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Abstract

accordance with Higuchi equation.

The aim of this study was to prepare the PEG-PLGA loaded with vincristine sulfate nanoparticles (VCR-loaded
PEG-PLGA-NPs) and investigate its in vitro release properties. VCR-loaded PEG-PLGA-NPs were prepared by the
modified double emulsion (W,/O/W,) method, and the main experimental factors influencing the characteristics of the
nanoparticles were investigated and the preparation was optimized. The results showed that the physicochemical
characteristics of VCR-loaded PEG-PLGA-NPs were affected by the polymer concentration, the ratio of internal
water phase to oil phase, external water phase to oil phase and ultrasound time for the second time. VCR-loaded
PEG-PLGA-NPs, with average particle size of 135.9nm, zeta potential of -12.83mV, encapsulation efficiency of
68.2% and drug loading of 8.34%, were prepared under optimal conditions. The release experiments in vitro showed
the VCR release from PEG-PLGA-NPs exhibited consequently sustained release for more than 13d, which was in
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Introduction

Vincristine sulphate (VCR), a dimeric indole alkaloid isolated
from the periwinkle plant Catheranthus roseus [1], is one of the most
common chemotherapeutic drugs used for the treatment of several
forms of malignancies [2,3]. It has been found to be active against
the acute lymphoblastic leukemia, Hodgkin’s disease, non-Hodgkin’s
lymphoma, neuroblastoma, breast cancer, etc [4,5]. Its antineoplastic
effects are to interfere with microtubule assembly and induce tubulin
selfassociation into coiled spiral aggregates during mitosis, thus
inhibit division of cells [6,7]. Unfortunately, many tumor cells are
not sensitive to VCR because of efflux from the tumor cells mediated
by P-glycoprotein (Pgp), multidrug resistance-associated protein
1 (MRP1), MRP2 and MRP3 [8,9]. Meanwhile, VCR also has severe
nervous system toxicity when administered systematically [10]. To
improve the effectiveness and decrease the side effects of VCR, it is a
potential approach to deliver VCR by targeting delivery system [11].

Recently biodegradable polymeric NPs for drug delivery have
shown significant therapeutic potential [12-14]. Biodegradable
polymers such as poly (d,l-lacticacid), poly (d,l-lactic-co-glycolic acid)
and their co-polymers diblocked or multiblocked with PEG have been
commonly used to form core-shell structured NPs to encapsulate
a variety of therapeutic compounds. These NPs have a number of
appealing features: their hydrophobic core is capable of carrying highly
insoluble drugs with high loading capacity, while their hydrophilic
shell provides steric protection and functional groups for surface
modification [15].

In this study, biodegradable polymeric NPs made from
polyethyleneglycol-modified poly (d,l-lactide-co-glycolide) (PEG-
PLGA-NPs), which have been extensively used as drug delivery
systems for a variety of drugs were investigated for encapsulating VCR.
Nanoparticles prepared from PEG-PLGA-NPs are being extensively
investigated due to their controlled release, biodegradable and
biocompatibility [16,17]. Several methods have been reported for the
preparation of biodegradable polymer nanoparticles, such as solvent

evaporation [18], nanoprecipitation [19] and salting-out [20]. Among
these methods, the modified double emulsion solvent evaporation
method is the most common used for the encapsulation of hydrophilic
drug. VCR-loaded PEG-PLGA-NPs were prepared by the modified
double emulsion (Wl/ O/Wz) method, and the main experimental
factors influencing the characteristics of nanoparticles were investigated
and the preparation was optimized, which could provide the basis for
the further research of the VCR-loaded-PEG-PLGA-NPs.

Materials and Methods
Materials

PEG-PLGA (PEG, Mw=2000 PLGA, Mw=35000 LA/DA 50:50) was
purchased from ShanDong JiNan DaiGang Biotechnology Company;
Vincristine (98.9% purity) was purchased from Shanghai Institute
of Materia Medica; poly vinyl alcohol (PVA 13000-23000, 87%-89%
hydrolyze); Tween-80; F-68; acetone were of analytical grade.

Preparation of PEG-PLGA-NPs

PEG-PLGA nanoparticles loaded with VCR were prepared by
a modified double emulsion (W1/O/W2) method. Briefly, a certain
volume of the VCR solution as the internal water phase (10mg/
ml, dissolved in ethanol) was added in the organic phase dissolved a
certain amount of PEG-PLGA. Then, the mixture was ultrasound using
probe sonication for a while to form the primary W1/O emulsion.
This emulsion was transferred to an aqueous solution as the external
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water phase using probe sonication for a while to form the W1/0/
W2 emulsion. The W1/O/W2 emulsion was gently stirred at room
temperature in a fume hood until the evaporation of the organic
solvent was complete.

The produced nanoparticles were collected by centrifugation
(16000 r/min) at 4°C for 1 hour and washed with distilled water, thrice,
to remove the emulsifier. The obtained nanoparticle suspension was
freeze-dried and kept in a desiccator.

Particle size distribution and zeta potential

Particle size distribution and zeta potential were determined by
Zetasizer 2000. Each sample of nanoparticles preparation was analyzed
in duplicate with 30 readings for per nanoparticle sample suspended
in distilled water. Figure 1 shows the particle size distribution of the
VCR-PEG-PLGA NPs.

Determination of the drug loading capacity of PEG-PLGA-
NPs

The obtained nanoparticle suspension was centrifuged (16000 r/
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Figure 1: Particle size distribution of VCR-PEG-PLGA NPs.

Copolymer Particle size Entrapment efficiency Drug loading
(mg/ml)  (nm) (%) (%)
5 100.8 13.3 5.05
10 1211 32.3 6.06
20 136.6 58.6 5.53
40 262.3 66.3 3.21

Table 1: Effect of copolymer concentration on the PEG-PLGA-NPs
characteristics.

W1/0 Particle size (nm) Entrapment efficiency (%)  Drug loading
(ml/ml) (%)
110 135.5 58.9 2.86
1/5 142.7 48.4 4.06
3/10 112.5 423 5.96
2/5 95.1 34.3 5.36

Table 2: Effect of internal water phase/oil phase on the PEG-PLGA-NPs
characteristics.

W2/0 Particle size Entrapment efficiency Drug loading
(ml/ml) (nm) (%) (%)

2 206.6 37.2 3.61

5 210.7 425 4.07

8 145.8 51.8 4.92

10 210.2 47.2 4.50

Table 3: Effect of external water phase/oil phase on the PEG-PLGA-NPs
characteristics.

Emulsifiers Particle size Entrapment efficiency  Drug loading
(nm) (%) (%)

PVA 154.2 35.6 3.52

F-68 137.3 52.8 5.01

Twen-80 156.8 49.2 4.69

Table 4: Effect of several emulsifiers on PEG-PLGA-NPs characteristics.

Ultrasound for Particle size  Entrapment efficiency |Drug loading
first time (s) (nm) (%) (%)
10 198.2 443 4.24
30 99.9 47.3 4.51
60 139.1 493 4.70
120 105.7 46.8 4.47

Table 5: Effect of ultrasound for the first time on PEG-PLGA-NPs characteristics.

Ultrasound for Particle size |Entrapment efficiency | Drug loading
the second time (min)  (nm) (%) (%)

0.5 95.4 36.2 3.49

1 137.3 48.2 4.59

2 141.7 40.9 3.92

4 212.6 38.2 3.67

Table 6: Effect of ultrasound for the second time on PEG-PLGA-NPs characteristics.

min) at 4°C for 1h and then the supernatant was detected using UV
at 297nm to calculate the drug entrapment efficiency and loading
capacity.

In vitro release

50mg of VCR-loaded PEG-PLGA-NPs dispersed in 5mL of PBS
(pH=7.4) were enclosed in dialysis bags and incubated in 500ml
of PBS (pH 7.4), agitated using the shaker at 120r/min at 37°C. At
predetermined time intervals, 5 ml samples were withdrawn and
centrifuged for 1 h. The supernatant was assayed and replaced by 5 ml
PBS (pH 7.4) immediately after withdrawn. Each nanoparticles batch
was analyzed in triplicate.

Results and Discussion
Single factor

The factors that may influence the particle size and drug loading
capacity of the VCR-loaded-PEG-PLGA-NPs were investigated in the
study. The prescription factors include: (1) PEG-PLGA concentration
(mg/ml); (2) internal water phase/oil phase (ml/ml); (3) external water
phase/oil phase (ml/ml); (4) the kind of the emulsion 0.5% : PVA,
Tween-80, F-68. The design factors include: (1) ultrasound time for
the first time; (2) ultrasound time for the second time; (3) ultrasound
power; (4) the method to evaporation the organic phase. The results
are showed in Table 1 to Table 8. The tables show that there are some
factors that remarkably influenced the particle size and drug loading
of the PEG-PLGA-NPs. The best conditions of the prescription were:
(1) copolymer: 10mg/ml; (2) internal water phase/oil phase: 3:10; (3)
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external water phase/oil phase: 8:1; (4) the emulsifiers: PVA (0.5%)
while the design conditions were (1) ultrasound 30s for the first time;
(2) ultrasound 1 min for the second time; (3) ultrasound power is 20%;
(4) the method to evaporation the organic is 37°C rotatory evaporator.

Orthogonal test

The best preparation conditions were optimized through the
orthogonal test according to the results of the single factor study. The
orthogonal experimental design method was adopted and L, (3*) table
was chosen for the experiment as the Table 9 showed. The results of
visual analysis and variance analysis are shown in Table 10 and Table
11.

In view of the visual analysis, we can see the factors influence the
entrapment efficiency listed in a decreasing order as follows: A> C> B
> D according to the R value. In the variance analysis we can see that
A has s significant different. So the maximum entrapment efficiency
and drug loading of the VCR-PEG-PLGA-NPs was obtained when
A2B3C1D2 taken (the copolymer concentration: 15mg/ml, the internal
water phase/oil phase: 7/20, external water phase/oil phase: 6:1, the
ultrasound time for the second time: 1.5min.).

In vitro release

The result of in vitro release of VCR from PEG-PLGA-NPs is
shown in Figure 2 After an obvious burst release of about 32 VCR in
the first 2 hours, a smooth release of VCR can maintain for about 13
days, its cumulative release was up to 81%. Figure 2. shows that the
drug release behavior of PEG-PLGA-NPs was fitted into a Higuchi
equation Q=3.4670t+40.346, R>=0.9582.

Conclusions

In the present investigation, VCR-loaded PEG-PLGA-NPs were
commonly prepared by the modified double emulsion method. The
physicochemical characteristics of VCR-loaded PEG-PLGA-NPs were

Ultrasound Particle size Entrapment efficiency ~ Drug loading
power (%) | (nm) (%) (%)

20 136.4 58.2 5.50

40 101.8 53.3 5.06

60 159.1 47.8 4.56

80 133.3 45.5 4.35

Label: (100% ultrasound power is 250W)
Table 7: Effect of ultrasound power on PEG-PLGA-NPs characteristics.

Method Particle size |Entrapment efficiency Drug loading
(nm) (%) (%)

magnetic stirring  |172.6 47.8 4.56

(25°C)

rotatory 156.2 52.6 4.99

evaporating

(25°C)

rotatory evaporator | 131.2 56.3 5.33

(37°C)

Table 8: Effect of the evaporation method on PEG-PLGA-NPs characteristics.

levels |Factors
A(mg/ml) B(ml/ml) C(ml/ml) D(min)
1 10 1/4 6 1
15 3/10 8 1.5
3 20 7120 10 2

Table 9: Factors and levels of L9 (34) orthogonal test.

Number A B C D Particle |Entrapment Drug loading

Size efficiency (%)

(nm) (%)

1 10 1/4 6 1 98.1 48.2 6.75
2 10 3/10 |8 1.5 102.2 414 7.64
3 10 7120 10 2 107.3 435 8.00
4 15 1/4 8 2 1376 576 7.13
5 15 3/10 10 1 143.5 160.3 7.44
6 15 7/20 6 1.5 1359 68.2 8.34
7 20 1/4 10 1.5 1155 61.3 5.78
8 20 3/10 |6 2 148.2 70.3 6.57
9 20 7/20 |8 1 152.2 67.8 6.35
K1 44.367 55.700 62.233 58.767

K2 62.033 57.333 55.600 56.967

K3 66.467 59.833 55.033 57.133

R 22.100 4.133 |7.200 1.800

Table 10: Visual analysis.

factor deviance DOF |F-ratio |F-critical value significance
A 820.176 2 3460 3.110 *
B 26.002 2 0.110  3.110
C 96.162 2 0.406 3.110
D 5.936 2 0.025 3.110
error 948.28 8
Table 11: Variance analysis.
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Figure 2: In vitro release of VCR-PEG-PLGA NPs.

cumul ative release
percent (%)

affected by polymer concentration, internal water phase/oil phase,
external water phase/oil phase and ultrasound time for the second
time. VCR-loaded PEG-PLGA-NPs with particle size of 135.9nm,
zeta potential of -12.83mV, encapsulation efficiency of 68.2%, and
drug loading of 8.34% were prepared under optimal conditions. PEG-
PLGA-NPs exhibited a sustained in vitro release that lasted for more
than 13 days, which fit the Higuchi equation. This could be valuable for
preparing drug controlled release systems to satisfy clinical demands.
Our experimental results indicated that PEG-PLGA-NPs could be used
to develop drug carriers for VCR.

More detailed and exhaustive investigations are needed to fully
realize the potential of these drug carriers. The bio-distribution, cellular
toxicity, pharmacokinetics, pharmacodynamics of VCR-loaded PEG-
PLGA-NPs in cells and animal models are currently under investigation
in this laboratory.
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