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Ab stract: This study was per formed to dem on strate the use ful ness of magnetofullerenosomes- a lipidic
nanostructures with in cor po rated fullerenes C60 in their lipid bilayers and co-en cap su lated photosensitizer
naphthalocyanate and mag ne tite nanoparticles for the oral can cer com bined hyperthermia and
photodynamic ther apy. Tu mors were in duced in golden ham ster tongue by 9,10-dimethyl 1-1,2-
benzanthracene ap pli ca tion. Magnetofullerenosome sus pen sion was lo cally in jected into the tu mor-
bear ing tongue and the tongues were ir ra di ated with near-in fra red la ser light lead ing to tu mor heat ing, and
photosensitizer re lease com bined with its ac ti va tion. The in hi bi tion of the growth of tongue car ci noma
group was sig nif i cantly greater than in the con trol group. These re sults strongly sug gest the use ful ness of
this novel multifunctional ap proach to the can cer ther apy of oral re gion that is ac ces si ble to this treat ment.

1. In tro duc tion

Con ven tional sur gi cal treat ment of solid tu mors is an ef fec tive ther apy for the re moval
of well de fined, ac ces si ble, pri mary tu mors lo cated within nonvital tis sue re gions. How -
ever, the high mor bid ity and in va sive na ture as so ci ated with sur gi cal re sec tion ren ders this 
ther apy un suit able for treat ment of small, poorly de fined metastases or other tu mors em -
bed ded within vi tal re gions. An other al ter na tive of can cer ther apy is the photodynamic
ther apy (PDT) which is a treat ment that is based upon the dif fer en tial up take by can cer ous
cells of pho to sen si tiz ing agents, fol lowed by ir ra di a tion of the cells to cause a pho to chem -
i cal re ac tion gen er at ing chem i cally dis rup tive spe cies, such as sin glet ox y gen [1]. These
dis rup tive spe cies in turn in jure the cells through re ac tion with cell parts e.g. cel lu lar and
nu clear mem branes.

Many of the phar ma co log i cal prop er ties of con ven tional “free” drugs can be im proved 
through the use of drug de liv ery sys tems. Re cently we have de vel oped fullerenosomes
[2], a novel nanosystem pre pared by in cor po ra tion of C60 fullerenes into lipid bilayers of
phosphatidylcholine liposomes. As we have shown [3–5], sin gle nano sec ond near-in fra -
red la ser pulse en ergy ab sorbed by C60 leads to ex plo sive re lease of en cap su lated ma te rial. 
Our aim in this study is to show that mag net i cally re spon sive pho to sen si tized
fullerenosomes rep re sent a novel multifunctional ap proach to the can cer ther apy of oral
re gion that is ac ces si ble to this treat ment. This ther a peu tic strat egy also ex ploits the nat u -
rally oc cur ring def i cit of NIR-ab sorb ing chromo phores in most tis sues, per mit ting trans -
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mis sion of NIR light (700–1,000 nm) through tis sue with scat ter ing-lim ited at ten u a tion
and min i mal heat ing. Light within this spec tral re gion has been shown to pen e trate tis sue
at depths be yond 1 cm with no ob serv able dam age to the in ter ven ing tis sue [6]. 

2. Ma te rial and Methods

2.1. Magnetofullerenosome Prep a ra tion

35 mg of dipalmitoyl-phosphatidylcholine and 2 mol % of distearylphosphatidyl-
ethanolamine-PEG-2000 (Sigma, St. Louis, USA) were dis solved in 10 ml of a di ethyl ether 
and chlo ro form mix ture (1:1, v/v) in a rounded bot tom flask. Re quired amounts of fullerene
C60 (kindly sup plied by Dr. H. Michnik) were added to this mix ture. Finally Bis(di-iso-
butyloctadecylsiloxy)-2,3-naphthalocyanato sil i con (isoBO-SiNc) pre pared by chem i cal
syn the sis [7] and dex tran mag ne tite were added to the flask and emul si fied in a Labsonic
2000 sonicator bath (Branson Ultrasonics, Danbury, UK) at 100 W for 5 min at 45 °C. The
emul sion was then evap o rated at 45 °Cunder a re duced pres sure (30 mm Hg) in a ro tary
evap o ra tor [8] un til an opaque sus pen sion of magnetofullerenosomes with co-en cap su lated
isoBO-SiNc and dex tran mag ne tite had formed. Magnetofullerenosomes were sep a rated
from non-en cap su lated C60, dex tran mag ne tite, and isoBO-SiNc by centrifugation (at
10,000g) and re sus pend ed in phos phate buf fered sa line (PBS). 

2.2. Treat ment Pro to cols

6-week-old male golden ham sters were used as ex per i men tal mod els. Dur ing the
study, the an i mals were given pel lets and tap wa ter ad li bi tum. The car ci no genic treat ment
was per formed by the method of Salley [9]. The treat ment was started at 8 weeks of age.
The mu cosa of the right edge of the tongue was abraded with a den tal cleanser three times
a week, and a 0.75 % 9,10-dimethyl-1,2-benzanthracene ac e tone so lu tion (Sigma, USA)
was ap plied with a draw ing brush. The car ci no genic treat ment was con tin ued un til a can -
cer was grossly con firmed (20–25 weeks), and the an i mals were used in the ex per i ments
when the long di am e ter of the tu mor reached 8 mm or more. This kind of oral can cer de -
vel ops from the nor mal cov er ing ep i the lium through the stages of ep i the lial hy per pla sia
and ep i the lial dysplasia and that this pro cess closely re sem bles the car ci no genic pro cess
of hu man oral squamous cell car ci noma from a pre can cer ous le sion.

For each group the ef fec tive ness of the treat ment was eval u ated by com par ing the rate
of tu mor growth. Tu mors were mea sured daily by a cal li per as sum ing a hemi el lip soi dal
struc ture for the tu mor nod ule and mea sur ing the two per pen dic u lar axes D1 and D2 and
the height D3. In di vid ual tu mor vol umes were cal cu lated ac cord ing to for mula:

V = p/6(D1´D2´D3). 

Magnetofullerenosomes (100 µl) were in fused in ter sti tially into the tu mor cen tre for 2–3 min 
us ing a 30G nee dle and a den tal aes thetic car tridge af ter the blood flow of the tu mor tis sue
was blocked tem po rarily by wrap ping with a silk and he blood flow was re stored im me di -
ately af ter in fu sion. Con trol tu mor sites re ceived a sa line in fu sion. 10 min af ter in fu sion the
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tongue was pulled and tu mors were ex posed to near-in fra red la ser light (820 nm, 4 W/cm2,
5 mm spot di am e ter). Tem per a ture was mon i tored us ing IR-ther mom e ter.

3. Re sults and Dis cus sion

The tu mor vol ume in the con trol group (10 an i mals) was 167 ± 56 m3 (mean ± SD) be -
fore treat ment and 772 ± 145 mm3 af ter treat ment (af ter 100 days), show ing al most
five-fold in crease. On the con trary, the tu mor vol ume in the in fra red la ser ir ra di ated group
(10 an i mals) was 178 ± 64 mm3 be fore treat ment and 324 ± 101 mm3 af ter treat ment in di -
cat ing strong anti-tu mor ef fect. Sig nif i cant dif fer ences were ob served in treated group af -
ter treat ment com pared with the con trol group by Stu dent’s t-test (P < 0.01). Three
tu mor-bear ing an i mals which be longed to the la ser ir ra di ated group, were alive on day
250 of the study, when the ob ser va tion ended. These our first re sults dem on strated use ful -
ness of nanotechnology for can cer ther apy.
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