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AIM: To study the effects of propranclol and
bepridil on |levothyroxine-induced rat cardiac
hypertrophy and mitochondrial Ca?* Mg?* -ATPase
activity elevation METHQDS: Rat heart
hypertrophy was induced by ip levothyroxine 1 mg
kg~ '*d""x 10 d. Then rats were treated by ig
propranolol {(Pro) or bepridil {Bep) 10 mg-kg™'
daily. Ca?* Mg**-ATPase activity and enzyme
kinetic parameters were assayed. RESULTS:
The activity and V.., of mitochondrial Ca®* Mgt -
ATPase isolated from hypertrophic left ventricle
were 25+ 4 and 35.1 £ 0.8 pmol P, * h™'/mg
protein. respectively. those of normal were
6.7+1.8 and 10 * 4 pmol P, - h™'/mg protein,
respectively. Apparent K. of the hypertrophic
group Ca’t Mg?*t-ATPase was 0.4+ 0 12 mmol
‘L™" ATP. and that of normal was 0.59 £ 0.22
mmol *L™! ATP. The total protein quantity of
hypertrophic left ventricle was 80 * 30 mg, and
that of normal was 47 £9 mg. After treated with
Prc or Bep {both 10 mg- kg™ ' ig), the cardiac
hypertrophy was attenuated, the enzyme activity
and V., as well as total protein quantity of
hypertrophic left ventricle were reduced t¢ normal
level, but apparent K, was not affected.
CONCLUSION: Both Pro and Bep prevented the
myocardium and its mitochondria from ischemia
and overload calcium injury.

High dose of levothyroxine ( Lev} which
increased the cardiac mRNA and protein including
Ca** Mg’' -ATPase synthesis induced a heart

hypertrophy'®'?) and uncoupled the mitochondria
ATP

synthesis, meantime, the oxygen consumption of

oxidative  phosphorylation to  decrease
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heart kept still high.

shart of ATP, and as a result, it accelerated the
1.2]

It made the myocardium

cardiac hypertrophy Theretore, the hyper-
trophic heart induced by Lev is a suitable model for
studying ischemic myoccardium. There existed a
high level of calcium ton in Lev-induced hyper-
trophic myocardium. The effects of caleitum
bepridil { Bep }**) and @-blocker

propranolol (Pro) on Lev-caused ischemia hyper-

antagonist

trophic myocardium, the left ventricle mitochondrial

Ca’*t Mg’' -ATPase activity, and the enzyme

L5]

kinetic parameters were studied. Pro”’ was used as

positive control drug in this paper.
MATERIALS AND METHODS

Chemicals Pro was from Wuxi Fourth Pharmaceutical
Factory { 210516 ), Bep (901101 ) was from {(hangzhou
Fourth Pharmaceutical Faclory. Lev {sodium salt} and ATP
{grade I } were from Sigma. Ouabain (extra pure! was
from Merck. Imidazle (99.0 % punty) was from Fluka
{289 §29 589). Orher chemicals were AR.

Establishment and treatment of heart hypertrophic
myocardiom  SD rats, ¥, n =40, weighing 180 + s 27 ¢
{121 — 226 g}, were injected ip Lev 1 mg-kg™'-d™ !> 10 d.
From d 11 wd 13, rats were treated by ig Pro or Bep 10 mg
kg™ ! dailv.

Preparation of left ventricle mitochondria Rat hearts
were dropped intn liquid nitrogen. The left ventricles were
homogenized in 10 mL of imidazole buffer 1¢ mmol - L™!
containing sucrose 0.25 mol-L.7'.  The homogenates were
assayed for protein cootent and centrifuged at 750 ~ g for 20
tin. the supematants were recentrifuged at 9000 - g for 20
min. The pellets, containing mitochondria,  were
resuspended in homogenizing medium for the study.  All
procedures were performed at 4 T .

Ca** Mg*” -ATPase assay The Cz®* Mg'* -ATPase
activity of mitochondria was measured'*%)

Measurement of Ca** Mg?* -ATPase apparent K_ and
Vome According to Lineweaver-Burk double-reciprocal plot
method, the apparent K, and V., of Ca®* Mg!™ -ATPage

L Protein  was

were calculated by linear regression
derermined'®'.

Statistical analysis Data were compared with ¢ test.
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RESULTS

The heart weight { HW } /body weight (BW) .
left ventricle weight {LVW) ., and LVW /BW were
increased by 39 %, 33 %, and 51 % ., respectively
(P<0.01). After treatment with Pro and Bep. all
of the 3 parameters returned 1o normal {Tab 13,

Tab 1. Effects of propranolol and bepridil 1¢ mg- kg ™' ig
on mass parameters of hypertrophic rat bearis induced hy
ievothyroxine 1 mg kg ! ip.

n=10, xts. *"P>0.05, “P<0.01 »s normal.

Tab 3. Effects of propranolol and hepridil 10 mg-kg™' i

on activity and Kinetic parameters of mitochondria
Ca'* Mg’ -ATPase in left ventricle of hyperirophic rat
hearts induced hy levothyroxine 1 mg-kg™" Tts.
*P>0.05, ‘P<0.01 v normal.

G Activity £ Vo Apparent K,/
Fld n
OUps u’ u' mmol- L~ ATP
Normal 6 6.7+1.8 10=4 0.59+0.22
Hypertrophy

Untreated 9  25%4°  35.1%20.8° 0.4020.12°

Propranclol B 6.9+0.9°
Bepridil 10 6. 4+0.6"

9.1+1.3° 0.39=x0.4%
11 +3*® 0.4520.17°

HW/BW, LVW, LVW/BW,
Groups - -1
Mg E ™mg mET R
MNormal 3.5810.16 360 + 40 2.43+20.23
Hypertrophy
Untreated 4.97+0.14" 480 * 70° 3.71x0.5°
Propranclol 3.65x0.1%% 370 70" 2.6+0.3"
Bepridil 3.651£0.18° 400 + 70" 2.38+0.18°

The total protein contents of left veniricles of
untreated rats were increased by 70 % (P <0.05).
After treated with Pro and Bep, total protein
contents were decreased to normal {Tab 2).

Tah 2. Effects of propranolol and bepridil 10 mg-kg™" ig
on total protein quantity in left ventricle of hypertrophic rat
bearts induced hy levothroxine I mg-kg™'ip. xr*s.

P >0.05. *P<0.05 vs normal,

Total protein quantity s

Groups n
mg
Mormal 10 47+ 9
Hypertrophy
Untreated 10 80 =30
Propranalol % 43 -3
Bepridil 10 45=10°

In left ventricles, mitochondra Ca** Mg™*
ATPase activities and maximal velgcities (V e} of
untreated rats were elevated by 273 % and 251 %
respectively ( P<0.01 1,
apparent Michaelis constants { K ;) of untreated rats

whearas the enzyme

were reduced by 32 % below that of normal
(P<0.01). After treated with Pro and Bep, both
of activities and V. were decreased to normal . but

no significant difference for apparent K, were
observed {Tab 3}.

% ; u=gmol P,-h™ ! “mg protein.
DISCUSSION

The results suggested that Lev could stimulate
the biosynihesis of Ca®* Mg?' -ATPase in rat lefi
ventricle mitochondria and agreed with reports[' )
When the heart hypertrophy induced by Lev, as a
compensatory mechanism for maintenance cardiac
calcium homeostasis, the quantity of mitochondria

a”t Mgt -ATPase was simultaneously elevated for
preventing myocardium from ischermia overload
other hand,

a’* Mg'* -ATPase consumed a great number of
ATP when it pumped the Ca’*

calcium damage. But on the

. the load of energy
and oxygen of myvocardium were enhanced. and
then. the lethal recurrence would take place.

The damage of overload calcium for myo-
cardiumn was mainly caused by calcium ™ bomb”
mitochondriat . 1t would seriously inhibit ATP
synthesis and lead to arthythmias and cardiac
infarct®. Tab 2 and 3 showed that the quantity
of mitochondrial Ca®* Mg’ ™ -ATPase

trophic left ventricle was elevated,

in hyper-
the enzyme
apparent K, was significantly decreased vs normal,
that is, the enzyme affinity for ATP was increased,
the ability of pump calcium was significantly
enhanced.

of overload calcium

These results supporied the hypothesis
“ bomb ”

provided evidence for treatment of hypertrophic

mitochondria and

cardiomyopathy.

The report didn't show whether Pro affects the
mitochondtial Ca** Mg™* -ATPase in Lev-induced
Tab 3 showed that Pro
+ Mgz +

hypertrophic heart.
significantly inhibited the mitochondria Ca*
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ATPase activity elevation in hypertrophic left
ventricle induced by Lev, it proved that Pro could
prevenl myocardium mifochondria from owverload
calelum damage and from ATP depletion, ie, Pro
could prevent myocardium from ischemic damage.
Bep, a novel type of calciom antagonist, not
only blocks the calcium channels of cell surface
membrane greatly lowering intracellular free calcium
level , bur also enters cytosol fa block calmodulin and
inhibit calmodulin-stimulated Ca?' Mg®' -ATPase
an‘,‘tivity“:. We observed that Bep inhibited the
mitochondrial Ca?’t Mg?* -ATPase activity and
V e 11t Lev-induced rat hypertrophic left ventricle,

however, the apparent K was not affected. The

results showed that Bep non-competitively, in '

sivo, inhibifed mifochondrial Ca®* Mg?* -ATPase.
We postulated that Bep, after enfering cvtosol,
could inhihit Ca?* Mg?* -ATPase activity through
ATP depletion of
myocardium and the overload calciom damage

biocking calmodulin, thus,

mitochondria were avorded.
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ZMXAECHRERHLERE Cat Mg " -ATP B
HEAATKEMR. AE: p EARKBEE 1 mg
kg ' dT ' x10d, BEXROERE, ARG g T
FERHBFTEHMR 10 mg-kg™'-d ' x 3 di&FF.
Ca* Mg "-ATP BEE N REMB AZSHNE
SR IMELELKNE Ca™ Mg T-ATP BBEH T
Vi 538l A 2544 %035 1208 pmol P,oh™ 'mg
protein, IEEHEMANESANBD 6 721 83 104
umol P, «h™ ' “mg protein, ABEHE Ca-* Mg *-ATP
BERM K, A0 400,12 mmol-L 'ATP, EEA
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