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22 TH 0] il B 1L/ F R Y 5 4 /)N B, Caspase-12
20 H 8 T2 19 52 W)
R’ & om HoaER O IR B & AkmE Ea4]

WE By ARE5%(curcumin, CUR) x4k fn/ i i (ischemia/reperfusion, I/R) #i45 ) &,
RARBRAF T EF LR & G B —-12 (cysteinyl aspartate specific proteinase-12, Caspase-12) % 4
MR e TR, ik ARA C57TBLI6J /I KA BN RAL IR 45 BEAL . R FALE T R %
60 R DA A6 4, AFM10 R, BF RA(HAR Sham 41) (IR 28 I/R /m = 3 T ( f& # /R A= DMSO)
28 ,1/R 4~%] /42 100.150.200 mg/kg CUR ( & #& I/R A= CUR-100.I/R 42 CUR-150.I/R #» CUR-200) 42,
St B 25 R E B A, W IR E (WD) Ao B KA (TLW) |, BAL LR 20 2 & S i 3, BEAT i 4 2%
it Z 23745 (1IQA) , WAL ML R AB L MR R, 4 k - RE B4 R 5 (RT-PCR) fe & & %72 ¥ i ik
(Western blot) 4 %] #n| Caspase-12 =% Z 48 ¥ & & 78 (GRP78) mRNA & & & & ik K-F, RiL K
B AR (TUNEL) k4 ml M2 R am e A =35 4 (Al) . &R 5 Sham 481k 4%, IIR 41 Caspase-12 =
GRP78 mMRNA Z & & kA KT+ 35 (P <0.05), W/D. TLW.IQA #= Al 343 m(P <0.05, P <0.01) , if
HBMEEMHYEL AR IR 5 IIR /v DMSO 484, I/R A» CUR-100 4. 1/R /= CUR-150 #8.I/R #r
CUR-200 4 GRP78 mRNA % & & & ik K-F#7+% (P <0.05), 7 Caspase-12 mRNA & & & & ik K-F
¥ AL (P <0.05) ,W/D. TLW.IQA #= Al 773 T4 (P <0.05, P <0.01) , AR H 5 FFF K EA4EL T E
Fo L FRAANR B R AN FORIE LA BTGRP ER AR TR S AR B AT ER
& B (unfolded protein response, UPR) ¥ Caspase-12 7| A& & afe 8 A *

%48 Caspase-12;i; £ % b/ FiEE; e

Effect of Curcumin on Caspase-12 and Apoptosis in Pulmonary Ischemia/Reperfusion Injury Mice
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ABSTRACT Objective To explore the effect of curcumin (CUR) on cycteinyl aspirate specific
protease-12 ( Caspase-12) and pneumocyte apoptosis in pulmonary ischemia/reperfusion (I/R) injury
mice. Methods  The in vivo unilateral in situ pulmonary I/R injury mouse model was established in
C57BL/6J mice. Sixty experimental mice were randomly divided into six groups by random digit table, i.
e., the sham-operation group (Sham), the I/lR group, the I/R +dimethyl sulfoxide group (I/R + DMSO),
the I/R +low dose CUR pre-treated group (I/R + CUR-100), the I/R + middle dose CUR pre-treated group
(/R +CUR-150), the I/R + high dose CUR pre-treated group (I/R + CUR-200), 10 in each group. Mice
were euthanized and their left lungs were excised. Wet lung weight to dry lung weight (W/D) and the total
lung water content (TLW) were tested. The morphological changes of the lung tissue were observed and
index of quantitative evaluation for alveolar damage (IQA) detected under light microscope. The ultra-mi-
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crostructure of the lung tissue was observed under electron microscope. The mRNA and protein expres-
sion levels of Caspase-12 and glucose regulated protein (GRP78) were detected by reverse transcrip-
tion-polymerase chain reaction (RT-PCR) and Western blot. Apoptosis index (Al) of the lung tissue was
determined by terminal-deoxynucleoitidyl transferase mediated nick end labeling (TUNEL) method. Re-
sults Compared with the Sham group, expression levels of Caspase-12, GRP78 mRNA and protein all
significantly increased in the I/R group (P <0.05); W/D, TLW, IQA, and Al were all notably higher (P <
0.05, P <0.01) ; the morphological and ultrastructural injury of the lung tissue were notably observed in I/
R group. Compared with the I/R + DMSO group, expression levels of GRP78 mRNA and protein were in-
creasingly higher in the I/R + CUR-100 group, the I/R + CUR-150 group, and the I/R + CUR-200 group (P <
0.05), expression levels of Caspase-12 mRNA and protein were lower (P <0.05); W/D, TLW, IQA, and
Al also decreased (P <0.05, P <0.01); the morphological and ultrastructural injury of the lung tissue
CUR had better effect on the lung protec-
tion against I/R injury, which might be related to inhibition for pneumocyte apoptosis associated with

were gradually alleviated in the I/R + CUR groups. Conclusion

Caspase-12 in excessive unfolded protein response (UPR).

KEYWORDS Caspase-12; lung; curcumin; ischemia/reperfusion; apoptosis

Jifi ke ifiL /FRHE 1 (ischemial/reperfusion, I/R) #5147
ST RS A TR 0 T 22 ER Y, H ORI TR A 1B
KBTI R R B, Il VR 543 09 & A= 5 i
AV T DIAR S ELAM R 40 U T VR
SRR —E WA A2 H I LA £ AL
Tl B4 AREETE 2N . R P iR 5
fif —12 (cysteinyl aspartate specific proteinase-
12, Caspase-12)fFE TN M L, E & S ZFEE
A 2R, 2 PN T D) 7 98015 A A R R T A PR 1
Z—. £ Z (curcumin, CUR) J& M\ £ # @ i) 2
B AR S A2 P h AR IO i —FP PR A R, B
AFTATE M GEZ R PR PR BUR AT 5l
IS (Y R S N B e S0 | B kiR
VE R IF 9T BOR 832 210G , H 288 b T I A0 I 5 25
1) VR i, HALH 2 552 m MAPK {5538 % LA
PRI T-HE D p53 AT Py LA M 25 8 L
T Z T . ASEE # 7/ BRI IR 543
R DL CUR XA HE1T T 7, By X} Caspase-
12 W AT A A R T A L

MHETTE

1 Zh¥ SPF ¢ C57BL/6J /ML 60 H, HEPE,
6 ~8 J&,/AH(20.0 £2.0) g. TW3ET SPF %3 piE,
P I SRR A st g g g b B [ 525 3l PV AT
UES: SYXK (#7)2010 - 0150 |, ¥ 5250 7 R & M
BERF AL I S I HE 2 51 S A% IR R 50t

2 2% CUR(FEHLE=94%),3%HE Sigma
dls ANTE R CUR B RIEL i 4n 7« Se i 1 £ 4l
DMSO, # B F 9 iy iy E BEER /K rh , BE il 5% 10 % DM-

SO %7 FrEL CUR #3711, % T 10% DMSO #55 Hr,
FROTIRAY A 7853 i, BC il i Mk B2 CUR %5
W4 CTRAE, RS, (1) CUR-100 £H(100 mg/
kg) : CUR ¥ ¥iH¢)% :5.0 mg/mL; ZAZ5(AF V(mL) =
[/NEWRTE (W) kg x100 mg/kg]/5.0 mg/mL =20W
mL. (2) CUR-150 #1 (150 mg/kg): CUR ¥ i ¥
J£.7.5 mg/mL; 5 25K FLV(mL) = [/NEUERE (W)
kg x150 mg/kg]/7.5 mg/mL =20W mL, (3) CUR-
200 #H (200 mg/kg): CUR i) :10.0 mg/mL;
BZAEBIV(mL) = [/MNRIAE (W) kg x200 mg/kg 1/
10.0 mg/mL =20W mL. (4) DMSO 4.4 T 10%
DMSO 20 mL/kg; 2R V(mL) =/NRIATE (W)
kg x20 mL/kg =20W mL.

3 AR LA AN R AL (B S HX-
100E, [ ik % B R A R A R] ) , PCR X ( H 4
Bioer 237]) , Bt (3% [H Bio-Rad /A ]) , HLFE{XFN
HL YK ( 3 [ Bio-Rad 2 #]) , H #AiE i 8 R T 1 46
(PE R A A R ), AL204 HLFFR
(%E METTLER TOLEDO A#]) ,BA-200 Y62 i fi
55 ( HZ Motic 22 7]) ,H-7500 %155 5 B 4% ( H A Hi-
tachi 4 7)) . Trizol $£IK (35 [H Life technologies
o)) W SRR & PCR A & (3£ 18 Fermen-
tas Life Science A7) ,%di GAPDH £ il IgG $i
P EBUN G ZA Y RHCA BR A A |, 2 R 1y R
F 78 (glucose regulated protein, GPR78) —#i .
Caspase-12 —$i( 3£ [ Cell Signaling Technology
ANED AU TAE TR CHOR I A ) 8 0 05K 1L B A
l9G, b 2 & A YRHCA IR A W) ,BCA HEH MK
B e i ) O B 3 = R AE W EUORAF SR ) , DAB
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AR E (U TSR EYRHE A RAFD) iR
MR 1 (£ Sigma A ]), Hady it
Mréadi,

4 Jiik

4.1 Syl CRHBEYLECT R LR C57BL/
6J /N R 6 AL B 10 H BT AR (#FR Sham
1) R 4L /R Jin — W E AR AL (K /R i DMSO
) ,UR 435141 100,150 .200 mg/kg CUR 4H ( f&iFx
I/R jim CUR-100 . IIR /it CUR-150 . I/R jit CUR-200
M) THLOAT 2 h &8 A F 5 CUR B
5 10% DMSO ¥ .

4.2 EAHIME  $BRCSCHR 8 | A Y Oy IR
NG R Bithsh iRl , AR L IR 2%
A B S FSCw S N BT B 3 e 1] ZE i ]
30 min, BP RSt i 08 s #AJF Sl ik Je , PR 3 h 5 45
S BB . Sham 21 H T AR e ARG T, A4 R
] /R 41,28 3.5 h JG b e/ RIFECZE . IR/ A
AL/ NRAE 50 H

5 LRI H R A )y ik

5.1 Jili ¥/ 1 = b (WD) FiE il % /K & (total
lung water, TLW) #5l]  ELAAH A 2D B A R4
AT

5.2 [l LA I K it v 45 45 B0 1 V-t F5
FrCIQA) Kl HARERAE D BRI SCHR[9 ] .

5.3 JHLUBREE A R BEAR I H AR R
[ Sk 9] o

5.4 RT-PCR £ il GRP78 } Caspase- 12
MRNA 7KF- - Trizol EAiliE 5 RNA, l5E & RNA ¥
o R SR G U B 8 5 S5 i cDNAL T
Fie I8 PCR A G U] 153647 cDNA §73% . W&k H
FOSEPR S |55 W28 1, PCR U 544y« B HR 75 1
95 °C ,1 min; 281,95 °C,30 s;iE &k ,55 C (GAPDH)/
49 C (GRP78)/57 C (Caspase-12),30 s; ZEfifi,
72 °C,30 s;ZE3EMf,72 °C,10 min. %33 X,
F% BEER Y3 7= My 0% B2 5 GAPDH J: A3 7™
VI LR 25 B IR R 28K

R NSRS HIERBG S

SRR 5195 7= (bp)

Caspase-12 Eif 5'-CTGACAGCTCCTCATGGACTC-3’ 309
Tt 5'-GCCAGCAAACTGCATTAACTC -3’

GRP78 ‘Elf 5'-GATAATCAACCAACTGTTAC-3’ 575
M 5'-GTATCCTCTTCACCAGTTGG-3'

GAPDH i 5'-ACTTGAAGGGTGGAGCCAAA-3’ 530
Tt 5-CCAGGAAATGAGCTTGACA-3’

5.5 Western blot ¥;illl GRP78 } Caspase-
12 A B2 100 mg 4] 2 8 8wk sk b 1
o Jm400 pb H K757 24 2 (& PMSF) FfFsk
W, FUK R R AR AL 2 A0 K SIS AR
BB T R M, 96 fLAR-BCA 1 52 vk
JE. AW AN, 40 pg AR N A, M
10% SDS-PAGE #4385 F1 it L% B R IR 4E R 1K |-,
TR TBS =BG B 2% 5% WS W 1Y & P4 )
1,37 CRL 1 he Z5limA Rt Caspase-12 £ 758
BedL & (1:1000) . % $L GRP78 £ 7i [ #i 1k
(1:1000) # % i GAPDH £ 7wi [& I9gG #i ik
(1:1000) ,4 CRPIEH o FHIMA B AR (BAR
1 AL YRR L E 3T 19G,1:500) , SR 1 ~
1.5 ho b2 50k, Wig, B 5% .. HH#iE M GEL-PRO #t
JE AR AT 3 A A T ' B R A3 (L A3 #T

5.6 JEAIAHANMIUA TR i IR TUNEL %, 4K
P S UL B TR iR E . AT AR R
PR, RAT- AR AR R A, 11505
fEBi( x400) TR T- 4%, HikH T2 WE
500 M4, TH 55 AE 100 A~ 40 it PN 1 BH 1 20 e %5, B/
AT 5%k (apoptosis index, Al),

6 itk SR SPSS 17.0 Giit#k 44y
Bro BARBILIx £s Fom, ZAFEAR B BCR LA
BN A P LR LSD-t K5, P <
0.05 NEFAGIHFR L,

# =X

1 HK4 WD K TLW WEZ R (kR2) 5
Sham #H e #, IIR 20 W/D F1 TLW 218 8 7} & (P <
0.01). 5 IIR Jm DMSO 41 k%%, IIR Jil CUR-100 .
I/RHII CUR-150 . I/R Jil CUR-200 £1 W/D 1 TLW
K& (P <0.05, P<0.01),JtLA I/R Jit CUR-200 41
BRI (P <0.01),

2 HUMALI ST QA 2B i (% 2,
K1) 5 Sham 4%, IR 4 IQA B & THm (P <
0.01)., 5 I/R /it DMSO 41 L. %%, IIR /il CUR-100
2H IR fil CUR-150 441 I/R /il CUR-200 4 IQA
TR(P<0.01), LA IR Jit CUR-200 4H B4 Ik i 2
(P<0.01). ME T, MGMMALRAER L% L E
BEFEIN Ny« i 6 5 44 2L, il 90 BE K i 398 i 24
6L A 7K ek 1 B T 200 i O ) B8 R A A0 U . T
I/R Jin CUR 4 H L3 ils 41 27 45 495 X5 5 AS ) A B 1Y)
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K2 HKHMIHLE WD TLW.IQA K Al L (x s )

2157 n W/D

IQA (%) Al (%)

Sham 10 2.32+0.49 1.32 £0.49 4.71+1.68 2.89 +0.99

IIR 10 4.99+0.72"* 3.99+0.72" 40.22 +5.39" 35.19 +5.94 "

I/R /il DMSO 10 5.10 +0.63 4.10 +0.63 39.55 +4.67 34.66 +4.52
I/R /it CUR-100 10 4.13+0.89% 3.13+0.89% 31.47 +3.48%2 31.49+2.91%
I/R Jin CUR-150 10 3.43 £0.97444 2.43 £0.97444 20.52 +2.694444 24.78 +3.412044

I/R Jin CUR-200 10 2.65 +0.8540440

1.65+0.8522440

14.99 +3.56 444400 14.47 +2.694 24400

.45 Sham 4{1b#, *P <0.01;45 IR )il DMSO 41 4%, P <0.05,%%P <0.01; 5 /R /it CUR-100 41 [L#%,4P <0.05,44P <0.01;5 IR

Jin CUR-150 41 4k, ©P <0.05,°°P <0.01;7 3 4 [d]

1A 2 Sham 41;B 7 /R 41;C 2 IIR it DMSO 41;D 7 /R il CUR-100 41;E 4 IR
CUR-150 41;F 4 IIR /it CUR-200 4 ; #7 kAU TE RS (A5 s B4R 1k ; &1 2 3 ]
1 SAMALNEEAFEM (HE J4fa, x200)

3 KUANHLUBMEE s (K 2)  Sham 4.
it 2L 2P T 2+ TT B S A 5 ek s o I/R 4L it T 7Y |
B A0 Bt R ASRYY , 200 ek J P 8, % TR £k 6 I S k2
FLETH IR SRR S5 20 M 25 B 8 i ik, 2 /AR T
P2 0 B H I EE s R AR R A 2 Y (i oy
B A, R T CUR 4. ffi% CUR 34 1Y % i
BEIL VR I CUR £ Jifi 25 2 8 13 465 # 461 403 12 1 22

-,

JELL R i CUR-200 419044 B ., HAR IR « fili i
1780 piz 240 A 5 0 % T 5 AT, 200 e e B B2 %
W, R BB 1 2, SRR 5 20 i 25 1 1
B MUZ/MEZ G 2 A R e, Je ik

4 FAEET-M AR (ER2,K3) 5
Sham 4 LL#, IR 41 Al B & (P <0.01) . 5 IR

2 HANMHLUH I A R st 2e e OB 8E, x 10 000)
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fin DMSO 41 He %, I/R /il CUR-100 4. I/R il CUR-
150 41F1 I/R fi1 CUR-200 4 Al ¥ F & (P <0.05,
P <0.01),/t Lk I/R il CUR-200 4H [ B & (P <
0.01), TUNEL #:4e(a R, IR 41 v K ili if % Y
S AU AR PE T, T2 CUR TS I BH @i /b s K
Jilives b Rz A 7E 2 IR JE 51 T, 14 CUR TG
DINI: RS

5 4541 GRP78 #il Caspase-12 mRNA #ik/k

Frem (K 4 5,7 3) 5 Sham 4HEb%%, IR 4H GRP78

Marker A B

A & Sham 4H;B /IR 4; C 2l I/R il DM-
SO 4H;D Jy I/R it CUR-100 £ ;E & I/R fit CUR-150
41;F A IR Jin CUR-200 41; 1815 -7 |
B4 GRP78 mRNA Hiik&

Marker A B cC D E F

5 Caspase-12 mRNA i3k
F3 KA/PNEITAHLA+ GRPT8 .,

Caspase-12 mRNA &K (xzs)
4151 n  GRP78 mRNA Caspase-12 mRNA
Sham 10 0.42+0.03 0.25+0.02
IR 10  0.80:0.04" 0.80+0.04 *
IIR Jin DMSO 10  0.78+0.03 0.81£0.05
I/R Jin CUR-100 10 0.83:0.04% 0.74 £0.042
IIR il CUR-150 10  0.84+0.052 0.64 +0.054244

IIR Ji:CUR-200 10 0.90 +0.0424° 0.36 £0.04444400

3 B LH/N B 20 M O T

(POD £,

Fil Caspase-12 mRNA Rik /K V-2 5 A Gt & X
(P<0.01), 5 IR Jin DMSO 41 [t%%, bfiZi CUR 7|
3 1, GRP78 mRNA £ ik /K F % i J+ & (P <
0.05) ;Caspase-12 mRNA Fik /K FZ#i AL (P <
0.05, P<0.01).

6 %41 GRP78 #il Caspase-12 & [ # ik /K
A (K 6.7,%4) 5 Sham 414, IR 41 GRP78
Ml Caspase-12 M FAKFFHE (P <0.01),
5 IR i DMSO 4 b %%, Fi % CUR I & 19 3 i,
GRP78 [ iA/K & (P <0.05, P <0.01),

37 kD MJ GAPDH
o o . 8 o " .

~

A B C D E F

x400)

6 GRP78 HHHIKE

55kD e gy @ SEPEID = Gospase-12

37kD B D SIS e mme === CAPDH
A B C D E F

7 Caspase-12 & HIKIE

x4 BH/PRIMHL P GRP78 J Caspase-12
EEERIE (xxs)

415 n  GRP78 &EH Caspase-12 &M
Sham 10 0.31x0.03 0.31+0.03

IR 10 0.72+0.04" 0.81+0.05"
IIR it DMSO 10 0.73+0.03 0.82 +0.06

I/R i CUR-100 10  0.79':0.04% 0.75+0.05%

0.84 £0.05444 0.65=0.045044
0.90£0.04224A0 (. 374(.03224400

IR fiil CUR-150 10
IR il CUR-200 10
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Caspase-12 H H £ KK FEB W FEL(P <0.05, P <
0.01).,

Wit

TERH 1R 45300 A A Je v, it 4 2R A ) T e 25 5%
FEVEVE T, B A0 B 08 T X il VR #3455 A 5
BATEH o AFREERIN B, Sham At 4 JLF
VR EE A, NAE VR P iR T 4u gk H W] g 2,
H457 CUR U 8 1 20 M 250 S22 ik 2 5 [ s DY A A
TUNEL £ W, 8 T 20 A v 328 LU =6 40 1f 38 P B 40
PRI b Bz 200 B A 3=, 35 9 35 R e ity 248 e 0 1 ]
RETEMT VR Fa 0 LA il % s 2

DA JoiE PO X ATL A2 A A 35 i 285 e 2 1 4o AR, Bt i ke
A AL AT LAEEL N BT RS , R BV R T &
RIS E A F M, 5l & AR Y& 8HE A R (unfolded
protein response, UPR) ., —EFLE Y UPR X L4
RAFGRAPVE B2t B 1) UPR 3 i 2 Fhik 42
V3 PN 5T A DG 1 20 B 0 T B A TS, GRP78 &
UPR 2 ipr '™ . GRP78 X Rk s bk 11 &
B4k 44 1 (immunoglobulin heavy chain binding
protein, Bip) , 2N MR, UPR H]{fi GRP78
KERE, HS5HEMPHERITSMRITSEALSE,
PRI FETI 4, 4E R N IR EEERE , GRPT8 1% 5%
5 TE DR 4 3l 5 25 o o4 5 X BB | S B PR T v B
FHEEMEM . Caspase-12 fE7E T PRI 1, I
HA LA J5E 98 25 g IR R 7 52 (R A G F o
( TNF receptor-associated factor o, TRAFa) #Hi%
B, LB » 7 B-1 (Inositol-requiring enzyme-1,
IRE-1) 5 TRAFa 9457, 330 TNAFa 5 Caspase-
12 AR G 5, 72 4% B F HOBU I B T RPE T T
{2if Caspase-12, ki) Caspase-12 it —HiE
Caspase-9 #il Caspase-3, 5|24 fd =", AwF
FE/N , GRP78 (35K F-1E Sham 4 AR(K, M7
/R AP Bl 7, B4 CUR T, HKF—HAF
AR XU, 7E EE Y UPR H, BRIy
GRP78 L& M MR 1E . Caspase-12 3R
RIKPIRE IR B & BT, 248 CUR 1Bl K,
AR 1 B UPR H1, Caspase-12 /-S4 T
AR, FEUMHLS . AR ] fef 28, —FhiE
B, FFEE LI GRP78 F IR MR # T - /EH,
AL B UPR R R R & EE & T RN
Hr, T8 GRP78 Joik A g bk, 2k A 2l 1 N 5t
PR S 240 B 0 T AL, A (o 4 0 T, 0 A M 4 4
Jy— g O, RS2 N BT R e i GRP78 5

Caspase- 12 4 B, /7 & )5 ) Caspase- 12 5]k
Caspase HULI N, B #1540 & A= 1, 42 o il
P RARIE

CUR 1R Ry —Ff i 24 Sk, PR T 480 A0 0L 38 41 )
ST M A0 PR R ik LA B B A L O T AF O 2
2P H RS RIS 2 — . ARSI H R T
CUR Xfifi /R #1454 ffe 98 1= }% Caspase-12 [H1E
FHHEATHTSY o SEER TR X CUR Y 1 28 UK Hi At A
WIS AR T R (L i DA BB T A5 1 1 o AR IS 45
W, %457 CUR J5,IIR 41+ W/D . TLW . IQA FiI Al #4
ST SUI N SNBSS R (7 I 27 N e A TR
/b5 T Caspase-12 FKiL7K VB [k, GRP78 #
IRHEM . FESE CUR X7 il 200 16 07 T , 9ok 2 P04 2 il
W, HHLH ol g8 5 IR 5 & 10 BF UPR th
Caspase-12 £k MHA KL, H 51 GRP78 ik
PE RS RS Tl B A IR KR, H IR
PR LR R LA ME 25 3, gl HHE— 2Ry
AT T A RE AR AT e FE AR, IR T DA, CUR
XFHUAH 1R 53475 9 BIL I R 2 22 T8 Y, 80 A8 22 1)
TAEERF.

AWFFE 2], CUR X R 451455 & Az 14 il ik 5L A ¢
SRR R LA T AR S X P B ) UPR
Caspase-12 it 5| 4 MIH T4

2 % x #t
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