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RFARA K BT FA AR KBTI W S5 HL 7 BDO AR R F AU SEERA KRR TARE 3.
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Y (¥ P>0.05) o BRI MAISH B e B s, H SR FR41ER, BALF 1 PMN 1% %
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ABSTRACT

KEYWORDS

Objective: To observe the apoptosis of polymorphonuclear neutrophils (PMN) in the bronchoalveolar lavage
fluid (BALF) and occludin protein alteration in the alveolar epithelial cells in rats with bile duct obstruction
(BDO), and analyze the relations of the two parameters with obstructive jaundice related lung injury.

Methods: Seventy-two SD rats were used, 8 of them were randomly selected as normal control group, and the
remaining 64 rats were equally randomized into sham group and model group. Rats in sham group underwent a
sham operation and those in model group were subjected to double ligation of the common bile duct to establish
a BDO model. Rats in sham group and model group were sacrificed in four batches with equal number of animals
(n=8) to harvest specimens at 3, 7, 10 and 14 d after surgery, and rats in normal control group were killed to
obtain specimens at random during the experimental period. The morphological analysis of the lung tissue of the
rats was performed, PMN apoptosis and MMP-9 activity in the BALF, and occludin protein expression in lung
tissue were determined, and the lung permeability index (LPI) was also calculated.

Results: Compared with normal control group, all the parameters in sham group showed no obvious changes at
each time point, and quantitative differences had no statistical significance (all P>0.05). In model group, evident
lung injuries were observed, and compared with sham group, the PMN apoptosis was decreased and MMP-9
activity in the BALF was gradually increased, and the differences at each time point from 3-14 d reached statistical
significance (all P<0.05); the occludin protein expression in lung tissue was decreased and LPI was gradually
increased, and the differences at each time point from 7-14 d reached statistical significance (all P<0.05).
Correlation analysis showed that in BDO rats, the PMN apoptotic rate was negatively correlated with MMP-9
activity (r=—0.935), the MMP-9 activity was negatively correlated with occludin protein level in lung tissue (r=-0.796),
and the occludin protein level in lung tissue was negatively correlated with LPI (r=-0.800) (all P<0.05).

Conclusion: In BDO rats, alveolar PMN apoptosis is decreased and MMP-9 activity is increased which may cause
attenuation of occludin protein in alveolar epithelial cells, alveolar epithelial barrier damage and increased permeability.
This pathological process may contribute greatly to the initiation and development of obstructive jaundice related acute
lung injury. [Chinese Journal of General Surgery, 2014, 23(2):186-191]
Cholestasis; Bronchoalveolar Lavage Fluid; Neutrophils; Apoptosis; Connexins; Rats
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HhME R 40 B2 ( peripheral polymorphonuclear 1

W57

neutrophil, PMN ) M- Rw 225 i
FEIRAT G SO AL 2 S E BRI 3 5 e 45
F i 2245t B, A IEHLE AR B . occludin 82
i b B A R A Y, W P R b
PREE I RE LA R Y, AR P GE, AN
ok BE SENE BONE LA 3 A 1 e 5 BB REL M B
il 458 £ 1 E PR R, R, OC T IR B B B R T
AE 72 A BHL 14 B9 il 463 1 & 2B & J o iV T 20 e A
il it AR E A KEIHERERL (bile duct
obstruction, BDO ) &AL, A6 i) S48 il 60 9 Wk T
( bronchoalveolar lavage fluid, BALF ) PMN 1=
RN B2 4B occeludin 25 M, B 5% P & XF il
W B R B RE R SE MR, PR AR R RE M B0 I K
Jiti 453 003 640 A AN AL )
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72 2 SD KRR, MEMEAH, AR 250~300¢,
B, WAMITER R EE YL ho. bl
BLAt R 8 AR iE X B4, #5064 H R ELFEAL
B1or MR TR A BRI
1.2 FEMFSKA

H 5 B0 HL (Sigma 24 A, IS -3K-18) ;
CO, 4 i ¥ 32 48 ( Ll Jy W BF S A 0 7))
i 24 AL ( 28 B Beckman Coulter 24w, #1%
EpicsXL) ; Fr AL ( % £+ Hamilton 28 &, #Y
5 -FAME24/20 ) ; Olympus 8] & & 8 ( H A
Olympus A A ) 5 JCE b Z 8 T Sigma 28 75
Annexin V-FITC Kit % H Bender 2% #); K B NE
ELISA Kit 5 MMP-9 ELISA Kit ¥ k2 U 4E 55 4= )
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OSSR R oceludin 22 58 B BT AK Oy 26 E
Zymed Laboratories INE T Folin By ik 7 b g =
T AR A 28\ R BRI B 40 A 43 S B TD A D
1.3 BRI &

BREARIZH R B NE I P S G LU 224 (50 m/ke )
R, ATIEIE R &HIIT, s BRs, R
T8 W b WUEE 22 28 250, I T Wi 25 4L = 11 U] I fIH 2
B, W4 BDO BRI T A AL RS 5 FL R 1) By I
SN, HARERAER o RIE&H KR ERSE,
H R gOK R R R
1.4 HRABRERIE

B FARHAGHEAMHARHTARE 3. 7. 10, 14d
AR ALY, B IBORAS 5 TE X R ZH D) A S 56 1
[ BEMLAL FE AR AR AS o (1) MLEARAS : M s R T
HI L EALRGO R ZE R0 3 mL, U5 T EDTA
TR, B BB, 80 CHAAFH T e & H
. (2) BALF #il 4 BB A G, s e
JEESFLAMIAGTT, TERETEAE L7 BYH, R
FAME Dy 1.8 mm 13k J 8 WD) HHfR A L2 £ 32
SE R o4y AL, WA R K (37 C) 2.5mL
R A N, R 2 il A R R R L A [l
VR, [ EMEE—IHh 5 WK, e B R A B
LD, BETkeh; LARAMERERIEESR 4k, 4t
e 5 K BALF 29 10 mL; ¥ T % BALF 7€ 4 °C .
1000 r/min 254 F B .0 5min, 75 B3 T EP
B, -80 CHAFH T & A &, it
T PMN J TR, (3) L bA . A4
Jii 5z BN il b i D) B — B il 414, A 10% H
B P 24 0, SEFTK . RHE L WIS, HF
HE 8 Je Sz AL G £,

1.5 WiliEtRS Fix

1.5.1 PMN A F4m H BALF 40705 PBS
MiBZE3mL, MMA2mLMESERZ L, 4 C.
2000 r/min 514 F B0 10 min, BURE 2 20 0 28 35 1K
Ye o 35 K A PMN 46 )% >90%, & T RPMI 1640
A0 R IR R, VR R A0 VR B A 1 x 10%mL,  BR
100 plL 40 2% PBS ¥ 2 ¥X, JA 100 pL Binding
Buffer 1 5 uL Annexin-V FITC, %5 & &6 &
20 min, FEHIA PI 5L, #65W 5min, Sl A
400 pL. Binding Buffer & 7% 4 ffd, 7 B I 3 =X 4H
ML AL 43 B o R FH Annexin-V F1 PT X A% ¥ 43 #7,
Annexin-V+/PI- A JHT-40 0, THECH T T 5
M E o LR R RT3

1.5.2 ELISA 7 % # M MMP-9 &t = T fi#

o
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7 BALF b V& W br A, 4% 1250 & 10 B 45 240K 42
Y, WIRARUME S oD R bRE &, &
MMP-9 ¥ (ng/mL) .
1.5.3 M4 % occludin L2 Atk & fifi 2 2005
He Yl 20 pm VI K, WEME, B EE I RS K fk, PBS
Yk, 0.01 mmol/L # # MR £k 28 vh W 1& & Hi R,
3%H,0, E IR HE 10 min, PBS ¥k, 3 minx 3 X,
TN 2E BT B occludin 2 5 BEHT M, LI PBS 108
—HUE XTI, 4 CORFEIER, FiR T SR 45 min,
PBS #h{k, Sminx3 K, WIN=d0 (EWRAFEIR
IeG) , 37 °C, 60min, PBS ¥, Sminx3 ¥, N
DAB & 6, B 3Es WA W BHYE & B, occludin
FEHEFEHGO, X6, FAREY, WK,
TR E B YR ET S ER 00 REAHE B
s ( x400) , iKY A BEPLEER 10 R, SR
A EG 5381544 1PP6.0 ( Image Pro Plus 6.0 ) 43#7,
I 5 1 T AR EATI 52 occludin 2 A BH A 22 €0 1 A1
(positive stained area, PSA) At (%) , it&
SEME, HAE AN W EIR occludin 2R H &=L o
1.5.4 i@ #% 48 4L (lung permeability index,
LPI) %% F##% BALF iS5 mEirA, *
H Lowry 773 Il B (1 & &, 4% BALF & &
B /OMRE A S BT LPL, i [ R 40 M s
o, ReTE A E K RS ARG . H L,
I TS LPT AT LA S B il 1 iz 440 e 30 3 4 1 el 2%
1.6 Zit=aE

SCH IR B« BREE (xxs) EBow, N
FH SPSS 17.0 # {7 ge it Ab 3, R 75 25087 .
t K35 Fl Pearson AHCPEHT, Ll P<0.05 M ERH
GiitaeE L

2.1 MALREYLET

IEF T RE A R U 2 A e A, o s P 3
BT, RESGIE, Ml A B )RR N TS K M RORE A AR
(E1A) o BFARd: ARG 1d i 5> &
PMN ¥R, LAY s B) 2 il (5] 55 JC PMIN 329, il 41
U LA K . RAEERI (B 1B-E) . BRI .
25 B[] 4 12 DLt 36 Jis . [A) BT P9 PMIN B i R,
Wi 255 A L FSF i) ZEE K., it £ 2 P il A 5t A7
H, 7dA] W R N 228 W, I T B R
SEREIN, FERELE, WA E A MR . A
sk, T AN R R i 2R B (L 1F-1) o
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B 1 KERMAZFERE (HE x200)
WIMARE 3. 7. 10, 14d)

Figure 1 Pathological findings of the rat lung tissues (HE x200)

3d 7d 10d 14d
-.
-

A: IEEXIRYA; B-E: BFARA (ARG 3. 7. 10, 14d); F-1: #EIL (43

A: Normal control group; B-E: Sham group (postoperative day 3, 7,

10,14 respectively); F-I: Model group (postoperative day 3, 7, 10,14 respectively)

2.2 BLAF 1 PMN AT X5 MMP-9 M T

1EH 6 HEZH K B BLAF A PMN P8 7= % (70.58 +
3.76) % . MMP-9 % & & (14.08 +3.07 ) ng/mL; f&
F AR A KB A JG % B[] 4 BLAF PMN 4 T 3% &

MMP-9 & & 5 IE % % AL 0 22 R Y a2 8
X (¥ P>0.05) 3 HSERFARAE, BAHKR
PMN J8 TR B W R e, MMP-9 3& & 41, 4
B ) A 22 5 A G2 L (H P<0.05) (K 1),

®1 BFRASEBHEKR BLAF PMN AT E, MMP-9 iFHERIZEN
Table 1 Alterations of PMN apoptosis and MMP-9 activity in the BALF of sham group and model group

PMN JHT% (%)

MMP-9 ( ng/mL )

21 3d 7d 10d 14d

3d 7d 10d 14d

BRFARH
PRI 3438 +5.18" 25.60 +4.91"

68.54+£673 6470+£7.87 7225+£749 7125£592
23.59+4.27" 2571 +£522" 42.75+3.99" 48.38+5.80" 57.34+5.61" 59.97 +5.28"

1595+281 1535+253 1459+2.82 1432+2.55

T 1) SIRFARGRN FSHEL, P<0.05

Note: 1) P<0.05 vs. sham group at the same time point

2.3 ffiZA4R occludin EEAHNLER

IE%?XUL,HE\éH occludin & 7 76 ifi 0 I+ B2 4 fitd Jfg
i, MR gk ik, H PSA K (45.95+£4.60)%
(K 2A) o T ARH S WE A occludin 4 H YR
K HIEHE X AT 825 (K 2B-E) . BRI

fiiife b 2 4B oceludin 25 FIAE 3 d B [a] S AT i
ik, H7.10. 14dﬁ1‘|&ﬂ£ﬂ@ﬂ%%@%ﬁ&ﬁf”ﬂﬁ
Feik, JF MM . R 1% 2 5 B AR I R ] 42 K i
W (F2) (K2F-1) .

10d 14d

B2 GmEERIHLS oooludn BEMMRA ( %400 )
14d) ; F-1. BRI (4550 8ARF 3, 7. 10, 14d)

Figure 2 Immunochemical staining for occluding protein expression in the alveolar epithelial cells

A 'rmmaeﬂm EEAA HIAS 3. 7. 10,

A: Normal control group; B-E:

Sham group (postoperative day 3, 7, 10,14 respectively); F-1: Model group (postoperative day 3, 7, 10,14 respectively)

O MR i E H B FAEPH
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2.4 LPI ¥

EH XA LPL R (1.94£0.17) %, BFR
AR 5 45 A 5B LPT 5 1F 5 % FR 41 6] 22 5 6 40 it
HEE N (¥ P>0.05) 5 SEFARALE, KR4

KB LPIZEARG 3d 2246 A & (P>0.05) , H7d
J5 LPI A r R, 7~14d & 0HE S22 B8 E
Gt L ($#P<0.05) (£2) .

K2 BFAASHEBAKRMALE occludin EHQ PSA 5 LPI fyZEk

Table 2 Alterations of PSA for occluding protein and LPI in lung tissues of sham group and model group

PSA (% ) LPI (%)
215 3d 7d 10d 14d 3d 7d 10d 14d
RTARM 4276+4.12  42.09+450 4472+£655 4599+7.09 2.09+021 193+0.16 190+0.17 1.89+0.20
iRIZE  40.84+543  33.71+5.81" 23.88+6.30" 20.18+4.79” 208+0.19 3.10+020" 3.50+0.29" 581 +0.39"

FE: 1) ST RGNS, P<0.05

Note: 1) P<0.05 vs. sham group at the same time point

2.5 HXMESH

i Pearson M PE TR B, # R ZH K R
BLAF PMN T2 % 5 MMP-9 i & fa M 5% (r=
-0.935, P<0.001) , MMP-9 i% 4 5 fili £ 21 occludin
T 1 PSA 5 17 A & (r=-0.796, P<0.001) , Jifi 24
41 oceludin 2 [ PSA 5 LPI &£ 7 41 & (r=-0.800,
P<0.001) .

3 it i

A5 B N, K E N R A I VT PR
T R PN 2 i E UM, o Al A 45 . Kupffer
R DI RN, R R B HAEE A LA, A
SO I @IRE N i N S R (=9 B I O R [
Kit PMN MIMAE#E . RETMiHAZ, FHEE
Skt B DIk, il A A B A 4
PRI ISR T 2 — . ALK A, £0) a5
BDO K EUMG R . BB N PMN B . R, BEE
A5 BEL B [ 4, il 26 20 B 497 52 B 6 AT 1 o
ARJ5 7 d AT VLAt B P A 228 R, i [ B 3 )
SRR, e B E, H R IR IR G L RN EK
Jity [i) J5 AN ) 2 BE i 45 . X R W] BDO K R FE7E
AN TR AR B B it 45 0, LA 7 R R A L R R
M, BDO 7d ZJa Bk B Z L . SR,
AR L P4 B 0 3ot Sl 58 47 1) 1L A v A AE 5 A

PMN 78 R E N 9 i EZ A, Hs
A, k. BIEINE AL, filh & R AR, IF
LT 7 SR ML AR R msh i B, A R RIE W R
FRSTHIE U EAER DR T U, PMN T
SEIR B D, K R B Ah R A 2L PMIN B Y
Z . Yrfedgsm, SRS A M. & A KEE
ERIEAN BT, T BAAE SN RS 5 s
ERARBNA RN T, T — 5] kK RIAE
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BN, HEER S G RIE RN LA
SEFH R ETI S T R, BDO K EAME I PMN
AT HER | B bR RS IL-8 R E TR A S
T ECHUAA Y 5 BE SORE BN, A BEL M B S A —
ROVEPIFRIE SR EMOGMWEERRE, AL
i 3 K 9 BDO K L BALF PMN JH =15, % B
PMN JT- R M ARG 3d ) (34.38+5.18) % &
Fz 14d 1 (25.71+5.22) %, (KT FRLH
N A, 25 A G E L (P<0.05) , #
Bl BALF PMN JH 1208/, PMN s £, 5] &l
Y AU BERAE SN, T RE R i U A R R —

MMP-9 j& MMPs K iE T EE MM A Z —, X
FROI B B, SRR T AU PMN, & T [ i 5K
HRE R 20 B A 5 5 B 1Y BKEE P9 DD, X A i A
B A RERAEH], 25 RIER N 5HL S E W
B M S g5 R & B, BDO K BALF b3E i
MMP-9 i P B 8 3 5%, JF B 25 4 FH A 3] 2E K 32
T, MARJE 3d 0 (42.75+3.99) ng/mL Fhi5 =
ARG 14d B (59.97 £5.28 ) ng/mL, B & & T ¥
FARA AR B [E] 25, ZRAZIE L (P<0.05)
E— A & B, BDO K BALF PMN #
T3 5 MMP-9 I P 2 A 56 R, X & B BDO
KB BLAF 1736 B9 PMN, 7 5] & R 5E W 8 [H
BF, 38 S R MMP-9 il K AAE S I, i 3 it 4
itk e A2 % . PG RGE, MMP-9 38 n] 3 i /K i 1
FH 3 vt b R B B B A . R A A
A, B R, R A Y AR
R4 3=z, BDO K BLAF MMP-9 i 4 5 fifi
ZH 4 occludin 25 FH A S N FR AL A DR R &R
It H occludin 2 H BH M f B AR 2 s 20, #Es
MMP-9 i 1 3% 58 AT fig /2 i i occludin 2 (/D5
Ji 52 i 4 2 BB A5 328 9 P SR 2 —

E WL b R A0 M B R R R DR, R
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CRE Bl 1k il 6 i P8 W A G ) A A 44
177 L B R il Y44 R 2 1 T ok 22 s A 31 o fis
% T RE I 2 5 40O T Al 7 R A0 TR 1 K i
(tight junction, TJ) , ZhRFE S FE . MR RN 4% BR 3%
Fe, ooy e 4k 4 B R 0 o8 B R T O HEAE
A", oceludin EHJE T TR EEE A, JE WAL
TR 5 A S P B~ S T IR Y ot N R K
YRR T) AZ BN, BRBEDIREZ B, b R OE i
S = NG | = D AN U SN T 41 8
i & AR, R SR IR ) K A Kk R I s B AR
HEEL A 1O AR AE R R, BDO K U4 4
occludin FH 5 LPI B A8 £ A C R . bt
M, BDO KB 24021 oceludin 25 /D, 51 il
Wb R AN RRIE T BSR4 IR BRI O, T B i
B A0 5 R ) 6 014 453 4 A il 0 5 M B o,
A BE M FE R R R I BN R R
7N, BDO 3d KM oceludin FHH . LPI LW
B, H7d2ZFE, KEMAZ occludin £ H W
g /b . LPT W B . X F B BDO KRR 41 41
(R0 407 2 — A ek AR, AN A i 4 20 R E S
N RGO il b R A R A W YR R e
IBESZ 480, 5 SCHR i 8 A B I il 2 2 B i AR
PEAT P A 25 R — S P

Zi LTk, BDO K EUH L PMN 8 T 3k /D,
MMP-9 & PE38 5, AT A il N 98 0 47 22 5
Jon st xis B 4 2R 405, T L o A S B R] £ A
A RE S A 5 | A b R 40 oceludin 2R LD,
i 6038 A PR N, BRI L R RE DI RERE IR, FE
A8 L 935 R DN B 2 T A A 43 A o B e R o
HARZEHIEMNSE L,

S % 3Lk
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