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Moxibustion improves bladder excitability by up-regulating ATP-sensitive potassium channel

in rats with detrusor hyperreflexia
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[ABSTRACT] Objective To observe the effect of ginger-salt-partitioned moxibustion on bladder excitability and
bladder ATP-sensitive potassium (K,p) channel in detrusor hyperreflexia (DH) rats. Methods Female SD rats were
randomly divided into sham operation, model, moxibustion and inhibition groups (n=8 in each group). Thorax (T) 10
spinal cord transection was performed by surgery. Ginger-salt-partitioned moxibustion was applied to “Shenque” (CV8)
for 20 min, once daily for 14 consecutive days. Rats of the inhibition group received intraperitoneal injection of

glibenclamide (10 pg/kg) 15 min before moxibustion intervention. Urodynamic tests were performed after treatment.
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The detrusor myoelectric activities (frequency and amplitude) were recorded by using Powerlab multichannel
physiograph. Primary detrusor muscle cells were extracted and identified by immunofluorescence staining. The changes
in K,rp channel currents and intracellular Ca** dynamics of bladder detrusor muscle cells were detected using patch-
clamp and calcium imaging techniques. Results Compared with the sham operation group, the first leakage pressure
(P<0.000 1) and the leakage point pressure after stable urination (P<0.01) were increased, the urination interval was
shortened (P<0.001) , the bladder compliance was decreased (P<0.01), the amplitude and median frequency of
detrusor electromyography during urination were significantly decreased (P<0.000 1) , the current density of K.
channel was decreased (P<0.000 1), and the ratio of intracellular relative calcium fluorescence change was increased
(P<0.000 1). After the treatment and compared with the model group, the above-mentioned indicators in the
moxibustion group were all reversed (P<0.05, P<0.000 1). Compared with moxibustion group, all the above indicators
(P<0.05, P<0.01, P<0.001, P<0.000 1). Conclusion Ginger-salt-partitioned

moxibustion can increase the leakage point pressure, prolong the urination interval, improve bladder compliance, and

in the inhibitor group were reversed

increase the amplitude and median frequency of detrusor contraction during urination in DH rats, which may be
associated with increasing the current density of K, channel, improving the efficiency of channel opening, promoting
the outflow of K* and cell membrane hyperpolarization, reducing intracellular Ca* concentration, thereby inhibiting
bladder contraction.

[KEYWORDS] Detrusor hyperreflexia; Ginger-salt-partitioned moxibustion; Kae channel

Ca ¥ 30 , 0 W 92 W 7% 0 WA K 3477 DH 48 {5
S

38 R JVUSE3TC HE (DH ) 2 5 e 24 7 1 52 3 5 30
il BR 3y B I 65 A0 D8 BR R BRI DR LA R AR IR 2
GO g E BRI K0 e B R T
it 5 B IR AR E A R R AT, 7 T B R
H B0 Y SO R R R ek o LD
K HE DR R B T MR L e B I 3 i L 4
B R I A A I S R B A0 T 1
A T BN R 1 A 3 8 % G 2 B b 4 o R T
St P RS 200 BR 4G A8 FB R PR AT, 4 7 R
T

T T 4 465 M M 4 9 42 10 3 O 0B 8 P 4 A 25 U5

1 MBE5FZE

S W) 5 4R

35 H 7 R % 1 Ui Mg R SD MR K R, 1K i
(180420) g, My H 3 DL AR (db ) A= B AR A R A
AL A PR RTIE S SCXK (51)2019-0010, 5E
55 FF 46 /T v B v B R 2 BE ST R W 5X BT B s i
PR 3R 1, %R 20~24 °C, M IR EE (50+£5) %,
RHYGR 12 h, A B ERK, KRB BF

P B LIS P JR T 9% ot 3 IR LI LA 2 X7 8 LY
Hh kA 2 MRV SR RO L B . B
I FRL AV R B - T O 9 AN B % A RS, Ca® U ik
5 1% e T ¥ LA 46 1) 045 5 4 L KA T 2 40
I EEL A7 2 AR M A R A b B G 7 A 1 ) 5 S ey
K3 0 B4 0 EL DB 5 S Ca ™ PN S ORS00 o) 3 B
YA LA PE . AT P R B9 38 3 (Krp) 1B N — 28
A N R A, 7R RE RS
55 H A BT Sl 9 A A B b R AR )
B 2 0 95 % e 2 2 % M A R S LA I 4R B )
SERREAE Y G A S Y Koy 38 T8 Y ) 3K A
3 38 K (Kir6.x ) F it % ik 52 447 5 (SUR ) 21 1 57
TR\ RS A A BA A 399 A 5 30 B 3E &+ #inT 1 9
5 e 2 206 IR 2K 32 1K 2B 6351, SR T 1% 07 1 3 K
TR A ] 9 R K A L D S 3 B 1 S ) i S B
B o PR AR AR 5 SR T R i 8 1% B2 AR K DH
KBRS e i R LA B K e 38 T HL IR S Al S B

AR 8 HURFARL 27 K, R M (T) 10 %5 B 5 17 12
ST DH AL A5 Bly U 3l g 46 I 37 Ak 38 4515 20 L 4
R 24 KK BB AL 73 A R R 40 B 22 PRk 2
AW, B 8 K ARSI E o I h R B
Be 3l ¥ 18 B 2= 51 2> 4t i (AL ifE 5 £ 2020120102) , #
VEXI R G 9250 S W) 48 BRARTE
1.2 20 B AL S

St e (RN B IR 15 ), F % 2 (1 Bl
T W L (HENHH), - N3 & H (SMA) — it
(7 = % ), Alexa Fluor 488 5 it i 1L 2 3T /) R
IgG(H-+L) =gt (db st a2 a4 ), 11 BRI il ( B
T E ), REE SR (Z 8 A &), Fluo-4 (£ H
Thermo Fisher) , #%& %1 4< fig | B i i 8% o9 W 2 248 B 4
W a7 (52 [ Sigma) .

/NSl 4 PR EE AL CBR YN i IR ) | ot v 9 (3%
Kent Scientific) , F& Jj & & &% CBLERAL 28 T )
PL3580 &! Powerlab 2 il i 4= ¥ 15 5 ic 5 A (K



© 486 -

Acupuncture Research, Apr. 2026,Vol. 51,No. 4

FW. AD Instruments) , NL90OD %Y Neurolog il % &
4t (¥ [# Digitimer) , NL844 # Neurolog # £ fif Hi #
K A (9E [F Digitimer) , Axio Imager 2 ¢ Y i f B8
(5 Carl Zeiss AG) , L i i s5e (RIS F b)),
Heracell 2401 CO, 5 3% 48 ( & [E Thermo Fisher) ,
EPC-10 #.40 Jfg [l f B 5 48 (78 [F HEKA) |, fif i B
P (2 [ Sutter) , CSU-W 1 Nikon 5% #8315 45 1t
18 % 48 ( H A& Nikon) .
1.3 Bk

F-AR YLK FH R D 7 ) A DHOBC RS, ik
W RATAE B 12 h, 300 5 FUbE 5 SRR I % 45 0
W T B DL 1.5 %0 S RUbE dE FE R . AR A B A M
BCER I 55, DA T10 % 2 vhols W9 AR 5 ) 47 2~
3em WPWATYI I MUY IF B ik A B, i - 5 1 )
WU o 25 BR T10 HEdR , 2 8% FF 86 , 6fF F 0 IR B 5
W5 B¢ 2 5T W, 840 1k S AR IR AE G LA R R
Ja TP gL b, RFARAKRRRHES FARAM
[ AR ALY IT J Bk R S LA, B R
5 min, AR OIEHE . B0 IAs 100 S I R R
B 2 e P PR A IR A IR R R S B 24 h IR
TES B8R M(2X10° U/ DL R KLPUR S, B 2 IR
W o KRB SR, 3 /%, R Crede T 4
By K AR HEME (B H 2=/ 3K o B H WK B
FHE DR K 3 IR0, K Bisf B 46 Ok} ORAIE 8 8 T 0% .
FARE KR BEARE BT BRES , H £i2 31 % ,BBB
W3R 0~3 43, SR s W35 )5, HE PR 2 559 7 5
S, RINIREE . RJEHE 14 R IR 8h 1 2% 46 I b
715 B e 70 28 3k v b B A AR e e 4 Sy s AR T
i T AR 20 K BRR J5 HE PR SBT3l 1E %, #5 Hh B
HE PR B 5 K T I 2l 32 BR U Ay e R O . iR S
28 PR B 7 5 0 T, AN AT A 3 BT A v 9 R B
SH M A GBIt KR 24 o BT ARHATL
KBRIET AT Ehr R 8 H o 1Bk i DH %
YK BB BIL 43 ok B R 20 | B 22 B Eh A A R o 5
4, A8 H,
L4 T

W 22 I 6 F 20 45 1 Dy vk [ 2R A A i 30 A 5 0
2,8 R RS E T A Y R E AR N AR R I
5 min, “H IR TH 45X AL Sk b EL R 1 1/3
IR AE R b B P AR (E A Y 1.5 em, &
290.1 cm) K24 HEMER B (ER21.5 cm,
JE 25 mm, B — WP EF R B AE 22 R v a) SR 2 A4S
AINFLL DT AR 5 ) B 5 TR AR b BE S
EARATH AN (EAR 7 mm, & 9 mm BHEE) .

RURIE A2, FF2E 20 min, B H 1R, 3697 14 do
79 20 B H it A BT 15 min P DA S U S AR 51 A iR
10 pg/kg"", 1452 37 55 W 22 B h 2o 4 [R) B 1 4, 3t
14 do BEARYZH 5B T A2 K B EM [ 5 T [ 5E 4%
N AN A b, 14 d,
1.5 WLELHE bR KA I Ty i

i) AR ol N o B S i B S S =
K M Cred T3 HE 25 B B, W8 0 T8 3 1026 1 47 30
(10 mL/kg) bk B, #5 & K& B A IRGE o I8 &
B, R B AR K BUE B BR A 2 5~20 mm &b
% 10~15 mm A7 81 O MK YT HF , 7853 %% 5 5% e
W 19 B 22 R E B AR TR ILZ | D — i 43 )
T B AT E K AR IO OB, B R B AR R
BB b2k . Neurolog M 45 R G S 5% & . il
BE VT 10 Hz AREIE DT 1 kHz, =38 i — i 1% 5t v
A KB IE R ERE S mEBEAN LL0.2 mL/min
O TE AT 0.9 %0 FALBAE WL, O — i i 4R R
A% s I 22 38 T8 AR W1 AE 50 AL 1 sk R BRUBE e
oA AR, PR PR B A 1 e B B IR o8 )
Ry 5% e e R SRS, B U DR R 0 BRI R R e e bR
SR D7 TH O 3% S T U HE DR 8] B, 5% D6 A 5 28 ik
P ) 5 2 0 78 Ak G R R B e 1 s K
B 3~5 A HE IR R, B S48 5 78 WL 5% K B AR IR it
B ) 253 5 Jr % 1 1) AL EL 35 B, BV HE PR BT b UL
PR AT 47 ~F- 34 4 R B rh (B %2, 9 s R BRL 3~5 M HE IR
ERENINGER €/ T R

K BRI IO 2 R UIL 200 L g AR B R R S KR
T HEE S, R B UME I AR FE , EE RS e, ST
B & F 4 CHi¥ 1 D-Hank’ s . fER B R ¥
JE% IO 285 P J2 K b PR B . T R B DR BRI S B RS 2
B T 0.2% THALEE B B0 N . BB IE ST R
KN 0.5 mmX 0.5 mmX0.5 mm 4] 235 B
AL Al AL R B 6 FLAR N L A AL 500 pl. B
LA 1 mL 89 0.2% JHALEE, T 37 'C.5%CO,
E AT 10 min, M5 T A IR ZHRIEH
J, W SRS 215 mL BB L A 2 £ ik
L1000 B 37 56 R R ATIR A rh ik i Ak . # 6 FLAR
VA% IO 2 200 A B B4 3 A 500 mL 4k 23 Ak, T
R MAT I AR AP IR it e B %
W FEr B TH ALY EE WO B AL S L 8 min.
F 5 UM 100 (40 M5 95 W, B2 R R AT, E
Y, FH 200 B 07 90 52 U8, -1 20 A 4 T 4
JER I, F37°C.5% COMEFM P77 . e
K 2 80%~90% B AT A ML % 0 . W SRR L



BRIAFSE 2026 4E 4 F

© 487 -

PBS 8 2T 2K, B K 5 min, A 4 CHI 4% £
P R E 15 min, W23 B E W, JT PBS I vk
2, B 5 mine A B R ZE R FEE 40 min, W
F B P W, WS N BE S 1) «-SMA —H1(1:1 000)4 °C
WE IR . WFHFE P, H PBSIEVE 3K, AKX 5 min.
TN 5E 6 ZbRic i —Hr(1:250)37 CREEMEE 1 h,
BJ5 5 min il A 10 pLL 89 DAPI I . 3¢ =W, H
PBS k' Pk % 4 ML 3 K, B IR 5 min, B T W %8
it

4 406 R B I S - A M O BE B R 24 h R LM
I IC F % B 28 1 B D 3% A VA R PN, o A 4 i Ak
W (pH=7.4 35815 JE H 300 mOsm/L) 2 mL, % 8 i
2R o B B R A K RS O B AR B T
FEE R B COR A b, o5 — % HE 1 mL A ST T
FE W 51 H b 40, 30 a8 A 22 BB L e AE IS
e RNy g I N SR TR o1 S o W LI
7 A R A ) A R UL 4 R, o G R B Sk o e
BHOMEDRE S GRS TR TERE. T
PatchMaster 3% {4 5 V5 10, 70 B 88 1 f Al (pH=
7.2 B KN 295 mOsm/L) A5 L B ¥ il 78 2~
5 MQZ ], 4 i 5 i A OB B GQ 382, 28 A 8 #b
2 )5 R 45 0 DA RS, B S5 AT H E H BH 60 %6~
800 #M . 4 4l v FE B A S EAT I S, B R
£7 K -40 mV, JE K h A -80 mV Ak fk & +80 mV,
10 mV i — A2 B, B B 15 ms, 85 % 0.25 Hz,
S B R AR TE 18~24 °C L0 A S H . IR
A K e 38 38 45 57 P JF 800 MR #b /K 50 pmol,
5 min £ E J5 il AN HL . DAL (pA/pF)#E
71N HL P S, 22 1 Fl R - F O (1- V) il 2k

2 B PN B SR A TN < K 3% 5% 48 h A 40 M BE T R
B, 1 BUWNG BE R 47, T8 25 B0 9 40 E AT S0 .
BE IR A R e B B LR AR L, PBS T Uk
5mino G R Fluo-4 fif 5 V8, FH Al 15 35 30K 1
i B 5 pmol (9 AR, 4 LBk TAE WO A 3L 2R £
L PN, 37 “CaE G IR 7 30 min. B 7 45 o 5 W 3 e
A, D-Hank s 7 ¥ 2 ¥k, 1K 5 min, 3 A& MLy i
A 1 mL (% D-Hank’ s ¥ , 508 388 6 0 0 & b &
bl IR AR ORI R O K O 488 nm, )
6] 77 50 5 2 s R AL LW ERMR R AT 2 min, Bi
T EUAH T A SR G B A 5T A A B R ) X
HATFHE . A 10 B2, RS LA A 100 pL 76 B
J& B RS AR , 4% 2 R B K% . i ] NIS-Elements
AR 4.6 FAFFEATER 53 B, 76 BHG T TF Bl ik
R ) 2 DX 38K, 45 81 7 B ) AR 6T 48 Al 5 O R R 1Y

BOE o B ET 10 s Bl S8 0 O ik 4R A 5Ol o i
Fo, 338 W00 5 85 9 6R BEOh FoLF/Fooh 45 98 54
JEARA A XS 55 568 B A AF/F o= (F 10-Fo)/Foo
1.6 Zeit2g ik

)3 Fl GraphPad Prism 8.0.1 %k 4 %t % 4f o 47 48
TF L B SR X R A e 22 (3 4 ) B, B
FFA A 530 M7 22 57 M, 0 FH B R 38 05 22 0 i i
112 8 3, 4k DL LSD K 56 3517 90 9 b Bl A
T A2 I A& P Bk U7 22 57 %, W 38 A Kruskal-Wallis 6
5. LA P<<0.05 0 22 53 ge it 8 LR bR

2 R
2.1 FHKEIRNR =S H0E

e NN 3 R N =Rl 1 9=V
(P<C0.000 1) K i bR 3R 77 (P<<0.01) Ft i , HE IR 7]
W 45 J (P<<0.001) , % JHe ot o7 P B A1 (P<<0.01) 5 5
RS 2] b A, B 2 B i A A R RS e o U s R i R
J1 T bR A5 E 3 AR (P<<0.05) , HE JR 18] f@ 4E K
(P<C0.05) , 5% BT M 42 = (P<<0.05) 5 5 41 4l 57 21
FL A, I 22 Bk 2 20 KRR Wk T IR i R (P<<0.05)
K R A5 R 3 (P<<0.01) BEAR , HE PR 18] B 4E 4 (P<<
0.01) , 5% B it iz 4 42 /&5 (P<<0.01) . WL 1o

80— T K IR U T 70~ TR SUE T
on 60 A ° a0 60 o
E x ©000 g
£ 40 £ 50 o AA
= R
H - H 40 o2 ﬁ%
T S 30 ij N,
/g(%,/ )%f}/ ’;3175,‘/ ‘X{gﬁ}\/ /gg‘e/ {%ﬁ‘}’/ %VS‘/ Vy@\Z’%\/
N\ SR N\ &R
@% @%
8001 HEFRIH]FE -, 0-08 TG 7 1
jus)
6004 . £ 006 © as
i 2 °
g 400 ax & 0044 [ ;
= ° 4“2
200 " = 0.02 " .
T:;E
Wlgmtliag 2 1l lm | o
B R W B R B
& F S TS
N »Xg@ AN & i &R

®
.1 mmHg~~0.133 kPa. S{EFR4HM L, *P<<0.01,
#P<20.001,"P<20.000 1; 5 BRI LA 1L ,"P<<0.05;
Ll 44 b, 4 P<20.05,44P<C0.01,
1 BAXRBRRINNZFSHILE (145, 8 LR/A)
Fig.1 Comparison of changes in urodynamic parameters

of rats in the 4 groups(x+s, 8 rats/group)
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Fig.2 Comparison of electromyographic changes in the detrusor muscle of the bladder of rats in the 4 groups

(z+s, 6 rats/group)
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Fig.4 Comparison of current changes in K,;, channels in detrusor cells of rats in the 4 groups(z+s, 5 rats/group)
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Fig. 5 Changes in intracellular calcium activity in bladder detrusor muscle cells of rats from different groups
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