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Herein, polymeric micelles with glycolipid-like structure and about 40 nm diameter are prepared by self-aggregation
from stearate-grafted chitosan oligosaccharides in agueous medium. The micelles, with high degree of substitution
(DS), present specific spatial structure with multiple hydrophobic “minor cores”, and thus obtain excellent
internalization into cancer cells and accumulation in cytoplasm. Furthermore, the micelles showed pH-sensitive
properties, thus favoring intracellular delivery of encapsulated drug via endocytosis. The cell cytotoxicity of
paclitaxel encapsulated in micelles was improved sharply and contributed to the increased intracellular delivery
of the drug. The present micelles are a promising carrier candidate for targeting therapy of antitumor drugs with
a cytoplasmic molecule target.

1. Introduction compared with other carriers, such as liposomes-ED nm)
and polymeric nanoparticles (30000 nm)!3 the hydrophilic
To improve antitumor efficacy and minimize undesired drug segments on the micelle surface may disfavor micellar inter-

toxicity toward healthy tissues, the usual strategy is to design nalization into cells because of the lipophilicity of the cellular
drug delivery systems to have targeted accumulation of drug atmembrane.

the tumor site. As a result of the enhanced permeability and
retention (EPR) effectpassive targeting results in the selective
extravasation and accumulation of drug carriers in tumor . . . .
tissue<: Furthermore, the drug carriers can attain active target- membrane transpoft. Chitosan gnd1|7ts derivatives are widely
ing, which is expected to lead to higher intratumoral accumula- 26Cepted for use as drug carriéts:’” It was found that the
tion, by being derivatized with ligands that bind to specific d€0xycholic acid-modified chitosan could self-aggregate with
receptors expressed on target célkowever, for a variety of ~ Several hydrophobic domain$Lipid is compatible with the
anticancer drugs with an intracellular action site, the accumula- c€llular membrane, which is often confirmed to promote the
tion of these drugs in tumor tissues is not a guarantee of sharpcellular uptake of encapsulated dri?g® Presumably, the
therapeutic improvement. Efficient internalization of antitumor combination of the lipid and polysaccharide can form a novel
drug into cancer cells and accumulation at its intracellular polymer micelle in aqueous medium. The hydrophobicity of
molecular target should be the determinant steps for the the micelle surface should be enhanced if the micelle can
antitumor activity. The main barrier for internalization of drugs form several hydrophobic domains and some of these domains
or carriers into cells is the cellular membrane. Over the past locate on the micelle surface. As a result, the micelles possess
decade, many approaches have been proposed to overcome thgossibly great membrane permeability and rapid intracellular
celluar membrane limitations and thus obtain enhanced intra- uptake, contributing to their special spatial structure and
cellular delivery of therapeutic agents, including electropordtion, components.
viral delivery systems8Jiposomes;” encapsulation in polymefs,
and receptor-mediated endocytosignfortunately, these ap-
proaches are often plagued with limited efficiency or cause
appreciable cellular toxicity.

Block copolymer micelles are typically spherical, nanosized
(10—100 nm) supramolecular assemblies of amphiphilic co-

olymers® The core of these micelles is a loading space that o - .
gcg:)mmodates hydrophobic drugs, and the hyd?opﬁilic outerdegree_ of §ubst|tut|on (DS), which pr_e_sented excellent mtgr-
shell facilitates dispersal of the micelles in water. Polymeric N@lization into cancer cells and ability to accumulate in
micelles were often employed as promising drug carfiér® cytoplagm. The mlcelle§ were usgql as a carrier to encap:sulate
However, the conventional polymeric micelles are usually PTX toimprove the antitumor activity of PTX by transporting
composed of hydrophobic segments as the internal core andthe drug into its molecular target site. The drug, PTX, has
hydroph|||c Segments as a Surrounding corona in aqueousdemonstrated Significant aCtiVity in clinical trials against a
medium. Even if the micelles may possess smaller size variety of tumors, with the mechanism of action involving the

ability to promote polymerization of tubulin dimers in cytoplasm

* Author to whom correspondence should be addressed. Phone: t0 form microtubules and stabilize the microtubules by prevent-
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Polysaccharide is a key component unit of the receptor on
the cellular membrane, which plays important roles in trans-

In previous researcH;??the novel self-aggregate of stearate-
grafted chitosan oligosaccharide (CSSA), which was synthesized
by a coupling reaction between the amino groups of chitosan
oligosaccharide and carboxyl group of stearic acid, was used
to control the release of paclitaxel (PT2Xand as an efficient
gene vectof? Herein, we synthesized a micelle with higher
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2. Materials and Methods phase was a mixture of acetonitrile and water (50:50 v/v). The column
was a Symmetry G (3.9 x 150 mm) with 5um particles. The flow
Chitosan was supplied by Yuhuan Marine Biochemistry Co., Ltd. rate was 1.0 mL/min, the detection wavelength was 227 nm, and the
(Zhejiang, China); stearic acid was from Shanghai Chemical Reagent column temperature was 3C. Injected volume of the sample was 20
Co. Ltd. (China); 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC)  pL.
and 2,4,6-trinitrobenzenesulfonic acid (TNBS) were from Sigma (St.  pTX Release from Micelles.In vitro cumulative release of PTX
Louis, MO); PTX was purchased from Zhanwang Biochemical Co., from the micelles was investigated in the dissolution medium containing
Ltd. (Huzhou, China); pyrene was purchased from Aldrich Chemical 1 \ sodium salicylate with different pH (6.2 and 7.4, adjusted by 0.1

Co.; 1-dodecylpyridinium (DPC) was purchased from Aldrich Co. and N HCJ or 0.1 N NaOHY?® The freeze-dried PTX-loaded micelles were

purified by double recrystallization from absolute ethanol; 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) was
purchased from Sigma (St. Louis, MO). All other solvents and reagents
were used as chemical grade.

Synthesis of Chitosan OligosaccharideStearic Acid Graft
Polymer. Chitosan oligosaccharide (M= 34 000, degree of deacetyl-
ation = 95%) was prepared according to the previous stidySSA
was synthesized via reaction of the carboxyl group of stearic acid with
the amine group of chitosan oligosaccharide in the presence of EDC.
Briefly, chitosan oligosaccharide (2.0 g) was dissolved in 50 mL of
distilled water. Stearic acid (1.75 g) and EDC (10 mol/mol of stearic
acid) were dissolved in 40 mL of ethanol. Chitosan oligosaccharide
solution was heated to 8@ under vigorous stirring accompanied by
dropwise addition of stearic acid solution. The reaction lasted 5 h. The
byproducts were removed via ultrafiltration by Millipore Labscale TFF
system [molecular weight cutoff (MWCO) 10 000]. The obtained
product was lyophilized (Labconco, FreeZone 2.5 Plus), further washed
with ethanol, and separated by the centrifugation (3K30, Sigma
Labrorzentrifugen GmbH). The result product was dried in a vacuum
oven at 50°C. The degree of substitution (DS), defined as the number

of stearic acid groups per 100 anhydroglucose units of chitosan, was

determined by the TNBS methd#l.

H NMR Measurements.*H NMR spectra were acquired on a NMR
spectrometer (AC-80, Bruker Biospin, Germany) igCDat pH 7 and
25°C.

Particle Size and { Potential. Average particle diameter, size
distribution, and¢ potential of drug-free micelles and PTX-loaded
micelles in aqueous media with different pH (6.2 and 7.4) were
measured by dynamic light scattering using a Zetasizer (3000HS,
Malvern Instruments Ltd.).

Atomic Force Microsopic Measurement.Samples for atomic force
microscopic (AFM) imaging were prepared by depositingL50f an
aqueous dispersion of micelles (ca. 0.2 mg/mL) onto the mica surface
(APS-mica) for 10 min, and then drying under argon atmosphere. The
AFM imaging was visualized (SPA3800N, Seiko) in tapping mode,
using high resonant frequenclfo(= 129 kHz) pyramidal cantilevers
with silicon probes having force constants of 20 N/m. Scan speeds

weighed, dissolved in 1 mL of distilled water, and introduced into a
dialysis membrane bag (MWCS 6000-8000, Spectrum Lab., Rancho
Dominguez, CA). The release experiment was initiated by placing the
end-sealed dialysis bag in 20 mL of medium at ®7. The release
medium was stirred at a speed of 100 rpm. At various time points, the
medium was refreshed. Samples were taken a predetermined times from
the medium outside the dialysis, and their PTX concentrations were
determined by HPLC, as described above.

As a control, the drug diffusion of free PTX, which was prepared
by dissolving PTX in a 50:50 mixture of Cremophor EL and dehydrated
alcohol, from dialysis bag was conducted under the same conditions.

In Vitro Cytotoxicity Assay. Hela (cervical carcinoma) and A549
(lung carcinoma) cell lines were obtained from Cell Resource Center
of China Science Academy and were maintained in DMEM (Dulbecco’s
modified Eagle’s medium) containing 10% fetal bovine serum, 100
units/mL penicillin, and 10@g/mL streptomycin. Cells were cultured
with complete medium at 37C in a humidified atmosphere of 5%
CO; in air. For all of the experiments, cells were harvested from
subconfluent cultures by use of trypsin and were resuspended in fresh
complete medium before plating.

A comparison of in vitro cytotoxicity of free PTX and PTX-loaded
micelles was performed on A549 and Hela cells with an in vitro
proliferation method using MT#2 Briefly, 1.0 x 10* cells were plated
in 96-well plates and incubated for 24 h to allow the cells to attach.
The cells were exposed to serial concentrations of free PTX or PTX-
loaded micelles at 37C for 48 h. At the end of incubation time, 20
uL of MTT solution was added and incubated for anoteh at 37
°C, and then the medium was replaced with 2000f DMSO. The
absorbance was read on a Sunrise absorbance microplate reader (Tecan)
at dual wavelengths of 570 and 650 nm. The data reported represent
the means of triplicate measurement; the standard errors of the mean
were less than 15%. The cytotoxic effect of CSSA was also evaluated
by the same method.

Cellular Uptake. Aliquots of A549 cells were exposed to free PTX
or PTX-loaded micelles diluted in culture medium at 37 for 6 h
(the PTX concentrations were 2.0, 10, and@0mL). At predetermined

were set at 2 Hz. Images were processed and the widths of the particledimes, the cells were washed three times with ice-cold phosphate buffers

were measured by use ofSPIWin version 3.0 software.
Critical Aggregation Concentration Measurements. For the
determination of intensity ratio of the first to the third highest energy

(pH 7.2) to terminate the uptake and remove the free PTX or PTX-
loaded micelles that was adsorbed on the cell membrane. The cells
were collected by brief treatment with trypsin and diluted with methanol,

bands in the pyrene emission spectra, the sample solution containingfollowed by water-bath sonication under airproof conditions. Subse-

pyrene (6.0x 1077 mol/L) was excited at 337 nm, and the emission
spectra were recorded in the range of 3880 nm at 10 nm/min scan
rate. The slit openings for excitation and emission were at 10.0 and

2.5 nm, respectively. The spectra were accumulated with an integration

time of 5 s/nm.

PTX-Loaded Micelles. PTX-loaded micelles were prepared by
dialysis, acording to the reported literatdfeBriefly, the micelles (20
mg) was dissolved in 5 mL of water/DMSO (1:9) containing PTX and
stirred fa 3 h atroom temperature, followed by dialysis against pure
water (Milli-Q, Millipore) overnight at room temperature with a dialysis
membrane (MWCO 7000). Then the solution containing the micelles
and PTX was centrifuged at 5000 rpm for 5 min. The supernatant was
filtered with a 0.22 mm pore-sized microfiltration membrane and, then,
was lyophilized.

Measurement of PTX Concentration in CSSA Micellar Solution.

The concentration of PTX in the micellar solution was determined by
high-performance liquid chromatography (LC-6A, Waters). The mobile

quently, the supernatant was obtained by centrifugation at 20 000 rpm
for 10 min. The concentration of PTX in clean supernatant was
determined by injection onto the HPLC system.

For investigating the intracellular distribution, drug-free micelles,
PTX-loaded micelles, and chitosan oligosaccharides were further labeled
with fluorescein isothiocyanate (FITC) via the reactive amino group
of chitosan and the isothiocyanate group of FITC. Cells were seeded
for 24 h into 24-well plates in 1 mL of RPMI 1640. Before uptake
experiments, the medium in each well was replaced with 1 mL of fresh
culture medium. The cells were incubated foh with FITC-labeled
micelles and were washed three times with ice-cold phosphate buffers
(pH 7.2). The cells were observed by fluorescence microscopy
(Olympus America, Melville, NY).

Fluorescence Quenching StudiesThe aggregation number of
stearic acid groups of CSSA was estimated by the steady-state
fluorescence quenching meth&dDPC was used as a fluorescence
quencher for quenching of pyrene fluorescence. The sample soI&tB{}
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Figure 1. (A) 'H NMR spectra of (b) chitosan oligosaccharide and (a) chitosan oligosaccharide derivative. (B) Possible chemical structure of
stearate-grafted chitosan oligosaccharide.

containing settled pyrene (6.& 10°® mol/L) and various DPC Figure 2 panels A and B show the size distribution of the
concentration was excited at 337 nm, and the emission spectra were amicelles with 1.0 mg/mL CSSA concentration in pH 7.4 medium
390 nm. The slit openings for excitation and emission were 10.0 and and the AFM image of drug-free micelles, respectively. The
2.5 nm, respectively. The spectra were accumulated with an integrationmjcelles had a close morphology to the discus as shown in the
time of 5 s/nm. AMF image, and the observed micelle size coincided with that
obtained from Zetasizer 3000 (mean volume size, 41 nm;
polydispersity index, 0.146; potential, 24 mV).

The micelle formation of the synthesized polymers was

CSSA with high DS was synthesized via reaction of the confirmed by fluorescence spectroscopy with pyrene as a probe.
carboxyl group of stearic acid with the amine group of chitosan The |1/l ratio was used to determine the critical aggregation
oligosaccharide in the presence of 1-ethyl-3-(3-dimethylami- concentration (cac) of CSSA. Figure 2C shaws; of pyrene
nopropyl)carbodiimide (EDC). EDC, as a coupling cross- emission spectral{, em = 374 nm;ls3, em= 386 nm) as a
linker 3! first reacts with the carboxyl group of stearic acid to function of the concentration of CSSA and chitosan oligosac-
form an active ester intermediate. The formed intermediate cancharides. The cac values of CSSA and chitosan oligosaccharides
react with the primary amine of chitosan oligosaccharide to form were 5.59x 102 and 0.39 mg/mL, respectively (Figure 2C).
an amide bond. The formation of amide bond between chitosan Compared with the unmodified chitosan oligosaccharides or low
oligosaccharide and stearic acid was confirmed fifehNMR molecular weight surfactants, such as the critical micelle
spectrum. By comparison with the spectrum of chitosan oli- concentration (cmc) of 2.47 mg/mL for sodium dodecyl sulfate
gosaccharide (Figure 1A), the triple peaks at about 0.76 ppm (SDS), CSSA have more stable self-aggregation in dilute
in the'H NMR spectrum of CSSA (Figure 1B) were attributed condition.
to the methyl hydrogen of stearate group of CSSANH— The entrapment efficiency of PTX was about 89.5% and was
CO—(CH)16—CHg]. The peaks at about 1.2, 1.5, and 1.9 ppm stable for 3 months (about 84.0% after 3 months), which was
were attributed to the methylene hydrogen of stearate group of calculated from the ratio of PTX in the micelles to the total
CSSA [FNH—CO—(CH,)16—CHg]. The results evidenced that  drug amount used in the solution. The content of PTX in the
the chitosan oligosaccharide derivative contained stearate groupsmicelles was about 6.5% (w/w). Figure 2D shows the ac-
The DS of CSSA was about 34.7%. The yield of the synthesis cumulative PTX release profile. It is clear that the release rate
was about 87%. of PTX from the micelles was retarded compared with free P&B\/

3. Results and Discussion
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Figure 2. (A) Volume-weighted size distribution of drug-free micelles (1.0 mg/mL) in pH 7.4 medium. (B) AFM image of drug-free micelles.
AFM was employed to observe the test micelle morphology and particle size. The sample was prepared by casting a dilute micelle solution on
the mica surface, which was then in vacuo. (C) Variation of intensity ratio (/1//5) vs concentration of CSSA (a) and chitosan oligosaccharide (<).
(D) Accumulative PTX release profile from micelles in dissolution media with different pH values containing 1 M sodium salicylate (mean + SD,
n = 3). In the pH 7.4 dissolution medium, approximately 70% of PTX was diffused from dialysis bag after 9 h (<), while 13% of PTX was
released from the micelles after 9 h (O), showing the potential of the micelles as a sustained drug delivery system. Accumulative release of PTX
from the micelles after 9 h was increased significantly with decreasing pH value of the dissolution medium. The accumulative release in the
case of pH 6.2 dissolution medium (a) was 2.67-fold higher than that of pH 7.4 dissolution medium (O).

and sensitive to the pH of the dissolution medium. The release were 5.50 and 3.14g/mL for HeLa and A549, respectively,
rate was enhanced with decreasing pH of dissolution medium, while the cytotoxicity of PTX-loaded micelles was enhanced
contributed to the increased size of the micelles and the significantly with 1G values of 0.28 and 0.240g/mL for HeLa
weakened encapsulating ability in the medium with low pH and A549, respectively. In contrast, thesjalues of CSSA
(mean volume size, 240 nm; polydispersity index, 0.508; were 610 and 58@&g/mL for HeLa and A549, respectively,
potential, 46 mV). The reduction of pH allows protonation of suggesting that CSSA showed low cytotoxicity against the
the amino group on the chitosan oligosaccharide backbone. Ascultured cells. The results indicated that higher cytotoxicity was
a result, the electrostatic repulsion increases between CSSAobtained for PTX-loaded micelles compared with that of free
molecules in the same micelle, and thus the micelle size, is PTX.
augmented. Because the pH is about 7.4 in the extracellular To explain the increased cytotoxicity of PTX-loaded micelles,
environment of a tumor, drug release from the micelles is the intracellular PTX concentration was determined by HPLC
restrained, while the PTX release will be enhanced significantly assay of collected A549 cells after the cells were incubated with
due to the intracellular environment of pH 6:6.52 when PTX- different concentration of PTX-loaded micelles for different
loaded micelles are internalized into cancer cell. Therefore, this incubation times. As shown in Figure 4 A, the intracellular PTX
pH-sensitive release behavior will favor the drug residence in amount was enhanced with increasing incubation time and
the micelles during extracellular transport and promote intrac- encapsulated PTX concentration. Compared with free PTX,
ellular delivery of the drug into its molecular target. more PTX was found in the cells after PTX was encapsulated
The cell inhibition results of PTX-loaded micelles and free by the micelles at the same incubation condition. Even at the
PTX in HeLa and A549 cells are shown in Figure 3. There is low drug concentration for PTX-loaded micelles (e.gu&
a sharp discrimination in cell inhibition between free PTX and mL), a higher intracellular PTX amount was measured compared
PTX-loaded micelles. The Kg values of free PTX as control  with that at the high drug concentration for free PTX (e.g.,@lgv
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P Core. (ne/ml) concentration at the 6 h incubation time for PTX-loaded micelles and
Figure 3. Cell viability variation vs PTX concentration. (A) HeLa and free PTX (mean + SD, n = 3).

(B) A549 cells were incubated with (O) PTX-loaded micelles and (<)

free PTX for 48 h (mean £ SD, n = 3). cells and subsequently accumulate in cytoplasm, as the molec-

ular target site of PTX, via the encapsulation of the micelles.

ug/mL). After 6 h ofincubation, the internalization of micelle- ~ Why can the micelles enhance intracellular delivery of PTX?
loaded PTX into the cells was 4.97-, 3.23-, and 2.85-fold higher It is attributable to the excellent internalization of the micelles
than that of free PTX at drug concentrations of 2.0, 10, and 20 into cells, attributed to their components and special spatial
ug/mL, respectively (Figure 4B). These results confirmed that Structure. Chitosan has demonstrated its potential as a drug
intracellular delivery of PTX had been enhanced significantly carrier and a membrane perturbant for subsequent drug delivery
via the mediated transport by the micelles. As a result, PTX- to cells? and it can directly perturb the organization of the
loaded micelles can obtain higher cell cytotoxicity compared hydrophobic inner core of the dipalmitoghglycero-3-phos-
with free PTX. phocholine (DPPC) bilayéf as an in vitro simulative biomem-
Figure 5 shows the fluorescence images after the FITC- brane. Chitosan mo.dified by alkyl chains could adhere to th_e
labeled drug-free micelles, PTX-loaded micelles, and self- b|omemprane and tightly em_‘old the liposome anchoring their
aggregated chitosan oligosaccharides were incubated with A54¢2IKY! chains®® Furthermore, Liu et &i® have demonstrated that
cells for 1 h. Strong green fluorescence in cells was observed chitosans and alkylated chitosans can cause the fusion of DPPC
after the treatment with micelles (Figure 5A), and the observed mult|lamgllar veS|cIe§ as well as membrane de.stablhzapon. The
fluorescence intensity was enhanced significantly for longer Perturbation effect induced by alkylated chitosans is more
incubation times, indicating excellent internalization of the €videntdue to the hydrophobic interaction. Itis proposed that,
micelles. The micelle seemed to possess rapider cellular uptake”Pon elongating the alkyl side chain, the higher transfection
comparing with liposomes and solid lipid nanoparticles (un- efficiency of alkylated chitosans, as a gene vector, was obtained,
published data). However, self-aggregations of chitosan oli- which is attrlb_ute_rd to th_e increasing entry into cel_ls_facnlta_ted
gosaccharides presented poor internalization into cells under the?y hydrophobic interaction®. On the other hand, lipid modi-
same incubation conditions (Figure 5C), even for longer fication of protein plays a key role in its association with
incubation times. Most self-aggregations adhered on the cell Piomembrane. A variety of proteins are targeted into membrane
surface, which seemed to penetrate through the plasma mem/fafts, mostly by means of covalent lipid modifications. For
brane with difficulty. It was also obvious that observed green attachment to the membrane and localization in membrane lipid
fluorescence was mostly distributed in cytoplasm (Figure 5A,B), domains, proteins require at least a second fatty acyl substitu-
suggesting that micelles possess the cytoplasm-targeting localtion37:38
ization and delivery. Furthermore, the property of cytoplasm-  Figure 6 shows the possible structure of a micelle. Chitosans
targeting was not changed after PTX was loaded into the with protonated amines form the hydrophilic shell, and most
micelles (Figure 5B). It means that PTX can be transported into of the stearic chains are assembled to become a hydropE(B)\i?
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Figure 5. Uptake of (A) drug-free micelles, (B) PTX-loaded micelles, and (C) self-aggregations of chitosan oligosaccharides into A549 cells.
Cells were incubated for 1 h with material (chitosan oligosaccharide) concentration of 0.5 mg/mL in order to obtain the self-aggregation. PTX
loaded micelles and drug-free micelles also keep the same concentration in order to obtain parallel comparison. Red arrow, nucleus; Yellow
arrow, cytoplasm. Bar, 30 um.

A . Core amphiphiles'® The steady-state quenching data fit in quenching
> kinetics (eq 1)041
<
>3 : In (1) = [QV/[M] 1)
= yeY h wherelp and| are the fluorescence emission intensity in the
3 L SN absence and presence of a quencher, respectively, [Q] is the
Shell ., -V__'_j - concentration of the quencher, and [M] is the concentration of
/ ; % y ‘ (0l hydrophobic microdomains in self-aggregates. The results are
A e T T Ul b&  Minor Core shown in Figure 6b. Thus, the aggregation number of stearic
1099107 %A *%oo00 acid groups per hydrophobic microdomain was 709.77,
T sees®” calculated by eq 2. The number of hydrophobic microdomains

that may be formed by one CSSA chain was 8:410.84,
(§ Glucosamine unit of chitosan calculated from the ratio of the total number of stearic acid

groups in one CSSA chain f¥sa:
r Stearic chain

Ng, = [stearic acid]/[M] 2)
< FITC
Therefore, the surface of the micelles may possess more
PTX hydrophobic domains compared with the conventional polymer
B micelles, thus resulting in partial hydrophobicity near the micelle
0.4 surface. There are several hypotheses to explain the mechanism

of internalization of the micelles into cells: The glycolipid-
like components of the micelles promote the affinity between
the micelle and the cellular membrane. Furthermore, the positive
charge of the micellar shell allows the micelles to bind to the
cellular membrane via electrostatic interaction with negatively
charged components in cellular membrane, and then the
hydrophobic “minor core” near the surface of the micellar shell
may play an important role in internalization of the micelles.
The “minor cores” can insert into the celluar membrane, exerting
hydrophobic interactions with membrane components, resulting
in membrane perturbation and fusion, thus facilitating endocy-
tosis of the micelles. Subsequently, the micelles can escape
. rapidly from the lysosome into the cytosol by the same means.
[oPo]x 107 Self-aggregations of chitosan oligosaccharides lacked suf-

Figure 6. (A) Possible structure of a micelle in the aqueous me_diur_n. ficiently hydrophobic domains near their surface and thus
(B) Plots of In (/o/l) of pyrene fluorescence vs DPC concentration in presented poor cellular uptake.

the presence of the micelles. The concentration of CSSA in pH 7.4
aqueous medium was (2) 0.5 and (O) 1.0 mg/mL.

In(1/1)

u] 1 2 3

4. Conclusion
core. Some stearic chains are assembled to form the “minor In this work, polymeric micelles with glycolipid-like structure

cores” (hydrophobic microdomains) near the surface of the shell 5,4 2pout 40 nm diameter are prepared by self-aggregation from
duo to the stereo resistance effect from the shell. To identify giearate-grafted chitosan oligosaccharides in aqueous medium.
the microscopic structure of self-aggregates, the aggregationThe micelles, with high DS, present specific spatial structure
number of stearic acid groups was estimated by the steady-with multiple hydrophobic minor cores and thus obtain excellent
state fluorescence quenching method. This method has beefinternalization into cancer cells and accumulation in cytoplasm.
applied to determine the aggregation number of micelles Furthermore, the micelles showed pH-sensitive properties, thus
consisting of low-molecular-weight surfacta#fter polymeric favoring intracellular delivery of encapsulated drug. The &el%v



2456 Biomacromolecules, Vol. 8, No. 8, 2007

cytotoxicity of PTX loaded in micelles was improved sharply
and contributed to the increased intracellular delivery of drug.

The present micelles are a promising carrier candidate for

targeted therapy of antitumor drugs with the molecule target in
cytoplasm.
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