
	

https://xuzuwodoxe.mofien.co.za/790347632696977752?zuxetitubavegabuwukef=jifimixeguwujimugevidoxenisivafuremagevekivalunitopebevefujakikeroxoxurusesovepedoxusafiwetodegibefiguzimoburiwejabesudomanegewivefupiwoxubederedokasusavujatalugijeroxegoxekorafelasovumugiperozitadaluw&keyword=stability-indicating+hplc+methods+for+drug+analysis+pdf&felomotafivatalulobamovalawozavizojegivalebi=dewimozakutokiluxuzogigowililafufageligefarubojiveladapodekatetofasukisuxepivemajutavobetifogujuxafukekufepanegovigusosemuvaduvagolikegisujulivisotok




Stability	indicating.		Stability	indicating	method.		

Smela	M	J	(2005)	Regulatory	considerations	for	stability	indicating	analytical	methods	in	drug	substance	and	drug	product	testing.	Am	Pharm	Rev	8:51–54.	Google	Scholar		ICH	Q5	(1996)	Stability	testing	of	biotechnological/biological	products.	Google	Scholar		ICH	Q1A	(2003)	Stability	testing	of	new	drug	substances	and	products.	Google	Scholar	
ICH	Q1E	(2003)	Evaluation	of	stability	data.	Google	Scholar		ICH	Q3A	(R)	(2003)	Impurities	in	new	drug	substances.	Google	Scholar		ICH	Q3B	(R)	(2003)	Impurities	in	new	drug	products.	Google	Scholar		ICH	Q6A	(2000)	Guidance	on	specifications:	test	procedures	and	acceptance	criteria	for	new	drug	substance	and	products:	chemical	substances.
Google	Scholar		ICH	Q2A	(R)	(1995)	Guideline	for	industry,	text	on	validation	of	analytical	procedures.	Google	Scholar		ICH	Q2B	(R)	(1996)	Guideline	on	validation	of	analytical	procedures:	methodology.	Google	Scholar		Reynolds	DW,	Facchine	KL,	Mullaney	JF,	Alsante	KM,	Hatajik	TD,	Motto	MG	(2002)	Available	guidance	and	best	practices	for
conducting	forced	degradation	studies.	Pharm	Technol	26:48–56.	Google	Scholar		Reynolds	DW	(2004)	Forced	degradation	of	pharmaceuticals.	Am	Pharm	Rev	7:56–61	Google	Scholar		Thatcher	SR,	Mansfield	RK,	Miller	RB,	Davis	CW,	Baertschi	SW	(2001)	Pharmaceutical	photostability:	a	technical	guide	and	practical	interpretation	of	the	ICH
guideline	and	its	application	to	pharmaceutical	stability	–	Part	I.	Pharm	Technol	N	Am	25:98–110.CAS		Google	Scholar		Baertschi	SW	(2005)	Pharmaceutical	stress	testing:	predicting	drug	degradation.	Taylor	&	Francis,	Boca	Raton.	Google	Scholar		FDA	(2003)	Guidance	for	industry	INDs	for	phase	2	and	3	studies;	chemistry,	manufacturing,	and
control	information.	KM,	Martin	L,	Baertschi	SW	(2003)	A	stress	testing	benchmarking	study.	Pharm	Technol	27:60–72.CAS		Google	Scholar		Kats	M	(2005)	Forced	degradation	studies:	regulatory	considerations	and	implementation.	BioPharm	Int	18:7.	Google	Scholar		Alsante	KM,	Ando	A,	Brown	R,	Ensing	J,	Hatajika	TD,	Kong	W,	Tsuda	Y	(2007)	The
role	of	degradant	profiling	in	active	pharmaceutical	ingredients	and	drug	products.	

Am	Pharm	Rev	8:51–54.	Google	Scholar		ICH	Q5	(1996)	Stability	testing	of	biotechnological/biological	products.	Google	Scholar		ICH	Q1A	(2003)	Stability	testing	of	new	drug	substances	and	products.	Google	Scholar		ICH	Q1E	(2003)	Evaluation	of	stability	data.	Google	Scholar		ICH	Q3A	(R)	(2003)	Impurities	in	new	drug	substances.	Google	Scholar	
ICH	Q3B	(R)	(2003)	Impurities	in	new	drug	products.	Google	Scholar		ICH	Q6A	(2000)	Guidance	on	specifications:	test	procedures	and	acceptance	criteria	for	new	drug	substance	and	products:	chemical	substances.	Google	Scholar		ICH	Q2A	(R)	(1995)	Guideline	for	industry,	text	on	validation	of	analytical	procedures.	

Google	Scholar		ICH	Q2B	(R)	(1996)	Guideline	on	validation	of	analytical	procedures:	methodology.	Google	Scholar		Reynolds	DW,	Facchine	KL,	Mullaney	JF,	Alsante	KM,	Hatajik	TD,	Motto	MG	(2002)	Available	guidance	and	best	practices	for	conducting	forced	degradation	studies.	Pharm	Technol	26:48–56.	Google	Scholar		Reynolds	DW	(2004)
Forced	degradation	of	pharmaceuticals.	Am	Pharm	Rev	7:56–61	Google	Scholar		Thatcher	SR,	Mansfield	RK,	Miller	RB,	Davis	CW,	Baertschi	SW	(2001)	Pharmaceutical	photostability:	a	technical	guide	and	practical	interpretation	of	the	ICH	guideline	and	its	application	to	pharmaceutical	stability	–	Part	I.	Pharm	Technol	N	Am	25:98–110.CAS		Google
Scholar		Baertschi	SW	(2005)	Pharmaceutical	stress	testing:	predicting	drug	degradation.	Taylor	&	Francis,	Boca	Raton.	



Google	Scholar		ICH	Q2B	(R)	(1996)	Guideline	on	validation	of	analytical	procedures:	methodology.	

Google	Scholar		ICH	Q6A	(2000)	Guidance	on	specifications:	test	procedures	and	acceptance	criteria	for	new	drug	substance	and	products:	chemical	substances.	Google	Scholar		ICH	Q2A	(R)	(1995)	Guideline	for	industry,	text	on	validation	of	analytical	procedures.	Google	Scholar		ICH	Q2B	(R)	(1996)	Guideline	on	validation	of	analytical	procedures:
methodology.	Google	Scholar		Reynolds	DW,	Facchine	KL,	Mullaney	JF,	Alsante	KM,	Hatajik	TD,	Motto	MG	(2002)	Available	guidance	and	best	practices	for	conducting	forced	degradation	studies.	Pharm	Technol	26:48–56.	Google	Scholar		Reynolds	DW	(2004)	Forced	degradation	of	pharmaceuticals.	Am	Pharm	Rev	7:56–61	Google	Scholar		Thatcher
SR,	Mansfield	RK,	Miller	RB,	Davis	CW,	Baertschi	SW	(2001)	Pharmaceutical	photostability:	a	technical	guide	and	practical	interpretation	of	the	ICH	guideline	and	its	application	to	pharmaceutical	stability	–	Part	I.	Pharm	Technol	N	Am	25:98–110.CAS		Google	Scholar		Baertschi	SW	(2005)	Pharmaceutical	stress	testing:	predicting	drug	degradation.
Taylor	&	Francis,	Boca	Raton.	Google	Scholar		FDA	(2003)	Guidance	for	industry	INDs	for	phase	2	and	3	studies;	chemistry,	manufacturing,	and	control	information.	KM,	Martin	L,	Baertschi	SW	(2003)	A	stress	testing	benchmarking	study.	
Pharm	Technol	27:60–72.CAS		Google	Scholar		Kats	M	(2005)	Forced	degradation	studies:	regulatory	considerations	and	implementation.	BioPharm	Int	18:7.	

Am	Pharm	Rev	8:51–54.	Google	Scholar		ICH	Q5	(1996)	Stability	testing	of	biotechnological/biological	products.	Google	Scholar		ICH	Q1A	(2003)	Stability	testing	of	new	drug	substances	and	products.	Google	Scholar		ICH	Q1E	(2003)	Evaluation	of	stability	data.	Google	Scholar		ICH	Q3A	(R)	(2003)	Impurities	in	new	drug	substances.	
Google	Scholar		ICH	Q3B	(R)	(2003)	Impurities	in	new	drug	products.	Google	Scholar		ICH	Q6A	(2000)	Guidance	on	specifications:	test	procedures	and	acceptance	criteria	for	new	drug	substance	and	products:	chemical	substances.	Google	Scholar		ICH	Q2A	(R)	(1995)	Guideline	for	industry,	text	on	validation	of	analytical	procedures.	Google	Scholar	
ICH	Q2B	(R)	(1996)	Guideline	on	validation	of	analytical	procedures:	methodology.	Google	Scholar		Reynolds	DW,	Facchine	KL,	Mullaney	JF,	Alsante	KM,	Hatajik	TD,	Motto	MG	(2002)	Available	guidance	and	best	practices	for	conducting	forced	degradation	studies.	Pharm	Technol	26:48–56.	Google	Scholar		Reynolds	DW	(2004)	Forced	degradation	of
pharmaceuticals.	Am	Pharm	Rev	7:56–61	Google	Scholar		Thatcher	SR,	Mansfield	RK,	Miller	RB,	Davis	CW,	Baertschi	SW	(2001)	Pharmaceutical	photostability:	a	technical	guide	and	practical	interpretation	of	the	ICH	guideline	and	its	application	to	pharmaceutical	stability	–	Part	I.	Pharm	Technol	N	Am	25:98–110.CAS		Google	Scholar		Baertschi	SW
(2005)	Pharmaceutical	stress	testing:	predicting	drug	degradation.	Taylor	&	Francis,	Boca	Raton.	Google	Scholar		FDA	(2003)	Guidance	for	industry	INDs	for	phase	2	and	3	studies;	chemistry,	manufacturing,	and	control	information.	
KM,	Martin	L,	Baertschi	SW	(2003)	A	stress	testing	benchmarking	study.	Pharm	Technol	27:60–72.CAS		Google	Scholar		Kats	M	(2005)	Forced	degradation	studies:	regulatory	considerations	and	implementation.	BioPharm	Int	18:7.	Google	Scholar		Alsante	KM,	Ando	A,	Brown	R,	Ensing	J,	Hatajika	TD,	Kong	W,	Tsuda	Y	(2007)	The	role	of	degradant
profiling	in	active	pharmaceutical	ingredients	and	drug	products.	Adv	Drug	Deliv	Rev	59:29–37.Article		CAS		PubMed		Google	Scholar		Dolan	JW	(2002)	Stability-indicating	assays.	LCGC	N	Am	20:346–349.CAS		Google	Scholar		Ruan	J,	Tattersall	P,	Lozano	R,	Shah	P	(2006)	The	role	of	forced	degradation	studies	in	stability	indicating	HPLC	method
development.	Am	Pharm	Rev	9:46–53.CAS		Google	Scholar		Wen	C	(2006)	Designing	HPLC	methods	for	stability	indication	and	forced	degradation	samples	for	API.	Am	Pharm	Rev	9:137–140.CAS		Google	Scholar		Baertschi	SW,	Boccardi	G	(2005)	Oxidative	susceptibility	testing.	In:	Baertschi	SW	(ed)	Pharmaceutical	stress	testing:	predicting	drug
degradation.	Taylor	&	Francis,	Boca	Raton.	
Google	Scholar		Yoshioka	S,	Stella	VJ	(2000)	Stability	of	drugs	and	dosage	forms.	Kluwer	Academic/Plenum	Publishers,	New	York.	Google	Scholar		Stepensky	D,	Chorny	M,	Dabour	Z,	Schumacher	I	(2004)	Long-term	stability	study	of	L-adrenaline	injections:	kinetics	of	sulfonation	and	racemization	pathways	of	drug	degradation.	J	Pharm	Sci	93:969–
980.Article		CAS		PubMed		Google	Scholar		Ali	I,	Gupta	VK,	Aboul-Enein	HY	(2007)	Role	of	racemization	in	optically	active	drugs	development.	Chirality	19:453–463.Article		CAS		PubMed		Google	Scholar		FDA	(2007)	Guidance	for	industry	ANDAs:	pharmaceutical	solid	polymorphism	chemistry,	manufacturing,	and	controls	information.	EM,	Dias	CL,
Rossi	RC,	Valente	RS,	Fröelich	PE,	Bergold	AM	(2006)	LC	method	for	studies	on	the	stability	of	lopinavir	and	ritonavir	in	soft	gelatin	capsules.	Chromatographia	63:437–443.Article		CAS		Google	Scholar		Storms	ML,	Stewart	JT	(2002)	Stability-indicating	HPLC	assays	for	the	determination	of	prolocaine	and	procaine	drug	combinations.	J	Pharm
Biomed	Anal	30:49–52.Article		CAS		PubMed		Google	Scholar		Mohammadi	A,	Rezanour	N,	Ansari	Dogaheh	M,	Ghorbani	Bidkorbeh	F,	Hashem	M,	Walker	RB	(2007)	A	stability-indicating	high	performance	liquid	chromatographic	(HPLC)	assay	for	the	simultaneous	determination	of	atorvastatin	and	amlodipine	in	commercial	tablets.	J	Chromatogr	B
846:215–221.Article		CAS		Google	Scholar		Hou	S,	Hindle	M,	Byron	P	(2001)	A	stability-indicating	HPLC	assay	method	for	budesonide.	J	Pharm	Biomed	Anal	24:371–380.Article		CAS		PubMed		Google	Scholar		Bashki	M,	Singh	S	(2002)	Development	of	validated	stability-indicating	assay	methods-critical	review.	J	Pharm	Biomed	Anal	28:1011–
1040.Article		Google	Scholar		Hewitt	EF,	Lukulay	P,	Galushko	S	(2006)	Implementation	of	a	rapid	and	automated	high	performance	liquid	chromatography	method	development	strategy	for	pharmaceutical	drug	candidates.	J	Chromatogr	A,	1107:79–87.Article		CAS		PubMed		Google	Scholar		Brittain	H	(1974–2006)	Analytical	profiles	of	drug
substances	and	excipients	(vol	1	to	33),	Elsevier,	Amsterdam.	Google	Scholar		Xu	Q,	Trissel	L	(2003)	Stability-indicating	HPLC	methods	for	drug	analysis.	Pharmaceutical	Press,	London.	Google	Scholar		Pasha	K,	Muzeeb	S,	Basha	SJS,	Shashikumar	D,	Mullangi	R,	Srinivas	NR	(2006)	Analysis	of	five	HMG-Coa	reductase	inhibitors-atorvastatin,
lovastatin,	pravastatin,	rosuvastatin	and	simvastatin	:	pharmacological,	pharmacokinetic	and	analytical	overview	and	development	of	a	new	method	for	use	in	pharmaceutical	formulations	analysis	and	in	vitro	metabolism	studies.	Biomed	Chromatogr	20:282–293.Article		CAS		PubMed		Google	Scholar		Snyder	L,	Kirkland	J,	Glajch	J	(1997)	Practical
HPLC	method	development.	Wiley-Interscience,	New	York.	Google	Scholar		Ohannesian	L,	Streeter	A	(2002)	Handbook	of	pharmaceutical	analysis.	Marcel	Dekker,	New	York	and	Dong	M	(2006)	Modern	HPLC	for	practicing	Scientists.	John	Wiley	and	Sons,	Hoboken.	Google	Scholar		Karcher	BD,	Davies	ML,	Venit	JJ,	and	Delaney	EJ	(2004)	Multi-
dimensional	screening	and	analysis	(MDSA):	an	automated	tool	for	HPLC.	Am	Pharm	Rev	7:62–65.CAS		Google	Scholar		Bashki	M,	Singh	S	(2004)	ICH	guidance	in	practice:	establishment	of	inherent	stability	of	secnidazole	and	development	of	a	validated	stability-indicating	high-performance	liquid	chromatographic	assay	method.	J	Pharm	Biomed	Anal
36:769–775.Article		Google	Scholar		Cameron	G,	Jackson	PE,	Gorenstein	MV	(1993)	A	new	approach	to	peak	purity	assessment	using	photodiode	array	detection.	Chem	Aus,	288–289.	Google	Scholar		Bryant	DK,	Kingswood	MD,	Belenguer	A	(1996)	Determination	of	liquid	chromatographic	peak	purity	by	electrospray	ionization	mass	spectrometry.	J
Chromatogr	A	721:41–51.Article		CAS		Google	Scholar		Xiao	KP,	Xiong	Y,	Liu	FZ,	Rustum	AM	(2007)	Efficient	method	development	strategy	for	challenging	separations	of	pharmaceutical	molecules	using	advanced	chromatographic	technologies.	J	Chromatogr	A,	1163:145–156.Article		CAS		PubMed		Google	Scholar		Polite	L	(2000)	Liquid
chromatography:	basic	overview.	In:	Miller	J,	Crowther	JB	(eds)	Analytical	chemistry	in	a	GMP	environment:	a	practical	guide.	John	Wiley	&	Sons,	New	York.	Google	Scholar		Burana-Osot	J,	Ungboriboonpisal	S,	Sriphong	L	(2006)	A	stability-indicating	HPLC	method	for	medroxyprogesterone	acetate	in	bulk	drug	and	injection	formulation.	J	Pharm
Biomed	Anal	40:1068–1072.Article		CAS		PubMed		Google	Scholar		Sprangler	M,	Mularz	E	(2001)	A	validated,	stability-indicating	method	for	the	assay	of	dexamethasone	in	drug	substance	and	drug	product	analyses,	and	the	assay	of	preservatives	in	drug	product.	Chromatographia	54:329–334.Article		Google	Scholar		Skrdla	PJ,	Abrahim	A,	Wu	Y
(2006)	An	HPLC	chromatographic	reactor	approach	for	investigating	the	hydrolytic	stability	of	a	pharmaceutical	compound.	J	Pharm	Biomed	Anal	41:883–890.Article		CAS		PubMed		Google	Scholar		Bell	F,	Dolan	JW	(2006)	On-column	sample	degradation.	LC-GC	N	Am	24:1184–1190.	Google	Scholar		Lange	J,	Below	E,	Thede	R	(2004)	Separate
determination	of	mobile-phase	rate	constants	for	reversible	reactions.	J	Liq	Chrom	Relat	Tech	27:715–725.Article		CAS		Google	Scholar		Zhang	J,	Miller	RB,	Jacobus	R	(1997)	Development	and	validation	of	a	stability-indicating	HPLC	method	for	the	determination	of	degradation	products	in	dipyridamole	injection.	Chromatographia	44:247–252.Article	
CAS		Google	Scholar		DiNunzio	JE	(1992)	Pharmaceutical	applications	of	high-performance	liquid	chromatography	interfaced	with	fourier	transform	infrared	spectroscopy.	J	Chromatogr	626:97–107.Article		CAS		Google	Scholar		Chen	W,	Zhou	P,	Wong-Moon	KC,	Cauchon	NS	(2007)	Identification	of	volatile	degradants	in	formulations	containing
sesame	oil	using	SPME/GC/MS.	
J	Pharm	Biomed	Anal	44:450–455.Article		CAS		PubMed		Google	Scholar		Kazakevich	Y,	LoBrutto	R	(2007)	HPLC	for	pharmaceutical	scientists.	Wiley-Interscience,	New	York.Book		Google	Scholar		Lukulay	P,	Hokanson	G	(2005)	A	perspective	on	reconciling	mass	balance	in	forced	degradation	studies.	Pharm	Tech	29:106–113.CAS		Google	Scholar		1.
United	States	Pharmacopeial	Convention.	Vet.	Syst.	Florfenicol.	United	States	Pharmacopeial	Convention,	p.	6,	2007.2.	British	Pharmacopoeia.	Monograph	on	Flunixin	meglumine.	British	Pharmacopoeia.	2013	doi:	10.1111/j.1365-2885.2000.00284.x.	[CrossRef]	[Google	Scholar]3.	United	States	Pharmacopeial	Convention.	Vet.	Syst.	Flunixin.	United
States	Pharmacopeial	Convention,	p.	5,	2007.4.	Nasim	A.,	Aslam	B.,	Javed	I.,	et	al.	Determination	of	florfenicol	residues	in	broiler	meat	and	liver	samples	using	RP-HPLC	with	UV-visible	detection.	
Journal	of	the	Science	of	Food	and	Agriculture.	2016;96(4):1284–1288.	doi:	10.1002/jsfa.7220.	[PubMed]	[CrossRef]	[Google	Scholar]5.	Orlando	E.	A.,	Costa	Roque	A.	G.,	Losekann	M.	E.,	Colnaghi	Simionato	A.	V.	UPLC–MS/MS	determination	of	florfenicol	and	florfenicol	amine	antimicrobial	residues	in	tilapia	muscle.	Journal	of	Chromatography	B:
Analytical	Technologies	in	the	Biomedical	and	Life	Sciences.	2016;1035:8–15.	doi:	10.1016/j.jchromb.2016.09.013.	
[PubMed]	[CrossRef]	[Google	Scholar]6.	Guo	L.,	Tian	X.,	Shan	S.,	Han	J.,	Shang	X.,	Ma	S.	Simultaneous	determination	of	florfenicol	and	diclazuril	in	compound	powder	by	RP-HPLC-UV	method.	Journal	of	Chemistry.	
2014;2014	doi:	10.1155/2014/580418.580418	[CrossRef]	[Google	Scholar]7.	Karami-Osboo	R.,	Miri	R.,	Javidnia	K.,	Kobarfard	F.	Simultaneous	chloramphenicol	and	florfenicol	determination	by	a	validated	DLLME-HPLC-UV	method	in	pasteurized	milk.	Iranian	Journal	of	Pharmaceutical	Research.	2016;15(3):361–368.	[PMC	free	article]	[PubMed]
[Google	Scholar]8.	Song	J.-S.,	Park	S.-J.,	Choi	J.-Y.,	et	al.	Development	of	analytical	method	and	monitoring	of	veterinary	drug	residues	in	Korean	animal	products.	Korean	Journal	for	Food	Science	of	Animal	Resources.	2016;36(3):319–325.	doi:	10.5851/kosfa.2016.36.3.319.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]9.	Meucci	V.,	Vanni
M.,	Sgorbini	M.,	Odore	R.,	Minunni	M.,	Intorre	L.	Determination	of	phenylbutazone	and	flunixin	meglumine	in	equine	plasma	by	electrochemical-based	sensing	coupled	to	selective	extraction	with	molecularly	imprinted	polymers.	Sensors	and	Actuators,	B:	Chemical.	2013;179:226–231.	doi:	10.1016/j.snb.2012.09.015.	[CrossRef]	[Google	Scholar]10.
Belal	F.	F.,	Abd	El-Razeq	S.	A.,	Fouad	M.	M.,	Fouad	F.	A.	Micellar	high	performance	liquid	chromatographic	determination	of	flunixin	meglumine	in	bulk,	pharmaceutical	dosage	forms,	bovine	liver	and	kidney.	Analytical	Chemistry	Research.	2015;3:63–69.	doi:	10.1016/j.ancr.2014.12.003.	[CrossRef]	[Google	Scholar]11.	Jedziniak	P.,	Szprengier-
Juszkiewicz	T.,	Olejnik	M.,	Jaroszewski	J.	Determination	of	flunixin	and	5-hydroxyflunixin	in	bovine	plasma	with	HPLC-UV	method	development,	validation	and	verification.	Bulletin	of	the	Veterinary	Institute	in	Pulawy.	2007;51(2):261–266.	[Google	Scholar]12.	International	Conference	on	Harmonisation	of	Technical	Requirements	for	Registration	of
Pharmaceuticals	for	Human	Use.	ICH	Q2	(R1)	Validation	of	Analytical	Procedures:	Text	and	Methodology.	vol.	1994,	p.	17,	2005.13.	Pharmacopeia	U.	
S.	USP-NF	<1225>	Validation	of	Compendial	Methods.	USP	32-NF27.	2009	[Google	Scholar]14.	Stability	Testing	of	New	Drug	Substances	and	Products.	European	Medicines	Agency;	2003.	(International	Conference	on	Harmonisation	of	Technical	Requirements	for	Registration	of	Pharmaceuticals	for	Human	Use	Q1A	(R2)).	[Google	Scholar]15.	
FDA.	Guidance	for	Industry	Analytical	Procedures	and	Methods	Validation	for	Drugs	and	Biologics.	2014.	[Google	Scholar]16.	Batrawi	N.,	Wahdan	S.,	Al-Rimawi	F.	A	validated	stability-indicating	hplc	method	for	simultaneous	determination	of	amoxicillin	and	enrofloxacin	combination	in	an	injectable	suspension.	Scientia	Pharmaceutica.	2017;85(1)
doi:	10.3390/scipharm85010006.	
[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Page	2HPLC	chromatographic	conditions	of	the	current	method.Chromatographic	conditionsFlow	rate1.0 mL/minWavelength	(λ)268 nmStationary	phaseRP18e,	5 µm,	250	×	4.6 mmColumn	temperature25°CInjection	volume20 µLRun	time10	minutes	High	performance	liquid	chromatography
(HPLC)	method	development	can	be	a	time-consuming	process,	particularly	for	stability-indicating	analytical	procedures	of	new	chemical	entities	(NCEs).	Most	of	the	procedures	for	small-molecule	drugs	employ	gradient	reversed‑phase	liquid	chromatography	(RPLC)	with	ultraviolet	(UV)	detection.	
These	methods	are	designed	to	separate	and	quantitate	the	active	pharmaceutical	ingredients	(APIs)	and	all	process	impurities	and	degradation	products	in	drug	substance	(DS)	and	drug	product	(DP)	samples.	This	important	HPLC	method	category	provides	quality	assessment	data	required	in	product	release	and	stability	studies	in	regulatory	filings
and	procedures	(Table	1).	Information	on	the	HPLC	method	development	process	and	requirements	are	available	in	many	textbooks	(1–6),	journal	articles	(7–13),	regulatory	guidance	documents	(14–16),	and	other	resources	(17).	
In	this	instalment,	we	strive	to	provide	a	concise	but	comprehensive	overview	of	the	essential	steps	of	the	method	development	process,	supported	with	case	studies,	common	practices,	regulatory	guidance,	and	citations	of	critical	references.Why	Gradient	RPLC	with	UV	Detection	for	Stability‑Indicating	Methods?Let	us	start	with	the	fundamentals
and	the	rationale	for	the	use	of	RPLC	and	UV	methods	in	stability-indicating	analytical	procedures,	which	must	separate	the	API	from	all	impurities,	and	meet	stringent	regulatory	requirements	in	method	performance	(6,14–16).First,	the	primary	retention	mechanism	in	RPLC	is	hydrophobic	interaction,	particularly	useful	for	compounds	with
intermediate	polarities,	and	an	excellent	match	of	most	small-molecule	drugs	with	oral	bioavailability	(2).	The	weak	dispersive	forces	in	RPLC	ensure	that	all	components	in	the	sample	can	be	eluted	from	the	column	using	strong	purging	solvents	at	the	end	of	the	gradient,	thus	yielding	100%	recovery	of	the	injected	sample.Second,	the	elution	order	in
RPLC	is	highly	predictable.	It	follows	the	“Linear	Solvent	Strength	Model”	(4).	In	most	cases,	the	log	k	(retention	factor)	of	the	analyte	is	inversely	proportional	to	%MPB	(mobile	phase	B	or	%	of	the	strong	organic	modifier).	In	addition,	most	drugs	are	basic,	but	have	sufficient	hydrophobicity	to	be	retained	in	RPLC	in	the	ionized	forms	in	acidic	mobile
phases.	The	retention	of	the	“solvated”	analytes	can	be	manipulated	to	provide	increased	resolution	by	changing	the	composition	of	the	mobile	phase	(for	example,	water,	organic	solvents,	and	pH),	that	interacts	with	the	analytes	in	the	“solvated”	state,	and	moderates	their	retention	on	the	stationary	phase	(1,2).	Gradient	elution	is	commonly	used	in
stability-indicating	assays	to	yield	higher	peak	capacity	and	sensitivity	for	both	hydrophilic	and	hydrophobic	components	in	the	sample	(2).Third,	most	NCEs	are	chromophoric,	having	one	or	more	conjugated	double	bonds	or	aromatic	moieties	in	their	structures,	thus	providing	high	detection	sensitivity	with	UV	detectors.	A	peak	area	precision	of	0.1–
0.5%	relative	standard	deviation	(RSD)	is	routinely	achievable	in	HPLC-UV	assays,	because	the	entire	injected	sample	passes	through	the	UV	flow	cell.	This	high	precision	performance	is	necessary	for	quality	control	applications	for	DS	release	testing	(with	typical	specifications	of	98.0–102.0%).	In	contrast,	the	precision	performance	of	<1%	is
difficult	to	achieve	with	mass	spectrometry	(MS)	detection,	because	only	a	small	fraction	of	the	nebulized	eluent	stream	is	ionized	and	detected	(2).	Furthermore,	a	UV	detector	offers	a	wide	linear	response	range	exceeding	five	orders	of	magnitude	(1	×	10-5	to	~2	absorbance	units	[AU]),	allowing	the	use	of	a	single-point	calibration	curve	for	early-
phase	assays,	and	normalized	area	%	analysis	for	the	determinationof	impurities	(2).There	are	some	notable	exceptions	to	the	adoption	of	RPLC-UV	methods.	For	NCEs	with	no	or	low	chromophoric	properties,	a	gradient-compatible	near-universal	detector,	such	as	a	charged	aerosol	detector	(CAD)	or	an	evaporative	light-scattering	detector	(ELSD),	is
typically	employed	(2).	For	the	determination	of	enantiomers,	a	normal-phase	separation	using	chiral	LC	or	supercritical	fluid	chromatography	(SFC)	separation,	is	generally	preferred,	because	the	analytes	are	present	in	an	unassociated	and	non-ionized	state,	which	often	leads	to	higher	selectivity	differences	between	the	enantiomers	(2).Another
exception	is	the	determination	of	potentially	genotoxic	impurities	at	parts-per-million	levels	(not	discussed	here),	which	may	require	a	high‑sensitivity	analytical	procedure,	such	as	LC	with	mass	spectrometry	detection	(LC–MS)	(2).Objective	of	This	ArticleThe	objective	of	this	instalment	is	to	describe	the	traditional	five‑step	strategy	in	HPLC	method
development,	according	to	Snyder	and	associates	(1),	and	illustrate	the	use	of	the	selectivity-tuning	for	method	optimization	with	case	studies.The	Traditional	Five-Step	Method	Development	ApproachA	traditional	five-step	approach	for	HPLC	method	development	was	proposed	by	Snyder	and	associates,	based	on	the	concept	of	selectivity‑tuning	to
increase	the	resolution	of	critical	pairs	(close-eluting	peaks)	for	accurate	quantitation	(1,2).	The	five‑step	approach	is	outlined	here.Step	1:	Defining	Method	TypesThe	first	step	is	to	define	the	method	type.	Is	it	a	preparative,	qualitative,	or	quantitative	method?	The	most	common	method	type	is	a	stability-indicating	analytical	procedure	(also	known	as
an	assay	and	impurities	determination)	for	the	quantitation	of	the	API	and	impurities	in	pharmaceuticals.	It	is	a	challenging	method	development	task	to	develop	this	type	of	method,	because	all	key	components	in	the	sample	must	be	physically	separated	in	one	chromatogram	with	method	performance	compliant	to	ICH	guidelines	(14).	In	comparison,
other	pharmaceutical	methods	for	identification,	limit	tests,	or	performance	assays,	are	simpler	to	develop,	validate,	and	execute.	Typically,	the	DS	method	is	developed	first	for	the	NCE,	and	the	DP	method	is	then	optimized	based	on	the	DS	method.Step	2:	Gathering	Sample	and	Analyte	InformationThe	next	step	is	to	gather	information	on	the
sample	and	analytes.	For	NCEs,	the	structures	and	molecular	formulae	are	well	established,	allowing	the	inference	or	calculation	of	physicochemical	properties,	such	as	pKa,	logP,	logD,	polarity,	numbers	of	acidic,	basic,	or	aromatic	functional	groups,	and	chiral	centres.	These	characteristics	can	be	useful	in	the	selection	of	columns,	mobile	phases,
and	sample	diluents.	The	pKa	values	can	be	used	to	select	a	mobile‑phase	pH	that	ensures	the	compound	is	in	a	singly	charged	state.	Knowledge	of	the	acidic,	basic,	and	aromatic	functional	groups	can	be	helpful	in	column	and	mobile-phase	selection,	and	provides	forewarnings	of	potential	stability	or	reactivity	issues.	Finally,	knowing	the	presence
and	number	of	chiral	centres	is	vital	for	planning	an	analytical	procedure	that	includes	diastereomeric	separations.	Though	not	entirely	in	the	scope	of	this	article,	possible	diastereomeric	combinations	may	be	separated	with	an	achiral	RPLC	column	(shown	in	the	case	study).	Enantiomeric	separation	offers	a	different	challenge	that	will	require
selecting	the	appropriate	chiral‑selective	column	for	the	determination	of	enantiomers	of	the	API	using	a	different	analytical	procedure.	To	gather	analyte	information,	resources	such	as	Certificate	of	Analysis	(CoA)	from	suppliers	or	technical	packages	from	the	API	manufacturers	are	invaluable	in	obtaining	initial	information	regarding	sample	purity,
methodologies,	spectral	and	safety	data,	and	other	attributes	of	the	API.Step	3:	Initial	Method	DevelopmentThis	is	the	first	laboratory-based	step	in	the	development	process,	and	it	involves	performing	“scouting”	runs	to	obtain	the	first	chromatograms.	
Details	in	column	and	mobile-phase	selection	are	covered	in	many	books	(1–3).	To	illustrate	the	initial	method	development	step,	we	will	start	here	with	the	most	common	choice	of	a	C18	column	used	with	an	acidified	aqueous	mobile	phase	and	organic	solvent.	Step	#3,	outlined	here,	is	extracted	from	a	case	study	published	in	reference	2.Here,	a
sample	of	the	API	is	dissolved	in	a	default	diluent	(in	this	case,	1	mg/mL	in	50%	acetonitrile	in	water)	and	injected	into	an	HPLC-UV	system	(with	a	photodiode	array	(PDA)	detector	and	an	MS	instrument.	A	common	broad-gradient	RPLC	method	can	be	used	(such	as	mobile	phase	A	[MPA]	=	0.1%	formic	acid	in	water;	mobile	phase	B	[MPB]	=
acetonitrile;	C18	column:	3-µm,	100	mm	×	3.0	mm	i.d.,	5–100%	acetonitrile	in	10	min	at	1	mL/min	and	a	column	temperature	at	30	°C).	Full	spectral	data	in	UV	(220–400	nm)	and	MS	(100–1200	amu	with	positive	ionization)	are	collected	to	allow	reconstruction	of	chromatograms	at	any	monitoring	wavelengths.It	is	important	to	choose	an	MS‑friendly
mobile	phase	in	this	step	if	possible,	to	reduce	the	need	for	any	method	changes	when	using	MS	later.	Results	from	the	first	scouting	run	can	generate	pertinent	data,	such	as	a	“rough”	sample	impurity	profile,	estimation	of	purity	and	hydrophobicity	of	the	API,	maximum	absorbance	wavelength	(λmax),	(M+H)1+	data	of	the	NCE,	and	any	observed
impurities.	These	initial	data	are	used	for	determining	the	next	logical	steps	in	method	fine‑tuning.The	process	is	often	modified	for	polar	or	water-soluble	NCEs,	which	may	be	better	retained	on	an	AQ‑type‑C18	or	polar‑embedded	column	(2).	For	drug	candidates	with	low	or	no	UV	chromophoric	activities,	detectors	such	as	CAD,	ELSD,	or	MS	may	be
employed.	One	crucial	issue	in	the	initial	method	development	of	NCEs	is	the	rare	availability	of	an	“ideal	test	mix”	sample	containing	the	API	and	all	key	impurities	or	degradation	products,	deterring	a	systematic	application	of	automation	systems.	This	dilemma	of	sample	availability	will	be	discussed	later.Step	4:	Method	Fine-Tuning	and
OptimizationThis	is	the	most	time-consuming	step	for	the	development	of	stability‑indicating	procedures.	The	process	is	typically	reliant	on	“selectivity	tuning”	by	changing	selectivity	(α)	in	a	rational	fashion	by	adjusting	mobile	phases	(organic	modifier,	pH,	buffer	strength)	and	operating	parameters	(flow	[F],	gradient	time	[tG],	column	temperature
[T])	(1–3).	Often,	changing	to	a	column	packed	with	different	bonded	phases	other	than	C18	may	be	needed	(such	as,	for	example,	phenyl,	polar-embedded,	or	cyano)	to	achieve	the	separation	of	a	critical	pair	of	coeluting	peaks.The	next	step	is	often	to	employ	a	“shallow	middle	gradient	segment”	indexed	to	the	hydrophobicity	of	the	API	to	increase
the	resolution	around	the	main	component	(2).	This	use	of	a	“multi‑segment	gradient	approach”	is	preferred	for	complex	NCEs	and	is	discussed	later.The	method	fine-tuning	or	optimization	process	typically	takes	a	few	days	or	1–2	weeks,	depending	on	the	complexity	of	the	NCE	and	the	availability	of	key	impurities	as	reference	materials	(such	as
isomers)	that	are	used	as	retention	time	markers.	This	process	is	often	iterative,	and	is	performed	before	or	after	the	initial	forced	degradation	studies	where	degradation	products	are	generated	to	challenge	the	separation	power	of	the	initial	method.	Peak	purity	should	be	evaluated	with	PDA	and	MS.	Quite	often,	the	initial	column	used	(for	example,
C18)	is	found	to	be	inadequate	in	the	separation	of	a	critical	pair	(for	example,	API	and	the	immediate	synthetic	precursor)	(2).	This	would	invariably	trigger	a	column	screening	experiment	to	find	a	better	column	with	a	different	selectivity	(for	example,	phenyl,	polar-embedded,	or	cyano)	(2,3).	The	use	of	MS	can	be	a	valuable	tool	in	column
screening,	as	it	can	help	to	track	known	impurities	from	column	to	column	as	well	as	degradation	products	formed	during	forced	degradation	studies.	Knowledge	of	the	molecular	weights	helps	to	determine	the	molecular	structures	of	the	degradation	products.For	laboratories	specializing	in	method	development,	the	use	of	automated	column	and
mobile‑phase	screening	systems	and	other	software	platforms	can	expedite	this	time‑consuming	step.	The	last	steps	in	the	method	development	phase	are	the	final	minor	method	adjustments	needed	to	improve	sensitivity	and	peak	shape	(injection	volume,	sample	concentration,	diluent,	monitoring	wavelength),	and	analysis	time.It	should	also	be
noted	that	the	drug	product	will	also	require	assays	and	impurity	analysis	throughout	the	life	cycle	of	the	NCE.	The	best	and	shortest	approach	to	DP	method	development	is	to	use	the	chromatographic	conditions	for	the	DS	with	a	modified	sample	preparation	procedure.Step	5:	Method	PrequalificationStep	5	for	methods	used	to	test	regulated
products	is	a	method	prequalification	or	prevalidation	step.	This	step	will	ensure	the	method	can	be	successfully	validated	by	determining	the	potential	to	pass	typical	method	validation	criteria	(2,16),	including	specificity,	precision,	linearity,	sensitivity,	and	often	accuracy	also.	This	prequalification	step	can	take	from	a	few	hours	to	1	or	2	d	for	most
methods.Examples	of	the	Selectivity	Tuning	Approach	by	Changing	Mobile	Phase,	Column,	or	BothFigures	1	to	3	show	studies	of	the	use	of	selectivity	tuning	by	changing	the	mobile	phase,	column,	or	both.	Figure	1	shows	the	separation	of	a	12-component	test	mixture	of	basic,	acidic,	and	neutral	drugs	and	the	changes	in	peak	spacings	with	the
gradient	separation	on	a	C18	column	by	switching	the	organic	mobile	phase	(MPB)	from	methanol	to	acetonitrile.	Note	that	acetonitrile	is	a	stronger	organic	modifier	in	RPLC;	thus,	the	elution	time	is	considerably	shorter.	The	peak	shapes	are	also	sharper	due	to	its	lower	viscosity	(1,2).	While	the	elution	order	remains	the	same	without	any	peak
crossovers,	the	band	spacings	are	changed	due	to	selectivity	differences.	Note	that	acetonitrile	is	an	aprotic	solvent,	while	methanol	is	capable	of	hydrogen	bonding	and	polar	interaction	with	the	analytes.	In	cases	of	analytes	that	can	hydrogen-bond	or	have	polar	interaction,	the	elution	order	may	be	different	when	changing	from	methanol	to
acetonitrile.Figure	2	shows	eight	comparative	chromatograms	of	a	7-component	mixture	of	basic	drugs	using	columns	packed	with	different	types	of	C18,	phenyl,	cyano,	and	pentafluorophenyl	phases	from	a	single	manufacturer.	All	columns	have	the	same	dimension	and	are	packed	with	similar	particle	sizes	of	~1.7	µm.	Chromatograms	show	similar
elution	order	but	with	many	differences	in	band	spacings	for	C18	phases,	whose	predominant	retention	mechanism	is	hydrophobic	interaction.	However,	the	elution	order	can	be	substantially	different	in	columns	packed	with	different	bonded	phases	that	have	additional	retention	mechanisms	from	π-π,	polar,	and	hydrogen	bonding	interactions.	To
find	the	best	column	for	a	specific	separation,	the	most	efficient	approach	is	to	use	an	automated	column	and	mobile	phase	screening	system	(2,3,12).Figure	3	shows	two	comparative	chromatograms	in	a	case	study	on	proactive	phase-appropriate	method	development	advocated	by	Rasmussen	and	associates	(3,17).	The	top	chromatogram	shows	the
separation	of	a	retention	marker	solution	of	an	API	spiked	with	available	impurities	that	is	analyzed	by	a	primary	stability-indicating	method	for	a	DS	method	using	a	C18	column	and	an	MPA	at	pH	2.5.	The	bottom	chromatogram	shows	the	separation	of	the	same	test	mix	using	the	secondary	orthogonal	method	on	a	polar-embedded	phase	at	a	neutral
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