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Propofol administration to the fetal-maternal unit reduces
cardiac oxidative stress in preterm lambs subjected to prenatal

asphyxia and cardiac arrest

Matthias Seehase'?, Patrick Houthuizen?, Jennifer J.P. Collins'#, Luc J. Zimmermann', Boris W. Kramer'

BACKGROUND: Little is known about the effects of propofol
on oxidative stress and its effect on key structures of the con-
tractile apparatus as the myosin light chain 2 (MLC2) and the
p38MAPK survival pathway in the preterm heart. We hypothe-
sized that propofol administration could attenuate the hypoxic
myocardial injury after birth asphyxia.

METHODS: Pregnant ewes were randomized to receive either
propofol or isoflurane anesthesia. A total of 44 late-preterm
lambs were subjected to in utero umbilical cord occlusion
(UCO), resulting in asphyxia and cardiac arrest, or sham treat-
ment. After emergency cesarean delivery, each fetus was
resuscitated, mechanically ventilated, and supported under
anesthesia for 8h using the same anesthetic as the one
received by its mother.

RESULTS: At 8h after UCO, occurrence of reactive oxygen
species and activation of inducible nitric oxide synthase in the
heart were lower in association with propofol anesthesia than
with isoflurane. This was accompanied by less degradation
of MLC2 but higher p38MAPK level and in echocardiography
with a trend toward a higher median left ventricular fractional
shortening.

CONCLUSION: The use of propofol resulted in less oxidative
stress and was associated with less cytoskeletal damage of the
contractile apparatus than the use of isoflurane anesthesia.

Prenatal asphyxia can affect all organs due to poor perfusion
and reduced oxygen delivery, but the most detrimental effects
are observed in the central nervous and cardiovascular system
(1-5). Therefore, it is not surprising that asphyxia is the third
major cause of neonatal mortality and accounts for more than
one million neonatal deaths worldwide per year (6). Although
resuscitation revives about three-quarters of these newborns (7),
late complications of asphyxia still remain an important cause of
morbidity and mortality in children (6,7). Cardiovascular dys-
function is the most common problem which occurs in more
than 60% of asphyxiated neonates (2,8). Therefore, it is crucial to
elucidate and to understand the course of hypoxic injury leading
to cardiac dysfunction. This knowledge will give us the option

to develop therapeutic strategies which prevent or reverse the
detrimental outcomes which we see in our neonatal units.

Our previous research found that the use of propofol for
maternal anesthesia resulted in less fetal cardiac injury in
late-preterm lambs subjected to severe asphyxia than the use
of isoflurane anesthesia (4). We could show that this cardio-
protective effect was mediated partly by interaction with the
mitochondrial apoptotic pathway. However, our previous data
indicated that the reduction in cardiac injury did not result
exclusively from the interaction of propofol with the mito-
chondrial apoptotic pathway. Therefore, the cellular therapeu-
tic mechanism of propofol in birth asphyxia is not completely
understood. Recent evidence has shown that asphyxia affects
key structures of the contractile apparatus. One such structure
is the myosin light chain (MLC) 2 which is a crucial compo-
nent for the ability of the heart muscle to contract and, cor-
respondingly, to beat. But under hypoxic conditions, MLC2 is
assaulted by reactive oxygen species (ROS), especially in the
presence of nitric oxide (NO), by the aggressive fusion product
peroxynitrite. This results in MLC2 degradation and subse-
quent systolic dysfunction (9). However, previous research has
indicated that propofol might interfere with this cascade (10).

Propofol operates via many mechanisms that may influence
the degree of ischemia and subsequent reperfusion injury.
It influences crucial components of the immune system such
as nuclear factor ‘kappa-light-chain-enhancer’ of activated B
cells (11) or members of the signal transducer and activator
of transcription family (4,5), help to maintain cellular pH and
electrical homeostasis by interacting with transporters and
ion channels (11), and is reported to protect the cell mem-
brane from lipid peroxidation by inhibiting the production of
malondialdehyde (MDA), which is a result of degradation of
polyunsaturated lipids (12,13). The occurrence of free oxygen
radicals, such as MDA, is closely connected with the produc-
tion of inflammatory cytokines such as inducible nitric oxide
synthase (iNOS) and its mediators (14). Therefore, our goal
was to determine whether propofol affected the NO pathway
and the production of ROS, thereby preventing injury to key
proteins of the contractile apparatus, such as MLC2.
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RESULTS

M-mode Echocardiography

Due to logistical limitations, echocardiography at baseline
could only be performed in 24 out of 36 late-preterm lambs,
and measurements after 8 h were limited to 16 out of 36 ani-
mals, as previously stated (4). We therefore present the individ-
ual measurements per group and compared only the medians
of the groups. Measurements are considered as trends.

Echocardiography at baseline. The median baseline fractional
shortening (FS) 1h after birth was 48.5% in the propofol group
and 46.0% in the isoflurane control group (Figure 1). The base-
line FS in asphyctic lambs was 55.0% in the propofol group and
57.0% in the isoflurane group. The baseline FS was higher after
resuscitation, and adrenaline treatment in the propofol asphyxia
group compared with the propofol control group. A similar dif-
ference was observed between the two isoflurane groups.
Echocardiography after 8 h. FS 8-h postnatal and before sacri-
fice was 57.0% in the propofol group and 55.5% in the isoflurane
control group. Compared with the baseline values, FS increased
in the propofol and the isoflurane-treated animals. The final FS
in the asphyctic lambs was 46.0% in the propofol and 39.5% in
the isoflurane group. In comparison with the baseline values,
FS decreased in the propofol and the isoflurane-treated lambs.
The FS at the end of the experiment was lower in the propofol
asphyxia compared with the propofol control group. A similar
difference was observed between the two isoflurane groups.

Lipid Peroxidation Assay

Malondialdehyde. In the propofol and isoflurane control
group, MDA level in cardiac left ventricular tissue remained
unchanged compared with the gestational age (GA) control
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Figure 1. M-mode echocardiography: left ventricular fractional shorten-
ing (LVFS) in various groups. Because of technical reasons, LVFS could

not be determined in all the animals. However, a trend for a decreasing
median could be observed in the isoflurane-treated asphyctic group at
the end of the experiment, whereas the decrease in the propofol-treated
asphyctic group was less distinct. Circles symbolize the propofol control
group, squares symbolize the propofol-treated asphyctic group, triangles
symbolize the isoflurane control group, and diamonds symbolize the
isoflurane-treated asphyctic group.

Copyright © 2016 International Pediatric Research Foundation, Inc.

group (Figure 2). MDA increased by 364.0% in the propofol
asphyxia group compared with the propofol control (P < 0.05)
and by 330.3% (P < 0.05) compared with the GA control group.
In the isoflurane asphyxia group, MDA increased by 730.1% (P
< 0.05) compared with the GA control group and to 681.1%
(P < 0.05) when compared with the isoflurane control group.
MDA was reduced by 54.7% (P < 0.05) in asphyxiated lambs if
these lambs underwent treatment with propofol in compari-
son to treatment with isoflurane.

Western Blot Analysis

Mpyosin light chain 2. In the propofol asphyxia group, MLC2
decreased to 51.7% (P = NS, Figure 3a) compared with GA
and to 57.1% (P = NS) in comparison with the propofol con-
trol group. After prenatal asphyxia, MLC2 decreased in the
isoflurane treated lambs to 9.5% compared with GA controls
(P <0.05). Compared with the isoflurane control group, MLC2
decreased to 8.3% (P < 0.05) and to 18.3% (P < 0.05) when
compared with the propofol asphyxia group.

Inducible nitric oxide synthase. In the propofol asphyxia
group, iNOS increased slightly to 228.7% (P = NS, Figure 3b)
compared with GA and to 208.5% (P = NS) in comparison
to the propofol control group. After prenatal asphyxia, iNOS
increased in isoflurane treated lambs to 486.4% compared with
GA controls (P < 0.05), to 313.4% (P < 0.05) compared with
the isoflurane control group, and to 212.7% (P < 0.05) com-
pared with the propofol asphyxia group.

P38 (p38 MAPK). In the propofol and isoflurane control group,
p38 MAPK level in cardiac left ventricular tissue remained
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Figure 2. Reactive oxygen species (ROS) in fetal ovine hearts.
Malondialdehyde (MDA) levels in left ventricular tissue as indication of
lipid peroxidation due to ROS formation. Levels of the gestational age
control group were set to 1. Depicted are mean and SEM. Significant
differences (P < 0.05) compared with gestational age control groups are
marked by *. Significant differences (P < 0.05) between asphyxiated and
corresponding not-asphyxiated drug control group are marked by §.
Significant differences (P < 0.05) between the propofol-treated asphyctic
group and the isoflurane-treated asphyctic group are marked by t. GA,
gestational age.
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Figure 3. Western blot tests for: (a) myosin light chain 2 (MLC2), (b) inducible nitric oxide synthase (iNOS), and (c) p38 mitogen-activated protein kinase.
The corresponding levels in the gestational age (GA) control group were set at 1. The data are depicted as mean values and SEMs. Significant differences
(P < 0.05) as compared with GA control groups (n = 8) are marked by *. Significant differences (P < 0.05) between asphyctic (propofol-treated n = 10; iso-
flurane-treated n = 8) and the corresponding asphyxia-free control group (propofol-treated n = 11; isoflurane-treated n = 7) are marked by §. Significant
differences (P < 0.05) between the propofol-treated asphyctic group and the isoflurane-treated asphyctic group are marked by t.

unchanged compared with the GA control group (Figure 3c).
After prenatal asphyxia, p38 MAPK increased in isoflurane-
treated lambs to 610.6% compared with GA controls (P <
0.05), to 972.3% (P < 0.05) compared with the isoflurane con-
trol group, and to 357.7% (P < 0.05) compared with the propo-
fol asphyxia group.

DISCUSSION

This is the first study to demonstrate that perinatal propo-
fol administration to a severely asphyxiated near-term lamb
results in reduced production of ROS and less activation of the
NO pathway when compared with an isoflurane regime. As
overproduction of ROS and NO is harmful for the contractile
apparatus of the heart, this treatment might be beneficial for
the heart function of severely asphyxiated newborns.

NO is a vasoactive gas which is a crucial regulator of car-
diac contractility (15). The concentration of endogenous NO
under physiological conditions is regulated mostly by neuro-
nal NO-synthase and endothelial NO-synthase. In an inflam-
matory condition, such as sepsis or hypoxia, the NO level
is mainly produced by the inducible NO-synthase (iNOS)
(16,17). Therefore, we used iNOS levels in left ventricular tis-
sue to estimate activation of the NO pathway during ischemia-
reperfusion injury. The myocardial iNOS expression after
asphyxia was significantly lower in lambs treated with propo-
fol compared with isoflurane. As previously published (4), the
propofol-treated lambs showed significantly lower troponin T
and a slightly better cardiac function, which may indicate that
less iNOS expression may be beneficial.

In the literature, the findings in regard to the role of NO in
ischemia-reperfusion injury are inconclusive. Some studies
have claimed that both endogenous and exogenous NO can
prevent the heart from ischemia-reperfusion injury, whereas
other studies have shown that NO increased the myocardial
damage during reperfusion (18-20). A possible explanation for
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the different findings may come from a study by Rakhit et al.
(21) who found indications that NO becomes a proapoptotic
factor when it reacts with ROS such as superoxide anion to
form peroxynitrite.

ROS is generated during myocardial ischemia and reper-
fusion; it assaults intracellular organelles, cell membranes,
and biological macromolecules, including nucleic acid, pro-
tein, and lipid, resulting in oxidative stress and cell apopto-
sis (22,23). We found that the level of ROS was increased in
both asphyxia groups compared with controls in our model. In
conjunction with the findings of Rakhit et al. (21), our results
suggest that the iNOS activation in this setting has more detri-
mental than beneficial effects.

Several studies have shown that ROS and NO interact to
form peroxynitrite, affecting not only the apoptotic pathway
but also proteins of the contractile apparatus of the heart,
leading to systolic dysfunction (9,24,25). One key target is
MLC2 which plays an essential role in the interplay between
myosin and actin, which are responsible for the ability of the
heart muscle to contract (9). Animal studies in both adults
and neonates have shown that oxidative stress due to hypoxia-
reoxygenation led to MLC2 modifications and its subsequent
degradation resulting in severe systolic dysfunction (9,26).
In our model, the protein level of MLC2 decreased after severe
asphyxia only in the isoflurane-treated lambs. Propofol, in
contrast, prevented MLC2 from being degraded, resulting in
less cardiac dysfunction.

In addition, the increased cytoskeleton damage in the iso-
flurane-treated hypoxic hearts in comparison to the propofol
exposed hearts is, in our asphyxia model, expressed by the
upregulation of mitogen-activated protein kinase (MAPK) p38.
The p38/MAPK pathway is activated under hypoxic conditions
when the microtubular structure breaks down (27). It has been
shown that p38 MAPK is activated as a survival pathway to
increase calcium sensitivity and to induce the phosphorylation

Copyright © 2016 International Pediatric Research Foundation, Inc.
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of MLC2 (28). The same effect could be demonstrated with the
administration of propofol (10). But this survival mechanism
seems to be counteracted if high NO levels are present due
to iNOS activation. In this case, the activation of p38 MAPK
resulted in cell death (29,30).

Cardiopulmonary resuscitation is a cornerstone of neonatal
critical care practice. Severe asphyxia followed by a systemic
inflammatory response syndrome often causes left ventricular
dysfunction leading to cardiogenic shock and the development
of multiorgan failure (7). The lack of oxygen initially triggers an
inflammatory response, leading to a massive ROS production
which is detrimental for the outcome of the newborn (31). In
our study, we were able to show that propofol is effective in an
animal model of preterm lambs to reduce the effect of ROS. The
underlying reason is likely its biochemical structure, allowing
propofol to scavenge and inactivate ROS (11). This corresponds
to data deriving from clinical trials in adult medicine. In these
trials, it was shown that propofol is effective in patients with left
ventricular dysfunction caused by sepsis or myocardial infarc-
tion (32,33). The occurrence of ROS, however, is not the only
fatal step towards cardiogenic shock and multiorgan failure. In
the past two decades it has become apparent that the upregula-
tion of iNOS transcription and overproduction of NO causes
catecholamine-resistant vasodilatation and reduced myocardial
inotropy, resulting in hypotension and a fall in cardiac output
(34). NO can also react with ROS to produce peroxynitrate, a
molecule directly toxic to the cells via modification of proteins
and DNA (34). In our model, propofol decreases the iNOS
activation and thereby the damage of the contractile apparatus,
preventing key structures, such as MLC2, from nitration and
degradation. In the literature, it has been shown that propofol
is not only a direct scavenger of ROS, but also of peroxynitrate.
Additionally, propofol reduces the activation of iNOS by inter-
fering with the AKT/IL-6/signal transducer and activator of
transcription-3 pathway (4,5,11,35). Unfortunately, identifying
and blocking molecular key steps like the activation of iNOS in
the pathophysiology of severe ischemia with resulting deterio-
ration of left ventricular function, cardiogenic shock, and mul-
tiorgan failure does not necessarily lead to an improved patient
outcome as we learned from the TRIUMPH trial (34). Despite
promising data from animal experiments, the use of nonselec-
tive NOS inhibitors did not result in an improved outcome, but
even more harm in treated patients, which led to a premature
termination of this trial. Therefore, it is important to identify
therapeutic options which specifically target the right steps in
the pathophysiological cascade. Propofol seems to be a very
promising agent in that context (11,33,36), but still has to prove
its effectiveness in the human neonatal population. One major
concern in this respect is propofol infusion syndrome. Though
rare, it is much more likely to occur in the pediatric population
than the adult population. It leads to bradyarrythmias and often
a therapy-refractory arterial hypotension (37). We showed
earlier that there was no indication for propofol infusion syn-
drome with our treatment regime in our animal cohort (4), but
as mentioned above, it is rare and will probably only be seen if
propofol is used in larger patient cohorts. To prevent pediatric

Copyright © 2016 International Pediatric Research Foundation, Inc.

patients from developing a propofol infusion syndrome, it is
recommended to not exceed a dosage of more than 4 mg/kg/h
for more than 48h (37). We used a continuous propofol infu-
sion of not more than 3 mg/kg/h for 8h and could still observe
beneficial effects of propofol on the lambs” outcome.

However, there are additional limitations to our study. First
of all, due to logistical limitations, we could not perform
echocardiography in all animals at all planned time points.
Therefore, we displayed the echocardiography data as scatter
plot and interpreted the differences in means only as a trend
without doing a proper statistical analysis.

In addition, our study design allows only a general corre-
lation of molecular and functional data. A systemic model
has the advantage of displaying clinically relevant pathways;
however, a more appropriate approach, such as a cell culture
model, would be necessary to determine the degree to which
a particular molecular pathway contributed to a defined func-
tional outcome.

In this study, we were able to highlight some key ways in
which a drug such as propofol with its multiple complex prop-
erties interacts on a cellular level in an in vivo model of severe
perinatal asphyxia. Further research is needed to understand
in detail how the beneficial effects are mediated and if there is
a possibility to develop new drugs that make more successful
use of the identified targets.

Conclusion

Each year, perinatal asphyxia contributes to over one million
newborn deaths worldwide. Resuscitation is crucial to restore
oxygenation to deprived organs, including the heart. However,
reoxygenation of asphyxiated newborns may lead to generation
of ROS and NO, causing further myocardial damage by nitra-
tion of key proteins of the contractile apparatus. In this animal
study, we could demonstrate that pre- and postresuscitation
administration of propofol to the maternal fetal unit reduced
the myocardial oxidative stress and caused an improvement in
cardiac function in late-preterm lambs suffering from severe
asphyxia and cardiac arrest.

MATERIAL AND METHODS

Animals

The study was approved by the Animal Ethics Research Committee,
Maastricht University, The Netherlands. As previously described (3-5),
Texel ewes were date-mated and the fetuses were randomized for
umbilical cord occlusion and sedation. Experiments were made on
44 late-preterm fetal sheep of both genders at GA of 133 or 134 days
(term 150 d). Eighteen sheep fetuses were subjected to total umbilical
cord occlusion in utero, and 18 fetal sheep served as sham controls. In
each group, half of the pregnant ewes and their offspring were sedated
with propofol and the other half with isoflurane. Eight lambs served
as GA controls to obtain the reference values for the molecular path-
ways in this age group. To avoid any influence by anaesthetic drugs in
this group, the pregnant ewes were euthanized by an injection of T61
(Veterinaria AG, Ziirich, Switzerland) at gestational day 133 or 134
and their offspring were delivered surgically immediately afterwards
and directly euthanized by an injection of T61 (Veterinaria AG).

Experimental Protocol

The pregnant ewes of the isoflurane group were intubated after thio-
penthal induction (15mg/kg), and general anaesthesia was maintained
with isoflurane (1-2%). The pregnant ewes of the propofol group
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received propofol both as induction bolus (6 mg/kg) and for general
anaesthesia (25mg/kg/h) during the cesarean delivery. Both anaes-
thesia types were supplemented by continuous remifentanyl infusion
(3 ug/kg/min). After a lower midline incision, the fetus was carefully
extracted through a small incision of the uterus. An endotracheal
tube was inserted and subsequently clamped to prevent fetal breath-
ing. Catheters were placed in the femoral and umbilical artery and in
the jugular vein and used for baseline blood sampling (Abbott i-signal
transducer and activator of transcription 1 Blood Gas Analyzer, Abbott
Laboratories, IL) and for continuous monitoring of fetal mean arterial
blood pressure and heart rate. Electrocardiogram and electroencepha-
logram electrodes were placed and stitched to the skin. The umbili-
cal cord was gently extracted through the incision of the uterus and a
vascular occluder (OC16HD, 16mm, In Vivo Metric, Healdsburg, CA)
was placed around the umbilical cord. The aim of the occlusion was a
mean arterial blood pressure below 30 mmHg for 2 min. At the end
of the occlusion, the lambs always suffered from severe bradycardia
(heart rate <30/min) or even complete cardiac arrest. If there was no
increase in heart rate after 20 after the end of occlusion, resuscitation
was started. The resuscitation protocol included immediate start of car-
diac massage with a frequency of 120/min and adrenaline administra-
tion in augmenting dosage from 30 over 60 pug to 0.1 mg. In addition, a
volume bolus of Ringers lactate of 10 ml/kg BW was administered after
the first shot of adrenaline and ventilation was given with a balloon
(Fi0,=0.21, frequency = 60/min). After its umbilical cord was cut, the
fetus was brought to an open, heated incubator (IW930 Series CosyCot
Infant Warmer, Fisher & Paykel Healthcare, Auckland, New Zealand),
maintaining a body temperature of 38.5 °C and resuscitation was con-
tinued. The lambs were connected to pressure-regulated ventilation
using a ventilator Servo 900C (Siemens-Elema, Solna, Sweden) with
initial settings as follows: FiO, = 1, PEEP 5 cmH, O, PiP 30 cmH, O, fre-
quency 60/min, LE 1:2. Thereafter, inspiratory pressure was adjusted
to achieve a targeted minute volume of 3.0 [/min and a PaCO, of 35-45
mmHg. The ventilation and sedation was continued for 8 h after deliv-
ery. The sedation was maintained with the same anesthetic which was
used for maternal sedation (either with isoflurane (0.5-1.0%) or pro-
pofol (1-3mg/kg/h)) and was supplemented with remifentanyl (3 ug/
kg/min) in both groups. The remifentanyl was dissolved in 20% glu-
cose and Ringers lactate solution in a concentration allowing for an
infusion rate of 3mL/kg/h. All lambs (sham treated included) received
surfactant (200mg/kg BW Curosurf, Chiesi, Parma, Italy) intratra-
cheally and two maternal blood transfusions of 10ml/kg BW during
initial stabilization. All cord-occluded lambs developed a spontaneous
heart rate (>150/min) and a sufficient mean arterial blood pressure
(>50 mmHg) within 10min of starting resuscitation with the excep-
tion of two lambs, which were excluded from the study.

The 18 sham-treated fetuses were prepared in utero, with catheters
inserted in the femoral and umbilical artery and jugular vein and
endotracheal intubation as described above. Eleven minutes (mean
time of occlusion in study group) after the end of the instrumentation,
they were delivered, weighed, sedated, and connected to pressure-
controlled ventilation (see above).

At 8h after delivery, the lambs were euthanized by an intravenous
injection of T61 (Veterinaria AG). The heart was immediately taken
and shock frozen in liquid nitrogen. Tissue was subsequently stored
at —-80 °C.

M-mode Echocardiography

A transthoracic echocardiography using a 5.2-MHz transducer
(Megas CVX, Esaote, Genova, Italy) was performed at baseline (1h
postnatally) and prior to sacrifice (8h after birth). M-mode record-
ings from a parasternal short axis view were used to determine FS
according to the American Society of Echocardiography recommen-
dations (38). The investigator performing and reading the echocar-
diogram was blinded to the treatment allocation.

Lipid Peroxidation Assay

Lipid peroxides include reactive aldehydes, of which the most abun-
dant is MDA. Therefore, measurement of MDA is widely used as an
indicator of lipid peroxidation (39). For heart tissue analysis, we used
the ALdetect (MDA-Specific) Lipid Peroxidation Assay Kit (ALdetect
(MDA-Specific) Lipid Peroxidation Assay Kit BML-AK-171, Enzo
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Life Sciences International, Plymouth Meeting, PA) according to the
manufacture’s manual.

Western Blotting

Frozen left ventricular heart tissue was homogenized in ice-cold RIPA
buffer (Sigma-Aldrich, St. Louis, MO) containing Halt Protease and
Phosphatase Inhibitor Cocktail, EDTA-free (100x) (Thermo Fisher
Scientific, Rockford, IL). The samples were then centrifuged at 500xg
for 20min at 4 °C to remove cellular debris. Protein content in the
supernatant was determined using the Micro BCA Protein Assay Kit
(Thermo Fisher Scientific, Rockford, IL), with BSA as the standard.
Western blots were performed as previously described (40). The fol-
lowing dilutions for antibodies were used: 1:1,000 for monoclonal
anti-B-actin clone AC-1 (Sigma-Aldrich), anti-MLC antibody (Abcam,
Cambridge, UK), anti-iNOS (BD Transduction Laboratories, Franklin
Lakes, NJ), anti-TAK-1 (Cell Signaling Technology, Danvers, MA),
and anti-phospho-p38 MAPK out of the PathScan Multiplex Western
Cocktail IT (Cell Signaling Technology). As secondary antibody IRDye
680-conjugated goat (polyclonal) antirabbit IgG, IRDye 800-conjugated
goat (polyclonal) antirabbit IgG, IRDye 680-conjugated goat (poly-
clonal) antimouse IgG, and IRDye 800-conjugated goat (polyclonal)
antimouse IgG, (LI-COR, Lincoln, Nebraska) were used in a dilution
of 1:10,000. The blots were analyzed using the LICOR Odyssey Infrared
Imaging System and the signal of the target proteins was normalized
to the signal of B-actin which acts as a house-keeping protein. Images
were acquired using Adobe Photoshop CS6 software (Adobe Systems
Incorporated, San Jose, CA).

Statistical Analysis

Measurements of the left ventricular fractional shortening were
depicted as median. All other data were depicted as mean + SEM.
Statistical significance between different groups was analyzed by the
analysis of variance (ANOVA) followed by the Student-Newman-
Keuls multiple comparison test. Differences in P value < 0.05 were
considered significant. All statistical analyses were performed using
the statistical software GraphPad Prism 5.0 (La Jolla, CA).
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