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SR BRAT O I, R B B A i ) B B A AR b . U B, TR AR E - 2 (HE) Jeti)5, Foss T
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[Abstract] Objective To investigate the protective effect of S—aminosalicylic acid (5-ASA) on renal injury
poisoned by paraquat (PQ) in rats and its mechanism. Methods Twenty—four healthy clean male Sprague—Dawley (SD)
rats were randomly divided into four groups: normal saline (NS) control group, S—ASA control group, PQ model group
and 5—ASA treatment group, with 6 rats in each group. The rat model of PQ poisoning was reproduced by intraperitoneal
injection of 2% PQ solution 20 mg/kg, and the same volume of NS was given in NS control group and 5-ASA control
group. Two hours later, the rats in 5—~ASA control group and 5—ASA treatment group were intragastrically administered
with 1 mL 5-ASA (75 mg/kg) for one time after NS or PQ administration, and those in NS control group and PQ model
group were administered with 1 mL double distilled water. Behavioral changes were observed in rats. Then the rats
were sacrificed at 24 hours after starting of the experiment for cardiac blood harvest which could be used to detect the
biomarkers of renal injury and oxidative stress parameters. The kidney tissue was collected, and the hematein—eosin (HE)
staining was conducted for observation of pathological changes in renal tissue, and protein expressions of Nif2 and heme
oxygenase—1 (HO-1) were determined by Western Blot. Results At 30 minutes after PQ poisoning, rats appeared

obvious poisoning symptoms and signs. Twenty—four hours after PQ poisoned, hemocoel of glomerular capillary, swelling
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of renal tubular epithelial cell and serious micronecrosis appeared under the light microscope. Compared with NS
control group, blood urea nitrogen (BUN), serum creatinine (SCr), superoxide dismutase (SOD), malondialdehyde (MDA),
catalase (CAT) and glutathione (GSH) levels were significantly abnormal in PQ model group, and Nrf2 and HO-1 protein
expressions in renal tissue were increased. After administration of 5—ASA, the morphological changes and pathological
damage were mitigated as compared with those of PQ model group, the levels of BUN, SCr and MDA were decreased
significantly [BUN (mmol/L): 11.98 = 1.81 vs. 18.56 £2.32, SCr (umol/L): 30.67 +2.31 vs. 43.67 +9.02, MDA (umol/L):
5.28+0.43 vs. 6.81+1.00], and the SOD activity, CAT and GSH contents were significantly increased [SOD (kU/L):
125.4947.63 vs. 106.76 £7.94, CAT (ng/L): 30.68 £3.51 vs. 23.05 £ 1.55, GSH (umol/L): 3.81 +0.44 vs. 3.14 £0.17],
while the protein expressions of Nrf2 and HO-1 were further increased [Nrf2 protein (gray value): 0.76 +0.04 vs.
0.52+£0.03, HO-1 protein (gray value): 0.56+0.02 vs. 0.31+0.02, all P < 0.05]. Only 5-ASA intervention had no
significant effect on behavior, pathology, renal injury markers and oxidative stress parameters, but it could induce the
expressions of Nrf2 and HO-1 protein in renal tissue, which were significantly higher than those of NS control group
[Nrf2 protein (gray value): 0.78 +0.02 vs. 0.41+0.04, HO-1 protein (gray value): 0.51+0.03 vs. 0.23+0.01, both

P <0.01]. Conclusion 5-ASA attenuates the damage of acute renal injury (AKI) caused by PQ, which mechanism may
be related with the activation of Nrf2—antioxidant response element (ARE) signaling pathway.
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1.3.2 'FHZURHE LS - BOR RN 424,
T 10% H RS W T, K A s U R, 95
AKRZE -4 (HE) Yoo )5, 68 T WAL B 2 40005 B
AR
1.3.3 HEH RGN L (Western Blot) Kl '
HAU N2, HO-1 FHFRIA « iU B 2414 100 mg, 4%
R G R PR UE O T i, 48 AR CHLUK
RERSE . BHEA I AKE RS 1 —PT [ 3- B H A



rhAfEEE A BE S 2017 4F 11 H 45 29 455 11 # Chin Crit Care Med, November 2017, Vol.29, No.11

* 963 -

2 (GAPDH) 2}y 1: 1000, HO-1 4 1:800, Nrf2 &y
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Nif2 K HO-1 4 [ 3R 35 4 8¢ NS %f BEOZH B (8 7
(¥ P<0.05) ; i 4 F 5-ASA T Hil 5, B 44 4 Nif2
B HO-1 4 11 3 I 442 PQ MR 41388 — 4 T i
(¥ P<0.01), FALlizhT 5-ASA T HIR A5 Nif2
J HO-1 & H# B BT, 5 NS X R4l i 2
FAGIEE X (¥ P<0.01),



* 964 HhAR G T 2R EE 2 2017 4F 11 A% 29 %55 11 8] Chin Crit Care Med, November 2017, Vol.29, No.11

Libipo
NSHHAZL  5-ASAXHE4L PQEITIZE  PQ+5-ASAZ i

NIT2 | ——— — 000

HO 1 il o

33000

3 - 2 2 3 d2 4 LA tIVRIRTER L
I ———————

0.9

1 1 1
S-ASAXHEE  PQEIMH  PQ+5-ASAZL
4151

NSxHEZH.

N2 AR FAHSE N T 2, HO-1 MIMLL R A A -1, 5-ASA N
5— BIAKMIR , GAPDH g 3— B H il it =i 5
bk (NS) X B2 AL, *P<0.01, "P<0.05 ;

HE SR (PQ) BRI LA, ©P<0.01

B 2 & FAAPEEN AT (Western Blot) 4611432 K Bl
B2 Nef2 F HO-1 R 3535

3 3 i

PQ & — 7 75 (%) B 25 R BR 5] , e IR K
PR PR , ARV T 2 43 id , ] 38 ol BHL
W o €00 1 90 40 B P9 A8 AL U T TT (NADPY) 54k hy
WAV T (NADPH) BYEAVERT , 1 BG v %
(ROS) KL, 5 ANMIZE T, DA e 2] PR i 5
MR, SR AR — 2 T I R B TR
AP, AH PQ B | JCRRRUR B 24 R AER L TR
2007 AEE IR B A AR 1

PQ i i A LA & 755 iz R Go ki, B i HE
MESE, PQ FHEE L BB, PQ 1 B 2k
SRR RAE SN AR PR TS DA O,
BHLE R . @ FALREL - PQ BE AN P24 K i
ROS, &t ROS i &AL I, AR 53+,
SEHLPU 5 @ KA : PQ FPESE, RPN
ORI, S 350 /N A A L 25 AR ML IR
@ T « PQ H A BE KA AR S e
iR 25 1 T (caspase) A1 A JR T-HIL I LA S 2o AR A
SHNTERZR SO /IVE E R aET " @ B
I/ FEREE (UR) #4453 - PQ v 83 Jim , e 4 458 ) 38
BE Bl Bk ] e 4 , i 5 SR AR N SV 7 21
ks, SECE R 5 & B bR : PQ RN
T BRE T, SR E AR A A MR A

B, SRR R R AR IR MR

BUN J2& B 5 45 4 5 AR s ), 225 /N Bkygad
AR BEE /NS I, A AR SR J2 2
LR, HoKF AT R R B DR # B . SCr
SE LR 4 43 fige 7= 40, A o S bl ' S AR A3 15
TEE IR IEH B B i H 01, BUN ) SCr ¥7EIE R
0 B 5 (HCS B /R 8 A A8 B B 0 H Al 50% DL
i, L34 BUN B SCr {3y 7H ' A Sz,
SCr &% BUN 7£ PQ " #)5 24 h %5 NS Xif B2+ i 7
50% ZeAT, GBI i K R SR AT O AR i B
ARSI IS T PQ B AKI AR Y 5 25T 5-ASA
FHIF PQ FhEEE LAY AKT 75 B RS S Thfig 11
HAGREN.

SOD {ifi P4 AT 1] 42 Sz W HLAA 5 o 450 PR 2L Y g
F1o MDA ZEEACRE A A Prbs sy, Je g B Ak
{22 =), AT [ 42 2 e 2 A48 45 A R AL A 200
32 H M EIGE e E A CAT R B ALY
PRI bR G, FoAR Y- DB N AL 40 P 2 A Ak &
(H,0,) 53 fift , JeAe L Wi Ak o Ft v gl 7 R i A=)
Bii 480 22 45 () SR . GSH 2 AL A P 5 7 22 1 A il
PEPUAAY) e B LA ALRE I RS R, &
BAE OISR H R S AEARSR TR IRATA
P, PQ HhEE AT K UL SOD 1A CAT, GSH
St BN MDA i, SRR s a0 T
2838 5-ASA 15, KR SOD {E M CAT, GSH 7%
IR TR, MDA 7B AT, B 5-ASA 7¢
PQ I EEITE R AKL Hh BATHL H h 5L K B E A
PrAER

Nif2 J&— R E B 3 S T MR LA S 5 R
b7 355 R 7 ) RBURR R AP 2, BT LAY 5 T i 25
LR PUAILESER F Tk VERR A A 3L, B BT
SEAVARTT A RGBT Nef2 ZEZER N BRI A S
R E B XREEMEM. PQ hHEE, HLIA™ 4K
it ROS, fiff Nef2 KA 5 2R b A LR, a0
SOD. CAT. 4 bt H kit S Ak M il (GSH-Px ) FIHE 5L
HO-1 251326352 HO-1 J& 14T 2 A B
A, IRLT 3 RSk E | — A bk (CO) X EH Y
fie =), WHEAPUEAAE . HO-1 H Nif2 477
A TENLRPLAAL IR T bR P R
YEM . PQ "8 25 255 2 S fh 8 i S 1 s L Ak
Pt I AR N AR S B, /N e
1] PQ H R, LR B B A 2l Nef2-ARE {553 i,
S Nef2 JE R R R 1 ek LR HBEE PQ HHagH



RS G T 2 RE S 2017 4F 11 45 29 %45 11 ] Chin Crit Care Med, November 2017, Vol.29, No.11

* 965 -

3N Bk B I ) A AL R AR ™ A R
SN, H H B Nef2 (836 M S b S A S R ) ek a7 3]
A AN E BRI R, AKT T
1% Nrf2 8 SRR R RIS, v B T %
A PR AR, SRR Nef2 FER I 324,
ARAIGZER BN, PQ HEEG 24 h B Nef2 F1
HO-1 25 A 85 NS X R AL B 8 T, i PQ
B ALK B B 0] B N IR T AN o B, 5 DA
WS RARTE ) S IR A T 5-ASA TR, 54
Zrp Nief2 2 HO-1 I 3RIA K PQ BRI i — 2T
15, U] 5-ASA AT LIVE R I Nef2-ARE {558 1%
B 259, 1 JE Nif2 J HO-1 BRIk X PQ T3
B A B R R
REAERIFFE 2R B, /51 70 1 7K A% BR AN 1T A R B AR AIE
REF K, EBR ROS, 41 il 48 1 42 AL P i (MPO)
PR O TN (1R N s S BT N R e G TN
B EH SRR E R A R PQ TR —
A ROAYT L BAMEIERY IR T I%
PEEE I R R KK (T 5-ASA Al 23004
BEREBIE . AR RER, 75 mgkg 1
5-ASA FJ LIy 4% PQ HEE T BN AKI, HR & B
B R S . BT R & BARYT PQ HEE Mk sz
o RH 1k 92 95 2F JR B RE R 2, PR T T PQ T B i B
YR FA A IR K TT K o AT 3RAT TR B,
5—ASA Xf PQ g B AKT EA GRIVER, ol LA
N FH TR IR PQ Hh [ BTRYT , HX) T 5-ASA
FEIE R A FH 25 70 15t S FH 2 ) ) i — 2D 5%
2i b, AN SO R AE PQ S ELAY AKT & 4%
HEAEH, 5-ASA AJ B L P87 Nef2-ARE 5 51
BRI PQ HEE S AKLL, B T PQ FhEEALHI 8 4,
PR A PR AIE B, 38 PR TS5 H At 2,
LA Nef2-ARE 5538 B 7E PQ Hrag vl LU & 4%
ZRAER, LML B[] 55 Nef2-ARE {5538
PR A I AN RS, A e — 2
S 2% 3Tk
(1] BFPE, Sk, i eh bk . A TRk o R LR R AT i
B (1], BT FT 4R . 2015, 44 (4): 167-169. DOI: 10.11969/
J.issn.1673-548X.2015.04.047.
Zheng D, Wu B, Lu ZQ. Mechanism and treatment progress of renal
injury induced by acute paraquat poisoning [J]. ] Med Res, 2015,
44 (4): 167-169. DOI: 10.11969/j.issn.1673-548X.2015.04.047.
(2] WS, 2500, BG5S AERE (L T 3 Bk eh
R UL VR s 57 I B 2 11K IPRIAZE R F - o« mRNA
Fe3K (1), PRGN ARES: | 2015, 27 (4): 274-279. DOI:
10.3760/cma.j.issn.2095-4352.2015.04.010.
Cao YF, Li JH, Ou ZX, et al. Inhibition of pulmonary nuclear

factor—kB and tumor necrosis factor—a expression by diallyl
sulfide in rats with paraquat poisoning [J]. Chin Crit Care Med,

2015, 27 (4): 274-279. DOI: 10.3760/cma.}.issn.2095-4352.2015.
04.010.

[3] Kawano Y, Akamatsu A, Hayashi K, et al. Activation of a Rac
GTPase by the NLR family disease resistance protein Pit plays
a critical role in rice innate immunity [J]. Cell Host Microbe, 2010,
7 (5): 362-375. DOL: 10.1016/j.chom.2010.04.010.

[4] BRE. 5- GHEKW R Gk RO 2RI 7 11 T8 S2 46 0F

FE D] AR - AHLEERREE | 2014,

Chen H. Experimental study on the therapeutic effect of

S-aminosalicylic acid on acute paraquat poisoning [D].

Shijiazhuang: Heibei Medical Unversity, 2014.

Suntres ZE. Role of antioxidants in paraquattoxicity [J]. Toxicology,

2002, 180 (1): 65-77. DOI: 10.1016/S0300-483X(02)00382-7.

[6] Blivc=s, JRWHLL, WA 45 . B0 0 W A I 11 5 i Xt

FIIRET S 3 SR AT T (1] TP AR T SRR | 2015,

27 (4): 250-253. DOI: 10.3760/cma.].issn.2095-4352.2015.04.005.

Lu YL, Zhou MH, Hu J, et al. Therapeutic effects of gastric lavage

with fuller earth combined with Qingyi Il catharsis in treatment of

oral paraquat poisoning in rabbits [J]. Chin Crit Care Med, 2015,

27 (4): 250-253. DOI: 10.3760/cma.].issn.2095-4352.2015.04.005.

JAPRK . A B PR IROA AR TRIE ()], PR TR A

FEESF | 2015, 27 (4): 241. DOI: 10.3760/cma.j.issn.2095-4352.

2015.04.001.

Lu ZQ. The treatment of acute paraquat poisoning: a long and hard

way [J]. Chin Crit Care Med, 2015, 27 (4): 241. DOI: 10.3760/cma.

J.1ssn.2095-4352.2015.04.001.

Amirshahrokhi K, Khalili AR. Carvedilol attenuates paraquat—

induced lung injury by inhibition of proinflammatory cytokines,

chemokine MCP-1, NF-xB activation and oxidative stress

mediators [J]. Cytokine, 2016, 88: 144-153. DOI: 10.1016/

j.cyt0.2016.09.004.

[9] Melegari SP, Perreault F, Costa RH, et al. Evaluation of toxicity and
oxidative stress induced by copper oxide nanoparticles in the green
alga Chlamydomonas reinhardtii [J]. Aquat Toxicol, 2013, 142-143:
431-440. DOI: 10.1016/j.aquatox.2013.09.015.

[10] Hong GL, Liu JM, Zhao GJ, et al. The reversal of paraquat—induced
mitochondria—mediated apoptosis by cycloartenyl ferulate, the
important role of Nrf2 pathway [J]. Exp Cell Res, 2013, 319 (18):
2845-2855. DOL: 10.1016/j.yexcr.2013.08.005.

[11] Chan BS, Lazzaro VA, Seale JP, et al. The renal excretory
mechanisms and the role of organic cations in modulating the renal
handling of paraquat [J]. Pharmacol Ther, 1998, 79 (3): 193-203.
DOLI: 10.1016/s0163-7258(98)00015-1.

[12] Z2pk, RS, 258 | M e A 59 /R IR B R

R AT RONER [J]. TR E P B4 A 2ok, 2016, 23 (3):
291-293. DOI: 10.3969/j.issn.1008-9691.2016.03.017.
Li Q, Song XJ, Li ZJ. Clinical observation on therapeutic effect
of Xuebijing combined with alprostadil for treatment of diabetic
nephropathy [J]. Chin ] TCM WM Crit Care, 2016, 23 (3): 291-293.
DOLI: 10.3969/}.issn.1008-9691.2016.03.017.

[13] Yoon SP, Han MS, Kim JW, et al. Protective effects of chitosan
oligosaccharide on paraquat—induced nephrotoxicity in rats [J].
Food Chem Toxicol, 2011, 49 (8): 1828-1833. DOI: 10.1016/j.fet.
2011.04.036.

[14] FACF  WERRK , A7, 55 . 253 B MORLX 1 2T 4 (bR B2k
F DU —Ras— 22 245005 A0 8 1 O3 5 5% 08 1 -
P 0] h ER T B A SRR | 2015, 22 (1): 28-32. DOL:
10.3969/j.issn.1008-9691.2015.01.13.

Wang YP, Dai ZQ, Wang D, et al. The interference effect

of traditional Chinese medicine Qingshen granule on signal

[5

[

—
~
[

[8

[

transduction pathway of fokal adhesion kinase—Ras—mitogen
activated protein kinase in rats with renal fibrosis [J]. Chin ] TCM
WM Crit Care, 2015, 22 (1): 28-32. DOI: 10.3969/}.issn.1008-9691.
2015.01.13.

[15] Liu B, Cao B, Zhang D, et al. Salvianolic acid B protects against
paraquat—induced pulmonary injury by mediating Nrf2/Nox4
redox balance and TGF- 1/Smad3 signaling [J]. Toxicol Appl
Pharmacol, 2016, 309: 111-120. DOI: 10.1016/j.taap.2016.08.004.

[16] BFEF  IRA K AR AR B /N R B 300 5 J7 16 i BT 9 i
J& ). SRR EEITZ%E |, 2014, 6 (2): 121-123. DOL: 10.3969/
J.issn.1674-7151.2014.02.015.

Lyu SP, Xu YL, Zou XS. Research progress in determination

methods of glomerular filtration rate [J]. Chin J Clin Pathol, 2014,

6 (2): 121-123. DOI: 10.3969/j.1ssn.1674-7151.2014.02.015.
[17] Zhao F, Shi D, Li T, et al. Silymarin attenuates paraquat—induced



* 966 - s B 2 BBE 2 2017 4F 11 J145 29 445 11 8] Chin Crit Care Med, November 2017, Vol.29, No.11

lung injury via Nrf2-mediated pathway in vivo and in wvitro [J]. 27 (4): 280-284. DOI: 10.3760/cma.j.issn.2095-4352.2015.04.011.
Clin Exp Pharmacol Physiol, 2015, 42 (9): 988-998. DOI: 10.1111/ Liu G, Song DM, Jiang Y, et al. Expression of heme oxygenase—1
1440-1681.12448. in lung tissue of paraquat poisoned mice and its significance [J].
[ 18] Amirshahrokhi K, Khalili AR. Carvedilol attenuates paraquat— Chin Crit Care Med, 2015, 27 (4): 280-284. DOI: 10.3760/cma.
induced lung injury by inhibition of proinflammatory cytokines, J-188n.2095-4352.2015.04.011.
chemokine MCP-1, NF-kB activation and oxidative stress [ 23] Saito H. Toxico—pharmacological perspective of the Nrf2—Keapl
mediators [J]. Cytokine, 2016, 88: 144-153. DOI: 10.1016/ defense system against oxidative stress in kidney diseases [J].
j-¢yt0.2016.09.004 Biochem Pharmacol, 2013, 85 (7): 865-872. DOI: 10.1016/
[ 19 ] Ding YW, Zhao GJ, Li XL, et al. SIRT1 exerts protective effects j-bep.2013.01.006.
against paraquat—induced injury in mouse type I alveolar [24 ] Tzumi Y, Yamamoto N, Matsushima S, et al. Compensatory role of
epithelial cells by deacetylating NRF2 in vitro [J]. Int ] Mol Med, the Nif2-ARE pathway against paraquat toxicity: Relevance of 26S
2016, 37 (4): 1049-1058. DOI: 10.3892/ijmm.2016.2503. proteasome activity [J]. J Pharmacol Sci, 2015, 129 (3): 150-159.
[20 ] Kumar V, Kalita J, Bora HK, et al. Relationship of antioxidant and DOI: 10.1016/}.jphs.2015.09.003.
oxidative stress markers in different organs following copper toxicity [25] Liu B, Cao B, Zhang D, et al. Salvianolic acid B protects against
in a rat model [J]. Toxicol Appl Pharmacol, 2016, 293: 37-43. DOI: paraquat—induced pulmonary injury by mediating Nrf2/Nox4
10.1016/j.taap.2016.01.007. redox balance and TGF- 1/Smad3 signaling [J]. Toxicol Appl
[21] TH, HHoe , Mre, 45 . Nef2 (550 BeAe B s f ko Pharmacol, 2016, 309: 111-120. DOI: 10.1016/j.taap.2016.08.004.
PEIE (7], IR &2 24 | 2016, 17 (10): 812-815. DOI : 10.13201/ [26 ] Dinis—Oliveira RJ, Pontes H, Bastos ML, et al. An effective antidote
J-issn.1009-5918.2016.10.022. for paraquat poisonings: the treatment with lysine acetylsalicylate [J].
Wang Y, Jiang SR, Yu AY, et al. Advances of Nif2 signaling Toxicology, 2009, 255 (3): 187-193. DOI: 10.1016/j.t0x.2008.10.015.
pathway research in renal diseases [J]. J Clin Emerg, 2016, [27] Skalova S, Dedek P, Pozler O, et al. Mesalazine—induced
17 (10): 812-815. DOI : 10.13201/j.issn.1009-5918.2016.10.022. interstitial nephritis [J]. Ren Fail, 2009, 31 (2): 159-161. DOI:
[22] XN, RAME VLT, 55 MRS -1 {52 A g 10.1080/08860220802595922.
/INEUTELE AR (1) 3k B R S (D). AR fE T SR e, 2015, (ks B - 2017-08-16)

- ARG BT -
2017 £EEPFRRIZEFZAKSIE

2017 AEEPR A ESR KT 11 7 24 HE 25 HAERTHES R F .
1 KRKFER : 22EZE - DFRE I MRS, EiR22E2E RSB EFATIEBER RN 212 EEE
23, 2R i B AT RO R i AR O SR AR AR RIS TR £ 0 AR B R “HR AT RISAE”, 3 i i
YF L JBERAE I A SIS B A K R T ) R R R, HE 8 202 B2 i HE D RN, S ) O S A R e i) BE 7 28
MY R
HL BN - A EBREE BEPME T
EEhHh A < TP
H B : 2017 4 11 A 23 H& 27 H
wARRRE O RN 300 BT (& SIS S BOHRIZS R . RESTORE, I E RSN B AR B ZARR M T-Le 081,
Q@ SR H R AHEZ A , TR K TP ALK AT 30 , 2 HF R AHIE
6 BXZEA : &I, i . 010-56126719, HBAE - hongshengtianxia@sina.cn, [k : www.aihce.com

n A W N

2018 22 38 mEEEMIPFTEI2EFZAKESEM

2018 4F4 38 Ji EFR EAE AP 22 R 2 T 3 1 20 H 2 23 HAE LRI & 28R E T
1 KSIER : EFREAE Y 22 KSR Erasme KM JE BB, A S 227K H i KRS FE M3 SR e 224 e T LR
FREWEY I 22 EE A IE RN 1Y . XS 3 H 247, B 1980 4R iZ S B g A HA T P K &Iz —,
HAETIE S| T 6 090 £42F H S 2.
F BN : E PR SRR RS
HLBAL - A FEBREE BEPME L
iEEhHhe < HLA A SE K
HERE 2018 423 H 19 HZE 25 H
WEZRERFE D KN 2018 4E 1 10 HAT 390 BRIT, 2018 4F 2 H 28 H i 475 Kkyt, 2018 4E 2 H 28 HJ& 490 Wit
(WESWUAGS  SUOHE RS RSTOR, FENS ISR RRENFEN) ;@ SaRE W HRTEZIRA,
IR 2R K2 By & T i , ZEHE T 25IE
7 BERA : 50, G . 010-80877099, HFAf - hongshengtianxia@sina.cn, M1k : www.aihce.com

A U A W N



