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European Polymer Journal
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Synthesis, drug release and targeting behaviors of Novel @mm
Folated Pluronic F87/poly( lactic acid) block copolymer

Xiang Yuan Xiong *, Xiang Qin, Zi Ling Li, Yan Chun Gong, Yu Ping Li

Sl off Life Soieece, |inngpd Soiene g Tockmadly Normal Ueersity, Nanchaeg 1000 7, (uing

ARTICLE INFODO

ABSTREACLT

i En——
Recewed 15 March 2015

e in revised form 23 Ajpal 2015
Acceptad 5 May 2015

Availibde anline S May 23005

Krynaals:

Nowel Folated Phuronic P8 7fpalwladic acid) block apolymes (FA-FST<PLA) was synthe-
sized by two step reactons. The s=H-assembling behawvior of FA-F& 7-PLA block copalymer
in aqueous soltions was examined by flwresene measurement Dynamic Light
Scattering (DLE) and Transmission Hedron Micosoopic (TEM) fechniques. The marphal-
agy of FA-F87=FLA nanopartickes was found i be sphenical micdles. Paclitaxe] (FTX)
loaded in FA-FE7 =PLA nanopartides shows an imitial burst release inthe first 11 h and fal-
lowed by a slow release. The in wvitno targeting behavior of PA-F&7-FLA nanoparticles
against OWCAR-3 (folate receptor positive) was imestigaied by 3-4.5-Dimathylthiam]-
2yl)-25-diphemy] tetr zralum bromdd e (MTT) tests. MTT results show that the anti@naer
effect of FIX in FA-FE 7= PLA nano particle aver (WCAR-3 o=lls was stronger than that of FTX
in nontargetesd PLA-FE7 -PLA nanoparticls under the s pecific targeting i nberaction betwesn
falate groups on the surface of FA-FE7-PLA nanopartides and falate recsptor on the surfac
af OVCAR-3 =l The targeting hehaviors of FA-F& 7-PLA manoparticles were further an-
firmed by fllor=onoe micneopy (Pd) technique The intracellulr distribution of
FA-FE7=PLA mano particles was alen stud ied using atriple-labeling mesthod . 1t was observed
that FA-F8 7= FLA nanopartiches are mainly loglized within the cytoplasm of OWCAR-3 =ik

@ 2015 Elevier Ltd All rights resenved.

1. Lot roed actien I

Amphiphilic Block copolymers have been widely studied in the past few decades for their application in drog delivery
sysiems ecause they are able (o self-assemble into manoparticles contaiming & hdrophobic core and 2 drophilic shell
| 1=5]. Hydropholic polyilactic acid) (PLA) are well-known Biodegradable amsd biocompatille polye ster | 6-5]. Pluromnic block
copalymers ane one of the very few synthetic polymenc matenals a pproved by the U5, Food and Dreg Adminisoration forwse
a5 doad sddithves and pharmsce utical ineredients. The biocom patible amphiphilic block copolymers PLA-Purmonic-PFLA have
been synithesized previously and their application in drieg delivery systems have been sisdied in detail by us [10-14)

Thers has abways e a strong impens 1o the development of polymenc nanopart icles with targeting ligands, which are

shla e drn sea tha colasthiita e offled aness of dvisn dalbioms tootha femot calle lasdine fe s aitor +hors ot offles s e
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I 2. Materiak and el lods I

2 1. Mareriak

Plummic FBT was kindly supplied by BASF Corporation. c-lsetide was purchased from Sigma-Aldrich and recrystallized
twice from ethyd scetate (EtAc) The purified o-lactide was stored a1 4-5°C under argon environment. Dichlorme thane
(CHLCL) and dimethy]l sulfmtide (DMSD) was purified by distllavion over CaH,. Folic scid (FAL stanmoes ocboale
|5 Ot )y | ned Sl pilets photung state were purchased from Sigma-Aldrich and wsed a5 received. Pyrens was purchased
from Acros and wsed x5 received. NN -Dicycloheylearbodiimide (DOC), 4- Dimethylaminopyridine (DMAP) was punchased
from K Chemica and used a5 received. Paclitaxe]l (PTX) was kindly supplied by Fujian South Phamaceatical Co_ Ltd
PTX injections was purchased from Sichusn Shenbe Pharmaceutical Co. Lid Tetrame thad ieodamine -5-camsomd azide
(TMRCA) was purchased from Invitrogen. 3+ 45- Dimethy 0 aeol-2-91- 2 5 diphemy tetrazolium bromide (MTT) was pur-
chased from Solarbae and uwsed a5 received. Dulbecons Modified Exgle’s Mediom (DMEM) was purchased from Giboo and
used a5 received. All other chemicals were of reagent grade. Human ovanan cancer cells OWCAR-3 and heman lung carc-
noma cells AS49 were purchased from CICAMS, Beijing

22 Synthests af FA-FE7-0H

Plumnic FBT (202 26mmal) was disolved in 100 mL of dry CHO2 A solution of FA (83 g, 1.9 mmal) and DMAP
(19 g, 156 mmad) in anhydrows DMS0 was then added o the reaction flask under stirfing. After cooling of ©he sbove sols-
i b 0T, DOC (D36 & 175 moml | was sdded drope e s s diopping Tenme] over 30 min and ©hen the feaction was car-
mied ot Tor 48 h at foom bem pera ture. The reaction mixteme was then exiracted with 10% RaHOD, solution o remove
unreacted FA After this step, the organic plise was frozen ovemdght amd the insoluble substanoss were removed by filira-
i Thee orgamic solutbon was then precipitated twice in cold diethy] ether. The polymers were filtered amd dried overmnight
wender vaciuem.

23, Synthesis of FA-FE7-PLA blogk copalyimer

PLA segment was attached 1o one end of Pluronic FET by ring-opend ng pol ymerization to obiain FA-FET-PLA amphi philic
Hock copalymer. FA-FBT-0H (2.5 g) was distil lated by 2z eotropic distillacionunder argon LA{ 25 £ ) was sdded a1 roeom pem-
jpera e wide r argon and was fol lowed by the addivion of stanmaows oot oate (abowt 0.1 wi® of LAL The mistone was stimed at
120 %C for & After cooling 1o mom lempersiure, D reaction mixnume wis dissolved in CH O, and then precipitaved ints
cold ethyl ether. Following tuis, the prodect was dissolved in methylene chiloride, and precipitated in cold methanol The
wihite prodisct was then filtered and diied overmight wsder vacum

24, Flipies e in@asuran s

Thee critical micellization concentration (CMC) of FA-FET-PLA nanoparticles in PES solutions was detemined by Misomes-
CEmte mesurements (HITACH] F2 ) wsing pyrens &5 4 lsorescence prole 2728 The pyrene stock solution in soetone
(5 ) was added into a series of test ulses respectively and the acetome was evaporated. Following this, the FA-FET-PLA
sl utions (5 mL) were sdded to each test tubse and thven sonicated for 2 e The final concentration of pyrens in the solut ions
was 6§ x 1077 M. For the measurement of pyrens excitation spectra, the slit widths for both excitation and emision sides
were maintained at 2.5 nm, and the emissdon wavelength wsed was 390 nm.

25, Preparanion of PTX-loaded FA-FE7-PLA and PTX free nanoparmicles
FA-FE7-PLA block copalymer (25 mg) and hydrophobic drisg PTX (15 mg) were dissolved in DMS0 (15mL). The solstion

with polymer amnd PTX was sdded diop-wise to distilled water (90 ) under gentle stirning The dineg loaded polymer sggre-
gt a5, i water wene centrifiged and the sps mat ant wasdialyeed sgainst distilled water using a dialysis membians | moec-
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an of FA- FET-FLA black copoly mer

FA-FET-PLA block copolymer was synthesized by two steps. Pluronic FET block copolymer was firstly maodified by folic
acid o obtain FA-FET-0OH. FA-FET-PLA block copolymer was then synithesized by ring ope ning polyme fzation of the momo-
mer -lactide using FA-FET-0H as the initator and stanmows octoate [Sn{0cth | &5 the catalyst (Scheme 1) The possible
Iy prodisct FA-FE7-FA generated in the first step can be removed by methanol in the second step.

The polymer composi tion, structure and molecular weight were characterized by NMR and GPC techniques. Fig. 1(A)
shows 2 "H NMR spectrem of FA-FE7-PLA block copalymer in CDCh. "H KME (400 MHEz CDCh, TMS), 5 (ppm): 1.13-1.15
(my, ~0CH~CHICH =1, 1.41-1.75 {im, -0-CH] CH,)-C0- and HO-CHICH ,}-00- ], 3.40-3.65 (m, -0CH,-CH,~ and -0CH, -
CHICH, -1, 4.3-4.4 (i, HO-CH CHy)-C0- amd -00-00H -CHo-0- 1, 5.13-5.18 (M, -0-CHCH, }-00- 1. The small paak at 5
ol 435ppm belongs to methyleme protons of PLA-C0-0CH - CH, -0-PED- segment, indicating the successful synthesis of
FA-FE7-PLA block copolymer_ The absence of a paak at 5 of 4.9-50 ppm which could have been contributed by the met hine
prton of the PLA-0-CH CH, -C00H group, suggests that there was negligible or no PLA homaopolymer in the FA-FET-PLA
Hock copolymer. The peaks belonging to FA group were hand 1o see in Fig. 1(A) due to the high molecular weight of FA-FBT-
PLA Bock oopol ymer.

The degree of polymer ization (n) of PLA in FA-FET-PLA copolymer was calculated from the peak intensity ratio of methyl
protons of PLA (0-CH(CH,)-00-: 5= 158 ppm) and methyl protons of Pumonic | -00H-CHCHy)-: 5= 1.14 ppm). The
mumber-average molecular weight (8, ) of the FA-FET-PLA; copolymer was oblaived by using the following expression:

M. =M.(F&T)+ T2k + 423

The molecular weight of FA-FET-PLA copolymer was caloulated to be 24 800 and the weight fraction of PLA block was
caleulated to e 67

The amownt of -0H groups of FAFET-PLA copolymer functionalized by FA was determined by UV-vis spectrum 1t was
vown in Fig. 1(B) that bath characteristic peaks belongng to folat e growps at 285 and 362 nm are all detected for FA-FBT-

XY, Niong et al/ Burapeas Rolysner Ml 68 (2015)233-242 217
OH
N ~ P
Ne={ ~\ 7
HN—G  —N HN— 0—4  COOH | m{’\/o);(q/\o}’(\/ol*ﬂ —— = FAF87-OH
N—{ \:}__u v HN -~ 3] w 1
NG CH,
N /
'
\-
,;‘"'_‘OH
d
FA Pluronic F&7

o]
™ FAFAI-PLA > FA-F8T-PLA-TMRCA
Scheme 1. The synthesis scheme of FA-FET-PLA and FA-FE7-PLA-TMRCA.
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Fig 1. (A) 'H NMR speora of FA-FET-PLA block copaymer (000, | (B) UV-vis specira of FA-FET-PLA copdymer a

A 6 lternazgion of nanopamicies  cancer celis Floorescent kmages Sor two Kinds of cells incubared with FA-FE7-PLA-TMRCA nanoparticles (a)
nanopard ces incobaed in OVCAR-3 cells Sor 2 Iy (¢) nanopamicles incutased in AS49 celis for 2 h; () and (d) are e comesponding phase contQst
phaogaphs of (a)and (¢} Scalebar, 20 um.

for imaging. The synthesis scheme s shown in Scheme 1. The acyl azide group of TMRCA was first rearranged into iso-
cyanate. Then the hydraxyl end group in the PLA block of FA-FB7-PLA reacted the isocyanate group to form a urethane
1283036}
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XVY. Xiong ot al/ Bsrapean Rodymer Josrnal 68 (2005) 233-242
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4. Conchusions

I the present stsdy, FA-Pluronic FE7-PLA bleck copohimer was synithesized by two step reactions. The sel-xmsembling
behaviors of FA-FET-PLA block copolymer in aqiseoiss sol wtions were 2 xamined. The CMC of FA-FB7T-PLA block copolymer is
prenty kow, indicating the good stability of FA-FB7-PLA nanoparti cles. The mor phaology of FA-FET-PLA na noparti cles is spher-
ical micelles. The releaze of PTX loaded in FA-FE7-PLA nanoparticles shows an initial burst relesse in the first 11 b and fal-
lomaved by 2 precy show release The in it targeting properties of FA-FET-PLA nanoparticles over OWCAR-3 and AS49 cancer
cells were investigated by MTT xsays and P techigues. Besults from BT tests show that FA-FET-PLA namopan icles were
delivered maore affectively to OWCAR-3 cells (lolate receplor positive) than PLA-FET-PLA nanoparticles did, indicating the
targeting propery of FA-FET-PLA nanoparicles These resulits were confirmed by FM thiowgh labeling 2 dye o the PLA
end of FA-FET-PLA block copolymers The intracellular fate of FA-FRT-PLA nanoparticles was also stodied wsing a
il el abeel i mvsthod by FML 10w as odserved that FA-FET-PLA-TMRECA nanopartickes ane mainly keeal zed within the cyto-
plasm of OVCAR-3 cells
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2. Experimental

Scientific topic, author Chemical reactions

ELSEVIER Chemical Physics Letters 204 (1998) 499-506

Covalently linked porphyrin dimer was synthe-
sised by the method of Little [14]. We have used
S«(4-methoxyphenyl)-10,15,20-triphenylporphyrin
pk~35 (H,H,OCH,) and S5<(4-methoxyphenyl)-10,15, "[t-

N Can be searched in full olled W
text, but difficult to find

-HzHs DM

Cannot be searched by
text terms in full text

v =0 i Il P o p WO {
. onfg iy +2Hg o TRESR I p«:JrJJ HoF5-Ha2Hs DM tri{ pentafluoro)phenylporphyrin (H,F,0CH )
| the r1ght search term Enre erence compounds for comparison studies. Hereafter
e . .
hw these (v . I [
wrapheny| C@N be searched in full -
Abstract v b X
*Hy+2Hg DI 2=k +2Hg +24 ! HoFg™-H4+2Hg DM T ’ .
Z0FGHy" g DM S 2051449215 DO g g2 DM HaFg+i g tively. | text, but you don’t want  fafu.
e gty of sl ccted ey sl o s el pryhs t itk Fig. 2. Schemtic representation of different pocesses of dinner porphyrins oropher| to read the whole paper [ by
demethy| por-
- | inyou are 1nterested :
1. Introduction porphyrin to construct simple dimeric porphyrins phyrin ¢ f re-
wherein absorption of a photon o ple light by a
Covalently linked porphyrin dimers have fur neutral porphysin leads to an em of a photon spective por=
nished important models to elucidate mechanisms of from diprotonated porphyrin with very high effi-

excitation energy transfer and photoinduced electron  eiency (3= 95%). The occurrence of such processes

transfer in natural photosynthetic processes [1-8]. In
addition, some of these models are potentially impor-
tani materials for use in molecular-scale elecironic
devices [9-11]. Recently, a molecular optoelectronic
gate consisting of an array of porphyrins has been
seported [12). Two basic photophysical properties
have been exploited in the design of molecular de-
vices, (i) singletsinglet energy transfer and (i) pho.
toinduced electron transfer. We made use of the
differential basicity of the inner imino nitrogens of
the meso-fluoroarylporphyrin and meso-tetraphenyl

" Comresponding author. Department of Inorg;
Chemisry, Indian Institute of Science, Bangal
E-mail: viapic@ipe isc emetin

 and Physieal
560012, India

can be easily tuned by the acidity of the medium
fundamentals of which could be used the in construc-
tion of artificial photonie devices.

The substitution of pentafluoroaryl groups in the
meso positions of the porphyrin confers unique inert.
ness of the inner imino nitrogens towards protona-
tion and metallation reactions. The fluoroarylpor-
phyrins exhibit interesting optical and electrochemi
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reatment of these molecularly selected patients poses novel therapeutic challenges, such as emerging of acquired resistance, brain
metastases development or the need to translate these treatments in earlier clinical settings, such as adjuvant therapy.
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CH,
HO 0 OH
Conditions Reference
In neat (no solvent) ;Molecular sieve;Microwave Oliverio, Manuela; Costanzo, Paola; Mardi,
irradiationGreen chemistry Monica; +3 others - Beilstein Journal of Organic
Chemistry, 2016, vol. 12, p. 2222 - 2233
Experimental Procedure .~ Full Text 21  Show details »

Optimized MW-assisted peracetylation

General procedure: The substrate belonging to one of the subset reported in Table I{NTC, TC, CP, DGNP} (0.1
mmol) was left to react under MWheating (Synthos 3000, Anton Paar) with dry acetic anhydride(l mL, 10 mmol) in
a 3 mL vial (Rotor 64MG5 ), equipped witha magnetic stirrer in the presence of molecular sieves(10 percent wiw).
The microwave, equipped with IR sensor forexternal temperature control (IR limit calculated as follows:Tinternal=
1.214 x TIR), has been set with the power programsprovided for its subset as described in Table 1. At the end of
thereaction, the mixture was filtered, diluted with ethanol (2 mLjand left under vigorous stirring for 30 minutes at
50 °C. Themixture was then evaporated under reduced pressure and asmall amount of a saturated solution of
sodium bicarbonate(3.8 mL, 10 mmol NaHCO3) was added. After the evolution of CO2, the precipitation of the
peracetylated product was observed. The products were separated by simple decantation. Forcompounds which do
not precipitate upon addition of NaHCO3,an extraction with AcOEt was needed. The organic phase, afterdrying
with Ma2504, filtration and evaporation, gave the reaction crude.
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