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In this article, we described the ability of GluLa-DPG-PEG600 nanopolymer based
on the pseudopolyamino acids to bind proteins and its localization in rats organs and
tissues after intravenous and intramuscular injections. By using electrophoresis in 5%
polyacrylamide gel, it was found the ability of GluLa-DPG-PEG600 nanopolymer to bind
bovine serum albumin (BSA). This indicates the GluLa-DPG-PEG600 is a potential
transporter of proteins and their complexes. By means of fluorescent microscopy, it was
found that GluLa-DPG-PEGG600 nanopolymer labeled with fluorescein with BSA labeled
with fluorescent Alexa Fluor 555 dye (GluLa-DPG-PEG600-F + BSA Alexa Fluor 555)
localized in liver and brain on the 16™ after intramuscular injection. On the 5" hour after
intravenous injection, GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complex localized
in spleen and kidney obtained. Results show a potential usefulness of GluLa-DPG-
PEGB600 as a transporter of drugs capable of penetrating the blood-brain barrier. Locali-
zation of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complex in spleen suggests
that GluLa-DPG-PEG600 could be used as an adjuvant for development of vaccines.
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INTRODUCTION

At present, the main purpose of pharmacology is to make drugs that are more ef-
fective in disease treatment and are safe for human and animals. Accordingly, scientists
develop new classes of polymers that are non-toxic, stable and biodegradable platforms
which can be effective drug transporters. Polymers that meet these requirements can
be polymers based on the pseudopolyamino acids. The main difference between poly-
mers based on the pseudopolyamino acids and natural polyamino acids is that poly-
mers based on the pseudopolyamino acids do not have peptide bonds in their structure
that could be changed to urethane, ester, anhydrite and other chemical bonds [9]. We
addressed the polymers based on the pseudopolyamino acids which have ester bonds
in their structure. Particularly, lysine pseudopolyamino acids with inclusion of lactic acid
providing improved cells adhesion were synthesized [2]. For tissue engineering, scien-
tists synthesized biodegradable polymers based on the pseudopolyamino acids with
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arginine and aspartic acid in their structure [4, 6, 7]. It is were known that tyrosine-based
pseudopolyamino acids polymer can transport a biologically active substances, thus,
tyrosine-based pseudopolyamino acids polymers with ZnO can be used as potential
anticancer drug [1, 5]. Biodegradability and prolonged time of degradation are the most
important characteristics for these polymers, for example, degradation time for poly-
mers based on glycine and lactic acid is about 10 weeks [6, 7].

We created GluLa-DPG-PEG600 nanopolymer based on the glutamic acid that has
low toxic effect in rats body [3]. We also proved the ability of this nanopolymer to penet-
rate mammalian cells and deposit in muscle tissues by intramuscular injection (unpub-
lished results).

The main purpose of this work is to study the ability of GluLa-DPG-PEG600 to bind
bovine serum albumin (BSA) and localization of GluLa-DPG-PEG600 complex with
BSA in organs and tissues of the experimental rats.

MATERIALS AND METHODS

Matherials. We created GluLa-DPG-PEG600 nanopolymer that consist of glutamic
and lauryl acids (GluLa), dipropylene glycol (DPF), and polyethylene glycol 600
(PEG600). To study the nanopolymer localization in rats body, fluorescein (F) was cova-
lently attached to GluLa-DPG-PEG600 macromolecule and structure of the resulting
nanopolymer (GluLa-DPG-PEG600-F) was confirmed by the NMR and IR spectroscopy
analyses (Fig. 1).
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Fig. 1. Structure of nanopolyme GluLa-DPG-PEG600-F
Comments: PEG600 — polyethylene glycol; GluLa — glutamic and lauryl acids; DPG — dipropylene
glycol, and F — fluorescein

Puc. 1. CtpykTypa HaHononimepy GluLa-DPG-PEG600-F
Mpumitkn: PEG600 — nonietunenrnikone; GluLa — rmytamiHoBa Ta naypuHosa kucnotu; DPG — gu-
nponinexrnikons i F — donyopecuein

Methods. Synthesis of PPAK was conducted through interaction of diol and N-
protected glutamic acid, polyoxyethylene and fluorescein (at different ratios of reagents)
in a solution of benzene. The solution was cooled to 280 K, while stirring adding the
appropriate amount of 4-dimethylaminopyridine (DMAP) and dicyclohexylcarbodiimide
(DCK). The reaction mixture was incubated at 288 K for 3 h and then 3 h at 308 K. Di-
cyclohexylurea (DCC) was separated by filtration, and the polymer solution was evapo-
rated. For purification of polyesters from catalyst residues and DCK, their solutions in
benzene were prepared, washed three times with 15% NaCl solution in 0,1N HCI and
15% aqueous NaCl solution to neutral pH, after that it was dried over the magnesium
sulfate, then filtered and evaporated.
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For studying the ability of nanopolymer to bind blood proteins, we tested 2 % water
dispersion of GluLa-DPG-PEG600 and GluLa-DPG-PEG600 with 1 % water solution of
BSA (molecular weight approximately 66 kDa) by using electrophoresis in 5% polyacryl-
amide gel [8].

To study the ability of the nanopolymer to spread in rats’ organs and tissues, we
made a complex consisting of 2 % water dispersion of GluLa-DPG-PEG600-F and BSA
conjugated with the Alexa Fluor 555 fluorescent dye (ThermoFisher ®) in ratio of 2.5:1
and maintained it at +18 °C for 1 h. We created 2 experimental and 1 control groups of
animals consisting of three mature rats Rattus norvegicus var. Alba, line Wistar, (250—
300 g) in each group.

Rats from first experimental group were intramuscularly injected with 0.3 ml of wa-
ter dispertion of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes and eutha-
nized in 16 h after the injections. Rats from second experimental group were intrave-
nously injected with 0.3 ml of water dispertion of complexes GluLa-DPG-PEG600-F +
BSA Alexa Fluor 555 and euthanized in 5 h after the injections. Rats of control group
were intact. We prepared histological samples of spleen, liver, brain and kidney by using
cryostat. Localization of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes in
rats organs and tissues was determined by the fluorescent microscopy with 656 nm
wavelength using Leica DM2500 microscope and Leica Application Suite software. All
animals were euthanized at soft chloroform condition. All experiments were performed
in accordance with the Ministry of Education and Science of Ukraine, order No 281 from
01.11.2000, the European convention for protection of vertebrate animals used for ex-
perimental and other scientific purposes (18.03.1986), EU Directive No 609 (24.11.1986),
and confirmed by protocol of bioethical expertise No 58 (08.11.2016) of the Institute of
Animal Biology, NAAS of Ukraine.

RESULTS AND DISCUSSION

We used electrophoresis in 5% polyacrylamide gel and
found that GluLa-DPG-PEG600 nanopolymer can bind BSA
(Fig. 2.). This property is important for GluLa-DPG-PEG600
as a potential transporter for proteins and drugs. Further-
more, the ability of nanopolymer to bind BSA is a significant
attribute to use GluLa-DPG-PEG600 as an adjuvant, since
proteins are mainly used as antigens in vaccines.

Fig. 2. Polyacrylamide gel electrophoresis of BSA and GluLa-DPG- 2—> -
PEG600 conplex with BSA
Comments: 17— BSA; 2 — GluLa-DPG-PEG600 with BSA

Puc. 2. Enektpodopes y 5% noniakpunamigHomy reni BCA i BCA 'y komn- 1 =——>
nekci 3 GluLa-DPG-PEG600 '
Mpumitku: 71— BSA; 2 — GluLa-DPG-PEG600 3 BSA

Histological study of liver, spleen, brain and kidney of rats revealed GluLa-DPG-
PEG600-F + BSA Alexa Fluor 555 complexes in all studied organs that depended on
the intramuscular or intravenous injections. On the 16" h after intramuscular injection,
GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes were localized in liver and
brain tissues of the experimental group of rats (Figs. 3, 4). In liver, GluLa-DPG-PEG600-F
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+ BSA Alexa Fluor 555 complexes were localized in liver lobules near hepatic vessels
and inside it (Fig. 3, B.). Complex visualization was characterized by orange-green lu-
minescence that matches luminescence of the Alexa Fluor 555 dye in a combination
with GluLa-DPG-PEG600-F nanopolymer. This also proves that the structures with the
same luminescence are lacking in liver of control group of animals (Fig. 3, A).

Fig. 3. Localization of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes in liver of control (A) and
experimental (B) groups of rats (luminescence microscopy, total magnification 900x)
Comments: 7 — luminescence of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes; 2 —
blood vessel wall of liver

Puc. 3. Jlokanizauis komnnekcis GluLa-DPG-PEG600-F + BCA Alexa Fluor 555 y neviHui wypiB, nokasaHa
3 BMKOPWUCTaHHSAM JIOMiHECLIEHTHOT MIKPOCKONIi MCTONOriYHUX 3pi3iB MeYiHKM KOHTponbHOI (A) Ta Jo-
cnigHoi (B) rpyn wypis (36inbleHHs y 900 pasis)

Mpumitku: 7 — niomiHecueHuis komnnekcie GluLa-DPG-PEG600-F + BCA Alexa Fluor 555; 2 — cTiHka
CYLVHW NeYiHKK

Localization of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes in liver
shows the ability of GluLa-DPG-PEG600 nanopolymer, in spite of its deposit in muscles
by the intramuscular injection, get into liver and engaging in xenobiotic metabolism (un-
published results) (Fig. 3, B 1).

The same results were obtained by the luminescence analysis of the histological
samples of rats brain. On the 16™ h after intramuscular injection, GluLa-DPG-PEG600-F +
BSA Alexa Fluor 555 complexes with orange luminescence were localized in brain tis-
sues of the experimental group of rats (Fig. 4, B 1). Luminescence analysis of the his-
tological samples of brain tissues of control group of rats revealed only catecholamines
luminescence (Fig. 4, A 2).

Detection of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes in brain
indicates its ability to penetrate the blood-brain barrier. Earlier, it was shown that this
class of nanopolymers in complex with albumins is capable of forming rod-shaped par-
ticles with a hydrodynamic diameter of 40—70 nm that possibly allow them to penetrate
the blood-brain barrier. Theoretically this is because BSA molecules were adsorbed on
the surface of GluLa-DPG-PEG600-F and acted as an additional stabilizer of a dis-
persed phase of the nanopolymer which reduces the linear sizes of the particles by
fragmentation of large particles into smaller [10].
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Fig. 4. Localization of GluLa-DPG-PEG600-F + BCA Alexa Fluor 555 complexes in brain of control (A) and
experimental (B) groups of rats (luminescence microscopy, total magnification 900x)
Comments: 7 — luminescence of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes; 2 — cat-
echolamines luminescence

Puc. 4. Jlokanizauis GluLa-DPG-PEG600-F + BCA Alexa Fluor 555 y Mo3ky LypiB, NOKa3aHa 3 BUKOPUCTaH-
HSIM TIOMiHECLIEHTHOT MIKPOCKONIi MiCTONOriYHNX 3pi3iB MO3Ky KOHTPONbHOI (A) Ta gocnigHoi (B) rpyn
wypiB (36inbLeHHst y 900 pasis)

Mpumitku: 1 — niomiHecueHuis GluLa-DPG-PEG600-F + BCA Alexa Fluor 555; 2 — niomiHecueHUis
KaTexonamiHiB y MO3Ky

On the 5" h after intravenous injection GluLa-DPG-PEG600-F + BSA Alexa Fluor
555 complexes in rats kidney were detected. These complexes were localized in the
cortical layer of kidney and in the lumens of veins in a zone of proximal convoluted tu-
bules (Fig. 5, B 1). In the control group of rats, structures with the same luminescence
were not detected (Fig. 5, A).

Fig. 5. Localization of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes in kidney of control (A) and
experimental (B) groups of rats (luminescence microscopy, total magnification 900x)
Comments: 7 —luminescence of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes; 2 — vein
in a zone of proximal convoluted tubules

Puc. 5. Jlokanizauia komnnekcie GluLa-DPG-PEG600-F + BCA Alexa Fluor 555 y Hupkax LypiB KOHTPOrb-
Hoi (A) Ta gocnigHoi (B) rpyn (36inbwweHHs y 900 pasiB)
Mpumitku: 7 — niomiHecueHuis komnnekcy GluLa-DPG-PEG600-F + BCA Alexa Fluor 555; 2 — BeHa
B OiNsiHLi NPOKCUMarbHUX 3BUTUX KaHanbLiB MO3KOBOTO Luapy
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Detection of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes in rats kid-
ney suggests that they are excreted by the kidney.

We also detected luminescence of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555
complexes in spleen on the 5" h after intravenous injection (Fig. 6, B). In the control
group of animals, structures with the same luminescence were not detected (Fig. 6, A).

Fig. 6. Localization of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes in spleen of control (A) and
experimental (B) group of rats (luminescence microscopy, total magnification 900x)
Comments: 7 — luminescence of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes; 2 —
lymph node

Puc. 6. Jlokanizauis komnnekcis GluLa-DPG-PEG600-F + BCA Alexa Fluor 555 y cenesiHui LwypiB, noka3aHa
3 BUKOPUCTAHHSAM JIFOMIHECLIEHTHOI MIKPOCKONIT riCTOMNOriYHMX 3Pi3iB CenesiHkn KOHTPosnbHOI (A) Ta
pocnigHoi (B) rpyn wypis (36inbwweHHs y 900 pasis)

Mpumitku: 7 — nomiHecueHuia komnnekcy GluLa-DPG-PEG600-F + BCA Alexa Fluor 555; 2 — nim-
daTnyHuiA By3on

Localization of GluLa-DPG-PEG600-F + BSA Alexa Fluor 555 complexes in spleen
confirms that GluLa-DPG-PEG600 might be used as an adjuvant for vaccine develop-
ment. It is known that in spleen take place lymphocytes antigen dependent differentia-
tion and antibody formation processes. This can provide quick and effective immune
response to vaccine antigens.

CONCLUSIONS

In this study, we demonstrated that GluLa-DPG-PEG600 nanopolymer can bind
bovine serum albumin which suggests GluLa-DPG-PEGG600 can serve as a potential
transporter of proteins and their complexes. The results of histological study based on
using luminescence microscopy revealed nanopolymer localization in rats liver and
brain after the intramuscular injection and in spleen and kidney after the intravenous
injection. This also suggests an ability of the nanopolymer to be engaged in the xenobio-
tic metabolism, to penetrate blood-brain barrier, and provide its effective use as a poten-
tial drug transporter and adjuvant.
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3B’A3YBAHHA HAHOMONIMEPA GluLa-DPG-PEG600 3 BITIKAMU
TA AOIO NNOKATI3ALISI B OPTAHI3MI LLIYPIB
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Y cTaTtTi po3rnsHYTO 34aTHICTb HAHOMOMIMEPY Ha OCHOBI NCEBOOMNONIAMIHOKNCIIOT
GluLa-DPG-PEG600 3B’a3yBatuce 3 6inkamm KpoBi Ta MOro NOLUMPEHHS B OpraHiami Luy-
piB 3@ YMOB BHYTPILLUHBOM’SI30BOIO i BHYTPILULHBOBEHHOTO BBEAEHHS. 3 BMKOPUCTAHHAM
enektpodopesy B 5% noniakpunamigHoMy reni My BUSIBMIW 34aTHICTb HaHOMOMiMepy
GluLa-DPG-PEG600 3B’sisyBaTucsa 3 buyadumm cupoBaTkoBuM ansbymiHom (BCA). Le,
30KpeMa, € BaXKITMBOKO XapaKTEPUCTUKOK HAHOMOSIMEpPY SIK MOTEHLINHOro TpaHcnopTepa
BinkiB i IXHIX KommMnekcie. 3a AONOMOro ryopecLUeHTHOI MIKpOCKOnMii BUSIBAEHO, LU0
HaHononimep GluLa-DPG-PEG600 mivyeHun donyopecueiHom y komnnekci 3 BCA mive-
HUM dornyopecueHTHUM 6apeHukoMm Alexa Fluor 555 (GluLa-DPG-PEG600-F + BCA), Ha
16-Ty rogvHy nicns BHYTPILUHbOM S30BOr0 BBEAEHHS NOKani3yeTbCs Y NeviHLi Ta ronos-
HOMY MO3Ky LypiB. Ha 5-Ty roguHy y pasi BHYTPILUHbOBEHHOrO BBEAEHHSI KOMMIEKC
GluLa-DPG-PEG600-F + BCA Alexa Fluor 555 BuABNsSeTbCA B cenesiHui Ta HUpKax Lwy-
piB. Pesynbratv pgocnigkeHb [OBOASATb MOXMIMBICTb BUKOPWUCTaHHS HaHonomnimepy
GluLa-DPG-PEG600 sik noTeHLiHOro TpaHcrnopTepa nikapcbkux 3acobiB, WO 34aTHUN
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NPOHMKATK Kpidb remartoeHuedaniyHnin 6ap’ep. BuaeneHHs komnnekcy GluLa-DPG-
PEG600-F + BCA Alexa Fluor 555 y cenesiHuji CBig4MTb NPO MOXITMBE 3aCTOCYBaHHSA
HaHononimepy sk af’toBaHTa Ansi BaKLMH, OCKINbKM BiJOMO, LLIO B CernesiHLi BiabyBaroTbCs
NPoLECKU aHTUreH3anexHol gudepeHuiauii NiMgoumMTiB Ta YTBOPEHHSA aHTUTIN.

Knrodoei cnoga: Lypi, HaHononimep, NCeBAOMNONIiaMiHOKMCNOTK, TpaHcnopTep
nikapcbkux 3acobiB, ag’toBaHT.

CBA3bIBAHUE HAHOMNOJTIMMEPA GluLa-DPG-PEG600 C BEJTKAMU
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B ctaTbe nokasaHa cnocobHOCTb HAHOMOMMMEpPa Ha OCHOBE MCEBAOMONTMAMUHOKN-
cnot GluLa-DPG-PEG600 cBsisbiBaTbCA C Genkamu KpoBM M €ro pacnpocTpaHeHue
B OpraHv3ame KpbIC Npy BHYTPMMBILLIEYHOM U BHYTPUBEHHOM BBegeHun. C ncnonb3osa-
HMeMm anekTpodopesa B 5% nonvakpunaMmmgHoOM refne Mbl 0GHapPYXmnmM cnocobHOCTb
HaHononumepa GluLa-DPG-PEG600 cBsi3biBaTbCA C Obl4bMM CbIBOPOTOYHbLIM anboy-
MuHoM (BCA). 370, B 4acTHOCTK, ABMSETCA BaXXHOW XapaKTepUCTMKON HaHOMonMMmepa
KaK MOTeHUManeHoOro TpaHcnoptepa 6enkoB u nx komnnekcos. C nomoLLbo driyopec-
LEHTHOM MMKPOCKOMUN Mbl 0OHapyxunu, 4to HaHononumep GluLa-DPG-PEG600 me-
YeHbI donyopecuenHom B komrrekce ¢ BCA meyeHbIM hryopecLeHTHbIM Kpacutenem
Alexa Fluor 555 (GluLa-DPG-PEG600-F + BCA), Ha 16 YacoB nocne BHyTPUMbILLEYHO-
ro BBEAEHMS NOKanNu3npyeTcst B NeYeHn 1 ronoBHOM Mo3re Kpbic. Yepes 5 yacos nocre
BHYTpMBEHHOrO BBeAeHust komnnekca GluLa-DPG-PEG600-F + BCA Alexa Fluor 555
OH ODOHapyXXuBaeTCs B ceneseHke M Nnoykax Kpbic. PesynbraTel nuccrnegoBaHuii cBuge-
TENbCTBYIOT O BO3MOXHOCTU UCMNOSb30BaHMsA HaHononumepa GluLa-DPG-PEG600 kak
NOTEHLMANbHOIo TpaHCnopTepa NeKkapCTBEHHbIX CPEACTB, KOTOPbIA CMOCOOGEH NPOHM-
KaTb CKBO3b remartosHuedanuyeckni bapbep. BbisiBnenne komnnekca GluLa-DPG-
PEG600-F + BCA Alexa Fluor 555 B ceneseHke CBMAETENBCTBYET O BO3MOXHOM MpUMe-
HEHVM HaHoMoNMMMepa B KayecTBe aabloBaHTa A9 BaKUWH, MOCKOIbKY U3BECTHO, YTO
B CereseHKe NpouCcXoasaT NPOLECChl aHTUreH3aBmMcMMon anddepeHumnaumm numdoLm-
TOB 1 0Opas3oBaHune aHTUTen.

Knroueesnbie crnioea: KpbICbl, HQHONOJIMMEpP, NCeBOONOITMaMNHOKCUITOTbI, TPaHCNOP-
Tep JNNIEKapCTBEHHbIX CPeNCTB, ablOBaHT.
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