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Statement of Purpose: The aim of this study is to 
develop and evaluate an efficient nanocarrier using 
heparin derivatives for the application of intracellular 
delivery. Heparins have been taken notice due to their 
various biological effects such as anti-thrombogenic, anti-
tumoral, anti-angiogenic, and anti-inflammatory activities. 
These effects are derived from specific ability that binds 
to a variety of proteins. Although such biological effects 
were applied to many pharmaceutical or biomedical 
applications, the efficacy was not so high and even 
adverse in many cases. In this study, we focused on 
additional abilities of heparin such as uptake efficiency 
and nucleus targeting in the case of intracellular drug 
delivery. In addition, it is investigated that Pluronic-
grafted heparin nanoparticle (NP) encapsulates and 
releases simultaneously or separately small molecules, 
peptides and proteins. 
Methods: The heparin-Pluronic (HP) was synthesized by 
conjugating monocarboxylated Pluronic F127 to heparin 
(unfractionated heparin, Sigma) with EDC and NHS. To 
estimate the efficiency of PTX incorporated into HP NPs 
and Pluronic micelle, extraction method was performed. 
The critical micelle concentration (CMC) value of HP 
NPs in aqueous solution was measured by fluorescence 
spectroscopy (JASCO, FP-6500, Japan) using pyrene as a 
probe. The size of HP NPs in aqueous solution were 
determined by dynamic light scattering (DLS, 
FPAR−1000, Photal, Japan) The surface charge of HP NP 
was performed using an electrophoretic light scattering 
spectrophotometer equipped with a 10 mW He–Ne laser 
(ELS-8000, Otsuka Electronics Co., Japan). The surface 
morphology of HP NP was observed by a transmission 
electron microscopy (TEM, JEOL 300kV, JEOL, Japan). 
For cell study, HeLa cells were seeded at 50,000 
cells/mL/well in 24-well plates and allowed to attach for 
24 h. To determine the nanoparticle uptake, HeLa cells 
were incubated with a HP NP suspension in growth 
mediums, washed three times with PBS and then lysed by 
incubating them with cell culture lysis reagent at 37°C. 
Then, dye-labeled HP NPs was observed with confocal 
laser scanning microscopy (CLSM) at different times. 
Results: The CMC of HP conjugate was determined by a 
fluorescence technique using pyrene as a probe. The 
CMC was determined at 0.08 g/l. The mean size of HP 
NP was larger than that of Pluronic micelle as a control. 
As the amount of added PTX increases, the sizes of PTX 
loaded HP NPs were slightly increased, indicating that HP 
NPs are possible for an injectable system. TEM 
observation demonstrated that HP NPs have a spherical 
shape and narrow distribution which is similar with 
average diameter as determined by DLS method. The 
loading amounts of PTX were lower beyond comparison 
with those of DNase. This result is consistent with the 

case of loading efficiencies. This result was probably 
derived from electrostatic affinity between heparin and 
DNase, while PTX is hydrophobic and poor water-soluble.  
Figure 1 shows the CLSM images of HeLa cells 
incubated with HP NPs only or with RNase A. Based on 
this result, new findings are presented as follows: 1) HP 
NP is effectively taken up into a cell; 2) The HP NP taken 
in the cytoplasm of cell could penetrate a nucleus of cell 
(see changed blue color at merged images); 3) The drug 
incorporated in a HP NP was sufficiently released (see 
dark red color at 6 h incubation). These results can 
support that HP NP is highly efficient in the intracellular 
drug delivery. 

 
Figure 1. CLSM images of HP NP cellular uptake. HeLa 
cells were incubated with 50 mg/ml of HP NPs after 1 hr 
of pre-incubation for uptake followed by 2 and 6 hrs 
incubation  (HP: green, RNase: red, nucleus: blue). 
 
Conclusions: A novel self-assembled HP NP was 
developed as a promising nanocarrier for intracellular 
delivery of various drugs. Obtained results concluded that 
HP NP has remarkable potential in incorporating and 
delivering small molecule drug and protein, cellular 
uptake, and penetrating nucleus. In our knowledge, these 
findings may encourage the development or study of 
therapeutics using systemic delivery such as anti-cancer 
or anti-virus applications. 
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