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Effect of Xiaofu Tongjie Recipe on VIP-cAMP-PKA-AQP3 Signaling

Pathway in Colon Tissues of Rats with Functional Constipation

ZHOU Yong-xue, WANG Yu-jin®, YAN Shu-guang, XIE Pei, LI Sha, WANG Dan-dong
( Shaanxi University of Chinese Medicine, Xianyang 712046, China)

[ Abstract ] Objective: To explore the effect of Xiaofu Tongjie recipe on VIP-cAMP-PKA-AQP3
signaling pathway in colon tissues of rats with functional constipation in rats. Method: Totally 150 SD male rats
were randomly divided into normal group, model group, Xiaofu Tongjie recipe high dose, middle dose and low dose
groups (380, 190, 95 g-kg '), n =30 in each group. Compound diphenoxylate was applied by ig to induce
functional constipation SD rat models, and then different doses of Xiaofu Tongjie recipe were given by ig
administration for 4 weeks. The excretion time of first black defecating feces and moisture content in the feces were
detected. The Real-time PCR and Western bolt were used respectively to detect the mRNA and protein expression
levels of vasoactive intestinal peptide ( VIP) , cyclic adenosine monophosphate (cAMP) | protein kinase A (PKA)

and aquaporin 3 (AQP3) at different time points after treatment of 1, 2, 3 weeks. Result; As compared with the
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normal group, the excretion time of first black defecating feces was significantly prolonged in model group; moisture
content in the feces was significantly reduced (P <0.01) ; the mRNA and protein expression levels of VIP, cAMP,
PKA and AQP3 in colon tissues were significantly reduced (P <0.05, P <0.01). As compared with the model
group, the excretion time of first black defecating feces was significantly shortened in various Xiaofu Tongjie recipe
groups, and the moisture content in the feces was significantly increased (P <0.05, P <0.01); the mRNA and
protein expression levels of VIP, cAMP, PKA and AQP3 in colon tissues were increased, and the increase was
more obvious in high and middle dose groups; the changes of the indexes at week 2 and week 3 were more obvious
than those of week 1 (P <0.05, P <0.01). Conclusion: Xiaofu Tongjie recipe can regulate the intestinal

peristalsis and intestinal fluid metabolism and cure the functional constipation in a time and dose-dependent

manner, which may be achieved by intervention on VIP-cAMP-PKA-AQP3 signaling pathway.
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PG rp s 25 K F 2 S0 00 2 F AR A R S e, 25 A T
WA UL LB Y) L 4 2 R IRl S A K AT,
Faue it , APIRER Y IH A BT, DRV 4E 2 56 mL (424
w19 g-mL™") 4 CUKFRIF& M. SEI 90 e it
BB W5k U (Real-time PCR) 5 & (4650 4250
ek R AR A FE, S5 ERIOL-
01H30716Q046) ,BCA & 11 ¥k i il 2 il ) & ( g
DA 8 &, LS BB20140722) 5 S 3t i VIP, %
il CAMP, 4t Bl PKA, St B AQP3 — 4 ( £ [
Bioworld 7~ ], it % 43 Jll & BS2919, BS6542,
BS1576,BS3671) ; I £ % 1gG —Hi (R IH -1
TR A RS A, it 5 SA1022) , VIP, CAMP,
PKA,AQP3 51 Wit 56 1 i1 g 5t 4 0 5 24 W) B 4L
AR E A

1.3 U 2% ELXSOSIU %I £ I A B br AL (26 [
Molecular Devices 22 H] ) ,CR22G I Bl & 3 ¥ 1k &5 .00
HL(H A H LN #El ), ABI 7500 # Real-time PCR X
(b A MERH AE YR AR A |, FC3 A4 H 5)
HE I AR & 48 (£ [E Protein Simple A H]) .

2 Hik

2.1 F¥srdl SD MEE KRR 150 H Rl R 5
Y1, 4300 R IE 4L R R 2 RS I A5 v R
21 (380,190,95 g-kg '), % 30 H,

2.2 BRSBTS IR R IR B 15 mg-kg
ig ST U BEME (R A B AU, IF 4 D) S AR B A B
K g R TR YRR PR MRS 2% 16 2l
A R AR R A TR R R AR Y
] HE K A R B, S ALy, dE 4525 4

2.3 UL WA S EE AR AL E R
T 3R, LL0. 9% A BREL K ig 1697 400 ) 45 T AN ) e
JE RS ARG 25 7 K BR) g, B H 1 R, AR KRS



22 B4 24 M)
2016 4F 12 A

RESEAFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 22 ,No. 24
Dec. ,2016

N Z IR 25 500 s 4 58 0 vk, RO L IR i 4]
E TR g e N B IR OR Y B s o b
TSR ZS RIS 1,2,3 A A AL 10 H K
AT AR A R AR AR I
2.4 febrfain
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KR,

FAEF KRR =(RE - TE)/BE x 100%
2.4.2 Real-time PCR Kzl IR 6 5 A7 09 K R4
JA 440 100 mg, & F 5 mL Z.04 5, il A RNAhold
I mL, 2/ 0.5 mL, 2) 3% ; #i¢ B RNA $2 B0 7 &
FEHCE RNA, EHLEZ I B RNA ¥k B, B RNA e #%
F cDNA ¥ 5 RNA i Bl 150 pg- L', il B
RNA 6 pL, il A Mix 4 pL % ¢ RNA fifik 10 pL, 3t
20 pL W R NAR R IR A) S 42 CHE A 10 min,
85 ChNIA 5 s K, LHLK I cDNA ¥k B, 0] 4%
Fiil A 2 x PCR Tag Mix 12.5 pL,10 pwmol-L ™' 4% &
PRE S 51 90iR A& 4 0.5 wl, X R Y ¢DNA % 1
L — 88 ORI AR A B 20 &8 4 im ok 2 25
pL JB5); & T PCR AL h 47 £, PCR /Y 48 11 2%
S AT SR FH A0 R AR O A B, R RQ =278 B AR X
Kk, FIMRINLET,
2.4.3 FHHA RN ( Western bolt) &l B 4%
J 441 200 mg ZEAT A S mL B0 S, ATHR R 59
TR A TC EE A 0 A W, T vk 2L i 30
min, 5% TG, T4 CT12 000 r-min ' 5
>3 ~5 ming 2R ] BCA # FHvk BE I 1270 & D o 2R
P s e . e MU R LR A
VKIE 1 50 pg FF AR 5 7R 1 x Y HL UK G2 o b L K

%1 Real-time PCR 3| #1F %l
Table 1 Sequence of Real-time PCR primer

Gl k27 ElE7 2] B/ pb
VIP 3% 5'-TCTGCAAGGGTAGCAATCGA-3’ 229
NUiF 5'-GGTGGAGTCCCTATCACTGG-3'
cAMP 7 5'-TGAGGACCCAGATACTCCCA-3’ 200
T 5'-CAAAAGACTCTGCAGCCTGG-3'
PKA 37 5'-GGGTAGCCTCAGTGCTTACA-3' 193
T 5'-CCACGGCAACATTAGACCAG-3’
AQP3 F3i# 5'-AGTGAGTCAGGAAAGTGCCA-3’ 205
T 5'-TGAGCTACGCCCCTCTTATG-3'
B-actin 37 5'-CACCCGCGAGTACAACCTTC-3’ 180

T 5'-CCCATACCCACCATCACACC-3'

1.5 hy R 100 V SORIR G PRI ;1 x TBST P,
5% BLRE Wk + TBST EfHA] o ARG R S00 £ (1 —47t 4
mL,4 Cil B F ; TBST Pl s I A FE 1 000 47519 —
P4 mL, 8 T E 2 hBEME. i ECL 2Ot T
R TAT , >R 4= A S BER R R G T4 R
2.5 GEiteEardr RHAD SPSS 17.0 B %k 52 56
PRIEAT AL B, SR BRI LA & £ 5 Ron iR BTRA]
One-WAY ANOVA 24001, P<0.05 W22 7RE
it o
3 £R
3.1 xF D REEAE AL R SRR R HE R I (E] 645 R
5 TEH 2 PO, R R B 1R R A B ]
BEFEIHER (P <0.01);36)7 1,2 )5, SHEAA L
B, AR S R R B () g B A 4
(P<0.05,P <0.01);3 JilJm AR 2 KR
TORL R A E] 2 SR (P <0.01) o W 2,
3.2 XPIIREVEAEAL R BRFEME S ACRA W HIE
WL PO, B R 2 R R M R R R D (P <
0.05,P <0.01) ; SHBIRIA] LA, fif Al m 45 971097 1,
2,3 G, R R SRR B 2 (P <
0.05,P<0.01), WLF3,

R2 WREFAMINEEEMAREGHEEHAKRFBHIZM(2£s,n=10)

Table 2 Effect of Xiaofu Tongjie recipe on first grain of black stool elimination time in functional constipation rats(x +s,n =10) s
2 53] FAE/g kg ™! 14 2 14 3
EH - 195. 14 +20. 78 188.55 £19. 59 177. 66 +21. 50
FEA - 324. 56 +40.75% 282. 06 +38. 80% 287. 69 +25.99%
il 7l 3 45 07 380 206.91 =15.96% 178. 54 +16. 30% 169. 45 +23.99%
190 220. 11 +38. 06* 192. 74 +16. 04% 184.24 +13. 43%
95 261.36 +40. 17% 225.11 +37.58% 206. 74 +38. 49*

HESIERALED P <0.05,7 P <0.01; 5B LEDY P <0.05,YP<0.01(£3~T[),
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R3 WHREFAWNIIEEEMAREESKRENHM (2 £5,0=10)
Table 3 Effect of Xiaofu Tongjie recipe on fecal water content influence in functional constipation rats(x +s,n =10) %
21531 H /g kg™ 1 )& 2 J4 34
1EH - 52.4£3.7 51.0£5.2 51.4+£6.3
B - 40.6 £2.6% 41.9 +3.5% 44.3 £5.4Y
T T 300 245 7 380 47.0 £2.6" 50.2 +6.3Y 54.0 £9.4Y
190 43.2£3.8Y 45.5+5.5Y 47.2£5.9Y
95 41.8 +6. 1 43.8 +8.2 45.2 £8.6
3.3 XfIhREMEME AL R RS Al 4l VIP, cAMP, B JEJE B AR 4L VIP mRNA 35 B 275

PKA ,AQP3 mRNA & ik 7K -4 5% 1)

3.3.1  XJUagMEAE R K B4 i 4 41 VIP mRNA
FIEMEE M 5 IEE A R, BB AR B2 I 41 4
VIP mRNA ik W F AR (P <0.01) ; 5REALA L

(P<0.01), 55 & 20 o B 2 Tk v (P < 0. 05) , 1% 5
BATLRFEZE A2 2,3 M)aem. hRl&Ed vip
mRNA £ 5 & Tk (P <0.01), fik50) & 4 VIP
mRNA FE W BT (P <0.05), W4,

R4 WRELSHFWINEEEWARLEHALAS VIP mRNA REKFHFEM(x£5,n=10)

Table 4 Effect of Xiaofu Tongjie recipe on expression of VIP mRNA levels in colon tissue of functional constipation rats(x +s,n =10)

215 Flht/g kg ™! 1 JA 2 J& 308
EH - 1.00 £0.24 1.00 £0. 26 1.00 +0.57
LT - 0.31 £0. 08% 0.19 £0.09% 0.29 +0.03%
NS Ey 380 0.78 +0.36% 0.91 +0. 42% 1.07 £0. 66%

190 0.42 0. 12% 0.79 £0.51% 0.83 +0.09%
95 0.33 +0.24 0.41 £0.21% 0.61 £0.47%

3.3.2 X TyaE v AE A oK R 4l 81 cAMP
mRNA R S5IEHH i, A4 cAMP
mRNA 35 B FEFEMRN(P <0.01) s BRI HLEL, 45
251 S PR R4 cAMP mRNA 235 W 5 7+ &
(P<0.05,P<0.01) R AT EEF A2

JE J5 T 45 5 e L R i 2 cAMP mRNA 3R 5k i
FFE(P<0.01) MKF A LB E LR A3
Ja e R 4] cAMP mRNA 35 2 FH 5 (P <
0.01), fik /I & 41 cAMP mRNA 3 ikt 0] B F+ &
(P<0.05), WEs,

RS WREZHFWINEEEWXRLEHALA P cAMP mRNA RiZKFHFM (2 £5,n=10)

Table 5 Effect of Xiaofu Tongjie recipe on expression of cAMP mRNA levels in colon tissue of functional constipation rats(x +s,n =10)

215 Fldt /g kg ! 1A 2 & 3 A
EH - 1.00 +0.78 1.00 +0. 66 1.00 0. 67
[ - 0.27 £0. 147 0.48 +0.24% 0.34 +0.18%
il il 3 45 7 380 1.12 0. 38" 1.26 +0.39% 1.37 £0.21%

190 0.46 £0. 16% 0.95 £0.57% 0.89 +0.18%
95 0.25 £0. 15 0.61 +0.17 0.62 +0.32%

3.3.3  XJThe kA oK BL4S i 4121 PKA mRNA
FKBW W 5IEH A A, BRI PKA mRNA %
KR EREAR(P <0.01) ; 5EEAAH L, 4525 1 G
i a4 PKA mRNA 3 A5 (P <0.01) , A il 8
i R EA LR EER ;B2 WEm bR
24 PKA mRNA 3w (P <0.01) K57 &= 40
BT A3 MG b AR 4] PKA mRNA
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3.3.4 XEOhfEHE (AR BLSE I 41800 AQP3 mRNA
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22 B 24 W
2016 4£ 12 H

RESEAFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 22 ,No. 24
Dec. ,2016

R6 WHEREBLEAWNINEEEMARLEHAEARA D PKA mRNA RIZH I (x 5,1 =10)

Table 6 Effect of Xiaofu Tongjie recipe to expression of PKA mRNA levels in colon tissue of functional constipation rats(x +s,n =10)

21 51 Hltt/g kg ! 18 2 JA 31
iE# - 1.00 £0. 46 1.00 +0.33 1.00 +0.27
LAY - 0.24 +0.11% 0.49 +0. 18% 0.58 £0.24%
it A 38 45 J7 380 0.89 +0. 16% 1.43 +0.52% 2.13 +1.05%

190 0.59 £0.23 1.18 =0. 44" 1.32 +0.33%
95 0.37 20.24 0.64 £0.24 0.79 +0. 45

K7 WRELEANMEUEMKREHAEAR R AQP3 mRNA RiEMHM (5 +s,n=10)

Table 7 Effect of Xiaofu Tongjie formula on expression of AQP3 mRNA levels in colon tissue of functional constipation rats(x +s,n =10)

24 5 Fdk /g kg ! 1 2 J4 304
EH - 1.00 0. 18 1.00 0. 21 1.00 0. 37
FEAR - 0.16 +0.03% 0.33 0. 15% 0.58 +0.07%
it ik 1 4% 380 1.37 £0.21% 1.45 +0.25% 1.90 0. 53%
190 0.45 +0.17% 0.68 +0.21% 0.89 +0.29%
95 0.38 0. 04 0.44 £0.31 0.62 +0.32

3.4 X Iy fe ok AE R K B 45 I 2 4L rh VIP, cAMP,
PKA,AQP3 BRI KRB MM 51E % 4 i, f A
H KR 45 41 41 VIP, AQP3, cAMP, PKA Z& 13
Bl IR (P <0.01,P <0.05) ; fif§ Al 38 45 J7 iR 97 1
Jila , SAL A g, & i 4 VIP, AQP3, cAMP,
PKAE HRBEKFAME A (P <0.01,P <
0.05) K7 & AR {6 A 1 2 fi Al 25 05197 2 JiUs
SRR M, 4% 7 4 VIP, AQP3, cAMP, PKA %
F R IR KA — & T a3, LUy | 7] 21 T s 4
i (P <0.01) s A AR E 25 773697 3 e, SR
HLLH, &R B VIP, AQP3, cAMP, PKA 13K ik
KFAEHEFA®mEH (P <0.01,P<0.05), W
K1 ~3,
4 itig
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K AR T ke o AR T, R R T DL
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Fig.1 Effect of Xiaofu Tongjie recipe on expression of VIP,cAMP,
PKA,AQP3 protein levels in colon tissue of functional constipation

rats after 1 weeks of treatment(x +s,n=10)
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Fig.2 Effect of Xiaofu Tongjie recipe on expression of VIP,cAMP,

PKA,AQP3 protein levels in colon tissue of functional constipation

rats after 2 weeks of treatment(x +s,n =10)
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Fig.3 Effect of Xiaofu Tongjie recipe on expression of VIP,cAMP,

PKA,AQP3 protein levels in colon tissue of functional constipation

rats after 3 weeks of treatment(x +s,n =10)
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