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Eoeh? | AYY Bm4E® Pk’ It EEFEC OEFR

BE BH EHE R sHMEs K 2 W SIP S ek Ttk ad e Bbuhl . ik % 30 R A Wistar
KA AR BRIk, . SA AR5 4000 & FHRA (ARG H), BAET
Bk TH[1.5mg/ (kg-d) | #F, #R2k, #4814 R, EIEAER, S FRAEREAMETS
8 RALF ¥ T A% K3 (50,100,200 mg/ (kg d) | #= 3 Z =& 4000 # [0.9 g/ (kg-d) | # R, &KX 1k,
HEHT R, ANAER6RAZTEA, EFLTFEHAERLK, WETRAE KRG —MHF L. B2HE .
e, #EE. BRAKETML, F1. 14 REARBTEILEKERZMEEE . KA ELISA k40 5- £ &
B (5-HT). 5- # &k 4 B %4k (5-HT4R) 4%, HE # & W RMR W &, Western Blot, qRT-PCR #:
M A5 HEREIE R G (ANOT ), BERIR B % & ckit (ckit), s HBETAEEF 2K o (PDGFRa ),
P2 vZvh 24k 1 (P2Y1), SK3i@id & & (SK3) & & & mRNA £ kKT, S % 3 0 a4 4h il 45 1 45 3%
FHBiE %G (ANO1) -PDGFRa #» PDGFRa- %@ A K =4 9.5 (PGP9.5) kit nh, R 5
YA, BAE K KIER Y, HfEaEEK (P<0.01), £iF., 84 KFTHIK (P<0.05), %
W 5-HT. 5-HT4R A& T (P<0.05), AREMATGEL AKE ( LEIFRBBLE . LTI T Z . A
E% 7% ), PDGFRa . ANO1 #= PGP9.5 ¢4 fatk 4 &4, , PDGFRa . ANO1. P2Y1, c-kit. SK3 & @
% mRNA KP4 (P<0.01), HAAZAE, K F T, &7 FHAEHEHAR A Fat A 44z, 12
Lk FH A, 5-HT #= 5-HT4R 439+ % (P<0.05, P<0.01), A FHERN T - KB £ 4, BRFHHNZ
YR TG AL PR S B E, PDGFRo . ANO1 #= PGP9.5 # Mt 4 &34 5m, PDGFRa . ANO1,
P2Y1, ckit, SK3 & & & mRNA K -F34 3 (P<0.01), & k3 Tae@a EA% H ANOT, c-kit,
PDGFR« . P2Y1, SK3 &ik K-, k& Cajal ia) it 2 fefe PDGFR o + 2w ity 2 & sh4e, # % SIP 46
R RERLEFN 1, i T ALK A,

KEEIR  hAREARAL; SIP SBedk; EMmEh 1 RE; B E; T

Hesperidin Improves the Function of Colonic SIP Syncytium in Rats with Loperamide Induced
Constipation ZHAN Yu" ?, WEN Yong®> *, DU Li-juan®, SHEN Xu-long®, WANG Xiao-xiang®, WANG
Xue-fei’, and TANG Xue-gui’ 1 Department of Anorectal, Affiliated Hospital of Integrative Chinese Medicine
and Western Medicine of Chengdu University of TCM, Chengdu (610041 ) ; 2 Department of Anorectal and
Department of Gastroenterology, Chengdu Integrated TCM & Western Medicine Hospital/Chengdu First People's
Hospital, Chengdu (610041 ) ; 3 Department of Clinical Medicine, Hospital of Chengdu University of TCM,
Chengdu (610072 ) ; 4 Department of TCM/Anorectal, The Affiliated Hospital of Southwest Medical University,
Sichuan (646099 ) ; 5 Department of Anorectal, The Third People's Hospital of Chengdu, Sichuan (610014 ) ;
6 Department of Anorectal, Luzhou People's Hospital, Sichuan (646099 ) ; 7 Institute of Anorectal Diseases,

FEWH . FFEARBAIEERBITH (No.,82004173, No. 82074429 )

M A AR BE 25 A2 I VS R SS A EE B AR (BLER 610041 ) 2. s v g I8 45 4 B LR i 48— A R E B AT IR . 298
B CH#R 610041 ) 5 3. WAREE 2 R FRNEEEBEIm R b (RS 610072) ; 4. PURdERLRA IS ER ERE AUmER (U1 6460999 ; 5. i
TN R EBATARE (S 6100445 6. WM TT AR EBATARECIU)I 646099 ) 5 7. JIIJLEEEBET AR5 (1U)I] 6370007

WIVER : fi2Es, Tel: 081742598191, E-mail: txg668nc@sohu.com

DOI: 10.7661/j.cjim.20220831. 211



HHE P ELE A 2Rk 2023 4F 1 H A 43 45 1 1 CJITWM, January 2023, Vol. 43, No. 1 - 68 -

North Sichuan Medical College, Sichuan (637000 )

ABSTRACT Objective To explore the effects and mechanisms of hesperidin on the function of colonic
SIP syncytium in rats with constipation. Methods Thirty male Wistar rats were randomly divided into the model
group, and intervention groups ( hesperidin low/medium/high-dose, and the Macrogol 4000 Powder ) . The
constipation rat model was established by intragastrically administrated with loperamide (1.5 mg-kg" -d™)
twice a day for 14 days.On the 8th day of modeling, synchronously, the intervention groups of rats were
respectively given hesperidin (50, 100, 200 mg-kg" -d”"), and Macrogol 4000 Powder (0.9 g-kg" -d™")
by gavage once a day for 7 days. Meanwhile, another 6 Wistar rats were set up as a blank group and given
equal amount of saline by gavage. The changes in general condition, defecation, body mass, food intake,
and fecal water content were observed in before and after intervention. Meanwhile, the time of the first black
stool was recorded at the 1st and 14th days after the gavage of ink. Contents of 5-hydroxytryptamine (5-HT )
and 5-hydroxytryptamine 4 receptor ( 5-HT4R ) were measured by ELISA. HE staining was used to observe
the pathology of colon tissue. Quantified protein and mRNA levels of anoctamin 1 ( ANO1 ), type Il receptor
tyrosine kinase ( c-kit ), platelet-derived growth factor receptor o« ( PDGFR«a ), P2Y purinoceptor 1 (P2Y1),
and KCa2.3 ( SK3) by Western Blot and gRT-PCR. Finally, the expression and distribution of ANO1-PDGFR «
and PDGFR « -protein gene product 9.5 (PGP9.5 ) were detected by Immunofluorescence double staining in
the colon. Results Compared with the blank group, the rats in the model group had fewer bowel movements,
longer interval-time ( P<0.01 ), dry and hard feces, and lower fecal water content ( P<0.05) . The 5-HT and
5-HT4R levels in the colon were significantly decreased ( P<0.05) . The structure and morphology of colonic
tissues altered ( epithelial necrosis and detachment, swelling and thickening of muscle fibers, thinning of the
muscle layer, etc.) . The positive expression of PDGFR« , ANO1, and PGP9.5 were obviously reduced.
The mRNA and protein levels of PDGFR«a , ANO1, P2Y1, c-kit, and SK3 reduced ( P<0.01) . Compared
with the model group, the interval between defecation was shortened, the fecal water content increased,
and the levels of 5-HT and 5-HT4R increased in the hesperidin medium, high-dose intervention group, and
Macrogol 4000 Powder intervention group ( P<0.05, P<0.01), while hesperidin with a dose-dependent manner.
It could be observed that apparent recovery of colonic tissue morphology and gain of positive expression of
PDGFR a, ANO1, and PGP9.5 in the rats of hesperidin high-dose intervention group and Macrogol 4000
Powder intervention group. At the same time, the mRNA and protein levels of PDGFR « , ANO1, P2Y1, c-kit,
and SK3 upregulated in the colon (P<0.01) . Conclusion Hesperidin may treat constipated rats by restoring
the phenotype and function of interstitial cells of Cajal and PDGFR « + cells and improving the function of SIP
syncytium as well as motility via up-regulation of colonic ANO1, c-kit, PDGFR o , P2Y1, and SK3 expression.

KEYWORDS functional constipation; SIP syncytium; colonic motility; fructus citrus immaturus; hesperidin;
Chinese herbs

felEf#EFL (functional constipation, FC) f&—
T LAHEAE RIME | HEASE B8 D SHE AN S S 2R
SN REPE (functional bowel disorders,FBDs )",
FC A NG I8, KAENZRME St . AT
Il KRB ML RS (enteric nervous system,
ENS) DjRE AT, 2 BT ok AR 45 A G, X 2B A
Zn SES S AL, HBBUEE TR B
18 3l 3 AT IR T 1 LA (smooth muscle
cells, SMC) M4t 1E R B 718 B A M Ui 46 R
2% (slow wave, SW) [ 5 fife 54, Cajal
6] B4 ffL (interstitial cells ©f Cajal, ICC). IfiL/4k
P52k o FHYE4EIE ( platelet-derived growth

factor receptor « -positive cells, PDGFR « + cells )
55 SMC i i S8 B i 42 . FLRR G L R AG A SIP & i
& (SMC-ICC-PDGFR « + cells syncytium, SIP
syncytium ). #ifiti&, SIP & MR DIfE S5 iE 3 )%
VIR, 25 B WAty S s 2 Al 22 B A%
G2, G 2 RIE FC RIRIT T I AR E B A
FHT, BRI RZ A (BISEFIEAR ) sz &
R B (RS BRIEIR A B0 D07 A0 im
FRACE T . AT B Hh & B e B 2
TIWVER o SRR RSCER A A B, A IRE T RE S
AR (R 26 (s ) AR NI,
AW ETERF L5 SIP & MUARTI RERRE K H 1+
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1 S A SCHEBRBRUE A BRifE: ¥ SPF
e Wistar KL, 5 JEIl, {AE 125~140 g, &
Yok, HEE . WS AR . HEBRARIE : (REAS AR
R OK . HEE L TESIAEARIE R IR R

2 MEAREIFE I ARSI R 200
PEA T4 ALK BRI A T AR i L, K RUREAR BT TR
KUF n(pa+wub) 1 2
(8/a0) 4 Mg
KPIREA TG B i PRI Z 2 S=p1-pn2; o
h bR EZE (RO AR EZEAHAE ) 5 wa Al b
SRR R K o FEE T IRARRAMERE B XTI
fH ( «=0.05, B=0.01), fEARFEE & fHH, AIXf
8 /o FHATIE MBE KA REAE N; 7R85 & MU
MR, FAREARREZE S 10E 8,

3 Y ARSI A B 2 Al AR
bise i, 36 H 5 J& % SPF 2% 1 Wistar K R, 14
# 125~140 g, LI SYEHVFAIIES . SYXK (JI])
2018-076, HiPUJI|44 SEo sh W8 P2 Bt sl e, 3
FHE B A Bt o PR 458 K Bl 52 560 8 0 1) 37 R B AR 4 Tl
J¥ 20~26 C, W 40%~70%, #e K ECH /N
15K, Z8S TR E 7 %%, 1212 h B i i, 52
B B EE s P LW % [ (2021)
106 5 ], FFA sy, shmA e RN, 45
A G50 B Y A A A B R DGR o

4 Zi¥)y  ERFRIEWR T MelcEE (2 mgl kL, HE5T:
LB J8215) WP %Al 25 AR A e, KL=
fiz 4000 i (10 g/ 4%, b5 P21731) SN 24
AR ey AT BR A wl B AL . RS H 3T (300 mg/ &, it
521060909 ), & H N 99.48%, Hi AR A A
WHARA B A AR,

5 FEELH KAE B A E G
(anoctamin1, ANO1) #t & ( 2 [# Bioss 2\ 7, bs-
3794R ). [ & R 5% K BB 5 (1 (type TN receptor
tyrosine kinase, c-kit) #T & ( % [ Abcam A #,
ab231780 ), PDGFRa #T A& ( {1 75 Affinity 2% ],
AF0241), P2 I 1% 32 {& 1 (P2Y purinoceptor 1,
P2Y1) #i & ( I 7 Affinity 2% #, DF10258 ),
KCNN3/SK3 i ii & [1 (KCa2.3, SK3) #Hiik ( L5
Affinity 2yw], DF13233), PDGER « - & ALK =4
9.5. {protein gene product 95, PGP9.5) #ifk (7L
Affinity /3w ,DF6854 ), /K-G 5 EE ( 1 Aladdin 43 7],

N1=N2=2 N1, N2

#C104202 ), 5195 (_EifgA: TAEY TR A PRAF ).
EBEYOLEHMEE ( HAJERE, Nikon ECLIPSE C1),
W& %5 ( HAJE B, Nikon DS-U3). k2% &G
%725 ( LA B4R, ChemiScope
610). 5 X m A % B0 AL (55 [ 28 K BE o,
SCILOGEX D3024 ). = # il H2UFEEAL (RIXFE
YR ,KZ- T -F ), e A shEH PCR 4T &4 ( I
A IR A BRZ W, SLAN-96S ), HLikAX (3%
[¥ Bio-Rad Laboratories, PowerPac Basic). J¢ i
1% ( 2 [E1{f1Bk Bio Tek, pQuant) %,

6 WML T R AR (ZYHES Ty
) E R RSN, 454 SckakaE 7 ARy
Wi g e ml ®, 35 1 Wistar ¢ B LLER R 7% R T 1
(1.5 mg/kg) #EHE, 1K 2 WESEAHMER, Tt
6]k 9: 00 1 18: 00, it —MIHAL . HEME TGO, 3¢
EPER . (S KR . A R R ) 55 s A T
EALT R R TOAET, SN 31 K, I 88.6%.
HEHL 30 HAHF/RE0HA% .

W T A Wistar K BUE B 385800 3% 7 K5 R
FE 2 B,k B AR D) 1 Wistar K Bl 30 i
BLAT AR AL #8 R AR 2 . R R A b )
. ARG B2 4000 HF A (fi
FRVGZG4 ), 4l 6 H, mamsE FRIEmE T, 5
WS H A6 H T DL xk 24 55 5 0 B R K B
14 K, fefe)a 7 RIFIT LA 12 4 5 0 A4 BER K
HEH. BRI T UIKIR T B WAE S 14 X, ik
Ja 7 RRIEF ATz S AR EokE S . 456
SCERRTE O, BEEE TR, P EARE T %
WR T MR E E 14 K, TEde)a 7 RFERT AR R
HIREW [MKF=41. 50 mg/ (kg-d); 5@
100 mg/ (kg -d); =7 &4 200 mg/ (kg-d), 4
SIASFRAER 1, 2, 445 ] #EF, THEHEN
13:30, PHZNALTLAIVE IR T RS HE S 14 X, fEfx
J& 7 KR DL 8 2 ¥ 4000 #% 0.9 g/ (kg-d) |
HEE, FimE Sy 13:30,

KK 25)5 6 h (24:00) LA SR SE KR,
FUUHE I A AU R BRSSO 75 A B T
Rk i BEH 4, PBS ZZwpiR Rk ybd s, s ENE
TWEREN, - 80 CUKFHIRIELHL,

7 KRR SO

7 —BAEDL SR AR R AR IR SR ALK
BRI — AR 0, 10 SRR R S0 W5 A R P i
HEAEAH LA

7.2 HRSEMEEE FHE 1 KM 14 KGR
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(7:00), HLFRE 10 mL/kg FIRITHES , 054
BT 5 BT () R e SR S B ), 45 TR ]

7.3 KSR R RPUEESS 1 RIS
14 RZKHT (0:00~7:00) Ay ZefEfEmtdy, #2%
i (FEOE) RE (BE), FET 37 ChAT
THES R, TG (FE04E) i (THE),
F LRI Bk, 2 SKE (%)= (O
1)/ (BE-—FLEE) x100%.

74 ELISAK: W 25 g 41 21 h 5- f2 4 &
( 5-hydroxytryptamine, 5-HT) } 5- ¥ (i 4 KI5Z{k
( 5-hydroxytryptamine 4 receptor, 5-HT4R ) & &
100 mg 2522, BY i/ R A L 2T S
A 1 mL PBS, #2515, T -20 CrkFL R,
2R R 2 IR L B I, K AL 2L AR L 2~
8 T, 5000x g, &.0>5 min, B FiF. BUEH [
WL BIEA TSR0, e S R . R AL IR A e IR
5-HT. 5-HT4R EIA kit i) &5 17 .

7.5 HE §ufn  ZEindldUREAR L 4% 25 HE
L, RS RAFE, Tk B BESLI0AG I SOP
PR TIEST . k. (3, V1A . detn . HA R
BRrAA IR, JREEE 3 wm, M 3 g iid
TR ERUAE b e TR A3 B A BH S ) 1 AN K B B A 2k
R B e, FIE

7.6 Western Blot £ il 45 iz 20 21 7 PDGFR « .
P2Y1. c-kit. SK3. ANO1 & /K F #%HLfY Wistar
KRS I SUR A RIPA 23580 T oK - 246#% 10 min,
ZURSERUE L 1 2000 x g B0 J1EL 10 min, ff] BCA
T R R O R 4 RN 12% 43 S I HEA T
SDS-PAGE Hiik. 7£ S1 X H & 80 V il S2 £
120 V HLE R 4885, 200 mA #8818 I 19 8 1100 7%
#| PVDF I |, 5% JI G 934 5 P 28 1 4 R 5 1A
1h, MMA—$14 CHEHILK PDGFRa (1:1 000 ),
KCNN3 (1: 1 000), ANO1 (1:1 000), P2Y12
(1:1000), c-kit (1:1000), TBST E¥e/m A —Hi
(HRP #ric th EHi % 1gG ) (1: 10 000), =HEH
1 h, PR TBST ¥k, PVDF AR ) bk re
FEAFE A |-, ECL (biosharp, BL520B) 5 ithiE 4
WFe oy Eefih, 7EEUERERM T RERE, A
A TR A AT IR EE 53 HT

7.7 qRTPCR £ | 45 % 4 4%+ PDGFR« .
P2Y1. c-kit. SK3. ANO1 /iy mRNA 7K  # it R
B 2em Bt st el 2l 460 mg, KA Tripure
— BV P BN I RNA, B2 wL RNA A 98 wik
DEPC- /K ", 5841 70 606 B 1 I % RNA FE 9 78

260 nm Fi1 280 nm 4k OD {&, PITE 1.8~2.0 Z [N
B LA RNA R 5 55 B cDNA, - 2 SRR
20 wbL OUF: B9 1.0 wl. TSI 1.0 L.
FastStart Universal SYBR Green Master 10.0 wL.
cDNA it 5.0 wL. HO 3.0 wL) AN sl Bk A
JL AR F e N A5 AR 95 C 10 min, FEIR 11K
95 C15s, 60 T30s, 72 C30s, ¥ 40 K; fix
JE kR (95 T15s. 60 T15s, B =
95 Ti#izt 30 min), 1 PCRAX B, 4543 FE i
3AEALIME, WM, S EXHIR, it o i ig
SRS B ETEAEL (CT) AR S DU, Maktr
BEARZ IR A, SR 2722 @ 5 x4 b A T 8cdh o
Pr, A Ct= HIHK Ct — NS K Ct; AA Ct=T

A Ct —=5 LA Ct; M58 =222, Xl
FIEEEN 100%. SIWfEEMT (£1),
£1 3l

A 5175 (5-3") TR (bp)

B-Actin  [-Ji#: TGTCACCAACTGGGACGATA 165
T GGGGTGTTGAAGGTCTCAAA

ANO1 -i%: GTTCGTTGCGTCCTTCCCTCTG 119
i TGGCTCTGATGGCTACTGGTCTC

c-Kit -i: CAACGGCACGGTGGAGTGTAAG 99
i GGCTGGATTTGCTCTTTGCTGTTAC

PDGFRa _Iiif: AAGATTGTGCCGCTGAGTTCGTC 129
i#: GCTACTGTTGTTCTCCTCGGTTCTG

SK3 -i%: CGGCTTTCAGGGCTCCCAATTC 124
TiF: CTTGTGGCTGTGGAACTTGGAGAG

P2Y1 ii#: GGCAGCATCTTGTTCCTCACCTG 126

“Tiif: CCACCACCACAATGAGCCATACC

7.8 ABEUSOL (WUEH YL m ) I 4 i 41 21
ANO1-PDGFR « #1 PDGFR o -PGP9.5 fy35ik 434l
JIR I 2K ARYHS A D) R A ZH 2R T 15 min- —
FHZET 15 min- TT/KZEE T 5 min- /K ZFEETT 5 min-
85% i1 K5 5 min-75% 8 ¥ 5 min- 7% 18 K Yk, BT R
B4 BT EDTA LR R Z bl (pHB.0) 1Y
&2 &b TRk W TR B E .k 8 min {5
k8 min %t AKX k7 min, ik #E bRy B R 22 o
Wit EZEE, VTR, HRBAEHRERET
PBS (pH7.4) H7Elii tahi IR I R ahieik 3k, Rk
5 min, (& H & 5OCEK AR R AL ELE
S 2 JE PRl i P (B kB ), FERE P A 3 DE
JEEER K]S min, JAkEE 10 ming LG B 75
PN ¥ i BSA 8 5730 min, il — ¥t (PDGFR« ) J&
B R F TR AN 4 CHEF R 4t (ANO1
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s R 7 ) 9.5/PGP9.5 ) - BY F B T PBS R 7E
W EFE IR SR e 3k, BKR 5 min, Yl FEAET
JETERE NI Y A 4, EOEE IR 50 min,
DAPI & YL 41 M #% . 3% & T PBS e it (B 42 IR I
REBRE 3, k5 min, YIARE TS ER N
% in DAPI 4L i, G = I F 10 ming 3 . 3
F BT PBS AR B B IR b SR 8l Uk % 3K,
W5 min, Y1 R R T )5 AT 26 K B 0 &
Fo BERGAARR: U1 T 9800 WA T SR I R A A
1% (DAPI % 4h ¥ & U £ 330~380 nm, & §f I &
420 nm, K#G; FITC Mk I 465~495 nm, A it
WK 515~555 nm, kZ¢t; CY3 kK 510~560,
REHEK 590 nm, K06 ),

8 Hiit#iivk R SPSS 28.0 Giitikilxi &k
PEPEAT AL F A, B LA X + s FoR, 6L IE SRR
T 225 24 2 (B B L SR R 3y 25 0T, F
— LI ELEH LSD ¥, J5 2245534 % H Dunnett's
T3 fulkr, P<0.05 F2ESASI#E L., B
GraphPad prism8.0 i/ EIE .

#H R
1 — ROl RIS R S ka8, K
TGRS, Fef 2 IEEIR, B HAR KM% .

55 3~T K, B RIS Ay h BE s>, B
TOCFREARRR, FoRT0E RBP4k, R TR,

PRI PR RBIFFLE B 14 X, i T mdls o~
10 RIGfERE ek, JUHR . w1
ARG ZHLH55 13~14 IR IR 525 HAIAE .

2 HAAREMFEREEE (£2) SAR4T
TS 1 R, & 45 14 KRR E 44 K
(P<0.01), dHIERLLEIT#E L (P>0.05); 44
KR T AT LAl g, 2R TLEE
X (P>0.05),

3 A LHAE S KRR ] i (K 3)
Sos (A R L, 5 14 AR S48 5 K B AR
(P<0.05), EHEMETEZER (P<0.01); AL
AR, TS 14 R, @l Edimp sy
H I ZEME A K BRI (P<0.05, P<0.01), ke
W E) 46 %5 (P<0.05, P<0.01); 55 14 K& T W4
(TG LA, A B v 791 e AL A 20 5 7K o g T
A, EORRAER A TR AL (P<0.05), &#
SH TG ERE X (P>0.05),

4 RYLEHHL 5-HT I 5-HTAR S (% 4)
HEHA R, SRR L5) 5-HT F1 5-HT4R & &t
KIREAIL (P<0.05); SEEAI4] i, B, &
Fl 445 W 5-HT Fl 5-HT4R & & %71 & (P<0.05,
P<0.01); £ T-HUZH AL PG budss, 18 R 1 fl 4l
4507 5-HT 1 5-HT4R & i 1 TR s 4 A e 245 20
(P<0.05), # il mdizi 5-HT4R & T
Pa2541 (P<0.05 ), 222 R4 12# 5 X (P>0.05 ),

®2 SAREMELEILE (X+s)

4157 n hE (g) HhER (g/24h)
FAKR $14 K ERIPS %14 K
2 6 182.74 + 10.37 304.23 + 19.34* 12.24 +6.33 14.61+6.67
T 6 183.90 = 11.20 296.28 + 20.47* 13.12+6.13 14.44 + 6.50
18 A 6 182.54 + 11.16 299.53 +20.73* 12.64 +7.01 13.93+7.44
S Bt T 6 183.92 + 12.01 302.65 + 21.70* 12.55 + 6.40 14.83 £ 6.32
RS B A v ) 6 181.42 = 10.56 301.61 +20.82* 12.83+6.72 14.27 £7.20
5z 6 183.70 + 11.31 298.36 + 20.15 12.77 +6.77 14.71£7.37
T ARG 1 K, “P<0.01

RT3 SUFMEESKEE o A RLAER R A (X +s)
25 n FHESKEETH (%) TR AE A (min)

HAXR 14K ERIPS ¥ 14 K
A 6 62.37 + 13.44 65.10 + 11.50 178.31 + 35.62 171.20 + 40.33
FA 6 61.77 £ 11.62 49.43 + 10.48" 181.45 + 38.20 287.33+50.67**
R B HAIR) 6 63.40 + 12.33 54.30 + 11.274 183.62 + 35.77 255.62 +45.72%
B Bz bRl 6 62.85 1250 65.13 + 1143 " 182.45 + 36,09 221.07 +51.47*
R Bz e AR o 6 64,50« 12.84 69.64411.17 %" 185.63+40.55 176.55 £47.86 "
[ 6 6347 + 12.71 69,43 + 13.46 183,32 + 37.40 19570+ 48.37 "

e 525l s, *P<0.05, **P<0.01; SERAL I HA:, 4 P<0.05, 4% P<0.01; S Rl gl ik, 4P<0.05
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R4 BALHHL5-HT F15-HTIR S A (ng/ml, X+5)

219 n 5-HT 5-HT4R
=H 6 4.46 +1.50 8.52+2.48
s 6 2.35+1.32* 4.75+2.15*
Ui i 1 v 6 266+146* 4.80+266*
B AT v 6 458+205" 7.96+2.27%
S B e 7 o 6 512+ 1.67%% 9.20+3.06°
(LB 6 2.78+1.44* 4.93+£2.374°

TE: HEA4E, TP<0.05; SHIRIL A, “P<0.05, ““P<0.01;
S E R A A, 4 P<0.05; SH AR A, © P<0.05

5 KL AR LR (B 1) MR )
AR B, Bk AL BRI E
SRR e e 7 Ay Rl DA e S E v
BEH mit AL A5 A IR A TR W S, B L EOE
B, WREE, HESEEST, Bk LB rh AR AR iR
AL, R WL A BRI R A REE L
BERAEivE , IRt EIRAE, BhRRLZ LT 4E i ik
AR R T ZREBKN, ZARH A G, K
By, EENCEMR A, UZAE.

@ (S
TE: ANZE 14 B RRRIZE s C B B i e i it 25 2 (37 Sk 42
AHAMOEY TR, ERAER O, OSSR E R 2 E
JEK I, Zhapglgire, RO AR EIIZE EAIRSEL, HE
7 Sk R FBLULZ JULET 2 i i AR 5, 20685 Sk 427 i i SR R PR IR BE 5
A1~C1 x40, A2~C2 x 200
B 1 3HRRAHHLSUNHEL R ILE: (HE)

6 3L L SIP A M iAbRiC & I E A K
Fbiw (£5, K2) SaAdE, BAAH%R

A B C

AN 4] B BEIA ; C s i el
2 3WHKRLHAL PDGFRa . P2Y1. c-kit.
SK3. ANO1 ik

PDGFRa . P2Y1, c-kit. SK3. ANO1 % 1 F ik K
SERREAG (P<0.01) 5 SHERIA] Hhi, #8 K 7w
45 PDGFRa . P2Y1, c-kit. SK3. ANO1 & 1
TR FHE (P<0.01),

7 35S SIP A MR PRICE 1 mRNA %
RAKF R (F6) S A4, AL
PDGFRa . P2Y1, c-kit, SK3, ANOTmMRNA /K-F-1
FEAIE (P<0.01); SHEAIAL i, 84 il m a1 2
% PDGFRa . P2Y1. c-kit. SK3. ANO1 mRNA 7k
TR (P<0.01),

8 BRI RILEK (K3, 4) =
4 KB 45 % b PDGFR« P (2156 ) F1 ANO1
FAPE (80) FEILRRTENEFPZ, —FH R
7. BEABAY G R, MIFEFEE ., BT 2{UA Dk
ik, R EAEA S A4, H PDGFRa 5
ANO1 HSRIRTE U b AR 25 1 4L R K2 1 s )

R 5 3L SIP G HIAPRICE AR FRAE LS (X+s)

415 n PDGFR « P2Y1 c-kit SK3 ANO1
25 6 0.378 +0.11 0.632+0.21 0.393+0.14 0.388+0.15 1.195 + 0.31
R 6 0.214 +0.14* 0.189 +0.10* 0.246 +0.11* 0.207 + 0.09* 0.842+0.27*
S B A v 7 6 0.417+0.23° 0.692+0.30" 0.438+0.26" 0.421+0.18"% 1.303+0.37"°

TE: S5, *P<0.01; SR ks, © P<0.01

F 6 3HLMHAL SIP SHAFFICET mRNA FXRAR LK (X£s)

A5 n PDGFR « P2Y1 c-kit SK3 ANO1
s 6 1 1 1 1 1
HAY 6 0.312 +0.12* 0.243 +0.10* 0.357 = 0.14* 0563 + 0.27* 0.64340.20*
RS v ) 6 0.954+0.20 " 1.134+0.24° 0.913+0.25" 1.053+0.31" 1407 +0.33%

E: A HA R, "P<0.01; SHEAYIHAEL, ©P<0.01
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T ACHZS 4 B ORI ; C S pe il ik
B3 3HKRELEmAL PDGFRa (£15%) F1 ANO1 (44 )
POLYELER

MERGED

TE: A RES 4L B RIRILL; C R R i E il i 4l
B4 3AKES AL PDGFRa (£15%) 1 PGP9.5 ( 445t )
Do/ QUESES

e, AR FHME Y B s,
A0 ERIK,

2% 20 K 45 1 b PDGFR o FEE (2056 ) Al
PGP9.5 B (&t ) FESLRIRFENLEANLZ, H
BT BEABRIOCR, MIERINE . 2 20N D
FKik, W EREA S S A4UE R M TE A
FIAE B A m vl e, AR P e (i /b, e
LR FTUZ A D 3Rk .

Wit

B 2R IR YT R A, R
K 2552 Jr S8 A S5 T A8 sl R 1 A D RE VR
LM AR IR (SRR ) MR ZBIEIE,
kTR AW, HETREARE (MEIR) s
W, R, —, HARTH, LESARAER, fi
RO MO A YRIE. e RET 2
Sun H & ™ S ARAL S 26 M B2 B 2 T s
PR 2GR =776.06 ng/mL, 24T ith 2 T =
9 473 ng/ (mL-h), t1/2=5.26"h, A WA ILIN
W Sk {8 238 45 %) ( Bian Sai Tong, BST), Hxj#
AR AR 1) 1 RYT RS 8h T 2 7 R0 5200 s B o

TESS A LR MIILZ

FEUESE BST A (e sk A/ R ia ik sh, ntiféiiz
oy, BRI, BST., AR, BISsh g n fE & A i
B sh FI 2808 | 415y AR B R TR
Je, MU EEER () 28, RIS, R,
Horr, AR BRI SR (1) 84 G bl i
HEAE st iimee @ SR, A R Rl AR
S 2 B R FU b A R s BE T Y, RE A Ak
W HA AR, BRI E it s shr e
HAEAERL 36T DI AE IR 2E— 5%

VR T FedE S 2 HAj T 2 AR FC 1 i Xz
— WEHGE, IR TR SEEENUZAE . AR
kL, BRI L M IRFEIT, . S EHESIANHL,
YRR ER T O, AT 2R A AR T, fE
ARWFFEH, IR T R A T B BE 5 2 BT R GE
HYIG, HRXEME G, 576 FC R, 5
W], FC HBIR R4 M 2148540 ROV 38 kA0 8
USRS R TG B I R R BE B T S R E
YR IS B B B, iR R, KR
(A (SRS RE RAS 21 B S B, RS T RS B X KRB FC
R @

SIP AiutAxt FE i T HAEEE L, ]
R AR YT FC YRR 5 3R < B 4000 HLZE M1,
H=HERPLHIIEAME . 5-HT 4E R —F 2
Pathid i, HES RG22 5 8 hianiz
. RS, IEESE " B-HT S AR B (5 S
5545 FC S o ", ZIHFTH m i B vl i ad 3
5 5-HT {5 S4eutiash 7 2% 52 MW&miE, A
BF5E Bl TR 35 EE T FC R BEs 4l
5-HT F1 5-HT4R (3535 . i i ol s 5-HT f5
5, WG SIP A AR REAR HE I 2 2E A T (A,
(RIS F-HLH RG-S 38 AT i — 5. MR
fi2 4000 #XF 5-HT 55 JCH AR M, HEZ R
AR R i NYB 17 P M R R o

Pe4lil, g5 AE2 M ICC WA, o LR 2
FEE R 20 k) B SIP & HAR ) 2 A 2 3@
W, Mz s o R AN & SR s T, BRI
JEPBLENSRIUT SIP A MR AR . DAtk inZ,
it B i ( acetylcholine, Ach). P ¥ it ( substance
P, SP), Z54 ICC LA szik (M3, NK1) J5,
3 i 5 Ca® B, 3N ANO1, 5k ICC 2
WPl T S 80 SMC Wi 4527 KA, 3004 T
— %A 1k A (nitric oxide, NO). B-NAD, @B 45 &
PDGFR o + 4 Jfgéd- H¥ 5E 32 4K (41 sGC*P2Y1) J&
FlEBERIL, S5 SMC &5k 2. nikaE, DR



i TR Y R 2 G Jeaks 2023 4F 1 S 43 455 1 1 CIITWM, January 2023, Vol. 43, No. 1 - 74 -

t PDGFR o + 411 il 2 SMC 5 B # i Ak 1T 5| 2 45
18165 % . SMC RYU A 5877k EIER I SW AY5HE
[, AT ER R FC B 45y ICC 40t
BRI, HARE ARG SW ek St s sh IR A & b
8 22 I ICC 5 PDGFR o + 4l ifl 1% 32 71 4 437 5%
Wik FC ZREEL,

PGP9.5 J& — it Jx B it 28 00 % J& 1992 P 48 o0 A
Wy, TEBEIE T FILE] R 2 A R A gk P A
if5EH, ANO1 # I F45ic ICC, PDGFRa #iHF
Fric PDGFR o + 4ifl, HAEGHE B R —# 14k
A . SR BN, ER KRS PGP9.5 H
PE YL o B 5 920, ANO1., PGP9.5 #4 5 PDGFR «
BRI AT WA E A R, 48 ICC Al
PDGFR o + 4 ifl 5 ENS f4 iz I #i 28 £ 47 F1 it 46,
SIP & HifRsz ENS # 28 - N 55 e, 530k
Wil—2k #. AR, BRI o i T ICC AN
PDGFR « + 4liffif) 36315, A FC iRy F #0174 idy i
FHehit

ICC 5 5 P 55 £ 1k c-kit {5 5 X T ICC & 7 4
FrEemE, “HEP0 SMC &M X% S Ife ®.,
ANO1 i J5 518 A & YEwE et 28k, 774 Sw,
Wi SMC iy L- 504 18 38 177 5 & S LI 46 2
PDGFR « + 4ff Jifl 4 5 P W 0% 25 38 51 P2Y1 32 4K il
/N L 54 8% 41 38 18 3 ('small conductance Ca*'-
activated K* channel 3, SK3) ¥ 7% /5 19 %k W 5
ANO1 I #. —H HARIL 4EHr SW iR . [Hit,
ANO1. PDGFR« . c-kit. P2Y1. SK3 3 ik /K F &
ik et ICC F1 PDGFR « + 4 g B s>, SIP A i
ST N ASEe 7B ] = /N TN 29,7 < e RT3
Wikt T FC R HA L P hrEY & (PDGFRa |
ANO1) 13 fE & 11 (P2Y1, c-kit, SK3. ANO1)
M. ST A8 R R T SIP A ik e 8 K 1)
A, Wsh heRE . (AR, EE LA
BE IS HAEA TE, Blan, E PR sh AT/ R
BER (WEIRIG - 25 iAo asatEse ) ks
PDGFR« . SK3 #ik [ # %, [HEHINNIFAT
o S5 R, PDGFR «+ 4iififl -SMC &F 3k 31 B 5%
PSS A T REREIR SIP A M i m i v ey, AT 523k
AR IAEIR S . BAN, BAR HE et R iz
11 nl eI B g2 i RAE M AB M L Ry Thae (& 1),
ARG A — LR 28 L rd WF o8 B il 1
Al REEE N IR 45 i 5-HT 1555 L ANO1., c-kit,
PDGFR« . P2Y1 Hil SK3 551k /K, 1K ICC M
PDGFR o + 4l il () KA I D) fE, ™% SIP & etk

REMZ sl 11, IR IR T M7 A (A R U 2]
THVER. i FC J3% FBDs [iRY 7 AR U

FE S TAEATH 45 P
& % X #
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