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Effects of Jiangni Tongfu Formula on visceral hypersensitivity in non-erosive
reflux disease rats based on PKA/TRPV1 signaling pathway

LI Pei-fang',  YANG Dan®, LI Ting-quan'*, LU Wen-jing', SHEN Ye-fei’
(1. Department of Spleen and Stomach, Affiliated Hospital of Shanxi University of Chinese Medicine, Shanxi 030024, China; 2. Shanxi University of
Chinese Medicine, Shanxi 030024, China)

ABSTRACT: AIM To investigate the effect of Jiangni Tongfu Formulaon the visceral hyper-sensitivity in rats
with non-erosive reflux disease (NERD). METHODS The rats were randomly divided into blank group, model
group, domperidone group (0.31 mg/kg) and low, medium and high dose groups of Jiangni Tongfu Formula
(6.75, 13.5 and 27 g/kg) , with 6 rats in each group. Except for the blank group, the other groups used pylorus
semi-ligation combined with gastric fundus ligation to construct NERD models, and administered orally every day
after modeling. After the administration, the pH value of rat esophagus was measured by pH meter. The threshold of
mechanical foot contraction reflex was detected by pain behavior experiment. HE staining was used to observe
esophageal tissue lesions. The number of mast cells in esophageal tissue was observed by toluidine blue. The

changes of desmosome structure in esophageal epithelial cells were observed by transmission electron microscope.
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The expressions of substance P (SP) and calcitonin gene-related peptide ( CGRP) in esophageal tissues were
detected by immunohistochemistry. RT-qPCR and Western blot were used to detect the expressions of protein kinase
A (PKA), transient receptor potential vanillic acid subtype 1 (TRPV1), SP, CGRP and Occludin in esophageal
tissues. RESULTS Compared with the blank group, the threshold of mechanical foot contraction reflex in the
model group of NERD rats decreased (P <0.05), the pain sensitivity increased, the number of mast cells in
esophageal tissue increased (P <0.05), the expressions of SP, CGRP, PKA (p-PKA), TRPVI mRNA and
protein increased (P<0.05), and the expressions of Occludin mRNA and protein decreased (P<0.05). Compared
with the model group, the threshold of mechanical foot-withdrawal reflex in Jiangni Tongfu Formula group increased
(P<0.05), the pain sensitivity decreased, the number of mast cells in esophageal tissue decreased (P<0.05),
the expressions of SP, CGRP, PKA (p-PKA), TRPVI mRNA and protein decreased (P <0.05), and the
expressions of Occludin mRNA and protein increased ( P<0.05). The desmosome structure in the esophageal tissue
of rats in the treatment group increased, and the comprehensive effect of the middle dose was better, which was
domperidone. CONCLUSION Jiangni
hypersensitivity phenotype of NERD, and its mechanism may be related to the regulation of PKA/TRPV1 signaling

equivalent to Tongfu Formula can effectively improve visceral

pathway and the release of neuropeptide downstream.
KEY WORDS: Jiangni Tongfu Formula; non-erosive reflux disease; visceral hypersensitivity; PKA/TRPV1

signaling pathway ; neuropeptide
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DB HFRIEAY 1 (transient receptor potential vanilloid
1, TRPV1) ik FH, $E/R 02 s I/ 45 5
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N TeHE5 58 (cAMP-response element binding
protein, CREB) {55l %2 5 & & R i 4%
N NERD PN =5 oL S AL 7807 1)

NERD J& THE “AvMR” JElE, Ol
JIFARACAE . RRIBE | phR Rt R T
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1.4 #Hap FESE T REER 15 ¢ A
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2.5 HEHVUENERTUBHEELEH KRE®E
HAA 2. 5% ST — K E , 1% POE L Ik
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45 DMER, Sl A TAEY TR (BE) B
ARAFRBGHERE, FPIIE 1,

*1 31%F7%
Tab.1 Primer sequences
FEH FIYF51(5'—3")
CGRP IE1 GTGAAGAAGAAGCTCGCCTACTGG

JZ ] CCTCAGCCTCCTGTTCCTCCTC

Occludin 1E[i] CAACGGCAAAGTGAATGGCAAGAG
2 Ii] TCATCCACGGACAAGGTCAGAGG

PKA IF 1 TTGGACAAGCAGAAGGTGGTGAAG
2 Il CCAGGAACGGGAAGTTGACAGC
SP iE 5] ACTGTTGTCGCTGGTATCAAGTGC

JZ 5] GACACCGTCTCTCCCGTCTCTG

TRPV1 1E CAGCGAGTTCAAAGACCCAGAGAC

JZ I GGAGCAGAGCGATGGTGTCATTC
B-actin 1E GGGAAATCGTGCGTGACATT

JZ If] GCGGCAGTGGCCATCTC

2.8 Western blot % # 0 £ & 40 2 p-PKA,
TRPV1. Occludin, CGRP, SP & & &% K&
L LS B S ST, I R D i 751
R 25, VK B 24#% 30 min, 12 000 r/min &
£ 10 min, B FVEW, B, BCA &
AT R, A LR RS 95 C & @k 10
min FEATAEME, BERCHLIK TR, B 2R W
TIROAEE, 5% B A IS A 2 h, n—$L p-
PKA (1:1000), TRPVI (1 :1000), Occludin
(1:2000). CGRP (1:2000). SP (1:2000) .
B-actin (1:5000), 4 CWHELR, WEkFEM—
P (1:8000), EE|ME 2 h, HEEFEHIMNEL
W, BEOCALFE 1 min, TEEERCALIZAN FERYG . FAHE,
S ERE NS YRR

2.9 “itFod @it SPSS 20. 0 BAFHEATAEFE
A BRI A IES AT, UL (xxs) Fow, 4]
PR FHEL R 27 22400, O 2655 IR LSD-¢ 4%
By, H2ZZAFENR A Tamhane’ s T2 £:565, P<0. 05
FoRERBAGI R,

3 R

3.1 i@ BF 5 xF NERD K R % pH 145 % it
BREFFYw A4, BERARRE
% pH A MWT {HFFL (P<0.05); SHRILH
B, WU R 5 R R o 2R 2 0 S AR R
pH {EFHE (P<0.05), [ id I Jy 45 7 & 41 Fn 2
WALERZE MWT {ETFR (P<0.05); 529 rEig]
Phds, B3 AR 7 45 39 = K BB AS pH (E AR
(P<0.05), [ 38 i 7 (1% 75 1 2 K B MWT fi %
& (P<0.05), VLI 1, 253FMH, NERD KRE
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ik 5 ) a0 R 75 ) 23 ST B RE 2 i KBRS T
FYIRORG:, HATESCRA WG ., il
V28 301 38 O 7 1 2237 S 2 RE R OR U B, =3
BORFEA—EL,

E. SA A4, P<0.05; SEBALLEFP<0.05; 5
LW ST EAL L # % P<0. 05,

E1 BAXREE pH{EN MWTE (X5, n=6)

Fig.1 Esophageal pH value and MWT value of rats

in each group (xxs, n=6)
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J&, HLIFHEEIE ) AT L2 g scE s %, HE
SIZERL, RUE S B8 /RS, 6
NERD $#fiF,  H: A A5 750 20 70 4 390 300 5 7 (K59 it 21 266
JEEZ bR )R RIEAN], R b R AT MR,
NS A 2 n] UL e MR,
TN R AN, R EEA RS WK
WERDE i BLAF e A ikt it 2 . S i,
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BRI KRR ESHL N Kl g B m (P<
0.05); SHIRIZH AL, [0 I 7y 4% 50 i 41 K B
BEHLNIE R E SR> (P<0.05); 52k
SCERZE bR, BEIGEMT R, thRl AR B EE A
ZUN R RN BCERS I (P<0.05) , WLEI2~3,

2 ZHARBEHLAHE £E (x400)
Fig. 2 HE staining of esophageal tissue in rats in each

group ( x400)

T OO, Sz HAHLE, " P<0.05; SHER
YL, *P<0.05; 5 2 MUl L, ¢ P<0. 05,
3 BRERRREALRPEXARBETH (RER
g, x400, x5, n=3)
Fig.3 Changes in mast cells in esophageal tissue of rats
in each group ( toluidine blue staining, x 400,

x+s, n=3)

3.3 M@ 5 st NERD K R A% 40 28 m et 45
LM NERD KR EE AL bk 254

] S STiRi) RSl ke R A VAL N oy
EHA PRSI n, ULE 4,

VE: LTSk I RRIAE
E4 SEARAEAARMAMNTHEMBETNL (B
STEEEE, %25 000)
Fig. 4 Quantitative changes in desmosome structure in
esophageal tissue of rats in each group
( transmission electron microscope, x25 000)
3.4 M58 W 2 NERD K R & % 4142 CGRP.
SP. PKA. TRPV1. Occludin mRNA kL&) %h 5
HEHMA R, BAH KR EEHL CGRP, SP,
PKA, TRPVI mRNA % ik F+ @& (P <0.05),
Occludin mRNA FIEFEIR (P<0.05); SHEAIZH L
Ll ST iR he2i i B A RVA L TEE N e = 22
41 CGRP. SP. PKA. TRPV1 mRNA FEik[E(% (P<
0.05), Occludin mRNA FETHE (P<0.05); 5
W2 A, REGE M %, SR E R R
BHL CGRP, SP, PKA, TRPVI mRNA F£ikTHE
(P<0.05), Occludin mRNA Fik[E(% (P<0.05),
WIS,
3.5 &i# i@ B *F NERD X R & % 4141 CGRP,
SP. PKA. TRPVI #= Occludin & & Rk ¢ % 5
AHAE LR, BAA KRS % HZ CGRP, SP,
PKA, TRPVI KA THE (P<0.05), Occludin
FZRIBFEIL (P<0.05); SEAUZ e, BEasiidmi
SR A 2 % A K BB 4H 4L CGRP, SP,
PKA . TRPV1 K (P<0.05), Occludin £
HEIATHE (P<0.05); 529 rBd i, M
W AR, R A KR 414 CGRP, SP,
PKA, TRPV1 FEHEEFE (P<0.05), Occludin
HEHAFRIKFEIL (P<0.05), WK 6~7,
4 it
B0 3 B A A% O ML S W1 9 A% A
FPELFAER OGRS B R N A7 A o0
W0 PR 2R A 2%, 13 A8 328 O 86 B P 8 J2 2
FENL T b R IR, T v P28 U] %85 4 o A TR
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TE: G4, T P<0.05; SHBIL LEL,  P<0.05; S5 AL, ¢ P<0.05,
E5 KRAKRBEHSA CGRP, SP, PKA, TRPV1 # Occludin mRNA Rik (xxs, n=3)
Fig.5 CGRP, SP, PKA, TRPV1 and Occludin mRNA expressions in esophageal tissue of rats in each group (x+s, n=3)

. SaAAE, * P<0.05; SR, P<0.05; 52 fdl i, € P<0. 05,
6 BFHAXREEHAL CGRPMSPERFRIE (REHLKTF, x400, X+5, n=3)

Fig. 6 CGRP and SP protein expressions in esophageal tissue of rats in each group (immunohistochemistry, x400,

X+s, n=3)

R LR, BAREERE Y R, Sk
WORZS Al B R B, ek B RB
B BERZ D FE RISz 4, LS AT RE -5 I8 K40 i
IR ROURE 5 e 11 55 s 1 42 T ) w9 0 25 0 A B0
FOETST, IR A8 S AR T B ) IO 20 AT AL
S AV 2K L AT RE 5 A ME s R % B e Dy fE e 1
VAT o A 20 i 38 4o o 2 - G Tl 5 SR
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TE: 5A A4, * P<0.05; ST LE, *P<0.05; 52 B4 b, ¢ P<0. 05,
B7 BAKBREEZHL CGRP, SP, PKA, TRPV1 # Occludin A &i%x ( Western blot, x+s, n=3)
Fig.7 CGRP, SP, PKA, TRPV1 and Occludin protein expressions in esophageal tissue of rats in each group

( Western blot, x+s, n=3)

1 b Bk 45 A 2 BE 08 2 . Occeludin 25 (5%
[ S R 1 05 G A i L D A i gz | R i
SP Thimr, TSRl T PN R AL 2R
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YER 52 WL A0 ), &% 07 Al fig o &
52T R AU B 450 5 R 1T M S e R A BR AR
HITTER

TRPVI YENAEE B IH & il , HisH2
JRE IR AR PR, Wi g onH TRPVI Gl i 1
PRI A SRR, R4k R TR O B 4
A (W SP) FSFHA S B, T HLE
& PKA % TRPV1 ¥ % i1 15 5 1k R AL 8 420
I PRAFFTIESE, TRPVL L iE 5 IhRETE /b A B 4%
PRI A P v R R T AR O, LS T fih &SP
CGRP “5#h 28 IR B, 75 3 i 28 TR 1 4% 20K
B, FICONMAEY K. M3EINE | HLUK 5 iR
RYEAEL Y BN SR SP. CGRP K 43
Bk, 25K FEMETH S Zhang 57 I 5,
TRPVI e B8 T BB REE S T LB, HIEK
SR X 03 A T FEW 4. Ustaoglu Z61°0 % PR,

NERD (B # H R M2 TRPVI £k # & T BE,
ERD 3%, 3RH PKA/TRPVI 15 5 i 0] G215 &
NERD [ CHEE M, ABF5E &3, NERD BRI K
FUEAY 4141 PKA/TRPVI {5 53 B 3G, £H N
PKA, TRPV1 mRNA, #& 3%k L, K6 SP.
CGRP /K F-TtHE .

AW I B 3 A FI BN T, RIR
OGRS 5800 i) 298usR, Jrh
K AR Y g v S 2y 5 R T bR RO
Hoaru, A w2 S AR, 5%
BRI, S0 E A, I NERD K R
BREFERA, R, e PR b5 FH 539 38 I 7 i
R B3 AN [ st 30 B e RS 5] B A 7 s A 2, 7
PR 255500 T st s/ D 2L 2 4%

g LTk, B E I 5 T ALMsE NERD R
FRLPAE e Rk R R, LML T BE 5 48 PKA/
TRPV1 {5538 % B T et 2 IR RS OAH 56, (H A AT
FEATAEAR AR RS, R 20l T R 248G
SIHTLATE S HLE B RS, A BE 253R Y7 GERD 243t
1= BOMNE IR
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