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1.1 © J Hj dzd J

[ O | ) Emdzts o d Msan A3t e s dets bipliztf 2 s C tolzy O
CadzjdsCftcj HMisOadlsjdzj?2 Ydotlsdisets YOteMmlse O
HO9 dzj dzd ¥ , oL dd C O8N j Bz ) md dziz dzj tc C
stccOdzd yj MCdm J Bty CdgzC dzj Jdzso " 7 S dMmdztsls
YJ oL d&3j d3B tc O dzlz dzd L C sd3tsdzj € 2z dzv todz' - f

edzj o tsHjdE @B sdgd Is d His. ) . YIstsB f totsls
ZzOC s dzj ded 9 BH' , mMesf zlsmise 8 h | A3z i s
st Oded yd MS dn shiisdzd sso , Cdzy s¢ (d sls € O

ftod dd&3kzh j Mise j dadzets ( 5 dz dzOk e d Wy ls &6 Na #)d o t§ H
ML HOdz]d & Is. dz.¢ 5 H cSci@pCHisagikifgfyy and Leaf
1977;Hoffmann and Simonsen 1989;Lang et al. 1998a;Mongin and Orlov
2001) s dz¢t yJj 9 OV  tots dz o L Isdy3 f to-uzPfiplgin ( to
Colister 2 btcOdkRfzptebdodzPpltcd? o B BRI d O !

RL d3J dzj dzd W Istc Odzm d3d 3B tc O dzdets e 5 ff J to dats
shdsdzPstsHL | MEsteshmisd Mddsj i @GOds g ©
yomisr j fteduddad d dstsed WY OO ¢ dzj ssEOCY 5L 9
O tedazjffej yj dzd ddemizdzddz 9" L " 9 OjIs dzOB Lz~ O
OC Isd o Rajk[ dCI-C tsls tc O dzfn NEtellstOB d3f (He@brucker et al.
1991;Haussinger and Lang 1992;Haussinger 1996)0 o dzj tc o dzts 2
OCIsde Oydw dsdeslste st dz" n tej yjfsstetso G
ykze mlse disj dz' dzr n ZOlsted j o " n C OdzO dzts o ftod
dzj 2 to ts @uechwell et al. 1996)1 Of tetsilsd o , ddzls§ dzind o dz
BOC tsdiItsdzj § z dz dL Hisdzy J dz od Misd ¢ z ¢
odzz stef ¢ dzj ssydats? fHGIOHS'dJ d SOF P edssy s BT
OCIsde OydJ 2 SlslstsC O hhisdzdlsto dL C dzj Is¢
Hy2fjlap Eoteditsdese d ang &twldiyo8a) Ols stets o



l ftesy My 1 eotsdzs ydd GCdzjls€d o7 tcOBBISC
dzj sSB - BHJ A J H dzw L Oh dIsT C dzj Ists fdstdeosts ts 1S
dzOB zr- Odzed W d d¢dj = dgdPusdf™v . B Mistets 2 sBi j d3dz
Ctsdzmj o Ofdef dzd dzydtf  Odz! des MrasHd COC o
stec Odzd L BBOR, § lB@E Cdizj IsB O d&3qd tc O L(@Hlfsy dz' -
1988;Chamberlin and Strange 1989;Lang et al. 1998b)C Isd d3J ~ Odz(d 1L
o Cdzs yOs Is cdyslsjilsdyd MEd2 ynigsksste tse(l fij Jd
OCIsdedtolzj d3r J My ehtstetsdz MdMmisj d3" o dzlz Iste d
zOC tsdzj y, dmf sdzded Isj dz! dz" § MdMmilsy 3" , CBlst
3 Olsdd Coifjdhdelzels dLdjdjddy Bl j B3C
ZOC s dzj dedvw hditslsdyd MSd OF Iseftsd) - d dzsddg &
shdsdzdlsse, o jHEZMd2 ¢ Ed3j dz@ " j dig¥ O dgddr,Is ts
fsdzyddz 9 Odedldizs®w Ok yidzs? dzOL 9 Odzedj fitej clzaz
tsB i j d@R@D (RegulatoryVolume Decreasg . 1 totsls d 92ts { fisteidsy jd&) )
ZOC s dzj dzgdw HEf sdzddlsj &' jd ¢ sHREH &EOIs &
zo J dzd uyg dzd ® sBl jBO §tsMmdzy My Oldvw, dzOL T ¢
sB i j dRYD (Regulatory Volume Increasg ) Btsdz h d dzflsoe j
RBdzj S5 JISRMDIHRVI toj czdzdteclzs Is B j d3Z3%M Iss1
(Hoffmann and Simonsen 1989;Lang et al. 1998a)l t©wH ] Mdzzy0OJ 9,
9 CdzjlsCOR 1 dzHBslsj dzdw MsMkzHBe tetsodyr
~0.5%(Kuang et al. 2006)

| fYsfmdzjHdd] ctH' Hehmisdedkls Mkh jmisse .
fedtesH " fjdhsted Cd&jkssydkses Bl j B0
Codzgstesdzdels " 7  OCIsdo daslss @l fhe b day &
Bl jBO Ca@ftskds, ydhmds ©O0sslk, §siewh,
S dMCdeddz sd¢d dBsHJ¥JCOydd Bl j BO fted ¢
CdzjlssS d fttd Hj2TMsadd W OCkstss, &sHJ:
or LT 90@shdn Cdzjlstsydsks Mmdsitels: , Is. j. w



YWdLddzsedyj MS sy d fOobsWdLdsdtedyd MS sy
BOdzr dzdztydd Mf 2B AJEOYg mistswisj dz Mlso s ot ddz
®Bd IssHd U} MG d B GE@Oddmy fdfud@mnm v ddj, 6,
Is | = dzGdller Counterf ted d3d dzgd B3O Istsdz? €5 ¢ CdzjIsC O
Memydda dd d MeOo ded Gip o dptely K EHNBER2 )( ¢ OE
sdzjHEZjIs SOCY | Bldiilkdlk!, ybt f§fjijtcjotH {1
My jdLdes fklsjd sedf mdddo O dtdyizf dgmds o §
d dsfipesydtcse Ols!  Mm@kinowk et ak 2P s R L d3j toj dzd .
Bl J BO o dkzlstedC dzj ssydets?2 otsH' ) § sdgsh o6
d dzj dBidetddfdL o yYdlstsf &zBgEs 2 misj H dzdels gzd
otcj d3gj dz ddzS B OYdd Hdzvw EMlsOdetse dzj dzgdw d =~
ddzls j demMdo dets?2 ftesdzr 9 € d € Gzl Bis  d3giz)p 6 6z |
ftosmistcOdzmise § . stej n 3 odzOW o] € sdzMistelz € Y«
ZOL jtodets? ddzlsj teW j toj dzyd tsdzdets?  d dfFoulsets dzts ¢ te
et al. 2010)dzj Bsyjls BT s dmf sdz’ L s9 OdzO H dzw
dL Bj dzjs@?2 COC tjWwOClsjtedzr 2 ddzHj S ydlstc
¢ dzj Is ¢vdsipovich et al. 2011) vjmaded €O dL d&3j toj dad W
Waktstej My dzydd SCtOfmdlsjdzj?2 fJtojH s5dzOc0O,] Is
Yy d s atfdglg@Solenov et al. 2004) s tsdzW ¢ Odz' dzyd dzts[o OO Is
&B3d ¢ te sy SCtasjfediry Isls Mtc Oo dzd s dig jodsy dai dedaist Hade gl dnd
Bd dz) o Isd ud dzd J Cslstster = deglzp § 2B Is § dzOdzd
WislstsH d dzOd3d u J ffkudzjandStark 3997)s *

vydlsr e Ow 1 Isd otscic@dpzgzd 5o Ols j dz' ME 53
dzdoe j ofif.Isj I Bdizic ] B' dz tc @3 is®mi tsls Otddn dzts 9 O dzdz'
WOLtsotsCtsdzlstcOMisdets? dB3dStesMEsfdd © HelknA
(dual surface reconstruction technique DISUR) (Boudreault and Grygorczyk
2004) GClstsls d3j stsrR, tstfidase twdgdy) dafizs dL d3j tew Is!
fseo jtorndetsmisd d tBi jd3d tSHddydse = Cfgj ss¢,
ot d3 dzdz" d3 tcOL teng" j dzd jd3 ~100



K jdz s ZzOMmMistsw h g dztc O sy J dzd 4 Cddad Isd &
sBl j &3O fted Hyj2Mlsedd 2ddadgLtslisdets o Ok jisls
fzteddst cedyy MSdna toj Yy fststetso n f s h
fsejten dzsisd Cdzj sCd f-Bd WHstEesBHBE O dztzi
dL sBtcOY j ded 2, i sdzlz yJ dzdz’ - ) fJtef j dat
(DISUR)(Boudreault and Grygorczyk 2004) 1 Od&sd B '™ dzd MW tstecd3lz
fdzjHizt OdPUd dMmijdzj Hise Oded v

1) t OL OB sIsOIs B Is s H s dzty & dzdDISHiRtc d dgY dzj dzd

dmmdzi Hiseo OdzedwY dL B dgj ded?2 tsBJ jJ &3O G dzOH &

Cdzj ss¢, HtwdStejfdzjdeder = & YBHIEYSC], Is .

in vivo.

2) RizydIs! Cddzj sdS k2 dL d3j dzj ded W sBl j BO

ftcdotsuHwhdgn ¢ Hozdz dsteW tsdzts € dzy 5 g Y dets Ac

Mz telsd: O dstL jlyder dBOHS dzj sts€¢ d dzj CtetstL

f sy ydgr = £ 0dzOdz' yJ o

3) RLEYdIs! tc ts5 dz fteddaet cedy MSdr td yd

LOfEMEOj d@3se s daB3d MJde dzOdz' degse s € OME OH

Lfdlsj dzdw ftyd yde" » SOdZOdz' yJ o

HRLEydlils: tc ts dz- dL d3j dzgj dzgd 2 tsBi jJd&BO © ¢cd

tcsfistse r A WOClktitse , HisB Qo dzj dzd d d dzc o

MisOkztetsmy tstc d dzANa'(gK™-¢f dzaC B &IOB O dz0 .

l Bt J CIsO Mty 6 s Oz idy dzts o dz" o3
B d3j dzlsiOfzd tc 9 € dzj ICALIGPMDCK f s Mo tsd d3 W k2 dz€ yd s d
Mo ts2 Milseo O3 zOf sdzd dzO¢¥ Is dqdzlsj temisd yd Odz: dgr
stczB syd &, HdzZw Clstster m 9 dz2OdBtsdzy 4  tsdz
Istetff stelsd oz M d J mMdMmisd o3 , tcj ezdzdtelzs h c
o yJ f Is 6Gaghdsd et al. 1998;Gagnon et al. 1999a;Gagnon et al.
1999b;Orlov et al. 1999Bourcier et al. 2002;Brindikova et al. 2003;Akimova
et al. 2006a;Rayment et al. 200 Isstg’ ro tsls AMDQK] § dz jtsldsts €

10



(Pchejetski et al. 2003) € AYMC Htsn tcOdgw e Is N dL dzgj MY sMts
Hize sMtesydzsds J daGKE- o e Odzd OB Od detsds  d  H
COtHdtslstsded yj M< ahal etfglls2ptd)s IH Axdgefj s+ dn, o
ZzOIsd oMIME C dzj stsC, [ LHGMECCc ©2 dzj o st tod d &3y
d dzH Iz € Is ts tc O dBehtftietals I995@Drlov et al. 1999¢)

l sdetsy Jdzgdw, orf desmdd3r 4§ dzO L Oh dlsk

lve jdzdyj dedj tsBi j BO Cdzj stsNa - tslso jls d
dbuAnOL"T EZOBOddztsdz dzj wWodzw jlIlsiqw ftedyddets?2
f zZOL BOIsdyi ME B2 B BBtcOdzr  Md3d telsd € dzj Ist
l ~OtOCIsjtodz" &3 dBOS jtcOBRBI dzj StetsL O.

203 dz' M jdzedj tsBI jJBO CdzjlstsC daj By jls
BFOtC Y esd3 Of sf stsL ©. 1 d dzOBk~Odzd 4y, dzd >
slsd3j yJd dedz" j f tdeds Miashiplots GdzWddhds stctse d HBB O9
dziy wodzwe Ismw HBMISOItsSyYdz d3 kfmdzseadj d3 Hdzw 1

3dSCIsdo@fMwztced dzt ecdy MEdr tojyjtfilststotse
Hdzd Isj dz' dzf o3 s dz# " jded j d3 BB jJ dBBO C dzj stsC 4
My B+wk® Miso d Is4B@ErtHo s +o" Bty @' 8 j dad j o3 15
9 tlso jls d@PYREkdpPEEEss dzj odzdw jls dzO ¥y
Cdzj ssC d wodzw jlsfqw ftodyddets?2 ko j dzdffyud ded v
Fos
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2. BLBt dzdIlsj cOlskzter

2.1. [jnoddyuthy kBOLS dzj st
I Mk kg §syds? MisjdSd doslsdr j

tcjckzdzdtctso Ols e 52 sBi j O3, Yylstse" d dL B §
fsHHjteydoOls! Ctdzyd dzlstcOyde o dzzlsted $ dzj Ists:
20 i s diElzrdes tdatflzjh.d ] tStcc Odedf Isdz'e M tcthtis® ¥y d
f tots Ispflsotty’ dzd df sdssisd yj miOyfdgas s dfgls to § iz . o 7
fsLotsdzsydzr » BBty tcdetsilss o dzj € dzj Is 5y dzts 2
f sl Istsdilz Bisdz! h d dziplse ts sd i tso Cdzj ss¢, |
Lfdlsj dzd Odz! dz" A Cdzj sts¢, O IsOC jtsylp g Getizfy
C Of ddzdzw ter Cdzj sts¢€ Ctotso d-dzd By  LYds@pdjldgiydp’
ShBssdud MSdd3 Mmistej MnOd3. g 3 dzy  d3d dzj J .
fsmisswdgmlseots odgj Cdzj stsydaets?2 Mmtej HT C dzj Is¢
sl jd&3 CO& MmdzjuMmbsody dL &B3j dzj ded s Mfiggistdzd sx3s@
Yybsts dd3j jls fewdsy wldshjddj ¢ OSSR W
HJ dzd dzd § HdWW jnteiij delpd totLo RO sW h j d3 tcOL H
CtcOCts Mzdsdsdtelkzj d3 HOdzdzr §| B &3 -~ OdzdL BBO~A
Okzktestejckzdzw ydd tBi j RO, ts B ted@h tOh | tizfilpts g
Omf j Sl 1 Ists?2 f toiB@ " ¢ dzjOls Coidsj wiadasm s o 25 e
Cdzj ssydesegts tsBi Jd&BO d C0O0Cd| Gjdgj cdtclzj d
slsdetsh jdad j] &) &l @9 prfdgrscO=izts o dzj dedwv € dzj stsy
2.1.1. A0Skt , ftjH] iyt dgaigids £y dz -
Efdztse dw o

[ O ©® EfmMzsedwr foMmistsw ddsets tsidsdy
CdzjlsCd o Mhdn fsLotdsydz = ftsHoe jto) j dg
oL dzed C O h j gz ) nd dziz dzj tOo dztse j Mdzs @ ts
Bts dzj CHzjdrzC s, dgzC dzj Jdeso ™ 7 € d fipgztels d3gf d3adejotPdte
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ddL CdiRtsdzj CEdzwvtcdzr » MtsjHddzj dzd?2 ( Od3d dets €
d Htcy btsB T ftoslsdo smistsw s d3d H dzJ dzdzts d3iz
Mo zlsmMiseze M j @3z Gtseor hj ddesdzz MmisH J oy Odzd &
Cdzj s¢d BCOYdoOsls dzj Stec Oded Y MS dzPdIs & tf vz’
( Na+) d Jdhstwlsts( CftcdotsHdls € ML HOdz] ¥
tcOQo dzgtso § Md W ( H dacknighs and td @af 19dF;Hoffmann and

Simonsen 1989;Lang et dl998a;Mongin and Orlov 20013 dz¢ yJ 9 OW g s dz!
L Issds ftesyd My f c-dzx@QEslrky dIE sNste! K+ Istc Odzfr
Cdzj sGCd dzOlIsted? o BBMRJd O SOdzd2. 14 t60o
slsdetsd Is j dz¢ dzts or mMsC Ow ftesdzd yo,j dztsmls

Slsted yoOlsj dz' dzr 2 1 dzj Clsted @4 TBOGY i 5B zy kO d
Yls ts, o Moty tyujdtej HOdzj s ald X jHISS § Bldzdzd Is j dz!
shissdud MSdd f(omdjumsedy fodmizlsmise dw
Odzgd sdzeseo. RME &zt yidzedjy drL L Istsets ftcOo d dzO
ftoj 5B dZOHO] Is OdzdudiplizOwvd fQetslelmtayOjj dgtsc zIls  H ¢
mMkzh jmMsosea Ols! o EmMdzsedwrs ddz¢ dB dtctso Odzadats ¢

2121 j MsOydtsdzOtedz § dL d3j Gztettc | d 2z dzy ) @ ded IS &
Cdzjds s

sOC Ekyj BbBj yodsm! eorhj, dL di3jdsj ded "
dtsdzese d e Oddgpms P ORHY M stesmisd
BOC tots BSddgSEdBds dzj § YOMIs™ § Yébd uds j dsBH § dix
f sL o tsdety@f , 7. dzOff tod d3§ to, o HJuydded ddzmizdz
GjiOsydlstse o fdzj NaKS AQL-§ s ISXE Ascfip fORUEEO
ts B d3 j(Hizlbrucker et al. 1991;Haussinger and Lang 1992;Haussinger,1996)
) dzj tc o dzts 2 Is € ©dzqd OCIsde Oydw dtsdetsilstcts i dz
f slsj daywHemgds o dIsj dz! dzf = dzOIstcdjor n §C OdzOdztso
sBi j B30 d&AfHutchweititebal. 1996) j f Olstsydlilsr sOSC Yy J &

13



zOB zZr Odzeds Htod ko j dzd yJ dedesdz L (Hauwsdigej G dzs
1998) O " hJyde § Cdzi s€d dOBERZAOEIs {ftod
o fdzj Hinlso dj dzOC s dzj dzd Na'/HizO B P EzO, d o 'O ds@ d
LOC dMmdzj dzd § A3 (hpaglsas HIdzPE8RT 1 Of etslsd o, d dzls §
mddals g L BOCtsBsdz] S2dz HBdyjd o) Mmisd ¢
odzz st d € dzj stsydets? TRt JOHS'd i d SBE QB dsdsy s BT
OCIsde OydJ ? slslssC O hd@tcdzdlstse dgL C dzj Is¢
Hi2fjsp destedssdatse  d  dey DB s d3fsai ff PdsJsde'ts’e | dzq |
Cdzj ssydesegts tsBi jdZO o7 LM 90Ojls OCIsde Oydw
Gzt COctsdzsdz © G JHfOlssydlsoOr ddzd duvaA ddzd
C dzj Is(SEdEang et al. 19983)

Il ftesyj MMy 1 otsdzs ydd GCdzjlsCd o7 tcOBBISC
dzj sBRtsHJ A j H dzW L Oh dlIsT C dzj Bt e s 1S
dzOB zr Odzed W d dgdj = dgdPusdf™v . B Mistets 2 sBi j d3dz
Cosdzmj tco Olsdoadzr d Htwddeydf JOdz! dzs fMmn tSH dgr
st Odzed L @O~ , dj lsdiz Cdzj Is€ Odzd tc O L(@Hepsy dz" n
1988;Chamberlin and Strange 1989;Lang et al. 1998b)C Isd d3J » Odz(d 1L
pCdzs Yyorls edfslsilsdyud mscd? md st (Mjd
O¢ldedtelzj 3" § MJ dhtstesds MdMis Jd3'Oy doddzlz Is i
zOC tsdzj y, dmf sdzded Is§ dz! dz" § MdMmilsg i, CsIsk
fpy Olsdd SCoifjdhdelzels dLdjdjddy Bl j B3C
ZOC s dzj dedvw hdEslsdy MSd OSCIsdodz = &Bsdzj ¢
sh@cdzdlstse, o jHEZMd2 ¢ EkEd&j dz dzjj daZBO®@d@ddrj, Is s
fsdzeyddz o Odeg iz Ok lydzis?2 d&zOL 9 Odzdj fitcj 6 zdz
tsB | j @RED(RegulatoryVolume Decreasg . 1 totsls d 92ts {f ffistabdsy jdig
dzOC s dzj dad W Hsf sdzdzd Isj dzt dzf = @ thhdisdzdistse,
o jdzdyjdde Bl j B3O { chdgjz dGlkdas,) 46 ' dz
tsB i Jj dRYD (Regulatory Volume Increasg (1 d fi).. (Isdze tso tc j d3j dzdz!
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OHOf IsOydw ¢ Oz L sdtsisd yd MS d d3 mdzts e d
o j ddud ddjd ddd zd&jd' "jddjd + it nnd:c
dzdL S sdisdzj € 2 dzw todz" = stce P @dzdzl S &8  tSOfLd3is jda
1 CMmfted Mihd d GJ dztso i tcd Hdzd Is § dz¢ dzts 2 B3ts +
OdzOdzd L d te ts o @QBing) O95;Bur@ dkalj1997;Burg et al. 2007;Cheung

and Ko 2013)d dzOdgd tOMMmdzOitcd 8 ®itlds iy dzils o j ¢
Bdzj S JISRMODIHRVI toj cdzdtekzes Is B j d33%M Ists1
(Hoffmann and Simonsen 1989;Lang et al. 1998a)] tcw®ijjo , M dele@yf tc d d3,
o CdzjIlsC Or 1 dzH sl dzdiwd frf)) ts MABH tgod3 tdf tdscHBH9j oy ¢
Is ts Y dzts#915%(Kuang et al. 2006)

2 3 4 HO 9 Na AN
+
{H—~ - :
- K* B
H,O K (I Cl Cl Na* Cl- H* | HCO5
ORG OSM K N

Swelling Shrinkage
td. [ mdetsizt j  MdMmisy d3F  f tod dzd a0l ¢  dzz WD

sBi j &3O CUdzZN&K AU A 012037 K+ d Cl- ¢ O dzO4iar K+,Cl-

C tsilstc Odzfhff hlerl+,2Cl- € tsls to O dzfiplfi tNeHéH+ tsB d3j dzdze € ;

Odzd s dedz" 2 erdpp Gstitad 2001
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challenges

Relative cell volume (V/V,)
Relative cell volume (VIV,)

it d m.RVIZA) RYD (B) 9 CdzjIsCOr 1 dzHESIs] dzdWw ME
B ¢ O, 9" Lo Odzdzr | ko jdzdyjdedjds d bkd3jdz hj
htlse j Is fisangetatz®009

2.1.2.1f j d3B t6'Odzdds tc O dzf §f tsuedsfijldco z RYDJ j o

) Bisdz' h ddzmlse j Ydotslsdz Cdzj Ists¢€ dzO
slslsdgC K CYjtej L dzj L Qo dmd d3" J , dzs W EkZzdz€ y
COdzdjor J d Odzd s dzdz" | C OdzOaz" . A Iz dz§
smih jmMlse dzv j sw  dzO {6 deodzP dz6j dzB) & © dzthz® ¢ 15 IS
K'fticdotsudls ¢ cocdifjtef sdvtcdw@Apbds djils Of3" &
Ztctso dzjo J IShipBmildeslz j e s { dz SIstetsn d d3d Qd M Sots d3lz
Mgz ydets + WWJjSIlsde dzOW B J d3dzOV 6 G Iz dzw -
Cl.t mdzd o dzzlsted € dzj Is sy dd®dlzd < Gstetalg | diztp tcO©QJd v s €]
Hsf sdzdgw j Isfpw o BtesMisdy tStec Odzd ud BE G HFJ Odzd
McOo dzd Is § dz! dzats dzd L € 52 O dzdKBldzantsl 2 Strafige dzj ¢ Is «
1998;Macknight and Leaf 1977;Hoffmann and Simonsen 1989;Lang et al.
1998a;Mongin and Orlov 20019 dz! Is j e dzOIsd o dzts?2 MmdMmlilsj 32,
RVD, Wwodwjlsmw 1 dzj € Istctsdzj 2ds g33a dd® Cdly dRo dCtddAs) tait
o LtedbsqflsdP3dzi CSIstster = S On 1§ dlIsjd dzd C
Gt OH djdzBlfKs tse Misolzjls o' AsHWN j2 d&sH] 60
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(Orlov et al. 1993;0rlov 1994;Lauf and Adragna 2000) v j Is" tetigd3"d L tsW t
K'Cl- CtslsteOdzitf stels j e ©® d B t§dzj Q9 O &0 dztstpL s s ¢z
(zsdzd totso Odz" fdzjsyaied <lzgf 5. f pOolzdz] 4 tedd dzj ¢ 5
dL dRVDYy &doe j HyQ@r dzeyj 1

e © A

10+ —50

-30

° KCC

—20

set-point

—10

- [
200 300 400 500 600

swelling shrinkage

mosm

t df. 1 @o.d fnd dgLfisls o dasHids i s Is to O dzfi) (KB Is ©
Na+K+,2Cl- € tsls tc O dzf) {NEK@09 © fla+/H+ tsB d3JNHE) (o
LtedlstesydlsOrn Stwr ir ©l hdks dcoEdsipEs o
ddzdzr & Istc Odzifif tsts g g3t iyt jpiEnE®R) 1 Of od dzv s O ¢
1.00 Orlov etal., 1992; 1995)
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v OB d&ZdYyo 1. RHJ dz
ddzdzsc 5 Istc O dzm
and Orlov 2001)

s
s

dWdydtetse Odadz" j dzO
tcls ©

50, EkyOflse & {Momgin

vdf dJoddzsets Is

sdkzsdzd tetso Odzdz” j € C
fdtj dshudsd

sOdzd jor j € OdzOdzr
14 M dudiv §al € dege
C OdzO dz

¢ dzd ts d4Bzuzfs te)€2rO iz 0O dz'
K'ClI-C slste Odgf stels j
Na'/H*-exchangers

Na',K*2CI- € tslstc O dzf i tstg
L Olstedjarj € OdzOdz

Kv1.3, Kv1.5, miniK
OTRPC4

CIC-2, CIG3, BRVDAC?
KCC-1, KCG2, KCCG3, KCCG4
NHE-1, NHE2, NHE4
NKCC1, NKCC2?

ENaC

WWjiClkdo detsls:
d&zjoj kO (

OSkdodteljlsfw
dzj tco dz' n
1996) O o
fzh j filse j dzdz 2
tcJHSCdr Mz yown
d Mafass d3j dzdzd ¢
- 5B 3§ dzdzd €
dzj S slstster A
dzj S tsdz € g7

sqf OF

HrntSHAZr &3 tSBtLOL 503,

s5B8§ M j wd o 'GC)-IsShifwls tc Ozl f S tels s d3,
O dzd ldmug’ etiel. 199800 dxOdd] O dz' dz' -
BsLEO OCkdoOydw

COldtddy &d d
Cdzj ¢ OF

f s1 Istsd3lz
L dz0yd s dz' digf dgd Wcfl3 dpsBj) d3 d3qej
dz0 B Iz \@nizsh j199 1o
(Aksijtdevsdl al. 1994;Mongin et al. 1994;Mongin et al.

G izd Odz' dz" n

md mis§ &.
OCIsd o O d '€ IOKZO &6l § s K tt O dffptiysamdsONeill 1993)

B dzd

9

SE

ts ) d3ts Is ‘gKitdz @ ) ts 1B O 24P M ds ¢

sdz dzj

Cdzj 5§ OF

BB J s
@) lsizg o " 2
a3 " frf' ¢ J supietz” Ced -

f tc
0}

ls

jets OCIsdo dats
o ¢ dzQ@lsomet @ 1WS)y d ¢ dD B0z ¢ s
RVD w8 j it j ude Ckdso fipisnzs y
(LtiedstesydisTH G d Chedp{ 50 )
(1 ©d s @any dtlsl 199Baiangeda? 1998b) |

B

C dzj SBE O R 2 dio L @S |

v 0O0¢ , 9

L dgn sls j dzd Oz

9 dzj ¢ IRV R dzi o1 i§ jodi] @Edzt

Mmis d i3z dzv wdf Jj d sdz@&dar@riretsah ®94;Mongin et al. 1996)

18

C Ols d tsdzdz’ ~

O dzd ts dadze’ o3

d



2. 1. 3 d3B torOflzdz © dzf fitids tzlgy O Miso E RVIJ § o

Na',K*,2CI- € tsls tc O dzfn f BAEHE-fsB d3jddzelzci® j ts f) dzts o dz'
mMdMmisj d3r d3d 3B tc O dzdzts G 5 IstcOdzf stcls O, O¢ Isc
ZyoOfmlse s h dj ) tcjekzdzwIststedzsd3 dzO€ s dzj dzd
t dml). Na K. 2CI-C slstcOdzmtf stels jte + SMftoj Midtetse C
Btsdz! h ddzMmlise j Y do tsilsdz n Cdzj sts¢€ d mkh ji
s oW ) j dede” N, 'j €fedatatAs tc! CdzjIsCd d dL dzj
CtIcOHd j dzls iz o M(RUSsells2@QP)= Id od@pls sw h j j o toj dgw
Ho | dL sNSKEI- CslstcOdemy stels j 6 O. NKEAR)dz0 dL
IRfte] MMdleso OdzO Issdzr S5 dzO@ Of € Odz! dgts?2 &
] J dzdzpacutpdensa w9 JH jdzdWw tsB tsB | dRdASW 5 tdcdg G Lz
slsmizlsMmisazs Is. 1 OfNKEWLd o ,1 SO lacq dn@ngfdets © O dzdzts
IsC OdzV A, o ¢ dzg yow BOL Odz! dzlz ¢ d3J @B 60 dzlz
COdzOdzr yj o, 9JHJjIls ¢ tjockzdwisttodtsdzk ko j o
¢ dzj K3mrfiba 2005)

lIsstes?2 Isdf dodzdzsets IstcOdemf stels O, OC Is
Na'/H™-ts B dzjtd@ B tNa'®H-tsB d3j dzded C s Msf tetso Sy H O] Isf
ydlstsf dzOL o3 d ¢0O¢ fn dzjdH RA/BCAQ- tsB H3F c2®, O 9
tcjLiEzd SO yYjcets RKalzg G O o tz0 & @HfHCOD | Is
1 Olsted j o " 12dz] de@®fhttsipy d d3" RVIE yBhdzd &dz MsL HOj Is
nd dzlz L Issets ftosyj MmO L O Myl f SHHJ o)
C sdzyj dals WO yYff,2 dzj f tcWtal® LdSCK.5B v ted dL Uj st
C dzts dzd te ts © O dzdz’ N&'/H Bty timiggNRIEDL, NHE-2  NHE-4
bOBEdYOOLIsde qtelz® Is INHE-3ny Odz@ {f td3ts Is oo d dzG C
(Orlowski and Grinstein 2004)

0SIsdo Ngd¥ OdzO dztfors Is j dzy d @df'Bdstsizj dz f tetsfls &
Isd o3 H d 2O ud MSd BYW WMejj Cidpvdg'd fipEs fij RO |
[H&ZOCE sSQRVIE dsddfO2 v jdz o yj de' dzj dsdzls ¢ d
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Cdzj s€ d, L fdlsj dzd Ozt dz" J Cdzjs€d MsBdtcOs f
G J § Ols ts{dgnlg etod). 1998a;Wehner et al. 2003;Wehner et al. 2006)

l jtesW s dzts, 1 Ists slstcOY O Is Mistej d3ozj dzd J4
HifsdvtedLOydd d fMaHjudy OEt@r @jds O dzO|
COdzOdzts o d Mo wL Odadats? fl  INB-d @o dvfrpdddj’ dad .
sStcOdzmf sStelsj tetse . [ OMmisw dzNBE RW2Cls € 1S5 6 O dgf dadh to ¢
d Na/H-sB d3j dz0 f Na' Kb fjuashkz yYOMmilsd ydzts ¢ tsdst
f OH jNEOCjicOH d | dzls O.

2. 1d8 d& i3 ud MC d jo jipdicterOeiz td df jdmivdsd d
Cdzj stsydgsets tsBi jd3O0 d ftodiotsHO tsBi j dzdzs@ s
[ dzv Bl Widzj dgdw W j desdzj d&zO0 5B jJ d3gdets2  to
Csgefff ydyj demtste @ C dzj Issdetsd tigts 25 B I fzcgO dzj MC ts
cdyftslsjbdyuyj msdn MistelzC Iskz g, M sftse dz' -
fesdmMratsHwhdj fted dOBEROddd d fyOlsdd
frisoj dmw (OIS s sBMMiz-Ad&gd ul OFHJ Mo
Gjdajtedtolzs smw dfftedse i j ddPdzj iz ¥SdAEWs 9 @ to dotd=ta H
sBl j Bdese s Mj detstcO.

2.1.3.1R s dzdzOW fyd dzO

{MBslsdyi ME¢sj dOBE-Odd) d MyOLdj dL
Cdzyj dzlsteOyde dzj stec Oded yj MSdr dmdisss sd
MH] ey WS d Cisf J tod d3j dzls Odz! dz" &zd , tc O lists
d3j dzt " j ded j dtsdzdets? g oRy Is B ey dily o § dzO dzizds
OCIsde Oydd Odzd slidd 2 Cdo=ipCimitipte sy @zl SBJ J
nJ dz(Siie©et al. 1998;Voets et al. 1999) OMyjIls* 1 ddzdzmO m
fsCOLOdzd, vyt O0CIlsdeOydw Odzdtsdedz" = ¢ OdzO
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dsdzdets? Mddzr , yjd3 M dL d3j dajoetafet d5d1999)dzj Is 51
vudzj HEjls BHdOCES Gldkjldl! , Yysts 10 ¢t
By nOdzdL &3 OSIlde Oydd d ts dzdz" U ts MisesAsdfmj i€ 14
L B3jdzj dzdd Bl jBO Cdzj stSiER Odzed PSC, OMtz@gC
9" Lo Odzdzs] dL slstsded uj MSdos o jazifrjldzdg dsm D &
fs O®fddskznj OClsdeoOydd Odtsdzde 7§ Odz
dzO0B k7 Odzd § , nskw 9 fitotd Mdzzyoj o d
o Jj dzdude O Ismik d3jOdz! o "s®gmigshtetats TB99)

2132 dgklst6d S dzj ks ydzOY Csda)dedstcOydy ¢ dzstcO

s O¢ B MizyHQdzts §) s dzyp) dls tf GwHY) 6 do Of IsfW
dzdL S s Ztetsoadzj, vyYlstse' MBOZOdMdtctss Ols! 1
odzzlsted € dzj stsydzr d3d Btec Oded yQ dak LdEEifdzs 6 dzd| 5 iz
dzOB zrn Odzd d  dQdte jipndaylsifafjdis M OJ Ismw  ddzd 2o j «
1 Of tetslsd o, i n Vivo i tod JdLssmdislsd yj ME
ftsorh jdadzg" &3 L OR 9 Obtsds tstcdOdedyyj M< dn iz
dLsshEslsdud M s My Oldd, MmewL Odzdagds fm O
COFtcOo dzdhiy 20 18 fiprdlzd 3 § Gkl Sz B R SH &3S H dzv
OCIsdea Oydd fiyNaOKS 4G -df sAs@O dzf f s MaldHD-ts HsdRS dzOd
(Lang et al. 1998a;0'Neill 1999) 1 tcj HY s dzOc O Is,Cl]slOE ¥ tfj ts dzd
dzj sBRtsHd di3s Hdzv @Qzls digg@dnf ddf' - s BO dpddts dzdzr ~
(Jackson et al. 1996) SHA&OSCts o 1 dzj ClsteswWdL dsdztse (-
L ORjCIzez0 dzj f totsdzed € O h dj tstocc dsddd jJj MO dig s def
sOC ] MoftesotsyHOjIsMW §sdadyJ ded i &3 d tsdzdzts
MiBd dmyJls 0OCIsdo dtcts éCanaon et@IdAPI8izoits £t alS O dzO
1999) b tc ©o dzd Is j dz! dzts dzizO@E ol dz® " P dz®@W ctelzf f
ylkze mise d 8§ dz'C dg'dA j dal$ (@3 (Odov and Hamet 200%)

t Offdidisd @ OV L dstE) datO ded® Gjdzé ydils! , YlstCllicOL dzd -
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fsLotdY jls Bl Wihdedls® , 4§ syj iz Rigj§Caisdmitsr j
cdf jtelssdzd Uj MS et My Olsdw, ds®@ iYW jj Ws diots
dL sistsded Wd M (NGl I990P Is §f 6 H &z @M, usHJzO[¢ 5, dzj Bt
6 O &30 IsMed 0o OBY JnMiso j kded o j tofiy@drc dstp @ d3dz0 Y
0o dMdBr & 1] AROWRAE Oz simpdz’ | C OdzOdzr o  (
OCIsdoadtelzs sfqw, YT da eihtzsb qdad]) ( § @& Mc
fted o' MSCCOddjosd ) MorQidzetd. 199§)tso r h j dac

2.1.3.3 JrBtetsip ¢ouA

17T dzs kEZMmlsOdetse dzj daets, yls ®NVadg@Bak DOGGfzedpfl G 4
d Hkzedr dL Ekyj dzdzr = déBoudrednits and @rygerdgykls ¢ dz
2002;Taturetal. 200/ cd o sHdIs & &@OMMdetseo Odzdztsdzlz o f
OCIsdo d@B jSlic f ztcddzestej yJ f ststetse , 2?2780 MIplests Is te
Madseo )Y HOJ Ismw O @l ts deez2@dftdde dzj yJ &dp. 1 o
f sHIse j e HJ dzd J 1 Ists?2 cdf tslsjLr Qolstster
OCIsde Oydd O dzd s dzdRVD f © @ dzOwias® O 9 dzj dzd W
CdH bz jets odzj Cdzj ssydz 2 (FPuiej yjdf sGdzlsd
(Wang et al. 1996) CIstsls OkzlstsCtoddedz 2 @ dgj - OdzgdL d3 51
ftotso jtoj dz o dzj MERBHO X d Q dzjH Igftefdsg Az O dz! dzr =
(Hazama et al. 1999] O fn Is tc s YMPiyi® and Kimelberg2003)tsB | | d3dzO W
tej elzdzw ydqw dz4 BdzsC dtelkzj Ismw dzd ¢ dH tots dzd
BdzsC O] yj fIststetso . 4 dd3 | $ste PdzdetEz) dztis, o OE S
bovnAn dzgfj Wodzwjlbsfmw Bkdzdoj temMOdz! dz" d3 d3j =~ Odzd |
Mde d&z0dzO, dzs iy j s Mz dls+ dBsB iz dgda®C Is |
o ezdY sy Hidzj, [odedd di3 d MBistelzH dzd
Yylsts OCERY-OyYY {Jlsstetse tejLC o jdzdydoe 0j
Odzd sdzdz” Bo COM@pB s ydlsse € &0 BB @bpind yj M¢C
and Kimelberg 2002;Mongin and Kimelberg 2005b)

22



2.1.3.41 Gs W ¥ J dfddgOL &3OIsd yj MEC 2 d3j d3B tc O dz’

HSE ZOMdets BHAE2 dL Qs L9 s dadg &b to ¢
stcOdzmf stels j tetso tcOMmMmdssIstej dedz" = © Holznf
Htsd3j dzr gL d3d dzw s h d J Mo 58 CsWstedsOYyd s
eOMmlswy jddi ddzd MyOsdj OdrzOL diBIsq ud MY ®X
dzj f sftej HMise j dzdzts 2 i ted yd dzts 2 BsHJWId S Oyd «
MOBSdE Hjdj, ot dBhscd: Cdjlks¢on B' & G
$ OdzOdz" OCIsdoadtelzs " dj MOMIY e daff~ Oclatic j fiy
Bj BB tc@UeE dzOMdaets 1 Ists?2 cdf sz §Isd Oeisd o OQ 8
COdzO dzts o i ted dzOB z - Odzd d ® jJHJIs ¢ zo j d
¢ s dzy j dzls ¥'afy dodls tute@f Y dzts 2 “'OfHedipls@yfdsdj dzf @z 7§
d ~rdtstedsrr » COROAso, sB j MY J yHeaddsert ah8 sl
Nilius 2007;Hoffmann et al. 2009) 1 sdBBd Bs dsdzadz' = € OdzOdzts o
Zzdf JHdets 3 Ppaldaktgzests OCIsdo desfipls! CHgEO W
Csdzlstetsdzd telz j Is OCIsd o dztsfls Bdzts ¢ sy d fdzj dack
d ¢ dzO dzqLeh®uer dnd Kinnunen 1995) [ H dz2OSts, o MmMddzkz M
d&3j d3B tc O dz' ydotsldes?2 CdzjlsCd HBOdztse j totsW Is dat
sy tetse 5 H O Wdsipyj dzdz Y § ) d3j = Oded yd M d B3
it OmMmdsslsteddz 1 Istsls o sff tets Btsdzjj § SHictsB dzts.

{ BT yozts, 9, Cos=lpistedside Cdzj ssydese s 5B |
shikzh j Miseo dzv dzlmw  slssC OdRBd o tSHT |, sBzMmdztse &
ojhiMmlse yYjtejL § dzOL dgW&Eckhight |ad 2af 13%]) t3s tc O dzkz
Mtsslse jlsMmlsadd M {Ists?2 dsHjdz 8, f(toj HY t5dzO
20 f zOL BOIsdyj ME 2 d3j dzB tc O dzj MudlsOj sfmw
DRRTDc, dH jsts GtOHdj dzs € sdzyj daB te Gpusdsds ts tzf &
3j 3B G ORE=, 2@, 4 ¢ IsW/[OCCstay [206/pRENO ofOyg jis,

f &zOL &3OIsd yj M¢ Ow Bj BZBB e OdzO I h OtestsB e OL C
fsSHe jtec Ols! Mw TdzOH BW2,J degirlgs twOHdbEM € dzj
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zd3j dz' N § dzd 4§ o dzj ¢ dzj Is sNaGisi20 (5ts dagfi dzls te O YdPd
ftedetsHdls € ko dzd GHuidz0 (1SS0 b tzts §) & o dzr 2
BdMmMdzs?2 d@Bsy jIls or HJto) Ols!'SHIsS de'OLidmnéd o j
200 2605 id} . Cls® dHj d&z ftoj Hf sdzZOG O Is, Yls ts
dzOB EZzrh dn Cdzj ss¢ tcOMisw dzj smw , ) o t
CodeW sted3dOydtsdedz” d3 dL o3 dzj dzd Vv d3 ff @5 Is  wzaEdzO @z’ €z
ZO-sHWwh dgofmw o oigj BBteOdzj tsBi ¥ dgder = Mmj dzMmtst

[ detse syd mdzj dzdz" j dmfMdzj H s Odad W ftsCOL
ykzemlsedlsj dz detsfyls qosdzdz" = G OdzOdzse 1 sBs
ykze mlse dilsj dz' dzts mis(Sachslz@fL@g v ysjtatixjdgj. Calless &)ts
C sdzdzj ¢ O dzd f ¢ 0L Odzd, yls ts HyftsdzwtedL Oy
sfsmMicy HS9 OdzO d L d3d dgy dzdzts 2 (Callies figls &. =2k y a3.
dtcd H] BBd mn Odzsykzo mise dIsj dz' dzr - COdzO dzts 9
sh@cdzdlstse, dOdeBdzjJ L Od3j Isdzr d3d MselLaddzw & Is iy
MscS d ydzj de'sH M d o34 2 Mise On ds@dadiaizdf tisdsHouH" 6 5 IS to
sB dzOtclz ) J dzdzr ~fiwe j B dyfijdejda s Odzgdzr = dzO 1 Ists
o ¢ dzt YyQ@zH tsls j dzd Odzf dzls j dzd(® dizj dH©O'Neil and Heller
2005;Pedersen and Nilius 2007) s dzj HizjIs tslsd3j Isd s | S H dz0O ¢
BOCIsjtcd Odz dzg" COdzO s 9 , y!ow d3d ~ Odz
ftoctsH j dizs dzfls tind o OdS Isd o Oydw COdzO zts o d:
dzOIlsw y j dzd j &3 dzOB d&f dzvOdiffo M+ € fpf jtedlsizy dzls O , d
9" toj L Odadzr j WicOG dgigrdgls ™ H todo r 1€ jstdppz®diz dats 2 Is
(Martinac  2011) 1 tsdzj J sts¢G s, TRPY4s d 9 ©@ Pdz® dzts 9 ,
LOtcj edMmistcdtetso OdzdzOW 1 Isdd3 BB ssHisd3 dzj BT
fslssCtseo o { C M§fCjdefdef] dak®@ r y H(&tistgant ez plls € j .
2000)

SsOdzsdzd yj ME O dBsHj &z, ttOMmMdBtsls tey @zdzOW
tcOfMmiswy jdzadvw  &zOL BOIsdyj mMEOw & Z3BBtcOdzO o
Btsdzj J N Y (Strenges 2004) [ HdA&OC 5, dimf sdzr L zw G
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B CtetsMS s d sSpadndlitnf )¢ sdzdzj c Odzd § sC OL Odz, )
shdiislsd yj ME scets dzOB 2 - Odzd v Cdzj s€d dzdzj € t
B et daid, O dzj  KSpaigolj et>al BIOX) d RBdsd H Odzdz’
fcsCOL"™ 908, RIusdEROW2 d3j n Odzd S O L OCBdzO [ Ot
ftoddsd dzd B3O € dzO.s d Gdeeri dg dA RO Qs @O g QUE 5 | H
shiaslsd yd M d2 ¢ Ausrtey] Gjiis o dzd3Wh dzd J 034 teadl® 2

Yydissf dzOL BBOIsd ud ME dvA-& f & tesHY dizi ¢ H)ls s hyds® C
2O sd3d dzOt Is f tots §fdse@eadaiy s Hg sHOER) 2.1.37)Nds. M4

1dMEsdz ¢85 WOLtdRBROSC sdzsedyj MSdr dgj IstsH s
esdzd ©WOMWYY Jjddw d3j BeeAdgy osdiffJ 6 jdn G da
HOdzdzr 2 @ sd3d dzls 3 -~ Odztsylz o frifdsee d Is if dizG di'B & tc H &
d ts dzOGstY. (Oberleithner and de Wardener 201} H dzO¢ t5, o di3j Mls
d dzé d B d tots 0 Odzed3ify CHAE@ S o ,dzOdzls Odets HT fH O
BdMdzs?2 d ey dddztsg ™ fiptis W 10 g @zded Jd L & yJ dzd
L Issls facj e BF d d3, dBoifideeduilhy €, s dzdzj ¢ Od3d dzOB
ylsts ftod Ctsday]l BZBECAGA VEdST @tz jIs  dzt yd W j 1
O¢C Is d o dBedmileault and Grygorczyk 200B8achs € tsdzdzj 6 Od3d Mmtst
Yylsts 0OCIsdo dzesmls: BB - Odzsykzo Mise dIsj dz' dzr n
GsMT¥4 |, fJiddedsgiictso Odzdz" &3 dL WHO ISOtOdzls!
dqdzcds JRMBOE dzj sC O ftyj ¢ Ctor ip, dets daj |
Cter mMd dzr J Is O fiyfls t&cxjdi € §f dzd ) ts g @BadirkDarby canine
kidney- MDCK) (Hua et al. 2010)

t O dBBOIRE d od@)Vic dzlz © 3sH j dz osmftedwisdw
YdtejL dLd3jdajdedv dzOlswyj dedy ¢ @9 dzatgOls s fie
Ybsts-L L stsdz "ses Csdzdyj Mlsoa © ddzo O d dzOyd 2
WHjtedzr » CdzjIsC Onr, ML HOdd] L dzOgy sfgj dzts
dz0B z~ Odzd W  dfdmfj H i @ls dizd Jj sfFWdisldg OfgABBES 5 H | dz
1L dzj CSstesWdLdsdzseadqyui mMedy Sy Jjtedd3j dalst  dzg
y 3¢ tsfilsd B BZBtcOdz ( f Ot O3] Is te, Mo w L Odzdz" 2
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HOYJ -FfDIlsdetsdy kzo j dzd uJ dzdBezakildz 20083  ¢zidzy 5 |
dL Iz yjtedsditigd) 3B tc Odzdz’ ~ o to 4 L f3i6 alap oizd W & dzjslBas'y di
dmf sdz! L s Odz d3j IstsH tcj ¢ tsdzfn IsaiptEhy &g f tso
d L B tc @ ¥Dpuddd Image Suface Reconstruction- DISUR) (Boudreault
and Grygorczyk 2004Fels et al. 2009Groulx et al. 2006) C Istsls d3j IstsH
fsLodzw jIs Isydets d BTM Mistets L BB tedls! or M
sBl Yd3 M otcj dzd dedz" d3 wOL M jdzdj &3 ~100 d3f
fsHdsy Cjd Cdfislip®sistej dz dzOdsd 8 Ists@L W jindgidzj 3
dntf sdz' L 2w Hiydedzds o3 fiptis@seClon td@idgdp dfuyu® s W B j to dzf
Cdzj sts¢ d3dzy S q s @eshdgfjd j dzedd d - ) cdf tsist
o jdzduydoOdzd dr (o jtcrn detsisder do s8BO0W = G
mMetsls e j Is @loalyetalzR006) 1 Oy dzgts, ylsts ko j dzd y4 dzd
Ht®-n CtOlsdesets dqHYIs L O fMuyyls dL d3j dgj dedw Wt
CdzjIsCd, o It oatejdzy COC L dzOydlsj dz' detsj o
ftesdmn SH Gliistcls daR@B WASEG3zd . CIsts L O¢ dzs yJ dz
tcOMCter Isdj d3 a3 d3B tc O dzdz" ~ ofwydp @edega@ts o
cdy slssdzd yj MEtsets dzOBkr Odzedw o kA tsdzj or
LicdlstetsydlsOn, 9" W9 dzj dzdz' n mMEOdzdtelze h j 2
ool , s tsls o (HiffimEna 20@K¥arshina et al. 2013) 1 1 Ists2 Mo
dzj 5B~ t5SH d iBts, tSuplshgtdifsiae ts wzlp & d Is @y 1 gf Hzde"
o dzz Isted € dzj Is ts y, dz' t& O dgzOdpBdi©Od=dE U 4 M ¢ K@ 5 di3) <i3B He sk
fted Edjtej dedesd3 ( ~ 7 0 %Kagdyamp érdflnfP8dd d B ¥ d3C
sdzj HIZj Is fsHyjteCdalzls! | Yls ts H Odzdz" | ,
dme¢ dzt yOs Is o BL di3gtsy dats § f sw o dzj dzd § d&3d = O
or MM j ydodzdL qtetso Odzgdz" » S dzjIss¢ ddzd o
sBteOL sd3, dOfteddzjte, CdzjlsCd otsdts Msmists?
OCIsdgdets C SIstster | BGOLEZEIS tWHT zo j dzd ydJ dac
HOY J BOdzj 2 M J d3d » Odzd Y4 MSE 54 tsils € dzts dzj dzo
B~ Odzd Ud MG s  dzOY oW ¥ jaggddp tc @ cedzaod@Yfdste lssoyf jodaly
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s6tcOdzed yd dzdz’ 2 Jjo, tdta sipleftattrdzi lgfo? d (Giledpiedsd € G
and Walker 2001) v ftedCtej fdzy dzder = € MmMkeMistcOIsk
ftotsmistc Ofiziz@® O tB&KIsd yj ME OV  d3j d3B tc © dzO, dL sB d
al/lddzls j cteddzO® ditsy jIs B s tOmMmdiislstc] dzO € OF
dzOls Wy j dzd ¥ By jls BT Is! L Of 7 P dgls edzDis jlzd2 OdL
ddze dB dJtetso Odedgic Cqde®j dasd tz/ Md c dz®UD 9 B dzis ¢
G J § OlOEYdns Dahl et al. 2003;Schliess and Haussinger 2007).

Bdtsydlson, dqdzlsj ctcd dzso r 2 md c dzzdztc z P &3Is g ©
Odzd sdzdz” § ¢ OdzOdz" o Ists otcj R CAEYJj &
ocodzj yydz o9 1+ CMmMftcj Mmde tslseo j yosh jeéts dzO
B j dz¢TE@MEBP LOfEMC O] @3sets cdif j tetsiBlgmes d yd M
and Baumgarten 2004Moeckel et al. 2013)

s Q9 j sdzf , 1Ists My jydoOdzdL dtetseo Odadz" j )

Bj BBtcOdzr ] HJORj stesds sCtsdzs 50 dzdzg, dzOnR
Cdzj s dL Eyj dedz 7 ldzOL @ Odfidga] Bts fighasglzj tsldds . Is d f
smisswils dL 4 dL sidsteds sf fzk tpd O dzdnAegispibsizts
Btsdzr Mz € tsdzyd dzls tc GSpge 2012)s daj JMHsQ dedetsizOf € OL
COo jdzr 9" My Ot ls o tosdzd dJ BB Odzdzs e 5
Mistej MM B Mis tc(Kakerace®dh (ROO)H Sshag et al. 2011)Trouetn

¢ tsdzdzj ¢ Odzqd mMstse h ddzd , Yls ts H 5 d3d dzD dzls dz' :
d dzc d B dsBlz jjldzo Miso dIsj dz! dz' j Oalzd sdzezts 5§ &zp@za2d
C dzj Is(CraBt etal. 2001) 1 sls dzd y gduardestali Isus& dsy j dzd
YyJ dztsfls dets iy Is COo jsdz dzj dzz y dz©@  H dzw tcj G
OHdY BYydlsOn. vOCddy BBLOL B, Hs sdzdzd IsJ dz
ftocso jHjdZr Hdzw ©tsets, ybkssshtif ddizudd ¢ disld
tsB 1 Y(Egl®@ardsen et al. 2011)
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21350 6] ~ BJ tHdB'BEME J dzj Is

dbterdlsj CSIsktcO WH]tdz n Cdzj sts€ f SHH ]
odzzlsted € dzj Istsydz o3 ydlstsm€ j dzj Is ts 3, mMeMmis
B Cesw ddzod) dzstse , g dgits)sAddreiti) 53 tzsfs o (
4P JMEdz g sadjdadz < dna C 5 d&30 dzH tslsH Odzd
shizhjddd Sdzjlssydesets tsBi Y B30 toj stec Odzd L
5B L 5tc @ang dfdg. 1998a;Hoffmann and Simonsen 1989;Hoffmann et al.
2009) mMetslses jIsmisaedd M {2 ccdftlsjL 2,
ftcdotsHWIs ¢ tcj stcceOdzdL Oydd Mmigssd syd &BF A
oBLHj2MIsakzjls d&O C(BdWsttddOydt d WEkdSyds
B4 d&zE s, Mew L Odzdz'. & Is @d frufisiisHg i teizy) deas@igidiy' i) W
0 Oy de] 2N d@efdzt H J. dz ¥ kg tB)" dzddzO2 H j @S s dzse r
B S oW ddzOi) dzst o HJ { sdzd d3j ety d3 sfy ©fgdsas o30zd] d
tcOL dzd ydz' = dzd ftedCtcj §f dzv dadz’ = &zOB kzah d
mMeslse j Isiisdsicdzrdefs M 5 &Y @&z] |HELs O o djc dedigs s o
tcOL clzh OsPALrsd i d Issn Q dz@Otf tzlz deS Hfdzdodt | dzls ts o
Hi Y tsdzd 34 te fRqIEstetsdse (B tsdzt dff g of dizs dzo 1) ks ejciats
RVIIRVDddzd Htekzedj tBi Y& LOadmdds j € dzj st
(Papakonstanti et al. 2000;Di Ciaf@iveira et al. 2006;Jakab et al.
2002;Hoffmann et al. 200R) | dzOh ddj H O9o dzff Byt j tod d3j dzls C
ftotsogeHg dafn 1 tsd3tsh ' DISURS gziBdzdditaP d3j unjCdisslz! € ts
dzd B L Hi2ZO y d Is §i gz? tizte g gizp dzOdUsdlsl=tR O dzBRVID AE39
C dzj IKMafonovaetal. 2013 dzj HEz jIs SOC Y s st igetied 5 1 51
MowL Odgdzr | f tsBI ¥y ®Bsd3 BT dzd tsB dzOtclzy j dz" o
Clstster = dzd Is Istey -~ d3(Paslaatl83Orlay gtlalslPIE3)] dzy s O.
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{df.[ MMzso dzr | SCtdf sdgj tedzsc B8 yq)stsHS pdzj Is
B edzgd EEMEQ dgj BB cOdizsct) S OLs OMO)  (

2.1.3.6. [ o zd3] todz” 2d3] A3y GO AL P drj IS Otc € O
fsdzdW¥ s sddetsL dIsdHT

btcrdIsj § &z s BO Is disy O3B IctP®al H | to ) Hep Qrjdig fipndzts 2
(D) Mj S UsIsMGq dzj 5O, ClstswOw dORsHdLMY
BB BB Odzs?2 d dzOL " 9 O Isfpw ¢ StddsBy € tOHA Isldr 6O
Msmisdidly § ¢ Is tc Jagsla ] tets H @& i tats &6 'dzE § 8 gzdal ts
ZyOfmilse 8 hafjre & dzWinyfdidt O dsdf dztseol” Gd di3sH | § Mise d 2
L OW € tstodf b @'dtihipjs € f dzls | ¢ to GBdg! deiggdzB tedXdzf ) dzr o3
Wisfl sdzd § PR yOw f tsdzd MisdBs d desL dIsd H T

I JWH]todded IstcmlRrfilS's Y d sk stz 5d f d ydets 6 5
sty 7 3j Gdas & 8S | Gy B Bt dz’ LHEnWIAgS \ d 5 dz0 dz' dets
OdzOdzd L © f dzte 234 3B ©C®dds d ¢ O dz! dzts 2 milsd
A Ot 3OS ts dzts 3tf 5 Hd) fif dzj HY iR OFeds O dzdzts 6 s AP tc & O i)
tc OL tc OB B Isdafls ¢ O LEHEEOKISss o © M jsdedRzif j @l tor
50Cf tcd o SiziplB tc Ols d d3ts 3z frfff g olsdjdddefisso " = ¢ j Isj tot
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YJ dztse j yd Mg ek - dIs § dzv &) (Btaddis eteihyld 1§)B8hmyrov

et al. 1990)(Brandts et al. 1978;Shnyrov et al. 1990;Gulak et al. 19B4)

dzOh jd20B tstc OB EHASH ff Is O dzts ay diz fs@ids] dzlz Isfda®©jvd dz¢ B Oy d
Cter Mduac Flste s B EOSO zB JtcOj IsL Goed iydgkz® toj ¢ Iz d
Na',K*,2CI" dK",CI' € tsIs tc O dzfry ff(®rkoviet als £093), © sfdzats o Oded d

H Odzdz" ~ B' dzs @ tc jo mifipsiirtto|Qidddzis ¢ £ O € O tdf, Qiafas to
dL d3j df dziigtsc s B Y BO.

J ftotsls d o i sQtsq fifatztitgts o W dzf d3 CdzjIsC OB
cdff jtesmisisd U MU jJdz O is 2 Misezj s dzO
Na' K", 2ClI" € ts'ls tc O dzfiplf tsitets dls toupjydftisaI@o® et al. 1989)
vydlsr e B teMisswisj dzr Misets o + MY j tod d3j dzls
dL Eyodzofm! KOLClisits lsisGndzfy i toitds Ok fiyls O dztlb-lslrf dzts
dsd dziz IfdeQ g dz$ s} @ty Y jo i & ¢ BfytedPEdz o § dzd yd o O dzt
BOLBokr OCIkdodzsfmis! {1 Oz pfisOPUEYO O
slso jls dzO0 ¢ d{ tssmd3s Kdoy ptiplk 1997;Sakzissl#98)@xizd j .
HOdz! dzj 2h je s daApSCistpjsdg§ Odacdztke s ydlstsmC j dzj
sl Y1d®@teh fdgds Is tc z nddeff Stsddz! e d. Odedadlg] IstsH W o  dz
M¢ dzOH y Odsjr d3B tc O dztizl] &z' jWd S Mdtetse Qudpdrtse J yJ M< d
L todIstctsytists o alz] Btsis s @8z@25 dzdslf 56 to ' dsdaDB Iz dzW te dz" d3¢
Mistcz ¢ IsfigHafORitly] BOBMGdgte] Mtcj Hdzi 2 -29 'dddFsIs 3208 R O
L tod stctsdof Isdg) dz' " 5 idedgts dzv tdipitsjfisdd] dz' PO mis s Iz
d3j dz3B tc OalzsztizZla0% d z o j dzd &I jbds tc O diffidf dsdzjlsté dzts
O OC tsBi Y& yYykefmlseadlsj dzr dz' j dL d3j dzj dad W
OCIsdo dsE®BIIsS? slstc Odzf stels © tsls iy iz Hsfiglls o dgdh RS dztstf
ddz€ 2B Oyd d °CH(Ragshind @t al. 2013)C Isdc j L &z dz’ ldsGXlsy
ftoJ HY SizQds@Ss B -¥ @9 d M a3t ¢ O dzdkD O J¥ ¢ s tc d dz
OCIsddzsoats? Mmilsd kEyOmlsekjls -aktflzdds jdzd dz
Jtsdzdzr 7 IstcOdzm tstelsy s .
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HSH J o) Odzd J W s W @IS o ¥ dzitf W@ B((@IB)s dz
ZO- sHWh j g MW zO tcb desifts f dzdlfj ROL @& yd ME
wodw jlsfqw cdzOoder d@3 tjockzdzvIsstesdz ff sdzd dzj to
(Janmey and Lindberg 2004y tsdz/, myjj dBO dzj ldz0 L,  He dztrp
Mlstlzh ddsB GaBde z Xy lsizsf d § J MBS d Y MEJEis 5
o j dzd uigis®j )RRz | § dzOL 3OIsd U ME 5 Is tadyjigfplstasx
Cter fPrlov et al. 1989)) sSL Hdzj J ! IsBIlS dz¥ Js®@S dgdj dz 5B dzO e |
WHjtedzm n  § dzj IsC Or (Nesdhpdlutel af. IR@2;¥aghamoto et al.
2006;Nielsen et al. 2007f Isd H Odzdz' gL By lss o HY C
YyJ dzlstcOdz' RIPMotofptstize O UL IOdydfsfo r = B S tosW d dzOd
My O Kz Ererfamotoet al. 2006)] J dz' fifkjtddzdzj e t© O3] 5 dzts ¥ d dzd
Y B¢ ¢ iz Py ded My Ols diffte hddifj s Is Iz af § dzd y 4 dz
d s dzdzts 2 y (il &8 zO 10d3'1dA) dfuw d3d dz dzd 2 $ dpgrises y dzts G
(Nielsen et al. 2007)) 1 Ists?2 fMmew L d dzj tsB digH dfipieis Istddyd3 jc
SH d dzO SHsejtsigd ud ded 4  d Sdzdzs?  chirdydg" to s M@ s i iy G @
My Olsd §j &3, OC PGBz zsighjP | OC Is d NO,KREI
C tslstc ©dzfi tNG'IHY 5O d3j dzded UM B dzOtelzgy j dz'tcf Istetsyd Is
Cter myr dzts  dgriovig] alz=198R)] Gs dzj € kz dze3fp BzO gizd L 3"
dzj Y Ohdj o BMmdese j 1 Isdr t©6OL ddyd?2, MlsOs |

AW sted dzd tetso Odzd | VWi Oy 0ld flizss d Is ts
C Ol Odzd L PHBAE [ ISAQURINY 5 dzSIRNAY ¢ BZO BB Iss M € t5dzdz,
fs¢0LO0dzd, ubBPRd B3 ktzd QgfEEPoysia'ts Ofdss s s j
My OlsHella€ dzj sC Or HftdotsHdls ¢ wlsmizlsmiseads W
dL W sRIBEKIB. [ dzed ISOCY ] § ¢ 0L Odedls 52 ylsSsq] d2®T |
dfmyd L Od tsB @ dodf jOdiaff $O dzd dec d B P Tjs MW OlsOL © 1
(Yamamoto et al. 2006) PIP, ditsy 4 Is B' Is! HOdzJ J W sy
WsmMW Olsduddz -gdflak@ @Sz 8 tojL kzdzt sOIsj ygj 6
W s Ols d H dddzd d3tgs defdstss M(PIR)s Browe o Baumgarten
f 5¢ OBdedze d B d tcfd-8K@disdigils d30 dedkdf 2280024 tc @ sH dIs €
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dimyj L dtse jdzd OCIsdeOydd Iss¢ O -LrCatdpdHd® ,d3 |
dzO s W 3§ d&dQtc H s dgfdsvey gnid Baumgarten 2006) s dB1-3K o
fd ¢ dzO,dzdddedz jin ¢ Oz joitstsine@zs W3- O dzth fiy LY LsAmy J. dzdzts 2

213 7s sdzyj dzstcOydwv BOQYydisdfadzoOi @ ¢ OC BJdGE
Il &0 dOyOdtsO®s dzj MEtsdz' ¢ts5 ez ¢t
Ctsdzyj dzlstcOydw BROS tetsd3ts dzj $ tprdvlecular grgvislisg) dzO L 3
tcjekdzdtekzjls WEdzS ydd vydENEnfodz®®BlcEGIts198R)M ¢ d
d dsyjils Mmdzkzy dls: fnJ dzm s(distop eCatlzj992sParllas 6 s ¢
1993) s dzOMmdes Ctsdzyjfydd macromolecul a
Bjd&Stsorn oaLOddsHj2Mlsad?2 ftod dzOBEZ- Odzd d
dzj dH J dzlsd ¥ dy( tc Esoted) distidlizcf dzthipiiaed df  deB & dzd 5 Is
OCIsdo detsla' Qo iy d godem §f tstsls | GKls® cdiBlsjL O
1 S jtedd3gj delsOdz? dgr | Y BHIse jteyHjdadw o 1 to¢
Yydlstsf d&zOL d30Isd yj Me ts?2 Ctsdzyj delstceOydj 2 B J dz€
K+Cl-- CStslstc Odetf stocls © C+/Hez@ses sy @HAD ST ddclashra
and Parker 1991;Colclasure and Parker 1992;Minton et al. 1992;Parkerd993)
Mty @d¢j,dz cdyftslsjL ©® macromol ecul ar Crowi
wWHjtcfiztzE sCOR, dBINIHYgs Mots2MmMlsoe ® d tsB
B &kE¢tse o ydbtstf zO0L &3 Mdds slas tsilsdzd yoe Ismw
I s @Ay J dzlsdg@Sytgts d3ts dzj & k2 dz, Mo w L Odzdz" ~
Yydlstsms j dyg @y s s b s Odidsidzd gd Issf dzOL di3¥ € O
Clstsds” o BH dz dzOy QfdigiH H | te>OOzbz" iz C OL ™ 9 Oy 6 d3d ,
OCMtsf ZOL BBO e OdklsMEBsets OCMsdzO®  smdzj J
fHj o) OdaHjdey do O s yd dzd dzH tgRfowp dnd Llasek s t Iz
1993) |\ j HOokRIs N MO o Is SO LyIsdH | tcd3i OB d dzd L O
f izOL 30 s qizy J38 WPAgte § H dEdtRiFy | dals taEhEdoIsdifddrf]dz0
ORW slsj B flEd®OSHdIs € HdMMdy Oydd r dzdzO dzt
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OBz~ Odzd® Cdzj ¢, dets dzgj otLHj2Mlsoalkzjls
BdEitsf d Is O (Fafsret al. 2009 j ) d H Bdizdgs dzO tc Iz Y § tzd

fjtodsj OB ddzd L s9 Odzdz" | Cdzj ¢ thy dzOB-Z&DH¥ &5

cdf jtesmisisdud M dn teOfiflsd. i5¢3.@ dc,d d3fp B©OIs g fids foz
LOfEMCOJ & | ShHhdissdzv e dzets s dL d3j dzj dzad W
Btsdz! h j, g &3 Isg, Ylsts dzOB dz{{t HCHEBY, ils sz dz
M dzOMmMBsear o OdzsM! M o MEIsSYJBHEFEGZOB dgs Mo
otsHEZ. dwowLro0Odd] ddzd BISHOYO BB htets
B' Mistesdsz dL d3j-Bzff dgd Ud MY S Hots2Mmise BIBSE
tcOMMBBOIstcdo Ols! jets COC mdase dats?2 € 5B 5 dz]

pe(meablhxed isotonic
T . ) ——— 25 _ hypertonic - hypotonic
0] ; [ \ 1 : 1
: 304
254 _ A g % J
x 2.0 : )';/' \ X/gv g 254
v | 7 . ‘
3 154 : "“ = Perm eabilized Cells
s M © 204 IS )
o l s > S
1.0 _' : . Lot ® 1 e
: : : l\o : \ = 15 /t
: N . b o~ N\ ~ - /
054 : : : ‘“‘.‘ N 716 mosm = IntactCells
. . = I
00 T T T T T - T T T ' m 10- mps
-10 -5 0 5 10 15 20 25 30 )
Tlmej(mm) 05
00 T T T — e ————,
0000 0001 0,002 0,003 0,004 0,005 0,006 0,007 0,008
s s
(Osmalality)”' (mosm)”

t d.fip. ¢ .sddziIsdC O dL dBj daf gzt i3 @ed drfzOs © O
0549 CdzjlssS fohmdj dfF fjtjdjhjddy o
f sz W j dzdzOv ) f OBER I ¥ Oakd EdEONS! ©BI j BO
d fjtekjBddzdL 59 Ozt op G IO eplesdy YOS & al. o
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2141 dzzlsted € dzj s sy dz@ Y Vv fd ) dz® dz@ dz@OVY ) L d3j de
Cdzj sts¢€

[ dbjOllzteO, {f tshoOohdifipddd®d vd3 tpd cjdd® dz! dz" o
dzj sBJ WiIsdzO. 1 Of ted d3J te, (Latgset db ©99FafoUalz Oy @[] I ts
Btsdzj j dlL480tD0O dgdf'lsO s . l j oW Isdzts, dz4 mEh jf
CazOmMmMdyud MEisets COMECOHO odzzlsted € dzj Is tsydzts 2
ftoJ HdzsY J dz dzO tetsdz StcOdzZMH EZC Iststc©® B | d3dz
tslsH j dzd Is ¢ Is 4 odzzlsted ¢ dzj Isthlgde'lzf Is § BIsdy J et
sBl J @3zt ts MdedzOdzO € dhf sdzded Isj dz' dzr d3 Is't
OCIsdo dztsmls Clstster 7 € 1 sz 1 fOexdzaikzy ¢ of tsts
L Issdsz o s tsEfipO dajoyg widef v B | 3308 W@tk WezddMts 0 O
HlIlsOdz! dzetse s L dzOC tsdzfids'e Otc jink 13 disiddds (dpiadyntddssf <<
and Orlov 2001;Lang et al. 1998a;Hoffmann et al. 2009;Strange et al.
2006;Kahle et al. 2005)

v OB dzd yo 2 .

[ Mdztso dzr j mMdMmisj d3r o dzzIste d ¢
zZyOofiyldhedzy o Iste

Oz ¢ ydd @ergip dpde®rivs M d 6

2001)
I dzz s te d € dzj
i MMidzHy jJ [ B8COL OIsj dz' Mise  SoBHT ftotsls
fd e dod d
COM¢ OH
] dzgzlsted S dzj |J tew g btsCSez sMBsl) Btd hddhlss j
u & ZOBERnOdzdj o' L' §0CIsde Oydvw d tsdzdz
o jdzduj®tdj [wO|btejBlzjls ko jTzdul
1JLCOdz ydggoer 4 f
nj Ol B'te dztstE @ te Iz ©
d OCIkkdeOyds (isq
sOdz BsHEZd] o dlsOc tsdzd Ms? s 4|0 dzls Oc tsdzd s s
-RVD d OSldeoOyde Ikjrn fazydysa,
COdZOdzse fftod dzOEf sSHH jtey o OjIsmw
-RVI d OCNeKI,ZTiyd|f stesetso ts?2 € tsdzy
ClstcOdef siHS-j O [OCIsdd Oz .

sB d3j deded S O ftod f

lteslsjddzC J|RdzcdB dIstster 1 su |l dzdwdzedj My Olsdw
(1 swu) RVD, oddwdedj MytBdOtelky jds. 1 &
Odzdtsdzdz’ | S OROE|S dzj IssC )} su BSHLE
dz®a’ K',2CI'C tslstc Odztf [B OL Odz! dzzé¥ 0OCIsd g
Na'/H'-ts B d3j dz Ykzo fislgedzf dzf = Istc©
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sddzOL O dzj |0 SIsdeoaOydw ftod (utsdz Cts WOttdzOS ts5¢
Yydtfi2 Bdts|Cdjssydetsets tsBI JHBCOL Olsj dz lse O
(MLCK) R dzG d B NHLBKelf sH O9 d d dz¢ d B dME@Ktadzj
O¢ Is d o RayK] 2Cl SB &ZOH O Is HisMIsOLl
CsltcOdmM stels O § t{mtf J ydW d ydesfmls: &
Odzd tsdzdz = ¢ OdzO dzt
OB 7 Odzd
u@/ COdz dIs|RVITRAzGdB st s/ j HBBMISOlsYdas H (
LOoadMmMdBOVY |BdzsC qtelzes Is OCIsdgmzHdls: B kdzd 9 |
sf1s Na'K'2CI' S slstc Odzitf stz yOmiseiws sof RVI .
By dls dzd 1 Istsls
OClkdeodtetse Ols! Mmw
[ &R
sdiosLddetse |[¢CIsdo Oydw us u’t'[WHHOdzdzf"' sB 0OFCIs
CqddzOL ™ (u|CdzjlstsC. It Bds(S OdzOdkse HEY i
RVD ftsHOo v jIshyshdisdzdIistse Mo dH J
qdzedBdlsstcOBBd uvgisdz Lk Itsets, Yl
dzd 3W s yclS @RzOL O | jtej HO¥ Is ISBJJd3C
dzj SBrtSHdBO HozW BosHEzZzdqtekze s B |
tcjeckdzvydd Odzdssqykze Mise dls.j dz' dzts s
AW sdzdf OlRdze B dlstster A dzp [utsdzt Cts5 W OtedBOC t5¢
( Adzo) Bl J d@gdgzs toj ckzdzfHtsC OL Olsj dz' lse O
OCIsdo Oyde Oded®mcddze dB dlstsdej ekfC
stesdBBtsYydIlsOr d (HBsMlsOltsydats o' Mt
$dzj Is€ On Myduydw dydetsfls:
C2CBLOdd|C2CBL Odesd H T 9ff14Htsfr]lsOlstsudzts H (
(ftesmMlsOcdzf tcd dzOB k- Odzdd (fMEHdIs sB Lkdzd o J
dzj 2CBlsted j | OSIsdodolzedds JC @lsqt Istse 5 d3] o O |ddzl
Odzgd tsdzdz’ | C OdzOdz|ff zIs* dgj dodsj J s
LdzOyd dedw fted MM

22hndL dsdzscdqui @ sy dL dsdzsedyj MEtsj L dzOyJ d
sBil j BO Cdzj s¢

RL 034 dzJ dzd J sei )R dzdty WLy dzO ygJ dzr 2
YWdLrdsdsedyj mMSédas d fObsWdLdsdaseduyd MSdn
d ¢OOBBdzdLay faagdsttsypH daRd ] ctteditsdetse d dz
sy M’ seodhstedfydd d IswOdmdzy ydd,
CdMmMzstesH O, i tots dzdWyjdts © yiddzj slS jdig@ldcziic © ff
oftosmMlkz tSctdzdzO d { tctsOdz0 dzd(Halissisger@Qad® o 1
Lang 1991a;Haussinger 1996;Lang et al. 1998a;Hoffmann et al. 2009;Mongin
and Kimelberg 2005a;Dubois and Rouzdgbois 2012)] 1 Issd3 tOL H J dz
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COfMmBslstedd HOdd j © tjickdvydd B j
Bj 2Okl j cO0kd d & w©odd dJL djdsjd
dqazj s hddz daj f sfytcj Hilse j dadets ] tslsdatsh jdedj € L

22. 1. RL®Bjdzjdzdj tsBI J d3Cc StekrfftsdstEe fded H j 2 M
dzj 2 tcslstcOdelmadzBd Isls § tets 9

t d Uyd sl tistiytc j H 50 Odzdz" J B34 ~ Odzd L d3" tcj G Iz«
B des bkfmdzse dzts tcOL H j diddse @ dapQd fndfdsidzize jo iz ff
$0dO@S sdodtelze M djmw fted MmewL' oOdedd dzd
COdO@Emnaz etal. 2006] J yjtilsster , dzOff teWw &3z dzj Mmoo W
dtej Hd dzd~ dzOd®BARJ Joj 4 FHRpE , MSTReW 3 § dad
mMeowLr o O&B ¢ dzff @Gegaptein coupledreceptoy . ITH]d&vEIls yyJ
f sHC dOmHE@SC &9 Gon, Goqd Guons (Lefkowitz 2007;Lefkowitz
2007) ddcecdzOdzd L OQRLCRs ¢ g pds jois dzd .o lz j Is W IS
dzj G Olsd o dzs?2 5B tcOIGBARSY tSfrHoowjLtede: O j Jsfipdzd H dzd Is j
fsolststgw s h j2fmw mMisd 3z dzv yq d, Is ts sdz
ftoedotsHwh j2 ¢ fmdzd 4 § dzd & M smtsB dets s d
Meslse j s ltisd?2 d ddzdyddtese Ols o dzzlsted ¢
COME OHT . Clstsls ftetsyd M SCodlstsdERER j Ismw
(GPCRkinase} , ¢ tWstisfitplf tgtc d BPARRGRKYW sMW sted dzd tcts 9 Oc
o jdzduydoe O0j SPCRE s HefijldeCtOd3 ¢ dz0MMO Otctej Misd
Otcj Miscpds® asyfg tcj H'  (CRBGREHESIS one @ OGES) diaf s d3ih
d IsO¢dd3 sBtOLBA Mdady OJ s W Ede§ yd sdzOdz! dzlz
Hi glefkowitz 2007)

sOC wlsdzj yoOdusdn' dztots BQPdz! dff =~ W dL dosdtsedy
ts ) d3ts dzW te dzts ) Is o dzj ¢ diiddg S pdetgIs Oy & sfylOJ d !
SlsHj dztse, ctOdduoh dna M + § 4 bjedd jooyd $dBy b iy
fsmissw dzdetsdz EZtetso dzj dof odzi b Y dzlsw i tcy of
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shicdw tcdztsmiss ¢ yYydlstsi dzOL dgs y JEH, Iz gfiztizy dzg dzts €
mMud sz 2 etsdzOdz! dzts 2 G Stc d3ts dzO dz! dats 2 d O
stcOdzmf stclsp sy J yd o Ols & @ defndzj d3B tc O dzdz" 2 1
S H dzts 9 O dzjddslsizets ods e O dzd Uiy M E[Rd. suldA@Ss,0  dzOf te d 34
d dz iz dzch e dzd utfp O F AP &f J uJ @ Isd o d W B NG dz,
Na',K*2CI' € tsIs to O dzfiNattts-ds v /f A£Schliess and Haussinger 2000)

b4 d dzn to ts dzdzts | Hy2MmlsedJ LIsdn IsStcOdzyf stelsy
RZOC tsf dzj dedé o CdzjlsCjy GCOdzdw d oftsmdziHMm
d dzfn z dzgd CaBM C © o dzvv j Is fiyw dzj sB A tSHJ d3ts 2 YyOofls!
Odzsdff tetsls j tsdzd Is d y ji fi) Sdase s [z frsisOedgtslssdlzj fztdz,j Is sy dz
ZOB Zr QR Iz ME O 3] S ipz@®BE s ZyoOmlsealzj Is
OCIsd o f dzOdztso v, fHtod Cwlstster 7 BJh J dzd
) H]EdePdBsdy Mmistswddd, @BEODCUddgsn€/0¢
dzj HisMis Ols €Y ) dedx(,dzts YO Mis s OmMMmMsyddtelze Isfmw
ddemlzdzd delz. | ¢4 uj ded, G d f PHEKs fy d@ts df'iid dgssfy Is
f scdztshK did jC dzj stsydets] dOBEZROdzedj o lso jls
ZMmis 2 ydMABR I dzO L d ftlsjsddL kz { sifdi tc
(Schliess and Bussinger 2000) f tetsils d o 51 df dzfiis iy diztfzdizs O ¢ ts dz
a3 dz Me@jLlsizj o ¢ J, §f Oy tsaztsy dlsj dzt dets OC Is
¢ O dzdaussinger and Lang 1991b;Hallbrucker et al. 1991) MO d3tsd3 H j dz
aizék C O sdz O SNRKS-AuezG LISz | dzts tsSH detso toj d3j dzdal
Codzdud Miso 5 o datKb tc d & wzj dythppdas f BSH (o jsdgpalzdzr d3
sls ¢ ter K¢ Odiz0 dztsfodze B @bl j &&'d ZsdgHaudsinger 1996)
WWJcCls zo j dzd w4 deq W ts #nio W dz3® o O [ lsdz dzd dgO
Odzsdff tetslsj sdzdIsd yj.M& LdP s g t@tilds, & g § hi@is@slsyddls s
G dz¢t C Ocitdaiftadgf Is ¢ Jjots f totsls | s dethlbaicker & @ls dzkz ¢
1991) 1 2y daets f sHyYJ eCUAgdielzQ dz/yde'tsj 4 sz jdgCs T C
Gzt COGdzO dzO G dH tcOlis® gaPic 1§ tgafizis & € dz{f ji dzlg tdzf
Cotoditsalzs§ tctso d o BStetsls dzts 2 o4 dz" , Is. J . 1.0

37



(Haussinger 1996) dzts$¢ dtetso Odzed 4 dL d3d dzd daedvls oidrj Isdi=Oy
dqdzmizdzddz disy jIs BT Is! sBhdd3 L d&zOd3j dzOIs j dzj ¢
9" L o Odzdzts 2 HJjGdHtOISOYdJ 2, dzOB dz¥ HOj 3" =~
mMifmMdmj, ) 6 Or e(§chligd and aditsidger2@P@ B j Is

ANOCIstster esMisO® ko j dzdydes Ot ls ¢ ddffls syds
tsBd3j dz d NKCBE i EOdME SEhtsdz0k @ joistfh- W j
ftcd 1 BFdd U dzd J Cdzy ssydzsegts B!l ¥y &3O W d
Misd@gzdy ydd §dzjlssy@ser angfl GvsldApIc Kapdsied 4.
1994;Orlowski and Grinstein 2004)

1dMEtsdz S5 oatsLBEYHOE M JdB O Gz ¥ td BOOHEGa]
OCIsdo dtck sC0O dz® de' d dzd dzj mj dzj S Isd o dz" § ¢ O
fsidzj Hize M d d3 9 nBH A zOlIlsted v , Hy tf sdzv tod
zo J dzd adgj dedizijilsiSSdsIsstcr dzj 2tcslstcOdemadzsd4sIs § ter
Oz detsB 2Isd dzts g @) S DU DOtz BdzC Odztf o ® 5 H ¢
cdf jef sdvtecdL Oydd, ofr atsHEkz - dztstcO(Lahglsj d3 f
et al. 1998a;EGharbawy et al. 2001) | dzj 2t sdzO~ Md B Olsyy
Cter o 1 OC Isd o dab £ jOIsizO dz' . [ 4 § 5-dz@te doL” &UHVO
L Of O j Is &« g jstel’ 1€ OdzO dz' . s dzj IsKHCU 20 d o tf Hsdslg tc @
My Olsd & C dzj BLdd3zts)y EasdgY § Is MW Mde dzOdztsdz H dzw
Na' K" 2ClI C tslstc O dziytf stels O. 1 jtoj desqyd & dzj Istsdz
sBi Yd3, dets IsOC Y] §tSHHJjtydo Oj IsCle dzz B d €3dz,
sSBtOL 503, HljftsdvwtedL Oydw ffsHH]JjtYydo OJ Ismw
HJ 2 Miseodzjjfisld flz¢ BB d NASKREK C sSlstc Odzf stelsO© W ktots
Ists HjfdvtedL Oyd Haftinjmnddjfddg@ dd Lo dzz Isted € dzj Is
Cl. 1 j totsvw Ba2BKCI sl stcls BsHdW dydtelkzjls + WWj
dzed MS sz S dmr HBEGIR dal 2 tc LA JBdzy |5 t5 Y dziE
K" ¢ dzj Is ¢ O dggongindmedKimelberg 2005a;Mongin 2007)
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2211 Eteddet ecdyd MSdy toj yJ fdissidzs cBOE toj 6z
Istc Odef tstcls O
[ Odzdz" § ftedojHjdzdzr § o7 N j d HJOd dat
(VazquezJuarez £ al. 2008;Fisher et al. 2008;Franco et al. 2008)
ECOLT™ 908 ig] adDe Gzt ststctso , G-B)H tz€, Odpdz’ -
tcjekzdzvydd Bid@EQ 2¢ deg@seslz jic Dlsd dzd B 5]
d2d Ztod dzj estejud SEEH L slstste” j] OSCIsdagufeks BMW
dzi MEtsdzr CSdd3d Htckzeddzd f & tBfirdstoek 20§fa)Pazlz ¢ dzj t
tej Yy flstster f SHtGOL HJ dzW ¥ Is ipw P2XdZ0 te j2y J i ts dzich «
PftcOo dzv § di3" § Jdi@y j tof QiaDldgasdrgy ¥ j d@lzm §
B ZEQPHIH) ( 1 0 dOMsswh d2 d&Bsd3j dzls € dztsdzd to't
- O00CIsj tedL 5o GREP2XA;) § H§H I8 d HRDH(RY i FEY,,
P2Y 4, P2Ys, P2Y 11, P2Y 15, P2Y 13 d P2Y 14) tc J ysioBlarstock 2007a)
I Mdzsoadzr | R OtOCIsjtedMmisdCd + Isuf@B deoyjl f ststet

A B

ATP m Na*, Ca?*
i / (LCa”

\ J \{ u voC

ATP r\

N/l
Na*, Ca?*
Ca®
tdBunj B3O, ddzd® Mistedtolzs " OV  (ApdfREGd Y to
B)teJ yJ § ISistigHsteots B iptgmisg Isj € Mis g .
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vOBdzd | dzBo 2O OC Isj R ¢ § ff IqButassark
2007a;Burnstock2007;Raymentetal. 2007)

t 4k w [ dr0OdedL ¢
(J WPl scowdL Oyqy |9Cdo Ot rRaede disty, 37280 |
CZOHCd  ,d5" hyU,-b
ooy stesde sydls’ , |meATP=ATP=2- | TNP-ATP, IP5I, ggﬁzggi??z'
' |LOWd&dR te5c 5o MeSATP L - o | NFO23 NF449 | {0
BEL GO meATP
¢ d&zOHC g B MY \rpnTpoBes | MZELOBA | ¢y 2
P2X. ?ézbgﬁ?’ﬁ "t?n‘s dgz?r ATP iSOPPADS (¢ &zOo dz |
i , i - RB2,
o lcilOlsde dg i Ub-MeATP NE770.NF279 | S B 8 OCa
i nsee ) ), DA
5 sYdsE s , 0k d 5 dedzl
P2X3 dz?ggzlsils{?;fcj qu SATA® ®U A317491, dzd dzdz
: meATPO A4 NF110, I,
fnd &3 Olsd yd M& d Shennl red
] TNP-ATP
ooy, | A4, M dsj dadzd AT P> >iBeATP, | () &z, BEG | tsdzdzr 2 !
4 ledh W@&OHSdj (CTP M zOs, " 2 |( & sCH
W) dzts dzit s
feokdW ] tdolz®
i e AR ATP>>eABP, |k te O &q dz
fdhjoeOtedlsj dz > >IeADF, 6 O, (
P2Xs Bsujos2 frL |ATPOS PPADS BBG | J Bdede’ 2
M d dedets B dalysi L€ d
dzr h o
Al &, Ho dG Olsj
F2Xe dz}j?tstsdzqur]lj’dccli' ] qtdacer 2
KN62,KNO4, | ¢ Ok  © dzdz
Cdzj sCd d dzsaslzdi BZATP>AT P ©2 | MRS2427, COOEz d
P2X~ g mlsj dgr , ¢ s MeSATP>> -U, | OATP Btsdz! h Ow
ljtstcjdzIZHtsudzEmeATP CeiOmMMd | tots dzts dze «
Btod dzdzd O( dzs?2 ©OF Is {
Tfdlsj dzd Oz '] 2-
ooy, | Qe sls | 2 Oz dMe SADP=AD| Moot OCIsd 0@y |
' |stesiBsYydlsr , |2 MRS2279. p(T | PLCP
d RRlz dzdzts 2 fnd fif MeSATP=ADPAT !
Jd 3Bz dgdz" § ¢ dzj c
ooy, |\ Tl dzdOd d UTP=ATP, UTPS, |k ts OBB2iz © :dac‘&”‘
2 |4 den 5k j dzd Oz d NS 37217, INS365 | ARC126313 | 42 BL BB G
fsyj ydz' j ¢ Od Guo, PLC-D
FPSSN 2N PRI PSS S = = - N PN (P &
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. < OC Isd oGy
\ s I (UTPOATPUTH
P2Y, chinzOLSHJQchfC[iO dé3r INS 3721'? RB2>MizteOd d o tsL 3t
Guye, PLC-B
B Cster j
f zOv | s s Guf (UDPDS, 1D PLC-H
T ARC67085MX> | I iz tc ORER¢z
dzjiL j dzC o, ) OCIsd oGy«
P2Y 11 ﬁ]JGtéOézldetsud BzATPOAAP|NF1L57- 5 Goéch_bzq
P AMPS
CT50547,
). ARC69931MX, G,
P2Y 1, tQtSdsBlsuq'lsr MeSADPO A D PA | INS49266, ddzedBdts
s'Cd TF‘?S PO AZD6140, OH j dzd dzO|
PSB0413, '
ARL66096,
o ADP=2-
Poy,, | Md 9L ]ﬁ;LSdzoér Q d{ MeSADP>ATP=2- | MRS2211, 2 o
&d &% Ols d Uj 1Y MeSATP MeSAMP
Pavs | T EO YL R L UDP glucose = Gy
B)lSHJ ' dz |j k1 UDP-galactose a

* ¢ t5C tc Oh BREEJ-vBrilliant Blue Green BzATP - 2-&3'-O-(4-benzoyt
benzoy)-ATP, CTP- cytosinetriphosphatelp5l - di-inosinepentaphosphat@-

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

W smW s dzdGf GRB®D - reactive blue 2. 1" Hj dzjfgas j H d dzj ded Vv
dmMf sdz! L s Odz" o dzOh j2 tOBBIs] .

s b d3j Mydydw dud M&dn Yy fsswse t
fteso jJHjdedWw odzgj Cdzj Issydesets MdedzOdzO w o dzwv
C Br Mbtets?2 dsttdzOdzdL Oydd aeuLdaldn sz 4O dz
f bdadz) 66 d ud MS 2  Mdmisj 3 GdHEBdZ]dL ¢uA
shmih jmMsodzwe s dzzCdzj sL dH  IstcTWPBafgl@Ads3 H d W 5
d 8), dzlz ¢ dzj sls  HNPRf1d, tc B2V sSdhW D OL Odz§ @dzd dz W
dzlz € dzj s l§Zfmm@&rmdmn 2006) ¢ lstster j Slsdtsmwilsmw ¢
1 CldtsAOL, off jtcor j tBdOtkzY j ddz" = tcHds O dzOB
(Wenkstern and Engelhardt 1959;0Orlov 2007;Orlov 2008 tcd dzj tcc d yJ M ¢
Md ¢ dzOdzda ©A@FEd Y O j Is or Mo tsB Y HJ dad § dut fnt
¢c S dOMMdudi MSddizde dzj 2tetslstcOdzmdzd Islsj e Odzd,
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o twOL dzd ydz = Isdtf O dzj 2tetsdzse § jtedW j ted Yy

MdMmlsy ", O-dsOLcpy UK dEdzs] | o 1 ot BlaAsy H jdozd
dzj 2 tets dzOdzr Az’ ATP, § dzj e GsB sy HOS h g2 fyw €O ¢
tcOL dzd ydz' n dzj tco dzr = s¢ tsdzyOdzd 2 , Bsy jIs
Cjyjflsser . uvAPy ' GOGCEEEHB: dabliOH to j dzO dzd d;

dej 25 j V¢ HEMEd o OMC ZdzW tedz” ® sd dglf @Az ¢
P2X d P2Y t6j yJ fIstster GAEZOHC A3 M j ydz' - Cdzj Ists¢
MeCtcOh j dzd J , AMBeBOMo EOEYHOE N d2Mwvin Mo
COdz! yd2lssdzd dz 6 J dzno calci@uizdgerBrelafed efstidon s o3 (
Mize Mls OREY ddef ? 65 ¢ d dad dats d3d31p Is & © dasligrjsdaig jotdstatdc | d
NOCgG dzdzy C MOO HJP2Yintsp 7 j ISlefsde® tcd @ sSH dIs  dzd B
tcOMMdzOB dzj ded ¥, dzd B 5 ATP GRS tc®B fgadf ©¢ O 8 MW
dL { dzHtslsj dzd Odz! dz" = C dzj IstsC shearstrdsy i3 dzO0
cdyfsCimdd, ftcdotsHdlIs ¢ OR2Ys ¢ j toudfj df dists=ts t5 90,
sSBtcOL 59 Odzd & sSONQY H O O tisfisd®j HIigs b j 2 9 OL |
lrTmMotsBYHOE h d2Mw dL Octjcedlzsh drn Istotsds
sOC yJj Hj2Mlsolzjls dzO 1 (Bzunstécy 2006@BRNSCk] to j 1
2006b)

g Jydodzitas@» o toj ¢ zdzv Ydlrf Is ts y dassitsy 3O
ftod HY cdsfdds{jdDndiy $d e e dud MCdd3 6 ydflss
MG j d&z¢C Od3 L P, 3§ B stB™©O] OCIsdoedtclze Isfqw ¢ u
def MEsdz! S dd3sd Hwlze qudp dzd BAJOAsted digdis, o  H
C dzj Is 5 ydzv MadizdDatr) caninekidney (MDCK), C7 dCl11,C slstste’ j
mMelse j sMmise j dzdzts ftcj HINlsOo dzw ¢ Is mMsB 52 G C
M dicOIsj dz' dz’¢p 3 nalstalzpas@yjls IstcOdzL JIsstedzlze OFC
ylze Mmiso dls NalK' @ ¢Usts Is to O dzf) f NK@E@LY #e GC11-MDCK
Cdzj sCE@PF tco sdz0yOdzt dets? ff ktod deNKOCH e M€ isR s ©
f s dzdzts § d dze d B d tots 9 O dzd j(Akimdsas et al. J0Q6w)j dzts py d
Gz Odz dz@ = Cdzj SCOR dBsL GO, OfmMstetsydIsOnR ,
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slsCter Isd jtojmskidddglz j &3 ~ O dzd(BRBEG) ¢ Is © Odz®B dzts o
SBltcOKtEsadgstcsdzd telz J smw daj IBidcsldite Oz d3d izt g tc O
(Mongin and Kimelberg 2005b) ¢ j §f Ols ts@lzf l4stOF tc o tzaiztah &s fipd
OCIksdorRYdY yJ f desteseomj 2 odHddBsMIsd wodzwels
Emdzseo d j &3 WORABd o g fiff dzd HRED (Wang & al. 1996)

) tsils dzd yd 4 tsls Btsdz' h jets Csdzd yd Mlso ©
Cdze yj olze tc t5 dz fzteddzd e dyd Ms dn ted yd L
stcOdzmf stcls©, MdMmisj BOIsdyd MSd4 dMmMmdzj Hiso O«
mdn i sto dzj ftotso sHddzd iy Yls ts slsyomls
56 tc Odzdlady, dzede O dzs s te j dzd2.33] dOMtgQL Hig @ SIS §
d My sdz' uf tieg @adizlz M Ig jidsdEdISUR, t6 O fy ) dstdsite j edzdzf OL H § C
33, HdA&w dimMmdzj Hise Odzedw tetsdzd { 2CIBNYDEKY ststets
Cdzj sts¢ .

2.2.2. RLEBjdajded]j tBI j BO CdzjIstseh f BJSE H j 3
cdBjdzd Cdzj ¢

s 4z Is sydzOMis] so Sy QM HOGZAY Res~  Bd U M
G tc OH JdptsizlztOo O dzff dzldziigy LY dzO L B0 Is dd3y jdhBSidAYIdaR
Mo t¥yJ tezsy jIs B IS HeMisOltsydzr a3 EZMmdzse d § ¢
tsB | Y(lBB@ et al. 1998a;Lang et al. 2005;Hoffmann et al. 2009;Haussinger
and Reinehr 2011) 1 s f smdzj Hdzj G 5 o teJ d3j dzd , fm
Emils Odzts 9 dzj dzdz" ¥ dzOw l&ets Oftigg @lsf j W o dzw j Isfpw B W
ftodL dzPE OEAHE Bt sdzsecdyd MEd WoOL &zd yder = W
Of sf gtz OtctsL O, MBtslse jIsMmise j dedzts, d vyt (
wodzw j Isfiptc j Az 5 dedets?2 f cdyddes?2 L OfEMECO d
Mz telsd. 1 1 lstsd3 OLHjdzi dB ttOmhddOIstcdo O
oftesmMOd3 BdsWdqLds¢d CdzjlsCd.
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2221RL B3] dzgf def psydetse s tsBi Yy &BO S OC Y SHABH |
Cdzj ssydes?2 Mdsj tcls g

[ ® BEteW 5 oizts eafoizd Wpdeld o § ©dz] Is sy dats 2 mMd3d tels d
LOtcj cdMmMistcdtctso Odzr tsa tc @nieln) wikzy @daf Rrctclztf f
fesmi HUafRIs ¢, o' Lo Oddz@¥ j teiyfjftafenfiyth gz ?  d dz
BOCIs ] tcddoddt jofs dziff & d Mz IsldnisCo figfdf dzte d6fa. o | §) I© 620
dzj € sty Ltc dgdpdg H v HztiztdAR 9B O L IOdite -~ 59 ] GBtetsisd yd ME d
Milsd d3ztdas d o s@ WO B Iz 7 OUAfE ISTEPL terfodOL d3OIsd Y4 ME
3 d3B t¢ Oald' B tc sdgdzL ts ) ts d3OldzdzIda], BisB tc OL 59 Odzd & ts
o s Odzff e Wizs g @adts zh § dzdzlslfOE tc W Davaldadd
Wyllie 1986;Jordan and Harrison 1999;Cotter et al. 1990)
feslsdo sy sday % detiShiglly - s ts iy dg wjls d dzd g ddz ] AsstyiSL
o s Odgp@zdrve AQYistifwis tsq sEPF O tc d © dag Is ts fpdigs A Is
Mef tese sxp OSKE URIBIH S & dzH | dzi O YdfL B dzjw dsda)dzi
f d&zOL dz3OIs ddzyjdgpStds@daze O d dzOyd J 2 h BB OC
fsdzzydeh des o 0Odze dzsW L '  demeihbradatlébpingdp) Is 2 tc j
WicOGd3d dzelsOyd g 2 W HtcO d Wstedzdteso O@zd j d3
ZOyodz dzr n 1 IsOf OR , Of sf ssL ftesdmMrsHdIs
d3J d3B tc O dzr d Elsi uycd CBf sdzd dzlstseo  jydIlstsy
oM OdzdIsj dz' detsE s B & sdfay Beadziipt.©OBEC Mmw
o dzlz Is tc j dzdzd d3d o tzP T dadlisizfidizlzaizO dpddzlz Is td lsipdrglailzO o3
Sldetsmdismv s intg s f Eidaf dies e ste§ d daGuw),’
sOf d c(@tzc d BzGE B M HIPBC 5§ ZOL O FHEZNGBC
I Issf s dddeHd s gtscted L sl ePH CMOB] IsOL sdz d dzj
Htezed] MbjtesdHdy § Mty Hddz) ded v, O OSYJ
rts d Hekzed®d odkzlsted S dzj stsyde” 3  Bd" §
WOCIkstese Mty tetso BPLH AFAHdyr todzH<fHEdg s 5 A o 5
o d3j MY s Istsls diveisip@PLd o Jtelzé M g W OC Iststetsd,
ftotsC OB OLRIsdzsmw h 28 Myw ¢ M i34 2 Misea &z yd f
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My iydWdydesmls: s ¢ tshls®Odzf Odgd d® Mftf O dBOERC
s Is dzts fFchdstAgive OFdmL) d( ydzd dzr M JSdsis2eifls odg) SWe@sL O
(TNF),o L Od d&3tsH j 2 MiIseo z& h CPI5, M Gety loytg tdf rIsAs teds d3ff o 5 ¢
tcj Ctolzlsdtelz j Is -8. fsta@LC O figtfo @alzds tc j dzdzd 2 € IsO¢ (
L Oo jteh O smpw  O¢ Is-§ Dvalldgpd WylieOgd6 Barther and
Cidlowski 2011)

[ dzsy | BlfesE d i3 dLy @S delp REYCE" - Bd s 5 - dssdi30
dLdzd Is s ts,dGels[cffo © Q&) J1OUL MY LWy O Is d H d dizd) | te d dz
o dzj h dpilsxstctcsdzP L 30 Is i3y joip CtasRdzr tcOL tolzh j dzd J§
HiGBOHOYdY r11s M ¢ Yo dzj dzd80dg 0 @dzE/XQjtchis o-C
WicOG d3gj dzlsts e ( Is © ONA de@dering, Ogj 'd3zd st d i O dz
Fdzde j thOdz dzOff sz  1g6] M(Ouall ard siryllis T98)
ddzj Hizj s tsH dzOS tso T Bldaififiis ¢ 5 w2z d3ayts i@ ddijvis ¢ O A
Jurkat ftcdlsjtef j o O h dn fMd3d tels Cdzj sts¢€ B3t
dzj ¢ tcbleiden et al. 1997)d ddzedB dIstster COMmMf OL L O,
Cdzj stsydets?2 MmA3j telsd, o7 Lo Odzdets? cdftsEmdd 2
fmils d &3z dzO d3d (ShityjzQ é¢¢ &.L1E@06) sdzj j, 8 segtB Oyqdw3 ¢ OMmY
Wodzw jlsimw SBWLOI]jdz dgf d3 EZMmdzseadj d3 OCIsd o C
sfdMOdz0 o (d dzls O¢ KAlaMm~et atzdI8W) sy dls BEF B yd 6
gdzj ¥ smw Htoddj ter Mdzj telsd Cdzj ¢, Bste W 5 d
ColtcOw ftesdMatsHdl o slsmizlsmMlsedd d3j 1 d
1 sd tBteOL 59 Odzgd ™ ¥ tc QEalgnluatotlH95)s: tols K0 b 6 gz@EW
COC ©BO 1Id ftesyj MmO BdZOtEZY jdz o6 9 tc
(Columbano 1995) s Oz dzs € Oyd w wWisihWw OlsdH d dzing ted
ftso jten dzsls f zOL BOIsdyj MSE s O BBlzdgg tdxf dz"j dz
[C&lid OCIsde Oydd (Zhpl tetCalzed@®@P s  j fls! sy
slsd3j yjdedze" = © =~"tH] tOLddyde = WdL dtsdzsced
tej OCyd?2 CdzjIs¢d, o ¢ dzt y OYGCyubKalsddryad gtda¥. Is to 1S
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2012)d e jdsdzdL 1 tedlstetsydlilstso , 9" L9 Odedz 2
(Williamson et al. 1985)

VY4 ©® fjttoarn tOBSISOR, HwfMmowh jdadzer = |
d zdslz dzdzts 2 Mmd milsj d3r , dgj dz@ M j dadz" 2 € dzj Istsyd
slsdzd ydilsj dz' dz@ 2 ftedL dzOS¢ L1 Iss 9dHO € dzjlstsy:
cdzj StesL, f tshtcj H KerCetizalz'1972) ¥ ls i jdzge |, tcOL
gL d&3j dzgj ded 2 d3HeaciOfp dBs@ ~ S dzj IsCBC BTN dzts € dzOfMmMmo
Mtsilstcz H dzd ¢ @cREfic vAluME increase (NVI) d apoptotic volume
decrease (AVD) (Okada et al. 2001) 1 Odzdz" j ftcdoe jHY dzdz" j

fsCOLT™ 908 Is, Yls ts SH dets dzOff tc ©o dzj dzdz" J dLc
SOzl stelsy tetso BECOLT 90t Is IsCOdgj M J ydw dy
Yls s ) Mo 58 sy tej H! f SHtcOL zd3j 9 O] Is l

bdzdo j tMOd dzF 2 5 Ow©0OCIs] 6 dnjdsottr)dasjcda] v s Bd Lj
LOfEMS d ©OLodlsd.j Cdzj ssydets?2 My tels g

2222 ujtedisH OGOV BsH j dz o tso dzj g dad W
IsStcOdzmy Stctfy s dzg dzgf Is s ysoats @ O

U j te B H d dz0O el jifeedjjH S QLY 98 tsdzy Ols j dz' dat
H J 2 fldiplsddids & dz® Is ts 1) dats de@ gizls s y dzB2 A o d i Is
e OL dzd @zt © B3 jolCtati oy @Y € Is to ts 7 o i3S 1s1jj dgi§ i@ =idc O dz'
(Em), Slsdzts i d Is{f s alziz v isistsiitsle ' O dz§ Gels det$R¥aR, Pc)
d HodcOshizs fmddkz, ftwjHMSOL Oddzzs dL d=2
v QUzO{ to deadsjdig, Qg ek L B k2 HCJAAOISE,~Ex, [K']i = [K'Tin
J[CIT>[ClITn, OC s 0O Y PzO dzts 0 dzj B LHER sadzjk s
1 H [Ty I [Clin 5L dz0 @ @izlds t6 d € dz§ s ey glatizlskic @ Qlch
Iz ) dzts dede Aizts g J fipdieth Is ® s € jozj ISsiCOIs g jls wifidy § Is
L Of & M Chipldsd dgvdz'Ciy g @ O Szts b 15 o' fjo S8y J t6 fetsie Iz Is
ftedejmisd ¢ HJfsdicdL O q d. M) oI8 fotOEds d af, o
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L ted s to sdgdfjsOE Y d IO ez 8 RE~Bc, [K'T>[K T, [CI

J~[Cllin dPe>>Pc OC Isd olO | Pde®e ftcdosHdls ¢ cdff ey
or nsElzd thHdtslsowjtEddzsy .9BH CIstsls Mmdzlz y O3
fMzdydhHodz dets?2 € dzj Istsydats 2 bz snjdsroteusIquizd; jos3f s fte
OCIsd o AHYHGJ2C 2z dzd 6k SO dztso  Mts M Hdzaj 2 ¢
(IKcg H J IsOdzt dzts  ¢p fn) igeDjB Hsticad®Dts t6 doflzcHd d  ff s dzkz y d d
1 tod f Iglmang @t al. 2003b;Schneider et al. 2007;Lang et al. 2003a)

Cdzj IsC E~EcfBn, OCIsdo BydezdCl ¢ OdzOdzts ftcdoSH
ftotslsdo st sdztsy dz' B d W W sGls@dgdzcfia®dd L Jtelzw dzd
ftioslsdotsH j2Misa 2w dn oo dzy yd ded v @¢, t6j G
O tod d3d to, Juwkatl dejsiESs@AF h dr Of st Ishesl dakzdf tc d
CiteOdizd@slsd o dzts iy ls f slsj dzif'd © @ dzQ.dEsedP)i d 3" -
Zdzj dzt h ©OjIsfmw, O (Szgbo & al.j1986;Guthimse] ak 1997a)

OROS ;-

[K*]i~[K*]in
[CIT>[ClTin K-

[Cl-]i~[ClTin
[K*]>[K*lin  CF [Na*]i<<[Na*];y

[CITi<[CITin

S— ~— g

l =) - aKkTMBaAUMA

- MHFIMGUpOoBaHUWe

DVD
tdf. v yted3tsH ddzOBABREHY DOV fElsj? dddese s
yOmise zg " a3 dz' "ODyOrd j d (o kzo jDMAQ Y jtied jy BO
bdisd e Os h j 2 tSdniiag§d(d dzdzs Mistedtelkzs s  jtoj S tey fl
K'dCl S OdzOdztseo, L OfzdnS Qeff §5 08 ) tOL dzf o3
f sls§ dzy d(Enfziddse daiz s te d ¢ dzj s Y[E2T)dsd CI' ([CIT)

¢ t5dzy § dals ts OydffitlzB C ¥ 5C OL © of @ giakd” | IstsOdzfnu’lste
IzuOfnlsa ZsDWId 7 Na' K'-ATPase 27 Na-fjo W L Odzdz’ 2 Istc O dzl

st¢ Oded Uj MC d FORBT) ftieted B ®&M" W tetso 5C HEke d -~
ds. JkjSMmls
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| sl dzgf g6 AVD, NVI dstsy Bls Ise i sfyte j HOSols@datO y d j 2
Na'/H® tBjilzdzd § 1 tclz e d n O tc O 9 czjNdzdgo & L Chderiz Ishtc -
Istc O dzi if 154G gzic WM, 2CI, Na',HCO; d Na',P C slstc Odzff stelsy t
qdzd M RNl L Sshsdzj Cdvw oder & tstde Odzed .
MOdtsd3 HJ ddinfndag W jsh @esf]Eids@EydstsOL o P EF stsL O
fne w L ipiaees d B d tc sNa'@Hizs § d3j dz@aiEvO tsB L (kaag@Pand fd3
Hoffmann 2011). [ H dzO¢ t5, ZOME sdz! €5 dzOd3 dL o j Mmls
sBi-L B dmd s kyoOmisdj {lseéts §jtoj dshyds
Cdzj ssydets? ¢ Gpa3ls b s zO BBthjedz@ 6 j H dzO B B F\YI
L Of Iz fr) SoBED;S lasif vz flaltzd jj tig QLis d © @y t§ 4 dzj S Is@ls dias Gdz' o
¢ O dzO(Mitdsen et al. 2007 d.fAC). v o j dzd Yt dAdZO® H cfi diAddf) Is
offe U J G B¢ o €HdEMJ | OyedydedzO dztste B dzEds) d W
¢ slssic®F O dzy dHejQfj stiywis s @RB ePBA C &z Bz ddr 4 d j 2
Shdgisus} MSd Mo v L (Ceddatse? al. 01890)T d MM d § Od)&fs i
[ 15 dzdzO dzts eteifXotuipt® Iy MU Nz ¢ 5 to WdpjlsHs' i Is @ Isi] tsdg d
ftosd M- sdiw OF d oNKI-Yn-OL S dzOH j Y H] detstcdzOdz
[Nal o kP jtee of MSCtdl .§ ©kada § dzd dpdsH Isd y ey H
L sk dsHj dz' BN dzd o tsfn)dafsw jddipSy] ~f tsaziztyQ lsizs
(Carini et al. 1995)

1 3§ Mtplg o j dzd jugzdz dzOC Np'dzg dzf ¥ O dzdets e s OC Is d -
o ntsHWhHh QA fslstsCtso NVIis igtsts) j BT Aslsid Gddon, j dz
ftosHtsdzy dls jJdzcdd B tc ts oNA'gie-¢ dg-OL ' (1 d . C). 7
1 4 BB n SHJ &S Y sisisEsis gifise'd df 384 dzj ISEPOE>Pya,
[CIT<[CITn d [Na]<[Naln, d o tetg @3Wo N¥Id“Oo d ndls s MCts
9 n sNad (Macknight and Leaf 1977) s oH Oalzdisddz yOj dJd3j & Is
fpzh i Mise J HAZOdzd MY J ud WiefOud dfuxi® ¢ | dzO0f e d d3j
ftosHsd dlsj dz' dats j Nafkilad dhBQiite s o ®pzd §f L o5j dad dzts
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dL di3j oW j di3sets C OS { totsfld'eOPdis)ls p dsd dz'H, s Mds 2 § dz
Jurkat (Nobel et al. 2000ff S dzj IsC OF & dzOH TVSKRIC) &Kz ik Iz dzO Is
C tor @aurin et al. 2002a)d kd3j dz' M Odzts, 0 dzj o j
C OteH d s BJ (Smithh Isets @l. 1993) 1 ®)dzj Hdzd 2 % j desczgj dz o
B EMmdtse dzj dzK' oy jrtasats@f Isd o dtetso Odzdz’ j-L @ OdzO d
dzj H s if B BXBLeO MNate 5B d3j dzdzd € ©, B dZOtGlzY j O
C dzj Is(Bl&u&tein and Lederer 1999) MOdBsd3 Hjdzf J o B2 Bfte £ 1D,
d dzc d B  cabKB-dEONOL ' OB Oddesdz s totso t5) H Ozt
dzf M Olsdj i3 ¢ qBmithfesazdIB)y d Ists o

2223R L 034 dzjsaed v LA & € 09l dzizlg RQiEds s fdzE LB is d

¢ dzOdzd L d3j dzjsdzd ¥ aB© dzj Is YH o § o p dedg™ dzd *
Of s Istsls dmisjdfigfizcfi@siod ¢ ) Q2tdrdsoCHAYE. 1 § tc ofdl'OH d W
dzO B dz¥ H&X5jldsifrizvis ipls & Y f dzts ¢ RO s HYHB » LAIPLAZED%

z d3j dz'dhj jdslz  dzj Is ts y dasls tstdn@so H e @ iy ls @ & éz802 Is

70% kZd3j dz' M j ded § Cdzj ssydesegts B ¥y BO d tol
fLrtejddd &3 f§ &zOL B3OSy M< s2 d3J d3B tc O dz"
Of sf Istsilsd yJ f(Bealivais & jpldz99p;Bortner and Cidlowski 2011)

Clsls o tsoHEEACHSS dafjouliftists B N | wiasf I gz 1)l &8 d ydzs 6 ts
AVD o G dzjfst€ OIE j toff j dgtOte ¥ t dzts cdfHujj dpis daytas R Is s L
(Hortelano et al. 2002)

Clsd Odzgdac Qo dzets C OC d Isjted3tsHd dzOd3d yj M d
dL d3gj dzj dzd W OCIsdo detsils d Jiftstelzdz f-ts dz® dc@eddd),§f ts
Cdzy ssydetsy My Oldy dzj Bsy jls BT Is! i tod daw
Of sf HIsLiCsts? MmoawL d d3sy datsO fHfisid] Heistfiids giztelds o Is *
HOgz) ¢ dzOmmdw d Wdststsee Q difnisfg afj dedzs Mis™W i3 f ¢
Cdzj ssydzts @ ts sBil ¥ i3O. [ HdzOC s sO¢ Ow
ftwdH]ote] Bidddigsidy dzp udis™ BOMEZ IS fiflsldifh s
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Csdzd yj Mmisedjs@df s g fig ¢ I tsdf | Kwen@rinG ts dzdzj ¢ © dfzd
f sdzOc W s ZzOMMdW d ¢ Oydw Isd{f tsioL CCHdA s yjdzts 2
9 0O dzOW Hd&zW MmMEHjBERBE IHjEZO f(sddydd,
dimmdzj HEB dEedBd Ui MCdy d Bdi ¢ uda g2y da j
fn dzjdtaKroemer et al. 2005R dz' dggits o Edpddzy gz IO MM d W d € Oy d
C dzj Is sy dzts 2020 d@ifteddfds ts L dajIsSiydztdsLftplsi izl 66 dz® y dz'o
BdBrdBIYUd MEdrrncOtcl RSt ez thtsdzj L dzs2 Bk R A3y
dzj s toj H J dayodgdptindsy dz$ dzO I§ lis td3aplS Hidg Is s Wiz ¥ Is d

f o H dzts gz dzdelsf’e dzj ¢ Pdstg fzy RSO § ddel ¢ 5L
dz® " t6 O Jlsd@Ce Q& dzj Is SiydiZOMIsO Y Iz f) CtOfy dgolyd ud ME d
" 5C 15 dB3& dzj Is s YT e 8O 2 ¢ Qrjids@Odzj dzd § i3 tets
W OC Is & idts als(Kneemer et al. 2005)] 1L Ists?2 Mmdey Hdlzts g3 dzd]
dm¢ dzg ydis! AUWDjddN¥gd(Azlov et al. 2013)ts ) Is © DR (dying

cell volume decrease(z d34 dz' h t Blad Yjliz)d tc O T e 2B G DVI

(dying cell volumeincrease( zo § dzd yd dedJ tsBI Y BO) HIxlalgd tc O &
¢ dfmddedsvy j fipm®led v d  dzOe jlzes Ofigis{ee & 3 BOR 1 d =
Cdzj sC OR .

1 OtewHE M € dzt jotfsis B dzOalgd dzd ff tois B dpazts& § Y
tsBd L B4 dzjsded ¢ 3O j 2 ) Iste@fSdls setsg o tsH @ Mdzg tels d
Cdzj IsseCl wfdgw j Isfpw B IssHdyd MEddsd 56 tcOdzd Y.
LOC dzt ydlsj dz? dets?2 cdzOes |y BLBKGO dzdlsj tcOIslzte
&' d iy tsdz' L tpde) dacks oHodtad W fiof L d3j dzj ded 2 tsBI j BO
34 Is s H BISUR, ColsstcOW f L o sdzd dzO &ZzOdz Hd
Cdzj stsydzlz © or Mslskz, o fs f dzsh OH ! fso jtor
ftodCtoj f dzv dgdes?2 €& MmekeMmMlstceOlsz CdzjlsSd fm o
(Boudreault and Grygorczyk 2004)
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2224c 0 dzv jlsfw dzd My Oldj HBMsOksydy & Misd
C dzj 95€

1 4 MC saki 1S Bo diN o3t S asdz' L s Odzd ! Hdzv 5
o st tctsmu O deds dg O ISnzsizd3d tc wEdOde'dzs Sdzf FHicSB dzisG
s B L Bfpdd(Gulbins et al. 2001;Bortner and Cidlowski 1998;Bortner and
Cidlowski 2007;Lang et al. 2004;Lang and Hoffmann 2011)
DVD CddzilsdGoOf smisOo@afj agfid PVD d f tsw o ozj dzd
Bdtnadddud fipffet s dzts ¢ 3@ € € wzg Is ts Vfigieksiie Is d
FCOLT o BisglsezOdr otcj d3j dedz" J t6OL dzd ydvw s 1
dmmdzj H 59 @zdaR Y tc d te2s Hfipls d d3kz d&zO, or L " 90O h dn-
vOfs ¢ dzjUBTB,BE, NG10815,HeLad y j dztso j Qe BEyd s OR ,
SBiOBBIsOdzdzr = ME Gl tizs M {f vz § Czttsdeyi s HRRIE-5 dz
YO fmHsts s O st Is tsdd yd &y cdaed iz ls s2Q dde®B Stolz
d dz¢ d B d IsGfipfd@sselborg and Kabelitz 1993) O § tc tsisdf jodz'd"j j dz
tsBJ QJagkats dzj Ists G, tsB FasiRdclsCidrdEdt, v o dzj dz Istsdz €
fesfzdvydd Cdzj s, B XZOHOE hffs Z2OFEEE | tzdz
B lstsa tsdzH ted Odz' dzg @ & s df a5df ¢ B Hp@REBdrtnerand
Cidlowski 1996;Bortner et al. 1997;Bortner and Cidlowski 1999;Thompson et
al. 2001;Bortner et al. 2008) L ldn=iz i@ JOIs d | Cdzj sts¢  sH
d dz¢ d B d Is ts tc tszdsADCakANoIEL et al. 2000 OC d d3 B e OL 5 d3,
fy dzlz PO Bsy Fis Oh)ds@dste OL o d¥3 ¢k ) dzf dzgk® sy aipis@ Is d
O 1 sO0fj dad>yJ OKjistafeodORsly s SHQEN @EO'd3] U J dats
o ¢ dzj s HE sB dzz yj dglprjAdssdzgA  d o C tas dilsts y d s
sB dzz yj dzdz' = ) -ic@B § ©@hlygn@ dgdzi01981)

WW i Clste-afd tifi tstsfmdstsls d u i fiy Soejtde thifpd@edsidy j M S ts
>y OkifQ Y & m SYag thifgsisits gzt dzv dz! dets s 7 GsGs BLOMPd3.H 5
fedosHdls € Mmdsjtlsd § dxBistset and{CRiBwstEdzs 2 ) d fl
1996;0rlov et al. 1999¢) dzH 5l j dzd O dz' dz' 7 (MAlekpllas ¢  ftsfiylz H
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1998;Alfieri et al. 2002;Kim €al. 2002) MIMCD3{f sy J ydz' = + §f dlsj dzd G
¢ dzj BMxkieaetal 2000) HeLa$ dzj KBiney and Murray 1998 D54-

MG € dzj s &9 3" dzts éEjnEstet al. 2008) » My Is  tetso O dzdz" -

d mdzj H 5o Bdiad @ 1L Ndzf) jis 8 zO KEO R BES ZOMMd uj ME 6
Of sf s8I, HSIEOCc O PH I tcOMh jfdzjdadj R tesdzOIsd
WisimW Olsdruddzij eddzO d OSCIsde Oydw SCOMf OL. g
Ybsts fntsydd ko ddudddd sh@sHy fxzdasddy f
Of s IstsL o € dzj Is ¢ &ESYRZ{Matih&nsadod-f dsrardgd996)

dzgj HJ 2 Mlis® tzp BIEKDK (QAQV etal. 1996), Cos7,GHz; d HelLa

¢ dzj KBortherandCidlowski1l996)1 tsdzj j L#ghg €, 5 dzdzj ¢ O dzd

dzOB dz¥ H OP2PONLYIg sz y J dzd § sz das Has @iz, O
L Of 2Mmis d dztsJuRafCtf jldCL O o, s Fds@d ¢ @ @Bidbas et

al. 1997b)

t OL dzd ydzOw ykze mlse disj dz' dztsfls Cdzj Ists
cdfJjtelstsdzd ud M B3z sCtelzy 4 dzd ¥ BN dzO f SH
OOdzdL sd3 HBLBO' 7 LOsadmMddssMmisj 2 ko j dzd yg ¢
C dzj §asl6v et al. 2004a)S Isd + S M jted dzj delst f sC OL Odzd
300 3f BOdzdzd stsdzO@ ko j dzd yd o Oj SKurkdtid O ¢ d3j o
L dgH tsls j dzd O dz! dz' = Cdzj s@PRED) oMmallf defs 2-tc OO ®OtcIs T
Motslse j Isfddse pafedzte@zdts Q Ustc z h | dzd MDGKid t0rd3 AdsCd@IZO
g OBOWY dzd L € OV ylzodptisdzvgds'j dis figlddsdh) ts g Wz o syng tz(
9 CdzjIsCOR G d&zOHSC 82 iz MESHAA Isiizldef Fdz PlsIc® & (
OL telz" J dAf BOBIPEQ o  tc GOQLry Mds® deded Is s dzO  dz
fpr " oWe sls s to[BHEdr Ul ds 3(t d.fBA).

Il T mMsCov Moftslsdo dzv j ii3sMmis: Of sflstsL z BT dzf
fsHe jteedzzlsr 7 cd{ j totsm dfewid gtjai Q063zr des) 2 Mls
zMmils Odats 9 dzjzfetsO o dufriisifag s d M- s § dz] Eedttfs O o dzj dzd j
400 d3f d30 dzdzd Iz Egz@iztBs B | K dlzj ISt5C dL o34 toJ dzdz" 2

f tot5fls t5,0 dzf I 4N @ I flzfChHdsts W o d dzO~40% ¢ d.fBEB),
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1 d BBAatsHd diBts sl dgds 6 1©18,0 dy I8 ¢fpO  jlzddgfj2dz' M j dad W
sBi j 5O €EpGUsEyH szdf Esv o dzj dzd¥ § jto ' & Ot
fdsd tsag. prhJ
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tdMS W jSl cdifjtessddydsilsd do Of silst
A.TsLO LOsadMmd issy Hy2Mmisea dj 30 dzdzd Is s dzO
GdzZOH S tsd3r M j ydzg' n ¢ dzfj Us € GFts to 4y ts iMEME) ofrg

L dgH sls j dzd Odz! dzf 7 € dzj (BAEQS! f @Qtistg lszd Ofipsd dztlzR d € «
[OHg®RteBd 1§ 5y JO7-MDBKBIOS 5 t5C Ols . Bdzj 8siC 0%
HsMiskzYf dzesc s [@ZC]gESAY | 8 dZMBMC, PAEC d C7-MDCK

¢ dzj s 30ckd dgdzS 2B Oyd § 2 o 400 dividctfftisdplOticurer

al., 2009.

ANdLdBdtsedud & dJ f sfdzj Hiplso oW ¢ dt
dL stsmdstsls iy Phefceiads M iz Mg Gnugddds ¢iititsova et al.
2012a) [ 4 2Mlse dIsj dz¢ dzts, cyPtls jdtg ts ) digselsjddedj vipk e
odgzlsted € dzj Istsydzz tsdedzzy Mddzz, o Iss otey
sfsMicj HEjlsMw fslsjtej 2 o dzklstsdsid] Isioyde d
My sd L O dzEzzSdsO o d fifdsl’ onsm dzaf L 2y j telzg ded
dL dsgzdzf dzj stsytps V3O daj 6 Oydd MmdedzOdztse,
C dzj Is tsydzts 2 R Lirpd3, fitddsdgts , Yylsts BBdzr " Jdzmlseats €
Hj2Mlse ds Gy slstsdzed yd ME s ts tc O iRYD, 5 tc O
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ftesdmMrHY® jg" BEHO o dzkzlsted ¢ ,dfj IsdiEsyaidy ChdzdE fifdg)t
sfdits dzwisdd' défstdni HT , f tod o SH lUang &t amPBEYdE ¢ dzj |
dzOB dz¥ H O dzd , Y IsfipostRVBGS I tc Slds.sdke.tsdz kd3 dz " Odz
CGZOHC BA3r h j ydz' = € dzj Is ts CE1A Usttg) Qidisfrp dj(BiAfjdsty © dz
VSMC € dzj IsC-jc O 19 O, dzts dzy Mmdzd 3 O@rlodel al.o ™ 3 d o
2004a) | dzw Mt Qo 2P0 W L d3d dzd dzd J ¢Cdzj Is,sydzts @
LOT EMC O] B4 dL sth@icdd ud gl SR dz@ 19 ozd dias 2 O iy
Na" dzN-d3j Is-d-dzdz Is Qg dzo sH d Is Helafj$dBlsdfj IstsC, M
C Odzts dgdin 3O tc € v tc ANgEui eDdl. RAOE Naer® et al. 2006a)

Il 1lsts?2 MmewiLd MdzjHEjls ®lsdidgildsssj, H tglf tded HzC
fMtej Na&-dCl-odzdw jIs dz0O Ctsdzyj dzlstcOyde dsdetse O
Cdzj s€d, Yyksts o Mmooty Byjtej H! By Jls BSH
3 elsd wdtejL wWjekdYyyds M) Mndd dO
oo dzy UJ dedz’ = o  teusdudi mdn" M df Jotigieaifstivg dtfals s ¢
2012b;0rlov et al. 2013)

WWiGeiMrer MsCdds M &hljsesd® didigdis] Wi Mise J

C dzj Is sdzdiaiz®VD s s fyte jfHids® jBéigsI) dzts 9 dzts @ 15
odzzlsted S dzj ssydzse s dzj Site G Olsiafdgg Yk ks@As s iy d3ts «
f SHo j tc dsdeiclOBRSjISCCHYO d3j € sLddsydiptsiaiK teiQdyd didztz0 W

BJ Is s @djogzdak@ fff j € Is to s FROSEOLY tfOH  5OC Isd o dats
O dz0O dkB dzQij daiz® ) 2-3-te O (HAghes et al. 1997;Gomémgelats et

al. 2000)¢ € Is d o Oy ¢ BISdz OISCER-T7A, ts B tc Goedisls -

HJ S MOd3j s ticdsts ds 3-40Difits i) | KE, {2 &3] to jdgipdatisH s 3

f dzOd3j dzdzts 2 W (Bensonzt &.16IPG) Xs - s §5j dz' "K' idzd j

dzO B dz¢ H &XgrEfif dirCrdzj StE @R Is | tof jOIOFYh I, o
ftiodmMizismlsodd ddzc dB dIs gBatbiero & azjl¥F pdgsc s Yy d ¢
YO dL d3pdzizdzc? ¢ dznists j iz Otizd v di3s dzts o O dzj dzls dz
B' dfdsC O©dzj SUOXTTE tci j 2 M Ids Pdf tc ts Mif &dzdp@P O

f o tsls tsticttst® d ) ztelzd dfids "K' dadljmtstsis o j 1§ fidg ds lis jylszts d3lz
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Y Olddftted HhM J Miso zj s OF |sod sty dlzf CAMFY Apdzj HIz ®
WOoL O, d&Oyddos h owvhw fr @OSHFoRHEHY CPhHY OL T
dzO ¢ s dayafz(Pirebola et al. 2005) Jurkat¢ dzj IS€ DE OB 51s O dzdz’ A
FasL,zo j zd g FdRPe 2 ©OL O B' dzs § sdzdztsfyls: 8 B
d dze d B d Is ts tc 5 d3 ZVWAD dimk ENGgIEt@L 2000 tc j Hf S dzOG OW , -
LIsd Mtser Isdw wodzwe Isfqw fMdzd H iz j &35 dzO " dzg
H J Is O©dz{Lang &pdsHoffmann 2011)

U tedssH d dZOBEEY NEBY HME OLYljdndf Oydw
Is tc O dzfy d3j d3EC te@dzdfi aidistOj o j” M HGes) Gy Bz lzH j Is
fsHOowDIsY sMic Hizj dsz¢ ¢ dAf | E)iddly ® d3Engagiz o Is
Cidlowski i € ts dzdzj dz@ B3dzt W ®©E» | dzd K] disflg H GO0 d3f
L Od3j H dzW dztsJurkiatdg jozg lds'Ist8 G6,0 B s IsKaskdaBottner et al.
1997;GomezAngelats et al. 2000)v a3 tcj dfdits d B Jc E O Dz j T
Mt B2 MsMte) ) [RMEd ] dgs SOCY | ©fdnmOds Hd
fsHo jtoegh da MW sBtcOBSISE j§ Hy SMOBj sOL 5
Mils Ok tc ts M f(Hughgdets ay 1997VSMC, f sHo jtceadzzoeh dr mMw H,
f totsls s dzFE@PHIDICk et al. 2001)d dzj 2 etsdzOdz! dg'ts € dzj
Hy 2Mmise dj d3 (Cotgofidets dlH I8) 1 s® @zj d2&PQ d3f KCI
f sdzdzs i 'd2ts € d to s ) @gzts IsHeLa € dzj Ists €, LOf zMm¢C
cdf jtesmdasls d y 46Dt Sorbitols (Shith 2t al. 1988y dzj H Iz j Is,
tH dz2QCtslsd3j sd B! §f, s5- 5ROCON  BZOB dzt¢ H AEXIHite d
1 Codditsdzv@oiggisddjdzNaCl C Is e Odzdf tgJ H f 5 daPls O s
i3d dzd B3 M ¢ 5 &' Y Ghlrj O=iEls  Of sftsfsls d GGy H -
o r Ms§thes) tox KOst jszs g Gapyj dzd § &3 d ts dzdzts 2
d dz¢ d B d tais PVDzd jisif stcj H s OdMlase dgj HiEZIg sy CiIs@ ¢ »
Sls d3j Isulddzj L Oo dShfdEsO o drjsdadiitediDVD, § to d ©[KThis
L dzOy d Is jodzdazty Is 1 dzfz® Is e WisisCidlzeyd Oz §f dzOL BOIs
d34 d3B tc CUE"Is dopp Yets iy Ip daylf Offds o f Is | dz! dzts™ =~ 3 d3B 16 O
B j dzCRiEF ¥ Isdse iz d&zOh j 2 dzOBtStOIststedd BT dzd d
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E1A-VSMC, ftoj Isj o) dNBGHOIPRIY stk Mz s fipldsdndsds o ¥ ~
WOCIstslestolsdnr + S MY j tod d3j dzls OF O blzqHSABVSHHE 5B daC
C dzj 4@t st f of® j dzdd K Tzt IS H 126 d3f (Orlov et al.

2004a)

CW¥WJCBBHELY stz Odzt Stelsdtclzs h.dR fmd M
Bdetse syd mdzj dede’ = dMmMmdzj Hse Odzdw s BT dzts ff tot
tOLodlsdw mBS tolsfd 3§ dzy § sMW -Is ©O tzif $ s ) ¢f o Iz 5
fdMmisy &3, ftedded 30" dn EZYOMmlsd ¢ lsasis te jnd b dp'tsg
o Cdzs YO s  slsj deykf @D dzO &8.8 fiell G3r Kj4), Ca-

OCIsdo d ol j WP GO tzfr,, dzj Mz SClsdode § €COIsqd:
f slsj damffddifite z j 3" § O dzd s dzdz" j Caddd nd d" J ¢
Oded sdzdz” § & OdzOdz’ (Langzend Bdaffmasaric 2051 ;Hoffémds .
2011;Prevarskaya et al. 2007) CIsd HOdzdz" | d Isj tcd3tsH d dal
tOMMdBslstej dedz’ § d2O3d w©W0Odzj § (tdfm. 7),
dodzdzsects IstcOdzmf tstels © B RVDR IO 9aqdn.dHdzlz fr) I odigj ols@d
mMdzj tcls . I 4 2Masno i Is £ de'dzdizs 6 OB, 1 §BEOL 9 € dzj
dzd dzd MeBa U937, PC1 2 N§51081 5 dzi i dzj SIsdoe dz" j§ C
Odzd sdzdz” » ¢ @idz@hiatsyane2(24tilbdnedisulfonicacid (DIDS), 5
nitro-2-(3-phenylpropylaminibenzoicacid (NPPB), phloretin K ¢ O d4® dz

mM Ba™)  ff s dzdzts I teis sD®Ez L Of & MSdE®j dg L d&f y dzr o
qdzHzZC ststcOdzd Of sflssL ©, d [zo j(M=apnpdtalO dzd
2000). steOdzeMW j Cydyg de@s s PaydisdzaBdzdz’ = Odzd s dz
oodzj yjdedzr = o f Ols ts ¢gydj fibrosisztzatismentpfgned H s L
regulator anion channel} f sH O dzv dzO MmMd3j tols Lfdlsy
fsHo Jtcedzzls™ = 9o tsL H (Gdtliidb andl Bosanjis 20¢1 L ¢pH s ts

o toj d3w co¢ dzO te Iz h-1j @& dj ) d tfizts B | déydftOteiz-3- ¢ Od
Edzj dzt hddzts Of s IstsL ) Bd S OteH j a3r hj 2
tej § J tcW(Boredtdtal. 2011) Weifn C tsdzdzj ¢ Odzd DB& ¢ " d dzd ,
NPPB d dz¢ d B d tc DY dztf  dzj pdzdwdzd dzO0 -BSCIEdo Oy
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WicOe d3j dzls Oyd & [1 s ) sB OB tsls Odzdz = Mmis O
dzj 2 tc BWilpO6t al. 2012) R dz6 di8cgUsdztdds tc d B3O L ts dzD\Ddzts € ( to |
d Mmd3j tcls Cdzj sts€ Gz tsB dzOMIs 53" f SHoO J to)
dets dzj GCdzi ssC f§ s5HoO JRAW ] dedp’dzm g Bl S5t
YdtejL oLOddsH]2Msead] Mt Mmi(Yokefrdedpl dcso
2012) [ ud ddndzOB gzc d B d te tspdafdzds jn &z Is MIs® Ydfeh B 1
L Oh dh OsHhjRAN IBadzfsX O 1K & 6 dz®Bizs dasst d O Hzts z ¢ -
d mMmdzj H 5EMkizet valz 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)

ddzj HEf &) syddse dzts € O I€ Dok sdz! L seo h dn
or M ydisdlzp@B BIgAI! tOL ddyd' § §BBSYd |
dZO Y tod B3gzts § OKE € © dzO BeS of 5 H O o@igwlsdy o des i§ 12CI-
C slstc Oldz® @rivuwc et al. 1996h) W dzts tc | Isdp@zu d Is [z dgij das»
Csdzd upfazastic d ¢ dzjp Is m(Glarbie Bt al. 2000)0 Is t® tc § WO C
BdzsC Osstcyzo Mis e dIs  dzf detlze GFdzQ dAs(2-Butyl-6,7-
dichloro-2cyclopentytindenl-on5-yl) € j Is s 30 § dpfndz@ & © j dzyd O dz' dz
d dz¢ d B d € s alz8z2jz® el dziid € @dz® @'dzm {f ez Idsy A@EE -l
(Bowens et al. 2013)rR M s dz/C 1OV B H {5 I8tsCdaggfjideizj € Isd o dzr 2
d dz¢ d B LKisHt€a-0C Isd o  tZ-§ Gtzpodr s B o SH  Bs s ¢
(BKca), Elliot d Higginstf 5¢ O © dgd diMiad]lj Of s IstsL O o Isdd
ftesdmMAatHYh jets & suzss (@Hot@andzHidgins 2003)
1 Of tetstzdboOtc d B H 15 ldafQ @[ cigf dizc B G OB Isd o Jtolz j o3
K'-C O dzOd=idf totso sH IWE)flsid 5C OL Odzd o9 tsL Hj 2 Mlse
oJdurkat¢ dzj Is¢ O~ , 1 tsH 9 | tchpgLddtizbelet ah 2000 Ilso d
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2.2.25C 9 dzv | Istiz® B Bz OEAY I3 Ols tsydz" d3 Mis d i3z dztsds H dzv
Cdzj ssC ?

1dMésdzr ¢85 dMimdzj His9 Olsj dzt ME d A oz
Cdzj sts€, BftejHJ Y] BOVW BoteW tsdzi OO do LddC C
f dzOL B3OIsdyj ME 2 d3j d3B tc O dz" o "(Barpo® dpdits G 5 &
2001;Carini et al. 1999;0kada et al. 2001)0 dzdz" | , f sSHIseo J ey HO
cdfslsjLkz Brdzd BtSdZr " j2 yOMmlss ¥ § sdzzyd dz
L dzgj e jIsdyud MSE sdi3iz’ detss dAfsts ©@zad ® dzts Yylsts dzOB Iz
b uvAdMiss Yy dzdz" n CJYOlssydistso zd3j dz@ M O dzO My
o jdzdyds OdzOMm: , K'Cdsdddr @ tc t® 9 BRAkM(Carini et al.
1995;Carini et al. 1999;Piper and Large 2003)0 ¥ J dmmdz] H59 Ols
ctozff O ¢ 0OL OdzO, Yylss Bl ¥y &3 dzOB Iz~ Odzd J
GsdzsH Odzedd yYOMmisd ydets ¢ s BRYDAz(Bdreds et Oadizfn W L
2001;Carini et al. 1999) ClIsts dzOB dz¢ H j dzd j ftcj HMISO
BOdzse jtosWisdy &3 IsOC NaGK-¢ udrdgid s d Gt @ fipd f H «
Hd MM Oydw + dzj Kdots@H[dZdzls @).C s@ s slssdilz o,
LWW S lsdRviesmls !

4 2 Mmisseddfjts Is ts dzdintel) fgl@s2y d o O j Sdzisjfdsts Qzts
dLEzyidisc s, ubte' jisgtshiisdldyi ACEY . BSH |
Malek ¢ ts dzdzj § ©® BGLCdixfzj dz! " 1§ fgaiftg dzv dzi) dzs inds d
tc O LISGs dz! dgjts dzO y d s g3 4zeiztdze O pylsf 0 O ‘Btkmisls j dzd © dz' dz
Cdzj stsq L tsdzd tedfsLO®dede™ ¢ (Blalek et al. 1998) 4 dad 3 j dzd j
ts ) d3ts dzv dz'dzg EsIs290 H 8150 A3 MdgE OC X | dzd o dzd v z
N dL dzj MY s fipsiBfdakEssCdrini et al. 1999) 1 tsdzj 4§ stsets B
sB dzOtc iz ) j detslzj to ldaes 7 = P 6zdQP a3 Mgy sMse Milso s O
 dzlz yh jpafis dzj M ts fasjpfddsldndsay(d Iethakztso dw rn e d f € f
MowL ' o9 OizsisElimA d OF BPEYotOIh Wi § (it tetoal.

2006)
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Groulx IS s dzdzj d Bt oz IDISHFOMKAZE \ | dfSddtsh OH d
i tso J ton dats B ls 0] dzts,wfdis ¢ tc § § dyindzderds A4S, Iz
16HBE140-, CHO d NIH 3T3 € dzj JHtkH 0 j to ¢ Q od2Ofuidfis"j d6' dzts Blz
B Mg dy§ sistsdzed ud s (Srlix etirls BQP@MEEY MM dzj H 5o Odzd
f 56 OL\Osligse fny jSrdz) Is ts tzdpdzd 234 & s Y BRS dEs te@pzdz" j
L O OFsls st ts)j o tistzs | dzd Wi de®s@rs'o | o - dats fyis f o3
Cdzj b& L0 O slse j Ishls sidazs dzsds L O Myvls dL
Cdzj stsC, H O ts @Eoplin dits ifsdz jEsEs) dzp 5@ tgjzL Q to o
| Bz hdejjdze tc Otlegzl j e § W Is i@ L feazOL ROIs d W M S
BBj BB teOdaslse jls Ed3jtej dedetsy ko j dzduj dedj 5B |
DVI. 1 j2Mlse dlsHi@z jdzts § sfydzj  jtedsj OB ddzdL Oydc
B3y BBt Odzr d { tsd2zts g dyBtaciPzOciase jitRds ¢ s tc Qo dats o
ofmMjn WHjttds » CdzjltsC, dLEyjdedzr = dzO0O H Oda
o 2 (BeBLeDal. 2009 Ists L dzOyd dzdj fteddij tocdets o E
{stese fodwOh jddy Cdjlssydsets B Y B30,
f &zOL BOIsduj S 2 d3j d3B tc O dBrouboet al.IRQOB)fizr = € dzj
fesHsd ddd JdhnhdjHse Odzdj { Ist cESUR IS te ts i) C
Cdzj MGt o j oG dzlzlsT | H s dze s ) to Nal i dsla Od dze | dndize
COL 4] dz

2. 3. [ JjlsBHT, dmMfsdz L zjdg § Hdzv dL d&3j toj dac
ftoej dizh jMlso © d dgj HisMIsOIs¢ (

10 de® 2 By dzls METCEMES 2Edgj IsB waff ¥  dL
Cdzj ssydetse s sBl Y BO. cow?2 e * $ftcjt
Slsdetsmd sy dz! dztsy dL d3j daj dedj S dzj Issydzesects tsB
BjlssHise dLEjews sy OsMtd® Isdgr j o j dzd yd dz

[ Hdzd BBts iffdzts ofiglf EMsB s d O duiigefefvis @ets M d Is j dz! dats
sBi YV d)P Is€C, wo dzw j IswW dalg jsliptgizig O ds @2+ jsdidte'd
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o MsC dnA ¢ s dzyy dAmjEmOyidqdegy, ¢ sls sz stcs W Stctso
(20 tod B4 te-¢ &£ P! Lfijf ddz 3j dz' " ©Ofj Ispw (5. da. ¢
W ddz' Jsuydsaitsy Bls Is dmf sz 56 @6zikzd L Cs Bd Y dfziOdz] «
Cdzj Is¢ (I ¢k ddls m3tg dzls dz" - LY dBlp OO dz figlg" sy O K
Wdktstej My dzydw COdzr yjdqdzO d o dzj € dzd IstsydaC
mew L Odz . HtcOo dzd A3 J tcj L zdz' lseOts1r B iz H dzdizd d
BCECF (2 68 #HBS OteB ¢ fpd +flsSd@t3 B tsC iy W dzlzds to jjfigusj o
d LipsJ Mmis d Usl Infdg)azdzHamann et al. 2002a)

l s ste@z ff fs@ - wHEpdz] H € oz dedE s dels efEsQ o sdzv | Is
dL d3j @8 If)1s dzt tdseder €2dzj I =BG Wzdf o d ¢ to | f 6Af EadaizEy € j
Cdzj s g5 Iy daffds dsts "8 B¢y difsecls sgdsGitss ¢ s O
d Mazds § Iz fiplplsfssizf tc d dzd dg@j e d U HEBOC H OV IsSE 1
" d tec s tsdz uf stdastteRy) © Is to dinusifiectssid (o dzf gzl § dzfn
i 5 d3ts M IssEeBES to 2 H tflsidTdrdfer Counte) d3ts 3 dzts fn) ldstayty dzd Is ¢
sBJ Bdgdz " SStwdrd y Jifipldnef Q dzH d teGsdz OldiidRatvari et al.

1990) | ftoslssydesd Y fstfsteiiz: Isttdz) j Is fidvL d3jdig Jjlsdscw
e j lststc OBy iddys? NGy @& dj Cdjikstd ftf
My O hzs mMw COdgjtelz Y tSH HOo0 dzj dzgd j O5. [ € tc
fslsts¢ COdOdz MSH J oy qUSO teddjintistigaiipictd 'k tsOS-tdY H2
fsH Btsdzjj dedL Cdd3 HOo dzj dzd j o, dzs Hoadc O
sBtcOL j Y. Clstsls sCtolzy O h d2 ftslsts¢C fMtsL H
olswedoe Odzd | ftcdosHdIsCd ¢ o Istydjlazls tc Qdr'sdzts B3dz
or MstcOdo O Ismw ) ydfsyck fjtedH 9" AnBBHTL
CdHtesH & &3 W ¢ it sloodzdGwk. C dzj sCd or f
W HsCtokzy des?2 ftslss¢ d ®BtOLjY § Otc®dzdzj dz
Issys Jj, GHJ sBteOL j GdHEBHd &ZOB] yd MS d
ZORd dzOtcdets a3 f sIstsCj tSHJddz ddzd dzgj MEsdzt €t
fslsts¢ Hdzv wjedMmisteOydd Mmdce dzOdzO. H4ojlsts:
ZzOL jto ddzd HHEHC SOOW telfOdsf 0C 0O¢ CazfEYBS f tot
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e j kO, td ©OMIR Jd&Of e jzgdsdf k&@sdEls Mo j s
(slsster 2 WAENHEW@HEhss sl L dipydsQRisdsts
ZOT & H dnssipis 0g) sfylse d d M (Mal@neygmpddeal 1870k] Is S d

Aerexrop bokosoro
paccenHmA

{df.9 woj&kO Bj ISt H
fno j sstcOmMMmy v dad W 9 ]
ydlssdjlsts H dzw st

ferektopnpamere. € gzIs sy dzts 6 5 oﬂSEBjj w gz dzd W
PACCeAHNA Isj SMlsj

HMcTouHKMK cBeTa

[tckze 2 d3j IssH, JGragygi dz6 s jzdagzc ® dizd L OC d
Istsdz, dzzl€®dz' dzOv Issdzh ddzO CdzjlsCd or" Oy O
dLsBtcOWPd gAY.Y 1 sCtesodesy Misj Cdzs M or tOh j &
fs®Rj " O sfwdzjo cealgpdsC ¥ COkjtek, CtksttOw
Btsdzr hj o' fislsr CdzjlstsC. wtejHO, o Crlstt
wigld?2 CteOMmdIsj dz dzd i tc s dzthlup©O©g dgAB®). H dzv
RLBBtOY jddj §tdzzyOjlsmw fted &EOS Md zOdz' dz
dzd3)) tetsh SHWj Ly SaRjjlclz f s dztsh O sw Misslse j Is
ftots2H Jdedzr 3 yJd td Lls jStc CrpddsQifiviis w. & GHJ Cdzj
CteOMmMdIsj dzv Istsde 1§ d dzCCAs df s didD YW QGdgdn 8t alfo j Is d
2010) ] Oy dz" &3 OMY j CIstsdy wodzw jIsmw Ists, Yls ts
Issq fgdz" d3d 5 wlsdesh jded® € Cdzj IsCOd3 d daj
1S j oddfjvdzlstOH d dz d3j IstsH, Hdzv dL ®llimy ded v ¢
Groverfn Mts O o g 5@ dsefover et al. 2011y dzv dL d3j tej ded W ©
sBl Yy BO d § dzslsdesfisfjd dkidz] 658 d dfjL g .o B 52 Mls
CdzjsCr otcOR dzdyder = 5 f dzslsdetsmisd tcOMmliso
Is tsdzd ydetsmis d
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My, =m(1 _}:'_2)’
o

Hjmillsts BOMME-1Usds) S5 ls dzts s Bdzg § G kMl
f dzs s dzts iy ls B4 dzj 4  d Iz Mis @ RdztsF] ¢ K iytgdsyn v

BdC o sSlstsC saH@™ fifd fiddg Jegg@zd v  dztslsdetsiylsd ©SH
COyjMmMlseo jHazy  sdg " do OdzgG e OC dizf I3dzC =~ 9 g2H € ¢t
dmtf sdz' L Hfjdseelz 3 dats 2 BdC s OdzOdz! dz 2 tc J
dLiEtse dzj dzdzr 2 @ BISCtetslsjrndsdztsecdyd MSdd3d dd Ist
ZOMmMmr . s O¢ fsC OL Olddist ddps misdsifisdzS gL 9Mmd dz
COdzlsddzj o jtc® M ortejL Odzdegr d@3 B S tots§ OdzO dzt
ftosf stcyd sdzOdz! dets fmeatsj?2 dBOMM] d CdzjlsC O,
tg L s dz0O dzfn dzlz ¢ Yyomlsslskz COdzdsddzj o jtcO® ftostt
Cdzj lgCdefr. dL d3j tej dzdv f dzslsdztsfisd ©H J dztsydzts?
MdzOyodzO L Of tsdzdgw dzd Holzdsw Y dHSC MIsW di3d : 1
CdzjlsCd o BEWjty ddzd MtejH] yYlzefhigez®OW k¥ OC
fjto OwW, dzts Bisdzd J 1 et Hzte@is! ( B @Muzsc ts
sftej H] dzv d&zOf! 5 tod L t5dzOdEfipRER yd fiply tls j dzC
CteOMdes? Yy dqHSEBMIs: 8 (hOE 1). 1tHI Y d@zgdzOW
Mudlsodzom! HOdjj ¢t o uPisisls fludd Oo tdgjdgWts dz
Cdzj sC O ftosatsHddZO YJpePdzj § Ozl & O] Ets§ OO (
tcOfMmlseoatste, CGHJ BBdzjj B'" Mister 2 fYslstsC BT Ml
Mddzs ¥ owStke CdzjlsSd. 10k dzO N dHStMmIsd
BN Mistets, ftod dfj.todasOfit®@Ooldzj gl j Hody j dedWw L
ftoslsdoslf sdzsy detsj, Gtsdzze OW 3 dH € sddzj jdzO0f
CdzjsC O fftotsn SH dIso iy stsjois P UB@lsdsdz jsg j ta|ls sB T

JY f§Hi Y @gdeze Mmddzk o fpd dfj @B HEC tsifldsts(c t b
Btz dL B eV ils! @OMME, Bl Y &3 dstE d®ls dadiis
Issydesmis! ¢ /fgdzs @ B3 LLc® Rzt bzts, tOL dzd ydq v d
LHBSteseo " &3 Cdzj sC ORI o  dzslsdesfylsd f toed d3j to
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) sBi VY d3j WO ¢ df@3n Mg Bl tds@Ldis d3d3j IsStsH tsd3  d3ts Yy dzts
do d3d dzd ded W ) Cdzj Istsydats 2 f dzsls detsmis d , ¢
LOtcjedMmMistcdtctso Ols! M fsishi 8 dLdijtej dadv

- L qM0f j bsts tej v j el s UdaS G 5
5BI Y BO f  fGEBsh s s
h[ d dzls j deld o desfisd dL 5B GOY | de

CseTnee TemHee

ﬂ Iiw!a!r il I \

- Pacteop 1 (p< P,,)

Bl Pacteop 2 (P p.,)
KneTka

l Fluid density (g/mL)

~+— Absolute mass of cell

Density of cell

Cell's buoyant mass
in less-dense fluid
Volume

-+
of cell

Cell's buoyant mass
in more-dense fluid

Single cell buoyant mass

dfll eddydy o yudmdzj dedd fizef EBO" CHzj € d3f
d dz ¢ tenrdddyj HfOs W fdzj dzd 2 Mmd3. Isd € Mmis.

sttoyj M Coddjcokd §ife CudEid sy st
fesosHWh j2 KOCRISEMNEBY e Hj dzj dedv B Y
Cdzj ks, Cwbtter?2 Lotk jlk SOLOSK todL &
e OL tagdhiid3 H8&Oid udfy di3d dzj ded W Cdz ssydztsa |
W dzS Y d & dzq 6 20O MKbEEhek edzgl. 1RO00) o Mls o dls j dz' dz’ o5 L
Hdzw wRIf Wodw jlsfw flsj ¢ dzv dzdzO" RS tetsy d 1 .
63

{
m



ColsstcOW f 8HC d&z¢ yj 20 ¢ or Moz M totsk
fnd3ts dzls  tc ts oDOYIAOH 0O dds2 bk tcOo dzv j d3ts?2 S tsd3f ¢+
Stdzlstctsdzd ez h Ow Ldzg Csietsday § Q2] jsishdzD ls ¥ B B g
MCOdzdteseo Odzdwvy tsBteOL YyoO §H Misj ¢ dzv dzder i
Slsdztsh Jdzeds & wsSojtemdetsmisd SCdzjsCd, Mmddz dz
fdff jstfitlstsE dtodetse bkd3j dz2 h OjIsimqw ftd ftcdB:
L SdzH O. 1 slstsC dtsdzgg f H Ofnis s O etz o o WL
CodzlstesdzdqtclzjIs o jtelsdC Odzy dats f sdztsy J dzd 4§

sBdMifjudeOjls dzf Msfteds shdase A J dzdsip tcOd:
g4R)I [ 9Cdzr yojls o MmMijBvw MCOdzdtetso Odzadj tcOM
IStej » O34 tedzts2 € Qdafs ' ) fusedtg Asdapiidzdz” d3 n, ¢ sdzdjud f
COYHOVY tOMmlstetseo OW sSsyc O fJtoj HMISOo dzWw j Is
Cdzj ssydesets B ¥y BO M §tsdsh @ s gR1 [, dzlz
fodzty JZZRAJ jSdeydC O LsdzH O dzO0 MmMEkze MmlsteOlsj ,

(dMm.2A) 1 tf tsLotdzdls tOMMyudlsOls! zazPmilstswh
o' UJBOYLIL &) t6] tpde@ e fsdzd v Zg)) MsBists( s
CBEHO fttsdLotsHdlmMw dMmMdzj Hise Odzedw™ € dzOMls
dzf MBHjteydls MtcOo dzd Is j tzic gzl ¥ ts 2@ P WO, dAN HAOE IS
Cdzj stsydzOwvw zj @3B e O dzO  dztsls dzts 1, igld fz§ dzOdzdizts L
ftoJ HABBJ sdesdBz Misj ¢ dzlz,  d¥.3B telgBdpjj)ls t®E ilsy d3 sQ
fsdigsh 8 W stod3lz dzr

V..n = 2hz(x,¥) X dz X dy, (1)

HNI Ssdzdyd Mlsets MS Odzd tc 59 @Elpde’ ~o ' IIERISICF SdAr)
COYHBR Istsylxid dsddglsts O3 UBdzO ( tcOL d3j tef i d
O tcQoxtrjylzd g R} [ dd&3j jls twOLjhjdzdj 10 dzd3
fts cttedLtsdzlsOdz! dz" d3 dzOf tcOo dzj dzd W d3. g4 ft
dL Bj ewlis! hdesSdn HJOHGL T s iz) Ks a dztsd
sBi ¥V 3, IsO¢ Y J CO¢C d wBi Y A& tBO&GHdr RO
O3] dzdztsf sH d O, Hy dzHted IsT dqdzd BdECtctso stcf
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ssydesmis: ¢ Pz 2. [5B*%I00 j y  daj stejBlzjls
ftedetslstse dzj dzdW ff § o H dEQ WBirlieg) "dzdthh d3ts 5 iz ls Y o3¢
Brils: yjdzjdzr M tsh dB(Kdschev dgald2000)j yjdz 0, 2°¢
wdzj HZJ s, SlsgjddO¢ s’ , Ul oM §Jt udmd
ddsd s Is Mmih j Mise j dzdz'OS , s dite Q dadsugjOdpdiyy W dzd § , o
Is j = dzGdllter Counterf ted d3J dzgd 3O Istsdz? €5 € CdzjIsC O
mMemydda dd d MieOo ded ik Qo dgtiety .§ ¢ T i ipBEY )( ¢ O
ltedd3j dzgjdzdj 1 Isdr ijlstsHBsO HzYW Cdzjlsts¢ BfS
MewrLd M Isj s, Yylsts tded dzj dBsekzls L Oyofmlis
Wstedsr . wdzjHEZjIs OCY] Blsdiilsdls: , ylsts
Cdzy stsS o MMy jdao d¥ f kisg fzdzts dd dgdfvdzrls Odz@ ¢
d Wsttddz d &y jls OS¢y J i totso tsqupikigs o Ols !
(Akimova et al. 2008) R L d3j te j dzd 4 sBl J B3O o dzzlsted € dz
f cdgsh 4 ftotsded € O h d n YJ tegL B3y 3B e Odzlz g
Yydistsf &zoL d3j s H d daj [Ha]-8ts U S eOf dzOzDeff ‘Gl el3 315 6 oz
cdze C 5L O, stejBljIs Hddlsjd d'~ oty djd d
MisOydtsdzOtcdzsc W tcPMiffdzisy flzfzff dzdzts?2 G totsd3” 9 € d
sCOdzdL so Odzdz" = ots odzj Cdzj Issydesdz f etsfmlis
i sdzlz yJ dzdzr § LIsddz dB3j ssHsd3 dBsekzls BT Is! (
CdHtesY ddz' defnslsd o dgzlstc C dzj ssydetsets MBsH J o
ftcdosHwh da Cdzj ig@Edrteléd et al. 2001) v tqjd3j tc dzOW
tej S sdemistelz € ydw dL sBtcOY j ded W Cdzj s¢ d
dqdzls j oW J to] dzydtsdedzts?2 ddzd ¢ s dzPouis@ef alj MS 52
2010)dzj BBy jIs BT Is! dhfsdz! LS9 OO HzZW tc] G (
sO¢ C0O0¢ wjWtOSCIsjtedzr 2 ddzHj &M ydlssyf dzOL
(Yusipovich et al. 2011)s j ndzd S O dL dBj tej dedw Iskh j dad W
CtcOMmMdIsjdzj?2 HtojHsdZOCOjIs dr t0Oo dztsd3j tc dzt
(Solenov efl. 2004)s tsdz¥ s € O dz! dzGiYd dits OIS dygetse jeistn § IS § o
fMtcOo dzad Is j dz! detstc H dgff ] dzelzO E B K Rud dzedj €t
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Bsckzls ttOWa g AOIsiwz! dzr § W SlstsH ((KaGedaddyd M d
Stark 1997)

Glass pipette (Probe)

lon current
amplifier

Scanner z
control Scanner

Ag/AgCl
_ electrode

—— Y |

Personal computer

Cell Height(n)

1 1 1 1
0 30 60 9 120
Time(sec)

N
8

-
o

Cell Volume(%)
& 8

0

1 1 1 1
0 30 60 90 120
Time(sec)

NS

Yo

t dMml2 1 eddeydy twOeB®Glr MCOddtekzsh j2
BdCtesME sy dd

vydlsT e Ov 1 Isd Boudte&uttzf] Grygdecgyktc OL tc OB 5ls O dz
d34 Is Hwal suiface reconstruction technique (DISUR) , sMhdzts o Odzdz 2
WOLtsotsCsdzlstcOMisdets? 3d € te s € EBPudfrdaultoand H o 2 A
Grygorczyk 2004) Clisls 3 StsH? o Hsdztw astelgy dg jo dfdzs
o' Mslskz,  dzsh OH! (o jtorndesmisd d GBI j i3I
C §tsHAPy K jd3d dedz" d3 tOLOB N @iiindtsistcj dz dzO«
t OLHjdzg 3. 3.
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3. 0jtedOdr d d5jlssH"

31 ZOH S 3 M jydz § SdzjlsSd

RLABJtejded] dbdeder » ftslssCse o (dztshmiO
Bsdzl hsets d btokzHdsftotsd 0 O d3dse s o dzgj € dzj k
mMeh jMlse j dgdets?2 G Jjlsjtesej dgdetsmisd Cdzj IstsC .
Ckdz sEztcWWKY7[,s Ctslstste’ j B ' wkzd Ot tislszlz y § tz" M d d
WistarKyoto (WKY) d ftsHe jtecdzzlsr W j deslsdtf dyd ME ¢
MSteddeddec 2 o 1 5f)j o QCavisdatal. 208 § o Is &idj Is 6 y
dzd dzd v O H©gj dg or tcOy jdegdzg" d@3 MtsCtcOIsdlsj dz' dzr o3
nOOCIsjtedL iz Ismw + CMftejmMimdj 2 MYfjyd¥idyds
OCIsd dzO,SMBZ ,dz¢ ©d dzOL ' dZzijgSCdr yYjtfji?2 BdsL
ykzemlseadlsj dz' desfls’ 8 ¢  0Odze dltsls j dia df pakz j dzolzpis 2
Ptetso ¢ Ists@{ ldaf o Jicso Odzdese 5 W MW stcd dzd teso O
Erkl/2 (Davis et al. 2003)s dzj WKY-7 tcOMIsddzd o dBsSHdW dy
MtejHj [ Z@VEM) CSHISH ) Otzzx0&d &, c¢l0% B
Mr esteslsC d, 100 JjH/ d&3ddz ¢ j dzd yd dzdzd dz©@ d 1 ¢
dz3j dzv dzO ! COYHT | HO O Hdgv. sdzj Is¢C d, H s
g sdz L so Odzd ® HOdz dzgj 2N do + Sy jted dgj dzls
d ftjcteOh jddvw §tosddfigdcOlsy g tzph OCHYy tk
CdzjIsCd ddSkzBdteso Odzd o Isjyjdedj 48 YO
fr osteslsC (.

3.2.s dzj ISELHMDCK
C11-MDCK -1 IsCOdzj Is tsdrcfiziEif B § dzts dzdf tMDEIOWHaR] Is & §

M fsdksh!' ¥ &jlsHO ftsMjoaO Cdzj IstsC (dwsmdzj
density seeding strategy. 1 sdzlz y jtedgde zjdzd 8B 5 HAdH - tsSH O
MDCK € dzj s€d  tsHpH @9 d Z@Sld6d4s8 &zOH O Is o' Ms

67



ftoso BHd BSHEK H di dasB dzOH O Is dzd L § dd3 Is tc O dafr
Ldg Stedud MSdd3 Msfeslsdodzj ded J By §4 . §
It 1 Isdd3 MmMeats?2 Mise O3, O kOGP th s dnts Hs [z
zOff sdi3d dzO¢¥ Is gqdzls j € Odzd tets9 Odzdz" J Cdzj s€d
ts f) dzts 9 dzts 2 L OHOYJ 2 Cilstster m why jdairtg pdgty ¢ s to
tc O o dzts §GpMipcEtval. 1994 C11-MDCK C dzj Is€ d o' tcOh do Odzd
BsHdW dydetseo Odzdzts?2 s (DNEM)sBdz  § tzlsias gl C € B
HitsB Oo dzj dzf 10% 1 d3B tod 5 dzOd2dzz@viz Is OdE@0dz v
Uldsddf § ded y d dzda dgS/agdiniste j f Is tsdzd dddets dz! L 59 Odzd )
f s OH B@H-BORKIMova et al. 2006a)

B33 RLBJtej dzedw Cdzjlstsydetsets tsBI ¥ BO

[ dzk tc | -~ d3jtotg detiszistcz S ydd b tsctOWdd ¢ dzj
9 dzOBBtOIststcdd Hto. Jtedetsteyds BT dzn tcOL toC
JLtsBteOY jdzdwrn Cdzglsfditctf g dzi §C B dzote(td ). f dzts
13. CIssls o3 IstsH  fdis[didg UpEey CaEQemplcz € ydd f o J-
f sditsh2:nf L 5B to OPpgulikefrlageSurfaceReconstructioMechnique
DISUR) (Boudreault and Grygorczyk 2004) s tsdzj ydzr d3 toj L zdz!
ftesyj HDUEESUR weodzw jIlsfmw fOyc O dL sBtOY j da
dLtsBtoOY jdd2, 6t zZEGOF ig'COdz! dztsP Otelfz>h de'sI € ¢
Ctsdzls Iz to Cdzj Istsydzts 2 smdzso ", dzOB dz6 H O d3f
ftodCtcj f dzj ded W ¢ fmisj ¢ dziz, fn dals>p Plsizd » O &f @ts|d
Cdzj stsydz nl tsmtaijLidgjo . Istsc 5, COC 3" ftctsH o d

CdzjlsCd ¢ jvy eojwRkhCj, dOwkydr 2 ¢ sdzk
fesfseydd, LOHOoO] ds2 fsWddd ¢ djlst:c
sBi Y OB, fsoj el dshls: d orfmskO BT dd

tcj S sdemistcz d tetso Odedzdd] P Mdzj I ey dgrer defgfts Higjj] O dzd L
fn f tsd3exeel (Microsoft, Redmond, WA).
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LR j B8O EMsOdse Cd, dMisd LEj dgs2 |
C ) § EhBISURE d3j lstsH O

[ dzv  odLEZOddL Oydd tjStsdmistckzdtctso Odzdzts
HOdzddf §dzlz yj deda'azps" ¢ D ISBUR Cfdzd f f sdssh 2 e
Brdzd dmftsdz L soeOdz" Hddzv G jdzi sOydd -RBOIsted
CtssteH d dzOIsT ssyj ftso jtorndetsfylsd € dzj Istsyds
Cdzj ksydets?2 BsH j dzd L Ols DREGIN(Misrsodl Sdfwaref s d3
Northampton MA). [ T f tcJ HY sy W tiad dzt9) Y, ] dagig® 1ld G 5,
Yybsts sBi YB3 WHiICO @) dzdi§ todaf m & jAglis§ @@ BIZH jIs
CitdRBibtedyd MSdd3 yd destesd3 "WHtcO, WstedzO,
CdzOL I=d®Cd .B" dzts Y tSHIso jtoy H | des € tsdatizdzO® dz!' dz
3D WstedO CdzjlkCd dRsyjls Brl! toj Csdmstldt
M toodksh! s Odstsdl EBic@y j dzd 2, 20 tHddtdi Jd
JLEBSBEGOY jdzO CdzjlsSO MetsCk M WsSkMdtse st
B' Is dLBBWKOY jdz dzOtclzy dzr 2 Csdas @¥pj diddej Is
Hisdzy dgs B ' Is! WsCEmMdiotseo Odes tsEsdzs  f So
1 so jtendztsfisd, Mtstslse jlsMmlsalzs h dj H Odzdz" d3
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