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ARTICLE INFO ABSTRACT

Keywords: In this study, a novel stereocomplexed micelle system was prepared from the self-assembly of enantiomeric PLA-
Stereocomplex based Y-shaped copolymers, i.e. folic acid-adamantane/p-cyclodextrin-b-[poly(D-lactide)], (FA-AD/CD-b-
Enantiomeric PLA (PDLA),) and poly(2-dimethylaminoethyl methacrylate)-b-[poly(L-lactide)], (PDMAEMA-b-(PLLA),) in aqueous
Y-shaped

solution. The newly designed Y-shaped copolymer FA-AD/CD-b-(PDLA), was prepared by a combination of
“click” reaction and host guest interaction between FA-AD and CD-b-(PDLA),. In addition, enantiomeric Y-
shaped PDMAEMA-b-(PLLA), copolymer was synthesized through ring-opening polymerization (ROP) of L-lac-
tide using three-head initiator with bromo and —OH at distal ends, followed by atom transfer radical poly-
merization (ATRP) of DMAEMA to obtain the desired macromolecular architecture. The resultant copolymers
and their intermediates were characterized by 'H nuclear magnetic resonance (*H NMR) and gel permeation
chromatography (GPC) techniques. Due to the strong stereocomplexation interaction, FA-AD/CD-b-(PDLA), and
PDMAEMA-b-(PLLA), mixture could self-assemble into stable mixed micelles in aqueous solution. Further, the
stereocomplexed micelles exhibited excellent biocompatibility as revealed in the cytotoxicity assay. Together
with the intrinsic biodegradability of PLA, it is envisioned that the stereocomplexed micelles developed in this

Block copolymer
Drug delivery

study can be used as a promising nanocarrier for targeting drug delivery.

1. Introduction

Over the past few decades, polymeric micelles derived from am-
phiphilic copolymers have attracted tremendous interest due to their
potential applications in the field of drug delivery, bioengineering,
material science, and so forth [1-8]. Largely driven by hydrophobic
interaction, conventional amphiphilic block copolymer form self-as-
semblies above their critical micelle concentration (CMC). So, the
formed micelles present the instablly thermodynamic aggregations of
multi polymer chains above CMC and might disassociate into free
polymer chains as being subject to high dilution, shear forces and other
parameters, such as pH, temperature and ionic strength [9, 10]. As a
consequence, this drawback may heavily hinder the applications of
polymeric micelles. Especially as the drug carrier, the disassociation of
the polymeric micelles results in the premature release of the en-
capsulated therapeutic drugs before they reach the targeted disease
sites and even lead to undesirable systemic toxicity [11-14].
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To address the issue associated with the polymeric micelle structure
instability above, many approaches have been proposed (i) the che-
mically cross-linking the core or shell or both of the prepared micelles
[15-18], (ii) the polymer-polymer complex formation mediated by
noncovalent interactions between blocks [19-22] and (iii) the devel-
opment of unimolecular micelles, each of which is formed by a single
amphiphilic macromolecules [23-27]. As for the chemical cross-linking
strategy, the biodegradability of the micelles and the encapsulation or
release of a guest molecule might be compromised [28, 29]. The in-
trinsic covalent linkage between the compositional units endows the
unimolecular micelles excellent stability, while the architecture of
polymer for forming unimolecular micelles is usually complex, which
will elevate the synthetic difficulties. In comparison, the use of non-
covalent interactions that are still dynamic is a relative simple and
versatile approach to stabilized micelles. Up to now, a few examples of
stabilized micelles driven by noncovalent interactions have been well
investigated, including polyelectrolyte complex, hydrogen-bonding
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complex and so on [19, 30, 31].

Polylactides (PLA), a thermoplastic aliphatic polyester derived from
renewable resources, have great current and potential applications in
many fields due to its number of desirable properties, such as biode-
gradability, biocompatibility and excellent mechanical properties
[32-36]. PLA has three isomeric forms, that is, optically active poly(L-
(-)-S-lactide) (PLLA) and poly(D-(+)-R-lactide) (PDLA) and racemic
poly(DL-lactide) (PDLLA), as lactide monomers have two stereoisomers,
L- and D-compounds. It has been reported that PLLA/PDLA mixture can
form a racemate, so-called stereocomplexes in either the melt or solu-
tion via hydrogen-bonding between L-lactyl and D-lactyl unit se-
quences. As compared with the individual enantiomers, PLA stereo-
complexes exhibit better physical and chemical properties, such as
higher mechanical properties, higher melting point and improved
thermal and hydrolytic stability [37-42]. In recent years, PLA stereo-
complex interaction-assisted polymeric micelles have attracted in-
creasing attention. As compared with the conventional micelles formed
via hydrophobic interaction, stereocomplex micelles were endowed
with some improved characteristics, such as enhanced stability, re-
duced degradation rate, and so forth. Furthermore, there is no need for
introducing special functional groups into the blocks to stabilize the
formed micelles in comparison with other noncovalent interactions.
The above-mentioned advantages combining with the good bio-
compatibility make the PLA stereocomplex micelles with great pro-
mising applications in the field of drug delivery [20, 22].

In this study, stable mixed micelles consisting of a biodegradable
core and a mixed shell were prepared from a mixture of two block
copolymers PDMAEMA-b-(PLLA), and FA-AD/CD-b-(PDLA),, as de-
picted in Fig. 1. PLLA and PDLA enantiomers were employed to con-
stitute the hydrophobic core of the micelles as the peculiarly strong
stereocomplexation between them can well stabilize the formed mi-
celles. Specially, we expected that the unique V-shaped structure of
PLLA or PDLA segments on the copolymers CD-b-PL(D)LA;, could fa-
cilitate the stereocomplexation formation as compared with the con-
ventional linear counterpart. The poly(2-dimethylaminoethyl metha-
crylate) (PDMAEMA) chains and CD segments on the hydrophilic shell
play the role to improve the solubility of the formed micelles in aqueous
solution, while the CD segments near the core also provides the possi-
bility to conjugate some special molecules via host-guest interaction.
Herein, the folic acid (FA) moiety, one of the mostly employed targeting
molecules, was introduced into the copolymer CD-b-(PDLA), through
the host-guest interaction to form the copolymer FA-AD/CD-b-(PDLA),.
The presence of the FA moieties endows the stereocomplex micelles
derived from the mixture of FA-AD/CD-b-(PDLA), and PDMAEMA-b-
(PLLA), with the targeting properties. In a word, the proposed drug
delivery system possesses the following innovation and advantages:
biodegradability, biocompatibility, targeting property and the good
stability derived from the stereocomplexation of novel “Y”-shaped
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copolymers. Due to these combined good properties, the as-developed
mixed micelles are promising candidates as drug delivery nanocarriers.

2. Experimental section

Materials: L-lactide and D-lactide monomers (99.5%) were pur-
chased from Sinobiom and used as received. 2-(Dimethylamino)ethyl
methacrylate (DMAEMA) (98%, Alladin) was passed through a short
column with neutral alumina oxide just before use to remove the in-
hibitor. Mono-6-deoxy-6-azido-S-cyclodextrin (8-CD-N3) was synthe-
sized according to the procedure reported in the literature [43]. The
three-head initiator trimethylolpropane propargyl ether used to initiate
polymerization of D-lactide (DLA) was synthesized according to the
previously reported procedure. Other reagents were purchased from
Alladin Chemical Co., Ltd.

2.1. Preparation of the inclusion complex FA-AD/CD-(PLLA), via host-gust
interaction (Scheme 1A)

As shown in Scheme 1, a V-shaped poly(D-lactide) with one alkyne
group on the conjugating point (Alkyne-(PDLA),) was first synthesized
via a three-head initiator initiating ring-opening polymerization of D-
lactide. The detail procedure is as following: To a Schlenk flask (50 mL)
treated with several repeated exhausting/refilling with nitrogen gas
processes, D-lactide (4.0 g, 0.028 mol) was added, followed by another
three repeated exhausting/refilling with nitrogen gas processes. Then,
1mL of the dioxane solution of the three-head initiator (0.18g,
1.15 mmol) was charged into the system. The reaction vessel was im-
mersed into an oil bath preheated to 130 °C to start the polymerization.
The reaction was allowed to proceed for 24 h under vigorous stirring.
After being cooled down to the room temperature, the product was
dissolved with chloroform and poured into an excess of ether. The as-
purified polymer alkyne-(PDLA), was obtained as a white solid after
filtration =~ and being dried under vacuum at 35°C.
(M, npr = 4720 gmol ~ Y, M, gpe = 4550 gmol !, Mw/Mn = 1.17).

CD-b-(PDLA), was obtained via click chemistry of alkyne-(PDLA),
as-prepared above with 3-CD-Ns. To a dried Schlenck flask with 12 mL
freshly distilled N,N-dimethylformamide (DMF), B-CD-N; (0.6g,
0.52 mmol) and the polymer alkyne-(PDLA), (1.5 g, 0.434 mmol) were
added. After all of substrates were dissolved completely, PMDETA
(0.11 mL, 0.52mmol) was added and the solution was subsequently
degassed thoroughly by bubbling with nitrogen flow. After 40 min,
CuBr (0.08g, 0.52mmol) was added followed by bubbling with ni-
trogen flow for another 15 min. Then, the flask was put into an oil bath
preheated to 45 °C. The reaction lasted for 48 h. After the reaction was
completed, appropriate amount of EDTA aqueous solution was added
into the solution and stirred for 30 min. Then, the solution was dialyzed
against deionized water using a dialysis tube (MWCO, 2000 Da) for

Fig. 1. Illustration showing the formation of FA modified micelles stabilized via stereocomplexation from folic acid-adamantane/f-cyclodextrin-b-[poly(D-lactide)],
(FA-AD/CD-b-(PDLA),) and poly(2-dimethylaminoethyl methacrylate)-b-[poly(L-lactide)], (PDMAEMA-b-(PLLA),).
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