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MUKPOPEOJIOT'USA 1 MUKPOLIMPKYJISILIUS KPOBU
B HOPME U ITPU NATOJIOTUHN

Annortanus. CepleqHO-COCYIUCTBIC. U METa0OINYecKue 3a-
OoneBaHUs, TAKUE KaK apTepHalibHAsl TUIIGPTEH3US U CaXapHBIA JHa-
0eT, MOTYT MPUBOJUTH K HAPYIISHUIO MHUKPOPEOJIIOTUU U MHUKPOIUP-
KyJISIAK KpoBH. Mcnosb3yst intvitro MeTo sl AudPy3HOro paccesHus
CBETa, JIa3epHOU AU(PPAKTOMETPUH, 3aXBaTa U MAaHUMYJISIIUN Ja3ep-
HOW JIOBYIIIKOH, a TakXke' in vivo MeToja IMUupPOBOi KamMIUISIPOCKO-
My, ObUIO MOKa3aHO, YTO Y MALMEHTOB C apTePUabHON TUIIEPTCH-
3Mel W caxapHBIM-JUa0ETOM CIOCOOHOCTH IPUTPOILUTOB Arperupo-
BaTh TOBHIIICHA 10 CPABHEHUIO C KOHTPOJIBHOHN IPYIIION.

KaroueBrnlie. caoBa: arperanus, aeQopMHPYEeMOCTh, IPUTPO-
[IUTHI, apTepPUATbHAA THIIEPTEH3HSI, CaXapHbBIH 1ruaberT.

Lugovtsov A.E., Neznanov A.1., Kadanova I.M., Gurfinkel Yu.lL.,
Shin S., Priezzhev A.V.

BLOOD MICRORHEOLOGY AND MICROCIRCULATION IN
NORM AND PATHOLOGY
Summary: Cardiovascular and metabolic diseases such as
artherial hypertension and diabetes mellitus can lead to impairment of

© Jlyroeuos A.E., Heznanos A.1., Kananosa .M., I'ypdunkens FO.U.,
un C., ITpuesxes A.B., 2021

127



blood microrheology and microcirculation. Using in vitro
measurement techniques of diffuse light scattering, laser
diffractometry, laser trapping and manipulation and in vivo digital
capillaroscopy we showed that in arterial hypertensive and diabetes
mellitus patients, the ability of red blood cells (RBCs) to aggregate is
enhanced relative to the control group.

Keywords: aggregation, deformability, red blood <cells,
artherial hypertension, diabetes mellitus.

INTRODUCTION

Nowadays the number of people suffering from  diabetes
mellitus and cardiovascular diseases (arterial hypertension, coronary
heart disease) increases rapidly mainly due to unhealthy nutrition and
lifestyle. Diabetes mellitus (DM) is a metabolic disease characterized
by high blood sugar levels over a.prolonged period. Arterial
hypertension (AH) is a long-term medical condition in which the blood
pressure in the arteries is persistently elevated. These diseases can lead
to severe alterations of vitally important systems of the human
organism including the cardiovascular system and resulting in damage
to blood vessels and capillaries, impairment of blood hemorheology
and microcirculation. Enhanced aggregation of RBCs is one of key
factors, which determines the blood flow and thereby affects the blood
rheology [1]. The ability of RBCs to deform in shear flow conditions
is the second major property that affects blood microcirculation.
Alterations in these properties lead to changing the blood viscosity
and, as a consequence, to changes in capillary blood flow. This can
lead to significant impairment of blood function, which increases a risk
of occurrence of vascular concomitant diseases, and even the mortality.
The. main goal of this work is to assess the deformability and
aggregation properties, forces of pair aggregation of RBCs drawn from
patients suffering from AH, DM and from healthy donors using in
vitro techniques of diffuse light scattering, laser diffractometry, laser
trapping and manipulation and estimate the blood cappilary velocity by
in vivo digital capillaroscopy.

MATERIALS AND METHODS
In this work, complex laser-optics studies of the factors
determining the capillary blood flow in patients suffering from AH
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and DM were conducted. Laser aggregometry and diffractometry
techniques, which are implemented in the laser aggregometer-
deformometer device Rheoscan AnD-300 (Republic of Korea) [2],
were used to conduct in vitro measurements of aggregation and
deformability characteristics of the RBCs in big ensembles of cells:
Several parameters were measured: RBC deformability index
dependance on shear stress, hydrodynamic strength of {RBC
aggregates - critical shear stress (CSS), characteristic time of RBC
aggregates formation, aggregation index (percentage of the RBC
participating in the aggregation during first 10 seconds of
spontaneous aggregation process) [3, 4]. Double-channeled optical
tweezers were used for in vitro measuring the aggregation speed as
well as interaction forces during RBC doublet formation on cellular
level [5]. To visualize and quantitatively evaluate the capillary blood
flow in vivo non-invasive capillaroscopy measurements in the
nailfold vessels were conducted [3].

All in vitro measurements were(performed with human blood
drawn from patients with AH (102 people). and DM (22 people) and
practically healthy volunteers — control (18 people). Blood samples
were stabilized with EDTA to prevent blood from clotting. The
measurements were performed within two hours after blood sampling.

RESULTS AND CONCLUSION

It was shown that.in AH and DM patients, the ability of
erythrocytes to.deform is slightly reduced while the aggregation
speed and forces of the cells interaction and CSS are significantly
increased relative to the control group. The blood microcirculation in
nailfold capillaries is impaired as well.

Basing on the obtained results one can conclude that laser
aggregometry and optical trapping and manipulation are appropriate
techniques for estimating the blood aggregation properties in whole
blood samples and on the level of individual cells. We showed that
the alterations of the parameters measured in vivo and in vitro for
patients suffering from these diseases are interrelated. Good
agreement between the results obtained with different techniques, and
their applicability for the diagnostics of abnormalities of rheological
properties of blood were demonstrated.

129



The work was supported by Russian Foundation for Basic
Research (grant No. 19-52-51015).

REFERENCES

1. Baskurt O.K., Neu B., Meiselman H. Red blood cell
aggregation. Boca Raton : CRC Press, 2019.

2. Shin S., Yang Y., Suh J.-S. Measurement of erythrocyte
aggregation in a microchip stirring system by light transmission //
Clin. Hemorheol. Microcirc. 2009. V. 41(3). PP. 197-207.

3. Lugovtsov A., Gurfinkel Y., Ermolinskiy P., Maslyanitsina
A., Dyachuk L., Priezzhev A. Optical assessment of -alterations of
microrheologic and microcirculation parameters incardiovascular
diseases // Biomed. Opt. Express. 2019. V. 10./PP. 3974-3986.

4. Priezzhev A.V., Firsov N.N., Lademann J. Light
backscattering diagnostics of RBC aggregation in whole blood
samples // Handbook of Optical Biomedical Diagnostics, Editor V.
Tuchin, Chapter 11 (PP. 651 — 674). Washington: SPIE Press, 2012.

5. Lee K., Khokhlova M.D., Lyubin E. V., Priezzhev A. V.,
Meglinsky 1., Fedyanin A.A. Optical tweezers study of red blood
cell aggregation and disaggregation in plasma and protein solutions
//'J. Biomed. Opt. 2016. V..21. PP, 035001-1-035001-10.

VIIK 535.8; 577.352.336; 577.325.3
A.H. Cemenos, E.A. Hlupwun, A.E. /Iyzoeuos, I1. Epmonunckuii,
b. Axumos, A. Mypaswves, C. Illun, A.B. Ilpue3ssces

BUODPU3UYECKHUE ACITEKTHI B3AUMOJIEVCTBUSI
OUBPUHOI'EHA U MEMBPAHBI DPUTPOLUTOB IIPU NX
AI'PETAIIMU: OUEHKA C OITUYECKUMHU METOJAMHU

AnHOTAIUsI: MexaHu3Mbl MHIyIIUPOBAHHOUN (PHOPHHOTEHOM
arperanyu 3pUTPOIIMTOB JIO KOHIA He u3y4eHbl. OiHa U3 MoJIiesei
TIpeoaraeT acopommio Moekyn (GuopruHoreHa Ha MeMOpaHe
SPUTPOIIUTOB, IPUBOJIAIIYIO K CPAIIIMBAHUIO KIIETOK B arperartel. B
JIAaHHOW paboTe MBI IPEJICTABIISIEM PE3YJIbTAThI OIICHKH a7IcCOPOIIUU
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