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ABSTRACT

The objective of this study was to prepare poly (DL-lactide-co-glycolide) (PLGA) nanoparticles by
solvent evaporation method and clarify the effect of various stabilizing agents on the properties of
nanoparticles. It is essential to use stabilizing agents to obtain stable emulsions during the nanoparticle
preparation process. The type and ratio of the stabilizing agents are very effective on the particle size of the
final product. Poly(vinyl alcohol) (PVA) and Pluronic polymers are the commonly used stabilizing agents in
PLGA nanoparticle preparation. In this study, a series of nanoparticle formulations containing PVA and/or
several Pluronic polymers such as Pluronic FI127, Pluronic P85, Pluronic F68, and Pluronic L64 as
stabilizing agents were prepared. The influence of PVA concentration and Pluronic polymers on the size,
shape and zeta potential of the nanoparticles were evaluated. The size and zeta potential of the nanoparticles
were significantly affected by the concentration of PVA. Upon Pluronic introduction the monodisperse size
distribution of nanoparticles with PVA was changed into polydisperse distributions. The Field Emission
Scanning Electron Microscopy (FESEM) showed that nanoparticles were spherical in shape. The surface of
the particles were rough due to Pluronic addition. This research showed that the choice of stabilizing agent
is a very critical parameter in terms of obtaining nanoparticles with desired properties. Further studies are
being planned to evaluate the efficacy of the prepared formulations on carrying problematic hydrophobic

active agents.
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OZET

Bu ¢alismamin amaci, ¢oziicti buharlastirma yontemi ile poli (DL-laktid-ko-glikolid) (PLGA)
nanopartikiillerinin hazirlanmast ve bu nanopartikiillerin ozellikleri iizerine ¢esitli stabilizasyon ajanlarinin
etkilerinin aydinlatilmasidwr. Stabilizasyon ajanlarimin kullanilmasi, nanopartikiil iiretim islemi sirasinda
stabil emiilsiyonlarin elde edilebilmesi i¢cin gereklidir. Stabilizasyon ajaninin tipi ve orani, final iiriiniin
partikiil boyutu iizerinde ¢ok etkilidir. Polivinil alkol (PVA) ve Pluronik polimerleri PLGA
nanopartikiillerinin  tiretiminde yaygin olarak kullanilan stabilizasyon ajanlaridir. Bu ¢alismada,
stabilizasyon ajani olarak PVA ve/veya Pluronik F127, Pluronik P85, Pluronik F68 ve Pluronik L64 gibi
cesitli Pluronik polimerleri iceren nanopartikiil formiilasyonlart hazirlanmigtir. PVA konsantrasyonunun ve
Pluronik  polimerlerinin, nanopartikiillerin  biiyiikliik, sekil ve zeta potansiyeli iizerine etkisi
degerlendirilmistir. PVA konsantrasyonu, nanopartikiillerin biiyiikliigii ve zeta potansiyeli iizerine énemli
olciide etkilidir. PVA ile hazirlanan nanopartikiillerin - monodispers partikiil ~ biiyiikliigii  dagilimi,
Pluroniklerin eklenmesiyle polidispers dagilima donmiistiir. Alan Emisyon Taramali Elektron Mikroskobisi
(FESEM) hazirlanan nanopartikiillerin kiiresel sekle sahip oldugunu géstermistir. Pluronik ilavesine bagh
olarak partikiillerin yiizeyinin piiriizlii oldugu goézlenmistir. Bu arastirma, istenen dzelliklere sahip
nanopartikiilerin elde edilebilmesi i¢in stabilizasyon ajani seciminin ¢ok kritik bir parametre oldugunu
gostermistir. Daha ileriki calismalarda, hazirlanan formiilasyonlarin, problemli hidrofobik etkin maddelerin

tasinmasindaki etkinliginin degerlendirilmesi planlanmaktadir.

Anahtar kelimeler: Polimerik nanopartikiiller, Nanopartikiiler ila¢ tasiyici sistemler, Non-iyonik

surfaktanlar , Polivinil alkol, Pluronikler.

INTRODUCTION

Polymeric nanoparticle-based drug delivery systems are one of the most developing area
within nanotechnology. The important technological advantages of nanoparticles used as drug
carriers are high stability, high carrier capacity, feasibility of incorporation of both hydrophilic and
hydrophobic substances, and feasibility of variable routes of administration, including oral
application and inhalation (1-5). Treatment with these systems increases bioavailability, reduces
the frequency of administration, and promotes targeting of drugs to specific sites. FDA approved
biodegradable polymers such as poly(lactic acid) (PLA), poly(D,Llactide-co-glycolide) acid
(PLGA), and poly(caprolactone) (PCL) are the most commonly used polymeric materials for
preparing polymeric nanoparticles for the purpose of drug delivery due to the biocompatibility and
biodegradability of these materials (6-10). In the recent years, many researchers have studied the
preparation methods of PLGA nanoparticles and the formulation parameters, such as the molecular
weight of PLGA, lyophilizing agents and stabilizing agents. Among those parameters, stabilizing
agents have an important role in the production of nanoparticles. They decrease the interfacial

tension between the lipophilic and hydrophilic phases of the nano emulsion and simplify the
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formation of nanoparticles by obtaining emulsion stability during the nanoparticle preparation
process (11-13). Surfactants are classified as; anionic (negative charge), cationic (positive charge),
zwitterionic or amphoteric (charge depends on the pH of the medium) and non-ionic (no charge).
Among these types of surfactants; non-ionic ones are commonly used in oral pharmaceutical
formulations to enhance the bioavailability of particularly water-insoluble agents. Non-ionic
surfactants offer several advantages: (i) they are more hydrophobic than ionic surfactants, (ii) they
possess a better capacity to dissolve water insoluble drugs, (iii) generally, they are less toxic to
biological membranes, and (iv) several non-ionic surfactants have been shown to influence drug
pharmacokinetics by modulating efflux pumps such as P-glycoprotein and/or multi-drug resistance

associated proteins (14-16).

All surfactants have both hydrophilic and lipophilic properties and are characterized by their
hydrophilic-lipophilic balance (HLB) values. HLB system is the relationship (or balance) between
the hydrophilic portions of the nonionic surfactant to the lipophilic portion. HLB values of the
stabilizing agents affect the qualities of nanoparticles. A stabilizing agent with high HLB can cause
destabilization of the double structure while a stabilizing agent with low HLB may lead to
instability between globules (17). In this study, various types of Pluronics (Pluronic F127, Pluronic
P85, Pluronic F68, and Pluronic L64) and polyvinyl alcohol (PVA) are used as the stabilizing
agents. Pluronics (polyethylene oxide-b-polypropylene oxide-b- polyethylene oxide triblock
copolymer) and PVA are classified as non-ionic surfactants and have diverse applications in
various biomedical fields ranging from drug delivery and medical imaging to management of
vascular diseases and disorders. Especially Pluronics interact with multidrug-resistant tumors,
resulting in drastic sensitization of the tumors (9, 18-21). Objectives of the current study were i) to
prepare a series of PLGA nanoparticle formulations by emulsification-solvent evaporation
technique with different types and ratios of non-ionic surfactants (plain PVA, plain Pluronic
polymers and the mixtures of PVA and Pluronics), ii) to evaluate the influence of PVA
concentration and Pluronic polymers on the shape, size and zeta potential of the PLGA

nanoparticles.

MATERIALS AND METHODS
Materials

PLGA 50:50 [5-15 KDa molecular weight] and PVA 80% hydrolyzed [9-10 kDa molecular
weight] were purchased from Sigma-Aldrich Chemicals Co (Steinheim, Germany). Pluronic F127,
Pluronic P85, Pluronic F68 and Pluronic L64 were generous gifts of Basf (Germany). Methylene
chloride was purchased from Merck (Darmstadt, Germany) and ultra pure water purified by Milli-

Q Plus System, Millipore Corp., (Molsheim, France) was used in all experiments.



260 C. Tuba SENGEL TURK, Zerrin SEZGIN BAYINDIR, Ulya BADILLI

Preparation of PLGA Nanoparticles

PLGA nanoparticles were fabricated by emulsification-solvent evaporation technique (22).
50 mg of PLGA was dissolved in 1 mL of methylene chloride by one minute of probe sonication
(Bandelin Sonopuls HD 2070, Bandelin Elec., Germany) at 10 W. The resulting solution was
further emulsified into 20 mL of aqueous solution containing various amount of surfactant (PVA,
Pluronic F 68, F 127, P85, L 64) or surfactant mixtures for 10 minutes by probe sonication at 70 W.
After emulsification, the oil-in-water emulsion was magnetically stirred for 24 hours to evaporate
the methylene chloride. The nanoparticles formed were then lyophilized for 48 h (Christ Gamma
2—-16 LSC, Martin Christ Gef., Germany). The compositions of nanoparticles are given in Table 1.

Table 1. The compositions of PLGA nanoparticles.

NP1 NP2 NP3 NP4 NPS NP6 NP7 NP8 NP9 NP10 NP11

Organic phase

PLGA(g) 0.05 005 005 005 005 005 005 005 0.05 0.05 0.05

Methylene chloride(mL) 1 1 1 1 1 1 1 1 1 1 1

Aqueous phase

PVA(g) 0.2 0.4 0.6 - 0.2 - 0.2 - 0.2 - 0.2
Pluronic F68(g) - - - 0.4 0.4 - - - - - -
Pluronic P85(g) - - - - - 0.4 0.4 - - - -
Pluronic F127(g) - - - - - - - 0.4 0.4 - -
Pluronic L64(g) - - - - - - - - - 0.4 0.4
Purified water (ml) 20 20 20 20 20 20 20 20 20 20 20

Calculation of HLB Values of Surfactant Mixtures

The HLB values of the surfactant mixtures were calculated according to the following

equation:

£z B = (CXHLB)+ (Cy X HLB))+ (Cy x HLB,)..

CJ" ol

where C,,C,,C; are the percent of component proportion and HLB,,HLB,,HLB; are the HLB

values for the each component (23).
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Characteristics of PLGA Nanoparticles

The size analyses of the nanoparticles were performed using a dynamic light scattering
analyzer (Zetasizer Nano ZS, Malvern Inst., Malvern, Worcestershire, UK). This technique yields
the mean particle diameter and the polydispersity index (PDI), which is a dimensionless measure of
the broadness of the particle size distribution. The nanoparticle formulation was sonicated in ultra
pure water to minimize the interparticle interactions and then introduced into the sample dispersion
unit. Each nanoparticle formulation was analyzed 3 times with the instrument and the average

volume diameter was obtained.

The surface charge of the nanoparticles was also measured by Zetasizer Nano ZS. Prior to
the zeta potential measurements, the aqueous diluted suspension of PLGA nanoparticles was
sonicated in ultrasonic bath. For each nanoparticle formulation, three measurements were made and

the averages of these replicates were calculated.

The zeta potential was automatically calculated by the analyzer using Smoluchowski
equation:

e*xZ
h

m =

z is the zeta potential, m is the mobility, e is the dielectric constant, and h is the absolute

viscosity of electrolyte solution (24).

Visualization of PLGA Nanoparticles

The morphology and shape of the PLGA nanoparticles were investigated by a FEI Nova
Nano SEM 430 Field Emission Scanning FElectron Microscope (FESEM; FEI, Eindhoven,
Netherlands) at 10 kV. Before visualization, the lyophilized nanoparticles were fixed on the stub by
a double-sided sticky tape and then coated with a platinum layer for 40 s.

RESULTS AND DISCUSSION

PLGA nanoparticles containing different stabilizing agents were successfully prepared by
using emulsification-solvent evaporation technique. This preparation method is a commonly used
simple method especially used for obtaining homogenously sized nanoparticles. In this method
emulsion formation step is very critical because the droplet size of the emulsion indicates the final
nanoparticles size. The droplet size largely depends on the type and amount of the stabilizing
agents because they disperse the oil-water phases and provide the stabilization of droplets during
the emulsification process (19,22). Due to this fact investigation of stabilizing agents as a critical

formulation parameter was aimed in the present study. Within this context, nanoparticle
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formulations were successfully prepared by using different types of Pluronics (Pluronic F127,
Pluronic P85, Pluronic F68, and Pluronic L64) and polyvinyl alcohol (PVA). The formulations

were characterized in terms of particle size, size distribution, zeta potential and morphology.

The compositions and the characteristics of the prepared PLGA nanoparticles and also the
HLB values of the non-ionic surfactants and the surfactant mixtures used in the nanoparticle
formulations are given in Table 2. PVA was selected as the reference non-ionic surfactant because
of its popularity on the production of PLGA nanoparticles. In this study, three different
concentration of PVA (1%-2%-3%) were investigated. It was shown that the concentration of PVA
has significantly changed the size and zeta potential of the nanoparticles (Table 2) and its optimum
utilization ratio was found to be 2% because it gave the smallest nanoparticles (167,9+0,939) with
narrow size distribution (PDI= 0,132+0,006). In order to compare PVA with Pluronics, various
formulations were prepared with Pluronic polymers as solely at a rate of 2% or in combination with
1% PVA. Both the size and PDI values were increased in nanoparticle formulations prepared with

Pluronics as stabilizing agents.

Table 2. Surfactant type, utilization ratio of surfactant, HLB values of the surfactants and the

surfactant mixtures used in the PLGA nanoparticle formulations and the physical characteristics of

the final formulations.

Formulation Stabilizing Agents HLB Size = SD (nm) PDI + SD Zeta £ SD (mV)
(n=3) (n=3) (n=3)

NP1 PVA (1%) 18 203.5+1.311 0.239 + 0.004 -23.4+0.387

NP2 PVA (2%) 18 167.9 £0.939 0.132 +0.006 -12.4+£0.479

NP3 PVA (3%) 18 227.0 +0.862 0.194 + 0.005 -15.35+£0.020

NP4 Pluronic F 68 (2%) 29 286.8 +8.250 0.560 £ 0.045 -26.0 £1.530

NP5 Pluronic F 68 (2%) 254 299.9 +5.265 0.463 +0.027 -26.4+0.589
PVA (1%)

NP6 Pluronic P 85 (2%) 16 282.4 +7.823 0.523 +0.020 -31.1+£1.300

NP7 Pluronic P 85 (2%) 16.7 233.5+1.795 0.339 +0.005 -23.4+1.720
PVA (%1)

NP8 Pluronic F 127 (2%) 22 228.0 £8.210 0.418 +0.009 -27.1+£0.672

NP9 Pluronic F 127 (2%) 20.7 271.4 +10.109 0.526 +0.043 -252+1.510
PVA (1%)

NP10 Pluronic L 64 (2%) 15 3163 +2.854 0.422 £0.031 -42.9 +£0.220

NP11 Pluronic L 64 (2%) 16 400.8 +5.837 0.606 £ 0.042 -9.46 +0.128

PVA (1%)
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The nano size of the particular systems provides higher surface area/volume ratio, easy
penetration and permeation through the physiological barriers such as skin, intestine, mucosal
membranes (18). The particle sizes were obtained in a range from 316.3 to 228.0 nm for the
formulations which prepared with plain Pluronic polymers. The monodisperse size distribution of
nanoparticles with PVA was changed into polydisperse distributions upon Pluronic introduction. A
polydisperse size distribution was present in all nanoparticles prepared by Pluronics regardless of
PVA.

The zeta potential of the particular drug carrier systems is a very important parameter that
effects the physical stability and in vivo fate of the carriers (1, 24). The surface charges of the
nanoparticles were ranged between -9.46 and -42.9. The zeta potential values were decreased when
PVA was used in a combination with Pluronic L 64 and P 85. On the other hand, the surface charge
of the nanoparticles was not significantly affected from the presence of PVA for nanoparticles
prepared with Pluronic F 68 and F 127. This situation could be explained on the basis of the length
of the hydrophilic chain of Pluronics. The efficiency of PVA on reducing the charge of
nanoparticles was found to be less in nanoparticles prepared with Pluronics having longer

hydrophilic chain.

Figure 1 shows the correlation between HLB values of surfactants and the characteristics of
nanoparticles prepared with plain Pluronics (NP4-NP6-NP8-NP10). A graphical representation of
the correlation between HLB values of surfactants and various characteristics of nanoparticles
prepared by combining PVA and Pluronic polymers (NP1, NP4-NP11) are also given in Figure 2.
The correlation between the physical characteristics of nanoparticles and HLB values of

surfactants/surfactant mixtures were reduced when PVA was combined with Pluronics.
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Figure 1. Correlation graphics between the surfactant HLB values and a) the size, b) PDI, c) zeta

potential values of PLGA nanoparticle formulations prepared by plain Pluronics as stabilizing agent.



Ankara Ecz. Fak. Derg 38 (4) 257-268, 2009

(U]
=
-
=
-

Size (nm)

(S
o
o

265
B 10,7
0.6 v
~ 05 :};
“29 = 0.4 v
X = 0.3 ¢
0.2 *
R?=0.0189 0.1 R*= 10,0576
0
0 20 40 0 20 40
HI.B Value HI.B Value
C 0
— 0 20 40
= -10 v
g R*= 0,004
= -20
-
=
S Bee
g \ 4
g -40
v
=50

HT R Value

Figure 2. Correlation graphics between the surfactant HLB values and a) the size, b) PDI, c) zeta

potential values of PLGA nanoparticle formulations prepared by combining PVA and Pluronics as

stabilizing agents.

Figure 3 represents the micrographs of PLGA nanoparticles obtained by FESEM. It was

found that all of the nanoparticle formulations were spherical in shape. It was previously shown

that PLGA nanoparticles prepared by using PVA own smooth surfaces (10). On the contrary the

surface of the nanoparticles prepared by Pluronics was porous. This result is compatible with the
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literature emphasizing that Pluronics strongly get adsorbed onto the nanoparticles surface and result
in rough nanoparticles surface (1). This high adsorption is attributed to hydrophobic poly ethylene

oxide blocks in Pluronic structure.
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Figure 3. Micrographs of selected PLGA nanoparticle formulation (NP9).

In conclusion, the outcomes of this research revealed that nanoparticles with desired surface
charge and particle size can be prepared by changing the type and concentration of the stabilizing
agents. The manufacturing process followed in this research is suitable for both of hydrophilic and
hydrophobic drugs. The major problem with the administration of many drugs is their formulation
problems which lead low bioavailability. Treatments with nanoparticle systems may lead enhanced
bioavailability, reduced administration frequency and even promote drug targeting. It would be
worth to evaluate the prepared nanoparticle systems in terms of their efficiency on carrying

problematic active agents.
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