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 in vitro  
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, 2011].  
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 (PPARs),  
 (HDACs) [Shinohara, 2002; Yao, 2007; Yu, 

2008; Burba, 2011; Mahpatra, 2010].  
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 in vitro ( ).  
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 [Orlic, 2001; Orlic, 
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 in vitro  

 C57Bl/6 )  in vivo 
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 2  

.  
 

,  
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,  
.  

 
 

,  PPARs  HDACs;  
,  
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 in vivo  
 in vitro.  

2.  
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 (PPARs),  
 (HDACs),  

 in vitro  in vivo,   
  

 2 ,  
. 

3.  
,  



4 

 
, ,  

,  
,  

, 
,  

. 
.  

,  
,  ( , 

) , 
,   

 in vitro  in vivo;  
  

.  
,  

 
, ,   

.  
 
  

,  
».  

, ,  
, ,  

,  
.  

 
. . . . 

 [2–5, 7],  
 [11, 12, 16]  [19–25, 27],  

 
 in vivo  in vitro –   

90 %.  
,  

,  
 in vitro  in vivo  [1–5, 7],  

 [9–13, 15, 16, 31]  [19–25, 27–30] –  
 90 %. ,  

 



5 

, ,   
  

 [6],  [14]  [26] –  
 90 %. 

 
.  

i,  20-  «  
» ( , 2012); IV  

,  100-   
. .  « , » ( , 2012);  

III  «  
 – 2012» ( , 2012); the International conference of young 

scientists, graduates, master and PhD students «Actual environmental problems» 
(Minsk, 2012); X , 

 «  – 2013» ( , 2013); 
,  

. .  ( , 2013); 17- -
 «  – I » ( , 2013); 

the I International Scientific Conference of Students and PhD Students «Cell 
Technology Week 2013» (Kiev, 2013); 13-  

 «  2013 :   
XXI » ( , 2013);  

 – » 
, 2013);  « » 

, 2013);  
» ( , 

2013); I  « : , 
, » ( , 2013); XXI  

,  «  – 2014» ( , 2014); 
II  « » 

, 2014); fifth International medical congress (Ohrid, 2014); 
 « » 

, 2014); XII , 
 «  – 2015» ( , 2015); 19-  

 «  – 
I » ( , 2015),  «  

» ( , 2015), X  
 «  – 2015» ( , 2015). 

 
  



6 

,  
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), 24  –  
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 6,04 .  6 . 
.  

, , 7 , ,  
 (264  22 ),  

 (31  5 )  
.  173   

 20  20,5  10  6,5 . 
 

 
 in vitro  

 C57Bl/6 .  
 

 ( )  CD117+, CD34+, 
CD117+/CD34+, CD31+, ,   

,  
 («Cytomics FC 500» («Beckman Coulter», )). 

  
 in vitro  («Stat Fax 3200» 

(«Awareness Technology», )).  
 C57Bl/6 ( , 60 ) 

 7  
 

 CD117+, ,   
,  

 («Cytomics FC 
500» («Beckman Coulter», )).  

 C57Bl/6  (7 )  (7 ) 
 «Opto-Varimex» 

(«Columbus Instrum», ). ,  
.  

 1.  
 (  2) [ , 2005]. 
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 Balb/C ( , 80 ) 
 (  2%-  

 2 )  
 4   

 CD117+, 
, ,  

 
 («Cytomics FC 500» («Beckman Coulter», )),  

 (  1). 

 = 
B
A

 × 1000,       (1) 

 – ; 
A – ; 
B – . 

A = 
)(

)(
A

BB ,        (2) 

 A – ; 
B – ; 
(B) –  B; 
(A) –  A. 

 ICR ( , 40 ) 
  

. 
 (12–18  (22 )),  

,  
 («Cytomics FC 500» («Beckman Coulter», )) 

 CD117+, CD34+  CD117+/CD34+,  
, ,  

.  
 (12 ). ,   

,  
 44–80 ,  

 (10 ),  
 ( ,  

, .).  
 

:  (  1) (10 )  (  2)  
(40 ).  ( )  

 « ». 
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 «Microsoft Excel»  

 «Statistica 6.0».  
, , .  

 
ANOVA, Student’s t-test ( ), Kruskal–Wallis, 
Mann–Whitney U-test ( ).  

 p 0,05. 
  

 CD117+,  
 C57Bl/6 

 CD117+  
,   

.   
 CD117+  

 (  1). 
 1. –  CD117+  

 C57Bl/6   
 

  c CD117+, % 
1.  100,00±2,73  
2.  3  56,66±2,25  
3.  1,5  62,60±1,77  
4.  1  99,52±2,41  
5.  5  102,73±1,77  
6.  10  105,46±2,25  
7.  30  126,81±2,41  
8.  50  142,21±2,89  
9.  1,5  1  69,02±2,73  
10.  1,5  5  71,11±2,89  
11.  1,5  10  100,64±3,85  
12.  1,5  30  128,89±2,89  
13.  1,5  50  139,65±1,77  
p1–2<0,05; p1–3<0,05; p1–7<0,05; p1–8<0,05; p1–9<0,05; p1–10<0,05; p1–12<0,05; p1–13<0,05;  
p2–4<0,05; p2–5<0,05; p2–6<0,05; p2–7<0,05; p2–8<0,05; p2–9<0,05; p2–10<0,05; p2–11<0,05;  
p2–12<0,05; p2–13<0,05; p3–4<0,05; p3–5<0,05; p3–6<0,05; p3–7<0,05; p3–8<0,05; p3–10<0,05; 
p3–11<0,05; p3–12<0,05; p3–13<0,05; p4–7<0,05; p4–8<0,05; p4–9<0,05; p4–10<0,05; p4–12<0,05; 
p4–13<0,05; p5–7<0,05; p5–8<0,05; p5–9<0,05; p5–10<0,05; p5–12<0,05; p5–13<0,05; p6–7<0,05; 
p6–8<0,05; p6–9<0,05; p6–10<0,05; p6–12<0,05; p6–13<0,05; p7–8<0,05; p7–9<0,05; p7–10<0,05; 
p7–11<0,05; p7–13<0,05; p8–9<0,05; p8–10<0,05; p8–11<0,05; p8–12<0,05; p9–11<0,05; p9–12<0,05;  
p9–13<0,05; p10–11<0,05; p10–12<0,05; p10 – 13<0,05; p11 – 12<0,05; p11 – 13<0,05 

 –  – ;  100 %  
. 

,   
 1,5  10   
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 50  
 ( ) (5,31±0,62 %  5,35±0,42 % )   

 (7,56±0,26 %)   
 3  (8,76±0,83 %) (p<0,05). ,  

 
, 

. 
  

 CD117+, CD34+, CD117+/CD34+  CD31+  
  

, 
 2 ,  

 
.  CD117  

,  
 in vivo (  2). 

 2. –  
 CD117+, CD34+, CD117+/CD34+  CD31+  
 

  
c CD117+, % 

 
c CD34+, % 

  
c CD117+/CD34+, % 

 
c CD31+, % 

1.  100,00±20,00 100,00±7,53 100,00±2,40 100,00±3,85 
2.  1,5  83,33±10,00 100,65±15,32 84,00±7,20 78,49±1,45 
3.  1,5  

 50  
200,00±40,00 92,21±5,19 172,00±30,40 106,42±8,88 

 p1–3<0,05 
p2–3<0,05 

 p1–3<0,05 
p2–3<0,05 

p1–2<0,05 
p2–3<0,05 

 –  – ;  100 %  
. 

  
  

 
 50  

 in vitro,  
100  14,37 %  
(p<0,05).  1,5   

 50  (p<0,05). 
,  in vitro,  

 in vivo  
, ,  



10 

,   
.  

  
 CD117+  C57Bl/6 

,  1,5  
,  3  

 CD117+   
. ,  1,5   

 1 .  
,   

,  CD117 . 
,  1,5   

 10  50  
,  C57Bl/6, 

, 
 3  (  3). 

 3. –  CD117+  
 C57Bl/6,  

  CD117+  
, % 

 CD117+  
, % 

1.  100,00±7,21 100,00±2,71 
2.  1 (  3 ) 200,25±5,03 234,36±8,50 
3.  2 (  1,5 ) 91,76±10,28 136,93±9,36 
4.  3 (  1,5  

 1 ) 102,57±11,60 151,36±12,14 

5.  4 (  1,5  
 10 ) 208,78±3,46 245,64±12,07 

6.  5 (  1,5  
 50 ) 219,77±7,14 287,79±18,14 

 p1–2 0,05; p2–6 0,05 
p1–5 0,05; p3–5 0,05  
p1–6 0,05; p3–6 0,05 
p2–3 0,05; p4–5 0,05 
p2–4 0,05; p4–6 0,05 

p1–2 0,05; p2–5 0,05  
p1–3 0,05; p2–6 0,05  
p1–4 0,05; p3–5 0,05  
p1–5 0,05; p3–6 0,05  
p1–6 0,05; p4–5 0,05  
p2–3 0,05; p4–6 0,05 
p2–4 0,05 

 –  – ;  100 %  
. 

  
 

 C57Bl/6 
 3  
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(p<0,05);  1,5  1  
 (p<0,05)   

 3 .   
 1,5   

 1 ,  
 3  (p<0,05).  

 1,5  1   
 10  

C57Bl/6  (p<0,05).  
, , ,  

,  
,  

. ,   
,  

.  
.  

. 
 

 
 3  1,5  

 
C57Bl/6.  1,5  1  

 50 ,  
, 

. 
,  

, ,  
,  

 C57Bl/6, ,  
,  1,5   

 10  50   
 CD117+  

,  
 

.  
 

 CD117+  
 Balb/C 

 3 ,   
 1,5  10 , 30  50  
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 (  4). 

 4. –  CD117+   
 Balb/C  

 
  CD117+ 

, % 
 CD117+ 

, % 
1.  1 ( ) 93,71±4,43 79,95±17,28 
2.  2 ( ) 100,00±7,57 100,00±12,48 
3.  1 ( ,  3 ) 140,77±13,70 185,88±14,63 
4.  2 ( ,  1,5 ) 88,88±6,45 118,91±16,14 
5.  3 ( ,  1,5   

 10 ) 153,75±14,02 219,42±26,86 

6.  4 ( ,  1,5   
 30 ) 155,68±17,08 247,16±35,31 

7.  5 ( ,  1,5   
 50 ) 217,40±10,39 322,19±64,82 

 p1–3<0,05; p3–4<0,05 
p1–5<0,05; p3–7<0,05 
p1–6<0,05; p4–5<0,05 
p1–7<0,05; p4–6<0,0 
p2–3<0,05; p4–7<0,05 
p2–5<0,05; p5–7<0,05 
p2–6<0,05; p6–7<0,05 
p2–7<0,05 

p1–3<0,05; p2–6<0,05 
p1–5<0,05; p2–7<0,05 
p1–6<0,05; p3–4<0,05 
p1–7<0,05; p4–5<0,05 
p2–3<0,05; p4–6<0,05 
p2–5<0,05; p4–7<0,05 

 –  – ;  100 %  
 2. 

 
 

 Balb/C 
 

. ,  
 3  1,5  

 
,   

, . 
,  1,5   

 10 , 30  50  
 

 Balb/C (p<0,05).  
, , 

,  
. ,  
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.   
 3 ,  1,5   
 10  ,  30   50  ,  

. 
,  1,5  

 50 ,  
.  

 [Evangelista, 2003; Sharma, 1999]. 
,   

 IV  
, . 

 C57Bl/6 
 Balb/C, ,   

 
, . 

 CD117+, CD34+  CD117+/ D34+   
 

 CD117+, CD34+  
 CD117+/ D34+  1,60, 1,68  1,96   

 (p<0,05),  
 

. ,  
 [Wojakowski, 2008; Massa, 2005],  

. 
 

 
 

 (p<0,05). 
,  

.  
 2- .  

 
 

 
,   

.  
,  

 [Botto, 2001; Martinet, 2002; Corral-Debrinski, 1992]. 
  

,   
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 ( )  
 (NYHA)  

 
 NYHA. 

 
, ,  

 
 NYHA, , ,   

 
,  «  

» ,  
, ,   

.  
,  

 
 NYHA  

  
 NYHA.   

 S , 
,   

, . 
 

 
1. ,  in vitro  

 1,5  3  
   CD117+  

 C57Bl/6 ;  
30  50  CD117+  

 C57Bl/6.  
 1,5  

30  50  
 C57Bl/6.  

1,5  50  
 CD117+ .  

in vitro,  
  

 [5, 7, 12, 13, 16, 27–31]. 
2. ,  in vivo  3   

 C57Bl/6   
 CD117+,  1,5  3  
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. ,  
 1,5  3  

,   
 [2–5, 11, 12, 19–25]. 

3. ,  
 1,5  1   

 CD117+  
C57Bl/6,  1,5   

 10  50  –  
.  

 
  

 1,5  10  50   
 1,5   

 3 . 
 1  10   

 1,5  
 ( )  ( ),  

 
 [2–5, 11, 12, 19–25]. 

4. ,  
 1,5  10 , 30   

 50  
 CD117+  Balb/C, 

,  
 3 . ,  

  
 

. 
,  

, 
 

 Balb/C,  
  
 
 

. ,  
 1,5  3  
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Balb/C. ,  10 , 30   
 50 ,   

1,5 ,  
,   

 Balb/C. ,  30   
 50 ,   

1,5 ,  
, , ,  

 [1, 3, 7, 9, 10, 15, 16, 27].  
5. ,  

 
,  

 CD117+, CD34+  CD117+/CD34+  
. 
 

,  
, , 

,  
 

 [6, 14, 26]. 
 

 
in vitro  in vivo  

  
 31.01.2014). 

, 
 

, , 
 

,  
,   

,  
 «  

» (  10.09.2015). 
,  

,  
-

. 
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SUMMARY 
 

Beliayeva Aliaksandra Viktarauna 
Pharmacologic regulation of mobilization of endogenous precursors  

of endothelial cells 
 

Keywords: cardiovascular diseases, candesartan cilexetil, resveratrol, 
endothelial progenitor cells, cytogenetic parameters, cell kinetic factors.  

Objective of study: to evaluate the possibility of pharmacological regulation of 
mobilization of endothelial progenitor cells by PPARs-agonists and HDACs-
inhibitors and to provide a comprehensive assessment of the cytogenetic parameters 
and cell kinetic factors of blood during cardiovascular diseases. 

Investigation methods: molecular-biological and biochemical methods were 
used. 

The results and their novelty. Antagonist of angiotensin II receptors 
(candesartan cilexetil) as PPARs-regulator is able to promote increase in the number 
of endothelial progenitor cells in vivo. Application of candesartan cilexetil  
in combination with resveratrol (PPARs-regulator and HDACs-inhibitor) raises  
the number of endothelial progenitor cells in vitro and in vivo. Mixed use  
of candesartan cilexetil and resveratrol allows to reduce the dosage of the former drug 
twice, and alleviate its side effects on cells and the body. 

Investigation of cell distribution at different stages of cell cycle, the number  
of apoptotic and micronucleated cells, and the number of endothelial progenitor cells 
circulating in blood demonstrated the possibility to develop a complex approach  
to assessment of the severity of cardiovascular cases and efficiency of the treatment 
of cardiovascular diseases. 

Recommendations for use. Research findings described in «Methodology  
of stimulating differentiation of stem cells in vitro and in vivo», «New method  
of investigating blood parameters, including quantitative analysis of circulating 
endothelial progenitor cells, cell distribution at different stages of cell cycle,  
the number of apoptotic and micronucleated cells to facilitate diagnostics  
of cardiovascular diseases and to assess treatment efficiency of cardiovascular 
diseases» are introduced into tuition programs. Therapeutic composition comprising 
candesartan cilexetil and resveratrol is offered as a complex drug promoting 
angiogenesis during combined treatment of cardiovascular diseases. 

Application areas: biology, medicine, pharmacology. 
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