il

BectHuk PY[QH. Cepus: MEAULIUHA 2024;28(4)
F' RUDN Journal of MEDICINE. ISSN 2313-0245 (Print). ISSN 2313-0261 (Online) http://journals.rudn.ru/medicine

®APMAKOJIOIUA
PHARMACOLOGY

DOI: 10.22363/2313-0245-2024-28-4-537-547
EDN HFDTYZ

ORIGINAL RESEARCH
OPUTMHAJIBHOE UCCJIEJOBAHUE

New approaches to quality control of drugs from the group
of branched polymers on the example of dextran
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Abstract. Relevance. Colloidal blood substitutes — polyglukins — have been used in infusion therapy for 70 years
and are widely represented in modern pharmaceutical regulatory documentation. Glucose polymer with a (1 - 6) glycosidic
linkages (dextran), as the main active pharmaceutical ingredient of polyglukins, has exceptional properties, such as long-term
circulation in the bloodstream, inertness, volemic, detoxification, and antithrombotic effects. Quality authentication control of
polyglukins usually includes FT-IR spectroscopy, while systems of polymeric micelles require characterization of dispersion and
the electrophoretic properties that are in unambiguous correspondence with their biological activity. The aim of the study was
to develop new approaches based on laser scattering methods to identify polymer-based blood substitute drugs to complement
existing regulatory documentation, and assess their biological activity using the Spirotox method. Materials and Methods.
Reopolyglukin (Rpg) — an aqueous solution of dextran with a molecular weight of 30—40 kDa (Dex35) and 0.9% sodium
chloride; water with different contents of the heavy isotope 1H , Malvern Zetasizer ZSP equipment for measuring hydrodynamic
radius (d, nm), zeta potential of colloids (§, mV); Biotesting method with Spiostomum ambigia cell for evaluating survival time
in different dilutions of Rpg. Results and Discussion. Determination of submicron dispersity in the initial Rpg and in dilutions
of water isotopologues indicates the presence of particles d, (Median) = 10 nm with a volume concentration V = 18% and a low
polydispersity index PDI ~ 0.2. It is shown that the size distribution of nanoparticles is influenced by a noticeable effect is the
concentration of the isotope. Biopharmaceutical analysis with the usage of Protozoa based on the Arrhenius kinetic model
showed a decrease in the toxicity of aqueous solutions of Rpg in an environment with a reduced content of the isotope iH.
New approaches based on the use of laser analysis methods have been developed to characterize the dispersion properties and
colloidal stability of polymer-based blood substitutes. Conclusion. The results obtained can be included into the new edition of
a pharmacopeial article on Reopolyglukin preparations.
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Introduction

Dextran (Dxt) —is a polysaccharide composed of
glucose monomers linked by a-1,6-glycoside bonds in
a 1:6. ratio. Additionally, the Dextran molecule may
feature a-1,2, a-1,3 and a-1,4-bonds forming side chains
containing approximately 2-10° units of glucose [1]
(Fig. 1).

It is known that the glycoside bond (1 - 6) is
atypical for plants (starch) and animals (glycogen), and
there are no body enzymes capable of breaking down
such polysaccharides. However, this characteristic gives
dextran a significant advantage as a blood substitute —
the duration of circulation in the bloodstream and
withdrawal almost unchanged, which eliminates its
cumulation [2]. The bacteria of the Lactobacillaceae
family (Leuconostoc mesenteroides, Leuconostoc
paramesenteroides biological species) and Weissella
(Weissella cibaria, Weissella confusa) possess probiotic
potential and produce dextran from sucrose (dextranase
enzyme) which finds application in the pharmaceutical
industry [3]. Depending on the environmental
conditions (T, C° and pH) it is possible to obtain a low-
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(Mr 20—50 kDa), medium- (Mr 50—70 kDa) and
high-molecular (Mr>100 kDa) dextrans [4]. The most
demanded in medicine are dextrans with a molecular
mass of 30—40 kDa and 70 kDa, characterized by
inertia, volumetric, detoxifying, diuretic, antithrombotic
effect [5]. However, in the sugar industry, dextrans are
undesirable compounds causing significant production
losses due to Leuconostoc bacteria living on the sugar
beet [6].

The history of the dextran’s application began
in 1943 at the Department of Physical Chemistry,
University of Uppsala (Sweden), headed by Nobel
laureate T. Svedberg. When developing new
technologies for sugar factories of Sockerbolaget AB
company, dextran was obtained as a "by-product”
[7]. Together with pharmaceutical companies, the
technology was brought to the Macrodex commercial
product status [8]. Dextran-based drugs (Mr 35—
40 kDa and 50—70 kDa) belong to the group of
hemodynamic blood substitutes designed to restore
hemodynamic disorders (blood microcirculation)
and to treat shock of various origins. Quality
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2, 3, 4, 5-tetrahydroxy-6-[3,4,5-trihydroxy-6-[[3, 4, 5-trihydroxy-6-(hydroxymethyl)oxan-2-ylJoxymethylloxan-2-yl]
oxyhexanal

Figure 1. 2D-Chemical structure of Dextran (Mg ~ 40,000 Da) (inset shows a Dxt dimer with a side substituent)

control of parenteral, sterile dextran-based drugs —
polyglukins — includes determination of authenticity
by polarimetric, spectrometric (FT-IR) and chemical
methods. Purity is determined according to pH,
viscosity, average molecular weight, density, biological
toxicity tests. However, particle size analysis for
‘Particle size’ and ‘Visible mechanical inclusions’
are not available in the current "DEXTRAN 40, 60,
70 FOR INJECTION" Standarts [9]. It is known
that particle size correlates with stability, solubility,
bioavailability, and rate of redistribution in the body.
In addition, the control of invisible mechanical
inclusions — foreign insoluble particles (except gas
bubbles), that may accidentally be present in medical
products, is necessary to prevent their entry into the
systemic circulation.

The aim of the study was to develop a new approach
based on laser scattering methods for the identification of
drugs — polymer blood substitutes to supplement existing
standards, as well as to evaluate their biological activity
using the Spirostomum ambigua biotesting method.

PHARMACOLOGY

Materials and Methods

The object of the study was the drug reopolyglukin
(batch Ne 016167/01 of RP "Belpharm”, Republic
of Belarus), which is an aqueous solution of 0.9%
sodium chloride and dextran with a molecular mass
of 30—40 kDa (Dex35). Composition per 1 ml: dextran
(avg. mol. mass 30,000—40,000) — 100 mg (as a 10%
solution in water for injection); as an excipient, NaCl —
9 mg. Theoretical osmolarity — 330 mOsm/L. The
solution is transparent, colorless, or slightly yellow.
The drug was used in its initial concentration or
diluted 1:100 with the use of solvents: bidistilled water
(ratio /~140 ppm, electrical resistance >18 MQ x cm™
at 25 °C, TOC< 5 ppb, Merck Millipore), deuterium
depleted water ({H/iH~4 ppm, Merck, Darmstadt,
Germany), and heavy water (99,9% D,0, ALDRICH,
Darmstadt, Germany).

The particle size was analyzed by laser light
scattering (Dynamic Light Scattering, DLS) using
a laser nanosizer Zetasizer Nano ZSP (Malvern, UK).
For measuring the size of submicron (nano-) particles
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from 0.1 nm to 10000 nm in the studied samples of
Rpg 10% and the 1:100 dilution, DLS technology
was used to measure the diffusion of particles due to
Brownian motion followed by size conversion to the
Stokes-Einstein equation (1) [10]:

kgT

= — 1
D= R (1)
where D is the diffusion coefficient, kB is the Boltzmann
constant, T is the absolute temperature, 1) is the viscosity
of the liquid, R is the hydrodynamic radius of the
particle.

To characterize the width of the particle size
distribution, the polydispersity index (PDI) was used
as a measure of the heterogeneity of particle sizes in
the sample. PDI values are calculated by fitting the
autocorrelation function in the DLS software. Since
the polydispersity of a sample is the standard deviation
of the distribution divided by the average radius, to
calculate the polydispersity index the resulting value
is squared:

PDI=22. 2)

G2
where G? is (G-)? and G is the average decay rate, which
is proportional to the average translational diffusion
coefficient D, which is used to calculate the radius.

The study of the biological activity of Rpg
dilute aqueous was conducted using the cell culture
Spirostomum ambigua (S. ambigua) [11]. The
mechanism of ligand-receptor interaction includes
the stage of interaction of the xenobiotic with the
cell, the disintegration of the intermediate complex,
accompanied by a change in the concentration of the
cell biosensor due to conformational changes in the
receptor, degradation, synthesis of new receptors, and
formation of the CxL_ intermediate state (Fig.2).

Statistical data processing was conducted using
the Student’s t-test, as well as the one-way analysis of
variance (ANOVA, Analysis Of Variance) developed
by Sir Ronald Aylmer Fisher in the Origin Pro program.
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The differences were considered statistically significant
atp <0.05.

Figure 2. Kinetic scheme of ligand-receptor interaction S.
ambigua with toxicant: C-cell, L-ligand, n-stoichiometric

coefficient, CXL_— intermediate state (cell after interaction
with the ligand), Ke is the equilibrium constant fast stage, f
is the rate constant of the cell transition to the dead state,
DCis a dead cell [12]

Results and Discussion

Estimation of the size, size distribution,
and {-potential of dextran colloids based on
dynamic light scattering data

Particle size and particle size distribution are very
important factors for assessing the effectiveness of
a medication 13. Functions of light scattering intensity
(I,%) were obtained and analyzed for the characterization
of dispersed systems and description of the properties of
colloidal particles in the liquid dextran pharmaceutical
solution, including the hydrodynamic diameter of particles
(d, nm); volume concentration (V, %) — hydrodynamic
diameter of particles (d, nm); the grain size distribution
of the sample (polydispersity index, PDI), as well as
(-potential (mV) as an indicator of particle surface charge
and the measure of electrostatic interaction.

According to the Mie theory and the Rayleigh-
Gans-Debye (RGD) approximation, light scattering
occurs independently on each particle [14, 15]. The
total intensity of the scattered light is proportional
to the concentration of particles in the sample. The
RGD approximation may be disrupted with increasing
concentration due to the interaction that occurs between
particles [16, 17]. This is reflected in the relation
between the diffusion coefficient D and the particle
radius (see eq. 1). In connection with this, we also
conducted studies of the effect of dilutions of 1:100
on the dispersion properties of a Rpg solution (Fig. 3).
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Figure 3. Size distribution of nanoparticles in the reopolyglukin solution in units of intensity (I, %) and volume concentration (V, %):
(a) and (b) in the original 10% solution; (c) and (d) at a dilution of 1:100

The figures show unimodal, narrow peaks of
colloidal particle distribution in dextran 10% solution,
both in intensity units (I, %) and volume concentration
units (V,%): DL Mean— /-6 M U DV’ Mean— 0,0 I

The monodispersity of the sample is confirmed by
the polydispersity index PD1=0,22, the values of which
are sensitive to the presence of aggregates in solutions:

PHARMACOLOGY

the homogeneity of particles in the population leads
to a narrow resultant size distribution and small PDI
values, which determines the monodispersity of the
sample (see. fig. 3 (a, b). The polydispersity index value
in the diluted 1:100 sample Rpg decreases (PDI = 0,20),
which suggests a greater homogeneity of the colloidal
solution (Table 1).
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Table 1

Characteristics of dispersibility of colloidal blood substitute samples according to DLS method

Size = SD, nm
Test sample Polydispersity index, PDI Zeta potential, mV
Intensity, % Volume,%
Reopolyglukin 10% 7626 56+1,9 0,22 -0,7
Dilution 1:100 (0,1%) 10,7 £4,0 74427 0,20 -0,6

The reopolyglukin solution contains, according
to the pharmaceutical prescription, 0.9% sodium
chloride solution. It can be seen that the introduction
of electrolyte into the solution causes the dynamic
equilibrium between the counterions of the adsorption
and diffuse layers to shift towards the adsorption layer.
Some fraction of counterions of the diffuse layer passes
to the adsorption layer, the diffuse layer shrinks, and
the zeta potential value decreases (Table 1).

It is known that in deuterium—depleted water in the
content of heavy isotope of hydrogen — deuterium — the

20
~=Rpg (1:100)_D,0

018
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B0 —Rpg (1:100) bd
§14 .
k&

124

10 1

8_

6 4

4
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0_ LI | LI | T

1 10 100 1000
Size, d(nm)
a

rate of chemical reactions, as well as solvation of ions
and their mobility, changes [18]. The so-called kinetic
isotope effect is manifested, which gives a control
function to the kinetic properties of aqueous media. In
connection with the interest to study the relationship
between the deuterium content and the disperse
properties of the colloidal system of reopolyglukin,
we have tested the properties of colloidal systems when
diluted with samples of deuterium—depleted water
(light water), with natural content (bidistilled) and heavy
D,0 water (Fig. 4, Table 2).

b

Figure 4. Size distribution of nanoparticles in reopolyglukin solution in 1:100 dilution with bidistilled water, with reduced
deuterium content (“light” water) and heavy water D,0: (a) in intensity units (I, %); (b) volume concentration (V, %)
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Table 2

Characteristics of dispersibility of colloidal blood substitute samples according to the DLS method at dilution with
the different deuterium content water

Dilute samples (1:100) Imensnyjjze + SD, HMVOIume' - Polydispersity index, PDI Zeta?p(:rtﬁ?tial,
Deuterium-depleted water (“light” water) 79+22 6,4+18 0,45 -57
Bidistilled water 10,7+4,0 74+27 0,20 -0,6
D,0 (heavy water) 10,2+29 8024 0,21 -8,65

It can be seen that the smallest size of colloidal
particles is characterized by a 1:100 dilution of Rpg in
water depleted in deuterium content (red distribution
curve). Despite the presence of an additional peak
at 190 nm, which is reflected in the PDI value, the
volume occupied by nanoparticles in the ddw dilution
is the smallest. The smallest fraction of scattered light
is the least in heavy water dilution medium (black
distribution curve) with an extra peak of the submicron
size group at 300 pm. The table data also demonstrates
differences in the zeta potential in colloidal blood
substitute media with different concentrations of the
heavy hydrogen isotope: D,O and “light” water show
greater diffuse layer blurring (Table 2). The impact of
the NaCl electrolyte (0.9% solution) on the thickness
of the diffuse layer of ions of the double electric layer
is most pronounced when in the presence of colloidal
blood substitute containing a natural deuterium content
of approximately 145 ppm: & = -0,6 mV (Table 2).

Arrhenius kinetics model-based
biopharmaceutical analysis with Sp. ambigua
protozoa

The rate of mortality of the test item was examined
using the Arrhenius hypothesis to evaluate the biological
activity of samples that were diluted Rpg with a solvent
that contained varying amounts of isotopologues: based
on graphical dependencies in the “lifetime — T, K”
coordinates, the activation energy of the cell transition
process to the DC state could be found (Fig. 2):

Ink= InA— Ea .l
R

; b
where k is the rate constant, Ea is the activation
energy (kJ/mol), R is the gas constant (8.314 J/(mol K)),
A is the pre-exponential factor, T is temperature (K).

PHARMACOLOGY

According to the proposed dependency, a cellular
biosensor that is similar to an enzyme-substrate
complex forms in an intermediate state during the
ligand-induced death process. The apparent activation
energy (Ea) of 176 kJ/mol was determined using the
tangent of the straight line’s angle of inclination to
the abscissa axis in semilogarithmic coordinates:
E =176 kJ/mol (Fig. 5).

Conclusion

The research, which included the use of aqueous
isotopologues for the preparation of dilutions,
examined the dispersed submicron, nanosized, and
biopharmaceutical properties of the colloidal blood
substitute reopolyglukin, which contains dextran with
a molecular weight of 30—40 kDa (Dex35). The results
are presented for the first time in this work. The lack of
directions for dispersion phase particle characterization
was revealed by a review of current dextran regulation
papers. Then, the polydispersity index, the size of
colloids, and the electrokinetic potential can be used
as standards for medication quality control.

It was feasible to assess the apparent activation
energy of death and the average life span of ciliates
in different reopolyglukin media by describing their
behavioral characteristics using the cellular biosensor
Spirostomum ambigua.

The outcomes of a comprehensive investigation
into the characteristics of a reopolyglukin solution 10%
can function as the primary or essential supplementary
examinations required to ascertain the legitimacy and
biological efficacy/toxicity of colloidal blood substitutes,
which are extensively employed in the management of
shock states.
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Figure 5. Dependence of Sp. ambigua cell biosensor lifetime (“dose-response”) in reopolyglukin dilution with bidistilled
water (1:100): (a) direct coordinates; (b) semi-logarithmic coordinates (n=3)

A remarkable observation is the variation in the cultured in a medium containing several aqueous
behavioral characteristics of the cellular biosensor isotopologues diluted 1:100. (Table 3).

Table 3
Results of the Spirotox method in the study of biological activity of dilutions (1:100) of reopolyglukin by aqueous isotopologues*
Reopolyglukin sample diluted 1:100
Test parameters
Light water (ddw) D/H=4 ppm | Bidistilled water (bd) D/H=140 ppm Heavy water 99,9% D,0
In the first 2 minutes: loss At the time of planting in the medium
Free, active movement in of orientation in space, slow and throughout the entire cultivation
volume throughout the entire movement. period, there is a loss of orientation in
cultivation period After 2 minutes: free, active space and slow movement within the
movement in volume volume
Behavioral character of
ciliates in a cultivated
environment
Lifetime, (T=297 K) 276+8,7 23516,2 143+12,6

Note: *insets are images of Spirostomum ambigua cells in cultured medium.
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MapuenxosaJI.A., Cagpoapu A., Yenenckas E.B. Becthux PYITH. Cepusa: Meguuyna. 2024. T. 28. Ne 4

006/1a/1aeT UCKTFOUUTETEHBIMU CBOWCTBAMU, TAKUMHU, KaK AJTUTEbHOUM LIUPKY/SLHEeH B KDOBOTOKE, UHEPTHOCTBIO, BOJIEMH-
YyeCKHUM, [|eTOKCHKAI[MOHHBIM, aHTUTPOMOOTHUeCKUM ZieiicTBHeM. KOHTPO/Ib KaueCcTBa TOJUI/IIOKUHOB Ha TOJJTMHHOCTD
BKJIIOYAeT, KaK MMpaBuo, criekrpoMetputo B MK-o6acTH, Torja Kak CUCTeMbI MIOTMMEePHBIX MULE/T TPeOYIOT XapaKTepH-
CTUKY JUCIIEPCHBIX U 3/1eKTPO(OPETHYECKUX CBOMCTB, HAXO/SAIIUXCS B O[[HO3HAYHOM COOTBETCTBUHU C UX OUOJIOTHYE CKOT
aKTUBHOCTHIO. I]enb paboThl — pa3paboTKa HOBBIX MO/IX0/I0B HA OCHOBE METO/I0B JIa3epPHOT0 PacCesiHUs K UAEeHTUPUKALIUN
TIperiapaToB-T10JIMMepHBIX KpOBe3aMeHHUTelel [J1s1 JOTI0JTHEHHs! CyIIieCTBYIOI[eil HOpMAaTHBHOM AOKYMEHTAI|H, a TaKxXe
OLIeHKH MX O0M0JIOTHYeCKOW aKTUBHOCTUA MeTO/[0M Spirotox. Mamepuanbl u memodsl. PeonosurmokvH (Rpg) — BogHBIN
pacTBop JekcTpaHa MoJieKyssipHoit Maccoit 30—40 k[Ja (Dex35) u 0,9 % xnopua HaTpusi; BoJa C pa3MUHbIM COJieprKa-
HUEM TSDKeJIoro U30Tora; obopyznoBanue Malvern Zetasizer ZSP st usmepeHust ruipoJuHaAMUUeCKOTO pajuyca, J3eTa-
MOTeHLIMaa KOJJIOUI0B; SPirotoX-TecT /ijist OLIeHKH OMOIOTMUeCKOM aKTUBHOCTU Pa3/IMUHbIX pa3BeieHui Rpg. Pe3yabmambi
u obcyxcoeHue. OnipeiesieHrie CyOMUKPOHHOM JUCTIEPCHOCTH B UCXO/IHOM Rpg U B pa3Be/IeHUsIX BOJHBIX M30TOIMOJIOTOB
JleMOHCTpHpYeT npucyTcTBUe yactul] d, (Median)~10 HM ¢ 06bemMHOl KoHLleHTpalLueii V=18% 1 HU3KMM 3HaueHHeM MH/eKca
nonugucnepcHocty PDI~0,2. TTokasaHo, yTO Ha pacrpejeneHre HaHOUACTHUL] [T0 pa3MepaM OKasbIBaeT 3aMeTHOe BUsIHUe
KOHIL|eHTpanus u3oTona $H. buogapmarieBTuueckuii aHaimMs3 ¢ IpUMEeHeHUeM MPOCTeAIIMX Ha MOZie/Id AppeHHYCOBCKOM
KUHETUKH T0Ka3a/l CHUKeHHe TOKCUUHOCTH BOJIHBIX PaCTBOPOB Rpg B cpejie C MOHMKeHHBIM COZlep)XaHueM u30Tomna 1 H.
Bb1600bi. Pa3paboTaHbl HOBBIX MO/X0/[bl, OCHOBAaHHbIE HAa TTPUMEHEHUH JIa3€PHBIX METO/[OB aHA/IU3a, [/Isl XapaKTePUCTUKU
JIMCTIepCHBIX CBOMCTB U KOJIJIOUAHOM YCTONUMBOCTH MOJMMEPHBIX KpoBe3aMeHUTesel. Bbigoos!. ITonyueHHbIe pe3y/ibTaThl
MOTYT OBbITb BK/IIOUEHBI B HOBYIO PeaKL1I0 (hapMaKOTeHBIX CTaTel Ha MpernapaThl PeononvrioKHa.

KroueBble cj10Ba: reMoiiHaMHuUeCKHe KpOBe3aMeHHUTeH, JieKCTpaH, Leuconostoc mesenteroides IpofiyLieHT, Jla3epHOe
CBeTOpaccestHye, KOJIJIONHast yCTOMUMBOCTD, NHAEKC MOMUAMCIIEPCHOCTH, ONTHYeCKast akTUBHOCTb

HNudopmanus o punancupopanuu. [1y06ivKarys BeinoHeHa B pamkax npoekta Ne 033320-0-000 CucTeMbl rpaHTOBOM
IO/, eP’KKU Hay4HbIX ITpoekToB PYIH.
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