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Abstract
Introduction: The w idespread prevalence and high m orta lity  rate from  coronary heart disease 
(CHD), desp ite  the  accepted trea tm ent standards, aim at find ing  the m ost rational drug 
com binations, expanding the  range o f drugs, and deve lop ing  personalized approaches to  
their use.
Research tasks: de term ination  o f the  cy top ro tective  properties o f the  an tiox idan t drug 
ethoxidol in patients with CHD.
M aterial and Methods: W e exam ined 30 patien ts w ith  CHD: stable angina pectoris o f l-lll 
functiona l classes. To de term ine the  cy top ro tective  p roperties o f e thox ido l, b lood  leukocytes 
o f pa tien ts were stud ied in v itro  by fluorescence m icroscopy using an Eclipse Ti-U inverted 
fluorescence m icroscope (N ikon, Japan). By staining leukocytes w ith fluorescent dyes 
(M itoTracker Red CMXRos, Calcein A M , Ethid ium  brom ide), liv ing and dead cells were 
de te rm ined , m itochondria l fluorescence, and the cell v iab ility  index (V Ice iis ) was calculated. The 
materials were processed statistically.
Results: w ith the  in troduction  o f e thox ido l in to  a sam ple w ith a leukocyte suspension, a 
sign ificant increase in V Ic e iis  by 21% (from 41% to  62%, p <0.001) was observed, which 
indicates the presence o f a cy top ro tec tive  p rope rty  in th is drug. A  m ore de ta iled  analysis o f 
the dynam ics o f the  V Ice iis  index showed tw o  variants o f changes in cell v iab ility : in 80% o f 
pa tien ts V Ice iis  was increased, on average, by 28% (from 36% to  64%, p <0.001) and in 20% o f 
pa tien ts V I  cells was decreased, on average, by 10% (from 68% to  58%, p <0.05). The groups 
sign ificantly d iffe red  in the  initial level o f cell v iab ility  (36% versus 68%, p <0.01), and in the 
in itial level o f m itochondria l fluorescence intensity: in the  g roup  o f increasing cell v iab ility  
under the  in fluence o f e thox ido l, the in itia l value o f m itochondria l fluorescence was 
sign ificantly low er (114.17 ± 3.63 relative units) in com parison w ith a g roup  o f decreased 
v iab ility  (144.14 ± 10.81 relative units, p<0.01). The value o f m itochondria l fluorescence 
changed in bo th  cases upward, bu t w ith ou t achieving the  re liab ility  o f differences.
Conclusion: the an tiox idan t drug e thox ido l has cy top ro tective  properties in patien ts w ith 
CHD. A t the same tim e, there is som e variab ility  in changes in the  v iab ility  o f b lood  cells o f 
pa tien ts under the  influence o f e thox ido l in the form  o f an increase (in 80% o f cases) or a 
decrease (in 20% o f cases) o f th is ind ica tor, which indicates the need to  deve lop  a 
personalized approach to prescribing this drug to patients with CHD.
Key words: antioxidants (ethoxidol), leukocytes, v iab ility , coronary heart disease, patients, 
microscopy, in vitro study, personalized pharmacotherapy.

INTRODUCTION

The re levance o f th is  s tudy is due  to  the  
w idesp read  p reva lence , m o rta lity  and h igh social 
s ign ificance  o f co rona ry  heart d isease (CHD) 
(G ruzdeva, K hokh lov, & Ilyin, 2020; SK e t al., 
2020; Zyryanov, F itilev, Vozzhaev, S hkrebn iova, & 
K lyuev, 2020). The search fo r ra tiona l 
co m b in a tio n s  o f d rugs  is o f g re a t im p o rta n ce  in 
clin ica l m ed ic ine  (Bontsevich, F ilin ichenko, 
G avrilova , G oncharova , &  M yronenko , 2018; 
B ontsevich e t a l., 2020; G avrilova , Bontsevich, 
Vovk, &  Balabanova, 2020; Kontsevaya e t al., 
2017). The a ccep ted  standards fo r  the  tre a tm e n t 
o f ang ina  pec to ris  w ith  d rugs  from  the  g ro u p s  o f
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a n tip la te le t agents, an ticoagu lan ts , be ta -b locke rs , 
statins, a n g io te n s in -co n ve rtin g  enzym e inh ib ito rs , 
n itra tes, ca lc ium  an tagon is ts  have a h igh level o f 
e v idence , b u t d o  n o t fu lly  ensure the  e ffectiveness 
o f tre a tm e n t (Knuuti e t al., 2020). C u rren tly , the  
s tandard  o f tre a tm e n t fo r  s tab le  exe rtiona l angina 
inc ludes a n u m b e r o f m e ta b o lic  d rugs  th a t 
p ro v id e  a ca rd io c y to p ro te c tiv e  e ffe c t (Knuuti e t 
al., 2020). The d ire c tio n  o f  c y to p ro te c tive  
p h a rm aco the rapy  is tra d it io n a lly  cons idered  to  be 
o f secondary im p o rta n ce  in the  tre a tm e n t o f 
hypox ic  c o n d itio n s  associa ted w ith  tissue 
ischem ia, inc lu d in g  angina p ec to ris  (Berezhnova, 
D yad ina , & Kulin tsova, 2020; K nuuti e t al., 2020; 
Sem eleva, B linova, Zaborovsky, G rom ova , & 
Shukurov, 2020). The am b ig u o u s  e fficacy o f 
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c y to p ro te c to rs  d iscove red  by a n u m b e r o f au thors 
m ay ind ica te  th e  need fo r  a persona lized 
app roach  to  p resc rib ing  th is  g ro u p  o f d rugs  
(N ov ikov, Levchenkova, &  Ivantsova, 2020; 
O lesyaV  R om aschenko e t al., 2021;
R om ashchenko, 2018). C u rren tly , a w h o le  area o f 
persona lized  p h a rm aco the rapy  is ac tive ly
d e v e lo p in g  (Petrov, S h ish im orov, M agn itskaya, & 
Tokachev, 2016).
The use o f an a n tio x id a n t d ru g  in the  co m p le x  
pha rm a co th e ra p y  o f C H D  can increase the  
e ffec tiveness o f tre a tm e n t (O. R om aschenko e t 
al., 2020), since m yocard ia l ischem ia is associa ted 
w ith  co ronary  a therosc le ros is  and ac tiva tion  o f 
lip id  p e ro x id a tio n  (Heusch, 2019). The a n tio x id a n t 
p ro p e rty  o f the  d ru g  p a th o g e n e tica lly  can lead to  
c y to p ro te c tiv e  and energy-sav ing  e ffec ts  (Kukes, 
G orbach , R om ashchenko, &  Rum best, 2014), 
w hich w o u ld  be  im p o rta n t in case o f m yocard ia l 
ischem ia. In th is  rega rd , it is o f pa rticu la r in te res t 
to  s tudy  th e  e ffe c t o f  th e  a n tio x id a n t d rug  
e to x id o l on cell v ia b ility  and the  ene rgy  sta te  o f 
cell m ito ch o n d ria  in pa tien ts  w ith  CHD.
The e x p e rim e n ta l m o d e l fo r  s tu d y in g  th e  v ia b ility  
o f ce lls was th e  b lo o d  leukocy tes  o f p a tie n ts , 
s ince th e y  can re fle c t th e  in te rna l s ta te  o f the  
hum an b o d y  and are re a d ily  ava ilab le  m ate ria l 
fo r  research. These im m u n e  ce lls are con s id e re d  
as a k ind  o f "m irro r  o f  h o m e o s ta s is ", w h ich  can 
be used to  d e te rm in e  th e  na tu re  o f  th e  process 
u n d e rly in g  the  d isease, its seve rity , p ro g n o s is  
and e ffec tiveness  o f th e ra p y  (U zenbaeva, 
K izhina, llyukha , Be lk in , &  K hizhkin , 2019). 
M o re o ve r, W . J in , G. D en g -F e ng , W . Hao e t al, 
based on a n u m b e r o f th e ir  ow n s tud ies , a rgue  
th a t th e  na tu re  o f  m ito c h o n d ria l d a m a g e  in 
ca rd io m yo cy te s  and p e rip h e ra l b lo o d  leukocy tes  
is id e n tica l, leukocy tes  re fle c t changes in 
ca rd io m yo cy te s , as in a m irro r (W ei e t al., 2014).

PURPOSE
The aim  o f th is  s tudy was to  d e te rm in e  the  
c y to p ro te c tiv e  p ro p e rtie s  o f  th e  a n tio x id a n t d rug  
e th o x id o l on th e  basis o f an in v itro  s tudy o f 
b lo o d  cells v ia b ility  in p a tien ts  w ith  CHD.

MATERIALS A N D  METHODS

W e exam ined  30 pa tien ts  w ith  co rona ry  heart 
d isease: s tab le  angina pec to ris  o f l- lll func tiona l 
classes (acute co rona ry  syndrom e was exc luded  
from  the  study), w ho  w ere  a d m itte d  to  the  
D e p a rtm e n t o f C a rd io lo g y  N o. 1 o f th e  B e lgo rod  
Regional C lin ica l H osp ita l o f  St. Joasaph from  
January to  June 2019. The s tudy  g ro u p  inc luded  
20 w om en  and 10 m en aged  from  49 to  81 years, 
the  average age o f pa tien ts  was 66.0 ±  2 .0  years 
o ld .
B lood  sam pling  was p e rfo rm e d  in the  m orn ing  on 
an e m p ty  stom ach in a vacuum  tu b e  w ith  
e th y le n e d ia m in e  te tra a ce tic  acid (EDTA). A

p re re q u is ite  fo r  th e  se lection  o f p a tien ts  fo r  the  
s tudy  was the  absence o f X-rays fo r  a t least 21 
days be fo re  b lo o d  sam p ling  due  to  the  w e ll- 
know n des truc tive  e ffe c t o f X-rays on human 
leukocytes and th e  a b ility  o f w h ite  b lo o d  cells to  
c o m p le te ly  renew  th e  co m p o s itio n  w ith in  21 days 
w ith  an average life expectancy  o f leukocytes o f 
7-9 days (B rubaker, Le Roy, &  M enge l, 1977).
To d e te rm in e  the  v ia b ility  o f  b lo o d  cells, 
leukocytes (0.5 ml) w e re  co lle c te d  m anua lly  w ith  a 
m ic ro p ip e tte  unde r asep tic  co n d ition s , m ixed  w ith  
2 ml o f RPM I-1640 cu ltu re  m ed ium  w ith  g lu tam ine  
(PanEko, Russia), then  p laced  in to  the  w e lls  o f  a 
24-w e ll p la te , 20 pi o f leukocyte  suspension in 
each w e ll. The cu ltu re  m ed ium  and the  d ru g  w ere  
a d d e d  in an a m o u n t necessary to  create a 
th e ra p e u tic  con ce n tra tio n  o f e th o x id o l in th e  w ell 
o f  0 .68  |jg  /  m l. W e  w ere  g u id e d  by the  o ffic ia l 
ins truc tions  fo r  the  m ed ica l use o f e th o x id o l. Then 
the  sam ples w ere  incuba ted  fo r  3 hours (tim e 
su ffic ien t fo r  the  d ru g  to  in te ra c t w ith  cells) in an 
in cu b a to r w ith  5% C O 2 co n te n t a t a te m p e ra tu re  
o f 37°C  (cond itions  o f the  hum an in te rna l 
env ironm en t). A fte r  3 hours o f in cu b a tio n , 500 pi 
o f th e  su pe rna tan t was taken from  each w e ll and 
flu o re sce n t dyes w ere  a d d e d  to  the  rem a in ing  
500 |jl a t a fina l con ce n tra tio n  o f In M /p l fo r 
M itoT racke r Red CM XRos (Inv itrogen , USA), 
w hich a llow s to  eva luate  th e  m itochond ria l 
m em brane  p o te n tia l and Calcein A M  (Inv itrogen  , 
USA), w h ich  stains o n ly  v iab le  cells and a t a final 
con ce n tra tio n  o f 2 n M /[jL  fo r  E th id ium  b ro m id e  
(S igm a-A ld rich , USA), w h ich  stains o n ly  dead  cells 
(Larionov, M a lov, M andrik , M aslov, &  O rish ich , 
2003). The sam ples w ere  again p laced  in a 
th e rm o s ta t un d e r the  same c o n d itio n s  fo r  a n o th e r 
30 m inu tes  (tim e su ffic ien t fo r  s ta in ing  the  cells). 
W hen d e v e lo p in g  the  schem e o f th e  e xp e rim e n t, 
w e w ere  g u id e d  by th e  tu to ria l o f  (M itrosh ina , 
M ishchenko , &  V edunova , 2015).
The results w e re  eva lua ted  by fluo rescence  
m ic roscopy  using an Eclipse Ti-U inve rted  
m ic roscope  (N ikon, Japan). The data  w ere  
processed using the  specia lized  so ftw are  EZ-C1 
F reeV iew er V er3 .90  (N ikon), the  fluo rescence  
in tens ity  in 100 cells in 10 fie ld s  o f v iew  fo r  each 
w e ll was d e te rm in e d , expressed in re la tive  units. 
The nu m b e r o f liv ing  and dead  cells was co u n te d , 
the  cells v ia b ility  in d e x  was ca lcu la ted  using the  
fo rm u la :
VI cells ~ (Z liv ing cells “ Z dead cells) /  (Z dead cells) 1 00, 
(1)
w here  VI ceiis is th e  ce lls v ia b ility  in d e x  (in %),
Z living cells “ th e  п и т Ь е г  o f liv ing  cells in 10 fie lds  o f 
v iew
Z dead cells ‘  the  п и т Ь е г  o f dead  cells in 10 fie lds  o f 
v iew
By th e  na ture  o f th e  change  in th e  cells v ia b ility  
in d e x  un d e r the  in fluence  o f the  d rug  
a d m in is te red  in v itro , the  presence o f the  
c y to p ro te c tiv e  p ro p e rtie s  o f e th o x id o l was ju d g e d



acco rd ing  to  the  m e th o d  w e d e v e lo p e d  (O. V. 
Rom aschenko e t al., 2022).
A  to ta l o f 12,000 cells w ere  analyzed. The 
m ate ria ls  w ere  processed s ta tis tica lly  w ith  the  
ca lcu la tion  o f the  a rith m e tic  m ean, e rro r o f the  
m ean, assessm ent o f the  s ign ificance  o f 
d iffe rences  by S tuden t's  t-tes t. C o rre la tion  
analysis was also p e rfo rm e d .
The s tudy was carried o u t on th e  basis o f the  
la b o ra to ry  o f cell te ch n o lo g ie s  o f the  Research 
Ins titu te  o f P harm aco logy o f L iving Systems, 
B e lg o rod  S tate University.

RESULTS A N D  DISCUSSION

In th e  con tro l w e lls  (w ith o u t a d d in g  the  drug), 
w hen analyzing the  fluo rescence  o f the  
m ito ch o n d ria  o f b lo o d  leukocytes s ta ined by M ito  
T racker Red, c learly  g lo w in g  cells, round  and 
shaped , w ere  fo u n d , w hich ind ica tes  no rm a lly  
fu n c tio n in g  m ito ch o n d ria  (Fig. 1, A.). The average 
m ito ch o n d ria  fluo rescence  va lue in the  g ro u p  was 
120.20 ±  4 .18 re l.un its . S im u ltaneous s ta in ing  o f 
sam ples by C alce in  A M  show ed th a t all lum inous 
cells w ith  fu n c tio n in g  m ito ch o n d ria  are a live  (Fig. 
1, B.). The n u m b e r o f dead  cells in re la tion  to  the  
to ta l n u m b e r o f analyzed cells was 30% . (Fig. 1,
C.). The in d e x  o f v ia b ility  o f leukocytes in pa tien ts  
w ith  C H D , on average fo r  the  g ro u p  (w ith o u t the  
in tro d u c tio n  o f e th o x id o l), was 41 %.

Luminescence o f b lood  
leukocytes m itochondria  
(dye - M ito  Tracker Red). 
Fluorescence 
m icroscopy, 
m agnification X200.

Luminescence o f
m em brane structures o f 
liv ing w h ite  b lood  cells 
(dye - Calcein AM). 
Fluorescence 
m icroscopy, 
m agnification X200.

without ethoxidol

Figure 1.А.

Figure 1 .B.

with ethoxidol (0.68 pg /  ml)

Figure 2.A.

Figure 2.B.
Luminescence o f dead 
leukocytes (dye - 
Ethid ium  brom ide). 
Fluorescence 
m icroscopy, 
m agnification X200

Figure 2.C.

Figure 1 .C.

Fluorescence m icroscopy o f  b lo o d  leukocytes o f 
p a tien ts  w ith  C H D  in the  w ells, w h ich  w ere 
su p p lem e n te d  w ith  e to x id o l a t a th e ra p e u tic  
conce n tra tio n  and the  dye  M ito  T racker Red, 
revealed c learly  g lo w in g  cells, round  and shaped, 
w hich ind ica tes no rm a lly  fu n c tio n in g  m ito ch o n d ria  
(Fig. 2, A .) The va lue o f m ito ch o n d ria l

fluo rescence  th e  average fo r  the  g ro u p  was 
127.64 ±  5.41 re la tive  units, w h ich  is h ig h e r in 
com parison  w ith  the  con tro l (120.20 ±  4.18 
re la tive  units), b u t w ith o u t reach ing the  level o f 
s ign ificance  o f d iffe rences  (p> 0.05).
The s ta in ing  o f the  same C alce in  A M  sam ples 
show ed th a t all lum inous cells w ith  fu n c tio n in g



m ito ch o n d ria  are a live (Fig. 2, B.). The n u m b e r o f 
dead  cells in re la tion  to  th e  to ta l n u m b e r o f 
analyzed cells was 28%  (Fig. 2.C) The leukocyte  
v ia b ility  in d e x  in p a tien ts  w ith  C H D , on average in 
the  g ro u p , a fte r th e  in tro d u c tio n  o f e th o x id o l

increased by 21%  (from  41%  to  62% , p <0.001), 
w hich ind ica tes  th e  presence o f c y to p ro te c tive  
p ro p e rtie s  in th is  d ru g  (O. V. Rom aschenko e t al., 
2022 ).

Cells viability index of patients with CHD during introduction of
ethoxidol in vitro, %

d<0.05

70
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D<0.001

initial value

after the introduction of 
ethoxidol in vitro

■  increased vitality ■  decreased vitality

Figure 3. Influence o f  e th ox id o l on the index o f  v iab ility  o f  pe rip he ra l b lo o d  leukocytes in pa tien ts  w ith CHD (therapeutic
concentra tion 0.68 у д  /  ml, 3 hours o f  incubation, in vitro).

A  m ore  d e ta ile d  analysis o f the  dynam ics o f th e  VI 
cells index show ed tw o  varian ts o f changes in cell 
v ia b ility : in 80%  o f pa tien ts , VI ceiis was increased, 
on average, by 28%  (from  36%  to  64% , p <0.001) 
and in 20%  o f pa tien ts , VI ceiis was decreased , on 
average, by 10% (from  68%  to  58% , p <0.05), at 
the  same tim e , the  g ro u p s  s ig n ifica n tly  d iffe re d  in 
the  in itia l level o f cell v ia b ility  (p<0 .01) (Fig.3.).

The va lue o f m ito ch o n d ria l fluo rescence  changed  
in b o th  cases upw ard , b u t w ith o u t ach iev ing  the  
re lia b ility  o f d iffe rences  (Table 1.). A t the  same 
tim e , th e  g ro u p s  s ign ifican tly  d iffe re d  in th e  in itia l 
level o f m ito ch o n d ria l fluorescence : in the  g ro u p  
w ith  an increase in cell v ita lity  u n d e r the  in fluence 
o f e th o x id o l, adm in is te red  in v itro , an in itia lly  
low e r va lue o f m ito ch o n d ria l fluo rescence  
in tens ity  was n o te d  (Table 1.)

Table 1 .Mitochondrial fluorescence intensity in patients with C H D during in vitro introduction of ethoxidol

Indicator
Decreased vitality Increased vitality
Initial value After the  

introduction of 
ethoxidol

Initial value A fter the  
introduction of 
ethoxidol

M itochondria l 
fluorescence 
intensity, 
relative units

144.14 ± 1 0.81** 149.84±16.55* 114.17±3 .63** 123.33±5.06*

N ote . **S ig n ifica n t d iffe rences  be tw een  the  
com parison  g ro u p s  a t base line  (p<0.01); 
*S ig n ifica n t d iffe rences be tw een  the  com parison  
g ro u p s  a fte r in v itro  in tro d u c tio n  o f e th o x id o l (p 
<0.05).
C o rre la tion  analysis show ed no d e p e n d e n ce  o f 
cell v ia b ility  on the  fluo rescence  in tens ity  o f  th e ir 
m ito ch o n d ria  in th e  case o f pos itive  dynam ics 
from  the  in tro d u c tio n  o f e th o x id o l: th e  co rre la tion  
co e ffic ie n t (CC) was 0.12 (p>  0.05) b o th  in the  
in itia l state and a fte r in v itro  in tro d u c tio n  o f

e th o x id o l. In th e  case o f nega tive  dynam ics from  
the  in tro d u c tio n  o f e th o x id o l, a h igh ly  s ign ifican t 
nega tive  co rre la tion  re la tionsh ip  was found  
be tw een  the  ind ica to rs  o f cell v ia b ility  and the  
in tens ity  o f  fluo rescence  o f th e ir  m ito ch o n d ria  
b o th  in th e  in itia l sta te  (the CC was -0 .65 (p <0.01) 
and a fte r in v itro  in tro d u c tio n  o f e th o x id o l (the CC 
was -0 .97 (p <0.01)), and, as can be seen from  the  
values o f the  co rre la tion  coe ffic ien ts , the  s treng th  
o f the  re la tionsh ip  increased from  m o d e ra te  to



s trong  a fte r th e  in tro d u c tio n  o f e th o x id o l in to  the  
w e lls  in v itro .
The p a th o g e n e tic  subs tan tia tion  o f th e  va lid ity  o f 
o u r results and conc lus ions are the  fo llo w in g  
th e o re tica l p rov is ions  ... The nnain cause o f 
m yocard ia l ischem ia is a theroscle rosis  o f the  
co rona ry  vessels (Rocha, Rocha, Succi, &  B rito  
Jun io r, 2020). A t th e  in itia l stages o f 
a theroscle rosis , a th e ro g e n ic  h y p e rlip o p ro te in e m ia  
is obse rved  (Ference, G raham , T o kg o zo g lu , &  
C a tapano , 2018). In th e  presence o f vascular 
e n d o th e lia l dys func tion  (increased endo th e lia l 
p e rm e a b ility  due  to  ac tiva tion  o f lip id  
p e ro x id a tio n ), a th e ro g e n ic  low  dens ity  
lip o p ro te in s  e n te r th e  vascu lar w all. A n excess o f 
lip ids  in the  cell p ro m o te s  fu rth e r ac tiva tion  o f 
lip id  p e ro x id a tio n , as a resu lt o f w hich cho leste ro l 
becom es fo re ig n  to  th e  cell and im m une 
m echanism s o f a therosc le ros is  p rog ress ion  are 
tr ig g e re d  (W u, Li, H ou, &  C hu, 2017).
L ip id  p e ro x id a tio n  is a b ranched  chain reaction 
invo lv ing  reactive  oxygen  species (free radicals). A  
free  radical is a h ig h ly  reactive m o lecu la r pa rtic le  
th a t has an unpa ired  e lec tron  in its o u te r o rb ita l. 
L ip id  p e ro x id a tio n  o f m em branes leads to  
d is ru p tio n  o f ce llu la r hom eostasis: a decrease in 
the  synthesis o f ATP, D N A , RNA, ac tiva tion  o f 
p ro te o ly tic  enzym es, cyto lysis, and, u ltim a te ly , cell 
dea th  (G a sch le r&  S tockw ell, 2017).
A n  a n tio x ida n t, due  to  the  presence o f unpa ired  
e lec trons  in its m o lecu le , is ab le  to  cap tu re  
e lec trons  o f reactive  oxygen  species and 
neutra lize  them , thus p re ve n tin g  dam age  to  cell 
m em branes and o th e r s tructures - m ito ch o n d ria , 
D N A  m o lecu les, RNA, m a in ta in ing  norm al ATP 
p ro d u c tio n  and cell v ia b ility  (Shivakum ar &  
Y ogend ra  Kum ar, 2018).
A cco rd in g  to  the  o ffic ia l ins truc tions  fo r  m edica l 
use and lite ra tu re  da ta , e th o x id o l has a nu m b e r o f 
p le io tro p ic  e ffects, in c lu d in g  h yp o lip id e m ic , 
a n tip la te le t, an tiischem ic , m em brane  s tab iliz ing , 
e n d o th e lio p ro te c tiv e , etc. (Kukes e t al., 2014; O. 
Rom aschenko e t al., 2020). M any research w orks 
are d e v o te d  to  th e  pha rm aco log ica l co rrec tion  o f 
e n d o th e lia l dys func tion ; e n d o th e lio p ro te c tio n  is 
an im p o rta n t pha rm acodynam ic  ta rg e t [(M. 
Korokin  e t a l., 2019 ; M . Korokin  e t al., 2020; M. V. 
Korokin  e t al., 2015; M. V. Korokin  e t al., 2019; 
S tepchenko  e t al., 2020). A p p a re n tly , all these 
p le io tro p ic  e ffec ts  are a consequence  o f th e  d ire c t 
a n tio x id a n t ac tion  o f e th o x id o l.
The a b ility  o f e th o x id o l to  in fluence  on cell 
v ia b ility  in d iffe re n t ways, d e p e n d in g  on the  in itia l 
level o f  th e ir  v ia b ility  and th e  in tens ity  o f 
m ito ch o n d ria l fluo rescence , d iscove red  by us, is 
new , requ ires fu rth e r s tudy  and ind ica tes  the  need 
to  d e v e lo p  persona lized  app roaches to  
p resc rib ing  th is  d ru g  to  p a tien ts  w ith  co rona ry  
heart disease.

CONCLUSION

Thus, acco rd ing  to  th e  results o f o u r in v itro  s tudy, 
the  a n tio x id a n t d ru g  e th o x id o l re liab ly  possesses 
c y to p ro te c tiv e  p ro p e rtie s  w hen used in pa tien ts  
w ith  co rona ry  heart d isease; how ever, the re  is 
som e va ria b ility  in the  change  in th e  v ia b ility  o f 
cells in p a tien ts  w ith  C H D  fo r in v itro  
adm in is tra tio n  o f e th o x id o l in th e  fo rm  o f an 
increase (by 80%  cases) o r a decrease (in 20%  o f 
cases) o f th e ir  v ia b ility , w h ich  ind ica tes  th e  need 
fo r  a persona lized  app roach  to  p resc rib ing  th is 
d ru g  to  p a tien ts  w ith  CHD.
1. W ith  the  in tro d u c tio n  o f e th o x id o l in to  a 
sam ple  w ith  a leukocyte  suspension, a s ign ifican t 
increase in the  v ia b ility  in d e x  (VI ceiis) by  21%  (from  
41%  to  62% , p <0.001) was obse rved , w hich 
ind ica tes  the  presence o f cy to p ro te c tive  
p ro p e rtie s  in th is  d rug .
2. A  m ore  d e ta ile d  analysis o f the  dynam ics 
o f the  VIceiis in d e x  show ed tw o  varian ts o f changes 
in cell v ia b ility : in 80%  o f p a tien ts  VIceiis was 
increased, on average, by 28%  (from  36%  to  64%, 
p <0.001) and in 20%  o f p a tien ts  VI ceiis was 
decreased , on average, by 10% (from  68%  to  
58% , p <0.05). The g ro u p s  s ig n ifica n tly  d iffe re d  in 
the  in itia l level o f cell v ia b ility  (36% versus 68% , p 
<0.01), and in the  in itia l level o f m ito ch o n d ria l 
fluo rescence  in tens ity : in the  g ro u p  o f increasing 
cell v ia b ility  un d e r the  in fluence  o f e th o x id o l, the  
in itia l va lue o f m ito ch o n d ria l fluo rescence  was 
s ig n ifica n tly  lo w e r (114.17 ±  3.63) in com parison  
w ith  a g ro u p  o f decreased  v ia b ility  (144.14 ±
10.81, p<0.01).
3. The va lue o f m ito ch o n d ria l fluo rescence  
a fte r th e  in tro d u c tio n  o f e th o x id o l, changed  in 
b o th  cases upw ard , b u t w ith o u t ach iev ing  the  
re lia b ility  o f d iffe rences. N o c lear re la tionsh ip  was 
fo u n d  be tw een  th e  ind ica to rs  o f cell v ia b ility  and 
the  value o f fluo rescence  o f th e ir m ito ch o n d ria  in 
the  case o f pos itive  dynam ics from  e th o x id o l (the 
co rre la tion  c o e ffic ie n t (CC) was 0.12; p >  0.05) 
and, at the  same tim e , in the  case o f nega tive  
dynam ics from  th e  in tro d u c tio n  o f e th o x id o l, a 
h ig h ly  s ig n ifica n t nega tive  co rre la tio n  re la tionsh ip  
was fo u n d  be tw een  th e  ind ica to rs  o f cell v ia b ility  
and the  fluo rescence  in tens ity  o f  th e ir 
m ito ch o n d ria  as in the  in itia l s ta te  (the CC was -
0 .65 (p <0.01), and a fte r in v itro  in tro d u c tio n  o f 
e th o x id o l (the CC was -0 .97 (p <0.01)), m oreover, 
the  s treng th  o f  th e  re la tionsh ip  increased from  
m o d e ra te  to  s trong  a fte r the  in tro d u c tio n  o f 
e th o x id o l in to  the  w e lls  in v itro .

REFERENCES

Berezhnova, T. A., Dyadina, K. S., & Kulintsova, Y. V. 
(2020). Im m une-m etabolic  therapy o f puru lent 
in flam m atory diseases. 6(4), 1-6.
d o i:h ttps ://d o i.o rg /10 .38 97 /rrp ha rm a co log y .6 .55628 
Bontsevich, R. A., F ilinichenko, T. S., Gavrilova, A. Д., 
G oncharova, N. Y., & M yronenko, O. V. (2018). 
Assessment o f physicians' and senior m edical students' 
know ledge in trea tm en t o f pa tien ts w ith com m unity- 
acquired pneum onia: Current results o f the  KNOCAP

https://doi.org/10.3897/rrpharmacology.6.55628


pro ject.
d o i:h ttp s ://d o i.o rq /1 0

4(3), 27-36.
3897/rrpharm aco loqy.4 .29454

Bontsevich, R. A., Gavrilova, A. A ., Adonina, A. V., 
Vovk, Y. R., Goncharova, N. Y., Batisheva, G. A ., . . . 
Barysheva, V. O. (2020). Rational an tim icrob ia l
chem otherapy: assessment o f the  level o f basic 
know ledge o f general practitioners. Final results o f the 
KANT pro ject. Research Results in Pharm acology, 6(1), 
93-99.
d o i:h ttps ://do i.o ra /10 .3897 /rrpha rm aco loav .6 .54855  
Brubaker, L. H., Le Roy, J. E., & M engel, C. E. (1977). 
N eutroph il life span in paroxysmal nocturnal
hem og lob inuria . Blood, 50(4), 657-662.
d o i:h ttps ://do i.o rq /10 .1182 /b lood .V 50 .4 .657 .657  
Ference, B. A., Graham, I., Tokgozog lu, L., & Catapano, 
A. L. (2018). Im pact o f lip ids on cardiovascular health: 
JACC health p rom otion  series. Journa l o f  the Am erican  
C ollege o f  Card io logy, 72(10), 1141-1156.
d o i:h ttp s ://d o i.o rg /1 0.1016 /j.jacc.2018.06.046 
Gaschler, M. М., & Stockwell, B. R. (2017). Lipid 
pe rox idation  in cell death. B iochem ical and  biophysica l 
research com m unications, 482(3), 419-425.
d o i:h ttp s ://d o i.o rg /1 0.1016 /j.bb rc .2016.10.086 
Gavrilova, A. A ., Bontsevich, R. A ., Vovk, Y. R., & 
Balabanova, A. A. (2020). M odern approaches to  
pharm acotherapy o f com m unity-acquired pneum onia. 
6(4), 77-84.
d o i:h ttps ://do i.o rq /10 .3897 /rrpha rm aco loqy .6 .52318  
Gruzdeva, A. A., Khokhlov, A. L., & Ilyin, M. V. (2020). 
Risk m anagem ent strategy fo r p reventing the reduced 
trea tm ent effectiveness from  the position o f drug 
in teractions and po lypharm acy in patien ts w ith coronary 
heart disease. 6(4), 85-92.
d o i:h ttps ://do i.o rq /10 .3897 /rrpha rm aco loqy .6 .60164  
Heusch, G. (2019). M yocardia l ischemia: lack o f 
coronary b lood  flow , m yocardial oxygen supply- 
dem and im balance, o r what? A m erican Journa l o f  
Physio logy-H eart and C ircu la tory Physiology, 376(6), 
H1439-H1446.
d o i:h ttp s ://d o i.o rq /1 0.11 52 /a jpheart.00139.2019 
Knuuti, J., W ijns, W ., Saraste, A ., Capodanno, D., 
Barbato, E., Funck-Brentano, C., . . . Cuisset, T. (2020). 
2019 ESC G uidelines fo r  the diagnosis and 
m anagem ent o f chronic coronary syndromes: the  Task 
Force fo r the  diagnosis and m anagem ent o f chronic 
coronary syndrom es o f the European Society o f 
C a rd io logy (ESC). European heart jou rna l, 4?(3), 407
477. d o i:h ttps ://do i.o rq /10 .1093 /eu rheartj/ehz425  
Kontsevaya, A., Bobrova, N., Barbarash, O., Duplyakov,
D., Efanov, A ., Galyavich, A ., . . . M iro lyubova, O. 
(2017). The m anagem ent o f acute m yocardia l in farction 
in the  Russian Federation: p ro toco l fo r a study o f 
pa tien t pathways. W ellcom e open research, 2(89). 
d o i:h ttps ://do i.o rq /10 .12688 /w e llcom eopen res . 12478.1 
Korokin, М., Gudyrev, O., Gureev, V., Korokina, L., 
Peresypkina, A., Pokrovskaia, Т., . . . Pokrovskii, M.
(2019). Studies to  e luc idate the  effects o f furostanol 
g lycosides from  dioscorea de lto idea  cell culture in a rat 
m odel o f endo the lia l dysfunction. M olecules, 25(1), 
169. d o i:h ttps ://do i.o rq /10 .3390 /m o lecu les25010169 
Korokin, М., Gureev, V., Gudyrev, O ., G olubev, I., 
Korokina, L., Peresypkina, A ., . . . Zatolokina, M. (2020). 
E rythropoietin  m im etic  pe p tid e  (pHBSP) corrects 
endo the lia l dysfunction in a rat m odel o f preeclam psia. 
In ternationa l jo u rn a l o f  m o lecu lar sciences, 27(18), 
6759. d o i:h ttps ://do i.o rg /10 .3390 /ijm s21  186759 
Korokin, M. V., Pokrovskii, M. V., Gudyrev, O. S., 
Korokina, L. V., Pokrovskaia, T. G., Lazarev, A. I., . . . 
Gureev, V. V. (2015). Pharm acological correction o f

endo the lia l dysfunction in rats using e-NO S cofactors. 
Research Journa l o f  Pharmaceutical, B io log ica l and  
Chem ical Sciences, 6(5), 1548-1552.
Korokin, M. V., Soldatov, V. O ., T ietze, A. A ., G olubev,
I. V., Belykh, A. E., Kubekina, M. V  Tat'Yana, G. P.
(2019). 11-amino acid pe p tid e  im ita ting  the  structure o f 
e ry th ropo ie tin  a-he lix b im proves endo the lia l function, 
bu t stim ulates throm bosis in rats. Фармация и 
фармакология, 7(6 (eng)), 312-320.
d o i:h ttp s ://d o i.o rq /1 0.19163/2307-9266-2019-7-6-312- 
320
Kukes, V. G., G orbach, T. V., Romashchenko, O. V., & 
Rumbest, V. V. (2014). Energy-saving activ ity  o f the 
an tiox idan t e thox ido l in sim ulated m yocardia l ischemia. 
Drugs and rationa l pharm acotherapy, 1, 16-20.
Larionov, P. М., M alov, A. N., M andrik, M. М., Maslov, 
N. A., & Orishich, A. M. (2003). Changes in the 
spectrum  o f laser-induced fluorescence o f m yocardial 
tissue as its v iab ility  decreases. Journa l o f  A p p lie d  
Spectroscopy, 70(1), 38-42.
d o i:h ttp s ://d o i.o rq /1 0.1023 /A :1023212206592 
M itroshina, E. V., M ishchenko, T. A ., &  Vedunova, M. V. 
(2015). D eterm ination o f the v iab ility  o f cell cultures. 
Study gu ide. Nizhny N o vg o ro d .-21 p.
Novikov, V. E., Levchenkova, O. S., &  Ivantsova, E. N.
(2020). Possibilities o f an tihypoxant use fo r 
m itochondria l dysfunctions. Bulletin o f  the Smolensk 
State M ed ica l Academ y, 79(1), 41-55.
Petrov, V. I., Shishimorov, I. N., Magnitskaya, O. V., & 
Tokachev, B. E. (2016). Personalized m edicine: the 
evo lu tion o f m e tho do log y  and prob lem s o f practical 
im p lem enta tion . Bulle tin o f  V o lgog rad  State M edica l 
University, 7(57), 3-11.
Rocha, L. O ., Rocha, E., Succi, G. d. М., & Brito Junior, 
R. B. d. (2020). Association between Periodontitis, 
G enetic Polym orphism s and Presence o f Coronary 
A rtery Disease in Southern Brazil. A rqu ivos brasile iros 
de card io log ia , 7 74, 268-272.
Romaschenko, O ., G orbach, Т., A lferov, P., Grischenko, 
N., Pokrovskaya, Т., & Rumbesht, V. (2020).
E ndothe liop ro tective  e ffect o f a com bination  o f statin 
w ith an tiox idan t in the  trea tm en t o f pa tien ts w ith 
coronary heart disease. 7(10), 571-575.
Romaschenko, O., Pokrovsky, М., Nadezhdin, S., 
Rumbesht, V., Zhernakova, N., A lferov, P., . . . 
Kazakova, E. E. (2021). Personalized A pproaches To 
The Use O f M eldon ium  As A  C y top ro tec to r In Patients 
W ith  Coronary Heart Disease. NVEO-NATURAL  
VOLATILES &  ESSENTIAL OILS Journa l! NVEO, 3675
3685.
Romaschenko, O. V., Pokrovsky, M. V., Nadezhdin, S. 
V., Rumbesht, V. V., Zhernakova, N. I., A lferov, P. K., . . . 
Kukes, V. G. (2022). Personalized Approaches to  the 
Use o f the  A n tio x id an t E thoxido l in Patients w ith 
Coronary Heart Disease. Journa l o f  Nanostructures, 
72(2), 343-352.
Romashchenko, O. V. (2018). Influence o f cytoflavin on 
the D N A  o f b lood  leukocytes o f pa tien ts w ith ischemic 
heart disease depend ing  on the  po lym orphism  o f the 
endo the lia l n itric  ox ide synthase gene. 
Eksperim ental'naya i Klinicheskaya Earmakologiya, 
8 m ,  14-19.
Semeleva, E. V., B linova, E. V., Zaborovsky, A. V., 
G rom ova, I. A., & Shukurov, A. S. (2020). M etal- 
conta in ing taurine com pounds pro tect rat's brain in 
reperfusion-induced injury.
d o i:h ttps ://do i.o ro /10 .3897 /rrpha rm aco looy .6 .59857 
Shivakumar, A ., & Yogendra Kumar, M. S. (2018). 
Critical review on the  analytical mechanistic steps in the

W

https://doi.orq/10
https://doi.org/10.3897/rrpharmacology.4.29454
https://doi.org/10.3897/rrpharmacology.6.54855
https://doi.org/10.1182/blood.V50.4.657.657
https://doi.org/10.1016/j.jacc.2018.06.046
https://doi.org/10.1016/j.bbrc.2016.10.086
https://doi.org/10.3897/rrpharmacology.6.52318
https://doi.org/10.3897/rrpharmacology.6.60164
https://doi.org/10.1152/ajpheart.00139.2019
https://doi.org/10.1093/eurheartj/ehz425
https://doi.org/10.12688/wellcomeopenres.12478.1
https://doi.org/10.3390/molecules25010169
https://doi.org/10.3390/ijms21186759
https://doi.org/10.19163/2307-9266-2019-7-6-312-320
https://doi.org/10.19163/2307-9266-2019-7-6-312-320
https://doi.org/10.1023/A:1023212206592
https://doi.org/10.3897/rrpharmacology.6.59857


(  The cytop ro tective  p ro pe rty  o f e thox ido l in patien ts w ith  coronary heart disease... HIV Nursing 2022; 22(2): 69-75 
evaluation o f an tiox idan t activity. C ritica l reviews in 
analytical chemistry, 48(3), 214-236.
d o i:h ttp s ://d o i.o rg /1 0.1080 /10408347.2017.1400423 
SK, Z., SB, F., AV, V., II, S., NN , S., DA, K., . . . YG, V.
(2020). M edica tion adherence in pa tien ts w ith  stable 
coronary artery disease in prim ary care. Research 
Results in Pharm acology., 6(2), 97-103.
d o i:h ttps ://do i.o rq /10 .3897 /rrpha rm aco loqv .6 .54130  
Stepchenko, A. A., Pokrovskaia, T. G., Gudyrev, O. S.,
Soldatov, V. O., Pokrovskii, M. V., Batishcheva, G. A ., . .
. Gureev, V. V. (2020). Eleven-am ino acid peptides tha t 
m im ic the e ry th ropo ie tin  a-helix В increases cell survival 
in endo the liocyte  culture. Archivos Venezolanos de 
Farm acologia у  Terapeutica, 39(5), 533-540.
Uzenbaeva, L. B., Kizhina, A. G., Ilyukha, V. A., Belkin,
V. V., & Khizhkin, E. A. (2019). M o rpho logy  and 
com position  o f periphera l b lood  cells during 
hibernation in bats (chiroptera, vespertilion idae) o f 
northwestern Russia. B io logy Bulletin, 46(4), 398-406. 
d o i:h ttp s ://d o i.o ra /1 0.1134/S1062359019030130 
W ei, J., Gao, D.-F., W ang, H., Yan, R., Liu, Z.-Q ., Yuan,
Z.-Y., . . . Chen, M.-X. (2014). Im pairm ent o f m yocardial 
m itochondria  in viral m yocardia l disease and its 
reflective w indo w  in periphera l cells. PLoS One, 9(12), 
e l 16239.
d o i:h ttp s ://d o i.o ra /1 0.1371 /jou rna l, pone .0116239 
W u, M.-Y., Li, C.-J., Hou, M.-F., & Chu, P.-Y. (2017).
New insights in to the  role o f in flam m ation in the 
pathogenesis o f atherosclerosis. In ternationa l jo u rn a l o f  
m olecu la r sciences, 78(10), 2034.
d o i:h ttps ://do i.o rg /10 .3390 /iJm s18102034 
Zyryanov, S. K., Fitilev, S. B., Vozzhaev, A. V.,
Shkrebniova, I. I., &  Klyuev, D. A. (2020). Critical 
aspects o f the  m anagem ent o f stable coronary artery 
disease in prim ary care practice o r how to  increase the 
efficacy o f evidence-based pharm acological therapy? ,
6(3), 15-20.
d o i:h ttps ://do i.o rg /10 .3897 /rrpha rm aco logy .6 .53615

https://doi.org/10.1080/10408347.2017.1400423
https://doi.org/10.3897/rrpharmacology.6.54130
https://doi.org/10.1134/S1062359019030130
https://doi.org/10.1371/journal.pone.0116239
https://doi.org/10.3390/ijms18102034
https://doi.org/10.3897/rrpharmacology.6.53615

