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Controlled release of 5-flurouracil from biomedical polyurethanes
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Abstract. Novel biodegradable aliphatic poly(ether-urethane)s (PEUs) based on pluronic F-68 (PLF68)
and castor oil were synthesized by the solution polymerization technique. These polymers were characterized by Fourier transform infrared spectroscopy (FTIR), nuclear magnetic spectroscopy (1HNMR) and
gel permeation chromatography (GPC) to confirm the PEU formation and the molecular weight. Moderate molecular weight PEUs were obtained and converted into microspheres by solvent evaporation
method to study the controlled release (CR) characteristics for 5-flurouracil (5-FU). PLF-68 acts as
amphiphilic filler, which enhances the release of a hydrophobic drug such as 5-FU. Sizes of the microspheres as measured by laser light scattering technique ranged between 15 and 42 µm. An increase in the
size of particles was observed with increasing molar ratio of PLF-68 with respect to castor oil. The percentage encapsulation efficiency varied between 71 and 98. Surface morphology of the microspheres as
studied by scanning electron microscopy (SEM) revealed the spherical nature of the particles with wrinkles on their surfaces. The release of 5-FU through the microspheres was investigated in pH 7⋅4phosphate buffer. An increase in release rate was observed with increasing molar ratio of PLF68 with
respect to castor oil.
Keywords. Biomedical polyurethane; controlled release; 5-flurouracil; drug delivery.

1.

Introduction

Polyurethanes are one of the most versatile materials
in the world today. They are known for being a perfect material for medical devices.1 Polyurethanes are
commonly used as biomaterials because of their
superior physical and mechanical properties2 with
applications such as contact lens materials3 catheters, and drug delivery systems.4,5 Therefore, novel
polyurethanes are continually being developed to
increase their biocompatibility, often by incorporating hydrophilic materials into the polymer, such as
poly(ethylene oxide) (PEOs),6 or producing polymers that bind heparin or albumin.7,8 The properties
of polyurethane block copolymers may be modified
by changing the composition of the alternating hard
and soft segments of the polymer. The soft segment
determines the elasticity and hydrophilicity of the
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polymer and thus affects the polymer’s biocompatibility.
The macromonomer Pluronic F-68 used in this
study is having biomedical applications and it has
been approved for biomedical applications by US
food and drug administration. The properties of amphiphilic poly(ethylene oxide)-b-poly-(propylene
oxide)-b-poly(ethylene oxide) (PEO–PPO–PEO)
block copolymers in aqueous media have attracted a
great deal of interest because of several important
aspects,9–13 (i) PEO–PPO–PEO copolymers are
commercially available surfactants (pluronics, synperonics, poloxamers), whose molecular weight and
PEO/PPO composition ratio vary within a wide
range; (ii) in water they usually spontaneously form
nanosized core-shell micelles having a hydrophobic
core composed predominantly of PPO segments and
a shell dominated by hydrated PEO segments; (iii)
the PEO–PPO–PEO copolymers are recognized
pharmaceutical excipients listed in the US and the
British Pharmacopoeia; (iv) the PEO blocks have
209
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available functionality to which receptor-specific
ligands could be attached. That is why the PEO–
PPO–PEO copolymers meet the specific requirements
for various applications, such as dispersion stabilization, emulsification, detergency, foaming, lubrication,9
etc. Presently, the PEO–PPO–PEO copolymers are
being intensively evaluated as potential drug and
gene delivery systems for multiple pharmaceutical
applications as well as for diagnostic imaging as carriers for various contrasting agents.11,13,14 The hydrophobic PPO core may serve as a container for waterinsoluble drugs while the hydrophilic PEO shell
provides steric stability.15 Moreover, PEO is resistant
to protein absorption and cellular adhesion thus providing an effective protection of the core content
against hydrolysis and enzymatic degradation. In
addition, the PEO shell prevents the reticuloendothelial system from recognizing and thus from
eliminating the polymeric carriers from the blood
stream at an early stage.16,17
Multiple hydroxyl functionality is required for the
natural oils to be used as convenient raw material
for polyurethane production. Hydroxyl functionality
occurs naturally in castor oil. Thus, castor oil acts as
a polyol which reacts with polyfunctional isocyanates to form polyurethanes whose properties range
from rigid polymers to elastomers.18,19 The oil contains mainly esters of 12-hydroxy-9-octadecanoic
acid;20,21 thus the presence of hydroxyl groups
makes the oil suitable for use in urethane type reactions. Also, the hydrogen bonding of its hydroxyl
group confers a high viscosity on the oil.21,22
Although the oil is not edible, it is widely used as a
starting material for many industrial products. Castor oil has been used in isocyanate reactions to make
polyurethane elastomers,23 millable,24 castable,25,26
applicable as adhesives and coatings,27,28 and as
polyurethane foams.29 Its competitiveness in relation
to other polymers is basically tied to three factors: it
derives from a natural and renewable raw material,
its mechanical properties are superior to those of
petroleum-derived polymers, and the cost of the
diisocyanates is reasonable.
A thorough literature survey reveals the lack of
literature on the systematic study of natural polyol
(castor oil) based diol chain extended PEUs for drug
delivery. Hence, this kind of research work was
taken, which would give some input to biomedical
application of synthetic polymers and design PEUs
for medical and pharmaceutical applications. Realizing this importance, in the present study, two

monomers viz. castor-oil and Pluronic F-68 were
used as diols to prepare the PEUs. The polymers
prepared were further developed as microspheres for
the controlled release (CR) of a model anticancer
drug, viz. 5-flurouracil (5-FU). The in vitro release
studies have been performed in 7⋅4 pH phosphate
buffer at 37°C. The kinetics of drug release was
evaluated using an empirical equation. The prepared
microspheres as well as the drug loaded microspheres were characterized using different techniques
to understand the formation of microparticles, surface morphology as well as their chemical interaction with drug and their sizes.
2.
2.1

Experimental
Materials

Analytical grade castor oil, N,N-dimethyl formamide
(DMF), dichloromethane (DCM) and poly vinyl alcohol (PVA) of molecular weight 1,25,000 were
purchased from S.D. fine chemicals, Mumbai, India.
5-fluorouracil (5-FU) was procured from Loba
Chemicals, Mumbai, India. 1,1-methylenebis(dicyclohexyl-4,4-diisocyanate) (12H-MDI), Pluronic (PLF68,
MW = 8,400), 1,4-butanediol and dibutyl tin dilaurate
were purchased from Aldrich Chemical Company,
Milwaukee, WI, USA. DMF was vacuum distilled
and dried over 4 Å molecular sieves. Double distilled water was used throughout the study.
2.2

Synthesis of poly(ether-urethane)

Polyurethanes were prepared by the method described before.30 Castor oil (0⋅002 mol) and PLF68
(0⋅0001 mol) were dissolved in DMF taken in a
100 mL round bottom flask fitted with addition funnel, nitrogen inlet and a guard tube. Dibutyl tin dilaurate (0⋅02%) was added to it and stirred on a
magnetic stirrer for about 10–15 min under nitrogen
atmosphere. A 0⋅0042 mol of 12H-MDI was added
drop-wise to the above reaction mixture. The reaction mixture was stirred for 30 min and subsequently, heated at 50°C for 2 h to get the isocyanateterminated PEU. The reaction mixture was cooled to
ambient temperature and 1,4-butanediol (0⋅0021 mol)
was added to isocyanate-terminated PEU as a chain
extender. The mixture was again heated at 70°C for
3–4 h. After completion of the reaction, the mixture
was cooled to ambient temperature; the product was
precipitated in distilled water, collected by filtration
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Scheme 1. Synthesis of polyurethane copolymer.

Table 1. Formulation codes and different ratio of
monomers used for PEU preparation.
Formulation codes
PEU-99
PEU-97
PEU-95
PEU-93
PEU-91

Castor oil (%)

Pluronic (%)

99
97
95
93
91

1
3
5
7
9

and dried in a vacuum oven at 60°C. Different PEUs
were prepared by varying the ratio of PLF68 and
castor oil. The formations of PEUs are given in
scheme 1, respectively. Formulation codes and dif-

ferent ratios of the monomers used for PEU preparation are given in table 1.
2.3

Preparation of 5-FU loaded microspheres

Microspheres of PEUs containing hydrophobic 5-FU
drug were prepared by the solvent evaporation technique. Poly(ether-urethane) (100 mg) was dissolved
in dichloromethane (3 mL) followed by the addition
of 5-FU to the polymer (10 : 1) at appropriate weight
ratio and stirred at the ambient temperature. The
polymer/drug solution was added drop-wise to 2⋅0%
PVA solution under constant stirring using Eurostar
high-speed stirrer (IKA Labortechnik, Germany) at
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800 rpm rotor speed. The solution was further
stirred for a period of about 20–30 min to achieve
the complete evaporation of dichloromethane; the
solution was then diluted with distilled water and
microspheres were isolated using the tabletop centrifuge (Jouan, MR 23i, France). The PEUs microspheres were washed several times by fresh distilled
water to remove the adhering particles such as dispersion stabilizers or non encapsulated drugs. The
obtained microspheres were redispersed into deionized water and lyophilized by a freeze-dryer (Jouan,
LP3, France) to obtain the completely dried microspheres.
2.4

Drug loading efficiency

Microspheres loaded with drug were dissolved in
DCM and the amount of 5-FU entrapped was determined by UV spectrophotometer (Secomam, Anthelie, France) at the λmax value of 243 nm. These data
were collected in triplicate, but average values were
considered in calculating percentage drug loading
and encapsulation efficiency. The 5-FU content
entrapped into the microspheres was calculated using the following equations:
Actual drug loading (%)
⎛ Weight of drug in microspheres ⎞
=⎜
⎟ × 100.
Weight of microspheres
⎝
⎠

(2)

Table 2. Percentage drug loading and drug loading efficiency of 10% 5-FU loaded PEUs.

PEU-99
PEU-97
PEU-95
PEU-93
PEU-91

Encapsulation
efficiency (%)

Microsphere
diameter (µm)

98
92
88
81
71

11–13
14–18
20–25
27–32
35–39

2.6

Gel permeation chromatography (GPC)

Molecular weights of the synthesized PEUs were
determined by GPC (Viscotek, Houston, TX, USA)
attached to a differential refractive index detector
(Viscotek, VE 3580) by employing two columns
(Viscotek gel, GMHH R-H). The flow rate of the
mobile phase, viz. THF was set to 1 mL/min; polystyrene standards were used for calibration runs.
Subsequently, the molecular weight of PEUs was
reported as the polystyrene equivalent molecular
weight. The results of molecular weight and polydispersity index are given in table 3.
2.7

The results on the amount of 5-FU loading and
drug loading efficiency of PEUs are presented in
table 2.

Formulation
codes

Weighed amounts of drug-loaded microspheres
(10 mg) were suspended in 100 mL of phosphate
buffer with pH 7⋅4. Dissolution medium was stirred
at 100 rpm at 37°C using a water bath with a shaker
(Grant OLS200, Grant Instruments, Cambridge Ltd,
UK). Aliquots of dissolution medium (3 mL) were
withdrawn and filtered through 0⋅25 mm Millipore
filter at the predetermined time intervals. After
appropriate dilution, drug concentration was analysed
by UV spectrophotometer (Secomam, Anthelie,
France) at the fixed λmax value of 243 nm. Dissolution
medium was maintained at constant volume by replacing the samples with a fresh dissolution medium.

(1)

Percentage of encapsulation efficiency
⎛ Actual drug loading ⎞
=⎜
⎟ × 100.
⎝ Theoretical drug loading ⎠

2.5 In vitro drug release

Fourier transform infrared spectra (FTIR)

FTIR spectra of the polymers were determined using
Nicolet 5700 spectrophotometer (Milwaukee, WI,
USA) at the spectral range of 4000 to 400 cm–1.
Samples were crushed with KBr to get the pellets
under a hydraulic pressure of 600 kg/cm2.
2.8 Nuclear magnetic resonance spectroscopy (NMR)
Nuclear magnetic resonance (1H NMR) spectra were
recorded on a 300 MHz instrument (Bruker 300 NMR
Table 3. Distribution of molecular weight and polydispersity index.
Polymer code
PEU-99
PEU-97
PEU-95
PEU-93
PEU-91

Mw

Mw/Mn

32,400
33,500
34,600
35,200
35,800

1⋅22
1⋅23
1⋅24
1⋅25
1⋅29
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spectrometer) using CDCl3 as a solvent and tetramethylsilane as an internal standard. 1H NMR spectra
of the PEU containing Pluronic F-68 are shown in
figure 2.

2.9
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Scanning electron microscopy (SEM)

SEM images of the microspheres were recorded
using Joel JSM 6400 scanning electron Microscope
(Japan) at the required magnification. A thin film of
10 nm gold coating was done before subjecting the
samples to SEM.
2.10

Particle size analyzer

Particle size was measured by laser light scattering
technique (Mastersizer 2000, Malvern, UK). Sizes
of the completely dried microspheres of different
formulations were measured using the dry sample
adopter. The volume-mean diameter (Vd) was
recorded and these results are presented in table 4.
3.
3.1

Results and discussion
Gel permeation chromatography

The GPC data indicated that molecular weights of
the polymers increased with an increase of PLF-68.
This suggests an increase in molecular weights of
the polymers with increasing molar ratio of PLF-68
with respect to castor oil (table 3). The data on
molecular weight and polydispersity index are given
in table 3.
3.2
Figure 1. FTIR spectrum of polyurethane prepared
from of PLF-68 and castor-oil (A = Castor-oil; B = Polyurethane, C = PLF-68).

Fourier transform infrared spectra (FTIR)

3.2a Peak assignments for PEUs: The spectrum
showed absorption bands at 1719 cm–1 for the carbonyl group of urethane linkage (–NH–COO–). The
absence of a peak due to isocyanate around
2260 cm–1 indicated a complete reaction between alcohol and isocyanate, resulting in the formation of a
urethane linkage. While a broad band located around

Table 4. Exponent value, n for drug loaded PEU microspheres analyzed from the empirical equation of Ritger
and Peppas.
Power law
Polymer codes

Figure 2. 1H NMR spectrum of polyurethane prepared
from of PLF-68 and castor-oil.

PEU-99
PEU-97
PEU-95
PEU-93
PEU-91

n

r2

0⋅69
0⋅62
0⋅51
0⋅48
0⋅47

0⋅95
0⋅96
0⋅98
0⋅97
0⋅98
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3421 cm–1 is due to N–H stretching of the urethane
linkage. The peak due to C–N stretching vibrations
was located around 1557 cm–1. The aliphatic C–H
stretching vibrations were shown around 2855 cm–1.
FT–IR curves are displayed in figure 1.
3.3 Nuclear magnetic resonance spectroscopy
(NMR)
1

H NMR spectra (figure 2) reveal that chemical
shifts, δ observed at 1⋅15, 1⋅77, 2⋅17, 3⋅55, 3⋅57 and
3⋅64 ppm are well resolved, which belong to hydrogen atoms of the individual functional groups on PEU.
However, castor oil –CH3– comes at δ = 1⋅15 ppm,
–CH2–CH2– at δ = 1⋅77 ppm and –OC–CH2– at
δ = 2⋅17 ppm, in the polymer –NH– at δ = 3⋅55 ppm
as a D2O exchangeable peak. Introducing Pluronic
into the polymer causes another chemical shift for
methyl protons of Pluronic block (–O–CH2–CH2–) at
δ = 3⋅65 ppm, (O–CH2–CH (CH3)–) at δ = 3⋅57 ppm
which confirms the existence of Pluronics F-68 in
the PEU segments and absence of OH proton around
δ = 2–3 ppm complete reaction between alcohol and
isocyanate.
3.4

Scanning electron micrograph (SEM)

Micrographs of the drug-loaded PEU sample shown
in figure 3 and these microspheres are spherical in
nature and have wrinkled surfaces.
3.5

monomer in the polymers, viz. PEU-99, PEU-97,
PEU-95, PEU-93, and PEU-91. The size of microspheres was increased from 11 to 39 μm. Such an
increase in size with respect to increase in PLF-68
of the PEUs is due to high viscosity of PEU in DCM
solution. The increase of PLF-68 with respect to
castor-oil in PEUs has further increased the molecular weights of PEUs. Also, an increase in the size of
microspheres is due to the bulk structure of PLF-68.
The microparticles were prepared using a constant
stirrer speed of 800 rpm taking 200 mg of the polymer in 6 mL of DCM.
3.6 Drug loading efficiency
Results of percentage of drug loading and percentage of encapsulation efficiency for different formulations are presented in table 2. A fixed amount of
drug (10 wt%) was used for the initial loading into
the PEUs. UV results suggest that percentage, 5-FU
loading has decreased as a result of increasing
amount of PLF-68 in PEUs. The loadings of 5-FU in
PEU-91, PEU-93, PEU-95, PEU-97 and PEU-99
matrices are respectively 7⋅1, 8⋅1, 8⋅8, 9⋅2 and 9⋅8%.
However, the percentage encapsulation efficiency
decreased from 98 to 71 with increasing molar ratio
of PLF-68 with respect to castor-oil. Significant
reductions in the percentage drug loading and percentage encapsulation efficiency data are attributed
to hydrophilic nature of PLF-68 and hydrophobic
nature of 5-FU present in PEUs.

Particle size analysis

Particle size analysis showed an increasing trend of
the microspheres with increasing amount of PLF-68

3.7

Release characteristics of PLF-68 and castor-oil
based PEUs were evaluated to investigate the CR of
5-FU. Plots of release patterns of 5-FU loaded PEU
microspheres are displayed in figure 4. No burst
effects were observed in all the formulations, since
only 7, 10, 14, 18 and 22% of 5-FU drug was
released from PEU-91, PEU-93, PEU-95, PEU-97,
and PEU-99, respectively during the initial duration
of 2 h. However, the release studies were performed
up to 120 h and the amounts of drug released during
this time were 71, 81, 88, 92 and 98 respectively,
indicating successful usage of the matrices developed in this study.
3.8

Figure 3. SEM picture of 5-FU-loaded group of microspheres.

In vitro drug release

Drug release kinetics

The empirical equation, Mt/M∞ = ktn used earlier by
Ritger and Peppas31 was employed to analyse drug
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release characteristics from both swellable and nonswellable systems.32 Fickian diffusion (n = 0⋅5) and
Case II transport (n = 1) are often observed when
drugs are released from such diffusion-controlled
and swelling-controlled systems, respectively. Any
system that can be controlled both by diffusion and
swelling mechanisms usually would offer the n values in the range 0⋅5 < n < 1. The values of n were
calculated from the slope of the plots of ln(Mt/M∞)
vs lnt. The values of n for different PEU microspheres loaded with 5-FU are given in table 4. The
values of n for formulation PEU-95 are close to 0⋅5,
indicating the Fickian type release pattern, but when
the concentration of hydrophilic segments of Pluronic F-68 in copolymers was increased, the value of
n was decreased to 0⋅47 which indicates the nonFickian trends. The n values greater than 0⋅5 indicates the anomalous type release trends. Previous
studies reported in the literature also suggested similar anomalies.30,33,34
4.

Conclusions

The present study reports the development of novel
microspheres of castor-oil and Pluronic F-68 (PLF68) to study the controlled release of 5-FU using
solvent evaporation method. The insertion of double
bond in castor oil gives a versatile, chemical resistance, hardness, elongation, tensile strength properties and highly compatible PEUs. The prepared
PEUs can be regarded as polymeric prodrugs
because the drugs can be released by hydrolysis

Figure 4. Drug release profiles of 5-FU from PEU
microspheres prepared from curve (a) 1% PLF-68;
(•) curve; (b) 3% PLF-68 (g); curve (c) 5% PLF-68; ()
curve; (d) 7% PLF-68; () and curve (e) 9% PLF-68
() at 37°C.
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under mild conditions similar to those in biological
systems. The microspheres produced exhibited encapsulation efficiencies up to 98% with spherical in
nature and have wrinkled surfaces. The drug release
mainly depends on amount of Pluronics present in
the matrix. The PLF-68, which acts as hydrophilic
filler in the formulations would help to control
swelling and release of hydrophobic drug from the
microspheres. It is also demonstrated that a hydrophilic and lipophilic balance of the matrices can be
achieved by varying the ratio of two different diols
to obtain the suitable PEU matrices for the release of
a fast acting drug such as 5-FU. The formation and
dissociation of hydrogen bonds result in swelling
and collapse of PEUs and this special property can
be used to control the delivery of drugs or other
active molecules.
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