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[Abstract] Objective To investigate whether pentoxifylline (PTX) exerts a protective effect
on chlorine-induced acute lung injury (ALI) by regulating the aryl hydrocarbon receptor (Ahr)
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pathway. Methods Six male BALB/c mice were randomly divided into a control group and a
chlorine group (exposed to 400 uL/L chlorine for 15 min). Lung tissues were harvested from the
mice to prepare single-cell suspensions for single-cell RNA sequencing. PCA and UMAP clustering
methods were used to group the cells, marker genes were used to identify cell types, and SCENIC
analysis was used to infer differential expression of epithelial cell transcription factors. Inter-group
visualization analysis was performed on Ahr and CYPIAI genes. Forty male BALB/c mice were
randomly divided into a control group, a chlorine group, a chlorine + PTX group, and a PTX group.
The treated group received intraperitoneal injection of PTX (50 mg/kg), while the non-treated group
received an equal amount of saline. After 3 h, lung function tests were performed, the degree of
pathological damage in the lungs was observed using HE staining, and the activity of CYP1ALI in
lung tissues was measured by ELISA. Immunohistochemistry and Western blotting were used to
observe the changes in the levels of Ahr, CYP1Al, IL-6, and Occludin in lung tissues. Results
After chlorine injury, HE staining showed consolidation of lung tissue and edema fluid exudation
in the alveolar space. SCENIC analysis revealed increased Ahr levels in mouse lung epithelial cells,
and further gene visualization suggested a correlated change in the expression of Ahr and CYPIAI
genes. PTX significantly decreased the protein levels of Ahr and IL-6 (P<0.05) and significantly
increased the protein level of Occludin (P<0.05). Lung function tests showed that PTX intervention
increased the respiratory rate of mice, shortened the apnea time, increased the peak time ratio, and
significantly improved lung function (P<0.05). Conclusion Ahr and its related signaling pathways
play an important role in ALI induced by chlorine exposure. PTX may protect against chlorine-
induced ALI by intervening with Ahr and reducing pulmonary inflammatory response and

improving barrier function.

[Key words] chlorine; acute lung injury; pentoxifylline; aryl hydrocarbon receptor;

inflammatory response; pulmonary barrier function; single-cell sequencing; mouse
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112 2&EEH AAAWHEMN T RETEERAR, PTXWHEE Sigma AF, —Hk
PAGE /i Hudiil #8077 & (100 g/L) 5REEH RN E HigHERAEDEASRIHEERA
F], Western —HiM R . HRP fnid —HiFEPifR IG. BCA HHE R IAME. p-actin, IL-
6+ Occludin 1 Ahr R £ wEPALIIE B bioworld AR AR AT, ## ECL KIGRIE
H 2K AR AR A, CYPIAL M ELISA K7 & B LRl 4 w52 TR A
Gl

113 T ZFBME SHWARFGRENEHRESGT THARAFR, s 2 Ex
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12.1 #wpabaAEFEAES 6 HIEME BALB/c /MR, - xRAMEASH, HT
AN T (single-cell RNA sequencing, scRNA-seq) . 40 - BALB/c /M, S %
FERTSIIRREUAR R B RN 2, TR SR, EAAPTX 4R PTX 4, 2E 8
12h, HRpHE TRFHEAHLT 400 pL/L SR 15 min®), 2 FATRNGLRAE B T2
K15 min JEEUH,  Bed e B S EDIE RS E ST PTX (50 mg/kg) sRAEFEER/K 10 pL/g (A &,
3 h JEBUIZH R

122 Mhaesemt] K/ NS 2 S MARECE N, 5 A, SRR R, AR
YR AE G FE > TR B AR, 103 S min ANRIPIRAR L, 45 R R S AR,
PAF-FERR 5 min MEFHME N R AL R

123 HE #& WA 4oL N2 R EE 24 h, BB HAFRESER O
R BOB LK, #D 40 mine B THRIEHFIF, FEANBRLI AR NIRET. KIRET
2 UL UE A TS A R S ) A P, R A R, AR S A AR . R R T et B )
Fro BRI B AR O — 281 750 mL/L 2.8 . FRAKE Yz 4 3~5 min, EhER4>
b, KRG H B RAKMYE. VIR 850 950 mL/L HIBEEE ZBEiK, P
LR R Gt 5 mine K Bl U0 R K TBONAS A6 BE R 67K L BEAN IR fRIZE BRI % 5
min, FJa A FYER R . 7E B S R AR EIE .

124 ELISA (1) WFEERGZZL, 4°C, 5000 g &0 10 min J5HL LG, (20 MR P
20 min JEFERER P RUH T RN S . (3D WEARMEFLRIFEARSL, FEARFLINAFAE 10 uL,
FRONFEARMREL 40 pLo (4D ARiEFLFIREARFLIN A BN IS S AR AR 12 A DI BT 44 100 pL,
HAL, 37 CKBBIRE 60 min.  (5) FEWM, FIINHERFZR, FE 1 min, BEEER
Wi, EEER S K. (6) BALIMANED A, B 50uL, 37 °CRGIEE 15min. (7)) 4
FUIINZ b3 50 uL, 15 min Y, P58 5 FL Aa50 nm 1H -

125 kAL (D RKECKHART RN = F2R120 min, —HF2RI20 min, —F K 11

15 min. JC/K ZEE 5 min. Jo/K ZBET 5 min. 850 mL/L 4 5 min. 750 mL/L ZE% 5 min.
AR () AR BT B R U E E 2R EDTA $t A8 52 52 il i imist
WA EHTPURIEE, k. R kRTE KRS S mine BEIEFEARIBT IR AR, VI
Fhr. HARREERE T E T PBS HRPEEHIRIE 3 K, BR 5 min. (3D YJFTHON 33.3
o/L XUEKIET, SiEDEIE F 25 min, K307 B T PBS P REIBEGIRIE 3 I, £R 5 min.
(4 VIR ART R A B H S R R, fE AP gl F g S S s H 4, =
3 30mine  (5) B AFE AW, EVIA Lin PBS #%— & HFIRCir it —4t, VIR
TR EN 4°CWELR. (6) PN ET PBS HRENGI%IZH 3 K, SR 5min. Y Fi
JAFJE7ERE AR IS — PR MR iR AY, ERME 50 min. (7)) YA E T PBS



T SEENVEGEI 3 IR, BFR S min. Y)R RS S AE R AR T EERCHI ) DAB B, &
T T A (), BAMEARRR 6, BORAKMBEI R & B . (8) JRARZEE S 5~10 min
FeA, BRKEDE, 10mL/L 3R OB -ERr, BRKEDE, 25 10 mL/IL 2K KIE IR
W1 min, HRKEE. (O BUH KA 750 mL/L ZEE 5 min. 850 mL/L ZF 5 min.
TeK LB 5 miny JE/K ZBEL 5 miny —HZET S min FBKIER, $5 00 A 2R S R Y
Mg, T PERIRE .

1.2.6 Western blotting (1) & AR M AUHI . B RIPT R . B ABEEMGIF . BEEREEHN
HIFHE R 100:1:1 FIELBIHEATIR S - BUNRUTZ1Z 30 mg T 1.5 mL EP & /1, JIA 3 FidH
PR, TSN 250 pL 2R, UL ERTE P ERISLEVK BT . R EP EBON El 4 2T EE
BB 2~3 YR, FEIK 40~50' s, FRTFRIALZISIEAEAT 4 °C, 12 000 r/min 20> 20 min, HX
FIER A EP B . R LIS O, BB AR EP B, B2 pL BIEWRAT
BCA HHER, PR LERATH&EOMES. RAENE SRR EOWEE, H RIPI
ZURFRRE AR, TN 5 x loading buffer, JE2JJG 485 98 °C, 10 min, #4547
FIRE FBN—20 °CoKkFE . (2) 1ZMB4EFL 50 pg -FE, SDS-PAGE HL¥kJ5 K& A% % PVDF
JE, 15 mL Peidgds Rt =R ] 15~20 mine.  (3) ECH]—PM =3, —Pi4°CiFaEid
W, TBST Pl 3 X, X 10 min, #ZEZEMFE =P 1h, B3 XK. (4 B
BRGRM, WNKCH, F BIUE IRAF B FEAEFH Imaged AR AT K BEAB 7347
1.2.7 W FRABESAHT WP SIS 210 & R AN B, 34T scRNA-seq 73 #T. fi
F Fast G425 R aa 208 3047 i v, A CellRanger AT FFAILLXS, AR plidik R a8 AR
R, Kl bRz 4, {3 B SCENIC 434l 5 B HE i it iz 400 it v e S R 122
Sty HRE Ahr R CYP1AT FERBEAT LB AT AL 2047
12.8 it SEIREIE{EF] SPSS 26.0 BAFHHTALEE, FEZLIA ELEE T r-test, Z41[H]
L8 one-way ANOVA #7480 4T, % GraphPad Prism X FiET4: K, P<0.05 R
TR GRS
2 R
2.1 SSHFAIREEN K scRNA-seq

HE Yot g BrT W, TR aEtaiamT . TEARN . M e HEs:, A0i A
5]\ AR TG R R B0RE, SURER] R BRGSO Y, 1] R iR s )
DK ERPEAIMIRER, ARG AR, HIUKMFEH (B 1A o B/ R
U R AN R, BT BN R L SR ARG (B 1B) A IE RIS FE 4 3t ik 13058
AR, Fodr 5316 MARSKRIE T &G EE /DR, 7742 AN IE T 155/ BUT 2
2. PR Q30 Lhi>85% M = A dE, FHEFEAE 200~6000 [HAHMIFEAT T — 20525,

A: HE et (FrJN 50 um) 5 B: scRNA-seq ViiFE. scRNA-seq: H4HH ;207 .
B 1 HE #f5 scRNA-seq iz



2.2 SCENIC 43#7 % Ahr EEFRIE AL E

R RS ZH ST b R 4 I FE SR £ 4T SCENIC 23 M R I Ahr 755/ P 023k s Tx
WeH, Nit— PN Ahr R R R 0F CYPIAL R FIRIE TG, STESAMFIEAH
BN RIBEIAT T AL T R, MESESRIERE S5 Ahr B B, CYPIAL
BRFIEMMET T (H2) .

& 2 Ahr 1 CYP1Al EEFIAFML

23 SEFINFRAELLAF Ahr BERAIFD

SR LAY AT T e AL et . S5 R BRI T X mdl, SAUH Ahr RIEKF
BEFE (P<0.05) , HAEHS Ahr HIEAMZA B aEskirr) o sk, xTHR4L
W Ahr RIEEES, T I E AR R, AR RPRSIH T iR (B 3A)
AR REBEREIN T AL Ahr EAM S E (P<0.05, K 3B) . ELISA g5 E/R, &A
M CYPLIAL 3T .

A: HHER G HNEER BN 50 um) 3 B: FROEEE, C: g4 CYPLAL iG 1.
Ahr: R, =3, *P<0.05.
&3 SS5RZEAALE Ahr BT

2.4 PTX xP/NERAHZELEH Ahr B9FF1ER

ExIMAMLL, SAYE G Ahr IR R KT IL-6 SREEEI R (P<0.05) , CYPIAL 5
BEERER A Occludin &85 N (P<0.05) ; PTX T-Hij5, Ahr 55 IL-6 &85 %
(P<0.05) , Occludin FEMAFEZETHE (P<0.05, K4) . LIRSS T8 Ahr
SETFE, IL-6 A Occludin SIUA AR 1k, PTX Al 70 Ahr 203 5051 AL 1 RO B
MIBERERIR, R ALL
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A: Ahr FIXTRIAF; B: CYPIAl MHX}RIAE; C: IL-6 #HXfRIAT; D: Occludin AXtFIA
&, PTX: COMdrIAIHl; Ahr: H5EZAK. FrE —PuiMREC LY N 1:1 000, =3, *P<0.05.
&4 PTX FFxthheALE Ahr KAH<IEFRRUIER

2.5 PTX M&ESIHMA/NBRAHTIRERFFER

FlDh REREIN 45 R TR PTX TP ANE I $2 i Y i/ BRI ol D PR {2 IPIROR
15, GNP RN (R LA (P<0.05) , BSC /N BRURPIRCTI R, T RS fe o Bl J /v
EEARE (B5) o KU PTX BER s/ NMRDIRE, A& S ALL
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A: PRSI B: WPURCETT; C. WRIRUE(ERSAIEEA; D: MRRCRENMT. PTX: CHIATATH.
n=10. “P<0.05.

B A1 B,
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B 5 PTX MESLE/FEAMIIEERFNT

3 g
AP TEHR . 2024 EITEESERH R AE T AL TR SUANIAREE M, BEHEARR AT 200 27
TCo 2025 FFEMEHL RS KA T E/AMEE, 37 Ah#E, 400 ZERE&5H. SAREFR

PRI DUy B R e PR AR A RS, 45 I O R 22 4ty R LK A
Wy, WO SRR A TR AT B OCEEELL, IER b, SRR R E LIRE SRR N E,
HR A BRI R R I R AN RUA e 5 T I O

FEESEbrrh R 5 T IR AR QR Th S A SBT3 . UREE41R AT 400 wL/L %
7 15 min /A BIUHIEIAT T SWAGTT . Qeie)a L8/ W H B4 T Wi, ARERS
Bl HRMERBOE N YOI, RS R TR v WOCE R VR4 R, AKIPAE L, 3R
IR I ) . 12575708 5 RADBEL “5UMRER — 2, fFaa @& Lhaio, kN
FUAERE ST AR N P RN AN ZG W e S5 0 TR A 2 2%

Ahr 52— RE AR MR 7, FEATURRIAE R R AN IR, 72T, 4
N7 AL LR A L Fr rh i R A Gl R RAE SOEPER T, Ahr BAIEW]RE
I YR ROAE R T ARIE, AAEEE) TSN AR, AN R RO AR, 4
TR BERIE IR L1, B R IESAL Abr T, BE—25 W AL ER B 365> Ahr 3
NYHIAZ TR E TR AT BASS & 0T B0 Abr, SEEEEAN AU AR, 53
C I Ahr FCAAROE —BY. RN IRATE AL IRE R 5 e i A WA MR, SR ER
WG )5 Ahr SEERBRGE, @I RIS TRE CYPIAL ERRIL, 25T 500 RSB RERR
Li X SEEWF O MR S DR RT3 07 0 A U, ELISA KIS 5473 J il -



CYPIAL vt &, XE— 3R Ahr JEESHGE . AWFFONE B ER M E R $Ept T &
T A, BRI TR LS R — D SRR IR .

SCRNA-seq A& 1T 4 KRR HEC R IR — Pl A R 11 550 A b 4 M 248 78 v 6 R ik 22 S A e e 2L
WFFHEAR, RN B 2] “FiEG— D400 FESER, F7R T 40 ) 5 ma ke,
BT Rz 40 SCENIC AT RIN Ahr ZERRIE TS, /NS EWMIIR 4hr F1 CYPIAI
FRFIEWTE, P H NI LU IR T 1%k . (E{EER RS, CYPIAL (3
NFIEFE A S EDUA—E, XRH Ahr (55 EESHRGHREZME. B0 Ahr B0
REARER AR B R S B FE T, AEJRI 2L A oA B T BRI 0] T 4 B e RE 0, [RIET
MR TB & I CYPLAL B CIEIEMT S 5, mdaErs, SEm&mEn
TF. AN, CYPIAL EEAARS VI WING, WP PEEM. Ahr (55 FEMER—D B
R TR BTG, HN I A s 2 B A SEA Ahr B8R )58 ) 1 . [F)
i, FATEAM B ZURAE T SR R N AN BRFEAER, HAMMOND 25071814 7F BRI 5 el —
WEHEIE AR 7RI Ahr ik T+ E PR A 3 CYPIAL 2 5 850 PR S0 &= AR A9 RE
o FES/SE ALL H Ahr B0EHLH M ANE 2 .

AFRRAT, Ahr 37 NUEPERC A Cin e S BRI (& FEIOE, 54 bR B R e s |
W G i 2 AR BT, AR S 2 oG E 2, RHLIRA TR, R fEANEER Y
FRECR, IXFPETHTI, Ahr FIRFEEsmZI0E 58 AR R, 40 £ T AR AR RS 5 1
B UIAERE2, MASAKI S5 B3 ik e He B 17 - A S 3 s TH{E e
BB, Ahr W EEOE S INENEBG . XFA LRPPE” B CBIEME” MR, 2R Ahr )
WOETEEE . ERER ) A R I B B B R, R e IR 45 R R DGk R 25 . B B B,
Ahr [RIZRE 508 i P A T LT 28 & (M BC RO, 2 Ahr A5 RS S A R
BUNBEMENE T, IX 02 RO PR S B R A0S Ahr, AT 5235 10 28 S B2 728); 1 224 py 51
BiAd sl RARMEYDIEIEY) R 5 Ahr 2540, B RIONETVERPY. %F Ahr BIThAE & KT
HRTEE BRI E, SIS S A NIRRT RV E D — KBk, 5 Ahr 4567
PR R . FA SRR, SURHE NI IE 5 AT -5 4R oy IR N A i 2 Bk AR SR A =
A E), o 545 O Ahr B AT AR, SRR B T el E R
PR “CRMEERY MBI, S350 Ahr FREEEEEE0E, A KR B K R,
XA R SR I3 ) T A 28 R i A ) AL 2 —

PTX & —FhEIERE MR — BRBEHMHIR, HAZ O 253 F i P P A% IR — Be iy s
Ve, TEPETANM N AR AR AT, RS TS SIEE, RIEPLR . LR, PieT4Eth
J AR A N 7 55 2 B ARV B o R 2 B R R AR R 2 h B M IR A B
HATREIETTIE ), WA FOGEM EE T TR .. SRS T R JIE B
FANIB . ARFFE R PTX FIEE R4S Ahr S, 5 8RN 4O FORY i f,
HREUCEMIIRE, BB ALL, X5 SARHAN ZB2HF 5L PTX Al i@ i i 26 i
155, RN 2 838 RAEA L. RTBEFURIN, PTX WA E SRR S EBUNIE T
AT A FH SRS T, B 5R NPT IR R s, AT+ P B s A I RE 7,
I SEAL SO I R 2k R 450 . IbAh, PTX b Rgilid sum 2 b A B & A ThRE, IR
WAL, ARG R ALY, Bk, PTX 280 SR &5 20 ALL B TS LER
DAL

ZEEPTR, AEFFNE T Ahr FERSEG PR, RKIL Ahr #0505, IES 5 T RIEKR
N ANBEBER IR . PTX A] REIEIT 0] Ahr 15588 PRI 205 I N 5 B Bepidn, RS
H ALL. A30CN Ahr fFASEUAE AL EIR T SR A 7 BB AN S Ik, 9 PTX 7E ALL H
(N PR T A48, PTX (12 58 s ThAEA S L e 2 AN AL
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