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Spinal @, Adrenoceptor and Antiallodynic Effect by Clonidine after Chronic
Administration of 4-Methylcatechol in Neuropathic Rat Pain Model

Kyu Yeon Chung, M.D., Sang Wook Shin, M.D., Bong Soo Choi, M.D., Chul Hong Kim, M.D.*, Kyung Hoon

Kim, M.D., and Hae Kyu Kim, M.D.

Department of Anesthesia and Pain Medicine, School of Medicine, *School of Dentistry, Pusan National University,

Busan, Korea

Background: The adrenergic nervous system in the spinal cord contributes to the development of neuropathic
pain after nerve injury, Brain derived neurotrophic factor may facilitate the sympathetic change in the spinal

cord and influence the state of neuropathic pain,

We probed the effect of chronic repetitive administration of

systemic 4-methylcatechol, which is known to be a neurotrophic factor inducer, in a spinal nerve ligation model,

Methods: We made the rat neuropathic pain model by the ligation of the L5 spinal nerve, Intraperitoneal
4-methylcatechol (10 «g/kg) or the same volume of saline wasadministrated twice daily just after the operation
for 7 days, The tactile allodynia was measured by using von Frey filaments and its change was followed up
from 3 days after SNL, The lumbosacral enlargement of the spinal cord was taken out and the mRNA contents
of the ay-adrenoceptor subtypes were measured by real time polymerase chain reaction and this was then
compared with the control groups. The antiallodynic effect of intrathecal clonidine (3, 10, 30 «g) was evaluated
and compared in the 4-methylcatechol treated rats and the control rats,

Results: The expression of the a.x and asc adrenoceptor subtypes did not change after 4-methylcatechol
treatment, Intrathecal clonidine showed an earlier and better effect at the highest dose (30 g intrathecal), but

not with any other doses,

Conclusions: Chronic intraperitoneal administration of 4-methylcatechol may improve the effect of intrathecal
clonidine, but we could not prove the increase of a,a and a@yc adrenoceptors in the spinal cord of 4-methyl-
catechol treated rats, (Korean J Pain 2008; 21: 179-186)

Key Words: adrenergic receptor, brain derived neurotrophic factor, neuropathic pain, spinal nerve ligation,
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4 L/m1n9]- sevoflurane 5% =5
Aol B9 E 3 H/]
A4 2 Ljmin®} sevoflurane 3% 2 X]—‘”’.Q_
-n-x]x]?il:} F ] A& F(liac crest)e] FES °] > A
FAo] this HE SAe=Z 25 cme] FF A&
147H§_ 3}5’_ R Zofo] ok7} F=oll A Tuby) oyl A
Nt ohs 253 Jﬂ]?: wof| A 7 Fro] Htelste]

YRE AAs A #HZF 5 8F AHE 60 ZH Aaz
ot} o] 3.0 Aar 23S ZHE Biel F&
o Ada FRAAS B Bgoz QA s 5
mlE F3t2 FAEa Ag ol whel k& (4-methylca-
tech01)°l‘)r AT 502 ARl oA

5’2“‘7—.‘ o] A5 von Frey hairg Ah&3to] S48ttt
npeto] Ao g wojgla T3t ofady Aatel] HE
9e T 20% ol o]lel 4T S JES F T, 04
g,06g 1g,14g,2g 4¢g,6g,8g 10g, ¥ 151 g&
P14 S v Fy i ARl 215402 02

3 ubZe] whatehs we] ASskelth He 57
1%M¢:ﬂﬂ%vg%ﬂmﬁﬂ7}dﬂmWiﬂ
e, 319 vhg-g vebA] Fom o F-2 hair® 2t
=aick #7319 vkg-g vebl7] AlAshs hair2
g 6¥1] A5E 7hetdieh. A5 b vlEl 99
o] Jidl 23 o]g3te] 50% 33 AAE A st
Rem 04 g 15 g% Z+7+9] cut-off TEOE 10
7 o|AES FHske 2= FE X Eoll st

nzZgE uuym o2 359k
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0A))” 797 B 2 FAsHE FMCT, n = 127 5
o] A2l A TS FASHE P(salineT, n = 12)_.i v}
Ttk 797 4-methylcatechol S Foi5PH A & 3 3, 5,
79 $ FZolA T FAst F & vl
784 o] A &2 ZHo] Eut T, A4} 5% sevoflurane
o2 FE A v sk * w2l & Zubslar v Sl 2
£ 7hste] AFpo g A QdrE AeAl F95ko
AT BT Fo g ool A&t Hr o5
YRS FAHCZ 10 mm Zol|Z Atk & A3 sle]
P Lol 5 Wt Basteich Hiakdlh HyEd
5‘—'_0]—/@] zl*‘,] ol—_,,],z o]-c dd=l /\.9,_}1] A, Co]-oﬂ
mRNA®] 9FS real time reverse transcription polymerase
chain reaction (RTPCR)2.Z 73} om] 1 W2 o}
Ze} 2ok

% RNAZ ad7] 9]3)] TRIzol® A 2¥(Cat. No. 15596-
026, Invitrogen, Carlsbad, USA) 1 ml& AF g o d4
Z3Z ol Wi #2317 (homogenizer) & o]-&3l &A 4
o] Aol 527+ H"']'E‘]’ & chloroform 100 115 *7}8}
o] 10—2027F & &5t °é£oﬂ*1 1587 vhg-A1 71

o} 400 15 F3to] A TR & l %‘%U isopropanol
2 Arstel AL ok —20°Col A 24417 WA AT
gh-g-o] b 4°C, 12,000 rpmol] A 2047 941 213t
54 RNA A Z(pellet)S 919131, o] RNA F A& 23]
& AA7E F AollA AxAZ Az2d AH ol
Nuclease-Free Water (Cat. No. P1193, Promega, Madison,
USA) 50 plof] & =<1 & F337](Ultrospec2000 UV/Vi-
sible spectrophotometer, Pharmacia Biotech, Cambridge,
England) AH8-3k] 260 nm 1ol A 595 FHEE
71Estel Wad kol RNAZ Fsielch
cDNA §HAolli= M-MLV G- AF §4, RNase & A7,
M-MLYV 5X reaction buffer 2 master mixture S | Z3}o]
A8 A7A dgoll ¥A]31eI L. Total RNA, oligo-p(dt)18
primer, dNTP 2%} (Promega, Madison, USA)¥} Nuclease-
Free WaterS &3}5}o] 65 °Coll Al 15%-7¢ ”}9‘*] 7]ar 4
woll A WA &, F 537} 20 w7t H =
mixtures ¥ 7}skaL 25 COM 1057}, 42 coﬂxi 147}
S HESAI7I AL 99°CellA] 57 ol EAE 245
AlZick, npz[ et 2 4°Cell A3 ok, g A7 ¥
T Rt
RTPCRE £33t 22 Whlo 2 sigleh 24917 4
A7) S35 el B-actmﬂr @, @y OFEHEH
A o}g 9] Q71D THAE AEAE (F)rtel &Y

= master

D m2 ol=g el 84 4-methylcatechol 181

2(AE, el ¢ =i Fx e &
aNZE od7] A ukSoll Bacting o] 53T 0431
2719 273 AEE FollA total RNAZF 714 & Rl
AL s Aesto] 2 ugd o] cDNAS ?3;:]—/!-1“8]- o}
% ol 109] vl g7 A% 3] Hsto] thordt FEO
cDNA F8& FH|a}3leh f-acting AEAS A-g3lo]
RTPCR BF3-S A8ty i RUE g EAeg %
Z g ZZ olol}. thoksl 5 9] (DNA 335 Fo
/\

A AR DA S facinolth 27w AFo]
EUSE 2AE Boiof 12 10744 E713k3 A

2 QRS Folstdrt
215Fo] LightCycler-FastStart DNA master
SYBER green 1 (Cat. No. 3003230, Roche, Mannheim,
Germany) kitE ©]-8-3}2)th. Reaction mix SYBR SYBER
green 13} £45 Z38131(2 1) o371l H,O 11.6 4, 25
mM MgCl, 2.4 ¢1, primerS sense®} antisense ¥aF ZH7}
115 %7bste] master mixtures A 233t Alz=3t
master mixture 18 15 capillaryoll S35t 10814 QA&
A EF, A7) eh AZe] DNA 2 1% F7h 5
sto 7hEAl E33t oh 7 = B¢ dAsh Ca-
pillaryE LightCycler”] 7] (LightCycler Operator, version
3.5, Roche, Mannheim, Germany)ol] Z2A]7] o} Z 2
aWE Go] o] WiFEE 7IY9ssth TF Aol S b
52 WA (denaturation) 95°Coll 4] 10%7}F, annealing 54°C

of| 4 527}, o7 (elongation) 72°C 107} 503] A X154
3L g8l 34 (melting curve) #A10] 7hssh e S A3
& e

RTPCR Hbg- A&} FAlol 71719 72 =
BUHS B A% Fo MeAES E 5 9
SYBR green 1 dyeS o83 wll:= wl] Afo]Z2] Ej # &
o ¥ E4& SHFOEHN Ao|Z9 F7boll whE vt
S 7HAE = 99t ZF Apo|Zo] APt
off wel FF - ool 34y *0‘7]'0}7] A 2shE Al
oo} shar wkg-o] k5= LightCycler?] 7]
t s TRRE wAH e dolEe] EEFAL)

1 7y vb-SE2] F3 cDNAS 4E Al

AT PCR HESoll A8l 59 cDNAS] Fto] o]
o] ZFS dF A|g9] xZA 7S A=z f-AA
(reference gene) 2 ©]-&3F S-actin FEo2 o] FHFH
Q! cDNA Fhs @7 =], 22 Q17Fe] mRNAY &
stoha 7hEstgi ),

th2 F 55 o] 83}o] 4-methylcatechol | X]7} 27
U] Foi clomdmeJ o] A5 Bl v & AFS B
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A5
ahg)sto] AQlstar Faks Zopt Auke A
sta 7 ol AX=ElE F22] Zo|7t 8 em$l PE
30 FHIEL S 2431 Arishel shelE] Eol A%l
QA5 YR B YA EE stk FH7F ub el
A 3 5= 2% lidocaine 10 £15 7HEHIE| 2 F4gk &
A A 10 g FASE kA7 whul =l E4l
SHEk. FHIEE AFlsto] 320o) A, AR &
Aol P& AES ez A7 W clonidine ool
gt g39+5 24k Clonidine?] o] 4-methyl-
catechol 0973} salines Foi8t + F# o2 5o A
Alateieh. Aol AHgE= H e MA 5 Fol7] st
of g migld 7 Wl iR Al Wl 24 H+7 W=
clonidine (3 «g, 10 1g, 30 1g)< T35+ 2™ clonidine
o] 32 o|Hol rEE AFEY Fasto] du] Y-S
g 3 Ak Clonidine?] &7} thg &3k Fof
A7A] ot & 7He A& ulAlsE] flste] Holk 3Y
28] F4 7102 Felen] A 712 5 dmethyl

Tactile allodynia (g)

S A A A
o N A O 0 O N M O
1 1 1 1 1 1 1 )

Pre POD3 POD5 POD7

Fig. 1. The change of Tactile allodynia during 7 days after L5
spinal nerve ligation, Each point represents the mean + SEM for
12 rats, *P < 0,05 compared to Pre, Pre: preoperative, POD:
postopergtive day, LAMC: left (ligated paw) in 4-methylcatechol
treated group. R4AMC: right (contralateral paw) in 4-methylcatechol
treated group, LSal: left in control group, RSal: right in control

group.

catecholo|t} A2 A A AL 577 Y=
Clonidine<= 2] 4]dgroll 10 112] o] ==

A A7 W FHE 2 Fskar o]ofA] Al 10
As F7hE Fhsiglon ks £ F 15, 30, 14
%, 278, 4417k Foll F7ol A% @A Sgekn of
=l o3t 3oldE aHE HH 7 = (maximal
possible effect, %MPE = [#]X] & 92| — x| A HX]]
/115 g — AR A AR x 10002 AFste] F & vl
aFoict.

AR A BE TR H + EFLARE FAE
gom FAAH FAL Statview 5.0 program (SAS
institute, USA)S ©]-8-3}0] unpaired & paired t-test2 H]
skl om, P gko] 0.05 Wt wf FAHOR fof gt
Aoz 33t

(o]

d A 7

vebdthFig. 1). 3HF F W 57 W& 4-methylcatechol
10 g/kge 747 T3 MCE

gk oll Hlste] FZoldE2] 9A+

1.81 g vs 3.15 + 0.94 g) TAIFLE F3 Aol &
Om(Fig. 1), 2t 79 12vf2] FollA] GFY Fol= 15 ¢g
o] &9 cut-offE FAISHL §l= A& Aol 3ute],
ZTolAE 1198 g9 d215 Hol= F7t & mlg] Sisirh

1.4
Il 4MC
1.2 1 [ Saline
1 -
o 87
©
C 6
4
om0
O T 1
a2A a2C

Fig. 2, The ratio of @ and @zc mRNA in lumbosacral enlar-
gement of spinal cord by RTPCR. The repeated intraperitoneal
administraion of 4-methylcatechol does not influence the ex-
pression a@on and apc adrenoceptors in spinal cord, a2A: a@oa
adrenoceptor, a2C: a,c adrenoceptor, 4MC: 4-methylcatechol
treated group, Saline: control group.
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80: —e— 3ug 4MC
—o— 3 ug Saline
b —=— 10 pg 4MC
60 - —o— 10 pg Saline
'E'LJ i —a— 30 pg 4MC
s —O— 30 pg Saline
< 40+
20
0 -
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Fig. 3. Tactile allodynia after intrathecal injection of clonidine, *P
< 0,05 compared to preinjection, TP < 005 compared to
saline group, 3 «g 4MC: 3 1g clonidine intrathecal injection in
4-methylcatechol treated group (n = 5), 3 g Saline: 3 1«g clonidine
intrathecal injection in control group (n = 6), 10 «g 4MC: 10 «g
clonidine intrathecal injection in 4-methylcatechol treated group (n
=7), 10 g Saline: 10 1g clonidine intrathecal injection in control
group (n = 9), 30 g 4MC: 30 «g clonidine intrathecal injection
in 4-methylcatechol treated group (n = 5), 30 «g Saline: 30 «g
clonidine intrathecal injection in control group (n = 6), %MPE =
maximal possible effect = [postoperative threshold — preoperative
threshold] / [156 g — preoperative threshold] x 100%,

AFgE Hroll A AATE RTPCRE SH3E @t axc
o} mRNAS W3 AEo% o3 Aol7k RAlch
(Fig. 2). 7oA 50| WAt FEollAl H+7 W& F
]2} clonidine %o S7Hstell utel 2 go|AEF &
7t Srbetar ASAZME QAxEgich Ao AdH
Z o £330 ng)oll AT oF 44 7F S9ke] AERIE 1
ERI9l 21 4-methylcatechol-& *] X3t F-oll A #1& &3}
7} wke] whAsh 27] 7 AR 9] AE 2t A
oA Tl et £ROoHP < 0.05) 2 £l Aol
£ Holx| okrh(Fig. 3).
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a, otz dd B3AES 53 AF ZHE Ve
3 9leh 1623-27) % 52 Eolx: ol y
Z ol A 9] glutamate] HH]E FrAA]
Elllm o= A Aeloll AT aan oF
o B% &gt aet 4S54 S0
ol 95t A F BIoll= @y ot=d ™ FEA7
oletx] grom® P17 Aol o ARHS
sty ofmadEl &9 ofFoll HAAglo] BE
otz @zl FEA7} Fojgtn® sho] FZo] Uelo
upel W sta 2hgshe ofselddl FEAlotg o] e
A Uehdch 2 QoA o] -] o]H
=3 skl AR S 535 A4 of=
dldsl FE8A1 Wl d3s v]d + U+ BDNFE
S7HAA ot=dldel FEAlotg o WstE F o FEl
sHA JES F e AR ostar Alssqdch.
A7 A A Soll= NGF, BDNF, neurotro-
pin-3 (NT-3), neurotropin-4/5 (NT-4/5) 52| oJ&] 417
Folz7} HAES s Aoz g gon, a2 F shy
¢l BDNF= 4173 9] wrtolut #Y, a2l 73S &
=9 WhAol| stofsict, F 9 AP S AT & &
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0|45, W7t oA E, 4 o]A5 M-S ebitk=
2 25 9] BDNFS] $7h2 AT 550l %
S ke e wellerh wmak, HAT
RdolAs SR8 AY A4 ksl
3 %1 2+=<! NGF, neurotropin-3, BDNF2]
dHe —‘%046}“3 277 wropst mpAAlY P4 &
A&7 AR A o7 q, ol gl Z %;qu 2
gt} BDNF7} 24 WellA] GABA <
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