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Edaravone inhibits pain sensitivity through decreasing pJNK expression in dorsal root ganglia and spinal cord
in rats with spinal nerve ligated
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[ ABSTRACT] Objective:To investigate the effect of edaravone on the pain sensitivity in rats with spinal nerve ligated and to
probe into the related mechanism. Methods:Male adult SD rats were randomly divided into 3 groups:a sham(Sham) group ,a
spinal nerve ligation (SNL) group and edaravone(Eda) group. The paw withdrawal mechanical threshold (PWM T) was measured
before and after ligation (once daily for 7 days) . Rats were sacrificed at specified time points and the Ieft (operation side) L. and
Ls dorsal root ganglia(DRG and the right (control side) Ls DRG were obtained and immunostained to observe the changes of
pIJN K in DRG neurons and spina cords,so as to observe the efect of edaravone on pJN K. Results: Edaravone can reduce the
mechanical hyperalgesiainduced by spina nerve ligation. Immunostaining showed that the SNL group had an increased pJNK in
the ipsilateral DRG neurons (Ls) 24 hours ater ligation; double immunof|uorescence indicated that the expresson of pJNK in
the ipsilateral spina astrocytes was increased 3 days ater ligation. Edaravone can reduce pJN K expresson in DRG neurons and
spina cords at corresponding time points. Conclusion : Edaravone can relieve the neuropathic pain induced by spinal nerve
ligation ,and the mechanism might be related to the inhibition of pJN K expresson in DRG neurons and spina cords.
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Fig2 pJNK-positive neurons in dorsal root ganglia in three groups
A :Sham group ;B :SNL group ;C: Eda group. Origina magnification: x 200
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Fig3 Expression of pJNK-positive neurons in spinal astrocytes in three groups
a,b,c:Immunohi sochemistry for enzyme medated detection reved sincreasesin pJNK levesin theipslaterd spind dorsd horn (Ls) 3 day after SNL and
the pINK leve s were reduced &ter edaravone treatment. d ,B ,and ¢ are the magnitudes of a,b,and c. Double immunofluorescence shows that pJN K
(green ,d) iscompletdy colocdized with astroglia marker GFAP (red,d’) in the meda superfida dorsd horn. Two snge stained images were merged
(d).d .d',9:High magnificationimagefromd ,d’ ,d ,demonstrating the colocdization of pJNK and GFAP. d e f reved pJN K-postive cdlsin theipslater-
a spind astrocytesin the three group and the number of pJN K-postive cells decreased in preemptive edaravone treatment group compared with Sham
group. h:Quantification anayss of pJN K-postive neurons of spind astrocytes in three groups. * * P<0.01 by ANOVA compared with Sham group ,
P<0.01 compared with Eda group. n=6 ,x+s



8 pIN K - 901 -
3 cdlular sgna-regulated kinase, ERK) p38MA PK (
360
, 38 000 ) cJun (UNK) ERK5
, Zhuang . SNL ,
: (02-) INK DRG
(HO") (HOO") :
(ROO")
( O2) (H202) (reac JNK , , JINK
tive oxygen species ,ROS) ,
,ROS , , ,DRG JNK
, : ( : JINK
DNA) , , , , INK
[¢10) DRG
, ROS , ; ,
., ROS INK ,
,ROS ROS IJNK,
[2,11-12] ROS , ,
, ROS JN K ,
' DRG , pIN K
, edaravone edara '
vone : > -3(  )- DRG INK
[13] ,
, DRG JN K
, 8 mg/ kg
, SNL [ ]
, 5d
[1] Mao Y F,YanN ,Xu H,SunJ H ,Xiong Y C,Deng X M. Edara
vone ,afree radical scavenger ,is effective on neuropathic painin
' rats[J].Brain Res,2009,1248:68-75.
, [2] Kim H K,Park SK,ZhouJ L ,Taglialatela G,Chung K ,Cogge-
(MA PK) shall R E et a. Reactive oxygen species (ROS) play an impor-
' tant rolein a rat model of neuropathic pain[J]. Pain,2004 ,111
, MAPK / (1-2) :116-124.
, [3] Sdvemin D,Wang Z Q,Zweer J L ,Samouilov A ,Macarthur H,
MA PK Misko T P,et d. A nonpeptidyl mimic of superoxide d smutase with
thergpeutic activity in rats[J]. Sdence,1999 ,286 :304-306.
' [4] Wang Z Q ,Porreca F,Cuzzocrea S,Galen K Lightfoot R ,Mas-
MAPKKK ni E.eta.A newlyidentified rolefor superoxidein inflammato-
(MA PK kinase ki nase) MA PKK(MA PK ry pain[J].J Pharmacol Exp Ther ,2004 ,309:869-878.

. ' [5] Watanabe K,Ma M ,Wen J, Kodama M ,Aizawa Y. Efects of
ki nase) ! edaravone in heart of aged rats after cerebra ischemia reperf u-
MAPK MAPK soninjury[J].Biol Pharm Bull ,2007 ,30 :460-464.

[6] Fukuda A ,Okubo S, Tanabe Y ,Hoshiba Y ,Shiobara H ,Hara

[1418] fuji K et al. Cardioprotective effect of edaravone against i schae-

miareperfusoninjury in the rabbit heart before,during and af-

MAPK (extrar ter reperfusion treatment[J].J Int Med Res,2006 ,34:475-484.



902 -

2009 8 , 30

(7]

(8]

[10]

[11]

[12]

[13]

[14]

Nishiyama T,Ogawa M. Intrathecal edaravone,a free radica
scavenger ,is efective on inflammatory-induced painin rats[J].
Acta Anaesthesol Scand ,2005 ,49:147-151.

Kim S H,Chung J M. An experimental model for periphera
neuropathy produced by segmental spina nerve ligation in the
rat[J]. Pain,1992 ,50:355 363.

Lewén A ,Matz P,Chan P H. Free radica pathwaysin CNSin-
jury[J].J Neurotrauma,2000,17 :871-890.

Balazs L ,Leon M. Evidence of an oxidative challenge in the
Alzheimer’ s brain[J]. Neurochem Res,1994 ,19:1131-1137.
Crip T,Minus T O,Coleman M L ,GlesJ R,Gbula C,Fnner-
ty E P. Aging ,peripheral nerveinjury and nociception :effectsof
the antioxidant 16-desmethyltirilazad [J]. Behav Brain Res,
2006 ,166 :159-165.

Nak A K,Tandan S K ,Dudhgaonkar S P Jadhav S H , Kataria
M ,Prakash V R ,et a. Role of oxidative stressin pathophysol-
ogy of periphera neuropathy and modulation by N-acetyl-L-
cysteinein rats[J]. Eur J Pain,2006 ,10:573-579.

Abe T,Unno M, Takeuchi H,Kakita T ,Katayose Y ,Rikiyama
T.,et a. A new free radica scavenger ,edaravone ,ameliorates
oxidative liver damage due to ischemia-reperfuson invitro and
invivo[J].J Gastrointest Surg,2004 ,8:604-615.

Middlemas A B ,Agthong S, Tomlinson D R. Phosphorylation
of cJun N-terminal kinase (JNK) in sensory neurones of dia
betic rats,with possble efects on nerve conduction and neuro-
pathic pain:prevention with an aldose reductase inhibitor[J].

[15]

[16]

[17]

[18]

[19]

Diabetologia 2006 ,49 :580-587.

Hassanzadeh P,Ahmadiani A. Nitric oxide and c-Jun N-termi-
na kinase are involved in the development of dark neuronsin-
duced by inflammatory pain[J]. Synapse ,2006 ,59:101-106.
Doya H ,Ohtori S,Fujitani M ,Saito T,Hata K,Ino H ,et a.c
Jun N-termina kinase activation in dorsal root ganglion con-
tributes to pain hypersenstivity [J]. Biochem Biophys Res
Commun ,2005 ,335:132-138.

Obata K, Yamanaka H, Kobayashi K,Da Y, Mizushima T,
Katsura H ,et a. Role of mitogen-activated protein kinase acti-
vation in injured and intact primary aferent neurons for me-
chanical and heat hypersenstivity after spinal nerve ligation
[J].J Neurosci ,2004 ,24:10211-10222.

Ma W ,Quirion R. Partial sciatic nerve ligation induces increase
in the phosphorylation of extracellular sgnal-regulated kinase
(ERK) and cJun N-terminal kinase (JNK) in astrocytesin the
lumbar spinal dorsal horn and the gracile nucleus[J]. Pain,
2002 ,99:175-184.

Zhuang Z Y ,Wen Y R,Zhang D R ,Borsello T ,Bonny C,Strich-
artz GR et al. A peptide cJun N-termina kinase (JNK) inhib-
itor blocks mechanical alodynia after spinal nerve ligation:re-
spective rolesof INK activationin primary sensory neurons and
spinal astrocytesfor neuropathic pain development and mainte
nance [J].J Neurosd ,2006 ,26 :3551-3560.

[ ] :

Yizhijian — 3287 Herba Ophioglossi Adder's Tongue Herb

Yizhiren W= Fructus Alpiniae Oxyphyllae Sharpleaf Galangal Fruit

Yizhixiang —%&F Herba Veronicae Linear Leaf Speedwell

Yousongjie SBHIATH Lignum Pini Nodi Pine Nodular Branch

Yuanbaocao TTEE Herba Hyperici Sampsonii Sampson St. John'swort Herb

Yuanhua = Flos Genkwa Lilac Daphne Flower Bud

Yuansuizi =EF Fructus Coriandri Coriander Fruit

Yuanzhi & Cortex et Radix Polygalae Thinleaf Milkwort Root-bark

Yubiecao BE¥E Herba Lepidogrammitidis Lepidogrammitis Herb

Drymoglossoidis

Yuejihua BZE1% Flos Rosae Chinensis Chinese Rose Flower

Yuganzi FHF Fructus Phyllanthi Emblic Leafflower Fruit

Yujin e Radix Curcumae Turmeric Root-tuber

Yuliren == Semen Pruni Chinese Dwarf Cherry Seed /
Dwarf Flowering Cherry
Seed / Longstalk Peach Seed

Yumixu EXKB Stigma Maydis Corn Stigma

Yunaoshi =21 ) | Asteriscus Pseudosciaenae Yellow Croaker Ear-stone

Yunmu Py Muscovitum Mus Covite

Yunxiangcao =858 Herba Cymbopogonis Remote Lemongrass Herb

Yuteng B Radix seu Caulis Derridis Trifoliatae |Trifoliate Jewelvine Root or Stem




