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Abstract: Objective To investigate the protective effect of liposome aerosol inhalation of Baicalin on lung injury in mice with acute
respiratory distress syndrome (ARDS) and explore its mechanism. Methods The liposomes of baicalein were prepared by the thin
film hydration method, and the entrapment efficiency, drug loading, particle size, Zeta potential, polydispersity index and cumulative
release rate were detected. BALB/c mice were randomly divided into the control group, the model group, the baicalein solution group
(100 mg-kg!, prepared with 0.9% sodium chloride solution) and the low and high dose baicalein liposome groups (50, 100 mg-kg™!).
The mice were continuously nebulized with baicalein liposomes and baicalein solution for 3 days, once a day. One hour after the last
administration, except for the control group, all groups were intranasally instilled with lipopolysaccharide (LPS) to establish the ARDS
model. Six hours after modeling, the lungs were taken to detect the wet-to-dry weight ratio (W/D), and the pathological changes of
lung tissue were observed by hematoxylin-eosin (HE) and Masson staining. The levels of interleukin-6 (IL-6), CC chemokine ligand 2
(CCL2), tumor necrosis factor-o (TNF-a), and transforming growth factor-p1 (TGF-B1) in bronchoalveolar lavage fluid (BALF) and
the levels of malondialdehyde (MDA), superoxide dismutase (SOD), and glutathione (GSH) in lung tissue were detected by ELISA.
The mRNA expressions of IL-6, TGF-f1, TNF-a and CCL2 in lung tissue were detected by real-time fluorescence quantitative PCR
(qRT-PCR), and the changes of BALF microbiota microecology were observed by 16S rRNA sequencing. BEAS-2B cells were divided
into the control group, the model group, the baicalein group (200 pg-mL™") and the low and high concentration baicalein liposome
groups (100, 200 pug-mL™"). Except for the control group, all groups were stimulated with LPS (250 ng'mL ") to establish the model,
and the drugs were administered simultaneously. After co-culture for 72 h, the levels of reactive oxygen species (ROS), mitochondrial
membrane potential (MMP) and mitochondrial superoxide in cells were detected by ELISA kits. Results The entrapment efficiency
of baicalein liposomes was 91.7%, the drug loading was 25.5%, the particle size was (212.300 + 0.424) nm, the Zeta potential was
(—22.4 £ 0.9) mV, and the polydispersity index was 0.517 £ 0.052. The in vitro release curve showed that the in vitro release rate of
baicalein liposomes was significantly lower than that of baicalein solution (P < 0.05). Compared with the model group, nebulization
of baicalein liposomes could alleviate the lung tissue injury caused by LPS in mice, significantly reduce the lung W/D (P < 0.05),
significantly reduce the levels of IL-6, TGF-1, CCL2 and TNF-a in BALF and lung tissue (P < 0.05), significantly increase the levels
of GSH and SOD in lung tissue (P < 0.05), significantly reduce the level of MDA in lung tissue (P < 0.05), and increase the ratio of
Firmicutes to Bacteroidetes and the a diversity of the microbiota (P < 0.05). Compared with the model group, baicalein liposomes
could significantly alleviate the excessive expression of ROS, the up-regulation of mitochondrial superoxide and the down-regulation
of MMP induced by LPS in BEAS-2B cells (P < 0.05). Moreover, the above-mentioned improvement effects of baicalein liposomes
were better than those of baicalein solution. Conclusion Liposome aerosol inhalation of baicalin have a protective effect on LPS-
induced lung injury, and the mechanism is related to the reduction of oxidative damage, mitochondrial dysfunction and lung microbiota
imbalance caused by excessive cytokine secretion. Liposome encapsulation can improve the efficacy of baicalein.

Key words: baicalin; liposome; atomizing inhalation; acute respiratory distress syndrome; inflammation; alveolar lavage fluid flora

SRR FIA A ME (ARDS) J&—Fh ™ E
AR Y 2 D] 2% 3 R 11 DA 6 6 400 of 75 45 Ol T R
DIIRIRZEGAE, RT3 B A 3 AR AR A 44k
3 NI B, H BRI ALGIR 98 0 I W R 1 T 2L
V6L B 4 LA PN B2 B RS2 A3, AT 51 e it 2 2 44
1 S IRFEN2,

HHT ARDS W8I LS R 16T 53R YT
N, B EGEO G DA BERE
BRI R N, $& = RO I # . RIEDIN
PLRAEH A2 F GRS ERIESE, BAAZ. 5
VEFEE . PLRAEIERAA B NS B, 250
W FEUESE B 2 H A R R 73R 0E . Pk,
PR S TE T, AHH T HOKE MR S EUEY R B
B, BRI T G PR S M

JUgt IR A 2 pR M AR R I T 2R i, T R

YIRS SRR BE, RN G R A 25 R B
TEREMSCRERME L, EEAE TR IE 26155
JEBY AHIF RN /N RS, S b AR T AR
T AE PR B B o A DA B 3 25 3 i I 1R 55
TR ARDS 38 R it 47 P SR 1 FH L
1 7R
1.1 AHm5RF

BEF (LT 572667, JRESE95%) iZE
B (LPS, ftt'5 SMB00704, Jii /0% 97%) W H %
Sigma-Aldrich A #]; N[ (MDA). &)
Bl (SOD). I HAK (GSH). SakifA i fifr
(MMP) R & 3506 H AL 2 SRR IR A
Al ZRRLAGHN AR I B TR (ROS)
BRI G B L RAEB ARG RA
41 &-6 (IL-6) . CC #a{k KT Hcfk 2 (CCL2).



+ 858 - FA8EF4H 2025548

¥4k £ Drug Evaluation Research

Vol. 48 No. 4 April 2025

JIIRE PRI F-a (TNF-a) LA KK F-B1 (TGF-
B1) ELISA & H 3 E R&D Systems A l;
BEGM Bullet Kit £5 723 H #i - Lonza 2~ &) ; #Ef
F N AR B & B b R A RHE A R A
A]; TruSeq® DNA PCR-Free Sample Preparation Kit
G & E 2L E Nlumina 5] kLM% A5
Tk < B ) 1 BT s T AEAGRHE A PR A =5 AE ]
M BEHR B WS i R AR A BR A A 5
JOEL ] P R S PR G B e B R A IR A ]

1.2 EENHE

Miseq W A4 H 3% E Illumina 2 7 ;
SPECTRONIC 200 24h0] WG . ALF BEFRAX
J¥J [ 2% [ Thermo Fisher Scientific 24 & ; Calibur i
MO H 3£ E BD A CK40 58] & W
H H A Olympus 23 & ; SB25-12DTD 8 5 # i& WX
W6 B TR Z AR R A IR AR ;s S-250D
75 U A R R A B 35 [E] Branson A A); HB10 JiE
R RUEEMEE IKA AF]; Mastersizer3000+
Lab WOGKLEE 73 A4 8 B 9€[E Malvern A F]; ZL-
005 K/NER AL 200 2 OB 0 A= v RHE A
FRA A
1.3 5 4HM

I SPF 28 BALB/c /)N BUW H b 5 1 DUAR AE 4
HARERAA, 6k, RFEL 20 g, LY
A FAYFRNE S SCXK (50D 2019-0010, SZE&EhYIK:
FERE RS RAF, RN 24~26 C. AHXHEE
60%~75%- JEIRFAHI 12h/12h. H HEUKATED,
ERCPETETE 1 F AT 0. A sh skt
RIS AE R HE T W] 5 B S 98 B ) 2% (7 2= IO L HE T
FER IR (/R FRE T RWGAT, shsciiie
FRZW5 2021HHKT (A) -011.

NIEH i b2 BEAS-2B #H i [ b 5 Hr A2
JEE L, F 37 CT. 5%COy. WANEEEEMET
K35, N BEGM Bullet Kit 35753, BN #4
K HAGH M AT SR8
2 Rk
2.1 BEHEREHHIE

SOOI RIELT, I8 K A ) 4 IR T
A, K MR SE R BRI O BERE (7 mg) . HHE BEHEH
FRENE (4mg). JHEEE (2mg) FEETH (5mg)
HTFEFHE (6mL), 37 CHAED 10min, iR
IR 2 AMRIR SR, 40 °C. 150 rmin ! RS K
ZRAENIAEF R RER, I 10 mL B e

MR (PBS) 37 “CHiA R 2 MIE T2 M, 18
FH 8 75 0% 4 PR B A A 4 S TR T AR GEB S Th R
60 W. LAERa][a]k% 3 s LAERSE] 2 min), 753
HEFARFAREW, £ 4 CEMETIAE. AR
RIS A IS, HARP IR .
2.2 BEFRIRSRIE
2.2.1 Kife. O EUEEL. Zeta HWMIIE WIET,
T8 I WO RE 23 AR T oA PR kLA o B 4
1 Zeta AL,
222 BEFE, FAEIE R 2 mg HEHRE
T 1 mL —HFEEH (DMSO) Ho i) 45 35 55156 1
BER, AR H A% LU AR RS 21 3125, 6.250,
12.500. 25.000. 50.000 pg-mL ™' EX-HF R, FHH
P A0 25 0 L, AR VOGRS AR A T SR A i
i, O SR IR A VRAE 280 nm AR IR JE (4D 18 .
DUBR SR BEAREAL AR, DL A4 (E NSRS B
VERRObRUERIZE . B 1 mL MEESTFIRRRARAE 4 C4
75 14 000 r-min~" B5.C» 20 min, WEL 100 uL L35,
BN 1 800 uL FEEAR FL/S I\ 100 uL DMSO 7847
NS RO S B G B U WA\ vy V- A R R [P N R
BHMEE, iTEAEER, B

BER=W o/ W som

BAE=W o/ (W gom+W au)
WA 1 mL JRFE AL ) BSHIFRR: Weh 1 mL g
SRR RS E (R W a9 1 mL g AR
o S
223 RIMEUENE KRS E iR A (DUEEE T
0.5mg'mL™") 2mL 7£ 4 CZHF FLA 14 000 r'min' &
0 20 min, WA BIEWRE TENE X 7R
EHAEEN1X10 1, BT 40mLPBS (pH7.0,
% 0.5% DMSO) 37 C/KENT. 4357F 0.5.
1.0, 2.0, 3.0, 4.0. 5.0. 6.0, 7.0, 8.0hY%E I mL
BB BT EP B b, JR4b78 1 mLPBS, LLEEANy
e EE TSI ILAE 280 nm ALK A 1H, HHEESH
i, TR NE A AS R B [ A5 ) 3 5 R
PBTCR, 2:f BRR 2 . 428 FaRAH R 7%
HEBEEFREW (0.5 mgmL, 0.9%5 LA I
11D FEAS [ B[] st (9 2 258 BRAUVRE TR

Q= <vc§ci +V;C)/M
O NEBREIE, Ve NINEIIFBN TR, Ve NI
PIRIEARAL, NS § AR SRR 25K, Co 3R
n AN ] SRR 25 AR BE . MG IR A rh 25400 ) SR



F48EF4H 2025548

A BTSN Drug Evaluation Research

Vol. 48 No. 4 April 2025 » 859

23 EEZEHEREZHWATIFT ARDS MEAIEL
=1ER
2.3.1 ARDS /NRABEBIRE X 252 BALB/c /MR
BENL A JoRt A, AR | B EF R (100 mgkg ™!
0.9% AN IR T 1)) R AR AN il
(50. 100 mg-kg ™) 4., #4 3% H VAR (0.5 mg'mL™!,
4mL) FIEEFFREFA (0.5mg-mL™, &, K&
oy 4. 2 mL) @K/ R F A gh 25410 B IR
A (03mL-min D% F/NR, LA R EEE 5Smin
RIEFE TN, KRR 4145 F 4 mL PBS,
BRI, FEL%3d, RIRGA 1 h)E, PR
N 5%5E 0 (300 mL-min~!, #F%E 3 min) R
JEARHT 4598 b, 7E/N B JE BE N LPS (5 X
2ng) B, BT AT, #E ARDS /) A5
B, AATAT AL BN BAE X IEZE . LPS &
6h J5, /NEMEFTIEIE A 1 mL0.9% S AL AR
VR BRI ERET R (BALF), @]/ BT
LT fE SRS IR 0, B EL 4 B R A il
W, SERIN SRR R I TE 60 CAAE T TR
72 h, FRETWEIIMMH R, FEoHEm R &R Tt
(W/D),
232 EEINEE  NRITHSR 4%2 KH R
il 2 J A, YR RE AR R4 (HE) M
Masson 4effy, B HATE 400 35 T MMl 20 2445405
RS
2.3.3 ELISA 5246 #/NR 2<% BALF 4 C.
3 000X g B0 10 min HU_E3E, $ MRS U7
15538 1 Bl bR ORI _E 3 R TL-61 TGF-B1. CCL2
TNF-o & 8. A0 EHBEARESK,
MERA AR EHRMAE, 4 C. 12000X g B
O 10 min B EJF, 4% BB & U H 1 07 ks il B b
A _E &+ GSH. MDA Al SOD & &
2.3.4 16S rRNA I/F o #r A% BALF &5
WIATE 37 C. 5% COs WIRIEE41F Nt AT
BiF% 720 5, 44 R AL DR A SR R TR S B 5 7
RS RNA. SR PCR BRI 168 rRNA %
V4 n]AZ X347 PCR ¥4, v4 LiEsI¥R 5-
GTGCCAGCMGCCGCGGTAA-3', V4 FiEs|¥h
5-GGACTACHVGGGTWTCTAAT-3'. PCR %1
94 CAE 2 min, 94 °C 30s, 52 °C 30s, 72 C
455 3L 30 AMEIR, 72 CIEM 5 min. KM TruSeq®
DNA PCR-Free Sample Preparation Kit Z 57 &t
AT SCEEMY 3, i Nlumina Miseq 77 & 3547 168

FRNA Mo R A (Version2.15.3) FF B BT
e R AhE R R i, JEE R SRS
8T (NMDS) S5 REPE (B Z2FEM 24T, R
F Wilcoxon FRAIKEIGBEAT il S0 pa FEAR NS £ A o
Z#M: (Shannon F5E0 7#7T.
2.3.5 SERFUOEER PCR (gRT-PCR) 5246 K5/
UITZH 20K B BE S) R 48 21 9%, Trizol VEH2HL
& ORNA JG, 38 I 0 % sl n) & AT 10 i s 45 3
cDNA, J#id qRT-PCR A XS #E 5 P S A 2 2k [
GAPDH HHATREIN, 7y BIEUS CAE, A 27770k
IYMT IL-61 TGF-B1. TNF-o fl CCL2 mRNA %3
KESR, SIMFFINE 1.
&1 PCR 3|#IF%)
Table 1 PCR Primer sequence
BEH A B SIMFS (53"
TNF-a Lii%: AGCACAGAAAGCATGATCCG
Flf: CTGATGAGAGGGAGGCCATT
TGF-p1  Liff: TGATACGCCTGAGTGGCTGTCT
Flif: CACAAGAGCAGTGAGCGCTGAA

IL-6 Fi#: TAGTCCTTCCTACCCCAATTTCC
T¥#: TTGGTCCTTAGCCACTCCTTC
CCL2 Fi#: TCAAACTGAAGCTCGCACTCT

Ti#: GGGGCATTGATTGCATCTGG
GAPDH Fi#: ATGGGTGTGAACCACGAGA
Ti#: CAGGGATGATGTTCTGGGCA

2.4 BEEEEREX LPS S5 R MmELE
HAERIATIRE R BRI ERRIERS 10

¥ BEAS-2B Zifu57= T 96 FLARH (5541 3 000
AN 24h G, Fr e, B B (200 pgrmL )
FEE MRS, = EIREE (100, 200 pg-mL~')
4, BRRHERAAE, 92 LPS (250 ng-mL™) HiliE
B, ERE RN 252, kTR 720 5, Eid EeY
TeUSCEE4N B, KA ELISA 7 &4l ROS. MMP
LR E KT
25 GLtESH

SKH SPSS11.0 #ff, THEFEIH X £5 £,
Z H 8] LEBER H One-way ANOVA #536:3E47 4347,
1) 2 SR A LSD- ki
3 #R
3.1 EZEEBERERLE

WETRRAAEER 91.7%, HAEN
25.5%, HifEHN (212.300+0.424) nm, Zeta AL A

(-22.440.9 mV, ZHERHCH 0.517£0.052, &

BIIR UA R I AAAE S A ol g, B — e faetE,




860 - FA8EF4H 2025548

"(f;-*fh‘-if-ﬁﬁﬂ* ER Drug Evaluation Research

Vol. 48 No. 4 April 2025

R S0 AR A Rk o B BT o AR IR TS 2R 45 S i
N (B D), BEESE AR AR AR /RS G B T B T3
HHER (P<0.05).

100

80—

60—

BRI %

0 0510 20 3.0 4.0 5.0 60 7.0 8.0
t/h

SRS LLE: "P<0.05.
*P < 0.05 vs baicalin solution group.
1 BEHERARIMER L

Fig.1 Accumulated release curve of liposome aerosol
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Lx AR "P<<0.05; SEURALE: *P<0.05; SIE TR
PRk FIEA L 4P<0.05.
*P < 0.05 vs control group; *P < 0.05 vs model group; 2P < 0.05 vs

liposome aerosol inhalation of baicalin high dose group.
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Fig. 2 Protective effect of liposome aerosol inhalation of baicalin on lung injury in ARDS mice (x400)
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®3 ABZHEREZMLBRAI ARDS NEXSE BALF FRIEEFEERIFME (X L5, n=12)
Table 3 Effect of liposome aerosol inhalation of baicalin on cytokine in BALF of ARDS mice (X X5, n=12)

2H 53 FEI(mg kg™  IL-6/(ngLh) TGF-B1/(ngL7?) CCL2/(ngLY) TNF-a/(ng L7%)
payict — 75+23 23.81+6.6 89.74+19.1 31.3+58
e — 40.2+12.3" 69.3+12.0" 202.6+64.0" 50.7+25.6"
AR A 50 29.4+3.3* 45.0+6.9" 155.2+35.9" 475+14.1"
100 15.9+3.5"% 37.2+6.9% 136.3+40.2* 36.7+5.6"
BEEH IR 100 24.3+5.3% 44.9+8.4™ 181.3+41.7*4 423+77"

xR *P<0.05; SHMANE. "P<0.05; SHEHFIRRARFEMLLE: 2P<0.05.

“P < 0.05 vs control group; *P < 0.05 vs model group; “P < 0.05 vs liposome aerosol inhalation of baicalin high dose group.

x4 BEZEHEREZLRAI ARDS NEAHHELATRERF mRNA RIEWFME (X £s, n=12)

Table 4 Effect of liposome aerosol inhalation of baicalin on mRNA expression of cytokine in lung issue of ARDS mice ( X &

s, n=12)
51 AR (mg kg MRNA X} KA E
IL-6 TGF-81 CCL2 TNF-a

Wi} — 1.0040.13 1.0040.12 1.0040.11 1.00£0.12
T — 5.331+1.32" 4.464+097" 4.5611.49" 3.161+1.06"
ST R A 50 3.12+1.07* 3.23+0.64" 3.66+1.03" 2.65+0.63"

100 2.51+0.93% 1.9240.63"% 2.38+0.69"% 2.16+0.52"%
IR 100 2.82+0.73% 3.02+£1.13"% 3.69+0.93" 2.8140.77"

xR "P<<0.05; SHIEAALLE: *P<0.05; SEEEARAEIEALE: 2P<0.05.

P < 0.05 vs control group; *P < 0.05 vs model group; *P < 0.05 vs liposome aerosol inhalation of baicalin high dose group.
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FHRFHK (P<0.05), TS HIEHRBA SGEEER .
SERR, TR AR SR T 25 LPS 1 A%
(11718 BRI R S AR SR R G R
3.3 EZEHIERAX LPS i5SH_E ALk kiix
Ihee = 2 RS20

5xF a4 begs, A2 BEAS-2B 4iifd ROS %
18R R AR B3 T s (P<<0.05),
MMP 223 & Z ] (P<<0.05); SR, &
LA RE ARG, FIKELL ROS Fik i K (P<
0.05), MMP &ZTHE (P<0.05), ik 4H £ kifk
AR A BE R (P<<0.05); 53%
F 5 M e o R B 2L LA, B IR V4 ROS 3R
5B FETE (P<0.05), MMP 3 %MK (P<<0.05).
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A-Flower petal diagram of bacterial community analysis in mouse bronchoalveolar lavage fluid; B-Bar chart of relative abundance of microbial species
(phylum level); C-Microbiota species abundance clustering heatmap (phylum level); D-Firmicutes/Bacteroidetes; “P < 0.05 vs control group; *P < 0.05

vs model group; 2P < 0.05 vs liposome aerosol inhalation of baicalin high dose group.

3 BEHEREZSHWMAFIX ARDS NEAGHEH BTN (n=12)

Fig.3 Effect of liposome aerosol inhalation of baicalin on microbial distribution in lung issue of ARDS mice (n=12)
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A-microbial diversity (Shannon index); B-microbiota heterogeneity analysis (B diversity); "P < 0.05 vs control group; *P < 0.05 vs model group.

4 EZHERESWUMAFIY ARDS /)NRAAIBEERRMEE M

Fig. 4 Effect of liposome aerosol inhalation of baicalin on microbial heterogeneity in lung issue of ARDS mice

x5 BZHBERAZHRATIX ARDS MRFBHEXTRAGHFN (X X5, n=12)

Table 5 Effect of liposome aerosol inhalation of baicalin on oxidation reduction system in lung issue of ARDS mice ( X s,

n=12)
2H ) FilEl(mg kg ™) GSH/(mg g7%) MDA/(nmol mg ™) SOD/(U mg™)

payict — 1.08+0.15 1.90+0.37 20.58+4.96

it 0.75+0.19" 2.38+0.56" 16.70+1.87"

TS R 50 0.95+0.12"* 2.21+0.45 20.23+4.44*
100 1.04+0.18* 1.94+0.31% 20.41+2.52*

BEH IR 100 0.88+0.20" 2.324+0.70" 18.32+3.36

HX4tbic: "P<<0.05; HHAIALE: *P<0.05.

“P < 0.05 vs control group; *P < 0.05 vs model group.

=6 EEHIERAN BEAS-2B 40l ROS FRIAFERIKINAEMZE (X £s, n=3)

Table 6 Effect of liposome aerosol inhalation of baicalin on ROS and mitochondrion function in BEAS-2B cells ( X *5, n=3)

415 Ji R B/ (ug-mL™Y) ROS MXf#RiEE KB EYMNRER MMP A%} 7K1
Xif e — 1.0040.11 1.0040.17 1.0040.19
itic) — 3.75+0.77" 1.34+0.32" 0.63+0.09"
TS IR A 100 3.15+0.92 1.1940.13 0.77+£0.12*
200 2.55+0.75™ 1.13+0.13% 0.89+0.10%
AT 200 3.1640.34™ 1.2940.24" 0.7240.10™

S IRAE: "P<<0.05; SEEMALLE: *P<0.05; HEEIFARRK SR EREHLE: 2P<0.05.

“P < 0.05 vs control group; *P < 0.05 vs model group; P < 0.05 vs liposome aerosol inhalation of baicalin high mass concentration group.
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