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ABSTRACT

This review seeks to provide an overview of varimethods by which active ingredients of drugs cen b
nanonized (converted into sizes ranging in the ordé 1-100 nm) in order to improve their dissolutio
characteristics. It explores why drug dissolutienimportant for their bioavailability and how pagte size, in
turn, can affect this process in accordance with NMoyes- Whitney equation. Various techniques wivglboth
bottom-up and top-down approaches for the nanoitiradf drugs are possible, however some methodsepro
better than others especially those of the bottgntype due to lesser energy requirement and timapefation.
Though many novel methods for the nanonizationrof<are being introduced for the purpose of imjmgv
dissolution of poorly-water soluble drugs, it cahrm® substantiated for its use because such mettodsot
increase the saturation solubility of such drugs.
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INTRODUCTION

Nanoscience and nanotechnology encompasses a anide of applications in almost every field of scerand

technology. The property of this technology thakesit so versatile is the fact that when partgilee reduces to
the nanometer range from the micrometer or maangeathe properties of the same molecules changeays

that can be exploited for advantageous purposeseShe 1970’s, the significance of nanotechnoliogyringing

forward drug carriers for increasing the site-sfieity and bioavailability of drugs has been preard| reducing
possible side effects of the orally administeredgdas well as being systems that almost comple@hain only

active pharmaceutical ingredients (APIs) [20-22].

In contrast with the introduction of nanotechnoldgio pharmaceuticals and drug development, studliedrug
dissolution span as far back as the 1800's andntipertance of dissolution on a drug’s therapeufieat was
discovered in 1897 [1,2]. The use of nanonizati@mrsus other strategies for improving drug dissohuti
characteristics by innovators rests with the féett tthis strategy is a universally viable optiorha@ging and
controlling particle size and particle size disttibn is well within the hands of formulators andig developers
and this can be exploited to suit a wide varietdrofg molecules [22, 28].

According to the drug molecule involved and theafiform of the nanonized product, various bottomamgl top-
down methods can be used for this purpose. Congpaasd analysis of the best methods to use foicpdat
API’s is tied with the success of bioequivalenaedsts or IVIVC studies [5].

OVERVIEW OF DISSOLUTION AND DISSOLUTION STUDIES

For almost a hundred years, oral administrationdafgs has been the primary route versus other soiate

administration. Physical chemists have been exmiothe dissolution process since the end of the)'$8fut the
importance of this process in the bioavailabilifydougs was realized only about half a century agee foundation
for dissolution research was provided by Noyes Wfdtney in 1897 [2] where they described that: thee of

dissolution is proportional to the difference betwahe instantaneous concentrati6rat time¢ and the saturation
solubility Cs.

Mathematically, this is represented as: % =k(Cs—C) wheré is a constant (1)
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The mechanism of dissolution proposed involvedekistence of a thin diffusion layer around the dslisurface
that enables molecular diffusion into the bulk ampgephase. Brunner and Tollockzo furthered thetiegistudy on
drug dissolution and proved that dissolution rato alepends on factor like the exposed surfacehefdrug,
temperature, structure of the surface etc. [3] Mbeel is mathematically represented as:

o =k, S(Cs - ©) (2)

Where S'is the surface area and from Eq. 1, k is replaeiéu k,S. Further development came in the form of the
Nernst-Brunner equation [4] which was based orctiveept of the diffusion layer and combined witbks second
law of diffusion:

E D.SKW/O(Cs—C)

= 2 wjorrsT ®)

dt Vi

Here,k, from Eq. 2 is replaces witl‘ﬂ}D;. WhereD is the diffusion coefficienta is the thickness of the diffusion layer

andk,,, is the water/oil partition coefficient of the draad V' is the volume of the dissolution medium. This
equation is also known as the modified Noyes-Whiteguation and is used for modern dissolution stidi

OVERVIEW OF THE BCSSYSTEM

According to the Biopharmaceutics classificatiostsyn introduced in 1995, there are four classificet of drugs
based on their kinetics and thermodynamic properiibe classification system is a regulatory that tan be used
to perform in-vitro dissolution tests and correltiteir results to the in-vivo performance of thegirThese studies
are called in-vitro in-vivo correlation studies (WC) studies and are performed on generic drugs [5]

In order to identify and determine the BCS class afrug, there exist three class boundary parametetubility,
permeability and dissolution where dissolutiond% [ “..the amount of drug substance that goes &aoition per
unit time under standardized conditions of liquidi interface, temperature and solvent composition

For BCS class Il drugs, agueous solubility is pbot their transport across the Gl mucosa is eagile. Thus,
dissolution is the rate limiting step for the alpgmm process across the Gl mucosa unless theigiagministered
at high doses [8, 6, 9]. Solubility of a drug salpsie in the Gl tract depends on various factor$ $li6h as the
surface area of a solid wetted by luminal fluidgy@ous solubility, crystalline structure lipophiti; relative pKa to
the Gl tract etc. Examples of BCS class Il drugdude Fenofibrate, Glibenclamide, and Ezetimibe etc

Table - 1 The Biophar maceutical Classification System of Drugs [5-6]

BCS class Permeability Solubility
| High High
Il High Low
1] Low High
[\ Low Low

IMPORTANCE OF DISSOLUTION AND DISSOLUTION RATE OF DRUGS

About 60% of new chemical entities (NCEs) produckding drug discovery show poor solubility in aquso
mediums [12]. These poorly soluble drugs have lavatailability, uncontrolled absorption in the Gad¢t and low
saturation solubility [11].

Dissolution and dissolution studies are importantiie following reasons [5] [7]:
i) Itis one of the most crucial quality control tekisdrug dosage forms

i) Itis an important method used to predict bioa\mlity

ii) It can replace clinical bioequivalence studies

iv) It has a significant effect on the pharmacologalvity of a drug

However, it is not a suitable method to replacéstés safety and efficacy of a tablet on humaris [Dissolution
and dissolution rates determine drug absorptionsscthe Gl barrier as well as the physiologicailaldity of the
drug in the bloodstream [7]. The dissolution raé@ control the speed at which certain drugs ark bpiin the
bloodstream and thus affect their bioavailabilitglaherapeutic action.

Factor s affecting dissolution
“A drug product is considered rapidly dissolving emh85% or more of the labeled amount of drug substa
dissolves within 30 min using USP Apparatus 1 or & volume of 900 mL or less of buffer solutiof$3-14]
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Here, USP dissolution Apparatdsrefers to the Basket (at %) and USPDissolutior Apparatus 2 refers to the
Paddle (at 37C) according tothe standardized specifications by the Uharmacope [19]. Various
physicochemical of a drug amdhysiologica conditions in the Gl tract influence théssolutior properties of a drug
substance. These include fodowing, summarized in the table -2:

Table - 2 Factor s Affecting the Rate of the Dissolution Process[15-18]

Factor Physicochemical properties Physiological properties
Surface area of drug Particle size, wettability Surfactant in gastric juice and bile
Diffusivity of drugs Molecular size Viscosity of luminal contents
Boundary layer thickness Concentration of the drug Motility patterns and flow rate
Solubility Hydrophilicity, crystal structure, solubilization, Buffeapacity pH, bile and food composition
Amount of drug already dissolved Hydrophilic, lipophilic nature of the drug Permeability
VVolume of solvent available Type of body fluid Secretior co-administered fluids
Gl barrier [o) B !
Disintegration [#) 00 o Disintegration _
fe) Small particles

Grafiules

Non disintegrating |:>
Bloodstream

Limited dissolution Best dissolution

Disintegration to granules

Fig. 1 Schematic diagram of the dissolution process|[7] Fig. 2 Tablet disintegration and dissolution [31]

NANONIZATION FOR DISSOLUTION ENHANCEMENT

Since the 1970s, nanostructuresre developed in order to act as drug carriers [2(, Ranonized drugs pose the
advantage of being increasingite-specific and reducing possible side effects ofataly administered drug as
well as being systems that almosmpletdy contain only active pharmaceutiégagredient (APIs) [22].

Since this review focuses @nhancin dissolution characteristics of drugs througimonizatior the main idea is
based on the effect of the surfare: of the drug and the diffusivity of the drug aseaul of reduced particle size
through scaling the activiagredien down to the nanometre level.

Other methods to improwdissolutior of drugs include: salt formulations, mdjustmen cosolvency, complexation
[11], dispersion of drugs icarrier: [23-27] etc. The reason why the nanonizatigproac was studied versus
others, is because nanonizatigna universally applicable method for improvimnguc dissolution properties.
Nanonization is considered dmecaus many or all of the factors governing dreglubility are not controllable by
the manufacture while particle sizea parameter that can be greatly controlled [2Bg ficronization of drugs has
been studied prior to nanonizatistudie: but though it has improved the dissoluti@iocity of drugs, it has not yet
yielded significant results imcreasini the saturation solubility [28] which is thmair factor that decides the
viability of a formulation techniqufl1]. Also, conventional techniques such as parscie reduction, spray drying
and micronization, ball millingtc rely on mechanical forces that can degrade sblid particles while trying to
achieve disaggregation [29].

A crucial property that substandeserit when scaled down to the nanometre levéhést large ratio of surface area
to volume. This property can be better understood using dhough experiment [30]:
"consider a cube of edge Waeter and cut it into two pieces, thereby exposauglitiona ‘faces' of the material.
That is, new visible or usable areae added while the total volume remains the s&apec this exercise until all
particles reach a size approximatel one nanometer. The result is a group of spetticle: with enormous surface
area which occupy the samelume we started with”

As a consequence of a largarfact area exposed in a small volume, nanopartialeseasily soluble in liquids
which is a pertinent feature immprovinc the dissolution properties of drugubstance in aqueous solutions.
The correlation between increasealubility and surface area can be explainedheymodified Noyes Whitney

103



Sunder and Nair Euro. J. Adv. Engg. Tech., 2016, 3(8):101-110

equation introduced in previowsction of this review. Another postulate that Haser introduced states that in
agitated systems, a reduction time particle size reduces the thickness of Hyelrodynami layer around the
dissolving particles and thugsduce the distance for the dissolution process it§&#]. Drugs such as Estradiol,
Doxorubicin, Cyclosporine andaclitaxe are already being prepared by nanonizatiorcédonmercial use [33].

Nanosized carriers are alswiable option for the delivery of poorly water solulideugs however nanonization of
drugs only involves nanonizing tlaetive ingredient in the drug itself for enhancisglubility [34].

Fig. 3Increasein surface area by reduction in particle size[30]

METHODS FOR DRUG NANONIZATION: BOTTOM UP METHODS

The following table summarizake various forms in which nanonized drugs carsyethesize( The details of each
method shall follow in subsequesibsection:

Table- 3 Methods for Preparation of Nanonized Drugs[11] [22] [33] [35] [36]

Nanonized form of drug Bottom-up synthesis methods Tdpwr synthesis methods
1. Nanoprecipitatio Mediamilling
Nanosuspension 2. Supercriticalfluic technology Dry co-grindinc
3.  Emulsion: and microemulsions High pressur homogenization

NEINEIwN e

i i initati Beadmilling
Nanodispersion Nanoprecipitation High pressur homogenization
Nanocrystals 1.  Supercritice fluid technology Beadmilling

2. Ultrasonic precipitation High pressur homogenization

Nanopr ecipitation [11] [37-44][50]
This bottom-up method involves poorly water-soluble drug, a suitable solventniacible anti-solvent and an
agitator. The process is basedtbeprinciple of transferring a polymer from a gosalven to a poor solvent state.
This leads to self-assembiyediater growth of nanoparticles by formation pfecipitater polymeric chains. The
poorly water soluble drug @issolvecin the solvent and added to the miscible antiren with continuous stirring
and agitation. The solvent and astilvent should be completely miscible so that prsegeration is caused when
the poorly soluble compoundéslde( and its solubility limit is exceeded. This proceas be used for the formation
of drug nanosuspensions, natispersion as well as nanocrystals. The phasparatio process usually takes time
in the order of a few ms to a fqws The final morphology of the nanoparticlesaftectec by the following factors:
i.

i) types of solvents

i) the volume ratio of antsolvent to solvent

iii) stirring rate and

iv) drug content

Nanoprecipitation can also Iperformecin conjunction with the use of ultrasoni@ve: to enhance disaggregation
for example for the drufurosemidi, where particles are sonicated in an ultrasontie.ba

Supercritical Fluid Technology [22] [45-49] [53] [54]

Super-critical fluids can be defined fluids that are in a state where their tempegatnic pressure are greater than
their critical temperature amutessur causing them to possess properties vacillagdweel those of a liquid and a
gas.

In this process, free-flowing smalarticles with a large surface area are prodweigld small amounts of organic
solvents as by-products. Thischniqur also allows controlled particle size of tfieal products via co-solvents,
polymers etc. In supercriticadrystallization the supercritical fluid expands to form liquid solvent, and the
dissolved drug precipitates due decompression of the supercritical fluid. Thee of this process to form
nanonized drug particles is @nsiderabl example for the universality of th@roces since a large variety of
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crystalline materials can breagent in this method through the combination of otbpecia methods (eg. freeze
drying, spray drying, specializewzzle: etc.).

CGO, is the most common gas usgde to its low critical temperature and pressureXB1.10C and Pc = 73.8 bar
respectively). Specifically, proces called Rapid Expansion of Supercritical Solut{®&ESS can be used to make
particles in the range of um to rimg using Supercritical CO2 (SC-C0O2). The pombluble solute is dissolved in
SC-CO2 after which an extremehs! phase transfer from supercritical to gas plerseir: as the gas expands to the
atmospheric conditions. Particlesf narrow size distribution and small size che obtained due to high
supersaturation in SC-CO2 artle to the speed of the phase separatibexamethasor phosphate drug
nanoparticles (fomicroencapsulatiol and griseofulvin nanoparticles were preparedidig¢ this method.

Recyeling of CO2

T. " controd

Heat
o, exchanger
pump

Heating

co,

Hydrophobic
compound

Fig. 4 Synthesis of nanoparticles by use of supercritical CO, [49]
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of carions C Hydroxide or
oxide precipitate
forms

Fig. 5 Mechanism for synthesis of nanosuspensions using microemulsion based templates

Emulsionsand Micro Emulsions[11] [28] [51, 52]

In this method, emulsions andhicrc emulsions serve as templates for thynthesi of nanosuspensions.
Microemulsions can be defined t®rmodynamically stable, homogenous #émahsparer dispersions of water in
oil stabilized by a surfactanspmetime in combination with a surfactant. An examplea drug nano suspension
prepared by this method Griseofulvir where butyl lactate acts as the oil phasaater lecithin and the sodium
salt of taurodeoxycholate asirfactan’ There are two possible methods by which namulsions can be prepared
using these templates which azempare in the table -4. The Fig. 5 displayssahemati process by which
nanosuspensions can $mthesize using microemulsion based templates.
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Table-4 Methodsfor Synthesis of Nanonized Drugs using Microemulsion based Templates [28]

Method | Il
Material dispersed in agueous phasttm Organic mixture of solvents/mixture of . .
) . Partially water-miscible solvents
an emulsion solvents loaded with drug + surfactants
Step for obtaining nanoparticlessnspensic Evaporation of O;?::S'ﬁfehase under reducgd Dilution of the emulsion

METHODS FOR DRUG NANONIZATION: TOP DOWN METHODS

Compared to other techniquasc bottom-up processes these techniques redaiige! input energy and longer
operation time.

This technique, also called aear milling, was developed by Liversidge et. al. Tim@nciple of this method is

similar to the ball milling methodised for the production of nanoparticles but diféerence lie in the grinding

media used, the sample size tbé material to be ground, the chamber size, fipatticle size distribution etc.

Nanosuspensions containir@jlostazo Danazol Naproxen can be prepared by thisthod. The above table
summarizes the differeparametel involved in this method.

One of the most commanstrumens used for this purpose is the Dynomill which isagitato bead mill. Specially
designed agitator discs, mountesgmmetricall on a shaft, transfer the energgquirec for dispersion and wet
grinding to the spherical grindirtgeads An external pump feeds the product into thil. The advantages of this
instrument include:

» Completely enclosed system

* Highest efficiency

» Easy operation and easy-dervice

» Optimal geometry of grindingontainer and agitator discs

» The appropriate mill size favery application

« Different materials availablf®r wear parts in contact with the product

* Fields of application
One disadvantage of this methisdhe risk of contamination of the particles obtaitgy eroded particles from the
bead mills.

Media Milling/Bead Milling [56-59, 61]

Table -5 Parameter s Involved in the Bead/M edia/Pear | Milling techniQue for Drug Nanonization [11]

Component Details
Grinding media used Zirconium oxide beads, highly crobeked polystyrene resin beads and glass t
. . High energy and shear forces generated as a méshit attrition of the milling mediwith the
Working principle drug
Nanosuspensions are produced millin
Working mechanism the drug with milling media in simple glaggls for certain hours or days, a

nanosuspensions are produced

The sizes of beads, number of beads, mitlimg, milling speed, characteristics of drand
temperature

Factors affecting final nanosuspensior

-

al

L~

Fig. 6 Agﬁator shaft of Dynomill (Ift) and agitator discsin the Dynomill (right)

Dry Co-Grinding [62-70]

While media milling is a wetrinding technique, nanonization can be achieved vianditjing techniques as well.
Nanosuspensions in this case arepared by dry grinding of poorly soluble drugih soluble polymers and
copolymers. Polymers and qmlymer: like polyvinylpyrrolidone (PVP), sodiunr dodecylsulfate (SDS),
polyethylene glycol (PEGhydroxypropyl methylcellulose (HPMC), and cyclodextderivative: are used in dry
co-grinding techniques f@reparatio of hanosuspensions.
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The dry co-grinding processnable improvements in surface polarity and aicnsformatio from a crystalline to
an amorphous form. This isnportan because amorphous forms of drug candiddtew better solubility than
crystalline forms in aqueous pha&rugs prepared using this method includé&rithromycin Glibenclamide and
Griseofulvin, GlisentideNaproxer Phenytoin, Nifedipine, Indomethacin, Pranluk&stmofibrat etc.

High Pressure Homogenization [71, 72]

High pressure homogenizatidechnique include microfluidization and piston-gdqwmogenizatior The former is
based on the principle of usingjet stream, where two fluid streams collide in askvape chamber under high
pressure to achieve particle siagluction The latter technique uses force to allowaaticulatt suspension to flow
through a small gap (about 5 pmijth the use of high pressure. Particle gieductior to the nanometer range is
achieved due to cavitation, shdarces and turbulent flow. The advantages of thiethoc include homogenous
particle size distributiorreproducibility lower production time, and continuopoductiot

The following figure presents schemati diagram of the parameters involved in thigh pressure homogenization
process:
Turbulent flow

Shear stress \ , / High temperature

/
High \

hydrostati e——qoc.u O 2

pressure
(upto 400 33223
MPa) ¢ee

/ \

Cavitatior
Fig. 7 Various physical phenomena simultaneously affecting a fluid during high pressure homogenization

Irmpingement

CONCLUSION

Nanonization of drugs is a promising technicin enhancing the dissolutiortrategies of drugs for exampl
Clarithromycin, Glibenclamide and Griseofulvin, &dntide, Naproxen, Phenytoin, Nifedipine, Indomeitng
Pranlukast, Fenofibrate et@he use of nanonization over micronization tedbgies ad other methods for the
improvement of drug dissolution can be attributethe fact that nanonization strategies

« Universally applicable ta wide variety of drug molecul

 Improves dissolution rate due to increase in serfaea availabilit

 Improves saturation solubility

« Increases sitgpecificity of a dru

« Avoids the danger of toxic dosage levels of drugstie improvement of its bioavailabili
The challenges to this include the lack of firmderice in the form of clinical trials for tfimprovement in
dissolution of drugs where only-vitro dissolution characteristics were studied #particular drug. Also, th
optimization of the process especially in-down technologies where greater time and energxpgnded for th
purpose of anonization presents sce for improvement.
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