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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ 
ɸʉʄ ï ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ATʌ ï ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ 

ɸʮʭ ï ʘʮʝʪʠʣʭʦʣʠʥ 

ɻɸɹɸ ï ʛʘʤʤʘ-ʘʤʠʥʦʙʫʪʠʣʦʚʘʷ ʢʠʩʣʦʪʘ 

ɻʠʩ - ʛʠʩʪʘʤʠʥ 

ɻʄʂ ï ʛʣʘʜʢʦʤʳʰʝʯʥʳʝ ʢʣʝʪʢʠ 

ʠʈʅʂ ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʗʄʈ ï ʷʜʝʨʥʦ-ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

A549 ï ʙʘʟʘʣʴʥʳʝ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʘʣʴʚʝʦʣ 

ʯʝʣʦʚʝʢʘ 

cɸʄP ï ʮʠʢʣʠʯʝʩʢʠʡ 3:5-ʘʜʝʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪ 

CTS - ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʳ 

AVD ï ʘʧʦʧʪʦʪʠʯʝʩʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʘ 

BCECF - 2ô,7ô-ʙʠ-(2-ʢʘʨʙʦʢʩʠʵʪʠʣ)-5-(ʠ-6)-ʢʘʨʙʦʢʩʠʬʣʫʦʨʝʩʮʝʠʥ 

BKCa - Ca
2+

-ʘʢʪʠʚʠʨʫʝʤʳʝ K
+
-ʢʘʥʘʣʳ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

cGʄP ï ʮʠʢʣʠʯʝʩʢʠʡ 3:5-ʛʫʘʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪ 

DISUR ï ʤʝʪʦʜ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 2-ʭ ʠʟʦʙʨʘʞʝʥʠʡ 

DVD ï ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʘ ʫʤʠʨʘʶʱʝʡ ʢʣʝʪʢʠ 

DVI  ï ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʫʤʠʨʘʶʱʝʡ ʢʣʝʪʢʠ 

ENaC ï ʵʧʠʪʝʣʠʘʣʴʥʳʡ ʥʘʪʨʠʝʚʳʡ ʢʘʥʘʣ 

IP3 ï ʠʥʦʟʠʪʦʣʪʨʠʬʦʩʬʘʪ 

IK Ca ï ʧʦʪʝʥʮʠʘʣ- ʠ Ca
2+

-ʟʘʚʠʩʠʤʳʝ K
+ 
ʢʘʥʘʣʳ ʩʦ ʩʨʝʜʥʝʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

GPCR ï ʨʝʮʝʧʪʦʨʳ, ʩʦʧʨʷʞʸʥʥʳʝ ʩ G-ʙʝʣʢʦʤ 

GRKs ï ʢʠʥʘʟʳ ʨʝʮʝʧʪʦʨʦʚ, ʩʦʧʨʷʞʸʥʥʳʭ ʩ G-ʙʝʣʢʘʤʠ 

ʂʉʉ - K
+
,Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪ 

MAP-ʢʠʥʘʟʳ ï ʤʠʪʦʛʝʥ ʘʢʪʠʚʠʨʫʝʤʳʝ ʧʨʦʪʝʠʥ ʢʠʥʘʟʳ 

MDCK - ʢʣʝʪʢʠ ʄʘʜʠʥ-ɼʘʨʙʠ ʧʦʯʝʢ ʩʦʙʘʢ 
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NKCC  ï Na
+
,K

+
,2Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪ; NKCC1 ʠ NKCC2 ï ʠʟʦʬʦʨʤʳ NKʉC 

NHE - Na
+
/H

+
-ʦʙʤʝʥʥʠʢ, NHE-1, NHE-2, NHE-3 ʠ NHE-4 ï ʠʟʦʬʦʨʤʳ  

NVI  ï ʥʝʢʨʦʪʠʯʝʩʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ 

PKA  ï cAMP-ʟʘʚʠʩʠʤʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ 

PKC ï Ca
2+
, ʬʦʩʬʦʣʠʧʠʜ-ʟʘʚʠʩʠʤʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ 

PKG ï cGMP-ʟʘʚʠʩʠʤʘʷ ʧʨʦʪʝʠʥʢʠʥʘʟʘ 

P2 ï ʧʫʨʠʥʝʨʛʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ 

PIP2 - ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-ʜʠʬʦʩʬʘʪʘ 

PI-3K  ï ʬʦʩʬʦʠʥʦʟʠʪʠʜ-3-ʢʠʥʘʟʘ 

RVD ï ʨʝʛʫʣʷʪʦʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʘ 

RVI  ï ʨʝʛʫʣʷʪʦʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ 

SKCa - Ca
2+

-ʘʢʪʠʚʠʨʫʝʤʳʝ K
+
-ʢʘʥʘʣʳ ʩ ʤʘʣʝʥʴʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

SDS - ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ 

TNF ï ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ 

VRAC  ï ʦʙʲʸʤ ʨʝʛʫʣʠʨʫʝʤʳʝ ʘʥʠʦʥʥʳʝ ʢʘʥʘʣʳ 

VSMC ï ʢʣʝʪʢʠ ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ 
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1. ɺʚʝʜʝʥʠʝ 

ɼʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʡ ʦʩʤʦʣʷʨʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʢʣʝʪʢʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʞʠʚʦʪʥʦʛʦ ʮʘʨʩʪʚʘ ʧʦʜʚʝʨʞʝʥʳ ʦʩʤʦʪʠʯʝʩʢʦʤʫ 

ʜʘʚʣʝʥʠʶ, ʚʦʟʥʠʢʘʶʱʝʤʫ ʚ ʩʠʣʫ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ï ʙʝʣʢʦʚ, ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʥʝʧʨʦʥʠʢʘʶʱʠʭ 

ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʫʛʣʝʚʦʜʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʠ ʜʨ.). ʏʪʦʙʳ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʤʝʜʣʝʥʥʦʤʫ 

ʥʘʢʦʧʣʝʥʠʶ ʚʦʜʳ, ʩʦʧʫʪʩʪʚʫʶʱʝʤʫ ʧʦʚʳʰʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʤʦʣʠʪʦʚ, ʢʣʝʪʢʠ ʦʪʢʘʯʠʚʘʶʪ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠʦʥʳ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʳ ʥʘʪʨʠʷ (Na+) ʠ ʭʣʦʨʘ (Cl-), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʟʜʘʥʠʶ ʪ.ʥ. ʜʦʥʥʘʥʦʚʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (Macknight and Leaf 

1977;Hoffmann and Simonsen 1989;Lang et al. 1998a;Mongin and Orlov 

2001). ʂʣʶʯʝʚʘʷ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠʥʘʜʣʝʞʠʪ Na+,K+-ʥʘʩʦʩʫ, 

ʢʦʪʦʨʳʡ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʠʟ ʢʣʝʪʢʠ ʥʘʪʨʠʡ ʚ ʦʙʤʝʥ ʥʘ ʢʘʣʠʡ. 

ʀʟʤʝʥʝʥʠʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠʦʥʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʩʤʦʣʠʪʦʚ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʩʠʥʪʝʟʘ ʠ ʨʘʩʧʘʜʘ ʤʘʢʨʦʤʦʣʝʢʫʣ ï ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʳʝ ʧʨʠʯʠʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʲʝʤʘ ʢʣʝʪʦʢ ʧʦʟʚʦʥʦʯʥʳʭ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʧʝʯʝʥʠ ʠʥʩʫʣʠʥ ʚʳʟʳʚʘʝʪ ʥʘʙʫʭʘʥʠʝ ʛʝʧʘʪʦʮʠʪʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʘʢʪʠʚʘʮʠʠ Na
+
,K

+
,2Cl

-
-ʢʦʪʨʘʥʩʧʦʨʪʘ ʠ Na

+
/H

+
-ʦʙʤʝʥʘ (Hallbrucker et al. 

1991;Haussinger and Lang 1992;Haussinger 1996), ʘ ʚ ʥʝʨʚʥʦʡ ʪʢʘʥʠ 

ʘʢʪʠʚʘʮʠʷ ʠʦʥʦʪʨʦʧʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʛʣʫʪʘʤʘʪʘ ʠ ʧʦʪʝʥʮʠʘʣ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ 

ʥʝʡʨʦʥʦʚ (Churchwell et al. 1996). ʅʘʧʨʦʪʠʚ, ʠʥʪʝʥʩʠʚʥʳʡ ʩʠʥʪʝʟ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʠʟ ʜʦʣʞʝʥ ʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʩʤʦʣʷʨʥʦʩʪʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ ʠ ʩʞʘʪʠʶ. ʉʞʘʪʠʝ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ 

ʘʢʪʠʚʘʮʠʝʡ ʦʪʪʦʢʘ ʦʩʤʦʣʠʪʦʚ ʠʟ ʢʣʝʪʢʠ ʯʝʨʝʟ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʛʦʨʤʦʥʦʚ ʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ (Lang et al. 1998a). 
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ɺ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʢʣʝʪʢʠ ʚʳʨʘʙʦʪʘʣʠ ñʘʚʘʨʠʡʥʳʝò ʩʠʩʪʝʤʳ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʟʘʱʠʪʳ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʚ ʩʣʫʯʘʷʭ ʙʳʩʪʨʦʛʦ 

ʥʘʙʫʭʘʥʠʷ ʠʣʠ ʩʞʘʪʠʷ. ʄʝʭʘʥʠʟʤʳ ʙʳʩʪʨʦʡ ʦʙʲʝʤʥʦʡ ʨʝʛʫʣʷʮʠʠ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʭʦʜʥʳ ʢʘʢ ʚ ʵʚʦʣʶʮʠʦʥʥʦ ʫʜʘʣʝʥʥʳʭ 

ʦʨʛʘʥʠʟʤʘʭ, ʪʘʢ ʠ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʝʡ (Gilles 

1988;Chamberlin and Strange 1989;Lang et al. 1998b). ʕʪʠ ʤʝʭʘʥʠʟʤʳ 

ʚʢʣʶʯʘʶʪ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʩʝʥʩʦʨ (ʩʝʥʩʦʨʳ) ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ, 

ʘʢʪʠʚʠʨʫʝʤʳʝ ʩʝʥʩʦʨʦʤ ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʠ, 

ʥʘʢʦʥʝʮ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚ ʦʪʚʝʪ ʥʘ ʥʘʙʫʭʘʥʠʝ ʠʣʠ 

ʩʞʘʪʠʝ ʢʦʤʧʝʥʩʠʨʫʶʪ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʙʨʦʩʘ ʠʣʠ 

ʥʘʢʦʧʣʝʥʠʷ ʦʩʤʦʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ. ɿʘʱʠʪʥʳʡ ʚʳʙʨʦʩ ʠʟʙʳʪʢʘ 

ʦʩʤʦʣʠʪʦʚ, ʚʝʜʫʱʠʡ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʧʦʩʣʝ ʥʘʙʫʭʘʥʠʷ, 

ʧʦʣʫʯʠʣ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʚʘʥʠʝ ñʨʝʛʫʣʷʪʦʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʦʙʲʝʤʘò, RVD (Regulatory Volume Decrease). ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʨʦʮʝʩʩ 

ʥʘʢʦʧʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʤʦʣʠʪʦʚ, ʚʝʜʫʱʝʡ ʢ ʢʦʤʧʝʥʩʘʪʦʨʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʧʦʩʣʝ ʩʞʘʪʠʷ, ʥʘʟʳʚʘʶʪ ñʨʝʛʫʣʷʪʦʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʲʝʤʘò, RVI (Regulatory Volume Increase). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʢʣʝʪʦʢ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ RVD ʠ RVI ʨʝʛʫʣʠʨʫʶʪ ʦʙʲʝʤ ʩ ʪʦʯʥʦʩʪʴʶ 2-3% 

(Hoffmann and Simonsen 1989;Lang et al. 1998a). ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ 

ʚ ʢʣʝʪʢʘʭ ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ ʨʦʛʦʚʠʮʳ ʦʙʲʝʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ 

~0.5% (Kuang et al. 2006). 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʩʪʠʛʥʫʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʧʦʥʠʤʘʥʠʠ 

ʧʨʠʨʦʜʳ ʩʝʥʩʦʨʘ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʠ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʘʫʪʦʨʝʛʫʣʷʮʠʶ 

ʦʙʲʝʤʘ ʢʣʝʪʦʢ. ʅʘʧʨʦʪʠʚ, ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ 

ʦʧʠʩʘʥʠʶ ʢʠʥʝʪʠʢʠ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʲʝʤʘ ʧʨʠ ʛʦʨʤʦʥʘʣʴʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 

ʢʣʝʪʦʢ ʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʬʘʢʪʦʨʦʚ, ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ ʠ 

ʚʳʟʳʚʘʶʱʠʭ ʢʣʝʪʦʯʥʫʶ ʩʤʝʨʪʴ, ʪ.ʝ. ʷʚʣʝʥʠʷʤ, ʠʤʝʶʱʠʤ ʙʦʣʴʰʦʝ 
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ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʠ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʦʛʨʘʥʠʯʝʥʦ ʢʨʘʡʥʝ 

ʤʘʣʳʤ ʯʠʩʣʦʤ ʧʫʙʣʠʢʘʮʠʡ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʦ 

ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ.  ʊʘʢ, ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ, ʨʝʬʨʘʢʪʦʤʝʪʨʠʷ ʠ 

ʪʝʭʥʠʢʘ Coulter Counter ʧʨʠʤʝʥʠʤʘ ʪʦʣʴʢʦ ʢ ʢʣʝʪʢʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ 

ʩʫʩʧʝʥʟʠʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ (ʢʘʢ ʧʨʘʚʠʣʦ, ʩʬʝʨʠʯʝʩʢʦʡ) ʬʦʨʤʳ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʚʦʜ ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʧʦʜʣʦʞʢʝ ʢʣʝʪʦʢ ʚ 

ʩʫʩʧʝʥʟʠʶ ʧʫʪʝʤ ʪʨʠʧʩʠʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʦʙʲʝʤ ʠ ʬʦʨʤʫ 

ʠ ʤʦʞʝʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʩʤʝʨʪʴ ʢʣʝʪʦʢ (Akimova et al. 2008). ʀʟʤʝʨʝʥʠʝ 

ʦʙʲʝʤʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʥʠʢʘʶʱʠʭ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ 

ʠ ʥʝ ʤʝʪʘʙʦʣʠʟʠʨʫʶʱʠʭ ʚ ʮʠʪʦʧʣʘʟʤʝ ʩʦʝʜʠʥʝʥʠʡ ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʳʭ 

ʚʨʝʤʝʥ ʠʥʢʫʙʘʮʠʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʡ ʧʨʦʤʳʚʢʠ ʢʣʝʪʦʢ ʦʪ ʤʝʪʦʢ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ.  ʊʨʝʭʤʝʨʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʴʶ 

ʣʘʟʝʨʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʠʣʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (Poulsen 

et al. 2010) ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʲʝʤʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʨʝʬʨʘʢʪʝʨʥʳʡ ʠʥʜʝʢʩ ʮʠʪʦʧʣʘʟʤʳ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʘ 

ʢʣʝʪʢʠ (Yusipovich et al. 2011). ʊʝʭʥʠʢʘ ʠʟʤʝʨʝʥʠʷ ʪʫʰʝʥʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 

ʮʠʪʦʧʣʘʟʤʝ (Solenov et al. 2004). ʂʦʥʬʦʢʘʣʴʥʘʷ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ ʪʨʝʙʫʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥ ʠʥʢʫʙʘʮʠʠ (2-3 

ʤʠʥ), ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʝ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ (Kunz and Stark 1997).  

ʋʯʠʪʳʚʘʷ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʚ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʛ. ʄʦʥʨʝʘʣʴ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʬʘʟʦʚʦʢʦʥʪʨʘʩʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʜʚʫʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

(dual surface reconstruction  technique, DISUR) (Boudreault and Grygorczyk 

2004). ʕʪʦʪ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʪʴ ʚʳʩʦʪʫ, ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤ ʦʜʠʥʦʯʥʳʭ ʢʣʝʪʦʢ, ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʧʦʜʣʦʞʢʝ, ʩ 

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ~100 ms. 
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ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʦʙʲʝʤʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʥʜʫʢʪʦʨʦʚ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ ʠ ʘʢʪʠʚʘʮʠʠ 

ʧʫʨʠʥʵʨʛʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 2-ʭ ʬʘʟʦʚʦʢʦʥʪʨʘʩʪʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ 

(DISUR)(Boudreault and Grygorczyk 2004). ʅʘʤʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

1) ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʠʢʠ DISUR ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʦʙʲʝʤʘ ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʠ ʵʧʠʪʝʣʠʘʣʴʥʳʭ 

ʢʣʝʪʦʢ, ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʧʦʜʣʦʞʢʝ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ 

in vivo. 

2) ʀʟʫʯʠʪʴ ʢʠʥʝʪʠʢʫ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʬʘʢʪʦʨʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʜʚʫʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʢʣʝʪʦʯʥʦʡ 

ʩʤʝʨʪʠ: ʘʧʦʧʪʦʟʫ ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ ʠ ʥʝʢʨʦʟʫ ʢʣʝʪʦʢ ʵʧʠʪʝʣʠʷ 

ʧʦʯʝʯʥʳʭ ʢʘʥʘʣʴʮʝʚ. 

3) ʀʟʫʯʠʪʴ ʨʦʣʴ ʧʫʨʠʥʵʨʛʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʠ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

ʟʘʧʫʩʢʘʝʤʦʛʦ ʠʤʠ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʚ ʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ ʢʣʝʪʦʢ 

ʵʧʠʪʝʣʠʷ ʧʦʯʝʯʥʳʭ ʢʘʥʘʣʴʮʝʚ. 

4) ʀʟʫʯʠʪʴ ʨʦʣʴ ʠʟʤʝʥʝʥʠʡ ʦʙʲʝʤʘ ʚ ʛʠʙʝʣʠ ʢʣʝʪʦʢ ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ 

ʨʦʩʪʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʜʦʙʘʚʣʝʥʠʠ ʠʥʛʠʙʠʪʦʨʘ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ 

ʩʪʘʫʨʦʩʧʦʨʠʥʘ ʠ ʠʥʛʠʙʠʪʦʨʘ Na
+
, K

+
-ɸʊʌ-ʘʟr ʫʘʙʘʠʥʘ. 

ɺʳʙʦʨ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʩʷ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ 

ʤʦʤʝʥʪʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʢʣʝʪʢʠ C11-MDCK ʧʦ ʩʚʦʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʥʘʧʦʤʠʥʘʶʪ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʩʦʙʠʨʘʪʝʣʴʥʳʭ 

ʪʨʫʙʦʯʝʢ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʤʝʨʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠʦʥ-

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʨʝʛʫʣʠʨʫʶʱʠʝʩʷ ʧʫʨʠʥʵʨʛʠʯʝʩʢʠʤʠ 

ʨʝʮʝʧʪʦʨʘʤʠ (Gagnon et al. 1998;Gagnon et al. 1999a;Gagnon et al. 

1999b;Orlov et al. 1999a;Bourcier et al. 2002;Brindikova et al. 2003;Akimova 

et al. 2006a;Rayment et al. 2007). ɺʦ-ʚʪʦʨʳʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ MDCK ʢʣʝʪʦʢ 
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(Pchejetski et al. 2003), ʢʣʝʪʢʠ VSMC ʩʦʭʨʘʥʷʶʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ 

ʜʦʣʛʦʩʨʦʯʥʦʤ ʠʥʛʠʙʠʨʦʚʘʥʠʠ Na
+
,K

+
-ɸʊʌ-ʘʟʳ ʫʘʙʘʠʥʦʤ ʠ ʜʨʫʛʠʤʠ 

ʢʘʨʜʠʦʪʦʥʠʯʝʩʢʠʤʠ ʩʪʝʨʦʠʜʘʤʠ (Orlov et al. 2001). ɺ ʪʨʝʪʴʠʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʥʘʪʠʚʥʳʭ VSMC ʢʣʝʪʦʢ, ʢʣʝʪʢʠ ɽ1ɸ-VSMC ʢʨʘʡʥʝ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ 

ʠʥʜʫʢʪʦʨʘʤ ʘʧʦʧʪʦʟʘ (Bennett et al. 1995;Orlov et al. 1999c).  

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʢʣʝʪʦʢ ʚ ʦʪʚʝʪ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ Na
+
,K

+
-

ɸʊʌʘʟʳ ʫʘʙʘʠʥʦʤ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʠ ʩʤʝʨʪʠ ʢʣʝʪʦʢ ʵʧʠʪʝʣʠʷ ʧʦʯʝʯʥʳʭ ʢʘʥʘʣʴʮʝʚ 

ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʥʝʢʨʦʟʘ.  

2. ʋʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʢʣʝʪʦʢ ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʤʘʨʢʸʨʦʤ ʘʧʦʧʪʦʟʘ. ʅʠ ʥʘʙʫʭʘʥʠʝ, ʥʠ ʩʞʘʪʠʝ ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ, 

ʦʪʤʝʯʝʥʥʳʝ ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ ʨʦʩʪʦʚʳʭ ʬʘʢʪʦʨʦʚ ʠ ʜʦʙʘʚʢʝ ʩʪʘʫʨʦʩʧʦʨʠʥʘ, 

ʥʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʟʘʧʫʩʢʘ ʘʧʦʧʪʦʟʘ. 

3. ɸʢʪʠʚʘʮʠʷ P2Y2 ʧʫʨʠʥʵʨʛʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʜʣʠʪʝʣʴʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ ʢʣʝʪʦʢ ʵʧʠʪʝʣʠʷ ʧʦʯʝʯʥʳʭ ʢʘʥʘʣʴʮʝʚ ʟʘ 

ʩʯʝʪ ʉʘ2+-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʂ+ ʢʘʥʘʣʦʚ ʠ ʚʳʭʦʜʘ ʂ+. ʋʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ 

ʚ ʦʪʚʝʪ ʥʘ ʘʢʪʠʚʘʮʠʶ P2Y2 ʨʝʮʝʧʪʦʨʦʚ ʥʝ ʚʣʠʷʝʪ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ 

ʢʣʝʪʦʢ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʨʘʥʥʝʛʦ ʦʪʚʝʪʘ ʩ-

Fos. 
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2. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

  

2.1. ʄʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ ʢʣʝʪʦʢ  

ɺ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʞʠʚʦʪʥʳʝ ʢʣʝʪʢʠ ʚʳʥʫʞʜʝʥʳ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʚʦʡ ʦʙʲʝʤ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʣʠʟʠʩʘ ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʤʝʪʘʙʦʣʠʪʦʚ 

ʥʘ ʦʧʪʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʅʠʟʰʠʝ ʦʨʛʘʥʠʟʤʳ ʧʨʦʚʦʜʷʪ ʚʩʶ ʩʚʦʶ ʞʠʟʥʴ ʚ 

ʧʨʦʪʠʚʦʩʪʦʷʥʠʠ ʦʩʤʦʪʠʯʝʩʢʦʤʫ ʩʪʨʝʩʩʫ. ʅʘʧʨʦʪʠʚ, ʫ ʚʳʩʰʠʭ 

ʧʦʟʚʦʥʦʯʥʳʭ ʦʩʤʦʣʷʨʥʦʩʪʴ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ ʥʘʜʝʞʥʦ ʨʝʛʫʣʠʨʫʝʪʩʷ, ʠ 

ʧʦʵʪʦʤʫ ʙʦʣʴʰʠʥʩʪʚʦ ʪʠʧʦʚ ʢʣʝʪʦʢ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʯʝʨʝʟ ʧʦʯʝʯʥʳʝ 

ʢʘʧʠʣʣʷʨʳ ʢʣʝʪʦʢ ʢʨʦʚʠ, ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʩʢʦʣʴ-ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʦʩʤʦʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʘʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʧʦʩʪʦʷʥʩʪʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ, ʢʣʝʪʢʠ ʧʦʟʚʦʥʦʯʥʳʭ ʠʟʤʝʥʷʶʪ ʩʚʦʡ 

ʦʙʲʝʤ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʦʩʤʦʣʠʪʦʚ, 

ʯʪʦ ʠʤʝʝʪ ʧʨʷʤʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʪʘʢʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʢʘʢ 

ʜʝʣʝʥʠʝ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʠ ʩʤʝʨʪʴ ʢʣʝʪʦʢ. ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʤʳ 

ʢʨʘʪʢʦ ʩʫʤʤʠʨʫʝʤ ʜʘʥʥʳʝ ʦ ʤʝʭʘʥʠʟʤʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʣʝʪʢʦʡ ʜʣʷ 

ʘʫʪʨʦʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ, ʦʙʨʘʱʘʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʨʝʰʝʥʥʳʝ 

ʘʩʧʝʢʪʳ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʘ ʠʤʝʥʥʦ ï ʢʘʢ ʢʣʝʪʢʠ ʯʫʚʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ 

ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʠ ʢʘʢʠʝ ʛʝʥʝʨʠʨʫʝʤʳʝ ʧʨʠ ʵʪʦʤ ʩʠʛʥʘʣʳ ʠʤʝʶʪ 

ʦʪʥʦʰʝʥʠʝ ʢ ʨʝʘʢʮʠʷʤ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ.  

2.1.1. ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʣʝʪʦʯʥʳʡ ʦʙʲʝʤ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʫʩʣʦʚʠʷʭ 

ɼʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʦʩʤʦʣʷʨʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʢʣʝʪʢʠ ʚʳʩʰʠʭ ʧʦʟʚʦʥʦʯʥʳʭ ʧʦʜʚʝʨʞʝʥʳ ʦʩʤʦʪʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ, 

ʚʦʟʥʠʢʘʶʱʝʤʫ ʚ ʩʠʣʫ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ ï ʙʝʣʢʦʚ, ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʥʝʧʨʦʥʠʢʘʶʱʠʭ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ 
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ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʘʤʠʥʦʢʠʩʣʦʪʳ, ʫʛʣʝʚʦʜʥʳʝ ʤʝʪʘʙʦʣʠʪʳ 

ʠ ʜʨ.). ʏʪʦʙʳ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʤʝʜʣʝʥʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʚʦʜʳ, 

ʩʦʧʫʪʩʪʚʫʶʱʝʤʫ ʧʦʚʳʰʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʤʦʣʠʪʦʚ, 

ʢʣʝʪʢʠ ʦʪʢʘʯʠʚʘʶʪ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠʦʥʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʳ ʥʘʪʨʠʷ 

(Na+) ʠ ʭʣʦʨʘ (Cl-), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʪ.ʥ. ʜʦʥʥʘʥʦʚʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ (ʜʣʷ ʦʙʟʦʨʘ ʩʤ. Macknight and Leaf 1977;Hoffmann and 

Simonsen 1989;Lang et al. 1998a;Mongin and Orlov 2001). ʂʣʶʯʝʚʘʷ ʨʦʣʴ ʚ 

ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠʥʘʜʣʝʞʠʪ Na+,K+-ʥʘʩʦʩʫ, ʢʦʪʦʨʳʡ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʠʟ 

ʢʣʝʪʢʠ ʥʘʪʨʠʡ ʚ ʦʙʤʝʥ ʥʘ ʢʘʣʠʡ. ʅʝʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Na+ ʠ ʂ+ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʤʙʨʘʥʳ ʜʣʷ ʂ+ ʩʦʟʜʘʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ, 

ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʚʠʞʝʪ Cl- ʠʟ ʢʣʝʪʢʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʤʧʝʥʩʠʨʫʷ 

ʦʩʤʦʪʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠʩʫʪʩʪʚʠʷ ʥʝʧʨʦʥʠʢʘʶʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʥʠʦʥʦʚ. ʀʩʢʣʶʯʝʥʠʝ ʠʟ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʷʶʪ ʵʨʠʪʨʦʮʠʪʳ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʝʦʙʣʘʜʘʝʪ ʘʥʠʦʥʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʠʥʛʠʙʠʨʦʚʘʥʥʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʥʘʩʦʩʘ. 

 

2.1.2. ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʳ ʘʫʪʦʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ 

ʢʣʝʪʦʢ 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʠʟʤʝʥʝʥʠʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʠʦʥʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʤʦʣʠʪʦʚ ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʩʠʥʪʝʟʘ ʠ ʨʘʩʧʘʜʘ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ï ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʝ ʧʨʠʯʠʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʲʝʤʘ ʢʣʝʪʦʢ 

ʧʦʟʚʦʥʦʯʥʳʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʝʯʝʥʠ ʠʥʩʫʣʠʥ ʚʳʟʳʚʘʝʪ ʥʘʙʫʭʘʥʠʝ 

ʛʝʧʘʪʦʮʠʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʘʮʠʠ Na
+
,K

+
,2Cl

-
-ʢʦʪʨʘʥʩʧʦʨʪʘ ʠ Na

+
/H

+
-

ʦʙʤʝʥʘ (Hallbrucker et al. 1991;Haussinger and Lang 1992;Haussinger 1996), ʘ 

ʚ ʥʝʨʚʥʦʡ ʪʢʘʥʠ ʘʢʪʠʚʘʮʠʷ ʠʦʥʦʪʨʦʧʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʛʣʫʪʘʤʘʪʘ ʠ 

ʧʦʪʝʥʮʠʘʣ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʦʙʲʝʤʘ ʥʝʡʨʦʥʦʚ (Churchwell et al. 1996). ɻʝʧʘʪʦʮʠʪʳ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʳ 



14 

 

ʥʘʙʫʭʘʥʠʶ ʧʨʠ ʫʚʝʣʠʯʝʥʥʦʤ ʟʘʭʚʘʪʝ ʛʣʶʢʦʟʳ ʠ ʘʤʠʥʦʢʠʩʣʦʪ (Haussinger 

1998), ʘ ʤʳʰʝʯʥʳʝ ʢʣʝʪʢʠ ʥʘʙʫʭʘʶʪ ʧʨʠ ʠʥʪʝʥʩʠʚʥʳʭ ʫʧʨʘʞʥʝʥʠʷʭ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʢʦʧʣʝʥʠʷ ʣʘʢʪʘʪʘ ʠ ʘʢʪʠʚʘʮʠʠ Na
+
/H

+
-ʦʙʤʝʥʘ, ʚʳʟʚʘʥʥʦʛʦ 

ʟʘʢʠʩʣʝʥʠʝʤ ʮʠʪʦʧʣʘʟʤʳ (Lang et al. 1998a). ʅʘʧʨʦʪʠʚ, ʠʥʪʝʥʩʠʚʥʳʡ 

ʩʠʥʪʝʟ ʤʘʢʨʦʤʦʣʝʢʫʣ ʜʦʣʞʝʥ ʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʩʤʦʣʷʨʥʦʩʪʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ ʠ ʩʞʘʪʠʶ. ʉʞʘʪʠʝ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ 

ʘʢʪʠʚʘʮʠʝʡ ʦʪʪʦʢʘ ʦʩʤʦʣʠʪʦʚ ʠʟ ʢʣʝʪʢʠ ʯʝʨʝʟ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʛʦʨʤʦʥʦʚ ʠ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʫʤʝʥʴʰʝʥʠʝ 

ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʚʳʟʳʚʘʝʪ ʘʢʪʠʚʘʮʠʷ ʢʘʣʠʝʚʳʭ ʢʘʥʘʣʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʛʣʶʢʘʛʦʥʦʤ ʚ ʛʝʧʘʪʦʮʠʪʘʭ ʠʣʠ ɸʊʌ ʠʣʠ ʙʨʘʜʠʢʠʥʠʥʦʤ ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ 

ʢʣʝʪʢʘʭ (ʩʤ. (Lang et al. 1998a)). 

ɺ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʢʣʝʪʢʠ ʚʳʨʘʙʦʪʘʣʠ ñʘʚʘʨʠʡʥʳʝò ʩʠʩʪʝʤʳ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʟʘʱʠʪʳ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʚ ʩʣʫʯʘʷʭ ʙʳʩʪʨʦʛʦ 

ʥʘʙʫʭʘʥʠʷ ʠʣʠ ʩʞʘʪʠʷ. ʄʝʭʘʥʠʟʤʳ ʙʳʩʪʨʦʡ ʦʙʲʝʤʥʦʡ ʨʝʛʫʣʷʮʠʠ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʭʦʜʥʳ ʢʘʢ ʚ ʵʚʦʣʶʮʠʦʥʥʦ ʫʜʘʣʝʥʥʳʭ 

ʦʨʛʘʥʠʟʤʘʭ, ʪʘʢ ʠ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʝʡ (Gilles 

1988;Chamberlin and Strange 1989;Lang et al. 1998b). ʕʪʠ ʤʝʭʘʥʠʟʤʳ 

ʚʢʣʶʯʘʶʪ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʩʝʥʩʦʨ (ʩʝʥʩʦʨʳ) ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ, 

ʘʢʪʠʚʠʨʫʝʤʳʝ ʩʝʥʩʦʨʦʤ ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʠ, 

ʥʘʢʦʥʝʮ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚ ʦʪʚʝʪ ʥʘ ʥʘʙʫʭʘʥʠʝ ʠʣʠ 

ʩʞʘʪʠʝ ʢʦʤʧʝʥʩʠʨʫʶʪ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʙʨʦʩʘ ʠʣʠ 

ʥʘʢʦʧʣʝʥʠʷ ʦʩʤʦʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ. ɿʘʱʠʪʥʳʡ ʚʳʙʨʦʩ ʠʟʙʳʪʢʘ 

ʦʩʤʦʣʠʪʦʚ, ʚʝʜʫʱʠʡ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʧʦʩʣʝ ʥʘʙʫʭʘʥʠʷ, 

ʧʦʣʫʯʠʣ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʚʘʥʠʝ ñʨʝʛʫʣʷʪʦʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʦʙʲʝʤʘò, RVD (Regulatory Volume Decrease). ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʨʦʮʝʩʩ 

ʥʘʢʦʧʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʤʦʣʠʪʦʚ, ʚʝʜʫʱʝʡ ʢ ʢʦʤʧʝʥʩʘʪʦʨʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʧʦʩʣʝ ʩʞʘʪʠʷ, ʥʘʟʳʚʘʶʪ ñʨʝʛʫʣʷʪʦʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʲʝʤʘò, RVI (Regulatory Volume Increase) (ʈʠʩ.1). ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ 
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ʘʜʘʧʪʘʮʠʷ ʢ ʘʥʠʟʦʩʤʦʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʠʥʪʝʟʝ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʤʦʣʠʪʦʚ. ɼʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʨʘʥʝʝ (Burg 1995;Burg et al. 1997;Burg et al. 2007;Cheung 

and Ko 2013) ʠ ʥʘʤʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʢʣʝʪʦʢ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ RVD ʠ RVI ʨʝʛʫʣʠʨʫʶʪ ʦʙʲʝʤ ʩ ʪʦʯʥʦʩʪʴʶ 2-3% 

(Hoffmann and Simonsen 1989;Lang et al. 1998a). ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ 

ʚ ʢʣʝʪʢʘʭ ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ ʨʦʛʦʚʠʮʳ (ʈʠʩ. 2) ʦʙʲʝʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩ 

ʪʦʯʥʦʩʪʴʶ ~0.5% (Kuang et al. 2006). 

 

ʈʠʩ. 1. ʆʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʥʠʤʘʶʱʠʝ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ 

ʦʙʲʝʤʘ ʢʣʝʪʦʢ. 1 - Na
+
,K

+
-Aʊʌʘʟʘ; 2, 3 ï K+ ʠ Cl- ʢʘʥʘʣʳ; 4 ï K+,Cl- 

ʢʦʪʨʘʥʩʧʦʨʪ; 5 ï Na+,K+,2Cl- ʢʦʪʨʘʥʩʧʦʨʪ;; 6 ï Na+/H+ ʦʙʤʝʥʥʠʢ; 7 - 

ʘʥʠʦʥʥʳʡ ʦʙʤʝʥʥʠʢ (Mongin, Orlov, 2001)  
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ʈʠʩ. 2. RVI  (A) ʠ RVD (B) ʚ ʢʣʝʪʢʘʭ ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ ʨʦʛʦʚʠʮʳ 

ʙʳʢʘ, ʚʳʟʚʘʥʥʳʝ ʫʚʝʣʠʯʝʥʠʝʤ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʦʩʤʦʣʷʨʥʦʩʪʠ ʩʨʝʜʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Kuang et al., 2006)  

 

2.1.2.1 ʄʝʤʙʨʘʥʥʳʝ ʪʨʘʥʩʧʦʨʪʝʨʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ RVD 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʞʠʚʦʪʥʳʭ ʢʣʝʪʦʢ ʥʘʙʫʭʘʥʠʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʦʪʪʦʢʦʤ K
+
 ʠ Cl

-
 ʯʝʨʝʟ ʥʝʟʘʚʠʩʠʤʳʝ, ʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʝ 

ʢʘʣʠʝʚʳʝ ʠ ʘʥʠʦʥʥʳʝ ʢʘʥʘʣʳ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʀʥʪʝʥʩʠʚʥʳʡ ʦʪʪʦʢ 

K
+
 ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ, ñʟʘʤʳʢʘʶʱʝʡò K

+
 ʚʥʫʪʨʠ ʢʣʝʪʢʠ ʥʘ 

ʫʨʦʚʥʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʝʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʧʦʪʝʥʮʠʘʣʫ (ɽʂ), ʚ 

ʩʠʣʫ ʯʝʛʦ ʵʬʬʝʢʪʠʚʥʘʷ ʦʙʲʝʤʥʘʷ ʨʝʛʫʣʷʮʠʷ ʪʨʝʙʫʝʪ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʪʪʦʢʘ 

Cl
-
. ɽʩʣʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Cl

-
 ʩʣʠʰʢʦʤ ʥʠʟʢʘ, ʦʪʪʦʢ ʭʣʦʨʘ 

ʜʦʧʦʣʥʷʝʪʩʷ ʚʳʙʨʦʩʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ ʯʝʨʝʟ ʢʘʥʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʘʥʠʦʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (Kirk and Strange 

1998;Macknight and Leaf 1977;Hoffmann and Simonsen 1989;Lang et al. 

1998a;Mongin and Orlov 2001). ɸʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ 

RVD, ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʡ ʢʦʪʨʘʥʩʧʦʨʪʝʨ K
+
 ʠ Cl

-
, ʘʢʪʠʚʠʨʫʝʤʳʡ 

ʚ ʵʨʠʪʨʦʮʠʪʘʭ (ʈʠʩ. 3) ʠ ʥʝʢʦʪʦʨʳʭ ʪʠʧʘʭ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʛʜʝ 

ʛʨʘʜʠʝʥʪ K
+
 ʠ Cl

-
 ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʭʦʜʷʱʝʡ ʤʦʜʝ ʨʘʙʦʪʳ ʵʪʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ 
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(Orlov et al. 1993;Orlov 1994;Lauf and Adragna 2000). ʏʝʪʳʨʝ ʠʟʦʬʦʨʤʳ 

K
+
,Cl

-
-ʢʦʪʨʘʥʩʧʦʨʪʝʨʘ ʠ ʙʦʣʝʝ 50 ʠʟʦʬʦʨʤ K

+
 ʠ Cl

-
 ʢʘʥʘʣʦʚ ʙʳʣʠ 

ʢʣʦʥʠʨʦʚʘʥʳ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 20 ʣʝʪ. ɼʘʥʥʳʝ ʦ ʚʦʚʣʝʯʝʥʠʠ ʥʝʢʦʪʦʨʳʭ 

ʠʟ ʥʠʭ ʚ RVD ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1.  

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ K+,Cl- ʢʦʪʨʘʥʩʧʦʨʪʘ (KCC) 

Na+,K+,2Cl- ʢʦʪʨʘʥʩʧʦʨʪʘ (NKCC) ʠ Na+/H+ ʦʙʤʝʥʘ (NHE) ʚ 

ʵʨʠʪʨʦʮʠʪʘʭ ʢʨʳʩʳ ʦʪ ʦʩʤʦʣʷʨʥʦʩʪʠ ʩʨʝʜʳ ʠʥʢʫʙʘʮʠʠ. ɸʢʪʠʚʥʦʩʪʴ 

ʠʦʥʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʚ ʠʟʦʦʩʤʦʪʠʯʝʩʢʦʡ ʩʨʝʜʝ (310 mOsm) ʧʨʠʥʷʪʘ ʢʘʢ 

1.00 (Orlov et al., 1992; 1995) 
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ʊʘʙʣʠʮʘ 1. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʩʠʩʪʝʤʳ 

ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʙʲʝʤʥʦʡ ʨʝʛʫʣʷʮʠʠ (Mongin 

and Orlov 2001) 

 

ʊʠʧ ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʂʣʦʥʠʨʦʚʘʥʥʳʝ ʢʘʥʘʣʳ ʠ ʠʦʥʥʳʝ 

ʧʝʨʝʥʦʩʯʠʢʠ 

ʂʘʣʠʝʚʳʝ ʢʘʥʘʣʳ Kv1.3, Kv1.5, miniK 

ʅʝʩʧʝʮʠʬʠʯʝʩʢʠʝ ʢʘʪʠʦʥʥʳʝ 

ʢʘʥʘʣʳ 

OTRPC4 

ɸʥʠʦʥʥʳʝ (ʭʣʦʨʥʳʝ) ʢʘʥʘʣʳ ClC-2, ClC-3, BR-VDAC? 

K
+
,Cl

- 
-ʢʦʪʨʘʥʩʧʦʨʪʝʨʳ KCC-1, KCC-2, KCC-3, KCC-4 

Na
+
/H

+
-exchangers NHE-1, NHE-2, NHE-4 

Na
+
,K

+
,2Cl

-
-ʢʦʪʨʘʥʩʧʦʨʪʝʨ r NKCC1, NKCC2? 

ʅʘʪʨʠʝʚʳʝ ʢʘʥʘʣʳ ENaC 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʤʦʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ Na
+
,K

+
-ʥʘʩʦʩʘ (3Na

+
:2K

+
) 

ʥʝʚʝʣʠʢʘ ʠ ʧʦʵʪʦʤʫ ʦʥ ʥʝ ʤʦʞʝʪ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʙʳʩʪʨʳʤ ʠʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʦʙʲʝʤʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʪʨʠʝʚʳʡ ʥʘʩʦʩ 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʥʘʙʫʭʘʥʠʝʤ ʚ ʤʳʰʝʯʥʳʭ (Venosa 1991) ʠ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʘʭ 

ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ (Aksentsev et al. 1994;Mongin et al. 1994;Mongin et al. 

1996), ʘ ʚ ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʘ, ʯʪʦ ʚʥʦʩʠʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʘʢʮʠʶ RVD (Olson et al. 1995). ɺ ʥʘʤʥʦʛʦ ʙʦʣʝʝ 

ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ RVD ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʝ Ca
2+

-ʥʘʩʦʩ 

ʠ Na
+
/ʉʘ

2+
-ʦʙʤʝʥʥʠʢ (ʵʨʠʪʨʦʮʠʪʳ ʭʠʱʥʠʢʦʚ) ʠʣʠ K

+
/H

+
 ʠ Cl

-
/ʅʉʆ3

-

-ʦʙʤʝʥʥʠʢ (ʵʨʠʪʨʦʮʠʪʳ ʘʤʬʠʙʠʡ) (Lang et al. 1998a;Lang et al. 1998b). ɺ 

ʥʝʢʦʪʦʨʳʭ ʪʠʧʘʭ ʢʣʝʪʦʢ RVD ʩʚʷʟʘʥ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʝʡ 

ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ. ʊʘʢ, ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʘʦʨʪʳ ʧʨʦʠʩʭʦʜʠʪ 

ʘʢʪʠʚʘʮʠʷ K
+
 ʠ Cl

-
 ʢʘʥʘʣʦʚ ʠ K

+
,Cl

-
-ʢʦʪʨʘʥʩʧʦʨʪʘ (Perry and O'Neill 1993). 

ʉʭʦʜʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʥʝʢʦʪʦʨʳʭ ʷʜʝʨʥʳʭ ʵʨʠʪʨʦʮʠʪʘʭ RVD ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ K
+
,Cl

-
-ʢʦʪʨʘʥʩʧʦʨʪʦʤ, ʘʥʠʦʥʥʳʤ ʦʙʤʝʥʥʠʢʦʤ ʠ 

ʢʘʪʠʦʥʥʳʤʠ ʠ ʘʥʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ (Lang et al. 1998b). ɺ ʛʣʠʘʣʴʥʳʭ 

ʢʣʝʪʢʘʭ ʤʦʟʛʘ ʘʢʪʠʚʘʮʠʷ ʢʘʪʠʦʥʥʳʭ ʠ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʜʦʧʦʣʥʷʝʪʩʷ 

ʩʪʠʤʫʣʷʮʠʝʡ ʥʘʪʨʠʝʚʦʛʦ ʥʘʩʦʩʘ (Mongin et al. 1994;Mongin et al. 1996). 



19 

 

2.1.2.2. ʄʝʤʙʨʘʥʥʳʝ ʪʨʘʥʩʧʦʨʪʝʨr , ʫʯʘʩʪʚʫʶʱʠʝ ʚ RVI 

Na
+
,K

+
,2Cl

-
-ʢʦʪʨʘʥʩʧʦʨʪʝʨ ʠ Na

+
/H

+
-ʦʙʤʝʥʥʠʢ - ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʩʠʩʪʝʤʳ ʤʝʤʙʨʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʘʢʪʠʚʠʨʫʶʱʠʝʩʷ ʧʨʠ ʩʞʘʪʠʠ ʠ 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʛʫʣʷʪʦʨʥʦʤ ʥʘʢʦʧʣʝʥʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʤʦʣʠʪʦʚ 

(ʈʠʩ. 1). Na
+
,K

+
,2Cl

-
ʢʦʪʨʘʥʩʧʦʨʪʝʨ ʵʢʩʧʨʝʩʩʠʨʦʚʘʥ ʚ ʧʦʜʘʚʣʷʶʱʝʤ 

ʙʦʣʴʰʠʥʩʪʚʝ ʞʠʚʦʪʥʳʭ ʢʣʝʪʦʢ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʡ 

ʩʦʧʨʷʞʝʥʥʳʡ ʧʝʨʝʥʦʩ Na
+
, K

+
, ʠ Cl

-
 ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʠ ʠʟ ʥʝʝ ʧʦ ʩʫʤʤʘʨʥʦʤʫ 

ʛʨʘʜʠʝʥʪʫ ʚʩʝʭ ʪʨʝʭ ʠʦʥʦʚ (Russell 2000). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʦʥʠʨʦʚʘʥʳ 

ʜʚʝ ʠʟʦʬʦʨʤʳ Na
+
,K

+
,2Cl

-
-ʢʦʪʨʘʥʩʧʦʨʪʝʨʘ. ʆʜʥʘ ʠʟ ʥʠʭ (NKCC2) 

ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʥʘ ʘʧʠʢʘʣʴʥʦʡ ʤʝʤʙʨʘʥʝ ʢʣʝʪʦʢ ʵʧʠʪʝʣʠʷ ʧʝʪʣʠ 

ɻʝʥʣʝ ʠ macula densa. ʉʚʝʜʝʥʠʷ ʦʙ ʦʙʲʝʤʥʦʡ ʨʝʛʫʣʷʮʠʠ ʵʪʦʡ ʠʟʦʬʦʨʤʳ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʅʘʧʨʦʪʠʚ, ʘʢʪʠʚʘʮʠʷ NKCC1, ʵʢʩʧʨʝʩʩʠʨʦʚʘʥʥʦʛʦ ʚʦ ʚʩʝʭ 

ʪʢʘʥʷʭ, ʚʢʣʶʯʘʷ ʙʘʟʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ ʢʣʝʪʦʢ ʵʧʠʪʝʣʠʷ ʧʦʯʝʯʥʳʭ 

ʢʘʥʘʣʴʮʝʚ, ʚʝʜʝʪ ʢ ʨʝʛʫʣʷʪʦʨʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʚʦ ʤʥʦʛʠʭ ʪʠʧʘʭ 

ʢʣʝʪʦʢ (Gamba 2005). 

ɺʪʦʨʦʡ ʪʠʧ ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʘʢʪʠʚʠʨʫʶʱʠʡʩʷ ʧʨʠ ʩʞʘʪʠʠ, ʵʪʦ 

Na
+
/H

+
-ʦʙʤʝʥ. ʈʘʙʦʪʘ Na

+
/H

+
-ʦʙʤʝʥʥʠʢʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʢʠʩʣʝʥʠʝʤ 

ʮʠʪʦʧʣʘʟʤʳ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʘʢʪʠʚʘʮʠʝʡ Cl
-
/HCO3

-
-ʦʙʤʝʥʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʣʝʪʢʘ ʥʘʢʘʧʣʠʚʘʝʪ Na
+
 ʠ Cl

-
, ʚʳʙʨʘʩʳʚʘʷ H

+
 ʠ HCO3

-
. 

ʅʘʪʨʠʝʚʳʡ ʥʘʩʦʩ ï ʥʝʦʙʭʦʜʠʤʳʡ ʫʯʘʩʪʥʠʢ RVI, ʪ.ʢ. ʦʥ ʩʦʟʜʘʝʪ ʜʚʠʞʫʱʫʶ 

ʩʠʣʫ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʝʪ ʧʦʜʜʝʨʞʘʥʠʷ ʥʠʟʢʠʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ Na
+
 ʠ, ʥʝʧʨʷʤʳʤ ʦʙʨʘʟʦʤ, Cl

-
. ʊʨʠ ʠʟ ʯʝʪʳʨʝʭ 

ʢʣʦʥʠʨʦʚʘʥʥʳʭ ʠʟʦʬʦʨʤ Na
+
/H

+
-ʦʙʤʝʥʥʠʢʘ ï NHE-1, NHE-2 ʠ NHE-4 

(ʊʘʙʣʠʮʘ 1) ʘʢʪʠʚʠʨʫʶʪʩʷ ʩʞʘʪʠʝʤ, ʘ NHE-3, ʥʘʧʨʦʪʠʚ, ʠʥʛʠʙʠʨʫʝʪʩʷ 

(Orlowski and Grinstein 2004). 

ɸʢʪʠʚʘʮʠʷ Na
+
 ʢʘʥʘʣʦʚ ï ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ ʧʨʠ ʩʞʘʪʠʠ. 

ʆʜʥʘʢʦ ʪʘʢʦʡ ʪʠʧ RVI ʙʳʣ ʥʘʡʜʝʥ ʚ ʦʯʝʥʴ ʥʝʤʥʦʛʠʭ ʢʣʝʪʢʘʭ (ʪʫʯʥʳʝ 
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ʢʣʝʪʢʠ, ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʩʦʙʠʨʘʶʱʠʭ ʧʨʦʪʦʢʦʚ ʧʦʯʝʢ, ʢʫʣʴʪʫʨʘ 

ʛʝʧʘʪʦʮʠʪʦʚ) (Lang et al. 1998a;Wehner et al. 2003;Wehner et al. 2006). 

ɺʝʨʦʷʪʥʦ, ʵʪʦ ʦʪʨʘʞʘʝʪ ʩʪʨʝʤʣʝʥʠʝ ʢʣʝʪʦʢ ʠʟʙʝʞʘʪʴ ʨʝʟʢʦʡ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʠ ʧʘʜʝʥʠʷ ʛʨʘʜʠʝʥʪʘ Na
+
 ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʥʘʪʨʠʝʚʳʭ 

ʢʘʥʘʣʦʚ, ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ ʷʚʣʝʥʠʝʤ ʤʦʜʫʣʷʮʠʠ Na
+
-ʟʘʚʠʩʠʤʳʭ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ. ʈʘʩʪʷʥʫʪʘʷ ʚʦ ʚʨʝʤʝʥʠ ʘʢʪʠʚʘʮʠʷ Na
+
,K

+
,2Cl

-
-ʢʦʪʨʘʥʩʧʦʨʪʘ 

ʠ Na
+
/H

+
-ʦʙʤʝʥʘ ʧʦʟʚʦʣʷʝʪ Na

+
,K

+
-ʥʘʩʦʩʫ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʧʘʜʝʥʠʝ Na
+
 ʛʨʘʜʠʝʥʪʘ. 

  

2.1.3 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʛʝʥʝʨʠʨʫʶʱʠʝʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʠ ʧʨʠʨʦʜʘ ʦʙʲʝʤʥʦʛʦ ʩʝʥʩʦʨʘ 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʬʝʥʦʤʝʥʘ ʦʙʲʝʤʥʦʡ ʨʝʛʫʣʷʮʠʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʢʦʥʮʝʧʮʠʷ ʩʝʥʩʦʨʘ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ï ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʩʧʦʩʦʙʥʳʭ ʯʫʚʩʪʚʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʥʘʙʫʭʘʥʠʠ ʠ ʩʞʘʪʠʠ ʢʣʝʪʦʢ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ 

ʧʳʪʘʝʤʩʷ ʢʨʘʪʢʦ ʦʙʩʫʜʠʪʴ ʢʘʢʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʤʘ ʠ ʢʘʢʦʚʘ ʚʦʟʤʦʞʥʘʷ ʧʨʠʨʦʜʘ 

ʦʙʲʝʤʥʦʛʦ ʩʝʥʩʦʨʘ. 

 

2.1.3.1 ʀʦʥʥʘʷ ʩʠʣʘ  

ʆʩʤʦʪʠʯʝʩʢʦʝ ʥʘʙʫʭʘʥʠʝ ʠ ʩʞʘʪʠʝ ʠʟʤʝʥʷʝʪ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠʦʥʦʚ ʠ ʠʦʥʥʫʶ ʩʠʣʫ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʩʦʜʝʨʞʠʤʦʛʦ. ʅʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʫʤʝʥʴʰʝʥʠʝ ʠʦʥʥʦʡ ʩʠʣʳ ʚ ʮʠʪʦʧʣʘʟʤʝ ʤʦʞʝʪ ʷʚʣʷʪɹʩʷ ʩʠʛʥʘʣʦʤ ʜʣʷ 

ʘʢʪʠʚʘʮʠʠ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ  ʠ/ʠʣʠ ʤʦʜʫʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʤʥʦʛʦ 

ʩʝʥʩʦʨʘ (Nilius et al. 1998;Voets et al. 1999). ʈʘʩʯʝʪʳ ʅʠʣʠʫʩʘ ʩ ʢʦʣʣʝʛʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʪʝʩʥʝʝ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 
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ʠʦʥʥʦʡ ʩʠʣʳ, ʯʝʤ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ (Voets et al. 1999). 

ʉʣʝʜʫʝʪ ʦʜʥʘʢʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʢʦʥʮʝʧʮʠʷ ʥʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ 

ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʘʮʠʠ ʠʦʥʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʧʨʠ ʠʟʦʦʩʤʦʪʠʯʝʩʢʦʤ 

ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʤʘ ʢʣʝʪʦʢ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘʙʫʭʘʥʠʝ ʘʩʪʨʦʮʠʪʦʚ, 

ʚʳʟʚʘʥʥʦʝ ʠʟʦʪʦʥʠʯʝʩʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʂ
+
, ʚʝʜʝʪ ʢ ʩʭʦʜʥʦʡ 

ʧʦ ʘʤʧʣʠʪʫʜʝ ʘʢʪʠʚʘʮʠʠ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʢʘʢ ʠ ʛʠʧʦʪʦʥʠʯʝʩʢʦʝ 

ʥʘʙʫʭʘʥʠʝ, ʭʦʪʷ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʠʦʥʥʘʷ ʩʠʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʫʤʝʥʴʰʘʝʪʩʷ (Mongin et al. 1999). 

 

2.1.3.2 ɺʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʘ ([Cl
-
] i) 

ʂʘʢ ʦʙʩʫʞʜʘʣʦʩʴ ʚʳʰʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ Cl
-
i ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ 

ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʯʪʦʙʳ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʚʳʟʳʚʘʝʤʦʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʥʠʦʥʘʤʠ. ʇʨʠ ʘʥʠʟʦʩʤʦʪʠʯʝʩʢʦʤ 

ʥʘʙʫʭʘʥʠʠ ʠʣʠ ʩʞʘʪʠʠ, [Cl
-
] i ʨʝʮʠʧʨʦʢʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʅʘʧʨʦʪʠʚ, in vivo ʧʨʠ ʠʟʦʦʩʤʦʪʠʯʝʩʢʦʤ ʥʘʙʫʭʘʥʠʠ, ʩʚʷʟʘʥʥʦʤ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʟʘʭʚʘʪʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʠ ʧʨʠ 

ʠʟʦʦʩʤʦʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ, ʩʚʷʟʘʥʥʦʤ ʩ ʘʢʪʠʚʘʮʠʝʡ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, [Cl
-
] i 

ʢʘʢ ʧʨʘʚʠʣʦ, ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʥʠʞʝʥʠʝ [Cl
-
] i ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʥʦʡ 

ʘʢʪʠʚʘʮʠʠ ʩʞʘʪʠʝʤ ʢʘʢ Na
+
,K

+
,2Cl

-
-ʢʦʪʨʘʥʩʧʦʨʪʘ ʪʘʢ ʠ Na

+
/H

+
-ʦʙʤʝʥʘ 

(Lang et al. 1998a;O'Neill 1999). ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʦʥʠʞʝʥʠʝ [Cl
-
] i ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʦʙʲʝʤ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ 

(Jackson et al. 1996), ʦʜʥʘʢʦ ʚ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʟʘʤʝʥʘ Cl
-
 ʥʘ ʥʝʧʨʦʥʠʢʘʶʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠʣʠ ʜʠʚʘʣʝʥʪʥʳʝ ʘʥʠʦʥʳ 

ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝʤ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʩʘʤʦ ʧʦ 

ʩʝʙʝ ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴ ʘʥʠʦʥʥʳʝ ʢʘʥʘʣʳ (Cannon et al. 1998;Voets et al. 

1999). ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʮʝʣʘʷ ʛʨʫʧʧʘ ʬʝʨʤʝʥʪʦʚ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ Cl
-
 (ʩʤ. (Orlov and Hamet 2006)).  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʵʪʠ ʜʘʥʥʳʝ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʤʦʜʫʣʷʮʠʠ [Cl
-
]i 
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ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ, ʧʦʯʝʤʫ ʥʝʢʦʪʦʨʳʝ ʢʣʝʪʢʠ ʥʝ ʩʧʦʩʦʙʥʳ ʢ RVI ʧʦʩʣʝ 

ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ, ʥʦ ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʫʣʠʨʫʶʪ ʩʚʦʡ ʦʙʲʝʤ ʧʨʠ 

ʠʟʦʪʦʥʠʯʝʩʢʦʤ ʩʞʘʪʠʠ (O'Neill 1999). ʄʦʜʫʣʷʮʠʠ [Cl
-
] i, ʦʜʥʘʢʦ, ʥʝ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩ ̫ʚ ʢʘʯʝʩʪʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʪʨʠʛʛʝʨʘ ʦʙʲʝʤ-

ʟʘʚʠʩʠʤʳʭ ʨʝʘʢʮʠʡ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʘʥʠʦʥʥʳʝ ʢʘʥʘʣʳ ʚ ʘʩʪʨʦʮʠʪʘʭ 

ʘʢʪʠʚʠʨʫʶʪʩʷ, ʢʘʢ ʚ ʛʠʧʦʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʧʦʥʠʞʝʥʠʝ [Cl
-
] i), ʪʘʢ ʠ 

ʧʨʠ ʚʳʩʦʢʦʢʘʣʠʝʚʦʤ ʥʘʙʫʭʘʥʠʠ (ʧʦʚʳʰʝʥʠʝ [Cl
-
] i) (Mongin et al. 1999). 

 

2.1.3.3 ɺʳʙʨʦʩ ɸʊʌ  

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʙʫʭʘʥʠʝ ʛʝʧʘʪʦʮʠʪʦʚ (Wang et al. 1996), ʢʘʢ 

ʠ ʜʨʫʛʠʭ ʠʟʫʯʝʥʥʳʭ ʥʘ ʵʪʦ ʧʨʝʜʤʝʪ ʢʣʝʪʦʢ (Boudreault and Grygorczyk 

2002;Tatur et al. 2007), ʧʨʠʚʦʜʠʪ ʢ ʤʘʩʩʠʨʦʚʘʥʥʦʤʫ ʚʳʙʨʦʩʫ ɸʊʌ, ʢʦʪʦʨʳʡ 

ʘʢʪʠʚʠʨʫʝʪ ʥʘʙʦʨ ʧʫʨʠʥʦʨʝʮʝʧʪʦʨʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʨʘʟʜʝʣʝ ????, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʢʪʠʚʘʮʠʝʡ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ RVD. ɺ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʣʦʢʘʜʫ 

ʘʢʪʠʚʘʮʠʠ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʠ RVD ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʬʝʨʤʝʥʪʘ, 

ʛʠʜʨʦʣʠʟʠʨʫʶʱʝʛʦ ʚʥʝʢʣʝʪʦʯʥʳʡ ɸʊʌ, ʠ ʘʥʪʘʛʦʥʠʩʪʦʚ P2Y-ʨʝʮʝʧʪʦʨʦʚ 

(Wang et al. 1996). ʕʪʦʪ ʘʫʪʦʢʨʠʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʲʝʤʥʦʡ ʨʝʛʫʣʷʮʠʠ ʙʳʣ 

ʧʨʦʚʝʨʝʥ ʚ ʥʝʩʢʦʣʴʢʠʭ ʜʨʫʛʠʭ ʪʠʧʘʭ ʢʣʝʪʦʢ. ɺ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ 

(Hazama et al. 1999) ʠ ʘʩʪʨʦʮʠʪʘʭ (Mongin and Kimelberg 2003) ʦʙʲʝʤʥʘʷ 

ʨʝʛʫʣʷʮʠʷ ʥʝ ʙʣʦʢʠʨʫʝʪʩʷ ʥʠ ʛʠʜʨʦʣʠʟʦʤ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ɸʊʌ, ʥʠ 

ʙʣʦʢʘʜʦʡ P2Y-ʨʝʮʝʧʪʦʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʫʪʦʢʨʠʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ɸʊʌ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʦʙʲʝʤʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʥʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʱʥʳʤ ʬʘʢʪʦʨʦʤ, ʤʦʜʫʣʠʨʫʶʱʠʤ ʦʙʲʝʤʥʫʶ 

ʨʝʛʫʣʷʮʠʶ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʄʦʥʛʠʥʳʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʯʪʦ ʘʢʪʠʚʘʮʠʷ P2Y-ʨʝʮʝʧʪʦʨʦʚ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʘʩʪʨʦʮʠʪʦʚ ʢ ʛʠʧʦʦʩʤʦʪʠʯʝʩʢʦʤʫ ʥʘʙʫʭʘʥʠʶ (Mongin 

and Kimelberg 2002;Mongin and Kimelberg 2005b). 
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2.1.3.4. ʅʘʪʷʞʝʥʠʝ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ 

ʉʦʛʣʘʩʥʦ ʦʜʥʦʡ ʠʟ ʛʠʧʦʪʝʟ, ʤʝʤʙʨʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʦʥʥʳʭ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ, ʚʢʣʶʯʘʝʪ 

ʜʦʤʝʥʳ, ʠʟʤʝʥʷʶʱʠʝ ʩʚʦʶ ʢʦʬʦʨʤʘʮʠʶ ʚ ʦʪʚʝʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʨʘʩʪʷʞʝʥʠʝ ʠʣʠ ʩʞʘʪʠʝ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʬʫʥʢʮʠʠ. ɺ 

ʩʘʤʦʤ ʜʝʣʝ, ʚʦ ʤʥʦʛʠʭ ʢʣʝʪʢʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʝʭʘʥʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʢʘʥʘʣʳ, ʘʢʪʠʚʠʨʫʶʱʠʝʩʷ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʨʘʩʪʷʞʝʥʠʠ ʠʣʠ ʩʞʘʪʠʠ 

ʤʝʤʙʨʘʥʳ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʛʠʧʦʪʝʟʝ, ʘʢʪʠʚʘʮʠʷ ʥʝʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʠʦʥʥʳʭ 

ʢʘʥʘʣʦʚ ʧʨʠ ʥʘʙʫʭʘʥʠʠ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʘ
2+

 ʠ ʚʪʦʨʠʯʥʦʡ ʘʢʪʠʚʘʮʠʠ ʉʘ
2+

-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢʘʣʠʝʚʳʭ 

ʠ ʭʣʦʨʥʳʭ ʢʘʥʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʪʪʦʢ ʵʣʝʢʪʨʦʣʠʪʦʚ (Pedersen and 

Nilius 2007;Hoffmann et al. 2009). ʇʦʤʠʤʦ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʧʝʨʝʩʪʨʦʡʢʠ ʚ 

ʣʠʧʠʜʥʦʤ ʙʠʩʣʦʝ ʨʝʛʫʣʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ ʬʦʩʬʦʣʠʧʘʟʳ ɸ2, ʢʦʪʦʨʘʷ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʠʩʪʝʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ (Lehtonen and Kinnunen 1995). ʆʜʥʘʢʦ, ʚ ʩʠʣʫ ʩʢʣʘʜʯʘʪʦʩʪʠ 

ʤʝʤʙʨʘʥʳ ʞʠʚʦʪʥʦʡ ʢʣʝʪʢʠ ʤʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦ ʥʘʙʫʭʘʥʠʝ ʠʣʠ ʩʞʘʪʠʝ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʚʦʧʨʦʩ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ.  

ʆʙʳʯʥʦ, ʚ ʤʦʜʝʣʷʭ, ʢʦʥʪʨʦʣʴ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʞʠʚʦʪʥʳʭ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʪʦʢʘʤʠ ʚʦʜʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʨʘʩʪʚʦʨʸʥʥʳʭ 

ʚʝʱʝʩʪʚ ʯʝʨʝʟ ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ. (Macknight and Leaf 1977). ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʤʦʜʝʣʴʶ, ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ 

ʥʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʩʯʠʪʘʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʚʘʥʥ ɻʦʬʬʘ ʢʘʢ 

DP=RTDc, ʛʜʝ D ɻʪʦ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʤʦʣʠʪʘ ʥʘ 2-ʭ ʩʪʦʨʦʥʘʭ 

ʤʝʤʙʨʘʥʳ, ʘ RT = 24,4 ɸʪʤ/ʄ ʧʨʠ 25
o
C. ɿʘʢʦʥ ʃʘʧʣʘʩʘ ʧʨʝʜʩʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʣʘʟʤʘʪʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ ʫ ʰʘʨʦʦʙʨʘʟʥʳʭ ʥʘʙʫʭʰʠʭ ʢʣʝʪʦʢ ʙʫʜʝʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʥʘʧʨʷʞʝʥʠʶ T = DPr/2, ʛʜʝ r ʵʪʦ ʨʘʜʠʫʩ ʢʣʝʪʢʠ ʠ 
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ʫʤʝʥʴʰʝʥʠʝ ʚʥʝʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʥʘ 5 ʤʄ (~ 10 ʤʆʩʤ) 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ S=4pr
2
 ʥʘ ~5%. ɺʘʞʥʦ, ʯʪʦ ʣʠʧʠʜʥʳʡ 

ʙʠʩʣʦʡ ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʪʦʣʴʢʦ 3% ʫʚʝʣʠʯʝʥʠʝ S ʜʦ ʨʘʟʨʳʚʘ {Kinnunen, 

200 2605 /id}. ʕʪʘ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʣʘʟʤʘʪʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ ʫ 

ʥʘʙʫʭʰʠʭ ʢʣʝʪʦʢ ʨʘʩʪʷʥʝʪʩʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʷ ʢ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʠʦʥʥʳʭ ʢʘʥʘʣʘʭ ʠ ʜʨʫʛʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʝʤʙʨʘʥʝ ʦʙʲʸʤʥʳʭ ʩʝʥʩʦʨʘʭ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʵʪʦ ʩʚʦʡʩʪʚʦ, ʪʘʢʦʝ ʞʝ ʦʙʱʝʝ, ʢʘʢ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ. (Sachs 2010). ʂʨʦʤʝ ʪʦʛʦ, Callies ʩ 

ʢʦʣʣʝʛʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʤʝʤʙʨʘʥʳ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʦʩʨʝʜʦʚʘʥʘ ʠʟʤʝʥʸʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʤʝʤʙʨʘʥʳ. (Callies et al. 2011). 

ʉʨʝʜʠ ʤʝʭʘʥʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʚʠʞʝʥʠʠ 

ʦʩʤʦʣʠʪʦʚ, ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʘʥʘʣʳ MscL ʠ 

MscS ʠ ʯʣʝʥʳ ʧʦʜʩʝʤʝʡʩʪʚʘ ʪʨʘʥʟʠʪʦʨʥʳʭ ʚʘʥʠʣʣʦʠʜʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘ ʵʪʦʪ ʧʨʝʜʤʝʪ ʪʢʘʥʝʡ, 

ʚʢʣʶʯʘʷ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʠ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ (O'Neil and Heller 

2005;Pedersen and Nilius 2007). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʦʜʥʘʢʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʯʴʷ ʤʝʭʘʥʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ in vivo, ʘʢʪʠʚʘʮʠʷ ʢʘʥʘʣʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ʥʘʪʷʞʝʥʠʝʤ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʧʵʪʯ-ʢʣʷʤʧ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭ 

ʚʳʨʝʟʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʚʳʜʝʨʞʘʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

(Martinac 2011). ɹʦʣʝʝ ʪʦʛʦ, ʘʢʪʠʚʘʮʠʷ TRPV4 ʢʘʥʘʣʦʚ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʵʪʠʤ ʤʝʪʦʜʦʤ ʥʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʠʟʤʝʨʝʥʠʷʤʠ ʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʵʪʯ-ʢʣʘʤʧ ʥʘ ʮʝʣʦʡ ʢʣʝʪʢʝ. (Strotmann et al. 

2000).  

ʂʘʥʦʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ, ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʠʟ-ʟʘ 

ʨʘʩʪʷʞʝʥʠʷ ʧʣʘʟʤʘʪʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ ʚ ʥʘʙʫʭʰʠʭ ʢʣʝʪʢʘʭ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʝʝ ʞʸʩʪʢʦʡ. (Strange 2004). ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʫʷ ʘʪʦʤʥʦʩʠʣʦʚʫʶ 
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ʤʠʢʨʦʩʢʦʧʠʶ (ɸʉʄ), Spagnoli ʩ ʢʦʣʣʝʛʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʥʘʙʫʭʘʥʠʷ ʢʣʝʪʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ 

ʤʷʛʢʠʤʠ, ʘ ʥʝ ʙʦʣʝʝ ʞʸʩʪʢʠʤʠ (Spagnoli et al. 2008). ʕʪʠ ʜʘʥʥʳʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 2-ʭ ʤʝʨʥʘʷ ʤʝʭʘʥʠʢʘ ʟʘʢʦʥʘ ʃʘʧʣʘʩʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʠʤʘ ʢ ʥʘʪʠʚʥʳʤ ʢʣʝʪʢʘʤ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʦʩʤʦʪʠʯʝʩʢʠʡ ʩʪʨʝʩʩ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 3-ʭ ʤʝʨʥʳʡ  

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʛʠʜʨʦʛʝʣʴ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ 

ʥʘʧʦʤʠʥʘʶʪ ʧʨʦʧʠʪʘʥʥʫʶ ʚʦʜʦʡ  ʛʫʙʢʫ (ʜʣʷ ʜʝʪʘʣʝʡ, ʩʤ. ʩʝʢʮʠʶ 2.1.3.7).  

ʅʝʩʢʦʣʴʢʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ 

ʨʦʣʠ ʨʘʩʪʷʞʝʥʠʷ ʤʝʤʙʨʘʥʳ ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ. ɺʩʝ ʪʠʧʳ ʠʟʫʯʝʥʥʳʭ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʭʘʥʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ  ʠʥʛʠʙʠʨʫʶʪʩʷ 

ʠʦʥʘʤʠ Gd
3+

. (Oberleithner and de Wardener 2011). ʆʜʥʘʢʦ, ʚʤʝʩʪʝ ʩ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʢʘʥʘʣʦʚ, Gd
3+

 ʠ ʜʨʫʛʠʝ ʣʘʥʪʘʥʦʠʜʳ ʩʜʘʚʣʠʚʘʶʪ ʣʠʧʠʜʥʳʡ 

ʙʠʩʣʦʡ ʠ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʦʘʬʠʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʩʦ ʚʩʝʤʠ ʠʟʫʯʝʥʥʳʤʠ ʥʘ 

ʵʪʦʪ ʧʨʝʜʤʝʪ ʙʝʣʢʘʤʠ. ʊʘʢʠʤ, ʥʘʧʨʠʤʝʨ, Boudreault ʩ ʢʦʣʣʝʛʘʤʠ ʥʘʙʣʶʜʘʣ, 

ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10-100 ʤʢʄ Gd
3+

 ʙʣʦʢʠʨʫʝʪ ʣʶʮʠʬʝʨʘʟʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. (Boudreault and Grygorczyk 2002). Sachs ʩ ʢʦʣʣʝʛʘʤʠ ʩʦʦʙʱʠʣ, 

ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʤʦʞʝʪ ʠʥʛʠʙʠʨʦʚʘʪʴʩʷ 

GsMTx4, ʧʝʧʪʠʜʦʤ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʠʟ ʷʜʘ ʪʘʨʘʥʪʫʣʘ. ʕʪʦʪ ʢʦʤʧʦʥʝʥʪ 

ʠʥʛʠʙʠʨʦʚʘʣ RVD ʚ ʢʣʝʪʢʘʭ ʧʦʯʝʢ ʢʨʳʩ, ʥʦ ʥʝ ʜʝʡʩʪʚʦʚʘʣ ʥʘ ʧʝʨʚʠʯʥʳʝ 

ʢʨʳʩʠʥʳʝ ʘʩʪʨʦʮʠʪr  ʠ ʢʣʝʪʢʠ ʵʧʠʪʝʣʠʷ ʧʦʯʝʢ ʩʦʙʘʢʠ (Madin-Darby canine 

kidney - MDCK) (Hua et al. 2010).  

ʈʘʩʩʤʘʪʨʠʚʘʷ 2-ʭ ʤʝʨʥʫʶ ʤʦʜʝʣʴ ʚʦʩʧʨʠʷʪʠʷ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ 

ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʷ ʥʘʪʷʞʝʥʠʷ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʚʘʞʥʦ ʟʘʤʝʪʠʪʴ, 

ʯʪʦ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʚʘʛʠʥʘʮʠʡ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʚ 

ʷʜʝʨʥʳʭ ʢʣʝʪʢʘʭ, ʩʦʟʜʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʣʳ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʙʫʭʘʥʠʷ ʠʣʠ ʩʞʘʪʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʘʣʦʚʝʨʦʷʪʥʳʤ. ɺ ʩʘʤʦʤ ʜʝʣʝ, 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʡ ʚ 

ʸʤʢʦʩʪʠ ʤʝʤʙʨʘʥ (ʧʘʨʘʤʝʪʨ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʣʥʦʡ ʧʣʦʱʘʜʴʶ ʤʝʤʙʨʘʥʳ) 
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ʜʘʞʝ ʧʨʠ 2-ʭ ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ. (Bezanilla 2008). ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʨʦʣʠ ʤʝʤʙʨʘʥʥʳʭ ʨʝʟʝʨʚʦʚ ʚ ʠʟʤʝʥʝʥʠʷʭ ʦʙʲʝʤʘ ʢʣʝʪʦʢ, ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 2-ʭ 

ʠʟʦʙʨʘʞʝʥʠʡ (Double Image Surface Reconstruction - DISUR) (Boudreault 

and Grygorczyk 2004;Fels et al. 2009;Groulx et al. 2006). ʕʪʦʪ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʠ ʙʳʩʪʨʦ ʠʟʤʝʨʠʪʴ ʚʳʩʦʪʫ ʢʣʝʪʢʠ, ʧʦʣʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ 

ʦʙʲʸʤ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ~100 ʤʩ ʫ ʦʜʠʥʦʯʥʳʭ ʧʨʠʢʨʝʧʣʸʥʥʳʭ ʢ 

ʧʦʜʣʦʞʢʝ ʢʣʝʪʦʢ ʠ ʨʘʩʩʤʦʪʨʝʥ ʥʘʤʠ ʚ ʨʘʟʜʝʣʝ 3.3. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʠʩʧʦʣʴʟʫʷ ʵʪʦʪ ʤʝʪʦʜ ɻʨʫ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 3 ʚʠʜʘ ʷʜʝʨʥʳʭ 

ʢʣʝʪʦʢ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʨʠ ʧʦʤʝʱʝʥʠʠ ʠʭ ʚ ʛʠʧʦʪʦʥʠʯʝʩʢʫʶ ʩʨʝʜʫ 

ʫʚʝʣʠʯʠʚʘʣʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʦʙʲʸʤ ʜʦ ʨʘʟʨʳʚʘ ʤʝʤʙʨʘʥʳ ʚ ~3 ʠ 10-ʨʘʟ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Groulx et al. 2006). ɺʘʞʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʢʣʝʪʦʢ 

ʜʦ 2-ʭ ʢʨʘʪʥʦʛʦ ʠʜʸʪ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠ ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ ʤʝʤʙʨʘʥʳ 

ʢʣʝʪʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʵʥʜʦʤʝʤʙʨʘʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦʤ ʥʘʙʫʭʘʥʠʠ. ʕʪʦ ʟʘʢʣʶʯʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʘʩʢʨʳʪʠʝʤ ʤʝʤʙʨʘʥʥʳʭ ʚʧʷʯʠʚʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʫʤʝʨʝʥʥʦʛʦ 

ʛʠʧʦʪʦʥʠʯʝʩʢʦʛʦ ʥʘʙʫʭʘʥʠʷ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʕʨʣʠʭʘ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʵʨʠʪʨʦʮʠʪʘʭ, ʚʳʷʚʣʝʥʥʳʭ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʠ 

ɸʉʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (Hoffmann 2000) (Parshina et al. 2013). ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʵʨʠʪʨʦʮʠʪʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʣʠʰʝʥʥʳʭ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ, ʨʘʟʨʳʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʫʤʝʨʝʥʥʦʤ (~70%) ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʸʤʘ (Kageyama et al. 1989). 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʘʥʥʳʝ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ, ʥʝ 

ʠʩʢʣʶʯʘʶʪ ʚʦʟʤʦʞʥʦʝ ʧʦʷʚʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʪʷʞʝʥʠʷ ʫ 

ʚʳʩʦʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʠʣʠ ʚ ʤʝʤʙʨʘʥʥʳʭ ʩʝʛʤʝʥʪʘʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʧʨʠʤʝʨ, ʢʣʝʪʢʠ ʚʦʣʦʩ ʩʦʩʪʦʷʪ ʠʟ ʩʦʪʝʥ ʩʪʝʨʝʦʮʠʣ, ʟʘʧʦʣʥʝʥʥʳʭ 

ʘʢʪʠʥʦʤ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʨʷʜʳ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ. ɺ ʵʪʠʭ ʢʣʝʪʢʘʭ, 

ʜʘʞʝ ʤʘʣʝʡʰʝʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʫʯʢʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʨʘʩʪʷʛʠʚʘʝʪ ʤʝʤʙʨʘʥʥʳʡ ʢʦʤʧʘʨʪʤʝʥʪ, 
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ʦʛʨʘʥʠʯʝʥʥʳʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʟʦʙʠʣʫʶʱʠʡ ʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ (Gillespie 

and Walker 2001). ʋ ʧʨʠʢʨʝʧʣʸʥʥʳʭ ʢ ʩʫʙʩʪʨʘʪʫ ʢʣʝʪʦʢ, ʣʠʤʠʪʠʨʦʚʘʥʥʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʣʘʟʤʘʪʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ, ʠʟʦʙʠʣʫʶʱʘʷ ʛʝʪʝʨʦʜʠʤʝʨʘʤʠ 

a/b ʠʥʪʝʛʨʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʢ ʝʱʸ ʦʜʠʥ ʢʘʥʜʠʜʘʪ, ʛʜʝ ʩʪʨʝʩʩ 

ʥʘʪʷʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʫʱʝʥ ʥʘʙʫʭʘʥʠʝʤ ʢʣʝʪʢʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʠʥ/src ʢʠʥʘʟʥʦʛʦ ʩʠʛʥʘʣʘ ʙʣʦʢʠʨʫʝʪ RVD ʚ 

ʛʝʧʘʪʦʮʠʪʘʭ. (vom Dahl et al. 2003;Schliess and Haussinger 2007). ɺ 

ʤʠʦʮʠʪʘʭ, ʠʥʪʝʛʨʠʥʦʚʳʡ ʩʠʛʥʘʣ ʘʢʪʠʚʠʨʫʝʪ ʦʙʲʸʤ ʨʝʛʫʣʠʨʫʝʤʳʝ 

ʘʥʠʦʥʥʳʝ ʢʘʥʘʣʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʧʦʯʝʢ ʦʥ 

ʚʦʚʣʝʯʸʥ ʚ ʵʢʩʧʨʝʩʩʠʶ ʦʪʚʝʯʘʶʱʝʛʦ ʥʘ ʥʘʧʨʷʞʝʥʠʝ ʫʩʠʣʠʚʘʶʱʝʛʦ ʩʚʷʟʠ 

ʙʝʣʢʘ (TonEBP), ʟʘʧʫʩʢʘʝʤʦʛʦ ʛʠʧʝʨʦʩʤʦʪʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ. (Browe 

and Baumgarten 2004) (Moeckel et al. 2013). 

ʂʘʚʝʦʣʳ, ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʧʷʯʠʚʘʥʠʷ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ ʩ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 50 ʥʤ, ʥʘʭʦʜʠʤʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʞʠʚʦʪʥʳʭ 

ʢʣʝʪʦʢ ʠʟʫʯʝʥʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʣʝʪʦʢ, ʦʥʠ 

ʩʦʩʪʦʷʪ ʠʟ 4 ʠʟʦʬʦʨʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥr ʭ ʙʝʣʢʦʚ, ʢʘʚʝʦʣʠʥʦʤ ʠ ʩʦʜʝʨʞʘʪ 

ʙʦʣʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʦʣʝʩʪʝʨʦʣʘ (Sowa 2012). ʅʝʜʘʚʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʘʚʝʦʣʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʤʝʤʙʨʘʥʥʦʛʦ ʨʝʟʝʨʚʘ, ʦʪʚʝʯʘʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʩʪʨʝʩʩ ʙʳʩʪʨʳʤ ʨʘʩʧʘʜʦʤ. (Kozera et al. 2009) (Sihna et al. 2011). Trouet ʩ 

ʢʦʣʣʝʛʘʤʠ ʩʦʦʙʱʠʣʠ, ʯʪʦ ʜʦʤʠʥʘʥʪʥʳʡ ʥʝʛʘʪʠʚʥʳʡ ʢʘʚʝʦʣʠʥ-1 

ʠʥʛʠʙʠʨʫʝʪ ʦʙʲʝʤ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʘʥʠʦʥʥʳʝ ʢʘʥʘʣʳ  ʚ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ 

ʢʣʝʪʢʘʭ (Trouet et al. 2001). ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, Eduarsen et al. ʋʚʠʜʝʣʠ, ʯʪʦ 

ʮʝʣʦʩʪʥʦʩʪʴ ʢʘʚʝʦʣ ʥʝ ʥʫʞʥʘ ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʚ 

ʘʜʠʧʦʮʠʪʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʫʯʠʪʴ ʨʦʣʴ ʢʘʚʝʦʣ ʚ ʚʦʩʧʨʠʷʪʠʠ ʢʣʝʪʦʯʥʦʛʦ 

ʦʙʲʸʤʘ. (Eduardsen et al. 2011)  
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2.1.3.5.ʊʨʝʭʤʝʨʥʳʡ ʮʠʪʦʩʢʝʣʝʪ 

ɸʨʭʠʪʝʢʪʫʨʘ ʷʜʝʨʥʳʭ ʢʣʝʪʦʢ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʳʤ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ ʮʠʪʦʩʢʝʣʝʪʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʘʢʪʠʥʦʚʳʭ 

ʤʠʢʨʦʬʠʣʘʤʝʥʪʦʚ, ʤʠʢʨʦʪʨʫʙʦʯʝʢ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʠʣʘʤʝʥʪʦʚ (ʈʠʩ. 

4ʘ). ʅʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʘʥʜ ʦʪʜʘʣʠ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʦʱʫʱʝʥʠʠ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ ʮʠʪʦʩʢʝʣʝʪʘ (ʜʣʷ 

ʦʙʟʦʨʘ, ʩʤ. Lang et al. 1998a;Hoffmann and Simonsen 1989;Hoffmann et al. 

2009). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʛʠʧʦʪʝʟʦʡ, ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ, 

ʧʨʠʚʦʜʷʪ ʢ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ ʮʠʪʦʩʢʝʣʝʪʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʢʦʥʬʦʨʤʘʮʠʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 

ʙʝʣʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʮʠʪʦʩʢʝʣʝʪʦʤ. ʕʪʘ ʛʠʧʦʪʝʟʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʚʫʤʷ 

ʚʘʞʥʝʡʰʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ. ʇʝʨʚʦʝ, ʙʳʣʠ ʥʘʡʜʝʥʳ ʘʢʪʠʥʦʚʳʝ 

ʤʠʢʨʦʬʠʣʘʤʝʥʪʳ ʚ ʜʝʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʤ ʠ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʥʝ ʧʨʠʢʨʝʧʣʸʥʥʳʭ ʥʘʙʫʭʰʠʭ ʠ ʩʞʘʪʳʭ ʢʣʝʪʢʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʪʦʨʦʝ, ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʘʭ ʢʣʝʪʦʢ, ʜʦʙʘʚʣʝʥʠʝ ʘʛʝʥʪʦʚ, 

ʨʘʟʨʫʰʘʶʱʠʭ F-ʘʢʪʠʥ (ʮʠʪʦʭʘʣʘʟʠʥ, ʣʘʪʨʫʥʢʫʣʠʥ) ʠ ʘʛʝʥʪʦʚ 

ʜʝʧʦʣʠʤʝʨʠʟʫʶʱʠʭ ʤʠʢʨʦʪʨʫʙʦʯʢʠ (ʢʦʣʭʠʮʠʥ, ʚʠʥʙʣʘʩʪʠʥ) ʧʦʜʘʚʠʣʦ 

RVI/RVD ʠʣʠ ʜʨʫʛʠʝ ʦʙʲʸʤ ʟʘʚʠʩʠʤʳʝ ʢʣʝʪʦʯʥʳʝ ʦʪʚʝʪʳ (ʜʣʷ ʦʙʟʦʨʘ ʩʤ. 

(Papakonstanti et al. 2000;Di Ciano-Oliveira et al. 2006;Jakab et al. 

2002;Hoffmann et al. 2009)). ɺ ʥʘʰʠʭ ʥʝʜʘʚʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʢʠ DISUR, ʥʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʩʢʦʣʴʢʦ-

ʥʠʙʫʜʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʚʠʥʙʣʘʩʪʠʥʘ ʠ ʮʠʪʦʭʘʣʘʟʠʥʘ ʥʘ RVD A549 

ʢʣʝʪʦʢ. (Platonova et al. 2013). ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʦʥʥʳʝ ʧʦʪʦʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʲʸʤʦʤ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʚ 

ʢʦʪʦʨʳʭ ʥʝʪ ʪʨʸʭʤʝʨʥʦʛʦ ʮʠʪʦʩʢʝʣʝʪʘ. (Parker 1993;Orlov et al. 1993).  
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ʈʠʩ. 4. ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 3-ʭ ʤʝʨʥʦʛʦ ʮʠʪʦʩʢʝʣʝʪʘ (ɸ) ʠ 2-ʭ 

ʤʝʨʥʦʛʦ ʮʠʪʦʩʢʝʣʝʪʘ (ʤʝʤʙʨʘʥʥʦʛʦ ʢʘʨʢʘʩʘ) (ɺ)  

 

2.1.3.6. ɼʚʫʤʝʨʥʳʡ ʮʠʪʦʩʢʝʣʝʪ (ʤʝʤʙʨʘʥʥʳʡ ʢʘʨʢʘʩ) ʠ 

ʧʦʣʠʬʦʩʬʦʠʥʦʟʠʪʠʜʳ 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʚʫʤʝʨʥʦʡ 

(2D) ʩʝʪʢʦʡ ʮʠʪʦʩʢʝʣʝʪʘ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʧʨʷʤʦ ʧʦʜ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʦʡ ʠ ʥʘʟʳʚʘʝʪʩʷ ʢʦʨʪʠʢʘʣʴʥʳʤ ʮʠʪʦʩʢʝʣʝʪʦʤ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ 

ʩʦʩʪʦʠʪ ʠʟ ʩʧʝʢʪʨʠʥʦʚʳʭ ʛʝʪʝʨʦʜʠʤʝʨʦʚ, ʘʢʪʠʥʦʚʳʭ ʚʦʣʦʢʦʥ ʠ ʙʝʣʢʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʛʫʣʷʮʠʠ ʩʧʝʢʪʨʠʥ-ʘʢʪʠʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ 

ʟʘʷʢʦʨʠʚʘʶʱʠʭ ʜʘʥʥʫʶ ʩʝʪʴ ʢ ʠʥʪʝʛʨʘʣʴʥʳʤ ʙʝʣʢʘʤ ʤʝʤʙʨʘʥʳ ʠ ʢʠʩʣʳʤ 

ʬʦʩʬʦʣʠʧʠʜʘʤ, ʚʢʣʶʯʘʷ ʧʦʣʠʬʦʩʬʦʠʥʦʟʠʪʠʜʳ. (ʈʠʩ. 4B).  

ɹʝʟ̡̫ʜʝʨʥʳʝ ʵʨʠʪʨʦʮʠʪʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʫ ʢʦʪʦʨʳʭ ʥʝʪ ʪʠʧʠʯʥʦʛʦ 

ʪʨʸʭʤʝʨʥʦʛʦ ʮʠʪʦʩʢʝʣʝʪʘ, ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʨʠʤʝʤʙʨʘʥʥʦʡ ʢʦʨʪʠʢʘʣʴʥʦʡ ʩʝʪʠ ʮʠʪʦʩʢʝʣʝʪʘ. 

ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʤʝʤʙʨʘʥʥʦʛʦ ʢʘʨʢʘʩʘ ʧʦʢʘ ʥʝ 

ʨʘʟʨʘʙʦʪʘʥʳ. ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʦʜʥʘʢʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 49-

50
o
C ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʨʘʪʠʤʦʤʫ ʧʣʘʚʣʝʥʠʶ ʩʧʝʢʪʨʠʥʦʚʳʭ ʛʝʪʝʨʦʜʠʤʝʨʦʚ ʚ 
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ʯʝʣʦʚʝʯʝʩʢʠʭ ʠ ʢʨʳʩʠʥʳʭ ʪʝʥʷʭ ʵʨʠʪʨʦʮʠʪʦʚ. (Brandts et al. 1978) (Shnyrov 

et al. 1990) (Brandts et al. 1978;Shnyrov et al. 1990;Gulak et al. 1984). ɺ 

ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʣrʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 10-ʤʠʥʫʪʥʘʷ ʧʨʝʠʥʢʫʙʘʮʠʷ 

ʢʨʳʩʠʥʳʭ ʵʨʠʪʨʦʮʠʪʦʚ ʧʨʠ 49
 o

C ʫʙʠʨʘʝʪ ʦʙʲʸʤ-ʟʘʚʠʩʠʤʫʶ ʨʝʛʫʣʷʮʠʶ 

Na
+
,K

+
,2Cl

-
  ʠ K

+
,Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪʸʨʦʚ (Orlov et al. 1993). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʘ ʨʦʣʴ ʤʝʤʙʨʘʥʥʦʛʦ ʢʘʨʢʘʩʘ ʢʘʢ ʩʝʥʩʦʨʘ 

ʠʟʤʝʥʝʥʠʡ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ. 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʢʨʘʩʥʳʤ ʢʨʦʚʷʥʳʤ ʢʣʝʪʢʘʤ ʢʨʳʩ,r 

ʛʠʧʝʨʦʩʤʦʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʦʯʝʥʴ ʩʣʘʙʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

Na
+
,K

+
,2Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪʘ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʯʝʣʦʚʝʢʘ. (Orlov et al. 1989). 

ʋʯʠʪʳʚʘʷ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʵʨʠʪʨʦʮʠʪʘʭ ʯʝʣʦʚʝʢʘ 

ʠʟʫʯʘʣʘʩʴ ʘʢʪʠʚʥʦʩʪʴ K
+
,Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 10-ʪʠ 

ʤʠʥʫʪʥʘʷ ʧʨʝʠʥʢʫʙʘʮʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʵʨʠʪʨʦʮʠʪʦʚ ʧʨʠ 49
 o
C ʫʚʝʣʠʯʠʚʘʣʦ 

ʙʘʟʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ ʠ ʨʝʟʢʦ ʩʥʠʞʘʣʦ ʝʛʦ ʘʢʪʠʚʘʮʠʶ ʚ 

ʦʪʚʝʪ ʥʘ ʛʠʧʦʦʩʤʦʪʠʯʝʩʢʦʝ ʥʘʙʫʭʘʥʠʝ. (Orlov et al. 1997;Sachs 1998). ɼʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ  ʠʟʫʯʝʥʠʷ ʨʦʣʠ 2D ʢʦʨʪʠʢʘʣʴʥʦʛʦ ʮʠʪʦʩʢʝʣʝʪʘ ʚ ʚʦʩʧʨʠʷʪʠʠ 

ʦʙʲʸʤʘ, ʇʘʨʰʠʥʘ ʠ ʩʦʪʨʫʜʥʠʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ɸʉʄ. ʕʪʦʪ ʤʝʪʦʜ ʚʳʷʚʠʣ 

ʩʢʣʘʜʯʘʪʳʡ ʤʝʤʙʨʘʥʥʳʡ ʨʝʣʴʝʬ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʵʨʠʪʨʦʮʠʪʦʚ ʩʦ ʩʨʝʜʥʝʡ ʚʳʩʦʪʦʡ ʚʦʣʥʳ 3-5 ʥʤ, ʧʦʢʨʳʪʦʡ ʛʣʦʙʫʣʷʨʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʩ ʜʠʘʤʝʪʨʦʤ 40-50 ʥʤ ʠ ʩʨʝʜʥʝʡ ʚʳʩʦʪʦʡ 1-2 ʥʤ. ʅʘʙʫʭʘʥʠʝ 

ʵʨʠʪʨʦʮʠʪʦʚ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʦʩʤʦʣʷʨʥʦʩʪʠ ʩʨʝʜʳ ʫʤʝʥʴʰʘʝʪ ʚʳʩʦʪʫ 

ʤʝʤʙʨʘʥʥʳʭ ʚʦʣʥ ʥʘ 40% ʠ ʫʚʝʣʠʯʠʚʘʝʪ K
+
,Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪ ʧʨʠʤʝʨʥʦ ʚ 6 

ʨʘʟ. ʂʘʢ ʦʙʲʸʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʪʘʢ ʠ 

ʘʢʪʠʚʥʦʩʪʴ K
+
,Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪʘ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʧʦʩʣʝ 10-ʪʠ ʤʠʥʫʪʥʦʡ 

ʠʥʢʫʙʘʮʠʠ ʧʨʠ 50
 o

C (Parshina et al. 2013). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʙʲʸʤ-ʟʘʚʠʩʠʤʘʷ ʨʝʦʨʛʘʥʠʟʘʮʠʷ 2D ʩʧʝʢʪʨʠʥ-

ʘʢʪʠʥʦʚʦʡ ʩʝʪʠ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʦʙʲʸʤ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʠʦʥʥʳʭ ʪʨʘʥʩʧʦʨʪʸʨʦʚ.  
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ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-4,5-ʜʠʬʦʩʬʘʪʘ (PIP2), 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ 

ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʢʪʠʥʦʚʳʭ ʬʠʣʘʤʝʥʪʦʚ 

(Janmey and Lindberg 2004). ɹʦʣʴʰʝ, ʯʝʤ 20 ʣʝʪ ʥʘʟʘʜ, ʆʨʣʦʚ ʩ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʛʠʧʝʨʦʩʤʦʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ PIP2 ʚ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʵʨʠʪʨʦʮʠʪʦʚ 

ʢʨʳʩ (Orlov et al. 1989). ʇʦʟʜʥʝʝ ʵʪʦʪ ʬʝʥʦʤʝʥ ʙʳʣ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥ ʚ 

ʷʜʝʨʥʳʭ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Nasuhoglu et al. 2002;Yamamoto et al. 

2006;Nielsen et al. 2007). ʕʪʠ ʜʘʥʥʳʝ, ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ PIP2 ʚ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʘʢʪʠʥʦʚʳʭ ʤʠʢʨʦʬʠʣʘʤʝʥʪʦʚ ʧʨʠ 

ʩʞʘʪʠʠ ʢʣʝʪʦʢ (Yamamoto et al. 2006). ʅʝʣʴʩʝʥ ʩ ʢʦʣʣʝʛʘʤʠ ʧʨʝʜʧʦʣʦʞʠʣʠ, 

ʯʪʦ ʘʢʢʫʤʫʣʷʮʠʷ PIP2 ʧʨʠ ʩʞʘʪʠʠ ʢʣʝʪʦʢ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ 

ʠʦʥʥʦʡ ʩʠʣʳ ʮʠʪʦʧʣʘʟʤʳ, ʘ ʥʝ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʡ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ per se. 

(Nielsen et al. 2007). ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʦʜʠʥʘʢʦʚʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʦʥʥʦʡ ʩʠʣʳ, ʟʘʧʫʩʢʘʝʤʦʡ ʛʠʧʝʨʦʩʤʦʪʠʯʝʩʢʠʤ 

ʩʞʘʪʠʝʤ, ʘʢʢʫʤʫʣʷʮʠʝʡ PIP2  ʢʦʪʦʨʳʝ ʠ ʘʢʪʠʚʘʮʠʷ Na
+
,K

+
,2Cl

-
 

ʢʦʪʨʘʥʩʧʦʨʪʸʨʘ ʠ Na
+
/H

+
 ʦʙʤʝʥʥʠʢʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʵʨʠʪʨʦʮʠʪʘʭ 

ʢʨʳʩʳ, ʥʦ ʥʝ ʯʝʣʦʚʝʢʘ (Orlov et al. 1989). ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʵʪʠʭ ʨʘʟʣʠʯʠʡ, ʦʩʪʘʶʪʩʷ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ.  

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ 4-ʬʦʩʬʘʪʘ ʜʦ PIP2 

ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ PIP2-ʢʠʥʘʟʦʡ. ʀʩʧʦʣʴʟʫʷ siRNA, ʗʤʘʤʦʪʦ ʩ ʢʦʣʣʝʛʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠ ʫʚʝʣʠʯʝʥʠʝ PIP2 ʠ ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʘʢʪʠʥʦʚʦʛʦ ʮʠʪʦʩʢʝʣʝʪʘ ʚ 

ʩʞʘʪʳʭ HeLa ʢʣʝʪʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʫʪʩʪʚʠʶ ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣʢʠʥʘʟʳ 

ʠʟʦʬʦʨʤʳ PIP5KIB. ʆʥʠ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʵʪʦʡ ʢʠʥʘʟʳ 

ʠʩʯʝʟʘʝʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʘʣʠʢʫʣʠʥʘ ɸ ï ʠʥʛʠʙʠʪʦʨʝ Ser/Thr ʬʦʩʬʘʪʘʟʳ 1. 

(Yamamoto et al. 2006). PIP2 ʤʦʞʝʪ ʙʳʪʴ ʜʘʣʝʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥ 

ʬʦʩʬʘʪʠʜʠʣ ʠʥʦʟʠʪʦʣ 3-ʢʠʥʘʟʦʡ (PI-3K), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ 3,4,5-ʪʨʠʬʦʩʬʘʪ (PIP3). Browe ʠ Baumgarten 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ PI-3K ʚʦʨʪʤʘʥʥʠʥʦʤ ʠ  LY294002 ʧʨʠʚʦʜʠʪ ʢ 
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ʠʩʯʝʟʥʦʚʝʥʠʶ ʘʢʪʠʚʘʮʠʠ ʪʦʢʘ ʭʣʦʨʠʜʘ, ʟʘʧʫʩʢʘʝʤʦʛʦ ʠʥʪʝʛʨʠʥ-ʟʘʚʠʩʠʤʳʤ 

ʥʘʪʷʞʝʥʠʝʤ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ (Browe and Baumgarten 2006). ʈʦʣʴ PI-3K ʚ 

ʩʠʛʥʘʣʠʥʛʝ, ʟʘʧʫʩʢʘʝʤʦʤ ʢʣʝʪʦʯʥʳʤ ʥʘʙʫʭʘʥʠʝʤ, ʦʩʪʘʝʪʩʷ ʥʝ ʠʟʫʯʝʥʥʦʡ.  

 

2.1.3.7. ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ: ʮʠʪʦʧʣʘʟʤʘ ʢʘʢ ʙʠʦʛʝʣʴ  

ɺ 80-ʭ, ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʧʨʝʜʣʦʞʠʣʠ, ʯʪʦ ʦʙʱʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʮʠʪʦʧʣʘʟʤʝ (ʪ.ʥ. macromolecular crowding) 

ʨʝʛʫʣʠʨʫʝʪ ʬʫʥʢʮʠʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ (Minton 1981;Fulton 1982) 

ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʝʥʩʦʨʦʤ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ (Minton et al. 1992;Parker 

1993). ʉʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ macromolecular crowding, ʠʟʤʝʥʝʥʠʝ ʙʝʣʦʢ-

ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʥʘʙʫʭʘʥʠʠ ʠ ʩʞʘʪʠʠ ʘʢʪʠʚʠʨʫʝʪ/ʠʥʛʠʙʠʨʫʝʪ 

ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩʝʨʠʥ-ʪʨʝʦʥʠʥʦʚʫʶ ʢʠʥʘʟʫ, ʢʦʪʦʨʘʷ ʢʦʥʪʨʦʣʠʨʫʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʦʙʲʝʤ-ʟʘʚʠʩʠʤʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ. ʕʪʘ ʛʠʧʦʪʝʟʘ ʧʦʣʫʯʠʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚ ʵʨʠʪʨʦʮʠʪʘʭ, ʛʜʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʝʣʢʘ ʨʝʛʫʣʠʨʫʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

K+,Cl--ʢʦʪʨʘʥʩʧʦʨʪʘ ʢ ʥʘʙʫʭʘʥʠʶ ʠ Na+/H+-ʦʙʤʝʥʘ ʢ ʩʞʘʪʠʶ (Colclasure 

and Parker 1991;Colclasure and Parker 1992;Minton et al. 1992;Parker 1993). ʂ 

ʩʦʞʘʣʝʥʠʶ, ʛʠʧʦʪʝʟʘ macromolecular crowding ʥʝ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʚ 

ʷʜʝʨʥʳʭ ʢʣʝʪʢʘʭ, ʛʜʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʙʝʣʢʦʚ ʚ ʮʠʪʦʧʣʘʟʤʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʵʨʠʪʨʦʮʠʪʦʚ.  

ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʩʚʷʟʘʥʥʳʭ ʩʝʪʴʶ ʙʝʣʢʦʚ 

ʮʠʪʦʩʢʝʣʝʪʘ, ʦʧʨʝʜʝʣʷʶʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʮʠʪʦʧʣʘʟʤʳ ʢʘʢ ʛʠʜʨʦʛʝʣʷ. 

ʕʪʦʪ ʚʳʚʦʜ ʙʳʣ ʚ ʥʘʯʘʣʝ ʧʦʜʜʝʨʞʘʥ ʜʘʥʥʳʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʤʠ, ʯʪʦ 

ʘʢʩʦʧʣʘʟʤʘ ʛʠʛʘʥʪʩʢʦʛʦ ʘʢʩʦʥʘ ʧʦʩʣʝ ʝʝ ʚʳʜʘʚʣʠʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ K
+
  ʫʜʝʨʞʠʚʘʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (Brown and Lasek 

1993). ʅʝʜʘʚʥʦ, Fels ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʤʝʘʙʠʣʠʟʘʮʠʷ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʩʦ ʩʨʝʜʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʜʠʛʠʪʦʥʠʥʘ ʠʣʠ 

ʘʤʬʦʪʝʨʠʮʠʥʘ B ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʩʠʧʘʮʠʠ ɼʦʥʥʘʥʦʚʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ 



33 

 

ʥʘʙʫʭʘʥʠʶ ʢʣʝʪʢʠ, ʥʦ ʥʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʮʝʣʦʩʪʥʦʩʪʴ ʷʜʝʨʥʳʭ ʢʣʝʪʦʢ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ.  (Fels et al. 2009). ʅʝʦʞʠʜʘʥʥʦ, ʦʥʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʧʝʨʤʝʘʙʠʣʠʟʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʥʘʙʫʭʘʶʪ ʠ ʩʞʠʤʘʶʪʩʷ ʚ ʛʠʧʦ- ʠ 

ʛʠʧʝʨʦʩʤʦʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 5ɸ). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 

ʟʘʧʫʩʢʘʝʤʳʝ ʦʩʤʦʣʷʨʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʘ ʙʳʣʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʙʦʣʴʰʝ, ʯʝʤ ʪʝ, ʯʪʦ ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʥʘʪʠʚʥʳʭ ʢʣʝʪʦʢ (ʈʠʩ. 5B), ʯʪʦ 

ʩʦʛʣʘʩʦʚʳʚʘʣʦʩʴ ʩ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʠʦʛʝʣʷ ʮʠʪʦʧʣʘʟʤʳ ʩʚʷʟʳʚʘʪʴ 

ʚʦʜʫ. ʉʚʷʟʳʚʘʥʠʝ ʠʣʠ ʦʪʜʘʯʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʙʳʩʪʨʦʤʫ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʛʝʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʦʩʤʦʩʝʥʩʦʨʘ.  

 

ʈʠʩ. 5. ɸ. ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʧʝʨʤʝʘʙʠʣʠʟʦʚʘʥʥʳʭ 

ɸ549 ʢʣʝʪʦʢ ʧʦʩʣʝ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʘʥʠʟʦʩʤʦʪʠʯʝʩʢʠʝ ʩʨʝʜʳ, 

ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ DISUR ɺ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʘ ʠʥʪʘʢʪʥʳʭ 

ʠ ʧʝʨʤʝʙʠʣʠʟʦʚʘʥʥʳʭ ɸ549 ʢʣʝʪʦʢ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɺʘʥʪ-ɻʦʬʬʘ (Fels et al., 

2009).  
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2.1.4. ɺʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ 

ʢʣʝʪʦʢ 

ʃʠʪʝʨʘʪʫʨʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʦʙʲʝʤ-ʟʘʚʠʩʠʤʳʤ ʩʠʛʥʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ 

ʥʝʦʙʲʷʪʥʘ. ʅʘʧʨʠʤʝʨ, ʦʙʟʦʨ ʃʘʥʛʘ ʠ ʢʦʣʣʝʛ (Lang et al. 1998a) ʚʢʣʶʯʘʝʪ 

ʙʦʣʝʝ 1400 ʠʟʙʨʘʥʥʳʭ ʮʠʪʘʪ. ɺʝʨʦʷʪʥʦ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠ ʦʜʥʦʛʦ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʘʩʢʘʜʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʥʝ ʙʳʣ ʙʳ 

ʧʨʝʜʣʦʞʝʥ ʥʘ ʨʦʣʴ ʪʨʘʥʩʜʫʢʪʦʨʘ ʦʙʲʝʤʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʘʞʥʦ 

ʦʪʜʝʣʠʪʴ ʪʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʧʫʪʠ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʝʨʝʥʦʩʝ 

ʦʙʲʝʤʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʝʨʘʤ, ʦʪ ʪʝʭ ʢʘʩʢʘʜʦʚ, 

ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʢ ʵʪʦʤʫ ʧʨʷʤʦʛʦ ʦʪʥʦʰʝʥʠʷ ʥʝ ʠʤʝʝʪ. ɼʘʥʥʳʝ ʧʦ 

ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʚʚʠʜʫ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʲʝʤʘ ʩʫʤʤʠʨʦʚʘʥʳ ʚ ʊʘʙʣʠʮʝ 2. ɼʣʷ 

ʜʝʪʘʣʴʥʦʛʦ ʟʥʘʢʦʤʩʪʚʘ ʩ ʵʪʠʤ ʚʦʧʨʦʩʦʤ ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʦʙʟʦʨʳ (Mongin 

and Orlov 2001;Lang et al. 1998a;Hoffmann et al. 2009;Strange et al. 

2006;Kahle et al. 2005). 

ʊʘʙʣʠʮʘ 2. ʆʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʪʨʘʥʩʜʫʢʮʠʠ ʦʙʲʝʤʥʦʛʦ ʩʠʛʥʘʣʘ (Mongin and Orlov 

2001)  
ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʡ 

ʤʝʩʩʝʥʜʞʝʨ ʠʣʠ 

ʩʠʛʥʘʣʴʥʳʡ 

ʢʘʩʢʘʜ 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚ ʧʦʣʴʟʫ 

 

ɼʦʚʦʜʳ ʧʨʦʪʠʚ 

ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʡ 

ʉʘ
2+

 

ɺ ʨʷʜʝ ʢʣʝʪʦʢ, ʦʩʤʦʪʠʯʝʩʢʦʝ 

ʥʘʙʫʭʘʥʠʝ ʚʳʟʳʚʘʝʪ 

ʫʚʝʣʠʯʝʥʠʝ [ʉʘ
2+

] i. 

ɹʝʟʢʘʣʴʮʠʝʚʳʝ ʩʨʝʜʳ ʠ 

ʭʝʣʘʪʦʨʳ ʉʘ
2+

 ʙʣʦʢʠʨʫʶʪ RVD 

ʠ ʘʢʪʠʚʘʮʠʶ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʢʣʝʪʦʢ RVD ʠ 

ʘʢʪʠʚʘʮʠʷ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʥʝ 

ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ [ʉʘ
2+

] i. 

 

ʂʘʣʴʤʦʜʫʣʠʥ (KM) ɸʥʪʘʛʦʥʠʩʪʳ ʂʄ ʙʣʦʢʠʨʫʶʪ:  

- RVD ʠ ʘʢʪʠʚʘʮʠʶ ʘʥʠʦʥʥʳʭ 

ʢʘʥʘʣʦʚ ʧʨʠ ʥʘʙʫʭʘʥʠʠ 

- RVI ʠ ʘʢʪʠʚʘʮʠʶ Na
+
,K

+
,2Cl

-
 

ʢʦʪʨʘʥʩʧʦʨʪʝʨʘ ʠ Na
+
/H

+
-

ʦʙʤʝʥʥʠʢʘ ʧʨʠ ʩʞʘʪʠʠ 

ɸʥʪʘʛʦʥʠʩʪʳ ʂʄ ʵʬʬʝʢʪʠʚʥʳ ʠ 

ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ [ʉʘ
2+

] i 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʥʠʞʝ 

ʧʦʨʦʛʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ 

ʘʢʪʠʚʘʮʠʠ ʂʄ. 

 

ʇʨʦʪʝʠʥʢʠʥʘʟʘ ʉ 

(ʇʂʉ) 

ʀʥʛʠʙʠʪʦʨʳ ʇʂʉ ʫʩʪʨʘʥʷʶʪ 

RVD, ʚʣʠʷʥʠʝ ʩʞʘʪʠʷ ʥʘ 

ʘʥʠʦʥʥʳʝ ʢʘʥʘʣʳ ʠ ʥʘʙʫʭʘʥʠʷ 

ʥʘ Na
+
,K

+
,2Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪ ʠ 

Na
+
/H

+
-ʦʙʤʝʥ 

ɺʣʠʷʥʠʝ ʩʞʘʪʠʷ ʥʘ ʇʂʉ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʢʣʝʪʦʢ ʇʂʉ ʤʦʜʫʣʠʨʫʝʪ 

ʙʘʟʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʙʲʝʤ- 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ 
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ʂʠʥʘʟʘ ʣʝʛʢʠʭ 

ʮʝʧʝʡ ʤʠʦʟʠʥʘ 

(MLCK) 

 

ɸʢʪʠʚʘʮʠʷ ʧʨʠ ʤʦʜʫʣʷʮʠʠ 

ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ. 

ʀʥʛʠʙʠʪʦʨʳ MLCK ʧʦʜʘʚʣʷʶʪ 

ʘʢʪʠʚʘʮʠʶ Na
+
,K

+
,2Cl

-
 

ʢʦʪʨʘʥʩʧʦʨʪʘ ʧʨʠ ʩʞʘʪʠʠ ʠ 

ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʧʨʠ 

ʥʘʙʫʭʘʥʠʠ 

ʊʦʣʴʢʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʫʯʘʩʪʠʷ; 

ʠʥʛʠʙʠʪʦʨʳ MLCK ʥʝ 

ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 

ʉʘ
2+
/ʢʘʣʴʤʦʜʫʣʠʥ-

ʟʘʚʠʩʠʤʘʷ ʢʠʥʘʟʘ II 

ʂʄ-ʇʂ 

RVI ï ʀʥʛʠʙʠʪʦʨʳ ʂʄ-ʇʂ 

ʙʣʦʢʠʨʫʶʪ ʘʢʪʠʚʘʮʠʶ 

Na
+
,K

+
,2Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪʘ 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ, ʯʪʦʙʳ 

ʩʫʜʠʪʴ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ 

ʫʯʘʩʪʠʷ ʂʄ-ʇʂ ʚ RVI.  ʅʝ ʷʩʥʦ 

ʤʦʞʝʪ ʣʠ ʵʪʦʪ ʧʫʪʴ 

ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ 

[ʉʘ
2+

] i. 

ʊʠʨʦʟʠʥʦʚʳʝ 

ʢʠʥʘʟʳ (ʊʂ)  

 

ɸʢʪʠʚʘʮʠʷ ʊʂ ʧʨʠ ʥʘʙʫʭʘʥʠʠ 

ʢʣʝʪʦʢ. ɺʦ ʤʥʦʛʠʭ ʪʠʧʘʭ ʢʣʝʪʦʢ 

RVD ʧʦʜʘʚʣʷʝʪʩʷ 

ʠʥʛʠʙʠʪʦʨʘʤʠ ʊʂ. ɺ 

ʣʠʤʬʦʮʠʪʘʭ Src-ʢʠʥʘʟʘ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʙʲʝʤʥʦʡ 

ʨʝʛʫʣʷʮʠʠ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ 

ʈʷʜ ʜʘʥʥʳʭ ʦʙ ʘʢʪʠʚʘʮʠʠ 

ʢʘʥʘʣʦʚ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʩʤʦʣʠʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ 

ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʊʂ ʥʝ 

ʧʝʨʝʜʘʶʪ ʦʙʲʝʤʥʳʡ ʩʠʛʥʘʣ, ʘ 

ʤʦʜʫʣʠʨʫʶʪ ʦʙʲʝʤʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ.  

ʌʦʩʬʦʣʠʧʘʟʘ ɸ 

(ʌʣɸ) 

ʀʥʛʠʙʠʪʦʨʳ ʌʣɸ ʙʣʦʢʠʨʫʶʪ 

ʦʙʲʝʤʥʫʶ ʨʝʛʫʣʷʮʠʶ ʠ 

ʘʢʪʠʚʘʮʠʶ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚ 

ʪʨʦʤʙʦʮʠʪʘʭ ʠ ʘʩʮʠʪʥʳʭ 

ʢʣʝʪʢʘʭ 

ʊʦʣʴʢʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʫʯʘʩʪʠʷ; 

ʠʥʛʠʙʠʪʦʨʳ ʌʣɸ ʥʝ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 

ʕʡʢʦʟʘʥʦʠʜʳ 

(ʧʨʦʩʪʘʛʣʘʥʜʠʥʳ ʠ 

ʣʝʡʢʦʪʨʠʝʥʳ) 

 

ʕʡʢʦʟʘʥʦʠʜʳ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ 

ʧʨʠ ʥʘʙʫʭʘʥʠʠ ʢʣʝʪʦʢ ʠ 

ʘʢʪʠʚʠʨʫʶʪ ʢʘʪʠʦʥʥʳʝ ʠ 

ʘʥʠʦʥʥʳʝ ʢʘʥʘʣʳ. 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ, ʯʪʦʙʳ 

ʩʫʜʠʪʴ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ 

ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʚʝʨʦʷʪʥʦ, ʵʪʦʪ 

ʧʫʪʴ ʥʝ ʠʤʝʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʨʠ ʩʞʘʪʠʠ 

 

2.2. ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʠ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʦʙʲʝʤʘ ʢʣʝʪʦʢ 

ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʮʝʣʳʡ ʨʷʜ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʢʣʝʪʢʠ, ʚʢʣʶʯʘʷ ʩʠʥʪʝʟ 

ʠ ʢʘʪʘʙʦʣʠʟʤ ʛʣʠʢʦʛʝʥʘ, ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʛʦʨʤʦʥʦʚ ʠ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ, 

ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʪʨʘʥʩʣʷʮʠʠ, ʛʝʥʝʨʘʮʠʶ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ, ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʤʠʛʨʘʮʠʶ ʢʣʝʪʦʢ. ʃʠʪʝʨʘʪʫʨʘ ʧʦ ʵʪʦʤʫ 

ʚʦʧʨʦʩʫ ʦʛʨʦʤʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚ ʮʝʣʦʤ ʨʷʜʝ ʦʙʟʦʨʦʚ (Haussinger and 

Lang 1991a;Haussinger 1996;Lang et al. 1998a;Hoffmann et al. 2009;Mongin 

and Kimelberg 2005a;Dubois and Rouzaire-Dubois 2012). ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ 
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ʨʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʝ ʦ ʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ ʢʣʝʪʦʢ ʛʦʨʤʦʥʘʤʠ ʠ 

ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʘʤʠ ʠ ʦ ʨʦʣʠ ʠʟʤʝʥʝʥʠʡ ʦʙʲʝʤʘ ʚ ʛʠʙʝʣʠ ʢʣʝʪʦʢ, 

ʠʤʝʶʱʠʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʟʘʜʘʯʘʤ ʥʘʰʝʡ ʨʘʙʦʪʳ. 

 

2.2.1. ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʢʣʝʪʦʢ ʧʨʠ ʜʝʡʩʪʚʠʠ ʛʦʨʤʦʥʦʚ ʠ 

ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ 

 ʈʝʮʝʧʪʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ ʢʣʝʪʦʢ 

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʃʠʛʘʥʜ-ʟʘʚʠʩʠʤʳʝ ʠʦʥʥʳʝ 

ʢʘʥʘʣʳ, ʘʢʪʠʚʠʨʫʶʱʠʝʩʷ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʣʠʛʘʥʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 

ʢʘʥʘʣʦʤ (Egan et al. 2006). ʈʝʮʝʧʪʦʨʳ, ʥʘʧʨʷʤʫʶ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʥʘʣʘʤʠ. 

ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ GPCR ï ʨʝʮʝʧʪʦʨʳ, ʩʦʧʨʷʞʝʥʥʳʝ ʩ GTP-

ʩʚʷʟʳʚʘʶʱʠʤʠ G-ʙʝʣʢʘʤʠ (G-protein coupled receptor). ɺʳʜʝʣʷʶʪ ʯʝʪʳʨʝ 

ʧʦʜʢʣʘʩʩʘ G-ʙʝʣʢʦʚ: GŬs, GŬi/o, GŬq ʠ GŬ12/13  (Lefkowitz 2007;Lefkowitz 

2007). ʉʠʛʥʘʣʠʟʘʮʠʷ ʯʝʨʝʟ GPCRs ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ 

ʥʝʛʘʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ʝʩʣʠ GPCRs ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʡ ʠʣʠ 

ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʩʪʠʤʫʣʷʮʠʠ, ʪʦ ʦʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʩʝʥʩʠʪʠʟʘʮʠʠ, 

ʧʨʠʚʦʜʷʱʝʡ ʢ ʩʥʠʞʝʥʠʶ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʮʝʧʪʦʨʘ ʘʢʪʠʚʠʨʦʚʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ G-ʙʝʣʦʢ ʠ ʠʥʠʮʠʠʨʦʚʘʪʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʩʠʛʥʘʣʴʥʳʝ 

ʢʘʩʢʘʜʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʝʨʠʥ/ʪʨʝʦʥʠʥ ʢʠʥʘʟʘʤʠ GRKs 

(GPCR kinases), ʢʦʪʦʨʳʝ ʬʦʩʬʦʨʠʣʠʨʫʶʪ GPCRs. GRK ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʜʩʪʚʦ GPCR ʢ ʙʝʣʢʘʤ ʢʣʘʩʩʘ ʘʨʨʝʩʪʠʥʦʚ. ʉʚʷʟʳʚʘʥʠʝ 

ʘʨʝʩʪʠʥʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʦʪʚʨʘʱʘʝʪ GPCR ʦʪ ʩʚʷʟʳʚʘʥʠʷ ʩ G-ʙʝʣʢʦʤ 

ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʥʠʞʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ 

ʜʦ 80% (Lefkowitz 2007). 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʦʩʤʦʣʷʨʥʦʩʪʴ ʚʥʝʢʣʝʪʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʦʪʜʝʣʦʚ, ʛʨʘʥʠʯʘʱʠʭ ʩ ʵʧʠʪʝʣʠʝʤ ʧʦʯʝʯʥʳʭ ʢʘʥʘʣʴʮʝʚ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ ʠ ʢʣʝʪʦʯʥʳʡ ʦʙʲʸʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ 
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ʦʩʤʦʣʷʨʥʦʩʪʴʶ ʮʠʪʦʧʣʘʟʤʳ, ʠʟʤʝʥʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ, ʦʙʫʩʣʦʚʣʝʥʦ ʟʘ 

ʩʯʝʪ ʥʝʡʨʦʥʘʣʴʥʦʡ, ʛʦʨʤʦʥʘʣʴʥʦʡ ʠ ʘʫʪʦʢʨʠʥʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʧʝʨʝʥʦʩ 

ʦʜʥʦʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʤʦʣʠʪʠʢʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʠʥʩʫʣʠʥ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤ ʢʣʝʪʦʢ ʧʝʯʝʥʠ, ʘʢʪʠʚʠʨʫʷ Na
+
/H

+
 ʦʙʤʝʥ, 

Na
+
,K

+
,2Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪ ʠ Na

+
/K

+
-ɸʊʌʘʟʫ (Schliess and Haussinger 2000). 

ʉʠʥʭʨʦʥʥʦʝ ʜʝʡʩʪʚʠʝ ʵʪʠʭ ʪʨʘʥʩʧʦʨʪʸʨʦʚ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʚ ʢʣʝʪʢʝ ʢʘʣʠʷ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʢ ʥʘʙʫʭʘʥʠʶ. ɿʘʧʫʩʢʘʝʤʳʡ 

ʠʥʩʫʣʠʥʦʤ ʢʘʩʢʘʜ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʯʘʩʪʴʶ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʘʥʪʠʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʝʪʦʯʥʦʝ 

ʥʘʙʫʭʘʥʠʝ, ʟʘʧʫʩʢʘʝʤʦʝ ʠʥʩʫʣʠʥʦʤ, ʦʧʦʩʨʝʜʫʝʤʦ PI-3K ʠ ʫʯʘʩʪʚʫʝʪ ʚ 

ʘʢʪʠʚʘʮʠʠ MAP-ʢʠʥʘʟ. ʋʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʠʰʝʥʠ ʠʥʩʫʣʠʥʘ ʥʘʭʦʜʷʪʩʷ 

ʚ ʜʝʛʠʜʨʘʪʠʨʫʝʤʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢʠʝ ʢʘʢ ʛʠʧʝʨʦʩʤʦʣʷʨʥʦʩʪʴ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʢ ʘʤʠʥʦʢʠʩʣʦʪ, ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʠʥʩʫʣʠʥʫ. ɺ ʧʝʯʝʥʠ, ʛʠʧʝʨʦʩʤʦʣʷʨʥʦʩʪʴ ʥʘʨʫʰʘʝʪ PI-3K ʟʘʚʠʩʠʤʦʝ 

ʧʦʛʣʦʱʝʥʠʝ K
+
 ʠ ʢʣʝʪʦʯʥʦʝ ʥʘʙʫʭʘʥʠʝ ʚ ʦʪʚʝʪ ʥʘ ʠʥʩʫʣʠʥ, ʧʨʠʚʦʜʷ ʢ 

ʫʩʪʦʡʯʠʚʦʩʪʠ MAP-ʢʠʥʘʟ ʠ ʧʨʦʪʝʦʣʠʟʫ ʧʦʩʣʝ ʨʝʛʫʣʷʮʠʠ ʠʥʩʫʣʠʥʦʤ 

(Schliess and Haussinger 2000). ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʠʥʩʫʣʠʥʫ, ʛʣʶʢʘʛʦʥ 

ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨ ʛʝʧʘʪʦʮʠʪʦʚ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʫʷ ʠʦʥʥʳʝ 

ʢʘʥʘʣʳ (Haussinger and Lang 1991b;Hallbrucker et al. 1991). ɺ ʩʘʤʦʤ ʜʝʣʝ, 

ʛʣʶʢʘʛʦʥ ʘʢʪʠʚʠʨʫʝʪ Na
+
/K

+
-Aʊʌʘʟʫ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʤʝʥʴʰʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ K
+
, ʚʦʟʤʦʞʥʦ ʚ ʩʚʷʟʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʦʪʢʨʳʪʠʝʤ K
+
 ʢʘʥʘʣʦʚ, ʠʥʛʠʙʠʨʫʝʤʳʭ Ba

2+
 ʠ ʭʠʥʠʜʠʥʦʤ (Haussinger 1996). 

ʕʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʘ ʠʥʩʫʣʠʥʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʝʛʦ 

ʘʥʪʠʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ. ʅʘʦʙʦʨʦʪ, ʩʞʘʪʠʝ ʛʝʧʘʪʦʮʠʪʦʚ 

ʛʣʶʢʘʛʦʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ (Hallbrucker et al. 

1991). ʅʫʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʠʥʩʫʣʠʥʘ ʠ 

ʛʣʶʢʘʛʦʥʘ ʥʘ ʛʠʜʨʘʪʘʮʠʶ ʢʣʝʪʦʢ ʧʝʯʝʥʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʦʨʤʦʥʦʚ ʚ ʢʨʦʚʠ ʚʦʨʦʪʥʦʡ ʚʝʥʳ, ʪ.ʝ. 1.0 ʠ 0.1 ʥʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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(Haussinger 1996). ɹʣʦʢʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʚ ʦʪʚʝʪ ʥʘ 

ʠʥʩʫʣʠʥ ʤʦʞʝʪ ʙʳʪʴ ʦʙʱʠʤ ʟʥʘʤʝʥʘʪʝʣʝʤ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʥʩʫʣʠʥʫ, 

ʚʳʟʚʘʥʥʦʡ ʜʝʛʠʜʨʘʪʘʮʠʝʡ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʩʝʧʩʠʩʝ, ʦʞʦʛʘʭ ʠ ʩʘʭʘʨʥʦʤ ʜʠʘʙʝʪe (Schliess and Haussinger 2000).  

ʌʘʢʪʦʨʳ ʨʦʩʪʘ ʫʚʝʣʠʯʠʚʘʶʪ ʢʣʝʪʦʯʥʳʡ ʦʙʲʸʤ ʩʪʠʤʫʣʠʨʫʷ Na
+
/H

+
 

ʦʙʤʝʥ ʠ ʯʘʩʪʠʯʥʦ NKCC ʢʦʪʨʘʥʩʧʦʨʪ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʠʩʭʦʜʷʱʝʝ 

ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ 

ʩʪʠʤʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ (Ritter and Woll 1996;Kapus et al. 

1994;Orlowski and Grinstein 2004).  

ʅʝʩʢʦʣʴʢʦ ʚʦʟʙʫʞʜʘʶʱʠʭ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ, ʪʘʢʠʝ ʢʘʢ ʛʣʶʪʘʤʠʥ, 

ʘʢʪʠʚʠʨʫʶʪ Na
+
 ʢʘʥʘʣʳ ʠʣʠ ʥʝʩʝʣʝʢʪʠʚʥʳʝ ʢʘʪʠʦʥʥʳʝ ʢʘʥʘʣʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʭʦʜʦʤ ʥʘʪʨʠʷ, ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ, ʚʭʦʜʦʤ ʭʣʦʨʘ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʣʝʪʢʠ. ʅʝʢʦʪʦʨʳʝ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʛʘʤʤʘ-

ʘʤʠʥʦʙʫʪʠʣʦʚʘʷ ʢʠʩʣʦʪʘ (ɻɸɹɸ), ʘʢʪʠʚʠʨʫʶʪ ʢʘʣʠʝʚʳʝ ʢʘʥʘʣʳ, ʧʨʠʚʦʜʷ ʢ 

ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ, ʚʳʭʦʜʫ ʭʣʦʨʘ ʠ ʪʝʤ ʩʘʤʳʤ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʸʤʘ (Lang 

et al. 1998a;El-Gharbawy et al. 2001). ɺ ʥʝʡʨʦʥʘʭ ʩʠʤʧʘʪʯʝʩʢʦʛʦ ʛʘʥʛʣʠʷ 

ʢʨʳʩ ɻɸɹɸ ʘʢʪʠʚʠʨʫʝʪ Cl
-
 ʢʘʥʘʣʳ. ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʠʟ-ʟʘ ʚʳʭʦʜʘ Cl

-
 

ʟʘʧʫʩʢʘʝʪ ʚʳʭʦʜ K
+
 ʯʝʨʝʟ K

+
 ʢʘʥʘʣʳ. ʂʣʝʪʦʯʥʘʷ ʧʦʪʝʨʷ KCl ʧʨʠʚʦʜʠʪ ʢ 

ʩʞʘʪʠʶ ʢʣʝʪʢʠ. ʕʪʦ, ʚʦʟʤʦʞʥʦ, ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣʦʤ ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ 

Na
+
,K

+
,2Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪʘ. ʇʝʨʝʥʦʩʯʠʢ ʥʝ ʪʦʣʴʢʦ ʚʦʟʚʨʘʱʘʝʪ ʢʣʝʪʦʯʥʳʡ 

ʦʙʲʸʤ, ʥʦ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ Cl
-
. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɻɸɹɸ. ɽʩʣʠ ɻɸɹɸ 

ʜʝʡʩʪʚʫʝʪ ʚʤʝʩʪʝ ʩ ʠʥʛʠʙʠʪʦʨʦʤ Na
+
,K

+
,2Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪʘ ʬʫʨʦʩʝʤʠʜʦʤ, 

ʪʦ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʚʨʝʤʝʥʥʘ ʠʟ-ʟʘ ʜʠʩʩʠʧʘʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

Cl
-
. ɺʝʨʦʷʪʥʦ, ʯʪʦ NaCl-KCl ʩʠʤʧʦʨʪ ʤʦʜʠʬʠʮʠʨʫʝʪ ʵʬʬʝʢʪ ʤʝʜʠʘʪʦʨʦʚ ʫ 

ʥʝʩʢʦʣʴʢʠʭ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ ʠ ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʟʘʭʚʘʪʝ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

K
+
  ʢʣʝʪʢʘʤʠ ʛʣʠʠ (Mongin and Kimelberg 2005a;Mongin 2007).  
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2.2.1.1. ʇʫʨʠʥʵʨʛʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʠʦʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ 

ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʠ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʦʙʟʦʨʘʭ 

(Vazquez-Juarez et al. 2008;Fisher et al. 2008;Franco et al. 2008)

 ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʨʝʮʝʧʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ G-ʙʝʣʢʘʤʠ, ʚ 

ʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ ʢʣʝʪʦʢ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʦʙʨʘʪʠʣʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʥʘ ʧʫʨʠʥʝʨʛʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨ r (P2), ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪʩʷ ɸʊʌ, ʋʊʌ ʠ 

ʥʝʩʢʦʣʴʢʠʤʠ ʜʨʫʛʠʤʠ ʧʫʨʠʥʦʚʳʤʠ ʥʫʢʣʝʦʪʠʜʘʤʠ (Burnstock 2007a). P2 

ʨʝʮʝʧʪʦʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 2 ʙʦʣʴʰʠʭ ʛʨʫʧʧʳ P2X ï ʨʝʮʝʧʪʦʨ-

ʫʧʨʘʚʣʷʝʤʳʝ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʠ P2Y ï ʨʝʮʝʧʪʦʨʳ, ʩʦʧʨʷʞʝʥʥʳʝ ʩ G 

ʙʝʣʢʘʤʠ (ʈʠʩ. 6). ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʢʣʦʥʠʨʦʚʘʥʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 7 ʧʦʜʪʠʧʦʚ P2X (P2X1-7) ʠ 8 ʧʦʜʪʠʧʦʚ P2Y (P2Y1, P2Y2, 

P2Y4, P2Y6, P2Y11, P2Y12, P2Y13 ʠ P2Y14) ʨʝʮʝʧʪʦʨʦʚ (Burnstock 2007a). 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʨʝʮʝʧʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.  

 

ʈʠʩ 6. ʉʭʝʤʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʈ2ʍ (A) ʠ P2Y 

(B) ʨʝʮʝʧʪʦʨʦʚ. ʇʦʜʨʦʙʥʦʩʪʠ ʩʤ. ʚ ʪʝʢʩʪʝ.  
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ʊʘʙʣʠʮʘ 3. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ P2 ʨʝʮʝʧʪʦʨʦʚ (Burnstock 

2007a;Burnstock 2007b;Rayment et al. 2007)  

 
ʈʝʮʝʧʪ

ʦʨ 
ʃʦʢʘʣʠʟʘʮʠʷ ɸʢʪʠʚʘʪʦʨʳ* ʀʥʛʠʙʠʪʦʨʳ* 

ʄʝʭʘʥʠʟʤ 

ʪʨʘʥʩʜʫʢʮʠʠ 

P2X1 

ʛʣʘʜʢʠʝ ʤʳʰʮʳ, 

ʪʨʦʤʙʦʮʠʪʳ, ʥʝʡʨʦʥʳ 

ʟʘʜʥʠʭ ʨʦʛʦʚ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ 

Ŭ,ɓ-

meATP=ATP=2-

MeSATP, L-ɓ,ɔ-

meATP 

TNP-ATP, IP5I, 

NF023, NF449 

ʢʘʪʠʦʥʥʳʡ 

ʢʘʥʘʣ (Ca
2+

 ʠ 

Na
+
) 

P2X2 

ʛʣʘʜʢʠʝ ʤʳʰʮʳ, ʎʅʉ, 

ʩʝʪʯʘʪʢʘ, ʭʨʦʤʘʬʬʠʥʥʳʝ 

ʢʣʝʪʢʠ, ʩʝʥʩʦʨʥʳʝ ʠ 

ʚʝʛʝʪʘʪʠʚʥʳʝ ʛʘʥʛʣʠʠ 

ATPÓATPɔSÓ2MeS

ATP 

>>Ŭ,ɓ-meATP 

ʩʫʨʘʤʠʥ, 

isoPPADS, 

RB2, 

NF770, NF279 

ʠʦʥʥʳʡ ʢʘʥʘʣ 

(ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ Ca
2+

) 

P2X3 

ʩʝʥʩʦʨʥʳʝ ʥʝʡʨʦʥʳ, ʷʜʨʦ 

ʦʜʠʥʦʯʥʦʛʦ ʧʫʪʠ, 

ʥʝʢʦʪʦʨʳʝ 

ʩʠʤʧʘʪʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ  

2-

MeSATPÓATPÓŬ,ɓ-

meATPÓAp4A  

TNP-ATP, 

PPADS, 
A317491, 

NF110, Ip5I, 

phenol red 

ʢʘʪʠʦʥʥʳʡ 

ʢʘʥʘʣ 

P2X4 
ʎʅʉ, ʩʝʤʝʥʥʠʢʠ, ʪʦʣʩʪʘʷ 

ʢʠʰʢʘ, ʛʣʘʜʢʠʝ ʤʳʰʮʳ 

ATP>>Ŭ,ɓ-meATP, 

CTP 

TNP-ATP 

(ʩʣʘʙʳʡ), BBG 

(ʩʣʘʙʳʡ), 

ʬʝʥʦʣʬʪʘʣʝʠʥ 

ʠʦʥʥʳʡ ʢʘʥʘʣ 

(ʦʩʦʙʝʥʥʦ Ca
2+

) 

P2X5 

ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʝ 

ʢʣʝʪʢʠ ʢʦʞʠ, 

ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ, 

ʤʦʯʝʚʦʡ ʧʫʟʳʨʴ, ʪʠʤʫʩ, 

ʩʧʠʥʥʦʡ ʤʦʟʛ, ʛʣʘʜʢʠʝ 

ʤʳʰʮʳ 

ATP>>Ŭ,ɓ-meATP, 

ATPɔS 
ʩʫʨʘʤʠʥ, 

PPADS, BBG 
ʠʦʥʥʳʡ ʢʘʥʘʣ 

P2X6 
ʎʅʉ, ʜʚʠʛʘʪʝʣʴʥʳʝ 

ʥʝʡʨʦʥʳ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 
- - ʠʦʥʥʳʡ ʢʘʥʘʣ 

P2X7 

ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʞʠ, 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ 

BzATP>ATPÓ2-

MeSATP>> Ŭ,ɓ-

meATP 

KN62, KN04, 

MRS2427, 

OATP 

ʢʫʤʘʩʩʠ 

ʙʨʠʣʣʠʘʥʪʦʚʳʡ 

ʩʠʥʠʡ 

ʢʘʪʠʦʥʥʳʡ 

ʢʘʥʘʣ ʠ 

ʙʦʣʴʰʘʷ ʧʦʨʘ ʩ 

ʧʨʦʣʦʥʛʠʨʦʚʘʥ

ʥʦʡ ʘʢʪʠʚʘʮʠʝʡ 

P2Y1 

ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʠ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ, 

ʪʨʦʤʙʦʮʠʪʳ, ʢʣʝʪʢʠ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʩʪʝʦʢʣʘʩʪʳ 

2-

MeSADP=ADPɓS>

2-

MeSATP=ADP>AT

P, MRS2365 

MRS2179, 

MRS2500, 

MRS2279, PIT 

ʘʢʪʠʚʘʮʠʷ GŬq; 

PLC-ɓ 

P2Y2 

ʠʤʤʫʥʥʳʝ ʢʣʝʪʢʠ, 

ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʠ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ, 

ʧʦʯʝʯʥʳʝ ʢʘʥʘʣʴʮʳ, 

ʦʩʪʝʦʙʣʘʩʪʳ, ʛʣʘʜʢʠʝ 

ʤʳʰʮʳ 

 UTP=ATP, UTPɔS, 

INS 37217, INS365 

ʩʫʨʘʤʠʥ>RB2, 

ARC126313 

ʘʢʪʠʚʘʮʠʷ GŬq 

ʠ ʚʦʟʤʦʞʥʦ 

GŬi/o; PLC-ɓ 
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P2Y4 ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ, 
ʛʣʘʜʢʠʝ ʤʳʰʮʳ 

UTPÓATP, UTPɔS, 
INS 37217 

RB2 > ʩʫʨʘʤʠʥ 
ʘʢʪʠʚʘʮʠʷ GŬq 
ʠ ʚʦʟʤʦʞʥʦ 
GŬi/o; PLC-ɓ 

P2Y6 

ʥʝʢʦʪʦʨʳʝ 

ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ, 

ʧʣʘʮʝʥʪʘ, ʊ-ʢʣʝʪʢʠ, 

ʪʠʤʫʩ, ʛʣʘʜʢʠʝ ʤʳʰʮʳ 

UDP>UTP>>ATP, 

UDPɓS, IDP 
MRS2578 

ʘʢʪʠʚʘʮʠʷ GŬq; 

PLC-ɓ 

P2Y11 ʩʝʣʝʟʝʥʢʘ, ʢʠʰʝʯʥʠʢ, 
ʛʨʘʥʫʣʦʮʠʪʳ 

ARC67085MX> 
BzATPÓATPɔS>AT
P 

ʩʫʨʘʤʠʥ>RB2, 

NF157, 5ô-

AMPS 

ʘʢʪʠʚʘʮʠʷ GŬq ʠ 
GŬs; PLC-ɓ 

P2Y12 ʪʨʦʤʙʦʮʠʪʳ, ʛʣʠʘʣʴʥʳʝ 
ʢʣʝʪʢʠ 

2-
MeSADPÓADP>>A
TP 

CT50547, 

ARC69931MX, 

INS49266, 

AZD6140, 

PSB0413, 

ARL66096,  

2-MeSAMP 

GŬi/o; 
ʠʥʛʠʙʠʨʦʚʘʥʠʝ 
ʘʜʝʥʠʣʘʪʮʠʢʣʘʟ

 r

P2Y13 
ʩʝʣʝʟʝʥʢʘ, ʛʦʣʦʚʥʦʡ ʤʦʟʛ, 

ʢʦʩʪʥʳʡ ʤʦʟʛ, 
ʣʠʤʬʘʪʠʯʝʩʢʠʝ ʫʟʣʳ 

ADP=2-

MeSADP>>ATP=2- 

MeSATP 

MRS2211, 2-
MeSAMP 

GŬi/o 

P2Y14 
ʧʣʘʮʝʥʪʘ, ʞʠʨʦʚʘʷ ʪʢʘʥʴ, 
ʞʝʣʫʜʦʢ, ʢʠʰʝʯʥʠʢ, 
ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʠ ʤʦʟʛʘ 

UDP glucose = 
UDP-galactose 

- GŬq 

 

* ʉʦʢʨʘʱʝʥʠʷ: BBG - Brilliant Blue Green, BzATP - 2'-&3'-O-(4-benzoyl-

benzoyl)-ATP, CTP - cytosine triphosphate, Ip5I - di-inosine pentaphosphate, 2-

Me-SADP - 2-methylthio ADP, 2-MeSATP - 2-methylthio ATP, PLC - 

ʬʦʩʬʦʣʠʧʘʟʘ C, RB2 - reactive blue 2. ɺʳʜʝʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ.  

 

ʂʨʦʤʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 

ʧʨʦʚʝʜʝʥʠʷ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʠʩʪʝʤ, ʧʨʠʚʦʜʷʱʠʭ 

ʢ ʙʳʩʪʨʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʛʦʥʠʩʪʳ. ɺ ʩʣʫʯʘʝ 

ʧʫʨʠʥʝʨʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʛʠʜʨʦʣʠʟ ɸʊʌ ʜʦ ɸʄʌ ʠ ʘʜʝʥʦʟʠʥʘ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʫʢʣʝʦʟʠʜ ʪʨʠʬʦʩʬʘʪ ʜʠʬʦʩʬʦʛʠʜʨʦʣʘʟʳ (NTPDases 1, 2, 3 

ʠ 8), ʥʫʢʣʝʦʪʠʜ ʧʠʨʦʬʦʩʬʘʪʘʟʳ (NPP 1, 2 ʠ 3), ʘʣʢʘʣʠʥ ʬʦʩʬʘʪʘʟʫ ʠ 5ǋ-

ʥʫʢʣʝʦʪʠʜʘʟʫ (Zimmermann 2006), ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʫʧʝʨʩʝʤʝʡʩʪʚʫ 

ʵʢʪʦ-ɸʊʌʘʟ, ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʥʳʭ  ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɺ.ɸ. ʕʥʛʝʣʴʛʘʨʜʪʘ 

(Wenkstern and Engelhardt 1959;Orlov 2007;Orlov 2007). ʇʫʨʠʥʝʨʛʠʯʝʩʢʘʷ 

ʩʠʛʥʘʣʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ɸʊʈ ʩʦʚʤʝʩʪʥʦ ʩ ʪʘʢʠʤʠ 

çʢʣʘʩʩʠʯʝʩʢʠʤʠè ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʘʤʠ, ʢʘʢ ʥʦʨʘʜʨʝʥʘʣʠʥ ʠ ʘʮʝʪʠʣʭʦʣʠʥ 



42 

 

ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʥʝʡʨʦʥʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʵʢʟʦ- ʠ ʵʥʜʦʢʨʠʥʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʧʫʨʠʥʦʚ ʠʟ ʥʝ 

ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ. ATP, ʚʳʩʚʦʙʦʞʜʘʶʱʠʡʩʷ ʢʘʢ ʢʦʪʨʘʥʩʤʠʪʪʝʨ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʥʝʨʚʥʳʭ ʦʢʦʥʯʘʥʠʡ, ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʨʝʮʝʧʪʦʨʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ATP ʚʳʩʚʦʙʦʞʜʘʶʱʠʡʩʷ ʩ ʥʦʨʘʜʨʝʥʘʣʠʥʦʤ ʠ 

ʥʝʡʨʦʧʝʧʪʠʜʦʤ Y ʠʟ ʧʝʨʠʚʘʩʢʫʣʷʨʥʳʭ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʦʚ ʜʝʡʩʪʚʫʝʪ ʥʘ 

P2X ʠ P2Y ʨʝʮʝʧʪʦʨʳ ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ (ɻʄʂ), ʚʳʟʳʚʘʷ ʠʭ 

ʩʦʢʨʘʱʝʥʠʝ, ʪʦʛʜʘ ʢʘʢ ATP ʚʳʩʚʦʙʦʞʜʘʶʱʠʡʩʷ ʩʦʚʤʝʩʪʥʦ ʩ 

ʢʘʣʴʮʠʡʪʦʥʠʥ ʛʝʥʩʚʷʟʘʥʥʳʤ ʧʝʧʪʠʜʦʤ (calcitonin gene-related peptide), 

ʩʫʙʩʪʘʥʮʠʝʡ P ʠ ʥʝʡʨʦʢʠʥʠʥʦʤ ɸ ʠʟ ʩʝʥʩʦʨʥʦ-ʤʦʪʦʨʥʳʭ ʥʝʨʚʦʚ ʚʦʚʨʝʤʷ 

ñʘʢʩʦʥ-ʨʝʬʣʝʢʩʘò ʜʝʡʩʪʚʫʝʪ ʥʘ P2Y ʨʝʮʝʧʪʦʨʳ ʠ ʧʨʠʚʦʜʠʪ ʣʠʙʦ ʢ 

ʨʘʩʩʣʘʙʣʝʥʠʶ, ʣʠʙʦ ʢ ʩʦʢʨʘʱʝʥʠʶ ɻʄʂ. ATP ʠ UTP, ʚʳʩʚʦʙʦʞʜʘʶʱʠʡʩʷ 

ʠʟ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʚʦ ʚʨʝʤʷ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ (shear stress) ʠ 

ʛʠʧʦʢʩʠʠ, ʧʨʠʚʦʜʠʪ ʢ ʘʫʪʦʢʨʠʥʥʦʡ ʘʢʪʠʚʘʮʠʠ P2Y ʨʝʮʝʧʪʦʨʦʚ, 

ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʘ ʘʟʦʪʘ (NO) ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʘʟʦʜʠʣʘʪʘʮʠʠ. 

ɺʳʩʚʦʙʦʞʜʘʶʱʠʡʩʷ ʠʟ ʘʛʨʝʛʠʨʫʶʱʠʭ ʪʨʦʤʙʦʮʠʪʦʚ ɸʊʌ ʚʤʝʩʪʝ ʩ ɸɼʌ 

ʪʘʢ ʞʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʨʝʮʝʧʪʦʨʳ (Burnstock 2006a;Burnstock 

2006b). 

ʉʧʝʮʠʘʣʴʥʘʷ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʠʥʘʜʣʝʞʠʪ ʧʫʨʠʥʝʨʛʠʯʝʩʢʠʤ ʨʝʮʝʧʪʦʨʘʤ, ʩʚʷʟʘʥʥʳʤ 

ʩ G ʙʝʣʢʘʤ ʠʟ ʩʝʤʝʡʩʪʚʘ P2Y, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪʩʷ ɸʊʌ, ʋʊʌ ʠ ʋʊʇ ʠ 

ʥʝʩʢʦʣʴʢʠʤʠ ʜʨʫʛʠʤʠ ʧʫʨʠʥʦʚʳʤʠ (ʊʘʙʣʠʮʘ 3). ʅʘʧʨʠʤʝʨ, ʚ ʜʚʫʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ Madin-Darby canine kidney (MDCK), C7 ʠ C11, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʣʘʚʥʳʝ ʠ ʚʩʪʘʚʦʯʥʳʝ ʢʣʝʪʢʠ 

ʩʦʙʠʨʘʪʝʣʴʥʳʭ ʪʨʫʙʦʯʝʢ, ɸʊʌ ʚʳʟʳʚʘʝʪ ʪʨʘʥʟʠʪʦʨʥʫʶ ʘʢʪʠʚʘʮʠʶ ʦʙʲʝʤ-

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ Na
+
,K

+
,2Cl

-
 ʢʦʪʨʘʥʩʧʦʨʪʸʨʘ NKCC1. ɺ C11-MDCK 

ʢʣʝʪʢʘʭ, ʟʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʫʨʠʥʝʨʛʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʝʡ NKCC1 ʩʣʝʜʫʝʪ 

ʧʦʣʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ (Akimova et al. 2006a). ɺ 

ʛʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʤʦʟʛʘ, ʘʩʪʨʦʮʠʪʘʭ, ɸʊʌ ʧʦʪʝʥʮʠʨʦʚʘʥʦ ʤʦʜʫʣʠʨʫʝʪ 
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ʦʪʢʨʳʪʠʝ ʦʙʲʸʤ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ (VRAC) ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʳʙʨʦʩ ʠʟ ʛʣʠʠ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʘ ʛʣʫʪʘʤʘʪʘ 

(Mongin and Kimelberg 2005b). ɺ ʛʝʧʘʪʦʮʠʪʘʭ, ʘʫʪʦʢʨʠʥʥʳʡ ʚʳʙʨʦʩ ɸʊʌ ʠ 

ʘʢʪʠʚʘʮʠʷ P2Y ʨʝʮʝʧʪʦʨʦʚ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʝʤ ʘʢʪʠʚʘʮʠʠ VRAC ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ RVD (Wang et al. 1996).  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ, ʧʦʢʘʟʳʚʘʶʱʠʭ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʫʨʠʥʝʨʛʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʨʝʛʫʣʷʮʠʠ ʠʦʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʨʦʣʠ ʚ ʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ ʜʦ 

ʩʠʭ ʧʦʨ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ, ʯʪʦ ʦʪʯʘʩʪʠ ʩʚʷʟʘʥʦ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚ ʨʘʟʜʝʣʝ 2.3. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʠʢʠ, DISUR, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʈʘʟʜʝʣʝ 

3.3, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʣʠ ʈ2 ʨʝʮʝʧʪʦʨʦʚ ʚ ʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ C11-MDCK 

ʢʣʝʪʦʢ. 

 

2.2.2. ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʢʣʝʪʦʢ ʧʨʠ ʜʝʡʩʪʚʠʠ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʛʠʙʝʣʠ ʢʣʝʪʦʢ  

ʂʣʝʪʦʯʥʘʷ ʩʤʝʨʪʴ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʠʩʩʠʧʘʮʠʝʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʤʦʥʦʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ ʯʝʨʝʟ ʧʣʘʟʤʘʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ 

ʦʙʲʸʤʘ (Lang et al. 1998a;Lang et al. 2005;Hoffmann et al. 2009;Haussinger 

and Reinehr 2011). ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ, ʩʯʠʪʘʣʦʩʴ ʪʚʝʨʜʦ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ, ʯʪʦ ʩʞʘʪʠʝ ʠ ʥʘʙʫʭʘʥʠʝ ʢʣʝʪʦʢ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ, ʜʚʫʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ, 

ʘʧʦʧʪʦʟʘ ʠ ʥʝʢʨʦʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ 

ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʟʘʧʫʩʢʘ ʠ/ʠʣʠ ʨʘʟʚʠʪʠʷ ʢʣʝʪʦʯʥʦʡ 

ʩʤʝʨʪʠ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʣʠʪʝʨʘʪʫʨʫ, ʧʦʩʚʷʱʝʥʥʫʶ ʵʪʠʤ 

ʚʦʧʨʦʩʘʤ ʙʠʦʬʠʟʠʢʠ ʢʣʝʪʢʠ. 
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2.2.2.1 ʀʟʤʝʥʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʢʘʢ ʧʦʜʭʦʜ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ 

ɼʚʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ-ʨʘʟʣʠʯʥʳʝ ʪʠʧʘ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʨʘʟʮʦʚ ʪʢʘʥʝʡ. ʉʤʝʨʪʴ ʛʨʫʧʧʳ 

ʩʦʩʝʜʥʠʭ ʢʣʝʪʦʢ, ʚʳʟʚʘʥʥʘʷ ʛʠʧʦʢʩʠʝʡ, ʛʠʧʝʨʪʝʨʤʠʷ, ʚʠʨʫʩʥʦʡ ʠʣʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠʥʬʝʢʮʠʝʡ ʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʪʦʢʩʠʥʦʚ ʠ ʷʜʦʚ ʠʟʚʝʩʪʥʘ ʢʘʢ 

ʥʝʢʨʦʟ, ʪʝʨʤʠʥ ʚʚʝʜʸʥʥʳʡ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʥʘʟʘʜ ɺʠʨʭʦʚʳʤ. ʅʝʢʨʦʪʠʯʝʩʢʠʝ 

ʩʪʠʤʫʣʳ ʧʨʠʚʦʜʷʪ ʢ ʥʘʙʫʭʘʥʠʶ ʢʣʝʪʢʠ, ʨʘʟʨʳʚʫ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ, ʚʳʙʨʦʩʫ ʣʠʟʦʩʦʤʘʣʴʥʳʭ ʵʥʟʠʤʦʚ, ʦʙʨʘʟʦʚʘʥʠʶ ʦʯʘʛʘ 

ʚʦʩʧʘʣʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʶ ʨʘʟʨʫʰʝʥʥʳʭ ʢʣʝʪʦʢ ʤʘʢʨʦʬʘʛʘʤʠ (Duvall and 

Wyllie 1986;Jordan and Harrison 1999;Cotter et al. 1990). ɺ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʥʝʢʨʦʟʫ, ʢʣʝʪʦʯʥʘʷ ʩʤʝʨʪʴ ʝʜʠʥʠʯʥʳʭ ʢʣʝʪʦʢ ʙʝʟ 

ʚʦʩʧʘʣʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʘʧʦʧʪʦʟʦʤ. ʕʪʦʪ ʚʘʨʠʘʥʪ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʞʘʪʠʝʤ ʢʣʝʪʢʠ ʠ ʢʦʥʜʝʥʩʘʮʠʝʡ ʷʜʨʘ, ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ (ʠʥʚʘʛʠʥʘʮʠʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʫʟʳʨʴʢʦʚ, 

ʧʦʣʫʯʠʚʰʠʭ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʚʘʥʠʝ ñmembrane blebbingò), 

ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʷʜʨʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʪʝʣʝʮ. ʅʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ, ʘʧʦʧʪʦʟ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʨʘʟʨʳʚʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ ʠ ʫʪʝʯʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʮʠʪʦʧʣʘʟʤʳ, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ  

ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ ʪʢʘʥʝʡ.  ɸʧʦʧʪʦʟ ʤʦʞʝʪ ʟʘʧʫʩʢʘʪʴʩʷ ʢʘʢ 

ʚʥʫʪʨʝʥʥʠʤʠ ʪʘʢ ʠ ʠʣʠ ʚʥʝʰʥʠʤʠ ʩʪʠʤʫʣʘʤʠ. ʂ ʚʥʫʪʨʝʥʥʠʤ ʩʪʠʤʫʣʘʤ 

ʦʪʥʦʩʠʪʩʷ ʩʪʘʫʨʦʩʧʦʨʠʥ (ʥʝʩʝʣʝʢʪʠʚʥʳʡ ʠʥʛʠʙʠʪʦʨ ʧʨʦʪʝʠʥ ʢʠʥʘʟʳ ʉ), 

ʪʘʧʩʠʛʘʨʛʠʥ (ʠʥʛʠʙʠʪʦʨ Ca
2+

 ʥʘʩʦʩʘ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʶʤʘ), 

ʵʪʦʧʦʟʠʜ (ʠʥʛʠʙʠʪʦʨ ʪʦʧʦʠʟʦʤʝʨʘʟʳ II  ɼʅʂ), ʜʝʢʩʘʤʝʪʘʟʦʥ ʠ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ ʩʪʝʨʦʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʜʠʘʮʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʫʶʰʘʷ ʩ 

ɼʅʂ ʠ ʜʨʫʛʠʤʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʤʠʰʝʥʷʤʠ. ɺʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʭʦʜʦʤ ʠʟ ʤʠʪʦʭʦʥʜʨʠʠ ʮʠʪʦʭʨʦʤʘ c, ʢʦʪʦʨʳʡ 

ʚʤʝʩʪʝ ʩ ʘʧʦʧʪʦʪʠʯʝʩʢʠʤ ʧʨʦʪʝʘʟ-ʘʢʪʠʚʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʩʪʠʤʫʣʠʨʫʝʪ 

ʧʨʦʢʘʩʧʘʟʫ-9, ʦʪʥʦʩʷʱʫʶʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʮʠʩʪʝʠʥʦʚʳʭ ʧʨʦʪʝʘʟ ʩʦ 
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ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ ʦʩʪʘʪʢʘʤ ʘʩʧʘʨʪʘʪʘ. ʂ ʚʥʝʰʥʠʤ ʩʪʠʤʫʣʘʤ ʘʧʦʧʪʦʟʘ 

ʦʪʥʦʩʠʪʩʷ Fas-ʣʠʛʘʥʜ (Fas-L) ʠ ʯʣʝʥʳ ʩʝʤʝʡʩʪʚʘ ʬʘʢʪʦʨʘ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʠ 

(TNF), ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʨʝʮʝʧʪʦʨʦʤ CD95, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʨʝʢʨʫʪʠʨʫʝʪ ʧʨʦʢʘʩʧʘʟʫ-8. ʂʘʢ çʚʥʫʪʨʝʥʥʠʡè ʪʘʢ ʠ çʚʥʝʰʥʠʡè 

ʟʘʚʝʨʰʘʶʪʩʷ ʘʢʪʠʚʘʮʠʝʡ ʢʘʩʧʘʟʳ-3 (Duvall and Wyllie 1986;Bortner and 

Cidlowski 2011).  

ʄʥʦʞʝʩʪʚʦ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʳʭʦʜ ʮʠʪʦʭʨʦʤʘ c 

ʠʟ ʤʠʪʦʭʦʥʜʨʠʠ, ʘʢʪʠʚʘʮʠʷ ʢʘʩʧʘʟ, ʵʢʩʧʦʟʠʮʠʷ ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥʘ ʥʘ 

ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʨʘʟʨʫʰʝʥʠʝ ʭʨʦʤʘʪʠʥʘ ʠ 

ʜʝʛʨʘʜʘʮʠʷ ɼʅʂ ʩ ʧʦʷʚʣʝʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʬʨʘʛʤʝʥʪʦʚ 180- 200 ʧʘʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ DNA laddering), ʙʳʣʠ ʦʧʠʩʘʥʳ ʢʘʢ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʘʨʢʝʨʳ  ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʢʣʝʪʢʦʢ (Duvall and Wyllie 1986). 

ʉʣʝʜʫʝʪ ʦʜʥʘʢʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʨʦʩ ʮʠʪʦʭʨʦʤʘ ʥʘʙʣʶʜʘʣʩʷ ʚ ʢʣʝʪʢʘʭ 

Jurkat, ʧʨʝʪʝʨʧʝʚʘʶʱʠʭ ʩʤʝʨʪʴ ʢʣʝʪʦʢ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʫʶ 

ʥʝʢʨʦʟʫ (Heiden et al. 1997), ʠ ʠʥʛʠʙʠʪʦʨʳ ʢʘʩʧʘʟ ʟʘʤʝʜʣʷʶʪ ʨʘʟʚʠʪʠʝ 

ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ, ʚʳʟʚʘʥʥʦʡ ʛʠʧʦʢʩʠʝʡ ʠ ʪʦʢʩʠʥʘʤʠ, ʪ.ʝ. ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʩʪʠʤʫʣʘʤʠ ʥʝʢʨʦʟʘ (Shimizu et al. 1996). ɹʦʣʝʝ ʪʦʛʦ, ʘʢʪʠʚʘʮʠʷ ʢʘʩʧʘʟʳ-3 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʘʢʪʠʚʘʮʠʠ ʊ ʢʣʝʪʦʯʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ʠ 

ʦʧʠʩʘʥʘ ʚ ʠʥʪʘʢʪʥʳʭ ʣʠʤʬʦʮʠʪʘʭ (Alam et al. 1990). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʠʤʝʶʪʩʷ ʧʨʠʤʝʨʳ ʩʤʝʨʪʠ ʢʣʝʪʦʢ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʦʡ ʘʧʦʧʪʦʟʫ, 

ʢʦʪʦʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʝʞʥʫʢʣʝʦʩʦʤʘʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ 

ɼʅʂ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʭʨʦʤʘʪʠʥʘ (Columbano 1995), ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʦʙʘ ʵʪʠ ʧʨʦʮʝʩʩʘ ʦʙʥʘʨʫʞʝʥʳ ʚʦ ʚʨʝʤʷ ʥʝʢʨʦʪʠʯʝʩʢʦʡ ʩʤʝʨʪʠ ʢʣʝʪʦʢ 

(Columbano 1995). ʊʨʘʥʩʣʦʢʘʮʠʷ ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥʘ ʥʘ ʚʥʝʰʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ 

[Ca
2+

] i ʠ ʘʢʪʠʚʘʮʠʠ ʩʢʨʘʤʙʣʘʟʳ (Zhou et al. 1997), ʪʦ ʝʩʪʴ ʧʨʦʮʝʩʩʦʚ, 

ʦʪʤʝʯʝʥʥʳʭ ʚ ʭʦʜʝ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʢʣʝʪʢʠ, ʚʢʣʶʯʘʷ ʘʢʪʠʚʘʮʠʶ ʪʨʦʤʙʦʮʠʪʦʚ (Gyulkhandanyan et al. 
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2012) ʠ ʛʝʤʦʣʠʟ ʵʨʠʪʨʦʮʠʪʦʚ, ʚʳʟʚʘʥʥʳʡ ʛʠʧʦʪʦʥʠʯʝʩʢʠʤ ʥʘʙʫʭʘʥʠʝʤ 

(Wil liamson et al. 1985).  

ʋʞʝ ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʦʧʠʩʘʥʠʶ ʘʧʦʧʪʦʟʘ ʚ ʢʣʝʪʢʘʭ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʫʤʝʥʴʰʝʥʥʳʡ ʢʣʝʪʦʯʥʳʡ ʦʙʲʸʤ ʚʦʩʧʨʠʥʠʤʘʣʩʷ ʢʘʢ 

ʦʪʣʠʯʠʪʝʣʴʥʳʡ ʧʨʠʟʥʘʢ ʵʪʦ ʚʠʜʘ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ, ʧʦʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ 

çʥʝʢʨʦʟ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʩʞʘʪʠʝʤè (Kerr et al. 1972). ʇʦʟʜʥʝʝ, ʨʘʟʣʠʯʠʷ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʫʤʠʨʘʶʱʠʭ ʢʣʝʪʢʦʢ ʙʳʣʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ ʆʢʘʜʘ ʩ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʢ necrotic volume increase (NVI) ʠ apoptotic volume 

decrease (AVD) (Okada et al. 2001). ɼʘʥʥʳʝ ʧʨʠʚʝʜʸʥʥʳʝ ʥʠʞʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʥʳʭ 

ʪʨʘʥʩʧʦʨʪʸʨʦʚ ʦʢʘʟʳʚʘʶʪ ʪʢʘʥʝʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʲʝʤ ʢʣʝʪʦʢ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʪʢʘʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʥʝʞʝʣʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʚʦʚʣʝʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʥʘ 

ʟʘʧʫʩʢ ʠ ʨʘʟʚʠʪʠʝ  ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ.  

 

2.2.2.2 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʦʚʣʝʯʝʥʠʷ ʤʝʤʙʨʘʥʥʳʭ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʚ ʠʟʤʝʥʝʥʠ ̫ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦʝ 

ʜʝʡʩʪʚʠʝ ʩʪʠʤʫʣʘ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ ʥʘ ʢʣʝʪʦʯʥʳʡ ʦʙʲʸʤ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʤʝʤʙʨʘʥʳ 

(Em), ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʦʥʦʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ (PNa, PK, PCl) 

ʠ ʜʚʠʛʘʶʱʫʶ ʩʠʣʫ, ʧʨʝʜʩʢʘʟʘʥʥʫʶ ʠʟ ʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʵʣʝʢʪʨʠʯʝʩʢʠ-ʚʦʟʙʫʜʠʤʳʭ ʢʣʝʪʢʘʭ ʩ Em~EK, [K
+
] i = [K

+
] iN 

ʠ [Cl
-
] i>[Cl

-
] iN, ʘʢʪʠʚʘʮʠʷ K

+
 ʢʘʥʘʣʦʚ ʥʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʢʣʝʪʦʯʥʳʡ ʦʙʲʸʤ. 

ɿʜʝʩʴ, [K
+
] iN ʠ [Cl

-
] iN ʦʟʥʘʯʘʶʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ K

+ 
 ʠ Cl

-
 ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʚʝʩʠʷ ʅʝʨʥʩʪʘ. ɺ ʵʪʦʤ ʪʠʧʝ ʢʣʝʪʦʢ, ʩʞʘʪʠʝ ʢʣʝʪʦʢ ʤʦʞʝʪ 

ʟʘʧʫʩʢʘʪʴʩʷ ʩʪʠʤʫʣʷʮʠʝʡ Cl
-
 ʢʘʥʘʣʦʚ ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʤʝʤʙʨʘʥʳ ʠ ʚʳʭʦʜʫ K
+
 (ʈʠʩ. 7A). ʅʘʧʨʦʪʠʚ, ʚ 
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ʵʨʠʪʨʦʮʠʪʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʜʨʫʛʠʭ ʢʣʝʪʢʘʭ ʩ Em~ECl, [K
+
] i>[K

+
] iN, [Cl

-

] i~[Cl
-
] iN ʠ PCl>>PK ʘʢʪʠʚʘʮʠʷ K

+
 ʢʘʥʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʚʳʭʦʜʫ Cl
- 
ʠ ʦʩʤʦʪʠʯʝʩʢʠ-ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ (ʈʠʩ. 7B). ʕʪʦʪ ʩʣʫʯʘʡ 

ʩʫʠʮʠʜʘʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ, ʦʧʦʩʨʝʜʫʝʤʳʡ ʫʚʝʣʠʯʝʥʠʝʤ [Ca
2+

] i ʠ 

ʘʢʪʠʚʘʮʠʝʡ Ca
2+

-ʨʝʛʫʣʠʨʫʝʤʳʭ K
+ 
ʢʘʥʘʣʦʚ ʩʦ ʩʨʝʜʥʝʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ  

(IKCa) ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʜ-ʨʘ ʃʘʥʛʘ ʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʵʨʠʧʪʦʟʘ (Lang et al. 2003b;Schneider et al. 2007;Lang et al. 2003a). ɺ 

ʢʣʝʪʢʘʭ ʩ EK~ECl~Em, ʘʢʪʠʚʘʮʠʷ K
+
 ʠʣʠ Cl

-
 ʢʘʥʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʵʬʬʝʢʪʘʤ ʥʘ Cl
-
 ʠ K

+
 ʧʦʪʦʢʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʠʣʠ ʜʘʞʝ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʷ ʠʭ ʚʦʚʣʝʯʝʥʠʶ ʚ ʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ ʢʣʝʪʦʢ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʣʝʪʢʘʭ  Jurkat  ʧʨʦʭʦʜʷʱʠʭ ʘʧʦʧʪʦʟ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Fas-L ʠʣʠ 

ʢʝʨʘʤʠʜʦʚ, ʘʢʪʠʚʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣ ʟʘʚʠʩʠʤʳʭ K
+
 ʢʘʥʘʣʦʚ (KV1.3) 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (Szabo et al. 1996;Gulbins et al. 1997a). 

ʈʠʩ. 7. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʫʪʝʡ ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʫʤʝʥʴʰʝʥʠʝ (DVD) ʠ ʚ ʫʚʝʣʠʯʝʥʠʝ (DVI) ʦʙʲʸʤʘ 

ʫʤʠʨʘʶʱʝʡ ʢʣʝʪʢʠ. ʈʠʩʫʥʢʠ A ʠ B ʠʣʣʶʩʪʨʠʨʫʶʪ ʧʝʨʝʢʨʸʩʪʥʦʝ ʚʣʠʷʥʠʝ 

K
+
 ʠ Cl

-
 ʢʘʥʘʣʦʚ, ʟʘʧʫʩʢʘʶʱʠʭ DVD ʚ ʢʣʝʪʢʘʭ ʩ ʨʘʟʥʳʤ ʤʝʤʙʨʘʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ (Em) ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ K+ ([K
+
] i) ʠ Cl

-
 ([Cl

-
] i) 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ. ʈʠʩʫʥʦʢ C ʧʦʢʘʟʳʚʘʝʪ ʠʦʥʥʳʝ ʪʨʘʥʩʧʦʨʪʸʨʳ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ DVI. 1 ï Na
+
,K

+
-ATPase; 2 ï Na

+
-ʩʚʷʟʘʥʥʳʡ ʪʨʘʥʩʧʦʨʪ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʤʦʣʠʪʦʚ (OROS). ɼʣʷ ʨʘʩʰʠʬʨʦʚʦʢ ʜʨʫʛʠʭ ʘʙʙʨʝʚʠʘʪʫʨ, 

ʩʤ. ʪʝʢʩʪ.  
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ɺ ʦʪʣʠʯʠʝ ʦʪ  AVD, NVI  ʤʦʞʝʪ ʙʳʪʴ ʦʧʦʩʨʝʜʦʚʘʥʦ ʘʢʪʠʚʘʮʠʝʡ 

Na
+
/H

+
 ʦʙʤʝʥʥʠʢʘ ʠ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʥʳʭ ʚʥʫʪʨʴ, Na

+
-ʩʚʷʟʘʥʥʳʭ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ, ʚʢʣʶʯʘʷ Na
+
,K

+
,2Cl

-
, Na

+
,HCO3

-
 ʠ Na

+
,Pi ʢʦʪʨʘʥʩʧʦʨʪʸʨʳ, 

ʠʣʠ ʩʠʤʧʦʨʪʦʤ Na
+
 ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʤʦʣʠʪʦʚ. ɺ 

ʩʘʤʦʤ ʜʝʣʝ, ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʘʧʦʧʪʦʟʘ 

ʩʚʷʟʘʥʦ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ Na
+
/H

+
 ʦʙʤʝʥʥʠʢʘ (ʜʣʷ ʦʙʟʦʨʘ, ʩʤ (Lang and 

Hoffmann 2011)). ʆʜʥʘʢʦ, ʥʘʩʢʦʣʴʢʦ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʥʠʢʪʦ ʥʝ ʧʦʢʘʟʘʣ 

ʦʙʲʸʤ-ʟʘʚʠʩʠʤʦʝ ʫʯʘʩʪʠʝ ʵʪʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ ʚ ʥʝʢʨʦʪʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ 

ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʣʘʛʘʝʪ, ʯʪʦ NVI 

ʟʘʧʫʩʢʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ Na
+
 ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ ʥʝʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʠʦʥʥʳʭ 

ʢʘʥʘʣʦʚ (Nielsen et al. 2007) (ʈʠʩ. 7C). ʋʚʝʣʠʯʝʥʥʘʷ ʧʨʦʭʦʜʠʤʦʩʪʴ ʜʣʷ Na
+
, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʩʠʧʘʮʠʠ ɻʠʙʙʩ-ɼʦʥʥʘʥʦʚʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, 

ʢʦʪʦʨʦʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ ʤʝʤʙʨʘʥʳ ʠ ʘʢʢʫʤʫʣʷʮʠʝʡ Cl
-
 ʠ 

ʦʩʤʦʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ (Carini et al. 1999). ɼʠʩʩʠʧʘʮʠʷ ɻʠʙʙʩ-

ɼʦʥʥʘʥʦʚʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʪʘʢʞʝ ʫʩʢʦʨʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʵʥʝʨʛʠʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʤ ʠʟ-ʟʘ ʘʢʪʠʚʘʮʠʠ Na
+
,K

+
-ɸʊʌ-ʘʟʳ ʚ ʥʘʜʝʞʜʝ ʥʦʨʤʘʣʠʟʦʚʘʪʴ 

[Na
+
] i ʚ ʫʱʝʨʙ ʚʳʩʦʢʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ ɸʊʌ. ɼʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʵʪʫ ʤʦʜʝʣʴ, ʙʳʣʠ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʝʥʳ ʥʘ ʠʰʝʤʠʯʝʩʢʠʭ ʛʝʧʘʪʦʮʠʪʘʭ 

(Carini et al. 1995).  

ɺʤʝʩʪʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʢʦʧʣʝʥʠʷ Na
+
, ʚʳʟʚʘʥʥʦʛʦ ʘʢʪʠʚʘʮʠʝʡ 

ʚʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ ʵʪʦʛʦ ʢʘʪʠʦʥʘ, NVI ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʫʱʝʥ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ Na
+
,K+-ɸʊʌ-ʘʟʳ (ʈʠʩ. 7C). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʤʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʢ ʢʣʝʪʢʘʤ ʩ PK ʠ PCl>PNa, 

[Cl
-
] i<[Cl

-
] iN ʠ [Na

+
] i<[Na

+
] iN, ʠ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ NVI ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ 

ʚʭʦʜʘ Na
+
  (Macknight and Leaf 1977). ʅʦ ʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʢʘʥʝʩʧʝʮʠʬʠʯʝʩʢʦʝ ʨʘʟʣʠʯʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ Na
+
,K

+
-ɸʊʌ-ʘʟʳ ʥʝ ʠʟʤʝʥʠʣʦ ʦʙʲʸʤʘ, 
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ʠʟʤʝʨʷʝʤʦʛʦ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʜʦʩʪʫʧʥʦʝ ʜʣʷ [
14

C]-ʤʦʯʝʚʠʥʳ, ʚ ʢʣʝʪʢʘʭ 

Jurkat (Nobel et al. 2000) ʠ ʢʣʝʪʢʘʭ ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ (VSMC) ʘʦʨʪʳ 

ʢʨʳʩ (Taurin et al. 2002a), ʠ ʫʤʝʥʴʰʘʣʦ, ʘ ʥʝ ʫʚʝʣʠʯʠʚʘʣʦ ʦʙʲʸʤ 

ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ (Smith et al. 1993). ʇʦʩʣʝʜʥʠʡ ʬʝʥʦʤʝʥ ʚʦʟʤʦʞʥʦ 

ʦʙʫʩʣʦʚʣʝʥ ʚʳʭʦʜʦʤ K
+
 ʯʝʨʝʟ Ca

2+
-ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʢʘʥʘʣʳ ʠ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʢʘ ʧʨʠʪʦʢʘ Na
+ 
ʚ ʩʠʣʫ

 
Na

+
/Ca

2+
 ʦʙʤʝʥʥʠʢʘ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʚ ʵʪʠʭ 

ʢʣʝʪʢʘʭ (Blaustein and Lederer 1999). ɺ ʩʘʤʦʤ ʜʝʣʝ, ʚ ʙʝʟʢʘʣʴʮʠʝʚʦʡ ʩʨʝʜʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ Na
+
,K+-ATʌ-ʘʟʳ ʫʘʙʘʠʥʦʤ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʥʘʙʫʭʘʥʠʝʤ, ʘ 

ʥʝ ʩʞʘʪʠʝʤ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ (Smith et al. 1993). 

 

2.2.2.3. ʀʟʤʝʥʝʥʠʷ ʦʙʲʸʤʘ, ʟʘʧʫʩʢʘʝʤʳʝ ʩʪʠʤʫʣʘʤʠ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʦʙʲʸʤʘ ʚ ʢʣʝʪʢʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ 

ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʩʪʠʤʫʣʦʚ ʟʘʬʠʢʩʠʨʦʚʘʣ 2 ʩʪʘʜʠʠ AVD. ʇʝʨʚʘʷ ʩʪʘʜʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʤʘʨʢʸʨʦʚ ʠ ʩʚʷʟʘʥʘ ʩ  10-30% 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ. ɺʪʦʨʘʷ ʩʪʘʜʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 50-

70% ʫʤʝʥʴʰʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ 

ʧʫʟʳʨʝʥʠʝʤ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʪʘʢʞʝ ʢʘʢ ʠ ʩ ʥʘʢʦʧʣʝʥʠʝʤ 

ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʪʝʣʝʮ (Beauvais et al. 1995;Bortner and Cidlowski 2011). 

ʕʪʦʪ ʚʳʚʦʜ, ʦʜʥʘʢʦ, ʧʨʦʪʠʚʦʨʝʯʠʪ ʩʦʦʙʱʝʥʠʷʤ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʧʝʨʚʠʯʥʦʛʦ 

AVD ʚ ʢʣʝʪʢʘʭ, ʧʨʝʪʝʨʧʝʚʘʶʱʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʡ ʘʧʦʧʪʦʟ 

(Hortelano et al. 2002).  

ʕʪʠ ʜʘʥʥʳʝ, ʨʘʚʥʦ ʢʘʢ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʩʣʝʜʩʪʚʠʡ 

ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʢʣʝʪʦʯʥʦʝ ʩʞʘʪʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʘʨʢʸʨ 

ʘʧʦʧʪʦʟʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʧʦʧʪʦʟ ʜʦʣʞʝʥ ʙʳʪʴ 

ʜʘʣʝʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʚʝʜʝʥʠʷ 

ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ. ʆʜʥʘʢʦ ʪʘʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʞʝʪʩʷ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʫʯʠʪʳʚʘʷ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ 
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ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʘʨʢʸʨʦʚ ʘʧʦʧʪʦʟʘ, Kroemer ʩ ʢʦʣʣʝʛʘʤʠ 

ʧʦʣʘʛʘʶʪ, ʯʪʦ çʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʠʧʦʚ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ ï ʟʘʜʘʯʘ ʙʦʣʝʝ 

ʚʘʞʥʘʷ ʜʣʷ ʩʫʜʝʙʥʦʛʦ ʦʪʜʝʣʘ ʧʦʣʠʮʠʠ, ʯʝʤ ʜʣʷ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, 

ʠʩʩʣʝʜʫʶʱʝʛʦ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʢʣʝʪʦʯʥʦʡ 

ʩʤʝʨʪʠè (Kroemer et al. 2005). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʷʚʣʷʝʪʩʷ ʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ ʥʘ ʘʧʦʧʪʦʟ, ʥʝʢʨʦʟ ʠ ʪ.ʜ. ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʜʥʦʟʥʘʯʥʳʭ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʭʦʪʴ ʩʢʦʣʴʢʦ-ʪʦ ʧʦʣʝʟʥʦʡ? ʀʤʝʷ ʵʪʫ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚʚʠʜʫ ʅʦʤʝʥʢʣʘʪʫʨʥʳʡ ʢʦʤʠʪʝʪ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ 

ʧʨʝʜʣʦʞʠʣ ʟʘʤʝʥʠʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʛʨʝʯʝʩʢʠʝ ʩʣʦʚʘ ʘʧʦʧʪʦʟ ʠ ʥʝʢʨʦʟ 

ʥʘ ʚʳʨʘʞʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ «ʢʣʝʪʦʯʥʘʷ ʩʤʝʨʪʴ, ʟʘʧʫʩʢʘʝʤʘʷ ʦʩʤʦʪʠʯʝʩʢʠʤ 

ʰʦʢʦʤ», «ʢʣʝʪʦʯʥʘʷ ʩʤʝʨʪʴ, ʟʘʧʫʩʢʘʝʤʘʷ ʫʩʪʨʘʥʝʥʠʝʤ ʨʦʩʪʦʚʳʭ 

ʬʘʢʪʦʨʦʚò, ʠ ʪ.ʜ. (Kroemer et al. 2005). ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʳ ʧʨʝʜʣʦʞʠʣʠ 

ʠʩʢʣʶʯʠʪʴ ʪʝʨʤʠʥʳ AVD ʠ NVI (Orlov et al. 2013), ʦʩʪʘʚʣʷʷ DVD (dying 

cell volume decrease (ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʘ ʫʤʠʨʘʶʱʝʡ ʢʣʝʪʢʠ)) ʠ DVI 

(dying cell volume increase (ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʫʤʠʨʘʶʱʝʡ ʢʣʝʪʢʠ)) ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʞʘʪʠʷ ʠ ʥʘʙʫʭʘʥʠʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʫʤʠʨʘʶʱʠʭ 

ʢʣʝʪʢʘʭ.  

ʅʘʨʷʜʫ ʩ ʢʦʥʮʝʧʪʫʘʣʴʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʜʘʥʥʳʭ 

ʦʙ ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʤʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʤʝʨʪʠ 

ʢʣʝʪʦʢ, ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʛʣʘʚʝ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ. ʋʯʠʪʳʚʘʷ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, 

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʦʙʲʝʤʘ ʫʤʠʨʘʶʱʠʭ ʢʣʝʪʦʢ 

ʤʝʪʦʜʠʢʫ DISUR, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʪʴ 

ʢʣʝʪʦʯʥʫʶ ʚʳʩʦʪʫ, ʚʩʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʸʤ ʥʝʪʨʦʥʫʪʦʡ, 

ʧʨʠʢʨʝʧʣʸʥʥʦʡ ʢ ʩʫʙʩʪʨʘʪʫ ʢʣʝʪʢʠ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ~100 ʤʩ 

(Boudreault and Grygorczyk 2004).  
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2.2.2.4. ʗʚʣʷʝʪʩʷ ʣʠ ʩʞʘʪʠʝ ʜʦʩʪʘʪʦʯʥʳʤ ʩʪʠʤʫʣʦʤ ʜʣʷ ʩʤʝʨʪʠ 

ʢʣʝʪʦʢ? 

ʅʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʭʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ 

ʚʦʧʨʦʩ. ʕʪʠ ʜʘʥʥʳʝ ʢʨʘʪʢʦ ʩʫʤʤʠʨʦʚʘʥʳ ʥʠʞʝ. ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ 

ʦʙʟʦʨʘ, ʩʤ. (Gulbins et al. 2001;Bortner and Cidlowski 1998;Bortner and 

Cidlowski 2007;Lang et al. 2004;Lang and Hoffmann 2011).  

DVD ʢʠʥʝʪʠʢʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʠʥʝʪʠʢʠ DVD ʠ ʧʦʷʚʣʝʥʠ ̫

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʤʘʨʢʸʨʦʚ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʭ ʚʨʝʤʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʪʠʧʦʤ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʣʝʪʦʢ, ʪʘʢ ʠ ʧʨʠʨʦʜʦʡ ʩʪʠʤʫʣʘ, ʚʳʟʳʚʘʶʱʠʭ ʠʭ ʛʠʙʝʣʴ. 

ʊʘʢ, ʚ ʢʣʝʪʢʘʭ U973, KB, NG108-15, HeLa ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ T ʣʠʤʬʦʮʠʪʘʭ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʪʘʫʨʦʩʧʦʨʠʥʦʤ, ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʥʘʙʣʶʜʘʣʦʩʴ ʟʘ 2-5 

ʯʘʩʦʚ ʜʦ ʪʦʛʦ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʷʜʨʘ ʠ ʙʳʣʦ ʫʩʪʦʡʯʠʚʦ ʢ ʥʘʙʦʨʫ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʘʩʧʘʟ (Wesselborg and Kabelitz 1993). ʅʘʧʨʦʪʠʚ, ʫʤʝʥʴʰʝʥʠʝ 

ʦʙʲʸʤʘ Jurkat ʢʣʝʪʦʢ, ʦʙʨʘʙʦʪʘʥʥʳʭ Fas-ʣʠʛʘʥʜʦʤ, ʙʳʣ ʚʳʷʚʣʝʥ ʪʦʣʴʢʦ ʚ 

ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʨʫʰʝʥʥʦʡ ʮʝʣʦʩʪʥʦʩʪʴʶ ɼʅʂ, ʧʦʪʝʨʝʡ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʢʘʩʧʘʟʦʡ-3 (Bortner and 

Cidlowski 1996;Bortner et al. 1997;Bortner and Cidlowski 1999;Thompson et 

al. 2001;Bortner et al. 2008). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʞʘʪʠʝ ʢʣʝʪʦʢ ʧʦʜʘʚʣʷʣʘʩʴ 

ʠʥʛʠʙʠʪʦʨʦʤ ʢʘʩʧʘʟʳ zVAD.fmk (Nobel et al. 2000). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ DVD ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʘʟʚʠʪʠʠ ʤʝʭʘʥʠʟʤʘ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ 

ʥʘ ʵʪʘʧʝ ʥʠʞʝ ʘʢʪʠʚʘʮʠʠ ʢʘʩʧʘʟʳ. ʇʝʨʚʠʯʥʦʝ DVD ʪʦʞʝ ʥʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ 

ʚ ʢʣʝʪʢʘʭ HeLa, ʦʙʣʫʯʝʥʥʳʭ ʋʌ-ʩʚʝʪʦʤ, ʠ ʚ ʪʠʤʦʮʠʪʘʭ ʢʨʳʩʳ, 

ʦʙʣʫʯʝʥʥʳʭ ʞʝʩʪʢʦʡ ʛʘʤʤʘ-ʨʘʜʠʘʮʠʝʡ (Ohyama et al. 1981).  

 

ʕʬʬʝʢʪ ʛʠʧʝʨ - ʠ ʠʟʦʦʩʤʦʪʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ. ɻʠʧʝʨʦʩʤʦʪʠʯʝʩʢʦʝ 

ʩʞʘʪʠʝ,  ʟʘʧʫʩʢʘʝʤʦʝ ʧʨʠʨʦʩʪʦʤ ʦʩʤʦʣʷʣʴʥʦʩʪʠ ʦʪ 300 ʜʦ 600-700 ʤʆʩʤ, 

ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʨʪʠ ʢʣʝʪʦʢ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ (Bortner and Cidlowski 

1996;Orlov et al. 1999c), ɻ ʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʩʦʩʫʜʦʚ (Malek et al. 
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1998;Alfieri et al. 2002;Kim et al. 2002), mIMCD3 ʧʦʯʝʯʥʳʭ ʵʧʠʪʝʣʠʘʣʴʥʳʭ 

ʢʣʝʪʦʢ (Michea et al. 2000), HeLa ʢʣʝʪʦʢ (Bilney and Murray 1998) ʠ D54-

MG ʢʣʝʪʦʢ ʛʣʠʦʤʳ ʯʝʣʦʚʝʢʘ (Ernest et al. 2008). ɺʦ ʚʩʝʭ ʮʠʪʠʨʦʚʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʫʤʠʨʘʶʱʠʝ ʢʣʝʪʢʠ ʦʙʣʘʜʘʣʠ ʤʘʨʢʸʨʘʤʠ çʢʣʘʩʩʠʯʝʩʢʦʛʦè 

ʘʧʦʧʪʦʟʘ, ʪʘʢʠʭ ʢʘʢ ʜʝʛʨʘʜʘʮʠʷ ɼʅʂ, ʨʘʩʱʝʧʣʝʥʠʝ ʭʨʦʤʘʪʠʥʘ, ʧʦʷʚʣʝʥʠʝ 

ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥʘ ʠ ʘʢʪʠʚʘʮʠʷ ʢʘʩʧʘʟ. ɼʦʣʞʥʦ ʙʳʪʴ ʟʘʤʝʯʝʥʦ, ʦʜʥʘʢʦ, 

ʯʪʦ ʧʦʭʦʞʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʩʤʦʣʷʣʴʥʦʩʪʠ ʩʨʝʜʳ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʫʚʝʣʠʯʠʣʦ 

ʘʧʦʧʪʦʟ ʚ ʢʣʝʪʢʘʭ ʥʝʡʨʦʙʣʘʩʪʦʤʳ SH-SY5Y (Matthew and Feldman 1996) ʠ 

ʥʝ ʜʝʡʩʪʚʦʚʘʣʦ ʥʘ ʢʣʝʪʢʠ MDCK (Orlov et al. 1996a), Cos-7, GH3 ʠ HeLa 

ʢʣʝʪʢʠ (Bortner and Cidlowski 1996). ɹʦʣʝʝ ʪʦʛʦ,  Lang ʩ ʢʦʣʣʝʛʘʤʠ 

ʥʘʙʣʶʜʘʣʠ, ʯʪʦ 20-30% ʫʚʝʣʠʯʝʥʠʝ ʦʩʤʦʣʷʣʴʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʣʦ, ʘ ʥʝ 

ʟʘʧʫʩʪʠʣʦ ʘʧʦʧʪʦʟ ʚ Jurkat ʢʣʝʪʢʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ Fas-ʣʠʛʘʥʜʦʤ (Gulbins et 

al. 1997b).  

ʈʘʟʣʠʯʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʣʝʪʦʢ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʢ 

ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʤʫ ʦʢʨʫʞʝʥʠʶ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʳʤ 

ʘʥʘʣʠʟʦʤ ʜʦʟʦʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʚʝʣʠʯʝʥʠʷ ʦʩʤʦʣʷʣʴʥʦʩʪʠ ʥʘ ʚʳʞʠʚʘʥʠʝ 

ʢʣʝʪʦʢ (Orlov et al. 2004a). ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 

300 ʤʄ ʤʘʥʥʠʪʦʣʘ ʫʚʝʣʠʯʠʚʘʝʪ ʬʨʘʛʤʝʥʪʘʮʠʶ ʭʨʦʤʘʪʠʥʘ ʚ Jurkat ʠ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʩʚʠʥʦʡ ʘʦʨʪʳ (PAEC) ʚ ~10- ʠ 2-ʨʘʟʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʭʨʦʤʘʪʠʥʘ ʚ MDCK ʢʣʝʪʢʘʭ. 

ʉʘʤʘʷ ʥʠʟʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʦʩʤʦʣʷʣʴʥʦʩʪʠ ʩʨʝʜʳ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʚ ʢʣʝʪʢʘʭ ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʘʦʨʪʳ ʢʨʳʩʳ (VSMC). ɺ ʵʪʠʭ ʢʣʝʪʢʘʭ, 

ʨʘʟʨʫʰʝʥʠʝ ʭʨʦʤʘʪʠʥʘ ʜʘʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 500 ʤʄ ʤʘʥʥʠʪʦʣʘ ʥʝ 

ʧʨʝʚʳʰʘʣʦ 10% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ [
3
H]-ʤʝʯʝʥʦʡ ɼʅʂ (ʈʠʩ. 8A). 

ɺʳʩʦʢʘʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʘʧʦʧʪʦʟʫ ʙʳʣʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʘ ʚ ʭʦʥʜʨʦʮʠʪʘʭ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʛʠʧʝʨʦʩʤʦʪʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ. (Lewis et al. 2013). ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʣʝʪʢʠ, ʜʦʙʘʚʣʝʥʠʝ  

400 ʤʄ ʤʘʥʥʠʪʦʣʘ ʫʤʝʥʴʰʘʣʦ ʦʙʲʸʤ ʢʣʝʪʦʢ, ʠʟʤʝʨʝʥʥʳʡ ʧʦ ʦʙʲʝʤʫ  

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ [
14

C]-ʤʦʯʝʚʠʥʳ,  ʥʘ ~40% (ʈʠʩ. 8B), 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʡ ʫʤʝʥʴʰʝʥʠʷ 

ʦʙʲʝʤʘ ʢʣʝʪʦʢ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʜʦ ʧʨʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʤʘʨʢʝʨʦʚ ʢʣʝʪʦʯʥʦʡ 

ʩʤʝʨʪʠ (ʩʤ. ʚʳʰʝ). 

 

ʈʠʩ. 8. ʕʬʬʝʢʪ ʛʠʧʝʨʪʦʥʠʯʥʦʩʪʠ ʥʘ ʘʧʦʧʪʦʟ ʠ ʢʣʝʪʦʯʥʳʡ ʦʙʲʸʤ. 
A. ɼʦʟʘ ʟʘʚʠʩʠʤʦʝ ʜʝʡʩʪʚʠʝ ʤʘʥʥʠʪʦʣʘ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʭʨʦʤʘʪʠʥʘ ʚ 

ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʢʘʭ ʩʦʩʫʜʦʚ ʠʟ ʘʦʨʪʳ ʢʨʳʩʳ (VSMC), ʚ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʘʦʨʪʳ ʩʚʠʥʴʠ (PAEC), ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ 

ʄʘʜʠʥ-ɼʘʨʙʠ ʧʦʯʝʢ ʩʦʙʘʢ (C7-MDCK) ʠ ʖʨʢʘʪ ʢʣʝʪʢʘʭ. B. ʆʙʲʸʤ 

ʜʦʩʪʫʧʥʦʛʦ ʤʝʩʪʘ ʜʣʷ  [14C]-ʤʦʯʝʚʠʥʳ ʚ VSMC, PAEC ʠ C7-MDCK 

ʢʣʝʪʢʘʭ ʩ 30-ʤʠʥ ʠʥʢʫʙʘʮʠʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 400 ʤM ʤʘʥʥʠʪʦʣʘ (Orlov et 

al., 2004).  

 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʛʠʧʝʨʦʩʤʦʪʠʯʝʩʢʦʛʦ ʠ 

ʠʟʦʦʩʤʦʪʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ (Koltsova et al. 

2012a). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʛʠʧʝʨʦʩʤʦʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʠʦʥʥʫʶ ʩʠʣʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʟʦʦʩʤʦʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ, 

ʦʧʦʩʨʝʜʫʝʪʩʷ ʧʦʪʝʨʝʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʦʩʤʦʣʠʪʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʦʣʠ 

ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʚ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʢʣʝʪʦʢ ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʜʝʡʩʪʚʠʶ ʛʠʧʦʪʦʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʭʦʜʷʪ ʙʳʩʪʨʦʝ RVD, 
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ʧʨʦʠʩʭʦʜʷʱʝʝ ʠʟ-ʟʘ ʚʳʭʦʜʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʦʩʤʦʣʠʪʦʚ, ʠ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʦʩʤʦʣʷʣʴʥʦʩʪʠ ʩʨʝʜʳ, ʧʨʠʚʦʜʠʪ ʢ ʩʞʘʪʠʶ ʢʣʝʪʦʢ (Lang et al. 1998a). ʄʳ 

ʥʘʙʣʶʜʘʣʠ, ʯʪʦ ʵʪʦʪ ʪ.ʥ. ñpost-RVDò ʧʨʦʪʦʢʦʣ ʫʤʝʥʴʰʘʣ ʦʙʲʸʤ 

ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ, ʪʨʘʥʩʬʝʮʠʨʦʚʘʥʥʳʭ E1A ʘʜʝʥʦʚʠʨʫʩʦʤ  (E1A-

VSMC ʢʣʝʪʢʠ) ʚ ~2-ʨʘʟʘ, ʥʦ ʥʝ ʩʥʠʞʘʣ ʠʭ ʚʳʞʠʚʘʝʤʦʩʪʴ (Orlov et al. 

2004a). ɼʣʷ ʩʨʘʚʥʝʥʠʷ,, ~20-30% ʠʟʤʝʥʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ, 

ʟʘʧʫʩʢʘʝʤʦʝ ʠʟʦʦʩʤʦʪʠʯʝʩʢʦʡ ʟʘʤʝʥʦʡ Cl
-
 ʥʘ ʛʣʶʢʦʥʘʪ ʠʣʠ ʘʩʧʘʨʪʘʪ ʠʣʠ 

Na
+
 ʥʘ N-ʤʝʪʠʣ-D-ʛʣʶʪʘʤʠʥ, ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʨʪʠ HeLa ʠ U937 ʢʣʝʪʦʢ, ʩ 

ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʤʘʨʢʸʨʘʤʠ ʘʧʦʧʪʦʟʘ (Nukui et al. 2006;Maeno et al. 2006a). 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʩʞʘʪʠʝʤ ʢʣʝʪʦʢ, ʦʙʝʜʥʝʥʠʝ 

ʩʨʝʜʳ Na
+
- ʠ Cl- ʚʣʠʷʝʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʦʥʦʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ ʚʥʫʪʨʠ 

ʢʣʝʪʢʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʢʣʝʪʦʯʥʦʡ 

ʩʤʝʨʪʠ ʯʝʨʝʟ ʨʝʛʫʣʷʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ʥʘʙʦʨʘ ʛʝʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʥʦʚ 

ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʳ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʩʤʝʨʪʠ ʢʣʝʪʦʢ  (Koltsova et al. 

2012b;Orlov et al. 2013).   

ʕʬʬʝʢʪ ʩʨʝʜʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ K
+
. ɺ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ, DVD ʦʧʦʩʨʝʜʦʚʘʥ ʧʦʪʝʨʝʡ K
+
, ʦʩʥʦʚʥʦʛʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʤʦʣʠʪʘ. ʊʘʢ, ʚ ʪʠʤʦʮʠʪʘʭ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʦʙʨʘʙʦʪʢʝ ʜʝʢʩʘʤʝʪʘʟʦʥʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ K
+

i ï, ʠʟʤʝʨʝʥʥʘʷ 

ʤʝʪʦʜʦʤ ʧʣʘʟʤʝʥʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠ 
86

Rb ʢʘʢ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʘʥʘʣʦʛʘ K
+
 , ʫʤʝʥʴʰʘʣʘʩʴ ʚ  2-3-ʨʘʟʘ (Hughes et al. 1997;Gomez-Angelats et 

al. 2000). ɸʢʪʠʚʘʮʠʷ ʘʧʦʧʪʦʟʘ ʚ ʢʣʝʪʢʘʭ CEM-C7A, ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʜʝʢʩʘʤʝʪʘʟʦʥʦʤ, ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ~40% ʧʦʪʝʨʝʡ K
+
, ʠʟʤʝʨʝʥʥʦʡ ʤʝʪʦʜʦʤ 

ʧʣʘʤʝʥʥʦʡ ʬʦʪʦʤʝʪʨʠʝʡ (Benson et al. 1996). ʇʦʭʦʞʝʝ ʫʤʝʥʴʰʝʥʠʝ K
+

i 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʤʳʰʠʥʳʭ L ʢʣʝʪʢʘʭ, ʧʨʝʪʝʨʧʝʚʘʶʱʠʭ ʘʧʦʧʪʦʟ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ  (Barbiero et al. 1995). ɼʚʝ 

ʬʘʟʳ ʠʟʤʝʥʝʥʠʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʦʥʦʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ 

ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʚ ʢʣʝʪʢʘʭ U937 ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʪʘʫʨʦʩʧʦʨʠʥʘ. ʈʘʥʥʷʷ ʬʘʟʘ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ K
+

i ʠ Cl
-
I, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʝʪʦʯʥʦʤʫ 
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ʩʞʘʪʠʶ ʠ ʧʨʝʜʰʝʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʠ ʢʘʩʧʘʟʳ 3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʣʝʜʫʶʱʘʷ 

ʬʘʟʘ, ʥʘʯʠʥʘʶʱʘʷʩʷ ʩ ʘʢʪʠʚʘʮʠʠ ʢʘʩʧʘʟʳ 3, ʙʳʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʢʦʧʣʝʥʠʝʤ Na
+

i  (Arrebola et al. 2005). ɺ Jurkat ʢʣʝʪʢʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ 

Fas-L, ʫʚʝʣʠʯʝʥʠʝ ʚʭʦʜʘ 
86

Rb ʚ 2 ʨʘʟʘ ʙʳʣʦ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʦʚʘʥʦ 

ʠʥʛʠʙʠʪʦʨʦʤ ʧʘʥ ʢʘʩʧʘʟʳ zVAD.fmk (Nobel et al. 2000), ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ 

ʵʪʠ ʩʦʙʳʪʠʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ, ʘ ʥʝ ʤʝʭʘʥʠʟʤʦʤ ʘʧʦʧʪʦʟʘ ʜʣʷ ʙʦʣʴʰʠʭ 

ʜʝʪʘʣʝʡ ʩʤ. (Lang and Hoffmann 2011).  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʠʩʩʠʧʘʮʠʷ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ K
+
 ʚ ʩʨʝʜʝ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ K

+
 ʙʫʜʝʪ 

ʧʦʜʘʚʣʷʪʴ DVD-ʦʧʦʩʨʝʜʫʝʤʫʶ ʢʣʝʪʦʯʥʫʶ ʩʤʝʨʪʴ (ʈʠʩ. 7). ɺ ʩʘʤʦʤ ʜʝʣʝ, 

Cidlowski ʩ ʢʦʣʣʝʛʘʤʠ ʥʘʙʣʶʜʘʣ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ[K
+
]o ʦʪ 5 ʜʘ 100 ʤʄ 

ʟʘʤʝʜʣʷʣʦ ʩʤʝʨʪʴ Jurkat ʢʣʝʪʢʦʢ, ʦʙʨʘʙʦʪʘʥʥʳʭ Fas-L (Bortner et al. 

1997;Gomez-Angelats et al. 2000). ʋʤʝʨʝʥʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʢʘʩʧʘʟʳ 3 

ʩʨʝʜʦʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ[K
+
]o ʙʳʣʦ ʪʘʢʞʝ ʦʧʠʩʘʥʦ ʜʣʷ ʪʠʤʦʮʠʪʦʚ, 

ʧʦʜʚʝʨʛʰʠʭʩʷ ʦʙʨʘʙʦʪʢʝ ʜʝʢʩʘʤʝʪʘʟʦʥʦʤ, ʪʘʧʩʠʛʘʨʛʠʥʦʤ ʠ 

ʩʪʘʫʨʦʩʧʦʨʠʥʦʤ (Hughes et al. 1997), VSMC, ʧʦʜʚʝʨʛʥʫʚʰʠʭʩʷ ʜʝʡʩʪʚʠʶ 

ʧʨʦʪʦʥʦʬʦʨʘ FCCP (Krick et al. 2001) ʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʘʤʠʣʦʠʜʘ (Colom et al. 1998). ɼʦʙʘʚʣʝʥʠʝ 200 ʤʄ KCl 

ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʦʚʘʣʦ ʩʤʝʨʪʴ HeLa ʢʣʝʪʦʢ, ʟʘʧʫʩʢʘʝʤʫʶ 

ʛʠʧʝʨʦʩʤʦʪʠʯʝʩʢʦʡ ʩʨʝʜʦʡ (400 mM sorbitol) (Smith et al. 1988). ʉʣʝʜʫʝʪ, 

ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʭʦʞʘʷ ʟʘʱʠʪʘ ʥʘʙʣʶʜʘʣʘʩʴ ʪʘʢʞʝ ʧʨʠ 

ʵʢʚʠʤʦʣʷʨʥʦʡ ʟʘʤʝʥʝ KCl ʥʘ NaCl. ʕʪʠ ʜʘʥʥʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʢʘʢ 

ʤʠʥʠʤʫʤ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ, ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʩʨʝʜʳ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ K
+
  ʦʧʦʩʨʝʜʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʠʦʥʥʦʡ ʩʠʣʳ, ʘ ʥʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ DVD, ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʫʪʝʯʢʦʡ K
+
. ʉʣʝʜʫʝʪ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʜʘʚʣʝʥʠʷ ʧʦʪʝʨʠ K
+
 ʠ DVD, ʧʨʠʨʦʩʪ [K

+
]o 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ ʠ ʘʢʪʠʚʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʳʭ ʤʝʤʙʨʘʥʥʦʩʚʷʟʘʥʥʳʭ 

ʙʝʣʢʦʚ. ʀʤʝʷ ʵʪʦ ʚʚʠʜʫ, ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʣʝʪʢʠ 
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E1A-VSMC, ʧʨʝʪʝʨʧʝʚʘʶʱʠʝ ʙʳʩʪʨʳʡ ʘʧʦʧʪʦʟ ʚ ʦʪʩʫʪʩʪʚʠʠ ʨʦʩʪʦʚʳʭ 

ʬʘʢʪʦʨʦʚ. ɺ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʘʱʠʪʳ E1A-VSMC 

ʢʣʝʪʦʢ ʦʪ ʘʧʦʧʪʦʟʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ [K
+
]o ʦʪ 5 ʜʦ 126 ʤʄ (Orlov et al. 

2004a).  

ʕʬʬʝʢʪ ʤʦʜʫʣʷʪʦʨʦʚ ʠʦʥ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʩʠʩʪʝʤ. ɺ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚ ʭʦʜʝ 

ʨʘʟʚʠʪʠʷ ʩʤʝʨʪʠ ʢʣʝʪʦʢ ʠʟʤʝʥʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʠʦʥ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ 

ʩʠʩʪʝʤ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʦʙʲʝʤʘ ʢʣʝʪʦʢ. ʕʪʦʪ ʩʧʠʩʦʢ 

ʚʢʣʶʯʘʝʪ ʧʦʪʝʥʮʠʘʣ ʟʘʚʠʩʠʤʳʝ K
+
 ʢʘʥʘʣʳ (Kv1.3, Kv1.1, Kv4), Ca

2+
-

ʘʢʪʠʚʠʨʫʝʤʳʝ K
+
 ʢʘʥʘʣʳ, KATP, ʥʝ ʩʝʣʝʢʪʠʚʥʳʝ ʢʘʪʠʦʥʥʳʝ ʢʘʥʘʣʳ, 

ʧʦʪʝʥʮʠʘʣ-ʨʝʛʫʣʠʨʫʝʤʳʝ ʘʥʠʦʥʥʳʝ ʢʘʥʘʣʳ ʠ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ 

ʘʥʠʦʥʥʳʝ ʢʘʥʘʣʳ (ʜʣʷ ʦʙʟʦʨʦʚ, ʩʤ. (Lang and Hoffmann 2011;Hoffmann 

2011;Prevarskaya et al. 2007)). ʕʪʠ ʜʘʥʥʳʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ (ʈʠʩ. 7), ʧʨʝʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʫʣʷʪʦʨʳ 

ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʙʫʜʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ  DVD-ʟʘʚʠʩʠʤʫʶ ʢʣʝʪʦʯʥʫʶ 

ʩʤʝʨʪʴ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, Maeno ʩ ʢʦʣʣʝʛʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʷʭ HeLa, U937, PC12 ʠ NG108-15 ʥʝ ʩʝʣʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ 

ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ (4,4'-diisothiocyano-2,2'-stilbenedisulfonic acid (DIDS), 5-

nitro-2-(3-phenylpropylamino)benzoic acid (NPPB), phloretin) ʠ K
+
 ʢʘʥʘʣ (5 

mM Ba
2+
) ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʦʚʘʣʠ DVD, ʟʘʧʫʩʢʘʝʤʳʡ 2-ʤʷ ʨʘʟʣʠʯʥʳʤʠ 

ʠʥʜʫʢʪʦʨʘʤʠ ʘʧʦʧʪʦʟʘ, ʠ ʫʚʝʣʠʯʠʚʘʣʠ  ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ (Maeno et al. 

2000). ʊʨʘʥʩʬʝʢʮʠʷ ʤʫʪʘʮʠʦʥʥʦ-ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, 

ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʧʘʪʦʛʝʥʝʟ ʤʫʢʦʚʠʩʮʠʜʦʟʘ (cystic fibrosis transmembrane 

regulator anion channels) ʧʦʜʘʚʣʷʣʘ ʩʤʝʨʪʴ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʵʪʦʧʦʟʠʜʘ (Gottlieb and Dosanjih 2001), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʥʘʨʫʰʝʥʠʝ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʭʣʦʨʥʳʭ ʢʘʥʘʣʦʚ CIC-3 

ʫʤʝʥʴʰʠʣʦ ʘʧʦʧʪʦʟ ʚ ʤʠʦʢʘʨʜʝ ʤʳʰʝʡ ʧʦʜʚʝʨʞʝʥʥʳʭ ʠʰʝʤʠʯʝʩʢʦʡ 

ʨʝʧʝʨʬʫʟʠʠ (Bozeat et al. 2011). Wei ʩ ʢʦʣʣʝʛʘʤʠ ʩʦʦʙʱʠʣʠ, ʯʪʦ DIDS ʠ 

NPPB ʠʥʛʠʙʠʨʦʚʘʣʠ  DVD ʥʦ ʥʝ ʚʣʠʷʣʠ ʥʘ ʘʢʪʠʚʘʮʠʶ ʢʘʩʧʘʟʳ-3 ʠ 
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ʬʨʘʛʤʝʥʪʘʮʠʶ ɼʅʂ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʪʘʫʨʦʩʧʦʨʠʥʦʤ ʢʦʨʪʠʢʘʣʴʥʳʭ 

ʥʝʡʨʦʥʘʭ (Wei et al. 2012). ʀʥʛʠʙʠʪʦʨ IKCa ʢʣʦʪʨʠʤʘʟʦʣ ʙʣʦʢʠʨʦʚʘʣ DVD 

ʠ ʩʤʝʨʪʴ ʢʣʝʪʦʢ ʛʣʠʦʙʣʘʩʪʦʤʳ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʜʝʡʩʪʚʠʶ ʩʪʘʫʨʦʩʧʦʨʠʥʘ, 

ʥʦ ʥʝ ʢʣʝʪʦʢ ʧʦʜʚʝʨʞʝʥʥʳʭ ʜʝʡʩʪʚʠʶ TRAIL, ʠʥʜʫʮʠʨʫʶʱʝʛʦ ʘʧʦʧʪʦʟ 

ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʨʝʮʝʧʪʦʨʦʤ (McFerrin et al. 

2012). ʆʯʝʥʴ ʩʣʘʙʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ 

ʟʘʱʠʱʘʶʱʠʭ ʜʝʡʩʪʚʠʡ ʙʣʦʢʘʪʦʨʦʚ K
+
 ʢʘʥʘʣʦʚ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ (Krick et al. 2001;Szabo et al. 1998;Gottlieb and Dosanjih 

2001;Colom et al. 1998;Tremblay et al. 2001;Hu and Heikka 2000;Beauvais et 

al. 1995;Ernest et al. 2008;Krumschnabel et al. 2007). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʙʣʦʢʘʪʦʨʦʚ ʢʘʥʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʚ 

ʚʳʰʝ ʮʠʪʠʨʫʝʤʳʭ ʨʘʙʦʪʘʭ, ʝʩʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʙʣʦʢʘʪʦʨ K
+
 ʢʘʥʘʣʦʚ Ba

2+
 ʧʦʜʘʚʣʷʣ ʘʢʪʠʚʥʦʩʪʴ Na

+
,K

+
,2Cl- 

ʢʦʪʨʘʥʩʧʦʨʪʘ (Orlov et al. 1996b), ʬʣʦʨʝʪʠʥ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣ 

ʢʦʣʠʯʝʩʪʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ɸʊʌ (Skriabin et al. 2000), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʙʣʦʢʘʪʦʨ ʦʙʲʸʤ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʘʥʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, 4-(2-Butyl-6,7-

dichloro-2cyclopentyl-inden-1-on-5-yl) ʢʝʪʦʤʘʩʣʷʥʘʷ ʢʠʩʣʦʪʘ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʠʥʛʠʙʠʨʦʚʘʣʘ ʢʦʥʥʝʢʩʠʥʦʚʳʝ ʛʝʤʠʢʘʥʘʣʳ ʠ ʪʨʘʥʩʧʦʨʪʸʨ ʛʣʶʪʘʤʘʪʘ GLT-1 

(Bowens et al. 2013). ʀʩʧʦʣʴʟʫʷ ʢʘʨʠʙʜʦʪʦʢʩʠʥ, ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʳʡ 

ʠʥʛʠʙʠʪʦʨ IKCa ʠ Ca
2+

-ʘʢʪʠʚʠʨʫʝʤʳʝ K
+
-ʢʘʥʘʣʳ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

(BKCa), Elliot ʠ Higgins ʧʦʢʘʟʘʣʠ ʠʟʤʝʥʝʥʠʝ DVD ʠ ʘʧʦʧʪʦʟʘ ʚ ʪʠʤʦʮʠʪʘʭ, 

ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ Ca
2+

 ʠʦʥʦʬʦʨʘ (Elliott and Higgins 2003). 

ʅʘʧʨʦʪʠʚ, ʥʠ ʢʘʨʠʙʜʦʪʦʢʩʠʥ, ʥʠ ʘʧʘʤʠʥ, ʠʥʛʠʙʠʪʦʨ Ca
2+

-ʘʢʪʠʚʠʨʫʝʤʳʭ 

K
+
-ʢʘʥʘʣʦʚ ʤʘʣʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (SKCa), ʥʝ ʦʢʘʟʘʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʧʦʧʪʦʟ 

ʚ Jurkat ʢʣʝʪʢʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʜʝʡʩʪʚʠʶ Fas-L (Nobel et al. 2000). 
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2.2.2.5. ʗʚʣʷʝʪʩʷ ʣʠ ʥʘʙʫʭʘʥʠʝ ʜʦʩʪʘʪʦʯʥʳʤ ʩʪʠʤʫʣʦʤ ʜʣʷ ʩʤʝʨʪʠ 

ʢʣʝʪʦʢ? 

ʅʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ, ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʩʤʝʨʪʴ 

ʢʣʝʪʦʢ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʤʦʨʬʦʣʦʛʘʤʠ ʢʘʢ ʥʝʢʨʦʟ, ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʨʘʟʨʳʚʘ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʚʳʟʚʘʥʥʦʛʦ ʥʘʙʫʭʘʥʠʝʤ ʢʣʝʪʢʠ (Barros et al. 

2001;Carini et al. 1999;Okada et al. 2001). ɼʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʵʪʫ 

ʛʠʧʦʪʝʟʫ ʙʳʣʠ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʧʦʣʫʯʝʥʳ ʥʘ ʛʝʧʘʪʦʮʠʪʘʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʛʦʣʦʜʘʥʠʶ.  ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʫʭʘʥʠʝ ʠ ʩʤʝʨʪʴ 

ɸʊʌ-ʠʩʪʦʱʸʥʥʳʭ ʛʝʧʘʪʦʮʠʪʦʚ ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʙʝʟʥʘʪʨʠʝʚʦʡ ʩʨʝʜʝ ʠ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʢʦʛʜʘ ʚʳʭʦʜ  K
+
 ʠʥʛʠʙʠʨʦʚʘʣʩʷ BaCl2 (Carini et al. 

1995;Carini et al. 1999;Piper and Large 2003). ʊʘ ʞʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ 

ʛʨʫʧʧʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʙʲʸʤ ʥʘʙʫʭʘʥʠʝ ʛʝʧʘʪʦʮʠʪʦʚ ʧʨʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʛʦʣʦʜʘʥʠʠ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʣʩʷ ʟʘ ʩʯʸʪ  RVD (Barros et al. 

2001;Carini et al. 1999). ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʤ 

ʤʘʣʦʚʝʨʦʷʪʥʳʤ ʪʘʢ ʢʘʢ ʠʥʛʠʙʠʨʦʚʘʥʠʝ Na
+
,K

+
-ɸʊʌʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʠ 

ʜʠʩʩʠʧʘʮʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ K
+
 ʛʨʘʜʠʝʥʪʘ, ʘ ʧʦʪʦʤʫ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ RVD. 

ɼʝʡʩʪʚʠʝ ʛʠʧʦʪʦʥʠʯʝʩʢʦʡ ʩʨʝʜʳ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʭʝʤʠʦʩʤʦʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʝʢʨʦʟʘ. 

Malek ʩ ʢʦʣʣʝʛʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʦʩʤʦʣʷʣʴʥʦʩʪʠ ʩʨʝʜʳ ʚ 2 

ʨʘʟʘ ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʚʳʞʠʚʘʝʤʦʩʪʴ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ 

ʢʣʝʪʦʢ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʘʦʨʪʳ ʙʳʢʘ (Malek et al. 1998). ʉʥʠʞʝʥʠʝ 

ʦʩʤʦʣʷʣʴʥʦʩʪʴ ʩʨʝʜʳ ʦʪ 290 ʜʦ 150 ʤʆʩʤ ʪʘʢʞʝ ʥʝ ʚʣʠʷʣʦ ʥʘ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʛʝʧʘʪʦʮʠʪʦʚ, (Carini et al. 1999). ɹʦʣʝʝ ʪʦʛʦ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ  ʫʤʝʨʝʥʥʦʝ ʥʘʙʫʭʘʥʠʝ ʧʨʠ 200 ʤʆʩʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʫʣʫʯʰʝʥʠʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʛʝʧʘʪʦʮʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʦʢʩʠʠ, ʯʪʦ 

ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʚʳʙʨʦʩʦʤ ɸʊʌ ʠ ʘʢʪʠʚʘʮʠʝʡ P2Y ʨʝʮʝʧʪʦʨʦʚ(Carini et al. 

2006). 
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Groulx ʩ ʢʦʣʣʝʛʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣ  DISUR ʜʣʷ ʦʮʝʥʢʠ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʸʤʘ ʦʜʠʥʦʯʥʳʭ, ʧʨʠʢʨʝʧʣʸʥʥʳʭ ʢ ʩʫʙʩʪʨʘʪʫ  A549, 

16HBE14o-, CHO ʠ NIH 3T3 ʢʣʝʪʦʢ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʟʥʘʯʠʪʝʣʴʥʦʤʫ  (6 

ʤʆʩʤ) ʛʠʧʦʪʦʥʠʯʝʩʢʦʤʫ ʩʪʨʝʩʩʫ (Groulx et al. 2006). ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫ ʚʩʝʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʠʤʝʶʪʩʷ ʙʦʣʴʰʠʝ ʤʝʤʙʨʘʥʥʳʝ 

ʟʘʧʘʩʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʚʘʪʴ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʸʤ 

ʢʣʝʪʦʢ ʚ 4- ʠ 10-ʨʘʟ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ 

ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʨʝʟʝʨʚʘ. 

ɹʦʣʴʰʠʝ ʤʝʤʙʨʘʥʥʳʝ ʨʝʟʝʨʚʳ ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʘʟʨʳʚʫ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ ʚ ʦʪʚʝʪ ʫʤʝʨʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʢʣʝʪʦʢ, ʦʪʤʝʯʝʥʥʦʛʦ ʢʘʢ 

DVI . ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʘʞʝ ʧʦʩʣʝ ʧʝʨʤʝʘʙʠʣʠʟʘʮʠʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ ʠ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ɻʠʙʙʩ-ɼʦʥʥʘʥʦʚʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʦʙʲʸʤ 

ʚʩʝʭ ʷʜʝʨʥʳʭ ʢʣʝʪʦʢ, ʠʟʫʯʝʥʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʫʚʝʣʠʯʠʣʩʷ ʤʝʥʝʝ ʯʝʤ 

ʚ 2 ʨʘʟʘ (Fels et al. 2009). ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʨʠʤʝʨʥʦ ʚ 5 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ 

ʧʦʨʦʛ ʧʨʠʨʘʱʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʳʚʫ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʚ ʷʜʝʨʥʳʭ ʢʣʝʪʢʘʭ  (Groulx et al. 2006). ʄʳ 

ʧʨʦʜʦʣʞʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ, ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʠʢʫ DISUR b 

ʢʣʝʪʢʠ, ʧʦʜʚʝʨʛʥʫʪʳʝ ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ Na
+
,K

+
-ɸʊʌʘʟʳ (ʩʤ. 

ʨʘʟʜʝʣ 4.1) 

  

2.3. ʄʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʙʲʝʤʘ ʢʣʝʪʦʢ: 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ   

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ 2 ʛʨʫʧʧʳ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʷ 

ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ. ʉ ʧʦʤʦʱʴʶ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ, ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʦʡ ʛʨʫʧʧʳ 

ʤʝʪʦʜʦʚ ʠʟʤʝʨʷʶʪʩʷ ʘʙʩʦʣʶʪʥʳʝ ʚʝʣʠʯʠʥʳ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʘʥʘʣʠʟʘ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʦʙʲʸʤʘ ʢʣʝʪʦʢ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʛʘʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʟʦʥʜʦʚ. ʇʨʠ 
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ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʬʣʫʦʨʝʩʮʝʥʮʠ ̫ ʥʝʢʦʪʦʨʳʝ ʬʣʫʦʨʦʬʦʨʦʚ 

(ʥʘʧʨʠʤʝʨ ʢʘʣʴʮʝʠʥ-ɸʄ) ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ (ʪ.ʥ. ʵʬʬʝʢʪ ʚʥʫʪʨʝʥʥʝʛʦ 

ʬʠʣʴʪʨʘ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʦʙʲʸʤʘ 

ʢʣʝʪʢʠ. ɺ ʢʫʣʴʪʫʨʝ ʧʠʛʤʝʥʪʥʳʭ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʩʝʪʯʘʪʢʠ, 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʢʘʣʴʮʝʠʥʘ ʠ ʚʥʝʢʣʝʪʦʯʥʘʷ ʦʩʤʦʣʷʨʥʦʩʪʴ ʙʳʣʠ ʣʠʥʝʡʥʦ 

ʩʚʷʟʘʥʳ. ʉʨʘʚʥʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 

BCECF (2ô,7ô-ʙʠ-(2-ʢʘʨʙʦʢʩʠʵʪʠʣ)-5-(ʠ-6)-ʢʘʨʙʦʢʩʠʬʣʫʦʨʝʩʮʝʠʥ) ʚ ʝʛʦ 

ʠʟʦʩʙʝʩʪʠʯʝʩʢʦʡ ʪʦʯʢʝ (430 ʥʤ) (Hamann et al. 2002a).  

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʧʦʜʭʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʨʷʪʴ ʘʙʩʦʣʶʪʥʳʡ ʦʙʲʸʤ ʢʣʝʪʦʢ. ʆʙʲʸʤ ʥʝ ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʧʦʜʣʦʞʢʝ 

ʢʣʝʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, 

ʝʩʣʠ ʜʦʧʫʩʪʠʪʴ ʯʪʦ ʦʥʠ ʧʨʠʥʠʤʘʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. ʊʘʢʞʝ, ʜʣʷ ʵʪʦʛʦ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʠʤʧʝʜʘʥʩ). ʉ 

ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʪ.ʥ. Coulter Counter) ʤʦʞʥʦ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ 

ʦʙʲʸʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʫʩʧʝʥʜʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ (Nakahari et al. 

1990). ɺ ʧʨʦʪʦʯʥʦʤ ʮʠʪʦʤʝʪʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ (ʈʠʩ. 9). ɺ ɻʪʦʡ ʩʠʩʪʝʤʝ ʧʣʘʚʘʶʱʠʝ ʢʣʝʪʢʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 

ʩʫʞʘʶʱʫʶʩʷ ʢʘʤʝʨʫ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʆʢʨʫʞʘʶʱʠʡ ʵʪʦʪ ʮʝʥʪʨʘʣʴʥʳʡ 

ʧʦʪʦʢ ʢʘʥʘʣ ʩʦʜʝʨʞʠʪ ʨʘʩʪʚʦʨ, ʢʦʪʦʨʳʡ ʠʟ-ʟʘ ʛʝʦʤʝʪʨʠʠ ʢʘʤʝʨʳ ʥʘʭʦʜʠʪʩʷ 

ʧʦʜ ʙʦʣʝʝ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʥʦ ʜʚʠʛʘʝʪʩʷ ʙʳʩʪʨʝʝ ʯʝʤ ʮʝʥʪʨʘʣʴʥʳʡ 

ʦʙʨʘʟʝʮ. ʕʪʦʪ ʦʢʨʫʞʘʶʱʠʡ ʧʦʪʦʢ ʩʦʟʜʘʸʪ ʪʷʥʫʱʠʡ ʵʬʬʝʢʪ. ʕʪʦ 

ʚʪʷʛʠʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʣʝʪʢʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ 

ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʮʝʧʦʯʢʫ ʧʝʨʝʜ ʚʳʭʦʜʦʤ, ʪʘʢʦʡ ʵʬʬʝʢʪ ʥʘʟʳʚʘʝʪʩʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʬʦʢʫʩʠʨʦʚʘʥʠʝʤ. ʂʘʢ ʪʦʣʴʢʦ ʢʣʝʪʢʠ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ 

ʨʷʜ, ʦʢʨʫʞʥʦʡ ʧʦʪʦʢ ʠ ʦʙʨʘʟʝʮ ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʭʦʜʷʪ ʠʟ ʮʠʪʦʤʝʪʨʘ. ɺ 

ʪʦʯʢʝ, ʛʜʝ ʦʙʨʘʟʝʮ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʬʦʢʫʩʠʨʦʚʘʥ ʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʣʘʤʠʥʘʨʥʦʤ ʧʦʪʦʢʝ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʚʝʪʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʧʦʪʦʢ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ. ʉʚʝʪʦʚʳʤ ʨʝʩʫʨʩʦʤ ʟʘʯʘʩʪʫʶ ʷʚʣʷʝʪʩʷ 

ʣʘʟʝʨ ʠʣʠ ʜʫʛʦʚʘʷ ʣʘʤʧʘ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʣʝʪʢʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʫʯʦʢ 
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ʩʚʝʪʘ, ʦʥ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʈʝʛʠʩʪʨʘʪʦʨ ʣʦʚʠʪ ʩʚʝʪ, 

ʢʦʪʦʨʳʡ ʨʘʩʩʝʷʥ ʜʦ 20
ʦ
 ʛʨʘʜʫʩʦʚ ʦʪ ʠʟʣʫʯʘʝʤʦʛʦ ʧʫʯʢʘ ʩʚʝʪʘ, ʯʪʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʤʝʨʦʤ ʢʣʝʪʢʠ (Mullaney and Dean 1970). 

 

 

ʈʠʩ. 9. ʉʭʝʤʘ ʤʝʪʦʜʘ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʚ ʧʨʦʪʦʯʥʦʤ 

ʮʠʪʦʤʝʪʨʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ. ʆʙʲʷʩʥʝʥʠʷ ʚ 

ʪʝʢʩʪʝ  

 

 

 

ɼʨʫʛʦʡ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ J.Gregg ʩ ʢʦʣʣʝʛʘʤʠ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʣʦʢʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʢʣʝʪʢʠ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ (Pʠʩ. 10). ʇʦʢʨʦʚʥʦʝ ʩʪʝʢʣʦ ʩ ʚʳʨʘʱʝʥʥʳʤʠ ʥʘ ʥʸʤ ʢʣʝʪʢʘʤʠ 

ʧʦʤʝʱʘʶʪʩʷ ʚ ʦʯʝʥʴ ʥʝ ʛʣʫʙʦʢʫʶ ʢʘʤʝʨʫ, ʢʦʪʦʨʘʷ ʧʦ ʩʚʦʝʡ ʛʣʫʙʠʥʝ ʯʫʪʴ 

ʙʦʣʴʰʝ ʚʳʩʦʪʳ ʢʣʝʪʦʢ. ʉʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʢʣʝʪʢʠ, ʩʦʜʝʨʞʠʪ 

ʷʨʢʠʡ ʢʨʘʩʠʪʝʣʴ ʥʝ ʧʨʦʥʠʮʘʝʤʳʡ ʜʣʷ ʤʝʤʙʨʘʥʳ blue 9 (AB9). 

ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʦʛʣʦʱʝʥʠʠ ʢʨʘʩʠʪʝʣʝʤ (630 

ʥʤ). ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʢʘʤʝʨʫ, ʩʚʝʪ ʧʦʛʣʦʱʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʧʫʪʝʤ, 

ʧʨʦʡʜʝʥʥʳʤ ʯʝʨʝʟ ʢʨʘʩʠʪʝʣʴ. ɺ ʪʝʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʢʣʝʪʢʠ ʪʦʣʱʝ, ʘ ʩʣʦʡ 

ʢʨʘʩʠʪʝʣʷ ʪʦʥʴʰʝ, ʢʦʥʝʯʥʘʷ ʢʘʨʪʠʥʢʘ ʧʦʣʫʯʘʝʪʩʷ ʩʚʝʪʣʝʝ (Gregg et al. 

2010). ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʨʘʩʠʪʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ 

ʪʦʢʩʠʯʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤ ʠ ʥʝ ʚʳʮʚʝʪʘʪʴ ʚ ʭʦʜʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ.  ɽʱʸ ʦʜʠʥ ʤʝʪʦʜ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʙʲʸʤʘ ʧʨʝʜʣʦʞʠʣ William 

Grover ʩ ʩʦʘʚʪʦʨʘʤʠ (ʈʠʩ. 11) (Grover et al. 2011). ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ, 

ʦʙʲʸʤʘ ʠ ʧʣʦʪʥʦʩʪʠ ʢʣʝʪʦʢ ʠʟʤʝʨʷʶʪ ʩʠʣʫ ɸʨʭʠʤʝʜʘ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ 

ʢʣʝʪʢʠ ʚ 2-ʭ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘʭ, ʥʦ ʦʜʠʥʘʢʦʚʳʭ ʧʦ 

ʪʦʥʠʯʥʦʩʪʠ.  
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ʛʜʝ m ï ʵʪʦ ʤʘʩʩʘ ʢʣʝʪʢʠ, - ʵʪʦ ʧʣʦʪʥʦʩʪʴ ʙʦʣʝʝ ʛʫʩʪʦʡ ʞʠʜʢʦʩʪʠ, - 

ʧʣʦʪʥʦʩʪʴ ʤʝʥʝʝ ʛʫʩʪʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʠʢʨʦʧʦʪʦʢʦʚʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʜʠʥʦʯʥʦʡ ʢʣʝʪʢʠ. ɺ 

ʢʘʯʝʩʪʚʝ çʚʝʩʦʚè ʜʣʷ ʚʟʚʝʰʠʚʘʥʠʷ ʢʣʝʪʦʢ ʚ 2-ʭ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʦʩʪʷʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʛʨʫʞʥʦʡ ʤʠʢʨʦʢʘʥʘʣʴʥʳʡ ʨʝʟʦʥʘʪʦʨ (ʇʄʈ), 

ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʤʠʢʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʩʪʨʫʡʥʳʡ ʩʝʥʩʦʨ 

ʤʘʩʩʳ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 9 ʇʄʈ ʩʦʩʪʦʠʪ ʠʟ ʩʠʣʠʢʦʥʦʚʦʛʦ 

ʢʘʥʪʠʣʝʚʝʨʘ ʩ ʚʳʨʝʟʘʥʥʳʤ ʤʠʢʨʦʢʘʥʘʣʦʤ. ʂʘʥʪʠʣʝʚʝʨ ʦʩʮʠʣʣʠʨʫʝʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʚʦʝʡ ʤʘʩʩʝ ʠ ʢʣʝʪʢʘ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʢʘʥʘʣ ʠʟʤʝʥʷʝʪ 

ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʢʘʥʪʠʣʝʚʝʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʦʜʲʸʤʥʦʡ ʤʘʩʩʝ 

ʢʣʝʪʢʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʜʠʥʦʯʥʦʡ ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʇʄʈ, ʝʛʦ 

ʩʥʘʯʘʣʘ ʟʘʧʦʣʥʷʣʠ ʜʚʫʤʷ ʞʠʜʢʦʩʪʷʤʠ: ʧʝʨʚʘʷ ʩʦʜʝʨʞʘʣʘ ʠʥʪʝʨʝʩʫʶʱʠʝ 

ʢʣʝʪʢʠ ʚ ʙʫʬʝʨʝ ʠʣʠ ʩʨʝʜʝ (ʢʨʘʩʥʘʷ), ʜʨʫʛʘʷ ʩ ʪʘʢʦʡ ʞʝ ʪʦʥʠʯʥʦʩʪʴʶ ʢʘʢ ʠ 

ʧʝʨʚʘʷ, ʥʦ ʙʦʣʝʝ ʧʣʦʪʥʘʷ (ʩʠʥʷʷ). ʇʣʦʪʥʦʩʪʴ ʢʨʘʩʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʢʘʥʪʠʣʝʚʝʨʘ, ʧʦʢʘ ʦʥ ʙʳʣ ʥʘʧʦʣʥʝʥ 

ʢʨʘʩʥʦʡ ʞʠʜʢʦʩʪʴʶ (ʰʘʛ 1). ʇʦʜʲʸʤʥʘʷ ʩʠʣʘ ʢʣʝʪʢʠ ʚ ʢʨʘʩʥʦʡ ʞʠʜʢʦʩʪʠ 

ʩʯʠʪʘʣʘʩʴ ʜʘʣʝʝ ʧʦ ʚʳʩʦʪʝ ʧʠʢʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʢʣʝʪʢʘ ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ ʢʘʥʪʠʣʝʚʝʨ (ʰʘʛ 2). ɼʘʣʝʝ ʢʣʝʪʢʘ ʧʦʧʘʜʘʣʘ ʚ ʩʠʥʠʡ 

ʨʘʩʪʚʦʨ, ʛʜʝ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʧʦʪʦʢ ʙʳʩʪʨʦ ʩʤʝʥʷʝʪ ʢʨʘʩʥʫʶ ʞʠʜʢʦʩʪʴ ʥʘ 

ʩʠʥʶʶ ʚʦʢʨʫʛ ʢʣʝʪʢʠ. ɿʘʤʝʥʘ ʞʠʜʢʦʩʪʠ ʚʦʢʨʫʛ ʢʣʝʪʢʠ ʧʨʦʭʦʜʠʪ ʦʯʝʥʴ 

ʙʳʩʪʨʦ, ʧʨʠʤʝʨʥʦ ʟʘ 1 ʩʝʢ. ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʟʘʪʝʤ ʤʝʥʷʝʪʩʷ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ, ʛʦʣʫʙʘʷ ʞʠʜʢʦʩʪʴ ʥʘʧʦʣʥʷʝʪ ʢʘʥʪʠʣʝʚʝʨ (ʰʘʛ 3). ɼʘʣʝʝ 

ʢʣʝʪʢʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʘʥʪʠʣʝʚʝʨ ʚʦ ʚʪʦʨʦʡ ʨʘʟ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʤʝʨʠʪʴ 

ʝʸ ʧʦʜʲʸʤʥʫʶ ʩʠʣʫ ʚ ʩʠʥʝʡ ʞʠʜʢʦʩʪʠ (ʰʘʛ 4). ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʤʘʩʩʫ, ʦʙʲʸʤ ʠ ʧʣʦʪʥʦʩʪʴ ʧʨʠʤʝʨʥʦ 500 ʢʣʝʪʦʢ ʚ ʯʘʩ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ 0.01ʛ/ʤʣ. ʀʤʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʟʜʦʨʦʚʳʤʠ ʢʣʝʪʢʘʤʠ ʚ ʧʣʦʪʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʚ 100 ʨʘʟ ʤʝʥʴʰʝ ʠʭ ʚʘʨʠʘʮʠʡ 
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ʚ ʦʙʲʸʤʝ ʠ ʤʘʩʩʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚ ʢʣʝʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʠ ʦʙʲʸʤʘ.  

 

ʈʠʩ. 10 ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ 

ʦʙʲʸʤʘ ʩ ʧʦʤʦʱʴʶ ʣʦʢʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ  
 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 11. ʇʨʠʥʮʠʧ ʚʳʯʠʩʣʝʥʠʷ ʦʙʲʸʤʘ ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ 

ʩʠʣʳ ɸʨʭʠʤʝʜʘ. ɼʣʷ ʧʦʷʩʥʝʥʠʡ ʩʤ. ʪʝʢʩʪ.  

 

ʂʦʨʯʝʚ ʩ ʢʦʣʣʝʛʘʤʠ ʧʨʝʜʣʦʞʠʣʠ ʤʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʠʦʥ 

ʧʨʦʚʦʜʷʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʀʇʄ) (ʈʠʩ. 12) ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʸʤʘ ʞʠʚʳʭ 

ʢʣʝʪʦʢ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʩ ʚʳʩʦʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʥʘ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʢʣʝʪʢʘʭ (Korchev et al. 2000). ʏʫʚʩʪʚʠʪʝʣʴʥʳʤ ʟʦʥʜʦʤ 

ʜʣʷ ʉʀʇʄ ʷʚʣʷʝʪʩʷ ʩʪʝʢʣʷʥʥʘʷ ʤʠʢʨʦʧʠʧʝʪʢʘ, ʥʘʧʦʣʥʝʥʥʘʷ ʵʣʝʢʪʨʦʣʠʪʦʤ, 
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ʢʦʪʦʨʘʷ ʧʦʜʢʣʶʯʝʥʘ ʢ ʚʳʩʦʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ, ʫʩʠʣʠʪʝʣʶ ʪʦʢʘ ʠ 

ʩʤʦʥʪʠʨʦʚʘʥʘ ʥʘ 3D ʧʦʜʚʠʞʥʦʡ ʫʧʨʘʚʣʷʝʤʦʡ ʢʦʤʧʴʶʪʝʨʦʤ ʧʣʘʪʬʦʨʤʝ. 

ʂʦʥʪʨʦʣʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʦʪʩʣʝʞʠʚʘʝʪ ʜʚʠʞʝʥʠʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʧʦʜ ʩʪʝʢʣʷʥʥʳʤ ʟʦʥʜʦʤ. ʇʦʣʦʞʝʥʠʝ ʟʦʥʜʘ, ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ, ʩʠʣʴʥʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦʪʦʢ ʠʦʥʦʚ ʯʝʨʝʟ 

ʧʠʧʝʪʢʫ - ʧʦʪʦʢ ʠʦʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢʣʝʪʢʠ ʢ ʢʦʥʯʠʢʫ 

ʟʦʥʜʘ. ʇʦʪʦʢ ʠʦʥʦʚ ʜʘʸʪ ʩʠʛʥʘʣ ʚ ʮʝʧʠ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʢʦʪʦʨʘʷ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʩʠ ʧʦʟʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʦʙʨʘʟʮʘ ʠ ʟʦʥʜʘ. ʀʟʦʙʨʘʞʝʥʠʝ ʢʣʝʪʦʢ 

ʉʀʇʄ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʢʘʥʠʨʦʚʘʥʠʝ ʨʘʩʪʨʘ. ʉʀʇʄ ʢʘʨʪʠʥʢʘ ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭʤʝʨʥʦʡ ʢʘʨʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʦʯʝʢ, n, ʛʜʝ 

ʢʘʞʜʘʷ ʨʘʩʪʨʦʚʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʪʫ ʢʣʝʪʢʠ. ɼʦ ʦʮʝʥʢʠ 

ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʩ ʧʦʤʦʱʴʶ ʉʀʇʄ, ʥʫʞʥʦ ʠʟʤʝʨʠʪʴ ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ (Zref) ʢʦʥʯʠʢʘ ʟʦʥʜʘ ʥʘ ʩʫʙʩʪʨʘʪʝ, ʛʜʝ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢʣʝʪʢʠ 

(ʈʠʩ. 12A). ʕʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʩʯʠʪʘʪʴ ʥʘʩʪʦʷʱʫʶ ʚʳʩʦʪʫ ʢʣʝʪʢʠ z(x,y) 

ʚʳʯʠʪʘʷ Zref ʠʟ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ (Z(x,y)). ʕʪʦ ʦʩʦʙʦ ʚʘʞʥʦ, 

ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʘʩʪʝʨʘ ʢʣʝʪʦʢ ʠ ʧʦʣʫʯʝʥʥʘʷ ʢʘʨʪʠʥʢʘ 

ʥʝ ʩʦʜʝʨʞʠʪ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʪʦʯʢʫ ʩʫʙʩʪʨʘʪʘ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʙʘʟʘʣʴʥʘʷ 

ʢʣʝʪʦʯʥʘʷ ʤʝʤʙʨʘʥʘ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʝʪ ʢ ʩʫʙʩʪʨʘʪʫ (ʥʘʧʨʠʤʝʨ, ʩʪʝʢʣʷʥʥʦʤʫ 

ʧʨʝʜʤʝʪʥʦʤʫ ʩʪʝʢʣʫ, ʤʝʤʙʨʘʥʝ) ʦʙʲʸʤ ʢʣʝʪʢʠ (Vcell) ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʸʥ ʩ 

ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ 

     (1) 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʥʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʥʘ ʢʣʝʪʢʫ, z(x,y) ʚʳʩʦʪʘ ʢʣʝʪʢʠ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʨʘʩʪʨʘ, dx ʠ dy ʠʥʢʨʝʤʝʥʪʳ ʩʢʘʥʘ (ʨʘʟʤʝʨʳ ʧʠʢʩʝʣʷ) ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ x ʠ y. ʉʀʇʄ ʠʤʝʝʪ ʨʘʟʨʝʰʝʥʠʝ 10 ʥʤ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ 50 ʥʤ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʪʝʭʥʠʢʠ ʤʦʞʥʦ 

ʠʟʤʝʨʷʪʴ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥ ʦʙʲʸʤʦʚ ʦʪ 10
-19

 ʜʦ 10
-9
 ʣʠʪʨʦʚ. ʂʣʝʪʦʯʥʳʡ 

ʦʙʲʸʤ, ʪʘʢʞʝ ʢʘʢ ʠ ʦʙʲʸʤ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ 

ʣʘʤʝʣʣʦʧʦʜʠʘ, ʜʝʥʜʨʠʪʳ ʠʣʠ ʤʠʢʨʦʚʦʨʩʠʥʢʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥ ʩ 



65 

 

ʪʦʯʥʦʩʪʴʶ ʜʦ 2.5*10
-20

 ʣ. ʆʙʨʘʟʝʮ ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʦʙʲʸʤʘ. ɿʥʘʯʝʥʠʷ z(x,y) ʠ Vcell ʤʦʛʫʪ 

ʙʳʪʴ ʦʮʝʥʝʥʳ ʩ ʦʰʠʙʢʦʡ ʤʝʥʴʰʝ ʯʝʤ 0,2% (Korchev et al. 2000).  

ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ 

ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʊʘʢ, ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ, ʨʝʬʨʘʢʪʦʤʝʪʨʠʷ ʠ 

ʪʝʭʥʠʢʘ Coulter Counter ʧʨʠʤʝʥʠʤʘ ʪʦʣʴʢʦ ʢ ʢʣʝʪʢʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ 

ʩʫʩʧʝʥʟʠʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ (ʢʘʢ ʧʨʘʚʠʣʦ, ʩʬʝʨʠʯʝʩʢʦʡ) ʬʦʨʤʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʢʣʝʪʦʢ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʟʘʪʨʫʜʥʝʥʦ ʚ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʟʘʯʘʩʪʫʶ ʨʘʟʣʠʯʠʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʠ 

ʬʦʨʤʳ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʚʦʜ ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʧʦʜʣʦʞʢʝ 

ʢʣʝʪʦʢ ʚ ʩʫʩʧʝʥʟʠʶ ʧʫʪʝʤ ʪʨʠʧʩʠʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʦʙʲʝʤ 

ʠ ʬʦʨʤʫ ʠ ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʩʤʝʨʪʴ ʢʣʝʪʦʢ  (ʪ.ʥ. anoikis) 

(Akimova et al. 2008). ʀʟʤʝʨʝʥʠʝ ʦʙʲʝʤʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʚʦʜʳ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʥʠʢʘʶʱʠʭ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʠ ʥʝ ʤʝʪʘʙʦʣʠʟʠʨʫʶʱʠʭ ʚ 

ʮʠʪʦʧʣʘʟʤʝ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʥʘʧʨʠʤʝʨ [
14

C]-ʤʦʯʝʚʠʥʘ ʠ ʤʝʪʠʣ-D-[
14

C]-

ʛʣʶʢʦʟʘ, ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥ ʠʥʢʫʙʘʮʠʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʨʦʤʳʚʢʠ ʢʣʝʪʦʢ ʦʪ ʤʝʪʦʢ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  ɹʦʣʝʝ ʪʦʛʦ, ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʥʳʝ ʵʪʠʤ ʤʝʪʦʜʦʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʢʘʞʝʥʳ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʛʠʜʨʦʬʠʣʴʥʩʦʪʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʪʠʤʫʣʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʤʝʨʪʠ ʢʣʝʪʦʢ (Hortelano et al. 2001). ʊʨʝʭʤʝʨʥʘʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʠʣʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (Poulsen et al. 

2010) ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʲʝʤʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʪʘʢ ʢʘʢ ʨʝʬʨʘʢʪʝʨʥʳʡ ʠʥʜʝʢʩ ʮʠʪʦʧʣʘʟʤʳ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʘ ʢʣʝʪʢʠ 

(Yusipovich et al. 2011). ʊʝʭʥʠʢʘ ʠʟʤʝʨʝʥʠʷ ʪʫʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʢʨʘʩʠʪʝʣʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʮʠʪʦʧʣʘʟʤʝ 

(Solenov et al. 2004). ʂʦʥʬʦʢʘʣʴʥʘʷ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʪʨʝʙʫʝʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥ ʠʥʢʫʙʘʮʠʠ (2-3 ʤʠʥ), ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ 
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ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ (Kunz and 

Stark 1997).  

 

 

 

ʈʠʩ. 12. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʢʘʥʠʨʫʶʱʝʡ ʠʦʥ ʧʨʦʚʦʜʷʱʝʡ 

ʤʠʢʨʦʩʢʦʧʠʠ  

 

ʋʯʠʪʳʚʘʷ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ, Boudreault ʠ Grygorczyk ʨʘʟʨʘʙʦʪʘʣʠ 

ʤʝʪʦʜ dual surface reconstruction  technique (DISUR), ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʬʘʟʦʚʦʢʦʥʪʨʘʩʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (Boudreault and 

Grygorczyk 2004). ʕʪʦʪ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʪʴ 

ʚʳʩʦʪʫ, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤ ʦʜʠʥʦʯʥʳʭ ʢʣʝʪʦʢ, ʧʨʠʢʨʝʧʣʝʥʥʳʭ 

ʢ ʧʦʜʣʦʞʢʝ, ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ~100 ms, ʨʘʩʩʤʦʪʨʝʥ ʥʘʤʠ ʚ 

ʈʘʟʜʝʣʝ 3.3. 
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3. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

3.1. ɻʣʘʜʢʦʤʳʰʝʯʥʳʝ ʢʣʝʪʢʠ 

ʀʟʤʝʨʝʥʠʝ ʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʧʦʣʦʩʢʘʭ ʩʦʩʫʜʦʚ ʟʘʪʨʫʜʥʝʥʦ ʚʚʠʜʫ 

ʙʦʣʴʰʦʛʦ ʠ ʪʨʫʜʥʦʧʨʦʤʳʚʘʝʤʦʛʦ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʢʣʝʪʦʢ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʫʣʴʪʫʨʫ ɻʄʂ WKY-7, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʘʦʨʪʳ ʢʨʳʩ ʣʠʥʠʠ 

Wistar-Kyoto (WKY) ʠ ʧʦʜʚʝʨʛʥʫʪʳ ʬʝʥʦʪʠʧʠʯʝʩʢʦʤʫ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʤʫ 

ʩʢʨʠʥʠʥʛʫ ʚ ʧʦʩʝʚʘʭ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (Davis et al. 2003). ʕʪʘ ʢʣʝʪʦʯʥʘʷ 

ʣʠʥʠʷ ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʳʤ ʩʦʢʨʘʪʠʪʝʣʴʥʳʤ ʬʝʥʦʪʠʧʦʤ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʢʩʧʨʝʩʩʠʝʡ ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʛʣʘʜʢʠʭ ʤʳʰʮ ʙʝʣʢʦʚ: Ŭ-

ʘʢʪʠʥʘ, ʙʝʣʢʘ SM22, ʢʠʥʘʟʳ ʣʝʛʢʠʭ ʮʝʧʝʡ ʤʠʦʟʠʥʘ, ʘ ʪʘʢ ʞʝ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʘʥʛʠʦʪʝʥʟʠʥʫ ɯɯ ʠ ʵʥʜʦʪʝʣʠʥʫ-1, ʠʟʤʝʨʝʥʥʦʡ ʧʦ 

ʫʨʦʚʥʶ ʤʠʪʦʛʝʥ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʧʨʦʪʝʠʥ ʢʠʥʘʟʳ 

Erk1/2 (Davis et al. 2003). ʂʣʝʪʢʠ WKY-7 ʨʘʩʪʠʣʠ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʩʨʝʜʝ ɼʫʣʴʙʝʢʢʦ (DMEM), ʩʦʜʝʨʞʘʱʝʡ 2 ʤʄ ʛʣʫʪʘʤʠʥʘ, 10% ʙʳʯʴʝʡ 

ʩʳʚʦʨʦʪʢʠ, 100 ʝʜ/ʤʣ ʧʝʥʠʮʠʣʣʠʥʘ ʠ 100 ʤʢʛ/ʤʣ ʩʪʨʝʧʪʦʤʠʮʠʥʘ. ʉʨʝʜʘ 

ʤʝʥʷʣʘʩʴ ʢʘʞʜʳʝ ʜʚʘ ʜʥʷ. ʂʣʝʪʢʠ, ʜʦʩʪʠʛʰʠʝ 80% ʢʦʥʬʣʶʵʥʪʥʦʩʪʠ, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ɼʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʫʣʴʪʫʨʳ 

ʠ ʧʨʝʢʨʘʱʝʥʠʷ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ 

ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0.2% ʪʝʣʷʯʴʝʡ 

ʩʳʚʦʨʦʪʢʠ. 

 

3.2. ʂʣʝʪʢʠ C11-MDCK  

C11-MDCK - ʵʪʘ ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ ʩʫʙʢʣʦʥʠʨʦʚʘʥʘ ʠʟ MDCK ʢʣʝʪʦʢ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʩʝʚʘ ʢʣʝʪʦʢ ʧʦʩʣʝ ʠʭ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ (low 

density seeding strategy). ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ C11-

MDCK ʢʣʝʪʢʠ ʧʦʜʜʝʨʞʠʚʘʶʪ pHi ʥʘ ʫʨʦʚʥʝ  7.16, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 
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ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʜʣʷ Cl
-
 ʠ H

+
 ʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʪʨʘʥʩʵʧʠʪʝʣʠʘʣʴʥʳʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʨʠ ʠʭ ʧʦʩʝʚʝ ʥʘ ʧʨʦʥʠʮʘʝʤʳʝ ʧʦʜʣʦʞʢʠ. 

ʇʦ ʵʪʠʤ ʩʚʦʡʩʪʚʘʤ, ʘ ʪʘʢʞʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʙʝʣʢʦʚ-ʤʘʨʢʝʨʦʚ ʦʥʠ 

ʥʘʧʦʤʠʥʘʶʪ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʩʦʙʠʨʘʪʝʣʴʥʳʭ ʪʨʫʙʦʯʝʢ, 

ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʮʠʷ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ (Gekle et al. 1994). C11-MDCK ʢʣʝʪʢʠ ʚʳʨʘʱʠʚʘʣʠ ʩʨʝʜʝ ʀʛʣʘ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦ ʩʧʦʩʦʙʫ ɼʫʣʴʙʝʢʢʦ  (DMEM), ʚ ʢʦʪʦʨʫʶ ʙʳʣʠ 

ʜʦʙʘʚʣʝʥʳ 10% ʵʤʙʨʠʦʥʘʣʴʥʘʷ ʪʝʣʷʯʴʷ ʩʳʚʦʨʦʪʢʘ, 2 ʤʄ ʛʣʶʪʘʤʠʥ , 100 

U/ʤʣ ʧʝʥʠʮʠʣʣʠʥ, ʠ 100 ʤʢʛ/ʤʣ ʩʪʨʝʧʪʦʤʠʮʠʥ, ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ 

ʧʦʩʘʜʢʘʭ ʦʪ 60 ʜʦ 80 (Akimova et al. 2006a).  

 

3.3. ʀʟʤʝʨʝʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʸʤʘ 

ɼʣʷ ʪʨʝʭʤʝʨʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʦʧʦʛʨʘʬʠʠ ʢʣʝʪʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʜʨ. ɻʨʠʛʦʨʯʠʢ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 2-ʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʢʣʝʪʢʠ, ʚʟʷʪʳʭ ʚ 2-ʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ (ʈʠʩ. 

13). ʕʪʦʪ ʤʝʪʦʜ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʤʝʪʦʜʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʧʦʤʦʱʴʶ 2-ʭ ʠʟʦʙʨʘʞʝʥʠʡ (Double Image Surface Reconstruction Technique, 

DISUR) (Boudreault and Grygorczyk 2004). ʂʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʨʦʮʝʜʫʨʳ DISUR ʷʚʣʷʝʪʩʷ ʧʘʯʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʭʦʞʘʷ ʥʘ ʧʘʯʢʫ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʅʘʨʫʞʥʳʡ 

ʢʦʥʪʫʨ ʢʣʝʪʦʯʥʦʡ ʦʩʥʦʚʳ, ʥʘʙʣʶʜʘʝʤʳʡ ʙʣʠʟʢʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠʢʨʝʧʣʝʥʠʷ ʢ ʩʪʝʢʣʫ, ʩʣʫʞʠʪ ʰʘʙʣʦʥʦʤ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʧʘʯʢʠ 

ʢʣʝʪʦʯʥʳʭ ʩʨʝʟʦʚ. ʇʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʤʳ ʧʨʦʜʚʠʛʘʝʤʩʷ ʦʪ ʦʩʥʦʚʘʥʠʷ 

ʢʣʝʪʢʠ ʢ ʝʸ ʚʝʨʭʫʰʢʝ, ʥʘʨʫʞʥʳʡ ʢʦʥʪʫʨ ʥʝʫʢʣʦʥʥʦ ʩʞʠʤʘʝʪʩʷ, ʚ 

ʧʨʦʧʦʨʮʠʠ, ʟʘʜʘʚʘʝʤʦʡ ʧʨʦʬʠʣʝʤ ʢʣʝʪʢʠ, ʚʠʜʠʤʳʤ ʩʙʦʢʫ. ʂʣʝʪʦʯʥʳʡ 

ʦʙʲʸʤ, ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚʳʩʦʪʘ ʙʳʣʠ ʧʦʩʯʠʪʘʥʳ ʠʟ ʪʘʢʠʭ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ. ɺʩʝ ʧʦʜʩʯʸʪʳ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ 

ʩ ʧʦʤʦʱʴʶ excel (Microsoft, Redmond, WA). 
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ʈʠʩ. 13. ɹʣʦʢ-ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʙʲʝʤʘ 

ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ DISUR.  
 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʚ 3D, 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ DISUR ʠʣʠ ʩ ʧʦʤʦʱʴʶ CLSM, 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʤʘʪʨʠʮʳ 2D, ʩʦʜʝʨʞʘʱʝʡ ʧʨʠʤʝʨʥʳʝ z-

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ.3D ʧʝʨʩʧʝʢʪʠʚʘ 

ʢʣʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʟʘʪʝʤ ʩʪʨʦʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ORIGIN (Microcal Software, 

Northampton, MA). ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ (ʧʨʝʜʧʦʣʦʞʝʥʠʝ 1), ʯʪʦ ʠʟ-ʟʘ ʪʦʛʦ, 

ʯʪʦ ʦʙʲʸʤ ʷʜʨʘ ʚ ʷʜʝʨʥʳʭ ʢʣʝʪʢʘʭ ʚʝʣʠʢ, ʠʭ ʚʝʨʰʠʥʘ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘʜ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʷʜʨʘ, ʬʦʨʤʘ, ʧʦʭʦʞʘʷ ʥʘ ʞʘʨʝʥʦʝ ʷʡʮʦ ʚ ʚʠʜʝ 

ʛʣʘʟʫʥʴʠ. ʂʘʢ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ, ʧʦʣʥʘʷ 

3D ʬʦʨʤʘ ʢʣʝʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ, ʜʦ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ, 

ʩ ʧʦʤʦʱʴʶ ʪʦʣʴʢʦ 2-ʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʘ ʦʜʥʦʤ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ 

ʠʟʦʙʨʘʞʝʥʘ ʢʣʝʪʢʘ ʩʙʦʢʫ ʩ ʬʦʢʫʩʠʨʦʚʢʦʡ ʥʘ ʚʝʨʰʠʥʝ, ʥʘ ʜʨʫʛʦʡ ʜʦʣʞʝʥ 

ʙʳʪʴ ʠʟʦʙʨʘʞʝʥ ʥʘʨʫʞʥʳʡ ʢʦʥʪʫʨ ʢʣʝʪʦʯʥʦʡ ʦʩʥʦʚʳ, ʠʟʦʙʨʘʞʝʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʦʢʦʣʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʦʚʥʦʛʦ ʩʪʝʢʣʘ. 

ʇʦʚʝʨʭʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʷʚʣʷʶʪʩʷ 






















































































































































