
 

                                    

   Lebanese American University Repository (LAUR) 

Post‐print version/Author Accepted Manuscript 

 

Publication metadata: 

Title:  Sciatic Nerve Stimulation Activates the Retrotrapezoid Nucleus (RTN) in Anesthetized Rats 

Author(s):  Roy Kanbar, Ruth L. Stornetta and Patrice G. Guyenet 

Journal:  Journal of Neurophysiology 

DOI/Link:    http://dx.doi.org/10.1152/jn.00543.2016 

How to cite this post‐print from LAUR: 

Kanbar, R., Stornetta, R. L., & Guyenet, P. G. (2016). Sciatic Nerve Stimulation Activates the 

Retrotrapezoid Nucleus (RTN) in Anesthetized Rats, DOI: 

http://dx.doi.org/10.1152/jn.00543.2016/Handle: http://hdl.handle.net/10725/4566 

C 2016 

This Open Access post‐print is licensed under a Creative Commons Attribution‐Non Commercial‐No Derivatives 

(CC‐BY‐NC‐ND 4.0) 

 

 

This paper is posted at LAU Repository 
For more information, please contact: archives@lau.edu.lb 

 



JN-00543-2016-R1 

1 
 

 1 

 2 

 3 

Sciatic Nerve Stimulation Activates the Retrotrapezoid Nucleus (RTN) in Anesthetized Rats 4 

 5 

Roy Kanbar1, Ruth L. Stornetta2 and Patrice G. Guyenet2* 6 

 7 

1Department of Pharmaceutical Sciences, School of Pharmacy, Lebanese American University, Lebanon 8 

2Department of Pharmacology, School of Medicine, University of Virginia, Charlottesville, VA 22908, USA 9 

 10 

 11 

Running title: RTN and somatic afferents 12 

 13 

* Corresponding author: 14 

Patrice G. Guyenet, Ph.D. 15 

University of Virginia Health System, P.O. Box 800735,  16 

1340 Jefferson Park Avenue, Charlottesville, VA 22908-0735.  17 

E-mail: pgg@virginia.edu  18 



JN-00543-2016-R1 

2 
 

Abstract 19 

Retrotrapezoid (RTN) neurons sustain breathing automaticity. These neurons have 20 

chemoreceptor properties but their firing is also regulated by multiple synaptic inputs of uncertain 21 

function.  Here we test whether RTN, like neighboring presympathetic neurons, are excited by somatic 22 

afferent stimulation.   23 

Experiments were performed in Inactin-anesthetized, bilaterally-vagotomized, paralyzed, 24 

mechanically ventilated Sprague-Dawley rats. End-expiratory CO2 (eeCO2) was varied between 4 and 25 

10% to modify rate and amplitude of phrenic nerve discharge (PND). RTN and presympathetic neurons 26 

were recorded extracellularly below the facial motor nucleus using established criteria.  27 

Sciatic nerve stimulation (SNstim, 1 ms, 0.5Hz) slightly increased blood pressure (6.6 ± 1.6 28 

mmHg) and heart rate and, at low eeCO2 (<5.5%), entrained PND.  Ipsi- and contralateral SNstim 29 

produced the known biphasic activation of presympathetic neurons. SNstim evoked a similar but weaker 30 

biphasic response in up to 67% of RTN neurons and monophasic excitation in the rest. At low eeCO2, RTN 31 

neurons were silent and responded more weakly to SNstim than at high eeCO2.  32 

RTN neuron firing was respiratory modulated to various degrees. The phasic activation of RTN 33 

neurons elicited by SNstim was virtually unchanged at high eeCO2 when PND entrainment to the 34 

stimulus was disrupted. Thus, RTN neuron response to SNstim did not result from entrainment to the 35 

central pattern generator. Overall, SNstim shifted the relationship between RTN firing and eeCO2 36 

upward. 37 

In conclusion, somatic afferent stimulation increases RTN neuron firing probability without 38 

altering their response to CO2. This pathway may contribute to the hyperpnea triggered by nociception, 39 

exercise (muscle metabotropic reflex) or hyperthermia.   40 
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New and Noteworthy: 41 

 42 

Retrotrapezoid (RTN) neurons encode brain PCO2 and activate breathing. We show by unit recording 43 

that these central respiratory chemoreceptors are strongly activated by somatic afferent stimulation, 44 

like the neighboring presympathetic neurons. This finding, in anesthetized rats, underscores that RTN 45 

neurons integrate multiple types of information besides monitoring the surrounding PCO2. Inputs from 46 

somatic afferents to RTN may contribute to the hyperpnea of exercise or mediate respiratory 47 

stimulation elicited by activation of nociceptive or thermosensitive afferents.  48 

 49 

 50 

Introduction: 51 

The retrotrapezoid nucleus (RTN) is a cluster of respiratory chemoreceptors that regulate 52 

breathing automaticity and contribute to the stability of arterial PCO2 (Guyenet et al. 2016).  By our 53 

definition, RTN consists of around 2000 CO2-activated neurons  (in rats, 800 in mice) that express a 54 

specific and seemingly unique combination of markers (Phox2b, VGLUT2, NK1R, GPR4, TASK-2) (Guyenet 55 

et al. 2016).  When activated, these glutamatergic neurons increase lung ventilation massively and their 56 

inhibition has the opposite effect (Abbott et al. 2009; Basting et al. 2015; Guyenet et al. 2016; Kanbar et 57 

al. 2010). RTN neurons are activated by hypercapnia via their intrinsic proton sensitivity and astrocyte-58 

dependent local effects of CO2/pH (Forsberg et al. 2016; Gourine et al. 2010; Guyenet et al. 2016; 59 

Huckstepp et al. 2010; Kumar et al. 2015). Genetic lesions of RTN or deletion of two genes expressed by 60 

RTN and implicated in pH sensing reduce the central respiratory chemoreflex by 67-90% (Kumar et al. 61 

2015; Ramanantsoa et al. 2011). 62 
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The central respiratory chemoreflex dampens arterial PCO2 fluctuations by fine-tuning lung 63 

ventilation but this reflex is neither the only nor even the principal mechanism that underlies arterial 64 

PCO2 stability (Forster et al. 2012; Guyenet 2014; Nattie 2006; Nattie 2012). This point is dramatically 65 

illustrated by dynamic exercise during which ventilation is greatly elevated, arterial PO2 is normal and 66 

arterial PCO2 unchanged or even slightly reduced (Forster et al. 2012). The ventilatory adjustments to 67 

exercise are attributed to “central command”, a term referring to the activation of the breathing 68 

network by some undefined portion of the CNS or spinal cord locomotor circuitry, and to sensory 69 

feedback from exercising muscles (Amann et al. 2010; Eldridge et al. 1981; Forster et al. 2012; Gariepy et 70 

al. 2012; Kaufman 2012; McCord and Kaufman 2010). The more subtle increase in metabolic rate 71 

accompanying posture, emotions, being awake as opposed to asleep, and thermoregulation are also 72 

associated with measured increases in ventilation that maintain arterial PCO2 constant. The breathing 73 

adjustments associated with these behaviors or physiological states presumably also operate in a feed-74 

forward manner i.e. via inputs from sensory afferents and a hierarchy of brain regions.  75 

RTN could be one of a few nodal points where these various feed-forward mechanisms are 76 

integrated with chemoreceptor information to maintain the balance between the metabolic production 77 

of CO2 and its excretion via the lungs. RTN is adjacent to the portion of the ventrolateral medulla that 78 

performs a parallel integrative role with respect to circulatory control and blood pressure homeostasis 79 

(Guyenet et al. 2013). The dendrites of RTN neurons are covered with asymmetric, likely glutamatergic 80 

synapses (Lazarenko et al. 2009) and physiological evidence that RTN performs a complex integrative 81 

function besides detecting local PCO2 is mounting (Guyenet et al. 2016).  82 

A fraction of RTN neurons express Fos following moderate dynamic exercise in rodents (Barna et 83 

al. 2014; 2012). Arterial PCO2 presumably does not increase under such conditions, therefore RTN 84 

activation likely derives from central command, sensory feedback or both. Supporting the first 85 

possibility, RTN neurons are robustly activated when the hypothalamus is stimulated (Fortuna et al. 86 
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2009; Waldrop et al. 1988). One of these hypothalamic inputs originates from orexinergic neurons (Dias 87 

et al. 2009; Fortuna et al. 2009; Lazarenko et al. 2011) many of which discharge in association with 88 

movement (Lee et al. 2005). RTN neurons could also receive excitatory inputs from an ascending neural 89 

pathway originating in the spinal cord and activated by afferents from exercising muscles (Kaufman 90 

2012; McCord and Kaufman 2010). This possibility is compatible with existing anatomical evidence: the 91 

ventrolateral medulla inclusive of the RTN region receives input from lamina I of the dorsal horn which, 92 

in turn, receives input from nociceptive afferents and afferents (type III and IV) activated by contracting 93 

muscles (Craig and Kniffki 1985; Kaufman 2012).  94 

In the present study we sought physiological evidence that RTN neurons receive excitatory input 95 

from somatic afferents. To do so we recorded from single RTN neurons in anesthetized rats and 96 

examined their response to sciatic nerve stimulation.  97 

  98 
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Methods: 99 

Animal use was in accordance with guidelines approved by the University of Virginia Animal Care 100 

and Use Committee (ACUC). Experiments were conducted on 19 male Sprague-Dawley rats weighing 101 

between 300 and 350g.  102 

Physiological preparation 103 

Surgical procedures were performed under isoflurane (5% for induction and 2.5% for 104 

maintenance) in 100% oxygen. Rectal temperature was maintained at 37.5±0.5◦C. The following 105 

procedures were performed sequentially in all rats: tracheostomy, mechanical ventilation, bilateral 106 

vagotomy, insertion of venous and arterial femoral catheters for i.v. injections and arterial blood 107 

pressure (BP) recording respectively, exposure of the left and right mandibular branches of the facial 108 

nerve for antidromic mapping of the facial motor nucleus, dissection of the left phrenic nerve in the 109 

neck and exposure of both sciatic nerves. The intact sciatic and cut phrenic nerves were mounted on 110 

bipolar electrodes and isolated in biocompatible polymer (World Precision Instruments, Sarasota, FL, 111 

USA) for later stimulation (sciatic nerve) or multi-fiber recording (phrenic nerve). Rats were placed prone 112 

in a Kopf stereotaxic frame with the bite bar set at negative 3.5 mm. A small portion of the occipital 113 

plate was removed on either side to allow trans-cerebellar access to the rostral medulla oblongata with 114 

glass recording pipettes. 115 

End-expiratory CO2 (eeCO2) was continuously monitored with a micro-capnometer (Columbus 116 

Instruments, Columbus, OH, USA) and set between 4.0 and 10% by adding CO2 to the inspired mixture. 117 

While searching for RTN neurons, eeCO2 was maintained at least 1.5% above the apneic threshold 118 

(typically 5.5%). Phenylephrine (PE; 5 μg kg−1) was injected i.v. to raise BP. 119 
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Upon completion of surgical procedures, isoflurane was withdrawn gradually while an isotonic 120 

solution of Inactin (thiobutabarbital) was slowly administered (Sigma®; initial dose of 80-100mg/kg i.v. 121 

with additional doses of 10mg/kg as required)(Nakamura and Morrison 2011). Boosters were required 122 

every 3 to 4h. Usually two boosters were administered. Rats were also paralyzed with a muscle relaxant 123 

(pancuronium 1mg/kg i.v. with additional doses of 0.2mg/kg when needed). In the absence of 124 

pancuronium, adequacy of anesthesia was monitored by the absence of withdrawal reflex and, under 125 

paralysis, by the limited increase in BP (<10 mmHg) and lack of activation of the phrenic nerve in 126 

response to a firm paw pinch.  127 

Single unit recordings  128 

Single-unit recordings were made with glass pipettes filled with 2M NaCl (8–14MΩ). The caudal 129 

and lower boundaries of the facial motor nucleus were identified by mapping antidromic field potentials 130 

evoked by stimulating the facial branch of the facial nerve (Brown and Guyenet 1985; Mulkey et al. 131 

2004). Unit recordings were made 0–500 μm rostral to the caudal end of the facial motor nucleus, 1.8–132 

2.4mm lateral to the midline and from 0 to 400 μm ventral to the lower edge of the facial motor 133 

nucleus. We focused on this specific brain region because it contains the highest concentration of RTN 134 

neurons intermixed with presympathetic neurons (Abbott et al. 2009; Stornetta et al. 2006). No 135 

histology was performed. The location of the recorded units was identified with sufficient precision by 136 

their location relative to the caudal and ventral boundaries of the facial motor nucleus. 137 

The term “presympathetic neurons”, a.k.a bulbospinal cardiovascular neurons (Brown and 138 

Guyenet 1985), a.k.a. reticulospinal vasomotor neurons (Morrison et al. 1989) refers to cells that are 139 

silenced by activation of arterial baroreceptors and cluster within the rostral ventrolateral medullary 140 

nucleus (definition after (Ross et al. 1984)). Virtually all these neurons have a spinal axon with terminal 141 

branches located within the intermediolateral cell column (Morrison et al. 1988). The majority are C1 142 
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cells (Milner et al. 1988; Schreihofer and Guyenet 1997a). These presympathetic neurons provide a 143 

major excitatory drive to the sympathetic efferents that control the circulation and are viewed as 144 

primarily responsible for blood pressure stabilization by the baroreflex (Guyenet et al. 2013). 145 

RTN neurons were identified by three criteria: location under the facial motor nucleus, 146 

insensitivity to changes in BP and activation by CO2 (Mulkey et al. 2004).  147 

Sciatic nerve electrical stimulation 148 

The nerve was stimulated at low frequency (0.5 – 1Hz) with 1 ms square-wave pulses using 149 

bipolar electrodes made of silver wire. The intensity ranged from 1 to 10mA. These parameters were 150 

used because of prior evidence that such stimuli activate all fiber types (Stornetta et al. 1989). Electrical 151 

stimulation produced an artefact in the PND and single unit recording signals, which was removed post-152 

hoc using script “artrem” downloaded from CED spike 2 website. We used this script to clamp 4 – 6ms 153 

worth of AC recording at 0mV. The blanked segments were triggered at the onset of the stimulation 154 

pulse.  155 

Both contra-lateral and ipsi-lateral stimulation of the sciatic nerve was performed whenever 156 

possible. RTN neurons response was also tested under low (<5.5% eeCO2) and high (>5.5% eeCO2) CO2 157 

conditions.  158 

In a few experiments (7 RTN neurons), the stimulus was delivered exclusively during the 159 

inspiratory phase and then exclusively during the expiratory phase of the central respiratory cycle. To 160 

that effect we wrote a custom built script on Spike 2 which identified the rising phase of the PND  and 161 

produced TTL pulses at preset times following PND onset via a micro1401 digitizer (Cambridge Electronic 162 

Design (CED), Cambridge, UK)). The TTL pulses triggered the stimulator. The sciatic nerve could thus be 163 
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stimulated during inspiration only (TTL ~20 ms after PND onset) or during expiration (TTL pulse 0.6 to 1s 164 

after PND onset depending on the period of the breathing cycle).  165 

Data acquisition and analysis 166 

All analog data were acquired via a micro1401 digitizer ((Cambridge Electronic Design (CED), 167 

Cambridge, UK)) and were processed off-line using Spike 5 software (CED) (Guyenet et al. 2005). 168 

Integrated phrenic nerve discharge (PNDr) was obtained by rectifying and smoothing (τ = 0.05s) the 169 

original 100- 1000 Hz bandpass AC signal. PND amplitude was defined as the area under the curve of the 170 

rectified and smoothed phrenic bursts and these values were normalized by assigning a value of 100 to 171 

the maximum value recorded at high eeCO2 in the absence of any nerve stimulation and a value of 0 to 172 

the noise recorded between bursts. The noise was determined as the average electrical signal present 173 

between phrenic nerve discharges or the electrical signal recorded when the animal was sufficiently 174 

hyperventilated to eliminate the phrenic bursts. 175 

Event- triggered histograms of neuronal activity were constructed to analyze the effect of sciatic 176 

stimulation on the discharge rate of the neurons of interest. Neuronal activation was calculated by 177 

subtracting the spike frequency observed prior to the electrical stimulus from that present during the 178 

activation phase(s). In general, activation occurred in two phases with short vs. long latency and each 179 

response was analyzed separately. Occasionally, the late peak was also multiphasic but this response 180 

was also analyzed as a single event. 181 

Statistics 182 

  All data sets were tested for normality using the Shapiro-Wilk test and equal variances for 183 

ANOVAs were determined with the Bartlett’s test. If the criteria of normality and equal variance, as 184 

appropriate, were satisfied, we evaluated statistical significance using either a two-tailed paired t-test or 185 
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one-way ANOVA or ANCOVA, as appropriate.  When the criteria of normality were not met, we used a 186 

non-parametric statistical test (two-tailed Wilcoxon signed-rank test for paired values, two-tailed Mann-187 

Whitney U for unpaired values or Kruskal-Wallis with post-hoc comparisons using Dunnett’s correction 188 

for multiple comparisons). Values are expressed as means ± SEM if the data set is normally distributed 189 

or, with non-normally distributed data we report the medians and 95% confidence intervals. Statistical 190 

significance is set at p < 0.05. All statistics were performed using GraphPad PRISM v.7 software or the R 191 

statistical package (RCoreTeam 2013). 192 

 193 

Results 194 

Neuron characterization and location 195 

Recordings were made under Inactin anesthesia. We first verified that presympathetic and RTN 196 

neurons could be unambiguously identified under these anesthetic conditions. We recorded from fifty-197 

eight active neurons located under the caudal edge of the facial motor nucleus in 19 rats (location: see 198 

Figure 1). The neurons could be readily classified into two types based on their differential response to 199 

CO2 and baroreceptor activation.  The first category (presympathetic; N=29) were highly barosensitive 200 

but virtually insensitive to changes of eeCO2 (Figure 2). Their discharge was strongly pulse-modulated 201 

but weakly entrained to respiration (Figure 2C, D).  The rest of the neurons (RTN; N=29) were insensitive 202 

to BP changes (7 neurons tested during phenylephrine injection), strongly CO2-sensitive and their 203 

discharge, unlike that of the presympathetic neurons, had no pulse-modulation (29 neurons analyzed; 204 

Figure 3).  These neurons were respiratory-modulated to various degrees (Figures 3C and 4). Three main 205 

respiratory patterns could be identified based on the timing of the neuronal discharge probability 206 

nadir(s) in relation to the breathing cycle (Figure 4): early-I inhibition (N=7), early-I and post-I inhibition 207 
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(N=11), and post-I inhibition (N=7). This nomenclature is based on the plausible but unproven 208 

assumption that periods of reduced discharge probability denote the presence of inhibitory volleys. 209 

Another four cells were also inhibited during both I and post-I phases but their activity increased 210 

abruptly during the early part of inspiration (Figure 4-A2). CO2-stimulated neurons exclusively active 211 

during late expiration were not encountered. 212 

On average (Figure 5), increasing mean BP with i.v. phenylephrine (from 123±2 mmHg to 155±3 213 

mmHg, N=28, t=18.9, df=27, p<0.0001) reduced the firing rate of the presympathetic neurons from a 214 

median value of 6.9 spikes / s (95% CI 6.7 - 13.9) to a median value of 0 (95% CI 0.27 -1.6) (W = -406, 215 

N=28, p<0.0001), i.e. silencing them (Figures 2A,B and 5A). Similar increases in BP (from 127±5 mmHg to 216 

155±5 mmHg; N=7, t=7.4, df=6, p<0.0003) had no effect on the firing rate of RTN neurons (from 8.2±0.9 217 

Hz to 7.9±0.9 Hz, N=7, t=0.637 df=6. p=0.5475; Figures 3A, B and 5A). Decreasing eeCO2 (from a median 218 

value of 7 %, 95% CI 6.9-7.7 to a median value of 4.3 %, 95% CI 4.2-4.5; W=-435, N=29, p<0.0001) 219 

silenced RTN cells (from a median value of 6.7 Hz, 95% CI 5.9 – 7.8 % to 0 Hz, 95% CI 0-0.2%, W= -435, 220 

N=29, p<0.0001; Figures 3A and 5B). A similar change in eeCO2 (from 8.6±0.3 % to 5.1±0.2 %, N=14; t-221 

test, t=10.2, df=13, p<0.0001) had no effect on the discharge rate of the presympathetic neurons (from 222 

median 3.8 Hz, 95% CI 1.3 -9.2 Hz to 4.7 Hz, 95% CI .69 – 12.2 Hz, W = -11, N=14, p=0.7609; Figures 2A 223 

and 5B).  224 

Presympathetic and RTN neurons were largely intermingled within the restricted brain region 225 

that was sampled (Figure 1). On average, RTN neurons (N=29) were located significantly deeper than 226 

presympathetic neurons (211±19 μm below the facial motor nucleus vs. 131±15 μm, t=3.184, df=56, 227 

p=0.0024). This was expected because RTN neurons reside in general deeper than C1 cells which are the 228 

predominant type of presympathetic neurons located in this region of the brain (Stornetta et al. 2006). 229 

The average rostrocaudal location of both classes of neurons was the same ((RTN median value 200 μm 230 
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(95% CI 134- 260 μm) rostral to the caudal edge of the facial motor nucleus vs. C1 median 100 μm (95% 231 

CI 73-190 μm, M-W U = 331, p=0.156)).  This result merely reflects that the sampled region was 232 

purposefully restricted to the region with the greatest overlap between C1 and RTN neurons (Stornetta 233 

et al. 2006). Both types of cells were commonly encountered in the same animals (11/19 preparations). 234 

In summary, presympathetic and RTN neurons have similar discharge characteristics under 235 

Inactin anesthesia as under other anesthetics (halothane, chloralose-urethane) (Guyenet et al. 2005; 236 

Schreihofer and Guyenet 1997b). 237 

Sciatic nerve stimulation increases cardio-respiratory parameters 238 

The effect of sciatic nerve electrical stimulation was evaluated by averaging the effect of multiple 30 s to 239 

60 s periods of stimulation at 0.5Hz for each rat (Figure 6A). Sciatic nerve stimulation increased BP 240 

slightly (from 123±3 mmHg to 129±4 mmHg, N=19 rats; 2-tailed paired t-test: t=4.018, df=18,p=0.0008), 241 

produced a slight tachycardia (HR from 405±9 bpm to 416±9 bpm, N=19 rats; 2-tailed paired t-test 242 

t=7.477, df=18, p<0.0001) and increased PND rate (from 23±3 bursts/min to 32±3 bursts/min, N=14 rats, 243 

paired t-test: t=3.988, df=13, p=0.0015) and amplitude (from 31 to 53% of maximum recorded 244 

amplitude, N=14 rats, Wilcoxon matched-pairs signed rank test: p=0.0001). Since PND rate is a CO2 245 

dependent variable, the relation between the increase in PND rate and the baseline value of this 246 

parameter was examined (Figure 6B). A similar analysis was performed with PNDr amplitude, for the 247 

same reason. There was a significant inverse relationship between baseline PND frequency and 248 

amplitude and the effect of stimulation on these parameters. The effect of sciatic nerve stimulation 249 

tended to be more pronounced at lower baseline values and decreased as baseline PND rate and 250 

amplitude increased. In addition, when sciatic stimulation frequency was lower than baseline PND 251 

frequency, the frequency tended to decrease (Fortuna et al. 2009). 252 

Sciatic nerve stimulation activates presympathetic neurons 253 
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We examined the responses of 29 presympathetic neurons to sciatic nerve stimulation. Contra-254 

lateral (N=25) and ipsi-lateral (N=16) sciatic nerves were stimulated at 0.5 Hz for 5 min (1 ms pulses). All 255 

neurons responded to both ipsi- and contralateral nerve stimulation; the response typically consisted of 256 

an early and late excitation, followed by a period of reduced activity (Figure 7B, C).  257 

Every presympathetic neuron was activated by contra-lateral sciatic stimulation. In most 258 

neurons (20/25) a short onset latency response (<40 ms) was observed. In the rest (5/25), the onset of 259 

the earliest response was between 70 and 90 ms. Most cells (22/25 subjected to contralateral-260 

stimulation and 14/16 subjected to ipsi-stimulation) also had a second, longer latency activation (Table 261 

1). Occasionally the late response was itself multiphasic (Figure 7B) but we analyzed it as one. The short-262 

latency activation was generally less intense and shorter lasting than the long latency one (Table 1). 263 

Contra- and ipsi- lateral sciatic stimulation evoked very similar responses in terms of latency and 264 

amplitude (Figure 7B,C; Table 1). The degree of activation (maximum evoked firing rate during a given 265 

peak of activation) was positively correlated with the resting firing rate for peak 1 (contra-lateral 266 

stimulation r2 = 0.56, p<0.0001 and ipsi-lateral stimulation r2 = 0.47, p=0.0033) and peak 2 (contra-lateral 267 

r2 = 0.26, p=0.0144 and ipsi-lateral r2 = 0.61, p=0.001). The latency, duration and intensity of the 268 

responses were the same when sciatic nerve stimulation was applied during inspiration or expiration 269 

(data not shown).  270 

Sciatic nerve stimulation activates RTN neurons 271 

Every RTN neuron tested (N=29) was activated by sciatic nerve stimulation (contralateral 272 

stimulation, N=25; ipsi-lateral stimulation, N=11). The neuron illustrated in Figure 8 was silenced by 273 

lowering eeCO2 before stimulation was applied. This neuron was activated about equally by stimulating 274 

the ipsilateral or contralateral sciatic nerves. Characteristically for animals in central apnea, each 275 

stimulus elicited a single phrenic burst, resulting in a flat PND rate at the stimulation rate of 30 per min 276 
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(0.5Hz; Figure 8A). At low eeCO2 PND onset occurred 391±51 ms after the stimulus (N=13 rats; 277 

4.3±0.1%). Sciatic nerve stimulation elicited in this neuron a biphasic response (Figure 8B,C). This type of 278 

response was observed in a majority of RTN neurons, particularly when eeCO2 was elevated and RTN 279 

neurons were active in the absence of stimulation (Table 1); in the other neurons, the evoked response 280 

consisted of a single peak (Figure 9; Table 1). 281 

Although sciatic nerve stimulation commonly entrained the PND, the neuronal response evoked 282 

by sciatic nerve stimulation seemed too brief and sharply delineated (Figures 8 and 9) to be caused by 283 

the respiratory modulation of these RTN neurons. In order to test this assertion, we compared the 284 

responses evoked by sciatic nerve stimulation during periods of low (~4%) vs. high eeCO2 (~6.7%).  In the 285 

first case, nerve stimulation faithfully entrained the PND (Figures 8B and 9B). By contrast, during 286 

hypercapnia, the stimulation rate was below the resting frequency of the central pattern generator, 287 

which disrupted and slowed the breathing rhythm and resulted in poor PND entrainment to the stimuli 288 

(Figure 9C). Yet, under such conditions, sciatic nerve stimulation of RTN neurons still produced a sharp 289 

evoked response with peak and latency characteristics very similar to those observed under hypocapnic 290 

conditions (Figure 9). The high vs. low eeCO2 test was carried out in 9 RTN neurons. In five cases, the cell 291 

was activated to the same extent at high and low eeCO2; the remaining four neurons were only 292 

activated at high eeCO2. The rest of the RTN neurons were tested only at low (N=10) or high (N= 6) 293 

eeCO2. The average response evoked at low eeCO2 by contra-lateral sciatic nerve stimulation in 19 RTN 294 

neurons is represented in Figure 10A and compared to the average response elicited in 15 neurons 295 

recorded at high eeCO2. Despite a higher activity at rest, the averaged response evoked by sciatic nerve 296 

stimulation was unchanged in hypercapnia. The averaged response evoked in 25 presympathetic 297 

neurons is also shown in Figure 10A to highlight its similarity with the response of RTN neurons to the 298 

same stimulus. Additional details regarding the latencies, amplitude and duration of the responses 299 

evoked in RTN and presympathetic neurons by sciatic nerve stimulation are to be found in the Table 1. 300 
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Finally we examined whether sciatic nerve stimulation evoked a different response in RTN 301 

neurons (N=7) if the stimulus was delivered during the inspiratory phase (~20 ms after PND onset) as 302 

opposed to the expiratory phase of the central pattern generator (0.6 to 1 s after  PND onset). During 303 

these tests eeCO2 was 6.9 ± 0.5% and the resting activity of the 7 RTN neurons was 5.5 ± 1.4 spikes/s.  304 

The biphasic neuronal response was similar regardless of the timing of the stimulus (Figure 9D).  305 

Sciatic nerve stimulation and CO2 have approximatively additive effects on RTN neuron discharge rate 306 

The relation between RTN neuron firing rate and eeCO2 could be modelled by a second-order 307 

quadratic equation (y= a +bx + cx2) both at rest (R2=0.592) and during sciatic nerve stimulation (R2= 308 

0.417; Figure 11) suggesting that the discharge of the neurons is a saturable function of PCO2.  The 309 

likelihood ratio test (Chi Sq of 13.02, 2 df, p=0.00149) revealed that the polynomial model was a better 310 

fit for the data than a linear model.  311 

In order to test that the mean discharge rate of the neurons was elevated by the stimulation, we 312 

performed a Wilcoxon matched-pairs signed rank test (2-tailed) with all data points (n=36 pairs of 313 

recordings at low and high CO2). This test revealed a highly significant effect of stimulation on RTN 314 

neuron mean firing rate ((W=638; median neuronal firing rate in the absence of stimulation: 1.308 (95% 315 

CI= 1.663-3.745); median firing rate during 5 min stimulation: 3.795 (95% CI = 3.264 -6.649); p<0.0001).  316 

To test whether there was an interaction between effects of CO2 and sciatic nerve stimulation 317 

on RTN neuron firing, we did a square root transform of the firing rate data to meet the data distribution 318 

requirements for analysis of covariance. This analysis confirmed there was a significant effect of both 319 

CO2 (F (1,33) = 42.88, p<0.002) and stimulation (F(2,33) = 30.53, p<0.002) but there was no interaction 320 

between these two manipulations on firing rate (F(2,33) = 0.333, p=0.7192). This lack of interaction 321 

suggests that somatic nerve stimulation may not change the sensitivity of RTN neurons to CO2. 322 
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Discussion: 323 

This study provides the following novel findings: 1) Sciatic nerve electrical stimulation activates 324 

RTN chemoreceptors in anesthetized rats; 2) The activation is weaker than that of nearby 325 

presympathetic neurons but its pattern is similar; 3) RTN activation is not mediated via the respiratory 326 

pattern generator; 4) The relationship between RTN firing rate and CO2 level is shifted upwards by 327 

somatic afferent input. 328 

 In short, RTN neurons can be activated by somatic inputs as well as by changes in local tissue 329 

PCO2 and we briefly discuss the physiological circumstances under which these somatic inputs could 330 

contribute to breathing. 331 

Properties of RTN neurons under Inactin anesthesia 332 

 RTN neurons were readily identifiable under Inactin anesthesia and their properties were 333 

virtually identical to prior descriptions in rats anesthetized with halothane (Guyenet et al. 2005; Mulkey 334 

et al. 2004) or chloralose-urethane (Takakura et al. 2006). These defining properties include: location 335 

under the facial motor nucleus, activation by hypercapnia (recruitment threshold close to 4% eeCO2), 336 

insensitivity to acute BP changes and, in vagotomized preparations, respiratory modulation with activity 337 

nadir predominantly in early expiration and/or post-inspiration (Guyenet et al. 2005; Mulkey et al. 338 

2004).  These cells were intermingled with presympathetic neurons, identified here by their strong 339 

barosensitivity and modest respiratory modulation.  340 

The present electrophysiological results are consistent with prior evidence that the majority of 341 

active neurons located within the limited region of interest are either C1 bulbospinal neurons or 342 

neurons previously defined as RTN based on histological markers (VGLUT2, Phox2B, NK1R receptors, 343 

galanin), responses to CO2 and projection pattern (Guyenet et al. 2016; Stornetta et al. 2006). The region 344 
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probably contains other types of neurons but these cells were either silent or did not generate 345 

recordable action potentials in the preparation used. 346 

Activation of presympathetic neurons by somatic input 347 

 The somato-sympathetic “pressor” reflex elicited under anesthesia is largely mediated by 348 

activation of RVLM presympathetic neurons (Stornetta et al. 1989). As reported before (Morrison and 349 

Reis 1989), we found that the majority of the presympathetic neurons had a biphasic response to sciatic 350 

nerve stimulation. Also as reported before (McMullan et al. 2008), a fraction of the barosensitive 351 

neurons lacked the long-latency response; these putative presympathetic neurons may be specialized in 352 

controlling  sympathetic efferents travelling within the cervical nerve (McMullan et al. 2008). 353 

RTN activation by somatic input stimulation 354 

 The main new observation of the present study is that RTN neurons were activated by sciatic 355 

nerve stimulation. The biphasic pattern of activation was very similar in RTN and presympathetic 356 

neurons although the magnitude of the response, measured as the number of spikes elicited per 357 

stimulus, was smaller in RTN neurons.  358 

The discharge of RTN neurons is not respiratory phasic but it is respiratory modulated and this 359 

modulation can be quite pronounced, especially when the respiratory pattern generator is strongly 360 

activated ((Connelly et al. 1990; Guyenet et al. 2005) and present results). Because somatic nerve 361 

stimulation entrains the respiratory pattern generator ((Potts et al. 2005); present study), the activation 362 

of RTN neurons that follows each stimulus delivered to the sciatic nerve could a priori have resulted 363 

from such entrainment. However, this was clearly not the case because somatic stimulation evoked the 364 

same short latency responses in RTN neurons when sciatic stimulation did not entrain the respiratory 365 

pattern generator.  This condition was met when eeCO2 was elevated and the duration of the 366 
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respiratory cycle was shorter than two seconds, the interval between sciatic nerve stimuli. Indeed, 367 

entrainment of the respiratory pattern generator to somatic stimuli requires that such stimuli be 368 

delivered at a rate greater than the resting frequency of the respiratory network (Potts et al. 2005). The 369 

entrainment is disrupted by blocking synaptic transmission in the parabrachial region (Potts et al. 2005), 370 

a region that receives heavy projections from laminae I and II of the spinal cord (Bernard et al. 1995; 371 

Craig 1995). This result has been logically interpreted as evidence that somatic afferents pace the 372 

respiratory generator via projections to this region of the brain. Such projections certainly exist but the 373 

dorsal horn of the spinal cord also innervates the entire ventrolateral medulla (Craig 1995) and the 374 

respiratory generator can be robustly entrained by phasic optogenetic activation of RTN neurons 375 

(Abbott et al. 2011). Respiratory entrainment by RTN or sciatic nerve stimulation has similar 376 

characteristics, requiring that the stimulus be delivered during the expiratory phase of the cycle (Abbott 377 

et al. 2011; Potts et al. 2005). In the present series of experiments RTN activation preceded the phrenic 378 

nerve discharge and occurred during the expiratory phase of the cycle (e.g. Figures 8 and 9). 379 

Accordingly, PND entrainment to sciatic nerve stimulation could conceivably be mediated via RTN 380 

activation.  Given the high degree of interconnection between the medullary and pontine portions of 381 

the brainstem respiratory generator, a conservative interpretation of the available data might be that 382 

somatic afferent stimulation entrains the respiratory cycle via several routes simultaneously, one of 383 

which may be through RTN. 384 

Potential physiological role of the somatic input to RTN neurons 385 

 Our results are compatible with the possibility that RTN receives excitatory inputs from muscle 386 

metabotropic receptors and contribute to the hyperpnea of exercise (Forster et al. 2012; Kaufman 387 

2012).  Supporting this notion, lamina I/II neurons, receive input from muscle sensory afferents and 388 

innervate the ventrolateral medulla inclusive of the RTN region (Craig 1995; Craig and Mense 1983; 389 
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Jankowski et al. 2013; Kaufman 2012; Wilson et al. 2002). This pathway projects about equally to both 390 

sides of the medulla oblongata, which is consistent with RTN responding identically to stimulation of the 391 

right or left sciatic nerves. However, this pathway could just as well mediate the breathing stimulation 392 

elicited by nociceptive afferents, which also terminate in the most superficial regions of the dorsal horn 393 

(Andrew et al. 2003; Basbaum et al. 2009).  394 

 The expression of Fos by 18% of RTN neurons (Sagar et al. 1988) after dynamic exercise in rats 395 

(Barna et al. 2014; 2012; Iwamoto and Waldrop 1996) gives credence to the hypothesis that RTN could 396 

receive input from muscle metabotropic receptors. However, “central command” could provide an 397 

alternate explanation (Forster et al. 2012).  The central command hypothesis states that a CNS 398 

locomotor generator, possibly located within the hypothalamus, activates the lower brainstem 399 

respiratory network to produce the hyperpnea of exercise (Eldridge et al. 1981; Forster et al. 2012). RTN 400 

neurons receive a strong excitatory input from the hypothalamus, at least partly orexinergic in nature 401 

(Fortuna et al. 2009; Lazarenko et al. 2011; Li and Nattie 2010). 402 

In a neonatal brainstem-spinal cord preparation, Phox2b+ “pfRG” neurons, the probable 403 

neonatal version of the neurons that we define as RTN (Guyenet et al. 2016; Onimaru et al. 2014) can be 404 

entrained by the spinal cord locomotor generator (Le Gal et al. 2014).  It is therefore also conceivable 405 

that sciatic nerve stimulation activates RTN neurons via this circuit in adult rats. 406 

Finally, the response of RTN neurons to sciatic nerve stimulation could be mediated via a subset 407 

of presympathetic neurons. Indeed selective optogenetic activation of the rostral C1 cells produces a 408 

small activation of RTN neurons in anesthetized rats (Burke et al. 2014) and PNMT/VGlut2+ boutons are 409 

in close proximity to RTN dendrites (Rosin et al. 2006). A direct or indirect connection between C1 and 410 

RTN neurons could explain the similarity between the response of these two neuronal populations to 411 

sciatic nerve stimulation. 412 
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Conclusion and Perspectives 413 

RTN neurons, like nearby presympathetic neurons can be strongly activated by stimulating 414 

somatic afferents.  Multiple types of sensory afferents may contribute to this response and the 415 

pathway(s) recruited by these afferents to excite RTN remain(s) to be identified. A pauci-synaptic 416 

connection between somatic sensory afferents and RTN, featuring a direct spinoreticular connection 417 

between the dorsal-most laminae of the spinal cord and RTN probably exists but more indirect routes 418 

via the parabrachial nuclei, periaqueductal gray matter, C1 cells and/or the nucleus of the solitary tract 419 

could also account for the present observations.  420 

Regardless of the exact nature of the connections, the existence of somatic inputs to RTN 421 

further underscores that these “central respiratory chemoreceptors” integrate multiple types of 422 

information besides responding, directly or in paracrine manner, to the surrounding PCO2 (Gourine et al. 423 

2005; Kumar et al. 2015; Meigh et al. 2013).  Local tissue PCO2 likely provides the dominant excitatory 424 

drive to RTN neurons under anesthesia and, in unanesthetized mammals during non-REM sleep (Basting 425 

et al. 2015; Burke et al. 2015; Guyenet et al. 2016; Guyenet et al. 2005). However, this may not be the 426 

case when the metabolic production of CO2 is higher as during waking as opposed to sleeping, during 427 

behaviors such as eating or grooming, during cold-induced thermogenesis (Morrison 2011), under the 428 

influence of negative emotions and, above all, while exercising (Forster et al. 2012; Paterson 2014).  429 

Such conditions require greater lung ventilation to maintain the equilibrium between CO2 production 430 

and elimination. An elevated baseline activity of RTN neurons driven by synaptic inputs, rather than CO2, 431 

could potentially contribute to this equilibrium. RTN receives excitatory input from appropriate sources 432 

such as the spinal locomotor pattern generator, hypothalamus, sensory afferents (carotid bodies and 433 

present results) and brain regions involved in emotional behavior or metabolic regulations (Brust et al. 434 

2014; Fortuna et al. 2009; Guyenet et al. 2016; Kuwaki and Zhang 2010; Le Gal et al. 2014). In order to 435 

minimize the fluctuations of arterial PCO2 RTN should remain highly responsive to CO2 regardless of the 436 
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absolute level of alveolar ventilation. Such fine-tuning requires that the sensitivity of RTN neurons to 437 

CO2 be relatively unaffected by changes in the baseline activity of these neurons as is indeed observed 438 

when the hypothalamus is stimulated (Fortuna et al. 2009) or, in the present case, during somatic nerve 439 

stimulation. Consistent with these observations, the pH sensitivity of RTN neurons in vitro is unaffected 440 

by the addition of excitatory transmitters such as serotonin, ACh or orexin (Hawryluk et al. 2012; 441 

Lazarenko et al. 2011; Sobrinho et al. 2016).  442 

 443 

 444 

Figures: 445 

Figure 1: Location of recorded units 446 

The stereotaxic coordinates of the recorded neurons (29 RTN, small black squares and 29 447 

presympathetic neurons, small open circles) are plotted in two dimensions i.e. relative to the ventral 448 

and caudal edges of the facial motor nucleus (solid lines). The reference planes (level 0) were 449 

determined by antidromic mapping of the field potential evoked by stimulation of the mandibular 450 

branch of the facial nerve. Average position (±SEM) of RTN (large black square) and presympathetic 451 

neurons (large open circle) is also indicated. 452 

 453 

Figure 2: Identification of presympathetic neurons. 454 

A, From top to bottom: end-expiratory CO2, rectified and integrated phrenic nerve discharge 455 

(PND), PND amplitude, PND rate (bpm), blood pressure (BP, mmHg, femoral artery), heart rate (beat per 456 

min), single RTN unit (extracellular recording) and RTN unit discharge rate (action potentials binned 457 
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every 1s and expressed as spikes/s).  In this excerpt, eeCO2 (end expiratory CO2) was decreased by 458 

withdrawing the CO2 added to the inhalation mixture. Phenylephrine (PHE) was administered i.v. 459 

(5μg/kg) to transiently raise BP. B, expanded time scale excerpt illustrating the effect of PHE on the 460 

discharge of the recorded neurons (top, BP; middle, recorded single-unit; bottom, discharge rate of 461 

single-unit binned in 4s intervals). C, event-triggered histogram of the cell’s discharge. The histogram 462 

(thin line) was triggered at time 0 by the onset of the PND. The waveform-averaged PND is also 463 

represented (thick line).  Note the weak respiratory modulation with reduced firing probability of the 464 

unit during early inspiration and peak discharge probability during the post-inspiratory phase. D, 465 

histogram of the cell’s discharge triggered at time 0 by the blood pressure pulse. Note, the strong pulse 466 

modulation of the neuron’s discharge.  467 

 468 

Figure 3: RTN neuron characterization  469 

A, Original recording showing the effect of CO2 and phenylephrine (PHE, 5μg/kg i.v.) on the 470 

discharge of a single RTN neuron. Traces presented as in Figure 2.  The unit was silent below 5% eeCO2 471 

but unresponsive to BP elevation.   B, expanded time scale excerpt illustrating the lack of effect of PHE. 472 

C, PND-triggered histogram of the activity of the unit represented in A. Note weak respiratory 473 

modulation with activity nadir during post-inspiration. D, pulse-triggered activity histogram (thin trace) 474 

and superimposed averaged pressure pulse illustrating the absence of pulse modulation of this unit. 475 

 476 

Figure 4: Respiratory patterns of RTN neurons 477 

Respiratory patterns were classified according to the timing of the periods of reduced firing 478 

probability relative to the phrenic nerve discharge (PND). A1, three most commonly encountered 479 
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patterns i.e. early-inspiratory (early-I) inhibition, twin inhibition during early-I and post-I phases, and 480 

post-inspiratory (post-I) inhibition. Two to three examples of each class of neuron are represented to 481 

illustrate variations in the amplitude of the respiratory modulation. A2, atypical RTN neurons (type 2) 482 

exhibiting maximum firing probability during early inspiration and nadir during post-inspiration. Vertical 483 

lines identify the onset and termination of the inspiratory burst (expiration-inspiration and inspiration-484 

post-inspiration transitions) taking into consideration the smoothing effect (t=0.05 s) of the PND 485 

integration procedure.  486 

 487 

Figure 5: Effect of BP or end-expiratory CO2 on the firing rate of presympathetic and RTN neurons 488 

A, discharge rate (spikes/s; scatter plot) of 28 presympathetic and 7 RTN neurons recorded at 489 

high and low BP (mean ± SE indicated below graph). B, discharge rate of 14 presympathetic and 29 RTN 490 

neurons at high (>5.5%) and low (<5.5%) eeCO2. Statistical significance: ****, p<0.0001; ***, p<0.0003. 491 

See text for further details regarding statistics. 492 

 493 

Figure 6: Cardio-respiratory responses to sciatic nerve stimulation 494 

A, Effect of sciatic nerve stimulation (0.5 Hz) on mean blood pressure (BP, mmHg), heart rate 495 

(HR, bpm), PND rate (bursts/min) and amplitude of rectified PND (PNDr) expressed as percentage of the 496 

largest amplitude recorded in each preparation (typically at 10% eeCO2) for the number of animals 497 

indicated. Each point represents the average of multiple periods of rest or stimulation for a given rat. 498 

The mean value (± SEM) is also shown. B, Relationship between the degree of respiratory stimulation 499 

elicited by sciatic nerve stimulation (delta PND rate and delta PND amplitude) and the baseline value of 500 
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these variables. The regression coefficient, significance value and number of measurements are 501 

indicated. 502 

 503 

Figure 7: Activation of a presympathetic neuron by sciatic nerve stimulation 504 

A, top, original trace of recorded single-unit (stimulation artifacts eliminated). Individual action 505 

potentials cannot be discriminated at this slow time-scale. Bottom, integrated rate histogram showing 506 

the minimal effect of sciatic nerve stimulation on the mean discharge rate of the unit.  B. top: expanded 507 

time-scale excerpt of the unit’s response to contralateral sciatic nerve stimulation (artefact suppressed, 508 

stimuli delivered at arrowheads); bottom: post-stimulus time histogram (stimuli delivered at time 0, 509 

artifacts eliminated) showing bimodal activation of neuron. C, response of the same unit to stimulation 510 

of the ipsi-lateral sciatic nerve (presentation as in B). 511 

 512 

Figure 8: Activation of an RTN neuron by sciatic nerve stimulation 513 

A, sciatic nerve stimulation during period of low eeCO2. Traces from top to bottom (eeCO2, 514 

rectified/smoothed PND, PND rate (bursts/min), RTN unit and unit’s discharge rate. Contra- and ipsi- 515 

lateral sciatic nerve stimulated at 0.5Hz. B, from top to bottom: higher resolution excerpt of the unit’s 516 

response to contralateral sciatic nerve stimulation (stimuli at arrowheads), post-stimulus time histogram 517 

(stimuli delivered at time 0; stimulus artefacts eliminated) of the neuronal activity showing bimodal 518 

activation (latencies: 40ms for early peak, 100ms for late peak), and post-stimulus time histogram of the 519 

onset of the PND evoked by nerve stimulation. C. response of the same unit to stimulation of the ipsi-520 

lateral sciatic nerve (presentation as in B; 45ms and 95 ms latency, respectively, for early and late 521 

peaks).  522 
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 523 

Figure 9: Effect of sciatic nerve stimulation on RTN neuron firing rate at low and high CO2 524 

A, Traces from top to bottom and abbreviations as in Figure 8.  Sciatic nerve stimulation (0.5Hz) 525 

was delivered during a period of low (4%) and high (6.4%) eeCO2. At 4% eeCO2, the neuron was silent in 526 

the absence of stimulation. B, from top to bottom: higher resolution excerpt of the unit’s response to 527 

contralateral sciatic nerve stimulation (stimuli at arrowheads; stimulus artifacts eliminated), post-528 

stimulus time histogram (stimuli delivered at time 0) of the neuronal activity showing bimodal 529 

activation, and post-stimulus time histogram of the onset of the PND evoked by nerve stimulation. C. 530 

response of the same unit to sciatic nerve stimulation during period of elevated eeCO2 (presentation as 531 

in B). D. average response (mean ± SE) evoked in 7 RTN neurons by sciatic nerve stimulation during 532 

inspiration (top) or during expiration (bottom). Stimulus delivered at arrowhead; stimulation artifacts 533 

eliminated. 534 

 535 

Figure 10: Sciatic nerve stimulation produces larger evoked responses in presympathetic than RTN 536 

neurons 537 

A1, Average responses (black trace and gray lines: mean and standard error) evoked by contra-538 

lateral sciatic nerve stimulation (delivered at time 0) in RTN neurons at high (N=15) vs. low eeCO2 539 

(N=19). A2, Evoked responses at high and low eeCO2 superimposed to emphasize similarity. Ordinate 540 

indicates change in discharge rate relative to pre-stimulation baseline. B1, Average response evoked in 541 

25 presympathetic neurons by contra-lateral sciatic nerve stimulation. B2, responses evoked in 25 542 

presympathetic neurons and 19 RTN neurons (high eeCO2, from panel A1) superimposed to emphasize 543 
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differences in magnitude of response. Ordinate indicates change in discharge rate relative to pre-544 

stimulation baseline.  545 

 546 

Figure 11: Sciatic nerve stimulation shifts the relationship between RTN firing rate and eeCO2 upwards 547 

Firing rate of all recorded RTN neurons before (black squares) and during 5 min sciatic nerve 548 

stimulation at 0.5Hz (open squares) plotted as a function of eeCO2. A non-linear second-order 549 

polynomial curve was fitted using the least square method. Coefficients of regression are indicated and 550 

95% confidence intervals are depicted by dotted lines.  551 

  552 
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Table 1: Characteristics of C1 and RTN neuronal responses to sciatic nerve stimulation 553 

 C1 neurons RTN neurons 

 Contra-
lateral stim 

Ipsi-lateral 
stim 

Contra-
lateral stim 

Contra-
lateral stim 

Ipsi-lateral 
stim 

Ipsi-lateral 
stim 

eeCO2 (%) 7.6±0.4 7.5±0.5 4.2±0.1  6.8±0.3 4.3±0.2 7.0±0.3 

N cells recorded 25 16 19 15 7 6 

Baseline frequency (Hz) 6.0±1.1 5.8±1.3 1.0±0.4 6.9±1.4 1.0±0.5 6.7±2.6 

N cells with first peak (%) 25 (100%) 16 (100%) 15 (79%) 15 (100%) 5 (71%) 6 (100%) 

Onset (ms) 28±5 27±6 88±30 55±14 79±63 64±26 

Duration (ms) 39±4 37±4 123±36 121±42 116±52 133±46 

Maximum time (ms) 44±7 38±8 122±41 85±25 121±95 93±31 

Maximum (Hz) 56±9 47±9 25±7 26±4 53±23 24±10 

Activation (%) 87±16 67±13 56±12 77±27 55±26 53±19 

N cells with second peak 

(%) 

22 (88%) 14 (88%) 6 (32%) 7 (47%) 4 (57%) 4 (67%) 

Onset (ms) 113±12* 117±15* 113±25 136±33 101±3 141±46 

Duration (ms) 243±33* 277±64* 219±75 234±59 270±64 241±109 

Maximum time (ms) 179±13* 178±34* 138±23 184±36 184±45 213±93 

Maximum (Hz) 49±8 48±9 46±15 32±8 40±16 27±12 

Activation (%) 555±111* 461±93 215±94 179±67 159±39 255±200 

 554 

Percent activation was calculated by subtracting the number of spikes during peak activation from the 555 

number of spikes during baseline for the same duration and dividing by the number of sweeps 556 

(stimulation). When possible, cells were tested under low and high end-expiratory CO2 (eeCO2) level and 557 

with contra- and ipsi- lateral sciatic stimulation. In certain cases, the first peak has a delayed onset; 558 

nevertheless, it was grouped with the first peak data. * p<0.05 vs peak 1. 559 

  560 
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