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UNUI

a@lnsipdu (Azithromycin) (Junufiduglunguuss macrolide Feiilaseadrananmaail
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(MAC) Tugthaead® azglnsipduianvuzilunadnnn® araneinlaiiee udazaelaaluwsiuas
(Methanol) aztlalulas (Acetonitrile)® fifamainiin (2R, 38, 4R, 5R, 8R, 10R, 11R, 128, 138, 14R)
-13-[(2,6-dideoxy-3-C-methyl-3-O-methyl-a-L-ribo-hexo pyranosyl) oxy]-2-ethyl-3,4,
10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-B-D-xyl
o-hexopyranosylloxy]-1-oxa-6-azacyclopentadecan-15-one ﬁgmﬂmaqa @s C,,H N,O, i
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1.

High Performance Liquid Chromatograph (HPLC) with UV/PDA Detector : W30
22N Waters, Millipore Corporation, USA, Model Waters 2695-1996-Empower

High Performance Liquid Chromatograph (HPLC) with UV/PDA Detector : W@ At
294 Agilent, Germany, Model Agilent 1100 Series

HPLC Column XTerra C18, 5 um, 4.6 x 150 mm, Lot No. 0211311851

HPLC Column XBridge C18, 5 um, 4.6 x 150 mm, Lot No. 0111381701

Analytical Balance : Model AT261 Deltarange, Mettler Toledo, Switzerland
Analytical Balance : Model MX5, Mettler Toledo, Switzerland

LA389n5991h : Model Milli-Q Adventage A10, Millipore, USA

Syringe filter: Nylon 0.45 pym

LA389LN7 class A

GAREYA mgmuazmsmﬁ

1.

s~ W

10.

Mag

Azithromycin: USP RS
Azaerythromycin A: USP RS
Water: High Purity

Acetonitrile: HPLC

Methanol: HPLC

Dibasic potassium phosphate
Sodium 1-octanesulfonate
Monobasic ammonium phosphate
Ammonium hydroxide

Phosphoric acid

fmatnenazglnsneduluzluvueualgalsznaumelSinamenazglnsledy 250 Tadnines

ualga

meegnnesglnsieduluguvvanmdmsundsuniueniununznaulsznaumeUmnuaen

2B INSNEBU 200 NVAANTNAD 5 HAIINT

Placebo (shuisznavzaseniilifidhemeaany) zesenasdlnsieduluzluvuenualgauazlugluuuy

ennannsuesanuembunuaznaulanngu@e
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AsManadau
dnzaasszuulasinlnnsin (HPLC)

ADANY HPLC Column XTerra C18, 5 um, 4.6 x 150 mm, Lot No. 0211311851
qquﬁwmﬂaé’uﬁ . 50 aNAaded

aIMs e 1.5 ml/min

FTTAIYAIN Acetonitrile, Methanol, Solution A (21:40:39)

(Solution A = A solution containing 4.4 mg/ml of dibasic potassium
phosphate and 0.5 mg/ml of sodium 1-octanesulfonate, and adjust
with phosphoric acid to a pH of 8.20 + 0.05)

Lﬂ'%la\‘lﬁl‘i’ﬁ]’?ﬂ . PDA 210 nm

Usunesnae : 50 ul

System suitability
The resolution between azaerythromycin A and azithromycin is not less than 2.5.
The column efficiency is not less than 1000 theoretical plates.
The tailing factor for the analyte peak is 0.9-1.5.

The relative standard deviation for replicate injections is not more than 2.0%.

MsesanmmMazary (Diluent A)
Diluent A : Acetronitrile, Methanol, Solution B (30:35:35)
(Solution B = A solution containing 1.7 mg/ml of monobasic
ammonium phosphate, and adjust with ammonium hydroxide to a

pH of 10.00 + 0.05)

N3LE3ENEIIITAIBNINIFIUALT NI aTu

%"qmimmgmaz%‘[mﬁa%u Uszanas 4 fiaandu (Winnuihwiindiuiusy) asly volumetric flask
2110 10 Wadans thummazmadszans 7 198905 wehauazaanue lWaanmaammazaigauasulinns
NS ULNUNTDIING 0.45 LulASINGAS

MIteIaNgI3aza18 Resolution

1. ﬁqawsuwm‘i@uaz%‘[msﬁa%u Uszanm 4 Uadnsu (Glﬁ'mwmfmﬁ'ﬂﬁmiuau) avlu volumetric
flask 2U10 10 #adans L@NMMararelszanm 7 J88a05 wWEIAUSTAENNG LADINAIWAIM AN
AUATUUTNINT

2. %’qmimmgm Azaerythromycin A Uszanas 2 §adnsu (’lﬁ'mwmfmﬁﬂﬁuﬁuau) avlu
volumetric flask 2110 10 §98805 LGN Acetonitrile Uszanm 7 §addns wehauazaevue {aaNae
Acetronitrile auasuUN6T

3. Ywassazaede 1 U 1.0 Fdans waza5azaeds 2 IUIU 2.0 Nadans a9l volumetric
flask 2110 20 A88aA5 @EINMEAINBLNLAUATUUSIING NTBBNULHUNTBIZINA 0.45 LNlATINAS

7 M5 INSNAINEN A FAS M SUNNE
e o
T afudiies 1 ASNIAY - AUENE 2558




WAHNUAZANTINFBUANNYNAIYBNIT IR Bz Insle Ty Imwssa leandd uazan

Mse3anasazarIsmad lunsmuSinadedinn (Content of active ingredient)

Fashathaenl¥iiusinadeezaTnsdodu 100 faanin asly volumetric flask 2u1@ 250 Aaaans
WuemrazmaUszana 200 §8da0s WlUwen 30 wH YSudSinesaiemyazas n5arIULELNTY
2110 0.45 lulAsINAS

Mse3BNEITaZAIBAIBE1N IUAITHINTATaI8ua9m8) (Dissolution)

Mmmsasrmmsazaezasiennualgs lagldisuazinasgiumn USP 35 &3l apparatus 2
ANNLET 100 SaUGDINT Henanalumsazaneiiu sodium phosphate buffer pH 6.0 U511a5 900 iadans
muquqmwgﬁﬁ 37 + 0.5 avenwaded Tuna 45 i nsavesazasfilamuuniunsasne 0.45 lulaswns
wazih e seimusnaaenaaoy

mimmaa‘umwgné’u’awaﬁﬁﬁmiwﬁ (Method validation)
1. MINAFUANINMILINILLIZANYDNID  (Selectivity/Specificity)

§qawsuwmi§1uazﬁiwsﬁﬂ%u Uszanm 4 Jadnsu (Iﬁ'mmifmﬁ'ﬂﬁuﬁuau) 8911 volumetric flask
2110 10 Faaans amldaaealugnzes 9 wantuBNTarmeUszina 7 §8sans weihau
azanevug USU pH 2a9ssazanammzanizi 1 was 2 eansedihazasauasul3ngs nsasensazans
FULHUNTBIZINA 0.45 LNlASINAS

danmzena  mmlwidemssansdh

1) 6% 10 N Sodium hydroxide 1w 1 wee udgnhlaudi 8o asrwaded iy 3 $lua

2) 1@ 0.5 N Hydrochloric acid 43U 1 %Ea

3) L@ 0.1% Hydrogen peroxide UIU 1 %Ea

8 B 1 veaudnhludud so asmwaded wu 3 $alug

5) hlufauaauu 6 Falag®

‘ime:ﬁmsazmﬂmmgmﬁﬁﬂﬁlﬁmmsaamﬁaﬁamawhq 1 sheLe3ns HPLC iiafnsmssuniu
Nnasanei mnadasazrasmssmeilasieuisuiumiuilainysseansazaeanasguiianzuni

‘?%qamazehm Amliaansamadlaannmsnaassmsaneies wsuanisi 2 waz 3
Tiganhlduds ismniladuasnisdiifamsaaaiudamuhssivhmsaneianmsaaadiuaa

2. MINAFUANMUULTUATILALEIVBINFIATIEH (Linearity and Range)

W3BNEITaTaIENInIgIUDLInsNeduy Tudmasagliienududuy 1 dadniuaaiiadans
s sazmadanan ilanuEuiy 0.1, 0.2, 0.3, 0.4, 0.5 Wat 0.6 AaanTudafiasans lneedey
aauduas 390 nssEnsazaEULHLNIBNING 0.45 lulaswas hlulensideinias HPLC dnw
anuENRLSssr et ukasiuilaiie adnnvnespussrhsenudiiuiuiuilaie fuamen
Fuseandanduus (Correlation coefficient, r) #agasiienliiasni 0.095

3. MINAFauUANNLUANY (Accuracy)

NaFUANNUNLYBIIElAE AL Placebo Meinssnasuasdlnsiedu (Spiked placebo)
# 3 steuAMNTNTY @D 0.12, 0.4 W@z 0.56 NaansNGaNadans Aalusasaz 30, 100 waz 140 84
srduamunduiliiensimuBinuesinsisduludoie muddu dmiumnasdnsisdulugluuuen
walya m%'zluT@ﬂm‘s‘*ff"qammm‘sgmaz@?ﬂmﬁﬂ%uﬂs:mm 3, 10 Uaz 14 Uadnsu (W’mmfmﬁnﬁuﬁuau)

N3NNI ENFASNTUNWNE
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aalu volumetric flask 210 25 faaans uazi placebo Uszanas 8 §adnsu avluuaas volumetric flask
dwsumnasanaiedulusuuuenamiuedemiuehumnuaznauweisalasmssinanasuasilniadu
Uszanm 3,10 waz 14 Nadnsu (°lﬁm1mfmﬁﬂﬁuﬁuau) avlu volumetric flask 2110 25 NAAAAT UaL
#1 placebo Uszana 270 faandu asluudas volumetric flask ¥AMSNAFBUANNENTUSE 3 51 SLATIZH
UsinauezdInstadumnvuaiiiluasacmaiiamiunumiagazuasmsaunay (% recovery) UIUAAZILAU
AN AR AE S a8z RIMSAUNSU (% mean recovery) LLaxm%'aﬂazwawiuﬁmmummgmﬁuﬁwﬁ
(%Relative Standard Deviation, %RSD) ‘[m‘ﬁmLﬂ%‘ﬂ%’ﬁﬂa:ﬂmmsﬁuﬂé’mmaz%‘[mﬁ'a%u’lugﬂtmu
euatlya doiagluzag 98.0-102.0 uazA) %RSD ity 2.0 drudndssosazapansAunduas
as%’lmﬁ’ﬂ%uiugﬂu:uuanmﬁm%’um%amﬂumfwmumnau dovagludi 97.0-103.0 uazaA %RSD
TadiAu 2.0

4. MINAFAUANNTIE (Precision)
4.1 auhanlg (Repeatability)
Aenziusinadmaagludegeasglnsiadulugduuveualganazazdlnsieduly
sUnuumasduiueIanduemhumuaznou S 6 0 laenagauluiuuazammadioiy dmunana
azdlnsiedudamie eads uaz %RSD Tag %RSD aaslitiu 2.0
4.2 Intermediate Precision
AnnziUsinaimmaaylumaimesglnaisfunioualgauasasdlnsiedusiionsmiuniey
Jugmihuiuezney 1w 6 9 Taaasuinieszsd Wasusy wazwdsueiss HPLC a3
azdlnsiedudamie emde uaz %RSD las %RSD dalitiu 2.0

5. NMINAFAUMINNUYDIIDS (Robustness)
Anwnansznudamsenziannmsilasuulasanzes 4 2asszuulasinIna i fe aadu
sandzasasaransn mannunse-wa (pH) 2asasazarsiniwasluamsazasdinn aungiives
ARANULAZENTIMS lazasansarmadmw lagdeeruSinamemaenlumedreenazdlnsiady uu
3 % AW NROBTAN 9 fanafinansenudsanumanzanzasszuulasininnsn Wy resolution
58I azithromycin Wae azaerythromycin A @84 lsiipeni 2.5 5ﬂ‘lﬂm$§ﬂi"]\1‘z}a\‘1ﬁﬂ (tailing factor)
retention time 8¢ theoretical plates Lﬂ%ﬂ‘uLﬁEI‘LINﬂ%Lﬂ’i’l:ﬁﬁﬁlﬁTﬂﬂﬁujmﬁ’l %RSD aadluiiu 2.0

6. msUsziiuaranuliiniuauainsin (Measurement uncertainty)

e lidulumumnassiu ISO/IEC 17025:2005 fimwvualiinmsUsaivaenalaiuiuauzas
mste duiulumsdnmildonmsdssdvaanuliuiveurasmiamaiensdo Taadisdaunas
govanyliwivaunnuvas waziulumuuwmemsusaiivaanuliviuaursinsanaitenziau
muaziagunda 2 Framuliuivaurasmsiadlumsuemanssnuiamueiifidenanagauiifiuds
e Gl wnasiiinzasamaliwiuaurasmsinnsifsinaesdnsteiuluziuuvenuagauazents
dusuedsnduabunuaznauinsanldnngasdnn fe

Peak area

sample sam

X — X X
Peak area, D, 100 AW

W P D Av.Wt/unit
X T

USinaazdlnsnedy (Nadnsudeniig) =

sample

n 7 M5 INSNAINEN A FAS M SUNNE
e - .
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FMWISN  FUaNU Lazan

peak area

sample

peak area_,
Wstd
Dstd

P
D

sample

Av.Wt/unit

W

sample

Huildfieazdlnsiedulussazansdiag

Wil dimarglnsiedulumsazansanasgu
ﬁmﬁfnwmmsmmgma:%‘[mﬁﬂ%u (F8dn5u)

Dilution factor 283e1I11033IU
mmu‘%qw‘éﬂmmsmmgm (% purity)

Dilution factor 2846188
1fmﬁ'nmmmﬁ'ﬂmLmﬂegaw%mfmﬁ'nmLaﬁ'ﬂeiaffaum (n5Y)

utnenn g lumsieszy (asu)

7. msﬁnmqmmwmas*ﬁmﬁﬂﬁﬂugﬂu:uusnLm‘dsgau,asinmém%'um%ﬂmﬂumﬁmmumnau

a '3 a U a o [ = < H CR a
AenzieslnsiedulugduvveualyanazenmaamsumisndueninuanuasnaulumdaUinm
menaan (Assay) aNuUaNENNININKLNERES (Weight Variation) msazanguasaian (Dissolution) A
& a H VN o o = ' %
Wunsa-wa (pH) wazUmnann (Water) logldisimnzsinwannzuwazinumsnsadauanagnead lums
ONANUTINUMENT AT MIBTAIBYDIGIEN

We

1. MsnasdauaNNmIzanaIszuulasannnsw (Chromatographic system suitability)

NNMINAFITaza18 Resolution Lﬁ'ﬂﬂi'}ﬁ]ﬂ'ﬂ‘ﬂﬂ'ﬂuL‘Vm']Zaﬂ»l“ll’eNiﬁJ‘UIﬂ‘iﬂJ'ﬂVIﬂ‘i'Iw WUNTEUU

Tasinlnasnanansauan azaerythromycin A wuay azithromycin 3nnU (MWH 2) loed retention time

Uszanns 6.8 WAz 10.2 WM MNIGU WasiA) resolution YHU 7.6 lasliinasuniuainaiazas
(Diluent A) (MWH 3)

0.100

0.090

0.080 E
0.070 3
0.060
0.050 E
0.040

0.030 3
0.020

0.010

0.000 4——"

0.010

N

i+ Raasythromycin A - 6777

D,LAzﬂhmwcin-wm?

0.100

0 T g T T d T T T
4.00 6.00 8.00 10.00 12.00

0.090
0.080
0.070 f
0.060 E
0.050
0.040
0.030
0.020
0.010

0.000 -

0.010

4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

i 3 lasunlnunsuaesmmazarg (Diluent A)
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2. MINAFIUANININNIZLAIZANYNID  (Selectivity/Specificity)

melaannzaasszuulasinnnwinnauze lonevasazdnsnadunnaiussaia 10.1 w1

'
(MWD 4)
0.14 - — —
0.12 ] o
<
=
=
0.10 =
, oad
§=3
0.08 ~
E
=]
=
0.06 -] g
0.04 | i
| [ \
0.02 l / \ =
0.00 - ,,AJ /\‘ - ————— - - -
001 S B AN Ay B
- e = — e e e L R R g
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

a4 Tasinlnunsupasasazasanasgiuazalnsiadu

NAMIANH ANz RIS AN AUlesMsRassazsanasgIuazginsiagunmly

WamMsaaaaINgNIzan ) WisuifsuiumsazasnnsgIuezdlnsisdu logaunsouanasaaaa)

240 BINTNETY NNAMTFANLAINNTAILHN ) panNNABLEINITNETY (MWD 5)

0.14

i (A) =
0.10 4 || L7
0.08 |
i |
0.06 &
1 11
.
0.04 I- | .I'.
[
I
0.02 | | =
i |
II. |l il )
0.00 = -
T 1] | ¥ ¥ ¥ | B T
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
0.14:
0.12-] (B)
0.10 =
w0
E N,
0.08 ) o
R < ~
7] '
J oy =
0.06 g
0.04 | 4
; k=
0.02] %
0_00;4__,\/’ j\_A \ o /
] A A
] T 1 T T T 7 = L I Ty T g T i
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
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FNWISN  lFaaNle uazane

0.14 1
0.12+
0.10 ( C)

0.08-
=2 4
=< 0.06

0.04

4.551

0.02

N
0.00|——~ i

P

> Azithromycin - 10,107

S

~—
o

5
8.

D)

1 (=1
0.02- f
] {

s e e s

g >~Aznhromycin -10.087

e R R L S
11.00 12.00 13.00

(E)

0.04-

0.02

ooo | —— '+ = ——— -— - e —

Azithromyein - 10.080

~—
el
]

— T
12.00 13.00

oms—4 (F)

In

ol

T sithromycin- 10.086

awd 5 Tasanlnunsuussasasasanasgiuezdlnsdedu (A)

asazaeanesgIuludnmeluan so avenwaldad wiu 3 2ala (B)

’mia:mﬂmmgmsluamasnim ©)
a1ia:a1tlmmg1u°luaﬂnsaaﬂ%mﬁu (D)

13.00

L TR L TR e P T o e
10100 11.00 12.00

saznzanasgulugnnzmlvsoun so asenwaidas wu 3 1l (B)

asasaeINaIPUluaneNgnuauaauy 6 7l (F)
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NUNDLAINTNETU HANNAINUINNANNIDUN 80 BIFEBIHEF U 3 2114 wazluanmizisamneas A
WUMSTFAHFINENTDEDE 1.1 (AT 1.3 NEIOU INAIG LUFAMZUEN 80 aNFTaLHed U 3 1 1Ne dNe
ATAUALENNLBNTLOTY LAINMTFNYAILALATINNUATINEAT LALLFMKHANTANHIANNINILLAIL

ganIdnnaAMEmldnamsaatadl (5199 1)

519N 1 UFNFENNZNANEIMTENLAIVDNDLTINTNITU LA ST NINATIINUY

Retention time

dnmezfivhliiiamsaanad Sa8aryRIMSFAILMN L
PRI sEAEM (1)

L 80 sen@aLded wu 3 ki 68.35 4.5

150 32.00 4.5

pangLad 13.27 3.5

W lWsaudi so aseades wu 3 $alaa 1.06 Tdwuansaaaaa

LA 6 3l 1.34 Tdwuansaaaaa

3. MINAFaUANNIUTUATILLEITBINITILATIEH (Linearity and Range)
{WpRAET9EBNINTTIU 6 ANNENTU oA 0.1, 0.2, 0.3, 0.4, 0.5 WAL 0.6 NOANINADNANANS
WUANNFNNUTsEINA NN TUnUNuRlaNaTsnwazludunsanaaadanNNduinaday Taaiian

[ a £ v W . . " @ P
FuUseanSanauwus (Correlation coefficient) WNNU 0.9979 (MWD 6)

1600000

1400000 =

1200000 =

I= 1000000

= 800000 —

600000 =

400000 -

200000 =

B T T T T T
0.0000 0.1000 0.2000 0.3000 0.4000 0.5000 0.6000

anuNTuezEnstedy (Tadnsuaeiiadans)

Aﬂl o g s J v v dy d‘ Y = U a
MW 6 ANUFNNUSTEIINANNTNTULAzNUD Lo WAz BIaL BN dy

7 M5 INSNAINEN A FAS M SUNNE
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4. MINAFBUANNUNY (Accuracy)
HaNMIRAAEsazae placebo MANETINAITIUBLBININBTUN 3 SzAUANNINIU Ap Soaaz
30, 100 Wag 140 ANANNNTUN IR Blnssedy  WaAn¥S8aLaIMSAUNEY WUIA LRSS
k4 = % a\l U a o 1 L v %
PaspgaryaMsAunavrasasilnsNedulugluuueuatys Ha1inu 99.48 uas %RSD iU 0.28
(5D 2) dwsesazussmsaunavrssazdlnsisdulugluvvanmdmiuesoiuenihuniuaznay

FAUVNU 99.20 waz %RSD NU 0.61 (M5 3)

NI 2 HaMINeFaUANNLAUY ISR EInINeFulugluuLEULAlYs

FLAUANNLINIY USinamsnespu Ysnae@snesgu Soeaz

(SpEavuNANNENIY  NesIawy (Hadnsw) Ndn (Hadnsn) 2NMSAUNSU Ande %RSD

fnadau)

2.8008 2.8218 99.26

30 2.8223 2.8387 99.42 99.25 0.18
2.7733 2.7994 99.07
9.4026 9.4248 99.76

100 9.3559 9.3921 99.62 99.79 0.19
9.3691 9.3696 99.99
13.1196 13.2490 99.02

140 13.1246 13.1816 99.57 99.41 0.35
13.1114 13.1573 99.65

ALRRSDEALYBNMTAUNAU 99.48 0.28

M3Nf 3 wamsnedsuaNNivaNsraesElnsiedulusuuuemdamsumssndugnhunuaznay

LAUANNLTNIY USinaansnespu YSnae@snesgu Souaz

(SezavuaANuNdY  Nesiawy (Hadnsw) fdn (fadniu) YBIMIAUNIU AMinde %RSD

nagav)

2.7360 2.7583 99.19

30 2.7997 2.8639 97.76 98.63 0.78
2.7452 2.7741 98.95
9.3179 9.3154 100.03

100 9.2385 9.4772 97.48 99.13 1.44
9.4294 9.4407 99.88
13.2607 13.2620 99.99

140 13.1771 13.2097 99.75 99.84 0.13
13.2068 13.2340 99.79

ARAYSDEATYDINTAUNIU 99.20 0.61

N5ASNTIANNAFTATMTUNNE (-
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5. NINAFBUANINTIH (Precision)

5.1 anwnale (Repeatability)

nmaiensimiimadmadaglumaiemnasiinaisiuluguiuuenuatgalosianzy 6 0
1@”1J%mmé’hmﬁ1ﬁ'muLa?;slwhﬁ’u 242.2219 §adnTuABuAUYd waz %RSD AU 1.3 (517 4)
dusdlnafeduluguuuuenmdmiuedsnduahunuaznau ldUmnadmadnaianhiu 1957848
finansuda 5 18aans uaz %RSD whiy 1.1 (5197 5)

5.2 Intermediate precision

M5@n® Intermediate precision 28MSNWAMINTULAHANINATDU (M5NN 6 WAL 7)

M3Nd 4 wamMsnagauaNNI laresazdlnsisdulugduuunuaizas

L 1 lﬂ' [ = U a a = o 1
MDENN Ysmnaedlnaiedu (ladniudaualya)

239.9909
243.1560
240.6924
239.6765
248.3456
241.4700

o U B W N~

e 242.2219
9%RSD 1.3

MINA 5 wamsnasauanNd lavatazdnsegulugluuvenmamiuaseniuennuaiuaznay

08NN Ysnaesdlnaieduy (Hadnsudaualza)
1 194.8427
9 197.9665
3 197.8479
4 192.4077
5 195.4342
6 196.2096
Lae 195.7848
%RSD 1.1

®317 6 NaMINAFDY Intermediate precision wavasdlnsNedulugluvveualya

59859 Ynaesglnadsdu (fadnSudaualya)
& &
noday 1 2 3 4 5 6 wae %RSD Wae %RSD
1nIeszrn 1* 239.9909 243.1560 240.6924  239.6765 248.3456  241.4700  242.2219 1.3
244.8319 1.4
1NIATIZN 2 248.0496  247.8729 247.8406  247.1409 247.2343  246.5128  247.4418 0.2

wWasuuasiaIaelia**

o a o a o o a 2 a o
* UNIATILHN 1 ATINNATLIUDN 20 3.8, 56 laaa3ed HPLC wannsizas Waters Model Waters 2695-1996- Empower

“ MIATILHN 2 ATINNATILIUD 27 H.8. 56 lagia3ee HPLC wannmivae Agilent Model Agilent 1100 Series

7 M5 INSNAINEN A FAS M SUNNE
i e - o
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M3NA 7 WaMINAFay Intermediate precision wpepzFlnInedulugluuuenmsmiuesamuenn

WAIUNSHBDU
4 - o o o 4

amsh Yainaesdlnsdedu (fadnsudaualya)

hagau 1 2 3 4 5 6 1de %RSD \de %RSD
o~ r
AR 1+ 194.8427 197.9665 197.8479  192.4077 195.4342  196.2096  195.7848 1.1

196.6561 1.1

o a x
1neTEdn 2 199.4756 197.9835 196.3507  195.1510 196.2579  199.9452  197.5273 1.0

4 o o
wWasnuuaziaIaala**

*UNMATIEHN 1 A5ITIATILHIUN 20 §.2. 56 laeaias HPLC uannusizad Waters Model Waters 2695-1996-Empower

“ IMATZAN 2 ATIIATIEIUN 27 3.9, 56 laaa3as HPLC wannmizae Agilent: Model Agilent 1100 Series

6. NMINAFIUANINNUYDIID (Robustness)

nnmanaaslasuulatannzen g rasszuulasinnnn tednmewniwesane wu
resolution, retention time, theoretical plates tas tailing factor syndenzimUinaesaTnstody
Tugheths iaSsufisunaitensd  nuamsnagaunut dnzane ) sasszuulasinlnanWiiins

WeawuluTinanmsieneiusinaesdnsieduluaiaga e %RSD ludhu 1.16 (5199 8)

AN 8 HAMINAFDUANNNULBNID

NONMINAFDUANNNUBIID

FNMYNTTUU
TasaTnns v Retention Theoretical —Tailing Usunaeslnsiadu (Nadnsu/vie)
Resolution - :
time plates factor Ade %RSD ALaae %RSD
(n=3)
No.1* 8.8 12.0 7330.5 1.09 245.2151 0.5
HPLC column 247.2346 1.16
No.2 7.8 13.7 3587.9 0.92 249.2540 1.9
8.15 8.4 12.5 7397.8 1.02 246.0023 1.6
pH 223 buffer 8.20% 8.8 12.0 7330.5 1.09 245.2151 0.5 247.0882 1.05
8.25 8.2 11.8 5825.1 1.17 250.0471 0.6
qmwgﬁwm 45 10.6 12.7 7981.7 1.05 246.2101 1.5 - -
column 50%* 8.8 12.0 7330.5 1.09 245.2151 0.5 246.3080 0.46
55 8.1 11.2 6695.5 1.05 247.4988 0.6 - -
Flow rate 1.4 9.8 12.8 10267.9 1.05 249.4342 0.0 - -
(ml/minute) 1.5% 8.8 12.0 7330.5 1.09 245.2151 0.5 247.8088 0.92
1.6 9.9 11.3 7556.0 0.99 248.7771 0.2 - -
ACN/MeOH/ 19:40:41 10.2 15.6 8590.0 0.94 247.1461 0.7 - -
Sol.A 21:40:39* 8.8 12.0 7330.5 1.09 245.2151 0.5 246.3427 0.41
23:40:37 8.0 10.0 6284.1 1.05 246.6668 0.6 - -

* mned annzrasszuulasinlnnnuihmsasadauanugnees

N5ASNTIANNAFTATMTUNNE (-
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7. msuszdivaranuliiniuauuainsin (Measurement uncertainty)
dannuunasiinzatenyliuiveuud Seimsanemwliuduauiiennudazunaudimuinm
MaNuluniueusIN (combined relative standard uncertainty) uwazmanuliuiuauvens (Expanded
uncertainty) tiensnuiunamanagey dadethemsmmaenuliviveurasmsialumsiansy
asfilnsdedulugiuuueuatgailduamsiensivigu 96.9% saeUiinaiiuds wamsdnumany
Taiuduay wudldaanaliuduauzensindy 1.56% 2aeUsinaiuge Jansnuramsnagautiy
96.9 + 1.6% 29SS Meazidsauesmsaunamanuliuueu (miwﬁ 9) duasdlnsdiezulugy
wuusnmaniuedeuduenihunuazney lauamsieneirhiu 97.9% 2aeUSnaiuss wamseuin
aenuldwivay wuhldaanyliuiveuaeanhiy 1.48% 2aeU3nafiuss Sansnunamsnagau

I a Py v = ° J ] 1 P
Wy 97.9 + 1.5% I S'IEIZ’OSLI’JEIG]?Iﬂﬂﬂ'ﬁﬂ'liﬂmﬂ'lﬂﬁ]'mlﬂLL‘L!‘L!EJ‘L! (9519 10)

mMINi 9 Msvsznamanybiviveuresmsiensiezgnslegulugluuveuatys

Components Value, xi Unit u(xi) u(xi)/xi
Standard
W4 51.98 mg 0.0207 0.000398
Volumetric flask, 25 ml 0.0466 0.001865
Pipet 4 5 ml 0.0122 0.002450
Volumetric flask, 25 ml 0.0466 0.001865
Peak area_, 1084543.7 - 7050.5548 0.006501
Purity - - - -
Sample
Av.Wt/unit 451.8 mg 0.0207 0.000046
Woample 181.08 mg 0.0207 0.000114
Volumetric flask 4 250 ml 0.4385 0.001754
Peak area_, . 1080656.7 - 2730.5388 0.002527
Repeatability 242.2219 - 0.0053 0.000022

Total relative standard uncertainty: 0.00006486

Combined relative standard uncertainty: 0.00805

Test result is 96.9% la.: Combined standard uncertainty: 0.00805 x 96.9 = 0.78
Expanded uncertainty: k = 2, 2 x 0.78 = 1.56% la.

Reported value: 96.9 + 1.6% la.

. NIANITATNINEAFATNSUNNE
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M7 10 MsUszanamenybiviusurasmsiwnziesglnsisdulugiuuuenin dusuedsuiuein

LAIUGRCNBDU

Components Value, xi Unit u(xi) u(xi)/xi
Standard
W.a 50.01 mg 0.0207 0.000414
Volumetric flask_, 25 ml 0.0466 0.001865
Pipet_, 5 ml 0.0122 0.002450
Volumetric flask, 25 ml 0.0466 0.001865
Peak area_, 848359.3 - 2471.9540 0.002914
Purity - - - -
Sample
Av.Wt/unit 6327.8 mg 0.0207 0.0000033
W ample 2794.7 mg 0.0207 0.0000074
Volumetric flask 250 ml 0.4385 0.001754
Peak areasample 867873.3 - 4980.8690 0.005739
Repeatability 195.7848 - 0.0045 0.000023

Total relative standard uncertainty: 0.00005764

Combined relative standard uncertainty: 0.00759

Test result is 97.9% la.: Combined standard uncertainty: 0.00759 x 97.9 = 0.74
Expanded uncertainty: k = 2, 2 x 0.74 = 1.48% la.

Reported value: 97.9 £ 1.5% la.

8. wamsanmauammazinsisdulugluuusnuelgaussmudmiueianiienhumunznay
TumsithssTgamwenasalnadsdulusluuumuatyaussmmdmiuedamiuen thumnuasnay
Futhilanmshusswisdiineuasiaguania nsainmemansmsunnd fudiinnuanznssumsamalas
e Idianssidageinny 23 et WudaiemesaTnaisdulugluuumualgarianue 15 Graga 30
nzifauen 8 o3u Nnguden 7 e Wukndalulsznd 5 9o wazeineh 2 918 anadenzdlundalina
genaany (Assay) ANULANTININTTNIRAE (Weight variation) msasaig2asnlen (Dissolution)
uazSananh (Water) LLasﬂwaz%Twsﬁ’ﬂ%uiugﬂLmummzim%’um%ﬂmﬂumifmmumﬂau 8 M8g1N N
nzifauen 4 35U Nngude 3 e Wugdndalulszme 2 18 wazgiheh 1 98 anadenzdluidalina
Mmenaeey (Assay) anutiunse-tue (pH) wazUSananh (Water) lagmsasiadaneyilumndauSunaeen
dduazmsarmanasdn BT ldwanniuasamaauanugndawesisud duhdaanuuandenn
ihwinmds anadunse-wa westEnanh 185uannaspumuinmuanisanaavigaimim (USP 35)

HANNMINTIVIATHIDENTIUIY 23 FIDEN WUTIIDENINUNATAMMNINATTIUMNNN AN

NININTHINNANFASMIUNNE
AVUNLAY 1 NINYIAN — NUENHU 2558 <0
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a J
VI

1 acda < a a v A o o = S ?a'

ManmIFitensiisnaesdlinstedulugluvveualgauazenmedmsuiadaadugnin

3 dgld dl' wUa a U a = a U o = k4 |

wuasnauluaseliidymilasnnauanifuetesdnsiedy Ao asdlnineduiilasvasnualvg
(Gamui 1) Inaluanasnn Usznaunuiidmsganaduussi liteuga"? (very weak ultravioletchromophore)
mlimsanaiensinldmsanaialasmaganduusansznlelugienueneduiing uadsnwauny
ﬁﬁumaum‘sm‘%aumsazmﬂmmgmuazmiazmﬂﬁaaeiwﬂhisjamn TosfitiNenguaauLde) M lraInnse
a0MANNAANS (Error) auiiaddnnnmMItaIaNaIazaIg N IFIULAZEITazaUMDLEN LAz NN
ﬁummmmaaﬁmezﬁa:"?ﬂmﬁﬂ%uﬁ’ﬂugﬂLLU‘UEnLLﬂ‘legau.azmma"mé"um%ﬂmﬂumﬁmmumﬂaulﬁ
luasnidennu Tdgunsallumsanaladyananiildmlvluieslfidms e UV detector ununsly
Amperometric electrochemical detector ‘?NLﬂuqﬂﬂiiﬂumsmaﬁﬂﬁtyﬁmmﬁLawmmzm Taia Tl Ty
v a va Jad a P4 = U aco a '8 a v a < o
Waulfuieims uannnilEmadenevndaumiiaunismaiensiesdlnsiedulugluuvendaaueisnen
adlszmnaansgawim (USP 35) wuanaNnuanzdnaiueadasasa)aaIniiiuy

HAM3A3ITDUANNYNA B928ITNUT FFAtenziianudimzizasdsasdlnsiedu lawy
MITUMUDINFTINAMINLDTUNATAILAN ) N AN saane @)

manadavenuiluduasiuazdiuasmsnadau lagd@nmnasamemnassIun 6 sEauAMNENTY
ﬁﬂL‘ﬂuﬁawaqmmL“TJuLﬁumaagiizMiN 0.1-0.6 NaaNsNGBNAaan5 loanudunusnudunsanaani

" @ a £ v @ . . v @

Toadfigndudscandandunus (Correlation coefficient, r) WNNU 0.9979

MINAFDUANNULNUZDIIT NAFOUN 3 ANNWNTY @B 30, 100 Wz 140% YBIAIANNLNTUN
NAFBU WUNITREAzURIMIAUNTURadRsEInIleduluzUiuueuaUyauaamnan NN uINgdaURETEnIN
99.02 B4 99.99 loafiAmdsiniu 99.48 uaz %RSD whnu 0.28 Faglunawineansuld As Sazaz 98.0-
102.0 waze %RSD Liwnnnd 2.0 dwmsusesazaaamsaunavrasesdinsiegulugluuuanmdmiumiey
WuenihuuasnauasmnaNMdNduinasauagsznin 97.48 9 100.03 lagfia@dsnnu 99.20 uaz
%RSD 1hnu 0.61 Faglunamineansuld fe saear 97.0-103.0 uaza %RSD limnnd 2.0 wanad
cad o ,
NNANIULR AN NN

dl ao o ?” v v 1 % o [

MINAFBUANNNNYANIT NaMSNAFTIUANNINDILG Lo %RSD Ny 1.3 was 1.1 a1nrsu
axglnsuedulugluuuenuatyauazenmamsuesenduennunuaznay muaau ianaaaulaswdsun
a P o v a P o a P ° a Y ' K v a P
Je9eh WaswI ey wastdsutaIaala MMIeLieae 6 7 16 %RSD 5782HaNMSIAIEH
UNAU 1.4 waz 1.1 dmsuazlnsiedulugluuueuadgauasenmdmsunisnduenihumuaznay oy
o w = ¥ s [ ' ' | aca o & o TV w p= a
aeu madlunamineaniu da Liann 2.0 waasISiWaNIuaINIaMI lauasiinnuies

MSNAFUANNNUYBISNedaulasldsunlas HPLC column 8051831 8981582a180IN

< L £ a [ P [}
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Development and Validation Method for
Determination of Azithromycin Capsules

and Azithromycin for Oral Suspension

Wipapan Saiyasombat Supanee Duangteraprecha Supawadee Surangkul

and Prasit Opas

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

ABSTRACT The development and validation of reversed phase high performance liquid chromatography
(RP-HPLC) method for the determination of azithromycin capsules and azithromycin for oral suspension
was established. The separation was achieved on a XTerra C18, 5-um, 4.6- x 150-mm column, at 50 degree
Celsius. The mobile phase was the mixture of acetronitrile, methanol and dibasic potassium phosphate
with sodium 1-octanesulfonate pH 8.20 (21:40:39, v/v) at the flow rate of 1.5 ml per minute, setting the
detection at 210 nm. Specificity test indicated that azithromycin peak was not interfered by its degradation
product peaks from any stress conditions : heat, light, acid/base hydrolysis and oxidation. The described
method was linear over the range of 0.1-0.6 mg per ml for azithromycin with correlation coefficient, r,
0.9979. The percentage mean recovery of azithromycin capsules and azithromycin for oral suspension
were 99.48 (%RSD = 0.28) and 99.20 (%RSD = 0.61), respectively. The repeatability of azithromycin
capsules and azithromycin for oral suspension were performed with %RSD 1.3 and 1.1, respectively.
The intermediate precision data (%»RSD) obtained among different days, analysts and HPLC
instruments of azithromycin capsules and azithromycin for oral suspension were 1.4 and 1.1
respectively. The results showed that this method was robust when HPLC conditions such as the HPLC
column, the pH of buffer solution, the ratio of mobile phase, the column temperature and even the flow rate,
were changed. The proposed analytical method presented here revealed that it was suitable for the
determination of azithromycin capsules and azithromycin for oral suspension. This validated method
was further used to analyze azithromycin capsules and azithromycin for oral suspension; it was found

that all of the samples complied with the specifications.

Key words : azithromycin capsules, azithromycin for oral suspension, HPLC, method validation
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- @309 Graphite Furnace Atomic Absorption Spectrophotometry (GFAAS), u3Hn
PerkinElmer iiu Analyst 800

- Analytical balance AXasLd8A 0.0001 N3N UIHN Mettler 1 AT200

- ¥eRAMlALENTNIUIATLE5I0a15MY (Arsenic lamp)

- viaaﬂﬁwLﬁﬂumém%’uﬁm‘mﬁm@gmﬁl’a (Lead lamp)

- vapamausNanTUIAEIsIauAaLaN (Cadmium lamp)

- %aaans N (Graphite tubes)

- Water bath u3¥n Neslab 3u GP-400

~ adaaui class A

- MONNFANENTUUTIIFTorAI8GI8EN Bl high density polyethylene (HDPE)

(dasuiuaznawanadin apadluamsacmansalundn 109% v/v HAeEY ud1dInsaaandae
Whnduvans 9 a3a isliusianauthan )

- n5eMu¥NIaN Whatman No.1

- f“fmm%ﬂaummu%qwé 99.995%

15003 IUAZEIILAN

- d@ezangnaIIUNay (Mixed standard solution: As 100 ppm, Pb 100 ppm, Cd 5 ppm),
AA grade UM PerkinElmer

- @39NENINTFIUT VY (As 1000 ppm), msa:mﬂmmgmmﬁ’a (Pb 1000 ppm), d159zans
MasguLAaLiay (Cd 1000 ppm), AA grade U3HN PerkinElmer

- @5azang Palladium nitrate (Pd 10,000 ppm), AA grade U5#% PerkinElmer

- @58va18 Magnesium nitrate (Mg (NO3)2 10,000 ppm), AA grade USHM PerkinElmer

- n3aluasnudy (65%), AR grade USHN Merck

- ﬁwmmﬁqwégq anudumulnihlidesndy 18.2 wnslasin ne3es Elix 20 usem
Millipore

fBEN
1. ldnanayulwsziions filanswy ezn wazuaadion Juileouddmnaniss Wudunuzes
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10383 Standard stock solution lWlANMINTULBIEITHY (As) wazazm (Pb) 100 wlundy
] = aa =
ADNDIINT (ppb) LASLAALNEN 5 ppb

Tosdilaasazanaanasgiunay (As 100 ppm, Pb 100 ppm, Cd 5 ppm) 2 §adans lalumadsu
Uses 21a 200 adans UsulSinasamen umtuesmsazasanassiuile 10 Jadans lalunalsu
U31a3 2110 100 F93d05 USUUTNasa PNUUEINATAZNENNITIU Ta8AITZUUMITNNIULDN
1389 GFAAS Tridaaeaalud@ (automix) Tdlamsmyfenudndy s, 10, 20, 30, 40, 50, 60 uaz 80
ppb AzNINANUNAYU 10, 20, 30, 40, 50, 60 LA 80 ppb UazuAALHBNNANUINIY 0.25, 0.5, 1.0, 1.5,
2.0, 2.5, 3.0 LLaT 4.0 ppb

NMSLOILNAIBEN

& W ] q' Iq &; = o w %’ £ q' [l =1 I

mmamqaa\;ulwsm@Lﬂmuammnu Uszanae 0.25 A5y lesnsuihvdniwduay ldlutinnas
UM 100 NAFANT LANNIALUATN 50% v/v MU 2.5 NAdaNT UAMENIZANNWNN NNSEpsaaIsU
anaalainu 15 il snas asinl3ldEulndidesivaamgiives usdunsalunindudy 5 Taddas
Yatintnasmeanszaninin MsdagaaeuuaNlaagay 1 71N ‘va'%aaumaa\guvlwsgﬂeiaaamwm

3 qq’ LN~ -:4' a v U L% ] [ o a aa v (o

aﬂaqmml‘ﬂw,ﬂqumwgwm wazmeasazaIamaeld lunalsulsanes 2ue 50 Naaans Usulsues
ML) 1ML NIINTBIENIUNTEM¥NTAY Whatman No. 1 4azgaaviasanaIadnn Nnnuuinasazas
nlalumiusine sany axn wazueaiien data3es GFAAS

Mse3eNaIsazals Blank

IO HNAULALINUNTLATENAIDEN We LNNEIUNTNYDIAIDEN

#013eNINAFdU

Element As Pb Cd
Wavelength (nm) 193.7 283.3 228.8
Slit (nm) 0.7 0.7 0.7
Mode AA-BG AA-BG AA-BG
Lamp EDL EDL EDL
Current (mA) 380 440 230
Sample volume (ul) 20 20 20
Standards (ppb) 5, 10, 20, 30, 10, 20, 30, 40, 0.25, 0.5, 1.0, 1.5,

40, 50, 60, 80 50, 60, 80 2.0, 2.5, 3.0, 4.0

Matrix modifier

Pyrolysis temp (°C)

Atomization temp (°C)

Palladium 1:10, 5 pl

1200
2150

Magnesium 1:100, 2 pl
Palladium 1: 50, 1 pl
500
1500

Magnesium 1:10, 1 ul
Palladium 1:10, 1
600
1450

0@ absorbance laald@ peak area
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NMINATIUANNLBNILTNYDILAIDI AAS

v o a I 4 [ o P o e . Yo o A =
AaummaleNziazeaslsuaiasiia Toan15v sensitivity check Tladaanauiafiduanas i

& Ay v vy v T A Y oa A4 A o v A an
nunlaingegauazlam absorbance aglud + 209 vasmiguaniaIasiiomuuall wiaRunnzani

azldmmsandensvias la

NMINAFBUANINGNABILANIZIATIZY (Method Validation)™”

MINeFaUANNTUTUATILAZEIYBINITIATIZH (Linearity and Range)

A0 TBLANENINITIUETUYANNDTNIU 5, 10, 20, 30, 40, 50, 60, 80 ppb AIITNINATFIUAZNA
AMUNTY 10, 20, 30, 40, 50, 60, 80 ppb LATATATNUNIAITIULAALNINANNITNIU 0.25, 0.5, 1.0, 1.5,
2.0, 2.5, 3.0, 4.0 ppb muaﬂnxmswmaauﬁﬁmumli’wmLm'azme;Iﬂﬂﬁﬂ%ﬂ 2 A%1 udhARAE absorbance
UDIUAALANNANTUINFTNNTININATIIUYBIUGDETE) UFMIANNTNNUTIENTNANNDNIUAUA absorbance
Aunmmdnlszansanduwus (correlation coefficient, r) tipdnmanuiuduase Feesienlimni
0.995

MINAFaUMINUNY (Accuracy)

NAFDUANNUNUYDIF LAY Togldnarsazanannsgiu avludioen (standard addition
method) EhunszuuMseIaNagmuiuaaudananiedu Tildanududugars s szdu famsmy
Henudugy 10, 30 uaz 50 ppb AEMTAENNENTY 10, 30 uaT 60 ppb uazLANTENTIANNENTURN 1.0,
1.5 uaz 2.5 ppb 3zGUA 3 1 TMLINUTING AINUMIDEAZEBIMIAUNGY (% recovery) TBIUGADE
sERUAMNTNTY WAnAn3D8az1aIMTAUNSY (% mean recovery) uaziSasazupsailisnuuInaTyIY
§NNNS (% Relative Standard Deviation, %RSD) Too# % mean recovery A239glu%9 80-110 uaz
1 %RSD wesasnywazazmlinnnnh 7 uaz %RSD sasuaadenlaimnnnh 11¢

4 . .

nMsnadaumIned (Precision)

ANumMuale (Repeatability)

WanasaraeanasgIuaslumoey (standard addition method) KIUASZUIUNSLAIENAIDEN
NBunuaInaTNeay lildanudndugas Aaasuyfianuuindu 20 ppb azMNeNNENTY 50 ppb

= dl Vv v = Vv v %} a I's a 3 U a}
UATULAALNENNANNANTY 1.5 ppb LOFBNANUANTURE 6 20 IANHMUTIIA MUIUMRde Lz %»RSD
T %RSD swsuasnyuazazna lannnh 7 wazdmsuueadian lixnnni 11¢

Intermediate precision
LO3BNAIDENITULREINUNSNAFTAU Repeatability laainitesizd 2 au nadauaiy ale
WIneiialen Mauaz 6 T lu 12 9 M %RSD wazldinawinasandudenursamsnagay

Repeatability

NMINAFAUMAANNOYBINITATIANY (Limit of detection, LOD)
Uszanauan LOD laganamingas LOD = 3.36/S log G Aaandeauuanasgiueasduana
waz S Ao slope ANNTIWNIAITFIU
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NAUIULIZATIAFDUANIN Qﬂﬁmwaﬁﬁﬁmswﬁmwg Az UasLAALEE

gmal 955U uazaae
Tuenanayulns :

usnmanadauiivdulaaeisnasazaa@lad e 10 blank NdnasesgIvgiadenlvian
WnduNszau LOD 31w 7 9 enzvaig GFAAS ynfmegnaassudyanalaninni blank

MINAFaUMAANNAYININIAUsINM (Limit of quantitation, LOQ)

Uszanauan LOQ (estimated LOQ) loaanwaaingns LOQ = 106/S lag G Aaa ey
NOIPIYIFYAN Uaz S Ad slope BBINTINNINIFIU

wsihmanagaviiudulasiniendaieemels standard addition lagdnansmnasguziiobe
adludhaaiiszau estimated LOQ $117u 7 2 SaseiSine duna % recovery uaz %RSD ey
LOQ fiflenuwiuuazenuidisaiisansule

mMsuszanadaaliuirauyainsin (Measurement uncertainty)®

ialidulumumnesgiuzes ISO/IEC 17025:2005 fmmualdimsuszanaeanyliuiuay
YBINTIN 1uﬂwsﬁnmﬁyﬁqﬁwmiﬂszmmﬂ'wmmwuﬁuauwmmsmm’imswzﬁmwg e uazuaaLieal
Tosilsfaundamasanubivivaunnunas dasumenuliuiusunivuaudy dnnameanuliuiuoy
aene Tagld k whivu 2 lumsuszanasenubiwiueueesmsia Usmnamsing sunaldan

USinaasinu anunduiaulennnININessIU (ng/ml) x Ysinasiuiu (ml)
(ug/g, ppm) INAIBEN (g) x 1000

msmaﬁmswﬁﬂ%mmmwg (As) Az (Pb) uwazupatian (Cd) °lummnaagu1ws‘[mﬁ§
Graphite Furnace Atomic Absorption Spectrophotometry (GFAAS)

Arnsitsinumsmy oM uazueaiion Tudsgaenanayulng Tagl#35 GFAAS fiasaaey
anugndadud i 6 e wiiiluingdvanulns 26 dees dundnfasisgulnaiden 41 daths
wozfundasaniayulnsimiuialssnaudeayulwsvanasiio 19 e THinarimstssfiunsmyuas
Tawzwﬁfﬂﬁﬂaulﬁmﬂﬁwiuwﬁmﬁmﬁﬁmagulws ﬁﬁmuﬂiuﬁﬁwmmgmmaqulwslm (Thai Herbal
Pharmacopoeia 2009) #a aswylutiu 4 drwluauaiu (ppm) azmlaiiu 10 ppm Wazuaatdan iy

0.3 ppm

We

HANIIATINFIUANINYNABIYATITIATIEN
mMInagauaNNludunTILezd19INTIATIER (Linearity and Range)
HAINMAILANHETazEINAIZIUENIWY 1A 5 69 80 ppb fazaEInnsgIuezni luz
10 T4 80 ppb wazasazaBINAsTIULAATEN T1r9 0.25 T8 4.0 ppb WUANMNFNNUS STV INANNANIUAY
@ absorbance udunsinaandfinageu Tnedemaulssanianduwus (Correlation coefficient, r)
WNAY 0.9989, 0.9997 UAZ 0.9989 MNMGU (MWA 1)
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g5 015 -
Ne)
=
o
2 o010
2 10 |
0.05 —
0.00 T T T T |
0.0 20.0 40.0 60.0 80.0 100.0
ANLNTUPDIRzN (NlUNSuABNadanT)
0.30 —
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MNN 1 AINUTAIANNTNNUTIENINA absorbance AUANNTNIUDBIFITNY AEMI LAzUAALNEYN
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ﬁwmLtazm‘nf\)aaummgﬂﬁmwaﬁ%ﬁm‘nzﬁmwg Az UasLAALEE

gmal 955U uazaae
Tuenanayulns )

NMINAFauMINUNY (Accuracy)

manasauaMauiy Tasmsiinssazanamnaspludaheldfenuduiiu s sz6u szeuas 3 o
R mswgﬁmwmﬁuﬁu 10, 30 WAz 50 ppb laMIpeazaeMsAunauaglug 100.0 - 110.3 Toafidaas
WY 105.6 waz %RSD WY 2.9 axMRANNENTUAD 10, 30 UAZ 60 ppb laesasazysenmsdunauag
Tugne 95.3-104.0 Tagilenmasuniu 98.8 waz %RSD whiu 3.4 ueawisaiienudadu 1.0, 1.5 uas 2.5 ppb
laesasazyaemsdunauaglud 97.9-104.8 Taafiennaawhiu 101.0 uaz %RSD whiy 2.3 (519 1)

MINDN 1 KAMINATDUANNUNULBNIT IR a1 IHY s wasuaaiiien Tuennnayulng

=Y a v =1 %
UG 3 ﬂii:nma'ﬁmmgm FDUICYNMIAUNIU : ﬂ"]LﬂaEl %RSD
Tanizniin in (ppb) 1 2 3 Mwmds  %RSD

ﬂ'ﬁﬂ‘l& 10 103.0 104.5 107.8 105.1 2.3 105.6 2.9
30 110.3 105.2 107.8 107.8 2.3
50 107.3 104.0 100.0 103.8 3.5

m:ﬁ] 10 95.8 98.5 104.0 99.5 4.2 98.8 3.4
30 103.0 101.5 99.3 101.3 1.8
60 96.7 95.3 95.4 95.8 0.8

LLﬂ(ﬂLﬁﬂN 1.0 98.8 104.8 100.8 101.5 3.0 101.0 2.3
1.5 99.9 97.9 101.9 99.9 2.0
2.5 99.9 100.3 104.3 101.5 2.4

msnmaaumwzﬁ'm (Precision)

NaMSANE repeatability °z|mmﬁmiwzﬁaﬁwﬁﬂ’nuLﬁuﬁu 20 ppb 1® %RSD tipani 1.5
meNziazmMienuEusu 50 ppb 16 %RSD 1aen 1.2 uazmsiesnziaadisniianusugu 1.5 ppb
16 %RSD tiaen 5.7 (95197 2) Wazuamsane intermediate precision l¢ %RSD Whiu 2.9, 2.0
wae 4.7 HNTUTINY AT UATUAALEEN MUTIGU (15197 2)

MINT 2 HaNINAFIUANNTENIBNTIATZINITY xM wazuaaiey Tugnanayulns

w a3y (20 ppb) ®zM (50 ppb) uaaLNean (1.5 ppb)
MIDENN
A B A B A B
1 19.42 20.45 48.14 50.98 1.66 1.63
2 18.90 20.77 47.97 49.87 1.49 1.52
3 19.65 20.21 48.45 49.42 1.58 1.56
4 19.27 20.58 48.59 49.71 1.51 1.52
5 19.50 20.23 47.71 49.59 1.53 1.56
6 19.69 20.00 48.00 49.50 1.56 1.37
My (6 M) 19.41 20.38 48.14 49.84 1.56 1.53
%RSD* 1.5 1.4 0.7 1.2 3.9 5.7
Mg (12 M) 19.89 48.99 1.54
%RSD** 2.9 2.0 4.7
A = Senezdlassnienciaui 1 5ui 1 wissialiu * 9%RSD #a9M3NAdaU Repeatability
B = Ganilaginiesnsieud 2 Tui 2 w3asdialiu ** % RSD 2a9mnadau Intermediate precision
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NMINAFUBIAANOYDINIINIIANY (Limit of detection, LOD)

1@ LOD awsuaswy azm wazuaaiiian iy 2.5, 2.5 WAz 0.16 ppb MNEIGU

MIadaudeNnneauainadelsuna (Limit of Quantitation, LOQ)

laen LOQ wasansuy thiu 5 ppb Aatilu 1 ppm ludagne §i % recovery Wiy 89.2 uaz %RSD

WA 6.2 A LOQ 2840£M iU 10 ppb ety 2 ppm lTudiade § % recovery v 98.0 waz %RSD

" @ U = " @ a I (% ] = v @
WU 4.5 wazen LOQ rasuaadian Ny 0.5 ppb Aatllu 0.1 ppm luaed1e i % recovery 1nu 94.2

ez %RSD MNU 4.8 (MWD 3)

MINT 3 WAMINATOUANNUNUUAZANNTENZITIATIZRNITY AzM wazuaalen Tugnanayulns

fiszau LOQ

AN a13vy (5 ppb) @zn2 (10 ppb) waaLeN (0.5 ppb)
1 4.22 9.58 0.46
2 4.26 9.85 0.50
3 4.20 10.40 0.49
4 4.53 9.38 0.44
5 4.68 9.38 0.45
6 4.38 9.64 0.50
7 4.94 10.40 0.47
MLnde 4.46 9.80 0.47
% recovery 89.2 98.0 94.2
%RSD 6.2 4.5 4.8

msuszanaaianaliniuauuainisin (Measurement uncertainty)

15Uz AN N LU UBUBINITIAUDIIDILATIEY e unaINNIZe9a N ld L uauaIn

MILAIBNHITILNLNIATTIU LAIIUNITOUSINA TN 1E MIBNNWINYBIMBENN ANNLNY (% recovery) Uag

ANNEN (Repeatability) tiavszifiuamenulaiuivuaueaimsnsaienziasmyiiszdu 4 ppm 9z

3| [ = N [ 4 o v A o P v o
NITOU 10 ppm LUASULAALNYINNIZOU 0.3 ppm mLﬂummmgmwmwummmsﬂmﬂauwaqmmmaxm

Tuarsnasgruenayulusing dwaaianliuiveuesyainsasamsuylariinu 0.34 ppm

(MM 4) 2BIMIATIANEMLALINAY 0.29 ppm (MW 5) WaLEBINIATIALAATEN LAYV 0.02 ppm

(M5NN 6)
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ﬁ’mmLtazmiaf\ma‘ummQﬂﬁmwaﬁﬁﬁtmwﬁmwg Az UasLAALEE

gmal 955U uazaae
Tuenanayulns )

M 4 udgeamsdszanamanuliviuewrasmsitenzdasyluennnayulng

) ) Standard Relative standard
Components Value, xi Unit ] ) ) o
uncertainty, u (xi) uncertainty, u (xi)/xi
1. Standard
Purity 99.3 pg/ml 0.35000 0.0035247
Pipet (P,,) 2 ml 0.00354 0.0017698
Volumetric flask (V) 200 ml 0.11310 0.0005655
Pipet (P,,) 10 ml 0.02707 0.0027070
Volumetric flask (V) 100 ml 0.06824 0.0006824
2. Sample
Weight (m,) 0.25 g 0.00006 0.0002366
Volumetric flask (V) 50 ml 0.03912 0.0007825
3. C, 19.41 ng/ml 0.81410 0.0419423
4. Recovery 105.56 % 0.97653 0.0092510
5. Precision 100 % 0.61237 0.0061237
Sumsquare relative standard uncertainty 0.0019066
Combined standard uncertainty 0.0436643
Standard uncertainty (Uc): 0.0436643 x 3.88 ppm 0.1694176
Expanded uncertainty (U): k = 2, 2 X 0.1694176 0.3388352

Report value: 3.88 + 0.34 ppm

M3Nd 5 waasmsUszanamanybiviueurasimsiwnziasniluennnayulns

i i Standard Relative standard
Components Value, xi Unit ] ) ) N
uncertainty, u (xi) uncertainty, u (xi)/xi
1. Standard
Purity 99.7 ug/ml 0.15000 0.0015045
Pipet (P,,) 2 ml 0.00354 0.0017698
Volumetric flask (V) 200 ml 0.11310 0.0005655
Pipet (P,,) 10 ml 0.02707 0.0027070
Volumetric flask (V) 100 ml 0.06824 0.0006824
2. Sample
Weight (m,) 0.25 g 0.00006 0.0002366
Volumetric flask (V) 50 ml 0.03912 0.0007825
3. C, 48.14 ng/ml 0.3631 0.0075426
4. Recovery 98.85 % 1.12947 0.0114261
5. Precision 100 % 0.47357 0.0047357
Sumsquare relative standard uncertainty 0.0002240
Combined standard uncertainty 0.0149683
Standard uncertainty (Uc): 0.0149683 x 9.63 ppm 0.1441444
Expanded uncertainty (U): k = 2, 2 x 0.1441444 0.2882889

Report value: 9.63 + 0.29 ppm
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i 6 uaaemsUszinamenaliwiveuraimsiensiuaadenluennayulng

) ) Standard Relative standard
Components Value, xi Unit ) ) ) o
uncertainty, u (xi) uncertainty, u (xi)/xi
1. Standard
Purity 5.00 pg/ml 0.00500 0.0010000
Pipet (P,,) 2 ml 0.00354 0.0017698
Volumetric flask (V) 200 ml 0.11310 0.0005655
Pipet (P,,) 10 ml 0.02707 0.0027070
Volumetric flask (V) 100 ml 0.06824 0.0006824
2. Sample
Weight (m,) 0.25 g 0.00006 0.0002366
Volumetric flask (V) 50 ml 0.03912 0.0007825
3. C, 1.56 ng/ml 0.03230 0.0207051
4. Recovery 100.97 % 0.77227 0.0076485
5. Precision 100 % 2.31476 0.0231476
Sumsquare relative standard uncertainty 0.0010359
Combined standard uncertainty 0.0321858
Standard uncertainty (Uc): 0.0321858 x 0.31 ppm 0.0099776
Expanded uncertainty (U): k = 2, 2 x 0.0099776 0.0199552

Report value: 0.31 £ 0.02 ppm

mimaﬁmiwﬁ'ﬂ%mmmswg (As) nzm (Pb) uazuaatiian (Cd) °lummnmgu'lws‘[ma§§ GFAAS
AenzdUFinaasny azm wasuaaiisn Tudadnennnayulng loeddiwnziiasasauanu
gnaeaual M 86 drat Wuingdvanulng 26 dradi dadasiaaulnsde 41 Geehe wasndadl

anulwsisu 19 Gapee asanumMINY 13 99 (S8 15) M2 56 GIaEN (388 65) LasuAALilaN
L 1] v ] = lﬂ' 1T a d' o o lﬂ'
70 6haE (Samaz 81) udlSnamasanwulibunespuinuualusnmaspuenayuluslve (ansd 7)

NN 7 KAMIANVIANITINUEN VY 92 wasuaadian Tuenanayulns

ansny ALm uAALiE
(<4 ppm)* (<10 ppm)* (0.3 ppm)*
Usznmneaneng Mg asany  USuahwu ATIANU Sy asany  UYSuadnu
@) (@) (ppm) (M) (ppm) (@IU) (ppm)
Togduayulns 26 4 <1 14 <2 - 4.01 25 <0.1 - 0.15
HaaA U lnsLden 41 8 <1 32 <2 -3.10 32 <0.1-0.18
uaaA e sy 19 1 1.61 10 <2 -2.19 13 <0.1 - 0.26
FRLY 86 13 <1-1.61 56 <2 - 4.01 70 <0.1 - 0.26

* mm*ﬁmmgmmmhsmwmgmmmgulwﬂwa (Thai Herbal Pharmacopoeia 2009)
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NAUIULIZATIAFDUANIN Qﬂﬁmwaﬁﬁﬁmswﬁmwg Az UasLAALEE

gmal 955U uazaae
Tuenanayulns :

a o
AU

NN INAFBUANNGNG 29289353LAzHH wuhiienuludunsinasadinuesmsitanzd
NenuNTuaIE Y fzM wasuaaien A 5-80, 10-80 waz 0.25-4.0 WIlUNSNEDNAAANS (ppb)
Ll % = Qo’ % -7 Al % o % 1l H o
Tasfednlszandanadunusvinnu 0.9989, 0.9997 uaz 0.9989 anaau aglunaminsansule e

NN 0.995
MINAFDUANNUNUZBNIS SMFUATUYNANINYNTY 10 ppb, 30 ppb WAz 50 ppb HATDUAGN
MINATTIUNMVUALBIIN YN 4 ppm (ug/g) TNANNTNIUFAMNEVBIEITAALBENILYNAY 20 ppb
WUNAIRAETREALUBINTAUNGY (mean percent recovery) 284a15Wy 3 526U agluzn 103.8-107.8
N a Y V@ ° ) & A v v
NARFYIINIAU 105.6 82 %RSD tMINU 2.9 §IWIUNLNINANNLINYU 10 ppb, 30 ppb LdL 60 ppb
ZAIDUAINAIINATTIUNMNUALBIAEMT 10 ppm (ug/g) WANNTNTUFATNBYBITNTATAIYIDEN
211U 50 ppb lAMRAY % recovery 28901207 3 55aUBL LU 95.8-101.3 HARAETININAY 98.8 Uas
%RSD (AU 3.4 wazansuuaaiien 1MINYNTY 1.0 ppb, 1.5 ppb was 2.5 ppb HATDUAINAINIATIIU
wuezasaalend 0.3 ppm (ug/g) HMaNNTNTUFaThaYeINIazMLAIBENAZNAY 1.5 ppb laem
(@88 % recovery VBIUAANLNEN 3 52AU BElUAN 99.9-101.5 HAMRAETININAY 101.0 waz %RSD iy
g; ] s o Y A U d‘ 4 =l X ] ]
2.3 Hananuaaglunamisansuld As auadeseaazuasmsdunavagluiie 80-110 uaz %RSD vavansny
wazazn Liannn 7 uazzesuaadenlinoni 11¢
MINAFBUANNNLIDIT lavMInagauianNENdunaINAIUNMBUAYIIUAIZEI0 @D
aanyi 20 ppb eI 50 ppb wazuaaLieN? 1.5 ppb waMsNAFBUANNMUT IABIEIHY azNILaY
= L2 v U v 1 v U o QI lﬂl‘ d‘ U a I's
upatliay le@m %RSD aenil 1.5, Waeni 1.2 waziaend) 5.7 MuaaU waztilalldeuinimsziuay
WasuIuiATIeH (intermediate precision) 16 %RSD IN20HaLATZWUBETVY NAY 2.9 2B96N)
WU 2.0 wazaBIuAaLiiEN AU 4.7 Femanneadluinasineansu Aa %RSD 2a9aIvYLazYaInn?
Tiannnd 7 uaz %RSD wasuaaien laannnin 11
P v A a a v . v '
NNMsnadaulannaesmsIndeUsina Walaa estimated LOQ uanadauANNUAULAE
pa] P o v v Y o o & ~ A v a
ANNNENNsTAUANNENTUTL 7 ) AD @3uyd 1 ppm 92NN 2 ppm wazuaaand 0.1 ppm laAnas
FD8AZURINIAUNGU AU 89.2, 98.0 UAZ 94.2 MNMAU FMvNeaglunaTiNgansy Aasaeas 80-110
o v dl oz & = v @ o q! ] 4
15U %RSD N5z0u LOQ 2896159y 62N Uasuaadeninny 6.2, 4.5 uas 4.8 MNIGU Zeaglunoumd
NNy Aa %RSD aassnsvylixnn 11 aanzmlisnnnh 7 uazapsuaaiiianlaiinnnd 15° @ LOQ
Poanslanzninm 8 #ila nhaanespveasmsduitauniimuualilumnmnasguenayulnslng ey
aca s q v a & o v v %
Wienziiddldanaudnamsludeowadanzwinmariiluennnayulusldadigneas
o & o Ao ' U st P
nnmsshsamsdudovpaslavzvinluennnayulwsninmbealulszndlne Togldidienev
AINENNATINFBUANNYNADILED T 86 6298 dudsznavzasayulwsludaeamaril finsiiludi
v o v va = P4 o ' @ ' A1 va =
nlu Mndu Maadulaau Fnstudaulansvinazuandniuly Tesdrunagldduazilomany
< ' ¢ & o a v ¢ A o o
mstudauannnd inawimsludauasvyuazlaneninlundadoeienayulns invualumsninasgiuen
anulwslne da ansnylaiiu 4 ppm aznalaitiu 10 ppm wazuaaiiisnlitiv 0.3 ppm NnFIBEAINGN
wuasvylwdeu 13 dhadn (38 15) WUMEM 56 GIBEN (S08a: 65) UATWULAALNEN 70 (BN
(Sogay 81) WAUSIIUNATIANUMNINNUANNIRUANINLG LEANIIRARNMY eI iTaNulaennt
& o & & v o s A =y o a o P
nnmstudauvaslaneniin FuiludamvuaninasmadauiiaudaeanulaannesaInans usignann
ayulus msasndsnalanzminimsasnasuuaiuaauingdu telineanunulanldingiunlasens
a ¥ 2o & v o v a <& A daal o o a P
wazlundadaeidnsaguais waldidaanuiulainldwaninasiidnsndlumsudaennayulng Fas
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1 o Y a <& 4 & a ' v < dl' & C%
lLimiinemsvutevsedanzuinluaureumswde uasgnlsimuuannndasmsvuidovveslaneniin

Y v v o = [ a v 1 & & A v oo @
ua gaaaemiliiinnudaaansiudu g aneme wu MmItuilaurediaadunid MInnAEIEsImMIe
unaw Fududamuuasuanulasaseresndadmriennnayulnsiguny Jezsnmnsalszivanulasans
VDINANN W9 LG

GRNL

9

Wianeanany azm wazuaaifion Tusanayulnslosdd Graphite Furnace Atomic
Absorption Spectrophotometry fianniui fanusumzianzasdalavewinudazsiio fanududunse
Tuga9 5-80, 10-80 Uaz 0.25-4.0 wlunudaiiasans mumey lashdannazesmsiadasne whiu
1, 2 uaz 0.1 lulasnfudansn dwmdumany asM wasuaaisnmuddu mInadauanuwiuaasis
l@AnassasaraaamsAunduAy 105.6, 98.8 Wax 101.0 SWMFUANTAY O2M WozUAALTBNMNEITY
Wiensiiienuiies Tdmiasazaesaidanuunasguduning dasnth 2.9, 2.0 uay 4.7 dmfumany
oz wasuaaden muaau sansmblulFensitiinumsny o:m wasuaadoy ldashigndas way
ianlfifizinespulumsasamstuiiouzadlavsinisnuriialumannayulnsaudamuualuds
wnasguenayulwslve ialsuiiiuvaniniasafeesudnfont uaznnmsanamahenannayulwsiismine
Tudszine 1w 86 daen lﬁwunﬁﬁﬂutﬁauiawzwﬁ'ﬂLﬁummsﬁmmgmﬁmum
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Method Development and Validation for
Determination of Arsenic, Lead and Cadmium
in Herbal Medicines by Graphite Furnace
Atomic Absorption Spectrophotometry

Supanee Duangteraprecha Jiranuch Jamtaweekul Prapapan Sukphan
and Prachyaporn Inthongkaew
Bureau of Drug and Narcotic, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,

Thailand.

ABSTRACT Graphite Furnace Atomic Absorption Spectrophotometry (GFAAS) method was developed
and validated for the determination of arsenic (As), lead (Pb) and cadmium (Cd) in herbal medicines.
Samples were prepared by wet digestion. Validation was performed according to the International
Committee on Harmonization (ICH) Guidelines. The proposed method permitted the determination of As,
Pb and Cd in the ranges of 5-80 ng/ml, 10-80 ng/ml and 0.25-4.0 ng/ml, respectively, with correlation
coefficients greater than 0.999. Limit of detection (LOD) were found to be 2.5 ng/ml, 2.5 ng/ml and 0.16
ng/ml for As, Pb and Cd, respectively, while limit of quantitation (LOQ) were found to be 1 pg/g, 2 ug/g
and 0.1 ug/g for As, Pb and Cd, respectively. Mean percentage recoveries were in the range of 98.8-105.6
while intra- and inter-day precisions were less than 4.7% for all three heavy metals. The method
was successfully applied to the study of heavy metal contamination in herbal medicines available in
Thailand. A total of 86 samples were investigated and the results showed that all test samples contained

As, Pb and Cd lower than the limit specified in the Thai Herbal Pharmacopoeia.

Key words: arsenic, lead, cadmium, herbal medicines, GFAAS, method validation
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Development of the Laboratory Quality
Management System: Bureau of Drug

and Narcotic

Anongnut Noeimuangpak
Bureau of Drug and Narcotic Department of Medical Sciences Tiwanond Road. Nonthaburi 11000.
Thailand.

ABSTRACT The Bureau of Drug and Narcotic, Department of Medical Sciences is the reference
laboratory for the drugs and narcotics. The main responsibility is to analyze the pharmaceutical and
narcotic samples. Quality management system of the Bureau was assessed by the Bureau of Laboratory
Quality Standards, Department of Medical Sciences on 27-28 October 2014, and 6-7 November 2014
according to ISO/IEC 17025:2005. The findings showed that there were 14 conditions and 14 observations
needed to be improved. In addition, the Bureau was also assessed according to WHO good practices
for pharmaceutical quality control laboratories by WHO inspectors on 3-4 November 2014. No critical
errors were found, however 7 other observations and 1 major observation were reported. These guality

control activities make the Bureau being continuously improved and accredited.

Key words: quality management system, reference laboratory, Bureau of Drug and Narcotic
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Cytotoxicity Testing of Plastic Parenteral Container Paveena Charoensit and Daweesapya Chaisomboonpan
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BOE-1, BOE-2, BOE-3, PE A0 0 0
BOE-4, BOE-6, BOE-7,
BOE-10, BOE-11,
BOE-12, BOE-13,
BOE-14
BOE-8, BOE-9 PE A0 1 0
BOE-5 PE 230 1 1
BOP-1, BOP-2, PP IR 0 0
BOP-3, BOP-4,
BOP-6, BOP-7,
BOP-9, BOP-10,
BOP-11, BOP-12,
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BAP-3, BAP-4,
BAV-1 PVC 3] 0 0
BAL-1, BAL-2 Hu 0 0 0
a 4
ER AR
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Cytotoxicity Testing of Plastic Parenteral

Container by Agar Diffusion Technique

Paveena Charoensit and Daweesapya Chaisomboonpan
Bureau of Drug and Narcotic, Department of Medical Sciences, Tiwanond Road. Nonthaburi 11000.
Thailand.

ABSTRACT Even though direct contact technique was used to screen the cytotoxicity of plastic
parenteral containers according to TIS 531, some difficulties were encountered when samples having
bag and bottle forms were found moving in the wells during testing. In order to be able to test all types
of containers, agar diffusion technique was applied to evaluate 34 plastic parenteral containers parallel
with direct contact technique. The L-929 cultures were grown to monolayer in Eagle’s Minimum
Essential Medium (MEM) supplemented with 5% fetal bovine serum (FBS). After incubation, the agar
layer (1.5%) supplemented with MEM in 5% FBS and neutral-red stain was added to replace the medium.
The samples were cut and placed on the agar layer. After 24-hour exposure, the cell monolayers
were observed for cell deaths beneath and surrounding the samples as well as changes in morphology
and cell densities. In this study, USP Positive Bioreaction RS were used as positive material control.
There were no statistical differences between both techniques (P>0.05). However, the agar diffusion
technique was a useful method for screening plastic parenteral containers made from polyethylene,
polypropylene, polyvinyl chloride and laminar. Therefore, it could be another useful method to be

implemented for the cytotoxicity testing scheme in order to replace the direct contact technique.

Key words: Cytotoxicity testing, Plastic parenteral container, Agar diffusion technique
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SinaaMNUacANNUaan 815 ASNINNAMANTMITUNNE OUUANUUT UUNYT 11000

undnda Uinalusduduniiludamvuaduannwaasndodoeilgsaildnnmsdeslsiunasduvias
Fuduamnsmuauammwiiaanaspumulszmanssnaassogy udlulsanalnedalifimsmmvuaisiansy
Tidhunespudoiu fenmiifedeldudidwemsienziiuanseiuilaliisnaaauiisneiu Selddnmuas
AadanIBitenzihinagauanugnessansleaiaaljliamside uazdnmaaansausmmzaaisloansae
adwqiﬁ'ﬁaqﬂﬁﬂ'aﬂﬂswawﬂLLﬁqﬁﬁmmLﬁmmiyﬁwmsmaﬁLﬂiﬁzﬁuazﬁwwamﬂmﬁumqaaa (collaborative study)
enzilusiuidnmldiaamevia (Kjeldahl method) 1Hnnau (block digestor) Tumseaaaiagne inaauea
Wudsslfisen nduwealandisadlunsauase wazlomsniuasinespunselalasnasie iieuaIsi laninny
AAIENTINMIDIMNIUazEN Ansandurasmumaiitinasyulumsanaiensiudnsasicanan msdnmail
TeRadandasUfiamnamasguasienyu flasumssusesnassu ISO/IEC 17025: 2005 wfusngn sy
14 wiv FaddFiensiildiummagauamugndaswadislasvionfiamaden wsndndosipsaildnnms
daslUstiuuaiiinie s siiafe mﬁmﬁm%ﬂEQiaﬁlﬁQWﬂmﬂa‘[mﬂaﬂzﬂ"‘[ﬂiauwmﬁ"amﬁm wﬁmﬁm“ﬁﬂ‘gqsaﬁlﬁmnms
wﬁﬂﬁﬁlﬁ'ﬂqmmsauazﬁﬂ'gqLwiq’iﬂmm ffivsnalusiuluzag 1.8 B9 12 03w da 100 N3N 590 5 e Faths
ar 2 Mefiswametulasiigndnlinnuindudediadietu (blind duplicate samples) MnMsAnwLas
UsziiunalaeiBmsneadada Cochran’s test, Grubbs’ test ez ANOVA WUDAMGNHARWIZEN 9 A
agflul,nm‘ﬁ‘*?iﬂau%'ﬂé’ Aa@ repeatability standard deviation(S, ), repeatability relative standard deviation
(RSD,,%) wax repeatability limit (r) Bg5WIN 0.03-0.16, 0.57-1.72 WAL 0.09-0.46 MNMNAU @ reproducibility
standard deviation (Sg), reproducibility relative standard deviation (RSDpg, %) and reproducibility
limit (R) 8g3swing 0.07-0.21, 1.39-3.78 Wz 0.19-0.59 muaeu lasagUisiimanzauiaslfiihisinne
ﬂ'%mm‘[ﬂ'ﬁﬁusluwamﬁm“ﬁﬂqﬁaﬁlﬁmnnw&iaa‘[ﬂsﬁuwmﬁ"mwﬁm FaarldiauadadinnuanenssnmIams
wazenWnsansuses uazdszmaldiihisinaspulumsenawnsivsinallsiulundaimsiasnan
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Ussmenszninmonsaig® ldtienuudosauriussaildnnmsdesTusiurasiimdash nansds
uanAaeimdurasmarldnnmsteslustivssmimdasdremaminndenssidsauimnsay uazasuaesd
viaav3aliifle w 381 saalgess Meilimnsenumudaan sasiupsedldnnmadeslustiurasiamaas
ldsemethaanudr Wiluawnsimwueammwidoinasyu waednriiuiseandy 3 oia mudnuaus
msudn Aa waadurilgsaildnnmsdaslusiurasiimiasdememiniildimasudesaviad udadom
Ugesaiildnnmsdaslusiuaasiumiasdramaniinillddmalgudssaviod wosndnfurilgesadled
nnmslalasladlustiuveatamias uaﬂmnﬁﬁ’qlﬁﬁmuﬂqmmwwam’émﬁmmﬁluamwﬁtﬂuwmmaa Tvidaq
flusaulaipann 4, 1.5 waz 10 NN @8 100 NN MNAIOU weEe liTMsMNUAIETMIANIIeNLHLUSAU
Tuwdasasidananlniunespudedy Fonmlidedeldudidauamsinnsiiuansafuiisldhs
nagauohiy

83asneiTusau (flu empirical method tuia wanasdauilaazaufuisinneinlduazaaundu
Tufisamsnagautiv q mslaaidetuasliuanasauiisnadu lisansahnamsnagausnSeuiisusiule
Fatumsmmuadsiansiliidninespuietuiuianusdyann 383 wneilustuivnedslosls
nanmMInn 9 1wy Kjeldahl method, Dumas principle (combustion principle), Formal titration,
Colorimetric methods az spectroscopic method 35 Kjeldahl method ({u3sfinsdnsszniaUseine wu
CODEX, international association for cereal science and technology (ICC) sl%lﬂu’i%‘mmgmiuwmﬂ 9
WA U Tuuy (AOAC 991.20, ISO 8968-1/IDF 20-1:2014)" ¥ luseuizuazndanui (ICC
NO.105/2 Tuthsinuazealsl (DIN EN 12135 (1997-12))° Ltazé‘l’qLﬂu’jﬁﬁﬁaqﬂﬁﬂ'ﬁmﬁtmwzﬁmmi
Tusznalnesnilugdanliuasldsumssuseanasyiu ISO/IEC 17025: 2005 3aldd@enmaiiaiianmvun
Lﬂu"?ﬁwmaa‘uLLaswﬂaaummgnﬁ'mwaﬁﬁimﬂ"mﬂﬁﬁ’amsLﬁmﬁﬂ”aqﬂﬁﬂ’ﬁm's?laqﬁwﬁ'ﬂqmmwuax
anulasafeanns nsadnemansmaunng theniilaanussiuramaada wuhduisiioangas Selaih
%'fzmmaaummQnGi”awaﬁ%‘[ﬂaﬁaqﬂﬁﬁamiwmaLLmﬁﬁmmL%amty (collaborative study) lag
Aadanieslfidmanemessuazionzuilasumssusesnasgy ISO/IEC 17025: 2005 hsalasems
50 14 uW 03endiagiiusnalusiulugng 1.8 S 12 n5uda 100 n38 7m0 5 crathedliiaeUfua
mansardidenziisamniu waildnnieslfidmninnussiunaloslfadanmmsaumuuums
Guidelines for Collaborative Study Procedures To Validate Characteristics of a Method of
Analysis” uamsusziiivazlanaansnzianzaaddd (method performance characteristic) figdny da
repeatability (a2 reproducibility geld Junamimssanudmiumsmusau (method verification)
dmsugiannisiluldeald

M3 collaborative study @i multi-laboratory method validation Wumsnegauanu
gndewadisinneinianysaiwashdaiafigadedosiimasiiiumsmutuaau (protocol) iununmndeessy
danaliizianeinshumsih collaborative study famuhdeiauazduiisaniuluszauinnma®

mafinnadiilifoguasasdiiiallaasiensiiimnsanuasiuiisansueesgfduldide
namedu ausdadinnuanznsIIMInIMsLazeninsansusasuazszmaldithisinasgulums
aniensitiinallsivlusdadasilssaildnnmsdeslusiuzasnmaasmumnasuiinvua
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nMInadauANNgnEatEanditeNzilasiasljiinmad
NAFaUANNYNABIYBNIS laaviasl JUAmsaeniaslfudmszasatingumnuazanulasans
219 NININENENFAINTUNNE

MadNNATay
£% ] a w o 4:4' v ] = & =~ 3 a v v @ ] a o '3
(?I'JBEI'NNa@l.ﬂm“ﬂﬂ?ﬂiﬂ‘ﬂlﬂﬂ]’]ﬂﬂ'ﬁﬁaﬂ‘[ﬂiﬁlu%aﬂﬂjL‘ﬁai’N‘VN 3 UM lﬂLLﬂ mamwamnmmﬂ*gﬁa
c} v = <& =] a [ o a' v ] = & =] v L%
‘Yllﬂﬂ']ﬂﬂ'ﬁlﬂiﬂila‘lﬂﬂi@lu%B\iﬂ')L‘ViaB\i Na@lﬂm‘?/lﬂé\ﬁﬂﬂlﬂﬂ']ﬂﬂ'ﬁﬂ88‘[1]5@‘1!%B\iﬂ')L‘ViaB\iﬂ'Jilﬂ'ﬁ‘ViNﬂ (1G4

HANNUAUTIIUANNUTIN 5 GIBEN ARUSInalUsAulugg 1.8 4 12 NSNED 100 NN

EGRIGERELd
75 Kjeldahl method 1% block digestion/steam distillation ﬁ)ﬂﬂﬂﬂgﬂﬂﬂﬂﬁ)ﬂﬂiﬂ%ﬂﬂﬁﬂ

a =

1 a P 13 a I g v aaa 4 a Y v v
UAHNIN | KZSO4 ﬁﬁﬂtWNﬁ!ﬂL@aﬂ“&lﬂQﬂ‘jWﬁaz\!ﬁﬂ ﬂﬂﬂttﬂﬂtﬂu@ntiﬁﬂaﬂﬁﬂﬂ Iﬁﬂ‘jﬂU’ﬂ’iﬂLﬂNﬂuﬁﬂﬂag 4

q U

Wumanduuanludiannaule uazlowsniuamsinasgiunsalalasessie laslinaazidaamaidiesnzin

=
[

avliviaad juamslumsm collaborative study

MINAFDUANNNEN (precision)
NAFBUANNTIENZBNIS (repeatability) lagdtansvivsanalusauludagndainmigase

M 5 MadnlegAdNmMruamatNe: 7 91 MuaRdLezALTEULINNTIUTNANNS

NMINAFIUAMNINUNY (accuracy)

nagausasarmsnunauzaslulasau lasmmegaulszandmwmstss nagaumsgaydelulasiau
waznasaulszansmumanaunazmslowse Taemsensdasnasguadeas 7 21 Anadeas
wazeidsauumnasguduing

MIfnAuaN¥UzIRIzEaNSlnsRaslfiinsnianudsimag (collaborative study)
msdnmasi laradaniesUfdamsnamesguazensuihfnlasmsnn 14w NAVBUHUAMS

193"%’1_|ms%'maw1m§m ISO/IEC 17025: 2005 Tusamsasaianzilusaulasis Kjeldahl

MadNNAFaY

L% ] a X '3 ts' vV ) sl q'; = 3 a £4 1 a X I's d’ v

et NKanfueiUpsanlannmsgeslsfueesnindsns 3 #iia laun wdadueidpsanle
nnmslaleslaglusduaaanlInang mﬁmﬁmsﬁﬂ§qsaﬂlﬁa1ﬂmizl'aﬂiﬂiﬁuwmﬁ'amﬁmd’mmwﬁﬂ way

= o s = o =] o 1] d'd =Y =~ 1 v W 1 =3 4 Al -7

HanAiUsaiavnulegdadanaagniuTinalusdudeny 5 ssau lugie 1.8 9 12 nSuda 100 N3N
4 5 e MadNazlszann 3 805 NaNl¥ENNY wldmnewarain waazdszan 30 ¥adans Aeaain
FEYMINYLAVAIDEN UaIHaNaANNUMIBENGE 2 THd a9l AIBENN 1: sample A uaz N, dIpdnn 2:
sample B uaz Q, Mg 3: sample C uaz S, MoeNd 4: sample F oz X, 010899 5: sample M uaz
Z (5NN 1)
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31T 1 dreeggaalsanldlumsm collaborative study

Sample No. Sample code Sample type Sample description Protein content
(g/100g)

1 A Blind duplicates BadlyeTd 10-11
N (siinlalaslaglusiureeninaas)

2 B Blind duplicates #aaU595d AN 11
Q (xiinlalaslaglusiureeninass)

3 C Blind duplicates fodUgesd 5-7
S

4 F Blind duplicates #aaU5esd (wliandin) 8-10
X

5 M Blind duplicates gadlesaniiannu 1-2
Z

msnagauanaiuiiaiderti (homogeneity test)

nadaurnuiuilaifisriuesiad Tasdudagnauuu random faghsas 10 10 959 UATILH
Usnaldsiulasnagauuuuduman: 2 1 wailldihamadeuanuuandaszniedeg (between
sample variation) logl#dd® One-way ANOVA (Analysis of Variance) @1 F ﬁﬁwuamlé’%ﬁ'aq
Wasni F critical fissduanui@asiu 95%

MINAFUANNAIN (Stability test)

fadandaguithumsnasauanuduiisiderfuudnivsnallsaulszana 5-7 niude
100 NSN wazdszanal 11-12 3% 6w 100 38 WudunulumsnasauaNAITBIIIREN lagguaagn
8z 5 2110 MMenzinasnSuiinsuimuansdaralasiiaziiina: 2 9 radtezAAlaan
Wisudiguiumamsienzinnmsnegauenuiuila@enulasldadn t-test @ t ileazdainant ¢
critical fiszAuANNEBIY 95%

Madamadnadaunaztandslvhaslfifinis (Distribution of samples and documents)

duaeuazansiseljisen (copper catalyst (Kjeltab Cu/3.5)) 50 e 350519 wuuaausu
freghe MUNEh LUUTEBNURG wasLUUFsUMNTEazdaRsfumInTIaienzd winanaudaswalw
udazasUfidmenau ieldlumsdadaduganiums ddimelusudidamadeu udaziasflians
azldsudhathe 5 faedh drethear 2 maRdsRadeiy Taslinsnuin 2 20 Wudeiadeiy
(blind duplicates)

Tusuusnhsaies fidmafusnndeiiigamgivies udila@amaudlifuinmlugibu
flgaunail 2-8°C Tinnainsionuisimmwue asvdenziwasdimandumely 3 §od Tasnsnuwa
nnsrachagslunuunasuiimmuadanadion 2 dumi

Whenziazlsznaumeneazdaauadddienzd manedausasaz msaunavaslulasiau uay

FauuLiN lUNMSATININALYAN ) il
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ada L4

AR
1. 35auHum3 (Procedures)

1.1 %bqéhashmaaﬂ@ﬁa 1-2 N5 (nAdigy 4 Murie) aeluvaantay

1.2 tfiN copper catalyst 914U 2 (0 waznsadaysawindy 10 Tadans uniew tiloaa
hiuaghemas nee antifoam 2-3 nee

1.3 1vaaadae N9y tube rack 719 heat shields ua&y exhaust manifold asuuthnzas
waansaslitlawaideen rack lunsumiaiasdon (digestor) FalauSussanmailif 420 + 10°C USussdy
M390Ya4 exhaust manifold luaIuza scrubber unit ‘vﬁaqﬂﬂﬁiﬁ%’i‘u’lﬁmmsauﬁmmm@ﬂﬂﬁ'uﬁtﬁﬂmﬂ
mstias dosaunsenainaTudun (Ussanm 5 i)

1.4 ﬂ%’uamsé’fvms@mm exhaust manifold Tudusas scrubber unit w’%aqﬂnstﬁﬁu (1?%'@5’11!
fmudeuegluvasadan) dagdoaunsznslawesavarld (Uszanm 50 i)

1.5 g0 tube rack aanmmﬂ'%'aqsiaﬂ Taagad exhaust manifold muagi gﬁ%ﬂlﬂﬁlﬁu (Usenw
25 1) (Liensisliuaunwsnzaarnlvifeezneuluvasages) Wevuaaiuen manifold senwiaxile
scrubber unit

1.6 1hwaaadesnfiuudinarhiuiniainay

1.7 HunsaUs3A 30 Jaddns avlu Erlenmeyer flask 2110 250 §0da03 dahiuia3aenay
Toglimeraimasauiiidenn condenser zaun3asnauagldnsauaia

1.8 imhnauaslunasndasiifiuud 6o §aaans in 40% NaOH luwaandas 50 Wadans
nauauld distillate Uszanes 180 fadans

1.9 lawasa distillate fildehs 0.1 M HCl fsqagd Tuiinuanasues 0.1 M HCI

1.10 ¥ blank Tasldhmaglasa 0.25 n3u unudaths

1.11 ennadSinalulasauueslusiu

Fauuzin lumMInsINIANsi
ol qu Y < kd d' k4 =] Gl = = < Vv d‘ v 1

1. wasnnisldiduuaaavarnlamslalifinznau wiaiinznauiisadnissniuuamasatas
mMstiaaznauuaainUiinunsadayiefiisadluvasatasiaaiull Fanduaviliusmnalyseiv
Aa Y v v < a
mMenesilataanienuiuaie

2. madaaznauanaunananmslnmlumsdesnuiuluviaonsgeves exhaust manifold
luduwag scrubber unit wsatfiuly

3. dnfanzneuluvasndeslviguraandaslu block digestor auNITEINAZNBUEANY

ol ° & v & v o 1a JY A Y a H v
s lunsaindennindudasiivasadaandeliienziandy Widuhadluvasadasdssan

20 193805 WNDANNUNMSANALNDUYDIES L UYADA

MM (calculation)
1.4007 (V,-V;) M

Tulasau (Segavvaninmin) =

\WY%
Tsiu (Saeavuainviin) = lulasau (Segazuaaimiin) x CF
WaV, = Ysmesweso.l MHCI nlalumslamsadiat (Tadans)
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Vi, = USmesuss 0.1 M HCI AFlumslaimse blank (iadans)

M = enu@uduzas 0.1 M HCL (Tuand)

W = shuiinaesdiethe (n5w)

CF = winwaslumswasuddnalulaseudulsnallsiu fm 6.25

2. MINAFAUTaEALNITAUNAUYRI LUlATIau (nitrogen recovery verification)

2.1 nadgaudszansmwmastas (digestion efficiency)
%1 tryptophan 0.14-0.15 n3u (38 lysine hydrochloride 0.12-0.13 n3x) Ll,amfwma‘;ﬂﬂsa
0.25 N3N Wianasene q hmsdas nau wazlawmse wWudafudaga

2.2 maaumigmul,ﬁﬂluimmu (nitrogen loss)
#1 ammonium sulfate (oUfi 102°C Wy 3 $Tas 1Hiuly desiceator) 0.09-0.1 N3X 13
ylasa 0.25 N3 wianansena o msdes nau uazlawnse wudedudada

2.3 nagoUlsANSMWMInauLazmMslanse (distillation/titration efficiency)
%1 ammonium sulfate (aU# 102°C W 3 T iUl desiceator) 0.09-0.1 n3u asly
waangas ihludahiuweiasnay mmsnauuazlawmse

MIMUID

% TuTasuitenzled x 100

% recovery = g
% lulasiauzasd@sinasgIunld x P

MsUseliukansIon19a0i (Statistic evaluation of results)
MInTIAFaUTaYaLLaIAY
Vv a 'S Vv 1 v a va d‘y £ = v

MUFaUTDYANIMIATIZYUATDYaeN ) NNVl fiansluiadu las@nwmandays luwuy
NINUHBUBZNNUUUFUNNNDLDIANEINUMIANINA TR BNz aNUAUAM SN MK LT
u’ ] $4 <~ a (:s' [~ Vo U (B} a' = . . U aa
nligndaansanaitanziniuladaauilivngaio (invalid data) asnnaunisuszuianameads
uadeNziaenanlaunuaienzineannnuis kalnnzinaviageaniuannvissljiansduseidanu

a sl " a & a 2a M v o and o P v TN vy 5 v

HaIANENNENUmbeie HNNHaIeNEN bilanmmaisinmue weldiulanladayangndasuas

et g lumsuseiiuimag

MINAFauUAIFAAIN (Outliers test)
Fayaiifieuandmannniuesiasnihandayalugadenduiiiasdainiudayaiiliag
Iuﬂéjmamﬁ’u azgnﬁmmmaaumqmdw (outliers) logl#ad® Cochran’s test war Grubbs’ test lag
AUHUMIMUUUININYDY Guidelines for Collaborative Study Procedures To Validate Characteristics
of a Method of Analysism‘[ﬂﬂﬁﬂzumauﬁ'ﬁﬁl
ihdayafishumsasasevludesduudinnmasauagadeluisnlfidnsderiu (within-
laboratory outliers) lagad® Cochran’s test mﬂﬁy’uﬁmmﬂaaumqmimwiwﬁamﬁﬂams
(inter-laboratory outliers) @8dd® Grubbs’ test T,ﬂm'%'uﬁumn single Grubbs’test maauﬁqdwﬁg«qﬂ

2DANGH 1 A wazANINGaueINgy 1 M danmaaay double Grubbs’test lagnagaumniangazaengs
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2 @ NAFDUMNIIFAVINGN 2 M) udzNATaUMNFAUAsMFuDINgN luzacinaaay Grubbs’s test
il outliers tia2ulvae outlier Hupan uanhdsyafitwdsgaunaulus Cochran’s test uaz Grubbs’s
test MuAIGUENATY (mwil 1) Tihaunsznslifideyaiiidu outliers wiafidoyamnnnd 2/9 vaedays

nannau outlier dayafitnaasnamIme precision 29933

Tlﬂﬂauﬂ'"lEgﬂd1ﬂﬂaﬂﬁ'aﬂﬂﬁﬁ'§ﬂ1$tﬁﬂaﬁu (within-laboratory outliers test)

Kol Nraniasfidmsiiianuuandsssiilldnnmsiinnsinediahadsiumnniige
daisufunaiensisesgiaadsniunnienjlidnmsau 1 azgnininmadeuiiliudgada (outlier)
v3alalaaldadd Cochran’s test

D)
c=—""" 100
D)
Wa D = AUANANYBIAAIDENET i W i=1,2, 3. n
D... = @uaneNuesgegnniagign

Wisueue C fenwmlanuaingalumse fseeu P = 2.5% (1-tail) i L fa 7w
aalfienms wiahmnuduasiadidnny semnamwalamnnnhaingdugasnienuuandiusing

mAeNzdgapgudahanasdeiuidy outlier THaamwamsianzvgaiadnilaandauemiiums

nagavluauaall

NAFAUAIFAE11INMBNIENT (inter-laboratory outliers test)
nIAIEIFuNA LAY (single Grubbs’ test)
ﬁmam@hmﬁ'ﬂma‘imiwzﬁwmLwiaxﬁ'mﬂﬁﬁams ﬁmam@hLﬁ'mmumm@uwmﬁagaﬁ”’ewm S
fnamndsuunesyusesiayaiilalifienigauasiaya (S,) uasinamidsuunasyusasiaya
dlalaifiehgegauasdoya (Sy) fnumsasazrasiidanunaspuiianadil
Gy, =100 x [1 - (S./78)] waz Gy = 100 x [1-(Sy/S)]
G, fesazmavAnisauuanasyiuiieaauilalifidnagaunsdoys
Gy fesazmavAiisauunasyuiinaauilalifidngigazasdoya
Wisuiiieud G, Gy fienaldiuaing@lumee Grubbs’ test Ay L daya deh G
gma’wdﬁﬂqaﬁ P = 2.5% (2-tail) e fiasdaiiudiy outlier

nsaiAaeded 2 A1 (double Grubbs’ test)

duiiumahusadedunsdieasdaiianden Tasdnnaaidsuuunasgudalifamge 2
Awadaya (S,) Lfiahiﬁ@hgqqﬂ 2 ARNTaNd (S,y) Ll,axl,ﬁ'alaiﬁ@iwi"wqmLLa:ﬁgqqmmﬁaga (Si1)
MU G,; G,y Gy, MNFAT Gy, = 100 x [1-(S,1./8)]; Gy = 100 x [1-(S,5/8)] ude Gy, = 100 x
[1-(Sy, /)] Wisuiisua G Aenaladua G NnemEuisunsaiicsdadmiden
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dmasal anwalduen wazduen Aaased

SCREEN OUT
NON-VALID DATA

“\I)

START OF LOOP
CALCULATE
PRECISION MEASURES

COCHRAN
OUTLYING
LAB?

yes

DROP LAB UNLESS
OVERALL FRACTION OF
LABS DROPPED WOULD

EXCEED 2/9

Yes
SINGLE

DROP LAB UNLESS
OVERALL FRACTION OF
LABS DROPPED WOULD

GRUBBS
OUTLIER?

PAIRED
GRUBBS
OUTLIER?

Yes

EXCEED 2/9

DROP LAB UNLESS
OVERALL FRACTION OF
LABS DROPPED WOULD

EXCEED 2/9

Yes

ANY LABS
DROPPED IN
THIS LOOP?

END REPORT
ORIGINAL & LAST-
COMPUTED
PRECISION
MEASURES

Q y

NN 1 eUIURBUMSUsTLHUNMNFDH "
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AnaaNNdiaswasds (precision)

Fayafindennmadamagaseaanudrazshludnudmeaddau g tieudasdis precision
20998 laun Auade (X), repeatability standard deviation (S,), repeatability relative standard
deviation (RSD,), repeatability limit (r), reproducibility standard deviation (Sg), reproducibility
relative standard deviation (RSDy) ttas reproducibility limit (R) Tasmsanul

Repeatability standard deviation; S, = (¥d*/2L)""”
l

e d

; ANNANYBIKAIATNWUDIGHIDENLAEIN

MNUBIUHUANST (MIoNUIUGUBIMIBEALIN)

(Sg x 100)
mean

Repeatability relative standard deviation ; RSD, =

Repeatability limit; R = 2.8 S,
Reproducibility standard deviation; Sy = {(Sd2 + S;)/ 2}'"?

4 (T;- Ty
Wwa  S* = 2(Tim D
d 2(L-1)
T, = HITINAPBIALDINDEN i YDuAazriBvluding
T = eedezesd Ti veannvieadjudans
L = dwnuisedfidms (mIadunuguasdiaenadientiv)
s . e (Sgx 100)
Reproducibility relative standard deviation; %RSDp = —— =
mean

Reproducibility limit, R = 2.8 Sy

NMINAFOUANNUNUYBIID (Accuracy)

Munaesagazmsaunauraslulasiau (% recovery) MAMsLANEasTINAsTIUlUMTNAFaU
Uszansmwnsedae (digestion efﬁciency)maaumsgmulfmlu‘[mmu (nitrogen loss) waznagau
Uszansmwmsnauuazmslamse (distillation/titration efficiency)

We

ms‘nmaaum1Ngnﬁamaﬁﬁmﬁmﬂﬁﬂamswaq§1ﬁ'nQmmwuazmwﬂaamﬁ'ﬂamﬁ
NMINAFaUANNLNYY
a g a = L% ] a 2 s 4:1' L4 ] = o'l = o
nnmienzdiUsinallsivluimeiudadusiugsanlannmsdeslsfivaesninios 9w
5 Mg lomndeUsinalusiu 10.44, 11.70, 5.98, 8.28 WAL 1.86 NSN @@ 100 N3N %RSD 1.34, 0.26,
0.50, 0.85 WAL 2.15 MUY (AN 2)

7 M5 INSNAINEN A FAS M SUNNE
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= aca ¥ a va o P aat a ¢ 1a =
MIINN 2 ﬂjiﬂﬂaaujﬁjl,ﬂi’]gﬁiﬂﬂﬂaQﬂ{‘]U(ﬂﬂ’]iLﬂﬂj . ﬂ'J']NLV]EN“Z]E]\T)ﬁiﬂﬂﬂji')Lﬂﬁ’]’dWﬂiN’]m‘Iﬂiﬂu

lushaengaalsese

o USanalusdu (psu/100 N3N)

MAUN — — S — —

MBENN 1 MBENT 2 B ND 3 AIDENTN 4 108NN 5

1 10.27 11.65 5.94 8.18 1.80
2 10.27 11.66 5.94 8.20 1.80
3 10.38 11.70 5.95 8.26 1.88
4 10.46 11.71 5.99 8.29 1.89
5 10.53 11.71 6.00 8.30 1.89
6 10.54 11.72 6.01 8.32 1.89
7 10.62 11.73 6.02 8.39 1.89

mean 10.44 11.70 5.98 8.28 1.86
SD 0.14 0.03 0.03 0.07 0.04

RSD (%) 1.34 0.26 0.50 0.85 2.15

MINAFaUANNUNY (Accuracy)

HaMINaFaUANNWNLEBISlaamnadaulszanimwmstes nesaumsgadslulosiau waz
nagaulszansmumsnautazmslawse wuhemasssaazmsaunauaslulasiay (% mean recovery)
AN 98.65, 99.91 UL 99.96 ﬂ'w%'aﬂaz?lmdnﬁmmummgmé’uﬁmﬁ WA 0.45, 0.22 LA 0.21MNAAU

(MINN 3)

M990 3 ManadauIsilenzlaavasUfuamsiden : enuuiuzadislaamsnadausaeazmMsAuNaUYD

Tulasau
Sazazmspunsuzadlulasay
aeun Usednanmmsean magaydelulasay Usednamwmanau
wazMSLaLnse

1 98.32 99.57 99.82

2 98.32 99.79 99.82

3 98.32 99.82 99.82

4 98.32 99.82 99.82

5 98.89 100.04 99.96

6 98.89 100.12 100.12

7 99.46 100.21 100.37
Mean 98.65 99.91 99.96
SD 0.45 0.22 0.21
RSD (%) 0.45 0.22 0.21
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MINAFaUANNYNHaIYaIElaeHalfiRnshiinudsIza (collaborative study)
nadauaniiiuiiat@eIny (homogeneity testing)
nnmsnagauanuiluiiaiieinueains 5 e laald one-way ANOVA fiseauanuizaiy
1 o [l IS v 4 v . v < v ] = < 431 = [
95% (P=0.05) WuNNGIBEN e F daaninaizae F-critical udaaliiiunaiagniianuiuiiadeny
~ ] v )N Anta & X
wsananazlduszfiunanadauiSieneilunsail

MINAFUANNAIN (Stability test)
a 7 a = o v a o P ~ o v v P~
wamIenziuTinalusiuludmadiudannniusese Nszauenudndueallsiiv 5-7 uaz
11-12 1SN ©8 100 NN AIDENBE 5 230 208 2 %) L1 WSauisufuNaILANHNNMSNATIUANN
Wuila@ennuaeeiade eaaan t-test WU @ t UBENIN t-critical LAAIIITIDENNANNAIGINGDA
Frnanaiulasams

NMINTINFBULTDIAY
L a s = ac a dy v 4

NIMIATNFUTDYINAIA LAz Az BT MInTVIe N lulinsduanndayaluiuy
FENUKBLILUUUFDUINTEABEAEINUMINTINIA N DBIUAaz sl UAMs lainudayanandn
Wumsnenuiie dwaiie vienesnumibeie wanunessufjuamsuauisliuiidanuisiesed
A o ] & v o A v & v a wva o v @ a v a wva
nnmue Wy lutuesumsanduwanludisnlannmsnay vewlfudamsn s ldnsadanse Waslfudns
7 12 uaz 14 ldnsausiaindusosas 2 waz 1.5 MUAAU unumslEnsausiaudusosas 4 MuNMuue
TAFIeNer Mnupaenzinniesljudmeme 3 uiv Selignihanvszanananeada namsinazr

auNNanJuams (051N 4)

P a ¢ [a a a o Y ' a <& a ' v
mand 4 wamAensiuTinaldsdvlundasasilpsailannmsdeslusiueasnimdawasudasiag
UHUAMS (nSN6D 100 NTN)

lab code Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
A N B Q C S F X M V7
1 10.23 10.25 11.57 11.79 5.81 5.95 8.70 8.82 1.81 1.76
2 10.38 10.44 11.56 11.83 5.97 6.02 8.94 8.96 1.92 1.89
3* 10.12 10.18 11.40 11.52 5.85 5.87 8.54 8.88 1.67 1.64
4 10.45 10.38 11.89 11.86 6.06 6.04 9.12 8.98 1.96 1.88
5 10.32 10.26 11.78 11.80 5.99 5.94 8.96 8.90 1.86 1.85
6 9.97 10.31 11.82©  10.82© 5.94 5.86 8.86 8.92 1.74 1.79
7 9.98 10.00 11.48 11.40 5.92 5.95 8.59 8.58 1.76 1.73
8 10.28 10.77 11.78 11.83 5.95 5.95 8.90 8.92 NR NR
9 10.20 10.25 11.76 11.69 5.74 5.86 8.82 8.89 1.71 1.76
10 10.53 10.06 11.91 11.92 6.01©  5.42©0 8.717 8.80 1.85 1.82
11 9.95 9.94 11.69 11.72 5.89 5.78 8.74 8.81 1.88 1.86
12* 10.47 10.30 11.68 11.44 6.04 5.89 9.12 8.81 1.71 1.92
13 10.32 10.35 11.97 12.00 5.87 5.81 8.85 8.90 1.84 1.79
14* 10.50 10.33 11.98 11.75 5.93 5.89 9.03 8.83 1.64 2.04

© = outlier-within lab variation using Cochran’s test (P= 2.5%; 1- tail)
NR vasUfiamslaladena
*lab No 3, 12 waz 14 fayaligniannumada
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nadauAIdn6Ie (outliers test)
J = L 1 <~ o ) d‘ = 1 J dl' Y aa U )
PNMINAFIUNUD J 2 G0 A aeeged 2 waz 3 Hegacuilaldadd Cochran’s fpeay
1 ¥esUfudims iadaegadieanua) ihdayafitwaslumergaaszninegiaalfidms Teald Grubbs’
] U v 1 v a wa o v a 4 o v a wa P . v
test Linwumgaanseniniaslfiamslunndisgn daduiunudesljidmsiidu outliers Saaaz 9
Tuaaea 2 waz 3 (M519N 4 WAL 5)

3NN 5 Mnuvsnljuianmsniagasn

MUl
ﬁv'wm Cochran's test outlier Grubbs’ test outlier
sample 1 (A, N) 11 0 0
sample 2 (B, Q) 11 1(9%) 0
sample 3 (C, S) 11 1(9%) 0
sample 4 (F, X) 11 0 0
sample 5 (M, Z) 10 0 0

ANMiieeuadds (precision testing)

ﬁ)’lﬂﬂ’l’iﬁ'm’smﬁ’lﬂi)'mLﬁEN?IEIﬁ%'W‘U’j’I repeatability standard deviation (S,), repeatability
relative standard deviation (%RSD,) W8z repeatability limit (r) Lﬂa'il 0.08 (0.03-0.16), 1.11
(0.57-1.72) waz 0.22 (0.09-0.46) MNAIGU A1 reproducibility standard deviation (Sy),
reproducibility relative standard deviation (RSDy, %) waz reproducibility limit (R) a8 0.13
(0.07-0.21), 2.03 (1.39-3.78) 1z 0.37 (0.19-0.59) MNIAU (miw?i 6) @ precision PaOBHUENIRE
%RSD, uay %RSD, nndadniied RSD, Wasni RSD, Aafludenaiunas RSD /RSD;, 10 0.55
(0.40-0.78)

MINT 6 AnENBzRINzYaNTINlUsGulugeal s

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

AN B,Q C,S F,. X M, Z
Laboratories remaining after 11(0) 10(1) 10(1) 11(0) 10(0)
eliminating outliers (outlier)
Mean value, g/100g 10.26 11.76 5.93 8.85 1.82
Repeatability standard deviation, 0.16 0.08 0.06 0.05 0.03
S,, g/100g
Repeatability relative standard 1.60 0.71 0.94 0.57 1.72
deviation, RSD,, %
Repeatability limit, r (= 2.8 S), g/100g  0.46 0.23 0.16 0.14 0.09
Reproducibility standard deviation, 0.21 0.16 0.09 0.13 0.07
S, g/100g
Reproducibility relative standard 2.06 1.39 1.49 1.44 3.78
deviation, RSDg, %
Reproducibility limit, R (= 2.8 Sg), 0.59 0.46 0.25 0.36 0.19

g/100g

N3NNI ENFASNTUNWNE
AUUNLAY 1 NINYIAN - NUENBU 2558




Collaborative study for protein in seasoning sauce Niphaporn Lakshanasomya and Jintana Kitcharoenwong

ANUFNNUSIEWINA repeatability limit (r) wae reproducibility limit (R) AuaNu@nay

4

raaUSinalusiulumadalansnuansanudunus r = 0.0231Wp + 0.0376; R = 0.0356Wp + 0.0931

o Wp AauSanaldséiu (nSu ae 100 n5N) (MW 2)

0.7

o u R =0.0356 Wp + 0.0931

0.7

r, R

0.7
0.7

0.7 r =0.0231 Wp + 0.0376

0.7

0.7

0 2 4 6 8 10 12 14

Tsd@u (PSu/100 N3N)

NN 2 NNUFAIPNNFNNUTTEWIN 1, R wazUSanalusiu

SagaznsAunavzadlulasiau (Nitrogen recovery verification)
mstsziiuwamanadauiasazmsdundureslulasueslfinmsdayonasias fidmsitldmun
meadaiAnmamEnBasazIans duiudayorasianlficng 3, 12 wes 14 arlignmihindszanawa
vannniasfiinms 10 nenuwaidludmgoussgaalunnnamanasou Wasfidnms s 17 lysine
hydrochloride lumsnasautszansmnusamstosluwaeiivec §UGmasuld tryptophan é’qﬁguﬁaga
Tunnnemanaseunniiasfiding 10 uasdayamnaseulssansmmwasmsdasuasiasjiamsi s
ligmhanvszananauny namsmaaausegazmsaunavzadlulasauannmsnedaulszansnmwmsdes
msnaseumsgadslulasiauezmsnadaulszansmumsnauuasmslansamnas 99.38, 99.57 Was 99.53
ﬁiﬁaﬂazwaq@hLﬁmmumm@uﬁuﬁwﬁ( (% relative standard deviation) 1.04, 0.54 W82 0.87 MNAINU

(591990 7)
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3NN 7 WaNMINAFaUSaEaTMIAUNSUYRd lUlaTIAY

SagazmsAunauzaalulasau

1
b code Useanimwmseae msgaydelulasiay UszAnsmwmsnauuazmslowmsn
1 99.83 99.28 99.93
2 97.80 99.70 99.70
3% NR NR 99.06
4 100.04 100.41 100.15
5 100.81 99.71 98.72
6 98.80 99.10 97.50
7 98.60 99.20 99.48
8 88.03* 99.70 100.07
9 99.04 99.06 99.29
10* 99.08-100.99 99.28-100.76 99.97-101.88
11 98.50 99.02 99.94
12* 99.29 100.11 100.08
13 101.01 100.50 100.50
14* 101.37 NR 99.47
Mean 99.38 99.57 99.53
RSD (%) 1.04 0.54 0.87

v

* dayalignininanuin

a 4
AU

M3M collaborative study Aoy multi-laboratory method validation Wumsnegauany
andaswavitiensiiiaysaiuenhiadaiigaddasinaciiumamuduaau (protocol) fmnmsansy
19583029 TiiumMsm collaborative study fianuindsdauaziduisansulussdumnuma®
asaztiiulannlull w.a. 2550 dinaamuwuazanulasansenms nswIngmansmsunng lanmnue
Bensitsinamaaudmauauaslaiulunsidudag WD ETUAY LM IMYLAINATTILBMTIEH N S2ne
289 Codex (Codex Stan 240, 2003) LLazlé'maaUmmgﬂﬁa@%aﬁ%ﬁﬁwwumiﬂﬂﬁmﬂﬁﬁamﬂﬁmﬁﬁmﬂﬁﬁami
PaadingaumMnLazaNNUasniaIns wazi collaborative study ulaamanvauzmmzyaisiaus
FaAMzNITNIBEMIIMITIENINUsEnd @235 eNsriuastnaadnlumsUseyn Codex Committee
on Methods of Analysis and Sampling iszimnagam3 szuieiui 9-13 Funaw 2552 ﬁﬂisqulﬁ%’mm
Tinedasiatiuisanasgu type I (empirical method) lumseneinziaiFagluasudasasionasnasgu
aanan duiuanudiGasazanumagilagesdsznalnglumsiausisinnzvgnilan

Baneilusaulas Kjeldahl method lafimswannanifusdu saudnsls Kjeldahl flask uas

NERELUUANLAN (traditional digestion) mdumsldvasates wazdaslueman (block digestion)
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[
adoa Y

2] I A a o o 1 a va = & a w.
galuntisuannlutagiu asnndeuazasainlumsuidnu Sanauduisnieslju

a

Msviae g lu

v

Usenaidanlduazlasumssusesnassiu ISO/IEC 17025 : 2005 3laaataanls

v v
v

ANU

Whasnlglumsdnmn

waeUFtiinmad 1,8 wos 10 wuh fMaghawiandamsdas uaarhimsgandensalussuiamsdes
Faanaaziiamginnnsanmsgaaiuusauiull udsslsioaiaalfiamsi 1 ulalasiadznunse
ldton uazSuaagamaiililumatos Waslfiamsd 10 uslalesidnhasluvaandes namsinsz
maaaianljiimsaglunamieaniuld JuduldhiuaaumsdestiulFmnunseilsd aamgivesnmild
Tumsdas uazdnnmsgaaiunsadasduiusiuiinsilvldueuvminla liwduds uasilavaandosduag
udliiduhadliuasimsnauiui dldainsanduldiuiiviadasialideduliianhatlumasadas
ilaviepadasiuaudiguiy

dedninienldiuiainnmaseulasadd one-way ANOVA wuimndagfianuiy
ilaidnfunasiienuasinaanszaznmihangy Jumnsainldlufanssuil

msanmasai inuiewfiemsiiinamsnaaauiiu outlier ilaldadt Grubbs’ test uswuh

=]

finamanaseuiiiu outlier lal#add Cochran’s test Aatliudoeas o Tushagei 2 uax 3 FalaitAunasi
fifmuaia Seses 22 udavhwasUfidmsmnsninisidluiensivsnalusiulundosasilgses 1
Toglisdansnmuazanud ﬁaqﬂﬁﬂ’amiﬁﬁmamﬁmeﬁvﬂu outlier m19vziataRianaalutunoy
mstios i gampiivesudazvqudaslimhianerlimsdesluvaaadesniasa liauysel viaiamss
Iuﬁy'umaumiﬂébu mmLﬁﬂwaﬁ%Lﬁ'auamﬁmé’mwdmﬁm RSD,/RSDg ﬁ@hmﬁlﬂ 0.55 (0.40-0.78) (u
Mitdaandasfuitanasyuay 9 wu mydensilusiuluulaiia 0.76®

NNFUMSUFIIANNTNWUS T = 0.0231Wp + 0.0376 tiia Wp AauSmnalusiu (n$u e 100 n3w)
wasUfiamamahen r Tivuadlunasilumsmuauaamwuaiienzivasman 2 9 Tidefuld
TaiAuen r fisvauuSinalusiu Wp Funasicanarflunasisaniufivnnzasduidilosnnldinnnowams
3Lﬂiwsﬁwaqﬁmﬂﬁﬁ§mwmﬂLLmﬁﬁmmL%'mmty

manadausasazmadundvzatlulasaulumsinmaseinadauna 3 :ems da managau
Usgansmumstos laamsldasnnesgiu tryptophan daumswﬂaaumsgagLﬁﬂl‘lﬂmmu LazMINAFau
Ussansmmmsnauuasmslanse IFmsmnaspunanladaudame zim%’uﬁwmaegimaﬁLauaql‘lﬂ,umi
nagaulszansmnmatssuazmanadaumsgapdelulasautuiodudunusasasdunidiiong
msuau lalasau wazeandiau lluasdisznau wamsnadaunnamsiisnadsaglunmsiimmvue
Tusnasgiuee g wiu Sagaz 98-101, 99-101 aamsnagaudssdnsmnmsdasuazminaaay
UszAnammmanauuazmslowsamudeu uasliasnhiasas 98* 9 was 99 * sasmanadaulszadndmm
mstesuarmagadalulasaumudduiiaiasl joamnihisiluldoesmmualiinmadauiosas
msAunavzaslulasauiiies 2 g A mnadaulszanimwmstas waznadaumsgadslulasau®
Tosaiildasagssvinesanas 98-101 waz 99-101 amuaey eniildeniunasiliidiummasou
Ussansmmmanduuazmslawse Simanadavilldemmunaridasasas 99-101 uaarhimsgade
Tulasuszuiumstos Fanvazlamamnnnaamail wisnmillddaslivanzan viamsdesdaliauysol
udaehslsioumanasauilldaiasasmsAundudmiaganinnmgd andiawmamnandmenuduiuae

nsanldlumslawsalaigndas
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msAnnasiliiiogussasdiieildisiaslfiisnespulumsenaiensinde dusigsed
1ﬁa1ﬂﬂwssiaaiﬂsﬁu°naqé';"sm§awnuﬂizmﬂﬂszm‘mmﬁﬁmqw uewasUFiamamansohiailldlums
mn%mswzﬁﬂ%mm‘[ﬂsﬁﬂuwamﬁm%ﬂqqsaﬁlﬂ”ﬁnnmiﬂaaiﬂsﬁumﬂﬁwmummgmqmamniiu
(190.) 289NINTNYNUNIIN LG Lo wan.mvualsinalusaulisind 12 niuda 100 niuC®

GRNL

9

M3UszinaNNgNaeewwedIsiezrlaensm collaborative study Tuassil MIRlEFAN
Tusdulas Kjeldahl method 1% block digestion/ steam distillation & K,SO, ﬁqmﬁluqﬂtﬁamm
nsadayfia neswaniudisnfasen lnsauasautudonas 4 udhiuwenTudlsiinguld waslamse
fumsnaspunsalalaseasia Hudsiummnzandmiviensivinalusiulusdasurilsssildan
msdesllsiurasdmdesmutszmanszninamsag Fasldauslidinnuaasnssumsamnsuazen
NSENTNATITUF fnsanduusstszmdlfithiasinespulumsenviensindedaisiod faluinasms
wiklumsandaldudsdaamsdinnsiiuandifuilalfisnasouiicneiu uasfunmaniislumsduasas
Huslne

Anenssndszna

yavauqavisslamsminmesguazianguilianusiniislumsihsinmslszdiuanugneas
28935z lUsiulundadumiinse asneedalull usen dewljidnmsnan (Ussmalng) e
a v = o a o = (24 o
wazenIENYA USEW aaded (Ussinalng) 9iie U3Em eusaed wauasmes iU (Ussnalne) Miie
U3 upnlafinea Mussmadd wasHia ne gudinenamansmsunng @eslva gaugssil swwan vauuny
uATNYEN UTEN gueviasludmsuazidanenmsunnduasmsineasuvisieds Mne d01iueIms uas
amdulagnms avminenaeniioa

L@NEITA NI
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Collaborative Study for Determination of

Protein in Seasoning Soy Sauce

Niphaporn Lakshanasomya and Jintana Kitcharoenwong
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road Nonthaburi

11000, Thailand.

ABSTRACT Protein content is a key requirement for the quality of seasoning soy sauce according to
the notification of the Ministry of Public Health. There are various methods available for protein
determination in food but no specific method for seasoning soy sauce exists. Since method for protein
determination is an empirical method which gives the result that is method-dependent, different
method may give different result. This can lead to the disputes among users of the analytical data. It is
obvious that a standardized method is needed especially when the result is to be used in law enforcement.
The aims of this study is to validate the selected method for protein in seasoning soy sauces using
collaborative trial in order to ensure inter-laboratory reproducibility and to characterize the performance
of the method that can be used as acceptance criteria when laboratories apply this method in routine
work. In this study, Kjeldahl method using block digestion with a copper catalyst followed by
steam distillation and titration was validated by single laboratory prior to the collaborative study.
The collaborative study involved a series of experiments in 14 selected competent laboratories. Five blind
duplicate samples of seasoning soy sauces and sweetening seasoning soy sauces with protein content
varied from 1.8 g/100g to 12 g/100g were used. The analytical data were statistical analyzed using
Cochran’s test, Grubbs’ test and ANOVA. The results showed as follows: repeatability standard deviation
(S,), repeatability relative standard deviation (RSD,,%) and repeatability limit (r) ranged from 0.03-0.186,
0.57-1.72 and 0.09-0.46 respectively. Reproducibility standard deviation (Sy), reproducibility relative
standard deviation (RSDg, %) and reproducibility limit (R) ranged from 0.07-0.21, 1.39-3.78 and
0.19-0.59 respectively. It can be concluded that this method is reproducible and appropriate for the
determination of protein in seasoning soy sauces. This method will be proposed for adoption as the
standard method attached to the related food standards in the Notification of the Ministryof Public Health.

Key words: collaborative study, Protein determination, Kjeldahl method, seasoning soy

sauce
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MadRNEAINUIU 8 Bila laun dzszuni (peppermint) inMaviay (lettuce) Wn% (coriander)
@uvean (spring onion) WN%HSY (parsley) luthun (Cantellaasiatica (L) urb.) 11Jﬂq£l‘2hil (garlic-like
vegetable) luAumg (celery) Mnaamadalungunn uasUsnamaziiaas 10 GIaeN
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tp3asiauazansal
1. @99 INThaiie 2 ehuvia
2. @3NwEN (shaker)

o o . a o & < v
LAIBINNULIIEN (centrifuge) BliaUFuasanNTITaU la

S W

ﬂﬁ'a\ﬁ;aﬂ‘i‘iﬂﬁﬁﬁm compound microscope W3ad glass slide

5. Beaker 2410 1,000 498863

6. Sedimentation cylinder 2116 1,000 Naaac 3

7. nszgauldnsasin mnedusugudna 15 wudues ieuy Sedimentation cylinder
lowad

8. ¥adM centrifuge

9. Capillary pipet
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Feenzimannunensuidiould sedimentation technique® Uftamutunausasaluil

1. gueiadninnnmstiudsgeluasidediuuuy random sampling $149U 200 N3N
dinaialafinnlidganaiia il 4 ndu udrdiiiumade dail
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AANY 2 wFannu 10 W LaIBNMEINFLINDNAS

v
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NN 3 wihanaey (NENa8Y 5% 15 Naaans 6o 1 4 805) WY 10 W1 ULAIENMIBIF0

q
q
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2. dainiusudn 9 ldaslu beaker 2100 1,000 Tad303

3. inansaranglatauew Awanfuihinde 0.85 Wadidud (ﬁwmlaﬂamaw 1 g luhinde
0.85 LasiEud 9 dau) Iﬁ'vhuI;TﬂLﬁaamw\iaqﬁa%wzﬁaﬂﬁ'wm%ﬂmﬁaqumaanmﬂﬁﬂ

4. W lUwshuy shaker 240 aSadandt wiu 1 $lu

5. 1hlunsaslagldnszaauasly sedimentation cylinder aanal3huduitaliwensuas ldwens
ANAZNDU

6. Tujamumiwilonznauisl¥indatssann 5-10 iadaas

7. wihliiEhiud udresveavalaiana centrifuge ugnhludui 2,000 saudow# Wy
10 W

8. qanladuuuiialy Bihlunasamde 1.0 fadans

9. 1% capillary pipet waumnaﬂﬁlﬁwﬁuﬁLLé’aQﬂﬁ’mmmumm'ualaﬁmuwm

10. ihldamamelundssganssmilaaldis simple direct smear

1. dususmensuaslinendfinuudniufinnanmsasia

snagaumeadsiasauiisuiiaunens

T#msnadau The Mann-Whitney U Test L BNAFDUANNLANAINTEW T IIUNENS NN
ildladn fudniiumsdrahwa hinda washdumey uagldmanasay One-Way ANOVA
ianagauanNLandassnunend Tudnafiodenuiithunsas 3 35 msmagaunt 2 nsdl nedau

@ @ o o @

N3zAUNBEIATY 0.05 01 P< 0.05 LAMINHANNUANGNDENNUHFIAYNINTDA
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fhagai 1 fnfilaidawy wendeanay (nematode) 31U 7 1 drudnfigralasuglunian
Winda wasihdumey WU nematode 31U 1 6, 1 6 uaz 0 61 MUARY

fhatad 2 Anfilaidrany nematode 319U 4 61 1 Ascaris spp. 119U 1 Wae dudniians
Tosurlunhuan whinde LLa:ﬁwﬁumay WU nematode MUIU 1 67, 0 A7 UL 0 67 NAIAU

thethefl 3 fnilaidawy nematode 31w 6 62 duidnignlasudlihia Winde way
ﬁﬁnmﬂy WU nematode MNUIU 1 617, 0 A WAz 1 I NAIAU

thethefl 4 fnligany nematode 1 1 62 dudnfigrlasudluthular thinde was
ihdumes liwumwens

thethefl 5 i lidanwy nematode 1w 5 62 dudinfigrlasudluthular thinde was
Whdwaey WU nematode 11U 3 6, 2 G uaz 1 ¢ MNAIFY

thethel 6 7 lidawy nematode 1w 3 62 drudinfigrlasudluthular thinde was
1hduansy wu nematode 1101 0 61, 1 6 uaz 1 G NG

thaghad 7 Enilaidany nematode 1 1 6 druinfisrlasudluinar hinde uaz
hdumey luwunens

thathaf 8 Enilaidawy nematode 31U 37 ¢ dwdniarlesurlinhia vinde was
1hduaney wu nematode 350¢ 3 6

thathaf o Endilaidawy nematode 11U 51 ¢ dwdniarslesuslinhwe vnde was
1hdwaney WU nematode 1A 20 61, 19 6 Udz 11 6 NFIEU

heehefi 10 fnitlaidnany nematode $11au 114 61 dwdnfigrelesudlnhua thinds uas

WNFNEYY WU nematode NI 13 61, 20 617 WAL 10 HI MNAIGU

MmN 1 Nwuwensnesanululugzszuninlyeunsannazaiunsaels Wila) Wnda waz

v
NNy
Y Taighs Sahulah SHahinde Sathduaney
MIBENN
nematode Tai nematode Tad nematode Tai nematode Tad
Ascaris spp. Ascaris spp. Ascaris spp. Ascaris spp.
1 7 0 1 0 1 0 0 0
2 4 1 1 0 0 0 0 0
3 6 0 1 0 0 0 1 0
4 1 0 0 0 0 0 0 0
5 5 0 3 0 2 0 1 0
6 3 0 0 0 1 0 1 0
7 1 0 0 0 0 0 0
8 37 0 3 0 3 0 3 0
9 51 0 20 0 19 0 11 0
10 114 0 13 0 20 0 10 0

FIUNBMINTIANENSUAIN TANHNMANDN NUIU 10 IBENN MBI 3 il Haunurnd lulea
TanamumaNn 2 a9l
Madai 1 WnHlaaNwy nematode 1UIU 16 63 1 Ascaris spp. MU 1 Wae dusnna

Tuian winde wasinduanay Wu nematode U 5 G, 3 67 WAT 3 67 IINAIOU
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fhaghadi 2 Enfilaidawy nematode $1uu 1 67 19 Ascaris spp. S 6 Was druindigraly
wlan tinde uasihduaey lawuwens

fhaehadi 3 EnTiladawy nematode 31U 8 61 19 Ascaris spp. S 1 Was shuindigraly
e 1hinde LLai‘J‘l}I'IE%INmEPQ WU nematode MUIU 0 67, 3 A UL 1 6 MUNAU

fhogadl 4 fndtlaidrawy nematode S 7 0 1 Ascaris spp. s11u 4 e daurinianslu
ihua hinde LLazﬁwﬁumag WU nematode UIU 0 67, 1 A UL 0 6 MUAIAU

haeheit 5 Eniilaidany nematode 10w 1 1 dhudniidluhia hinda uashdumey
Tdwuwens

fhatail 6 Tawuwendludniiliduaziniians

fhatail 7 fniilaidrawyu nematode 1w 8 1 T4 Ascaris spp. 1w 1 Wae dawiniansly
1hilah 1hinde uasihduamey Wy nematode 1 5 6, 0§ WAz 0 G MUAFY

hathsil 8 fniilaid ey nematode 10 1 ¢ dhudniidluhula vhinda uasihdumey
Taiwuwens

thaenaii o niilaidrawy nematode $1nu 3 1 dhudniidiluhia thinda uashdumey
Tiwuwens

fhaad 10 lawuwendludniilidauazdniians

MINN 2 nwunensnaanuluinmavand Ly unITa L EIUNTaNG8 1a) WInED was

v
nduaay
Y . Taishs S Hahuinde aywifwﬁumﬂy
MIDENN
nematode Tad nematode Tad nematode Tad nematode Tai
Ascaris spp. Ascaris spp. Ascaris spp. Ascaris spp.

1 16 1 5 1 3 0 3 0
2 1 6 0 0 0 0 0 0
3 8 1 0 0 3 0 1 0
4 7 4 0 0 1 0 0 0
5 1 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0
7 8 1 5 0 0 0 0 0
1 0 0 0 0 0 0 0
9 3 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0

diethipthadumanINesIaNENENaINMsaN S 10 Maths srehdn 3 #ile Wsududnd
Tailedhs Teduamumnsedi 3 aadl

fhagai 1 fnilaidawy nematode 1w 32 6 1ol Ascaris spp. 119U 1 Waa drudniians
Tushulah 1hinde LLa::ﬁyﬁuma"g WU nematode MU 1 M, 1 6 WAL 3 6 MINAINU

aeheil 2 fniilidwy nematode $10u 4 & drudniidsluthia inde washdumey
WU nematode MUIU 0 A, 1 A WAL 1 HI MNAAU

ghathait 3 Liwuwendludniilidhauaziniians

~ NIANSATIINENAFTATNITUNDNE

J oo A o
CEF QUUNLAY 1 NINYIAN - NUENEU 2558




Yy v 4 a a = " a & v ¢ o
msanEnZUSLaecy tieanUSnawensUudlou MNWUS d2aee oz

dhaehail 4 iniilaidiewy nematode $10u 2 @ drudniidsluihia dinde wasihdumey
Taiwuwen3

thaesil 5 {nillid 1wy nematode a8 6 dhudniidrlhular hinde uasihdumey
WU nematode NUIU 0 A, 0 A WAL 2 A MNAIAU

hagaii 6 Gniilaidany nematode 10w 5 1 dhudniidluhia hinda uashdumey
WU nematode MUIU 1 77, 0 A UWAL 0 M MNAIAU

Ghaeheit 7 dindilaidawy nematode $1nu 4 ¢ dudniidnlnhud hinda uwashdumey
Taiwuwen3

haeheit 8 Eniilaidany nematode 1w 3 a1 dhudniidluhia hinda uashduaey
Taiwuwens

fhatsil 9 fniilaid ey nematode 10 & @ dhudniidluhular hinda uasihdumey
Taiwuwens

thagnait 10 fniilaidany nematode 1w 15 61 dhudniidrsluhia inde uashdumey

Taimuwens

P ° Qd‘ v q' T Y v v v H 1 H =
MINN 3 QWH?uWﬂﬁﬁﬂﬂi?%WUiu@HIWBN%INNWHﬂTSﬁWQuaZNWNﬂWiaWQﬂﬁﬂ 1dan UILnae wag

v
Wduaey
Y .o Taighs Sahulah Sahinde Sathdumnesy
MIDENN
nematode Tai nematode T nematode Td nematode Tad
Ascaris spp. Ascaris spp. Ascaris spp. Ascaris spp.
1 32 1 1 0 1 0 3 1
2 4 0 0 0 1 0 1 0
3 0 0 0 0 0 0 0 0
4 2 0 0 0 0 0 0 0
5 8 0 0 0 0 0 2 0
6 5 0 1 0 0 0 0 0
7 4 0 0 0 0 0 0 0
8 3 0 0 0 0 0 0 0
9 8 0 0 0 0 0 0 0
10 15 0 0 0 0 0 0 0

il daieluihuninasaneEndamsdes L 10 Mate ethan s #ie Weutuind
Tailgga Tamamumnsadl 4 il

Ghaghail 1 finfilid 1wy nematode 1w 50 6 daudinfidrluhula iinda washduaey
WU nematode MU 17 A, 21 A UaL 7 A MUAAU

haehait 2 Gniilaidany nematode 11w 30 ¢ dhudinfidrsluhia hinda uashdumey
WU nematode MNUIU 4 77, 10 A WAL 0 A MNAAU

fhathai 3 HnAlade Wu nematode 1w 19 1 14 Ascaris spp. 3 2 Waa druinians
Tuwhulah 1hinda wasthdwmeywy nematode 911U 1 6, 1 61 wow 1 6 udIdu

hetheit 4 @nitlaidne wuld Ascaris spp. 31w 1 Wee drudniiarelutindar dinde
wasthdwaney laiwuwens
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dhaeheil 5 niilaidiwy nematode $10u 2 @ drudniidsluihia dinde wasihdumey
Taiwuwen3

dhathail 6 Fnfilidewy nematode 11U 6 ¢ drudniidrluhula tinde washduaey
Taiwuwen

Ghaeneit 7 Gniilaidany nematode S0y 2 1 dhudniidlihia hinda uashdumey
Taiwuwend

haeheii 8 Eniilaidrany nematode 110y 18 ¢ dhudnfidrsluhia hinda uashdumey
WU nematode MNUIU 0 A, 3 A WAL 5 HI MNAIAU

fhatail 9 fniilaidawy nematode 1w 45 67 14 Ascaris spp. 1 1 Wae drudniians
Twshulan 1hinda wasthdwaey wu nematode 1w 3 6, 2 & uaz 3 ¢ MudFY

fhathsil 10 fniilaid 1wy nematode 1w 11 61 dhudniidrluthalar thinda uasthdumey

WU nematode MUIU 0 67, 2 A7 UdZ 1 INAIAU

M3NN 4 Nwunensnesranvluluthunilydiunssuazuiunss e 1lal Wnds was

v
WdNaey
Y .4 Taigha Fhahuan sabunde dhathduan oYy
[N
nematode Tai nematode Tai nematode Tad nematode Tad
Ascaris spp. Ascaris spp. Ascaris spp. Ascaris spp.

1 50 0 17 0 21 0 7 0
2 30 0 4 0 10 0 0 0
3 19 2 1 [0] 1 [0] 1 [0]
4 0 1 0 0 0 0 0 0
5 2 0 0 0 0 0 0 0
6 6 0 0 0 0 0 0 0
7 2 0 0 0 0 0 0 0
8 18 0 0 0 3 0 5 0
9 45 1 3 0 2 0 3 0
10 11 0 0 0 2 0 1 0

dlahdagslunemeinasanensvdimsdnsnnu 10 degn dehdn 3 giie Weududn
filailagna Tduamuonaaii 5 il

dhaghail 1 dinfilidewy nematode 1w 15 6 daudinfidrluhular ihinda wazhduaney
WU nematode UIU 0 67, 4 A UL 6 A MUNAU

dhaeheil 2 niilidiwy nematode $10u 3 6 drudniidsluthila inde wasihdumey
Taiwuwen3

thaesil 3 dnitlaid ey nematode 11w 14 ¢ dhudniidrlhalar hinde uasihdumey
Taiwuwen

thaesil 4 fnilid ey nematode a3 6 dhudniidrluhula hinda uasihduaey
Taiwuwend

haeheit 5 Eniilaidany nematode 10w 11 ¢ dhudniidrsluhila hinda uasthdwmey
WU nematode MUIU 1 A7, 0 67 LT 0 A MINIAU

o oA Vv s o v ' a
MIDYNN 6 Nﬂ‘ﬂINaWQLLaBa’NINWUWEI’]ﬁ
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dhaeheil 7 iniilaidiewy nematode $10u 1 6 drudniidsluiila dinde wasihdumey
Taiwuwens

thaesil 8 dnitlaid ey nematode a1 61 dhudniidrlhula 1hinde uasihdumey
Taiwuwen

hagheit o Eniilaidany nematode 1w 9 1 dhudniidilihia thinda uashdumey
WU nematode MUIU 1 A7, 0 A WAL 1 §I MNAAU

Ghaehait 10 Eniilaidany nematode 1w 2 &1 dhudniidluhia hinda uashdumey
Taiwuwens

= o ad IR v ' v v ¥ R A ¥y
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Impact of Washing Procedures for
Reduction of Pesticide Residues in
Vegetables Consumed Raw on Numbers

of Contaminated Parasitic Worms

Tanongpan Satjapala Kanogwan Toonsakool and Kuntong Pednog
Bureau of Quality and Safety of Food. Department of Medical Sciences. Tiwanond Road

Nonthaburi 11000, Thailand.

ABSTRACT Raw vegetables are nutritious and healthy food owing to great source of vitamins, dietary
fiber and minerals. However, the consumption of raw vegetable without proper washing is an important
route in the transmission of parasitic diseases such as constipation, diarrhea, joint and muscle aches and
pains, anemia. Therefore, during 2556-2557 B.E., Department of Medical Sciences undertook a study on
the impact of washing procedures for reduction of pesticide residues in vegetables consumed raw on
the numbers of contaminated parasitic worms. Eight kinds of vegetables consumed raw and 10 samples
of each kind were collected to study for the changes of numbers of contaminated parasitic worms in
unwashed and washed samples. The samples of peppermint, lettuce, spring onion, garlic-like vegetable
Centellaasiatica (L.) Urb., celery, coriander and parsley were bought from the markets in Bangkok
Metropolitan region. Among washing procedures recommended to reduce pesticide residures in raw
vegetables, 3 washing procedures were selected. The selected procedures consisted of soaking for 10
minutes in water; in saline solution (15 grams NaCl in 4 liters of water) and in vinegar solution
(15 milliliters of 5% vinegar in 4 liters of water) and followed by rinsing with water. Sedimentation
Technique was used to determine the numbers of contaminated parasitic worms in the samples.
The results showed that all kinds of unwashed vegetables studied were contaminated with free-living
nematodes. One out of eight kinds of vegetables, the garlic-like vegetable, was not contaminated with
Ascaris spp. egg, while the rest were contaminated. Coriander was contaminated with Enterobius
vermicularis egg and parsley was contaminated with Taenia spp. egg. Mann-Whitney U test at significant
level 0.05 was used to analyzed the results of study. It was found that all 3 washing procedures
selected could significantly reduce the numbers of worm-type parasites contaminated in all kinds of
vegetables used in this study. One-Way ANOVA test at significant level 0.05 proved that there was no
significant difference in the numbers of worms after using 3 washing procedures in the same kind of
vegetable. The study revealed scientific proof that the 3 washing procedures selected could reduce the
numbers of worm-type parasites in raw vegetables with the same efficacy.

Key words: Washing procedures, worm-type parasites, raw vegetables
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human GAPDH @8 10° az 10 copies Muaeu ssnsaasamseadesnluudazatzdles 10° copies waz
IN5OATIIMSAAEDIIN P. falciparum uaz P. vivax f8ad1nuanaeiusing 100 copies @9 10,000 copies 16
Wlarudetuunsmmiuisgiadan msanminuiimaiia multiplex PCR INanniuaansansiams
fodamnadeldai s dessaualizd mligihelasumssnmagagnedss mfaflumediaiihadamsinluly
asadansaslungulsznnsmnalvavialilumemnuiifimssznesadlsn
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UNU

lsmnarGationnmsdaiie Plasmodium Fulludsdawasien fgenulasadumne Ussans
Jaear 36 2a9UszInsIN 90 Uszmamlanandeagluvinanimsunsnszansvadsnnalss dmsu
Uszndlnawudanmsthauszamanfiunlingiuawat w.a.2539 Wudusn lasunaswsudsmnaizaag
o ' v o A o ° v ' ~ o~ P A
vinathneuauzesdssma Jamannueitheannunn loun waigeassau mn mayauy3 915y5 Ussaudstus
52UB 32U 0910 wazaunys © laemludie Plasmodium Nnalsaluaud 4 aU3d leud P. falciparum,
P. vivax, P. malariae waz P. ovale lulsanalnagannuinifuzsiia P. falciparum woz P. vivax
[ d'd = a v 3 o N o v a wva 1 4 . .
mMssnmlsaniivssansandesardenanisasianuunalddanniesjudns wu msld primaquine
lumssnwn P. vivax uaz P. ovale uananilmn@oda P. falciparum Fianuguuswsilsn msasa
° ﬂqed'cuvlq o o (2) aa wI u';vl’ﬂe[’mq- v ¢ o .
Nuunadddnauhiienudangunn® msitadelesmldldisdesndssgansseniiuun Plasmodium
& N ' &) ands P 4 vl o o & a a o
M 4 dUFF uwadwisnaudesussnuuasdaesmsgniinneegs vennniiaadfiaanuiawaialumsiuun
B P4 dlﬂ' a = o Vv G| a a d‘y ' 1 =) n’(s) cu U = o g a
dUzdnsaindsdaiinnuipevsaiansaoaininnni 1 dUEd” nndaymasnanidinsiauninaiie
polymerase chain reaction 3179513305129 Fnwuhdenuhuazanuauwzgs udamaie wu
nested PCR uaz hybridization fienugudaunazaasldszazia luns@nmiFelawauinaia
. £ A a 4 ° N ¢ S [N < P v 1o
multiplex PCR Zutiaasiamsfaauaziuunaldans 4 lasdnasainniadiuasianugnasauaiue)
annsahindszandldmadasljudmslaaaly

1. Mi3tm3an DNA 2849 parasites

Panel parasites e‘?;qﬂszﬂawi”mﬁaas;iwL%yaﬁﬁmmwmmiuqmawfw A8 200 parasites/pl, 5,000
parasites/ul wae 500 parasites/ul, 5,000 parasites/ul ilaﬁL%ya P. falciparum uaz P. vivax Muaau
annt;jaﬂL%yaiuﬂszmﬂlwa%ﬂﬁ%’ummmémesﬁmnﬁwﬁ’ﬂ‘[iﬂamiaﬁﬂmmmaq nsnauanlsa Taamsmen
anumnuiuredarhlagnstusuudesnnmsiaies deafl dunungedaudeddueh Taagae
nﬁaqqamsiﬂﬁﬁﬁﬁmmﬂ x 100 Tu field ¢h99 3eilifin@anz1 (White Blood Cell: WBC) 52uu

[

Taignn 200 1 waNKaN AN UIUAEL

NI parasites Tuszazlufiwaniule x Muau WBC/ul*

o o v o = parasites/ul
Nnuiadaemnulae

*sunu WBC/ul Uszanauaniu 8,000 cells/ pl®

MMse3an DNA 910 panel parasites ‘ZIBQL‘??E] P. falciparum ez P. vivax ‘?immwmmiu
zjﬁi 5,000 parasites/ul 1 P. malariae uaz P. ovale {{lunsdiiwumsaaiaiasinn sehmsdauasc
#uUSoe 18S small subunit ribosomal RNA genes (azd54 recombinant plasmid DNA naunit DNA
fatonnidaadiafludunulumsdnm dau negative control ldnnidaauasguinalafinfifqumnd
TiflszSanadamnmise

1.1 M3ann DNA 1ndanmanaann

ana DNA zasUsananaiegiaudan 200 pl logld QIAamp blood kit (QIAGEN, CA)
Jumpumueiianandtn nnduazans DNA fisdald ¢ AE buffer 200 pl 1fiudaghe DNA @l -20°C

aunMazih LUl nu

N3NNI ENFASNTUNWNE
AUUNLAY 1 NINYIAN - NUENBU 2558




Development of Multiplex PCR for Plasmodium Species Detection Panadda Dhepakson et al.

[ < @ [] a .
1.2 M3anm DNA 2nnsemunualag1aanstin FTA Elute Micro card (Whatman,
GE Healthcare Bio-Sciences Corp., USA)
aa < o ] = o o ] N a v a v
Bnsiiuimegidaauunszmwinlaggadiadudanliines 20 pl aretilauaivaauu
& W ' = & 2 v v Yy = ' o ¥ 4 & @ o ' val a v
nszawiumaddan asnalildudsuafuldgasnumniamsainuinmaiatielangumngiivias
4" v e YV k4 ) Cd o | |
Wadaamsaia DNA Mnnszaeldmimzamnadurgudnaly 3 mm @enszoudiagNas 5 wldadly
¥88@ microcentrifuge tube aMINNAUUNANNTIUIINAT 500 pl laaldiadas vortex asvas 5 I
U 3 AN udgeinnauin lahnaudnannde so pl ilvldanusauiaamai 95°C wu 30 wiil
DNA azagludinaa gadiatn DNA fiufi -20°C

2. MINAFAUANINIINZUDY primer 11411501513 genus Plasmodium wazailidlagds single PCR
2.1 primer ildna genus Plasmodium wazaUad

1614 primer MM sANENYBY Snounou G wazane™ ¥ W lFlumsdnw lagi primers

MMAFBUANNIIINEADITALazaTTdN 4 289da Plasmodium unu3tial 18S small subunit ribosomal

RNA genes logld DNA template ilaan panel parasites ﬁﬂﬂuaﬂ%ﬁﬁamﬁaﬁﬂw%’u L%a P. falciparum

waz P. vivax a@W P. malariae uaz P. ovale 14 recombinant plasmid DNA Tmﬂﬁagawm primers

dl L4 e d‘
‘Vﬂ?fLLﬂﬂQﬂQ(ﬂ']iN‘Vl 1

#5199 1 PCR primers Tumsasiamsdaainanss 210 Snounou uazapz™ ®

Primer Sequence (5' > 3') Amplicon size Target gene/species
Genus for TTAAAATTGTTGCAGTTAAAACG 1100 bp 18S rRNA gene/
Genus rev CCTGTTGTTGCCTTAAACTTC Plasmodium sp.
Pf for TTAAACTGGTTTGGGAAAACCAAATATATT 206 bp 18S rRNA gene/
Pf rev ACACAATGAACTCAATCATGACTACCCGTC P. faleiparum
Py for CGCTTCTAGCTTAATCCACATAACTGATAC 120 bp 18S rRNA gene/
Py rev ACTTCCAAGCCGAAGCAAAGAAAGTCCTTA P. vivax
Pm for ATAACATAGTTGTACGTTAAGAATAACCGC 145 bp 18S rRNA gene/
Pm rev AAAATTCCCATGCATAAAAAATTATACAAA P. malariae
Po for ATCTCTTTTGCTATTTTTTAGTATTGGAGA 787 bp 18S rRNA gene/
Po rev GGAAAAGGACACATTAATTGTATCCTAGTG P. ovale
GAPDH for ~ GAAGGTGAAGGTCGGAGTC 296 bp Human GAPDH

GAPDH rev GAAGATGGTGATGGGATTTC
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2.2 mmﬁmﬂ%mmmsﬁuqn‘sm
drudsznavraslfisentsines 25 ul Usznaume 10X PCR buffer 2.5 ul, dNTP mix
0.2 mM each, forward primer 0.25 uM, reverse primer 0.25 uM, MgCl, 2 mM, template DNA 5 pl
iaz High Fidelity PCR Enzyme Mix (Fermentas) 1.25 units 1311,?“1'1Lﬂ%'amﬁ'mi’mmmsﬁuqnisu (PTC-
200, MJ Research) lagldanzuasdfjnsen §9il 95°C 10 Wil 1 S0V g 35 58UYBN 95 C
30 T, 58°C 1 Wil wag 72°C 1 WH muee 72 °'C 10 WH IALViNaae 2.5% agarose gel

electrophoresis Waz#auee ethidium bromide

3. MINauINAlA multiplex PCR
3.1 Maeesseanduuuinaaiia

MM3te3eN PCR product nmsla@ primer fiswnzaa genus Plasmodium, P. falciparum,
P. vivax uaz human GAPDH (61’1‘5’1\1"7% 1) ﬁmu%'auﬁ'u pGEM-T easy vector (Promega;
Medison, WI) LLa::dWEIL“ﬂ"]é E. coli eadanlaaulaeis Ampicillin positive selection system az3d
colony PCR &1® recombinant plasmid DNA QﬁﬂiﬂauﬁﬁlﬂLﬁaﬂlﬁlﬁ'ﬁﬂ QIAprep Spin Miniprep kit
(Qiagen, Germany) {ly'umaumu@jﬁawaw%ﬁ'w lunsdiues P. malariae uas P. ovale ldannmsasdansizy
DNAluduzes 18S rRNA gene finwzdaailddlasidonaglu pBSK vector

3.2 m'smamazﬁmmzaﬂumsmwn"l‘sﬁm%a Plasmodium sp.

MMINAanaiam annealing temperature usnzanlogld genus Plasmodium-
recombinant plasmid 48z human GAPDH- recombinant plasmid it 10° copies Liu templateluljAsen
25 pl didsznauuazanzUizenaaisnmsds 2.2 nedauaMn)NFN annealing temperature 55¥IN
49.4-66.1 'C lag5u genus-specific primer 482 human GAPDH specific primer 1’3‘luwaaﬂﬂﬁﬁ%m
{AENNU

3.3 mymanmimanzanlunsanamslddinnde

Mmsmanefivnzaiiamsns1amnailsd Tnamsls recombinant plasmid DNA g
mww:waqaﬂ%ﬁﬁ% 4 (P. falciparum, P. vivax, P. malariae uaz P. ovale) 8898 10° copies v template
TuUiAsen 25 ul Taesaw species-specific primer W 4 sudd [Tlunasnuiisendotu wasmanny
‘7;mmzauiﬂﬂmswﬂamﬂ%’udwﬂsznauuasamazwmﬂﬁﬁ%mmﬂmﬂﬁﬂ PCR fluansdiata 2.2 lagusuld
S MgCl, i 0- 4 mM Usuldgaumgiidn annealing temperature it 49.4 - 66.1°C wazUSuUSina

primer 91 0.25 - 0.6 pM  UAIAALFDNFIUUITNDULALTNILINANZFNNINHANITNAB D

4. mimﬂ‘%mmmiﬁuqnsmﬁﬁaﬂﬁqmﬁ‘i% multiplex PCR #57aWu (Limit of detection)

MN5LA38N recombinant plasmid DNA Lﬁﬂiﬂumi%ﬂaau‘[ﬂﬂmiﬁ‘l recombinant plasmid
DNA udazziiasnidaaliiianudniuszwing 10'-10" copies/ul tivaldiilu template Tumsmiu3anaens
ﬁ’uqﬂssuﬁﬁaﬂﬁqmﬁmminmnwu 1um30573 genus Plasmodium waz human GAPDH M301533)
o 4 dU3d wazmsiadesiusewin P. falciparum uaz P. vivax ludadwiiuandeiu Tagldugase
multiplex PCR lugameimanzanannuamsnaaaslugd 3.2 uas 3.3
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a & . 3 gy (Y ] -~

5. M3ATIANSAAEe Plasmodium uasiuunaddlumiasradan

° . . . A vo r's o @ a [

11 panel parasites 284 P. falciparum s P. vivax wlmummmgmewmnamﬂkﬂmma
ilaguusy NeNNMIILLLYBUEBAMAD 200 parasites/ul Waz 500 parasites/ul MIAIAU NN
uvunszms FTA Elute Micro card MlULUULENNY WazNaNAUINBNATBUMSANEBIINTENIN
P. falciparum uaz P. vivax uazinmsanen DNA Mnnseomuduesds 1.2 dadNaz 3 91 waii) DNA
Nanaleanasianizalagis multiplex PCR AWaNnzu

We

1. NAFAUANNINILYRY primer UNI7523 genus Plasmodium wasalU#dlasis single PCR

?\]’lﬂﬂﬁ‘m‘j’sﬁlﬂ’lia@L‘%ﬂu’lmﬁﬂiﬂﬂ single PCR Togld primer aMuMINR 1 wuh PCR product
nnmMs ¥ Plasmodium genus-specific primer ol LLamanSam%ya Plasmodium sp. #3116 1100 bp waz
sansanuunatddng 4 1alasld species-specific primer Faudawune PCR product fiuaneaiuda
P. falciparum 911e 206 bp, P. vivax 2116 120 bp, P. malariae ¥11a 145 bp e P. ovale 2u1a 787 bp
(mw*?'; 1)

1006 bp

508 bp

308 by

200Dbp

108 bp

WA 1 PCR product Atiinshunuan DNA afaandathadaaimnualiddnaadslunmsasiam genus
Plasmodium (genus), P. falciparum (Pf) uag P. vivax (Pv) w82 recombinant plasmid DNA a4
P. malariae (Pm) uwaz P. ovale (Po) Iﬂﬂ‘ﬁmﬁ 1 @8 100 bp DNA marker ﬁm‘ﬁl 2-6 @ PCR product
204 genus Plasmodium (genus), P. falciparum (Pf), P. vivax (Pv), P. malariae (Pm) taz
P. ovale (Po) muaau
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2. MINmUInAlA multiplex PCR
2.1 MItA3aNIANTUUUTINAIFHA
nnmslaau PCR product d1uwes 18S rRNA gene fis1nzia genus Plasmodium,
P. falciparum, P. vivax w82 human GAPDH Tagnsidaniu pGEM-T easy vector §7u1@
recombinant plasmid DNA AU 4115 bp, 3221 bp, 3135 bp Wwaz 3241 bp MuaGU d2u P. malariae
waz P. ovale L?}auagﬂu pBSK vector #2110 3008 bp uaz 3647 bp museu Funlile recombinant
plasmid DNA tiial#iilu template Tumswann multiplex PCR (mwil 2)

10000 0p

S0000p

4115bp

We00p 3221bp

3135bp 3008 bp

1080 hp

40%p

MW 2 recombinant plasmid DNA fil#fudunulumsdnw fagesdl 1 #o 1 kb DNA marker
Faei 2-7 fo genus Plasmodium-recombinant plasmid (pGEMT::genus), P. falciparum- recom-
binant plasmid (pGEMT::Pf), P. vivax- recombinant plasmid (pGEMT::Pv), P. malariae- recom-
binant plasmid (pBSK::Pm), P. ovale- recombinant plasmid (pBSK::Po) 82 human GAPDH-
recombinant plasmid (pGEMT::GAPDH) muaau

2.2 msmamazﬁmmzaﬂumsmnmiamﬁa Plasmodium sp.

mnmi‘mama:‘ﬁmmxaﬂmmaauqmmﬁﬁw annealing temperature 5¢%#IN 49.4-66.1 C
wawuhgamRfiiinann 49.4°C 4 58.8°C yilsi@sawu PCR product fiszyn3 genus Plasmodium uas
human GAPDH ‘7;1.7734%’61Lauﬁuuaxﬁ'ﬂmuﬁqﬂﬁqmwgﬁ 56.1-58.8 C LLG}'LﬁaqmwQﬁgﬁq 64"C (Uueuly
92057318y PCR product 284 Plasmodium genus-specific primer wiaasialinumsoaia vaeh
qmwgﬁ 66.1°C az@5alaiwu PCR product 289 human GAPDH- specific primer (mw*ﬁ' 3A) é’qﬁu
ManAaasIaEanammgiisns annealing temperature @ 58°C wlddmiuanamatadamnaiis Tasl
human GAPDH (iu internal control
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2.3 mMsmannsimanzanlunsaamalddnonida

]
o a

mamanmzimngaulumsanamalidiandeldnadauanuidudues MgCl, sswi
0-4 mM wamsnaaaswuUfaseniily MgCl, aMuaNgy 3 mM gansoLiins I PCR product
w4 sEdlalumaander (Mwi 3 B) uazilenaaaeSu annealing temperature 5219 49.4-66.1°C
diald MgCl, fienndndy s mM Wuiwﬁqmwgﬁ 61°C ¥ species- specific band W 4 fiso@udy v
msnaaslSulsane primer NaNuEuguszuig 0.25-0.6 UM Lilald MgCl, fienndagy 3 mM uaz

. a ° & [~ Py v v
annealing temperature 1 61°C 11U laiinucanmsnaassniuana (liuaaeeansnaas)

€ genus Plasmodium :

1100 bp

<€ human GAPDH :

226 bp
B
1000 bp ==
< Po : 787 bp
500 bp ==
— Pf :206bp
S & Pm: 145bp
100 bp = Pv : 120 bp

mM MgCl, 0 1 1.5 1.75 2 2.5 3 4

i 3 manedeudangivainzanaasljisen multiplex PCR ila A Aomanaaaugamgiizag
annealing temperature luﬂﬁﬁ%ﬂﬁmiaﬁlﬂﬁiaﬂl,%a genus Plasmodium ‘ﬁfl human GAPDH {lu
internal control Iﬂt’l?j'm“?; 1 @8 100 bp DNA marker "zfi:N“?; 2-9 @9 annealing temperature 17; 49.4°C,
51.2°C, 53.5°C, 56.1°C, 58.8°C, 61.5°C, 64 C uaz 66.1'C mMuaau waz B Aanmsnagdaulisna MgCl,
TuUiAsenmans1aatdd Taedesdi 1 #e 100 bp DNA marker 2asfl 2-9 fia MgCl, fienudagiy 0 mM,

1 mM, 1.5 mM, 1.75 mM, 2 mM, 2.5 mM, 3 mM waz 4 mM muaaU
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3. nﬁmﬂ%mmmsﬁuqmwﬁﬁaﬂﬁqmﬁ’i%’ multiplex PCR #1330y

dlavhmanFinamsiugnssuiiiasiigaii’d multiplex PCR asawuld Taamsidoan genus
Plasmodium-recombinant plasmid tt82 human GAPDH- recombinant plasmid wuduﬁﬂ%’qmw{]ﬁ
annealing temperature ﬁmmsauﬁ 58 C ﬂ'%mmmsﬁuqmsuﬁﬁ'aaﬁqﬂﬁmminmmwu genus
Plasmodium waz human GAPDH @8 10° copies W&z 10 copies MUAAU (mwﬁ 4 A) w8z multiplex
PCR lumsasiaatidd Tasmsldaniziimanzay ao MgCl, #0uEuTy 3 mM waz annealing
temperature #i 61 °C wuhFmnmumswugnssuifasiigaiinsaaauns 4 ailFdlddaii 10° copies
Tuusazatldd (mwil 4 B)

genus Plasimoditum :
104 by

L100bp

S bp

e human GAPDH ;
226 bp

1 10 50 107 10 19"  No. of gene copy nmmber

T b e

Po : 787 bp

e Pf : 206 bp
= &= Hgh

1w 1w No. of gene copy number
Wi 4 manUBinaansiugnssuiipsiigaiis multiplex PCR sansoasald s A AaUfAzenase
¥ genus Plasmodium 8¢ human GAPDH Toedasii 1 #9 100 bp DNA marker Jasii 2-7 fa genus
Plasmodium-recombinant plasmid (8 human GAPDH- recombinant plasmid 13aa 1, 10, 50,
10%, 10° w8z 10 copies Muaeu waz B faUfdsenmsnsinsilddng 4 veuds Plasmodium #e

P. falciparum (Pf), P. vivax (Pv), P. malariae (Pm) waz P. ovale (Po) Togzaed 1 @9 100 bp DNA

1
o ¢

marker %847 2-6 Ad recombinant plasmid DNA 73 4 dU3d niUSunaatidas 1, 10, 10% 10° way 10

copies MUY
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wananiilanagaulunsdiiomstndasinsznin P. falciparum waz P. vivax dailuatiad
ﬁizu1ﬂ11!ﬂ‘ixmﬂ1‘ﬂﬂ M5Naaasld P. falciparum-recombinant plasmid 17; 10" copies Tﬂmﬁ'mhmu
P. vivax- recombinant plasmid G.?QLLGI' 1-10° copies wazld P. vivax- recombinant plasmid il 10*
copies T@aLﬁmﬁu'au P. falciparum- recombinant plasmid G?QLLG]' 1-10" copies KANIINADDILAN

4 Yt

TAfiunmedia multiplex PCR 1305005290 UN 2 dU3d wlfiuSinamsfin@auanedeny 6ansnaasd

]
Jal o W !

aanualddnduaiuisenaud 10 copies i ldatEdntidadiuanni 10 copies (MWH 5)

LHID bp

500 bp

PI: 206 bp
Pv: 120bp

200 hp

100 bp

Pv: 1 10 100 100 107 Pi: 1 10 107 108 19¢  No.of
sene copy

PI: ' Py : "W W P
mmnmber

M 5 managauenulzaunaia multiplex PCR IumimmmsamL%yas'amwiw P. falciparum oz
P. vivax (ia #oefl 1,7 @8 100 bp DNA marker %a9#i 2-6 Aa P. vivax-recombinant plasmid (Pv)
i 1, 10, 10% 10° W@z 10" copies MNAIAU dia P. falciparum-recombinant plasmid (Pf) tvfu
10* copies uazdeeil 8-12 fn P. falciparum-recombinant plasmid (Pf) ii 1, 10, 10°, 10° tt@z 10" copies

MuAIAU e P. vivax- recombinant plasmid (Pv) t¥Nu 10* copies

4. M3AAMAAEe Plasmodium waziuunailadludiadadan

nnmsihineiia multiplex PCR 114 2 Uﬁﬁ%muﬂ%ﬁ’uéﬁaﬁwLﬁamﬁmaauﬁwuﬂszmw FTA
Elute Micro card W luuuuuenatlid wasnaniusswing P. falciparum uae P. vivax WamsosIany
msfaide genus Plasmodium TuvapaufAsenusnns 3 dathauazhuunailddlaacnagnaasdiavaan
ﬂﬁﬁ%mﬁ 2 #@samwy PCR product 2u10 206 bp LEPIEIMSAaLEe P. falciparum, PCR product
UM 120 bp u,amﬁqmsam%ya P. vivax wazénagheiinsiany PCR product ﬁgmmm 206 bp waz 120 bp
Usuaniamsfa@sinsevig P, falciparum wag P. vivax (mwﬁ' 6) Faldhmsnaasssiuay s $lag
HaMINAaailalaiuaneaiy
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1808 bp Genus Plasmodium
: 1100 bp
500 bp
human GAPDH : 226 bp
260 bp Pf: 206 hp
Pv: 120 bp
100 bp

Ny

NN 6 WaNIAMSHATEE Plasmodium wazuunaladaamaiia multiplex PCR ludiathadaaiiiu

uunsza e FTA Elute Micro card laa
a9 1 A8 100 bp DNA marker
%N 2 A8 panel parasites 284 P. falciparum (Pf) ﬁ@l‘i’sﬁliﬂﬂﬂaaﬂﬂﬁﬁ%mmﬁﬁmﬂ genus

Plasmodium
Jait 3 @@ panel parasites 289 P. falciparum (Pf) 17'1'maaf[mwaamﬂﬁﬁ%mmnma’ﬂ%ﬁ
Jasit 4 @ panel parasites 284 P. vivax (Pv) ﬁmm‘[ﬂwaamﬂﬁﬁ%ﬂminm genus Plasmodium
409l 5 Ao panel parasites 284 P. vivax (Pv) ﬁmin‘[ﬂwaamﬂﬁﬁ%mmnmaﬂ%&
ﬁa\ﬁ‘i 6 A8 panel parasites 284 P. falciparum (Pf), P. vivax (Pv) ﬁmsam‘[mwaaﬂﬂﬁﬁ%mmmm
genus Plasmodium
da9il 7 @ panel parasites 203 P. falciparum (Pf), P. vivax (Pv) ‘7;maafl,mwaamﬂﬁﬁ%mmmmaﬂ%ﬁ
dosit 8 Fo (Besasguinalafiafifiqumndiinnalasveoajizeasiam genus Plasmodium
dosit o Fo (desasguinelafiaiifiqumndionalesvasaUjismasamaidd

a 4
AT

a ¥ a . . a & . ° v
Tuadanslaimaiia polymerase chain reaction 9539M3@aza Plasmodium gmhanldiiie
v aa v v 2 a & acaa ] o TN Y o W v N
M3aTameisdasnasslinaay asnnmaiin PCR ({uisniianuusivengs udidannanargatis
= = o k4 o %’ = 3 | 1 o ] <~ o Vv a vVa
wallafienugudou aunseluazineniinmas numenulidazainlumspudimaiadaalugwiselficns
ustagiugunsaluazinendinmgnas yaansienuimuiiluanamnndurlv PCR lildmaiianzudau
andall lasmAeillanannmsasiaiannsannametadaafitiuuunssanmiuidansiin FTA Elute
Micro card 1§ 3eazanadamsiiusnumuazaudeiiae
NNATAMe PCR fivianananeiii  real-time PCR Wudnmadennilslumsasiamnaisedn
T¥ina10157 Sansensudeszau DNA copy number la uazlidasnsianace gel electrophoresis uamatinil
gunsaliassdiadinmgunnuazinenneunaiiaiisuiumnaiia PCR du wenanil Lee PC uazanz"®

WuNWAHA multiplex PCR N lawannzuiinnuwiuginii real-time PCR Tumsasiadwunatlddnansal
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Development of Multiplex PCR for

Plasmodium Species Detection

Panadda Dhepakson Pantida Treeyoung Sakulrat Soonthorncharttrawat

and Anicha Luengchaichaweng

Medical Life Sciences Institute, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000
Thailand.

ABSTRACT Malaria affects 300 to 500 million people annually worldwide and causes over 1 million
deaths. In 2013, approximately 29,317 cases of malaria were reported in Thailand. Identification of the
human malaria parasite species is important for early treatment of disease. In this study, multiplex
PCR was developed by modification of technique described by Snounou et. al. The PCR reactions were
optimized and determined for limit of detection. Then the developed method was applied for detection of
parasites in sample with mix infection and eluted sample from collection card. The optimized condition
had the first reaction for detection of genus Plasmodium using GAPDH as an internal control,
the second reaction for identification of Plasmodium species, P. falciparum, P. vivax, P. malariae and P. ovale.
The results showed the limit of detection for genus Plasmodium and human GAPDH at 10° copies and
10 copies, respectively. And the limit of detection for all four species was 10° copies per Plasmodium
species. Furthermore, the multiplex PCR has shown ability to detect mixed infection of P. falciparum and
P. vivax at detection threshold of 100 per 10,000 copies for the minority species of infection. In addition,
this technique can be applied to blood sample on collection card. The results indicated that the developed
multiplex PCR was a useful tool for species identification resulted in correct treatment. Furthermore,

the method could easily be developed for mass screening and field surveillance.

Key words: multiplex PCR, Plasmodium sp., malaria detection, recombinant plasmid DNA

N5 INSNAINNAFASMSUNNEG (7,
AVUNLAY 1 NINYIAN - NUENEY 2558 0



ANUsAURUU 2 NSNINY W 2558 AUUNLAY 1 : 102-114

Establishment of RT-PCR and Real Time
RT-PCR Assays for Diagnosis of
Nipah Virus Encephalitis

Atchariya Lukebua Athiwat Primsirikunawut Patcha Incomserb
Sirima Pattamadilok and Pathom Sawanpanyalert

National Institute of Health, Department of Medical Sciences, Tivanond Road, Nonthaburi 11000, Thailand

ABSTRACT: Nipah virus (NiV) still remains a public health problem in Asia after its first outbreak in
Malaysia during 1998-1999. NiV-associated encephalitis is known to cause a high mortality rate
because of no specific treatment. Laboratory investigation for NiV infection, therefore, plays an important
role on care, prevention and control. To strengthen laboratory capacity and capability on NiV diagnosis,
we have established detection methods for NiV-associated encephalitis diagnosis which are Reverse
transcription—polymerase chain reaction (RT-PCR) and Real time RT-PCR. The techniques aim to
detect N gene of Nipah virus. Our study demonstrated that the limit of detection of RT-PCR and Real
time RT-PCR assays was 10° copies/reaction and 10° copies/reaction, respectively. The assays were shown
to be specific for NiV only. Determination of NiV in cerebrospinal fluid (CSF) from 30 patients with
encephalitic symptoms found negative for N gene, suggesting that at present there is no Nipah infection
in Thailand.

Key words: Nipah virus, RT-PCR, Real Time RT-PCR
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Introduction

Nipah Virus (NiV) has been recognized as a zoonotic paramyxovirus that is a causative
agent of highly fatal and febrile human encephalitis.””’ It was firstly emerged in Malaysia
during September 1998-April 1999. The virus was identified and further named after the village
that the outbreak occurred.”>** The natural reservoir of NiV is presumed to be fruit bats of the
genus Pteropus. Pigs are the primary animal species affected by NiV infection of which direct
contact or ingestion of objects or materials contaminated with urine, feces or saliva of infected fruit
bats are major routes. > Moreover, the virus can spread among pigs by direct contact and by
aerosol. Human and other animal species become infected by having close contact with sick pigs or
objects contaminated with the virus."” Human illness can vary from no signs to death. Flu-like
symptoms, such as fever, headache and muscle pain, vomiting and sore throat are initially seen,
and may possibly follow by neurological signs such as disorientation, dizziness that indicate acute
encephalitis. A case-fatality rate of 40% was reported during the outbreak in Malaysia."” *'®
Subsequent outbreaks were widely reported in Southeast Asia such as Singapore, India and
Bangladesh.”

Human-to-human transmission of NiV was also documented during the outbreak in
Faridpur, Bangladesh. The transmission was occurred through close contact with people’s secretions
and excretions.®'” Additionally, transmission of the virus was also reported within a health-care
setting, where 75% of cases occurred among hospital staff or visitors in Siliguri, India.®®
Furthermore, recent cases of NiV in Bangladesh, have revealed person-to-person transmissions.
It was thought that the outbreak initially started when children ate fruit contaminated by saliva
and urine of fruit bats.” Moreover, there were reports of positive detection of NiV antibodies among

d“"*'®, suggesting a possibility of human infection in Thailand and

bats in Cambodia and Thailan
its neighboring countries.

It has been known that no effective treatment and vaccine are currently developed.
Intensively supportive care with treatment of symptoms is the only approach to managing the
infection in people.®” Laboratory investigation is, therefore, highly important for NiV detection
in responses to public health concerns. Several technics can be used to diagnosis of NiV infection
such as virus isolation, immunohistochemistry, electron microscopy, serum neutralization, ELISA,
polymerase chain reaction (PCR) and sequencing. Each method has limitation and requirement
on performance.

Nipah virus is classified as a hazard group 4 or Biosafety level 4 (BSL-4) pathogen,

t1? require biosafety level 4 laboratory.

therefore, virus isolation and serum neutralization tes
In addition, there are no commercially viral antigens available for ELISA method. It is then
suggested that samples preparation and RNA extraction can be performed in BSL-3 laboratory
with the highest level of personnel protective equipment (PPE) according to biosafety and
biosecurity rules and regulations.”” *>?” PCR and real time PCR methods can be conducted

in a molecular laboratory. Owing to the fact that National Institute of Health (Thai NIH) of
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Department of Medical Sciences plays major roles on detection of emerging and re-emerging
pathogens affected Thailand public health and security concerns. Hence, laboratory preparedness
for NiV infection is essential at Thai NIH, the national reference laboratory, according to
International Health Regulation 2005 (IHR 2005). The present study was aimed to establish

diagnostic methods for NiV encephalitis in humans.

Materials and Methods

Preparation of standard Nipah RNA (N gene)

Plasmid DNA, containing Nipah N gene region, was purified using the Invitrogen
Endo-free Plasmid Maxi Kit (Cat. no. 12362). One ug of template DNA was required for one
reaction (20 ul) of transcription reaction (using MEGAscript kit; Ambion, Cat. no. 1334). One
reaction mixture was consisted of 1 ug of DNA template, 2 ul of ATP, CTP, GTP, UTP, 10x buffer,
enzyme mix and nuclease free water. An amplification cycle was 37 'C for 4 hrs, followed by
4°C forever. DNAse (1 ul) was added into a reaction tube after completion of amplification cycles
and further incubated at 37 C for 20 min. followed by 4 °C forever. Removal of unincorporated
nucleotides and buffer from transcription products with the MEGA clear kit (Ambion, Cat. no. 1908)
was done according to the manufacturer’s recommendations.”* RNA transcripts were further used

to establish RT-PCR and real time RT-PCR assays for NiV infection.

Estimation of RNA concentration and copy number

RNA concentration was measured by Nanodrop. The RNA preparation was considered as
protein-free where the OD260/280 ratio was higher than 1.8. In this study, concentration of RNA
is 1,356 ng/ul. Calculation of copy number was based on the formulas: Molecular Weight (MW) of
1 mole of RNA = number of base pairs x 340 Daltons/base pair = X g. (340 Dalton is the average
MW of ribonucleotide monophosphate). The number of molecules of the template per gram
was calculated using Avogadro’s number (6.022 x 10”° copies or molecules/mole). Avogadro’s
number/MW = copies/g

Copies/g can be converted to copies/ag by dividing with 10"

One ag contains approximately 1 copy of transcript."*

Determination of detection limit of NiV by RT-PCR assay

Serial (ten-fold) dilution of standard RNA stock (10'? copies) with nuclease free water
was done to obtain working concentrations of 10° to 10° copies/ul. Reverse transcription polymerase
chain reaction (RT-PCR) was performed with the One Step RT-PCR kit (QIAGEN, Germany).
Forward and reverse primers, provided by US-CDC, were NVNBF4 (5°~-GGAGTTATCAATCTA-
AGTTTAG-3’) and NVNBR4 (5°-CATAGAGATGAGTGTAAAAGC-3’), respectively. RT-PCR
was performed in a 50 ul reaction mixture containing 5 ul of RNA sample, 1x reaction buffer, 0.4

mM dNTP mix, 0.2 uM of primers, 0.2U RNase inhibitor and 2 ul of Enzyme Mix. Thermal cycling
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conditions were 50°C for 30 min., 95 C for 15 min. and 40 cycles of 95°C for 30 sec, 55 C for 30 sec,
72°C for 1 min and 72°C for 10 min. Reaction products of 203 bp were analyzed by 2% of agarose

gel electrophoresis and ethidium bromide straining"®.

Determination of detection limit of NiV by Real time RT-PCR assay

The real time RT-PCR was performed with the SuperScript® III Platinum® One-Step
Quantitative RT-PCR System Kit (Invitrogen, USA). The real time RT-PCR reaction, performed
for 25 ul, was tested in duplicate using

NVBNF2B (5’-CTGGTCTCTGCAGTTATCACCATCGA-3’) and

NVBN593R (5’-ACGTACTTAGCCCATCTTCTAGTTTCA-3") as forward and reverse
primers, respectively. NVBN542P (5’-CAGCTCCCGACACTGCCGAGGAT-3") was used as a probe,
labelling with a fluorescent reporter dye, 6-carboxy-fluorescein (FAM), and a non-fluorescent
quencher, black hole 1 (BHQ1), at the 5’ end and the 3’°, respectively. One reaction contained
1x of 2x SS buffer, 0.4U RNase Inhibitor (Applied Biosystems, Foster City, CA), 0.9 uM of forward
and reverse primers, 0.4 uM of probe, 0.05U/ul of ROX and 0.1U/ul of SS III/Taq mix. The assay
was run on ABI 7500 FAST (Applied Biosystems, Foster City, CA). The thermal cycling conditions
were: (a) 1 cycle of 48°C for 30 min and 95 C for 10 min and (b) 45 cycles of 95°C for 15 sec
and 60 C 1 minute. To determine efficiency of the assay, the threshold was set by choosing the
values closest to the idealized slope (-3.33) and correlation coefficient (r*) was equal 1, while the
non-template control (NTC) signal remains below the threshold setting (undetermined).

Results were interpreted as positive, equivocal and negative (undetermined) when Ct

values were below 38, between 38 and 39, and equal or more than 40, respectively."®

Analytical specificity

To evaluate the analytical specificity of RT-PCR and real time RT-PCR assays, RNA
samples derived from West Nile virus, Japanese Encephalitis virus and Dengue virus, obtained
from Arbovirus section, Thai NIH, were used. Each of RNA transcripts was prepared and tested

as described in aforementioned methods.

Investigation of NiV in clinical specimens

Thirty cerebrospinal fluids (CSF) were collected from patients with encephalitic symptoms
and were suspected for Japanese Encephalitis (JE) infections. All were diagnosed as non-JEV
infection and non-dengue virus infection by ELISA method at Arbovirus section of Thai NIH.
RNA was extracted from CSF samples using a NucleoSpin RNA extraction kit (Macherey-Nalgal,
Duren, Germany). Reverse transcription-polymerase chain reaction (RT-PCR) and real time
RT-PCR were performed according to the established methods. RNA transcripts at concentration
of 10° copies/ul and 10° copies/ul were used as positive controls for RT-PCR and real time

RT-PCR, respectively.
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Results

Determination of detection limit of NiV by RT-PCR

The number of Nipah RNA copies obtained from plasmid DNA containing N gene,
NiV RNA, ranging from 10°to 10° copies/ul, was diluted and used to determine detection limit
of RT-PCR assay. The detection limit of the established assay was 10" copies per reaction, as

demonstrated in Fig. 1.

500 bp

400 bp

300 bp

200 bp et 203 bp

100 bp

Fig. 1: Agarose gel electrophoresis of detection limit of NiV by RT-PCR assay was 10* copies per
reaction. Lane 1= 100 bp DNA marker, Lane 2 = Distilled water, Lane 3 = Negative control, Lane
4 = Standard RNA 10° copies, Lane 5 = Standard RNA 10’ copies, Lane 6 = Standard RNA 10’ copies,
Lane 7 = Standard RNA 10° copies, Lane 8 = Standard RNA 10* copies, Lane 9 = Standard RNA
10° copies, Lane 10 = Standard RNA 10° copies.

Determination of detection limit of NiV by Real time RT-PCR

NiV RNA, ranging from 10°to 10° copies/ul, was used to determine detection limit of
real time RT-PCR assay. Amplification plots of each RNA concentration were shown in Fig. 2.
Our method also showed that the idealized slope was -3.362 and a correlation coefficient (r’) was
0.999 (Fig. 3), indicating good efficiency of the established method.

Our study revealed that Ct values of 10 copies per reaction were 38.47 and 38.79, while
those of 10” copies per reaction were 35.68 and 35.54. According to the interpretation criteria,

the detection limit of real time RT-PCR assay of our performance was 10° copies per reaction.
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Fig. 2: Amplification plots of detection limit of Real time RT-PCR assay. Amplification plots were
realized on 10-fold dilutions of NiV RNA standard. Tests were performed in duplicate from

10° to 10° copies/reaction
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Fig. 3: Standard curve obtained form 10 fold dilutions of NiV RNA. Standard Ct values

calculated from results obtained in Fig. 2.

Analytical specificity

The specificity of our established assays was verified using a series of 10-fold dilutions of
RNA of West Nile, Japanese Encephalitis and Dengue viruses. Each RNA was diluted in a 10-fold
dilution and PCR assays were performed, accordingly. Our results indicated that all samples were

negative for Nipah virus by RT-PCR (Fig. 4) and real time RT-PCR (Fig. 5).
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Fig. 4. RT-PCR detection of NiV infection using RNA samples of West Nile (A), Japanese
Encephalitis (B) and Dengue virus (C) and electrophoresed on 2% agarose gel. Lane 1 = 100 bp
DNA marker, Lane 2 = Distilled water, Lane 3 = Negative control, Lane 4 = Positive control, Lane
5 to Lane 11 = Sample concentration from 10°° to undiluted, respectively. All samples shown

negative results.
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Fig. 5: Real time RT-PCR detection of NiV using RNA samples of West Nile virus (A), Japanese
Encephalitis virus (B) and Dengue virus (C). Each sample was tested at concentration of 10°
to undiluted.
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Testing on encephalitis samples

Our established assays were further performed to investigate for NiV in CSF specimens
of patients suspected of JEV infection. The specimens were previously determined for JEV and
dengue virus using ELISA methods. We received the specimens after diagnosis as non-JEV and
non-dengue virus infections. Our findings showed that all samples were negative for Nipah virus
as determined by RT-PCR (Fig. 6). The real time RT-PCR was additionally tested in duplicated,
with NiV RNA concentration of 10° copies/ul as a positive control. All samples were also shown

for Nipah virus (Fig. 7)

2 3 45 6 7 8 910 1112 13 14

Gel A

15 16 17 18 19 20 21 22 23 24 2526 27 28
Gel B

29 30 31 32 33 34 35 36 37 38 39 40 41 42

Gel C

Fig. 6: RT-PCR detection of NiV infection in CSF collected from encephalitic patients with
encephalitic symptoms. Lane 1, 15, 29 = 100 bp DNA marker, Lane 2, 16, 30 = Distilled water,
Lane 3, 17, 31 = Negative control, Lane 4, 18, 32 = Positive control, Lane 5 to Lane 14 = Sample
No. 1 to 10 (Gel A), Lane 19 to Lane 28 = Sample No. 11 to 20 (Gel B), Lane 33 to Lane 42 =
Sample No. 21 to 30 (Gel C).
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Fig. 7: Real time RT-PCR detection of NiV infection in CSF collected from patients with

Encephalitic symptoms.

Discussion

It has been noted that recent emerging infection in humans are often transmitted from
infected animals, including Nipah virus (NiV). Detection of those zoonotic pathogens that cause
diseases in human is considered as importance for reference laboratories of the country, according
to International Health Regulations 2005 (IHR 2005).%”

RT-PCR and real time RT-PCR assays have been developed to diagnosis several kinds
of viruses such as dengue, hepatitis C, human papilloma and influenza viruses. In this regards,
we studied to established methods that are useful for NiV determination under current and
acceptable laboratory facilities of NiV detection i.e., BSL-2 and BSL-3 laboratories, within Thai
NIH. Our study demonstrated that the limit of detection of RT-PCR and real time RT-PCR
assays was shown as low as 10" copies/reaction and 10° copies/reaction, respectively, which were
in paralleled with the report of Guillaume V et al.*"

We examined specificity of our assays and found that our established assays are definitely
specific for NiV. Furthermore, NiV-associated encephalitis symptoms are similar to JEV-associated
one and causative viral agents are also found in CSF."” We, then, tested 30 CSF samples of
encephalitic patients that were reported as negative for JEV and dengue virus infection. Using our
established methods, we did not found any positive NiV-infected CSF. Our finding is supported
current information that no Nipah virus infection is reported although anti-NiV antibodies were

found in fruit bats in Thailand and Combodia.?

Conclusion

In this study, we reported the development of RT-PCR and real time RT-PCR assays
for Nipah virus. The limit of detection of RT-PCR and real rime RT-PCR assays was 10" copies/

reaction and 10’ copies/reaction respectively. RT-PCR and real time RT-PCR are essential tools
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for diagnosis of NiV infections in laboratory facilities of Thailand. Our study is also well-associated

with global agenda on health security.
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Determination of Lubricant for Condoms
in Markets in Thailand

Sataporn Klomkaew and Supawan Chongthamawat
Bureau of Radiation and Medical Devices, Department of Medical Sciences, Tiwanon Road, Nonthaburi

11000 Thailand.

ABSTRACT This study determines total lubricant for condoms in individual containers. According
to TIS 625-2554, there is no requirement on label of the amount of lubricant on the package. Bureau
of Radiation and Medical Devices, Department of Medical Sciences tested 66 condoms purcharged from
convenience stores and pharmacies. These samples came from 6 manufactures in Thailand and 1 from
importor. The requirements of World Health Organization (WHO) for the total lubricant is (550 + 150) mg
for each container. The test using mass method as follows Thai Industrial Standard, TIS 625 B.E.
2554 is applied to determine the lubricant. The total lubricant is the difference between the weight of
condoms before washing lubricant with isopopanol and the weight of condom after washing lubricant with
isopopanol. The results found that 57 samples (86%), are conformed to the WHO requirement, with 6

samples (9%) are less and 3 samples (5%) are over.

Key words: condom, lubricant
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Preparation for Laboratory Accreditation
of Public Health Laboratory According to
ISO 15189: 2012 of the Regional Medical

Sciences Center 12/1 Trang

Supaporn Niyomkaew and Thanchanok Pitak

Regional Medical Sciences Center 12/1 Trang, Amphoe Muang, Trang 92000, Thailand.

ABSTRACT: Preparation for medical laboratory accreditation according to ISO 15189: 2012 to
increase the capacity and availability of laboratories for build the confidence to customers by studying
specifications and proceed new requirements for quality management and technical management.
Including laboratory safety requirements ISO 15190: 2003 provides a comprehensive ISO 15189: 2012 by
studying the requirements increased from year 2007, as follows: quality management number of 13 items,
technical management number of 28 items, and study the laboratory safety requirements ISO 15190:2003
number of 65 items. The regional medical sciences center 12/1 Trang has analyzed the requirements to
improve of the clinical pathology laboratory. Firstly, the maximum of quality management consisted of
3 items representing 23.07 per cent, by increasing the quality indicators ISO 15189: 2012 in the quality
manual for work processes of risk management procedures, and has improved the assessment of
satisfaction as the same pattern. Secondly, it is the laboratory safety, mainly to supply security
equipment in the laboratory number of 6 items representing 9.23 per cent. Finally, it is technical
management number of 2 items representing 7.14 per cent by reviewing the test methods in accordance
with the patient’s condition, and increase the measurement uncertainty of analysis with statistical data.
The data from this study were used to prepare the ability certifies medical laboratory standard ISO 15189:
2012 of the regional medical sciences center 12/1 Trang and cover according to requirements of quality
management, and technical management includes the requirements of ISO 15190: 2003. Therefore, the
regional medical sciences center 12/1 Trang certified ISO 15189: 2012 has a laboratory safety manual,

and a risk management plan that complies with the quality management system ISO 9001: 2015.

Key words: laboratory accreditation, ISO 15189: 2007, ISO 15189: 2012, ISO 15190: 2003,
ISO 9001: 2015
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