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[Abstract]

Objective To investigate the interventional effect of anwulignan on pulmonary fibrosis and the underlying

mechanism. Methods Sixty-five male ICR mice were randomly divided into control group, bleomycin (BLM) model group,
anwuzhisu low dose group (1 mg/kg), anwuzhisu high dose group (4 mg/kg) and N-acetylcysteine group (150 mg/kg),
with 13 mice in each group. Mouse pulmonary fibrosis model was induced by intratracheal perfusion of 5 mg/kg BLM. The
serum and lung tissues were collected, and the pathological changes of lung tissues were observed by HE staining and Masson
trichrome staining; serum oxidative stress index and hydroxyproline (HYP) content in lung tissue were measured by kit; the
expression level of iron death pathway related genes was detected by Western blotting and qRT-PCR. Take the logarithmic
growth phase HFL-1 cells, (1) set the control group and anwuzhisu administration group (0.3125, 0.625, 1.25, 2.5, §, 10, 20,
40, 80 pmol/L), and CCK-8 method was used to detect the toxic effect of anwuzhi on HFL-1 cells. (2) Set the control group,
transforming growth factor (TGF)-B, model group, anwuzhisu low dose group (S pmol/L) and anwuzhisu high dose group
(10 wmol/L), with TGF-B, induced pulmonary fibrosis cell model. The oxidative stress index and reactive oxygen species
(ROS) level were measured by kit; the expression level of iron death pathway related genes was detected by Western blotting
and qRT-PCR. Results

induced pulmonary fibrosis model was successfully constructed, and the pulmonary fibrosis phenotype was significantly

HE staining, Masson trichrome staining and the increase of HYP content indicated that the BLM-

improved after the administration of anwulignan. CCK-8 assay showed that the concentration of anwulignan <20 pmol/L
had no significant effect on the proliferation activity of HFL-1 cells (P>0.05). Compared with model group, the activities of
superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), catalase (CAT) and the levels of glutathione (GSH) in lung tissues
of mice and HFL-1 cells were significantly increased after the administration of anwulignan, while the levels of malondialdehyde
(MDA) were significantly decreased (P<0.01 or P<0.001). Compared with TGF-$, model group, 10 mol/L anwulignan could
decrease the level of ROS in HFL-1 cells (P<0.01). Western blotting and qRT-PCR results showed that anwulignan could
significantly up-regulate the expressions of ferroptosis pathway related genes in lung tissues of mice and HFL-1 cells including
glutathione peroxidase 4 (GPX4), solute carrier family 7 member 11 (SLC7A11) and transferrin (TF), and significantly down-
regulate the expression of transferrin receptor 1 (TFR1) (P<0.05, P<0.01 or P<0.001). Conclusion Anwulignan can improve
pulmonary fibrosis by inhibiting oxidative stress and ferroptosis, laying a foundation for the development of clinical drugs for
pulmonary fibrosis.
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Tab.1 Primer sequence of QRT-PCR
A FA(s-3) i
(bp)
1E[: GTCCCTCACCCTCCCAAAAG
/INBR B-actin 266

JZI: GCTGCCTCAACACCTCAACCC

1EIi]: CAGGAGCCAGGAAGTAATC
/N GPX4 204
JZIi]: GCAGCCGITCITATCAATG

. IEI7]: GGTGGAACTGCTCGTAAT
/J\ EELSLC7A11 , 172
JZIf): GCTGACACTCGTGCTATT

1F [ : TGTCAGAGCACGAGAATAC
JNELTF 160
Sl : CCATCCAAGGTCATAGCAT

1ElH): TGAACCTGGACTATGAGATG
JINERTFRI 144
JZIf]: TAGAAGTAGCACGGAAGTAG

iEf]: GGCTGTATTCCCCTCCATCG
AB-actin 154
fZIi]: CCAGITGGTAACAATGCCATGT

1E: GATACGCTGAGTGTGGIT
NGPX4 246
S : CGATGAGGAACTTGGTGAA

1ETf: AAGCACACTCCTCTACCA
ANSLC7A11 286
J2 1] : TGATGACGAAGCCAATCC

" 1E[]: CTGTGGTGAAGAAGGATAGT
TF 271
JZI1: GAGTAGCCGAAGTATTGGT

1E[: GGACAGCACAGACTICAC
NTERI 270
JZ 1] : GCCITACTATACGCCACATA

GPX4. A H kit S AG4; SLCTALL IR F KT
B TR R TERL B EE A2 1K1
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Fig.1 Effects of anwulignan on BLM-induced pulmonary fibrosis in mice (¥+ts, n=3)
BLM. 1ok %525 ; HYP. BIER: A. /NEUTAZIHEY: (4 5 MassonZ (4, ( x 200); B. MassonZe (0 JH 1t X BT 4 71 43 L AR 44k
PESY s C. A2y RS/ NIRRT s D, A4 HYP & HE; SXFIEALLE, (1)P<0.01, (2)P<0.001; SBLMAMIA HLEE, (3)P<0.05,

(4)P<0.01, (5)P<0.001; H%HEREMFI A LI, (6)P<0.001

SOD. CAT. GSH-Px. GSHMMDA & JoHH i 28
H.(P>0.05), {HZ HREE w8l i 41/ BT SOD |
CAT . GSH-Px. GSH&M:MH & 7+ (P<0.01), MDA
B AR (P<0.001), HZ TR R w74/
FUALIFSOD . CAT. GSH-PxIf ke T4 TR Z A%
4], MDA® BAK T4 iR E K5 41 (P<0.05 .
P<0.018{P<0.001, $2).

2.3 HHJFRXBLMIE ST W Il £F 4 1k /N BV SE T
AHOCHER RIRAT M qQRT-PCRAIWestern blotting
K gs 0 BoR, S5X R b, BLMAE R /)N BT
HZIHF GPX4. SLC7A11, TF mRNAFIZE LK
F-FAK (P<0.05, P<0.015(P<0.001), TFRI mRNAFI

kKT (P<0.001) . 5 BLMAERIZH A%,
G R NR R /N B4 41 GPX4 . SLC7ALL,
TF mRNAZF KK T (P<0.05), TFRI mRNAF A
KV B R (P<0.01) 5 22 TR 2R e 371 42 20 /) Rl
ML GPX4. SLC7AI1, TF mRNAFIE FHH# LK
ST (P<0.018(P<0.001), TFRI mRNAFIHE 11k
7K B 2 FEAIK (P<0.001) o 54 HAR R AR 4 Lk
B, BHIRFE SR A/ R SLC7ALLE
FIR K B FH 55 (P<0.001), GPX4. TF mRNAFI
1 A #35K 1 ST 5 (P<0.055 P<0.001) , TFRI
mRNAFIEE 1335 7K 7B 5 B A% (P<0.018%P<0.001)
(E2A. B).
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Tab.2 Effects of anwulignan on oxidative stress in mice with BLM-induced pulmonary fibrosis (x+s, n=3)

251 SOD (U/ml) CAT (U/ml) GSH-Px (U/ml) GSH (U/ml) MDA (jmol/ml)
Xif iR 41 58.48 + 3.48 48.31 £ 0.69 703.21 £ 21.75 45.82 £0.21 9.34 £2.24
BLMAF R ZH 37.44 = 3.49% 29.57 + 4.44% 585.28 + 13.41" 15.86 + 5.08% 22.13 = 1.58%
LA R FAGH R A 47.16 £2.77 35.62 +2.34 656.51 + 13.56 25.32 +4.89 19.91 £ 1.36
IR ER R 65.29 + 7.89% 45.44 £ 0.959 770.36 + 60.42%% 3521 +3.47% 10.34 +0.77%7
N-Z b b R 41 78.22 +9.87% 51.45 + 4.72% 826.38 + 47.94" 48.15+0.71% 8.71 +2.64Y

BLM. ok #%; SOD. HA LY fLF; CAT. 8 L& ; GSH-Px. Bt H M AL ; GSH. e HK; MDA, N fE; S5}
AL LA, (1)P<0.05, (2)P<0.001; SBLMAEAIZ LA, (3)P<0.01, (4)P<0.001; ST G EARFIHA LA, (5)P<0.05, (6)P<0.01,

(7)P<0.001

mRNAFH X}
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T

GPX4
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©) - 41
= BLMAR AU 2
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B2 % TR XBLMIS T A I LT 41k /N R DE T AH DCHE K 338 1Y 2 ) (s, n=3)
Fig.2 Effects of anwulignan on ferroptosis in mice with BLM-induced pulmonary fibrosis (xts, n=3)
BLM. MR ; GPX4. At H KL AL W45 SLC7ALL WIREIRRH7 NP 11; TE #EREH; TERL #BE A ZIK1; A qRT-
PCREGI /N U217 GPX4, SLC7A11, TF. TFRI mRNAFIE/KF-; B. Western blotting il /N Uil 4141 GPX4 . SLC7A1L, TF,
TR FRIRKF s SR, (1)P<0.0s, (2)P<0.01, (3)P<0.001; SBLMEEHRIAIILEL, (4)P<0.0S, (5)P<0.01, (6)P<0.001;

S ARG RMFHRAL L E, (7)P<0.05, (8)P<0.01, (9)P<0.001

2.4 LHIGEXHFL- 140 5E X TGE-B, 51
HFL- 14 &R CCR-8IL K45 R B,
% TR 2R M <20 wmol /LI X HFL - 140 i 14 58 35 A
BH B 520 (P>0.05, E3A), FIEEAHS. 10 wmol/L
WL AT R 2505 .

{30 B A 22 BB AR B, KRR ZHHFL-141 g
ERIE Hih SR, HESEN; TGE-B AU HFL-1
TR R /N TAR 7 N 1 0% = 3 752 N ]
M5, 10 pmol/LIRIEL HIG RS, TGE-B,i5F
AR S e i i, IKE TIRIBIES, H &R
JIE 2 e 0 A IR e AR 25 ol AR B g (&13B) o

Western blotting il 45 5 f7n , 55X IRZH L
A, TGE-BHiRIZ a-SMAF A B i (P<0.001),
THIRGEM . m 4 e-SMAZ LY T (P<0.05,
P<0.01), H%HJEE @R a4k T % 15 FEH
14 (P<0.05, K3C).
2.5 ZHHNEEXTGE-B 5 F HFL- 140 i 5 1k i
B S R, TGE-B A4 HFL-1
HIASOD . CAT. GSH-Px. GSHIHEM & T I
(P<0.001), MDA B i 1 5 (P<0.001) ; & Hiflg
R4 )5, HFL-1411WSOD . CAT. GSH-Px.
GSHIE ¥ B T+ (P<0.018{P<0.001), MDA
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Fig.3 Effects of anwulignan on proliferation and morphology of HFL-1 cells (xts, n=3)
a-SMA. a-FIF UL A ; A CCR-8TA N % T i 2 4T 4G J1 520 ; B, HEL- 14 UJE 25 2% W88 ( x 200); C. Western blotting
K 4% 2 - SMATE A IR 7K s SRFIAZH L, (1)P<0.001; STGE-B BRI L, (2)P<0.05, (3)P<0.01; 54 g RARFIELA L

., (4)P<0.05

B R AR (P<0.018% P<0.001), HZHIRE R
i 4 HFL- 140 M0 CAT & Pk i F % T g R AL =
41 (P<0.001), MDA® Ik T % H g 2K 7 i 41
(P<0.001, #3).

5X R4 s, TGF-B AR HFL- 140150
B B35 (P<0.001), #E/RROS/KFEMH BT E. 5
TGE-B BRI i, & HNG R EAROSKT- T
M 2251k (P>0.05) , {H% Fi IR & & 7 S ZHROS /K

B I BN (P<0.01), HZHRZE &M AT A
R Z AL =4l (P<0.01, Kl4).

2.6 EHIGEXNTGE-B,i5FHHFL- 140l &k It T4
KIEH TR qQRT-PCRFIWestern blotting/;
Mas R e R, ST E, TGF-B/BA4IHFL-1
Y GPX4. SLC7A11. TF mRNAFIZE HFEKkKF
B} I B A% (P<0.018%P<0.001), TFRI mRNAFIZE 1%
KA B T (P<0.01) . S5 TGE-B AL A,

R3  LHIGE X TGE-B 15 T AYHFL- 140 AL R A5 I (Rts, n=3)
Tab.3 Effects of anwulignan on oxidative stress in TGF-B,-induced HFL-1 cells (¥+s, n=3)

215 SOD (U/mgprot) CAT (U/mgprot)  GSH-Px (U/mg prot) GSH (pmol/mg prot) ~ MDA (pmol/mg prot)
X IR 2 106.04 + 8.36 22.11 +0.86 111.81 + 6.81 180.98 + 11.47 2.74£0.19
TGF-B, B2 54.97 +13.217 7.17 + 035" 40.06 + 6.09"” 40.26 +5.01" 7.51+0.32%
AR R B2 90.41 + 2.56" 15.49 +0.18" 69.86 + 8.74% 231.72 £15.91% 6.17 +0.41%
NG R i f) B 105.52 + 6.37% 25.86 +0.67% 80.89 +2.37% 249.11 + 17.34" 2.59 +0.159%

TGE-B,. fAb/E K T-B,; SOD. AW ALEG; CAT. WA LA ; GSH-Px. B H KT A L EG; GSH. At H Ik, MDA. N
T SXPMEZH AL, (1)P<0.001; S5TGE-B ML 4L, (2)P<0.01, (3)P<0.001; 522 TASZHALHI G4 ILEL, (4)P<0.001
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Fig.4 Effects of anwulignan on the contents of ROS in TGF-B,-induced HFL-1 cells (x+s, n=3)
TGE-B,. ¥4k KN F-B,; ROS. ThPESA; A 986 BB I 45 ZH HFL- 141 lIROS/K - ( x 200); B. ImageJ #X {45 /3 HTROS /K 5
SXPRRAL LR, (1)P<0.001; STGE-B AL LLEL, (2)P<0.01; FLTIERMGAELILE, (3)P<0.01

LHNEE A 4 HFL- 140 GPX4 mRNAZIA/K 8 (P<0.0S, P<0.01), TFRI mRNAFIZE 57K
S R JHE (P<0.001), SLC7AI11. TF mRNAFIE B (K (P<0.05)(KlS).

23k K- B @ JH i (P<0.05, P<0.018(P<0.001), ) ‘

TERI mRNARIEE |17 15 K0 B 0% (P<0.0ssk 3 R

P<0.01); “ZHIGE MM E4HFL- 140 GPX4 . VAR, Il 27 4 Ak 1) 9 5 R BB R 524 B
SLC7AI1. TF mRNAFIZE [ AKFEFHE (P<0.01  EFHEA%Y, Bt 58 BiE B RAE 5 Il &F 4E 1L 15 i
8{P<0.001), TFRI mRNAMIEHREKFURE N BE . W4EARMED T, I R I A 8%
flk(P<0.01). HSLANGRMABA L, EHIEE  MIRTAYRARES . LHIFEETARE I H
A AT HFL- 140 I SLC7ATl mRNARIZ KT APUEATIRUn —Frh 2558k, 8 R T ARIE R
(P<0.05), GPX4. TF mRNAMIEHFRAAFHET W, AUFRAMR, fED- LIRS T/ E R
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Fig.5 Effects of anwulignan on expression of ferroptosis related genes in TGF-B,-induced HFL-1 cells (x+s, n=3)
TGF-B,. HAb/E KN T-B,; GPX4. BB H K AL Wr4; SLC7ALL IERAIRF 7 R 11; TE HEkEA,; TFRL HikEAZ %
1; B-actin. B-NBIEH; A. qRT-PCREMHFEL-140/fiGPX4, SLC7A11. TF., TFRI mRNAFik/KF; B. Western blotting/ I/ HFL- 14 iy
GPX4, SLC7A11, TF. TFRIZKHFEHRKIE, SXHRAE, (1)P<0.01, (2)P<0.001; STGF-B MM LA, (3)P<0.05, (4)P<0.01,
(5)P<0.001; H%TNERAF R LE, (6)P<0.05, (7)P<0.01
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Fig.6 Inhibition of pulmonary fibrosis with anwulignan in vivo and in vitro
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