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[ Z)BrY. WE K GG (big conductance Ca’*—activated K* channel , BKca ) X 4 JR 9 28 T BEBEE TS (diabetes
mellitus—induced erectile dysfunction, DMED) K f{ 25143 A4 L RhoA/ROCK {5 S AR, ik 5L K R0 s X
W4 8 L, DMED 41 8 H | NS1619 £ (DMED 47741)7 H,NS1619 41K FUR A1 BKea ST 7 (NS1619) BAZS R4 A A 2
J& . WSS AT Ry, I R ORI B 250 4K Y (intracavernous pressure , ICP) AE34 30 ik (mean arterial pressure, MAP) |
SRR 2L IS 25 0 4 AT UG JUL3K T, SR} Western blot FI7E it PCR (real-time PCR) /7246 RhoA \ROCK1 ,ROCK2 ik, X
1% RhoA/ROCK 155518 22 5 | [R) AHAG I MYPT—1 35 o v ILER 25 m%%ﬁ@i@fi@@(mwsin light chain phosphatase, MLCP) i
AR 8558 HEE DMED KRR, NS1619 2R B DMED 2R AR, i BRI ICPIMAP B 2436 (P=0.025,0.024)
RF =508 20 RS-V LR 40 I 44 55 (P=0.031,0.024) I H. RhoA \ROCK2 LA B ULERZE PR IR A [7] 25 75 37 3% (myosin phosphatase
target subunit, MYPT)-1 2 1l mRNA 23k 7KFF # (P=0.029.,0.003 ,0.002) , {E AT A 35 2 1F 5 % B4R K BRUK - (P=0.018 ,0.040
0.003) ,ROCK1 FRIKTCHH i 22 5 (P=0.533) . &€ : DMED KUK RhoA/ROCK {5 5@ #% A MLCP BRI 58 T 2] 2Rt 4 4k
STV JULAT 48 U P B2 A1 A B e D BE B A & 2E WS BKea AT LU ST T 8 RhoA/ROCK 5538 B FI 3 6] MLCP S 1t , i)

[ R88IA | T BEFR A5 ; RhoA/ROCK {553 4 5 R HoL 3515 0t B 5 i B
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Improve of erectile function in diabetic rats through regulation of RhoA/ROCK

signaling pathway by BKca
Luo Jiayu,Wu Fanghao,Zeng Lt ,Zhao Liang,Xiao Mingzhao
(Department of Urology,The First Affiliated Hospital of Chongqing Medical University)

[ Abstract ]Objective . To investigate the effect of big conductance Ca*-activated K* channel (BKca)on RhoA/ROCK signaling pathway
of diabetes mellitus—induced erectile dysfunction(DMED) rats. Methods:Rats were divided into control group (n=8),DMED group
(n=8) and NS1619 group (treatment group,n=7). The NS1619 group was treated with BKca specific opener(NS1619) for two weeks.
Rats underwent cavernous nerve stimulation to determine the value of intracavernous pressure (ICP)/mean arterial pressure(MAP) and
the number of erection was recorded. Corpus cavernosum smooth muscle was isolated for detection of contractile force. Western blot
and real—time PCR were used to detect the expression of RhoA,ROCK1,ROCK2,which determined the differences of RhoA/ROCK
signaling pathway and phosphorylation of myosin light chain phosphatase(MLCP). Results; DMED rat models were successfully estab—
lished. While erectile function and compliance of smooth muscle was decreased in rats with DMED , administration of NS1619 im-
proved erectile responses (P=0.025,0.024) and compliance (P=0.031,0.024). Treatment significantly decreased the expression of
RhoA,ROCK2 and MYPT-1(P=0.029,0.003,0.002) ,but not ROCK1(P=0.533). Compared with those in control group the NS1619
group have a higher expression levels of those protein(P=0.018,0.040,0.003). Conclusion ;: Up-regulation of the RhoA/ROCK sig-
naling pathway is harmful to erectile function. Activation of BKca can improve erectile function by down-regulation the level of RhoA/
ROCK and phosphorylation of MLCP.
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I RERE AT (erectile dysfunction, ED) J&—
R R R A RO BRI A , TR R S
FECED REYRHZ —, PEiE 40 & LA B
Hh 40% A AR FEEE A9 ED | 1 768 JR 9% (diabetes
mellitus, DM) AFEH ED (1) & 055 R 51k 19~86.3%!",
SR PDES #4il 5 BE AT 250k 3 R 2 8UR H ke )
B (BXF T DMED Jrakie 252,

BKcafH hSlo 5ER Z 5 dhth , 2 A0 L Ca?
MR 5 BB E I BB A0 M KR AN fi 4
AR AL, , AR 4w P, S EOF- I LET ik, AR R
FIZH WA 5T % PLid 3535 BKcea i 5k 3 235 DMED
KA INHES, RhoA/ROCK 15518 % I, S5
BF 257 LRI A5 o L 4 2 330 ED &A1
FRAHLHN Z—14, P AR SE 5038 2 340 BKea 2538
I, W58 H 5 RhoA/ROCK {35 53 6 AH G |, ik —
478 BKea J97 DMED FUALH,

1 #R5FZE

L1 ##

11,1 3&5%)  NS1619(BKea JFiH) HENRI T 2 (streptozo—
tocin, STZ) , B N HE (apomorphine , APO) | 25 & B [ If &
(phenylephrine , PE) | Z, [ H B (acetylcholine,, Ach) 34 I H
Sigma 2~ Fl, %ft RhoA [ROCK1 ROCK2 WUEKEE FIERR AL
454 % (myosin phosphatase target subunit, MYPT)-1 $i{A&
A Abcam 23 &, /NPT B-actin HRP FRCHEDUR R
/N TG HUARI A 38 =R Rl RNAiso Plus RNA 5% 5344
74 RR047A SYBR® Premix Ex Taq™ I g H TaKaRa /A #],
PCR 519 h LA T A,

L12 SEHshd 3 Ak SPF SfgREiEr: SD KR 30 21k
JitE 200~250 ¢, HE RERHR AP bRt 2838 B St 5
ESESA IE# T IRE

113 SAKZGPALE ARSI Aol i IR (I # AR AR
FU) ; DMED 41 (DMED K [ A= #H 4R /K Zb B2 ) ; NS1619 4
(DMED K i NS1619 AbEH4H ) . NS1619 i DMSO % , =%
TR AR 1 x 107 pokg W BTERHEL, %
FUBHZEARES 5 min, AR A 1K, T2 A&,

1.2 %%k

1.2.1 DMEM KRB E 30 KRR X R 8
Habpa 22 H AR E 12 h JRIE TS 1% STZ 60
mg/kg, 72 h J5 23 BEWT R I B >7.2 mmol/L i i SRR BRG
FA R EBUE#E SR 2 A MR goK i e R & AR T
B, 5 8 RN A, APO 100 we/kg ST A 105
0.5 h NBAZEShE BN, MAE>7.2 mmol/L, APO 755 5286 B
AR ), BN 15 K, ML i DMED 41 8
H UNSI16194 7 A,

122 KREEEIIRENZE T8 2 5 B, 5 R
B SR TS APO 100 petkg, R K FUER 5 min 7,
ML 0.5 h, i st B K R il .,

1.2.3 m%?@?ﬁ%ﬂ\]}i(intracavernous pressure,ICP)/Elzf@ijJ
Jik H (mean arterial pressure, MAP) A5 DI g #5356 B2 Jik
YIHF, S0 h Wi ; T B2 15 AP U0 O B R s iz 5 R 250 4
T2, SR ARIR PR RO 20 A4 22 GRS B0CR 5.0 mV
B 20 Hz, JEIE 5 ms, 3545 1 min), [FINEA 250 Uml £
23 G &3k Am A FIZEM , 2 5% 43 315 1 A A e
MAP ICP {8,

124  BAZRUG AR AT 1 LIRS &7 sk T Re A K BRURR
e, V)R BAZE 3 SV T e 2000, R 8 4 <C
Krebsi ' K BRFRIE WG4 R PR 50E Mhsem i 4 2 &
SEVFAA HIME 6 mm x 2 mm x 2 mm WLES, ZEH IR AR o —
i[O — Stk RS . WA S 10 ST sk )
F2, ILA PE 50 wmol/L FF¥KIE5K 1 F1, (F1-F2)/F1 A4
T3, Krebs WM £ 5 PE RV, A Ach 100 wmol/Lic
ek B3 (F1-F3)/F1 &K %,

1.2.5 Western blot Al i £ {47 )l RhoA/ROCK {5 i@
I S B R IAZ L Western blot 45 1] RhoA Rho 18 fif

% 1 Real-time PCR FifE A&5IMFIIREEXER

Tab.1 Sequence and useful information of primers designed for real-time PCR

FEA GenBank%f 515 B1F5(57-37) FEHIR/IN (bp)
F:AGCACACAAGGCGGGAGTTAG
RhoA NM_057132 108
R:CTGAACACTCCATGTACCCAAAAG
F:AGATGCCATGTTAAGTCCCACA
ROCK1 NM_031098 194
R:GCACGGACAAAGCCAGAAG
F:TCAGAGGTTTACAGATGAAAGCAGA
ROCK2 NM_013022 98
R:TGATGCCTTATGACGAACCAAC
F:GTCAGCTCAACAGGCCAAAC
MYPT-1 NM_053890 128
R:AGGTTGTGACTTATCTTCCCCTTC
F:CCCATCTATGAGGGTTACGC
3 —actin NM_031144 150

R:TGACGTGGACATCCGCAAAG
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(ROCK1 . ROCK2) Lk Mz MYPT-1 2 F Ak, B ZH4
ZUAAE I, BCA e W, B 40 g FEH , 48 10%SDS-
PAGE 475, Hif% % PVDF & I 5%BAS DI 37 “CHHiA 1 h,
4 RhoA . ROCK1 ,ROCK2 MYPT-1 HifA (1:2 000 # 8¢ ) i
/NEFE Bactin HLMA(1:1 000 FiFE) 4 Cid ., TBST Pl ,
HRP #Ric BP0 AT/ R TG Uik (35 1:1 000 Fi k),
37 CH¥E 1 h; TBST 0%, ECL 25 Lk B-actin HNSFTIE,
P AFEAR G FI N 2450 6% B LU,
1.2.6  Real-time PCR Kl 4 {473 JJL RhoA/ROCK 155
ST AT FRIA R R real-time PCR 72, IWAEA4H
FAZEF- i WILZHEZ , W VIS 5 A RINAiso Plus 23§, #1547
P BRPLIL RNA, RNA BRI RNA 58281k | 20416t
FETERG I I B 2R 30 A SR G0 H RNA 300 5% 5o
¢DNA . DA% 4HcDNA N, SYBR GREEN 20 kR 1k
1T real-time PCR AHCHAE (BIY P 5N L3 1), SR N AR F
10 wl, P40, 95 °C 30 ;95 °C 5 5,55 °C 30 s, 3 40 HFR,
B B A R A AR e SR S8 = S B
AR E 3ATEAL, Bactin ARSI SR 2% kit
FAHIES
13 St

THi GERE AR + BRUE2E (v £ 5) IR, W H] SPSS 17.0
Gk, 207 2257 R 56 5 47 B 2 0 2240, 4 Il 8L
PP LR 1.SD—t A5, K4k a=0.05

2.1 DMED X R BRI A s

YHRRZL 8 L, ke DMED KRR 15 H,DMED K
BOK B R PREERG N, W9 0 BRI, % DMED
KEBEVLST 9 DMED 41 8 H ,NS1619 447 H
22 KRBT AL

B K EFS APO JE A ATIA X AEME AL RiR 54
Bt BHZE A 4T, DMED £H 38 i kN T % B 41 (P=
0.000) (P<0.01),DMED 41/NF NS1619 41(P=0.025), W.#2,
2.3 ICP/MAP & $hAL 5 fik

g WL I R Bl NS1619 41 #hi th B4 DMED 21 ]
k3 (P=0.024) , (B AT A A% T % B8 46 (P=0.000) , 'L
%2,

®2 BHXRIEINEELLE (xzs)

Tab.2 Comparison of erectile function among various groups

(xxs)
415 B (n) PR ICP/MAP( %)
X HE 2 8 2.25+0.89 69.4£13.0
DMEDZH 8 0.25+046" 287 %72
NS161941 7 1.14£0.69""  42.0=10.6"
F1H 16.289 30.957
PH 0.000 0.000

T SRR AR, a, P<0.01 ;5 DMED 41 FeAs, b, P<0.05

2.4 EWRART IR LA 4 o Al T

250 R DMED 41 i 25 447 18 UL 4 D) e B J o= 1
NS1619 2 M % HE4H (P=0.031.0.000) ,NS1619 £ /5 F X B 41
(P=0.033) ; DMED 2 ifg 24415 LT 7 8 77 BH AR FNS1619
2H KX IEZH (P=0.023 ,0.001) ,NS16194H 55 % HE4H He 5 e 4e i
¥, W3,

*3 BEXKRPZGHETBINFHEIEEILE (x+5)
Tab.3 Comparison of constriction and relaxation of corpus

cavernosum smooth muscle among various groups (x s )

215 BIEC(n)  WRHEIIEE (%) FFSKINAE (%)
Xof HEZH 8 10.88 + 3.60 40.50 + 10.20
DMED#4] 8 23.75 + 6.90° 2213 +6.15°
NS16194 7 17.29 +5.12+ 32.0+7.96"
FAH 11.397 8.067
P1E 0.000 0.003
H SXTHRAL L3R, a, P<0.05, ¢, P<0.01; DMED 41 45, b, P<0.05

2.5 &1 RhoA/ROCK A8 ¥ &% & Ak 25

Western blot Z55 27~ (K 1),DMED 44K RhoA ROCK?2,
MYPT-1 £ [ %35 & T X3 B 41 (P=0.000,0.000 ,0.000) ,
NS1619 4% DMED 2H 8 113K T/ (P=0.029 ,0.003,0.002)
VRIS BKea W] LA HE IRIG S AL ) RhoA/ROCK {538
#% [ B MLCP BiR2 /K7 I, 3 41 ROCKL Rk LG 1T
2F P (F=1.327,P=0.115 .0.533,0.350) , iJd BH @ B85 445 S5
FEA/EHT ROCK2 A,

X2 DMEDZH NS16194H

L

RhoA 22 kD

RhoA

v —

ROCK2

MYPT-1 130 kD

ractin MR - > D

3
0.8+
e = ROCKI b
3 0791 BB ROCK2
# 064 DD MYPT-1

D0 B 2 g,
B SRR RO B P e
B e i

55X} B4 48, a, P<0.05,b, P<0.01;DMED 41 HL %,
¢,P<0.05,d,P<0.01

B 1 Western blot #2ill & H KX RiFHETEBANHALRF
RhoA/ROCKI& B 1HX EAEX RIEE
Fig.1 Relative protein expression levels in various groups

analyzed by Western blot
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2.6 &1 RhoA/ROCK 8% ¥ 5 B Ak 2 5+

FLH A EH mRNA %355 Western blot £5 5 A4 (1]
2). DMED % RhoA ROCK2 FI MYPT-1 mRNA ik 4351 K
SfRELE 1.93 /% (F=33.592, P=0.000),2.03 1% (F=37.579, P=
0.000),2.3 1 (F=50.838, P=0.000) , NS1619 20 RhoA . ROCK2
HIMYPT-1 mRNA k45375 DMED 41 0.86 £ (F=33.592,
P=0.029),0.79 1% (F=37.579,P=0.003),0.77 1 (F=50.838 , P=
0.002), 3 ZHl] ROCK1 A IS 5 (F=2.186,P=0.052 ,
0.212.0.489) .

1000 T

= 600
£ 400
)
T 200
0
309 . B3 Rhor
D
" B8 ROCKI
Sg 21 b T B3 rock2
;] b.,d .
#® 504 b.d [ mypr-1
&
z
= 154
-
£
@
L 1.0
sl
i —
05 ===
0.0- - Sk ?T?% S
N S SR
SR SRV IV e
PPN HEE RN e

% RR2H AR L a, P<0.05,b,P<0.01; DMED 4H HL %%,
¢,P<0.05,d,P<0.01

2 Real-time PCR #&ill & A X BG4 -EBANALH
RhoA/ROCKIE B B BBt RILE
Fig.2 Relative gene expression levels in various groups
analyzed by real-time PCR

3 3 i

HHTIA N DMED %3 MLl > J& Bl #ft 2 1t A 4%
Ptk B S P B D REZR AL No/cGMP 3 [ %
15 PN JE R B H 2 IR 3k 5 2 S 30 A5 70 L 2L
TR ASE W LT A S BERETS . Chitaley 2557 E YARIE
ROCK 7EF 28 g A 2 5 i s , il Li 46

HRIAUESE RhoA/ROCK {5538 I 5+ H 78 DMED &%
HLT rpote S0 B ZEVE FH O PR o B AR A AR 3 3
RhoA \ROCK #% ik 1 4 & ROCK iif f£ ,ROCK fifi
MYPT-1 #fa 1k, 53 MLCP 43 , BHLIF LR (5%
# (myosin light chain, MLC) IRBEIR , 20 R 1L 1Y
MLC & &2 WIshERE i ER5E", Bivalacqua®
T 3 9 B % A RhoA & R & B 0T L2 85 Y 2 U8
M — AL A A i (endothelial nitric oxide synthase
eNOS) ik, MEEHHE I fE, Guagnini FFPH] ROCK
EN PP O N W AN i i N R 1 N T
il RhoA/ROCK BE B AN [F] & sh 4 B NP L
&4 shfie Kb B, RhoA/ROCK & M YR HF
78 ED JRYr I A 2 —

BKca 18 i 4EREANAE N Z1 K+ Ca -7 A1 L 37
SR 1 S LK 00 LR REAIL ] A S BKea X
705 201 i EL B4 T R A SR A S 3 T T, Ca
HEA AN M N 5 58 5 145 (CaM) i 46 MLC 3l
(myosin light chain kinase , MLCK), i MLC #5121k
B, 51 LIS . 2T - 2R AR R
S I A e Al | {2 BKea 1RO H
gl AR A ) KR, A S A A
i 075 -0 LN B 250 4 AR 2, DT B e
TIHE ., Melman SEHRIE T hSlo(BKea o V.3 ) B [A]
1697 ED M —IWIG RS, 25 R R IRy T A R
PR IIRE ek

AR FT 5T & B8 NS1619 AR R 11K B
BB 7T T T AU R0 1-V 2R 5%, 52 40 i A
K155 W53 s, K 200 el #e PR Le A A0 5[]
NS1619 FTAR N7 BKea 11, HIEHIESE BKea 5
T R Ca? AR AL Y - T WLIR 4i A | 2 75
6 A L) 53 RhoA/ROCK 3 B8 A 5 15 WLk 45 2
Western blot } real-time PCR 45 2 7~ ,DMED 41
K EPAZEME 4R AT L4121 RhoA (ROCK—2 MYPT-
1IN B IR B B 1S 5, 5 Morelli 554z 18 AH
¥, NS1619 T 2 Ji J5 ,NS1619 41 RhoA .ROCK-
2 MYPT-1 B R, B TE BKea 23 FA R
FE RhoA/ROCK 3 K3k 55, FEAIK MLCP
fi#1k. {H ROCK1 £4HRIA T i 22 7 R 7E DMED
KRV AT 1 L 2P, RhoA/ROCK 115 54
FEERIAEROCK2 WAL, Ry IH R B Ik T sh s i
A5 A I FEL R 4 AR B 22 S5 TCP/MAP I HOWE
ERAT ARSI UL AR 5K T, s Rt s T
NS1619 BEXE i~ 15 WU 14 , A %0k 3 DMED X
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S TIEE  (H NS1619 4] RhoA/ROCK #4715 i 8 [
FEIR AN D) REVE A8 BIXT BR ALK, 8] DMED
() % ANV T RhoA/ROCK 3145 S35 BAM BT 2
A REIE P S eNOS ik 5 BEEALZ ™ W) MR H
H B AE AR R

ARSI 25 R ITE BKea 1] LSRRI 51
A RhoA/ROCK {55 i [ J MLCP Bz fbK
ST, A B 2R T 2 AROT- i ILET R AT A ARk
SRR K BRI IIRE . IXCREEXT DMED 7 RhoA/
ROCK 15 55 B [y T PR L TARSE . Li SE0SHA
4 RhoA/ROCK 23 1 1 il NO/cGMP 38 ¢ 11 il B
ZE/INEh Y- LET 5K BRI BH 25 20 24 78 1l I HL )
I AWATS, 3 ED A FEsE A LGl b 3 el
FHHAME X R E 4 ,BKea N4 25T 15 RhoA/
ROCK {55 538 % , 5 22 IR A BIBFSY
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