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Abstract: As a new anti-anginal agent, ranolazinehas been shown to play a cardioprotective role in regulating myo-
cardial ischemic injury. Given that plasma norepinephrine (NE) and brain natriuretic peptide (BNP, also termed B-
type natriuretic peptide-45 in rats) are considered neuron-hormones to indicate heart failure progression. This study
aims to examine effects of ranolazine on plasma NE and BNP-45 of rats with chronic ischemic heart failure (CHF).
CHF was induced by myocardial infarction following ligation of a left anterior descending artery in adult Sprague-
Dawley rats. We hypothesized that ranolazine attenuates the elevated levels of NE and BNP-45 observed in CHF rats
thereby leading to improvement of the left ventricular function. Results showed that levels of plasma NE and BNP-
45 were increased in CHF rats 6-8 weeks after ligation of the coronary artery. Our data demonstrate for the first time
that ranolazine significantly attenuated the augmented NE and BNP-45 induced by CHF (P<0.05 vs. saline control).
In addition, a liner relation was observed between NE/BNP-45levels and left ventricular fractional shortening as
indication of left ventricular function (r=0.91 and P<0.01 for NE; and r=0.93 and P<0.01 for BNP-45) after admin-
istration of ranolazine. In conclusion, CHF increases the expression of NE and BNP-45 in peripheral circulation and
these changes are related to the left ventricular function. Ranolazine improves the left ventricular function likely by
decreasing heightened NE and BNP-45 induced by CHF. Therefore, our data indicate the role played by ranolazine
in improving cardiac function in rats with CHF.
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Introduction

Ranolazine is a new kind of anti-anginal agent.
By inhibiting the late inward sodium current in
heart muscle [1], ranolazine leads to reduc-
tions in elevated intracellular calcium levels
and thereby decreases tension in the heart
wall, which mainly cut oxygen requirements for
the muscle [2]. Thus, ranolazine has been
observed to decrease ventricular arrhythmias
induced by ischemia and ischemia-reperfusion
in a rat model [3]. Ranolazine has also used to
treat anginal symptoms among patients with
symptomatic chronic stable angina pectoris in
clinical trials [4].

Additionally, ranolazine has been shown to play
a cardio-protective role in regulating myocardial

ischemic injury via a variety of mechanisms
[5-7]. For example, prior studies using experi-
mental animal models demonstrated that rano-
lazine reduces myocardial infarct size, improves
left ventricular function, decreases ischemia/
reperfusion-induced arrhythmias and thereby
improve outcomes in myocardial ischemic inju-
ry [5-7]. It is noted that those data were largely
obtained from an acute rat model of myocardial
ischemia and/or heart failure.

A well-known hallmark of chronic congestive
heart failure (CHF) is increased sympathetic
nerve activity (SNA). Sympathoexcitation is firm-
ly established to play a prominent role in dis-
ease progression [8], and is inversely related to
disease prognosis [9]. Specifically, the exagger-
ated SNA lowers fibrillation threshold, which
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thus increases the probability of a fatal arrhyth-
mia [10, 11]. As the sympathetic nervous sys-
tem is activated norepinephrine (NE) is released
from the cardiac sympathetic nerve terminals
and the neurovascular junction and evokes car-
diac contraction and vasoconstriction within
a given vascular bed [12]. This leads to an
increase in the plasma NE level. In addition to
plasma NE, neuron-hormones such as brain
naturetic peptide (BNP), renin and arginine
vasopressin are elevated in plasma [13-15].
Among these neuron-hormones, NE and BNP
are considered markers of heart failure pro-
gression [16, 17]. Nevertheless, it is unclear if
ranolazine alters heighten NE and BNP regulat-
ed by SNA in CHF. Therefore, in this report we
used a rat model of CHF induced by ligation of
the coronary artery to examine the effects of
ranolazine on the levels of plasma NE and BNP
[also referred as B-type natriuretic peptide-45
(BNP-45) in rats] over time, namely 6-8 weeks
after the ligation surgery. We hypothesized th-
at administration of ranolazine attenuates the
augmented concentration of NE and BNP-45 in
plasma and this improves left ventricular func-
tions in CHF rats. We further speculated that a
close relation in the levels of NE/BNP-45 and
cardiac functions would be observed after ra-
nolazine.

Materials and methods

All procedures outlined in this study were ap-
proved by the Animal Care Committee of this
institution and were performed in compliance
with the rules and regulations described in the
National Institutes of Health Guide for the Care
and Use of Laboratory Animals.

Coronary artery ligation

Male Sprague-Dawley rats (150 to 200 g) were
anesthetized by inhalation of an isoflurane-oxy-
gen mixture (2-5% isoflurane in 100% oxygen),
incubated, and artificially ventilated. A left tho-
racotomy between the fourth and fifth ribs was
performed, exposing the left ventricular wall.
The left coronary artery was ligated. Age and
body weight-matched rats that underwent the
same procedure as described except that a
suture was placed below the coronary artery
but was not tied served as controls. The blood
samples were taken for the measurements of
NE and BNP-45 6 to 8 weeks after the surgery.
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Administration of ranolazine

Ranolazine (Sigma-Aldrich) was givenby intra-
peritoneal (i.p., 20 mg/kg) injection once a day
after the ligation surgery. This dose of ranola-
zine has been shown to maintain its 24 hrs con-
centration in plasma that is clinically relevant
and to be beneficial to cardiac function in rats
with myocardial infarction [6, 18]. In control
group, saline was i.p. injected in rats. Accor-
dingly, the rats were divided into three groups:
control rats (saline, n=15); CHFrats (saline,
n=20); and CHF rats (ranolazine, n=20).

Determination of left ventricular function

The rats were anesthetized by inhalation of
an isoflurane-oxygen mixture. Transthoracic ec-
hocardiography was then performed 1 week
before the experiments. The transducer was
positioned on the left anterior chest, and left
ventricular dimensions were measured. The
left ventricular fractional shortening (LVFS) was
determined by echo-cardiographic measure-
ments. If LVFS of animals was <30%, they were
considered as CHF and included in this study
for data analysis. Also, at the end of each
experiment a catheter was inserted into the
right carotid artery and was threaded into the
left ventricle for measurement of left ventricu-
lar end-diastolic pressure (LVEDP) to further
determine the rats’ cardiac function.

Measurements of NE and BNP-45

A blood sample was withdrawn from aorta and
transferred into the tube containing EDTA and
aprotinin for anti-coagulation and anti-protein-
ase. The extraction of NE and BNP-45 from
plasma was performed using a standard col-
umn. Then, according to the manufacturers’
manuals plasma NE were determined by NE
ELISA Kit (BioSource Co. USA) and BNP-45 lev-
els were determined by Rat BNP-45 Immuno-
Assay Kit (Phoenix Pharm Inc, USA), respective-
ly. Briefly, standard or plasma samples were
added to each well. The wells were incubated
at room temperature and then aspirated and
washed. Respective biotinylated NE/BNP-45
antibodieswere added to each well and incu-
bated, followed by washes. Then, streptavidin-
peroxidase conjugate was added and incubat-
ed and washed. Afterward, chromogen subst-
rate solution was added to each well and incu-
bated and the reaction was stopped by adding
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Figure 1. Echocardiographic measurements are demonstrated. LVDD: left ventricular diastolic dimension; LVSD: left
ventricular systolic dimension; and LVFS: left ventricular fractional shortening. Left ventricular end-diastolic pres-
sure (LVEDP) is also shown. Values are mean + SE. *P<0.05 vs. control rats and CHF rats that received i.p. injection
of ranolazine. The number of rats=15 in control; 20 in CHF with saline; and 20 in CHF with ranolazine.

stop solution. After this, the optical density was
detected immediately by using a microplate
reader.

Statistical analysis

The data of NGF measurements were analyzed
using a two-way repeated-measure analysis of
variance. As appropriate, Tukey post hoc tests
were utilized. Values are presented as means +
SE. For all analyses, differences were consid-
ered significant at P<0.05. All statistical analy-
ses were performed by using SPSS for Windows
version 15.0 (SPSS, Chicago, IL).

Results

General and echocardiographic measure-
ments

There were no significant differences in body

weight among three groups. i.e., body weight
was 5258 g in control rats (n=15); 515+10 g
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in CHF rats with saline injection (n=20); and
521+12 g in CHF rats with ranolazine (n=20,
P>0.05 among three groups). Heart weight was
increased in CHF rats with saline (1.82+0.04 g,
P<0.05 vs. other groups) as compared with
other two groups (1.45+0.02 g in control rats;
and 1.63+0.02 g in CHF with ranolazine).

Figure 1 further shows left ventricular diasto-
lic dimension (LVDD); left ventricular systolic
dimension (LVSD); and left ventricular fraction-
al shortening (LVFS) in three groups of rats. The
coronary ligation significantly increased LVDD
and LVSD and decreased LVFS (P<0.05 vs. con-
trol rats) and administration of ranolazine sig-
nificantly attenuated increases in LVDD and
LVSD, and a decrease in LVFS (P<0.05 vs. CHF
rats with saline injection). Also, LVEDP in three
groups of rats was shown in Figure 1. LVEPD
was significantly elevated in CHF rats and
largely recovered after application of rano-
lazine.
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Figure 2. The levels of plasma norepinephrine (NE) and B-type natriuretic peptide-45 (BNP-45) in three groups of
rats. Values are mean + SE. *P<0.05, indicates CHF rats with saline injection (n=20) vs. control rats (n=15) and CHF
rats that received i.p. injection of ranolazine (n=20). There were no significant differences in NE and BNP-45 levels
in control rats and CHF rats that received i.p. injection of ranolazine.

Levels of NE and BNP-45

Figure 2 demonstrates the levels of plasma NE
and BNP-45 in three groups of rats. The coro-
nary ligation significantly elevated both NE and
BNP-45 levels in plasma (P<0.05 vs. control
rats). Moreover, administration of ranolazine
significantly attenuated increased NE and BNP-
45 evoked by the ligation (P<0.05 vs. CHF rats
with saline injection for NE and BNP-45) as
compared with saline injection in CHF rats.

NE/BNP-45 levels vs. left ventricular function

In addition, in order to determine if the role
played by ranolazine in regulating cardiac func-
tion was via changes of NE and BNP-45, we
performed a liner relationship analysis. Figure
3 further shows a relationship between plasma
NE/BNP-45 levels and LVFS. NE levels (r=0.91
and P<0.01) and BNP-45 levels (r=0.93 and
P<0.01) were observed to have a liner relation
with LVFS.

Discussion

The levels of plasma NE and BNP have recently
been considered as indication for screening,
diagnostic, prognostic, treatment and monitor-
ing treatment of patients with HF, because car-
diac secretion of NE and BNP driven by sympa-
thetic nerves increase with the progression of
HF [16]. Indeed, a prior animal study suggests
that BNP mRNA levels in ventricular myocardi-
um in HF are accompanied with change of its
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concentrations in plasma [19]. Thus, in the cur-
rent report we specifically examined the con-
centrations of plasma NE and BNP-45 in CHF
rats with chronic administration of ranolazine
and further determined if alterations of NE and
BNP-45 were closely related to the left ventric-
ular function.

The previous studies demonstrate that the SNA
is exaggerated in CHF rats after the ligation of
the coronary artery as it is in patients with CHF.
Of note, the ligation also leads to an increase in
left ventricular end diastolic pressure, left ven-
tricular volume, plasma NE, BNP, renin and ar-
ginine vasopressin [13-15]. All the changes
observed in this model are very similar to those
in human CHF. Thus, a rat model of the coro-
nary artery ligation was used to evoke CHF in
the present study. Consistent with the prior
findings, we have observed that the LVFS was
significantly decreased with increases of LVDD
and LVSD after induction of CHF (Figure 1).
Another index of cardiac function LVEDP was
also significantly increased in CHF (Figure 1).
Also, the levels of plasma NE and BNP-45 were
significantly elevated in CHF rats compared
with control animals (Figure 2). Importantly,
data of the present study show that ranolazine
attenuated amplified NE and BNP-45 induced
by CHF and improved the left ventricular func-
tion (Figures 1 and 2). In addition, a linear rela-
tionship analysis shows that there was a close
relation between the left ventricular function
and NE as well as BNP-45 levels (Figure 3).
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Figure 3. There is a liner relationship between plasma NE levels and left ventricular function indicated by the left
ventricular fractional shortening (LVFS); and between plasma BNP-45 levels and LVFS. The number of rats = 15 in
control; 20 in CHF with saline; and 20 in CHF with ranolazine.

Overall, to the best of our knowledge data of
the current report for the first time demonstrate
that ranolazine improves the cardiac function
likely by attenuating heightened NE and BNP-
45 induced by CHF.

In CHF, neuron-hormones including NE and
BNP are elevated in the peripheral circulation
with an increase of SNA [9, 12-15]. This induc-
es abnormal cardiovascular regulation during
physiological stresses, including low cardiac
outputs for a given level of physical exertion as
well as elevated sympathetic tones to maintain
adequate blood pressure [20]. Specifically,
renal vasoconstriction is enhanced and the rise
in active muscle blood flow is attenuated [21].
The reduced blood supply to the kidney leads
to excessive stimulation of renin secretion and
inappropriate salt and water retention [22].
Interestingly, a recent study has shown [23]
that ranolazine added to conventional therapy
in symptomatic patients with chronic coronary
artery disease extends exercise duration with
effectively reducing angina frequency. The re-
duced skeletal muscle blood flow is an impor-
tant contributor to exercise intolerance in the
patients [24], however, it remains unclear if
ranolazine likely contributes to improve exer-
cise activity by a mechanism by which sympa-
thetic nerve-regulated blood flow directed to
skeletal muscle tissue is partly reinstated. In
the current study, we show that ranolazine sig-
nificantly attenuated heightened NE and BNP
induced by CHF, suggesting that ranolazine is
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beneficial to the impaired peripheral blood flow
observed in CHF.

With respect to the mechanisms responsible of
ranolazine to play a role, it is generally accept-
ed that ranolazine inhibits the late sodium cur-
rents in cardiac myocytes and this leads to
reductions in elevated intracellular calcium lev-
els [1]. This decreases tension in the heart wall
and oxygen requirements for the muscle [2].
Thus, ranolazine has significant anti-arrhythmic
properties [4].

In addition, ranolazine, considered as a limited
fatty acid oxidation inhibitor, activates pyruvate
dehydrogenase thereby diverting the cardiac
energy source from lipids to glucose which
requires less oxygen to maintain cardiac func-
tion during ischemia [25]. It has been shown
that ranolazine significantly reduces infarct size
and cardiac troponin T release in rats subject-
ed to left anterior descending coronary artery
occlusion-reperfusion [26]. In contrast, a study
using rat isolated perfused heart reported th-
at ischemic protection by ranolazine was not
mediated by inhibition of fatty acid oxidation
during ischemia and reperfusion [27].

Moreover, ranolazine has been reported to play
aroleinantagonizing a1-, 31-,and 2-adrenergic
receptors without significant effects on heart
rate and arterial blood pressure in patients
with chronic angina [28, 29]. A recent study has
reported that ranolazine significantly attenuat-

Am J Transl Res 2016;8(2):1295-1301



Ranolazine improving cardiac function of CHF

ed an increase in blood pressure induced by
either phenylephrine or isoproterenol in dogs
after autonomic ganglionic blockade with hexa-
methonium, but not the effects was not ob-
served in normal animals [30]. However, signifi-
cant anti-adrenergic effects of ranolazine have
recently been shown in endothelium of the iso-
lated rat intrarenal arteries whereas it played a
small role in antagonizing calcium channels
[31]. Nonetheless, additional studies need to
clarify the precise mechanisms for chronic ad-
ministration of ranolazine to attenuate NE and
BNP in peripheral circulation that we found in
the current study.

In conclusion, our data demonstrate that CHF
significantly augments the levels of NE and
BNP-45 in plasma as compared with controls.
Also, NE and BNP-45 responses to CHF are
closely related with the LV function. The worse
function of the LV induces greater NE and BNP-
45 in plasma. Chronic administration of ranola-
zine significantly attenuated enhanced concen-
tration of NE and BNP-45 induced by CHF and
improved the LV function in CHF rats. Overall,
the evidence of our study provides strong sup-
port for the proposition that ranolazine plays a
role in improving worsened cardiac function in
CHF. Thus, ranolazine is a potential therapeu-
tic agent to ameliorate consequences of CHF
induced by myocardial infarction.
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