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Abstract

Aims—Cardiac dysfunction is a complication of sepsis and contributes to morbidity and
mortality. Since raising plasma apolipoprotein (apo) A-I and high density lipoprotein (HDL)
concentration reduces sepsis complications, we tested the hypothesis that the apoA-I mimetic
peptide 4F confers similar protective effects in rats treated with lipopolysaccharide (LPS).

Methods and results—Male Sprague-Dawley (SD) rats were randomized to receive saline
vehicle (n=13), LPS (10 mg/kg: n=16) or LPS plus 4F (10 mg/kg each: n=13) by intraperitoneal
injection. Plasma cytokine and chemokine levels were significantly elevated 24 hrs after LPS
administration. Echocardiographic studies revealed changes in cardiac dimensions that resulted in
a reduction in left ventricular end-diastolic volume (LVEDV), stroke volume (SV) and cardiac
output (CO) 24 hrs after LPS administration. 4F treatment reduced plasma levels of inflammatory
mediators and increased LV filling, resulting in improved cardiac performance. Chromatographic
separation of lipoproteins from plasma of vehicle, LPS and LPS+4F rats revealed similar profiles.
Further analyses showed that LPS treatment reduced the agarose electrophoretic mobility of
isolated HDL fractions. HDL-associated proteins were characterized by SDSPAGE and mass
spectrometry. ApoA-1 and apoA-1V were reduced while apoE content was increased in LPStreated
rats. 4F treatment /n vivo attenuated changes in HDL-associated apolipoproteins and increased the
electrophoretic mobility of the particle.

Conclusions—The ability of 4F to reduce inflammation and improve cardiac performance in
LPS-treated rats may be due to its capacity to neutralize endotoxin and prevent adverse changes in
HDL composition and function.
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Introduction

Methods

Materials

Sepsis is a major cause of death in hospitalized patients. Approximately 50% of patients in
intensive care units develop sepsis and the overall mortality rate of all affected patients is
29% [1]. Mortality is due, in large part, to the cytotoxic actions of LPS, a component of the
outer membrane of Gram-negative bacteria. LPS is released from bacterial membranes and
activates Toll-like receptors (TLR) on monocytes, neutrophils and other target cells [2-5].
TLRs transduce LPS action by activating NF-xB-dependent signaling [4-6]. By this
mechanism, LPS stimulates the synthesis/release of inflammatory cytokines and chemokines
that play an important role in the innate immune response [7,8]. Dysregulation of this
response can lead to endothelial dysfunction, intravascular coagulation, multiple organ
failure, including cardiovascular (CV) collapse, and death. CV failure, characterized by
severe hypotension and cardiac dysfunction, is a principal cause of death in septic patients
[1-2].

HDL and its major protein component apoA-I exert prominent anti-inflammatory and anti-
oxidant effects [9-10]. Reduced plasma concentrations of HDL/apo A-lI accompany the
acute phase response to bacterial infection and overt sepsis, and increasing plasma HDL
reduces complications associated with endotoxemia [11]. In this regard, a 2-fold increase in
HDL was shown to enhance binding of intraperitoneally-administered LPS to HDL, reduce
plasma cytokine levels and improve survival in apoA-I overexpressing mice [12]. Raising
plasma HDL thus represents an important therapeutic goal in the treatment of sepsis and its
complications. Therapeutic approaches to raise plasma HDL, however, have yielded variable
results [13].

Apolipoprotein mimetic peptides, previously developed in our laboratories, represent an
emerging area of HDL therapy [14-16]. The apoA-I mimetic peptide 4F, whose structure is
based on the helical repeating domains of apoA-I, dramatically inhibits lesion formation and
vessel wall thickness in dyslipidemic mouse models [14-17]. 4F improves HDL quality/
function by increasing its antioxidant activity and by stimulating the formation of small pre
B-HDL particles [16]. Additional CV protective effects of 4F include stimulation of the
expression of the antioxidant enzymes heme oxygenase 1 (HO-1) and extracellular
superoxide dismutase (EC-SOD) [18].

We previously reported that /n vitro treatment of human umbilical vein endothelial cells
with 4F reduces LPS-induced expression of cytokines, chemokines and adhesion molecules
[19]. These responses were associated with the binding of 4F to LPS and neutralization of
endotoxin activity. The current study extends our previous observations by examining /n
vivo effects of 4F in SD rats treated with LPS. We present data showing that LPS impairs
LV filling and cardiac output (CO) in septic rats. LPS also induced changes in HDL-
associated proteins that are characteristic of a dysfunctional lipoprotein particle. It is
proposed that 4F, by neutralizing endotoxin, reduces circulating concentrations of pro-
inflammatory mediators, prevents modifications to HDL-associated apolipoproteins and
improves cardiac performance in LPS-treated rodents.

LPS (Escherichia coli, serotype 026:B6) was obtained from Sigma (St. Louis, MO).
Antibodies to apoA-1 were obtained from Brookwood Biomedical Inc (Birmingham, AL).
Superose 6 columns were from Amersham Biosciences (NJ, USA). Total plasma cholesterol
was measured using a commercially available kit (Wako, Inc).
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ApoA-I mimetic peptide synthesis

Animals

4F, whose amino acid sequence is Ac-DWFKAFYDKVAEKFKEAFNH2, was synthesized
using L-amino acids by the solid phase peptide synthesis method as previously described
[15]. Peptide purity was ascertained by mass spectral analysis and analytical HPLC. Peptide
concentration was determined using molar extinction coefficients of tryptophan and tyrosine
[20].

Ten-week old, male SD rats were purchased from Charles Rivers Breeding Laboratories
(Wilmington, MA) and allowed a 1 week recovery period prior to initiating experimental
protocols. All rats received a standard laboratory chow (Teklad Diets, Inc.) and water ad
libitum. Rats were maintained at constant humidity (60 + 5%), temperature (24 £ 1°C), and
light cycle (6 AM to 6 PM). All protocols were approved by the Institutional Animal Care
and Use Committee at the University of Alabama at Birmingham and were consistent with
the Guide for the Care and Use of Laboratory Animals (National Institutes of Health
publication 96-01, revised 2002).

Transthoracic echocardiography

Echocardiographic studies were performed to determine effects of 4F administration on left
ventricular (LV) function in LPS-treated rats. Eleven week old rats were anesthetized with
2.0% isoflurane, and baseline echocardiographic images were obtained using a 15 MHz
transducer attached to an Agilent Sonos 5500 echocardiography instrument (Philips, Inc).
Both two-dimensional and M-mode echocardiograms were used to measure the following
cardiac dimensions, as previously described: interventricular septum width (1VS), posterior
wall width (PW), LV end-diastolic dimension (LVEDd) and LV end-systolic dimension
(LVESd) [21]. At least three cardiac cycles were averaged for each measurement. End-
diastolic volume (EDV), end-systolic volume (ESV), stroke volume (SV) and cardiac output
(CO) were derived from LV dimensional measurements using the Teicholz method.
Fractional shortening (FS) was derived from M-mode images.

After obtaining baseline measurements, rats were randomized to receive saline vehicle, LPS
(10 mg/kg) or LPS (10 mg/kg) plus 4F (10 mg/kg) by IP injection. This dosage of 4F was
previously shown to inhibit aortic VCAM-1 expression in LPS-treated rats and is consistent
with a clinical study showing that 4F administration at 6 mg/kg significantly improves anti-
inflammatory properties of HDL in humans [19,22]. After twenty-four hours, echo
measurements were repeated. Next, a high-fidelity pressure-transducing catheter (Millar
SPR-671 connected to Biopak MP100 data acquisition unit) was inserted into the carotid
artery and advanced to the level of the ascending aorta. Aortic mean arterial pressure (MAP)
was measured, followed by advancement of the catheter across the aortic valve into the LV.
Pressure tracings were analyzed using data acquisition software (AcgKnowledge: Biopac
Systems Inc.) to determine HR, LV end-diastolic pressure (LVEDP), and LV end-systolic
pressure (LVESP). At least ten cycles were averaged per parameter. Each animal served as
its own control, and data are expressed as both absolute values and percent changes over the
24 hr study period.

Multiplex cytokine array

Blood samples were collected by cardiac puncture from rats 24 hrs after receiving vehicle,
LPS or LPS+4F. SearchLight protein array technology (ThermoFisher, Inc) was used to
measure circulating concentrations of tumor necrosis factor-a. (TNF-a), interleukin-6 (I1L-6)
and cytokine-induced neutrophil chemoattractant-2a. (CINC-2a.).
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Column lipoprotein analyses

Plasma was collected from vehicle, LPS and LPS+4F-treated rats. Plasma lipoprotein
profiles were determined using column chromatography as previously described [23].
Cholesterol profiles were decomposed into component peaks and analyzed for relative area
using PeakFit (SPSS Science, Chicago, IL). The concentration of individual lipoproteins
was then determined as a percentage of total cholesterol.

Electrophoretic mobility of plasma HDL

Plasma lipoproteins were separated on the basis of charge by agarose electrophoresis. Ten pl
of plasma was loaded onto a 0.75% agarose gel, and proteins were transferred to a
nitrocellulose membrane. The relative electrophoretic mobility of HDL was determined by
probing with an anti-apoA-I antibody.

Isolation of HDL by sequential flotation ultracentrifugation

In additional experiments, HDL was isolated from rat plasma by a two-step sequential
flotation ultracentrifugation procedure. Plasma density was initially adjusted to 1.06 g/mL
with potassium bromide (KBr), and centrifuged (541,100 g) for 24 hours at 7°C. The upper
layer, containing very low-density lipoprotein (VLDL) and low-density lipoprotein (LDL),
was removed. The density of the remaining, HDL-containing fraction was then adjusted to
1.25 g/mL, mixed and centrifuged at 541,100 g for another 24 hours. At the end of this step,
HDL, localized in the upper (more buoyant) zone, was collected and dialyzed against 3
changes of 1XPBS + 100 M diethylenetriamine pentaacetic acid (DTPA). On the following
day, HDL was collected and protein concentration was determined using the Bradford
protein assay (Bio-Rad). Proteins in isolated HDL fractions (5 pg) were then separated by
gradient (4-20%) SDS-PAGE. Bands were visualized by Coomassie Blue staining. The
relative concentration of each protein in a given sample was then determined and expressed
as a percentage of the total protein in each lane. In order to identify specific HDL-associated
proteins, bands were excised and submitted to the UAB Mass Spectrometry Center for
identification using a MALDI-TOF mass spectrometer.

Statistical methods

Results

All results are reported as means + SEM. Statistical analysis was performed using SigmaStat
3.5 software (Systat Software, Inc). Differences between groups were assessed by analysis
of variance (ANOVA) with post hoc testing (Student-Neuman-Keuls test). A Pvalue <0.05
was considered statistically significant.

Results of these studies show that LPS administration increases the release of the
proinflammatory mediators TNF-a,, IL-6 and CINC- 2a in rats (Figure 1). Concurrent
treatment of rats with LPS+4F significantly blunted the increase in plasma cytokines and
chemokines (Figure 1). Since these inflammatory mediators are associated with the
development of sepsis complications, we assessed cardiac function in vehicle, LPS and LPS
+4F treated rats non-invasively by transthoracic echocardiography. Echocardiograms were
recorded at baseline and 24 hrs after treatment. There were no significant changes in the
absolute values for cardiac dimensions in vehicle controls at baseline or after 24 hrs.
Accordingly, percent changes in these parameters were minimal (Table 1). In contrast to
controls, dimensional changes in LPS-treated rats were observed during diastole. IVSd and
PWd widths were significantly increased (20% and 30%, respectively) compared to vehicle
controls at 24 hrs (Table 1). Changes in cardiac wall thickness in LPS-treated rats
corresponded with a 13% reduction in LVEDd (Table 1), reflecting a decrease in ventricular

J Clin Exp Cardiolog. Author manuscript; available in PMC 2012 December 05.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Datta et al.

Page 5

chamber diameter at rest. These dimensional changes in LPS-treated rats were associated
with a 32% decrease in EDV (Table 1; Figure 2). Vehicle treatment did not influence EDV
in control rats. In contrast to diastole, changes in cardiac dimensions (IVSs, PWs, LVESd)
and volume (ESV) during systole were similar in vehicle and LPS-treated rats over the 24 hr
study period (Table 1). After measuring cardiac dimensions at the 24 hr time point, a
highfidelity catheter was inserted in rats for measurement of systemic arterial and LV
pressures. While aortic MAP was similar in both vehicle- and LPS-treated rats, advancement
of the catheter into the LV revealed a significant reduction in LVEDP in LPS-treated rats
compared to controls (Table 2). In contrast to LVEDP, LVESP was similar in both groups.

Parameters of cardiac performance were calculated from dimensional measurements.
Vehicle treatment in control rats did not induce significant changes in SV or CO (Figure 2)
over the 24 study period. In contrast, SV and CO were reduced 32 £+ 4% and 28 £ 3%,
respectively, in LPS-treated rats over this time period (Figure 2). HR was significantly
elevated in LPS-treated rats compared to sham operated controls (Table 2). FS and EF%,
indices of LV contractile function, were similar in both groups at baseline and were not
altered by vehicle or LPS treatment (Table 1).

4F administration blunted changes in LV diastolic, but not systolic, dimensions in LPS-
treated rats (Table 1). LV wall thickness (i.e., IVSd and PWd) was reduced and LVEDd was
increased in LPS+4F rats (Table 1). These changes resulted in a significant increase in EDV,
SV and CO (Table 1, Figure 2). Despite improvement in these cardiac functional
parameters, SV and CO were significantly different from vehicle treated controls. 4F
treatment did not alter FS or EF%, reinforcing our observation that systolic function is not
degraded in LPS-treated rats over the 24 hr study period (Table 1). MAP and HR were also
similar in LPS rats in the presence and absence of 4F treatment. 4F, however, significantly
attenuated the reduction in LVEDP observed in LPS-treated rats (Table 2). The ability of 4F
to blunt changes in diastolic dimensions (IVSd, PWd, LVEDd) and improve cardiac
performance (SV, CO) imply a role for the peptide in preventing the impaired LV filling
associated with LPS administration. Our data further suggest that LPS induces edema in a
manner that is prevented by 4F treatment. In support of this, 4F administration was
associated with a significant reduction in the heart wet-dry weight ratio in LPS-treated rats
(Table 2).

Effects of LPS and 4F administration on plasma lipoprotein profiles were monitored in rats.
Plasma profiles for VLDL, LDL and HDL in samples from vehicle, LPS and LPS+4F
treated rats were obtained by gel filtration using a Superose 6 column. Figure 3A depicts
representative elution profiles for lipoproteins isolated from plasma of each group. As
indicated by the figure, HDL (peak H) represents the major lipoprotein component of
normal rat plasma, with smaller quantities of VLDL (peak V) and LDL (peak L) present.
Total cholesterol was similar in all groups at the 24 hr time point (Figure 3B). There was a
tendency for a reduction in HDL and an increase in LDL cholesterol in LPS and LPS+4F
treated rats but these values were not significantly different from vehicle controls.
Electrophoresis experiments showed that LPS treatment altered the physical characteristics
of HDL and its major protein component apoA-I. Plasma samples from vehicle, LPS and
LPS+4F treated rats were separated by charge on an agarose gel. Proteins were then
transferred to a nitrocellulose membrane and probed with an anti-apoA-1 antibody to verify
the presence of HDL (Figure 3C). ApoA-I immunoreactive bands were associated with
mature a-HDL particles. LPS treatment shifted the position of apoA-1 on agarose gels,
indicating that the charge and the electrophoretic mobility of a-HDL particles was reduced
in these samples compared to HDL from control rats (Figure 3C). The mobility of a-HDL
particles was restored in plasma samples from LPS+4F rats (Figure 3C).
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To determine whether changes in HDL electrophoretic mobility were related to alterations in
the protein composition of HDL, we isolated HDL from plasma of vehicle, LPS and LPS
+4F treated rats by ultracentrifugation. Proteins in each isolated HDL fraction were then
separated by gradient (4—20%) SDS-PAGE. Staining with Coomassie blue revealed four
principal protein bands on these gels (Figure 4). The bands were excised and their identity
determined by mass spectrometry. Results of MALDITOF mass spectrometry experiments
confirmed the presence of apoA-I, apoE, apoA-1V and apoM in HDL fractions isolated from
each treatment group (Figure 4). The characterization of the bands was consistent with the
known molecular weights of these apolipoproteins. The distribution of each apolipoprotein
in a given sample was determined by calculating band density as a percentage of total band
density for each lane. Results showed that LPS treatment was associated with a significant
reduction in HDL-associated apoA-1 and apoA-1V (21% and 50% reduction, respectively)
and an increase in apoE (30% increase) compared to vehicle treated rats. In contrast, 4F
treatment in LPS rats resulted in apoA-I, apoA-1V and apoE levels that were similar to
vehicle controls (Figure 4).

Discussion

Results of the current study show that 4F treatment reduces circulating levels of
proinflammatory mediators, attenuates changes in HDL-associated apolipoproteins and
improves cardiac performance in LPS-treated rats. The activation of inflammatory cascades
is an early response to sepsis. At later stages, the risk for development of multiple organ
dysfunction syndrome (MODS) is increased [2,6,24,25]. Cardiac failure and cardiovascular
collapse are major causes of death in patients with severe sepsis [1-2]. Clinical and
experimental studies suggest that decreased contractile efficiency and ventricular dilation
are important components of sepsis-induced cardiac failure [26-30]. Effects of LPS
administration per se on cardiac function have been studied using /77 vivo and ex vivo animal
models [24,27,28,31]. Echocardiographic assessment of LPS-treated rats revealed a decrease
in EF and ESV 24 hrs post-treatment [24]. In the isolated perfused rat heart, LV developed
pressure was significantly reduced in animals that were pretreated with LPS. Degradation of
cardiac function in this study was associated with increased TNF-a. synthesis and activation
of the P38 MAPK signaling pathway [31]. LPS-induced alterations in contractile protein
expression may also influence cardiac function by reducing a.-actin expression in rat
cardiomyocytes [32].

A major goal of the current study was to determine effects of 4F administration on LV
function in LPS-treated rats. Our results show that LPS adversely affects cardiac
performance in a manner that is partially reversed by 4F treatment. Measurements of cardiac
dimensions revealed changes in LPS treated rats during diastole, but not systole. These were
associated with a significant reduction in EDV and LVEDP, suggesting a reduction in LV
filling. Accordingly, SV and CO were reduced by LPS treatment. In contrast, parameters of
LV systolic function (LVESP, FS and EF) were not altered in LPS treated rats compared to
controls. While MAP was similar in control and LPS rats, HR was significantly elevated in
the latter group. These results suggest that compensatory mechanisms in LPS-treated rats are
still intact at this time point. Further, histological assessment of LV sections of LPS rats did
not show ultrastructural changes in the myocardium compared to control rats (not shown).
Collectively, these data suggest that early stage cardiac dysfunction in LPS-treated rats is
due to impaired LV filling rather than to a defect in myocardial contractility per se. These
findings are in agreement with an echocardiographic study showing no changes in cardiac
contractility during the early stage of endotoxic shock in dogs [33].

A decrease in CO in septic rats has been linked to a reduction in blood volume [34]. Two
mechanisms may explain impaired LV filling in these animals. First, there may be a
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significant pooling of blood in capacitance vessels resulting in a decrease in venous return
and CO. Second, blood volume reduction may occur secondary to fluid loss from edema in
LPS rats. The role of cytokines in increasing vascular permeability and fluid loss from the
vascular compartment is well known [1,2,6]. Our results suggest a role for edema in LPS-
treated rats since the heart wet-dry weight ratios were significantly elevated compared to
vehicle treated rats. Administration of 4F to LPS-treated rats attenuated these changes and
was associated with an improvement in EDV, LVEDP, SV and CO.

Alterations in lipoprotein metabolism and function accompany sepsis, and are associated
with increased risk/severity of sepsis complications and mortality [6,11,12,35]. Activation of
the acute phase response increases the incorporation of serum amyloid A (SAA), secretory
phospholipase A2 (sSPLA2) and ceruloplasmin in the HDL particle and causes apo A-I,
paraoxonase (PON) and platelet activating factor-acetylhydrolase (PAF-AH) to be displaced
[35]. Under these conditions, HDL is converted to an acute phase lipoprotein that displays
pro-oxidant and pro-inflammatory properties [11,35-37]. While plasma lipoprotein profiles
were similar in all treatment groups in the current study, we noted that the electrophoretic
mobility of HDL was reduced by LPS treatment. Since this response may reflect an
alteration in the protein composition of the lipoprotein particle, we assessed the
apolipoprotein content of HDL. LPS treatment was associated with a reduction in HDL-
associated apoA-I and apoA-IV and an increase in apoE. The important role of apoA-I as a
mediator of reverse cholesterol transport has been well established, and the apolipoprotein
also possesses prominent anti-inflammatory and anti-oxidant properties [38]. ApoA-1V
function plays a role in activation of the HDL-associated enzyme lecithincholesterol
acyltransferase (LCAT). Increased expression of apoA-1V in a murine model of
endotoxemia has also been shown to reduce circulating levels of interleukin-4, interferon-y
and TNF-a [39]. It follows that the reduction in HDL-associated apoA-1V noted in the
current study may serve to stimulate the release of pro-inflammatory cytokines. The
observed reduction in apoA-I and apoA-I1V content of HDL may be related to the binding of
acute phase proteins to the particle, since incorporation of SPLA2 and SAA is reported to
increase the catabolism of HDL and its apolipoproteins [40-41]. Other data suggest that
cytokines contribute to changes in HDL composition by inhibiting the hepatic synthesis of
apolipoproteins [42].

A significant increase in the apoE content of HDL was noted in LPS-treated rats. ApoE is an
exchangeable apolipoprotein that acts as a ligand for hepatic receptors that mediate
cholesterol clearance. While some data suggest that an increase in circulating apoE serves a
protective role in the context of inflammation, other reports implicate the apolipoprotein as a
pathogenic mediator of sepsis [43,44]. Infusion of apoE induces natural killer T cell
proliferation, enhances cytokine release and increases mortality in septic rats [45]. Results of
the Leiden 85-plus Study showed that an elevation inplasma apoE levels in humans was
associated with a significant increase in cardiovascular mortality [46]. Sepsis-induced
changes in HDL-associated apolipoproteins likely play a key role in converting HDL from
an anti-inflammatory to a proinflammatory state [47-49].

Conclusions

Raising circulating levels of functional HDL reduces complications associated with sepsis.
Administration of reconstituted HDL to humans treated with low dose LPS reduces TNF-a.,
IL-6 and IL-8 release and decreases expression of monocytic mCD14 [50]. Similarly,
overexpression of apoA-I in mice results in an increase in circulating HDL levels that confer
protection against the administration of exogenous LPS compared to wildtype controls [12].
The binding of endotoxin to plasma HDL is associated with reduced LPS toxicity in vivo
and /n vitro [44,51]. It has been suggested that HDL neutralizes LPS via insertion and
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masking of the lipid A domain of LPS in the phospholipid leaflet on the surface of the HDL
particle [12]. This modification is associated with diminished activation of LPS receptors on
target cell membranes. We previously reported that 4F neutralizes LPS, under /n vitro
conditions, by a mechanism involving direct binding of LPS with 4F or a 4F-phospholipid
complex [19]. Similarly, 4F administration in LPS-treated rats results in the rapid co-
localization of 4F and LPS in a plasma fraction composed of HDL particles and
neutralization of plasma endotoxin activity [52]. The protective mechanism of 4F action in
LPS rats is summarized in Figure 5 and is likely due to the ability of the peptide to interact
with plasma lipoproteins to form HDL-like particles that effectively bind and neutralize LPS
[52]. By scavenging LPS, 4F may prevent the release of pro-inflammatory mediators from
circulating monocytes/macrophages. In the current study, 4F also attenuated endotoxin-
induced changes in HDL composition, thus potentially negating secondary effects of altered
apolipoproteins (reduced apoA-1 and apoA-1V; increased apoE) on cytokine release. 4F may
also reduce inflammatory injury by reducing the activation state of macrophages. In this
regard, we recently reported that 4F favors the differentiation of monocyte-derived
macrophages to an anti-inflammatory M2 phenotype [53]. In the context of LPS-induced
inflammation, 4F likely prevents the activation of pro-inflammatory cascades and improves
cardiac performance via one or more of these mechanisms. It is proposed that this apoA-I
mimetic peptide may be effective in reducing complications associated with sepsis in
humans.
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Figure 1. 4F administration reduces plasma levels of inflammatory mediators

Plasma was collected from rats 24 hrs after treatment with vehicle, LPS or LPS+4F for
measurement of pro-inflammatory molecules. Units are pg/ml. *denotes a significant
difference (P<0.05) compared to vehicle and 4F treated rats. N=5 for each treatment group.
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Figure 2. 4F administration attenuates L PS-induced changesin cardiac volumes

EDV, SV and CO in control (n=13), LPS (n=16) and LPS+4F (n=13) rats were calculated
using dimensional measurements at baseline and 24 hrs post-treatment. Data are expressed
as percent changes over the 24 study period and are means = SEM. *(P < 0.05) denotes a
significant difference compared to vehicle treated controls. # (P < 0.05) denotes a significant
difference compared to LPS rats.

J Clin Exp Cardiolog. Author manuscript; available in PMC 2012 December 05.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Datta et al. Page 14

o H—> vehicle , LPS LPS+4F
N J -

Asos o L./
o V\ e

0000 ~ A = 0000 —————— © > - as0
5 W 15 2 % W % 4

Volume Volume Volume

B C

[ Vehicle

120 — LPS
vzZZ2 LPS + 4F
__ 100 -
3 w . '
< g .
° ,
5 60 g g
K % Z
S 4 % %
o é 7 b
é ) é é ~
LI Control LPS LPS+4F

Figure 3. Chromatogr aphic and electrophor etic separ ation of plasma lipoproteins

(Panel A) Plasma samples from control, LPS and LPS+4F rats were collected and separated
by column chromatography. A representative chromatographic profile of plasma VLDL (V),
LDL (L) and HDL (H) cholesterol are shown for each group. (Panel B) Peak areas for each
lipoprotein were derived from chromatographic profiles of control (n=5), LPS (n=5) and
LPS+4F (n=5) rats. The plasma concentration for each lipoprotein was then calculated as a
percentage of total plasma cholesterol. Data are means + SEM. (Panel C) Plasma samples
were separated on an agarose gel by charge. Bands were then transferred to nitrocellulose
membranes for apoA-I immunoblotting. The electrophoretic mobility of HDL was reduced
in samples from LPS rats compared to vehicle control and LPS+4F treatment.
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Figure 4. HDL -associated apolipoproteins are altered by L PS treatment

HDL from control, LPS and LPS+4F rats was isolated by ultracentrifugation. A
representative SDS-PAGE gel showing Coomassie blue staining for separated proteins is
depicted in the top panel. The identity of bands was determined by MALDI-TOF mass
spectrometry. The density of each band was measured to determine changes in the relative
concentration of each apolipoprotein in the HDL fraction. Data are means £ SEM. * (P<
0.05) denotes a significant difference compared to vehicle controls. # (P < 0.05) denotes a
significant difference compared to LPS rats. N=5 for each treatment group.
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Figure 5. Proposed mechanism of 4F action in LPS-treated rats

An increase in circulating levels of pro-inflammatory mediators is an early response to LPS
administration. Cytokines induce injury at the cellular level and promote the loss of fluid to
the extravascular compartment. Accordingly, edema reduces circulating blood volume and
thus LV filling and cardiac output. LPS may also facilitate the hepatic release of acute phase
proteins that bind to and modulate the protein composition of the HDL particle. This
interaction is associated with the conversion of HDL from an anti-inflammatory to a pro-
inflammatory particle. 4F inhibits this inflammatory cascade via binding and neutralization
of LPS. In this manner, the peptide prevents LPS from interacting with target cells and
averts the formation of dysfunctional HDL particles.
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Table 2
Pressure measurementsin control, LPS and L PS+4F treated rats

Data were obtained 24 hrs post treatment and are means + SEM.

Vehicle(n=12) | LPS(n=13) | LPS+4F (n=12)
MAP (mmHg) 94 +2 97+6 92+5
Systolic BP (mmHg) 114 +£2 116 +£5 110+5
Diastolic BP (mmHg) 75+2 76+5 73+4
HR (beats/min) 3405 382 +13 ¥ 378+9
LVEDP (mmHg) 61 2417 411 %#
LVESP (mmHg) 70+3 64+3 64+3
Heart wet-dry weight ratio 3.38+0.05 377+014 ¥ | 3.48+0.04%

*
(P<0.05) denotes a significant difference compared to vehicle treated rats.

(P < 0.05) denotes a significant difference compared to LPS-treated rats.
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