GSC Biological and Pharmaceutical Sciences, 2019, 08(03), 094-103

GSC Biological and
(}fc Pharmaceutical Sciences

Available online at GSC Online Press Directory /

;\Q% GSC Biological and Pharmaceutical Sciences ] %’%j
a A
il ¢ e-ISSN: 2581-3250, CODEN (USA): GBPSC2 L
GS C Journal homepage: https://www.gsconlinepress.com/journals/gscbps AW oS G
ONLINE PRESS A
(REVIEW ARTICLE) @ CrossMark
& click for updates

Role of nanocomposites in drug delivery
Paravastu Venkata Kamala Kumari *, Yarraguntla Srinivasa Rao and Suvvari Akhila
Vignan Institute of Pharmaceutical Technology Duvvada, Visakhapatnam.

Publication history: Received on 08 August 2019; revised on 09 September 2019; accepted on 13 September 2019

Article DOI: https://doi.org/10.30574/gscbps.2019.8.3.0150

Abstract

Nanocomposites have become a promising area of research and development. Nanocomposites are of two types:
polymer nanocomposites and clay nanocomposites. In a large field of nanotechnology the polymer nanocomposites
which can increase the mechanical properties have become a prominent area of current research and development.
The clay nanocomposites increase the additional properties and have dominated the polymer literature. But there are
a large number of other significant areas of current and emerging interest. The nanocomposites can be used as drug
carriers due to their surface and rheological properties. This review will detail the technology involved with clay-
polymer based nanocomposites and also include other important areas including barrier properties, flammability

resistance, biomedical applications, electrical/ electronic applications and fuel cell interest.
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1. Introduction

Nanocomposite is a multi-phase solid material where one of the phases has one, two or three dimensions less than
100 nm. The nanocomposite material is a novel product having nano fillers dispersed in the matrix. The structure of a
nano-composite is a matrix- filler combination where the fillers like particles, fibers or fragments surrounds and binds
together as discrete units in the matrix. Significant efforts are under way to control the nano structure. The properties
of nanocomposite materials depend not only on the improvement in their physical properties but also can undergo the
unprecedented flexibility and morphology and interfacial characteristics. Most nanocomposites, which are of proven
technological importance, are composed of two phases.

These are classified into three types:

e Nano layered composites: composed of alternating layers of nano scale dimension.
e Nano filamentary composites: composed of matrices with embedded nano scale diameter filaments.

e Nano particulate composites: composed of matrices with embedded nano scale particles.

It may also include porous, media, colloids and gels and copolymers. That means it forms a solid combination of bulk
matrix and nano dimensional phases that may differ in their properties.

The mechanical, electrical, thermal, optical, electrochemical, properties may differ based on their component of the
material. Size limits as shown in Table 1 for these effects can differ such as [1]
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Table 1 Size limit of various physical properties

Sr. No. Property Size (nm)

1. Catalytic less than 5 nm

2 Refractive index less than 50 nm
3. Magnetic less than 20 nm
4 Super para magnetism less than 100 nm

Nanocomposites can encompass a wide range of materials right from the three dimensional metal matrix composites,
two dimensional lamellar composites and nano- wires of single dimension to zero - dimensional core - shells, all
representing many variations of nano- mixed and layered materials (Table 2).

The physical, chemical and biological properties of nano materials differ from the properties of individual atoms and
molecules or bulk matter. It is possible to control the fundamental properties of materials, such as their melting
temperature, magnetic properties, charge capacity and even their color without changing the materials and their
chemical compositions.

Table 2 Range of materials encompassed in nanocomposites

Sr.No. Types of composites Inorganic components

1. Three dimensional framework Zeolites.

2. Two dimensional layered materials  Clays, metal oxides, metal phosphates, chalcogenides.
3. One and zero dimensional materials  (Mos Ses-)a chains and clusters.

Inorganic layered materials exist in many varieties. They possess well defined, ordered intra lamellar space
potentially accessible by foreign species. This ability enables them to act as matrices for polymers yielding hybrid
nanocomposites.

Lamellar nanocomposites can be divided into two distinct classes viz. intercalated and exfoliated. The area of the
interface between the matrix and reinforcement phases is typically an order of magnitude greater than for
conventional composite materials [2].

1.1. Advantages of nanocomposites [3]

e Highly dispersible in aqueous medium.

e Uniform distribution of the active agent over an extended period of time.
e Controlled release of the drug.

e Reduces frequency of administration.

e Augmented stability.

e Penetrate regions inaccessible to other delivery systems.

1.2. Applications

e Thin film capacitors for computer chips.
e Solid polymer electrolytes for batteries.
e Automotive engine parts and fuel tanks.
e Impellers and blades.

e Oxygen and gas barriers.

e Food packaging.
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1.3. Future of Nanocomposites

The number of applications of nanocomposites has been growing at a rapid rate. It has been reported that in less than
two years, the worldwide production is estimated to exceed 600,000 tones and is set to cover the following key areas
in the next five to ten years:

e Drugdelivery systems

e Anti-corrosion barrier coatings

e UV protection gels

e Lubricants and scratch free paints

e New fire retardant materials

¢ New scratch/abrasion resistant materials
e Superior strength fibres and films.

The improvement of the mechanical property they have been results an major interest in nanocomposites materials in
numerous automotive and general/industrial applications. This may also include the utilization on various vehicle
types, door handles, engine covers and intake manifolds and timing belt covers. It also on the include usage of
impellers and blades for vacuum cleaners, power housings, mower hoods and covers for portable electronic
equipment such as mobile phones, pagers etc.

2. Nanocomposites - basic ingredients

There are many commercially available nano- particles that are incorporated into the polymer matrix to form polymer
nanocomposites [4]. The selection of a particle is very essential to ensure effective penetration of polymer into the
interlayer of desired exfoliated or intercalated product.

Polymer nanocomposites consist of polymeric materials with reinforcement of nano- particles. Polymers can be
incorporate into the polymeric species itself. Most commonly used nano- particles include:

e Montmorillonite organo clays (MMT)

e Carbon nano fibers

e Polyhedral oligomericsilsesquioxane (POSS)
e (Carbon nano tubes

e Nanosilica (N- silica)

e Nanoaluminium oxide (Al203)

e Nanotitanium oxide (TiOz)

There are two main challenges in developing nanocomposite materials after desired polymer has been attained.
The choice of nanoparticles requires an interfacial interaction within the polymer matrix.
There should be a proper uniform dispersion and distribution of nano particles within the polymer matrix [5].

3. Clay- based nanocomposites

Clays are commonly used in the pharmaceutical industry as excipients or active substances. Several studies are related
with the decrease in the oral absorption of numerous medicines by the co- administration with clays, but such
interactions may also be used to reach technological and biopharmaceutical advantages. This was the starting point in
the use of clays in systems of modified drug release [6, 7].

Natural clay minerals are suitable to be used in modified drug delivery system [8] because due to colloidal particle
size, crystalline structure, high specific surface area, charge higher cation exchange capacity and swelling capacity.
They can be incorporated into a polymeric host carrier, in order to control the diffusion rate of a dispersed slow-
release material. A nanoclay particle reduces the porosity of the polymer or it get obstructs the diffusion of the active
material being released, and increases the path of the diffusion [4]. Clays are inexpensive materials, which can be
modified by ion exchange, metal/metal complex impregnation, pillaring and acid treatment to develop catalysts with
desired functionally [9].
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Organically modified layered- silicates or nanoclay have become an attractive class of organic- inorganic hybrid
materials because of their potential use in wide range of applications such as in polymer nanocomposites, such as
paints,cosmetics, greases, ink, toxic gases, and drug delivery carrier.

3.1. Clays and their modification

The clays used for the preparation of nanoclay belong to smectite group clays which are also known as phyllosilicates,
the most common of which are:

e Montmorillonite
e Hectorite

o Beidillite

e Nontronite

e Saponite

3.1.1. Ideal characteristics of clay

Ideal characteristics of the clay are as follows:

e The clay having an high aspect ratio in the range of 300:1 to 1,500:1 range
e The clay having a platy structure.

e The clay having thickness of less than one nanometer.

e Length band width of the choice clays are in micron range.

o Surface area of the exfoliated platelets usually in the range of 700 m2/gram.
e Molecular weight of the clay platelets is about 1.3x108 Dalton [4, 10].

3.1.2. Montmorillonite clay

Montmorillonite clay (MMT) belonging from the smectite group composed of silica tetrahedral sheets layered
between alumina octahedral sheets as shown in Figure 1[11]. The imperfection of the crystal lattice and that induces a
net negative charge that leads to the adsorption of alkaline earth metal ions in the interlayer space. MMT also having
free hydroxyl end- groups on the surfaces [12, 13]. It is used for preparation of nanocomposites, due to the large
specific surface area that exhibits good absorbance ability, high cation exchange capacity, standout adhesiveness and
drug- carrying capability. Also MMT is a common ingredient in pharmaceutical products, both as excipient and as
active support [14]. For the preparation of organic - inorganic hybrids, intercalation of organic species into layered
inorganic materials provides not only useful but also convenient route that combine the properties of both the organic
host and the organic guest [15].
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Figure 1 Structure of Montmorillonite clay

97



Paravastu et al. / GSC Biological and Pharmaceutical Sciences 2019, 08(03), 094-103

The most commonly used clay in the synthesis of polymer nanocomposites is MMT which is the major constituent of
bentonite [16, 17]. It is well known that filler anisotropy, i.e., large length to diameter ratio is especially favorable in
matrix reinforcement. Due to unique structure of MMT, the mineral platelet thickness is only one nanometer, although
its dimension in length and width can be measured in hundreds of nanometers, with 200-400 nm range after
purification.

One important consequence of the charged nature of the clay is that they are generally high hydrophilic species and
therefore, naturally incompatible with wide range of non- polar systems. Organophilic clay can be obtained by simply
the ion- exchange reaction of hydrophilic clay with an organic cation such as an alkyl ammonium or phosphonium ion.
The inorganic ions, relatively small are exchanged with more voluminous organic oniumcations.

This ion- exchange reaction has two consequences:

e The gap between the single sheets is widened, enabling organic cations chain to move in between them.

e The surface properties of each single sheet are changed from being hydrophilic to hydrophobic or
organophilic as shown in Figure 2.
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(A recent review) J. Nanosci. Nanotech., 14, 2121-2134 (2014).
Figure 2 Schematic of an ion- exchange reaction in layered silicates

3.1.3. Mechanisms of clay- drug interactions

Clay minerals are naturally occurring inorganic cationic exchangers and therefore they may undergo ion exchange
with basic drugs in solution. Smectites, especially MMT and saponite, have been the more commonly studied, as
compared to other pharmaceutical silicates due to their higher cationic exchange capacity [4].

The major mechanisms of drug intercalation into the montmorillonite are:

e Drugadsorbed onto the free surface of the montmorillonite.
e Drugreplaced sodium in the interlayer.
e Drugreplaces clay- OH groups to form ionic bonds with Al3* and Mg+ in the montmorillonite.

The first two mechanisms are presumed as the major mechanisms for drug absorbed on to the montmorillinite by a
concentration gradient. When the concentration gradient is equal between inside and outside of the montmorillonite,
after soaking for a period of time the diffusion would stop [10]. In biological fluids, counterions can displace the drug
from the substrate and deliver into the body, while the exchanger is being eliminated.
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3.1.4. In vivo drug release mechanism

When prepared nanocomposite is administered in body; biological counterions get exchanged with cationic drug
particles which are present on the surface of nanoclay. Free drug molecules are available for absorption and unloaded
particle which are having submicron size passes the intestinal membrane and goes in blood stream. Through the
kidney unloaded particles excreted out [4].

3.1.5. Purification of Montmorillonite

The purity of the clay can affect the final nanocomposite properties; due to this it is very important to have
montmorillonite with minimum impurities of crystalline and amorphous silica, calcite, kaolin etc. The technique
mainly used for purification of clays includes hydrocyclone, centrifugation, sedimentation method and chemical
treatment.

The purified montmorillonite was obtained by dispersing bentonite in 0.1M NaCl solution and stirred for 12 hrs. The
dispersion was reacted three times with 0.1M NaCl solution. After centrifugation, the sodium rich bentonite was
washed with de- ionized water until free of chloride ion as tested by AgNOs3 solution. The MMT dispersion was dried at
90-100°C and ground to pass through the 200 mesh sieve. The Cation Exchange Capacity (CEC) of MMT was measured
by the standard ammonium acetate method [18, 19].

3.1.6. Characterization of Montmorillonite

Characterization of clays and their modified organic derivatives are carried out by using simple as well as modern
characterization tools which includes determination of chemical compositions by gravimetric analysis, Inductively
Coupled Plasma (ICP), Cation Exchange Capacity (CEC), using standard ammonium acetate method, surface area
measurement, Scanning Electron Microscopy (SEM), Fourier Transform Infra-Red Spectroscopy (FT-IR), Powdered X-
ray diffraction (PXRD) and others. Generally, ionic formula is composed on the basis of its chemical compositions,
charge density and cationic exchange capacity of clays which provide information about the types of layered silicates.
Principally, FT-IR and PXRD are basic instrumental techniques used for identification of clay structure [10, 20].

4. Polymer nanocomposites

Polymer nanocomposites are the materials in which nanoscopic inorganic particles, typically 10-100 A°. These are a
new alternative to conventionally filled polymers. This may improve the outstanding barrier properties, solvent and
heat resistant and decrease the flammability [21].

The alkyl ammonium cations are used in the organoclays to lower the surface energy of the inorganic host and
increases the wetting property of a polymer. The alkyl ammonium or phosphonium cations having the functional
groups that can react with the polymer and this improve the strength of the interface between the inorganic and the
polymer.

Three methods have been developed to produce polymer/ layered silicate composites:

4.1. In situ polymerization

In this method a polymer precursor or monomer are inserted in between clay layers and then expanding the layered
silicate platelets into the matrix by polymerization. This method has the advantage of producing well- exfoliated
nanocomposites and has been applied to a wide range of polymeric systems.

4.2. Solution- induced intercalation method

In this method solvents are used to swell and disperse clays into a polymer solution.

4.3. Melt processing method

This method applies intercalation and exfoliation of layered silicates in polymeric matrices during melt.

In addition to these the three major processing methods have been developed. These include solid- intercalation co-
vulcanization and the sol- gel method.
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Polymers layered are three types:

e Conventional composites.
e Intercalated nanocomposites.

e Exfoliated nanocomposites as shown in Figure 3 [10]
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Figure 3 Three types of composite structures: (a) Phase separated microcomposite (b) Intercalated nanocomposite
and (c) Exfoliated nanocomposite

5. Pharmaceutical applications of nanoclay

5.1. Rheological modifier

Rheological modifiers can control the flow properties of liquid systems such as paints, inks, emulsions or pigment
suspensions by increasing the viscosity or impart thixotropic flow behavior to liquid system.

Also impart good color retention and coverage for nail lacquers, lipsticks and eye shadows. As organoclays are non -
irritant for both skin and eye contact therefore they are applicable as rheological modifiers in paints, inks, grease and
cosmetics [4, 22, 23].

5.2. Particulate delivery systems based on clay minerals

In particular, clay minerals can provide spontaneous submicron dispersions in aqueous media that result in low cost
and biocompatible systems which is having a large surface area and high inclusion capacity. As the polymer/clay
nanocomposites are a class of hybrid systems in which inorganic or organo- clay nanoparticles are dispersed in a
polymer matrix. They have some interesting advantages as compared to the pure polymer, which may increase the
mechanical as well as rheological properties and that may undergo good intercalation capacity offered by the clay
mineral particles have been used to develop new controlled release systems [4, 24].

5.3. Hydration- activated extended release systems

Smectites successfully act as disintegrating agents in tablet formulations because of their hydrophilic and swelling
properties that results by direct compression of sodium sulphathiazole and magnesium aluminum silicate of extended
release tablets shows a progressive formation of a viscous gel layer around the tablets during in vitro dissolution tests

[4].

5.4. Improvement of dissolution rate by clay minerals

As the improvement of dissolution rate of poorly water- soluble drugs remains one of the more important step for the
pharmaceutical technologies. They may also undergo surface layer of adsorption. Molecules which are of finely
divided solids greatly increase the surface area of the dissolution medium. Smectites were found to effectively
increase the in vitro dissolution rate of non- ionic as well as acid insoluble drugs. Drug release from the clay surface is
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promoted by the weak bonding between them and due to the hydrophilic properties of the clay concomitantly drug
wettability is enhanced. In comparison with phenytoin sodium capsules phenytoin- montmorillonite adsorbents are
able to improve the bioavailability of the drug in humans [4, 25].

5.5. Nanoclay as drug vehicle

Nanoclay is potentially useful materials in the field of controlled release for the patients which shows the therapeutic
activity and it acts as a drug vehicle. MMT could adsorb dietary toxins, bacterial toxins associated with gastrointestinal
disturbance, hydrogen ions in acidosis and metabolic toxins such as steroidal metabolites associated with pregnancy.
Among all these conditions the most common symptoms, including nausea, vomiting and diarrhea, most of which are
typical symptoms of the side effects caused by anticancer drugs. A small addition of nanoclay can greatly increase the
rheological properties. These properties are used in the treatment of pigment settling and sagging on vertical surfaces
and gloss is minimum due to the low levels of addition. Nanoclay provides a good color retention as well as good
coverage in cosmetics [10,12].

Gene therapy is one of the most important treatment used for the genetic deficiencies and life- threatening diseases.
The foreign DNA into cells, a carrier system is required thus recently, have been developed that has been successfully
resulted that novel layered double hydroxide could form a nanohybrid by intercalating with bimolecular anion such
as mononucleotides and thus DNA which shows the antisense oligonucleotide molecules packaged in a double layered
hydroxide can enter cells by phagocytosis or endocytosis. The leukemia cells were used to explore the layered double
hydroxides potential as gene carriers.

5.6. Waste water treatment

Nowadays the use of organoclays in waste water treatment has become common in industry. Organoclays can exhibit
a synergistic effect with many commonly utilized water treatment unit processes including granular- activated
charcoal, reverse osmosis, air strippers. Granular- activated carbon is very effective at removing a large range of
organic molecules from water and very poor at removing large molecules such as humic acid and waste water
containing emulsified oil and grease. Organoclays have proven to be the technology of choice for treating oily waste
waters [12].

6. Conclusion

Use of polymer- clay nanocomposite in drug delivery system is an emerging area in the field of applications of
nanotechnology. Besides this, another important application of these nanocomposites are in tissue engineering and in
regeneration of nerve growth in a biological living system. Polymer- clay nanocomposites are a promising nano carrier
available for the drug delivery of drug molecules. Polymer- clay nanocomposites used in oral multiparticulate system
provide a slow and controlled drug release with improved mechanical integrity. Based upon the nanoparticle drug
delivery it can provide the increased half-life, high biocompatibility, and minimum immunogenicity, site targeting and
overcome the membrane barriers. Also the last era, major and new identifications have been significantly established
in the smart material that alter its own structure and function in response to the environment. This performance has
been used for the fabrication smart drug delivery systems, Smart polymer matrices release drugs by environment
responses this system have been fruitfully achieved. In parallel the novel method of bottom-up and top-down
nanofabrication technologies provided specifically controlled size and shaped nanoparticulate delivery system.
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