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ABSTRACT

AIM: To characterize a swelling-activated chloride cur-
rent, i, sweny» in white Leghorn chick heart cells and
the effects of chlorpromazine (CPZ) effects, METH-
ODS: The patch-clamp technique in the whole-cell con-
figuration was used. RESULTS: Hyposmotic swelling
elicited (¢, sweny in white Leghom chick heart cells.
The current amplitude increased from (452 + 200) pA to
(849 £ 373) pA with a reduction of osmolarity from 300
mmol - L1 to 270 mmol - L', 4‘, 4-Diisothio-
cyanostilbens-2, 2'-disulphonic acid (DIDS) 100 pmol -
L~" decreased {(c, ey from (1196 £ 505) pA to (830
+328) pA in hyposmotic solution. In white Leghorn
chick heart cells {(c;, swery Was not induced by CPZ 30
pmol * ™!, which is different from the case of E coli
spheroplast. CONCLUSION: Swelling-activated chlo-
ride current was activated by hyposmotic swelling in white
Leghorn chick heart cells. 'The mechanism for activating
the current is different from that of mechancsensitive ion
channels of E coli.

INTRODUCTION

Cell volume homeostasis is fundamentally important
to maintain the functional and structural integrity of all
living cells'”). Having been exposed to hyposmolic me-
dia most of cells swell initially and then subsequently reg-
ulate their volume towards normal level by stimulating the
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efflux of osmotically active solutest?) . Activation of
chloride channels during cell swelling has been suggested
to be associated with volume regulatory processes® .
This volume-regulated anion channels in mammalian cells
involve a lot of important physiological processes such as
intracellular pH regulation, vectorial transport, exocyto-
s, and modulation of the driving force for C22* en-
try),  Inhibition of swelling-activated Cl~ currents,
ficl swemy» suppresses cell proliferation in many cell
types'®).  Besides, a role of swelling-activated CI-
channels has been proposed for maintaining the normal
lens hydration and mansmittance'® . T e also af-
fects the repolarization of the action potential in cardiac
cells and modulates thereby the rhythmic cardiac electrical
activity, and under pathological conditions may contribute
to the genesis of arthythmia'™ .

Several ohservations pointed to a link between acti-
vation of ¢y, sweny and dephosphorylation in chick heart
cells™ . But a little is known about the relationship be-
tween (¢, swey and membrane deformation, In E coli
spheroplasts, chlorpromazine (CPZ), a cationic am-
phipath, and trinitrophenol ( TNP )}, an anionic am-
phipath, were able to increase the open probability of a
single mechanosensitive channel by changing membrane
curvature® . In the present sdy, we examined
111, sweny in white Leghom embryonic chick heart cells
and CPZ effect on this current.

MATERIALS AND METHODS

Cell preparation  Fertilized eggs, SPF grade
were obtained from Shanghai Institute of Biological Prod-
ucts, Ministry of Public Health, China. Primary cul-
tures of embryonic chick heart cells were performed ac-
cording to the method of Mei et al'® . Chick embryos
14- or 16-d-old were extirpated from the eggs, the heart
was mechanically minced and then was digested at 37 T
in sterilized D-Hanks’ solution containing 0.20 % -
0.25 % trypsin. The dispersed cells were pooled and
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centrifuged in the presence of 10 % bovine serum at 100
x g for 5 min. The cells were resuspended in M-199
culture medium and centrifuged again to wash out the re-
maining trypsin. The cells were then placed in 100 mm
plastic culture dishes for 2 h to allow the fibroblasts to ad-
here on the plate. The heart cells that remained in sus-
pension were plated in 35 mm plastic culture dishes at a
density of 2 x 10° — 5 x 1P cells-L.~! and then were kept
in a CO, incubator at 37 T and over night. All chemi-
cals used were of analytical reagent grade.

Current recording and analysis Current
recording of I(c|, gweny it embryonic chick heart cells cul-
tured for 24 h was performed by patch-clamp technique in
the whole-cell configuration. Soft glass patch pipettes
were prepared by pulling capillary tubes in two steps with
a vertical puller (NARISHIGE PP-83). Paich pipettes
were filled with the solution containing CsCl 30, caesium
aspartate 110, MgCl, 2.0, CaCl, 0.5, egtazic acid 1.0,
and HEPES 10 mmol -L™"(pH 7.2 with CsOH). The
resistances of electrodes filled with the solution were 4 —5
M. Isotonic bath solution with osmolarity 300 mmol -
L-! was a medium containing NaCl 121.5, sodium as-
partate 21.5, KCl 5.4, NalL,PO, 0.8, HEPES 10,
MgS0, 0.8, CaCl, 1.0, and dextrose 5.6 mmol - L~!
(pH 7.4 with NaOH) . Hyposmotic solution with osme-
larity 270 mmol- L~ without change in the concentration
of [C1~ ] was obtained just by omission of sodium aspar-
tate. The solution osmolarities were measured with a
vapour pressure osmometer (model 5520, Wescor Inc,
Logan, UT, USA).

All current signals were recorded with an EPC-7
patch-clamp amplifier ( List Electronic, Germany) operat-
ed in the voltage-clamp mode. Step voltage commands,
data aoquisition and analysis were performed with pClamp
6.01 software { Axon Instruments, USA). Cell mem-
brane capacitance was estimated from the integral of the
transient current response to a 5-mV  hyperpolarizing
clamp step.

Statistics Data were expressed as X £ s and ana-
lyzed by paried r-test or unpaired ?-test.

RESULTS

Swelling-activated chloride currents
Iecr. sweny was measured using whole-cell patch-clamp
technique. In osmotic conditions, a depolarizing plus
from a holding potential of —40 mV to 80 mV elicited a
small outward current. The current began to increase

from (452 +200) pA to (840 +373) pA (n =11 cells,
P <0.05) after perfusing with hyposmotic solution and
recovered nearly to initial control value when the osmolar-
ity of solution was returned back to isotonic level. On
an average, the swelling-activated outward current in-
creased by about (95+27) % over the control. An ex-
ample for current traces from a typical cell exposed to hy-
posmotic solutions is shown in Fig 1.
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Fig 1. Activation of I;q, pen by hyposmotic swelling.
1,1, swen) Was elicited by applying 150 ms 80 mV testing
potential from holding potential of - 40 mV. A)
whole-cell currents under isotonic comditions. B)
I, oweny Under hyposmwotic conditions. C) whole-cell
cwrrents after wash-out. D} time course of Iiq, suen
elicited by hyposmotic solution and washed out by iso-
matic solution.

The current-voltage relations for fc, sweny indicate
the characterization of outward rectifying current and no
time-dependence during the 150 ms voltage step (Fig 2}
The outward current was more effectively activated than
inward current, which was similar to the C1™ current
demonstrated by Hall et al'®),

Effect of DIDS on Iiq, sweny DIDS is one of
blockers of Cl~ channel and usually used to confirm the
existence of Cl- channel’™"). In our experiments,
DIDS 100 umol* L~! decreased the Iy, cwey from the
control value of (1196 £ 505) pA to (830+328) pA (n
=9, P<0.05). The current was decreased to about
30 % of the control, and was partly reversible afier DIDS
was washed out (Fig 3). The results supported that the
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hyposmotically activated current was mainly carried by
Cl™ ions. However, I(q, seny in white Leghorn em-
bryonic chick heart cells was less sensitive (o DIDS as
compared with the Xenopus oocytes and rat osteoblast-
like cells"':!"
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Fig2. Current-voliage relations under isotomic and hy-
posmotic conditions. I(q, oen) Was elicited by a series
of 150 ms voltage steps from - 90 mV to 60 mV at 10
mV increment. A) Whole-cell currents under isotonic
conditions. B} I, sen) under hyposmotic conditions.
C} Cwrent-voltage relationships of I(q, s -

CPZ effect on Iy, gpeny CPZ is a kind of am-
phipathic drug, which can insert into the inner leaflet of
the membrane lipid bilayer and cause membrane deforma-
ton. It was reported that the insertion of CPZ resulted in
activation of mechanosensitive channels of E celi and
hereby mimicked the effect of hyposmotic stress™ . In
our experiment, no significant increase in current was ac-
tivated although the cells mcubated with CPZ 30 gmol -
L~ in isotonic bath solution at 37 °C for 45 min did un-
dergo membrane deformation as appeared in electronic
micrographs ( not shown)}. The chloride currents were
changed from {36 = 11) pA/pF in control (n =11 cells)
to {10+ 4) pA/pF in present of CPZ (n =12 ¢ells, P <
0.05). In addition, for the cells incubated with CPZ 30
gmol-L=" in isotonic solution /() ey Was also elicited
after perfusion with hyposmotic solution comtaining the
same concentration of CPZ. The chloride currents were
increased from (899 +434) pA to (1377 +383) pA (n
=5 cells, P<0.05). On an average, the current was
increased by (66 +34)% . There was no significant dif-

ference between the rate of current increasing elicited by
hyposmotic solution without CPZ and that elicited by hy-
posmotic solution with CPZ (n =5 cells, P >0.05).
Fig 4 shows the typical current traces. The results sug-
gest that CPZ can not mimic the effect of hyposmotic
conditions in cultured embryonic white Leghom chick
heart cells as in E coli.
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Fig3. Effect of 100 pmol-L~! DIDS on I|c, suen) -

A) I(q, swenty Uinder hyposmotic conditions. B) I(q, swen)

after perfusion with 100 pmol-L™! DIDS. €) (c1, ceet
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Fig 4. Whole-cell currents under isotonic and hypos-
motic conditions with CPZ 30 pmol * L. Currents
were elicited by applying a 150 ms 80 mV testing poten-
tial from holding potential of — 40 mV. A) Whole-cell
currents under isotonic conditions with CPZ 30 pmol
L-!. B) Whole-cell currents under hyposmotic condi-
tions with CPZ 30 pmol-T1.-1.

DISCUSSION

Our results obtained by the whole-cell recording
techniques demonstrated that there was fiq gy, in
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white Leghorn chick heart cells and its properties were
similar to those Jiei ety described previously'2), it
was outward rectifying Cl~ current and voltage-depen-
dent. DIDS is an specific inhibitor of the chloride trans-
port, which can block I¢ey gwery in Xenopus ococytes'®,
rat osteoblast-like''") and endothelial cells'® . In these
cells 75 % of Iicp.sweny was suppressed by DIDS 100
pmol/L..  In our experiments, fcy cweny Was also sensi-
tive to DIDS although the inhibition was not so strong,
DIDS 100 pmol/1. suppressed about 30 9% of I(cy swem
(Fig 3). 1t seems that the sensitivity of (¢ smem O
DIDS would not be the same for different type of cells.
Some amphipathic compounds can insert into inner or out-
er leaflet of lipid bilayer and cause a change in membrane
curvature, resulting in appearance of convex or concave
patches on the membrane surface™ . CPZ molecules,
insert into inner leaflet of the membrane and activate the
mechanosensitive channel in E cofi'®. It was repored
that mechanical force directly opened the mechanosensi-
tive ion channel in £ coli'". CPZ can mimic the me-
chanical force, so it is able to active the mechanosensitive
ion channel in E coli. It has also been observed that
CPZ could induce hypotonic stress-induced c-fos expres-
sion in rat heart cells'™®). In the present study, although
electronic micrographs showed the membrane deformation
after treatment with CPZ 30 pmol-L ™!, no significant in-
crease of Jop, qweny Was observed in white Leghorn heart
cells. This result was different from that in Ecoli. It
is reasonable to suggest that the mechanism for activation
of It smeny in white Leghom heart cells was not the
same as that of mechanosensitive ion channel in E coli .
1t has been proved that I(c), sy Of embryonic chick heart
cells was caused by membrane distension''?). The result
that no additional current was elicited by CPZ suggested
that more complex mechanism should exit in activation of
Iicl.sweny in white Leghom chick heart cells. The detail
of the mechanism is needed to be further studied.

In conclusion, hyposmotic condition activated
swelling-activated chloride currents similar to those de-
scribed previously. CPZ does not mimic the hyposmotic
activaton of [(cj ey it White Leghom heart cells.
Mechanism of activation of [y, gy in White Leghorn
heart cells is more complex than that of activation of
mechanosensitive ion channel in E coli spheroplast.
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