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Salusins are regulatory peptides that affect cardiovascular function. We previously reported that salusin-a and -f protected
cultured cardiomyocytes from serum deprivation-induced cell death through upregulating glucose-regulated protein 78
(GRP78), an endoplasmic reticulum (ER) resident protein whose overexpression acts as a marker and suppressor of ER stress.
The present study examined whether salusin-a and -3 inhibit ER stress in ischemic myocardium. In a rat model of myocardial
infarction created by ligating the left anterior descending coronary artery (LAD), salusin-a or -f3 was intravenously injected at
5 or 15 nmol kg™' 15 min prior to 2 h of LAD occlusion. The high dose of salusin-o and -B significantly improved heart func-
tion and hemodynamics in LAD-occluded rats, but had no effects in sham-operated rats. The arrhythmias caused by LAD oc-
clusion were markedly attenuated by salusin-o and -fB. The apoptotic rate in ischemic myocardium was reduced from
31.5%+3.7% to 19.8%+2.2% and 12.3%+2.2%, and the infarct size was reduced from 53.4%=+4.0% of the risk area to
26.5%+9.7% and 23.7%+8.9% by 15 nmol kg™" salusin-o and -p, respectively. Furthermore, salusin-a and - prevented the ac-
tivation of GRP78 and ER stress-specific apoptotic effectors caspase-12 and CHOP (C/EBP homologous protein), and attenu-
ated the reduction of an ER stress-associated antiapoptotic protein Bcl-2 in ischemic cardiac tissue. The salusins also inhibited
the ER stress induced by tunicamycin in cultured rat H9¢2 cardiomyocytes. These results indicate that salusins protect myo-
cardium against ischemic injury by inhibiting ER stress and ER stress-associated apoptosis.
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Salusin-o and -f are endogenous bioactive peptides pro-
cessed from preprosalusin, an alternatively spliced product
of the torsion dystonia-related gene (TOR2A) [1]. Immuno-
reactive salusin-o and - are detected in a variety of human
and murine tissues, serum, and urine [1-5]. A few studies
have shown that salusins regulate cardiovascular function
[1,6,7]. Intravenous administration of salusin-a and -B to

FContributed equally to this work
*Corresponding author (email: lilincn@hotmail.com; yuanwj@hotmail.com)

© The Author(s) 2012. This article is published with open access at Springerlink.com

rats causes profound hypotension and bradycardia via nega-
tive cardiac inotropic and chronotropic actions [1,6].
Treatment of cultured neonatal rat cardiac myocytes with
salusin-a and - promotes cell growth [7].

We previously reported that salusin-f inhibited L-type
calcium currents in adult rat cardiac myocytes [8], which
may partially explain its negative inotropic effect [1,6]. Ad-
ditionally, the inhibition of calcium influx by salusin-f may
potentially prevent intracellular calcium overload and con-
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sequent tissue injury caused by myocardial ischemia, a con-
dition in which calcium overload is believed to be a major
cause of cardiac dysfunction [9]. In another study in cul-
tured neonatal rat cardiac myocytes [10], we found that
salusin-a. and -B reduced cell death resulting from serum
withdrawal by upregulating the expression of glucose-
regulated protein 78 (GRP78), a chaperone protein that fa-
cilitates protein folding in the endoplasmic reticulum (ER).
The induction of GRP78 is a specific marker and an endog-
enous survival response to ER stress, a condition of dis-
rupted ER homeostasis due to the accumulation of unfolded
and misfolded proteins in the ER lumen [11]. Previous
studies have demonstrated the involvement of ER stress in
myocardial ischemia [12—14]. Our previous observation of
GRP78 induction by salusin-a and - in cardiac myocytes [10]
raised the possibility that salusin-o and -B may limit the
damage of ER stress to myocytes. The present study tested
the hypothesis that salusin-o and -B protect against myocar-
dial ischemia by relieving ER stress.

1 Material and methods
1.1 Rat model of acute myocardial ischemia

The model of acute myocardial ischemia in rats was pre-
pared as described previously [15]. Briefly, male Spra-
gue-Dawley rats (260-330 g, purchased from SIPPR-BK
Laboratory Animal Co. Ltd., Shanghai, China) were anes-
thetized with sodium pentobarbitone (60 mg kg™, intraperi-
toneally) and performed with tracheotomy. The femoral
vein was cannulated for the administration of drugs and the
femoral artery was cannulated to measure the arterial blood
pressure (BP). Mean arterial pressure (MAP) and heart rate
(HR) were calculated from the BP trace and a standard limb
lead I ECG, respectively. A catheter was introduced into the
left ventricle via the right carotid artery to obtain the left
ventricular pressure (LVP) signals. LV systolic pressure
(LVSP) and *dP/dt,,, were calculated from the continu-
ously recorded LVP signals. A left thoracotomy was per-
formed and artificial respiration was immediately initiated
with room air using a stroke volume of 1.5-2 mL/100 g and
a rate of 60 strikes min™' to maintain the arterial PCO,, PO,
and pH within the normal range [16]. After the heart was
exposed, a 6/0 braided silk suture was placed around the left
anterior descending coronary artery (LAD), approximately
3 mm away from the starting point of the LAD. The rats
were allowed to stabilize for 15 min, then salusin or vehicle
was intravenously injected and LAD was occluded 15 min
later. Myocardial ischemia was confirmed by the immediate
ST-segment depression of the ECG, a decrease in blood
pressure and visual cyanosis of the topical heart.

All animal procedures were approved by the Second Mil-
itary Medical University, China and were in accordance
with the Guide for Care and Use of Laboratory Animals
published by the US NIH (publication No. 96-01).
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1.2 Intravenous administration of salusins

The lyophilized powder of salusin-a or - (Phoenix Phar-
maceuticals, Burlingame, CA, USA) was freshly dissolved
in 100 pL normal saline and intravenously injected at 5 or
15 nmol kg™' 15 min prior to the LAD occlusion. For con-
trol rats, the same volume of normal saline (100 pL) was
injected.

1.3 Analyses of ischemic arrhythmias

All the ventricular arrhythmias during 2 h occlusion of the
LAD in rats were analyzed according to the guidelines of
the Lambeth Conventions [17] and scored (arrhythmia
score, AS) with Johnston’s criterion [18]. Briefly, the ar-
rhythmias were identified as a single ventricular ectopic
beat (VEB), salvo (couplet or triplet VEBs), ventricular
tachycardia (VT, a run of four or more consecutive VEBs)
and ventricular fibrillation (VF). Each type of arrhythmia
was quantified by counts and/or duration. The total VEBs
were calculated as the sum of the individual VEBs in the
rats that survived the 2-h ischemia. Rats that did die of irre-
versible VF were excluded from the arrhythmia analysis but
included in the mortality calculation.

1.4 Apoptosis analysis

After 2 h of LAD occlusion, the heart was removed, fixed
in formalin and cryosectioned with the thickness of each
section set at 10 um. To determine apoptosis, heart cryo-
sections were stained with the terminal deoxynucleotidyl-
transferase-mediated dUTP nick-end labeling (TUNEL)
reagents (C1086, Beyotime, Jiangsu, China), counter-
stained with Hoechst 33258 and analyzed under fluores-
cence microscopy.

1.5 Infarct size measurement

The infarct size following 2 h myocardial infarction was
measured using the method of triphenyl-tetrazolium chlo-
ride (TTC) staining, as described previously [19]. First, 1%
Evan’s blue dye was infused into the heart through the apex
to mark the risk zone as unstained (not blue) tissue. Second,
the hearts were quickly frozen and transversely cut into
2-mm thick slices. Third, the slices were incubated in 1%
TTC (Sigma-Aldrich Corp., St. Louis, MO, USA) at 37°C
for 15 min and fixed in 4% paraformaldehyde to enhance
the contrast of the Evan’s blue and TTC staining. The vari-
able tissue stained red with TTC, while the dead tissue (in-
farct tissue) did not stain. Finally, the volumes of the infarct
area and the risk area in each of the sections were calculated
by ImageJ, a public domain image analysis program devel-
oped by the National Institutes of Health, USA. The infarct
size was calculated as a percentage of the infarct area (white
area) versus the risk area (non-blue area).
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1.6 ER stress model in cultured rat H9c2 cardiomyo-
cytes

The HO9c2 rat ventricular cell line was purchased from the
Cell Bank of the Chinese Academy of Sciences. Cells were
seeded at a concentration of 2x10" cells cm™ and cultured
with Dulbecco’s Modified Eagle Medium (DMEM, Sigma)
containing 10% (v/v) fetal bovine serum (FBS, HyClone
Laboratories, Logan, UT, USA) in a humidified atmosphere
of 95% air/5% CO, at 37°C. When the cells reached 80%
confluence, they were serum deprived for 12 h for synchro-
nization, incubated with salusin-a or -B for 30 min and then
exposed to an ER stress inducer tunicamycin (10 pg mL™)
for 12 h.

1.7 Determination of the expression of ER stress-asso-
ciated proteins

The expression levels of ER stress markers GRP78, caspa-
se-12 and CHOP (C/EBP homologous protein), and an ER
stress-associated antiapoptotic protein Bcl-2 were deter-
mined by Western blot analysis. Briefly, heart tissue was
homogenized and cultured cardiomyocytes were lysed in
RIPA buffer (Beyotime), sonicated on ice and with the pro-
tein concentration determined using a bicinchoninic acid kit
(Beyotime). Twenty micrograms of total proteins were
electrophoresed on an SDS-PAGE gel, transferred onto a
nitrocellulose membrane and blocked with 5% non-fat dried
milk. The membrane was then probed with a primary anti-
body followed by the peroxidase-conjugated secondary an-
tibody and the signal was visualized using chemilumines-
cence reagents (Pierce, Rockford, IL, USA) and scanned
with a Gene Gnome Syngene Bio Imaging system. The
primary antibodies against GRP78, Bcl-2 and GAPDH were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA), and the primary antibodies against caspase-12 and
CHOP were purchased from Cell Signaling Technology,
Inc. (Danvers, MA, USA). The amount of proteins was
quantified by densitometry and normalized to GAPDH, an
internal standard.

1.8 Statistical analyses

The data of heart function and hemodynamic measure-
ments, including MAP, HR, LVSP and *dP/dt,,, were
expressed as means+SD. The differences between the con-
trol and salusin groups were analyzed with the repeat-
ed-measure ANOVA followed by the Fisher’s least signif-
icant difference (LSD) test, and the differences between
the pre- and post-occlusion time points within the same
group were analyzed with the one-way ANOVA followed
by the Dunnet test.

The incidences of single VEB, salvo, VT, reversible VF
and mortality were expressed as percentages and compared
between groups by Fisher’s exact test. Arrhythmia counts
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and durations of VT/VF were expressed as the median (first
quartile, third quartile) and compared between groups by
the Mann—Whitney nonparametric test.

The data of apoptosis, infarct size and protein expression
levels were expressed as means+SD, and analyzed with the
one-way ANOVA followed by the LSD test to determine
the differences between groups. Two-tailed P<0.05 was
considered statistically significant.

2 Results

2.1 Improvement of heart function and hemodynamics
by salusins in LAD-occluded rats

The heart function and hemodynamic parameters including
MAP, HR, LVSP, +dP/dt,.. and —dP/dt,,, were continu-
ously recorded before and after LAD occlusion (Figure 1).
The values of these parameters were comparable between
all the groups before LAD occlusion. However, significant
reductions of MAP, LVSP and +dP/dt,,, were observed
immediately after LAD occlusion in all the groups. These
parameters increased to some extent after 5 min, but failed
to return to the level prior to occlusion during the observa-
tion period of 2 h. No significant changes were observed for
HR after LAD occlusion (data not shown).

In the LAD-occluded rats, the treatment with a high dose
(15 nmol kg™") of salusin-a or -B significantly improved
MAP, LVSP and +dP/dt,,x (P<0.05 for MAP and +dP/df,,x,
P<0.01 for LVSP), but the low dose (5 nmol kg™) of
salusin-a or -f did not affect any of the parameters (Figure
1). In addition, neither dose of salusins affected the heart
function and hemodynamics in sham-operated rats (data not
shown).

2.2 Salusins reduced ischemic arrhythmias in LAD-
occluded rats

Before LAD occlusion, no arrhythmia occurred in any of
the rats throughout the surgery and injection of salusins.
After LAD occlusion, ischemic arrhythmias occurred in
each of the rats, and most occurred in the first 30 min. The
representative episodes of ischemic arrhythmias are shown
in Figure 2 and all the arrhythmias during 2 h occlusion of
LAD are summarized in Table 1. A mortality of 28.6% re-
sulting from irreversible VF was observed in LAD-occluded
rats injected with normal saline. By contrast, no death oc-
curred in rats injected with salusin-a or -f. LAD occlusion
induced single VEBs, salvos and VT in all of the rats,
whereas the high dose (15 nmol kg™') of salusin-B signifi-
cantly reduced the incidences of VT. Additionally, salusin-§
totally abolished the occurrence of VF. The arrhythmia
counts, especially those of VT, and the overall arrhythmia
score were dose-dependently reduced following treatment
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Figure 1 The changes of mean arterial pressure (MAP), left ventricular systolic pressure (LVSP), +dP/dt,.« and —dP/dt,,x after the occlusion of the LAD

in rats. LAD occlusion was set as the zero time-point. “—5 min” indicates pre-occlusion and the positive numbers indicate post-occlusion. The time-point of

“5 min” shows the maximum changes, which occurred within 5 min after LAD occlusion. Values are means+SD (n=7-8 for each group). The statistical

analysis of the repeated-measure ANOVA showed that salusin-o. or -B at dosages of 15 nmol kg™ significantly improved the MAP, LVSP and +dP/dfy,, after
LAD occlusion.

Table 1 Salusins reduced ischemic arrhythmias that occurred during 2 h occlusion of LAD in rats”

Incidence (%) Arrhythmia counts Duration (s)
Treatment - Mortality Arrhythmia Single
Single q.jvos VT Rev.VE (%) score (AS) Salvos VT  Total VEBs VT Rev.VF
VEBs VEBs
normal saline+LAD oc- 134 1165 1323 118 33
clusion (n=14) 100100 100 57.1 286 5.142029 ;54 933 24139 (69 1751y (976, 1994) (66,201) (8,50)
Salusin-o. 5 nmol kg™*
. - 165 * 420 643 40 0
+LAl?no_c§:)lu51on 100 100 100 25 0 3.75+0.31 (126, 351) 61 (24,79) (236, 1061)" (435, 1601) (21, 111)" (0, 8)""
Salusin-o 15 nmol kg™
. . w 110 145 344 14 0
+LA]?no_c§:)lus1on 100 100 100 125 0 3.25+0.31 (83, 167) 23 (14, 56) (75.613)" (261,918)" (7.57)" (0,0)"
Salusin- 5 nmol kg™
. . - 144 254 426 25 0
+LAD occlusion 100 100 100 0 0 2.6320.18 (123, 161) 10 (4, 25) (55.407)" (168.593)" (5.40)" (0.0)"
(n=8)
Salusin-B 15 nmol kg™ * « - 99 « 30 147 3 0
+LAD occlusion (n=8) 100100 625 0 0 1.7520.16 (59, 138) 6G.12) 0,157)" (110,33D)™ (0,17)" (0,0)"

a) Abbreviations: VEBs, ventricular ectopic beats; VT, ventricular tachycardia; VF, ventricular fibrillation; Rev. VF, reversible VF. *, P<0.05; **,
P<0.01 vs. normal saline+LAD occlusion.

with salusin-a or -B. Compared to salusin-o, salusin-p 2.3 Salusins inhibited apoptosis in the ischemic myo-
showed more potent effects in reducing VT, and conse- cardium of LAD-occluded rats

quently reduced the total arrhythmia counts and arrhythmia

score to a larger extent. Significant apoptosis (31.5%+3.7%) was detected by the
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Figure 2 Representative recordings of normal ECG in rats before LAD

occlusion and ischemic arrhythmias during LAD occlusion, including

single ventricular ectopic beats (VEBs, indicated by arrows), salvo (couplet

or triplet VEBs), ventricular tachycardia (VT, a run of four or more con-
secutive VEBs) and ventricular fibrillation (VF).

TUNEL assay in heart cryosections after 2 h of LAD occlu-
sion. Salusin-o. and -p (15 nmol kg™") reduced the apoptotic
rate to 19.8%+2.2% and 12.3%+2.2%, respectively (both
P<0.01), indicating that the apoptosis caused by myocardial
ischemia was significantly inhibited by salusins (Figure 3).

2.4 Salusins reduced infarct size in LAD-occluded rats

The infarct size was measured in hearts after 2 h of LAD
occlusion. As shown in Figure 4, both salusin-a and -f de-
creased the infarct size. At the high dose of 15 nmol kg™,
salusin-a and -B markedly decreased the infarct size from
53.4%+4.0% of the risk area in the control rats to
26.5%=+9.7% and 23.7%=8.9%, respectively (both P<0.01).

2.5 Salusins attenuated ER stress in the ischemic myo-
cardium of LAD-occluded rats

In the ischemic myocardium after 2 h of LAD occlusion, the
protein levels of GRP78 (a marker of ER stress), the
cleaved form of active caspase-12 (an ER stress-specific
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Figure 3 Salusins reduced apoptosis, as detected by a TUNEL assay, in

heart cryosections after 2 h of LAD occlusion. A, Representative images of

TUNEL staining and Hoechst 33258 counterstaining (magnification 400x).

Arrows indicate typical apoptotic myocytes. B, Quantitative analysis of

apoptotic cells. Values are means+SD (n=4 for each group). {, P<0.05; {7,

P<0.01 vs. sham; *, P<0.05; ** P<0.01 vs. normal saline (NS)+LAD
occlusion.

caspase) and CHOP (ER stress-specific transcription factor)
markedly increased by 2.8, 3.9 and 7.1 fold, respectively. In
contrast, the expression level of Bcl-2, an antiapoptotic



Wang J F, et al.

1

L T ¥ ¥ ERE

Salusin-a 15 nmol kg’ . '

+ LAD occlusion . . . -

Salusin-B 15 nmol kg 0 o °

+ LAD occlusion . . .
70 r

60

= | ’
40 1
30 1

Normal saline
+ LAD occlusion

Salusin-a 5 nmol kg
+ LAD occlusion

Salusin-p 5 nmol kg '
+ LAD occlusion

Infarct size (%)

20 |
10 [
0

L L L 1 I

NS Sal-a5 Sal-u15 Sal-p5 Sal-p 15
nmol kg ' nmol kg™ nmol kg ' nmol kg’

+ LAD occlusion

Figure 4 Salusins reduced infarct size in rats subjected to 2 h of LAD

occlusion. A, Representative images of serial heart sections stained with

Evan’s blue and TTC. B, Quantitative analysis of infarct size, expressed as

a percentage volume of the infarct area versus the risk area. Values are

means+SD (n=5-9 for each group). *, P<0.05; ** P<0.01 vs. normal
saline (NS)+LAD occlusion.

protein associated with ER stress, was significantly reduced
to 34.8%=+5.9% of the control level. The treatment of either
salusin-o or -B at a dose of 15 nmol kg™ exclusively down-
regulated the protein levels of GRP78, active caspase-12
and CHOP, and significantly upregulated the expression of
Bcl-2, suggesting the attenuation of ER stress and ER
stress-associated apoptosis (Figure 5).

2.6 Salusins attenuated ER stress caused by tunicamy-
cin in cultured cardiomyocytes

In cultured rat H9¢2 cardiomyocytes, the ER stress inducer
tunicamycin (10 ug mL™") significantly induced ER stress.
The protein levels of GRP78 and the cleaved form of active
caspase-12 were observed to significant increase by 3.1 and
15.5 fold, respectively. The treatment of salusin-a or -3 sig-
nificantly downregulated both proteins, suggesting the di-
rect inhibitory effects of salusins on ER stress (Figure 6).

3 Discussion

The endoplasmic reticulum (ER) is a centrally located in-
tracellular organelle performing critical functions in protein
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synthesis and folding, lipid and sterol synthesis, and calci-
um homeostasis. Perturbation of any of the major functions
of the ER results in ER stress. Such stress can be induced by
various pathophysiological stimuli such as hypoxia, glucose
deprivation and calcium depletion from the lumen [11]. ER
stress is characterized by the accumulation of unfolded and
misfolded proteins in the ER lumen that triggers the un-
folded protein response (UPR), a highly conserved signaling
system [11]. The UPR attempts to relieve ER stress by sup-
pressing protein synthesis, upregulating protein-folding
chaperones such as GRP78, and degrading misfolded pro-
teins. If unsuccessful, the UPR can trigger apoptosis in
stressed cells [20,21]. Previous studies have shown the in-
volvement of ER stress in myocardial ischemia [12—-14].
The present study first showed that salusin-a and - attenu-
ated ER stress in the ischemic cardiac tissue of coro-
nary-ligated rats, accompanied by reduced apoptosis, ar-
rhythmias and infarct size, and improved heart function and
hemodynamics. These observations indicate that salusin-a
and -B protect ischemic heart through relieving ER stress.
We also showed that salusin-a and -, at the same dose that
reduced myocyte death in our previous observation [10],
prevented the ER stress induced by tunicamycin, suggesting
the direct inhibition of ER stress by salusins.

GRP78 is a well-characterized indicator of UPR activa-
tion, as well as a critical modulator of ER stress. It senses
misfolded protein accumulation and dissociates from ER
transmembrane proteins IRE1 (inositol-requiring kinase),
PERK (dsRNA-activated protein kinase-like ER kinase) and
ATF6 (activating transcription factor), which initiate the
major signaling pathways of UPR [22]. The ATF6 pathway
induces the expression of more than 30 different genes in-
cluding GRP78, which allow cells to cope with ER stress [22].
When ER stress is prolonged or excessive, the UPR switch-
es from a cytoprotective to an apoptotic response involving
activation of specific proteins such as caspase 12 and CHOP.
Caspase-12 is a murine protein associated with the cyto-
plasmic face of the ER membrane. It is activated only by
ER stress-initiated apoptotic pathways [20]. CHOP is a
proapoptotic transcription factor that is expressed at very
low levels under physiological conditions but strongly in-
duced during severe ER stress. CHOP promotes apoptosis
in several ways, including transcriptionally downregulating
the antiapoptotic protein Bcl-2, upregulating DRS, a mem-
ber of the death receptor family, depleting cellular glutathi-
one and increasing reactive oxygen species (ROS) produc-
tion [20].

In accordance with previous studies [13,14], the present
study observed that GRP78 expression was upregulated in
the ischemic area of the left ventricle, concomitant with
activation of ER stress-specific proapoptotic molecules
caspase-12 and CHOP, and reduced expression of the
antiapoptotic protein Bcl-2 (Figure 3), indicating the induc-
tion of ER stress and ER stress-specific apoptosis by myo-
cardial ischemia.
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Figure 5 Expression levels of endoplasmic reticulum (ER) stress-associated proteins GRP78, active caspase-12, CHOP and Bcl-2 in sham control and
ischemic myocardium after 2 h of LAD occlusion in rats. A, Representative images of Western blots for GRP78, cleaved fragments of activated caspase-12,
CHOP and Bcl-2. B, Quantitative levels of the ER stress proteins. Values are means=SD (n=4 for each group). T, P<0.05; 11, P<0.01 vs. sham; *, P<0.05;
#% P<0.01 vs. normal saline (NS)+LAD occlusion.

The novel finding of the present study is that both
salusin-a and - can alleviate ER stress caused by myocar-
dial ischemia, as evidenced by the inhibition of GRP78 and

CHOP overexpression, the suppression of caspase-12 acti-
vation, and the recovery of Bcl-2 expression (Figure 3). In
addition, the myocardial apoptosis, infarct size and ventric-
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HO9c2 cardiomyocytes. A, Representative images of Western blots for ER

stress markers, GRP78 and cleaved fragments of activated caspase-12. B, Quantitative levels of GRP78 and cleaved caspase-12. Values are means+SD (n=3
for each group). f, P<0.05; {7, P<0.01 vs. control; *, P<0.05; **, P<0.01 vs. tunicamycin.

ular arrhythmias caused by ischemia were reduced by
salusins, and the heart function showed an improvement.
The decrease in apoptosis was because of the suppression of
ER stress-associated apoptosis, and the reduction of infarct
size was presumably due to the inhibition of apoptosis,
which is a significant feature of hypoxia and ische-
mia/reperfusion injury [21]. The attenuation of ischemic
arrhythmias was probably associated with the improved
homeostasis of calcium (a key mediator of arrhythmias),
resulting from improved ER performance and a decrease
calcium influx, as we described previously [8]. In accord-
ance with reduced apoptosis, infarct size and arrhythmias,
the heart function and hemodynamics in LAD-occluded rats
was improved by salusins. These protective effects of
salusins may represent a potential novel treatment for is-
chemic heart disease.

The present study did not observe changes in heart func-
tion or blood pressure in sham-operated rats receiving
salusins. In accordance, two previous studies that used
comparable doses of salusins did not see changes in heart
function [7,23]. However, Shichiri et al. [1] observed brad-
ycardia and hypotension in rats receiving relatively lower
doses of salusins (0.1, 0.3, 1 nmol kg"l). These discrepan-
cies may be related to the physicochemical features of
salusins. The readily binding of salusins to commonly used

polypropylene and glass tubes and syringes [3,24], which
were also used by us, may inevitably cause loss of salusins.
Despite the discrepancies of doses, the negative inotropic
and chronotropic actions cannot be neglected when apply-
ing salusins.

In summary, the present study showed that salusin-a and
-B significantly reduced cardiac apoptosis, infarct size and
ventricular arrhythmias, and improved heart function and
hemodynamics in coronary-ligated rats. Concomitantly,
salusin-a and - prevented the induction of an ER stress
marker GRP78, reduced ER stress-associated proapoptotic
proteins caspase-12 and CHOP, and recovered an ER
stress-linked antiapoptotic protein Bcl-2, suggesting that
salusins alleviated ER stress and ER stress-associated
apoptosis in ischemic myocardium. Our results provide
novel insights into the cardioprotective effects of salusins;
however, the mechanisms underlying their inhibition on ER
stress requires further study.
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