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(1. ¥ EASEHBEER SRR, #E K7 410008; 2. HEgkhT8E—ER "ERA,
WME K 410005 ; 3. PEAFMEER A KEDEAR
EFHELKE, HE K 410007)

HE . BH WREFTAECH (Nef) A BBAERBZLIH , ik HRINEHRKRRLESE N F Lk
i (NRK-52E ), 2 AR, HF4E., S4BME. Nef ., 4R RIX (ZnP) 44 HO-1 Ml A, R
| CCK—8 k4 4 i % 71, Western blot 4| fe 4t Z BB 1 (HO-1) #= P67 & & #9 & ik, DCFH-DA 4%
Arem ERER (ROS), 15 AAEFEEN HO-1 BRiEHE, TBA Him &= (MDA), &R LHarmga
YA, B ABL e AR FEAT P67 F A I n, ROS = MDA A&7t &, & D T (P<0.05); 5&bat
5, Nef 20 HO—1 % @ Rk el F 3 hn | P67 F AL, ROS ﬁu MDA 428V, i H L (P <0.05);
HO—-1 47 ] 4848 Nef 28 LR AF A 33 (P <0.05), Z5if Nefi@id i § HO—1 ZA 3 m LB M, A
WA B ¥R SR 0 NRK-52F 28 0 B AL B35

KR . PAE O ; it A mAEE 1 ; KRES YT Lk min ; BAL R
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Mechanism of neferine in antioxidant stress

Xiang-dong Liu', Hui Li’, Cheng-zhi Wang’, Huan-dong Zhao, Ping Xiao'

(1. Department of Nephrology, Xiangya Hospital, Central South University, Changsha, Hunan 410008, China;
2. Department of Respiratory Medicine, the First Hospital of Changsha, Changsha, Hunan 410005, China;
3. Key Laboratory of Nanobiological Technology of Chinese Ministry of Health, Xiangya Hospital,
Central South University, Changsha, Hunan 410007, China)

Abstract: Objective To investigate the effect of neferine (Nef) on oxidative stress and its mechanism.
Methods NRK-52E cells (normal rat kidney proximal tubular epithelial cells) were cultured in vitro and divided
into six groups: control group, Mannitol group, high-glucose group (HG), HG+Nef group, zinc protoporphyrin IX
group (ZnP) and HG+Nef+ZnP group. Cell viability was detected by CCK-8. The expressions of heme oxygenase-1
(HO-1) and p67 were detected by Western blot. Reactive oxygen species (ROS) was detected by DCFH-DA
probes. The level of malondialdehyde (MDA) was measured by TBA and the activity of HO-1 was measured by
TBIL. Results Compared with the control group, the oxidative stress indexes p67, ROS and MDA were increased,
but the cell viability was decreased in the HG group (P < 0.05). Compared with the HG group, the expression and
activity of HO-1 and cell viability were increased, but the expression of p67 and the levels of ROS and MDA were
decreased in the HG+Nef group (P < 0.05). The effect of neferine mentioned above was reduced in the HG+Nef+ZnP
group, compared with the HG+Nef group (P < 0.05). Conclusions Neferine attenuates oxidative stress injury in
NRK-52E cells by inducing HO-1 expression and increasing its enzymatic activity.
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FH LS5 OB ( Neferine, Nef ) J& MAGE 0 HH2HL
R — RPN I e R A P BRI, R
YU . PUAIEI . R 2B . S RAE AR
PR S A W AR T AEXE T Nef ZE8E IR
HRPE T SAIL 1 AN TS A o ASBIFSE LA RS 77 K B
i B /NG E M (normal rat kidney proximal tubular
epithelial cell, NRK-52E ) & il ¥ bR (45 M i S A%
AU, SR Nef BEATTH, WERAHNEIG J) . £LZm
i 1 (heme oxygenase—1, HO-1 ) RIS BLFE AR A
AR, RIE Nef TEMEIRA R B9V B . WL
K1, 2.

MeO
MeO P H
[CHQ

o

OH

OMe
Nef L 245+

& 1

B 2 NRK-52E i1 ( x100)

1 #R5EE

2R 5t 7
NRK-52E 4fi fg bk ( rf B B2 Be b i 40 i 4 ),
DMEM 21 g 1% 3% 3 ( 3¢ [E] Hyclone 22 ®] ), Jif 4 IfiL
i CPEBN YRR A TR RA ), Nef
(P ERESECEYHARARAF ), D- ToK#EE b
(PEIEEFEEEREARA ), BEEANMKIX (zine
protoporphyrin IX , ZnP VRIH &7 B0 H 55 Sigma /NGIR
HO-1 HL{& M P67 HLiRIA [ 3 E Abcam AH], B -actin
Pk ( 36 [ Cell Signaling Technology /A 7] ), CCK-8

1.1

( BAEA AL AW T ), BAHZEZE (total bilirubin,
TB). 7EPESA (reactive oxygen species, ROS) MW —
1% ( malondialdehyde, MDA ) I 5 187 & g [ v [
SR RVEY) TRV T, iR FEA ( H A SANYO
oA, EEARAL ( 9218 Bio-Tek AW ), HLIKAXL (3
[l BIORAD /A 7 ), Fluor Chem R Z B & 43 HT &
4t (9 ProteinSimple A H] ), N4l ( 2 BD
Biosciences 2\ ).,

1.2 A&

12,1 3ddc ¥ NRK-52F 4G94 5% R
7RI DMEM {RBEEIREE, T 37°C, 5% 4Lk
CO, AR FRA SR, 4 1, 2 RIEMRIGIRIE. i

KIEHRIEZ) 80% ), ¥ 1 = 3 ~ 1 @ 5 HFATIEA, B
XPECH 20 it T 5256
122 @iy Sk 6 A - OXIRA, FHIE

O A VR BE (5.5 mmol/L) 1 DMEM 1% 35 L 1% 3%
AP, ATRRGHE ; QEBA, TEX A A
38.9 mmol/L HEEEE, fERBELNI"Y ; @rbEd,
T JE 7K 6 % W5 DMEM 15 5% 3 v 2 255 4 vk 8 35
44.4 mmol/L, AERHEIRIA B s (RS 4 i S g iy '
@ Nef 41, 74P A 2w mol/L Nef 5 3 HO-1
I, 78 Nef 4090 H1A 10 w mol/L HO-1 45 S fif
TEPEANEIF ZoP 5 © ZnP 21 XFREZH P 10 o mol/
LZnP, R4 20Tt EI428 24 he

123  CCK-8:#%  RHA] CCK-8 ¥ K i 20 A 3 1.
WU NRK-52E 20 i Fke T 96 fLAR, 20 i %% B
2000 4~/ fL, HiFE 12 h G, A S AR b B
2GS FL AR 2595 24 h, T 10 w1 CCK-8 i
FIF 37 CAMIBEFRA TG 2 b, d5cJe il FH A bR Uk
M25£L 450 nm AEWOGRE . FIRSCE IS Hik = 3 IR,
1.2.4  Western blot #& | K FH Western blot ¥ il
HO-1 F1 P67 )33k, {1 FH RIPA 20 if 224 it ok 24 vk 4%
YN, YR RS . 1 10% SDS-PAGE HEfHL
VKT 50 e, PR R (250 mA, 2 h)
£ 045 m fLAER PVDF B 5 & 5% G4 136 &
FI TBST &6 2 h; W5 T 4°CIFE —$iad i (HO-1
e 1 2 20000, P67 Al B —actin HL 1 1 = 2 000 ).
JH TBST YRR 3 Y&, 10 min/ K, IMAZH T EIEEE
1 h 5 TBST PEBEPERE 3 YK, 10 min/ K, f5ee i B AL
ECL k2% & OH 85, 1 Alpha-View 84 2E17 K i
fH53H7 .

125 DCFH-DA #4 R DCFH-DA #RE A
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ROS. BUSECHANMEA T 6 fLik, RHiFifaE 12h 5
i, ISR A BRZH 25 B SR AR S5 5 21 h,
I 8 wmol/L DCFH F 37°CHFHE 3 h, FIEFHEW,
e PBS % 2 i, JINATJC EDTA B RgEEE 1L I 4E
4, FA PBS FRUREEDE 2 8, JA PBS B&: (4@
B 10 x 10° A /ml ), e (o FH 3t =X 4 A SR 00 &4t
WPEES (K 500 nm, & 5K 525 nm),
K H Flowjo 7.6 AV HEATEE 5L 30 "7, SEg kT B
523K,
12.6  TBfe MDA #9m  AU4EF TR0, K5
FERE 12 h JGH, A AN b 32 22540 1) 1 F 4k
SEREFRE 24 h, WERANAD, F2 REARIETR S im0
SEAIN TB I MDA, Il A0 ML S AR A iR AL
( nmol/mg )o
1.3 SitERHE

BAE MR SPSS 18.0 Fei T8, TR TR
PP = bR (x+s) Fon, BT 2007, Wim
A LSD—t K6 36:, P <0.05 HESAGH %5 X,

2 %

2.1 Nef 3t & 18 1% 75 19 NRK-52E 4 B i& 71 49
Al

XPHA ., ZoP 4. S B UL, = M4l Nef 41,
HO-1 #5020 B 28 B35 153531124 (100.00 + 8.33) %
(84.18 +6.64)% .(91.30 +10.62 )% ( 73.88 +7.82) %
(108.16 +12.12) % Fl (84.26 +11.57) %, &7 24>
Mr, Z5A%1%E X (F=10.837, P=0.000), #—
A A2 LSD—1 K556, ZnP 4. S84 A AN LTS
TSR RAL A, 2RI E L (P >0.05); &
WELL AN TS F7 I T4 BRZL AN Nef 41 (P <0.05) 5 HO-1
IR0 2 0 B IR T Nef 40 (P <0.05 ),

XTREZH NRK-52E it 77 4( 100.00 £ 10.71 )%,
0.0, 0.5, 1.0, 2.0, 4.0, 6.0, 8.0 il 16.0 p mol/L
Nef 20 9 40 Jf2 3% J1 43 5 R (76.67+9.99) %.
(81.11 £7.68 )% .(90.11 +7.41 )% .( 103.81 + 15.81 )% .
(114.08 £ 10.19 )% .( 116.21 +5.59 )% (9430 = 7.11 )%
M (53.16+£729) %, & 00, EZRAGITF
X (F=17333, P=0.000), #— %MWM LKSE
LSD—t #:5, 0.0 w mol/L Nef ZH 4 Jid 1% 1% T %} B 41
(P <0.05) ; 16.0 . mol/L £H 4fl g 3% J1 1% F 0.0 . mol/L
Nef 2 (P <0.05); 2.0, 4.0, 6.0 il 8.0 . mol/L Nef 41
YIS S35 T 0.0 wmol/L Nef 4., LI 3.

2.2 Nef 3t HO-1 #1 P67 & B RIZHI N

221 HO-1%% X4 HO-1 EHMXTERIAEN
(1.00+0.00), 0.0, 0.5, 1.0, 2.0 F1 4.0 pmol/L
Nef 20 HO-1 £ 1 A %F 3k 553 38 (1.34£0.10),
(1.58+0.30),(222+0.47).(2.96+0.39 ) F1 (3.62 +
0.19), &JrZmtr, ERa5it¥E L (F=36.778,
P =0.000 ). #—LBPHLELE LSD—t K24, 0.0 e mol/L
Nef 20 HO-1 & I AHXT Rk i 5T i, 225700
Giit#mE L (P >0.05); 1.0, 2.0 F1 4.0 w mol/L Nef £
HO-1 % 12635 7K F-& T 0.0 w mol/L Nef 2H ( P <0.05 ),
UL 4

191w

T E=3 Nef 2

NI T 1%
g o -
wn (=]
~ P — —

1:0.0mol/L Nef ;2 : 0.5 wmol/LL Nef ; 3 : 1.0 o mol/L Nef ; 4 :
2.0 mol/L Nef 5 5 : 4.0 mol/L Nef ; 6 : 6.0 . mol/L Nef 5 7 : 8.0 . mol/
L Nef ; 8 : 16.0 . mol/L Nef, TE 0.0 p mol/L, Nef H#z, P <0.05

B3 AEREE Nef Xf NRK-52E 2R A& 1B 2201

(x+s)

1 2 3 4 5 6
HO-1| e -

1: XJHEZE 5 2 0 00w mol/L Nef 5 3 : 0.5 pmol/L Nef ; 4 : 1.0 wmol/L
Nef;5:2.0 w mol/L Nef; 6:4.0 . mol/L Nefo T 55 0.0 wmol/L Nef M%7,

P <0.05

B4 RERE Nef 3f HO-1 1 P67 EAFRIEHEN
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222 P67& G X R4 P67 & MM X A B
9 (1.00+0.00), 0.0, 0.5, 1.0, 2.0 Fl 4.0 mol/L
Nef 21 P67 5 1 A X 2 35 £ 43 5l O (2.02+0.21),
(1.70£0.13), (1.56£0.08), (1.31+£0.09)
(1.16+0.15), & 0, ZRAGITt7FEX
(F=25.728, P =0.000) ( VL& 4), #FE—LPM L
LSD—t K3, 0.0 pmol/L Nef 2 P67 45 11 3¢ ik /K - &
TR (P <0.05); 0.5, 1.0, 2.0 F1 4.0 w mol/L Nef
2H P67 125K FAE T 0.0 p mol/L Nef ZH( P <0.05 ),
XHHRZH . EB . L. Nef 41, HO-1 fiiil52H |
ZnP 21 P67 A X B i 41508 (1.00 £0.00 ),
(1.08+0.17), (1.75+0.15), (1.32+0.22),
(1.98+0.13) 1 (1.19+0.03), &0, BRA
iitarE X (F=23.629, P=0.000) (VL& 5), #F—
PP S LSD— Kk, bl P67 &M RIBAKF
BT R4 (P <0.05) 5 Nef 2H P67 45 136 % /K EAIK
F R4 (P <0.05); HO-1 #1541 P67 & 1 £ 1k
JKEE T Nef 4 (P <0.05 ),
2.3 Nef 3t HO-1 EgiE %I B0

XA, ZnP A, "B 4. WAL, Nef 41,
HO-1 #5410 HO-1 BS54 (0.75 £0.13 ),
(0.57+0.10), (0.87+0.17), (1.07+0.11),
(2.90+0.29) F1 (0.66+0.12) nmol/mg, % J5 2% 4%
Mr, 25651152 X (F=86.536, P=0.000), if—
AP AL LSD— K555, mibiZl HO-1 Big& e T
XFHEZH (P <0.05) 5 Nef 41 HO-1 i 1% M v T v A 24
(P <0.05) ; HO-1 #1357 41 HO-1 B35 PEAR T Nef 41
(P<0.05),

XFHRZ HO-1 EEETE (0.75 +£0.13) nmol/mg, 0.0,
0.5. 1.0, 2.0 1 4.0 w mol/L Nef 41 () HO-1 if§ T5% 1
4% 5 A (1.07£0.11), (1.46+0.20), (2.03+0.24),
(2.90+0.29) Al (3.52+0.35) nmol/mg, &J5253H7,
ERAGIHFE X (F=63.828, P=0.000), #F—£H
Wi A28 1LSD— K656, 0.0 o mol/L Nef 20 HO—-1 FTG 1
XA, 2R TsgiEE L (P>0.05);1.0, 2.0
1 4.0 . mol/L Nef 4H ) HO-1 it 1 1k 25 T 0.0 . mol/L
Nef 241 (P <0.05). VLI 6,
2.4 Nef 3t EHEIEFRHI NRK-52E 4if ROS 7k £
Eap=A

XPHRZH, mB A, w4, Nef 20, HO-1 4
il 77 4 . ZnP 4114 ROS 43 51 28 (1539.16 + 882.07 ).
(2564.16 + 1550.08 ).( 13342.50 + 1952.24 ).( 5077.83 +
611.45).(16175.83 + 678.36 ) Fll (2248.16 + 1592.09 ),

27 2 HT, 2R A 3T B L (F =69.49,
P =0.000 ). #E—FM L2 LSD— K5, SEbEd
ROS /K- T X B4 (P <0.05) 5 Nef 0 ROS /K F-1ik
TEMiZH (P <0.05); HO-1 #4154 ROS /KF = T
Nef 4 (P <0.05), WK 7,
2.5 Nef 3§ MDA KI5

IR, P 4, mB A, E B4l Nef 4,
HO-1 411 il 5 20 &9 MDA 43 5] & (0.381+0.036 ),
(0.536+0.031), (0.492+0.039). (0.914 +0.093 ).
(0.472+0.070 ) F1 (1.038 £0.088 ) nmol/mg, % J7
Zo0r, ERAGIHEE X (F =52.016, P =0.000),
PE— 25 W A 4 LSD— K3 56, = i 4 MDA JK S
BTN R4 (P <0.05) 5 Nef 20 MDA 7K Ik T 25 4
4 (P <0.05); HO-1 #1240 MDA 7K 15 F Nef 41
(P <0.05),

3
S
',

SIS

RS
SISIIIINN:

S

N
SN

ASSSASANAANALARARAARAR AR AN
SSSSASNSAN

ARAIIIIIIIS NSNS NN

T

5 6
. Nef4l; 5. HO-14

1. XPHR4; 2. W)
T4 ; 6: ZnP 41
5 AEIEE P67 EARIEKFEILE

W

T g
E=Nef 41

A~
il

W
1

—

HO-1 fiFiG1E / ( nmol/mg )
o

o

1: 0.0 wmol/L Nef; 2: 0.5 mol/L Nef; 3: 1.0 mol/L Nef;

4: 2.0 mol/L Nef; 5: 4.0 uwmol/L. Nef, T 0.0 mol/L. Nef 552,
P <0.05

6 AERE Nef xf HO-1 Eif AR AT

(x+s)
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1
2
3
/\\ 4
5
gl NAO :
R
=2
F
0 10° 10° 10* 10°
FITC-A
20 =
15 -
£ 10 4
a1
5 4
0

1. XPTBZH; 2. EB4H; 3. EFE4L; 4. Nef4H; 5: HO-141
HIFIH; 6: ZnP 4
B 7 AE4IEHE ROS BT

3 g

AL R A A 2R B A RN ) R R A e 47
e T E e ROS AT AN N A . AR
B B S, B R AR, BT
AT AER RS, HE B SEEE T , FE R
JiH, NADPH %8 AL BEE PRI . ZRbiiR Tl fE Rars 25
SHROS PR L, A YR | i RS
AW H et E AL TR BE R [ 51 ROS TEBRRRR
REFEROS AR, LA RREAE T2 AN
ARZS M AEWE BRI BEHE , ROS AT B0 05 I 1 B i
SEARM . PR ANMRNE /N S A, R T A
ZIURRAE IR (M C, BRI IE e
[T 4Efh, HeAFEER R S BRTIGIR
R AR . 4i4: K E SRR IR ALY
BaGTT, BIrRCa R, Wik SR E 2 aa Skt
NSRSz e,

L0 P 23 0 HA R L B0 | kI ISR DAL
Nef J&¥EF O M EZ Sy, DIEME RN, A
AHUE . PO | UM Pierditk . Bk
ST =R AR ONE IR i () I N 1 S S R
Bi% NRK-52E 41, 5 il PRI B R S S g iy ™

T K I NADPH 4 LR . ROS. MDA K 4H i 7,
TESZ = AT DL S NRK=52E 4 0 3 48 Ak i ik, 5
FAMIIE SR, IF R L Nef AT UEAR 1R 5
Pie

NADPH FAbiHE 4 ROS £ 2, 5EIA
TR DA, t 5 AR A « 2 I IE gpol |
p22 AR AR, 3 A5 p40., pd7. p67",
AT AT Western blot K P67 W3k, St NADPH
SRR s AL R . HO-1 J2 afn 21 ARG 56
B, I RATEGEANULENE, RN R )
fift Rl — kA CO. IRGER A Fe™, HAFFIRIMA . Bt
% PrEAALRI BT T AR L ZEERE, HO-1
TR T B /NS LR AN, AR R s N
SEAEMBERE, B/NER . AR B LT A
3k, B A S B6- 6 8% NRK-52E 40 BAE RIS o 4 2,
HO-1 j2—Fh i U, HAT A0 ) e 3222 f AR
WAL Z A CO j= A, I AESER i R IR 2T
RIMVR R R B HO-1 (BTG = . HO-1 HLfk
MR RS ER S A O, MGG, A5
B A8 FH 0 ZnP 52 5 HO-1 B M b O Sk 25 4
AT HO-1 BT RE, (HHXF HO-1 (38 TCHn
ER, EE2PUOEEE T, SEURYMER, Sanifd
PE HO-1 [k *, ARWF5E 8 i K HO-1 Ay ik
FEGEPE, I WA mbE4L . Nef 44 F0 HO-1 #1114l
FIVA AR, L [R] B A DU R LG % 41 P67 3Rk /K
S YA S . ROS B MDA, 455 & 3 Nef 7] DA% S
HO-1 (A INBEG 4, AR b P67 F68 A,
ROS #l MDA TR, AHALIE Ji3&hm 5 44l HO-1 %
PRI, Nef FRVERITEG, fUERE Nef HATHT4A 0N
BAERT, T EZAEH R HO-1 5230

ZE BRTIR, ARG R B Nef 5 S HO-1 £ik
JERNEEE P, M0 NADPH A LB RS, S
H ROS Wb, JR BT SIS, AR i
MNTTAR P AL ASSCUE S e W T 35 S A D S 3
Nef HAHLEACRIEAER, IFHRSE Nef & ALN L)
FAHLEL, Rl PRI RS 1B AUk Ny 0 £ B
HEBT R BN SCIAKYE , N Nef 1 )5 £ 5250 AN R N
FFT R 928 5 mt . (AW R IR T Ak, AR
RN IFE PR AT B, L HERSE T Nef LA M0 FEAE
A5 HO-1 MCHR, Mds WEERACE#E— L8k, Jf
PRITHZ 1) Nef HLEALRHLE]
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