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Abstract:  The spinal substantia gelatinosa (SG) plays a pivotal role in modulating 

nociceptive transmission through dorsal root ganglion (DRG) neurons from the periphery. 

TRP channels such as TRPV1 and TRPA1 channels expressed in the SG are involved in 

the regulation of the nociceptive transmission. On the other hand, the TRP channels located 

in the peripheral terminals of the DRG neurons are activated by nociceptive stimuli given 

to the periphery and also by plant-derived chemicals, which generates a membrane 

depolarization. The chemicals also activate the TRP channels in the SG. In this review,  

we introduce how synaptic transmissions in the SG neurons are affected by various  

plant-derived chemicals and suggest that the peripheral and central TRP channels may 

differ in property from each other. 

Keywords: TRPV1 channel; TRPA1 channel; excitatory transmission; inhibitory 

transmission; spinal dorsal horn; pain 

 

1. Introduction  

Nociceptive stimuli given to the periphery generate a membrane depolarization in the peripheral 

terminals of primary-afferent, particularly fine myelinated Aŭ and unmyelinated C, fibers, resulting in 

the production of action potentials (APs). The APs conduct through the primary-afferent fibers to the 

central terminals located in the superficial laminae of the dorsal horn, especially the substantia 
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gelatinosa (SG; lamina II of Rexed; [1,2]). As a result, excitatory neurotransmitter L-glutamate is 

mono- or polysynaptically released onto the SG neurons from the central terminals [3]. Such 

nociceptive information is modulated by a neuronal circuitry composed of excitatory and inhibitory 

interneurons in the SG ([3,4]; see [5] for a role of inhibitory interneurons in nociceptive transmission) 

and by the descending antinociceptive pathway. Information as a result of the modulation flows to the 

thalamus through a connection with projection neurons in lamina I and deeper laminae of the spinal 

dorsal horn, and then to the primary sensory area of the cerebral cortex, eliciting nociceptive sensation 

(for review see [6,7]). 

Since Melzack and Wall [8] proposed the gate control theory of pain, a great deal of evidence has 

been demonstrated to support a role of the SG in the modulation of nociceptive transmission. For 

instance, endogenous analgesics such as opioids, nociceptin, serotonin, norepinephrine, adenosine, and 

galanin reduce the release of L-glutamate from the central terminals of primary-afferent fibers onto the 

SG neurons through the activation of their receptors, resulting in diminishing the excitability of the 

neurons (for example see [9ï14]; for review see [15]). Moreover, activation of receptors for serotonin, 

norepinephrine and also another analgesic acetylcholine enhances the release of inhibitory 

neurotransmitters, GABA and/or glycine, onto the SG neurons, leading to an inhibition of the 

excitability of the neurons ([16ï19]; also see [20]). 

There are not only neurotransmitter receptors but also transient receptor potential (TRP) channels 

(which are permeable to cations) among proteins involved in the modulation of nociceptive 

transmission (for a review, see [21]). TRP channels, which are synthesized in the cell body of dorsal 

root ganglion (DRG) neuron, are transferred to the peripheral and central terminals of the neuron by 

axonal transport (Figure 1). There are TRP vanilloid-1 (TRPV1), TRP ankyrin-1 (TRPA1) and TRP 

melastatin-8 (TRPM8) channels among TRP channels involved in nociception in DRG neurons [22]; 

they respond to chemical substances and temperature (for review see [23]). In the peripheral terminal 

of the DRG neuron, the TRPV1 channel responds to capsaicin (a natural pungent ingredient in red 

peppers), protons and noxious heat (>43 °C; [24]; for a review, see [25]); the TRPA1 channel to  

pungent compounds in mustard oil, cinnamon oil, ginger and garlic, and to noxious cold temperature 

(<17 °C; [26ï29]); and the TRPM8 channel to menthol (2-isopropyl-5-methylcyclohexanol;  

a secondary alcohol which is contained in peppermint or other mint oils) and mild temperature  

(<25 °C; [30,31]). With respect to the TRPA1 channel, its cold sensitivity remains controversial and its 

involvement in cold hypersensitivity, but not nociception, has been demonstrated by del Camino et al. 

[32]. Many of the properties of the TRP channels have been examined in the cell body of DRG neuron 

and in heterologous cells expressing the TRP channels. It is possible that there is a difference in 

property between TRP channels in the peripheral and central terminals of DRG neuron, considering 

their distinct roles in the terminals. 

This review article will introduce our data about the actions of plant-derived chemicals having an 

ability to activate TRP channels on synaptic transmissions in the SG neurons of adult rat spinal cord slices. 
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Figure 1. Schematic diagram illustrating what roles transient receptor potential (TRP) 

channels in the peripheral and central terminals of dorsal root ganglion (DRG;  

primary-afferent) neuron play in transmitting sensory information. The TRP channels are 

synthesized in the cell body of the DRG neuron and transferred to the terminals by axonal 

transport. Stimuli (such as temperature and chemicals) given to the periphery activate the 

peripheral TRP channel, resulting in membrane depolarization, which in turn generates 

action potential that transfers the stimulus information to the central terminal of the DRG 

neuron. On the other hand, central TRP activation enhances the spontaneous release of  

L-glutamate onto spinal substantia gelatinosa (SG) neurons, which play a pivotal role in 

modulating nociceptive transmission and is thus involved in this modulation. 

 

2. Spinal Cord Slice and Electrophysiology 

The methods used for obtaining transverse slice preparations of the adult rat spinal cord have been 

mentioned previously in detail [33]. Briefly, male Sprague-Dawley rats (6ï8 week-old) were 

anesthetized with urethane, and then a lumbosacral segment (L1ïS3) of the spinal cord was removed 

and placed in oxygenated and cold Krebs solution. After cutting all ventral and dorsal roots, the  

pia-arachnoid membrane was removed. The spinal cord was placed in a shallow groove formed in an 

agar block, and this was mounted on a stage in a microslicer, which was filled with preoxygenated cold 

Krebs solution; then about 650 µm-thick transverse slice was cut. Adult rat spinal cord slice that 

retained an attached dorsal root was also used. The slice was placed on a nylon mesh in the recording 

chamber [34], and was then completely submerged and superfused at a rate of 10ï15 mL/min with 

heated and oxygenated Krebs solution. The composition of Krebs solution used was (in mM):  

NaCl, 117; KCl, 3.6; CaCl2, 2.5; MgCl2, 1.2; NaH2PO4, 1.2; NaHCO3, 25; and glucose, 11. 

SG neurons were identified by their location under a binocular microscope with light transmitted 

from below. Blind whole-cell voltage-clamp recordings were made from the SG neurons, as mentioned 

previously [35]. The patch-pipette solution used contained (in mM): K-gluconate, 135; KCl, 5; CaCl2, 

0.5; MgCl2, 2; EGTA, 5; HEPES, 5; and Mg-ATP, 5; or Cs2SO4, 110; CaCl2, 0.5; MgCl2, 2; EGTA, 5; 
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HEPES, 5; Mg-ATP, 5; tetraethylammonium (TEA)-Cl, 5. The former and latter solutions were used 

to record excitatory and inhibitory postsynaptic currents (EPSCs and IPSCs, respectively), respectively. 

A liquid junction potential between the gluconate (or Cs+)-containing patch-pipette and Krebs 

solutions was 12.4 mV (or 10.7 mV). EPSCs were recorded at a holding potential (VH) of  

ī70 mV, where no IPSCs were observed, since the reversal potential for IPSCs was near ī70 mV.  

On the other hand, IPSCs were observed at a VH of 0 mV, where EPSCs were invisible owing to the 

reversal potential for EPSCs to be close to 0 mV. Cs+ and TEA were added to inhibit K+ channels 

located in the recorded SG neurons and thus to easily shift VH to 0 mV from resting membrane 

potentials. Aŭ-fi ber and C-fiber evoked EPSCs were elicited by stimulating the dorsal root, as 

mentioned previously [34]. Their evoked EPSCs were distinguished from each other, based on a 

minimal stimulus strength enough to elicit the EPSCs and a latency of the EPSCs. Aŭ-fiber EPSCs 

were judged to be monosynaptic when the latency remained constant and there was no failure during 

stimulation at 20 Hz for 1 s, while C-fiber ones were so when failures did not occur during repetitive 

stimulation at 1 Hz for 20 s [34,36]. Signals were acquired using a patch-clamp amplifier. Drugs were 

applied by perfusing a solution containing drugs of a known concentration without an alteration in the 

perfusion rate and temperature. The solution in the recording chamber having a volume of 0.5 mL was 

completely replaced within 15 s. 

3. Actions of Plant-Derived TRP Agonists on Synaptic Transmissions in Substantia  

Gelatinosa Neurons 

3.1. Action of Capsaicin 

Superfusing capsaicin (8-methyl-N-vanillyl-6-nonenamide; Figure 2A) at 2 µM for 0.5 min 

enhanced the frequency of spontaneous EPSC (sEPSC) in SG neurons, as seen in Figure 2B.  

This increase in sEPSC frequency was about 234%; this action was almost irreversible such that this 

was not observed even 2 h after the capsaicin treatment. A non-N-methyl-D-aspartate (non-NMDA) 

receptor antagonist 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) at 10 µM blocked sEPSCs under 

the action of capsaicin (see Figure 2C), indicating that these sEPSCs were glutamatergic [37]. Since a 

voltage-gated Na+-channel blocker tetrodotoxin (TTX; 1 µM) did not affect the capsaicin activity,  

this was due to a direct action of capsaicin (Figure 2D). As seen in Figure 2E, in the presence of a 

TRPV1 antagonist capsazepine (10 µM; [38]), capsaicin (2 µM) had no effect on sEPSC frequency, 

indicating an involvement of TRPV1 channel [37,39,40]. This result is consistent with the existence of 

TRPV1 channels in the central terminals of primary-afferent neurons [41ï43]. Ueda et al. [44] have 

demonstrated a TTX-insensitive and capsazepine-sensitive increase of L-glutamate release evoked by 

capsaicin by using a fluorometric monitoring method in slices prepared from the dorsal horn of the rat 

spinal cord. A similar action of capsaicin has been reported in the superficial medullary dorsal  

horn [45]. The sEPSC frequency increase would be due to the facts that capsaicin opens TRPV1 

channels having a higher Ca2+ permeability and that the resulting depolarization activates  

voltage-gated Ca2+ channels [24,46]. Medvedeva et al. [47] have demonstrated that TRPV1 activation 

by capsaicin at synapses in DRG/spinal cord co-cultures prolongs the elevation of intraterminal Ca2+ 

levels and increases L-glutamate release. 
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Figure 2. Capsaicin (Caps; 2 µM) increases the frequency of spontaneous excitatory 

postsynaptic current (EPSC) and produces an inward current in rat substantia gelatinosa 

(SG) neurons by activating TRPV1 channels. (A) The chemical structure of Caps;  

(B) Recordings of spontaneous EPSCs (sEPSCs) before and under the action of Caps.  

In this and subsequent figures, the horizontal bar above the chart recording indicates the 

period of time during which the drug was applied, and 3ï4 consecutive traces of sEPSCs 

for a period indicated by a short bar below the recording are shown in an expanded time 

scale; (C) Action of a non-NMDA receptor antagonist CNQX (10 µM) on a barrage of 

sEPSCs under the action of Caps; (D) The sEPSC frequency increase produced by Caps is 

unaffected by a voltage-gated Na+-channel blocker tetrodotoxin (TTX; 1 µM); (E) Action 

of Caps in the presence of a TRPV1 antagonist capsazepine (Capz; 10 µM); Note that the 

sEPSC frequency increase as well as inward current were markedly attenuated by Capz; 

(F) Caps action at 15 min after washout of Capz, where sEPSC frequency was increased 

and an inward current lasting for 3 min (shown partly) was induced; this was obtained from 

the same neuron as that in (E). Holding potential (VH) was ī70 mV. Modified from [37] 

with permission of Elsevier Science. 

 

On the other hand, Baccei et al. [39] have reported that capsaicin-induced sEPSC frequency 

increase persists in a nominally Ca2+-free solution in neonate rat superficial dorsal horn neurons, 

indicating that this increase does not require Ca2+ entry from extracellular solution. Although this issue 

needs further study, TRPV1 channels may alter in property with development. 

Unlike glutamatergic transmission, spontaneous GABAergic and glycinergic transmissions, which 

were examined in the presence of a glycine-receptor antagonist strychnine (1 µM) and a GABAA-receptor 

antagonist bicuculline (10 µM), respectively, were not affected by capsaicin (2 µM; [37]). As a result, 
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TRPV1 channels were suggested to be not located in the central terminals of primary-afferent fibers 

innervating onto spinal inhibitory interneurons, which make synapses with SG neurons. 

Different from spontaneous excitatory transmission, dorsal root-evoked monosynaptic 

glutamatergic transmission in SG neurons was inhibited by capsaicin (1 µM). This inhibition was seen 

for primary-afferent C-fiber but not Aŭ-fiber EPSCs (Figure 3). This action was thought to be 

presynaptic in origin, because Aŭ-fiber EPSC amplitude, i.e., AMPA-receptor response, were unaffected 

by capsaicin. This presynaptic action would be due to either an inhibitory action of capsaicin on 

voltage-gated Ca2+ channels in nerve terminals, a membrane depolarization of C-fiber terminals by 

capsaicin (such as presynaptic inhibition mediated by GABAA-receptor activation; see [48]) or its 

inhibitory action on nerve conduction (see below). Consistent with the first idea, Bleakman et al. [49] 

have reported a depression by capsaicin of Ca2+-channel currents in cultured rat DRG neurons. If this 

is the case, then this mechanism may have overridden a potentiating action of evoked transmitter 

release resulting from a capsaicin-induced increase in intraterminal Ca2+ concentration leading to an 

enhancement of spontaneous transmitter release. Urbán and Dray [50] also have reported an inhibitory 

action of capsaicin on excitatory transmissions elicited in immature mouse dorsal horn neurons by 

stimulating the dorsal root. As with spontaneous inhibitory transmissions, dorsal root-evoked 

GABAergic and glycinergic IPSC amplitudes were not affected by capsaicin (1 µM; [51]). 

Figure 3. Caps (1 µM) superfused for 0.5 min inhibited monosynaptically-evoked  

primary-afferent C-fiber but not Aŭ-fiber EPSCs in rat SG neurons. In each of (A) and (B), 

left, middle and right traces are ones before Caps treatment, 2 and 20 min after Caps wash, 

respectively, where six superimposed traces are shown. Note an increase in the frequency 

of sEPSC, some of which are shown by arrows, in the middle traces of (A) and (B).  

VH = ī70 mV. Modified from [51] with permission of Elsevier Science. 

 

The sEPSC frequency increase produced by capsaicin was accompanied by an averaged inward 

current of 33 pA. This inward current varied in duration and amplitude among the neurons examined 

(compare chart recordings in Figure 2B,F). Since primary-afferent C-fibers were known to release a 

variety of neuroactive peptides including substance P in the dorsal horn ([52ï54]; for review see [7]),  

it was likely that the capsaicin-induced inward current was mediated by substance P [50,55]. However, 

CNQX (10 µM) and TTX (1 µM) but not an NMDA-receptor antagonist DL-2-amino-5-phosphonovaleric 
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acid (APV; 50 µM) and an NK-1-receptor antagonist L-732,138 (1 µM) inhibited the capsaicin current. 

Moreover, this capsaicin current was not abolished by an intracellular dialysis with GDP-ɓ-S (1 mM), 

which inhibited a baclofen (10 µM) response mediated by G-protein-coupled GABAB receptors. These 

results indicate that the capsaicin activity is mediated through the activation of  

C-fibers by non-NMDA receptors and also by neurotransmitter receptors other than NK1 [56]. 

When the effect of the synthetic oleic acid homolog of capsaicin, olvanil (N-oleolylvanillylamine; 

10 µM; Figure 4A), which activated TRPV1 channels in the cell body of primary-afferent neuron [57], 

was examined, this drug superfused for 5 min hardly affected spontaneous excitatory transmission in 

SG neurons. This olvanil concentration was maximal in activating TRPV1 channels in the cell  

body [57]. In SG neurons insensitive to olvanil, capsaicin (2 µM) superfused for 1 min markedly 

increased sEPSC frequency (Figure 4B; [58]). This result suggests that there may be a difference in 

property between the peripheral and central TRP channels. 

Figure 4. Caps (2 µM) but not olvanil (10 µM) enhances spontaneous excitatory 

transmission in rat SG neurons. (A) The chemical structure of olvanil; (B) Recordings of 

sEPSCs in the absence and presence of olvanil (superfused for 5 min) or Caps (1 min) in 

the same neuron. The right recording was obtained 20 min after the left one. VH = ī70 mV. 

Modified from [58] with permission of Elsevier Science. 

 

3.2. Action of Resiniferatoxin 

Resiniferatoxin (RTX; Figure 5A) is an ultrapotent TRPV1 agonist, a capsaicin analog isolated 

from the dried latex of the cactus-like plant, Euphorbia resinifera [59ï61]. [3H]RTX is widely used to 

examine the distribution of TRPV1 channels in the nervous system [62,63]. RTX is also useful in 

treating disorders, such as neuropathic pain and lower urinary tract dysfunction that involve excessive 

TRPV1 activity [64]. 
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Figure 5. Resiniferatoxin (RTX; 0.5 µM) superfused for 1 min increases the frequency of 

sEPSC with a small increase in its amplitude in rat SG neurons. (A) The chemical structure 

of RTX; (B) Recordings of sEPSCs in the absence and presence of RTX. RTX produces a 

small peak inward current of 3.5 pA; (C) Changes in sEPSC frequency and amplitude 

(closed and open circles, respectively) were measured every 0.5 min (frequency and 

amplitude before RTX application: 15.0 Hz and 12.1 pA, respectively); (D) Cumulative 

histograms of the amplitude and inter-event interval of sEPSC before RTX application 

(Control; dotted line) and under the action of RTX (continuous line). The histograms were 

examined for 0.5 min in the control (435 sEPSC events) and 3 min after RTX washout 

(947 sEPSC events). RTX shifted the inter-event interval and amplitude distributions to 

shorter and larger ones, respectively (p < 0.01; Kolmogorov-Smirnov test); (BïD) were 

obtained from the same neuron. VH = ī70 mV. Modified from [65] with permission of 

Elsevier Science. 

 

Bath-applied RTX (0.5 µM) for 1 min enhanced spontaneous excitatory transmission in SG neurons, 

as seen in Figure 5B. The sEPSC frequency increased gradually over time, peaking around 4 min after 

RTX addition; this facilitation was accompanied by a small increase in sEPSC amplitude (see Figure 5C). 

The sEPSC frequency increase was about 136%. This increase in sEPSC frequency did not subside for 

at least 10 min after RTX washout. With respect to cumulative histograms, RTX significantly increased the 

proportion of sEPSCs with a shorter inter-event interval and a larger amplitude (Figure 5D; [65]). The 

sEPSC amplitude increase would be due to highly synchronized multivesicular release of L-glutamate, 
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as shown in ionotropic ATP receptor P2X activation at glutamatergic terminals in the brainstem [66]. As 

seen in capsaicin actions, a second RTX application 1 or 2 h later did not affect excitatory transmission. 

Figure 6. RTX (0.5 µM) enhances spontaneous excitatory transmission by directly 

activating TRPV1 channels in the rat SG. (AïE) Recordings in the absence and presence 

of RTX in Krebs solution containing Capz (10 µM; (A)), SB-366791 (30 µM; (B)), TTX  

(0.5 µM; (C)), CNQX (10 µM; (D)) or both CNQX (10 µM) and an NMDA-receptor 

antagonist APV (50 µM; (E)). VH = ī70 mV. Modified from [65] with permission of 

Elsevier Science. 

 

RTX concentration-dependently increased sEPSC frequency with the effective concentration 

producing half-maximal response (EC50) of 0.21 µM [65]. This value was less than the amount  

(1 µM; [37]) needed for capsaicin to increase sEPSC frequency in SG neurons, being consistent with a 

higher affinity (by three to four orders of magnitude) of RTX than capsaicin for TRPV1 channels [67,68]. 

As seen in capsaicin activity, the ability of RTX to increase sEPSC frequency and amplitude was 

blocked by capsazepine (10 µM; Figure 6A); a similar inhibition was also seen by another TRPV1 

antagonist, SB-366791 (30 µM, [69]; Figure 6B), indicating TRPV1 involvement. This idea was 

supported by the observation that capsaicin inhibited the effects of RTX on excitatory transmission and 

vice versa, i.e., cross-desensitization [65]. A similar cross-desensitization of RTX and capsaicin 

activity occurs for the release of substance P or calcitonin gene-related peptide from the central 

terminals of primary-afferent neurons in the rat spinal cord [67]. As seen from Figure 6C, the sEPSC 

frequency increase produced by RTX was resistant to TTX, a result similar to that of capsaicin. On the 

other hand, as different from capsaicin, RTX induced inward currents in a manner resistant to TTX, 
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indicating that RTX may have activated TRPV1 channels in postsynaptic neurons. TRPV1 channels 

exist in both pre- and postsynaptic neurons in the superficial laminae of the rat spinal dorsal horn [43]. 

However, RTX-induced inward current was blocked by CNQX (10 µM ) and APV (50 µM ) treatment 

(Figure 6D and 6E), indicating that the inward current resulted from activation of non-NMDA and 

NMDA receptors by L-glutamate released from the primary-afferent terminals after TRPV1 activation. 

Consistent with this finding regarding NMDA receptors, several subtypes of NMDA receptors are 

found in SG neurons [70]. The NMDA receptor-mediated postsynaptic current can be evoked by the 

application of NMDA and by focal or dorsal root stimulation at ī70 mV [71,72]. Even if RTX binds to 

the same TRPV1 site as capsaicin (see [63,73]), their activities on excitatory transmission may be 

different from each other. RTX but not capsaicin mobilized Ca2+ from inositol 1,4,5-trisphosphate 

(IP3)-sensitive Ca2+ stores in TRPV1-transfected human embryonic kidney (HEK) 293 cells [74]. 

Understanding the differences in inward currents produced by RTX and capsaicin in SG neurons 

requires further work. 

3.3. Action of Piperine 

Piperine (1-peperoylpiperidine; Figure 7A; [75]) is the pungent component of black pepper and has 

an ability to activate TRPV1 channels in the cell body of primary-afferent neuron [76]. As seen from 

Figure 7B, piperine (70 µM) superfused for 2 min enhanced spontaneous excitatory transmission in SG 

neurons. The sEPSC frequency increased gradually over time, peaking around 3 min after piperine 

addition; this facilitation was accompanied by a minimal increase in sEPSC amplitude (Figure 7C). 

The sEPSC frequency increase produced by piperine was repeated and concentration-dependent with 

the EC50 value of 52.3 µM [58]. This value was similar to that (35 µM) for activating TRPV1 channels 

in rat trigeminal ganglion neurons [76] or that (37.9 µM) of human cloned TRPV1 channels expressed 

in HEK 293 cells [77]. Under the pretreatment with capsazepine (10 µM) or a TRPA1 antagonist  

HC-030031 (50 µM; [78]), the facilitatory effect of piperine (100 µM) on sEPSC frequency was 

reduced in extent (Figure 7D and 7E). The inhibitory action of HC-030031 on piperine response was 

suggested to be due to a nonspecific blockade of TRPV1 channel, because HC-030031 was reported to 

also act as a TRPV1 antagonist [79]. Consistent with this idea, Okumura et al. [80] have reported  

that piperine activates, not only human cloned TRPV1, but also TRPA1 channels expressed in  

HEK 293 cells, albeit the TRPV1 channel has EC50 value (0.6 µM) smaller by 50-fold than that  

(29.7 µM) of the TRPA1 channel. 

Although both piperine and capsaicin activated TRPV1 channels, the former but not latter action 

was repeated. The difference in recovery from desensitization between piperine and capsaicin actions 

may be attributed to a distinction in their binding to TRPV1 channels. This idea is supported by the 

observation that there is a difference in the rate of the onset of desensitization and its degree between 

TRPV1 channel activations produced by capsaicin and piperine in rat trigeminal ganglion neurons [76] 

or human HEK 293 cells [77]. 

  



Cells 2014, 3 341 

 

 

Figure 7. Effect of piperine on spontaneous excitatory transmission in rat SG neurons.  

(A) The chemical structure of piperine; (B) Recordings of sEPSCs in the absence and 

presence of piperine (70 µM); (C) sEPSC frequency and amplitude (closed and open 

circles, respectively) under the action of piperine, relative to those before its superfusion 

(frequency and amplitude: 3.6 Hz and 13.4 pA, respectively). They were measured every 

0.5 min; (B) and (C) were obtained from the same neuron; (D,E) Chart recordings showing 

the action of piperine (100 µM) on excitatory transmission in the absence (a) and presence 

(b) of a TRPA1 antagonist HC-030031 (50 µM; D) or Capz (10 µM; E).  

VH = ī70 mV. Modified from [58] with permission of Elsevier Science. 

 

3.4. Action of Allyl Isothiocyanate 

Bath-applied allyl isothiocyanate (AITC, Figure 8A; the pungent principal in mustard oil or  

wasabi; 100 ɛM) for 2 min resulted in an increase in the frequency and amplitude of sEPSC in SG 

neurons; this action was often accompanied by a slow inward current, as seen in Figure 8B.  

The sEPSC frequency increase averaged to be 202%. When AITC (100 µM) was applied repeatedly  

at 20 min intervals, it induced a similar increase in sEPSC frequency and amplitude (Figure 8C),  

an observation different from those of capsaicin and RTX. A similar action was seen by pungent 

natural compounds having an ability to activate TRPA1 channels, cinnamaldehyde (CA; 100 ɛM) and 

allicin (100 ɛM; Figure 8A; for similar observations see [81,82]), which are contained in cinnamon oil, 


