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Positive inotropic effect of MCI-154 on hypertrophied heart of

rats and its mechanisms
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Abstract: AIM To explore if there is a differential ef-
fect of MCI-154 ([ 6-[ 4-(4’-pyridylamino) phenyl ]-4, 5-
dihydro-3(2 H )-pyridazinone hydrochloride trihydrate], a
calcium sensitizer, on hypertrophied hearts compared with
normal hearts and the possible mechanisms underlying it.
METHODS Functions of rat hypertrophied heart were
investigated using Langendorff perfusion. Ca* transient
and cell shortening in isolated cardiac myocytes were si-
multaneously measured using ion imaging system. RE-
SULTS O MCI-154 100 — 400 pmol * ™" improved
cardiac performance assessed by active systolic pressure
(left ventricular systolic pressure minus left ventricular di-
astolic pressure) and + dp/dt,,, in hypertrophied hearts
as well as in normal ones, and — dp/dt,,, tended to in-
crease slightly with no statistical significance; 2 MCI-
154 concentration-dependently increased cell shortening in
hypertrophied myocytes from (4.8 +1.7)pm of control to
(5.6+1.5), (7.6 +1.7) and (10.9+1.7)pm at 1,
10 and 100 pmol*L=!, respectively, with unaltered Ca®*
transient amplitude and Ca’* transient decline assessed
by time at 50% and 90% restoring. CONCLUSION
MCI-154 exerted positive inotropic effect concentration
dependently via calcium sensitizing on hypertrophied rat
heart as on normal rat heart.
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trihydrate, is a novel positive inotropic agent that
increases cardiac contractility of guinea-pigs, rab-

bits, canines and ratst! =4

. It prominently causes
the leftward shift of the Ca®* concentration-tension
relationship in skinned cardiac fibers'>', which
suggest that it increase the Ca®* sensitivity of the
contractile apparatus. However, some investiga-
tors reported that calcium sensitizers produced dif-
ferent effects in pathologic myocardium compared
with normal myocardium[é’ﬂ . It is, therefore, im-
portant to investigate the effects of MCI-154 on
pathologic hearts. Because left ventricular hyper-
trophy is a very common adaptive response accom-
panied by decreased compliance and diastolic
function, the cardiac hypertrophied models were
adopted to observe the effect of MCI-154 on hyper-
trophied myocardium. In this study, we investigat-
ed the effects of MCI-154 on heart function of hy-
pertrophied rat hearts using Langendorff perfusion
apparatus. In order to explore the mechanisms
underlying it, Ca?* transient and cell shortening
in hypertrophied ventricular myocytes of rats were
ion  imaging

simultaneously measured using

technique .

1 MATERIALS AND METHODS

1.1 Preparation of animal models

Myocardial hypertrophy in rats was induced
by abdominal aortic bandingm. Male Wistar rats
weighing 160 — 180 g provided by Experimental
Animal Center of Shanxi Medical University were
anesthetized with 1% sodium pentobarbital (3 mL-
kg™!, ip) and the abdomen opened by midline in-
cision. At 1 cm segment of aorta was dissected

free and 0.8 mm diameter needle placed on its
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anterior surface. Surgical silk was then tightly
banded around the needle and aorta to provide a
uniform degree of constriction. The wire was with-
drawn from the ligature so that the diameter of the
remaining orifice of the ligature approximate that
of the wire. Then the abdomen was closed and the
animals were allowed for intake of food and water
ad libitum . Blood pressure was monitored weekly
after the operation. Only animals with systolic
blood pressure > 20 kPa four weeks after opera-
tion were used for studies.
1.2 Measurement of cardiac function

Male Wistar rats were sacrificed by decapita-
tion and hearts were rapidly excised and placed in
ice-cold Tyrode’s solution. Hearts were mounted
on a Langendorff perfusion apparatus where they
were perfused with Tyrode's solution equilibrated
with 100% O, at 36°C (pH 7.4) at a flow rate of
8 — 10 mL*min~" according to the size of hearts
with a HL-2 peristaltic pump ( Shanghai Scientific
Experiment Factory). The heart was paced at a
rate of 200 min~', 200% of threshold voltage
with a stimulator (NHON KOHDEN) wia a silver
wire placed into the right ventricle and secured to
the pulmonary artery outflow. A latex balloon at-
tached to plastic catheter was installed into the left
ventricle through the mitral valve and filled with
perfusate solution and connected to a pressure
transducer (XHYP-110). Hemodynamic changes
were recorded on a polygraph recording system
(MS 302, Guangzhou Pharmacological Acade-
my) . Throughout the experiment, the balloon vol-
ume was not altered so that the heart functioned
isovolumically. The perfusate contained (in mmol-
L='): NaCl 135, KCl 5.4 , MgCl, 1.0, glucose
10, HEPES 5, NaH,PO, 0.33, CaCl, 1.8, pH
7.4 adjusted with NaOH. After a 30 min stabi-
lization period, hearts were perfused with MCI-
154 at concentrations from 100 to 400 pmol*L~".
1.3 Isolation of cardiac myocytes

It was performed as described by Lu, et
ol and Cui, et al [10) " The composition of the
Ca>"* -free Tyrode's solution was (in mmol L.~ 5.
NaCl 104, KCI 10.0 , MgSO4 1.0, NaH,PO,
1.0, HEPES 5 and glucose 20.0 (pH 7.4 adjust-

ed with NaOH). Myocytes were kept in fresh
Krebs buffer (KB) solution at room temperature
(22°C) for 1 h before use. The KB solution was
composed of (in mmol - L.-!'): KOH 85, L-glu-
tamic acid 50, KCI 30, taurine 2.0, KH,PO, 30,
MgSO,4 1.0, HEPES 10, glucose 10, and EGTA
0.5, pH was adjusted to 7.4 with KOH.
1.4 Measurements of cell contraction and
Ca’* transient

Measurements of cell Ca®>* transient was per-
formed using ion imaging system with charge cou-
pled digital camera ( Tillphotonics, Germany) as
described by Cui, et al'. Briefly, after loading
with Fura-2, myocytes were placed in an open-
flow chamber mounted on a Zeiss inverted epifluo-
rescence microscope. The chamber was equipped
with Pt electrodes to allow electrical field stimula-
tion of the myocytes within the field of view. A
stimulation frequency of 0.5 Hz was used through-
out all experiments. Cells were perfused continu-
ously at a flow rate of 2 mL+min~" with modified
Tyrode's solution containing 0.2% bovine serum
albumin and 1.0 mmol + L™!' CaCl,. A BPS-4
switching system ( Ala Scientific Instruments
Inc., American) was used to interchange among
four buffer reservoirs for addition of drugs. Cells
were selected for study based on their overall
physical appearance (elongated rods with well-de-
fined sarcomere structure and no blebs), quies-
cence in the absence of stimuli and their ability to
contract in response to electrical field stimulation.
Ca’* transient is expressed as F340 nm/F380 nm
(F340/F380) . Cell contraction was expressed by
cell shortening(pm), i.e. the quiescent length
of the cell minus the shortest length of the cell
during its contraction' "’ . Ca®* sensitivity was the
ratio of calcium transient and cell shortening of the
same celll 2,
1.5 Drugs and chemicals

MCI-154 (purity > 99.5% ) was synthesized
by the Pharmaceutical College, the Second Military
Medical University, Shanghai. Fura-2/AM and
HEPES were purchased from Sigma Chemical Co.
Fura-2/AM was dissolved in dimethylsulphoxide
and diluted in perfusates to 5 pmol*L~". Other
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Tab 1. Morphological and other parameters in rats with heart hyprtrophy
Group BW/¢ SBP/kPa WTLV/mm CALV/mm? CA/mm?
Normal 280+ 15 15.8+1.3 1.9+0.1 13.5+2.0 0.010+0.001
Hypertrophy 283+ 18 24.6£2.1% 3.1£0.4" 8.6:1.6" 0.020+0.002* *

Rats with heart hypertrophy were induced by banding the abdominal aorta at suprarenal. Tests were done four weeks after operation. BW: body
weight; SBP: systolic blood pressure; WTLV: wall thickness of left ventricle; CALV: cavity area of left ventricle; CA: cell area. x + s,

n=6. “P<0.05, " P<0.01, compared with normal group.

reagents are AR grades.
1.6 Statistical analysis

Data were expressed as x + s. Statistical sig-
nificance was determined by ¢ test.

2 RESULTS

2.1 Hypertrophied hearts

The morphological changes of hypertrophied
hearts were the markedly thickened wall with de-
creased size of ventricular cavity (Tab 1). There
was significant difference in wall thickness and
cavity area of left ventricular between hypertro-
phied rats and normal ones.
2.2 Effects of MCI-154 on cardiac function in
hypertrophied rat hearts

The result showed that MCI-154 improved
cardiac systolic function in a concentration-depen-
dent manner without worsening cardiac relaxation
(Tab 2). MCI-154 at 400 pmol+L™" significantly
increased left ventricular active systolic pressure
(left ventricular systolic pressure minus left ven-

Tab 2. Effects of MCI-154 on cardiac function in
hypertrophied heart of rats
MCI-154 LVSP- LVDP  + (dp/diye) = (dp/dty)
/pmol L1 /kPa /kPa+s™! /kPa-s~!
0 10.6+2.0 205+ 16 113+ 14

100 12.1+2.2 215+ 14 122+ 17

200 12.6+2.0 224 + 17 128 £ 12

400 13.7+2.0" 230+ 18" 130+ 12

MCI-154 was progressively added in Tyrode’s solution to different fi-
nal concentration in 15 min intervals. LVSP: left ventricular systolic
pressure; LVDP: left ventricular diastolic pressure; LVSP — LVDP:
active systolic pressure. + dp/dt,,,: maximal rate of rise and de-
cline of ventricular pressure. ¥ + s, n=6. * P<0.05, compared
with O pmol - L~",

tricular diastolic pressure) and + dp/dt,,,, while
— dp/dt,, tended to be slightly increased with no
statistical significant.
2.3 Effects of MCI-154 on cell contraction
and Ca’* transient in hypertrophied ventricu-
lar myocytes of rats

Simultaneous recording of cell contraction and
Ca’* transient was performed using ion imaging
system. The result showed that MCI-154 concen-
tration-dependently increased cell shortening with
unaltered Ca®* transient (Tab 3). Ca’>* sensitivity
derived from the ratio of calcium transient and cell
shortening increased concentration-dependently .
Fig 1 showed a representative example of the ef-
fects of MCI-154 on Ca®* transient (upper line)
and cell length (lower line) in hypertrophied my-
ocytes.

Tab 3.  Effects of MCI-154 on Ca’* transient and
cell contraction in hypertrophied myocytes

Peak value of

MCI-154 R . Shortening ~ Ca’* sensitivity
Jomol L Ca”" transient Jm .
. (F340/380) ’ pm
0 178 £ 29 4.8+1.7 39.3+£8.8
1 192 +29 5.6x1.5 35.3+£5.2
10 175 + 21 7.6+1.7° 23.7£3.6™ "
100 180 + 38 10.9+1.7°" 16.6+£2.9""

MCI-154 was added in Tyrode's solution to different final concentra-
tion. Ca®* sensitivity was the ratio of calcium transient and cell
“ P <0. 05,

shortening of the same cell. x + s, n = 6.

** P<0.01, compared with control.

Tab 4 showed that MCI-154 had no effect on
Ca’>* transient decline kinetics assessed by TRs

and TRy .
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Fig 1.

The representative traces of effects of MCI-154 on the simultaneous recordings of Fura-2 fluorescence

ratio (upper traces) and cell shortening (lower traces) in hypertrophied rat ventricular myocytes.

Tab 4. Effects of MCI-154 on Ca’* transient dura-
tion in hypertrophied myocytes
MCI-154/pmol - L~ ! TP/ms  TRsy/ms  TRoy/ms
0 1058 208 + 24 411+ 8
1 1058 205+ 24 409 £9
10 104 £ 8 201 £ 24 406 + 8
100 100 + 10 192 +24 401 + 8

MCI-154 was added in Tyrode's solution to different ultimate con-
centration. TP: time to peak of Ca>* transient; TRsy: time to 50%
restoring of Ca?* transient; TRyy: time to 90% restoring of Ca?*
transient. X £ s, n =6 cells from 6 rats. P >0.05, compared with

control .

3 DISCUSSION

The two general mechanisms of cardiotonic
agents are increasing intracellular calcium concen-
tration or alter the responsiveness of myofilament to
Ca’* .

agents, including the cardiac glycosides, cate-

The major currently used cardiotonic

cholamine and phosphodiesterase ( PDE ) in-
hibitors, act through the former mechanism. More
recently, agents which increase the strength of
contraction by increasing the response of contrac-

a2+ [2,13-

tile proteins to C 13Jhave been developed.

MCI-154 is such a calcium sensitizer. Previous

studies have shown that it exerts positive inotropy

in isolated ventricular muscles from various mam-

[2,16] 4nd in canine pathological

models of pacing-induced heart failure''7?,  is-

chemia“g' 19] ,

m[zo] )

malian species

acidosis and stunned myocardi-
In this study, we showed that MCI-154
caused improvement of cardiac performance in hy-

u

pertrophied hearts.

Up to now, there was no study about the
mechanisms of effects of MCI-154 on hypertro-
phied hearts. Using ion imaging technique, our
results had obviously shown that the positive in-
otropic action of MCI-154 on hypertrophied my-
ocytes was via sensitization as on normal cardiac
myocytes did.

There is little information on the effects of
MCI-154 on myocardial relaxation in pathologic
hearts. Theoretically, calcium sensitizers should
be disadvantageous to relaxation since the left
shifting of the relationship between Ca®* concen-
tration and force. In fact, our study suggested that
MCI-154 did not impair but slightly improve dias-
tolic function assessed by TRsy and TRy in isolated
myocytes and — dp/d,, in isolated hearts though
no statistical significance. One of the possible
mechanisms accounted for this result is the selec-
tive Ca’* sensitization. liao, et al [21] , by mea-

suring Mg-ATPase activity of failing human my-
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ocardium, showed that MCI-154 produced Ca®* -
sensitizing effect only at the higher systolic Ca®*

range, and it decreased Mg-ATPase activity at the
diastolic Ca®* range. They further revealed that
the selective Ca®* sensitization by MCI-154 at the
higher systolic Ca®* range may be due to the

Ca”* -induced exposure of hydrophobic patches on
tropic C that facilitates the interaction of MCI-154
to contractile proteins.

In summary, the present results suggest that

(D MCI-154 increases cardiac systolic function of
hypertrophied rat hearts; (2) MCI-154 enhance the
positive inotropic effect in hypertrophied myocytes

va

Ca’* sensitization; 3 MCI-154 do not impair

the diastolic function of hypertrophied rat hearts.
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