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Abstract

Inflammation and cellular energetics play critical roles in organ dysfunction following
hemorrhagic shock. Recent studies suggest a putative role for sirtuin 1 (SIRT1) in potentiating
mitochondrial function and improving organ function following hemorrhagic shock in animal
models. SIRT1 is an NAD+ dependent protein deacetylase and increased availability of NAD+ has
been shown to augment SIRT1 activity. As niacin is a precursor of NAD+, in this study, we tested
whether niacin can improve survival following hemorrhagic shock. However niacin also mediates
its biological action by binding to its receptor, hydroxylcarboxylic acid receptor 2 (HCA2 or
Gprl09a); so we further asked whether the effect of niacin is mediated by binding to Gpr109a or
by increasing NAD* availability. We found that niacin administered intravenously to rats subjected
to hemorrhagic injury (HI) in the absence of fluid resuscitation resulted in significantly prolonged
duration of survival. However, treatment of rats with similar doses of nicotinamide
mononucleotide (NMN), a precursor to NAD+ that does not bind Gpr109a, did not extend survival
following HI. The duration of survival due to niacin treatment was significantly reduced in
Gpr109a~'~ mice subjected to HI. These experiments demonstrated that Gpr109a receptor-
mediated pathway contributed significantly to niacin mediated salutary effect. Further studies
showed improvement in markers of cellular energetics and attenuation of inflammatory response
with niacin treatment. In conclusion, we report that Gpr109a-dependent signalling is important in
restoring cellular energetics and immunometabolism following hemorrhagic shock.
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1. INTRODUCTION

Trauma is the leading cause of death in the United States and hemorrhagic shock accounts
for 30%-40% of all trauma mortality [1]. Despite advances in critical care, severely injured
patients still face a high degree of post-injury morbidity and mortality [2]. Hemorrhagic
shock is characterized by whole body hypoxia, nutrient deprivation, hemodynamic
instability and systemic inflammation, and may lead to multiple organ dysfunction and death
[3, 4]. Studies from our laboratory and others have demonstrated a significant role for
mitochondria in organ dysfunction following hemorrhagic shock [5-7]. SIRT1, an NAD*
dependent enzyme that catalyses protein deacetylation, is important in the maintenance of
mitochondrial function and recent studies showed a declined activity of SIRT1 in animal
models of hemorrhagic shock [4, 8]. We previously reported that resveratrol and SRT1720,
SIRT1 activators, improved survival following hemorrhagic shock [9]. SIRT1 may also be
activated indirectly by increasing intracellular level of nicotinamide adenine dinucleotide
(NAD). As NAD is a metabolic by-product of niacin, and niacin supplementation is known
to augment NAD levels [10-12], we hypothesized that treatment with niacin will improve
organ function and survival following hemorrhagic shock.

Niacin (nicotinic acid) is a water-soluble vitamin participating in metabolic pathways as a
precursor of NAD and NADP [13-15] and has been in clinical use in the treatment of plasma
lipid disorders and atherosclerosis [16, 17]. Niacin has been shown to reduce systemic
inflammation and oxidative stress [18, 19]. Niacin is also implicated in inflammasome
activation in the gut promoting epithelial integrity[20].

Niacin is also known to exert physiological effects through the G-protein coupled receptor,
hydroxyl-carboxylic acid receptor 2 (HCA2 or Gpr109a), also called niacin receptor [21-
23]. The niacin binding to Gpr109a triggers a Gi-mediated adenylyl cyclase inhibition
resulting in a decrease in intracellular cyclic AMP. Activation of Gpr109a leads to anti-
lipophilic and anti-inflammatory effects through yet unidentified mechanisms. In this study
we performed a systematic investigation of niacin mediated salutary effect and the role of
Gprl09a in hemorrhagic shock.

2. MATERIALS AND METHODS

2.1 Animals

All animal experiments were approved by the Institutional Animal Care and Use Committee
(IACUC) at Augusta University and were performed in adherence to the NIH Guidelines on
the Use of Laboratory Animals. Male Sprague Dawley rats of ages 10-12 weeks were
obtained from Charles River Laboratory (Wilmington, MA, USA) and male C57BL/6 WT
mice of 10-12 week old were obtained from Jackson laboratory. Gpr109a~~ mice (C57BL/6
background) [24] breeding colony were housed in Augusta University animal facility during
the experiments as per the approved protocol.

2.2 Hemorrhagic shock.

The HI procedure was as described before [25]. The animals were anesthetized with 2.5%
isoflurane (Henry Schein, Dublin, OH, USA) and soft tissue injury was induced by midline
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laparotomy in both sham and HI animals. In the rats femoral arteries and one femoral vein
were cannulated, to monitor mean arterial pressure (MAP), bleeding and administration of
fluids or drug. In the mice both femoral arteries were cannulated and fluid was administered
through one of the arteries. Surgical sites were bathed with bupivacaine. Sham animals were
not subjected to bleeding or resuscitation. The animals in HI groups were bled 60% to blood
volume to a MAP of 40 £ 5 mmHg in rats and MAP of 35 + 5 mmHg in mice. Resuscitation
was performed with 2X Ringer’s lactate. \ehicle (Ringers lactate [RL]; 120 pL/rat and 50
uL mice) or drug was administered at 10 min from the end of shock period. The animals
were euthanized three hours later and tissues removed. In survival studies, the experimental
animals were randomly divided into different groups. Niacin, NMN or DMSO administered
intravenously at the end of the shock period. To study molecular parameters a subset of
animals were resuscitated by fluid. Animals that did not receive fluid resuscitation were
observed for 6 hrs.

2.3 Determination of haematocrit and circulating lactate levels

Haematocrit was measured using a portable blood gas analysis instrument (Opti-Med,
Atlanta, GA, USA). The plasma was separated and lactate levels were measured using a
Lactate Assay Kit (Sigma st. Louis, MO 63103 USA) and expressed in relation to total
plasma protein.

2.4 SIRT1 Activity Assay

The enzymatic activity of SIRT1 in the heart tissue was assayed by a fluorimetric assay by
using the SensoLyte Green SIRT1 assay kit (AnaSpec, Fremont, CA, USA). The assay was
performed according to the manufacturer’s directions. The acetylated p53 peptide substrate
provided with the kit was incubated with Sirtuin containing tissue protein samples.
Deacetylation of substrate sensitizes it to the color developer releasing the green
fluorophore.

2.5 ATP Measurement

Total ATP in heart tissue was assayed by a bioluminescence assay (ATP determination Kit;
Invitrogen). Briefly, reaction solution containing luciferase and luciferin was plated and
background luminescence measured. ATP standard solution or sample containing ATP was
added to respective wells and luminescence was measured. ATP concentration was
normalized to total protein concentration.

2.6 NAD assay

The ratio of NAD to NADH in heart tissue samples was determined using a colorimetric
assay kit (Sigma MAKQO037). To differentiate between NADH and total NAD, a control for
each sample was heated to 60° C for 30 minutes to decompose NAD. After a 2 hour
incubation with NAD cycling enzyme at room temperature, absorbance was read at 450nm
and compared against a NADH standard. The NAD/NADH ratio was then calculated for
each sample, and normalized to the sham values for each experiment.
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2.7 Western Blot Analysis

The heart tissues were homogenized in Pierce RIPA lysis buffer (Thermo Scientific,
Chicago, IL) and tissue lysates were centrifuged, the supernatant saved for protein
estimation and analysis. Protein aliquots were mixed with Laemmli buffer (Bio-Rad,
Hercules, CA, USA) and resolved on a 10% SDS polyacrylamide gel, transferred to PVDF
membrane, blocked for 1 h at room temperature (RT). The membranes were probed with
primary antibodies. The primary antibodies to c-Myc (cat No. #sc40 Mouse mAb; (Santa
cruz), P-NFKb (cat No. #, (Ser536) (93H1) Rabbit mAb 3033; (Cell Signaling Technology)
NFKb (cat No. # NF-xB p65 (D14E12) Rabbit mAb 8242; (Cell Signaling Technology),
HMGB1 (cat No. # (D3E5) Rabbit mAb #6893; (Cell Signaling Technology)) and GAPDH
(cat No. # (14C10) Rabbit mAb #2118 ) were used. After overnight incubation the
membranes were treated with horseradish peroxidase conjugated secondary antibody for 1 h
at RT and developed using enhanced western lightning plus-ECL (cat No. #NEL105001EA,;
(PerkinElmer). Protein bands were quantified using the ImageJ software (Wayne Rasband,
NIH, Rockville, MD, USA).

2.8 Real-time Polymerase Chain Reaction

Total RNA was isolated from heart tissue using total RNA isolation TRIzol™ Reagent (Cat
no. #15596026; (Invitrogen™) according to the manufacturer’s protocol and cDNA
synthesized (Agilent Technologies, CA). Total RNA (200 ng) was reverse transcribed to
cDNA using reverse transcription kit (Promega)[26]. Quantitative real-time PCR was
performed using Agilent Technologies Stratagene Mx3000P real-time PCR machine. The
primer sequences were: B-actin, TTCTACAATGAG (F), GGGGTGTTGAAGGTCTCAAA
(R); IFNB, CACGCCGCGTCTTGGT (F) TCTAGGCTTTCAATGAGTGTGCC (R); IL-6,
GAGCCCACCAGGAACGAAA (F), AACTGGCTGGAAGTCTCTTGC (R); IL-10,
GTTGCCAAGCCTTGTCAGAAA (F), TTTCTGGGCCATGGTTCTCT (R); IL1B,
CCCTGCAGCTGGAGAGTGTGG (F), TGTGCTCTGCTTGAGAGGTGCT (R); and,
IL18, CAGACCACTTTGGCAGACTTCACT (F), GGATTCGTTGGCTGTTCGGTCG
(R).The thermal cycling conditions were 95°C for 5 min followed by 40 cycles of 95°C for
15 seconds and 60°C for 50 seconds. Results are expressed as a ratio of expression to beta
actin and normalized to the values obtained for samples in sham group.

2.9 Measurement of intestinal permeability

Intestinal permeability was evaluated in terms of the amount of FITC-dextran that crossed
the intestinal epithelial barrier into the blood after oral ingestion. At the end of fluid
resuscitation the mice were gavaged with 0.4ml of 22mg/ml FITC-dextran in PBS. After 2
hours blood was drawn, and the mice were sacrificed and small intestine collected. The
plasma was separated from the blood, and read spectrophotometrically at 480nm excitation
and 520nm emission wavelengths for FITC fluorescence. To observe FITC absorption in
intestinal tissue, cryosections of intestine were made in the dark and examined under a
confocal microscope.
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2.10 Statistics

Survival analysis was performed by Kaplan-Meier plot and significance between survival
curves was determined using GraphPad software (La Jolla, CA). Multigroup comparisons
were carried out and significance determined by one-way ANOVA followed by Tukey test
using GraphPad software. Two-group comparisons for significance were done by unpaired t
test using GraphPad software.

3. RESULTS

3.1 Niacin improves survival in a rat model of hemorrhagic shock

Our first experiment was to test the effectiveness and dose dependence of niacin in HI. We
tested three different doses of niacin: 1 mg, 5 mg and 10 mg per Kg body weight, in rats.
Among the doses tested, 10 mg/Kg dose demonstrated the best survival response (Figure 1A,
B). The mean survival times were 36 min, 136 min, 203 min and 291 min for doses 0, 1, 5
and 10 mg/Kg/body weight respectively (Figure 1B, C). All the tested doses showed a
significant improvement in survival. These results show that niacin when administered
intravenously following hemorrhagic shock can significantly prolong life.

3.2 Role of NAD* vs HCAZ2 in niacin mediated salutary effect

Though the salutary effect of niacin is known to be due to its metabolite, NAD+, the effect
may also be mediated through its non-cognate receptor Gpr109a (HCAZ2), called niacin
receptor. Humans have two isoforms of niacin receptor: Gpr109a and Gpr109b, whereas
rodents have only one, Gprl09a [27, 28]. To determine whether the beneficial effect of
niacin was due to its interaction with Gpr109a, we treated rats with nicotinamide
mononucleotide (NMN) which does not bind Gpr109a but metabolizes to NAD™ (Figure
1D,E). We observed a significantly decreased duration of survival following NMN treatment
as compared to niacin treatment. In order to obtain a survivability similar to that was
achieved by niacin, five times higher dose of NMN was needed, indicating that Gpr109a
plays an important role in niacin mediated salutary effect.

3.3 Contribution of HCAZ2 in niacin mediated effect using HCA2 deficient mice

To further establish the role of Gpr109a in niacin mediated survival we used a mouse model
of hemorrhagic shock. We used Gpr109a~~ mice that has been previously characterized [24,
29]. As shown in Figure 1F and G, average survival rate for untreated WT and Gpr109a~~
mice were 38 and 34 minutes respectively. The survival rate in WT mice was similar to that
observed in the rat model. However, WT mice treated with niacin survived for 244 minutes
(mean), whereas Gpr109a™~ mice survived only 148 minutes (mean), significantly shorter
duration than the WT mice. This demonstrates that in the absence of Gpr109a, effectiveness
of niacin was significantly reduced, establishing a critical role for Gpr109a in niacin
mediated effect in the outcome following HI.

3.4 Niacin improved physiological function following HlI.

In order to obtain a mechanistic understanding of the effect of niacin on HI at the
physiological and molecular level, a subset of animals underwent fluid resuscitation
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following shock (See Figure 2A,B). In this model the animals were sacrificed at 3 hrs
following the end of resuscitation. As shown in Figure 2B, fluid resuscitation significantly
improved MAP at 1, 2 and 3 hours following hemorrhage and shock. The group of animals
that received niacin demonstrated a consistently increased MAP compared to Veh treated
animals, and the increase was significant at 3 hours after resuscitation. The MAP in the mice
that received NMN showed a pattern of MAP similar to the \eh treated animals. The blood
loss following hemorrhage is illustrated in Figures 3C and D illustrating marked decrease in
hematocrit and total haemoglobin post-HI.

3.5 Niacin improved cellular energetics

The hypoxic condition following hemorrhagic shock and recovery with niacin treatment is
evident in the lactate levels in these animals (Figure 2E). The near-sham level of lactate in
animals treated with niacin indicates a productive glycolysis, as opposed to lactate level in
untreated animals. The impairment of cellular energetics is a hall mark of hemorrhagic
shock. The elevated lactate levels following HI shown in Figure 2E is consistent with the
mitochondrial-glycolytic shift observed in metabolism following HI. This is further
confirmed by a decreased tissue ATP (Figure 2F) in the heart after HI and increase with
niacin treatment suggesting that niacin treatment facilitated a normalized cellular energetics.
Cellular metabolic status is indicated by NAD*/NADH ratio[30] and the results demonstrate
restoration of the levels by niacin (Figure 2G). Furthermore, the activity of SIRT1, a
deacetylase critical in the function of mitochondria, declined in the heart after HI and was
restored with niacin treatment (Figure 2H). The increased c-Myc following HI and its
restoration with niacin treatment further demonstrates niacin-mediated mitochondrial
homeostasis (Figure 21, J).

3.6 Intestinal permeability

The intestinal permeability assay was carried by oral gavage of dextran-FITC conjugate and
assessing the FITC fluorescence in the plasma. The fluoro tag was administered immediately
after resuscitation and plasma tested two hours later. As seen in Figure 3A, there was a
significant increase in barrier permeability in vehicle treated group which is demonstrated by
the increased plasma FITC concentration, whereas permeability was restored in niacin
treated group. This result was further confirmed by examining the cryosections of the small
intestine for FITC fluorescence by confocal microscopy. When green fluorescence was
widely present in the villi of intestinal tissues harvested from vehicle treated animals, tissues
from niacin treated animals did not exhibit absorption of green fluorescence (Fig 3B).

3.7 Effect of niacin on inflammatory response

There was a significant decrease in the level of phosphorylated p65, NFk-b subunit, and the
level was normalized following niacin treatment. The expression changes in HMGB1, IL86,
IF1-B, IL18, IFN-B and IL-10 also demonstrated the strong inflammatory response
following HI and attenuation of the expression of 11-6, IFN-b and IL-18 with niacin
treatment (Figure 4A-1).
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4. DISCUSSION

Hemorrhagic shock following significant blood loss leads to decreased oxygen delivery,
tissue hypoxia, hemodynamic instability, multiple organ dysfunction and death [31, 32].
Cellular energetics play a major role in outcome following hemorrhagic shock. Several
studies demonstrated that mitochondrial functional decline contributes to imbalance in
cellular homeostasis following hemorrhagic shock and the protein deacetylase SIRT1 has
been shown to play an important role in maintaining mitochondrial function [9, 25]. The
SIRT1 mediated deacetylation regulates a number of transcription factors including Pgc-1a,
NF-xb, FOXO1 and p53 [33]. SIRT1 is an NAD* dependent enzyme that catalyzes
deacetylation of target proteins and augmentation of the cofactor NAD* has been shown to
increase the activity of SIRT1[34]. NAD" is one of the metabolic products of niacin, and
exogenous administration of niacin has been shown to increase intracellular NAD*.

Our data show that administration of niacin, a precursor of NAD™, improves survival
following HI. However, the salutary effect of niacin may also be mediated through its non-
cognate receptor Gpr109a, also called niacin receptor. Humans have two isoforms of niacin
receptor: GPR109a and GPR109b, whereas rodents have only one, Gprl09a [27, 28]. In
order to determine whether the beneficial effect of niacin was due to its binding to Gpr109a,
we treated rats with nicotinamide mononucleotide (NMN) which does not bind Gpr109a but
metabolizes to NAD*. In the rats, even at 5-fold higher dose, NMN was unable to increase
survival rate to the level observed in niacin treated mice. This result showed a potential role
of Gprl09a in niacin-mediated survival following HI. In order to further establish the role of
Gprl09a, we tested the effect of niacin in mice deficient in Gpr109a and observed a
significant decrease in mean survival duration. These experiments clearly demonstrate that
Gpr109a contributes to niacin mediated salutary effect in hemorrhagic shock.

In order to obtain a mechanistic understanding of the effect of niacin on hemorrhagic shock,
a subset of animals underwent fluid resuscitation following shock and were euthanized three
hours later. In these animals, niacin improved NAD*/NADH ratio, SIRT1 activity, and total
tissue ATP level. Though the exquisite specificity of the assay to SIRT1 is not known,
increased sirtuin activity nevertheless demonstrates metabolic significance. Furthermore,
cellular metabolic status is indicated by NAD*/NADH ratio[30] and our results demonstrate
metabolic potentiation following niacin administration. Consistent with this, in previously
published studies we showed that directly activating mitochondria by targeting pyruvate
dehydrogenase kinase (Pdk) with dichloroacetate (DCA), outcome following hemorrhagic
shock can be improved[25]. Additional studies show improved systemic lactate levels,
reduced proinflammatory cytokines in the heart and restoration of intestinal barrier
permeability following niacin treatment.

The compromised intestinal barrier permeability due to decreased organ perfusion following
hemorrhagic shock has been described before [35, 36]. The barrier disruption leads to
dysregulation of barrier function as well as translocation of luminal peptides and bacteria
[35, 36]. It has also been suggested that splanchnic gut injury may lead to the generation of
biologically active factors in intestinal lymph [36]. These effects contribute to shock and
organ dysfunction.
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Niacin has been known to exert anti-inflammatory, anti-lipolytic and antioxidative properties
[18, 19, 37]. It has been shown to have clinical benefits and improve blood pressure and
endothelial dysfunction in several animal models [37-40]. There was a recent report
indicating that niacin may reduce lung injury in a rat model of hemorrhagic shock at a very
high oral dose of 1180 mg/Kg [37]. However, its effectiveness through intravenous use or
the contribution of Gprl09a in niacin-mediated effects is unknown. Nevertheless, it has been
demonstrated that signal transduction through Gpr109a is anti-inflammatory. The anti-
inflammatory effect of Gpr109a mediated signalling was recently reported in a colitis model
wherein suppression of inflammatory response of antigen presenting cells induced Treg
differentiation [29, 41]. The authors further showed that Gpr109a is essential for the
expression of IL-18 in colonic epithelium and Gpr109a deficiency increased susceptibility to
colitis in mice [29]. It is also shown that colonic levels of TNF-a, VEGF, angiostatin and
endostatin can be reversed by niacin[42].

Our experiments show that the salutary effect due to niacin is not only due to its metabolism
to NAD™, but principally as a ligand of Gpr109a. Though the mechanism of action of niacin
through its metabolite NAD™ involves regulation of cellular energetics through activation of
SIRT1 and mitochondrial function, and Gpr109a-mediated effect is primarily Gi mediated, it
is unclear whether there is a convergence of these two pathways [43]. Our results
demonstrate that augmentation of NAD+ together with activation of HCA2 enhance the
salutary effect. These results may also have implications in methods that enhance NAD+ by
supplementing NMN or nicotinamide riboside to potentiate mitochondrial function.

Hemorrhagic shock is a complex multi-hit process affecting a number of regulatory factors
in cellular metabolism and energy homeostasis. This is the first demonstration that Gpr109a
regulation plays a role in modulating outcome following hemorrhagic shock. Though precise
downstream mediators of Gpr109a are unclear, the results demonstrate that niacin can used
an adjunct to resuscitation fluid.
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Highlights
. Niacin improved organ function and survival following hemorrhagic shock.
. Niacin was more effective than nicotinamide mononucleotide (NMN) in
improving survival.
. Salutary effect of niacin in hemorrhagic shock is HCA2 dependent.
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A. Schematic of the Experimental Design Without Resuscitation Hemorrhagic Injury Model
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Figure 1: Effect of niacin on survival following HI.
(A) Schematic diagram of the experimental design of HI model without fluid resuscitation.

(B-E) Niacin prolongs life in rats after HI in the absence of fluid resuscitation. Kaplan-Meier
curves (B,D) show survival rate. Groups in panel (B): HI + \eh (n=6), HI + Niacin 1mg/Kg
(n=6), HI + Niacin 5 mg/Kg (n=6), HI + Niacin 10mg/Kg (n=6); panel (C): HI + \eh (n=6),
NMN 50mg/Kg (n=5) and NMN 10mg/Kg (n=5). (F,G) GPR109a~/~ is necessary for niacin-
mediated improved survival after HI in the absence of fluid resuscitation. Kaplan-Meier (F)
survival curves show survival rate. HI + Veh (WT and GPR109a"mice), HI + Niacin 10
mg/Kg (WT and GPR109a/"mice); n=7. Bars=Mean+SE *indicates p<0.05 compared to HI
+ Veh. *indicates p<0.05 for HI + Niacin WT compared to HI + Niacin GPR109a™"".
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A. Schematic of the Experimental Design with Resuscitation Hemorrhagic Injury Model

MBO End of Resuscitation g ihanasia
End of Shock
(4015 mmHg)v 2 X Ringers l
lactate for
| 1 hr | |
| 7 l |
0 mins 10 mins 45 mins 90 mins Niacin and 150 min 330 mins
NMN
MBO - (maximum bleed out)
C
1851
B @3 Pre

HI + Veh
€2 HI + Niacin 10 mg/kg
623 HI + NMN 50 mg/kg

150+

tHB (g/dl)
Lactate (mmol/g protein)

HI+Veh HI+Niacin

F

Pre
404 B8 Post

Before =~ MBO At start of 1 hr Post 2 hr Post 3 hr Post
hemorrhage res. res. res. res.

ATP (pmoles/lg protein)
=
n

0,04 XX
HI+Veh  HI+Niacin Sham HI+Veh HI+Niacin
; H
o =
5 ° 1.5+ | > J
o
g ] R
o ® E *
N% 28 g Z1 15
‘6;53. S @ 1.0 C-myc £z
£ 83 67Kda 5%
gf -3 2910
] €3 gg ']
I 1] 2
8 @ £ 091 88
g N 2 GAPDH ©° 05
37Kda 3
= Sh 00— 0.0- 3% ot
am HI+Veh Hi+Niaci o 2
° e Sham  Hievelr  HizNiacin Sham  Hi*Veh  Hi+Niacin Sham  Hi+Veh  Hi+Niacin

Figure 2: Cellular energetics following HI and niacin treatment
(A) Schematic diagram of the experimental design of HI model with fluid resuscitation. (B)

Mean arterial pressure (MAP) following HI. MAP before hemorrhage, at maximum bleed
out (MBO), at the start of resuscitation and at 1, 2 and 3 hours post-resuscitation. Groups: HI
+ Veh (n=7), HI + Niacin 10 mg/Kg (n=7) and HI + NMN 50 mg/Kg (n=5). Bars=Mean
+SE. *p<0.05. (C,D) Total haemoglobin (tHB) and hematocrit (HCt) values before (pre) and
after (post) hemorrhage in treated and untreated groups demonstrating bleedout. Bars=Mean
+SEM, * indicates p<0.05 compared to respective pre-hemorrhage values. (E-H) Plasma
lactate; ATP, NAD, Sirt-1 activity and (1,J) c-Myc expression in the heart for sham (n=6), HI
+Veh (n=6) and HI + Niacin (n=6). * indicates p<0.05 compared to Sham and #indicates
p<0.05 compared to HI+Veh.
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Figure 3. Intestinal permeability following HI and niacin treatment.
(A) Intestinal barrier permeability measured by determining plasma concentration of FITC

fluorescence levels in sham, HI+Veh and HI+ Niacin groups, after oral gavage with FITC-
dextran; (n=3-4); *indicates p<0.05 compared to HI + Veh and *indicates p<0.05 compared
to HI + Niacin. (B) FITC fluorescence in cryosections of small intestine by confocal
microscopy. DAPI, FITC and merged figures.
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Figure 4. Inflammatory response following HI and niacin treatment in heart tissue samples.
(A-D) p-NF-kb/NF-kb ratio and HMGBL1 protein expression following HI and niacin

treatment. (n=7); *indicates p<0.05 compared to Sham. # indicates p<0.05 compared to HI +
Veh. (E-1) IL6, IFN-B, IL18, IL1-p and IL10 mRNA expression following HI and niacin
treatment assessed by real time PCR. n=6 in each group; *indicates p<0.05 compared to
Sham; # indicates p<0.05 compared to HI +Veh.
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