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This study points to changes in the properties of liposomes and its functional qualities in task of release
of encapsulated drug doxorubicin according to the content of cholesterol in the phospholipid bilayer.
The influence of sodium dodecyl sulphate (SR&ition to liposomal variants was also evaluated too.
Three variants of liposomes differing in various concentrations of cholesterol were assessed. Firstly,
we focused on the toxicity of all liposomal variantsStaphyloccocus aureand it was found tit the

content of cholesterol increases theolalues of encapsulated doxorubicin in liposome with higher
concentration of cholesterol than in liposome without cholesterol even four times. Further, the new
approach to comparing the influence of variop®domes on detection of encapsulated doxorubicin
using the electrochemical detection with construction of differential hydrodynamic voltammograms
was used. Finally, the fluorescence detection was used to confirm the release of encapsulatec
doxorubicin fran liposomes after the addition of detergent SDS. In this work we demonstrated the
suitability of number of methods including electrochemistry for studying of effect of substances such
substance as SDS and cholesterol on the lipid functional qualities.
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1. INTRODUCTION

Since liposomes were discovered in the 1980sthese phospholipidic structures have been
studied intensively for their potential to serve as the vehicles for drug transportation. Liposomes are
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particles with lipid bilayer enclosing a vesicular space wearingngeraf attractive properties
including the ability to encapsulate aqueous solutions within the liposome core, sequester lipophilic
compounds within the bilayer, and support tailored surface chemistries of the liposomes for targeted
delivery[2], however, the most common drug carriers are currently pegylated liposomes which have
an immobilised polyethylene glycol on their surfd@4]. When using liposomes, particularly the
pegylated ones, it is possible to achieve prolonged persistence of the drug in the body and to reduce th
degradation of drug in the liver, which leads to reduction of the negative effects on the onghitdésm

the antitumor efficacy is maintaing]. For usng of liposomes as transporters in anticancer therapy,
their ability to aggregate, open and release the drug at the planterebtis necessary. Howekehis

has not been completely resolved j&:6].

The release of drug from the liposomes is based on the fusiortswtembrane, but the newly
appearing option, e.g. sonication, through which the drug is released, can be aldd,8kd
Pharmacokinetic properties of the liposomes are given by their physicochemical pro@etiks
These attributes can be significantly affected by the change of the composition of the lipid bilayer and
by the addition of other substances to this stmectThe predominant ingredients used in their
preparation are glycerophospholipids, sphingolipids and chole$feljolThese components give the
liposomes a similarity to natural cell membrarjé4]. The cholesterol present in the structure of
liposomes supports their stability and enables the control of permeability and solubility of the liposome
membrand12,13]. Amphiphilic ends of cholesterol in the lipid bilayer are oriergegarallel with the
carbon chains of lipids and carboxyl groups of the aasigghasd14]. Besides medical applications
liposomes can also be used for analytical purposes. Recently, a number of methods based on liposome
have been developed including immobilised liposome chromatography ([L%3)6], liposome
capillary electrophoresis (LCHL7,18], biosensorg19] and liposome immunosorbent assay (LISA)
[20-22].

In this article we focused our attention on studying of properties of synthesized liposomes,
which differed in the content of cholesterol in the lipid bilayemnd on the possibilities of opening
these liposomes after addition of sodium dodecyl sulphate (SDS).

2. EXPERIMENTAL PART

2.1. Chemicals and pH measurement

Cholesterol, 1,ioleoylsnglycerc3-phospherac(1-glycerol) sodium salt, chloroform,
doxorubicinLHCI , sodium dodecyl s ul p RAHdtick (St{ SDS)
Louis, MO, USA) in ACS purity. Hydrogenated phosphatidylcholine from soybeambiasedirom
Lipoid GMBH (Ludwigshafen, Germany). The deionised water wasgpegpusing reverse oSmosis
equipment Aqual 25 (Aqual s.r.o., Brno, Czech Republic). The deionised water was further purified by
using MiliQ Direct QUV apparatus equipped with the UV lamp from Millipore (Billerica, MA, USA).
Theoutputr e si st an c eThev@Hswaslng&gasMey .using pH meter WTW inoLab (Weilheim,
Germany).
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2.2. Liposomes

2.2.1. Preparation of liposomes

Liposome 8 cholesterol (100 mg), 1,8ioleoytsnglycero3-phospherac(1-glycerol) sodium
salt (100 mg) and phosphatidylcholine (100 mgyevdissolved in chloroform (4.5 ml). A lipid film
was obtained by rotary evaporation of solvent and residual chloroform was blown out by nitrogen.
Liposome 9 cholesterol (50 mg), 1;dioleoylsnglycerc3-phospherac(1-glycerol) sodium
salt (100 mg) ath phosphatidylcholine (100 mg) were dissolved in chloroform (3.75 ml). A lipid film
was obtained by rotary evaporation of solvent and residual chloroform was blown out by nitrogen.
Liposome 10 1,2-dioleoytsnglycero3-phospherac-(1-glycerol) sodium d& (100 mg) and
phosphatidylcholine (100 mg) were dissolved in chloroform (3.75 ml). A lipid film was obtained by
rotary evaporation of solvent and residual chloroform was blown out by nitrogen.

2.2.2. Preparation of encapsulated doxorubicin

Soluionsont ai ning 0, 6.25, 12.5 anyin®5nl ddwateo f d
were added to liposomes (10 mg). Samples were homogenized in ultrasonic bath Sonorex Digital 10F
(Bandelin, Berlin, Germany) for 15 min. The homogenized mixtures werehtread and shaken for
15 min at 60 UC at Thermomi xer Comfort (Eppen
with Britton-Robinson buffer (pH = 10) on Amicon 3k (Millipore). Final volume of samples was 0.5
ml.

2.2.3. The analysis of cholestershaunt in liposomes

200 Ol of reagent R1 -an@Goantpyrieer5 mMG@kenanpenoyidase0 . G
3.0 kU.I*, cholesterol esterase 200 Y.tholesterol oxidase 100 3.i n 50 mM Goodds
6.7) were pipetted aof maasured shneple werevaglded. #eesaniplesnof 2 O
liposomes (8, 9and 1Ppwi t h concentration of encapsufweteed d
used for measurement. Absorbance was measured for 6 minutes am50% calculate the
absorbance of sample the absorbance values of reagent R1 and absorbance values after 6 minutes
incubation with the sample were used.

2.3. Fluorescence photagphy

Fluorescence monitoring was performed using an In vivo Xtreme system by Carddaaiim
Inc. (Rochester, NY, USA). This instrument was equipped with a 400 W xenon light source. Emitted
light was captured by 4 MP CCBetector The excitation wavehgth was set at 480 nm and the
emission was measured at 600 nm. The exposure time was 2 s, birgnng pixels, fStop 1.1, field
ofviewi 17.5 I 17.5 cm. Samples (100 ¢ {bottomoé wal pl &
plate (Thermo Fisher Scigfic, Roskilde Denmark).
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2.4. Fluorescence microscopy

Bacterial culture oStaphylococcus aurewgas observed, after the incubation with doxorubicin
i n | i posome, by fluorescence microscope. The
doxorbi cin (H0od nbd.imlosome (|l i posome 8, 9 and 10
the culture was washed with PBS buffer (0.24" ¢H,PQs, 1.44 g.I* NaoHPO..2H,0, 8 g.I* NaCl,

0.2 g.I' KCI) two times. The culture was stirred with 1miRPB S buf fer and centri
g, 10 min). Supernatant was removed and procedure was repeated. Finally the cells were stirred in 10
Ol of PBS.

The cell s obtained wer eespde and toveeed by cover gip. The o n
samplewas placed by coverslip down and the immersion oil was used. The objective (PlanFLN; Mag.
100x; NA 1,3; F.N. 26.5) and the magnification lensxw&s used, and the total magnification was
160«. The inverted research fluorescence microscope Olympus DEf3§8lympus Corporation,
Tokyo, Japan) was used. The images were captured by Olympus Camera DP73 and processed &
Olympus Stream Basic 1.7 Software. The images resolution was 4800 x 3600 pixels. The parameter:
for the ambient light images were followinggkposure timé& 2.2 ms and ISO 200. Fluorescence of the
doxorubicin was detected using excitation filtés20- 550 nm and emission filtér580 nm; exposure
time: 530.8 ms, ISQO0O.

2.5. Matrixassisted laser desorption/ionization time of flight masespmetry

Matrix-assisted laser desorption/ionization time of flight mass spectrometric (MAODP
MS) experiments were performed on a MALDOF/TOF mass spectrometer Bruker ultrafleXtreme
(Bruker DaltonikGmbH, Germany) equipped with a laser operating at wavelength of 355 nm with an
accelerating voltage of 25 kV, cooled with niHf
rate 2000 Hz in linear and positive mode, and with software for data dmguishd processing of
mass spectra flexControl version 3.4 and flexAnalysis version 2.2. The matrix used in the MALDI
method was 2 6lihydroxybenzoic acid (DHB) (Sigmaldrich, USA). The saturated matrix solution
was prepared in 50% methanol and 0.1%uifoacetic acid (TFA). Mixture was thoroughly vortexed
and ultrasonicated using Bandelin 152 Sonorex Digital 10P ultrasonic bath (Bandelin electronic
GmbH, Germany) for two minutes at 50% of intensity at room temperature. Sample preparation
crystallization method for MALDITOF was drieellroplet method (DD) as the sample solutions for
analysis were mixed with matrix solution in volume ratio of 1:1. After obtaining a homogeneous
solution, 2 Ol was applied on the nildrRd B4 po
atmospheric pressure at room temperature. A mixture of peptide calibration standards (Bruker) was
used to externally calibrate the instrument. The preparation yielded relatively large crystals on the
target surface as well as regions withmatrix or analyte. All measurements were performed in the
reflector positive mode in the m/z rangel®00 Da. The MS spectra were typically acquired by
averaging 500 sub spectra from a total of 500 shots of the laser (Smartbeam 2. Version: 1_0_38.5) witl
laser power of 60°5 %.
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2.6. Growth curves d@taphylococcus aureus treated wdbxorubicin in liposomes

To determine the antimicrobial activity of doxorubicin encapsulated in liposomes and
doxorubicin released from liposomager the addition of SDS, the evaluation of antimicrobial effect
of tested compounds on bacterial cultureéStdphylococcus aurewgas performed on Multiskan EX
(Thermo Fisher Scientific, Germany).-Béur grown bacterial culture was diluted withrla Bertani
medium (10 g/l tryptone, 5 g/l yeast extract, 5 g/l NaCl; Sigaidrich, St. Louis, MO, USA in
spectrophotometer Specord 210 (Analytik Jena, Germany) and the absorbance was measured at
wavelength of 60@m to absorbance 0.IThis diluted culturewas pipetted into the microplate in
various combinations with tested samples or separately as a control measurement. The ratio of
bacterial culture to tested sample was 5:1 @30 of bacter iOal ofulstaumpé ed n
volumein the microplée wells in microplate was therefore always 300 . Measur ement s
out at starting time 0, then at each Hadur intervals for 24 hours, at %C and at wave
600 nm. The achieved values were evaluated in a graphic form of growth dorveach variant
individually.

Software STATISTICA (data analysis software system), version 10.0 (Tulsa, Oklahoma, USA)
was used for data processing. Halaximal concentrations () were calculated from logarithmic
regression of sigmoidal dosespons curve. General regression model was used to analyze
differences between the combinations of compounds.

2.7. High performance liquid chromatography with electrochemical deteftiometermination of
doxorubicin

The samples were analyzed using high grenfince liquid chromatography with
electrochemical detection (HPEED). HPLC system consisted of two solvent delivery pumps
operating in the range of 0.0@1999 ml.mif* (Model 582 ESA and Model 584 ESA; ESA Inc.,
Chelmsford, MA), with reversegdhase chhmat ogr aphi ¢ col ony Zorbax ec
3.5 nm particles, Agilent Technologies, USA) and a Coulochem electrochemical detector. The
electrochemical detector includes one low volume ftomough analytical cell (Model 5040, ESA,
USA), which is consisted of glassy carbon working electrode, hydramiadium electrode as
reference electrode and auxiliary electrode, and Coulochem IIl as a control module. Both the detector
and the reaction coil/column were thermostated.

The sampl e (ctdusisglajltosamaler (Modelj 562 HPLC, ESA, USA). Samples
were kept in the carousel at 8 AC during the &
rate was 1 ml.min. Mobile phase consisted of: (A) aqueous solution of 0.05 MR8 with 0.05 %
triethylamine (pH 4.6 was adjusted by citric acid) and (B) acetonitrile. Analysis time was 20 minutes.
Samples were diluted 10 timpsgor to the analysis.

2.8. Releasing of doxorubicin from liposomes

All three variants of liposomes preparadcording to the procedure above were divided into
aliquots and used for preparing variants of opened liposomes. These were prepared by adding 30 mN\
SDS to the liposomes in volume ratio 1:1 and vortexed for several seconds.
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2.8.1. Absorption and fluoresaamspectra of doxorubicin in liposomes

Absorption and fluorescence spectra were measured by multifunctional microplate reader
Tecan Infinite 200 PRO (TECAN, Switzerland). The absorption scan was measured within the range
from 230 to 800 nm per 5 nm stepEhe detector gain was set to 100. For fluorescence spectra
measurement, 480 nm was used as an excitation wavelength and the fluorescence scan was measurt
within the range from 510 to 850 nm. The detector gain was set to 100, too.

Two sets of liposomes 8,and 10 with concentration of doxorubicin 0, 25, 50 ande1@0.*m|
were used. The first set contained liposomes with addition of ACS water in volume ratio 1:1, and the
second set contained liposomes with additioBGinM SDS in volume ratio 1:1. Botlested sets were
placed in UVitransparent 9@vell microplate with flat bottom by CoStar (Corning, USA). To each well
50¢ | of sample was pipetted. Al measurements
200 PRO (TECAN, Switzerland).

2.8.2. Fbw injection analysis with electrochemical detection

Flow injection analysis system consisted of a chromatographic pump Model 584 ESA (ESA
Inc., Chelmsford, MA) (working range 0.0@1999 ml.min") and of an electrochemical detector
Coulochem (ESA, USA),ot which the amperometric cell (model 5040, ESA, USA) was connected.
The cell contained a working electrode made f
automatically by an autosampler (Model 542, ESA, USA). During the analysis the samplesonezte

in the carousel. Flow rate of a mobile phase was 1 mif-n@ther conditions were optimized.
2.9. Descriptive statistics

Data were processed using MICROSOFT EXCELE
(Czech Republic). Results are expressed as me
(EXCELE) . Statistical significanceTSATISTICACzZh e di
Differences with p < 0.05 were considered significant and were determined by using of one way
ANOVA test (particularly Scheffe test), which was applied for means comparison.

3. RESULTS AND DISCUSSION

We focused this study on comparing the properties of differently prepared liposomes with
encapsulated doxorubicin. These liposomes differ in the amount of cholesterol contained in
phospholipid bilayer (0, 50 and 100 mg of cholesterol used during the aieparand this fact has a
significant influence on physicochemical properties of liposorh#ls Schemes of prepared liposomes
are shown in Fig. 1AC. Verification of different cholesterol concentrations liposomes were
determined spectrophotometrically with utilization of R1 reagent. In this way the applied amount of
cholesterol was confirmed for all liposomes with each concentration of encapsulated doxorubicin (Fig.
1D).
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Figure 1. Schemes of studiegpbsomes, determination of cholesterol in liposomes o@@5device
and measurements of doxor ubi c ivivesrenfe ldevioer e s c
Absorbance of cholesterol was measured for 6 minutes at 505 nm. For calculation of
cholesterol cocentration the absorbance values of R1 reagent and of the solution after 6
minutes incubation with sample were usetl) iposome 8; it contains 100 mg of cholesterol.
(B) Liposome 9; it contains 50 mg of cholesteral)( Li posome 10; it
cholesterol. D) Concentrations of cholesterol determined in liposomes 8, 9 and 10 with
di fferent concentrations o f encapsd) &) ed
Fluorescence of liposomes with concentrations of doxorubicin diluted twice. 20dlitarsrof
sample and water (or SDS 30 mM) at volume ratio 1:1 was pipetted on NuncII96
microplate so final concentratisof doxorubicinverel 2 . 5, 25 A Wdveldn@hobdg. m
excitation radiation was 600 nm. The fluorescence of liposomigwut doxorubicin was
within the range from 38 to 5.u. and so was insignificant. (*) Differences between measured

values are statistically significant (at t
differences between measured valuessateat i sti cal ly insignifican
0.05).

The fluorescence intensity of doxorubicin encapsulated in liposomes was evaluated in terms of
characterization of the liposome influence on the detection of doxorubicin. Fluorescenceggimstog
(Fig. 1Ea) and dependence plotted in the graph (Fig. 1Eb) indicate an increased fluorescence of
doxorubicin when using the | iposome that doesr
contained in phospholipid bilayer of liposomes raehki the fluorescent properties of doxorubicin.
Same effect was also observed for doxorubicin released from liposome by addition of sodium dodecyl
sul phate (SDS), when the doxorubicin from | ip
the highestluorescence. This applies to all used concentrations of doxorubicin.
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Figure 2.Li posomes with the highest |l oaded) werenc er

analysed by mass spectromety) MALDI -TOF mass spectra of liposomes with and without
ercapsulated doxorubicin, and control spectra of free doxorubicin and DHB matrix. The detail
of [doxorubicintH]" peak of doxorubicin is presented in inseB) (The total content of
encapsulated doxorubicin was determined by HEDC The comparison of detemad
concentration of doxorubicin is shown in inset. (C) Microscopic photoStaphylococcus
aureusafter the incubation of doxorubicencapsulateth liposomes (Olympus IX71, Tokyo,
Japan):a, b, ¢, d ambient light;e, f, g, h fluorescence photos (exation: 520-550 nm;
emission: 580 nm);a, e Liposome 8;b, f: Liposome 9;c, g Liposome 10;d, h:
Staphylococcus aurewgthout liposome (control sample).

For ensuring that doxorubicin is really encapsulated in liposomes we used several methods as
matrix-assisted laser desorption/ionization time of flight mass spectrometry (MACDP), high
performance liquid chromatography with electrochemical detection (HED and fluorescence
microscopy. It is obvious from the obtained mass spectra (Fig. 2A)hbairesence of doxorubicin
was confirmed. Furthermore, there are obvious changes between mass spectra of liposomes with o
without cholesterol (386.6 Da). Spectra of liposomes 8 and 9 most likely contain fragments and
adducts of cholesterdl peaks with n¥ 352.9, 398.9 and 420i9vh i ch wer endt obser
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liposome 10. After the confirmation of doxorubicin presence, the concentration of doxorubicin was
determined by HPLE&ED (Fig. 2B), which was done for all variants of encapsulated doxorubitin w
max i mal | oaded c o nt.cRue torlaweri recaveryl Gtich i© grobably due to
destruction of liposome capsules when it comes to the chromatography system using reverse phas
column and high pressure, it provides the determimttentrations within the range @0 - 86

O g . *miithout significant differences between applied concentrations of cholesterol. Besides the
quantitative ability of liposomes to encapsulate applied substance was, gthewisual confirmation

of the abiity of all three different liposomes to carry the target substance into cells was verified by
fluorescence microscopy (Fig. 2C). The results show that all applied liposomes were able to carry
encapsulated doxorubicin into cells.

20
A B C D 18 mliposome 8  mliposome 9 liposome 10
30% - 30% - 30% - " * *
16 1 T T
14 -
< 20% - $ 20% - S 20% - _ B
8 e 5 2 10 1
&h &h 1] =
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Figure 3. Growth curvesevaluation of antimicrobial effect of doxorubicin encapsulated in liposomes.
The effect of substance was tested on bacterial cultuBtaghylococcus aurey$.a.) using
Mul ti skan EX device. Measurements weanckat car
620 nm. All graphs contain grbmwdduveyandaes f
(dark blue curve).A) Growth curves of bacterial culture treated with doxorubicin encapsulated
in liposome 8. B) Growth curves of bacterial culture treatgih doxorubicin encapsulated in
liposome 9. C) Growth curves of bacterial culture treated with doxorubicin in liposome 10.
(D) ICsp val ues ( OM) for doxorubicin encapsul
doxorubicin in samples were 0 (olive green cyint.5 (purple curve), 25 (azure curve) and 50
(orange clirivted)s €g . nBM a4f6t earndc o9n2ver si on. (*
measured values are statistically significa

Characterization of doxorubicin encapsulated in liposome also inclddestmination of
growth curves with utilization oStaphylococcus aureusilture and determination of half maximal
inhibitory concentration 1Go (represents the concentration of a drug that is required for 50% inhibition
of Staphylococcus aureus vitro) (Fig. 3). The influence of doxorubicin on the growth of
Staphylococcus aurewgas assessed only for liposomal doxorubicin and for doxorubssti hlecause
15 mM concetration of SDS after addition to liposomes was inhibitory for the used bacterial culture.
The highest toxicity for bacterial cells showed liposome 10 in the case of all evaluated times (6, 12, 18
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and 24 hours) and thed@wvaswiti n t he range from 2.5 to 3.3 OM
encapsul ated doxor ubi ci 4 Indantdast,dath varianisef ligosomes gvithi m
cholesterol showed dependence of toxicity on the concentration of cholestergdoBonle 8 the 16

was 13.3 OM at 24 hours and for | iposome 9 it
cholesterol in phospholipid bilayer, in which it was described that cholesterol strengthens the bilayer
and decr eases tyjll].aTheeimc@ased gecannabsa e iexplained by the positive
influence of cholesterol on the growth @&taphylococcus aureusStimulation effect of lower
cholesterol concentrations on microorganisms asg previously publishe@3,24].

3.1. Optimization of FIAD conditions for detection of doxorubicin releasing
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Buffer types

Figure 4. Analysis of doxorubicin (50 mg.i} in different buffers by FIAED. The buffer, which was
used for dilution of doxorubicin aliquot, was used also as the mobile phase. The potential range
was from 100 to 1200 mV with 100 mV step. Blue marks in graphs represent maximal
measured valuesAj Phosphate buffer (PB) with pH 5.5, 6.5 and 7B) Acetate buffer (AB)
with pH 3.5, 4.5 and 5.5.C) Borate buffer (BB) with pH 7.5, 8.5 and 9.D)(Britton-
Robinson buffer (BR) with pH 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and H).0O:h¢ highest
detector responses considering different buffers and applied potential.

After that we found the negative effeat all three preparetiposomeson the target bacterial
culture, we decided to study way how to open doxorubicin externallydds@mrubicin deternmation
flow injection analysis (FIAED) with electrochemical detection was optimized. Before that we made
necessary optimization of different buffers used for doxorubicin detection because it is crucial for this
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type of detectiofi2s]. St andard solution of dox o'wihmibuféern wa
which wasalso used as mobile phase in FE®. Each buffer was used in its natural buffering range:
Britton-Robinson buffer (pH 2, 3, 4, 5, 6, 7, 8, 9, 10), acetate buffer (pH 3.5, 4.5, 5.5), phosphate
buffer (pH 5.5, 6.5, 7.5) and borate buffer (pH 7.5, 8.5, 9rb)each buffer with each pH the
hydrodynamic voltammograms (HDVs) were measured with a 100 mV step withpotértialrange
from 100 to 1200 mV (Figs. 4A, B, C, and D).

The largest peak area was achieved using BrfRobinson buffer at pH 10. With deasing
pH the peak area of doxorubicin measured by-E[A was also decreasing. This effect of pH was
surprising because with other types of electrochemical detection the low pH is preferaljR6.2€ld
For similar types of detection in HPLC the lower pH is used as well. Often a phosphate buffer with
addition of triethylamine is used at pH lower thaf29-31]. These conditions are mainly used for
separation but the signal of detector is distinctly lower than with useradpiumized conditions of
Britton-Robinson buffer at pH 10 (Fig. 4E).

3.2. Electrochemical monitoring of doxorubicin releasing

According to the results obtained above the electrochemical characterization of all liposomes
was performed on glassy carbon electrode under the optimized conditions. Differential HDVs of all
samples, including samples with added 30 mM SDS, are shown in Fig. 5. Measurements were
performed within the potential range from 100 to 1600 with a 100mV st e p . Di ffere
curves were obtained by subtracting the peak area of blank samples (liposomes without doxorubicin)
from the peak area of doxorubicin encapsulated in liposomes and are shown in Figs. 5A, B and C for
tested liposomes with doxoruimconly and in Figs. 5E, F and G for liposomes with doxorubicin
affected by SDS.

In Figs.5D and H there are shown the maximal differences of peak area at 900 mV potential,
which provided the highest response of detector. The statistically significareddes were acquired
between individual liposomes with the same concentration of doxorubicin, including those liposomes
with addition of SDS. The biggest difference showed liposome 9 with all concentrations of
doxorubicin. It is interesting that liposom8ewith higher concentration of cholesterol showed smaller
difference of peak areas than liposome 9. Cholesterol probably has a role in the improvement of
electrochemical detection of encapsulated doxorubicin, but this improvement has a limitation factor in
concentration of cholesterol (critical concentration). It is possible that cholesterol enhances the electron
transfer at the applied conditions, but further experiments are necessary to prove it. In Figs. 5E, F, G
and H the electrochemical detection walluenced by the addition of SDS in the way that increased
differences were obtained in the case of the highest applied concentration of doxorubicin. A significant
i ncrease fr oQmnmbdnmaldiffarence 8f Peaktare@s was determined at lipod6mim
contrast, liposomes with cholesterol provided decreased differences of peak areas and thus the
detection was deteriorated. Decreasing trend is in correlation with a concentration of cholesterol in
phospholipid bilayer of liposomes.
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Figure 5. Differential hydrodynamic voltammograms (HDV) of doxorubicin encapsulated in
liposomes and of doxorubicin encapsulated in liposomes after the addition of SDS. Differential
curves were obtained by subtracting the values of blank samples from the values leé samp
with doxorubicin. The analysis was performed with #B. All measurements were done
within the range from 100 to 1000 mV with 100 mV step. Samples were prepared in-Britton
Robinson buffer with pH 10.0A(-(D) Concentrations of doxorubicin in liposomeere 12.5,

25 and 5 (E)-(d)B0 mM SDS was added to the Ilposomes with doxorubicin in
volume ratio 1:1, thus the fi n&fA), E)lipcsamet r at
8. B), (F) Liposome 9. €), (G) Liposome 10. ), (H) The comprison of maximal
differences from differential HDVs. (*) Differences between measured values are statistically
significant (at the significance | evel U
measured values are statistically insignificantlfaét si gni fi cance | evel C

3.3. Fluorescence monitoring of doxorubicin releasing

In another part of our study we focused on the effect of liposomes on optical properties of
doxorubicin. Firstly, the absorption spectra were determined (insets iBA&id3, C, E, F and G). It
clearly follows from the results obtained that absorption spectra of doxorubicin encapsulated in
|l i posomes were minimally aff ec tge480nm)showtrannithr a s t
the increasing concentratiasf doxorubicin the fluorescence of each liposome was also increasing
(Fig. 6D).
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Figure 6.Di f f erent i al f lextr 480 am) aral mbsaption ppeadtrd (mserted gaphs) of
liposomes 8, 9 and 10 with doxorubicin measured on Téa#amte 200 PRO. Differential
spectra were obtained by subtracting the values of blank samples from the values of samples
with doxorubicin. Samples were pipetted into the-tddhsparent 96vell plate with a flat
bottom (CoStar; C o mplé wag always ipetted. Fludrescerce spdctras a
were measured within the range of 880 nm with 5 nm steps. Absorption spectra were
measured in the range of 2800 nm. A)-(D) The samples of liposomes were diluted with
ACS water in volume ratio 1:1E§-(H) 30 mM SDS was added to the samples of liposomes in
volume ratio 1:1 in order to unfold liposome&)((E) Liposome 8.B), (F) Liposome 9. C),

(G) Liposome 10. Concentrations of doxorubicin in the samples after the dilution were 12.5

(blue curve), 25( red cur ve) and 50 Y @) (Hy Graphsrseomm c u
maximal fluorescence for the samples after the subtraction of blank samples. (*) Differences
bet ween measured values are statistically s

The increased fluorescence of all liposomes with addition of 30 mM SDS confirms that
liposomes were opened and doxorubicin was released into the solution. It confirms the function of
SDS as the substance that is commonly used for releasing encapsulstahee from liposome
[11,32,33]. The highest fluorescence from all liposonveas observed in liposome 10 either with
encapsulated doxorubicin or with doxorubicin released into the solution (Fig. 6H). Liposomes
themselves show negligible fluorescence, thus, it is obvious that these results show changes of









