Journal of

chnolog
ote
y
an

urnal of Nan
Jo

edicine & N
om

Nanomedicine & Nanotechnology

ISSN: 2157-7439

Jain and Panday. J Nanomed Nanotechnol 2015, 6:4
DOI: 10.4172/2157-7439.1000304

Open Access

Review Article

A Review of Kinetics of Nanoparticulated Delayed Release Formulations
Roli Jain and Archna Panday*
Department of Chemistry, Dr. Hari Singh Gour University, Sagar, 470003 (M.P), India

Abstract
The history and development of chemical kinetics gives a fascinating insight into the way in which theory and
experiment can become mutually interdependent. Kinetics plays a key role in the study of what the body dose to a drug
so these areas of study move towards pharmacokinetics. In the last decade or so there has been a vast upsurge of
interest in the physical mechanism of reaction.
The United States Pharmacopeia (USP) defines delayed-release tablets as enteric-coated to delay release of the
medication until the tablet has passed through the stomach. To prevent the drug from being destroy or inactivate by
gastric juices or where it may irritate the gastric mucosa.
The suitability of several equations which have been reported in the literature to define drug release mechanism
was tested with respect to the release data. To analyze the mechanism of drug release from the matrix tablet data
obtained from the drug release studies were analyzed according to zero order model, Higuchi model, and Korsmeyer
- Peppas model respectively.

Keywords: Delayed release formulation; Controlled release; Enteric
coated; Korsmeyer – Peppas; Higuchi model; Nanoparticle

Introduction
The history and development of chemical kinetics gives a
fascinating insight into the way in which theory and experiment can
become mutually interdependent. Arrhenius confers the basics of the
subject as a rigorous science when he postulated that not all molecules
can react; only that molecule reactant which has a certain minimum
energy, this energy has been called activation energy. The fraction of
reactant molecules which possess this critical energy is calculated from
the Maxwell Boltzmann distribution which is the foundation of the most
theoretical approaches [1,2].
In the last decade or so there has been a vast upsurge of interest
in the physical mechanism of reaction. This is a description at an even
more fundamental microscopic level than the molecular level of the
chemical mechanism. A whole new field of kinetics has developed
out of this interest, and the great advances in molecular beam and
molecular dynamic studies reflect this interest.
Kinetics play a key role in the study of what the body dose to a
drug so these areas of study move towards pharmacokinetics thus we
can say pharmacokinetics is based on the study of the variation of
plasma concentrations of drugs, because it is the only easily accessible
parameter, before approaching it, is necessary to know the definitions
of the terms usually used, in other words the study of the movement of
drugs in the body, including the processes of absorption, distribution,
localization in tissues, biotransformation and excretion.
Pharmacokinetics and pharmacodynamics are important fields
of pharmaceutical sciences for investigating disposition profiles and
the pharmacological efficacy of drugs in the body under various
experimental and clinical conditions.
The United States Pharmacopeia (USP) defines delayed-release
tablets as enteric-coated to delay release of the medication until the
tablet has passed through the stomach to prevent the drug from being
destroyed or inactivated by gastric juices or where it may irritate the
gastric mucosa [3,4].
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The role of Nano-Technology in nano medicines gives revalutatory
era in health care science. Nanotechnology changes the delayed
release delivery toward to targeted delayed release delivery. The
versatile approach of nanotechnology gives an immense platform
for revolutionizing of medical treatment, faster diagnosis, tissue
regeneration and drug delivery. Nanoparticle system provides a better
penetration of therapeutic and diagnostic agent under the subject of
nano articulated drug release system [5,6].
The Drug release from the pharmaceutical Nano particle play a novel
role to determine the biological effect of the drug thus the drug release
kinetic is of very important field. The use of kinetic model is helpful in
elucidating release mechanism which is true can be of use in the control
of drug release. To the best of our knowledge a comprehensive kinetic
representation of delayed drug release from nanoparticle for a purpose
of general model has not been reported in the literature.
The literature reviewed revel that a very little work has been done
for kinetic study of delayed release drugs. This work contains a detail
release kinetic study of delayed release formulations. If the release
kinetics of any drug is well understood then it is easy to modify the
formulations.
The primary purpose of this review article is to discuss the kinetics
of nanoparticulated delayed release formulations by the different
reported kinetic models. Kinetics models furnish with very constructive
approach in elucidating release mechanism which we can bring into
play major role in control/delayed drug release.
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Advantages of Delayed Release Formulations
In recent years, goodish attention has been centered on the event of
the new drug delivery system functions. A nanocarrier offers variety of
benefits creating it a perfect drug delivery vehicle [7,8].
•

Nano carriers will higher deliver medication to small areas
inside the body.

•

Preparation of nanoparticle area unit terribly easy and its price
effective on scale–up.

•

Recognition of the likelihood of reattempting triple-crown
medication by applying the construct and techniques of
nanoparticulate delayed release drug delivery systems,
including the increasing expense in delivery new drug entries
to plug has inspired the event of latest drug delivery system.

•

Nano particle keep protected the drug against chemical and
protein degradation in biological fluid.

•

Drug loading is comparatively high in NDR (Nanoparticulated
delayed release) and might be incorporated in system without
any chemical change this is often a crucial issue to stop the drug
and increase the effectualness and bioavailability of drug [9].

•

The surface properties of nanocarriers is changed for targeted
drug delivery e.g. tiny molecules, proteins, peptides, and
nucleic acids loaded nanoparticles aren’t recognized by system
and expeditiously targeted to explicit tissue sorts.

•

NDR holds promise to deliver biotech medication over
numerous anatomic extremities of body like blood brain
barrier, branching pathways of the respiratory organ system
and therefore the tight epithelia junctions of the skin etc.

•

Targeted nano drug carriers scale back drug toxicity and supply
additional economical drug distribution.

•

Treating the accelerator deficient diseases and cancer therapies

Polymer

Threshold pH

Eudragit @ L-100

6.0

Eudragit @ S-100

7.0

Eudragit @ L-30D

5.6

Eudragit @ FS-30D

6.8

Eudragit @ L-100-55

5.5

Polyvirryl acetate phithalate

5.0

Hydroxypropylm ethylcellulose phithalate

4.5-4.8

Table 1: Threshold pH of commonly used polymers.
Polymer

Drug
Released

Poly(methacrylic-g-ethyleme glycol)
(p(MMA-g-EG)

Insulin

Electric field

Poly (methacrylie acid) (PMA)

Pilocarpine and
raffinose

Glucose concentration

Poly (methacrylic acid-co-butyl
methacrylate)

Insulin

Layer of Chitosan Pluronic on PLGA
microparticles

Indomethacin

Stimulus
pH

Temperature
Morphine concentration

Methyl vinyl ether-Co-anlydride maleic
Naltrexone
copolymer

Urea concentration

Methyl vinyl ether-Co-anhydride maleic
Hydrocortisone
copolymer

Table 2: Some Examples of Smart Polymers.
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is improved by higher targeting. The look of such system
concerned release of drug solely at a selected site in GI track.

Designing of Delayed Release Formulation
The most crucial challenge in such drug delivery approach is to
preserve the formulation throughout its passage through the abdomen
or in acidic surroundings and concerning initial six meters of the tiny
gut [10,11].
Several reviews have been published reporting the research that
has gone into the development of per orally delivered single unit colon
targeted drug delivery systems. In general four primary approaches
have been proposed for delayed targeted delivery namely prodrugs,
pH depend system, time dependent system and colonic micro flora
activated systems.
Most commonly studied multiparticulate systems for colon specific
drug delivery include pellets, granular matrix, beads microspheres and
nanoparticles [12,13].
The pH-dependent systems exploit the generally accepted view that
pH of the human GI tract increases progressively from the stomach pH
1-2 which increases to 4 during digestion), small intestine (pH 6-7) at
the site of digestion and it increases to 7-8 in the distal ileum. Thus a
dosage form that disintegrates preferentially at high pH levels has good
potential for site-specific delivery into this region [14-16].
One of the simplest approaches for designing the delayed released
systems is to formulate enteric coating has traditionally been used to
prevent drug released in the upper GI tract. Enteric coating polymers
are reported to have been used as both binders and as coating materials
for granules. The influence of incorporating organic acids in granule
matrix on drug release has also been studied. In one such study, enteric
coated tablets of ibuprofen were made from enteric coated granules as
well as the matrix. It was reported that incorporation of citric acid in
both the enteric coated granules as well as the tablet matrix retarded
the in vitro release and in vivo absorption of the drug because of the
prolongation in disintegration time of the core system due to the
presence of the acid [17].
The most commonly used pH dependent coating polymers for
preoral delivery are methacrylic acid, copolymers, eudragit L-100
and eudragit S-100 which dissolve at pH 6.0 and 7.0 respectively. The
threshold pH of commonly employed pH sensitive polymer is depicted
in Table 1 same example of smart polymer is given under the Table 2
[18].

Role of Polymer in Preparation of Nano –Particles
Nanoparticles have been prepared most frequency by three
methods: (1) dispersion of preformed polymers; (2) polymerization
of monomers; and (3) ionic gelation or coacervation of hydrophilic
polymers (Figure 1).
Some drugs are unstable in certain environments, such as in plasma
or in acidic conditions. Therefore, in these conditions, it is of interest

Figure 1: Preparation of nanoparticles.
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to use a polymer to protect the drug. These formulations are also used
in pathologies in which the degree of compliance is low because of
difficult administration or unpleasant taste of the medicine.
The polymers used in the development of drug delivery systems
are designed with the capacity to form polymeric supramolecular
structures (matrices and capsules), which are suitable for retaining a
therapeutic agent and allow controlled release. Interactions between the
polymer chains, which can be non-covalent (electrostatic and hydrogen
bonds) or have covalent bonds (cross-linked polymers), confer stability
to these structures. The integrity and the behavior of these structures in
physiological conditions allow the controlled release of the therapeutic
agent. The literature describes several mechanisms of drug release.
Modulation of the chemical architecture of polymers (functional
groups, interactions between chains…) can regulate the release of the
therapeutic agent and thus the profile of the final formulation (delayed
or immediate release, pulsatile, etc.). However, the release occurs
through a combination of the three basic mechanisms mentioned
previously [19,20] (Figure 2).
The compound micelles composed of amphiphilic block
copolymers area unit presently extensively investigated as a completely
unique style of drug carrier. There tiny size and hydrophilic surface
alter compound micelles to oppose the popularity by macrophages of
the RES once blood vessel administration, that permits accumulation
in growth and alternative pathological areas because of the thus known
as EPR (enhanced permeation and retention) result. What is more, by
use of stimuli-sensitive chemical compound (e.g. temperature, pH) as a
phase of block copolymers, it’s attainable to realize a controlled release
of encapsulated medication from micelles in response to environmental
amendment [21-23].
Polymer area unit helpful as excipient in drug delivery formulations
for variety of reasons, such as
•

Through solubilization within the core of micelles or alternative
forms of chemical agent self-assembled structures the effective
solubility of a hydrophobic drug is also magnified

•

It’s hydrolytic degradation diminished, its toxicity diminished

•

It’s bioavailability improved

Also, the properties of the compound systems will permit
advantageous effects regarding the drug release rate, extent and
property of drug uptake etc.
In analogy to polymers notice broad uses in drug delivery
applications. Reasons for this embrace their surface activity, that makes
them economical stabilizers of mixture drug delivery systems their gel
forming capability that permits several opportunities in drug delivery
and their formation of self-assembly structures analogous to those,
shaped by low relative molecular mass surfactants [24].

An aspect that has been highlighted in reference to the utilization of
polymers in drug delivery is their biodegradation. because of chance to
regulate the degradation rate of polymers over wide ranges through e.g.,
the chemical compound structure and composition, biodegradation
has been found to produce a motivating thanks to acquire a controlled
drug release over a protracted time, and to guard sensitive compounds
from harsh environments, e.g., within the abdomen. Specifically,
stress during this context has been placed on polymers consisting or
containing, poly (lactic acid) or poly (glycolic acid) [25].
Drug molecules area unit often amphiphilic, and conjointly usually
surface active. This surface activity depends on the molecular structure
and therefore the balance between electricity, hydrophobic and Van der
Waals forces in addition as on the drug solubility. Since the previous
balance depends on the degree of charging and electricity screening
the surface activity typically} conjointly the solubility of a drug often
depends on pH scale [26].
A notable feature of surfactants is their ability to self-associate
to make micelles. Since micelles contains chemical agent molecules
packing during a space-filling manner varied parameters of the chemical
agent resolution amendment at the crucial micellization concentration
(CMC) much drug delivery perspective, slow disintegration mechanics
offers some prospects as an example [27].
•

Whereas micelles shaped by low relative molecular mass
surfactants disintegrate speedily.

•

Block polymer micelles is also administered AN exceedingly
in a very similar approach while not disintegrating over
a considerable period of time. With none doubt, the slow
disintegration mechanics of the micelles shaped by a minimum
of some block copolymers has contributed considerably to their
flourishing use in drug delivery.

•

Solubilization of hydrophobic medication in block polymer
Nanoparticles offers a spread of prospects.

•

Through solubilization, larger quantities of meagerly soluble
active substances are also incorporated in Associate in nursing
solution.

•

Since the water concentration within the compound core is
low or terribly low, hydrolytic degradation is also reduced, thus
leading to Associate in Nursing magnified chemical stability of
the drug.

•

Through the partitioning toward the nanoparticles, the
discharge rate of the drug is also controlled.

•

Nanoparticles supply opportunities to have an effect on the
uptake of the drug within the body, and the solubilization of
medicine they will end in diminished facet effects Associate in
Nursingd a magnified potency of the drug. Conjointly within

Figure 2: lingkags depicted from highest to lowest liability against hydrolysis in aqueous media.
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Analyte form

Size of nominally 10nm particles
(nm)

ES-DMA

Dry, aerosol

11.3 ± 0.1

28.4 ± 1.1

56.3 ± 1.5

TEM

Dry, on substrate

8.9 ± 0.1

27.6 ± 2.1

56.0 ± 0.5

DLS (a)

Diluted liquid suspension

13.5 ± 0.1

28.6 ± 2.1

56.6 ± 1.4

DLS (a)

Diluted liquid suspension

13.5 ± 0.1

26.5 ± 3.6

55.3 ± 8.3

AEM

Dry, on substrate

8.5 ± 0.3

24.9 ± 1.1

55.4 ± 0.3

SEM

Dry, on substrate

9.9 ± 0.1

26.9 ± 0.1

54.9 ± 0.4

SAXS

Native liquid suspension

9.1 ± 1.8

24.9 ± 1.2

53.2 ± 5.3

Technique

Size of nominally 30 nm
particles (nm)

Size of nominally 60 nm
particles (nm)

Table 3: Mean diameter and expanded uncertainty average particle diameter of gold nanoparticles [adapted from, NIST certificate, 2007]. DLS results: (a) 173º scattering
angle, (b) 90º scattering angle. The uncertainties represent repeatability not the width of the particle size distributions [36].

the absence of drug solubilization, nanoparticles could have
helpful effects e.g. as adjuvant in vaccination [28].
Through incorporation of the drug in nanoparticles, style masking
is also obtained.

Morphology of Drug Nano Particles
Choice of characterization techniques for drug nanoparticles relies
on the character of problems and merchandise dose kind. Some usually
used stability characterization techniques square measure listed in
Table 3.
Particle size and size distribution square measure the key parameters
used for evaluating the physical properties of nanoparticles. A range of
techniques, together with gauge boson correlation spectrometry (PCS),
conjointly called dynamic light-weight scattering (DLS), optical maser
optical phenomenon (LD) and colter counter, usually wont to measure
the particle size and size distribution [29].

Scanning Electron Microscopy
The Scanning microscope (SEM) uses a targeted beam of highenergy electrons to come up with a range of signals at the surface of solid
specimens. The signals that derive from electron-sample interactions
reveal data concerning the sample as well as external morphology
(texture), chemical composition, and crystalline structure and
orientation of materials creating up the sample. In most applications,
knowledge area unit collected over a particular space of the surface
of the sample, and a 2-dimensional image is generated that displays
special variations in these properties. Areas starting approximately 1
cm to 5 microns in width can be imaged in a scanning mode using
conventional SEM techniques (magnification ranging from 20X to
approximately 30,000X, spatial resolution of 50 to 100 nm). Accelerated
electrons in associate degree SEM carry vital amounts of K.E., and
this energy is dissipated as a range of signals made by electron-sample
interactions once the incident electrons area unit decelerated within
the solid sample. These signals embrace secondary electrons (that
manufacture SEM images), backscattered electrons (BSE), diffracted
backscattered electrons (EBSD that area unit wont to confirm crystal
structures and orientations of minerals), photons (characteristic
X-rays that area unit used for elemental analysis and time X-rays),
light (cathode luminescence-CL), and heat. Secondary electrons and
backscattered electrons area unit normally used for imaging samples:
secondary electrons area unit most respected for showing morphology
and topography on samples and backscattered electrons area unit most
respected for illustrating contrasts in composition in point samples
(i.e. for speedy section discrimination). X-ray generation is made by
inelastic collisions of the incident electrons with electrons in distinct
orbital (shells) of atoms within the sample. Because the excited
electrons come to lower energy states, they yield X-rays that area unit of
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a set wavelength (that is expounded to the distinction in energy levels of
electrons in numerous shells for a given element). Thus, characteristic
X-rays area unit made for every part in a very mineral that’s “excited” by
the beam. SEM analysis is taken into account to be “non-destructive”;
that is, x-rays generated by electron interactions do not lead to volume
ls of the sample, so it is possible to analyze the same materials repeatedly
[30,31].

Transmission Electron Microscopy
The transmission microscope (TEM) operates on constant basic
principles because the microscope however uses electrons rather than
lightweight. TEM use lepton as “light source” and their abundant lower
wavelength create it doable to urge a resolution cardinal times higher
than with a light-weight magnifier.
The melting point of nanoparticles is evidently decreased
when the size is reached to the nanometer scale [32,33].
The particle size plays a crucial role in nanoparticle properties
and therefore an essential task in property characterization of
nanoparticles. The TEM can yield information such as particle size,
size distribution and morphology of the nanoparticles. In particle size
measurement, microscopy is the only method in which the individual
particles are directly observed and measured morphology of the Delayed
release drug will be examined by a transmission electron microscope.
The possibility for high magnifications has made the TEM a
valuable tool in both medical, biological and materials research.
A “light source” at the highest of the magnifier emits the electrons
that travel through vacuum within the column of the magnifier. Rather
than glass lenses focusing the light within the microscope, the TEM
uses magnetism lenses to focus the electrons into a very thin beam.
Looking on the density of the material, a number of the electrons
area unit scattered and disappear from the beam. At rock bottom of
the magnifier the unscattered electrons hit a fluorescent screen, which
provides rise to a “shadow image” of the specimen with its completely
different components displayed in varied darkness consistent with
their density. The image will be studied directly by the operator or
photographed with a camera [34].

Dynamic light scattering instrument
A typical dynamic light scattering system contains of six main
elements. Firstly, an optical device (1) provides a light-weight supply
to illuminate the sample contained in a very cell (2). For dilute
concentrations, most of the ray passes through the sample, however
some is scattered by the particles among the sample in the slightest
degree angles. A detector (3) is employed to live the scattered light.
Within the Zetasizer Nano series, the detector position are at either
173o or 90o, relying upon the actual model. The intensity of scattered
light must be within a specific range for the detector to successfully
Volume 6 • Issue 4 • 1000304
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measure it. If an excessive amount of light is detected, then the detector
can become saturated, to beat this associate degree electrical device (4)
is employed cut back to scale back to cut the intensity of the optical
device supply and therefore reduce the intensity of scattering. For
samples that don’t scatter abundant light, like terribly little particles or
samples of low concentration, the number of scattered light should be
raised. During this state of affairs, the electrical device can permit a lot
of optical device light through to the sample. For samples that scatter a
lot of light, like giant particles or samples at higher concentration, the
intensity of scattered light should be cut the suitable electrical device
position is mechanically determined by the nano software package and
covers a transmission vary of 100% to 0.0003%. The scattering intensity
signal from the detector is passed to a digital process board known
as a correlator (5). The correlator compares the scattering intensity
at sequent time intervals to derive the speed at that the intensity is
variable. This correlate data is then passed to a pc (6), wherever the Nano
software package can analyze {the data the info the data} and derive size
information. Information is then passed to a computer (7), where the
Nano software will analyze the data and derive size information [35].

Xray diffractometry (XRD)
As a primary characterization tool for obtaining critical features such as crystal structure, crystallite size, and strain, Xray diffraction patterns have been widely used in nanoparticle research. The patterns of pure materials, their physical mixtures, and lyophilized delayed release drug will be obtained using the Xray diffractometer with
Nifiltered Cu K_ radiation [36-40].

Kinetics and Release Behavior of Nanoparticle of
Delayed Release Formulations
The drug release analysis done by dissolution testing. Dissolution
test for solid dosage forms was first introduced in United States
Pharmacopoeia (USP) 18 in 1969. The rationale behind this
test is that a drug should be appropriately dissolve within the
gastrointestinal tract (GIT) in order to be observed dissolution
hence has become the most important test to determine product
quality and drug release behavior in addition to other application
outlined in Figure 3.
The impact of the saturation solubility, of drug within the
dissolution media is to alter the media. Generally by adjusting hydrogen

ion concentration, by adding a surface-active agent or in rare case
victimization non-aqueous solvents. Studied the discharge behavior of
these quite drug through the study of dissolution by maintain the sink
condition. The detail procedure defined in many pharmacopeias like
USP, BP, etc. [40,41].
The Nernst-Brunner and Levich modifications of the NoyesWhitney
equation known the vital factors to dynamics of in vivo drug dissolution.
These factors embrace drug diffusivity and solubility within the GI
contents, the expanse of the solid wetted by the sodium thiopental
fluids and also the GI fluid mechanics [42,43].
dC
C −C 
= AD  s

dt
 h 

(1)

Where dC/dt is the dissolution rate, A is the surface area available
for dissolution, D is the diffusion coefficient of the drug, Cs is the
saturation solubility of the drug in the dissolution medium, C is the
concentration of drug in the medium at time (t) and h is the thickness
of the diffusion boundary layer adjacent to the surface of dissolving
drug.
The suitability of several equations which have been reported in
the literature to define drug release mechanism was tested with respect
to the release data. Some diffusion models (Korsmeyer - Pappas) are
expected to be valid up to 60% cumulative drug release therefore
the data for analysis were restricted to that range. To analyze the
mechanism of drug release from the matrix tablet data obtained from
the drug release studies were analyzed according to equation 1, 2 and 3
of the zero order model, Higuchi model, and the Korsmeyer - Peppas
model respectively [44-47].
Mt = Mo + Kot

(2)

Mt = Mo + KHt 0.5

(3)

Mt = Mo + Kkt

(4)

n

In all mechanism expression, Mt is that the quantity of the drug
dissolved within the time t, Mo is that the initial quantity of the drug in
desolution, blow is that the zero order release constant. KH is that the
Higuchi rate constant, Kk is that the Korsmeyer release constant, and n
is that the release exponent, that characterizes the mechanism of drug
release. However, principally the Kosmeyer Peppas model is employed
to investigate drug release mechanics from pharmaceutical dose forms
once {the release discharge} mechanism isn’t documented or once

Figure 3: Drug Release Behavior.
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over one form of release phenomena is concerned [41]. The easy and
empirical equation in step with Kosmayer and Peppas is additionally

used of is incorporation of drug in supramolecular assemblies such as
polymeric micelles. It’s a next step toward the nanotechnology.

known as power law equation, Mt = kt n

Several study show numerous nanoparticle-based drug delivery
and drug targeting systems are currently developed or under
development. Their use aims to minimize drug degradation upon
administration, prevent undersirable side effects, and increase drug
bioavailability and the fraction of the drug accumulated in the
pathological area.

M∞

(5)

where M∞ is the amount of drug release after an infinite time, k is
a constant and n is the exponent characterizing the release process, if
a Ficklian diffusion take place n is equal to 0.5, 0.45 and 0.43 for a thin
film, a cylinder, and a sphere, respectively when n exceed these threshold
nonfickian release take place eq. (5) has to be used with great care for
the classification of the release nature on the basis of n value. Indeed
it is well known that, despite fickian diffusion in the matrix boundary
condition such as the presence of a stagnant lyre or a net faced on the
release surface give origin to a release kinetics characterised by a greater
than 0.5. Reported different kinetics models given in table

Hopfenberg model
Hopfenberg developed a mathematical model to correlate the
drug release from surface eroding polymers so long as the surface
area remains constant during the degradation process [47-49]. The
cumulative fraction of drug released at time t was described as:
Mt / M∞ = 1- [1- k0t / CL a] n-

(6)

where k0 is the zero order rate constant describing the polymer
degradation (surface erosion) process, CL is the initial drug loading
throughout the system, a is the system is half thickness (i.e. the radius
for a sphere or cylinder), and n is an exponent that varies with geometry
n = 1, 2 and 3 for slab (flat), cylindrical and spherical geometry,
respectively.
This model is used to identify the mechanism of release from the
optimized oilispheres using data derived from the composite profile,
which essentially displayed site-specific biphasic release kinetics.

Author wish that pharmaceutical drug carriers, especially the ones
for parenteral administration, are expected to be easy and reasonably
cheap to prepare, biodegradable, have small particle size, possess high
loading capacity, demonstrate prolonged circulation, and, ideally,
specifically or non-specifically accumulate in required pathological
sites in the body.
In conclusion, to this, nanoscale-based delivery strategies are
beginning to make a significant impact on targeting programs and
also global pharmaceutical planning and marketing.
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