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Prevention of abdominal adhesions in rats by rhynchophylline through
inhibition of Smad singnaling pathway
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Abstract: Postoperative intra-abdominal adhesion is one of the most common complications in the postop-
erative period. Current remedies are very ineffective to prevent the pathological outcomes except steroid
hormones. Rhynchophylline is deemed as a pharmacologically active component from traditional Oriental
medicine Uncaria rhynchophylla (Miq.) Jacks. (Rubiaceae). This study was designed to investigate the preven-
tative effect of rhynchophylline on the abdominal adhesions in rats. Rhynchophylline relieved the experimental
abdominal adhesion and decreased the levels of interleukin-14 (IL-1p), interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a) in the blood serum in a dose-dependent manner. The levels of transforming growth factor- §1
(TGF-p1) and connective tissue growth factor (CTGF) were reduced significantly in the peritoneal fluid. The
potential mechanism of the activity is related to inhibition of the TGF-f1/Smad signaling pathway.
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T LU Bl SR N I LAVE R AT 4R B B, ORI GVE TR
Bo 24 &M R 3R BUBE B SORE MG AT I, ANMUARE
T 21 Bl SR RN %, T EL 52 4511 [R] R 4 B R 7 AR A
TR JEEOE AN HI Y, B me IR 2 B S, KR
RANELFYEREZE . oy —J7 1H, 2 Bl AR DR R0 24 i X
T2 535 27 4k 5 1 UORR A Al 2 TR -~ A, e
HALE KN F B1 (transforming growth factor beta 1,
TGF-B1). #FiEE H (fibronectin, FN). Z4iH R4 &K
[A-F (connective tissue growth factor, CTGF). ##{k
AT YA g 4B K K 7~ (basic fibroblast growth factor,
bFGF) SHGEMTEMKREY]. Hh, TGF-A1 1EH
M LAY A T I E R R T2 — 24155
LR, B H AT 2 AR h AR 1 2 5 R
21 2 TR ORI R ik 22 8] )Y 48 R 8 TR A
AR AR . T TR IR T TR A S R R RS
A O ORD 9 R (rthynchophylline,
RIN) J& A 256 S i b 0 g . SR A=Wl 1T 390
WIF 52 W TR LA %5 435 7R P R A P A R B
s RV I % 7 A5 24 B AR N 5 R T Dl A L T AT
FEH Tz, IR AR R IR R, T4
KA 25 0K B iR A FL AT RAs o3 R R T B iR R
i T il T ROR G S P i A L o AN RS2 50 8 TR g A T
T PR SENR, WEIT TR TR X S8 1 U R K
SRR, o B/ 2-18 (interleukin-
18, IL-15)« A4 -6 (interleukin-6, IL-6) F1fJ8 I8 5
Al F-a (tumor necrosis factor-a, TNF-a) &I ik
TGF-B1. CTGF- ¥R E0E 7 (tissue plasminogen
activator, t-PA) £F ¥ B IS A0 55 (plasminogen
activator inhibitor, PAI) [& &l e, W %EHXT gz
FEEERTIEAE F R . R B E T E E IR  TGF-p1
IR ) U U 1) 2 4 6 ) e P 52 W A% Smad {5 5 3 2%
B TR R, AN 22 T T e BT R R 1 R %
A B4R RIALA o

MRS E
SSIENY  KEE SD KR (K (250420 g

SPF 2%, W A 1L R &L 2 A PR A B SL 58 3 ) =,
HEPAVEATE S SCKX £ 20080003 .

RFNENEE HFEKFL (dexamethasone) T H)™
INEZILHEIZ R ERA R J5: 130632235); IL-6
IL-18+ TNF-o MBI Ao 72 W B0 & 3 e B Qi
A TREA R A, TGF-1 A1 CTGF BFEk iR
A& H AL R A2 & A R, FN ELISA A i) &
) E b AR N 7 Multiskun M3 BEFRAX, 35 E

Thermo A #l; & B AKE B 0L, #2[E Heraeus 2
F); BT oMK, #E[E Sartorius 2 F]; U-2001 Y48
A3 G FEAX, HITACHI /A &) o BRI H 2 B A 5
SEIGRFIG PR A T, 4l >98%. —20 CIR-AE, ff Al
A FR AR KECH K 1. 2 A1 4 mg-mL™" {0 TAEW .

A RIRRGIE KBNS N 6 4
BERYAH . IR X IR . Bk P KA E . Hh
FERIABAPERT R4, B4 10 Ko 2 BIfFEM T A #:
FHRRAE R AKX, BERES 3% I 25y (45
mg-kg ") BREE, IWEME E, T, MRS SO R
40 6 e Rl 2 S A 592, AR TG B AR R BCRT E R I B
2.0 cm B, RHEEW, ETLHZM LY 5 min,
81 SR L 8, 7 (805 S A 0 T P A i ) e 5
KR E B RMET IR B I A, B 2.5 cm*2.5 cm
BIZ AR BT G NG, BERIE, 6T, EHW
YRR F AR, HRHYFARIER. PV ]
SR BRI s v B M KA 2 mge kg R ER . BRI
o R A G IE B A TR R 3. 6 FI 12
mgkg 'o MEREH 1 Ritg, % FRZGESZ 10 K,
R 1R

FIEREE D RFIBFRAE 1R Naid' 520 5
ok, W dbrdE. 0 9 BATLRE; 1 4
P ) B8 P U 5 g B ) — SR ey 2 2 N ETADER
W5 I BE[R] 9 25 RGBT, 3 Sk 2T AR,
AR BHRE R TR, 4 0 IR E R IE R IR
B, MAERER 2. LWERE, K,
W E W, AT REFR PR .

M3& IL-6. IL-18 F TNF-a 80 EHESE 11
K, Lh 3% 7K A GURE MG 6 i S DRI, T s 5 ik L,
P 4000 r-min ' 2.0 20min 43 &5 15, BT EBKIRK
F R ORAE A I o SR FH K S 28 W BRI e TL-64 IL-18
A TNF-a 7K, P2 32 10 B A B oR3R1E .

ELISA £ E KR IEAZ % TGF-$1. CTGF. PAI
A t-PA RIS E 1% ELISA W7 & 2K, ik
BRI, 5000 r-min”' B0 5 min, B EIE WA 208
KRR 110 FRRE, & SO IIAE b, TR B AT B
ain IR RRORE S INRE,  IIRE S5 (R ot P A P 3 A S
37 CHFE 30 min, /NOAEEERE, 75501E, BT,
BEFLINTE YRR, #0830 s JFRE, WER 5 X,
BT SAInAEEFRRTT 50 pL, 25 AL, %40
SN EAaF) A S0 uL, NG B 50 uL, Hit
PRGIRED, 37 CHEE R 15 min; LA FHFLIHE, 450
nm P KA 5 FL R (OD fA).
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RTAE BRERE I A ) Smad 15 - JE B BEIR (LU I R 4 A A AR I ML A - 231 ¢

PRI 2% R T HAE e K B AR 42 KR, £ 0.25% R —
0.01% EDTA K & L& HHEM 15 min, H 15%
FCS-F12 4 1E1k, 4 °C. 1000 r'min' B> 10 min,
7 B3, 05 mL EARFRE (15% FCS-F12. 0.5
pgmL ' BEBER, 1 pgml ! EALATRA. 5 pgrmL™!
LA 2 umol-mL ™ BEBE), FAN 0.1% WL
B 25 em® BE IR, AR FHFHR 100 umL ' b
HZE 100umL !, B 37C.5% CO, F #4155 .
M ARG BCRE, FH RER T A AR AR, HEE 3 AR
FT500 . Re R a2 (50 B BB @S i B R
S E 95% LA b IA) B 4l BRFAE, s H 434k %
et N A B 1R T R PR BE

MR SYLEFNLRT AU EEEIRIAE 2 AR R B
R, FrAM 60%~70% FlE, BTG M5 5 57 2 5
7524 h, B A A 4L TGF-B1 Rl 4L (TGE-p1
5 ng-mL " B4 24 h); W4 (TGF-81 5
ng-mL™" + 48 ng L~ B4R, % E 4000 24 hy; R
fB4 (TGF-B1 5 ng'mL™"' + 0.2% DMSO, 55 i
24 h); SEIG S S IR S A R 4

RT-PCR 75 /A4 & H 402 A FN mRNA FiA7K
F SI¥%FHA A Primer Primier 5.0 #AF#4T ¥ it
HE )£ E Gene-bank BTN f5, BIEE LW TR
(KI%E) fBRAF AR LS RNA 3T L%
PGV AT, FFIE B RNAWKEE, B (4260
Aogo nm) HCAETE 1.8~2.0. R 55 7 Vs BT 3418,
F 2400 B EASFIIE, B2 IEFEA R RNA 38
BT B mEE B . BUS RNA 2 pg W% 5%, N 5191591
N ki 5'-~AGCCGCCACGTGCCAGGATTAC-3', F
i 5'-CTTATGGGGGTGGCCGTTGTGG-3', ¥ 14 [ Bt
KJEH 345 bp. GAPDH 5|7 %1K: i 5'-CCAT
GTTCGTCATGGGTGTGAACCA-3', Fif 5'-GCCAG
TAGAGGCAGGGATGATGTTC-3' 4~ 14 Fr Bt K & Ay
251 bp. ¥ HE4AF: 65°C/KIE 5 min J5 LRI E T oK E,
IGRF R AW, RFIRA G &0, 37 TR 60
min, 95 ‘C/KI% 5 min, —20 ‘C{£77 %, cDNA F&fi
RN (PCR) 2% 95 °C A E 5 min, 95 °CAF
T 30 s, 60 °C (GAPDH). 57°C (FN) ik 30's, 72°C
ZEfH 30 s, 35 MEIR, 72 CAKIEH 10 min. F 1~
VIR 1.7% BENERE LR ra vk, 45 9 B BB K o i &
45 K A0 B I3 Quantity One #E4T HL K 2617 43T, FN
X EEMLER S (KEME<mM) 5 GAPDH
1 (KBEE<THR) Z M ERR.

ELISA #&MiEFH EE R+ FN W8 ikl
PEUEEA 34T ELISA il % 2055 9% HiGW FN & &,

TEFEAE 490 nm LA MWW FE AR, FN 3K FE -5 MR AL BE i
Z A RO b, e A A 2 BB SR H A A B R
FN M .

Western blot & I ZUfZJEF1 Smad 15 518 &8
EEBERIEKE LRERFRESHAMME, %R
TR A i AR GRS v B PR RS 1, F BCA
REEE R 10% 5 8 M M i f ik, EFREEA 80
ng B, IR Uk Y% 3] PVDF K, 5%
BB IE WKy 4 ‘C P 2 h, NPT Smad2/3 (1 @ 500).
p-Smad2/3 (1 : 200). Smad7 (1 : 500) BY p-actin (1 :
2000) —3t 4 Cid A, TBST ¥ 3 W&k, BRI ALY
FRICHT T (1:500) =& T HE 2 h, 10 mL TBST
Ve 3 WK, BERVENE 10 min, ECL 7 & (4, eI
BACR S B 3 H] Quantity One %3347 K 70 #r .

Gt SR AH SPSS 19.0 Gt # ks AT 4t
AEE . B R A B bR (X +s) For, AL
BRI R T Z9HT. LL P<0.05 NZERF G
B o BV ERE FE 73 v 43 iR AT RRAIAG 56

5
1 BRI

FHBYI T, FTA sV 29T, &
BB DU o 3T FF G s T LA 21 25 2 1 Jl R % AR B A
Ao L% 4LE 1 BIESE 8 R EREREY] O 58 2
Y i — R ORI, RF B TORETE . B ARG
HEHLR R, BHORIFSHEEEERRE, B,
A5 05k 2 5 0SS ) K% i A 0 60 T 2[R A7 72 77
PRAGEA L, KT KT R I R ER
FERPRGEIL G R EAE LA TG E M R R
B mAlEHA 4 B REHEEERE, B 557,
G I B R 3 I LI R AR 2 A9 T TR i A T
— B TR RN IE o
2 HEREITS

SLIG BT B0 R E R B o VT oy, SR LR
1. SRR LR, Samgmmrb . ) 2 i e s ok ik
FERE Y B BRI (P <0.05), v ) & 4 20U S i
(P<0.05), HbZEKMMERABRMETEE (P<0.01).

3 M3F IL-6. IL-18 1 TNF-a &£/

I3 A JORE R FKCE LB 1, HIEH 4 R,
MR TL-6. IL-18 A1 TNF-a &L B B3I (P<
0.05). S, PmEmE T . T 4 e B 2 b
IKIIE IL-18 A1 TNF-a HRIE (P<0.05), K& H
IL-18. TNF-o & &R, HEHEAHM IL-6
A A B i
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Table 1 The effect of rhynchophylline (RIN) on the degree
of abdominal adhesions (n = 10). All animal were treated
by different drugs for 10 days, then the adhesions grades were
assessed by two persons. The result was analyzed by rank-sum
test. P<0.05, "P<0.01 vs model group; "P<0.01 vs normal

group

Dosage Adhesions grade Assessed
Group Jme-ke-!
mgkg' 0 1 2 3 4 value
Normal group - 9 1 o 0 o0 6.15
Model group - 0 0 2 3 5 4680™
Dexamethasone 2 0 4 3 3 0 2865
RIN low dosage 3 o 2 2 3 3 39.00
RIN middle dosage 6 0 3 3 3 1 3255
RIN high dosage 12 0 4 3 2 1 2985
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Figure 1 The effect of RIN on the levels (ng-L™") of IL-6,
IL-18 and TNF-a in serum. 7=10, ¥+s. P<0.05 vs model
group; “P<0.05, #P<0.01 vs normal group

4 KRBEE&S TGF-f1. CTGF. PAI 1 t-PA HY
AN
=)

felo

TGF-p1 Al CTGF W& &K 2, 5IEEHXT L,
HHE R 41K BRI T TGF-B1 Al CTGF & &7 B
ARFEMEZER (P<0.05); SEAIAXTLL, PR
f 2 b ZE KA 2H 0 35 P FRAIC T TGF-B1 il CTGF
JKF (P<0.01), AT LA BRBEON K E AR AL (1) TGF-B1 &
AP EMAHER.

PAI Al t-PA W& B WK 3, HIEHW AN, Rk
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Figure 2 The effect of RIN on the levels (ng-L™") of TGF-f1
and CTGF in peritoneal fluid. n=10, ¥+s. P<0.05 vs model
group; “P<0.05, #P<0.01 vs normal group
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Figure 3 The effect of RIN on the levels (ng -mL™") of PAI and
t-PA in peritoneal fluid. n=10, ¥+s. "P<0.05 vs model
group; “P<0.05 vs normal group

RIS 20 K Bl TV t-PA &5 8 12 35 I I RIS (P<0.05);
SRRV LY, BT b R A b FE K b 4H S
FEAR T t-PA JK°F (P<0.05). [AIRT, 5 I1E& 4t b,
B PAT IS EHET R (P<0.05); SHERIAN LT,
A TR R e ) B AL b B K P 4L 553 PR T PAT K
(P<0.05).
5 FERE(E) R ZBAR FN mRNA F1E B RIAKFZHITK
FYREBIE FN ] mRNA Rk & 52m WL 4, 8
FETHI & RSty B 40H] FN mRNA £ (P<0.05),
A TR HEZEL 40 ) 1 FHAS 0 6 o B TR K A 37 T
W FN SR LI S, TGF-p1 Rl AE 2 T =4
Jil S PN (B, T R AR 8 s D 2
M E3E W FN ERISIREE (P<0.05).

1 2 3 4
#

1.8 T
3 I
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<
S
=2 121 71 *
< I
= 0.91
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A 0.6
S
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fr,

0.0 T T T T
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Figure 4 The effect of RIN on the of FN mRNA in peritoneal
mesothelial cell. 1: Normal group (cell was incubated with
serum-free medium for 24 h); 2: TGF-f1 stimulation group (cell
was incubated with TGF-f1 5 ng-mL™' for 24 h); 3: Solvent
control group (cell was incubated with TGF-41 5 ng-mL™" and
0.2% DMSO for 24 h); 4: RIN group (cell was incubated with
TGF-f1 5 ng'mL™" and RIN 48 pg-L™"' for 24 h); The ratios of
FN to GAPDH from the normal group was normalized to 1.
Data represent mean = SEM of three independent experiments.
*P<0.05 vs model group; “P<0.05 vs normal group
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Figure 5 The effect of RIN on FN protein levels (ng -mL™") of
in the supernatant of peritoneal mesothelial cell. Data represent

mean+SEM of six independent experiments. P<0.05 vs model
group; “P<0.05 vs normal group
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TGF-A1 I RE % 1 25 04 0 I 18] B 4 733 1
RUNR R AR, T e e Ak AT DA AR AR T 2 M
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Figure 6 The effect of RIN on the expression of Col-I protein
in peritoneal mesothelial cell. The cells were treated by different
drugs for 24 h and the protein levels of Col-I were detected by
Western blot. 1: Normal group; 2: TGF-f1 stimulation group;
3: Solvent control group; 4: RIN group. The ratios of Col-I
to f-actin from the control group was normalized to 1. Data
represent mean =SEM of three independent experiments. = P<
0.01 vs model group; "P<0.01 vs normal group

7 BIEERE MY Smad FSBEEXEHRIEK
TR

W 7 Fr7s, TGF-A1 Jll 30 2 34 1 p-Smad2/3 1]
RO E, 5 TGF-1 RIBA AL, R0 nT DL 2R
i p-Smad2/3 FIE HRIEKF. RIS TGF-A1 fll 0
#il 7 Smad7 WL, MABEEAT DL 25 Samd7
()R 7K, T 71T HR L ) AR AN B

4

o2 3
Smad2/3 | —

p-Smad2/3

— — —

SMad7 e o S ——

f-Actin SE—_—-——

54 ##
—T

p-Smad2/3 / Smad2/3
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I
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Figure 7 The effect of RIN on the Smad signal pathway in
peritoneal mesothelial cell. The cells were treated by different
drugs for 24 h and the protein levels of Col-1 were detected by
Western blot.  1: Normal group; 2: TGF-$1 stimulation group; 3:
Solvent control group; 4: RIN group. The ratios of p-Smad2/3
to Smad2/3 and Smad7 to f-actin from the control group were
normalized to 1 respectively. Data represent mean = SEM of

three independent experiments. ~P<0.05 vs model group; P<

0.01 vs normal group

it

W KE R B FARGIFRIEZ —, 2R
5 R RERTY oA %, T AR 5% B ATH
Yl ifn 20> B, R AE K PRI N 7 2 5 R 4
YE R I UTRR B R 2 TR ), e TGF-p1 f
CTGF S5HEMIL K REY), KRS B K IE
G A 7t xR i % i B s g U, BiAR
H 22 0o I AR S B F 56 7 IR T WL EAT T 2 05 T
Wit, ROAFLEHZ AR, IRETERAME
P e s U P I 9 A0 R e Th RS R
AR AR ] 2 B 2 B R AT I L B, S Al
PR 552 i B4R R AT A A5 3 1 A 250 I s R o 1 A= )
TR .

AR SR U4 R, B R BT AN )RR R AR
I e R 2 20 3P 4, AEL LA s 7R B A RS % VR 43
B AR Y J o A SIC IR S L% T 60 TR R 0ot S 6 e U s i
KRS 1 RAE T IL-6 . IL-18 F1 TNF-a ()55 B, 45
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RN, BERZH M3 R & Rl 2O R S = AR
HH 2 T v, T TR R DA R AR M BRI IL-18 A
TNF-o F8 5, J0H: w700 & 00 50 e Bl 1) 1 A S 3
PEZE S (EXE IL-6 M BB R . 2% W) B T Bl L
AEEF IR .

TGF-B1 1 CTGF H5HiERTE K REY] . ARSE
6 06 8- 4K SRR s v P TGF-1 fl CTGF & Sk AT
TR, SRR R R, R K BRI TGF-A1
A CTGF ()& &2 25 BTy, 1088 R A T A7) & 0t
PRk &g, SRR, Wkt . mREgim
BREREAEEEES . HhErEARESE
T BHEZG, R R PUREIE A, JF
FLICAE I HLEI T B8 & @ i B A TGF-p1 15 5 38 26 33k 1fi
THT R BT o U L5 5 52495 1R 4 4 B 1 e
i E#, RAIE RATIEMARED, FHERR
(0 I 8 2 24 B 1V T R e A R AT S R T, S
B SR A AR, TR ARSI %
HR BRI t-PA. PAL & EHH4T TR, 451
KOBERIH A -PA & B FFK, PAL S & T . &4
i SRR AL, X t-PA/PAL [ AR AT — &
e85

7 MG i Rl T T B ) ok R e, B ) 7 41 B 47 4
R R XEENER, MR TGF-1 1E N4
S Y Ak 5 A8 A BB R R 22— S I s R i
I IR R R BRI T A . TGE-B1 ) 7] Ji2 20 ffg 1
B RIS P I B A A o s T B TIOR8 s A R
FN 2532 5 A 40 43 WA SR 5 19 AR At g ) 40 | 4 25201,
Smad 15 ‘5 iE R AR A 4 — % T HEENES
®i, HRNGESESS FRBEEN Smad, HE
524K T A Smads: Smadl. 2. 3. 5. 8; HHNE
%Y Smad: Smad4; ##% Smads: Smad6. 7. FHH,
Smad2 F1 Smad3 /& TGF-A1 #i& K15 5B B 1 F i
S50 T, BRI Smad2 5% Smad3 W] 5 Smad4 4
BIHE BRI N, &5 8 N i
SKARIK . 1M Smad7 AT PHWT TPR 1 KRS P 1R il R g% R
1k Smad2. 3, {3 BEEE 1L Smad2. 3 A AE5 Smad4
T Bk, MImH0H TGF-p/Smads {5 5 i #21,
Smad 15 T @ B AL IEH 500N 4 T ARSI IRES, TGF-
Bl BSRR EEOE 28 %Y . Smad2/3 BERR AL KT 1
AR S T A4 ™ R R, AR 1 S it 4 R
FK ] TGF-B1 IS IR B TR 2 40, . p-Smad2/3 1
B BB T TR R 2 2 b T p-Smad2/3
(4 & 11 Smad7 1F >y Smad 15 5 38 1% 40 ) 4 R 7,
TGF-A1 Fl B HE IR 8] 5 40 i Smad7 2% B i R F%,

T EE BRI B 7] K E. Smad7 MBS E. KW
TR B AT LA T Smad 13 53 BR (0%, AT
ARG A O BT 1 R R ) R B AN Rk, kT IA B HTRS
HERAERIER . FN AT 2 Ji J5 /2 4 i 40 5 5 1) 2 2
SRR 4y, LB 00 78 A [ 8 b s B T A RGO
(ITE AR o RT-PCR A th 5 BI04 e B AT LA J 25 %
ik TGF-B1 5 S/ FN ] mRNA /KF; [FI, 4
BT DAREAR T B i i ) B 1 3RIA, 3R B B IR B A 2K
bR G I ) T B

Zi BRIk, ASTEG R W] TR R IR A R B I 4T
ARG W R EAE R, PR ARCORS 3% 42 0 97 43 F1 LY v
iR IL-18 F1 TNF-a 075, 5752 0o A
TR BIEEE W TGE-1 Al CTGF (5 &, A %3mH|
T IERREE R R, IF BIPURE N 32 2R R
TGF-p1 K T i K EER -
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