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Protective effects of 3, 6-dimethylaminodibenzopyriodonium edetate on
global ischemia reperfused isolated rat hearts
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ABSTRACT The effects of 3,6-dimethylamino-diben-
zopyriodonium edetate (IHC-72) on global ischemia
reperfused rat hearts were investigated. In the isolated
working rat heart, 40-min global ischemia followed by
30-min reperfusion resulted in increases of ventricular
tachycardia (VT) and ventricular fibnllation (VF).
increases of creatine kinase (CK) release and malondi-
aldehyde (MDA} contents, but decreased superoxide
dismutase (S0OD) activity. Following ischemia and
reperfusion, the accumulation of myocardial calcium
increased. THC-72 50 pmol « L™! given 10 min before
ischemia and during reperfusion decreased the cardiac
CK release. VT, and VF. reduced the MDA con-
tenits, preveiited the reduction of SOD activity and
attenuated the accumulation of myocardial calcium and
sodium vscontrol. These results indicated that THC-72
protected myocardial reperfused injury.

KEY WORDS 3. 6-dimethylamino-dibenzopyrio-
donium; myoeardial reperfusion injury; arrhythmia;
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superoxide dismutase; malondialdehyde ; calcium

It has been known that ischemia reper-
fused myocardial injury is related to the pro-
duction of oxygen free radicals. The lipid per-
oxidation of oxygen free radicals leads to cell
membrane damage, then the disturbances of
intracellular calcium, sodium, and potassi-
um'’. Ischemia itself also leads to disorder of
active and passive ionic homeostasis, and
reperfusion may allow the calcium and sodium
ions to flow along their concentration gradi-

23, There are ev-

ents into the myocardial cells
idences that the oxygen free radical scavengers
or some calcium antagonists can protect is-
chemic reperfusion hearts from injury®*.

3. 6-Dimethylamino-dibenzopyriodonium ede-
tate (THC-72) possesses anti-arrhythmic ac-
tion in experimental models®. Our previous
study showed that it inhibited the transmem-
brane movement of calcium and sodium in my-
ocardial cells*®™.  The present study is to
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investigate whether JTHC-72 can prevent lipid
peroxidation and postischemia-reperfusion
myocardial damage in isolated rat hearts.

MATERIALS AND METHODS

Drugs IHC-72, synthesized and given by Prof
CHEN Shu — Ying (Department of Chemistry.,
Lanzhou University}, was dissolved in distilled water.
Verapamil (Ver. Beijing Pharmaceutic Factory, Bei-
jing. lot N2 850623).

Experimental procedures Sprague-Dawley rats,
$ + n =64, weighing 2281 s 38 g. were lightly anes-
thetized with ip sodium pentobatbital 35 mg « kg™'.
and then heparin (200 11U - kg™ iv. Hearts were ex-
cised quickly and plunged into cold t4'C) solution until
contraction ceased. To remove as much blood as possi-
ble, the hearts were flushed several times with saline
solution via aarta. Then the hearts were immediately
placed on Lagendorff equipment. Modified Krebs-
Henseleit (K-H) solution'®' aerated with 955 0.+
5% CO,., maintained at 37°C. pH 7. 4, was used for
perfusion. A constant perfusion pressure (7. 8 kPa)
was maintained during the experiment. An epicardial
EC(G was kept on throughout each experiment. This
was obtained via 2 silver electrodes, one attached to
the myocardium of right ventricular free wall, the oth-
er to the root of aorta.

Measurement of coronary flow (CF ). creatine ki-
nase {CK), superoxide dismutase (50D}, and malon-
dialdehyde (MDA}  After being stabilized for 15
min, the perfused rat hearts were divided into 4
groups. 8 in each: A) Control group. superfusing for
76 min with K-H solution; B) Ischemia/reperfusion
group, 40-min global ischemia followed by 30-min
reperfusions C)} IHC-72 (50 umal + L™') group, and
D) Ver (2 pmol » L™} gronp. the perfusion of the
drugs was commenced 10 min prior to the global is-
chemia and continued during the experiment, other
conditions being the same as in B. CF was measured
by collecting the corcnary effluent at 10 min before
global ischemia and 5, 10. 20, and 30 min during
reperfusion ; myocardial leakage of CK in coronary ef-
fluent was assayed in a Monarch-716 biochemical auto-
analyzer (USA) and calculated to IU + min ' /g dry

wt'?’. At the end of the experiment, ventricles were
minced and homogenized -with saline for the measure-
ment of SOD activity*'™ and MDA contents“'"’.

Measurement of caleiom, sodiom. potassium,
and magnesium of myocardiom Thirty-twa rats
were divided into 4 groups; A) Control. perfusing for
60 min with K-H solution; B) Ischemia/reperfusion.
40 min global ischemia followed by 20 min reperfu-
sion; C) THC-72, before global ischemia and during
reperfusion hearts were perfused with K-H sclution
containing THC-72 50 pymol + L™1; DY Ver, perfused
with K-H solution containing Ver 2 pmol + L™, To-
wards the end of the experiment, the hearts were
flushed through with 10 mi of ice-cold sucrose 0. 3 mol
« L7 and histidine 5 mmol » L=, pH 7. 4. This pro-
cedure was to minimize the contribution of extracellu-
lar Ca** and Na™*. The atria were discarded and ven-
trictes blotted, weighed, and then dried to constant
weight at 100°C. The dried ventricles were digested in
3ml of HNO; 10. 9 mot » L7 " for 48 h. Ca®t, Nat,
K*. and Mg®** were detetmined by an atomic absorp-
tion spectrophotometer (Hitachi 180 — 80, Japan).
The wavelengths used were 422. 7, 589. 6. 776. 9, and
258. 2 nm, respectively. -

Statistical analysis The results were-expressed
as r+s. The chi-square test was used to estimate the
significance of the difference between the incidence of
arthythisia in the control group and that in the medi-
cated group. Other comparisons were made using ¢
test.

RESULTS

Effects on ischemia- and reperfusion-in-
duced arrhythmias During ischemia there
were no significant differences as compared
with the control in the incidences of ventricu-
lar tachycardia (VT) and ventricular fibrilla-
tion (VF), while during reprfusion the inci-
dences of VT and VF were increased by 100%
and 87. 5% . respectively. After perfusing
with K-H solution containing THC-72 50 pmol
« L7 or Ver 2 umol - L™!, the incidence® of
VT and VF were decreased; the durationg of
VT and VF were shortened (Tab 1}.
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Tab 1. Effects of IHC-72 and verapamil on incidence and duration of arrhythmia induced by ischemia/reperfu-
sion in isolated rat hearts. ¥T= ventricular tachyardia. VF = ventricular fibrillation; n=8. x¥=*s. " P>0. 05,
' P<0.01 w3 control: T P<0.05, " P<0.0I = reperfusion group.
Group Incidence / %3 Persistent duration/min
VT VF VT VF

Control 0 [H

Ischemia 257 12.5° 0-4£90.3 0.64+0.4

Reperfusion I 87. 57" D.9+0.7 1.74+0.8

IHC-72 37.5+ 25* 0.284+0.13+ 0.8+0.4%F

Verapamil 35+ l15nns 0. 19+0. pgtt

Effects on coronary flow (CF) and crea-
tine kinase (CK) release of myocardium 5 4f e
There were no significantly different effects on E‘
CF between the control. THC-72. and Ver w4
groups before ischemia. This meant that IHC- 7\ = N
72 and Ver did not increase the CF under nor- g E e .
mal condition. But both ICH-72 and Ver in- = 2h 8 v s i vl
creased the CF during reperfusion as compared -:-DL nB.. 4 J
with that of the control (Fig 1), At 5. 10. % - T - X
20. and 390 min after reperfusion with K-H so- E 1 * wew - :,,T.
lution containing THC-72 50 pmol = L~ or Ver E i * * M
2 pmol = L7 the release of CK decreased g . »
markedly (both P <0. 01 vs control. Fig 2). s * 5 10 20 30 °

=3

oo

Preischemia

Coronary flow / ml » min™!
F'J B

<@

Reperfusion time ./ min

Fig I. Effecis of IHC-72 50 pymol « L~ (> and vera-
pamil 2 pmol « L™1{ X ) on coronary flow (CF) in iso-
lated modified K-H solution perfused rat hearts. {{_))

Control. n=8. x+s5. “"P<<0.05, **"P<C0.01 v
control: ‘P>0.05. "P<0.05, TTP<0.01 ww
preischemia.

Reperfusion time / min

Fig 2. Effects of IHC-72 50 ymol-L "¢ and vera-
pamil 2 pmol -L7' (X ) on CK release in isolated rat
hearts subjected to ischemia and reperfusion. (M)
Control. n=§, x*s. " P<0. 01 w5 control;

TP>0.05. YTP<0.05, TTP<0.01 wvs pre-
ischemia.

Effects on superoxide dismutase (SOD)
activity and malondialdehyde (MDA ) content
in myocardium In the ischemia/reperfusion
groups the SO} activity decreased, while
MDA content increased significantly. TH(C-72
increased the SOD activity and suppressed the
rise of the myocardial MDA content at the
concentration of 50 pmol+L71( P < 0.01 ws
repetfusion group). Ver 2 pmol+L~! also had
the same favorable effects on the ischemia/
reperfusion damaged rat hearts (Tab 2).
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Tah 2. Effects of THC-72 and verapamil (Ver? on
activity of superoxide dismutase (SOD) and content of
malondialdehyde (MDA ) in isolated rat hearis sub-
jected to global ischemia followed by reperfusion.

Effects on myocardial electrolyte contents
of isolated reperfusion rat hearts In reperfu-

sion group, myocardial Ca’t and Na* in-

xi’r‘r . TTP<D. 01 vs control; T P<T0. 01 vy creased ( P <Z0. 01 and P < 0. 05 »s control,
reperfusion. )
respectively). Both IHC-72 50 pmol+L 7! and
G 50D, MDA, Ver 2 pmol+L "' decreased the myocardial Ca’*
roup
pmol/g wet wt  nmol/g wet wt markedly ¢ P < 0. 01, Tab 3). THC-72 also
decreased the MNa* content of myocardium.
Control & 68110 7.0+1.2 . ap .
Reperfusion 8 36413 0.4471.0°" But the contenis of K* and Mg"t in myocardi-
THC-72 8 o+T1i+ 7. 14071 um were pot affected by THC-72 50 wmol
—+ e
Ver 8 61+11 6.4340.16 'L_l or Ver 2 }lmO]-'L—I-
Tab 3. Influences of IHC-72 and verapamil on myocardial electrolyie contents of isolated rat hearis subjected to
40-min global ischemia and reperfusion for 20 min. n=3%, x+s. "P>0.05. T"P<0.05. " P<0.01 ws
conirol;  TP>>0.05, T P<D.05. TP<(.01 vs Isc/Rep lischemia/ —reperfusion).
G Myocardial electrolyte content, pmol/g dry wt
oup Ca®* Na* K* Mg**
Control 5.7+0.6 95+19 251456 4316
Isc/Rep T.4x1.0% 11721+ 254+ 682" 4149 &
THC-72 414110 a1 4+t 2494527 424 9%
Verapamil 3.5 0.9 A 424+ 270+£40* 10+ 13
DISCUSSION of Ca**, inhibiting the formation of xanthine

The leakage of myocardial CK to coronary
effluent has been used as a sign of ischemia/
reperfusion myocardial injury''® and the
change of SOD activity and MDA contents re-
flected indirectly the amount of oxygen free
radicals formed. The oxygen free radicals and
disturbances of myocardial elements, particu-
larly the intracellular Ca*t overload, played an
important role in the development of ischemia
/repertusion injury. Oxygen free radicals and
intracellular Ca'* overload were mutually
promoting . thus a vicious cycle was set up in
the ischemia /reperfusion injury. Ver can pro-
tect the ischemia/reperfusion damaged heart,
which is related to its antagonism against oxy-

gen iree radicals by reducing the inward flux

oxidase and protecting the activity of endo-
genus SOD*., Ver increased CF as a result of
improving the ischemia/reperfusion induced
cardiac dysfunction amd possibly of dilating
the coronary artery!!®14,

In the present study, we found that the
effects of IHC-72 on ischemia/reperfusion
damaged hearts were similar to those of Ver.
The result of IHC-72 attenuating the accumu-
lation of myocardial Ca®* was consistent with
our previous experiment®’

gested that THC-72 possessed protective ef-

. These results sug-

fects on the ischemia/reperfusion isclated rat
hearts. Thus the mechanism of THC-72 pro-
tecting ischemia/reperfusion damaged hearts
may be similar to that of Ver.
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