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A B S T R A C T

Molecular imprinted nanoparticles (MINPs) can memorize the shape and functional group

positions complementary to template, which account for the large drug loading capacity

and slow drug release behavior as drug carriers. We synthesized MINPs via precipitation

polymerization with vinblastine (VBL) as a model drug, and investigated the drug loading,

releasing property in vitro and bio-distribution in vivo.The obtained MINPs, from 300 to 450 nm,

had smooth surface and favorable dispersibility. The entrapment efficacy and drug loading

capacity of VBL loaded MINPs (MINPs-VBL) were 83.25% and 8.72% respectively. In PBS (pH7.4),

MINPs-VBL showed sustained release behavior. The cumulative release percentage reached

about 70% during 216 h and no burst release was observed. The releasing behavior of MINPs-

VBL in vitro conformed to the first-order kinetics model. MINPs-VBL and commercially available

vinblastine sulfate injection (VBL injection) were injected via tail vein of SD rats respec-

tively to investigate the bio-distribution. MINPs-VBL group showed higher concentration of

VBL in tissues and serum than VBL injection group after 60 min, and the drug level in liver

was the highest. MINPs-VBL exhibited liver targeting trend to some extent, which was based

on the evaluation of drug targeting index (DTI) and drug selecting index (DSI).

© 2017 Shenyang Pharmaceutical University. Production and hosting by Elsevier B.V. This

is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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1. Introduction

The cavities in molecular imprinted polymers, complemen-
tary in shape, size and even chemical functionality to the
template molecule, can recognize and absorb the template mol-

ecules with antibody-like affinities and selectivities [1]. The
recognition and absorption mechanism is mainly governed by
the combination of various non-covalent interactions, such as
hydrogen bonds, ionic bonds, hydrophobic effect and van der
Waals interactions between different functional groups of the
MIPs and template molecule [2,3]. When the drug molecule is
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used as a template, the interactions between the MIPs and drug
are very different from that of regular drug carriers, like
embedding, or physical absorption, which are beneficial to
the loading capacity and sustained release [2,4]. Asadi E.
[5] reported that the loading of cyproterone in the im-
printed polymers was significantly increased with respect
to the non-imprinted polymers and it was attributed to the
interactions between the functional groups of cyproterone
and the carboxyl groups of polymer at the imprinted cavi-
ties. Furthermore, the sustained release of MIPs to drugs has
also been confirmed by a wealth of cases. Abdouss [6] founded
that the MIPs released citalopram more slowly than the non-
imprinted polymers because of the non-covalent bindings. In
addition, MIPs can also release the imprinted enantiomer with
a slower rate than the opposite enantiomer when the racemic
drug was loaded on the S-propranolol imprinted polymers [7].

Vinca alkaloids are a group of anti-mitotic and anti-
microtubule alkaloid agents originally derived from the
periwinkle plant Catharanthusroseus. Vinblastine (VBL) is one
kind of Vinca alkaloids commonly used to treat Hodgkin’s lym-
phoma, non-small cell lung cancer, bladder cancer, brain cancer,
testicular cancer, and etc. But the narrow therapeutic window
and severe dose-limiting, hematological toxicity, including leu-
copenia, myelosuppression and anemia, have always restricted
its clinical application [8,9]. Nanoparticles, which have sus-
tained release and targeting effect, maybe be an effective way
to improve the dilemma. It was recently reported that vin-
blastine sulfate (VBL) was loaded in egg sphingomyelin/
cholesterol liposome and achieved sustained release [10]. The
poly(caprolactone) grafted dextran copolymeric nanoparticles
loaded with vinblastine could not only sustain release in-
vitro but could also enhance cellular uptake of NPs to increase
the mortality of cancer cells and reduce the toxicity to normal
cells [11].

In this paper, VBL imprinted nanoparticles were synthe-
sized through precipitation polymerization, and the properties
as a drug carrier for VBL were evaluated by drug loading and
releasing in vitro. In addition, the effects of the carrier on VBL
distribution in vivo were also investigated.

2. Materials and methods

2.1. Materials

Vinblastine sulfate (VBL) was purchased from Yueyang Bio-
medical Science and Technology Co., Ltd (Hainan, China), Batch
No. 20090505; Methacrylate (MAA) was obtained from Yongda
Reagent Center (Tianjin, China); Trimethylolpropane
trimethacrylate (TRIM) was purchased from Sigma (America);
Azobisisobutyronitrile (AIBN) was obtained from Sihewei Chemi-
cal Reagent Limited Company (Shanghai, China); Vinblastine
sulfate for injection was from Shengtai Pharmaceutical Co., Ltd.
(Shanxi province, China), Batch No. 20090422; Acetonitrile (HPLC
grade) was purchased from Merck (Germany); Methanol and
acetic acid was from Guangzhou Chemical Reagent Factory
(Guangzhou, China).

SD rats (male or female, 200 ± 20 g) were from Experimen-
tal Animal Center of Southern Medical University (Guangzhou,
China), No. SCXK Yue 2006-0015).

2.2. Preparation of MINPs via precipitation
polymerization

The vinblastine imprinted nanoparticles were prepared from
a reagent mixture obtained by mixing of VBL and MAA in ace-
tonitrile according to Table 1. The solution was oscillated (CHY-
2, Fuhua Instruments Co., Ltd, Jiangsu, China) for 30 min to
prearrange template (VBL) and monomer (MAA).TRIM and AIBN
(15 mg) were then added to the solution, and the mixture was
sonicated in ultrasonic bath (KH-100DE, Kunshan Hechuang Ul-
trasound Instruments Co., Ltd, Jiangsu, China). Then it was
purged for 5 min with N2 and sealed. The polymerization was
induced in a preheated water bath (HH-HS, Nanyang Instru-
ments Co., Ltd, Shanghai, China) at 60 °C with shaking for 24 h.
The polymeric particles were collected by centrifugation (TGL-
168, Anting Scientific Instrument Factory, Shanghai, China) at
10,000 rpm for 5 min, and then extracted with methanol-
glacial acetic acid (9:1, v/v) until no VBL could be detected in
the washing solvent by UV Spectrophotometer (HP-8453, Agilent,
USA) at 269 nm. The obtained imprinted nanoparticles were
washed with methanol to remove the residual acetic acid, and
then dried at 40 °C under vacuum for 24 h (ZK-82A, Shanghai
Experimental Instrument Factory, Shanghai, China) to get MINPs.

2.3. Characterization of MINPs

The morphology of MINPs was observed by scan electron mi-
croscopy (SEM) (HITACHI S-3000 SEM, Japan). The polymer
particles were coated with gold by sputtering prior to the SEM
measurement. The particle size of MINPs was measured by a
Malvern Zetasizer Nano ZS analyzer (Malvern Instruments Ltd,
Malvern, UK) after being re-suspended in ultrapure water and
diluted to appropriate concentration.

2.4. Preparation of MINPs-VBL

The drug loaded nanoparticles were prepared via dynamic ad-
sorption. 40 mg of MINPs were immersed in 4 ml of vinblastine
acetonitrile solution (1.25 mmol/l) and oscillated for 4 h at
ambient temperature away from light. After centrifuged at
10,000 rpm for 5 min, the VBL loaded MINPs (MINPs-VBL) were
collected and dried at 40 °C in a vacuum for 24 h. And the

Table 1 – The effect of independent variables on
dependent variable.

Entry Independent variables Dependent
variables

X1

(MAA,
mmol)

X2

(TRIM,
mmol)

X3

(MeCN,
ml)

X4

(T, °C)
Y (Entrapment

efficacy, %)

1 0.2 0.6 20 50 23.65 ± 1.31
2 0.3 1.2 30 60 9.90 ± 0.24
3 0.4 1.8 15 45 13.05 ± 0.47
4 0.5 0.2 25 60 76.60 ± 2.06
5 0.6 0.8 35 45 48.95 ± 2.89
6 0.7 1.4 15 55 23.15 ± 2.13
7 0.8 2.0 25 40 32.15 ± 3.73
8 0.9 0.4 35 55 57.40 ± 1.38
9 1.0 1.0 20 40 19.70 ± 0.13

10 1.1 1.6 30 50 29.45 ± 1.56
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