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Interaction of fullerene-containing silica nanoparticles (SiO,—Cgy, SiO,~Cgy—Pd) and
DNA of natural origin (DNA and low molecular weight DNA — LmwDNA) with phos-
pholipid model membranes was studied using differential scanning calorimetry (DSC).
8i0,—Cgp, SiO,~Cgu—Pd and DNA had only minor effects on L-o-dipalmitoyl phosphatidyl
choline (DPPC) membrane phase transitions, remaining essentially inert. LmwDNA in-
duced noticeable changes in the DSC profiles, with the effects (increasing of the main
phase transition temperature, significant peak broadening and splitting, vanishing of the
pre-transition peak) increasing with concentration. No noticeable deviations from additiv-
ity could be noted under joint introduction of the nanosystems into DPPC membranes.

Keywords: nanoparticles, phospholipid membranes, differential scanning calorimetry,
low molecular weight DNA, phase transition.

PDyHKIiOHANBHI HAHOYACTHHKHU JJAfA 0iOMEIUMYHHMX 3aCTOCYBAHb: TOCILIMKEHHA MeMOpa-
Horpounnoi moeeginkum wmeromom JCK. O.M.Camoiinos, JI.M.Jluceuvruii, H.O.Kacsau,
M. O .Jocuyvruii, O.A.Toayo, BM.Awyx

Metopom pudepenttiancuol cramyiouoi ramopumerpii (JCK) mocmimxeno Bzaemopito dysepe-
HOBMICHIIX HAHOUaCTHHOK okcumy KpemHito (SiO,—Cgy, SiO—~Cgy—Pd) Ta THK mpupommoro moxos-
senna (DNA ra ausskomoneryasapaa JTHEK — LimwDNA) 3 mogensuumvu docedosminigHmmy memopa-
nmamu. Hamowacturkn SiO,—Cgj, SiO,~Cgy—Pd ma THEK Mam HesHaunmil Bius Ha ¢asosi nepexomm
membpan L-o-gunamsmitoindocharugunxoniny (DPPC), BusBnsmoum cebe iHEPTHUMM CTOCOBHO
DPPC mem6par. LmwDNA Bursmrasa sminn y JCK Tepmorpamax, mpruomy edexty (IifBUIlleHHS
TeMIIePaTypyl OCHOBHOTO (hasoBOro Iepexofy, SHAUHe DOSIIMPEHHS Ta POSIIEIJIeHH iKYy, SHUKHEH-
HA OiKy Hepefmepexony) 36imbliryBamnmicsa 3 pocToM KoHileHTpartii. IIpu crminerHoMy yBememHi HaHOo-
cuctem gm0 DPPC memOpan He 6yJsio BigMiueHo MOMITHMX BiAXWUJIEHB Bifl 4T TUBHOCTI.

Merogamu guddepeninansaoll ckaunpyromeil xanopumerpun ([ICK) ucenemoBaro Bzammo-
mefictBue QyIepeHCOfepEAIINX HaHOUACTHIl oKcuga Kpemuusa (SiOy—Cgy, SiO,—Cgqr—Pd) n THK
npupoguoro npoucxoxgerus (DNA u muskomonexynspaas [JHK — LmwDNA) ¢ MmogenbHBIMUI
dochommupaeivu  Mem6panamu. Hamouactuirer SiO,—Cgg, SiO,~Cg—Pd u JHE oxasersamm
cnaboe BiauAHve Ha ¢asoBble Iepexonbl MeMmOpas L-o-gunansmuronsdocdaTHAMIXOINHA
(DPPC), 6yryun mueprasiMy o orHorrennio K DPPC mem6panam. LmwDNA BoisBana msmene-
uus B [ICK Tepmorpammax, sdderThl (IOBBILIEHE TEMIIEPATYPHI OCHOBHOTO hasoBoOro nepexoza,
SHaUYMTEJILHOE PACIINpEHVe U pacllellJieHre INKA, NCUe3HOBeHNE KA IPeAIlepexo/a) yBelu-
BAJIICH C POCTOM KoHIeHTpauyu. IIpu coBmecTHOM BBefenuu HaHocucreM B DPPC memGpans! He
GBLIIO OTMEYEHO 3aMEeTHBIX OTKJIOHEHUN OT aIAUTHUBHOCTHU.
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1. Introduction

One of the most rapidly developing fields
of medico-biological studies originating
from recent physico-chemical developments
is the use of various organic and inorganic
nanoparticles as agents for therapeutic pur-
poses. Apart from their well-known applica-
tion as drug carriers for controlled delivery,
they are also used as intermediary agents in
such novel medical treatment methods as
photodynamic therapy (PDT) [1]. PDT is a
promising method of cancer treatment based
on administration of a photosensitizer — a
specially designed substance, the molecules
of which are accumulated in the tumor tis-
sue and are further irradiated with light at
the absorption wavelength. The excited pho-
tosensitizer molecules transfer the excita-
tion energy to the molecular oxygen, gener-
ating reactive oxygen species (e.g., singlet
oxygen) that are toxic to the tumor tissue.
In various developments of PDT technolo-
gies, "intermediate™ nanoparticles of differ-
ent kinds are involved, either ensuring the
irradiation conversion to the optimized
wavelength range or facilitating the interac-
tion of the involved components with bio-
logical tissues [2-9].

There have been certain considerations
that PDT effects are largely concentrated on
cell membranes, while the effects of radio-
therapy — on nuclear DNA [10]. Thus, inter-
action of model phospholipid membranes with
nanoparticles that can both absorb X-rays and
generate singlet oxygen, as well as the effect
of DNA on this interaction seemed an inter-
esting subject for our studies.

The nanoparticles chosen for our study
were either typical examples of biologically
active nanosystems based on inorganic mate-
rials or objects originating from the living
species but retaining characteristics allowing
us to consider them as model nano-objects.

2. Materials and methods

Fullerene-containing silica nanoparticles
(fullerene amino silica, SiO,~Cgq, containing
0.15 mmol Cgy per 1 g SiO,) as well as fuller-
ene-containing silica nanoparticles with at-
tached palladium atoms (SiO,—Cgo—Pd, con-
taining 0.25 mmol Pd and 0.1065 mmol Cgq
per 1 g SiO,) were synthesized as described
in [11]. Deoxyribonucleic acid sodium salt
from salmon testes (DNA), as well as low
molecular weight deoxyribonucleic acid
from salmon sperm (LmwDNA) were ob-
tained from Sigma-Aldrich (USA).
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Differential scanning calorimetry (DSC)
studies were carried out using a Mettler
DSC 1 microcalorimeter (Switzerland) with
STAR® software. The thermal scans were
performed on heating and cooling at
2 K/min. The samples of 15-20 mg were
placed into standard aluminum pans and
sealed. Each sample was repeatedly scanned
several times to achieve reproducibility.

Model phospholipid membranes of hy-
drated L-o-dipalmitoyl phosphatidyl choline
(DPPC, Avanti Polar Lipids) were obtained
in form of multilamellar vesicles. The DPPC
to water ratio was 1:9. DPPC membranes
without nanoparticles were taken as refer-
ence samples. To obtain DPPC membranes
with nanoparticles, the following procedure
was performed. All nanoparticles were dis-
persed in double distilled water using ultra-
sound bath. DPPC was hydrated by appro-
priate amount of water suspension of
nanoparticles and pure water to ensure
DPPC:water ratio as 1:9 and the required
DPPC:nanoparticle ratio. The samples were
stored for 120 h at room temperature with
periodical heating up to 50-60°C and inten-
sive agitation. The procedures of sample
preparation were essentially similar to those
described in our earlier papers [12, 13].

3. Results and discussion

Upon heating, DPPC membranes undergo
the following sequence of phase transitions:
a) pretransition from the low temperature
gel phase to ripple phase (T, ~ 36°C) and b)
the main phase transition (f‘m ~ 42°C) from
the ripple phase to liquid-crystalline phase
[14, 15]. Both phase transitions are of first
order, and the corresponding peaks could be
observed on the DSC thermograms.

The representative DSC scans of DPPC
membranes containing gradually increasing
concentrations of SiO,—Cgy are shown in
Fig. 1. One can see that the main phase tran-
sition temperature T',, remains practically un-
changed, and the peak shapes remain essen-
tially similar. The same largely applies to the
broader and less intensive pre-transition
peaks (T',). Similar behavior is observed upon
cooling; though the measured Tm values are
somewhat lower (by ~ 1.3°C) due to thermal
hysteresis, but they are also practically inde-
pendent on concentration.

A similar picture was observed with
Si0,—Cgo—Pd; however, in this case the pre-
transition temperature T, showed a slight
decrease (at ~ 0.4°C) at higher concentra-
tions (Fig. 2a), which could be ascribed to
rearrangement of the phospholipid polar
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Fig. 1. DSC thermograms (heating) of DPPC membranes doped with SiO,~Cgq: the overall view (a);
rescaled region of pre-transition peak (b). SiO,—Cg, weight concentrations with respect to dry DPPC

are indicated.
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Fig. 2. DSC thermograms (heating) of the pre-transition region for DPPC membranes doped with
8i0,~Cgy—Pd (a) and DNA (b). Dopant weight concentrations relatively dry DPPC are displayed.

heads due to interaction of the membrane
surface with nanoparticles. Even more stable
was T, upon addition of DNA; however, a
certain redistribution of the calorimetric sig-
nal over the broad pre-transition peak could
be observed (Fig. 2b). In both cases, the posi-
tion and the shape of the main phase transi-
tion peak remained stable within the concen-
tration range under consideration.

Thus, the nanoparticles SiO,—Cgy, SiO—
Cgo—Pd and DNA under individual introduc-
tion practically do not affect the measured
characteristics of DPPC membranes. Re-
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spectively, we can assume that they do not
disturb the lipid order and molecular pack-
ing in the membrane. Such behavior sug-
gests the absence of pronounced interaction
of the nanoparticles SiO,—Cgq, SiO,—Cga—Pd
and DNA with DPPC membrane.

A qualitatively different behavior was
observed for LmwDNA (Fig.38). T, is
clearly rising with dopant concentration w,
with an increase in dT,/dw. Pronounced
peak broadening with dramatic peak shape
change (splitting) could be noted with in-
creasing dopant content. It should be noted
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Fig. 3. DSC thermograms (heating) for DPPC membranes doped with LmwDNA: the whole range (a)
and pre-transition region (b). LmwDNA weight concentrations with respect to dry DPPC are

indicated.
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Fig. 4. DSC thermograms (heating) for DPPC membranes under joint addition of LmwDNA +
8i0,~Cgy () and LmwDNA + SiO,—Cgy—Pd (b). Dopants were added in equal weight proportion,
their weight concentrations with respect to dry DPPC are indicated.

that for the pre-transition at 2.5 %
LmwDNA the peak was essentially blurred
without substantial shift in the phase tran-
sition temperature. At higher concentra-
tions of LmwDNA the pre-transition peak
completely disappears. This suggests the
presence of strong interaction between the
LmwDNA and the DPPC membrane involv-
ing hydrophilic as well as hydrophobic re-
gions of lipid membrane and resulting in
decrease of the membrane homogeneity.
The next step was studing membranot-
ropic effects of joint introduction (at equal
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weight proportion) of DNA with SiO,—Cgq (or
(or SiO,—Cgo—Pd). In the former case, joint
addition of DNA + SiO—Cgy (or DNA +
Si0,—Cgo—Pd) has no essential effect on the
phase transitions of DPPC membrane, as
there were in the case with the individual
components. As for joint addition of
LmwDNA + SiO,—Cq and LmwDNA +
Si0,—Cgy in DPPC membrane, the DSC pro-
files were almost identical in these two
cases and they noticeably change with
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dopants concentration. But no new features
at DSC profiles appear, as compared with
effect of LmwDNA alone — the peaks pre-
sent additive superposition, with the gen-
eral shape determined by LmwDNA, Fig.
4a,b. Thus, in all cases no peculiarities of
joint introduction of nanosystems (DNA +
Sio2_CGO LmwDNA + S|02—C60—Pd) into
DPPC membrane were observed.

4. Conclusions

Interaction of nanosystems SiO,—Cgqg,
Si0,—Cg—Pd, DNA and LmwDNA with
DPPC model membrane were studied by DSC
technique.

It was found that S|02—C60, S|02—C60—Pd
and DNA could be considered as “inert” to
the membrane because they have almost no
effect on DPPC membrane phase transitions.

LmwDNA has pronounced effect on DSC
profiles (both pre-transition and main phase
transition) which increases with nanosystem
concentration. The effect of LmwDNA is
characterised by increasing of the main
phase transition temperature, significant
peak broadening and splitting and vanishing
of the pre-transition peak.

No peculiar features (such as deviations
from additivity) under joint introduction of
the nanosystems to DPPC membrane could
be noted.
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