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Pe310Me. HacmOAll.\Omo U3CAeg8aHe npegcma8A 8b3MOH<Hocmume 3a npuAoH<eHue Ha HumpoKCUAHume paguKaAu
(carbamoyi-PROPXYL) Kamo 1 H-MRI KOHmpacmHu cpegcm8a 3a 8u3yaAU3ai..IUA Ha xunepxoAecmepoAeMUA-uHgyLIUPaHa 6b6pe4Ha guccpyHKI..IUA npu onumHu H<u8omHu u U3ACHA8aHe Ha MexaHU3Mume 3a y8peH<gaHe Ha 6b6pe1..1ume,
npu4uHeHu om xo11ecmepo11. KoHmpacmHomo cpegcm8o
e aniiUI..IUPaHO 8 3 nbmU nO-HUCKa KOHI..IeHmpai..IUA Om 118maAHama go3a (LD50) 3a uHmpa8eH03HO npuAOH<eHue npu
C57BI/6 MUWKU . EKCKpei..IUAma 4pe3 6b6pe1..1ume npa8u
mo8a KOHmpacmHo 8ell.lecm8o 6e3onacHo 3a npuAoH<eHue
npu 6o3aUHU1..1U 8 onpegeAeHume go3u u nogxogAll.\ KaHgugam 3a anpo6upaHe 8 KIIUHU4Hama npaKmuKa. Pe3yAmamume ca cpa8HeHu c me3u , noAy4eHu npu npuAoH<eHue Ha
KOH8eHI..IUOHaAHO 1 H-MRI KOHmpacmHO cpegcm8o Gd/DTPA
npu Ol..leHKa Ha 6b6pe4Hama cj:lyHKI..IUA npu eKcnepuMeHmaAHU MogeAU C OnUmHU H<U80mHU U npu 408eKa.

Abstract. The present study shows that nitroxide derivative
(carbamoyi-PROPXYL) is suitable 1 H-MRI contrast probe
for visualization of hypercholesterolem ia-induced renal
dysfunction in intact animals and clarifying the mechanism(s)
of renal damage mediated by cholesterol. The probe was
applied in a concentration, which was 3 times lower than the
LD50 for intravenous administration in C57BI/6 mice . Since
the probe is excreted by kidneys, it could be considered
harmless for mammalians in the selected dose and appropriate
candidate for translational research . The data were compared
with those , obtained by conventional 1 H-MRI contrast agent
Gd/DTPA for assessment of renal function in experimental
animals and patients.

KlltOLto6u gyMu: 7T MArHI!1TEH PE30HAHC. nPOTOTI!1n HA
KOHTPACTHO CPEACTBO. 6b6PE4HA ¢VHKL.11!1A

Key words: 7T MRI. PROTOTYPE OF CONTRAST AGENT.
RENAL FUNCTION

BbBegeHue
npe3 1984 zoguHa B HayYHama Aumepamypa e goKAagBaHa Bb3MO>HHocmma 3a U3nOA3BaHe Ha HumpoKCUAHume paguKaAu Kama KOHmpacmHo cpegcmBo
3a T1 MRI u nomeHL\UaAHomo uM npuAo>HeHue B
Ma2HUmHope3oHaHcHama o6pa3Ha guazHocmuKa [1 ,
8] . HumpoKCUAHume paguKaAu ca MaAKU MOAeKyAu
om nunepuguHOB (TEMPO) UAU nupOAUQUHOB mun

(PROXYL) , Koumo ca BucoKo4yBcmBumeAHU KbM
OKUCAumeAHo-pegyKL\UOHHume npol.\ecu B 6uoA02U4Hume mbKaHu u HaMupam wupoKo npuAo>HeHue B EPR
U3CAegBaHuRma [14, 19,20 ,22]. npu MRI ce npuAazam
npegUMHO HUmpOKCUJ\HU paguKaAU om nupOAUQUHOB
mun nopagu mFixHama no-BucoKa cma6uAHocm KbM
pegyKL\UFI in vivo B cpaBHeHue c paguKaAume om nunepuguHoB mun [2 ,7,15,16]. TaKa, B npucbcmBue Ha
paguKaAu om muna PROXYL, ycuABaHemo Ha MRI
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IN VIVO VISUALIZATION OF ELECTRO-ASSISTED
DELIVERY OF NANOPARTICLES
USING OPTICAL IMAGING
S. Atanasova1, D. Lazarova2, B. Nikolova1, Z. Zhelev1,3,4,
I. Tsoneva1, I. Aoki4 and R. Bakalova2,4
1Institute

of Biophysics and Biomedical Engineering,
Bulgarian Academy of Sciences, Sofia, Bulgaria;
2Medical Faculty, Sofia University, Sofia, Bulgaria;
3Medical Faculty, Trakia University, Zagora, Bulgaria;
4Molecular Imaging Center, National Institute of
Radiological Sciences, Chiba, Japan
(bakalova@nirs.go.jp)
The present study was designed to investigate whether
electroporation can facilitate the delivery of drugs inside
tumors using quantum dot (QD)-loaded polymersomes as a
model. The main goal was to increase the local concentration
of anticancer drugs avoiding side-effects. The experiments
were performed on colon cancer-grafted mice (Balb/c) using
the Maestro EX Imaging System. Electroporation facilitated
the delivery of nanoparticles inside the tumor. A significant
difference in the fluorescence intensity between
electroporated and non-electroporated mice was observed in
the cancer area even 24 hours after treatment with
nanoparticles. The data suggest that electro-assisted delivery
of size-controlled long-circulating polymersomes in cancer is
a promising therapeutic strategy, especially for treatment of
solid tumors. Introduction: Since cancer is one of the leading
causes of mortality, logically, the main goal of the biological
and medical science is to increase the effectiveness of cancer
treatment. Target-specific nanoparticle-based drug delivery
systems (nano-DDSs) can be used to deliver higher local
concentrations to the region-of-interest and magnify
therapeutic effects. In the last years, the main efforts are
directed to development of nano-DDSs for target-specific
image-guided drug delivery in cancer using different imaging
techniques (1-3). Selective disposition of nanocarriers into the
target tissue is an essential issue in drug delivery. For targetselective drug delivery and delivery of imaging probes in the
last several years, polyion complex hollow vesicles

(polymersomes) are being used as a rule (1, 4). The most
preferred target in cancer is to develop highly specific
therapeutic
strategies
with
minimal
side-effects.
Polymersomes are usually labeled by different contrast agents
and their pharmacodynamics has been verified in vivo by
optical imaging, magnetic resonance imaging, positronemission tomography, and multimodal imaging (5). One of
the most appropriate fluorescent markers for deep-tissue
optical imaging of the pharmacodynamics of polymersomes
in living organisms and their ability to penetrate into the
tumors are the semiconductor quantum dots (QDs) because
of their unique spectral properties and many advantages over
traditional organic fluorophores (6, 7). In the last ten years,
there has been an increasing numbers of publications about
the application of different techniques for facilitating and
accelerating the delivery of nanoparticles in solid tumors in
vivo (e.g., sonication, irradiation, local enhancement of the
temperature, etc.). Electro-assisted techniques appear also as
promising options. Electrochemotherapy, using nano-DDs,
has a potential to be a powerful method for the treatment of
malignant tumors. The procedure is based on electroporation
(electropermeabilisation) of the cell membrane that is
associated with the creation of aqueous pathways in the cell
membrane; result of applied short intensive electric fields (810). This phenomenon speeds up the simultaneous
administration of cytotoxic drugs offering a technique that
can be applied in the clinical practice (9). The combination
of electroporation and nano-DDSs is a promising approach to
increase effectiveness of anticancer therapy. It has also the
potential to interfere with the problems of gene therapy of
cancer. The present study was designed to investigate whether
electroporation can facilitated the delivery and release of
drugs inside tumors in vivo, using polymersome-embedded
quantum dots (QDs) as a model of nano-DDs. Materials and
Methods: Water-soluble polymersomes were prepared from
chemically modified chitosan and labeled with QD705 via
carbodiimide chemistry. The nanoparticles were characterized
by transmission electron microscopy, dynamic light scattering
and fluorescent spectroscopy. All experiments on animals
were conducted in accordance with the guidelines of the
Physiological Society of Japan and approved by the Animal
Care and Use Committee of the National Institute of
Radiological Sciences, Chiba, Japan. Balb/c nude mice (21±2
g) were used. Conol26 cells (1×105 in 10 μl phosphatebuffered saline (PBS), pH 7.4) were inoculated subdermally
in the left or right hindpaw. All measurements were
performed ~9-10 days after inoculation when the tumor size
was approximately 100 mm3. A mouse was anesthetized with
1.5% isoflurane. The tail veil was catheterized for
administration of nanoparticles and the animal was fixed in
the camera of the Maestro EX Imaging System. Nanoparticles
were injected intravenously (i.v.) via the tail vain (single dose
– 80 nmol; 100 μl volume). An electroporator Chemopulse IV,
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Figure 1. Images of colon cancer-grafted mice obtained: 2 min (A), 3 hours (B) and 24 hours (C) after i.v. injection of QD705lablelled polymersomes with electroporation (upper panel) and without electroporation (lower panel); type of electrode (D).

generating bipolar pulses, was used in the experiments. The
instrument was equipped with a large voltage control in the
limits of 100-2200 V, simplified operations, locking against
illegal manipulations and enhanced protection against electrical
hazards. The electro-treatment was done by 16 biphasic pulses,
each of them of 50+50 μs duration with 20 μs pause between
both phases and pause between bipolar pulses of 880 μs. In
each experiment parallel stainless steel electrodes were used.
The intra-electrode distance was adjusted in the range of 1-30
mm. In this study, an electric pulse with intensity of 1200 V/cm
was applied. The body’s autofluorescence and QD fluorescence
was registered at an excitation filter of 435-480 nm and
emission filter of 700 nm longpass. The data were analyzed by
the Living Image In Vivo Imaging software (Maestro version
2.10.0). Results and Discussion: The first step of the study was
to select the appropriate concentration of QD705 for in vivo
application, which gives a high signal-to-background ratio
without saturation of the fluorescent signal and existence of
artifacts. The second step was to investigate the possibility to
deliver QDs in tumor using polymersomes as nanocarriers in
combination with electroporation (Figure 1). The images were
obtained on colon cancer-grafted mouse, injected intravenously
with QD705-labelled polymersomes in the concentration
selected in step one (80 nmol, single i.v. injection). Figure 1A
shows the images obtained 2 min after injection of the
nanoparticles. In this short period after injection the tumor was
visualized in both cases – with electroporation (upper panel)
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and without electroporation, on the basis of angiogenesis.
Three hours after treatment, the fluorescent intensity decreased
but was still visible (Figure 1B). The level of fluorescent
intensity was higher after electroporation due to the trapping
of the nanoparticles into the tumor area. A significant
difference in the fluorescence intensity (in the tumor area)
between electroporated and non-electroporated mice was
observed even 24 hours after treatment (Figure 1C). The
nanoparticles with weak fluorescence were still accumulated
into the tumor due to enhanced permeability. The present study
suggests that size-controlled long-circulating polymersomes are
very promising carriers for drug delivery in cancer. The electroassisted delivery of polymersomes into the cancer is based on
the enhanced permeability of the cell walls. The combination
of these two techniques increases the possibility for
development of new successful chemotherapeutic strategies in
cancer.
The study was partially supported by the Ministry of
Education, Science and Technology of Japan (Grant-in-Aid
“Kakenhi” to R.B. and JSPS Grant to B.N.), by the European
Social Fund and Ministry of Education and Science of
Republic of Bulgaria (Project BG051PO001-3.3.05-0001
“Science and Business”, granted to S.A.) and Project
BG051PO0001-3.3.06-0040, implemented with financial
support of the operative program "Human Resources
Development", financed by the European Social Fund of the
European Union".
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guaiac tests, FITs are handier for the user and represent an
important reduction of the analytical time, thus, consequently,
increasing laboratory capabilities. The quantitative FIT has the
capability to stratify individuals of different groups in relation
to fecal hemoglobin. For example, the risk to detect high-risk
adenoma or invasive CRC in men 60- to 69-years-old with a
result above 177 μg/g is 11.5-fold higher when compared with
women 50-to 59-years-old with a FIT result between 20 and
32 μg/g. The diagnostic yield of the FIT for the detection of
CRC in a screening program is comparable with colonoscopy.
Nevertheless, for the detection of advanced adenoma,
colonoscopy is 2.3-fold more effective when compared with
the FIT, an advantage that may widely be reduced if the
compliance of uptake and periodicity of the test are analyzed
because the FIT is preferred twice over colonoscopy. Thus, the
population at risk is biennially invited in a screening program
and, in this way, the diagnostic yield of the FIT followed by
colonoscopy may be higher than the use of colonoscopy alone.
One practical example is the Barcelona’s CRC screening
program that was addressed to 197,839 asymptomatic men and
women aged 50 to 69 years. The first round began in
December 2009 and the participation rate was 43.5% from the
eligible population with a positive test rate (≥20 μg/g) of
6.2%. During the first round 1,639 high-risk adenomas and
245 invasive cancers were detected. The introduction of FIT
is a significant and essential advance in CRC screening
programs and recent studies show a diagnostic yield
comparable with colonoscopy and demonstrate the possibility
to stratify individuals with a positive test in different risk
groups for detecting CRC or high risk adenomas. Presently,
FIT is the test of choice for the screening of CRC.
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PRACTICAL EXPERIENCE OF THE FECAL
HEMOGLOBIN IMMUNOCHEMICAL TEST IN A
COLORECTAL CANCER SCREENING PROGRAM

Department of Oncology-Pathology, CCK, Karolinska
Institutet, Stockholm, Sweden

Josep M. Auge
(On behalf of PROCOLON group investigators)
Biochemistry and Molecular Genetics Department, Hospital
Clínic, Barcelona, Spain
The fecal hemoglobin immunochemical test (FIT) represents
an outstanding important improvement in the screening of
colorectal cancer (CRC); mostly for its specificity to detect
and quantify human hemoglobin. Compared to the outdated

45
MECHANISMS UNDERLYING THE PROTUMORIGENIC EFFECT OF CXCL14-EXPRESSING
CANCER-ASSOCIATED FIBROBLASTS
Martin Augsten, Elin Sjöberg, Oliver Frings,
Jeroen Frijhoff, and Arne Östman

Cancer-associated fibroblasts (CAFs) comprise a prominent
cell type of the tumor stroma of most solid tumors. CAFs are
recognized to play a key role in cancer by promoting tumor
growth, progression and metastasis, and can confer resistance
to therapy. Targeting this cell type interferes with tumor
growth and progression and, thus, appears as a promising
novel strategy to fight cancer. Our previous work identified the
chemokine CXCL14 as a novel CAF-derived factor that
stimulated prostate cancer growth in vitro and in vivo.
CXCL14-tumors were characterized by an increased number
of macrophages and blood vessels. However, the molecules
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IN VITRO ANALYSIS OF REDOX STATUS
OF NORMAL AND TUMOR CELLS USING
NITROXIDE RADICALS AND ELECTRON
PARAMAGNETIC RESONANCE SPECTROSCOPY
Ekaterina Georgieva1, Donika Ivanova1, Desislava Lazarova2,
Rumiana Bakalova2,3, Ichio Aoki3 and Zhivko Zhelev1,4
1Department
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Medical Faculty, Trakia University, Stara Zagora, Bulgaria;
2Medical Faculty, Sofia University, Sofia, Bulgaria;
3Molecular Imaging Center, National Institute of
Radiological Sciences (NIRS), Chiba, Japan;
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In the present study we describe in vitro imaging analysis of
cellular redox status in cancer and non-cancer cells using two
redox-sensitive nitroxide derivatives (methoxy-TEMPO and
mito-TEMPO) and electron paramagnetic resonance (EPR)
spectroscopy. The nitroxide radical (which is characterized by
EPR contrast) participates in electron-transfer reactions with
a variety of intracellular oxidative and reducing equivalents.
The rate constants of these reactions determine the EPR signal
dynamics in cell suspension. In non-cancer cells, EPR signal
intensity of nitroxides decreased significantly during
incubation. In cancer cells, EPR signal intensity was almost
constant within two hours of incubation and did not decrease
significantly. The data suggest that non-cancer cells are
characterized by a higher reducing activity to the nitroxide
radical, while cancer cells are characterized by a higher
oxidative activity. The described methodology is an
appropriate sensing platform for differentiation of cancer from
non-cancer cells based on their redox status. Introduction:
Redox signaling plays a crucial role in carcinogenesis. The
cells of healthy mammals are characterized by low levels of
reactive oxygen species (ROS) and some constant (reference)
level of reducing equivalents (1-5). Increasing of ROS above a
critical level triggers genomic instability, which causes normal
cells to become malignant (1-5). ROS are involved in hypoxic
signaling pathways and have important implications for the
adaptation of cells to oxidative stress, the induction of
uncontrolled proliferation and immortalization (6). Cancer
cells are also characterized by an abnormal production of
reducing equivalents as a result of accelerated glycolysis
(Warburg effect) and pentose phosphate cycle and by a rapid
consumption of these reducers to maintain accelerated
anabolism, which is necessary for cell proliferation and
immortalization (1, 2). Cancer cells also require high amounts
of antioxidants to maintain a ROS level that is below the
threshold for the induction of apoptosis and cell death, but is
sufficiently high to ensure genomic instability (1, 2, 4). All of

these processes provoke redox imbalance in cancer, which is a
hallmark of carcinogenesis. The redox status of cancer cells
could be a diagnostic marker, a therapeutic target and a marker
for the evaluation and planning of a therapeutic strategy in real
time. Currently, it is widely accepted that cancer cells are
characterized simultaneously by higher levels of ROS and
reducing equivalents than normal cells. However, it is
disputable whether the oxidizers dominate over the reducers
or vice versa because there is no universal methodology for
direct imaging of cellular redox status, which allows
differentiation of cancer development from normal conditions.
In the present study we describe a new in vitro imaging
analysis of the balance between oxidizers and reducers
(cellular redox status) in living cancer and non-cancer cells
based on the redox cycle of nitroxide derivatives and their
electron paramagnetic resonance (EPR) contrast properties.
Materials and Methods: The experiments were performed on
two cell lines: HaCaT (non-cancer) and Jurkat (cancer), using
two cell-penetrating nitroxide derivatives: methoxy-TEMPO
and mito-TEMPO (also mitochondria-penetrating) (TEMPO:
2,2,6,6-Tetramethylpiperidine 1-oxyl). The nitroxide radical
(0.1 mM) was added to the cell suspension (1×106 cells/ml)
and the EPR spectrum was detected at various time-intervals
(within 2 hours at room temperature) under the following
conditions: microwave frequency=9.4 GHz, magnetic field
strength=336 mT, microwave power=2.0 mW, field
modulation frequency=100 kHz, field modulation
amplitude=0.063 mT, time constant=0.01 s, sweep width=10
mT, scan time (sweep time)=1 min. The EPR spectra were
integrated and the data were calculated as percentage from
control (same concentration of nitroxide derivative dissolved
in 10 mM phosphate-buffered saline, pH 7.4). The data are
presented as mean+SD from six independent experiments.
Results and Discussion: The nitroxide radical (which is
characterized by EPR contrast) participates in electron-transfer
reactions with a variety of intracellular oxidative and reducing
equivalents and subsequent formation of contrast or noncontrast intermediate products (Figure 1) (5, 7). The rate
constants of these cyclic reactions determine the intensity of
EPR signal in living cells, which could provide accurate
information about cellular redox status (5, 7). In non-cancer
cells (HaCaT), the EPR signal intensity of methoxy-TEMPO
and mito-TEMPO decreased significantly within the
incubation (up to 80% from the initial level) (Figure 2). In
cancer cells (Jurkat), the EPR signal intensity of both
nitroxides was almost constant within 2 hours of incubation
and did not decreased significantly (Figure 2). The data
suggests that non-cancer cells are characterized by a higher
reducing activity to the nitroxide radical, while cancer cells
are characterized by a higher oxidative activity. Discussion:
The study shows that cancer cells are characterized by redox
disbalance and it seems that oxidizers dominate over reducers.
It is widely accepted that the main endogenous triggers of
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Figure 1. Nitroxide redox cycle as a sensing platform for EPR
imaging of cellular redox status: principle of the method.

redox disbalance in cancer are defective mitochondria and
NADPH-oxidase
complexes.
They
are
involved
simultaneously in two processes affecting cellular redox status:
(i) an excessive generation of ROS (in particular, superoxide
and/or hydrogen peroxide) and (ii) an increased consumption
of two of the main cellular reducers: NADH and NADPH (15). Usually, the oxidizing and/or reducing capacity of living
cells is determined by the levels of many parameters (e.g.,
ROS of different type and origin, products of free radical
oxidation of biomacromolecules, status of natural nonenzymatic and enzymatic antioxidant systems, status of
various endogenous redox pairs, etc.). For example, the total
level of ROS is determined by the levels of superoxide
radicals, hydrogen peroxide, nitric oxide, end-products of lipid
peroxidation, natural antioxidants, activity of enzymatic
antioxidant systems, etc. The total level of reducing
equivalents is determined by the status of the endogenous
redox pairs: NAD.H/NAD+, NADP.H/NADP+, reduced/
oxidized glutathione, ascorbate/dehydroascorbate, etc. Each
parameter is analyzed separately by different methodologies.
The estimation of redox status of cancer and non-cancer cells
is based on comparative analysis of one or several of these
parameters and the conclusions are usually controversial (15). We demonstrate that the redox cycle of cell-penetrating
EPR contrast nitroxide derivatives (mito-TEMPO and
methoxy-TEMPO) is an appropriate sensing platform for
direct measurement of cellular redox status in vitro because it
is based on the influence of a variety of intracellular redox
processes. The data show that non-cancer cells convert
irreversibly the contrast nitroxide radical in non-contrast
intermediate products (hydroxylamine and/or oxoammonium).
In cancer cells, this process is reversible and the contrast
nitroxide radical could be restored, most likely, by the
abnormal amounts of superoxide. This approach allows a
differentiation of cancer from non-cancer cells based on their
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Figure 2. Kinetic curves of the integrated EPR signal intensity
of mito-TEMPO (A) and methoxy-TEMPO (B) in PBS
(control), non-cancer cells (HaCaT) and cancer cells (Jurkat).
Data are mean±SD from six independent experiments.

redox balance. The method is also applicable on isolated tissue
specimens.
The study was partially supported by the Ministry of
Education, Science and Technology of Japan (Grant-in-Aid
“Kakenhi”) and by the European Social Fund and Ministry of
Education and Science of Republic of Bulgaria (project
BG051PO001-3.3.05-0001 “Science & Business”).
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DISCOVERY AND DEVELOPMENT
OF ANTICANCER LEAD
COMPOUNDS FROM
MARINE CYANOBACTERIA
William Gerwick
Scripps Institution of Oceanography and Skaggs
School of Pharmacy and Pharmaceutical Sciences,
University of California San Diego, USA
Marine cyanobacteria have been revealed over the past few
decades to be one of the richest producers of biologically
active and structurally unique natural products. In particular,
filamentous forms that occur as mats and tufts on the sea
floor are especially prolific, and have yielded such notable
compounds as dolastatin 10, curacin A, and largazole.
Indeed, from our more than 20 years of investigation of
these life forms, many unique secondary metabolites with
potent biological activities of relevance to cancer have been
revealed. For example, a Curacao collection of a tuftforming cyanobacterium, Symploca sp., possessed an extract
that was highly cytotoxic to several different cancer cell
lines. A combination of a bioassay and NMR guided
isolation process yielded two compounds, named
carmaphycin A and B, which were responsible for the potent
activity. The structures were deduced by NMR and
confirmed by chemical synthesis, and revealed these to be
the first discovered epoxy-ketone type proteasome inhibitors
from the marine environment. Development of a synthetic
route to the carmaphycins allowed production of a suite of
related analog molecules that provided new insights of
structure-activity relationships in this drug class.
Subsequently, we have studied in detail the nature of the
interaction of these carmaphycin natural products and
analogs in terms of their cytotoxicity as well as their ability
to bind and inhibit the yeast 20S proteasome. These results
along with more recent investigations of the carmaphycins
will be discussed in this presentation.
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OVERVIEW ON ELECTRON EMISSION
FROM HORMONES AND SUBSEQUENT
BIOLOGICAL CONSEQUENCES
Nikola Getoff
The University of Vienna, Section of Radiation Biology,
Department of Nutritional Sciences, Vienna, Austria
Although hormones are generated in extremely low
concentrations they regulate the harmonic course of most
biological functions in the organism. In the present brief
survey, the most important highlights of recently reported
results are discussed (1-4). Taking 17β-estradiol (E2), as
hormone representative, it is shown that the many-sided
biological properties of hormones are based on their ability
to eject as well as to consume and transfer solvated
electrons (e–aq) to other hormones or biological systems (2,
5). It has been further demonstrated that all studied
hormones at a concentration ≥10–7 mol/l form associates
(unstable complexes), which consume a part of the emitted
(e –aq) (reaction rate constant, k≥1,010 l/mol/s) (2).
Therefore, with increasing hormone concentration the
(e –aq) yield is decreasing (see Figure 1: Eqs. 1, 2).
Furthermore, it was found that OH-group in a hormone
molecule acts as main centre of (e–aq) emission. Since ring
A of E2 has a phenolic character, the phenoxyl free radical
resulting by (e –aq) emission can appear in 4 mesomere
forms, as indicated by Eq. 3, Figure 1. Each one of the free
radicals, originating according to Eqs. 1-3, are leading to
formation of metabolites. Their biological properties
depend on the components in the actual medium as
indicated by Eqs.4 and 5, Figure 1. Under certain
conditions, e.g. having as reaction partner pyrene or related
compounds, the resulting metabolites can initiate cancer.
The unique ability of hormones to emit and react with
(e –aq) as well as to transfer them to other biological
systems with a higher reaction rate constant (k), classifies
them also as “electron mediators”. Hence, based on this
fact the hormones are in the position to communicate via
brain receiving centres with other hormones or/and
biological systems by electron transfer process. The
mechanism of this ability is founded on the supposition
that each emitted (e –aq) preserve the specific vibration
frequency of the “mother molecule” during the electron
transfer process up to the receiver cells in the brain.
Hence, the brain can precisely distinguish the origin of the
hormone message and act accordingly (6). It is to be
mentioned that electron emission-consumption and transfer
proceeds also within the DNA-constituents and
consequently inside the DNA (7). Based on the electron
transfer process of hormones, it has been experimentally
observed that (e–aq) emitted from a potent electron donor,
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TWENTY ANTICANCER DRUGS: THE
CRUCIAL IMPORTANCE OF THE ANALYTICAL
APPROACH AND THE DATA PROCESSING
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The aim of this study was to clarify the real cytotoxic effect
of anticancer substances by using a highly standardized
analytical approach and precise data processing. Over twenty
anticancer drugs (new generation) were tested on cultured cell
lines. Cell viability and proliferation were analysed and
different data processing was applied. Based on the
conventional approach for calculation of cell viability as a
percentage from the respective control all drugs could be
characterized as cytotoxic. Based on the effect of the drugs
on the number of viable cells in each treated sample
(compared to the initial value) they could be divided in three
groups: (i) cytotoxic drugs; (ii) strongly cytostatic drugs, but
not cytotoxic; (iii) drugs without effect on cell viability and
with comparatively weak cytostatic effect. The study shows
the crucial importance of the analytical approach and the data
processing. It is obligatory to control the effect of the drug
on the number of viable cancer cells during the treatment,
comparing to the initial value. In most cases, the cancer cells
stay alive in the presence of the drug (depending on the
selecting dose) and it is a matter of time these cells to start
proliferating again after termination of the treatment.
Introduction: The literature is full of data about “highly
effective anticancer substances”. There are many excellent
reviews summarizing the progress in this field (1, 2).
However, cancer is still an incurable disease. What is the
reason? Are anticancer drugs indeed cytotoxic or just
cytostatic and why is this so important? In this systematic
study we try to answer this question by using a wide range
of anticancer drugs (conventional and new generation) and
different analytical tests and data processing approaches.
Materials and Methods: The experiments were performed on

cancer cell lines (Jurkat and K562, derived from patients with
acute lymphoblastic or chronic myeloid leukemia,
respectively). The cells were cultured in RPMI-1640 medium,
supplemented with 10% heat-inactivated fetal bovine serum
(FSB) and 1% penicillin/streptomycin, in a humidified
atmosphere at 37˚C with 5% CO2. All cells were sedimented
by centrifugation (1,000 rpm, 10 min) and replated in fresh
medium without antibiotics before treatment with anticancer
drugs. The drugs were dissolved in dimethyl sulfoxide
(DMSO; suitable for cell culture) or phosphate-buffered
saline (PBS; 0.1 mM, pH 7.4). The final concentration of
DMSO in the cell suspension did not exceed 1%. In this
concentration, DMSO did not influence cell viability. The
drugs were applied to the cells (1×106 cell/ml) in
concentrations 0.25-25 μM (single dose) and incubated at
different time-intervals (24, 48, and 72 hours) in an incubator.
At each time-interval, aliquots of cell suspensions were used
for cell viability assays. Cell viability was analyzed using: (i)
trypan blue staining and Countess™ Automated Cell Counter
(Invitrogen) at very precise standardization of the
measurements; (ii) MTS Cell Viability Assay (Promega).
Three independent experiments (with two repetitive
measurements for each experiment) were done for each drug
and cell line. Non-treated cells were used as controls. The
data were processed using two approaches: (i) based on the
number of live cells in each sample at each time-interval,
starting from 1×106 cells/ml in all samples; and (ii) using a
conventional approach; cell viability was calculated as a
percentage from the respective control, which was different
at each time-interval. Results and Discussion: Most of the
investigated drugs were strongly hydrophobic and were
dissolved initially in DMSO. In preliminary experiments we
established that 0.5-1% DMSO does not influence the
viability of Jurkat and K562 cells. However, in concentrations
over 2%, DMSO decreases significantly cell viability (>3060%). We point out this fact because it is a very important
and crucial factor for precise analysis and interpretation of
the experimental data obtained with hydrophobic anticancer
substances. In our study, the final concentration of DMSO in
the cell suspensions did not exceed 1%. Depending on the
data processing approach we observed several tendencies.
Based on the counting of the number of viable cells in each
sample it was found that the drugs could be divided in three
groups (Figure 1): (i) cytotoxic drugs (MLN-2238 type),
which decrease continuously the number of viable cells in
comparison to the initial level (1×106 viable cells/ml) within
72 hours of incubation; (ii) cytostatic drugs (BEZ-235 type),
which have no negative effect on cell viability but stop their
proliferation; in this case, the number of viable cells in the
treated samples within 72 hours of incubation was almost the
same as the initial level (1×106 viable cells/ml); (iii) drugs
(PI-103 type) without effect on cell viability and with
comparatively weak effect on cell proliferation (even at high
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Figure 1. Effect of 0.5 μM (A) and 5 μM (B) of MLN-2238,
PI-103 and BEZ-235 on the number of viable cells in the cell
suspensions at different time-intervals. Experimental
conditions: Cells (Jurkat; 1×106 viable cells/ml) were
incubated with anticancer drug (5 μM) in cell culture medium
without antibiotics, in humidified atmosphere (37˚C, 5% CO2).
At each time-interval, aliquots of the cell suspensions were
subjected to cell viability assay using trypan blue staining and
Countess™ Automated Cell Counter (Invitrogen). Data are
mean±SD from six measurements.

concentration – up to 25 μM); in this case, the number of
viable cells in the treated samples was increased within 72
hours of incubation in the same way as in control (nontreated) cells. Based on the conventional approach for the
calculation of cell viability as a percentage from the
respective control, all drugs could be characterized as
cytotoxic (Figure 2). Some of them are strongly cytotoxic as
MLN-2238 and BEZ-235 (over 50% decrease of cell viability,
even at low concentration: <1 μM). Other drugs (as PI-103)
possess a weak cytotoxicity at low concentrations but could
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Figure 2. Effect of 0.5 μM (A) and 5 μM (B) of MLN-2238,
PI-103 and BEZ-235 on the cell viability at different timeintervals, calculated as a percentage from the respective
control (the total number of non-treated cells, analyzed at 24,
48 and 72 hours). Experimental conditions are as in Figure
1. Data are mean±SD from six measurements.

be characterized as strongly cytotoxic at comparatively high
concentrations (over 5 μM). The comparison between Figure
1 and Figure 2 shows that the analytical approach and the
data processing are of crucial importance for the precise
estimation of the real anticancer effect of the drugs. Based on
the widely used methodology for calculation of the
experimental data in this field (as in Figure 2), all investigated
drugs in this study have to be considered as highly cytotoxic
and with strong anticancer effect. However, based on the
change of the number of viable cancer cells over time, in
comparison with the initial level, the picture is quite different
(Figure 1). Most anticancer substances are characterized by a
cytostatic effect (strong or weak) but they are not cytotoxic, at
least at the selected concentration (e.g., up to 5 μM). The
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cancer cells stay alive during the treatment and it is a matter
of time these cells to start proliferating again after termination
of the treatment. Only few anticancer substances, investigated
in this study, possessed a real cytotoxic effect. Moreover, this
data processing approach clearly shows that the therapeutic
scheme in cancer might be a crucial factor for the
development of multidrug resistance, especially in the case of
drugs that do not affect the viability of cancer cells, despite of
their strong cytostatic effect. Our study suggests that it is very
important to control the effect of the drug on the number of
viable cancer cells at the time of treatment, compared to the
initial level. In this context, the first data processing approach
(described in this study) has to be considered as more
valuable for the precise estimation of the real cytotoxic effect
of anticancer drugs, as well as for comparison of their
anticancer efficiency.
The study was supported by the Ministry of Education,
Science and Technology of Japan (Grant-in-Aid “Kakenhi”),
the European Social Fund and Ministry of Education and
Science of Republic of Bulgaria (project BG051PO0013.3.05-0001 “Science & Business”) and the Scientific Fund of
Trakia University, Bulgaria.
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201-214, 2012.
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SCREENING NATURAL PRODUCT LIBRARIES
FOR CANCER-SELECTIVE CYTOTOXINS
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The USF Center for Drug Discovery and Innovation has
embarked on a program to screen natural product libraries
across diverse disease areas. Among our screening programs,
mammalian cytotoxicity is a reference point since low levels
are important for infectious, neurodegenerative and similar

screens; however, high levels can indicate potential anticancer
compounds. In that regard, we have developed considerable
screening data in both phenotypic and macromoleculartargeted mammalian bioassays. A fungal endophyte collection
derived from Floridian marine-margin flora, primarily
mangroves, has been cultivated under conditions designed to
elicit latent secondary metabolite pathways, an effect we see in
approximately 10% of our isolates in phenotypic screening in
a mammalian cell line (1, 2). Further, additional phenotypic
screening has been conducted using a novel 3D polymeric
scaffold. Cancer cells grown on this scaffold form tight
aggregates of cells, or tumoroids, that behave similar to in vivo
tumors, including more robust resistance to drugs than
exhibited in the same cells grown as monolayers (3). Diverse
macromolecular targets have been screened and we have
identified small molecule natural product inhibitors of HSP90
(4), Jak2/STAT5 (5), palmitoyl-PAT (6) and vATPase (7).
Screening has been conducted in a tissue culture model to
examine effects of the heat shock stress response and we
assayed for general toxicity and effects on metabolic rate.
These screening results will be discussed in the context of our
efforts to advance anticancer compounds out of the laboratory
and into development.
1 Beau J, Mahid N, Burda W, Harrington L, Shaw LN, Mutka
T, Kyle DE, Barisic B, van Olphen A and Baker BJ:
Epigenetic tailoring for the production of anti-infective
cytosporones from the mangrove endophyte Leucostoma
persoonii. Mar Drugs 10: 762-774, 2012.
2 Calcul L, Waterman C, Ma WS, Lebar M, Harter C, Mutka
T, Morton L, Maignan P, van Olphen A, Kyle DE, Vrijmoed
L, Pang K-L, Pearce C and Baker BJ: Screening mangrove
endophytic fungi for antimalarial natural products. Mar.
Drugs 11: 5036-5050, 2013.
3 Girard YK, Wang C, Ravi S, Howell MC, Mallela J,
Alibrahim M, Green R, Hellermann G, Mohapatra SS and
Mohapatra S: A 3D fibrous scaffold inducing tumoroids: a
platform for anticancer drug development. PLoS One. Oct
16;8(10): e75345, 2013.
4 Westerheide SD, Kawahara TL, Orton K and Morimoto RI:
Triptolide, an inhibitor of the human heat shock response
that enhances stress-induced cell death. J Biol Chem
281(30): 21575, 2006.
5 Maschek JA, Mevers EM, Diyabalanage T, Chen L, Ren Y,
Amsler CD, McClintock JB, Wu J and Baker BJ: Palmadorin
chemodiversity from the Antarctic nudibranch Austrodoris
kerguelenensis and inhibition of Jak2/STAT5-dependent HEL
leukemia cells. Tetrahedron 68: 9095-9104, 2012.
6 Hamel LD, Deschenes RJ and Mitchell DA: A
Fluorescence-Based Assay to Monitor Autopalmitoylation of
zDHHC Proteins Applicable to High Throughput Screening.
Anal Biochem S0003-2697(14)00216-4, 2014.
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Abstract: Electroporation-based cancer treatment techniques are currently after active
investigations in the field of drug delivery, optimization of electrical parameters and
elucidation of the exact mechanisms at a molecular level. The present study is designed to
investigate the exact in vivo redistribution and persistence of nanoparticles in the tumor tissue
of colon-cancer grafted mice after electroporation with two different kinds of electrodes.
The aim of the study is to avoid artifacts during electroporation due to accumulation of
nanoparticles in the surrounding non-cancer tissues. The isolated electrodes are appropriate
for the treatment of 3-dimensional tumors and have a large potential in this field.
Keywords: Electroassisted drug delivery, in vivo imaging, Cancer, Nanoparticles, Quantum dots.

Introduction
Electroporation is a biophysical phenomenon which is connected to the application of external
electrical pulses across the cell membrane, aiming to increase its natural permeability [13, 16]
Some drugs (e.g., bleomycin, cisplatin, nanoparticle-based, etc.), used in chemotherapy
practices, have poor access to the tumor cells and electroporation offers a possibility for
enhancing their local delivery [11, 15]. A lot of studies show several-fold potentiating of
cytotoxicity of anticancer drugs after application of short high-voltage electrical
pulses [4, 17]. The process is known as electrochemotherapy. Recently this method has been
routinely used in oncological clinics [5, 14].
Electroporation-based cancer treatment techniques are currently after active investigations in
the field of drug delivery, optimization of electrical parameters and elucidation of the exact
mechanisms at a molecular level. Besides membrane electroporation, application of electrical
pulses in tumor tissues causes blood flow reduction, thus inducing drug entrapment into
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"СВЕТЛИНАТА В МЕДИЦИНАТА"
Визуализиране на проникването и локализирането на флуоресцентни наночастици
в тумори след електропорация: експериментални модели in vivo
Северина Атанасова1, Биляна Николова1, Яна Цонева1, Шухеи Мураяма2, Ичио Аоки2,
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Резюме
Методите за лечение на тумори, базирани на електропорация, са обект на
активно проучване, като интересите са насочени основно в следните направления:
локално доставяне на антитуморни агенти, оптимизация на електрическите параметри и
изясняване на точните механизми на молекулярно ниво (1). Целта на настоящото
проучване е да се визуализират in vivo проникването, локализирането, както и
фармакокинетиката на флуоресцентни наночастици, доставени пасивно или с помощта
на електропорация в експерментални миши модели на тумори. Основната задача на
изследването е да се направи оценка на възможностите за локално повишаване
концентрацията на противоракови лекарствени средства в тумори, при комбинирано
третиране с мултимодални наночастици и електропориране.
Всички изследвания са проведени върху експериментални модели на
колоректален карцином на мишки от линията Balb/c nude. Използвани са мултимодални
моделни нанохидрогели, структурно базирани на квантови точки (quantum dot, QD) (2).
Степента и кинетиката на проникване на наночастиците в раковите клетки, при наличие
или отсъствие на въздействие с електрични импулси, се визуализира с помощта на
Maestro ЕХ In Vivo Imaging System (флуоресцентна имиджинг система).
Всички данни, получени в хода на изследването, показват една обещаваща
терапевтична стратегия за лечение на солидни тумори, базирана на комбинираното
приложение на дългоциркулиращи флуоресцентни наночастици и електропорация.
Ключови думи: електропорация, нанохидрогел, тумори, флуоресцентен имиджинг
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Impressive Suppression of Colon Cancer Growth by Triple
Combination SN38/EF24/Melatonin: “Oncogenic”
Versus “Onco-Suppressive” Reactive Oxygen Species
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Abstract. Background/Aim: The study aimed to investigate
the effect of multi-targeted combinations (SN38/EF24;
SN38/EF24/melatonin) on the growth of colon cancer in
experimental animals and their impact on the ratio
“oncogenic”/“onco-suppressive” reactive oxygen species
(ROS) – a crucial factor for triggering carcinogenesis, as
well as for the development of effective therapeutic strategies.
Materials and Methods: The experiments were conducted on
colon-cancer grafted mice – non-treated, SN38/EF24-treated
and SN38/EF24/melatonin-treated within 22 days. The
balance between different types of ROS was measured in vivo
by nitroxide-enhanced magnetic resonance imaging (MRI), as
well as on isolated tissue specimens by conventional
analytical tests. Results: Both combinations significantly
suppressed the tumor growth. Impressive anticancer effect
was observed in SN38/EF24/melatonin-treated mice – almost
complete destruction of the tumor. Both types of ROS
(superoxide and hydroperoxides) were elevated in cancer, but
the MRI data suggest that the ratio between them tends
towards superoxide. SN38/EF24 decreased the level of
superoxide, but did not affect the level of hydroperoxides in
the cancerous tissue, while SN38/EF24/melatonin decreased
the level of superoxide below the control and increased
significantly the level of hydroperoxides. Conclusion: The
Correspondence to: Dr. Rumiana Bakalova, Department of
Molecular Imaging and Theranostics, National Institute of
Radiological Sciences (NIRS), National Institute for Quantum and
Radiological Science and Technology (QST), 4-9-1 Anagawa, Inageku, Chiba 263-8555, Japan. e-mail: bakalova.rumiana@qst.go.jp

Key Words: Colon cancer, SN38, EF24, melatonin, reactive oxygen
species.

most important observations are that: (i) colon cancer was
characterized by a vicious cycle, which ensures a permanent
domination of “oncogenic” ROS (as superoxide) over “oncosuppressive” ROS (as hydrogen peroxide); (ii) the anticancer
effect of the triple combination EF24/SN38/melatonin was
accompanied by decreasing “oncogenic” and increasing
“onco-suppressive” ROS; (iii) the ratio between both types
of ROS could be a new onco-target for combined therapy;
and (iv) nitroxide-enhanced MRI is a valuable tool for
analyzing of this ratio.

Colorectal cancer is the third most common cancer in the
world and in the top 5 of the most life-threatening cancers.
Every year, nearly 1.5 million new cases are diagnosed as
having colorectal cancer, and about 25-30% of the patients
die from the disease (1-2). The highest incidence rates are
estimated in the developed countries (e.g., Australia, Western
Europe, US, Japan, South Korea, Singapore), and the lowest
– in south Asian countries (1-3).
Dietary constituents are the most crucial factors for
development of colorectal cancer, as well as for its
prevention. The low incidence of colorectal cancer in SouthCentral Asia is often attributed to dietary intake of curcumin,
the yellow pigment in the spice turmeric of curry powder,
which is widely used in almost all dishes in this region (4).
The role of curcumin as an anticancer agent has attracted
attention since 2001, when turmeric extract was applied in
15 patients with colon cancer, who did not respond to
standard chemotherapy agents and radiation therapy, but 5 of
them responded favorably to turmeric (5). Five years later, a
small but informative clinical trial by Johns Hopkins
investigators showed that the combination of curcumin and
quercetin reduced the number and size of ileal and rectal
adenomas in patients with inherited form of colon cancer (6).
1
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Nilotinib Versus Imatinib
Molecular Mechanism(s) of Its Better
Efficacy
Recently, several reports in Cancer focused on better
efficacy of nilotinib than imatinib for the treatment
of patients with Philadelphia-positive (Phþ) chronic
myeloid leukemia (CML) in the chronic phase.1,2
We would like to share our experience with
imatinib, which could clarify the molecular mechanism(s) of this finding, and to give guidance for
further improvement of therapeutic strategy. The
effectiveness of both pharmaceutics might be a matter
of dose and suppression of telomerase activity in
addition to suppression of bcr-abl (breakpoint cluster
region/v-abl Abelson murine leukemia viral oncogene)
tyrosine kinase. These enzymes are the most powerful
key factors in the proliferation and immortalization of
cancer cells, and they might be involved with tight
cross-signaling.
In the chronic phase of CML, approximately
80% of the patients show reduced telomere length
without highly elevated telomerase activity or microsatellite alterations, and in most instances, the Philadelphia translocation is the sole chromosomal
anomaly.3 In contrast, in the blast phase of CML,
up to 80% of patients show additional cytogenetic
changes, resulting in genome instability, enhanced
telomerase activity, and telomere dynamics that relate
to karyotypic instability. The majority of these
patients are already receiving chemotherapy. It has
been observed that the telomerase activity has a high
prognostic impact in CML and its acceleration associates with shorter survival of the patients.3 It seems
that both abnormalities—bcr-abl fusion and telomerase activity—are equally essential for the outcome of
disease.
In terms of the effect of imatinib on the telomerase
activity and cell proliferation, we found that imatinib has
a dual effect on the proliferation of cultured Phþ cells,
derived from patients with CML in the chronic phase,
depending on the dose of medication (Fig. 1). In doses
above the threshold level, imatinib has an impressive inhibitory effect on cell proliferation, without influencing
telomerase activity. In doses below the threshold level,
imatinib has a very strong stimulating effect on cell proliferation, which is accompanied with strong telomerase
activation.
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The inhibition of bcr-abl tyrosine kinase in Phþ
cells by imatinib has potential for indirect induction of
telomerase activity through regulation of telomeric-associated proteins, namely, overexpession of tankyrase and
down-regulation of telomeric repeat binding factor 1
(TRF1)-interacting nuclear factor 2 (Tinf2/TRF1).4
This leads to telomere lengthening and enhancement of
cell proliferation. It has been reported that an early strategy to overcome initial standard dose-resistance to imatinib is the use of high doses, which confirms our
hypothesis.5
Recently, Shapira and colleagues reported that
nilotinib is a telomerase inhibitor.6 Future confirmation of this single report would be of exceptional interest for clarifying the mechanism of cross-signaling
between bcr-abl tyrosine kinase and telomerase and its
participation in development of drug resistance in
CML. The choice of medication dose and effective inhibition of this cross-signaling can be crucial for therapeutic strategy.

Figure 1. Diagram shows the potential mechanism for development of drug resistance in chronic myeloid leukemia. TK
indicates tyrosine kinase.
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REDOX-MODULATING AND/OR ANTIOXIDANT PROPERTIES OF NIROXIDES –
A POTENTIAL REASON FOR DECREASING SIDE-EFFECTS OF CANCER
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4
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ABSTRACT
The existing therapeutic approaches – radiation therapy and conventional chemotherapy of cancer, suffer
of serious side-effects as a result of increased generation of reactive oxygen and nitrogen species
(ROS/RNS) in non-cancer cells and tissues. Currently, the development of oxidative stress in non-cancer
tissues of cancer-bearing organism is a serious problem of cancer therapy. It is necessary to ask about a
combination of substances expressing a therapeutic synergism as a result of differentiated effects on
cancer and normal cells: substances with increased ROS/RNS-scavenging properties targeting normal
cells and substances with increased ROS/RNS-generating properties targeting cancer cells. In this
context, the redox-modulators are one of the most attractive candidates. The present review outlines the
basic principle of this novel therapeutic strategy, focusing on nitroxide derivatives as one of the most
promising redox-modulators with antioxidant ability.
Key words: Cancer, Oxidative stress, Redox-modulation, Niroxides

Molecular hypothesis of cancer invasion and
redox-mediated therapeutic strategy
One of the widely accepted hypotheses for
cancer invasion is based on the assumption that
the appearance of malignant cells in the
organism can be considered an "inflammatory
signal" (Figure 1) (1-3). This leads to a local
migration and an activation of a wide variety of
immune cells in the microenvironment of the
primary tumor locus (termed below as a “target
area”). This activation may trigger redox
imbalance due to the "oxidative burst" of the
immune cells and the production and release of
reactive oxygen and nitrogen species
(ROS/RNS) in the “target area”. In turn, this
______________________________________
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process will activate the antioxidant defence
systems in the "inflamed” region as a
compensatory mechanism to prevent oxidative
stress in the microenvironment of the primary
tumor locus (1-4). The initial redox imbalance
and subsequent signal transduction in the “target
area” could be a critical regulator of cancer
progression. ROS/RNS, produced by the
immune cells in the primary tumor locus, could
provoke signal transduction in 3 structural
(morphological) targets with equal probability:
(i) the cancer cells, (ii) the surrounding normal
cells, and (iii) the surrounding extracellular
matrix.
ROS/RNS have emerged as important mediators
of signal transduction that are associated with the
activation of the integrin pathway and
modulation of integrin function through
conformational changes (5). The cross talk
between cancer cells and the extracellular matrix
also activates integrin-related signal cascades.
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Nitroxide radicals as contrast substances for
magnetic resonance imaging diagnostics. Part 1
Z. Zhelev
Medical Faculty, Trakia University – Stara Zagora

Резюме. В последните десет години е постигнат съществен напредък в селективната локализирана детекция на много редокс-активни компоненти на клетъчно, тъканно и дори организмово ниво. Този прогрес
се дължи на разработването на нови синтетични или
генетично кодирани редокс-чувствителни контрастни субстанции и усъвършенстване на техниките за
тяхното визуализиране: флуоресцентни, хемилуминесцентни, магнитнорезонансни, нуклеарни, ултразвукови. Едни от най-атрактивните редокс-чувствителни
контрастни субстанции са цикличните нитроксидни
радикали, които могат да бъдат регистрирани и анализирани in vitro и in vivo чрез различни магнитнорезонансни техники – електрон-парамагнитен резонанс
(EPR), магнитнорезонансен имиджинг (MRI), Оверхаузер-усилен MRI (OMRI). Настоящият обзор разглежда
предимствата и недостатъците на нитроиксид-усиления EPR и MRI и перспективите за прилагането им в
биомедицинските изследвания и клиничната практика.
Обзорът е предназначен за широк кръг читатели – от
студенти до специалисти в областта.

Abstract. In last ten years, there is a significant progress
in the selective and localized detection of redox-active compounds in the cells, tissues, and intact organisms. This progress is due to the development of new synthetic and genetically encoded redox-sensitive contrast substances, as well as
due to the improvement of the techniques for their imaging:
fluorescent, chemiluminescent, magnetic resonance, nuclear,
ultrasonic. One of the most attractive redox-sensitive contrast
substances are cyclic (stable) nitroxide radicals. They can be
visualized and analyzed in vitro and in vivo by a variety of
magnetic resonance techniques – electron-paramagnetic resonance imaging (EPRI), magnetic resonance imaging (MRI),
Overhauser-enhanced MRI (OMRI). This review describes the
merits and demerits of the nitroxide-enhanced EPR and MRI
and the perspectives for their application in biomedical studies
and clinical practice. The article is intended for a wide range of
readers – from students to specialists in the field.

Ключови думи: МАГНИТНОРЕЗОНАНСЕН ИМИДЖИНГ
(MRI). ЕЛЕКТРОН-ПАРАМАГНИТЕН РЕЗОНАНС (EPR).
ОВЕРХАУЗЕР-УСИЛЕН MRI (OMRI). НИТРОКСИДИ

Key words: MAGNETIC RESONANCE IMAGING (MRI).
ELECTRON-PARAMAGNETIC RESONANCE (EPR).
OVERHAUSER-ENHANCED MRI (OMRI). NITROXIDES
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Nitroxide radicals as contrast substances for magnetic
resonance imaging of pathologies, associated with
abnormalities in the cellular redox-status and induction
of oxidative stress. Part 2
Z. Zhelev
Medical Faculty, Trakia University – Stara Zagora

Резюме. Редокс-сигнализацията е ключов механизъм в
поддържането на клетъчната хомеостаза и нормалното функциониране на организма. Нарушенията в този
механизъм играят съществена роля и в патогенезата
на много заболявания: злокачествени, невродегенеративни, атерогенни, автоимунни, диабет и др., чиято
обща характеристика е развитието на оксидативен
стрес и нарушаване на редокс-баланса в клетките, тъканите и телесните течности. В този контекст, от особена важност са методите, позволяващи визуализиране
и анализ на общия редокс-статус на биологични обекти,
като идеалният методичен подход трябва да осигурява
пряка и неинвазивна детекция in vivo. Понастоящем, усилията на изследователите са насочени към картографиране на редокс-статуса на тъканите и органите в интактни организми с използване на редокс-чувствителни
контрастни субстанции и различни техники за образна
диагностика. Настоящият обзор е посветен на възможностите и перспективите на нитроксид-усилените магнитнорезонансни техники за визуализиране и анализ на
тъканния редокс-статус in vivo при увреждания на мозъка, абдоминалните органи и туморогенеза. Статията е
предназначена за широк кръг читатели – от студенти
до специалисти в областта.
Ключови думи: МАГНИТНОРЕЗОНАНСЕН ИМИДЖИНГ (MRI).

ЕЛЕКТРОН-ПАРАМАГНИТЕН РЕЗОНАНС (EPR). ОВЕРХАУЗЕРУСИЛЕН MRI (OMRI). РЕДОКС-СТАТУС НА КЛЕТКИ И ТЪКАНИ.
НИТРОКСИДИ

Abstract. Redox signaling is a key mechanism in maintaining
cellular homeostasis and normal physiology of the organism.
The violation of this mechanism plays an important role in the
pathogenesis of many diseases – malignant, neurodegenerative, atherogenic, autoimmune, diabetes, etc., whose common
characteristics is the induction of oxidative stress and disruption of redox-balance of cells, tissues and body fluids. In this
context, of particular importance are the methods of visualization and analysis of the redox-status of biological objects and
the perfect approach should provide a direct and non-invasive
detection in vivo. Currently, the efforts are aimed at mapping
the redox-status of tissues and organs in intact organisms, using redox-sensitive contrast substances and different imaging
techniques. This review describes the prospects of nitroxideenhanced magnetic resonance imaging techniques for visualization and analysis of tissue redox-status in vivo in the brain,
abdominal organs, and in tumorogenesis. The article is intended for a wide range of readers – from students to specialists
in the field.

Key words: MAGNETIC RESONANCE IMAGING (MRI). ELECTRON-

PARAMAGNETIC
RESONANCE
(EPR).
OVERHAUSERENHANCED MRI (OMRI). CELLULAR AND TISSUE REDOXSTATUS. NITROXIDES
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Abstract. The intracellular redox balance (redox status) is
a dynamic system that may change via many factors.
Mitochondria are one of the most important among them.
These organelles are the main intracellular source of energy.
They are essential for maintaining the cellular homeostasis
due to regulation of many biochemical processes. The
mitochondrial dynamics have changed during cellular
activities and in some cases, can cause an overproduction of
reactive oxygen species (ROS), which encourages the
induction of oxidative DNA damage and up- or downregulation of phosphatases, proliferative/anti-proliferative
factors, apoptotic/anti-apoptotic factors, etc. Moreover,
mitochondrial dysfunction and redox imbalance can
continuously support and contribute to a wide range of
pathologies, termed as “free radical diseases” (e.g., cancer,
neurodegeneration, atherosclerosis, inflammation, etc.).

This review article is focused on the mitochondrial
dysfunction and cellular redox status as a hallmark of cell
homeostasis and diagnostic marker of cancer. It is intended
to broad readership – from students to specialists in the field.
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Reactive Oxygen Species, Redox
Imbalance and Oxidative Stress

Maintaining the level of reactive oxygen species (ROS) in a
balanced state and proper functioning of redox systems are
crucial for redox status in the living cells. In the organism,
the redox balance is based on the generation and elimination
of ROS by endogenous and exogenous sources (1). Normal
cells of healthy mammals are characterized by low steadystate levels of ROS and constant levels of intracellular
reducing equivalents (2). ROS are universal products of
aerobic metabolism, which can be generated during cellular
respiration or as a result of specific enzymes that seem to be
centrally involved in redox signalling (3, 4). The balance
between generation of ROS and their neutralization by
endogenous cellular defense mechanisms is crucial for
maintaining normal cell homeostasis, because some types of
ROS (e.g., superoxide, hydrogen peroxide, nitric oxide)
serve as signalling molecules (5, 6). Low/moderate levels of
ROS are involved in normal biochemical pathways: (i)
cellular response against infections; (ii) intercellular
recognition and signal transduction; and (iii) induction of
mitogenic response (7-9). Abnormal generation of ROS
induces oxidative stress and “free radical pathologies” via
damages of biological macromolecules and genotoxicity
(10). The carcinogenesis is a classical example. As a result
of intracellular redox imbalance, the abnormal levels of ROS
may lead to cell dysfunction – inhibition of protein
phosphatases and activation of protein kinases, malignant
transformation and tumor development and progression (11,
12) (Figure 1). These events are accompanied by activation
of transcription and translation factors, accumulation of
1
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Abstract. Background/Aim: Contrast nanocarriers as drug-

delivery systems, capable of selective delivery to cancer cells
and solid tumors, are essential for the development of new
diagnostic and therapeutic (theranostic) strategies. The
present study aimed to investigate the loading efficiency of
chitosan-based polymersomes with fluorescent contrast
substances [quantum dots (QDs) and conventional organic
dyes] and the possibility to control their release from the
polymer matrix into the cells by chemical modifications and
electroporation. Materials and Methods: All investigated
fluorophores were retained within the polymer globule via
electrostatic and hydrophilic–hydrophobic interactions,
without conjugation with the polymer. The fluorophoreloaded polymersomes were characterized by dynamic light
scattering, zeta-potential titration, and fluorescence
spectroscopy. The release of fluorophore from the
polymersomes, passively or after electroporation, was
detected by 5-step spin-ultrafiltration, combined with
fluorescence spectroscopy of the upper phase (supernatant)
of the filter unit. Passive intracellular delivery of the
nanoparticles to HeLa cells was detected by fluorescence
confocal microscopy. Results: The QDs were retained tightly
and continuously in the polymer matrix, while the organic
fluorophores [fluorescein isothiocyanate (FITC), FITCCorrespondence to: Rumiana Bakalova, Ph.D., D.Sci., Department
of Molecular Imaging and Theranostics, National Institute for
Quantum and Radiological Sciences (QST/NIRS), 4-9-1 Anagawa,
Inage-ku,
Chiba
263-8555,
Japan.
E-mail:
bakalova.rumiana@qst.go.jp

Key Words: Nanoparticles, polymersomes, quantum dots, organic
fluorophores, electroporation, cancer cells, imaging.

dextran10,000 and FITC-dextran70,000] were released rapidly
from the polymersomes. The detergent Brij significantly
increased the retention of FITC-dextran10,000 in the polymer
globule. Electroporation up to 1000 V/cm did not induce
release of QDs from the polymersomes, but accelerated the
release of FITC-dextran10,000 Brij from the polymer matrix.
High-voltage pulses (over 750 V/cm) induced also
fragmentation or aggregation of the nanoparticles.
QD_labeled polymersomes penetrated passively in cancer
cells after 24-hour incubation. Conclusion: The results
suggest that QD-labeled polymersomes are appropriate
fluorescent probes and a nano-drug delivery system with
high tracing opportunities for in vitro and in vivo
applications. Furthermore, loading polymersomes with
organic dyes with different molecular weights (such as FITCdextrans) is a simple model for visualizing and predicting
the rate of release of small organic molecules (e.g.
conventional drugs, other contrasts, stabilizers, and
supplements) from the polymer matrix.

In the last 15 years, fluorescence-based detection has
achieved prominent progress in the synthesis of new highly
luminescent fluorophores, based on nanotechnologies (1).
This has enabled the development of a new generation of
fluorescent equipment. A wide range of fluorescent
nanoprobes have been designed and tested in preclinical
studies (2, 3). Currently, it is widely accepted that contrast
nanocarriers as drug-delivery systems, which are capable of
selective delivery to cancer cells and solid tumors, are
essential for the development of new diagnostic and
therapeutic (theranostic) strategies. The theranostic idea has
received great recognition in pharmacy and medicine. The
application of multimodal nanoparticles (loaded with
different contrast or therapeutic agents) as target-specific
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Abstract. Background/Aim: Recent studies provided
convincing evidence for the anticancer activity of combined
application of vitamin C and pro-vitamin K3 (menadione).
The molecular pathways underlying this process are still not
well established. The present study aimed to investigate the
effect of the combination of vitamin C plus pro-vitamin K3
on the redox status of leukemia and normal lymphocytes, as
well as their sensitizing effect for a variety of anticancer
drugs. Materials and Methods: Cytotoxicity of the substances
was analyzed by trypan blue staining and automated
counting of live and dead cells. Apoptosis was analyzed by
fluorescein isothiocyanate-annexin V test. Oxidative stress
was evaluated by the intracellular levels of reactive oxygen
and nitrogen species and protein–carbonyl products. Results:
Combined administration of 300 μM vitamin C plus 3 μM
pro-vitamin K3 reduced the viability of leukemia lymphocytes
by ~20%, but did not influence the viability of normal
lymphocytes. All combinations of anticancer drug plus
vitamins C and K3 were characterized by synergistic
cytotoxicity towards Jurkat cells, compared to cells treated
with drug alone for 24 hours. In the case of barasertib and
everolimus, this synergistic cytotoxicity increased within 72
hours. It was accompanied by strong induction of apoptosis,
but a reduction of level of hydroperoxides and moderately
increased protein–carbonyl products in leukemia cells.
Correspondence to: Rumiana Bakalova, Ph.D., D.Sci., Department
of Molecular Imaging and Theranostics, National Institutes for
Quantum and Radiological Science and Technology (QST/NIRS),
4-9-1 Anagawa, Inage-ku, Chiba 263-8555, Japan. E-mail:
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Conclusion: Leukemia lymphocytes were more sensitive to
combined administration of anticancer drug (everolimus or
barasertib) plus vitamins C and K3, as compared to normal
lymphocytes. The combination of vitamin C plus K3 seems a
powerful redox system that could specifically influence redox
homeostasis of leukemia cells and sensitize them to
conventional chemotherapy.

It is widely accepted that the efficiency of conventional
chemotherapeutics, as well as their harmful side-effects, are
due to disruption of redox homeostasis and induction of
oxidative stress in normal cells and tissues (1, 2). In this
case, natural and synthetic antioxidants are used as
supplements to control the process. Many experimental
studies have shown a decrease of reactive oxygen species
(ROS) after administration of anticancer drugs combined
with antioxidants (3-5). However, other studies have reported
that many natural compounds recognized as antioxidants can
also exhibit pro-oxidant effects, depending on environmental
conditions (6-8). It is assumed that these natural compounds
do not affect the efficiency of chemotherapy, but induce
cancer progression due to induction of drug resistance. In our
previous studies, we found that some redox modulators (e.g.
melatonin, 2-deoxy-D-glucose, 6-aminonicotinamide, and
docosahexaenoic acid) sensitize leukemia lymphocytes to
anticancer drugs (9-12). Some combinations (redox
modulator plus anticancer drug) are characterized by
synergistic cytotoxicity towards leukemia cells, but without
elevated ROS production. In addition, these redox
modulators did not affect significantly cell viability or the
level of ROS and did not induce apoptosis of normal
lymphocytes when combined with new-generation anticancer
drugs (e.g. everolimus and barasertib) (9-12).
Some of the most interesting natural compounds are the
vitamins C and K, and especially their combination. There

1

