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Diabetes Mellitus (DM) is caused by the acute
hyperglycemia accompanying the chronic complications.
Thus, we assigned a well-established animal model to
evaluate the diabetic polyneuropathy by
streptozotocin (STZ, 60mg/kg, single intraperitoneal
injection). After suggestion time variation of STZ
induction, the changes of body weights revealed the



stagnation phenomenon and the hyperglycemia
maintained the diabetic condition. Regarding the
neuropathic pain, thermal threshold of heat sensation
in STZ-induced animals had been shown to reduce
significantly throughout the experimental periods.
Similarly, STZ-induced animals began to show on the
lower threshold after mechanical stimulation. By the
immunohistochemical staining techniques, we first
defined the subepidermal nerve fibers (SENFs) as the
myelinated A and unmyelinated C fibers within the
dermis of skin. GAP-43-immunoreactivity (IR) SENFs
formed the nerve bundles showing the meshwork
appearance. By the quantitative statistical analysis,
GAP-43-IR SENFs 1in the STZ-induced animals showed a
slightly increase of GAP-43 expression but without
any significant difference. NF-200-IR SENFs were with
the thick nerve bundles in the dermis of skin.
However, there was no significant difference in NF-
200-IR SENFs compared with the control animals. SP-IR
SENFs showed a continuous dotted distribution and
significantly increased after STZ induction. We
further found that the STZ induction increased
phosphorylated extracellular signal-regulated kinase
(pERK) expression in the SENFs showed a continuous
linear distribution. We applied the different
concentrations of ERK inhibitors (U0126) by
intraplantar injections and confirmed the dose-
dependently inhibition of thermal hyperalgesia.
Therefore, we suggested that unmyelinated C fibers
upregulated pERK expression could increase SP
expression to enhance the thermal hyperalgesia in the
STZ-induced animals.

Neuropathic pain, Streptozotocin, Subepidermal nerve
fibers, Growth associated protein-43, Neurofilament-
200, Substance P, Phosphorylated extracellular
signal-regulated kinase.
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Diabetes Mellitus (DM) is caused by the acute hyperglycemia accompanying the chronic
complications. Thus, we assigned a well-established animal model to evaluate the diabetic
polyneuropathy by streptozotocin (STZ, 60mg/kg, single intraperitoneal injection). After
suggestion time variation of STZ induction, the changes of body weights revealed the
stagnation phenomenon and the hyperglycemia maintained the diabetic condition.
Regarding the neuropathic pain, thermal threshold of heat sensation in STZ-induced
animals had been shown to reduce significantly throughout the experimental periods.
Similarly, STZ-induced animals began to show on the lower threshold after mechanical
stimulation. By the immunohistochemical staining techniques, we first defined the
subepidermal nerve fibers (SENFs) as the myelinated A and unmyelinated C fibers within
the dermis of skin. GAP-43-immunoreactivity (IR) SENFs formed the nerve bundles
showing the meshwork appearance. By the quantitative statistical analysis, GAP-43-IR
SENFs in the STZ-induced animals showed a slightly increase of GAP-43 expression but
without any significant difference. NF-200-IR SENFs were with the thick nerve bundles in
the dermis of skin. However, there was no significant difference in NF-200-IR SENFs
compared with the control animals. SP-IR SENFs showed a continuous dotted distribution
and significantly increased after STZ induction. We further found that the STZ induction
increased phosphorylated extracellular signal-regulated kinase (pERK) expression in the
SENFs showed a continuous linear distribution. We applied the different concentrations of
ERK inhibitors (U0126) by intraplantar injections and confirmed the dose-dependently
inhibition of thermal hyperalgesia. Therefore, we suggested that unmyelinated C fibers
upregulated pERK expression could increase SP expression to enhance the thermal

hyperalgesia in the STZ-induced animals.

Keywords:
Neuropathic pain, Streptozotocin, Subepidermal nerve fibers, Growth associated
protein-43, Neurofilament-200, Substance P, Phosphorylated extracellular signal-regulated

kinase.
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Fa i 120 PO (% — A1 f * Insulin-dependent Diabetes Mellitus (IDDM)) & i 12 £
PN A s o A s AR B S pn it i B 4 48 2 7] & (Streptozocin,
STZ, Sigma, St. Louis, MO) » B3k " 5K enp & g;ng e (B imbe) i SRR § B
AR A R o AR A SR 8§ HAEF R 17 5 (Neuropathic
pain) » ¢ 3% B F & (Thermal hyperalgesia)2? % # 1+ | st g & & (Mechanical
allodynia) o & & 7 3 PA 2 B 5 A F w518 % BA LR R ER S T LK
A KM 4 4 T4 55 s (Subepidermal nerve fibers (SENFs)) % it & (7 # 3t 3E 24 %
7R AL DEL M @ e b 43 & cpis (Extracellular signal-regulated kinases
(ERK)) 7o @ $840 5 k2o S cmn SBa/o ¢ BiAIF B R R (7 5 chb 2 o 2P %Y
YRAAFIAAP AL THGRALTH 2 L F ot LRZ kB4
MRS R A OB 75 0 TS RS B B R BN SRR R R

5 g & ko
7B

1. B3 14§ 4 477 [ & (Streptozocin (STZ))3A 5 #k Ak e 47 o8 a2 2 2. 7 it
B o A g Ao B 4 e(STZ) % 1 ¥ $ 4 o (Citrate) 3f % 1 R S DM £ o
LIRS 2 SN L.E TR 0

2. FVHEAORY SR SERE SRR F L AR SRR P
e b e R B AR Mt R T R F stk Rl e 1

3. FHEERARY VSRR BRpE L e AP E AR
WA T DR o WP B LR N & L T Sk W (SENFS) £ 2 £ A M B
-43 (Growth-associated protein 43 (GAP-43)) » #! 5 3% 39 -200(Neurofilament 200
(NE-200))f=4= § P(Substance P (SP))) 4" i o % i § G A ot REd) C 40 & i
P b A Sp 1S R o

4 FHARBEOR TSN LRRE  BRRR L A AT LA AN A
A TA gk PR (e ¢b 12 553 & e (Phosphorylated ERK (pERK)) %
fvoo 3 it — M A% 2§ BT 3 s (Intraplantar injection)? *F 3 & 23 & s ] A
(UOI26) 87 7 {7 5 enf 35 -

@

#% 7 i (Diabetes Mellitus (DM)) £~ ¥ L s0f 12 (3 250 % 0 A 5 R KR
( % - 214 % fs * Insulin-dependent DM (IDDM) ) r4 & 38 Mg Fcoms (5 = AU AR
Noninsulin-dependent DM (NIDDM) ) @ #f o A & 5322 0 5 Ap$f 2 G455 § & 2 0
PR AL R EEH B S A N BRE P EREKR T A Y PG
F o AEE LG & & R ¥ (Morley et al, 1984) « 4% Fjop Bt 3 o hF 4o
1B RFLEER L B R T o RPN e F kS A




&R KN B Ak —E'—F“ W ega e HgFgpe 7oL p%pg—:ﬁr,—% ¥ Aen
R 6 MR AR R o R BERA TS H K 2 8 FOHE e
EERELE S LV SR L SR & RS T ER L0
B S EHEE CRERF NIRRT R AR 3 AR R
DA SRR A el AR DA o AR IR RN LY R R
TIR ~ A SRR - RS b BEERANN GBLZ L REERT L A1
FIAG OR AP RS G BRI BRs g o 4 THRE
SIACTBPH W T > Vg F ok B S B A Bk s BT 5140k E g
(Dyck and Giannini, 1996; Hoybergs et al., 2008) -

HERG AT TRERB IR @ Apa- AV LA > 27 T LEPHG R AR
T BB R AR AL F OER R E R 2 B A
SNRIFG %%#‘Pﬁ‘lﬁﬁfﬁfsﬁ REE A2 2 BB A KE LR A 2 w4 L
Ufp ~ & fr & I g ) % 7~ & 4 - X 45 (Calcutt et al,, 1996; Kennedy et al., 2005) -
B R R R RE A R AR B 4 14 5 % (Diabetic
polyneuropathy) » 3P fe AR fm 6 b4 B! S R B g ipam Yy o b B F &
B TR ST R (STZ) AT R a BB AR op (% - A op) 2 3E
PE R L R RS R A G A PG T A A SRR R 7 e
PEAEERIBLMGILAL T AEAARERDR > SR FLORAF T
2 sl Az ek f F f(Courteix et al., 1993; Fox et al., 1999; Morrow, 2004;
Wuarin-Bierman et al., 1987) o g 4 & # Ji ik et B 7 £ % A 5 0 R g £
(22 » M g5 142 % 5§ )(Mechanical allodynia) > # # 5% §] B 57 F (AL 3 AR
B ek 7t 1] )(Mechanical hyperalgesia) » #c % ¥4 4 F cic g R 31424 #8 85¢
F R(# % 4 #0857 B ok F 14 10 (Thermal/Cold hyperalgesia)frié 4 57 F &

e o~ s A s A2 f )(Cold allodynia) 5 2 i Fk L% B o3¢ 5% 4% 4
Ao s e R BARIAIE R R AR OE A SRR 7S b N N ORRE Bip L
P RBP WA R 5 < ‘FWZ - RETHES DB F BR BEE MG
Ra o FWHAFEAF BOSHIrEGRHE S > ¢ AT EATF B B 7
% 8% £.4% % (Khan et al., 2002; Pabbidi et al., 2008; Tominaga and Caterina et al., 2004)

WA A SRR A A0 A g L e o R A R R R
RlEeREMN EREZF > RFLREA GRAFG ~ TH2 A LF L - A 58
eyl A SUPHE M eh > B R ApIL R A4 G eh R A § B SO L anbg R 4
(Said, 1996; Kennedy et al., 2000, Piriz et al., 2009; Yagihashi et al., 1997) - #¢ ;ﬁﬁ B
FIA G RI AR d B TR E o FIRAH SR BLGEKE A KT T
FUFZM I R R REFUE AT Gl A P EFL YIRS
s LIF2 BR e b g hiv® 5 B (Pittenger et al., 2004; Properzi et al., 1993;
Wang et al., 2004) o 7 £ 43048 o F1F s b S AL A 2 R0 318 R R F B
#1o PR AY A 2R F o ¥ 134 52 & (Dorsal root ganglia (DRG))p & 4 5~ e
4 % @ » (Primary afferents) ¥ &> w2 F e S frH A A S5 3 e e & 357



B e AR SRR @ R T i R 0 7 ORI P AS B L TR R R R
Bl Bfrakiy CRMa1 & 77 g % B (Lauria et al., 2005; Chen and Levine, 2001;
Hitoshi et al., 2003; Toth et al., 2004) - & & p #¢ 5 4 % 4 fe(Skin innervation) &_i% & ©
Fren? KR AR A AR Y B EA LR R oh% i (Hsieh et al,, 2000; Hirai et
al., 2000; Toth et al., 2006) o = i 4! G #7 & flechp § AR € & = 30A 4 G4 L fechik
Joo Bz 2 GA GBI FE AR T 5 DR L K e &k ni(Lln et al., 2001;
Lindenlaub and Sommer, 2002; Ma and Bisby, 2000) » X & % 4 #77 5 12 endd 5o % ’
FIFLERTR R FEGEA LB r A KR ARP Rt TRHEZEZATHE
4 % (SENFs) (Casanova-Molla et al., 2011; Myers et al., 2013; Provitera et al., 2007) - #
\:ﬁ“;;bfrv,frvmﬁﬂ" PoodraiBr At EAAH SFETHERL A Eﬁg BREZILA L4
B v -43 (GAP-A3) B it AR A r w bt o B S AL G2
fs > F1H gapp i mgp%#“* F AP B B 43 A SRR T g 4
(Cameronetal., 1997) % T A & 4 K Ap A Fv -43 e EAR L5 7 oK A SHR R
(Wu et al., 2012; Wu et al., 2013)  #¢ 3§ 3% 39 -200 (NF-200) ERRAE i RE U A
S AWM R AR o B A KGR A G 200 B A KPR g
PAEFRFOLAMRRE > 277 i FEHN GER R N ﬁc#(Duraku etal., 2013;
Kishi et al., 2002; Terada et al., 1998) - #¥ (5 # & F]+ (Nerve growth factor)¥ 14 3 »xeh
R R R A S KPR 4T e A F14p M 7275 (Calcitonin
gene-related peptide (CGRP)frd~ F P(SP))ch4 3 » M 3E [ fric it VoA S %
(Johnson et al., 2008; Christianson et al., 2007; Sango et al., 2013; Karanth et al., 1990) -
PEPALZ AR EMY Cola ;__ﬁi“ffiﬂ' fe epd (SN i‘g‘\t Iy T G ooTE
sl A 5B o (Tseng et al., 2007) o 28m » P av L § N % §3é hARK TR AT R
LT T e ST RN

G-3-v i % 4% =% B (G-protein-coupled receptors) /& it # 1 5 d F-v B gcfE
A(Protein kinase A (PKA))frd—v ;‘,é’rﬁiﬁ C-epsilon (Protein kinase C (PKCg))zt & & £
Fois o @ BT AR E B e b 49 & ks (ERK) B s 1 £ Iﬁfﬁ i (Aley and
Levine, 2001; Srinivasan et al., 2008; Sugimoto et al., 2008) - #z ¢} 21 4, 24 & jjfix (ERK)
VA G g TS s FRphEpE ~ 2 ERREE L E e k= oo (B o dmPe g RE th
A3 gﬂ&fﬁ‘*(ERK) SR &éffa_5%~~=§/’é iv pF g i%:';ti,.em’??f‘a AEGFH P EER }IF?V
NQER B SRl LW o S s IR I B 7Y SRR LR AP Sy
(Phosphorylated ERK (pERK))(Tseng et al., 2007; Tsuda et al., 2008)c & ¥ % if & # {5
RIS A o S AL SR g BEA S kP (ERK)V A ES BT A
Flend i > blde 0 522K R (Prodynorphin) > 4+ B P 48(NK-1 substance P receptor)fr
= Jir% % %8 1(Canabinoid receptor 1)> ¥ it A4 St 7 & 24 i & F]# (Ciruela et al,
2003;Jietal, 2002) o FRm > A KN ¥ EAN G ORI S D AE DR > £ H
L AL F R A RE B RRE - %‘rﬂPP ENC ARG R I sy T
(UO126)+ %ﬁd PR S E > R 2P AP BRI R R BRI TE 2
# & 4% o (Popiolek-Barczyk et al., 2014; Fang etal, 2014) o F]p* » A4BREFZ A



@ﬁﬁﬁ%%@*%éﬂﬁww %ok 43 E R ST E] A (UO126)4 45 34 82 40 i

R A A G- BERGEL AR
) N E
1. §%&# 4
- R e Sprague-Dawley(SD)nn,ﬁ TR L FEKR (R AB=40 £)> _@;g,g; 8
ﬁ?%ﬁé‘%ést'z P> ARAE LG AHARPTRHEPN > B hh

WAHFTHRSREFERAFA2HFFE D a2 R g F BEET %, =§5—
oo gL F RSB E TR RBIBRIAGOSE > 20012 PHER/EH DR
BRGEE SPE LA RRIRTIFELL o A AR HIE A EH Ti’d‘%ﬁ@@l‘
B’ § #2 7 ¥5 € 4 P (International Association for the Study of Pain (IASP))> § *5 &
%A 3 o= B+ (IASP Committee, 1980; Zimmermann, 1983) -

?%ﬁ%

AT A B 4

W F it B4 L 48K T R % (Streptozocin, STZ, Sigma, St. Louis, MO) » # &3 5% 5%
S AU 0t (B dme) i R § % AT o MK E R (STD)T
7 7 & ¥ fcér (Citrate © 10 mM, pH 4.0):70.9% 4 12 & -k (0.9% NaCl) - ~§F %
ﬁW”SDWJ*@’*J%ﬁ@iW&iﬁP%@%a&mw%Yﬂuﬁfﬁ

FL b2 30 (60mg/kg) A 4RI FE 0 fl & W PR 0 4 e R SRE P R %
IR LS W ES
B. #ERE
HMERPEEARFTHRSD & i~ R LRz EAES L EH/BFFENT
AL T e e i
C. & 8P T
L BEEERTABFTHSD S AR A RTEAES 2 SR P H RS
BEL ) ESNRE RS ARREBEEDI20 4B U ET FE 3 N 3
BAL  FHEBAE » L BBR Te BERE > 3 PoiiciE E iE T 2 424F 300mg/dL
PF o RIAR G B 4 S 1R MR AR
w5 ROR 75 R

A. #4857 F J&iP):#(Thermal hyperalgesia : Plantar test)

¥ pl# £ F F R 2 3 * Hargreaves-type analgesiometer (Ugo Basile,
Comerio-Varese, Italy) » #* % B & &5 chig s34 D> {8 %rE Hpw ehk J& P
B 2 SRR BEFRE - % QAN Wt gt EGI R L) iz & -
A 1% P (Plexiglas containers (22x17x14 cm))> # & %4 304 45 £ QY 151 B
R BRHARERE BT Ok - F R B E Y hF BERE P
B g SRR T iﬁffw G BT (AT E S Bk B K PRI R R A209) 1L 15
BET @ e R IR EE o UEHI L RUFIRT A BPER X
BT T i:ﬂ%‘Ls', AAr o T BB BCE R 8T ) BB - o

@
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B. ##:% fEac g F R Bl :#(Mechanical allodynia : vonFrey filaments test)

B o EAR A ] B AR *@(3 B = &£ - &% P (Plexiglas
containers(22x17x14 2> 4 )) » & 2 353 104 416 € B 1F 15 4 B4Rl o 4541 %
NORE 4F 540-60%F A ”#7 %8 (20-25°C) » Rt MR B A LB R R
“#(vonFrey filaments)(Somedic, Sweden) & 4 {1 jicts %rgrd (% — X E - ke
- 2 39R3E(Up-and-down method) - i) ?‘;ﬁ—*z A N E=N R R e AR )
LR ASE 0 BRI R FT A PET A ERRE R
S A B AR TR R RS RrTe g2 SLBol ik o LR
Bl goirR KR e i 2 & PlgoatRg F & R @ (Mechanical thresholds :
v) o B ELECE FORR] T s BB R BRI o
EREEE AR
MLV b AR (STZ)iS » ¥ 3 b G P 20 % B S5 MR
B4 CO2% &t BEBNEE “RIHRBSF N S35 %%
A 1% R M2 2 LEARE T4 4%= B 7 2 0.1 M e B % teige i@

o

wwtha

pint

REAR Y PR HAZT6) PR j’aia‘f‘:ﬂ e oo X HA KR ER 30%
i}-? %%E;’kﬁ’x B d 5 A0 4CI%i’§,T fyf‘(- Ai/f@/m__l_ E.T‘a\« e ‘}§ s EH Lk B
%}&(Cryostat Leica CM30508)11 &8 % & e ;82 B~ 30um & & a7 3 > T ik >

l

BB B BB AN D REt20C e BBk EEBRRA R &
w%41iﬁﬂﬁh¥@mw& BRI R

RRAFLAERCFLI 2

B AR HEAL K7 1 0.5% Triton X-100 £ 0.05M Tris & % (Tris base buffer ,
TBS,pH7.6)v 2 Bk L B X H AL K> 3§37 10%7 fF(Methano) 2 1%:E 3 i
4 (H202)2. 0.05M TBS #%t-k 30 4 48 > 234 ,f RAMEE L o T 5% ‘}?"
(Normal goat serum)** 7 5 0.5%% #5474 -Tris ¥ B 2 ",f WG Rt 2
A wde x - BFUEE

A 2% 7}5 B 3o -43(GAP-43, rabbit, 1:1000, Chemicon, Temecula, CA) ;

B e 5%k B-v -200(NF-200, mouse, 1:1000, Sigma, St. Louis, MO) ;

C. «fﬂ %‘r P(SP, gulnea pig, 1:1000, Peninsula Laboratories, San Carlos, Calif., USA);
D. Eifs v ez #h 2 43 & gcfs (pERK, rabbit, 1:1000, Cell Signaling Technologies,

Beverley, MA) -

WACTHE® 20 ] o &SP Eehs B AR 1T 1 PE S L outrd Fomd R
H 4§ & # (Avidin - biotin complex, Vector, Burlingame, CA) ¥ % 1 -] B 4 & 2 4,
¥~ > B {3 2 DAB(3,3’diaminobenzidine tetra-hydrochloride, Sigma, St. Louis, MO)
BRI FRIERES cDAB R ¢ Rl s 1 F20F 2 Tris ¥ » 3
DABS £ 5 > iE§ b4 12pule B¢ 5 » B-E R A K ¥ pE3E 56 P 930 AL
2R g7 FIERCE 0 B kR B (T70%~100%) 2 P ok o B g
F (Xylene)i# PP it {8 > * 453 B4 5 o

2



R R AR il 4 e
AREMEARPA GLAPT R 2 N AR ER LR RS DR F
BB R ER hE A Koo SRR 100 w1th an Olympus BX40
microscope (Olympus, Tokyo, Japan)g % 1 1/ #c = 48 $% (Optronics, Goleta, CA) P& 4p
ts & (Casanova-Molla et al., 2011) » & & #+ 4 & & RIcA § LHA K 7 & FRE P
3 BB F o6 BRI XER R ’1’1—4’-75 18 BIFE-F I T B & * o
TAKMARAALRES PR GRS LB SRR LR R
E: R B (Thresholds of optical den51ty) » I ¢ * Adobe Photoshop Elements 2.0(San
Jose, CA)?CL EREINE G AR ERA S O g sF o L PR fehl
W R ﬂﬁp\z\ﬁs‘fmﬂ‘aﬁz‘ammﬁ%’ﬂ Flit w2 EA KRBT
7 R ,,gé« KON I
EE s Tea B
bAR Y FRES LS A LKL T 1 s (Intraplantar injection) s
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Redistribution of voltage-gated sodium channels after nerve decompression contributes to

relieve neuropathic pain in chronic constriction injury.

Tseng TJ, Hsieh YL, Ko MH, Hsieh ST.
Brain Res. 2014 Jul 16. pii: S0006-8993(14)00941-X. doi: 10.1016/j.brainres.2014.07.012.

[Epub ahead of print]
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