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Abstract Data analysis from the Bureau of Drug and Narcotic, Ministry of Health, Thailand, revealed a significant
number of the samples submitted for legal proceedings were adulterated or counterfeit analgesics. Various types of
analgesics have been detected in these samples. As each type of analgesic requires a distinct identification method,
considerable time and budget are often expended in the analysis. To address this challenge, a new method was
developed to simultaneously test for and identify 14 different types of analgesic drugs (aspirin, paracetamol, tramadol
HCI, piroxicam, orphenadrine citrate, naproxen sodium, diclofenac sodium, indomethacin, tolperisone HCI,
eperisone HCI, chlorzoxazone, methocarbamol, ibuprofen and mefenamic acid) using high performance liquid
chromatography (HPLC). Chromatographic conditions were performed on an L7 column (4.6 x 250 mm, 5um) using
acetonitrile and 50mM Monobasic ammonium phosphate (pH 5.0) as a mobile phase in gradient mode with a flow
rate of 1.0 ml/min. Detection was done using UV-Vis spectrometry at a wavelength of 254 nm. All of sample
solutions were prepared with50% acetonitrile. Validation results indicated that the specificity test found no
interference among the peaks of the different analgesic drugs. The resolution was greater than 2.0 for each drug
(except one). The limit of detection (LOD) for these analgesics ranged from 0.4 to 36 pug/ml across four matrices:
tablets, pills, herbal infusions and traditional mixtures. In conclusion, this developed analytical method is suitable as
a standard identification test for wide range of analysis drugs in both modern and traditional formulations.

Keywords: analgesic, high performance liquid chromatography, analytical method development, identification.
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1.
2.
3.

8.
9.

High Performance Liquid Chromatography (HPLC): Shimadzu, Japan, Model LC-20 Series
pH Meter: Mettler Toledo, Switzerland, Model SevenExcellent

Analytical Balance: Mettler Toledo, Switzerland, Model MS3002S/01

Analytical Balance: Mettler Toledo, Switzerland, Model XPR205

Ultra Microbalance: Mettler Toledo, Switzerland, Model XP2U

Ultrasonic Bath: Crest Powersonic, Malaysia, Model P2600D

Water Filtration Apparatus: Millipore, America, Model MILLI-Q

Column: VertiSep UPS C8 4.6 mm x 250 mm, 5 pm

Column:Inertsil C8 4.6x250, 5 pm

10. Column:Zorbax C8 4.6x250, 5 pm

11. Filter: Vertipure, Nylon Syringe Filter 0.45 pm, Vertical Nylon Filter, 0.45 pm, AgelaTechnologie

12. Glass ware Class A

’s’[1i?~l1ﬂi§]1»!!!ﬁ$ﬁ'li!ﬂﬁ

1.
2.
3.
4,

Aspirin Reference Standard: DMSc. Reference Standard, Code A0108, Control No. 04D63071
Paracetamol Reference Standard: DMSc. Reference Standard, Code P0123, Control No. 08B63001
Tramadol HC1 Working Standard: DMSc. Working Standard, Code T0160, Control No. WS T160-2/60
Methocarbamol Reference Standard: USP Reference Standard, Code M0051, Lot No. I0G112

Tolperisone HC1: Mydoclam, Unison LaboratoriesCo.,Ltd, Lot 2IS903, MFG 04/09/19, EXP 04/09/22
naasaaiouiaionn hifiamnasgusmie Taem e duadugasdsveudabifinade
NTNATDUY

Piroxicam Working Standard: DMSc. Working Standard, Code P0189, Control No. WS P189-3/61
Eperisone HC1: Myonal, Eisai Co.,Ltd., Tokyo Japan, Batch No. 96K@7P, MFG 26/04/19, EXP 25/04/22
Inaadaaiouiaiioninifimnnaspusmie Tasi llasdyuadugasdiveudahiinade
NTNATDU

Chlozoxazone Reference Standard: USP Reference Standard, Code C0049, Lot No. H

Orphenadrine Citrate Working Standard: DMSc. Working Standard, Code 0030, Control No. WS 0030-
3/55

10. Naproxen Sodium Reference Standard: DMSc. Reference Standard, Code N0025, Control No. 05B62055

11. Diclofenac Sodium Reference Standard :DMSc. Reference Standard, Code D0077, Control No. 05B63004
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Indomethacin Reference Standard :DMSc. Reference Standard, Code 10025, Control No. 05A61011
Ibuprofen Reference Standard :DMSc. Reference Standard, Code 10004, Control No. 05B62040
Mefenamic acid Reference Standard :DMSc. Reference Standard, Code M0035, Control No. 05C62020
Acetonitrile, Anhydrous, HPLC Grade, Source: Macron, CAS No.: 75-05-8

Monobasic Ammonium phosphate, Analytical Grade, Source: Carlo Erba, CAS No.: 7722-76-1
Ammonium hydroxide, Analytical Grade, Source: Carlo Erba, CAS No.: 1336-21-6

Buffer solution pH 2 Source: Merck, Lot No.: HC03981033

Buffer solution pH 4 Source: Merck, Lot No.: HC91105435

Buffer solution pH 7 Source: Merck, Lot No.: HC02388239

Water Type |

M edmsulHu Placebo

1.
2.
3.

4.
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A28 HPLC nl¥

e Column: Vertisep UPS C8, 4.6 x 250 mm, 5 pm Serial Number 5717
e Flow rate: 1 ml/min

e Injection volume: 10 pl

e Detector: PDA 254 nm

e Run Time: 70 min

e Gradient Method

M3an 1 LEANFATIUVDIEITAZ AN 1L AMUA

Time (min) Buffer Acetonitrile
0-5 70 30
5.1-50 58 42

50.1-70 70 30
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adA o a
IBAUHUNT

1. MIAIENAITaZaY

1.1. MIswigualIsazalesomM Monobasic ammonium phosphate of pH 5.0 (Mobile phase)

%3 Monobasic Ammonium phosphate 5.75 n5u azateluin Type I 1000 Haaans U5u pH R

5.0 A28 3M Ammonium hydroxide NI Nylon membrane filter Y419 0.45 pm

1.2. MIW3eNa15aLal8 3M Ammonium Hydroxide

29 Ammonium hydroxide 20 Jaaans aalui1 1u Volumetric flask vu19 100 iadans UYsu

151105

@

~ o Y I .
1.3. ﬂ’]jlﬂﬁﬂuﬁ’]iaga’]ﬂﬁ’lﬁﬁui%lﬂu Diluent

a aa o 3 a aa
#39 Acetonitrile 500 4AAAANT WTUNVUT 500 UaDAANT

as

2. MINAADUANVIUWIZIIZIIUDIIT (Selectivity/Specificity)

Y
2.1. mim‘%ﬂumiaxmﬂmmgmmﬁu (Stock Standard Solution)

2.1.1.

¥4 Aspirin RS 10 Gaansu lalu Volumetric Flask ¥11a 10 Uaaans azaouazilsy
~ v ) ¥ 9 Ax Y 9 A a o 1
3113019 Diluent 3¢ lamsazaromasgiuasdauninnududu 1 Jaaniuse
Haaans
¥4 Paracetamol RS 10 daan5y 1d1u Volumetric Flask ¥11@ 50 daaans azaneas
9 T
UF1u151a3810 Diluent 92 Idensazatsinasguasduiinnuiuau 0.2 Taaniuae
Uanans
%4 Tramadol HCI RS 50 #aan5u 1a1u Volumetric Flask Y119 20 Hagans azaouas
9 T
UF1u1511a3810 Diluent 3¢ Idensazatsnasgruasduiinnuiuau 2.5 Taaniuae
Haaans
%4 Methocarbamol RS 10 Haan5u 1alu Volumetric Flask 11 5 5iaqans azaiouas
v A P Y} S 9 Aa y 9 A a o 1
UFu1f51a3@1e Diluent 92 Idensazaenasgiuasdundnnududu 2 Jadniuse
Uanans
o <3 a a o @ a a o 1
FIWao Il Tolperisone HCI 150 Haan5u (UA2e1 Tolperisone HC1 50 daaniu) lalu
Volumetric Flask Y110 100 Jaaans azaneiazd5ud3uasade Diluent tiionseenie
v 1]
Vertipure, Nylon Syringe Filter 0.45 pmag ld@1saza1ouiasgiudsauntianududu
1s211910.5 Haansuaeilaaans
%4 Piroxicam RS 10 aan5u lalu Volumetric Flask ¥11a 25 Uadans azateazlsy
- v . v d v Ao Y 9 A A o 1
31193470 Diluent 3¢ ldmsazarouins gIuasdunTaNuuTY 0.4 TaanTuae

Uaaans
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2.2.

2.1.7.

2.1.10.

2.1.11.

2.1.12.

2.1.13.

2.1.14.

a o

Fanaeuiia Eperisone HCI 160 fiaan3u (1§61 Eperisone HCI 50 aan3u) Tdlu
Volumetric Flask 41419 100 fladans azateuazliu1511a5@70 Diluent ilonsosday
Vertipure, Nylon Syringe Filter 0.45 pmi}z"lﬁ’miazawmmgmﬁaﬁuﬁﬁmmm‘]’m‘]’u
15231910.5 Haansuaolanans

3 Chlorzoxazone RS 10 f1aan3y a1y Volumetric Flask v11a 5 fadans azansuay
Y5u151na5810 Diluent ¢ a5 azaominsguaiduiitiaumdud 2 fadnsude
Haaans

‘]?Q Orphenadrine citrate RS 50 Haansu lalu Volumetric Flask 110 20 iadans
azaaiazy5ur11A580 Diluent 92 Idmsazmenas puseduiitnnudid 2.5

A o 1 a aa

Naansusolaaans

a

%9 Naproxen sodium RS 10 Haaniu lalu Volumetric Flask vu1a 10 Jadans aza1e
o A v . v d v Aa Y 9 A a o
nag1l5u1511n5A20 Diluent 3¢ ldasazatomns g1uasduRTaNududY | Taansy
foNanaNs
%4 Diclofenac sodium RS 10 ¥aan5u lalu Volumetric Flask Y11 10 ¥aaans azaie
o A v . v d v Aa Y 9 A a o
nag1l5u1511a3A20 Diluent 3¢ laasazaromns g1uasduRTaNududY 1 Jaansy
aolaaans
%4 Indomethacin RS 10 #aan3y lalu Volumetric Flask ¥11a 10 Haaans azaguas
v A ] Y S Y Ao Y 9 A a o
UFu1f51a3@1e Diluent 92 Idensazaeanasgiuasdundnnududu 1 Jaaniuse
yaaans
¥4 Ibuprofen RS 50 4aan5u la1u Volumetric Flask ¥1@ 20 Hagans azateuazsy
- v . v d v Aa Y 9 A A o 1
3113470 Diluent 3¢ ldasazarowins guasdunTaMuiudy 2.5 Taaniuae
Uagans
%3 Mefenamic acid RS 10 ¥aan5u lalu Volumetric Flask Y1 5 aaans azaleuas
v A ] Y S Y Ao Y 9 A a o
UFu1f51a3810 Diluent 92 ldensazaenasgiuasdundnnududu 2 Jaaniuse

yaaans

MSIETONEITAZ0UIATYIU (Standard Solution)

2.2.1.

leaarsazae Aspirin Stock Solution 1 Haaans lalu Volumetric Flask vi1@ 25
Hiadans U5u151195@10 Diluent 9uA5Y 25 Tanans a¢ laasazareniasgiunil

anududy 40 TulasnSusolaaans
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222,

2.23.

2.2.4.

2.25.

2.2.6.

2.2.7.

2.2.8.

2.2.9.

2.2.10.

2.2.11.

a

tulaarsazane Paracetamol Stock Solution 1 Jaaans lalu Volumetric Flask ¥11a 25
a aa [ 9 . a aa Y Aa
liaaans Ysu15u105410 Diluent 9uATY 25 Hadans 12 laensazaroasguid

Yy 9 1% 1 A aa
ANy 8 Tulasnsuaeiiaaans
Uiaesazate Tramadol Stock Solution 4 Haaans lalu Volumetric Flask Y@ 25
a aa [ 9 . a aa v Aa
liaaans Ysu15u105d10 Diluent 9uAsY 25 Hadans 12 laensazaroaasguid

Yy 9 o 1 A aa
aNuTuTY 400 lulnsnsuselaaans
tulaarsazaie Methocarbamol Stock Solution 1 Haaans 1a 14 Volumetric Flask Y119
25 liaaans UFu1/511m5410 Diluent 9unTY 25 Tadans 12 ldmsazaroaunasgiuiil
anududy 80 TulasnSusolaaans
Hulaasazane Tolperisone Stock Solution 1 Hanans laly Volumetric Flask ¥11a 25
a aa 1% FY . a aa Y Aa
liaaans Ysu15u105410 Diluent 9unAsY 25 Hadans 12 laensazaioasguid
ANty 20 lulasnsudoladans
Uiaasazate Piroxicam Stock Solution 1 Haaans laly Volumetric Flask Y@ 25
Hiadans U5uU511935@0 Diluent 9uA5Y 25 Tanans a¢ laasazateninsgiuiil

Y 9 [ 1 A aa
anududy 16 lulasnSuseliaaans
Hlaasazane Eperisone Stock Solution 1 Hanans laly Volumetric Flask ¥11a 25
Aa aa [ Y . a aa 9 d’d
liaaans Ysu1/5u105410 Diluent 9uA5Y 25 Hadans 12 laensazaionasguid
anuduty 20 TulasnSusolaaans
tlaesazaie Chlorzoxazone Stock Solution 1 Haaans lalu Volumetric Flask U119
25 iaaans Ysu1/5u105410 Diluent 9uATY 25 Hadans 12 laensazaronasguid
ANty 80 lulasnsuroladans
hlaasazane Orphenadrine Stock Solution 4 Haaans lalu Volumetric Flask vu1a
25 findaas USu1S1u1m3d20 Diluent 3unsD 25 ndans v ldensazarounasgund
anuduvy 400 lulnsnsSusolaaans
leasazae Naproxen Stock Solution 1 Haaans lalu Volumetric Flask ¥i1@ 25
a aa [ Y . a aa 9 d’d
iaaans Ys11/51105470 Diluent 9uA5Y 25 Hadans 12 laensazarsnasguid
ANty 40 lulasnsusoladans
laarsazane Diclofenac Stock Solution 1 U0aang °ldiu Volumetric Flask YU 25
Hiadans U5u151195@10 Diluent 9uA5Y 25 Tanans a¢ laasazareniasgiunil

anududy 40 TulasnSuselaaans
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2.3.

24.

2.2.12.

2.2.13.

2.2.14.

Uulaesazaie Indomethacin Stock Solution 1 ¥aaans 1alu Volumetric Flask ¥
25 fadans U5u1511n3890 Diluent vuATY 25 Hadans a2 Idmsazaemasgmiin
anututy 40 lulasnsudeiianans

tilaesazaie Ibuprofen Stock Solution 5 Hadans 1d1u Volumetric Flask ¥11@ 25
fiadans USu1511a3@78 Diluent yunsy 25 Haddas vz ldmsazaromasgunnui
Tidutu 480 luTasniudeliadans

Uulaasazate Mefenamic acid Stock Solution 1 ¥aaans lalu Volumetric Flask
VA 25 Taaans USu1Sunsaae Diluent 3UATY 25 Haaans vz ldasazans

A ) v 1 a aa
VIATTIUNUANNVNUVU 80 ]llliﬂiﬂﬁllﬁﬂllaaaﬁﬁ

ﬂﬁm%EJﬂJﬁﬁ’dS’dWEJﬁJWﬂiﬁWN!L’U‘]JNﬁMEﬂLLfs])‘l_]’Jﬂ 14 ¥ (Standard Mix Solution, Std.Mix)

2.3.1.

a gﬁ a 1 a a I o =) v W

7l11)@ Standard Stock Solution 119 14 ¥Ha laaugazsia lailusiurudeInuny
v

msidaluiide 2.2.1 84 2.2.14 udmianualasuduly Volumetric Flask 1@ 25

A aa o Y] . A aa 2 Y] .

Hadans YsuUSunsdae Diluent ATV 25 1adans 91NUUNTBIAE Nylon Syringe

Filter 0.45 pm

MIIA3ENE1TAZ a8 Placebo

24.1.

24.2.

243.

2.4.4.

Placebo Eﬂ!ﬁﬂ

3 Placebo 85iA 25 fiaansu 11 Volumetric Flask ¥11a 5 fia@ans 1dy Diluent 11111
Sonicate 152181 5 117 1511113310589 Diluent 11MIUNT8346 Nylon Syringe Filter
0.45 pm

Placebo e1%4eryu s

%3 Placebo e1aersyu lng 25 fadnsu lu Volumetric Flask 411 5 iadans 1au

v
Diluent 1111 Sonicate 1/5v318 5 W11 Y5UU33195898 Diluent 9171 UN509A8 Nylon
Syringe Filter 0.45 pm

Placebo #1annaoy

%4 Placebo 81gnnaoY 25 aan3iu 14 Volumetric Flask Y119 5 Uadans 1Ay Diluent

o . ~ @ = Y . H Y .
11114/ Sonicate Yszanar 5 1A USVL51105A20 Diluent 91711ATBIAY Nylon Syringe
Filter 0.45 pm

¥
Placebo #111uH1 115184

v
thiila Placebo eniwmu Tusiail Haaans i Volumetric Flask Y110 5 1adans 1A
. o 3 A (v A& v i 2 9
Diluent 1111 Sonicate 152311 5 W% U51Y58195028 Diluent 9171 UNT0948 Nylon

Syringe Filter 0.45 pm
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a

59

2.5, MINTENENTALABNIATTIMUVDNANONALIA 14 ¥iiA LaZHEY Placebo FHARE 3 i
(A,B,0)
2.5.1. Placebo Eﬂ!ﬁﬂ
3 Placebo e5iA 25 fiaansy 1y Volumetric Flask ¥11a 5 fiaaans 1@y Std.Mix 11111
Sonicate 152131 5 117 1511/331A5879 Std Mix 1MITUNTD9898 Nylon Syringe

Filter 0.45 pm

2.5.2. Placebo enyaayuIng
4 Placebo t139a3y1Tns 25 Ha@n3u W Volumetric Flask ¥11a 5 fiadans 1@
Std.Mix 1111 Sonicate 5zanat 5 11#t U51131103890 Std Mix :1n1unssda0
Nylon Syringe Filter 0.45 pm

2.5.3. Placebo #19nnNaoy

%4 Placebo 81gnnaoY 25 aaniu 14 Volumetric Flask Y110 5 1aaans 1Ay Std.Mix
v

11114/ Sonicate Ysznar 5 1A USVUTM0TA8 Std.Mix 9101IHATBIARIY Nylon

Syringe Filter 0.45 um

Ed
2.5.4. Placebo 811 WM 1UI 1

a ¥ a aa . Aa aa a

111l Placebo e weu TUI I 1 UAdaAT 1 Volumetric Flask Y11@ 5 1aaans 1Ay
Y

Std.Mix 11111/ Sonicate Uszanar 5 W1 U515 1193878 Std.Mix 9INTUNTOIAIY

Nylon Syringe Filter 0.45 pm

WHUMS

2@ Diluent 314U 1 °§1 Lﬁ@ﬁi’mﬁﬂﬂbase line LLA¥ noise
Samsazmenasguuuunauedag 14 ¥ia 119U 3 31 ilenadeuauilivesszuy
SamTaraInIRI T IIUDAENEALIA 14 ¥R AZHEY Placebo FiAAY 1 4
farumsarasnasguunRauemdlan 14 ¥iia taznay Placebo Tude 3 rwmsazans
wasguURauenie 14 ¥iia S0 1 9

A

9y gy v a o ¥
aﬂﬂﬂﬂmﬂﬂﬂ mﬁaxmﬂmmgmuuuwﬁmmﬂﬂm 14 BUA UIU 1T %

v =K 1

UNNAT Retention time, Resolution, Peak Purity L& %Match
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asimMsooNsy

1. Peak sudazifisng1u Chromatogram 71 1@ 1nmsfad1sasaemasgmuuunauemin 14
wila Wenmauuaz ke Placebo #43) Retention time HANGIFL

2. Peak B1RazA7113109 11 Chromatogram 71 I nnMsRamsazateIasIULHaUERA 14
¥iin AoafiA Resolution 521319801 101 2.0

3. Peak tusazi310 11 Chromatogram 71 I§91nM3 Bamsazmemnas g urauedian 14
¥l AZHAY Placebo@®aifn Peak Purity 131iaen31 0.95

4. Peak BUBAzAIT13109 11 Chromatogram 71 I nnMsRamsazateIasILULHaUERA 14
¥UA LAZHAN Placebo gﬁmﬁauﬁummzawmmgm #948iA1 %Matching Y94 Spectrum oo

ANdeesaz 95

3. MINAADUANMHINLANVBI5E D 1ATN1INNI1H (System Suitability)

3.1. MInaaeunNNNeavessun I Inns v

ﬂﬁm%EJiJﬁTia%aWEJiJ']@]ijE'IULL‘UUN?fllfﬂ!,l,f%}ﬂ’m 14 ¥l ﬁﬁJ"’lsl}E] 2.3

a0 A
TAUUUNIT
9
1. @ Diluent 314U 1 %1 191DNTIVAD1 base line 1AL noise
a o g 4 A
2. ﬁﬂmsazmammgmuuuNﬁuﬂmﬁ'ﬂm 14 BUA UIU 3 K1 Lﬁamﬁaummuwmszw
3. Tunnm Retention time 118<A1 Resolution
MIAMUIN
° ' = ' ' . . ' . Ay ¥ a ¥
1. AMMUIUNINURAYLALAT %RSD UDIA1 Retention time LkaE A1 Resolution Tlhlﬂmﬂm‘iim 3 1
AUNMIBONSY

1. A1 %RSD ¥03Ae1nAIdes lihu 2.0

4. MINAFUIATINAVBINITATIINY (Limit of Detection)

Auiums IaemMsneenaan NUITNTUYIAITALA10NIATTIU LAZVBIENTALAIONIAT T IUNEY
v H 9
Placebo a9 Iannuuduigavesdrnudazda Hansoasianunazannsoigaionansal 1a 9miu
WIoNEITaYaeINATTIUIUUNaNe AR 14 Fiia tazaTazarnnasTIUIUDRaNeiIA 14 ila ey

Y Y o 4 A y A "o o
We'l Placebo ﬂm@]’nmmmmmﬂmﬁ%ﬂﬂﬂ Iﬂﬂl@'ﬁﬂu%uﬂag 3 K1 Lﬁﬂﬂﬂﬁaﬂﬂjjulluuﬂqma\?%ﬂﬂjﬂﬂﬂji

9
o

Q529N 1Ag518aLI0eAU0INISIAIINEITazaeNATUNAIT
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4.1. mim%umiazmﬂmmgmﬁﬁu (Stock Standard Solution)

4.1.1.

4.13.

4.1.10.

¥4 Aspirin RS 2 Jaan5u 1a1u Volumetric Flask ¥11@ 100 Hagans azatouazlsy

a v v d g Aa ) A a o o
31175420 Diluent 32 ldesazaromasgriuasduntianuduiu 0.02 Jaansuao
Jaaans
¥4 Paracetamol RS 2 §aan5u laly Volumetric Flask Y11a 100 ¥aaans azaieuas
U511/511m580 Diluent 22 ldmsazarsmnasgiuasduiinnuadudu 0.02 Taanfuy
aolaaans
%3 Tramadol HCI RS 2 #aan3u lalu Volumetric Flask Y419 10 Jaaans azalguas

o v v d 9 Aa Y 9 A a o 1
UFu1f511a3810 Diluent 92 Idensazannasguasdauninnuudu 0.2 Jaaniuae
yagans
%9 Methocarbamol RS 2 #aan5u lalu Volumetric Flask Y110 20 Haaans azaiguas

o A v . v d v Aa Y 9 A A o
YFu1f51a3@10 Diluent 3¢ Idensazarsnasguasduniinnuiuau 0.1 Jaaniuae
yaaans

FaWae13IA Tolperisone HCI 6 aan3u (f281 Tolperisone HCI 2 Haan3u) Talu

a aa

Volumetric Flask Y110 100 Jaaans azanenazd5udsuiasale Diluent 9214
asazmeasgIsaRuRTIAUETY 0.02 Tadnureiiadans

4 Piroxicam RS 2 fiaansu 1d1u Volumetric Flask v11a 100 fadans azateuazalsy
U31nA5810 Diluent 92 Idmsazareinasguasdufifianumdudi 0.02 fadniuste
Haaans

Fanaeusia Eperisone HCI 6 Haaniy (Tis101 Eperisone HCI 2 fiaan3u) 1dlu

a a

Volumetric Flask 4119 100 Jaaans azateuazllSulsunnsdae Diluent vz 18
asazaenasgusRuRTITuT 0.02 Tadnsudeiiaaans

1 Chlorzoxazone RS 2 Haan3u 1a11 Volumetric Flask 4110 50 fladans azanenas
Y51511A5810 Diluent 12 Idmsazaemnasgudsduiiianumdudy 0.04 fadnsu
aoliaaans

G]?Q Orphenadrine citrate RS 5 Haan5u lalu Volumetric Flask vu1a 10 Hadans azao
waz1l5u1511A3 @90 Diluent 92 Idesazaremasguasduiitamndudi 0.5
Haanfusolaaans

%9 Naproxen sodium RS 2 Haansu lalu Volumetric Flask 119 100 Uadans azane

o Y X v Y Y Ao Y 9
wazdsusu1msaie Diluent ﬂzllﬂf‘ﬂ'iaz?I181116]5311!6]\16]1!‘1/]11?1’3111!%11%1& 0.02
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4.2.

4.1.11.

4.1.12.

4.1.13.

4.1.14.

%4 Diclofenac sodium RS 2 #aan3u 1a1u Volumetric Flask 119 10 Hagans azaie
o A v . v d v Aa Y 9
naz1l5u1511a5A20 Diluent 3¢ lda1sazatomas gIuasduRTIAdUTY 0.2
Haansunolanans
%4 Indomethacin RS 2 §iaaniu 1a1u Volumetric Flask 1@ 20 Hagans azaieuay
U511/511m380 Diluent 22 Idensazansmasgiudsduiiinnududu 0.1 Tadanfuse
Haaans
¥4 Ibuprofen RS 10 4aan5u 1a1u Volumetric Flask ¥i1@ 50 Hagans azateuazdsy
a v v ¥ 9 Ax Y A a o o1
31175420 Diluent 3¢ ldesazaromasgiuasdauniinnuduiu 0.2 Jaansuno
Uanans
%9 Mefenamic acid RS 2 #aan5u 1alu Volumetric Flask U9 10 3a0an5 azaiouay
9 [
YFu1f51a3810 Diluent 92 Idensazatsnasgiuasduniinnuiuau 0.2 Taaniuae

yagans

MIEIBNAIALA81IATFIY (Standard Solution)

4.2.1.

422

4.2.3.

4.24.

4.2.5.

4.2.6.

tilaasazaie Aspirin Stock Solution 2 Haaans lalu Volumetric Flask y11a 50
fiadans USu15u1a3@00 Diluent 92 185 azaemnas guiinandudu o.s
luTasnsuaoiiadans

Thilaersazaie Paracetamol Stock Solution 1 Haaans lalu Volumetric Flask vu1a 50
fiadans U5u151nas5&0 Diluent 92 I8msazaenasgmiidanududy o.4
luTnsnsuneiiaaans

Thilaesazaie Tramadol Stock Solution 1 Haaans lalu Volumetric Flask Y119 50
fiadans US1151193@8 Diluent 92 18150z menasguitanusuduy 4
luTasnsuaoiiadans

tilaesazas Methocarbamol Stock Solution 1 Haaans 1d1u Volumetric Flask U119
50 fiadans U501051nA580 Diluent 3¢ I msazmeanasgniinanududu 2
luTasnsuaoiiadans

leasazae Tolperisone Stock Solution 2 Haaans lalu Volumetric Flask ¥1@ 50
fiadans US1511a3@08 Diluent 92 1@m5azaremnas guaiTIdudy 0.8
luTnsnsuneiiaaans

Tlilaarsazate Piroxicam Stock Solution 7 Haaans 1d1u Volumetric Flask Y114 50
fiadans US1511a3@08 Diluent 92 1850z aremnas g AT Ty 2.8

luTasnsunolaaans
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4.3.

4.2.7.

4.2.8.

4.209.

4.2.10.

4.2.11.

4.2.12.

4.2.13.

4.2.14.

laasazane Eperisone Stock Solution 6 Haaans lalu Volumetric Flask vu1a 50
fiadans USu151103@8 Diluent 92 1&d15azmernasguitanuudy 2.4
luTnsnsunoiiaaans

TnJaasazats Chlorzoxazone Stock Solution 5 Haaans 1alu Volumetric Flask 4110
50 fadans U5ul5u1asdae Dilent 32 1dcsazaremasgiinainnduduy 4
TuTasnsudeladans

laasazane Orphenadrine Stock Solution 1 Haaans lalu Volumetric Flask vu1a
50 8803 USuLS1nasdae Diluent 02l dmsazmemnasgiiifianududi 10
luTnsnsuneiiaaans

hlaasazane Naproxen Stock Solution 4 Haaans lalu Volumetric Flask vu1a 50
fiadans USu151193@8 Diluent 92 1&d1sazmernasguiitanusudu 1.6
luTasnsuaoiiadans

nJaasazais Diclofenac Stock Solution 1 Haaans 1d1u Volumetric Flask ¥11@ 50
fiadans U5u153na580 Diluent 3¢ I§msazmmnasguiiianududy 4
luTasnsuaoiianans

Thilaesazais Indomethacin Stock Solution 2 Haaans 1d1u Volumetric Flask Y19
50 fiadans U5ul5u1asdae Dilent 32 1dmsazaremasguiinanndudy 4
luTnsnsuneiiaaans

tilaa5aza1e Ibuprofen Stock Solution 9 Hadans lalu Volumetric Flask ¥1@ 50
fiadans US11511a3@8 Diluent 92 18150z memnas guiiiasudy 36
luTasnsuaoiiadans

hilaersazae Mefenamic acid Stock Solution 2 Hagans la1u Volumetric Flask
VA 50 Hadans YSu5u1nsdae Diluent v 1§ensazaremasgiifinandudu s

luTasnsusoladans

MIIATONEITALDBNATTIUNAULUUNENALIA 14 %Tia (Standard Mix Solution, Std.Mix)

4.3.1.

Y
a 1] a T a A Id o v W
7l11)@ Standard Stock Solution 119 14 ¥Ha lagugazsia thailusiurudernuny
v
mstlilaluiide 4.2.1 83 4.2.14 udmanualas sy Volumetric Flask 4118 50
A Aaa o Y . Aa aa 2’, v .
Haaans YsuUSuasdae Diluent ATU 50 Ha8AAT 91NUUNTBIAE Nylon Syringe

Filter 0.45 pm
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a

5.
6.

44. mim’%ﬂumiazmﬂmmgmxmuwammﬁ’ﬂm 14 FUA LAWY Placebo FUAAY 3 4
(A,B.C)

4.4.1. Placebo B1iin
o < a a o A aa a
44 Placebo 8dia 25 Jaan3u aalu Volumetric Flask Y119 5 Jadans 1Ay Std.Mix
11111 Sonicate Yszana 5 WA USVUS103@8 Std.Mix 91Mi1UNTB9A28 Nylon

Syringe Filter 0.45 um

4.42. Placebo enyaayung
Faonearyu'ng 25 Taan3y aelu Volumetric Flask v11a 5 Tadans AN Std.Mix
11 11) Sonicate 5231 5 11# V5115110389 Std.Mix 1miunsesdae Nylon
Syringe Filter 0.45 pm

4.4.3. Placebo #19nNa0Y

%4 Placebo 81gnAaoY 25 Jaaniu a3y Volumetric Flask Y1410 5 iadans 1oy

v
Std.Mix 11111 Sonicate 152318t 5 w1 Y5D151195470 Std. Mix 9101 UNTOIRY
Nylon Syringe Filter 0.45 pm

Ed
4.4.4. Placebo 811K Y 115184

¥ a aa a aa a
Flaeniweulusia 1 Yadans aaly Volumetric Flask Y11a 5 Uaaans 1Ax Std.Mix
Ed
11111/ Sonicate Ysznas 5 WA U5V1S1103828 Std.Mix 9101{1UNT039428 Nylon

Syringe Filter 0.45 pm

FAUUUMS

v
29 Diluent 31U 1 91 onsIal base line LAY noise

a o 3 A A
‘ﬁﬂmsazmamm;@muwwﬁumuﬁ’ﬂm 14 ¥HA TIUIU3 H1 NONAFOUANNTIVDITLUL

)y

A A 1
uﬂmsazmﬂmmgmumWﬁuﬂmﬁ’ﬂ’m 14 YUA LasHa Y Placebo ¥UAAY 1 K1

'
a2 o

) Y ) a o ¥
ﬂﬂﬂuﬁ']iﬁ$ﬁ']ﬂclumﬂ 3 nﬂ f 2 1 ﬂﬂﬂﬁ?iaza']ﬂll']@]ij]ul!fﬂﬂNﬁllfﬂ!m‘ﬂ’)ﬂ 14 YUA TUIU 1 K1

A

Y gy v a o ¥
'ﬁﬂﬂﬂmama miazmammgmgmumesnume 14 YUA TUIU 1 1

@

iR Signal to noise ratio, Retention time, Resolution, Peak Purity Ll8g %Matching

NUNMIIONTY

1.

Signal to noise ratio YD Peak Aaeaaz ) ﬁﬂsmaiu Chromatogram lannmsfaesazals
SJWﬁiﬂ!LlﬂJ‘UWﬁiJﬂ']LLfQ{‘]J’Jﬂ 14 9 uazmmzmammgmgmumeenufgfﬂaﬂ 14 ¥UA LATHEY

Placebo #04 111pen1 3.0
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2. Peak 8AnzA211U510 11 Chromatogram N1 1@nInmsRadsazateuas grunuuraneilg

—_

4
¥iia 1Az asazanINATIIULDUNANEAA 14 FiAUAYNAY Placeboddiin Peak Purity 'laj
"oon110.95

1 o A Ay v = Y
3. Peak ﬂWLLﬁﬁgﬁﬂﬂﬂiWﬂi;]clu Chromatogram '1/]Vlﬂi]"lﬂfﬂiﬂﬂﬁ?iagﬁ18111@]5@11!LLUUW@'3JUTLLWJJ')@

—

4
Glﬂjﬂ LLa$ﬁ1§a$ﬁ18“1@]5§WHLLUUN§N81LL%}J')@ 14 G]ff!ﬂ LagHay PlaceboLﬁ@lﬁﬂUﬁUﬁﬁﬂ%ﬂw

11ATFIUADIIAT %Matching ¥4 Spectrum liitfosniniovaz o5

=y ax
5. MIANHIANVUANNUYDIID (Robustness)

mam’%&umiaxmﬂmmgm
m‘%aumﬁa:mﬂmmgm uazmﬁa:mﬂmmgmuwwﬁwmuﬁ'ﬂm 14 Gﬁﬁﬂﬂ?ﬂ"f]}ﬂ 2019
NATOUANUTUNUDIZIIVOIID

= ax Y ax
MIANMIANUAINUDITT UTznouaIY 2 15MT

4 o { <
1. mm&nﬂﬁuiumﬁmmm: 1N 254 uﬂumm L‘]JEEJL!L‘]JL! 252 1lae 256 uﬂumm

o = <
2. ﬂ’t’]ﬁiﬂi: 910 Vertisep UPS C8, 4.6 x 250 mm, 5 pm 1agily nertsil C8 4.6 x 250 mm,
5 pm U Zorbax C8 4.6 x 250 mm, 5 pm
a0 A
DAUUUNIT
a o ¥ A . .
1. 7@ Diluent 3M1UIU 1 1 ORI INA0L base line LA noise
a a ° ¥ 4 A
2. mmsazmﬂmmgmuuuwﬁmmﬁ}ﬂm 14 ¥UA TUIU 3 41 lﬁ’t’]‘ﬂﬂﬁ@'ﬂﬂ?1ll1!ﬁ"ll@ﬁﬁ$ﬂﬂ
a A o ¥
3. mmsazmammgm BUAAZITUIU 1 K1
A a9 9 ) A o 3
4, ﬂﬂﬂﬂ‘l/nﬂﬂ’m ﬁ13ﬁ$ﬁ18h1ﬁi§1ﬂllﬂﬂﬂﬁuEHLLﬂ‘I_]’Jﬂ 14 ¥UA UIU 1 K1
5. JufinA1 Retention time, Resolution, Peak Purity Ll81$ %Matching

4 a
IDUNNITNIITUN

]
o A

1. 1 Retention time Y04 Peak ¥04@201AazaaM1/51n5) 11 Chromatogram 111015111301 Parameter
2. @1 Peak Purity 409 Peak ¥03@ 20 8azA211)51n5 11 Chromatogram 1iio1)5un/aeu Parameter
3. 1 Resolution3¥H314 Peak mmﬁqmudazﬁaﬁﬂﬁﬂgiu Chromatogram iolSu/aou Parameter

4. M %Matching U4 Spectrum mmﬁammiazﬁaﬁﬂsmgﬂu Chromatogram oUSu/asn Parameter
Wwa

1. MINATOUANUTUNIZIIZIIVDIID (Selectivity/Specificity)

an A o 2 ~ v 2 a v ) Yo A
IFMTNNAUIVUEWTOLENNAVDIUNUIANT 14 Fia aaﬂmﬂﬂu”lmmmu Iﬂﬂ‘WﬁﬂiﬂlTﬂWﬂ
)

§ : ' ] 9 . S Yo ' . ' L4
Tasun Tnunsuawgii 1 Fawudwaaziia (9n13u Orphenadrine) Nog1ndnudia1 Resolution 111131 2.0 Nl

fi1 Retention time 118 Resolution LAAIAIAITIN 2
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Chromatogram>
nAU
75 PDA Multi 1 254nm,4nm)|
] g : " "
50 £ i 2 3 . g 3
] 2 gk = g : oz g
] s 8 g T 2 = § =
o = &
] A AN
(o}
T T T T v T ¥ . T T T x T
o 5 10 15 20 25 30 35 40 45 50
min

5U0 1 naasTnsn Tnunsuvesansazaronas U URaue il a 14 wiia

M3199 2 LIEAIAT Retention time (RT), A1 Relative retention time (RRT) 1221 Resolution U84

miamwmmgmuuuwammﬁ’ﬂm 14 ¥l

No. Standard RT RRT Resolution

1 Aspirin 3.304 0.09 -

2 Paracetamol 3.748 0.10 3.514
3 Tramadol 5.223 0.14 9.535
4 Methocarbamol 6.336 0.17 4.266
5 Tolperisone 8.789 0.24 8.564
6 Piroxicam 11.940 0.32 6.473
7 Eperisone 12.651 0.34 2.221
8 Chlorzoxazone 13.845 0.37 4.332
9 Orphenadrine 14.258 0.39 1.504
10 Naproxen 16.222 0.44 5.207
11 Diclofenac 22.898 0.62 14.611
12 Indomethacin 24.333 0.66 2.486
13 Ibuprofen 32.956 0.89 10.179
14 Mefenamic acid 36.992 1.0 4319

A~ ) A A o Y <
LN@QﬂﬁWiaga18“1@5§WULEUUW'§TNEJ“!ﬂ1J’Jﬂ 14 FUANLYNWNTUND Placebo 4 ‘]_Ijglﬂ'ﬂ ‘lﬂuﬂfnlllﬂ [{AR N

Y
mgu“lm gignnasy wazen Ik TUS 18 WUNE WA ¥HANAT Retention time LANATIAY ﬁﬂmmm"lugﬂ

4 o w < ¥ J . "o 1
sumuninasoulusisueuiia erwsayulng ergnnasu uazenimmuTusia Taelin Peak Purity ludina

0.95 321D45A1 %Matching Y99 Spectrum ipiouiumsaza1ouIsg U lidnfosas 95 (M15199 3)
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4 1 . . 1 . 1 . v 1 a 4
M1519% 3 LAANAT Retention time A1 Peak Purity (1821 %Matching (%oMat) vosudauaazytiatile

= A A @ ' <
ﬂﬂE‘Tﬁa%aWEJﬂJWI§§WHLLU1JWfﬂJmLLfS{ﬂ’Jﬂ 14 BUA NUONHAUNL Placebo 4 Uszinn llﬁllﬂmmﬂ mmﬁyu“lwar

ggnnasu taze s T

En!ﬁﬂ En"lNﬁuuulWﬁ gngnnaou Sﬂﬁ“!ﬂujﬂﬁ‘lm
Standard Average (%oRSD) Average (%oRSD) Average (Y%oRSD) Average (%oRSD)

RT %Mat Purity RT %Mat Purity RT % Mat Purity RT % Mat Purity

Aspirin 3.299 99.99 99.39 3.302 99.41 97.57 3.335 99.84 99.66 3.111 96.27 99.08
(0.23) (0.00) (0.53) (0.16)  (0.05) (1.31) (0.69) (0.03) (0.06) (0.24)  (0.00) (0.49)

Paracetamol 3.742 99.99 99.69 3.754 99.64 99.59 3.971 99.83 99.42 3.793 96.19 96.58
(0.24) (0.00) (0.53) 0.13)  (0.02) (0.23) (0.91) (0.04) (0.56) 0.26) (0.25) (0.77)

Tramadol 5.199 99.89 100.00 5.258 99.89 99.79 5.399 99.85 95.40 5.316 99.83 99.87
(0.57) (0.03) (0.00) (0.18)  (0.02) (0.36) (2.80) (0.03) (8.33) (0.60)  (0.02) (0.11)

Methocarbamol 6.293 99.99 100.00 6.367 99.99 99.99 6.554 99.99 99.99 6.440 99.99 99.99
(0.55) (0.00) (0.00) (0.19)  (0.00) (0.00) (3.15) (0.01) (0.01) (0.66)  (0.00) (0.00)

Tolperisone 8.707 99.99 99.99 8.847 99.98 99.99 9.212 99.97 99.38 8.978 99.97 99.17
(0.67) (0.01) (0.00) (0.24)  (0.00) (0.00) (4.52) (0.02) (1.08) 0.77)  (0.03) (0.01)

Piroxicam 11.878 99.98 99.76 11.991  99.96 98.42 12.257 99.95 99.99 12.138  99.93 99.64
(0.43) (0.01) (0.42) (0.13)  (0.00) (2.44) (2.21) (0.03) (0.00) (1.o1)  (0.07) (0.58)

Eperisone 12.610 99.99 99.91 12.693  99.93 96.69 12.930 99.95 95.62 12.839 9991 99.93
(0.33) (0.01) (0.09) (0.08)  (0.01) (5.74) (1.89) (0.01) (7.33) (1.23)  (0.06) (0.05)

Chlorzoxazone  13.801 99.99 99.82 13.887  99.99 100.00 14.149 99.99 100.00  14.061  99.99 100.00
(0.29) (0.00) (0.15) (0.08)  (0.00) (0.00) 0.27) (0.00) (0.00) (1.38)  (0.00) (0.00)

Orphenadrine  14.205 99.99 99.96 14311 99.99 99.99 14.632 99.99 99.92 14.554  99.98 99.99
(0.36) (0.00) (0.08) (0.09)  (0.00) (0.01) (2.26) (0.01) (0.70) (2.04) (0.01) (0.01)

Naproxen 16.159 99.99 100.00  16.276  99.99 100.00  16.648 99.99 96.82 16.560  99.99 100.00
(0.34) (0.00) (0.00) (0.12)  (0.00) (0.00) (2.26) (0.00) (2.96) (2.09) (0.01) (0.00)

Diclofenac 22.756 99.99 100.00  22.974  99.99 100.00  23.757 99.99 100.00  23.724  99.99 99.98
(0.41) (0.00) (0.00) 0.17) (0.00) (0.00) (3.32) (0.00) (0.00) (1.05) (0.01) (0.03)

Indomethacin ~ 24.170 99.99 100.00  24.420  99.99 100.00  25.315 99.99 100.00 25296  99.99 99.99
(0.44) (0.00) (0.00) (0.19) (0.00) (0.00) (3.58) (0.00) (0.00) (4.91) (0.00) (0.00)
Ibuprofen 32.780 99.99 100.00  33.140  99.98 100.00  34.462 99.97 100.00  34.570  99.90 100.00
(0.48) (0.00) (0.00) (0.21) (0.01) (0.00) (3.80) (0.02) (0.00) (6.31) (0.07) (0.00)
Mefenamic 36.719 99.99 100.00  37.165  99.99 100.00  38.750 99.99 100.00  39.119  99.99 100.00
(0.96) (0.00) (0.00) (0.22) (0.00) (0.00) (3.99) (0.00) (0.00) (7.52) (0.00) (0.00)
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2. MINAFRUANMHIIZANVDITL UV IATH INn5 19 (System suitability)

WieRamsazaemasunuuNaueuilag 14 siia 1w 3 51 wuhewdlaugazriiaiian
%RSD U4 Retention time 18z d311119jv99A1 Resolution laitin 2.0 AuA15191 4 oniius1 Resolution U4
v 1 9
Paracetamol 1182 Tramadol N1 %RSD M1NNT1 2 1AIHDIDINAT Resolution YBIAIBINT 2 BAWINNI 2.0

v
[

gaiulunsaii lidawanisauaonuas0vedds M Lenaen

= A
MI19N 4 LEaINanMUNeszuy Insu Innsin

No. Standard Av.RT %RSD Av. Resolution %RSD
1 Aspirin 3.415 0.117 - -
2 Paracetamol 3.923 0.120 3.348 4.297
3 Tramadol 6.008 0.214 9.039 4.763
4 Methocarbamol 7.402 0.208 4.264 0.075
5 Tolperisone 10.734 0.192 8.540 0.243
6 Piroxicam 13.111 0.019 6.520 0.699
7 Eperisone 13.721 0.081 2.202 1.352
8 Chlorzoxazone 15.081 0.133 4.321 0.219
9 Orphenadrine 15.658 0.282 1.483 1.912
10 Naproxen 17.906 0.300 5.274 1.765
11 Diclofenac 26.275 0.229 14.750 0.840
12 Indomethacin 28.147 0.242 2.494 0.367
13 Ibuprofen 38.601 0.061 10.129 0.551
14 Mefenamic acid 44.288 0.132 4.316 0.238

3. MINATOUIATINAVDINITATIVNY (Limit of Detection, LOD)

, - <

eRamsazaemnsgIunuuNauedlIe 14 siia uazuonken Placebo siin e1waaiuIng

3 ) ' ' A g Y Y o =~
egnnaey tazeniuwu Tusa Tasanududuvesnuniaudassiaduanuduiudmganazamnsa
9 ' 9 4
ANtz iguiendnyel I wu1AT Signal to noise ratio Yo AL Iauaazyiia lidndi 3.0 Natidau
TnajiiAn Peak Purity laitfoena 0.95 aziiA1 %Matching 94 Spectrum hivfoenifesay 95 oniu
v v
Paracetamol 181¢ Aspirin lussazareNnawy Placebo EJW“]NE‘TiJuhl‘WS gnNnNaoU wazeiru Tus e ey
4 ¥ H 1} 1

Tramadol 1a¢ Methocarbamol lua1saza1efinean Placebo e1gnnasy tazeniwmulusia i liawisanim

v A g XA A Y 9 o A % ~ v
LOD Ulﬂ (MT1N 5) NIUUBDINNUDA NV UUUUDIYIAINANUT VA1 Wﬂ*umﬂal‘wmumﬂu Placebo 81914
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¥ % [l oA 1 a A = Aa < 1
mgu”lwa ggnnasu waze U Tus 10 %Qﬂi?ﬂ{]@giﬂé}ﬂUWﬂfﬂﬁ]%ﬁ\iﬂ‘ﬂﬁW’di‘Uﬂ’JuWﬂfﬂﬂM"Uu1ﬂLﬁﬂﬂ’N

maniy s luansamaaannamsasiany 1a

4 ' o { a P o @ ' i
ﬂ1§1\‘1ﬁ 5 Llﬁﬂ\‘iﬂWﬂ'NllL“lsljll"lsl}uﬁTE;(ﬂﬁffﬂllﬁ'ﬂ@S'Jfl]WiJllﬁgwq%uLﬂﬂﬁﬂHmll?g{ (LOD) A1 Peak Purity

1182A1 %Matching (%Mat) Y4E15A2AWUATTIULDUHTNE AR 14 FiA HAZUOANEY Placebo 114 4 ¥1iA

Standard  Conc gl gnwaayulng gngnnaeu TN ITER T

pg/ml
Average (%RSD) Average (%RSD) Average (%RSD) Average (%RSD)

S/N %Mat  Purity S/N %Mat  Purity S/N %Mat  Purity S/N %Mat  Purity

Aspirin 0.8 89 9973 9856 NA NA NA NA NA NA NA NA NA
(17.57) (0.11) (2.50)

Paracetamol 0.4 54.5 99.77 99.99 NA NA NA NA NA NA NA NA NA
@59 (0.02)  (0.01)

Tramadol 40 127  99.56  99.99 5.8 99.78  99.99  NA NA NA NA NA NA
@437 (045 (0.000 (414 (0.16)  (0.00)

Methocarbamol 2.0 117 9991  99.99 5.3 99.95  99.99  NA NA NA NA NA NA
@507 (0.03)  (0.000  “8)  (0.02)  (0.00)

Tolperisone 08 436 9757 9995 19.6  97.09 99.95 10.6 98.08  99.96 13.8 9620  99.94
@740 (1.56) (001 108 (237) (00D (43D @254 (001 O (0.79)  (0.03)

Piroxicam 28 2004 9745 9999 864  99.92 9999 437 9996  99.99  49.1 9991  99.93
@62 (342)  (0.00) @9 (005 (0000 (79 (0.05)  (0.000 G2 (0.08) (0.11)

Eperisone 24 9208 9724 9983 101.0  99.64  99.99 502 9949  99.99 551  99.68  99.95
2528)  (393) (0290 58 (0.09)  (0.00) (14260 (0.12)  (0.000  “¥7  (0.06) (0.09)

Chlorzoxazone 4.0 259 9838 9999 106 9994 9999 52 9991 9999 49  99.93  98.68
483 (221)  (0.00) G99 (.01  (0.00) (1609 (0.08) 0.00) 49 (903) (2.31)

Orphenadrine  10.0 149  99.65  99.99 6.9 99.92  99.99 3.7  99.82  99.99 46  99.74  99.61
@03 (027 (000) @70 (002 (0000 (132 (0.14) (0000 4 (0.13)  (0.67)

Naproxen 1.6 339 99.81 99.99 162  99.15  99.99 8.5 99.73  99.99 8.1 99.86  99.99
@139 (0.12) (0000 @9 (0700 (0000 (448 (029)  (0.00)  “®  (0.04)  (0.00)

Diclofenac 40 6.5 9972 9999 286 9949 9999 148 9934 9999 9.8  99.95 99.57
@162 (0.11)  (0.00) 610 (028)  (0.000 (1419  (0.82) 0.000 (077 0D  (0.75)

Indomethacin 4.0 1532 98.60 99.99 702 9888  99.99 357 9943 9999  18.6  99.93  99.99
2099 (021) (0000 778 (0.13)  (0.00) (1259 (0.75) 0.00) (1200 (0.02)  (0.00)

Tbuprofen 36.0 198 99.93  99.99 7.1 99.83  99.99 46 9997 9999 36 9997  99.69
@718)  (0.06)  (0.00) 229 (0.16)  (0.00) (2015 (0.01) 0.00)  (10.8)  (0.000 (027

Mefenamic 80 574 9972 9999  27.1  99.73 9911 141 9975 9999 119  99.90  99.99
335 (0.09)  (0.000 (1165 (025 (155 (439 (0.09) 0.00) (087  (0.01)  (0.00)
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4.

MIANHIANUAINUYDIIT (Robustness)

20

4.1. mlasuntlasanuenaauluniniiaia (Wavelength)

eRamsazaomasgunuuNaueuilig 14 sila Foihimsasiniafinnuenaau 254 256 uag

Y o I J d" ~ Y ] = A
256 w1 Twwas uarlammsaovausuiumnuinladia (Peak Area) "’]f\illﬁﬂ\mﬂﬂ’31111’3145?]?’1’]1“?”1113911!

< ' a T ' a A 1 y S P = 4 o A 4
miummu"lﬁ' UDNYUAASTUA WUV TUANN ﬂ?iﬂaﬂ"llﬂﬂﬁuﬂiﬁWﬂq@q’ﬂlﬁ@ﬁi’J%?lﬂ’Vlﬂ’JHJEJTJﬂau

254 252 1A% 256 U1 TUILAT AWEIAL (@niN‘ﬁ 6)

]
=~

M99 6 LAAIAURABVDINUNIANA 1Az %RSD NANVEINAY 254 252 LA 256 W1 IUINAT

No. Standard Average Peak Area
254 nm %RSD 252 nm %RSD 256 nm %RSD
1 Aspirin 59266 1.09 38186 0.78 24855 0.13
2 Paracetamol 65167 36.97 43143 6.89 28543 10.85
3 Tramadol 436609 0.04 287936 0.22 190502 0.02
4 Methocarbamol 127842 0.08 85877 0.86 56729 0.05
5 Tolperisone 571380 0.12 380861 0.40 253806 0.09
6 Piroxicam 246955 0.32 163509 0.52 106953 0.39
7 Eperisone 569987 0.98 367948 0.34 245054 0.65
8 Chlorzoxazone 160493 1.46 106930 8.54 70707 11.57
9 Orphenadrine 216673 6.48 146012 8.24 97390 1.46
10 Naproxen 443416 0.14 313083 0.30 207890 0.05
11 Diclofenac 431471 0.11 283551 1.17 183863 0.54
12 Indomethacin 962454 0.12 598781 0.46 388524 0.09
13 Ibuprofen 341335 0.38 224018 10.27 146459 0.12
14 Mefenamic acid 768747 0.23 531745 3.49 350551 0.19

$ v
4.2. mslasumlasneauil

A A Y] a = o A v o v =
Luﬂﬂﬂﬁ’]iaga18“1@521”Lluumﬁuﬂ“lﬂﬂ]ﬂ 14 ¥UA Iﬂﬂuﬂ15ﬂiulﬂaﬂuﬂﬂﬁuuwu’n AURNQYLLAS

! . . ' . 3 4 & ¥ 4 oA
%RSD U941 Retention time azA1 Resolution (11 11/a1us151991 7 Fauaaaliiviunaedud nertsil 3

= ) H a (R I 3 a A = .
ﬂ’)?nﬁ1lﬂ§ﬂ’gﬁi§fﬂ1uﬂﬁLlﬂﬂWﬂfﬂLLﬂ‘ﬂ’)ﬂ‘VN 14 YU LLGIEJEJNVlﬁﬂ@ﬂllﬂllﬂ’JHJLﬁEJ\TVI"l]%LLEJﬂWWUfJ\? Eperisone

= 1 v o . I ~ £y H a Yy 13
29NVNNAUDY Chlorzoxazone@IUADANU Vertisep UPS Aansauenineunliang 14 Gﬁu@llﬂﬂ UANUAINUY

§ § VW ' v o
1T89NZ1eNNAVDY Chlorzoxazone 8ONIINAAVDL Orphenadrine IFUAY TIU ADANY Zorbax NANUEINITD
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amaalumsueniinguiiia iiesnn liansoueniinues Piroxicam 90nATIAYDY Eperisone taz L
a ~ . v o & o an A ) o Y Y =
AN50U8NAAYY Chlorzoxazone 8ONIINAAVBI Orphenadrine 18 AeriuINi1354 1) 1F0 195 uiludosfnu

A a = v dAQ YT A Y A a o da an A o
[SAENII2RN) ﬂﬂﬂﬂaﬂuﬂi%'ﬂﬂﬁﬂ Wif]gurﬂiWZ’W]"’U'E_Nﬂf]ailullWaﬂﬂﬂ']11]ﬁ11115ﬂ"UfN3ﬁ1uﬂ15llﬂﬂﬂ]ﬂﬂﬂ1ﬁiﬂqu

M3199N 7 UEAAIAUNAIVDIA Retention time HALAT Resolution 1Az %RSD o1 Sunlasu column

No. Standard Vertisep UPS column Inertsil column Zorbax column
Average (%RSD) Average (%RSD) Average (%RSD)
RT Resolution RT Resolution RT Resolution
1 Aspirin 3.415 - 3.590 - 2.673 -
(0.117) - (4.58) - (0.15) -

2 Paracetamol 3.923 3.348 3.960 2.378 2919 2.131
(0.120) (4.297) (1.85) (14.39) 0.27) (19.32)

3 Tramadol 6.008 9.039 4.764 4.121 3.527 3.488
(0.214) (4.763) (1.91) (13.87) (0.78) (5.20)

4 Methocarbamol 7.402 4.264 7.281 8.863 4.429 4.555
(0.208) (0.075) (4.83) (11.43) (1.01) (1.59)

5 Tolperisone 10.734 8.540 8.273 2.865 5.533 5.416
(0.192) (0.243) (7.94) (19.51) (1.16) (1.43)

6 Piroxicam 13.111 6.520 12.322 15.140 8.339 11.138
(0.019) (0.699) (3.55) (21.13) (1.47) (1.21)

7 Eperisone 13.721 2.202 13.442 6.123 8.757 1.427
(0.081) (1.352) (2.55) (12.91) (1.45) (1.87)

8 Chlorzoxazone 15.081 4.321 13.783 1.749 11.321 10.696
(0.133) (0.219) (3.87) (43.43) (0.74) (3.60)

9 Orphenadrine 15.658 1.483 15.280 6.905 11.509 0.916
(0.282) (1.912) 3.11) (11.33) (0.58) 9.75)

10 Naproxen 17.906 5.274 17.963 9.268 13.061 6.985
(0.300) (1.765) (2.60) (1.53) (0.60) (2.47)

11 Diclofenac 26.275 14.750 27.041 20.477 18.079 18.650
(0.229) (0.840) (3.62) (6.44) (0.73) (0.48)

12 Indomethacin 28.147 2.494 28.408 2.330 18.885 2.335
(0.242) (0.367) (3.69) (3.99) (0.75) (0.48)

13 Ibuprofen 38.601 10.129 36.796 10.596 25.473 12.203
(0.061) (0.551) (4.05) (3.16) 0.91) 0.11)

14 Mefenamic acid 44.288 4316 43.762 6.878 28.094 3.931

(0.132) (0.238) (5.28) (5.62) (1.16) (1.73)
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Analytical method development and validation
of polysorbate 80 concentration in nimotuzumab products
(MNANEZATIVAUANNGNABIVRIB IR IzHI UM IS Inadwawe Siun 80 lu
wanS e Tluyaa)

A J
a1 Muaszyr*

Abstract Polysorbate 80, otherwise known as Tween 80, is a non-ionic surfactant and emulsifier which is often used in
pharmaceutical products for product stabilization, and to reduce protein aggregation and surface adsorption. The decreases
in the concentration of polysorbate 80 and in the accumulation of degradant molecules may affect the stability of a protein-
containing pharmaceutical products. Nimotuzumab is a therapeutic monoclonal antibody has been used medically in
multiple countries. The product itself is specific to an epidermal growth factor receptor (EGFR). The formulation of
nimotuzumab product comprises many excipients including polysorbate 80, and control of the content of polysorbate 80 in
the formulation is necessary. However, due to insufficient chromophores in its structure, polysorbate 80 cannot be accurately
analyzed using high-performance liquid chromatography (HPLC) technique with UV absorbance detection. Direct
quantitation of polysorbate 80 by various other methods has been published in literature. Charged Aerosol Detection (CAD)
is one of the accepted techniques. The CAD can provide a universal detection— it is independent from the chemical structure
of the substance to be analyzed, for many chemicals including polysorbate 80. Nevertheless, the information regarding the
use of CAD to analyze the content of polysorbate 80 is still limited, and no information on quantitative analysis of
polysorbate 80 in nimotuzumab is available. Hence, in this study, the method for polysorbate 80 content analysis was
developed and validated. An Oasis column was selected and 0.02% formic acid in water and in isopropanol was used as a
mobile phase. The concentration of polysorbate 80 being analyzed was within 0.1-0.3 mg/mL range. The developed method
was validated and passed the validation requirements including specificity, linearity, accuracy, repeatability, and
intermediate precision according to the ICH guideline Q2(R1). Moreover, the validated method was used for analysis of
polysorbate 80 in nimotuzumab sample. The results from three replications showed that the content of polysorbate 80 in the
sample product was 0.15, which passed the in-house specification of 0.1-0.3 mg/mL. %RSD for the system suitability was
1.25. Therefore, the developed method is suitable for analysis of polysorbate 80 content in nimotuzumab products and may
be applicable to other drug formulations.

Key words: polysorbate 80, nimotuzumab, CAD
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Introduction

Polysorbate8 0, known as tween8 0, is a viscous, water-soluble yellow liquid. It consists of sorbitol, ethylene
oxide, and oleic acid (Fig.1). It is a nonionic surfactant and emulsifier which is often used in pharmaceutical products to
stabilize protein pharmaceuticals against aggregation and surface adsorption o Polysorbates are known to be degraded
by autooxidation ) and hydrolysis 3 These mechanisms will decrease the concentration of polysorbate in the protein
formulation over the long shelf life in proportion to the increasing of temperature B Because of the stabilize properties of
polysorbate, the decrease in the concentration of polysorbate and the accumulation of degradant molecules in a protein
formulation could be of potential concern for protein stability. The degradation process can build up various molecules,
some of which are poorly soluble, including fatty acids and polyoxyethylene (POE) esters of fatty acids. The insoluble

degradants could potentially impact protein stability “ The degradants of polysorbate80 can compromise the stability of
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protein ¥ Nimotuzumab is a therapeutic monoclonal antibody that is specific for epidermal growth factor receptor (EGFR)
and has been used as a therapy in several countries. Nimotuzumab was approved in many indications such as squamous
cell carcinomas of the head and neck, glioma, nasopharyngeal cancer and pancreatic cancer in many countries. The
formulation of nimotuzumab product comprise of many excipients including polysorbate8 0 which its content should be
controlled. However, because of the structure of polysorbate80 (Figurel) which lacks a sufficient chromophore,
polysorbate 80 could not be accurately analyzed by the conventional method of HPLC with UV absorbance detection.
Direct quantitation of polysorbate 80 by various other methods has been published in literature. A simple and fast method
for the analysis of polysorbate 80 in pharmaceutical formulations was developed using high-performance liquid
chromatography with evaporative light scattering detection (ELSD) ' and charged aerosol detection (CAD) . Charged
Aerosol Detection (CAD) can provide a universal detection that is independent of the chemical structure for many

chemicals, such as polysorbates o

However, there were few information about the use of CAD to analyze the
polysobate80 content. In this study, the method was developed by using CAD with a simple and fast process and validated

according to the ICH guideline Q2(R1).

HaC
OH

OH

ROV

I:I_/"ﬂ---./
HGI

Fig. 1 Structure of polysorbate 80

Equipment, Materials and Reagents

Equipment and materials

1. High Performance Liquid Chromatography (HPLC): Dionex, USA, consisting of Pump, Autosampler, Column
oven, UV Detector, and program Chromeleon

2. HPLC column: Oasis MAX Online Column, 80A, 30 pm, 2.1x20 mm and Monomix H2P-SAX, 40 pm,
2.1x20 mm

3. Analytical balance

4.  Micropipette

5. Water filter: Model Milli-Q Advantage A10, Millipore, USA

6. Vortex

7.  Micropipette

8. Glassware class A
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Standard and reagent

1. Polysorbate80 USP reference standard (Lot no. R072G0)
2. Formic acid LC-MS grade (Thermo Fisher Scientific, 64-18-6)
3. Isopropanol HPLC grade (Carlo erba, 67-63-0)
4. Disodium hydrogen phosphate (Carlo erba, 7558-79-4)
5. Sodium dihydrogen phosphate monohydrate (Carlo erba, 10049-21-5)
6. Sodium chloride (Carlo erba, 7647-14-5)
Procedure
1. Reagent preparation
1.1 Matrix solution
Table 1. The component of matrix solution of nimotuzumab product (excluding the polysorbate 80)
Component Amount per vial Matrix solution (2X)
Disodium hydrogen 18.0 mg 360 mg
phosphate
Sodium dihydrogen 5.2 mg 104 mg
phosphate monohydrate
Sodium chloride 86 mg 1720 mg
Water type 1 gs. to 10 mL gs. to 100 mL
1.2 Mobile phase A: 0.02%v/v formic acid in water
Dilute 200 pL of formic acid with water and adjust the volume to 1000 mL.
1.3 Mobile phase B: 0.02%v/v formic acid in isopropanol
Dilute 200 pL of formic acid with isopropanol and adjust the volume to 1000 mL.
2. Standard preparation

2.1 Stock standard solution (5 mg/mL)

Dilute 50 mg of polysorbate80 USPRS with water and adjust to the volume of 10 mL.
2.2 Standard solution (0.2 mg/mL)

Pipette 40 pL of stock standard solution (2.1) and 960 pL of water and mix.
2.3 Standard solution (0.02 mg/mL)

Pipette 100 pL of standard solution (2.2) and 900 pL of water and mix.
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3. Sample preparation
Dilute the sample solution with water to contain the final concentration of polysorbate80 of 0.02 mg/mL.
4. Spiked sample preparation
4.1  Stock spiked sample solution (5 mg/mL)
Dilute 50 mg of polysorbate80 USPRS with matrix solution and adjust to the volume of 10 mL.
4.2 Spiked sample solution (0.2 mg/mL)
Pipette 40 pL of stock standard solution and 960 pL of matrix solution and mix.
43  Spiked sample solution (0.02 mg/mL)
Pipette 100 puL of stock standard solution and 900 puL of water and mix.
5. HPLC condition
Mobile phase Mobile phase A: 0.02% formic acid in water
Mobile phase B: 0.02% formic acid in isopropanol (Table2)

Flow rate 1 mL/min

Column temperature 30°C

Sample temperature 5°C

Injection volume 200 pL

Detector Charged aerosol detection (CAD)

Evaporative temperature: 35°C, collection frequency 10 Hz, filter 5
seconds, PFV 1.0

Table 2 The gradient of mobile phase

Time (min) Mobile phase A (%) Mobile phase B (%)
0 90 10
1 80 20
34 80 20
35 0 100
4.5 0 100
4.6 90 10
10 90 10

- System suitability

%RSD of the replicated standard solution (5 injections) should not be more than 5.3% ®1)

6. Method development
6.1  Column of analysis
A simple reversed phase high-performance liquid chromatography method for polysorbate 80

quantitation was reported. Because of the non-chromophore structure of polysorbate80, the hydrolysis
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6.2

6.3

process with acid or base with heating was performed and oleic acid, a hydrolysis product will be
quantitated and detected with UV detection. However, this method was laborious and time consuming
ton, Analysis of polysorbate 80 by high-performance liquid chromatography (HPLC) with charged
aerosol detection (CAD) was also reported. Both ion exchange and reverse phase columns were used
with CAD. The single peak of polysorbate80 was observed with C18 column but in the sample solution
the resolution of polysorbate80 and excipient in the formulation quite not good " For the ion exchange
column, the using of Monomix H2P-SAX, 40 pm, 2.1X20 mm and Oasis MAX Online Column, 80A,

25 bt the

30 um, 2.1X20 mm were reported and polysorbate80 peak had good resolution and sharp {
system were different. Therefore, in this study two chromatographic systems were performed and
compared the results of chromatogram such as the intensity of signal and the specificity of polysorbate80

peak from these two columns and using the CAD.

Concentration of formic acid in the mobile phase
Monomix H2P-SAX and Oasis MAX online were the mix-mode column which contain the ion exchange
and reverse phase sorbent. Formic acid is commonly used in the mobile phase in both systems with the

e However, the formic acid might increase the signal of background when

concentration at 2%v/v |
using the CAD. In this experiment the concentration of formic acid was vary from 0.02, 0.2 and 2% to

compare the effect of background from formic acid to the polysorbate80 peak.

Concentration of polysorbate80 for analysis

The critical micelle concentration (CMC) is an important part of polysorbate80 analysis. If the
concentration of polysorbate80 was above the CMC, the hydrophobic functional groups are encapsulated
inside of the micelle which might not bind the resin with the same affinity as free tween U2 Tween 80
form micelle at 0.00157% w/v in water """ Therefore, in this study the concentration of polysorbate80

was prepared in 2 levels, lower and about the CMC levels.

7. Method validation

7.1

7.2

Specificity
Inject the solutions as follows: blank, water, mobile phase A, mobile phase B, matrix solution, standard
solution, and sample solution and evaluate the interferences from excipients and mobile phase used in

the method on the interesting peaks.

Linearity and range
Prepare standard solution in 5 concentrations as follows and calculate the coefficient of determination
(R?), y-intercept and slope of the regression line. The coefficient of determination (R*) should not be

less than 0.99 .
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50 uL + 950 pL of water (0.01 mg/mL, 50%)
75 uL +925 uL of water (0.015 mg/mL, 75%)
Standard solution (0.2 mg/mL) 100 pL + 900 pL of water (0.02 mg/mL, 100%)

125 uL + 875 uL of water (0.025 mg/mL, 125%)

)N

150 pL + 850 pL of water (0.03 mg/mL, 150%)
7.3 Accuracy
Prepared a spiked sample in 3 concentrations (50, 100 and 150%), 3 replicates in each concentration as

follows and calculated the %recovery. The %recovery should be within 80-110% ™

/ 50 uL + 950 uL of water (0.01 mg/mL, 50%)
Spiked sample solution — 100 pL + 900 uL of water (0.02 mg/mL, 100%)
(0.2 mg/mL) \ 150 pL + 850 pL of water (0.03 mg/mL, 150%)
7.4  Repeatability
Prepare the spiked sample as indicated in the part of accuracy (7.3) and calculate the %RSD. The
%RSD should not be more than 7.3% .
7.5  Intermediate precision (2 operators, 3 different days)
Prepare the spiked sample solution at the concentration of 0.02 mg/mL (100%) in 6 replicates and
calculate the %RSD. The %RSD should not be more than 7.3% "

7.6  Specification

Parameter Criteria

Specificity - The retention time of polysorbate80 peak in standard and
sample solution should be the same.

- There is no interference from other peaks to the major peak of

polysorbate80.

Linearity - The coefficient of determination (Rz) should not less than 0.99
[91

Accuracy - %Recovery: 80-110% (sl

Precision - %RSD: not more than 7.3% *

- Repeatability

- Intermediate precision
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Result

L.

Method development

1.1

Column of analysis

The results from Monomix column showed that the signal of polysorbate80 peak was good and peak

shape was sharp. However, there was a shoulder in front of the polysorbate80 peak. Moreover, there was

a peak of matrix solution which was higher than blank and water. From this result, if the subtraction was

performed, there was still the interfered peak from matrix (Fig.2).

i

irean 5

1
Folysorta

1 [ /"- . — Matrix
. i f : - L i Standard
R | — — = S D— it “Blank—

I — - —_ — = — ————
1 /\. !\-1_ . //_ e — W_ater
- min
000 100 To200 300 400 500 "s00 700 80E

Fig. 2 The chromatogram of blank, water, matrix solution and standard of polysorbate80

(0.02 mg/mL) by using Monomix column.

On the other hand, the results from the Oasis column showed that the peak shape of polysorbate80 was

broader than the result from Monomix column. There was a huge peak in front of the polysorbate80 peak,

but it decreases to the baseline before the elution of polysorbate80 (Fig.3). Moreover, there was no

interference peak from matrix after subtraction of blank because the chromatogram of matrix solution was

the same as blank. From this result, the Oasis column was selected to use for polysorbate80 analysis.
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Fig. 3 The chromatogram of blank, water, matrix solution and standard of polysorbate80

(0.015 mg/mL) by using Oasis column.

1.2 Concentration of formic acid in mobile phase

For the first time, the vary of formic acid concentrations was performed with the Monomix column and
compared the chromatogram of blank. The result showed that the lower concentration of formic acid can
reduce the intensity of noise from the detector (Fig.4). 0.02% formic acid was the lowest concentration
commonly used in this kind of detector and it was suitable for this analysis. However, after selecting the
analytical column to Oasis, 2% and 0.02% formic acid were tested. The same result as using with the
Monomix column was shown. The background of 0.02% formic acid was lower than 2% (Fig.5).
Therefore, 0.02% formic acid was used in mobile phase A and B.

20,000
A

2% formic acid

15,0004

10,0004 {4
II \
0.2% formic acid ".I

[
5,000 \ \
' A\

I,
i \\ \
0.02% formig acid .,
n_ R — — e . -
R mn
-:"EIEIU-| T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
000 100 200 300 400 a0 G.00 700

Fig. 4 The chromatogram of blank by using 0.02, 0.2, 2% formic acid in mobile phase A

and B with the Monomix column.
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Fig. 5 The chromatogram of water and blank by using 2 and 0.02% formic acid, respectively,

in mobile phase A and B with the Oasis column.

1.3 Concentration of polysorbate80 for analysis
As the information of polysorbate80 showed that the critical micelle concentration (CMC) of
polysorbate80 was about 0.015 mg/mL 1% The concentration of polysorbate80 for analysis should be
suitable. If the concentration was above the CMC, the binding of the polysorbate is not that well and the
%recovery will get lower. However, the too low concentration can also face integration problems after
subtraction of blank.
Firstly, 0.1 mg/mL of polysorbate80 was injected and vary the injection volume from 12.5-100 puL to
find the suitable concentration. All injection volumes shown that the separation of polysorbate80 peak
and the interfering peak was better than the injection volume of 200 uL (Fig.6) and the polysorbate peak

was still observed after blank subtraction (Fig.7). Therefore, we can assume that the concentration of

polysorbate80 between 0.000625-0.05 mg/mL could be analyzed.
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Fig. 6 The chromatogram of 0.1 mg/mL of polysorbate80 with the injection volume of 100, 50, 25 and 12.5 pL.
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Fig. 7 The chromatogram of 0.1 mg/mL of polysorbate80 with the injection volume of 100, 50, 25 and 12.5 puL

after blank subtraction.

The linearity plot of polysorbate80 between 0.005-0.015 mg/mL (lower than CMC) and 0.01-0.03

mg/mL were performed. For 0.005-0.015 mg/mL, the result shown that the R” was 0.9909 (Fig.8) and

the %recovery were 99.442, 76.511 and 82.604% for the concentration of 0.005, 0.01 and 0.015 mg/mL,

respectively (Table3).
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Fig. 8 The linearity curve between the concentration of 0.005-0.015 mg/mL.

Table 3 The %recovery of polysorbate80 between the concentration of 0.005-0.015 mg/mL

Injection no. Concentration (mg/mL)
0.005 0.010 0.015
1 3.850 4.470 6.713
2 2.394 4.390 6.775
Average 3.122 4.430 6.744
Found 0.005 0.008 0.012
Added 0.005 0.010 0.015
%Recovery 99.442 76.511 82.604

For 0.01-0.03 mg/mL, the result shown that the R’ was 0.9957 (Fig.9) and the %recovery were 83.083,

106.362 and 110.589% for the concentration of 0.01, 0.02 and 0.03 mg/mL, respectively (Table4).

14.0000
12.0000
10.0000

8.0000 y =392.35x + 1.3936

6.0000 R*=0.9957
4.0000

2.0000

Peak area

0.0000
0.000 0.010 0.020 0.030 0.040

Concentration (mg/mL)

Fig. 9 The linearity curve between the concentration of 0.01-0.03 mg/mL.
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Table 4 The %recovery of polysorbate80 between the concentration of 0.01-0.03 mg/mL

Injection no. Concentration (mg/mL)
0.01 0.02 0.03
1 5.022 9.752 14.374
2 4.288 9.736 14.460
Average 4.655 9.744 14.417
Found 0.008 0.021 0.033
Added 0.01 0.02 0.03
%Recovery 83.083 106.362 110.589

From the data of 2 ranges concentrations, the higher concentration was selected, 0.01-0.03 mg/mL

because the peak was clearly observed, the better of R’ value and %recover and the dilution was easier

to prepare.

2. Method validation

2.1

Specificity

From the chromatogram of specificity, the retention time of polysorbate80 peak in standard and sample

solution was the same and there is no interference from other peaks to the major peak of polysorbate80

which complied with the criteria for specificity (Fig.10). However, there was the background of detector.

Blank subtraction should be performed before using the peak area for calculation.

)7-11 Specificity #7

solution_0.02 mg/ml

Sample solution 0.02 mg/ml

l

200 |
20041

|
|
Sy \-I\«.l-,-s.-. BaledD 4 543

/

Sample solution

Standard sotution

344

Mobite-phaseB
Mobite phase A
Matrix-sotution
- Water

TTTirT

8.0 9.0 10.

Fig. 10 Chromatogram of specificity
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2.2 Linearity

The linearity result showed that the R* was 0.9903 (Fig.11) which conformed to the criteria, not less than

0.99 "

16.00
14.00
12.00
10.00

y = 474.45x + 0.4037
R%=0.9903

8.00

Peak area

6.00
4.00
2.00

0.00
0.00 0.01 0.02 0.03 0.04

Concentration (mg/mL)

Fig.11 The linearity curve between the concentration of 0.01-0.03 mg/mL.

2.3 Accuracy
The %recovery were 91.135, 94.323 and 101.615% for the concentration of 0.01, 0.02 and 0.03
mg/mL, respectively, which were within the criteria, 80-110% (Table5). Therefore, the accuracy of this

method passed the specification.

Table 5 The %recovery of polysorbate80 at the concentration of 0.01, 0.02 and 0.03 mg/mL

Concentration of polysorbate80 (mg/mL)

Injection no.
0.01 0.02 0.03

1 5.061 4.691 4.691 9.774 10.357 9.860 16.018 15.875 15.872

2 4.969 4.770 4.770 9.171 8.904 9.272 13.638 15.952 13.809
Average 5.015 4.731 4.731 9.473 9.631 9.566 14.828 15914 | 14.841
Found 0.010 0.009 0.009 0.019 0.019 0.019 0.030 0.033 0.030
Added 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.03
%Recovery | 95.045 | 89.181 | 89.181 | 93.460 | 95.088 | 94.423 | 99.101 | 106.559 | 99.187
Average 91.135 94.323 101.615
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2.4 Repeatability
The data from accuracy testing was also used for the repeatability testing. The %RSD of all 3

concentrations were less than 7.3 which passed the criteria (Table 6).

Table 6 The %RSD of the concentration of polysorbate80 at the level of 80, 100 and 120%

Concentration of polysorbate80
Replicated sample
(mg/mL)
80% 100% 120%
1 0.010 0.019 0.030
2 0.009 0.019 0.033
3 0.009 0.019 0.030
Average 0.009 0.019 0.031
%RSD 3.71 0.87 4.21

2.5  Intermediate precision
The six replicates of spiked sample were performed in each day at the concentration of 0.02 mg/mL,
100%. The results showed that the %RSD from 3 days and 2 analysts were 3.90 and 4.30, respectively,
which were less than 7.3% (Table7). Therefore, this analytical method also passed the intermediate

precision of the validation process.

Table 7 The result of intermediate precision

Concentration of polysorbate80 (mg/mL)
Sample No.
Day 1 Day 2 Day 3 2nd analyst

1 0.019 0.018 0.019 0.018
2 0.020 0.020 0.020 0.021
3 0.020 0.019 0.020 0.021
4 0.021 0.019 0.020 0.020
5 0.021 0.020 0.020 0.020
6 0.020 0.020 0.019 0.020

Average 0.020

%RSD 4.30

Average (3 days) 0.020

%RSD (3 days) 3.90
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2.6 Testing pharmaceutical product

After the method was validated, polysorbate80 in nimotuzumab product was analyzed. The result from
three replications of sample solution showed that the content of polysorbate80 in the product was 0.15
mg/mL (Table 8) which passed the in-house specification, 0.1-0.3 mg/mL. The %RSD for system suitability
was 1.25. The expanded uncertainty was 0.0123 mg/mL which was calculated by multiplying the combined
standard uncertainty by coverage factor of 2. The report value will be 0.15 = 0.0123 mg/mL.

Table 8 The result of pharmaceutical product

Peak area
Injection no.
Standard Sample A Sample B Sample C
1 12.149 8.068 9.019 9.088
2 12.184 8.472 8.851 9.136
3 12.050
4 11.881
5 11.858
6 12.816
Average 12.156 8.270 8.935 9.112
Content of polysorbate80
0.137 0.149 0.151
(mg/mL)
Average (mg/mL) 0.15
%RSD 5.06

Discussion

The most strength of the CAD was the detection of some compounds that are practically invisible to UV-
absorbance detectors. However, it also detects impurities in the mobile phase which could not be detected by UV-
absorbance detectors if they do not contain chromophores. The high level of background could occur if there are some
impurities in the component of mobile phase. Therefore, all reagents in mobile phase should be the HPLC or LC-MS grade
such as isopropanol and formic acid.

The chromatogram of blank showed the small peaks at the retention time of 4.5 and 5.5 minutes. The gradient
of mobile phase was dramatically changed from 100% organic solvent, isopropanol, to 90% water in about 1 minute. The
first peak in blank injection should come from the changing of mobile phase. For the peak at the retention time of 5.5
minutes, there might be something in the mobile phase that be detected by CAD. Therefore, chromatogram subtraction

should be performed before starting each sequence to improve the baseline and get more accurate data.



#13d15101 U9 29 2VA 2 WgEMAN-ANHIAY 2566 39

Conclusion

The method for polysorbate80 content analysis was developed and validated. The Oasis column was selected by

using 0.02% formic acid in water and in isopropanol as a mobile phase and the concentration of polysorbate80 for analysis

should be suitable, 0.1-0.3 mg/mL. The developed method was validated and passed the requirement of validation

including specificity, accuracy, repeatability, and intermediate precision according to the ICH guideline Q2(R1).

Therefore, this method is suitable for analysis of the polysorbate80 content in nimotuzumab product.
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Abstract Antihistamine is a group of drugs used to reduce or block histamine in order to alleviate allergy symptoms.
Antihistamines used for medicinal purpose are available in many types and forms. In the past, quantitative analysis
of the drugs is time-consuming as each of the drugs requires specific analytical method. Therefore, the analytical
method of diphenhydramine hydrochloride raw material specified in the monograph published in USP 2022 was used
to develop a new identification method that can determine 5 antihistamines (chlorpheniramine, diphenhydramine,
promethazine, hydroxyzine and cetirizine) once, using a High Performance Liquid Chromatography (HPLC)
technique. The chromatographic system consists of an L7 column (4.6 x 250 mm, 5um), a mobile phase, which is
phosphate buffer pH 3.0 and acetonitrile. The flow rate is 1.2 ml/min. An ultraviolet at a wavelength of 220 nm was
used for detection. The validation result showed that the method was specific to all of the 5 antihistamines. The
resolution value of each drug was greater than 2.0. The method showed a sensitivity in detection of the drugs in tablet
and syrup forms, with a limit of detection (LOD) within 1.20 — 3.12 pg/ml, except for promethazine. In conclusion,
this new method developed can be applied as a standard method for identification of different types of antihistamines
in modern drugs of interest.

Keywords: antihistamine, High Performance Liquid Chromatography, analytical method development, identification
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1. High Performance Liquid Chromatography (HPLC): Shimadzu, Japan, Model LC-20 Series
2. pH Meter: Mettler Toledo, Switzerland, Model Seven Excellent
3. Analytical Balance: Mettler Toledo, Switzerland, Model XPR205
4. Ultrasonic Bath: Crest Powersonic, Malaysia, Model P2600D
5. Water Filtration Apparatus: Millipore, America, Model MILLI-Q
6. Column: Inertsil C8 4.6 mm X 250 mm, 5 pm
7. Column: Zorbax C8 4.6 mm x 250 mm, 5 pm
8. Column: VertiSep UPS C8 4.6 mm x 250 mm, 5 pm
9. Fil: Vertipure, Nylon Syringe Filter 0.45 um, Vertical Nylon Filter, 0.45 um, Agela Technologie
10. Filter: Vertipure, Nylon Syringe Filter 0.45 um, Vertical Nylon Filter, 0.45 pm, Agela Technologie
11. Glassware Class A
ﬁ1i?~l1ﬂi§1‘l-!!!ﬂ$ﬁ1i!ﬂﬁ
1. Cetirizine HCI Reference Standard: DMSc. Reference Standard, Code C235, Control No. 04A61147
2. Diphenhydramine HCI Reference Standard: Asean Reference Standard, Code D097, Lot No. T414021
3. Promethazine HC1 Working Standard: DMSc. Working Standard, Code P076, Control No. WS P76-4/61
4. Hydroxyzine HCI Reference Standard: DMSc. Reference Standard, Code H54, Control No. 05A61064
5. Chlorpheniramine maleate Reference Standard: DMSc. Reference Standard, Code C, ControlNo.05A63064
6. Maleic acid Reagent Plus =99% (HPLC), Sigma-Aldrich, Lot: SLCC7827
7. Acetonitrile, Anhydrous, HPLC Grade, Source: Macron, CAS No.: 75-05-8
8. Potassium dihydrogen phosphate, AR Grade, Source: CARLO ERBA, CAS No.: 7778-77-0
9. Phosphoric acid, AR Grade, Source: Merck, CAS No.: 7664-38-2

10. Water Type I
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@28 Phosphoric acid AI4A3LA1011 650 HadANT HEANND Acetonitrile 350 JaAAATNTOIHIU
Nylon membrane filter YU1A 0.45 pm

@

= S Y < .
1.2. ﬂ1imiﬂﬂﬁ?iﬂxa?ﬂﬁ1ﬂiﬂ1"]ﬂﬂu Diluent

a aa o 2 a aa
$739 Acetonitrile 500 YAAAANT HTUNVUT 500 UADAAT

MINATDUANUTUNIZIIZIIVDIID (Selectivity/Specificity)

£
2.1, MESATENENTAZAIoNIATTIM ATTITUT A1 Al

M9 1 uaasanududuvesssazatonns g 15 luideanusumiziniges

No. Standard ANUUINTY (mg/ml)
Stock Standard Solution Standard Solution
1 Cetirizine HCI 1.0 0.1
2 Diphenhydramine HCI 1.0 0.1
3 Promethazine HCI 1.0 0.1
4 Hydroxyzine HCI 1.0 0.1
5 Chlorpheniramine maleate 1.0 0.1

6 Maleic acid 0.2 0.02




3511 VN 29 RTUN 2 WYHMAN-TIHIAN 2566 45

2.2.

m’%ﬂumiazmﬂmmgmﬁﬁu (Stock Standard Solution)

2.1.1.

2.1.3.

3 Cetirizine HCI RS 20 Haan5u 111 Volumetric Flask ¥110 20 fiadans azaisuay
Y51151103890 Diluent 92 ldasazaeminsgudaduiiinnududy 1.0 fadnsude
Haaans

“IQ;IQ Diphenhydramine HC1 RS 20 Haansu lalu Volumetric Flask Y119 20 diaaans

azaonazdl5u1/51105920 Diluent 32 Idasavansanasgrudsduntianududu 1.0

Naansuaolanans
4 Promethazine HCI RS 20 fiaan$u 1d11 Volumetric Flask 4110 20 fiadans azae
waz$u13u1A5§0 Diluent 1214150z aeas U aduRTa Y 1.0
Naansusolanans
Gle;lﬂ Hydroxyzine HCI RS 20 Haan5u lalu Volumetric Flask ¥4 20 diagans azaig
a1l 511031105870 Diluent 93 1dansazateuias prusaduiifinundudy 1.0

a a o 1 a

Jaansuneianans

%9 Chlorpheniramine maleate 20 Haaniu lalu Volumetric Flask ¥ 20 iadans

v v
azanouazlSuLSaIae Diluent 92 ldensazatouasgIuasaunnnududu 1.0

%9 Maleic acid 20 ¥aan3y 1alu Volumetric Flask Y11 100 ¥aaans azateuazisy
a v v Y ¥ Aa Y 9 A a o 1
USu1A5@10 Diluent 92 ldesazaromiasgriuasauniinnududu 0.2 Taaniuao

yaaans

M3 gUTITACAININTY U (Standard Solution)

2.2.1.

222.

2.2.3.

thiaarsazary Cetirizine Stock Solution 2 iadans 1alu Volumetric Flask U110 20
fiadans US1501a380 Diluent 32 1850z aemasguiinanumdutu 0.1 fadnsy
folannns

tlaesazars Diphenhydramine Stock Solution 2 Haaans ldalu Volumetric Flask
¥1a 20 Hadans U5u1511A3890 Diluent v 1§asazaomiasgfianusudu o.1
Nadnsuolanans

Y1ad15a2a18 Promethazine Stock Solution 2 Hagans 1a1u Volumetric Flask Y119
20 fiadans Y5u1511a3828 Diluent vz 18asazaromas grufiianududy o.1

yaansunelanans
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2.3.

24.

2.5.

224, tlaasazane Hydroxyzine Stock Solution 2 Haaans ldalu Volumetric Flask vu1a 20
fiadans USu1511n3@8 Diluent 92 18150z menasguiitanududu 0.1 Sadniu
polaaans

225, Mlaasazans Chlorpheniramine maleate Stock Solution 2 Haaans ldlu Volumetric
Flask ¥11 20 fiadans U5u1U51105870 Diluent 92 1dmsazaoinasguiiinny
gy 0.1 Haansudeiadans

2.2.6. haesazate Maleic acid Stock Solution 2 §adans 1a1u Volumetric Flask Y118 20
fiaddns U5uUS1asdae Diluent vz 1§a13azaemasgiuiianumdudu 0.02
Haansusolaaans

MIIATOUEITOLBNIATTIUIUUNENOHETNSIATUTANTIU 5 ¥iiA 1182 Maleic acid (Standard

Mix Solution, Std.Mix)

2.3.1. 1hi1la Standard Stock Solution (“’lsl)@ 2.1.1 94 2.1.6) ¥ilaaz 2 Haaans lalu Volumetric
Flaskv11a 20 Hadans U5ud3u1a3820 Diluent n594420 Nylon Syringe Filter 0.45 ym

MIIA3ENA1TAZ a0 Placebo 2 Fia

2.4.1. Placebo fﬂ!ﬁﬂ
3 Placebo g 100 Haansu a9lu Volumetric Flask ¥11a 20 Ha8an 1AY Diluent
11111 Sonicatetiurans Wi U5115u195878 Diluent N5998438 Nylon Syringe Filter
0.45 pm

2.4.2. m
A4 Placebo 8111 4 faaans 11 Volumetric Flask 41110 20 adans 1@ Diluent 1111/
Sonicate 111113015 11# U5V 1103@78 Diluent N304 Nylon Syringe Filter 0.45 pm

MIIATONEITOLDBUIATTIUIUUNENOIRUTANITY 5 BiiA 1Az Maleic acid Az HaY

Placebo ¥iAaz 3 41 (A,B,C)

2.5.1. Placebo gugia
G]?Q Placebo Enl,ﬁﬂ 100 ¥aan5u a9lu Volumetric Flask Y11 20 Haaansiilla Standard

a a aa ) . <
Stock Solution (19 2.1.1 84 2.1.6) ¥iiaaz 2 Taaan3,1i1 11/ Sonicate 1lua1 5 uin

Y511311A380 Diluent nT09A20 Nylon Syringe Filter 0.45 pm
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2.5.2. Placebo 8111
#24 Placebo 8111 4 Haaans a1lu Volumetric Flask Y119 20 4aaans Uila Standard
. ) = a A aa o i < ~
Stock Solution (U8 2.1.1 94 2.1.6) ¥UAAL 2 UAADNT, uWVlﬂSonlcate Wuwat s win

Y5u1311@35428 Diluent N303438 Nylon Syringe Filter 0.45 pm

ABAUHUMST
1. 99 Diluent 3113U 1 %1 1BATIVEDY base line 1AL noise
a o ?)) 4
2. RATTALAONIATTIULUDRTUDIRIUTANITY 5 ¥ia 1ag Maleic acid (19 2.3) 142U 3 91 10
NATOUANNNIVOITLUY
=) =l = a 30‘
3. AemsazavanaIgIuedIUEamiu (Ve 2.2.1 59 2.2.6) ¥iiaay 1 4
a ¢ = = A . . ° 3
4. AAAURIIATAZAVNATTIULDUHENOIR UMY 5 Wil 1Az Maleic acid (V0 2.3) $112U 1 91
a a H
5. FAa13aza1® Placebo 2 ¥1A (19 2.4) ¥z 1
6. TALAVUIATTIUUVLRETNSIAUTAMIU 5 FiALAY Maleic acid Wau1u Placebo (V0 2.5.1, 2.5.2)
v
7. ¥UAAL 1 9
8. Aallamodls a1saza1eunAITIULDURENEIMILBEMIIUS ¥ila 1Az Maleic acid (V0 2.3) $112U
Y
1 %1
9. 1fUNNA1 Retention time, Resolution, Peak Purity L1a¢ %Match
4 @
INUNNTIONTY
1. Peak o m@azaaN1/51n 10 Chromatogram 1 1dn1nmsfaaisazareinasgiunuunauenddam
v 1
UU S ¥UA 1LY Maleic acid nanwauuas linaw Placeboiﬁjﬂﬁil Retention time LANA19NY TaglA
Y w A - . .2
%RSD U84 Retention time 91NN13RA 3 51 13011 2.0 (#1151 %RSD 1AM A 11T 08n1 3 41
A I a d a
(HRIINTUMIT AT HIFINUAIN)
2. Peak oAazA2IN1)51ng 14 Chromatogram #1 I8aINMsRaasazatonIas LD IRAUIRUTAN
11U 5 ¥1ia 1Az Maleic acid #9431A1 Resolution 5¥¥13196281 1116111 2.0
3. Peak o@azA2N151ng 11U Chromatogram #1 I8aINMsRaasazatonIas LD IRAUIRUTAN
~ A . LA Y A . 'y '
Hu 5 wia tag Maleic acid THaN1U Placebod0aiif Peak Purity lairfeend 0.95
' o A Ay ¥ a Y
4. Peak owAazAIN151ng 1u Chromatogram #1 1A91NMsRATITAZA0MIATIUIVUHTNSIR UM

a . . y 4 o Y ' .
1 5 wila 1Az Maleic acid NWan 11 Placebo 1ioIfisunUa1TazA18M1AT§ 1M A09TA1%Matching

"9 "9
V99 Spectrum l{b\I‘lq!?JfJ‘f]’.l'] 10U 95
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3. MINAAUANMHIILANVBI5E UL 1ATN1INNI1H (System Suitability)

3.1, MINAFUANNNEaVedszu Iasu Innsn
MIIATIUAITALDBNATTIUIUURNANOIRUTANITY 5 ¥iiA 1Az Maleic acid 19501
RN V0 2.3
AFANHUMST
1. 99 Diluent 914U 1 41 Lﬁﬂfg] base line LA noise
2. RAATAYAIONIATPIULDINANEIAIUTANIY 5 Fiiauaz Maleic acid (V0 2.3) $142U 3 41 1iloq
ANUUIUDITEUY
3. ﬁuﬁﬂ@h Retention time 1aZA1 Resolution
NMSAMUIN
° ' = ' ' . . ' . Ay ¥ a 1
1. MUIUKIAURASLATZAT %RSD UDIA1 Retention time LLaZ A1 Resolution Vlhlﬂmﬂﬂﬁﬂﬂ 3 1
NAINT NS
1 =1 %’ 9 1A a = () ' f,‘ A I
1. f1%RSD ¥9IM3nA 3 1 #0110 2.0 (11915941 %RSD 31nM3aa lutesndi 3 4 iiesrndly

a d a
ﬂﬁ’]LﬂiR’ﬁWﬂﬂmﬂTW)

4. MINAABVIATINAVYBINIIATIINY (Limit of Detection)
AutumsIaensfos 9 aAANUITUTUUDIAITAZAWNIATFIV HAZUBIAITAZANIAT TIUHTY

Placebo asau l§anudududmgavesiioudasd iausansrmmuuazannsaigadiondnyel 14 s
IATEUAITAZANIAT TIUUUUNENOIA UMY 5 ¥ila 1agaTaZaIvIATPIULUUNAUIAIUTaMIY 5
¥ila uazna Placebo Muaududugina1adnads Taoad vuriinas 3 91 ifenadounimiudives

@

2 o = Yt ) ' Y A
VAINANITINTIINY IﬂEJmimlm'iazammmgmiwummmmmamagﬂmmTﬂﬂ‘ﬂizmm ATUANWNI NN 2

o w

a ) A v Y A
M3 19N 2 Llﬁﬂiﬂ'J"IiJL"lliJ"llHGU'ENiﬂﬁ'ﬁ&’ﬁ'lﬂll'l@]ﬁg'lu?‘lcl"]gfkluﬂ’Jﬂlf)"llﬂi]'lﬂﬂ"llﬂ\iﬂ'lﬁﬁi'ﬁ]WU

No. Standard ANNUNUY (mg/ml)
Stock Standard Solution Standard Solution
1 Cetirizine HCI1 0.02 0.003
2 Diphenhydramine HCI 0.02 0.001
3 Promethazine HCI 0.02 0.001
4 Hydroxyzine HCI 0.02 0.003

5 Chlorpheniramine maleate 0.02 0.001
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4.1. mim%umiazmﬂmmgmﬁﬁu (Stock Standard Solution)

4.2.

4.1.1.

4.13.

Yilaa15azane Cetirizine Stock Solution (GISI'E] 2.1.1)1 Haaans lalu Volumetric Flask
Y19 50 fadan3 U501151103890 Diluent v 1dmsazaeinasgufiiianududu 20
lulnsnsuneiaaans

Ulaarsazane Diphenhydramine Stock Solution ("ISJJE] 2.1.2)1 Hanans laly Volumetric
Flask ¥110 50 fiadans U5uU51105870 Diluent 92 1dmsazaonasguiiiinny
gy 20 lulasnSudeliadans

ulaa15aza1oPromethazine Stock Solution (ﬂTﬂ 2.1.3) 1 Haaans lalu Volumetric
Flask Y110 50 Hadans U§uU511a380 Diluent vz 1@nsazaroninsgiuiiiinnm
Wt 20 luTasnSuneiiadans

Hulaarsazaie Hydroxyzine Stock Solution (“’lsl)’rJ 2.14)1 Haaans lalu Volumetric
Flask ¥110 50 fiadans U5uU51105870 Diluent 92 1dmsazaonasguiiiinny
wudw 20 lulasnSuneiianans

Yulaesazane Chlorpheniramine maleate Stock Solution (‘lgl)E] 2.1.5) 1 ¥aqans lalu

Volumetric Flask Y119 50 fiaaans U5ulSu1asaao Diluent 92 ldensazatoniasgiu

A Yy v v 1 a aa
NUANNVVUU 20 ‘liliﬂiﬂillﬂﬂllaﬂaﬂi

MIEIBNAITALA8UIATFIY (Standard Solution)

4.2.1.

422

4.2.3.

4.24.

ilae1sazate Cetirizine Stock Solution 3 4adans lalu Volumetric Flask U110 20
A aa o a Y . Y aa Y Y
laaans USulSuiasdae Diluent v¢ 1da15azarouiasgiundinandudu 3.0
lulasniuseiiaaans

tulaarsazare Diphenhydramine Stock Solution 1 faaans 1d1u Volumetric Flask
Y11A 20 Haaans YSVUSNIAIA2 Diluent 3¢ Idasazateunas grunianuiudu 1.0
luTnsnsuneiiaaans

Uilaarsaza1oPromethazine Stock Solution 1 Haaans 1a1u Volumetric Flask Ui1a 20
a aa o a Y . Y A Y Y
laaans USulSuiasaae Diluent v¢ 1da15azarouiasgiundinandudu 1.0
lulasniuseiiaaans

Unlamsazane Hydroxyzine Stock Solution 3 100ans lalu Volumetric Flask ¥i1@ 20
Haaans USusuasaae Diluent ag ldasazaroiasgrunlanududu 3.0 lulns

nsunelaaans
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as

b}

4.3.

44,

ANUUUNT

425, dlamsazane Chlorpheniramine maleate Stock Solution 1 Haaans 1dlu Volumetric
Flask ¥11@ 20 dadans U501301a3@20 Diluent 22 1densavarvinasgiuniinng

Y 9 @ 1 a aa
LUNUU 1.0 Vllliﬂiﬂillﬁﬂllﬁﬁﬁ@ﬁ

MIRTINENTALANBNIATTIUNAULUUNAUIAIUTANILU 5 1A (Standard Mix Solution,
Std.Mix)

a . 9 = =
43.1. e Standard Stock Solution (U8 4.1.1 D4 4.1.5) 151195 3.0, 1.0, 1.0, 3.0 uag 1.0
Haaaaseudinlaly Volumetric Flask vu1a 20 Haaans USulSuasdie nseedie

Nylon Syringe Filter 0.45 um

MRS ENENTALAIONIAT TIMUURNENIATUTAMTIU 5 BTia agHan Placebo ¥iaaz 3 4

(A,B.,C)

4.4.1. Placebo fﬂ!ﬁﬂ
3 Placebo 8115iA 100 iaansu asly Volumetric Flask ¥11@ 20 fiaaansiila Standard
Stock Solution (¥® 4.1.1 84 4.1.5) 31195 3.0, 1.0, 1.0, 3.0 4aL 1.0 YaaanTANAIAY
11111 Sonicate 151u13a1 5 WA USUUS 1103878 Diluent N399378 Nylon Syringe Filter
0.45 pm

y

4.4.2. Placebo 8111
A4 Placebo 1111 4 fiaaans aalu Volumetric Flask ¥11a 20 fiadans Tila Standard
Stock Solution (T8 4.1.1 84 4.1.5) 131195 3.0, 1.0, 1.0, 3.0 uag 1.0 YaaanIMNa 1A
11111 Sonicate 151113a1 5 WA Y5V 18388 Diluent 399378 Nylon Syringe Filter

0.45 pm

.
1. 99 Diluent 31124 1 91 1NOATIVADY base line 1AL noise

9 ! v
2. RAETAzawINATTIULDURENOIMIUBAMITIUL 5 il (0 4.3) T1WIU 3 9 IHENATDUANUIIVDY

ITUY

= Y = = 9 =3 a 2y
3. AATITASDWUINTIIUIIUTANIVUY (V9 4.2.1 D4 4.2.5) ¥UAAL 1 41

. - . ¥
4. RAAUMBINTAZAINIATTIUUDURAUIAIUTANIIY 5 Fila (10 4.3) 10U 1 9

a a ¥
5. ATALAIATIIUUULRENEIAIUTANTIU 5 ¥ilA ALHEN Placebo (10 4.4.1, 4.4.2) ¥iiAaz 1 &1
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6.

7.

Anllameaie g13aza1oIAsIIUIUUNANIA LAY 5 ¥ila (10 4.3) 1 1 9

Juiinm Signal to noise ratio, Retention time, Resolution, Peak Purity L18& %Matching

4 o
INUNNITYDNIU

1.

Signal to noise ratio Y04 Peak A281AALAD ‘ﬁﬂﬂﬂ;ﬂu Chromatogram 1 1§91nn15And 1582018
1A FIMLDURINIIAIUTANIIY 5 ¥ila Laza@1TazaIIATIUIUDRENIAIUTamMilu 5 vila
uazHe Placebo Aoa laitfoanii 3.0

Peak 80262713105 11 Chromatogram 71 1§910Ms AT Az 8IAI T IUUUUNEINGITEM
1 5 ¥ila Laga1TazaIoNIAT UMV IHTUAIUTAMIIY 5 ¥iia LagHaY Placebod041iA1 Peak
Purity 1itieen31 0.95

Peak 80262713107 11 Chromatogram 71 1§910Ms R AT Az 10INATTIUUUUNE N ILTEM
T s il nazaIaza eI IUIVURAN G TaNITIY 5 WA wazHEY Placebo tiefiouty

A130¢0UATTIUADINAT %Matching Y94 Spectrum Titipann¥osay 95

= an
5. MIANHIANUAINUUDIIT (Robustness)

as

1.

2.

I3 BUATAZABNIATTIY
FTENENTALAIIIATTIN UALNTATAINATTIMUUUNANENAUTAMTIY 5 ¥ila LAz
Maleic acid A48 2 MINAFDUANUTUNUINZIIVDIIT
ﬂ'ﬁﬁﬂﬂ']ﬂﬂl']llﬂ\iﬂu"llﬂﬂa% ‘]Jﬁ&’ﬂ'f]ﬂ@gljﬂﬂ 4 aﬁ‘ﬁﬂ'ﬁ
1. mmm’mﬁuiumimm’fﬂz 1N 220 U']I’Lllllﬁi Lﬂéﬂm“ﬂu 218 e 222 uﬂumm
2. Aol 97N Inertsil C8 4.6 x 250 mm, 5 um UasuTu Zorbax C8 4.6 x 250 mm, 5 um HAZ
Vertisep UPS C8 4.6 x 250 mm, 5 pm
3. §AdIuvesasaza1eFIm: 910 Buffer pH 3.0 : ACN (65:35) t1faeniilu Buffer pH 3.0 -
ACN (60:40) ttag Buffer pH 3.0 : ACN (70:30)
4. ﬂ'J']ﬂJL“ﬂuﬂiﬂ-ﬂ"]ﬁﬁllf]\iﬁ'ﬁaﬁa']ﬂ Buffer: 910 Buffer pH 3.0 Lﬂéﬂmﬂu Buffer pH 2.8 LlaY
Buffer pH 3.2

FANUUNS

.
2 Diluent 31U 1 1 1NBATIVADY base line 1AL noise

= Y - a . ) ¥ A
NATTAZAWINATI ULV URTUAUTAMTU 5 ¥UA 11ag Maleic acid 911U 3 F1 1iNoNAdOU
ANUHIUDITZUY

=) 9 =y = a ?,’

AAIAZAWNIATI MR UTAMTU YA 1

Ed
Aatlamenie @15aza10010s PIULDUATNOIRIUFANINY 5 ¥iia 1ag Maleic acid $11IU 1 41
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@

5. 1fu#inA1 Retention time, Resolution, Peak Purity Ll81¢ %Matching

4 a
DUNNITNITNTUN

1. 1 Retention time Y04 Peak Y0408 11Aaza2M1/5105) 11 Chromatogram 111015 111/agu Parameter
2. 1 Peak Purity Y04 Peak Y0462 mAazAIM15107 11 Chromatogram i1l un/asu Parameter
3. fi1Resolution 531314 Peak ¥036288azAIN1/51n9 114 Chromatogram 1015 Uasw Parameter

4. M %Matching YD Spectrum m@ﬂﬁiﬂm@iﬁ%ﬁiﬁﬂﬂﬂaﬁlu Chromatogram e15uaeu Parameter

Wa

1. MINAADUANUTUNIZIIZIIVDIID (Selectivity/Specificity)

1] Y
FmsniavuaInTausninvesmudaniu s viia laun Chlorpheniramine, Diphenhydramine,

. . e o Y @ A {
Promethazine, Hydroxyzine 11ag Cetirizine 90n91n0u Idod19daau Tagiarsanainlasu Inunsuaugali 1

Yo A

[ 1l F Ed
FanunuaaziinNoglndnuiin Resolution 311131 2.0 11911A1 Retention time, Relative retention time 1A%

] 1
= A A

. @ . . o 9 4 Y I @ o [
Resolution HAAIAIN15197 3 Tag Maleic acid Tuszuy e une Il udunudmmia Tu

Chromatograph ¥84finindongnilaesoeniu191n 1nsed319u09 Chlorpheniramine maleate iipagluaisazats

3
IMUU

PDA Multi 1 220nm, 4nm|

8
TR e scd
3783/ Chicpheniraming

250+

=
I==="539 Dghetysamve
""1.028  Prometazee
~

o -

o

{>l9l9mp-:r.n
>1o 181/ Ceseizoe

o
ol
-
N
o

31U 1 naasTasin Tnunsuvesasaza1onns P IUUDURANEM BN 5 ¥l 1ag Maleic acid
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M3199 3 LIEFAIAT Retention time (RT), A1 Relative retention time (RRT) 1221 Resolution U84

A15AZAONNTIULDURENAIUFanIIiu 5 siauay Maleic acid

No. Standard RT RRT Resolution
1 Maleic acid 2.306 0.23 -
2 Chlorpheniramine 3.789 0.37 9.462
3 Diphenhydramine 5.869 0.58 9.889
4 Promethazine 7.028 0.69 4.599
5 Hydroxyzine 8.949 0.88 6.312
6 Cetirizine 10.181 1.00 3.522

4 a . LA o <
Lﬁﬂ%ﬂﬁ?iﬁ$a1ﬂn1@]§§1ulmuNﬁiJEleﬁu%ﬁVHflu 5 ¥UALAE Maleic acid ﬁllﬂﬂmﬂlﬂ'ﬂ Placebo 811A

¥ ' ] A ' 4 o w ' 1o ' '
wazen wuNfiavesemaazwiia lignsuniwanaisouludiy Taelinn Peak Purity lifing1 0.95 wazlia

. 4 o vo 1y { v .
%Matching 499 Spectrum tiptieunuasazaleuInsg v ludinideeas 95 (15197 4) oni3u Promethazine

! H & g A A H
luasazaeNway Placebo 8111 Laadwalily NA 1193139991011 Placebo 81111

51 Tu99a 1R eInUAUNAUBY Promethazine

v

%

HU

nnalsnglulasunInun

3197 4 LAAIAUNABLAZ% RSD UDIA1 Retention time (RT) A1%Matching 1tagf1 Peak Purity Y081

9 = =\ 1 a 4' = Y =) s a . . =
AMUIAMUVUUADSTUALNDNATITALAIUIATIIUUVUNTUIINUITNIUU 5 FUALAS Maleic acid Anaulu

< 3
Placebo 81UUA LLAZHIUN

No. Standard Placebo RT %RSD %Matching %RSD Purity %RSD
1 Maleic acid ufia 2.315 0.19 99.99 0.00 99.99 0.01
fnfh 2.295 0.04 99.87 0.01 99.99 0.00
2 Chlorpheniramine ufia 3.792 0.13 99.99 0.01 99.99 0.02
fnfh 3.812 0.03 99.97 0.00 99.99 0.00
3 Diphenhydramine ufia 5.870 0.09 99.99 0.00 99.71 0.51
81‘51 5.917 0.03 99.93 0.00 99.99 0.00
4 Promethazine ufia 7.041 0.07 99.99 0.00 99.99 0.02
81‘51 NA NA NA NA NA NA
5 Hydroxyzine ufia 8.959 0.05 99.99 0.00 98.44 2.51
81‘51 9.014 0.02 99.98 0.00 99.98 0.01
6 Cetirizine ufia 10.188 0.05 99.99 0.00 99.07 1.62
81‘51 10.197 0.02 99.99 0.00 99.99 0.00
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2. MINAFRUANMHIIZANVDITL UV IATH INn5 19 (System suitability)

A A

WpRAMIAYABIATIUULUNAUIAIUTaNITY 5 ¥ilAay Maleic acid $1U2U 3 1 WA UTa
MUULABLYHATAT %RSD U9 Retention time LAA1 %RSD U949 Resolution N1 2.0 AINAITIN 5

= = ~
MI19N 5 LaaINanMUNevszuy Insun Innsial

Av.RT %RSD Av. %RSD
No. Standard
Resolution
1 Maleic acid 2.307 0.04 - -
2 Chlorpheniramine 3.788 0.04 9.499 0.41
3 Diphenhydramine 5.870 0.02 9.930 0.37
4 Promethazine 7.030 0.02 4.620 0.63
5 Hydroxyzine 8.949 0.01 6.332 0.36
6 Cetirizine 10.182 0.01 3.529 0.34

3. MINAFLIATINAYDIN1TATIVNY (Limit of Detection, LOD)
4 a 2 a a < ¥
HipRAFTAYAIONINTTIUUUUNENSIIUBANIIU 5 ¥ia uazHE Placebo ouila Lazo1i1 TaoAl1
Y] Y A ~ ' A & Y 9 = A 7 o N Y !
duduvesdmdamivuaazsiaiunnudududmganzawisoasanusazigaienanyal lduu W
fi1 Signal to noise ratio YVeId AT uLAazyHa limn 3.0 azlinn Peak Purity liieenin 0.95 wazdinn
L} 1 d' ’0‘ 1
%Matching Y84 Spectrum l1ifoani1508ag 95 8n13U Promethazine Tua1sazarofnas Placebo 8111 i
1 2 IS A 3‘, dy A ¥ g‘» aa
ansona1 LoD 14 uaasmaiilu NA (913199 6) atiiiio91nlu Placebo sniniu Hiinlsinglulasunin
1NN TUFIIaURSINUAUNAVOI Promethazine

@

Y ' ° { A P & '
M319d 6 nansmANuEuTUAMgaNaNTaRTIINULA RgIeNANal Ia (LOD), A Signal to noise

ratio f11%Matching 181 Peak Purity UD4815AZA0UIATTIUUUUNANOIUaNIIIY 5 ¥ila wawlu Placebo

gudiauazenii
LOD
No. Standard Placebo S/N %RSD  %Matching %RSD  Purity %RSD
(ng/ml)
Chlorpheniramine oiin 1.40 23.82 6.31 99.93 0.05 99.99 0.00
gnh 1.40 183.91 6.42 99.99 0.00 99.59 0.38
Diphenhydramine ouiin 1.30 23.78 8.59 99.94 0.07 99.99 0.00

v

o 1.30 408.14 1.23 99.99 0.00 100.00 0.00
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Promethazine ol 1.20 14.57 6.86 99.71 0.34 99.99 0.00
anh NA NA NA NA NA NA NA

Hydroxyzine oiia 3.12 31.26 5.32 99.97 0.04 99.99 0.00
gnh 3.12 31.25 3.85 99.50 0.35 99.94 0.01

Cetirizine ouii 3.10 21.67 5.51 99.93 0.04 99.99 0.01
gnh 3.10 75.49 4.18 99.88 0.06 99.99 0.00

=2 ax
4. DIIANYIANUAINUUBNIIT (Robustness)

4.1. mlasuntasanuennaulunsnsinia (Wavelength)

WeRAMIALAeNIATIUIUUNTN IR IUTANITY 5 FiiALAL Maleic acid $3111M3as193aNA1N

=

A Y o < & Y IS =
g1InaU 220 218 LLay 222 u']TuLllﬁﬁ lla??ﬂﬂ']ﬂ'ﬁ@]@ﬂﬁu@\uﬂuﬂ']wuﬂ ANA (Peak Area) Lﬂuﬂ]illﬁﬂ\iﬂq

]
=~

A < Y ' a ' ' a A A Ay Yy
ﬂawn"lamammmmmiummmmullﬂ VBNYUAQSTUA ‘wu’Jmumaz%u@nmmawmwu‘ﬂi@Wﬂgqﬁ:m

19A3I9IANANNEINAU 220 218 LAz 222 W THINAT MUY (115197 7)

=

H H Yy H 1
A15190 7 HEAIA LR AV INUTN &Jﬁﬂ 1ag %RSD AnnueInau 220 218 wag 222 W1 TWNAT

No. Standard Average Peak Area

220 nm %RSD 218 nm %RSD 222nm %RSD

1 Maleic acid 2142760 1.47 2502106 0.17 1827999 0.16
2 Chlorpheniramine 1400741 0.17 1356034 0.06 1445132 0.06
3 Diphenhydramine 1321692 0.76 1371511 0.24 1230431 0.24

4 Promethazine 1482800 2.64 1414873 0.33 1398844 0.33
5 Hydroxyzine 1092209 0.58 999316 1.77 1074477 1.78
6 Cetirizine 1101589 2.13 1136480 0.09 1221288 0.08

= o @
4.2. malasuuilasnoduil
HoRAeIazaoNIATIULDUNANEIAIUBANITU 5 ¥HALAy Maleic acid Taslin1sUSunlaosu
v A Yy ~ ] A A ' . . ' . <3
ADANUNUI WAVDIIATUITANINUNN 5 UAURAULUDE %RSD U¥83IA1 Retention time L1aZ A1 Resolution ('l
a4 & ¥y o @ A = Y o= a 2 a A
MUAIT1N 8 FauaaldiiuIneauil Inertsil UnNuasagagalumsusniinediuaaniiuna 5 siiail
1 7 4 = Y = S @ ' Y = g 1 = d‘ =
drunoau Zorbax ausaneninod1udamiudinan laswdeidunaeviinnuasslunisueniia
. v ] H
Hydroxyzine L8 Cetirizine 890310NU 1119991091 Resolution 3¥HINAINIADIAINTT 2.0 (3’1]‘1/1 2) wagaIu

o @ H 5 4 ' .
ABANU Vertisep UPS UU ﬁﬂ')’]nﬁ’]n’ﬁﬂ@]’]qﬂiuﬂ'ﬁllﬂﬂ Lﬁﬂ\ﬁnﬂ"lnﬁ']n'ﬁﬂllﬂﬂﬁﬂ"’Uﬂ\jfﬂ Hydroxyzine 1la1g
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o

[ A v 2 oA y o & A a @ A
Cetirizine 9001018 (317 3) daiumimiisil T 15evsuiludesd@nyuiiuay fenedminldieie nie

' a v 1 as 1
?L!ﬂ'liWﬁ@]"’ll’EN?]E]ﬁJJL!ﬁNa@I@ﬂ'ﬂﬂﬁ'lll'lﬁﬂmﬁ]\nﬁnluﬂ'lillﬂﬂ"llﬂ\ifﬂﬁ%ﬂhlll

] s PDA Multi 1 220nm, 4nmj
g 2 (=]
£ g e
1 = 5 E =
5001 2 : - 5
1 = 5 5 5 % o
250 < E 2 Z =z
R I /\ N AN
! T S | A T —p—
0.0 25 5.0 7.5 10.0 12.5 ‘
min
d‘ Y =) = a . .
ETJ‘VI 2 L!,ﬁmTﬂimT‘WLmimlmmiazmﬂumigmu‘uuwﬁnmmua’dwmu 5 ¥YUA L1aE Maleic acid
o L4
Tunoauil Zorbax
) 7 PDA Multi 7 220nm,4n
500 g -
] = £ o
< 5 =
1 g = 2
= D ~N
] 5 £ s
= f=1 ko
] o g 3 3
0.0 2.5 5.0 7.5 10.0 12.5

y v a . .
31U 3 naaalnsan InunsuueIasasaeIn s P IUIUUNANAIUFANINY 5 ¥iA 1ag Maleic acid

Tunedund Vertisep UPS

y ' { ' 1 1 4 @ { L4
9']151\1‘?] 8 HAANAURAIVOIA Retention time L1Q¥ A1 Resolution LA A1 %RSD Lﬁ@ﬂiﬂlﬂaﬂuﬂ@aﬂu

Av. RT (%RSD) Av. Resolution (%RSD)
No. Standard
Inertsil* Zorbax Vertisep Inertsil* Zorbax Vertisep
1 Maleic acid 2.307 1.857 2.177 - - -
(0.04) 0.17) (0.05) - - -
2 Chlorpheniramine 3.788 3.169 4.656 9.499 10.147 14.312

(0.04) (0.13) (0.32) (0.41) (0.57) (0.48)
3 Diphenhydramine 5.870 4.788 7.454 9.930 8.267 9.841
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4 Promethazine
5 Hydroxyzine
6 Cetirizine

(0.02)
7.030
(0.02)
8.949
(0.01)
10.182
(0.01)

(0.07)
5.691
(0.07)
7.145
(0.09)
7.680
(0.06)

57

(0.45)
9.173

(0.53)
11.684
(0.44)
11.684
(0.44)

(0.37)
4.620
(0.63)
6.332
(0.36)
3.529
(0.34)

(0.66)
3.670
(0.50)
5.075
(0.18)
1.722
(0.60)

(0.45)
4.523
(0.50)
5.502
(0.55)
5.502
(0.55)

43  msasudasdaaiuvesansazaio@ani (Mobile phase)
eRamsaraeNIAT UMD UNANEIAUTaNIIY 5 iiauaz Maleic acid Iastin1sliunlaou
4 1

YT INVOITITAZAWAININU N Wﬂ"’llﬂﬁﬂ'lﬁ?gl}'luﬁﬁﬂ"llluﬁ\i 5 UAURAULAS %RSD U¥9IA1 Retention time LALAT
. S A & A o L o A X v .

Resolution 1Ju'1Ua1ua1519% 9 Fullodad1uued Acetonitrile Jua15aza oM UNUIU WUI1A1 Retention

9 1
time 8¢ A1 Resolution "’IIENEJ"IGQIHL!EI?H/I'INH 5 ¥UALRAL Maleic acid UH AR ﬁﬂﬁ’ummm&ﬂumsumw¢1
Promethazine 891910 NAVDY Diphenhydramine azuendin Hydroxyzine 29NINAAVDY Promethazine L1ALIND
v 4

AdIUVDY Acetonitrile TU@1TAZA18AINIAAAL WA Retention time 118 Resolution mamnmmmnmm’?u

= Y 2 ~ 3‘, a [ k3 da{ 1 1 vyq 9 a s

WAVDIINUIANIUUNN 5 FUA ’d']il']ﬁﬂlLElﬂ’f]’é]ﬂi]']ﬂﬂu]lﬂil'lﬂﬁllu Lm'E']'l"l]ﬁ\iNﬁGqul‘]ﬂ’mﬂuﬂ'ﬁﬁi']i]’JLﬂﬁ']%Ti‘VI

gnuaany i

M5197 9 LAAIAURABUDIAT Retention time LAZAT Resolution HAaZA1 %RSD tiplSunlasudaau

M3aTA1BAIN
Av. RT (%RSD) Av. Resolution (%RSD)
No. Standard Buffer : Acetonitrile Buffer : Acetonitrile

65:35 60 : 40 70 : 30 65:35 60 : 40 70 : 30

1 Maleic acid 2.307 2.289 2.388 - - -
(0.04) (0.09) (0.15) - - -

2 Chlorpheniramine 3.788 2.566 5.243 9.499 2.197 16.779
(0.04) (0.22) (0.08) (0.41) (1.81) (1.12)

3 Diphenhydramine 5.870 3.193 9.902 9.930 4334 15.030
(0.02) (0.29) (0.05) (0.37) (0.92) (0.04)
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4 Promethazine 7.030 3.485 13.015 4.620 1.940 7.673
(0.02) (0.34) (0.05) (0.63) (2.12) (0.06)
5 Hydroxyzine 8.949 3.758 19.054 6.332 1.786 10.913
(0.01) (0.41) (0.04) (0.36) (6.58) (0.10)
6 Cetirizine 10.182 4.401 22.005 3.529 3.649 4.358
(0.01) (0.38) (0.01) (0.34) (4.28) (0.22)

= < 1
44 manfasunlannuilunisa-ana (pH) ¥e3e5aza18 Buffer
1eRAATAZAENIATFIUIDUNANIAIUBAMTIY 5 FiALAZ Maleic acid TaetimslSunlaesu
< 1 @ oA = ~ ¥ A =
ANuilunIA-A19UBIAITAZAY Buffer YBIA15AZABAINT WU RVRIAIUTANINUNT 5 TAundeuay
' . . ' . & A = Ay ¥ ¥y a3

%RSD U941 Retention time 18z A1 Resolution 111 lJamms1ad 10 Fawad lauaasliiiunanuaiunse

an Y a = g A H) il 1 o
Y0935 lumsuenedudamiuna s sia v luuanaieiu

A15197 10 11E@AIALNABVDIAT Retention time 11AAT Resolution tazaA1 %RSD HolSuilasu pH

U9 Buffer
Av. RT (%RSD) Av. Resolution (%RSD)
No. Standard
pH 3.0 pH 2.8 pH 3.2 pH 3.0 pH 2.8 pH 3.2
1 Maleic acid 2.307 2.327 2.317 - - -
(0.04) (0.20) (0.05) - - -
2 Chlorpheniramine 3.788 3.582 3.786 9.499 8.027 9.516
(0.04) (0.20) (1.85) (0.41) (0.14) (2.96)
3 Diphenhydramine 5.870 5.777 5.503 9.930 10.567 8.441
(0.02) (0.10) (3.17) (0.37) (0.20) (3.68)
4 Promethazine 7.030 6.931 6.576 4.620 4.619 4.420
(0.02) (0.09) (3.21) (0.63) (0.15) (3.42)
5 Hydroxyzine 8.949 8.793 8.305 6.332 6.206 5.938
(0.01) (0.10) (3.04) (0.36) (0.04) (3.61)
6 Cetirizine 10.182 10.226 9.533 3.529 4.116 3.662

(0.01) (0.06) (2.50) (0.34) (0.19) (0.42)
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a d
agduazinsel

mﬂﬁﬂ‘i'%mmTﬂiuﬂwﬂiﬂmmmmﬁmmuzgqﬁﬁmm"ﬁu iehmsnaaeunnuldlfuedis
WUNTFTANUTUNIZIZ T UE LA 5 ¥iia A ueRTined LB 5 ¥l LAy Maleic
acid 08NNl Tasendmdamilundazyiiaiian Retention time Aana1aiy 1aziiA1 Resolution 11NN
2.0 (gﬂﬁ 1, M54 3) ﬁﬂmmzn"lligﬂiumumﬂmséuiuﬁﬁufmﬁﬂ wazeni Taoiian Peak Purity liighn
0.95 (3197 4) 5200 TATI TNATW Tanuiioalass Retention time 11aA1 Resolution 157A1 %RSD A
2.0 (15199 5) Tarhlumsasrenylueuiia tazeni TﬂfJﬂnmvﬁ'wﬁ’uﬁwqaﬁmmmﬁinwmzazﬁq%ﬁ
1onanyal 14 30 Limit of detection (LOD) 811329 1.20-3.12 pg/ml @157 6) naziinnunuuedds e
Ysunlasuanuenaaulunisasieia (as1ei 7) U5unldsudadiuvesarsazarodang (@15199 9)

@ = <3| ' o A A~ A 9y o oA
Usunlasuanuiunsa-a1e (pH) voed15aza18a W1 (151990 10) Lazilolnmsiaonldnoauunvunzau

1 A 5 43!

{ Y { { Y I A { [l
(m3190 8) a31 18115 Miannvuil s lfhduisnesgiunamisoreaanawazsuldszualums

a £4 @ C4 Yy = a @ ' v o Jd @ Y
ATIINFIUDNANHUIAIUIANINY 5 FUA AINATT Glumﬁ%ﬂmmuwuﬂm;uu‘lﬂ
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	ปกตำรายา 29
	(01)-(04)final29-1
	บรรณาธิการแถลง 29.2
	สารตำรายา 2566 ยาแก้ปวด
	ชนิดา เรื่องที่ 2 (final)
	1. Reagent preparation
	1.1 Matrix solution
	1.2 Mobile phase A: 0.02%v/v formic acid in water
	Dilute 200 µL of formic acid with water and adjust the volume to 1000 mL.
	1.3 Mobile phase B: 0.02%v/v formic acid in isopropanol
	Dilute 200 µL of formic acid with isopropanol and adjust the volume to 1000 mL.
	2. Standard preparation
	Dilute 50 mg of polysorbate80 USPRS with water and adjust to the volume of 10 mL.
	Pipette 40 µL of stock standard solution (2.1) and 960 µL of water and mix.
	Pipette 100 µL of standard solution (2.2) and 900 µL of water and mix.
	3. Sample preparation
	Dilute the sample solution with water to contain the final concentration of polysorbate80 of 0.02 mg/mL.
	4. Spiked sample preparation
	Pipette 100 µL of stock standard solution and 900 µL of water and mix.
	5. HPLC condition
	6. Method development
	7. Method validation
	7.1 Specificity
	Inject the solutions as follows: blank, water, mobile phase A, mobile phase B, matrix solution, standard solution, and sample solution and evaluate the interferences from excipients and mobile phase used in the method on the interesting peaks.
	7.6 Specification
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