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1. Paw Withdrawal Latency



VAP 3l oF 5,Lod A 5,90 ¢ ))y9 (S ) pole Y¥.

digos gl yoeiw!

5 (V- mg/kg) (ralS Blaoys B3 Boyb 5l o) (cyed Al (0,515l ey el YE
L6-L4) Ssbaw coae baips JSis  cbn sbcuaXn 5 ol ien o (V- mg/kg) onidkl;
Oromb 50 Ghe b (YY) wilazd 3 18 (Y--Y0 mm) T10-T12 glecsss olw oy j0 a5 (¥F)
4 arls Glesdy 655 50 JUI 5l oolainl b gls b e 0d gl 5ol alolddl (Ses iy
05955 0 ((FA) 05y (55 > slapssysd ol a5 o (ohB (oo g od SSis ils 5 olad i
S 6l o JeloSigh 25 sl g i A

¢DNA j3Cw g RNA | sl

4 S S 4 total RNA zl il jglated; ilSlas & jgody 25,0 <l p )5 Lo 00 050>
OC)o Jol> Jgamms « susSgn izl idls p jelaiedy .0l 5500 QIAzZol Lysis Reagent )5 oo
VO oo g g ool bglsee p,39,15 b oo s ST Cond s s 05 G 5l VY oo ) omin oF
52l g Sdme LiSu g fewin il VYo g Aomin F °C o Jgame .o oolo IS5 Gaday asl
a9 b bk Jsilbiononl b pe & o Cond b g oad axils p RNA (ggimme (i3 cial oz o0
sol> Pellet .o joui 6l VYo vg Vemin F °C 0 L g oy GBI slos j0 aids o S
ab o RNA cdalé ol J> RNAS-Free of YoHL [0 5 ol gdgcand Joilil ;o RNA
Ay oglhae adss leieds YU VA 0 YAS @ Y. Cowd 9 (Eppendorff, Germany)
Mmulv Reverse 31 3 Random hexamer primer 3 RNA ;| VHg ;l ooliiwl L cDNA jiw

28,5 plxl transcriptase

Real time — PCR
Primix syber green Il S5 4, ¢ Real time-PCR  oS" g, 4 GSK-3f mRNA Ly Folaw

OSly 0 9 YoUL oles oo o STy bogle (Applied Biosystems, USA) ol (5,501l
;9 GAPDH 4 GSK-3B slagys wledbl yululp b yosly >lyb .cd 8y & )50 duplicate & goay
Sy .cd,8 slil (Macrogen Inc., Seoul, Korea) 5 5,5l &S5 ,% lawsi ¢ NBCI 55 SGb
JrsS 05 Oleieas GAPDH 3l oSl paus el 00l (5155 Y Jgaz 5o oolatwl 0550 (sl youl s

Vo oo 4 ol 5 ol &0 90 Juli Real time-PCR o oolaiwl 0y90 olos &by ol oolazul



AR 3| eyl g 5 GO, gl S5 > i 39 GSKR3PB o5 by (soliiw! oy pod aidd s 51

TS aads S o 4 ol il dx o £ a0 o 4 ol 5 il A0 A0 —as s
. & || A DA ) T )
b 55 o3lal 20T (g, b 5 i 050 Mo ol Oliee 052 (USms

POl g 50 ooliiwl 390 S yosly (JIgi Y Jgux
Genes Primer sequence GenBank code
GSK3B For: 5'-CAAAGCAGCTGGTCCGAGG -3’
Rev: 5'- TCCACCAACTGATCCACACCAC-3’
For: 5-GACATGCCGCCTGGAGAAAC -3’

GAPDH oy 5. AGCCCAGGATGCCCTTTAGT-y  \M_017008

olol Jeelons g4 525
ool (KS) gyl B9,55alsS (1505l 5 Loosls misi (95 Sl e jslaien
et Dl (s loline (et pliteds 03 (i)l Leven (sail b iy (o leed (rizmen
Jelisanszs wd oolinal (S5 ok 903l 5 ad)bss uilyly Sl 5l Wl el 5 ey

B 4B F a8 [+ (g line haws 5 28T Al SPSS-20 15800 5 5l enlizil L Laosls

bl
el J5oS g ol sloog S Cond (Slisysl 58S 5 el sloog,S Gjs st el
Sborg 09,5 039 el Grigres (P=r/e ) g P=rler ) G fa) 9g S g bl jebay
0355 039 elee 4z STP=21F) 09y a8 (5loline jobay S35 Sligysi 09,5 4 S (n el
(P=+1-\) 595 Joline (g ,le] Llod & ST ol wdgr a8 i3S ol 09,5 & o ey ol
O )

ssbar ol sloos,S 4 Cond lgys sloe,S po 53 SIS clile g pes &l ST o
S )lobine BT Glizen G (Selitul 0y atdn (2d 5l g 9 B0/ 0 ) 3 VL 5ok
@ e Shosg 09 09 S e (g yed Labn bl S0 peizmes «(P=/e 0 0)) 2l
AV JS2) P=2/e V) 092 Fomly yloline b S (Slgyg S

@bs e el polae jsboas |y (Slaliiiwl o o3 atn il aituslys (g ye3 09,5 )0 o, plas
ole 90 Gl Joles il (Sligysd ecmped Jloline 151 (Sl (uld x5 yad) 48 )bgo (il 5L

8,8y ibly Jelo 5l ol gl (1o oY g o fe B e fe o) ol 5a) Senl 039 GSK-3B



AP 5l oF 85Led A 890 ()59 (o) pole ey

5 JrS Slsys sles,S m GSK-3B 05l gl 5o (g)loliae BB o5 wmo oo lid
9 JS ol ooy 5 o (s lolime B! (s (Ggm 51 (p=2/2Y) 8,15 929 (pped Sbg,e
05,5 5 b JyS 05,5 o 6 loline M Lal (Y JSCE) (p=+/+Y) 358 ce 0ud S8 Shs,ss

LBl Sezg (S yed Calis

NEE I ]
gl e

i

Loy S

H#A(PSe[+)) J S oo 09,5 b ylobine M 5 .Cillisn gloog 55 58 oy 5395 ol i ) JSUS
(P 1+1) J S 59595 09,5 b yloline YT o(PS+/+)) (32 03 ol 09,5 b ylolino 33|



YeY e sl g 5 sy g (S5 5 iy 30 GSKR3B 0 (ol o (oliw! o poi aiad il 551

|

-t

=
i

it

Js s i ilaa Jr=s e g ol
s _,Jf

(PSe[+)) S alls 09,5 b ylobioe GMS # .ciicko (gbog,5 55 Lowsdly 35 L5 ol punis ¥ S0
(PSe/+)) J S colys 09,5 by loline GBS T ((PSe/+)) ey pod pllow 03,8 b ylobine S #

35 4
3 o
_3:'
D i
«6\2.5 - Jr=S Sy
a W o Sy
o 2
wn Bl o e
&
115 " O Jrs Wi
T - s .:.
. *
w1 !
o)
305 * o
e}
0 - |

S o

g5y oy )5 50 (S ped 898 3l ey gL (5 > i 3 GSK-3P (45 (ol oyl e Y USCE
(PSe1+)) eyt 05 pllow 03,8 b ylobine S| @ (P<e/41) J 68 5ligye9 09,5 i loline GBS



IWAS b oF 5,lods A 5590 ()9 (S ) pole Yrf

S
obs Sloye b slas; ;0 GSK3P o ple » (ol (e e (ad JS1 0l gl )
09,5 b dmliie ;3 (g o3 Sl 09,5 3 (bl (g ped A2 )3 () (nl Ole W AT g (o
65k Jdsar Ylaiml (28l cnl ol 03gr Jloline 2alS ol 5 4l (alS o pedo s
GSK-3B 12 (5 5l covpy 4 o085 sl Olalllas S el 038y ol 3y s oaisolony]
ac 15 GSK3B ola 55 Slsd c |y 5 loline Ayl wasd Salonl sl toghy zuls .wilazsls
s sl LS Gl pals Sl (2 el ool GLas (n pel 9 (LS slagtge (SUS]
collad Galil Jdoa Yoot 2als ol 45 ailos S ol g ools i Loy (s5l8gs dlae ,3 (8559
Sl GSK-3B 501 Jlad 1é g gDl ind (51 yanno 51 45 ol AKUMTOR Sl jols (o pons
09,5 ;0 GSK-3B o5 olo oliwe a5 ol lid ol> gl sleosls Ldoigas joxi ogdleas (Y)
ol ot Yzt 253l ol el g lalime G2al33l s J 58 09,5 s &y (3 peSor b
5 OF) 09,98 dnwsgs 9 Wy o Sluyply ;0 GSK-3P .l 009 Culis (Sligye8 il )0 oaliolml crae
WS (oo IS )L (V) oadilgie o)l slagygyg 50 Lgmlow S USE 5 oy uis A0S
2 e Al S92y Djge )0 9 )b gras sbadole )5 ook Cueal LS cnl nlple
' aras 55 s e dawgs wali S o Joe 0uiiS pelats o lgieds GSK-3 a8 s pne
(V) (ALS) by igual (oil> cdat aiile (o5 > cuae OIS 500 5 (V) ealidT ol b
4 am3 e bt yeulT 6 Lo L GSK3B LLs 1 550 4o b Falnl lidllae fpioman 35 pudls>
Syaly 4 lgi oo GSK-3 codled (6 ) Ciwo b aS o)l cdlBo igleel Ly slasD oy o GSK-3
Sl &5 sl oads Lasie uizmed (YON) b Cawd Ll T L ooj )l o Jgud LB Slejo
B a ) Jlen She s Golem oMo 5 WL ALS (glen Sloys opal, S wlsi e GSK-3
B 09 pllo JS 5l a8 (o ped Sobo 09,5 53 GSK3 0 Gl Glime 4251 .() o5lany
3005 ol Ol bosS cage el a5 S gl oo @Bl 50 i 00y 09,5 90 ol e (s)loliae

sl 00l J&LY U" N Sgd> G l) U) U)‘ ul.u U‘)‘“‘A 9 IRWIPRETRA K wl;é ‘jl‘j)ﬁ’ as stj)f

1. Neurodegenerative disease



Yo e by 5 Gy gl (5 > ik 53 GSK-3B 45 (ol o (olitias! (s podt s iy 51

Jsbay Sl dlae Bl b o GSK-3 ) a5 wiles,S ol « (Ve F) o5as 5 sigasSlo
in vivo cdl> ;0 GSK-3 codled S50 slroninS oudats pdaudl g 0o p0d 90 50 .Y tcwl Jled pglawe
5 Akt clled ialiEl 4 gl 0 el S 3l 86 GSK3 ud Jebpé ¥ osaiies
Sl e 3 GSK-3 50,5 Jleb et (sl F s0dl o 5] GSK3 oty yow iy cygmmsdl i
Dyl 0g2g Akt Jaus 05386 S

Y Jsi 59l Jrowwilind (sl yone Yool (el S0 205 Alwgay GSK-3 (33,87 Jab o 155500
Oefign L) Akt 9 ) LS g 4 anly 05F5Y jBlawd Jenjenl Laslaws (PI3-K) LS
45 515 3575 (558 Sl el AKE CewoWl 5015 pelais lsieds PI3-K S o 15,0 1, (B 5luS
OVF) 055 o0 GSK-3 s Jlxb yol g <0yt yow i (y9mmidl 3 b Akt

5 eadabml Slss 5l G5k (S slegs,s 0 ($85ns et Sl e eadolml Ol s
A5 il saDlyyeST J T TA) RNA iy < sasinied el sl pyli
c2ge plhie (G239 Slled (V7)) Sl (as A Jliow (omas Giuilex £5 GRIBl g O
(sinlaSlas wiwaw (V) 330 i S8 5 (V) 098 0 SThol aiile (sire oo Sloc S5
FF) 055 o 53l (smme slosher gl 515 tmisn Bl | logedy i tal3l li
5 (V7) 0dsS el (soudlygeST JUil (2l31 (1)) RNA 5ty Wlgi oo (izad (355
ool 0B age N9 (V) Al adls openar 1) (i S (2 50 (e Sallex 5 IF
JUl Gl 98T Gl &5 Gl 5l Wil L oS 0 olowl (S > slagygyi 50 |y (il
5 ol (53555 Collad ol ol (5155 (VF) puglis 3,Skae S50s 5 o(Fr e FY) (qoradlysesT
S SB0)5 AT Sy o0 Hlia S oo obml (5 > lagsys medsilie o 1) (Sl (e
oy Sleds e Migtign ik plemdiany Bl | a3l L talS s o
ad Sell laiagy mls odlea (TF) aiS S5 (5 > slagygye sl Lio & conl Sees
dlae ;5 GSK-3B (yho 5o Slhwesd G 1y (slobine dlaly GSK-3B 50 (3559 51 (ot Ao 50
e €zl b 1 S ol aals Sldllas 5 wilools BLis cyyed 5 cibo sloibse LSl
(V) Silosls las as, (ol8gs dlac jo 25559



IWAS sl ¥ 8,lods A 5590 ()9 (S ) pole A\ dd

S5 A
S o GSK3P () ple &5 &S (lgiee pol> Ghagh mls 4 4z b asdls jsba
olial a3 izmen el il Gl T ol Oliee 5 48,5 )15 culs Glgygs Sl cos
S (a3 (Slgy95 09,5 19 GSK-3B ol lime oSz wcals 05 cnl ol oo 53 (o 3
Ol il Cabs (Glgys jo 4T S g e gy0nlil sl adls Joliae ralS oy S Ko 4
SlEl (55 K00 (g | 1S ge ol | S (5> ceas o5 5 ol GSK-3B
mas Bagpie Bl g wes all g (S5 it 0 ) 0F ool oo Gl WlEiee
ol Slayy Slod S5e o paly lyrear 1) gteliinl (a5 lyiiee Yool S (6,5l
5 Al GSK3P o5 e 20l8 isy

PG g p o

osile (St buSiasls g a5 pole 09,3 olKanlejl 51 1) 093 Sas g pads Sl alowy oo

eldse jlpl wyde Can i

u\?ibséﬁlm

1. Alkon DL, Sun MK, Nelson TJ. (2007) PKC signaling deficits: a mechanistic hypothesis
for the origins of Alzheimer's disease. Trends in pharmacological sciences. 28(2):51-60.

2. Aschenbach WG, Ho RC, Sakamoto K, Fujii N, Li Y, Kim YB. (2006) Regulation of
Dishevelled and B-catenin in rat skeletal muscle: an alternative exercise-induced GSK-3f
signaling pathway. American Journal of Physiology-Endocrinology And Metabolism.
291(1):E152-E8.

3. Aschenbach WG, Suzuki Y, Breeden K, Prats C, Hirshman MF, Dufresne SD. (2001) The
muscle-specific protein phosphatase PP1G/RGL (GM) is essential for activation of
glycogen synthase by exercise. Journal of Biological Chemistry. 276(43):39959-67.

4. Beyreuther B, Callizot N, Stohr T. (2006) Antinociceptive efficacy of lacosamide in a rat
model for painful diabetic neuropathy. Eur J Pharmacol 539:64-70.

5. Bijur GN, Jope RS. (2003) Glycogen synthase kinase-3 [beta] is highly activated in nuclei
and mitochondria. Neuroreport. 14(18):2415-9.

6. Cadigan KM, Nusse R. (1997) Wnt signaling: a common theme in animal development.
Genes & development. 11(24):3286-305.

7. Cai Q, Sheng ZH. (2009) Moving or stopping mitochondria: Miro as a traffic cop by
sensing calcium. Neuron. 61(4):493-6.



Yfv eyl g 5 GO, gl S5 > i 39 GSKR3PB o5 by (soliiw! oy pod aidd s 51

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Calcutt N, Freshwater J, O'Brien J. (2000) Protection of sensory function and
antihyperalgesic properties of prosaposin-derived peptide in diabetic rats. Anesthesiology
93:1271-1278.

Calcutt NA, Jorge MC, Yaksh TL, Chaplan SR. (1996) Tactile allodynia and formalin
hyperalgesia in streptozotocin-diabetic rats: effects of insulin, aldose reductase inhibition
and lidocaine. Pain 68: 293-299.

Calcutt NA. (2004) Modeling diabetic sensory neuropathy in rats. Methods Mol Med
99:55-65.

Carra, S., Crippa, V., Rusmini, P., Boncoraglio, A., Minoia, M., Giorgetti, E., ... & Poletti,
A. (2012). Alteration of protein folding and degradation in motor neuron diseases:
Implications and protective functions of small heat shock proteins. Progress in
neurobiology, 97(2), 83-100.

Centeno C, Repici M, Chatton JY, Riederer BM, Bonny C, Nicod P, Price M, Clarke PG,
Papa S, Franzoso G, BorselloT. (2007) Role of the JNK pathway in NMDA-
mediatedexcitotoxicity of cortical neurons. Cell Death Differ 14, 240- 253.

Chae, C.H., Jung, S.L., An, S.H., Park, B.Y., Wang, S.W., Cho, L.H., Cho, J.Y., Kim, H.T.
(2009) Treadmill exercise improves cognitive function and facilitates nerve growth factor
signaling by activating mitogen-activated protein kinase/ extracellular signalregulated
kinasel/2 in the streptozotocin-induced diabetic rat hippocampus. Neuroscience; 164,
1665-1673.

Chen G, Huang LD, Jiang YM, Manji HK. (2008) The Mood-Stabilizing Agent Valproate
Inhibits the Activity of Glycogen Synthase Kinase-3. Journal of neurochemistry.
72(3):1327-30.

Chen Y-W. Li Y-T. Chen YC. Li Z-Y. Hung C-H. (2012) Exercise Training Attenuates
Neuropathic Pain and Cytokine Expression After Chronic Constriction Injury of Rat
Sciatic Nerve. AnesthAnalg 114: 1330-7.

Collino M, Aragno M, Castiglia S, Tomasinelli C, Thiemermann C, Boccuzzi G. (2009)
Insulin Reduces Cerebral Ischemia/Reperfusion Injury in the Hippocampus of Diabetic
Rats A Role for Glycogen Synthase Kinase-3f. Diabetes. 58(1):235-42.

Cross DAE, Culbert AA, Chalmers KA, Facci L, Skaper SD, Reith AD. (2001) Selective
small-molecule inhibitors of glycogen synthase kinase-3 activity protect primary neurones
from death. Journal of neurochemistry. 77(1):94-102.

Davis RJ. (2000) Signal transduction by the JNK group of MAP kinases. Cell 103, 239-
252.

Detera-Wadleigb SD. (2001) Lithium-related genetics of bipolar disorder. Annals of
medicine. 33(4):272-85.

Dill J, Wang H, Zhou F, Li S. (2008) Inactivation of glycogen synthase kinase 3 promotes
axonal growth and recovery in the CNS. The Journal of Neuroscience. 28(36):8914-28.
Doble BW, Woodgett JR. (2003) GSK-3: tricks of the trade for a multi-tasking kinase.
Journal of cell science. 116(7):1175-86.



VAP 3l oF 5,Lod A 5,90 ¢ H))y9 (S ) pole YfA

22. Edwards JL, Vincent AM, Cheng HT, Feldman EL. (2008) Diabetic neuropathy:
mechanisms to management PharmacolTher;120(1):1-34.

23. Eldar-Finkelman H. (2002) Glycogen synthase kinase 3: an emerging therapeutic target.
Trends in molecular medicine. 8(3):126-32.

24. Embi N, RYLATT DB, COHEN P. (2005) Glycogen Synthase Kinase-3 from Rabbit
Skeletal Muscle. European Journal of biochemistry. 107(2):519-27.

25. Fernandez-Martos CM, Gonzalez-Fernandez C, Gonzalez P, Maqueda A, Arenas E,
Rodriguez FJ. (2011) Differential expression of wnts after spinal cord contusion injury in
adult rats. PloS one. 6(11):¢27000.

26. Frame S, Cohen P, Biondi RM. (2001) A common phosphate binding site explains the
unique substrate specificity of GSK3 and its inactivation by phosphorylation. Molecular
cell. 7(6):1321-7.

27. Frame S, Cohen P. (2001) GSK3 takes centre stage more than 20 years after its discovery.
Biochemical Journal. 359(Pt 1):1.

28. Gharakhanlou R, Chadan S, Gardiner P. (1999) Increased activity in the form of
endurance training increases calcitonin gene-related peptide content in lumbar
motoneuron cell bodies and in sciatic nerve in the rat. Neuroscience. 89(4):1229-39.

29. Gould TD, Manji HK. (2002) The Wnt signaling pathway in bipolar disorder. The
Neuroscientist. 8(5):497-511.

30. Grimes CA, Jope RS. (2001) The multifaceted roles of glycogen synthase kinase 3b in
cellular signaling. Progress in neurobiology. 65(4):391.

31. Hall AC, Brennan A, Goold RG, Cleverley K, Lucas FR, Gordon-Weeks PR. (2002)
Valproate regulates GSK-3-mediated axonal remodeling and synapsin I clustering in
developing neurons. Molecular and cellular neurosciences. 20(2):257.

32. Hargreaves K, Dubner R, Brown F, Flores C, Joris J. (1988) A new and sensitive method
for measuring thermal nociception in cutaneous hyperalgesia. Pain 32:77-88.

33. Holmberg C, Katz S, Lerdrup M, Herdegen T, Jaattela M, Aronheim A, Kallunki T.
(2002) A novel specific role for I kappa B kinase complex-associated protein in cytosolic
stress signaling. J BiolChem 277, 31918-31928.

34. Hongisto V, Vainio JC, Thompson R, Courtney MJ, Coffey ET. (2008) The Wnt pool of
glycogen synthase kinase 3 is critical for trophic-deprivation-induced neuronal death.
Molecular and cellular biology. 28(5):1515-27.

35. Kuhad A, Chopra K. (2009) Tocotrienol attenuates oxidative-nitrosative stress and
inflammatory cascade in experimental model of diabetic neuropathy. Neuropharmacology
57(4):456-62.

36. Liu S, Bréjot T, Cressant A, Bacci J, Said G, Tadi¢ M. (1995) Reinnervation of hind limb
extremity after lumbar dorsal root ganglion injury. 65(4):391.

37. Millan MJ. (1999) The induction of pain: an integrative review. ProgNeurobiol 57: 1-164.

38. Pan J, Li H, Ma J-F, Tan Y-Y, Xiao Q, Ding J-Q. (2012) Curcumin inhibition of JNKs
prevents dopaminergic neuronal loss in a mouse model of Parkinson's disease through
suppressing mitochondria dysfunction. TransINeurodegener 1 (1): 16.



Yfa eyl g 5 GO, gl S5 > i 39 GSKR3PB o5 by (soliiw! oy pod aidd s 51

39.

40.

41

42.

43.

44,

45.

46.

47.

Prodanov D, Feirabend HKP. (2007) Morphometric analysis of the fiber populations of
the rat sciatic nerve, its spinal roots, and its major branches. J Comp Neurol 503:85-100.
Rossi D M. Valenti V E. Navega MT. (2011) Exercise training attenuates acute
hyperalgesia in streptozotocin-induced diabetic female rats. CLINICS 66(9):1615-1619.

. Sakamoto, Kei, Arnolds, David EW, Ekberg, Ingvar, Thorell, Anders, & Goodyear,

Laurie J. (2004). Exercise regulates Akt and glycogen synthase kinase-3 activities in
human skeletal muscle. Biochemical and biophysical research communications, 319(2),
419-425.

Sharma NK. Ryals JM. Gajewski BJ. (2010) Wright DE. Aerobic Exercise Alters
Analgesia and Neurotrophin-3 Synthesis in an Animal Model of Chronic Widespread
Pain. PHY'S THER 90:714-725.

Sluka KA and Rasmussen LA. (2010) Fatiguing exercise enhances hyperalgesia to muscle
Inflammation. Pain 148(2): 188.

Wan, W., Xia, S., Kalionis, B., Liu, L., & Li, Y. (2014). The Role of Wnt Signaling in the
Development of Alzheimer’s Disease: A Potential Therapeutic Target?. BioMed research
international, 2014.

Wattiez AS, Barriére DA, Dupuis A, Courteix C. (2012) Rodent Models of Painful
Diabetic Neuropathy: What Can We Learn from Them?. Diabetes Metab, 43: 008.
Woodgett, J.R. (2001). Judging a protein by more than its name: GSK-3. Science
Signalling, 2001(100), re12.

Zochodne DW, Ramji N, Toth C. (2008) Neuronal targeting in diabetes mellitus: a story
of sensory neurons and motor neurons. Neuroscientist, 14: 311-8.





