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Experiment study on effects of severe head injury on interstitial cells of Cajal and protein Cx43 in mice small intestine”
Fang Huan s Zhu Jingci®
(Department of Basic Nursing ,School of Nursing s Third Military Medical University ,Chongqing 400038 ,China)
Abstract: Objective To observe the change of isolated muscle movement,and interstitial cells of Cajal(ICC) and protein Cx43
in the small intestine after severe head injury(SHI) ,and to study the possible mechanism of intestinal motility disturbance induced
by SHI. Methods

od. The mice were randomly divided into the control group(opening skull but avoiding brain injury) and the trauma group,18 mice

The model of SHI was built in 36 healthy adult C57BL/6 mice by the improved Feeney' s weight-dropping meth-

in each group. The in vitro terminal ileum smooth muscle strips were taken at the time points 3,7,14 d after SHI, and the spontane-
ous contraction movement, number of terminal ileum ICC and protein Cx43 expression were observed by the RM6280 system, the la-
ser confocal microscopy and Western blot. Results Compared with the control group,the smooth muscle contraction amplitude was
diminished, the contraction rhythm was irregular at 3d after SHI in the trauma group(P<C0. 05) , the average tension was reduced at
7 d(P<C0. 05) , the average tension and the contraction frequency were reduced significantly at 14 d(P<C0. 05). Compared with the
control group, the number of ICC was significantly decreased at 3,7,14 d after SHI in the trauma group(P<C0. 01) ,and ICC showed
fewer branches and sparse network. Compared with the control group, the protein expression of Cx43 after SHI in the trauma group
was reduced significantly(P<C0. 01). Conclusion Spontaneous rhythmic contraction movement disorder of smooth muscle in small
intestine emerges after SHI, the number of ICC and the expression of Cx43 are decreased or missed, which is one of the factors lead-
ing to electrical signals passing obstacles in network of enteric nerve-ICC-smooth muscle, causing intestinal contraction pattern dis-
order and resulting in intestinal motility disorder after SHI.

Key words: craniocerebral trauma;connexin 43 ;interstitial cells of Cajal;contraction of small intestine; gastrointestinal motility
disturbance

o 3h )y B 5 4 hy 25 BN 45 477 (severe head injury, SHI) cellular communication, GJIC) , 4% Bt % 3% 2 14 (connexin, Cx)

DL IF R AT N A 1B N IR BE EE L L 5 R R APEIG R T
HILARE 255 45 0 RO AR AN DR T L (8 B R & A AL
i S . PR R AL A Bl TR R X 1 Y S R
PRAZ SHI B3 10 S s D e Lok 2> B 9 & . Cajal (1] 5T 40 Hd
(interstitial cells of cajal, ICC) J& & I 18 I 15 £ 09 e #5252 N 7
& ENSERTFEIA A, T B 4P % $ (gap junc-
tion, G 5 -9 WLAN M AE™ . GI & ARAR 7 40 i 16 By Ak 2215
A AT L L A 3 G 4% I % B2 A0 i 3 TR (gap junction inter-

*»  BETEEEARREIER R BIHE (81272079)
{£#& , Tel: (023)68752361 ; E-mail : zhujingci@163. com,

& GIIC B&s g S al . A WF I8 76 0l IR 1 B B0 L e R
Pk B 25 R 5 BRI L ICC M G B 452 495 7T R 2 3 30k S
AR ERFHZ 2, B SHI G g 3h Iy B 2 6 5
ICC Jt G WA KB N4 =8 BB A . ABEFE 4
SHI J5 & 1K K o [ i L4532 3l LA TICC Hoid Fl Cx43 Rk
B AL LAERIT SHT A )5 1 30 Jy e 6 14 T BEBIL

1 #MBEHE

L1 BPRE Witk C57BL/6 /N 36 H .8 Ja il . (AT &

EER N TR 1983 ~) , A LTS, FENH A AT, 2 @l



FTRESF 2013 %5 A% 42 5% 13 M 1451
1 WANMNRBERHEGFENAEEBEEMKALE (ZLs,n=06)
I £ (mg) ik 71 ()
205
3d 7d 14d 3d 7d 14 d

PORE:) 0.114=£0.021 0.098=+0.016 0.10340.023 0.327%40.03 0.45940.038 0.5227£0. 044

B4 4 0.075+0. 006 0.076+0.010 0.0960. 024 0.222+0.173 0.196+0.076 0.330+0. 153

t 4.321 2.817 0.515 1. 448 7.573 2.941

P 0. 048 0. 149 0. 990 0. 007 0. 027 0.010
QOEDg. M ZFERFRIFER LRI ORM. KB 2 cm. 8B REBRIAS L E B . Bicinchoninic acid(BCA) ¥l
iR o Kit B sg b A& (ACK2) , 119 3 3 [ BD Biosciences 24 HAWE . L MIKIE 50 pg I 1H i 40 mA Lk, 1H

Al s /NPT K B connexin-43 $HifA& , 1 [ 3% E BD Biosciences 2y
Al FITC R0 19 3 5t K Rt 4k . 1 |3 3% B Tnvitrogen 2 A ;
Krebs ¥, FIRTELE] . sl ¥ 57 ik @ A LW 1 8, g 3
TLIEAL TAHLAE) s MICRO-NX B 25 B 45, 1 A 5 [ TAEGU 24
] SMZ2168 37 & W i 82, 1 A 78 [ Motic 28 7] ; TCS-SP5 #
JE R AT B, W B FEE Leica A7,

1.2 5%
1.2.1 si¥idl RABHLECEREE 36 R/NREEHLS R
YRR AN, A 18 R, FEMGE 3.7.14 d M #4745

FRAG I L A 6 H,

1.2.2 HEEVG 4 S MSCERI5 s SHIBR, 5 BRT /N BR
Bk 12 h, AloK. BL 1Y H 2 404 1R 40 mg/kg if
A7 1 B S ORR T« M B e UL I Y /S BRI S A T Y
IR R Sk AR IO BB T RS OE ) I Sk L DL R
e k55 3 mm 5 R REEA M 3 mm 3Z S ALENAL PR
W E 2 mmX 2 mm(Ej E e RAE 2R I RAREEA 57 1.5 mm),
PRIERE S SE 5 0% 18 g B HARAT 5 AT A9 #1556 (AR 3 mm) [1]
TIEREE T X8 EES N 16 om b6 BB LUASFL AL
Fra bt s g7 /N B SHT BB, 550457 )5 R i 1 WA I 36 4 S
WML, BERWE S GGk . FHBERBR)E T K.
XA R 6 AT . R IE I A7 6 /D B T JC 4
FE I AR (SPF) BR B vh 43 S8 47 5% A B K.

1.2.3 BEAKGE I AL A&Zsh e BREE S BE I E 3 3 cm
AEELES 1 em, B T R A # fif Krebs-Ringers 22 wj i (B} [G
WOHFAREGRMERERMHIEE 1 b 479K he

1 gf i, K1 aE R A RM6280C B A JT 4% , 7 M JiF
H0.75 g, FREEEE N 800 s/div, P 30 min J5 T LA A%
SR ST 2 0. 75 g FRALA B B MR R L fa s JE T IR
IE SR Iy e 2k 15 min, 4387 JLARIE S

1.2.4 &E/WNG A5 ICC M MR FE # 6 cm I
FKuGH 8~10 cm,0. 01 mol/L B 2 22 vh i (PBS) ¥k 4+ ¥
Y IE B AN R G 6~8 o b 22 8RB 47 - 1 LZ FIA
AT T . PBS vk 3 3K, &K 5 min, 126 4 17 &
(BSA)IE 30 min J5 M A —Hi ik, B A TR = k& O
(Kit) B T BEFI AR (1 10004 C yK A 3 70 53 B U R 9 0% &
(FITO AR B 5t K B 1eG Hi (1 = 100025 C,HOLHEE 60
min; ¥ (756 YRt (DAPD & Y 40 i 4% ), K W M vl A
FH3&E A FITC(488 nm) AR I K WL B AR A 319 4 R 4R K B
P BN G, FE T G OR 45 00 2 08 <63 s, B AL 2R
L4, Kit FHMERI N @9 e, BT IS0 86 DLk F BRI v
R —H0 . HARRIELRE L.

1.2.5 Western blot I8l Cx43 I FEE BUKWMEG 1~

JE 120 V3R 2 hy SRR IRE A 2 he A —#1 Cx43 $Lik
(1:500),37 CHERF 1 h.4 Cibad. ¥EIE 3 W mA =41 (1 ¢
4000),37 CIEE 2 h. B2t . B, BEREBITRERER
1% . 8 A% Tmage-Pro Plus 5. 1 4087 6% B (IOD){H . B-Actin A
WS AT R 2 T .

1.2.6  JULZ& W i g B A S A ek Rl Al RM6280 &
Y| 2B RS R RS 4. 2 W& kB I A AR 2
B9 1 min 85 R HFT G 0. HRETOLY Ol 4 6 3K .78
PN BN FRENLE S 12 M HEF, ] Leica confocal software
PG 53 BT B4 347 R = 4 T 48 , 3F A Tmage-Pro Plus 5.1 %
TFgETH Kit B 20 At

1.3 Seit2esb 3 SR A SPSSI7. 0 e it 8 #4740 b7 . 3 1
BRI Tt s FOR DI LR HEAT MSERE A ¢ A5, A P<<0. 05
RERA G EE L,

2 5 R
2.1 /N s A S 1 - UL 02 S X IR A 4% ) A

JULZR W 4 B 4 55 5 B 493 4 UL 2% A0 406 RS R U 55 (P <C0. 05) 5
HEEXZEGARME, 5K 5 SN RALE, ZRE 5T
X (P<0.05), L3 1.2,

*2 0 40 /)N R BB K 5K i [ B S 7R AL AL % 8T 2R L 3R
(T£s,R/5,n=6)

Eig]| 3d 7d 14.d

XBEAL 23.095+0.138 23.15340. 234 23.55640. 259
Bi4H  22.05340. 354 21.724+0.813 22.331+1.119

¢ 6.716 4.135 2.612

P 0. 022 0.127 0. 029

2.2 ICCHNMIEZS X B /N B LA ICC 20 i I 25 10 3

SRR AR, A A% K H DAPT Qe i i F 2~3 K4
520 I 5 WLET 4 S 22 27 4E A7 AT A AL 1 T2 B e 48 I 46 B
S5, P25 . TR 15 20 45 I A /N 1CC R 45 25 1 1 8,
A5 A L) L B 5 S 9 UL 308 A O ) 4 L I B 98 5% A
WL OLIET 1o B X0 N S e 445 2R 3 S B

* 3 PWAFRERE S ICC Kit PR 40 i bE 3
(zEs, 4 /mm’,n=26)
21 51 3d 7d 14 d
Xt B4l 555444, 63 614+34.79 655441.18
Bl 541 336+37. 60 411429, 07 472417, 56
¢ 5. 904 3.721 3.253
P 0. 000 0. 004 0. 009




1452

2.3 ICC¥mAr b BI45 4 & B A8 & K S 181 i 1ICC Kit fH
M E WD, SX A, ZR AR I E L (P
0.01), W& 3,

FRESF 201355 A% 412 4% 134

2.4 CxA3 WMEBRINI Q0024 WA A5 X B AR
Cx43 HHRB TR ZRYA G E L (P<<0. 01, LA
2. %4,

AB.C ARt B4 3.7.14 d /NFJHIE ICC; D.EF 2 Bl R0 41 3.7.14 d /NR B 8 1CC,
A1 FERAIRICH/NRIFE ICC MELEH (X 25 pm £F)

1 2 3 4 5 6
Ox43 —> it A D B SR G «—43X10°

B-Actin—» WS GEE Gt G- /3 < (0
1.3.5 Al % HEAL 3.7.14 d52.4.6 05 Q4 3.7.14 d.
2 HANR/NFH AL Cx43 T H Western blot # il 45 R

x4 FWAMRRFEG Cd3 B RIEBLLE (T+5,n=6)

21 5 3d 7d 14 d
XHARZ  0.485+0.090 0.548+0.119 0.57740.117
BIGGLH 0.21640. 066 0. 3400, 068 0.39840. 066
t 3.738 3.974 3.716

P 0.001 0.001 0. 001

3 3 e

B A2 FEIE /N g 1CC 43 LI A ICCICC-MY) FI i
LA ICC (ICC-DMP) , BAIT3#E i G Fil % % 3% £ 5 F Wl ad
M M R AR 4 B TE A R AN B IR R BR K
T LI 45 4 5 T 46 T e B M - I R (W R 1 4k, TCC
MG R TEEEM. EAEVR RN, ICC TP 5L M % 45
) X R AR A7 AE Cxa 3™, Hife 1CC Ak Fn e e 354 %
ik, ICC-DMP #1571 WLAN G Z 18] (9 GT m] ik L A0 0 B 42 4 2
ok B ICC-DMP () B A5 5 FAL 255 - AT 52 21 i bt 22 19 Ir) 422
VEPEDRILAM d 4G . 7E ICC-MY Z it & 98 T 2K {0l i 45
. SHI J5 Hh T4 5 MLV 120 A0, 1 38 a3 0k 20 45 1A 36 58
I W B R A i A R PR R . e R B T
T WLTE 125 92 AiE B 2% A 40 i % &) PR AL 2 45 R 462405 T 808 i i =X

SEH S AE K BB I P R A A T R BN B ICC T, 4%
L5 MR s 72 (MODS) K B 18 7 38 s f7 78 Cx43 I 57
TR 2 b A MR B 551 & 0 W 3 g e % 2 5 /Ml 1CC B Cxd43
P58 405 T 75 6 - 9 JUL AT 445 458 5 o A8 A5 56 A s T i — 25 I i 5
UESE

A% 5250 3R F/NB B AR WL A% B 4 U2 ZE SRR AR L I B 7K OF
KA 43K 5% T /N B SHI G I 8l J1 i 1ICC W 2% Je =
Cx43 22tk SRk, QGG E 3 d B R 18 ILA U 46
Mg JE 0 0 2R 4 ok HE A B S sk 20 . 14 d AT SR A F X BR 21 UK F
W SHI /INEL ) I W 4 32 3 980 55, $8 7= SHIT J5 B 80 B i 371
J S 1 L 32 IS Bl SR A A R R K L AL S s
BN B . S IR T R R 45 S B0 AR M B e 22 A
FURE I S 0 A O . X 5 UREZH T B 5T & B SHI JE /) 1 4 gk
R EEG, B 14 d N B g sl I B85 S A7 7E 0 25 A —
O, WAL R R X AL/ 1ICC R sE i Sk =
i ) 2% BE S5 1 s B 45 20/ i TCC I 4% 45 1 A % 462, 0 Jo) 1 3R
PR 14 dRE A . FW SHIJG I 1CC 45 . B Ui)5
BT BRI R s Rt — B T oA AR S
b A R R E e A, A A B R AT R ke (D)
SHI Ji5 Hp- L 20 i i L I 240 i 268 2 o 40 ok e = i O 3 405
Kit 52 {4335 K Wit Kit JUJR 454G 8 M 1ICC ik ; (2)
i F ICC X it S0 BURR . SHI Ji5 iy 38 e 1t e 4 B 3-8 v B 45 46
0 TR 25 B R TR L BT ICC W 4% ST £ ) 458 B D L TR BE R
PR T 18 22 0 7 1) e S0AR M B0 s /b 5 (3) ICC A A7 g &2 ok
b N Wi N 2T b v R 1 SN N TR s
B2 L SHI J Ji S T JIL 240 e A et 222 240 i 7™ i 483 450007, W G ok
IEH 4E R ICC A7 5188, S 8 1CC 4 M B ik 2 » 15 & it



FTHRESF 201355 A% 412 5% 13 &

AR L B A5 R i 1B TH BE

G pAH B M BE b B9 3 4% 7 1 BB 0 A T R
6 4~ Cx, Hoh Cx43 9 RK IR T2 L AT A ARSI 47 E JL
£ i ) BEL DM bR JEE 7 P ) 40 i IR 5 8 — BovE 9 T RE L HF %
AR A pH H . Ca®' ¥ B2 L B5 8 H 1K Cx B R LIRS %W
R, A7 SCHRARIE  TEBE DO R BB R E 8 Cxd3 KB W]
I B ISR A . AR R WoR  SHI G
JULJZ p i Cx43 3k sl 2§28 4 Mg ) GT W3R, ICC 2 ]
5 WL TR M A R — Bl 50 s G 40 7R 5 ) 2
e A 3 BOZIRAL S AT L 745 3 52 B, 35X 5 [ 5127 3 09 BT 52
ZERL B, U] SHIT S A dy B8 L AR 9 3% AL pH
1B 508 LA i T A TR R L 76 5 o 5 R 45 T A TR 3R 3 Y
0 1 Fe A - GT T RE e Ok L B Z 2 M T Ml W i i gl

L8 LFIR WU TCC Bk s 2 #1128 32 3 DA S Cxd 3
114 2% 2 i 2R OB A L S R i 22 TCC-F 1 UL IR 45 465 4 v A
A e B A 51 A I 1 A A A AL S S O R 4 B g B
BT REAL I 2 — . I WF S5 R AR OR L AT B0 B 1CC Ry 4
15 AR SZ 4 ICC BB &, B Cxa3 28 1 9 32 3K W R J& SHI
J5 T 3 3 B RS 9T BB S B

SE

[1] Herbert MK, Holzer P. Standardized concept for the treat-

ment of gastrointestinal dysmotility in critically ill pa-

tients current status and future options[ ] ]. Clin Nu-
tr,2008,27(1) . 25-41.

[2] Huizinga JD,Zarate N, Farrugia G. Physiology.injury.and
recovery of interstitial cells of Cajal:basic and clinical sci-
ence[ J]. Gastroenterology,2009,137(5) :1548-1556.

[3] Kashyap P, Farrugia G. Diabetic gastroparesis: what we
have learned and had to unlearn in the past 5 years[]J].
Gut,2010,59(12):1716-1726.

(4] baMe. g, WA, . S RMEE 4Bk Cx43 TR A
Cajal [a] J57 40 i 1) 43 A5 LT P B AR LA 4 75, 2009, 11
(3):213-216.

[5] LiM,LiF,Luo C,et al. Immediate splenectomy decreases
mortality and improves cognitive function of rats after se-
vere traumatic brain injury[ J]. J Trauma, 2011,71(1):
141-147.

1453

[6] M. A EHREN 13 58 mzdhI]. HiriEk
M2 5 52009,29(5) :334-336.

[7] Kiyosue M,Fujisawa M,Kinoshita K,et al. Different sus-
ceptibilities of spontaneous rhythmicity and myogenic
contractility to intestinal muscularis inflammation in the
hapten-induced colitis[ J]. Neurogastroenterol Motil, 2006,18
(11):1019-1030.

(8] WA . fay 4% ¥ - Al e . /0N e ol 75538 3 45 4% 3 2L Cajal 18] B¢
AR T S B L) ] R R TR R 2R R 2010, 19(2)
80-82.

[9] 2%, 55 &, T, . KR X MODS K /Mg
IRER ML) Cajal [ 57 240 ML 453 43 49 4 R LT D, v [ o 7 B 45
AR, 2008,14(3) :230-234.

[10] Yu XY, Yin HH,Zhu JC. Increased gut absorptive capaci-
ty in rats with severe head injury after feeding with probi-
otics[ J]. Nutrition,2011,27(1) :100-107.

L11] 225 W], G e e, ok 7%, 5. BT Cajal [R] 5T 40 Ml 5= 6 19
¥ 36 2y Jy B 5 Sl A AL T 0 T VE R [T ], IR v 7Y 15 4
4 2% .2008,17(16) : 2576-2577.

[12] Matsuura T, Masumoto K, leiri S, et al. Morphological
and physiological changes of interstitial cells of Cajal af-
ter small bowel transplantation in rats[ J]. Transpl Int,
2007,20(7) :616-624.

[13] E3f. SepiE e R 43 R RIT]. PPy E 45 & W5,
2010,2(6):312-316.

[13] SROUYE. FS . 5K 505 45, Cajal [ 5 20 il 18] B 3 44 85
M43 2 50 R B B REALE i 9t s L] A g
WA Z 7K ,2007,23(6) : 555-556.

[147] Cai ZX,Li Y, Qi QH. Morphological changes in intersti-
tial cells of Cajal in the deep muscular plexus and enteric
motor neurons of the intestine in rats with multiple organ
dysfunction syndrome[ ] ]. Nutrition,2010,5(8) :635-636.

[16] Segnani C,Battolla B,Ippolito C,et al. Cx43,RhoA and c-
kit in diverticular disease[ J]. ] Anat,2011,116(1):169-
170.

Clscf H 1 :2012-12-06 &8 H 11 :2013-01-25)

458 1449 7D

[8] Bartel DP. MicroRNAs: target recognition and regulatory
functions[J]. Cell,2009,136(2) :215-233.

[9] Carthew RW,Sontheimer EJ. Origins and mechanisms of
miRNAs and siRNAs[J]. Cell,2009,136(4) :642-655.

[10] Krol J, Loedige I, Filipowicz W. The widespread regula-
tion of microRNA biogenesis, function and decay[ J]. Nat
Rev Genet,2010,11(9) :597-610.

[11] Gregory RI, Chendrimada TP, Cooch N, et al. Human
RISC couples microRNA biogenesis and posttranscrip-
tional gene silencing[J]. Cell,2005,123(4) :631-640.

[12] Wang MM. Notch signaling and Notch signaling modifi-

ers[ J]. Int J Biochem Cell Biol,2011,43(11):1550-1562.
[13] Gude NA,Emmanuel G,Wu W,et al. Activation of notch-
mediated protective signaling in the myocardium[ J]. Circ
Res,2008,102(9):1025-1035.
(147 A BH . Bedi il J8] o 25, 46 -4 U8 G400 ot 300 % 1 2L B
LA B A S R LT ] o B A AMIE B 26 5, 2011, 9(2) :89-92.
[15] Li Y. Hiroi Y.Ngoy S,et al. Notchl in bone marrow-de-
rived cells mediates cardiac repair after myocardial infarc-

tion[ J]. Circulation,2011,123(8) :866-876.

R H #9.2012-09-08 &[] H #8.2012-12-22)





