanasay
gasnmnsoh llFduunmeiawnanugndeweiditvnzienuusdeuaudnuduluiadulansulswadla
v QI

wdeanansoih lidssgndlddmsunsanaiensimssaugiiquiunniefuriiodunisscaugiqunu
Nnuywdnlasuiaduaiiang 1

5199 6 ANNWse FHA Tuiadu Boostagen

Relative potency of FHA

U w.a. FUMSUAR — — AN HUAYBIHDAN T
damiuEIing Huanindu

2559 A 0.79 1.39

B 0.68 0.90
2560

C 0.80 1.60 > 0.5
2561 D 0.61 1.20
2562 E 0.90 1.10

GRNL

9

namsUsziiuanugndaseasiimsiavinauaudvadda FHA Tudfunyduinsiiaaiatu
aP ¢hg ELISA lnldisimngianuusiaduililumsiamsaauaussmgidudu (Immunological
activity) 1filugiiamnaspumsujifon mmnsaanaiwnsilsinausuiveddas FHA Tuiadu aP
lagndauaiug wazihluldnesaunnuuse (Anti-FHA antibody titer determination) a%w aP Ao
Tudssnanaudd 2559 audsilagiu

annIsndszna

ParaUAMNININMAnsMILNNg nsensnamsngy dudaivayuiudsznn uasuavaugn
u3En lulawum wide Dine Nliauush mssiuayu Antigen-FHA uazaiadniagu ildmAdeiidnsa
aanludied
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ELISA Method for Potency Assay against FHA in Acellular Pertussis Vaccine Apichai Supasansatorn et al.

Analytical Method Validation of ELISA for
Quantification of Mouse Antibody Titer
Against Filamentous Haemagglutinin of

Acellular Pertussis Vaccine

Apichai Supasansatorn Ratchanon Rakcheep Assjan Amen Wereyamarst Jaroenkunathum
and Supaporn Phumiamorn

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

ABSTRACT Acellular pertussis vaccine produced in Thailand contains filamentous haemagglutinin
(FHA) whose potency needs to be controlled. This study aims to develop an analytical method to
quantify a mouse antibody titer against FHA using the ELISA. The method showed a specificity detection
of anti-FHA antibody titer in the vaccine test group compared with the control group. The linearity in
concentrations ranged from 1.95 to 4,000 mIU/ml, the coefficient of correlation(r) was greater than 0.99.
The limit of quantification ranged from 3.91 to 4,000 mIU/ml. The range of anti-FHA titer was between
15.625 and 1,000 mlU/ml. Its accuracy showed a percentage relative error between -1.34% and 1.69%.
Its precision varied from 2.23% to 20.00% of variance coefficient (%CV). The %CV of the robustness of
the assay was 12.21-19.68%. The data demonstrate that the method is reliable and suitable for use as a

standard method for the potency assay against FHA in acellular pertussis vaccine.

Keywords: Acellular pertussis vaccine, Potency, Anti-FHA, ELISA
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Melioidosis in Songkhla Province Hataitip Juthong et al.
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Melioidosis in Songkhla Province

Hataitip Juthong et al.
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Melioidosis in Songkhla Province Hataitip Juthong et al.

An Investigation of Confirmed Melioidosis
Case and Death in Songkhla Province

January 2020

Hataitip juthong Aree Tamad and Nutjamee Leesahud
Office of Disease Prevention and Control 12 Songkhla, Department of Disease Control, Amphoe Mueang,
Songkhka 90000, Thailand

ABSTRACT The objectives of the investigation were to verify the diagnosis, to study caused of illness
and death, risk factors in environmental, risk behaviors, and to set the preventive measures. These were
investigated by collecting patient information from medical record, soil and animal blood sample.
The specimen were investigated by hemoculture method and the result shown that four patient have
Burkholderia pseudomallei. Although three of them were death, they was not relation to each other
because they lived sepately in Muang Songkhla district, Ja Na district, Sa Ba Yoi District, and Khuan
Niang District for each. The presence of risk factors for infection consist of male age more than sixty
years old with underlying disease such as diabetes, hypertension, and thalassemia. The cause of
infection cannot exactly identify but could assume that it was cause of risk behavior such as contacting
the environment that contaminated with soil and water without protective equipment. The result from
environmental laboratory was found Burkholderia pseudomallei in soil at Sa Ba Yoi district. Preventive
and control measure should focus on risk group such as farmer and gardener which contact soil and

water. especialy who has following underlying diseaseas; diabetes, kidney disease, thalassemia.

Keywords : Death, Melioidosis, Burkholderia pseudomallei,
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Pharmacological and Toxicological Effects of Cannabis Sarayut Radapong et al.
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& Aty Cannabis, marijuana, Cannabis sativa L., botany, phytochemistry, pharmacology ta toxicology
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MW 2 anwazuadlnslasy (trichromes) asdananaunelis
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ﬁ&i’wﬁ’ty l@un cannabinoid receptor 1 waz 2 (CB1 waz CB2) lag CB1 wusnanszuudseamaiu
nonsluanes lusaieil CB2 aswuluawssdaudaipeni dulugaznssnsmuszuugiduiuuazszuy
waaaEaamsnme Tasmzusnaihemsnaduniasney sssdunniamsuluaaziuiuiisu
m 2 %ile ULALENHNARDIZUUN °) PaeumetuRusiinzeaunuesd Usinas sUnuuMsSUIMTISULY
amwaestame Tag THC azanansasulaanu CB1 (agonist) 3avhlipangnaseszuvaniszamle luvaei
CBD azlslaniunu CB1 loense unazdaze THC uazinli endocannabinoids yaiulamuund CBD
szanansasulalasaseiu CB2O™ uananilfaiichiuau *) 14U the transient receptor potential vanilloid 1
(TRPV1), G protein-coupled receptors (GPR3, GPR6, GPR12, GPR55), peroxisome proliferator
activated receptors (PPARs), opioid was benzodiazepine S?jlximimﬂﬁ'ﬂgmmmiaL?Tﬁﬂlﬁ' M29819INS

ABINMEVAIATHAUNTUBEAAZAITUNDADUATNIEN AILFAIIUAITINT 1

M5 1 BINSHDITNMEVBIESLANINTUBEFUALAISUNN eI

213 wAUTUAYE AUNINIYIAITU
e (pain) THC, CBD, CBC CB1, CB2, TRPV1, GPR55, PPARs"*"”
mzeduldondeu THC CB1, CB2"%*

(nausea and vomiting)

Tsmanzn (epilepsy) THC, CBD CB1, CB2®

medlaanmns (anorexia) THC CB1, CB2®”

ANNNNA (anxiety) CBD CB2®»

Tsnaa lanasuazwsnudu THC, CBD CB1, CB2, GPR3, GPR6, GPR12""*”

(Alzheimer and Parkinson)

121549 (cancer) THC, CBD CB1, CB2®

qm'ﬁ(iszuﬂm (analgesic effect) #9181ILATLHUUUDANIY (meta-analysis) vauiaymUuuy
@4 AanazasaImMsthe leun a1 Nabiximols, laszie THC, lassianan, msé’mmwﬁﬁnﬂuaqﬁuﬁ
289 THC fia Nabilone uaz Dronabinol, swlsdamsulsiudaiianlugethn (Oromucosal spray), fiayn
unlga waz THC #ldmathn (oral THC) wmaaﬂu@fﬂmﬁﬁmmiﬂmﬁ"a%’ﬁwmu 2,454 AU G‘z’éwjﬂmﬁ
amsthannwanzanz loun thedszam (neuropathic pain) theanuzse axmsthawduiszamlugihe
tu¥ U (diabetic peripheral neuropathy) thanaaila (fibromyalgia) thenndada HIV Tsalasn
Uszamida (multiple sclerosis, MS) IMIBNEUFINAREA wazaIMsthennaiithie waleasiuwuhiyn
fgnslumsussmeimsthe agnlsimunnnenudnlungdiliianuuandniudaiauiungy
auan"® aniulusinstiadssam wamaaumqﬂﬁﬁﬂﬁ'mjﬁmmsﬂmmn‘[smﬂaaﬂﬂszmmﬁ'au
$10u 24 18 Tasudmsen Dronabinol Mathnzne 10 fiadndu/u viagithethalszam deldsuen
THC/CBD (Sativex®) wunainsaanamsthalaseeiiviaaaa elvupunausu Taglidaaiumnasn
wiatiaanutuivluszaznm s2 s Tugthe MS wenanaziionmstiauad Samueimsindee
yaandutile (spasticity) Sueae wuhmsld THC awa 20-40 fiaania/ilandu/Su heussimanms
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maasesnldua mafiatiagiueyanalildldlunssananhiiy ldus uanen avsmearaning diawmasuaud
UBINE wazesnh >

NNNBNUMFIEMIPETN Wuh THC uazeyius 3 #ila leun Nabilone , Dronabinol, Nabiximols
(Sativex®) uaz Levonantradol fignsanaimsaauldanideu (anti-emetic effect) Tugthennmsldied
e 1,772 18 suauniuesdananmseduldandeuldilanZauiisusuenvannviamn 1wy
Prochlorperazine uananlalifianuuandemesanc HumsAnmngnizesauniiussdaaanuamnems
(appetite stimulation) lagl# Dronabinol lugjihataad (HIV/AIDS) WUNEINSaLRNANNBEININS
wasiianhmiinldiilawSeuiiisufunguenugu®® faqiu Dronabinol was Nabilone iflusmuauintuasd
fifinalnades THC Tasendananld3u AUANAINBIAMTDINITUALENEH53D133M (United State Food and
Drug Administration, USFDA) Tél#lugitheiifiomsisdeu aduldandeuamnmslimiaivhie uanannil
gaivangIumMInesdau THC danmziiianms (anorexia) Tudainaass wuih THC ammsgﬂuuﬁmfmﬂfn
apsvyuudaLaay ImsiinUinasesluu leptin uazanszduaniluy corticosterone Tutdnald™

fagiiuiinenuieiumsls CBD (Epidiolex®) 1@ 5 - 50 fiaan3u/Alan3u/u luthaausn
(epilepsy) ffuidin 72 918 wozlvaj 60 98 szazAMABY 48 FUUMNY WUTEINTIAAANNTULTILAE
anudrasanmsinle Togfianuuanieaeelitaaaanmeada (p<0.01) malussazia 12 §Umi waIINTL
waReuineneil udlifianuuandaturesamanaassszieemsludnuazelua) uaswuhoinauss CBD
Tuszaznamagaufianudasada® vannnilffidayaihaulafmdummasau CBD Tudnnguaims
paNd@n (Autism spectrum disorder, ASD) 3uIU 60 518 TaanaaaunuuTanianseny (double blind)
(fiausmsen CBD (CBD:THC = 20:1) 10 faansu/Alandu/Su wuiendanangiawaunnsaaas
AOANNLATEAN ANNMD Wazwginssunaniu (disruptive behavior) loatdaau® Uagiu Epidiolex®
Fi CBD (Wudwisznounaniesas 99 uaz a3 THC fawas 0.1 ld3uayanean USFDA Tildlu
Tsnaudniiwuldipeudiinnuguuse 2 #ia léud Lennox-Gastaut syndrome uaz Dravet syndrome
dmdudnay 2 2o dulyes =

uanngthe ASD uda dasansaldlugtheiifiemstnald Wasnndazil THC fludwu
Usznaunanuaziigniaainyszam :nsenumsly Nabilone 2110 1 iadnia S0y 2 ade/5u Gada
W 28 Ju sansaemeinaldagheiitedday feyafihaulavindy de Imsli CBD wlifignianda
AUIA 400-600 NAANITN Tu@'ﬂwﬁﬁmazﬁ'ﬂqaﬁ'ﬂﬂ (generalized social anxiety disorder) WueN2uIn
fanamaMenale lagiianuuanaeeehaiited Auneada (p<0.001) wenanil CBD fasnansanmanig
apstfihefiiianzinannmsldiu THC Fsiilsziamslitamands

wazosuaunduasddamsldusslenilunguiiiionmadenvanlssammiountlosdszam
(Neurodegeneration and neuroprotection) 15U Tsadalutuas (Alzheimer’s disease) %3al5ANSAUFY
(Parkinson’s disease) mnuamsnadavludainaass wuiweuniussdiignsunilosmsmaus:
mMIgniNaNeadLEadanasnIn Amyloid beta (AB) idayaaiiuayuin THC sinamaansonsedumsa
wadawasludunasduluuanda uaziiuanuainsalumsdug (cognition) Tunygeangld©* msdniau
asanpaiiumnmandnatvikaasmaialsadalawes fnsnuiisn@umanszdu CB2 receptor deaywus
JWH-133 (Tocris Bioscience®) 2110 0.20 #iadn3u/dlan3u lunydiuans (mice) wuhdheananmsaniau

o = a % . . ° 1 3 1 9/(30)
AMERARNNDDNTLATU (oxidative stress) aﬂmsgﬂmmmmaummummm 9]
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'Medicinal Plant Research Institute, Department of Medical Sciences, Tiwanond Road, Mueang District,
Nonthaburi 11000

*Faculty of Pharmacy, Maha Sarakham University, Kantharawichai District, Maha Sarakham 44150,
Thailand

ABSTRACT Cannabis sativa L. is a plant with several varieties, which have different physical
characteristics. The main phytochemical compounds in cannabis are cannabinoids; the two well-known
groups of constituents are A9-tetrahydrocannabinol (THC) and cannabidiol (CBD). The THC/CBD
proportion can cause the drug addiction and be used as a criteria for identification of cannabis strains.
From the literature reviews, cannabis and its active compounds presented various interesting
pharmacological effects. THC and its derivatives showed analgesic effects, especially pain from
neurological disorders, enhancing appetite and reducing nausea from chemotherapy, protecting and
stimulating the production of brain cells. CBD, on the other hand, was found to relieve epilepsy,
reducing anxiety in children with autism or patients with a history of cannabis use. Both THC and CBD
were also shown anti-cancer activity. However, its toxicity was reported, especially THC, causing acute
and chronic toxicity in laboratory animals received high doses and prolonged period. Abnormalities were
also found in long-term cannabis use including lung, coronary artery disorders and bone loss. Whereas,

CBD has not been reported any toxicity or serious side effects in clinical trial.
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