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Curcumin alleviates acetaminophen-induced acute kidney injury by regulating
the Trx-1/TXNIP/NLRP3 signaling pathway in rats

LEI Huan', GUI Ying', DENG Qin', LIU Ziyuan', ZHANG Wei', MEI Zhinan®, XU Lingyun'”
(1. School of Life Science and Technology, Wuhan Polytechnic University, Wuhan 430023, China.
2. School of Pharmaceutical Science, South-Central University for Nationalities, Wuhan 430074 )

[ Abstract] Objective To explore the protective effect and mechanism of curcumin (CUR) on acetaminophen
(APAP) -induced acute kidney injury in rats. Methods Forty-eight male SD rats were randomly divided into normal,
model, positive, CUR low (50 mg/kg), medium (100 mg/kg), and high (200 mg/kg) dose group. After intragastric
administration of N-acetyleysteine ( NAC) and CUR for 10 days, acute kidney injury models were established by
intragastric administration of 2 g/kg APAP. After 24 hours, blood was collected and kidneys were collected, the kidney
index was calculated, the levels of serum creatinine ( Cr) and blood urea nitrogen ( BUN) were measured. Pathological
injury of the kidney was evaluated by HE staining, activities of glutathione ( GSH) , total superoxide dismutase (T-SOD) ,
and catalase (CAT), and the malondialdehyde (MDA) level in kidneys were assessed. Expression of Trx-1, TXNIP, and
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NLRP3 inflammasome in kidneys was detected by Western blot. Results Compared with the normal group, the kidney
index and the levels of serum Cr and BUN in the model group were increased significantly ( P<0.01) , pathological sections
showed obvious lesions in the kidney, activities of GSH, T-SOD, and CAT in kidneys were significantly decreased (P<
0.01), the MDA content was significantly increased ( P<0.01), Trx-1 expression in the kidney was significantly decreased
(P<0.05), and expression of TXNIP, NLRP3, ASC, Cleaved caspase-1, and mature IL-1B was significantly upregulated
(P<0.01). Compared with the model group, the kidney index in CUR medium, and high dose groups was significantly
decreased (P<0.01), pathological damage had improved, levels of serum Cr and BUN were decreased ( P<0.01),
activities of GSH, T-SOD, and CAT in the kidney were increased, MDA content was decreased (P < 0.05 or P < 0.01) ,
Trx-1 expression was significantly increased (P<0.05 or P<0.01), and expression of TXNIP, NLRP3, ASC, Cleaved
caspase-1, and mature IL-1B protein was significantly downregulated ( P < 0.01). Conclusions CUR pretreatment
alleviates acetaminophen-induced acute kidney injury by regulating the Trx-1/TXNIP/NLRP3 signaling pathway in rats.
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Table 1 Effects of CUR on kidney index and serum Cr, BUN in rats with APAP induced injury

el B A %) Cr BUN
Groups Kidney index ( wmol/L) (mmol/L)
1iE % 41 Normal group 0.83 + 0. 06 36.23 + 11.32 10.27 + 1.03
KEH 2 Model group 1.06 + 0.08" 76.49 + 17.22% 26.82 + 8. 66"
FHA: 2541 NAC group 0.89 +0.15" 43.76 + 9.80 " 15.87 + 6.37 "
LW ELH 41 CUR-L group 0.89 = 0.09* 52.87 £ 19.11° 17.20 + 3.68
ZFE P F R4 CUR-M group 0.88 +0.15* 43.84 + 18.11™ 13.90 + 1.98 ™
LW EE A4 CUR-H group 0.81+0.10* 38.97 + 10.66* 12.69 + 1.86**

o HIERAMIL, " P<0.01; SHA LU, “P<0.05, “P<0.01,

Note. Compared with normal group, **P<0.01. Compared with model group, “P<0.05, **P<0.0l.

&2 CURXREE 4L T-SOD GSH [ CAT & ¥ 2 MDA & & (9 1] (2£5,n=8)
Table 2 Effects of CUR on T-SOD, GSH, CAT activities and MDA content in rat kidney

21 51 T-SOD GSH

(U/mg Pro)

Groups

(wmol/mg Pro)

CAT MDA

(U/mg Pro) (nmol/mg Pro)

iE % 20 Normal group 418.26 + 33.15 2.28 +0.28 156.99 + 16. 05 0.94 + 0.24

#i 1 2 Model group 311.32 = 53. 66" 1.29 + 0.26* 94.55 + 29.39* 2.05 + 0. 42%

P25 40 NAC group 378.93 + 51.45° 1.60 + 0.24 " 140.81 + 32.77" 1.30 + 0.18*
£ ZLH 41 CUR-L group 352.80 = 41. 89 1.49 = 0.21" 129. 54 + 27.95 1.52 + 0.26
L ZFFI 4 CUR-M group 376.43 = 49.96 1.57 £ 0.20" 132.78 + 29.34" 1.31 = 0.24™*
LR EHF R4 CUR-H group 378.24 + 31.35° 1.73 £ 0.33™ 143.00 + 12.48" 1.26 = 0.32**

W 5ERAME, ¥P<0.01; SEBYA AL, “P<0.05, *P<0.01,

Note. Compared with normal group, **P<0.01. Compared with model group, *P<0.05, **P<0.0l.
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Figure 1 Effects of CUR on pathological injury of rat kidney

R 3 CUR B APAP i T 19 R B 41 840 B2 A8 1
Table 3 CUR alleviates APAP-induced histopathologic changes in kidney tissues of rats

B A A 1

2531 ; 7 W4 A BNEY K Fe A RIER M
Degeneration of X _ i . -1 .
Groups K i Hyaline casts Tubular dilatation Congestion Inflammatory infiltration
Epithelial cells
1E# 4 Normal group - _ _ _ N
HR 2 Model group +++ 4+t 4+ 4+ et
BH 2540 NAC group + + + _ +
FZHFZLH 4 CUR-L group ++ +++ ++ ++ it
LWE P =4 CUR-M group + ++ + N N
L FE E A A4 CUR-H group + ++ + _ N

W TR AR+ DR (<25% M GUZ M) 5 ++: 5 (25% ~50% M LVZ M) s +++: P H (51% ~T5% AR Z W) 5 ++++ AEH T HE (>
T5%HAZTEMW) o

Note. =, No pathological change. +, Mild( <25% of sections). ++, Moderate(25% ~50% of sections). +++, Severe(50% ~75% of sections). ++++,
Very severe(>75% of sections) .

R4 SHKRBE AR Trx-1/TXNIP/NLRP3 S8 AE /MACGH B 11 R I8 L (v£s,n=8)
Table 4 Comparison of Trx-1/TXNIP/NLRP3 inflammasome pathway protein expression in rat’ s kidney tissue of each group

2H 5 Trx-1 TXNIP NLRP3 ASC Cleaved caspase-1 Mature IL-18
Groups /B-actin /B-actin /B-actin /B-actin /caspase-1 /1L-18
ERA

0.82+0. 04 0.60+0. 04 0.58+0.03 0.84+0.03 0.74+0.03 0.60+0. 03
Normal group
g
B 0. 67+0. 03" 0.92 £0. 03" 0. 960. 03* 1. 110. 03* 1. 11x0. 04* 1.07£0. 04*
Model group
PEZEY
FEZ5 4 0.92+0.03 ™ 0.61+0.04 ™ 0.64+0.04 " 1.03+0.04 0.68+0.07 ™ 0.77+0.04 "
NAC group
H4
E 0.67+0.03 0.73+0.04 ™ 0.99+0. 03 1.00+0. 06 0.86+0.02 " 0.89+0.04 "
CUR-L group
Iy
ERR TR &4 0.78+0.04" 0.63+0.05 ™ 0.75+0.02 " 0.96+0.02 ™" 0.63+0.06 ™" 0.82+0.03 ™
CUR-M group
=1 4
EHRFA R 0.79+0.02 " 0.60+0.06 ™" 0.73+0.04 ™ 0.74+0.04 ™ 0.67+0.06 " 0.82+0.06 ™
CUR-H group

T SIEHAMIL, "P<0.05, "P<0.01; SHOMAIAH, "P<0.05, TP<0.01,
Note. Compared with normal group, *P<0.05, *P<0.01. Compared with model group, *P<0.05, ““P<0.01.
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Note. A, Normal group. B, Model group. C, NAC group. D, CUR-L
group. E, CUR-M group. F, CUR-H group.
Figure 2 Expression of Trx-1/TXNIP/NLRP3 inflammasome

pathway related proteins in kidney tissues of rats
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