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Abstract : Cell volume regulatory mechanisms are usually disclosed by exposure of cell
to anisotonic media. If a cell is suddenly exposed to hypotonic media, it swells initially like
an osmometer but within minutes regains its original cell volume. This behavior has been la-
belled as regulatory cell volume decrease (RVD). RVD is believed to result from the loss of
permeable ions through the membrane. In this study, we examined hypotonically induced
changes in the membrance currents involved in RVD by using whole cell voltage clamp tech-
nique in the unfertilized hamster egg.

At -40mV of the holding potential, the stationary current was maintained in the hamster
egg exposed to isotonic soluton composed of, mainly, 115mM NaCl and 40mM mannitol.
Hypotonic solution was prepared by removing mannitol. Therefore, the concentrations of
Na* and CI in this hypotonic media were the same as those in the isotonic solution. Fol-
lowing 30 to 60 sec after applying the hypotonic media to the egg, the inward current was
evoked. This inward current was eliminated by 100pM 4-acetamido-4'-isothiocyanostil-bene-
2,2'-disulfonic acid(SITS), an anion channel blocker, leaving the small outward current com-
ponent. Further addition of 2mM Ba*, a broad K' channel blocker, completely abolished
the small outward current left even in the presence of SITS during hypotonic stress. These
results suggest that K and C1" move out of cells, resulting in RVD.

To test the involvement of Na* in RVD, 20mM Na-isethionate was substituted for man-
nitol in isotonic media(135mM Na*) and Na-isethionate (20mM) was freed the hypotonic
solution. Only C1° concentraton in both isotonic and hypotonic media was kept constant at
115mM, whereas concentration of Na* was lowered in hypotonic soludon to 115mM from
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135mM in isotonic solution. Hypotonic medium induced the outward current in the egg

equilibrated isotonically. This current was reduced by 100pM SITS but was augmented
by 2 mM Ba™. In terms of RVD, these results imply that Cl' efflux is coupled with K,
maybe for electroneutrality during hypotonic stress and/or with Na* via unknown transport

mechanism(s).

From the overall results, the hypotonic stress facilitates the movement of ClI' and K out of
the hamster egg to regain cellular volume with electroneutrality. If there exist a difference in

[Na'}y between isotonic and hypotonic solution, another transport mechanism concerned
with Na" may, at least partly, participate in regulatory volume decrease.

Key work : Cell volume regulatory mechanism, hypotonic media, Cl efflux regulatory cell

volume decrease(RVD)

% I
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AF9 ol Y X7 A7) AFA SYo)
U a3 £ xEEGH AXE 43 0] 78
BAHAY, MELH 0] Zadrt. oldf g A
¥ AE 279 §HoE HEC 28E A4S 3
eH ol3g ¥4 £32H 7 A (regulatory volume
decrease, RVD)H} A, £ &4 Z A Z7}(regulatory vol-
ume increase, RVI)#} Aol 32 & A Xy {3
£ HUAY AZY £4 & AZHR | FAAN AX
Y AFexe WsE 2stn o 49 e B
o o5& B3 AEo £ & 2ASE Aol

o2 @& RVD #A o} RVI HAe) 7|ofdte 4 E
amino acid, K', CI, Na* 502 tg33 529 O]%Oﬂ
g g Yok g 3}’6%‘5‘)\]}‘1*‘5 urea, tri
methyloxamine ¥ taurine®} & §7]42 0] RVD %
£ #AFAL EHdo]FHANE o]2E29 e
AL ERE o] &t AV L@/ A Y thdo] 8 & U
T A#do] &Aool Koy} Cieh & Asd
o w&e] 9% RVD %A Madin-Darby canine
kidney(MDCK) cell, frog skin cell, frog urinary bladdrr
cellofA] & &ejA QIoh*e. o]# @ o] &5 o] AR
2, 1) K'/H's} CI/HCO; S9] Z@7)4, 2) K5} Cl
9] co-transport system, 3) K'oju} Cl o] 22| 55 £
£ 5ol nuso] YUV 2oy THF BAIA

0|29 o5& §8 RVD 710 dhalnE obx u
A Aol Ak

o AR S =EF b B3I RozE

ul$ 2328 hyaluronidase® @@ § AEETE
2 AGY wAe w=EFAAL o, Gl M®
WA g 4= 9l pronucleusi 8] 91 A1) A A (parthenog-
enesis) o] RIHAE Roloh. A4 4o) A7)
1} alcohol 2+ BHME F2E & Qonz o)y
@ Astol £33 A TR & 0|29 o]¥ S
B3 o) FoAATA AFAY &do) FHo dojy
£ o]29 AU AU A g odEe &
A7t E ¢ UE AR JgE. oo E Hge @
’*Ei dAE AR Eo =22AHE 9 vy
Fo Wgter mehA ol B o] FF
°]%7] Ae AW {7 dAlelAe RVD 714 9 44
3 #dd EANEAY 7)1 2AEE duxk A B
Mz Xy
BAE O|FFHE AHPFTES AF 6857
9| Chinese TE H2E & ALgst9 3% oA
SANE oF 7A7 Ao WA HAF
71& 4ASA KRR vjFARe Belar)
63~68A]7F A ¢ pregnant mareserum gonadotrop-
in (PMSG, Sigma) 20 unit® 2 7h) ZA}ah 1t 484]
P35 (A EEE 15~20A17+4) human chorionic
gonadotropin (hCG, Sigma) 20 unitE E-7 o) t}
A FAbshe] H@S FESAT hCG FALE
15204 71gkoll |5 AE BaAsenh vy
He W2H Z5E BINYIR 3RS Do §
duid#oe =z A ¥ (cumulus cell)ol] #ted gl
W& $318kad 0.1% hyaluronidase (Sigma,type I-
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SyEdoz AL(20~25C)NN FTHEE AA
% %, 0.5 unit protease (Sigma, type I-S) §§ o2
A&20~25T)oll A FTHEE AAT F, 05
unit protease (Sigma, type VI)E FH & A A%
ft}. Proteased] 9 Al ¥ &4-8 Fol7] Y3
o Edgrl 2AHE FA EFLY (NaCl
140mM;NaH,PO, 0.33mM; MgCl, 1.2mM;
HEPES 5mM; Glucose 5mM; CaCl, 2mM; po-
lyvinyl pyrrolidone, 1mg/ml)ol] 3 o] A 3}
Ao A 2elE dAE EE&AA ¥
of 40l BRBRA AT

AEEY A ALEE AEY §4L NaCl
115mM; mannitol 40mM; NaH,PO, 0.33mM;
MgCl, 1.2mM; HEPES 5mM; Glucose SmM; CaCl,
2mME ZA 3929 control MO E 718t AL
2359t =oh2 Al X9 £ 921 control N2 con-
trol Mol A mannitol tj4] Na-isethionate 20mM=ZE.
ol A sk th. Control N9 =A-&, Nall
115mM; Na-isethionate 20mM; NaH,PO, 0.33mM;
MgCl, 1mM; HEPES 5mM; CaCl, 2mM=. &t o}
o] 5 gl pHE NaOHE o] §3te] 742 HA 83
t}. §#8£9 (control M3} control N)9] }FFEE
289.60mOsm2 ZA ek AgY $4& 2F8
o) 4] mannitolo]1} Na-isethionate A E3HE ] 7 3}
zu]8 9t} Control Mol g A4 &4 A
£ 238 4 ¢E mannitol?Hg A Al AlELS F
& oj¥o] 7158 Na'} Cly % B K3 22 o9
FeE T $944 YA FAHEES s HpH
7.4). Control No| g A4 £ 94L& Na-isethionate
Hewg AAgezA T 9 Atold A Na 5 E7}
2 ES 249D, Cl gA 254 goledl
isethionateZ o] &3t Cl ¥ =& 4AsA At 2
0]9]9] o] 7}5 % iono AL ZA FAHPH 7.
4). AFA fd9 FFEFEE 249.6mOsmeZ 3}od
A2 A7 40mOsme AFFE ZAAE FAAAG
= AR gd] pHE 742 AR 8H

S u) A4 2 & H(internal soluton)S K-aspartate S
ZAQR o7 3o, Kaspartate 130mM; KCl 120mM;
Mg-ATP 5mM; Creatine phosphate 5mM; MgCl,
1mM; HEPES 5mM; EGTA 5mMe] 24 & 713 A2
2 pHE KOHE AL43l9 742 AA s Yo}

ofxet NEY B dAE ZHIAM A
o] Axg 7] &NF APL YL BF AT
AEe AL 20~25TAA APHA FAF
(glass electrode)e] A o] 0.5~1MLA AL AHE
gt FEAFE AE e FYIAI7| 2L -1018] 20
cmH,08 &¢& 713t giga seal (seal resistance,
500~1G2)g AN F, 4 b 54 A
F o9 HAA AA whole cell patchE 5] 2
gl dstsich AT AR A2E Add
patch clamp % Z7)(EPC-7, List/Medical Elec-
troniks, Germany)E& E3}o] Hamill "3 FAFSH
A 24 YE A3 Patch clamp F%7]
2 E3ld Y& A3FE digial oscilloscope (CS-
8010, Kenwood, Japan)2 #&3lHA A/D & D/A
converter (AXOLAB 1100, Axon Inc, USA)E A&
ato] HFE ZYE A B3} FAo physio-
graph (Harvard Osdllograph, UK)2 7]&38}31 PCM
(501ES, Sony, Japan)& -3} H] T2 H o] Zoj A%
3ol FAA 283

g I

XA g0l 2lsho] LEILHE LSRR © 4
FuU 842 KaspartateZ FAHAE L2 3. Al
9] g4 NaCl 115mM7} HE%E 38 5

= mannitol 40mME& H7}3 EFAA |4
control Mo) &} 31 A3} .

Fig 1-BE wate} g utAgte) 77¢ -40mVE &
A AGo 2 5l control Mo FRAESE FRA)2)
A g =EANHE 9 30204 1EF WEF
AFE B2Y & AATH30£10 pA, n=10). HFAF
' AZY Lol&o] Axsre g Yty Folo] A
TR 5018 A$ dAFr). Volume regulation?] 9
oA 2 o AN §AM AEE FFE Feo]
o2 A¥Ue o] &S Huof gt 218B2 o] 1
FAFE AXWY CI o] o] Hfog o] d Aozt
o AR o] & FHE7] At Fol2(C) &
2 ZA9A Q) 4-acetamido-4'-isothiocyanostilbene-2, 2'-
disulfonic acid(SITS)E A A4 &fo H7lsiA SITS
Fojye 2 vlusgch AGd §HollAM #
wE YERH FE 100pM SITS H7HA] 3] A4 H 3
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2 238 uAY AFgAFI BEHAHFg 2). ol
AR g9 data fuEE WFAFI Sl
3 Cl AFA Lo E BIEAT

Lo]& E2 4A|A|Ql SITSY EAA = FAHE
AFAFE goje ojFo] APHYomE Fol&
o) METOZ o5 AFRE HAF F At FET
Aol wetA AlEdtez FAE e AEW Fd
gkol &g Ko|22 SITSEAA AZA & st
Yele 9gdFE K AE02 FE3HUY o
g5y g3t Ag4 94 G4 K =2 A
A2 ¢aA Ba* 2mME Ca* thal @] A2 4
3& Ao Aze vasAch G 2mMo] B3l
AR $Q| X o 50pA] WFHAFIT BEHUL
U Ba»o 2 a#std WBAFE 1S FIHIATHTS.
3+18.6pA, n=6, Fig 3). olAre] ANE Bt AR
golo] 28 F2H YA K, CI7} RVD#HA
A 71dsn deg AAst ol ¥ 1S Fig
4o ANE Y3 o] K, CI'e) 2 AL SITS
9 Bag BAld FARSd AFAY EholN #EH
= YgAFHE BE JYAF AEARA S8 gAH
At} o] 2 mannitolE 7178 AFEEE AFA
Ae v HugE o] 2AFE K7 Cl7t 2o] #4 g
g Aol FAHA-

A Xe] %= niFo thet Na'2l 3
3 AEEH WA Na' 7o @2e o
AE W3lE B7) 998 control solution®] A&
w791 th. Mannitol th4l Na-isethionate & A7vsk
o] 9HE B34 £ Y(control N)ol| A FAFENE #
AANZ & AZA £9¢] =& Zch. Mannitolo]
A7he control MolX WERF TAFE 2
control NojjA| Na-iscthionate-free A 44 &4&
BEAA FH AP JFAFE 2TY F AU
t}(Fig 5). Hypotonic stressA] 338 Az &4
g A7) skl g7e) MEol ol Tl
W B2 FAFE AT Foleo] o)FF
ARz 25 Fig 6-AclA A &4 &
2A] Y= A FE 100pM SITSol &3)
AR 2=z o] FAF A CI o]
o o5 FAPHRS L ¢ F YAAT AX
ClWi&e WEAFE 7|ZHER o] JFHFE
7} ol 5% A% u7] oj@oh meh AT

=
T
E
=

Q

A

Na* 7tadl 93te] Yehts AFHFE ¥l
o} o]go] Clgt AAH o) F3tA CI'Y o)
o] SITSel| ¢]ate] AAGHA Yol 29 o] FE o]
2P AR F23Q ol & #AFI] A3t
Fig 6-Bell A ¥ ulet go] K F= AEAY
2mM Ba*g Ca* tjAl @3t 71E¢ A5} 23
# 9 gHFI Fhskch ol @ AFH= Na' 5
T8 2N AR Sh dF date) ghgel
K's} Clo) dAoR o|fojAA &1 &<
B o] F9] T}, Mannitols] g 4HFFE M3 Y
Ehb= WEAFIE K3 CF o] 0] #o{d Aol
#@3 b Control N(135mM Na")o| 4] Na-
isethionateZ7} 9= AZAA LA (115mM)o.29 =
& control M W9 &3] Na'o] Y& 2= ¢
A% Aeo|th. 1222 Batd 98 K ojF&
Aerstd Yehd JFAFE Na'9] o] F o]y Na'
3} coupling® 7| Aol wE A} F55
At

A
Control{(M) Hypotonic solution
130 K-aspanate 13C K-sspanatc
118 NaCl
AOSMn:milol 115 NaCl
B
Control(M) Control{M) Control (M)
Hypotonic l HypolomJ

W
._l 100pA

Fig 1. Inward currents induced by the hypctonic
solution. A. Modified experimental diagram repre-
senting the major ionic compositions of pipette and
bath solution in a whole-cell patch. Pipette soiution
contained 130mM K-aspartate. Control M stands
for the isotonic solution containing 115mM NaCl
with addition of 40mM mannitol as a impermeant.
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Hypotonic solution was prepared by subtacting man-
nitol. B, Changes in the membrane current in res-
ponse to isotonic (control M) and hypotonic solution.
A continuous line on the current trace shows zero
current level.

Control(M) Hypotonic Control(M) Hypotonic Control(M
ontrol{M) Hypotonic { )+l£uM SITS ontrol(M)
/’ \-.-/—"
100pA
1min

Fig 2. The effect of SITS, a Cl channel blocker on
the hypotonically induced inward current. Thin
lines on current traces indicate zerro current level.
Thick lines in the bottom represent the duration
of hypotonic application.

Control(M) Hypotanic Control(M) ?Zymmg;p Control(M)

100pA
Imin
Fig 3. The effect 2mM Ba®, a broad K’ channel
blocker on the hypotonically induced inward current,
Current under the dotted line was due to the ex-
perimental artifact which was ignored on analysis.

Control(M) Hypotonic Control(M) {*mmic Control(M)
+2mM Ba*
P -
IS

100pA

tmin
Fig 4. Complete inhibition of the hypotonically indu-
ced inward current by the simultaneous application of
100pM SITS and 2mM Ba®, This was obtained in a
same egg.

N\

e

Hypotonic

Control{N) Control(N)

Fig 5. Outwardly current changes induced by the
hypotonic medium with reducing Na’ concentration
from isotonic solution.

Hypotonic

Hypotonic
ol(glM SITS

Hypotonic

N

&trol(N) Control(N) Control(N) Control{N)

B . Hypotonic
Hypotonic +2mM Ba®

VAN

L

Control{N) Control(N)

Control(N)

100pA
1min

Fig 6. Effect of Ba* and SITS on the hypotonically
induced hypotonic media with reduced Na" concen-
tration (control N). A. Effect of 100pM SITS on
the outward current by hypotonic solution. Upper
and lower bars indicate the duration of perfusion.
B. Effect of Ba* on the outward current induced
by hypotonic solution with low Na’ concentration.

I #§#

AR 4o =25 F97 F/Hd AEE Y
g FA7] A%t 2o &40 FEHE 3
A& A}, o]#§ regulatory volume decrease (RVD)
AL AEYY §48 oz vjastd AXY 45
FEE ZaAFLZN THsEAH, oo HEEE &
AL dEE AEE Fatd o]Fd £ gl o|LE
oletil &3 Ut o]H G o] &Y o]F 2 AF ¥
B2 JEhGeg B AL 43 AZA4 A5 7t
P o dehte AFY dstdRg #ddn 1 4
£ Hotdte] o]y o] o] A 7kA 2V Mo Hod
A E dotianx st AE4H, TAHFY @
2F @At A K3} Cl o] 0] RVDd| 7] g ohs= A
Ag Hgoz Fsigrt

aey olefd 4L AR &4 FHAY &
Ateldl Na* Fk9 Wiyl dojud o ez
RVD #4o] g 4 Qlvhe 754 2 488 §
ato} #2% & JAATH Na'ojyp K % Cigh 22 73
g olLEY FEE QYR FA% A, EFAY £2
2! mannitol& 73] WHE AFA &4 T dxY
RVD #4 &, WA FE Foste O efffux2 et
A e(Fig 1,2), Na* ¥ =& Z4A1Z AR 899 =
29 dAAAME AFAFIL 715HUA] dE o) thFig
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5,6).

K3 CI o] 28] <% Madin-Darby canine kidney
(MDCK) cell’, 5|5 A1 £, FFA T} AFFH T
A EFHA A 2 AAFHY FHAA AFA
£ A Na* 5EZ2E FUe 498 382
3 3% £ o BEA A% Sdo N BEHE
o] LAFY TS AA Wlo) I AEY TS
< o & 3= FLE DAV 2 £ Ut RVDY
Aol XY &Hol52 HAZ & of ¢4 N 7
Ao AP JBuAFE AXW Fol29 W2 NS
F Ak o] JFHFIH K T2 ADAY Bato o3}
o t& F/HANSBE(Fig 6), o€ K 0|99 g
Fol ol tI% LA o FPAY K AA Ho
QA Fol e 5Fo] FaHol Fo|29 oo} A
Aoz Fe 22 5% & givh. £4, 135mM
Na'2 2449 24 €994 115mM Na'e] A3A
oz ngte FUS o, AFELY Fo]2 FE
£ AENY 135mM Nao] A&8te TF 24Ho|
QAch7h 115mM Na'o] A4 §4os waA =
20mM THF 9] A XY Fo] 2k FHAaFojoF & Hojrt.
Fase Fol2 ol A71H FHE FANAR &
ol &x AX Fol 23t tiEo] wiEHo o} B o
H@ o] 259 ojFo] AFAFE Vet A2 47
& 5 Ao AA, dEq nEdor & A BE TFH
9] N2 & HEA EuFo| e Na'/Ca” ug
714 oltk. Na'¢] o] 52 Ca™9] o]} BEd Jlon
Z Na' 559 ¥gte Ca o5& 248 + lonz
ole] &g AFF #Fo] AL

ol2| & A2 MDCK Al o] M & Ca* 49 93}
o K'#} CI'Y $HE7 & F7HH] AF5E 24
o Zlq¥nn A YT ojge HIhE retinal
pigment epithelial cell#} cardiac myocyte, lymphocyte 2
& N LA RVD E 7o & CI AF7} A2
Caofl &34 Gk F7HetATE Bk JIop™

et P2E gRpelA o}F Cavdl 9§ RVD £
ARH &GRe FFHA & Yo ol #-bsto Fig
6914 Befl wpe} o] AAG & Cag thAist
o Ba"& 79 e o JFA7RUt SUtE A=Y
B AE83 2dd B¢ Ca"o 75 T A& 4
4% & Ak B K 2 as 9 Ca* 52
€ B8 AIXUYZ o]FE F 317] B Ba™o 3

e

e 4FAFIE #H KE27 AdE 2942 {2
g AR ot E Ca™9] A wE AAAA e
71 A HA T Holk oj2id JEHEL F2E B}
A RVDe| i3t Ca>9e] &8 F73te Avigz 4t
T Atz Badr.

€ A¥dA #2H 39 RVDAAL vjny Al
£33 o] FojW Aoz BT 7 AX9 AsA w)
27]4d0] EXo] &3 2A7|Ho| o] At
I AX9 RVD wtg& 57 BF 291 & & ¢l
Ao} 2L dRYA S E 24 P Y dEa
2] @& RVDuLS 4% & o} & 4 glth. Fibroblaste]
7S RVD ¥hg-o] 3~42 ko] o]Fojx nluwz wa
A JERY) keratinocyte® A 308wk Yotk
I gEA . ole viEtH FAH dae ARA
Fdo xEZAHE W o 1E Fo JFAFI BEH
T RA0Z Hol T & A XL nls] RVD yh-go] Aat
Al o)F4d Ao g RVD w45 o B
o] A% & wgatE U gddEE 5L
ZNE3e A% uigA @ dojtn A4 goht. st
YR AN dF FA9 vie} 2o 9 FFo A
34 wjEo] RVD §HEF o] AJ7]o] o]FojxEx|
g ol Asjdo] FAd Z& dhY M4 9
A WEHeR] F287) fEoj).

WA A7)1&A=o]y hyaluronidase 2], alcohol®]
2%, heat shock, A4 LHe] mF o os HA
A el dojdr}?. THF dale ¢4 A% v
Fo] wdE Aeiol7] Wi dH WYY AHFFEo
NzEsHA whgate] G Ao g vE &
a1tk B Xenopus FEAM T A AEA stressZ LE}
1= CI A F 71 follicle stimulating hormone(FSH)¢l 2]
# FAAGD GeA Q. o3 A 45F
stress7} Fold o) BAHE o)L o]Fo] daty A<
B33 FHE AolER, AFAY 94 =2HUE
1 #& 5= K-Cl copuling® Na 79 g2& ¢
Ao £A 9 Eoo] B JGFPe] F83I w4
&84 & 7] giol.

2.
=

)
X

d B

F2H W2 YAoE dgdE wtAgaAY
(whole cell voltage clamp technique)S- A}&-3}e] 2 ¢}
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S 40mVE THAZ FEA ARE £ =55
Ae o FAHE AFE VIS 2 A4S 2AE
o g3 22 498 dUh

1. 534 €994 40mM mannitol 4 E & A A
3 ARG 4ol 3t 30pA 2719 WFHF} 7]
5.

2. 3744 &9 g veptE WEFHFE C
52 A A2 4-acetamido-4'-isothiocyanostilbene-2,2'-
disulfonic acid(SITS)o) <] 8] A3 JFAF=2 95
Act. o] WFAFE Ba™o] e F7HE Y o1t SITS
¢} Ba™& T Ao} At SAsHA 2 FHUTH

3. 544 994 Na AEuHg 78t 243 A
A4 4 ot FgFH T AZHUG

4. Na' 528 24N A &4#FA BEE
g A Fi= SITSY s A= A2t Ba™of o3
A= F7hE A

ol4e] ANZFH A &9 x2d P2E
e 47e] 5Y¥ §EE 73 K3 G wiggde
ZH 4L 2Y8e A0E Budr Na” o) ¢
e AR g Fte] & o] FIHE dAME
K Cte] o] g7 4 Nao] Bejsle= Aoz 445Ut
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