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ABSTRACT:  

Stealth nanoparticles made of polymer micelles are ideal drug carriers for targeted drug 
delivery, but their stability is critical for intravenous applications. We found that core-surface-
crosslinked nanoparticles (SCNp) made from amphiphilic brush copolymers had greatly 
enhanced stability. The surface of the SCNps can be easily tailored by using different chains. 
The amphiphilic brush copolymers consisted of hydrophobic poly(caprolactone) (PCL) and 
hydrophilic poly(ethylene glycol) (PEG) or poly(2-(dimethylaminoethyl methacrylate) (PDMA) 
chains were used to fabricate SCNps. Positively charged PCL/PDMA SCNps could be 
internalized more efficiently by ovarian cancer cells, leading to an enhanced anticancer drug 
efficacy.  
  

 Introduction 

Over the past decades, targeted drug delivery has been widely explored to deliver drugs 
specifically to tissues, especially cancerous tissues, for enhanced therapeutic efficacy and 
reduced systemic toxicity. For example, polymer–drug conjugates,1-3 dendrimers,4-6 liposomes,7-

9 polymer micelles,10-15 and polymer nanoparticles16-19 have been demonstrated to preferentially 
carry drugs to cancerous tissues, resulting in much improved therapeutic efficacies. Cancer 
targeting was achieved by the enhanced permeability and retention (EPR) effect of tumors: 
tumor’s permeable capillaries and poor lymphatic drainage cause trapping of macromolecules 
and colloidal particles in cancerous tissues.20-22   Hence, the resulting drug concentrations in 
tumors could be as much as an order of magnitude higher than that in healthy tissues.20-22  

One special type of nanoparticles is polymer micelle formed from amphiphilic 
copolymers. Amphiphilic copolymers composed of hydrophilic and hydrophobic segments form 
a micellar structure in water with a hydrophobic compact inner core and a hydrophilic outer 



corona. The size depends on the lengths of the hydrophilic and hydrophobic chains, but 
generally are in the submicron range.10,17 The hydrophilic outer layer acts as a shelter to protect 
the inner hydrophobic core from being recognized and cleaned by RES and other clearing 
organs such as the kidneys, liver, spleen, and lung.17 The hydrophilic corona is stable on the 
core surface due to the covalent linking.  Thus, these type nanoparticles, also named “stealth 
nanoparticles”, have a long circulation time necessary for passive targeting to cancerous tissues 
via the EPR effect.17   

For intravenous application, it is critical that the micelles are stable, i.e. have low critical 
micelle concentration (CMC); Otherwise, the micelles will disassociate into unimers upon 
dilution in the bloodstream, causing non-targeted drug release and toxicity.  Chemically 
crosslinking the cores after the core formation was used to increase the stability of micelles 
(Figure 1 a).23 Such micelles do not disassociate, but chemical reactions in the cores are 
undesirable because they may alter the structures and properties of the encapsulated drugs.  

 

 

 

 

 

 

 

 

 

Figure 1. Formation of core-cross-linked micelles by chemical reactions (a) and core-surface 
cross-linked micelles (SCNs) from amphiphilic brush polymers(b)  

We found that amphiphilic polymer brushes could form highly stable core-surface-
crosslinked micelles (nanoparticles) (SCNs) in which the backbones of the polymer brushes 



acted as crosslinks on the hydrophobic core surface to greatly enhance the stability of the 
micelles (Figure 1 b) without using chemical reaction in the core.24 These highly stable SCNs 
can be used as drug carriers for cancer chemotherapy. 

Experimental 

Materials 
ε-Caprolactone (ε-CL) (Aldrich) was dried over calcium hydride with stirring for 24 h at 

room temperature. PCL macromonomer (m-PCL: Mn =3.8 × 103; Mw/Mn = 1.07) was 
synthesized according to litersture.25 Poly(ethylene glycol) methyl ether methacrylate 50% 
solution in water (Aldrich) (mPEG, Mn = 2080) was dried under high vacuum with rotary 
evaporator. Tetrahydrofuran (THF) was dried by refluxing over calcium hydride. CuBr was 
stirred in glacial acetic acid, filtered, and washed with absolute ethanol as well as diethyl ether. 
1,1,4,7,10,10-Hexamethyltriethylenetetramine (HMTETA, 97%), methyl α-bromophenylacetate 
(MBP, 97%), acryloyl chloride (96%), triethylamine (Et3N, 99.5%), N,N-dimethylformamide 
(DMF, 99.8%), N-phenyl-1-naphthylamine (PNA), 2-(N,N-dimethylamino)ethyl methacrylate 
(DMA), and cis-diammineplatinum (II) dichloride (cisplatin, 99.99%), all from Aldrich, were used 
as received without further purification.  

Instrumentation 
Gel permeation chromatography (GPC) was used to determine polymer molecular 

weights and molecular weight distribution (PDI) using polystyrene standards (Polysciences 
Corporation). The measurements were operated on a Waters SEC equipped with a Waters 
2414 refractive index detector and two 300 mm Solvent-Saving GPC Columns (molecular 
weight ranges: 5×102-3×104, 5×103-6×105) using THF as solvent at a flow rate of 0.30 mL/min at 
30˚C. Data were recorded and processed using Waters software package. 1H NMR spectra 
were recorded on a Bruker Avance DRX-400 spectrometer using CDCl3 as solvent. Chemical 
shifts were reported downfield from 0.00 ppm using TMS as internal reference. Micelle sizes 
were determined by laser dynamic light scattering (DLS, Nicomp 370 particle sizer). The 
measurement of the PNA excitation was carried out with the fluorescence spectroscopy 
(SPECTRAmax GEMINI XS spectrofluorometer, Molecular Devices). Excitation wavelength was 
340 nm for the measurement of emission spectra. Sensitivity was set as 10. The emission 
intensity at 418 nm was recorded with the cutoff wavelength at 420 nm to estimate CMC. 



Synthesis of ω-methacryloyl poly(2-(N,N-dimethylamino)ethyl methacrylate) 
macromonomer (mPDMA):  mPDMA was prepared by two step reactions: the synthesis of ω-
hydroxy-PDMA by atom transfer radical polymerization (ATRP)26 of DMA and subsequent 
reaction with methacrylic acid.24 The brush copolymers were synthesized by free radical 
polymerization or atom transfer radical polymerization.24 

Micelle preparation of and characterization: 
The micelles were prepared using solvent displacement method with an acetone-water 

system. In a typical procedure, the copolymer (10 mg) was dissolved in 2.5 mL of acetone with 
stirring about 2 h. The polymer acetone solution was dropwise added into 20 mL of deionized 
water with stirring, and the mixture was continually stirred overnight to form micelles. The 
suspension was stirred under reduced pressure for 8 h to remove acetone. The solution was 
filtrated through 0.2 μm syringe filters before any measurement. 

Micelle size measurement: 
The particle size was measured by dynamic light scattering (DLS), which was 

performed on a Nicomp 370 particle sizer with wavelength of 514.5 nm at a fixed scattering 
angle of 90 º. Data were analyzed by Nicomp software (version 12.3) with volume-weighted 
Gaussian/Nicomp analysis mode, which gave histograms of relative volume vs. mean diameter. 

Critical micelle concentrations (CMC) measurement: 
 CMCs of the copolymers were estimated by fluorescence spectroscopic method using 

N-phenyl-1-naphthylamine (PNA) as the fluorescence probe. Typically, PNA solutions in 
acetone were added to each brown bottle. The acetone was evaporated, leaving 1.0 ×10-8 mole 
of PNA in each bottle. PCL/PEG or PCL/PDMA brush copolymer in acetone (10 mL) at 
concentrations ranging from 0.25 g/L to 0.05 mg/L were added. The mixtures were stirred at 60 
ºC for 3 h. They were sonicated for 1 min before measurement. The spectroscopy measurement 
was carried out at the emission wavelength of 418 nm and excitation wavelength of 340 nm.28 

Preparation of cisplatin-loaded SCNp for in vitro cytotoxicity assessment: SCNs loaded 
with cisplatin were prepared using solvent displacement method with an acetone-water system. 
In a typical procedure, the copolymer (2.5 mg) was dissolved in 2.5 mL of acetone with stirring 
about 2 h, then 166 µL of cisplatin acetone solution at the concentration of 1×10-3 M was added 
with stirring. The polymer-drug acetone solution was dropwise added into the 5 mL of RPMI 



1640 media under stirring, and the mixture was continually stirred overnight to form micelles. 
The suspension was stirred under reduced pressure for 8 h to remove acetone.  

Cell culture:  SKOV-3 adenocarcinoma cells were obtained from American Type Culture 
Collection (Rockville, MD). Cells were propagated to confluence in T-75 flasks (Corning Costar, 
Cambridge, MA) at 37 °C under an atmosphere of 5% CO2 in 15 mL RPMI-1640 medium 
supplemented with 10% fetal calf serum (FCS), 10 μg/mL insulin, and 1% antibiotic/antimycotic 
solution (Sigma A9909). Cells were harvested from flasks with 0.25% trypsin/0.03% EDTA.  

 
Seeding of cancer cells and nanoparticle uptake: Cells were transferred (1mL/well at 

2×105mL) into 12-well flat-bottom plates (Corning Costar) and incubated 24 h. A polylysine 
coated coverslip (12mm, Becton Dickinson Biocoat 354086) was placed in each well, and then 
incubated for another 24h.  Coverslips were then inverted and transferred to another 12 well 
plate containing 0.9 mL of fresh media. Nanoparticles (encapsulated with 1-
pyrenecarboxaldehyde) were added at 0.1 mL per well in RPMI media.  After incubations for 1 
h, the coverslips were rinsed with PBS, fixed with ice cold acetone and rinsed with distilled 
water.  Coverslips were mounted on slides with Crystal/Mount (Biomedia M02) and viewed by 
confocal fluorescent microscopy. 

The samples were examined under an inverted Confocal Laser Scanning Microscope 
(Bio-Rad Radiance 2100) Upright Nikon E800 microscope. The samples were excited using 
blue diode laser (405 nm). 

Cell in vitro morphology: Cells were transferred (1mL/well at 2×105mL) into 12-well flat-
bottom plates (Corning Costar) and incubated 24 h. The original media was removed and 975 
µL fresh media was added. Nanoparticles were added at 25 µL per well in RPMI media.  After 
2h incubations, the plate was viewed with phase contrast microscopy. 

Cytotoxicity test: MTT Cell Proliferation Assay was employed to estimate the cytotoxicity 
of SCNp encapsulated with cisplatin. Cells were first transferred (200µL/well at 7.5×104mL) into 
96 well plates (Evergreen) and incubated for 24 h. The original media was removed and 100 µL 
fresh media was added. SCNps were added in RPMI media to achieve dosages from 0.005 
µg/mL to 0.5 µg/mL and incubate for 2 hr. MTT reagent 10 µL was added to each well and 



incubated for 2 hr at 37 °C under an atmosphere of 5% CO2 until a purple precipitate was 
visible. Detergent reagent (100 µL) was added to each well then the plate placed in the 37 °C 
incubator for 2 h until all the crystals were dissolved. The absorbance intensity at 570 nm was 
recorded. 

Results and Discussion 

Micelle formation 
The formation of micelles of the brush copolymers was detected using N-phenyl-1-

naphthylamine (PNA) as fluorescent probe. PNA has high fluorescence activity in nonpolar 
environments but polar solvents such as water can quench its fluorescence.30 We found that 
PNA was a much better fluorescent probe than pyrene in terms of reproducibility (Figure 2). The 
measured CMCs of the micelles of the brush copolymers are shown in Table 1. The CMCs of 
the block copolymers with the same chain lengths of PCL and PEG or PDMA as those in the 
brush copolymers were also measured for comparison. The PCL/PEG ratio only slightly affected 
the CMCs. With more PEG chains, the CMC of the brush copolymer only increased slightly 
(Table 1). The CMC of the copolymer with PCL/PEG ratio of 1/3 was 3.8 mg/L, compared with 
1.0 mg/L of the copolymer with the ratio of 1/1. This makes it possible to tailor the hydrophilic 
chain density on the nanoparticle surface, which strongly affects its pharmacokinetics and 
biodistribution,17 without changing its stability. 
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Figure 2. The intensity ratio I/I0 in PNA fluorescence emission spectra as a function of logc of the 
PCL/PEG (1/3) brush copolymer in distilled water. [PNA] = 1.0 × 10-6 M; (I/I0 is the relative 
fluorescence intensity in the presence of PNA (I) and the absence (I0) of PNA). 
 
Table 1.   Critical micelles concentrations (CMCs) of copolymers of PCL (Mn:  7.0×103) with PEG 
(Mn: 2.08×103) or PDMA (Mn: 8.0×103) with different compositions. 



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Most significantly, the brush copolymers have much lower CMCs than corresponding 
block copolymers. For example, the CMC of the brush copolymer with PCL/PEG chain ratio of 
1/0.93 was almost 40 times (100 times if using molar concentration) lower than that of the block 
copolymer (chain ratio of 1/1). Even the brush copolymer with more PEG (e.g. PCL/PEG = 1/3) 
had much lower CMC than that of the block copolymer, indicative of much improved stability of 
the micelles formed from the brush copolymers. We believe that the improved stability of the 
micelles from the brush copolymer is derived from the partially crosslinking on the core surface, 
as shown in Figure 1 b. Table 1 shows that the Mn of the brush copolymers was about 3 to 6 
times of that of the block copolymer. This was equivalent to 3 to 6 block copolymer chains linked 
together by the copolymer backbone on the micelle surface, entailing much improved stability of 
the micelles. Thus, the micelles less likely disassociate in the bloodstream. Meanwhile, there is 
no chemical reaction involved in the core and thus the properties of drugs encapsulated in the 
cores will not be altered. 
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Figure 3.  Micelles size distribution of brush copolymer (PCL/PEG = 1/1.09 (chain ratio); Mn: 9.2 
× 103; mPCL (Mn: 3.8 × 103), mPEG (Mn: 2.08×103)).  

Copolymers PCL/PEG or 
PCL/PDMA  chain ratio 

Mn  
(×103) 

CMC (g/L) 
(×10-3) 

CMC (mole/L) 
(×10-8) 

PCL-PEG 
block copolymer 

 
1:1.0 8.2 40 480 

PCL/PEG 
brush copolymer 1:0.93 21 1.0 5.0 

PCL/PEG 
brush copolymer 1:3.0 48 3.8 7.9 

PCL/PDMA 
brush copolymer 1:0.42 18 6.3 35 



 

Micelle Size 
Solvent-displacement method was used to fabricate the micelles from the synthesized 

polymer brushes. Figure 3 shows that the micelles had very narrow size distribution. The 
diameter of micelles depends on the hydrophobic/hydrophilic chain ratio: it increased with 
increasing PCL/PEG chain ratio. For example, the micelles formed from the copolymer with 
PCL/PEG ratio of 2.81 had a diameter of 198 nm, while the diameter of the micelles was 27.4 
nm at the PCL/PEG ratio of 0.73. Similarly, the micelle had 54.7 nm diameter at PCL/PDMA 
ratio of 2.38. Thus, the size of micelles of the brush copolymers can be easily tailored by 
changing the hydrophobic/ hydrophilic chain ratio without sacrificing micelle stability because it 
only slightly alters the CMCs.  

In addition, PDMA is partially positively-charged in water. The micelles formed by 
PCL/PDMA brush copolymer thereby had a positively charged hydrophilic corona, which may be 
used to facilitate the cellular uptake of the nanoparticles by electrostatic interaction with the 
negatively-charged cell membrane.  The surface property of the nanoparticles thus can be 
changed simply by using different hydrophilic chains. 

 

Cellular uptake of the SCNs 

Figure 4 shows the DIC and fluorescence images of the cells cultured with fluorescence-
dye loaded PCL/PDMA SCNps. The bright fluorescence emitted from the inner of the cell 
indicates that the SCNps formed from the brush copolymers can be taken up efficiently by 
cancer cells. 
                                    
                                  DIC                                            Fluorescence 

 
 
 
 
 
 
 
 
 
 



 
                                                            
 
 
 
Figure 4.  Differential interference contrast (DIC) and fluorescence confocal images of 1-
pyrenecarboxaldehyde. Cell uptake and intracellular distribution in SKOV-3 adenocarcinoma 
cells cultured with PCL/PDMA SCNps containing 1-pyrenecarboxaldehyde. Original 
magnification 200 ×.  
 
 Cytotoxicity of SCNs loaded with cisplatin  
 

Figure 5 shows that the morphology of cells treated with PCL/PEG SCNps and free 
cisplatin is not much different from that of the control, while a significant morphological change 
was observed for the cells treated with PCL/PDMA nanoparticles. In Figure 5 (e), cancer cells 
shrinked in the presence of PCL/PDMA nanoparticles. 
 

At a cisplatin dosage of 0.25 μg/mL, free cisplatin drug killed about 60% cancer cells, but 
when encapsulated in the nanoparticle, its efficacy could be greatly enhanced, especially when 
encapsulated in PCL/PDMA SCNps, which killed more than 90% cancer cells (Figure 6). The 
IC50 of the cisplatin encapsulated in PCL/PDMA nanoparticles was about 0.01 μg/mL, which was 
much lower than that of cisplatin encapsulated in PCL/PEG SCNps and that of cisplatin free 
drug. (Figure 7).  This proves that positively charged PCL/PDMA facilitated the adsorption of the 
SCNps onto the negatively-charged tumor cell surface and subsequently cellular uptake. 
 
 

         (a)      (b)                



        (c)       (d)                      

        (e)        (f)                     
 
Figure 5. SKOV-3 adenocarcinoma cell morphology with or without SCNps after 2 h treatment.   
(a) Control : cultured with pure RPMI media;   (b) Cisplatin control: cultured with cisplatin in 
RPMI media; (c) Cultured with PCL/PEG SCNp in RPMI media; (d) Cultured with PCL/PEG 
SCNp encapsulated with cisplatin in RPMI media; (e) Cultured with PCL/PDMA SCNp in RPMI 
media; (f) Cultured with PCL/PDMA nanoparticles encapsulated cisplatin in RPMI media. 
 

 



A
liv

e 
ca

nc
er

 c
el

l p
er

ce
nt

ag
e 

%
0

20

40

60

80

100

A: C
isp

latin
+PCL-P

DM
A (0

.25
ug/m

L)

B: C
isp

lat
in+PCL-P

EG (0
.25u

g/m
L)

C: C
isp

latin
 (0

.25u
g/m

L)

D: P
CL-P

DM
A 

E: P
CL-P

EG 

F: C
isp

latin
+PCL-P

DM
A (0

.1u
g/m

L)

G: C
isp

lat
in+PCL-P

EG (0
.1ug/m

L)

H: B
lank

 
 
Figure 6.  SKOV-3 adenocarcinoma cancer cells with 2 hr treatment. The concentrations of 
nanoparticle were 12.5 μg/mL in A, B, D, and E, and  5 μg/mL in F, and G were (cisplatin dose 
shown in the figure).   
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Figure 7.  IC50 determination: SKOV-3 adenocarcinoma cancer cells with 2 h treatment, 
(Cisplatin in PCL/PDMA SCNps (♦), Cisplatin in PCL/PEG SCNps (■), free Cisplatin(▲)).   
 

Conclusions 



We demonstrate that core-surface crosslinked micelles fabricated from amphiphilic brush 
copolymers had much improved stability with easily adjustable sizes and surface properties by 
the hydrophobic/hydrophilic chain ratio and the type of the hydrophilic chains. The in vitro 
cytotoxicity test proved that this method provided a new approach to design “stealth” stable 
nanoparticles without chemical reaction in the cores for targeted drug delivery.  

Acknowledgements. We thank the University of Wyoming EPSCoR and National Science 
Foundation (BES-0401982) for the financial support. 

References: 

1. (a) Putnam, D. and Kopeček, J. Polymer conjugates with anticancer activity, Adv. Polym. Sci. 122 
(1995) 55-123; (b) Kopeček, J.; Kopeckova, P.; Minko, T.; Lu, Z. R. and Peterson, C. M. Water 
soluble polymers in tumor targeted delivery, J. Control. Release 74 (2001) 147-158. 

2. Peterson, C. M.; Lu, J. M.; Sun, Y.; Peterson, C. A.; Shiah, J.-G.; Straight, R. C.; Kopeček, J. 
Combination chemotherapy and photodynamic therapy with N-(2-hydroxypropyl)meth acrylamide 
copolymer-bound anticancer drugs inhibit human ovarian carcinoma heterotransplanted in nude 
mice, Cancer Res. 56 (1996) 3980–3985. 

3. Murthy, N.; Campbell, J.; Fausto, N.; Hoffman, A. S.; Stayton, P. S.  Design and synthesis of pH-
responsive polymeric carriers that target uptake and enhance the intracellular delivery of 
oligonucleotides, J. Control. Release 89 (2003) 365-374. 

4. Liu, M.; Kono, K.; Frechet, J. M. J. Water-soluble dendritic unimolecular micelles: Their potential 
as drug delivery agents, J. Control. Release 65 (2000) 121–131. 

5. Baker, J. R.; Quintana, A.; Piehler, L.; Banazak-Holl, M.; Tomalia, D.; Raczka, E.  The synthesis 
and testing of anticancer therapeutic nanodevices, Biomed. Microdevices 3 (2001) 61-69. 

6. Ihre, H. R.; Padilla D. J., Omayra L.; Szoka, F. C., Jr.; Frechet, J. M. J.  Polyester dendritic 
systems for drug delivery applications: Design, synthesis, and characterization, Bioconjug. Chem. 
13 (2002) 443-452. 

7. Drummond, D. C.; Meyer, O.; Hong, K.; Kirpotin, D. B. and Papahadjopoulos, D.  Optimizing 
liposomes for delivery of chemotherapeutic agents to solid tumors, Pharmacol. Rew. 51 (1999) 
691-743. 

8. Booser, D. J.; Esteva, F. J.; Rivera, E.; Valero, V.; Esparza-Guerra, .L; Priebe, W.; Hortobagyi, G. 
N.  Phase II study of liposomal annamycin in the treatment of doxorubicin-resistant breast cancer, 
Cancer Chemother. Pharmacol. 50 (2002) 6-8.   

9. Muggia, F. M.; Blessing, J. A.; Sorosky, J.; Reid, G. C.  Phase II trial of the pegylated liposomal 
doxorubicin in previously treated metastatic endometrial cancer: a gynecologic oncology group 
study,    J. Clin. Oncol. 20 (2002) 2360-2364. 



10. (a) Kwon, G. S. and Kataoka, K. Block copolymer micelles as long-circulating drug vehicles, Adv. 
Drug Deliv. Rev. 16 (1995) 295–309; (b) Kwon, G. S. Diblock copolymer nanoparticles for drug 
delivery, Crit. Rev. Ther. Drug 15 (1998) 481–512; (c) Jones, M.-C.; Leroux, J.-C..  Polymeric 
micelles - a new generation of colloidal drug carriers, Eur. J. Pharm. Biopharm.  48 (1999)  101-
111; (c) Rapoport, N.; Pitt, W. G.; Sun, H.; Nelson, J. L.  Drug delivery in polymeric micelles: 
from in vitro to in vivo,   J. Control. Release 91 (2003) 85-95. 

11. Kataoka, K.; Harada, A.; Nagasaki, Y. Block copolymer micelles for drug delivery: design, 
characterization and biological significance, Adv. Drug Deliv. Rev. 47 (2001) 113-131. 

12. Jones, M-C; Leroux, J-C. Polymer micelles-a new generation of colloid drug carrier, Eur. J. 
Phmar. Biopharm. 48 (1999) 101-111. 

13. Yang, L.; Alexandridis, P.  Physicochemical aspects of drug delivery and release from polymer-
based colloids,  Current Opin. Colloid Interface Sci.  5 (2000) 132-143. 

14. Torchilin, V. P.; Weissig, V.  Polymeric micelles for the delivery of poorly soluble drugs, ACS 
Symp. Ser.  752 (2000) 297-313. 

15. Torchilin, V. P. Structure and design of polymeric surfactant-based drug delivery systems, J. 
Control. Release 73 (2001) 137-172.   

16. Labhasetwar, V.; Song, C.; Levy, R. J.   Nanoparticle drug delivery system for restenosis, Adv. 
Drug Deliv. Rev. 24 (1997) 63-85. 

17. Brigger, I.; Dubernet, C.; Couvreur, P.  Nanoparticles in cancer therapy and diagnosis, Adv. Drug 
Deliv. Rev. 54 (2002) 631–651. 

18. Hans, M. L. and Lowman, A. M. Biodegradable nanoparticles for drug delivery and targeting, 
Curr. Opini. Solid State Mater. Sci. 6 (2002) 319–327. 

19. (a) Gref, R.; Minamitake, Y.; Peracchia, M. T.; Trubetskoy, V.; Torchilin, V.; Langer, R. 
Biodegradable long-circulating polymeric nanospheres, Science 263 (1994) 1600–1603; (b) 
Panyam J. and Labhasetwar, V. Biodegradable nanoparticles for drug and gene delivery to cells 
and tissue, Adv. Drug Deliv. Rev. 55 (2003) 329-347; (c) Chawla, J. S. and Amiji, M. M. 
Biodegradable poly(ε-caprolactone) nanoparticles for tumor targeted delivery of tamoxifen, Int. J. 
Pharm. 249 (2002) 127-138. 

20. Monsky, W. L.; Fukumura, D.; Gohongi, T.; Ancukiewcz, M.; Weich, H. A.; Torchilin, V. P.; 
Jain, R. K. Augmentation of transvascular transport of macromolecules and nanoparticles in 
tumors using vascular endothelial growth factor, Cancer Res. 59 (1999) 4129–4135. 

21. Maeda, H. The enhanced permeability and retention (EPR) effect in tumor vasculature: the key 
role of tumor-selective macromolecular drug targeting,  Adv. Enzyme Regul. 41 (2001) 189–207. 

22. Jain, R. K. Delivery of molecular medicine to solid tumors: lessons from in vivo imaging of gene 
expression and function, J. Control. Release 74 (2001) 7–25. 



23. Iijima, M.; Nagasaki, Y.; Okada, T.; Kato, M.; Kataoka, K.  Core-polymerized reactive micelles 
from heterotelechelic amphiphilic block copolymers, Macromolecules 32 (1999) 1140-1146. 

24. Xu, P.; Tang, H.; Li, S.; Ren, J.; Van Kirk, E.; Murdoch, W. J.; Radosz, M.; Shen, Y.  Enhanced 
Stability of Core-Surface Cross-Linked Micelles Fabricated from Amphiphilic Brush Copolymers,  
Biomacromolecules 5(2004),  ,  1736-1744 

25. Dubois, Ph.; Jerome, R. and Teyssie, Ph. Macromolecular engineering of polylactones and 
polylactides.  3. Synthesis, characterization, and applications of poly(ε-caprolactone) 
macromonomers, Macromolecules 24 (1991) 977-981. 

26. Shen, Y.; Zhu, S.; Zeng, F. and Pelton, R. Versatile initiators for macromonomer synthesis of 
acrylates, methacrylates and styrene by atom transfer radical polymerization, Macromolecules 33 
(2000) 5399-5404. 

27. Ge, H.; Hu, Y.; Jiang, X.; Cheng, D.; Yuan, Y.; Bi, H. and Yang, C. Preparation, characterization, 
and drug release behaviors of drug nimodipine-lodaded poly(ε-caprolactons)-poly(ethylene 
oxide)-poly(ε-caprolactons) amphiphilic triblock copolymer micelles,  J. Pharm. Sci. 91 (2002) 
1463-1473. 

28. Akiyoshi, K.; Deguchi, S.; Moriguchi, N.; Yamaguchi, S.; Sunamoto, J. Self-Aggregates of 
hydrophobized polysaccharides in water. Formation and characteristics of nanoparticles, 
Macromolecules 26 (1993) 3062-3068. 

29. Matyjaszewski, K and Xia, J.  Atom transfer radical polymerization, Chem. Rev. 101 (2001) 2921-
2990. 

30. You, L.; Lu, F.; Li, Z.; Zhang, W.; Li, F. Glucose-Sensitive Aggregates Formed by Poly(ethylene 
oxide)-block-poly(2-glucosyl-oxyethyl acrylate) with concanavalin A in dilute aqueous medium, 
Macromolecules 36 (2003) 1-4. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print



