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Abstract. Perspectives of treatment of anemias with cells of fetal liver, immobilized in macroporous alginate-
gelatin carriers. Gritsay D.V., Lebedinsky A.S., Ochenashko O.V., Petrenko Yu. ., Petrenko .Yu. Aim of the 
work was to study possibility of erythropoiesis stimulation by transplantation of fetal liver cells, seeded into macro-
porous carriers to the rats with post-hemorrhargic anemia, induced by 70% hepatectomy. Fetal liver cells (FLC) were 
isolated from fetuses of rats with 15 days’ gestation and were cryopreserved. Decryopreserved FLC were seeded into 
macroporous spongy alginate-gelatin scaffolds, which were covered by alginate capsule and implanted into omentum of 
rats with modeled liver insufficiency. It was shown that fetal liver cells, immobilized in macroporous scaffolds after 
implantation have positive effect on red blood count and hemoglobin content, indicating that this approach is promising 
for the development of new methods of anemia treatment.  

-
, -

.
-
-

, ,
, -

, -
 [2].  

-

-
.

, -
-

, -

. -
.
-

, -
-

. ,
-

, ,
.

,  90% -

 [1]. 
 ( )



1914/  XI  / 2

-
.

,
 ( ),

.
,

[10]. ,

-
,
, -

.

 ( ),
.

-
-

2-  ( ) -
 [13, 14]. -

-
-

.

-

 [7]. 

-
. -

-
 [11].  

-
,

, ,
-
-

 [8]. 

 100 , -

 [11].  
,

. ,
,

 [4]. , -

.

 [9] 
 [5].  

-
-

 [6]. ,
-

 ( )
-

. -

,
 in 

vitro.
( )

-
. , -

,
100 , -

.
, -

-
-

.
 – 

-
,  70%-

, -
, -

,
.   

 15 
 (

)
-

 [15]. -
-

-10 (
)

 [1]. 
 – 196° 

 2-3 .

.
 ( -

)



20

 70 ± 5%. 
-

-  5 
 2 , -

 [6]. -

-
 1,2 % ,

(0,15 M NaCl, 25 M HEPES, pH 7,4), -
 5 .

,  100 aCl2.
- -

-
MEM (Sigma, ),  10% -

 ( , ), 2  L- , 50 
/  50 /

 37 , 5 % 2  95 % 
 3 .

-
 ( ).

-
-  250-300 . -

« -
»,  IV -

 ( , 2010 .)
 «

, -

» ( , 1986 .).
 3 -

.  1, ,
,

 – ,
5 . -

/ -
,  10 -

.
 30 / -

 5 
.

 ( ) .
-

- .
 2 ,

 3 – -
.

-
 4 .  7, 14, 21 

28 .

. -

, . -
 4  3%-

 0,02 .

.
, .

.
 1-2 

,

.
 5 ,

. -
 1 :

(  * 4000 * 200) / 80, 
 – ,

4000 –  1 ,
200 – ,
80 – .

-
 [17] 

Lachema. 
-
.

, -
,
.

 4-5 -

.
-

.  ± m. 
,

- .

 1 
- -

, .
, -

 150-200 .
-

, , -
. -

,
,

,



2114/  XI  / 2

.
-

.
,

-
- .

.1. -
.

,  10 , .  100 

 2. ,  28 
-

-
,

, -
.

,
-

. -

-
,

.
,

- -
.

-
,  7-

 2 
 1,46  (6,49±0,5 / ,

 0,01) 
(9,83±0,27 / )

( . 3, ). ,
(  3), 

 2  7-14 
,  21- -

 37 % 
(8,47±0,5,  <0,05).  

 ( . 3, ) -
 2  7 .

 22% (189,4±6,2 / , <0,05)

(243±10,8 / ) -
.

,  (  3), 

 2  14  15,1% 
(215,7±6 / , <0,05),

 (21-28 ) .

. 2. -
,

 28 
/ .

.
.  100 

-
, -

, , -

.

, , -
. ,

 (  2) 
-

 (28 
).

 (  3) 
 2 



22

 2,  3 
,

 4  – -

,
, -

, .

. 3.  ( )  ( ) /
,

* –  0,05  1,  
# –  0,05  2. 

-
-

, -
, -

, -
-

- . ,
/ ,

 (  5 ),
-

,
, 4 . , -



2314/  XI  / 2

-
, , -

, . [3].  

-
, , -

-
. -

,
. -

,
-

 [12, 16].  
-

, ,
, -

,
-

. -
, -

-
 [11], -

,
,

-

, ,
.

, ,
, -

,

-
.

. -

/ -
,

. -

, -
, ,

,
, -

,

.

1. -
-

 / . -
, . . , . . , .  // 

. – 2002. –  4. – . 76-79. 
2. . .  / . . , . . -

. – .: , 2004.-408 .
3. -

, , -
-

 2-  / . . ,
. . , . . , . .  // 

. – 2012. – . 22,  1. – . 88-96.  
4. -

 / 
. . , . . , . . , . . -

 // . – 2010. – . 3, 2.- . 62-70. 
5.  Decellularized Liver Matrix as a Carrier for 

Transplantation of Human Fetal and Primary Hepatocytes 
in Mice / Ping Zhou, N. Lessa, D.C Estrada. [et al.] // 
Liver Transpl. – 2011 – Vol. 17, N 4. – P. 418–427. 

6. Coupling of gelatin to inner surfaces of pore walls 
in spongy alginate-based scaffolds facilitates the adhe-
sion, growth and differentiation of human bone marrow 
mesenchymal stromal cells / Yu.A. Petrenko, R.V. Iva-
nov, A.Yu. Petrenko [et al.] // J. Mater. Sci., Mater. Med. 
– 2011. – Vol. 22, N 6. – P. 1529-1540. 

7. Engraftment kinetics of human cord blood and 
murine fetal liver stem cells following in utero trans-
plantation into immunodeficient mice / A. Schoeberlein, 

S. Schatt, C. Troeger [et al.] // Stem. Cells. Dev. – 2004. – 
Vol. 13, N 6. – P. 677-684. 

8. Ghidoni I. Alginate cell encapsulation: new ad-
vances in reproduction and cartilage regenerative 
medicine / I. Ghidoni, T. Chlapanidas, M. Bucco  // 
Cytotechnology. — 2008. — Vol. 58, N 1. — P. 49–56. 

9.  Hepatocyte Behavior Within Three-Dimensional 
Porous Alginate Scaffolds / R. Glicklis, L. Shapiro, R. 
Agbaria [et al.] // Biotechnology Bioengineering. – 2000. 
–Vol. 67, N 3. – P.344-353. 

10. Human fetal liver stromal cells expressing 
erythropoietin promote hematopoietic development from 
human embryonic stem cells / C. Yang, L. Ji, W. Yue [et 
al.] // Cell Reprogram. – 2012. – Vol. 14, N 1. – P. 88-97. 

11. Lim F. Microencapsulated islets as bioartificial 
endocrine pancreas / F. Lim, A. M. Sun // Science. — 
1980. — Vol. 210, N 4472. — P. 908–910. 

12. Ohashi K. Liver tissue engineering: the future of 
liver therapeutics / K. Ohashi // Hepatol. Res. – 2008. – 
Vol. 38. – S76-S87. 

13. Park D.Y. Transforming Growth Factor- 1 Pro-
tein, Proliferation and Apoptosis of Oval Cells in Ace-
tylaminofluorene-Induced Rat Liver Regeneration / D.Y. 
Park, K.S. Suh // J. Korean Med. Sci. – 1999. – Vol. 14. – 
P. 531-538. 

14. Participation of liver progenitor cells in liver re-
generation: lack of evidence in the AAF/PH rat model / 
A.C. Dusabineza, N.K. Van Hul, J Abarca-Quinones, P 
Starkel [et al.]. // Lab. Invest. – 2011. – Sep 12. doi: 
10.1038/labinvest.2011.136. 



24

15. Petrenko A.Yu. Isolation of intact mitochondria and 
hepatocytes using vibration / A.Yu. Petrenko, A.N. Sukach // 
Analytical Biochem. – 1991. – Vol. 194, N 2. – P. 326-329. 

16. Toward engineering of vascularized three-di-
mensional liver tissue equivalents possessing a clinically 

significant mass / Y. Sakai, H. Huang, S. Hanada, T Niino 
// Biochem. Engl. J. – 2010. – Vol. 48.-P. 348-361. 

17. Van Kampen E.J. Standardisation of haemoglobino-
metry. 2: The hemiglobincyanide method / E.J. Van Kampen, 
W.G. Zjilstra // Clin. Chim. Acta. -1961. - N 6.-P.538–544. 

RREEFFEERREENNCCEESS
1. Petrenko YuA, Tarasov AI, Grishchenko VI, Pet-

renko AYu. [Cryopreservation effect on immunologic 
activity and phenotypic composition of human embryonic 
liver lymphoid cells. Problemy kriobiologii]. 2002;4:76-
79. Russian. 

2. Guseva SA, Goncharov YaP. [ nemia] Kiev: 
Logos. 2004;408. Russian. 

3. Gritsay DV, Lebedinskiy AS, Ochenashko OV, 
Petrenko AYu. [Cryopreserved fetal liver cells immo-
bilized in macroporous carriers promote liver recovery 
after injury with 2-acetylaminofluorene]. Problemy krio-
biologii. 2012;22(1):88-96. Russian. 

4. Pravdyuk AI, Petrenko YuA, Volkova NA, Pet-
renko AYu. [Properties of mesenchymal stromal human 
cells encapsulated in alginate microbeads]. Biotekhno-
logiya. 2010;3(2):62-70. Russian. 

5. Ping Zhou, Lessa N, Estrada DC. Decellularized 
Liver Matrix as a Carrier for Transplantation of Human 
Fetal and Primary Hepatocytes in Mice. Liver Transpl. 
2011;17(4):418–27. 

6. Petrenko YuA, Ivanov RV, Petrenko AYu, Lo-
zinsky VI. [Coupling of gelatin to inner surfaces of pore 
walls in spongy alginate-based scaffolds facilitates the 
adhesion, growth and differentiation of human bone 
marrow mesenchymal stromal cells]. J. Mater. Sci., 
Mater. in Med. 2011;22(6):1529-40. Russian. 

7. Schoeberlein A, Schatt S, Troeger C, Surbek D, 
Holzgreve W, Hahn S. Engraftment kinetics of human 
cord blood and murine fetal liver stem cells following in 
utero transplantation into immunodeficient mice. Stem 
Cells Dev. 2004;13(6):677-84. 

8. Ghidoni I, Chlapanidas T, Bucco M. Alginate cell 
encapsulation: new advances in reproduction and cartilage 
regenerative medicine. Cytotechnology. 2008;58(1):49–56. 

9. Glicklis R, Shapiro L, Agbaria R. Hepatocyte 
Behavior Within Three-Dimensional Porous Alginate 
Scaffolds. Biotechnology and Bioengineering. 
2000;67(3):344-53. 

10. Yang C, Ji L, Yue W, Shi SS, Wang RY, Li YH, 
Xie XY, Xi JF, He LJ, Nan X, Pei XT. Human fetal liver 
stromal cells expressing erythropoietin promote hema-
topoietic development from human embryonic stem cells. 
Cell Reprogram. 2012;14(1):88-97. 

11. Lim F, Sun AM. Microencapsulated islets as 
bioartificial endocrine pancreas. Science (New York, 
N.Y.). 1980;210(4472):908–10. 

12. Ohashi K. Liver tissue engineering: the future of 
liver therapeutics. Hepatol. Res. 2008;(38):76-S8. 

13. Park DY, Suh KS. Transforming Growth Factor-
1 Protein, Proliferation and Apoptosis of Oval Cells in 

Acetylaminofluorene-Induced Rat Liver Regeneration. J 
Korean Med Sci. 1999;14:531-8. 

14. Dusabineza AC, Van Hul NK, Abarca-Quinones 
J, Starkel P, Najimi. M, Leclercq IA. Participation of liver 
progenitor cells in liver regeneration: lack of evidence in 
the AAF/PH rat model. Lab Invest. 2011;12:136-1038. 

15. Petrenko AYu, Sukach AN. Isolation of intact 
mitochondria and hepatocytes using vibration. Analytical 
Biochem. 1991;194(2):326-29. 

16. Sakai Y, Huang H, Hanada S, Niino T. Toward 
engineering of vascularized three-dimensional liver tissue 
equivalents possessing a clinically significant mass. 
Biochem. Eng. J. 2010;48:348-61. 

17. Van Kampen. EJ, WG Zjilstra. Standardisation of 
haemoglobinometry. 2: The hemiglobincyanide method. 
Clin Chim Acta. 1961;6:538–44. 

13.02.2014 


