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Abstract

Chemosensory neurons respond to stimulation in-
duced by gasses, volatile and non-volatile compounds.
Neuronal excitation mediated via second messengers
involves typically: cGMP, cAMP, or IP;. Transduction
pathways based on cyclic nucleotide have three-phos-
phate nucleotide as substrate, while IP; has a mem-
brane lipid substrate. These derivatives of cholesterol
are signaling molecules with modulator-like effects on
many proteins, including membrane ion channels. In
the present study, spontaneous and induced activities
were recorded in a whole-cell configuration, in current
and voltage clamp modes, in isolated chemosensory
neurons obtained from the mouse. Chemosensory
neurons responded with an inward depolarizing cur-
rent to application of arachidonic acid, which suggests
a role for it in putative mechanisms of signal transduc-
tion.
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INTRODUCTION

An association between lung function and chemosen-
sory activity has been demonstrated [1]. Chemosenso-
ry neurons respond to stimulation induced by a wide
range of chemical agents, ranging from gasses (CO,,
NO), volatile (odorants, steroid derivates), and non-
volatile compounds (hormones, neurotransmitters).
Neuronal excitation involve typically second messen-
gers such as cGMP, cAMP and inositol-1,4,5-trisphos-
phate (IP;). Furthermore, important transduction
pathways are based on the polyunsaturated fatty acids
(PUFAs) components of the neuronal plasma mem-
brane phospholipids. PUFAs behave as signaling mole-
cules with modulator effects on many proteins, includ-
ing membrane ion channels [2-4]. Membrane-bound
PUFAs modulate membrane fluidity as well as the
functional properties of membrane proteins [5, 6]. In
particular, arachidonic acid (AA), a 20-carbon PUFA,
is normally found esterified to cell membrane glyc-
erophospholipids. In response to many a first messen-
ger, including neurotransmitters, AA can be released
from these cellular pools by phospholipases and can
act as a precursor to several biologically active com-

pounds [3, 7]. The three major enzymatic ways for AA
oxidation are the cyclooxygenase, lipooxygenase, and
cytochrome P450 monooxygenase pathways [8-10]. In
the cyclooxygenase pathway, PGH synthases generate
PGH,, which can be further metabolized to other PG,
thromboxane, and prostacyclin. Lipooxygenases gen-
erate HPETEs, which are converted to leukotrienes
and dienols (HETESs). Cytochrome P450 monooxyge-
nases generate four regioisomeric epoxyeicosatrienoic
acids (5,6-, 8,9-, 11,12- and 14,15-EET), several mid-
chain cis,trans-conjugated HETEs, and alcohols of
AA (19-OH-AA and 20-OH-AA) [8-10]. EETs are
further metabolized by epoxide hydrolases to four re-
gioisomeric dihydroxyeicosatrienoic acids (5,6-, 8,9-,
11,12- and 14,15-DHETs) [11]. Both EETs and
DHETs have been shown to influence a variety of bi-
ological processes, including control of vascular [12,
13] and airway [14] smooth muscle tone, regulation of
pituitary/hypothalamic and pancreatic peptide hor-
mone release [15-17], inhibition of platelet aggrega-
tion [18], and modulation of fluid and electrolyte
transport [19]. These compounds are dietary essential
omega-3 fatty acid and possess both cardio- and neu-
roprotective properties [20, 21].

AA levels increase during inflaimmation and it be-
haves as an inflammatory mediator [22]. Furthermore,
proinflammatory mediators, such as bradykinin [23]
and the cytokine tumor necrosis factor alpha (TNF-or)
[24, 25] can increase AA synthesis by activating cy-
tosolic PLA,. AA epoxygenase metabolites cause
significant changes in rat airway electrical parameters
and may be involved in the control of lung fluid and
electrolyte transport [26]. It has been shown that air-
way smooth muscle metabolizes AA through various
enzymatic pathways, including cytochrome P450 hy-
droxylase, which leads to the production of HETE
[27].

Because lung function is related to chemosensory
activity [1], AA could affect several pathophysiological
reactions due to pulmonary diseases, such as COPD.
The AA cascade is possibly one of the most intricate
signaling systems, since it generates multiple messen-
ger molecules that may act both outside and inside of
the neuron. In the present study we sought, therefore,
to determine whether chemosensory neurons can re-
spond to AA. We addressed the issue using patch-
clamp methods to study electrophysiological propet-
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ties of the isolated mouse chemosensory neurons in
response to AA application.

MATERIAL AND METHODS

All experiments conformed to the international guide-
lines on the ethical use of animals (86/609/EEC).
C57BL isolated mouse chemosensory neurons were
used for the study. The neurons were isolated accord-
ing to standard enzymatic-mechanical dissociation
protocols [28]. Dissociated cells were plated onto Petri
dishes and stored for stabilization for 1 h. Isolated
neurons were then used for experiments up to two
hours and constantly perfused with normal Ringer so-
lution (mM: 140 NaCl, 5 KCl, 1 CaCl,, 1 MgCl,, 10
HEPES\,05, 1 sodium pyruvate, 10 D-(+)glucose, pH
7.4, and osmolality 300-310 mOsm). The intracellular
pipette solution contained in mM: 145 KCl, 4 MgCl,,
10 HEPES,y5, 0.5 EGTA, 1 ATP, 0.1 GTP, pH 7.3,
and 310-315 mOsm. Borosilicate pipette have resis-
tance ranging from 2 to 10 MQ. All chemicals used in
this study were obtained from Sigma-Aldrich (St.
Louis, MO). 50 uM AA or 50 mM KCI was applied for
2 s using a fast perfusion stepper system [29]. To pre-
vent oxidation, AA was dissolved in DMSO under ni-
trogen and stored at -80°C. To avoid micelle forma-
tion, solutions were briefly sonicated and then vor-
texed. Electrophysiological recordings were made us-
ing an Axopatch system (Axon Instruments, CA) in a
whole-cell configuration in both current and voltage-
clamp modes [30]. Currents data were filtered at 5 kHz
and digitized at 12 kHz. Analysis was performed using
Clampfit 9 (Axon Instruments, CA) and Origin
(OriginLab, Northampton, MA).

RESULTS

In the current-clamp mode of the whole-cell configu-
ration, there was spontancous firing activity recorded
in the chemosensory neurons (Fig. 1A) of the peak
amplitude and duration of 80 =10 mV and 40 +5 ms,
respectively. Current injections of 2-10 pA induced
regular neuronal firing activity (Fig. 1B). Moreover, af-
ter switching to a voltage-clamp mode, voltage-gated
currents were recorded, induced by 10 mV voltage in-
crements from -80 to +50 mV (Fig. 2). These prelimi-
nary protocols were used to establish the healthy state
of the patched cells. The chemosensory neurons that
turned out electrically sensitive in both current- and
voltage-clamp modes, as shown in Fig. 3, were chosen
for further experiments.

The control experiment was performed by adminis-
tration of 50 mM KCI through fast stepper system to
patched isolated neurons (Fig. 4A). An inward current
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Fig. 1. Typical spontaneous firing activity of an isolated

chemosensory neuron recorded in a whole-cell configuration
and current-clamp mode Panel A) and induced firing in re-
sponse to current injections of 2-10 pA for 1 s recorded in a
current clamp mode and whole-cell configuration.
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Fig. 2. Representative voltage-gated inward and outward cur-
rents elicited by voltage steps, 10 mV increments from -80 to
+50 mV in a whole-cell configuration and voltage clamp
mode.
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Fig. 3. Comparison of a healthy chemosensory neuron
recorded in current and voltage clamp modes; evoked re-
sponses.
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Fig. 4. Representative re-
sponses to administration of
50 mM KCI - control experi-
ment (Panel A) and 50 pM
AA - arachidonic acid experi-
ment (Panel B).
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Fig. 5. Mean amplitude of responses to administration of 50
mM KCl in control experiments and 50 pM AA in arachidon-
ic acid experiments (P<0.01).

of the mean amplitude of response of 200 £100 pA
in the voltage-clamp mode was recorded. This was a
depolarizing current that exhibited a complete recov-
ery after removing the stimulus. The effect of admin-
istration of 50 uM AA in the voltage-clamp mode is
shown in Fig. 4B. AA induced a fast inward depolariz-
ing current of the mean amplitude of 800 £200 pA.
Complete recovery was typically reached in about 2
min. AA was administered in 15 trials. A paired t-test
for the differences between the maximum amplitudes
of inward currents elicited by AA »s5. control gave a
significant result at P<0.01 (Fig. 5).

DiscussioN

The purpose of the present study was to investigate
whether the chemosensory neurons’ electrical activity
could be affected by AA. To verify this purpose we
performed patch-clamp experiments on isolated
mouse chemosensory neurons found to have inherent
spontaneous firing activity and to be responsive in a
regular incremental way to current injections. The ma-
jor finding of the study was that AA provoked a depo-
larization of chemosensory neurons. A regular pattern
of neuronal responses, repeatability, and a complete
recoverability after the electrical stimulus had ceased
acting demonstrate the ability of AA to interact with
electrogenic properties of the mouse chemosensory
neurons. AA elicits an intricate signaling system as it
generates multiple messenger molecules that may act
both intra- and extracellularly. The present finding of
clectrophysiological effects exerted by AA in chemo-
sensory neurons strongly implicates its potential role
in signal transduction mechanisms of the cells. The
implication is strengthened by other reports showing
the effects of AA exerted on sensory neurons [31, 32].

AA is involved in a number of physiological path-
ways depending on the enzyme that acts on it. Inter-
estingly, AA has been found in abundance in nasal mu-
cosa [33], and the airway smooth muscles metabolize it
as well [27]. AA also may be involved in the control of
fluid and electrolyte transport in the lung [26]. AA has
a short lifespan, during which it may interact with the
activity of ion channels and protein kinases within the
cell. Alternatively, it may be transformed into a family
of metabolites, the eicosanoids, which may also pro-
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duce separate effects on intracellular targets. In either
case, the AA cascade affects neuronal excitability. Fut-
thermore, these compounds can cross the cell mem-
brane, diffuse through the extracellular space, and in-
teract with high-affinity receptors located on neigh-
boring neurons. Therefore, the AA cascade may give
rise to both intracellular second messengers and to lo-
cal mediators, bridging the gap between transmem-
brane and transcellular communication. This two-
pronged role may be important in integrating the re-
sponses of postsynaptic neurons with the activity of
presynaptic terminals and of other contacting cells.

AA modulates directly or indirectly by its metabo-
lites, a wide variety of ion channels [34]. One proposed
mechanism of this modulation is through a binding to
the ion channel, since the channel modulation depends
on the membrane potential [35, 36] and mutations of
specific residues in the pore region [37]. AA potenti-
ates acid-sensing ion channels (ASICs) in sensory neu-
rons by a direct action [33]. The ASICs family undet-
lies the inward current induced by acidity [38], such as
vanilloid receptor activation by AA or its metabolites
[39]. Stimulation of cells leads to an increase of [Ca?*];
due to Ca?* release from intracellular organelles and
Ca2t entry across the plasma membrane. This process
is initiated upon the binding of a stimulus-released
neurotransmitter to its receptors and activation of
phospholipase C (PLC). PLC, in turn, converts phos-
phatidylinositol-4,5-bisphosphate (PIP,) to IP; and di-
acylglycerol (DAG). Plasma membrane channels, e.g,
TRP channels, ate activated and extracellular cations,
including Ca?*, flow into the cell. The activation of
plasma membrane channels might involve a reduction
of PIP, concentration or an increase in DAG or its
metabolites, such as polyunsaturated fatty acids [40].

The finding that chemosensory neurons responded
to AA administration with an inward depolarizing cur-
rent raises the question of a physiological role and the
exact determinants of the possible transduction path-
way underlain by AA or its metabolites. We could
speculate that such a pathway could be specific for a
subtype of neurons involved in transduction of chem-
ical stimuli, control of electrolyte transport, or inflam-
matory conditions. Alternative study designs are re-
quired to verify these mechanisms and to attribute a
role for AA in signaling pathways.
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