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Abstract. ATP-sensitive K (K1p) channels have been Introduction

characterized in pituitary GHcells with the aid of the

patch-clamp technique. In the cell-attached configuraATP-sensitive K (K rp) channels are ubiquitously dis-
tion, the presence of diazoxide (1Q0v) revealed the tributed in a variety of cell types, including pancredic
presence of glibenclamide-sensitivg& channel exhib-  cells, cardiac myocytes, skeletal muscle cells, neurons
iting a unitary conductance of 74 pS. Metabolic inhibi- and pituitary cells (Bernardi et al., 1993; Inagaki et al.,
tion induced by 2,4-dinitrophenol (1m) or sodium cya- 1995, Ashcroft & Gribble, 1998; Liu, Seino & Kirch-
nide (300um) increased K.p channel activity, while gessner, 1999). These channels are well known to pro-
nicorandil (100um) had no effect onit. Inthe inside-out vide a link between the electrical activity of cell mem-
configuration, Mg-ATP applied intracellularly sup- brane and cellular metabolism (Ashcroft & Gribble,
pressed the activity of K channels in a concentration- 1998). Recently, it has been demonstrated that thg K
dependent manner with an JCvalue of 30pum. The  channels are heteromers composed of sulphonylurea re-
activation of phospholipaseA£aused by mellitin (Jum)  ceptors (SURs) and Kir6.X subunits (Babenko, Aguilar-
was found to enhance ¥, channel activity and further Bryan & Bryan, 1998; Seino et al., 1999). In addition to
application of aristolochic acid (3@m) reduced the their regulation by intracellular ATP, various pharmaco-
mellitin-induced increase in channel activity. The chal-logical agents can modulate,l& channel activity. For
lenging of cells with 4,4dithiodipyridine (100um) also  example, K channel openers such as diazoxide can en-
induced K.t channel activity. Diazoxide, mellitin and hance channel activity while sulfonylureas, such as glib-
4,4 -dithiodipyridine activated the kK channels that enclamide, can interact with the SUR1 subunit of the
exhibited similar channel-opening kinetics. In addition, K tp channel in pancreatip cells and stimulate insulin
under current-clamp conditions, the application of diaz-release (Ashcroft & Gribble, 1998). Previous studies
oxide (100uM) hyperpolarized the membrane potential have shown that adenohypophysis cells exhibjiK
and reduced the firing rate of spontaneous action potenshannel activity and that the secretion of growth hor-
tials. The present study clearly indicates thagKchan- mone derived from pituitary cells of diabetic rats was
nels similar to those seen in pancredicells are func- affected (Bernardi et al., 1993). A sulfonylurea receptor
tionally expressed in Gilcells. In addition to the pres- has also been cloned from pituitary microadenoma that
ence of C&*-activated K channels, K;p channels secretes growth hormone (Zhu et al., 16p8However,
found in these cells could thus play an important role into our knowledge, electrical properties of¥ channels
controlling hormonal release by regulating the mem-in pituitary cells appear to be rarely described as com-
brane potential. pared with those of Cé-activated K channels (Wu,

Li & Chiang, 2000).

How the change in the activity of phospholipasg A
causes any effects on*kchannel activity remains con-
troversial. For example, the increase of phospholipase
A, activity by mellitin was found to suppress the opening
[ probability of K,rp channels in insulin-secreting HIT
Correspondence t0S.-N. Wu cells (Eddlestone, 1995). Mellitin is a 26-amino acid
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polypeptide contained in bee venom and known to be a_rqffixed.to the stage of an inverted phase-contrast microscope (Diaphot-
activator of phospholipase AClark et al., 1991). How- 200; Nikon, Tokyo, Japan). The microscope was coupled to a video-
ever. in G}i cells. mellitin was found to increase the camera system with a magnification of up to 1500x to continually
- ' . monitor cell size during the experiments. Cells were bathed at room
aétIVIty of {/?/rge ﬁogcéuitanclegggac&vated K Channe'f temperature (20—-25°C) in normal Tyrode’s solution containing I8 m
( enson, vvorre aton, ) oreO\_/er, severa re'CaCL. lonic currents were recorded in the cell-attached or inside-out
ports have demonstrated that the activation of phO.SPhQ:'onfiguration of the patch-clamp technique, using a patch-clamp am-
lipase A can act to enhance *Koutward currents in piifier (RK-400; Bio-Logic, Claix, France) (Hamill et al., 1981). Patch
neurons (Zhu et al., 1988 van Tol-Steye et al., 1999). pipettes (3 to 51Q in bathing solution) were made from borosilicated
There also appears to be little consistency among!ass capillary tubes (Kinjbl(_e Prod_ucts_,‘VineIand, NJ) usingatwo-s‘tep
cells with regard to the effect of reactive oxygen SpeCieSP'pette puller (PB-7; Narlsh|ge Scientific, Tokyo, \_Japan), and the tips
on Kurp channel activity. The increased production of Were heat-polished with a microforge (MF-83; Narishige). A program-

fi . ith hvd id mable stimulator (SMP-311; Bio-Logic) was used for the digitial gen-
reactive oxygen species wi ydrogen peroxiae Wa%ration of voltage pulses. Tested drugs were applied by perfusion or

founq to incre_‘ase the opening probability of# chan-  a4ded to the bath to obtain the final concentration indicated.
nels in ventricular myocytes (Goldhaber et al., 1989;  The signals, consisting of voltage and current tracings, were dis-
Ichinari et al., 1996) and in pancreaficcells (Krippeit-  played on a digitial storage oscilloscope (model 1602; Gould, Valley
Drews et al., 1994; Nakazaki et al., 1995; Krippeit- View, OH) and online recorded in a digital audiotape recorder (model
Drews et al., 1999). In contrast, the presence of the-204; Bio-Logic). After the experiments, the data were fed back and
_ s ' tored in a Pentium lll-grade computer (Lemel, Taipei, Taiwan) at 10

Su'fh.ydryfl EXMIZIEQ agelnt_s W:SI replorted tIO SUFI)Ipr?/?/S 'tI?iHZ through an analog/digital interface (Digidata 1320A; Axon Instru-
activity of Karp C ann_e S '_n skeletal muscle cells ( el ments, Foster City, CA) using the Clampex subroutine of the pPCLAMP
& Neumcke, 1989). Little is known whether the produc- g g software (Axon Instruments).
tion of reactive oxygen species caused by sulfhydryl-
oxidizing agents affects the &, channel activity in neu-
roendocrine cells. S SINGLE CHANNEL ANALYSIS

Therefore, the objective of the present study was to
(i) characterize functional K channels in pituitary
(_?,H3 cells, (ii) determine whether substances that arebingle channel currents were analyzed using Fetchan and Pstat sub-
known to affect Kerp channel activity also open fp routines in the pCLAMP software (Axon Instruments). Multi-
channels in GH cells, (iii) find out whether the chal- Gaussian adjustments of the amplitude distributions between channels

| . f I ith liti ifhvdrv idizi were used to determine unitary currents. The functional independence
enging of cells with melliin or sulthydryl-oxidizing among channels was verified by comparing the observed stationary

agent (i.e., 4,4dithiodipyridine) affects channel activity, probability with the values calculated according to the binomial law.
and (iv) examine whether this opening will result in a The number of active channels in a patdh,was taken as the maxi-
hyperpolarization that would be required if a}% chan-  mum number of channels simultaneously open under conditions of
nel opener should decrease hormonal secretion. Previraximum opening probability. When there were a sufficiently large
ous observations at our Iaboratory showed that |argenumbgr of independent observations, the o;_)enin_g probabiltie$()
conductance C-activated K channels, which are sen- of unitary current were evaluated by an iterative process that was

it ¢ It d & d in th I continued until they? value was no longer changed. The single chan-
siive 1o voltage an , are expressed In these cells o onguctance was calculated by a linear regression using mean val-

(Wu et al., 2000). The present study provides evidencees of the current amplitudes measured at different voltages.

that Kyrp channels are functionally expressed in SH The open lifetime distributions of K channels were fit with a

cells. logarithmically scaled bin width using the method of McManus, Blatz
& Magelby (1987). When the square root of the number of events in

Materials and Methods a bin is plotted against the open lifetime, each component of the open

lifetime distribution will appear as a clear peak and the respective time
constant falls in the vicinity of this peak. The amplitude histograms
were obtained from a continuous recording of 30 sec and fitted with the
GH; (a cell line from a rat anterior pituitary adenoma) cells were Gaussian distribution function.

obtained from the Culture Collection and Research Center (CCRC- The concentration-dependent relation to Mg-ATP on the inhibi-
60015, Hsinchu, Taiwan). Cells were routinely cultured in 50-ml tion of K., channel activity was fitted to the Hill equation by using a
Ham’s F-12 medium (Life Technologies, Grand Island, NY) that was nonlinear regression analysis (Origin 6.0, Microcal Software,
supplemented with 15% horse serum (v/v), 2.5% fetal calf serum (v/v),Northampton, MA). That is,

and 2 nu L-glutamate (Life Technologies) in a 5% G@tmosphere.

Cells were subcultured once a week, and a new stock line was gener-

ated from frozen cells (frozen in 10% glycol in medium plus serum) Percentage inhibition= E., * [C]"/(ICso" + [C]")

every 3 months. The experiments were performed after 5 or 6 days of

subcultivation (60 to 80% confluence).

CELL PREPARATION

where [C] represents the concentration of Mg-ATIE;;, andn are the
concentrations required for a 50% inhibition and the Hill coefficient,
respectively; andk,,.is Mg-ATP-induced maximal inhibition of K
Immediately before each experiment, Geklls were dissociated and channels.

an aliquot of cell suspension was placed into a recording chamber All values are reported as meanssgm. The paired or unpaired

ELECTROPHYSIOLOGICAL MEASUREMENTS
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Diazoxide (100 puM)

il Fig. 1. Stimulatory effect of diazoxide on e
i | I i T channels in GH cells. The experiments were
Tl |5 pA  conducted with symmetrical Kconcentration
_— (145 mm) on each side of the membrane. Under
1 sec the cell-attached configuration, the cell was held
0.5 - at —-60 mV. Panel A The original current trace
' . . showing the change in the behavior of }
B Diazoxide (100 uM) channels after addition of diazoxide (1p@). In
this and the following figures, channel openings
are shown as a downward deflection. The lower
part in panel Ashows current traces obtained in
an expanded time scale corresponding to those
labeled a, b and c in upper parBgnel B
Opening probability for the activity of kp
channels shown in A plotted against time of
recording. Bin width is 0.5 sec. The protocol for
the addition of diazoxide (10Qm) to the bath is
denoted by horizontal bar shown in each panel.

Opening probability

0 20 40 60
Time (sec)

Student’st test and ANOVA with a least-significance difference Results

method for multiple comparison were used for the statistical evaluation

of differences among means. Differences between the values were

considered statistically significant whéhwas <0.05. EFFECT OF DIAZOXIDE ON THE ACTIVITY OF K 1p
CHANNELS IN GH3 CELLS

DRUGS AND SOLUTIONS In these experiments, GHcells were bathed in sym-
metrical K" concentration (145 m). In the cell-attached
Diazoxide, glibenclamide, sodium cyanide, 2,4-dinitrophenol,-4,4 configuration, each cell was held at the level of -60 mV.
dithiodipyridine (DTDP) and reduced glutathione (GSH) were pur- \When diazoxide (1OQM) was app“ed to the bath, chan-
chased from Si_gma (St Louis, MO). MeIIiFin and aristoloch_ic agid nel activity was greatly increased (Fig. 1)_ Diazoxide is
(8-metho>§y-6-n|troph¢nanthro(3,4-d)-1,3-d|.oxole-5-car'boxyl|c_ acid) a potent opener of SUR1/Kir6.2 AKP channels ex-
were obtained from Biomol (Plymouth Meeting, PA). Nicorandil was . ,
kindly provided by Chugai Pharmaceutical (Tokyo, Japan). All other ptessed In pancreatB:ceIIs (D hahan_et al., 1999)' The .
chemicals were of analytical grade. The composition of normal Ty-K~ channel currents occurred in rapid open-close transi-
rode’s solution was as follows (inm): NaCl 136.5, KCI 5.4, Cagl  tions and in brief bursts with a unitary current amplitude
1.8, MgCl, 0.53, glucose 5.5, and HEPES-NaOH buffer 5.5 (pH 7.4). of 4.28 £ 0.12 pA § = 7) at -60 mV. The presence of
To record membrane potential, the patch pipettes were filled with sodjgzoxide (100pm) significantly increased opening
lution (in mu): KCI 140, KH,PO, 1, MgCl, 1, EGTA 0.1, NaATPs,  rohapility from 0.013 + 0.015 to 0.28 + 0.03a & 8).
Na,GTP 0.1, and HEPES-KOH buffer 5 (pH 7.2). In the cell-attached |}, o o1 " there was no significant difference in the am-

or inside-out configuration of single-channel recordings, high K . . .
bathing solution contained @): KCI 145, MgCl, 0.53 and HEPES- plitude of unitary inward current between the absence

KOH buffer 5 (pH 7.4), and the pipette solution containedifmKCl and presence of diazoxide (4.28 + 0.12 pA+$ 7] vs.
145, MgC}, 2, and HEPES-KOH buffer 5 (pH 7.2). 4.31 + 0.11 pA h = 8]). The effect of diazoxide on
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Fig. 2. Effect of diazoxide on the current-voltage relation of 80+ 80
channels in GH cells. The cells were bathed in symmetrical olu- Control I Glibenclamide
tion and experiments were conducted under cell-attached configuration. 60{ i

(Panel A Examples of K15 channels in the presence of diazoxide (100
wM) measured from cells at various membrane potentials. Diazoxide
was applied to the bathing solution. The numbers at the beginning of
each current trace mark the voltage applied to the patch pipPtiee(

B) Current-voltage relation of k& channels in the presence of diaz-
oxide (100uMm). Each point represents meansgm (n = 5-9). The
single channel conductance of unitary inward current was 74 pS with a
reversal potential of 0 mV.

Events

044 : Ak, 0 - - _—
2 0 2 4 6 8 10-2 0 2 4 6 8 10
Current amplitude (pA)
Fig. 3. Effect of glibenclamide on the activity of & channels re-
corded from an inside-out patch of Gldells. Panel A Original cur-

rent traces showing the change in channel activity after addition of

channel activity at various membrane potentials was a|S@Iibenclamide. The experiments were conducted with symmetrital K
fconcentration (145 m). The holding potential was —60 mV and bath

exammed‘ The_ p|0t of current amphtugie asa fl_'mCtlon 0 medium contained 1@ Mg-ATP. The horizontal bar indicates the
holding potential was constructed. Figure 2 |IIustratesm[),icaﬂOn of glibenclamide (1aM). The lower parts irpanel Ashow
the averaged current-voltage relation of single channehe current traces obtained in an expanded time scale. The original
currents in the presence of diazoxide (1Qf). The  currenttraces (a and b) shown in upper part correspond to those labeled
opening probability of these channels appeared to be and b inlower partRanel B Amplitude histograms measured in the
insensitive to the change in the level of holding poten_pontrol and_after qddition of glibenqlamide (1@). All points shoyvn _
tials. The single channel conductance of these channelg the amplitude histograms were fitted by one or more Gaussian dis-
. . . ributions using the method of maximum likelihood. The closed state
calculated from a Ilnear current-voltage.relatlonshlp WaS;oresponds to the peak at 0 pA.
74 + 2 pS ( = 8) with a reversal potentialf® + 1 mV
(n = 8). The value of unitary conductance for these
channels was found to be lower than that of large-
conductance Cd-activated K channels (Wu et al.,
2000), but similar to that of K channels reported in a detached patch. When glibenclamide ({10) was
pancreatid3 cells (Ashcroft & Gribble, 1998; Mukai et added to the bath, the activity of channel opening was
al., 1998). greatly decreased (FigA3. The opening probability of
the channel at =60 mV in the absence of glibenclamide
was found to be 0.35 + 0.0h(= 9). The addition of
EFFECT OF GLIBENCLAMIDE ON THE ACTIVITY OF K 1p glibenclamide (1Quv) significantly decreased the activ-
CHANNELS IN GHj CELLS ity to 0.015 + 0.0081f = 8). However, the amplitude of
unitary inward current was unaffected during exposure to
glibenclamide (4.34 + 0.12 pA [a= 9] vs.4.31 £ 0.11
The effect of glibenclamide on K channel activity pA [n = 8]) (Fig. 3B). When glibenclamide was washed
was also examined. As shown in Fig. 3, under symmetri-out, channel activity was returned to the control level.
cal K™ (145 mm) condition in which bath medium con- Thus, it is clear that the activity of Kp channels ex-
tained 10um Mg-ATP and the potential was held at —-60 pressed in GElcells can be suppressed by the presence
mV, the activity of K, channels could be observed in of glibenclamide.



S.-N. Wu et al.: Properties of X channels in GH cells 209

Z 0.4, A
3 b3
¥l
g 0.3] * T 10 WM ATP
= T
S o2 Pl Ty St
o
c T
S 0.1
g 30 uM ATP
© 0.0 ]
S D N
S 3 35 3 100 uM ATP
o Qo IS) S
(] T ] 0 Ao e A
¢ T s 9 ! |10 0n
g < S g 100 msec
] O
s & &4 B
s ¢ < 5
s § £ 100/
IS s
S § 801
® 2 60+
e
Fig. 4. Comparison between the effect of diazoxide (30@) and £ 40
those of 2,4-dinitrophenol (1 m), sodium cyanide (30Qwm), and oy
nicorandil (100wMm) on the activity of K.1p in GH; cells bathed in ‘g 201
symmetrical K solution (145 rnw). Cell-attached configuration was 9
performed in these experiments. The potential held at each patch was o 0O
—-60 mV. The opening probability after application of each agent was e 1 10 100 10'00
plotted. Each point represents mearsem (n = 6-8). *Significantly
different from controls. [ATP], HM

Fig. 5. Concentration-dependent effect of Mg-ATP on the activity of
COMPARISON OF THE EFFECTS OFDIAZOXIDE AND THose ~ Karein GHs cells. The experiments were conducted with symmetrical

K™ concentration. Under the inside-out configuration, the holding po-
OF 2,4-DINITROPHENOL, SoDIUM CYANIDE, AND

tential was -60 mV. Ranel A Original current traces obtained in
NICORANDIL ON THE ACTIVITY OF K orp CHANNELS the presence of various concentrationsud — 1 mm) of Mg-ATP.

Channel openings are shown as a downward deflectidandl B
To investigate whether metabolic inhibition influences Concentration-response curve for the Mg-ATP-induced inhibition of

Katp Channel activity, the effects of 2,4-dinitrophenol, Kare channels. The curve was fitted with the Hill equation as described

sodium cyanide, and nicorandil on the activity of under Materials and Methods. Theg|salue and maximally inhibited
L - percentage was 30m and 99%, respectively. The Hill coefficient was

channels present in @H:glls were also examined gnd 1.1, Each point represents mearse (n — 5-8).

compared. These experiments were conducted in the

cell-attached configuration. As summarized in Fig. 4,d d4 with ical K )

both 2,4-dinitrophenol (1 m) and sodium cyanide (300 hucFe , wit symrpetrlca} concenftratlon (145 hm)’h |

M) significantly produced a stimulatory effect on chan—_t € |n3|de-_out configuration was per orme_d ar_1d the hold-

nel activity. However, nicorandil (10Qum) was not N potential was —60 mV. As illustrated in Fig. 5, Mg-

found to induce channel activity. These results showed*TP (1 “M._l mv) suppressed channel activity n a

that metabolic inhibition induced by either 2,4- concentration-dependent manner. The half-maximal

dinitrophenol or sodium cyanide may reduce the level Ofconcentrauor;] (16 _rngrfed for t:e |nh||b|tory effect of

intracellular ATP, thus producing an increase in[k  9-ATP on the activity of Krp channels was 3fim, 1

channel activity in these cells (Ashcroft & Gribble, M Mg-ATP almost completely suppressed channel ac-
1998). tivity. The results are compatible with the notion that the

opening of K.+ channels in GHcells is associated with

a decrease in the concentration of intracellular ATP.
CONCENTRATION-RESPONSERELATION FOR THE

INHIBITORY EFFECT OFMQ-ATP ON K orp CHANNELS EFFECT OFMELLITIN ON Ka1p CHANNEL ACTIVITY IN

. . . GH; CELLS
The relationship between the concentration of Mg-ATP

and the opening probability of -» channels was further Whether the activity of phospholipase, Affects the
determined. Another series of experiments was conepening probability of K;p channels present in GH
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A was significantly reduced to 0.128 £ 0.045€ 7). The
mellitin-induced increase in channel activity was also

decreased by the presence of glibenclamide 0.
Thus, these results can be interpreted to mean that the
activity of phospholipase Apresent in GH cells can
mellitin (1 uM) regulate the opening of & channels.
" ‘ll il o ‘i ‘ W e y H EFFeCT OF4,4'-DITHIODIPYRIDINE ON K y1p CHANNEL

Ll ? i 1 1o AcTiviTY IN GH3 CELLS

control

In this study, we also investigated whether the exposure
o ) , . of cells to sulfhydryl-oxidizing agent can cause any
mellitin (1 uM)+aristolochic acid (30 pM) change in the activity of Kyp channels. 4,4
MMWWWWNWW Dithiodipyridine is known to be a lipophilic sulfhydryl-
" ‘ oxidizing agent. As shown in Fig. 7, when cells were
|5 PA exposed to 4,4dithiodipyridine, the opening probability
of Karp channels was profoundly increased. For ex-
ample, at the level of —60 mV, 4 4lithiodipyridine (100
wM) caused a significant increase in channel activity
from 0.122 + 0.041 to 0.662 + 0.148 = 7). However,
no significant difference in unitary current amplitude
* ok was demonstrated between the absence and presence of
T 4,4’ -dithiodipyridine (4.28 £ 0.06 pA/s.4.30 £ 0.05 pA
[n = 7]). Moreover, the further addition of reduced glu-
1 B . tathione (10 nu) significantly decreased channel activity
to 0.196 + 0.041rf = 6). These results suggest that the
increased production of reactive oxygen species caused
by 4,4 -dithiodipyridine may cause a stimulatory effect
on K,rp channels in GH cells.

2 sec

°
o
X

— X%

©
EN

N
N

Opening probability

©
o

control
(30 uM)

+

mellitin (1 uM){
aristolochic acid

mellitin (1 uM)

DiAZOXIDE, MELLITIN AND 4,4’ -DITHIODIPYRIDINE
ACTIVATE THE SAME PopuLATION OF K* CHANNELS

Fig. 6. Current tracesRanel A and bar graphRanel B showing the  Tq compare the kinetic properties of"kKchannels in-
effect of mellitin and aristolochic acid on the activity of & channels. duced by the presence of diazoxide. mellitin and' 4.4
In Panel A,upper part is control, middle part was recorded in the dithiodipvridi | | d th ' lifeti ' f
presence of mellitin (Jum) and lower part was after the addition of pyndine, V\{G also analyze . e_ mean iretimes o
aristolochic acid (3Gwm), but still in the presence of v mellitin. In the channel openings. The open-llfetlme hlstogram was
Panel B, *indicates significant difference from control group; *de- Obtained from 30-sec recordings in the presence of each
notes significant difference between mellitin alone group and mellitnagent (Fig. 8). The distribution of open times in the pres-
plus aristolochic acid group. Each point represents meaemt{(n = ence of diazoxide, mellitin or 4,4ithiodipyridine was
5-9). fitted by a single exponential. However, there was no

significant difference in the mean open lifetime among

cells was also examined. Mellitin is a bee venom peptidd"® presence of 10@wv diazoxide, 1um mellitin and 100
and known to be an activator of phospholipasg(@lark ~ *M 4,4 -dithiodipyridine (1.70 +0.04 msea[= 5], 1.72

et al., 1991). It is of interest that when mellitin ()  +0.04 mseci = 6], and 1.73 £ 0.03 msea[= 5], P
was applied to the bath, channel activity was greatly” 0-05). The results suggested that diazoxide, mellitin
increased (Fig. 6). The presence of mellitin significantly2nd 4.4-dithiodipyridine appeared to interact with the
increased the channel activity from 0.010 + 0.002 toS@me type of K channels with similar opening kinetics,
0.421 + 0.0881f = 5). However, there was no signifi- although these compounds were different in potency and
cant difference in the amplitude of the unitary inward c@used no significant change in single channel conduc-
current between the absence and presence of mellitiffnce. The target Kchannels for these compounds in
(239 +0.12 pA h — 8] vs. 2.40 + 0.13 pA['I _ 7]) GH3 cells are thus Ilkely to be ,KI’P channels.

In addition, the effect of mellitin on channel activity was
attenuated by aristolochic acid. Aristolochic acid was
reported to be an inhibitor of phospholipase, A
(Vishwanath, Kini & Gowda, 1987). After the further The effect of diazoxide on the change in membrane po-
addition of aristolochic acid (3@wwv), channel activity tentials was also examined. Under the current-clamp

EFFECT OF DIAZOXIDE ON SPONTANEOUSACTION
PoTeNTIALS IN GH; CELLS
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Fig. 7. Current tracesKanel A and bar graph
(Panel B showing the effect of

4,4 -dithiodipyridine (DTDP) and reduced
glutathione (GSH) on the activity of }p
channels. InfPanel A,upper part is control,

o
@
— ¥

o
)

Opening probability
(=]
N

XX middle part was recorded in the presence of
021 s 4,4 -dithiopyridine (100uwm) and lower part was
0.01 m after reduced glutathione (10w, but still in
i iy P the presence of 10Qm 4,4'-dithiodipyridine. In
g z z % Panel B,*indicates significant difference from
C S o °.o control group; **denotes significant difference
© = 8*’3 between 4,4dithiodipyridine alone group and
g o T 4,4 -dithiodipyridine plus reduced glutathione
e E 8 group. Each point represents measem (n =
a} & 5-9).

Diazoxide

801 1.70 msec 80 1.73 msec

60

L %

Fig. 8. Open-time histograms in the presence of diazoxide (L@ mellitin (1 ™M) and dithiodipyridine (DTDP; 10Qum). The experiments were
conducted in cell-attached membrane patches, holding potential was -60 mV and each agent was applied to the bath. Open-time histograms \
fitted by a one-exponential function. The abscissa shows the logarithm of the open time (msec) and the ordinate shows the square root of the nun
of events (*2).

events

1
Time (msec)

conditions, GH cells, bathed in normal Tyrode’s solu- Discussion

tion containing 1.8 m CaCl,, had a resting membrane

potential of -4% + 6 mV (n = 21). About 70% of GH  The important findings of the present study are that pi-
cells have been known to exhibit the repetitive firing of tuitary GH; cells express a functionally & channel.
action potentials (Wu et al., 2000). The typical effects ofRecent studies have shown that these channels are
diazoxide on spontaneous action potentials in these celf®rmed by the molecular interaction between an inwardly
are illustrated in Fig. 9. When cells were exposed to 10rectifying K* channel subunit (Kir6.1 or Kir6.2) and a
and 100um diazoxide, spontaneous spiking dischargehigh affinity receptor for the sulphonylureas (SUR1 or
was significantly decreased to 0.5 £+ 0.1 Hez£€ 5) and SUR2) (Inagaki et al., 1995; Babenko et al., 1998).
0.3+ 0.1 Hz 0 = 6), respectively, from a control value When expressed in isolation, these proteins did not result
of 1.1 £ 0.2 Hz 6 = 8). After addition of diazoxide in forming molecules that recapitulated the properties of
(100 ), cells were also significantly hyperpolarized to native K,rp channels. However, either channel subunit
-53 £ 8 mVfrom a control value of @+ 6 mV (n = was able to couple with each sulfonylurea receptor to
6). However, no significant change in action potentialproduce functional Kp channels (Inagaki et al., 1996;
duration between the absence and presence of diazoxideopalakrishnan et al., 2000).

(100 M) was found (B + 8 msec i = 5] vs.79 £ 8 The single channel conductance of} channels in
msec p = 6]). In addition, nicorandil (10Gwm) caused GH; cells measured with the use of 14%rk™ on both

no significant effect on the repetitive firing of action sides of the membrane wagl & 2 pS 6 = 8). This
potentials. Thus, the decrease in the firing of action povalue is similar to those of typical }p channels re-
tentials caused by diazoxide may be explained by itgorted in pancreati@ cells (Ashcroft & Gribble, 1998),
stimulatory effect on the activity of kp channels ex- but greater than that of }p channels (26 pS) seen in
pressed in Gkl cells. adenohypophysis cells (Bernardi et al., 1993). One of
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Fig. 9. Effect of diazoxide on the firing of action
potentials in GH cells. Cells were bathed in
normal Tyrode’s solution containing 1.8Mm
CaCl. The change in membrane potential was
measured under current-clamp condition. Potential
trace shown irPanel Ais control, and those in
Panel BandC were obtained 1 min after
20 mV  application of 10 and 10Qm diazoxide,

respectively. Open arrows shown in each potential

5 sec trace indicate the 0 mV potential.

the reasons for this discrepancy could be due to the difin GH; cells is fully characterized. Indeed, it has been
ferent K" concentrations used. However, the open-timereported that mMRNA for SUR2A was expressed at low
(1.7 msec), channel-bursting, ATP-sensitivity, voltage-levels in pituitary gland (Inagaki et al., 1995). Pharma-
insensitivity and glibenclamide-sensitivity were all cological properties of & channels were also believed
nearly identical to those described in native pancrgatic to depend on a family of structurally related but func-
cells (Mukai et al., 1998). The concentration of Mg-ATP tionally distinct sulfonylurea receptors (Inagaki et al.,
required for the inhibition of iK1p channels in our study 1996; Babenko et al., 1998; Gopalakrishnan et al., 2000).
was 30pM. This value is also similar to that observed in It is of interest to mention that mellitin, an activator
an inside-out patch containing many hundreds of wild-of phospholipase 4 caused a stimulatory effect on the
type (SUR1/Kir6.2) K+p channels (Gribble et al., 1997). activity of K,rp channels in GH cells and that the fur-

In addition, diazoxide that significantly induced,l  ther addition of aristolochic acid suppressed the mellitin-
channel activity in GH cells was not found to activate induced increase in channel activity. These findings sug-
SURZ2/Kir6.2 channels (Inagaki et al., 1996; D’hahan etgest that the activity of phospholipase éan play a role
al., 1999). Therefore, on the basis of pharmacologicaln the regulation of K, channel activity in these cells.
and biophysical properties, the i channel in GH  However, the stimulatory action of mellitin presented
cells appears to be similar to those described in pancrdiere could be interpreted to conflict with a previous re-
atic B cells (Ashcroft & Gribble, 1998; Mukai et al., port showing that mellitin can interact with &, chan-
1998). However, it remains to be clarified whether thesenels to reduce their opening probability in a insulin-
channels are heteromers composed of SUR1 and Kir6.2ecreting cell line (Eddlestone, 1995). The reason for
subunits (Babenko et al., 1998; Gopalakrishnan et al.this discrepancy is currently unclear. It is possible that
2000), before the molecular nature of thg{K channel diffusible cytosolic messengers inside the cells (e.g., ara-
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chidonic acid) may contribute to the mellitin-induced diabetic rats was also lower (Lau et al., 1993). Because
effect on the opening of K channels present in GH pituitary cells are vulnerable to ischemic conditions, it is
cells. Nonetheless, the stimulation of,4 channels also tempting to speculate that this current could play a
caused by the activation of phospholipasgwith mel-  protective role under conditions of metabolic deprivation
litin may serve as a negative feedback mechanism t@s has been postulated for,f channel currents else-
limit Ca?" influx once secretion has begun. Our studywhere in neurons (Ashcroft & Gribble, 1998; Liu et al.,
appears to be consistent with previous reports showing999). In any case, it appears to be important, perhaps
that the stimulation of phospholipasg Activated the K required, for the regulation of hormonal secretion that the
currents in the light green cells of the mollusgmnaea change in the activity of Krp channels alters electrical
stagnalis (van Tol-Steye et al., 1999) and in neurons activity of pituitary lactotrophs.

from hypothalamus and brain stem (Zhu et al., 1898

However, further research is still needed to find outThe authors would like to thank Yen-Hua Hung for technical assistance
whether the increased activity of phospholipasenh and Dr. Larry Steinrauf for editing the manuscript. The present work
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