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Dexmedetomidine suppresses mechanical allodynia by inhibiting hyperpolarization-

activated inward current
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Abstract: The purpose of the present study was to investigate the effects of dexmedetomidine (DEX) on neuropathic pain in the
chronic compression of dorsal root ganglion (CCD) rat model and the underlying mechanism. Pain behavioral tests were applied to
observe the effects of DEX on mechanical allodynia in Sprague Dawley (SD) rats. Whole cell patch clamp was used to observe the
influence of DEX on excitability and hyperpolarization-activated inward current (/,) of C- and A;-type dorsal root ganglion (DRG)
neurons. The results showed that mechanical allodynia of CCD rats was significantly inhibited by DEX (P < 0.05). In C- and A;-type
DRG neurons from the CCD rats, DEX significantly increased rheobase and after hyperpolarizing potential, as well as decreased 7,
current density. These results suggest that DEX could attenuate the neuropathic pain in the CCD rats, and the mechanism might be

related to the depressed /,, current density and excitability of C- and A;-type DRG neurons.
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DEX) 1] 2% % ff FEAEF R AR J5 98 e Paul %4
FismoR, DEX BEA R/ ki) =] VLK 54 5 )5 530
HIULRIRIR G2 o8 K8 S Bm s i B, s
PRI 5 R 5 ARG 18 KT EEAEIA 2 I R), gl nch e
F O, X et 5t K B DEX 0] H VA7 10 40 HE
PRI, (H 2 DEX i) foh 28 995 B %k 2 0 10 8 1 1
AL 1 A B AR

RN AL L R | 145 5 1818 (hyperpolarization
cyclic-nucleotide gated ion channels, HCN channels)
S I E AL S P 7] B33 (hyperpolarization-activated
inward currents, 1,) {7 /£ T DRG #1&41jls I, &5
FRAGERE, s E AL A L FIRIE KR
EAE AL RO, fEAMM TS, G BRI
BRI A, AT A pP g B P, RS FH
Wi 7 ZD7288 1J f# 1K DRG A 5148 JL Al CAl 1A
MZ 0 B R TBCRATIER, 0 Aok 2 0 2 R BT
X BEHF 5T 45 SR K B DRG 1, HiR 2 5 0 & 0 HE M 9X
IR TR o

DRG &0 F A5 B spx e 1 ™, At
SO AT AR 9T 27~ DRG 214518 (chronic compression
of DRG, CCD) 7% K il DRG A 4 7o 44 1 T
i, BRBEAMERE K, B L, B R NS
CCD R K SR AL 15 % 9 A1 DRG 48 g 2% 5 14+
Ao P, SRR IE DEX AT i) HEK 20 i v
¥ HCN1/HCN2 @ 38 A~ 5 1 4, fin ™, (H 2 b
B4 S U6 E HE GIE B DEX 0] #2205 BEAPE IR 5 1,
FLUL 2 A k. DRG H A, F1 Ay KA 0 5 AR
IR Z A O, T Ay R C 24 0 5 9 K
i A 6 M ARHE 5T L CCD K RS BY A i 7
R, KA HEOR, #R5) DEX i #h
L EESR S DRG Ay fll C 2RAHEE T 1, FLIATHI S
2, DLINIR PR B2 R DEX 22 i foh 2895 BEE P g 12
PESZIGAR R o
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1.1 iR 7 F0 4 R & B R AP. NaCl., KCI.
NaH,PO,. MgCl,. CaCl,, NaHCO,. #i%j##f1 DEX
I E T Sigma A #], JREHCZ800 H T EEARA
SEIGENY) 0 A& B ) SPF 2 Sprague Dawley
(SD) K, = 180~250 g, H:AHiHH] 68 H, HElk.
2 R R RS Zh P D iR A, IR SEIR sh )
BRI AT IR IR, B S )T BRAS THEE
= KB B 0y S ikt
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1.2 ZWEIEMERSIE 36 LR
TR T AL (sham, n = 18) FIHEEIL] (CCD, n = 18).
2 % Zhang %5 P 4R 1 7 9 0 418 0 TS O 0
CCD Bh5i A, 4 K - B b 224 (40 mg/kg, i.p.)
BRI, HE8EE, WHEEEIEE MR, H
BEPEE BB A 7 5, B2 LS MEaAL,
HEKL 4 mm, EAE0.5~0.8 mm ) L BUAREEANAEIL
IR B FLIE SR HEME R FL . 24 22 00 5 A5 LI 42 A
B2 WA fih &% DRG, JE R 720 LS DRG #48
HUESE R . BT ARLAR LS DRG ST 45145
AEFE, HARBRER T ARA . BRHI R 2R L EERAE.
1.3 VIWERRERNE 2% Zhang % " iiE
(7%, BETTRE K SRSB4 A% (A%
K/N1 em x 1 ecm) FIAE O YERIFE (25 cm x 30 cm X
25 cm) HE R 30 min. P, ] von Frey £f-EH
WOR RG220, R BRE 2R H B0 PR T3 46 A2
FHE B B PR R —FRELGR, ORI B A
FHESRL . 24 5 OREG1E 3 R A& LA BB S R
von Frey 1 1) 50 2008 B K BN 5 2 L4 2
BIME . R4 B, von Frey 1B 1 e BIARE T 15 g.
TCFVES DEX A 3.2 F1 1d PLA ST DEX 5 1. 3.
5. 7 #1124 h WAL 4G 2 BB A2 AL

1.4 BRGES DEX %01 Yaksh Z5fR0E R 75 1,
1F CCD MR @B N B 7 d J5, DEX 3414
BN VEST DEX (100 pmol/L, 10 pL) ; S H8ZH v 5 4
FEER K 10 pL s EERZGE FE RRE, EHTEY
Y IE TS AE I ER K 10 uL. VESZ5ME 1. 3. 5.
7 A1 24 h R OK SRALARAE 2 BE AR

1.5 £4MERASHEE &4 SD KRR S 7
25 DRG Bt (AL B4 2, FTH AR (& IR R 2
F g 1.0 mg/mL FE S H /K @B 0.4 mg/mL, 014
H T Sigma A 7] ) 7£ 37 °C &b 40 min. K #1047
1) DRG # # 3] N\ L X & ¥ (artificial cerebrospinal
fluid, ACSF, mmol/L:NaCl 124, MgCl, 1. KCI12.5,
NaH,PO, 1.2, CaCl, 2. NaHCO, 25. %i %j ¥ 10,
pH 7.4, %% & 290~310 mOsmol/L) H 3% 3 X,
JRAE S B AE (5% CO,, 95% O,) A HE £/ 1 h, 44
JE R RIRERAE N, H U ASERS AR €,
K B 1~2 mL/min. J suck FH AR 501 5 AL - 4 48 oK
Uity WU 5 PR 22 A% T o B H R A0 O R A P TR
(mmol/L : K- & 120, MgCl, 2. KCI 18, CaCl,
1. EGTA 5. HEPES 10, Na,-ATP 5. Na,-GTP 0.4,
pH 7.4, B3 %% % 280~300 mOsmol/L). B% 5
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FEL B 4] L LA 1 E 3~6 MIQ. 76 41 0 22 11 & HE < JFEIR 7
U1, A PR RH 2 i 2 TB) T R v BEL 42, A L BEL
E2 GQ, kAN EATHEE, TER M. B
IR, CsRFEHLZF (membrane capacitance, C,,)-
Jit FELBH (membrane resistance, R,,) A% A\ HLBH (access
resistance, R,) S5 HUE . 7E B TLEH T W 2240 il 1)
S B R A7 A 52 21 RS R A R AR R AT RS Bl 1
HiAL, &R, <20 MQ, & EEHEALICT —50 mV
HIAERREAT T~ — 2 skhe . WAL FEE - i suck
HL#k 25 7 L5 DRG HL ik (2 Hz, 50 ms), Uk zh1E
HEA,  JE Ik T S5 B R e () A0 PR B T F RO AR 4 g S

A

Sham
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S, MR A% S [C 2 (0.5~2 m/s) AT A, 3 (5~15
m/s)] XA TCHEAT 4328 Y e FE SR BT I 52
T ERREEAT, & TR, M
—100 pA, By 10 pA, ZERFEF(A] 60 ms, 5|EAH A
F—ABE AL B H AR E SRR AT 5 (R,
€ Ja A AL AT (after hyperpolarizing potential, AHP),
B Zh ' A Al A I 5 e AR R R e S I P A7 2 ]
(P 22

M€ He Ze K 1 /) L 5 B2 A AHP J5, & A
DEX (10 umol/L) FJ ¥ L AL BE 15 min, FFIRZE T
e id SR AN 7 BRI, W% DRG C KA A, 2K

CCD
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Fig. 1. Effects of dexmedetomidine (DEX, 10 pmol/L) on /, current density of C-type dorsal root ganglion (DRG) neurons detected by
whole cell patch clamp. 4: Representative /, current from a C-type DRG neuron; B: Changes of /, current density in the CCD group; C:
Effects of DEX on J, current density. Mean + SD. In the sham group, n = 9; and in the CCD group, n = 8. P < 0.05 vs sham group; “P < 0.05

vs CCD+DEX group (Repeated ANOVA).
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PRESAH L 1, FLI SR BRI A Ve AR AE

1.6 FiEFGTA%E  HdEH mean = SD FoR, i
Fl pClamp 10.0 A1 Origin 8.0 #A41, 1 SPSS16.0
BTG 200 0. RN 2 08 TR IR %4
B4 AT S DEX S I8 AT N 5 1) 22 5 A, L AR
W, RERETTZE S TR AR D 2, B
XF ¢ K56 F 43 M DEX S 85 41 41 9 40 48 70 4 A 1 1)
W, P<0.05 BRARZERBAGIEE .

2 &R

2.1 DEX ¥} C 2570 A, 2§ DRG 4HAf 1, R E RS20
ER IR, 5 sham A LK%, CCD 40 DRG C 2%
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A, EA0M0 1, FLR 5 G K (P < 0.05, K1 A2,
HEWETTZ5H ). AT KN DEX #1758 i #i i
I, R B CCD 2H DRG C 2KF0 A, 540 M0 (1) D4 25 1k
TEVERMMH NN DEX. 53R E/R, DEX &% F1K
CCD 41 DRG C ZEH1 A, ZR4M0 il 1, HIALE B (P < 0.05,
A2, EEMETZESN), 125 sham 4%
H# %, 1 sham 41 DRG C Z5H1 A, 2540 1, FL 7
S K% DEX S (B 1A 2, EEME T Z 50T ).
2.2 DEXXFCEFNADRGLHMESLE AR
AHFFEH C 28R A; 35 DRG 40 i 3 AR5 1 i 2%
1 fion. 59 EoR, Flsham 2HAHEL, CCD 44
JUTE P 225 B P 2% A N A% S B . B N FRLBHL

A Sham CcCcD

Baseline b -

DEX —

N— N—
0.5nA]
1s
—60 mV
40 mV|
1s
B C -©- sham
o O SC*;"‘ 20~ [J Sham + DEX
O @-cop

o ™ —A- CCD+DEX 4
S 5} S5
< 3
> >
E '(7’
c c

B 10 |-
g 10 3
5 o
= 5
3 s S sk

- 0

L 1 1 1 L 1 1 | 1 ]

-60 -70 -80 -90 -100 -110
Voltage (mV)

B 2. SEFEIRIE NS T AR AN 41T A A ML, L A 25 T FA) 5 T

-60 -70 -80 -90 -100-110
Voltage (mV)

Fig. 2. Effects of dexmedetomidine (DEX, 10 pmol/L) on /, current density of A;-type dorsal root ganglion (DRG) neurons detected

by whole cell patch clamp. 4: Representative /, current from an Ag-type DRG neuron; B: Changes of /; current density in the CCD

group; C: Effects of DEX on J, current density. Mean =+ SD. In the sham group, n = 9; and in the CCD group, n =8. "P < 0.05 vs sham

group; “P < 0.05 vs CCD+DEX group (Repeated ANOVA).
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S B L 7 AP JIBE P S 2 R R A W AR A (P> 0.05,
x1, BRERTZEIIN).

E2 FH T 7 5 DRG 20 i 2% 75 1 A8 A0 1) 35 o 5
A AHP g {E R A1k, 5 sham 41 LL 4, CCD 41
DRG C ZEF1 A, ZE4H M (1) JE 5 FE A1 AHP R AE 35 BH (2
Bk (P<0.05, B3, ARG ZEMT)

76 VEE I 40 I 48 W P i N DEX (10 pmol/L),
5% DEX %} C 251 A, 2% DRG 4 iy 2% %5 PE 52
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iR, DEX R#im CCD 4 C # A; 25 DRG
ST 1 5 P R AHP A (3 P < 0.05, K3, fid
Xt ¢ #6596 ), {E X sham 41 C 251 A; 2% DRG 41 fiy
(10 25k 5 B A AHP i B2 A B e (1 3, X ¢
K56 ) o
2.3 DEXXTCCDX R4 MM 7 fhi% & R R I
5 sham i L5, MARJE3d#F 21d, CCDA
A5 B4 2 R 4E B L FEAIC (P < 0.01, Kl4, &

#1.DRG CH£AnA K e 69 3 B4 M 4% 7+
Table 1. Passive characteristics of membrane in C- and A;-type DRG neurons

C A;
Sham CCD Sham CCD
Conduction velocity (m/s) 1.56 £0.21 1.67 +£0.15 7.05+1.43 8.46 +1.54
Resting membrane potential (mV) —57.8 £2.56 —582+£2.62 —58.53+1.63 —57.75+3.43
Membrane resistance (M) 112.25+9.45 103.86 +9.75 57.87 +5.36 54.28 +3.67
Membrane capacitance (pF) 32.35+1.91 37.24 +£1.53 61.46 £6.75 63.28 £8.77
n 18 12 14 16

Mean + SD.

10 ms

C 800
[ Sham
7] Sham + DEX
[ cCD
CCD + DEX
600 -
<
8
[0}
7]
S a0 #
o
2
x M
200
#
. #
1%
0
&

Ad

3. A7 RATIRE X T ARAN 41T CRT AR AN X 4 2k (1 52

D 25
1 Sham
V7] Sham + DEX
X1 cCcb
20 (X CCD + DEX
#
_15F
>
£ T, #
o * .
E ! %
5 —
0
C Ad

Fig. 3. Effects of dexmedetomidine (DEX, 10 umol/L) on excitability of C- and A;-type dorsal root ganglion (DRG) neurons. 4: Voltage
curves in a C-type DRG neuron; B: Representative pattern of after hyperpolarizing potential (AHP) in an A;-type DRG neuron; C:
Rheobase in different groups; D: AHP in different groups. Mean + SD. In the sham group 7 = 8, and in the CCD group n =7. "P < 0.05,
“P<0.01 vs sham group (one-way ANOVA); “P < 0.05, “P < 0.01 vs CCD group (paired ¢-test).
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S TT 22550 ), AT IALRAE 2 RE AR (B 1 DEX X sham 20 LA 46 2 BRE B G % (s,
4, HEWETTZHHT ). AT Z AT,

FYRES N VESS DEX (100 umol/L, 10 uL) 1 h J5,
CCD K R G I E I e e f s 3 Wi
(P<0.01 8, P<0.05, B 5, HEZIMEHTZEDH), DEX J¢ a2- & B2 AR EEhH], b 7 sk
W] DEX W] W 40| CCD B MU PE AR TS A0, L 3BT J0 sk b 4005 2 M0 10 /E . DRG ##14

A B

2r 43 sham OF [ sham

€ oo KX ccp
D

*k

Paw withdrawal threshold (g)
Paw withdrawal threshold (g)

=5 0 5 10 15 20 25

Time after operation (d) Ipsilateral side Contralateral side

4. T HRAR A TR I 28 K R0 00 45 1 B 1 P A Ak
Fig. 4. Changes of paw withdrawal threshold of the CCD rats. 4: Changes of mechanical paw withdrawal threshold in the ipsilateral
side after CCD; B: Changes of mechanical paw withdrawal threshold in two sides. Mean + SD. In sham group, n = 7, and in CCD
group, n=6. P <0.01 vs sham group (repeated ANOVA).
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2 1 1 1 1 1 1 1 2 1 1 1 1 1 1 ]
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5. A5 S FRIKIE XS T A2 A8 1k e R SRR P s 55 4 R 14 5 e

Fig. 5. Effects of dexmedetomidine (DEX, 100 umol/L) on the paw withdrawal threshold. Effects of DEX on ipsilateral side paw
withdrawal threshold of CCD (4) and sham rats (B). The arrows indicate the time of DEX injection. Mean + SD, n = 6. In sham +
DEX group, n=15. P <0.05, P <0.01 vs CCD + saline group.
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JC 1, Z 5 M REERIE IR, AW FLAE R,
DEX i i #ill ffl] DRG C #1 Ay ZE 40 A 1, FL I 0 62
Zp PR PR, 1 BH T DEX | #2205 BE A K
[ RALE], S DEX T 0 28 95 B2 M 9 K1 VR 7
PP T IR AR .
3.1 DRG &t I, £ 5SHEREYH RN

HCN 3 18 A2 68 W A0 s 1 = i B 1 B 25 1@
W, BT ARG (1), R — N EIE
P AR (0 BRI o 1, 76 T8 715 40 B e 2 P A
7 T B AT B /E A, Mayer 28 U i g 4, H
i 7E DRG #1870 2 A5 P R ¥EAE FH . AL 46 52
DRG #Z el Ar . R 5 R DL A
ZIB RIS o 1, FALFH ] ZD7288 T fd DRG #if
ZICHMACT R “sag” O, PRARAL S E, IE
KB s FR i (8], G nSE g, 6 [ R A
ER BRI R AR R BN, CCD
T DRG C K0 Ay 20 f 1) 55 5 55 W R BRAIG, 1d B
C KA A, 2540 iy CCD #5284 DRG M at T+ 5 1
AHP G FEAS /N (ARFRGH M= N — AN B A s i
P ), F W DRG 41 fg (1 2 45 7+ 5. CCD ##
B DRG C B Ay RAN% A METH s AT RE S 1, FAR
FEP

WF9THiE CCD #i%! DRG W R Z ST 1, HLif
KIS G AR R IR Y, AE A h
P R CCD BER Ay 284100 1, FRRZEEH K, i
] CCD 45 7Y i 22 955 BE 1 70 5 DRG A; 2540 0 1,
FEL I 35 B 1 KA K 5 Weng 25 U9 78 8 MR AR A | 3iE
MRS DRG C 28 1, % EIE KA L, A
W97 45 5 s CCD K% DRG C 25 1, F i %5 1 18
K, IXTE CCD HE R UMM SR A= R AR .
17 N2 50 27~ HON BH 71 ZD7288 W] BH Wt 7, H
W, PEE AP (mild thermal injury, MTI) 5] 2
1 H & EE IR AR MTL. B4 4530 (spinal nerve
ligation, SNL) A1 CCI 51 2 (i HLAR M A 175 A8 17",
VLA 1, HI S 5 i 200 B A0 1T B
3.2 DEX##HEREMNER

SRR 02A. 02B. 02C'E IR R ZAAS
S AR BRI R P, (BRI A AL
B 2 S R 2R R R a2B fl a2C 1§ R R
TR RIS R E FIE P BAR o2- B ERRE 2K
e S 5 E 0 B R R I AR, (E A
02- ¥ LR &2k 42 5 DEX SR 1EH P2, 18
X2 R0, DEX Hf] #2205 B 70 5 PR RS
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B RAERTAY) i (IL-1. TNF-a. IL-6 A1 NF-kB) %
KK Glu B E. NR2B £is /KT, K6 4
W% PE (F ¥4 P2X4Rs. p-p38-MAPK #l1 BDNF % ik
KF ). ML ERK Gl B & VAT R AR BE T Ao
Y0 TL-18 /KA o6 B2, B4, Kimura 28 28 %
A HE 2 HE B IRER - IR R Sl 7 o 20 0 B T
AN RATTIBIARA, 2 NUEYEEUE, 1 DEX
AIERERE S £ S B - IR Sl 0 R AR

S NVEST. R AR VE ST OBE e v A A Uy 2R A
DEX T [#{k DRG IL-10 7K1~ 30 o2- '§ FIRERZ
&, B#K DRG &K HFRIE . k> DRG 52K
PRZEH, MM R B R P, K E
FCAESE DRG & TG I, 2 500405 BRI AR A
1 R NATTHE A8 DEX i #f 220 B MR R 2 5 5 1
A 5%, Yang 2 "V WF s RO, M8 E S DEX B &
6 0 B 2R BRI HCNT /N 800 FE R 3 R 3, i
HCNI™" /N 6 FEL R 78 AR 30138 o 1 752 B 42 /T sham
2H, Ui DEX il 4 220 2 50 (1 7E F AT e S5
I, % . 7F HEK 41 fifd Bt 50 % HCN1 8 HCN2 il J5
Yang % " % I DEX 8 81 Sk /N 1, FRIR, B
JE A B SR ) 7 R A ), X g B IR DEX il &
T e HON JEE AN T 1 1, BARCNE S, (B2
SR/ D T 1R S TAE 4R B A e 2 L A A R
DEX %t I, 520 o
3.3 DEXGEHIHIL B ECCDIRE A HRIR
T

AT 4 B R, CCD KR DRG C KH1 A, 3%
O B A 1 TR e kR R AHP i {5 B S PR
DEX B i 3 K CCD #7% DRG C Z5H1 A; 2540 i 11
FE o 5 Al AHP T {2, 3R B DEX A] B#1ik DRG C 2%
A, AN XA E . AT 5T 4 40 s 1y el 5 IR
7, DEX B & /s CCD %! DRG C 2541 A, 38
Y L, HIRE . T, AW RS
iR EoR, DEX fig B R ADhIHUbR M il 5 e, R
DEX i@ i #i i) DRG #2410 1, HLIRFI Y% Ay PR
CCD #H B pif 28055 BEVE IR, 9k B DEX a1 # i)
I, iR Z SRR ML 73S e .

I, B H HCON #%4il], 1 HCN A 4 FAS[EE R,
I3 AN [ R RS & i, 31X 4 T2 (A% 0 5 iR
DX S RN I A% IR 1) 485 485 A 338 R 2 v 5 80%, {HL
A F TR DX 3k P %1 S0 2R 1) 2 R i R R 5 K iy 22
AR, M N SR AN TR, i s TE FL R Bl 7
PRGN R BUEME R KA R . HCNT B AR
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BN JIERHE, ZRIAEINHAME RS, R
RIFFRRAPZE R G5 ; HON2 78 RIS R A2,
AHEE 2, HCN3 7E R A i R 18 % s HCN4 3
oML RR. EIMNEME RS, HCNL A
HCN2 A 7B L f e 5 B2, Hkikdm P
R e MR R HCON X 22 P 52 284 (10 92 i 12 B V2 5
i B9, i Emery %5 B 70 BoR, Mk HCN2 35 )5,
PR3 B PR AU BA W 2%, Ui B HON2 £E
o 22 5 B PO T B R HE OB E AT . DEX 41 il
CCD K i DRG I, Hiii /2 755 DRG C 21 A; K4
Hil HCN2 [F3RIAA O%, Fa Bt — 0 SLIRurE i .

g LR, ARG R TR, EMEREER
S I DEX fig ] R4l DRG C 281 Ay 241 i
(1) L, IR, BRI ar i, FRARHLMOR B, R
DEX IIfi PR % FH T e 4 95 B ME P 16y 7 1R T 3h )
SEIG AR o
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