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Sub-chronic Oral Toxicity
of Crocodylus siamensis

Bile in Sprague Dawley Rats

1,5

Passaraporn Srimangkornkaew'® Amon Praduptong’* Jindawan Siruntawineti’
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Pathom 73140

‘Thailand Center of Excellence for Life Sciences (Public Organization), Bangkok 10400

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

Abstract Siamese crocodile (Crocodylus siamensis) bile has been widely used for traditional medicine
in many countries including Thailand. However, safety evaluation has been limited. This study aimed to
determine sub-chronic toxicity of dried C. siamensis bile in male and female Sprague Dawley rats at
doses of 2.5, 25 and 250 mg/kg body weight for 90 days. The results revealed no clinical signs of toxicity
at all doses. Body weights, feed and water intake, and relative organ’s weights of all groups treated showed
no significant difference from control groups. No significant changes on hematological parameters were
observed at any concentrations. In comparison with the control groups, significant increase in levels of
ALT, AST and ALP at doses of 25 and 250 mg/kg body weight was demonstrated, however, all values were
not significantly different after 14 days of recovery. Cholesterol levels in both males and females
were significantly lower than the controls. No treatment-related changes were macroscopically and
microscopically found. Our study could suggest that oral administration of dried C. siamensis bile as high
as 250 mg/kg body weight for 90 days showed no systematic toxicity in male and female Sprague Dawley

rats.

Keywords: crocodile bile, sub-chronic oral toxicity, Crocodylus siamensis
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Inroduction

Crocodylus siamensis (siamese crocodile) bile is consisted of cholestanol, coprocholic acid,
coprocheno- deoxycholic acid and other derivatives including 3-oxo-7a, 12a-dihydroxy-5p-
cholestanoic acid, 3a, 7a, 12a-trihydroxy-5p3 cholestanoic acid, 7-oxo-3a, 120-dihydroxy-5p3-
cholestanoic acid, 3-oxo-7a, 12a-dihydroxy-5a-cholestanoic acid, chenodeoxy-cholic acid,
50-cholestan-3a, 7a, 12a, 26-tertrol, 5p-cholestan-3a, 7a, 12a, 25-tertrol, ursodeoxycholic acid
and 5a-cholic acid.”” Many cultures have used crocodile bile as treatment for sepsis, hemorrhage,
trauma and lung diseases™ in their indigenous traditional medicine. Less scientific studies have,
however, been investigated for its toxic effects.

The acute oral toxicity test revealed that siamese crocodile bile classified in
GHS (Globally Harmonized System of Classification and Labelling of Chemicals) category 4
(300 mg/kg < LD50 < 2,000 mg/kg)®* Further toxicity study on a long-term use is essential.

Therefore, this study was to investigate sub-chronic oral toxicity of dried C. siamensis bile.

Materials and Methods

Preparation of dried Crocodylus siamensis bile:

Bile of C. siamensis was obtained from gallbladders of 100 siamese crocodiles at
Ayutthaya crocodile farm, Tha Rua district, Phra Nakhon Si Ayutthaya, Thailand. Dried bile was
processed according to the patented production of Thai patent application No. 0901001231,
Kasetsart University. In brief, the bile was collected after removal of fat tissues and further
freeze-dried using a freeze dryer (Lyomaster, USA) for 36 hours. The freeze-dried bile was
powdered by graining and stored in a sterilized and dry jar. The bile powder was kept at 4'C

until further use®®.

Preparation of Animals:

Fifty male and fifty female Sprague Dawley rats with body weights of 2004£20 grams were
obtained from National Laboratory Animal Center, Mahidol University, Nakorn Pathom, Thailand.
The animals were housed in stainless steel cages with standard diet (Perfect Companion
Group Co., Ltd., Thailand) and hyperchlorinated water (5-7 ppm). The standard environmental
conditions were temperature at 22+3'C, 30-70% relative humidity and 12 hours dark-light cycle.
The study was approved by National Laboratory Animal Center Animal Care and Use Committee
(NLAC-ACUC), Mahidol University; Thailand. (IACUC Approval No. RA2013-02, 2013
October 28).

Sub-chronic Toxicity Test
The sub-chronic toxicity was conducted using OECD 408 with modification”. The rats

were randomized and divided into 5 groups, consisting of 10 female and 10 male for each group.

NININTNINNAFNTMIUNNE
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Sub-chronic Toxicity of C.siamensis Bile Passaraporn Srimangkornkaew et al.

According to our acute oral toxicity study, the doses of dried bile used in this study were 2.5, 25
and 250 milligrams/kilograms body weight (mg/kg BW). The 5 groups were as followed; group 1:
vehicle control (distilled water), group 2: low dose (2.5 mg/kg body weight), group 3: medium
dose (25 mg/kg body weight), group 4: high dose (250 mg/kg body weight) and group 5: satellite
group (250 mg/kg body weight).

The dried bile was dissolved in distilled water and orally given to each group of rats
daily for 90 days while the control group received distilled water. All groups were daily observed
for any signs of toxicity, mortality and changes in the body weights. Food and water consumption
were recorded weekly. After 90 days, group 5 was continuously observed for a total of 14 days
without administration of the dried bile.

For hematology and clinical biochemistry analysis, all animals were kept fasted for 15-18
hours prior to blood sample collection. The animals were euthanized on the last day of each
experimental group using CO2 inhalation. Blood samples were collected via cardiac puncture.
Hematology and clinical biochemistry analysis were performed using automation analyzer
(CELL-DYN 3700, Abbott Laboratory, USA and Cobas c111 automate blood analyzer, Roche,
Switzerland).

The positions, shapes, sizes and colours of internal organs were observed for gross lesions.
Liver, kidneys, lung, adrenals, testes (male), epididymides (male), uterus (female), ovaries
(female), heart, spleen, brain and thymus were trimmed and weighed to determine relative organ’s
weights. Histopathological examinations were performed on liver, kidneys, lung, heart and

spleen®.

Statistical analysis:

Quantitative results were expressed as mean + standard deviation. Data was
statistically analyzed by Kolmogorov-Smirnov® and Levene’s test for normality and homogeneity
of variances. Statistical significance between the control group and each treatment group was
determined by ANOVA and Mann Whitney U test using SPSS® Statistic software version 18.0.0.

P values < 0.05 were considered significant.

Results

The 90-day study of orally given dried C. siamensis bile at all doses did not reveal any
changes related to mortality and clinical signs of toxicity (data not shown). The body weights and
relative organ weights (g/100g BW) of both sexes of each experimental group were not
significantly different from the control groups, as shown in Tables 1 and 2.

Hematological parameters of male and female rats of all tested groups were not
significantly changed as compared with the controls (Tables 3 and 4). For blood chemistry
analysis, significant elevation of alanine amino transferase (ALT), aspartate amino transferase
(AST), alkaline phosphatase (ALP) levels were found in male and female rats orally gavage with
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the dried bile at the doses of 250 mg/kg BW. The AST level was also significantly higher in both
sexes of rats given 25 mg/kg BW of the dried bile than the controls. Cholesterol level of male group
receiving the dried bile at concentration of 250 mg/kg BW was significantly lower than the control
group, while significant reduction of cholesterol was shown in female groups orally administration
with 25, 250 mg/kg BW of dried bile and the satellite group (Tables 5 and 6). In addition,

all groups did not show significant histopathological changes (data not shown).

Table 1 Body Weights of rats receiving dried C.siamensis bile for 90 days

Dose of Body Weight (g)*
Sex C.siamensis Bile
(mg/kg BW/day) Day o Day 7 Day 14 Day 28 Day 60 Day 90
Male Control 217.90+10.55 267.70+11.82  316+16.30 385.70+19.08  459.40£29.21 516.70+35.14
2.5 213.20+7.42  261.1048.31  310.80+9.45  376.20+11.58  453.30+12.91 510.50+16.23
25 215.60+8.29  268.30+13.58 317.00+14.41  382.30+16.61 455.20+20.99 507.60+20.24
250 221.10+8.69  262.50+14.28 305.40+34.60 370.20+37.61 447.00+21.04 492.56+24.53
250 (Satellite) 220.40+8.11  265.404+10.77 319.00+10.59  379.50+11.71 448.60+19.49 503.80+24.86
Female Control 190.80+6.63  206.20£7.79  221.30+£9.49  243.20+10.75 272.30+12.47 284.50+11.52
2.5 188.10+6.24  205.40+6.77  224.00+6.91 246.60%7.60 272.20+14.37 284.50+19.11
25 194.50+5.04  210.00£7.13  229.60+6.92 253.00+8.01 277.114+11.98 295.33+15.86
250 190.60+5.87  203.20+£6.03 223.30+10.57  243.00+12.94 269.40+15.46 283.20+13.62
250 (Satellite) 191.80+£10.76 203.60+£11.94 223.00+12.63  240.30+15.64 261.20+15.49 273.20£17.29

*mean + standard deviation

Table 2 Relative organ’s weights of rats receiving dried C.siamensis bile for 90 days

Dose of Relative Organ’s Weight per 100 g Body Weight (g)*
Sex C.siamensis Bile
(mg/kg BW/day) Liver Kidney Lt. Kidney Rt. Heart Lung Spleen
Male Control 2.82+0.21 0.34+0.02 0.34+0.02 0.32+0.02 0.3240.03 0.1940.01
2.5 2.8040.18 0.3240.01 0.33+0.02 0.30£0.02 0.3140.02 0.1840.01
25 2.8440.20 0.33+0.03 0.34%0.02 0.3240.03 0.3140.02 0.1840.01
250 2.8340.07 0.34£0.02 0.34%0.02 0.3140.02 0.3140.02 0.1940.01
250 (Satellite) 2.82+0.17 0.35+0.03 0.35+0.01 0.32+0.02 0.3340.02 0.19+0.02
Female Control 2.38+0.10 0.32+0.02 0.32+0.02 0.35+0.02 0.47+0.04 0.2340.01
2.5 2.3240.15 0.3140..03 0.3140.02 0.35+0.02 0.45+0.06 0.23£0.03
25 2.3840.16 0.3140.01 0.32+0.02 0.35+0.01 0.45+0.05 0.2240.01
250 2.3540.16 0.3240.01 0.3340.01 0.3540.01 0.46+0.04 0.2540.02
250 (Satellite) 2.32+0.14 0.33+0.02 0.33+0.02 0.35+0.02 0.4640.06 0.25+0.02

*mean + standard deviation
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Table 3 Effect of dried C. siamensis bile on hematological values of male rats

Dose of C. siamensis Bile (mg/kg BW/day)*

Parameters 250
Control 2.5 25 250 (Satellite)
RBC (10°/ul) 8.80+0.26 8.81+0.41 9.01+0.26 8.97+0.27 8.78+0.36
Hemoglobin (g/dl) 14.90+0.37 15.00+0.59 15.20+0.44 15.14£0.56 14.640.49
Hematocrit (%) 49.30+1.25 49.30+1.77 50.00+1.42 50.50+1.85 48.00+1.36
MCYV (fl) 56.00£0.72 56.10£1.08 55.80£0.72 55.80£0.72 55.10+£1.28
MCH (pg) 16.90+0.30 17.00+0.28 16.90+0.32 16.80+0.31 16.80+0.34
MCHC (grdl) 30.20+0.24 30.40+0.27 30.50+0.26 30.40+0.27 30.30+0.46
PLT (10°/ul) 853.00+50.86 885.00+50.75 919.00+56.43 916.00+£88.65 912.00+26.33
WBC (10°/ul) 7.50+0.94 7.51+£1.69 8.29+1.49 8.00+0.86 8.02+1.02

*mean + standard deviation

Table 4 Effect of dried C. siamensis bile on hematological values of female rats

Dose of C. siamensis Bile (mg/kg BW/day)*

Parameters 250
Control 2.5 25 250 (Satellite)
RBC (10°/ul) 8.36+0.47 8.49+0.36 8.22+0.21 8.45+0.32 8.56+0.33
Hemoglobin (g/dl) 14.90+0.62 15.00+0.68 14.60+0.34 15.00+0.52 14.80+0.23
Hematocrit (%) 49.20+1.74 49.50+2.01 48.20+1.16 49.20+1.56 49.20+0.88
MCV (fl) 58.90+1.60 58.30+0.74 58.60+0.43 58.30+0.81 58.50+1.23
MCH (pg) 17.80+0.35 17.70+0.38 17.80+0.16 17.80+0.24 17.5040.50
MCHC (grdl) 30.30+0.35 30.30£0.44 30.40+0.11 30.40£0.23 30.30£0.36
PLT (10°/pl) 839.00+43.15 835.00+91.00 843.00+67.06 852.00+35.19 849.00+85.66
WBC (10°/ul) 6.3940.90 6.45+0.30 6.48+1.97 6.48+0.82 6.47+0.52

*mean + standard deviation
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Table 5 Effect of dried C. siamensis bile on biochemical values of male rats

Dose of C. siamensis Bile (mg/kg BW/day)*

Parameters 250
Control 2.5 25 250 (Satellite)
Total protein (g/dl) 8.20£0.63 8.20£1.13 8.30£0.84 8.40+0.24 8.00+0.34
Cholesterol (mg/dl) 131.00+8.26 126.00+8.65 124.00+6.62 121.00+£8.51%* 118.00+8.93
Triglyceride (mg/dl) 86.00+6.55 86.00+4.76 83.00+5.93 80.00+7.46 85.00+5.44
ALT (U/1) 45.00£6.73 46.00+6.46 53.00£8.69 60.00+6.83** 44.00+3.09
AST (U/1) 72.00+3.59 73.00+4.16 87.00+7.01** 91.00+3.81** 69.00+6.64
ALP (U/1) 69.00+7.48 68.00+7.86 73.00+6.97 88.00+5.55%* 67.00+3.28
Total bilirubin (mg/dl) 0.09+0.01 0.10£0.02 0.10£0.02 0.10£0.01 0.09£0.02
Albumin (g/dl) 5.40+0.39 5.40+0.54 5.40+0.37 5.40+0.34 5.30+0.16
Globulin (g/dl) 2.80+0.26 2.80+0.64 2.90+0.49 2.9040.12 2.9040.28
Creatinine (mg/dl) 0.3040.05 0.30+0.04 0.30+0.05 0.30+0.05 0.3040.03
BUN (mg/dl) 20.60+2.42 20.60+2.08 20.70+1.12 20.60+0.34 20.60+1.25
Uric acid (mg/dl) 2.80+0.30 2.70£0.22 2.40£0.73 2.60+0.60 2.60+0.43

Glucose (mg/dl)

203.00+£20.74

195.00+38.11

190.00+48.77

185.00+25.37

188.00+£39.03

*mean + standard deviation

**p < 0.05

Table 6 Effect of dried C. siamensis bile on biochemical values of male rats

Dose of C. siamensis Bile (mg/kg BW/day)*

Parameters 250
Control 2.5 25 250 (Satellite)
Total protein (g/dl) 8.60+1.14 8.50£0.34 8.50£0.97 8.60£0.97 8.40+0.32
Cholesterol (mg/dl) 151.00+8.27 143.00+8.05 137.00+£6.47** 124.00+£7.04**  130.00£9.29**
Triglyceride (mg/dl) 62.00+4.57 62.00+2.23 60.00+3.54 59.00+2.13 63.00+7.25
ALT (U/1) 54.00£6.90 54.00£5.66 61.00£3.44 70.00£5.19* 52.00£3.05
AST (U/1) 108.00+4.17 108.00+4.37 114.00+7.30%* 116.00+3.16%* 102.00+3.11
ALP (U/1) 54.00+7.69 54.00+3.83 63.00+9.03 65.00+£6.02*%* 59.00+4.62
Total bilirubin (mg/dl) 0.13£0.02 0.1240.02 0.14£0.04 0.14£0.02 0.13+0.02
Albumin (g/dl) 6.00+0.65 5.90+0.35 6.00+0.49 6.00+0.27 5.80+0.18
Globulin (grdl) 2.60+0.58 2.60+0.53 2.5040.47 2.60+0.29 2.5040.30
Creatinine (mg/dl) 0.4040.07 0.4040.08 0.4040.07 0.4040.08 0.40+0.05
BUN (mg/dl) 22.90+2.69 22.80+1.66 22.80+0.98 22.80+1.57 22.80+0.47
Uric acid (mg/dl) 2.80+0.66 2.80+0.55 2.70£0.25 2.80+0.45 2.70+0.54
Glucose (mg/dl) 176.00+£34.37 144.00+23.66 138.00+21.70 138.00+8.60 139.00+19.65

*mean + standard deviation

**p < 0.05
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Discussion

The present study was performed to assess the sub-chronic toxicity of dried C. siamensis
bile in male and female Sprague Dawley rats. There were no significant difference in body weight,
feed and drinking water consumptions between the control and treatment groups. The toxic
outcomes on vital body organs of all doses given, which were liver, kidney, heart, lung and spleen,
were not observed either macroscopic or microscopic examinations as compared with the control
group. In addition, no significant variations were found in relative organ weights It could suggest
that dried C. siamensis bile at concentrations used in this study did not have any effects on the
growth of rats.

There were no changes to RBC, Hemoglobin, Hematocrit, MCV, MCH, MCHC, Platelet
and WBC of all groups of animals tested. This study, therefore demonstrated that dried
C. siamensis bile is not toxic to blood parameters.

Biochemistry results showed significant elevation in ALT and ALP levels at the dose of
250 mg/kg BW and AST levels at doses of 25 mg/kg BW and 250 mg/kg BW, however, those
levels in the satellite groups were not significantly different from the controls. Moreover,
histological findings did not demonstrate any damage in liver in all groups. Therefore, in this
study, it could suggest that dried C. siamensis bile orally administration at the dose as high as
250 mg/kg BW for 90 days did not have permanent effects to the liver. Significant reduction of
cholesterol levels in both male and female rats was observed. It might possibly be due to an effect

on elimination of cholesterol, one of the bile functions®.

Conclusion

Oral administration of dried C.siamensis bile for 90 days at the doses of 2.5, 25 and 250
mg/kg body weight revealed no toxicities in male and female rats. Thus, no observed adverse effect
level (NOAEL) of Siamese crocodile bile for Sprague Dawley rats could be equal to 250 mg/kg
body weight per day.
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NENIE5I2IHATLLY mﬂﬁ’uﬁflmﬂ
(Crocodylus siamensis)

v 7
lunyusnarariug Sprague Dawley

Aagasel AFansudd™® ans Ussaunad™ FJuannssa FTUNIWUE® gaIa wedNaE uas
I BEBNAT®

'NangnIanINgIMITEAULAINANY) 127321 INMFNTTINN, AULINGIMFNT, NNIINIBNNBATAITAT,
AFUNWNWIUAT 10900

MAINFNIING, AMLINENATAT, NI INFENYATAIFAT, NFNIWINIUAT 10900
AUIUHUAMTINBuazTaUYgNNINASEN, NININNFENYATAFNT, INEUIAMUANUTY, TINTAUATUFN 73140
‘gudansniludamuiinermans (aNAmINmYL), NFINNNNIUAT 10400

*AUIINTNASBNINIA, WMINGIBENTING, WNITAUATLIH 73170

UNAnEa 13161'fﬁzvﬁm8ﬁu§lwﬂgn1’§Lﬂudauwau1uﬂwLquTinmuwLfJunmmu ugnsdnmanuUasadsaaung
NG msﬁnmf’jﬁi’mqﬂizmﬁlﬁaﬁnmmmLﬂuﬁwﬁ'qL'%ya%'wmﬁwﬁ%mﬁ'ﬂmﬁuﬁwﬂu%gu,‘m anewug Sprague
Dawley Tagvhmatlaumsiianuidudu 2.5, 25 was 250 Faan3u/Alansuthwiing nniudaiiiasiuiunm so u
wamanagaunuIhAsssdaneRuslne liwumsnfsuwlamanimings msudlaaomauaznau sawdehmin
dunnsaasadienzaany m‘[aﬁmﬁwmh\iﬁmmLmﬂthﬁﬁuﬁuﬁﬁ’wmmmswmaawmmmLﬁuﬁ'u NAMINATDUA
wilnddinludaawuhe ALT AST uas ALP aaswyusniitlauhinssdfianadugu 25 uas 250 fadniu/ilaniu
ihwiingh diaduasheifed dgmeadaiiaifisudunguenuan udlinuanuuandashaited dymevdmgeli
ihiasudifunm 14 u aaedien cholesterol anas zhumimsmaaumqwm%’“mmvla\iwummLﬂ?{ﬂuttﬂaqiuwgﬁgq
2 WA Naﬂﬁﬁmsnmeiwﬁyﬁ%zLﬁ'mﬂﬁuqﬂwaﬁmmL?Tuﬁ'u 250 flaaniu/Alansahwingaiadlauly
NYuINaeWus Sprague Dawley Yudienulaaass

o o % o v I a 4 &£ o . .
AEIARY: 1ATT, MINAFBUANNUUNENITDN, Crocodylus siamensis
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PN S v S v PN = J
msﬂszmumatﬂﬂlmmmmswwmuqaumsma

Methicillin-Resistant Staphylococcus aureus

wiaad nlszand Sudisn wsANBNAZE” ugNa ENINTU® WazAN3InY saansz)a’
"aedpunaluladiimw aasInenmans i Inenag NN ¥Inan uNnsl AN 10240
“nguivesunENsT e A sINaIIT guEiugimnsanuazmaluladFmmuiend sninauWanninenmans
uasimaluladuivenil Aaevvan UnusIid 12120

unanga msdnwessilladadanuulndnngudayalvlndaugdunidinnu o du Nivine 6-25 nseazily
fiuszagmaiiluuin uas 40-83% hydrophobicity ihwdIndniualuduenzduaznagaugnddugemsiadnuaie
Staphylococcus aureus ATCC 25923, methicillin-resistant Staphylococcus aureus (MRSA) DMST 20635,

MRSA DMST 20637 waz MRSA DMST 20654 wunilng KLKLLLLLKLK sansasiusaide S. aureus

[
v '

nvne mnhmssaulasdulngiduil mlilawdingsau 12 & Ailees o%hydrophobicity wazlseagnd
uaneeniin lumsnassugniuieuuaiiGesasdlindduaszyd 12 @y wuhwdlng KLKLKLKLKLK,
LLLLLLKLK uaz LLLLLLK fissansmwiiusiadio S. aureus ATCC 25923, MRSA DMST 20635 oz MRSA
DMST 20654 vlé'gaqm Toadim IC_ 27.5-62.5 TuTasn3ueafiaddns uananinamsiaszl matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) WUﬁWnﬂﬂﬁﬂﬁuﬁﬂmL%ﬂ
S. aureus § Peptide barcode uaneafiy Mnuamnaastassiudasliiiuh S. aureus fneenaizadueafiu

finaea Peptide barcode Many wazmsnavauasdailulndduanzinuandeiume agslsiaunalanmsau

v v
= |

& ¥ Ao £ o P A o o
yaUulnana 3 @ Pilgnddugada MRSA msazihludnmiiewannduensnnlse

v

AdAa : Staphylococcus aureus Napsizaay, Peptide barcode, tilnadaiaszv
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UNU

wWilndeugdunsd (antimicrobial peptides w38 AMPs) (Wuashasaunnigaduaadilizio
P o v & a = a v o Vo P < v & N O
wazdiunumlumsmiadegdunidlussuugiauiuuuulisimw: AMPs figndaudsuuaiiGenunsuuin
wazunsNay Nalawuaiie 1sd was saunasadninanmsudsunlaslianund® ey wWilng
hepcidin e300 U Candida albicans, Aspergillus fumigatus waz Aspergillus niger™ wilnd
£4 % 3

cathelicidin (LL-37) enuanalsniinia® wasienalsalunanszumnsiasnnz® dudu ey AMPs

2 o I N ac oy . . oA v & I a v o ow = v
mm‘nmmﬂumuaumﬂgmuzmﬂiu (endogenous antibiotics) NaTNAUNNTUITUUANANNY HHUIN

Y 9
v

donusNuIauns wasty mediator Tuszuugiiguiuuuuinme nszduldizadmiadudanuasy
Tnewasansiheanan w lolalay (cytokine) Mnunalasvha (macrophage) uasihlasia (neutrophil)®
Taavhlu AMPs Usznaugresiununsaaziily 12-50 6 %ﬁﬁ'ﬂﬁniﬂazﬁiuﬂizqmﬂ%ﬁﬂmsﬁﬁu (arginine)
lafu (lysine) w3adaddu (histidine) waznguuaslalasinie (hydrophobic) Fefidaduannnin 50
TuTwana® Nnenuuandrneansuzlasasmiegiivazdszyand Mlviinsuus AMPs saniiu
nanangu”?

Methicillin-resistant Staphylococcus aureus (MRSA) L‘fJuL%?afia‘[‘mﬁmﬂm"lu‘[‘smmma

= v

uQm’em‘umo%amﬂﬁ%auwmwﬁﬂ(” annsaunsnszaalaie msssmﬂwam%?an&ju MRSA azwulugithei
Snndalulssnenng Tasmwzdgens viagthanin wislduunamnmade wazinwuluiuiim
uada msfiaifa MRSA uanlsanemnaanfumsiaaiifiviauazanaiiomsguusld nndlaymida MRSA
aoenUithusil ldiimsiennenlnd 4 feengndsnideuuaiiieiseldaivssansmmannsay ueen
nauiliunuissuasraliifailymiaematenad nalnmsdasaadaifiennmaiasuwaswasdu
Usznauiusnamsamad wu nsaiilada (teichoic acids)™ laTulwauzamlsd (lipopolysaccharide)”
wsanaalwladu (phosphocholine)"” Wusiu luthyiuiimsasamanuuanamesudlulni (genotype)
anseugiBeuuaiide uaznewugaemvasuaiieludvaussatiddentu Tasmslansimmeding
wWilng (peptide mass fingerprint) %38 Peptide barcode GT’JEILGI%EN matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF MS) %ﬂﬁlv\lam’ﬁLﬂ’i’wﬁm’il,l,ilﬂ‘dﬁ@
(typing) vasuuniiSalaamzuaziniinsuanillulnl (phenotype) fre35nsnagaunadieil
(biochemical test)™ ' nmsAnmITenuLuafiEafiinsaaeuandaiy axfansfinwilylng
uanehafu® ylimseauauasdamiuandaiuluudazanaius nniymmstemuasuaiiderlving
Anwuaswaiun AMPs unuenujdiue e lFfuensinluddmiuinelsadndonnuuaiiGenes AMPs
fignsshifasdunidnelsaiienududumiiafisutuanu s liwesdelidasnds mansanssduszuy
piduiilivhauluwdeondumsnauses AMPs ldasheiissansmw daiiu AMPs Sufludnmadaniiaz
ﬁﬂﬂﬁ’mmLﬂuﬂwﬂajﬂwﬁﬁaﬂﬁlmuw‘%ammj (combination therapy) flugnau Fefinsnumslfidlng
LL-13 waz LL-17 (aywugeaulUlng cathelicidin) sannumsldenuinlaizduy (vancomycin) lums
fuiade S. aureus fa$ biofilm wazdpenulaiedu’® wannnilfonuhid AMPs rwiainarhans
Lsziafci'l,ﬁﬂLﬁammw'%amaﬁ@iaﬁmhq q Tudeidie® Juiludagmlumaihluwawnviadszandldmenadin
Fatudadimafnmitedauladdasaalvlndiaiudssinsmwoaaulng Fasdaemiladadaie
AinadamsmaumeaUlng wu auianmsdlu amphipathicity (fuldnalalasilaauazlaloslnia)
antdenududszauan (Wulalesilae) antfanudulalasinie srdunseaziily (msilunseazily

hydrophobic residue M 50%) FutIMsIAalaseasnaan a-helix (helicity) duUf self-association
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1% a ] a £
wWillnddaanzvidugdunidds MRSA W8N NYUsEENS wazaue

(msshuiullsen) Taseaeuuussnse (linear) (Hune (eyclic) (flugaule 1™ 1102 gq501%1 e
Tassahamaaulng wu Wunussdendaduluanaleduinlifignddunuaiids MRSA 1daiue =
msAn¥ITeasilldaanuuumeuindmeduq wazdaulaslassaaiiednmgniduiudauuaiide
S. aureus Papenwizadu eazthludnmnalnmsaangnauazianndusinnlsefadannuuaiice
Apenvaneyile (multidrug resistances) Lmumﬂﬁmﬂﬁ%ausﬁﬁiﬁuﬁa@ﬁ’u

fhathadauuaiie

douuafiFanalsaluau S. aureus filudomuazfosnuiidodu $uu 4 mewug ldud
S. aureus ATCC 25923 (lﬁgammﬁ%aauuauﬂul,%yamﬂﬁuimmgm; American Type Culture
Collection) MRSA DMST 20635, MRSA DMST 20637 ttaz MRSA DMST 20654 G AR AR G IIGE
FIMW AUAINNENFNT NININNFETINAUTN Lo AUINIUTNINGERUSUUATIFTENNMSUNNE NININNAEnT
msuwng (DMST Culture Collection) NITNTNITINFY

wWillnddaansiuazenjtrusilinasauiudauuaiiGe

WilnddaeseiildlumsnagesuiudauwuaiiGe fswnunmse 21 1@y Tog MRSA1-MRSA9
i ndidgadanmnngudayailllnddugdunid dn MRSA10-MRSA21 Wuuhilndileenuuuuas
dowdasnnilng MRSA1 duanzilagussn China Peptide Co., Ltd., China, eUfjiuziilinaasu
fudtouuadise Taun imiidasy (penicillin) uazaandaau (oxacillin) ¥o9USHN Sigma-Aldrich, USA,
wiuladedu 209u54n Merck, Germany

MswneRsadauuaiiGe

ﬁ’]L%aLLUﬂﬁL‘%EI S. aureus ATCC 25923, MRSA DMST 20635, MRSA DMST 20637 ttaz MRSA
DMST 20654 ﬁLﬁuiuﬁLLﬁLL%q -80 aNFNadYd N']LW’legﬁlﬂua’lw’liLgﬂﬁL%ﬂ‘ﬁﬁﬂu‘ﬁﬂ Tryptic Soy agar
(Difco, Laboratories Inc., USA) ﬁqmwgﬁ 37 paenaFed fluna 18-24 $lae nasnniudsdalalail
Lﬁtl’.)‘inﬂm‘mil,lﬁﬂ mwamﬁyslﬂuamﬁl,?:mL%yaﬁﬁmmm Tryptic Soy broth (Difco, Laboratories Inc.,
USA) ‘ﬁqmwgﬁ 37 aeehwalded unm 18-24 Mg ﬁwL%amt‘%amm%'wmmjuﬂ”'m 0.85% NaCl
T#wihnu McFarland No. 0.5 Tma’lﬁm’%’aﬁmmwmju (suspension turbidity detector; Biosan Ltd.,
Latvia)

% ' 4 &

mMsaanuuuuasduanzildIndaadu 9

) % <~ o’dld U o 3 a 4%’ Yt v

mmsaadanaeUlndninsnuiamnsedugimsasyeada S. aureus laaannguiaya
Antimicrobial Peptide Database (http://aps.unmc.edu/AP/main.php) laun ilulng MRSA1-MRSA9
nasnntuimsUsudsumaunseazilurasanaving legeenwuulvfiant@msy amphipathicity

wva I wva I a wva a v = .

antfanuiudszguin antdanudulaloslnde wazani@nmsiialasaiiunied a-helix vainwans
(http://aps.unmec.edu/AP/main.php waz https://pepcalc.com) latduilUlng MRSA10-MRSA21
(M99 1) i ndnanualudaunsied
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Synthetic Antimicrobial Peptides against MRSA Nuanchawee Wetprasit et al.

M1N 1 aeunsaazilureullinddaaszyv

Hawlulng saunsaaziluuuaading
MRSA1 KLKLLLLLKLK
MRSA2 CGGGGGAGLPSSLLLLLEKSSKVKF
MRSA3 FFGSVLKLIPKIL
MRSA4 FFSLLPSLIGGLVSAIK
MRSA5 KIAKVALKAL
MRSAs6 GFWGKLWEGVKSAI
MRSA7 NMLPKLLHA
MRSAs LMLLRF
MRSA9 NLLLMLSSK
MRSA10 KLKLLLLLLKLK
MRSA11 KLKLLLLLLLKLK
MRSA12 KLKLLLLLLLLKLK
MRSA13 KLLLLLLLLLK
MRSA14 KLKLLKLLKLK
MRSA15 KLKLLLKLKLK
MRSA16 KLKLKLKLKLK
MRSA17 LKLLLLLLKL
MRSA1s8 KLLLLLLK
MRSA19 LLLLLLKLK
MRSA20 LLLLLLKL
MRSA21 LLLLLLK

G = Glycine, A = Alanine, P = Proline, V = Valine, L. = Leucine, I = Isoleucine, M = Methionine, S = Serine,
T = Threonine, C = Cysteine, N = Asparagine, Q = Glutamine, D = Aspartate, K = Lysine, E = Glutamate,
H = Histidine, R = Arginine, F = Phenylalanine, Y = Tyrosine, W = Tryptophan

1136137311 Peptide barcode maat%a S. aureus fuA3a9 MALDI-TOF MS
iwasuuaiitiennamsuianuauiuinaul3mnes soo lulasans waztemusal3nes
900 lulasans nasnninhluihuileldigaganaznan hezneumaduaniuasazans MALDI matrix
(10 §88n51 284 sinapinic acid 11 1 §88dm5 289 50% acetonitrile filsznaueds 2.5% trifluoroacetic
acid) iasazaeanausines 2 lulasans weeasuy MALDI target (MTP384 ground steel, Bruker
Daltonik, GmbH) suialiliursiigamnfivas®® thanfamisidhe Ultraflex 11T TOF/TOF (Bruker
Daltonik, GmbH) 1% linear positive mode NU mass range ‘7; 2000-20000 Dalton W@az@AIBENNTIINS
iutayannmatissaiausas 500 shots i 50 Hz Tosudaziatheinnsy 24 1 (n=24) ndsnnifiudaya
mefaitlIng #adlu Peptide barcode wasudazthag hdayamnulisuiisuiugudoyameiinn
wilne auﬁaaﬁuwgs‘fﬁmu MALDI Biotyper 2.0 software package fayamsisnvii/Indiinsstudugiu
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1% a ] a £
wWillnddaanzvidugdunidds MRSA W8N NYUsEENS wazaue

dayavzanueaniiluazuuy (score) WazdAT1eH Principal Component Analysis (PCA) 2a9aafnwW
wilnd ae MALDI Biotype 2.0 software package Toglgmenuviiuulng a9 Escherichia coli DH5a
S positive control waza1sazary MALDI matrix 1 blank

mInedaugnauiudauuaiielagis Broth Microdilution

MINAFBUMNNATUSITED S. aureus HliApeUaAENNATasy Tagw@n half-maximal
inhibitory concentration (ICsO) 835 microdilution lu 96-well microtiter plate ﬁﬁﬂLLﬂa\‘leﬁmiLgﬂ
W™ dhundduaneiaunedoniiy stock solution NemuEuauy 1,000 lulasniudaiianans wasan
HudaneUInddeanmsidsudasiiamen Tryptic Soy broth Whid@auuadide (AMugu 10° CFU/ml)
Tdaslu 96-well microtiter plate U51n03 80 lulasans wasnntiugamsasmenulngusines 20 lulasans
fidanudldasly 96-well microtiter plate Tldanududugavheuaaldlng da 100, 75, 50, 40, 30,
20, 10, 5 war 1 WlASNSHABNAAANT MNIGU lae 3 o (triplicate) Nntuh microtiter plate
Lﬁ'ﬁﬁﬂuﬁqmwgﬁ 37 avenaded unm 24 il wlanwehitenudr 180 seudewni imsiamsad
dulaweadauuaiiGelusmaidsuds Tasiaanudureaifadeiniasiomsganduuss microtiter plate
reader (RT-2100C, Rayto) fienuemnaay 600 wnluwas i o, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
22 AT 24 T4 Imﬂ%’msaxawL%yaumﬁﬁﬂﬁhiﬁLﬂﬂlwi'l.ﬂuﬁamuqu (negative control) wazldaims
Lﬁyml.%yawﬁmmauﬂu blank ﬁwmm'sgﬂnﬁuum %38 optical density (OD) yasmsnadgauilulng
Vlavae @I %Growth inhibition MNFAIINEN UaANNUMMANNENFUMNEA (minimum
concentration 38 lowest concentration) ‘lIENLﬂﬂlwﬁ‘ﬁ'ﬁﬂﬁﬁyﬂtmﬂﬁﬁﬂLﬁnﬂﬁl 50% Lﬁ'mﬁﬂuﬁ’u control
Faazfueh IC_

%Growth inhibition = 1- [(ODpeptide treated-ODblank)/(ODcontrol-ODblank)] x 100

lumwmaaufﬁﬁmﬂﬁ%nuzL‘fJumimuQﬂummeL%yaLmﬂﬁﬁfﬂ Tosihenfzruziwiidadu
panTFaau wazuaulasedy wisudly stock solution AANNTNTY 5,000 lulasnsudaiadans Mnside
endiusaeamsdsade wanhlunaseugndsuiemswdyivlavesdamaiamsthady anuda
dugavnavesendzue @ 1,000, 800, 600, 400, 200, 150, 100, 50, 25, 10, 5 K 1 lulasnsudaiiadans

MUAIAU VAINNUUMUIUNIA) ICEO°z|mmma‘%m@ﬂmaaL%aLmﬂﬁﬁﬂmﬁ%ﬂﬂdnﬁwﬁu

We

msaanuuusazdaarzilInd o

aunsaaziluraaiIndldnngudayeves Antimicrobial Peptide Database (http://aps.
unmec.edu/AP/main.php) LﬂﬂlwﬁﬁaanLmuﬁgwuﬂﬁwmﬁmammmqmauﬂﬁmqLﬂﬁmﬂmw (physico-
chemical) 7y ﬁmﬁnimaqa (molecular weight) @ pI Wueu aralusunsy (http://aps.unme.edu/
AP/main.php waz https://pepcalc.com) 1w 9 tdu loun wWilnd MRSA1-MRSA9 uaaely
msai 2 wWillndnamaaiianueninue 6-25 nsaaxiily waziianuiy hydrophobicity GaWLd 40-83%
wariUs23gns (net charge) Gaud +1 89 +4 wnelaseae 3 G (3-D structure) a28lUsunsy
PEP-FOLD 2.0 (http://mobyle.rpbs.univ-paris-diderot.fr/cgi-bin/portal.py #forms::PEP-FOLD)
nlaseain 3 16 wuhdindunaduiigunaduduass naduddlndiisunatudunsinaniu a-helix
i N-terminal uazlaiwuiduidIngfifigusin p-pleated sheet (muii 1)
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391 2 Maunseazilluwazanidmaeimamweaaddindduanzinaadannngudaya

Protein-binding

Peptides Sequences NO;‘(:I;:IIO MW pl Tz;;zlr;l:t I-;/;S potential
(kecal/mol)
MRSA1 KLKLLLLLKLK 11 1322.82 11.15 +4 63 -1.11
MRSA2 CGGGGGAGLPSSLLLLLEKSSKVKF 25 2418.90 10.09 +2 40 -0.32
MRSA3 FFGSVLKLIPKIL 13 1474.87 10.69 +3 61 -1.61
MRSA4 FFSLLPSLIGGLVSAIK 17 1762.14 9.88 +2 58 -1.61
MRSA5 KIAKVALKAL 10 1054.37 10.98 +4 70 -0.75
MRSAs GFWGKLWEGVKSAI 14 1577.82  9.93 +2 50 -0.34
MRSA7 NMLPKLLHA 9 1036.31  9.70 +1 55 -0.23
MRSAs LMLLRF 6 792.06 10.84 +1 83 -0.86
MRSA9 NLLLMLSSK 9 1018.28  9.70 +1 55 -0.33

G = Glycine, A = Alanine, P = Proline, V = Valine, L. = Leucine, I = Isoleucine, M = Methionine, S = Serine,

T = Threonine, C = Cysteine, N = Asparagine, Q = Glutamine, D = Aspartate, K = Lysine, E = Glutamate,

H = Histidine, R = Arginine, F = Phenylalanine, Y = Tyrosine, W = Tryptophan

MRSA1 MRSA2 MRSAs3 MRSA4

MRSA5 MRSAs MRSA7 MRSAS

= o v aa Y sl v o v
M 1 mashalasadi s 16 veadiindduanzdnaadannngudaya
P 9 du wWilng MRSAs figunatudunse drundindidudu

Hsusadludunsamannu a-helix 1 N-terminal
MRSA9 o
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wWillnddaanzvidugdunidds MRSA W) NYUsEENS wazane

WadeszvguieealUlngms 9 @ wuu helical wheel dalusunsy heliquest (http://
heliquest.ipme.cnrs.fr/) wuhilanwaeaauaadlumni 2 wWiulng MRSA1 Hanwazveslaseasreanidy
lalasludia uazlifion (non-polar) Wuadwnikanas WawSsuisunuulndidudu

Ll

R5

L4

1.24@191.4

M2

¢

MRSA7 MRSAS8 MRSA9

L3

Muil 2 dnwae helical wheel voalulnddanzinaadannngiudaya i 9 wu 1ilng MRSA1
fanvazyaslassasninidulalasluie wazlifion Wuawmilsangs Wiswsauisudunulng

LHUDU
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Synthetic Antimicrobial Peptides against MRSA Nuanchawee Wetprasit et al.

119053211 Peptide barcode ?la\w?}ya S. aureus MeLA3a3 MALDI-TOF MS

Tumsanasail le¥nsns1am Peptide barcode Togld MALDI-TOF MS 11@5793ta51:%31a
TuanasauIndlushedeendouuaiids woinnsiildasduameinviiulnddaiuendnual
IWIsratudasaie wasudarmenuaudouuaiite mefuiulndildanilumsenaigaiiuusio
sdauuaiiGouasamuuandemsilulnivasneiuguuadGeluitauwasatddidendu nmahed
wuafide S. aureus filidasuaziiosuiiodu Swnu 4 mewug whmsataulndudiiensd
mefuiUinddeinins MALDI-TOF MS wiisuifisumeiinii/ndilddugudaysmeiaun
Lﬂﬂlwe‘fﬂmL*‘??aﬁgﬁuwgﬁﬁngumiu MALDI Biotyper 2.0 software package WU S. aureus filifaenuaz
foeiiBaauns 4 sewug e score i 2.3 a5siy S. aureus lugrudaye udns 4 mewug Tme
wunlUlng w3e Peptide barcode uanamany Fesnasaiuldannuamn PCA uaz MALDI-TOF MS
Spectrum (MWl 3 oz 4) uaasliifiun S. aureus Mhunldnadaudmeiuguanshafuia 4 seug

ATCC 25923 = yellow points DMST 20635 = blue points
DMST 20637 = green points DMST 20654 = red points
n=24

AW 3 3D PCA Scatter plot 284 S. aureus filidosuazdoeuiizodu M 4 aenug A
S. aureus ATCC 25923, MRSA DMST 20635, MRSA DMST 20637 waz MRSA DMST 20654
Taglalusunsu ClinPro Tools 2.2 software (Bruker Daltonik, GmbH, Bremen, Germany)

3105,

Intensity (AU)

Mass/charge ratio

i 4 aneindildlnguss S. aureus flidsonuazanenuiidasu 110y 4 aewug Aa (A) S. aureus
ATCC 25923, (B) MRSA DMST 20635, (C) MRSA DMST 20637 waz (D) MRSA DMST
20654 ATNIATEMELAIDI MALDI-TOF MS
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wWillnddaanzvidugdunidds MRSA W) NYUsEENS wazane

managaugnisudimsasaiviavasdauwuaiiselagds Broth Microdilution

msmaauqm§§u§m15m%tylﬁu‘[mwaqL%ya S. aureus filainpouazfasmizadunudlng
S ERED ]

il Indduensiiidaidannngutayaniulnddugdundd w9 du anmesauduida
S. aureus M 4 anawug 1u 96-well microtiter plate wazrhmsiamswdaduled o, 1, 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22 Uz 24 $lae wuhulng MRSA1 (KLKLLLLLKLK) 39 shnu 11 nseasiily
A1U5E9dNBIINY +4 waz %hydrophobicity VAU 63% ﬁqm§§u§qnwﬁta%muwa0L%ya (%Growth
inhibition) 1675“7;6161 IﬂﬂéﬁJéii S. aureus ATCC 25923 ¥0N 50% ﬁuﬂzﬂ S. aureus (MRSA) DMST
20635 Waz DMST 20637 1NN 30% LLaxﬁ’UéTvq S. aureus (MRSA) DMST 20654 31NN 14% ‘ﬁmm
wrurasilng so lulasniudefiadans srunliIndiduiuy dgnisudadelaios Tasfian %Growth
inhibition e 16 Hlaa (6115’1\117; 3)

a [

= o & a a & oo & s a ¢ ¢
MIINN 3 B\IailUENﬂ'ISL‘\ﬁEUULGIUIGI"ZIBQL%a S. aureus ‘nlumasnu,a:ﬂasnLuwwaaunULﬂﬂlwﬂmmew

naadannngudayainnu 9 wdu legldidlndnanududu so lulasnsudaiiaddns M 16 alaa

%Growth Inhibition

Peptides S. aureus MRSA MRSA MRSA
ATCC 25923 DMST 20635 DMST 20637 DMST 20654

MRSA1 52.39 35.95 32.78 14.21
MRSA2 12.77 29.09 23.54 1.62
MRSA3 9.5 33.57 25.04 0
MRSA4 13.24 31.54 26.03 0
MRSA5 11.2 34.91 23.04 0.61
MRSAs 17.07 39.05 32.40 0
MRSA7 15.30 35.59 24.41 0
MRSAS 14.23 34.67 23.16 11.77
MRSA9 5.47 39.05 26.03 7.61

PNManagauia S. aureus N4 4 aawug areenUfusiniidadu sanmdadu uazwiulenedy
ldfumsmuanlumsdudauuaiidalasismaesasdudmiunluindduansd wuhems 3 oie
fignidudada S. aureus nomewus Tasswnladsdufignidudimsniauandauuaiidaldaian den
IC_ 3.9 TulasnSuaaiadans fire 4 e suiuszasinsiuiu (exponential phase) 289189

(5199 1)

AMINN 4 manedaugndassenUfiusiiicadouuaiiie S. aureus Nhidoeuszdoenuizaau lasid
Broth Microdilution #1381 4 72la9

IC_ (lulasniucaiiadans)

S. aureus
WHdaau aanuITaau waulaadu
ATCC 25923 0.68 270 3.9
MRSA DMST 20635 500 >1000 3.9
MRSA DMST 20637 500 750 3.9
MRSA DMST 20654 500 >1000 3.9
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v

ﬂwﬁwﬂaaqugﬁuﬁqmﬂﬁmLﬁuimﬂmﬁa S. aureus fliApeuaziasmiFadunuling
Fuaneriaaulas

mnwamamaamﬂﬂlwﬁﬁmﬁaﬂmngmﬁagaﬁmau 9 1§ (MRSA1-MRSA9) wuhulng
MRSA1 fiqnidude S. aureus W1 4 mevug 1dange Jovhmsdaulasulndiduillifisus Ussaqns
(taz hydrophobicity Wil AMENUAGN ypulUlndaaudasininy 12 1 (MRSA10-MRSA21)
waaslumsed 5 anugmzeslUInddvneniud 7-14 nseaziily fanuiy hydrophobicity G
45-87% LLa::ﬁﬂixﬁ!Ejﬂg(g?\‘iLLGi +1 89 +6 MamMenelaseasn 3 16 vawlUlng wui MRSA1s, 20
wor 21 dgUhafiuduass dududuiisuhafuduasinauiu oa-helix i N-terminal waslainwuidu
Lﬂﬂlwﬁﬁﬁgﬂ'ﬁw B-pleated sheet (mwﬁ 5) warmsmnalaseaalumsimedvzasdlnadnumausy
(membrane) laal#lusunsy PPM 2.0 (https://opm.phar.umich.edu/ppm_server) wuulng
MRSA13, MRSA18, MRSA19, MRSA20 waz MRSA21 lissnsadununiusule uawdlng MRSA1,
MRSA10, MRSA11, MRSA12, MRSA14, MRSA15, MRSA16 waz MRSA17 fifilassasadudunsauas
§i a-helix a59Ume N-terminal shansadusuwaiusule (mwi 6)

wammhUIndduaszdiicaudatlaseade s1wu 12 @y smedauiuda S. aureus M
4 @eiug Tu 96-well microtiter plate uazthmsiamssadvlafinada g wuhwilng MRSA16
(KLKLKLKLKLK) Usznaueig 11 nsaaziily Uszgans +6 uaz 45% hydrophobicity tulnd MRSA19
(LLLLLLKLK) # 9 n3aaziilu Uszqgn5 +2 uaz 77% hydrophobicity wazilUlnd MRSA21 (LLLLLLK)
3 7 n3eozdily Uszagnd +1 uas 85% hydrophobicity flgnitiudaide S. aureus ATCC 25923, MRSA
DMST 20635 waz MRSA DMST 20654 6@ ilanl3suiieuiuiulng MRSA1 Taafien IC_ 27.5-62.5
Tulasnsusaiadans finm 6-s Hlus udussaziinsinuuade (m’mﬁ 6)

'
sl v

MM 5 seunsaeziiluwazantamaeimanweaallinddiezinsaulasann MRSA1

Protein-bind-

Peptides Sequences No. a.mino MW pl Total net 2%HB ing potential
acids charge (keal/mol)
MRSA10 KLKLLLLLLKLK 12 1435.98 11.15 +4 66 -1.43
MRSA11 KLKLLLLLLLKLK 13 1549.14 11.15 +4 69 -1.69
MRSA12 KLKLLLLLLLLKLK 14 1662.30 11.15 +4 71 -1.92
MRSA13 KLLLLLLLLLK 11 1292.80 10.69 +2 81 -3.01
MRSA14 KLKLLKLLKLK 11 1337.83 11.28 +5 54 -0.16
MRSA15 KLKLLLKLKLK 11 1337.83 11.28 +5 54 -0.16
MRSA16 KLKLKLKLKLK 11 1352.84 11.37 +6 45 0.79
MRSA17 LKLLLLLLKI, 10 1179.64 10.73 +2 80 -2.82
MRSA1s8 KLLLLLLK 8 953.32 10.69 +2 75 -2.3
MRSA19 LLLLLLKLK 9 1066.48 10.73 +2 77 -2.59
MRSA20 LLLLLLKL 8 938.31 10.12 +1 87 -3.61
MRSA21 LLLLLLK 7 825.15 10.12 +1 85 -3.42
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v a

W = 1 = = ‘hl{
Wi lnddaasziauadunisgns MRSA W8N NYUsEENS wazaue

q

MRSA10 MRSA11 MRSA12 MRSA13

MRSA14 MRSA15 MRSA16 MRSA17

MRSA18 MRSA19 MRSA20 MRSA21

2NN 5 waeemsminalasedsn 3 16 saUindduanzinaautasarn MRSAT 0w 12 wdu wilng
MRSA13, 20 uaz 21 dAgUsaiudunss druiindiduduiisunaiuduasinaniu a-helix
7 N-terminal

Pt -
“ / N X ‘ Y /\V p */?/TQ

R . | \ \J

o i 3 s{rxf
L

ﬂv
‘*Q v

F

fre
= J/\/\
o
W
Y,
-

MRSA1 MRSA10
MRSA14
ot MRSA16
‘ . v
" o\ Farl
y}( “\ LA - ;{5 s
¢ l”._: b \ .9 — f— ¢ = .
b ‘e Bk RA 2y
A - ARA
» - MRSAL2 MRSA15 \% o =
MRSA11 MRSA17

'
s v

Muil 6 laszunsulaseasn 3 16 vewlUlndduansvinaadanangudaya (MRSAL) wazilulng
Fupszvinaautasarn MRSA1 (MRSA10, 11, 12, 14, 15, 16 Wag 17) &N150LMLNU
winusule
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M 6 wamstugmssaiulazewdie S. aureus NNdpeuazdeeuidadunuilulng MRSA1
waztuInddaunszinaaulasan MRSAT 1a) 6-8 HI1aa

IC, (laulasnsudaiiadans)

Peptides
S. aureus MRSA MRSA MRSA
ATCC 25923 DMST 20635 DMST 20637 DMST 20654

MRSA1 29.5 75 >100 >100
MRSA10 27.3 >100 >100 >100
MRSA11 27.3 >100 >100 75.5
MRSA12 >100 >100 >100 >100
MRSA13 >100 >100 >100 64.5
MRSA14 >100 >100 >100 >100
MRSA15 68.2 30.0 >100 >100
MRSA16 34.5 27.5 >100 >100
MRSA17 >100 >100 70.0 69.5
MRSA18 >100 >100 >100 >100
MRSA19 37.5 37.0 >100 49.5
MRSA20 27.0 39.5 >100 >100
MRSA21 30.0 62.5 >100 36.5

a 4

VI

Staphylococcus aureus Lﬂul,%au,uwﬁSﬂfia‘[sﬂﬁﬁ’lﬁmﬂumguﬂ“ Toslawe S. aureus Naoen
wiidadu Wunmauasmsiialsaguusaasduiymmedumsesngy daiuduinddudaydunidnia
AMPs Fufludnmadanuilsithainldlumsinunlsedadaiinmeiem lutlhgiuldimsdaudas was
Tasvad worgUslananauas AMPs iiaviadszansmwlumasuadunddliinniu wu maianssquan
densaaziilulagu * mandewiulalosiiiadiensaasiiluiduc mswdsuiulalasiniauas
Talaswanluluanadeniu®” madsusuhaiiu a-helix uaziivszquiniiuasd (C-terminal domain)®”
ﬂﬁt,ﬂ?]'ﬂugﬂs'muﬂu a-helix waziinsnaziluladuuazdirduiumedu (N-terminal domain)® uay
msiinseasiluiminensatiu (arginine)®” wazlwsau (proline)®® Wuasdusznauvan Wudu nseny
mTenuhlIndiilassahadiy a-helix wosiivszgansifivnnaminsofissdufummusuiiueanin
apsuuafiGansadiounsuuanuazunsnau® * lumsidsasilddaulasdndlwiinme Uszqqns
ananulalastuiio sUh wesadunasnsaosiilulofunazindu fenuuandefiu wuhiszansamm
Tumséfugamsiainueaida MRSA wissmewugilasuwaslifmanndasiumiadeildinsdnmnliud
Nnnmsmnelaseaie 3 Afvasddlng MRSA1, MRSA16 war MRSA19 wuhillaseaadlu a-helix
uar MRSA21 flassahafuduass wilndiomaiifomnadn enudulalasiviiogs wasissqqnsiiu
wn Faiumsdudarasindarafennlasai a-helix uhdufummiusudaiivssansiduau niy
duiligeuihaaai Indasadaudud W ludunaalualonauaiusy wassumumsiaGesiuainaals
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wWillnddaanzvidugdunidds MRSA W8N NYUsEENS wazaue

Nunfluasdusznavrannusy mldwasuanassmsarughaanwausuld® ) wiamadenwy
Indfulszauniufumanusuiifulszaaunadlaluindusaenlsd lasduitlizauihaaaulndunsndy
i luluduneaTwatavasmmusy niAeguumuusuud i liieduan® * Snsnumsidewudh
wWlnddansey WR12 (Usznauss 12 nseazily #ilnseeziilun3ulamu (tryptophan) uazasatiu
Wueedlsznau) waz D-IKs (Usznausie 8 nsmaziilu 1asease B-pleated sheet) Hauatan
snsaunsnien W lumsusulddnhuUindifianalug wazanansadudade MRSA leaniwlng
cathelicidin Usznaudie 37 nsaaziluC® yannnildeiimATenuhmssuensiulIndsaulasiiusznau
densaazilulatuialilasaduiilsaunnuasulng AamAP1-Lysine fiszansmwlumséiudaiiia
wuaiiaunsuunuazunsnaulaas 10 wh adeudisuiuulng AamAP1 Mnsuaelas® mawaey
sounsaasiludduluulng melittin 19y melittin diastereomer ‘ﬁfl D-amino acid 1y leucine
zipper sequence falinalumsiiinyszansmwrasmsiuiadaunsuunuazunsuaulaanniuc® mssuda
ﬂﬁl,%%ﬂjv"ll?NL%ﬂﬂ?uﬁuﬂéﬁu%ﬂznmﬂﬁaaﬂq%‘é?la%ﬂﬂlﬂ(r’f m‘saaﬂqw‘§1ﬁ'ﬁmazﬁﬂiz§ﬂ%mwazLﬂuﬁw
szpziNIIMadafing 4-6 Talus FufurrcnainseangniasenmunanmaLndrauans
(pharmacokinetic) wastnganadmans (pharmacodynamic) Tumsanasadinuh miéTuélzqmsm'%nﬂm
(#a MRSA #aaululng MRSA1, MRSA16, MRSA19, MRSA21 uazenifniue Ig¢enmstiuiadouanea
fu Tuzheszaznmmsiiinsunueeadaiinm 4-s $lua

NAKANIATIaM Peptide barcode 6288 MALDI-TOF MS 2a4ida S. aureus filifoenuazaasn
widaduna 4 mewug wuhiimefuiddindiwandefuduiennilulniussueiiGeiimsusasaan
violiuaasnanuasBuludiauazaliFfidendu iliamewusues S. aureus AldnasaufiafouazUnama
W lnduandefy Faaefiniilulng wia Peptide barcode fiuansafupaadazifiuiandnusiamzues
L%BIULLGl'aZEI’IEIﬁJuﬁ: Tumsantasaiinui wWulng MRSA1, MRSA16, MRSA19 uaz MRSA21 fiuams
fudamaiadames S. aureus 4 4 Mg uandefy waesnmswdsulasduaensaasily Use
anuiulalosTuia wezamnuezaadunlllng fianuiwmsdamewuguaatauuniiGes ey S. aureus
ffimsaeenuigaduuaneeiufiazinarily Peptide barcode aeiiauuaiiGainanuuanaeiy wazms
aavduasaaUlndfazeeiude FeanagastumAdeiiimsansuUndduanzd BAMP-28 fighansa
ffuganguide Enterobacteriaceae 7idaen carbapenam lddiiga wasfianuiuiivdaimadion ila
Wisuiiisuiudindduansiiduduiiinne ddunsassdly Uszagns wazanuilulalasinia
uananei Tadanamildnagaunanue 72 sewug fimefiniilulnduanseiu®

k]
¥

MRSA {ludauveaiidenslsaluauuasziimsneeuiiuswmeniio vennnildamuhimsaade
wWUlng cathelicidin®” msl¥ AMPs mLmumﬂﬁ%auzﬁ?uﬁmﬁmsﬁnwﬁ%’am AMPs 711 ) ¥saaaasIz
Faudaslassaiwandle wu msduensdidlndmeduy TiianuiulalasTiiauasiivssaans
Wuun® Wasulassaafly amphiphatic helix uaz B-pleated sheet® Gautalasadsnuuuig
Toadandanulasiu® Mudu mssauladlassanwanddlndnvmed ol AMPs fgndlumsduide
MRSA Tsifiszans mwlaanniu aghalsiaumsanunise AMPs fiflgnamuie MRSA sxiluls:Temnida
ms1h AMPs anlflumsinmnlse FudlulssTamiaghaannlogmmememsunnd daiumseaulaslasiadi
yaudUInddeilanuardaimhlndingiimseangnaladnniy waziienusumzdadauuaiiGedam

g & I

nmsanIeluassil autuwunmelumsihlugmavanndszgndldidlnduivedssTamimemsunnd
lumsshwgthelulsafadayaunidasen
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a5

9

wWulnddaased KLKLLLLLKLK sansadusamsiasapade S. aureus ATCC 25923, MRSA

DMST 20635, MRSA DMST 20637 uaz MRSA DMST 20654 tiasaulasdilneiduiiliiizmna
Uszqagns anwdlulalaside wazgusn uandnands wuiUlng KLKLKLKLKLK, LLLLLLKLK
e LLLLLLK ﬁqwgﬁugqmim%ﬁywammﬁﬁﬂ S. aureus ATCC 25923, MRSA DMST 20635 waz MRSA
DMST 20654 l6dfign nmsiaT1ew Peptide barcode @zia3as MALDI-TOF MS wuhaneiinw

wWillnduaauuaiiGens 4 sewug uaneeny Jeesvaussastdlndauanzvaaiy

Aeenssndszna

YDUDUAMNYINENAEINAUMULEINNUMFITeUnan@ Dldmsatuayinulszanauninauly
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Evaluation of Synthetic Antimicrobial
Peptides against Methicillin-Resistant

Staphylococcus aureus

Nuanchawee Wetprasit' Janthima Jaresitthikunchai®* Narumon Phaonakrop®
and Sittiruk Roytrakul®

!Department of Biotechnology, Faculty of Science, Ramkhamhaeng University, Huamark, Bangkapi,
Bangkok 10240

’Functional Ingredients and Food Innovation Research Group, National Center for Genetic Engineering
and Biotechnology, National Science and Technology Development Agency (NSTDA), Khlong Luang,
Pathumthani 12120 Thailand.

Abstract In this study, nine peptides containing 6-25 amino acids residues with positive charge and
40-83% hydrophobicity were selected from an antimicrobial peptide database. All of them were
chemically synthesized and evaluated for their antibacterial activity against Staphylococcus aureus ATCC
25923, methicillin-resistant Staphylococcus aureus (MRSA) DMST 20635, MRSA DMST 20637 and MRSA
DMST 20654. It was found that KLKLLLLLKLK had effective antibacterial activity against all S. aureus.
This peptide was then modified and yielded twelve peptides with different hydrophobicity and charges. In
the antibacterial assay with these twelve synthetic peptides, KLKLKLKLKLK, LLLLLLKLK and LLLLLLK
were found to have potent antibacterial activity against S. aureus ATCC 25923, MRSA DMST 20635 and
MRSA DMST 20654 with 1050 values of 27.5-62.5 ug/ml. Furthermore, matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF MS) analysis results showed that peptide
barcodes of all S. aureus strains were significant different. The results from this study indicated that
the different degree of methicillin-resistant S. aureus has an effect on difference in peptide barcode and
difference in response to synthetic peptides. However, the antibiotic mechanism of these three modified

peptides against MRSA should be further studied for development as therapeutic agents.

Keywords: Methicillin-resistant Stahylococcus aureus (MRSA), Peptide barcode, Synthetic peptides
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mMIMmuaavIanIlINaumansad Diphtheria

Tudagduilaanulsanafu

amau losdsndiad uazauarssn deansuzida
FNUUFIING NININENMFATNIIUNNE aUUGIIUUT uUNYF 11000

unanda lavhmsmussuanuldlaveunaiin Enzyme-linked immunosorbent assay (ELISA) tiaasiam
USinouuaudiau (adsorbed antigen) uazmsgazuuaudiay (degree of adsorption) 29 SLasNgNS uiady
Yasfulsamaiiu nuhmsnesauanuiedlasmsienzdluiudasuiisdssun (SD) uazilasFuddulszans
anuulsusu (%CV) saamanadaulsuna adsorbed antigen waz degree of adsorption VAU 1.01, 1.44 Waz
1.00, 0.29 ANEIGU SMSUMINAFTaUINIUNA SD waz %CV aaamsnadauilsanal adsorbed antigen taz
degree of adsorption AU 1.01, 1.38 Ua 1.01, 0.59 MHUMHU MINAFDUANNNUYBNS LagtSautigunaan
sj’ﬁwmsmaau 2 918 A SD war %CV aasminadaul3ana adsorbed antigen wuaz degree of adsorption
WY 1.01, 1.19 U8 1.01, 0.83 MNMAU dwmsuMInadauaNIzwuM Biiaufisendunguiviaguilaeiv
Tsntnansdnanasgu managauiiuaesids ELISA fienumnsandwiuldifuisanadensiilathsslaammm
maudaiaduilesnulsenadivluudazqumsudale

AdIAY: LaUGlUEIABAY, USinauaudiau, Mamudauis

Corresponding e mail: sakalin.t@dmsc.mail.go.th

Received: 18 May 2018 Revised: 3 April 2019 Accepted: 14 May 2020
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MIMUFDUITNIUTN LD UAAUADY Diphtheria amau lasAsndlad wazaoue

UNU

Tsamafu (Diphtheria) (finnnauuaiitses Corynebacterium diphtheriae \Julsa@adans
a = QI a \ d‘y 1L o LAl L =~ = Y a
wumeladsuwau fedananmslauazny waazaglulwssayn luaaswesithe eamsthe de 1Y Wivwas
d%’ o v ﬂq, 7 Vv 1 o Y o -7 = 1 ﬂ' o d'
Waasmaenaniiamlauasidulssamaulars mlvaeednauuaziivkdudaluaine lumnanjuusas
ob‘Lw a 6[’4 £ o ddAVLW(l’z)‘llw VL = ﬁlwvd{l u'I 46‘[ 4 a
mlvimadumeladuaun wazeradediole sundlnadims lladullasnulsaraiulunnuasiagsu

a v o oo < v = v 41' [ a = < CY Yy 4

pidunulsaraslssmaunanund 20 Yuds tieandanmaialsansdivluen  Jagiulaimssaused
Tatimsiatadulugluajilasmnnuhszaugiiduiueedlualungueng 20-50 U liteawa @eadansiiy
Tsarafiulags uannniifinenumsssavalseraiululssnaiauiusgdaiias nnamsiuaanin
yavUsznandsegiaodeu i lviidsemnsnndsamaiauinudumaheandssndlnaannziu Jelianu
d' d' ‘:3, 1 I = 1 VL 9/(2)
WWeaNEanalsAABAUDIALNINTENILELTEUIA LA

-7 = Yy % = n 7 = = QJ = 7 = =

Taguilasiulsaradvegluglvesiafunanuainadu wazuiansin wialafunanvainadiu
wanzdn wazlansu lagiaduilasiulsamafiuisznauds diphtheria toxoid Ngngatu (adsorbed) ¢ae

a < . a @ [ a [ &
AN Nd (adjuvant) nsxdIngnenaasmsunnd lasamtudring loimsusziivaumwiadunilsznay
msgunzidey wazsusasgumsudnnaumsnibelurisanma (Lot release) Usznaumemsnadaumany
uss anndasany wazmanagaumaedl walviulaiieduidsz@nsmwamuanasgiuanag auznms
susasgumswaatumsihszianuainanareensudannmsUsziiuenuaanns aswsInam A LANH
= [ ] Ad'vlql 4}4? wd 191 ‘UG d" &4 o w o [ vd(3){] L
Weunusumsnaanlanadauinaaunziieuly waztluasasdiadnydviumsmvanaumwingu® Jagiu
MIaadaumMAaNNLsarIatulasnulsamadulsid neutralization test (US Potency method)™
lunyazin daulumsmegaunuaniissanuamnsalumanszquafiquiviannnhviadssniilafisuiy
Fagumnasgu uaszyiu International Unit (IU) nldiSeuiisuszuiniafuudazgulild wanani
ATLUIUMIATININATIZH LUdainaaselFnanseeisg 45 W wastliasINAUAUADUMLTHUNTOU 9 WaILdl
v =Y vV Y U o 1 v v Ll =Y v o Y Y
ualvinszuaumsusziivaamwldna lidsend 6o u dwmalvinszuiumsiusasgumsnaaiaguilasiulse
= lﬂ' a v

pafuNHan luUsenaldszaznaruu

FBmsmeuaudauluiefulesmnaiia Enzyme-linked immunosorbent assay (ELISA) Ju
PO s w-I ‘19/ “’0191(5> V1 aa Q%I,I ' mﬂwqa nl v a v o;vlqz
Foniknasdmsemdialanlawuaih 1 wilismsiildainsavivandelszansawlumsanagiiaunule
WuhenuIsmMsasiadauanNusaludnineass wanamsnadauilamunserinndteseinuiliy way
Yy % = k4 L4 Vo L4 =Y = -7 = o -7 Yy -4
hszTgumunmswaala dagdulaiinsldmsenamizmnaveudauluiadudmiumsihszisany
FinanalumsuaaunumsnagaumaNNLst luFaineaawie l¥aanAaadn UNaNITEEIITNNS LN INaaad
3Rs Ain mavanideamslddnilaaldizaunauny (replacement) anmsladninaasslvivasnge loadali
ANNUUEN (reduction) THanTnsanuiaeige (refinement) wiu mamusanalnalalussiuluiegduileenu
Tsaiugiah loswmeaila ELISA wsa SRD® (ludu

MsdnmiliamIsmadanimmnzanamiumanadaulunssuiunssusesgunmsnanvesingu
Yasnulsenndiu vinthunlHdvisienzdluvaslfjudns
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Method Verification for Determination of Diphtheria Antigen Sakalin Trisiriwanich et al.

MIBENIATY IATUINATTIU WAZEITHNINTFIU

sangnamsummaaay: Jadunnilasnulsanadiv wensdn lansu (DTP vaccine) 3unsuan
0005812 USHN Bio Farma Uszinadulaiiide

IA7UuNI391u: Diphtheria toxoid (NIBSC code 02/176) anuntulIanauau@Eay 1100
Limes flocculation (Lf) units Wama1n National Institute for Biological Standards and Control,
Uszinaanngaanans

1301995714 Tetanus Toxoid (NIBSC code 04/150) ttaz Diphtheria Polyclonal Antibody
(NIBSC code 10/128) WM¥NAKAAN National Institute for Biological Standards and Control, Usztne

FNITDINANT

MILHIENEIDENNIATY WAz IATUNINTIIY

(IDENIATY

mmaedsudaisiatulasuiaiiu 2 40 fo gaiinis Tufvduls udufuiigamail 4 asn
walded nawhanlF3ea9 @8 carbonate coating buffer (3.7 n3u NaHCO3, 0.64 N3W Na2003
Tuhnau 1 3a5) pH 9.6 Tudamid 1:10 tilevhmsnaseumiSinauaudnudassiligngadulagmsaia
gn5 (non-adsorbed antigen) LLas‘*qW?iam MMINTUAIDENIATUNY 20% w/v tri-sodium citrate
Tuhnau Tudanad 1:2 tila desorption mﬂﬁ?uﬁﬂﬂﬂuﬁqmmﬁ 37 asenuanded Wuna 16-20 1l
winhlihifudndlaiignmgii 4 ssmnuaidea Tagi3aans dae carbonate coating buffer lugandan 1:100
Aauhu lEnadaumyUsSaina Adsorbed antigen

Taduxrnsgru (NIBSC 02/176) wa3anlilianududuminu 0.25 Lf/ml lasdaaeeas

carbonate coating buffer

EhRIG e

1028819IA U LLa:i’ﬂ%ummgmﬁ'm%u US1as 100 pl ainveaasly ELISA plates (96- well;
Nunc MaxiSorp™ round-bottom 449824, Thermo Fisher Scientific, USA) ualtiaan (2-fold
dilution) M8 carbonate coating buffer pH 9.6 Wuduau 8 dilutions AU A B9 H Iﬂﬂﬁ)ﬂ’mﬂu%g
31A7189 (blank) A carbonate coating buffer mnﬁgmhlﬂﬂw?;qquﬁ 37 psenumaiFed unm 2 Hlug
iaasummuana 819678 Phosphate buffer saline-Tween [PBS-T: PBS + 0.05% (V/V) Tween 20]
3 ﬂ%ﬁ 1@y blocking solution [PBS-T + 2.5% (V/V) Bovine serum albumin (BSA)] U3ua5 150 ul/
well ﬁﬂﬂﬂu@iaﬁqquﬁ 37 psenaided fune 1§l ntuddie PBS-T 3 a5t ud i Guinea
pig anti diphtheria IgG (NIBSC10/128) firnaEeas 1:200 U510 100 ul/well ﬂuﬁqmwgﬁ 37 9PN
waded Wuna 2 il §19a0e PBS-T 3 ﬂ%"'q mnﬁ?mﬁu anti GP peroxides conjugate IgG
(Chemicon® AP193P, Sigma-Aldrich, USA) fnaEa919 1:10000 U33nas 100 ul/well ﬂuﬁqquﬁ
37 paenialdes (e 1 5319 819 Uudadn Tetramethilbenzidine (TMB Life technologies®00-2019,
Thermo Fisher Scientific, USA) U311&5100 ul/well 'u'u‘ﬁ'qmwgﬁﬁaq’[mﬂlﬁmﬂuLLmvTJunm 15-20 W
Javgauisenmemsiin 0.5M H SO U51nas 50 ul/well udighueganauuas (Optical Density: OD)
#ANNENAAL 450 nm éﬁﬂLﬂ%mémﬂﬁﬁ%muulu‘[mtwaw (Infinite® 200 PRO, TECAN, Switzerland)
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MIMUFDUITNIUTN LD UAAUADY Diphtheria amau lasAsndlad wazaoue

amnanalaglalusunsy parallel line (Bioassay assist; National Institute of Infectious Disease,

Japan) SEWINANNANTU KaENMIQANAULEN

MINAFAUANNTIH (precision)

1. msmaausgﬂu"‘s’wﬁm Intra-assay #¥58 repeatability

MMINAaauUU3an adsorbed antigen, non-adsorbed antigen uaz38azMIQAFULDUGLIN
20981346339 N5 (degree of adsorption) 2avindudiagnluiunaznmidiuaginise 3 mmaasy
Hdudaszaatu e ldnmunamdnlszaniamuulsusudasaaaiien < 10%

2. mwmaausgwhﬁu Inter-assay %38 reproducibility

mmanadaumiusum adsorbed antigen, non-adsorbed antigen waz3iazaz degree of
adsorption 2993AF UMY aTuuazaRY (separate experiment) aghaias 8 Mmsnaday thenile

° V@ a £ = ¥ oA
MM dNUszansaNuUsUsIUTAzaINA < 10%

MINAFaUANNNUYBIID (Ruggedness/Robustness)

mnsnadgaumusanes adsorbed antigen, non-adsorbed antigen waz3azay degree of
adsorption 289IAFUAIBEN NINEIIATIEY 2 AU Bz 3 MINATDY Whenfilaanmuaedulseans
anaulsUsudasdasiian < 109

MINAFAUANNBIZINYBITLUY UATANNTNWNUSIBILdUNTI (System suitability and linearity)

ATINFDUNIMITNATIUMANNTUNUS2DIMSLASENIATUINAsTIULIzInTU 1 aauiluly
Tuanweue dose response (regression) Tuszuanuidasiuil 95 Wadidud Huduase (linearity) gj‘umu
(parallelism) (r2 > 989%) Femnnlaidlulumanasimmualusunsy parallel line azldaansosunmala

MINAFDUANNINNIZUBNID (Specificity)
I3 v QI = Vi W U =1 7 7 = Y % =l %
mmanedaumieiagduilasnulsananzdninasgruisunuiadunuilasnulsaeadu venzdn
wazlansu luagnnzmsnagauimiauny @ OD 2adnamsnagauwauduafaanzutlasnulsaunansen

MNNIFIUA B9 LILANEININ blank

MIAIUIN

mwamUsinaueudaumalisunsu parallel line assay logaanudunusseneInduanasgv
wazSadusathafludnuae dose response (regression) luszduanui@aiuit 95 wWoesiGud (95%
Confidence Interval) ({utdunsa (linearity) uaz@2uIU (parallelism) M LA ThaNYn AR AELUUEN
win (weighted geometric mean: WGO-Mean) A2 NM58085UUULZa1N (upper-lower limit)
@hl,ﬁ'mmummgm (weighted geometric standard deviation : WGO-SD) uazeanUszansAMNLUsUTIU
(percent geometric coefficient of variation: % GCV) ﬁWﬂ%Uﬁﬁgaﬂazﬂiigﬂﬁ’ULLauaL‘-\m (Degree of
adsorption) mnalasminasisnadia (geometric mean: GO-Mean) ﬂ'nﬁmmummgmwmmﬁm
(geometric standard deviation: GSD) uaginnevnaanuanmzaasvismsnagauleaSauiiaua OD
uaznamInadauuwaufuadnaiadullasnulsaunanzgninesgiu Meade Paired t-test™
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Method Verification for Determination of Diphtheria Antigen Sakalin Trisiriwanich et al.

G

MINadaUANNTis (precision)

msn@ﬂau%?uiﬁuﬁm Intra-assay W3e repeatability: wamsnadaumusuna adsorbed
antigen, non-adsorbed antigen w8z degree of adsorption 2P TUMBEN IUIULBL I LHEINY
athatine 3 msnagau Mludaszaaiy nadtaszisana adsorbed antigen 13 3 31 §iAh WGO-SD whiy
1.01 waz %GCV (MNU 1.44 § 35U degree of adsorption d@) GSD tiNU 1.00 waz %GCV Ny 0.29
(M5 1) Faduluamaunasimmue

MITNN 1 HAMINAFTIUANNNENLASNTILATITHN L ULHEINU

z 4 Adsorbed Non-adsorbed Degree of
AN Lower limit Upper limit
antigen (Lf/ml) antigen (Lf/ml) adsorption (%)
1 29.60 28.12 31.26 2.38 91.95
2 30.17 28.75 31.67 2.27 92.48
3 29.62 28.29 31.01 2.31 92.20
WGO-Mean 29.80 28.97 30.65 GO-Mean 92.21
WGSD 1.01 GSD 1.00
%GCV 1.44 %GCV 0.29
WGO-Mean: weighted geometric mean WGO-SD: weighted geometric standard deviation
%GCV: percent geometric coefficient of variation GO-Mean: geometric mean

GSD: geometric standard deviation

mswmaausgwhﬁu Inter-assay %38 reproducibility

WansnadauvUann adsorbed antigen, non-adsorbed antigen Waz degree of adsorption
2NIATUMBENMNIULAZINNY (separate experiment) dNUBY 3 NMSNAFTAU KAILATIEHUSI
adsorbed antigen ™ 3 Ju §f WGO-SD Wiy 1.01 uaz %GCV Wiy 1.38 dwiu degree of
adsorption &@ GSD Whiu 1.01 waz %GCV Whiy 0.59 (M5199 2)

MINAFDUANNNUYDIID

wWanInadauvnUInm adsorbed antigen, non-adsorbed antigen waz degree of adsorption
BNIATUAIDEN MNFIATEN 2 AU AUAE 3 MINATBY HILATHUTNIM adsorbed antigen Hen
WGO-SD 1inu 1.01 waz %GCV U 1.19 §5u degree of adsorption d@ GSD tNU 1.01 wae
%GCV Wiy 0.83 Fawamsnagauiicmdnlszansamnuulsusiuioandy 10 (m5199 3)
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MIMUFDUITNIUTN LD UAAUADY Diphtheria amau lasAsndlad wazame

P

AN 2 HAaMINAFUANNLNENTALMIIATITHEI TN

i oo Adsorbed Lower Upper Non-adsorbed Degree of
antigen (Lf/ml) limit limit antigen (Lf/ml) adsorption (%)

1 1 29.60 28.12 31.26 2.38 91.95

2 30.17 28.75 31.67 2.27 92.48

3 29.62 28.29 31.01 2.31 92.20

2 1 28.01 25.07 31.27 1.87 93.32

3 1 217.36 22.93 32.6 1.94 92.91

WGO-Mean 29.63 28.84 30.44 GO-Mean 92.58

WGSD 1.014 GSD 1.01

%GCV 1.38 %GCV 0.59
WGO-Mean: weighted geometric mean WGO-SD: weighted geometric standard deviation

%GCV: percent geometric coefficient of variation GO-Mean: geometric mean

GSD: geometric standard deviation

MIND 3 NANINAFOUANNANNUYBNID

Faday oo Adsorbed Lower Upper Non-adsorbed Degree of
Y antigen (Lf/ml) limit limit antigen (Lf/ml) adsorption (%)
i 1 1 27.36 22.93 32.6 1.94 92.91
1 29.60 28.12 31.26 2.38 91.95
2 30.17 28.75 31.67 2.27 92.48
3 29.62 28.29 31.01 2.31 92.20
4 28.01 25.07 31.27 1.93 93.32
5 27.36 22.93 32.6 2.02 92.91
Se@ 2 1 27.23 25.38 29.23 2.56 91.06
2 30.5 28.57 32.55 1.94 92.91
3 28.64 22.96 35.33 1.87 93.32
WGO-Mean 29.45 28.77 30.15 GO-Mean 92.53
WGSD 1.01 GSD 1.01
%GCV 1.19 %GCV 0.83
WGO-Mean: weighted geometric mean WGO-SD: weighted geometric standard deviation
%GCV: percent geometric coefficient of variation GO-Mean: geometric mean

GSD: geometric standard deviation
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Method Verification for Determination of Diphtheria Antigen Sakalin Trisiriwanich et al.

MINAFIUANNIHAIZANYDITEUY UATANNTNNUSLTIFTUNT
Wanansana OD #aemaiinguuazinguanasg wuhuwlsaumuszaumsidean wazily

arinuiunamsnagauiagumnasgu suuldmunasimvue aeusaddunni 1

NMSNAFBUMNINAIINNIZYDIID
managaumeiagullasnulsanenzdninaspuiisunuliadunailasnulsnnadiu venzin
wazlansu lanunmeidia ELISA fiasiaduuauduwiazutlasnuuansdnniiuasdisznauviinuesindy

5le fanaaslumnd 2 Tage OD Haule biuaneeann blank (p = 0.082)

B @ standard02/176

~ 0.5 | B desorbed vaccine
g _.

= B

o

0

<

Q B ’ v
o 0.02 o S -
p——

ey

B

I

D

A

=

Q

2

<%

o

bD s

3 ,

l 1 L 1
-0.94
-2.11 -1.61 -1.11 -0.61
Log dilution

-

E @ @ Standard02/176
=) 0.44 ¥ non desorbed vaccine
3

= L]

A m

e 0.05 |

2 1

io)

c

A

b L

— -0.35 %

o

2

o,

< 1

¥ -0.74 ‘ *

— -2.11 =1.71 =1.31 =0.91

Log dilution
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MIMUFDUITNIUTN LD UAAUADY Diphtheria amau lasAsndlad wazaoue

® O Desorbed DTP Vvaccine

— 0.47 [ M standard Tetanus Toxoid
g
o °
Te)
<t
A 0.1
o
e
2
o=
wn
g I
a  -o.e7[
—
<
Q
o
)=
o L ]
- 1 . 1 . |.
o -1.24
3 -1.51 -1.01 -0.51 0

Log dilution

NN 2 MINAFDUANNINIZUBIID (Specificity)

a o
JAIIEU

HaMNMINAFaUAMLiBaImMInadaunUhmduUsEansanuusUnurasmmagaunanag
Tiazdumsmeseuluiudentu sy Tasindenziowds wis 2 au lideanhiesa: 2 :inms
NOFIUANNINNNDIIB lnuMsaTTuuaudauiaguilasnuinenzdn uwaza OD aasnanmsnadau Ll
ANNUANGNNNAIAIUAN (blank) waeliifiunmsnagauiiianusume wih antibody gz
polyclonal antibody iy eusuanuuduase wina linearity Lﬂuqmauﬁaﬁﬁﬁﬂgﬂmmﬁm‘mﬁ
drgaumsiduass vie parallel line™ datunnuamanadauiianinsadnnuldddosshugaautia
G‘E’;qwamamaaunnﬂ%y'qLLaxnnmLLamﬁqmmLﬂmﬁumq AIAANAULTNANIMNILAUNTRDINYBIGIDEN
waznamanagauiihluludnunsdmnuiuiafuinasgu wammasauilldanadasiudammuamnaiiszy
T#iaZusindivsuna Diphtheria antigen 6.7-25 Lf/ dose (0.5 m1)® annms@nnIsnsmysaina Diph-
theria antigen luiagusintlasulsanaiu wansdn warlansu Taamaiin ELISA ansasliifiuinidi
fiananiies anuasny anuTne wevenaniuduasewads seandasiuitsyluninmeatasdmsainis
Tan®*? mngauizhinldiihisinessiluiasl fidmsivemaihss aumwmswdauesinduluudas
suld danadasfiumsdinmues Laura C. wazaair"” 35dammsnanszaznmmsiensd ananud
Tumsasssuanuustludainaasssanadasmaunanisesssumslddninaass uannniazanansaan
eldaale

a5

9

BMsanieNziUsnaueuday diphtheria loawmnaiia ELISA Whwisnienudimnzgs fianu
a 1o o o v v 3 ' ° v & o o Vi o a
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Method Verification for Determination of

Diphtheria Antigen in Diphtheria Vaccine

Sakalin Trisiriwanich and Ubonwan Chaiarayalert
Institute of Biological Products, Department of Medical Sciences, Tiwanon Road, Nonthaburi, 11000,
Thailand.

ABSTRACT This study was aimed to verify an Enzyme-linked Immunosorbent Assay (ELISA) used to
determine an amount of diphtheria antigen (adsorbed antigen) and degree of adsorption in diphtheria
vaccine. The results revealed that standard deviations (SD) and percentages of coefficient of variation
(% CV) for adsorbed antigen and degree of adsorption in intra-assay precision were 1.01, 1.44 and 1.00,
0.29, respectively, while those of inter-assay precision were 1.01, 1.38 and 1.01, 0.59, respectively.
For robustness analysis, values of SD and %CV for adsorbed antigen and degree of adsorption were 1.01,
1.19 and 1.01, 0.83, respectively, as determined by each analyst. In addition, no cross reaction to standard
tetanus vaccine was shown, indicating that the method is specific to combined DTP vaccine. Our study
could suggest that ELISA is appropriate to use as an alternative method to monitor consistency of

diphtheria vaccine production.

Keywords: Diphtheria antigen, Antigen content, Method verification
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(US FDA) #aflunmihanumeld Department of Health and Human Services 55ydaMmue Defect
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A Survey of Filth in Dried Chilies

Kuntong Pednog, Kokeiat Sarttarin
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road,
Nonthaburi 1100 Thailand.

ABSTRACT Chili, one of the spices, is used as a raw material in food and drug processing industries.
In addition, dried chili is for flavors of food. Contamination with filth or light filth in products of dried
chilies is possible. We, therefore, performed a survey to determine quality of various local and imported
products of dried chilies marketed in Bangkok and Metropolitan Area. A total of 81 products, consisting
of 31, 30 and 20 ground and divided for sale products, ground and sealed bags and whole dried chilies
products, respectively, were included in our survey. Living insects of Tribolium spp., as determined by
visual examination, were found in 1 (1.24%) ground and divided for sale product. Using microscopic
examination, in accordance with Defect Action Levels of US FDA, insect fragments of greater than 50
pieces were found in 12 (38.71%) ground and divided for sale products, 13 (43.33%) ground and sealed
bags and 10 (50.00%) whole dried chilies products. Additionally, rat hairs of greater than 6 pieces were
examined in 5 (16.13%) ground and divided for sale products and 4 (13.33%) ground and sealed bags.
Our study indicated that manufacturers should improve their production process. Quality control of raw
materials, cleanliness of production areas and insects and animals control systems should be highly

effective for manufacturing dried chilies with good quality.

Key words: Filth, Light Filth, Dried chilies
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unanda ldhmmsdnviiiawisumsazasinasyuemuaadvivldseuiisueiasiaiinaemusann
anmgla Tasfivsinalamuaawihnu 0.045, 0.050 uaz 0.055 nSNLUBSIHUR WiiU39 500 Hadans luaawmadn
Uasheshagiiflsnuasllaiudsthindewmaindntunia negauanuiuiodedy anuass wasUsnm
wmuaalaawmneila Static Headspace Gas Chromatography-FID wuiwmiazmﬂmmﬁmmmuaaﬁm%'ﬂuﬁum
vanfluiladientu (p > 0.05) Laﬁasﬁqquﬁﬁmmu 24 1@ou (p = 0.59) MSnalatemuasdi 3 sduaNw
winty wazanuliinaunnmMsANZNY 0.0466 + 0.0022, 0.0508 + 0.0024 WAZ 0.0562 + 0.0024 N3W
wasidud muddu mansodaunduludsiagsedanasgiu NIST SRM® 1828b Ethanol-water solutions #l3
Whrhasarazanaspuemueaneseslaiiulslemifunulsssusniasjimsdeuiisunissiousanaged
nnaumsla warldmaunuiaggdanassunnilssmaiainaung
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ﬁ?iaxaﬁﬂi\l']ﬂiﬂﬁuta'ﬂﬁuuBaﬁTW%UﬂE]ULﬁEIULﬂ%EN’?ﬂLLaaﬂﬂﬂBﬁﬁﬂﬂaNﬂ’]ﬂl‘\] FINITN umgﬁ (1531314

UNU

msa::mﬂmmgmmmuaaﬁiﬁumiaauLﬁauLﬂéaﬁmﬂ%mmuaaﬂaaaﬁmﬂawwhwﬁmmn
#iuguna (Evidential Breath Alcohol Analyzer : EBA) lagi5aa palaansazae (wet bath simulator)
Huaenmihelugeusswnd wu Guth Certified Premixed Alcohol Reference Solution® waz Alcohol
Reference Solution (ARS) &¥a ALCOLOCK®™ #flundnsnmivaniszmaniidm  lugduuumeuss
500 adans Walmud JuSinaemuaalurie 0.02 - 0.4 nSuWasidud (g%) uazuuurase (ampoule)

]
<

Fanaedenalilousunns 500 Nadansnauld JUSinauamuaslugig 0.05-0.15 g% udseindlnegalsd

€

nanasazmEIeIIUEMUBaNF lumsFaufisumIaIauaanagas NN e

e

LA3ariauaanagaduuUaTINEUF NS (Evidential Breath Alcohol Analyzer : EBA) l8dm3u
asndugiudmumnmuzinngnlulsamalnedusiiofiitenaduuuumadwihied dossouiiisunias
W0 6 Lo ipanugndaslumsiaUsinaeanasad® ¥ msdeuiiisuniasiaFinaueanasads lagis
srasalamsazamemudaivuazas OIML R 126:2012? 1u aziauSinalauaanagediisuiuusmna
uaanadaa ludaalaglse Blood Breath Ratio (il 2000:1 MSLA3ENENIAZAENINTFIUENIUDATINSU
Tinsasiausanagedy swmduUSinaueansgasludaainsammnulinaueanagadlumsasangle

Taalganuns Dubowski’s formula® ¢4il

= 0.04145x 10" x C, , xexp (0.06583t)
2
= dSwnaemusaludsazars (g%)

C

C

C = Ysnalatemuea (g%)

t = i (34 BvAnEaLBed)
C

= 0.38866 X 10" X ano
Junsumsdauiisuniasiaiinausanages lagdshaatlamsazaa®® wldlagldnsazans
WNNIPUBMUDAUTIIM 0.05 g% U305 500 §addns 1dlu Breath Alcohol Simulator Uashlviadin
\Wow3aanu 60 1 saliaamgiioluz 34 + 0.5 aseiwaiBed aemanMslwazas Gas Flow Meter
muiinvualugiianasieiasinUiinaueanagads udrinvinalaemuaaiienusudumsasasdaiu
3 520UB 0.045, 0.050, 0.055 g% 1T 3 - 5 A1 Nenunagauiieulasldinasilumsssfiunamsaau
\isuanu OIML R 126:2012 Famwuamanuamaindaugagaluiu 7.5% apsemuu
gudinnmansmaunndi 1 @edlniidlauimssauiisuniasiouaanasadnnanmelalagis
fontlamsasansiinamail 34 asrnuaided madadvuazes OIML R 126:2012 aalfiamsuasgud-
ramITusaaiaslfuamsaauiisumuanasgiu ISO/IEC 17025:20177 MNdHNNUINATFIURNTUATTH
nssnsNgeamngsy luzeuteiissduSinauamues 0.05 go Lilalideandasiungnssne atiuil 16
w.al. 2537 ouenalunsznziyadfanasmeun we. 2522 nssnsemalng fimwualihszduemuea
Tudoadfitiu 50 faansuadidud (mge) ﬁmﬂu@'ﬁ’uﬁ'muwmuxﬁLmqsw“) TumsSusasdasd juans
sl wihefusasldmmualiiauinaamuaasnsauaquilsanm 0.05 g% e Gty Fahmsinem
tlawe3euasazmaemusaniandonlFnuisings 500 Taaa03 10U 3 SEEUANNENTL FB 0.045, 0.050,

0.055 g% tialdmeluasljians uaznaunumsinzniagandanespuanandssmanisnaun

NININININENAFNSMIUNNE
U 62 atiui 2 wey - Anueu 2563




Ethyl Alcohol Standard Solution for Breath Analyzer Calibration Jirapun Bunsoong et al.

L3l

w3nsudalasanInnsvl wdafomiuas Varian avizawsm u star 3400 CX Usznaudieiaios
#57710%%0 Flame Ionization Detector aaanyl RTX® Volatile 30 m x 0.53 mm, 2 um film thickness
2NUTHN Restek éiv'qqmwgﬁ 2849 column, injector waz detector ﬁqmwgﬁ 65, 210 WAz 220 ANFLTALTHE
Mmumau eamsluazaslulasiau 10 Hadansaeui uasld split ratio 20:1

1A3849 Headspace Auto sampler Naafau9iuaq Varian a1338103M U Genesis AagnMIZINNY
(ﬁlﬂf‘i’ sample loop 500 pl, plate temperature 50 a4FILEALTEE, sample equilibration time 4 U,
sample mix time 7 1%, loop temperature 150 aNFLHALZEE Waz transfer line temperature 200 846N

CiaLEed

msmﬁuasm‘smmgm

"s'aqa”wﬁwmsgm (Standard Reference Material, SRM) NIST SRM® 182s8b
Ethanol-water solutions WanA®92a9 National Institute Standard and Technology (NIST)
ﬂ'ﬁ%’ﬁ'ﬂtu%ﬂﬁ ‘Yd;ﬂ'J']NL{IIN‘llyu 0.01951 = 0.00018, 0.03900 = 0.00046, 0.08023 £ 0.00074 Loz
0.10084 + 0.00083 g%, Ethyl alcohol 99.99% (HPLC grade) w82 Isopropanol 99.99% (HPLC grade)
NanAAAY Merck Loasnil

MSLABNEITAZAIINIAIFIUENIUDA

LOIBUEITALABNINTFIULENIUDS 3 STAUANNINTY (0.045, 0.050 WAL 0.055 g%) AN
Dubowski’s Equation lag#3 Ethyl alcohol (99.999%) U334 29.01, 32.23 U8z 35.45 n3x muaey Usu
Usmnasiilu 50 805 drernses 18.2 wamlavin wasludmaradniithaloglfiedsamunuethaios
8 Hla9 wlussyldmawmadini3anas 500 iedans laeld dispenser 1101 80 170 Uadsuuagiiiiay
eI FRNLazILHUNAEA NS nTUNT (FENAFUAINMITUIIY amamﬂsxuﬁ'a AN N
Suio3an uaziunuaoy

MaenzrUSinatamuaaludsasarsannsgiu wazam ey bitivauanmsiens (u, )
r

] o ]

dudodnlagiBduuuunugi (stratified random sampling) AautsdaiumsazaBInIzIL
lnusaudarszduaNNdNduaanifiy 10 ndu Y o 8 1A MNUuGNIINGNa: 1 M0 TnlddeiTEdy
ANuENTUaE 10 200 USinaemuealaalyd Static Headspace Gas Chromatography-FID® ifigunu
NNUINATFIU IATIZIBENE 2 7 menmazwazmanuliuiveuTINMPAT
M3FSNNNNINA55IU (calibration curve): Tilassazaralalzlusihussanudutiu 0.25% waz
NIST SRM® 1828b Ethanol-water solutions a&hiaz 100 lulasans ldlumesunae 20 fadans Uadas
NﬂaQﬁLﬁﬂN‘ﬁ'ﬁ septa Elgjﬁl'luelu Iezie Static Headspace Gas Chromatography-FID® &@519n5
nesPussrhienudaturasemusatusanduiuildiasziemusauaslalslusihuea Tswden

DENNUBY 3 ANNLINLIY
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ﬁ?iaxaﬁﬂi\l']ﬂiﬂﬁuta'ﬂﬁuuBaﬁTW%UﬂE]ULﬁEIULﬂ%EN’?ﬂLLaaﬂﬂﬂBﬁﬁﬂﬂaNﬂ’]ﬂl‘\] FINITN umgﬁ (1531314

mstesenaind: Tiamsazaelalalusihusarnuduu 0.25% uazaadNaITaTM8NATTIY
tovnusaiiadenli agheaz 100 lulasdasldlumanna 20 iaddas Dadeshegiiiieniii septa agduly
IAzeE Static Headspace Gas Chromatography-FID® igununsnanasgiu

MUNUAANN N LU UBUYBINTIATIEA (u, ) muuwlfuanmsuszanaeanuliuiuay
Tumsiamaaiic® Tagldaumseail

U = 2*C\/RSU2 + RSU* + RSU* + RSU”
char std pipett pre cal

dia U,. = standard uncertainty due to characterization

RSUstd = Relative standard uncertainty due to NIST SRM® 1828b Ethanol-water
solutions MnlususaA TaneNBenn3511ves National Institute Standard and Technology (NIST)

RSU . = Relative standard uncertainty due to micropipette nlususeamsaauiisu
Tulastha

IESUprecismn = Relative standard uncertainty due to precision NNIWIA precision VB3
NI 10 U

RSU | = Relative standard uncertainty due to calibration NMIFINANNNIATFIU

C = USmalatemuaa (g%)

msamnaSinaanuaa 0.05 g/100 g tWudSanaaniuaa 0.05 g/100 ml

UInmuamuea 0.05 g/100 g fiusinanhiiiu 99.95 g Aunaniiulzinasih 99.95 ml (MaNy
winwivranhwhiy 1 g/ml)

USinanamuea 0.05 g/100 g HUSIaemMuea winu 0.05 g mwadulsinasiemuesa
0.063 ml (AMANUWULUUIBIUDMUBALYNINY 0.79 g/ml)

FauUSnatemues 0.05 g/100g HUSNaamMuaaynn 0.05 g x 100/(100.013) = 0.05 g/100 ml

msnasauanyiluiiaianuuasasasasannIzIuenIuas wazaNbiwivauannagay (u,)
NAFDUANNUANANYBIUTHI UL UDAUADLTEAUANNINLU (8 10 270 LaglEddiasIe
ANuLUsUTIN (Analysis of variance, ANOVA) minaanubiwliuauannmsnagauamy ISO Guide

1/MS . /n 14/2/\/
u within MS_....
ithin

35:2006"" (i

=
bb W

u. = standard uncertainty due to between bottle (in) homogeneity
i = Mean square within group
n = 2 (duplicate)

degrees of freedom 789 Mean square within group

MSwithin

msnmaa‘ummLaﬁﬂswmmsaxmﬂmmgmmmuaa Ltazﬂiﬁﬂlﬁttﬁuauﬁ)’]ﬂﬂ’]‘éﬂﬂﬂEl‘U (ult)
S

LOIENETAZAIBNINTZIUDMUBANITAUANNANTY 0.055 g% MU 80 20 UM e

u

(Uszanae 30 aednzalded) win 12 waz 24 ey 19I5duuvudugilasuusdiadneaniuy 5 ngu

q
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nduar 16 10 MnduguIINguaz 1 10 Tuldmedsiiiuluudazdrnmmnnguas 5 w0 MU
tamuaalos Static Headspace Gas Chromatography-FID wigununswanasgiu Innzvianiagnes
2 1 theafilaanaeannsannas (regression) SEWiNsEaEIA (x) AUANNNTUVDILEMUDS (¥)
ANFNMT y = b +bx Tog xiﬁﬁhwhﬁ'u 0 Guilladeuiasa), 12 uas 24 iou manaasuazauliuiuoy
NAMNAFBUMY ISO Guide 35:2006 G3if

Its = S(bl)* t
L
s(b) = L -2
1 2.(x;—x)
u = standard uncertainty due to long-term (in) stability
b1 = slope
b0 = intercept
S = standard deviation of the point among the line
s(bl) = standard uncertainty with the slope
t = shelflife = 24 gy

msdszanmenuliwivausin (Expanded Measurement Uncertainty) 2a4813aza08a0351u
@mMuaa

m1ulmtﬁuaunumummgm ISO Guide 35:2006 ennmlaloglaauns

U =k _[u’ +u’ +u’ +u’
std char bb Its sts

(e UStd = expanded uncertainty of a property value

= standard uncertainty due to characterization

char

u. = standard uncertainty due to between bottle (in) homogeneity
. = standard uncertainty due to long-term (in) stability
u = standard uncertainty due to transport

sts

k = coverage factor = 2 wazahsazarzanaspuemuasanulildluvasufuidnmsvasgud-
mbienanuliuivaulumspudeluivingu daiuu_=o
sts

We

mMaenzrlSinatamuaaludsazarsannsgiu wazany liwivauaInnisiesiz (u, )

mﬁwmxﬁﬂ%mmmmuaaiumsa::mﬂmmgmﬁm'%am?iyu 3 SEUAMNTNTY SEuaT 10 T
HAWVNU 0.0466, 0.0508 LAT 0.0562 g% WaLANN LULUUDY (u, ) WiNAU 0.0010570, 0.0011028 LA
0.0010984 g% MNaeU AatdluanuliuiuaUTNANSIYNNAY 2.27, 2.17 WAE 1.95 % MUAIOU AILTAL LY
MR 1
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msaxmﬂmmgmmmuuaaﬁm%’uaamﬁﬂmﬂ%aﬁﬂ waanagaannanmela FINITN uiyijﬁ (1531314

i 1 Usinalaemuaslussazaisanasgiuemuea 3 szauanudniu wazanany lduiuaudunns

PNMINOTIEA
I ANNINTUDILDOMUDD (g%)
309
0.045 0.050 0.055
1 0.0475 0.0468 0.0506 0.0506 0.0560 0.0564
2 0.0473 0.0466 0.0507 0.0509 0.0557 0.0564
3 0.0466 0.0461 0.0529 0.0517 0.0553 0.0560
4 0.0461 0.0462 0.0498 0.0523 0.0559 0.0554
5 0.0462 0.0469 0.0504 0.0511 0.0561 0.0565
6 0.0462 0.0462 0.0501 0.0503 0.0560 0.0563
7 0.0462 0.0463 0.0504 0.0508 0.0567 0.0575
8 0.0466 0.0467 0.0505 0.0508 0.0553 0.0570
9 0.0468 0.0467 0.0507 0.0502 0.0565 0.0565
10 0.0466 0.0466 0.0504 0.0507 0.0567 0.0558
13 0.0466 0.0508 0.0562
RSUStd 0.0050336 0.0050336 0.0050336
et 0.0050336 0.0015880 0.0015880
RSU 0.0015880 0.0032490 0.0022507
precision
RSU 0.0018594 0.0089123 0.0079104
s 0.0010570 0.0011028 0.0010984
FNNNS 2.27% 2.17% 1.95%

msﬂmaaummL?Juvf';aLﬁmﬁuwmmsazmﬂmmgmmmuaa wazANN L wiKauNNA§aY (u,)
msazmammgmﬁm’%auﬁu 3 seauanuETduia@eniu (p > 0.05) e p-value wWhity

0.09, 0.27 WAL 0.41 MNAIAU sauaaslumed 2 sruanulivivaunnmnagsy (u,) Feynnu

0.0001403, 0.0003146 WAL 0.0002586 g% MUMOU ANTUANNINLUUBUTUWNNSIINAY 0.30, 0.62 WaY

0.46% MNAINU
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M 2 MsnedauanuluiiafeNuaaidsaraBINaIPULMUDE 3 FTAUANNITNIU wazmMANN

TaiwvauduRnsyasmsnagau

ANMNTNTUDAY  UHSIAIN ss ar MS - ) u 53!1/%:15
-value
wwmuas (g»)  wilsdsu P (g%)
g g
(%)
0.045 FEWINNGN 1.97x10°° 9 2.19x107  2.48 0.09 0.0001403 0.30
melungu 8.8x107 10 8.8x10°
T 2.85%x10° 19
0.050 FENINNGN 5.92x10° 9 6.58x 107  1.49 0.27 0.0003146 0.62
melungu 4.43x10° 10 4.43x107
T 1.03 x10° 19
0.055 FENINNGN 3.09x10° 9 3.43x107  1.15 0.41 0.0002586 0.46
melungy  2.99x10° 10 2.99x107
PRV 6.08x10° 19

MINAFIUANINLEDBTUBITIATABNIAITIUEMUEA LazA1N bitivaunmsnaday (w,)
lanagausieadiianeianuonass (regression) WUEIAZANLINATTIUDMUBATIANIN

WNAYU 0.055 g% NANNLEDES (p > 0.05) A p-value NN 0.59 LLademmsmﬁuﬁqmwgﬁﬁmlﬁmu

24 iy wardianuliuiuauaInMINAFBUNAY 0.00039 g% AniuaNuliutLaUFNNNSIYNNAU 0.66%

AALFO LU 9N 3

MNP 3 ﬂ'ﬂ&lLﬂa‘c’li?l8051533818N1§13§1HL8W11«!88

0 (Hau) Uswnalatanmuaa (g%)
0 0.0587
12 0.0582
24 0.0584
S(bl) 0.00002
u 0.00039
u JUNNs 0.66%

Its

msdszanmenuliwivausin (Expanded Measurement Uncertainty) 2a4813aza18a10337u
@NMUaa

§159ZABIATHIUNUIU 3 SEAUANNENTY FUSinaamues + anuliuldususIyny
0.0466 % 0.0022, 0.0508 % 0.0024 LA 0.0562 + 0.0024 g% MuAeU Aaluanuliutuaudunngs whiu
477, 4.70 U8 4.23% MNAIGU Gaudaslumad 4
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msaxmﬂmmgmmmuuaaﬁm%’uaamﬁamﬂ%aﬁﬂLLaaﬂaaaa'mﬂaumﬂh FINITN uiy)ijﬁ (1531314

mad 4 Usinalatamuaslusmsazanaainasgiu s szauanungy wazenanulduiuausix

Ethanol concentration Certified Concentration UStd Ustd dunns
(g%) (8%) (g%) (%)
0.045 0.0466 0.0022 4.77
0.050 0.0508 0.0024 4.70
0.055 0.0562 0.0024 4.23
50l

MsezaEaNasIueMuBanedeNTuInuuudlalFnuiui U lUIONaEEN 2110 500 Fadans
fianuazainlumsldaauiiisuinissiausinausanageds wadtazilasinaiia Static Headspace
Gas Chromatography-FID wWuia15asaaanasgiu 3 ssauanudndy iusinaemuaaadlugis
0.0466 — 0.0562 g% ﬁ'mﬂﬁﬁamimm‘mﬁwmsa:mﬂéﬁﬂdnlﬂl%‘lum‘sﬂauLﬂﬂmﬂ%’aﬁﬂﬂ‘%mmmaﬂaaaa“ﬂ
fisz6iu 0.05 g2 1o Fuduusinamamuealudeamaiinguanaimue® wazanansoweuamsazmefiiusinn
MUBAlAFITN 0.3 g% (fisunn NIST SRM® 1828b Ethanol-water solutions A lsiutiuauduwng
imagludn 1.95-2.27% S'z’;qmmimaﬂﬂ'wmulajLuiuaul@i"ﬁ'aﬂmﬂfﬁ%mmgmmﬁﬂﬂgmgﬁ (Primary
Measurement Standard) (U gravimetric 138 titrimetric Tumsmdsunasemues athalsimuansazans
nesgIuemuaanesenay musnhinldlumsseuiisueiasiausanagasnnaumelamuinasizas
OIML R 126:2012 fianuihuiladendu ilasnniedeudmihnsewasussglussuutioaiiniasiumssse
anmduadesidafuiigampivannuie 24 @Wau deuduwamsdnmlull wa. 255102 faunsofud

FANILLHINUUIULNES 12 LHDUINUY

a5

9

asarngInasIuemuaariansanlFnuuinaussy 500 fadansneianau fanuazainlums
1% waziiulewnu manznunulsziewiasdjuiemssauiisunsasiousanagaannanmala uazldnauny
mMathagandunasgvanalssneale

AnenssnUszna

2R UAM WEFIAN Inatiuni gannemsguiinenamanimsunnd® 1 dealua nlvdadinmuas

U U

Teuuzahlumseiivanu

@NEI5D N

1. Guth certified premixed alcohol reference solution. [online]. 2018; [cited 2019 Sep 12]; [1 screenl].
Available from: URL: h /7 .guthlabs.com/pr /premix-alcohol-referen

2. Alcohol reference solution. [online]. 2018; [cited 2019 Sep 12]; [2 screens]. Available from:

URL: https://alcolock.ca/alcohol -reference-solution.
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Preparation of Ethyl Alcohol Standard

Solution for Breath Analyzer Calibration

Jirapun Bunsoong and Thamarat Bunsoong
Regional Medical Sciences Center 1 Chiang Mai, Department of Medical Sciences, Amphoe Mae Rim,
Chiang Mai 50180, Thailand

Abstract This study was to prepare ethanol standard solution for breath analyzer calibration at
the concentrations of 0.045, 0.050 and 0.055 g%. A 500 ml aliquot was filled in plastic bottle with
aluminium and plastic screw cap. The prepared solutions were tested for homogeneity, stability and
alcohol content using Static Headspace Gas Chromatography-FID. The results showed that 3 different
concentration levels of solution are homogeneous (p > 0.05) and stable at room temperature for 24 months
(p = 0.59). The alcohol contents in each concentration level were 0.0466 + 0.0022, 0.0508 + 0.0024 and
0.0562 + 0.0024 g%, respectively, and was traceable to NIST SRM® 1828b Ethanol-water solutions.
Our study indicated that the prepared solution helped support the routine work of breath analyzer

calibration laboratory and can be used as a substitute for imported certified reference material.

Keywords: ethanol standard solution, breath alcohol analyzer, calibration laboratories
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115 UNITNIININIRNYNTAALT AL LD

Y¥IMIIN AI9I0UE 4N gnind gndiant arle® aun Tede’ uassnean daunsn’
@i INmMIINENMaNTMISUNNG NININENMFATNISUNNE aUUGIIUWYT wuNYT 11000

AU INeNMansaoIsugy NSNINENMansmsunng auudinuur uuny3 11000
SgUEINENaanIIUNNET 1/1 (FenT1y unawiey FNTE 571000

NENUENIUUAETIINTG NININENMFTATIITUNNE OUUGIIUUYT UUNYF 11000

unAnga mimuauaumMwMIanAeNsilsniuienudhdydeminenurammagaumsaTIMsiida
walaimadlsled Tasamzasismanadaudeyannauuusaid) (rapid test) Jldwanndagnmuauammmn
sliouiefiazaindemssudiuasfiuinmiu wasdnmmsldnudadiiowiaiamuauammumsanalu
waslftiamaeiaine Tasdwhaeiliuauinludaas foamsTsmenunaguau 10w 48 uis daymanaday
Fawiaz 1 manadeu Wuszazm 4 (@ou MnKeMMadaUTanNe 1,350 Manaday wunsnuiuinuezay
1,302 (96.44%) Wa 48 (3.55%) MINATOUMNAINY udaeNdvemuguanmMwsiauisananthinlgiila
hemuguanmumInnIMIanidaieslailds vasiinammasauiiiowmamaionn FEmmegauussmseu
wamanaaay Aimsinisudeiumuauaumudauldnu nuiiinusuesinagau Metemuauaumwsiaus
?miwmﬂumqL'ﬁaﬂwﬁwmﬁ'mﬂﬁﬁ'am{[iqwmmaﬁmuﬁmmitﬁmLm‘%ﬂﬂﬁqmlé’mq AMIUMIATIINATIZH

UsziiudanndasnudaMuuainaspIuammuiasluiamsnmemsunng

MdIA: Mo gliawi, FIENAMUANANMN, AUMNMINTINDYLET
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RN muquqmmwwﬁmuﬁh UHINIITU A37595U UazAtE

UNU

4 ]

Adevied “sagiihnineidugud” (Getting to Zero) wasgnamanilasiuuazuiladamiand

U
v

wiend® ffidhwmnevdnda 1. Lifigaadenslmi 2. lifimsmedlasmnnend wes 3. ldfimsdanuas
FonUiie msanaitadsiifmdesiduddylumsaiiumsliussaihnszasd Bmsnilsiiaivayy
graenaasiinan da manseitademsiadeiilinagndadatolduasiasfiamememsunnduas
NTIUFUNNTOUYDIUENA

maasnmsiadaarled/oad lulswennagususs 4 dnfisuldgenadouuuunad (rapid
test)® e lisnansananwalemeluiuiiien anszeznmmMssanas anmlFnaiamsnauINTRNaNM A9
danalidaaainsodignazuaumamsiaiinm (counseling) tiailasiu muan wazhgmsdnm
Idnad mimuguammmmsanaitadsmsiadeesled/eed Sallenuhdydaanugndaudadold
IsnaMInNIIe NIz furesias fiams lasmwsaisdimnnaiinnsineganasauuuusad
(Rapid testing) Feldasvitanamsaageienled/ aad aguwsvanglutagiy wazadiiumnaday
Tasyamnsmamsuwngiilszaumasiuazanuidsmnalumseunaiios

MagmuANAMAW (Internal Quality Control Sample) LfJuLﬂ%:mﬁaﬁﬁmﬁﬁ'mﬂﬁﬁ&m*s
nasaumsinidaiarlad/ eed Suludaadlidmiummuauaamwaasmnesauiiielilduadwsiigndas
wagiienmidadenniign® dagrmuanaumwsiiomadiuviowaisan (Liquid specimen) il
fmbeliazanlumssudsludilamennaguaudi g asnndatweasmmdauiusnmitanmgiidu
Fazaunsainmnanuasild i ldnalumssuds uennnildaiidaidavaslasaauazdans
anuazmnzasiaslfliimaiiamsiafiuinmndatumuauammweaslsaneninagusy viamheauims
\ndaud

nnnsnumsansmsldmagumuauanmmusiiouia (Dried tube specimen, DTS) Lilams
muANAMMWMINadauMIanImsiadaierled/ead wasmsananisnadeieglailunszuadan
dmuiaslfiamauaslssmaiiininennshfotu® uaashimsivmuguammwaiouiainsoin
Us:qnm’”lﬁﬁaLa%ua's"wé’fﬂamwu,a:mmsgm‘mqw”aqﬂﬁﬁ’amsmm%ﬁaﬁfﬂm'ia@Li‘fymaﬁlaff;/Lamf
ypslsanentnaguzy wiavihouimadeuild Saldamiiumaniandoiaaumwaiowd wasssdiuua
msldnudagemuguanmmuuuuuia (DTS) dmfumsmasaumsiadaiarled/oad lasganadaunuy
(37 (HIV rapid testing) dwiulsswenunaganuniaiiisun sauniadeiasdjuimstugasvegud
Anenenaasmaunngdl 1/1 Feene war wiatheraslfidmstugastasaudineneaasmsuwngd 3

UASEITIA

MINUNNTINATNN TNV HTANS

Javhuuusauny diemunadayagaasamstadeiayla’/iaad esias fidmamemsunnd
mmasguasianyu meldiedahenasgudinenmansmsunndd 1/1 Feens uasaudineneaasmaunng
il 3 uasinssd dlawIsuanuwiaumaidhhnlasimahissmsldetmuauaumuaiouia (DTS)

dnsuludagnmuguaunn
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Dried Tube Specimens as IQC Busarawan Sriwanthana et al.

MIeIgnmatmuaNaumMwEiiauis (DTS)

1IMIBENNAFBUANINDINYLBIURUNATIUAN NN YU FUANMIMInTIaeyleidlslad
whmadldnniheufiamsdudedenaamansliidan anATEInenanansna NGy nsNInenmans
M3unng Usenaumeeiag anti-HIV positive waz anti-HIV negative 3038 N@I0ENAIUANAMNIN
giiawia temsanaiiiiwaiiiuun uazau muaau

§15uAIaEe anti-HIV Positive 1hsna3auilu Stock positive sample lagidaaneaigiineie
anti- HIV negative (WU serial two-fold dilution 312U 15 dilution mnﬁ?uﬁwéﬁathqﬁLﬁamqﬁgwmm
nadaUMEEANTATIdeINMITINEIDENAUANAMMN M IEHE udiFen dilution AANudNduzDs
ﬂ;’jﬁ%mtﬁadmﬁmmﬂaﬁlﬂ LUIZAU 2+ LﬂumﬁmmLﬁuﬁuﬁmm:auﬁm%'um‘%ﬂu Stock positive sample
Nn1TUIh Stock positive sample 338 TNAEFIBEN anti- HIV negative Twilamudiadi 10 whoesany
duduiiminzansasudazgaanadinlfifiudmagmuauaamwin udnhmsudsdediadduvaan
fuuvanag 1.5 ml vaanas 20 pl Wathwaaeislilugindsduaianias 24 Flus audadauwds

dIUMBENAIVANAMMWAY AD (I8N anti-HIV negative

MIANIANNAITNN (stability) vaenadre DTS
e DTS Measldsiasljidnmsiaies lagnmhinmesauitheUjidnmsdudamenae

mMamsliitaen saAseInenmansassugy mudliaasaszaznandnw tiathfamuenuassnnaag

Y

v P s A a = PN a v v PR a va P! | v
NDYNLNDANNUNDUVAHN 2-8 ANGRIYGIYEG] HasnauUnINiaN G]’JEI?!G]Gli'J‘ﬂ‘VWiaﬁﬂ{]UmﬂWiLﬂﬁﬂﬂﬁﬂi%@li'ﬁ]

o

Uy

D

MsUsziiuaagnmuanAn W

azanamad DTS meaasazars PBS Buffer pH 7.2 U311e5 200 ul wehlidhadnfifatuvana
armzaunue laghmaedenlniteuldnunnass aaisliigamgiivas (25 - 30°C) wuatias 30 Wil
winhlihmsmesaudsganaseunuunadiiias jiamsldlunulss losnasoudnu 4 A%a/idau
Wluna 4 ey lesudazvaslfidmsmmsnagausthaisaaniinday 1 a3 wduszdvmamsldnudmads
DTS loguamsnagauaaiiaslfuanisene ) wisuiisununamsmadaunasiasdjianmsandimsnsa
torlaidlsTatvasUszind fa Wasljiamsasiheufiamseudadensamemsliiden sotuise

INENENFNTINTIIUFY NNOTDUMEYANTINEAN I LALIN

We

gaanifadaedlaiuuunadluiuihmsdnmnsn 79 wi nndaslfiamaeiateussgud
NENENEASISWNNET 1/1 (Foe51e) 27 usi u,as@uaﬁmmmam’mmwwﬁﬁ 3 (UATENTIA) 52 U9 TMavA
s oo suhlulFiudeyadendednmuguanmwaiaus (DTS)

Namsaniiumsdediage DTS dludmadnnnuasiianududuiimslundasyansia

Tivasljidnmsiesatherimsnageumegaanalsznnnadinldmunulszaiu ssuindesljiams
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MDENAIY Quqmmwwﬁm X YN A32995U2 UazAME

PENUNAUTIUADUNAUIN TNUIY 48 LN NNNMINATDUMELANTIV 8 KAANNUY TINNIFU 1,350 WA

NAFDU AILFA UMD 1

B Alere Determine HIV-1/2
m Diagnostic kit for HIV(1+2) KBH

® Double Check Gold Ultra HIV
1+2

B First Response HIV 1-2.0 Card
Test

M Genie TM Fast HIV 1/2

B ImmunoComb® I HIV 1&2
BiSpot
m One-Step Anti-HIV(1&2) Tri-Line

= SD BIOLINE HIV-1/2 3.0

AN 1 FOFIUNDUIUNEMTNAFDULENEG EN (NP

NNMINANZHARANTNATBUAIDENAIUANANMWUIN Wunamsnadautduuinalzgansa
NNNZABMIBEN I 96.44% UAZHAIU 3.55% LABWUHAAULDIMINATBUMINEIlUEAATIANE

=Y U ‘J 3 Y L \ a vYa o 1
2 MA@ (MWN 2) TN HAFUAINENIYNTBNUINNNTIUHUATINIU 6 Wil

100 — - -
= . ANULT
90 —
v

80 — NIDIU
o
@ 70 — NaUIN
@
g 60 —
- |4
— —
& .3
ey 40 —
?é
= 30 — 82

a(a

- 20 — , 1

10 _ 80

Alere Determinel Diagnostic kit for I Double Check I First Response Genie TM Fast I Immuno Comb®1l I One-Step I SD BIOLINE I
HIV-1/2 HIV(1-2)KBH Gold HIV 1-2.0 HIV 172 HIV 182 BiSpot Anti-HIV(1&82) HIV-1/2 3.0

Ultra HIV 1-2 Card Test Tri-Line

Mui 2 dandiwasammasauluudzansnnmmsine

= e o [ Ao v v a wa 1 v
NNMIFANHANNAEFNW (Stability) 2896r0e DTS Maadludwiasfidmansaie lagn
ihannegauiitheyfudmsaudamenaamamslitaan dantiAdeinemaasasnsagy audlinaae
szznandnm athdamuenuasamwyssdiseaiiadanuiigungil 2-8 asenwaded wuhaagn

b A o e A
DTS shasaasamulanasassazm 7 Wou (28 demi) Imsdnmlunngansia aeuaaslunni
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Dried Tube Specimens as IQC

Busarawan Sriwanthana et al.

2 AU AT T T B A N TIREEL

—t|ore Determing HIV-1/2

12345678 %10111213141516171815202122232425 262728

farsA

52 AL ATIALLS 9 8 SHARN TR E EL

Dizgnostic kit for HM(1+2) KHB

1 T rrrrrrori 1

12345678 91011121314151617181920212223 24252627 28

i

e LA 5 T B RN TVA E

e Doble Check Gold Ulta HIWV 142

12345678 910111213141516171819202122232425262728

Hlad

53 AL A7 S 908 MR N TMAEERL

w— Conie TMW Fast HY 1/2

12345678 %101112131415181718152021222324252527 28

dunnid

T AU AT SR N TIREE

— runoComb® || HIV 182 BiSpot

v

W\_A_/ \_/ 2
el Nk —t

12345678 %10111213141516171819202122232425262728

HaA

3 AL AL S 900 SNA N TIAEEU

s DSt AntHIM182) Tri-Line

Z Z Z z

12345678 %10111213141516171815202122232425262728

asd

2 AU AT T B AR TR

— T BIOLINE HV-1/2

WA

123245678 %1011121214151£17 18152021 2223 24 20 2627 28

farsd

55 AUATILT D MANTTIAEEU

. Cirst Fesponse HIV 1-2.0 Card Test

12345678 9%1011121314151617181%2021222324252527 28

Fand

AN 3 HANMINAFIUANNANGIYBNFEN DTS NAUSHEN 4 avenmaFed
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RN muquqmmwwﬁmuﬁh UHINIITU A37595U UazAtE

a o
AU

msﬂisﬁuqmmwmsm‘nﬁﬁaﬁ'ﬂmqﬁ'mﬂﬁﬁamsﬁu wieanleily 3 szaz As szazdoumsnaday
(pre-anayltical phase) Szaznadau (analytical phase) Waz3z821aINSNAFAU (post-analytical phase)
198 NMIUANAMMN (Quality Control Sample) udsshanlusunaumsnagay tialitiaaudasiu
danamanagauluudasiy viaudazsaufisiumsnagauiiy e]

fathamuauammWEiiouds (Dried Tube Specimen: DTS) Salagniannaudeihvanawan
tiialFludszmaiiigassamminensidiuidy  sndimsuimssamsiainiidauihesnniiasen
Tassaheiuglaisnng© duiinnuiuhssuugamwianl fiamsmemsunnduazanmsuguaadlng &
anuiduudeuasdnlnanivans 4 Ussmaandeu uddifidanialumsiamdatumuauammwisiiiu
Uszan QC sample waz EQA sample maludszind '?'ima‘uﬂqumswﬂaauﬁiﬁu%miwaqﬁmﬂﬁﬁ’ams
4 7 Tasmwslsanennaguauiiuiinamsnasauiniiafiinudsias lﬂﬁunu’lumﬁﬂ%aﬁmth
muauAMWETiammiinmAaauieg uazlissanlumaiusom

msfnilldihdayamaeiaudiediiawdsiinsnenulusedszma® wndssgndld
taUszdiiuUssansmwmslétege DTS Glumimnmiam%yaLmﬂa?ﬂizﬁﬁuwmﬁamﬁﬂ’amﬂsqwmma
gy Fauonnndreliiasl fiamsmansadiiiumsmasauldmumnaspuias oamememsunndud
faiidusheliiieemudaiurssmenunamsanamstadaiesla’ dwaliiuuimslasumsuidams
matunauagiilssansmmdaly

HamMINadaudiage DTS AlFmunulszauaiateieslfimswuhuamsnasauionu
daandasfiumuasinimuaNanmwi lda3aatulssnasasas 96 udfiwuhlssanasosos 4 iua
liseandasiu Faradenninszaasfufianulumsdiiiumamadau 8msazmeagedauldnu ms
SrunorasUfliinundemafiuinngeea wesnnmanmanuesimasdiiage DTS lumsdnmnil
wuhiienuaaaadasduiiimsnenuli® waadliduhdaeds DTS wisuldhe Usaadouazazanly
msdaiu Fahwthmadanuiliiven fidnmslsamennagurnhlulszandldiiadandandasananmn

HNTUNMINAFaUIU 9 logmniznmsasamtauduadiallanenmsaazady 9

asu
9

ot DTS sansathinldiiludedaiamuauuaslssiuaaummumsanaiiadsmsaaie
wrlei/wadld  adnlsAnwlumsldnudasmiliieanudutuassimadslussduiiminsaniugansa
uaﬂmﬂi’rwami‘mﬂaauﬁwuluw”aaﬂﬁﬂﬁmsmmv«'qﬁLﬂ'ﬁm‘[mqms waaslifiudeanuudsusiu
Tunssinumanesaumsinidaieglaiteyannalssnnnai dumsmuauamumwmsanItasems
Gaufatarlaidhadmoivmuauammw Wi dyiinsaszmindeasanudsslumsnsnuwsionan
BUBIATIHANTENUA DFUNNILVBIRTUUIMIUazMIgnansIla nanndaglumInIuaNguINges
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An Evaluation for Use of Dried Tube
Specimens as Internal Quality Control
Samples for HIV Diagnosis

Busarawan Sriwanthana', Supaporn Suparak®, Suttiwat Lumyai’, Amara Yowang’

and Warangkana Oncoung’

'Medical Sciences Technical Office, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000.
’National Institute of Health, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000.
’Regional Medical Sciences Center 1/1 Chiang Rai, Department of Medical Sciences, Amphoe Muang,
Chiang Rai 57100

‘Division of Planning and Technical Coordination, Department of Medical Sciences, Tiwanond Road,

Nonthaburi 11000. Thailand

Abstract It has been well-recognized that quality control (QC) samples are essential for routine
testing results, particularly HIV serology testing conducted by a rapid test. This study was to evaluate
Dried Tube Specimens (DTS) for implementing as QC samples at laboratory networks of RMSC 1/1
Chaing Rai and RMSC 3 Nakhonsawan. DTS were delivered to 48 community hospital laboratories and
were tested 1 time a week for 4 months. It was found that 1302 of 1,350 (96.44%) tests and 48 of 1,350
(8.55%) tests were reported positive and negative, respectively. Our study suggested that it is possible
to use DTS as QC samples for HIV rapid testing. HIV misclassification might possibly be due to testing
procedure, reading test results or competency of technicians. Owing to its ease of preparation and storage,
DTS are alternative tools for community hospital laboratories to use as quality control materials as a

requirement for routine testing in compliance with medical laboratory standards.

Keywords: Dried tube specimen, Quality control sample, HIV quality control

N5F5NTHANENANFATMTUWNE
U 62 aui 2 wney - AnuNEY 2563 &2




unaNuMl 2 NSNANY W 2563; 62 (2) : 114 - 122

anugnuauauivaninu livaslundisnaanuns

?IBQI'NW gauIag YU ﬂ%u‘n{

a & 1 a S Y 2 o £ 1 = < 2
wWsaAe NInsEna’ MFuGN UIMBY” NANA faz' wazdInua LHeENa
LMAIMNENZINET ABIZUNNIFENS WMIINGIBINIAIUATUNT DUNDWIA Ve aNDa1 90110
“AaUNAIAMSUNNg  NINENagaNIaIuASUNS annamalg sNwa1 90110

unAnga mstamideniivasass d’aﬁmmLﬁaﬂﬁ'hiﬁu,auﬁmwiauauauaﬁﬁﬁslmjﬂm MINTIANLEBATEUY
ABO, Rh D, msanansasuaudivaduazmsuensiiouaudvedlugiheienuadglumaasoudan faldmms
Anniilaanamenugnaasweudvadinubivesusnmilannuyidenszuu ABO lundnaaayasillasnening
SNEUATUNT STHNHaUNNTIAN 2556 B9 AMAN 2561 U 19,450 T8 WUKHAMIATIANTAIUDUALBATIWY
Tivasdnnu 244 18 (Savas 1.3) Tasznangiinuanngaagssning 26-30 1 lunguilngidealussuu ABO fimu
ann e wyjiden O (Fasar 34.0) uazdpeas 9.4 U Rh D au dwiuuauduediiwulivesiiwuannga il IgM
#9 anti-Lewis (anti-Le®, anti-Le" uaz anti-Le*® ) Spaaz 32.4, waz 51l IgG Ao anti-E 989 15.2 Wa
msanwgIiifiumsasansesaudvadiiiuuin Fiinaweufivedrie TgG waz IeM hliuwndamansaihszse

ANANBDALAUON UM INUINAA Bz IS INUKEMIShEN Lo aenadiussanSmwEadu

M MInansauaudued, wils, ansier 6, usudivadnwulives

Corresponding E-mail: theerakamol.p @psu.ac.th
Received: 19 March 2019 Revised: 9 August 2019 Accepted: 11 June 2020

N3ENINFIANNEFASMSUNNEG
Ui 62 atiun 2 wweu - dguney 2563




waufvad lundisnanayns wWsuAn NATENa uosAe

UNin

upufvadidanyidanuuiiindaauaslsznaueis expected antibody leun anti-A, anti-B uas
anti- A,B @ unexpected antibody laun wsudusfivawmajidansiiadus fuenanszuu ABO il
3 a o aa a = 1 a < I d?l QI o P~ =
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4 kg v a dé’ d! a dd‘y < k4 v ] v o
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Aauwsniy Rh D vIn aznszuuiii Rh D au Tiaseueudived Fvhlvgnaun 2 asfia HDFN an
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MINIVNTHAUIUAUA (antibody identification)
AVNFUAUDUAUDAMILITNADANABDININTFIUNALA multiple phase saline antiglobulin
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Qe

a Y
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wsstuilssmnieulsidusinujisene anti- Le* udu
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G

NANNNIAR AN ISINEIVIAENVAIUASUNS IUIU 19,450 978 WU unexpected antibody
o v ] d' ) J = dl' a I's T
NUIY 244 N8 (39882 1.3) UTNNENNUNINGADEYI2WIN 26-30 U (ldI@NzvinyEanluszuy ABO
YDINGNTINTIANY unexpected antibody Mijidaafinuannmuaau @a vy O, B, A uaz AB Aaillusazas
34.0, 29.9, 24.2 U8T 11.9 MNMAU FUNNAMINNIONNYEAszUU Rh D wuiillu Rh D v
221 T8 (5888 90.6) Waz Rh D au 23 518 (50882 9.4) AIATNN 1

15U unexpected antibody 14 MNMIATUENTHALBUAUBANUINLBUAUBANY IgG Nl

o w aa o [ . v . (%
ANNAAYNNAFTENTINUINNGS laun anti-E 37 918 (3988s 15.1) 5898930 anti-¢ 10 318 (30802 4.1)

uay anti-C 6 978 (Sp88Y 2.5) WU anti-e, anti-Jk® war anti-Fy°adnay 2 918 (Saeay 0.8),

v
[ a

& anti- JK”, anti-Fy®, anti-Di® uae anti-K wuaehias 1 518 (58882 0.4) MamMsanniganutaudiuad
ﬁﬁ(ﬂﬁ'u‘] ﬁt‘ﬂu IgM laun anti-Lewis (anti-Le®, anti-Le” waz anti-Le*™) 79 918 (Saeay 32.5),
anti-Mi® 65 78 (39882 26.7), anti-P1 7918 (Sa8as 2.9), anti-M 4 578 (58882 1.6), anti-N 1 18
(Sa88¢ 0.4), anti-HI 1 918 (58882 0.4) l,l,a::ﬁlaimmsquﬁﬁmu,auauaﬁl@i" (unidentified) 24 518

(50882 9.9) AILFAI UMD 2

MIND 1 m;‘il,é'amsuu ABO uaz Rh 1umﬁmaamﬁmmwu unexpected antibody

naLaan VI Sauay

ABO

A 59 24.2

B 73 29.9

(0] 83 34.0

AB 29 11.9
Rh D

Rh positive 221 90.6

Rh negative 23 9.4
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9191 2 FHUALAZANNDYDN unexpected antibodies

Antibody ABO Group Total
A B o AB 38 (%)
C 1 2 2 1 6 (2.5)
c 2 2 2 4 10 (4.1)
E 7 8 19 3 37 (15.1)
e 0 0 2 0 2 (0.8)
Mi* 14 25 19 7 65 (26.7)
M 0 1 3 0 4 (1.6)
N 1 0 0 0 1 (0.4)
Jk* 0 1 1 0 2 (0.8)
Jk® 0 1 0 0 1 (0.4)
Fy* 0 0 1 0 1 (0.4)
Fy" 0 0 2 0 2 (0.8)
Di* 0 1 0 0 1(0.4)
P1 3 2 1 1 7 (2.9)
Lewis 21 23 25 10 79 (32.4)
HI 1 0 0 1(0.4)
K 1 0 0 0 1 (0.4)
Unidentified 8 24 (9.9)
Total 59 73 83 29 244
(24.2%) (29.9%) (34.0%) (11.9%) (100.0)
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Rh D, M3nsansaduaudvad uazmausnsfiouaudivad lugihedsfienuddn lumswieudeaiivaaads
unegthe®
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Tunguehagavdeaansasluglsy wu unexpected antibody Uszanmidasas 8.2 4pandNeinssdnanug
Fannnhmafnunluadsil aalannnnadduaslaiony Rh suzasssnnslnefasnihussnnslunoy
Usznaglatann Sehliesazaasmaiomanssquanlumylafiassuu Rh D vaenh® lumsnmilig
gfiwumInTINTaIuauAadINfigaagssning 26-30 T 1uu 65 38 (26.7%) aailasmnagluzig
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s2uu Rh D wuiiilu Rh D 1an 221 518 (90.6%) uaz Rh D au 23 918 (9.5%) Fandiehnasssiiiiea
Rh D au 2:l@5umsiia Rhesus Immunoglobulin products (RhIG) %38 Anti-D immunoglobulin
idlaagasadiivszana 28 dany vieasdia RhIG TWuiwdseaaamelu 72 #lus deasilasiuldiams
anti-D whiu™ pmzmsiamsuanrhmadiadaauasammsnluassdsuiismnueudvedfiiiy 1
Fasienudhdmendiin wesnnmsdemuil 1 M Auaifivgden O Rh D 1in wudhwifimsai anti-E
nmsdudutlssia Livessassduaslimeiudannneu drluwoudvadishduhasfennmanssdu
apsmacsnsadiRytiu Sluneilildinsthnassdilawnmnaswmuaiuns gniinaaniiniz HDFN uas
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ﬁ'i’lil\‘i‘lulg\lfﬂ’mﬁﬁﬂﬁmum acute hemolytic transfusion reaction 310 anti- Le® %ﬁvﬁﬂﬁﬁ%m
il 37C @lumswuuaudved szuu Lewis lundansassfaunsoiliiéniiann: HDEN ldudwy
Téfae ™ wasmeanumaaninluldviuwuh anti-Mi* WHunauduediiilusmguesnns Intravascular
hemolytic transfusion reaction taz HDFN ﬁwuﬂaﬂﬁqm LwiLﬂuwaﬂaﬁmﬁwuﬁaﬂmwﬂiuttauqisﬂ“2’
sluaulne Wasmnuaudruiinusiulvailu Mi (a-) dedulemanssda anti-Mi® Jeilamags
i Nuaufvafniie IgM azdienudnunedinisanin IgG LLdﬁwLﬁﬂﬂﬁﬁ%mﬁ 37°C Waz/nan

indirect antiglobulin test (IAT) anamlwiiannzunsndauanmssuladiale

a3
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Maternal antibodies at delivery Premchit Thangtrakul et al.

Prevalence of Unexpected Maternal Antibodies

at Delivery in Songklanagarind Hospital

Premchit Thangtrakul' Darinnat Buathong® Tanongsak Yeela'

and Theerakamol Pengsakul®

'Department of Pathology, Faculty of Medicine, Prince of Songkla University, Hat yai, Songkhla, 90110,
*Faculty of Medical Technology, Prince of Songkla University, Hat yai, Songkhla, 90110, Thailand

ABSTRACT Provision of antigen and antibody compatible blood is important for blood transfusion
leading to safety of a recipient. Blood group testing, antibody screening and antibody identification are
essential to conduct for safety of blood supply. The aim of this study was to investigate prevalence of
unexpected maternal antibodies at delivery in Songklanagarind Hospital. A total of 19,450 individuals at
delivery were recruited between January 2013 to October 2018. We found unexpected antibodies from
antibody screening test in 224 patients (1.3%) with the most common age was between 26-30 years.
Of these 224 patients, a majority of ABO blood group found was group O at a percentage of 34 and about
9.5% was Rh D negative (Rh D-). Furthermore, the most common IgM and IgG unexpected antibodies
wereanti-Lewis IgM (anti-Le®, anti-Le” and anti-Le*") and anti-E IgG at the percentages of 32.4
and 15.2, respectively. Our study indicated that positive antibody screening both IgG and IgM at delivery
could help clinicians in monitoring hemolytic disease of the fetus and newborn, resulting in effectiveness

of treatment planning.

Keywords: Antibody screening, ABO, Rh D, unexpected antibody
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wlatias/mlatnase i g

S a A o
INNY  IOUIIYTY
ﬂﬂJa’fllWWﬂﬂ'?ﬂW{ NW??WE”BWEIﬁi?JJFﬁﬂW{B.ﬂﬂEN'VI’BTN ﬁ'].?./?f!llﬁ')‘l? 12120

wlatdias (Telomere)

é’m’i%y'ugq (eukaryotic cells) ﬁﬁLSuLaLﬂumsﬂ’uqnisuﬁﬂixﬂauﬁm‘[wé’ﬁmﬁhlwﬁammaﬁ’uﬁ’u
Wundenfisnuaziduidunss (linear double-stranded DNA) fidautarsaasaiuiiiianid
wladfied drudaisuemn (prokaryotic cells) wu wuafids  addwaiianvaziulndihedlalndaasans
wuiuflunaandandatuduenay (circular double-stranded DNA) aelaifiuaemnlaiias Feume
wlawfesuasieiziotugeil fdnwasamsiadeiulihanduddiiiosiale faazlsznaudelndieg-
Tolndaasans menilsazimdusnniag 5 ludwas 3 Snmeniazdidduusegluiiemaasay
(antiparallel) mnlms 3 ludadme 5° mefisduwadenn s T 3 ﬁ?mzﬁqmmﬁﬁmuaﬁﬂfjwa
GT agann fanuentszann 6-8 duud agiliugn 9 daiilaadiu (tandem GT-rich repeats) ¥AaGULLF
vasluslatinnseladivy weslulwe (Tetrahymena thermophile) #a 5 -TTGGGG-3' wpddd
uzaenlsluwsiia 333818 (Saccharomyces cerevisiae) @9 5'-TGGG-3" wazuaInyud Ao 5'~-TTAGGG-3’
dsumlafiasuasuyed fyamauiuaiionissann 300-8,000 30 (2-20 Alawa) SUans 3 dueneanin
Uszanas 50-500 fndlalng (mwil 1) Wnamamladissasimahudnaiafudhulnelineglu
Uane 3 thulugy Displacement loop (D-loop) Fauagluiluajzaslas 5° ﬁﬁauﬁﬂugﬂ Telomere-loop
(T-1oop) LLasﬁﬂzquﬂsﬁuﬁﬁﬂﬂdwama‘%u (Shelterin) #iiasAlsznaudasdulusaunassiininsiniu
dhanimeasealmemedidue  snsasiilustuiniheloiusuensnnmstdessmelmsdiduade
ulsNenlaiineded (exonuclease) %ﬁﬁztﬁwuwﬁﬁﬂﬂawﬁLﬁutama@ﬁﬁmsﬁnmﬂ (double-stranded
DNA breaks)
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TRF1 a
Yy TINZ ,POTT 2-20 kb ds [TTAGEE]n 50-500 nt 3' overhang
|/ TPPY ) — 5
- 'W. O/ Rap1 Shelterin Subtelomeric  Degenerate
4 \ fr ) - repeats TTAGGG
( /_— Centromere Ny ‘e ") -, 5 -—TRF2 repeats
e O T+ (_.\ 4. G-strand GEGTTAGGGTTAGGETTAGGGTTAGGGTTAGGETTA
(= o C-strand CCCAATCCCAATCS

- < " T loop L% )
- () o5X

Chromoseme

g t-loop

b Variable
D loop loop size
5 3

Strand-invasion of 3 overhang

00000
Dloop

M 1 dnwazresmamladissiimsahuiulaelugd D-loop uaz T-loop
73 (https://nhsjs.com/2016/role-of-telomeres-in-aging/ login 6/10/2562

Uszinnsanwnlaies/imlawnatss

1wl @@ 1926 Professor Dr. Hermann J. Muller HnWugmanszniawiniugasumingay
Taduie lddnwuazasauyiipunnulmalashilauienuddnlumsuniousad lasdnmmsnaeiug
up9unaIv (Drosophila melanogaster) wuhiiieliunawisusidiand Hlasmlazanansomiienily
{fiamsnanawug (mutation) PpsaadSuememsvh Iasuaiamsuaninuazimsdondaiiianme
mlAamadsundasduiuasadidue ihllgmanaewus udnamiaddswuhuinanmesaslasTuls
tuazhifimsnmeiugifedu duinuesmsdenduihumemladesuasmendauiiudulnilasduans
Tnuaeddueld (Professor Dr. Hermann J. Muller lasus197aluuaduaising wiamsuwwne
U ad 1946)"

Tughanandentiu Professor Dr. Barbara McClintock #in3daiugenan shandiavninends iy’
Usznaansgausm ladnwlaslulamasnlng (maize) AlasuSdiondnuhlashilzufamsuaninuas
dhuiiwaninnausndensulnale (breakage-fusion-bridge cycle)® ugaainfnnszuiumsidanda

(Sunin3eanTiudy (recombination) wazwunusnaaularamlaiaslilawniivdanriedanaiiia

v
v

IMsuanviniiuaadale #lvkamuaadentunumsdnuay Professor Dr. Hermann J. Muller 6a1u

b b

=

JufhdayamivayuihimenaslaslulaniiGanhmladiesiienud dadaumioulsaniudiduamaly
Tilwiiemsuaniinle uananil Professor Dr. Barbara McClintock fawuiiiiahaediduainoudas
nawal ihluidedluaamsiivingay mnsodamediatlduadlinnuiniamnmala

1% @# 1981 Professor Dr. Elizabeth H. Blackburn laansaiutumevaslaslulauuasluslos
Tetrahymena thermophile 3aflufaiwadifenfiiadssausuazwusnnmudahea q Tlaslulaudhudy
A9LEN 7 TWIUNINNT 20,000 W Fumnzdumsdnnlaies nnmsdnmwuiinladissyes
TusTadilfgaaduiumidy 5-TTGGGG-3 Uszanm s00 Taedlalnd® dainldnusiudu
Prof. Dr. Carol Greider waz Prof. Dr. Jack W. Szostak Wu dimhvaumlaiedua Tetrahymena
thermophile ldluwanafiawazihwanafiamuldluiiad (Saccharomyces cerevisiae) Sadanansadasosn
wlaifiesueq Tetrahymena thermophile 16 uagzemiidasaninlanauflusiamladissvasiadioda
TTGGG lld TTGGGG wes Tetrahymena™ mMeawassansadfaugnssanasmzaiania 21n
Tetrahymena tiioihlnagaufudadisiveumnlaiiiesuas Tetrahymena agmely wuhvoumladiss
snsadamelieniulagldieulmafumladieduas Tetrahymena 1§ usavhdesndamsanatiuane
oassasldumamladissniiies aasemsatatuneulsimlawess (telomerase)® taulaaiiiiu
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a2 2 Na g w o
WIIaLNEI’i/WIIaLNBL’ia L‘Wﬂ&j‘ll.m‘w AINWEY IOUIIYY

TsTulysl Aedlavadsenauduarsiduesiniulusiu (ribonucleoprotein) ﬂa@ﬁunWSﬁnwﬂL'%aQﬂaq
wladissuazmlamaisaldiniumnninauasihanlszgndldlisslanivmadu dninmmansianaru
lasusredalutvamuassinenusansunndlull 2009 lumsaunumsianueeulsdnlawalsduay
mathanUszandldussloni

AnudIAuazna lnmsmuraanlawalss
L4 = o W v Q' aaa o QIQ' aaia J a < w v
ulgdnlawssalienuadgdaiilidio mldaddiemnsamensedbueludigugnuaule
pENNgNABIATUTIU WanMsdAAe Wawadimsudsdiatinnuluasainiy Glaueazasi@nIo
Nassdmeindudawmlaruiy Ussbudan fs meduansidibuemelninnasazimsaseaneady
v o < PR~ ' o = sa o v o o ’ a '
duzasdidualiuasidwenauans luigaasiivulsinmmhnnuwnzlumsaaseasiduenluegasn il
' o =4 ' ¢ < o o IR o vy v @
wazaaaedduwelmiaununy uwamnasiduendassnlliudruneglaegauas meanalnuasauly
° a o o q v o v : ' o &£ y o &
nnglumsidnaadidue mldvamedduedu 5 aslismnsodemedduedununild  dmurau
fdueliazsunien lurashdduemeutvuuazennuasdluaeden Guenlaanin (overhang) way
asnnanvariagiumeadmilieies Tungaddueazduamnassnidmshassdiies dudsivas

wlailesduas mstpulsinlawasaiahalilvadueduas (mwd 2)

Telum eres, I

Chromosome

DNA Repllcnllnn

p
.3 3
..-Eé'

[Telume re sho rteningj

Ml 2 Msnassiiewsdduennasmldumemladesduamnase aaudasain https://www.

tasciences.com/what-is-a-telomere.html login 6/10/2562

mahnuseanlawasaduleglddurasediuevueulaimlawassifivahdiuuauuas
wladlesldwad wu dnsmlafisdifiu TTGGGA asfiadiduaiiiy AACCCU Tasadiduiaifas 1w
wuulviimseeamadduennuame 3'-OH wmmﬂﬁtﬁmaﬁﬁmag: (Primer) mlgdaediduaias s
eBUBn (WA 3) vié'qannﬁy’uL?Tﬁginixmumsahaméf'smeuﬂﬂmﬁmﬂﬁLﬁumﬁﬂnﬁu wlatuaLsaaei
amnwidgannlumssnmnanuemeasiidualiliduas leseulsitasfiuashoulugediuig (gametes),
waaeuiie uasmadsmeuNgilo Wy wadnnuy wadiladaeeanivle mafimlawesaluwad
funuginlideyavasdidueildlumsdenaameiugnssuiuluagugndas wiailuwedifaidonnn
auTulaiihliimsaessuugiduiuliudnimedaios udmlawasaiuasinutasinnlumademe
v Ty wadaRiiEes uanwadlwlusumad FonlidBuedusussdiignssuiumasnmw anwem
younlaissluaddunuguesnyedlosUszann Aa 9-17 Alaws inlawlesvaradnemesnivszinn

5-15 Dlawud Tuanenmad Ny MWigan U (cell senescence) Hanuenimlatiasuszana 2 Alaiua
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aglsionu tagiunuihmsadliasanuenmladissdiinssnumsduuannnmlawasan
(g9 a9138nn5zUIuMSH alternative lengthening of telomeres (ALT) nsdiiilufiinlataalsd
mediBuediniimsdaliimlddmemaiaiaeuiiufuiumediuedudesiiagld (eaiiluuadasTula
uneaw) mliimladlesenlarusy deiadasiimsdnmniseiiaanuiaudsly

5 |[raEaTT || AGsETT ]Ar.mrr |3'
3

=l

new lagging strapd
telomerase binds, actends 3'end

| |[#zeeTT || aeeeTT [reeaTT IlAEGI_Tl'T |

] =)

‘ lelomearase released

| ||.a_G|:,5-|-r || ABGETT IAEGG‘I'I’ ||AGGGT|' |
[ [ ] [ Fetomerace

+ primer is bound, DNA polyrerase compleled Lagging strand
| ||,c.,555-|-r || ARG GETT ||AGGGT|' ||nGGGrr |

C ] e

Frimiagr

-
axtended telomere
MWD 3 MsNureanlawass N8 RNA Tfiluanausiuuy Haasaadiduanlais 3/ Tvenaunasmly
v { o < SL v @1 d' (6)
ananeazandue vauysallunge

ulsimlawasauazmssuasyalaslalzs
pnmsnmnwuhidlawadinganndumladissasduas Wnusnasaaiianuenmladissszana
10.8 Al duaufiangussanm 95 1 asfimladiesuszana 6-7 Alawa manuaamlaifissduas mndu
udegainga (critical point) Aa i T-loop azwilautusedEueinsmnasaswdiheilandnedas
ae FanaduguiviasiimsteuunulaaenUmaninemnaaiiunss (end to end fusion) FavhlulasTaley
waanuluades MiadiamssnMnuasngauee (cellular senescence)
Tosagumsitmamlafissiuauionanssnuddnmmelszmsldun
1. manemeglizasdayadiulaeamlaiiias (telomere erosion) vnlwlanzzaslasiulanlifivasn
wlawdiesin Foyanasnediduiomamameviacei Fueninadadayamenugnssuiionadsululd
2. msmameliuaunlaladviamladissiduasinn g asnlidulansvaslaslulauildnuas
adnefulmeasdBueinasanuuuiiBanhimsnemsesseuesdaneslasindavadlasiylay (double-
stranded breaks) SnwazuilashlitAeeanuiewanavanssemsisy
2.1 mstiniludnsasiingrefiu double-stranded breaks safludamnliwagiihlafindnth
LﬁmmimﬂL%m%qLLaﬁaLﬁmnismums@iaLfimm:ﬁumaa'mauauamamsmﬂL%fm (DNA damage response)
@ fimswadlylaleivansziinasuauasiiianszuiumssnaumuan
2.2 n3difinanuaraeiy double-stranded break hliRadnvazlaamieuazodiu

Uaeawilignilanaanutes (end to end fusion) TanwuzullilipaalnUUIR? asm lAiansAiuannu
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P P Na g w o
L“V]IaLNﬂS/L'VlIaLNE]Liﬂ mefnm‘w AINNE IAUIIUE

wazenaeannniuuuulignass vnwadlalaslalanddiuiuniavgadiidiune ildaduauss
TostulwiidnwaeiiliwdosuazioanuiaUnddaly
TsauasnensamuinAendasiumswasuzaanladias™ (mwi 1) laud
1. Isadanasladaunniiia (Dyskeratosis congenita) ﬂsxnaw‘i’mé?numm?mﬁlﬁaugsﬁ
(nail dystrophy) (AaLfiedEaEunieaasiidimds (hyper or hypopigmentation) waziinihanluthn
#iBenharlawatds (leukoplakia)
2. alafinaeuuuazwaadn (Aplastic anemia) tlintdanz adaauauasindadaniinund
3. vzSuladanmnziioanlWlzyiziia Chronic lymphocytic leukemia: CLL uaz%ila Acute

myelocytic leukemia; AML

AN 4 Dyskeratosis congenita (A: nail dystrophy, B: hyper/hypopigmentation, C: leukoplakia),

D: Aplastic anemia, E: Acute myeloid leukemia”

nmsAnwanudiuszasmsnaduvaunladissdagunwmauazla
lasimsfnwngugilasuanueisadulsza® nande niivsnaunnadszndauiiidumnse
HHYasguMWANLIY 19 au wazansmEAyastheEass M 39 au wuwmlalissyeunsmiguayasthe

finladiesauaaulseumuszesnangua (Mwi 5)
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Chrohicity of caregiving (years)

Mui 5 AnuduNussznInanuersamlafissiunguglasuanuessannmsguagie®

5 =2 v ¥ U 2 24 g a @ o A v
uanNNUnaNMsAnNguALKauaKasNBFENZUTURNENNAUTEAINIDY 14 AU UAENFN

4 ¥ CAl d‘ = o ga Q' d?’ =® o = Q' d?’
MUAN 15 AU WuNEguarheaneudeniissiugasiuunasfzeaguindu wamialinnue3aaLingy way
= I P vele q'nle/ 9/1|J (9) s = SL < o ' e
lenuzmzaunladissduasmussaznai ldguanihe® uazdilingnuuamsdnmludningnaaziion
wavsalasumansinumalaluiedn deadeanuessaianuduiusiumsanasasanuenmlaiissuas
wlsiuasanuszaulylalainusdnssuaumsantau fa 526U IL-6 waz TNF-a” Tlesdayailasaiums
= FL [~ ::4'1910: o"l’l;s 061 = v 619/ <[ s (11) v [ =2 v v
dnnludnilasumamsallbinelseasdluadadinalvimladissduas saanaeesnunansdnmaNNENUs
peaNNE B laisyasmm s unaaslsemamualan lawumamsainfienuguusiegamnnlusfo
dawalianuenmlalesanasedniiteddny uaiianguilldsuenanmsguiasi (selective serotonin
reuptake inhibitor; SSRI) wuhianuemzeunlaissiianduagniitesany udnguilawuimgmsaind

v = [} a IS DN | ~N v o w v A Yo
anuguusiipersathunan lddwanasuulasanuenuesmladiesoeniitesan nquiliialasuen SSRI
= Iwn‘a Idfn‘é’dw s \a
Hwnluundenuenunladiasiinudniay (1w )
Severe trauma exposure Light-to-moderate trauma exposure

(n=45) (n=197)
0.90- 0.90-

0.80
Error bars: +/- 2SE

0.70

0.60

Telomere Length (t/s ratio)

0.50—

Non-PTSD PTSD Non-PTSD PTSD

0.404

I!SSRI non-users -SSRI users

MU 6 ANNFNHUSIENINANNENIYBUN B AUNGUNNTHIUANINUANNLATEATITULIIBNNUALTULT

1UNN UaEHANNMILATUENFATNLATI D
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Elumimﬁgqu'%'w'%aéqLawamms(?iy'misﬁﬁﬁflﬁﬁa’mﬁauwaq TNF« (proinflammatory cytokine)
/Interleukin-10 (anti-inflammatory cytokine) guiu anueaunlaifiasaaadousniiaiiiolusiues
T/8 ratio (fulafssidafisuiumladissaasnguissnsudagiifiongnguidendunguiimaday (u
nﬁl,ﬁﬂmﬁaslw"'ld'mﬁl,ﬂummgmmnﬁu) 18@ T/S ratio duas (mwi 7) Hudadrunnsiuiy
TNFa/IL-10 ratio”?” uanmni‘icj’ﬁﬁ‘[sﬂﬁ'ﬂmwu obstructive cardiomyopathy (HOCM) %38
WUU non-obstructive cardiomyopathy (HNCM) shefifianuemnusamladisdduasnhaulndadeiive

Feag?

Newborn Leukocyte Telomere Length (T/S-Ratio)

12.%
o0 | [T
Ist Quantile 2nd Quartile 3rd Quartile 4th Quartile

Quartile Split of Maternal Proinflammatory Ratio
(TNF-o/IL-10) across Pregnancy

Anil 7 anaduussenienueyeanlaiissnungudnusniie NN sa N AIRIIAguUYHINSD
duanda?

nndayawmainhliifuanuduiusssnihsenueneunlafssiduuasnadedaguam iy
Hldimadnmnismaea g waneguuuuiinsihlianuenesnladissiininniu TasUSulwfithedqunnd
Juuaziannanuemzenlaiies

wamsanelungumeiiihmeddangnmnaiidalisuusilasnfsuwadidmsiuingio Tu 4 du
A9 GNUDINIT MIBBNMAINME MIMUANANNATEA wasmMITwaEHUaUNNFIAN LuSulsemuems
Tsutnandn Sudssmunalsl fn sandaliladsuudasamn syfiznamars swdeniausinalui
Tiiluaaadiiies 10% vasuasadnmue awnsmilulawseriafudulys fmseanmaameuuuuelsia
Toendu 30 indaaiudlunm 6 Tusadumi taaimedsleazuuun 9 Hnaxnegla Unauns Hnmsuaueae
Togld3uamu Wunm 60 wildeiu wazdanguwens arduayu Wuna o wiideduonyd winiungy
muAN 25 AU wasnaugthe 10 au msdnsuiiune s Tdaiilesiy (5-Year Life Style Intervention)
KaM3AN WU ngu intervention fiszduanuenuasnladissiiniu lussiinguauauianuenoag

wlawigsanas (mwin 8)
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008 - [ Controd group

[ Lifestyle intervention group
P00, { two—taded)

006

004 4

002 =

Mar changs in telomere kength (T/5)

——f—

0024

004 - Weekly small grouﬁ support

as o

P v v J o W [ Py aa A < v
MNAN 8 mmauwuﬁsxmwﬂ:nmnwamﬂammnumsﬂsunJaﬂummﬁmmawﬂmmmmaugﬂvimn

ISR}

wuulaiguuss Teglduandusznsieams aanias Mamnduazmsidrusinyesdann’”

uanINiHAIaIMIaaNMAINBUULNUMY (endurance training) Tasmsiwiatduiivihlwil
maduzaniila 60 assdand dunm 45 il wuhdeduenuemeaanladissuasmaauzasaulsl
wlawasald  wimsaanmasuuueenussiudeiaiosiiaca g ivasaanmiaame wu mssnhwindas
wuwazniiviaseanmasme lifiuadsuuasanuemsaanlaiiss

dwdumsdnnlunduiguansauaiiiifdymansuden Waldmsgualasmahainsuuulaay
#i3enT Yogic meditation (practicing Kirtan Kriya) w3suiitsufiumsiawasuuusisuameduna
12 niidatu 59w 8 §Uenk wuhnguiivhaans femuenzaunTodefiiagy Tuansfinguilawasaunans
fienuemzaunladissoaanidniios (Mnwil 9) weswuhgivhainsasiaauauasiissuagluszéu theta wave
(5-8 Hz) lunnuziinduauasasgiiniauameazaglusziu alpha wave (9-14 Hz) uazaduduasgiiaglu
HinuUn@iazagugn beta wave (12-25 Hz) "4 ‘wuiwqwmwﬁﬁﬁuﬁuu‘[ﬂmﬂms@Ltaqwmw (health care)

10% TUIAABN 5% SIAN 15%, WUTNTITH 30% WALTWOFNTIN 40%""

Change in Telomerase Levels in

Meditation and Relaxation Groups BETA
4 Awake, normal alern
| CONSCiDUsSNess
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