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Role of P2X3 receptor in dorsal root ganglion in colitis-induced bladder overactivity
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[ Abstract | Objective To investigate the role of P2X3 receptor in dorsal root ganglion (DRG) in
bladder micturition function due to colitis-induced bladder dysfunction in the rat model of 2, 4, 6-
trinitrosulfonic acid ( TNBS) -induced colitis. Methods Female SD rats were randomly divided into control
group, TNBS-3d and TNBS-7d groups. The rat model of colitis was induced with 50% TNBS ethanol solution
(100 mg/kg) by clyster, and the rats from the control group were clystered by isopyknic normal saline. In 3
or 7 d after clyster, the colon and bladder tissue of rats were collected for HE staining and Nissl Staining.
Cystometry was performed to observe the bladder micturition function. Immunofluorescence staining was
carried out to detect the expression of P2X3 receptor in DRG. The effect of P2X3 on colitis-induced bladder
dysfunction was observed by intrathecal injection of P2X3 receptor inhibitor A-317491. Results The colons
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of TNBS-induced colitis rats showed mucosal hyperemia and edema and inflammatory cell infiltration. There

were no histopathological changes in the bladder among the 3 groups. Compared to the control group, there

were larger number of mast cells observed in the bladder from the TNBS-3d and TNBS-7d groups. The results

of cystometry showed that the intercontractile interval of bladder (ICI) was significantly decreased and

maximum bladder pressure (MBP) was obviously increased in the TNBS-3d group than the control group ( P<
0.01). Similarly, the ICT in TNBS-7d group was significantly decreased (P<0.01), but MBP did not differ
from the control group. The number of P2X3 positive neurons in DRG from the TNBS-3d and TNBS-7d groups
was increased significantly compared to the control group (P<0.01). Intrathecal injection of P2X3 inhibitor
A-317491 significantly prolonged the interval of micturition ( P<0.01) in the TNBS-3d and TNBS-7d groups
and reduced the maximum bladder pressure in TNBS-3d groups ( P<0.05). Conclusion P2X3 receptor in

DRG plays an important role in the pathophysiological process of bladder overactivity induced by colitis, and

inhibition of P2X3 receptor in DRG may be an effective treatment strategy for the overactive bladder.

[ Key words |

P2X3; colitis; overactive bladder; colon-to-bladder cross-sensitization

Supported by the National Natural Science Foundation for Young Scholars of China (81700668 ). Corresponding author: LI Longkun, E-mail; lilongk@ hotmail. com

Ji B3t 2 V6 BIAE ( overactive bladder, OAB) & A JR
SRR DL IBS DL D) BEBE AT o S —Fh LR 2Ry
AERYREMERE , B PEAT PRI IRIE IR . OAB Y i 56
1o, T AT AR A T R, WS B 28 R R I
SRR SR BUK R hAESI %™ . 0AB &A1Y
PLEITISRANTE 2 (2 OAB SEMR % 5 Wi TR 5+ 1A T
HELE RO I ( inflammatory bowel disease,
IBD) f R H R IR PRI A0 e
AoEast S SR RERE R . BFFT B, S SS I B e
e AP 2 — 8853 ok A T8 — A5 AR A 2715 ((dorsal
root ganglia, DRG) B &0, 451 48 0E Al LA o
M DRG st 2 u iy IR, iE M- 2O M1 A 4
AR, o - Bt I JRR i 5 B Y s SR 4
RN, G R KRR C IR0 27 4 % Ay P 1
51T B AL AR Z AT PRI NS DRG A
w5 T MW B O A OG0 R B 3R R PR AH O IR
(calcitonin gene related peptide, CGRP ) """ g 5 P4 4t
2% 3% I T ( brain-derived neurotrophic factor, BDNF)
S IR R 1 AR 2 Ak iy ELAAHL AR, L
173 5 e 8 28 SR, A A SR O 45 W R 5 R I I
S,

P2X3 SZAAAE Ry —Ff ATP (G4 1 6 13 i
ZAK, FERGETE DRG p ) R i 2250, P2X3
ZARTER PRSI A T W W A8 A Th 453G B2
RN TR 2 5 IR A ) e A A . AE4SE
G T i, ATP A b Bz 200 R i, 0T 1 A e A%
AHREEAAE ) P2X3 3244, DT 42 i 45 1 i e 1) 3%
B BRI, P2X3 SZ AR 1 /N B B
JDEHE PR B 5 A2 B4 3k 55 A N IR iz 2l B 3 A D

BN AR E A B AR A AR OAB [ R
PR | 4 S S5 g 55B% e 1% A b 22 19 P2X3
ZARF IR 2, 912 5 45 1 FBE IR 09 5 i BOUR
BRI, P2X3 32 AR 45 T 56 T B B Ik
W I E I ANTE A

ST @S =L IR R (2,4, 6-trinitrobenzene
sulfonic acid, TNBS ) i75 T 1) K Bl 45 1 2 A58 , WLEE 45 1
RXF R BB e 41 208 S FHE IR DI g 52 i, IR IR R
DRG 1 P2X3 SZARTESS W 21755 1 155 Ik HE JR 2 e B i
VR, DN Ay i 5 TG 125 8 v 28 UL i 7
PR B A

1 #¥57F%

1.1 ZHEFHhfREAN s

Sprague-Dawley (SD ) B K BRI F il 4242 5 K2
LRSI AR (250+20) g, R FR AL 5 % SPF
S5 ARG R AP, shi LB B AR E YA &
i 22 7. 5 R4S sl A PR ZS 51 S A SRR o AR SC
Bk[11-12] $ig3, i A TNBS % 7 19 7 =0k 75 5 K R
(LS i RAK TR AR 4 Bl A1 55 7 22 7 K BRL 43y o B
ZH TNBS-3d £ 1 TNBS-7d 41,25 A%k Kk 24 h, &
SRBER ARG , ¥ —H PESO 45 i I ] 22 18 46 A
407 8 em, [ )5 [7] TNBS-3d F1 TNBS-7d 41 (1)K R 2218
A 50%TNBS LB (100 mg/kg, Sigma 23 H]) |, [1]
Xof HEZH A K SR 25 A PR K B b K U BB 4R
AR ALT T 30 s Skl g8 T
1.2 BB MELEE

KR 3% 13 2 b 22 B M I 10 5 IR TR I, 4% 1% e
MEEHICT o FHA PR KK 25 1 e v I, 0065 e Fn 2



http : //aammt. tmmu. edu. cn

B S PR KRR, 2021,43(3) 197

W T 4% Z R EEP I E . BE 5O, U)g
5 pm HEY) . A Y] S IS 64T HE 3% 4070 f
ANEWE G,
1.3 %BERX

KRBT 3% [ LU 2 BRI 5 280 MEIE 12, B A
SR L6~SI FRMANEET 4% Z R PP EE,
30% pEbE 2 5 I W K 5 a3, VKR U0 R PLY)
A% 10 wm AP A, =20 CHRAF, 0.01 mol/L PBS &k
VIR 3 WJa, 1l 3% BSA Z & ] 30 min, K] f
T P2X3 —HiMi BB (1:200, it KB TeG) H 4 C i
Bl HI PBS PEVE 3 W, K UL R BT 488-H
IgG Ay “HUMBEIE (1:500) FPasifdBF /& 2 ho PBS IRk
J& DAPT Z L4 ffi i, 9 E & e B afEm
Yl B THOGIR A B0 TSI,
1.4 $HAEH

LN N NN S B N RS TR EY
TG TR 1A ~ LS JRAME B 1A A9 75 78 B R A — 1~ 2y
2 em BYIH o /ORI ORI AL 8 14 LS
BRI AT AN B FAE R BT o ARJE HH 20 ST
LA ~ 1.5 HE] B A K B A58 BT ] B, 7R 548 L2218
BA— RGN R L0654 (SN2 0. 25 mm) , Z2 18
W 2R LA A8 TR AR BRUIE IS TR Bt 16 548 SR o o7 T
KEAY L6~ST b, 47 K B IR0 JE R 5T iz
e EARALE RS, de A [ TR
ML FI ) A, 88 5 U0 . P2X3 il 77 A-317491
(10 pg) it S48 1Y o3 —Sirids A K B BB IS T ] it
LS Rl &

KELTNBS 7 3 d 17 d J5 31 7B DI s, W82
5 e B2 05 Bl B R B o T a3 I A T SRR I O B
Ja  FER B T BRI — > 1 em AU D0 REEEE. 4%
J& AR TUH RO — /NI G B — R R O
PESO 4 AN 0.5~ 1.0 em, fif (L 485 B DE D)
ML EE S8, 4850, FARE, ¥ PESO SE 1 5
— Ui 308 2ok = 3 R 3 ) 3 e B G v A A (AVT 270,
Smiths Medical, USA) 1 [& Jj 1% J& &% (AR AR ) o
FEIMEIEE R 5 A — D 2l IEE TR G (UYL
an] ) RN . S AEFEERK L 10 mL/h (3 B L
HENBE IO RBEe N = 281k feJa et Aot
ZH R BRI s e HE PR (] B (intercontractile interval , ICI) £
T KHEIR & ( maximum bladder pressure, MBP)
1.6 %It o4

K SPSS 20. 0 Ge it 4, B s LA x+s 01,3 4
[F] L AR TSR R 3R 07 22 7007, 43 24 i A8k T X
o R, R EKUE 0=0. 05,

&ZHR

2.1 TNBS #5694 1 K KR ¥ 4 W Fo J Bh o 2847
JRER SR

HE e (45 $L4R 05 - 15 %0 FRZHAH 1L, TNBS-3d 21 K
B 445 1 2% B0 L 06 B 7 I 7K e | g B i JEE R K 1) R
PEANAIRIE . TNBS-7d 20 K B 45 s B U2 A B 2
W HIR ARSI (B TA) o 3 4R B B3 e HE
PSR NAN RN ZER (B 1B) . HIRMRE 6
459 R : TNBS-3d 20 F1 TNBS-7d 25 A BRI A K
iR SR AL B 2 (B 1) o
2.2 TNBS #8925 My £ x5 BEHE SR 20 88 09 0!

B R 45 SRR . TNBS 545 4 05 , KR
B D62 B 2o 9 B R R , 32 e IR B IO HE PR A %
Al K HE PR W1 0 3% n (& 2A) o 5 % BRZEAH 1,
TNBS-3d 20 K FRA B BEHE PR 1FR A (64. 1£12.2) s, 2 3
SRR (195.4+19.3)s,P<0.01, [& 2B]., TNBS-
3d ZH KB % bt e R AHE PR He A (44. 942.9) emH, 0, i
2 E XL (30.3+3.8) emH,0,P<0.01, K 2C],
5 TNBS-3d 40 K BURH [, TNBS-7d 2H K KUY B BEHE PR
WA B R A D HER (] B R (120. 6+1.0) s, {HAT)
2 T X EZE(P<0.01, |5 2B) . {H TNBS-7d 41K
BRI J e e R HE PR AT X BEZHL A HE 22 5 TG 1278 X
(K 20),
2.3 TNBS i %6 4 £ 5 DRG 4% 2 T, P2X3 %4k

SR

B DY A AT I K B DRG Hr P2X3 SZ iR 1) %
NG O, 45 BN 5 X6 B 4L A e, TNBS-3d 41 Al
TNBS-7d 241K B DRG H P2X3 [PEM & o H 1
HM(P<0.01, & 3), 3 HAf & o4l i i b P2X3
ZARFIEI I, X EgE R R TNBS 753 1045
KA DRG Hf P2X3 Z K[ FRik Fifd it P2X3 Z 1k
EE ) NGNS A
2.4 P2X3 ARSI K FEA AT B E S PR

55 IOt 4 22 10 He 45 R 2 7 < 89 PN U B (intrathecal
injection, IT) P2X3 WHIF A-317491 )5, 45 RiBS 1
B e ask B 1% s %5 2 B 2 A e (18] 4A) o 7E TNBS-3d
AR B B N TS A-317491 B8 ZE4 T B b i) 1
FRIGIRE[ (109.4£10.4)s,P<0.05, [ 4B], &% T &%
FHEFRE] (30.9+2.0) emH,0, P<0. 05, [ 4C], 7£
TNBS-7d 2 ()R BUH, B N RS A-317491 J5 K BRUBS e
HEPR I REBEAR AL B 1E 5, Forp B 2 2B T % 1Dk )
FRBGIE [ (209.3+20.4)s,P<0.01, & 4B], {HX} K
HEPR ETCHA W52 [ (28. 3+1. 8) cmH, 0, &1 4C ],



198 B =B KR AR, 2021,43(3) http ://aammt. tmmu. edu. cn

xi,..\éﬁ TNBS-3d 4 TNBS-7d 4

AHE 2 &R 3 MR RAEMALREFLTAB.HE LENRIARABHRARREFZ T C.PRELEEE
MEIAREB AL REE L §EFfFATIRERMI

B 1 TNBS SESMEMRKREMIFENELRELLE

= 250 - 60
:;E‘
>
200 4 <
(@)
. T 401
= 2 1504 =
& = a =)
% ® I
= # 100 1 =
= a X 204
v WA i3
50 1
=
= =
o5 e 04 0
& £
& JJ. - |_ XFREZ] TNBS-3d 6 TNBS-7d £ ¥FAEZH TNBS-3d 21 TNBS-7d £H
—200s A £ B 24151

A3 AR KRR RSB B.3 K KA AR 15;C.3 AR KSR KHEAIE  a:P<0.01, 5 3B 20 ki
E 2 TNBS iFS IR IT B HE R ThAE R =2 M



http ;//aammt. tmmu. edu. cn B8 SRR, 2021,43(3) 199

TNBS-3d 4

y y Pige ‘A ) ‘
%a\
oL ¥4
#

g D,
50 ].LK : g {_A,,{;&'

601
TNBS-7d 4

I
(=}
1

[
(=]
1

P2X3 BT H

X HEL] TNBS-3d £ TNBS-7d 41
215

AR BEFERECMRIARATHRANEYT P2X3 £ihth £35;B:3 A K K DRC + P2X3 fali 2 A% B a:P<

B3 TNBS FSHIEBRFT DRG T A P2X3 ZERI7200

0.01, 5 xfpgza s
A-317491 it
- 2504
&
4 200
=]
Wi E 150+
=
A-317491 it B
= 1004
=
< 50+
)
[=4]
z

5 emH,0

L

—200s A

|_EEEapn) b 601 m#i 2
o255 m et
T 404
a =
i
% 204
%
0-
TNBS-3d 41 TNBS-7d 41 TNBS-3d 41 TNBS-7d 41
4151 B 15 c

A :TNBS-3d £84= TNBS-7d 41 X R 649 B bt JE 3 A B 5 B. # 40 K 64 15 etk Bk 18] 1 5 C o 9 40 K5 89 B3 Bk 3R K 3k

JE  a:P<0.05,b:P<0.01, 5225 a7 b4

4 P2X3 ZEELRRSBMNERTEERER

A 2 114 ik R R 30 ) 0F 58 Ik 32 1O, o I e i
or B S S U PR i A AR S R DI RENE 1B T A
s B i S L 4 B AR RS A2 ) F 4 R
SRR R Geda ], I HL A2 3L R 7 B 1 AR A 42
TR o PRI, S50 R S5 BUIRZS AT RE 5 45
J¥7n J&] B T A RS 1 22 T8 W W0 R A, a9 T 3o
DRG s 8658 SO S I (0 15 Az o ARk
Blzg TNBS 755 R A I R e , 195 e i) L 8L 25 0F
R EW AL, SR B B DE A BT SRR, 22
FIHEPRIERANHE IR B30 o Bl 45 W 2 RS, % e
T BETE SR Brdcss , AN RER S R 3 . BEAEN ST IR A
WL 7E TNBS 45Kk 10,12 d HEHREE)5,
HAUEIL SR R 45 1% C JCH] 2250, 55 e ik 2
TG SNISRAEAE 2 SRR AL b (0 25 1 5 e o
e R R 5 ) , A BT PR 45 M 2 T A IB e 2y e = A=
TRZF ST R 13X R0 94 52 0 ] BE M5 i R

SEUENAE A BURILA 7Y

5T £, 451 %6555 DRG $h & IT )24t M £
T 3 A 0 DO 1) A A 1B I () A AP 2 B P i
WEEH. 45T IS B B A DRG #h4t
SR LA B B L RAAG , 4 P 7 g Ao ik
T3 DRG 2 Ic 2R FH Y N Z AR i) 3k 3
nph 2 4 KB (NGF) | i 98 M #2857 I+
(BDNF) . TRPV1,CGRP P #J it I TrkB &2
733 S A% Sk P 00 D R 32 A [ AR A T I 2 - B80T e
ISR E mEAE T, E TRPVI LR/
B, TNBS 753 19 485 W 4% vl I I o B 33 0 AR 0 ot
SR TR AR o i Y P T S R R
(RTX) fifi TRPVI i £, RE i 1 [ Ik BDNF P % Jii 1
CGRP IR Wk i Jpe et 2 35 3 0 S 4k, A
FERIN TNBS 175 3 25 7 98 e, b I IS A 40 e =2 11 B
BN o SR RE K20 BRI T 1) 185 0 -5 % I A A 28 U
LAIPEN T IE AT ST

P2X3 Z & —Fh IR 1E DRG Pt i o0 1



200 BRI A, 2021,43(3)

http : //aammt. tmmu. edu. cn

1) ATP 324K, JF 25 ATP 4 1l 28 70 2% Ay 1 1)
P WRIESE R e M 2Tt ) P2X3 2 kS
LR PR B S | TR 2 15 55 RS I Y
DU T o P2X3 S ARTE S I rfr 5 B2 5K 1E C I
TAERNRSAT R M o 2G5 bE L R 40 AR A
TEHLE ATP 362 1 T8 A AR 1 P2X3 3214,
S P2X3 SZ A HE P2X3 2 ARFERS 2 A A I, 1F
T2 5B 5 Ve 15 S o 7 ) 5 15 I 4 2
PRI P2X3 A SR BE I A5 A 2 L A R I
FIEw" . 7E TNBS ¥5 545 7 4 B v | [R] Rt & 30
e C ITELT 4 A P ' L A BFSE & L TNBS
FHREENH ARG, DRG P2 IT P2X3 2 (R FA W] 1,
B 5T P2X3 32 A o 70 R D S 0 45 M 42 B
TSt B G B, AT L, A AR A R P2X3 2R ]
RE T3 PR I DR A AR 2810 445 M2 S 45 0 4637 S 10
e At BE 3 5

25 b ASHFFT ST TNBS 55 (4 BLSS 1 Je Ry |
TS5 i 9 68 T3 el B 20 B PO 52 000, H:4F B 4% i 48 v
DRG #1220 P2X3 3Z AR 3k B S 38 in , 3¢ W PN 34 5
P2X3 37 (AR 71 G HA o ol 38 45 I R 175 T 10 B e b B
Wl

S5k

[1] FRY C H,CHAKRABARTY B, HASHITANI H,et al. New
targets for overactive bladder-ICI-RS 2109 [ J]. Neurourol
Urodyn,2020,39 ( Suppl 3): S113-S121. DOI. 10. 1002/
nau. 24228.

[2] ANTUNES-LOPES T, CRUZ F.
overactive bladder: revisiting the evidence in 2019[ J]. Eur
Urol Focus, 2019, 5(3): 329-336. DOI. 10. 1016/]. euf.
2019. 06. 006.

[3] ALAGIRI M, CHOTTINER S, RATNER V, et al. Interstitial

Urinary biomarkers in

cystitis; unexplained associations with other chronic disease
and pain syndromes[ J]. Urology, 1997, 49(5a suppl) : 52—
57. DOI:10. 1016/50090-4295(99) 80332-x.

[4] FRANCIS C Y, DUFFY J N, WHORWELL P J, et al. High
prevalence of irritable bowel syndrome in patients attending
urological outpatient departments[ J]. Dig Dis Sci, 1997, 42
(2): 404-407. DOI.10. 1023/a;1018838507545.

[5] TERRUZZI V, MAGATTI F, QUADRI G, et al. Bladder
dysfunction and irritable bowel syndrome [ J]. Am ]
Gastroenterol, 1992, 87(9) . 1231-1232.

[6] WHORWELL P J, LUPTON E W, ERDURAN D, et al.
Bladder smooth muscle dysfunction in patients with irritable
bowel syndrome[ J]. Gut, 1986, 27(9): 1014-1017. DOI.
10. 1136/ gut. 27.9. 1014.

[7] BRUMOVSKY P R, GEBHART G F. Visceral organ cross-
sensitization-an integrated perspective[ J . Auton Neurosci,
2010, 153(1/2): 106-115. DOI. 10. 1016/j. autneu. 2009.
07. 006.

[8] USTINOVA E E, FRASER M O, PEZZONE M A. Cross-talk
and sensitization of bladder afferent nerves [ J ]. Neurourol
Urodyn, 2010, 29(1): 77-81. DOI.10. 1002/ nau. 20817.

[9] USTINOVA E E, FRASER M O, PEZZONE M A. Colonic
irritation in the rat sensitizes urinary bladder afferents to
mechanical and chemical stimuli; an afferent origin of pelvic
organ cross-sensitization [ J]. Am J Physiol Renal Physiol,
2006, 290 (6): F1478 - F1487. DOI; 10. 1152/ajprenal.
00395. 2005.

[10] USTINOVA E E, GUTKIN D W, PEZZONE M A.
Sensitization of pelvic nerve afferents and mast cell
infiltration in the urinary bladder following chronic colonic
irritation is mediated by neuropeptides [ J]. Am J Physiol
Renal Physiol, 2007, 292 (1). F123-F130. DOI: 10.
1152/ ajprenal. 00162. 2006.

[11] QIAO L Y, GRIDER J R. Up-regulation of calcitonin gene-
related peptide and receptor tyrosine kinase TrkB in rat
bladder afferent neurons following TNBS colitis [ J]. Exp
Neurol, 2007, 204 (2): 667 — 679. DOI. 10. 1016/j.
expneurol. 2006. 12. 024.

[12] XIA C M, GULICK M A, YU S ], et al. Up-regulation of
brain-derived neurotrophic factor in primary afferent pathway
regulates colon-to-bladder cross-sensitization in rat[ J]. J
Neuroinflam, 2012, 9. 30. DOI. 10. 1186/1742-2094-9-
30.

[13] WIRKNER K, SPERLAGH B, ILLES P. P2X3 receptor
involvement in pain states [ J]. Mol Neurobiol, 2007, 36
(2): 165-183. DOI.10. 1007/s12035-007-0033-y.

[14] VLASKOVSKA M, KASAKOV L, RONG W, et al. P2X3
knock-out mice reveal a major sensory role for urothelially
released ATP [ J]. J Neurosci, 2001, 21 (15): 5670 -
5677. DOI:10. 1523/jneurosci. 21-15-05670. 2001.

[15] WYNN G, RONG W F, XIANG Z H, et al. Purinergic
mechanisms contribute to mechanosensory transduction in the
rat colorectum[ J]. Gastroenterology, 2003, 125(5): 1398-
1409. DOI: 10. 1016/]. gastro. 2003. 07. 008.

[16] SHINODA M, FENG B, GEBHART G F. Peripheral and
central ~ P2X  receptor  contributions  to  colon
mechanosensitivity and hypersensitivity in the mouse [ J].
Gastroenterology, 2009, 137 (6): 2096-2104. DOI; 10.
1053/j. gastro. 2009. 06. 048.

[17] DANG K, LAMB K, COHEN M, et al. Cyclophosphamide-
induced bladder inflammation sensitizes and enhances P2X

receptor function in rat bladder sensory neurons [ J]. J



http : //aammt. tmmu. edu. cn

=R R AR, 2021,43(3)

201

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Neurophysiol, 2008, 99 (1) . 49-59. DOI:; 10. 1152/jn.
00211. 2007.

TEMPEST H V, DIXON A K, TURNER W H, e al. P2X
and P2X receptor expression in human bladder urothelium
and changes in interstitial cystitis[ J]. BJU Int, 2004, 93
(9): 1344 - 1348. DOI: 10. 1111/j. 1464-410x. 2004.
04858. x.

RODRIGUEZ M A, AFARI N, BUCHWALD D S, et al.
Evidence for overlap between urological and nonurological
unexplained clinical conditions[ J]. J Urol, 2009, 182(5) .
2123-2131. DOI.10. 1016/j. juro. 2009. 07. 036.
CORY L, HARVIE H S, NORTHINGTON G, et al.
Association of neuropathic pain with bladder, bowel and
catastrophizing symptoms in women with bladder pain
syndrome[ J]. J Urol, 2012, 187(2): 503-507. DOI.10.
1016/]. juro. 2011. 10. 036.

FITZGERALD ] J, USTINOVA E, KORONOWSKI K B, et al.
Evidence for the role of mast cells in colon-bladder cross
organ sensitization[ J]. Auton Neurosci, 2013, 173(1/2) .
6-13. DOI.10. 1016/]. autneu. 2012. 09. 002.

GRUNDY L, HARRINGTON A M, CASTRO J, e al.
Chronic linaclotide treatment reduces colitis-induced
neuroplasticity and reverses persistent bladder dysfunction
[J]. JCI Insight, 2018, 3(19):1-20. DOI;10. 1172/jci.
insight. 121841.

FORD A P, UNDEM B J. The therapeutic promise of ATP
antagonism at P2X3 receptors in respiratory and urological
disorders[ J]. Front Cell Neurosci, 2013, 7 267. DOI.10.
3389/fncel. 2013. 00267.

GRUNDY L, BRIERLEY S M. Cross-organ sensitization
between the colon and bladder: to pee or not to pee? [J].
Am ] Physiol Gastrointest Liver Physiol, 2018, 314 (3) .
G301-G308. DOI.10. 1152/ajpgi. 00272. 2017.

LEI Q, MALYKHINA A P. Colonic inflammation up-
regulates voltage-gated sodium channels in bladder sensory
neurons via activation of peripheral transient potential

vanilloid 1 receptors [ J]. Neurogastroenterol Motil, 2012,

[26]

[27]

(28]

[29]

[30]

[31]

24(6). 575-585, €257. DOI. 10. 1111/j. 1365-2982.
2012.01910. x.

MALYKHINA A P, QIN C, GREENWOOD-VAN
MEERVELD B, et al. Hyperexcitability of convergent colon
and bladder dorsal root ganglion neurons after colonic
inflammation: mechanism for pelvic organ cross-talk [ J].
Neurogastroenterol Motil, 2006, 18(10): 936-948. DOI.
10. 1111/j. 1365-2982. 2006. 00807. x.

LEI Q, PAN X Q, VILLAMOR A N, e al.

transient receptor potential vanilloid 1 channel modulates the

Lack of

development of neurogenic bladder dysfunction induced by
pathways[ J]. J
Neuroinflammation, 2013, 10(1). 1-18. DOI; 10. 1186/
1742-2094-10-3.

YOSHIMURA N, OGAWA T, MIYAZATO M, et al. Neural
mechanisms underlying lower urinary tract dysfunction[ J].
Korean J Urol, 2014, 55(2): 81-90. DOI.10. 4111/kju.
2014.55.2.81.

YOSHIMURA N, OGUCHI T, YOKOYAMA H, et al.

cross-sensitization in afferent

Bladder afferent hyperexcitability in bladder pain syndrome/
interstitial cystitis[ J]. Int J Urol, 2014, 21(Suppl 1) ; 18—
25. DOI:10. 1111/iju. 12308.
PAN X Q, GONZALEZ J A, CHANG S, e al.
Experimental colitis triggers the release of substance P and
calcitonin gene-related peptide in the urinary bladder via
TRPV, signaling pathways [ J]. Exp Neurol, 2010, 225
(2):262-273. DOI:10. 1016/]. expneurol. 2010. 05. 012.
ANDERSSON K E. Purinergic signalling in the urinary
bladder[ J]. Auton Neurosci, 2015, 191. 78-81. DOI: 10.
1016/j. autneu. 2015. 04. 012.
BELE T, FABBRETTI E. The scaffold protein calcium/
calmodulin-dependent serine protein kinase controls ATP
release in sensory Ganglia upon P2X3 receptor activation and
is part of an ATP keeper complex[ J]. J Neurochem, 2016,
138(4) : 587-597. DOI.10. 1111/jne. 13680.

(U5 :2020-08-26; 1% [E] : 2020-10-27)

(i Z2HE)





