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Abstract

Objective: To investigate the protective effect and mechanism of HO-1 on intestinal mucosa in SAP
rats. Methods: Thirty-two SPF-grade healthy male SD rats were selected and randomly divided in-
to sham-operated group (SO group), severe acute pancreatitis group (SAP group), HO-1 activation
group (SAP + Hemin group), and HO-1 inhibition group (SAP + Znpp group), eight rats in each
group. The rat SAP model was established through retrograde injection of 5% sodium taurocho-
late into the biliopancreatic duct, and the SO group was injected with equal amounts of saline into
the biliopancreatic duct. Hemin and Znpp were injected intraperitoneally 24 h before modeling in
the intervention group, while equal amounts of saline were injected intraperitoneally in the other
group. At 24 hours after surgery, serum amylase, TNF-q, IL-6, IL-10, DAO, D-LA, FABP2 and endo-
toxin levels were measured in rats; the MDA content and the activity levels of SOD and GPX in ileal
tissue were measured; Hematoxylin and eosin (HE) staining for pathological changes in the pan-
creas and ileum; Immunofluorescence staining detection of HO-1 and Occludin, ZO-1 expression;
TUNEL detection of apoptosis level in intestinal epithelial cells. Results: The serum AMY, TNF-¢,
IL-6, DAO, D-LA, FABP2 and endotoxin levels of rats in SAP group were significantly higher than
those in SO group, and IL-10 was significantly lower than that in SO group (all P < 0.05). Compared
with the SAP group, the SAP + Hemin group significantly increased HO-1 expression, attenuated
systemic inflammatory response, MDA content, and significantly reduced SOD and GPX activities,
and decreased intestinal epithelial cell apoptosis (all P < 0.05). Meanwhile, upregulation of HO-1
expression attenuated the inhibitory effect on intestinal tight junction protein expression, and
serum DAO, D-LA, FABP2 and endotoxin levels were significantly reduced (all P < 0.05). However,
the SAP + Znpp group showed the opposite experimental results. Conclusion: HO-1 attenuates in-
testinal mucosal injury in severe acute pancreatitis by reducing inflammation, oxidative stress and
anti-apoptotic effects.
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1. Hl

HURE AL R K (SAP) & SVE IR 2 1) — A WAL, SAP HIBET- AR iy, W 40T BRI HORE B e AN
R NS, BREBEREFN “ SHRERENGIEE” o /£ SAP B IL T, B
T PR A A R A 7 2 T R R N VR A 2 R e T AR NG AR T [2] . SAP kb B 1 K A AL
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RUER, LT R RN — A ALRR(CO) HERZR AT B ER[7]. HO-1 Wl £ B e ks B R 3R, (2 B (in
SR SR AR < A TR %) RS 2Rk 1 5 8] . HO-1 i ik v Bk Ji 5% 85 4% 5 1 (tight junction proteins,
TIs) R AN 55 L B B B3 0 R L Rl Rt B s ) e B PR [9]. JRTTT, HO-1 78 SAP i &hiist b s v 1/
WU A WARAE, AN HO-1 ik 57 W T RE 2 SAP AR IEH 47 (1 B ZEHL ] . ACHIF FE il JE 7K B
SAP A iR R, R 7T HO-1 A8 HAE SR B R 8 51 RS 0 i 2k 45 0 O A P R AL o

2. MRER=E
2.1. SCIEEh4I4 4R R AL TR

ARSEEG AR E I S IR (LB BB BT, [FEsheEEER, mE RS
g Aot JEH 32 FUE R AR SD KR, fRE 250~300 g, M SRR OREE. f
HE LA 723200 7 AU 4 (BT RZ(SO 41). HhE A IR K 2 (SAP 41). HO-1 3zh41(SAP + Hemin
)1 HO-1 #I ZL(SAP + Znpp 41), &4 8 H.

KERABIEES 12 ho @I GRS EN 3% E b Z45(20 mg/kg) #RIEE . 457 SAP K RBLAY: FTHFIERS,
TER BRI T B B ) e PRRE R, B 5 F 5 o i1 48 M, IR A 2208 i 5 5% I HER £ (1 mil/kg).»
SO HJFIHE S ETLHE ALK . SAP + Hemin Z17F SAP K RUBEIZ ST 24 /NKFRT, 2218 18 s v 5t
HO-1 #3%7) Hemin (30 mg/kg). SAP + Znpp 417E SAP K SRAEFIH ST 24 /NIFRT, 2218 M4 HO-1 4
il 55 Znpp (20 mg/kg). BT ARLAN SAP 21K RARRFT 24 /NG v 5 S5 2 AR # 2R K

2.2. HEARRE

FHREBARSG 24 /N HHT IR VE S 3% 5 T LG 22 59(20 mg/kg) BRI o A58 FH i ik 25F SR 1R AR KRR R s i
PKMLAREAS, B ORAFIIE, FORAAE-20°CUKAR, HRfELLME /. 7 BRI L, —&5
BI7E 4% 2 R E, HTHSEHRY A, HRES-80°C TR, a5,

2.3. ;&M

i B Bl AR AL W G LS T B (AMY ) 7K1 (R 7 60 - R U BB ) AR TET) o P A% 4%
FE A 100 B G I K BRI B SR PR R T - (TNF-0) . A ZH A 25-6 (IL-6) 1 48 /) 25-10 (1L-10). 1ML
T HEALER(DAO) . D-FLER(D-LA)FAIE IR MR 45 & B (FABP2).  IfiLi P 85 2 7K1 (71 &0 T VL5
Bl G S A R A D) o
2.4. BB RN E

KB kb IELAE TRV (IR0 S TR RIS, AR S ZEARIR I BAL A NN UK YA B G2 ik A7 2L 2 . A4
FH AR A0 fiz e o ) T — (MDA i S A DAL Bl (SO D) 2 B AT A It H JER i S AL P i (G PX) i 12k (o
TR 08 T e o i R AR TARRE LA, ik ar 3l A003-1-1. A001-3-1. H545-1-1).

2.5. AARME - FOLENERR,. EERETWK

JBei s Bl EAT 4% 2 B RER € . A EI, Ul S5 HIZRAS ML Gkt R J i A7 G
O, 16 BB SR 210 B 2 AL

2.6. RBEFEILEKRM HO-1 71 TIs EXBFHEPHFTIL

PIRTE 3TCHIKBEFE I E 16 08P, fEfsdetntfEd, KA 5 %Pt HO-1. %&Hi ZO-1 Médt
occludin —#i7E 4°C B LR . VI H PBS wik, F+H Alexa Fluor 1241 % 19G fE = FF A 30 208,
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B J5 FH DAPI Hefty 5 43 A FH 56O A0 W82 A
2.7. BEIRIBERC(TUNEL)E#N pE T

A5 FH FH R i i S8R HF TR e 7 BB A R R 1R 3 s 1 (TUNELL) 771 46 (0 - s e 4 2R ) TR A TR
oy w] )R b B AR T DL, BARS IR G U . DAPI Gt A A7 Yl ¢, Tunel BHPEAR MM ZL (.
i 3R AR HO L1 WA S i dit.

28. GtFRE

K SPSS 20.0 BAFREATHE 7 AL B . IEZS A )T B R %L + A= (x £ ), AlfAjLE
BRI BRI 22500, W LB LSD-t /e, P <0.05 WAZERBA G E L.

3. &R
3.1. MiEEHE. TNF-a. IL-6. 1L-10 7KFELE

SAP 74 AMY. TNF-a. IL-6. IL-10 /K°FRHE & T SO 4, ZRESiit2-E (P <0.05). SR SAP +
Hemin 21 AMY . TNF-a. IL-6 23T SAP 41, IL-10 B = T SAP 4, 2 5 A Giit 2% (P < 0.05);
SAP + Znpp 44 AMY . TNF-a. IL-6 7K°FBH 5T SAP 4, 1L-10 B RAKT SAP 4H, W% 1.

Table 1. Comparison of serum levels of AMY, TNF-¢, IL-6 and IL-10 in each group (n=8, X*5S)
# 1. BEARME AMY, TNF-a. IL-6. IL-10 7K FEEE(n=8, X*s)

20531 AMY (U/L) TNF-a (pg/ml) IL-6 (pg/ml) IL-10 (pg/ml)

SO 4 1936.39 + 143.03 23.61 +4.16 63.81 £ 5.87 29.95 + 3.26

SAP 4. 7729.89 + 359.39 118.00 £9.30 122.6 +8.54 49.76 £ 6.91
SAP + Hemin 4. 5428.44 + 451.93 84.08 £ 10.02 87.14+9.71 58.69 £ 5.70
SAP + Znpp H 8685.72 + 464.29 133.0 £5.00 154.4 + 8.25 37.66 £4.18

E: AMY JRIEREE; TNF-a s IREIRFEE F-a; 1L-6 78 1A F-6; IL-10 /8 4B/ R-10; SO HRBRF AL
SAP 4R EAE A MR 2 4H; SAP + Hemin 4178 HO-1 #shT-4L; SAP + Znpp 4175 HO-1 5 T4 .

3.2. {EKXKBREFALH MDA ZEUK SOD f GPX BUiE ML B

SAP 4 [al iz 2H 4k MDA & & T SO 41, SOD Al GPX KIiEtE BAK T SO 4, EREA% 1t
27 (P <0.05); 5 SAP 4LAHEL, SAP + Hemin 41 MDA & & 5 2 4, SOD 1 GPX [fi& i i & 1w,
i SAP + Znpp 21 MDA & & 5.2 T+, SOD 1 GPX HIiFH It & FH %, 2R EA it 5 (P <0.05),
W 2,

Table 2. Comparison of MDA content and SOD and GPX activity in ileum of rats in each group (n =8, X+£s)
F 2. BEAKXREMFELR S MDA ZELLK SOD 1 GPX BI7EMELEBI(n =8, X+5)

o5 MDA SOD GPX
(nmol/mg port) (U/mg port) (U/mgport)
SO 4 1.19+0.28 90.73+2.34 15.52 + 0.64
SAP 2 578 £0.51 70.61 £ 3.56 6.422 £1.10
SAP + Hemin 21 4.07+0.38 80.73 + 3.36 10.36 £ 0.85
SAP + Znpp 4. 7.34+0.57 60.16 + 4.10 3.927£0.88

: MDA /R ZJ; SOD /RlBEA B LES: GPX /R H KT FALYig; SO H/RTF RUL; SAP 4R EAE A
JEIR 940 SAP + Hemin 47K HO-1 BBIFIT- 14 ; SAP + Znpp ZH7~ HO-1 #ifil51)FTi4H. .
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3.3. &R4AME DAO 7EM AR D-LA. FABP2 fIAEFEKFELLH

5 SO #1#HEL, SAP 41 DAO & & D-LA. FABP2 AR R IR /K FI BT E, ZRBEESiT#
(P <0.05). #A1fi, SAP + Hemin 41 DAO &t & D-LA. FABP2 MINHREEMLT SAP 4, EHREA
HGiit 25 (P <0.05); SAP + Znpp 41 DAO #5742 D-LA. FABP2 flN & R/K T & & T SAP 4, %=
S HEASTEE (P <0.05), H#E 3,

Table 3. Comparison of serum DAO activity and concentrations of D-LA, FABP2 and endotoxin (n=8, X£s)
5% 3. ME DAO JEM LK D-LA. FABP2 MINHHHGKELLH (=8, X£53)

2H A DAO (ng/ml) D-LA (umol/ml) FABP2 (pg/ml) N # K (pg/ml)
SO 4 1452 £1.93 19.55+2.12 73.99+£6.71 1454 £2.91
SAP 4 68.68 £ 6.17 50.93 + 3.88 171.60 + 12.69 7451 +481
SAP + Hemin 2H. 47.92 +6.54 40.67 £ 2.60 137.00 £ 10.43 41.49 +3.31
SAP + Znpp 4. 80.11 +5.31 58.34 +4.34 194.70 £ 15.55 88.50 + 3.17

7£: DAO /RFZEMES; D-LA R D-AMR; FABP2 RFIEMRITIRL &8 H; SO 4URMBTFARYL; SAP 4U/RTNE S E
JEENR 920 SAP + Hemin 417~ HO-1 I+ F4H: SAP + Znpp ZH7R HO-1 #ii7)+ Fi 2 .

3.4. KRB, ElRFARKRETNL

SO HIEMR(A)« Bl 4L 2Y(E) R HL A LA B4Rk . SAP K SRUBEARZH ZA(B) BN S5 RO RSERA TR /K
il MEIRE TR AR AR AN M 2 M B SR A 2 A s I ZA(F) I ZUK . it SRE ML
FiEANMIAIE ., RIUEIR SR S MAE . 5 SAP ZIAHEL, SAP + Hemin ZLEIR(C) /NS5 H iGiE 4E, 7] )i
IKIURAE, ARG, [HHLN(G) R B TE R, AKIMIREE, Wk IR st >S5 R I SR,
SAP+Znpp 4R (D) U I /N 2 K RS DN, R N R, PR R e 4T PR BT o 25 AR AL
WG HLAH) R BT, KIINE, kR R sess i, RAERIEE . BARRENBR. )7
TRERRL LA 1.

Figure 1. Representative images of rat pancreas and intestinal tissues in different groups after hematoxylin and eosin
staining (original magnification, 200%). (A)~(D) Pancreatic tissues of SO, SAP, SAP + Hemin, SAP + Znpp groups;
(E)~(H) lleum tissue of SO, SAP, SAP + Hemin, SAP + Znpp group. SO group showed sham operation group; SAP
group showed severe acute pancreatitis group. SAP + Hemin group showed HO-1 excitatory group. SAP + Znpp
group showed HO-1 inhibition group

1. HEKXRERRFFIEERT KNS - FAREEHRKREEKRRIBER, 200x). (A)~(D)7R SO. SAP,
SAP + Hemin. SAP + Znpp £HfERR£A%0; (E)~(H)7= SO. SAP. SAP + Hemin. SAP + Znpp ¢B[EIf%2H42. SO A
RBRFARE; SAPEREESMEERRALE; SAP + Hemin 4H78 HO-1 #=h4E; SAP + Znpp 4B~ HO-1 $I4E
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3.5. &K HO-1, Occludin, ZO-1 F3EKFELE:

T PG AR 8 HO-1 (4 th). ZO-1 (4%1). Occludin (4 (1) LB RE T pZh i b R gn (5 2).
5 50 H(A)KHEL, SAP 21 HO-1 FIEIA W] 1442 (B), SAP + Hemin 2%k B #1N(C), SAP + Znpp 41
B> (D), XU HERATR I Rt T T HO-1 383k . SAP ZH Occludin. ZO-1 ((E). (3))13R ik &
ik T SO 41, SAP + Hemin 41 Occludin. ZO-1 ((G). (K))HI#ik & =T SAP 41, SAP + Znpp #H Occludin.
ZO-1 ((H). (L)L BT SAP 4. HARRMEM EE LA 2.

HO-1

Occludin

Z0-1

Figure 2. The expression of HO-1 (green), ZO-1 (green) and Occludin (green) proteins were detected by immunofluores-
cence (Original magnification, 200x). (A)~(D) The expression of HO-1 in SO, SAP, SAP + Hemin and SAP + Znpp groups;
(E)~(H) The Expression of Occludin in SO, SAP, SAP + Hemin and SAP + Znpp groups; (I)~(L) The Expression of ZO-1 in
SO, SAP, SAP + Hemin and SAP + Znpp groups. SO group showed sham operation group; SAP group showed severe acute
pancreatitis group. SAP + Hemin group showed HO-1 excitatory group. SAP + Znpp group showed HO-1 inhibition group
Bl 2. BB SO, SAP, SAP + Hemin, SAP + Znpp 2EEfF4E4R HO-1 (48 #8). ZO-1 (). Occludin (Z&)
BFRIE(RIEEIR, 200%). (A)-(D) SO. SAP. SAP + Hemin. SAP + Znpp 42 HO-1 Bi%i%; (E)~(H) SO. SAP. SAP
+ Hemin, SAP + Znpp £8 Occludin B95%i%; (1)~(L) SO, SAP. SAP + Hemin. SAP + Znpp ¢H ZO-1 Hy%Ri&. SO AR
BRFARE; SAPAREEIMEMREARALE; SAP + Hemin 4H7R HO-1 MEHFIFLH; SAP + Znpp £H7/R HO-1 )5+
A

3.6. BLAKERMHEAR LR A TR LR

it SR W I A i R il A S BB 11 AR S b2 (TUNEL) A SO SAP. SAP + Hemin. SAP + Znpp
A b R M T (L) 5. 5 SO 4L(A)KILL, SAP 41(B)f7 b 4R T- Wl S48 0. 4R, SAP + Hemin
H(C) i L i SR T BT SAP 4, SAP + Znpp 41(D) 2% & T SAP 4. EAMREMEEGILIA 3.

Figure 3. Representative images of terminal deoxynucleotidyl-transferase-mediated dUTP nick end labeling (TUNEL) assay
(original magnification, 200%). (A)~(D) Apoptosis of intestinal epithelial cells in SO, SAP, SAP + Hemin, SAP + Znpp
groups.SO group showed sham operation group; SAP group showed severe acute pancreatitis group. SAP + Hemin group
showed HO-1 excitatory group. SAP + Znpp group showed HO-1 inhibition group

3. BREAZPERR T R iR B EE T S AV O RIKFRITE(TUNEL R R BIR (RIAE, 200x). (A)~(D) SO\ SAP.
SAP + Hemin. SAP + Znpp {887 R AAAT 1B . SO ERRFARLE; SAPHREESMERALE; SAP + Hemin
4H7R HO-1 BENFTITFFi4H; SAP + Znpp £A7R HO-1 HIHIFIF LR
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4. 71ig

HORE SRR 58 15 R R B B et 5 2= I EE 175, 3G BB Lo . AN 7E DL SAP i 18 B L BE R i A5
Bl RIT HO-1 TEHE SRR IR ¢ 51 A A R0 00 (0 AF F S AL . AR Firf, SAP 4R 5 KR
B AMY JJORE TP AR AL RBERR < [l i 2H 20 HE (0075 P 4 28 26 W 3RAN T S 7. 1 K B SAP i
P

HO-1 7E T A AR AR th B AR UL 2 5 2R i sOw HLL, H RT RN SN 7L )
A Ri[8] [10] FRATTH S 58 45 R W, 75 2 Fh S IR SAP KB [ 2H 2R H HO-1 SRk 33, 63 HO-1
X A A — PR ORA L FRATTAISRIG R BA, A5 RIER T IHE SRR E R AT 25 T SAP
kG AR A I B AR . I HO-1 300k B 3 ki R I 1, TESE HO-1 A SRR It R BT AL ER .

JiE R — MRS, WA SIREN ATV, CREMAEMEER. AR & M 0 b e
F, SOVFE R SORT G e BN, RIS PR A i i B b R i AN R e[ 11] o AN i P AR K 1) 4 1
PRI AP vT LATS BhiZ i B i Th R i - D-FLIR (D-LA)E i A 2 M AR R 724, 1L D-LA
IRV T e A2 Bl e L ) B A AE[12] o R BB (DAOYIAE BB b el b & R, 4R T b R 40
ZAET, DAO BB HGH N MR A [13] - [ g 17 W 45 45 25 11 (FABP2) B 52 45 11 W b B 40 e s [ 141« [RIRRT,
AR T KBRS A FE =K, RS T ki BE i) Thae . FATA S SR il DAO. D-LA.
FABP2 % N 3 /KF- 5 IR I 45 A P2 FE AR A+

SRR AR MR I e i BB R S, dERFE I L AR RRAS . HO-1 (ki s
HEARIRE, WAFAEUMH T HO-1 /£ SAP JG R VB EANME . I b K 4 i e 52 B8 37 A 80P Al
1 WA S N BT L TR 1. IR, AR R4 R L AR S R R E EEMEM. Bk
Bz 4 AL B R T S B B R R T R A2 1 [15] - SR, HO-1 {E R4 4> T I X £ Aok X gu st e,
AFEIRFE. T AR LIS T (RCD)FE Y, GnE ToAERIETC[6]. AW 7RI HO-1 &35 F#{K SAP K
B E AR TR T . SAP S RIMBES 1 K SR RAE T AR, AR M4 st T R N 1E
KRAMEMH— PR

L LR, A TR HO-1 3 41 28 AP A Ak RO B T iR FIA% SAP AR bR Fediif . 3K
AR 5% T 57 Bk 2 B P PR R 9% 175 5 O W B B A A B 4L T 1 DL

=R
B s s 8 67 B KA S A S i, IR A B AR HEEAT o
E&WHE
K 3 SRR 5L 4 i 151 H (81270448, 81470890)
FlgRhzE
VEF BEAREA M ZE MR
BEE
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