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Abstract

The properties of polymers are substantially determined by their molecular mass and molecular mass distribution.
At the same time, the average molecular mass of the polymers does not characterize them complete enough, partic-
ularly it does not describe the properties of the polymers of special purpose, which are produced for drug delivery
and drug release. In this case the accurate assessment of the properties of polymers is especially needed. The article
deals with the research of the composition of fractions and functional homogeneity of new amphiphilic copolyes-
ters. Fluorescein-containing amphiphilic copolyesters of N-acyl derivatives of glutamic acid and polyether diols,
which form self-stabilized dispersions in aqueous media can be considered as promising multifunctional polymers
and may be used in biomedicine.

The molecular mass fractionation of copolyesters was carried out with the use of dialysis. The obtained polymers
and their fractions were analyzed by exclusion chromatography and functional analysis, the surface tension was
determined.

A detailed molecular mass distribution of copolyesters was obtained byusing the efficient exclusion chromatog-
raphy, as well as due to the rather high mass of the monomers. The content of individual fractions, their functionali-
ty and colloid-chemical properties were quantitatively compared. It was shown that despite the different molecular
mass the individual fractions of a copolyester were homogeneous with identical properties. This allowed us to de-
scribe such copolyesters as the good base for the creation of drug delivery systems and nanodiagnostics.

Keywords: molecular mass distribution; copolyesters; fluorescein; Steglich reaction; drug delivery systems.

OCOBJIUBOCTI MOJIEKYJIAAPHO-MACOBOTI'O PO3MO/IL/IY ®JIYOPECHEIHBMICHUX
KOITOJIIECTEPIB CHHTE30BAHHX 3A PEAKHI€EIO CTETJIIXA

Mapis B. flkoBiB, Cepriii M. BapBapeHnko, Bonoaumup . Camapuk, Hatanisi I. HocoBa,

Haranisa B. @irypka, Osibra B. MakikoBuy, Ipuna A. [lpons, CtaHicias A. BopoHoB
HayioHaavHuil yHigepcumem «/Ivgigcbka nosnimexHika», 8ya. Cm. baxdepu, 12, /lveis, 79013, Ykpaina

AHoTalif

ByiacTuBOCTI MoJliMepiB 3HAYHOI MipOI0 BU3HAYAIOTHCA iX MOJIEKYJ/ISHOI0 Macol0 Ta MOJIEKYJ/IIPHO-MAaCOBMM PO3II0-
Aisiom. Ilpy nboMy cepegHA MoOJIEKy/IsIpHA Maca noJiMepy, 3a3BH4Yail XapaKTepu3ye€ HOro HeJOCTaTHbO NMOBHO,
0C06JIMBO AJIF MoJiMepiB cneniaJbHOTO NPM3HAYEeHHA CTBOPEHMX JAJIS 3aCTOCYBAaHHA Y IKOCTi CUCTeM JOCTaBKH Ta
BHUBi/IbHEHHSI JIiIKapCbKHUX 3aC06iB B OpraHismi A/ IKMX TOYHA OL[iHKA BJIACTUBOCTEH € HEO6XiAHOI0.

B cratTi po3srisaaerbea gocaifkeHHa PppakiiiiHoro ckiagy Ta QyHKIioHaIbHOI OAHOPiAHOCTI HOBUX aM@ipiabHUX
KomnoJiecrepiB. ®ayopecueiHnBMicHi ampidinbHi konosiecrepn N-anuanoxiAHMX rjyTaMiHOBOI KMCJIOTH Ta moJie-
TepAioJiB, yTBOPIOIOYH CaMOCTa6isi3oBaHi gucnepcii y BOJHUX cepeAOBHINAX, MOXKYTh PO3I/ISAAaTHCA SIK NepclekK-
TUBHI 6araToyHKIiiiHi moJiMepH A1 BUKOPUCTaHHS B 6ioMe AUIIUHI.

MeToaoM aiaji3y npoBeJeHo ¢paKiioHyBaHHA KOMoJliecTepiB 3a MOJIeKy/ASpHOI0 Maco. OTpuMaHi noJjiMepu Ta ix
dpakuii oxapakTepu3oBaHO MeTOJaMH €KCKJIK3iiHOI xpoMaTorpadii Ta pyHKIioHA/ILHOTO aHa/Ii3y Ta BU3HAYEH-
HAM [OBEpPXHEBOro HATArY. 3aBAAKH BUKOPHUCTAaHHI0O ePpeKTHUBHOI eKCK/II03iiiHOI XpoMmaTorpadii, a Takox J0BoJIi
BHCOKMX MOJIEKYJISPHUX Mac MOHOMepiB 6y/10 OTPUMAHO JeTa/ibHi MOJIEKY/IAPHO-MacoOBi po3N0AiIU KonoJliecTepiB
i npoBejeHa KijibKicHa NOpPiBHAJIbHA OLLiHKA BMicTy oKpeMuX ¢pakuii ix QyHKIiOHAaIbHOCTI Ta KOJI0IAHO-XIMIYHUX
BjacTuBocTell. [lIoka3aHo, 110 He3BaXKal04YM Ha pi3Hi 3HaYeHHA MOJIEKYJIspPHOI Macu oKpeMi ¢ppakuii y ckiaai kono-
JiecTepiB € 0JHOPiAHUMH 3a CKJIAAO0M i TOTOXKHUMM 32 BJIACTHUBOCTAMM. lle 703B0JIfA€ BBaXKaTU TaKi KomoJiiectepu
NPUJATHUMU K OCHOBH [/l CTBOPEHHSI CICTEM TPAHCNOPTY JIiKiB Ta HAHOJiarHOCTUKHU.

Kniouosi cnosa:MoJIEKyJITPHO-MacOBUH PO3MO/IiJi; KonoJtiecTepH; duyopeciieil; peakiis CTersiixa; CHCTEMH I0CTaBKH JKiB.
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OCOBEHHOCTH MOJIEKYJIAPHO-MACCOBOT'O PACIIPEAEJIEHUA
®JIYOPECHEMHCOAEPKALIUX COITOJINd®UPOBCUHTE3UPOBAHHLIX 110 PEAKIIUU
CTETJIUXA

Mapus B. ikoBus, Cepreit M. BapBapeHnko, Baragumup f. Camapuk, Hatanbs I'. HocoBa, HaTasnbs B.
®urypka, Osbra B. MalikoBud, Upuna A. [lpons, CtanuciaB A. BopoHoB

HayuoHasbHblll yHUsepcumem «/Ib8uscbka noaumexHuka», ya. Cm. baudepwl, 12, J/lvgos, 79013, YkpauHna

AHHoTanuga

CBoiicTBa MO/IMMEpPOB B 3HAYMTE/JbHOH CTelNeHU OMpeAe/AITCA HMX MOJIEKYJSHOH Maccoi M MoOJeKy/JapHO-
MaccoBbIM pacnpepesieHueM. [Ipu 3TOM cpeAHsAA MOJIeKyJ/IsIpHAasA Macca NoJiMMepa, 06bIYHO XapaKTepu3yeT ero He-
JOCTAaTOYHO MOJIHO, 0COGEHHO /JIs1 IOJIMMEPOB CNelHaJlbHOI0 Ha3HAaYeHHs MCI0/Ib30BaHNE KOTOPBIX NpeABUAUTCS
B CHCTeMax JOCTaBKH U BBICBOGOXKJAEHMs JI€KAPCTBEHHBIX CPEJCTB B OpraHu3Me AJis KOTOPBIX TOYHAs OLLEHKA
CBOJICTB fABJIsIETCA HEOGXOAUMBIM ycjI0BUEM. B craThe paccMaTpuBaeTcs uccaeJoBaHus GpaKkIOHHOro COCTaBa u
$yHKIIMOHATBHOI OZHOPOAHOCTU HOBBIX aMUPUIBHBIX conon3dpupoB. PiayopecuenHcogepxkamue ambudpuin-
Hble conoau3upsl N-anuImpou3BOAHBIX IJIyTAMHUHOBOM KHUCJIOThI M MOJIU3TEPJH0I0B, 06pa3ys caMOCTaGUIN30-
BaHHbIE JUCIIEPCUM B BOAHBIX CpeJaX, MOTYT pacCMaTPHUBAThCA KaK NepcleKTUBHbIE MHOTOQYHKIIMOHA/IbHbIE NO-
JIAMePHI A1 UCNI0JIb30BaHUs B GUOMe/JUIIUHE.

Ansa dpaKkUOHMPOBaHMUA CONOJIMI(DHUPOB MO MOJIEKY/JISIPHOH Macce MCNOJIb30Ba/JIM MeToJ Auanu3a. IlosiydyeHHbIe
N0JMMepbl U UX PpPaKI UM 0XapaKTepu30BaHbl METOJaMHM IKCK/II03MOHHOU XpoMaTorpadumy, a Takxke onpeaeaeHue
NOBEPXHOCTHOTO HATsHKeHMA M QYHKIMOHA/ILHOTO aHa/IN3a.

Baaroaaps ucnoJib30BaHUuI0 3P PeKTUBHON IKCKII03UMOHHOM XpoMaTorpadum, a Takke JOBOJBHO BBICOKMX MoJle-
KyJIIPHBIX MacC KOMOHOMEPOB /JI1 CUHTe3a GbLIM MOJIydYeHbl MOJIEKYJ/ISIDHO-MacCOBble pacnpejesieHUsaA CONOJIU-
3¢MpOB M NpoBejeHa KOJIM4eCTBeHHAsA CPAaBHUTE/IbHAA OLleHKa COAepPKaHUA MaKpOMOJIeKyJ OTAeJAbHBIX ppaKnuii,
UX GYHKIMOHAJIBHOCTH U KOJIJIOMJHO-XUMHUYeCKUX CBOUCTB. [loka3aHo, YTO HeCMOTPA HAa pa3Hble 3Ha4YeHUs MoJie-
KyJIAPHOH Macchl, OT/Je/IbHble PpaKIMU B COCTaBe CONOJIMIPHPOB ABIAIOTCA OAHOPOAHBIMH MO COCTaBY M TOXKAe-
CTBEHHBIMHU IO CBO¥cTBaM. ITO M0O3BOJIAET MCNO0/b30BaTh TaKue CONOJIMI(HUPHI B KayecTBe OCHOBBI AJI CO3JAaHMA
CHCTEM TPaHCNOPTa JIeKapCTB ¥ HAHOAMAarHOCTHKHU.

Kuiouesvie cnoea: MOJIEKYJIIPHO-MaccoBoe pacnpejesieHue; conoanadupsl; ¢uyopecuenH; peakuus CTersuxa; CUCTeMbl
JIOCTaBKH JIEKapCTB.

Introduction

Creating drug delivery systems based on
nanoscale particles is an urgent task at the
current stage of the development of chemistry
[1-5]. In addition to biocompatibility and non-
toxicity the polymers for the production of
modern nanocontainers must have certain
properties, the main of which are: i) the presence
of surface activity and ability to self-assemble
into nanoscale particles; ii) the ability to form
stable dispersed systems and operation of the
ones as nanocontainers; iii) the presence of
fragments in the macromolecules that provide
address targeting in the pathological zone
(target) and their traceability in the body [6-9].
Analysis of the studies in the field of drug
delivery systems has shown that the main focus is
on amphiphilic copolymers, which make it
possible to create aggregate-resistant nano- and
micro-sized colloidal systems with specific
properties [10-12]. The inject of lipophilic and
hydrophilic fragments in a certain ratio into their
macrochains enable them to form hierarchies of
self-assembled micellar structures. By changing
the nature of the constitutional units of the
original monomers it is possible to create a spe-
cific chemical structure of macromolecules, to
distribute the functional groups and to form
micellar structures of various morphologies [13;

14]. In the creation of polymeric drug delivery
systems, the molecular mass of the polymer is
important because it greatly affects the formation
of nanoparticles, their stability over time and
their steadiness in different biomedical
environments [15;16]. One of the most
important properties ofa polymer is the
molecular mass distribution of macromolecules.
In some natural polymers, such as in most
globular proteins, the molecules have the same
molecular mass. However, in the case of
modification of natural polymers (e.g, 2-
hydroxyethyl starch, dextran) or synthetic
polymers, the macromolecules with different
molecular mass are present in the final product.It
may have different properties depending on the
method of production. In this case, it may be diffi-
cult to predict the behavior of the polymer-based
drug accurately in the body [17]. We have
obtained a series of amphiphilic copolyesters via
the activated Steglich esterification reaction.
These products are good for the creation of
multifunctional dispersed drug delivery systems.
The purpose of this work is to study the
molecular mass distribution of copolyesters
obtained via copolycondensation of N-derivatives
of glutamic acid, polyoxyetherglycols and
fluorescein and its effect on colloid-chemical
characteristics in aqueous medium.
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Experimental

Average molecular mass, molecular mass
distribution and polydispersity coefficient of
copolyesters were determined by Size-Exclusion
Chromatography (SEC) with the use of a Waters
Corporation chromatograph (USA) with a Waters
2998 refractometer detector and Waters 1515
Isocratic HPLC pump. Tetrahydrofuran was used
as an eluent with a flow rate of 0.1 ml/min. The
standards (polyether diol) with narrow
molecular mass distribution were used for
calibration. The average MM, MM distribution,
content of a fraction and polydispersity
coefficient were obtained using the appropriate
software.Separation of copolyesters by dialysis
was performed using a Spectra/Por 6 Dialysis
Membrane with a capacity of 2.5 kDa (Cole-
Parmer, USA). A container formed from the
membrane was loaded with 20 ml of copolyester
dispersion and placed in a container with 500 ml
of water. The mixture was kept under slight
stirring for 5 days; water was changed twice a
day. The aqueous solution was evaporated with a
rotary evaporator to obtain a low molecular mass
copolyester fraction. The content of the dialysis
bag was evaporated and the main fraction of
copolyester was obtained.

R

m=13; 22 (3“2)
k=10; 16 H;
n=35

Qﬁ

The surface tension was determined by the Du
Nui method. The values of the surface tension and
the critical micelle concentration of copolyesters
were calculated according to the method
represented in [18].

The content of fluorescein in polymers was
determined after their hydrolysis in an alkaline
medium by spectrophotometry (UNICO 1201
spectrophotometer, “United Products & Instru-
ments, Inc.”, USA) [24].

Preparation of fluorescein-containing copoly-
esters by Steglich reaction were conducted
according to the procedure described in [23].

Results and Discussion

Investigations of the production of a copolyes-
ter by the irreversible copolycondensation meth-
od using the Steglich esterification reaction
showed that this method has ample opportunity
to construct copolyester macromolecules of a def-
inite structure and functionality [19-21]. Accord-
ing to the mentioned reaction, we obtained and
characterized a number of polymer products,
which differ by the substituent R- in N-
substituted glutamic acid, mass of polyoxyeth-
ylene diol (PEG 600, 1000) and the content of flu-
orescein. A generalized structure of fluorescein-
containing copolyesters is shown in Fig. 1.

M\/ﬁw/\r_

Fig. 1. Generalized structure of fluorescein-containing copolyester

Lipophilic (N-stearoyl or N-lauroyl glutamic
acids) and hydrophilic polyoxyethylene glycols,
which are combined in a one macromolecule pro-
vide amphiphilic properties of the resulting
copolyesters and are able to reduce surface ten-
sion on the water/air boundary to 35-45 mN/m
and form self-stabilized dispersed media in the
water. Since visualization is one of the key prob-
lems in the study of the efficiency of drug delivery
systems, we injected the fragments of a com-
pound with chromophore groups (fluorescein)
into the structure of copolyester macromolecules.
Investigations of critical micelle concentration
(CMQ), equilibrium distribution of synthesized
macromolecules of copolyesters between aque-
ous and lipophilic phases (Posw), ability to form

self-stabilized dispersions with particles of the
size of 150-300 nm (D) and solubilize water-
insoluble compounds (Table 1), allow to consider
them as perspective foundation for the future
drug delivery system. Due to the fluorescein
fragments they can be tracked in the body, ena-
bling to develope the new diagnostic
nanoinstruments based on them [22; 23]. Synthe-
sis via the Steglich reaction allows to obtain oli-
gomeric products with a polycondensation de-
gree of 3-10. The results of NMR spectroscopy,
photometry and determination of functional
groups indicate the presence of all monomeric
units in the composition of oligomeric macromol-
ecules [24].
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At the same time, it is evident from the data of
exclusion chromatography that the molecular
mass distribution (which is a characteristic for all
investigated polymers of this type) is represented
by several discrete fractions with different mo-
lecular mass (Fig. 2). In this case, the issue of the
homogeneity of their composition and their func-
tionality is of particular interest. The high priori-

ty should be given to the fractions with low mo-
lecular mass (MW= 500 + 2150 Da), the share of
which in the copolyester is low (14 %), but the
extent of the reproduction of polymer properties
is not determined. It is known from the previ-
ousstudies that fractions with molecular mass of
514 and 810.

Table 1
Colloid-chemical characteristics of aqueous dispersions of synthesized copolyesters
Sample Copolyster Fluorescein con- CMC, % D, nm Solubilizationmas, Pojw
number structure tent, % (at C=0.013%) tgeiudan/ g copolyes-
PomF-1 GluLa- 5.2 0.0069 210 2.4 2.85
PEG600-
DPG-F
PomF-2 GluLa- 1.87 0.0094 163 5.87 0.31
PEG1000-
DPG-F
PomF-3 GluSt- 9.69 0.0102 315 1.6 1.52
PEG600-
DPG-F
PomF-4 GluSt- 2.87 0.0128 232 6.0 2.36
PEG1000-
DPG-F

Da are the fragments of a side rearrangement
reaction of the carboxyl group of N-substituted
glutamic acid activated with dicyclohexylcar-
bodiimide [19]. However, it should be noted that
for the considered copolyesters the total content
of the rearrangement fragments is not more than
1% and has no significant effect on colloid-
chemical properties [25]. To separate the low

molecular mass fractions and to study their prop-
erties, it was carried out the fractionation of
copolyesters by dialysis using a membrane with a
capacity of 2.5 kDa. Due to the relatively high
mass of the monomer units and the use of effi-
cient exclusion chromatography, the content of
each fraction of the copolyesters was quantified
(Fig. 2, Table 2).
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Fig. 2. Gel permeation chromatogram of copolyester PomF-2.

Table 2
MM distribution of copolyester PomF-2 before and
after dialysis

Frac- Fractions content of copol-
tion MM yester, %

before di- after dial-

alysis ysis
514* 1.3 1.3
810* 0.9 0.3
2150 11.8 1.2
4505 0.4 0.4
6380 85.6 96.8

Note. * - no separation of the lipophilic low molecular
mass fractions with MW 514 and 810 occurred through the

membrane; they are the result of GluLa carboxyl groups re-
arrangement and apparently continue to be solubilized in
the copolyester dispersion particles [22].

The change in the copolyester fractions con-
tent before and after dialysis is shown in Table 2.
The fraction with MW = 6380 Da was almost 97%
of the resulting copolyester due to the appropri-
ate reduction of the fraction with MW = 2150 Da.

The values of surface tension of copolyesters
solutions and separated fractions determined by
the DuNui method showed exactly the same
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character of surface tension isotherms for the
PomF-2 copolyester fraction with MW = 2150 Da
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Fig. 3. Surface tension isotherms: 1) PomF-2
copolyester fraction with MW = 6380 Da, 2) PomF-2
copolyester fraction with MW = 2150 Da, 3) PomF-3
copolyester fraction with MW = 1795 Da, 4) PomF-3

copolyester fractions with MW = 4150 + 8540 Da.

Previously, it was found that the colloid-
chemical properties of copolyesters of this type
are determined by the molecular mass ratio of
hydrophilic and lipophilic fragments, which is
reflected by the GLB value [26]. The values are
calculated using quantitative composition charac-
teristics of the PomF-2copolyester obtained by
the 1H NMR spectroscopy. For the fraction as a
whole and the fraction separated by dialysis the
values of GLB are 7.7 and 7.9 respectively. It is
obvious that no significant change is observed,
which is also confirmed by the similarity of their
surface tension isotherms. So, the surface-active
properties of such copolyesters slightly depend

on their molecular mass.
Table 3
MM distribution of copolyester PomF-3 before and
after dialysis
Frac- Fraction content of copolymer,
tion MM %
Before dialysis

After dialysis

598* 3.8 4.1
840* 10.5 10.1
1235 0.3 0.3
1795 28.7 7.7
4150 29.8 39.0
7135 9.4 12.4
8540 17.5 26.4

Similar studies were performed for copolyes-
ter based on GluSt and PEG600 (Table 3), which
had significantly higher content of fluorescein.
Fluorescein is less reactive in esterification reac-
tions. So, when using fluorescein in large quanti-
ties (0.16 mol% in the synthesis of polymer
PomF-3 against 0.05 mol% in the case of polymer
PomF-2) a significant increase in the polydisper-

and copolyester, the main fraction of which has
MW = 6380 Da (Fig. 3, curves 1,2).
sity of the obtained copolyester is observed. This
contributes to the increase in the share of the
fractions with smaller MW. In this case, it was
established gravimetrically that 21% of the load-
ed copolyester has passed through the membrane
during dialysis. The SEC method confirmed that
after dialysis the content of the fraction with MW
= 1795 Da in the copolyester has decreased by
four times. The content of fluorescein has also
decreased from 9.69% to 7.88%. It was calculated
that the fraction separated during dialysis con-
tained 17.4% of fluorescein. The obtained data
suggest that the molecular mass of 1795 Da with
the specified fluorescein content and logical se-
quence of copolyester units may correspond with
acceptable accuracy (+ 10%) to the fraction, the
structure of which is represented by the follow-
ing sequence of monomer units F-GluSt-PEG600-
GluSt-DPG. It should be noted that the resulting
fraction contains all monomers that were used in
the initial reaction mixture for the synthesis of
copolyester. However, for the copolyester parts
which were separated by dialysis, there is no dif-
ference in their colloid-chemical properties. Sur-
face tension isotherms for the fractions with MW
of 1795 Da and 4150 + 8540 Da are overlapped
within the determination accuracy (Fig. 3, curves
3,4). Thus we may assert that the individual frac-
tions in the copolyester composition are quite
homogeneous and have the similar properties.

Conclusion

It is shown that the obtained statistical copol-
yesters are characterized by unconventional for
copolyesters molecular mass distribution. Quan-
titative assessment of each fraction of the ob-
tained copolyesters, which was carried out using
the effective exclusion chromatography indicated
that despite the number of the comonomers was
used and their possible unequal reactivity, only a
limited number of fractions with different molec-
ular mass were formed. The separation of copol-
yesters by dialysis made it possible to isolate
some of the fractions, carry out gravimetric anal-
ysis and study their composition and properties.
The analysis showed that the fractions of differ-
ent molecular mass of fluorescein-containing
copolyesters were homogeneous. It was also es-
tablished that the molecular mass is not the fac-
tor that determines the colloid-chemical charac-
teristics of copolyesters in general and their indi-
vidual fractions.



15

Journal of Chemistry and Technologies, 2020, 28(1), 10-16

Bibliography

(1]

(2]

[10]

(11]

[13]

[14]

[15]

Lee K.Y. Hydrogels for Tissue Engineering. / K.Y. Lee,
D.]. Mooney // Chemical Reviews. - 2001. - Vol. 101, N
7.-P.1869-1879.

A review of drug delivery systems based on nanotech-
nology and green chemistry: green nanomedicine /
H. Jahangirian, E. G. Lemraski, T. ]. Webster [et al.] //
Int. J. Nanomedicine. - 2017. -Vol. 12. - P. 2957-2978.
Hubbell J. A. Bioactive biomaterials/ ]. A. Hubbell//
Current Opinion in Biotechnology. -1999.- Vol. 10,
N.2.-P.123-129.

Biswas S.Nanopreparations for organelle-specific
delivery in cancer / S.Biswas, V.Torchilin // Adv. Drug
Deliv. Rev. - 2014. - Vol. 66. - P. 26-41.

Multifunctional PEGylated 2C5-immunoliposomes
containing pH-sensitive bonds and TAT peptide for
enhanced tumor cell internalization and cytotoxicity /
E.Koren, A.Apte, AlJani, V. Torchilin // ]. Control.
Release. - 2014. - Vol. 160, Iss. 2. - P. 264-273.

Nano based drug delivery systems: recent develop-
ments and future prospects / J. K. Patra, G. Das,
L. F. Fraceto [et al.]// Journal of Nanobiotechnology. -
2018.-Vol.16, N.1.- P. 71.

Polycondensation of a Perylene Bisimide Derivative
and L-Malic Acid as Water-Soluble Conjugates for Fluo-
rescent Labeling of Live Mammalian Cells / ]. He,
H. Chen, Y. Guo [et al] // Polymers. - 2018. -Vol. 10, N
5.-P.559.

Recent advances in green nanoparticulate systems for
drug delivery: efficient delivery and safety concern / P-
L. Lam, W-Y. Wong, Z. Bian [et al.]// Nanomedicine. -
2017.-Vol. 12, N 4. - P.357-385.

Nanomaterials for diagnosis: challenges and
applications in smart devices based on molecular
recognition / O. N. Oliveira, R. M. lost, J. R. Siqueira [et
al.] // ACS Appl Mater Interfaces. - 2014. - Vol. 6, N 17.
- P.14745-14766.

Griffith L.G. Polymericbiomaterials / L. G.Griffith //
Actamaterialia. - 2000. -Vol. 48, N 1. -P.263-277.
Masood F. Polymeric nanoparticles for targeted drug
delivery system for cancer therapy / F.Masood //
Materials Science and Engineering C. - 2016. - Vol. 60.
-P.569-578.

Lombardo D. Smart Nanoparticles for Drug Delivery
Application: Development of Versatile Nanocarrier
Platforms in Biotechnology and Nanomedicine /
D. Lombardo, M. Kiselev, M.T. Caccamo // Journal of
Nanomaterials. - 2019. - Volume 12. - P.1-26.

Hoare T. R. Hydrogels in drug delivery: Progress and
challenges / T. R. Hoare, D. S. Kohane // Polymer. -
2008.-Vol. 49, N 8.-P.1993-2007.

Synthesis of surface-active monomers and peroxides
on the basis of disubstituted oxetane / K. I. Kuznetsova,
V.B. Vostres, R.1. Fleychuk, O0.I. Hevus // Voprosy
Khimii i Khimicheskoi Tekhnologii. - 2019. -Vol. 2. -
P.5-11.

Hasegawa I. Styrene maleic acid
neocarzinostatintranscatheter embolization for
hepatocellular carcinoma - third report / I. Hasegawa,
N. Hirashima // Gan to kagaku ryoho Cancer
Chemother. - 2002. - Vol. 29,, Iss. 2. - P. 253-259.
Shtilman M.I Immobilization on polymers /
M. I. Shtilman. - Utresht-Tokyo: VSP, 1993. - 479 p.
Evaluation of molecular weight distribution, pasting
and functional properties, and enzyme resistant starch
content of acid-modified corn starches / H. Koksel,

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

S. Ozturk, K. Kahraman [et al.] // Food Sci. Biotechnol.
-2008.-Vol. 17,,Iss. 4. - P. 755-760.

Toponuesa A. M. JlabopaTOpHBIH MPAaKTHUKYM IO XU-
MHH U TEXHOJIOTMH BBICOKOMOJIEKYJSPHBIX COeJMHe-
Huih / A.M. TopomnneBa, K.B. Besnoropogckas,
B. M. bongapesko. - JI.: Xumus, 1976. - 415 c.
OpepxaHHsl  KomoJiectepiB  duayopecueiny 1 2-
(momekaHaMiHO)EHTaZiOHOBOI KUCJIOTH 32 peakliero
Crernixa / C. M. BapBapenko, M. B. ®epeHc,
B. /. Camapuk [Ta iH.] // Bompocsl XUMHUH U XUMHYe-
CKol TexHoJsloruu. — 2018. - Ne 2. - C. 5-15.

Synthesis and colloidal properties of polyesters based
on glutamic acids and glycols of different nature / S.
M. Varvarenko, I. T. Tarnavchyk, A. S. Voronov [et al.]
// Chemistry and Chemical Technology. - 2013. -
Vol. 7., N. 2. - P.164-168.

Modification of polysaccharides by N-derivates of glu-
tamic acid using Steglich reaction / M.I. Nagornyak,
N.V. Fihurka, V.Ya. Samaryk [et al] // Chemistry and
Chemical Technology. - 2016. - Vol. 10., No. 4. - P.23-
27.

Characteristics of novel polymer based on pseudo-
polyamino acids GluLa-DPG-PEG600: binding of albu-
min, biocompatibility, biodistribution and potential
crossing the blood-brain barrier in rats /B.0. Chekh,
M.V. Ferens, D.D. Ostapiv [et al] //Ukr.Biochem)]. -
2017.-Vol. 89, Issue 4. -P. 13-21.

Study of physical interactions of fluorescein-containing
amphiphilic copolyesters with albumin in aqueous
dispersions / M.V.Yakoviv, N.G.Nosova, V.Y Samaryk
[etal] // Applied Nanoscience.-2019. -P. 1-9.

Hogi amdidinbHi nosiecrepu nceronosiamiHokucso-
TH Ha OCHOBi NPHUPOJHUX JBOOCHOBHHUX aMiHOKHUCJIOT
Ta AioJiB, oJepxaHi yepe3 peakuino ectepudikauii
Crersiixa / C. M. BapBapenko, H. B. ®irypka, B. fl. Ca-
MapuK [Ta in.] // [loniMepHuii xypHat. - 2013. - T. 35,
Ne 3. - C. 282-290.

AxoiB M. B. AMdidinbHi duyopecueinBmicHi komosi-
ectepu N-NOXiJHUX IJIyTaMiHOBOI KHCJIOTHU OZep:KaHi
3a peakuieto Crersixa: ABTopedepaT aucepTalil Ha
3/I00YTTS HAYKOBOTO CTyNeHs KaHAWJATa XiMiYHUX
Hayk / Mapis BacuniBHa fIkoBiB. - HanioHanbHU# yHi-
BepcuTeT «JIbBiBCbKa nmoJsiiTexHika», 2019. - 26 c.
Researches of amphiphilic properties of copolyesters
with chromophore groups. / M. V. Yakoviv, N. V. Fihur-
ka, N. G. Nosova [et al.] //Chemistry & Chemical Tech-
nology. - 2018. - Vol. 12, N 3. - P. 318-325.

References

(1]

(2]

(3]

[4]

Lee K.Y, Mooney D.]. (2001). Hydrogels for Tissue
Engineering. Chemical Reviews. 101(7), 1869-1879.
https://doi.org/10.1021/cr000108x

JahangirianH., LemraskiE. G, WebsterT. ], Rafiee-
MoghaddamR., AbdollahiY. (2017). A review of drug
delivery systems based on nanotechnology and green
chemistry: green nanomedicine. Int ] Nanomedicine. 12,
2957-2978.d0i:10.2147 /1]N.S127683

Hubbell, J. A. (1999). Bioactive biomaterials. Current
Opinion  in  Biotechnology, 10(2), 123-129.
https://doi.org/10.1016/S0958-1669(99)80021-4
Biswas S., TorchilinV. (2014). Nanopreparations for
organelle-specific delivery in cancer. Adv. Drug Deliv.
Rev., 66, 26-41. doi: 10.1016/j.addr.2013.11.004a
Koren E., Apte A, Jani A, Torchilin V.P. (2014).
Multifunctional PEGylated 2C5-immunoliposomes
containing pH-sensitive bonds and TAT peptide for
enhanced tumor cell internalization and cytotoxicity. J.
Control. Release, 160(2), 264-273.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Jahangirian%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28442906
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lemraski%20EG%5BAuthor%5D&cauthor=true&cauthor_uid=28442906
https://www.ncbi.nlm.nih.gov/pubmed/?term=Webster%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=28442906
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5396976/
https://www.hindawi.com/32532589/
https://www.hindawi.com/32532589/
https://www.hindawi.com/32532589/
https://www.hindawi.com/67091450/
https://www.hindawi.com/93202641/
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TXW-4RMFP21-2&_user=10&_coverDate=04%2F15%2F2008&_alid=1043680814&_rdoc=63&_fmt=high&_orig=search&_cdi=5601&_sort=r&_docanchor=&view=c&_ct=2804&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=89177f59cc347d9059bb98c38a97007c
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TXW-4RMFP21-2&_user=10&_coverDate=04%2F15%2F2008&_alid=1043680814&_rdoc=63&_fmt=high&_orig=search&_cdi=5601&_sort=r&_docanchor=&view=c&_ct=2804&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=89177f59cc347d9059bb98c38a97007c
https://www.scopus.com/record/display.uri?eid=2-s2.0-85064255785&origin=resultslist&sort=plf-f&src=s&citedAuthorId=6507319714&imp=t&sid=a520b7095c5c371209b4607e3bedad0b&sot=cite&sdt=cite&cluster=scopubyr%2c%222019%22%2ct&sl=0&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85064255785&origin=resultslist&sort=plf-f&src=s&citedAuthorId=6507319714&imp=t&sid=a520b7095c5c371209b4607e3bedad0b&sot=cite&sdt=cite&cluster=scopubyr%2c%222019%22%2ct&sl=0&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208256840&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506297336&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506490068&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7801578638&zone=
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jahangirian%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28442906
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lemraski%20EG%5BAuthor%5D&cauthor=true&cauthor_uid=28442906
https://www.ncbi.nlm.nih.gov/pubmed/?term=Webster%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=28442906
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rafiee-Moghaddam%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28442906
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rafiee-Moghaddam%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28442906
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdollahi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28442906
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5396976/
https://dx.doi.org/10.2147%2FIJN.S127683
https://doi.org/10.1016/S0958-1669(99)80021-4

16

Journal of Chemistry and Technologies, 2020, 28(1), 10-16

[12]

[13]

[14]

[15]

doi: 10.1016/j.jconrel.2011.12.002.

Patra, ]J. K, Das, G., Fraceto, L. F., Campos, E. V. R,
Rodriguez-Torres, M. D. P., Acosta-Torres,L. S., Diaz-
Torres, L. A, Grillo, R, Swamy, M. K,, Sharma, S., Hab-
temariam, S. Shin, H. S. (2018). Nano based drug
delivery systems: Recent developments and future
prospects. Journal of Nanobiotechnology. 16(1), 71.
https://doi.org/10.1186/s12951-018-0392-8

He, ]., Chen, H,, Guo, Y., Wang, L., Zhu, L., Karahan, H. E,,
Chen, Y. (2018). Polycondensation of a Perylene Bisi-
mide Derivative and L-Malic Acid as Water-Soluble
Conjugates for Fluorescent Labeling of Live Mammali-
an Cells. Polymers. 10(5), 559.
https://d0i:10.3390/polym10050559

Lam, P-L, Wong, W-Y, Bian, Z, Chui, C-H, Gambari, R.
(2017). Recent advances in green nanoparticulate
systems for drug delivery: efficient delivery and safety
concern. Nanomedicine, 12(4), 357-385.

https://doi: 10.2217 /nnm-2016-0305.

Oliveira, O.N., lost, R.M,, Siqueira, J.R,, Crespilho, F.N,,
Caseli, L. (2014). Nanomaterials for diagnosis:
challenges and applications in smart devices based on
molecular recognition. ACS Appl Mater Interfaces,
6(17), 14745-14766. doi: 10.1021/am5015056.
Griffith, L.G. (2000). Polymericbiomaterials. Actamate-
rialia, 48(1), 263-277.
https://doi.org/10.1016/S1359-6454(99)00299-2
Masood, F. (2016). Polymeric nanoparticles for
targeted drug delivery system for cancer therapy.
Materials Science and Engineering C, 60, 569-578.
https://doi: 10.1016/j.msec.2015.11.067

Lombardo, D., Kiselev, M., Caccamo, M.T. (2019). Smart
Nanoparticles for Drug Delivery Application:
Development of Versatile Nanocarrier Platforms in
Biotechnology and Nanomedicine. journal of
Nanomaterials, 12, 1-26.
https://doi.org/10.1155/2019/3702518

Hoare, T. R., Kohane, D. S. (2008).Hydrogels in drug
delivery: Progress and challenges. Polymer, 49(8),
1993-2007.

https://doi.org/10.1016 /j.polymer.2008.01.027
Kuznetsova, K.I., Vostres, V.B., Fleychuk, R.I,, Hevus, O.1.
(2019). Synthesis of surface-active monomers and per-
oxides on the basis of disubstituted oxetane. Voprosy
Khimii i Khimicheskoi Tekhnologii, 2, 5-11. doi:
10.32434/0321-4095-2019-123-2-5-11

Hasegawa, 1., Hirashima, N. (2002). Styrene maleic acid
neocarzinostatin  transcatheter embolization for
hepatocellular carcinoma - third report. Gan to kagaku
ryoho Cancer Chemotherapy, 29(2), 253-259.

Shtilman M. 1. (1993). [Immobilization on polymers].
Utresht-Tokyo: VSP.

Koksel, H., Ozturk, S., Kahraman, K. Basman, A,
Ozbas, 0. 0., Ryu, G.H. (2008). Evaluation of molecular
weight distribution, pasting and functional properties,
and enzyme resistant starch content of acid-modified
corn starches. Food Sci. Biotechnol., 17(4), 755-760.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Toroptseva, A.M., Belohorodskaia, K.V. Bondaren-
ko, V.M. (1972). [Laboratory Workshop on Chemistry
and Technology of High-Molecular Compounds].
Leningrad, USSR: Khimiya (in Russian).

Varvarenko, S. M, Ferens, M. V., Samaryk, V. Ya., Noso-
va, N. G., Fihurka, N. V., Ostapiv, D. D., Voronov, S.A.
(2018). Synthesis of copolyesters of fluorescein and 2-
(dodecanamino) pentanedionic acid via steglich
reaction. Voprosy Khimii i Khimicheskoi Tekhnologii, 2,
5-15 (in Ukrainian).

Varvarenko, S.M. Tarnavchyk, I.T. Voronov, A.S,
Fihurka, N.V,, Dron, I.A,, Nosova, N.G., Taras,R.S., Sama-
ryk, V. Ya,, Voronov, S.A. (2013). Synthesis and colloidal
properties of polyesters based on glutamic acids and
glycols of different nature. Chemistry and Chemical
Technology, 7(2), 164-168.
https://doi.org/10.23939/chcht07.02.161

Nagornyak, M.I, Fihurka, N.V., Samaryk, V.Ya,
Varvarenko, S. M., Ferens, M.V, Oleksa, V.V. (2016).
Modification of polysaccharides by N-derivates of glu-
tamic acid using Steglich reaction. Chemistry and Chem-
ical Technology, 10(4), 23-27.
https://doi.org/10.23939/chcht10.04.423

Chekh, B. 0., Ferens, M. V., Ostapiv, D. D., Samaryk, V. Y.,
Varvarenko, S.M.,, Vlizlo, V. V. (2017). Characteristics of
novel polymer based on pseudo-polyamino acids Glu-
La-DPG-PEG600: binding of albumin, biocompatibility,
biodistribution and potential crossing the blood-brain
barrier in rats. Ukr. Biochem. ], 89(4), 13-21.
https://doi.org/10.15407 /ubj89.04.013

Yakoviv, M. V., Nosova, N. G., Samaryk, V. Y., Pasetto, P.,
Varvarenko, S. M. (2019). Study of physical interactions
of fluorescein-containing amphiphilic copolyesters
with albumin in aqueous dispersions. Applied
Nanoscience, 1-9.
https://doi.org/10.1007/s13204-019-00987-6
Varvarenko, S. M., Fihurka, N.V, Samaryk, V.Y., Voro-
nov, A. S., Tarnavchyk, 1. T., Dron, 1. A, Nosova, N.G,
Voronov, S. A. (2013). New amphiphilic polyesters of
pseudo-polyamino acids based on natural dibasic
glutamic acids and glycols obtained by Steglich
esterification. Polymer journal, 35(3), 282-290. (in
Ukrainian).

Yakoviv, M.V. (2019). Amphiphilic fluorescein-
containing copolyesters of N-derivatives of glutamic acid
obtained by the Steglich reaction (The dissertation
author's abstract for the candidate's degree in chemical
sciences).
https://Ipnu.ua/sites/default/files/dissertation/2019
/12572 /aref yakoviv m v.pdf

Yakoviv, M.V, Fihurka, N.V., Nosova, N.G. Sama-
ryk, V.Y, Vasylyshyn, T. M., Hermanovych, S. B., Voro-
nov, S. A, Varvarenko, S. M. (2018). Researches of am-
phiphilic properties of copolyesters with chromophore
groups. Chemistry & Chemical Technology, 12(3), 318-
325.

https://doi.org/10.23939/chcht12.03.318



https://doi.org/10.1186/s12951-018-0392-8
https://doi.org/10.1016/S1359-6454(99)00299-2
https://www.hindawi.com/32532589/
https://www.hindawi.com/67091450/
https://www.hindawi.com/93202641/
https://doi.org/10.1155/2019/3702518
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TXW-4RMFP21-2&_user=10&_coverDate=04%2F15%2F2008&_alid=1043680814&_rdoc=63&_fmt=high&_orig=search&_cdi=5601&_sort=r&_docanchor=&view=c&_ct=2804&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=89177f59cc347d9059bb98c38a97007c
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TXW-4RMFP21-2&_user=10&_coverDate=04%2F15%2F2008&_alid=1043680814&_rdoc=63&_fmt=high&_orig=search&_cdi=5601&_sort=r&_docanchor=&view=c&_ct=2804&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=89177f59cc347d9059bb98c38a97007c
https://doi.org/10.1016/j.polymer.2008.01.027
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208256840&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506297336&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506490068&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7801578638&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85064255785&origin=resultslist&sort=plf-f&src=s&citedAuthorId=6507319714&imp=t&sid=a520b7095c5c371209b4607e3bedad0b&sot=cite&sdt=cite&cluster=scopubyr%2c%222019%22%2ct&sl=0&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85064255785&origin=resultslist&sort=plf-f&src=s&citedAuthorId=6507319714&imp=t&sid=a520b7095c5c371209b4607e3bedad0b&sot=cite&sdt=cite&cluster=scopubyr%2c%222019%22%2ct&sl=0&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/21100825292?origin=resultslist
https://www.scopus.com/sourceid/21100825292?origin=resultslist
https://doi.org/10.23939/chcht07.02.161
https://doi.org/10.15407/ubj89.04.013
https://doi.org/10.1007/s13204-019-00987-6
https://lpnu.ua/sites/default/files/dissertation/2019/12572/aref_yakoviv_m_v.pdf
https://lpnu.ua/sites/default/files/dissertation/2019/12572/aref_yakoviv_m_v.pdf
https://doi.org/10.23939/chcht12.03.318

