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(Development and Method Validation for the Determination of Norfloxacin

Raw Material by UPLC)
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Abstract The Ultra Performance Liquid Chromatography (UPLC) was developed and validated for
determination of Norfloxacin raw material. The chromatographic conditions using Acquity UPLC BEH CI18
column, 2.1 x 100 mm, 1.7 um, column maintained at 30 °C, using 0.1% trifluoroacetic acid solution and
acetonitrile mixed by gradient system as a mobile phase, flow rate 0.4 mL/min, runtime 14 minutes per
injection and PDA detector at 265 nm. The chromatographic system suitability meets the suitability requirements
of the United States Pharmacopoeia 41" revision (USP41). The specificity and selectivity were proved by
good separation of Norfloxacin from other related compounds including Norfloxacin related compound A,
Norfloxacin related compound E, Norfloxacin related compound H, Norfloxacin related compound K and
degradation products. The relationship between concentration and area under curve was linear over the range of
5 to 25 ug of Norfloxacin per mL with the correlation coefficient of 0.99998. The accuracy of the results
assessed by percentage recoveries of three concentration levels i.e. 5, 15 and 25 ug/mL were 100.05, 100.83
and 101.12, respectively. The system precision, performed by 3 standard solutions gave % RSD of 0.10, 0.16
and 0.15. The intermediate precision was no statistical difference of the results when the analysts, instruments
and days were changed. The variations of different batches of column, column temperature, injection volume,
concentration of acid in mobile phase, and flow rate did not affect the chromatographic system suitability.
Limit of detection and limit of quantitation were 0.06 and 0.18 ug/mL, respectively. The UPLC method
for determination of Norfloxacin raw material is simple, specific, accurate, precise, and robust. It reduces
working time and reagent expense. In addition, the advantage of using not extremely high column temperature
is to prolong the column life time. Therefore, the proposed method is suitable for use as a standard method for
the determination of Norfloxacin raw material.
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wosaNMNFY (Norfloxacin) LﬂumﬂgmuzﬂauWaaaisﬂﬂuiau (Fluoroquinolone) llﬂallﬂmﬁﬂﬂﬂi]‘ﬂ‘ﬁ
fudams “una1ei DNA Munszaumsdudaeu laiaEue los (DNA gyrase) uaﬂ\laaﬂmwmﬂummuwa
nuafiGeRinglfuminalumsfnmTsndadeuuaiideriauniuay 1&us  msdadovosszuunudy
1 mzuazedony “uiiug wu aszmnzil Mz v aseledn U nueslu AT AAE YT UMY
0113 (1)

mianngdlTinaueiasnmduluingauaiudmseves w%gam?maﬁuﬁuﬁﬂizaﬁ 41 (USP41) (2)
muualiuauesasnanaguluiagau hiteoniifevay 98.0 uaz limuesas 102.0 ¥4 norfloxacin, calculated
on the dried basis #1835 lanlesvlesumudanialasanInnsil (High Performance Liquid Chromatography, HPLC)
1¥nedmiviia L6o ﬁﬁﬂumﬂﬁlu spherical, porous silica gel, the surface has been covalently modified with alkyl
amide groups and endcapped UUIA 4.6 x 250 Haawag, 5 "lamsau amwﬂuﬂaanu 60 DIFUFAITY 130801y
@M (mobile phase) Huszuu gradient Usznoudi ﬁawiﬂﬂlﬂ pH 2.0 U@ acetonitrile 8n31M15 111a (flow
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rate) 1.4 Hadaasaeud Usuiasmsia 20 lulasans esiadananuenaan 265 wluwas 3I5aanan
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17 21997 Norfloxacin related compound E wnsoueneenniu ldedg NI 13 co-elute Tnodomvua
ANUNINE W05 UV TATN INNTINAMHUAAT resolution 211914 Norfloxacin 1182 Norfloxacin related compound
) 1 1 . ' . / .
E lidesnd 2.0 (2) 11a&A resolution 3¥1IN Norfloxacin related compound A AU Norfloxacin related compound
H livdesnin 3.0 )
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ANITILHAW Ultra Performance Liquid Chromatography (UPLC) I¥noaui UPLC %iia C18 1aginininsiniavsia
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Photo Diode Array (PDA) e 1WNT0ATIV DUANNLS N5 (spectral purity testing) Up9NA Norfloxacin LAY
o a A v 9 L. % o '
Related compounds 114 4 wilauenld Taoldmauf Spectral Contrast Principles (3) Fudlumsuaiwaninainig
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nfFeumeuuazlssiiuna peak purity 18un spectral contrast angle, purity angle Ll@¢ purity threshold Ty spectral
contrast angle 719 msmﬂ'mnclugﬂnmm’mma{ﬁﬂizﬁmﬂq mmﬂnﬂﬁuﬁﬁmmmazﬂznszﬁwﬁnﬂﬁyuﬁﬁﬂ
fiAntuves 15sznouiiy purity angle Aosundsdrniminued spectral contrast angle Favua "y purity
threshold ﬁawammaamiﬂwhun“lugﬂLmunﬂma{ﬁﬂszﬁmﬂq anuenauly uiifuranen detector
noise, photometric error, §A¥azaeR 14 WOMIIATIZIY ﬁazmﬂﬁmmm’fwffu LN 1 AU Taenn purity
angle iandeonn purlty threshold wlamn spectrum peak uum ‘Vlfﬁ (spectrally homogeneous) LIQAEATIV DU
mmmmwmnmwmuwumm ICH guideline(4) UPLC H%anmsuen mﬂmmmﬂu HPLC ualiisz “nimmn
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1. Ultra Performance Liquid Chromatograph HafiniNUed Acquity UPLC® H-Class System, Waters  H3g0t43n1
Usznoude Quaternary Solvent Manager, Sample Manager FTN, Photo Diode Array Detector, é}muqu
a o J
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2. ABANU Acquity UPLC BEH CI18 U1 2.1 x 100 4aaluas UT5yoynavuIa 1.7 "llliﬂimﬁﬁ WNAANUNUBDN
Waters wi’gam?m Batch No. 0216330731 uag 0347392551
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2. Acetonitrile, HPLC grade WafHUMNUDI Honeywel
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3. Trifluoroacetic acid (TFA) 99% AR grade REOLERER Sigma Aldrich
4.
5
6

Hydrochloric acid 37% AR grade HAARNAUDY Carlo Erba

. Hydrogen peroxide 30% AR grade HARFANUD Merck
. Sodium hydroxide AR grade HAANNHUDY Merck

ortho-Phosphoric acid 85% AR grade HAANMAYDY Merck

1ININIZH

1. Norfloxacin USPRS Lot I0M497 ANV q‘Vl% 0.994 mg of CmHIXFN3O3 per mg on the dried basis

2. Norfloxacin impurity A Ph.Eur.RS Batch no. 1.3

3. Norfloxacin related compound E USPRS Lot FOOOEO ANWUT q‘VI% 100.0% on the as is basis

4. Norfloxacin related compound K USPRS Lot FOO0GO ANV q‘l/l% 100.0% on the as is basis

5. Norfloxacin related compound H USPRS Lot FOOOFO ANWUT q‘VI% 100.0% on the as is basis

OLIIAN

Norfloxacin Batch No. 130701 910 Zhejiang Xinchang Guobang Vet-Pharma, China

M3AseN 15azans

3IA5eY 1582a18 0.1% Trifluoroacetic acid

a a aa g [ a I a aa 9 c’:’ 9 ]
e Trifluoroacetic acid 0.5 Wagans w1 wazlsulsuiaslu 500 YaaansA811 NTPIAILHUNTOI

vua 022 lulaswas

MIATINAIMaza

g} { o I 1 "o 9 . . .. EY ]
Wou sazaneindsuanutlunsa-aamny 2.0 @ phosphoric acid (1 acetonitrile Tu “a " 95:5

d A o A
mimmﬁmiwﬂﬂ%mmﬁ'ﬂmﬂ?eﬂ UPLC H-Class Gl‘ffl J’ITJSﬂQﬁ

ADANI: Acquity UPLC BEH CI8 1@ 2.1 x 100 Haawas ayma 1.7 lulnsmes

a v t4
UNIUUBINDANU: 30 DI ALTY

o 3
15azaea N 1Huszu gradient

mﬁﬁ 89313 lvia (ﬁaﬁﬁmﬁ'amﬁ) % (0.1% trifluoroacetic acid) % acetonitrile
0 04 89 11
7.5 0.4 88 12
8 0.4 48 52
11 0.4 48 52
11.5 0.4 10 90
12 0.4 89 11
14 0.4 89 11

1n509A5293A: PDA 265 W1 TUIAT
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a Aa a
JNIMINRA: 2 lllliﬂiﬂﬁi
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1. Msna auaNMHINg wvesszuvlasuninns (Chromatographic system suitability)

1382819 MTUATIV oUANIKNIE WVed5EUL InsuTNns vl (System suitability solution) i® 158 AY
W UYD9 1305511 Norfloxacin Anududu 100 TuInsnsuaeiiaans 1ag Related compounds 4 ¥iia Aiv Norfloxacin
impurity A (Norfloxacin related compound A), Norfloxacin related compound E, Norfloxacin related compound H
11ag Norfloxacin related compound K Tudazais TasANNAYNYUVEY Related compounds uAaETHAINY 5
Tulasnsureiiadans nsed 1azasruuEuATeva 0.22 lulnswas

A 15azae MIUATIN euANMMIIY MUesszuuIasinn uag 1saraenAasyia 1MSUATIY
W _niendnual a329 auisy “nEnmueneauIliaz WIS 1HIADTA1Y 131 retention time, resolution, tailing factor
1A theoretical plate FamuImmITves USP TagTUsunsuda TudAveunies UPLC Taam resolution 5¥H31afin
Norfloxacin related compound E 48g Norfloxacin Tfesnin 2.0 2), AN resolution 5¥¥19NA Norfloxacin related
compound A 18g Norfloxacin related compound H Tsisfesndn 3.0 2), m tailing factor 131 2.0 uag theoretical
plate 13i1i08n31 5,000 (A9 10 LHUALIAT)

2. NMSNA DUANNIUNIZINIZDIVOIID (Selectivity / Specificity)

4 1511959711 Norfloxacin 5 Haaniu (%ﬂﬁﬁmmgﬂé’m 0.0001 Haaniy) asluvialsullsnasvina
1000 Haaaas U5Bnasdiedihazats mnuilila 1sazawdandn 3.0 Taaans Y medaly ae
a9 Usl5asdiedrazaeiiy 100 Hadans nee 1azaerIuHUNIeIa 022 lulasmas 1
A9 2 A% AT DUMI AIORITIAATU A1 retention time 1122 resolution VD4 13 ABFITIAATUILADIUGN
20 Norfloxacin 061FANY  A1AN Aing o et

1. 1@y hydrochloric acid 37% 12U 2.0 daaans aufigamail 100 °C luna 6 FTu
a

Y

el 100 °C Wuna 2 $21ua

a ey

)
2. @Y 0.IN sodium hydroxide solution U 5.0 Hagans @

3. 1AW hydrogen peroxide 30% MU 4.0 Uadans ﬁuﬁqmwgﬁ 100 °C flunar 6 $1Tua

4. Ruiigamgd 100 °C Wuna 6 $2Tug

5. aal3ldnun awee 1 ez 2 $2Ti
3. mina aundut “uAsaazy1IMsAATILY (Linearity and Range)

W30 1382018ATT I Norfloxacin ANududy 25 lulasnsudeiiaaans ludvihazato @alRtian
gnABY 0.0001 Haaniw) vnuilia 1sazatedana 2.0, 40, 6.0 uaz 8.0 Naaans avluviallsvlsuas
e 10.0 dadans Yulsmasdedihazato 14 1502018193511 Norfloxacin Anuudu 5, 10, 15, 20 wag
25 lulasniudeiiadans niee 15azateruLrHunTevIA 0.22 Tulnsuas

A 1592@100IAT31U Norfloxacin Wa s seduamududy udazanuduiuiad 6 nde e eud 3

@ Y | v o ¢ ' ) . 19 43' Aq YA o Y a
U i?ﬂ!ﬂuﬂi?ﬂﬁ?ﬁiﬁ?uﬂ’ﬂi\l UNUDTIEHINANNUNUIUUDY Norfloxacin ﬂ‘]JW‘LJ'V]GLG‘IWﬂ MUl wlse ns

v

@ . . . Ay y A Y = A Y ° ' =
f UWUD (correlation coefficient, r) anlansiim lndifoaniomiiy 1 Mulamanuaadosuensvl (slope)

=t

uazgait “unsWAaunY Y (y-intercept)
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4. MSNA BUANNUNYU (Accuracy)

MIATON 138¥018NATFIU Norfloxacin WIBIATENAINTD 3. Linearity and Range

M3A3eN 15aza18MI0ENd

9300 1382810610619 Norfloxacin ANWITUTY 5, 15 waz 25 wlnsniudedadans ludiazan (i
Ifttianugndes 0.0001 Hadnsw) wWsouuAAzIZAUANMTNTUTIUIY 3 o (9 determinations) N304 159¥A1Y
AuHunTevna 0.22 lulnswns

A 15aza10/10613 Norfloxacin 1 3 szduamutudy udaz 13azaedosisiag 3 asa muialSina
Norfloxacin in329W1 luugazsuan “unslnasguluiuderiu dumdesazmsAundy (%Recovery) 1
AUNAIVDIMIAUNTY uazﬁw%’aﬂammﬁuﬁ'mmuumigm T (% RSD) ¥oamM3IAuNaY naTzauaNmuTY
M¥eoazuoimsaundunITeglusae 98.0-102.0 taz %RSD lumu 2.0 (5)
5. MINa a‘ummﬁ;m (Precision)

5.1 Ay (Repeatability)
5.1.1 mmaﬁﬂwms“‘un (System precision)

1 a aa

20 15azMeNINIgIU Norfloxacin mmmmmu 15 lulnsnsudeiiaaans (m“lwummmﬁm 0.0001
Jaansu) 11U 3 410619 IfaEf0819EA 6 A%a ANnAT IR ATTILT AT uawmmmmummmu “Wing
Tag % RSD @0aluitiu 0.73 (2) Az tailing factor 1HIAU 2.0 (2)

51.2 ANMTEVEITT (Method precision)

fUIAT %RSD U99300ATUDIMIAUNELYDY 1azatoTa 3 sEdUATIANTIUIMINA BUAIIY
ludeo 4. Tas % RSD @oaliinu 2.0

5.2 Intermediate precision

A 130zmATEIY Norfloxacin 1az 13azawsedn nnanutudu 15 lulnsniudediadans
mana ou 2 Su Suaz 10 §106 usazdiodaiag 3 ase TaoldainGing iz 2 au 2 Aodnd ua 2 seadio
fMudnsesazueelTua Norfloxacin 1HgUM 15a2a10010551Y, % RSD veduaaziu uaz % RPD ey
6. MINA DUANUAY MWUDY 15azAINAIFIUNAZ 150380

fa wazawnAgIIEE 1505 1eR0619 Norfloxacin Anndud 15 ulasniudefiadans nna 1 ¥2Tus
dorfloatudunm 24 $Tus surasina Norfloxacin WisuiouiuSinaiina o e TasldSum
#i 0 4w (msﬁﬂﬂ%ﬁ 1) Aedlu 100% ﬂ?mmﬁ'wniunm@hm insdoondt 98% mana oudiiedn
ANUAY MUVDI 15AZMVNATTIULAY 1582a10a20819 IusEnIemMIne ou

7. MINA BUANNNUHVYDIID (Robustness)

ana 7 o A A A o a P
na f]'Uﬂ'ﬂll‘ﬂ‘Wll’fN’J‘ﬁ’JLﬂi1$1’iIﬂﬂﬂﬁﬂiULﬂﬁﬂu NITVDITEUU UPLC ﬂﬁﬂ]aﬂ‘umiﬂﬁ UPLC LaguUnNUAIEH

(Y] d
7.1 ANNUAT MNVDINDANI
a a v o o 1 . v A g 1
A529 ou1sy “nEmwuesneaut TaoyimMIuNnA1 Theoretical plate luiwisudu wazluszninams
1 9 v
A pUAUILMINAADY FeaTian lutfesndl 5,000 HuTwIuAsIRAA 15azAENINTTIULAY 1TAZaERIE1
A
Tumana eunviua
7.2 Wwansznuvesmalasumlas azvesszuy UPLC
4 14 : 4 ao
aaznlasunlasnnee vouniny UPLC UAdil
3 @ 4 9 o d o 1 a .
7.2.1 wlaguaeduil Taglsasduuanuiu 2 JUMIWAAUDY Acquity UPLC BEH CI8 ¥u1a 2.1 x 100
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Hadwas ussyeuma 1.7 lulnswes waaen Waters losuaud 1dun aoduil Batch No. 0216330731 uay
0347392551
722 Qmwgﬁmmﬂaﬁuﬁ il 29 °c, 30 °C wag 31 °C
723 USnasves wazawiaadiu 1, 2 uaz 25 Tulnsans
724 8A51MNM35IMaV0S 13a2A1WHIN 0.35, 0.4 LAz 0.45 Jaaaasaeuii
7.2.5 mmvﬁ'u%umm trifluoroacetic acid 113 ﬁazmﬂﬁawuﬂu 0.09%, 0.1% uaz 0.11%
na oulasnsiia 13azan WA ouANINg wuesszuulaninInasl Sa aizay 3 91 o
@370 PUANNHKINE WYIsTUD U ﬂnzﬁgﬂéauuﬂmdnq Y94 UPLC @AMI510ADS retention time, tailing
factor, theoretical plate L& resolution
1582818 IMIUATIV DUANMKHNIE UUDITZUUAITUA resolution 521I199A Norfloxacin N Norfloxacin
related compound E "lli‘f!)ﬂﬁlﬂ’h 2.0 (2) 1AZA resolution 551 I19NA Norfloxacin related compound A AU Norfloxacin
related compound H Tiifesnan 3.0 2)
8. VAINAVPINITATIVNY (Limit of Detection) HazVAINAVDINTH T3 (Limit of Quantitation)
MIMAVANAAYBINIATIINVLALAATINAVEINM I IFLTIar 1wsam Tdna1eds 1dua
8.1 MIMUINUN slope Q1% intercept GU’ENLyuﬂﬁV‘IiJWIiQTL!@) Tude 3. "’]d;Qﬂ'W Limit of Detection (LOD)
1@z Limit of Quantitation (LOQ) AuIa 141N WMIA 1 1ag 2 awdey
Limit of Detection = 3.30/ S (1)
Limit of Quantitation = 100/ S (2)
Tas o = SD V04 Y-intercept

S = AURAYVDI slope

'
1A ) L4

Y o @ 1 IS o 4 ' a Y
A lannmsmuiaudinanszdunuimuamaillfan e LOD ez LOQ muitmsde 8.2
82 f1 LOD Waz LOQ 1@91nmina sumanududuued 15aza1e Norfloxacin Naaudl v signal-

to-noise 1MAUNIBNINNI 3 1Az 10 auaIsy

HanIne ou

1. MSNA aUANMKING V352 UVIATIN NI (Chromatographic system suitability)

INMINA 15aza1e 1TV pUANNMIIE WYeIszuuTaTu Innad wudiszuulasunInnsl

1WN50ueNAA Norfloxacin 99NANTAA Related compounds 1/%@ 4 wiannildedradanu (gﬂﬁ 1) szneuny

m31$1n309937930%iiA Photo Diode Array (PDA) Humsdududn Spectrum vosiin Norfloxacin 3inm13 ;W'E(
(spectrally homogeneous) Taolian purity angle Yoonh purity threshold ’L!E]ﬂiﬂﬂ‘f;j Spectrum VoINA Related
compounds #a 4 wiiaaTiAuL3 MEnniaEuiy

Retention time V0IWA Norfloxacin related compound K, Norfloxacin related compound E, Norfloxacin,
Norfloxacin related compound A i8¢ Norfloxacin related compound H IMAY 3.68, 5.69, 6.09, 9.97 1Az 10.12
W Muaau

Resolution 5%219%A Norfloxacin iU Norfloxacin related compound E MmNy 2.27 (llij‘f!}@ﬂﬂ’j? 2.0) (2)
1azA resolution 3¥WINNA Norfloxacin related compound A 111 Norfloxacin related compound H AL 4.29
(hirfesnh 3.0) 2)
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Tailing factor YDANNAATIOINTI 2.0

Theoretical plate V037 Norfloxacin related compound K, Norfloxacin related compound E, Norfloxacin,
Norfloxacin related compound A tla¢ Norfloxacin related compound H AL 22894, 29988, 14231, 1489343
1Az 1356990 MUAIAL (MINNI 5,000 AD 10 (FUANAT)

e - ]
= - 5 ‘
030 2 2 5 |
3 w5 o ‘
' ' o (L)
- 020 x w o <<rC ‘
= = B g
J & by § oy ‘
e k) 23 2 ‘
= s £ ==
[ ©» O DD
000 b CCA: e rsd “%,l ]
T T T L L L g B B e T T — T B |
0.00 1.00 2,00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

Minutes

s 1 TasinTnunsy MiDes9 auANuMINg MYedszuuIaTIN Inn

2. MINA DUANUSUWIZINZIVDIIT (Selectivity / Specificity)

MNMIUT 1582810010551 Norfloxacin ANMuAY 15 TuTasnsudeladansunmly awdalu aga
furmnnlFana: Norfloxacin 1fieuiy 15azaeiihignild ared wums a1edr 9 ameld azu saadiu
na1 1 ez 2 $1Tua M3 aedIves Norfloxacin Jesay 25.1 uazdesaz 100 awady  nnzilunsaniold
anwdounums awdideras 126 nzesndmiuneldnnudeu taz anzanneldanudeuiims aed
Zogay 4.0 1Az 3.6 MUTEY Norfloxacin Ianunuas anzmelannudou @ 100 °C. 6 $2lug) s aw
FufivaZosas 0.6 vealSu1l Norfloxacin 3G (A13199 1, gﬂﬁ 2)

1N AMLUBITELY UPLC 718 wudh 15 modafidaiuly Azaaq 1UsunIURAYed Norfloxacin 1t A9
MNITVVUANNIUNIZINZWNY Norfloxacin 11agA1 peak purity ¥99#A Norfloxacin UANNUT ;w%( Tsifimslu
Lﬁﬂuﬂlﬂﬂ 13 31& (no co-elute) Tagiim purity angle Heean purity threshold

4
@

M3 1 1 AT uaved Norfloxacin (NEX) iaziesazved 15 agdiimnavuly a1izaneg

$ouaz Zopnzuoa 13 mEdITRATU relative retention time A1a7
Mz NFX [0.10{0.11{0.16 |0.22(0.39|0.49/0.55(0.62| 0.67[1.47 | 1.48|1.51 [1.56
HCI 37% + @3 100 °C, 6 ¥U. | 874 - - - 14 - - - 191113 - |08 - -
0.IN NaOH + @i 100 °C, 2 %W. [ 969 | 0.4 | 23| - - - - - 104 - - - - -
H202 30% + @Y 100 °C, 6 ¥U.| 96.0 - - |15 - - - - | 1.6 - - [06]03 ] -
AW 100 °C, 6 BW. 994 | - o6 - | - - - - -|-]-1]-1-
Iuea 1 wu. 74.9 - 04| - - [03[2003[99 |34[05]74]06 |03
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1. Non treated: Norfloxacin 100.0 %
0.06 oR T s
O_J g
| e
=2 "
0.02- o
] £
D,W( - =, w |
0.00 " qo0 2 =200 300 400 500 '6.00 700 800 900 " 1000 1100 1200

2. Treated with 37 %HCI-2mL and boiled at 100°C for 6 hrs: Norfloxacin 87.4 %

0.08
—
004 =
| - =
= g 28 - =
s 0 s %
= L2 = e
(- 8 s g
0.00 <t 7 = Ay |
I e . o e e T B T e e
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

3. Treated with 0.1N NaOH solution-5mL and boiled at 100 °C for 2 hrs. Norfloxacin 96.9%

0.06 —
|
004

= g 2
0.02 o 7
= =
B g

0.00- Sk~ - : |

- —————
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12/00

4. Treated with 30 % H202-4mL and boiled at 100 °C for 6 hrs. Norfloxacin 96.0 %

0.06 1
0.04 E [
— & g = &
o.02 ! b s T
5 3 5 ¥ |
0.00{ — =t M\ &3 |
0.00 1.00 2.00 300 4.00 6.00 &.00 7.00 8.00 9.00 10.00 11.00 12.00
. . ° . .
5. Treated with boiled at 100 C for 6 hrs. Norfloxacin 99.4 %
o.oe—_ A o ’
- @ ; |
0.02 .
1 3 § ’
0.00 rd o ™
. G e — I — |
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 0.00 10.00 11.00 12.00
6. Treated with sunlight for 1 hr: Norfloxacin 74.9 %
0.06- o SIS B
0.04 §
- B T B8 8= - B R
ol = T STy =t s e o
— o o3 = w e o —
1 2 EE £ b=
D.OOI Em { = &am § = g é
— — —r T T a2t —— = 1
0.00 9 h] 2.:)0 3-"1‘) 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
Minutes

~ o Aa & 1 a o .
sin 2 TasnInunsuved 15 aedanaruly nzae ulseumneunulasnInunsuved 15a2a18 Norfloxacin

lu anzilng
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d
3. mina auaNn i “unsaazy19veamsInN1LH (Linearity and Range)
. Y Y v 1 _a aa

fl]']ﬂﬂ'ﬁaﬂ 170209NINT31U Norfloxacin ANUUNUY 5, 10, 15, 20 Uag 25 "lﬂﬂiﬂiumauaaam AN
o o o 3 o Y 9 ' v o & ' ] . { 4
a1y M1 3 U LU 5']\1ﬂ§']1/\|1]’]§]5§11! WUINANY UAUTIEHINANNUUNVUUOY Norfloxacin umﬁ‘uﬁ
Iy 2o .Y ' Yy ¥ A AW a & o o ¢ o
Gl@]WﬂiJaﬂngLﬂuL UATNAADAY INANUIVUUVUNNG DU WA Nﬂ§$ NS U UWUSININDY  0.99999, 0.99996

Hag 0.99999 muaay (31N 3)

800000
G
IZ 600000 —
o= e
ﬁf P -
sz 400000 -
-
200000 -
&
0
0 10 20 30
ﬂ'TJnJ!‘%Jlu“llyu Norfloxacin (ng/mL)

=

a v o T Yy 9 . :3’ Y
g‘IJTI 3 9l @I “URUFIZHINANUUNIUUDY Norfloxacin HazNuUN IaNA

4. MINA DUANUUNY (Accuracy)
158218879819 Norfloxacin 3 S£AUANMTNTY 5, 15 waz 25 luIpsnsudelanans FuaseuszaUANY

v v v
Wutuay 3 @196 waziaa 3 A%a MuIMYTIN Norfloxacin 11 15azane@I9819has 9w un3
sazaena g luiudeniu mutudosazuoamsAunay (% recovery) WuNMIogazuoImsaunaylunn
o ' S o ' ' a H
srauanudutueglunuaifeonsulaluge 98.0 - 102.0 waz %RSD liifu 2.0 (5) (15197 2)

MmN 2 u ﬂﬂ%@ﬂﬁ%ﬂl@ﬂﬂﬁﬁuﬂaﬂ

. andady | aududuiinsrony $osazupamInunay Average
e (ug/mL) (ug/mL) (%recovery) Yorecovery % RSD
Low 5.3781 5.3500 99.48 100.05 0.61
5.4011 5.4384 100.69
5.4098 5.4093 99.99
Medium 14.9856 15.0895 100.69 100.83 0.13
15.5040 15.6366 100.86
16.3610 16.5159 100.95
High 27.4666 27.7681 101.10 101.12 0.20
26.1963 26.4412 100.93
26.3966 26.7487 101.33
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5. MINA BUANMNE (Precision)
5.1 ANNNMIUEIA (Repeatability)
5.1.1 ANMNEIVBITIUD (System precision)
= . Yy 9 o 1 a Aaa o Y
MNNNMIRA 1583100105911 Norfloxacin aNudutulszna 15 lulasniudeiiaddas (@aldiianwy
4 4 4 1
gndeg 0.0001 Haansw) ludnhazats 91U 3 @061 LAAZAIBENTIATT 6 A5 WU %RSD vealud

1&7in Norfloxacin 1Ay 0.73 (2) (M350 3) 1AM tailing factor Y03 15azaeNIATFIU liAY 2.0 2) Tagan
tailing factor 411D 1.20, 1.19, 1.20 MNAIAY

M319N 3 WANINA BUANUNIIVDITZUD (System Precision)

(A ﬁuﬁ“léf A Norfloxacin

e daoehadt 1 Froehati 2 &oehadt 3
1 401878.59 373876.41 352033.13
2 401883.33 373428.82 352235.29
3 401290.44 373532.89 350839.08
4 401494.02 374868.31 351944.71
5 401864.02 373899.03 352159.49
6 402486.84 374605.29 351815.45

Mean 401816.21 374035.12 351837.86

% RSD 0.10 0.16 0.15

51.2 ANuAEIveIs (Method precision)
fe % RSD vesdosazueimsAunduin 3 sedunududiuues Norfloxacin MNMINA BUANY
gnavalude 4 lawhdy 0.61, 0.13 wag 0.20 mwad
5.2 Intermediate Precision
MAMENA. BUANUIIMILINTE Tagdins e 15azaedIRg AN UIIAE 10 @981 Lday
de61afiagh 3 ase Mmana e 2 Su MHAinAnae 2 au 2 aedind 2 dedlle Aunudesazvenliiu
Norfloxacin 18U 1582a0NIATFIU WUN % RSD weamana auneluiuminy 0.40 uag 036 MuaIAy

v v
1AY % RPD 32HINIUWIMNY 0.23 11 AanUANuuuuIumsmena @15190 4)
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M319N 4 WaMsna auANUNY (Intermediate Precision)

(A /33194 Norfloxacin (%)
AN v A o= 7 P o 2 |v o o= ¢ P o o
UN 1, WnIANIZH 1, 105099 1, ADANUN 1 [Tuh 2, WnIAIZY 2, 13097 2, AoaNHN 2
1 100.25 99.21
2 100.11 99.64
3 99.44 99.46
4 99.76 100.26
5 99.41 99.11
6 99.57 99.82
7 99.69 100.12
8 100.40 99.46
9 100.45 99.67
10 99.56 99.59
ANy 99.87 99.63
% RSD 0.40 0.36
ANNAYTENINIUY 99.75
% RPD 3¢1HIIU 0.23

6. ANNAI MNUDI 1IasagNNIULay 15@18:’%11?]{?])39&;1\1
1NNITINA E]Uﬂﬂ 1TAEAPNIATIIULAS 15@”@18@]3@81\1‘“%?]’3111l"’lliJﬁllusll'fN Norfloxacin ‘1/I 15 Uluiﬂﬁﬂﬁll
G]E]Nﬁﬁ'd@]ﬁ nna 1 ‘])"JIIN mmumﬂmﬂunm 24 ‘])"JIiN Wll’ﬂ ']ﬁa‘”ﬁﬂil‘VN 'fNiJﬂ’J']iJﬂ\i MNADANITINA DU
JegLIn 24 ‘])"JIiN Tﬂﬂﬂilﬂm Norfloxacin m’;m 24 ‘])"JIiN VDI 13ACAWNINTIIU LA ']iazﬁ']ﬂ@’)@ﬂ']\?
o o w 4 ) a y A v
D 99.60% 1Az 99.65% amwaay ienlSeufeunulSunaigasudu
ada d
7. MINA dUANUNUUBIITUAIILT (Robustness)
(Y] d
7.1 ANUAY NNVOIADANY
a a o @ . ~q Y = g o 2
1NNITINTIY @Hﬂi$ NINTNUBDINDANU Acqulty UPLC BEH Cl18 ‘Vlclﬂ)'cll!ﬂ'liﬁﬂ‘HWﬂi\iuTﬂUUu‘ﬂﬂﬂW
. . { [ vy v v 1 a a §i A 9 Yy 1w '
theoretical plate U843 Norfloxacin NILAVANMINTIU 15 hllliﬂiﬂiwﬂﬂu’daﬁi Lﬁﬂlﬁll@mgl% Ny 24,000 (919
A
10 IUANNT) ﬁﬁﬁ%?ﬂ‘ﬂﬂﬂ?i‘ﬂﬂ DUNUIN aﬂ 132ZDYANE WINNI 2,000 ﬂ%ﬁ fN theoretical plate ﬁﬂiﬂﬂ’iﬁﬂ
4 o 4 . a Y v
‘]Jﬁgll']ﬂnl 95% Lﬁ@tﬂ?ﬂ'ﬂtﬁﬂﬂﬂ’ﬂfﬂ theoretical plate LTNAU 1L mﬁqmmwummﬂaauu
7.2 wansznuvesmanfasuuas a1zvesszuYy UPLC
mﬂmi‘vmaﬂuﬂﬁauuﬂm ﬂTJ%G‘i'N‘”] YB35 UY UPLC L!ﬁ%aﬂ 130201UATIV DUANULINUIE NUDN
' g/ 3 Y ' a I 1 . . . e
FYUD uAAE AIZAAN 3 A3 UAIATIV BUMNWITIUADIANC LYY retention time, resolution, tailing factor LD

v
theoretical plate HANINA DUAIN
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@ o 1 a a a
72.1 Msl¥nedui 2 JUMINAAYPY Acquity UPLC BEH CI8 wu1a 2.1 x 100 Haamas Uss9auna
1 [ (3 4 1 1
vina 1.7 lulasmas wunaeduing e wnsausniia Norfloxacin 09n1n#iaoue 14a 1A resolution 521314
ﬁﬂ Norfloxacin ¢ Norfloxacin related compound E lﬂﬂﬂ”h 2.0, fh resolution ﬁzﬂ’jNﬁﬂ Norfloxacin related

compound A 1ag Norfloxacin related compound H WINNI 3.0, tailing factor TR 2.0 1ag theoretical plate

A7 10,000 (A0 10 FUANAT) (TN 5)

. . o
MmN 5 1 awwavesmsiau Batch va3fnDaNU

Acquity BEH C18 Peak RRT | Resolution | Tailing factor | Theoretical plate
Norfloxacin related compound K | 0.61 - 1.13 22894
Norfloxacin related compound E | 0.94 17.53 1.09 29988
Batch No.
Norfloxacin 1.0 227 1.79 14231
0216330731
Norfloxacin related compound A | 1.45 24.84 1.10 1489343
Norfloxacin related compound H | 1.47 4.29 1.13 1356990
Norfloxacin related compound K | 0.60 - 1.07 20688
Norfloxacin related compound E | 0.93 16.04 1.07 24197
Batch No.
Norfloxacin 1.0 2.62 1.38 17601
0347392551
Norfloxacin related compound A | 1.59 33.42 1.12 1315828
Norfloxacin related compound H | 1.61 4.21 1.13 1225132

722 wansznusemsnlaounas nzdua Usiiiulaom resolution 551 31afin Norfloxacin i) Norfloxacin
related compound E 1Az resolution 321I19NA Norfloxacin related compound A 1 Norfloxacin related
compound H U099 1502010 1HTUATIV DUANNKUIE WUDITEUY WUNUAT resolution MINAI 2.0 1Az 3.0
AN LATNITATIV BUANNUS ;w%( (peak purity testing) (3) Yo4fiA Norfloxacin 11 1582219870819 WU
fin Norfloxacin U5 _n5 wnsausnnnfiniiegaiuldedn uysal Tasm resolution 531 319fin Norfloxacin tas

fin Norfloxacin related compound E FAWINNN 2.0 (miNﬁ 6)
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a = A
Mmaen 6 11 aswavesmsiasuudas anzveunses UPLC

Resolution
mammmém UPLC Norfloxacin related compound E Norfloxacin related compound A V/S
V/S Norfloxacin (NLT 2.0) Norfloxacin related compound H (NLT 3.0)
guvgivenedml 29 237 427
O 30 2.22 4.41
31 2.09 4.51
Usmasueg 1.0 2.63 4.38
1sazaeiing 2.0 2.22 4.41
(luTnsanT) 2.5 2.05 438
oM lvaves 035 2.37 439
1502A0AIN 0.40 2.22 4.41
(Jadaasaoui) 045 2.08 4.68
o TEA Tu 0.09 2.08 4.43
. 0.10 2.22 4.41
1502AWAIN

0.11 2.28 4.39

= o

8. VAINAVPINITATIVNY (Limit of Detection) HazUANINAVDINTHUF I3 (Limit of Quantitation)
8.1 iomMuImIadifiaredmsastnnuLaziasiaveamsnFelSainaved Norfloxacin M@ slope

. Y] v {
182 Y-intercept U094 UM uasannnaludo 3. 1 asswazidealuasen 7

M5190 7 MIMUIAUIANNAVINTATIVNULAZIANAVDINMIHUFIUT WU Norfloxacin

NanmInNa i’)‘]JﬂZlﬁJ!‘ﬂH! "ummamhamﬁmiwﬁ R
MIMUIU LOD uaz LOQ
(Linearity and Range)

Standard Curve Correlation Coefficient Slope Y-intercept LOD = 330/ S
’ﬁ!‘ﬁ 1 0.99999 24189.37 2019.77 = 0.21 ug/mL
’ﬁ!‘ﬁ 2 0.99996 24277.27 -1127.52 LOQ = 100/ S
’ﬁ!‘ﬁ 3 0.99999 24179.05 228.29 = 0.65 ug/mL
AunaY 0.99998 24215.23 373.51 o = SD U949 Y-intercept

SD 1578.66 AUNABUD slope

Tagsh LOD, LOQ #ldnnmssnudioisaananldidummaiiei _91i11M1 LOD 1ag LOQ V9
Norfloxacin mu%’%maeﬁ’a 8.2

8.2 1AMINA dUAA 15aza18 Norfloxacin WU Limit of Detection (LOD) RAumny 0.06 luIasnsw
@oNaaans (S/N = 3.36) 1az Limit of Quantitation (LOQ) ¥AWMAY 0.18 luTInsniuneiadans (RSD = 2.79%,
n =6, S/N = 10.81)
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d
9. m3tszgnaliisdnszy

a o o

iﬂﬂﬂﬁ‘ﬂﬂ ouUn15ual Norfloxacin Glumammummwwa@mwiyw NUIU 1 A20819 ‘WU’JTJ?ﬁ’J!ﬂiW“"ﬁ
4

fe UPLC ‘L! WN3ouenNA Norfloxacin E]E]ﬂiﬂﬂWﬂ’f]uG']]lﬂE]ElN 4139l Spectrum Y9NA Norfloxacin LAY

U3 q‘ﬂﬁ (spectrally homogeneous) Hen purity angle Yoonn purity threshold

0130l
Aive 1dhdemnuannumuy wvesszuulasunInnswl (Suitability requirements) Y9IMIAATIZHIITO
Organic impurities 1A% Assay U8aualunswl Norfloxacin USP41 Wuiluuuimamsiannisinngidsna
Norfloxacin 1uingaudis UPLC TaslfiaTesnsnaiariia PDA nazasi auﬂamgné’awaﬁ%ﬁﬁmmﬁmm
ICH guideline Yormuaanumunz wvesszuuTasnInnsliiany dyedieduilosnnt asdennusume
12998935 {190 lAmssuanududuves 15azate MTUAII euANNMIIE wUeIszUUIaTI Inngw
miumsianzidss UPLC Miianududunihiufiszylune Tunswl Norfloxacin USPAL  13azaty 1wy
A5 puANMMINY wesszuuIasnInasvdsyneudis  15aza1on WUBY 15MIATFIU Norfloxacin A
Wty 100 ulasnsudeiiaans 1ag Related compounds 4 ¥Ha 1AUA Norfloxacin related compound A,
Norfloxacin related compound E, Norfloxacin related compound H (lai¢Norfloxacin related compound K #7314
[WuduUee Related compounds taazsiawidy 5 lulasniudeladans 13aza1e 1MIUATIV DUANY
iz wvesszuuIasanInnsmlanududuues Norfloxacin 071 Related compounds 1/szanas 10 111 Taed
foMHUARDA1 resolution 5¥1INAA Norfloxacin H1U Norfloxacin related compound E liesndn 2.0 uaz
f1 resolution 5¥WINNA Norfloxacin related compound A 11 Norfloxacin related compound H lidesndn 3.0
ML sz uuiRanniulaeldhednl UPLC ¥ia CI8 wazmIUANamNgIRedITT 30
perwaide  Hanmmng wvesszuulasmnInnsmlawdermun fefin Norfloxacin §A7WUS N5 (Spectrally
homogeneous) WN30UENNA Norfloxacin AUNA Norfloxacin related compound E JELTAN 3J1Jii1:!{ 1A resolution
WA 2.0 Lazia Norﬂoxacm related compound A fuiia Norﬂoxacm related compound H 1A resolution
WINN 4.0 ‘L!E]ﬂiﬂﬂu related compounds 9 4 silanianuu3 VI‘ﬁ‘I/IﬂWﬂL‘])'uﬂu AT Norfloxacin
Glu’mmumﬂ UPLC ‘WN s lannisinned Organic impurities °lu’mamj Norfloxacin #i01114
MINg aummmﬂwmswuu (System precision) INMINA 150801ATFIU Norfloxacin U 3 A0
u@mmamm@m 6 A% W1 %RSD VosUAETA Norfloxacin #a 3 §aeta i 0.73(2) 1 AIDIANY
fouesszuuia uaziim tailing factor 1lifiu 2.0 2) wamsfn a1z AmldRams aef (forced
degradation studies) (6) WU 13 MeEITRATUIN AMEA19 115UAIUAA  Norfloxacin meﬁa@ufh peak
purity U®J Norfloxacin nm purity angle voonh purity threshold ﬁuﬁ@ﬁﬂ Norfloxacin 13 q‘VI‘E& llijflﬂﬁﬂmﬁﬂu
o wouludindi osendniiliiiams med 4 afe anzneldn waadunm 1 uez 2 $alue fins
AMefiIe9 Norfloxacin 3080y 25.1 wazfesar 100 muady  anzidunsaneldanuiounums awd
Zovaz 126 nnzeendasumeldnnuden uaz nnzaumeldanudeuiing medifesas 4.0 uaz 3.6 A
#1681 Norfloxacin finnunude mazmeldnnudeu @ 100°C, 6 $21ua) Im3 awditesniZevas 1.0 veq
Ysnasudy
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I ) [} = o 1 A aa Y1 v a = v o 7 J
wana evuANNu uasalurie 5 89 25 lulasnsudelaaans laa “wilse "nd w Swus wnnn
= I Y A =t ] A o =2 Y Y
0.99995 1 asdeanuiu “uasenavesszunIasu Innsilaasasieimmsine Msna sUANNYNADI 1A
"y o A o v v . . o o o
A3razMIAUAAUN 3 FYAUANMTUTY (low, medium, high) WAL 100.05, 100.83 uaz 101.12 MUAIAL
£ [ S 1% Y ra gy ~ = ~
Faoglunavinasonsula (lumudosaz 98.0-102.0)5) Mina dUANUINGY NUNTANWNGIVBITZUY (system
.. { A .. c’:’ v 1 1 a (g
precision) 1A ANUAIUBIIT (method precision) HMINIUa 14 lilianuuana1avesmsna ouINMIIATIZHS
@ v a 4 9 N 1 @
2 Ju Tagiinnszd 2 au droniediloalsganu
. PR o
PANAMTNA BUANNAI NINUBY 158218 Norfloxacin - 1150 1M unuInlumsmuuaszezinanly
a o 1 i q'z a
M5AUATIZHAIBEI 158218 Norfloxacin 1ANuAY Mnlusegranamsna evwy 24 $lue Tasllsuamnn
4 A = 1% a ~ A 9 o v asnA o d?‘ ; 9 a 4 = =
AMFesaz 99.0 WomsunulTnangasudy  mivIsnianIuilsna lunmsinigd 14 inndemsaa 13
1 3 " a Y 1 a I'd ana I'd
ugazAse 1 lumeilymims a1e@1v09e15EHINMITAATIZH MINA DUANUNUVBIIBAATIZH (Robustness) 19d
{ 1 a [ o { 9 1 a
msanywansznuvesmslasunasiumsndanedni msuldeumlas anzvesszuy UPLC 1dun quiwgi
@ o a o @ 9 . . .
v0aRaNY 151aImMIRa §a31mMI IMaved 13a2a1edIN 1AL esazYed Trifluoroacetic acid 1 13azany
@ ' Y o a =
G WuNLANUKNE WYeeszubIasu Innnaudemiuaves USP4L (2) HagMIngd ouANNUIT No
' a , o " &
(peak purity testing) WUNNA Norfloxacin U3 N3 (spectrally homogeneous) 13T co-elute Yude lifimstuitlou
[ A
voa 150uluNAN MINA BUVATINAVDINITATIINULUALVAINAVDINIHUFIUSTUIAIUDI Norfloxacin IR
iy 0.06 taz 0.18 Tulpsasudeiaaans suaidy
an A o d? csyc,’ Asa < 9 a J Y a Yo o a -
3% UPLC Misnnvuililudinde s7a57 ldnanimsizvides  wiseandsuiamsleaimazailgdunse

o oA A 5 ' a g o o
organic solvent) M3 1¥unodNINgUMN 30 sarusame daly anulUsudlumsiaeigaeduil
g 9 U U El

1 Ed 9

un 31l
ada d (a . [ a 3 A o KX AA
ET I REA ST CETRLY Norfloxacin GL‘L!’N’I‘Q@DWJEJ UPLC NWSIVIYUUNANNINNE Nﬂlﬂ\?igﬂﬂiﬂill'ﬂ“ﬂﬂiTV\l
Y o o o a o a o &4 ° a L.
ATNVDNTHUAUDIATTIYIUD ﬂﬁg@LNiﬂ'IﬂUUWNWﬂiﬁﬁ 41 (USP41) ﬁﬂ’JﬁJi]']LW']%H]'WiN‘U’EN’J% (selectivity/
o . a Y o .
specificity) 1170480 Norfloxacin 990310 Related compounds 4 yialaun Norfloxacin related compound A,
Norfloxacin related compound E, Norfloxacin related compound H, Norfloxacin related compound K g 13
o A 1 a A T { .. < FJ 1 a 4
20U 061915e “NFAIN AN (accuracy) ANNINGY (precision) ANMITUL “UATIVOIFIIMIAATIEN
. . & Y ¢ v aca ¢
(linearity and range) TIUVNANNUNY (robustness) ANHANINUNNITATIV Emﬂ’ngﬂmwmﬁamﬁwmm ICH
. . axA Y A A Y a <Y a 9 A ana < 1a
guideline ATUANNYNABINIUTODD AN 1%!3?;1']%?]5']251’71!@8 'Iiﬂiﬂaﬂﬂﬁu']mﬂ']ﬁql‘])' 15103 AFAATIEHYT W

@ a o I A a wva
Norfloxacin lu3agaudse UPLC  wsoii ) 1diduisunasguludeljiams

=) =Y
fnanssulszma

a A a ¢ o ' ~Aq Yo ° ° Aaw & A (= Y a
VIVDUNISHAU NY.UATWITU LIDIGNTUUN HJ‘HE]EJN Mwiwmuuzmmammm% uamﬂuwﬂiﬂmmmmmi
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