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Nanoparticles of Polyethylene Sebacate: A New Biodegradable Polymer
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Abstract. The present study demonstrates feasibility of preparation of nanoparticles using a novel
polymer, polyethylene sebacate (PES), and its application in the design of drug-loaded nanocarriers.
Silymarin was selected as a model hydrophobic drug for the present study. Two methods of preparation,
viz., nanoprecipitation and emulsion solvent diffusion, were evaluated for preparation of nanoparticles.
Effect of surfactants polyvinyl alcohol (PVA), lutrol F 68, and Tween 80 on the preparation of blank and
silymarin-loaded PES nanoparticles was evaluated. Nanoprecipitation resulted in the formation of
nanoparticles with all the surfactants (<450 nm). Increase in surfactant concentration resulted in decrease
in entrapment efficiency and particle size except with PVA. The type and concentration of surfactant was
critical to achieve low size and adequate drug entrapment. While increase in concentration of PES
resulted in larger nanoparticles, inclusion of acetone in the organic phase resulted in particles of smaller
size. In case of emulsion solvent diffusion, nanoparticles were obtained only with lutrol F 68 as surfactant
and high surfactant concentration. The study revealed nanoprecipitation as a more versatile method for
preparation of PES nanoparticles. Scanning electron microscopy studies revealed spherical shape of
nanoparticles. Freeze-dried nanoparticles exhibited ease of redispersion, with a marginal increase in size.
Differential scanning calorimetry and X-ray diffraction analysis revealed amorphous nature of the drug.
The study demonstrates successful design of PES nanoparticles as drug carriers.

KEY WORDS: biodegradable polymer; emulsion solvent diffusion; nanoparticles; nanoprecipitation;
silymarin.

INTRODUCTION

Synthetic biodegradable polymers most investigated for
drug delivery systems include lactide/glycolide polymers,
polylactide, polyglycolide, copolymer of lactide, and glycolide
referred to as poly (lactide-co-glycolide), polyanhydrides,
polycaprolactones, polyorthoesters, and polyphosphazones
(1,2).

Families of polyesters of diols and diacids with even
number of carbon atoms are well known as being biodegrad-
able and nontoxic to living animals (3). These polyesters are
degraded by the mechanism of fat degradation in humans or
animals and hence can be used for wide pharmaceutical
applications. We have recently reported synthesis and char-
acterization of polyethylene sebacate (PES) from ethylene
glycol and sebacic acid by conventional condensation and
trans-esterification reaction. Enzymatic degradation studies
with lipase revealed PES as biodegradable, while toxicity
studies as per Organization for Economic Cooperation and
Development guidelines confirmed PES as nontoxic (4). PES
is also found to be nongenotoxic and nonmutagenic (5).

Biodegradable polymeric nanoparticles have been widely
investigated for enhancing bioavailability of poorly soluble
drugs, controlled release of drugs, protection of drugs
especially peptides and protein from degradation, targeted
delivery of drugs, as carriers for intracellular drug delivery,
and for coating stents (1,6–8). Development of PES as
nanoparticles would open up application of PES for a whole
range of drug delivery applications. The present study there-
fore explores the feasibility of design of PES nanoparticles for
application as drug carrier.

Two methods were evaluated for preparation of PES
nanoparticles, nanoprecipitation, and emulsion solvent diffu-
sion. Nanoprecipitation is a straightforward, rapid, and easy
to perform one-step procedure for preparation of nano-
particles using water-miscible solvents. Nanoparticle forma-
tion is spontaneous with nanoparticles of small size and
unimodal distribution (9–13). Additionally, the method
requires no or low surfactant concentration (10). Emulsion
solvent diffusion utilizes partially water-miscible solvents.
Initially, an oil-in-water emulsion is formed in the presence
of stabilizer or surfactants, and subsequent addition of water
will allow diffusion of solvent, causing precipitation of
polymer as nanoparticles (8,14–17). Though it is a two-step
procedure, it is reported to be a versatile and efficient method
allowing precise size control and higher entrapment of
lipophilic drugs (10,16).

PES being a new polymer, comparison of methods of
preparation will enable design of PES nanoparticles with

1Department of Pharmaceutical Sciences and Technology, Institute of
Chemical Technology, Mumbai 400 019, India.

2 Advanced Agro Tech, Thane 400602, India.
3 To whom correspondence should be addressed. (e-mail: pvdevarajan@
gmail.com)

AAPS PharmSciTech, Vol. 10, No. 3, September 2009 (# 2009)
DOI: 10.1208/s12249-009-9284-4

935 1530-9932/09/0300-0935/0 # 2009 American Association of Pharmaceutical Scientists



optimum physicochemical characteristics. The data generated
in the course of the study would form the basis for further
nanoparticle preparation using PES as polymer for a range of
drugs. The objective of the present study includes evaluation
of the feasibility of preparation of PES nanoparticles and
their application in the preparation of drug-loaded carriers.
Silymarin was selected as a model hydrophobic drug for the
present study. Low aqueous solubility and poor bioavailabil-
ity of silymarin (18,19) make it a suitable candidate for design
into nanoparticulate drug delivery systems.

MATERIALS AND METHODS

Materials

Silymarin was provided by Vav Life Sciences India;
polyethylene sebacate (molecular weight 9,625) was synthe-
sized in our laboratory (4,5). Polyvinyl alcohol (PVA) and
polyoxyethylene-polyoxypropylene block-co-polymer (lutrol
F 68), were obtained from Colorcon Asia Pvt Ltd and BASF
India, respectively. Polyoxyethylene sorbitan monooleate
(Tween 80), tetrahydrofuran (THF), and methyl ethyl ketone
(MEK) were purchased from S.D. Fine Chemicals, India.
Distilled water was used throughout the experiments. All the
other chemicals and reagents were either spectroscopic or
analytical grade.

Nanoparticle Preparation

Nanoprecipitation

Briefly, PES (125 mg) was dissolved in THF (10 mL) and
added dropwise to the aqueous phase (25 mL) comprising
surfactant in water under continuous stirring. The surfactants
selected for the study included PVA, lutrol F 68, and Tween
80. The resulting dispersion was stirred for 4 h to allow
complete evaporation of organic solvent. In case of drug-
loaded nanoparticles, silymarin (25 mg) was dissolved in
THF.

Emulsion Solvent Diffusion

PES (125 mg) was dissolved in MEK (10 mL). This
organic phase was added under stirring to aqueous phase
(10 mL) containing surfactant. The surfactants screened for
the study included PVA, lutrol F 68, and Tween 80. The
resulting oil-in-water emulsion was stirred for a period of
5 min. Furthermore, 40 mL of water was introduced so as to
allow diffusion of MEK into the external aqueous phase
leading to the formation of nanoparticles. The dispersion was
stirred for 4 h to allow complete evaporation of the organic
solvent. In case of drug-loaded nanoparticles, silymarin
(25 mg) was dissolved in MEK.

Entrapment Efficiency

Nanoparticles were separated from dispersion by centrifuga-
tion (Eltek 4100 DResearch Centrifuge) at 15,000 rpm for 30 min.
The supernatant obtained after centrifugation was suitably diluted
and analyzed for free silymarin by UV spectrophotometry
(Shimadzu, Japan) at 288 nm. The percent entrapment

efficiency was calculated as follows %Entrapment efficiency ¼
Silymarin½ �total � Silymarin½ �supernatant

� �
= Silymarin½ �total � 100 .

Equilibrium Solubility of Silymarin in Surfactant Solution

Excess of silymarin was added to the surfactant solutions
(0.1%, 0.5%, 4% w/v) with intermittent sonication and
vortexing. After 24 h, solutions were centrifuged and the
supernatant analyzed for silymarin by UV spectrophotometry
(Shimadzu, Japan) at 288 nm.

Particle Size Analysis

Particle size was determined by photon correlation
spectroscopy using N4 plus submicron particle size analyzer
(Beckman Coulter) at 25°C. All the measurements were
taken by scattering the light at 90°. The nanoparticle
dispersion was sonicated using probe sonicator (Vibronic
India). The particle size was determined by diluting the
nanoparticle dispersion with water to obtain final counts per
second (Intensity), 5×104 to 1×106. The water used for
dilution was filtered through 0.22 μm membrane filter.
Freeze-dried nanoparticles were dispersed with sonication
prior to particle size determination.

Viscosity

Viscosities of the aqueous phases were determined by
capillary tube viscometer (Oswald viscometer) at 25°C using
water as the reference (viscosity of water=0.008 centipoise).
Each measurement was made in triplicate.

Surface Tension

Surface tension of the aqueous phases was determined
by Stalagmometer at 25°C using water as the reference
(surface tension of water=72 dyne/cm). Each measurement
was made in triplicate.

In Vitro Drug Release

The release of silymarin from the nanoparticles prepared
by nanoprecipitation was determined by dialysis bag method
using USP dissolution apparatus I, in phosphate buffer pH 7.4
(900 mL), at 50 rpm and 37±0.5°C. Drug-loaded nano-
particles corresponding to 10 mg of silymarin were filled in
a dialysis bag (HIMEDIA®, Molecular weight cutoff 12,000–
14,000 Da) which was placed in the basket of the USP
dissolution apparatus I. An aliquot of 5 ml was withdrawn at
suitable time intervals and replaced with the same amount of
medium. The samples were analyzed for silymarin by UV
spectrophotometer at 326.5 nm.

Scanning Electron Microscopy

A drop of nanoparticle dispersion was deposited on an
aluminum grid and dried in vacuum. The samples were
analyzed using the scanning electron microscope equipped
with a field emission, a JEOL JSM 6380 after sputtering the
sample with platinum using a coater JEOL JSM 1600.
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Freeze-Drying

Nanoparticle pellet obtained after centrifugation was
dispersed in solutions containing different concentrations of
lutrol F 68 as stabilizer. Trehalose 5% w/v was used as
cryoprotectant. The samples were lyophilized (REVA-03,
Ref-Vac Consultancy, Vadodara, India) for 36 h at a temper-
ature of 25°C and vacuum of 0.23 mbar.

Differential Scanning Calorimetry

Powdered samples were accurately weighed (5 mg) in
aluminum pans, sealed, and subjected to differential scanning
calorimetry (DSC) under nitrogen flow using a Perkin Elmer
Pyris 6 DSC thermal analysis instrument. Thermograms were
recorded by heating samples from 35°C to 250°C at a heating
rate of 10°C min−1 with empty aluminum pan as the
reference.

X-Ray Diffraction

X-Ray diffraction (XRD) spectra of the formulations
were recorded at room temperature using Philips Pro Expert
diffractometer, with nickel filtered Cu Kα radiation operated
at a voltage of 3 kV, 5 mA current, 4°/min scanning speed,
and 5°–40° (2θ) range.

Statistical Analysis

All data in tables and the figures are expressed as mean ±
standard deviation and mean ± standard error, respectively.
Statistical analysis was performed using the one-way analysis
of variance (ANOVA) with Tukey–Kramer honestly signifi-
cant difference and Student’s t tests. p<0.05 was the criterion
for statistical significance.

RESULTS AND DISCUSSION

Nanoprecipitation

Nanoprecipitation technique developed and patented by
Fessi et al. (9) involves addition of polymer in water-miscible
organic solvent into large amount of nonsolvent, usually
water. Diffusion of solvent into water facilitates formation of
small nanoparticles and higher yield of transformed nano-
particles. Among the various solvents reported, THF and
acetone are commonly employed solvents for nanoprecipita-
tion (13). In our study, THF was selected as the organic phase
as both silymarin and PES exhibited good solubility in THF.

Fig. 1. Effect of surfactant concentration and viscosity of aqueous
phase on particle size of blank PES nanoparticles prepared using
nanoprecipitation (mean ± SE, n=3)

Fig. 3. Effect of silymarin solubility in the aqueous phase on
entrapment efficiency of nanoparticles prepared by nanoprecipitation
(mean ± SE, n=3)

Fig. 2. Effect of surface tension of the aqueous phase on mean size of
nanoparticles prepared by nanoprecipitation (mean ± SE, n=3)

Fig. 4. Effect of polymer concentration on entrapment efficiency and
particle size of silymarin nanoparticles prepared by nanoprecipitation
(mean ± SE, n=3). Organic phase: THF + Acetone (5 mL+5 mL)/
THF (10 mL)
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Preparation of Blank Nanoparticles

Feasibility of preparation of nanoparticles of PES was
evaluated using three surfactants, PVA, lutrol F 68, and
Tween 80 at three different concentrations 0.1%, 0.5%, and
4% w/v of the aqueous phase. The organic/aqueous phase
ratio was maintained at 0.4, and PES concentration was
maintained at 12.5 mg/mL.

Reduction in surface tension due to surfactants allows
formation of smaller droplet and thus small mean size of
nanoparticles. Further addition of surfactants increases the
viscosity of the aqueous phase promoting hydrodynamic
stabilization by preventing coalescence and aggregation of
droplets formed. This effect is more pronounced above the
critical micelle concentration (CMC) of the surfactant. Above
CMC, excess surfactant present in the bulk solution is
available for droplet coverage resulting in better hydro-
dynamic stability and thereby lower particle size.

A sharp decrease in particle size from greater than
1,000 nm to around 300 nm (Fig. 1) was observed as PVA
concentration increased from 0.1% to 0.5%. PVA exerts its
stabilizing effect by adsorbing at the droplet interface, thus
reducing surface tension and promoting mechanical and steric
stabilization. Further increase in PVA concentration to 4%
led to increase in particle size (p<0.05) and was related to
increase in viscosity. Increase in viscosity of external aqueous

phase hinders effective diffusion of organic phase leading to
larger droplet formed, thus increasing mean size. Similar
results at higher PVA concentrations have been reported
(12,14,20,21).

Lutrol F 68 and Tween 80 as surfactants enabled nano-
size at all the concentrations evaluated. This is explained by
the low CMC value of lutrol F 68 (0.1%) (22) and Tween 80
(0.0013%) (23). In general, at the same concentration, mean
size of nanoparticles was in the order of PVA > lutrol F 68 >
Tween 80. PES nanoparticles with size ranging from ∼200 to
330 nm were obtained by suitably manipulating surfactant
concentration and type. The above data confirmed the
feasibility of preparation of PES nanoparticles by nano-
precipitation.

Preparation of Silymarin-Loaded Nanoparticles

Effect of Surfactant Concentration and Type. Similar effect
as observed with blank nanoparticles was seen with silymarin-
loaded nanoparticles. Figure 2 illustrates the effect of surface
tension of the aqueous phase on mean particle size of
silymarin-loaded nanoparticles prepared by nanoprecipitation.

A good correlation between particle size and surface
tension was observed with lutrol F 68 (r2=0.911) and Tween
80 (r2=0.744). However, with PVA, such correlation was
observed only up to 2% (r2=0.739). At higher PVA
concentration, significant increase (p<0.05) in particle size
was observed as seen with blank nanoparticles. Mean size of
nanoparticles was found to be in the order of PVA > lutrol F

Fig. 5. Effect of organic/aqueous phase ratio on entrapment
efficiency and particle size of silymarin nanoparticles prepared by
nanoprecipitation (mean ± SE, n=3; ***p<0.001, ANOVA followed
by Tukey test)

Table I. Effect of Surfactant Type and Concentration on Particle Size of Nanoparticles Prepared by Emulsion–Solvent Diffusion (Mean ± SD, n=3)

Particle Size (nm)

Concentration (% w/v) PVA Lutrol F 68 Tween 80

Blank Silymarin-loaded Blank Silymarin-loaded Blank Silymarin-loaded

0.1 >1,000 >1,000 >1,000 >1,000 >1,000 >1,000
0.5 >1,000 >1,000 >1,000 >1,000 >1,000 >1,000
1 – 613±84.3 – >1,000 – >1,000
2 – 283.6±2.2 – 534.9±6.9 – >1,000
4 >1,000 >1,000 336.5±3.8 273.5±23.4 >1,000 852.8±24.6

Fig. 6. In vitro release profile of silymarin-loaded nanoparticles
(mean ± SE, n=3)
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68 > Tween 80, which was similar to the data obtained for
blank nanoparticles.

Silymarin-loaded nanoparticles exhibited larger mean
size compared to blank nanoparticles with PVA and Tween
80 (p<0.05). The solute loading in the organic phase
influences the nanoparticle size. The higher the solute
concentration, the larger the size of nanoparticles formed
(24).

Figure 3 shows effect of solubility of silymarin in the
aqueous phase on entrapment efficiency of nanoparticles. It is
apparent that entrapment efficiency of silymarin in nano-
particles was found to decrease significantly (p<0.05) with
increase in surfactant concentration and was in the order of
PVA > lutrol F 68 > Tween 80. Higher aqueous solubility of
silymarin at higher surfactant concentration favored increased
partition into the nonsolvent phase thereby resulting in
decrease in entrapment efficiency. Selection of surfactant
type and concentration is therefore extremely crucial to strike
a balance between low size and adequate drug loading.

Effect of Polymer Concentration. The effect of polymer
concentration was studied using lutrol F 68 as the surfactant
at a concentration of 0.5%. As the polymer concentration in
the organic phase increased, both particle size and entrap-
ment efficiency increased (Fig. 4). Significant increase in
entrapment efficiency (p<0.001) of silymarin at higher
polymer concentration can be related to availability of higher
amount of polymer for entrapment. On the other hand,
increase in particle size (p<0.001) can be explained due to
increased polymer–polymer interaction coupled with increase
in viscosity of aqueous phase which prevents effective

diffusion of solvent into aqueous phase thereby increasing
the particle size (24).

Effect of Organic/Aqueous Phase Ratio. Figure 5 shows
the effect of organic/aqueous phase ratio on particle size
and entrapment efficiency of silymarin nanoparticles. A
significant decrease in entrapment efficiency as well as
particle size was observed when organic/aqueous phase
ratio increased from 0.2 to 0.4 (p<0.001). Further increase
in ratio significantly affected neither entrapment efficiency
nor the size (p>0.05). Increased concentration of organic
phase while promoting rapid diffusion of solvent into
aqueous phase to obtain small size nanoparticles also
favors partition of the drug in the aqueous phase to
decrease the entrapment efficiency.

Effect of Solvent Type. Solvents of high polarity like
acetone are reported to form small size nanoparticles (13,25)
by promoting rapid diffusion into the aqueous phase.
Furthermore, the lower the dielectric constant of the solvent,
the larger the size of nanoparticles (11). Since PES is not
soluble in acetone, THF/acetone (1:1) was evaluated. Particle
size decreased significantly (p<0.05) when THF and acetone
were used in combination as solvent compared to THF alone
at all the polymer concentrations (Fig. 4). Rapid diffusion of
the more polar solvent acetone into the nonsolvent phase
favors the formation of smaller nanoparticles.

The dielectric constant of THF is 7.5, and that of acetone
is 21 (13). Dielectric constant of THF and acetone mixture
was determined theoretically from the following formula
(26).

E ¼ %AEðAÞþ%BEðBÞ
100

Where

E=dielectric constant of medium
E(A)=dielectric constant of pure solvent A;
E(B)=dielectric constant of pure solvent B
% A=percent content of A in mixture;
% B=percent content of B in mixture

The dielectric constant of THF/acetone (1:1) was
found to be 14.5, which explained the formation of smaller
nanoparticles.

On the other hand, significant decrease (p<0.05) in
entrapment efficiency was observed with THF and acetone
(1:1; Fig. 4). Increased diffusivity of solvent due to addition of
acetone may cause leaching of drug into aqueous phase, thus
decreasing the entrapment. This illustrates that, though

Fig. 7. SEM image of nanoparticles prepared by nanoprecipitation

Table II. Optimization of Freeze Drying (Mean ± SD, n=3)

Batch Lutrol F 68% w/v Trehalose % w/v Particle Size (nm)

Before Freeze drying (Size in dispersion) After Freeze drying

1 – 5 332.8±3.8 715±28.7
2 1 5 252.4±9.7 426.4±15.9
3 2 5 268±1.5 284.5±7.7
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modulating polarity and dielectric constant of the solvent
phase can be used effectively to control the particle size, it has
to be used with caution to ensure adequate drug loading. The
batch prepared using THF/acetone ratio of 1:1 with PES
concentration of 7.5 mg/ml and lutrol F 68 (0.5%) was further
characterized by scanning electron microscopy (SEM) and
subjected to freeze drying.

Emulsion–Solvent Diffusion

Emulsion–solvent diffusion technique differs from nano-
precipitation in that it employs a partially water-miscible
solvent. It is widely adapted for preparation of polymeric
nanoparticles (14), lipidic nanospheres (16), solid lipid nano-
particle (17), nanocapsules (10,15,20), and drug nanosuspen-
sions (27). For the present study, methyl ethyl ketone was
selected as the solvent because of high solubility of silymarin
and PES. Table I summarizes effect of surfactant type and
concentration on particle size of PES nanoparticles prepared
by emulsion–solvent diffusion technique.

Nanoparticles (<500 nm) were obtained at 2% w/v PVA
and 4% w/v lutrol F 68 and PVA, respectively. At higher PVA
concentrations, size increased and is attributed to viscosity of
PVA. Tween 80 did not show nanoparticle formation. Similar
observations with Tween 80 have been reported by D.
Quintanar-Guerrero et al. (14), who studied poly (D,L-lactic
acid) nanoparticles using emulsion–solvent diffusion techni-
que. The final size of nanoparticles prepared by emulsion–
solvent diffusion technique is largely governed by the
characteristics of the primary emulsion. The more stable
the primary emulsion, the smaller is the size obtained (15).
The difference in the particle size observed with the different
surfactants is related to ability of the surfactant to form a
stable primary emulsion.

When compared to nanoprecipitation, emulsion–solvent
diffusion technique required higher concentrations of the
surfactant to achieve nanosize. In fact with nanoprecipitation,
nanosize was obtained even at surfactant concentrations of
0.1%. Literature reports available on emulsion–solvent
diffusion technique have achieved nanosize at surfactant
concentrations usually >1% (10,14,15,20,24). Entrapment
efficiency was found to be in the order lutrol F 68 > PVA >
Tween 80. Nanoprecipitation appears to be a more versatile
method for preparation of PES nanoparticles as smaller size
and adequate entrapment efficiency is achieved at lower
surfactant concentration.

In Vitro Drug Release

In vitro drug release profile of silymarin from nano-
particles is depicted in Fig. 6. The drug release was
characterized by employing four basic models: zero-order
kinetic model—cumulative percent drug release vs. time (r2=
0.9909), first-order kinetic model—log cumulative of percent
drug retained vs. time (r2=0.1598), Higuchi kinetic model—
percent drug release vs. square root of time (r2=0.9227),
Korsmeyer–Peppas model—log cumulative percent drug
release vs. log time (r2=0.9526). In vitro drug release studies

Fig. 8. Comparative DSC thermograms of a trehalose, b lutrol F 68, c PES, d silymarin, e
silymarin nanoparticles without trehalose and lutrol F 68, f silymarin nanoparticles with
trehalose and lutrol F 68

Fig. 9. Comparative XRD spectra of a trehalose, b lutrol F 68, c PES,
d silymarin, e silymarin nanoparticles without trehalose and lutrol F
68, f silymarin nanoparticles with trehalose and lutrol F 68
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revealed zero-order release of silymarin from nanoparticles
with 50% drug release in about 3 h (t 50=2.86 h).

Scanning Electron Microscopy

Figure 7 shows SEM image of nanoparticles. The particles
revealed spherical morphology and a size which is well
correlated to photon correlation spectroscopy measurements.

Freeze Drying

Physical and chemical stability of nanoparticles can be
improved by freeze drying. In recent years, a large number of
studies have been reported on optimization of freeze drying
of nanoparticles (28–32). However, increase in particle size is
often observed after freeze drying (28,30,33). Selection of
proper additives which can control the increase in size during
freeze drying is absolutely critical. Among the various sugars
and excipients evaluated for freeze drying, trehalose appears
to be the most effective and frequently used cryoprotectant
(28,34). Hence, trehalose 5% w/v was selected as cryopro-
tectant for the present study. Nanoparticle dispersion
obtained upon suspending the pellet isolated after centrifu-
gation revealed increase in size, suggesting tendency of
nanoparticles to agglomerate. Hence, the dispersions were
stabilized using lutrol F 68. The particle size obtained before
and after freeze drying is depicted in Table II. Use of
trehalose alone did not restrain increase in particle size upon
freeze drying. However, addition of lutrol F 68 to nano-
particle dispersion prior to freeze drying enabled control of
this growth in size. This effect was related to concentration of
lutrol F 68. There are conflicting reports in the literature
regarding stabilization effect of lutrol F 68 during freeze
drying of nanoparticles. While few studies report inability of
lutrol F 68 to maintain integrity of nanoparticles in absence of
cryoprotectant (30), others report the cryoprotective effect of
lutrol F 68 and attribute it to dehydration of surfactant
present in the bulk solution which forces surfactant to the
particle surface, providing cryoprotective effect (35). Hence,
we used lutrol F 68 in combination with trehalose. Indeed,
only marginal increase in size was observed at 2% w/v
concentration of lutrol F 68. The ratio of the size after freeze
drying (268±1.5 nm) to the size before freeze drying (284.5±
7.7 nm) was found to be 1.061, which is well below the
suggested limit ∼1±0.3 (30). Presence of lutrol F 68 prevented
nanoparticles from aggregating as well as promoted their ready
dispersion when freeze-dried nanoparticles were suspended in
water.

DSC and XRD Analysis

DSC and XRD analysis was carried out on freeze-dried
samples. The DSC and XRD pattern of silymarin nano-
particles and other excipients are reported in Fig. 8 and Fig.
9, respectively. Silymarin did not reveal sharp endotherm
suggesting poorly crystalline nature of drug. On the other
hand, PES, lutrol F 68, and trehalose revealed sharp melting
endotherms. DSC thermogram of silymarin-loaded nano-
particles showed an endotherm corresponding to lutrol F 68.
The XRD spectra of silymarin nanoparticles without treha-
lose and lutrol F 68 corresponded to that of silymarin. It is

now apparent that the peaks seen in XRD spectra of
silymarin nanoparticles with trehalose and lutrol F 68 are
due to the excipients which are crystalline in nature.

CONCLUSION

The study presents successful design of PES nanopar-
ticles and their application as a drug carrier. Nanoprecipita-
tion was found to be a better approach for the preparation of
PES nanoparticles. PES nanoparticles were readily freeze
dried with minimum increase in particle size, using relatively
low concentration (5%) of cryoprotectant. The study con-
firmed the feasibility of PES for the design of nanoparticulate
drug delivery system.
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