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Abstract

Two principal problems that exist in pharmaceutics are the non-addressed action of medicines
causing negative side effects in the organism and rapid development of drug resistance in treat-
ed patients. Here we present examples how drug encapsulation in the polymeric or mineral na-
noscale platform can enhance its treatment effect, improve its targeting in the organism, as well
as provide the drug with ability to circumvent drug-resistance mechanisms. Thus, such encapsu-
lation makes the drug "smarter" during its action.
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[Bi OCHOBHI nNpo6nemu, WO iCHYTb Yy hapmauii - ue HeBignoBigHa Aia NikapcbKuMxX 3acobis, WO
CMPUYMNHAIOTL HeraTMBHI NOBGIYHI ehekTn B opraHiaMi Ta WBUAKUA PO3BUTOK PE3UCTEHTHOCTI NiKiB
nig 4yac nikyBaHHA MNauieHTIiB. Y UbOMy Ornsagi nireparypyu HaBoAMMO MpUKNaau Toro, K iHKancy-
nAuis nikapcbKoro 3acoby Ha nofiiMepHii abo MiHepasbHiIi HaHoMacwTabHin nnathopmi MoXxe
nocuINT egekT iKyBaHHA, MNOKpawWuTXU Oro opieHTauilo B OpraHiami, a TakKoX 3abesneunTu
npenapaTt HOBOK 34aTHICTIO OMMHATW MeXaHi3MW Pe3NCTEHTHOCTI A0 NiKapCbKuUX 3acobiB. Takum
UMHOM, Taka iHKancynsauia pobuTb nNpenapat «pPo3yMHIWIMM» Nig vac Woro Aaji.

Classical medicines consist of the drug sub- drugs) [2]. How one can decrease negative side
stance together with inert (non-toxic, mostly effects, namely cardio-, hepato-, nephro-, neu-
useless) filling substance that is utilized be- ro-, and immunotoxicities observed at drug ac-
cause the drug is often applied in mini (micro) tion in the organism? The elimination of such
amount. While medicines of new generation effects can be achieved via a decrease of acting
consist of drug immobilized on the delivery na- drug concentration, or "masking" of toxic drug
noscale platform (polymeric micelle, hydrogel, substance in order to avoid its non-addressed
or nanoparticle, used as carrier). This platform action in the treated organism.

should be "smart" in order to overcome two ma-

jor problems in pharmaceutics: 1) low efficien- The last two decades demonstrated a real burst
cy of drugs due to their non-addressed action of investigations dedicated to creation of novel
(only 0.01% of drugs applied intravenously can nanomaterials for biology and medicine, as well
reach their biological targets in the organism) as in development of the overlapping branches
[1]; 2) development of drug resistance (during such as agriculture, ecology, cosmetic indus-
one year, approximately 50% of cancer patients try and others. If the early nanomaterials for
gain resistance to applied chemotherapeutic the biomedical application possessed a limit-
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ed number of functional properties, nowadays,
scientists created multifunctional nanomateri-
als that are, for example, capable of delivering
the medicine, its bio-imaging for monitoring
the addressed delivery and clearance, circum-
venting biological barriers in the organism,
providing sensitivity to specific stimuli, and
others. Thus, new terms have appeared such
as "intellectual™ or "smart" drugs, molecular
nano-robots, etc. It is desirable that "smart"
drugs and platforms used for their delivery
possess organic structure being biocompati-
ble and biodegradable. While various diagnos-
tic remedies for monitoring pathological state
may possess mineral basis, since they will not
directly get into the organism, although there
are exclusions from that rule.

Nanocapsulation of anticancer drugs in

the developed polymeric carrier provides

for the drug:

< Improved water solubility;

< Enhanced transportation to target cells;

e Preservation of rapid release from tissue;

< Enhanced crossing biological barriers;

e Increased drug stability;

= Effective engulfment of nanoparticles with
encapsulated drug by target cells.

Main characteristics of nanoparticles for

biology and medicine:

e Size (for clearance);

e Core (different nature);

e Coating (for biocompatibility);

e Labeling (for detection);

« Activation (for bio-functionalization);

e Bio-functionalization (for recognition by
specific cells).

Size of Particles for Biomedicine:
20-200 nanometers:

e Cell bio-testing (ex. phagocytic activity);
« Drug delivery;

e Others.

1-2 micrometers:

« Cell binding and isolation.

Core of Particles for Biomedicine:

Polymeric:

< Reactive micelle forming oligoelectrolytes,
derived metal complexes, telechelic, block
and highly branched surfactants and their
complexes with biopolymers

e Polystyrene, poly-acrylate, poly (styrene-
co-surfmer) including colored or
luminescent label.
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Mineral:

e Siliceous:

e Super-paramagnetic (Fe304, Y-Fe23 Ni);
e Au, Ag, Cu, Pd;

e Fullerene;

e Others.

Coating of nanoparticles:

< Biocompatible synthetic shell based on
vinyl pyrrolidone, vinyl alcohol, oxyethyl-
ated and fluorinated copolymers and their
complexes with biopolymers;

= Bio-surfactants of microbial origin;

= Others.

Chemical structure of the biodegradable

drug carrier:

e Poly (aspartic acid), poly (glutamic acid),
poly (malic acid), poly (lactic acid), poly-
saccharides, others;

e Polymers can be considered degradable
when they have following groups in their
backbone chain: -O-, -NH-, -S-, and -S-S-

e In order to avoid immunogenicity, the
number and kinds of amino acids should
be kept low; maximum biological efficacy
is possible at minimum immune response.

Biocompatibility of the developed

nanoparticles can be achieved by:

e Size unimodality;

= Controlled amount and distribution of ac-
tive groups;

= Opsonization of the particle surface by the
biocompatible macromolecules.

Activation of nanoparticle surface:

< Incorporation of chemically active groups
and branches such as hydroxyl, carboxyl,
amino, aldehyde, epoxy, others.

Bio-functionalization of nanoparticles is

done by:

e Lectins - recognition of carbohydrate moi-
eties on cell surface and within different
molecules

< Immunoglobulins - antibodies recognizing
specific antigen structures on cell surface
and macromolecules

Besides these proteins, other molecules can

be used for "vectorization" of drug-func-

tionalized nanoparticles. These are:

e Cytokines (ex. tumor necrosis factor al-
pha, interleukin 2, other) to which target
cells have surface receptors;
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e Folate (tumor cells have overexpressed
folate receptors);

e Laminin (tumor-specific form alpha 4/beta
1/gamma 1);

< Monoclonal antibody to transferrin recep-
tor (serves for crossing endothelial sys-
tem, namely blood-brain barrier (BBB)
and blood-tumor barrier (BTB).

« Other.

Labeling of nanoparticles for their vi-
sualization (microscopic or imaging study)
e Labeling with optically dense elements
(gold, silver, nickel, magnetite, mag-
nemite, fragment of monomer dye, other);
« Fluorescent labeling (FITC, Texas red, others);
< Luminescent labeling (cations of rare earth
elements Ce(lll), Nd(lIl), pyrene, others).

Hub idea was proposed for maximum ad-

dressed delivery of drugs [3]:

e as a 14 hub vector for crossing the endothe-
lial barrier, hybrid proteins that contain spe-
cific cytokine and antibody against specific
domains of endothelial cells can be used;

e as a 2rd hub vector, antibodies to specific
tissue antigens present on the way of drug
delivery from blood vessels to tissue tar-
get are useful.

Different anti-cancer drugs (Doxorubicin, Cispla-
tin, Ruthenium-containing drug KP-1019, Lando-
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mycin A, novel 4-tiazolodininone derivatives) were
conjugated with either poly(VEP-GMA)-graft-PEG
additionally functionalized with phospholipid or
conjugated with Fulleren C60. The drugs were
applied in native and nanocarrier-immobilized
forms for treatment of mammalian tumor cells
of various tissue origin and with different mecha-
nisms of resistance to anticancer drugs.

Immobilization of Doxorubicin and KP-1019
on a new polymeric-phospholipidic hybrid de-
livery system distinctly enhanced the accumu-
lation and activity of these drugs in all tested
tumor cell lines including several drug-resis-
tant lines [4, 5]. The resistance levels against
Doxorubicin were reduced 6- to 22-fold (Fig-
ure 1). The new nanocarriers were shown to
rapidly (within 10 min) and effectively trans-
port Doxorubicin into drug-resistant as well
as drug-sensitive tumor cells. The treatment
with new Doxorubicin-containing nanocarriers
resulted in effective cell cycle arrest in G2/M
phase and ROS-induced cell death. In both in
vivo tumor models - murine NK/Ly lympho-
ma and murine L1210 leukemia - Doxorubicin
delivery by the new nanoformulation resulted
in 100% cured animals already at low con-
centrations (0.1 mg/kg), while the native Dox
solely extended a survival time. Thus, poly-
meric nanocarriers functionalized with phos-
pholipids and PEG enhance the efficacy and
reduce the toxicity of Doxorubicin.

-100 nm

Figure 1. A schematic structure of the FDA-approved liposomal nanoformulation Doxil (Johnson & Johnson) compared
to nanoscale polymeric platform with immobilized doxorubicin developed by Zaichenko at al. at Lviv National Technical
University (Ukraine) [4, 5]. Doxil (left), polymeric nanoplatform (right). PEG - polyethylenglycol, PL - phospholipid
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In another set of experiments, Doxorubicin or
Cisplatin (CDDP) were immobilized on Fullerene
C60 that enhanced an ability of these anticancer
drugs to circumvent resistance of tumor cells to
chemotherapy in vitro [6, 7]. Cytotoxic activity of
CDDP-C60 nano-complex towards different lines
of drug-resistant tumor cells was 1.5-2.0 times
higher than that of native CDDP. In parallel, an en-
hanced uptake of this drug and double induction
of apoptosis in target tumor cells were observed.
The anticancer effect of CDDP-C60 nano-complex
was confirmed in tumor-bearing mice.

We also functionalized the developed poly-
meric nanocarriers with specific antibody or
lectin in order to improve their cell targeting
properties. We created functional nanoparti-
cles targeting glycocalyx and used them for
detection and isolation of specific mammalian
cells [8]. Heterogeneity of murine lymphoma
NK/Ly cells on peanut agglutinin (PNA) bind-
ing was revealed. Lymphoma cells were treat-
ed with native PNA, and bound PNA was de-
tected by the anti-PNA antibodies labeled with

ED_,
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colloidal gold and intensified by silver staining
[8]. Such approach can be used for a search
and isolation of drug resistant tumor cells.

Treatment effects of native and nanocapsu-
lated anticancer drugs was also studied in vi-
tro using several human and animal tumor
cells and in vivo using murine NK/Ly lym-
phoma and L1210 leukemia as experimental
models. In both in vitro and in vivo [4, 5]
experiments, a decrease of acting concen-
trations of highly toxic anticancer drugs (ex.
Doxorubicin) from 50% to 10 times (depend-
ing on specific target tumor cells and drugs)
was found. Doxorubicin was encapsulated in
the nanoscale polymeric carrier A-24-PEG-
Ph (0.1 mg/kg of mouse weight, 5-10 injec-
tions). Principal negative side effects of the
action of toxic anticancer agents were shown
to be significantly diminished by drug encap-
sulation and treatment of laboratory mice
and rats. These effects are: hepatotoxicity,
cardiotoxicity, nephrotoxicity. Stop of the
neurotoxicity and immunosuppression is also

D

S0

Drug concentration

Figure 2. Drug delivery by the nanocarrier should increase the Therapeutic Index
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suggested at using drug nanoformulation. In
order to prove such effects, numerous bio-
chemical indicators were measured in blood
serum of animals treated with native and en-
capsulated anticancer drug [9, 10, 11].

Thus, anticancer drug delivery by the devel-
oped polymeric nanocarrier increased signifi-
cantly a therapeutic index that is an important
indicator of the effectiveness and biosafety of
drug action (Figure 2).

The main ideas presented in this paper were
recently analyzed in the monograph that was
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edited by the author [12]. Some results not-
ed in the paper were obtained in collaboration
with investigators who are mentioned in the
Acknowledgement below.
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