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Abstract

Star-shaped polymers with a fullerengdi@ore and an unexpanded structure were succespfelpared by
reaction of G with amino end-capped polyestergdsh(NHPCL,), and polyethers }eo(NHPEG),,
respectively. Upon irradiation of thesg,@erivatives, a large amount of singlet oxygen vedsased. Compared
to previously synthesized star-shaped azafullemitis an expanded structure, the photosensitivity o
H,Cso(NHPCL,), is higher as assessed by a higher productiomgfetioxygen. The cytotoxicity of the
photoactive water-soluble,Bso(NHPEG)), derivatives was tested against THP-1 cells andesspd in terms of
cell viability. Moreover, they were processed asrmi/nanosized fibers by electrospinning, which beer
required the addition of pols{caprolactone) (PCL). The diameter distributionhef fibers was trimodal, where
the fraction with the 270 nm average diameter \wastajor population. Because of their photoactjitg
herein reported star-shapegh@erivatives are promising candidates for photodyinacancer therapy and
treatment of multidrug resistant pathogens.
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1. Introduction

The photosensitivity of fullerene £§ makes it a good candidate for the photodynangcay of cancers [1].
However, lack of solubility and processability isevere limitation to the application of@o biological
systems [2]. It is thus highly desirable to combiigwith polymers selected for their water-solubility,
biodegradability and biocompatibility. In this resp, the propensity of fullerene for adding variogagents
with formation of carbon—carbon and carbon— hetenwmabonds could be exploited. Addition may takecpla
across either the 6,6-ring junction or the 5,6-fimgction, and the rings are either open (expanfiéi#yoids or
closed (unexpanded) fullerene structures, whichltes the four possible configurations [3], aswh in
Scheme 1.

Scheme 1. Possible configurations of [60]fullerene.

Closed [6,6] Closed [5,6] Open [6,6] Open [5,6]

The addition of alkyl azides toggwas thoroughly investigated. It proceeds via imgdiate triazolines, which
after elimination of nitrogen rearrange mainly fzea 1,6-aza-bridged isomers together with minorwaof
closed 1,2-aza-bridged isomers [4]. Thereforerdlaetion of azides takes place across a [5,6]jtingtion and
gives rise to a fulleroid and thus to the expansibtie fullerene cage [3]. In contrast, the ansddition takes
place across the [6,6]-ring junction with formatiofna closed, unexpanded structure [5]. Moreovevas

shown that the addition of monofunctional lineacgeclic aminopolyethers is a simple method for intipg
solubility and even water-solubility to the intrically hydrophobic G, [6]. These conjugates were injected into
living tissues followed by light irradiation. A haogical examination emphasized the necrosis robis

without damage of the surrounding normal tissug¢sMibreover, the antitumor action of the conjugates
increases with the irradiation power and thg ddse.
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Recently, we reported on the synthesis of stareth@plyg-caprolactone) (PCL) with a fullerene core by
reaction of azideterminated PCL with,@8]. The accordingly formed dgnanohybrids with an expanded
structure were processed into nanoparticles, wedtgacontaining polyester fibers were prepared by
electrospinning. The ability of these azafullerdidgienerate significant amounts of singlet oxygeon
photoactivation makes them good candidates fopktiotodynamic cancer therapy.

This paper aims at synthesizing unexpanded cowatsrpy grafting preformed amino end-capped potysst
and polyethers ontoggin order to compare their properties with thos¢éhefexpanded star-shaped
azafulleroids. A special emphasis was placed ophindoactivity of these dg-derivatives and the amount of the
generated singlet oxygen. The cytotoxicity of treev-soluble G-polyether derivatives was tested towards
THP-1 cells. Finally, these derivatives were elesgpun as fibers, that could be used in photoseasitound-
healing and non-traumatic wound dressing devices.

2. Experimental
2. 1. Materials

Buckminsterfullerene (98%), 12-bromo-1-dodecan8P9, triethylaluminum (1.9 M in toluene), sodiunidez
(99%), palladium on activated carbon (10 wt%) amareonium formate were purchased from Aldrich andiuse
as received. Commercially availatide(2-aminoethyl)©'-(2-hydroxy-ethyl)poly(ethylene glycol) GNPEG)

with a molar mass of 2000 was supplied by SheaniRatymers, Ince-Caprolactone (Aldrich) was dried over
calcium hydride for 24 h, degassed by several &eghawing cycles before being distilled under reslic
pressure. Toluene was dried by refluxing over asog-benzophenone complex and distilled under nérog
Dimethylformamide (DMF) was dried and distilled o¥&0Os. All polymerization experiments were performed
by the classical Schlenck technique under nitrob&quids were transferred under nitrogen with sges and
stainless steel capillaries.

2. 2. Synthesis of amino-terminated PCL

a-Hydroxy-w-amino PCLs (HNPCL) were synthesized with an initiator that camed a precursor of the
primary amine, as reported elsewhere [9]. Briedtjrylaluminum 12-bromo-1-dodecyl oxide was firstpared.
The bromo endgroup was then converted into an dgideaction with a 5-fold molar excess of sodiwidea in
dry DMF at 35 °C for 24 h. The azide end-group ([IP€ 10 wt/v%) was hydrogenated in dry DMF by réant
with a 5-fold molar excess of ammonium formate a@dvt% Pd supported on activated carbon, at 30f@ f
h. The Pd/C residues were recovered by centrifagg#0 000 rpm, 30 min). Thehydroxy-w-amino PCL was
isolated by selective precipitation in methanol.

2. 3. Grafting of amino-terminated PCL ortlg,

This reaction was carried out according to a metieported for monoaminopolyethers [6]. In a typical
experiment, G was reacted with #NPCL (molar ratio = 1:10), either under heterogerseconditions in
tetrahydrofuran (THF) or under homogenous conditiionl,2,4-trichlorobenzene (TCHB), at room tempeea
in the dark under stirring and nitrogen for 7 dadfsthe end of the heterogeneous reaction, theiptate was
removed by filtration through a 0.45 um membratterfiand centrifugation (20 000 rpm, 30 min). Yiet@%.
In the case of homogeneous reaction, TCHB was mdited under reduced pressure, and the solid residsie
dissolved in THF. The THF solution was concentratader reduced pressure, before being poured mto a
excess of methanol in order to precipitate thgderivative HCso(NHPCL),. Yield: 69%.

2. 4. Grafting of amino-terminated PEG or@g

The reaction of amino-terminated polyethesNREG, with fullerene gz was carried out according to a similar
procedure [6]. G was reacted with a 10-fold molar excess of monoapolyether in THF (heterogeneous) or
toluene (homogenous), at room temperature in the waer stirring and nitrogen for 7 days. At timel ®f the
heterogeneous reaction the residue, if any, wasrdited by centrifugation (20 000 rpm, 30 min), #mel
expected product, J@s(NHPEG), was precipitated into cold diethyl ether. Yie88%. In the case of
homogeneous reaction, the solvent was remaweter reduced pressure, the solid residue waslakskin
THF, the solution was centrifuged, then concentrateder reduced pressure and finally poured intexaess of
cold diethyl ether for precipitating the;@erivative HCso(NHPEG). Yield: 63%.

2.5. Determination of singlet oxygetQ}) generation

The 9,10-anthracene dipropionic acid (ADPA) bleaghinethod [10] was used to confirm that singletgety
was generated by the@erivatives. For this purpose, solutions of thgd&rivatives (photosensitizers) were
prepared — in THF for }Cso(NHPCL),, and in water or deuterium oxide fofGdo(NHPEG). An ADPA
solution in a buffer (pH = 7.5) was used as thglsinoxygen acceptor. Mixed solutions of the pheisstizers,
H,Cso(NHPCL), or H,Cso(NHPEG), and ADPA were irradiated at a well-defined wanegld (red filter), such
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that this radiation was selectively absorbed byptihaetosensitizer. The concentration gsi(NHPCL), and
H,Cso(NHPEG), in the mixed solutions was 0.09% and 0.13%, respg¢. The reaction progress was
monitored by recording the decrease of the 400 Imsoration peak of ADPA with the irradiation time.

2. 6. Cell viability assay

Human promonocytic THP-1 cells (American Type CudtCollection, Rockville, MD) were cultured as
previously reported [11] and maintained at 37 °@i% CQ balanced with air before use. Cytotoxicity of the
water-soluble HCso(NHPEG), was assessed by cell viability (number of livirdl€ found after an overnight
incubation) compared to untreated cells, by usingdn Blue as a staining agent. The stock soludfofrypan
Blue (Sigma, Germany) was 1% in a phosphate b(ffBfS) at pH = 7.4. Cells were cultured in 24-wdditps

(5 x 10 cell/well) and then incubated overnight withGdo(NHPEG), at two final concentrations of £@Gnd 10*
M, respectively. Dye solution (5 pl) was addedhie tell suspension (45 pl) and then incubated foir83 Then
10 pl of the suspension were analyzed by light osicopy.

2. 7. Electrospinning of water-solub@q,-polyether derivatives

The preparation technique of&tontaining micro-/ nanosized fibers by electrospig is reported elsewhere
[8]. Actually, solutions of the &-polyether derivative added with a known amounPGL (M. = 80 000) in
chloroform were electrospun. The total polymer @riation was 12 wt%. In a typical run, a syringthva
conical nozzle in which the electrode was immerse; filled with the HCso(NHPEG)/PCL mixed solution.
The electrode was connected to a high voltage peumply that generated a positive DC voltage upot&V. A
grounded copper plate was used as a collector.

2. 8. Characterization

Size-exclusion chromatography (SEC) was performigd (i an SFD S5200 liquid chromatograph equipped
with a dual detection, i.e. with an Rl 2000 refraetiindex and an S3240 UV-vis detector and (iijwétWaters
liquid chromatograph with a dual detection consif a differential refractometer Waters 410 ardreable
absorbance detector Waters 486. Sets of PL-gel 6qlumns (18, 1¢%, 16° and 18 A) calibrated with
polystyrene or PEO standards were used with THihaduent. The flow rate was 1 ml/min at 45 °CspRctra
were recorded with a Perkin-Elmer FT-IR spectrophwter and KBr disc$H and**C NMR spectra were
recorded with a Bruker AM 400 MHz apparatus in CR61.D,0 at 25 °C. UV-vis absorption spectra were
recorded with a Hitachi U-3300 spectrophotometéerimogravimetric analysis (TGA) was carried outemd
nitrogen with a TA Instruments Q500 thermogravirieeinalyzer in the 25-1000 °C range, at a 10 °Chaia
(HiRes method). The collected micro-/nanofibersemeacuum-coated with carbon and examined with BpBhi
515 scanning electron microscope. The average dgmrokthe fibers was estimated with an Image thsok
program with 20 fibers per SEM image.

3. Resultsand discussion
3. 1. Synthesis @s-containing star-shaped polyester,Gdo(NHPCL),

Recently, we reported on the synthesis of staresth&CLs with a fullerene core by reaction of az&ferinated
PCLs (NPCL) with Gy [8]. The reaction of azide-containing polymershiis, is known to lead to a [5,6]-open
structure and thus to the expansion of the fullergage [12]. In contrast, the addition of amino-eagdped
polymers results in a closed unexpanded struc&jré\ith the purpose to prepare unexpanded strestur
H,NPCLs were reacted withg&e Amino-terminated PCLs of different molar masMy € 3700 and 11 500)
were synthesized by ring-opening polymerization-@fL initiated by triethylaluminum in the presendel@-
bromo-I-dodecanol, followed by the quantitative wersion of thex-bromide end-group into an azide, that was
finally reduced into a primary amine as illustratedscheme 2H NMR unambiguously showed that a primary
amine was attached to the PCL as an end-g@®HCH,NH,) = 2.64 ppm] and that the azide disappeared
completely (-&1,N3; 3.47 ppm). Moreover, the IR absorption at 2095 cwhich is characteristic of the azide,
also disappeared.

Scheme 2. Synthesis of amino-terminated PCL.
0

Br—(CH,);, —OH LAIE, g (CH,);,—O OH
r—f — —_— r— —
2712 2 HCI 2712
n

NaN;, DMF, 35 °C, 24 h

(6] (0]

H,N—(CH 0 OH CCCNE,, N3—(CH,),,—O0 OH
_ < JTCOONH,,Pd _
2 D12 DMF,30°C,4h  ° v :
n



Published in: Polymer (2007), vol. 48, pp. 1835-384
Status: Postprint (Author’s version)

Cso-aminopolyester, ECso(NHPCL,),, was prepared by reaction of,@vith a 10-fold molar excess of,NPCL
in THF (heterogeneous) or TCHB (homogenous). Masbably, G, reacts with HNPCL according to the
mechanism proposed for the reaction gf With amino polymers [5], thus with the formatioh[,6]-closed
structures, as illustrated in Scheme 3.

Scheme 3. Coupling of amino-terminated PCL teC
NH(CH,);;,OPCLOH

.. THF or TCHB
Cy + H,N(CH,),,OPCLOH

N

Under the heterogeneous conditions in THF, theurtdes HNPCL solution turned brown consistent with the
solubility of Gsoin THF as a result of interaction withMPCL. The violet colour of thedgsolution in TCHB
turned red-brown upon reaction withMPCL. The reaction products were solid and soliblBHF in contrast
to untreated g,

The maximum UV-vis absorption ofsg&decreased during reaction and finally disappearbd.HCgo(NHPCL),
reaction product absorbed in the 300-700 nm regfthrough no pronounced maximum was observed. Simila
changes were reported for otheg-folymer conjugates [13] in line with a changehe G, structure upon
grafting onto amino-terminated polymers.

The absorption of £ in the 340 nm region was convenient to detectgxibr-modified fullerenes by SEC with
a dual detection (UV and RI) [8]. SinceMPCL did not absorb in this region, the succesgfafting was

directly emphasized by SEC (Fig. 1). A new eluti@ak appeared at a lower elution volume (RI detalti
compared to the original NPCL and grew with the g consumption (Fig. 1A). In parallel, a new elutjpeak
was recorded by UV detection at 340 nm (Fig. 1Bhsisting of the grafting of the,NPCL chains onto £.
However, at shorter retention times, the relatitensity of the UV trace is higher than the RI ¢raehich

implies that the fullerene content is higher insta@roducts. The same observation was previougbyrted for

the SEC chromatograms offgrafted with polyoxypropylene chains [6]. Formatiof aggregates was proposed
as an explanation. Indeed, aggregation of statsavitmaller number of arms, i.e., derivatives nicls, is
favoured, and these aggregates thus exhibit a thiglagive intensity for the UV-absorbance.

The average molar mass of thg-@Bolyesters was determined by SEC (Table 1). Tieeame numbex| of
polyester branches per graftegh @as calculated as tiM, siarsed) Mnarmratio and was found smaller than
determined by elemental analysis (5 vs 6). Theore&s this discrepancy has to be foundMysiarsec) which is
an apparent (under-estimatedue for a branched architecture [ 14]. Nevertsgld is known that whenever an
excess of low-molecular-weight amines is reactett @, an amine is attached to each of the six electron-
deficient pyracylene units ofgg[15]. In this study, a 10-fold molar excess of aeterminated polymer was
used with respect togg; which gives credit to an average number of brasdaf six. The polydispersity of the
grafted chains was lower when prepared in THF ratren in TCHB, which might be explained by the
heterogeneity of the reaction medium in THF. Altbbuhe original ENPCL is of a high polydispersity, all the
chains have the same probability of being grafteid &, under homogeneous conditions (in TCHB). In
contrast, in a heterogeneous reaction medium, ldgl¢(NHPCL), products with enough grafted chains of a
sufficiently high degree of polymerizatioDP) are soluble in THF. They are, therefore, recodevith a more
uniform size distribution as a result of the franftion of the PCL chains. This effect was confidrby the
higher average molar mass of the products form&dip.

Comparison of théH NMR spectra of the $#so(NHPCL), grafted products and the originajMPCL chains
was an additional evidence for the success of tthiing reaction. Indeed, tHel NMR signal at 2.64 ppm,
characteristic of the methylene protons next toattméne group (-8,NH,), completely disappeared (Fig. 2).

Finally, the IR spectrum of the,Hso(NHPCL), products was quite comparable to that gRFICL. In the spectra
of the grafted products, the Nideformation band at 1590-1585 ¢nimowever, disappeared in agreement with
the occurrence of the reaction betwegpa®d BNPCL. This observation was previously reportechim ¢ase of

reaction of Gy with aminopolyethers [16].
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Fig. 1. SEC chromatograms. (A) RI traces gNPCLs; (dotted line) and KCeo(NHPCLs)x (solid line); (B) Rl
(solid line) and UV (340 nm, dashed line) tracesli@g€so(NHPCLsy)x.

A
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Table 1: Molecular characteristics of fNPCL and the g—polyesters, and the average number (x) of PCL
arms per fullerene core

Samples Solvent 372 M, /M, X’

H,NPClLg; - 3700 2,51
HCso(NHPCLsy), ~ THF 21 000 1.55
HCso(NHPCLsy), TCHB 19 000 2.18
H,NPClLgg - 11 500 2.50
H,Cso(NHPCLgg)y ~ THF 55 000 1.54
@ Determined by SEC.

bX = Mn,star(SECéMn,arm

ol o1 o1
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Fig. 2. 'H NMR spectra of lNPCLs; (A) and HCso(NHPCLsy), (B).
A
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3. 2. Synthesis ofggcontaining star-shaped polyether,EGi(NHPEG),

Although soluble in THF, the star-shapegZs(NHPCL), chains were insoluble in water. In order to prepare
water-soluble g-derivatives with an unexpanded structure, a corniaky available monoaminopolyether
(H.NPEG) was reacted withggin THF (heterogeneous) and toluene (homogenemes)ectively. Expectedly,
the reaction proceeded as observed WiNPCLs (Scheme 3). For instance, the colourless amoimmpolyether
became brown in THF (heterogeneous reaction), lmadiblet homogeneous solution ofy@ toluene turned
red-brown upon reaction with,NPEG. The KHCs(NHPEG), grafted chains were soluble in THF in contrast to
the unreacted & that was insoluble and easily separated by cegatifon and filtration. The reaction products
were brownish solids and soluble in water and THF.

The SEC chromatograms of€(NHPEG) were illustrative of the successful grafting (RBgy. Indeed,
H,Cso(NHPEG) was eluted at a lower elution volume than the aagH,NPEG (Fig. 3A). The appareMn was

8500 compared to 2000 foLNPEG, and the polydispersity was |OMW\/M|1= 1.20). Because only the;&
containing chains could be detected by UV (at 34, iFig. 3B was an additional evidence thgC&(NHPEG),
was formed by reaction of NPEG with G.
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Fig. 3. SEC chromatograms. (A) Rl traces oNPEG (dotted line) and J&s(NHPEG), (solid line); (B) RI
(solid line) and UV (340 nm, dashed line) tracesig@so(NHPEG).

A

22
Ve, ml

Ve, ml

The average numbex)(of polyether arms grafted onto g,Core was calculated by elemental analysis and
compared to SEC analyses. These data are listeabie 2. Expectedly (cfr supra)ijs smaller when determined
by SEC compared to the absolute determination &yehtal analysis. As previously observed in the céds
H,NPCL, the polydispersity of the star-shaped PEGnshaas lower when prepared in THF rather than in

toluene(Mw/Mn= 1.20 and 1.07, respectively).

Moreover,”*C NMR signals at 41.69 and 72.58 ppm, characterigtthe methylene carbons next to the amine
group (CH,NH, and €H,CH,NH,), completely disappeared in agreement with theessgful grafting of the
polyether chains onto fullerene (Fig. 4).

In a previous work, some of us reported that tleerttal stability of PEG was improved by grafting@@,
[6,17]. The thermal behavior of,H;o(NHPEG), was thus investigated by thermogravimetric analgsishown
in Fig. 5. Once again, thesgontaining star-shaped PEG was thermally mordestabn BNPEG. A very
sharp weight loss was observed in the 350- 40@A@pérature ranges, as a result of the polyetheadatijon.
The non-volatile residue at 800 °C is the consegei@fithe accumulation of carbon ang.C

All the experimental observations confirmed thecessful grafting of ENPCL and HNPEG chains onto
Because fullerene is a potential singlet oxygempeer, attention was paid to this typical propéotythe
herein-prepared star-shaped polymers.
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Table 2: Molecular characteristics of f)NPEG and the gg-products, and the average number (x) of PEG arms
per fullerene core

Samples Solvent 35ECa A (SECa (EAD
n n

H.NPEG - 2000 1700 - -

H,Cso(NHPEG), Toluene 8500 10700 4 6

H.CeoNHPEG) THF 11 000 - 5

& Determined by SEC chromatography.
® Determined by elemental analysis.

Fig. 4. *C NMR spectra (in CDG) of H,NPEG (A) and KCe(NHPEG), (B).
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Fig. 5. TGA curves for initial ENPEG, G, and HCso(NHPEG).
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3. 3. Singlet oxygen generation bydst(NHPCL) and HCgso(NHPEG)

It was previously reported that a reasonable quyeotisinglet oxygen'Q,) was released upon photoactivation
with visible light of Gg-containing PCL by the common ADPA bleaching metf&jdIn this work, the
photooxidation of ADPA into endoperoxide b92 was used to investigate the photoactivity of the
H,Cso(NHPCL), and HCs(NHPEG) hybrids (Scheme 4).

Scheme 4. Photooxidation of 9, 10-ADPA.

CH,CH,COOH CH,CH,COOH
CH,CH,COOH CH,CH,COOH

Mixed H,Ceso(NHPCL)/ADPA solutions in THF were irradiated at a wavejgmselectively absorbed by the
photosensitizer (red filter). The reaction progneas recorded by monitoring the decrease of the ADP
absorption at 400 nm with the irradiation time (Fdé\). Control experiments in the absence gEd(NHPCL),
indicated that ADPA was stable towards irradiatibthis wavelength (Fig. 6B). A significant amowfisinglet
oxygen was released upon irradiation of th€4s(NHPCL), solution for 2 h, as expressed by the decreaeein
absorption intensity of ADPA (Fig. 6). The photoséinity of these G-aminopolyesters with an unexpanded
structure was compared to that of the previouslglist, expanded counterpartgy-@zidopolyesters, under the
same experimental conditions. The absorption iteas 400 nm decreased by ca. 50% in the casehof 1
irradiation of Gg-azidopolyester solutions, compared to only 24% @case of gg-aminopolyesters. Therefore,
more singlet oxygen is produced byy@roducts with an unexpanded structure.

The photoactivity of the water-solubleggaminopo-lyethers was also investigated by the saethod at the
same wavelength (400 nm). Moreover, the effectsifiglet oxygen quencher (Ngh\and deuterium oxide
(D2O) on the photoactivity was considered (Fig. 7)e Bieaching rate of ADPA photosensitized by
H,Cso(NHPEG), was higher in deuterium oxide than in water. B@ameple, the absorbance of an aqueous
solution decreased by 37%, after 30 min irradiatiompared to 85% in J®. This observation results from a
difference in the singlet oxygen lifetime, which-i80 times longer in D than in water [18]. Sodium azide is
an'O, scavenger, that competes th&€(NHPEG), photosensitizer, consistent with the experimet¢arease
in the bleaching rate of ADPA in the presence oN&learly, Go-amino-polyethers are effective
photosensitizers fdi0,-mediated reactions and they are thus promisindidates for photodynamic cancer
therapy. In this respect, the cytotoxicity of th€gderivatives must be addressed.



Published in: Polymer (2007), vol. 48, pp. 1835-384
Status: Postprint (Author’s version)

Fig. 6. Absorption spectra during the bleaching of ADPAREs(NHPCLs,), (A), and absorbance of ADPA at
400 nm in THF as a function of the irradiation tirfi&).
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3. 4. Cytotoxicity of FCso(NHPEG),

The water-solubility of g-aminopolyethers allowed their cytotoxicity to ksimated, which was not the case
for Cgg-aminopolyesters. Cell viability was assessed roxbwards THP-1 cells by Trypan Blue stainindghe
presence of &-polyether at two concentrations (1&nd 10 M). Cytotoxicity was expressed in terms of cell
viability compared to untreated cells (Fig. 8). #&®n, in the presence ofGd(NHPEG), the number of cell
survivors is almost the same as in the control $arip the absence ofsgpolyether). Therefore, these
preliminary results at the cellular level, are vprgmising with the prospect of killing tumor celllg irradiated
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H,Ceso(NHPEG). This strategy, however, deserves further invatitig.

Fig. 8. Cell viability in the presence of8so(NHPEG). Each assay was made in triplicate and the resuits
expressed as the average value + standard deviation
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Fig. 9. SEM micrograph of electrospun mat gfdst(NHPEG)/PCL (1/2, wt/ wt) magnification x5000 (A) and
diameter distribution of the fibers (B). Appliedl@l strength 1. 0 kV/cm.
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3. 5. Electrospinning of {&so(NHPEG),

Nowadays, steadily increasing attention is paidléztrospinning as a simple method for the premaratf
nanofibrous materials [19], useful for tissue epgiting and drug delivery [20-23]. Recently, we sastully
prepared for the first time micro- and nanosizggd@ntaining fibers by electrospinning [8]. This vwas
incentive to test whether,Bso(NHPEG) nanofibers could be electrospun. PCL was seledehadjuvant
because of biocompatibility having in mind devite®e used in contact with living organisms [24oidover,
PCL is known as an exception to the rule of polymeompatibility. Last but not the least, PCL isiéa
electrospun and could thus improve the spinalidlitthe polymer solutions [8]. Mixed solutions of
H«Ceo(NHPEG), and PCL in chloroform were thus prepared and edsptin. An SEM micrograph of the
accordingly prepared micro-/nanosized fibers ard thiameter distribution are shown in Fig. 9. inmdal
distribution was observed with an average diamat@70, 820 and 1480 nm, respectively, the maj@uiation
having an average diameter of 270 nm.

The concentration of a polymer solution well-suitedhe continuous production of fiber can be cal@md by a
semi-empirical approach proposed by Shenoy eR8]. The concentration calculated for the electimspg of
fullerene-core star-shaped PCL proved, howevdrethigher than experimentally required. The assiomptas
proposed that hydrophohie—= interactions between fullerene cores contributestabilize a network of chains
in addition to the chains' entanglements. In thislg, the PCL concentration was 8%, i.e., lowenttie
calculated value for the continuous formation ol HiBers (13%). This observation confirmed that
contributions other than the physical entanglemeftie chains are involved in the formation of Gg-
containing fibers.

4, Conclusions

In conclusion, star-shaped polyesters and polystivih a fullerene core were successfully prepéredeaction
of amino-terminated polyesters and polyethers Wigh An average of six PCL or PEG chains per fullereme
was actually grafted. In contrast tggthe Ggo-aminopolyesters ands&aminopolyethers were soluble in THF
and in water, respectively gicontaining micro-/nanofibers were successfullypared by electrospinning.
Moreover, upon photoactivation, the preparggd@@ntaining polymers effectively generate singbetgen,
which makes them potential photo-chemotherapeggénts and thus promising materials for photodynamic
therapy of tumors and treatment of multidrug resispathogens.
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