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Delayed protection of HO —1 in the exercise preconditioning from
the myocardial relative ischemic reperfusion injury

ZHAI Qing — feng, LIU Hong —tao, MA qiang
(Institute of Health and Environment Medicine, Academy of Military Medical Sciences ,
Tianjin 300050, China. E - mail;sdzzqqff@ yahoo. com. cn)

[ABSTRACT] AIM: To explore the delayed protection of heme oxygenase —1 (HO —1) in the exercise precondi-
tioning ( EP) from the myocardial relative ischemia reperfusion injury (rI/R). METHODS; 40 Wistar Rats were divided
into 5 groups randomly: control group (CN), rI/R group (IR), EP + rI/R group (EI), HO -1 inductor hemin + rI/R
group (HE) and HO -1 inhibitor ZnPP + EP + rI/R group (EZ). The following indexes were detected, including the HO
— lactivity in myocardium, the cardiac function parameter — pressure — rate product ( heart rate X left ventricular devel-
oped pressure, PRP) and the content of MDA in coronary effluent. RESULTS: After myocardial rI/R, HO -1 activity in-
creased significantly. Moreover, EP or HO —1 inductor could enhance this effect manifestly. Nevertheless, when the HO —
1 inhibitor was administered before EP,HO —1 activity decreased. In addition, there was no distinct difference in the HO
—1 activity between EI group and HE group. At the 30 min point of reperfusion, the PRP recovery rate of EI group was
higher clearly than that of IR group. However, there was reverse effect between the EZ group and the EI group. The MDA
in coronary effluent of EI group, EZ group and HE group were lower obviously than that of IR group and there was signifi-
cant difference between EI group and EZ group. CONCLUSION: EP could protect the heart from the rI/R injury occur-
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ring 24 hours later, which might be performed through activating the HO — 1.
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In 1993, Marber et al'"’ found that the protection
of ischemic preconditioning (IPC) for the heart disap-
peared one to two hours later, but reappeared 24 hours
later. Based on this discovery, they put forward that
IPC consisted of two phases: the early preconditioning
(EPC) and the delayed preconditioning (DPC). Since
the protection phase of DPC performed longer, it had a
great application value. At present, most researches
support that the mechanism of DPC involved the active
of the cell signal transduction. That was to say, brief is-
chemia caused the myocardium releasing many kinds of
endogenous bioactive compound, which combined with
the corresponding receptors and then activated the cell
signal transduction. At last, many cell — protector pro-
teins were produced'”’. Hangaishi et al®! had discov-
ered that the HO — 1 and HO — 1 mRNA rose signifi-
cantly after myocardial ischemic reperfusion ( I/R).
This meant that HO - 1 could protect the myocardium
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from the I/R injury. However, there was no report
whether HO - 1 was an effective protective protein in
the DPC. Our previous study had verified that the
excessive physical exercise could induce the myocardial
relative ischemic reperfusion injury (rI/R), but the
exercise preconditioning ( EP), induced by the 4 -
times short — time excessive physical exercise and per-
formed 24 hours before the rI/R, could reduce the rI/R
injury and improve the heart function. In light of the re-
search above and our previous findings, we hypothe-
sized that HO - 1 might play an important role in the
EP. In order to test this hypothesis and elucidate the
delayed protective mechanisms of the EP, the study as

following was carried out.

MATERIALS AND METHODS

1 Materials
Hemin chloride, protoporphyrin IX zinc (ZnPP -



- 2128 -

IX), G-6-P, G-6 -PD, NADP, BSA V and CB-
BG - 250 were purchased from Sigma ( Germany) .
Male Wistar rats weighing 180 — 220 g were ob-
tained from the Animal Center of the Academy of Mili-
tary Medical Sciences. All animals received humane
care in compliance with “Principles of Laboratory Ani-
mal Care” formulated by the National Society for Medi-
cal Research and the “Guide for the Care and Use of
Laboratory Animals” prepared by the National Academy
of Sciences and Published by the National Institute of
Health (NIH Publication No. 85 —23, revised 1985).
2 Animal model
2.1

stimulation*

rI/R model induced by suprathreshold electric
I The rat was anaesthetized with 10%
ethylcarbamate (1 mL/100 g BW), and then the rat
heart was excised rapidly into Krebs — Henseleit (K -
H) buffer solution ( mmol/L.: NaCl 118, KCI 4.7,
CaCl, 2.5, KH,PO, 1.2, MgSO, 1.2, NaHCO, 25.2,
glucose 11.1,pH 7.3 =7.4 ) at 4 °C. Immediately,
the heart was perfused retrogradely with K — H buffer
solution at 37 °C, which was saturated with 95% O,
and 5% CO,, at a constant perfusion pressure of
100 ecmH,0 in the Langendorff setting. In the same
time, the cardiac functional parameters were collected
with a Pclab Bio - signal recorder. When the heart beat
rhythmically in the Langendorff setting, the suprath-
reshold electric stimulation ( pulse duration 2 ms, volt-
age 100 mV, frequency 10Hz) was given to speed up
the heart rate for 30 min, and then the heart was reper-
fused for 60min. By this way, we simulated the rI/R
model induced by the excessive physical exercise.
2.2 EPmodel Referring to Zhang,et al. " description,
the rats had an adaptive running for 30 minutes in the
small animal treadmill (gradient; 10°; speed; 5 m/min)
one day before the experiment. In the experiment, the
rats run for 10 min ( gradient ; 10°; speed; 25 m/min)
and then rested for 10 min. This treatment was repeated
for 4 times.
3 Experiment protocol

Male Wistar rats (8 weeks old, 180 —220 g, n =
40) were randomly assigned to 5 groups: (1) control
group (CN) : the rats were placed in the static treadmill
for 24 h, then the rat hearts were separated and per-
fused in the Langendorff setting without the electric
stimulation. (2) rI/R group (IR): the rats were
placed in the static treadmill for 24 h, and then re-

ceived the rI/R. (3) EP +1I/R group (EI) : first, the
rats received the EP, and 24 h later they suffered the rI/
R injury. (4) Hemin (HO -1 inductor) + rl/R group
(HE) : the rats received intraperitoneal injection with
hemin (10 pmol/’kg BW), and 24 h later, they were
treated as rI/R model. (5) ZnPP (HO -1 inhibitor)
+EP +rI/R group (EZ) ; firstly, the rats received in-
traperitoneal injection with ZnPP ( 10 pmol/kg BW).
And then, they were treated as the EP model one hour
later and the rI/R model 24 h later.

4 Methods

4.1

cardiac function parameters [ the heart rate (HR) , the

The cardiac function parameter recording The

left ventricular developed pressure (LVDP) ] were re-
corded with a Pclab Bio - signal recorder constantly,
and the cardiac function recovery rate was reflected syn-
thetically by the recovery rate of the pressure — rate
product [ PRP, rate = (PRP before rI/R)/( PRP of ev-
ery time point) x 100% ].

4.2 Assay of the malondialdehyde (MDA) At 10
min before rI/R and 20 min after rI/R, about 1 mL of
the coronary effluent was collected, and then frozen as
soon as possible at —20 °C. Later, the content of MDA
in coronary effluent was assayed by the improved barbi-
turic acid detection as described previously'®’.

4.3 Determination of HO —1 activity Heme oxygen-
ase activity in myocardium was represented by the rate of
bilirubin generation. Firstly, the HO — 1 microsomes and
the biliverdin reductase were prepared as previously de-
scribed, and then the concentration of them was detected
with Coomassie brilliant blue'”’.
(final volume 2 mL) contained HO -1 1 mg, biliverdin
reductase 1 mg, G -6 —P 1 mmol/L, NADP 0.8 mmol/L,
G-6-PDO0.2 U, bovine serum albumin 0. 3 mg, hemin

20 pmol/L. Finally, the formed bilirubin was extracted

The reaction mixture

with chloroform after the reaction mixture reacted for 1 h
at 37 C in dark, and its concentration was determined
spectrophotometrically using the difference in absorbance
at wavelength from \ 463 nm to A 530 nm with an ab-
!, Accord-
ingly, HO -1 activity was expressed as mmol of biliru-
bin formed / g of HO -1 protein /1 h.

5 Statistical analyses

All values are expressed as x +s. Statistical analy-

sorption coefficient of 40 mmol + L™ « cm

sis was carried out by analysis of variance and the ¢ —

test.



RESULTS

1 HO -1 activity

As shown in Fig 1, there were significant differ-
ences in HO -1 activity in 5 groups. Compared among
the 5 groups, the HO —1 activity of EI group [ (25.48 +
9.47) mmol - g~' protein - h ™' Jand HE group[ (18. 50
+7.53) mmol + g~" protein + h™' Jwere higher than that
of IR group[ (10.22 +2.84) mmol - g~' protein + h™"]
significantly (P <0.01, P <0.05), while EZ group
[(3.19+2.01) mmol - g" protein » h™' ] had the re-
verse effect (P < 0.05). Between EZ group and EI
group, the former was lower distinctly than the later (P
=0.001). There was no clearly difference between the
EI group and HE group. According to the results, it
could be concluded that EP could active the HO — 1 and
this effect would be blocked by ZnPP. Moreover, hemin
could affect the HO -1 activity like the EP.
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Fig1 HO -1 activity after the rI/R.X £s. n=8. *P <0.05
vs CN; *P<0.05 vs IR; “P <0.05 vs EI. CN. con-
trol group; IR: rI/R group; EI. EP +rI/R group;
EZ.ZnPP + EP + rI/R group; HE: hemin + rI/R
group.

2 The effects of HO —1 on PRP during the reper-
fusion (Fig 2)

As shown in Fig 2, the PRP of EI group and HE
group rose highly during the reperfusion, and at the
point of 30 min, they reached the peak and almost as
fine as that before the rI/R. But the PRP of IR group
and EZ group recovered slightly. There were significant
differences in 5 groups at the point of 30 min. Com-
pared among the 5 groups, the rate of PRP in EI group
(101.19% =+ 7.78% ) and HE group (74.95% =
20.39% ) were higher obviously than that in IR group
(59.93% +12.21% ) (P <0.01, P<0.01), and EZ
group (59.83% =+ 13.66% ) decreased significantly
compared to EI group (P =0.001). It indicated that
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EP could promote the recovery of cardiac function in-
jured by rI/R while ZnPP could block this protection.
Furthermore , hemin could amend the cardiac function
just like EP.
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Fig2 The effects of HO —1 on PRP during the reperfusion.
x¥xs. n=8. CN. control group; IR: rI/R group;
EIL: EP +rI/R group; EZ: ZnPP + EP +rI/R group;
HE: hemin +rI/R group.

3 The effects of HO —1 on MDA content in coro-
nary effluent after rI/R

As shown in Fig 3, analyzing the difference be-
tween MDA content before rI/R and after rI/R in each
group, we found there were significant differences in 5
groups. Compared among the 5 groups, the MDA of EI
group[ A = (0.29 +0.24) pmol/L ] and HE group
[ A =(0.41+0.26) pumol/L ] were lower significantly
than that of IR group[ ( A =1.27 £0.52) wmol/L ]
while EZ group[ A = (0.79 +0.26) pmol/L ] was
higher than EI group (P <0.01). There was no obvi-
ous difference between EI group and HE group. Thus,
it signed that EP could protect the heart from the injury
of lipid peroxidation induced by rI/R while ZnPP could
block this protection. In addition, hemin could affect
the MDA as EP did.

DISCUSSION

HO was the first and rate — limiting enzyme in
heme breakdown to generate equimolar quantities of bil-
iverdin, free ferrous iron and CO. Subsequently, bili-
verdin was rapidly converted to bilirubin by biliverdin
reducatase. Among the three reported HO isoforms
(HO-1, -2, -3), HO -1 was highly inducible and
expressed in many cell types in response to numerous
stimuli such as heme and other oxidants, endotoxin, in-
flammation, hypoxia, hyperoxia, and heavy metals et
al. Contrarily, HO -2 and HO -3 were constitutively
synthesized'®!. Since HO -1 could protect the myocar-
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dium from I/R injury and DPC was one of the most ef-
fective endogenous protective measures from myocardial
I/R injury, we hypothesized that HO — 1 might play an
important role in EP which had the delayed protection to
the heart as DPC did. To test this hypothesis, the 4 —
times short — time excessive physical exercise was per-
formed to set up the EP model. 24 h later, the heart
suffered the suprathreshold electrical stimulation to
speed up the heart rate and resulted in the relative myo-

cardial ischemia®®’.
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Fig3 The effects of HO —1 on MDA in coronary effluent
after r/R. ¥ +5. n=8. *P <0.05 ys CN; *P <0.05
vs IR; “P <0.05 vs EI. CN: control group; IR: rl/
R group; EI: EP + rI/R group; EZ. ZnPP + EP +
rI/R group; HE: hemin +rI/R group.

The result of HO — 1 activity indicated that rI/R
could activate HO — 1, which was correspond to the
Hangaishi et al'* finding, and when EP was performed
24 h before rI/R, HO -1 could be activated further.
However, when the HO — 1 inhibitor ZnPP was adminis-
trated before EP, HO —1 activity was decreased signifi-
cantly. In conclusion, EP had a close relation with HO
-1 and could active HO — 1 powerfully.

In order to make clear the delayed protection
mechanism of HO —1 in EP from myocardial rI/R inju-
ry, the PRP recovery rate and the MDA content in coro-
nary effluent were detected. When EP was performed 24
hours before rI/R, the recovery rate of cardiac function
increased markedly, while the MDA in serum and in
coronary effluent decreased obviously compared with
rl/R groups. Since the recovery rate PRP reflected syn-
thetically the cardiac function recovery rate and MDA
was a sensitive index to reflect the degree of myocardial
lipid peroxidation injury'®’, these results showed that
EP could decrease the injury of myocardial lipid peroxi-
dation and improve the cardiac function. That was to

say, EP had delayed protection to the heart from rI/R

injury. This conclusion was coincided with our previous
research''”!. Nevertheless,when HO -1 inhibitor ( Zn-
PP) was performed before EP, the protection of EP dis-
appeared. Otherwise, when the HO - 1 inductor ( he-
min) was injected 24 h before rI/R, HO -1 activity in-
creased significantly. Accordingly, PRP recovery rate
and the MDA content in coronary effluent had no clearly
difference to EI group. These results above directly in-
dicated HO - 1 possessed the delayed protection in EP
from myocardial rI/R injury. There had been reported
that bilirubin (one of the catalytic product of HO — 1)
was a powerful endogenous antioxidant. Llesuy F et
al'"" had found the protection of HO — 1 from myocardi-
al I/R injury and elucidated the mechanism which was
mainly due to the antioxidation of bilirubin. In addi-
tion, CO (another catalytic product of HO — 1) was one
of the intracellular signal transduction factors and medi-
ated many endogenous protections. In 2003, Masini et
al'"! discovered that hemin injected 18 h before I/R
could decrease the myocardial infarct size ,the content of
MDA in tissue and calcium overload. Thus they found
the protective mechanism of HO — 1/CO. In light of
these researches, it could be concluded that the delayed
protection mechanism of EP involved the active of the
endogenous HO - 1/CO reaction system, whose prod-
ucts such as CO, bilirubin and the Fe protein could a-
meliorate the lipid peroxidation insult!™’.

Interestingly, Rong et al'™*' had found that per-
forming heat preconditioning 24 h before I/R, HO -1
and HO -1 mRNA were significantly higher than those
of I/R group, while the myocardial infarct size and the
serum creatine kinase decreased significantly. Consider-
ing of the researches above, we supposed that the de-
layed protection of EP might also due to the increased
synthesis of HO —1 and the enhancement of HO -1 ac-
tivity which could improve the cardiac function'"’,
Owing to this, we planed to check whether the synthesis
of HO - 1 was enhanced by EP from the molecular
level.

Finally, based on our experiment and the research
above by others, the mechanisms of delayed protection
of EP from myocardium rI/R injury might be that EP in-
duced the increased synthesis of HO — 1 and enhanced
the activity of HO — 1. Subsequently, the catalysate of
HO -1 bilirubin and CO protected the myocardium from
the injury of rI/R occurring 24 h later.
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