
ISSN 2409-4943. Ukr. Biochem. J., 2021, Vol. 93, N 3

49

© 2021 Shafaa MW, Elkholy NS. This is an open-access article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are 
credited.

UDC 615.015.2+615.322

Comparative CytotoxiC aCtivity
of Carboplatin and β-Cryptoxanthin
in free and liposomal forms against

breast CanCer Cell line 

M. W. Shafaa, N. S. Elkholy

Physics Department, Medical Biophysics Division, faculty of Science,
helwan University, Cairo, Egypt;
e-mail: medhatwi@hotmail.com

received: 1 June 2020; accepted: 17 May 2021

The study of the effectiveness of the synthetic and natural anticarcinogenic compounds in liposomal 
form is urgent for their possible use in therapy. In this work, the alkylating agent carboplatin and the repre-
sentative of carotenoids β-cryptoxanthin were used. The aim of the research was to study the toxicity of these 
compounds in free and liposomal forms against breast cancer MCf-7 cell line. according to DSC and fTIR 
data, when carboplatin or β-cryptoxanthin were added to liposomal bilayers, a single peak was observed 
indicating their mutual mixing. Integration of  β-cryptoxanthin into bilayer was found to be more proper for 
the creation of PE acyl chains ordered and cooperative state. It was found that MCf-7 cells sensitivity was 
much higher to the free β-cryptoxanthin than to the free carboplatin with IC50 42 and 235 μg/ml, respectively. 
The IC50 values for β-cryptoxanthin loaded into liposomes and for free carboplatin were similar. At the same 
time, no cytotoxic effect of carboplatin-loaded liposomes was observed. The data obtained allow proposing a 
possible antitumor treatment regimen where carboplatin is replaced by free β-cryptoxanthin or its liposomal 
form to increase the effectiveness of breast cancer therapy. 
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Cancer is characterized by the uncontrolled 
growth and proliferation of abnormal cells 
that can invade or spread to other parts of 

the body. If the spread is not managed, then it can 
result in death. Treatments include surgery, radia-
tion, chemotherapy, hormone therapy, immune and 
targeted therapy [1]

Breast cancer is the second leading carcino-
genic disease as the most common non-cutaneous 
malignancy among women. Options for treating 
breast cancer are limited and linked to toxicity. 
Emerging nanotechnologies have exhibited the po-
tential to treat or target breast cancer. Over the years, 
differentlipidnanoparticlesforbreastcancertherapy
have been created, namely liposomes, solid lipid na-
noparticles, nanostructured lipid carriers, and lipid 
polymer hybrid nanoparticles [2, 3].

All hydrophilic and lipophilic drugs can be 
encapsulated and protected from degradation by li-
posomes, the vesicles of phospholipid bilayers. The 
liposomal similarity to the membrane bilayer core 
makes liposomes a very useful tool for examining 
the importance of drug-membrane interactions with 
anticancer. 

By prolonging biological half-life or reducing 
toxicity, liposomes have been used to enhance the 
therapeutic index of new or established drugs [4, 5]. 
Liposomal clinical applications are a large area of 
research where cancer therapy is the area of greatest 
impact [6, 7]. 

Carboplatin is one of the platinum anti-cancer 
compounds and its parent compound is cisplatin with 
a carboxy-cyclobutane moiety instead of the chloride 
atoms which makes it more stable and perhaps less 
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toxic than cisplatin. Carboplatin and cisplatin act 
as alkylating agents causing cross-linkage between 
and within DNA strands, resulting in inhibition of 
DNA, RNA, and protein synthesis and triggering 
programmed cell death, often in rapidly dividing 
cells. It causes the development of free radicals or 
reactive oxygen species. Free radicals cause cellular 
damage in many ways due to their high chemical 
reactivity. DNA damage, which can lead to a num-
ber of pathological conditions, including cancer, is 
amongthemostdamagingeffectsoffreeradicals.
[8].Cisplatinandcarboplatinareeffectivechemo-
therapy drugs commonly used to treat solid tumors 
such as cancer of the testicles, ovaries, cervix, lungs, 
head and neck, esophagus, and bladder [9]. Cisplatin 
and carboplatin have been investigated in metastatic 
breast cancer as monotherapies and in combination 
with other chemotherapeutic agents. [10].

Carotenoids are among the bioactive substan-
ces that have a potential impact on cancer risk and 
progression and have been the focus of numerous 
investigations [11, 12]. Carotenoids are naturally oc-
curring organic compounds in plants and photosyn-
thetic organisms such as algae [13, 14]. Present re-
portssuggesttheyhaveidentified>600carotenoids.
Howe ver, as a result of selective digestive tract up-
take, only 14 carotenoids with their metabolites were 
found in human plasma and peripheral tissues [15].

Several studies have shown that diets rich in 
vegetables and fruit can reduce the risk of multi-
ple chronic diseases, including cancer, cardiovas-
cular diseases, and diabetes [16]. In addition to 
β-cryptoxanthin, various carotenoids showmore
potent activity to suppress the carcinogenic process. 
Evidenceshowsthatβ-cryptoxanthinhasapotent
antioxidant ability in vitro and can defend human 
cellsfromoxidativedamage,contributingtoinflam-
mation suppression, even serving as a scavenger 
of free radicals, and preventing biomolecules such 
as lipids, proteins, and nucleic acids from oxida-
tive dama ge. [17-19]. Carotenoids have numerous 

pathways to exhibit anticancer and cancer preven-
tion mechanisms, including antioxidant and direct 
antiproliferativeeffects(inductionofapoptosis)and
inhibition of oncogene expression and angiogenesis 
[20].

To our knowledge, no previous studies on the 
interactionofβ-cryptoxanthinorcarboplatinwith
phospholipids were performed from the perspective 
of the thermotropic phase behavior of phospholipids  
and to detect the changes of acyl chain conforma-
tions and characteristic PO2

− bands in the polar heads 
of phospholipids. To date, the anti-proliferative ac-
tivityofβ-cryptoxanthininfreeandnanoliposomal
formstowardsMCF-7(Breastcancercellline)has
not yet been studied.

The objective of this study was to determine 
whether free or integrated β-cryptoxanthin in li-
posomes could inhibit the proliferation of human 
MCF-7 cell breast cancer by detecting the possible 
effectsofthesecompoundsonthecelldeathofhu-
man MCF-7 cell line carcinoma compared to free 
carboplatin and its conjugation with liposomes. The 
formulatedβ-cryptoxanthinorcarboplatin/liposo-
mal conjugate was characterized by analytical tech-
niques to evaluate the size, size distribution, thermo-
tropic and conformation changes of the formulated 
β-cryptoxanthinorcarboplatin/liposomalconjugate
along with in vitro possible cytotoxicity against 
MCF-7(breastcancercellline).

material and methods 

Chemicals. β-cryptoxanthin was purified
from natural sources and verified for purity by 
TLCandHPLC.Thestructureofβ-cryptoxanthin
was confirmed from spectral data and elemental
analysis.Themolecularweightofβ-cryptoxanthin
is 552.85. Carboplatin with a molecular weight 
of 371.25, was purchased fromAsta (Germany).
The molecular structure of β-cryptoxanthin and
Carboplatin are shown in Fig. 1. Ethanol was of 
analytical grade and was bought from DaeJung 

fig. 1. The chemical structure of carboplatin (A) and β-cryptoxanthin (B)

A B

β-Cryptoxanthin/Xanthophyll
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Fig. 2. Schematic chemical structure of L-α-phosphatidylethanolamine

Chemicals(Seohaean-ro,Gyeonggi-do,Korea).L-α-
Phosphatidylethanolamine (PE) from sheep brain
withamolecularweightof691.515ofpurity≥98%
boughtfromSigma(ST.Louis,Mo,USA)ispresent-
edin(Figure2),BoughtfromCDH,NewDelhi,In-
dia, Tris base in powder form, the molecular weight 
of 121.1. Human tumor cell line MCF 7 was obtained 
frozeninliquidnitrogen(-180°C)fromtheAmerican
Type Culture Collection. The tumor cell lines were 
maintained in the National Cancer Institute, Cairo, 
Egypt, by serial sub-culturing. Dimethylsulphoxide 
(DMSO),RPMI-1640medium,Sodiumbicarbonate,
Trypanblue:Anisotonicsolutionof0.05%trypan
blue innormal saline,Fetalbovine serum(FBS),
Penicillin/Streptomycin, Trypsin, Acetic acid, Sul-
phorhodamine-B (SRB), 0.4% SRB dissolved in
1%aceticacid,Trichloroaceticacid(TCA),100%
isopropanolwereobtainedfrom(SigmaChemical
Co.,St.Louis,Mo,USA).Solutionswereprepared
in distilled ultra-pure water. All other reagents and 
solvents used in this work were of research-grade.

liposome preparation. At molar ratio 7:2 of 
L-α-Phosphatidylethanolaminederivedfromsheep
braintocarboplatin(LipoCarbo)orβ-cryptoxanthin
(LipoCrypto)usingthemethodof[21],neutrallipo-
somalmultilamellarvesicles(MLVs)wereprepared.

In a round bottom flask of capacity 50 ml,
20 mg of L-α-Phosphatidylethanolamine and
3.06 mg carboplatin (LipoCarbo) or 4.57 mg
β-cryptoxanthin(LipoCrypto)ofthedrugpowder
weremixed. Then 20ml of ethanol (EtOH)was
added,andtheflaskwasshakenuntilalllipidsdis-
solved in the EtOH. For a few minutes, the solution 
was well shacked then intense vortexing took place 
to ensure full solvation. The organic solvent was 
phased out using  a rotary evaporator under vacuum 
provided by a circulating water aspiration vacuum 
pumpinawarmwaterbath(50°C)at60rpmtocre-
ateauniformthinfilmoflipidontheinnerwallof
theflask.WithTrisbuffer(pH7.4in37℃)inawater
bathat50°C.Thelipidfilmwashydratedinawater
bathat50°Cfor15minat60rpmtoformmultila-

mellarvesicles(MLV)ofliposomes.Followingthe
same method as described above using only aliquots 
ofL-α-Phosphatidylethanolamine(Cephalin),control
empty liposomes were prepared. 

Size distribution and Zeta potential measure-
ments. InTrisbuffer(pH7.4)at25°Cusingaparticle
sizingsystem(NanotracWaveII,Microtrac,USA)
for dynamic light scattering, the mean particle size, 
size distribution, and zeta potential of freshly pre-
pared empty liposomes, LipoCarbo and LipoCrypto 
were calculated. The results were an average of three 
individual measurements.

DSC measurements. Using indium-calibrated 
differential scanning calorimetry (DSC) (model
DSC-50,Shimadzu,Japan),thethermalproperties
ofdifferentlyophilizedliposomalformulationswere
studied. On 5-mg samples sealed in standard alu-
minum pans the analyses are performed. The ther-
mogramofeachsamplecoversthe25-200°Ctem-
peraturerangeatascanningrateof3°C/min.

fTIR Spectroscopy. On a Jasco FT/
IR-4100 spectrometer (Tokyo, Japan), FTIR
spectra of lyophilized samples of empty L-α-
Phosphatidylethanolamine (Cephalin) liposomes
and those carboplatin (LipoCarbo) liposomes or
β-cryptoxanthin (LipoCrypto) deposited in KBr
discs are registered. Scanning was performed at 
room temperature, at a speed of 2 mm/s and a reso-
lution of 4 cm-1 in the range 400–4,000 cm-1. 

In-Vitro cytotoxicity assay. Breast cancer cell 
line(MCF-7)wasgrowninahumidifiedincubator
below5%CO2and95%airat37°CinRPMI1640
media supplementedwith penicillin (100 IU/ml),
streptomycin(100μg/ml),anddecomplementedfetal
bovineserum(10%,v/v).Drugtreatmentswerecar-
riedouton96wellcultureplates(growthassays).
For triplicate experiments, drugs were added to the 
culturemediumatacalculatedfinalconcentration.
BySRB(Sulfo-RhodamineB-stain)assay,theextent
ofthecellviabilityandproliferation(cellnumbers)
were measured.

M. W. Shafaa, N. S. Elkholy
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Cytotoxic activity of free carboplatin, free 
β-cryptoxanthin, carboplatin (LipoCarbo), or
(LipoCrypto)β-cryptoxanthin-loadedliposomeswas
tested individually using the method of [22]. In order 
to permit adhesion of the cell to the wall of the plate 
MCF-7cellswereplatedin96-multiwellplate(104 
cells/well)for24hbeforetreatmentwiththeapplied
drugs.Differentconcentrationsoffreecarboplatin,
free β-cryptoxanthin, carboplatin (LipoCarbo) or
(LipoCrypto) β-cryptoxanthin-loaded liposomes
undertest(50,100,200,400,800,1000,1200,1400,
and1500µg/ml)wereappliedtothecellmonolayer
triplicate wells were prepared for each dose in the 
laminar flow cabinet formore fertilization. Free
carboplatin, LipoCarbo, and LipoCrypto were co-
cultivated with monolayer cells separately in an 
atmosphereof5%CO2 for 48 h. Cells with Sulfo-
Rhodamine-Bstainwerefixed,washed,andstained
after 48 h. The excess stain was washed with acetic 
acid and the attached stain was recovered with Tris- 
EDTAbuffer.InanELISAreader(ELISA-TECAN-
SUNRISE,Germany),colorintensitywasevaluated.
Therelationbetweencellviabilitypercentage(sur-
vivingfraction)anddrugconcentrationisplottedto
findthecellviabilitycurveforMCF-7cancercell
line after the treatment of plain Carboplatin, free 
β-cryptoxanthin,LipoCarbo,andLipoCrypto.

The percentage of cell survival was calculated 
as follows: 

Survival fraction =O.D. (treated cells)/O.D.
(controlcells).

The IC50values(drugconcentrationsneededto
inhibitcellgrowthby50%).Theexperimentwasre-
peated 3 times for each cell line.

Statistical analysis. All results are recorded as 
the mean ± SD. Statistical analysis was performed 
byone-wayvarianceanalysis (ANOVA),wherea
commerciallyavailablesoftwarepackage(SPSS-17
forwindows,SPSS Inc.,Chicago, Illinois,USA),
wasusedandthesignificancelevelwasconsidered
at P < 0.05.

results and discussion

Dynamiclightscattering(DLS)isatechnique
that is used in particle size measurement. Nano 
drug delivery systems improve the bioavailability 
of the entrapped drug according to their size which 
matches  cell dimensions. 

Table 1 shows the particle size for each for-
mulationofcarboplatinorβ-cryptoxanthin-loaded
liposomes as compared to empty liposomes. As 

T a b l e  1. Particle size distribution measured by 
dynamic light scattering (DlS) for various liposo-
mal formulations

Liposomal formulation Average size 
vesicles, nm

Empty liposomes 177.10 ± 63.25
LipoCarbo 1128.0 ± 380.5
LipoCrypto 153.80 ± 11.17

can be observed from Table 1, the average particle 
size of the empty liposomal sample was concen-
trated around 177.10 ± 63.25 nm mean size diame-
ter.The incorporationofcarboplatin (LipoCarbo)
into liposomes resulted significantly (P < 0.05)
in an increase in the calculated mean size diame-
ter of blank liposomes from 177.10 ± 63.25 nm to 
1128.0±380.5nm.Thesefindingsshowthatcar-
boplatin can be physically associated with carbopla-
tin on the surface of liposomes and the carboplatin 
molecule tends to be hidden in the bilayer of lipids, 
which can clarify why the size is increased.

Upontheencapsulationofβ-cryptoxanthininto
liposomes(LipoCrypto),themeanvesiclesizeswas
decreased to be in the range of 153.80 ± 11.17 nm. 
These results indicate that the inclusion of 
β-cryptoxanthin into liposomes decreased the
spacing  between the adjacent bilayers resulting in 
the formation of liposomes smaller in size compared 
with the control ones. The reduction of particle size 
may be due to stronger β-cryptoxanthin interac-
tions via hydrogen bonding with the lipid bilayer of 
liposomes. Within a smaller size range, liposomes 
favor the accumulation of drugs into certain target 
tissues. Besides, they also have good stability, thus 
displaying predictable drug-release rates.

The possible stability of the colloidal system 
is indicated by the magnitude of the zeta potential. 
If the zeta potential increases, there will be an in-
creased repulsion between particles, leading to a 
more stable dispersion of colloids. If all suspended 
particles have a strong zeta potential that is negative 
or positive, they seem to repel each other, and the 
particles are not likely to join together. [23].

Following the findings of others, emp-
ty liposomes showed negative zeta potential 
(-31.05±3.06mV)[24-27].β-cryptoxanthin-loaded
liposomes (LipoCrypto) hadhigher negative zeta
potential(-34.51±3.33mV)thanblankliposomes
andcarboplatin(LipoCarbo)(-21.60±2.99mV)due
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fig. 3. DSC diagrams of liposomes are made of pure PE and liposomes doped with Carboplatin or 
β-cryptoxanthin

to the integration into the liposomal membranes. 
Within liposomal membranes, the incorporation of 
β-cryptoxanthin(LipoCrypto)appears toincrease
the density of negative charge and hence made the 
zeta potential negative.

The concept statement of DSC is that phospho-
lipid vesicles undergo a reversible phase transition, 
undertheeffectofincreasingtemperature,froma
‘gel’ state to a ‘liquid crystal’ state. The pre-transi-
tiontemperature(Tp)atwhichatransitionfromthe
gel phase to the rippled phase takes place is primari-
ly related to the phospholipid polar region. Subse-
quently, the melting of the bilayer from the rippled 
phase to the liquid phase occurs at the main transi-
tiontemperature(Tm).Changesinthelipidstructure
severelyaffectalltheabovephases.

WhensubmittedforDSCanalysis,pureL-α-
Phosphatidylethanolamine (PE)vesicles uponde-
hydration when submitted to DSC analysis, showed 
asignificantendothermicpeakat143°C(Fig.3),in
agreement with [28]. The pre-transition temperature 
(Tp)wasaround100°CforpurePEliposomes.

The introduction of carboplatin into PE li-
posomes showed a slight shift to a lower tempera-
tureat140°Ccompared to themainendothermic
peak(Tm)ofemptyPEthatexistsat143°C,indi-
cating that carboplatinhada significant effecton
PE bilayers’  acyl chains, creating a conformational 
disorder within the phospholipid acyl chains and de-
creasing the transition cooperatively. 

The lowered temperature of the main PE tran-
sition process suggested that carboplatin incorpora-
tion is more favored for the creation of a disordered 
and loose state of acyl chains. The pre-transition 
temperature(Tp)peakforcarboplatinliposomeshas
beenmovedtohighertemperaturesfrom100°Cto
103°C, suggesting that itprefersachange froma
tilted to a rippled chain gel phase.

Onceβ-cryptoxanthinwas incorporated into
PE liposomes, it resulted in distinct broadening and 
shifttohighertemperature160°Ccomparedtothe
maincharacteristicendothermicpeak(Tm)ofpure
PEthatexistsat143°C,itsintensitywasmarkedly
depressed. 

The increased temperature of the main PE 
transition process indicated that the integration 
ofβ-cryptoxanthinismoreproperforthecreation
of an ordered and cooperative state of acyl chains. 
The increase in PE phase transition, subsequent-
ly thereductionof thefluidityof the lipidbilayer
membrane as a consequence of drug trapping. It 
has been found that the pre-transition temperature 
forβ-cryptoxanthin liposomeswaschanged from
100°Cto127°C,whichhasconfirmedthatitprefers
a transformation from a tilted to a rippled chain gel 
phase. Using DSC, it was observed that the PE and 
carboplatinorβ-cryptoxanthinmixturesdisplayeda
single peak, which indicates that they are miscible.

Such changes observed in the current DSC 
workcanbeconfirmedbyFTIR,whichwasusedto
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detect any vesicle structural alterations in the liposo-
mal membrane structure by analyzing the wavenum-
berofdifferentvibrationalmodes.

FTIR spectra of empty lyophilized PE li-
posomes comparedwith carboplatinorβ-crypto-
xanthin liposomal samples in the region of 4000–
400 cm–1asshownin(Fig.4).Twopeaksarerelated
to the symmetric and antisymmetric stretching vi-
brations of the CH2 in the acyl chain around 2850 
and 2920 cm–1, respectively were apparent. The peak 
noticed near 1470 cm–1 is due to the CH2 bending 
vibration and that at 1734 cm–1 is due to the carbonyl 
stretching vibration C=O. Two peaks corresponding 
to the symmetric and antisymmetric PO2

- stretching  
vibrations approximately at 1090 and 1220 cm–1, 
respectivelywereobserved.Thesefindingswerein
agreement with the data reported in the literature 
[29].

The detailed spectral analyses are performed 
in three distinct wavenumber regions, namely 
3500–2500 cm–1(Fig.5),1800–1500cm–1(Fig.6),
and 1800–800 cm–1(Fig.7).

Encapsulationofcarboplatinorβ-cryptoxanthin
into the PE liposomes caused a shift in the wave-
number of the symmetric CH2 stretching bands in 
the acyl chain that appeared in Fig. 5, indicating that 
carboplatinorβ-cryptoxanthincreateaconforma-
tional disorder within the acyl chains of phospho-
lipids. 

The peak at 2844.489 cm–1 for the pure PE is 
moved towards higher wavenumber at 2847.381 cm-1 

for carboplatin liposomes. This could imply an in-
crease in the number of gauche conformers that in-
dicates an increase in bilayer disorder [30]. The sig-
nal intensity became more intensive for carboplatin 
loadedliposomes.Onceβ-cryptoxanthinisintegra-
ted into PE, the peak for pure PE at 2844.489 cm–1 
is moved to a higher wavenumber at 2845.453 cm–1, 
whichsuggestsanincreaseinmembranefluidityand
thus destabilization of the system in the gel phase 
(Fig.5).Theshifts tohigherwavenumberscorre-
spond to an increase in the number of gauche con-
formers [31]. The wavenumber of the CH2 stretching 
bandsissignificantlychanged,showingthatcarbo-
platinorβ-cryptoxanthinincreasedthenumberof
gauche conformers and this suggests an increase in 
theconformationaldisorder(trans-gaucheisomeri-
zation)ofthebilayer.

The C=O stretching band was analyzed for 
the interaction of carboplatin or β-cryptoxanthin
with the backbone of glycerol near the head group 
of phospholipids in the interfacial region. The wave-
numbervariationofthisbandisshownin(Fig.6).As
canbeseenfrom(Fig.6),fortheliposomalsample
containingcarboplatinorβ-cryptoxanthin,thewave-
number value of the C=O group at 1629.555 cm–1 
was moved to higher wavenumbers at 1630.519 cm–1 
for the liposomal sample containing carboplatin or 
β-cryptoxanthinwithoutanyevidenceofhydrogen
bonding formation. The absorption bands of ester 
C=O are sensitive to changes in the polari ty of their 
local environments and are affected by hydrogen

Fig. 4. The full FTIR spectra of empty PE and PE/carboplatin or β-cryptoxanthin liposomal samples
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Fig. 5. The magnified part (3500–2500 cm-1) of FTIR spectra of empty PE and PE/carboplatin or β-cryptoxanthin 
liposomal samples

Fig. 6. The magnified part (1800–1500 cm–1) of FTIR spectra of empty PE and PE/carboplatin or β-crypto-
xanthin liposomal samples
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bonding and other interactions. Any variations in the 
spectra in this region may, therefore, be due to an 
interactionbetweencarboplatinorβ-cryptoxanthin
and the membrane’s polar/apolar interfacial region. 

Utilizing the PO2
– antisymmetric stretching  

band, which is located at 1216.863 cm–1, the 
interactionbetweencarboplatinorβ-cryptoxanthin

and the head group of PE liposomes was investiga-
ted. Fig. 7 shows the PO2

– antisymmetric stretching 
band for PE liposomes formulations in the absence 
and presence of carboplatin or β-cryptoxanthin.
As can be seen from Fig. 7, the wavenumber was 
shifted  to lower values after the addition of carbopla-
tin(1211.077cm–1)orβ-cryptoxanthin(1213.97cm–1) 
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Fig. 7. The magnified part (1800–1500 cm–1) of FTIR spectra of empty PE and PE/сarboplatin or β-cryptoxanthin 
liposomal samples
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into PE liposomes. This implied the presence of hy-
drogen bonding between the liposome head group 
andcarboplatinorβ-cryptoxanthin.Thedecreasein
the wavenumber value indicates a strengthening of 
existing hydrogen bonds or even a formation of new 
hydrogen bonding between the components [30].

The CH2 scissoring vibration mode which is 
located at 1461.778 cm–1isinfluencedbytheinclu-
sionofβ-cryptoxanthinintoPEliposomalprepara-
tion.Followingtheencapsulationofβ-cryptoxanthin
into PE liposomes, the wavenumber was shifted to-
wards higher values at 1462.742 cm–1. This could 
presumethattheβ-cryptoxanthinmoleculesactas
small spacers  of the polar head group, resulting in a 
slight disorder in the hydrocarbon chains. The wave-
number was shifted to a lower value at 1460.814 cm–1 
after the encapsulation of carboplatin into PE li-
posomes. 

Afterencapsulationofcarboplatinorβ-crypto-
xanthinintoPEliposomes,theN(CH3)3

+ symmetric 
deformation band which is located at 1400.067 cm–1 
wasalsomodified(Fig.7).Thismaybeattributedto
the presence of new intermolecular hydrogen bond 
formationbetweencarboplatinorβ-cryptoxanthin
andN(CH3)3

+.
A shift to lower wavenumber 904.451 cm–1 was 

observedfortheCN-(CH3)3
+ symmetric stretching 

band of choline at 905.4152 cm–1 by the inclusion 
of carboplatin/PE liposomal sample. In the polar 

headofPE,theexistenceofN(CH3)3
+ group might 

prevent the carboplatin NH3
+ group from getting 

close to the polar head group because of the elec-
trostatic repulsive forcebetween thePE-N(CH3)3

+ 
group and the carboplatin NH3

+ group; thus, 
weakening the interactions between phospholipid 
N(CH3)3

+ group and carboplatin NH3
+ group. Table 2 

shows the chemical shifts observed for LipoCarbo 
or LipoCrypto after the incorporation into L-α-
Phosphatidylethanolamine liposomes.

Usingcellviability(in vitrocytotoxicitySRB)
assay, the potential cytotoxic activity of the drug de-
liverysystemhasbeeninvestigatedatdifferentdrug
concentrations of free carboplatin or carboplatin 
combinedwithliposomesandfreeβ-cryptoxanthin
or encapsulated into liposomes against breast car-
cinoma(MCF-7)cellline[22].Atzeroconcentra-
tion of each drug untreated cells served as controls. 
The assay was terminated at 48 h and measurements 
of cell viability were performed. The MCF-7 can-
cercelllinewasincubatedseparatelywithdifferent
concentrationsofdrugsinthesamesequence(50,
100, 200, 400, 800, 1000, 1200, 1400, and 1500 µg/
ml),for48h,(Fig.8).

The highest cytotoxicity against MCF-7 cell 
linewasobservedforfreeβ-cryptoxanthinordoped
withliposomes(LipoCrypto)treatedwiththesame
seriesofdifferentconcentrationswhichapplicablefor
theotherdrugs.Atthehighestfreeβ-cryptoxanthin
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T a b l e  2. The chemical shifts observed for LipoCarbo or LipoCrypto after the incorporation into L-α-
phosphatidylethanolamine liposomes

Peak assignment Wavenumber, 
cm–1

Wavenumber, cm–1

Control 
Liposomes LipoCarbo LipoCrypto

Symmetric stretching vibration 
of the CH2 in the acyl chain (2800–2855) 2844.489 2847.381 2845.453
Carbonyl stretching 
vibrations(C=O) (1724–1740) 1629.555 1630.519 1630.519
CH2 scissoring vibration (1457-1466) 1461.778 1460.814 1462.742
Antisymmetric PO2 
stretching vibration (1215-1228) 1216.863 1211.077 1213.97
+N-CH3 symmetric deformation (1396-1405) 1400.067 1403.924 1399.1028
Symmetric stretching of 
CholineCN-(CH3)3 (904-930) 905.4152 904.451 905.4152

Fig. 8. Cytotoxicity of free carboplatin, free β-cryptoxanthin, and carboplatin or β-cryptoxanthin bound li-
posomes as opposed to untreated control breast carcinoma (MCF-7) cell line; incubated for 48 h with different 
concentrations (50, 100, 200, 400, 800, 1000, 1200, 1400 and 1500 µg/ml). The cell viability was determined 
using the SRB assay. The data represent the mean ± SD of triplicate experiments
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orintegratedintoliposomesconcentration(1000µg/
ml),MCF-7treatedcellsshowedcellviabilityofap-
proximately20%(P<0.05),48hourspost-incuba-
tion.Whilethecellviabilitywasapproximately30%
(P <0.05)forfreecarboplatintreatedcellsandap-
proximately90%forcarboplatin-loadedliposomes
atthesameconcentration(1000µg/ml).Forcarbo-

platinloadedliposomes(LipoCarpo)treatedcells,
the increase in cell viability compared to the free 
carboplatin could be attributed to the sustained re-
lease of carboplatin from liposomes. 

At higher concentrations, cytotoxic activi-
tybetweendifferent formulationsofdrugsshows
theorderoffreeβ-cryptoxanthinor its liposomal
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form˃carboplatin˃carboplatin-loadedliposomes
according  to Fig. 8. 

At a lower concentration of approximate-
ly 42.17 µg/ml, MCF-7 treated cells with free 
β-cryptoxanthinshowedcellviability42%(P<0.05)
comparedtoitsliposomalformofabout60%,while
80%and100%ofthecellremainedviableforcarbo-
platinanditsliposomalform(LipoCarbo),respec-
tively Fig. 8.

In a cytotoxic assay with MCF-7 treated cells, 
the IC50valueforfreeβ-cryptoxanthinwas23.43μg/
ml(P<0.05),whilecarboplatinwascounted235μg/
ml similarly in value with IC50 of MCF-7 treated cells 
withβ-cryptoxanthin-loaded liposomes. It canbe
noticed that the IC50 of carboplatin-loaded liposomes 
(Lipocarbo)wasnotapplicable incytotoxicassay
with MCF-7 Fig. 9. Natural medicine may be the 
perfect alternative for cancer treatment, eliminating 
themultiplephysicalsideeffectsthatchemotherapy
can cause.

Conclusion. Our study shows that a combi-
nation of β-cryptoxanthinwith liposomes shows
synergistic growth inhibitory activity on breast 
carcinoma(MCF-7)celllineviainductionofcyto-
toxicity. The current data suggest a new treatment 
regimen in which carboplatin is substituted with 
freeβ-cryptoxanthinor its liposomal form toen-
hance its anticancer activity against the MCF-7 can-
cercellline.Thisfindingprovidesamolecularbasis
for the development of natural compounds as novel 
anticancer agents and will allow lowering the dose 
of cytotoxic agents, which will in turn lead to more 
specificandlesstoxictherapiesformammarycan-

fig. 9. IC50 chart with significant values for free 
carboplatin, free β-cryptoxanthin or integrated into 
liposomes against breast carcinoma (MCf-7) cell 
line by using SRB assay, 48 h post-treatment
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cer in humans. Liposomal carotenoids encapsulation 
increases their activity and decreases the concentra-
tion needed to give their desired actions.
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Порівняльна цитотоксична 
дія карбоПлатину та 
β-криПтоксантину у вільній 
та ліПосомній формах на 
лінію клітин молочної 
залози
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Дослідження ефективності антиканцеро-
генних сполук як синтетичного, так і природ-
ногопоходженняуліпосомнійформієактуаль-
ним для можливого їх застосування у терапії.
Уційроботі використано алкілувальнийагент
карбоплатин та представник каротиноїдів
β-криптоксантин. Метою дослідження було
оцінити токсичну дію цих сполук у вільній та
ліпосомнійформахнаклітинилініїMCF-7раку
молочноїзалози.ЗаданимиDSCтаFTIRпісля
додаваннякарбоплатинуабоβ-криптоксантину
до ліпосомних бішарів виявлено один пік, що
вказує на їх змішування. У разі включення до
ліпосомβ-криптоксантину спостерігавсябільш
упорядкований та кооперативний стан ациль-
них ланцюгів фосфатидилетаноламіну. Вияв-
лено,що чутливість клітинMCF-7 до вільного
β-криптоксантинубуланабагатовищою,ніждо
вільного карбоплатину з IC50 42 та 235 мкг/мл
відповідно. Значення IC50 для завантаженого у
ліпосомиβ-криптоксантинутадлявільногокар-
боплатинубулиподібними,утойсамийчасне
буловиявленоцитотоксичногоефектуліпосом,
навантажених карбоплатином. Одержані дані
дозволяютьзапропонуватизамінукарбоплатину
наβ-криптоксантинувільнійаболіпосомальній
формі як можливу схему для підвищення
ефективностітерапіїракумолочноїзалози.

К л ю ч о в і  с л о в а : β-криптоксантин,
карбоплатин, ліпосоми, DSC, FTIR, клітини
лініїMCF-7,цитотоксичність.
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