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Abstract

Chronic heart failure (CHF) results in a greater cost of breathing and necessitates an elevated 

diaphragm blood flow (BF). Dietary nitrate (NO3
−) supplementation lowers the cost of exercise. 

We hypothesized that dietary NO3
− supplementation would attenuate the CHF-induced greater 

cost of breathing and thus the heightened diaphragm BF during exercise. CHF rats received either 

5 days of NO3
− -rich beetroot (BR) juice (CHF+BR, n=10) or a placebo (CHF, n=10). Respiratory 

muscle BFs (radiolabeled microspheres) were measured at rest and during submaximal exercise 

(20 m/min, 5% grade). Infarcted left ventricular area and normalized lung weight were not 

significantly different between groups. During submaximal exercise, diaphragm BF was markedly 

lower for CHF+BR than CHF (CHF+BR: 195±28; CHF: 309±71 mL/min/100g, p=0.04). The 

change in diaphragm BF from rest to exercise was less (p=0.047) for CHF+BR than CHF. These 

findings demonstrate that dietary NO3
− supplementation reduces the elevated diaphragm BF 

during exercise in CHF rats thus providing additional support for this therapeutic intervention in 

CHF.
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1. Introduction

Over 6 million Americans are afflicted with chronic heart failure (CHF, Benjamin et al, 

2017). CHF is characterized by impaired cardiac output and heightened sympathoexcitation 

constraining locomotor muscle blood flow (BF) and serving to limit exercise tolerance, the 

hallmark symptom of CHF (Poole et al, 2012). Furthermore, CHF is associated with 
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respiratory muscle weakness (Dall’Argo et al, 2006) and pulmonary abnormalities such as 

increased physiological dead space, mild ventilation/perfusion mismatch, lower lung 

diffusion capacity, and obstructive-restrictive lung disorders (Poole et al, 2012). These 

pulmonary abnormalities result in a greater cost and work of breathing for a given rate of 

ventilation (Cross et al, 2012), which in concert with the exaggerated ventilatory response in 

CHF patients compared to healthy individuals (Sullivan et al, 1988; Agostoni et al, 2003; 

Myers et al, 1992) conflate to elevate diaphragm BF during submaximal exercise (Musch, 

1993; Smith et al, 2017d). Furthermore, the elevated work of breathing in CHF results in the 

redistribution of cardiac output from the locomotor to the respiratory muscles during 

submaximal exercise further reducing locomotor O2 delivery and exercise tolerance (Miller 

et al, 2007; Olson et al, 2010; Musch, 1993; Smith et al, 2017d). Consequently, therapeutic 

interventions in CHF patients that alleviate this redistribution of cardiac output from the 

locomotor to respiratory muscles may be effective for improving exercise tolerance.

Recent findings present compelling evidence for dietary nitrate (NO3
−) supplementation as 

an efficacious therapeutic intervention in CHF patients (Ferguson et al, 2016; Hirai et al, 

2015; Coggan et al, 2015; Zamani et al, 2015, 2017; Eggebeen et al, 2016). Dietary NO3
− 

supplementation has been found to improve exercise tolerance (Zamani et al, 2015, 2017; 

Eggebeen et al, 2016) and skeletal muscle contractile function (Coggan et al, 2015) in CHF 

patients. This latter finding is important in the context of the present study because CHF is 

often associated with diaphragm weakness (Dall’Argo et al, 2006) and compromised 

diaphragm contractile function (Howell et al, 1995; Supinski et al, 1994). Furthermore, in 

healthy humans, dietary NO3
− supplementation has consistently lowered the oxygen cost of 

submaximal exercise (Larsen et al, 2007; Bailey et al, 2010; Bailey et al, 2009; Lansley et al, 

2011) via reduced ATP cost of muscle force production (Bailey et al, 2010) and improved 

mitochondrial efficiency (Larsen et al, 2011). We reasoned that if dietary NO3
− 

supplementation reduced the greater CHF-induced cost of diaphragm muscle contractions 

during submaximal exercise then diaphragm BF would be decreased. Therefore, the purpose 

of this study was to determine if dietary NO3
− supplementation ameliorates the elevated 

diaphragm BF during submaximal exercise in CHF rats. We hypothesized that, during 

submaximal exercise in CHF rats, dietary NO3
− supplementation via beetroot (BR) juice 

would attenuate the exacerbated diaphragm BF.

2. Methods

2.1 Ethical approval

The present study focuses on the effect of dietary NO3
− supplementation on respiratory 

muscle (i.e. diaphragm, intercostal, and transversus abdominis) BF during submaximal 

exercise in CHF in the same animals used in a previously published investigation (Ferguson 

et al, 2016). In this previously published investigation, twenty young adult (~3 month old) 

male Sprague-Dawley rats received a myocardial infarction (MI) under aseptic conditions as 

previously described (Musch and Terrell, 1992; Ferguson et al., 2016) with surviving 

animals randomly assigned to one of two experimental groups. These groups consisted of 

rats that evidenced moderate CHF as indicated by heart morphometrics (see Table 1; 

Ferguson et al., 2016) and consisted of animals that received 5 days of NO3
− -rich or NO3

− -
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depleted BR. Consistent with Institutional Animal Care and Use Committee (IACUC) 

recommendations and the 3R’s (Refinement, Reduction, & Replacement) of animal research 

(Curzer et al., 2016) healthy non-MI sham-operated control rats were not included in our 

present investigation. This decision was made based on the fact that: 1) previous results from 

our laboratory have demonstrated the impact of dietary nitrate supplementation during 

exercise in a very similar cohort of healthy non-MI rats (Ferguson et al., 2013), 2) previous 

results from our laboratory have demonstrated that BF to the diaphragm is elevated during 

submaximal exercise in rats with CHF when compared to healthy non-MI counterparts 

(Musch, 1993), 3) the primary intent of the present investigation was to determine whether 

dietary nitrate supplementation would reduce BF to the diaphragm during submaximal 

exercise in CHF rats. This issue and the associated data were not addressed or presented 

previously. Rats were maintained at accredited animal facilities at Kansas State University 

on a 12:12 h light-dark cycle with food and water provided ad libitum. All procedures were 

approved by the IACUC of Kansas State University.

2.2 Myocardial infarction protocol

Rats were anesthetized with a 5% isoflurane-oxygen mixture, intubated, and connected to a 

rodent respirator. While being maintained on a 2% isoflurane-oxygen mixture a thoracotomy 

was performed, the pericardium was then opened, and the left main coronary artery was 

ligated with 6-0 Ti-cron suture. During lung hyperinflation the ribs were sutured back 

together using 2-0 gut. The muscles of the thorax along with the skin were sewn together 

using 4-0 gut and 3-0 silk suture. Each rat was given bupivacaine (1.5 mg/kg sc), 

buprenorphine (0.03 mg/kg im), and ampicillin (50 mg/kg im) to alleviate pain and reduce 

the risk of infection. Anesthesia was then removed and the rats were extubated followed by 

post-surgery monitoring (>6 h post-surgery). All rats were allowed >21 days of recovery for 

complete remodeling of necrotic myocardial tissue and development of CHF (Musch & 

Terrell, 1992).

All surviving CHF rats were familiarized with running on a motor-driven treadmill at a 

speed of 20 m/min, up a 5% grade for 5 consecutive days. Familiarization to treadmill 

running was limited to 5–10 min/day to ensure an exercise training effect was not produced 

in these animals (Musch & Terrell, 1992).

2.3 BR supplementation

As previously published (Ferguson et al, 2016) rats received 5 days of NO3
− -rich (NO3

− 

dose = 1mM/kg/day; Beet it Sport, James White Drinks, Ipswich UK; CHF+BR, n=10) or 

NO3
− -depleted (Placebo Beet it Sport, James White Drinks, Ipswich UK; CHF, n=10) BR. 

Previous studies from our laboratory (Ferguson et al, 2013a, Ferguson et al, 2013b; Ferguson 

et al, 2014; Ferguson et al, 2015) have demonstrated that dosage used in the present 

investigation will elicit significant vascular effects in rats and that it is similar to the dosage 

used previously in humans (Bailey et al, 2009; Bailey et al, 2010), taking into account that 

the rat has higher resting metabolic rate when compared to human counterparts (~7 times 

greater than humans (Musch et al, 1988)). The dosage used in this investigation produced 

significant elevations of blood plasma NO2
− concentrations (see Table 1; Ferguson et al., 

2016) demonstrating the efficacy of the NO3
− -supplementation.
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2.4 Instrumentation and final experimental protocol

On the day of the final experimental protocol, rats were anesthetized initially with a 5% 

isoflurane-oxygen mixture and maintained on a 3% isoflurane-oxygen mixture. A midline 

incision was made on the anterior portion of the neck and the right carotid artery was 

isolated, exteriorized, and cannulated with a 2-Fr-catheter-tipped pressure micromanometer 

(model TC-510, Millar Instruments). Heart rate (HR) and the arterial pressure were 

measured and then the micromanometer was advanced in a retrograde manner into the left 

ventricle (LV) and LV end-diastolic pressure (LVEDP) and the derivative of the pressure 

wave form (LV dP/dt) were measured. Following the LVEDP and LV dP/dt measurements, 

the mircomanometer was retracted and removed and replaced by a catheter (PE-10 

connected to PE-50, IntraMedic polyethylene tubing, Clay Adams, Becton, Dickinson, 

Sparks, MD) that was placed in the ascending aorta. This catheter was used for the 

measurements of MAP and HR (model 200, DigiMed BPA, Louisville, KY) and the infusion 

of radiolabeled microspheres. A second catheter was placed in the caudal (tail) artery for 

arterial blood sampling (Musch & Terrell, 1992). Both catheters were tunneled 

subcutaneously to the dorsal aspect of the neck, exteriorized, anesthesia was terminated, and 

the rats were given >60 min to recover (Flaim et al, 1984).

2.5 Determination of BF, Vascular Conductance, and LV infarct size

Following the completion of the final experimental protocol and resting measurements, rats 

were anesthetized with pentobarbital sodium (>50 mg/kg body wt.) via the right carotid 

artery catheter. The rats were then euthanized by performing a pneumothorax and removing 

the heart and lungs. Placement of each catheter was verified by anatomic dissection. The 

lungs were weighed and the right ventricle (RV) was then separated from the LV and 

septum, and both tissues weighed. The LV was cut open from base to apex, flattened, and 

under transillumination the necrotic zone of the LV produced by the MI was determined by 

planimetry and expressed as a percentage of the LV endocardial surface area. The 

diaphragm, intercostals, and transversus abdominis of each rat were dissected out.

Dissected tissues were blotted, weighed, and placed immediately into counting vials. The 

radioactivity of each tissue was determined with a gamma scintillation counter (model 5230, 

Auto Gamma Spectrometer, Packard, Downers Grove, IL). Taking into account the cross-

talk fraction between the different isotopes, absolute muscle BF were calculated by the 

reference sample method (Ishise et al, 1980) and expressed in milliliters per min per 100g of 

tissue. Adequate mixing of the microspheres was verified for each microsphere infusion as 

demonstrated by <15% difference in BF to the right and left kidneys (Ferguson et al, 2016). 

Vascular conductance (VC) was then calculated by normalizing BF to MAP measured at the 

time of the microsphere infusion and expressed as mL/min/mmHg/100g.

2.6 Blood sampling and measurement of plasma [NO2−]

As previously described (Ferguson et al., 2016) blood was collected from CHF and CHF

+BR rats for the measurement of plasma [NO2
−]. Approximately 0.8 mL of blood was 

drawn from the caudal artery catheter and immediately centrifuged at 5,000 at 4°C for 6 

min. The plasma was extracted and frozen at −80°C for subsequent analysis of [NO2
−].
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All measurements of plasma NO2
− were performed within 30 min of thawing via 

chemiluminescence with an Ionic/Sievers NO analyzer (NOA 280i, Sievers Instruments, 

Boulder, CO). Potassium iodide in acetic acid was used as a reductant to obtain plasma 

NO2
−, while avoiding potential reduction of NO3

−. This reductant possesses the ability to 

reduce NO2
− to NO but is incapable of reducing higher oxides of nitrogen, thus increasing 

the specificity of NO2
−.

2.7 Statistical analyses

Values are reported as mean ± standard error (SE). All statistical analyses were performed 

by using SigmaStat 2.0 (Jandel Scientific, San Rafael, CA). Unpaired t-tests were used to 

compare body weight, MI size, heart morphometrics, plasma NO2
−, arterial PCO2, and 

changes in respiratory muscle BF (from rest to submaximal exercise) between CHF and 

CHF+BR rats. MAP, HR and respiratory muscle (diaphragm, intercostal, and transversus 

abdominis) BFs and VCs were compared within (rest vs 20 m/min, 5% grade) and between 

(CHF vs CHF+BR) groups using mixed factorial analysis of variance and Student-Newman-

Keuls post-hoc tests when appropriate. Statistical significance was set at p<0.05.

3. Results

3.1 Heart morphometrics and plasma NO2
−

As previously reported (see Table 1; Ferguson et al., 2016) there were no differences in body 

weight (p=0.31), MI size (p=0.44), LVEDP (p=0.94), LV dP/dt (p=0.78), or normalized RV 

(p=0.17) or lung weight (p=0.96) between CHF+BR and CHF. However, by design, CHF

+BR had an ~80% greater plasma [NO2
−] than CHF rats.

3.2 Cardiovascular responses

As previously reported (Ferguson et al., 2016), MAP was not different between CHF+BR 

and CHF at rest (CHF+BR 118±3; CHF: 125±5 mmHg, p=0.20) or during submaximal 

exercise (CHF+BR 128±4; CHF: 131±3 mmHg, p=0.52). Furthermore, there were no 

differences in HR between CHF+BR and CHF at rest (CHF+BR 413±9; CHF: 409±12 

beats/min, p=0.73) or during submaximal exercise (CHF+BR 507±5; CHF: 518±10 beats/

min, p=0.39). There were no differences in arterial PCO2 (CHF+BR: 22±1; CHF: 21±1 

mmHg, p=0.20) or [lactate] (CHF+BR: 2.1±0.2; CHF: 2.1±0.2 mM, p=0.41) between 

groups during submaximal exercise.

3.3 Respiratory muscle BFs

From rest to submaximal exercise, diaphragm BF significantly increased (p=0.01) in both 

CHF+BR and CHF (Figure 1). Diaphragm BF was not different at rest (p=0.99) between 

groups, but was ~38% lower (p=0.04) during submaximal exercise in CHF+BR compared to 

CHF. Furthermore, the change in diaphragm BF from rest to submaximal exercise was 

substantially less for CHF+BR compared to CHF (CHF+BR: 122±20; CHF: 237±68 

mL/min/100g, p=0.047). Diaphragm VC was not different at rest (p=0.99), but was lower 

during submaximal exercise for CHF+BR compared to CHF (CHF+BR: 1.53±0.21; CHF: 

2.33±0.53 mL/min/mmHg/100g, p=0.03). Intercostal and transversus abdominis BF 

increased (p<0.01) in both groups from rest to submaximal exercise (Figure 2A & 2B) but 
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were not different at rest (p>0.86) or during submaximal exercise (p>0.14) between CHF

+BR and CHF. In addition, the change in intercostal (p=0.91) and transversus abdominis 

(p=0.20) BF from rest to submaximal exercise was not different between groups. Neither 

intercostal nor transversus VC were different at rest (p>0.79) or during submaximal exercise 

(p>0.17) between CHF+BR and CHF.

4. Discussion

The primary novel finding of the present investigation was that dietary NO3
− 

supplementation via BR juice resulted in a ~38% reduction in diaphragm BF during 

submaximal exercise in rats with CHF. In contrast, intercostal and transversus abdominis 

BFs were not significantly decreased. These results have important implications as the 

diaphragm commands a higher BF during submaximal exercise in CHF at the expense of 

hindlimb BF (Musch, 1993; Smith et al, 2017d).

4.1 CHF and diaphragm BF

CHF is associated with pulmonary abnormalities resulting in a greater work and energetic 

cost of breathing (Cross et al, 2012) and thus, when compared with healthy animals, 

diaphragm BF is elevated in CHF during submaximal exercise (Musch, 1993; Smith et al, 

2017d). Our submaximal exercise diaphragm BFs (i.e. 309 mL/min/100g) in CHF rats 

(placebo condition) are consistent with those recently reported in older CHF male rats 

during submaximal exercise (257 mL/min/100g; Smith et al, 2017d), yet lower than 

previously reported in young female CHF rats (356–483 mL/min/100g; Musch, 1993). This 

apparent discrepancy is explained by the lower speed and grade used in the present (20 m/

min, 5% grade) versus the previous study in young female CHF rats (28 m/min, 20 % 

grade). Crucially, the CHF diaphragm BFs in the current study are substantially higher than 

those reported in healthy rats during submaximal exercise (124–136 mL/min/100g; Smith et 

al, 2017c). Furthermore, our CHF diaphragm BFs are in line with maximal exercise 

diaphragm BFs in healthy rats (283–304 mL/min/100g; Smith et al, 2017c) and also ponies 

(265–325 mL/min/100g; Manohar, 1986, 1990), while lower than those reported in healthy 

rats exercising supra-maximally (395 mL/min/100g; Poole et al, 2000) and maximal-

intensity human knee-extensor BF (385 mL/min/100g; Richardson et al, 1993).

4.2 Dietary NO3
− and diaphragm BF

As mentioned in the introduction, dietary NO3
− supplementation lowers the oxygen cost of 

submaximal exercise (Bailey et al, 2009; Bailey et al, 2010; Lansley et al, 2011; Larsen et al, 

2007) by a combination of decreased ATP cost of contraction (Bailey et al, 2010) and 

enhanced mitochondrial efficiency (Larsen et al, 2011). Importantly, dietary NO3
− 

supplementation also improves contractile function (Coggan et al, 2015) and lowers the 

energetic cost of exercise (improved economy, ↓work rate/V ̇O2, Zamani et al, 2017) in CHF 

patients. Taken together, we hypothesized that dietary NO3
− supplementation would reduce 

the cost of diaphragmatic contractions during submaximal exercise subsequently lowering 

the CHF-heightened diaphragm BF. In the present study, we found that diaphragm BF was 

lower following BR juice compared to placebo supplementation (195 vs 309 mL/min/100g, 

respectively) suggesting that dietary NO3
− supplementation reduced the oxygen cost of 
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diaphragmatic contractions and/or improved the energetic efficiency of submaximal exercise 

in CHF. It is possible that this effect may have contributed to the BR-induced enhancement 

of exercise capacity demonstrated in CHF patients (Zamani et al, 2015, 2017).

What are the potential mechanisms by which dietary NO3
− supplementation would decrease 

diaphragm BF? First, as above, dietary NO3
− supplementation lowers the ATP cost of 

contraction (Bailey et al, 2010) and improves mitochondrial efficiency (Larsen et al, 2011). 

In this regard, it is pertinent that dietary NO3
− supplementation has fiber type-specific 

effects in healthy humans and animals (Jones et al, 2016) including dietary NO3
− 

supplementation-mediated improvements in O2 uptake kinetics (Bailey et al, 2015) and 

vascular control (Ferguson et al, 2013b) as well as calcium handling and contractile function 

(Hernandez et al, 2012) predominately in fast-twitch rather than slow-twitch muscles. 

However, in CHF rats, Ferguson et al (2016) found that dietary NO3
− supplementation 

improved vascular control in both predominately fast-twitch and slow-twitch muscles during 

submaximal exercise providing evidence that dietary NO3
− supplementation efficacy may 

lose its fiber type-specificity in CHF; possibly due to CHF-induced lowering of PO2 in the 

slow-twitch muscles (Behnke et al, 2004). Therefore, it is possible that dietary NO3
− 

supplementation resulted in a lowered ATP cost and/or improved mitochondrial efficiency of 

diaphragm contraction. Second, the CHF-induced exaggeration of the ventilatory response 

during submaximal exercise (Sullivan et al, 1988; Agostoni et al, 2003; Myers et al, 1992) 

would heighten diaphragm energetic requirements and thus raise BF. With NO3
− 

supplementation lowering the oxygen cost of submaximal exercise in healthy individuals 

(Bailey et al, 2009; Bailey et al, 2010; Lansley et al, 2011; Larsen et al, 2009) and CHF 

patients (Zamani et al, 2017) if PaCO2 is unaltered (as herein) V ̇CO2 would fall 

necessitating a reduced ventilatory response in the CHF+BR and further reducing the 

diaphragm BF. Furthermore, blood lactate during submaximal exercise is lowered following 

dietary NO3
− supplementation (Ferguson et al, 2013) also serving to reduce carotid body 

stimulation and V̇CO2 and thus ventilation. Third, it is possible that dietary NO3
− 

supplementation-mediated increases in cardiac output (Zamani et al, 2015) and improved 

vascular control (Ferguson et al, 2016) in CHF resulted in increased hindlimb locomotor BF 

at the expense of diaphragm BF. However, this affect would presumably be opposed by 

improved NO3
− -induced diaphragm vascular control; an effect that would act to oppose the 

lowered diaphragm BF demonstrated herein.

The findings of the present study have important implications as the derangements in the 

pulmonary system contribute to exercise intolerance in CHF. Specifically, unloading the 

respiratory muscles during submaximal exercise in CHF improves exercise tolerance 

(Mancini et al, 1997; O’Donnell et al, 1999; Borghi-Silva et al, 2008). High inspiratory 

muscle work and the concomitant accumulation of metabolites leads to the activation of the 

respiratory muscle metaboreflex resulting in sympathetically-mediated vasocontraction in 

health (Smith et al, 2016; Smith et al, 2017a; Smith et al, 2017b; St Croix et al, 2000) that is 

accentuated in CHF (Chiappa et al, 2008). During submaximal exercise, the dietary NO3
− 

supplementation-mediated reduction in diaphragm BF (presumably via lower cost of 

breathing) in the present study in combination with the improvement in hindlimb BF 

previously reported (Ferguson et al, 2016) suggests that dietary NO3
− supplementation 

partially alleviated the tonically active respiratory muscle metaboreflex. It is important to 
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note that dietary NO3
− supplementation has been found to reduce systemic vascular 

resistance and improve cardiac output during peak exercise in CHF patients with preserved 

ejection fraction (HFpEF; Zamani et al, 2015). If present herein, this mechanism could also 

contribute to an improved hindlimb BF during submaximal exercise in CHF rats.

4.3 Methodological considerations

Several methodological considerations may have influenced our results. First, a healthy 

control group was not included in the present study, which would have provided additional 

information as to the effect of dietary nitrate supplementation on diaphragm BF in healthy 

rats. Furthermore, a healthy control group would have provided a comparison to determine if 

dietary nitrate supplementation reduced diaphragm BF in CHF to those levels present in 

healthy rat diaphragms. Second, previous studies have found that the oxygen cost of exercise 

is consistently lower in healthy humans with dietary NO3
− supplementation (Larsen et al, 

2007; Bailey et al, 2010; Bailey et al, 2009; Lansley et al, 2011). To date, dietary NO3
− 

supplementation has resulted in lowered oxygen cost of exercise in CHF patients in some 

(Zamani et al, 2017), but not all (Zamani et al, 2015; Eggebeen et al, 2016; Hirai et al, 2017) 

studies. Measuring the oxygen cost of exercise in the present study would have been 

valuable to determine whether it was indeed lower consistent with the findings in healthy 

humans.

4.4 Conclusions

This is the first study to investigate the effect of dietary NO3
− supplementation on 

diaphragm BF during submaximal exercise in CHF rats. Five days of dietary NO3
− 

supplementation resulted in a ~38% reduction in diaphragm BF in CHF during submaximal 

exercise. These results provide additional support for dietary NO3
− supplementation as a 

therapeutic intervention in addition to exercise based cardiac rehabilitation programs. Future 

studies might usefully determine the mechanisms (i.e. lowered ATP cost of contraction, 

improved mitochondrial efficiency and/or attenuated ventilatory response) responsible for 

the dietary NO3
− supplementation-mediated reduction in diaphragm BF in CHF.
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Highlights

• Chronic heart failure (CHF) leads to greater diaphragm blood flow (BF)

• Beetroot juice (BR) supplementation lowers the oxygen cost of exercise

• We examined if BR supplementation attenuated the diaphragm BF response in 

CHF rats

• Submaximal exercise diaphragm BF was lower after BR supplementation in 

CHF rats
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Figure 1. Diaphragm BF at rest and during submaximal exercise
Mean (A) and individual (B) diaphragm BF at rest and during submaximal exercise in CHF 

(white bar) and CHF+BR (black bar) rats. Diaphragm BF increased (p<0.01) from rest to 

submaximal exercise in both groups. Submaximal exercise diaphragm BF was lower 

(p=0.04) for CHF+BR than CHF. *, significantly different from rest. †, significantly 

different from CHF.
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Figure 2. Intercostal and transversus abdominis BF at rest and during submaximal exercise
Mean intercostal BF (2A) and transversus abdominis BF (2B) at rest and during submaximal 

exercise in CHF (white bar) and CHF+BR (black bar) rats. Intercostal and transversus 

abdominis BF increased (p<0.01) from rest to submaximal exercise in both groups. 

Intercostal and transversus abdominis BF was not different (p>0.14) between groups. *, 

significantly different from rest.
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