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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

PARTS OF SOLVENT
DESCRIPTIVE TERM REQUIRED FOR 1 PART
OF SOLUTE
Very soluble <1
Freely soluble 1-10
Soluble 10-30
Sparingly soluble 30-100

Slightly soluble

Very slightly soluble 1000-10,000

Practically insoluble or insoluble >10,000




Biopharmaceutical classification System
(BCS)

BCS Solubility | Permeability Oral Dosage Form Approach Chances of Non-oral Dosage

Class Form being Required
1 High High Simple solid oral dosage form
2 Low High ® Techniques to increase

surface area like particle size
reduction, solid solution,
solid dispersion

e Solutions using solvents and/
or surfactants

3 High Low Incorporate permeability
enhancers, maximize local
lumenal concentration

4 Low Low Combine 2 and 3

Source: Technical Brief 2011 Volume 9
Particle Sciences




How big is the problem?

About 40% of of the top 200 oral drugs marketed in the
United States

33% of drugs listed in the
US Pharmacopeia

75% of compounds under
development

Nearly 90% of molecules
in the discovery pipeline

Fonte: Rodriguez-Aller et al., 2015

llustragdo: Orlando Paes Filho® http://www.anguswar.com




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.

nanosuspension

(MAULUDIN & MULLER, 2013)




Nanotech Strategies: poorly soluble drug substance

Polymeric nanoparticle

nanoemulsion

Solid Lipid Nanoparticles

liposome

Nanocrystal
100% drug




Fundamentals: Noyes-Whitney Equation

dx
dt

dx/dt : dissolution velocity

D: dissolution coefficient

A: particle surface area

h: diffusion distance

C, saturation solubility

X: liquid interstitial concentration
V: dissolution medium volume

—=[(DxA)+h]

X Eq.(1)
x| Cs ——
V




Fundamentals: Kelvin Equation

lnp=

Po

p: actual vapor pressure
P, saturated vapor pressure
y: surface tension

V.. : molar volume

R: constant

r : radius droplets

T: temperature

v’ 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 & MULLER, 2008)
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Surface area to volume ratio
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Area=5cmx5cmx 6 =125 cm? (1 cube) or 0.015 m?

o N

Area=1nmx1nmx6 x 1.25x 1023 = 7.5 x 102 nm? or 750,000 m?

Ratio: 750,000 + 0.015 =50 million



1. saturation solubility c,: "
= f (size - d) Px
X

= f (curvature) ' %
= f (dissolution pressure - p,) 4‘ |qu

macroparticle microparticle nanoparticle
d =1000um d=10um d =200nm

2. dissolution velocity dc/dt:

= f (saturation solubility - c.)

= f (diffusional distance) A
= f (total surface area- A) VS

" Y " Y
Y X A @ ,
7§ Uﬂﬂ ﬂﬁ
—> AT
' \ | ' d =200nm

"N

b
d=10pum

1 1000 125 000 000
macroparticle microparticles nanoparticles
d =100pum decreaseind: /10 decrease in d: /500
A = 60,000um? increasein A: e 10 increasein A: @ 5000
oL
3. adhesiveness: ¥ ¢
= f (size) “’(
= f (contact area) 1 N\ vy
g G o
o M7 200nm
2"
“e
()
increased contact area!

1 contact point versus 125,000 contact points




Nanocrystal: sales 2016
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Nanocrystal: FDA submission
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Global Nanotechnology in Drug Delivery Industry

Nanotechnology in Drug Delivery market worldwide j ' to grow by US$104. 9
Billion, driven by a compounded growth of 20. 4%. Nanocrystals]one of the segments
analyzed and sized in this study, displays the potential to grow at over 18.
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Miniaturized wet-bead milling method

Advantages

—

Rifampicin nanocrystal

crystal microcrystals

nanocrystals

Increase in dissolution rate

o
1P, I P
N
TP microcrystals  hanocrystals

crystal

Increase in apparent solubility

nanocrystals

microcrystals

Increase in mucoadhesiveness
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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).
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Table 1. Saturation solubility (n=3) of OA raw material, physical mixtures of FA (PM-
FA), FB (PM-FB) and FC (PM-FC), nanocrystals formulations (FA, FB and FC) and the
increase in solubility.

. Increase in
Media (mg/ml.) solubility (times)
Formulation Water Acetate Acetate
pH 4.5 Water pH4.5
OA 0.10 0.11 010 0.20 0.18 0.19 RV RV
PM- FA 0.09 0.10 0.09 0.21 0.20 0.20 - -
PM- FB 0.11 0.11 010 0.22 0.21 0.21 - -
PM- FC 0.11 0.10 0.10 0.19 0.20 0.20 - -
FA 135 137 136 220 222 2.20 13.6 11.0
FB 065 066 063 150 148 1.51 6.3 7.5
FC 065 056 056 1.02 1.03 1.04 5.6 5.0
RV: reference value; - : not observed; OA: orotic acid raw material; PM-FA: physical

mixtures of orotic acid, methylcellulose, polysorbate 80 and glucose; PM-FB: physical
mixture of orotic acid, methylcellulose, polysorbate 80, povacoat® and glucose; PM-FC:
physical mixtures of orotic acid, methylcellulose, povacoat® and glucose; FA:
nanocrystal formulation FA; FB: nanocrystal formulation FB; FC: nanocrystal formulation
FC.
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objetos da presente invencao. Adicionalmente, a presente invengao
refere-se ao uso dos referidos nanocristais de artemeter no preparo
de medicamentos com formas farmacéuticas orais para tratar a
malaria.
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Figura 15. Graficos de contorno relativo a da avaliagdo do diametro
hidrodinamico médio de particula de nanocristais de artemeter contendo as
seguintes variaveis: tempo de moagem (dias), concentragdo de artemeter
(%m/m) e concentragdo do soluplus® (%om/m).
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Nanocristais de dapsona para o
tratamento de Hanseniase: preparacao e
caracterizacao fisico-quimica
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Abstract

Ocular infection caused by Mycobacterium tuberculosis affected an estimated 0.1-0.2
million people in the year 2018 worldwide and may result in irreversible loss of
vision if not treated properly. Despite this significant figure, the only therapy used
to date is the oral administration of anti-tuberculosis drugs substances, mainly
rifampicin (Rif), which presents severe adverse effects. Besides, the blood-retinal
barrier (BRB) impairs the drug substance bioavailability into the eye. Thus, it is
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PBCA nanoparticles

PBCA emulsion polymerization first introduced by Couvreur in
1979;

Most frequently used method to obtain poly
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.
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Macrophage cytotoxicity assay

% cell viabili

Concentration (V)

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

No statistically significant difference was observed



Leishmanicidal activity evaluation against L.
amazonensis amastigotes

A B
&
Infected = ’ ‘ ‘.
macrophage Y Free NFOH
". ,¢-|~
P I . -"r K .
o) ymerlc X \ Nanostructured
nanoparticles NFOH
(blank) ® &
Parasite

Concentration: 15 uM



Leishmanicidal Activity

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

Polymeric Nanostructured
IC; Nanoparticles NEOH Free NFOH

u 25.2 | 0.33 {312

Nanostructured NEOH activity -fiolld

higher than the free NFOH
Encapsulation efficiency: 64.4 + 0.7% (w/w)




