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Abstract

Sphingomyelinase (SMase) activity is elevated in inflammatory states and may contribute to
muscle weakness in these conditions. Exogenous SMase depresses muscle force in an oxidant-
dependent manner. However, the pathway stimulated by SMase that leads to muscle weakness is
unclear. In non-muscle cells, SMase activates the Nox2 isoform of NADPH oxidase, which
requires the p47Ph%% subunit for enzyme function. We targeted p47PhX genetically and
pharmacologically (apocynin) to examine the role of NADPH oxidase on SMase-induced increase
in oxidants and diaphragm weakness. SMase increased cytosolic oxidants (arbitrary units: control
203+15, SMase 276+22; P < 0.05) and depressed maximal force in wild type mice (N/cm?:
control 20+1, SMase 16+0.6; P < 0.05). However, p47P"oX deficient mice were protected from
increased oxidants (arbitrary units: control 217+27, SMase 224+17) and loss of force elicited by
SMase (N/cm?: control 20+1, SMase 19+1). Apocynin appeared to partially prevent the decrease
in force caused by SMase (n = 3 mice/group). Thus, our study suggests that NADPH oxidase plays
an important role on oxidant-mediated diaphragm weakness triggered by SMase. These
observations provide further evidence that NADPH oxidase modulates skeletal muscle function.
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Introduction

Diaphragm weakness is a fundamental problem in disease states such as pulmonary
hypertension, heart failure, cancer, chronic obstructive pulmonary disease, and sepsis.
Generally, weakness is dictated by muscle atrophy and impairments in contractile function.
Contractile dysfunction, characterized by decreased force normalized for muscle cross
sectional area (or specific force), can occur rapidly and in many instances ensues before the
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development of atrophy (Reid and Moylan, 2011). The enzyme sphingomyelinase (SMase)
has been proposed as a novel component of the pathway leading to contractile dysfunction
in inflammatory states seen in the diseases mentioned above (Reid and Moylan, 2011).
Accordingly, we have shown that SMase diminishes specific force through increases in
diaphragm oxidants (Ferreira et al., 2010; Ferreira et al., 2012). Of public health relevance,
SMase activity is increased in chronic heart failure and sepsis (Claus et al., 2005; Doehner et
al., 2007; Empinado et al., 2014).

SMase is a phosphodiesterase that generates phosphorylcholine and ceramide. Ceramide acts
as second messenger molecule through direct interaction with proteins or after degradation
to downstream sphingolipids (Gulbins and Li, 2006; Hannun and Obeid, 2008). Although
the intermediate steps are unknown, it has become clear that oxidants mediate diaphragm
weakness elicited by SMase and ceramide (Ferreira et al., 2010; Ferreira et al., 2012).
Skeletal muscle possesses several oxidant-generating enzyme systems such as xanthine
oxidase, nitric oxide synthases, NADPH oxidases, and mitochondria (Powers and Jackson,
2008). NADPH oxidase and mitochondria are candidate sources of oxidants produced in
response to SMase activation (Garcia-Ruiz et al., 1997; Won and Singh, 2006; Zhang et al.,
2003). In coronary arteries, NADPH oxidase is responsible for impaired vasodilation caused
by SMase. Diaphragm expresses the Nox2 isoform of NADPH oxidase (Javesghani et al.,
2002) and recent studies have shown that the enzyme is important for oxidant production
during muscle contraction and stretch (Michaelson et al., 2010; Pal et al., 2013; Sakellariou
et al., 2013). Based on the emerging role of NADPH oxidase in modulating skeletal muscle
function and our preliminary data, we conducted the current study to test the hypotheses that
NADPH oxidase mediates the increase in oxidants and decrease in force of skeletal muscle
exposed to SMase.

Animals—We studied male C57BL6 and p47P"oX deficient mice from Taconic labs
(B6.12952-Ncf1!m1Sh!) We used C57BL6 mice as recommended by the vendor as genetic
control for p47PhoX(=/-) mice, which was originally developed on a B6.129 background
strain (Jackson et al., 1995). Importantly, diaphragm contractile properties of B6.129 mice
have been tested as part of a separate study in our laboratory (data not shown) and were
similar to those shown here for C57BL6 mice. Mice were housed at the University of
Florida in a specific pathogen free facility under a 12:12 hr light:dark cycle and had free
access to food and water. All procedures conformed to the guiding principles for use and
care of laboratory animals of the American Physiological Society and were approved by the
Institute of Animal Care and Use Committee of the University of Florida.

NADPH oxidase is activated by phosphorylation of the p47Ph°% subunit, which organizes
cytosolic components and promotes assembly of the enzyme complex for oxidant production
(Bedard and Krause, 2007). Accordingly, cellular responses mediated by the Nox2 isoform
of NADPH oxidase are absent in neutrophils, macrophages, and skeletal muscle of
p47Phox(=/=) mice (Huang et al., 2000; Jackson et al., 1995; Pal et al., 2013). The lack of
oxidative burst in neutrophils and macrophages renders p47PhX(=/-) mice
immunocompromised and increases susceptibility to infection (Huang et al., 2000).
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Accordingly, these mice are a model of chronic granulomatous disease in humans. None of
the animals studied showed phenotypical signs of chronic granulomatous disease (CGD).
We confirmed the deficiency of p47P"°X in the diaphragm of all mice used in this study via
Western blot (see example below).

Reagents and Solutions—Glycerol (<0.05% v/v), Apocynin (NADPH oxidase
inhibitor; 1 mM), Diphenylene iodonium (DPI), and SMase (0.5 U/ml) were from Sigma-
Aldrich. Apocynin and DPI were prepared in dimethylsulfoxide (DMSQ). The final amount
of DMSO in the tissue bath was less than 1% (v/v) in all experiments. The experimental
buffer solution for all experiments was composed of (in mM) 137 NaCl, 5 KCI, 1 MgSQOy, 1
NaH,POy4, 2 CaCl,, and 24 NaHCO3 and bubbled with 95%0, (PO, ~700 mmHg) and 5%
CO;, (PCO, ~25 mmHg) to maintain approximate pH 7.4.

Diaphragm oxidants—We employed a protocol consistent with our recent studies
(Ferreira et al., 2010; Ferreira et al., 2012). Briefly, we used 2,7’-dichlorofluorescein
diacetate (DCFH-DA; Molecular Probes, Eugene, OR) to measure oxidants. We loaded
diaphragm bundles with DCFH-DA (20 uM) for 15 min at 37°C, then added vehicle or
SMase (0.5 U/ml) to the bath. After 15 min for in vitro exposure to vehicle or SMase, we
measured fluorescence of the oxidized derivative (DCF) in diaphragm bundles (480 nm
excitation, 520 nm emissions; exposure 10 ms; area 0.60 mm2) using an epifluorescence
microscope (Zeiss Axio Observer.Al; Zeiss Microscopy, Jena, Germany) connected to an
AxioCam MRm camera (Zeiss Microscopy) and a computer-controlled shutter driver
(Uniblitz® VCM D-1; Vincent Associates, Rochester, NY) in the excitation light pathway.
We quantified DCF fluorescence with Zen Pro software (Zeiss microscopy).

Western Blots—We homogenized diaphragm bundles on ice using 2x lysis buffer (20
mM Hepes; pH 7.4, 2 mM EGTA, 1% Triton-X100, 50% Glycerol, 50 mM j3-
Glycerophosphate, 1x Protease Inhibitor Cocktail, 1x Phosphatase Inhibitor Cocktail) and
then diluted 1:1 in 2x sample loading buffer (186 mM Tris, pH 7.5, 350 mM DTT, 75%
glycerol, 6% SDS, and 0.03% bromphenol blue). We loaded mouse diaphragm samples and
a commercial macrophage lysate (ML-8741, ECM Biosciences, Versailles, KY) into 4-20%
SDS-polyacrylamide gels, run at 200 V for ~50 min at room temperature (Criterion TGX
stain-free gels; Bio-Rad Laboratories, Hercules, CA). The gels were activated and scanned
for UV-induced fluorescence to determine total protein in each lane (Gel Doc™ EZ System,
Bio-Rad Laboratories), and subsequently proteins were transferred to a nitrocellulose
membrane at 100 mA overnight at 4°C. We blocked the membrane for 1 h at room
temperature using LI-COR blocking buffer (LI-COR, Lincoln, NE), followed by incubation
in p47PhoX (Sigma) and phospho(S370)-p47P1oX (Assay Biotech) antibody at 1:1000, and
secondary fluorescent antibodies (IRDye, LI-COR) at 1:10,000 for ~45 minutes at room
temperature. To test for potential differences in abundance of select antioxidant enzymes,
we blocked the membrane for 1 hr, incubated in antibody against superoxide dismutase
isoform 1 and 2 (SOD1, and SOD2,) and catalase (Ab) for 3 days at 4°C, followed by
secondary fluorescent antibody at 1:20,000 for 1 hr at room temperature. We imaged the
membranes using Odyssey Infrared Scanner (LI-COR) and quantified the signal using Image
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Studio Lite (LI-COR). The integrated intensity from infrared imaging was normalized to
total protein for each lane to compare protein abundances.

Diaphragm Bundle Preparation—We anesthetized mice using isoflurane (5%,
induction; 3% maintenance), excised the diaphragm, and placed immediately in buffer
solution (see above) for dissection. We cut a costal diaphragm bundle maintaining a segment
of the rib and central tendon for attachment to the muscle mechanics apparatus (Aurora
Scientific, 300C L-R model). The rib was tied onto a metal pin located on a glass rod, while
the central tendon was attached to the force transducer with 4.0 silk suture. We adjusted
bundle length to achieve the highest twitch force (optimal length, Ip) and allowed 15 min for
equilibration at 370C. We then added SMase to the bath and waited 45-60 min to start the
isometric force-frequency protocol. In experiments with apocynin or DPI, we added the
inhibitor after the thermo-equilibration period and waited another 15 min before exposing
the muscle to SMase or vehicle. The protocol consisted of maximal electrical stimulations
(current 600 mA, pulse frequency 1-300 Hz, pulse duration 0.25 ms, train duration 300 ms)
delivered by a high-power biphasic stimulator (701C, Aurora Scientific Inc.) at 1 min
intervals. At the end of the protocol, we measured peak force for each stimulus, and bundle
length and weight to estimate cross-sectional area. Force-frequency data were fit by the Hill
equation (Ferreira et al., 2011).

Statistical analysis

Results

All statistical tests were performed using Prism v6.0 (GraphPad Inc, La Jolla, CA). Where
appropriate, comparisons were made using either t-test or Wilcoxon rank sum, and one-way
ANOVA standard or repeated measures with Bonferroni’s test for post-hoc analysis. We
accepted statistical significance when P < 0.05. Data are show as mean + SE.

Phosphorylation of serine residues in p47P%% is known to activate NADPH oxidase (Dang et
al., 2006; El-Benna et al., 2009). Using a phosphorylation site-specific antibody, we found
that phospho-to-total p47P"°X ratio was increased by 27 + 7% after SMase exposure (Fig. 1).

Regarding oxidants, SMase increased DCF fluorescence in WT diaphragm bundles by ~36%
and genetic deficiency of p47P"°X  as confirmed by Western Blot, prevented the increase in
oxidants (Fig. 2A). These effects occurred in the presence of diminished abundance of
catalase and SOD1, but no change in SOD2 in diaphragm from p47PhoX(=/=) mice (Fig. 2B).
SMase depressed submaximal diaphragm force (Fig. 3) and increased the frequency that
elicits 50% maximal force (rightward shift of force-frequency relationship), without
changing twitch characteristics (Table 1). SMase decreased the maximal rate of force
development during twitch, but this effect was not present when the data were normalized to
peak twitch force (Table 1). In general, diaphragm bundles from p47P"oX(~/-) mice were
protected from the impaired contractile function caused by SMase in WT (Table 1, and Fig.
3). This protection occurred at stimulus frequencies ranging from twitch to maximal tetanic
contraction.
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To further examine the role of NADPH oxidase, we used the pharmacological inhibitors DPI
and apocynin. DPI caused a dose-dependent decrease in diaphragm force that rendered the
compound invalid for our studies (data not shown). In our preparation, apocynin increased
DCF fluorescence in cell- and tissue-free experiments (not shown). Thus, we were not able
to test whether apocynin prevented the increase in cytosolic oxidants elicited by SMase.
Nonetheless, diaphragm function experiments in a subset of animals (n = 3 mice/group)
suggest that apocynin partially protected the diaphragm from the decrease in force elicited
by SMase (Fig. 4). Apocynin did not alter SMase effects on force at frequencies < 50 Hz,
but blunted the decrease in force for frequencies ranging from 80 to 300 Hz.

Discussion

Our main finding was that diaphragms from p47P"°x(~/=) mice were protected from increased
cytosolic oxidants and depression of force induced by exogenous SMase. Apocynin
appeared to exert partial protection of weakness caused by SMase. Altogether, our data
suggest that p47Pho%-dependent NADPH oxidase is responsible for diaphragm dysfunction
elicited by SMase.

There are several isoforms and site of action for SMases (Clarke et al., 2011; Marchesini and
Hannun, 2004). Putative mediators of diaphragm dysfunction in vivo include the secretory
(acid) and neutral isoforms of SMase (Reid and Moylan, 2011). Secretory SMase acts on the
outer leaflet on the cell membrane, while neutral SMase exerts its effects on the inner leaflet
(Hannun and Obeid, 2008). Therefore, the signaling events elicited by each isoform could be
different. In strict terms, our experiments with exogenous SMase would mimic the effects of
the secretory isoform. However, ceramide generated on the outer leaflet can flip-flop onto
the inner leaflet and serve as a signaling molecule (Contreras et al., 2003). In this setting, the
cellular events would be similar to those triggered by neutral SMase. Indeed, recombinant
exogenous SMase has been widely used to mimic neutral SMase activation in cells, e.g., see
(Giltiay et al., 2005). Therefore, we expect that our experiments will reflect the effects of
both secretory and neutral SMases.

Skeletal muscle cells express the Nox4 and Nox2 isoforms (catalytic cores) of NADPH
oxidase that are constitutively complexed with p22P"°X (Javesghani et al., 2002; Sakellariou
etal., 2013; Sun et al., 2011). Both isoforms display post-translational regulation of activity
(Lassegue et al., 2012) and may contribute to SMase effects on muscle. Activation of Nox2
requires phosphorylation of p47Pho% (El-Benna et al., 2009; Johnson et al., 1998; Lassegue et
al., 2012). SMase activates several kinases known to phosphorylate p47Ph°% such as
p38MAPK and PKC{ (Dang et al., 2001; Dang et al., 2006). In our hands, SMase did not
activate (phosphorylate) p38MAPK, while we were not able to reliably detect activated
(phospho) PKCC in diaphragm homogenates (data not shown). However, we found that
SMase increased phosphorylation levels of p47P1oX at serine 370. This increase in p47Phox
phosphorylation status at serine 370 may seem modest (~27%), but should be
physiologically relevant. In the inactive state, the auto-inhibitory region of p47P"X prevents
interaction of the protein with other subunits. Phosphorylation of serine residues in the auto-
inhibitory region (aminoacids 303 to 340) leads to conformational changes in p47PhoX that
allows interaction with other subunits and activation of NADPH oxidase. However,
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phosphorylation of serine residues outside the auto-inhibitory region (e.g., S359 and S370)
are also important for NADPH oxidase activation as they modulate the interaction with
p67PoX and formation of the functional enzyme complex. In leukocytes, phosphorylation of
p47PhoX at serine 370 is an early and required step for NADPH oxidase activation and
superoxide production (Johnson et al., 1998). Thus, our findings suggest that SMase
activates NADPH oxidase via phosphorylation of p47P"X in diaphragm. The role of p47Phox
and NADPH oxidase were further examined using measurements of oxidants and contractile
function ex vivo.

In agreement with our previous findings (Ferreira et al., 2010; Ferreira et al., 2012), SMase
increased cytosolic oxidants in the diaphragm. The SMase exposure time may explain the
differences in magnitude of change in cytosolic oxidants for the current study (15 min
exposure, ~50% increase) compared to our previous studies (30 min exposure, ~100%
increase; (Ferreira et al., 2010; Ferreira et al., 2012). This was established by measuring
DCF fluorescence, which is a non-specific oxidant probe. Thus, we cannot determine with
certainty which reactive species were increased by SMase. Our novel observation is that the
increase in cytosolic oxidants was absent in diaphragms of mice deficient in p47Ph°% which
suggests a role for NADPH oxidase. Given our findings in p47Pho% deficient mice, it was
important to examine adaptations in select antioxidant enzymes that confound data
interpretation. To our surprise, protein abundance of catalase and SOD1 (cytosolic, Cu/Zn-
dependent) were decreased in p47Ph°X(-/-) whereas SOD2 (mitochondrial, Mn-dependent)
was unchanged. This suggests that oxidants derived from NADPH oxidase regulate
antioxidant enzyme expression in skeletal muscle. It may also explain the similar basal
levels of cytosolic oxidants in p47P"oX(~/-) and WT mice measured in our study and in the
study by Pal et al. (2013). Overall, our data supports the recent emergence of NADPH
oxidase as an important source of oxidants in skeletal muscle during “stress” conditions (Pal
et al., 2013; Sakellariou et al., 2013; Semprun-Prieto et al., 2011).

The traditional view of p47Ph°%_dependent Nox2 is that the enzyme is localized in the cell
membrane (Bedard and Krause, 2007), clustering within t-tubules in skeletal muscle
(Hidalgo et al., 2006; Pal et al., 2013; Sakellariou et al., 2013), and generates superoxide in
the extracellular space. In this scenario, we propose two mechanisms for NADPH oxidase to
increase cytosolic oxidants. 1) The presence of extracellular superoxide dismutase (SOD)
that rapidly converts superoxide to hydrogen peroxide (Fattman et al., 2003), which can
cross the cell membrane and reach the cytosol. 2) The existence of NADPH oxidases in
membranes of intracellular compartments in muscle cells [e.g., mitochondria and
sarcoplasmic reticulum (Case et al., 2013; Sakellariou et al., 2013; Xia et al., 2003)], which
would generate superoxide in the cytosol. Consistent with our findings, other investigators
have also measured increases in cytosolic oxidants by DCF fluorescence due to activation of
NADPH oxidase in skeletal muscle (Espinosa et al., 2009; Pal et al., 2013; Sakellariou et al.,
2013). The superoxide or hydrogen peroxide generated by NADPH oxidases can directly
increase DCF fluorescence or be rapidly converted to hydrogen peroxide, peroxynitrite, or
hydroxyl radicals that also elevate DCF fluorescence. Excess peroxynitrite (Supinski et al.,
1999), hydroxyl radicals (Callahan et al., 2001), and hydrogen peroxide (Andrade et al.,
1998) decrease maximal tetanic force. Thus, we explored the possibility that NADPH
oxidase mediates diaphragm weakness stimulated by SMase.
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The depression of force that we observed in diaphragm bundles exposed to SMase was of
similar magnitude to that reported in our previous studies (Ferreira et al., 2010; Ferreira et
al., 2012). This weakness originates from dysfunction in sarcomeric proteins (Ferreira et al.,
2012), and it may also involve effects of oxidants on calcium release (Hidalgo et al., 2006;
Wehrens et al., 2005). SMase decreased the rate of twitch force development assessed in
absolute values (N/cm?:s), but not the effects were not present when the data were
normalized to peak twitch force (in N/cm?). These findings suggest that the loss of force
occurs mainly by a decrease in number of force-generating cross-bridges and/or force
generated per cross-bridge. Importantly, muscles from mice deficient in the p47Ph°% subunit
of NADPH oxidase were protected from SMase-induced decrease in force. This shows that
SMase-induced muscle weakness requires p47Pho% presumably to increase muscle oxidants
that are known to impair contractile function. We also tested the protective effects of
apocynin for its ability to inhibit NADPH oxidase as secondary studies to confirm our
observations in knockout animals. In a subset of animals (n = 3), apocynin blunted the
decrease in muscle force stimulated by SMase. The partial protection with apocynin may
reflect the small number of animals or incomplete inhibition of NADPH oxidase. It is
important to note that apocynin can exert antioxidant effects independent of NADPH
oxidase (Heumuller et al., 2008). Our measurements of muscle force were performed 45
(apocynin vs. vehicle) or 60 min after exposure to SMase (p47P"X(--) vs. wild type). Based
on the relatively similar decrease in maximal force 45 and 60 min after exposure to SMase
(Ferreira et al., 2010), we consider that the difference in time would have minimal or no
impact on the final outcome of our experiments. Overall, our studies using p47P"°X deficient
mice and apocynin support the hypothesis that SMase causes diaphragm weakness via
activation of NADPH oxidase.

In our previous study, the increase in oxidants and decrease in muscle force triggered by
SMase were also prevented by a mitochondria-targeted antioxidant (Ferreira et al., 2012).
This would appear to contradict the current data. However, oxidant production by NADPH
oxidase and mitochondria are not mutually exclusive events. A cross-talk between reactive
oxygen species produced by NADPH oxidase and mitochondria has been reported in several
cell types (Dikalov, 2011; Doughan et al., 2008). For instance, angiotensin Il infusion in
mice promotes activation of NADPH oxidase and leads to mitochondrial dysfunction in limb
muscle (Inoue et al., 2012; Semprun-Prieto et al., 2011).

Our experimental design has advantages and disadvantages. The main advantages of our
preparation are specificity of response to SMase, determination of cause-and-effect
relationship, and high throughput for screening cell signaling pathways and physiological
mechanisms of dysfunction. Therefore, our results should be seen as proof-of-concept and
an initial and important step toward more targeted testing under physiologically-relevant
conditions. Some of the limitations of our preparation are inherent of in vitro studies in
muscle tissue (Ferreira et al., 2010; Ferreira et al., 2012). We used a solution with high
pressure of O, (~700 mmHg). This could cause greater production of oxidants than under
more a physiological diaphragm PO, in vivo (~30-50 mmHg) (Poole et al., 1995). Our
preparation also requires high exogenous SMase activity to compensate for the decreased
cell surface area exposed to the enzyme compared to in vivo (Ferreira et al., 2010).
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Moreover, we used a non-specific probe to measure oxidants and cannot determine precisely
which oxidant moiety was increased by SMase. Future, more extensive, experiments with a
variety of inhibitors and probes, e.g., (Sakellariou et al., 2013) could help better define the
specific oxidant species being produced upon SMase exposure.

To sum up, we employed an in vitro approach to mimic the effects of endogenous SMase
activation in skeletal muscle and investigate the role of NADPH oxidase. In this setting, the
p47PNoX subunit of NADPH oxidase stood out as being required for SMase to increased
oxidants and decrease force in the diaphragm. Our findings emphasize the importance of
NADPH oxidase in signaling diaphragm dysfunction in conditions where SMase activity is
increased. For instance, activation of p47Ph%% _dependent NADPH oxidase may have a role
in diaphragm dysfunction in sepsis and heart failure as SMase is activated therein (Claus et
al., 2005; Doehner et al., 2007; Empinado et al., 2014).
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Figure 1. SMase increases phosphorylation of p47ph°X in diaphragm bundles
Diaphragm bundles were exposed to SMase (0.5 U/ml) for 45 min. Optical density of

phosphorylated p47Pho% (serine 370) was divided by the total p47P"X signal. Data are shown
as relative to mean of vehicle group. (+) control, commercial lysate from mouse
macrophages treated with lipopolysaccharide for 18 hrs. * P < 0.05 (n = 4 mice/group)
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Figure 2. SMase-induced increase in diaphragm oxidants is prevented in p47ph°X deficient mice
Image illustrates expression of p47P"o% (~44 kDa; see Fig. 1) in whole-diaphragm lysates of

wild type (WT) mice and p47PhoX deficient mice. Data are mean + SE of arbitrary units of
dichlorofluorescein (DCF) fluorescence in diaphragms bundles (n = 5-7 mice/group). B)
Image illustrates expression of superoxide dismutase isoform 1 (SOD1; cytosolic, Cu/Zn-
dependent) and isoform 2 (SOD2; mitochondrial, Mn-dependent), and catalase in whole-
diaphragm lysates. We used total protein (whole lane) for normalization of western blot
data. The protein gel band corresponding to ~40kDa is shown as representative of relative
protein content for each lane. Catalase and SOD1 blots are normalized to same protein gel.
SOD2 is normalized to a different protein gel with similar loading. Data are mean + SE of
western blot signal normalized to total protein and expressed relative to mean of WT group
(fold change). * P < 0.05
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Figure 3. p47phOX deficient mice are protected against SMase-induced decrease in diaphragm
force
Specific force was measured after 60 min exposure to vehicle or SMase (0.5 U/ml) in wild

type (WT, C57BL6; n = 8 mice/group) and p47P"°X deficient mice (n = 4 vehicle; 7 SMase).
Lines are best fit of mean data from WT vehicle (---) and SMase (—) using Hill equation
(Ferreira et al., 2009). *P < 0.05 for WT vehicle vs. WT SMase, o P < 0.05 for p47Phox(=/-)
SMase vs. WT SMase.
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Figure 4. Apocynin blunts the decrease in diaphragm force elicited by SMase
Diaphragm bundles were exposed to vehicle (control; n = 3 mice/group), SMase (0.5 U/ml,

60 min; n = 3 mice/group), and apocynin (APO, 1 mM, 15 min; SMase, 45 min; n = 3 mice/
group). Lines represent best fit of mean data using Hill equation (Ferreira et al., 2009). * P <
0.05 for vehicle vs. SMase or APO. ** P < 0.05 SMase vs. APO or vehicle.
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Table 1

Diaphragm twitch and tetanic force-frequency characteristics.

WT p47phox(—/—)
vehicle SMase vehicle SMase
TPT (ms) 159+1.1 155+0.8 16.3+1.0 153+ 05
% RT (ms) 13.0+0.8 126 +05 135+1.0 13.3+05

Max +dP/dt (N/cm?s) ~ 284+55 557 4 38*

(+dP/dt)/P, (571 67+2 68+ 1
Fso (H2) 5242 60+2"
nH 3.52+0.13 3.89+0.09

315+ 34 271 +48

330+009 395+017"

Page 16

TPT, time to peak tension; %2 RT, on-half relaxation time; maximal rate of specific force development during twitch; Pt, peak twitch force F5Q,
stimulus frequency that elicits 50% maximal force; nH, Hill coefficient (~ slope of force-frequency relationship). Pt force is shown in Fig. 3. Data

are mean + SE. For WT, n = 8 mice per group. For p479h0x(_/_), n =4 (vehicle) and n = 7 mice (SMase).

*
P < 0.05 vs. WT vehicle;

TP < 0.05 vs. p47PhoX(=/=) vehicle
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