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Changes of Electrophysiologic Properties of Dorsal Root Ganglion Cells
in Peripheral Nerve-injured Rats

Sung Koo Chang, M.D., Seung Soo Chung, M.D., Joong Woo Leem, Ph.D.,
Jung Woo Eun, Duck Mi Yoon, M.D.*, and Taick Sang Nam, M.D.

Departments of Physiology and *Anesthesiology, Yonsei University College of Medicine, Seoul, Korea

Background: The neuropathic pain induced by peripheral nerve injury has been shown to be
spontaneous, hyperalgesia and allodynia. If the neuropathic pain is related to the sympathetic system,
it is classified as a sympathetically maintained pain (SMP). SMP is aggravated by sympathetic activation,
and sympathetic block is used as a clinical treatment. Until now, it has been unclear what mechanism
is involved in the aggravation of the pain due to sympathetic activation. Many investigations relating
to this topic, using experimental animal models, have confirmed that the sensory nerve is activated due
to sympathetic activation, and is mediated by the alpha adrenergic receptor. However, the detailed
mechanism for the involvement of the alpha adrenergic receptor on the sympathetic-sensory coupling
is controversial, as many previous experiments have been performed using in vivo preparations that could
not exclude many complicating factors. Therefore, injured dorsal root ganglion cells were isolated, and
the effects of norepinephrine, which is known to be involved in membrane excitability, investigated on
several ionic channels.

Methods: The neuropathic animal models were made by ligation of the L5 and L6 spinal nerves
of rats. The dorsal root ganglion cells were immediately isolated, and the electrophysiologic properties
studied using a patch clamp technique.

Results: In the current clamp mode, the membrane excitability was confirmed to be increased by
the norepinephrine, and in the voltage clamp mode, the inward Ca™" and outward K* currents were
decreased by the norepinephrine, in the DRG neuron of the neuropathic model rat. Yohimbine, an a2
antagonist, suppressed the inhibitory effect of the norepinephrine on the inward Ca®* and outward K
currents of the neuropathic DRG neuron. Cadmium, a calcium channel blocker, suppressed the inhibitory
effect of the norepinephrine on the outward K* current, and iberiotoxin, a calcium activated potassium
channel (Kc,) blocker, suppressed the inhibitory effect of the norepinephrine on the outward K* current
of the neuropathic DRG neuron.

Conclusions: These results suggest the direct actions of norepinephrine on DRG neuron at least
contribute to the sympathetic-sensory coupling, and that suppression of the Kc. channel activity may
be an important mechanism in this process.

Key Words: Dorsal root ganglion, Neuropathic pain, Norepinephrine, Patch clamp, Sympathetically
maintained pain
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(type D), 0.1 mg/ml trypsin (1 mg/ml, Boehringer Man-
heim Biochemicals, Indianapolis, IN, USA) 2! 0.1 mg/ml
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tion)e] ZA(mM)< 120 N-methyl-D-glucamine (NMG)
methanesulfonate (MS), 20 TEA-MS, 20 HCI,
leneglycol-bis-(beta aminoethyl ether) N,N,N’,N’-tetra-
acetic acid (EGTA), 10 HEPES, 1 CaCl,, 4 MgATP, 0.3
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cal Co. (St. Louis, MO, USA)EZX¥] Z+7z} sl
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AR A B w234 AES ZH$- NE
(10 M) Foiofl djzle] T W37} glgich. o]o vhsl
ol AAWFTA 55 EdFNA A2 wiTAHAE A
Z (L5, Lo)ollA= NE Fojoll &3sfo] =hrigre] =
g8 mmA A w3l vxst 34 SUlske

Ag ¥ % dgth F =9 A9 Z§ Nl <)
240l 2719S HAY F YelhFig 1.

LHEFM ca™ HROl CHEH NEQ| &3}

Whole cell mode EA4 %=
A AefolA 200 ms B
bt ] Jehde WA ¥ AR =27
Hb}* 71535t3iek. A4FAol4 DRG AESQ Ca™

ol tigk NE &5 3¢ 27, NEv WS4
Caz* AFel =zl AL %S wXA %%
(8.35 * 1.40% inhibition at 0 mV, n = 5)(Fig. 2A,
3A). 8t mdl# ] DRG A|Eol|AE NEo] Ca®* A
F 2715 Ade] #AEAZHTR1.38 + 3.01% inhi-
bition at 0 mV, n = 6)(Fig. 2B, 3A).
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A. Normal
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Fig. 1. The effects of norepinephrine (NE) on the exci-
tability of rat DRG neurons. membrane potential
and action potential were recorded using current
clamp technique. Typical recordings from small
DRG cells of normal rat and neuropathic rat are
shown in A and B. The excitatory effects of NE
are seen in the DRG cells of neuropathic rat.
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Fig. 2. The effects of norepinephrine (NE) on inward ca®
currents of small DRG cells from normal and
neuropathic rats. Typical recordings of the whole
cell Ca® current induced by 0 mV pulses for 200
ms in the absence and presence of 10uM NE in
normal (A) and neuropathic (B) rats.
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Fig. 3. Comparison of norepinephrine (NE) effect on the Ca™
and neuropathic rats with yohimbine. (A) showed the effect of NE on the Ca®"

ol 23 wiZAAA AEe] AVAH §A 27

th8.14 + 1.5% inhibition at 30 mV, n = 5)(Fig. 3B,
4A). ol¢t zH oz muFe A9, NES K A
T2 Ads] AAEth24.22 + 4.86% inhibition at

=
30 mV, n = 6)(Fig. 3B, 4B).
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current and K~ current among the normal, neuropathic
current in the various conditions.

(B) showed the effect of NE on the K* current in the various conditions. *: P < 0.05 compared between groups.

NP: neuropathy, Yohim: yohimbine.
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A. Normal
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Fig. 4. The effects of norepinephrine (NE) on outward K*
currents of small DRG cells from normal and
neuropathic rats. Typical recordings of the whole
cell K™ current induced by 30 mV pulses for Is in
the absence and presence of 10pM NE in normal
(A) and neuropathic (B) rats.

A 12 Bk 30 mvel BREF AT shete] o9
K’ X,i%-z— 71553t o] K AfFel ¢d” (1 mM)
S Fojelwl AR =yE Adel A=
(33.04 + 7.46% inhibition at 30 mV, n = 5)(Fig. 6).
a2y cdell Wid KT AR AT dANF S o

Z Solsphd NEO| 93 =71Ael AF AAHAS

5] 2] okokrh(36.08 + 8.22% inhibition at 30 mV,
n = 5)(Fig. 6). uwgtA EHF ] DRGelA NEol <
g K AR dAle G AFE dAFezH o
AH o2 vehtes o2 A7

Ca® QEM K' MR AAIMQ iberiotoxinO|

NEQ| K" M7 AMEZ0 0jX= H&

A3 Ay A3 NEo] G AFE dATew
A olxH o g K AFE dAlsleE Aes & T I
Ax=d ol ca” 9FA K AHF7F NE9 KT A
T ARl Y A AUk o F
el flelA ca® 9EA K AF JAA iber-

Yohimbine (1 mM) pretreatment for 10 min.
in neuropathic rat

A. Cca* current

0 mVv

_mbine (1 mM ) pretreatment for 10 min.
in neuropathic rat

-80 mV

A. Ca”™ current

0 mV
ZB0mV—————10 mM NE
control
0.5 nA
0.5 nA 100 ms
B. K' current ST
W' ~grrent 30 mV
-80 mV
30 mV
~80mVy control ——
control
10 mM NE
AL |
200 ms

Fig. 5. The effects of yohimbine, an a2 adrenergic
antagonist, on the norepinephrine (NE) induced
Ca”™ current and K' current inhibition in neu-
ropathic rats. A: Typical recordings of NE
effect on the whole-cell Ca™
by 0 mV for 200 ms in the presence of
yohimbine (1uM). B: Typical recordings of
NE effect on the whole-cell K"
duced by 30 mV for 1s in the presence of
yohimbine (1M).
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2z el 73§ iberiotoxin (40 nM—"E— Zojg Az},
K' A7 JAIE 9 EW(30.39 + 4.16% inhbition at

30 mV, n = 5)(Fig. 7) 1ber10tox1n°ﬂ o8k AF A
7t A% e W NEE Foishwl NEell «M 7t
A AF JAELS A W= A ekgkrh(34.50
+ 5.34% inhibition at 30 mV, n = 5). $]¢] Ay A
#IZ v]Fo] & w] 29l F ] DRGeA NEe| <]g
ute] 84 Z7He NEo| G A{FE Alsto] o]
Ao Ca¥ EA K AFE AdATo=zH 1t
Ak FEFAA doluhe 2oz Ass
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Neuropathic Rat
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S
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=
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Cd Cd+NE

Fig. 6. The effect of cadmium (CD), a calcium channel blocker, on the norepinephrine (NE) induced K™ current inhibition
in neuropathic rats. (A) Typical recordings of Cd (1 mM) effect on inhibitory effect of NE on the K" current
in the neuropathic model rats. NE was applied to the cells when the inhibitory effect of Cd on potassium current
was stable. (B) Comparison of inhibition of K current amplitude induced by Cd alone and Cd with NE. The

data was shown as mean *= SE.

Neuropathic Rat

A

-80 mV o
A.  -80 mV ;

30 mV

Neuropathic Rat

ontrol

40 nM Iberioto Control

in + 10 mM NEj|
1nA 40 nM Iberiotoxin
—

200 ms

40 nM Iberio

B.

40} 40 nM Ibgriotoxin+10 mM NE

,1200 ms

3 40nM It Hxin
B 0 nM I »xin+ 10 mM NE

Inhibi

Fig. 7. The effect of iberiotoxin, a Ca’*

B

40 l

30

20+

Inhibition (%)

101

40 nM Iberiotoxin+
10 mM NE

40 nM Iberiotoxin

activated K* channel blocker, on the norepinephrine (NE) induced K* current

inhibition in neuropathic rats. A: Typical recordings of iberiotoxin (40 nM) effect on inhibitory effect of NE
on the K* current in the neuropathic model rats. NE was applied to the cells when the inhibitory effect of
iberiotoxin on potassium current was stable. B: Comparison of inhibition of K current amplitude induced by
iberiotoxin alone and iberiotoxin with NE. The data was shown as mean * SE.
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