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Response to Capsaicin and Changes in Sodium Currents in
Dorsal Root Ganglion Neurons of Neuropathic Rats
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Background: Allodynia, one of the most debilitating symptoms of neuropathic pain syndromes, can
be defined as ‘pain due to a stimulus that does not normally provoke pain’. Subsets of dorsal root
ganglion (DRG) neurons involved in nociception are characteristically expressed capsaicin sensitivity and
high proportion of tetrodotoxin resistant sodium current {TTX-R Iy,). We performed an experiment to
elucidate whether nerve injury induced mechanical allodynia could be resulted from elctrophysiological
modulation of large, nonnociceptive afferent neurons to nociceptors.

Methods: Whole cell patch clamp recordings were made from acutely dissociated dorsal root ganglion
(DRG) neurons of normal and experimental neuropathic rats, We compared the proportion of capsaicin
sensitive neurons which responded to capsaicin (1 gM) with an inward current = 100 pA in amplitude
and the proportion of sodium channel subtypes measured in the absence and presence of tetrodotoxin
(1 uM), in small and large DRG neurons.

Results: The proportion of capsaicin sensitive cells to total number of cells tested was not changed
by nerve injury in both small and large cell populations. In large cell population of nerve injured rats,
the proportion of TTX-R Iy, was significantly increased as compared with normal group (p <0.05), and
in small cell population of nerve injured rats, TTX-S Iy, was increased, but there was no statistical
significance.

Conclusions: These data indicate that expression of the sensitivity to capsaicin in DRG neurons would
not be altered by nerve injury and increased TTX-R Iy, in large cell population of nerve injured DRG
may underlie increased excitability. (Korean J Anesthesiol 1998; 35: 259 ~268)

Key Words: Cells: dorsal root ganglion. Ions: sodium. Pain: neuropathic. Pharmacology: capsaicin;
tetrodotoxin.
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Fig. 1. Responses to capsaicin in DRG neurons are shown. Application of 1 yuM capsaicin had no effect on holding
current in an unresponsive large cell(A), but in a responsive small cell, large inward current was produced by the same
concentration of capsaicin(B). The proportion of capsaicin sensitive cells to total number of cells tested was not changed

by nerve injury in both small and large cell populations(C).
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Fig. 2. Data represents current density evoked by 1 yM
capsaicin in responsive cells. Current density was in-
creased in nerve injured large cell population, but not in
small cells. Values are expressed as mean+ SEM. Asterisk
represents significant difference as compared with normal
cell group(p <0.05).
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Fig. 3. Membrane potential changes elicited by various concentration of capsaicin are shown. Higher concen- -
tration of capsaicin resulted in membrane potential depolarization devoid of action potential discharge(A), but
lower concentration of capsaicin resulted in spontaneous action potential discharge(B).
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Fig. 4. Effects of capsaicin on the action potential firing patterns of DRG neurons are shown. Insets represent
applied current protocols. Action potentials were evoked by current pulses differed by 50 pA(upper) and 1 nA
of sustained current pulse(lower). In capsaicin unresponsive large cells(A), capsaicin(l yM) had no effect on
the action potential parameters(upper) and cellular excitability(lower), but in capsaicin responsive small cells(B),
the same concentration of capsaicin inhibited action potential generation{upper) and cellular excitability(lower)
even after 5 min wash-out.
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Table 1. Sodium Current Density of Sodium Channel Sub-types Separated by 1 M Tetrodotoxin

Cell size Group TTX-R IndpA/pP) TTX-S In(pA/pF)
Normal(19) —159.2+30.6 ~77.1+£27.8
Small ,
Neuropathic(20) —-173.3+28.2 —125.1+48.5
Large Normal(23) —-39.61+9.3 —107.8%+11.3
& Neuropathic(20) —86.6+46.6* —68.2+13.8

Values are expressed by meant SEM.

TTX-R In,; tetrodotoxin-resistant sodium current, TTX-S Iy,; tetrodotoxin-sensitive sodium current.
*statistically significant as compared with normal large cell group (p<0.05).
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Fig. 5. This figure shows whole cell Na™ currents record-
ed during 20 ms voltage step from the holding potential
of —90 mV to a test potential of 0 mV. In a large cell,
sodium current. was completely blocked by 1 uM
tetrodotoxin(A), but in a small cell, sodium current was
partly blocked by the same concentration of. tetrodo-
toxin(B). a; low calcium, sodium containing superfusate
(Total Iy,), b; after applying 1 uM tetrodotoxin(TTX-R
Iva), c; after switching to low Na™ superfusate.
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