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This study investigated the effects of L-menthol on respiratory pattern and
respiratory nerve drive (NRD), type and intensity of breathlessness, and emotional response during
inspiratory resistive loading in patients with COPD. The inhalation resistance load was 20 and 30
cmH20/L/s load. NRD was evaluated by EMGpara%max. L-menthol odor stimulation significantly decreased

discomfort, respiratory effort and air hunger, and psychological respiratory effort during the
loading compared with placebo and sham. In the emotional aspect of shortness of breath, L-menthol
significantly decreased fear and anxiety compared to placebo. On the other hand, VE during
inhalation, respiratory panting, and NRD were not significantly different among the three

conditions.
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, / 14/0 28/0

, YIS. 71.1 + 6.7 73.8 = 6.07
, cm 163.7 + 5.3 163.8 + 7.16
Body mass index, kg/m? 242 + 3.6 22.8 + 2.45
Pack years 10.0 =+ 17.3 458 + 26.8
Ex-smokers, n 6.0 25
Current smokers, n 3.0 2
Nonsmokers, n 5.0 1
MRC (0-4) 0.0 £ 0.0 14 + 15
SVC, L 3.47 + 0.74 3.27 + 0.89
IC, L 203 + 0.62 217 + 0.55
FEV1, L 271 + 0.50 156 = 0.71
FEV1/FVC % 811 = 7.24 504 + 12.7
FEV1% 1185 + 12.2 70.7 + 28.2
PImax, cmH20 86.1 + 27.8 73.1 + 11.2
PImax, % 916 + 26.2 975 * 275
GOLD stage
1 (=80%) N/A 8
2 (50% to—80%) N/A 12
3 (30% to—50%) N/A 8
,  cmH20-L7%-s™1 25.7 £ 5.14 254 + 5.08
LAMA only N/A 4
LAMA/LABA N/A 8
LABA/ICS N/A 2
LAMA+LAMA/LABA N/A 1
LAMA+LABA/ICS N/A 3

SVC: slow vital capacity; IC: inspiratory capacity; FEV1: forced expiratory volume
in one second; FVC: forced vital capacity; GOLD stage: global obstructive lung
disease stage; ICS, inhaled corticosteroid; LAMA, long-acting muscarinic
antagonist; LABA, long-acting p2-agonis

Sham OSM OoSP p-value
(n=14)
Physical breathing P=0.29
21 + 24 09 + 22*F 20 = 20
effort

Air hunger 2.5

+

2.2 05 = 1.9%% 22 + 2.8 P=0.034



Tightness 0.6 £+ 1.6 0.0 £ 0.0 0.3 + 0.6 P=0.21
Mental breathing effort 2.2 + 2.6 0.6 + 1.6*t 23 + 2.2 P=0.037
Hyperpnoea 1.1 = 28 14 = 3.0 14 £+ 2.6 P=096
Unpleasantness 31 = 25 1.1 £ 2.1*t 29 + 2.6 P=0.0025
Depression 0.7 £ 15 0.0 £ 0.0 05 + 1.4 P=013
Anxiety 18 £+ 23 00 £ 0.0 1.0 £+ 2.2 P=0.059
Frustration 03 = 1.1 0.0 £ 0.0 0.7 £+ 22 P=034
Anger 03 = 1.1 0.0 £ 0.0 0.7 + 2.2 P=0.25
Fear 10 £+ 15 00 £ 0.0 1.0 £+ 2.2 P=0.09
COPD (n =28)
Physical breathing P < 0.0001
43 £ 24 24 + 2.4*F 41 + 2.7
effort
Air hunger 34 = 29 21 = 25% 3.7 + 2.9 P<0.0001
Tightness 20 = 2.8 1.0 =+ 1.8 1.9 + 2.8 P=0.063
Mental breathing effort 3.2 + 3.3 19 + 2.3*%t 3.3 £+ 3.0 P<0.0001
Hyperpnoea 23 = 3.1 19 = 23 31 + 28 P=083
Unpleasantness 41 + 23 20 £ 20"t 3.7 £ 2.2 P<0.0001
Depression 0.8 £+ 2.0 0.6 + 1.8 1.2 £+ 2.5 P=0.069
Anxiety 16 £+ 26 09 £ 1.8 1.5 + 2.6 P=0.0018
Frustration 09 + 1.9 08 = 20 1.2 + 24 P=0.15
Anger 04 + 14 05 = 1.7 1.1 + 2.4 P=0.065
Fear 14 £ 2.7 0.7 =+ 1.8 1.6 + 3.0 P=0.0059
L-menthol
neuroventilatory uncoupling
Sham L-menthol Placebo
(n=14)
T, second 255 + 0.83 253 £ 0.79 214 £ 0.55
Tg, second 2.33 £ 0.52 202 £ 041 183 £ 0.35
Ttot, second 487 £ 1.29 454 = 112 397 = 0.82
T/Ttot 0.52 = 0.06 055 + 0.06 053 £ 0.06
Te/Ttot 0.48 £ 0.06 045 + 0.06 047 £ 0.06
Fb, breaths/min 140 + 3.63 141 + 3.73 158 + 3.62



V1, L 0.74 + 0.37 063 * 0.17 0.60 = 0.21
V+1/T), Lis 0.30 + 0.14 0.28 + 0.16 0.31 = 0.17
V+1/Te, L/s 0.31 £ 0.12 0.34 + 0.15 0.35 = 0.18
Ve, L/min 9.14 + 3.75 908 £+ 41 875 * 4.04
EMGpara, %omax 255 + 13.2 254 + 11.2 26.0 + 115
EMGpara%max/Ve 3.50 + 4.77 356 + 3.18 353 + 3.18
COPD (n = 28)
T, second 238 =+ 094 260 £+ 086 258 *+ 1.64
Te, second 239 = 0.99 268 + 138 294 + 273
Ttot 473 £ 1.79 528 + 2.03 558 + 4.35
Ti/Ttot 0.49 £+ 0.08 049 + 0.08 048 = 0.08
Te/Ttot 0.50 + 0.08 050 + 0.07 051 = 0.08
Fb, breaths/min 126 + 3.24 123 + 3.75 13.0 + 3.66
V1, L 0.86 + 0.47 0.78 + 0.38 0.73 = 0.30
V+1/T), Lis 0.33 + 0.10 0.29 + 0.10 0.30 = 0.10
V+1/Te, L/s 0.35 + 0.20 031 + 0.14 030 = 0.13
Ve, L/min 9.89 + 1.01 887 + 334 905 + 3.37
EMGpara%max 316 £ 155 364 + 194 352 + 16.9
EMGpara%max/Ve 4.54 + 3.41 446 * 2.63 432 + 258
T , Te: , VE , EMGpara
, EMGpara%max/Ve Ve
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