












































































































































mucosa of dogs (Shin er al, 1987), and the
intravenous substance P produces an increase in
submucosal gland secretion in the dogs larynx and
pharynx via the axonal reflexes (Haxhiu et al.,
1991). Considering above, the stimulation of
CAPS-sensitive receptors by volatile anesthetics
might mediate at least some cardiorespiratory
responses via the central mechanisms or local

actions via the axonal reflexes in dogs.
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-In conclusion, the present study described the
electrical activities of laryngeal CAPS-sensitive
receptors in dogs, the responses of which were
consistently stimulated by halogenated volatile
anesthetics and especially by Hal, Enf and Iso, and
that these stimulations were dissimilar to the variable

responses in irritant receptors.
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investigators noted, the laryngeal osmoreceptors are
also likely to mediate the reflex nature of the
bronchoconstriction (Eschenbacker er al., 1984;
Higenbottam, 1984).

Several mechanoreceptors, i.e., the pressure,
drive, cold, irritant, and CAPS-sensitive receptors,
have been identified in the larynx of the dog
(Sant'/Ambrogioeral.,1995; Mutoh etal.,1998). In
the present study, we applied the topical instillation
of each selective stimulant into the laryngeal lumen
to evaluate the reflex contribution of each sensory
ending (Sant'‘Ambrogio et al., 1995). Capsaicin is
known to be a selective stimulant of unmyelinated
C-fibers and a small number of A-d fibers
(Coleridge and Coleridge, 1984). On the other hand,
the lack of chloride anions is associated with stimuli
to the irritant type of endings (Anderson et al.,
1990). In this study, we cannot define whether the
responsiveness to water was due to the lack of
chloride anions and/or hyposmolality, because
respiratory-modulated drive and pressure receptors
can also show sensitivity to hyposmolality
(Anderson etal., 1990; Sant'Ambrogio eral.,1991).
However, these osmoreceptors are characterized as
exhibiting long latency (2.6 sec)and long duration
discharges (30.5 sec) (Sant'Ambrogio et al.,1991),
which isinconsistent with our results represented by
the short latency (0.9 sec) and the short duration
needed to reach maximum reflex responses (3.3
sec). All the reflex responses were eliminated by the
application of topical anesthesia in the larynx,
indicating the superficial location of the nerve
endings and confirming the contribution of the
intralaryngeal sensory endings on the reflex
responses to CAPS and water. This finding is in
agreement with those in previous studies that
suggest that all the water-responsive receptors were
able to be blocked within 50 sec of application of
topical anesthesia with 2% lidocaine while most

non-responsive receptors had longer blocking
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times (1-30 min) (Sant'Ambrogio er al., 1991).
Considering these facts, we regarded the laryngeal
CAPS-sensitive endings and water-responsive
irritant-type' endings to be the most probable
source of the laryngeal reflex responses observed in
this study.

In any event, the chronic tracheostomy model
provided significant implications for the evaluation
of laryngeal reflexes in adult dogs. The most
important drawback with the successful elicitation
of reflex responses appeared to be the result of a
lack of surgical stimulation, which requires a deep
anesthetic level. Indeed, the laryngeal induced-
apnea is enhanced with increasing anesthetic depth
(Donnelly and Haddad, 1986). Italso depresses the
efferent outflows at the level of the central nervous
systems (Harvey and Walberg, 1987). Moreover, the
necessary dose of anesthetic varies with the
metabolic rate of animals, thus the larger the animal,
the smaller the dose per unit of body weight
necessary for anesthesia (Thurmon etal., 1996).In
fact, the dose of basal anesthesia used in this study
was apparently less than that used in a study with
newborn dogs (Sant'Ambrogio et al., 1993).

4. 2. Possible cardiopulmonary reflex responses
of CAPS sensitive and irritant receptors to
volatile anesthetics— Induction of anesthesia with
volatile anesthetics is sometimes interrupted by the
exertion of excessive protective or defensive upper
airway reflexes such as coughing, apnea, inhibition
of breathing, laryngospasm, and secretion
(Drummond, 1993). Whereas these strong
responses were not introduced in this study since the
animals were already anesthetized, results of the
present study clarified, even in adult dogs, reflex
inhibition of breathing similar to that in newborns.
Sant'Ambrogio er al. (1993) pointed out that Hal
inhaled into the isolated upper airway of newborn

dogs profoundly depressed ventilation, whereas it





































afferents located in the nasal mucosa since the
effects of the inhalants were considerably reduced
by topical intranasal anesthesia with lidocaine or by

sectioning the trigeminal nerve branches.

Since the sensory innervation of the nasal
mucosa and nostril is supplied by the ophthalmic
and maxillary branches of the trigeminal nerve, i.e.,
the anterior ethmoidal nerve (AEN), PNN, and ION,
these trigeminal nerve branches convey a variety of
stimuli arising from the nose (Sant’ Ambrogio et al.,
1995). Among these nerve branches, an important
role of PNN on the reflex control of breathing has
been reported in previous studies. For example,
sneeze reflex can be evoked by the electrical
stimulation of PNN (Wallois er al., 1991a),and the
intranasal coldflow stimuli or irritant stimuli with
ammonia vapor increases the activity of PNNin cats
(Wallois er al., 1991b). In the present study, the
whole PNN afferent activity was clearly increased
by the volatile anesthetics (Fig. 3), where the
tendency for stimulation among the volatile
anesthetics was clearly related to that observed in
cardiopulmonary reflex responses (Fig. 1)
Although itisstill unclear to what extent the volatile
anesthetics influences the sensory endings of AEN
and ION, the results of our study strongly suggest
that the encoding of volatile anesthetic-induced
reflex responses are mainly related to the

stimulation of PNN afferents.

In the present study, a large number of receptors
were able to be stimulated by volatile anesthetics to
the greatest extent by Hal, to the least extent by Sevo,
and intermediately by Iso and Enf. In addition,
these receptors invariably responded to the CAPS
application, being similar to our previous result in
the larynx of dogs (Mutoh et al., 1998). The
stimulation of CAPS-sensitive fibers by volatile
anesthetics has also been described in the lung
(Coleridge er al., 1968). Such a constant
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stimulatory response in nasal CAPS-sensitive fibers
is apparently inconsistent with the variable
responses represented by stimulation, inhibition, or
non-response in the larynx (Nishino er al., 1993;
Mutoh etal.,1998), or a consistent inhibitory effect
on irritant receptors in the tracheobronchial tree
(Nishino er al., 1994).

It isimportant to note that the degree of changes
in discharge frequency observed for 5% volatile
anesthetics in the present study clearly
corresponded to the degree of airway irritation by
volatile anesthetics as experienced clinically in
humans, i.e., higher incidence of complications
such as cough, laryngospasm, apnea, inhibition of
breathing, and excessive secretions in halothane,
enflurane and isoflurane compared to sevoflurane
during induction of anesthesia with high
concentrations (Doi and Ikeda, 1993; Yurino and
Kimura, 1992, 1993a, b, 1994). Moreover, the
degree of airway 1rmitation has aiso been repor iedto
vary by the anesthetic depth (Doi and lIkeda, 1993).
In fact, the earlier study reported that nasal reflexes
were easily abolished with an increasing level of
general anesthesia (Allen, 1936). In the present
study we could not describe such a powerful
defensive reaction as observed during the induction
of anesthesia (Doi and Ikeda, 1993; Yurino and
Kimura, 1992, 1993a, b, 1994) even inhaled athigh
concentration since the animals were already
anesthetized and thus modified the reflex responses.
Therefore, it has a highly possibility exists that the
noxious stimuli of volatile anesthetics to the nasal
mucosa activate the CAPS-sensitive fibers and
induce various cardiopulmonary reflexes in
unanesthetized patients especially for a high
concentration of Hal. The minor reflex responses
by Sevo might be due to the least irritation of nasal

mucosa.










decreased significantly depending on the
anesthetic level. These results suggests that the
inhalation of the volatile anesthetics attenuate the
Hering-Breuer inflation reflex and induce a
slowing of respiratory timing and an increase in
tidal volume. In contrast, increased SARs
activities observed in Hal at low concentration
might contribute to an increase in respiratory
frequency and a decrease in tidal volume during
maintenance of anesthesia. The discharges of
RARs also decreased significantly irrespective of
the type of anesthetic, suggesting less association
of RARs in the lower airways toward the airway
reflexes in dogs.

On the other hand, discharges of bronchial
and pulmonary C-fiber receptors were
remarkably increased by inhalation of all
anesthetics. The degree of increase in both
bronchial and pulmonary CAPS-sensitive C-fiber
activities was significantly greater in Hal as
compared to Sevo. The hyperpneic reflex
responses for Hal, Iso and Sevo were
considerably reduced or no longer observed after
perineural  CAPS-treatment and  bilateral
vagotomy, whereas no significant change was
observed for Enf compared with non-treatments.
These results suggested that the presence of
reflex contribution of CAPS-sensitive C-fiber
receptors in the lower airway and lungs to the
reflex hyperpnea by inhalation of Hal, Iso and
Sevo.

In the section 4, the responses of laryngeal
CAPS-sensitive presumed C-fiber and RARs to
volatile anesthetics were evaluated from the
recording of action potentials of internal branch
of the superior laryngeal nerve. The CAPS-
sensitive receptors were clearly distinguished

from irritant receptors by their prevalent
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responsiveness to CAPS and their lack of
responsiveness to water. All the CAPS-sensitive
receptors were significantly stimulated by all
volatile anesthetics in a concentration-related
manner, and the activation by Hal, Enf and Iso
was significantly greater than by Sevo. In
contrast, responses of RARs to the volatile
anesthetics were not constant and divided into
three types, stimulation, inhibition, or non-
response, to which no significant differences of
the RAR activities were found among anesthetics.
Such findings suggested that the CAPS-sensitive
presumed C-fiber endings were consistently
stimulated by halogenated volatile anesthetics and
especially by Hal, Enf and Iso, and that these
responses were dissimilar to the variable
responses in RARs.

In this section, possible cardiopulmonary
reflex responses of the laryngeal CAPS-sensitive
C-fiber and RARs to volatile anesthetics were
also evaluated. All the anesthetics increased TE

and decreased V E significantly from the control
level, the effects of which were significantly
greater in Hal, Enf and Iso than in Sevo.
Approximately 50% of the responses reduced by
the CAPS desensitization. Topical anesthesia
with lidocaine eliminated all the reflex responses.
It was suggested that various cardiopulmonary
reflexes can be elicited by the stimuli to laryngeal
CAPS-sensitive C-fiber and water-responsive
RARs, the effects of which are associated with
the laryngeal reflexes of volatile anesthetics
especially Hal, Enf and Iso.

In the section 5, cardiopulmonary reflexes and
trigeminal nerve activity in response to volatile
anesthetics into the nasal cavity were evaluated.

As a result, a significant increase in Tg and a




significant decrease in Vg were observed

following application of each anesthetic, where
such changes were considerably greater for Hal
than for Sevo. An increase in arterial blood
pressure and a decrease in VT were also elicited

for Hal. All the reflex responses were
considerably inhibited by topical anesthesia with
lidocaine into the nasal cavity or by bilateral
section of the posterior nasal nerve (PNN). The
responsiveness of PNN afferents to volatile
anesthetics coincided with the magnitude of
reflex responses by the anesthetics. All the PNN
afferents which responded to the anesthetics were
markedly stimulated by capsaicin instillation, but
not by distilled water. These results demonstrate
that the volatile anesthetics can stimulate the
trigeminal afferents, at least capsaicin-sensitive
endings, and evoke cardiopulmonary changes of
which strength is largely associated with
stimulatory effects on the sensory nerve.

Considering above, it was indicated that the
airway irritation of volatile anesthetics during
inhalation induction of anesthesia was largely
mediated by the stimulation of CAPS-sensitive
C-fiber receptors and a part of laryngeal RARs.

72

Furthermore, it was suggested that the deference
in the strength of the stimulation of CAPS-
sensitive endings, especially in the larynx, rather
than that of RARs can be greatly associated with
the airway irritation of volatile anesthetics.
Results have also suggested that the functional
importance of the upper airway to induce various
airway reflexes by inhalation of volatile
anesthetics as a result of the stimulation of these
sensory receptors. It is because the airway
reflexes of the volatile anesthetics induced by the
stimulation of the fibers in the airway seemed to
play a minor role.

In the present study, such airway reflexes of
volatile anesthetics by stimulation of the CAPS-
C-fiber
represented by the cardiopulmonary reflexes

sensitive receptors were mainly
though the autonomic nervous reflexes. Such
noxious stimulus of C-fibers sometimes include
vasodilation and edema, mucus secretion
mediated by neuropeptides such as substance P,
neurokinin A, and carcitonin gene-related peptide
(CGRP) through axon reflexes. Therefore, it was
concluded that we must pay careful attention to
the concurrent stimulation of C-fiber receptors
during induction of anesthesia with volatile

anesthetics.







Coleridge, 1984, 1994; Widdicombe and
Sant’Ambrogio, 1992; Coleridge and Coleridge,
1984, 1994; Mutoh et al., 1997b).

In the present study, greater airway reflexes
by inhalation of volatile anesthetics were
elicited in the upper airway, while the
anesthetics had less effects on the lower
airways. It is difficult to clarify the interaction
between the from the present study, however, it
is reasonable to suppose that the sensory
receptors in the initial pathway such as nasal
cavity and larynx played the major role in
protecting or defending to inhale the 'volatile
anesthetics as an irritants'. On the other hand,
the reflex roles of the bronchopulmonary
CAPS-sensitive C-fibers were overshadowed
by the systemic respiratory responses of
volatile anesthetics absorbed into the systemic
circulation (section 3).

Considering the functional and
morphological importance of the upper airway,
itis well assumed that the larynx should be the
most reflexogenic part to protect the lower
airway. In fact, it was indicated by the degree
of the airway irritation of volatile anesthetics
concurred the strength of the laryngeal CAPS-
sensitive receptors and the stimulus of RARs
by volatile anesthetics was observed only in the
larynx. In humans, the larynx has been a most
susceptible source of airway irritation by
volatile anesthetics (Nishino er al., 1985). In
the present study, the importance of the upper
airway, especially of the larynx, has also been
demonstrated in dogs.

Clinically, induction of anesthesia with
volatile anesthetics in humans are associated
with airway reflexes such as cough, sneezing,

laryngospasm, and  broncho-constriction;
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however, such reflexes were not pronounced in
any dog applied in this study. The reason might
be due to the depth of basal anesthesia used in
this study: in general, cough or sneeze reflexes
are easily depressed by the basal anesthetic
level, while the reflex inhibition of breathing
(apnea) are not so greatly influenced (Mortola
and Fisher, 1988). The species differences and
modality of induction between dogs and
humans might also cause less airway reflexes.
The internal branch of the SLN in the dog has a
relatively lower number of unmyelinated fibers
than in other species (Sant’Ambrogio et al.,
1995). In addition, lower concentration of
anesthetics might have been exposed to the
airway mucosa can be presumed in dogs than in
humans because dogs inhaled anesthetics with
spontaneously breathing (Mutoh et al., 1995),
while humans generally induced anesthesia by
their vital capacity (Yurino and Kimura 1992,
1993a, 1993b, 1994).

Apart  from  the respiratory  and
cardiovascular reflexes via the central nervous
system, the stimulation of CAPS-sensitive
receptors elicits regional reflexes so-called
'neurogenic  inflammation' via the axon
(Widdicombe and Sant’Ambrogio, 1992). In
clinical practice, fortunately, such regional
reflexes appears to be less evident of anesthesia
with volatile anesthetics (Yurino and Kimura
1992, 1993a, 1993b, 1994, Mutoh et al.,
1995) probably because of relative higher
firing-threshold of axonal reflexes. In any case,
we had better to bear in mind the axonal
reflexes for induction of anesthesia with volatile
anesthetics in animals which suspected diseases

in respiratory functions.
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