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[(WE] BM FTOBEREIE AR (NAC) ¥ 7L 3h 1 55 A R M 1 (mTOR) / B4 5 S N F-1a
(HIF-1c ) 3 T F0002 P BH ZE MM (COPD) K ERAAE R BLME DL . ik FRBHLECEREK 36 H SD
KA MIEHR 4 . COPD #5812 NAC ZbBRAH , B2 12 Ho SRFHFNRIRSS B BRI 48 50 T (AT e 8 Sl il
£ COPD KFUBAL, MRS 525 T NAC 54 me/kg S BEH 1 UK, FFEE 8 il 5 IE W AL ASAIA 245 T = alik
HH . RHBFARK - (HE) Yy MEE NAC XM SO BIARfE 52 o Gt I B2 R i (TBA ) 60 1 375
K AIA T 5 (MDA ) 54, 2 e AGH I i, 375 K it 20 20 Hh s S0 Ak 4 5 AL i (T-SOD) & 1, Lo (o A8 0 ifn,
15 MR g B Ak (LPO)., a3 B ALRE JT (T=AOC) Koo 5 S 2F 0N 43 By 22 S 36k KL PR, T NAC
it COPD E AL BLKEAENLH] o 20 FAHEMEE NAC 55 mTOR/HIF-1 o 18 5§ SEHEE FIA04S &8 . FHE AR %
£ EN3 56 (Western blotting) K6 filiZH 21 mTOR/HIF-1o il BEAE R 1A . R  SIEH 4 4, COPD #
HIZH It 21 20453095, SF- 2 M (MAN) 9820, Bty S X (MLD) Fh i, M3 A fi g 20k MDA | LPO /KSF-Rém,
135 T-SOD ZKFd >, i 414 T-AOC %K. 5 COPD #EAI4] [b4s, NAC AbPERT 3% COPD KR ZH 41845,
WA AT 101 75 70 il 2 2 MDA . LPO 7K F [ 1fiL ¥ MDA (nmol/mg) : 4.10+2.27 I, 8.06+ 1.92, ifil i LPO (umol/L) :
1.88+0.59 [t 2.88 £0.82, JiliZl 21 MDA (nmol/mg) : 2.58 £ 1.11 [t 4.03 £1.05, fili 21 21 LPO (umol/L.) : 5.98 +1.30
[t 9.74+3.58, ¥ P<0.05 ], FF i 135 oY T-SOD #% 7% (U/mg : 10.80+0.53 £ 9.66 +0.46, P<0.05)., ;%42
A HrgE R EoR, NAC H] COPD BT k)i i 5 8 ¥ HIF-1o 3l #5A4 5C 5 20 P45 R, NAC 5 mTOR |
p70 AR 1 S6 I (p70S6K ). HIF-Tow AVEHELS 5GP . Western blotting KI5 5R 7R, NAC Ab3H AT (K
COPD AT BRI 41 40 mTOR 78 Ser2448 137 #5 . p70S6K 7E Ser371 47 s B BEMZ AL 7K [ p-mTOR/mTOR (FHXS 2
ki) : 1.46 £0.31 H 2.62+0.30, p-p70S6K/p70S6K (AHXT ikt ) : 2.154+0.25 H 3.80+0.73, 3 P<<0.05 J, FFAIX
HIF-1a B335 [ HIF-1a/GAPDH (AHXF 2350 ) £ 082 +0.22 F 1.37+0.25, P<<0.05 ), &5 NAC Al @i i)
mTOR/HIF-1o #8752 COPD K AN 3
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[Abstract] Objective To explore the mechanism by which N-acetyleysteine (NAC) regulates the mammalian
target of rapamycin/hypoxia-inducible factor-1a (mTOR/HIF-1a) pathway to intervene in oxidative stress in rats with
chronic obstructive pulmonary disease (COPD). Methods Thirty-six SD rats were divided into the normal group,
COPD model group and NAC treatment group by random number table method, with 12 rats in each group. The COPD
rat model was established by cigarette smoke exposure combined with Klebsiella pneumoniae infection for 8 weeks.
After the model was prepared, NAC was administered by oral gavage at a dose of 54 mg/kg once daily for 8 weeks. The
normal group and the COPD model group were given the same amount of pure water by gavage. The effect of NAC on the
pathological changes of lung tissue was observed by hematoxylin-eosin (HE) staining. The content of malondialdehyde
(MDA) in serum and lung tissue was detected by the thiobarbituric acid method (TBA), the activity of total superoxide
dismutase (T-SOD) in serum and lung tissue was detected by the hydroxylamine method, and the levels of lipid peroxide
(LPO) and total antioxidant capacity (T-AOC) in serum and lung tissue were detected by colorimetry. Transcriptomic

sequencing was used to analyze differentially expressed genes and predict the potential mechanism by which NAC
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inhibits oxidative stress in COPD. Molecular docking was used to observe the binding degree of NAC with the key
proteins of the mTOR/HIF-1a pathway. Western blotting was used to detect the expression of proteins related to the
mTOR/HIF-1a pathway in the lung tissue. Results Compared with the normal group, the mean alveolar number
(MAN) in lung tissue decreased, the mean linear intercept (MLI) increased, the levels of MDA and LPO in serum and
lung tissue increased, the level of T-SOD in serum decreased, and the T-AOC in lung tissue decreased in the COPD
model group. Compared with the COPD model group, NAC could improve lung tissue damage in COPD rats, and reduce
the levels of MDA and LPO in serum and lung tissue [serum MDA (nmol/mg): 4.10 £2.27 vs. 8.06 =1.92, serum LPO
(umol/L): 1.88 +0.59 vs. 2.88 =0.82, lung tissue MDA (nmol/mg): 2.58 = 1.11 vs. 4.03 = 1.05, lung tissue LPO (umol/L):
5.98 £ 1.30 vs. 9.74 +3.58, all P<0.05], increased T-SOD activity in serum (U/mg: 10.80 4 0.53 vs. 9.66 £0.46, P<0.05).
The results of transcriptomic analysis showed that the inhibition of antioxidant stress in COPD by NAC was related to the
regulation of the HIF-1a pathway. The results of molecular docking showed that NAC had potential binding activity with
mTOR, p70 ribosomal protein S6 kinase (p70S6K), and HIF-1a. The Western blotting data showed that NAC treatment
could reduce the phosphorylation levels of mTOR at Ser2448 and p70S6K at Ser371 in the lung tissue of COPD model
rats [p-mTOR/mTOR (relative expression level): 1.46+0.31 vs. 2.6240.30, p-p70S6K/p70S6K (relative expression
level): 2.154£0.25 vs. 3.80£0.73, both P<0.05], decreased the expression of HIF-la [HIF-1a/GAPDH (relative

expression level): 0.82+0.22 vs. 1.37+0.25, P<0.05].  Conclusion NAC can alleviate oxidative stress in COPD rats

by inhibiting the mTOR/HIF-1a pathway.
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50% ~ 60% >R ] 12 h/12 h B 388 HL AT

L1.2 AA . 20RO DR A, Rl R A
ABRTAL L R A7, g AL, 55 & 11 mg, A
MR 1 0.9 mg, A —4A L& & 11 mg.
L1327 - il 5 50 B AAT I (BRR 5 - 46117), H
] it 24 A R IS B ] 2 A T DA S
DA

114 EZZ55 500 : NAC g e HEs il 244 R
DN T RS 285 R AR, A K B 0k
4 o/l IR BEW . 77 K Z - 2L (hematoxylin-eosin,
HE ) 34 (83340 ph [ 2545 46 2380 A BR 2wl $ 44k
AR ZR G0 RITE 4R IR A R A BR A F] 42
s MDA | B4 E L fE T (total antioxidant capacity,
T-AOC) Fa I 3 77 &5 A0 — 14 ik B iR (bicinchoninic
acid, BCA) # ¥k B2 5 80 & T T b st %3l &2
BHZ A BR 2 A 5 BTk &0 9 (Lipid peroxidation,
LPO), T-SOD A I 51 £ W F 1 mt R ) T 7
WFFEHT 3 10% —+ ke BERT IR 5 - 5 DA TR fg G5 JC P
VRO IR A 1 o B A o k' i A 6 3R] &
W T I i 7 A ) B 2 B A R 7] 3 mTOR —
$1 4 3 [E GeneTex 24 1) 7 it 5 Bl AL 7L sh W) &
A & 22 40 25 [ (phosphorylated mammalian target of
rapamycin, p-mTOR) — 4t p70S6K — $T Ay L it Jr
PERRE MR BRA 77 i s BRI AE p70 MR IR AR
1 S6 ¥ i (phosphorylated p70 ribosomal protein S6
kinase, p-p70S6k) —4t . NS 3- BEER H 11 i i & iy
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
NI Cell Signaling Technology 23 Bl F= i ; HIF-1a
— PN E GeneTex 24 Al =il ; BRI ALY HE AR
1CH 1gG — Pt I ProteintechGroup 28 7] 7= i
12 shWpord - RIVBEHLE 7 3RT5H 36 HCRUY
NIEFAL . COPD BHIZH  NAC AbFEZE , B340 12 H.
1.3 COPD BRIl 4« R FH A A0 A 25 B R K 5 S
I 20 TR R 1Y J 1 52 I COPD F i 1) KBRS A
55 1~ 8 JA, 0 R BT A IR 55 B2 i, 255 Tk 2R
T 3107, B 40 min, & H 23, M /% 3 h BLL
Z BRI 6 10° CFU/mL it 42 5 761 1FF P BRI VR
0.1mL,5d 1K

L4 REZMHAHE . F55 9 A% 1 K, NAC 4R
FUAT NACHEH 54 melkg, 55 H 1R, FREe4525 8
IEH 4L COPD BRI 2 45 T A i 4K HE . NAC
T B R R RO i R B AL D=
D, X (HI g /HI ) X (W 5 g /W ) X2/3, = H,

D fRFEHMa, HIACRIARAR R, WAERA .,
JAFR 1 AR, A R E 25 6

A SR B AL E TR B AR TR AR EOR
Tt R T g P R 2 R S Sh AR S B A e
DL AAE (LS : DWLL202103161 ).
1.5 K8 bR S0y ik . 259 T SEs o s Bk,
10% G H 2240 0.4 mL/kg JBRIEK BRUG 218 £ sk
KA, 73 B IS , I U ZH 2
151 JiiZHEUREMER : H] 10% 225 WP R 2 i
20 min, [E3E 72 h, 24 h B 1 IRZRIPEE. Tl
AbiE L R 45° YIEZY 3 mm R R BT A b
LU, DT 4 pm JEY] R 2547 HE 30, FHHe B0 2
(75% . 85% . 95% . 100% ) ZEEK , —FHAEW],
PER BRSSO N WA U AL, e
Yt %L (mean alveolar number, MAN ), 33155 fifiifs
FHEHE (mean linear intercept, MLI ),
152 AR BOHSCHEARAGI - AU b Z RIS
N 1175 Bz it 2H 2B S R MDA 25 2, 38 i i A
T-SOD i P, B AL LPO | T-AOC KF, #ifEYy
JUAE R BRG] S Ul AP BRI T
1.5.3 SR 7w ar B o 4 BAs A R R 20 2L
RNA, #4745 K2 e 5, R B R 2R ) 2%
EHE ] DESeq2 BAFHAT /34T FR H Y 2
% 253K EE A (differentially expressed gene, DEG)
HATIEFAAE (gene ontology, GO) & 54 #T . 1t 4B
FER S H G5 (Kyoto Encyclopedia of Genes
and Genomes, KEGG ) il i & 45 7Bt I FE DR 42 & 48
73HT (gene set enrichment analysis, GSEA ), it NAC
RERIME IR A
1.54 43 Fxt#z: Ak PubChem (4} )% T % mTOR/
HIF-1 o 38 f% ¢ 3 85 [ p70S6K ., HIF-1 o ., mTOR
M5 5 8 PO HEAR, N RCSB 48 12 T 2k NAC
S5 K 5 B 32 AR SO 3 A AutoDockTools 5114 5
PyMOL AR K 53 I 1] 52 A B N Ui F 5 dad
Autodockvina FAFFEAT 731 R 5 5 Jm AR I X 4k
B PyMOL 30 B RIS B RE I G
HEAT AT
1.5.5 HHFARZENR IR (Western blotting ) K5l
mTOR/HIF-1 o 3 A OC L F 3Rk - R ML
6 H IR, B 100 mg [ifi 2141, il A RIPA 24 17 52
SARES SRS M, BCA WLE 8 IR . BRI
FLYK A3 B I e B B M — R A B L, BT 2 b 4K
WHEAT—H0(1:1000), —Hi(1:10000) W H . ff
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FHBGE A A2 R A €370 £ 18 5, BIO-RAD
HE R RGO R . R Image J 340 2
TR ARG, 8 p-mTOR/mTOR . p-p70S6K/p70S6K F
HIF-1a/GAPDH XS eIk

1.6 GEitar b B . 5250 B R T SPSS 22.0 4t it
AT S T, THRGORI R IER 0, LAY
B+ FRufE 2 (X +s) T, 4L A LR FH B R & 7
2200, HE— 2L B LR T LSD ¥, #5752 A8 5%
W) 516 4R A7 X0 5 4, PR FH LSD k.t 3 MK
a {HEOSN 0.05,

2 F R

2.1 NAC & 3% COPD K B 20 22 55 B 461 405
BRI 1 455 o, IR 4K R eSS # e 4
COPD A5 2 K BT 762 [v1] B T 24 il 5 i e s A8 K
Jifi P AE S W 5, O AT RAE 4H VR 5 MAN 4%
1EH A, MLL R IE #2403 P<0.05). 5
COPD R AIZH HL#, NAC Ab BEAH A Ut 2 20 B AR
fEA PrdcsE , H MAN FH& , MLI FEIR (3 P<0.05).

SEHE 5 MR FEMEAT PO TN (B) MW RERn & LR 5 Lt
HRRAL AL (C) FREEAS A BT IR - (HE) e (a
EVION

*1 LAKXER MAN.MLI LB (x +5)

20 531 SYEC(H)  MAN (A /mm®) MLI (pum)
E# 6 189.88 + 10.59 44,77 +5.87
COPD F7IZH 6 87.73+1524%  90.02+11.96°
NAC AbFZH 6 182.87+17.32" 40.75+2.47"
F A 90.960 73.380
P <0.001 <0.001

1 : COPD Sy P MEBH ZEPEEES , NAC S Sk e 2R , MAN
S V-5 il A, ML Ay il -3 e 5 © 5 E % 41 b8, P<0.05;
b 55 COPD I e, P<0.05
2.2 NAC 533 COPD K By & AL I i . % 2
E LR, 5 IR 4 e, COPD MR ZH BRI M
Jifi 24 21 v MDA | LPO 7K~F- 24174 5 (1 P<0.05), Ifil
i T-SOD FfiliZH 2 T-AOC KPR (34 P<
0.05), 5 COPD #EAIZ [bAs, NAC AbFRLH KR 7%
K Jili 20 40t MDA | LPO 7K - B AL (#4 P<<0.05),
I3 H T-SOD 7KF-F 8 (P<0.05),

F2 BAKXRIMBFAGER D ELNHIEIRLE (x +5)

5 P MDA MLT-SOD Il LPO  Ifl T-AOC
- (H)  (nmol/mg) (U/mg) (umol/L) (U/mg)
EHA 6 237+0.80 10.74+046 1151027 0.24+0.02

COPD 54| 6
NAC 4bBHZH 6

8.06+1.92% 9.66+0.46% 2.88+0.827 0.24+0.02
4104227 10.80+0.53" 1.88+0.59" 0.21 +0.01

F i 16.220 10.740 12.430 4.250
P <0.001 0.001 <0.001 0.034
5 SP%C MDA i T-SOD i LPO  fifi T-AOC
- (H)  (nmol/mg) (U/mg) (umol/L) (U/mg)
A 6 226+058 13.89+2.72 439+0.85 0.41+0.01
COPD 1% 6  4.03+1.05% 9.36+3.23 9.74+3.58% 0.38+0.02°
NACZbE4] 6 258+ 111" 14304559 5.98+1.30" 0.39 +0.02
F i 5.976 2762 8.898 4.985
P1E 0.012 0.095 0.003 0.022

I : COPD A 11 BH ZEVEIG MG, NAC y LIk~ e 282 , MDA
ST B, T-SOD Sk 8 L AL B, LPO B B it Ak,
T-AOC Ky WAL AL RE J7 2 45 1 % 41 LA, P<0.05;" 5 COPD 4%
B He A, P<0.05
2.3 LSRN - A AR B2 R R IR S A
Z R W, COPD BRI 5 0F # 20 4572t 3 798 4
DEG, NAC 4t B 2 5 COPD #£5 11 20 %8 5 MY 642
DEG, &7 196 N3scEHH (F 2A),

XX 196 R #1708, GO 453 7R, NAC
i EPRPE) DEG 2 4 T A AR AE DY)
2ErdFE (K 2B) 5 KEGG 1l & M & 8L, DEG £
B AT ARG BRIE T ) HIF-1 15538 fi%
(18 2€) ; GSEA Z5 34350, 75 COPD U v, H47t
AALIE HEARSC I JE IR IR IR, iZe4d NAC 2591
T A2 R A B3 PR ], 208 R R B E R
KV 2D). GSEA Z3Hr AMUERAIE T “Préa fbis ok
i AE COPD AL A b iy o 2k RS B b4 7 T
AR AT 1) B8 AR B b 3, IF9E NAC
JIT i
2.4 NACG 5 mTOR/HIF-1« i B 5 4 & A B 1E
ZEATEYE « % mTOR/HIF-1o 3 % 48 11 mTOR |
HIF-1a Fl p70S6K 5 NAC #4743 F X%, 45 R oK,
KRS NAC 25 G He/ N -4, B i S &
FIAH 7 #5157 45, IE B mTOR/HIF-1o 38 3%
KM S NAC AL GG, WA 3,
2.5 NAC %% mTOR/HIF-10o 3 A 8 1Rk -
& 4 F13 4 45 5 7R, COPD H5 U 2 il 40 1 mTOR
T Ser2448 {37 15 . p70S6K 7£ Ser371 i i AR LK
SRR E A T (B P<0.05), HIF-1a 26354 T+
A A2 S G4 L (P>0.05), NAC b3
ZH i ZH 2 p-mTOR . p-p70S6K 2 HIF-10 363k #4945
COPD HERIZA B4R (1 P<0.05),
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B2 AUKFOERIGEIER W RA T 24 KAl 2 R RA R B EE 2B JEFEAK (GO) e 0T 2C  sUAEER S
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NAC —— mTOR ) NAC —— p70S6K

1 NAC N RS , mTOR MIHFLE B INEE MR, p70S6K A p70 BHHATE 1 S6 Jti, HIF-1a NHEEIE ST -1 ; R0 HEL
Fon a0 3R A E LA, 1 (.38 mTOR L p70S6K T HIF-1a
Bl 3 NAC 5 mTOR/HIF-1o il SR I IEATEPE 3A.3B.3C 23510 NAC 55 mTOR | p70S6K , HIF-1« [ " 4EAR T AR F R 2 %
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*4 FBAKXRIHEHL mTOR/HIF-1a

BEEXEARELE (x £5)

i B p-mTOR/ p-p70S6K/ HIF-1a/
251 () mTOR p70S6K GAPDH
NN AR (RIXT k&) (AIXTERIAR)
IEH A 3 1.00 1.00 1.00
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T - COPD A& PERR FEPENTPR . NAG g LEFDEZEZ , mTOR
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S RERALEFL ) TR E R AL 1, p-p70S6K SARERR 1L p70 KA
HI S6 Wi, p70S6K A p70 AZMEALE 11 S6 G, GAPDH 3y 3- B
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