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The	goal	of	the	guidance	is	to	set	specifications	to	ensure	batch-to-batch	consistency	and	highlight	possible	problems	with	in	vivo	bioavailability.	A	comparison	of	dissolution	testing	on	lipid	soft	gelatin	capsules	using	USP	apparatus	2	and	apparatus	4.	Effect	of	self-microemulsifying	drug	delivery	systems	containing	Labrasol	on	tight	junctions	in	Caco-
2	cells.	FIP/AAPS	joint	workshop	report:	Dissolution/in	vitro	release	testing	of	novel/special	dosage	forms.	Gelatin	capsule	shell	cross-linking:	Tier	II	dissolution	method	development	in	the	presence	of	sodium	lauryl	sulfate.	Cross-linking	will	be	discussed	in	detail	later.Important	parameters	of	the	fill	material	to	consider	during	the	filling	operation
may	include	particle	size	(in	the	case	of	suspension	formulation),	temperature,	and	viscosity	of	fill	material.	Some	reports	have	suggested	that	the	USP	4	is	not	suitable	for	SGCs	formulations,	especially	those	with	lipid	products	because	the	oil	in	the	fill	formulations	can	sit	at	the	top	of	the	cell	and	clog	the	system	[75].	In	addition,	an	accelerated
stability	study	showed	that	gelatin	cross-linking	occurs	while	the	presence	of	the	rayon	coiler	in	the	packaging	material	can	produce	furfural	(2-furaldehyde)	[154,170].	To	overcome	the	challenges	of	manual	manipulations	of	adding	the	buffer	solutions	and	adjusting	the	pH	during	the	two-step	dissolution	testing,	other	research	groups	have	developed
semi-automated	dissolution	systems	for	these	measurements	[125].	reported	that	a	considerable	decrease	in	the	dissolution	rate	of	the	drug,	gemfibrozil,	from	soft	gelatin	capsule	formulations	stored	at	37–45	°C	and	80%	relative	humidity	(RH)	up	to	three	months.	[Google	Scholar]	[CrossRef]Cooper,	J.W.,	Jr.;	Ansel,	H.C.;	Cadwallader,	D.E.	Liquid	and
solid	solution	interactions	of	primary	certified	colorants	with	pharmaceutical	gelatins.	Tablet	Coating	Types	of	Coating,	Coating	Materials,	Formulation	of	Coating	Solution,	Methods	of	Coating	and	Equipment	Employed,	Quality	Control	Tests	of	Coated	Tablets.	5.17.1)	has	some	differences	compared	with	the	FDA	specifications.	2004,	93,	1264–1270.
2003,	4,	43–52.	For	pharmaceutical	products,	medium	Bloom	limed	bone	gelatins	or	blends	of	limed	bone	and	pig-skin	are	commonly	used,	with	a	certain	preference	for	limed	bone	gelatin	in	the	USA	[17].	15.	Volatilization	of	ethanol	can	be	solved	by	(1)	using	solvent-tight	packaging	materials	such	as	an	aluminum	blister	and	(2)	replacement	of
glycerol	by	higher	polyols	such	as	xylitol	or	sorbitol.	2006,	32,	33–37.	Drugs	with	low	aqueous	solubility,	especially	Biopharmaceutics	Classification	System	(BCS)	class	II	and	IV	drugs,	tend	to	undergo	dissolution	rate-limited	absorption	in	the	gastrointestinal	tract	(GIT),	which	in	turn	leads	to	incomplete	drug	absorption.	This	type	of	system	is
employed	to	maintain	the	drug	in	the	encapsulated	state	and	thus	keep	it	in	the	solubilized	form	until	it	is	absorbed.	Schematic	representation	of	the	soft	gel	functional	dosage	form.	Among	the	various	mechanisms	involved	in	API	release,	diffusion	is	the	principal	release	mechanism,	and	it	takes	place	at	varying	degrees	in	every	system.	Arch.	These
steps	are	critical	as	they	can	influence	the	dissolution	characteristics	of	SGCs.	For	details	of	the	manufacturing	process	of	SGCs,	readers	are	referred	to	Gullapalli	[48].	[Google	Scholar]Ofner,	C.M.;	Bubnis,	W.A.	Chemical	and	swelling	evaluations	of	amino	group	crosslinking	in	gelatin	and	modified	gelatin	matrices.	SGCs	can	also	be	enteric-coated	for
certain	applications	[14].	The	quality	of	the	SGCs	dosage	form	is	ensured	by	meeting	the	USP	acceptance	criteria	for	the	acid	stage,	i.e.,	less	than	10%	of	the	API	is	released	from	the	drug	product	during	the	first	step	of	the	developed	dissolution	technique,	and	therefore,	the	coating	is	considered	to	have	passed	the	acid-step	test.	Pharm.	[Google
Scholar]Hartauer,	K.;	Bucko,	J.;	Cooke,	G.;	Mayer,	R.	Their	data	showed	strong	level	A	correlation	between	the	percent	of	the	drug	dissolved	versus	percent	absorbed.	Higher	setting	temperatures	are	achieved	when	the	solution	is	cooled	down	slowly.	[Google	Scholar]	[CrossRef]Bachour,	G.;	Bou-Chacra,	N.A.;	Löbenberg,	R.	Figure	10.	Biopharm.
Figure	7.	Schematic	representation	of	(A–J)	different	steps	in	the	manufacturing	of	SGCs.	Figure	3.	Furthermore,	the	gelatin	shell	might	undergo	significant	swelling	as	soon	as	the	critical	water	content	is	reached,	which	will	result	in	the	rupture	of	the	shell,	followed	by	dispersion	and	eventual	dissolution	in	the	release	medium.	The	method	was
adapted	to	handle	the	problems	of	oil	fills	in	filters,	and	their	data	were	encouraging	as	the	USP	4	was	more	discriminative	compared	to	the	USP	2.	After	encapsulation,	SGCs	enter	a	tumbler	for	the	initial	drying	process.	[Google	Scholar]Nishimura,	H.;	Hayashi,	C.;	Aiba,	T.;	Okamoto,	I.;	Miyamoto,	Y.;	Nakade,	S.;	Takeda,	K.;	Kurosaki,	Y.	Drug	Product
InformationDissolution	MethodCyclosporine	(100	mg)Apparatus	2	at	75	rpm	in	1000	mL	0.1	N	HCl	containing	4	mg	of	N,N-dimethydodecylamine-N-oxide	per	mLDutasterideTier	1:	Apparatus	2	at	50	rpm	in	900	mL	0.1	N	HCI	with	2%	(w/v)	SLS.	IR—Immediate	release,	DR—Delayed	release,	ER—Extended	release,	ODT—Oral	disintegrating	tablets,	ND
—Non-disintegrating,	CR—Controlled	release	[98,99].	For	instance,	0.1	N	HCl	and	50	mM	pH	6.8	phosphate	buffers	are	commonly	used	media.The	medium-addition	technique,	which	is	used	for	a	two-step	dissolution	for	enteric-coated	capsules	or	two-tier	dissolution	testing,	uses	paddle	or	basket	apparatus.	Food	Prop.	However,	the	failure	was
resolved	when	bromelain	and	papain	enzymes	were	added	to	the	dissolution	medium.	Propylene	glycol	has	superior	plasticizing	capability	in	comparison	to	glycerol	and	sorbitol;	however,	it	also	dissolves	gelatin,	making	its	application	limited	[17,68].	Sci.	Likewise,	the	influence	of	cross-linking	gelatin	and	the	effect	of	the	addition	of	enzymes	to	the
dissolution	media	on	the	dissolution	properties	of	SGCs	will	also	be	discussed.SGCs	offer	several	advantages	when	compared	to	traditional	oral	solid	dosage	forms,	and	their	popularity	as	a	dosage	form	is	increasing	for	several	reasons,	that	include:(1)Consumer	Preference:	SGCs	dosage	forms	were	developed	to	conceal	the	unpleasant	taste	and	odor
of	drugs.	Essentially,	if	the	drug	is	too	insoluble,	it	can	never	reach	its	target	site,	and	it	will	be	of	no	therapeutic	relevance.	No	pellicle	formation	or	clogging	of	the	basket	mesh	could	be	observed.	[94]	evaluated	the	suitability	of	the	rupture	test	for	stability	studies	of	SGCs	containing	oil-based	oral	multivitamins.	A	good	example	to	show	the	role	of
digestive	enzymes	on	the	dissolution	of	cross-linked	SGCs	is	shown	in	Figure	12.	Radiation-induced	cross-linking	of	gelatin	by	using	γ-rays:	Insoluble	gelatin	hydrogel	formation.	AAPS	PharmSciTech	2014,	15,	407–416.	[Google	Scholar]USP	4	Flow-Through	Dissolution	Systems;	SOTAX	Corporation:	Hopkinton,	MA,	USA;	Available	online:	(accessed	on
3	February	2021).Shohin,	I.E.;	Grebenkin,	D.;	Malashenko,	E.A.;	Stanishevskii,	Y.;	Ramenskaya,	G.V.	A	brief	review	of	the	FDA	dissolution	methods	database.	This	is	because	the	enzymes	can	potentially	digest	the	cross-linked	gelatin	and	promote	the	rupture	of	the	cross-linked	gelatin	shell,	and	enhances	the	dissolution	rate	of	the	drug	[96].
Depending	on	the	physical	form	of	the	API	in	the	drug	product,	the	release	of	API	may	be	slow	or	immediate.	1996,	135,	63–72.	2004,	21,	144–148.	These	include	the	amount	of	each	component	in	the	shell	and	fill	formulation.	Drug	Dev.	Softigel	by	Procaps.	In	Thickening	and	Gelling	Agents	for	Food;	Imeson,	A.,	Ed.;	Springer:	Boston,	MA,	USA,	1997;
pp.	[Google	Scholar]	[CrossRef]Felton,	L.A.;	Shah,	N.H.;	Zhang,	G.;	Infeld,	M.H.;	Malick,	A.W.;	McGinity,	J.W.	Physical-mechanical	properties	of	film-coated	soft	gelatin	capsules.	The	data	presented	in	this	figure	confirm	the	effect	of	fill	characteristics	on	the	dissolution	of	SGCs	formulation	of	poorly	soluble	drugs.Shell	formulation	for	SGCs	typically
consists	of	gelatin,	plasticizer(s),	water,	and	other	minor	additives	such	as	colorants,	flavors,	opacifiers,	sweeteners,	and	possibly	sugar,	preservatives,	and	in	rare	cases,	even	active	ingredients	[48].	The	use	of	these	products	has	recently	increased	and	they	make	a	significant	contribution	in	the	global	market	of	pharmaceuticals	[12].	Schematic
representation	of	(A–J)	different	steps	in	the	manufacturing	of	SGCs.	Figure	4.	2011,	409,	178–184.	Removing	technique	of	dosage	form	depends	on	the	type	of	dissolution	apparatus.	A	soft	gel	capsule	is	a	one-piece	hermetically	sealed	soft	gelatin	shell	containing	a	liquid,	a	suspension,	or	a	semisolid,	referred	to	as	the	fill	material.	Therefore,	the	best
approach	is	to	develop	a	dissolution	method	that	is	specific	to	each	drug	product.	[113].	Many	pharmaceutical	companies	do	not	have	the	specialized	equipment	necessary	to	fill	SGCs,	and	most	of	them	rely	on	contract	laboratories/manufacturers	for	their	supplies.(2)Unlike	solid	dosage	forms,	SGCs	can	also	be	affected	by	humidity	and	microbial
contamination.	However,	based	on	the	USP	guidance,	in	general,	85%	or	more	of	the	drug	substance	should	be	released	within	30	to	45	min.Dissolution	methods	for	SGCs	must	also	consider	the	aspect	of	age-related	gelatin	cross-linking	influencing	the	dissolution	performance.	2008,	60,	625–637.	Drug	compounds	with	poor	aqueous	solubility	present
several	challenges	with	respect	to	formulation	and	dosage	form	design,	mainly	because	solubility	influences	the	amount	of	drug	that	can	be	dissolved	and	hence	available	for	absorption.	1978,	67,	1676–1681.	HPLC	chromatograms	of	loratadine	in	0.1	N	HCl	in	purified	water	+	0.1	%	SLS:	(A)	represents	loratadine	standard	in	0.1N	HCl,	(B)	loratadine
soft	gelatin	capsule	in	0.1	N	HCl	+	0.1%	SLS	dissolution	media	after	10	min,	and	(C)	loratadine	soft	gelatin	capsule	in	dissolution	media	with	SLS	after	60	min.	In	HPLC	in	Dissolution	Testing;	Ahuja,	S.,	Dong,	M.W.,	Eds.;	Academic	Press:	San	Diego,	CA,	USA,	2005;	pp.	2001,	48,	139–157.	Strategies	to	improve	micelle	stability	for	drug	delivery.
[Google	Scholar]	[CrossRef]	[PubMed]Gershanik,	T.;	Benita,	S.	Low	bloom	strength	gelatin	as	a	carrier	for	potential	use	in	retinal	sheet	encapsulation	and	transplantation.	Figure	6.	Similarly,	nifedipine	SGCs	failed	dissolution	testing	using	the	USP	II	method	due	to	pellicle	formation	upon	storage	for	208	days	at	25	°C	(60%	RH)	and	40	°C	(75%	RH)
[153].	This	allows	the	fill	to	be	better	exposed	to	the	medium	(upon	shell	rupture)	and	helps	to	prevent	the	capsule	from	sticking	to	the	vessel	walls.	Figure	2.	Formulation	of	solid	self-nanoemulsifying	drug	delivery	systems	using	N	-methyl	pyrrolidone	as	cosolvent.	On	the	other	hand,	aldehydes	can	form	imine	bonds	between	these	amino	acids	[143].
3),	1–33.	The	extent	of	these	interactions	depends	on	many	factors.	This	is	normally	used	to	establish	a	relationship	between	an	in	vivo	response	(e.g.,	amount	of	drug	absorbed)	and	an	in	vitro	physicochemical	property	of	a	dosage	form.	[Google	Scholar]	[CrossRef]	[PubMed]Dokania,	S.;	Joshi,	A.K.	Self-microemulsifying	drug	delivery	system



(SMEDDS)—Challenges	and	road	ahead.	A	schematic	diagram	showing	different	stages	of	drug	dissolution	from	SGCs.	(A)	The	initial	state	of	the	SGC,	(B)	swelling	of	the	SGC	shell,	(C)	rupture	of	the	SGC	shell	to	release	the	fill	materials,	(D)	dispersion	and	dissolution	of	the	drug	in	the	dissolution	medium.	The	mechanism	of	gelatin	cross-linking
owing	to	the	aldehydes	is	well-known	[48,143,144].	Hence,	this	relationship	is	essentially	important	in	guiding	drug	development	and	drug	approval	processes	that	are	designed	to	mimic	the	in	vivo	drug	release.	Technol.	This	technique	is	less	invasive	for	the	SGCs	and	is	easier	to	conduct	in	a	short	time	when	running	multiple	batches.	A	plasticizer
should	be	able	to	reduce	the	glass	transition	temperature	of	the	gelatin	blend.	[Google	Scholar]	[CrossRef]Guo,	H.X.;	Heinämäki,	J.;	Yliruusi,	J.	2005,	60,	413–417.	After	the	capsule	shell	is	dissolved,	media	containing	surfactant	is	added	to	complete	the	dissolution	and	solubilization	of	the	fill	and	active	pharmaceutical	ingredient.	2007,	30,	2221–2225.
USP	dissolution	apparatus.	2011,	18,	21–25.	In	hot	or	humid	climates,	capsules	may	stick	together	or	even	break	open	before	consumers	have	a	chance	to	use	them	[17,24].(6)Alkaline	or	acidic	solutions	are	not	good	candidates	for	soft	gelatin	fill	because	they	can	cause	hydrolysis	and	leakage	of	the	gelatin	shell	unless	their	pH	is	adjusted	to	neutral
[20].Gelatin	(Figure	2)	is	a	natural	product	obtained	by	the	partial	hydrolysis	of	collagen	derived	from	the	skin,	white	connective	tissues,	and	bones	of	animals	[25],	and	is	a	generally	recognized	as	safe	(GRAS)	food	ingredient.	Control.	Like	other	components	of	the	shell,	the	type	and	concentration	of	plasticizer	depends	on	the	fill	material	formulation,
use	and	storage	conditions,	and	size	and	shape	of	the	capsule.	2014,	41,	178–195.	Gelatin	must	have	the	ability	to	set	at	a	fast	rate	into	ribbons	of	defined	thickness	and	mechanical	characteristics	sufficient	to	tolerate	all	the	processes	on	the	encapsulation	machine.	Antivir.	In	practice,	the	gelatin	used	for	soft	gelatin	capsule	applications	must	set	at	a
temperature	significantly	lower	than	its	melting	point.	Eur.	Wiley-VCH	GmbH,	2007.	SGC	products	tend	to	have	higher	stability	as	the	entire	encapsulation	process	can	be	done	under	inert	conditions	to	protect	drugs	against	oxidation	and	degradation.	1993,	17,	76–83.	DrugBrand	and	CompanyCommon	UsesCyclosporineNeoral®,	Novartis	Pharm.
[Google	Scholar]	[CrossRef]	[PubMed]Costa,	P.;	Lobo,	J.M.S.	Modeling	and	comparison	of	dissolution	profiles.	[133]	reported	similar	results	on	the	development	and	validation	of	a	dissolution	test	for	lopinavir,	a	poorly	water-soluble	drug,	in	soft	gel	capsules,	based	on	in	vivo	data.	Eng.	Drug	Deliv.	Mathematical	modeling	of	drug	dissolution.	Self-
emulsifying	drug	delivery	systems	(SEDDS)	for	improved	oral	delivery	of	lipophilic	drugs.	This	is	referred	to	as	establishing	in	vitro–in	vivo	correlation	(IVIVC)	[95].The	purpose	of	this	section	is	to	give	an	overview	of	the	practical	concepts	of	developing	dissolution	test	methods	for	SGCs.	It	is	important	to	understand	that	the	dissolution	of	a	product
requires	a	number	of	physical	changes	to	take	place.	Dissolution	profiles	of	loratadine	drug	products	formulated	using	different	concentrations	(in	%)	of	the	fill	materials	using	the	USP	dissolution	apparatus	1	(basket)	at	75	rpm	in	0.1	N	hydrochloric	acid	(HCl)	in	purified	water,	(■)	MCM	to	MCT	(50:50),	(■)	MCM	to	MCT	(75:25),	(●)	MCM	to	MCT
(100:0).	Characterization	of	the	dissolution	of	a	drug	from	a	given	dosage	form	is	critical	for	the	successful	development	of	a	drug	product.	AAPS	PharmSciTech.	However,	the	dissolution	volumes	should	be	defined	by	the	sink	conditions.	This	is	independent	of	the	fact	that	the	drug	could	be	an	ideal	structure	for	the	target	site.	In	addition	to	these
operational	conditions,	a	vehicle	for	fill	formulation	development	should	meet	the	following	benchmarks:(1)It	should	be	able	to	dissolve	API	completely	and	prevent	precipitation	of	excipients	and	API	during	manufacturing	and	throughout	the	shelf-life	period.(2)It	must	be	able	to	stabilize	fill	material	and	be	compatible	with	gelatin	shell	formulation.
(3)It	is	desired	that	the	developed	fill	formulation	optimizes	the	physical	and	chemical	stability	of	the	API.Interestingly,	the	fill	composition	of	SGCs	has	evolved	from	lipophilic	to	hydrophilic	solutions/suspensions	and	complex	self-emulsifying	systems	due	to	demand	for	new	chemical	entities	and	biopharmaceutical	formulations.	2011,	35,	62–68.
Furthermore,	an	accurate	volume	of	the	medium	must	be	added	to	ensure	that	a	volumetric	error	does	not	occur.	[Google	Scholar]	[CrossRef]	[PubMed]Rossi,	R.C.;	Dias,	C.L.;	Donato,	E.M.;	Martins,	L.A.;	Bergold,	A.M.;	Fröehlich,	P.E.	Development	and	validation	of	dissolution	test	for	ritonavir	soft	gelatin	capsules	based	on	in	vivo	data.	Compared	to
tablets,	SGCs	are	more	comfortable	to	swallow	when	used	with	water	because	the	soft	gelatin	capsule	is	self-lubricating	[16,17].	1998,	161,	123–131.	[Google	Scholar]	[CrossRef]Ninan,	G.;	Joseph,	J.;	Abubacker,	Z.	Autoxidation	of	polyoxyethylenic	non-ionic	surfactants	and	of	polyethylene	glycols.	As	an	example,	migration	of	material	has	been
reported	in	microemulsion	fill	formulations	comprising	hydrophilic	co-solvents	such	as	propylene	glycol	and	ethanol,	and	surfactants	[50,71].	CorpPrevention	of	organ	and	bone	marrow	transplants	rejectionDutasterideAvodart®,	GSK	CanadaTo	relieve	symptoms	of	benign	prostatic	hyperplasia	for	enlarged	prostatesCalcitriolRocaltrol®,	Roche
CanadaManagement	of	hypocalcemia	and	secondary	hyperparathyroidismIsotretinoinClarus®,	Cipher	Pharmaceuticals	Inc.Indicated	for	the	treatment	of	severe	forms	of	acneProgesteronePrometrium®,	MerckHormone	replacement	therapyValproic	acidDepakene®,	Abbott	LaboratoriesAntiepilepticTestosteroneAndriol®,	Merck	CanadaTestosterone
replacement	therapyRitonavirNorvir®,	Abbott	LaboratoriesHIV	**	treatmentAmprenavirAgenerase®,	GlaxoSmithKlineHIV	treatmentLoratadineClaritin®	liquid	Gels,	Schering-Plough	Canada	Inc.Management	of	allergies	Table	2.	This	can	cause	product	stability	issues	if	the	medications	are	not	kept	in	sealed	containers	or	a	cool	and	dry	place.
(3)Depending	on	the	nature	of	the	drug	that	is	dissolved	within	the	lipophilic	vehicle,	there	is	a	chance	that	the	drug	could	migrate	into	the	shell	of	the	capsule.	The	guidance	for	solid	immediate-release	(IR)	drug	products	from	the	European	Pharmacopoeia	(Ph.	Eur.	They	consist	of	two	distinct	components,	hydrophilic	and	hydrophobic,	and	are
categorized	into	four	groups	according	to	the	charge	on	the	hydrophilic	group:	anionic	(e.g.,	sodium	lauryl	sulfate	(SLS)),	cationic	(e.g.,	cetyl	trimethyl	ammonium	bromide	(CTAB),	zwitterionic	(e.g.,	alkyl	betaine)	[101],	and	non-ionic	(e.g.,	Tween	and	Triton)	[103,104].	(a)	represents	thermo-reversible	hydrogel	prior	to	γ-ray	irradiation,	while	(b)
represents	radiation-induced	cross-linked	hydrogel.	In	these	instances,	wire	coils,	also	known	as	sinkers,	can	be	used	to	enclose	the	soft	gels	and	hold	them	on	the	bottom	of	the	vessel	[117].	Bloom	strength	greatly	influences	the	clarity	and	color	of	the	gelatin	capsule.	Oral	formulation	strategies	to	improve	solubility	of	poorly	water-soluble	drugs.
Formulation	strategies	to	improve	the	bioavailability	of	poorly	absorbed	drugs	with	special	emphasis	on	self-emulsifying	systems.	[Google	Scholar]	[CrossRef]Stegemann,	S.	2011,	8,	1361–1378.	The	in	vitro	dissolution	data	showed	a	good	correlation	with	in	vivo	release	profiles,	confirming	the	usefulness	of	this	method	in	“in	vitro”	dissolution	and	“in
vivo”	correlation	studies.There	are	several	reports	of	decreased	dissolution	rates	of	the	SGCs	attributed	to	the	cross-linking	of	gelatin	(Figure	10).	III.	Z.	Decrease	in	the	rate	of	capsule	dissolution	due	to	formaldehyde	from	polysorbate	80	autoxidation.	2005,	24,	477–486.	Anal.	Gel	and	fill	material	are	connected	to	the	encapsulation	machine	through
heated	tubing	and	under	the	nitrogen	atmosphere.	2018,	25,	70–77.	Subsequently,	at	alkaline	pH,	they	undergo	reactions	with	aldehydes	and	this	results	in	cross-linking	[146].	Pharmacokinetic	comparison	of	an	oral	diclofenac	potassium	liquid-filled	soft	gelatin	capsule	with	a	diclofenac	potassium	tablet.	Reproduced	with	permission	from	[63],
Dissolution	Technol.,	2006.	In	another	study,	Neisingh	et	al.	The	choice	of	dissolution	method	should	be	based	on	the	dosage	form	and	the	fill	characteristics	of	SGCs.	Table	2	shows	the	common	USP	dissolution	apparatus	used	in	dissolution	testing.Developing	a	discriminating	dissolution	test	for	SGCs	requires	special	considerations	and	knowledge	of
gelatin	and	fill	material	properties	and	factors	influencing	them.	Licensee	MDPI,	Basel,	Switzerland.	2000,	50,	179–188.	It	is	important	to	assure	that	the	solid	phase	present	at	the	beginning	of	the	experiment	remains	unaltered	after	reaching	thermodynamic	equilibrium	during	any	solubility	experiment.	Type	of	ApparatusPrincipleCommon	Dosage
FormsType	1BasketIR,	chewable	tablets,	DR,	ER,	suppositories,	capsules,	floating	dosage	formsType	2PaddleIR,	ODT,	chewable	tablets,	DR,	ER,	enteric-coated	tablets	or	capsulesType	3Reciprocating	CylinderCR,	chewable	tablets	and	beadsType	4Flow-Through	CellER,	soft	and	hard	gelatin	capsules,	powder,	granules,	pellets,	suppositories,	and
implantsType	5Paddle	Over	DiskTransdermal	patches,	ointments,	and	emulsionsType	6Rotating	CylinderTransdermal	patchesType	7Reciprocating	HolderTransdermal	formulations,	and	ND	oral-modified	release	formulations	Table	3.	[Google	Scholar]	[CrossRef]The	United	States	Pharmacopeia	and	National	Formulary	(USP	42,	NF-37)	Disintegration;
The	United	States	Pharmacopeial	Convenction,	Inc.:	Rockville,	MD,	USA,	2019.The	United	States	Pharmacopeia	and	National	Formulary	(USP	38,	NF-33)	Disintegration	and	Dissolution	of	Dietary	Supplements;	The	United	States	Pharmacopeial	Convention	Inc.:	Rockville,	MD,	USA,	2015;	pp.	2009,	4,	304–311.	2007,	338,	119–124.	[Google	Scholar]
[CrossRef]	[PubMed]Siepmann,	J.;	Siepmann,	F.	Glycerol	is	a	highly	efficient	plasticizer	with	low	volatility	that	forms	a	stable	thermally	reversible	gelatin	[17].	2010,	88	(Suppl.	Evidence	of	cross-linking	usually	occurs	based	on	visual	observations	during	the	performance	of	the	dissolution	testing.	[Google	Scholar]	[CrossRef]Lin,	L.;	Regenstein,	J.M.;
Lv,	S.;	Lu,	J.;	Jiang,	S.	Any	undissolved	gel	is	removed	by	filtration.(2)All	compounds	required	for	a	specific	formulation	are	added	and	mixed	under	appropriate	vacuum	and	nitrogen	blanket	conditions.	JAMA	1997,	278,	1659–1660.	Drug	dissolution	rates	and	drug	release	rates	are	quite	different.	2001,	13,	123–133.	Dissolution	media	containing
cationic	surfactants	are	better	able	to	discriminate	dissolution	rates	of	acidic	fill	materials,	while	anionic	surfactants	differentiate	better	for	basic	fill	materials.	The	first	step	involves	the	dissolution	of	the	capsule	shell	using	media	containing	an	enzyme	and	no	surfactant	as	a	pre-treatment	step.	However,	it	is	suitable	for	other	dosage	forms
[135,136,137].	Food	Sci.	Am.	Chem.	Reproduced	from	with	permission	from	[63],	Dissolution	Technol.,	2006.	[Google	Scholar]	[CrossRef]Horský,	J.;	Švantner,	J.	75–110.	Alternatively,	the	entire	vessel	containing	the	acid	could	be	removed	and	replaced	with	another	vessel	containing	the	buffer,	and	the	dosage	form	is	transferred	to	the	new	vessel.	As
described	in	the	previous	section,	dissolution	is	a	process	by	which	molecules	of	a	solute	are	dissolved	in	solvent	vehicles	as	a	function	of	time.	[Google	Scholar]	[CrossRef]Peppas,	N.A.;	Sahlin,	J.J.	A	simple	equation	for	the	description	of	solute	release.	Due	to	this,	there	is	emerging	technologies	on	animal-free	substitute	gelatin	capsules	made	from
seaweed	extract	or	other	sources,	but	they	are	generally	more	expensive	and	harder	to	find	[23].(5)Gelatin	is	extremely	water-soluble,	which	helps	it	dissolve	in	the	body.	Encapsulation	of	these	drugs	into	SGCs	is	one	of	the	approaches	that	is	utilized	to	deliver	the	active	ingredients	to	the	systemic	circulation	to	overcome	certain	formulation	hurdles.
Expert	Opin.	Effect	of	formulation	and	process	variables	on	the	formation	of	chitosan-gelatin	coacervates.	2017,	24,	6–21.	Chromatographic	conditions	were	done	as	described	by	Damian	et	al.	Figure	4.	Reproduced	with	permission	from	[176],	Chemical	Society	of	Japan,	2007.	It	is	possible	to	deliver	an	API	with	a	higher	degree	of	accuracy	and
greater	consistency	between	different	manufacturing	lots	due	to	more	accurate	compounding,	blending,	and	dispensing	of	liquid	fill	materials.	In	vitro	release	of	theophylline	from	cross-linked	gelatin	capsules.	1994,	11,	1060–1064.	[Google	Scholar]Bessho,	M.;	Kojima,	T.;	Okuda,	S.;	Hara,	M.	[Google	Scholar]	[CrossRef]	[PubMed]Möller,	H.;	Wirbitzki,
E.	During	the	mixing	process,	samples	are	taken	from	a	different	area	of	the	vessel	to	ensure	homogeneity	of	the	mixture	and	for	viscosity	control.	The	main	physicochemical	factors	that	are	relevant	to	the	dissolution	of	SGCs	are	briefly	discussed	below.The	essential	quality	of	a	gelatin	solution	is	known	as	gel	or	Bloom	strength,	which	is	a	function	of
gelatin	molecular	weight,	concentration	of	gelatin	in	the	solution,	pH,	and	viscosity	[29,30,31,32].	Gelatin	solutions	used	for	encapsulation	of	active	pharmaceutical	ingredients	(APIs)	must	have	enough	viscosity	stability,	also	known	as	retention	of	viscosity,	so	that	they	can	stay	at	the	ribbon	casting	temperature	for	the	duration	of	staging.	The	rate	of
dissolution	can	vary	depending	on	the	form	of	API,	e.g.,	the	amorphous	form	usually	has	rapid	dissolution	compared	to	crystalline	forms	of	API	[79,80].Another	concept	that	needs	to	be	introduced	here	is	the	drug	release	phenomenon.	If	1	or	2	of	the	SGCs	rupture	in	more	than	15	min	but	not	more	than	30	min,	the	test	is	repeated	on	12	additional
SGCs:	not	more	than	2	of	the	total	of	18	capsules	tested	rupture	in	more	than	15	but	not	more	than	30	min.	[Google	Scholar]	[CrossRef]	[PubMed]Lissy,	M.;	Scallion,	R.;	Stiff,	D.D.;	Moore,	K.	Also,	SGC	formulation	helps	to	avoid	dust	handling	contaminations	and	enhances	operator	safety	[17].(4)Bioavailability	Advantages:	SGCs	can	increase	the
bioavailability	of	poorly	soluble	drugs	by	improving	solubility	and	enhancing	absorption	within	the	GIT	[20,21].	[Google	Scholar]	[CrossRef]	[PubMed]Felice,	B.;	Prabhakaran,	M.P.;	Rodriguez,	A.P.;	Ramakrishna,	S.	J.S.	is	the	employee	of	Catalent	Pharma	Solutions,	O.V.C.	is	the	employee	of	Bio	Therapeutic	Molecules	Inc.	This	indicates	that	the
rupture	test	may	be	suitable	for	assessing	the	performance	of	some	drug	products,	but	this	will	depend	on	the	properties	of	fill	components.Dissolution	testing	is	used	throughout	drug	product	development	as	an	indicator	of	drug	product	performance.	1976,	28,	309–310.	2001,	41,	481–492.	[Google	Scholar]	[CrossRef]Meyer,	M.C.;	Straughn,	A.B.;
Mhatre,	R.M.;	Hussain,	A.;	Shah,	V.P.;	Bottom,	C.B.;	Cole,	E.T.;	Lesko,	L.L.;	Mallinowski,	H.;	Williams,	R.L.	The	effect	of	gelatin	cross-linking	on	the	bioequivalence	of	hard	and	soft	gelatin	acetaminophen	capsules.	Cyclosporin	nanoparticulate	lipospheres	for	oral	administration.	Several	physiological	factors	that	can	affect	the	dissolution	process	in
vivo	include:	surfactants	in	gastric	juice	and	bile,	viscosity	of	the	GI	contents,	GI	mobility	patterns,	GI	secretions,	pH,	buffer	capacity,	and	co-administration	of	fluids	or	food	[110].	Table	1.	Fickian	and	non-fickian	release	from	non-swellable	devices	in	the	form	of	slabs,	spheres,	cylinders	or	discs.	[Google	Scholar]	[CrossRef]	[PubMed]Sachetto,	J.-P.;
Bufton,	R.;	Buser,	T.	showed	that	the	dissolution	rates	of	the	capsules	with	FD	and	C	Red	#	3	were	decreased	while	stored	in	elevated	humidity	and	light	[150].	Dissolut.	Simulation	of	fasting	gastric	conditions	and	its	importance	for	the	in	vivo	dissolution	of	lipophilic	compounds.	The	authors	suggested	the	probable	model	for	such	gelatin	cross-linking
as	the	polymerization	of	gelatin	molecules	occurring	due	to	cross-linking	of	partial	triple-helical	structures,	and	consecutive	connections	of	the	polymerized	gelatin	molecules,	including	the	cross-linked	triple-helical	structures.	Chewable	Soft	Capsule;	Patheon	Softgels	Inc.:	High	Point,	NC,	USA,	2012.	FD	and	C	are	color	additives	that	are	subject	to
certification	under	USA	Federal	Food,	Drug	and	Cosmetic	Act	(FD	&	C	Act).Another	aspect	of	cross-linking	may	be	caused	by	the	presence	of	impurities	in	the	fill	material	encapsulated	within	the	gelatin	shell.	Povidone	contains	peroxide	impurities,	and	the	amount	increases	with	the	presence	of	environmental	oxygen	[169].	Drug	content	can	also	be
evaluated	using	continuous	UV	fiber	optic,	where	more	frequent	data	points	can	be	generated	with	reduced	costs	[138].	Available	online:	(accessed	on	28	October	2020).Armstrong,	N.A.;	James,	K.C.;	Pugh,	W.K.	Drug	migration	into	soft	gelatin	capsule	shells	and	its	effect	on	in-vitro	availability.	AAPS	PharmSciTech	2002,	3,	97–104.	The	fill	material
may	have	a	pH-dependent	solubility,	so	an	evaluation	of	the	solubility	of	the	compound	in	both	the	acidic	and	neutral	media	must	be	made.	[Google	Scholar]	[CrossRef]Damian,	F.;	Blaton,	N.;	Desseyn,	H.;	Clou,	K.;	Augustijns,	P.;	Naesens,	L.;	Balzarini,	J.;	Kinget,	R.;	Van	den	Mooter,	G.	However,	USP	3	showed	promising	prospect	of	releasing	more
than	85%	of	the	API	in	less	than	90	min	in	the	presence	of	250	mL	of	4%	of	SLS	in	pH	6.8	phosphate.In	some	cases,	such	as	coated	SGCs,	a	two-step	or	two-tier	dissolution	technique	must	be	developed	[120,121,122].	[Google	Scholar]	[CrossRef]	[PubMed]Hamburger,	R.;	Azaz,	E.;	Donbrow,	M.	Drug	Discov.	In	another	study,	Nishimura	et	al.	The	use
of	amorphous	solid	dispersions:	A	formulation	strategy	to	overcome	poor	solubility	and	dissolution	rate.	The	recommended	concentration/activity	of	pepsin	in	the	dissolution	media	in	≤750,000	units/1000	mL	for	dissolution	medium	with	a	pH	of	less	than	4	and	for	papain	is	≤550,000	units/1000	mL	of	dissolution	medium	with	a	pH	of	between	4	and
6.8,	as	specified	in	the	monograph.	The	temperature	range	is	usually	between	37	and	40	°C	for	proper	sealing.	This	approach	is	also	less	labor-intensive	and	allows	for	higher	sampling	throughput	during	the	experiment	run.	[Google	Scholar]	[CrossRef]	[PubMed]Beg,	S.;	Sandhu,	P.S.;	Batra,	R.S.;	Khurana,	R.K.;	Singh,	B.	It	was	observed	that	using	the
digestive	enzyme	while	conducting	the	dissolution	study	and	afterward	using	the	surfactant	showed	a	better	effect	in	the	two-tier	method	[130].Another	important	aspect	that	is	worth	discussing	regarding	dissolution	of	SGCs	is	the	concept	of	an	in	vitro–in	vivo	correlation	(IVIVC).	Nutr.	1975,	50,	10–17.	The	literature	describes	several	strategies	to
improve	the	solubility	and	dissolution	of	poorly	soluble	drugs	[1].	2007,	96,	106–116.	[Google	Scholar]	[CrossRef]Cho,	S.M.;	Gu,	Y.S.;	Kim,	S.B.	Extracting	optimization	and	physical	properties	of	yellowfin	tuna	(Thunnus	albacares)	skin	gelatin	compared	to	mammalian	gelatins.	Investigation	of	the	hardening	reaction	of	gelatin	with	13C	labeled
formaldehyde	by	solution	and	solid	state	13C	NMR	spectroscopy.	[Google	Scholar]McGinity,	J.W.;	Hill,	J.A.;	La	Via,	A.L.	Influence	of	peroxide	impurities	in	polyethylene	glycols	on	drug	stability.	Some	examples	of	herbal	SGCs	drug	products	include	omega-3	[13],	curcumin	[11],	and	hypericum	extract	[12].	1996,	127,	203–211.	[Google	Scholar]
[CrossRef]Vertzoni,	M.;	Dressman,	J.;	Butler,	J.;	Hempenstall,	J.;	Reppas,	C.	As	an	illustration,	for	the	case	of	a	drug	molecule,	consider	an	excess	amount	of	solid	that	is	exposed	to	the	solvent	phase	at	a	defined	temperature	and	pressure.	Figure	10.	1970,	59,	579–589.	1989,	78,	35–39.	1999,	16,	333–337.	[Google	Scholar]Bühler,	V.	AAPS
PharmSciTech	2014,	15,	1410–1416.	The	cross-linked	capsules	failed	the	dissolution	test	in	the	absence	of	enzymes.	Handbook	of	Pharmaceutical	Analysis	by	HPLC.	The	kinetics	of	drug	release	follows	the	release	mechanism	of	the	system,	such	as	diffusion	through	the	inert	matrix,	diffusion	across	the	gel,	osmotic	release,	ion-exchange,	or	pH-
sensitive	delivery	systems.	Effect	of	sodium	lauryl	sulfate	in	dissolution	media	on	dissolution	of	hard	gelatin	capsule	shells.	[Google	Scholar]	[CrossRef]	[PubMed]Zhao,	F.;	Malayev,	V.;	Rao,	V.;	Hussain,	M.	Sink	conditions	can	be	defined	as	the	volume	of	medium	that	is	at	least	three	times	the	saturated	solubility	of	the	API,	with	the	lowest	quantity	of
designated	surfactant.	Figure	2.	It	is	used	mostly	for	soft	capsules	to	be	stored	at	ambient	conditions.	[Google	Scholar]	[CrossRef]Azarmi,	S.;	Roa,	W.;	Lobenberg,	R.	[Google	Scholar]	[PubMed]Yannas,	I.V.;	Tobolsky,	A.V.	Cross-linking	of	gelatine	by	dehydration.	Gelatin	is	classified	based	on	their	method	of	preparation.	In	another	study,	dissolution	of
marketed	nimesulide	SGCs	stored	at	40	°C	(75%	RH)	in	the	presence	of	UV	and	visible	illumination	for	various	periods	showed	an	abrupt	change	in	the	dissolution	behavior	and	no	drug	was	released	from	the	formulations	after	the	eighth	day	of	storage	and	afterward	[175].Based	on	a	gamma	radiation	study,	it	was	observed	that	the	application	of
radiation	could	induce	gelatin	cross-linking.	The	company	had	no	role	in	the	design	of	the	study;	in	the	collection,	analyses,	or	interpretation	of	data;	in	the	writing	of	the	manuscript,	or	in	the	decision	to	publish	the	results.Kawabata,	Y.;	Wada,	K.;	Nakatani,	M.;	Yamada,	S.;	Onoue,	S.	One	common	problem	observed	using	the	basket	is	that	during	the
dissolution	experiment,	the	soft	gel	shell	may	disintegrate	into	a	soft	and	sticky	mass	that	can	clog	the	basket’s	mesh,	generating	high	variability	in	the	results.	2005,	12,	6–9.	Significant	in	vitro–in	vivo	correlation	was	achieved	using	dissolution	medium	containing	water	with	0.7%	SLS.	Crosslinking	of	gelatin	with	formaldehyde:	A	13C	NMR	study.	In
previous	study,	it	was	shown	that	the	dissolution	rate	obtained	using	the	paddle	method	was	faster,	highly	variable	at	lower	time	points	than	those	obtained	using	the	basket.	The	vessel	size	depends	on	the	development	of	the	commercial	stage	of	a	drug	product;	for	example,	gelatin	melting	tanks	can	range	from	small	scale	(e.g.,	100	L)	to	large	scale
(e.g.,	1200	L),	while	gelatin	service	tanks	can	range	from	50	L	(lab	scale)	to	300	L	(large	scale)	[49].	2010,	99,	4107–4148.	Bloom	strength	is	usually	between	50	and	300;	however,	the	gelatin	used	in	the	manufacture	of	SGCs	have	Bloom	strengths	of	approximately	150–200	[17].	Surfactants	from	biomass:	A	two-step	cascade	reaction	for	the	synthesis
of	sorbitol	fatty	acid	esters	using	solid	acid	catalysts.	PEG-based	formulations	are	used	to	improve	solubility,	disperse	low-dose	and	high-potency	drugs,	and	improve	bioavailability.Self-emulsifying	lipophilic	systems	are	new	formulation	approaches	that	contain	a	non-ionic	surfactant(s),	such	as	Tween	or	lecithin,	and	probably	co-solvent(s)	[48,58,59].
Res.	[Google	Scholar]	[CrossRef]Lai,	J.-Y.;	Lin,	P.-K.;	Hsiue,	G.-H.;	Cheng,	H.-Y.;	Huang,	S.-J.;	Li,	Y.-T.	Figure	11.	Appl.	2014,	37,	193–203.	In	cold	water,	gelatin	swells,	and	when	heated	above	the	melting	point,	the	hydrated	gelatin	will	rupture	and	go	into	solution	[46].	[Google	Scholar]Tengroth,	C.;	Gasslander,	U.;	Andersson,	F.O.;	Jacobsson,	S.P.
Cross-linking	of	gelatin	capsules	with	formaldehyde	and	other	aldehydes:	An	FTIR	spectroscopy	study.	[Google	Scholar]	[CrossRef]Eldridge,	J.E.;	Ferry,	J.D.	Studies	of	the	cross-linking	process	in	gelatin	gels.	©	2021	by	the	authors.	2019,	134,	153–175.	Suspending	agents	have	hydrophobic	properties	and	high	viscosity,	which	helps	to	improve	the
stability	of	SGCs	by	minimizing	migration	of	water	from	the	shell	into	the	fill	and	the	diffusion	of	water-soluble	compounds	from	the	fill	into	the	shell.	110–130.	Rev.	[Google	Scholar]	[CrossRef]Lo,	L.;	Lu,	X.;	Lloyd,	D.	Suec.	[Google	Scholar]	[CrossRef]Fonkwe,	L.G.;	Archibald,	D.A.;	Gennadios,	A.	Relative	bioavailability	of	diclofenac	potassium	from
softgel	capsule	versus	powder	for	oral	solution	and	immediate-release	tablet	formulation.	[Google	Scholar]	[CrossRef]	[PubMed]Higuchi,	T.	[Google	Scholar]	[CrossRef]Gibaldi,	M.;	Feldman,	S.	2008,	60,	747–756.	Gelatin.	The	most	abundant	source	of	gelatin	is	pig-skin	[26].	This	section	discusses	the	current	state-of-the-art	of	SGCs	dissolution	and
various	practical	concepts	of	developing	dissolution	methods	for	SGCs.Dissolution	testing	is	an	official	test	used	for	evaluating	the	rate	of	drug	release	from	a	dosage	form	into	the	dissolution	medium	or	solvent	under	standardized	conditions	of	liquid/solid	interface,	temperature,	paddle	speed,	or	solvent	composition.	Evaluation	of	the	rupture	test	for
stability	studies	of	soft-shell	capsules.	[Google	Scholar]	[CrossRef]	[PubMed]Digenis,	G.A.;	Gold,	T.B.;	Shah,	V.P.	Cross-linking	of	gelatin	capsules	and	its	relevance	to	their	in	vitro-in	vivo	performance.	[Google	Scholar]	[CrossRef]Connors,	K.A.;	Mecozzi,	S.	[Google	Scholar]	[CrossRef]Noyes,	A.A.;	Whitney,	W.R.	The	rate	of	solution	of	solid	substances
in	their	own	solutions.	When	developing	a	two-step	dissolution	procedure,	several	factors	must	be	carefully	examined	to	establish	a	suitable	medium.	Figure	8.	[Google	Scholar]	[CrossRef]Osorio,	F.A.;	Bilbao,	E.;	Bustos,	R.;	Alvarez,	F.	This	method	was	initially	developed	for	modified-release	oral	dosage	forms	[75,134].	Solute	release	models	in
physical	chemistry	preceded	the	development	of	drug	delivery	systems	by	many	years	[77,78].	QbD-based	systematic	development	of	novel	optimized	solid	self-nanoemulsifying	drug	delivery	systems	(SNEDDS)	of	lovastatin	with	enhanced	biopharmaceutical	performance.	Diffusion	of	a	freely	water-soluble	drug	in	aqueous	enteric-coated	pellets.	If	the
fill	material	is	not	soluble	in	the	first-step	medium,	a	surfactant	may	be	added	to	solubilize	at	least	10%	of	the	API	in	the	fill	material	[124].	[Google	Scholar]	[CrossRef]Jongjareonrak,	A.;	Benjakul,	S.;	Visessanguan,	W.;	Tanaka,	M.	An	overview	of	gelatin	derived	from	aquatic	animals:	Properties	and	modification.	Polyoxyethylene	(e.g.,	polyethylene
glycols,	methoxypolyethylene	glycols,	polyoxyethylene	fatty	acid	esters,	polyoxyethylene	sorbitan	fatty	acid	esters,	and	polyoxyl	40	hydrogenated	castor	oil)	moieties	present	in	the	fill	materials	can	undergo	autoxidation	in	the	presence	of	oxygen.	Likewise,	Rossi	et	al.	Most	of	the	moisture	is	removed	during	this	stage,	and	capsules’	moisture	content
and	hardness	is	measured	at	the	end	of	this	step.(5)After	capsules	are	dry	to	the	desired	level,	they	are	sorted	and	graded	(Figure	3I,J)—grading	is	especially	critical	and	important	for	blister	production.(6)Capsules	are	polished	with	a	cloth	soaked	with	isopropanol	for	a	defined	period	and	then	with	a	dry	cloth	for	the	same	amount	of	time.	B	1991,	46,
385–389.	[Google	Scholar]Hassan,	E.M.;	Kindt,	W.W.;	Gordon,	R.	2013,	20,	6–12.	Figure	4	shows	a	wide	range	of	materials	that	can	be	filled	into	SGCs.Hydrophilic	SGC	fill	formulations	are	based	on	polyethylene	glycols	(PEGs),	and	this	includes	low	molecular	weight	PEGs	and	closely	related	compounds	such	as	methoxy	polyethylene	glycols,
propylene	carbonate,	propylene	glycol,	glycerin,	ethyl	alcohol,	and	diethylene	glycol	monoethyl	ether	[48,56,57].	In	addition,	propylene	glycol	and	low	molecular	weight	polyethylene	glycol,	such	as	PEG	200,	are	frequently	used	as	plasticizers.	1992,	81,	85–90.	Reduced	food-effect	and	enhanced	bioavailability	of	a	self-microemulsifying	formulation	of
itraconazole	in	healthy	volunteers.	However,	rupture	test	reached	the	endpoint	quicker	compared	to	the	disintegration	test.	As	per	the	USP	,	disintegration	is	defined	as	“the	state	in	which	any	residue	of	the	unit,	except	fragments	of	insoluble	coating	or	capsule	shell,	remaining	on	the	screen	of	the	test	apparatus	or	adhering	to	the	lower	surface	of
the	disk,	if	used,	is	a	soft	mass	having	no	palpably	firm	core”	[91].	Dissolution	tests	are	required	by	the	Pharmacopeias	to	determine	the	release	of	the	drug	from	the	dosage	form	in	an	environment	with	a	pH	from	1.2	to	7.4.	For	example,	USP	[96]	requires	a	two-step	dissolution	method	for	enteric-coated	solid	oral	dosage	forms	that	demonstrates
coating	integrity	in	an	acidic	environment,	usually	0.1	N	HCl,	followed	by	exposure	to	a	neutral	pH	environment,	preferably	with	a	phosphate	buffer,	where	the	first	step	of	dissolution	method	provides	information	about	the	coating	quality	and	the	potential	for	coating	failure.	Containers	and	Closure	Pertinent	to	Sterile	Preparations	and
Pharmacopoeial	Quality	Control	Tests.	In	particular,	moisture	exchange	can	potentially	result	in	brittleness	of	the	gelatin	shell,	and	chemical	interactions	between	the	shell	and	fill	could	result	in	gelatin	cross-linking.Two	key	considerations	in	the	design	and	development	of	dissolution	methods	are	the	solubility	of	the	active	ingredient	and	solution
stability	of	the	SGCs.	To	establish	a	suitable	medium,	several	dissolution	media	should	be	evaluated	to	identify	the	one	that	achieves	appropriate	sink	conditions.	Amidon	et	al.	J.	Figure	11.	Figure	12.	Therefore,	correlation	between	dissolution	and	pharmacokinetic	data	can	be	used	to	demonstrate	if	dissolution	testing	has	the	ability	to	predict	drug
performance.	This	is	well-elaborated	in	the	General	Chapter	of	the	USP	for	dissolution	[96].	SGCs	are	an	ideal	tool	for	the	delivery	of	lipid-based	systems	and	hence	overcome	the	challenges	presented	by	poorly	soluble	drugs.	Gelatin	Nanoparticles	and	Their	Biofunctionalization.	(A,B)	represent	time	0	and	5	min,	respectively	(apparatus	2).	330–352.	In
addition	to	chemical	initiation,	cross-linking	may	be	caused	by	changes	in	temperature	and	humidity	or	exposure	to	UV	radiation	[145].In	addition,	the	use	of	the	FD	and	C	Red	#	3	and	FD	and	C	Red	#	40	colorants	were	reported	to	modify	the	conformational	properties	of	gelatin	and	formation	of	the	insoluble	form	of	gelatin	[149].	Several	factors
affect	the	dissolution	behavior	of	SGCs	and	subsequently	affect	the	development	of	dissolution	procedures.	[Google	Scholar]Reich,	G.	2003,	55,	313–321.	The	dosage	forms	may	be	manually	moved	from	one	vessel	to	another.	Available	online:	(accessed	on	28	October	2020).Miller,	D.A.;	Gamba,	M.;	Sauer,	D.;	Purvis,	T.P.;	Clemens,	N.T.;	Williams,	R.O.
Evaluation	of	the	USP	dissolution	test	method	A	for	enteric-coated	articles	by	planar	laser-induced	fluorescence.	Furthermore,	the	knowledge	of	the	molecular	structure	of	the	surfactant	can	provide	information	on	the	size	of	the	micelles.It	is	important	to	note	that	the	addition	of	surfactant	to	dissolution	media	can	sometimes	cause	a	decrease	in	the
dissolution	rates	of	some	drug	products,	and	in	some	instances	can	also	distort	drug	peaks	during	high-performance	liquid	chromatography	(HPLC)	analysis	(Figure	7).	[Google	Scholar]	[CrossRef]Heng,	D.;	Cutler,	D.J.;	Chan,	H.K.;	Yun,	J.;	Raper,	J.A.	What	is	a	suitable	dissolution	method	for	drug	nanoparticles?	Pillay	and	Fassihi	used	a	rotating	basket
method	to	evaluate	the	dissolution	of	lipid-based	SGCs	of	nifedipine.	2011,	420,	1–10.	Glycerol/sorbitol	combinations	are	suitable	for	more	rigid	capsules	used	in	warm	and	humid	environments	and	capsules	containing	oxygen-sensitive	fill	material.	In	contrast,	the	data	collected	using	the	basket	dissolution	apparatus	showed	that	the	method	was	more
selective	and	had	less	variation	in	terms	of	API	release	profile	[63].	These	systems	are	usually	developed	to	increase	the	bioavailability	of	poorly	soluble	drugs.	However,	the	flow-cell	design	can	be	modified	depending	on	the	characteristics	of	the	drug	product	to	be	tested.	Stability	testing	for	gelatin-based	formulations:	Rapidly	evaluating	the
possibility	of	a	reduction	in	dissolution	rates.	The	use	of	biorelevant	dissolution	media	to	forecast	the	in	vivo	performance	of	a	drug.	379–400.	The	permeability	of	enteric	coatings	and	the	dissolution	rates	of	coated	tablets.	Non-Gelatin	Capsule	Shell	Formulation	in	Greensboro,	NC;	Patheon	Softgels	Inc.:	High	Point,	NC,	USA,	2005.	[Google	Scholar]
[CrossRef]	[PubMed]Constantinides,	P.P.	Lipid	microemulsions	for	improving	drug	dissolution	and	oral	absorption:	Physical	and	biopharmaceutical	aspects.	Chromatogr.	[Google	Scholar]	[CrossRef]Higuchi,	T.	Reproduced	with	permission	from	[28].	1996,	144,	209–216.	[Google	Scholar]Felton,	L.A.;	Haase,	M.M.;	Shah,	N.H.;	Zhang,	G.;	Infeld,	M.H.;
Malick,	A.W.;	McGinity,	J.W.	Physical	and	enteric	properties	of	soft	gelatin	capsules	coated	with	eudragit®	L	30	D-55.	Effects	of	sinker	shapes	on	dissolution	profiles.	For	example,	both	approaches	may	start	with	an	acidic	step,	such	as	0.1	N	hydrochloric	acid,	for	a	certain	period,	followed	with	a	buffer	step,	such	as	phosphate	buffer	at	pH	6.8.	The
specific	time	is	chosen	as	needed	for	the	individual	drug	product.	[Google	Scholar]	[CrossRef]Davis,	C.E.;	Oakes,	E.T.;	Browne,	H.H.	Viscosity	of	gelatin	solutions.	[Google	Scholar]	[CrossRef]Wasylaschuk,	W.R.;	Harmon,	P.A.;	Wagner,	G.;	Harman,	A.B.;	Templeton,	A.C.;	Xu,	H.;	Reed,	R.A.	Evaluation	of	hydroperoxides	in	common	pharmaceutical
excipients.	[Google	Scholar]	[CrossRef]Rowe,	R.C.;	Sheskey,	P.;	Owen,	S.C.	Handbook	of	Pharmaceutical	Excipients,	5th	ed.;	Pharmaceutical	Press:	London,	UK,	2006.	[Google	Scholar]Gold,	T.;	Smith,	S.;	Digenis,	G.	This	model	is	recommended	for	the	initial	60%	of	the	release	curve	due	to	its	approximate	nature.	1998,	24,	493–500.	UNIT	-	4
Ophthalmic	Formulations	Requirements,	Formulation	of	Eye	Drops,	Eye	Lotions	and	Eye	Ointments,	Containers	and	Evaluation.	UNIT	-	7	Pharmaceutical	Aerosols	Definition,	Propellants,	Containers,	Valves,	Types	of	Aerosol	Systems,	Manufacture	of	Aerosols,	Quality	Control	and	Stability	Studies.	In	an	attempt	to	overcome	the	problem	of	SGCs
formulated	with	lipids	that	clog	the	system,	the	flow-through	cells	were	designed	in	such	a	way	as	to	work	differently	from	the	standard	flow-through	cell	[140].	[Google	Scholar]	[CrossRef]	[PubMed]Hernández-Muñoz,	P.;	Villalobos,	R.;	Chiralt,	A.	Clin.	ChemSusChem	2008,	1,	85–90.	1995,	113,	17–24.	In	addition	to	elevated	temperature,	high
humidity	can	also	induce	cross-linking	in	gelatin.	[Google	Scholar]	[CrossRef]Lim,	Y.P.;	Mohammad,	A.W.	Physicochemical	properties	of	mammalian	melatin	in	relation	to	membrane	process	requirement.	These	systems	are	capable	of	stabilizing	the	active	pharmaceutical	ingredient	(API),	improving	intestinal	permeability,	increasing	bioavailability,
and	protecting	the	API	from	enzymatic	hydrolysis	and	minimizing	food	effects	[2,3,4,5,6].	2010,	11,	701–708.	Table	3	shows	examples	of	SGCs	that	are	commercially	available	and	their	dissolution	methods.	The	advantage	of	this	technique	is	the	reduced	amount	of	water	needed	in	the	formulation	due	to	the	lower	viscosity	of	propylene	glycol
compared	to	glycerol.	2016,	5,	76–82.	[Google	Scholar]	[CrossRef]Pandey,	P.;	Hamey,	R.;	Bindra,	D.S.;	Huang,	Z.;	Mathias,	N.;	Eley,	T.;	Crison,	J.;	Yan,	B.;	Perrone,	R.;	Vemavarapu,	C.	Dissolution	of	loratadine	SGCs	using	apparatus	1	and	2.	However,	the	release	of	the	drug	with	both	enzymes	was	slightly	lower	compared	with	the	dissolution	profile	of
the	reference	drug	product.Recent	advances	have	been	made	around	formulation	of	poorly	soluble	drugs	in	the	form	of	SGCs	to	address	particular	bio-performance	issues,	such	as	decreased	bioavailability	and	increased	plasma	variability,	by	improving	solubility	and	absorption	enhancing	techniques.	[Google	Scholar]Gullapalli,	R.	[Google	Scholar]
[CrossRef]El-Fattah,	S.A.;	Khalil,	S.A.H.	Variations	in	dissolution	rates	of	sugar-coated	chlorpromazine	tablets.	The	authors	concluded	that	simulation	of	the	gastric	content	was	essential	in	order	to	assess	the	absorption	profile	of	lipophilic	weak	bases.	Drug	delivery	vehicles	on	a	nano-engineering	perspective.	Trends	Food	Sci.	Briefly,	gelatin	contains
several	amino	acids,	including	lysine	(4.1%)	and	arginine	(8.5%)	[145].	Albert	et	al.	[Google	Scholar]	[CrossRef]Pouton,	C.W.;	Porter,	C.J.H.	Formulation	of	lipid-based	delivery	systems	for	oral	administration:	Materials,	methods	and	strategies.	To	provide	a	laminar	flow	of	the	media	through	the	cell,	the	bottom	part	of	the	cell	is	conical	and	filled	with
glass	beads.	For	use	in	enteric-coated	drug	products,	the	API	should	be	soluble	up	to	the	specification	level	in	the	medium	of	the	first	step	to	be	able	to	detect	a	failure	in	the	coating.	[Google	Scholar]Vanin,	F.;	Sobral,	P.;	Menegalli,	F.;	Carvalho,	R.;	Habitante,	A.	[Google	Scholar]	[CrossRef]	[PubMed]Cho,	Y.D.;	Park,	Y.J.	In	vitro	and	in	vivo	evaluation
of	a	self-microemulsifying	drug	delivery	system	for	the	poorly	soluble	drug	fenofibrate.	[Google	Scholar]Pissinati,	R.;	Oliveira,	W.P.	Enteric	coating	of	soft	gelatin	capsules	by	spouted	bed:	Effect	of	operating	conditions	on	coating	efficiency	and	on	product	quality.	182–200.	[Google	Scholar]Bekerman,	T.;	Golenser,	J.;	Domb,	A.	It	is	imperative	to	point
out	that	the	physical	and	chemical	properties	of	the	drug	and	the	fill	materials	in	SGCs	play	a	significant	role	in	controlling	the	rate	of	dissolution	of	SGCs.	Figure	5	shows	the	dissolution	profiles	of	SGCs	of	a	Biopharmaceutics	Classification	System	(BCS)	II	drug	formulated	using	different	ratios	of	medium-chain	triglycerides	(MCT)	and	mono-	and	di-
glycerides	mixtures	(MCM).	2007,	10,	841–851.	Furthermore,	aged	population	with	medical	conditions	such	as	hypochlorhydria	and	achlorhydria	have	elevated	gastric	pH	[115].	[Google	Scholar]	[CrossRef]Gold,	T.B.;	Buice,	R.G.,	Jr.;	Lodder,	R.A.;	Digenis,	G.A.	Detection	of	formaldehyde-induced	crosslinking	in	soft	elastic	gelatin	capsules	using	near-
infrared	spectrophotometry.	Therefore,	evaluating	age-specific	changes	in	GI	fluid	parameters	(i.e.,	pepsin	concentration,	bile	acids,	luminal	viscosity,	pH,	osmolality,	etc.)	is	very	important	in	order	to	define	the	composition	of	bio-relevant	dissolution	media	in	pediatrics	[114].	Other	research	groups	have	evaluated	the	feasibility	of	using	the	USP	III	in
evaluating	the	dissolution	of	SGCs.	Monterroza	and	Ponce	De	León	[118]	developed	a	discriminating	dissolution	method	of	SGCs	containing	an	oily	suspension	of	micronized	progesterone.	1986,	12,	651–663.	Hot	Melt-Filled	Soft	Capsules;	Swiss	Caps	Rechte	und	Lizenzen	AG:	Kirchberg,	Switzerland,	2010;	p.	[Google	Scholar]	[CrossRef]Remuñán-
López,	C.;	Bodmeier,	R.	1975,	64,	851–857.	Effect	of	cross-linking	using	aldehydes	on	properties	of	glutenin-rich	films.	Gelatin	renaturation	and	viscosity	of	dilute	gelatin	solutions.	Available	online:	(accessed	on	28	December	2020).FDA	Dissolution	Methods	Database.	2006,	20,	1216–1222.	The	author	analyzed	the	release	kinetics	of	an	ointment,
assuming	that	it	is	homogeneously	dispersed	and	is	released	in	the	planar	matrix	and	the	medium.	Typically,	there	are	two	approaches	towards	medium	modification	known	as	medium-addition	or	medium-exchange.	Phys.	1774–1781.Almukainzi,	M.;	Salehi,	M.;	Chacra,	N.A.;	Löbenberg,	R.	Several	methods	can	be	used	to	assess	the	cross-linking	of
these	formulations,	and	one	of	them	is	by	the	observation	of	pellicles	where	the	gelatin	shell	swells,	becomes	rubbery,	and	is	insoluble	in	water.	There	have	been	various	studies	on	IVIVC	of	SGCs	and	some	have	shown	good	correlations.	To	overcome	cross-linking,	the	two-tier	dissolution	test	would	involve	the	addition	of	proteolytic	enzymes	such	as
pepsin,	papain,	bromelain,	or	pancreatin	to	the	dissolution	media	and	repeating	the	dissolution	[128].	Bull.	[Google	Scholar]	[CrossRef]	[PubMed]Murthy,	K.S.;	Enders,	N.A.;	Fawzi,	M.B.	Dissolution	stability	of	hard-shell	capsule	products,	part	I:	The	effect	of	exaggerated	storage	conditions.	Coupling	of	diffusion	and	relaxation.	1954,	58,	992–995.
Initially,	dissolution	tests	were	developed	to	evaluate	the	rate	and	extent	of	drug	release	from	solid	oral	dosage	forms	like	tablets	and	hard	gelatin	capsules	[15],	resulting	in	hurdles	that	must	be	overcome	when	these	methods	are	extrapolated	to	novel	dosage	forms	like	SGCs.	This	review	focuses	on	challenges	in	dissolution	method	development	for
SGCs.	A	brief	discussion	to	understand	how	the	physicochemical	and	formulation	factors	affect	the	dissolution	properties	of	SGCs	will	be	highlighted.	[Google	Scholar]	[CrossRef]The	European	Medicines	Agency.	The	strength	and	functionality	of	gelatin	are	derived	from	its	triple	helix	structure	in	aqueous	solution,	with	the	critical	functional	property
being	the	ability	to	form	a	thermo-reversible	gel.	Int.	Once	SGCs	are	formulated,	they	then	require	discriminatory	dissolution	methods	to	assess	their	performance.	Boll.	This	approach	requires	the	addition	of	a	relatively	small	amount	of	medium	to	each	vessel	in	a	short	time.	There	are	no	plant	sources	of	gelatin;	however,	gelatin	substitutes	are
available	[23,27].In	pharmaceutical	applications,	it	is	important	to	understand	how	the	physicochemical	properties	of	gelatin	can	affect	the	dissolution	rate	of	SGCs.	Gelatin	that	is	used	for	pharmaceutical	applications	must	fulfill	the	requirements	set	by	the	official	pharmacopoeias	such	as	the	United	States	Pharmacopeia	(USP)	and	the	European
Pharmacopeia	(Ph.	Eur.).	In	contrast	to	glycerol,	which	is	a	direct	plasticizer,	sorbitol	is	an	indirect	plasticizer	and	acts	as	a	moisturizing	agent.	Then,	they	are	stored	in	a	drying	tunnel	for	several	days,	depending	on	formulation	and	capsule	size,	to	dry	further.	[53]	assessed	whether	the	changes	in	the	in	vitro	dissolution	of	hard	and	soft	gelatin
acetaminophen	capsules,	as	a	result	of	gelatin	cross-linking,	are	predictive	of	changes	in	the	bioavailability	of	the	capsules	under	in	vivo	conditions.	Examples	of	commercially	available	SGCs	and	their	dissolution	methods	[119].	Likewise,	the	influence	of	cross-linking	of	gelatin	on	the	dissolution	properties	of	SGCs	will	also	be	discussed.	[Google
Scholar]	[CrossRef]Damian,	F.;	Blaton,	N.;	Naesens,	L.;	Balzarini,	J.;	Kinget,	R.;	Augustijns,	P.;	Van	den	Mooter,	G.	While	using	either	approach,	the	pH	adjustment	must	be	accomplished	in	a	controlled	and	reproducible	manner	via	pre-heated	media.	C	Mater.	The	dissolution	of	solid	dosage	forms	attracted	attention	as	the	realization	of	the	importance
of	drug	dissolution	concerning	bioavailability	was	identified	in	the	1950s	with	the	understanding	that	only	dissolved	drugs	can	diffuse	through	the	human	body	[74,75,76,77,78].	Acta	Helv.	Kollidon®-Polyvinylpyrrolidone	Excipients	for	the	Pharmaceutical	Industry,	9th	ed.;	BASF:	Ludwigshafen,	Germany,	2008.	Pharmacol.	The	drug	product	to	be
tested	is	placed	on	a	holder	or	within	the	glass	beads,	and	the	dissolution	medium	is	allowed	to	flow	from	the	bottom.	The	downside	of	this	property	is	that	SGCs	are	sensitive	to	heat	and	humidity.	Their	data	showed	that	the	in	vitro	rate	of	dissolution	of	hard	and	SGCs	decreased	due	to	cross-linking.	2008,	33,	159–165.	Comparison	of	the	rupture	and
disintegration	tests	for	soft-shell	capsules.	Figure	5.	The	requirements	of	disintegration	are	met	if	all	test	units	have	completely	disintegrated	or	if	not	fewer	than	16	of	a	total	of	18	units	tested	are	disintegrated	within	a	predetermined	time	period.	2012,	9,	e79–e85.	From	bench	to	humans:	Formulation	development	of	a	poorly	water	soluble	drug	to
mitigate	food	effect.	2013,	25,	227–231.	These	dyes	can	interact	with	gelatin	by	hydrophobic	interactions	and	hydrogen	bonding	[149].	These	factors	include	physical	properties	of	the	gelatin	shell,	physical	and	chemical	properties	of	the	fill	material,	chemical	interaction	between	the	gelatin	shell	and	fill	components,	and	moisture	exchange	between
the	shell	and	the	fill	material.	Phytomedicine	2002,	9	(Suppl.	The	choice	of	surfactant	and	its	concentration	in	relation	to	solubility	and	physical	stability	of	the	API	is	critical	and	must	be	optimized,	understood,	and	justified.	These	processes	occur	in	series,	and	thus	the	slowest	step	determines	dissolution	rate	of	the	SGCs.	The	slowest	step	in	this	case
controls	the	overall	rate	and	extent	of	drug	absorption.	Table	3.	Thermodynamics	of	Pharmaceutical	Systems:	An	Introduction	to	Theory	and	Applications,	2nd	ed.;	Wiley:	Hoboken,	NJ,	USA,	2010;	pp.	For	poorly	soluble	drugs,	especially	BCS	II	and	IV,	their	dissolution	will	be	a	rate-limiting	step	in	the	absorption	process.	1998,	15,	698–705.	2000,	24,
58–72.	[Google	Scholar]	[CrossRef]Dressman,	J.B.;	Amidon,	G.L.;	Reppas,	C.;	Shah,	V.P.	Dissolution	testing	as	a	prognostic	tool	for	oral	drug	absorption:	Immediate	release	dosage	forms.	Figure	1.	2000,	10,	311–322.	Biomed.	These	interactions	may	happen	during	manufacturing,	drying,	or	over	the	shelf-life	of	the	product.	[Google	Scholar]	[CrossRef]
[PubMed]Pillay,	V.;	Fassihi,	R.	Figure	6.	2017,	68,	102–112.	Zhao	and	co-workers	described	a	two-step	dissolution	method	using	medium	addition	and	paddle	apparatus,	in	which	the	surfactant	Tween	80	was	included	in	the	media	to	enhance	the	solubility	of	the	API	in	the	first	stage	[124].	Dissolution	of	gelatin	capsules:	Evidence	and	confirmation	of
cross-linking.	The	plasticizer	provides	mechanical	stability	of	the	shell	during	and	after	drying	by	offsetting	induced	stresses	due	to	shrinking	of	the	capsule	shell.	Nature	1967,	215,	509–510.	Likewise,	media	addition	must	consider	the	final	desired	pH	of	the	final	volume.	In	the	equilibrium	state,	the	number	of	drug	molecules	going	into	the	solution
equals	the	number	of	drug	molecules	which	re-precipitate.	Apart	from	the	commercial	drug	products	listed	in	Table	1,	SGCs	are	also	widely	used	in	the	formulation	of	herbal	drug	products	[11].	This	type	of	formulation	enhances	the	dissolution	and	absorption	of	a	drug	because	upon	release	in	GI	fluids,	fill	material	spontaneously	produces	small
droplets	with	an	average	size	less	than	100	nm	[60,61,62].Another	approach	in	the	fill	formulation	is	the	addition	of	suspending,	thickening,	or	viscosifying	agents,	to	inhibit	precipitation	of	dispersed	materials	and	preserve	the	homogeneity	of	fill	formulation	throughout	the	encapsulation	process	[59].	On	the	other	hand,	the	bioequivalence	studies
showed	that	both	hard	and	SGCs,	which	failed	to	meet	the	USP	dissolution	specification	in	water,	but	complied	when	tested	in	SGF	containing	pepsin,	were	bioequivalent	to	the	unstressed	control	capsules.	2006,	321,	1–11.	Polym.	Its	value	generally	increases	with	increasing	Bloom	strength.	UNIT	-	8	Radiopharmaceutical	Uses	in	Diagnosis	and
Treatment,	Methods	of	Preparation	Handling	and	Safety	Precaution	UNIT	-	9	Cosmetics	Formulation	and	Preparation	of	the	following	Cosmetic	Preparations.	1984,	73,	1414–1417.	[Google	Scholar]	[CrossRef]Hoare,	T.R.;	Kohane,	D.S.	Hydrogels	in	drug	delivery:	Progress	and	challenges.	2010,	75,	E620–E626.	1993,	132,	105–115.	The	rupture	test	is
performed	using	apparatus	2,	as	described	under	General	Chapter	Dissolution	,	at	a	rotation	speed	of	50	rpm	in	500	mL	of	immersion	medium	for	a	duration	of	15	min.	Influence	of	enzymes	and	surfactants	on	the	disintegration	behavior	of	cross-linked	hard	gelatin	capsules	during	dissolution.	[Google	Scholar]	[CrossRef]Neisingh,	S.E.;	Sam,	A.P.;	de
Nijs,	H.	This	triple	helix	structure	is	the	foundation	of	the	intrinsic	strength	of	the	seal	and	shell	of	the	capsule.Considering	these	aspects,	the	technologically	relevant	gelatin	parameters	are	gel	strength/Bloom,	viscosity,	solubility,	melting	point,	setting	point,	particle	size,	and	molecular	weight	distribution.	Gelatin:	A	Valuable	Protein	for	Food	and
Pharmaceutical	Industries:	Review.	However,	all	long-term	stability	samples	failed	the	rupture	test	using	tier	2	conditions.	2000,	17,	962–966.	For	use	in	two-tier	dissolution,	the	fill	material	would	require	the	surfactant	to	be	present	to	meet	solubility	requirements,	but	also	needs	the	enzyme	to	overcome	the	cross-linking.For	the	medium-exchange
approach	used	for	enteric-coated	capsules,	the	acid	medium	is	drained	after	the	first	step,	and	a	full	amount	of	pH	6.8	buffer	that	has	been	equilibrated	at	similar	conditions	is	added	to	the	same	vessel	for	the	buffer	stage.	Examples	of	cross-linking	of	gelatin	due	to	chemicals.	Murthy	et	al.	Table	4.	Effects	of	plasticizers	and	their	concentrations	on
thermal	and	functional	properties	of	gelatin-based	films.	Cross-linking	of	hard	gelatin	carbamazepine	capsules:	Effect	of	dissolution	conditions	on	in	vitro	drug	release.	A	Dissolution	method	for	hard	and	soft	gelatin	capsules	containing	testosterone	undecanoate	in	oleic	acid.	Figure	5.	Almukainzi	et	al.	[Google	Scholar]	[CrossRef]	[PubMed]Cole,	E.T.;
Cadé,	D.;	Benameur,	H.	The	drug	molecules	having	carbonyl	functional	groups	might	induce	gelatin	cross-linking.	Well-defined	and	controlled	gelatin	particle	size	is	crucial	for	reproducible	dissolution	and	de-aeration	times	of	the	molten	mass.The	choice	of	the	gelatin	type	and	grade	for	soft	gelatin	encapsulation	will	depend	on	technological
requirements	or	capabilities,	consumer	preference,	and	pricing.	The	most	critical	step	is	to	carefully	evaluate	different	media	to	identify	the	one	that	achieves	the	sink	conditions.	Use	of	PEGs,	especially	with	a	low	molecular	weight	such	as	200	and	300,	and	water	should	not	exceed	more	than	10	percent	of	fill	composition	as	they	act	as	plasticizers	as
well.	[132]	developed	and	validated	a	dissolution	test	for	ritonavir	SGCs	based	on	human	in	vivo	pharmacokinetic	data.	Practical	considerations	for	the	development	of	a	robust	two-step	dissolution	test	for	enteric-coated	immediate-and	extended-release	solid	oral	dosage	formulations.	Schematic	diagram	of	insoluble	gelatin	hydrogel	formation	by	the
radiation	induced	cross-linking.	Pancreatin,	consisting	of	many	enzymes,	including	trypsin,	amylase,	lipase,	and	protease,	is	also	commonly	used	and	is	capable	of	acting	between	pH	6	and	8.	The	two	commonly	used	methods	for	evaluating	the	dissolution	properties	of	SGCs	are	the	paddle	and	basket	methods	(Figure	8).A	basket	apparatus	has	the
advantage	of	enclosing	SGCs.	This	method	may	be	selected	if	SGCs	are	filled	with	a	material	that	has	a	specific	gravity	less	than	that	of	water,	where	baskets	prevent	the	SGC	and	its	components	from	floating	in	the	medium.	Physicochemical	characterization	of	solid	dispersions	of	the	antiviral	agent	UC-781	with	polyethylene	glycol	6000	and	Gelucire
44/14.	2008,	60,	638–656.	[Google	Scholar]Schwab,	E.	Gelatin	structure	and	composition	linked	to	hard	capsule	dissolution:	A	review.	2008,	60,	702–716.	This	autoxidation	leads	to	the	production	of	reactive	species,	such	as	hydrogen	or	organic	peroxides	[160,161,162,163,164,165,166].	[111]	developed	a	fasted-state	simulated	gastric	fluid	(FaSSGF)
containing	sodium	taurocholate,	lecithin,	and	pepsin	at	pH	of	6.5	in	order	to	assess	its	importance	for	the	in	vivo	dissolution	of	lipophilic	compounds.	[Google	Scholar]	[CrossRef]Gautam,	J.;	Schott,	H.	[Google	Scholar]	[CrossRef]Corma,	A.;	Hamid,	S.B.A.;	Iborra,	S.;	Velty,	A.	Unlike	other	typical	solid	dose	forms,	SGCs	must	first	reach	the	point	where
the	integrity	of	the	gelatin	is	compromised	and	the	outer	shell	ruptures	to	allow	release	of	the	fill	material.	2006,	23,	6–11.	1993,	17,	78–80.	2008,	25,	1696–1701.	2007,	328,	12–21.	Their	study	showed	that	the	rupture	test	was	sensitive	to	stability	conditions,	and	that	the	commercial	drug	products	passed	the	rupture	test.	Oil	droplets	from	the	soft	gel
capsules	can	be	seen	in	the	dissolution	media	in	(B).	The	United	States	Pharmacopeia	(USP)	and	the	U.S.	Food	and	Drug	Administration	(FDA)	provide	guidelines	on	the	development	and	validation	of	dissolution	procedures	[96,97].	Therefore,	the	transfer	of	the	capsule	or	media	removal	without	disturbing	the	shell	may	be	difficult	due	to	mechanical
stress.The	European	Medicines	Agency	(EMA)	has	developed	its	own	guidance	on	in	vitro	dissolution	tests	for	immediate-release	drug	products	[126].	Tier	1:	0.1	N	HCl	with	0.1%	Tween	20.	Tier	2:	0.1	N	HCl	with	0.1%	Tween	20	with	addition	of	pepsin	(as	per	USP)IbuprofenApparatus	1	at	150	rpm	in	900	mL	50	mM	Phosphate	Buffer,	pH	7.2	Table	4.
2011,	18,	6–10.	Dependence	of	melting	point	on	concentration	and	molecular	weight.	[Google	Scholar]	[CrossRef]Song,	X.;	Cui,	Y.;	Xie,	M.	These	enzymes	effectively	digest	the	peptide	bonds	between	the	amino	acids	making	up	the	gelatin	strands	in	the	shell.	Furthermore,	mixtures	of	gelatin	with	Bloom	strengths	of	100	and	150	have	been	suggested
to	be	suitable	for	the	formulation	of	chewable	SGCs	[47].In	general,	the	ideal	gelatin	for	SGCs	has	the	following	preferred	characteristics:	Bloom	strength	of	150	to	200,	well-controlled	and	defined	viscosity	of	about	2.8	to	4.5	mPa,	particle	size,	gelatin	type,	and	molecular	weight	distribution	[17].Before	discussing	shell	and	fill	formulation	of	SGCs,	an
overview	of	the	industrial	SGC	filling	process	is	briefly	highlighted	in	this	section.	Softgel	Making	Machine.	Release	encompasses	capsule	dissolution	as	one	of	its	several	steps.	observed	that	aldehyde	can	induce	gelatin	cross-linking	at	moderate	humidity	between	60%	and	70%	[148].	Hence,	through	an	understanding	of	drug	product	characteristics
and	evaluating	parameters	of	dissolution	testing,	a	methodology	can	be	established	to	enable	batch-to-batch	evaluation	and	evaluate	in	vitro–in	vivo	relationships.	Adv.	Therefore,	simulated	dissolution	media	in	this	population	may	need	to	be	adjusted	to	reflect	this	increased	pH.The	selection	of	dissolution	apparatus	is	another	critical	step	in	the
dissolution	evaluation	of	SGCs,	as	the	mixing	efficiency	of	fill	material	contents	with	media	is	very	much	influenced	by	the	agitation	hydrodynamics,	particularly	to	variables	such	as	paddle	rotation	speed.	[Google	Scholar]	[CrossRef]Albert,	K.;	Bayer,	E.;	Wörsching,	A.;	Vögele,	H.	This	review	focuses	on	challenges	facing	dissolution	test	method
development	for	SGCs.	A	brief	discussion	of	the	physicochemical	and	formulation	factors	that	affect	the	dissolution	properties	of	SGCs	will	be	highlighted.	However,	irradiation	of	60Co	γ-rays	on	gelatin	hydrogels	showed	that	amino	acids	having	side	chains	of	more	than	two	carbon	atom	hydrocarbon	groups	blocked	the	cross-linking	of	gelatin
hydrogel.	Dissolution	profiles	of	cross-linked	gelatin	capsules	using	the	enzymes	bromelain	and	papain	in	pH	6.8	phosphate	buffer.	[Google	Scholar]	[CrossRef]	[PubMed]Augsburger,	L.L.	Hard	and	Soft	Shell	Capsules.	Jpn.	1997,	86,	1057–1061.	On	the	other	hand,	the	term	“release”	most	often	refers	to	a	much	more	complex	phenomenon.
Pharmacokinetics	and	bioavailability	of	herbal	medicinal	products.	2007,	80,	979–985.	Therefore,	it	is	essential	to	develop	a	dissolution	strategy	that	accounts	for	differences	in	the	integrity	of	the	capsule	shell	as	well	as	changes	in	the	fill	material.Dissolution	methods	development	are	labor-intensive	processes	even	with	careful	technique	and
practice.	[63].	Studies	on	the	influence	of	pH	and	pancreatin	on	13C-formaldehyde-induced	gelatin	cross-links	using	Nuclear	Magnetic	Resonance.	[Google	Scholar]	[CrossRef]	[PubMed]Li,	Z.;	Kozlowski,	B.M.;	Chang,	E.P.	Analysis	of	aldehydes	in	excipients	used	in	liquid/semi-solid	formulations	by	gas	chromatography-negative	chemical	ionization
mass	spectrometry.	Figure	3.	Low-viscosity	pigskin	or	acid	bone	gelatins	with	a	Bloom	strength	of	about	200	are	often	used	for	the	encapsulation	of	hygroscopic	formulations	and	water-sensitive	drugs.	[Google	Scholar]	[CrossRef]	[PubMed]Simon,	A.;	Grohens,	Y.;	Vandanjon,	L.;	Bourseau,	P.;	Balnois,	E.;	Levesque,	G.	Figure	9.	1999,	179,	49–53.	This
relationship	holds	if	other	parameters	are	kept	constant.Viscosity	is	likely	the	second	most	crucial	property	of	gelatin,	and	depends	on	its	grade,	Bloom	strength,	and	molecular	weight	[36,37,38].	Apart	from	aldehydes,	several	other	chemical	compounds	that	may	cause	gelatin	cross-linking	and	examples	of	chemical	functional	groups	that	can	actively
facilitate	gelatin	cross-linking	are	listed	in	Table	4.	The	addition	of	surfactant	should	reflect	changes	in	the	formulation	and	interactions	among	fill	components	and	may	shed	light	on	the	in	vivo	behavior	of	the	SGCs.Surfactants	play	a	role	in	dissolution	by	replacing	water	molecules	on	the	particle	surface,	which	reduces	interfacial	tension	between	the
solution	and	the	surface	[101].	This	relationship	should	be	understood	for	different	surfactants	and	compounds	before	executing	the	dissolution	experiment.Typical	media	for	dissolution	studies	include:	dilute	hydrochloric	acid	(0.1	N),	buffers	in	the	physiologic	pH	range	of	1	to	7.5	(i.e.,	phosphate,	acetate,	or	citrate),	simulated	gastric	or	intestinal
fluid	(with	or	without	enzymes),	water,	and	surfactants	such	as	Tween,	Brij	35,	Triton,	polysorbate	80,	cetyl	trimethyl	ammonium	bromide	(CTAB),	sodium	lauryl	sulfate	(SLS),	and	bile	salts	[100].	1995,	12,	1561–1572.	In	general,	the	suspending	agents	used	for	PEG-based	fill	formulations	include	higher	molecular	weight	PEGs	such	as	PEG	6000,
cellulose	polymers,	and	mixtures	of	mono-,	di-,	and	tri-glycerides/mono-	and	di-fatty	acid	esters	of	polyethylene	glycols.	On	the	other	hand,	Chafetz	et	al.	[Google	Scholar]	[CrossRef]	[PubMed]Siepmann,	J.;	Peppas,	N.A.	Modeling	of	drug	release	from	delivery	systems	based	on	hydroxypropyl	methylcellulose	(HPMC).	[Google	Scholar]	[PubMed]Meyer,
J.D.;	Manning,	M.C.	Hydrophobic	ion	pairing:	Altering	the	solubility	properties	of	biomolecules.	For	use	in	SGCs,	the	gelatin	solution	should	ideally	have	a	viscosity	of	2.8	to	4.5	mPas	at	60	°C,	depending	on	the	gelatin	type	[17].	1973,	10,	483–492.	Their	data	showed	that	neither	rupture	test	nor	disintegration	test	was	advantageous	over	the	other.
144–168.	2015,	22,	675–690.	UNIT	-	1	Tablets	Formulation	of	Different	Types	of	Tablets,	Granulation	Technique,	Equipment	Employed,	In	Process,	Evaluation	of	Tablets	and	Packaging.	Physical,	mechanical,	and	barrier	properties	of	carp	and	mammalian	skin	gelatin	films.	The	authors	showed	the	impact	of	bromelain	and	papain	on	the	dissolution	of
acetaminophen	cross-linked	capsules.	A	molecular	weight	profile	provides	useful	information	on	the	functional	performance	of	the	gelatin,	such	as	encapsulation	and	dissolution	[39,40,41,42].The	setting	point	of	gelatin	is	the	temperature	at	which	it	forms	a	gel,	and	this	temperature	is	dependent	on	the	thermal	and	mechanical	history	of	the	gelatin
[44].	2007,	330,	61–72.	Propylene	glycol	and	ethanol	can	facilitate	material	migration	from	fill	to	shell	or	vice	versa	by	their	softening	and	volatilizing	properties,	respectively	[72,73].	Subsequently,	this	results	in	the	lysine–arginine	and	arginine–arginine	cross-linking	[146,147,148].	Tier	2:	Apparatus	2	at	50	rpm	in	0.1	N	HCI	with	pepsin	(as	per	USP)
(450	mL)	for	the	first	25	min,	followed	by	addition	of	0.1	N	HCI	with	SLS	(4%	w/v)	(450	mL)	for	the	remainder	of	the	dissolution	testIsotretinoinApparatus	1	with	20	mesh	at	100	rpm	in	900	mL	0.05	M	Potassium	Phosphate	Buffer,	dibasic,	pH	7.8,	containing	0.5%	lauryldimethylamine	N-oxide	(LDAO)ParicalcitolApparatus	1	at	100	rpm	in	500	mL	in	4
mg/mL	of	0.4%	lauryldimethylamine	N-oxide	(LDAO)ErgocalciferolApparatus	2	at	100	rpm	in	500	mL	0.5	N	NaOH	with	10%	Triton-X-100Lopinavir/RitonavirApparatus	2	at	50	rpm	in	900	mL,	Tier	1:	0.05	M	Polyoxyethylene	10	Lauryl	Ether	with	10	mM	Sodium	Phosphate	monobasic	(pH	6.8);	Tier	2:	same	as	above	with	not	more	than	(NMT)	1750	USP
units/L	of	PancreatinAmprenavirApparatus	2	at	75	rpm	in	900	mL	0.1	N	HClLoratadineApparatus	2	with	sinker	at	75	rpm	in	900	mL.	If	a	protein	denaturing	surfactant	[129]	is	used	in	the	media,	a	two-step	tier	2	method	must	be	performed.	Dissolution	testing	of	a	controlled-release	capsule	formulation:	Challenges	and	solutions	using	a	semi-
automated	dissolution	system.	Release	1987,	5,	23–36.	Issues	caused	by	propylene	glycol	can	be	solved	by	using	it	as	a	plasticizer	component	in	the	shell.	Writing—original	draft	preparation,	data	collection	and	writing,	F.D.;	manuscript	review,	editing,	and	funding	acquisition,	S.D.W.;	manuscript	review,	writing	and	editing,	M.H.;	manuscript	review
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acknowledges	S.D.W.	for	providing	the	facilities	and	reagents	used	for	data	collection	in	this	project.The	authors	declare	no	conflict	of	interest.	Soc.	An	overview	of	the	composition	of	the	common	in	vitro	bio-relevant	dissolution	media	is	provided	by	Klein	[112]	and	Galia	et	al.	This	process	is	known	as	gelation.	[Google	Scholar]	[CrossRef]
[PubMed]Welz,	M.M.;	Ofner,	C.M.	Examination	of	self-crosslinked	gelatin	as	a	hydrogel	for	controlled	release.	From	a	pharmaceutical	perspective,	the	European	Pharmacopoeia	(Ph.	Eur.)	states	that	IR	formulations	should	normally	achieve	in	vitro	dissolution	of	at	least	80%	of	the	drug	substance	within	not	more	than	45	min.	1994,	83,	922–930.	2014,
51,	2085–2091.	For	optimal	results,	the	recommended	flow	rate	through	the	cell	is	between	4	and	16	mL/min	[96].	Korea-Aust.	[Google	Scholar]	[CrossRef]Dokoumetzidis,	A.;	Macheras,	P.	[Google	Scholar]	[CrossRef]	[PubMed]Bhattaram,	V.A.;	Graefe,	U.;	Kohlert,	C.;	Veit,	M.;	Derendorf,	H.	The	USP	permits	the	use	of	a	two-tier	assessment	of	hard
and	SGCs	when	evidence	of	cross-linking	is	present.	Mechanism	of	sustained-actionmedication,	theoretical	analysis	of	rate	of	release	of	of	solid	drugs	dispersed	in	solid	matrices.	For	the	case	of	medium	with	a	pH	of	more	than	6.8,	pancreatin	is	used	with	a	maximum	protease	activity	of	2000	units/1000	mL	in	the	dissolution	medium.	The	main
objective	of	this	concept	is	to	make	sure	that	the	in	vitro	properties	of	two	or	more	batches	of	the	same	drug	product	are	performing	similarly	under	in	vivo	conditions.	[Google	Scholar]	[CrossRef]Donbrow,	M.;	Azaz,	E.;	Pillersdorf,	A.	1986,	75,	62–64.	2013,	453,	12–24.	[Google	Scholar]Inal,	O.;	Yapar,	E.A.	Effect	of	mechanical	properties	on	the	release
of	meloxicam	from	poloxamer	gel	bases.	The	complete	medium	replacement	method	resembles	the	medium-addition	approach	in	that	the	capsules	are	first	introduced	to	an	acidic	medium.	UNIT	-	2	Capsules	a)	Hard	Gelatin	Capsules	:	Extraction	of	Gelatin,	Production	and	Filling	of	Hard	Gelatin	Capsules,	Finishing	and	Special	Techniques,	Quality
Control	Tests	for	Capsules	b)	Soft	Gelatin	Capsules	:	Nature	of	Shell	and	Capsule	Content,	Importance	of	Base	Adsorption	and	Minim/Gram	Factors,	Production,	in	Process	and	Final	Product	Quality	Control	Tests.	Question	and	answer	section.	1),	S19–S29.	Based	on	the	plasma	concentration	parameters,	the	capsules	that	were	cross-linked	to	the
greatest	extent	were	not	bioequivalent	with	the	unstressed	control	capsules.	[Google	Scholar]	[CrossRef]	[PubMed]Maharaj,	A.R.;	Edginton,	A.N.;	Fotaki,	N.	[Google	Scholar]Djagny,	K.B.;	Wang,	Z.;	Xu,	S.	2005,	12,	11–14.	[Google	Scholar]	[CrossRef]	[PubMed]Erlich,	L.;	Yu,	D.;	Pallister,	D.A.;	Levinson,	R.S.;	Gole,	D.G.;	Wilkinson,	P.A.;	Erlich,	R.E.;
Reeve,	L.E.;	Viegas,	T.X.	Relative	bioavailability	of	danazol	in	dogs	from	liquid-filled	hard	gelatin	capsules.	The	rate	of	SGCs	rupture	or	disintegration	will	depend	on	the	composition	of	the	gelatin	shell	and	aging	conditions.Depending	on	fill	and	shell	composition,	there	might	be	challenges	in	the	formulation	of	SGCs.	For	example,	fill	compositions
with	hydrophilic	components	are	sometimes	more	challenging	because	they	may	diffuse	to	the	shell	during	the	manufacturing	and	drying	processes	as	well	as	during	product	shelf-life	[17,48,51,66,69,70].	Impact	of	regional	differences	along	the	gastrointestinal	tract	of	healthy	adults	on	oral	drug	absorption:	An	UNGAP	review.	In	these	instances,
surfactants	with	a	justified	concentration	may	be	added	to	the	dissolution	medium.	[Google	Scholar]	[CrossRef]Ritger,	P.L.;	Peppas,	N.A.	A	simple	equation	for	description	of	solute	release	I.	The	use	of	enzymes	for	dissolution	must	be	done	with	care,	as	the	enzymes	require	significant	mechanical	mixing	to	get	into	solution,	are	minimally	stable	in
solution,	and	can	be	impacted	by	other	components	of	the	media,	such	as	surfactants.	[Google	Scholar]	[CrossRef]	[PubMed]Pennings,	F.H.;	Kwee,	B.L.;	Vromans,	H.	SGCs	look	more	appealing	and	enjoyable	to	consumers	as	they	can	easily	be	produced	in	various	shapes,	sizes,	and	colors	(Figure	1),	and	different	drug	delivery	system	like	chewable
softgels	[18]	and	meltable	softgels	[19].(2)Technical	Advantages:	SGCs	have	high	dosage	accuracy	and	uniformity	[16,17]	as	well	as	higher	consistent	manufacturing	requirements	and	product	stability.	Lipsticks,	Shampoos,	Face	and	Talcum	Powders,	nail	Lacquers,	Cold	Cream	and	Vanishing	Cream	School	of	Pharmacy,	University	of	Waterloo,	200
University	Ave	W,	Waterloo,	ON	N2L	3G1,	Canada	Department	of	Natural	Sciences,	University	of	Michigan,	2209	Natural	Sciences	Building,	4901	Evergreen	Rd,	Dearborn,	MI	48128,	USA	Catalent	Pharma	Solutions,	2125	Ambassador	Dr,	Windsor,	ON	N9C	3R5,	Canada	Bio	Therapeutic	Molecules	Inc.,	70	Southgate	Drive,	Unit	4,	Guelph,	ON	N1G
4P5,	Canada	Waterloo	Institute	for	Nanotechnology,	University	of	Waterloo,	200	University	Ave	W,	Waterloo,	ON	N2L	3G1,	Canada	Author	to	whom	correspondence	should	be	addressed.	Autoxidation	of	polysorbates.	Figure	8.	Interactions	could	include	a	chemical	reaction	between	fill	components/and	their	oxidization	or	degradation	products,	and
the	shell	or	physical	interaction	such	as	migration	of	fill	material	into	or	through	the	shell	and	vice	versa	[50,51].	[Google	Scholar]	[CrossRef]	[PubMed]Bottom,	C.B.;	Clark,	M.;	Carstensen,	J.T.	Dissolution	testing	of	soft	shell	capsules-acetaminophen	and	nifedipine.	Alteration	in	dissolution	characteristic	of	gelatin	containing	formulations:	A	review	of
the	problem,	test	methods,	and	solutions.	Glycerol,	sorbitol,	and	sorbitol/sorbitan	solutions	are	the	most	frequently	used	plasticizers	for	SGCs	[17,68].	In	another	similar	study,	Donato	et	al.	Most	of	these	guidelines	are	for	solid	oral	dosage	forms	like	tablets	and	hard	gelatin	capsules;	however,	one	cannot	extrapolate	these	methods	to	SGCs	without
proper	assessment.	2014,	41,	594–604.	[Google	Scholar]	[CrossRef]Nazzal,	S.;	Wang,	Y.	[Google	Scholar]	[CrossRef]	[PubMed]Singh,	S.;	Rao,	K.V.;	Venugopal,	K.;	Manikandan,	R.	[Google	Scholar]	[CrossRef]Marques,	M.R.C.	Enzymes	in	the	dissolution	testing	of	gelatin	capsules.	Hence,	based	on	the	explanation	given	in	point	number	1	above,	there	is
a	significant	relationship	between	gelatin	viscosity,	Bloom	strength,	and	dissolution	rate	of	SGCs.Gelatin	has	a	molecular	weight	distribution	between	10	and	400	kDa	[39,40,41,42].	2013,	75,	700–706.	It	is	more	reasonable	that	a	dissolution	result	reflects	the	properties	of	the	API	under	the	sink	conditions;	however,	a	medium	that	fails	to	provide	sink
conditions	may	be	acceptable	by	the	USP	if	it	is	appropriately	justified.	[Google	Scholar]Gupta,	A.;	Hunt,	R.L.;	Shah,	R.B.;	Sayeed,	V.A.;	Khan,	M.A.	Disintegration	of	highly	soluble	immediate	release	tablets:	A	surrogate	for	dissolution.	2018,	11,	4985–4998.	It	is	worth	mentioning	that,	when	particle	size	or	the	presence	of	additives,	or	the	pH	modifies
the	intrinsic	solubility,	this	is	usually	reported	as	“apparent	solubility”	to	distinguish	it	from	the	equilibrium	value.	The	thickness	of	soft	gelatin	capsule	is	normally	a	function	of	the	viscosity	of	the	gelatin	solution.	This	article	is	an	open	access	article	distributed	under	the	terms	and	conditions	of	the	Creative	Commons	Attribution	(CC	BY)	license	(	.
Additionally,	if	the	fill	material	is	hydrophobic,	i.e.,	an	oil-based	fill,	dispersion	into	fine	droplets	that	can	pass	through	the	basket’s	mesh	may	not	take	place,	giving	rise	to	a	delay	in	dissolution	that	is	not	representative	of	the	true	properties	of	the	SGCs.	To	mitigate	this	problem,	an	alternative	would	be	using	a	basket	with	larger	pores,	i.e.,	20	or	10
mesh	sizes	[116].	Using	UV	fiber	optics	improves	accuracy	in	measurements	and	eliminates	sampling	errors.Drug	release	from	SGCs	using	the	USP	4	method	can	be	affected	by	several	factors.	Following	this,	the	fill	components	must	disperse	within	the	media	to	allow	the	active	ingredients	to	either	enter	solution	or	distribute	evenly	throughout	the
media	(Figure	6).	Hence,	several	steps	are	involved	in	the	process	of	releasing	the	API	from	SGCs	drug	products,	with	only	one	of	them	being	drug	dissolution.A	critical	requirement	for	drug	products	is	that	they	release	the	APIs	in	vivo	at	a	predictable	rate	[9,82,83].	For	example,	if	the	specification	level	for	the	first	step	is	not	more	than	10%
released,	then	this	medium	must	be	able	to	dissolve	at	least	10%	of	the	active	ingredient	in	the	soft-gelatin	capsule	drug	product.	The	shell	can	be	formulated	to	block	ultraviolet	(UV)	as	well	as	visible	light.	This	is	especially	important	for	drugs	that	are	subject	to	hydrolytic	and	oxidative	degradation.(3)Safety	Aspects:	The	tight	sealing	of	the	gelatin
shell	protects	the	fill	material	from	air	and	environmental	contaminations.	A	selection	of	SGCs	with	various	sizes	and	shapes.	2003,	19,	129–132.	Several	drugs	have	been	formulated	in	the	form	of	SGCs,	and	some	examples	of	commercially	available	drug	products	are	presented	in	Table	1.	In	Macromolecular	Symposia;	WILEY-VCH	Verlag:	Weinheim,
Germany,	2003;	Volume	203,	pp.	Moreover,	lysine	and	arginine	can	form	inter-	and	intra-molecular	reactions	[146].	Characterization	of	soft	gelatin	capsules	by	thermal	analysis.	[Google	Scholar]	[CrossRef]Rowe,	R.C.;	Sheskey,	P.J.;	Quinn,	M.E.	Handbook	of	Pharmaceutical	Excipients,	6th	ed.;	Pharmaceutical	Press:	London,	UK;	American
Pharmacists	Association:	Washington,	DC,	USA,	2009.	Upon	contact	with	the	aqueous	medium,	water	penetrates	the	soft	gelatin	shell	and	at	least	partially	dissolves	the	API	[81].	Pepsin	and	pancreatin	are	present	in	the	GIT	tract	and	are	recommended	by	the	USP	in	the	tier	2	method	when	the	soft	gelatin	capsule	fails	in	tier	1	without	such	enzymes.
Mechanisms	of	surfactant	effects	on	drug	absorption.	The	authors	used	a	USP	II	method	with	900	mL	of	dissolution	medium	containing	water	with	0.3%,	0.5%,	0.7%,	or	1%	(w/v)	of	SLS	at	rotation	speed	of	25	rpm.	[Google	Scholar]Caliph,	S.M.;	Charman,	W.N.;	Porter,	C.J.	Effect	of	short-,	medium-,	and	long-chain	fatty	acid-based	vehicles	on	the
absolute	oral	bioavailability	and	intestinal	lymphatic	transport	of	halofantrine	and	assessment	of	mass	balance	in	lymph-cannulated	and	non-cannulated	rats.	Crit.	[Google	Scholar]Kommareddy,	S.;	Shenoy,	D.;	Amiji,	M.	In	1961,	Higuchi	introduced	a	mathematical	model	of	drug	release	for	diffusion-controlled	systems	[84].	Representative	chemical
structure	of	gelatin.	The	authors	conducted	a	similar	study	at	several	pH	values,	and	they	concluded	that	both	enzymes	can	be	used	for	dissolution	testing	of	cross-linked	gelatin	capsules	in	the	pH	ranges	of	4	to	6.8	[127].	[Google	Scholar]Duconseille,	A.;	Astruc,	T.;	Quintana,	N.;	Meersman,	F.;	Sante-Lhoutellier,	V.	[Google	Scholar]	[CrossRef]
[PubMed]Schwier,	J.R.;	Cooke,	G.G.;	Hartauer,	K.J.;	Yu,	L.	A	wide	range	of	plasticizers	for	use	in	the	formulation	of	SGC	shells	is	available,	and	the	concentration	and	type	of	plasticizers	used	have	an	impact	on	the	characteristics	of	the	final	drug	product.	In	this	work,	a	new	formulation	of	lopinavir	was	developed	and	its	dissolution	tests	validated
using	in	vivo	data.	The	solid	blue	line	is	the	dissolution	profile	on	non-cross-linked	gelatin	capsules	(reference	capsules)	containing	acetaminophen	in	pH	6.8	phosphate	buffer.	2016,	23,	6–10.	1995,	12,	161–163.	[Google	Scholar]	[CrossRef]Agrawal,	A.;	Kumar,	A.;	Gide,	P.	There	are	some	variations	in	the	design	of	the	USP	4	apparatus,	and	there	is	a
possibility	of	having	an	open	or	closed	system	configuration.	The	drug	content	in	the	dissolution	media	is	analyzed	by	HPLC	in	the	collected	fractions	or	analyzed	automatically	during	the	continuous	flow	of	the	dissolution	media	through	the	UV	spectrophotometer.	In	addition,	the	gelatin	ribbon	must	have	sufficient	Bloom	strength	to	soften	fast
enough	under	the	heat	of	the	wedge	and	become	elastic	to	expand	in	the	die	pocket	by	fill	material.	[Google	Scholar]	[CrossRef]	[PubMed]Amidon,	G.L.;	Lennernas,	H.;	Shah,	V.P.;	Crison,	J.R.	A	theoretical	basis	for	a	biopharmaceutic	drug	classification:	The	correlation	of	in	vitro	drug	product	dissolution	and	in	vivo	bioavailability.	High	proportions	of
low	molecular	weight	gelatin	lead	to	shortened	holding	time	and	poor	capsule	seals,	while	high	proportions	of	high	molecular	weight	gelatin	cause	higher	viscosity	and	encapsulation	problems.	[Google	Scholar]	[CrossRef]Carstensen,	J.T.;	Rhodes,	C.T.	Pellicule	formation	in	gelatin	capsules.	To	solve	migration	issues	and	stability	of	products,	the
composition	of	shell	and	fill	materials	should	be	designed	in	such	a	way	as	to	minimize	migration.	In	order	to	avoid	the	inconsistency	in	solubility	data	reporting,	the	size	of	filters	used	in	the	separation	of	dissolved	drug	particles	must	be	stated.The	disintegration	test	is	considered	as	one	of	the	performance	tests	for	the	immediate	release	dosage
forms	[90].	1994,	83,	915–921.	has	proposed	that	the	use	of	media	containing	surfactants	is	a	suitable	method	for	solubilizing	such	drugs	because	various	surfactants	are	present	in	the	GI	fluid,	e.g.,	bile	salts,	lecithin,	cholesterol	and	its	esters	[102].	Dissolution	testing	has	become	important	in	measuring	the	in	vitro	rate	and	extent	of	API	release	from
different	dosage	forms,	including	SGCs.	Dissolution	can	be	described	as	a	process	by	which	molecules	of	a	solute	(e.g.,	API)	are	dissolved	in	a	solvent	to	form	a	solution.	[Google	Scholar]	[CrossRef]	[PubMed]Galia,	E.;	Nicolaides,	E.;	Hörter,	D.;	Löbenberg,	R.;	Reppas,	C.;	Dressman,	J.B.	Evaluation	of	various	dissolution	media	for	predicting	in	vivo
performance	of	class	I	and	II	drugs.	[Google	Scholar]	[CrossRef]	[PubMed]Damian,	F.;	Harati,	M.;	Pathak,	V.;	Schwartzenhauer,	J.;	Durham,	D.;	Quiquero,	V.;	Van	Cauwenberghe,	O.;	Wettig,	S.D.	Development	of	a	discriminating	dissolution	method	for	immediate-release	soft	gelatin	capsules	containing	a	BCS	Class	II	compound.	[Google	Scholar]
[CrossRef]	[PubMed]Albert,	K.;	Peters,	B.;	Bayer,	E.	[Google	Scholar]	[CrossRef]	[PubMed]The	United	States	Pharmacopeia	and	National	Formulary	(USP	42,	NF-37)	Dissolution;	The	United	States	Pharmacopeial	Convenction,	Inc.:	Rockville,	MD,	USA,	2019.Food	and	Drug	Administration:	Guidance	for	Industry:	Dissolution	Testing	of	Immediate
Release	Solid	Oral	Dosage	Forms;	US	Department	of	Health	and	Human	Services:	Rockville,	MD,	USA,	1997.	Nat.	[Google	Scholar]	[CrossRef]	[PubMed]Chafetz,	L.;	Hong,	W.H.;	Tsilifonis,	D.C.;	Taylor,	A.K.;	Philip,	J.	Once	formulated,	encapsulated	drugs	in	the	form	of	SGCs	require	suitable	in	vitro	dissolution	test	methods	to	ensure	drug	product



quality	and	performance.	After	preliminary	tests,	USP	1	and	USP	2	methods	did	not	reach	the	target	of	releasing	more	than	85%	of	the	API	in	less	than	90	min.	It	was	suggested	that	an	insoluble	framework	of	irradiated	hydrogel	structure	is	formed	(Figure	11)	[176].Digestive	enzymes	play	a	key	role	in	gelatin	cross-linking.	Water	serves	as	a	solvent
to	make	a	liquefied	gelatin	formulation	with	a	pourable	viscosity	at	60–70	°C.	1984,	36,	361–365.	2016,	33,	52–71.	Interaction	of	anionic	compounds	with	gelatin	I:	Binding	studies.	Biomacromolecules	2008,	10,	310–319.	This	is	based	on	the	fact	that	the	USP	general	chapters	on	dissolution	as	well	as	disintegration	and	dissolution	of	dietary
supplements	,	allow	the	addition	of	various	enzymes	based	on	pH	of	the	dissolution	medium	when	hard	or	SGCs	and	gelatin-coated	tablets	do	not	conform	to	the	dissolution	or	to	resolve	potential	cross-linking	issues	specifications	[127].	Gelatin	derived	from	an	acid	pre-treatment	is	known	as	Type	A,	while	gelatin	derived	from	an	alkali	pre-treated
process	is	known	as	Type	B.	It	is	important	to	invest	time	in	developing	a	procedure	that	can	be	efficiently	executed	on	a	routine	basis	and	repeated	robustly.	Several	solutions	have	been	proposed	and	used	to	overcome	this	issue,	including	(1)	use	of	higher-Bloom	strength	to	reduce	the	initial	water	content	in	the	capsule	shell,	(2)	using
glycerol/sorbitol	or	sorbitol/sorbitan	blends	instead	of	glycerol	alone	as	the	plasticizer,	and	(3)	coating	drug	particles	to	prevent	discoloration	of	formulations	due	to	browning	reaction	between	the	active	ingredients	[17].	Traditionally,	SGCs	comprise	of	lipophilic	oil	fill	materials	such	as	soya	bean	oil	or	castor	oil,	and	lipophilic	APIs	such	as	vitamins	A,
D,	E,	and	K,	as	well	as	herbals	which	do	not	react	with	shell	composition	at	all	[48,54,55].	This	is	based	on	the	fact	that	most	individual	drug	candidates	and	drug	excipients	used	in	the	formulation	of	SGCs	possess	diverse	physicochemical	properties	requiring	specific	considerations.	The	authors	showed	that	the	in	vitro	dissolution	data	obtained	with
the	dissolution	medium	containing	surfactant	(i.e.,	2%	SLS,	pH	6.8)	were	more	effective	in	predicting	the	drug	plasma	concentrations	following	oral	administrations	of	the	SGCs	under	both	storage	conditions.	This	was	attributed	to	using	the	standard	dissolution	basket	with	pores	size	of	40	mesh,	combined	with	inappropriate	hydrodynamic	conditions
within	the	basket.	The	challenge	is	that	the	capsule	shell	is	very	sensitive	to	its	environment	and	can	change	relative	to	hardness,	cross-linking,	and	seam	integrity,	which	can	all	play	a	role	in	perceived	dissolution	changes	when	in	fact	they	are	changes	in	rupture	time.	Under	these	conditions,	the	solution	is	saturated	with	drug	molecules	and	the
concentration	of	dissolved	drug	under	these	conditions	is	defined	as	the	“equilibrium	drug	solubility”	(specific	to	the	given	temperature	and	pressure)	[89].	Food	Bioprocess	Tech.	Acta	Pharm.	The	CMC	is	defined	as	the	minimum	concentration	of	a	surfactant’s	monomer	at	which	it	aggregates	to	micelles	and	is	characteristic	for	each	surfactant.
[Google	Scholar]	[CrossRef]	[PubMed]Russell,	R.M.	Gastric	hypochlorhydria	and	achlorhydria	in	older	adults.	2005,	10,	405–412.	In	Pharmaceutical	Dosage	Forms:	Capsules;	Augsburger,	L.,	Hoag,	S.,	Eds.;	CRC	Press:	Boca	Raton,	FL,	USA,	2017;	pp.	Not.	During	formulation	development,	dissolution	testing	is	used	to	demonstrate	the	release	and
uniformity	of	a	dosage	form	in	a	simulated	environment.	[Google	Scholar]	[CrossRef]Vertzoni,	M.;	Augustijns,	P.;	Grimm,	M.;	Koziolek,	M.;	Lemmens,	G.;	Parrott,	N.;	Pentafragka,	C.;	Reppas,	C.;	Rubbens,	J.;	Van	Den	Abeele,	J.;	et	al.	A	comparative	study	of	the	rheological	and	structural	properties	of	gelatin	gels	of	mammalian	and	fish	origins.	In
Pharmaceutical	Dosage	Forms:	Capsules;	Augsburger,	L.L.,	Hoag,	S.W.,	Eds.;	Taylor	&	Francis	Group:	London,	UK,	2018;	pp.	Figure	10	shows	an	example	of	a	pellicle	formation	around	SGCs.	Moreover,	cross-linking	facilitates	thin	film	formation	during	the	dissolution	test	[143].	Solid	state	properties	of	pure	UC-781	and	solid	dispersions	with
polyvinylpyrrolidone	(PVP	K30).	To	develop	a	robust	two-step	dissolution	method	which	can	be	transferred	to	quality	control,	a	medium	addition	method	is	preferred	where	a	volume	of,	e.g.,	200	mL,	can	be	added	to	700	mL	initial	volume	to	adjust	pH,	and	then	add	the	surfactant,	or	enzyme,	depending	on	the	soft	gelatin	capsule	drug	product	[124].	If
each	unit	release	is	not	less	than	Q	+	5%	for	the	buffer	stage,	then	the	soft	gel	dosage	form	has	passed	the	second	step	of	dissolution	[125].	[Google	Scholar]	[CrossRef]Hom,	F.S.;	Veresh,	S.A.;	Ebert,	W.R.	Soft	gelatin	capsules	II:	Oxygen	permeability	study	of	capsule	shells.	Examples	of	commercially	available	drug	products*	formulated	in	the	form	of
soft	gelatin	capsules	(SGCs).	MaterialReferenceAldehydes	(furfural,	acrolein,	formaldehyde,	glutaraldehyde,	glyceryl	aldehyde)[43,151,152,153,154,155,156]Imines[143]Ketones[143]Saccharides	(glucose	and	aldose	sugars)[43]Calcium	carbonate[157,158]Hydrogen	peroxide[150,156]Sulfonic	acids	and	p-toluene	sulfonic	acid[150,156]Carbodiimides
(1-ethylene	3-(3-dimethylamino	propyl)	carbodiimide	hydrochloride,	guanidine	hydrochloride)[155,156]Benzene[156]Terephthaloyl	chloride[159]	Publisher’s	Note:	MDPI	stays	neutral	with	regard	to	jurisdictional	claims	in	published	maps	and	institutional	affiliations.	Rate	of	release	of	medicaments	from	ointment	bases	containing	drugs	in	suspension.
[Google	Scholar]	[PubMed]Rawat,	A.;	Burgess,	D.J.	USP	apparatus	4	method	for	in	vitro	release	testing	of	protein	loaded	microspheres.	Academic	Editors:	Beom-Jin	Lee	and	Phuong	Ha-Lien	Tran	Received:	30	October	2020	/	Revised:	29	January	2021	/	Accepted:	29	January	2021	/	Published:	4	February	2021	Recently,	the	development	of	soft	gelatin
capsules	(SGCs)	dosage	forms	has	attracted	a	great	deal	of	interest	in	the	oral	delivery	of	poorly	water-soluble	drugs.	SLS	has	been	reported	to	be	the	most	commonly	used	surfactant	in	dissolution	studies	[100].	Self-emulsifying	drug	delivery	system	and	the	applications	in	herbal	drugs.	331–338.	The	operation	of	adding	and	adjusting	the	pH	must	be
done	within	5	min	[123].	Apart	from	the	factors	listed	in	Section	4,	drug	release	can	also	be	affected	by	liquid	flow	rates,	area	of	the	flow-through	cell,	initial	drug	quantity,	and	drug	concentration	[139].	2004,	18,	403–411.	Cross-linking	evidence	can	come	in	the	form	of	poorly	dissolving	gelatin	shell	or	pellicle	formation,	which	appears	as	a	sac
surrounding	and	containing	the	fill	material	after	the	shell	is	dissolved	(see	Section	8).	The	fresh	dissolution	media	continuously	passes	through	the	samples	in	the	flow	cell,	and	this	is	important,	especially	for	maintaining	the	sink	conditions	of	poorly	soluble	drugs.In	the	flow-through	cell	(Figure	9),	the	flow	of	the	dissolution	medium	is	controlled	by	a
pump	from	a	temperature-controlled	reservoir.	Farm.	Available	online:	(accessed	on	3	February	2021).Wang,	Q.;	Gray,	V.	Formulation	design	for	poorly	water-soluble	drugs	based	on	biopharmaceutics	classification	system:	Basic	approaches	and	practical	applications.	The	visual	observation	of	dissolution	of	the	same	drug	product	using	USP	apparatus
1	is	presented	by	panels	(C,D)	at	time	0	and	5	min,	respectively.	2013,	20.	Viscosity	properties	of	gelatin	in	solutions	of	monovalent	and	divalent	Salts.	The	solubility	improvement	of	the	API	depends	on	various	factors,	including	the	nature	of	the	surfactant	and	the	fill	material,	temperature,	pH,	and	ionic	strength.	[Google	Scholar]	[CrossRef]
[PubMed]Donato,	E.M.;	Martins,	L.A.;	Fröehlich,	P.E.;	Bergold,	A.M.	Development	and	validation	of	dissolution	test	for	lopinavir,	a	poorly	water-soluble	drug,	in	soft	gel	capsules,	based	on	in	vivo	data.	Cross-linking	of	hard	and	SGCs	is	well-described	in	the	literature	[43,128,142],	and	it	must	be	addressed	during	the	development	of	SGCs	because	it
can	affect	the	release	properties	of	the	finished	drug	product.	Once	the	performance	is	established	for	the	product,	this	information	is	used	periodically	during	stability	to	determine	if	the	characteristics	of	the	product	are	changing	in	such	a	way	that	the	product	continues	to	or	stops	performing	as	required.	2000,	89,	268–274.	A	lower	CMC	value	for	a
given	surfactant	means	the	micelles	are	more	stable	[106].	2005,	19,	899–907.	It	was	observed	from	nuclear	magnetic	resonance	(NMR)	studies	that	initially,	methylol	groups	form	in	lysine	residues	and	later	in	arginine	residues.	Formulation	and	physical	properties	of	soft	capsules.	[Google	Scholar]	[CrossRef]Poppe,	J.	AAPS	J.	1989,	13,	72–84.
[Google	Scholar]	[CrossRef]123.	Figure	9.	Plasma	concentrations	after	oral	administration	of	different	pharmaceutical	preparations	of	clomethiazole.	Polymer	2008,	49,	1993–2007.	These	studies	allow	optimization	and	observing	the	amount	of	surfactant	that	is	needed	to	solvate	the	fill	material	within	a	time	that	is	relevant	to	the	dissolution	test.	The
Bloom	strength	is	defined	as	the	weight	in	grams	that,	when	applied	with	a	12.7	mm-diameter	plunger,	will	produce	a	depression	exactly	4	mm	deep	in	a	matured	jelly	containing	6.7%	w/w	of	gelatin	in	water	[33].	1897,	19,	930–934.	UNIT	-	5	Liquid	Orals	Formulation	of	Solutions,	Manufacturing,	Filling	and	Packaging.	[Google	Scholar]
[CrossRef]Wang,	T.T.;	Kwei,	T.K.;	Frisch,	H.L.	Diffusion	in	glassy	polymers.	Hu	et	al.	Likewise,	when	choosing	the	medium,	the	effect	of	additives	such	as	acid	and	salt	concentration,	buffer	counter-ions	and	co-solvents,	and	types	of	enzymes	and	their	activity	must	also	be	evaluated	and	justified,	if	used.	It	is	important	to	note	that	the	GIT	is	complex
and	has	a	regional	dependence	drug	absorption	[109].	Interestingly,	the	ε-amino	functional	group	in	lysine	and	the	guanidine	group	in	arginine	have	the	pKa	values	of	10.79	and	12.48,	respectively.	[Google	Scholar]	[CrossRef]	[PubMed]Zhang,	L.;	Zhang,	l.;	Zhang,	M.;	Pang,	Y.;	Li,	Z.;	Zhao,	A.;	Feng,	J.	Current	perspectives	in	dissolution	testing	of
conventional	and	novel	dosage	forms.	For	example,	it	requires	pre-heating	the	second	medium	solution,	adjusting	the	medium	by	adding	the	second	part	of	the	solution	as	well	as	adjusting	and	confirming	pH	for	six	vessels	within	5	min.	Soft	Gelatin	Capsule	Comprising	Omega-3	Polyunsaturated	Fatty	Acid;	Tillotts	Pharma	Ag:	Ziefen,	Switzerland,
2005;	p.	1961,	50,	874–875.	[Google	Scholar]	[CrossRef]Ray-Johnson,	M.L.;	Jackson,	I.M.	Temperature-related	incompatibility	between	gelatin	and	calcium	carbonate	in	sugar-coated	tablets.	1921,	43,	1526–1538.	A	similar	observation	of	a	decrease	in	the	dissolution	of	gelatin	capsules	with	SLS	at	lower	pH	has	also	been	reported	by	other	research
groups	[107,108].The	development	of	simulated	fluids	for	dissolution	testing	requires	understanding	of	the	physiological	conditions	of	the	GIT.	In	the	end,	capsules	are	printed	and	packaged	(Figure	3J).When	developing	a	SGC	formulation,	the	possible	interaction	between	the	fill	material	and	the	gelatin	shell	must	be	considered.	[Google	Scholar]
[CrossRef]	[PubMed]Johnson,	D.M.;	Taylor,	W.F.	Degradation	of	fenprostalene	in	polyethylene	glycol	400	solution.	Poor	drug	solubility	and	low	dissolution	rates	potentially	lead	to	insufficient	availability	of	the	drug	at	the	site	of	action	and	subsequent	failure	of	the	in	vivo	therapeutic	performance.	For	SGCs	that	do	not	conform	to	the	above	rupture
test	acceptance	criteria,	the	test	is	repeated	with	the	addition	of	papain	to	the	medium	in	the	amount	that	results	in	an	activity	of	not	more	than	550,000	units/L	of	medium	or	with	the	addition	of	bromelain	in	the	amount	that	results	in	an	activity	of	not	more	than	30	gelatin-digesting	units/L	of	medium	[92].	[Google	Scholar]	[CrossRef]
[PubMed]Joysun	Pharm.	The	developed	dissolution	method	was	able	to	discriminate	against	the	changes	in	composition,	manufacturing	process,	and	stability	of	the	drug	product.	[Google	Scholar]	[CrossRef]Porter,	S.C.;	Ridgway,	K.	1998,	3,	209–214.	This	developed	and	optimized	method	must	be	capable	of	detecting	changes	in	the	drug	product
formulation,	storage	conditions,	shelf-life,	and	performance.	2017,	24,	16–19.	Because	capsule	shells	are	made	from	animal	parts,	many	vegetarians	also	opt	not	to	use	them.	The	in	vivo	effectiveness	of	a	dosage	form	depends	on	its	ability	to	release	the	drug	for	systemic	absorption.	Then,	Peppas,	in	1985,	introduced	a	semi-empirical	equation,	power
law,	to	describe	drug	release	from	polymeric	devices	in	a	generalized	way	[87,88].Another	important	thermodynamic	property	in	a	discussion	of	dissolution	processes	is	solubility,	which	may	be	expressed	in	several	ways,	including	but	not	limited	to	molarity,	molality,	mole	fraction,	mole	ratio,	and	parts	per	million.	[Google	Scholar]	[CrossRef]Singh,
S.;	Manikandan,	R.;	Singh,	S.	In	late	1969,	Wang	published	an	article	considering	the	two	independent	mechanisms	of	transport,	Fick’s	law,	and	polymer	relaxation	on	the	molecules’	movement	in	the	matrix	[86].	Likewise,	sampling	is	easy	because	there	is	a	continuous	extraction	of	the	drug	sample	from	the	release	medium.	1973,	62,	1156–1164.
[Google	Scholar]	[CrossRef]Nir,	I.;	Lu,	X.	In	situ	UV	fiber	optics	for	dissolution	testing—What,	why,	and	where	we	are	after	30	years.	AAPS	PharmSciTech	2009,	10,	495–499.	The	media	exchange	technique	is	challenging	for	SGCs,	especially	if	the	capsules	have	softened	due	to	the	liquid	exposure,	soaking	alone	will	cause	some	softening	but	may	not
cause	the	rupture	of	the	capsule.	[Google	Scholar]	[CrossRef]	[PubMed]Van	den	Mooter,	G.	[Google	Scholar]	[CrossRef]Gursoy,	R.N.;	Benita,	S.	Nano	Res.	2017:	Dissolution	Specification	for	Generic	Oral	Immediate	Release	Products;	The	European	Medicines	Agency:	London,	UK,	2017.	The	available	dissolution	methods	have	been	successfully
implemented	on	conventional	dosage	forms	such	as	tablets	and	hard	gelatin	capsules,	and	these	methods	are	well-documented	in	official	monographs.	2002,	26,	36–58.	1973,	62,	1001–1006.	The	United	States	Pharmacopeia	Dissolution:	Stage	6	Harmonization;	The	United	States	Pharmacopeial	Convenction,	Inc.:	Rockville,	MD,	USA,	2011;	Available
online:	(accessed	on	3	February	2021).Zhao,	H.;	Cafiero,	S.;	Williams,	Z.;	Bynum,	K.	[Google	Scholar]	[CrossRef]	[PubMed]Ninan,	G.;	Joseph,	J.;	Aliyamveettil,	Z.	[Google	Scholar]	[CrossRef]The	United	States	Pharmacopeia	and	National	Formulary	(USP	31,	NF-26)	Dissolution;	The	United	States	Pharmacopeial	Convenction,	Inc.:	Rockville,	MD,	USA,
2008.Hu,	J.;	Kyad,	A.;	Ku,	V.;	Zhou,	P.;	Cauchon,	N.	[Google	Scholar]	[CrossRef]Guyot,	M.;	Fawaz,	F.;	Maury,	M.	In	Modern	Pharmaceutics;	Banker,	G.S.,	Rhodes,	C.T.,	Eds.;	Marcel	Dekker,	Inc.:	New	York,	NY,	USA,	2002;	pp.	[Google	Scholar]	[CrossRef]	[PubMed]Monterroza,	D.;	De	León,	L.P.	Development	of	a	USP	Apparatus	3	Dissolution	Method
for	Progesterone	Soft	Gelatin	Capsules.	UNIT	-	6	Semisolid	Dosage	Forms	Definition,	Types,	Semisolid	Bases,	Their	Selection,	Formulation	of	Semisolids	such	as	Ointments,	Gels,	Jellies,	Suppositories,	Packaging	and	their	Evaluation.	[Google	Scholar]	[CrossRef]Overholt,	S.M.	Chewable	Soft	Capsule;	Banner	Pharmacaps,	Inc.:	High	Point,	NC,	USA,
2000.	Some	SGC	formulations	may	contain	a	matrix	or	API	that	is	not	soluble	in	water	or	acidic	environment	and	consequently,	does	not	meet	sink	conditions	in	aqueous	solution.	[Google	Scholar]	[CrossRef]Brown,	C.K.;	Friedel,	H.D.;	Barker,	A.R.;	Buhse,	L.F.;	Keitel,	S.;	Cecil,	T.L.;	Kraemer,	J.;	Morris,	J.M.;	Reppas,	C.;	Stickelmeyer,	M.P.;	et	al.
Pharmacother.	1996,	13,	1821–1827.	[Google	Scholar]	[CrossRef]Singh,	A.;	Worku,	Z.A.;	Van	den	Mooter,	G.	Likewise,	SMEDDS	are	capable	of	promoting	lymphatic	transport	of	highly	lipophilic	drugs	[2,3,7,8]	and	can	easily	be	incorporated	into	soft	gelatin	capsules	(SGCs)	[9].	The	main	steps	during	the	SGC	manufacturing	process	are	as	follows:
(1)Raw	materials	such	as	raw	gelatin,	plasticizers,	and	purified	water	are	mixed	under	vacuum	conditions	at	a	temperature	of	about	70	°C	depending	on	gel	formulation	(Figure	3C,D).	The	USP	4	method	has	several	advantages	that	include	[96,99]:	easy	to	switch	between	different	dissolution	media	with	different	pH,	provision	of	sink	conditions,	easy
in	vitro–in	vivo	correlation	characterizations,	and	applicable	to	a	wide	range	of	drug	formulations,	e.g.,	pellets,	microspheres,	tablets,	microcapsules,	hard	and	SGCs,	implants,	creams,	ointments,	suspensions,	drug-eluting	stents,	and	suppositories	[99].	Figure	7.	At	the	end	of	the	first	step,	a	sample	for	analysis	is	taken,	and	then	the	dosage	form	is
removed	from	the	acidic	conditions.	[Google	Scholar]	[CrossRef]Lu,	X.;	Shah,	P.	[Google	Scholar]	[CrossRef]	[PubMed]Marchais,	H.;	Cayzeele,	G.;	Legendre,	J.Y.;	Skiba,	M.;	Arnaud,	P.	[Google	Scholar]	[CrossRef]	[PubMed]Jinno,	J.;	Oh,	D.;	Crison,	J.R.;	Amidon,	G.L.	Dissolution	of	ionizable	water-insoluble	drugs:	The	combined	effect	of	pH	and
surfactant.	Assessment	of	age-related	changes	in	pediatric	gastrointestinal	solubility.	We	conclude	by	saying	that	the	dissolution	method	for	SGCs	needs	to	be	drug	product-specific	and	it	may	not	be	a	good	idea	to	generalize	the	method	of	choice.	[Google	Scholar]	[CrossRef]	[PubMed]Bende,	G.;	Biswal,	S.;	Bhad,	P.;	Chen,	Y.;	Salunke,	A.;	Winter,	S.;
Wagner,	R.;	Sunkara,	G.	[Google	Scholar]	[CrossRef]Woo,	J.S.;	Song,	Y.-K.;	Hong,	J.-Y.;	Lim,	S.-J.;	Kim,	C.-K.	Rayon:	A	source	of	furfural·	a	reactive	aldehyde	capable	of	insolubilizing	gelatin	capsules.	Challenges	and	opportunities	in	the	encapsulation	of	liquid	and	semi-solid	formulations	into	capsules	for	oral	administration.	SGCs	were	stored	at	short-
and	long-term	conditions,	i.e.,	15	°C	for	3	months	and	25	°C	(60%	relative	humidity	(RH))	for	30	months,	respectively.	Reproduced	with	permission	from	[127],	Dissolution	Technol.,	2014.	2000,	89,	1073–1084.	Some	of	these	drugs	are	rofecoxib,	nimesulide,	and	macrolide	antibiotics	[171,172].Another	property	that	impacts	gelatin	cross-linking	is
increased	temperature.	Standard	gelatin	formulations	contain	less	water	and	dry	faster	to	improve	product	stability.	Sketch	of	a	USP	4	flow-through	system	showing	open	loop	(A)	and	closed	loop	(B)	configurations.	1975,	64,	356–357.	Often,	the	performance	of	a	drug	product	in	dissolution	shows	physical	behavior;	however,	it	does	not	necessarily
indicate	performance	in	vivo.	2001,	230,	35–45.	1989,	57,	169–172.	The	reservoir	provides	a	fresh	dissolution	medium,	which	then	passes	through	a	flow-through	cell	that	is	equipped	with	a	filter	on	top	to	prevent	the	passage	of	any	undissolved	particles.	2004,	58,	173–182.	Table	2.	The	distinct	advantage	of	self-microemulsifying	drug	delivery
systems	(SMEDDS)	is	to	improve	the	delivery	of	lipophilic	drugs	with	poor	bioavailability.	2010,	12,	397–406.	In	dissolution	guidance,	EMA	describes	specifications	for	the	quantity	of	active	substance	dissolved	in	a	specified	time,	which	is	expressed	as	a	percentage	of	API	on	the	product	label.	One	example	of	this	phenomenon	is	observed	in	SGCs,
where	the	fill	contains	povidone	as	a	viscosity	and	solubility	enhancer	[167,168].	The	percent	of	plasticizers	ranges	from	15%	to	30%	w/w	of	the	total	wet	mass	of	a	shell	formulation	during	encapsulation	[48].	[Google	Scholar]Gray,	V.A.;	Cole,	E.;	Toma,	J.M.D.R.;	Ghidorsi,	L.;	Guo,	J.-H.;	Han,	J.-H.;	Han,	F.;	Hosty,	C.T.;	Kochling,	J.D.;	Kraemer,	J.;	et	al.
2013,	2013,	848043.	Drug	release	refers	to	the	process	by	which	the	drug	in	a	drug	product	is	released	in	the	dissolution	medium	or	at	the	site	of	absorption	by	diffusion	or	dissolution	of	a	drug	product.	Non-gelatin	based	capsules.	[Google	Scholar]	[CrossRef]Hom,	F.S.;	Veresh,	S.A.;	Miskel,	J.J.	Soft	gelatin	capsules	I:	Factors	affecting	capsule	shell
dissolution	rate.	However,	when	the	dissolution	test	was	repeated	using	a	re-designed	dissolution	apparatus,	in	this	case,	nifedipine	SGCs	showed	the	best	dissolution	profiles.The	paddle	method	constitutes	about	70%	of	the	dissolution	methods	used	by	FDA-approved	commercial	drug	products	[100].	Gelatin	is	not	soluble	in	alcohols	and	non-polar
solvents.	1998,	15,	188–193.	[Google	Scholar]Jones,	B.E.;	Podczeck,	F.;	Lukas,	P.	B	1986,	41,	351–358.	1995,	12,	413–420.	In	a	previous	study	[63],	it	was	found	that	an	immediate-release	SGC,	containing	a	poorly	soluble	drug,	loratadine,	showed	peaks	distortion	in	the	presence	of	SLS.	However,	this	varies	from	drug	to	drug.	In	Pharmaceutical
Capsules;	Podczeck,	F.,	Jones,	B.E.,	Eds.;	Pharmaceutical	Press:	London,	UK,	2004;	pp.	compared	the	dissolution	of	SGCs	containing	a	poorly	soluble	amine	drug	using	the	USP	2	and	the	USP	4.	According	to	the	model,	the	release	mechanism	is	proportional	to	the	square	root	of	time	[85].	[131]	attempted	to	predict	the	human	plasma	drug
concentrations	of	SGCs	containing	a	poorly	soluble	drug,	arundic	acid.	Capsules	having	polysorbate	80	showed	film	formation	after	one	month	at	37	°C	and	80%	RH	[152].	1963,	52,	1145–1149.	[Google	Scholar]	[CrossRef]Buice,	R.G.,	Jr.;	Gold,	T.B.;	Lodder,	R.A.;	Digenis,	G.A.	Determination	of	moisture	in	intact	gelatin	capsules	by	near-infrared
spectrophotometry.	1982,	34,	5–8.	2008,	47,	547–552.	1996,	1,	21–26.	FIP/AAPS	Guidelines	for	dissolution/In	vitro	release	testing	of	novel/special	dosage	forms.	[Google	Scholar]	[CrossRef]Rane,	S.S.;	Anderson,	B.D.	What	determines	drug	solubility	in	lipid	vehicles:	Is	it	predictable?	2014,	21,	6–19.	However,	this	is	not	the	case	with	SGCs,	and	this
challenge	needs	to	be	addressed.	Manually	performing	the	two-step	dissolution	test	is	labor-intensive	and	requires	well-trained	analysts.	To	avoid	product	problems	and	issues	such	as	dissolution	and	cross-linking,	possible	interactions	of	plasticizer	with	fill	material	should	be	anticipated	[67].	SGCs	dissolution	goes	through	three	main	steps,	the	first
one	being	swelling	and	rupture	of	the	gelatin	shell,	followed	by	release	and	dispersion	of	the	fill	material,	and	finally,	the	dissolution	of	the	active	ingredient(s)	in	the	dissolution	medium	(Figure	6).	A	comparative	study	on	the	physical,	chemical	and	functional	properties	of	carp	skin	and	mammalian	gelatins.	AAPS	PharmSciTech	2011,	12,	782–794.
201–212.	Their	data	showed	that,	after	six	hours	of	dissolution	test,	most	of	the	viscous	oily	fill	formulation	was	still	entangled	within	the	baskets	and	this	led	to	the	dissolution	failure	[55].	Biol.	Meyer	et	al.	2015,	43,	360–376.	Rheol.	[Google	Scholar]	[CrossRef]	[PubMed]Garg,	S.;	Goldman,	D.;	Krumme,	M.;	Rohan,	L.C.;	Smoot,	S.;	Friend,	D.R.
Advances	in	development,	scale-up	and	manufacturing	of	microbicide	gels,	films,	and	tablets.	These	are	important	points	that	must	be	considered	while	developing	a	dissolution	test	for	SGCs:The	solubility	of	the	APICompatibility	of	API	with	soft	gel	fill	materialsType	of	surfactants	in	the	dissolution	mediumThe	need	for	sinkers	depends	on	whether	the
SGCs	are	floating	or	moving	within	the	dissolution	mediumThe	design	of	SGCs,	i.e.,	coated	or	non-coated	SGCsStability	of	the	API	in	the	dissolution	mediumNature	of	fill	components,	i.e.,	hydrophilic,	suspension,	lipophilic,	or	co-solventsDealing	with	drug	products	whose	gelatin	is	already	cross-linkedThese	points	above	may	be	changed	or	adjusted
based	on	initial	observations	and	the	first	set	of	feasibility	tests.	Likewise,	simulated	dissolution	media	must	take	into	account	the	developmental	changes	in	gastrointestinal	fluid	composition	because	these	can	result	in	variations	in	luminal	drug	solubility	between	children	and	adults.	The	gelatin	setting	properties	will	ultimately	influence	the	rate	of
dissolution	[45].Other	crucial	characteristics	of	gelatin	that	can	affect	dissolution	include	melting	point,	solubility,	particle	size,	and	chemical	composition.	Fill	material	must	be	viscous	enough	so	that	displacement	pumps	do	not	show	stringing	and	have	precise	dosage.	A	2007,	1160,	299–305.	UNIT	-	3	Parenteral	Preparation	Definition,	Types,
Advantages	and	Limitations,	General	Formulation,	Vehicles,	Production	Procedure,	Production	Facilities	and	Controls,	Formulation	of	Injections,	Sterile	Powders,	Implants	and	Long	Acting	Parenterals,	Emulsions	and	Suspensions.	[Google	Scholar]	[CrossRef]	Figure	1.	Each	data	point	represents	the	average	±	standard	deviation	(n	=	6).	For	a	given
SGCs,	there	is	an	inverse	relationship	between	the	Bloom	strength	and	the	dissolution	rate,	with	the	higher	Bloom	strength	resulting	in	a	lower	dissolution	rate	and	vice	versa	[34,35].	2015,	22,	765–784.	[Google	Scholar]	[CrossRef]	[PubMed]Moreton,	R.C.;	Armstrong,	N.A.	The	effect	of	film	composition	on	the	diffusion	of	ethanol	through	soft	gelatin
films.	The	shape	and	size	of	the	sinker	should	be	selected	carefully	as	it	can	impact	the	dissolution	process,	especially	in	cases	where	SGCs	swell	when	they	encounter	the	dissolution	medium.	This	is	attributed	to	the	increased	number	of	poorly	soluble	drugs	in	the	pipeline,	and	hence	the	challenges	of	finding	innovative	ways	of	developing
bioavailable	and	stable	dosage	forms.	These	vessels	are	connected	to	a	mill	to	reduce	particle	size	to	below	180	µm	for	the	encapsulation	process.(3)The	mixture	is	stored	in	the	receiver	containers	(Figure	3F,G).(4)When	fill	material	and	gel	are	ready,	the	encapsulation	with	soft	gelatin	will	start	(Figure	3H).	1993,	19,	2709–2712.	Solubility	and
dissolution	rate	enhancement	by	the	surfactants	are	a	function	of	surfactant	concentration	and	the	size	of	a	micelle,	and	its	stability,	all	of	which	can	be	related	to	the	critical	micelle	concentration	(CMC)	[105].	Water-insoluble	drugs	are	formulated	in	form	of	SGCs	using	lipophilic	vehicles	as	a	portion	of	fill	material,	greatly	enhancing	uptake	of	such
drugs	within	the	GIT	[22].Despite	these	advantages,	SGCs	are	not	a	first-line	oral	dosage	form	of	choice	for	most	pharmaceutical	companies	due	to	the	following	reasons:(1)SGC	technology	is	believed	to	be	relatively	expensive	to	produce,	and	this	can	increase	prices	to	consumers.	Sch.	Generally,	the	common	dissolution	volumes	used	are	in	the	range
of	500	to	1000	mL,	with	900	mL	being	the	most	commonly	used	in	the	FDA-approved	drug	products	[100].	[141]	characterized	the	dissolution	of	SGCs	containing	testosterone	undecanoate	in	oleic	acid	using	the	flow-through	method.	2005,	19,	221–229.	Dev.	1984,	18,	225–234.	On	the	other	hand,	for	drugs	that	have	high	solubility,	their	dissolution
will	be	rapid,	and	rate	and	extent	of	absorption	can	be	affected	by	other	factors,	e.g.,	membrane	permeability,	enzymes	degradation	in	the	GIT,	or	first	pass	metabolism.The	dissolution	rate	of	a	drug	product	in	each	solvent	is	defined	as	the	rate	of	transfer	of	individual	drug	molecules	from	the	solid	particles	into	the	solution	as	individual	molecules,
and	it	can	be	expressed	as	the	concentration	of	dissolved	API	for	a	given	time	interval.	2001,	53,	1109–1116.	Application	of	the	correlation	of	in	vitro	dissolution	behavior	and	in	vivo	plasma	concentration	profile	(IVIVC)	for	soft-gel	capsules-a	pointless	pursuit?	As	per	USP	,	the	requirements	are	met	if	all	of	the	SGCs	tested	rupture	in	not	more	than	15
min”.	[Google	Scholar]	[CrossRef]	[PubMed]Gupta,	S.;	Kesarla,	R.;	Omri,	A.	The	data	available	have	shown	that	the	higher	the	cross-linking	of	gelatin,	the	higher	the	molecular	weight,	and	this	is	inversely	proportional	to	the	dissolution	rates	of	gelatin	[43].	[Google	Scholar]	[CrossRef]Siewert,	M.;	Dressman,	J.;	Brown,	C.;	Shah,	V.	Use	of	enzymes	in
the	dissolution	testing	of	gelatin	capsules	and	gelatin-coated	tablets-Revisions	to	dissolution	and	disintegration	and	dissolution	of	dietary	supplements	.	The	effect	of	rayon	coiler	on	the	dissolution	stability	of	hard-shell	gelatin	capsules.	[93]	compared	the	rupture	and	disintegration	tests	of	SGCs	of	amantadine,	ginseng,	flaxseed	oil,	pseudoephedrine
hydrochloride,	and	soybean	oil.	[Google	Scholar]	[CrossRef]	[PubMed]Sha,	X.;	Yan,	G.;	Wu,	Y.;	Li,	J.;	Fang,	X.	Then,	the	dissolved	API	diffuses	out	through	the	capsule	shell	due	to	concentration	gradients.	All	formulations	were	evaluated	for	in	vitro	dissolution	containing	2.3%	SLS	at	pH	6.0	and	USP	1	at	25	rpm.	[Google	Scholar]	[CrossRef]Lu,	Y.;
Zhang,	E.;	Yang,	J.;	Cao,	Z.	Ind.	1969,	7,	2019–2028.	[Google	Scholar]	[CrossRef]Soltero,	R.A.;	Hoover,	J.M.;	Jones,	T.F.;	Standish,	M.	They	compared	the	dissolution	profiles	generated	using	USP	1,	2,	and	3.	1998,	15,	11–22.	Indian	J.	Skin	gelatin	from	bigeye	snapper	and	brownstripe	red	snapper:	Chemical	compositions	and	effect	of	microbial
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properties	of	SGCs	is	the	use	of	flow-through	cell	dissolution	apparatus	(i.e.,	USP	4).	Therefore,	these	functional	groups	remain	protonated	in	acidic	pH	and	deprotonated	in	alkaline	pH.	Effects	of	concentration,	bloom	degree,	and	pH	on	gelatin	melting	and	gelling	temperatures	using	small	amplitude	oscillatory	rheology.	Self-dispersing	lipid
formulations	for	improving	oral	absorption	of	lipophilic	drugs.	Because	of	this,	the	SGCs	approach	has	been	utilized	as	an	oral	delivery	formulation	strategy	for	the	development	of	poorly	soluble	drugs	[10].	Likewise,	SGCs	are	not	generally	capable	of	holding	water-based	liquids,	as	there	is	a	possibility	that	the	medication	could	diffuse	out	of	the	soft-
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