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Abstract 20 

The contribution of central command to the peripheral vasoconstrictor response during exercise 21 

has been investigated using primarily handgrip exercise. The purpose of the present study was to 22 

compare muscle sympathetic nerve activity (MSNA) responses during passive (involuntary) and 23 

active (voluntary) zeroload cycling to gain insight into the effects of central command on 24 

sympathetic outflow during dynamic exercise. Hemodynamic measurements and contralateral 25 

leg MSNA (microneurography) were collected in eighteen young healthy participants at rest and 26 

during 2 minutes of passive and active zeroload one-legged cycling. Arterial baroreflex control 27 

of MSNA burst occurrence and burst area were calculated separately in the time-domain. Blood 28 

pressure and stroke volume increased during exercise (p<0.0001) but were not different between 29 

passive and active cycling (p>0.05). In contrast, heart rate, cardiac output, and total vascular 30 

conductance were all greater during the first and second minute of active cycling (p<0.001). 31 

MSNA burst frequency and incidence decreased during passive and active cycling (p<0.0001) 32 

but no differences were detected between exercise modes (p>0.05). Reductions in total MSNA 33 

were attenuated during the first (p<0.0001) and second (p=0.0004) minute of active compared to 34 

passive cycling, in concert with increased MSNA burst amplitude (p=0.02 and p=0.005, 35 

respectively). Compared to passive cycling, the sensitivity of arterial baroreflex control of 36 

MSNA burst occurrence was lower during active cycling (p=0.01), while control of MSNA burst 37 

strength was unchanged (p>0.05). These results suggest that central feedforward mechanisms are 38 

involved primarily with modulating the strength but not occurrence of a sympathetic burst during 39 

low intensity dynamic leg exercise. 40 

Keywords: Sympathetic activity; Exercise; passive exercise; central command  41 
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New and Noteworthy 42 

Muscle sympathetic nerve activity (MSNA) burst frequency decreased equally during passive 43 

and active cycling but reductions in total MSNA were attenuated during active cycling. These 44 

results suggest that central command primarily regulates the strength, not the occurrence, of a 45 

muscle sympathetic burst during low-intensity dynamic leg exercise. 46 

 47 
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Introduction 65 

The existence of a feedforward central mechanism involved in regulating the neural response in 66 

anticipation of exercise has been known for over 100 years (23). In contrast, the involvement of 67 

these higher brain regions, termed central command, during exercise has been more difficult to 68 

isolate due to the concomitant influence of peripheral afferent reflexes (i.e. exercise pressor 69 

reflex, baroreflexes, chemoreflex) (12). To date, the methods used to quantify the neural 70 

contribution of central command have involved either: 1) neuromuscular blockade to reduce 71 

motor output and group III/IV muscle afferents feedback while increasing perception of effort 72 

(38, 44, 45); 2) comparison of similar-intensity voluntary and electrically-evoked contractions (4, 73 

8, 25) or passive and active zeroload exercise (31, 32, 40) (i.e. the same mechanical stimulus 74 

with or without central command); or 3) augmenting central perception of effort through 75 

hypnosis (29, 47). 76 

  Data from these studies demonstrate consistently an important role of central command 77 

in mediating the increase in heart rate during exercise (27, 32, 47) primarily through 78 

parasympathetic withdrawal (27). In contrast, the contribution of central command to the 79 

peripheral vasoconstrictor response is less clear. Studies using neuromuscular blockade have 80 

demonstrated that central command has minimal impact on muscle sympathetic nerve activity 81 

(MSNA), a direct measure of central sympathetic outflow, during low-to-moderate static 82 

handgrip (44) but can increase MSNA during intense intermittent static handgrip (45). The 83 

inability of central command to augment MSNA at low-moderate intensities was also confirmed 84 

under sensory nerve blockade during static handgrip (38). In contrast, low-intensity electrically-85 

stimulated (involuntary) static bicep contractions increased MSNA while similar intensity 86 

voluntary contractions decreased MSNA suggesting a potential sympathoinhibitory role of 87 
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central command at low intensities (25). Examination of the anticipatory period prior to leg 88 

cycling (and any peripheral afferent feedback) has also demonstrated reductions in MSNA (5). 89 

An important limitation of prior microneurographic studies investigating central 90 

command is the reliance on primarily static, small muscle mass, handgrip exercise that may not 91 

be comparable to dynamic large muscle mass exercise more commonly associated with activities 92 

of daily living. Indeed, low-to-moderate intensity static handgrip and dynamic leg exercise 93 

produce divergent responses in MSNA (25, 37). The former increasing MSNA as a result of 94 

feedback from mechanically- and chemically-sensitive group III/IV muscle afferents (21, 25), 95 

while the latter decreasing MSNA secondary to loading of the cardiopulmonary baroreflex (20, 96 

37). This distinction may be important as evidence emerges that afferent feedback may modulate 97 

perception of effort and modify central command (1, 46). A number of previous studies have 98 

measured MSNA during dynamic exercise (16, 20, 37), including our model of recording from 99 

the contralateral limb during one-legged cycling (33), however, each of these studies did not 100 

investigate the effects of passive exercise to identify the contributions of central command to 101 

peripheral sympathetic vasoconstrictor responses during dynamic exercise. 102 

 Therefore, the purpose of the present study was to compare MSNA responses to passive 103 

(involuntary) and active (voluntary) zeroload one-legged cycling in young healthy individuals. 104 

Based on prior observations (5, 37, 39), we hypothesized that passive and active cycling would 105 

decrease MSNA but that the influence of central command during active cycling would result in 106 

attenuated reductions in sympathetic neural responses (i.e. consistent with having a 107 

sympathoexcitatory action). Furthermore, we sought to examine whether the contribution of 108 

central command to the MSNA response was modified by fitness. 109 

 110 
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Methods 111 

Participants 112 

Twenty-five healthy young men (n=13) and women (n=12) were recruited to complete the study. 113 

All were normotensive, non-smoking, in sinus rhythm, free of known cardiovascular or 114 

metabolic disease, and not taking any chronic medications with the exception of oral 115 

contraception (n=2). All procedures were approved by the University of Guelph Research Ethics 116 

Board.  117 

 118 

Procedures and protocol 119 

After completing written informed consent and an orientation visit, participants were asked to 120 

complete two study visits separated by at least 48 hours. Prior to each study visit participants 121 

were asked to abstain from the consumption of caffeine, alcohol, and strenuous exercise for 24 122 

hours. During the first study visit, participants completed a 20-30 W min
-1

 ramped cycle 123 

ergometer protocol to peak effort to determine peak VO2 (Moxus Modular Metabolic System, 124 

AEI Technologies, Pittsburgh, PA, USA). The starting resistance and magnitude of incremental 125 

increases were individualized based on exercise training status and daily physical activity levels 126 

so that each participant reached their maximum effort between 8-14 minutes. Peak VO2 was 127 

represented as a percentage of that predicted by age, sex, and weight (19). 128 

On the second study visit, participants entered the laboratory following voiding and were 129 

seated in a comfortable chair with their left leg elevated on an ottoman and their right leg 130 

strapped to a modified cycle ergometer secured to the floor (Monark Rehab Trainer 881E, 131 

Monark Exercise AB, Vansbro, Sweden). Following instrumentation, participants completed a 132 

10 min quiet baseline with resting hemodynamic and neural variables acquired during the final 7 133 
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min. Subsequently, participants completed a 2 min baseline followed by 2 min of passive cycling 134 

during which an investigator moved the right leg through the cycling motion at 50 revolutions 135 

per min. Investigators provided verbal reminders to all participants to avoid muscle contraction 136 

or aid in any way during the passive cycling motion. Participants were given an 8-10 min 137 

recovery period to allow for all hemodynamic and neural variables to return to baseline after 138 

which they completed another 2 min baseline followed by 2 min of active zeroload cycling at 50 139 

revolutions per min.  140 

 141 

Measurements 142 

Absolute discrete minute-to-minute blood pressure was measured from the left arm by an 143 

automated sphygmomanometer (BPTru Medical Devices, Coquitlam, Canada) while continuous 144 

beat-to-beat blood pressure was obtained via finger photoplethysmography (Finometer MIDI, 145 

Finapres Inc, Netherlands) from the middle finger of the right hand. Heart rate was collected 146 

from lead II of the electrocardiogram (ADInstruments Inc, Australia), while respiratory rate and 147 

depth (percent change from baseline) were monitored with a piezo-electric transducer belt 148 

(Pneumotrace II, UFA, Morro Bay, CA). Multiunit recordings of post-ganglionic MSNA were 149 

obtained using a 2 mΩ tungsten unipolar tungsten electrode (Frederick Haer, Brunswick, ME) 150 

inserted percutaneously into a muscle-nerve fascicle of the left peroneal (fibular) nerve, as 151 

described previously (26, 34, 35). The microelectrode was adjusted until bursts of spontaneous 152 

multi-unit sympathetic activity were detected from the background noise. A ground electrode 153 

was placed ~2 cm away. The MSNA signal was amplified (75,000x), band-pass filtered (0.7-2.0 154 

kHz), rectified and integrated using a 0.1 second time constant to obtain the mean voltage 155 

neurogram (Nerve Traffic Analyzer, Model 662C-4; Absolute Design and Manufacturing 156 
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Services, Salon, IA). Muscle sympathetic activity was confirmed by observing reflexive 157 

increases in response to an end-expiration breath hold and lack of responsiveness to unexpected 158 

clapping. We have demonstrated previously the ability to collect and maintain 159 

microneurographic recordings during low-to-moderate intensity one-legged cycling (33). To 160 

ensure no alteration in microelectrode position throughout each exercise and recording period, 161 

the neural signal was monitored both visually and audibly. If a shift in the neurogram was 162 

detected, the protocol was stopped and restarted after an 8-10 minute recovery period. All 163 

continuous signals were collected at 1 kHz, with the exception of the raw neurogram which was 164 

sample at 10 kHz (PowerLab, ADInstruments Inc, Australia).  165 

 166 

Data Analysis 167 

MSNA was analyzed using a semi-automated custom LabVIEW program (National Instruments, 168 

Austin, Texas, USA) (26, 33–35). Determination of a sympathetic burst was made based on a 169 

minimum 3:1 signal-to-noise ratio and alignment with the time-shift cardiac cycle. From the 170 

integrated neurogram, MSNA burst frequency (bursts/minute), burst incidence (bursts/100 171 

heartbeats) were calculated. Total MSNA was calculated as the product of burst frequency x 172 

mean burst area and expressed as a percent change from baseline, while MSNA burst amplitude 173 

was normalized to the tallest burst from the baseline period. 174 

Spontaneous cardiac baroreflex sensitivity (BRS) was determined at rest and during each 175 

two minute exercise period using the sequence technique (LabChart v8, ADInstruments Inc, 176 

Australia). In brief, we identified three consecutive and concurrent increases or decreases in 177 

systolic blood pressure and R-R interval with minimum threshold changes of 1 mmHg and 6 ms, 178 

respectively (36). A zero lag between systolic blood pressure and R-R interval was used for heart 179 
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rate lower than 75 bpm, while a 1 beat lag was used for heart rates greater than 75 bpm (9). 180 

Previous analysis has shown that lag parameters can impact the number of identified sequences 181 

but produce comparable cardiac BRS (9). All sequences were carefully reviewed and cardiac 182 

BRS was quantified by plotting R-R interval over systolic blood pressure for each identified 183 

series and averaging the slope of all up sequences, all down sequences, and the average of all 184 

sequences. Sequences were deemed acceptable to use if the r value was >0.8 and a minimum of 185 

three up and three down sequences were identified; five participants did not meet this criteria. 186 

Spontaneous arterial sympathetic BRS was quantified at rest and during each of the 187 

exercise periods by assessing the relationship between diastolic blood pressure and MSNA burst 188 

occurrence and burst area in the time domain (22, 34). This method has been used previously to 189 

assess minute-by-minute changes in sympathetic BRS during static handgrip (17). A weighted 190 

regression line was fit between the likelihood of either a MSNA burst occurring (burst incidence) 191 

or the mean burst area within 2 mmHg bins of diastolic blood pressure in each participant; the 192 

slope of the line was taken as the sympathetic baroreflex gain (34). As the relationship with 193 

sympathetic discharge can become non-linear at high levels of diastolic blood pressure due to 194 

almost complete sympathoinhibition, only the linear portion (~8-12 pressure bins) were included 195 

in the assessment of sympathetic BRS (17, 18). For sympathetic baroreflex control of burst 196 

occurrence, the slope of the line was accepted as valid if the regression line r value was ≥ 0.5; 197 

three participants failed to meet this criteria during the exercise periods. However, as 198 

demonstrated previously (22), a weaker relationship exists between diastolic blood pressure and 199 

MSNA burst strength, therefore all slopes were included regardless of the regression coefficient. 200 

To confirm that the use of all slopes did not confound our data, we also examined only slopes 201 

with an r value ≥ 0.5, and observed that the interpretation of results was unchanged.  202 
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Statistical analysis 203 

The change in hemodynamic and neural variables during the first and second minute of passive 204 

and active zeroload cycling were compared using two-way repeated measures analysis of 205 

variance (ANOVA) (GraphPad Software Inc., USA). Significant main effects and interactions 206 

were probed using Bonferroni post hoc tests to assess differences between means. Two-way 207 

repeated measures ANOVAs were used to also examine the changes in cardiac and sympathetic 208 

BRS during passive and active cycling. Paired t tests were used to compare the two baseline 209 

periods. To probe the effects of participant fitness, the median percent predicted peak VO2 was 210 

calculated for men and women separately (to ensure equal balance in the groups). The baseline 211 

characteristics between normal and high fitness groups were assessed with unpaired t tests. 212 

Significance was considered p<0.05 and all data are presented as mean ± SD unless otherwise 213 

stated. 214 

 215 

Results 216 

We recruited 25 participants to complete the study, however, two participants were excluded due 217 

to the inability to locate a microneurographic recording site at baseline and five were excluded 218 

due to the inability to maintain microneurographic recordings during voluntary exercise periods. 219 

Baseline characteristics of participants with complete MSNA data (n=18; 9 men) are presented in 220 

Table 1. Representative 30 second MSNA recordings from one participant at rest and during 221 

passive and active zeroload one-legged cycling are shown in Figure 1. 222 

As expected, the absolute resting levels of all variables were similar during passive and 223 

active baseline periods (All p>0.05), though heart rate was elevated slightly during the active 224 

baseline (62 ± 11 vs. 64 ± 11 bpm, p=0.007). The effects of passive and active zeroload cycling 225 

on hemodynamic and respiration responses are summarized in Table 2. Blood pressure, stroke 226 
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volume, and respiration depth increased during exercise (time effect, p<0.0001) but were not 227 

different between passive and active cycling modes (p>0.05). In contrast, the increases in heart 228 

rate, cardiac output, total vascular conductance, and respiration rate were all greater during the 229 

first and second minute of active zeroload cycling (All p<0.01). MSNA burst frequency and 230 

incidence decreased during passive and active zeroload cycling (time effect, p<0.0001) but no 231 

differences were detected between exercise modes (Both p>0.05; Figure 2). However, the 232 

reductions in total MSNA were attenuated during the first (p<0.0001) and second (p<0.001) 233 

minute of active zeroload cycling (Figure 2). MSNA burst amplitude was also higher during the 234 

first (p<0.05) and second (p<0.01) minute of active zeroload cycling (Figure 2).  235 

Cardiac BRS was similar between baseline periods (17 ± 9 vs. 15 ± 5 ms/mmHg, p>0.05) 236 

but lower during active compared to passive cycling (17 ± 9 vs. 11 ± 5 ms/mmHg, p=0.0002). 237 

Similarly, the sensitivity of arterial baroreflex control of MSNA burst occurrence was 238 

comparable during baseline periods (p>0.05) but lower during active zeroload cycling (p=0.01, 239 

Figure 3). In contrast, there were no observed differences in the sensitivity of arterial baroreflex 240 

control of MSNA burst area at rest or during exercise (p>0.05, Figure 3).  241 

Effects of fitness 242 

Eight individuals (4 men) were allocated to the normal fitness group and 10 participants 243 

(5 men) were in the high fitness group. Age and height were matched between the groups (Both 244 

p>0.05), although body weight (61 ±10 vs. 71 ± 11 kg, p = 0.05), body-mass index (21 ± 2 vs. 24 245 

± 2 kg/m
2
), relative peak VO2 (2.8 ± 1.0 vs. 4.2 ± 1.0 L/min), and predicted peak VO2 (99 ± 11 246 

vs. 150 ± 13%) were all higher in the high fitness group (All p<0.01). Resting blood pressure 247 

was similar between groups (Both p>0.05; data not shown) though the high fitness group had a 248 

trend for lower resting HR (66 ± 12 vs. 58 ± 7 bpm, p=0.08). Resting MSNA burst frequency and 249 
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incidence were similar between normal and high groups (Both p>0.05; data not shown). Mean 250 

group changes in hemodynamic and MSNA variables during passive and active zeroload cycling 251 

are presented in Table 3. There were no between-group differences in blood pressure, stroke 252 

volume, cardiac output, or respiratory responses (All p>0.05), while increases in heart rate 253 

(p<0.002) and total vascular conductance (p=0.06) during active cycling were (or tended to be) 254 

larger in the high fitness group. There were no significant group or interaction effects detected 255 

for MSNA burst frequency, burst incidence, total MSNA, burst amplitude, or sympathetic BRS 256 

(All p>0.05). In contrast, the high fitness group exhibited a trend towards a greater decrease in 257 

cardiac BRS during active cycling (-1 ± 4 vs. -6 ± 5 ms/mmHg, p=0.09). 258 

 259 

Discussion 260 

The present study examined the contributions of central command to the regulation of central 261 

sympathetic outflow to skeletal muscle during dynamic one-legged cycling exercise. The 262 

principal finding was that reductions in MSNA burst occurrence (frequency or incidence) were 263 

similar between passive (involuntary) and active (voluntary) zeroload cycling, but that reductions 264 

in total MSNA were attenuated and MSNA burst amplitude higher during active cycling. In 265 

concert, the sensitivity of arterial baroreflex control of MSNA burst occurrence was attenuated 266 

with active cycling, while arterial baroreflex control of MSNA burst strength was unaltered. 267 

These results demonstrate that central feedforward mechanisms are involved primarily with 268 

modulating the strength, but not occurrence of a sympathetic burst during dynamic exercise; 269 

consistent with the proposition that sympathetic activity is modulated at two distinct sites 270 

controlling strength and occurrence (22). Further, central command appears to be involved in 271 

resetting the sensitivity of arterial baroreflex control of heart rate and MSNA burst occurrence 272 
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during dynamic exercise. Preliminary subgroup analyses affirmed that changes in MSNA burst 273 

occurrence and total MSNA during passive and active cycling were not impacted by 274 

cardiorespiratory fitness level. 275 

The modulation of peripheral sympathetic activity by central command during exercise 276 

has been difficult to isolate and based primarily on models of handgrip exercise (12, 44, 45). In 277 

contrast to consistent increases in MSNA observed during low-moderate intensity static handgrip 278 

(25), similar intensity dynamic exercise decreases MSNA secondary to loading of the 279 

sympathoinhibitory cardiopulmonary baroreflex (20, 37). Given that afferent input may modulate 280 

central command (1, 46), we sought to characterize these central contributions to the sympathetic 281 

response to dynamic exercise by comparing passive and active zeroload one-legged cycling. 282 

Acknowledging that this method does not permit examination across varying exercise intensities, 283 

our model has the advantage of not requiring pharmacologic blockade or electrically-evoked 284 

muscle contractions. Further, stroke volume and blood pressure responses were comparable 285 

between passive and active cycling limiting differences in arterial baroreflex stimulation; 286 

respiratory depth was also similar between exercise modes. The novel finding was that MSNA 287 

burst frequency and incidence decreased similarly during passive and active cycling, while 288 

reductions in total MSNA were attenuated (and MSNA burst amplitude increased) during active 289 

cycling. The effects of central command on total MSNA and burst amplitude (i.e. differences 290 

between passive and active cycling) were consistent at ~20% and ~7%, respectively, during both 291 

the first and second minute of active zeroload cycling. 292 

A number of studies have demonstrated the capacity to differentially control MSNA burst 293 

occurrence and strength (burst area or amplitude) in response to a stress (15, 43). For example, 294 

peripheral chemoreflex activation with hypoxia is associated with MSNA burst amplitude but not 295 
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frequency (43), while the application of mental stress using the colour-word test can alter total 296 

MSNA without impacting burst frequency (15). Comprehensive examination of sympathetic 297 

neuron firing patterns support differences in recruitment strategies between neural pathways (24, 298 

42); baroreflex unloading increases primarily the firing frequency of already discharging neurons 299 

(24), while chemoreflex activation recruits larger previously silent neurons (42). These findings 300 

build upon earlier work showing that the arterial baroreflex exerts a strong influence over the 301 

firing of a multi-unit MSNA burst (as demonstrated by the strength of the relationship between 302 

diastolic blood pressure and MSNA burst incidence) but only a weak association with MSNA 303 

burst strength (10, 22). From this data it was proposed that the arterial baroreflex serves as the 304 

principle regulator of whether a burst occurs or not (gating) but that the strength of a burst is 305 

determined by the integration of all peripheral and central inputs (22). Our results are consistent 306 

with this hypothesis as central command modulated sympathetic outflow primarily through 307 

changes in MSNA burst strength not occurrence. 308 

It is now widely appreciated that during exercise the arterial baroreflex is reset rapidly to 309 

a higher operating pressure by feedback from group III/IV skeletal muscle afferents and 310 

feedforward input from central command, enabling proper coordination of neural outputs and 311 

regulation of cardiovascular responses (11). Similar to the present results, the sensitivity of 312 

arterial baroreflex control of MSNA burst occurrence has been reported to be reduced across a 313 

wide range of leg cycling intensities, without a change in the sensitivity of arterial baroreflex 314 

control of MSNA burst strength (16). Our results extend these observations by suggesting that 1) 315 

muscle mechanoreflex activation using passive exercise does not impact sympathetic BRS; 2) the 316 

reduced sympathetic BRS of MSNA burst occurrence during active cycling is attributable 317 

primarily to the engagement of central command; and 3) central command has limited influence 318 
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on arterial baroreflex control of MSNA burst strength. It is important to acknowledge also that 319 

differences in cardiopulmonary baroreflex loading during passive and active cycling could 320 

contribute to the modulation of sympathetic BRS. It has been reported that head-down tilt or 321 

saline infusion, stimuli that both increased central venous pressure by ~2 mmHg, reduced 322 

sympathetic but not cardiac BRS; though both loading conditions also increased systolic blood 323 

pressure (7). However, given that blood pressure and stroke volume responses were similar 324 

between passive and active conditions, cardiac BRS was attenuated during active cycling, and 325 

the mild intensity of our one-legged cycling model, we do not believe that differences in loading 326 

conditions contributed to our results. Nevertheless, future studies are needed to examine the 327 

interaction between central command and the cardiopulmonary baroreflex on sympathetic BRS. 328 

 329 

Influence of fitness 330 

Prior evidence that unilateral exercise training can attenuate diastolic blood pressure and heart 331 

rate responses to voluntary but not electrically-evoked static contractions in the untrained limb 332 

suggests that central command can be modified by training status (13). Similarly, trained 333 

sprinters demonstrate attenuated heart rate responses to the onset of both passive and voluntary 334 

exercise compared to untrained participants (40). We investigated the effects of fitness by 335 

segregating our data into ‘normal’ and ‘high’ fitness groups based on median predicted peak 336 

VO2. Although no hemodynamic differences were found between fitness groups during passive 337 

cycling, a greater increase in heart rate and total vascular conductance was observed in the high 338 

fitness group during active zeroload cycling. Endurance exercise training is associated with 339 

increases in cardiac vagal modulation (41) which could enable greater parasympathetic 340 

withdrawal during activation of central command (32). The trend towards a larger attenuation in 341 

cardiac BRS during active cycling in the high fitness group may support this concept. As no 342 
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differences in MSNA were present between the ‘normal’ and ‘high’ fitness groups, the greater 343 

increase in total vascular conductance may be associated with enhanced endothelium-dependent, 344 

smooth muscle function, or functional sympatholysis (28, 30). Future work is required to 345 

prospectively test the influence of exercise training on central command and its influence on 346 

MSNA responses. 347 

 348 

Methodological Considerations 349 

First, due to difficulties in maintaining a microneurographic recording site during dynamic 350 

muscle contractions, MSNA was collected from the contralateral resting leg. Preliminary 351 

evidence has supported similar patterns of sympathetic discharge between resting and active 352 

limbs during static contractions with ischemia (14). More recently, MSNA has been measured 353 

from the exercising leg during static dorsiflexion (3, 4). The frequency of cardiac synchronized 354 

sympathetic spikes increased during low intensity voluntary static dorsiflexion but were 355 

unchanged during comparable electrically-stimulated contraction suggesting a 356 

sympathoexcitatory role of central command (4). Unfortunately, this prior study (4) did not 357 

differentiate between the percentage of cardiac cycles with a sympathetic spike (occurrence) and 358 

number of spikes per cardiac cycle (strength), though secondary analysis showed that the 359 

proportional increase from baseline in multi-unit MSNA burst amplitude (48%) was larger than 360 

burst frequency (22%) during voluntary static dorsiflexion. Second, in the present study, the 361 

order of passive and active cycling modes were not randomized in an effort to reduce the risk of 362 

any carryover effects from active voluntary exercise. However, as anticipated, the absolute 363 

resting values of all variables, with the exception of heart rate, were similar between the passive 364 

and active baseline periods. Third, we cannot exclude the possibility of small modulations in the 365 

neural recording site due to movement of the contralateral leg. Arguing against movement of the 366 
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microelectrode, the neural signal was continuously monitored both visually and audibly 367 

throughout each study, MSNA was similar across both baseline periods, and in our experience 368 

movement of the electrode leads to a reduction in burst amplitude (not an increase which we 369 

observed during active cycling). Fourth, we did not record electromyography to confirm a lack of 370 

muscle activity during passive cycling. As noted previously (32), electromyography signals are 371 

considerably smaller during passive compared to active cycling but not absent. If present, the 372 

acknowledged sympathoexcitatory effects of the exercise pressor reflex (21, 27) would blunt the 373 

reductions in MSNA and could underestimate the impact of central command. However, no 374 

differences were observed in systolic or diastolic blood pressure responses suggesting a similar 375 

recruitment of the exercise pressure reflex in both exercise modes. Fifth, spontaneous methods 376 

for quantifying cardiac and sympathetic BRS do not provide the temporal resolution to examine 377 

dynamic changes in arterial baroreflex resetting, which may occur at the onset of cycling (2). 378 

Finally, our study population was limited to young healthy individuals with normal or above 379 

average exercise capacity. Older adults have been shown to rely more heavily on central 380 

command to reset the cardiac baroreflex during moderate intensity static calf exercise (6) which 381 

could impact the relative contribution to the MSNA response.  382 

 383 

Conclusion 384 

The present study is the first to investigate the contribution of central command to the regulation 385 

of MSNA during dynamic exercise. In contrast to our hypothesis, MSNA burst frequency and 386 

incidence responses to passive and active zeroload cycling were similar suggesting no impact of 387 

central command. However, comparison of total MSNA and burst amplitude responses did 388 

reveal a sympathoexcitatory role of central command. Together these results are consistent with 389 

the concept that sympathetic burst occurrence and strength can be regulated independently (22). 390 
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In addition, central command was involved in attenuating the sensitivity of cardiac BRS and 391 

sympathetic burst occurrence BRS, but did not alter arterial baroreflex control of MSNA burst 392 

strength. Preliminary analyses demonstrate that fitness does not impact the contribution of 393 

central command to the MSNA burst occurrence or total MSNA response during dynamic 394 

exercise.  395 
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  543 

Table 1. Participant baseline characteristics. 544 

 545 

Variable                          Mean ± SD     (range) 546 

   Sex (male/female)                                                               9/9 547 

   Age (years)                         22 ± 3     (18 – 28) 548 

   Height (cm)                                172 ± 10        (153 – 184) 549 

   Weight (kg)                        66 ± 12        (46 – 88) 550 

   BMI (kg/m
2
)                                 22 ± 3      (18 – 28) 551 

   Peak VO2 (ml/kg/min)                               53 ± 12        (28 – 76) 552 

   Predicted peak VO2 (%)                              126 ± 28     (90 – 181) 553 

   Heart rate (bpm)                        60 ± 10     (49 – 83) 554 

   Systolic blood pressure (mmHg)                             104 ± 11     (87 – 123) 555 

   Diastolic blood pressure (mmHg)                 64 ± 6     (52 – 72) 556 

   MSNA burst frequency (burst/min)                    25 ± 6     (15 – 39) 557 

   MSNA burst incidence (burst/100heartbeats)           44 ± 13     (22 – 72)      558 

  559 
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Table 2. Mean change (Δ) in hemodynamic variables during the first and second minute of passive (involuntary) and active 560 

(voluntary) zeroload cycling. 561 

 562 

Variable             Passive cycling                Active cycling   563 

1 min    2 min    1 min    2 min 564 

   Heart rate (bpm)    3 ± 4        2 ± 4                11 ± 7**   10 ± 5** 565 

   Systolic blood pressure (mmHg)  4 ± 4     5 ± 3     5 ± 4      7 ± 6 566 

   Diastolic blood pressure (mmHg)  1 ± 2     3 ± 2     2 ± 3      4 ± 4 567 

   Stroke volume (ml)    4 ± 4     4 ± 5     5 ± 4      6 ± 6 568 

   Cardiac output (l/min)           0.5 ± 0.5             0.4 ± 0.4            1.5 ± 1.1**             1.4 ± 0.8** 569 

   TVC (ml/min*mmHg)           3.7 ± 4.9             2.2 ± 3.9          13.3 ± 10.3**           10.3 ± 7.2** 570 

   Respiration rate (breaths/min)  2 ± 2     3 ± 2     4 ± 2**     4 ± 2** 571 

   Respiration depth (%)            24 ± 28   27 ± 25             36 ± 63    52 ± 55 572 

Mean ± SD. *, < 0.05; **, p<0.01 versus passive cycling at same time point. TVC, total vascular conductance. 573 

 574 

 575 

  576 
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Table 3. Mean change (Δ) in hemodynamic and MSNA variables during passive (involuntary) and active (voluntary) zeroload cycling 577 

in participants with normal and high cardiorespiratory fitness. 578 

 579 

Variable                          Normal Fitness (n=8)             High Fitness (n=10) 580 

                                Passive      Active      Passive   Active 581 

   Heart rate (bpm)                                1 ± 2                  6 ± 3                            3 ± 4             14 ± 6** 582 

   Systolic blood pressure (mmHg)                   4 ± 3        8 ± 4          5 ± 3                         5 ± 5 583 

   Diastolic blood pressure (mmHg)                   1 ± 2        4 ± 3        3 ± 2               3 ± 3 584 

   Stroke volume (ml)                                6 ± 4        8 ± 7       2 ± 4               5 ± 5 585 

   Cardiac output (l/min)                                       0.4 ± 0.2    1.0 ± 0.9    0.5 ± 0.5            1.8 ± 1.0 586 

   TVC (ml/min*mmHg)                                       3.0 ± 2.9               8.1 ± 8.0               2.7 ± 4.7          15.0 ± 8.0* 587 

   Respiration rate (breaths/min)                              2 ± 2       3 ± 1       3 ± 2               5 ± 2 588 

   Respiration depth (%)                             15 ± 9                27 ± 15      16 ± 16  19 ± 8 589 

   --------------------------------------------------------------------------------------------------------------------------------------------------------------- 590 

   MSNA burst frequency (bursts/min)                          -5 ± 5                  -3 ± -5      -4 ± 5              -3 ± 5 591 

   MSNA burst incidence (bursts/100 heartbeats)     -7 ± 7      -6 ± 7    -10 ± 8            -13 ± 10 592 

   Total MSNA (%)                                       -28 ± 16      -8 ± 16                       -17 ± 12    4 ± 31 593 

   MSNA burst amplitude (%)                             -5 ± 5        5 ± 11        2 ± 9               5 ± 11 594 

Mean ± SD, * p < 0.05; **, p < 0.01 vs. normal fitness during same exercise mode. BRS, baroreflex sensitivity; MSNA, muscle 595 

sympathetic nerve activity; TVC, total vascular conductance.  596 

 597 

 598 

 599 
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Figure Legends 600 

 601 

Figure 1. Representative 30 second microneurography tracing at rest and during the onset of 602 

passive (involuntary) and active (voluntary) zeroload cycling. 603 

 604 

Figure 2. Change (∆) in muscle sympathetic nerve activity (MSNA) (A) burst frequency, (B) 605 

burst incidence, (C) total MSNA, and (D) burst amplitude during the first and second minute of 606 

passive (involuntary) and active (voluntary) zeroload cycling (n=18). Mean ± SEM. 607 

 608 

Figure 3. Mean sympathetic baroreflex sensitivity of baseline and exercise periods in (A) burst 609 

occurrence (n=15) and (B) burst amplitude (n=18) during passive and active zeroload cycling. 610 

Mean ± SEM. 611 

 612 

 613 

 614 

 615 
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