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Effect of Yangyin Runchang Decoction on Colonic Water Channel

Protein 3 and Aquaporin 9 in Constipated Mice
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(Affiliated Hospital of Nanjing University of Traditional Chinese Medicine, Nanjing 210029, China)

[ Abstract | Objective: To investigate the effect of Yangyin Runchang decoction on the expressions of
aquaporin 3 ( AQP3) and aquaporin 9 (AQP9) in constipated mice. Method; Fifty male ICR mice were randomly
divided into normal group, model group, low-dose group, high-dose group and prucalopride group, with 10 mice in
each group. The mice were gavaged with compound diphenoxylateat (20 mg-kg ') for 15 days, then treated with
Yangyin Runchang decoction at the doses of 29.6, 59.2 g-kg ™' for 15 days. The colon tissues was collected, the
locations and semi-quantified expressions of AQP3 and AQP9 were detected by immunohistochemistry, the mRNA
and protein expressions of AQP3 and AQP9 were detected by Real-time PCR and Western blot. Result; Compared
with the normal group, the fecal water content of the model group decreased significantly (P <0.01), AQP3
expression increased (P <0.01), the mRNA and protein expressions of AQP3 also increased (P <0.05), AQP9
expression decreased, and the mRNA and protein expressions of AQP9 were also decreased, but with no significant

difference. Compared with the model group, the fecal water content in treated groups increased (P <0.05), AQP3
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expression decreased (P <0.05), and the mRNA and protein expressions of AQP3 were also decreased (P <
0.05). The expression of AQP9 in the low-dose group increased (P < 0.01), and the mRNA and protein
expressions of AQP9 increased (P <0.05), while there was no significant difference in the high-dose group.
Conclusion: Yangyin Runchang decoction can increase the water content of feces in constipated mice. lts

mechanism may be correlated with the decreased expression of AQP3 and increased expression of AQP9 in colon

tissues, but the effect of high dose is not obvious on the contrary.
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Horb B2 AQP B B £ 5w K W ASE, dn
AQP3,AQP4, AQP8, AQP9 5 % 5 & B AL,
sRH IV G B AQP Y 3R Ik A A
TEAE W 56 25, Wiy 4 1) 9 G A0 S 3% 1T LR IR
Zifm A 40 AQPT I AQP3 i 3k, A 22 fift K R
F A58 AR 5 ol 212 K 3 9T B A T i
ML T 98 57 20 I B AQP3 ) 26 1A K °F 5 #%
VA A 1T o L 6 R T R S o R 9 AQP3 Al
AQPS8 (3 ik 36 JT K B2 1% % 710 4 Bl (slow transit
constipation, STC) ., M1t "] WL, Kk £ ¥ 3h ¥ #F 5% &
FAE/E AQP3 Y %3k, X T AQPY By BIF 5% SC ik 4%
D RS ERBIT L & B, AQP3 Al AQPY A Ak A1

Yangyin Runchang decoction; constipation; aquaporin 3 ; aquaporin 9
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ATLLUR T R 8 EE U S 8 AL R RUAY AQP3 i R
R S AR BF 5T M R T M R B TR A S R
FEFR /N FRBE Y, UL 5 5% B30 iz 7 % 458 B8 /N BRL 45 1 &
JRK G T8 2 AQP3 F AQPY 33k Y 5% i, LA 18] 1)
W 7% B33 fizs T3 16 97 A58 R ) A AAIL R
1 &
1.1 zh4% MM ICR /NEL 50 H IR (27 £2)
g, g R 2E B rhon B At A 48 TES SCXK(F5)
2014-0001, RS FILAR B P EBE AL E, W
RS A SR, MR AR (24 25) C LB
(55+5)% ,WIWE4& 12 h, A HIKOK AR B . L5 5
YR e at v BE 2 R e A B D s UE (ST
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1.2 2y 5iK0 By MoFians i CF N 24
WA R AL 45 1604029) 5 35 30 R & 77 K 0 F A
( F1% , Janssen CilagS. p. A. /A &), #it GCL5T00) ;
I O3 7 T 2H B P TREE A 20 g, BR AP AR 15 ¢,
AR 30 g, #1520 g, 44 20 g, KJFR1-20 g, X220 g,
ARZEA= 20 g, R TLRE 15 g, /S pfi il 15 ¢, 0 A VLR A
HBE B, T 25 VLR B B R 2 0 8 L AF
A 2015 AR 25 8 ) i pR v, TR 2 in k1 800 mL
B 0.5 h 5, KT G 30K # 30 min, 5 2 Ji 5
WAL 2 R REIH G REEFEZ 3 gomL ™,
BT 4 C UK AR A& . B B R A g 4 Ak
MaxVision™ FOCHE M HEE YA A, S
kit5030) ;trizol ( Life 2\ &), 4lt5 127704) ; cDNA %% 3%
0 &, SYBR 57 & ( H A Takara 23 ], it 5 43 il
O A4202-1,A6704-1) ; = 50 W b (B 5 Ak 23K 0
FRA W45 13101711707 ) 5 5 74 P (L # i B e 1k
TARF ), 45 2016091801) ; PCR 5|4 i invitrogen
2y m)HE G B RIP 2% W, SDS-PAGE ¥ i 1 1 ic
fA A & (B RAEWH RN, #5555 K
P0013B, 122016161220 ) ; AQP3 4 {& (% [H Abcam
IN] L HES GR140047-44) ; AQP9 $1 {4 ( 26 [E Origene
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]S AQPOO9ANOT02 ) ;5 H I i -3 -l 1k i & ifg
(GAPDH) 470 & ( 3£ [ Cell Signaling 2w, #it %5
201609180614 ) ; 1k 2% & 3¢ HRP J& ¥ ( Millipore 2%
A L4t 1608901)
1.3 {Y#F  GZX-GFC AU #4038 8 K4 0L (-
W ZR LI 1% 45 A IR 22 &) ) ; Shandon Panthcentra %Y
H 3h it K #L ( 35 E Thermo Fisher scientific 2\ &) ) ;
RM2135 %7 ) A HL, DM-2500 75 2% 5 fof 455 (
[ Leica 22 ) 3 CS-VI #4525 7 HIL (1AL 22 B2l
B X 28 PR 2N 7] ) ; Tissue-Tek TEL %Y £ 21 4 3 e
> ( HAS Sakura 23 7)) |, Tiss-24 24151 AL (b i ¥
Sl s A PR A ) 5 DS-11 7058 A S A (35 [
DeNoVIX 7\ ] ) ; Fresco2l B ¥ % & i B O #l
(Thermo Fisher scientific 2\ &) ) ; 7500Fast Real-time
PCR {¥ ( Applied Biosystems /\ %] ) ; Mini-TransCell
Uk A, Pk A, PowerPac™ Basic Hi Yk X HL U,
CHEMIDOC XRS + % Jit 1% 1% 1% ( 3% i Bio-Rad 2y
Al o
2 AHE
2.1 Sl GERSHY B% ZHU ST BT
2,50 HUNEBENL R 1E W H R A R BT g T
I R T R AR B2 10 H/NRL 7R
INGIUN VUES RS G R/ R R S S
SRR A I PR A5 OR) 1 14 2 A5 R i ) o, I
S e BT Tl R A RG] B /0N Bl 6 B A IR o
KAt BRIEF 440, KRS HS T 20 mg-kg ' &
DTSR IE R, 1 K/, S 15 do R
DJa I AR 20 25 7 45 i AR AR K L 3R B
T 7 A R R A I 29.6,59.2 g-kg T EH
2 /A, S5 Ay SRR 4 (0.000 3 g-kg '),
LR/d R 1S do
2.2 FfEEEMEKENE R, ERNR
B IR T HCR 3 2 WK AR A BORL & HEBR IR
XFRAE A S, Wb 24 h R &, FREE . WiegE 10
KL B AE  FRIBGR E (A) ,J5 & T 100 °C AL
THE3 b FRICTE (B) 5 FE i &K B Fe i 5K
#=(A-B)/Ax100% ,
2.3 W ShRAd g AH/PNRESE 24 h s, B
HERGE F AR B2 /I B 438 M T 90 380 B 1 oK i 1 4
& YT EIIT, BV (4 B R 2% v 8 %5 W ( phosphate
buffer saline, PBS) i ¥t 7 1 41 21, 43 | UK 25 2
em S5 A A3 B, 2 i T 10% rh o HY R AR
TR AT, 05 2 By i T - 80 CUKAR VR AF, HEAT
HH OGS A 73 A
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2.4 S POt E B R A 8k U R N (Real-time
PCR) Kl AQP3, AQP9 mRNA B3R AL I
B 45 i 2 21 2 150 mg, $5 MR trizol Ui B A5 $ MK
RNA, 28 51 43 OOk B oF I & RNA # 4 72 260,
280 nmAb MG E A FEAE, LATE 1.8 ~2.0 N5 4%.
DL RNA Sy 5 R 306 5 5% 5 1 eDNA 322 SR FR 20 pl
(LEBI9 0.4 wL, Fi#514 0.4 wL,SYBR Premix
Ex Tag 10 pL, Rox Reference Dye I 0.4 pL, cDNA
2 WL,dH,0 6.8 wL) fI 74 IR 5O 6 1 K 7 I
N H]95 °C 30 s, JEFF 1 ;95 C 5 5,60 C
30 s, I 40 U e i g i 2k (95 °C 15 5,60 C
60 5,95 °C 15 s) ., 3| ¥ i Invitrogen 2\ & & %, E 44
FEoI L 1, 78 PCR AL b, B A il 3 452 4L
M, BRI 25 o 8 o0 A A 2R 1
PEIREC(Cr) FAHXS 1Y+ DL &, #F EA T REAS Z 1) 1Y
Fode o SRHT 2 -k i AT B0 43t

®1 SIMHREREFT

Table 1 Nucleotide sequence of primer

FE A AT 5 (5'-3") KB /bp
AQP3 I3 CCCTCTGGACACTTGGACAT 20
Fii# GTTGACGGCATAGCCAGAAT 20
AQP9 % AGTCAGCTCTCCTTCCACCA 20
Fii# CGCATAAAGAGCCATCACAA 20
GAPDH  [-ji¥ CACCCCATTTGATGTTAGTG 18
T CCATTTGCAGTGGCAAAG 20

2.5 & HE P B ( Western blot) £ il AQP3,
AQPY M FIA ML 2 em MHEA L, HESH
B H R A RIPA 24 R A SR EH A, 5T
A5 4 °C 12 000 remin ', B0 20 min, YR AE [ TE
W, BCA Bk fT S8 HE i, KM SDS-PAGE ¢ i
HLUK, BEALAINA 30 we & F1, .0k AL S 2= PVDF
Wb, 5% AR IAs 2 IR E AT 1 h, & T BSA ROl
AQP3 ,AQP9 £ Fa R hiik (AQP3 #i Bt 1:100, AQP9
MiBE1:100, GAPDH 1:1 000) ,4 CHWHF %, H
TBST ¥t % 3 W, K 10 min, AR i 44 1k ¥y
(HRP) #Ricdi e 1gG # 4t (1:3 000) , = | T E
1 h, H] TBST $E¥% 3 ¥, 1K 10 min, BEK R &
B RIS

2.6 JRARRE-PHLL(HE) By (0L 52 45 i 4 2L 45 44 2l
A Sl U R SE B K 7 B A S
AOHE Mg . Uit A W R R IE,S ~
10 min/¥%, 3 W Tk L BRI, 1 min/Ik, 2 K,
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95% L WL, 1 ~2 min/IR,2 ¥K,80% & B i@l
1 min, K8 FKEDE 4 ~5 WG IR R R G (4L 40 i
)5 ~6 min, EBFKIEWE 4 ~5 UWGIRT 1% #hiz-
CFEST 5 s, HORIK kIR W 5 1% 20 g (8, (G
MM )30 $595% M S BEBLAK T ~2 min/IK,2 IR
TR CEEWE K, 1 ~2 min, 2 Y — H R K 3% B,
2 min/ ¥R ,3 W R IS B A

2.7 AL (THC) K AQP3,AQPY £ik
BHAUR A 10% vhve P [, 5K, B3, U0 i )&
JE4 pm; WK B CBE ZE R OK SOk AL =T
PP IR 0 22 vl , 2 TR BT JFAE &2 W8 <, 2 min; 1E 5 11
F M IREF 10 min; 5§ 15E 25 B AQP3 —
HL(1:500) F1 AQP9 —Hi (1:400) ,4 CyKF & o
5 B HOBCHE , PBS w gk, i o BV AR P o A 5 2 1k
MaxVision" — 47, I WF & 15 min; 7§ JiHr & fi
@A (DAB) 2 ~3 min, RS T WE; L8 T
IKFEST e, IR R G, R K ph kIR ¥ BB EE &
Bt i 7K 2R AE Y A S

2.8 Gtk R B Image-Pro
Plus 6. 0, Western blot 73 ¥ %} Tmage J, (¥ 45 5
K SPSS 22.0 %5 i 34 %o £5 4 A7 Ak B 40 A, 4k
WLl x£s Kon, R IESDMM T EZFENEZ A
Z 1A B 5 R T B8 TR 3R 7 26 43, 33— 20 T 1L
B LSD 55 U7 22 8 5% & >k H Dunnett’s T3 K5 55 .
P <0.05 A aqitE2ER

3 R

3.1 Y — ML SR, o/ Rt
T, U6 3 B 7 vE B A 09 e A e AT B AR
TE /0 BRUAR J5T o 050 52 4 T Y e L 9 B IR
TAEMIE R . EAA/ DRI R e, 5IE
HAAR L, AL /N RO B RO R D B0k
/N, BTRE, 2545 24 h R B b A ZEE K =
Bt , 525 A4/ LB B i e it 22 25 = (P <
0.01) , 1 7 /I B A A5 78 3 57 i)

3.2 FRPVIE G I X E R /N RS 5 3 AR A
a5z A ,24 h 25 S, B2 /) BT
WA (P <0.01), S K& BEMP <
0.01) , 4B 1 Th &2 A F LAY . 22 52 B g 5 +
FiUfs 24 h FEM S IRIFH AR B I 2 (P <
0.05) fiFlEASmMEHLHEZS HMHKT
TER A, KB ARAE R, AR, 2808 S K B (P <
0.05), - RLFIA /N 24 h ZELS =R (P <
0.01) ,Z&fE & /KRG I (P <0.05) , Ui W5 J5 b
IS IR AT LA /0N B R, 3% B33 B J7 w] A3 in /)

B AR R AR S T R A AL W
2

®2 FHREBEANEMNREEHZE (2 +5,0=10)
Table 2 Effect of Yangyin Runchang decoction on feces

inconstipation mice (x +s, n =10)

g 7 Bl 24 h 3E & FEE FK R
/gkg™' /JH /g /%
EH# - 0 1.94 £0.11 59.84 +10.33
1 2.27 0. 10 62.53 +6.97
2 2.3120.11 64.51 +7.43
3 2.14 0. 10 62.36 +7.76
4 2.28 +0.11 65.78 +7.14
Y - 0 1.85+0.08 59.51 +16.68
1 2.06 +0.07 57.85 +8.39
2 1.62+£0.112  56.36 £3.912
3 1.65+0.08"  55.62 +4.94"
4 1.68 £0.08%  54.37 £7.45%
35 3 1 29.6 0 1.87 £0.08 60.86 +6.35
1 2.12 0. 10 57.86 +6.18
2 1.40 £0.05%  56.52 £6.16>
3 1.77 £0.11 59.37 +4.61
4 1.98 £+0.08"% 59.79 +4.26'
59.2 0 1.96 +0.09 60.04 +8.37
1 2.17 £0.13 55.41 +6.99"
2 1.58 £0.04%  57.24 +8.78"
3 1.87 £0.15 57.84 £7.78
4 2.00 +0.08'* 59.58 +2.65"
3 P e D5 ] 0.0003 0 1.86 £0.11 59.98 +6.08

1 2.12 £0.15 56.58 £6.66
2 1.41£0.072  56.56 +6.05"
3 1.65 +0.08 58.54 £5.87

4 2.02+£0.07"* 60.68 £5.35"%

T FIEW AR " P <0.05,% P <0. 01 ; 5805 41 7 1 Lt
%3P <0.05,YP<0.01,

3.3 FEBIE B Oy & E RN R4S B AQP3, AQP9
mRNA K HRIA 2 5 05 4, A
/NEL AQP3 mRNA EiATHE (P <0.05), &3
W Jria a7 Ja , SRR 20 b A, IR R i 2 /N B AQP3
mRNA FREB B (P <0.05), @Al A FKERA T
B RISt 22 57, & A R4 AQP3 mRNA
RIKINTRE(P <0.05) , W3,

FEARLZH /N B AQP9 mRNA SRR HE H T 1 2 1
25, GFNEE IR, SRR IR
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x3 HFHEBAIERNRLEH AQP3,AQPI mRNA MEBQRIEHM (2 +5,n=3)
Table 3 Effect of Yangyin Runchang decoction on mRNA and protein expression of AQP3 and AQP9 (x +s,n=3)
mRNA E
b Fldk/g kg ™!
AQP3 AQPY AQP3/GAPDH AQP9/GAPDH
EH - 1 1 0.19 0. 04 0.63 0. 28
A - 1.98 +0.67" 0.68 £0.37 0.36 0. 09" 0.27 £0. 14
F: 91 g 29.6 0.71 0. 11% 5.01 0. 96"% 0.17 0. 05% 0.66 +0.22%
59.2 1.06 £0.03 3.49 +2.31 0.17 £0. 03 0.49 0. 16
W R F) 0.000 3 0.98 +0. 08" 3.90 £3.31 0.16 0. 03% 0.53 £0.22

Hr SIEWALE P <0.05,7 P <0.01; SHMA LAY P <0.05,YP<0.01(£4),

/B AQP9 mRNA ALY 2 /)y Bl Th e I (P <
0.05) , e 781 B 4L A0 5 A R AL/ SRR K TR RE A
T BR WG 25 WK 3,

IR AL R B/ B AQP3 3R R IA T
(P<0.05), SHEERNA L, 37 BTIE I 75 AR50 5 v
FHE AN REARIEE TP <0.05) 5 5 b7
20 AQP3 HEHRIBINFRE(P <0.05) . W3, 1,

o

27 kDa

2 & X

GAPDH s WP S Sap s 37 kDa
A B C D E
A IEF A B B Co FRIE NG I AR A D 3% B g T s )
G E AR A (8 2,3 [F)
1 5MAEM 7 3 ERNR 5 AQP3, AQPY & [k F (I H 1
Fig.1 Effect of Yangyin Runchang decoction on protein expression

of AQP3 and AQPY of constipation mice

5 IE A L, AR A /N B AQPY 3K K
D RG2S . SRR R, 3R B A 7 i
AN AQPY K LT (P <0.05), &l
AN S R e M N ORI R TR (A
KRG it E2m, WR3, K1, SRR &R Y1
1o 7 T R AR AL Bk /N B 25 i AQP3 2 3k i [a] i, AT 1A
ThE gl AQP9 BRIk
3.4 % I1IE i 07 X AE AL /N BRAS I 4 SUES R Y R
Wi IR N A B O B IR R RS R
7, T R RAE AR, %2 LW B R SIEW
A LR, T o AR A /N B2 B B I mT L b B I,
ARSI T W 2R U A 2 3R B T IR
I70e , RAVES MU, A0 WL E L B v 5 3 5 R
I ZH /I B 45 o 28 1 5 S T8, 1 3 /) Bl 245 i 28 T
3.5 R O X E AL N B4 g 4 2L AQP3,
AQPIE i K ik b F E T M AQP3 FH {5 5

B2 FABEBAXNENNRERAREREHIE(HE, x200)

Fig.2 Effect of Yangyin Runchang decoction on colonic tissue structure of constipation mice( HE, x200)

B R, A8 O T 45 B S R A0 T S R S
M UL W 58 o Ao 5 IE R AL R, B4 AQP3
TR (P <0.01) , ZLFMAMEME T WG, 58
ARUZH 3, AQP3 RIK T RE (P <0.05) , 3% /5 R Al
4 AQP3 RKIKTRFRE(P <0.05), WK 3,% 4,

AQPY FH M A7 5 B (0 sl A% 0, 22 7 T AR 1R 48 A
TR . 50 % 4 He i, B 20 36 3K F B, ER ISt
XS, FHWEE TS, SR R, AQP9
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KIELTH(P <0.01) & /5 R b R B2 50 LT, R WL
Geiter2esw . ULWIFRBE I 75 T T IR fE AL /N B4
AQP3 Y33k, [F I TH i AQP9 By k. LI 3,
x4,
4 Ttig

AQPs 73z g3 A T IH AL IE A AL IR, £ 7 L 7K
O3 iz vl B R OF B A A TR S TR AR
I RAF 5% % B STC B 4% B9 AQP K ik 57 4, YUAN
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3 FBEBANERNRER AQP3,AQPY Ky F I (b, x400)
Fig.3 Effect of Yangyin Runchang decoction on expression of AQP3 and AQPY of constipation mice( IHC, x400)

x4 FHEFFERNRLEH AQP3,AQPY RIEM M (v £5,
n=3)
Table 4 Effect of Yangyin Runchang decoction on expression of

AQP3 and AQPY (% +s,n=3)

Ay FE/g kg AQP3 AQP9

E# -
i -
R 29.6

59.2 0.013 8 £0.002 2* 0.029 3 £0.006 1

0.0117+0.006 6 0.028 9 +0.011 8
0.020 3 +0.010 92 0.024 1 £0. 006 7
0.013 9 +0.005 7% 0.042 5 £0.016 8>

R 0.0003 0.013 7 +0.006 6> 0.029 5 +0.009 9

A5 % BT Rk B BB AQP3 E T 45 i B %
PRI B, AQPY T [ 45 I B IE 2 1k R 59 ; WANG
2520 5 STC B ARRT ARG L8 & B, AR AQP4
AR A KA T 45, R B K 45 A I i
i1 25 08 FAR R A %, B0 AQP4 5 STC & kA —
SE X Z 5 ZHT 250 3 42 T 25 V% 18 A B 1 S STC
KE, B RA AQP3 1E 145 7 4235 T 9, 3% 5 A1k
BRAS K2 3B 43 540 52 96 45 SR ML, A A — 07 T AT
BE 2 1h T 25 B4 T BT 5, 95 40 T 2 1 05 3 sk
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