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Abstract

Infections induce severe respiratory muscle weakness. Currently there are no treatments for this
important clinical problem. We tested the hypothesis that p-hydroxy-B-methylbutyrate (HMB)
would prevent sepsis-induced diaphragm weakness. Four groups of adult male mice were studied:
controls (saline-injected), sepsis (intraperitoneal lipopolysaccharide), sepsis+HMB (injected
intravenously), and HMB. Diaphragm force generation and indices of caspase 3, calpain, 20S
proteasomal subunit, and double-stranded RNA-dependent protein kinase (PKR) activation were
assessed after 24 hours. Sepsis elicited large reductions in diaphragm specific force generation at
all stimulation frequencies. Endotoxin also activated caspase 3, calpain, the 20S proteasomal
subunit and PKR in the diaphragm. HMB blocked sepsis-induced caspase 3, 20S proteasomal and
PKR activation, but did not prevent calpain activation. Most importantly, HMB administration
significantly attenuated sepsis-induced diaphragm weakness, preserving muscle force generation
at all stimulation frequencies (p<0.01). We speculate that HMB may prove to be an important
therapy in infected patients, with the potential to increase diaphragm strength, to reduce the
duration of mechanical ventilation and to decrease mortality in this patient population
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1. Introduction

Critically ill, mechanically ventilated patients are extremely weak, with studies
demonstrating that this patient population has diaphragm strength levels that, on average, are
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only 20% of that observed in normal healthy individuals (Demoule et al., 2013; Hermans et
al., 2010; Laghi et al., 2003; Supinski and Callahan, 2013; Watson et al., 2001). While
several factors appear to contribute to the development of muscle weakness in critically ill
patients, two recent papers indicate that the presence of systemic infection is a major cause
of diaphragm weakness in these patients (Demoule et al., 2013; Supinski and Callahan,
2013). These two studies suggest, moreover, that infection-induced diaphragm weakness
may be responsible for poor outcomes in MICU patients, making it difficult or impossible to
successfully wean patients from mechanical ventilation. As a result, infection-induced
diaphragm weakness is associated with a higher mortality (Demoule et al., 2013; Supinski
and Callahan, 2013) and in patients that survive their ICU stays, an extremely prolonged
requirement for mechanical ventilation (Supinski and Callahan, 2013).

In view of these considerations, development of safe, practical treatments to prevent or
reverse infection-induced diaphragm weakness should, theoretically, provide a means to
significantly improve the outcomes of mechanically ventilated MICU patients. Recent
reports indicate that HMB is a safe and effective agent that can improve skeletal muscle
function in several patient populations, including the elderly and patients with cancer
(Flakoll et al., 2004; May et al., 2002). In addition, HMB has been shown to improve leg
muscle function in an animal model of hindlimb unloading (Hao et al., 2011), and in cell
based studies, to inhibit activation of several of the proteolytic pathways (caspase, the
proteasome) that are activated in skeletal muscle with sepsis (Eley et al., 2008; Smith et al.,
2005) Based on these considerations, the purpose of the present study was to test the
hypothesis that administration of HMB would prevent the development of diaphragm
weakness in an animal model of endotoxin-induced sepsis. Animals were sacrificed at 24
hours after endotoxin administration and diaphragm specific force generation as well as
diaphragm mass, caspase 3 activity, calpain activity, 20S proteasomal subunit activity, and
PKR phosphorylation levels were determined.

2. Materials and Methods

2.1 Experimental Protocol

Studies were approved by the University of Kentucky Institutional Animal Care and Use
Committee. Four groups of adult male mice were studied (n=4-5/group), including: (a)
saline injected controls, (b) LPS (lipopolysaccharide) injected animals (60,000,000
endotoxin units/kg, intraperitoneally), (c) animals receiving both LPS and HMB (150
umol/kg, intravenously), and (d) animals given both saline and HMB. To induce sepsis, we
used LPS from Escherichia coli 055:B5 (Sigma-Aldrich Corp., St. Louis, MO, USA). At 24
hours after injections, animals were sacrificed and the diaphragm removed en bloc.
Diaphragm strips dissected from the left costal diaphragm were used for determination of
the diaphragm force-frequency relationship. Total costal diaphragm mass was also assessed,
and the protein content of diaphragm samples were measured using the Bradford technique
(Biorad Protein Assay, Biorad, Hercules, CA). The remaining costal diaphragm was frozen,
stored at —80°C and subsequently used for activity assays as well as for determination of
levels of selected proteins using Western blot techniques.
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2.2 Diaphragm Force—-Frequency Curves and Muscle Mass

To assess diaphragm specific force generation, diaphragm strips were excised from the
costal diaphragm and mounted in vertical water jacketed organ baths (25°C) as previously
described (Supinski et al., 2009). The rib end of each diaphragm strip was secured to a hook
in the base of the bath and the central tendon end of each strip was tied to a force transducer
above the bath (Scientific Instruments, Heidelberg, Germany). Baths contained Krebs
Henselheit solution that was continuously bubbled with a 95% oxygen-5% carbon dioxide
gas mixture. Platinum field electrodes, connected to a constant current amplifier driven by a
Grass 48 stimulator (Grass, West Warwick, RI, USA) were placed around the strip in the
organ bath and strips were allowed to equilibrate for a 15 minute period. Muscle strips were
then adjusted to optimal length, defined as the length for which twitch tension was maximal,
and current was adjusted to supramaximal levels. After an additional 5 minute rest period,
strips were sequentially stimulated to contract in response to trains of 1, 10, 20, 50, 100, and
150 Hz (Hertz) impulses (train duration 800 msec, with 30 second rest periods between
adjacent trains). Muscle strip optimal length was measured with a micrometer, and strips
were blotted to remove excess moisture and weighed to determine “wet” muscle mass.
Muscle strip cross sectional area (CSA) was calculated according to the formula of Close,
i.e. CSA= muscle weight times density (1.06) divided by optimal length (Close, 1972).
Specific muscle force for each stimulation frequency tested was subsequently calculated as
raw force divided by cross sectional area (Close, 1972). Muscle strips were then placed in a
dessicator for 48 hours; strips were then weighed to determine “dry weight” and the wet/dry
weight ratio for each strip was calculated.

2.3 Caspase 3 Activity Assay

To assess caspase 3 activity, diaphragm muscle homogenates (100 pg of protein) were added
to assay buffer and a caspase-3-specific fluorogenic substrate (30 uM N-acetyl-Asp-Glu-
Val-Asp-7-amino-4-methylcoumarin, Ac-DEVD-AMC) as previously described in detail
(Supinski and Callahan, 2006). Duplicate determinations were made with muscle
homogenate, assay buffer, Ac-DEVD-AMC, and a specific caspase-3 inhibitor (DEVD-
CHO, 20 nM). Immediately after substrate was added, a baseline fluorescent measurement
of AMC was performed using a SpectraMax® M2 spectrofluorophotometer (Molecular
Devices Corporation, Sunnyvale, CA, USA), at an excitation frequency of 360 nm and an
emission frequency of 460 nm. This measurement was then repeated after 0.5 h of
incubation at 30°C. The increase in fluorescence from the initial reading to the final reading
was calculated to obtain the raw increase in fluorescence; the increase in reading for the
DEVD-CHO duplicate was subtracted from the raw reading to determine the caspase 3
specific increase in fluorescence for a given sample.

2.4 20S Proteasome Subunit Activity Assay

Proteasome activity of diaphragm homogenates was measured using the Calbiochem 20S
Proteasome Subunit Activity kit assay (Calbiochem, San Diego, CA) according to the
manufacturer’s protocol. AMC standards were used to calibrate fluorescent measurements of
proteasomal activity.
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ation of Calpain Specific Spectrin Degradation and Phospho-PKR

Western blot techniques were employed to measure diaphragm levels of a 136 kDa calpain-
specific spectrin degradation product and phospho-PKR protein levels. For determination of
the 136 kDa calpain specific spectrin degradation product (Higuchi et al., 2005; Takano et
al., 2005), diaphragm muscle homogenates were diluted with an equal volume of loading
buffer (126 mM Tris-HCI, 20% glycerol, 4% SDS, 1.0% 2-mercaptoethanol, 0.005%
bromphenol blue, pH 6.8) and loaded onto Tris glycine polyacrylamide gels. Protein
mixtures were then separated by electrophoresis (Novex Minicell 1, Carlsbad, CA) and
proteins transferred to polyvinylidene fluoride membranes and incubated over night at 4°C
with primary antibodies to the 136 kDa calpain specific spectrin degradation product
(Higuchi et al., 2005; Takano et al., 2005) (kindly supplied by Dr. Takaomi C. Saido,
RIKEN Brain Science Institute, Saitama, Japan). Membranes were then incubated with
horseradish peroxidase-conjugated secondary antibodies and antibody binding detected on
film using enhanced chemiluminescence (Western Lightning, Perkin Elmer, Boston, MA,
USA). Densitometry was performed using a Microtek scanner (Carson, CA, USA) and UN-
SCAN-IT software (Silk Scientific, Orem, UT, USA). Membranes were then reprobed with
antibodies to GAPDH (Santa Cruz Biotechnology, CA, USA) to verify equal lane loading
since sepsis does not alter GAPDH in skeletal muscle.

Because phospho-PKR levels are difficult to detect in skeletal muscle, we employed
immunoprecipitation techniques. Diaphragm homogenates containing 250 pg of protein
from each sample were mixed with one microliter of anti-PKR (Biosource, Lincoln, NE,
USA) overnight at 4°C. We then added 20 microliters of protein A agarose beads and
incubated the mixture at 4°C for 3 hours. This mixture was then centrifuged at 13,000 G,
and the pellet washed 4 times with lysis buffer (50 mM HEPES, pH 7.4, 0.1% CHAPS, 5
mM DTT, 0.1 mM EDTA, 500 microliters/sample). The pellet was resuspended in 50
microliter of buffer (50 mM HEPES, pH 7.4, 100 mM NaCl, 0.1% CHAPS, 10 mM DTT, 1
mM EDTA), 25 microliters of 3X SDS Sample buffer was added, and the mixture heated to
95°C for 5 minutes. Aliquots of the resulting mixture (30 microliters) were then loaded onto
Tris glycine polyacrylamide gels, proteins separated by electrophoresis, and proteins
transferred to polyvinylidene fluoride membranes. Membranes were incubated over night at
4°C with primary antibodies to phospho-PKR, followed by washing and incubation in
horseradish peroxidase-conjugated secondary antibodies. Antibody binding was then
detected using enhanced chemiluminescence as described in detail in the preceding
paragraph. Note that this procedure detects only two proteins, i.e. phospho-PKR and the
excess primary antibody. Levels of phospho-PKR were quantitated using a Microtek scanner
(Carson, CA, USA) and UN-SCAN-IT software (Silk Scientific, Orem, UT, USA).

2.6 Statistical Analysis

ANOVA was be used to compare variables (e.g. force) across groups of animals treated with
different agents, with post-hoc testing (Tukeys) to determine differences between groups. A
p value of less than .05 was taken as indicating statistical significance for all experiments.
Data are reported as the mean * 1 standard error of the mean.
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3. Results
3.1 Effect of LPS and HMB on Diaphragm Specific Force and Mass

Administration of LPS elicited a substantial reduction in the muscle specific force
generating capacity of the diaphragm, as shown in Figure 1. Specifically, the entire force-
frequency curve of the diaphragm was downshifted at 24 hours after LPS administration, as
compared to saline treated control animals, with significant reductions in specific force at all
stimulation frequencies tested (i.e. 1 Hz-150 Hz.). Concomitant administration of HMB
almost completely prevented sepsis-induced decrements in diaphragm force generation, with
force at all stimulation frequencies significantly higher for the HMB + LPS group compared
to the animals given LPS alone. Force-frequency curves for animals given HMB alone were
similar to curves for saline treated control animals. Specific force in response to 150 Hz
stimulation averaged 22.9 + 0.6 N/cm? for saline treated controls, 12.0 + 1.0 N/cm? for LPS
treated animals, 20.4 + 1.2 N/cm? for animals given both HMB and LPS, and 23.6 + 0.7
N/cm? for the animals given HMB alone (p< 0.001 for comparison of the LPS treated group
to the other three groups). Muscle specific force measurements provide an index of muscle
quality, i.e. the ability of a given muscle cross sectional area to generate force. Total force
production by muscle, however, is determined both by muscle quality (force/unit cross
sectional area or force/unit mass) and muscle quantity (i.e. total cross sectional area or
mass). To assess the effects of LPS and/or HMB on diaphragm quantity, we measured
diaphragm mass, corrected for initial animal weight, as shown in Figure 2A. To exclude the
possibility that LPS and/or HMB could artifactually alter diaphragm mass by producing
tissue edema, we also determined diaphragm wet weight to dry weight ratios as shown in
Figure 2B. We found that all experimental groups had similar levels of diaphragm mass and
diaphragm wet-to-dry weight ratios, arguing that over the first 24 hours after LPS and/or
HMB administration, neither intervention significantly alters diaphragm quantity.

3.2 Effect of LPS and HMB on Indices of Diaphragm Caspase, Calpain, and Proteasomal
Proteolytic Pathway Activation

Several proteolytic pathways are known to be activated in the diaphragm in animal models
of sepsis and are thought to contribute to sepsis induced reductions in diaphragm function.
These pathways include the caspase, calpain and proteasomal proteolytic systems (Klaude et
al., 2012; Supinski and Callahan, 2006, 2010). To determine if HMB improved diaphragm
function in LPS treated animals by inhibiting one or more of these pathways, we assessed
indices of activation of each of these three proteolytic systems. As shown in Figure 3, sepsis
elicited a large increase in diaphragm caspase 3 activity (p<0.001) and concomitant
administration of HMB completely blocked sepsis-induced caspase 3 activation. We also
found that LPS administration increased a marker of diaphragm calpain activation (p<0.05),
i.e. formation of the calpain dependent spectrin degradation product (Figure 4). HMB
administration, however, failed to decrease this LPS-induced calpain dependent spectrin
degradation, suggesting that HMB does not completely block sepsis-induced calpain
activation in the diaphragm. LPS administration also increased diaphragm 20S proteasomal
subunit activity (p<0.001), as shown in Figure 5. Administration of HMB prevented this
latter LPS induced process, with 20S proteasomal activity for diaphragm homogenates from
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animals given both HMB and LPS similar to levels observed for diaphragms from saline
treated controls.

LPS and HMB on Diaphragm Levels of Phospho-PKR

PKR is activated in the diaphragm in animal models of sepsis (Supinski and Callahan,
2011). Moreover, our previous work indicates that administration of inhibitors of PKR
blocks sepsis-induced diaphragm dysfunction (Supinski and Callahan, 2011). To determine
if HMB may have improved diaphragm function after LPS administration by inhibiting PKR
activation, we assessed diaphragm levels of activated, phosphorylated PKR as shown in
Figure 6. LPS administration elicited a large increase in diaphragm levels of phosphorylated
PKR, when compared to levels for saline treated control animals (p<0.05). Concomitant
administration of HMB with LPS completely blocked LPS induced PKR phosphorylation,
with phospho-PKR levels for the HMB + LPS group similar to controls (NS) and
significantly lower than phospho-PKR levels for LPS treated animals (p<0.05). Recent
studies indicate that PKR activation is linked to downstream activation of caspase and
proteasomal pathways in skeletal muscle (Russell et al., 2010; Supinski and Callahan, 2011).
As a result, the effect of HMB to inhibit activation of PKR in the present study may be
responsible for its action to also block both caspase 3 and 20S proteasomal subunit
activation in the diaphragm following LPS administration.

ion

In the present study we found that endotoxin induced sepsis induces severe diaphragm
muscle weakness in mice. This finding has important implications for critically ill patients,
many of whom have significant respiratory muscle weakness (Demoule et al., 2013;
Hermans et al., 2010; Laghi et al., 2003; Supinski and Callahan, 2013; Watson et al., 2001).
It is reasonable to believe that development of severe infection induced diaphragm weakness
in patients with either preexisting lung dysfunction or acute lung disease can easily
precipitate respiratory failure. This would account for the observation that most
mechanically ventilated MICU patients are both infected and weak. Specifically, two recent
reports indicate that systemic infections are a major cause of severe diaphragm weakness in
mechanically ventilated MICU patients (Demoule et al., 2013; Supinski and Callahan,
2013). These two studies also found that mechanically ventilated patients with the most
severe diaphragm weakness have poor outcomes, with the weakest patients having much
higher mortality rates (Demoule et al., 2013; Supinski and Callahan, 2013). Additionally, in
the weakest patients who survive, weaning from mechanical ventilation is prolonged
(Supinski and Callahan, 2013). This work also suggests that weakness may affect mortality
by making it extremely difficult to wean patients from mechanical ventilation, potentially
influencing decisions to terminate this mode of life support (Supinski and Callahan, 2013).

Since infections are a major factor in producing severe diaphragm weakness in mechanically
ventilated MICU patients and since weakness is associated with death and the need for
protracted mechanical ventilation, implementation of treatments to prevent or reverse
infection induced diaphragm weakness should, theoretically, improve MICU patient
outcomes. While a number of previous animal studies have shown that it is possible to
prevent diaphragm weakness in animal models of infection using chemical inhibitors of
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various cellular pathways, none of these previous studies utilized pharmaceutical agents that
can be safely given to human patient populations (Supinski and Callahan, 2006, 2010;
Supinski et al., 2010). The present study demonstrates that it is possible to prevent the
development of diaphragm weakness in an animal model of infection by administration of
HMB a compound that has been used in numerous human clinical trials (Flakoll et al., 2004;
May et al., 2002). Specifically, we found that diaphragm force generation fell to 50% of its
normal value by 24 hours after administration of LPS and that concomitant administration of
HMB completely prevents this LPS-induced diaphragm weakness. We should note that the
dosage of HMB utilized in the present study (150 umol/kg or 41 mg/kg) is comparable to the
dosages that have been used safely in previous human clinical trials (2000-3000 mg per day
for an adult or 29-43 mg/kg for a 70 kg adult) (Wilson et al., 2013). All previous clinical
studies indicate, moreover, that this dosage of HMB is extremely safe in human patients
(Gallagher et al. 2005; Nissen et al. 2005; Rathmacher et al 2004). In addition, an animal
study found that a far larger dosage of HMB (3.5 and 4.2 gm/kg given to male and female
rats, respectively) for three months had no adverse effects on clinical observations,
hematology, clinical chemistry or organ weights (Baxter et al., 2005). As a result, there are
no known side effects to HMB that have been reported at either the dosage used in the
present study or in response to higher doses of this biopharmaceutical.

Previous use of HMB in humans includes a number of studies in which this agent has been
shown to increase indices of muscle function in a variety of patient groups and normal
subjects (May et al., 2002) (Flakoll et al., 2004). Prior animal studies have also explored the
potential mechanisms by which HMB may improve muscle mass and strength. Several
papers have suggested that HMB administration may alter factors that regulate one or more
steps required for protein synthesis (Kornasio et al., 2009. Smith et al., 2005 Katta et al.,
2012). HMB also appears to influence the function of key proteolytic pathways, including
the proteasome and caspase proteolytic pathways (Supinski and Callahan, 2006, Eley et al.
2006, Smith et al. 2005). The present work is consistent with these previous reports that
HMB inhibits key proteolytic pathways. We found that LPS administration to animals
elicited large increases in diaphragm caspase 3 activity and also increased the activity of the
20S proteasomal subunit. HMB administration completely prevented LPS induced increases
in both caspase 3 and 20S proteasomal activity, paralleling the effect of this agent to also
attenuate LPS induced diaphragm weakness. The other important proteolytic pathway
known to be activated in the diaphragm during sepsis is calpain. In the present study,
however, a marker of calpain mediated protein degradation, the 136 kDa calpain specific
spectrin degradation product, was not attenuated by HMB administration to LPS treated
animals. This finding suggests HMB did not completely block sepsis induced skeletal
muscle calpain activation in our model.

We also found that HMB prevented phosphorylation of PKR in the diaphragm of septic
animals. We have previously shown that PKR becomes phosphorylated and activated in the
diaphragm in animal models of sepsis and that PKR phosphorylation/activation is associated
with loss of diaphragm specific force generating capacity (Supinski and Callahan, 2011).
We also previously found that diaphragm caspase activation was downstream of PKR
phosphorylation following LPS administration, with 2-aminopurine (a PKR inhibitor)
blocking caspase 8 and caspase 3 activation in the diaphragm in parallel with its effects to
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inhibit PKR and prevent diaphragm weakness (Supinski and Callahan, 2011). As a result,
our present and previous findings are consistent with the possibility that the effect of HMB
to prevent diaphragm caspase activation following LPS administration may well be a
consequence of HMB mediated inhibition of PKR phosphorylation. Our finding that HMB
inhibits PKR activation in skeletal muscle is also consistent with previous reports by
investigators who found that PKR inhibition prevented LPS induced protein degradation by
the proteasomal system in isolated murine myotubes (Eley et al., 2008; Russell and Tisdale,
2009; Smith et al., 2005). Other studies have shown that activated (i.e. phosphorylated) PKR
activates the mTOR phosphatase, thereby reducing mTOR activation, and also
phosphorylates elF2a, inhibiting mRNA-ribosomal interactions (Morel et al., 2009). As a
result, an effect of HMB to inactivate PKR could account for the known effects of HMB to
enhance protein synthesis and to reduce proteolysis. All of the findings of the current study
(HMB attenuation of PKR, caspase and proteasomal activation) are consistent with this
possibility.

One limitation of the present report is that we only demonstrated that HMB prevents sepsis
induced skeletal muscle weakness. This report, by itself, does not provide data as to whether
or not HMB can restore strength when it is given later in the course of sepsis. Previous
human studies suggest, however, that is likely that HMB can increase the function of
previously damaged muscle. Specifically, results of human studies in which HMB is given
to cachectic patients with cancer and to elderly patients with sarcopenia indicate that HMB
can increase muscle mass and function even when given after muscle weakness is present
(Flakoll et al., 2004; May et al., 2002). We believe that this experimental question may be
best studied in infected ICU patients, and we are currently testing the ability of HMB to
improve the strength of this patient population.

5. Conclusions

In summary, we found that administration of HMB blocked the development of diaphragm
weakness in an animal model of infection. The dosage of HMB required to achieve this
effect is comparable to that employed in previous clinical trials using this agent to improve
muscle function in exercising humans. Moreover, this dosage of HMB is considered safe,
with no known side effects. We also found that sepsis increased PKR, caspase and
proteasomal activation in the diaphragm and HMB blocked each of these effects. These
findings may have important clinical implications, because infections are a major cause of
diaphragm weakness in critically ill MICU patients and diaphragm weakness contributes to
poor outcomes in this patient population. Additional studies are needed to determine if HMB
administration can improve diaphragm function in critically ill MICU patients, and if so, can
decrease the time required to wean these patients from mechanical ventilators and reduce
ICU mortality.
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Figure 1.
This figure displays diaphragm specific force-frequency relationships for the four

experimental groups of animals. Symbols represent mean forces and error bars indicate 1
standard error of the mean. Diaphragm specific force in the saline treated control group
(solid circles) was significantly higher than force generated by the LPS treated animals
(open circles) at all stimulation frequencies tested (* indicates a significant difference
between the LPS group and the other three groups). Diaphragm specific force generation in
animals given both HMB and LPS was similar to saline treated controls and significantly
higher than that of the LPS treated group. Diaphragms from animals given only HMB
generated specific forces similar to controls.
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Figure 2.
The figure displays diaphragm weight/animal weight ratios on the left and wet diaphragm

weight/dry diaphragm weight ratios on the right for control, LPS, HMB+LPS and HMB
treated groups.. Values for both parameters were similar for all groups.
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Figure 3.
This figure displays caspase 3 activity levels, expressed as AMC substrate cleavage rates,

for diaphragm homogenates from the four experimental groups. LPS administration elicited
a significant increase in diaphragm caspase 3 activity compared to controls (* indicates
statistical significance). HMB blocked this increase in diaphragm caspase 3 activity, with
HMB+LPS or HMB alone groups demonstrating caspase 3 activity levels similar to saline
treated controls.
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Figure 4.
This figure presents diaphragm protein levels of the 136 kDa calpain specific spectrin

degradation product (SDP) for the four experimental groups, with a representative blot
shown in Panel A and group mean densitometry data presented in Panel B. GAPDH was
used as a loading control. LPS administration elicited a large increase in this calpain specific
SDP (* indicates a significant difference compared to controls). HMB administration did not
block this increase, with diaphragm SDP levels for the HMB+LPS group similar to the LPS
alone group and significantly higher than controls. Animals given HMB alone had SDP
levels similar to saline treated controls.
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Figure 5.
This figure displays 20S Proteasomal activity for diaphragm homogenates from the four

experimental groups. LPS elicited a large increase in diaphragm proteasomal activity, while
animals given both HMB and LPS had diaphragm proteasomal activity levels similar to
controls (* indicates a significant difference from control). Diaphragm proteasomal activity
levels for animals given HMB alone were also similar to controls.
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Figure 6.
This figure presents diaphragm phospho-PKR protein levels for the four experimental

groups, with a representative blot shown in Panel A and group mean data in Panel B. LPS
administration elicited a large increase in diaphragm phospho-PKR levels while animals
given both HMB and LPS had phospho-PKR levels similar to controls (* indicates a
statistical difference from control values). Phospho-PKR levels for animals given HMB
alone were also similar to controls.

Respir Physiol Neurobiol. Author manuscript; available in PMC 2015 June 01.



