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A novel amphiphilic copolymer based on dextran and 1,2-dipalmitoyl-sn-glycero-3-phosphoethanol-
amine (DPPE) was synthesized and characterized by "H NMR, '3C NMR and 3'P NMR spectra. Their molec-
ular weights were determined by gel permeation chromatography (GPC). The molecular weights range
from 13 kDa to 21 kDa in the molar ratio of 3:1-10:1 (DPPE/activated dextran). Its micellar characteris-

tics in aqueous solution were investigated by fluorescence technique, transmission electron microscopy
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solvent or surfactant.

(TEM) and dynamic light scattering (DLS). It was found that dextran/DPPE copolymer could self-assembly
in water into spherical micelles with the diameters ranged from 30 to 60 nm in the absence of organic

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Amphiphilic copolymers consisting of hydrophilic and hydro-
phobic segments can form micelle structure with the hydrophobic
inner core and the hydrophilic outer shell in aqueous media. The
hydrophobic inner core is surrounded by a hydrophilic outer shell,
and the hydrophilic outer shell provides a stabilizing interface
between the micelle core and the aqueous environment (Chen,
Yu, Cheng, Yu, & Cheung, 2006; Dimitrov et al., 2006; Janes, Calvo,
& Alonso, 2001). Polymeric micelles have received special attention
due to their potential application and academic interest in many
interdisciplinary field (Bae, Diezi, Zhao, & Kwon, 2007; Cho, Lee,
Lee, Huh, & Park, 2004; Lee, Oh, Kim, Youn, & Bae, 2007; Zhou,
Deng, & Yang, 2004). Moreover, through adjusting the structure
of the amphiphilic copolymers, the size of the polymeric micelles
can be easily controlled. In addition, polymeric micelles were also
considerably more stable than surfactant micelles (Attwood, Booth,
Yeates, Chaibundit, & Ricardo, 2007; Batrakova, Han, Alakhov, Mill-
er, & Kabanov, 1998). Thus, these core-shell type micelles may be
used as drug delivery vehicles, especially when the micelles are
made with suitable biodegradable polymers.

As has been known, in aqueous media, certain polyethylene gly-
col/phosphatidylethanolamine (PEG-PE) conjugates form very sta-
ble micelles (Gao, Lukyanov, Anurag Singhal, Vladimir, & Torchilin,
2002; Lukyanov, Elbayoumi, Chakilam, & Torchilin, 2004; Maedaa
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et al.,, 2004; Meijere, Brezesinski, Zschornig, Arnold, & Mohwald,
1998) also have reported about structure studies of phospholipid
monolayer coupled to dextran sulphate. However, one drawback
of PEG-based copolymers is the absence of reactive groups at their
molecular chains, which limits further modification or ligand cou-
pling. In contrast, naturally occurring polysaccharides with good
hydrophilicity, biocompatibility and biodegradability seem to be
attractive alternatives to PEG hydrophilic segments for designing
amphiphilic copolymers.

In this short communication, we reported the first synthesis of a
novel amphiphilic copolymer based on the combination of a natural
polysaccharide (dextran) with phosphatidylethanolamine (DPPE)
and its micellar characteristics in aqueous solution. In order to ob-
tain such material, first, the activation of dextran using 4-nitro-
phenyl chloroformate and then activated dextran/DPPE copolymer
was prepared. Final, activated dextran/DPPE copolymer was added
to Tris buffer (pH 8.5) to prepare dextran/DPPE copolymer.

2. Experimental
2.1. Materials

Dextran (1500 Da), 4-nitrophenyl chloroformate, 4-dimethyl-
aminopyridine (DMAP), 1,2-dipalmitoyl-sn-glycero-3-phosphoeth-
anolamine (DPPE), triethylamine (TEA) and CL-4B sepharose were
purchased from Sigma. All other reagents were analytical grade
and used as received.
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Scheme 1. Synthetic route of the copolymer dextran/DPPE: (a) synthetic route of the activation of dextran and (b) dextran/DPPE copolymer.

2.2. Synthesis of activated dextran

The activation of dextran was performed as follows (Scheme
1a): 2 g of dextran and 43 mg of DMAP were dissolved in DMSO
pyridine solution (1:1, v/v) with stirring and then 4-nitrophenyl
chloroformate (3 g) was added to the solution and allowed to react

—10 °C with stirring. After 6 h, the reaction solution was added
to ethanol and the precipitate collected and extensively washed
with ethanol.

2.3. Synthesis of dextran/DPPE copolymer

The activated dextran/DPPE was synthesized as follows. A mix-
ture of activated dextran and DPPE (contain 0.5 mol triethylamine)
(in the molar ratio of 3:1-10:1 (DPPE/activated dextran) was sus-
pended in 20 ml of chloroform with magnetic stirring at room un-
der argon. After a further 12 h continuous stirring, the organic
solvents were removed using a rotary evaporator. The activated
dextran/DPPE was purified by RP-HPLC preparative column using
methanol/0.01 M HCI (70/30, v/v) as a mobile phase, and the mo-
bile phase was removed using a vacuum evaporator. The activate
dextran/DPPE was stored as a powder at —20 °C.

To prepare dextran/DPPE copolymer (Scheme 1b) and remove
the p-nitrophenyl carbonate group, the above activated dextran/
DPPE was added to Tris buffer (pH 8.5), then mixed and incubated
overnight at 4 °C under an argon atmosphere. The dextran/DPPE
copolymer was purified by the overnight dialysis against distilled

water at 4 °C using a dialysis bag (MWCO of 3500 Da), after which
samples were freeze-dried and stored as a powder at —20 °C.

2.4. Measurements

The structure of activated dextran copolymer was confirmed by
FT-IR (Perkin-Elmer, America) and pressed to a plate with KBr. The
'H NMR, '>C NMR and 3P NMR spectra were recorded on a (Bruker
AVANCE 400) NMR spectrometer and DMSO-d6 as a solvent. The
GPC measurement was performed on a Waters 515-410 gel perme-
ation chromatograph. Micellar sizes and size distribution were
determined by dynamic light scattering (DLS) (Zetasizer Nano ser-
ies ZEN 3600 analyzer, Malvern Instruments Ltd., England). The
experiment was performed at 25 °C using the samples appropri-
ately diluted with distilled water. The morphological examination
of micellar was performed using a transmission electron micro-
scope (TEM, Hitachi, H-600) following negative staining with so-
dium phosphotungstate solution (2%, w/w). Excitation spectra
were monitored at 335 nm. The slit widths for both excitation
and emission sides were maintained at 0.5 nm. Sample solutions
were prepared by dissolving a predetermined amount of copoly-
mer in an aqueous pyrene solution of known concentration, and
the solutions were allowed to stand for 48 h for equilibration.

3. Results and discussion

Fig. 1a and b showed the FT-IR spectra of dextran and activation
of dextran. Compared with dextran (Fig. 1a), the FT-IR spectra of
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Fig. 1. FT-IR spectra of dextran (a) and activated dextran (b).

activation of dextran (Fig. 1b) showed that the absorption peak at
1768 cm~!' was attributed to 4-nitrophenyl carbonates (Chiu,
Hsiue, Lee, & Huang, 1999).

Fig. 2a and b showed the 'H NMR spectrum of dextran and
dextran/DPPE copolymer. Compared with dextran (Fig. 2a) (Shi &
Zhang, 2006), the '"H NMR spectrum of dextran/DPPE copolymer
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(Fig. 2b) showed that the signal at ~0.9 ppm resulted from the ter-
minal methyl proton of the DPPE moiety. The signals at ~1.2-
1.6 ppm were attributed to the methenyl protons of the DPPE moi-
ety. All other absorption peaks were attributed to the protons of
the DPPE moiety (Percot et al., 2004).

Fig. 3a and b showed the >C NMR spectra of dextran and the
dextran/DPPE copolymer. Compared with dextran (Fig. 3a), the
13C NMR spectra of the dextran/DPPE copolymer (Fig. 3b) showed
that the peak at ~14 ppm was attributed to -CH3 group carbon
peak of the DPPE moiety located at the terminal group. The signals
at ~22 and ~31 ppm were assigned to —CH; group carbon peak of
the DPPE moiety. The signals at ~160 and ~175 ppm were as-
signed to —COO group carbon peak of the DPPE moiety.

Furthermore the typical >'P NMR spectra of DPPE and dextran/
DPPE copolymer was recorded and shown in Fig. 4a and b. Com-
pared with DPPE (Fig. 4a), the 3'P NMR spectra of the dextran/DPPE
copolymer (Fig. 4b) showed that the peak at —0.91 ppm was gen-
erally expected for 3'P functionalities (Sabesan & Neria, 1992; Le-
bouc, Dez, & Madec, 2005). The >'P NMR spectra confirmed that
phosphate groups were chemically bonded to the material. All
above these results evidenced that the copolymer contained DPPE
side chains.

The microscopic characteristics of resultant amphiphilic copoly-
mer in aqueous medium were investigated using a fluorometer in
the presence of pyrene as a fluorescent probe. It is known that the
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Fig. 2. '"H NMR spectrum of dextran (a) and dextran/DPPE copolymer (b).
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Fig. 3. 1>C NMR spectrum of dextran (a) and dextran/DPPE copolymer (b).
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Fig. 4. >'P NMR spectrum of the DPPE (a) and dextran/DPPE copolymer (b).

variation in the ratio I, /I3 of intensity of first (372 nm) to the third
(383 nm) vibronic peaks, the so-called polarity parameter, is quite
sensitive to the polarity of microenvironment where the pyrene is
located (Chen et al., 2006; Zhang, Lam, & Tan, 2005). Fig. 5a and b
showed the emission spectra of pyrene in its aqueous solutions
with various concentrations and the change of I,/Is with the con-
centration. At lower concentrations, the I/l values remain nearly
unchanged. Further increasing concentration, the intensity ratio
starts to decrease, implying the micelle formation. The critical mi-
celle concentration (cmc) was determined to be 6.42 x 1072 mg/ml
by the interception of two straight lines. Compared with low
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Fig. 5. (a) Fluorescence emission spectra of pyrene in water in the presence of the
dextran/DPPE copolymer at 20 °C (copolymer concentration 0.001, 0.003, 0.006,
0.01, 0.03, 0.06, 0.1, 0.25, 0.5 mg/ml); (b) change of the intensity ratio (I,/I3) versus
the concentration of the dextran/DPPE copolymer at 20 °C.

molecular weight surfactants (Zhang, 2001), the resultant amphi-
philic copolymer has a lower cmc value, indicating the stability
of the micelles from this dextran/DPPE copolymer at aqueous solu-
tion. Further work was carried out on the morphology of the
formed micelles by the transmission electron microscopy (TEM)
technique. From Fig. 6, it can be confirmed that the resulting poly-
meric micelles in water are spherical in shape, with the diameters
ranged from 30 to 60 nm. The size distribution of the micelles was
also investigated by the dynamic light scattering (DLS) technique.
As shown in Fig. 7, a relative narrow size distribution was obtained.

4. Conclusion

In conclusion, a novel amphiphilic copolymer was synthesized
for the first time by the reaction between activate dextran and
1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine. It could self-
assembly in water into polymeric micelles without any organic sol-
vent or surfactant. The copolymers with controlled structure can
be obtained by adjusting the molar ratio of DPPE to activate dex-

Fig. 6. TEM images of dextran/DPPE copolymer micelles.
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Fig. 7. The size distribution of dextran/DPPE copolymer micelles in water.

tran unit. Due to good biocompatibility of dextran and DPPE, and
multifunctional conjugation capability of used dextran, such poly-
saccharide derivative (dextran/DPPE) will hold greater advantages
as the nanoscale container for hydrophobic drugs and genes when
compared with widely used amphiphilic block copolymer compose
of polyethylene oxide or polyethylene glycol.
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