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# E: B HRAEWGMBREE S H B (macrophage membrane-coated baicalin liposomes, MM-BA-LP) HJIiiE
FaE e, e akif KRR P, DRI /N BRI 4 B i E 3545 (global cerebral ischemia-reperfusion injury, GCIRD [fI{#
PHEH. 73k BIBOEEE T MM-BA-LP Mg fase s FIH 76 BB A a4 iSO MM-BA-LP (¥4 336 1% g

1 3% AR A% R 0T 9 MM-BA-LP ZE i 2H 23 [ 204 i CCK-8 VRl A8 22 445 2430 BBl 40 Ft 400 i S20H 3 2/ B WE VE Coxygen
glucose deprivation/reperfusion, OGD/R) BETFI/NER, GCIRI R 8L, FEATHIEDIREVESr W 3H5L8 . 75K E -4 (hematoxylin-
eosin) P LA 252, JEiEiL ELISA A1 Western blotting SRR THLRHLHITF 7T, £5R  MM-BA-LP BA R IF A& fasE
Py TERER SR E R, MM-BA-LP BN #7L5RE = T BA-LP 41; CCK-8 S2ih&E B R, MM-BA-LP %} BV2 4IHf5
AR T BA-LP; 2345 R B8, MM-BA-LP &3 043 GCIRI /MR IIZSIAP£hae (P<0.001), HAEEZE SE g 44K
A8 HLEIWFREE R E7R, MM-BA-LP fE5 4K OGD/R 41fi5 GCIRI /R Bt A R & H Bl Chigh mobility
group box 1 protein, HMGB1). Toll #£5214& 4 (Toll-like receptor4, TLR4) FffR L% A F-xB (phosphorylated nuclear factor-
kB, p-NF-kB) /NF-kB [{j#i% (P<<0.05. 0.01. 0.001), HftEE FIFHKER T AN K-6 (interleukin-6, TL-6)+ FIZHE
A #-18 MUEIRBE T-a (tumor necrosis factor-a, TNF-a) [7KF (P<<0.05. 0.01. 0.001); H HMGBI =i 7 H 2
% 5 MM-BA-LP BXHIRE 2 3 B3 GCIRI /M RURALR R AL . 458 MM-BA-LP B RIFHIFaENE. Sy ki A 77 e
WP, BEEEEIH] GCIRI 5 1 40 R N AT #H 2 T B4,  FLHLEI AT 585 2 HMGB1/TLR4/NF-xB i #% .
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Abstract: Objective To investigate the serum stability, immune evasion and brain targeting of macrophage membrane-coated baicalin
liposomes (MM-BA-LP), and study its protective effect on global cerebral ischemia-reperfusion injury (GCIRI) in mice. Methods
The serum stability of MM-BA-LP was analyzed by absorbance; Fluorescence microscopy and flow cytometry were used to assess
immune evasion of MM-BA-LP; The distribution of MM-BA-LP in brain tissue was studied using a in vivo bioluminescence imaging;
The safe dosing range was determined by CCK-8 method; Oxygen glucose deprivation/reperfusion (OGD/R) model and mice GCIRI
model were constructed, neurological severity score, open field experiments and hematoxylin-eosin (HE) staining were performed to

evaluate drug efficacy, and the anti-inflammatory mechanism was studied by ELISA and Western blotting. Results MM-BA-LP had

s HHEA: 2025-04-30

EEWMB: EXRARRIFEEETITHE (824742200

TEEEN: IR (2001—), Lo, WILHIFA, MSERZ3 AT 0. B-mail: 1790137563@qq.com

*BEEE: & W (1981—), %, #U%, WitLARN, NFAEMARESZF)%¥M 7. E-mail: 55743198@qq.com
FKRFITE (1996—), L, W, AFHHLGHHRFIA . E-mail: 1215238558@qq.com



® 6232 ¢ * —* ﬁ 20254E9 H $56% $ 173  Chinese Traditional and Herbal Drugs 2025 September Vol. 56 No. 17

good serum stability. The results of in vivo imaging showed that the fluorescence intensity of MM-BA-LP group was higher than that
of BA-LP group. The results of CCK-8 experiments showed that the toxicity of MM-BA-LP to BV2 cells was lower than that of BA-
LP. The efficacy results showed that MM-BA-LP significantly improved the motor and nerve function of GCIRI mice (P <0.001), and
significantly improved the inflammatory lesions of brain tissue. Mechanistic studies showed that MM-BA-LP significantly reduced the
expressions of high mobility group box 1 protein (HMGB1), Toll-like receptor 4 (TLR4) and phosphorylated nuclear factor-kB (p-NF-
kB)/NF-xB in OGD/R cells and brain tissues of GCIRI mice (P < 0.05, 0.01, 0.001), and significantly down-regulated the levels of
inflammatory cytokines such as interleukin-6 (IL-6), IL-1f and tumor necrosis factor-a (TNF-a) (P < 0.05, 0.01, 0.001). In addition,
the combination of HMGBI specifically inhibitor glycyrrhizic acid and MM-BA-LP significantly improved the inflammatory lesions
of brain tissue in GCIRI mice. Conclusion MM-BA-LP has good serum stability, immune escape ability and brain targeting, and
could significantly inhibit the inflammatory response and neurological impairment after GCIRI, and the mechanism may involve
HMGB1/TLR4/NF-«B pathway.
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FELEMG2E R (SRR EEUE) AL AR IR R 95 5 iR
JPHOCREE, AR H ETOKER 23 A F 38 S0vE T Rkt
PEGR PR EE, T2 sk i FR v E 5145 (global
cerebral ischemia-reperfusion injury, GCIRD) [ 5%
B, 2R Jo ik ik RS (blood-brain
barrier, BBB) Xt LLSZHLEE ] 1% B,
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Hh Y R RO fS 2 DA OGUS), o HMGBI 1B
RYEFRIAIT LS, JF RIS HMGB1 25407 6
A BT GCIRI JE L4 408, MM R AE 1R 1
. 1 HMGB1 2@ 5 Toll #5244 4 (Toll-like
receptor 4, TLR4) 456 RIFH AW Fete, HIAT
WHE 5 HZ IR T--«B (nuclear factor-kB, NF-xB) [
FKiE, e A 40 % -1B Ginterleukin- 16, TL-18)+
IL-6. T8 2R 48 K -F-a. (tumor necrosis factor-o, TNF-
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2 10%5 4175 (fetal bovine serum, FBS) 1 1%
HER-HERN DMEM K33, T 37 C. 95%
0> F1 5% CO, MIREFRAH RS 75

SPF & HEME KM /N, A& 27~30g, 6~8
J S, AL YA IR A R AL, SHEIES
SCXK (F) 2024-0001. 45256318 AR A B 24
R¥EHMPBEESMHZ R M ME (HiES
2024199)
1.2 AR5

X (IS A25HS192344, i &0 30=90%)
W H IR AR AR AR EEEE (S
B80859). KEER@EAR (5 SY-S1-190601) i H
PR YFEREAREARAA,; FITC ({5
230916). Dil ({it'5 C12210335) W H L3 ik
EWRHEHARAR;, BRA-BEREAY (S
23285738) W HRME LEAM TREARAR; &
¥ DMEM $57#3%E (Jit5 GA24080043613). JLHE
DMEM #5753 (4ib'5 GP24050210060) B-actin T
f& (4it5 AC231112001). HMGBI1 itk (iS5
R12061936). TLR4 Fiifk (#t5 GB11519). NF-«xB
Pifk (L5 AC240322036). Histone H3 Hifk (IS
AC241121312). HRP #rid i EHR_dr (s
M210035) 1 5 X Fe4E /R AR A PR A 7] s FBS
(#t'5 24020705) W HBUM PUZEF AV TREMEE
FRAR; BCA SHEME & (5 23326620) 11
H = RAEVFHLA A DIRGHES RI0230604)
V) VA 2 S te A R A PR A F] s HRP bRid p Ll =
Fo/NR T (IS 10079167) W E g L 5
HRRATE]; —HIEIA (dimethyl sulfoxide, DMSO,
5 23289712, JHETE=99.5%) W HILR =R
IR IR 2] HHER (S LM60W10, i &4
=98%) WHIL A RBEHHARAR; IL-18
ELISA 7 & (iS5 WZ0588XV4377). IL-6 ELISA
Rl&E (IS VVZ0468401428). TNF-o ELISA i
F B (5 WZ03446R0223) ) [ sy AR SRR 4742
YR B A IR A Fl s p-NF«xB ik (it
P22MY7P) 4 H R IEREAE M H ARG R THE A F] .
1.3 {435

YMNL-ITYJ 2 75 20 P e A5 (R ot DS P R
IR B IRAT]D; SpectraMax iD5 BIFFFRIL (JE
FE RS A PR 51D 5 SP8 SR HY O 3 B8 A B ey (4
E 2R RAES AR A ] ); FACSCanto 1T ZYyi s A0 A
1 (3EHE BD ERJT # kA PR A F]D; SpectraMax iD5

R R bR ( EIFEER 7 TS E R A D
PEIVIS /N Wi R G A (BB R BR AV B
fR/A®]); PowerPac Basic HL¥K{X. MiniTrans-Blot
Cell T B H 1k £ ZH4F . MiniTrans-Blot Cell %% E[1f#
S A A IR SR AR A 5227 A F] D s ChemiScope 6100
B RG2S (iSRS H TR A
#]); NanoZoomer S60 55 FET) 454X (EERAYE
FEEAARAFD.,

2 ik

2.1 MM-BA-LP i9#l%&

ERTHARE 7o, ARSI S % 7 B Rirhifs
MELERE E L MM-BA-LPU2, 35 mg JH [ B0
200 mg KNS OP#ENG e BT /- CBF (12 2)
FHRAW, TRAENAHE, BEE S0 8ER
BUAH (5.2 mg/mL). FIREY)E T8 E B
(20 C. 10 min) ", JERIL A EER. wideik
AREBAEIERE, M 1 mL BFEESh &l
(phosphate buffer saline, PBS) H#477K{k, #52¥K 3%
1) BA-LP 7K.

RAW264.7 4H Ut & Y 80% I Wi dE 4t i, H
JCHE PBS WSS 2~3 I, B0 5 F S E AR
HIFU) TM buffer BB, Wk, FHE R I 40 Mot pe
{CREHEZR AL, NN 1 mol/L FERHAIR S, WA
PR R 0.25 mol/L. TAEHEOHL 4 C. 3 000
r/min 5.0 10 min, WE_EIEW, 4 ‘C. 4500 r/min
250 30 min, WEEYTHETS MM. HIE#E 0.2 mol/L i
PEETRYE MM, 4 °C. 4500 r/min (> 30 min,
H TM buffer Peikiiie, FREOIETTESAi1L
MM. XM BCA & HFER 4tk f5 1) MM & H
JRIEAT EBIE, A4k MM B T 75 i 40 i i e
3, R4 MM i, K MM il 5 BA-LP IRA
$1%5) (UAFZTF MM-BA-LP & 04mg A, £
R 400 nm A1 200 nm 1) SRR BE AR, K15 MM-
BA-LP.

2.2 MM-BA-LP ;&2 E MR

Iy B S BA-LP. MM-BA-LP, #% 1:1 [
LBl 5 FBS IR A, T 37 CHEFRE, LA
50% FBS ] PBS Z2g A IR RAL, AR s
3. T 05, 1. 20 4. 8. 122 24h WHL 100
ul FEASIIN 96 FLAR T, 155 BEFR X IR 560
nm, WEFEARPBOCTE (4) 1H.

2.3 MM-BA-LP RZE¥iRIIEERF
RAW264.7 40 LA 8 X 104 AN/ FLEEF T 12 FLAK
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o, Ji 9% 24 h 5, [ FRAEE O FITC-LP 1 MM-
FITC-LP, A7 B g it P, FITC &
ZWRFEH 10 pmol/L. ¥ E 6 h 5, H PBS HEikA
M 3 RIFEET 500 uL PBS o, @i AR
ERIEFER R . KM E 6 h J5 1400,
H 4%% KW T =R NEE 15 min, FELERE AL
Dil 444 15 min. A HBOGIL R BB 455
1H Lo
2.4 INEHSERER IS5 MM-BA-LP 89 fxER E
2.4.1 GCIRI #ERIFNT 523 A PNHE LRI XU
S BT R R IB L, XN B SZ GCIRI
B /NRR ip 1% L EEZ AR, S RS,
PR 25 Bl ok 5 F AR AR N 3 ik e B 92 1A . BELIBT 20
min J5, BNk DK I A 10 min,
53, B3 Rk R AR, &5k
BN XIRARRIUS Sk A I A4, Ha
R ST AE H]
242 EAGT AL NS N IEE A
B, A% DIiR /Ry IR ET I A 21 fig o
R, %41 % iv DiR-LP Al MM-DiR-LP. /N 57
KRR, FEEFE A IR RSE 0.5. 1. 2. 6.
12, 24 h RIS 265 5, BULE, LSt/ NER,
H o 2 2 AT 9 e A
25 BMRMWEINEEITES (Mahmood’s method
neurological severity score, mNSS) FNB 17sLiF
MINRIRETNEE

WENIEA., HA . MM-BA-LP 4l (& iv
MM-BA-LP 50 mg/kg) 1 BA-LP 41 ()£ iv BA-LP
50 mg/kg), 48 K. @3 GCIRI #iAl)5, 4 24
INIFEE G 1 IR, EBRY Y5 48 h, IEME 14d 5, R
mNSS WAL /NRIZhThEE . BEThAE. KAF. K/
UMD 58 (40 cmX40cecm X40cm) 1IEF ], id
3% 5 min W/NRITESIIEOL, 18 W 91T A% 0
WA M /N RIS BB B . P35 B A 1B ],
P NP B Eis B RE
2.6 F/KRZE-RL (hematoxylin-eosin, HE) & iF
1Y BN 2E 4R K AE I R

RN 4% 2 R, Bk,
AT, SN BT HE e, R
HY A R A, WS4/ R 2 5 40
IR K AT T L, R
2.7 RIMILEIRFSR
2.7.1 CCK-8 SEERHE Za445KE  # BV2 41

FLLL 2 X 10* AN /FLEER B 96 LA, RiFeid . 4
BIIAATFIMREE (0. 1. 5. 10, 20 50 100, 200
ng/mL) [ BA-LP fl MM-BA-LP (45 25iF R4 T
0.22 pum TFLIERESEL ) AR 24 he REFLINA CCK-
S 10 L, £ 37 CFHEHE 24h 5, RHABEFRX
M5E 450 nm 2K A {H.

2.7.2 OGD/R B[Sk 2h %) BV2 AT
S OME R 25/ #EVE Coxygen glucose deprivation/
reperfusion, OGD/R) #bBE, #AMEHL GCIRI #5145
WEXTIEA ., HiAIZ] . MM-BA-LP 4151 BA-LP 41,
Bt R Ah, H AN & 10% FBS 1)L DMEM
BrFRIEIRAE (1% 02y 94%Na. 5% CO,) FHEs
75, BRAE 3 h S5 DMEM Jo Rl RS 35 5 B ol 8 4 1%
FrEE, R REIRE AR TR, AT ISR 24 h,
BB G T YTl

2.7.3 Western blotting f&ill HMGB1/TLR4/NF-xB
BEMOCEARE W 2727 TUNAE, H&
HEEANEF ) RIPA REZ MR E, KH
BCA VA E B FRFE . B 10% T b i
BRAN-SR N MR I i e I HL K, %% %2 PVDF B, T 5%
A iE A& A E R 2 h, IIA—$i HMGB1 (1 :
1000). TLR4 (1:1000). NF-kB (1 :1000) £l
B-actin (1:5000), 4 CHEELIR. TBST Wik 3
W, IIANZHL, ZRTHEE 1.5h, WG, @y
SRR OGRS, JEH Image ] AFHEAT E &M .
2.7.4 ELISA VENE RAER 1K e sE % 2140
Mo b3E, KA ELISA &I & il IL-18. IL-6 Al
TNF-a 7K°F

2.8 {RANHIRFR

2.8.1  Western blotting £ W /N & i 40 2H
HMGBI1/TLR4/NF-xB B R EARE INRBE
HLo At R E . A4 . MM-BA-LP 41 (& iv MM-
BA-LP 50 mg/kg) 1 BA-LP 4 (/& iv BA-LP 50
mg/kg), 43 K. @ GCIRI M5, 4 24 /)
WT525 1 4%, 48h )G, AbBE/NER, HUHANAZE, -
KGN ZRERIR ISR E, FFRH BCA VEllE
HEHWE. 4% “2.7.37 TUR 5N e &4/ Uk 2H
41 HMGB1. TLR4 Al p-NF-xB/NF-xB K [k
Ko

2.8.2 ELISA EME 20 7K & 2H /N B
HAFRE R R G, FTA PBS 2045 % 10%/0
MK, BEoFRE EERHRRARASF . KA
ELISA {7 & il 5€ IL-1B+ IL-6 Al TNF-o 7K F-.
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2.9 HE #f70 ELISA £3E%T MM-BA-LP i H1
lbei gpraCIEan

/N7 Sy B BT L T EER (50 mg/kg)
HFH R (50 mg/kg) +MM-BA-LP (50 mg/kg)
4, Bi4H 9 K. @57 GCIRI B 5, K45254%F 24
/NI ip AR 259 48 h J, ARFE/INER, HUH I Z4E,
¥ “2.67 TR J7TEERT HE Yeft, % “2.827 Wi R
J7i23E4T ELISA Al , WEg4s 4 HMGB1 &
GCIRI /)™ BRI ZH 2R 98 PRI 8 UL K 9% 1% R ¥ (TNF-a1
IL-1B+ IL-6) 7KF, M %HIE MM-BA-LP & 778 it
FNH HMGB1 b Ho30% 1) TLR4/ NF-«B 38 % M i 25
#/N GCIRI,
2.10 FIHFEDH

i F Graphpad prism 9.0 #4347 it 5347,
RO X +5 Koo I ZE i@t R R 5 22 0 #r
(ANOVA) 1.
3 #R
3.1 MM-BA-LP HIIEREM S e EkiRINgE

MR AA S MG SEAERT, 2555 MG &R B
—ERR CEAR” M, AR RS e T
BRERmMR, YIEFAS EEOSGE, T
SUBIEUE, (8 4 K. N T IR

MM-BA-LP £ IfiLi& H i Fa e 14, 2 B 7 BA-LP
AT MM-BA-LP 5 IfLi& 0¥ & J5 /£ 560 nm 4L A E
k. W 1-A i, 24h 1, MM-BA-LP % 4 {8
MR RATREZR, H A E8 I E 2/
F BA-LP 4. G b 30 2 1k 254918 1% R 401
REMIDCEE TR, RUIR P9 B2 R G I et i e 1431 9
TERRANEYIR, T MM-BA-LP #4k& MM I3t
TWERe )1, HERTH IR A BT R B ARTE AR A 1)
FEAER), A FITC JeRkhnic iR Bk, @it
AR REAAR AR AL B o b, g5 A 1-B.
C 7w, EVE4HMi%t FITC-LP A MM-FITC-LP {15
BRI (59.942.8) %Al (14.4+1.4) %, MM-
FITC-LP ZH 40 iR &3 T FITC-LP 4 (P<
0.01), ULEH MM EHINR AR D 1 B R4 1)
TR, FLREBOLHMEME RIS RwE 1-D fr
7~, FITC-LP ZHI) a5 Rl i s 4 A
K S A AR N ES, RIPEEA G
W E S FITC-LP; 1ff MM-FITC-LP ZH 4R 5% )
5590 o 155 E 2 L) 2 RIS, SR A4 1
£, EREWH, MM BHE REHIE T ERAS
MiEEAMLSE S, M 7 BA-LP iiEfset:, H
ReA R E RO, AR e ikit H 1.

Ao XTI B 100 R I
0.085 MM-BA-LP MM_FITC-LP
0.080 BA-LP 80 FITC-LP
0.075

w 0.070 f;ﬁ 60

~ =
0.065 F 4
0.060
0.055 20
0.050
0.045 0 \ \ .

05 1.0 20 40 8.0 12.0 24.0 0 10 10° 10
t/min Alexa Fluor 488-A
C 100 D
80 GRED ;S
EXS
S 60
g FITC-LP
B 40
20
MM-FITC-LP
0
BIPEXE  FITC-LP MM-FITC-LP

AR A] AR BRARLE IS 4 (34 B Cold Ui A % & RAW264.7 4ifii% MM-FITC-LP 5 FITC-LP FHEHUE s

FITC Dil Overlap

D-BoE3t R

FE RIS RAW264.7 4% MM-FITC-LP 55 FITC-LP [#BECE L P<0.01,
A-changes in absorbance of liposomes in serum at different time points; B, C-uptake of MM-FITC-LP and FITC-LP by RAW264.7 cells identified by flow
cytometry; D-uptake of MM-FITC-LP and FITC-LP by RAW264.7 cells observed by laser confocal microscopy; P < 0.01.

&1

MEREM R AAERELE R

Fig.1 Serum stability and cell uptake results
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3.2 MM-BA-LP #9fx#B[E) 14

T MM AL i ST A 75 e 5 7 5E 2 254
%30 BBB SE[BKMN, KSR sAR AR M
WHG AR EY) AT . /NEURE iv DIR-LP 1 MM-DiR-
LP, fEAN[FENS ] sSS ATV R P8 . a5 Rl 2
FrR, o2 IEH /Nt & GCIRI /M, MM-DiR-
LP 7E Kb s R o, AR S5 5T
1EH 40, T DiR-LP ££ K 1 AR 28, Ui B MM

0.5h 1.0h 2.0h 6.0h

B REI INZG I N, FR s R M. AT
DiR-LP, MM-DiR-LP 7E ML R, (F2
WITEAR K TG A, 3R MM B4 AT KT e i
Bk, sEKZiP3Ei, H MM-DiR-LP 7EfZH 2
RIRE, A E T IEWH, SN 3R RIE 45,
R PLESERUH, MM-DiR-LP AMMYAEZF T
BBB A% % KM, B8 -K Z5P7E fx N F115 B
6], A2 56 45 Gy A2 S BB A B

12.0h 24h JiRiid i

D

fic

A-IEH /MR DiR-LP 45252 B-IEH /M MM-DIiR-LP 45242 C-#2U/Mil DiR-LP £5 25415 D-HE/N R MM-DiR-LP 424541
A-DiR-LP dosing group in normal mice; B-MM-DiR-LP dosing group in normal mice; C-DiR-LP dosing group in model mice; D-MM-DiR-LP dosing

group in model mice.

B2 ES/NRFRENR ARG K MRMAKE RS RIGLER

Fig.2 In vivo fluorescence imaging and blood and brain tissue fluorescence imaging results in normal mice and model mice

3.3 MM-BA-LP %35

BRI 5 P ST LR R AT i RGR A T, (Hiss
FIRE IR RIER L, FELE R MR, %
hiE S5 A DIRE % VARG, 18I 9T GCIRI /M R
(I ZHL 2R 9 RE R & D eedk S AB L, 7] LAVFAY MM-
BA-LP /597 GCIRI /NREIZ5 3. I35 sLie4q R (A
3-A. B) on, SxtMEAtE, NRIS3SEEE.
S 1A FE B 2 BRI (P<<0.001), # 1E s A) 553 48 hn
(P<<0.001); HEMALLE, BA-LP 41. MM-BA-
LP A/ NRicshaiiE. FHEERENE (P<
0.001), # LI 8] 2 298 /> (P<<0.001), H MM-BA-
LP HCRF 4. mNSS 4558 (& 3-C) &R, Hxfig
HELE, MR/ mNSS BE TR (P<<0.001),
Uit B GCIRI /N FRUESE S 183 e W R4 71 B 57 43

I BA-LP fl MM-BA-LP R0 WX Fifnf (P<
0.001), H MM-BA-LP R EM. HE 5% (& 3-
D) IR, RN RN 2R AL R I 4% 1 A i
IRIEA A YR, BA-LP. MM-BA-LP %JfE &
FEE X FRAE, H MM-BA-LP &R E 4. DL E4E
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Fig. 3 Pharmacodynamic evaluation of MM-BA-LP (x £s)
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Fig. 4 In vitro therapeutic effect of MM-BA-LP on OGD/R model (x £s,n=3)
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Western blotting; F—H-levels of TNF-a, IL-6 and IL-1f in brain tissue of mice detected by ELISA.
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Fig. 5 In vivo therapeutic effect of MM-BA-LP on GCIRI model (x £ s, n=3)
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Fig. 6 In vivo reverse validation of mechanism (x £ s, n =3)
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