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(CaM) - L3k 2 5% 5% B i ( MLCK ) 3 i 2l 28 E A7 R . 45 SR A R0 20 R B 1 HE 2 A IE# R EUIR (P <0.01) ,“F ¥ L CaM,
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[X@R] MEIE; BWahmig; NEKEAQREENE; WE T

[RESHEE] R285.5;R256.3 [ XmiRiRED] A [XZEHE] 10059903 (2018)05-0095-05

[doi] 10.13422/j. enki. syfjx. 2018050095

[ MM AR ]  hitp://kns. cnki. net/kems/detail /11.3495. R.20171125. 1526. 034. html

[M&HRMAE] 2017-11-25 15.26

Effect of Si Junzitang on CaM-MLCK Pathway in Rats with Spleen Deficiency and
Gastrointestinal Motility Disorder
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(1. The Second Clinical College of Guangzhou University of Chinese Medicine, Guangzhou 510006, China;
2. Guangdong Provincial Hospital of Chinese Medicine, Guangzhou 510120, China)

[ Abstract ] Objective: To investigate the pathogenesis of gastrointestinal dysfunction (GID) with spleen
deficiency syndrome and the intervention effect of Si Junzitang. Method: Totally 36 rats were randomly divided into
control group, model group, Si Junzitang group and mosapride group. lodoacetamide gavage + small platform
standing + irregular feeding were used to establish the rat model with spleen deficiency and gastrointestinal
dysfunction. After modeling, Si Junzitang (6.3 g-kg ') and mosapride (0.45 mg-kg ') were given to
intervention groups by gavage; subsequently, gastric emptying detection, Western blot, immunohistochemical
staining, Real-time PCR and Mg’ -ATPase activity detection were performed to detect the changes in Calmodulin
(CaM) -myosin light chain kinase ( MLCK) pathway. Result: Compared with normal group, weight and gastric
emptying rate were lower (P <0.01), and CaM and MLCK protein and mRNA expressions and Mg’ -ATPase
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activity of gastric antral smooth muscle were higher in model group (P <0.05, P <0.01). Compared with model
group, weight and gastric emptying rate were higher (P < 0.05), and CaM and MLCK protein and mRNA

expressions and Mg’ -ATPase activity were lower in Si Junzitang group and mosapride group (P <0.05, P <

0.01). Conclusion: Rats with spleen deficiency and gastrointestinal dysfunction show CaM-MLCK pathway

disorder. Si Junzitang may indirectly improve gastric motility by regulating CaM-MLCK pathway.
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1.1 %] RIPALysis Buffer( 3¢[® CST A, it %5
0014 ) ; i 4¢ & H marker, Pierce BCA Assay Kit
(Thermo 2~ &] , it 5 43 51 5 00420903, H220533 )
Immobilon Western {¥ 2% & J¢ )i 9, PVDF i ( 2 [H
Merck Millipore 2% &, it 5 43 %] & 1623502,
K5BA2255N ) ; Anti-Calmodulin, Anti-Myosin light
chain kinase . 5CBEHTIR (HE[E Abcam 23 7], 4t 5 4>
5k ab45689 ,ab76092) ; Anti-B-l3h & [ (B-actin)
(5[ CST 22w, 4it*5 4970) 5 SV — b ik e 4l ik
R & (A8 A ] L4t 12HO1A) s TriPure #1 4¢
BRI, Transcriptor First Strand ¢cDNA & Wi 7] &,
FastStart Universal SYBR Green Master ( ROX) ( ¥+
Bk A, iS5 4 B 8 93996120, 10274023,
18570700) ; 4= 45 94 2 £ 11 J# WLBK & 1 (€ [ Sigma
N a, it 5 4 B Sk SLBQ9006V, SLBK2472V )
EnzChek A AL i A5 0 12077 & (36 & Thermo 23w, 4it
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1.2 {Y% Mini-PROTEAN @ Teira #I H1 3 A% , Mini
Trans-Blot ® % 4 1 j# | ChemiDoc™ %I j§ 1% & 4 ( 3
& Bio-Rad 2\ #] ) ; BX53 B & W 8% (74 [E Leica
23 H)) 5 Viia7 BYEOGE # PCR AL (L E ABL A H]) 5
VictorX5 %I £ Ifj g Wi #5 1Y ( & [E Perkin Elmer 2
Al) o

L3 ¥y A3 d By SPF Gl SD 4 iR, & 4%
JFE SCXK ( #)2013-0002, & Fi & 3 ~8 g, g F
KAL) bl LRI RET RAE T E A
% B HUUE (e B 45 2014044,

2 Hik

2.1 @R ZFHESNEH R GID B A 5k £y
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WO.2 mL/HEEH ,HH 1K, FMHFR,F EiRE
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TIE 15 SR FH K 8 5% /N 7 5 0 57 3Bk A LR R E
B EEH 18:00 ZE W H 8:00 ff 8 ik BLE T
HAE3 em,F 15 em R /NES LS, FE&F
AL 10 em WK, KIEZ) 25 C BB HS T8,
PR H R R, SR E 14 d,

2.2 s 5sy f 36 HA kil R o k3
WO NG 25 W H A T i I E 5T
P, VG 25 T S R T B, DU 17 4
Z:2% 2015 AR E 25 ) 56 2 20 g, IR (B)
20 g, K% 20 g, H () 10 g (VLHIRIL5 A R
R A R T 2 R R, i S 4 S 1603039,
1602019 ,1602028 , 1601098 ) ; ¥ 1 i 5L 10 0 ) F (e
71, & DUREHI 258 | it 25150108) K424
(1 200 g fRmT R ) = AHIZ550 & 0. 018, )j g
BHTHHHREN 6.3 g-kg ', 5Lvb 00 FI 45 2570 ik
Hy0.45 mg-kg ™' REHHEFHA 1K, I 14 d, ik
O HARZ B IE 5 KEAE 2 14,

2.3 BN KREKEESE 18 h, 2=
JRRCABA e T 7K T 1 B I ek B Ry 0. 75 g - mL ™ 2 [
K,4% 0. 01 mL-g " fAB 45 5 KR R H 0 %0
AR B R V,30 min 5 FREFALSE , T8 BT KRR
MR o PRECTE G B BT W R E IR
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LT TF K R S BRI AR IS B W, E
HEz R = (W, -W,) -V,

2.4 HHRPLENEIL (Western blot) £l H 52 F 1
LZLZ CaM ,MLCK [ 35 AbSE R R 2 20 B E
32, K7 WUZ R 5 B 100 mg & T 5 4 1 g4
il 7 4 RIPA 2L 1 mL op 20K 5 B 0 I A B
VEW T Western blot %l . {8 J§ PierceBCA & 5
AT E A E R, BB EEN 20 wg #ATA
10% SDS-PAGE % ik v 1 3k, SR )5 5% El & PVDF il
EHEAT SRR AT 5% WERE W5 A Y TBST &
M1 h, —Hi(1:1000)4 CHEF R, K H A ZHt
(1:3000) 55 1 h,fli J] ECL A GMAE b2 K6
BALh 5 AR AT Tmage] 1. 5T BRI & 264 K
JE{H .

2.5 AR E 5 MLCK Rk SR
JESr AU 5 BT 4% 2 R WG vho 1 e R
K ALHE R A WY R AR e ] R, 95%
90% ,75% & T h & Jii 0% , & T 3% H,0, 10 min X
T N IR Bl MR 22 vh I D PR B A2, BE S 1
48 SV o u Rk H &, 3% BSA BB, N — 4t
(1:200)4 C#7, —#i 37 °C 30 min, ffi ff§ DAB &
LR R G B W

2.6 AT GE T PCR(Real-time PCR) 46 i 5 52
L4 4 MLCK mRNA 3635 AbBE KRG 37 %)
HUE 82 i UZ R S BT - 80 CLRAF. Kl
I fd A trizol 35 42 B RNA, ffi H 2 [§ Transcriptor
First Strand ¢cDNA Synthesis Kit Jz % s 7 & 317
gk f#i % K FastStart Universal SYBR Green
Master (ROX) 7] & #4752 € &t PCR, PCR 27
BWE N 95 C 10 min (BTG ) ,95 C10 s(ZMH),
60 C30 s(iB J HEA) 3k 40 JRER . T B9 51 9 7
S py A T A TR (i) B AT BRA ® 5 80, 519
JPAILE 1,

x1 519FIER

Table 1 Primer sequence information

34 1 (5'3") K JiE/bp
MLCK i ATCCAGTTCCCTGAGGACCAGA 138
Fif CACCCTGATGTTCTCGCTCTCC
B-actin I GCGCAAGTACTCTGTGTGGA 160

T AAGGGTGTAAAACGCAGCTCA

2.7 HETWALAL Mg -ATP FIE M AL
BREE 19 MLCK 3475 J5 , Mg " -ATP fiff fE /K fi¢ ATP,
W 3ok AR P A A BB, TTOE i Mg® T -ATP i K i ATP

b B R R A ML R AL, W E Mg -ATP i
WPk 2.4 Wb AR & IS, 651 Amicon
Ultra 8 U8 150 4 4% 8 1% W E 40 i Tris-HCL pH
7.5, ffi ] EnzChek A7 HL#E 0K 50 &, 76 96 fLAR
Bt & 200 wL f&£ & & DTT 1 mmol - L™", CaCl,
0.1 mmol-L~", MgCl, 5 mmol - ™", KCl 60 mmol -
L™, tris 20 mmol-L™' ,ATP 0.5 mmol-L ", JJLER &
0.4 pmol-L™" 4552 0.3 wmol-L™",20 x Reaction
buffer 10 wL, MESG 40 wL,PNP 2 uL, 2041 85 A
20 g, [7) B FH A AL A8 o Rt 10 B 43 B 5 s o ot
22,25 °C K 30 min, AR AR DU 2 B HIF IS
360 nm Mt A, AR 95 Ar o il 41T 58 RN T A BL
S g

2.8 geitsrdrk RHA] SPSS 19.0 #EfT4eit b2,
SEH R DL & £ s R, B R R S T S T 25 55
B, 2H 8] R F B PR 3R T 22 93 B 5 AN Tl TR A PR Bl
Ty 2SR A BRI AE S Bk 5, P <0.05
HERAGITE L,

3 &R

3.1 DUE T AR AR CGID K BUA R &m &
B LR TE GID #8241 R B4 57 & B A1 7 1E 9 41K
(P <0.01), 25915, WA F 74 KR
JT R ZE Ty (0 25 S R gt X, B
21 R B B 0 S RS AU 2 TE B e DX . IR 2,

2 HWEFHXIEEIE GID XREREXM(x£5,n=9)
Table 2 Effect of Si Junzitang on weight in GID rats with spleen

deficiency (x +s,n=9) g
20 51 Fltk/g kg ! FER R[] BIT IR

E# - 365.44 +15.396  457.44 +37.703

LA - 256.22 +16.415% 354.00 =17.937

W 6.3 260.78 +18.647  358.44 +23.298

LEvb b ) 4.5%x10°* 266.78 £10.826 333.33 £16.210

WS ERALE P <0.05,2 P <0.01; SR LED P<
0.05,YP<0.01(%£3~6[),

3.2 U T E LA E GID K HE
A BOAL A R RLE HE A RAEOEE AR (P <
0.01);UE F 7 MEV> L F T i f5, 5884 1
B KRR EHEE R E (P <0.05), WK 3,
3.3 R T EIE GID K RLE %M
MLCK,CaM M RILEM N 5IE# 4 i, 1§
FEUE GID 1K B 5% °F- 35 L MLCK, CaM 3 35 &
Fhim s SR A, TR T B0 R+ s
MLCK, CaM 7K F [ #8241 55 1E % 41 . U F F
- 97 .
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*3 MNEFAMEEILEGID ARBHZEZM(x+s5,n=9)
Table 3 Effect of Si Junzitang on gastric emptying rate in GID rats

with spleen deficiency(x +s,n=9)

23] /g kg ™! B HEa 2/ %
EH - 0.63 +0. 102
LAY - 0.37 £0.078%
M F 7 6.3 0.50 £0. 074
B RUPV ] 4.5x10°* 0.50 £0.094%

AL MLCK Rk 22 5 A it X (P <0.05),
,fﬂ CaM %E‘%?ﬁiﬂ“i%ﬁ}(o EL% 4’@ 10

F4 MEFHMEEIE GID XRE = FiFA MLCK, CaM %
BN (xxs,n=3)

Table 4 Effect of Si Junzitang on MLCK and CaM expression in

gastric antrum in GID rats with spleen deficiency(x +s,n=3)

4571 Flht /g kg ™! MLCK/B-actin CaM/B-actin
EH - 0.56 +0.203 0.97 +0.22
ey - 1.13 £0. 589" 1.57 £0. 80
WHE T 6.3 0.64 +0.234% 1.03 £0.29
BEYD W F 4.5x10°%  0.71 £0.442 1.39 £0.65

ractin R 37 kDa

cor

37 kDa

-actin
A B C D
ACERH B, BB C WEFHA;D. KA (E 2 F)
1 MEFHMMEILE GID ARBEEFBAN MLCK EHQ RiX
A
Fig.1 Effect of Si Junzitang on MLCK and CaM protein expression

in gastric antrum in GID rats with spleen deficiency

3.4 UE 555U R IREIE GID KR E 5
L MLCK g gl b A 152 MLCK 2 (176
52 LR 40 M e rh 223k IR R TIF A5 U R BT i L4
41 MLCK AR IE WA m, & WE 7 fsid
DR TFHE , MLCK ik S A 4, WK 2,
3.5 VUE TR EIE GID K ELE 2w ILA S
MLCK mRNA ik fE520m IR UEAE 2 R B 55
LA L rh MLCK mRNA 3R 3K i 50 0F % K BRI &
(P<0.01), DU F 7 fE v o F) T W5, 548
41t K RUE %2 i L4120 MLCK mRNA ik &%
flk(P<0.01), WHES,

.08 .

B2 MEFHMNMEEIE GID KRBEEFRAN MLCK Rix#Mm (4%
JELH AL, x200)

Fig. 2 Effect of Si Junzitang on MLCK expression in gastric
antrum in GID rats with spleen deficiency (IHC, x200)

®5 HNEFHMMREIEGID KRERFEBILL MLCK mRNA
RIEEHM(x+s,n=3)
Table 5 Effect of Si Junzitang on MLCK mRNA expression in

gastric antrum in GID rats with spleen deficiency(x +s,n=3)

21531 Fl /g kg ! MLCK
IE# - 1.13 £0.370
HLHY - 2.42 £0.769%
A ¥ 6.3 1.42 +0.455%
BEYD A 4.5x10°* 1.37 £0. 4249

3.6 VUE T EIE GID K EEH E LA S
WLERE (1 Mg™ " -ATP B PRS0 15 0 W 41 He#%,
et R A K R S ST LA Uk LBk 2 1 Mg -
ATP §H PRI (P <0.01) o PUF 17 A1 550 4 A
THUS , 515 R4 8k RS 55 W L4121 UL ek
1 Mg™ " -ATP BE PEFEAR (P <0.01) . WL 6,

*6 MEFZMNMEIEGD XREEFRNALNKEA
Mg’ * -ATP B E MM (2 +s,n=3)
Table 6 Effect of Si Junzitang on Mg’ * -ATPase activity in gastric

antrum in GID rats with spleen deficiency(x +s,n=3)

2 57 /g kg™ A HL#E AR i/ wmol - L™
i - 171.26 1. 587
LY - 166. 00 +2. 8442
EF % 6.3 161.35 +2.519%
L RURY | 0.45x10~* 162.15 +0. 870%
4 itig

ENa e AR R S (N S KO |
o P A 2 Tt M 0 AR, 3 P 40 4 301 o ot B o 4t 7, E
i SR ARt B 1 s SR LA R N I e R
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[ 412 Xof 7 P 2 [ A 48 A 0T B R 5 7 R R
JRCAR J5 U /NS 5 3l ST v M40 5 s o E L B H A
ORI 2 A T I PR 9 R TIE Y IR
Ao LR 255 2 S Y U6 IE , AR LR L T R
J R IE LA B AR B2 2% GID (8 R 24

MLCK &5 3 LI 46 1 B 26 1 o 2457 9 L4
i e 3 1 R 3, P TR R A A T 1) B R
T, M PG B T B T L O S CaM B AR Ca® " I R
AW, HETTGE MLCK, MLCK 3 — 45 i jLER & A
4% (MLC) BB L , 3 UUBR 85 19 5 U3 8 117 A AR
X ¥ Bl DT 1 9 UL 40 7 A M o X 4% £ L T
B O R Z S B BRI E T L R, 2 R
HIE GID #E K B 3 LAF 78 CaM-MLCK {5 %5 i %
A PO T4 e 1 CaM-MLCK i [ 38 56 465 70
B 5 O M DL 4

S 4 5 2 WA R B HE s R e, (R
W LZH 4L CaM, MLCK 358 T 5, ILER A Mg® " -
ATPase % PE348 /5 . {0 ) DU 36 7 3% 0 25 U0 0 ) S 465
I BT T B , W04k LS 25 R g 2 b
IR H S L4 41 CaM, MLCK % ik B Fl Mg® " -
ATPase { ¥4 F M, X 5 — 2638 [ DU T % hn vk
() SCE T FE 4 SRR — B0 EH MM A T ILA
JEH - 1 WULE ML Ca e BT [ I, 47 45 4
Fr—E K 1, A W58 £ W MLCK 77 16 - 3 i 1 1
BELEBLZ Ca’ /CaM & A W08 M9 15 00 R, 5 LR
Ak TR ATP BSOS . R A R ah st
W FFE AW, B MLCK ¥ JE 1938 i, 15 0Lk 2 A
2545 W9 LS 2 UL 22 K0 B B I, BT 45 A i L 22 i K
JELAE AN, WS MLCK ¥ B 5 B TH s, 3 BORS T
HLL22 55 240 L2245 45 K B S K, T T Al B SF L
Kb F ok Ik 25, 24 9 0L FE 52 5040 o 15
Bk A 05 5 I B A B U TR IR TS . @
(BB = “HEZ - HEZEZMH P UE T
i T DU R 25 14 08 TR Bl I S % 2 ok B 4
TR AR, 33 5 S 6 b % B DU T 1 R I R IR
WML AL CaM, MLCK 2 15, 1 2 57 3 L 2
BT RS, MG E s E . O
3 SCHk 8 A R 7 3 1 DO v L e
AT B S, IR R T,
TRAT S0 26 W32 I i 1R 3R 25 9 5 R B i 1 92 7 3 L
MLCK 23k 5 7h 5o PR e 28 35 4 0, {0 55 38
Jg B2 W S W LAY 43 T AL A7 RS T o

2 FRTR R IE GID K A7 7E CaM-MLCK {5
S5 B O DU T % R 0 S K A

TE K, DR 25 2 4 3% A 5 % ek 28 T A S
BIE GID B &ML Z —, U F 17 Ge i 1 U8 15 %
{5 53 R 26T/ o
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