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Figure 1. Apneic responses to intravenous injections of capsaicin (A), o,-meATP (B), or
phenylbiguanide (C) after inhalation of PBS, 0.025% and 0.05% H,O; in three anesthetized
rats. Capsaicin (0.75 pg/kg), o,p-meATP, (10 ug/kg) and phenylbiguanide (5 pg/kg) are a

TRPV1 receptor agonist, P2X receptor agonist and serotonin 5-HT; receptor agonist,

respectively. They

are also chemical stimulants for LVCFAs. The onset of stimulant

challenge is indicated by arrows. Between the inhalation of PBS and H,O; or two H,0,

inhalations, 40 min were allowed to elapse. \.]R, respiratory flow; VT, tidal volume; ABP,

arterial blood pressure. Note that H,O, dose-dependently augmented the apneic response to

each stimulant.
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Figure 2. Augmentation of apneic responses to capsaicin (A), o,p-meATP (B), or
phenylbiguanide (C) after inhalation of PBS, 0.025% and 0.05% H»O, in three study groups.

Te, expiratory time; a, significantly different from response after PBS; b, significantly

different from response after 0.025% H,O,. Data in each group are mean + SE from 8 rats.

See legend of figure 1 for further explanation.
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Figure 3. Apneic responses to intravenous injections of capsaicin (A), o,-meATP (B), or

phenylbiguanide (C) before and after one inhalation of 0.05 % H,O; in three anesthetized

rats. The onset

of stimulant challenge is indicated by arrows. H,O, inhalation was

performed 40 min after obtaining the control response. \./R, respiratory flow; VT, tidal

volume; ABP, arterial blood pressure. Note that the augmentation of the apneic response to

stimulants by H,O, occurred at 1 min after inhalation and vanished at 40 min after

inhalation. See legend of figure 1 for further explanation.
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Figure 4. Time course of the augmentation of apneic responses to capsaicin (A),
o,B-meATP (B), or phenylbiguanide (C) after one inhalation 0.05% H,0O, in three study

groups. TE, expiratory time; a, significantly different from the control response; b,

significantly different from the response at 1 min after inhalation. c, significantly different

from the response at 5 min after inhalation. d, significantly different from the response at 10

min after inhalation. Data in each group are mean + SE from 8§ rats. See legend of figure 1

for further explanation.
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Figure 5. Apneic responses to intravenous injections of capsaicin (A), o,-meATP (B), or
phenylbiguanide (C) before and after two inhalations of 0.05 % H,O; in three anesthetized
rats. The first H,O, inhalation was performed 40 min after obtaining the control response.
The second H,0O, inhalation was performed 40 min after the first and after perivagal
capsaicin treatment (H,O, +PCT). Intravenous injections of these stimulants were
performed 1 min after each H,O, inhalation. The onset of stimulant challenge is indicated
by arrows. \./R, respiratory flow; VT, tidal volume; ABP, arterial blood pressure. Note that
the apneic responses to stimulants following the second H,O; inhalation were abolished by
PCT, suggesting that they were mediated through LVCFAs. See legend of figure 1 for

further explanation.
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Figure 6. Effects of various vagus nerve treatments on the H,O,-induced augmentation of

apneic responses to capsaicin (A), a,-meATP (B), or phenylbiguanide (C) in three study

groups. VG, bilateral vagotmy; PCT, perivagal capsaicin treatment; SNT, sham nerve

treatment; Tk, expiratory time; a, significantly different from the control response; b,

significantly different from the response before nerve treatment. Data in each group are

mean + SE from 8 rats. See legend of figure 5 for further explanation.
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Figure 7. Apneic responses to intravenous injections of phenylbiguanide before and after

two inhalations of 0.05 % H,0O, in two anesthetized rats. Phenylbiguanide (5 pg/kg) is a
serotonin 5-HT; receptor agonist. The first H,O, inhalation was performed 40 min after
obtaining the control response. The second H,O, inhalation was performed 40 min after the
first and after pretreatment with catalase (H,O, +CAT; A) or heat-inactivated catalase (H,O,
+HICAT; B). CAT (13500 IU/ml) is an enzyme catalyzing H,O,, whereas HICAT is the
heat-inactivated enzyme. Intravenous injections of phenylbiguanide were performed 1 min
after each H,O, inhalation. The onset of stimulant challenge is indicated by arrows. VR,
respiratory flow; VT, tidal volume; ABP, arterial blood pressure. Note that pretreatment
with CAT prevented the H,0,-induced augmentation of the apneic response to

phenylbiguanide, whereas pretreatment with HICAT failed to do so.

13



(%)

Apneic duration (%)

(%)

Apneic duration

(%)

o
[
D
D

Apneic duration

Apneic duration
Baseline Tg
o

A. Capsaicin
1200 -

800 4

400

Control - After H,0,—

+ CAT
1200 -
a a
|EJ 800 <
o
=
‘© 400 e
]
©
m
0
Control - After H,0,—
+ HICAT
1200 -
lLU 800 +
o
=
© 400 -
(7] ——
©
m
0
Control - After H,0,—
+ DMTU
1200 -
l_l-IJ 800
o
£
3 400 4 -
©
(1]
0

Control — After H,0,—
+ Vehicle

=

B. o,p-meATP
1800 -

1200 <

600 1

-

o -
Control — After H,0,~

+ CAT
1800 -

1200 <

600 4

J:Li.i
0 -

Control - After H,0,~
+ HICAT

1800 -

1200 <

600 <

Control - After H,0,~

+ DMTU
1800 1

1200 -

600 1

Control - After H,0,~
+ Vehicle

C. Phenylbiguanide
2100 -

1400 <

700 <

=

0 -
Control - After H,0,-

+ CAT
2100 -

1400 4

700 1

o
[
D
D

Control - After H,0,-
+ HICAT
2100 «

1400 -+

700 4

Control - After H,0,~
+ DMTU

a
ﬂ'a_[
0 -

2100 -

1400 <

700 4

Control - After H,0,~
+ Vehicle

Figure 8. Effects of pretreatment with various pharmacological interventions on the

H,0,-induced augmentation of apneic responses to capsaicin (A), o,-meATP (B), or
phenylbiguanide (C) in four study groups. CAT, catalase; HICAT, heat-inactivated catalase;
DMTU, dimethylthiourea; vehicle, vehicle of DMTU. CAT (13500 IU/ml) is an enzyme
catalyzing H,O,, whereas HICAT is the heat-inactivated enzyme. DMTU (1 g/kg) is a *OH

scavenger. TE, expiratory time; a, significantly different from the control response; b,

significantly different from the response before pharmacological intervention. Data in each

group are mean + SE from 8 rats. See legend of figure 7 for further explanation.
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Figure 9. Effects of pretreatment with HU 210 on the H,O,-induced augmentation of apneic
responses to to capsaicin in four study groups. HU 210 is a highly potent cannabinoid
receptor agonist; TE, expiratory time; *, significantly different from the control response; a,
significantly different from the response before intervention. Data in each group are mean +
SE from 8 rats.

15



b2 K

L+ B ¢ i 5 AROS > £ H £H,0,1w-OH > ¢ 5d H 5. C fibersenfc g & > i+ C
fibers® § {4 #73| 3F chef e £ S F Joip B K~ o

2. i ¥ A& CB receptors agonistiad® it 5 & FIH, 007 7#F + cmf e ki o A R 24 o
- H4E T F B4 OCB receptors 4 B4 F ik & o

3. RBAPOTHRES > LRARTERBERF BELF DR A T YRR

§ 14| & CB receptors ¢111F % & » 11 F|%F ($e2 i £ 3 R P e

16



54 < g

1.

10.

11.

12.

13.

Grootendorst DC, Rabe KF. Mechanisms of bronchial hyperreactivity in asthma and
chronic obstructive pulmonary disease. Proceedings of the American Thoracic Society
1: 77-87, 2004.

Emelyanov A, Fedoseev G, Abulimity A, Rudinski K, Fedoulov A, Karabanov A,
Barnes PJ. Elevated concentrations of exhaled hydrogen peroxide in asthmatic patients.
Chest 120: 1136-1139, 2001.

Ferreira IM, Hazari MS, Gutierrez C, Zamel N, Chapman KR. Exhaled nitric oxide and
hydrogen peroxide in patients with chronic obstructive pulmonary disease: effects of
inhaled beclomethasone. American Journal of Respiratory and Critical Care Medicine
164: 1012-1015, 2001.

Lee LY, Pisarri TE. Afferent properties and reflex functions of bronchopulmonary
C-fibers. Respiration Physiology 125: 47-65, 2001.

Lee, LY, Lin YS, Gu Q, Chung E, Ho CY. Functional morphology and physiological
properties of bronchopulmonary C-fiber afferents. The Anatomical Record 270:17-24,
2003.

Tsai TL, Chang SY, Ho CY, Kou YR. Neural and hydroxyl radical mechanisms
underlying laryngeal airway hyperreactivity induced by laryngeal acid-pepsin insult in
anesthetized rats. Journal of Apply Physiology 101: 328-338, 2006.

Belvisi MG. Airway sensory innervation as a target for novel therapies: an outdated
concept? Current Opinion in Pharmacology 3: 239-243, 2003.

Pryor WA. Oxy-radicals and related species: their formation, lifetimes, and reactions.
Annual Review of Physiology 48: 657-667, 1986.

MacNee W. Oxidative stress and lung inflammation in airways disease. European
Journal of Pharmacology 429: 195-207, 2001.

Rahman I, Biswas SK, Kode A. Oxidant and antioxidant balance in the airways and
airway diseases. European Journal of Pharmacology 533: 222-239, 2006.

Ward PA, Warren JS, Johnson KJ. Oxygen radicals, inflammation, and tissue injury.
Free Radical Biology & Medicine 5: 403-408, 1988.

Adams IB, Martin BR. Cannabis: pharmacology and toxicology in animals and humans.
Addiction 91: 1585-1614, 1996.

Gutierrez T, Farthing JN, Zvonok AM, Makriyannis A, Hohmann AG. Activation of

17


http://www.ncbi.nlm.nih.gov/pubmed/17160008?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

14.

15.

16.

peripheral cannabinoid CB1 and CB2 receptors suppresses the maintenance of

inflammatory nociception: a comparative analysis. British Journal of Pharmacology
150: 153-163, 2007.
Elmes SJ, Winyard LA, Medhurst SJ, Clayton NM, Wilson AW, Kendall DA,

Chapman V. Activation of CB1 and CB2 receptors attenuates the induction and
maintenance of inflammatory pain in the rat. Pain 118: 327-335, 2005.

Patel HJ, Birrell MA, Crispino N, Hele DJ, Venkatesan P, Barnes PJ, Yacoub MH,
Belvisi MG. Inhibition of guinea-pig and human sensory nerve activity and the cough
reflex in guinea-pigs by cannabinoid (CB2) receptor activation. British Journal of
Pharmacology 140: 261-268, 2003.

Yoshihara S, Morimoto H, Yamada Y, Abe T, Arisaka O.Cannabinoid receptor
agonists inhibit sensory nerve activation in guinea pig airways. American Journal of

Respiratory and Critical Care Medicine 170: 941-946. 2004.

18


http://www.ncbi.nlm.nih.gov/pubmed/17160008?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17160008?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

