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Nanoparticles based drug delivery systems showing greater potential in various
biomedical applications to deliver the drugs/bioactive molecules in controlled manner to the
targeted site. Polycaprolactone, biodegradable polyester, owing its tailorable properties, various
forms of polycaprolactone are used as drug carrier for a range of biomedical applications.
Nanoprecipitation is a simple method to prepare the polycaprolactone nanoparticles to improve
the bioavailability and therapeutic potential of various drugs/bioactive molecules. This short
review focused on the preparation of polycaprolactone nanoparticles using nanoprecipitation
method, nanoparticles-drug formulations and its use in various drug delivery applications.
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Currently, pharmaceutical drugs are under
study against various diseases which encounters
the limitations of instability and fast degradation
before reaching the targeted site.! Usually, to reach
the targeted site, the administered drug has to cross
several biological barriers, where it can degrade
or expresses unwanted influence with the tissues
or organs which are not involved in pathological
process.> As a consequence, it necessitates high
drug dosage to achieve the preferred concentration
at the targeted site resulting cytotoxic and other
side effects.’ These adverse effects can be conquer
by employing polymeric drug delivery systems
providing targeted drug delivery.'*?

*Corresponding author E-mail: biotechres17@gmail.com

Polymer based nanoparticles has gathered
more attention in biomedical applications due
to a range of potential advantages including the
ability to promote targeted drug delivery with
controlled release rate.® The nanoparticles—drug
formulation helps to improve the solubility,
drug efficacy, bioavailability, tolerability and
retention time of a range of water soluble/insoluble
bioactive molecules and drugs, also it reduces
the risk of toxicity and patient expenses.” These
nanoparticles—drug formulation protects the
premature degradation of the encapsulated drugs
and also it enhances the absorption into a targeted
site and intracellular penetration.®

This is an

Published by Oriental Scientific Publishing Company © 2018

Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).




680 RAMANUIJAM et al., Biosci., Biotech. Res. Asia, Vol. 15(3), 679-685 (2018)

The nanoparticles based drug delivery
systems can be evaluate by various essential
performance metrics such as size of particles,
drug entrapment efficiency, surface properties,
drug content and drug release properties.”!°
Therefore, understanding the factors controlling
the nanoparticles performance metrics is most
important in designing the nanoparticles based
drug delivery systems.” Many different drugs and
bioactive molecules are effectively encapsulated
into a variety of natural and synthetic polymers
to improve the bioavailability, bioactivity and
controlled release of the encapsulated drugs.''"
Synthetic biodegradable polymers has gathered
more attention in biomedical applications due to
its various advantages such as biologically inert,
batch-to-batch uniformity and their structure
and composition can be tailored for specific
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Fig. 1. Chemical structure of polycaprolactone
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Fig. 2. Schematic Illustration of polycaprolactone
nanoparticles preparation by nanoprecipitation method

applications, devoid of several drawbacks
associated with the natural polymers.'*!3
Polycaprolactone

Polycaprolactone is Food and Drug
Administration approved biodegradable semi-
crystalline aliphatic polyester, use as an implantable
biomaterial in various biomedical applications.'*¢!7
In addition, it has been used as carrier for sustained
delivery of several therapeutic molecules.'®"°
Physiochemical properties of polycaprolactone

Polycaprolactone (Fig. 1), synthesized
in the 1930s by ring-opening polymerization
of g-caprolactone by using various anionic or
cationic catalysts or by using a free radical
ring opening polymerization of 2-methylene-1-
3-dioxepane.'¢** 2 [t has a low melting temperature
(59 °C to 64 °C) and a glass transition temperature
(Tg) of about -60 °C.?* At room temperature,
polycaprolactone is soluble in dichloromethane,
benzene, chloroform, 2-nitropropane, carbon
tetrachloride and cyclohexanone; slightly
soluble in ethyl acetate, 2-butanone, acetonitrile
and dimethylformamide; insoluble in diethyl
ether, petroleum ether, alcohol and water.?
Polycaprolactone has capability to form miscible
blends by copolymerization with a range of
polymers, this copolymerization alters chemical
properties of polycaprolactone and also it could
indirectly modify/affect some other properties such
as solubility, degradation pattern and crystallinity
resulting a tailored polymer with intended drug
delivery properties.'*'¢ Due to its slow degradation
rate, it has been used as a long-term implantable
device and also it facilitates high permeability to
various drugs.?**
Biodegradation of polycaprolactone

Polycaprolactone is degraded through the
hydrolytic cleavage of ester groups in physiological
conditions, thus it has gained more attention to
be used as an implantable biomaterial.'®?® Based
on literature presented about the degradation
of polycaprolactone, it can be concluded that,
polycaprolactone undergoes a two discrete stage of
degradation process, (i) non-enzymatic hydrolysis
of ester linkages, which attributed to random chain
scissions, caused decrease in molecular weight;
(ii) it go through intracellular degradation when
the polycaprolactone has a low molecular weight
(less than 3000) and more highly crystalline.'62%2
Polycaprolactone, homopolymer, has a degradation
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time of two to three years, which depends on the
starting molecular weight of the device/implant.*%’
The rate of degradation of polycaprolactone can
be tailored by blending or copolymerization
with lactones or glycolides/lactides.'s Wu et al.,
fabricated the porous biocomposite scaffold
composed of polycaprolactone and magnesium
phosphate and it’s in vitro degradation rate was
evaluated, the results showed the faster degradation
rate compared to pure polycaprolactone scaffolds.?
At present, polycaprolactone based nanocarriers
has gathered more interest in various drug delivery
and biomedical applications.'**
Nanoprecipitation method for polycaprolactone
nanoparticles preparation

The nanoprecipitation method, also
called as solvent displacement, adopted to prepare
the polycaprolactone nanoparticles (Fig. 2).7 It
is a simple and reproducible method, has been
extensively used to prepare the nanoparticles
from various polymers, especially biodegradable
polyesters.*® This method has numerous advantages
such as simplicity, good reproducibility, ease of
scalability, helps to avoid high volumes of toxic
solvents and also supports to achieve submicron
particles.*®*! To prepare the nanoparticles, requires
solvent phase (organic phase) and non-solvent
phase (aqueous phase).*** In this need, first the
polycaprolactone is dissolved in an appropriate
organic solvent, the organic phase is introduced
slowly into an aqueous phase containing surfactant
under continuous magnetic stirring, evaporate
the solvent (by a rotary evaporator or at ambient
temperature with continuous stirring), then
centrifuge and lyophilize, in order to prepare the
polycaprolactone nanoparticles.?**%%3735 Generally,
the aqueous phase is water, but various excipients
(natural or synthetic hydrophilic surfactants) could

Table 1. List of few various aqueous solution of
surfactants used for polycaprolactone nanoparticles

preparation
Aqueous solution of surfactants References
Pluronic® F-68 36-38
Polyvinyl alcohol 39
Tween® 80 40
Cremophor EL 41

Polysorbate 80 42

be added to prevent aggregation of the particles,
few of aqueous solutions of various surfactants
used for polycaprolactone nanoparticles are listed
in Table 1.%° Further, various operating conditions
(polymer amount, molecular weight of the
polymer, amount of surfactant, stirring rate efc)
of this method could influence on the size of the
nanoparticles.*

The polycaprolactone nanoparticles
prepared by nanoprecipitation method has been
utilized for the encapsulation of various drugs/
bioactive molecules, few of them are listed in Table
2.7354 To encapsulate the drug into nanoparticles,
dissolve the drug in suitable solvent and add to the
prepared polycaprolactone solution prior to addition
of organic phase into aqueous phase.* Basically,
this technique helps to encapsulate various
hydrophobic drugs/molecules; however, several
hydrophilic drugs/molecules are encapsulated
effectively by dissolving the hydrophilic drugs/
molecules in an external aqueous phase or use of
co-solvent or dissolution of minimum quantity
of hydrophilic drugs/molecules in the organic
phase.”?°

Table 2. List of few drugs/bioactive molecules
have been loaded into polycaprolactone

nanoparticles

Drugs/Bioactive molecules References
Aripiprazole 34
Camptothecin 36
Isradipine 38
S-amino salicylic acid 39
Griseofulvin 40
Indomethacin 42,44
Cyclosporin A 45
Docetaxel 46
Levofloxacin 47
Ibuprofen 44
a-tocopherol 48
Etoposide 49
Ellagic acid 50
Ftorafur 51
Diclofenac sodium 51
Triclosan 52
Quercetin 53
Olanzapine 54
Meropenem 55
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Polycaprolactone based nanoparticles in drug
delivery applications

Polycaprolactone, a promising biomaterial
has been widely used in various drug delivery
applications to achieve an excellent therapeutic
potential owing to a high permeability to various
drugs, excellent biocompatibility and also it has
ability to be excreted totally from the body, once
bioresorbed.?*3¢ Polycaprolactone nanoparticles
based drug delivery systems has shown efficiency
of controlled and targeted drug delivery, high
capability to cross various physiological barriers
and reduced systemic side effects.’” In a study,
Kasinathan et al., has studied the effect of
various processing parameters of curcumin
loaded polycaprolactone nanoparticles, and the
results showed that the homogenization speed
and polyvinyl alcohol has showed high impact
compared to other parameters.’® Alex et al.,
formulated the carboplatin loaded polycaprolactone
nanoparticles and used to treat glioma anticipating
improved brain delivery by the nasal route; results
showed, no severe damage observed on the
integrity of nasal mucosa.’?

Polycaprolactone can be blended or
copolymerized with other polymers to achieve
fascinating properties for an effective drug
loading and releasing characteristics.?*>® Shenoy
et al., prepared tamoxifen (hydrophobic anti-
cancer drug) loaded polyethylene oxide-modified
polycaprolactone nanoparticles, the results
showed that increased level of drug accumulation
within tumor with time.®® Damge et al.,
synthesized the biodegradable polycaprolactone
and a polycationic non-biodegradable acrylic
polymer blended nanoparticles for oral delivery
of insulin and its antidiabetic effect was
examined in vivo, the results showed an increased
serum insulin level with improved glycemic
response for prolonged time period.®® Choi et
al., used poly(N-isopropylacrylamide)-b-poly
(e-caprolactone) as block copolymers to encapsulate
clonazepam (hydrophobic drug); the poly(N-
isopropylacrylamide) layer on the nanoparticles
surfaces act as an additional diffusion barrier
to the encapsulated drug, which results delayed
in release profile and also these barriers helps
to modulate or achieve the desired drug release
pattern.®? Bakre et al., prepared curcumin loaded

polycaprolactone-montmorillonite nanoclay
modified with n-cetyl-N,N,N,-trimethylammonium
bromide nanoparticles to enhance its antitumor
activity.® Prabu et al., prepared vinblastine loaded
polycaprolactone grafted dextran copolymeric
nanoparticles and its in vitro anticancer activity
evaluated with breast cancer cell line, the results
showed an efficient cellular uptake of the prepared
nanoparticles.®
Conclusions and future perspectives
Nanoparticles based drug delivery
systems are showing greater potential in improving
the pharmacological and therapeutic potential of
various bioactive molecules. The encapsulation
of drugs/bioactive molecules into nanoparticles
protects degradation of the drugs/bioactive
molecules and also supports controlled release for
targeted drug delivery. In addition, it minimizes
the toxicity and other adverse effects in normal
tissues. Polycaprolactone, synthetic biodegradable
polymer has studied extensively in different
formulations as a carrier for various drug delivery
applications. Here, this short review focused
primarily on the recent approaches in various
drugs/bioactive molecules loaded polycaprolactone
nanoparticles using nanoprecipitation method. In
future perspective, encapsulation of various drugs/
bioactive molecules into polycaprolactone based
nanoparticles facilitates sustained and targeted
delivery in various drug delivery and biomedical
applications for an effective therapeutic potential.
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