pharm. Sci., December 1995,

.'J.
&%‘-ﬂi“’\}o 2. pp. 147-156
vol. +

ISSN 1110-5089

Comp,\RATIVE STUDY ON THE ELECTROPHYSIOLOGICAL EFFECTS OF MONENSIN
ON ATRIAL AND VENTRICULAR MUSCLE PREPARATIONS OF GUINEA-PIG HEART

Ahmed Fahmy, Nabila El-Maraghy, Atef El-Gharabawy,
Mohamed Abd El-Aal and Herman Nawrath*

Dept. of Pharmacology, Faculty of Pharmacy, Zagazig University, Egypt
*Dept. of Pharmacology, Faculty of Medicine, University of Mainz -Germany

—
ABSTRACT ) . . .

The effects of monensin (10 pmol/L) alone and in presence of verapamil (3 pmol/L) or ouabuin (1 pmol/L) or
ghbenclamide (10 pmol/L) or BaCl, separately were studied on the electr.ophysiolog'ical properties represented by.force of
contraction, duration of action potential, and membrane resting potential of isolated atrial and ventricular muscle of guinea -pig
heart. Monensin induced a transient increase in the force of contraction of atrial and ventricular muscles. It caused a. decrease in
action potential duration of papillary muscle, this effect was reversed by glibenclamide. Monensin increased the action potential
duration of atrial muscle in absence or presence of glibenclamide. In presence of ouabain monensin induce(.ia significant
depolarization of resting membrane potential in both atrial and ventricular muscles. Verapanil did not antagonize the effects
monensin. Monensin induced an increase in Na‘, a transient increase in Ca’ and a decrease in K* contents of atrial and
ventricular tissues. From the data of the present work it could be concluded that, Na* pumped out the cell by Na'/K” pump was
less in atria then in ventricles in presence of moninsin. Less consumption of intracellular ATP in ventricular cells than in atrial
cells, thus the ATP of ventricular cells did not reach the critical concentration level which open ATP dependent K* channels. The
study also showed absence of Na* dependent K'channels in guinea-pig atria.

INTRODUCTION 2- Solutions:

In most regions of mammalian heart, the The Tyrod’s solution had the following
upstroke of the action potentials is produced by an composition in mM/L: Na CI 136.9; KCI 54; MgCl,
influx of Na' through the sodium channels. Thus, 1.05; Na,PO, 0.42; NaHCO; 11.9; CaCl, 1.8; glucose
sodium ions are important for excitation and 5.6. The solution was equilibrated with 5% CO, in O,
conduction in heart muscle!", In cardiac tissues, there of 37°C. (pH 7.4).
are, two types of sodium channels namly fast sodium 3- Measurement of tensions and transmembrane
channels and slow sodium channels®, potential :

Obviously, there are more than single class of Guinea-pig heart preparations were electrically
calcium channels in cardiac cells™. Evidently, cardiac stimulated to contract at 1 Hz by rectangular pulses of
cells at rest are mainly K-selective, so that the 0.1 to 1 msec. '
membrane potential is largly governed by the K* Duration of 10% above the threshold intensity
equilibrium potential®. Recently, different types of K using a Grass stimulator (models 4) and isolation unit,
channels were identified in cardiac tissues, e.g. ATP- Force of contraction was recorded isometrically. The
dependent-K channels, voltage and time dependent K- preparation were allowsd to stabilize for at least 45
channels®". min, The effects of drugs were investigated be exposure

Monensin transports sodium ion mainly and to to either single or to cumulatively increasing
less extent potassium ion, down their concentration concentrations, achieved by adding drugs to main
gradient across biological membranes‘s’. Tyrode’s reservoir and increasing the concentrations

The aim of the present study was to compare the after the establishment of a stable response, The
electrophysiological effects of monensin alone and in transmembrane potential was defected intracellularly by
Presence of verapamil or ouabain or glibenclamide and the use of 10 to 20 Mohm glass microelectrodes filled
BaCl, on the atrial and ventricular muscle preparations with 3 mol/L of KCI. Both transmembrane potential
of guinea-pig heart, and tensions were displayed on an oscilloscope (Nicolet

310) and stored on discs for further evaluations.
EXPERIMENTAL 4- Measurement of **Rb" efflux :

I Preparats Whole guinea-pig left atria were first exposed to
Aonss ) about 10 Meq. *Rb" for 90 min in Tyrode’s solution
ab‘f:‘tnea'f’igs of weights 250/400g were ;ac:ﬁf:ed and thtan transferred into the test b:a,‘tzls.+?'lle
titabie © the head and bled from the caroti al i preparations were kept at rest. The release of “"Rb" into
"abECUIae St .ventncular, . papxllary muscles hor non radioactive Tyrode’s solution was then followed for

o were 1§olatefi by ligating both ends w1't a 30 min. g L
artia] tr;]:eand dlsseCtlng them from the heart. ng:t Under control conditions and 15 min in the
Same gy culae from guinea-pigs were prepared in the presence of monensin (10 pmol/L). Thc.a bath solution
A was changed every 5 min and collected in scintillation
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vials for later determination of radioactivity. At the
end of experiment, radioactivity of atrial preparation
and those of solutions were determined by liquid
scintillation ~ counter  (Tricarb 3380, Packard
Instrument, Frankfurt).

5- Determination of tissue electrolytes :

The electrolyte contents (Na*, K*, Ca?") of atria
and ventricles were determined according to Langer ef
al., 1967. Samples of atria or ventricles were weighed
and dried at 105°C. in hot over for 36 hr and was ashed
at  600°C in muffle furnace. The ash was then
dissolved in bidistilled water and used for
determination of Na', K* or Ca,’ contents using
specific Kit for each ion.

6- Drugs : The following drugs were used (sources in
parentheses ).

Atenolol (Sigma, Deisenhofen, FRG); verapamil
(Knoll, Ludwigshafen, FRG).; ouabain (Serva,
Heidelherg, FRG), glibenclamide (Sigma, Deisenhofen,
FRG), *Rubidium chloride (NEN, Dreieich, FRG).

7- Evaluation of results and statistical analysis :

Results are either demonstrated as original
figures or expressed as mean t standard error of means
(SEM). Action potential recordings were analyzed for
maximal upstroke velocity (dv/dtmax), and duration
(APA) at 20% and 90% of depolarization , APD,, and
APDg,, respectively. Changes of the RP in the
hyperpolarizing direction one described as an increase
and in the depolarizing direction as a decrease in the
RP A single rate constant of *Rb* efflux could be
determined according to A = (Ln A, - Ln A,/ t) derived
from A = A, Statistically significant differences
were assessed by Student’s t-test or by analysis of
variance!” allowed by modified t-statistic according to
Dunnett, C.W. (1964)""

RESULTS
I- Effect of monensin (10 p mol/L) on the force of
contraction and action potential in guinea-pig
heart muscle preparations:

As shown in Fig(1), monensin (10 u mol/L )
induced a transient increase in force of contraction in
both atrial and ventricular muscle preparations. No
change in resting tension was noticed during whole
penod of e.xpgrimem. At the same time, monensin
:;:juéed ' sx.gmﬁcant decrease in the action potential

\ a.uon i ventncular muscle that in atrial muscle was
significantly increased.
mtenlinlﬂ;;m:i:::s of n::)nensiq on other action
e SHew a0 “em lh‘atnql and ventricular
: are summarized in table (1),

,. 4 , oo
Effect of cumulative addition of moneénsin on

rsin atrial and ventricular
muscle preparations of guinea-pig heapy:

Cumulative addition  of e reiyp,
concentrations of monensin induced a CO"CC""“‘!:."','
and time-dependent increase in APD i atriyl Mused,
and a decrease in APD in ventricular muscle a4 "’ﬂ% .
in Fig. (2).

Table (2) summarizes the other effacy | ’
cumulative addition of monensin on the action potentyy
parameters of guinea-pig heart muscle preparationg
3- Effect of monensin (10 pmol/L) on memhyyy,

resting potential (either) in the presence of Ba(y,
or ouabain:

Under control conditions, a hyperpolanzmz
effect of a drug on the membrane RP may be hard)y
detectable, because the value is already near 1hs
equilibrium potential for potassium., Therefore thy
influence of monensin on the membrane resting
potential was determined in the presence of BaCl,.

Figure (3) shows the original records of (ha
membrane RP under control conditions; after the
addition of BaCl, (0.4 p mol/L and 0.2 p mol/L) for
papillary and atrial muscle respectively. The membrane
RP was decreased from -87 mV. to-77 mV. and -84
mV to -53 mV for ventricles and atrial muscle,
respectively. Further addition of monensin (10 jt mol/L
induced an increase of membrane RP for -77 to -86 mV
and from -53 mV to -71 mV for papillary and atnal
muscle, respectively.

Figure (4) summarizes the results obtained with
monensin (10 p mol/L) on membrane RP of atrial and
ventricular muscles in the presence of BaCl, We have
shown so far that monensin (10 pu mol/L) increases the
membrane RP of guinea pig heart muscle preparations
under normal conditions (Table 1) and in the presence
of BaCl, .

Figure (5) shows the original records of the
membrane RP under control after the addition of
ouabain (4 p mol/L. and 2 p mol/L) for papillary and
atrial muscle, respectively. The membrane RP was
decreased from -85 mV to - 80 mV for both papillary
and atrial muscles; further addition of monensin (10}
mol/L) decreases the membrane RPto-73 mV and-7!
mV for papillary and atrial muscles, respectively.

A summary of the changes in membrane RP
induced by monensin (10 p mol/L) in the presence of
ouabain on papillary and atrial muscies, preparalions
are shown in Figure (6)

(4) Effect of glibenclamide on action potential in the
presence of monensig :

As shown in Fig (7), addition of monensin (104
mol/L) caused a decrease of APDy, from 210 10 120 m&.
Under  these  conditions, further  addition of

glibenclamide, . (¢ # mol/L) induced partiat reversal of
ADP from 120 ms to 183 ms. - :
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yal
naure () presents cummary of seven
s Monensin (10 pmol/L) caused a

,«pf'i_’"cn:‘;homning of APDy from 203 4 msto
ma“““"“' s (p € 0.0%), Under these conditions, further
! ( gjibcnclamide (10 p mol/L) induced a
roversal but significant of APD;, from 112£ 15

1664 B mS (p~ 0.05).
Other  changes in action potential parameters

{he addition of monensin and gjibenclamide
a wmmam.cd in Table (3). -
¢ Effect of cumulative addition of monensin on
' potential duration in Guinea-pig papillary
in the presence of glibenclamide:
stabilization of the papillary muscle
eparations addition of glibenclamide ( 10 p mol/l) did
pot induce significant effects on action potential
eters. The shortening of the APD in guinea-pig
induced by cumulative  increasing
of monensin in the presence of
less than in its absence, Fig (9) and

1 10

induced

yentricle
concentrations
gjnbenclamide 5
1able (4)
(6) Effect
and AP in guinea-pig atria
verapamil (3pt mol/L):
As shown in Fig( 10) and represented in Table
(%), verapamil (3m mol/L) induced 2 significant
dscrease of APDy (p < 0.05), while APDyo, RP, and
maximal upstroke  velocity gdv/dtmax) were not
significantly changed.  Force of contraction Was
significantly reduced (28 £ 2% of control). Under these
conditions, further addition of monensin (10p mol/L)
induced a significant increase of force of contraction
(265 + 27 % of control). APDyy was significantly
ticreased from 82 + 3 to 95 + 3 ms, membrane RP was
- signficantly increased from -84.3 £ 1mV to-87+102
mV On the other hand, APA. APD,, and maximal
:E:m velocity 9dv/dtmax) were not significantly
. nged upon the addition of monensin.
, ect of monensin (10 p mol /L) on *Rb’ efflux in
Buinea-pig atria:

—-p /iigure ('161) fhows the influence of monensin (10

wam: Z;l Rb" efflux in guinea-pig atrial muscl.es.
: "tontainige Qxe muscles to normal Tyrode’s solution

3 mméd::ml (10t mol /L) and DMSO 1% viv for

Funther o not affect “Rb* efflux of the m?zscles‘
' posure of the muscles to monensi (10

“Hmiol], :
Tux ) for 15 min had no significant effect on ¥Rb*

of monensin on the force of contraction
in the presence of

5. B,
than; of monensin ( 10 p mol/L)on electrolyte
€ in tissues «ea.piz atrium and
Vetricle: of guinea-piz
As N .
v..-lagsh.w“ in Figure (12a,b) in both atrial and
cr o wr -tlssqe monensin induced an increase in Na~
T it it induced a decrease in K* content.

Lo gy
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Ca? tisgus content increased zfer 20 mnp ang s
decline to the normal vzlues 2fer B0 man

DISCUSSION

In the present study, monensin imduced positne
inotrepic effect followed by 2 decreasz aveioped
force in guinea pigana and ventricular prepayztions.
These effects could support 2 previoss regults camel
from different isolated beart muscle preparationt 2.5
canine ventncular muscle’™™  isclated vemtncda
myocytes from dog and rabiit’?, gnea prgeten

Since 1t was reporied tha e induced
alteration of cardiac contractile foree refiect 2 chzngs m
free myoplasmic CZ" concentration’ '/, we hudied the
effect of monensin on the ventricular muscle. O
results showed an mmcrease in sodfum comtest anda
{ransient increasz in the cell calcium comem of boh
preparations. The ohserved transient increase 1o HETAE
calcium concentrations and comseguently transent
increase in force of contraction could be due 1o oD2 OF
more of the following mechanisms.

a) Monensin faciliate Na“-H~ exchange 207088
cardiac cell membrane™ the offect which mzy Jead 10
increased capacity of phosphatidylserens 12 tind
with C2*.
b) Increased H -1n 2nd Ca™- out exchang=" -

¢)Monensin decreased the 2 moam of AT?
inside the celi™*'”. This in turn m2y canses 2 decraase
in Ca®” current.

Moregver, in the present study verapamil Ras
not able to abolish the 1notropiC offact of monsnsin and
consequently exclude the role of Ca*~ channels from the
transient increase in tissue Ca> content By using Fura-
5 technigue, Ertl ef al = found that monensin induced
increass in free myopiasmic cz"
in guinea - Pig atrial and veptnculzr

’

a ftransient
concentration
myocytes

Also, results in the present study showed that
monensin induced 2 significant increase in resting
membrane potential sither under normal conditions or
in the presence of BaCl, This effect in agreemaat with
previous results obtzined by Horackova, 1986~ who
demonstrated that, monensin caused hyperpolarizztion
in cardiac myocytes of dog and rabbit

The majerity of the ohsarvad hyperpolanzaion
in the present ctudy is du2 1© sumulation of NakX
pump This proposal is supportad by. our results which
chowed that 2 Rb efflux was not changed 15 oun after
the addition of monensin.

d) Monensio induoad depolanizafion o Suimea -
PiE ventricular and strial muscle Preparanons in the
presance of cuaban . ;

Furthermore, the present study by using guine: -
pig pepillary muscle demonsTaes tha  mIOnemRs
induced @ significamt - shonemag “of ' APD



R RTINS

A Fabmy, et a)
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i) yrode’s sonition
edat i ¥z,

ar thon pestentiol in g
Fable (0 Bttect of monentin (16 ol on aotion g
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¢ . l' muscles were sune fused win hor
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T ¢ y . ey sl
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utrisl muscle ) l”‘l’m‘_‘ry..’v".m.dc-v-ww :
controf | moensin E control menensin
1 45 4 * .

1P (my) A540.6 | -r7e4l | 854005 .l,;,:'g‘r:,us . .
ADI (mY) 11241 14kl | 1212 A ‘
ADP,, (my) a1 P 15212
APEy,, (s 7003 | magar | 20443 bodiorn
AVIdL, (Vi) | 241427 1 224420 | 23146

- e (111 08
Vidues are sbsolute means 45.6M, * Sipnificant differenece PR R
I, resting potential: APA, sction ptential amphtude; ADP,,, action peteritisg

" ' axfne or ooy,
dutation st 20% of repolarization; dVIdt, , maximal upstroke velocity

et

Table (2): Ettect of cumulative addition of increasng concentrations of ONERAN
on sction potential in guinea-pig heart muscle preparalions {hc
muscles were superfused with normal tyrode's solution cortmning

atenolol CLOmGl/1) and electrically stimulated at 112

E Control | Monensin| Monensin | Monensin
(yimol/L) | (3umol/1.) (10pmnl/].)
R (V) (atria) -B5.310.5| -87*10.51 874405 -B7*40).5
K (V) (ventricle) 46+ BT | BR.O4| -88.2+1
APA (mV) (arin) 15%) 11741 11641 11582
ventricle 120141 1194 116742 11HO*42
ADP,, (ms)latrin) 1343 17%43 16%42 16%%2
ventricle 4144 62%47 15%4+2 T4
AVt (VIS) Gariy | 263419 | 280430 272427 252430
(veniricle) 200015 | 259416 251425 2300427
Vilues are absolute means 44 ¢ m (n=7)

= apnibicant ddferenee ficm control (Pe) 09, .
WP renting potentigl, APA, action petenial awnplitude, AP,

/ w AChon petential duration w
209 of repularization: AV, | maximal upriroke velogily g

Table (3): Effect of plibenclamide (Il);mml/l,) on action potential in g
ol monensin (10pmolL) The
with normal Tyrode's solution cont
stemdated ot | 1y

vinea pig papillary
muscles were superfused
Mmol/L) and electrically

muscles in the presence

aining atenolo) (1(

Control Monensin Glibenclamide
(10jtmol/L,) (10pmol/,)
P (V) -85.340.4 “BR*4().5 -H8 44
APA (mV) 1214] 1194 11842
ADPo(ms) | 8819 4210 | paeagg
dVAltmax (V15123746 22948 233%13
R 1
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Table (412 Etfect of cunuglntiw ;\dgiliqn of iuc;casjng .conccn:rminnn of monensin on action
pm\-nn.\l Juration at 90% of repolarization in guinea-pig papillary muscles in the

presence or absence of glibenclamide { 10pmol/L). The muscles were superfused
with normal Tyrode’s solution containing atenolol (10umol/L) and electrically
stimulated at THz.

\
! Control |[Monensin| Monensin | Monensin
: (IpmoVL) | (3umol/L) (10umol/L)

Monensin 18946 | 15146 65¢7 | 3744

\Monensin (in the

presence of

(glibenclamide) 201215 | 176£17 139*%15 114*+14

Values are absolute meanstS.E.M. '
« Sigmficant difference from monensin without glibenclamide (P<0.05)

Table (5): Effect of menensin (10pmol/L) on action potential parameters in
euinea-pig atrial  muscles in the presence of verapamil
(3tmol/L). The atrial muscle preparations were superfused with
normal Tyrode's solution and electrically stimulated at 1Hz.

Control Monensin Glibenclamide
, (3ptmol/L) {10umol/L.)
RP (mV) -84.3£1 -84.6x1.2 -87%£1.2
APA (mV) 11420.5 114.520.5 115%£1.0
ADP,(ms) 18+1 11.5%£1 105.20.5
dV/dt,,, (V/S) | 242226 ! 227£26 241+27

Values are absolute means =s.¢.m. (n=3)

“ sigmificant ditterence from control (P<0 05)

RP, resting potential; APA, action petential amplitude.
20% of repolanzation: dV/dt, waximal upstroke velocity.

ADP,, action petential duration at

\ Wonengin (20 A1)y
4 Monensin (60 [L]5) Se—

R
vas _'L": : Q::fr?:\}y(’k J’!: Cemtrol /

e

SN

mopensin (10 pmol1) @ force of

Flg. (1) Original reconds showing the effect of
apillary muscle

amtructin (gt traces) ad action potential (el races) in gumeapigp
(A) ad anal muscle (B) m the presmce of atenolol (10 patol/L)
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amide reduced the effect of monensin on
150, the addition of glibenclamide induced

0 A :\-e'rs"l of the shortened action potential
reverse :

p;m;ion induced by monensin. . .

durd Since it was reported that glibenclamide can

ATP-dependent K* channels“?, the observed

> f action potential duration by monensin in
esent study may be in part, due to stimulation of

. the PI¥

\TP-dependent K channels.
| Our study demonstrated that, monensin
«ced a significant increase of APD in guinea-pig

G“bcllcl

hortening ©

”::al muscle preparation. This effect is not due to
ancrease of slow inword current carried by Ca?* since it
]

was not blocked by verapamil. Furthermore, .this
increase in APD 1s not due to increase of slow sodium
crrent (Window current), since Jacob & Newrath,
1088)" found that TTX had no effect on APD in
guinea pig atria. Thus the observed increase in PAD

could be due to -

'1- Induction of creep content",

»- Guinea pig atria contains less scale Na™K" ATP as
than in ventricle®"’.

a)Therefore, more accumulation of Na® inside
the cell incur the effect of monensin.

b) Less consumption of ATP, these ATP did not
reach the critical concentration level which
open ATP dependent K* channels.

¢) The presence of Na'-dependent K* channels
in atria have not reported yet.
From the data of the present study it could be concluded

that

(1) Na” pumped out of the cell by Na*/K* pump is less
In atria than in ventricles i.e. more accumulation
of Na" inside the cell under the effect of monensin
which may Jead to prolongation of action
potential’s.

' Less consumption of intracellular ATP in
¥entricular cells thus ATP have not reached to the

Critical concentrations level which open ATP
Cependent K~ channals.

3) Ak o :
Adsence of Na dependent K™ channels in guinea -
Pgatria.
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