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Protective effects of N-acetylcysteine on oxidative stress-induced alveolar type Il epi-

thelial cell injury in vitro

FU Yue-qiang LU Zhong-yi FANG Fang KUANG Feng-wu WANG Xing-yong XU Feng Department of Emergency
Children’ s Hospital Chongqing Medical University Chongging 400014 China

Abstract Objective To explore the effect of oxidative stress on the activation of mitogen activated pro-
tein kinases MAPKs in alveolar type Il epithelial cells ATl and the protective role of N-acetylcysteine
NAC in this induced damage. Methods Primary rat AT Il cells were randomly divided into 4 groups con-
trol NAC 5 mmol/L  H,0, 500 pmol/L  H,O, plus NAC pretreatment groups. The morphological change
of ATl cells was observed under transmitting electron microscopy TEM after H,O,stimulation. Cell viability
was assessed with 3- 4 5-dimethylthiazol-2-yl -2 5-diphenyltetrazolium bromide MTT . Apoptotic ratio and
intracellular reactive oxygen species ROS levels were measured by flow cytometry. The phosphorylation of
ERK p38 and JNK were analyzed by Western blotting. Results The typical apoptosis was observed in the
cells after H,O,stimulation. Decreased cell viability increased intracellular ROS and apoptotic ratio were ob-
served after the stimulation of H,0, P <0.05 . Pretreatment with NAC improved cell viability decreased in-
tracellular ROS levels and apoptosis P <0.05 . NAC attenuated the phosphorylation of ERK p38 and JNK
induced by H,0, P <0.05 . Conclusion H,O0, activates MAPKs and induces apoptosis in AT I cells. NAC
attenuates cells apoptosis through eliminating intracellular ROS and inhibiting the activation of MAPKs.
Key words alveolar epithelial type II cells mitogen activated protein kinases reactive oxygen species

N-Acetylcysteine

30370618

2006331 200621 -
Supported by the National Natural Science Foundation of China 30370618 N- N-ACthlCYS-
and the Supporting Project of Preferred Overseas Returnees of Ministry teine NAC
of Education of China 2006331 and the Natural Science Foundation
of Chongqging 200621 14

NAC
023 63632756-3602 E-mail fuyueqgiang 5
@ sina. com. ¢n
023 63632664 E-mail xufengd899@ yahoo. com. cn

2007-11-08 2008-01-28 alveolar type Il epithelial cells AT Il

Il



9 I MAPKs N- 821
H, O2 FL1 PI FL2 CellQuest
ATT
mitogen activated protein kinases MAPKs 1.2.7  Western blot p-ERK p-p38  p-INK
NAC MAPKs BCA 30 pg 129% SDS-
PVDF
1 p-ERK p-p38  p-JNK 1:1000 4°C
1:2 000
1.1 .
Quantity One 4.5.0
BBI DNase |
/ 1 /
DMEM/F12 Gibco
TBD NAC Sigma Annexin V- 1.3
FITC BD Biosciences Pharmingen ’ - PSS 13,0
DCFH- DA MTT Amresco v :
ERK p38  JNK CST !
1.2 2
1.2.1 |
SD 180 ~200 g 2.1 H,0, AT
6 ATIl
10 0.08% H,0, 3h  ATI
20 min
250 wg/ml DNase | 1 mm’ 1
DMEM/F12
2 h 20%
36 h
1.2.2
3 ml NAC
5 mmol/L. NAC 3 ml H,0, 500 pmol/L
H,0, 3ml H,0, + NAC H,0, 0.5 h
5 mmol/L NAC 3 ml - 0 .
3 h ; Ol It
123 A AT x8000 B ATII H,0, x6 000
o 1 H,0, ATII
H,0, 4% 2h
0.01 mol/L PBS 2.2 H,0, NAC AT ROS
ATTI H,0, H,0, ATI ROS
1.2.4 DCFH- DA P<0.05 H,0, +NAC ROS H,0,
3 6 1 ml P<0.05 1 NAC
DCFH-DA 10 pwmol/L ATII  ROS
25 min 3 1 NAC ATI ROS
488 nm 525 nm _
n=6 xzxs
ROS % % ROS
1.2.5 MTT 1 x10° ml™ 100.05£2.42  3.19+1.09 23.79 £2.68
% 100 Wl H,0 NAC 101.06£2.08  2.89%1.05 23.04+2.25
2 H,0, 68.33 +4.47%  15.05£2.73% 42.42 +3.81°
5mg/ml - MTT 20 pl 180 pl H,0, + NAC 84.40 +8.56%  7.82 +1.97% 28.89 +2.28"
4h 150 ul a P<0.05 b P<0.05 H,0,
492 nm D 492
% = D 4% / D 492 x100% 2.3 H,0, NAC ATI
1.2.6  Annexin V /PI H,0, ATT P<
PBS 2 400 pl 0. 05 P<0.05 H,0, +NAC H,0,
NaCl 140 mmol/L CaCl, 2.5 mmol/L Hepes/NaOH 10 mmol/L P <0.05
pH 7.4 Annexin V-FITC ~ PI P<0.05 1 NAC ATIl
15 min 488 nm Annexin V -FITC



822 30
2 NAC AT MAPKs xX+s n=4
p-JNK p-ERK p-p38
0h 0.5h 3h 0h 0.5h 3h 0h 0.5h 3h
H,0, 0.98+0.17  4.39+0.52° 1.82+0.17  1.03+0.16  1.59+0.14* 0.33+0.06  1.02+0.10  1.72+0.29*  0.96 +0.06
H,0, + NAC 0.52+0.07" 2.20+0.32>  0.73+0.12> 0.58+0.07"> 0.45+0.09> 0.14+0.04> 0.45+0.05> 1.16+0.16> 0.55+0.07"
a P<0.05 O0h b P<0.05 H,0,
2.4 H,0, NAC ERK p38 JNK H,0, Lee
0h ERK p38 JNK H,0, 1 H,0, Al172

0.5h P<0.05 MAPKSs NAC ERK Al172

NAC 0.5 h H,0, p-ERK p-p38  p-JNK NAC H,O0, ROS

00.53h H,0, P <0.05 2 ERK p38 JNK

2 NAC MAPKs H,0, ATTI
S sk O NAC ATT  ROS MAPKs
R\ lG— -1 ——g— — - AT
p-ERK— i em . AT
pp38— S NAC AT 1T
GAPDH—
1 H,0, 2 H,0,+NAC
2 H,0, NAC JNK ERK p38
Western blot

1 Alejandre-Alcazar M A Kwapiszewska G Reiss I et al. Hyperoxia

reactive oxy-

gen species ROS

7 ATH 8
ATII ROS
H,0, 3h ATl
MTT H,0,
AT
ROS ROS
ROS
MAPKs
ERK p38  c-jun JNK
ERK
JNK  p38
9
MAPKs
H,0, AT ERK p38
JNK ROS
ATI MAPKs
ROS
NAC
GSH
NAC
MAPKs
Usatyuk " NAC p38

10

modulates TGF-beta/BMP signaling in a mouse model of bronchopulmo-

nary dysplasia J . Am J Physiol Lung Cell Mol Physiol 2007 292
2 1537 -1549.

Lian X Qin Y Hossain S A et al. Overexpression of Stat3C in pul-

monary epithelium protects against hyperoxic lung injury J . J Immu-

nol 2005 174 11 7250 -7256.

Alkan A Eroglu F Eroglu E et al. Protective effects of N-acetylcys-

teine and erdosteine on hemorrhagic shock-induced acute lung injury
J . Eur J Emerg Med 2006 13 5 281 -285.

Kao S J Wang D Lin H1 et al. N-acetylcysteine abrogates acute

lung injury induced by endotoxin J . Clin Exp Pharmacol Physiol

2006 33 1-2 33 -40.

Nagata K Iwasaki Y Yamada T et al. Overexpression of manganese

superoxide dismutase by N-acetyleysteine in hyperoxic lung injury J .

Respir Med 2007 101 4 800 -807.

Dobbs L G. Isolation and culture of alveolar type cells J . Am J Phys-

ol 1990 258 4 Pt1  L134 -1147.

Barazzone C White C W. Mechanisms of cell injury and death in hy-

peroxia role of cytokines and Bel-2 family proteins J . Am J Respir

Cell Mol Biol 2000 22 5 517 -519.

Mason R J. Biology of alveolar type I cells J .

S12 - S15.

Respirology 2006
11 Suppl
p38MAPK

J. 2006 28 23 2377 -2379.

Usatyuk PV Vepa S Watkins T et al. Redox regulation of reactive
oxygen species-induced p38 MAP kinase activation and barrier dys-
function in lung microvascular endothelial cells J . Antioxid Redox
Signal 2003 5 6 723 -730.

Lee W C Choi CH ChaS H et al. Role of ERK in hydrogen perox-
ide-induced cell death of human glioma cells J .

2005 30 2 263 -267.

Neurochem Res



