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Xiilasa. Maqaloda hestasion hipertenziyali va soKarli diabeti olan hamila gadmnlarin gaminda dévr edon
eritrositlorin hiiceyra membranlarinda bas veran dayisikliklori Gyronmak maqsadilo aparilmis tadqgiqat isi
haqqinda malumat verilmisdir.

Todgiqata calb edilmis 57 nafar hamilo gadin 4 qrupa béliinmiisdiir. I grup — hestasion sokorli diabeti
olan 15 gadin (HSD), Il qrup — prehestasion saKorli diabeti olan 15 qadin (PSD), III grup — hipertenziv
hamilalik patologiyast (HHP) olan 15 gadin (HHD) va IV — kontrol grupu — 12 gadin.

Eriptoz saviyyasini dyranmok iiciin periferik gamn eritrositlari anneksin V-FITC va 2,7- dixlordihidro-
fluoresseindiasetatla boyadilmisdir. Fluoressensiyanin saviyyssi BD FACS Canto™ II Cell Analyzer markali
analizatorda todgiq edilmisdir. Eritrositar membranlarmn vaziyyati 010 (2-(2c-hidroksifenil)-5-fenil-1,3-
oksazol) fluorescent zondunun komoayi ila qiymatlondirilmisdir. Eritrosit suspenziyasinda fluoressensiya
“PerkinElmer FL8500" markali fluoressent spektrometri vasitasila qiymatlandirilmisdir.

Tadgiqat gostormisdir ki, HHP va PSD zamam eritroptoz prosesi aktiviagir. Bu, fosfatidilserinin eritro-
sitar membranlardan xaric olmasinin siiratlonmasi va okSigenin aktiv formalarmmin daha artig amala galmosi
ilo tozahiir edir. Tosvir edilan dayisiklikior hiiceyra membranlarinda bas veran dayisikliklorlo (mahz lipid
spektrinin dayisiklikiaori i12) tozahiir edir. Hestasion goKarli diabet isa na membran dayisikliklarila, na da
eritroptozun aktivlagmasi ila tozahiir edir.

Acar sozlar: eriptoz, hestasion sokarli diabet, hipertenziv hamilalik patologiyasi, anneksin-V

Knrouesvle cnosa: spunmos, 2ecmayuoHHuLl CaAxapuwlll ouabem, 2UNEPMEH3USHbIe HAPYUICHUS
bepemennocmu, annexcun-\V
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Summary. The study was conducted to analyze eryptosis indices and the presence of cell membrane
alteration of circulating erythrocytes in patients with gestational hypertension and diabetes mellitus.

This study included 57 pregnant patients, which were divided into four distinct groups: 15 women with
gestational diabetes mellitus (GDM), 15 women with pregestation diabetes mellitus (DM), 15 women with
hypertensive disorders of pregnancy (HDP) and 12 pregnant women without extragenital and obstetric
pathology.

Staining of erythrocytes with annexin V-FITC and 2’ 7"-dichlorodihydrofluorescein diacetate was used to
assess the degree of eryptosis collected from the patients. Fluorescence was detected on a BD FACSCanto™
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Il Cell Analyzer. Cell membranes of erythrocytes were assessed using a fluorescent probe 010 (2-(2¢-
hydroxy-phenyl)-5-phenyl-1,3-oxazole). Fluorescence in red blood cell suspensions was acquired on a

“PerkinElmer FL8500” fluorescence spectrometer.

GDH and DM were associated with eryptosis activation, evidenced by an increased phosphatidylserine
externalization and excessive reactive oxygen species (ROS) generation, against the background of cell
membrane alterations, namely a decrease in the lipid order. GDM was accompanied by neither membrane

changes, no eryptosis activation.

Thus, the results of the study show that ROS-dependent eryptosis and red blood cell membrane

alterations are observed in gestational hypertension.

INTRODUCTION

Gestational diabetes mellitus (GDM) and
hypertensive disorders of pregnancy (HDP)
remain the most frequently observed
complications in pregnancy [1]. The former is
defined as hyperglycemia firstly registered
during pregnancy [2], while the latter is
associated with an increase in arterial blood
pressure during pregnancy and can be classified
into  chronic  hypertension,  gestational
hypertension,  preeclampsia-eclampsia, and
chronic  hypertension with  superimposed
preeclampsia [3]. The prevalence is extremely
variable worldwide and may reach up to 25 %
in some regions [4]. Both GDM and HDP are
associated with maternal and neonatal
complications, such as pre-term birth, jaundice,
respiratory failure, congenital defects, etc. [5].

There is compelling evidence that oxidative
stress, which is defined as the imbalance
between reactive oxygen species /reactive
nitrogen species generation and antioxidant
system capacities, plays an important role in the
pathophysiology of GDM and HDP [6].
Oxidatively stressed circulating erythrocytes
have been reported to undergo eryptosis, a type
of programmed cell death typical for red blood
cells only [7]. Accelerated eryptosis and
damage to erythrocyte membranes has been
reported in multiple diseases, including diabetes
mellitus and hypertension [8].

Thus, the aim of this research was to study
eryptosis indices and features of the physico-
chemical state of phospholipid bilayer in cell
membranes of circulating erythrocytes in
patients with gestational hypertension and
diabetes mellitus.

MATERIALS AND METHODS

Patients and study design

This study included 57 pregnant women.
According to the extragenital and obstetric
pathology, patients were divided into three
groups: 15 women (26,3%) with gestational

12

diabetes mellitus (GDM), 15 women (26,3%)
with pregestation diabet mellitus (DM), 15
women (26,3%) with hypertensive disorders of
pregnancy (HDP) and 12 pregnant women
(21,1%) without extragenital and obstetric
pathology (control subjects). There were no
differences between the groups regarding
pregestational body mass index, age, parity,
neonatal results and gestational weight gain.

The age of the examined pregnant women
ranged from 18 to 47 years, the average age of
pregnant women with gestational diabetes was
32.844.5 years, pregnant women with type 1
diabetes mellitus - 27.4+4.8 years, women with
arterial hypertension - 30.0 +3.6 years, pregnant
women of the control group - 25.244.9 years.

Erythrocyte suspension

Erythrocyte suspensions were prepared from
fresh whole blood, afterward, 50 pul of blood
was diluted in 1950 ul phosphate-buffered
saline. The diluted blood was centrifuged for 5
min at 500g. Thereafter, the supernatant was
decanted and the procedure was repeated. Then
1 ul of erythrocyte mass from each sample was
dissolved in phosphate-buffered saline to
perform flow cytometric and spectrofluo-
rimetric measurements.

Annexin V staining

The phosphatidylserine exposure, which is a
major sign of both early and late eryptosis, was
assessed by annexin V-FITC [9]. Initially, 1 pl
of erythrocyte mass was diluted in 99 ul 1x
annexin-binding buffer. Then 10 pl of this
primary suspension was transferred to a new
tube with 85 ul 1x annexin-binding buffer. To
stain erythrocytes, 5 pl annexin V-FITC was
added and the mixture was incubated for
15 minutes in the dark. To provide a volume
required for the flow cytometric measurements,
400 ul 1x annexin-binding buffer was added to
each sample. The excitation laser line was
488 nm, while the emitted light was detected at
525 nm.



2" 7"dichlorodihydrofluorescein  diacetate
staining

A cell-permeant  2',7"-dichlorodihyd-
rofluorescein diacetate dye was used to assess
the redox status of circulating erythrocytes of
control subjects and patients with DM, GDM,
or HDP [10]. Erythrocyte masses were loaded
with 2',7"-dichlorodihydrofluorescein diacetate
using a 10 mM stock solution in dimethyl
sulfoxide stored at -20 °C. Briefly, 1 ul of
erythrocyte mass was diluted in phosphate-
buffered saline and the 2’,7-dichlorodihyd-
rofluorescein diacetate stock solution was used
to stain cells in order to prepare 5 uM working
solutions. The dye-loaded erythrocytes were
stored for 30 minutes in the dark, washed with
phosphate-buffered saline to remove excess dye
and resuspended in phosphate-buffered saline to
reach the volume of 500 pl. The fluorescence of
dichlorofluorescein  produced intracellularly
from 2’,7'-dichlorodihydrofluorescein diacetate,
which depends on ROS levels inside the cells,
was detected using a BD FACSCanto™ I
cytometer with the excitation performed by a
488 nm laser and the detection of emitted light
at 525 nm.
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Fluorescent probe 010

The cells were stained with the fluorescent
probe via addition of an aliquot of the probe
stock solution in acetonitrile to the cell
suspensions: the final probe concentration was
5x10° mol/L and lipid-to-probe molar ratio was
200:1. The cell suspensions were incubated
with the probe at room temperature for 1 hour
before fluorescence measurements. Fluo-
rescence spectrometer “PerkinElmer FL8500”
was used for the measurements of the probe
emission in the range of 340-550 nm, with an
increment of 0.1 nm.

Fluorescent probe 010 (2-(2¢-hydroxy-
phenyl)-5-phenyl-1,3-oxazole) was used in our
research, because its fluorescence character-
ristics depend on the proton-donor ability and
polarity of the probe environment [10].

The area of glycerol backbones of
phospholipids closer to the center of the lipid
bilayer, the area of carbonyl groups of
phospholipids and the area of hydrocarbon
chains of phospholipids near the area of the
carbonyl groups of phospholipids are the
regions that the probe O1O locates in lipid
membranes (Figure) [10].



Figure. Localization and orientation of
fluorescent probe O10 in the outer leaflet of
the phospholipid membranes. Two molecules
of 1,2-dipalmitoyl-phosphatidylcholine are
displayed to show the location of the probe.
(Adapted from [Posokhov Ye.O. 2018]).

In the excited electronic state, the initial
(or “normal”) form (N*) of probe O10 turns
into the phototautomer form (T*). The latter
emits in significantly longer wavelengths than
the initial form of the probe. The amount of
the photoproduct (T*) depends on the probe
microenvironment [10].

Because the probe has two-band fluo-
rescence, ratiometric measurements are pos-
sible: the phototautomer fluorescence inten-
sity-to-the initial form fluorescence intensity
ratio (I+«/Iy+) can be used as a parameter to
estimate the changes in chemical and physical
properties of the microenvironment (e.g., with
the increase in hydration of the media, the
ratio I++/In+ decreases [10]).

Statistical analysis

Analysis of variance (ANOVA) with a
Bonferroni post-hoc test was used to statis-
tically process the data using GraphPad
Prism 5.0 software. The data are represented
as the mean and standard deviation. P values
lower than 0.05 were regarded as statistically
significant.

RESULTS

The results of flow cytometric measure-
ments of eryptosis parameters are summarized
in the Table below.

Two parameters were used to characterize

phosphatidylserine externalization. HDP was
associated with a statistically significant
increase in the amount of annexin V-positive,
i.e. phosphatidylserine -displaying eryptotic
circulating erythrocytes (p < 0.0001), and the
median fluorescence intensity of annexin V-
FITC in erythrocytes (p < 0.0001). These fin-
dings indicate activation of eryptosis in preg-
nant women with HDP (Table). Moreover,
these patients had higher median fluorescence
intensity of dichlorofluorescein fluorescence
(p<0.001) compared with the control subjects,
indicating ROS overproduction in erythro-
cytes (Table).

Unexpectedly, all the parameters outlined
above were unaffected in pregnant women with
GDM (p>0.05). Thus, it can be assumed that
GDM is not accompanied by the activation of
eryptosis. In contrast to GDM, DM was
accompanied by a statistically significant
elevation of both the percentage of annexin V-
positive cells and median fluorescence intensity
of annexin V-FITC (p<0.001), suggesting a
higher degree of eryptosis compared to healthy
individuals. However, this increase in eryptosis
parameters was less pronounced compared with
the patients with HDP (see Table). It is im-
portant to note that median fluorescence
intensity values of dichlorofluorescein in this
group were the highest among all the groups
involved in this study (see Table). The
difference with the control group was
statistically significant (p < 0.0001). This
indicates that DM is associated with the highest
degree of ROS generation.

Table. Eryptosis indices in control subjects and patients with diabetes mellitus (DM),
gestational diabetes mellitus (GDM) or hypertensive disorders of pregnancy (HDP)

Group of patients Control subjects HDP GDM DM
(n=12) (n=15) (n=15) (n=15)
Parameter

Percentage of 0.88 £0.29 2.10+£0.91, 1.21 £0.45, 1.84 £ 091,
annexin V-positive eryptotic p < 0.0001 p>0.05 p <0.001
cells, %
The mean fluorescence intensity | 268 + 29 352 + 36, 248 + 36, 321 + 30,
of annexin V-FITC, a.u. p <0.0001 p >0.05 p <0.001
The mean fluorescence intensity | 266 + 33 315 + 24, 255 + 31, 351 + 37,
of dichlorofluorescein, a.u. p <0.001 p>0.05 p < 0.0001
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DISCUSSION

Our findings suggest that the development
of GDM is not associated with excessive
phosphatidylserine  exposure and ROS
overproduction, suggesting that eryptosis is
not activated in patients with GDM. However,
DM was found to be associated with active-
tion of eryptosis. These data corroborate other
reports on the impact of DM on eryptosis [8].
Surprisingly, HDP is accompanied by even
more pronounced eryptosis intensification
compared with DM. No data on eryptosis in
patients with HDP are available, but this cell

The data indicate that ROS-dependent
mechanisms are involved in HDP- and DM-
induced eryptosis.

CONCLUSIONS

Thus, the data obtained indicate that
erythrocytes in gestational hypertension are
more prone to eryptosis and are characterized
by cell membrane alterations, which is not
observed in gestational diabetes mellitus.
Gestational hypertension-induced eryptosis is
ROS-dependent. Eryptosis indices are pro-
mising biomarkers in gestational hyper-
tension.

death mode is induced by hypertension [8].

10.

REFERENCES

Li L.J., Aris LM., Su L.L., Chong Y.S., Wong T.Y., Tan K.H., Wang J.J. Effect of gestational diabetes
and hypertensive disorders of pregnancy on postpartum cardiometabolic risk. Endocr Connect. 2018
Mar;7(3):433-442. doi: 10.1530/EC-17-0359.

Mirghani Dirar A., Doupis J. Gestational diabetes from A to Z. World J Diabetes. 2017;8(12):489-511.
d0i:10.4239/wjd.v8.i12.489

Wilkerson R.G., Ogunbodede A.C. Hypertensive Disorders of Pregnancy. Emerg Med Clin North Am.
2019;37(2):301-316. doi:10.1016/j.emc.2019.01.0084.

Sandsater, H.L., Horn, J., Rich-Edwards, J.W. et al. Preeclampsia, gestational diabetes and later risk of
cardiovascular disease: Women’s experiences and motivation for lifestyle changes explored in focus
group interviews. BMC Pregnancy Childbirth 19, 448 (2019). https://doi.org/10.1186/s12884-019-2591-
1

Lin, Y.W., Lin, M.H., Pai, L.W. et al. Population-based study on birth outcomes among women with
hypertensive disorders of pregnancy and gestational diabetes mellitus. Sci Rep 11, 17391 (2021).
https://doi.org/10.1038/s41598-021-96345-0

Phoswa W.N., Khalig O.P. The Role of Oxidative Stress in Hypertensive Disorders of Pregnhancy
(Preeclampsia, Gestational Hypertension) and Metabolic Disorder of Pregnancy (Gestational Diabetes
Mellitus). Oxid Med Cell Longev. 2021;2021:5581570. Published 2021 May 31.
d0i:10.1155/2021/5581570

Bissinger R., Bhuyan Al A.M., Qadri S.M., Lang F. Oxidative stress, eryptosis and anemia: a pivotal
mechanistic nexus in systemic diseases. FEBS J. 2019 Mar;286(5):826-854. doi: 10.1111/febs.14606.
Epub 2018 Aug 18. PMID: 30028073.

Restivo I., Attanzio A., Tesoriere L., Allegra M. Suicidal Erythrocyte Death in Metabolic Syndrome.
Antioxidants (Basel). 2021;10(2):154. Published 2021 Jan 21. doi:10.3390/antiox10020154.

Tkachenko A, Kot Y., Prokopyuk V., Onishchenko A., Bondareva A., Kapustnik V., Chumachenko T.,
Perskiy Y., Butov D., Nakonechna O. Food additive E407a stimulates eryptosis in a dose-dependent
manner. Wien Med Wochenschr. 2021 Aug 12. doi: 10.1007/s10354-021-00874-2. Epub ahead of print.
PMID: 34383224.

Posokhov Ye., Kyrychenko A. Location of fluorescent probes (2-hydroxy derivatives of 2,5-diaryl-1,3-
oxazole) in lipid membrane studied by fluorescence spectroscopy and molecular dynamics simulation.
Biophysical Chemistry 2018; 235:9-18.

Author for correspondence:

Abdullaieva Nubar Azad kyzy - assistant of the Department of Obstetrics and Gynecology No. 2,
Kharkiv National Medical University, Kharkiv, Ukraine

E-mail: nubarabdullaieva@gmail.com

ORCID ID: https://orcid.org/0000-0002-2014-3629

15


mailto:nubarabdullaieva@gmail.com
https://orcid.org/0000-0002-2014-3629

Aonymnaea H.A.', Terpsimauk JI.1O.!, IlocoxoB E.A.%, Jlazypenko B.B.!

ISPUIITO3 Y BEPEMEHHBIX C TECTAIIMOHHBIMU I'MNNIEPTEH3NBHBIMH
PACCTPOUCTBAMMU U CAXAPHBIM IUABETOM

‘Xapvrosckuii HAYUOHATbHBII MEOUYUHCKUL YHUBepcumem, Xapvkos, Ykpauna,
2Hayuno-uccre0ogamenbckutl UHCMUMYm 3KCHePUMEHMATbHOU U KIUHUYECKOU MeOuyuHvl XapbKo8cKo2o
HAYUOHATILHO20 MEOUYUHCKO20 YHUepcumema, Xapvkos, Yxpauna

Pe3srome. IlpencraBneHsl pe3ysibTaTbl MCCIENOBAaHUS, MPOBEIEHHOIO C LENBI0 HM3YyYEHHs] M3MEHEHHUH
KJIETOYHBIX MeMOpaH NIHUPKYIHPYIOMIMX SPUTPOLUTOB Yy MAlMEHTOK C TECTAUMOHHOW THIEPTEeH3UeH u
caxapHBIM AHabeToM.

HccnenoBannio ObLM mpuBJI€YEHBI 57 OEpEMEHHBIX MALMEHTOK, KOTOPbIE ObUIM pa3[eNieHbl Ha YeThIpe
rpynmsl: 15 XeHIMH C recTallMOHHBIM caxapHbiM guadetom (I'C), 15 >keHIIMH ¢ TIperecTaniuoOHHBIM
caxapubeiM nuabetoMm (IIC/I), 15 sxeHIIMH ¢ TUIIepTeH3UBHBIMU paccTpoiictBamu 6epemeHHocTr (I'PB) u 12
OepeMEeHHBIX JKEHIINH 0€3 3KCTPareHUTaJIbHON U aKyIIepCKOW HaTOJOTHH.

JIJ1 OTIEHKW CTENEeHH DPUIITO3a B3ATHIE Y MAIMEHTOK 3PUTPONHTHI oKkpammnBanu anHekcuHoM V-FITC u
2', 7'-muxnopaurupodryopectienHananeTatoM. OIyopecueHINI0 Opeaessuid Ha aHanu3arope kietok BD
FACSCanto™ II Ce Il Analyzer. Coctosiiie KJI€TOYHBIX MEMOpaH 3PUTPOIUTOR OLIEHHUBAIU C MTOMOIILIO
¢dayopecuientHoro 3ouga 010  (2-(2¢-rumpokcudennn)-5-penmn-1,3-okcazon). dnyopecueHnuo B
CYCIIEH3USX SPUTPOLIUTOB M3y4anu Ha (hayopectieHTHOM criekrpomeTpe «PerkinElmer FL8500x.

Uccnenopanue mokasano, uro I'Pb u IICJl Oy cBsI3aHbI ¢ aKTUBAllUEH PUITO3a, O YEM CBHIICTEIb-
CTBYET TOBBILICHHAS dKCTepHanu3anus GocdaruanicepuHa u u30bITouHOE 00pa3oBaHHE AKTUBHBIX (OpPM
kucnopona (ADK) na ¢oHe m3MEeHEHNH KIETOYHBIX MeMOpaH, a IMEHHO CHIDKEHUS JIUIHTHOTO TIOPSIIKA.
I'CJl He compoBOXIaIcsS HA MEMOPaHHBIME U3MEHEHUSAMH, HU aKTHUBAIHEH IPUTITO3A.

Aemop 0na KoppecnoHOeHyuu:

Abaynnaesa HyGap Asan KbI3bl, XapbKOBCKUN HallMOHAJIbHBIM MEIMLIMHCKUNA YHUBEPCHUTET,
XapbpKoB, YKpanHa

E-mail: nubarabdullayeva@gmail.com
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