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[{B=] BHaY - Mg EZXH0iE S5 (cardiopulmonary resuscitation, CPR) J& Kk BB Bl / FE#ETE (ischemia/reperfusion, I/R) i}
ity I B AR LG, J5ik - 24 R HEMEYE SD KERKEHLY A 4 4, Ha 6 H, BIXTHEL (Sham 41), 2£#EFHA (Cur
41). CPR )G UR Hifs4l (/R 41) Fn#¥#ZE +CPR 5 UR #5541 (Curtl/R 41), 4 NMHBITHRER G S, Bah, fkESE ;IR
S Fi1 Cur+D/R 213 1 25 8 3 7 37 D IE 2548 /CPR B, Sham 41 Fi1 Cur 2 AS #E 4T i% 3 /8 ;s Cur+l/R 41 CPR JFAAET 1 min i fis 7 4t 35
# 7 100 mg/kg, [l —HFA] Cur 410G 7k 4 % S 3 35 3%, Sham 41, UR 75 ISR HILEM, HEBIRKEE 6. 12, 24h i
Tk 3% If A% D0 B 983 £ BE IRl F o (tumor necrosis factor-a, TNF-o) . [ 4r% 6 (interleukin-6, 1L-6) WJIRE; H EMEHWE JG 24 h &3¢
KE, #BWHHL P W ZE (malondialdehyde, MDA), &84 e H ik (glutathione, GSH) ik B Fn k8 4& AL P B ALl (superoxide
dismutase, SOD) %7y, FHAKS - Prer Qe g2 fin 2l 205 P22 A8 4k, TUNEL 234 0 1% 658 B AN d -5 5L, Western blotting 74
AL R S F 1o (hypoxia-inducible factor-1o, HIF-la), BER#E AW 3 (caspase-3) MIFBIGHL, B4 FBME FW %
BRI My, G558 - Curtl/R 41 3 ANI) ] A TNF-a, TL-6 (iR EHIET VR 41 (¥ P<0.05), & T Sham 4 (¥ P<0.05),
Curtl/R 41 ) MDA & & it T /R 41 (P<0.01), & F Sham 41 (P<0.01); Cur+I/R 4 fy SOD i J3 1 GSH ik )& v T /R4 (3
P<0.05), fikF Sham 41 (¥ P<0.01), Cur+I/R 41y HIF-1a % 9 KEKFRBEF R F VR4 (P<0.01), {&F Sham £l (P<0.01); 1i
Cur+I/R 4 caspase-3 &[4 KB/ FERBZMLTF VR 4 (P<0.01), &TF Sham 2l (P<0.01), PR M RPN, IR 417 VLI % B LK il
SR, KTTNG ERLE . R, B2, B, M CurtUR 4115 B 55 VR 410 2 ik e, TUNEL 7246 W i 7
Curt/R 41T H5%04% VR 4L 35K (P<0.01), fA%E Sham 41F & (P<0.01), W-FRAE T Sham 41, Cur AHFBIE KR, /R
A FEIE L A sk B HEAIR B, BUR, WRMBLERL, dokrfksstb, W2, Curtl/R 455 Lk & B HAIE £, H)F,
SEHITE, AN B ER A e, RSB ERBUER . Gt - ZIEX CPR 5 KEHAE VR #i05 B A Ml 7E M, HpLE 540
Wil . FRARAAL B, LT K& B HIF-1o BAREH R,

[ RBIR ] LIRS 3R HAN, Bul / BRI B 25 W
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Effect of curcumin on intestinal mucosal injury in a rat model of cardiac arrest and cardiopulmonary resuscitation

WANG Li-feng, CHEN Jun-jie, LI Yong-ning, WANG Ling, WANG Lei, LI Xue-jiao
Department of Emergency, The First Affiliated Hospital of Dalian Medical University, Dalian 116011, China

[Abstract] Objective - To observe the effect of curcumin on intestinal ischemia/reperfusion (I/R) injury in the rats after cardiopulmonary resuscitation
(CPR), and explore the mechanism. Methods - Twenty-four healthy male SD rats were randomly divided into 4 groups, namely control group (Sham
group, n=6), curcumin group (Cur group, n=6), intestinal I/R injury after CPR group (I/R group, n=6), and curcumin-intestinal I/R injury after CPR group
(Cur+I/R group, n=6). Tracheal and femoral artery and vein catheterization were carried out after anesthesia in the 4 groups. The cardiac arrest/CPR model
was established by asphyxiation in I/R group and Cur+I/R group, while not in the other two groups. Curcumin (100 mg/kg) was injected intraperitoneally
1 min before CPR in Cur+I/R group. Meanwhile, equivalent curcumin was injected intraperitoneally in Cur group, and equivalent dimethylsulfoxide was
injected in Sham group and I/R group. Venous blood samples were collected 6, 12 and 24 h after recovery of spontaneous circulation (ROSC) to detect
the concentrations of tumor necrosis factor-o (TNF-a) and interleukin-6 (IL-6). The rats were sacrificed 24 h after ROSC, and the concentrations of
malondialdehyde (MDA) and glutathione (GSH) and the activity of superoxide dismutase (SOD) in the intestinal tissues were measured. The pathological
changes of intestinal tissues were observed by hematoxylin-eosin staining. The apoptosis of intestinal mucosal epithelial cells was detected by TUNEL
assay. Hypoxia-inducible factor-1a (HIF-1a) and caspase-3 expressions in the intestinal tissues were detected by Western blotting. Ultrastructural changes
of the intestinal tissues were observed by using transmission electron microscopy. Results - The concentrations of TNF-a and IL-6 in Cur+I/R group at 3
time points were lower than those in I/R group (all P<0.05), while higher than those in Sham group (all P<0.05). The MDA content in Cur+I/R group was
lower than that in I/R group (P<0.01), while higher than that in Sham group (P<0.01). The SOD activity and GSH concentration in Cur+I/R group were
higher than those in I/R group (both P<0.05), while lower than those in Sham group (both P<0.01). The expression of HIF-1la protein in Cur+l/R group
was significantly higher than that in I/R group (P<0.01), but lower than that in Sham group (P<0.01). The expression of caspase-3 protein in Cur+I/R
group was significantly lower than that in I/R group (P<0.01), while higher than that in Sham group (P<0.01). Pathological observation showed that ileal
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mucosal edema, inflammatory cell infiltration, epithelial exfoliation and adhesion at the top of villi, and exposed and ruptured lamina propria were found

in I/R group. Intestinal mucosal damage in Cur+I/R group was significantly alleviated, compared with that in I/R group. TUNEL assay revealed that the

apoptotic index in Cur+I/R group was significantly lower than that in I/R group (P<0.01), but higher than that in Sham group (P<0.01). Under electron

microscopy, the intestinal mucosae of Sham group and Cur group were normal. In I/R group, intestinal mucosal epithelial cells presented sparsely arranged

and lodged microvilli, degranulation of endoplasmic reticulum, and vacuolated mitochondria with broken ridges. Intestinal mucosal epithelial cells in

Cur+I/R group showed densely and orderly arranged microvilli with clear structure, normal organelles, and complete junctional complexes between cells.

Conclusion - Curcumin has a protective effect on intestinal mucosa I/R injury in rats after CPR. Its mechanism is related to inhibiting inflammation,

reducing oxidative stress, anti-apoptosis and up-regulating HIF-1a protein expression.

[Key words] cardiopulmonary resuscitation (CPR); curcumin; intestinal mucosa; ischemia/reperfusion injury; oxidative stress; inflammation; apoptosis

IE % 0 ifi & 75 (cardiopulmonary resuscitation, CPR)
PRI K e S BRIT KRR i, OE(S 4 (cardiac arrest,
CA) WIE IR EE T, (B2 BBFERE B EIEH
JE D T OS5 22 A 1F  (post-cardiac arrest syndrome,
PCAS), BLONEAEHEE 755 K A 4 B 41 Ak il / A E T
(ischemia/reperfusion, I/R) {5, H I LIS ThRERASL:
& 1F (multiple organ dysfunction syndrome, MODS) HJJH
PAPRE AR, Ko /NBIEE B DS G & g i R A
I/R $515 %1 MODS (455 #% B . CPR J5/™HIN'E I5iE VR
i, ATREANME K ESNL, SR BIEEEAE, &
FEHI LN R, FECBRERLRE M"Y, M,
PCAS HIVARTT &t R 10— KA, 4nfi] 76 1] 38 13
Tl ifil e BERE 5 B U hiATT PCAS fSGHER 2 ™Y, s
(curcumin) 1EA—Frep2jaisr, HABR. LA, L
fibgRg . RN E RS 2 Rk ®, (HX) CPR i 6
H 3 B A R VE TR WARIE . A A 5286 e 7. CA/CPR
KRBT, M52 8 AR L DR AP LI

1 HHS%HE

L1 2RSS

LEFE, MREAN3 (caspase-3) Hufk, BAE T
+ -lo. (hypoxia-inducible factor-1a;, HIF-1a) $Hrf&. H i
% 3- iR i S (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) i fk, B A Ll (HRP) #xicd iy % bL
2E1gG — 4 (Sigma 2x &, HE), ZHHERM (RE
T i TRy A BR 2 R ), LI R SR 5E 1 - -0 (tumor
necrosis factor-o,, TNF-a) #1442 -6 (interleukin-6, IL-6)
i ELISA iX 7 & (R&D v %], FEH ), WA E b
(superoxide dismutase, SOD) & B4 MK 7 &. W 8
(malondialdehyde, MDA) %Ml 71 & . 34 J7 5 45 e H itk
(glutathione, GSH) #&MIX 7 & (R LiEAY TRE
M2y E]), TUNEL B4iidi T ASmiks & (Roche 23 &], i
1), ShFIRAL (Harvard (L2523 5], EHE), #5H0E1D
fB (TEM, Hitachi 2v%], HA),
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1.2 Jhsnrdl

SPF 4% #f ¥4 Sprague-Dawley Kk B 24 R, {k Ji &
(320.6+20.5) g, HKIEEFKRFNPHOREE, WFET
KIERFFRF MR — B .05 = SPF by by, Sk
U6 By A 7 VR AT IE 5o SCXK (1) 2020-0001, SE45 30
PpE VR AR S 24 SYXK (32) 2018-0007, K BB AL
g4, BNXFIE4] (Sham ). #E¥FEY (Cur4l). CPR
e R 54 (VR 4H), % # 3 +CPR 5 H UR i 15
4 (CurtI/R4), 44 6 F, Sham &4, Cur 4Kk S5 17
REIRE, Biahhk. BeE bR E, AT 8 CPR
1E; UR 2H.F0 Cur+1l/R 2H #4948 CA/CPR fi%I; Cur+I/R ¢H T
CPR FF 4477 1 min g sid 41 235 (L IE AiE
%) 100 mg/kg, [w]—MF1A] Cur 2115 ek S A [ 71 35 3%
2, Sham Z, IR HESHHH R AR FR) — AT, Brf e
06 P AH RV E S RAT ROE B BRI B 25— B Be S5 80
Wy RN PR B St if,

1.3 CA/CPR BRI fy il

R BT CA/CPR 8!, R 12h & (R
FK) . 10% 7k A Gl % 0.3 mL/100 g 5 s S IRRIE, HF K
BEE TFRE LEHTEVITES, BWFRHL, 24G &
BEMT K. R GEE I, Sk, Ol
Wrdic T FPeo R, fEREIMEMORRER, TR
KRRV EARE ORI OIEESHRE bR DA S
DLW (W), EMsSChdE g (PEA) I, I
4 <25 mmHg (1 mmHg=0.133 kPa) “, .CMJE(s4E 5 min J5
TERCTE, WAL LG T GEL 28 80 7Kk /min, T
6 mL/kg, W ASIRIE 21%), FERIMZG T AN THSMEE (3%
FIR BE A M ERRi Jm 2R 173, S8k 160 1k /min), ik
HAHEE S RIREE (0.02mgkg) 5% iR (1 mgke),
FREZ T e T OB E B2 A R E (restoration of
spontaneous circulation, ROSC), ROSC #x#E: .0 Hy, & H B
EH QRS Pk Oan X il S ONERRAD s SEH DT (mean
arterial pressure, MAP)>60 mmHg, JH £ /04E$F 5 min )
k. ROSC J5f& 1-4%hs, idaritinl, RESE, KEUMKTE
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IRE SRR, KESCATRER, ELRMEININ IR E) H 5,
CPR 745 6 min JCRCE THFFE I,

1.4 kAR

ROSC J5 6, 12, 24 h JE## kR MM 1 mL, [5]BfBE =
S AF ARk, 805 x g B0 20 min, HX R{EHK, (RAF
T —80 CykHi#s . ROSC J&5 24 h AEFERER, VB E
2.5em (BEFIAAMZ) 8em), 4 CAHPRE K IEBEE M,

1.5 B bak W J5 7k

1.5.1  KEUM{FHH TNF-a, IL-6 Rk ENNE K
BUMIE T 4 CAEml, ASMIME TNF-a, IL-6 YT &k &,
2218 ELISA 3551 & 1t I 54 1

1.5.2 K M4 2 MDA, GSH & & & SOD i& Jj il
GE BUBHLZ) 100 mg HATHEEE, HUHZIANK, 805xg
B0 20 min, U B{E#R, R MIKAIE T, MlE MDA
GSH & & J¢ SOD {fi )y, HAHAER 31K,

1.5.3  KEMALHRE S0 HIHHLT 10% hik%
BHE R EE, B8RRIk, —HREY, =
W, AR, HHSBY)K 4 um iR, Sk
fo. Z&WAKPEESE, 1T95ARKS - 4L (hematoxylin-eosin,
H-E) Juts, fEREE TWEIHRIA SO SR OL,
1.5.4  HRENE R Al g CoAS I EC il L3R 1A 2H 41)
B3 um R 6 5k, 2 THIENE, B CREK,
PBS ihit, 437 fn 25 uL TUNEL g T 37 C 48 v i
H 60 min, £ PBS ohk, 4 RN 25 pL m iR EREEDULIA,
T 37 CIRFEFWEE 10 ~ 30 min, Pk PBS bk, &
1~ 2 fE 4y i 4k BCIP/NBT, =i T 7 & 30 min,
PBS ik, SHAMKEY:, RO, FYEREE R
JETEAE W TE AT R GRG0 (YT g &
RABREEE), T 200 55 TREHLEHEL 5 ALEF, 4L
FE/ARET Hp R T AR AR S AR AL, DAUA o anie st S
B 43 LR AT 4850 (apoptotic index),

1 BRI AL ZRAHE B AR el B v M S AR

L AN O A5 / Lol 52 550K Bl M 28BS 453 493 PO 400 7 P | 1609

1.5.5 Western blotting #5l] caspase-3 11 HIF-1a [958 B
HA2H 23 T 22 fiftine RIPA B0, oo B0 JE A2 B IR i 2H 21
HE. M he A RN - B IERE NGBk (SDS-
PAGE) HEATEA IR B, FHIEAE 12% T IR B ke
HBEAT LK, DAHLER IR 5 200 R 1 e £ 2 B IR 2T 4k SR
by 5% WREDYEy B 2 h, AL PESTK B caspase-3 I
PULHIF-lo B —Hi (3 1:200 fike) 2EA72%58, WA %bt
12 HRP-IgG —#i (1:500) #%ic, DAB @ fa, &5H7EE
BBt R AT T

1.5.6 IH&GE L EC@BM AR g REpirgs (2
1 mm’) [E5EF 3% % M ohidh, PBS thitla T 1%
WEHIRE E 1 ~ 2 h, HERR RN, HIEEHE,
WY R (JEEE 70 nm), H 4% BB ghFn 0.4%
PR R E E, it TEM WEL FEME b R 40 K 40 e ) 55
FERRIE L.

1.6 Zil“Forbr

R SPSS 21.0 GEiHRE AT 8T, ERFTEHH x £
PR, ZAAELBER T R T5 2250 B, P ELBCR T
LSD- #355s HORHAF A IE &40 A 805 22 FF I R RS
By . kTRt LSO | o ELFOR, AR ELEBER
¢ a5, BORMIARS:, 48557k #E 0=0.05,

2 "R

2.1 KR —BAEARR SRS IR R A R b

4 KRB AR BRI E, DR, MAP 2 274
W, BWEGiH#E L (5 P>005), Cur+l/R45 IR
SRR A e B BN S RIREHE . CPR
% ROSC Wi #HELER, Z R LG E L (¥ P>0.05),
Sham Zf 11 Cur 41 K & 4> #F /7 % £ K J5 24 h; VR 40
Cur+I/R H KL & I3 Hy, ROSC J5 24 h ¥ (L & 4715
5 H, AHFAER ZRZER LG #ESL (P>0.05, % 1),

Tab 1 Baseline characteristics of rats in each group and related indexes during model construction

Index Sham (n=6) Cur (n=6)
Weight/g 322.4+16.4 310.6+20.5
Respiratory rate/min ' 60.4+8.2 62.0+5.1
MAP/mmHg 81.3+12.4 84.2+14.3
Heart rate/min”' 400.8+22.3 423.4+282
Apnea time/s - —
CPR to ROSC time/s - -
Epinephrine/pg - —
24 h Survival rate/n (%) 6 (100.0) 6 (100.0)

http://xuebao.shsmu.edu.cn

Curtl/R (n=6) IR (n=6) P value

3243+182 318.4+18.3 0.400
683452 654+ 6.4 0.336
87.0+132 83.4+12.4 0.914
41784253 4133+22.1 0.695
312.6+16.8 328.6+23.5 0.824
554.6+52.4 562.4 448 4 0.764
22.6+32 233435 0.534
5(83.3) 5(83.3) 0.950
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2.2 G SAEHE T- TNF-a, IL-6 i) IL-6 ¥AbF bk, BEE N RHERE R AR HEAR,
f£ ROSC J5 6 h, 12 h, 24 h & | & 4iE A 1 TNF-a,  {H{55 5 3% T Sham 4] () P<0.01); Cur+I/R 41 /#) TNF-a

IL-6 (e i % B, Sham 4115 Cur 41 JL-PEAE{b, H 241 Fill-6 5 VR ALbEs, WEFEMRE (35 P<0.05, & 1),

i JC B 2 2% S5, Cur+I/R 41 F0 UR 4 7€ 6 h i} TNF-a 1

or [ sham A 4001 [ sham B
B Cur B Cur

_ 30f B Cur+I/R 300 B Cur+I/R
5 O —- Or
E - e®
2 0 s 200
z =
= 10¢ 100

] 0

th 12h 24 h fih 12h 24 h

Note: A. TNF-a concentration in serum. B. IL-6 concentration in serum. * P=0.000, “ P=0.004, © P=0.016, compared with Sham group; “ P=0.000, © P=0.004, © P=0.025,
compared with Cur+I/R group.

1 X ROSC [FAEIR ] ILi% A A E F TNF-o 0 1L-6 Bk E

Fig 1 Concentrations of inflammatory factors TNF-a and IL-6 in rats serum in different periods after ROSC

2.3 541804 MDA, GSH ¥ K SOD i Jy k1 ifi Cur+I/R 20 (1) SOD i ) f1 GSH ik Ji& 2. % & T UR 41
WA AHH T MDA R ER L, Cur+tI/R AR (8 P<0.05), {KT Sham 4] (¥ P<0.01, & 2),

IKF VR4 (P<0.05), {HZ 2w T Sham £ (P<0.01);

5r A 100 B 57 C
~ ol D® '-; e 30F
== Gl l
1] E M = 35t T
E D . _ ol e
o3 = 6l L ] _—
= 2z £ . 0lo]
f 2r 2 40f = L5}
= L g 1of
= L = Mk
. g % 0.5

0 0 0

Sham Cur  Cur+l/R IR Sham Cur  Cur+l/R IR Sham Cur  Cur+l/R I'R

Note: A. MDA concentration in ileum tissues. B. SOD activity in ileum tissues. C. GSH concentration in ileum tissues. * P=0.006, compared with Sham group; “ P=0.007,
¢ P=0.021, © P=0.035, compared with Cur-+I/R group.

2 kB ROSC /5 24 h 7#A£ch MDA 1 GSH iR & SOD 3% 17k

Fig 2 MDA and GSH concentrations and SOD activity 24 h after ROSC in intestinal tissues of rats

2.4 NIHZEAL 2B b WA RGN B S S T LR, [ BRI,
KEIHHL L H-E e Jo /a8 T LI, VRHA  URAWE G, Sham 4151 Cur UM% R L5, FH0E

WA FEREK I, RAEANRIRE, RETG LB, K REEE, BkHSIES (83).,

i, PR FLEEEY 9k, FEABREE. Bt i Cur+UR 41

Note: A. Sham group. B. Cur group. C. Cur+I/R group. D. I/R group.

3 kF ROSC J5 24 h fg4H 4R H-E 3 (x200)
Fig 3 H-E staining results of intestinal tissues of rats 24 h after ROSC (%200)
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2.5 JH%hIE L B Ann o s ol 5341 s Cur+ /R AR T AR BUR VR LB PR (P<0.05),
TUNEL A4S MK B 10l 1 25 B R, Cur+UR 41545 {E{3% Sham 40 8 2% T+ (P<0.01), Sham #1701 Cur Zi/%

PEgs T a i 2 S Tl GRAESBURMHAENTE,  FEETARRD (84),

UR A HH %60 L R AT 4 AR w8 €, EMMBERTHH

it -
& =

bt

Apoptotic index s

=
T

oL [

Sham Cur  Cur+l/R IR

.ﬁ 4 - .ut

Note: A. Sham group. B. Cur group. C. Cur+I/R group. D. I/R group. E. Apoptotic indexes of the four groups. The arrows point at the apoptosis of intestinal epithelial cells.
“ P=0.000, compared with Sham group; © P=0.002, compared with Cur+I/R group.

4 TUNEL &K ER ROSC Jg 24 h #IE L R AAMBTHR 5B THEH (x200)
Fig 4 TUNEL detection of intestinal mucosal epithelial cell apoptosis and apoptotic indexes of rats 24 h after ROSC (x200)

2.6 Jipdl8 caspase-3 fll HIF-1q [¥#35 Sham 4 (P<0.01), Sham £ F1 Cur 4] HIF-la & H FiE4%
Sham #H 1 Cur £H caspase-3 & |9 7% 35 B fi6; Cur+I/R  {f; Cur+I/R 4] HIF-lo & 4 635 2 2 5 T VR 44 f1 Sham

H caspase-3 & 4 # A B FM T VR4 (P<0.05), m T 4 (¥ P<0.05, & S),
40

2

e

Sham Cur Curtl/R IR £l

Caspase-3 0k

GAPDH

Caspase-3GAPDH
=

10

oL [

Sham Cur  Cur+l/R IR

€T
1ot T

D@

Sham Cur IR Curtl/R

_ S
i L
5 0o

HIF=1

GAPDH

Sham Cur  Cur+l/R I'R
Note: A. Caspase-3 protein expression. B. HIF-1o protein expression. * P=0.000, compared with Sham group; ® P=0.000, compared with Cur+I/R group.

5 Western blotting #&illXF ROSC fg 24 h Bp£H4R Fh caspase-3 1 HIF-1a EHKRIE
Fig 5 Detection of caspase-3 protein expression in intestinal tissues of rats 24 h after ROSC by Western blotting

2.7 I8V A 1L faR AT, AT, TR, 8%
TEM A%, Sham HIHZGNE LA anfatkz s, A 5%, rEmalueas e, ARRSikofm, dnim
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HEBE AR e H, Cur 4l FE iR e kiR, R
OB HEZIHLI, ATHL 5 A9 T W, %5 505 Sham ZHAHH{;
Cur+T/R ZIH 5505 bR IR EHES L. Ay, &
W, AR e E Ak ek, MRS ERBUEH,

A B B

2020, 40 (12)

UR L HFENE L B AN A B HE IR, BN, SR
R, Db BB IH RN LR S iR, BN 5
BRI G, Sebrthasft, WA (15 6).

Note: A. Sham group. B. Cur group. C. Cur+I/R group. D. I/R group. The black arrows point at mitochondria; the yellow arrows point at degranulation.

6 TEM T 5 ROSC J5 24 h B HLE~EEH (X 20 000)

Fig 6 Ultrastructure of intestinal tissues of rats 24 h after ROSC under TEM (x20 000)

[ PR | CPR Y g Bh 8 AF R & i T v, (B 90 5 Y
IR 53155 B B G U T E 22 R A, AP L S5 i B
FEOUR. S0, RIEW . H A HHE KNSR T
RGN bR AT R R ThRE AL A T oy Y,
CPR J5 AL TR i PR R, SRETm iU, 5
2, ATHBLRENL . AN A T IR AT R B R %
(1 P73 TE BT B2 e [V YT (2 D oy E A AN R
R R £ 5 S R8s Th e el Y, RN LRI
YR ZE AR B — PP R AR A4, B T LA R AE K
RL, BEARTE PR SEURE . 0] e 4 35 P D 2R ) B
5, XHLAEA L RAESG A H B ERITER Y A%
kB, ROCS Jg VR H AR BIAREE KM, RAEAMIR
i, SEum EE . Rk, b RCanNest i L.,
i Cur+1/R H p 51 H BL /b & 2B ivm bR v%, A
Bk, 5 UR A B R Ee, UiH 3SR CA/
CPR J5lp B A — e R 1EH,

TNF-a g H A% W 40 M R 11 i T bk B 40 i 40 il
F LA JRAE R A B AT R -, AERGE i RAESIDE
RLHEERELUE s TL-6 A& R RIE R AT U 4, e
J ke o e (1 7 9 R B R TS Y. ARSERESE M WA, CPR
Jal~3d, O, WEEERFTHREDEISGE, ik
R B Bt A 0 B i 4 H A2 9 47 ot TNF-ar, 1L-6, TL-8 %%
FIRHRIE N, Sakk 2 5 RIE S EEAAE (systemic
o B
MODS, A% #, CPR 5 URZ 6. 12, 24 h [fiiFh
TNF-o F11 IL-6 #) 52 5 KK, $EnZ nfEEAF (e RS R

inflammatory response syndrome, SIRS),
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iE R, i1 Cur+I/R 2t TNF-o, IL-6 [ 7K F B B FEAR,
FE WL T HIHIE 2R R IR

{E ROSC J&, B FHRET LR rp ™ A K5 H &
R EI R E R, AR BN, UR ANER S E ik
774 MDA & 8 2 Th 5, iU A BAH G HY SOD {if
JHF1 GSH & & W B F&A%, Ui ROSC J5 A hIE | i 4nii
FUEE D EW R T SIS, HiERE ARG
AR, MfELEETHF CPR 5 KM ENEH 2
MDA & & F, SOD{f /) 7. GSH && Ei, UESE T
LW FRIERRE E B, MGG RN 2 AR
Rz, SCEAER A FARE, M R RGN S 52 1ot
ATERLE R .

B BERE b i 2 0H T ROSC J5 %18 UR 4545 #Y 5 —
AEERE D, AR KRI, VR4 TUNEL et )5 inRhI5
R AE A Z AR AT BN, TR R, DA
T-H [ caspase-3 {UZeik Lill, ¥Hemis bR Ak A= R
ifi . TEM T r[ I IR 1% | R g Zepiikasft, s,
DARRBRIEG: . AWFIE RS, £ ¥Ehedd FiRg
R AR LA TR R B bk 4R 2 (B-cell lymphoma-2,
Bcl-2) Wik, i caspase-3 UIETL, M b iz 4
MR PR TR, AMFREEE R TR, CurtUR 5T A%
/b, caspase-3 KB AT VR4, TEM o] iLg
Fhls b ARG R S UR A RS, USRS AA
il CA/CPR S5l bR ARMEIRIT: . (R IAHRERE B ERTIVEH

{E CPR b FErh, MHRGREAE A G A SRS, e
SO NP e it ek 452 5 B W72 B b 0, T4k, W% ™
F W, HIF-1o {4 R EGE B A B R R ) — Bl Sk
R, R R SRS TSRS, B3R BT

Vol.40 No.12 Dec. 2020



PR R EA B, T & S AN+ I RN e
fit. LHHBEHASKM T T HIF-1o i6H "7, 4%
irh Cur+T/R 24 HIF-lo {GPERR A T UR 4, BiWIEER R
A[{£ ROSC J5 24 h {yfimiE N fie HIF-1a Zik BT, X CPR
Je p RN Gk 25 Y- PR 4P PE AR, i e AL AR 54 A R
TEAEA TG TR — PR,

[1]1 Li X, Ling YH, Cao ZM, et al. Targeting intestinal epithelial cell-programmed
necrosis alleviates tissue injury after intestinal ischemia/reperfusion in rats[J].
J Surg Res, 2018, 225: 108-117.

[2] Bertoni S, Ballabeni V, Barocelli E, et al. Mesenteric ischemia-reperfusion:
an overview of preclinical drug strategies[J]. Drug Discov Today, 2018, 23(7):
1416-1425.

[3] Ueda T, Takagi T, Katada K, et al. The protective effect of orally administered
redox nanoparticle on intestinal ischemia-reperfusion injury in mice[J]. Biochem
Biophys Res Commun, 2018, 495(2): 2044-2049.

[4] Cagin YF, Atayan Y, Sahin N, et al. Beneficial effects of dexpanthenol on
mesenteric ischemia and reperfusion injury in experimental rat model[J]. Free
Radic Res, 2016, 50(3): 354-365.

[5] Yucel AF, Kanter M, Pergel A, et al. The role of curcumin on intestinal
oxidative stress, cell proliferation and apoptosis after ischemia/reperfusion
injury in rats[J]. J Mol Histol, 2011, 42(6): 579-587.

[6] Bereswill S, Mufioz M, Fischer A, et al. Anti-inflammatory effects of
resveratrol, curcumin and simvastatin in acute small intestinal inflammation[J].
PLoS One, 2010, 5(12): €15099.

[7]1 Larmonier CB, Midura-Kiela MT, Ramalingam R, et al. Modulation of
neutrophil motility by curcumin: implications for inflammatory bowel
disease[J]. Inflamm Bowel Dis, 2011, 17(2): 503-515.

[8] Pan H, Chen D, Liu BB, et al. Effects of sodium hydrosulfide on intestinal
mucosal injury in a rat model of cardiac arrest and cardiopulmonary
resuscitation[J]. Life Sci, 2013, 93(1): 24-29.

[9] Wang GZ, Yao JH, Li ZL, et al. miR-34a-5p inhibition alleviates intestinal
ischemia/reperfusion-induced reactive oxygen species accumulation and
apoptosis via activation of SIRT1 signaling[J]. Antioxid Redox Signal, 2016,
24(17): 961-973.

[10] Xing JH, Lu J. HIF-1la activation attenuates IL-6 and TNF-a pathways in
hippocampus of rats following transient global ischemia[J]. Cell Physiol
Biochem, 2016, 39(2): 511-520.

[11] Kocael A, Inal BB, Guntas G, et al. Evaluation of matrix metalloproteinase,
myeloperoxidase, and oxidative damage in mesenteric ischemia-reperfusion
injury[J]. Hum Exp Toxicol, 2016, 35(8): 851-860.

[12] Nadatani Y, Watanabe T, Shimada S, et al. Microbiome and intestinal ischemia/
reperfusion injury[J]. J Clin Biochem Nutr, 2018, 63(1): 26-32.

[13] Santos CH, Aydos RD, Nogueira Neto E, et al. Evaluation of pulmonary
reperfusion injury in rats undergoing mesenteric ischemia and reperfusion and
protective effect of postconditioning on this process[J]. Braz J Cardiovasc Surg,
2015, 30(5): 533-537.

[14] He XM, Zheng YQ, Liu SZ, et al. MiR-146a protects small intestine against
ischemia/reperfusion injury by down-regulating TLR4/TRAF6/NF-xB

http://xuebao.shsmu.edu.cn

LIFRDO M1/ oI 52 55 Bl 6 45 25 ) 490 17 | 1613

ARIEWFFERY], LHHEREARREE CA/CPR JEkR R
IR s, SRS R, (EBRSE A Rk, 0
il b A AT, bR HIF-1o 2355505 1h % i R AR
REER, FHEBECHIEER E CPR J5 B (R 1% iE 57 2
RERITRAE 28, (EARTFFEREARCR /D, R JAE B T
brA R, XART TP .

pathway[J]. J Cell Physiol, 2018, 233(3): 2476-2488.

[15] Onder A, Kapan M, Giimiis M, et al. The protective effects of curcumin on

intestine and remote organs against mesenteric ischemia/reperfusion injury[J].

Turk J Gastroenterol, 2012, 23(2): 141-147.

Nurullahoglu-Atalik KE, Okudan N, Belviranli M, et al. Role of curcumin

in mesenteric ischemia-reperfusion injury in rats[J]. Bratisl Lek Listy, 2012,

113(8): 465-470.

[17] Zu G, Zhou TT, Che NW, et al. Salvianolic acid A protects against oxidative

stress and apoptosis induced by intestinal ischemia-reperfusion injury through

activation of Nrf2/HO-1 pathways[J]. Cell Physiol Biochem, 2018, 49(6): 2320-

2332.

McFadden RM, Larmonier CB, Shehab KW, et al. The role of curcumin in

modulating colonic microbiota during colitis and colon cancer prevention[J].

Inflamm Bowel Dis, 2015, 21(11): 2483-2494.

[19] Meng Z, Yan C, Deng Q, et al. Curcumin inhibits LPS-induced inflammation in
rat vascular smooth muscle cells in vitro via ROS-relative TLR4-MAPK/NF-kB
pathways[J]. Acta Pharmacol Sin, 2013, 34(7): 901-911.

[20] Yang Z, Zhang XR, Zhao Q, et al. Knockdown of TNF-a alleviates acute lung
injury in rats with intestinal ischemia and reperfusion injury by upregulating
IL-10 expression[J]. Int J Mol Med, 2018, 42(2): 926-934.

[21] Hu QY, Ren HJ, Ren JN, et al. Released mitochondrial DNA following
intestinal ischemia reperfusion induces the inflammatory response and gut
barrier dysfunction[J]. Sci Rep, 2018, 8(1): 7350.

[22] Yang K, Luo Y, Lu S, et al. Salvianolic acid B and ginsenoside Re
synergistically protect against Ox-LDL-induced endothelial apoptosis through
the antioxidative and antiinflammatory mechanisms[J]. Front Pharmacol, 2018,
9: 662.

[23] Song WB, Wang YY, Meng FS, et al. Curcumin protects intestinal mucosal
barrier function of rat enteritis via activation of MKP-1 and attenuation of p38
and NF-kB activation[J]. PLoS One, 2010, 5(9): €12969.

[24] Jia ZZ, Lian WS, Shi HF, et al. Ischemic postconditioning protects against
intestinal ischemia/reperfusion injury via the HIF-1o/miR-21 axis[J]. Sci Rep,
2017, 7(1): 16190.

[25] Shi YH, Fang WG. Hypoxia-inducible factor-1 in tumour angiogenesis[J].

World J Gastroenterol, 2004, 10(8): 1082-1087.

Kannan KB, Colorado I, Reino D, et al. Hypoxia-inducible factor plays a

gut-injurious role in intestinal ischemia reperfusion injury[J]. Am J Physiol

Gastrointest Liver Physiol, 2011, 300(5): G853-G861.

[27] Kai S, Tanaka T, Daijo H, et al. Hydrogen sulfide inhibits hypoxia- but not
anoxia-induced hypoxia-inducible factor 1 activation in a von hippel-lindau-and
mitochondria-dependent manner{J]. Antioxid Redox Signal, 2012, 16(3): 203-
216.

2

[18

[26

[ A EE ] 2020-01-06 [AXHE] wERT

AR (BN . 2020, 40(12) (@)





