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HE . B 9T N- SBFRAIR (NAC) SFRBERmS | RAE D Lk fafe (HK-2 4afe ) Hipe94%47 4k
RABITRAAUR . J77E HK=2 2805 6 40« T4, RERA., REAES + RERE NAC (1. 2, 4% 8 mmol/L)
43, RF CCK-8 Al 4nfitiE 1, DAPL £ &EMLE MR A, F I 123 4 & 800 X B SUbm) 4n i 25
ARBLW, A%, Western blot #4008 =% & Bcl-2. 1278 =% & Bax. Cleaved Caspase—3 VAR FFEA L ERK1/2 (p—
ERK1/2) &G RENKF, R Har@arbin, HK-2 @04 400 pmol/L MEABSAL LG, it E /. LAk
JEHALR Bel—2 & & R A KT AL, BT@e#3E %, Bax, Cleaved Caspase—3 & p—ERK1/2 & & F ik KT 1) H
Bo MARERER NAC TG, 7T vAid 3R EREAT HK-2 ey LR 4E R . 4518 NAC xR BB 5549
HK-2 @8 Je 45745 B A R AP VR A, Ebuhl 7T AR 5 H 308 = A 476 ERK1/2 12 5854 % .
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Protective effect of n-acetylcysteine on injury of human renal
tubular epithelial cells induced by methylglyoxal*

Ting Luo', Xiao-dong Zhuang’, Dong Fan', Hai-feng Gu’, Yan-ling Chen',
Yi Kang', Xiu-xiang Wu', Xiao-ling Wang'

(1. Department of Pathophysiology, Zhuhai Campus of Zunyi Medical University, Zhuhai, Guangdong
519041, China; 2. Department of Cardiovasology, The First Affiliated Hospital, Sun Yat-sen University,
Guangzhou, Guangdong 510080, China; 3. Department of Gynaecology, SUN Yat-Sen University
Cancer Center, Guangzhou, Guangdong 510080, China)

Absteract: Objective To investigate the protective effect of n-acetylcysteine (NAC) on injury of human
renal tubular epithelial cells (HK-2 cells) induced by methylglyoxal and its underlying mechanism. Methods HK-2
cells were divided into six group: control group (no treatment), injury group (induced by methylglyoxal) and NAC
groups (treated with different concentrations of NAC, 1, 2, 4, 8 mmol/L). Cell viability was measured by CCK-
8. Morphological changes of apoptotic cell nucleus were observed by DAPI staining. Mitochondrial membrane
potential (MMP) was detected by rhodamine 123 staining and flow cytometry. Expression of Bax, Bcl-2, Caspase-3
and p-ERK1/2 were identified by western blot. Results Compared with control group, cell viability, MMP and the
expression of Bel-2 of HK-2 cells were significantly reduced by methylglyoxal while the number of apoptotic cells
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and the protein level of Bax, Cleaved Caspase-3 and p-ERK1/2 were dramatically increased. However, all of the

above changes were reversed by NAC intervention. Conclusions NAC exerts protective effect on methylglyoxal

induced injury of HK-2 cells. Potential mechanism may be associated with the anti-apoptotic effect and inhibition of

activation of ERK1/2 cell signaling.
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1.1 ##l

1.1.1  HK-2 kR A miess s~ HK-2 i
LA 2 F L B8 2 g Vo ML B 9 T i 2 A 3
YHAEAERN T 25 em’ CREHGFHE T, S 10% fa 4= 1
1) DMEM/F12 ¥ 353578 37°C . 5% — 48 ALHk CO, &4
TR, AR 1R 1 RAIAEAR, BOEAE K
SR abii g

112 5 a4 SR K DMEM/F12 K5
FRIE | JHRER B BG4 IS F Gibeo AF], IR
(A g AR A RA ) (45 = 95% ),
CCK-8 2 Mg i+ 8050 & (8 B A=Ak 2= 0 58 BT ),
Rh123 J DAPI 4+t (14 Sigma 23+ ), Bax, Bel-

2. Cleaved Caspase-3. p-ERK1/2, GAPDH #it{& (4 H
Cell Signaling Technology /A F] ).
1.2 KIS

HH I AR SRR (Bio-Rad 2AH] ), 25
88 B 540%5% ( Olympus 23 7] ), BEEE AR ( Thermo
Fisher Scientific 2Y 7] ).
1.3 FHik
131 FEkosl L - XHRYL ( HnE# R
). NEREEZL (HIA 400 W mol/L PNFEREEALFE 24 h ),
IS + S [6] 3 J NAC 2H [400 w mol/L P9 il % 5 48
[ NAC (1, 2. 4 & 8 mmol/L) JEHEE 24 hl,
132 CCK-8kxtemapnt¥iEh BUbTHE
K HAE KRS RAFA4M, H 0.25% BE L
J5 . 22 x 10" A /L AR M2 BE HERITE 96 FLAP . AR
P oy e TN 25 B, R BE 5 AP AT
HAL. dIfESR 24 h s, 5 BIEW, BEALIA 100 pl
& 10% CCK-8 WY MIFHFRHE, 15 37°C. 5% CO, 5
FAEHIEE 1.5 h, HEFPRUTEB 450 nm A0 5E 1
JCHEMH (OD ). 40 MIE 1 (%) = (i34 OD 8 -

25 L OD{E ) / ( X} AR 4H OD {H - =5 (L OD {& )
x 100% .,

133 DAPI £ &MR HK2 @B s T/ B
b FRPEAE A AR AR R A4, B 1
AL, 4% 3 x 10" 4> /L (4R BE R AE 6 FLART
HOY R T ARG, FlE3R3E, T 4% 2%
PS5 10 min, PR PBS 0% 3 i), ARG AL
W 1 we/LDAPL o, 37°C. 5% CO, BEFR4aH
BT 20 min, W% DAPT YLk, 74 PBS Z% 3
i, R IMEE T WA,

13.4 i Z AR tatn Bk T35 H.
ARORAS RAFRO AN, JBREE I RRIE AL , # 3 x 10" 4> /L
1) 408 %% B B2 A AE 6 LR, iR E 3 TR
flo MRS THIN YA B 24 h 5, e BR R IR 5L,
FH PBS 5Pt 2 i, SRIGIMALHE R 100 wg/L F 7}
B 123 TGS G 92 55, 37°C. 5% CO, 553544 vh i
2 30 min, JH PBS VL 3 36, 296 IS R LSS
PLIEEH 10 AT MEF A TH0 . [FIRTES 1k b
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RS, fEYEsE G, PBS MEYE 3 R, RIS
EDTA RS AL ISCEE AR, 250, 7 LIEW, A
PBS WRATIRAT, iU AL b LG 240 At Ay St AR
L7 A5k
1.3.5  Western blot M & HK—2 %8 A& Bax. Bcl-2.
Cleaved Caspase—3 % p—ERK1/2 % & F A K OB
AbF X EOAE K B A KRS R R A0, AR
AR, H2IR 4 x 10° 4> /L (40 25 B FRAE 100 mm
IR ILrp, R A0 B 2 0 IS 24 85% I, A4 5K
AN AR N 25 b 24 b 5, FEIEFRIE, FIFA
1 PBS Uk 3 3, FEAIA 150 ~ 250 wl & H PMSF (1)
RIPA Z4, 1EVK 2@ ANAE 20 min, SRS 40 A&
U ARk, WES) 1.5 ml EP &, 12 000 r/min &5
> 10 min, WH T, SR H BCA F e sl &
( Thermo Scientific Pierce ) KM (I He &, & VkiE
AR 60 g BRI FLUK 2 80 V HEMIE 30 min ;
SRIGECA 120 V 1H JEBHE 60 min ; F5 5 . 220 mA {6
Wit4% 60 min, p-ERK1/2 #E 154 90 min, PVDF ] 5%
MR W4 2= 18 N B A 60 min, SR)5HIIA Bax. Bel-2.
Cleaved Caspase-3 & p-ERK1/2 HUIR ( PR A%
1 : 1000) &R, FH TBST ¥t 3 %, MMAHHRE
AAeribric 0 (BPUARRBAEEC L © 5 000), =i
THFE 60 min, TBST ¥ 3 K, )54 Jena AL
i E RO, Image J HAF 0 AR DL
JEfH. GAPDH NNZ, LIHMKH SHNSNEEMH
W ECAEAE A H 8 AR e ik i
1.4 SitEFE

Bi R F SPSS 13.0 Geit 8k, vk
B + RS (xxs) Fon, ZHRIES TR
GORHLB R R 2 22500, 2L RS8P0 T LR
F LSD—t K56, P <0.05 HEFAGITH#E XL

2 #HR

2.1  NAC X AERESESH HK-2 HAiE A1 B0

W RN, IE R HK-2 40 S0 B iR e,
I 2 A REHES (DL 1), SXTRAL i, A
400 w mol/L (ARG, HK-2 ZHMUTE 1A%, Z9A%HE
2 40% (P <0.01), TifIMAARFEHRER NAC 435,
HK-2 23S J 35 AN RS T, HLBS NAC 7
FAIBEIN , 20 RS 7 22 ) S A s (P <0.01 )( LR 1),
2.2 NAC AR FH S/ HK-2 AT S0

1E % HK=2 482 DAPI Y0 )5 40 i 2 52 31 )

F 1 ARERE NAC HRENEEIF SH HK-2
HEENBIEMm  (n=5, %, x+s)

2151 AHAEIS T
Xt HRZL
400 . mol/L TN FREEZH

400 p mol/L TNEAME +1 mmol/L NAC 41

113.700 = 1.578
48.528 + 1.366"’
56.544 + 0.487"
400 w mol/L Y +2 mmol/L NAC ZH 67.896 + 2.260°’

400 p mol/L PR +4 mmol/L NAC #1 83.622 = 0.811°"

400 p mol/L NS +8 mmol/L NAC 41 87.759 £ 0.765"
FAH 308.770
P 0.000

W 1) 5B, P<0.05; 2) SAFREA L, P<0.05

B 1 IE#EHK-2 @aEs (x100)

(IR 26 B 5 (6. Wt IR 2 HK-2 4 AR /R 442
AR S BTG, £ 400 wmol/L NEREALERSS ,
SRR B R = B e, BB E T
FHE, RIS R A% 4R, T HASRIE B NAC
LS, BAA TR AR . LA 2.
2.3 NAC Xt AR S8 HK-2 dRRa Lt A fE R
oAb

Xf REZH HK-2 20 Sk (0 ns BE e, ot i g
HL AT 5 TS 400 wmol/L YN BREE AL FRSS , LR (a7¢
i B , ZRAAR LA B AG s (H A NAC bR
Zobr PR PR A B T, LA 8 mmol/LNAC 41 #5c 4 W
o A P A ARG I e T A5 B AR L S5 R, 1 AN
2 mmol/L NAC AbPREH -2 i B SN B 20 b 22
S ERE . Y NAC MRS 2 4 mmol/L B, -
Yot Enam, SR L, ZRa501%E
L (P<0.05), VLK 3. 4 F15K 2,
2.4 NAC X REREEE S8 HK-2 41 Bax, Bcl-2
EARIEHNZNT

Western blot K0, 5%JHRZH b4, HK-2 40
IR AL RS, Bax/Bel-2 FL{E TR (P <0.01 ). THiZ:
ARl E NAC TR , Bax/Bel-2 HAEIFAE (P <0.01 ),
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LI 5 FIE 3,
2.5 NAC 3t W R i S /Y HK-2 48 i@ Cleaved
Caspase-3 & B RiZHIF M

Western blot Z5 5 7R, X HRZH HK-2 40/l Cleaved
Caspase—3 &5 13 FL ik F ik, NEIEEAER 24 h )5,
HK-2 Ziififi Cleaved Caspase—3 £ [ 1A 4 %) FE 41 4
w5 (P <0.01), MIMMAARRME NAC ALHS, %2040
g Cleaved Caspase—3 HHEFEEREL (P <0.05), UL

XJHRZH

400 w mol/L TN il

Kl 6 fl#k 4.
2.6 NAC X AEREEF S/ HK-2 4HpE p—ERK1/2
EBAFRIEHF

X HRZH HK-2 400 p-ERK1/2 & (A Feflih Kk,
28 400 p mol/L V& FE () N A ] 24 h J5, p-ERK1/2
FBARBATETE (P <0.05), WilnARREE NAC
AEFR S, A H M p-ERK1/2 25 H 235 7KCOF 2 A%
(P<0.05). ULIE 7 F$ 5.

~a

400 p mol/L TAFEE +1 mol/L NAC 2H

f

400 p mol/L PSR +2 mol/L NAC 41 400 . mol/L AT +4 mol/L. NAC 41 400 w mol/L TN +8 mol/L NAC 41

P T Sk B by S 0 T ) 48

4 AL

2 RPEM%

;u‘:.\'?'glf{

( DAPI Z&)t4 4 % 200 )

XFHRZH

400  mol/L PN

400 p mol/L PIFIEE +1 mol/L NAC 2H

400 p mol/L THHEE +2 mol/L NAC 20 400 w mol/L TSRS +4 mol/L NAC 2 400 w mol/L PN +8 mol/L NAC 41

3 BHEMMLRIEIREL

(DI EHEE x200)
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44 7 40 40 7
1 1 ] Ml | M1
33 1 30 30 1
22 1 20 20
11 10 0]
0 1 01 0
100 100 10" 10° 10° 100 100 10° 10" 10’ 100 100 100 10" 10°
FL1 FL1 FL1
X HEZH 400 w mol/L YRS 400 w mol/L N +1 mmol/L NAC 41
90 45 7 47 7
M1 1 M1
68 | 34 35 A
45 23 2 ]
23 ] 1 12 ]
o 0 0
100 100 100 10° 10° 10 100 100 10° 10° 10' 100 100 10° 10’
FL1 FLI FL1

400 p mol/L THT# +2 mmol/L NAC 41 400 w mol/L PR +4 mmol/L NAC 21 400 p mol/L AR +8 mmol/L NAC £

& 4

£ 2 NAC XAEESE S HK-2 £ B 2% fr (i B B8 {3 f 52

)

(n =3, X+s)

e T2 B SURG i1)-%- 2 400 B 4 A R PR AL

#& 3 NAC XAIREEE S HK-2 4 Bax
5 Bel-2 EALLERIF N

(n=3, X+s)

2051

SIS

xR

400 w mol/L PABHEZH

400 p mol/L PN +1 mmol/L NAC 2H
400 w mol/L PN +2 mmol/L NAC 2H
400 p mol/L PR +4 mmol/L NAC £
400 p mol/L TN +8 mmol/L NAC 21

2079.983 + 62.476
1462.207 + 173.187"
1610.097 + 117.216
1712.750 + 107.291
1 887.243 + 78.870°’

1994.003 + 99.952”

FAE 4474
PH 0.016
1) SRR, P<0.05; 2) SNERRELLLEL, P <0.05
Bax ~ - QD - S s wees 2] kD
Bel? < e @b o &N &b 26kD
GAPDH  — s e ammm———— 37 kD
WENAC WAL 0 1 2 4 8

400 w mol/L PSS

5 &EYMBE Bax, Bcl-2 EERIE

(n=3, xxs)

11

Bax JKEE{H /Bel-2

ZH 3!
X R ZH 0.672 + 0.067
400 w mol/L P S ZH 2.617+0.131"

400 w mol/L PN +1 mmol/L NAC 41 0.581 + 0.060°

400 p mol/L PNERE +2 mmol/L NAC 41 0.498 + 0.075”
400 p mol/L PNHAIE +4 mmol/L NAC 41 0.249 +0.014"

400 W mol/L TNEAE +8 mmol/L NAC 41 0.315 +0.052"

F1H 141.132
Pia 0.000
Heo1) SXIREA ILEE, P<0.05; 2) SINEREEAH biE, P <0.05
Cleaved -~ 17kD
Caspase—3

GAPDH --“ 37kD

WepE NAC MR 0 1 2 4 8

400 p mol/L PIEAME

B 6 &KHYMA Cleaved Caspase-3 &Kik

(n=3, xxs)
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*F 4 NAC X HREREEHSH HK-2 4lBa Cleaved

Caspase-3 EARIEMEM (n=3, xxs)

Cleaved Caspase—3 JKEE{H /

415 GAPDH JRJEf
okl 0.517 +0.062
400 p mol/L PYREZH 1.185+0.028"
400 p mol/L TN +1 mmol/L NAC 41 0.887 +0.029"

400 w mol/L PN +2 mmol/L NAC 41 1.026 +0.081%

400 p mol/L AR +4 mmol/L NAC #1 0.428 +0.034”
400 p mol/L PN +8 mmol/L. NAC 41 0.625 + 0.037"
F{E 37.439
PIE 0.000
e 1) SXIRALE, P<0.05; 2) SNERREA LA, P <0.05

GAPDH o @i 40NS S oo w37 kD

HeE NAC R 0 1 2 4 8

400 . mol/L, IS

7 HHEMME p-ERK1/2 EAMHEXTRIE

(n=3, xxs)

%5 NAC X HEREEHSH HK-2 4188 p—ERK1/2

EARIEHEE  (n=3, X=s)

205 lgfgchisz%ég
pagiistil 0.687 + 0.066
400 p mol/L PYERRE 4 0.996 = 0.109"
400 pmol/L PNEIE +1 mmol/L NAC 4 0.506 + 0.088"'
400 p mol/L TN +2 mmol/L NAC 41 0.497 + 0.098"
400 . mol/L AT +4 mmol/L NAC £ 0.518 +0.064
400 . mol/L A +8 mmol/L NAC 20 0.448 +0.060"
FAH 6.155

P{H 0.005

1) SXHEH R, P<0.05; 2) SNEEE S, P <0.05
3 it
DIAE X 18 DR 5 B s A I 5% 32 2 4 P 78 B /N BR 3
13, ABRTAERAI Y & SR PRI B s rh B /N L 43
Al REEL LT Nk s, HIELAENE PRI B i & AR R
B BAAEZEM Y, UIRHGE, FERE KA
551 R B R ULER B/ NE Y IR A NS L R A AR

Pk, HEEEBRER, B/ NEZBE g m, $id;
FRBENNEE "o WG T |E I B/ NE R E RN
NG F AR s T BN AN
P TR R N 240 K E D Re A ™ R, sE i
Pl B /NE S v] e AT LA B S0 KB 7 R
A H .

ABFER N, HK-2 A1 N EREEAEJH 24 hs,
AR LA AR AR, AR A A A T 5 2R NAC 4B
PUFS A0 MLAF T T, AT AN, U] NAC B
XTHT N ERES I F 0 HK-2 4055 9 VE T

AR T F AR RS ANV S
VRVERS il i . N IRIEAS 5 il B th 2R AR F: 1
LRAAUR P BRI, 24l 4 A
I OCSEAN M A . ORI ALY TS, AR C
IR 23 A 8l Caspase BERFIL, PATIHT - REF "o 1
AR HIE A Bel-2 KRS 5. Bel-2 8 2 AR
PERM TR EE R RN, HRAER S S ES
MR, Al Bax 8 BB SRR, 4] Bax 976 HE,
TR AR C NGRARRERL, M| Caspase Y
WEPE S Y Bax i Rk A E AR, WS A5
JE I Bax/Bax [FlE 2RIk, 5400 L AT, Bk,
Bax 5 Bel-2 & 8] (14 He il e AR 5 A R T, 2
A& AT, Bax 5 Bel-2 P& L 24 = "
Caspase-3 VE R TSR PATE T, HG 2 08 T g e
SN H Y SR ER T, HR Caspase—3 RO BT LA ]
A AT T ARSI AR R, NAC AT LA
PR R HK-2 A LR R A Ak, O HLR
1% Bax/Bel=2 19 FL{H M Cleaved Caspase-3 25 H#Eik,
VLI NAC AT RE A ZobAARR A I0 4H LA T

WFSEiE, NAC AT A 55 ) p38 MAPK {5
530 % LA K INKC A5 5 38 B85 410 ) R R R 75 < ) A 5
Ii] K 4L LA B2 HOC2 (Lo LA T ™ 7 B NAC $it
JAT-REI S MAPK {5 S g B UM DG IR 5 |
EE/NEBI S MAPK ZGA G . BFFE R B, HEIR
TR BURRESS 2 JilkE, B/ME AN ERK LA
KPR Y AR A R R, HK-2 4 i 25 74 i
AhBR)E , p-ERK1/2 85 AR &, MIA NAC J&, p—
ERK1/2 8 FIRIAREAR, 275 NAC TN ERES T 1
20 M5 5 VE P AT BE S5 MR ERK1/2 15 Sl Bk A 5, 3
HAH VTP A T 2D

L BPRIR, NAC XTPABRRES T HK-2 2054
BARSER , HALH TS Hpoid o & il ERK1/2
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