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HE.BH 8 LMK R h R ERG A AME ., ik AU 60 RAEK SD X A5 R
1BF R4a(Sham 40) Bk e B E B4 A (IRI 40) A28 ZEUR FRE AL 40(Thy 41) . IRI 404 Thy 448 £
) F ke kR AWK A E 4 IRIAEA, Sham B3R b (2R & I A0 %% . Thy A& 4 0w 45 min 47 &
A% 5.10.20 F= 40 mg/kg MAZiE S, Sham 204= IR| 2848 F) — B 1) 46 T S0 ARAR AL 28 B K IR RS2 4, B2 24 h
J& R0 B M HE e B IR AT A, PAS e &40 ) R % B 5 ELISA #i k& 5. (BUN) ILEF(Cr) | /1 =B
(MDA). it AL S8 (CAT) . & Bt H Ik it R AL 4 B (GPxX) A8 R AL 4 B AL B (SOD) %9 R iA | & 40 /% 8
(IL-8). F#%& (IFN-v) Feht#&3re BT (TNF-a ) & %L Western blot #4m JAK2 .STAT3.P-JAK2,
P-STAT3.P53 #= P21 & & & ik, ##FRGHAA S (RT-PCR) # M IL-8.IFN- vy fo TNF-«a #9154
RNA K-F(MRNA) 58 e fo 53 24453 m BUN.Cr.P-JAK2 P-STAT3.P53,.P21 . MDA IL-8.IFN- vy
Fo TNF- o ¥R AR B AL BER T, F ity CAT.GPX 5 SOD &k, W & ZA4E 57, T# Y BUN.Cr.
P-JAK2.P-STAT3.P53.P21 . MDA.IL-8.IFN- v #= TNF- o &#E AR BALBEPA T, Him CAT.GPX 5
SOD 4k ,3 412 [d] JAK2 #r STAT3 AA L £ 7. 4518 8 LRI TRE B8 fe F A2 IE 545 , KA A HUH)
R B a4 H) JAK2/STAT3I/P53 45 5 18 354549 3 An B AL B35

XKEEE. B ER; Bk BB ESMG; KE; BB IAK2/STAT3/P53
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Influence of Thymoquinone pretreatment on renal ischemia-
reperfusion injury in rats

Xiao-hong Song, Cheng-xu Li, Yang Wu, Yuan Cai, Jun-wu Dong
(Department of Nephrology, Puai Hospital of Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, Hubei 430034, China)

Abstract: Objective To explore the influence of Thymoquinone(Thy) on kidney ischemia-reperfusion injury (IRI)
and the mechanism. Methods Sixty male Sprague-Dawley rats were randomly divided into sham operation (sham)
group, IRI group and IR plus different concentration of Thy preconditioning groups. Thy groups were preconditioned
with Thy (5, 10, 20 and 40 mg/kg) by intraperitoneal injection at 45 min prior to operation, and the other 2 groups
were pretreated by equal volume of saline. The rats in the IRl and Thy groups were kept in 37°C infant incubators
for 45 min after their left renal pedicles were clamped with noninvasive endoclips, and then their right kidneys were
removed. The rats in the sham group underwent the same process, except for clamping the left renal pedicles. After
24-h reperfusion, blood samples and renal tissues were collected. The pathological changes of kidney tissues were
observed using PAS staining. The expression levels of serum creatinine (Cr), urea nitrogen (BUN), IL-8, IFN -+,
TNF-a, MDA, CAT, GPX and SOD were measured by ELISA. The expression of JAK2, STAT3, p-JAK2, p-STAT3,
p53 and p21 were measured by Western blot. Moreover, the mRNA levels of IL-8, IFN -y and TNF -« were
examined by RT-PCR. Results IRI markedly enhanced renal pathological changes and the expressions of BUN, Cr,
p-JAK2, p-STAT3, p53, p21, MDA, IL-8, IFN-vy and TNF-«, meanwhile reduced the expressions of CAT, GPX
and SOD. Thymoquinone pretreatment significantly decreased renal pathological changes and the expressions of
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BUN, Cr, p-JAK2, p-STAT3, p53, p21, MDA, IL-8, IFN-vy and TNF -«, at the same time up -regulated the
expressions of CAT, GPX and SOD. There was no significant difference in the expression of JAK2 or STAT3 among
the three groups. Conclusions Thymoquinone pretreatment can alleviate kidney ischemia-reperfusion injury in rats
partly by inhibiting inflammation and oxidative stress mediated by JAK2/STAT3/p53 signaling pathway.

Keywords: Thymoquinone; renal ischemia-reperfusion injury; inflammation; oxidative stress; JAK2/STAT3/p53

Z P45 455 (acute kidney injury, AKI) 2 IIfi PR
R LG AR, GF A T RS B DIBRR O
FARFMEERE G T O H AR FIBET 347 5,
IH , 4ttt B AKI AR AR50 1330 J7, 5 AKIAH
KHIFET -3 200 J703, B Sk i P v 1 (renal
ischemia reperfusion injury, IRI)J& 53 AKI 9 £ %
B, I S e A B9 A, A HLER (Thymo-
quinone, Thy )J& M Nigella sativa #4742 B —Fh i)
J, A PURT B Y S DL BT AR
PG PERS, AR FSE IR KR, Thy XoF ik I i 25
B R R A A DR AP R TS, ARSI
SRR Thy THAS BT 9 5 A1 AL N 3304 52 )
PARAHICHLH, e KRBT IE IR 2 BERR A5 S

1 MRS

1.1 FERF ALZEF

B (IS RA ), JoK (£ Sig-
ma Al ), /KGR (Google 4= 4 ) . JAK2 .P-JAK2 P
-STAT3 . STAT3(¥J2E[F CST A #] ),P53 F1 P21( 3
[ abgent 27 ), TRIzol reagent (2%[H Invitrogen 2%
Al ), wiEE SRR & (32 E GeneCopoeia A H ),
RT-PCR 51¥) (EFRHEWHRARARAF, ITHS
SY14032221, F¢FILE 1),PAS 5 H A UF 5 24 B
HLSL IR R B . AN (3£E Thermo
fisher) . 300 5% 5% {% (7% %] Eppendorf) .RT-PCR {1 ( 3&
BIO-RAD 1Q5) . & fi#5%( H 4~ Olympus BX51) J%
4 255 (H A HITMAS-30) 34 4[] 3% B2 24 e 4 it
SD KR, A R BUK =L R st , SPF 9, it it
BRI 430121021, 157 F [R5 B2 24 B sh ) 52 56
Hts, VERTIE S SYXK(%56)2011-0027 , 3% it fif F 1E
500124722,

1.2 Zh¥EBEMERISH4A

60 H{gREMEM: SD KL, Pk 220 ~ 250
T5o BEHLA AR T AL (Sham 2H) , B B il -0 v 43
PgA (ORI ) FE BLEEA [ FEZH (Thy 41) . Thy 21
FEGR I AT 45 min 457 Thy 5.10.20 1 40 mg/kg #E
JesvE ST, Sham ZH N IRI 41 75 [l — s i) 45 T 25 AR R
PRERAKME W T3 20 o IR1 AN Thy 20 HJC AN il 48 Je I
A R 2 IR AEEAY | Sham 4l #4ER] I, {HR
SR ZEMNE 3 o BART AR I =022 SCHR[9).
1.3 tRAUE

FHIEN: 240 J5 A70E E0 KU, 253 T 3000 r/min
B0 10 min 5 B E VB TGS [R5 B Bk 35 R R I i
JR %% (blood urea nitrogen, BUN ) FlIfiL 75 JULET( Cre-
atinine,Cr). FFREHAE W ;1/3 728 B T 2 R P RN
AU R, AR SR IR E T -80° UK
14 BERERE

BUENEA S EY, 4pm PR, Bk )E (A
TEBERE I ARSI % PAS IR FI AT 4L 0, e T
FILRLEM Y PO BATA I AR B, 43 AR
P /N L R AR MIRAE B NE DT R RIPIR 2B 7
BRGNS FAE W T 0 43, IEH 31 43, <25%;
2 53,25% ~ 50%;3 43 ,50% ~ 75%; 4 43, >75%. £t H
NP F 2 /D BENLIERE 10 4N B BESS AL ( x
400)9, UL 1.
1.5 Western blot IZE JAK2,.STAT3.P-JAK2,
P-STAT3.P53 #1 P21 IE ARIX

BUB S, ISR, 59 R g, B
FE i i AE P, SDS-PAGE HL ik , #% B, i B 4 &t P
1h,4°C F—yit A% ;37°CF B E 1 h,ECL
RN X LR W5 5%, B UG R G AT K BE AR
1.6 FHEFRBESMmERNANSALATEMHMBY

&1 519F3!
HE Wik IE[A] Bl
TNF-«a PN CTGAACTTCGGGGTGATCGG GGCTTGTCACTCGAATTTTGAGA
IFN- vy PN AGCTTCCTTGTGCAAGTGTCT GACAGCCCAGGTCAAAGGTT
IL-8 PN CTGCAAGAGACTTCCATCCAG AGTGGTATAGACAGGTCTGTTGG
B -actin KA AGAGGGAAATCGTGCGTGAC CAATAGTGATGACCTGGCCGT
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SR FH 3 7 5% 3R A5 W4 S 1 (reverse transcrip-
tion-polymerase chain reaction, RT-PCR) #5461l &
WE 1 40 A % 8 (1L-8), i J8d IR 38 X+ (tumor
necrosis factor- o ,TNF-a ) #1 1+ L & (inteferon
gamma, IFN- v ) 1) 15 8 2 4 4% R (mRNA) 3 35 7K
PRI T B IEZH S, TR A IS R AR B
B RNA SN EE . 51975 L%
1. RAWIE PCR RN, P34 454 95°CHiAs
30 5;95°C7EM: 5'5,60°CiR A ZEA 1 min, 3k 40 4N
AR AFEARR CT (H1E, S B & FEA Y Ct
3% T 278 2T R AR R A &
1.7 ELISA #&Mlm & IL-8., TNF- o« \IFN-y &
EKE

Fie B ELISA 5] 5 156 B 5 #4520 TR A 0 1 37
H11L-8 . TNF- o \IFN- vy FEik/KF-,
1.8 BHASRDR _B. IESUSEBE. SHEK
o E Y EEFNE R Y B LB S 244

2 I8 ELISA 3205 & Ud W 4500 5 B 21 20N
(Malondialdehyde , MDA ), i3 % fk & [ (catalase,
CAT) A e H kst %A 4k W i (glutathione peroxidase,
GPx) It 4 1k ¥y k7 fk. /i (superoxide dismutase,
SOD) Y & it , B BRFaei 0 & e 15461 7 o
19 FitEFHE

I3 JH SPSS12.0 et A ab BE A , T Bk
BIE £ R 22 (x = 5) RN, AR BER S A
B2, THESORER FEG A . TR
() LUK T3 25530, XS GO A E Rk RIS 26
(Kruskal-Wallis H £ % ) i 17 25 [8] 5341 , 9 4 BL 3¢
WK A LSD-t K. P<0.05 M2 RAG ¢ X,

2 R

2.1 Thy AR R SR INEEEHR%
55 Sham 4H %5, IRI 4H Cr 1 BUN #3589 5

( x%=4.34 F1 456, P =0.047 #1 0.045), T1fi Thy ¢H5
IRI 41 Lt % ,Cr #11 BUN ¥ % AL ( x =4.17 .4.88.5.25,
5.56.6.16 .6.54 F1 5.72, P=0.048.0.041.0.036 .0.029 ,
0.013.0.025.0.011 F11 0.021 )., &4 42 /5 Thy Fiikb 3
AT DA SRR B AR P D A B e i PR T s, 7R O~
40 mg/kg YL P, Thy H A3 ok 40 mg/kg. WL3%
2,
2.2 Thy FAbIB AT LUREE & 4R LR S5 F0 O B2

5 Sham 41 b5, IRI 4B /NS B 5K, Kt
B /N A M I K, 25 AR IR IR G 7 LA Je
5 1) J5T 8 i A R e v, A PF 53 (4.5 + 1.0)
23,1 Sham 24 (1.0 + 0.5) 43, 33X H 7R B W43 47 185
Jn( x2=11.34,P=0.004 )., 1fij Thy 40 mg/kg 415 IRI
ZHHRER B /INEY K, A K, A i AR PR IRAE Rl
RGNS | LA B 1] 5 4 40 200 i i 357 B S k2> , G
43R (1.5 £ 0.5) 41, X487~ Thy 21 B ES 495 BH
B ( x %=5.34,P=0.032)., 453 W8, Thy 40 mg/kg
Touah BRAR A s B R S EE A s . LA 1
2.3 Thy FiA 4] JAK2/STAT3/P53 {5 S il &
BiE

55 Sham Z1 H %%, IRI 4 P-JAK2,P-STAT3,P53
P21 FikMhE (x2=4.74.4.79.5.18 F1 7.83,P =
0.045.0.047.0.038 #10.007), {H JAK2 Fll STAT3 %
kR TG R L (x%=3.76 Fll 3.12, P=0.063 FiI
0.085). 5 IRI 41 kL%, Thy 40 mg/kg 41 P-JAK2,

*2 BEEMY Cr# BUN BEMIEN  (n=10, wmol/L,x+s)

il cr BUN
Sham 41 1422 +2.76 7.21+1.42
IRI 41 145.35 + 7.577 91.45 + 4.64°
Thy 5 mg/kg 41 85.75 + 7.53? 60.32 + 3.512
Thy 10 mg/kg 41 62.74 +5.77? 4522 +3.477
Thy 20 mg/kg 41 30.65 + 3.78? 22.35+2.38?
Thy 40 mg/kg 41 31.23 + 4.55? 21.35+3.38?

1::1)5 Sham 41 4%, P<0.05;2) 5 IRI 41 [b4s, P<0.05

A:Sham 41;B: IRI 41;C: Thy 4

B 1 Thy FAbIERT S H R RIE 4544

920 (PAS ZLff x 400)
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P-STAT3,P53 Fil P21 FRikF# Ik ( x =4.66.4.96 .5.11

1 8.87,P=0.044.0.039.0.27 1 0.006), i JAK2 FiI
STAT3 FKik 5Tt 5 L ( x %=3.55 1 3.86, P=
0.076 1 0.057), X#$&7~ Thy 40 mg/kg T4k B a] D)
PP JAK2/STAT3/P53 57 3d B - WKl 2 .35 3.

Sham #1 IRI 4 Thy £
P-JAK2 | — e
JAKZ o i mm—
P-STAT3 S e
STATE o o m—
P53 o S ——
2 Thy FAb#E%t P-JAK2,P-STAT3,JAK2,STATA3,
P53 1 P21 EAFRIXAIFI

*3 Thy 3F P-JAK2,P-STAT3.JAK2,STATA3.P53 fA
P21 EEFEHEN (n=10,x£5)

35 P-JAK2/JAK2 P-STAT3/STAT3 P53/8 -actin P21/ -actin

Sham 44  0.22+0.03 0.26 +0.05 0.17 +0.02 0.07 £0.02
IRI'H 141+0.12" 0.85+0.09" 0.76 +0.04"  0.51+0.04"
ThyZl 055+0.072 0.37=0.04? 0.44+0.03?  0.22+0.03?

¥ :1)5 Sham 4 14, P<0.05;2) 5 IRI 4 [v4%, P<0.05

2.4 Thy FAbE R LUR MR RAEMAE FTNF- o |
IFN-y #0IL-8 B9K &

5 Sham 4 b % LRI 4H 412 48 4 40 B B+
TNF-a IFN-y F1 IL-8 mRNA % ik /K F 14 &
( x2=4.58.4.76 #l 4.91, P =0.045.0.043 #1 0.041),
ifii Thy 40 mg/kg 215 IRl 40 Hb%s, PR RIEAN AN T
TNF-a ,IFN-y F1 IL-8 mRNA 3 ik 7K F F& Ik
( x =4.66.4.74 F1 503, P=0.044.0042 F1 P =0.038),
L3R 4,

25 Thy Fsb iR D 2 KIE A EF TNF- .
IFN-y #0 1L-8 Hy4yiis

55 Sham A1 HL#, IRI AR S AE AP+ TNF- «
IFN-y F1 1L-8 43 WA 7K F- 34 55 ( x2=5.73.4.82 Fil
5.04, P =0.028.0.043 #1 0.039), ifii Thy 40 mg/kg ZH
5 IRI A L, 2 S AE AR F TNF- o (IFN-y Fll
IL-8 47K R4 ( x 2=5.23.5.82 #i1 5.94, P=0.036 .
0.028 #1 0.024), L5 5.

2.6 Thy FAbI2iE > MDA FRi%x
Sham ZH MDA & & 4 (100 + 20)pg/ml, IRI ZH

MDA &>~ (2200 + 300)pg/ml, Thy Z1 MDA 5 &
(600 + 150)pg/ml. 5 Sham £ kb4, IRI 41 MDA &
T ( x =15.82, P =0.001), 1 Thy 40 mg/kg 415
IRI 4155 , MDA 5 I AR ( x %=4.62, P=0.047).
2.7 Thy Fi4b2iE N CAT.GPx #1 SOD &£
5 Sham 41 L%, IRI 41 CAT .GPx Hil SOD &ik
%A ( x2%=10.73.9.82 A1 11.04, P =0.006.0.008 /I
0.004), 1 Thy 40 mg/kg 405 IR 44 [b %, CAT .GPx
1 SOD ft 2 A 1475 ( x 2=4.99..5.82 1 5.36, P =0.035.,
0.025 #10.037), WL 6.
R4 Thy X TNF- o (IFN-y #1 I1L-8 mRNA RiEKFH
200 (n=10,x+5)

2151 TNF- o IFN- vy IL-8
Sham 41 1.00+0.10 1.00 + 0.05 0.95 +0.10
IRI 41 12.00 £1.50°  5.00 + 0.40" 7.50 +0.75Y

Thy 40 mg/kg 41 5.00 + 0.50% 1.50 + 0.50? 2.50 +0.40?

7:1)5 Sham 4 b4, P<0.05;2) 5 IRI 4 4, P<0.05

#&5 Thy3t TNF-o ,IFN-y F0 I1L-8 47K F B SN
(n=10,pg/ml,x =)

2151 TNF- o IFN- vy IL-8

Sham 2 100 + 10 120 + 20 100 + 20
IRI 4 1200 + 200" 550 + 50" 750 + 50%
Thy 40 mg/kg 20 400 + 150? 200 + 30? 350 + 40?

F:1)45 Sham #lH4¢, P<0.05;2) 5 IRI 41 H4%, P<0.05
% 6 Thy Xt CAT,GPx #1 SOD Ay i% 201
(n=10,pg/ml,x £s)

215 CAT GPx SOD

Sham 2 98 +7 110+ 15 117 +9
IRI 4 30+5Y 324" 28 + 5
Thy 40 mg/kg 2H. 61+ 5% 70 £5? 65+ 7%

1::1) 5 Sham 41 [v4%, P<0.05;2) 5 IRI £ [#%, P<0.05

3 it

HAr, 2rEEH0) 220 S el el R
R EARRRE, HBUGME. ENSEEHRGE
L R ) e L PR T B R T, T Ok
TR TR B A, o BRAE RIS B e it P T P A v
KRB AL RS B B 28, RAE SN, A RLYE TR
F A SN2, B Gl o P A T e 2 Ak
SR JAK2/STATS, PIBK/AKT 46 %of B ik 443 44 12
PR, 3ok, PE5 {552 1AL A B U dte ot P
R UVES CELINT T TS Ea
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REAEFSE & B, Thy X, BFAE , B 18 25 25 B B
IR T 0 EA B S W OR3P E T i mT 3 i GPx,

MDA LLJ% IL-6 SE4 A 7 /KF-, fE—aE R L
E 3 00 A4 ST O BRI e SR R %k%bhﬁ?

PHESERUHE S, 2R R, Thy il 5255
{0 FHIE M, X MAPK \Ras . PI3K/AKT 454
MG SR AR R MR RER,

HWSE BN, JAK2/STATS {5 53R A2 B0 %o 4
MR FE RAE T RN T AT R AR
FRM, ARSI T B TR AR R BRFSY Thy TRAREEXT K
5 U SR ot P T B B VE R ESE Thy Xt
JAK2/STAT3-P65 7 "B W F- VE 1 ot 47 3k 7 v i A
M, 4538 8oR, Thy 78— R X JAK2 [ STAT3
(AT LA IR T, LA S AT I8/ JAK2/STATAS 1
W4y P21 yRiA, KB Thy X} JAK2/STAT3 {5
53 [ ) TS B RN oAb, P65 R
JAK2/STATAS {55538 1% 1) T i -9, FEXF S Ak hiz
WL B i S AR A VR, AT 40 MDA
SOD.IL-6 . TNF- o DL Jfafb e 7y 3kt (HxE
Ik P65 15 585 RN R B EA W E A, HAET
ANVEFE ARSI ZE IR R, Thy TiAbHE AT B i s>
PIEAMAL T TNF- o L IL-8 Fll IFN- vy DL M A4 Ak
N7 7= ) MDA %3k (H R i S AL 80 9) CAT .
GPx i1 SOD [k , H 15 ML mT BB -5 400 il sk 1f 175
KW JAK2ISTAT3 {3l B 0E . Al Pes {5
SER T RTE AL , S T 0 ] AR R S RE SO, DT
RE] TR VER, (L EARVE PS5 i —
W5

ASLGUESE, Thy B8 98 Ak 1 38 s 07 9% i
A B R i e A, R I PL AR AT B 2 3 4 ol
JAK2/STAT3-P65 15 538 4%, AT XTI dike i -7
ER AR ER . B2, 3k m , Thy )85
AHOCAR 38 i ) BRI AT 2, X T e A
J& JAK2/STAT3-P65 {i5-5-18 i 1Y A8 A LA K 55 it i
FERE A ) VR AL A5 i — 2B TR AT 5T
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