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Abstract

Animals adjust their physiological conditions through the nervous systems to

accommodate the internal and external environmental challenges, and their

stimuli-responses act according to certain mechanisms. The responses are majorly

related to the changes of blood flow which are either generalized or specific. If the

mechanisms of stimuli-responses could be clarified, we can use certain artificial

physical stimuli to regulate the physiological functions through neural modulation.

The previously used protocols of LTH tested the randomly selected recording sites

and the heating time was longer than 30 min. Although the axon reflex (AR) flare has

been normalized by maximal vasodilatation to adjust the spatial heterogeneity of

capillary density, the reproducibility of previous method using single-point laser

Doppler flowmetry (LDF) was poor. The results of this study demonstrated that

single-point LDF is a reproducible technique of assessing AR flare on dorsal surface of

the forearm twice with 45 min apart when the heating period is reduced to as short as 5

min and the recording sites are fixed. In addition, the AR flare induced by short local

heating is reproducible with 1-3 days apart when the recording sites are relocated by a

predefined rule. The reproducibility of LTH on the right forearm is different from that

on the left forearm, and the increase of acclimation period can improve the

reproducibility.
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The anatomical structures of upper and lower limb are symmetrical. There is timely

and good coordination between upper and lower limbs to keep the free motion of limbs.

In this study, the stimuli-responses between upper and lower limbs were investigated.

Capsaicin epidermal stimulation was applied on the unilateral leg and LTH was

measured by LDF on the corresponding and non-corresponding position of bilateral

forearm. The results demonstrated that stimulation on the right leg enhanced the LTH

response on the corresponding position of right forearm. Stimulation on the left leg did

not affect the LTH response of bilateral forearm. This effect may be attributed to that the

LTH response was enhanced by increased sympathetic tone which was mediated by

somato-sympathetic reflex. These results showed that an anatomically specific

stimulus-response may exist between upper and lower limbs.

Electrical stimulation (ES) with 3, 45 or 125 Hz for 30 min was applied to unilateral

forelimb 24 hrs after bilateral hindlimb ischemia for 60 min to explore whether this

stimulation could adjust the physiological condition on the corresponding region of

hindlimb. Laser Doppler imager was used to measure the blood flow change on bilateral

hindlimb during and after ES. The results showed that ES on forelimb may induce

specific blood flow change on specific region of hindlimb. ES with 125 Hz on left but

not right forelimb could induce significant blood flow increase on bilateral hindlimb. It

may infer that the blood flow increase may be attributed to the decreased sympathetic
Vii



tone which was mediated by somato-sympathetic reflex.

These results showed that short-heatng LTH method can be reproducible and be

used to evaluate the simple nerve-mediated AR. Capsaicin stimulation induced a

specific LTH change of the anatomical corresponding positions between upper and

lower limb. Hence, after further verifying the response was mediated through

somato-sympathetic reflex, this method can be used to evaluate the change of

sympathetic activity on the region of interest. Finally, these results indicated that ES on

forelimb may induce a specific blood flow change on hindlimb. Therefore, after further

verifying the blood flow change is mediated through somato-sympathetic reflex, the

topographical relationship of somato-sympathetic reflex may be established.

These results suggested that the techniques of both LTH and ES can be used to

investigate the specific rule of stimuli-responses after adopting better parameters.

Therefore, they can be applied to further explore and establish the corresponding rules

of stimuli-responses and to develop a targeted neuromodulation therapy with a potential

to treat the disorders of nervous and blood circulatory system.

Keywords: axon reflex, local thermal hyperemia, electrical stimulation, skin blood flow,

somato-sympathetic reflex
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EIAFA GH NP e BN SA SIS R ATRE L O BT R F S

BAEH LA T MDBR 0 GHep PR GAAAE A LEFE -

Fd RS mR A f TRA L ¢ T gd (A ORI R R &
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FEOMOET S L F ARG LS R b v R IR R
W F e M FRL A2 EERY CHE LR v
WA L% - AF AR et o ptob > 3B B B E (pressure pain threshold)
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3 EIP ST R SRR LT R ELGR Y S (RN L 1 R U
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2 R gAY & F s (somato-sympathetic reflex ) % F %41 * (Sandrini et al.,
2005; Sato, 1997; Sato and Schmidt, 1973)c ¥4+ % T (1R € A F F
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B & iRt e o @ o R A 53 4 (somatosensory input) 51 H %
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RIE R Bfeig2 o F I 4P % (Cravo et al., 1995)° 4o ffymeh=
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(Cravo et al., 2003)- fa e A B4 55 B " Hip e 78 L > J5d
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AR G G AR E B Bk GRS R & iR i

Ao R e n %Y (Cravo et al., 2003) »

SRR PP A 4 PR B SR b R - B R R Sk eniT e
(Morrison and Reis, 1989; Sato and Schmidt, 1973) - #! (& firds j& 4 & &8 oo
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W T FEONH A Tt S R AR A Lk 1T (Raimondi et
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R BRI~ RIFFIgF BB A - B 7T 3 RS o

PhRF 53 H AL e o F 5%k A (59285 (neuropeptide ) 2 f#

%z (Houghton et al., 2006; Magerl and Treede, 1996; Schmelz et al., 2000 ) »
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(Kellogg et al., 1999; Wallengren and Hakanson, 1987; Weidner, 2000) -
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% 7 i ¥ (functional pool) fhm @& A G~ g LA b & fadw § 0

FERAHGAGU LA NHARTEERE S § O SRE R DRI
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§AF IR B PR F SRR A e R e g el A R R B A e
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et al., 1978; Yu and Blessing, 1998)
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and van der Meche, 1976)° & ™ %3 /7 ¥4 g 3 I w s fp > F (T4 44 £

oo Iy DMt A E (8 0 LRI L BFvep ek &t (Plesiur-Strehlow and
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B3 PR F &t (Zehr et al., 2001)-
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International Association for the Study of Pain) sr#icdpig+ » 22 % 3

T A2 - A v £ FIR R R %8 (Lipnan, 2004)

ERXGUEEFEERRAS T FHE - R E o ¢ Bk
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2007) » I m B H "’?"i“ffz.‘)? PR Ra AR A i}ﬁiﬁ'\?”ﬁ it B FR
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MEFLRRR §A2F S RIE* (Hippisley-Cox et al., 2005; Sanghi
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FPrgiFoardtGenedo Fla TR RABENEL > R Pl F 2 S
#d oo Fl o Rm e T PPN e = R E ey 0¥ fAEH# (Allen,
2006) © 2@ o ILis R B E B 1T 0 4 AR E KD b BB s o R

SRARERAPFRFELRHRT 2 Mo ol SEML F IV

Fd AFERIRM GREE R L L BT RL GRS T Ak R T RGE
SR R R EL YL S S SEE A R TR i
TIEAE M 2 BEH B IR anr i 0 3 T FE AT ok FOUL S RE o

— B2 G ABF SR 7 94 ALen+ B (spinalized rats) kF: M £
BT E LR A A et Y B (intermediate zone) % # &

(dorsal horn) e & B M » HEE BT O3 B LRI



LRAHEBNRITG I RO THI RN F A B E T Ry w3
A4 $r4]1¥* (Chau et al, 1997; 2000) - A *» %74 &5 + fpang B8 > )
Bren LR S R T I o AR A gd P AT
(infraspinal ) B B4 G F 77 B g A S 4 > @ 2 §Ee ket

R E AFEFR Mt i (topographic relationship) - 7 & £ &2 &4 »

e I LA

ek WAL Z B Y 3 FR PN o R M A P gt R B
PF e f B R IS AT B RIF RN - 2RI R REH
T ILRN T Ay RN A (TR R 0 L B ETIRR 0T B AUT A A A e e

B OREFSAIrH) BT Y NTRE LS FH B HOF BL IR F 2
F A PR B 005 3 P Ol b T R v R BIZIN e
Do RV EEN - FER MR SR SEH B ONRE L ISR &
SR GARAM A o FI > AP AR PRGBS ARE D R
AEH RGP Z o T FEFBFRIPANEAS S 22 THF] P 22 R
R A A SR S S d BB Pk hee o REE TR Bl s o
BA REIRBEIRA 0 REFAF RINALL F B 2L NIFLITER IR A

S A BENT RS GRS A RN

B LA T 2 BEE A B N R L B A R B i
oo gtth s NEFF ARG DRT N FAFMARANGF K AR L
H iR e Bt AT RAA MBI L 0 0 AR B4R S A S

AEedp] o T A R RF B AT A S AAH o



$-F% CFFLEAFLIIELLFE BZFRIPLIRGR

2.1 =3

fhi k8 d B @4 ek atiT* (sensitization)#73 % (Cracowski
et al., 2006; Kramer et al., 2004; Tesselaar and Sjoberg, 2011) s i+
7§74 calcitonin gene-related peptide (CGRP) 4r substance P ef# % » i&m
® FHpE o T RAEEA G L R RP d F B4 (Wallengren
and Hakanson, 1987; Weidner et al., 2000)c #iE2 ek A L n 3R> 2
PR F S B (T A B BISd BhRF TR 2 5 F )
EH BB AL FFEE - BRI EML F ap 4 5 i (Cracowski et al.,

2006; Johnson and Kellogg, 2010; Kellogg, 2006; Minson, 2010)- k= -

&

oy

P B sk sk Sl F R (specific) 2 v KB (F

7% (Bonelli and Koltringer, 2000; Stansberry et al., 1999)-

G F L FBA o gt e 2 A b FER D A 4-% % (initial
peak ) #f 2 & IR A Mgk (nadir) 2 & *T & et £ 03 R ¥ (plateau) (Minson
et al., 2001) ¢ % pedp A4 B # Y hE 4 LR TP R F S B C AR
SRy e A SRS Ard & a(Mager] and Treede, 1996; Wong and Fieger,
2010) % F bfv s F X Plikcs ¥ % & (capillarydensity) z &8 fiteh
# 2 (Braverman et al., 1990; Cracowski et al., 2006; Wardell et al.,
1994) « Flpt > I EPRIE TR BT RERF 0 - B30 A4 > 1
KRR EE Ao HRFETALF L ¢ BE S (cutaneous vascular
conductance, CVC) ehg # (& > L #AhoB R H AL Koo ¥ GEFEEL X 53 R
¥ %% (plateaupeak) 2 F # " & & B+ #H5% £ (maximal dilatation) 2 7
Lo s g iF ot i (Minson et al., 2001; Roustit et al., 2010a, 2010b; Tew

et al., 2011)-
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A PRI  VRE S KB E - R RRE R FRA R 4
AmH s > @ B R B % ER € X P4 (Ciplak et al., 2009; Frantz et al.,
2012) - R F SR REFFR I-LO Pt FIt F RV ERFEP b

RIEF eotp b Rl R 2B S A SRR R A RRRER A~ R FLAT
e11 (Carter and Hodges, 2011; Caseli et al., 2003; Hodges et al., 2008,

2009; Houghton et al., 2006; Kellogg et al., 1999, 2009; Shastry and Joyner,

2002) -

R38R erpn B %R foR A 5L e (sensory innervation) &k FR#
n K BRGEY 5 S RAETF]G o B A RRE R BT e 4 R B B
L EPFELEEFRE TR R AR FRANLE A BEAEALR
Mgk aL R o Minson # 4 (20001) #&* & F0FepsAREE T B A SH 4
BAFRF P BRE AR S ETET 604 B H R FS
Ho k3t - Flpo AR - BB F k- RIBHAAEY HERE
BT Rtk R AR RN SAFRGOLRE - Fla L R R aE R
Beod ¥R F L F P3O LR A8 R REGERER 27 F MRS
SRR a8 Bl (order effect) (Ciplak et al., 2009; Frantz et al.,
2012) o Flt > CEPFR AR RIRE S BV ARE Y AR A mD IR EEF

— RPN - RIE R PR en F e

AT RN-BBE 2 BARFTEERHMRE Ml F BT
Fo X FIRE R A FRETRE A G E R R - gD

o BT Y N S BAF RS S TS 0 T F R RS SRR

L ]

BN =R AN SR Y e N X B S e R (L 2

Bm 320 AP SO DRI PI AR - BEEE P ERE R R AT D

N

PhRF AL F R EF R AL AN e B TERTRL AR BB ERGR R

11



P B R LRI R B E B AT S 5 e

‘-‘v

Bj’::rpﬂ‘pfrvﬁﬂ;—ﬁ&éc ? 5—% B’-/?JH‘%“J

2.2 1P

2.2.1 %3#%
ARARI)E 127 15 pAe3 100 & 12 7 14 p 8 BB 38 e b en

Y
R Rtk h3aE (7 ?%ﬁ@éZWM%oﬁﬁjg@mﬁwﬁ

i\,ui%f\p‘\}%‘\#:g:gd_}ﬁqﬁﬁ;{ WRop T AR ARG B

mh

= ;é—‘ﬁ » 1 ifsi—.“ﬁi M iER

PEFRZV g diph L °“LFF SR e )ﬁﬁﬁa e
ERT RN FRES EY LR O B %

201102005RC) » #7F =3¢ F & 54c 7

2.2.2 &K

FoE P AT LB F R KPR et TR S AR AR

CRFF B SE E

P FRARL a3 RIBAET PR HRT (BA 40-60% B R 2521°C) - §if

FHRBAZ B G- Bt o FEFHEE

30 4B B RIS > B4 BT hIMFen F BRFEES X > B3 X2 FRIE

A5 448 (B 1) FRPF DR 58 2 12-23°C2 & o

2.2.3 #n F BR %

F oo i;éj‘q" PAEVPRINE AR o A K B T A B it

1% (Moor DRT4, Moor Instruments Ltd., Axminster, Devon, UK)- DRT4 Z

SR T B 5 S BAEE o D 780-820 nm A £ 0 F Sk R EAF R Z 20Hz o
F

AE - SRl o A g R /?J’E_i’é;ﬂk'rﬁqf e BRoERIT o ETIOE

==
FER & - i FR I e e BREARE (CarelTaker,

Empirical Technologies Corporation, Charlottesville, Virginia, USA) 2z

S E o U F R AL RE o

7
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RlEReh % AR A R 2R 0 F RN E R G R e e dkenin Y ot F
=4 ¢b + 42 (lateral epicondyle of the humerus) ™ % ¥ & % (styloid
process of the radius) Rl & 2 FdMht w22 - e (B 2) #RG P
B & B st (eryrhema) sh% % o & #F B HEE (holder) £ i § 4
#3588 (SHP2 probe, Moor Instruments Ltd., Axminster, Devon, UK) # & -
Ay 7 1 mm £ RIFRE HHE 8 4FEE (DP12-V2 probe) kzedrs g o B E
BUREGBADNARK o F AR R FHFRNEHET WP R kR
LRE DL FRFIRDE - AR EFHEY 4o B SHO2 (Moor Instruments Ltd. )

P4l 33°C e 8 (Minsonetal., 2001)> ™ 5~ 4genpF Rl AL nE -

P

Of/B AR - B H33°CHAF42°C- #FF5 w22 (5

BETALREE 4D L &SR TR - A GHRBIARS o

‘Lﬁ

2.2.4 FTHAH

BIRAEw e iE* A F o Ifin® (red blood cell flux, RBCF) » riix

\F‘\ﬂ

¥ # = PU (perfusion unit) # 7 k3+5 o & in & & i p) 2 CVC (PU/mmHg )
B3 o 4 g I it € X Pl B Fpt CVC#H * w3k *ﬁﬂ$ v T pads i

B R r e BB (0 Leary, 1991)-

MoorSOFT #:%8 (Moor Instruments Ltd. ) # &7 T T B il jpt B
(14.9 kHz, 0.1 sec)» ¥ N ¥ g Firiedrn n 5483 (B 3)° A5
P A I PR S | %,{ﬁ;f] 4 3 Microsoft Office Excel 2007 ( Microsoft
Corporation, Redmond, Washington, USA) - & ¥:& {75 Fapsmair - 1 p

S S A R S A 450 E itk o

SOENERFET AR B RGN EBIREF AT AR I RDR
i SRR B A WA B 047 o Aipl R A# LT (baseline CVC) 05 4~ 48

PREFFRTABHIFOR T 23 1.5-3.0 4480 DCVC % 4o i B fd

13



Aaaen T2 CVC (Bl 4)e et B ER A 477 S B peak CVC & > & 5 4B % o
1230 /- 60 fyenT32CVC e R F w4~ 482 5 4 d BT 5 ff(area under

the curve » AUC) -

baseline CVC ~ peak CVC ~ peak CVC #x % & -~ peak CVC x| 4 +* ~ AUC
% time topeak (I F &R L hpFf ) 39% RIFL e B Hten F et o
peak CVC =% & % % % peak CVC j& baseline CVC > peak CVC :x%F 4 - &%
peak CVC :z % & "7 14 baseline CVC #F11 100% AUC B 4v #pF 8w i & el B A 0

time to peak E_E Av# F|F % @A PR o
2.2.5 L4

T AR T EE £ R A (mean + SD) # 7 o Hchp A 474 * SPSS17.0
® Z a8 (SPSS Inc., Chicago, Illinois, USA)e A 3 4 * B R p BB ik
(within-subject coefficient variation, CV) =i p 4p B 2 #c (Intraclass
correlation coefficient, ICC[2,1]) k=R & L i F Rikyp i B G R
(Agarwal et al., 2010; Bland, 2000; Roustit et al., 2010a, 2010b; Tew et

al., 2011)-

CV e * 323 437% (root mean square method) +%& » @ CV @& -] > 10% »
i35 10-25%% < 3% 25% 4 W&ot 2dF P B2 2 2 Pl R (lellamoet al.,

1996) - CV &3+ & 258 4o

n T
5% R CV i OV =————— X 100
R R e P A R HT 0 £l B j=1mo R R S d £=1n

ERECV 0 cv =1
ICC &R+ * two way random effect model approach %:+%& » @ [CC i&

<3 0,75~ A 0.40-0.75 % -] 0,40 A %A 4~ B2 AR LA

14



(agreement ) (Landis and Koch, 1977)- ICC &3+ & 2 384T

ICC=Br#LAE/0%2E - BREEE/(2Pp %2 L + BRELAE) -

(MSbetween - MSwithin)/( MSbetween + [k - 1] MSwithin) -

#H ¢ MSbtween % &p %8 3253 25 (mean square estimate) s MSwithin

SHERE LS B3k LY A e

ATAPL B FIFFEFFIA IPEFT A BREREZE RS X w
Wipry o % kT > 1 peak CVC 4 47 1CC & 5 0.54-0.90» T35% 0.78 °
hod B3t ICC 25 0,78 @ 3% ICC ExR %2 i 0.4 ¢ > pl3-E O
kenfgc <) o P F R A A 18 4 (a=0.05, A=0.2) (Walter et al.,
1998) - &% m ¥ iv 7 # Ay (missing data) Pk '& S > 2T T £ JedrX 3#

K10 £ 742 10 b4
2.3 %%
2.3.1 %%

KA AT A 1o G LREF L RBDF 0 T P R

BoMEARE (P<0.05) § 4 PhEdfcTofm i RIOaE LR -
2.3.2 CVC B3

7.1.5-3.0 » 455~ chbaseline CVC #cdy T 3522 3. 0-5. 0 » 45 cnficdy T 35
TE AR R E 30 RN hT e B T dhpeak CVC &2 60 f <
TioEs 23 AR (FHEARET ) Flt b fanti? > Apr* 1.5-3.0
# baseline CVC T #5id fru i B % & 30 § #° B P < peak CVC T35E higis »
o ER T - XBF - XIRFDERACOVCEZpLEZPRIERIZE T B (£
2) ie &% = =plz#Ebaseline CVC @it » # SD» # ¥ - K Fuk | o ¥ -

=

THEHZ XRREY 0 LRI EIERE L R TIR PR S 90-209 f5 0 T35

15



151.1 £ 36.8 3] 167.2 £ 33.4 #) o Fla 7 hB ML g Y 4 4 Adaw

FF o F P RREPRE RS R 4 min AUC (53-8 il & o
2.3.3 P RIZR

Rl 8 £ B R alicdpde & 2 277 o #iedp Ao baseline CVC ~ peak CVC iz
P A2 time to peak L BlE R A E o g * CV e ICC k=& - peak
CVC(CV =16.02-17. 31%, ICC=0.77-0.78)~peak CVC =% & (CV = 14. 30-18. 12%,
ICC = 0.80-0.86) :#% 4 min AUC (CV = 18.37-18.70% ICC = 0.60-0.78)

L PR RAVUELD TPt PRl R AT ELRE (FHRAET)

2.4 ¥k

AT A ERE S B EF R F S F R R R NP
HF BB D A B L H BN G SR A B SRR T R IR A L PR
eiipeak CVC ~ peak CVC :x % & ~ 2 4 min AUC ek pl# £ R A 57 X oh
AR o PEFRES ErE P BE L BRSO 210 45 0 Flt > 2-3 A 4min
AARIE S 4 A gt e 7 BE g nlicdy (T4 45 0 04 3 2 7 o S R R RE
B A42°CepE@ g 2.5 448 (4 )T%{‘v%iﬁﬂ % 90-240 F5 ) Flpt ArE R
Tom PR ECES ORI AP R B 2 A e AW 5 A 48> initial peak

g

Pl T AV U AL R - A fe ks 2 s e By (Ciplak et al., 2009;

Frantz et al., 2012)c & @R & % pRERF E 2 6-T A4 5 4Pz 32
FHURRFEFREFHRERE > 77 RAE RIS 0

Flo ATErFF R Y ad TPl R ANIFLER
fe A Seht pes LR o f 0 L P F RAR LA S feh T
hoghR s B iR € £ I gAY g ehiE 1 (Drummond, 2009; Drummond and

Lipnicki, 1999; Hodges et al., 2008; Houghton et al., 2006) ™ % — % i

16



¥ AA# k& (Houghton et al., 2006; Kellogg et al., 1999) =@ 5 - 1245
AFETOLPIERAITESET > &b RIEY > 30 AR B A S 45 4
Rl i ﬁ‘u MERRIRE A G - 5 0§ H PR e A P
AFTAS - BHERPBTPHBENFHB I P N EFHES MR ML F
SR VEFRROLBICRE A P R BB R LR PR S 2 ik

;}7?0

BEAR A IRA L FORRIEAL AT B ERR o A KPR A FF A 33°C
iz baseline CVC :B&_ 3 $o~ g & 42 (% 2)- &7 baseline CVC % % & |
AR BOFT B R 2FFNL ERADTEFER - baseline CVC {r peak
CVCreRp AVl IR R AP F T Y AETRERIDRE 1 EFE2 0 F 4D
2 Apee £ 0 B4 T BT f kY baseline CVC s & baseline CVC 4p B
e peak CVC #c % £ 2 peak CVC #x % 7 ~» ¢ (Agarwal et al., 2010; Roustit

et al., 2010a, 2010b;Tew et al., 2011) £ 7P » £ B Fi"’” E o

WEES R R R L H BN T S B TR T R IR e B RER D
Fplz R+ E (Roustit et al., 2010a) > 4o :c* £ & V358 (integrated
probe) (Tew et al., 2011)~ 5 44 % # 8- t% ik (Laser Doppler Imager, LDI)
2 F T bk pm¥tt = ik (Laser speckle contrast imager, LSCI ) (Roustit et
al., 2010b) - RI= w2 £ RIG R » 2R F1G 4~ 2 P FT ' R ficdy h
RRM o e E AL N IFEp 4 4o #1475 (PeriMed PHIS % 34 mm) & "z LDI/LSCI
4o 447 58 (Moor SHP3 5 35mm)- H & 4% v* B 2k 5% 457 57 #5 fie 40 #1445 5 (Moor PH1-V2
522mm) <% > Fp AEEIR S EREFE w M b en- B2 T ERE S ]G 0

fi;‘iﬁriiﬁ‘%'f’ﬁx’g” B W L e F o BB E R A ] et o

VUL E 7 p A e chip| RN RIE R S E N AL R 0 A T
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ENAFL FRADIFLE LR EHEA DL BB A AR LY (Caseli et
al., 2003; Hodges et al., 2008, 2009; Houghton et al., 2006; Kellogg et
al., 1999, 2006; Shastry and Joyner, 2002)- #7141 > § $lF - ¥ H &7 ¥
PP RE B FOGRIER R RE B 2 RG i 0 RFIA G R
FRAEBREHN GARYT T 2E NPl AP %P R L AR - X R FE

EACHEEE S RN TR B ALEL 0 LB - KET L RRE

LR eG4 £ 2 ¢ o0 17 S -estradiol £ progesterone ¥ 3 ¥ it H jte
s A K en#dud B (Brunt et al., 2011; Charkoudian et al., 1999): #
TS T ETEERY > Bt g PRk EUEF E BB Ao D BB
(Martin et al., 1995)° & 2 7 A EF T HF - Xy TR LR e
Bl T2 R 4% initial peak chdicdy 0 Flp A A AEE FIcE M FE R T

NEEI AT R

ik
3

Baega 7o s A OT RIUE I G P B R TR e BGE

FRRE Sene R L RIG R ¢ ERT R DR - PRGBS L RRR
FREEFRTHERI A0 48 FItj g 0 GRS T4 0 4

o

L=

AN AR MR F SR 0 S BT AL IR B S B MR

S

UET Y SIS T

__g’\"
\\‘5

RIS TR -

18



2.5 WM#%

Acclimation B|H Resting B|H

0 10 20 30 40 50 60 70 80 90 100 Time (min)

W1 FREFARS - FHRKT5HBEF R (acclimation) 30 » 4818 873 =X iR
Foad 2 Bk (resting) 45 A48 o & T pIFE e FE M e B 33°C pl £

A g 5 A4s (B) » 102 33°CHad 47 42°C 5448 (H)-

W12 R0 20 enfa 3] B e o RIE BB 008 RBAEEE AR (1) e

TR (2) @Mt w A2 - Fue
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Zj

: Ly L ".Ll 0
— L

- :
1

i )

I "MWNWfl.'ﬂkwM‘JI‘I‘JIWI\JI‘I\‘IM,‘I‘ﬂﬁ'ﬂmwl\N ol
TP - - uf

S L L L L L L L L L L L L
e I e R i o e R e T

W3 1At BBR L B ERFMEA, - FLUX1 2 TEMP1 5 = Rl &

Wiz 2 B R - FLUX 2 2 TEMP 2 & + RlB| &30 e 7 2 R o

200 -
180
160
140 -
120
100
80
60
40
B

20 S S S — 7
I AAAAAAANAMA A At A AN A al o Asasterin)
0 I I I I I I I I I 1

1 2 3 4 5 6 7 8 9 10

Time (min)

Flux (PU)

AR L TS ¥ N N s AP & RO A RS S AR RO AR &7 WA LR 2E I
(A)1.5-3.0 ~45 baseline CVC> (B) 3.0-5.0 & 45 (44 2 4 48 ) baseline
CVC- (C) B iniE (peak flux) > (D) 30 #3252 peak CVC > (E) 60 45T
392_peak CVC - (F) Pl 3% o iz PFRF (time to peak) > (G) 4 » 45¢ T

& & (4 min AUC) > (1) *c &/ -
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7 (n=10) + (n=10)
£#  (years) 24.7+4. 1 26.1+3.4
£3% (cm) 171.846.2 160. 8+4. 4"
#E (kg) 66. 8+9. 2 53.849.0°
T 3od: % B (mm Hg) 80. 945. 2 79.5%5.5

#cdgimeans + SD& ¢ o X or § &AMt gip < 0.05 0

22 7 REFERS NN L FRELPBITR

371 BIEE ¥ - R § o =oaplE Cv (%) ICC
Baseline CVC + 17 0.27 + 0.20 0.20 + 0.08 41.38  -0.04
= 7l 0.25 + 0.18 0.21 + 0.11 31.59 0.48
Peak CVC + Bl 2. 1374, 0. 54 2.10 + 0.53 16. 02 0.77
= 7] 1.89 + 0.55 1.85 + 0.63 17. 31 0.78
Peak CVC change + 17l 1.87 + 0.56 1.90 + 0.51 14. 30 0.86
= 7] 1.64 + 0.55 1.64 + 0.62 18.12 0.80
% peak CVC change + 7l 973 + 535 1037 + 395 41.74 0.56
= 7] 819 + 347 888 + 342 34. 84 0.75
4 min AUC + ] 30.7+ 7.5 29.2 + 7.2 18.70 0.60
= 7] 26.0 + 8.0 25.5 + 9.4 18. 37 0.78
Time to peak + 17l 167.2 + 33.4 163.7 + 44.6 21.38 0.31
= B 165.5 + 38.8 151.1 + 36.8 17.51 0.43

peak CVC ¥ = % AU/mmHg ° 4 min AUC =2 F 3k 2 1000 - Time to peak ¥ i= 5 sec °

CV 5 coefficient of variation (%) » ICC % intra-class correlation coefficient °
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Y% BRUAPPFELHERTHRAEFLTR ALK
* R RIEp LRI R 2B

3.1 »%

il G TP R F S E T e C A M SR AT A
(Magerl and Treede, 1996; Schmelz et al., 2000; Wong and Fieger, 2010) °

o pEdhR F oS- i AL FERERR EAN £ en1 £ (Bickel et al.,

2009; Krishnan and Rayman, 2004; Krishnan et al., 2009)° % & & °va
FRe7d B3Rg F4c#351% (Krishnan and Rayman, 2004; Minson et al.,

2001 ) &7 P3Rix? > fen ¥R A F AP F ~ ¥ R 2 (Bravermanet al., 1990;
Cracowski et al., 2006; Wardell et al., 1994) > @ ® & #ras tdple chgd
J§ AR T RIGE AR Y FIEL o T 0 AW TR R PER A BARA R o
FAREE R FA 4B B iR > {7 & (Cracowski et al., 2006;

Johnson and Kellogg, 2010; Minson, 2010; Minson et al., 2001)-

i HOBLSN T SR Y B SRR E B IR A i P R AR
Bzt it F 3t dp L (finger pad) EHE 7 X hE RIG R Ba o
s BRen pl i R R 7 & (Roustit et al., 2010a) - s R Pli; R R 4T
VUFFIT AR E BRI X AT B - BRRE ML F RO E &L
B4 AR LA R AL BR R BIVRR AR A T e e
HE R F S22 F s % 60% (Minson et al., 2001 ) 2t B m Ap gt H 8 F) & >
BEASHREZ ZRENPHRF Hovn F L L~ -

EhItF e n FEPRER A BB R L R AR T T
Pwiipy £& 044 (Agarwal et al., 2010; Roustit et al., 2010a, b; Tew

et al., 2011) - EEFFRFE BF B2 B2 B F 2 0 27 IRA EENE
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(Drummond 2009; Drummond and Lipnicki, 1999; Hodges et al., 2008; Hodges
etal., 2009; Hornyak et al., 1990) 22— % i+ § e # k& (Houghton et al.,
2006; Kellogg et al., 1999; Kellogg et al., 2009)° k@ »ig 4 i in 2
TREFERRFICLFZ R IRBEEREFFT R - LERICRAT R HEY
e 20-30 4 4Tk B i R ¥ (Agarwal et al., 2010; Roustit et al.,
2010a,b) > e A H s g o> Frgpr 0 £ 90 A 4acrtk i kY (Tewet al.,

2011) o N e plHp R BT I A BDERF o f > FRFEINEMHTEF
TP A KPIRELFEEAL A& PSS 30 A4 B R T R F S
& F R G 4 eni Bl & (Huang et al., 2012) #ka » F%5 30 4~ 4507k 58
WY L PRETIE ! & S RPREN AT ERFF AR A INR L F
ERIGFAT P EFHOE R R R I FE - A PEXHERBEERIE - 4

YL AT S BV R FE R A o

BE AR AR B BESN P S 3 ¥4 0 i3t (Roustit et al., 2010a) > @ *
LI (Tew et al.,2010) ~ § 42 F 2 2 ik & §F Sk s gt = ik
(Roustit et al., 2010b) # # < pleF 4B k&= £ RIT R » RS & FF

gﬁ@»’\ y A iﬁ«z?g@% e :u:ﬁgﬁvgmi » B IR S rﬁggfa N _—f.#% ‘«frsgnﬁj_ o

L ek MR AR RN R A SR B PED
B RREARRY 2R R DR R T BN F R B Ik
T emF e B F R F o FEHE RIGR RA T2 A i
L RARF Y A RN s e MT A4 TS A RERTRRGR
ﬁpﬁmﬁﬁﬁﬁuLF@(»Tth€,muLF@ﬁM%&%ﬁﬁ)ﬁﬂﬁﬂﬂﬁﬂﬁﬂ
TREATRZIT R DR o gt b SRR EEE e A A IR L F 0 B

IFB"T%'WL‘E/EJ rﬁﬁxl"‘mg‘} 11{,'9;1—}‘3—« fﬁ_ﬂ/;{ R
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3.2 g i
3.2.1 @4

B EER L AL ARIOE 127 15p423 100 & 127" 4 pHE
P EESL 240K - FRFORESFEY (T4 L2 P XBFHFRES - F

“rifAple (R#12)e 2P &E &~ FrRm i

o+
Fr
i
A
D]
4
g;
=
—
W
T
ER
&

201102005RC) » #13 X H S ERBHRHTHEBRF LT -
3.2.2 R =HARE

P X ,i\xrhﬁtwﬁApéil"%ﬁ’»ﬁ;@wﬁeﬂpﬁ?%# GG

AAH ST B frdt k> SR F TR RB - R ES o X H R

W

HF TS G RBRREY NS T RAL0-60% B A2 £ 1°C) 0 %3
FE A A 2300604 TR e (F - en=24 0 740t BITI0)c iE30 N
604 4B crIR B e P BASEGE R INE L F BRI (B EREBY- 2 ) -1
SR EAARRREE (L ARIERE D ) FHRPT - 2 F R 512-28

Co

RRREE@E A B L MEREEEE SN AR DREFEF A
it 2 F AR & TRREY o L REFNRRT - Ry b 2R R ST
BEFRP R AP - A% EAEBFALE - T2 BT
i PRAE AT Tdp e P EATE RN AP EAFEF - A Al hh e (S

-‘?Eﬁ'"
3.2.3 FHAH

AE s GRFORL R S e e d - BRSAR R o A G T Al
A R AR B fn A ST CVC (B 1) & iR R R E B

F 5 BAstegAr 90-210 #5 @ B+ & o peak CVC 2&x 5 ¥ o inEn i & 60
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$)£1CVC = 3518 -

AR B AT DR IVE L F R IRIGEp 1R ¢ 4% baseline CVC ~ peak CVC ~ peak

CVC :x%* & ~peak CVC:x% 7 A v ~ 2% 4 min AUC »
3.2.4 33+ads

AET T Bdpy T EE £+ REL A F oy * SPSS 17.0 & E el
%45 (SPSS Inc., Chicago, Illinois, USA) - mR# v F RE R ARTRGHE
- AR T BEPN CVeE ICCI2,1]i73® % (Agarwal et al., 2010;
Bland, 2000; Donald et al., 2008; Roustit et al., 2010 a,b; Tew et al.,
2011) > GRES APl o gt 2 b SR dEend R R ity o A
- 380 R E ik #E (standard error of measurement, SEM) £ &/ #
Wpl:c% £ (minimal detectable change, MDC )~ SEM % pooled SD 3% 2 (1-1CC)
e 2 425 515 n=24>MDC 5 SEM 3k 12 2 e-T = 42 1 k12 1. 96 (Guyatt et al.,
1987) -

1N P ke I AT § By 0 @ % peak CVCen® it g 7447 » @ NICCHE 5
0.80-0.86 > T 355 0.83 (Huang et al., 2012)- i #p 3 ICCen7 fe 4P £ B
FERVENTH 2 vEXDICCE > 50,40 Flt & 23 & chx 'sﬁ%ﬁf;’&fé_
5224 (a=0.05 pB=0.2; Walter et al., 1998)c &% g ¥ i } 4 ik #Ip

higis o ARy end0A 482 604 SIRELE B A B b jes 2423 E (12F

BA 1284

%%ﬁgiﬁﬁﬁﬁﬁﬁlo%éiﬁﬁi@ﬁi#owﬁﬁimﬁﬁ%ﬁ
WA et g EH 23 HME 2 RLPFTHEREY A F DL
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2 (P>0.05)-
3.3.2 CVCi¥;

CVCHBAE® » BBl - A fo¥ - T2 -~ A304 42 60~ 48B4 b
Ha w2 F > ¢ 4tbaseline CVC ~ peak CVC ~ 4 min AUCE % aig¥ £ 8 (F#
AR ) o BRIFFES - Xfrd 2 X MR K o LREEINEZOtine to peak /i >t
92-209%) » ¥ T2E /1 %7143.8 £ 35.73]165.3 £ 30. 1§ #7F hB % n i & ¥

S

b
E

WA damiE D) 0 Fpt R 4 min AUCRE 7 £ |15 B A 47 -

F_k

3.3.3 LRI AR

225305 &2605 BB ERY DI BRI EPITAE - SEET 0 ¥
304 483k B i P &0 @ A cipeak CVC{rpeak CVC# e % & 11 % = % AP time to

peake L Bl R ¥V AEL c {604 SR E R o 201 & 2w By v

o

FI VR ERE o w3 53080604 BB G BEY > 4 min AUCAT RIFSS

WERIGR > = RIEREARMA % - Baseline CVC& peak CVCrc 8 F A v &3

F_&

302604 i e ? £ RFEA A

2353 XPIED PIBEINCEFVPRILPERADTRLT N TR
#3028 604 427k 5 if & e peak CVC ~ peak CVC:x % & ~ time to peak ~ % 4 min

AUC» pt % » PP EIRT &IV S 8enT oL 8 ~SEM -~ 2 MDC -

3.4 3

AEL D PLHEREFR L RAF R F ML F o a kL eRE g
B TenA RRIHPZERIGER RS # HIN TSP B
P REEIN e BT b R R e B R INH L F BT RRIY LRI R
FIF R 2R 2 @ ek AR BT DE PR ORAER - 40 $oh L F

2

T EE T @2 (Cracowski et al., 2006; Johnson and Kellogg, 2010;
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Minson, 2010; Minson et al., 2001)° %= 30 » 453k 8 i P {6 » + a0 AF
eripeak CVC ~ peak CVC:x % & ~ 2 4 min AUC > ¥ = % E*¢h time to peak ‘¥ if
BVERELERIGR S I BRI LB FOLRIG R R AP A

PORS RE B R (60 44) VESELPCR
3.4.1 Bl FH X Aﬁb

FhRF S EXTIRE G RaaEicmilg b aild aoFT 7 AT ek
?OREREPRREIN DR A S0 s A R R A S ] Foa AR
B f 5k E Rede 4k T HRE I g2 (Cracowski et al., 2006; Johnson
and Kellogg, 2010; Minson, 2010; Minson et al., 2001)- 513 #% & &%
£ F @ o i C Al S e B 3 SR 1% (mechano-insensitive) C
Al Flm ARAL L wgken £ 12X 88 (silent nociceptors) (Schmidt et al.,
2002; Stansberry et al., 1999) - CGRP ¥ substance P cf# ) ¢ F it ghR F
b KO T HpES F o RA BN S AL fd RS 4 (Wallengren
and Hakanson, 1987; Weidner et al., 2000)- ] %% F ¥ — #+7 57 42 &
#gaehd fede o) en? Ex 985,34 em’ (Schmidt et al., 2002) e $3°
AAR L A - ISR B R A A R F S B e fE 55 176 £
1.76 cm® (Wallinetal., 2001) - 1995 #cdp @ B £ A Genst fe e ¥ i at 3
EREDHEE L AP R R R REFRETARE D A H ]

(Schmidt et al., 2002)- %] Roustit & 4 j& = o BF F IR RIS :E B0

Bl DA g FRIEEINE o F Ak - BRI F kY o B o BRI peak
CVCHE ® &z &3 & (CV=>53% ICC=0.34; Roustit et al., 2010a)- @ = i
PR IE BRIRER e e R LRI R 0 1 peak CVC 4 7 28 2 @& (CV =5T%,
ICC = 0.72)° & * ko 3NJps Mg 4 551 > peak CVC b~ o F 5% £
B AV ETS + 3% 2 32 £ 2% (Minson et al., 2001) - iz & e #.3% % peak

CVCerBF 27 "REAHE7 R LA EnFZ > Ras 7 E‘E#?“,f%xrj‘—,‘itiﬁ PR

27



2B FF R e A K D BAPMRRREN L Bk F R AL 77 R0 E
2 PR HREP AR BSRET o BIFEH B 2-6 mmiﬁgﬁéfg’ii o E 100%
(Braverman et al., 1990)° pt ¢t » & 3-8 BN Fep B prde 2l A - % X
EAEEF R FEL Pl AP T Y e g R RS A RBE Do
AP RE LGV RLY (HOA FRIERG R EATHED R FAR
AR e eREIN 0 T LR R A G A e R pETE

R
P BT Mk F R AR AT G R A

3.4.2 BBERY

~

R IE L F ORI Y o RBE R R BT 0 g B BRE R R E LR
s

c B AR A RRID AR o ERT RS SRR AL F R RIG A

o

R

BRFRBYZTH I 60448 LAPLDNTREFET U HTLERL
BRI e IR % 0 B 30 A4 B RY ¢ 555 (Huang et al.,

2012) ° ot 2 b > EATREREINET i § FRA LML FRALL LN 52
fecnZ B o RRFAERROA R ZFOREFTREPZP DR E L T
o R B RREAET T Apinend IR A ORBEFRP IR E Do AR
BAEP T ER ARINEA L FRT SRR TR Bk DRE Y (60
Ah) R & e BT R GFET LR G- § O § A AR R R S
MAar T2 Tew 2(2011)enF HEE - RIAEEEER S L D
Tew & A @ % ot F B /i3t T84 90 A480ThBR i R > EF LFaL

g KR EREERG R
3.4.3 # Bt R enigliv (lateralization)

JES i g B2 % ¢ 3 I peak CVC ~ peak CVC sz % & ~ % 4 min AUC ¥ &
230 ~ERBEF /D EDLDEFEIN VR DL PIGR AP A 30 448

2B B e w AR EE T 8 g time to peak £ R R o FlA I L
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FRLE&D GITEE A SRR EF 2+ 22 RO RIC AT RFFINEL
AT G enipl v o B2 AR 2 £ afuf B @ (heat pain threshold) * + # # (Lugo
et al., 2002; Sarlani et al., 2003)> e =+ " AF2 FFendupg B Eirm g ¥
% % (Long, 1994; Taylor et al., 1993) - & 7 241 i 2 - § & F £ 30 ehft
REEDRR g3 L RPBGREEHEF A ROt RE g2 st
m A4 Awk® (Taylor et al., 1993) - £ ﬁ B R EE R GF R F S
R KRR RRRAR o TP > 30 AEBRBERD EP KR AR

W F eni LR EEL R ARG g Fe- BT o

TR 30 ~ 4B R 2P peak CVC ~ peak CVC :z% & ~ 2 4 min AUC
EON L REENNVRELARPERE AT EEEFEF T LR RE LD SER

Ao I F M AREF 2o A2 P E o
3.4.4 %4 £

SRS FIFFR LG S mm BT T AIRERE IR & oo (5] B
"% (metarterioles) & frtr#if4z® A F o iid 4 F4pslini € 5 & (biphasic
flow response) ¥k (Widmer et al., 2008) ¥4 & 4o £t § H 515 ] #52%
PRk o iem AL E B R4 A B R o T f SR eDHi A T A R B FIFE M E

RF B FPHED F DR o

BEARFRF A PR G AV MRS RINE L KRR R R TR
B 2T FDL RS oAy o BB G SR B Rt B i i
(Roustit et al., 2010a)° & Mg EBow RRpiRIn i pF > @ % H gh38 F o4 3
oot Rl R hIvA L L F enpeak CVC R BIiZ B 7 & (CV=5T% ICC=0.72)
(Roustit et al., 2010a) - FH* 7 a1 & T3 < PREG f > 4ofl* FE
#Eg (CV = 15-19% ICC = 0.69-0.84) (Tew et al., 2011) =3 5k it

= ik (CV = 15% ICC = 0.48) (Roustit et al., 2010b) - & AAT#PIFEIN
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B @ 2% peak CVC £ RIG A - i Blphim o @ % A SRR - B S
PP HER S TR AR R A E RN TP A B T - H R
BEME AR LENA L F REPIERRD 0 F L EBENIFE L B A HIFE 2
FLE A ol (Moor PHI-V2 B /5 % 22 mm) » $30 8030 ~ B & ~ £ 4
RS TR R R - § M B RR S T SR A R
#4757 (Moor SHP3 % /=5 35mm) > 122 B & N 4F55 & # s #4558 (PeriMed PH

132 /25 34 mm) & * Atig 7 T AR &+ 4R 5 FEEL o

AR AR F R AP RERIC TR LA B S
FEfFEh AmefREEATYE ¥I I RIFPFLEZ A FIGFEY D
#dg o MDC v v En Fe g FR R E (Jette et al., 2007) &F7 % %

ST RE I R IR W MDC A - AR Y

SRR R RIFREIRN MDC ¥ i H s @ * AP e RIEEIRN AP P EPF R S B R e

>4
o]
%F
=
DN
it
o+
‘:1\
e
\\\?{r
ole
)
ﬁm
T
1%
R
ha Sy A

KL AR T TSR < 2Rk FS &

Flo AT W4T ¥ IR B FREK AR LT RO R I E B
?@%#@ﬁ%ﬁiﬁﬁﬁﬁﬁ%%ﬁ%ﬁ%iﬁi’Wﬁ@ﬁ@—ﬁi?%°
Pk n g By dp 4 17 f-estradiol fr progesterone ¥ A W3 5 A F i F
(Brunt et al., 2011; Charkoudian et al., 1999)> ¥ & 3R# L i & B s
4o B i B AR E %;éﬂﬁ £+ g% (Minson, 2002)c Flpt > $3rb 4 A m

FE XMV AHI EERRRAE PP DEREFIRENFL

HLEBIFYE AT EHOEGT u#am;ﬁﬂ B~ RIFG R M BB
BRehz BRE 8 s sk B TR A Fike B R~ 2 F 2R
FIN IR R S TV A peak CVC E® L4 and BT R o L F] 5

,,EL”‘ SORPER P R q—é—ﬂzﬁf{ﬁq’ /;Imlg,‘!'—.’ EpER SRR iR E a2 2 (D
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A gBEEY 3D A AR AL ) o

w2
SRR e Y
GE-E TR EEy
BERTRALERGR

AR ERRE Y YT

- B AP AP E SR

|

“~

TR -

3.5 W%

250

200 +

150 A

Flux (PU)

100 A

50 +

s R R B SRR R AR E AT RR RN

cx e MR IRE L FRERIGARET B D R A TRE

o*zz;};%

» TG B ghsv
R EPR CRAFMRF S F i B
i

APy B % B A E AT AR P RN
BREFT A hINFen F g B R o2

HERA R R e TR R R R

W1 7 ~5m8E

10
Time (min)

BARR/ . R BN A E AT AN AR LIRS IT R o

(A)3.0-5.0 45 (4c#m 2 ~ 45 )baseline CVC>(B) & *# & = & (peak flux)

(C) 60 45T 352 peak CVC - (
(E) 4 » 4

D) Pl F % o inz PR (time to peak flux):

g0 AT G fF (4 min AUC) » (F) 4B R -
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1 304 452604 4RI i Rk A AR TR

30~ &%k B E ke 60~ 87k 5 if B e
(n=24) (n =24)
## (years) 25.4%3.5 26.9%4. 5
23 (cm) 167. 348. 7 166. 246. 5
#E (kg) 60.5+12. 6 60. 3+10. 1
T 3od: 7% B (mm Hg) 78. 645. 6 T7.3+6. 7

#cyp M means = SD# 1 o @ Eerrg b gip > 0,05

£2 2 RHAEERS NehhmA L F R £ R

R

Beip B 5 30 A 47k B il bl

60 A 487k 4 i s ko

+ 17 = il

- 7] 2

v %) ICC v %) ICC

v % I1CC v ICC

Baseline CVC 36. 96 0.52 39.72 0.48
Peak CVC 18. 38 0.82 20.24 0.05
Peak CVC change 20. 38 0.83 22.84 0.26
% of peak CVC change 37.74 0. 65 44.04 0.75
Time to peak 19.80 0.33 16. 84 0.52
4 min AUC 18. 66 0.75 17.35 0.16

45. 60 0.47 34.76 0.50
15. 60 0.87 20.97 0.67
23.64 0.74 23.88 0.61
55. 66 0.58 42.58 0.43
17.18 0.57 15.35 0.61

14.15 0.88 25.17 0.62

ERGREMIAEE60AEERFREY - T E % - 28 xRE HCVEICCE

oo A e Bdp &I N enf Bl R ¢ #5baseline CVC ~ peak CVC ~ peak CVC

change -~ percentage of peak CVC change ~ time to peak% 4 min AUC - + | %

2R A4 RE L Rlanp £ B o CVC i cutaneous vascular conductance @ CV &

coefficient of variation (%)’ ICC % intra-class correlation coefficient °
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23 LRIGAEAFTED F A hINE vn F BEIRIE &

P LR R RIE B 8- Rl %o Zpl@  Difference  CV IC SEM  MDC
%)

30 A 4BTR B 4 e

Peak CVC + 7 1. 9340. 63 1.84+0.55  -0.14+0.46  18.38  0.82  0.24  0.67

Peak CVC change + 7 1. 67+0. 63 1.61$0.52  -0.09+0.45  20.38  0.83  0.23  0.64

4 min AUC + 17 27.849.6 26.5+7. 4 -2.248.0  18.66  0.75  4.06 11.24

Time to peak e 169.8+36.9  169.9+36. 7 0.3+45.1  16.84  0.52  25.70 71.22

60 4 4578 5 4 fis i

Peak CVC + 1. 89+0. 64 1.93+0. 56 0.04£0.42  15.60  0.87  0.22 0.6l
X 1. 70+0. 54 1.71$0.52  -0.04+#0.55  20.97  0.67  0.31  0.85

Peak CVC change + 1.59+0. 65 1. 67+0. 52 0.07#0.57  23.64  0.74  0.31  0.85
X 1. 47+0. 48 1.50+0. 53 0.00£0.55  23.88  0.61  0.31  0.86

Time to peak + 156.5¢42.8  156.8:36.87  0.5¢48.0  17.18  0.57  25.12  69.62
X 157.3¢40.5  160.7+37.0 3.7+45.0  15.35  0.61  23.60  64.32

4 min AUC + 27.448.5 27.T47.4 0.6:0.9  14.15 0.8  2.80  7.74

£ R R 30

A 60 AEBEBERREF - A E S - XA IR EACVE ICC

%51 o peak CVC 2 4 min AUC «»¥ = 5 AU/mmHg - 4 min AUC i % 3k 2 1000 -

CV % coefficient of variation (%) ICC % intra-class correlation

coefficient » CVC i cutaneous vascular conductance * CV = coefficient of
variation(%): ICC & intra-class correlation coefficient’SEM % standard

error of measurement > MDC % minimal detectable change °
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Frd UERTETRMAEIRAR AR AL F BLBP

4.1 =3
hodh g erat s bk B;’:ﬁﬂﬁ’%’%lﬁ]&i%_ﬁ?ﬂ SoAp il b TR B F 2L WpE
AR RT M AEE > AT F s lE s o Ty C ‘“‘:}F, PR e
AFEERH TR A Lok 51T * (Cravo et. al., 1995, 2003; Miller
and van der Meche, 1976; Piesiur-Strehlow and Meinck, 1980; Zehr, 2001 ) -

moa s TR B ad (TR "‘,ﬁ% TAERA K2 BRI B e
LR GE S TS A F AR M e B 54 X R T A

BRI AT R o R MR D T R WP A T A DR e o

AEHBET R ETRMEANE NG FRINRAGEARF L B £
FTEREIFHFE R RELTE G NEF B R R R E T U E T A D

o

%2 1% B(nociceptor )& 24 0 4 & i & kA S5 U F i (neurogenic
inflammation) » 4e’c %6 ~ & F 3R ~ L iAW 2 E A F E (Lynn, 1990) -
ML R EAN R T gRa? HCREASAH S8 Y CAH K8 a
it Bz (peripheral end) € i v f# M4 Godokslga gl g Lamig 4 o
substance P 2 CGRP %4 L # 54~ (T* 0L K § 3 ¥ 5 A HRE HMP i > L
A2AERLAY &Y Rl A Y ARF A TER §fIE B 5T
i (nociceptive mediators )’ # 3= CGRP ~ substance P -~ neurokinin A %
somatostatin &4 Gt Px s @ A REHF DG T PA GAFET o BT T PET
FEHLREA SR B 3 L 2P 5 BRE LIV AR AL

TR E A SRR EIN A 2 F R B SRR

S TR R EE G ANA DA BN A SR A
'Eﬁ;lt;ﬁé? ZEiE e 3R % ’“iF@'FﬁFI_'p——fk °%aK’§%/°iF@M/§£‘H‘

e TR o R AA S C AR A E T > S R R B A S frde B
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Wk K AR A G € e dhR & 52k (Drummond and Lipnicki, 1999) -
A REAL K B384 P o norepinephrine € B #hR F iy (Hornyak et
al., 1990)- % g+ & fu{ﬁﬁ}i (multiple system atrophy ) E—"Ff Fl A R A
S A B AIEA L F R FMATE A 0 Fl BINA LR FORARIL G
3= bR K AR A G2 i et 22> 2 (Yamanaka et al., 2007) - # %4
REEFPRIVALLF B ¥ 8 ¥ h A L F BRI F KT F 4
PRI GEIREAH S BN M T hINE L FRRES RERT T
ARG R g g ik G (Nicotra et al., 2004) - %= & i
BT R E BRI SEET 0 So A (s 4458 % hpeak CVC £7 peak CVC e % & 7 % 2
B2 24 nf plt & (Huang et al., 2012, 2013) R @psff p % HE
SRR B Rl B R AR R A GA T A o F A~ o 18 2R
o Z B F o Bt e S A F R R e T IR R
BA GBI ET g M BR AT RS § TR doi A iR
=& 2 #FHB Hapeak CVC & peak CVC sx % E cee s » IR & F T2 B3 A
PR IRHGEF S FlYt > A7 3 & P D E N EF ANE L F T
TR THRPIMURA GF SHant g T RELW T T ORI AT

AR A R A o

4.2 HHE 3
4.2.1 £3%

AFETAROITE L2 1 p4eR 98 & 127 31 p R > £ #e R 20~40 &
R ERT LR 23 L S FERG AR e B Bt A
FUEHA S R M ABEL 02 EHERE AL EAOR G B RIRY X
BT LR et FE B A RL DR SRR D R k- AL
E o BHNAFE TP IH T T F N ERLH L 24-260C - AT
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o+

@A FRALGEL R § P (F© %5 200810040R) - %8 k5 o -

RRFEEANIRT T RERI RS EME G S EEFRLE R
~

SFHTER S E S AL AR RATRE A TS g R T
P E R B o 7 ARG R L RS B PR A
Koo £330 ik 30 A 4018 Tt - R R B R L B R% R RY

P R ALY S -
4.2.2 RfE e FORRIGE

Bk n FRERIFE B E N ED S 2EF- K (B 1) a pHFELF
§ IR OH LEASE 0 UFGRR RN AR wRERREIR T B R HE
2= (corresponding position @ CP) 3t BF ¢F 3= 4% *b il R 4= (lateral
epicondyle of humerus) ¥|#&# ¢t ] R 4= (lateral side of styloid process
of radius) @ et * v & 2. — i H 230 HeR|%e® 923 (radial side of wrist
extensor muscles) } o 25438 = (non-corresponding position » NCP) R
=+ B % (olecranon process) ¥ ¢ # g R4t if] (lateral side of head of
ulna) @i ent 3w &2 - o B 2308 o v (ulnar side of wrist
extensor muscles) } » BHBINFEH G 6 0 (B 2) BIEPFER LML

5 l‘/t’p\]g ‘-r,‘, "K[“' o

BIRAES C RBE S 285 - Roritdpl o TRRIE HINE R D A48 (Aot
BERACTS 33C) BHF* 4o ® (SHO2) 4ot b ods (e R 5F 10
F)+H1C o E33CH#1 42C> 2168 4F 2 42C ) TR HRIE hINa it o =
TR - BRIENCRFERE A BRIENEREEAFELE S - BN
BIRSEHY - BN & BINERE 10 448 3 K PFES BIVERIEER
I o fiRl Bk R enigAR? o X R I CareTaker ## 43 RIER * £ ¢ 4
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g B o B8 T ah R .
4.2.3 WA BRIk

= x:i;é‘—*ﬁi—i%-i 3xFHK O HEIRFRI S - v - AR TR
oo - R A e ik Tl RIS L RN B2 SR flET - ]
o T R F T et ot e o R EORE EF ¢ ] R 4= (lateral condyle of
tibia) ¥ & *t B g (anterior side of lateral malleolus) @&t = w

B2 = e 4 i.f‘u{fi%?%é“ﬁ 3% (tibialis anterior muscle)

Bt (7 Bz > 303 Rl PR 5 ¢ o BepbyF (2x4 cm) o
T TR (B 2)e - X AP RL PR IE > BRI 4T
Gk AP EINERF AR ERR o ABERRLENEER A
(Formosa Laboratories, Inc., Taiwan) % f#3 50%Fp iz e @ > pe @l = 0. 3%

iR AR o TR B AFERZ AR RK (5 - 5 RIENFKEF

Ry

Sz A AR A ERR (F2 2 F 2 Pl Rl LRl F T
BV o ER K- A F o BART - F AR BF AT -0 &
ITF904ml e iFRENBFRFIR2BEDT > NLFH EFICFD & Tk
RIFF AP £ cn2 2 a @k o F R 30 #4818 > R AFEEINE 2 22 RN
e B E - SURIGEAR R B BRE BT - X R I FOBRIGE o T RIRER A
o BIEIIE G o I rFEE i SRR TR AR R B AR &K -

4,2.4 it

3 4% 2 baseline CVC 3 4c#t% 3 & 480 CVC T 3518 > peak CVC 5 B

detr B s E T A S LB w0 (8 2B~ 30 f5 % 60 # e CVC T 32 o L K 304
L PR ORE R R PGS RY HROES KT o peak CVC %2 peak CVC iz & 2.
RIG R A4F FIP AT T 4% g A g R Rl ehh 3t vk B AT € X

BT P RIP R
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B AT St SPSS 17, 00 1 it B kg i R gk A
2 ogindph 2RI RS % 0 r R R TI% + EE L (mean + SD) KRR o
flgea 1 cpeak CVC 2 peak CVC ex ¥ £ 8.7 7 A £ > & * fe ¥ t # € (paired

t-test) ka7 o e 2 BEFRE T L a level = 0.05-

43 %%
£.3.1 3% ARTH

Fiek- X@BHERLI - EHEAFRE % - <7 T %= =
PR P 2 RIS R R R = SRR - R 23 BRRE Y
WAAPERIZ A% hterF 187 ) Rk HEML 245+ 2.8

Foo BB E170.9£6.724 - 4E563.4+10.827 -
4.3.2 B g F 2 o

AAREL TR TP BRI E 2RI g peak CVC (B 3A) %
peak CVC:2%E (BI3B) » =+ RILFWET LD TRGEEFVRFPELE -

+ol AL A Tk 30 A 45218 0 2 peak CVC sc g & iFv d (B 3D)
T BRI P B Pl R e A ZRIFRINE N E s T E LR o
= R F R 2 RN R ] e fé%"hi £ 8 o 4rr2 peak CVC &7+t g ()

3C) » PlEAHAE R+ RIPHBIN AN flpw sy LR -

T BB E N30 42 (8 0 AHm AT RIE S RIEHREINEZ 2
fe@R iz peak CVC (B 3E) % peak CVC :z% & (B 3F) - g & flgeis v

RyELE -

1.4 3

AR LR RAT 0 % peak CVC :x @£ 1% 5 4p % pF > ki f 0+ o) i
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RIM 2 I3 30 A B> RIFIeis ot 3 RSB0 v i & BTl 0 B
SRS LS TR S T wﬁw@#miﬂ e
R R A S BT 2w A o B RN g 2R RN ’FS AP STl )

FAR RS T RAEA G RGBS L W R R B R

AT RSN AR BAp e DI EEE A R R Tl R P ORiRR
SRR L FOBEr A ARl 0 B ¥ i R Fle M ¥ % & (Braverman et
al., 1990; Cracowski et al., 2006; Wardell et al., 1994)~ g %4 55 it

(Mager!l and Treede, 1996; Minson et al., 2001; Wong and Fieger, 2010) -~
2 A &E . (Drummond, 2009; Drummond and Lipnicki, 1999; Hodge set al.,
2008; Houghtonetal., 2006) % — % i § A # kB (Houghtonetal., 2006;
Kellogg et al., 1999) 275 #* FZplE =% » B A SR AL 8 M
FRAESFPIEZF T A - BEFERT A J'J,;}i%“$ o BEAR B ATHRT
BEETMRE HLHFH DT (Groetzner and Weidner, 2010) > e & /&
R A Gk s kA T im e R 1 (sensitization) FR R K S s
ST AL TR BN e B A M- § L F R Aod MR
SERTEAED NS e E LR IHE R SERES T i I s
A 2 i Tty 3G E S F L FRARRFDP T FIIREHEFLE

FERRF SR a G THIEE AL HMIARAH EF & FILEERILREH L
Fobbo @RI A GREE T km G S hRF S A AP R
wo P 0 e 1Y R B R B kTR e Fl e LR A X a‘*#nﬁ?d*f/fg 75

Fofo Bl B kR AP L e i TR R DAL 2 %

ehER A SR e % 0 bldoicd! 5B (microneurography ). B w e drk fh
Fodlp &4 o b+ RIETEHED S LR R PRI EAH G

Sooom LR PIERPELRA 58 (Craig, 2005)° s fd = + 7 SR fo4
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TR A G S B - 3 LR A A AR
R G R chf 2 R A S (deiF 44 S ovagus nerve) % A& h gAY (4ep
%4 %5 splanchnic nerve) i 23|t &7 i b =+ RIFRA $HfE o dok 82
SRS EP AL 2 OB L AR A ST R RS

B n4 8T (infraspinal ) BiSez + £ B > & & X Ganp &40 S F 7 1%

f #E b (supraspinal ) BE 2+ > 3 H XG0T (Tl 2 2R TR
(descending inhibitory and excitatory) =+ Rl R 7 F » P|7° F i&— # =
T o

s

$ - R RWE R AL HCV 2 ICC 2% 87 - peak CVC 7% & (CV

14.30-18.12%, I1CC = 0.80-0.86 ) + peak CVC ( CV=16.02-17.31%, ICC =
0.77-0.78) e Bz R 4% o a FI¥ ic 4 * peak CVC s B EpF > ¢ 3
baseline CVC ¥4t » B F|enfd E & e Frd S en® it £ o A 7 B S BT o>
"2 peak CVC:e & 175 v fidgih > ¥ LB 5| Tt v incndg ¥ 2 £ > @ 1
peak CVC v* e m 2 Bg o+ £ & R Bl R AR 20> 7a 30 A &3
flpecir A2 R A GEMagEnEN 5 - %K %AV & peak CVC 2%

FA24 Z R A @izt peak CVC L P Bg F e g o

- XRFFRLI - BPRBERIRER- T FSFEMNFHRIEI
MmHB G PSSR RISl mm E AR ENE - B
o A il FRALBMEEAS > AT T REE 30 A4 AT A R R
R R REREET 0 SRR R aEa 2P+ & (Huang et al., 2013):
Fl A R R HP R E BaEEART Ve —ww%ﬁ%ﬁiﬁﬁ’i%wﬁﬁw
T RF 24 (Huang et al., 2012) Fletsk#nd flpew (& - BRI 30
(BRI LT Apt e o JRR A IR e BB T RIT AR LA 27

Rl R Ri B Fies R RERE A G FRA P o Fl @R e
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Bom T2 AT G R AR MAREN SR HBE A B RF

-rx\q.

HE T BEE G AT RAIESF RN e R BB AL F
GER R TR RN et IP 0 5 R - N N cE I R

B o @ ¥ 2L R Ao 0 PIHF BB AEL LR Gl g

# B -
4.5 W
) ) Pre- | Pre- L ) Post- | Post-
Acclimation Capsaicin stimulation
LTH-1| LTH-2 LTH-1| LTH-2

e r v r v e e e 1 .
ot

0 10 20 30 40 50 60 70 80 90 100 Time (min)

W1 F%EFARR - FHRET5EBEMR (acclimation) 30 » 486875 =k
A G P WRIN B Y RINIEE A LR E (pre-LTH-1 -
pre-LTH-2 % post-LTH-1 ~ post-LTH-2) - & =tz B 5 $k#x% 11 (capsaicin
stimulation) 30 4 48 o % % kb %A L Plep e L e B B adr 33°C 2 A

KB DA A IC R BT 42°CH 544
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B 2 TR E N PR B L F R RIR 2 2R RN
R B e PRt s ot H R e B b ) R Az (A) PIEHER ] (B) i
REP2w b2 - R EYF Epbd i~ ) 5 2x4 cme #HREINE TS R

Fohag (C) m 2 h B2 (D) daent 3w A2~ jlue 2 EINER 2

R (E) ol Fegracetipl (F) et 2w 22 - e
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(A) Control (B) Control

4 9 4
(] P ] e
- Post- - Post-

w
1
w
)

-
'

Peak CVC ( AU/ mmHg)
nN
Peak CVC change ( AU/ mmHg)
- N

0 T T T T T T T 0 T T T T T T T
RCP RNCP LCP LNCP RCP RNCP LCP LNCP

(C) Right stimulation (D) Right stimulation

4 4
] e [ P
Hl Fost- Bl rost

w
)
w
L

[

-
L

Peak CVC ( AU/ mmHg)
n
Peak CVC change ( AU/ mmHg)
- [N)

0 T T T T T T T 0 T T T T T T T
RCP RNCP LCP LNCP RCP RNCP LCP LNCP

(E) Left stimulation (F) Left stimulation

4 1

w
L
w
X

Peak CVC ( AU/ mmHg)
BEN [N}
Peak CVC change ( AU/ mmHg)
N

o
o -

RCP RNCP LCP LNCP RCP RNCP LCP LNCP

UIEIVERCE SIS SRS PR AP R S R Ty )
oo AR B ARl C2DELRTlEe B2 F 5 2pfln. 2

ZBEHT peak CVC 27t > - B3k * peak CVC iz 287 v o R: - > L :

=B CP: ¥R s NCP @ 254 3% % p < 0.05 -
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;‘Ii 'ﬂ;;-r—t ﬂ‘?‘i"‘ﬁf‘!“‘g}m "'Té_ ﬁ-ﬁ‘ﬂ-ﬂ-/m;{i‘éi%

doskgr T sk R Bt A R AR 02 30 B W RIS Ry e B R ¥ b
SLRRE 1T W ORIE Ry R I LR PR E IRl TR R g FUR A F R
@ﬁﬁ’émﬁﬁﬁ%’ﬂi@ﬁ§%4gé@T%’QM#iﬁéﬁhoﬁ

PrEfv g gt HA g A R4 plg A s v n i E '8 i< (Boushel,

2010) o A 1A T B (TR 0 LA RICHOIR R SR

(synergistic) # 34 (antagonistic) 1% » AfRI[$HFLINET it i L F 45

PR RM G A TP W G0 (T AR IR

AEFTEEY DHERBRERD S Bt s BMIEE T A e i g

SRR ITIT L F fethdpdhe AW T LR B R LAt g A2

LA 2 SERGR I S Sl RIS Sl SRR CE- TP S g LA L AT 3

il

it edR iz & R el % (Uchida and Hotta, 2008) - i~ Bl e sgsvp
raig 25 38 s b2 (Dongetal., 2011) filipe~ o %rE & Rl R F & 2 T

fiffew g i P4 (Tsuru and Kawakita, 2009) - fo Hry v H 4
" ] $ % (mesenteric arterioles) ehds M R 27 4 ki # i B (RBC
velocity ) » & B T flpr e dziz 3% > R € " M H R BRE on RN HE R
(Takagi et al., 2005) ¢ Flp 257 7 BR 4ok w6 %2 B 5 F R il r &

M o BT R RN R (e BB R BB AL & R -

B AR T RERT B R FERR DT T dfrsg LERH et A 4 ik
oo BAEEORAET o AL REYE 0 0.1-10. 0 mA ehig & 2 1-20 Hz a9 5 T 1)
g B H - ggov (biceps femoris muscle) s i € 24 7 B ARR TF &

(Noguchi et al., 1999)c T fljrig £ vep o i 2 H R ar B L2

AR AETIREED FoEFEay g oA SRR Mo SYE Sy R T T
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#¥ g group 111 and IV @ » 4 5k > £ 508 B A S5 F 8% Moo dhg
e R Bl @niags 2 Hz 4o 80 Hz enT flpe > # A%l * 1.5 mA~3 mA
FebmA = fAPlpes & - REZPLan i o Bk Hx 2Hz 97 Pl 435
ABE F ehw g b2 > ¥ RARS > A et R A%+ (Stener-Victorin et al.,

2003) -

Wﬁ%ﬁ&i%iﬁ@gsﬁmiu&ﬁﬂﬁﬁﬁ@&iﬂﬁﬂ%ﬁﬁw

>‘1—

o AFEHRNARERLEA e FTROANERREBET R T UF P
PRGRBEE YL RE LT AL BB ROR AR TR SR B
L35 AR A (R AR A GF SER bl 24 T IR S L

R EER Ny

5.2 H#¥ &3z
5.2.1 R &%& 4+

AR BT * hds 5k & Wistar 22 8 # & 4> 250-300 2 5. (BioLASCO
Co., Ltd., Taiwan) &% >t#d % » & = & %30 BEHE (47x25x21 cm’) -
PRCEREH S 12-12 ) FF (BAap/F L= 88h) 3844 23£2C > BA K
F1 f 5510% o 4% By RV b dr # el A R BB LR 3 R PR 3R o AT
T RRAATE EEPERZZ AP REF R EFIRI RGP
L f g2t B # T £ RERGL ] e (National Institutes of
Health) # s&# 42 ¢ &2 ¢ * = p| (Guide for the Care and Use of Laboratory

Animals) -
5.2.2 {8

R BT - X PR SRR > R R TR BRI 23S
%+ 3.5% pentobarbital sodium (Sigma-Aldrich, USA) *f %3/ st :ps » &
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¥ % 50 mg/kg (3.5 gm pentobarbital sodium ;% % # 100 ml normal saline
¢ )e P g ¢ G5 R LB SRS A R “,f——f* ¥ (New touch, Fast
Removal Hair Cream, Tien Liang Biotech Co. Ltd., Taiwan): 10 4 4&is %

2L F L TENREREFLLER FRHRBSFRB I B e HH o

T— fole— % > &b 4 %3 3.0% pentobarbital sodium & ii &R
HE 5 50 mg/kg ERIEE A EHA S (22 10 mm, % 1 mm, Gendai

Pharmaceutical Co. Ltd., Japan) #8F i¢ Hig = dx o e i > T2 & & A g

F\*

M i o AR G0 A ¥ EOTIRER WAL R o 1 F SR B
B thiR) B g e R Ak ST e R B R A LA RT L F
20-30% 7 £ 4 itk iR 0 AP T FLR B B 4 BRI

Tw B RHD A ER

5.2.3 %5 E flj
sk B R Ak 24 [ PES 0 MR A X HE RS D Tl T el

5 3Hz 45 Hz 2 125 Hz = AR S en@ i > = AR F & £ & 5 7 T+ 0 3%

B e Bk HRE Rl ety 568

FHRD R T P 02 0.5% urethane (Sigma-Aldrich, USA) *g%5ix
Sty 0 # 2 5 1.5 mg/kg (10 gm urethane 7% f# & 20 ml normal saline ® )~
BFE MR 2R (TC-1000 Rat Temperature Controller, CWE, Inc. USA)
oo BRPILR RS E 2T XA ITC o g 37C - ik

520 A 4Bt Bt R o U o

rEF E F B $ 8 14k (Laser Doppler Line Scanner, LDLS, Moor
Instruments Ltd., UK) Bl 84 £ > 3 &4 £ 785 nm » ﬁ‘x*ﬁ?]ﬂ!ﬂ F 5
30mWers 3 st 3 24 B iRIFde 2 ¥ B X FH PR 7 5§ A#(baseline)

BIEFRF 2028 F > FHFRSEE =2 A8 0172 20748 =

46



- = (F1)-

T 1peni®t 4k (active electrode) # * % 0. 19 mm e17 4 4+ & &5
(J.D. Instrument Co. Ltd., Taiwan) > ¥ 5 mm %A & 3 w0 3% = @& + B
Rz ggivT 3w o2 - i 24 T4, (reference electrode) R+ * p %k
MRk % (self-adhesive electrode): = -] 5 20x25mm (P-20x25, Gel A, Wandy
Rubber Industrial Co. Ltd., Taiwan ) B3t #|* ey v =% (B 2)° &
Tlgchs * Mk 2 455 % ¥ (TOKKI II1 M180-B, Japan)» fip#g 3k 25 3~
458 125 Hz > A% % I msec Rina /A 2 3 mA- {IRPFREH I T 2.24
RL L2 %3 wsER (RS R TTEEFS 30 A4 L HEFF 3
AEI TP PR e > X 10 B R AR RHEEE 3L
dBed- w30 A4 £ 10=x (B 1) HRE2Z %7 > o it g oék
PFRERE FRETIFER 2R - F%RiEAY F B2FEFR TR * MR

FHAFWE (R2)-
5.2.4 s miplE & ¥

0 fRT MEE PR RRPIEERDT MR ELT L AP LR
FOmERRR BERETELAGFRPIE - T R AY 8 Addcn g EF

PR H (TR AT ) Ft A F SR & 3 ABPIE - 7 N L

Tk e R R R S WA HE S S N BRI E
A ARFETDEEY BTG TR OB RPRE SR AR

TARRET I T A HGN 7 § BB T TR 2 T fgz et BR(F

HmE) -

By~ 45 74 3088 MoorLDLS v2. 2 i 17 » #-m RS B W ]Ik = EFAvT 3 = &2
- e R LA FOREP~% (ROI - region of interest) ,T%{J‘! & 4 e f5 2
R AR ZE S R SRR ot BT S = £ A8 (B 3) e
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v

B0 AT R PR B SR A AR e e A R B (T AR
T 5 (s 6 & & B B L T 9 g 'Fvﬁgﬁﬂ-m ,_"llﬁﬁmﬁ“ *’h’r%‘ﬂ/)'ﬂ'lb—‘
60 & 481720 B pF A BLen T AL R 2 (b e > THR-E PER L2 G B R AA#H

-~

‘/‘ul'g-'é__ ’ K/\‘ P E»"&&I’L s :"i__ ’ %JY 100% °

ST ET REKL N ERF A el - A H R
PO e o R AL TR AR R AT R AR IINEA 2 P
Bleder B 52/ 1lem 0175 %3 0 4B 6 “7H7 (1) m (muscle) 3 ¢
g R R Ry B EEICT G A2 - i HpE Y L - (2) o

(origin- insertion) & /¥“p A24nBE S fkdp > & F e it Pogf = -
BARDT 3w 22 - fieo(3) j (joint) 5 B S Ap¥ R S Ryy o ALk
FIRB ST e o2 - Fee ™% (4) nc (non-corresponding ) & %= EgAvehin

B o P B e fh M SRR A - 2P
5.2.5 BcdhA 158 st

YR AN AP H R T o+ REE (SEM) R o Al
Statistic 6.1 (StatSoft, Inc. ) & Z @it e 7 33t 4 47 » & 2 SigmaPlot 10. 0
(Systat Software, Inc. ) BB AFE o 2HFF 2 RIS+ Rlw T {lpHE
Rt s e R P > 2R oy (T B> 4% one-way ANOVA & (7 4& 23
FFP#% LT BHFLE P2 Student t-test &7 & AR B e R £ cfk 2o
TS RIS & R 2L Sz B eng jisc g £ 3k * one-way repeated
measure ANOVA & 2227 ; F P 53 ¥ £ 8 > Pl paired t-test i& {7

LB TR e T o AR P E) A 0,05 FRARGR R R OB F enilt
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FHREARY 20 AT HFRBEZ B4 nEReE: 2wk 125 Hz
Tilpedd &- @ ru T tks ~ TP E T e e s
Bl ;s baseline % % 17 2 20 ~ &L T lg? &% 27T % 30 A 4T32 1)
Fob LGS 2T 2 30 A BT 50 SR EA HE RS P i s R R ]

m =@ 3% 125 Hz a,ﬂ/}f’gf"*"m@ B on %TL‘E‘_-&‘(J‘ °

G
s

=1
"

=1

LZBACT S 2 a2 - RO A RSP L RER S w3z
(B 5AB) 2 45 Hz (® 5CD) & fli» mem T Tl = Rl + M) > B 3 i)t ok
R R e R e R LR o w125 Hz T IR PIT Plgh 2 RV A
FRAARBHELGE (ROE) =R A HARTRSE > L3 sz b Al
BELR o f Ry 9 Adde i i B BF D > A LR AR

TIEFF AR AL H MR- EFFDT ISR 304

DO
o~
&
e
N
[

B madF o T RAIERL R E SR RE LR (BOF)-

51125 Hz @ Pl s sk 3 8 2 L S skena jRBEF 1 2 TR RT ko p
B SR BB E ) BT A R AR AR
EREBE A TEE RS At A a B MEL ph A A o 2

e 45 % 4B T 9o 0 e £ B m (muscle) (A) % ruvvep 424580 0-1
(origin-insertion) (B) % &yx#rE P | Tkt » £ 2 8% a M B F W HR
Bg o UM EpHEE j (joint) (C) 5 RIpHTEP-a] RiF - H 2 (55w in

=

AF 12 32 24 A AP MR ESF o L vl ne

~=h

(non-corresponding) (D) » "$ % 24 4w tH R R EHBREpRSE L
BomtRBMar T E 5B 897 > B F g L& m (muscle) 7 &gpn

%24 % 2T m s v e s (A) 2w g 42458 0-1 (origin-insertion)
Sikfp (B)~ M atpEe® j (joint) & ikyp (C) & = ggreshihiz ¥ nc

(non-corresponding) (D) #8814t pe e g £ B -
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5.4 3t

Y JHz~45Hz 2 125 Hz = #8945 e~ BUH o ik (7 30 4 4850
ﬂ.,'iljlﬁf’ ."L%z + 3 Hz 2 45 Hz a_,ﬂ/ﬁfff’}"\ KRN A e 1 /ﬁ‘;"é_jl & {T# f’”ﬁ

125 Hz £ 4v A4 B ER e mB ok > 0 F R8T LA f

(B h o 2 LR P B A R Tl R R A 2 RS L R
BUE TR o g B R A S (S A A G dert 052 SRR 1S MR
SEE R B RIEAE I i D B AT o B R 2 ek BT T

FeO Mz pges A2 2 T AT RGBT 0 30 A4 L - T
Pk o @ ¥

PUAELS BLAk B T T BB IR (T L PR R BT i 5

LT Tl E 3 o S I 0 F R AR AR T

4t

e ek i o

5.4.1 T vt 8l

SRS L RDET Nk 3 Pofdidn &) Ridanclscks 7

i

7]

- 1>

3@ 2 igEs

W
%

)
——

o oA L FI R E TR R ITE A R e
WD TRy F PR VR GEMRER T o frpl T kop
rgﬁ }'E)ZE’ ze:FBr]‘,lé% *%%K/im ,E\Iﬁd ;(e(&,EJ—rKg"Emi‘g%cL/”o@_im

ﬁjx%ﬁﬁ?iq/}%ﬁ’%ﬁ’; _Lffiq*jxﬁﬁﬂ?’mﬁ&ﬁ’m"%péifﬁk]R_;,o,;;/\rE;—\,‘

|

Foari s 2 Hz @ Tl 1-2 [ B 157 % M is st grids el F B > fe Fus )

-~

A gl

)| pE 2

% 6-12 /] pF2 15 (Hahm, 2007)c ¥ - BA 7 Am MO T flpe e 2.5

—

S 7 % M MR F AT (inflammatory hyperalgesia) @ @ e -k *a R
Z A 24 218 (Laoetal., 2001) A9 &% 715k RPEFF o8 F 56%?5

P Bt g A o B Y DL B F R KRBT o

AR NG Rz ET @A RIS A Rt KR

% o P mA ] RRL AL DREE BEA oo B AL g

7
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o R Rt A I PR e b s FEYengE IR 0 SO KR AR AR S R
SR FR AT F e R D BRI S FEY T RLenin §
AR E R LAY R 0 P R FuaR B Hog R 2 R PR
AR FCE I S R SRR R AR RS P o T AB S R

R TS G AF NN R R M R Rk R

PN

SCRrER Az i A St m S RN i 7T TIksE 02 (Koo et al., 2002)c 3 3t E
BEED ¥4% ™ (infraspinal ) 2 # %%+ (supraspinal ) 8 j& > B 32— #
et o AT FF AT 5 QR Shs i s e g 2 n AR o s T LR R
2R A G E P (sympathomimetic drugs) k& & o T30 2 % BlenifliEr B %
PHA EF LN F3HH O i B A Gnp BA D2 L R HALT

B oo P B tF - ﬁé\:_ug;‘;i‘“ °

5.4.2 T ok

W RTYRT  B S O T PR R e R A 2 e
e R T Pl LR £ (Lao et al., 2004) %
< et % (post-operative pain) (Lin et al., 2002) #F »c o ¥ ¢ edp

47 4 100 Hz T 137 "% S 4205 5 (mechanical hyperalgesia) - it

Fra B R R B ac( thermal inflammatory hyperalgesia )(Huang et al.,
2004) c R T PEET I - RO A RBEF DT IHE A R DR R

BRREERAL D Pk o An %k < WY E § (ankle sprain) 7§ %
A RFH P RAE ST Pl KLk g 2%k - S5y 22 100 Hz = §l%
P A 4 ek gf pc %k 2 54 B (stepping force) ek r g AW o 25 2Hz
T Alged Seid iy ek (Hahm, 2007) o st 3% A7 %% 125 Hz 3485
B e i = s A S N L3 1= ﬁ/&ﬁ_’rﬁ:}%ﬁgﬂ SRR NN o F O A AT
230 o R BRECAIDR Doy & NN R Mok 0 By JHE
i SI-6 cnT TE™ A 4 oo AT anzb IR i LI-4 Pl g scsk o ¥ b e %
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= P SI-6 enT PR G %/ 3 2% (Koo et al., 2002) - feZr"hpd
§ ¢ % (Koo et al., 2003) o Bt iEfE T flgcerme it 7 o 235 840 5 4
AT A A R INEITY om A A S d T8 H kR Lk %i(oplioid analgesic system)

I _E'/.k;‘_-_ﬁ;’i’r o

<RI BT PR SRR 0 R s SI-6 R Tl L A2 R
2] pFenak gf sc % (Koo et al., 2002) » 37 5% 3 4% H 7 iv* {8 ivie -
H dE 3t o B IR 2%t alpha T2 ’Jflls*i %% (alpha-adrenoceptor) =&+
(antagonist) phentolamine # = > FE#rt 8- »c% » e sg % < 4 (opioid
receptor ) LAl naloxone RI7 € > FIMZEP QAT Tt F 2%k kg

alpha % < %84 # (alpha-adrenoceptor mechanisms) » @ 2Ep 2 (478 %
T

4k (Koo et al., 2008) - BERHF 7 # AR R i adnc > L% 2
R ARET R EARA G kG Moo
B3 ey B M S (2-10 Hz) 2 4 5 (2100 Hz)

(electroacupuncture) ¥ 4 W5+ b eni®®* i > Sd B2 B g P
A g3 (Lee and Beitz, 1993; Zang et al., 2003) > :EH 1§ 4
endorphins ~ enkephalins # dynorphins - 2 Hz & %/ ¢ 3% % endorphin -
enkephalin & endomorphin =8 11> 100 Hz % 11 R 1! dynorphin( Chen and
Han, 1992; Han et al., 1999; Wang et al., 1992) - R P& F % 2 I eip &
# = F R (Liao et al., 2002; Stener-Victorin et al., 2003) - F]* % #f
FEMHITAEIE AL P ARk AT R RS B MY FAEPT

TR L inaeed e ? b o B v BEZ 27 LR F T o

EAESD PeBet f SR A T Bk AT Rt B % BT B IR S O
FnE PIgeenie® BE7 o 3 BT Ptk s 3 ko F 7 i I ik

¥ g RERF PRI DTG L2 AFTHNEF e R g 1 aE IR



e iE 1Y o

5.4.3 F ey £ 23]

Fla Ay 0P % oo iEd ok £ F (tourniquet ) Fsds e & 4 Al o
Foom g o B d e RS 1-4 ) 3 % (Barie and Mullins, 1988;
Makitie and Terdvainen, 1977; Pedowitz, 1991; Sapega et al. 198b;
Schmelzer et al., 1989; Schoen et al., 2007) - jjenfs scat o 2 /] FFis » 3%
% 14 ] praerep T*uf:’é do A 2 v g g (progressive myofibrilar
degeneration) » je SR F + it & 24 [ PFETIBFE o BT K 3RS
(isometric tension) Af bt {54 A\ﬁﬁ* e qh o iR R4 AR L 24 ) PF
fegrg AhgTE S A E 6 X 2 A (Sapega et al. 1985) . +« 8l A gk
e ARE2-3)FEA AN G A 60 44T 7 ¢S4 GHF (Makitie
and Terdvainen, 1977; Schmelzer et al., 1989) 4% % 1 & p g 45344
SeniEd o Fptgrt ghn 60 A4k IR A X G RA KRG DAL
Beenfe B > B4R {lpecnpr AR ER v op SPEFE a0 L on 24 ) PF2
o AFERATEF DT HBPABEGRT BRI LI (H1mm) > I 3FE™
goeom ot (4-6mm) scfgdeie > B R B 57 b - 4o 0 4E 5 (Clough et

al., 2009)-

pLOh s SRR e bR BRiEAR (S 30 A4 T g EMRIFF L H > R T TS
Ro2 18 e i b AL R R o B Bt i A R B ALE Fr R B AR
FR G et F 5§ Sk B S & BB S RRIFRFETR  RFRE-H

PR LR GENT LR E LA AL L

x = G
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