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PR
MEEF PR R B F C K22 R s R R et s A 3
MMk e i & (diabetic bladder dysfunction, DBD) &_& F14g#% # (DM)
i RNR L2 - o 2 B $DBD chiop s v eraeg o S R LR ik D iE o B
AR E P P BRI AR & = 2 R = (Zusanli acupoint) & {7 T 4
(electroacupuncture, Ea) » g%} streptozotocin (STZ)-3% % DBD 782 58 o
WP ERb b A A E A (RLHSTZ» R i st 2 1 F §)) ~ STZ-DM # 4 ‘e
% STZ-DM-Ea /&2 = & > %% DM 7% {8 > 5% = 4 STZ-DM-Ea # 4 & | & = 2
77 £ 1 (100Hz, 0.5mA, 1.5-2ms) 30 4 45 - A dt{lipl A blieim% 1,35 &8 »
HFEEP 8 LE o B R4 fy o (Cystometry) jedkde b ch i 4 Sl
(urodynamic parameters) » 121t b A EAF PR AR 2 G o B IS BT IRk s
TEF EEMPREFRYGF B2 6 2 BEEF 2R E 5 e R0d oo wiAp B 39
Calponin -~ Tropomyosin % actin 7k F]% 3= £ =x £ & h i > 18 HDM i =%
Beip Ol R H B Y e IR RE AL Jorrad g (-0 fF o
5 A ARk (STZ-DM) ‘e &k fum-T 4+ (STZ-DM-Ea) AU e chigs € § - 3
/£ (voidingvolume) % %27 £ (bladder capacity) #7+¢ | e b F 4 4 » &7 4k
3% 5 ks B PR (Peak voiding pressure; PVP) 2 2 7 i)
(inter-contraction intervals; ICI) +* DM m &g ¥ | > & ¥ &4 cnficdyp & P B AL
£ ; Cdponin ~ Tropomyosin % actin -z F1% 3-v & = cnd AR > &7 ¢+ i PVP 2
ICl ch& R - S5 T EDPFF AL 2 REFTHRIL > 7 INiricd ¥z

DBD st o ¢ FEd A9 st $1 5 DBD #i3 cis Bk i { § rxenf Sk -

]
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Diabetic bladder dysfunction (DBD) is amost common complication of diabetes
mellitus (DM). The mechanism involved is still under debate and effectively treated options
are limited. This study examined the effect in bladder function following 1, 3, and 5 wk
electroacupuncture (Ea) treated at Zusanli (ST-36) acupoints (100 Hz, 0.5mA, 1.5-2ms,
under conscious condition, 30 min per day) of streptozotocin (STZ) induced-DM rats
compared with that in age-matched non-Ea treated diabetic group, and shamed-treated
control group. Urinary functional changes are assessed by cystometry and the bladder was
then removed to examine expression of the actin regulatory proteins, calponin, tropomyosin
and caldesmon at the mRNA and protein levels by reverse transcriptase- polymerase chain
reaction and Western bl otting, respectively. Results showed that bladder weight, voiding
volume, and bladder capacity increased in both the non-Ea and Ea-treated DM groups. Peak
voiding pressure (PVP) and the intercontraction interval (ICI) increased in the non-Ea- and
1wk Ea-treated DM groups. However, in 3 and 5wk Ea-treated DM groups, PVP and ICI
decreased and showed no significantly different compared with the sham-treated control
group. Similar changes in the expression of the actin regulatory proteins, calponin,
tropomyosin and caldesmon at the MRNA and protein levels were seen in the 3 and 5wk Ea
treated groups. Long-term Ea-treated at Zusanli acupoints effectively ameliorated afew
functional changesin DBD. These results suggest that such a therapeutic technique has
potential in clinical practice.



- #HEFRz P

W R % B R % (Diabetic cystopathy) 4 %
o FlA B A A S Ve 2 oA v b 4 Ao (Diabetes mellitus, DM) e E
(FFEER 4 FHEF 12010 £ > 23k ADM 4 v od A A F - F F (Amoset
a. 1997) » ¥ 5 DM 3l e (8 3 g o dopd S % (neuropathy) ~ AR 4 50 %
(retinopathy) % %3 (nephropathy) @ ?ﬁt% Ay B A iR S 51935 £ 5 A&
DM gg dRET G OR AL DM S g R S T H o B ¥ Sup It 2 R
% h R 1o
*%ﬁv)?iﬁ”%’%l Frefe g e 2 R
B < ol o Y Bk ] i i % g 4L 5% A (impaired sensation) - £ i
JF 4~ 35 2 1§ B2 (detrusor overactivity)~# fi (urinary frequency)~ ig fi ¥ S5t s (impaired
detrusor contrectility) 2 & 2 +~ £ & § fR & ¥ jgik (Frimodt- Moller, 1978, 1980;
Goldman and Appell, 1999; Yoshimuraet al., 2005; Hill et al., 2007) »  # 3 45 &1 > # 4+ 5%
Bedi v ROER o € FIA TR Sl AR T X R i FRveRt G s AT § 0 AT AR IRIE
Fpitig & p A e % T A& L 3t Fvefedg e d ghi Fl(Martinaet al., 2003) -
Daneshgari % + ;ﬁ\z} Rk R 4 fy 3k (cystometry) e E ek p R ITA Y 0 B -
W3 Ik 5 gL 2 zg,gg@fuf%q(yﬁ SO & Em T STZ-d 4 LA 2 B & 5ok
& (peak detrusor leak pressure)» 34 % 16 % 3~9 (1% 1 4% 2k pE £ ,compensated bladder)
¢ B F ¥ 4v > #KCl 2 carbamylcholine &5 i+ & + **i””’ﬁ? LR HAERFUELT S
12~20 ¥ (2% i 9 s pd B, decompensated bladder) e & 4rid # w 3o 4] ez B
(2006) > it F et B eaniisd| 3 R 3 FLE-HRRFF TR P0G
B3 ateuds Fev 3i4p B -0 (actin filament- associated proteins) » 4-Caldesmon(CaD) -
Tropomyosin (Tm) % Calponin (CaP) #3%F 5L jfivicigd chE & {4 d alloxan-34 4%
f}}?ﬁmﬁ_}\’?ﬁ, P AEEE R B K B T fvimie B 4 AR g 0 & ¥ CaP~Tm % h-CaD (%
Tfremiz 4 2MhBHEd) 2 1-CaD (2bivimie ¥ L ehB 4id) X v chi
IR,E_ W i8R e 0 B Factin-myosin Ap 3 TEH chgrd] 1 B e 5 Flm g R h
Tesgd > Su & A Gt ap o i dme R v (myosin light chain, MLC) gikpé it e
A2 H A o AR O R T e g kTR K Lomactin AP M 3oy B R A TR AL
ERFPFIFIE(2004); ¥ ohe FRB R DT Frolerr ARG ERA G REOFRT %
A BERDH FHENFCP-Tm 2 h-CaD F-v (hZIRE S H4e7 » Fla daip)
ER Y FHEE LR P ) Hactin 4p B 30 ik F13 4 (Mannikarottu et al,
2005) -
TP
e S L LR RN e L LV RS RN L A et
(glucosetolerancetest) % 3% & % P+ ¥ pl:A(insulin challengetest) 1= ;2 k£33 T 4411
FEPL B 2 At B (insulin sengitivity) engp B4 > 12 15HZz 4515 Rl R = 2 R 230 %
60 ~ 48 HIT AT 0@ L F B & STZ-#5Fj s 8% & #Eic 4 (hypoglycemic
activity) & F < 3t A fljrie o 2P AT FERT PR - B 7 g s § kit
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BB B H A% § & - i % (insulin- hypoglycemic activity) % & 5 /2 (Chang et. dl.,
2006) - Tseng % + {1 f #o iR i i e b B EBET BB P ¢ T F A BB
(pyruvate) % s'pi(lactate) ffE= T4 TEs d LR I APl = 2 R85 %
- % 2Hz R 1530 A48 FIR90 ~4Eie £ 45— = ) ;‘;’r(Z Hz 2 100Hz) » &
SR T BRI S U A 2 PR/ B R BT A ET S T LR
Bit w2 it 7 & § § § BE X Bf(anaerobic glucose metabolism) =1 ¢k 4w (Tseng
eta., 2005) o ¥ ¢ » Chang %2005 & cf= 5 47 S 41 KL= 2 R % s hemafe? € % 2
# E_# “naoxone (Img/Kg,i.v.) #redr > 3 3 4 -5 X Bk 7 o) & (u-opioid
receptor knockout mice, MOR-KOM) r’ﬁii BT A T SIAKE F E O B
Pl FERP AP A R = R L Y B AR AR B 0 4
(serotonin) eh/ b gb ot ¥ PEHE G SARL TR 1L 0 T fRALT £red % § R AR R DR
Flo A Rsm A S R S & P 2 L R BTl o SR E U AT 0 BB AR
B FRm R A FIG R PR B RERERRLAEST
HERFTRESR A J - FRRT R o ipd] G 2 BlEY h% 22
S ERF FEIAL o RBF L AMA TSI AR LRFERE
MER AL { Rl FIM AP TEY L L REFTR 0 F A
streptozotocin-z4 3 #E Fm 8IS 0 LA S AT E LT AR ol WA R
f};ﬁa 3 )?)n.}riaégw? m}ﬁﬁ BRIEEL 7 ruenf iz o

- B33
R AW
Medode o 2 0t % - G dle (3 A EMEROR) S % - 2 Streptozotocin (STZ)-34 %
X EAL S - ABAORE % 2 A STZ-R R E e A gL 0 T

A

PAsSTZ ch$T7TABdp o 5 2 A2 2 X% 4 Auldisis$1-3-5
T & B EP8L SRS AR TRk R R 0 AR BRR A e
Cystometry) se 45 4= chlk it §+ 4 %-dc(urodynamic parameters) » 14 & #3250 4 5 5 B PR 16
N7 e S BF R G hg I o

B

1. BMUSTZ-BERMBER :

AP P P Widstar < 6 B(F8£180~220 )0t RAZ §24 ) pF o MR
bfstreptozotocin (STZ » 65 mg/kg > 4% >+ 0.1M citrate buffer » pH 4.5) » 7 p {3 5 #te
Rl >~ >+350 mg/dl > RUFE T # EH HE Ak (Daneshgari et al., 2006) » T ¥ & 7 B o

2. BYIEER B EE

FRE e L E RO R A X RFCE R kg A kR {2 * (Medeiros et
al.,2003ab) » {lke AR R g & B o RN E SRR b R b

ME (e B Z I REMWT BT h b B gk P - ABRENTSM
SR T AR O T EE FRH3MM ¥ - ARk P RE O SRR Z 2 R IR D
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& & oo B ] e B (Grass > S88) %JP,N#L % % B (Grass»> SIUSB) £ 427 % (Grass
CCU1A) ﬁiﬂ I E R o Plgese R 05 mA > 1 EE 5100 Hz (Almeidaand Duarte,
2008) o FlpcPFRE 530 A48 0 F X TR EPFNFE- X oo
3. B BRS
EREIRECRCRY Lo P e S
o/KQ) > &P A IS 7 5
B e dL o
3. BB 4 J5 iz pF(cystometry) :
Mekod BURLVRIR LY U B R 0V MR IR T T s R § ot
THRAp SN RTS8 O REIEF(PESO B) - ST AAREN 0 ¥
-7 /T\lg AT fs M ARUE T GEHEE 4 3 niE k(Transonic, TLI0R) g dsfpirk 4
DEHE o Be— IR Wk:}@%? (PESQ) » — = d 387827 v 38 » 30K {8 1R F] T 2 0 ;}@3? L'y
- R 3#@%? AW 4R TR 4 4 B (P23 ID; Gould-Statham, U.SA.) 2 i in §lif
(infors CH-043) » i i % # it 7e4% B (Biopac, MP35, SantaBabra, U.S.A.) #-%3 5 p iR
(intravesicular pressure) % it sl 5Lie46 3| T Mot o i Bigskp 7 F 42 210 448
f o d JRILFIF o emllhr g RIS E AR B A TR SR TR %05k 2 AR B
(micturition cycles) f& 2 f& » e 10 KR % 341 210 T FE TR REH - £33
PR ds 4 %-dc(urodynamic parameters) Sk BLZ RT3 & PR G
%5 % £ (bladder capacity) @ B 4o ik B % — =t PR R X BT E R
7 AR Fi £ (residual urine volume) @ %5k % & a‘rff PRE
PR B 4 (threshold pressure) = 515 # o fe g2 e R
i 508 i 14 (bladder compliance) : %556 % & /(32 Fk R BB 4 - R gk 2 L AURY)
B+ R (P eak voiding pressure) @ % e ez B < R 4
# Fi B 2 (inter-contraction intervals) @ & =x £ fk [ #)
Hoeipak X g R PR BB A Bgp T R R IUFRT R R i 4 0 @ ot
FRE > B BERR R PEAL 1S 5w R P R 4 05 Bk it 74 i (Daneshgari et al., 20064) -
4. »ufs F-v A9 Tropomysoin ~ Caldesmon % Calponin % R &R &
(1) 40* B & pwi4f F & (semi-quantitative RT-PCR) = % & | 2k F] 4 3R
Bo P R A (S BT - R ek ok iR 3 %Y RNAlater ¥ @5 ik ¢
(Genemark) - st % =% i § 4] RNase cnie * » b @ RNA " f2 o § %
B (8o Al A 4°CT 12-16 ) P 2 (8 %13 30-20°C> 12 & # B~ RNA
2ig- HREFREFRYF b HpuRpAEE »REF ¢ X EE -80°C
PUE v R AT % o RNA ¥ Been™ 2 4 & § 4% Chomczynski (1993) #7
Ak o ¢ F B2 RNA JI* X8 T 4 (Agarose Gel electrophoresis) #
247 RNA ch i o X F T %01 § 001% DEPC -k #7451 05 i3 TAE
=% % (Amresco) -~ agarose (MDBio) -~ % ethidium bromide (1 mg/ml) (EtBr) =t
fel & 0.8% FEE AT A o RNA JEA B % > £% 2ul RNA 4]* 0.1% DEPC
kAR L 100pd - R @iﬂi o2 01 mlenEEE P s A ksk R (Hitachi

(7 REAS o ML £ 23 s A A v=(urethane) (i.p., 1.2
#

:g ?: ll‘.‘ﬁ_:l%ﬂe ‘h’?i v 3BT OEE R :}-@:J =~ 111 }ﬁ’ﬁiﬁ?l | e Tu g\



U-2001 spectrophotometer) i B[4 £ 260 nm #71# 3|k i@ (OD iE)e & = & & &
GrpF R AR R M F R P SR RIZEUAp R R R RNA - 5d & #4522 oligo(dT)s
primer ei% * > ¢ MRNA & #& 45 = cDNA- £ 1 48 I 48 4% <7cDNA ficd  (template)
BR Y 2 Pl (primer) 27 PCRF R 0 F R 4% 15% £3%
AT A (Agarose Gel electrophoresis) % 4 +7 DNA e 3R o
(2) B 3w ¥4 ME (protein assay)
Ly ureaii’a%‘r;‘,’% B2E (frkig ¢ ig§F) 60 1 14000 rpm s 30
L 4Bfe (4C) P~ ik Bio-Rad protein assay # #| (Bio-Rad Laboratories.
Hercules, CA.USA) S & 2 & 287y FITEA T Bz 20ug 39 F &t
ks 10% Ffe'= (polyacrylamide) =A% & o4 @ 4 dpis o B ORIR b2
-0 F# e (transfer) = PVDF (polyvinylidene difluoride membrane, PerkinElmer
Life Sciences, INC) » ## &0 52 | {5 2 redr i e (5% non-fat milk in 0.05% Tween
20 in TBS buffer) A3/ 8 T:i27 45 A48 > H£F @ % 74 v adutll P ¢ oF k-
5. #cdp st T F Slichp it 3 % Student st-test kRl B enZ B FEFP B
005 A5 7 dgF4d o

= NBERE%

Y R XY
(1). alg et xR 4 & i@ (voiding threshold pressure ; TP) -

Al e g g fop e Bl s 459 + 027 cmH20 & 7.36 + 0.48 cmH20 >
KT Fg;?‘%f]\}ﬁﬁ LR & Rz #Ef]\@" KB *%F%?*%ﬁ‘f (- > P<0.01);
HEF LI ZIRLGPFFEFR L AT - F 2 T iﬁd£wmm
Frllu il ok e RS B EARE S5 a1 65l - ik
Fogp Blen TP x g p &g 5 (DM-Ea 1W > 7.26 + 0.54 cmH20 » P>0.05) ; i#
F 742z ¥ (DM-Ea3W; 6.23 + 0.19cmH20) ¥ 7 i¥ (DM-Ea5W ; 6.65
+ 0.29cmH20) - RI¥ P & "% MpE Fjom BLeh TP(P<0.01) > 2 3 X = 2 %4 3 3%
# ek i o

(2). = # /& (peak voiding pressure, PVP) :

) Ié"’%%f]‘(‘rﬁ w A w5 2886 + 061 cmH20 ¥ 3552 + 2.56
CMH20 > B A F MR H - F i 0 * R X PRABREFH 4 (K- >
P<0.0l); # R % EHALE = I RABFFEFTH /- T~ 282 7T &>
KF 2 VR P BEF SR ok & PVP 8 S5 a7 42
- ¥R TF BF R MR AOR B¢ PYP(DM-EalW - 29.04 + 1.83cmH20 >
P<0.01) ; i % % 4/ = i¥ (DM-Ea 3W ; 27.04 + 1.03 cmH20) £ 7 %
(DM-EadSW ; 27.31 + 1.37 cmH20) - |+ P &1 "% M fos BUin PVPS 2 k4R
Ifdleaik i (P<0.01) -

(3). # /4 5 (voiding frequency, VF) & £t 7k ¥ 2 (inter-contraction interval, ICI) :



oAle g M fom een VE 2 w5 5024 + 25 ¢ 923 + 091 /-] B >
BT A Rn § BEFE e 42 VF (B2 > P<00L) 5 Ap$H > VF %
o gpdle g om e ICT A% 5 119 + 0.08 & 644 £ 0.55min - #Ef
ik PR S e o R T R A PO S AR S (Rl 0 P<O.0D) 5 AR =
TRAGPFFEATEIL=F 2 T FE > BRATHEF o B0R RS VF
% ICI (P<0.01) ; fe & t&fp T 4]k i (P<0.01) -

2~ 3o v 5i3 4 -9 Tropomysoin (Tm) ~ Caldesmon (Cad) % Calponin (Cap) # R -
B AT 11%@}?5@)@!@* n*;@fj\sml i~ (DSM) mfe » 12 Cap F-actin %
o-actin g » BB T LA R o JI* K ERMERS  Zidle (BT A)
o R me p h Cap ~ cytoskeleton & thinfilaments & # 5 4 IR; » A H R
Cap i it s B 4 5 DSM im# B8 4R (BT B) > &theni B ¥ # 5
IR AT E I (LRI C) REFEFEfE -Cad chiaMEE Cap T RAPM
AgF o AaBRpECELAR (AR B PRl (LR C) BFH
%‘v{a’. o g e K TR S R AR e R Ry AR AT
o (oip kB ki % ¥ ) actinfilament 1 & #4500k 0 g ey Mo b
wﬂw\@%mw¥ﬁ, W B A H S PRER & ¢ f CaP & CaD
ﬁ}i FILpE L Wag e ) actinfilament B 2 cIR G o 3SR 0 1L R B i ek
BRI 4 2 T regor S £ i AE G M5 o Tropomyosin (Tm) fi s e 5
bR BB R A GG ABTHRE e P B (LW B)o A X T AR
s P A (LB- C)o

N S L

A H A%

L et RERHE= 2 R FR- ~2 2 3 Feh #4005 7 PR OB R
T Bl e 4 B 0 xR 2 RAR I Al ek e

2. FHEFETHAIL- T 22 T VHFEBROR R b A PR T
R I A

3 AR I RABFFEFTHIL = FE T HE > BAT HF LB R D
ﬁ@ﬁ&aﬁﬁﬁw’@%mmﬁiﬁﬂim%%°

4, T A RIEV P AT oveds v S5 3 F- k-9 Tropomysoin (Tm) ~ Caldesmon
(Cad) 2 Calponin (Cap) & 4% fk i B 4 %5 2k ib fpivlm %2 ¥ 36 R % TR
(overexpression) IR % o

d PR R P ARSFROEZ I REEFRF G RS

T T O R e AR AR 5 A P s #ih— ok o
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(voiding threshold pr&wre) FE o Ctrl g dlie s DM : B Ao e 5 EIW < 4%
o BU-ig T A2 P ESW & Mk - R T = i BSW L A
T -7 4 RS2 T %

PRSI EER RS T SN Y R it AR S Y.

(peak voiding pr&wre) B o Ctrl t Frd] e s DM Jﬂ%’?‘fﬁ? e EIW © 4B o
B T4 RST - ¥ 5 B3W AR - T A ROT = i 5 EBW T A EL-
BHR LT ¥

CEZFRFERE IR EREFRE - 22 T 0T A HRRES

(voiding frequency) 8238 o Ctrl : #41% ; DM : WAl s EIW © % Ao -
BT HAIL - B3W AR B T 4 ROT = i 5 ESW T g Ao S
ﬁ—;ﬁ f‘L)’; LN 1

R ZANEREZ 2R TR - 22 TN A HEREY

(inter-contraction interval) B o Ctrl f 34 s DM ¢ WA e EIW - 4
o B T A RIE - 5 E3W D AR Bl T ARIE Z i 5 EBW B
B - T AT &

DA e R R AL S Cdponin Fev Rlwme poans R L IRR R o AT

g3 Cdponin % F-actinfilament % 3% & & o B #E A e e Calponin
2HE B SR T ET FJILE o Cdponin sk E 7 wRAES o

AL K R s L% Cadesmon F-v flmie pocha R L RGRR o Adrdle

v % | Caldesmon ¥ F-actinfilament % ik A & > Aotk Fop e
Caldesmon I*IE‘L“&% j‘gafj"ri/f@ww ’Caldesmonmz\m&’ﬁ " 45
T

U X e B R A LR Tropomyosin F-v fmre pogk R & TLRIR o Adrd

& g F] Tropomyosin ;- % F-actinfilament % ik A & Aok o e
Tropomyosin % JL& + 3 > G § 7 447 ¥ /aJ2 (s - Tropomyosin ih% I E v 4
ARFL T 2 BEE
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Fig. 3
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Fig. 5
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Fig. 6
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Fig. 7
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