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Suppression of channel conductance by diacetyl monoxime 

in guinea pig and embryonic chick cardiomyocytes 
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Medicine， Ube， 755．Japan)； Nicholas SPERELAKIS (De pa rtment of Molecular and Cellular 
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KEY W ORDS oximes； diace tyl monox[rne； 

myocardium； cultured cells； ce lc[um channels； 

sodium channe ls； potassium channels； patch- 

clamp techniques 

AIM ：To examiRe the effects of diacetyl mo~ox Jme 

(DAM)，and putative dephospohrylating agent，on 

ce nductances of lhe cardiac Ca， Na， and K 

channels METHODS：The Ca(fc自)，Na(J№)， 

and K (fK) oJrrents were recorded in single 

ventricular myocytes from guine a pigs and chick 

embryos before and after addition of DAM us the 

whole-celI voltage-clamp technique． RESI『l ： 

DAM 10 mmo卜L-。red uced rapidly lhe amplitudes 

of I oa(by about 30％)，IN日(by about 25％ ，arid 

(by 25 ％ 一50 ％)withoul alterations of the 

voltage-dependaNce． CoNCLUSIoN： DAM was 

a channel inhibitor of the unique type having 

nonselective phosphatase activities 

Diacetyl monoxime(DAM )was used for the 

treatment of organophosphorus poisoning，in which 

acetylcholinesterase is r-eactlvated bv the oxime_1]
． 

Because of its nucleophilic pmperties shared with 

R~eived 1996—01 02 Accepted 1996—0l 22 

oximes, DAM was suggested to possess a 

dephosphorylating(phosphatase-like)action，which 

is evidenced via an interfe~nce with cAM p- 

dependent phosphorylations from the cytoplasmic 

side[。· 
． 

Sincethe activitvd theGl[ 
，
Naf5]

， 

K channel~。 is controlled by phosphorylations of 
many types and steps， it is of interes t whether 

DAM deactivates such channels thm ugh its 

phosphatase—like properties ． 

MATERIAI|s AND METItODS 

Voltag~clamp (v c)expefimen~ 目e carried out 

using ventfieular myocytes from chick embryos(cultured for 5 

60 h)and guinea pigs(dispersed 1 6 h before each 

experiment) ． Ventrieular myocyt日 from guinea pigs were 

0bta_ned 

Using the whole-cell v c method．membrane currents 

were recorded ． Pipettes wl~re SylKard—mated and heat— 

polished The composition of the pipette solution was(mmo] 

-LI1)：K—o／"Cs-asoartate 130．egtazic acid(EGTA)11， 

CaC1a 1．NaC1 10，MgCla 2，NazATP 5，g【uc。8e 5，and 

HEPES 10 0 (pH 7．2)． The composition of the bath 

solution(5up usate)was(retool·L1)：NaCI 140． Cl or 

KCI 5 4， CaCI2 1．8． MjcCIz 1．1， Na—pymvate 5， glucose 

10，and HEPES 10(pH 7．4) In experimen话 0f the Ca 

( )and K currents(IK)．tetrodotoxin(TTX)0．01 mmo] 
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· L was added to the superlusate． The experiments w目e 

carried out at Nther 26 28℃ ( rJ and K studie~)or17℃ 

(』N study)commtted by a Paltler-effect unit The volrage 

value*were mrm~ted  for the liquid】unction poten tial of 15 

mV 

The ceil membrane capacitance was 5 10 pF f。r the 

em bryonic chick myocyte and 70 110 pF f0r the~-ainea pig 

myocytes，when measured by ramp-puls~ (dV／dt 0．5 V／s 

f guinea pig and 5 V／s embryonic chick myocytes) 

The series resistance(R．)wBs 60 ％ 一70 ％ compertsated 

before each experiment． Data from experiments in which the 

residual R．after its com pensation exceeded  10 MF／ were 

discarded． Pulses were dalivered Nther at 0．1 H2 ( 

study)or at 0．5 Hz(IN,study) In』K study，the ramp- 

pulse protocol(dV／dt= about 20 mV／s)was used． A 

holding potential(VH)was Nther 一40 to 一45 mV (r 

study)， 90 mV (』N study)，or 70 mV (rK study)． 

The magnitude。{peak rrJ and INa is defined as the difference 

betweenthe curr∞ t peak and the currentlevel attheen d。f 

puls~ of 200mslong 

The concentration 。{DAM Ⅷ 10 mmo[‘L ．taking 

account。{DAM  concentrations (0．5 20 mmol·L。。) in 

earlier work~0‘ All data were j ±s．compared with 

paired ．test． 

RESULTS 

Ca ehannel condoctante 

Corrent(I) 一 voltage(V)relation Using 

the whole-cell v—c method．the L-type Ca current 

(Ic日)was recorded during exposure of embryonic 

myocytes (Cm 5—10 pF)toDAM 10 mmol LI1 in 

the presence ofTTX 0．01mmol·L (Fig1A—C)． 

Fig1A shows v c records ofthe Ca currentsin an 

embryonic chick ventricular myocyte， and Fig 1B 

shows the I— V relation． In the absence of DAM 

( =14)，the c日reached the maximum (J一 )of 
一 51 to一245(一102±74)pA at 3．2±10．8mV 

(V。)． 

The most marked change in Ic after DAM 

addition was a reduced amplitude of the current(Fig 

1A ＆ B)． The extent of the DAM．induced 

reduction of Ic日，about一30 ％ ，was similar at any 

test voltage(Fig 1C) The effect of DAM on Ic日 

was readily abolished by washout of myocytes with a 

drug-free solution．as reported by othersL 12：
． In 

7 experiments after DAM ， the value of V口after 

DAM was 3．6 ± 10．0 mV． comparable to that 

before DAM A similar suppressing action was 

seen in ventricular myocytes from guinea pigs 

A 
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Fig 1- Effects of DAM  on L-type Ca current Jc-fL)． 

A：Reslmme to sl~0e pulse step*to various potentials frmm  ̂

hnIdjⅡg potential(y )̈of一45 mV In an embryonic chick 

heart cell- Upper tracin g cnrrent； lower tracing step 

voltage． Top and bottom rows = before ＆ 3 mln after 

DAM，respectively． B：Peak carrent(I)一range (V) 

relation afterDAM 10mEIO]-L。 (Data_n A)． C：Change 

_nI (L1． n 7， unless specified in parenthtse*． ± s． 

‘P > 0．05， 。P < 0．05， P< O．01． 

(Fig 2)． In these cells( =7)，the magnitude of 

the peak current after DAM relative to that before 

DAM was 70 ％ ±16％ (P<0．01)，which was 

identical to the Ica-reduction in chick embryonic 

myocyte． Hence， DAM suppressed the Ca  

conductance． 

Steady-state inactivation (fm) To examine 

the voltage．depe ndence of DAM actions on the Ca  

channels， the steady-state inactivation (f ) 

characteristics was examined． Fig 3A illustrates a 
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Fig 2· Jc．(L)in a guinea pig m yocyte· Response to voltage steps of increasing 岫 pJi机 d in 5 mV steps  are 鲫 pe—mp0∞d
． 

VH 一40 mV · A ：Before DAM ． Voltage steps 小 betwoen 一 10 and + 50 mV ． B：After DAM l0 mm ol·L’ 
． Voltage 

steps  sue between 一5 and +50 mV ． C：lnd n afterwashout ofDAM
． Voltage steps  are between 0 and + 50 mV． 

In A —C，the 0 cun蜘 t denotesthe cun蜘 tlevel atthe end ofthe pulse of  200 m slong ． D：1一V relation
．  

A Ic。(Double pulse protoco1) B Steady—state inactivation(f∞) 

=二= 

) 

一l／一， 
— — 一  

100nA 

f∞ 

Condllioni ng voItage／mV 

Fig 3． Steady-state inactivation of Ca ch~ne1． A：Current in a 17．d．old embryonic chick heart cell in the prurience of TTx 

0·O1 nmml L～ ． The pulseprotocolis shownininsetinB． 1 test pulses(Vz)，200 long，t0 4-12mVwerepreceded by 

the conditioning pulses(Vi】，500 mslong，t0—60(a)，一45(b)，一40(c)，一30(d)．and一15 mV(e)． In(f)Ⅲ  

superimposed currentsin response to V pulses precedea hy Vl pulsest0 — 60， 一45． 一30
， and 一20 m'V (from to 

bro om)· B：Summary of6 experiments for steady—state]naclivation study before(O )and after(● )DAM addition． Peak 

cu舢 t volnes(王± )relativet0the maximal current船 a function of voltage．in 8c~rdilRce with Bolm nann equation for 

control(—— )andDAM (⋯ ⋯)． Vuf and s were，respectively，一27．2 and 4．3 mVforthe control and 一27．1 and 4．8 

m V for DAM ． The broken line iIlustrates the  Vh．1r valties． 

1I，j  
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double-pulse experiment to examine the f ． Plots 

of the magnitude of Ic．in response to the test steps 

(V2)against the V1-voltage reflected the degree of 

the steady-state inactivation during the conditioning 

steps (VI) Fig 3B demonstrates that sigmoidal 

voltag e-dependence of f before and after DAM  

addition were superimposable． Values(1_ s)。f 

the Vhaf and slope factor(S)for ，when fitted 

tothe Boltzmann equation： 

f =1／I1+ExP[(V 一Vhaft)Is]} 

were，re~peedvdy， 27．2± 5．7 and 4．3±1．4 mV 

before，and 一 27．1±4．6 and 4．8 1．2 mV after 

exposure to DAM ． Because DAM did not affect the 

f∞ curve．the suppression of the Ca conductance by 

DAM  WaN concluded to be voltage—independent 

Na channel conductance The fast Na current 

(J№)was recorded in embryonic chick ventricuhr 

myocytes(C =5—10 pF)at17℃ inthe external 

Na concentration of 140 mmol·L～ ． AI1 K i0ns in 

the bath and pipette solutions were replaced with 

the equimolar Cs ；ons ． At a holding po tential of 

一 90 mV． currents in respo nse to test steps of 50 

ms-long between 60 and + 60 mV in 4 mV 

increments were recx>rded Fig 4 shows representa— 

tire original IN records before (A) and after 

exposure to DAM 10 mmo卜L一 (B)． The current 

beganto flow at(VTH)about 60 mv．reached 

the maximum (V口) at about 一 15 mv， and 

reversed the sign from negative to positive at( ) 

abo at +55 mV． Exposure to DAM 10 mmol·L一 

(Fig 4B)was immediately followed by a reducti。n 

0f IN日 amplitude． The chan ge in peak I is 

illustrated with the current (I)一voltage (V ) 

relation(Fig 4C)． Neither the rates of activation 

and inactivation nor the I— V parameters such as 

VTH， VD，and V was altered by DAM addition
． 

On average (n = 4)， DAM reduced the peak 

amplitude of JNa by一24±14( ±5，P<0．05)， 

when assessed at VD(_e， 15 mv) Hence， 

nAM  reduced I simply by suppressing the limirir*g 

eonductanee of the Na channel(GN ) 

K chm eI conductance The ramp-pulse 

protocol ieveals the inwardly—rectifying K current 

(IK1)． the inward rectifier current was recorded in 

A Na current(Contro1) B Na current(DAM) 

C Current·voltage relationship 

Q2 

m  
Step volu 

00 ·80 ·毂 240 ．20 20 40 80 1I 

。 

oJ 

． 0．6 

．  8 

V 

mV 

]Pig 4- FastNa al兀 tin a17·d-old em bryonic chickm yocyte． A：BeforeDAM
． B：3 min afterDAM 10 mm ol·L一 ． C： 

Current-voltage re lation· In A ＆ B·seVertmp~m l Ire tracings of currents in response to voltage steps of increasing mmplltmtes 

from 一 60 m V and + 60 mV in 4 mV steps at a holding potential of 一 90 mV． K in pipette and bath solutiom  w[~re 

substituted wjth Cs ． 

_ 

《u／苗 矗， 0。 暑甚 吕日】l墨 
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guinea pig ventricular myocytes in the presence of 

TTX(0．01 mmol·I )and CJ ion(0．5 mmoX 
。 L ) to block the faat Na and Ca currents． 

respectively，and its changes by DAM were tested
． 

At a holding potential of 一 70 mV， ramp．pulses
．  

the．slope of which was about 20 mV／s，were given． 

Fig 5A illustrates representative inward 

rectifier currents， and Fig 5B showa the f — V 

relations Currents in response to ramp—pulses 

showed an N—shaped， inwardly—rectifying
， pro- 

perty：concomitantly with a progressive depo lariza— 

tion(Fig 5B)，the current altered sign from inward 

to outward at(V )about一80 mv，then crept 

over a po tential rang e from V to 一 10 mV 

exhibiting a negative s1。pe region and increased its 

amplitude again toward the outward directi。n
． 

thereafter． As shown in Fig 5A and B
， DAM 10 

mmoX’L～ reversibly suppressed the inward and 

outward components of the rectifier curent(IK)． 

In total( =4)，the extent of the reduction of fK1 

was(％，" the control levels)：一52±22(P< 

0．05)at一8O mV，一38±14(P<0．05)at一5O 

mV，and 一26±16 (P <0．O5)at +4O mv． 

Hence， DAM suppresses the K channel conduc— 

tance ， too． 

IHSCUSSION 

DAM effects in the mieroeleetrode studies with 

ventricular preparations of cats[ 
，
dogs rlD_， “ inea 

pigs’ ， rabbits(12]
，
and chick embryos Clz}were： 

(1) negative inotmpic effectsL。， · ； (2) a 

shortening  of the duration of the fast and slow acti。n 

potentials(APS) 。 ：(3)a supp ion 。f the 

maximal rate of rise(V一 )oram plitude ofthefast 

and slow APS_1】_ ；(4)small reductions of the 

resting membran e po tential_1】_ ， and (5) the 
^ I“w。rd r芒ctifie r cur广e n1(ramp一 I s~study) accelerated automaticity[ 

． All these actiorIs 

B Current—voltage relation 

3 

芒 

． 

2 

．  

· 60 ∞  ∞ 40 60 

一 t 
Ramp DIlIsc volta 

o 0 Control 

△ n 

Fig 5· Inward rectifier current(JK1)in a gnhlea pig 

my~ tejnthe p n∞ ofTTX(0．01mmol·L’t)andCoz 

(0·5 mmol。L )． A：Current tracings(dV／dt=2O mY／ 

s)· Labels C．D．and W denote control period．DAM 100 

mmol。L一 ， and 】 min after washout， respectively． B： 

Current．voltage relation of result in ramp．paise study． 

suggested reductions of the conductances of chan nels 

of any types in cardiac tissues ． 

W e found that．in embryonic chick and guinea 

pig ventricular myocytes ． DAM  reduced the 

conductance of al1 the ehannles tested． with。ut 

affec ting the voltage-dependent kinetics
． Ahhou【gh 

Coulomhe  al repo rted a lengthening． instead 

of shortening，of the AP duration in rat ventficu1ar 

myocytes, they concluded that such an  apparent 

lengthening was derived from a reduction of the 

conductance of the trans ient outward current．a K． 

permeant channel which was abo undan t especially in 

the ventricular myoeyte of rat 

DAM has a nonspeeifie dephosphorylating 

activity【 一 1~he expe rimental resuhs herein well 

elucidates the findings so far obtained in AP． 

recording stL1dies． A1so， our data not only show 

that the action of DAM  on ion channe1 eonduetances 

are always depressant rather than stimulatory
， but 

also reinforce a notion that activation of ion chan nels 

of any type  require phosphorylation steps
， whether 

the phosphorylations are cAMP．depe ndent
．  

Although the phosphatase activity of DAM  seems t。 

be nonspecific， utilization of DAM wil1 he  mueh 

helpful in eleetrophysiological and pharmaeological 

studies 

E、益量 } 芑 E 

∞o 

《0、 ，n】lI } c 
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