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Abstract

Hyperoxia exposure in mice leads to cardiac hypertrophy and voltage-gated potassium (Kv)
channel remodeling. Because redox balance of pyridine nucleotides affects Kv function and
hyperoxia alters cellular redox potential, we hypothesized that hyperoxia exposure leads to cardiac
ion channel disturbances and redox changes resulting in arrhythmias. In the present study, we
investigated the electrical changes and redox abnormalities caused by 72h hyperoxia treatment in
mice. Cardiac repolarization changes were assessed by acquiring electrocardiogram (ECG) and
cardiac action potentials (AP). Biochemical assays were employed to identify the pyridine
nucleotide changes, Kv1.5 expression and myocardial injury. Hyperoxia treatment caused marked
bradycardia, arrhythmia and significantly prolonged (ms) the, RR (186.2 +10.7 vs. 146.4+6.2), PR
(46.8+3.1 vs. 39.3+£1.6), QRS (10.8+0.6 vs. 8.5+0.2), QTc (57.1+3.5 vs. 40+1.4) and JT (13.4+2.1
vs. 7.0£0.5) intervals, when compared with normoxia group. Hyperoxia treatment also induced
significant increase in cardiac action potential duration (APD) (ex- APDgg; 73.8+9.5 vs. 50.9£3.1
ms) and elevated levels of serum markers of myocardial injury; cardiac troponin I (Tnl) and
lactate dehydrogenase (LDH). Hyperoxia exposure altered cardiac levels of mRNA/protein
expression of; Kv1.5, Kvf subunits and SiRT1, and increased ratios of reduced pyridine
nucleotides (NADH/NAD & NADPH/NADP). Inhibition of SiRT1 in HIC2 cells using
Splitomicin resulted in decreased SiRT1 and Kv1.5 expression, suggesting that SIRT1 may
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mediate Kv1.5 downregulation. In conclusion, the cardiotoxic effects of hyperoxia exposure
involve ion channel disturbances and redox changes resulting in arrhythmias.
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Introduction

Earlier studies show that hyperoxia causes dysfunctional lung and compromised pulmonary
functioning, which increases workload on the heart triggering cardiac remodeling (44, 48).
Hyperoxia exposure results in significant hemodynamic changes including decreased stroke
volume and cardiac output (16, 39, 45). We recently showed that 3 days of hyperoxia
treatment in adult mice results in significant cardiac hypertrophy and marked ion channel
disturbances (33), suggesting that prolonged hyperoxia exposure induces profound
pathophysiological remodeling in heart. We therefore undertook the present study to provide
an in-depth understanding of the cardiotoxic effects of high level of oxygen treatment with
respect to arrhythmogenic potential and redox abnormalities.

The ratios of oxidized and reduced pyridine nucleotides is tightly linked to metabolism, and
alteration in the levels of pyridine nucleotides leads to changes in redox status. The
nucleotide ratios change significantly in cardiac pathologies including hypertrophy and
ischemia-reperfusion injury (8, 36). It is also widely recognized that hyperoxia alters redox
balance and increases the oxidative stress in multiple tissues (2, 5, 7, 34). Cellular redox
status is an important determinant of cardiac function. Pyridine nucleotides that are major
intracellular redox modulators regulate the Kv channel activity (3, 22, 24). Given the
significant structural and ion channel disturbances reported in hyperoxia treated mouse
hearts, we hypothesize that hyperoxia exposure leads to cardiac ion channel disturbances
and redox changes resulting in arrhythmias. Therefore, we investigated the
arrhythmogenesis in mice exposed to hyperoxia using electrocardiography (ECG) and ex
vivo approaches. To understand the mechanistic basis of cardiac electrical abnormalities
observed in hyperoxia treated mice, we also investigated the expression of Kv1.5, Kvp’s and
SiRT1 along with pyridine nucleotide [(NAD(P)H/NAD(P)] levels in the heart. Our results
delineate the potential role of SiRT1 and pyridine nucleotides in hyperoxia induced
electrical changes that may lead to arrhythmogenesis.

Materials & Methods

Animals

C57BL/6 mice were obtained from Jackson Laboratories (Bar Harbor, ME, US).
Experimental protocol for use of animals in research was approved by the Institutional
Animal Care and Use Committee at the University of South Florida (Tampa, FL, US), which
was in accordance with US National Institutes of Health guidelines. Mice (10 week old)
were randomly assigned into two groups and exposed to either 100% oxygen (hyperoxia) or
room air (normoxia) for 72h, as described previously by Panguluri et al. (2013) (33). All the
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mice had continuous access to food and water, ad libitum. Body weight of each animal was
recorded before and after 72h hyperoxia or normoxia treatment.

Electrocardiography (ECG)

ECG recordings were obtained on mice anesthetized with isoflurane (1-2%) using surface
probes in lead Il configuration. ECG’s were recorded for total duration of 15 minutes, with 1
minute recordings obtained at 5 minute intervals. Heart rate was measured while ECG
signals were obtained. Signal was acquired at 1000 ps rate by using PowerLab system
operated with LabChart 7.2 software (AD instruments, UK), and data was analyzed offline
using the ECG module of LabChart 7.2 software, as reported elsewhere (4). Intervals (ms) of
RR, PR, QRS and JT were measured. QT interval was measured form the start of Q peak to
the point where the T wave returns to the isoelectric baseline (TP baseline), and heart rate
corrected QT (QTc) interval was obtained using the Bazett’s formula (QTc=QT/RRY/2),

Cardiac Action Potentials

Mice were injected with heparin (360 USP units, Sigma-Aldrich, MO) and euthanized with
Somnasol™ (pentobarbital, 50mg/kg i.p. body weight). The hearts were mounted on to the
langendorff apparatus immediately, and perfused with Krebs-Hanseleit buffer containing (in
mM): 119 NaCl, 25 NaHCOg3, 4 KClI, 1 MgCl,, 1.8 CaCly, 1 MgCls, 10 glucose and 2
Sodium pyruvate, pH 7.4, that was constantly bubbled with carbogen gas and maintained at
37°C. Perfusion was maintained at a constant flow of ~2.2 ml/min. Hearts were stabilized
for 10 min before data acquisition. Action potentials (AP) were acquired under sinus rhythm
as reported previously (26). Signal was acquired at 1000 ps rate using an 8 channel
PowerLab system run by LabChart 7.2 software (AD instruments, UK). Action potentials
were analyzed using LabChart 7.2 software, and AP duration (APD) at 10, 20, 50, 70 and
90% level of repolarization was assessed from the peak amplitude to obtain APD1q, APD3g,
APDsg, APD7, and APDgy, respectively.

Hyperoxia induced lung injury

Lungs from hyperoxia or normoxia exposed mice were harvested from the hilum and lung
edema (wet to dry lung weight ratio) was assessed as described previously (15, 25). Briefly,
isolated lungs were dry blotted, weighed to obtain wet weight and desiccated overnight at
130°C in vacuum oven. Dry lung weights were then recorded and the ratio of the wet to dry
weights was calculated. We also determined the total number of cells in the Bronchoalveolar
lavage fluid (BALF) as reported before (15, 25). Bronchoalveolar lavage was performed by
infusing sterile PBS into the lungs through a catheter inserted into the trachea after skin
incision in the ventral neck region. Cells were pelleted by centrifuging at 400xg for 10 min
at 4°C and resuspended in 1 mL PBS. A hematocytometer was used to count the total
number of cells in the BALF.

Biochemical assays

Serum samples collected from hyperoxia or normoxia mice were analyzed for lactate
dehydrogenase (LDH) and cardiac troponin-I using LDH assay kit (Sigma-Aldrich, MO,
USA) and Troponin | assay kit (Life Diagnostics, PA, USA), respectively. Coronary
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effluents were analyzed for LDH levels (Sigma-Aldrich). Pyridine nucleotide ratios;
NADH/NAD* and NADPH/NADP* were determined in frozen tissues using commercially
available EnzyChrome NAD*/NADH or NADP*/NADPH kits (Bioassays, Hayward, CA).

Protein expression analysis

Protein lysates from the LV of hyperoxia or normoxia exposed mice were prepared using T-
PER reagent (Thermo scientific Inc, Waltham, MA). Utilizing Western blot, protein
abundance of potassium channel genes of cardiac repolarization significance, Kv1.5 and
pyridine nucleotide dependent metabolic regulator, SiRT1 was assessed as reported earlier
(32).

Quantitative real-time PCR

Total RNA was isolated from the left ventricle (LV) of hyperoxia or normoxia exposed mice
using the Exigon miRCURY RNA Isolation kit (Exigon, Woburn, MA) and gRT-PCR
analysis was performed as described previously (33) for potassium Kv subunit isoforms;
Kvpl.1, Kvpl.2, Kvp2.1 and Kvf3.1, Nicotinamide Nucleotide Transhydrogenase (NNT),
Nicotinamide phosphoribosyltransferase (Nampt) and Glucose-6-phosphate-dehydrogenase
(G6PD). Ribosomal 18s RNA was used as an endogenous reference gene.

Cell culture and pharmacological inhibition of SIRT1

Neonatal rat ventricular cardiomyocytes (H9C2) were procured from ATCC (Manassas, VA,
USA) and grown in standard DMEM medium supplemented with 10% FBS, penicillin and
streptomycin antibiotics as reported previously (32). Cells grown to 70- 80% confluence in 6
well plates were exposed in triplicates to SiRT1 inhibitor; splitomicin (100 um), or dimethyl
sulfoxide, DMSO (control) for 24 h. Total RNA was extracted from the treated cells using
RNeasy mini kit (Qiagen Inc, Valencia, CA, USA). Transcript expression of SiRT1 and
Kv1.5 was assessed by qRT-PCR approach as previously reported. Ribosomal 18s RNA was
used as endogenous reference gene.

Statistical Analysis

A student’s t-test was used to identify average mean differences between the two groups,
and statistical significance was assigned when p-value < 0.05.

Results

Electrical impairment and arrhythmias in hyperoxia treated mouse hearts

Electrical changes associated with hyperoxia treatment in mice were examined by ECG. We
observed arrhythmias characterized by missed beats and slower heart rate in hyperoxia
treated mice when compared with normoxia (Figure 1 A-B). The overall shape of the ECG
traces was significantly different in the hyperoxia treated group compared with normoxia.
Significant changes included augmentation of, RR (186.2+10.6 vs. 146.4+6.1 ms), PR
(46.8£3.1 vs. 39.3+1.6), QRS (10.8+0.6 vs. 8.5£0.2 ms), QTc (57.1+£3.5 vs. 40+1.4 ms) and
JT (13.4£2.1 vs. 7+0.5 ms), intervals (Figure 1 C-G). Together, this data suggest that
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exposure of mice to high oxygen induces cardiac arrhythmias and significantly decreases
repolarization reserve.

Hyperoxia treatment alters cardiac APD

For evaluating the electrical activity, we examined the cardiac AP traces acquired from LV
epicardial surface from Langendorff perfused hearts. As shown in Figure 2A, the AP traces
from normoxia group showed discrete waveform characteristic of normal cardiac electrical
activity. In the hyperoxia treated mouse hearts, AP traces showed dome shaped prolongation
indicating an altered repolarization reserve compared with normoxia hearts (Figure 2B).
Although the ex vivo heart rate of hyperoxia exposed mice was lower than normoxia, the
differences did not reach statistical significance (Figure 2C). Further, as shown in Figure
2D-E the APD values were significantly (p<0.05) prolonged at various levels of
repolarization (ms) including APDqq (19.3£2 vs. 12.3£0.7), APD3q (26+3.2 vs. 14.5+0.6),
APDs( (35.544 vs. 17.4+0.8), APD7q (5045.5 vs. 24.7+2.5), and APDgq (73.8+9.5 vs.
50.9£3.1) in the hyperoxia hearts when compared with normoxia. Prolongation of AP data
in hyperoxia treated mice suggests a significant altered repolarization reserve.

Elevation of serum markers in hyperoxia treated hearts

To identify the extent of cardiac injury in hyperoxia exposed mice, we estimated the serum
levels of Cardiac troponin I (Tnl) and LDH. The ELISA data showed that the cTnl levels
were 4-fold higher (p<0.05) in hyperoxia treated mice (1.2+0.35) compared with normoxia
group (0.31+0.1), suggesting severe damage to the cardiac tissue (Figure 3A). As shown in
Figure 3B, LDH release in hyperoxia group (5+0.29) was 1.4 fold higher (p<0.05) compared
with normoxia (3.5+0.24). Collectively, the biochemical data clearly suggests that hyperoxia
treatment augments cardiac injury in mice.

Hyperoxia caused reduced body weight and lung injury

Hyperoxia exposure for 72h significantly reduced the body weight by 11.5%, in mice
(Figure 4A). Previous studies showed that hyperoxia causes lung injury, and therefore we
assessed the hallmarks of hyperoxia induced lung injury by measuring lung edema and
BALF cell count. Hyperoxia treatment resulted in nearly 8 fold increase in the wet to dry
weight ratio of the lung (Figure 4B), suggesting significant lung edema. Further, hyperoxia
treatment induced a 10 fold increase in the total number of cells in BALF (Figure 4C),
indicating severe inflammation in the lungs.

Potassium channel and Kvp-subunit expression

Voltage gated-potassium channels determine the repolarization reserve of cardiomyocytes.
Hyperoxia treatment resulted in a significant reduction of oxygen-sensitive Kv1.5 potassium
channel protein expression (Figure 5A and 5C) in the LV, suggesting that prolonged
hyperoxia treatment reduces potassium currents and repolarization reserve in the heart. As
Kvp-subunits bind to and regulate the surface expression and activity of various Kv channels
including Kv1.5, We measured and identified that hyperoxia treatment alters the mRNA
expression of Kvp-subunit isoforms; Kvp1.1, Kvp1.2, Kvp2.1 and Kvf3.1 (Figure 6A).
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These data show that hyperoxia induced stress alters the expression of the Kv1.5 and Kvf3
genes, which are of repolarization significance in the heart.

Increased reductive stress in hyperoxia treated hearts

Pyridine nucleotides play a major role in relaying the influence of cellular oxygen on to
metabolism and ion channel function including Kv1.5 (22). We therefore measured the
reduced (NADH and NADPH) and oxidized (NAD" and NADP™) pyridine nucleotide ratios
from hyperoxia or normoxia treated mouse hearts. As shown in Figure 7, our data showed a
significant elevation in the ratios of both NADH/NAD™ (2.3 fold) and NADPH/NADP™ (4.9
fold) in hyperoxia treated mouse hearts, suggesting elevated reductive stress (47).
Simultaneously, protein expression of NAD™ dependent SiRT1, showed a marked 1.4-fold
reduction in the LV of hyperoxia treated mice compared to that of normoxia (Figure 5B &
5D), suggesting decreased SiRT1 activity. However, the mRNA expression of pyridine
nucleotide processing genes such as Nampt, but not NNT, significantly increased (Figure
6B) suggesting compensatory upregulation of NAD salvaging pathways to sustain NAD™*
levels (1). Together, these results suggests that hyperoxia enhances reductive stress and
reduces SiRT1 activity in heart, a scenario that supports aggravated cardiac injury and ion
channel dysregulation (1).

SiRT1 inhibition represses Kv1.5 expression

Both the decreased SiRT1 expression and elevated reductive stress in hyperoxia exposed
hearts points toward SIRT1 inhibition, which supports cardiac injury and ion channel
dysregulation (1). This raises the possibility that SiRT1 inhibition regulates the reduced
cardiac expression of Kv1.5 in the hyperoxia exposed hearts. To test this, we treated H9C2
cells with SiRT1 inhibitor, splitomicin. Indeed, 48 h exposure of H9C2 cells to Splitomicin
(100 pm) significantly reduced the mRNA expression of SiRT1 and Kv1.5 to nearly 58%
and 49%, respectively, when compared with vehicle treated control group (Figure 8). These
results suggests that downregulation of Kv1.5 expression in hyperoxia treated mice hearts
may be caused by SiRT1 inhibition.

Discussion

Cardiovascular complications of hyperoxia breathing includes bradycardia and altered
hemodynamic parameters such as decreased stroke volume and cardiac output (20, 33, 39,
45). In the lung, it has been demonstrated that hyperoxia leads to inflammation, oxidative
stress and injury (29). Three day exposure of mice to high oxygen levels leads to increase in
LV size (33) We used this model to identify the cardiotoxic effects of hyperoxia and report
that hyperoxia treatment causes significant electrical abnormalities along with slower heart
rate, cardiac arrhythmias, increased QTc interval and prolonged APD. Biochemical analyses
suggest that altered Kv1.5 and SiRT1 expression along with changes in pyridine nucleotide
ratios; NAD(P)H/NAD(P), may at least in part underlie the cardiac arrhythmias and injury
induced by hyperoxia treatment in mice.

ECG assessment showed significantly slower heart rate (sinus bradycardia) and multiple
episodes of skipped beats (sinus pause) in all the hyperoxia treated mice compared to normal

Toxicol Appl Pharmacol. Author manuscript; available in PMC 2016 January 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chapalamadugu et al.

Page 7

ECG in normoxia group, indicating cardiac arrhythmia. It is plausible that altered
parasympathetic and/or sympathetic tone may mediate these changes as both autonomic
nervous system components regulate rhythm and heart rate (6). Indeed, augmented vagal
tone (parasympathetic activation) and/or sympatholysis have been suggested to mediate
hyperoxia induced hemodynamic changes (27, 39, 40). Importantly, hyperoxia treatment
altered electrical indices of cardiac repolarization significance; QTc and JT intervals, which
are key components of the ECG measurement of repolarization reserve (10). The increased
QTc and JT interval in this study suggests defects in cardiac repolarization reserve in the
hyperoxia treated mice (10, 46). These findings were further corroborated by higher APD
values observed in the heart of hyperoxia treated mice when measured during ex vivo
perfusion. Together, these findings clearly show that the hypertrophic changes induced by
hyperoxia alter the repolarization reserve of the heart. As reported before (33), we identified
a decrease in cardiac output (p < 0.05), ejection fraction and fractional shortening (not
significant), along with significant increase in left ventricular mass index measured by using
echocardiography (Fig. S1). Therefore, these functional data support hyperoxia induced
cardiac arrhythmias and functional impairment.

A major determinant of repolarization reserve and action potential duration in heart is the
Kv channel complement of the myocardium (31). Cardiac expression of Kv4.2 and its
auxiliary subunit KChIP2 that together regulate Iy, f currents (3, 24) were shown to decrease
upon hyperoxia treatment (33). The deficiency of Kv4.2 (3) or KChIP2 (24) in mice
eliminates Iy, ¢ in ventricular cardiac myocytes and results in prolonged QT interval and
elevated ST segments, respectively. It has been suggested that the rapid repolarization
accomplished by Iy, £ currents in ventricles supports the high resting heart rate in mice (31).
In this study, we showed decreased expression of Kv1.5 (a molecular correlate of Iy siow1
currents) in the hyperoxia treated mouse hearts. The slowly inactivating potassium channel,
Kv1.5 is also an important determinant of APD in the ventricular myocytes (14, 38), and
decreased expression of Kv1.5 is expected to reduce the cardiac repolarization reserve.
Previous studies demonstrate that both Kv4.2 and Kv1.5 are sensitive to oxygen levels (35,
37). Additionally, the activity and expression of these Kv channels in the heart is regulated
by Kv subunits (14, 38, 41). Therefore, hyperoxia induces significant alterations of Kv
channel expression that may lead to cardiac arrhythmia in mice.

The heart is highly sensitive to oxygen (30), and hyperoxia treated mice hearts undergo
systemic hypoxia due to accumulation of lung fluid (23). It is likely that this may reduce
cellular oxygenation, tissue metabolism and lead to elevated redox stress as observed
through modified pyridine nucleotide levels. The increase in the amount of reduced pyridine
nucleotides (NADH/NADPH) in the cell causes reductive stress (47). This likely modulates
potassium channel function as the cytosolic components of voltage gated potassium channel
B-subunits (Kvp1-3) interact with pyridine nucleotides. The extent and the nature of these
interactions vary depending on the intracellular concentrations of all four pyridine
nucleotides [(NAD(P)H, NAD(H)], in vivo (22), and affect Kv channel gating and kinetics
(42). Reduced pyridine nucleotides support Kv inactivation via Kvp1 and 3, whereas
oxidized pyridine nucleotides abolish inactivation caused by Kvf subunits (22). Based on
the overall changes noted in the present study, the increased availability of reduced pyridine
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nucleotides and Kvp subunit levels in hyperoxia state would likely cause increase in binding
of NAD(P)H to Kvp subunits and may alter Kv channel gating. In addition reduced
expression of NAD™* dependent transcriptional co-suppressor SiRT1 in hyperoxia treated
mice hearts was also observed in the present study. SiRT1 regulates wide range of cellular
processes including cell survival, apoptosis, cell growth and metabolism, and deacetylation
of histones and non-histone proteins (13). Studies also showed that the mice defective of
SiRT1 exhibit severe developmental defects in the heart and did not survive into post-natal
stage (9, 28). Further, the optimal SiRT1 expression is deemed anti-hypertrophic and cardio-
protective, and studies show that cardiac specific deletion of SiRT1 aggravates I/R injury in
mice hearts (1, 21). Concomitant reduction of Kv1.5 and SiRT1 expression in both
hyperoxia exposed hearts and SiRT1 inhibited HIC2 cells explain at least in part the
hyperoxia induced Kv1.5 downregulation (Figure 7 and Figure S2). Decrease in SiRT1 in
hyperoxia hearts may be due to the elevation of NADH/NAD" ratio, which activates CtBP-
HIC1 mediated repression of SiRT1 (49). Given that prolonged hyperoxia treatment
enhances redox stress in various tissues including the heart (2, 5, 7, 34), and that reduced
pyridine nucleotides promote reactive oxygen species in an injured myocardium (17, 43),
our data point to a potential mechanistic basis for the cardiotoxic effects of hyperoxia
treatment observed in this study.

Previous research showed that hyperoxia treatment results in reduced body weight in rodents
(12, 18, 19). We have confirmed these findings in both our previous (33) and the current
study. Although we did not measure the food intake, decreased cellular energy supply is a
likely contributor of body weight loss, as concomitant enteral nutrition attenuates hyperoxia
induced weight loss in rats (12). Also, several studies showed that hyperoxia exposure
results in significant lung injury, as featured by elevated oxidative stress, inflammation,
alveolar damage and pulmonary edema (12, 15, 23, 29). A recent study showed that
hyperoxia exposure adversely affect cellular pathways of aerobic and anaerobic metabolism
in lung tissue decreasing energy availability (11). In line with these observations, an earlier
study showed that enteral nutritional support of rats under hyperoxia treatment alleviates
lung edema through preserved expression of important proteins (12). Collectively, it is
plausible that the altered energy metabolism and the ensuing perturbations in cellular
repertoire required for maintaining optimal organ structure and function may at least in part
underscore the body weight loss and other deleterious effects of hyperoxia.

In conclusion, we show that hyperoxia treatment of mice leads to: 1) cardiac arrhythmia and
decreased repolarization reserve, 2) elevated myocardial damage, 3) altered ratios of
pyridine nucleotides and 4) decreased SiRT1 and Kv1.5 channel expression along with
altered redox regulatory gene expression. Our study offers novel insights into the
cardiotoxicity and ensued electrophysiological consequences caused by exposure to high
levels of oxygen.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Hyperoxia leads to cardiac conduction abnormalities
Representative ECG (electrocardiogram) recording from normoxia (A) or hyperoxia (B)

treated mice, C) analysis of ECG wave forms for normoxia and hyperoxia groups, D) RR
interval, E) PR interval (F) QRS interval, (D) QTc interval and (E) JT interval. In the ECG
chart recording, each division represents 20 ms on X-axis, and 0.5 mv on Y-axis (A and B).
The scale bar denotes 10 ms for ECG recording in panel C. Bars represent mean time (ms) +
SEM of each group (n=8), *p < 0.05.
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Figure 2. Ventricular APD prolongation in hyperoxia exposed mice

Representative traces of monophasic action potentials from (A) normoxia (solid line) or (B)
hyperoxia (dotted line) exposed hearts. Heart rate (C), overlay of the normalized
representative trace from normoxia (solid line) and hyperoxia (dotted line) groups showing a

change in the action potential waveform and duration (APD) (D), graph plot for action
potential durations at various levels of repolarization; APD 10, 30, 50 and 90 (E). Bars

represent mean = SEM of each group (n=8), *p < 0.05 normoxia vs. hyperoxia. The peak
amplitudes were normalized to 1 and overlaid to depict action potential changes.
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Figure 3. Elevated serum markers of myocardial injury in hyperoxia treated mice
Serum levels of Cardiac troponin I (Tnl) (A) and LDH levels (B) in hyperoxia or normoxia

exposed mice. Bars represent mean = SEM of each group (n=8). Significant difference
between the group averages was represented by an asterisk (*), p<0.05.
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Figure 4. Hyperoxia exposure resulted in decreased body weight and lung injury
Hyperoxia or normoxia exposed mice were assessed for (A) body weight changes, (B) Lung

edema measured as wet to dry weight ratio and (C) total inflammatory cell infiltration in
bronchioalveolar lavage (BAL). Bars represent mean + SEM, n=6. All comparisons were
considered significant when p<0.05, and represented by an asterisk (*).
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Figure 5. Western blots of transcriptional mediators and ion channel proteins in hyperoxia
exposed hearts

Protein lysates of left ventricle of hyperoxia and normoxia exposed mice were assayed for
changes in protein abundance of ion channel protein components, Kv1.5 (A) and
transcription regulatory gene; SiRT1 (B). Densitometry values of each probed protein were
normalized to GAPDH band of corresponding sample and reported as mean + SEM (n=3) of
normalized expression ratio of Kv1.5 (C) and SiRT1 (D). All comparisons were considered
significant when p<0.05 and represented by an asterisk (*).
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Figure 6. Quantitative real-time PCR analysis of genes involved in pyridine nucleotide
metabolism and Kv channel regulation

Total MRNA extracted from the left ventricle of hyperoxia and normoxia exposed mice were
analyzed for expression changes of potassium channel (Kv)  subunits Kvp1.1, Kvp1.2,
Kvp2 and KvB3 (A) and redox modulator genes such as nicotinamide nucleotide
transhydrogenase (NNT), Nicotinamide phosphoribosyltransferase (Nampt) and Glucose-6-
phosphate-dehydrogenase (G6PD) (B). Expression of ribosomal 18s RNA was used as an
endogenous reference gene. Bars represent mean + SEM of mRNA fold changes in
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hyperoxia group as compared to hormoxia group (n=3, p < 0.05). Significantly different
groups were identified by an asterisk (*), and p=0.07 was indicated by a dagger (t).
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Figure 7. Redox status of hyperoxia treated hearts
Ratio of NADPH/NADP and NADH/NAD were measured from hyperoxia or normoxia

treated mouse hearts and data presented as percentage. Bars represent mean (xSEM) of n=6,
*
p<0.05.
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Figure 8. SiRT1 inhibition downregulates Kv1.5
HOC2 cells were treated for 48 h with SiRT1 inhibitor; Splitomicin (100 pM) or dimethyl

sulfoxide, DMSO (control). RNA was extracted and SiRT1 and Kv1.5 mRNA expression
was assessed by qRT-PCR. Ribosomal 18s RNA was used as an endogenous reference gene.
Bars represent mean + SEM (n=3), and * represents p<0.05.
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Table 1

Primers used in quantitative real-time PCR analysis

Gene  Forward Primer Reverse Primer
KvB1.1 CAA AGC AGA CTG GCATGA AA TCC ACCCCAGTAGAGTTT GG
Kvpl.2 GAATGG AAATGC CTG GAG AA GTG CGA CAG AGT AGG CTT CC
KvB2.1 AGT CCC AAA AGA CAG CTCCA CTT TTC CAG CAG CGT AGA CC
KvB3.1 AAA CAG AGC GTG GCT TGA GT CTTGTTGCTTCT TGCCTT CC

NNT  TGT CTC CTG CGG GGG TCC AG GAA GCT TCG CCT GCG CCT GA
Nampt TCC CCA GAG GGA ACG TGC TGT GCCCCTATGCCAGCAGTCTCTT
G6PD  TAG ATG CGG AAG GTC GGG CCA GCG CACCTG TCC GCT GTA GG

18s

ACCTGGTTGATCCTGCCAGTAG TTAATGAGCCATTCGCAGTTTC

Kvp: Voltage gated potassium channel B-subunit, NNT: nicotinamide nucleotide transhydrogenase, Nampt: Nicotinamide

phosphoribosyltransferase, GEPD: Glucose-6-phosphate-dehydrogenase, 18S: ribosomal RNA
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