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[Abstract] Objective To investigate the inhibitory effect of ultrafine Xiebai powder (UXP) on pulmonary fibrosis and its
regulatory mechanisms associated with epithelial cell ferroptosis. Methods (1) Network pharmacology analysis was performed to
predict potential targets and signaling pathways of four major active components of UXP. (2) Human bronchial epithelial cells (Beas-
2b) were divided into control, bleomycin (BLM), BLM+1 mg/ml UXP (UXP-L), BLM+$ mg/ml UXP (UXP-H), and BLM+1 pumol/
L nintedanib (NIN) groups. Except for control group, cells in all groups were treated with BLM (10 pg/ml) to establish a pulmonary
fibrosis model. Cell viability, apoptosis level, reactive oxygen species (ROS), mitochondrial function, lipid peroxidation, and
ferroptosis indicators were detected in each group. (3) Co-cultured Beas-2b cells and human lung fibroblasts (HLF-1) were randomly
divided into control, BLM, BLM+UXP-L, BLM+UXP+H and BLM+NIN groups. Except for control group, cells in all groups were
treated with BLM (10 pg/ml) to establish a pulmonary fibrosis cell model. Immunofluorescence staining was used to assess the
expression levels of collagen type I alpha 1 chain (Collal) and a-smooth muscle actin (Acta2) in HLF-1 cells. (4) C57BL/6 mice were
randomly divided into control, BLM, BLM+UXP-L, BLM+UXP-H, and BLM+NIN groups (n=8 per group). Except for control group,
mice in all groups were intratracheally instilled with BLM (0.5 mg/ml) to establish a pulmonary fibrosis model. From day 7 to day 20
after modeling, mice were intragastrically administered UXP-L (100 mg/kg), UXP-H (500 mg/kg), or NIN (50 mg/kg) daily
respectively; control and BLM groups were given an equal volume of normal saline by gavage. Lung index, lung wet/dry weight ratio
(W/D), Masson staining and Sirius Red staining were measured to assess pulmonary edema and pathological changes. The contents of
superoxide dismutase (SOD), malondialdehyde (MDA), glutathione (GSH), and hydroxyproline were detected. RT-qPCR was used
to detect mRNA expression of fibrosis-related factors, and Western blotting was performed to analyze the expression levels of related
proteins. Transmission electron microscopy was employed to observe changes in mitochondrial ultrastructure. Results (1) A total
of 240 overlapping target genes were identified between the main active components of UXP and pulmonary fibrosis. (2) Compared
with control group, BLM group exhibited significantly decreased cell viability and mitochondrial membrane potential (P<0.0S), along
with markedly increased apoptosis rate, ROS levels, lipid peroxidation content, and Fe** content (P<0.001). Compared with BLM
group, BLM+UXP-L, BLM+UXP-H, and BLM+NIN groups exhibited significantly increased cell viability and mitochondrial
membrane potential (P<0.001), and significantly decreased cell apoptosis rate, ROS levels, lipid peroxidation content, and Fe*
content (P<0.001). (3) Compared with control group, the levels of Acta2 and Collal in HLE-1 cells co-cultured with Beas-2b were
significantly higher in BLM group (P<0.001). Compared with BLM group, BLM+UXP-L, BLM+UXP-H, and BLM+NIN groups
showed significantly lower levels of Acta2 and Collal in HLF-1 cells (P<0.001). (4) Compared with control group, BLM group
showed significant increased lung index, W/D ratio, hydroxyproline and MDA contents, mRNA expression levels of fibrosis-related
and pro-ferroptotic genes (Acta2, Collal, Colla2, Fn, Acsl4, Ncoa4) and protein expression levels of Acta2, Col3al and p-ERK
(P<0.05, P<0.01, or P<0.001), while the activities of SOD and GSH and expression levels of anti-ferroptotic gene Gpx4, Slc7all were
significantly decreased (P<0.001). Significant collagen deposition, iron deposition, and mitochondrial ultrastructural damage were
observed in lung tissues. Compared with BLM group, BLM+UXP-L, BLM+UXP-H, and BLM+NIN groups showed significantly
decreased lung index, W/D ratio, hydroxyproline and MDA contents, mRNA expression levels of Acta2, Collal, Colla2, Fn, Acsl4,
Ncoa4, and expression levels of Acta2, Col3al and p-ERK protein (P<0.01 or P<0.001), while SOD and GSH activities and expression
levels of Gpx4 and Slc7al1 were significantly increased (P<0.0S or P<0.001). Collagen deposition, iron deposition, and mitochondrial
ultrastructural damage in lung tissues were alleviated. Conclusion UXP may inhibit pulmonary fibrosis by regulating oxidative
stress, lipid peroxidation, and the ferroptosis pathway.
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JIg B % i A 5 A% i 4(acyl-CoA synthetase long-chain
family member 4, Acsl4). AR K 7 W51 11/
2R -4 2 R S 1) e i AR 4% (Sle7al 1) %32 AR
BE T 4(Ncoa4) I mRNA FH X} 367K 51917
FI LR 1,

1.5.7 Western blotting G 7N BT 2H 2 il £F 2 A A 5
EEFRIRIKF {8 RIPA 2 ORI 2K FY 6L Ak 90
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(100:1 JRA) 246 /INERUITZH 2T, 2K FH BCA 325 1 fR A
S 5 0 AR TR A, R SRR S b
TR EN- 2R DN M T e 58 it FL UK (SDS-PAGE) /0 5, 5 H%
PR w 9 LM (PVDE) I . GAPDH NN 2. 5%
A I AR AR B AT, 2 IR X PVDE JE & ]
2h, ZrBIIIA Acta2(1:5000), Col3al(1:1000), p-ERK
(1: 1000) , ERK(1: 1000), GAPDH(1: 10000) — 41T ,
4 CIFHE W (12h) 0 & 19% 7 -20 £ TBST YEG M,
EBRARES G0 —Pt. B 5P HRP AR iC i) —Hide
FW T E 20 I UE%, R ECLb22 &L B
5, ISR

1.6 FHitxaM RA GraphPad Prism 9.5 A AT
Gt ot BRI S B, Dl Ko,
Z A ] LR FH AR R 2R 5 22500, — 2D 7 LA
K Tukey £ 50 LI HITAVES 1238 . P<0.0S M 257
giiterE Lo

2 % R

2.1 FHE TGP R0 0 4% 24 B A S AL ) T
2.1 #E G SRR iR OSSR R S
SCHR A 2 L AR A 2 R 3 2 M L 2 A Allicin,
Alliin, SAC M GSAC, it LAl 43T 45 16 M i o 4
MG QA G R A B M 25 57, AR R,
S - de AR AR 2 SE R 5, Allicin 45 234>, Alliin
714, SACH 691, GSACH 771~ (E1A).

2.1.2  PPIMZKIHEE SCHEAR 1 B T ac 4R A At
Allicin,  Alliin. SAC F1 GSAC A9 PPI & 4% (&l 1B).
(1)Allicin [ PPT P 2% | bt K 2K [ i -3 (caspase-3) 4
AR SO, IS REAERKEFZK
(EGFR) . 44 A X 37 f& (KDR) K I 21 Z il 4 il 1
(HO-1) %5 2 M8 e i 80% B AE%EH: . (2)Alliin 1) PPI
W2, IS B K AR e 5 il (ACE) ol FE B A5 1
IF 55— AL A A B (NOS)1 & NOS3 ., BEIfiL A 711 /8¢
ML J5E (coagulation factor II/prothrombin, FII). JifH
Jif- 5 42 ZF i (sucrase-isomaltase, SI). EGFR & KDR
G RMEEE, RN ERNEAER R,
(3)SAC HY PPI 2% 1, ACE 5 — Ik 3L Ik i 4(DPP4) Ab
F M.l ®, 35 SI. EGFR, KDR, NOS1/
NOS3. FILMHiFIRE R Nk f AP & 6 2(PTGS2) 5%
WEIE R 2 E . (4)GSAC 1Y PPI Mg, 44k
PIGASE T PG 52 K y(PPARG) A% 05 L, IF S
caspase-3., caspase-8, ACE., KDR. FEilif Ji f§ 505 1
A B B1/BEAHA U (AKR1B1) I B, b IR 2 REAZ 1A
(ADRB3) % Z A=A R AR EAE .

2.1.3  SCEEHLS Y GO FIKEGG & 0 Hrdh

GO & R R, AEY)2E R B 2 AN
AN Vi R e S e E o DA R e s U N &S YA
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Fig.1 Screening of active components of Xiebai, target gene prediction, and PPI network construction
A Allcin, Alliin, SAC il GSACHU 5 S IMiZF AE LR T ACHEMZE S5 B. Allcin, Alliin, SAC il GSAC ¥ PPI%%, i nifURILE, ®
77 R SRR G SRR, LR B AT . Allicin. KFRE; Allin FR%UR; SAC. SHRNILEIEZIR; GSAC. SHREE-L-

. M S AN LT IR R W R
Tl 15 e S AR IR 45 . KEGG 3 B B2 40 B &6 1
R, SRS I T PI3BK-Akt, MAPK Fll ERK
S, AN, 7E Allin, SAC I GSAC AH JEHE 5
W, R R IERE . GSH AT K Z R R LR AR
R P A (MR 1) .

2.2 UXP X BLM A PRl I 57 41 il Beas-2b [ 5201

221 MUK, AT CCR-8IEMIMIAEH s, i
W2anhla, SXTHRAL R, BLM A4S 1 0 R
I (P<0.001); 5 BLM 4 [t % , BLM+UXP-L 4 .
BLM+UXP-H 41 &% BLM+NIN £ 4 ftg 3% 71 B & 7} &5
(P<0.001). AR T-REIZE R Wox, Hl 2405,



5%k B 4] e #, BLM 4140 M U8 T R W BT
(P<0.001); 5 BLMZI %, BLM+UXP-L4]. BLM+
UXP-H 4 M BLM+NIN £H 41 it 95 7= 3 1 0 i B A%
(P<0.001) (KI2A. B),

222 LRiAIIHE DCFDA Yo 25 B 5o, Ml
24h)5, SXFHRAH AT, BLM 4400 ROS /K-
Tt % (P<0.001); 5 BLM 4H [b %, BLM+UXP-L 4 .
BLM+UXP-H 41 } BLM+NIN 2H 4 ffl ROS /K V-3 8] 5
[ (P<0.001), Mitotracker Y245 /R, Jili# 24 h
Jii, SRR A, BLM ZH 40 2R A i H A5 B S
[% 1K (P<0.001); 5 BLM #H [t %, BLM+UXP-L 4 .
BLM+UXP-H 41 } BLM+NIN 2 £ ifd 2% b7 4 55 v o7 1]
BT (P<0.001) (K2C).

2.2.3 JEFRE AL FIERAE T Liperfluo £ I 45 2%
N, JilE24n )5, SXIRA R, BLM 40 R
o EH AW &8 W BT E (51.30%£2.40% vs. 2.11%
+1.22%, P<0.001); 5 BLMZILH, BLM+UXP-L4H .
BLM+UXP-H 4 } BLM+NIN 2 4 Jfu i 5 1 84k 0 &
I I AR (25.829%+1.56% . 18.05%+1.04% ., 27.07%
+1.75% vs. $1.30%%2.40%, P<0.001), FerroOrange 44 {7
SRR, Fi24h)E, SXEA A, BLM A4
Jifl Fe>* &5 2 B 1 TH 155 (53.88%+4.11% vs. 2.34%:+0.82%,
P<0.001); 5 BLM 4 L%, BLM+UXP-L#H . BLM+
UXP-H 4 & BLM+NIN 41 4l ffd Fe* 7% i B f P& AIK
(17.58%+2.36% . 10.54+% 1.78% . 31.52%%2.86% vs.
53.88%%4.11%, P<0.001)(Fffl2).

2.3 UXP %f 5 Beas-2b 2215 % 1Y) HLE-1 40 it 1 Acta2
Hl Collal £ FARIAAUFEI  AfEd RN EE SR IR,
%t B4 14T, 5 Beas-2b 4L 5% 3% i BLM 4 HLF-1 41l
B H Acta2 Fil Collal 25 F 38 ik 7K F # B & % &
(P<0.001), 5 BLMZ L%, BLM+UXP-LZ{ . BLM+
UXP-H 41 M BLM+NIN 20 HLF-1 4 fifl Ff Acta2 #lI
Collal 7K V¥ it FEAIK (P<0.001) (1#13)

2.4 UXP X ifi 7 4k 4k /)N BRI 48 A 5 20 200 3L 0 52
M)

2.4.1 JlifEECRwW/D [LfE  SXTIRA e, BLM 4
/I BRI 48 £50F0 w/D LG AE BH 2 F 55 (0.015£0.001 vs.
0.006+0.000, 6.900+0.308 vs. 4.363+0.337, P<0.001).
5 BLM 4 b4, BLM+UXP-L4 . BLM+UXP-H 4 &
BLM+NIN 41/ Uit F8 BRI W/D  HC AR B 5 A1 (i
Z: 0.01034+0.00089, 0.00948+0.00108, 0.00952:+0.00130
vs. 0.01457£0.00077; W/D HH: 5.455£0.405, 5.305+
0.654. 5.355+0.560 vs. 6.900+0.308, P<0.001).

2.4.2 JifFZHZUE PR Masson Yeft . RIRE LT YL (0
WY gt I R, X RN UM S5 4 5
B, R I LN GEHES I, AR UL
JE BT KA T AR s BLM 2R /)N Bl 2H 24 1 Sk s B
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PAR S RAT L RG AE FU AR, B S A AL,
) BT o )5, Al DL BBk ULA; 5 BLM 4 b 8K,
BLM+UXP-L 4 . BLM+UXP-H #1 }z BLM+NIN ZH /> il
Jili 2 2 i SR TR R BRDTUR U D, Bl 254 A e 3
LAk AE /), TEE IR LA 0 (51 4A) o

2.4.3 fHBALRRIEE B EBEWEBR, Xt
MR/ R R IRIE SRS, B, W2
JEEZEFIE T, SORIRIG 3% ; BLM 41/ Ui 214k
PARBCEI 2, RN, 0] Wk ANk . 2
RLARUE B 2Lk, HEEA B2 WP ;. BLM+
UXP-LZH . BLM+UXP-H 2 }2 BLM+NIN 2[ /N il iti 21
BRI A5 BLM 4 A el s, 2ok R i ik i
B Sl Hor sk g5k (K14B)

2.5 UXP XHli£F e AL/ N R A AL FE R i 52 )
2.5.1 SAfbR I SXPIEZL AR, BLM 4L/ U
21 SOD F1 GSH /K- B I8 [ (P<0.001), MDA 7K
SEB TR (P<0.001) . 5 BLM 4H [ #¢, BLM+UXP-L
2 . BLM+UXP-H 41 J% BLM+NIN £ /)s i fili 21 24
SOD. GSH/KF-4H] & T+ (P<0.001), MDA 7K-F-H

TR IEAI (P<0.001) (&1 S).
2.5.2  JRIEDIEL SR Heds, BLM 4/ BU4H

Arh HYP /K F- B & F 55 (P<0.001), 5 BLM ZHAH L,
BLM+UXP-LZH . BLM+UXP-H 20 }2 BLM+NIN 2H /M i,
fifig 2 rp HYP /KP4 8 5 R B (P<0.001) (3).

2.5.3 HRULE SXTREAL A, BLM 4L/
o4k T FR B S B9 £ (P<0.001)., 5 BLM 4 b #¢,
BLM+UXP-LZH . BLM+UXP-H 21 }2 BLM+NIN 2H /)M i,
it ZH AU R RR A S sk 21 (P<0.001) (81S) o

2.6 UXP XJilieF 4 b /N U2 227 Ak FR AT A1
K mRNA FIEE 1 RIBAY52 0 RT-qPCR fa I 45
BoR, SXFMRAE, BLM 4/ Acta2
Collal, Colla2. Fn. Acsl4 2 Ncoa4 mRNA ik 7K F
M 2. TH 5 (P<0.01), Slc7all Fl Gpx4 mRNA ik 7K
B @ A (P<0.05), 5 BLM 41 %, BLM+UXP-L.
BLM+UXP-H 2 BLM+NIN 21 /) §fili 2 23 h Acta2
Collal. Colla2, Fn. Acsl4. Ncoa4 mRNA 3 ik 7K 3
W 48 AR (P<0.01), Slc7all, Gpx4 mRNA FEik 7KW
B E (P<0.05) (1 6A)

Western blotting K zE R B oR, 53 IEA AR,
R /N FRTZH 20 Acta2 . Col3al M p-ERK & 5%
ik 7K F- 4 8] B FF 5 (P<0.001); 5 BLM 4H I #K
BLM+UXP-H 2H 52 BLM+NIN 2H /> fUili 20 40 v Acta2
Col3al } p-ERK 4 [ F ik 7K V- 347 B {2 FEAIX (P<0.001)
(K 6B).

T AEAL R AR AL AR B, R
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KB FE . 3 i ROS Y RFLE AR 1] T30 GSH FEM |
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Fig.5 Effects of ultrafine Xiebai powder (UXP) on the indexes of oxidative stress, collagen deposition, and iron deposition in lung tissue of
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