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中文摘要 

Anandamide 是種花生四烯酸的衍生

物，起初被認定是 cannabinoid  (CB) 

receptor 的內生性作用物，近來被認為是

Vanilloid type 1 receptor (VR1 receptor)的

內生性作用物。本實驗是利用麻醉的 SD 

大白鼠來探討：是否 anandamide可增加強

肺化學反射。給予低劑量的 Phenyl 

biguanide（PBG；一種 C-fiber的選擇性刺

激物）作為刺激時，會引發輕微的呼吸暫

停和心跳及血壓下降的反應。但在

anandamide 灌注時，給予相同劑量的

PBG，卻引發長時間的呼吸暫停，且同時

伴隨著強烈的心跳減緩及血壓降低。相同

地，以 adenosine及 lactic acid作為刺激物

所引發的肺化學反射，亦可被 anandamide

所增強。在 VR1 receptor 的拮抗劑

-capsazepine前處理後，增強的反應則完全

被阻斷；但這種阻斷的效應在CB1 receptor

的拮抗劑-AM-281 的前處理後卻沒有出

現。根據以上的結果我們推論，anandamide

可以增加肺化學反射的反應，且這反應是

經由 VR1 receptor的活化所產生。 

 

關鍵字：香草精第一類受器；肺化學反射；

敏感度 

 

Abstract 

Anandamide, an unstable arachidonate 

derivative, is originally identified as an 

endogenous ligand of cannabinoid receptor 

(CB) and, recently, is suggested to act as an 

endogenous ligand of vanilloid type 1 

receptor (VR1 receptors).  This study was 

carried out in anesthetized Sprague-Dawley 

rats to determine whether the pulmonary 

chemoreflex was altered by anandamide,    

Phenyl biguanide (PBG, 2-6 μg/kg i.v.), a 

selective stimulant of C fibers, injected at a 

dose just above the stimulation threshold 

elicited a mild respiratory and 

cardiovascular depression.  In sharp 

contrast, during a constant infusion of 

anandamide (0.5 mg/kg/min i.v.), the same 

dose of PBG triggered a long apnea, 

accompanied by intense bradycardia and 
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hypotension.  Similarly, the pulmonary 

chemoreflex response elicited by a bolus 

injection of adenosine and lactic acid was 

also greatly augmented by anandamide.  

These enhanced responses were completely 

abolished, by a pretreatment of capsazepine, 

a selective antagonist of VR1 receptors, but 

not that by AM281, a selective antagonist of 

CB1 receptors.  Based upon these results, 

our conclusion is that the anandamide 

enhances the pulmonary chemoreflex 

responses, this effect seems mediated 

through the activation of VR1 receptors. 

 

Keywords: vanilloid type 1 receptor; 

pulmonary chemoreflex; sensitivity 
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緣由與目的 

Bronchopulmonary vagal C-fiber 

afferents innervate all levels of the 

respiratory tract (1-2).  Stimulation of these 

afferents elicits diffuse and pronounced 

cardiopulmonary reflex responses such as 

cough, bronchoconstriction, mucus secretion 

bradycardia and hypotension (3-6).  The 

excitability of pulmonary C-fiber afferents 

can be markedly elevated by certain 

mediators (e.g., cyclooxygenase metabolites) 

released under pulmonary inflammation, 

which in turn may contribute to the 

pathogenesis of pulmonary inflammatory 

diseases such as asthma.  However, the 

mechanisms underlying the 

mediator-induced sensitization of pulmonary 

C fibers are still poorly understood.  The 

vanilloid type 1 receptor (VR1), a 

ligand-gated non-selective cation channel, is 

known to play a vital role in the 

inflammation-induced sensitization of 

nociceptors to various stimuli (7-10).    

Anandamide, an unstable arachidonate 

derivative, is released during tissue 

inflammation, is originally identified as an 

endogenous ligand of cannabinoid (CB) 

receptor (11) and is recently suggested to act 

as an endogenous ligand of VR1 receptors 

(12-14).  Our experimental hypothesis is 

that anandamide might be the endogenous 

activator that sensitizes pulmonary C-fiber 

afferents, which consequently exaggerates 

the cardiopulmonary reflexes elicited by 

activation of pulmonary C fibers.  To test 

this hypothesis, the present study were 

undertaken in a SD-rat model to investigate 

1) whether anandamide enhances the C-fiber 

mediated cardiopulmonary response to 

phenyl biguanide (PBG), a selective 

stimulant of C fibers; and if yes, 2) whether 

this enhancing effect is only limited to PBG 

as a stimulator; and 3) what is the relative 

contribution of VR1 and CB1 receptors in 

this enhancing effect. 

 

 

方法 

Animal preparations 

Male Sprague-Dawley rats (average 
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400 g) were initially anesthetized with an 

intraperitional injection of α-chloralose 

(~100 mg/kg; Sigma Chemical, St. Louis, 

MO, USA) and urethane (~500 mg/kg; 

Sigma) dissolved in a borax solution (2 %; 

Sigma); supplemental doses of the same 

anesthetics were given, whenever necessary, 

to maintain abolition of pain reflex elicited 

by paw-pinch.  One femoral artery was 

cannulated for recording the arterial blood 

pressure with a pressure transducer.  For 

right-atrial administration of 

pharmacological agents, the right jugular 

vein was cannulated and a catheter was 

advanced until its tip was positioned slightly 

above the right atrium.  The volume of 

each bolus injection was 0.1 ml, which was 

first injected into the catheter (dead space ~ 

0.2 ml) and then flushed into the circulation 

by an injection of 0.3 ml saline.  A short 

tracheal cannula was inserted just below the 

larynx via a tracheostomy.  Body 

temperature was maintained at ~36 oC 

throughout the experiment by means of a 

heating pad placed under the animal lying in 

a supine position.  At the end of the 

experiment, the animal was killed by a 

right-atrial injection of KCl. 

 

Measurement of cardiorespiratory 

responses 

Rats breathed spontaneously via the 

tracheal cannula.  Respiratory flow was 

measured with a heated pneumotachograph 

and a differential pressure transducer 

(Validyne MP45-14), and was integrated to 

give tidal volume.  Ventilatory and 

cardiovascular signals were recorded on a 

polygraph (Gould RS 3200) and also on a 

videocassette recorder for later subsequent 

computer analysis.  Before each injection, 

the lungs were hyperinflated (Pt > 10 

cmH2O) to establish a constant volume 

history. 

 

Data analysis and statistical  

Expiratory duration, respiratory 

frequency, tidal volume, heart rate and 

arterial blood pressure were analyzed on a 

breath-by-breath basis; these measurements 
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were made continuously for at least 10 

breaths before (baseline) and 20 breaths 

after the injection of pharmacological agents.  

These parameters were analyzed using a 

computer equipped with an analog-to-digital 

converter (Gould DASA 4600) and a 

software (BioCybernatics 1.0).  Results 

obtained from the computer analysis were 

routinely compared with those obtained by 

hand calculation for accuracy. 

Data of were analyzed with a two-way 

ANOVA, unless otherwise mentioned.  

When the ANOVA showed a significant 

interaction, pair-wise comparisons were 

made with a post hoc analysis (Fisher’s least 

significant difference).  A P value < 0.05 

were considered significant.  Data are 

means ± S.E.M. 

 

 

結果與討論 

Right-atrial injection of anandamide 

induced a consistent and pronounced 

enhancement of pulmonary chemoreflexes 

(Figs 1 and 2).  This potentiating effect is 

not limited to PBG as a stimulant and is also 

found at the reflex responses induced by 

adenosine and lactic acid (Fig. 3).  These 

enhanced responses were completely 

abolished, by a pretreatment of capsazepine, 

a selective blocker of VR1 receptors, but not 

that by AM281, a selective of CB1 receptors 

(Fig. 4).  Based upon these results, our 

conclusion that the anandamide enhances 

the pulmonary chemoreflex responses, this 

effect seems mediated through the activation 

of VR1 receptors. 

 

 Whether anandamide-induced 

potentiating effect is resulted from its effect 

on  hypersensitivity of pulmonary C-fiber 

is not known.  However, it is well 

recognized that nociceptors, the counter part 

of pulmonary C-fiber nerve endings in the 

peripheral tissue, are sensitized during tissue 

inflammation (15-17); and the involvement 

of the endogenous activator of VR1 

receptors is strongly suggested.  In our 

previous studies (18), anandamide activates 

the VR1 receptor on pulmonary C-fiber 
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afferents.  In addition, a recent report 

suggests that the involvement of VR1 

receptor in the particulate matter-induced 

airway hyperreactivity and inflammation 

(19).  Therefore, it is possible that, during 

pulmonary inflammation, anandamide may 

be the endogenous activator producing the 

VR1 receptor-mediated hypersensitivity of 

pulmonary C-fiber afferents.  This 

hypothesis is further supported by the fact 

that, under certain inflammatory condition 

such as endotoxemia, the production of 

anandamide by macrophages is greatly 

increased; and this increase is involved in 

the cardiovascular responses (hypotension) 

under this pathophysiological condition 

(20-21).  In addition, anandamide is one of 

the precursors of certain inflammatory 

mediators such as cyclooxygenase 

metabolites that are key mediators in the 

pathogenesis of lung inflammation.  

However, whether anandamide play a role in 

modulating the respiratory responses during 

pulmonary inflammation remained to be 

investigated. 
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Fig. 1.  Experimental records illustrating the effect of anandamide on pulmonary 

chemoreflexes elicited by right-atrial injections of phenyl biguanide (PBG, 3 µg/kg) in an 

anesthetized and spontaneously breathing rat (body weight: 320 g).  Panel A: control 

response (before anandamide).  Panel B: during anandamide: during an intravenous 

constant infusion of anandamide (0.5 mg/kg/min for 2 min).  VT, tidal volume; ABP, 

arterial blood pressure. 
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Fig. 2. Apneic responses induced by injection of phenyl biguanide (2-6 µg/kg) before 

and during infusion of three different doses of anandamide.  Panels from left to right: 

vehicle (n = 6), low-dose (0.25 mg/kg/min; n = 6) and high-dose (0.5 mg/kg/min; n = 6) of 

anandamide, respectively.  Open bar: control response (injection of PBG alone).  Filled 

bar: response to PBG injection during infusion of anandamide or its vehicle.  Apneic 

ratio: the longest expiratory duration (TE)  after the injection divided by the average TE 

over 10 control breaths.  Data are means ± SEM.  #: significantly different from the 

control response. 
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Fig. 3. Potentiating effect of anandamide on apneic responses to injection of  adenosine 

(200 µg/kg; n = 6) and lactic acid (0.2 mmol/kg; n = 6).  Open bar: control response.  

Filled bar: response to injection of adenosine or lactic acid during infusion.  Data are 

means ± SEM.  #: significantly different from the control response. 
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Fig. 4. Contribution of VR1 and CB1 receptors to the anandamide-induced 

enhancement of apneic responses to phenyl biguanide (PBG, 2-6 µg/kg).  Upper panels: 

pretreatment with capsazepine ( a selective antagonist of VR1 receptors; 3 mg/kg; n = 6) 

or its vehicle (n = 6).  Lower panel: pretreatment with AM281 (a selective antagonist of 

CB1 receptors; 0.3 mg/kg; n = 6).  Open bar: control response (PBG along).  Filled bar: 

response to PBG injection during infusion of anandamide.  Data are means ± SEM.  #: 

significantly different from the control response. 


