
Drug	Nanocrystal	for	the	
treatment	of	neglected	diseases	

Profa.	Assoc.	Nádia	Bou-Chacra	



PATENTES	

DOENÇAS	NEGLIGENCIADAS	



Artemeter:	
malária	

Rifampicina:		
Tuberculose/hanseníase	

Dapsona:	
hanseníase	NFOH:		leishmaniase	

Buparvaquona:	leishmaniase	

NFOH:	leishmaniase	

Rifampicina:	
tuberculose/hanseníase	

Ácido	orótico:	
malária	



Outlines	

– Why	nanocrystal	is	a	smart	approach…	
	
– How	nanocrystal	works…	

– What	can	be	accomplished	using	nanocrystal	
platform?	

	



Poorly	water-soluble	drug:	United	
States	Pharmacopeia	

Table	1.	Relative	terms	of	solubility	

	

DESCRIPTIVE	TERM	
PARTS	OF	SOLVENT	

REQUIRED	FOR	1	PART	
OF	SOLUTE	

Very	soluble	 <	1	

Freely	soluble	 1-10	

Soluble	 10-30	

Sparingly	soluble	 30-100	

Slightly	soluble	 100-1000	

Very	slightly	soluble	 1000-10,000	

Practically	insoluble	or	insoluble	 >10,000	



Source:	Technical	Brief	2011	Volume	9	
						Particle	Sciences	

Biopharmaceutical	classification	System	
(BCS)	



How	big	is	the	problem?	

About										of	of	the	top	200	oral	drugs	marketed	in	the	
United	States		
									of	drugs	listed	in	the		
US	Pharmacopeia	
								of	compounds	under		
development	
Nearly										of	molecules		
in	the	discovery	pipeline		

40%	

90%	

Ilustração:	Orlando	Paes	Filho®	http://www.anguswar.com	Fonte:	Rodriguez-Aller	et	al.,	2015		

33%	

75%	

	
	
	



Drug	Nanocrystal:	definition	

•  Particle	 with	 average	 size	 in	 the	 sub-micron	 range,	
which	 has	 no	 matrix	 and	 its	 structure	 can	 have	
amorphous	 or	 crystalline	 character.	 Such	 particles	
are	 stabilized	 in	 the	 water	 through	 the	 addition	 of	
surfactants	or	polymers	in	the	formulation.		

	
	
	

	 	 	 	 	 	 	 	 	 												(MAULUDIN	&	MULLER,	2013)	

nanosuspension	



Nanotech	Strategies:	poorly	soluble	drug	substance	

Solid	Lipid	Nanoparticles	

liposome	

Nanocrystal	
100%	drug	

Oil	

Drug	

Polymeric	nanoparticle	

nanoemulsion	



Fundamentals:	Noyes-Whitney	Equation	
	

	
dx/dt	:		dissolution	velocity	
D:		dissolution	coefficient	
A:		particle	surface	area	
h:		diffusion	distance		
Cs	saturation	solubility	
X:	liquid	interstitial	concentration	
V:	dissolution	medium	volume	
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Fundamentals:	Kelvin	Equation	

	
	p:		actual	vapor	pressure	
P0	:	saturated	vapor	pressure		
γ:		surface	tension	
Vm	:	molar	volume		
R:			constant		
r	:	radius	droplets	
T:		temperature	

ü  due	 to	 the	 increased	 saturation	 solubility,	 the	 concentration	 gradient	
between	 gut	 lumen	and	blood	 is	 increased,	 consequently	 the	 absorption	
by	passive	diffusion	will	be	improved	(JUNGHANNS	&	MÜLLER,	2008)	

	

ln p
p0
=
−2γVm
rRT

Eq.(2)	





	
Surface	area	to	volume	ratio		

	

5	cm	

5	cm	

	Area	=	5	cm	x	5	cm	x	6	=	125	cm2	(1	cube)	or	0.015	m2			

Area	=	1	nm	x	1	nm	x	6		x		1.25	x	1023	=		7.5	x	1023	nm2		or		750,000	m2			

Ratio:	750,000		÷	0.015	=	50	million	





Nanocrystal:	sales	2016	

2002	 2003	 2004	 2005	

	US$		115	

US$	62	
US$	307	 US$	58*	

2006	 2008	 2009	

US$	2,210		

	US$		58	



Nanocrystal:	FDA	submission	
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Fig.	11.	Dissolution	profiles	of	Rif	nanosuspensions	(F1-Rif	and	F2-Rif)	and	micronized	
rifampicin	commercial	suspension	(F-FURP)	obtained	with	paddle	dissolution	test	
(900mL	of	phosphate	buffer	pH	6.8,	50	rpm,	37	°C)	(n=3).	



BR1020160202434	

	



	

Figure	3.		(a)	Z-average,	(b)	zeta	
potential	and	(c)	polydispersity	index	
of	FA,	FB	and	FC	for	three	months.	

≅	100	nm	

≅	-	10	mV	

≅	0.20	
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Nanocristais	de	dapsona	para	o	
tratamento	de	Hanseníase:	preparação	e	

caracterização	físico-química	
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PBCA	nanoparticles	
•  PBCA	emulsion	polymerization	first	introduced	by	Couvreur	in	

1979;	
•  Most	 f requent l y	 used	 method	 to	 obta in	 po ly	

butylcyanoacrilate	nanoparticles;			
•  The	 polymerization	 initiated	 by	 hydroxyl	 ions	 of	 water	 and	

polymer	 elongation	 occurs	 by	 anionic	 polymerization	
mechanism;	

•  Size	usually	ranged	from	50	to	300	nm;		
•  Promising	 method	 for	 nanoparticle	 development	 for	 drug	

targeting	to	macrophages.	

Nicolas e Couvreur, 2009	



PS,	PDI	and	ZP		



	
No	statistically	significant	difference	was	observed		

Free	hydroxymethylnitrofurazone	(NFOH)	(					);	Nanostructured	NFOH			(					);	
Unloaded	nanoparticles	(						).		

Macrophage	cytotoxicity	assay	



Leishmanicidal	activity	evaluation	against	L.	
amazonensis	amastigotes		

Infected	
macrophage	

Polymeric	
nanoparticles	

(blank)	

Free	NFOH		

Nanostructured	
NFOH	

Parasite	
Concentration:	15	µM	



IC50
Polymeric	

Nanoparticles	
(blank)	

Nanostructured
NFOH	 Free	NFOH	

µM	 25.2	 0.33	 31.2	

Table	1.	Inhibition	leishmanicidal	concentration	(IC50)	of	blank	nanoparticles,	
nanostructured	NFOH	and	free	NFOH.	

Leishmanicidal	Activity	

	

	


