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i OE: BW #H&wEHE AR A (licochalcone A, LA) FMERF{K (elastic liposomes, LA-EL), FHiFM HARANE
WO, AR RIEE . Ak R EUES % LA-EL, EeiEE kR, 208088 (polydispersity index, PDI).
0343 5 T R Re AL IR ARIEL 77, AR KRB S 7 2Bt (transmission electron microscopy, TEM) FAfYFLEF Ei%ER
fiE LA-EL MJESREZRIRE )1, FHHE%E LA-EL FURIEICAFFase MR SM R, I & &F &K 6 (coumarin 6, C6)
LHIZEMERR Fifk Co-EL, MEHAE IR Ai. BUFEIT RAW264.7 EREANARSLES, 43T LA-EL Mg, & &t
le 2§ (lipopolysaccharide, LPS) if5 5[] NO. F4lIfL /% -1 (interleukin-1B, IL-1B) FJgI ¥R FE Al -0 (tumor necrosis factor-
o, TNF-o) SERERF0siEA, P HbiREE. R RAH 10 mg SR T AN (isopropyl myristate, IPM) F1 5
mg RE LIGERRM (polyoxyethylene castor oil, PCO) FAEMfi & H) LA-EL, BA HMHI LA & BR824 A 1
BRI E LA KM LA-EL BORR R IRIESMAFIE, 7€ TEM FERFRVNFHIES. £ 4 CIEfF 14d W,
LA-EL #5E M RIF, 76 IPM/PCO HASMRME IS /& (LA-L) HIRi4R. PDI Mfdt Rk 4 B E281k. LA-EL (38485
ik 0.87440.125, & LA-L [ 6.83 ff. 5 LA Aitt, LA-EL Z2R45E S, HRBZ1T A5 LA-L 34K 8. IPM/PCO &
TR B AR BEEHS C6 B RUHIE R W IRIAZ, B BEIR S T AMIRBE, HHE T LA X LPS 5 S NO 1 TNF-o, 4>
WIIHIER . 4518 LA-EL B RIFMREIAZREE . BRI & B RS, Bef% 35 (23 40 Mo Xt 254 (R 3B,
MG 358 3% LA LRGP B iE
KB HEAHE A; FHEARTGE, JHBI; NS BB UG PraiEtE MRS80E; NO: Agi -
1B; IRERFE I a1
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Abstract: Objective To prepare licochalcone A (LA)-loaded elastic liposomes (LA-EL) and evaluate their transdermal efficacy,
deformability, and anti-inflammatory activity. Methods LA-EL were prepared using the thin-film hydration method. The formulation
of membrane softeners was optimized based on particle size, polydispersity index (PDI), encapsulation efficiency, and transdermal

parameters. The morphology and deformability of LA-EL were characterized by transmission electron microscopy (TEM) and
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extrusion through microporous membranes, respectively. Additionally, the storage stability (at4 “C for 14 d) and in vitro release profile
were evaluated. Coumarin 6 (C6)-labeled elastic liposomes (C6-EL) were prepared to observe their skin distribution. Finally,
RAW264.7 macrophages were used to assess cellular uptake, cytotoxicity, and the inhibitory effects of LA-EL on lipopolysaccharide
(LPS)-induced secretion of inflammatory mediators (NO, IL-1B, and TNF-a). Results LA-EL co-modified with 10 mg isopropyl
myristate (IPM) and 5 mg polyoxyl castor oil (PCO) exhibited optimal transdermal delivery of LA and optimal physicochemical
properties of liposomes, while significantly improving the water solubility of LA. The particle size distribution of LA-EL was
monodisperse, and TEM revealed uniform spherical morphology. After 14 d of storage at 4 ‘C, LA-EL maintained excellent stability,
whereas conventional liposomes (LA-L) without IPM/PCO modification showed significant changes in particle size, PDI, and EE. The
deformability index of LA-EL reached 0.874 + 0.125, which was 6.83-fold higher than that of LA-L. Compared with free LA, LA-EL
demonstrated sustained release behavior, with a drug release profile similar to that of LA-L. Importantly, IPM/PCO co-modified
liposomes not only effectively delivered C6 into deeper skin layers but also significantly enhanced cellular uptake and suppressed LPS-
induced NO and TNF-a production. Conclusion LA-EL exhibits good stability, deformability, and excellent transdermal performance,
which can significantly promote cellular uptake of the drug, thereby effectively enhancing the anti-inflammatory activity of LA at the
cellular level.

Key words: licochalcone A; elastic liposome; co-modification; in vitro transdermal; deformability; cellular uptake; anti-inflammatory

activity; thin-film hydration method; NO; interleukin-1; tumor necrosis factor-a

B IR FREAE J9ilin R & IR BILIRAS, HRAE K FE
55 98 i 24 o 3o B2 IR B A 9% DR - SRR TS DT AH
KU, TR, Hr 2 R AR R LR ) 24 B 1
TEPLR WA 520, Foh H G M Rl o A 5
IT R C ORI ST IR 30, W H BER . H B VR 5 Y
53 C PR T RORENE R vE YT« H A HLEE A
(licochalcone A, LA) J& MK H H AR Fh 2 B r —
P R IR SE L, AP PrEf. it
B DU S 2 2D, He e RIFE), 71
PR 2 R R T7 . AR, LA ARAE KT
e T RHCR AR EAT, 7 S HE R R
AR EE, BRI H 25808 -

FZHEMRUIA (elastic liposomes, EL) Z&7EAL4:
JE T AT i Bl o R 2R A b, BN B AR AR T )
A — Fh BT R A T A ()T B R A 4 A 8
AR =1 i U O G =1 N N A B B A (2
FH 5k B JER o B, 2 i 2900 325 B2 W s 560190, ik
ARG EERETHANE, BERAADN
FE MY, BRI AT T2 S TR 25, Buieg 2
A BBk, BT LA BEA BERPLR
T, H IR RIB I R )52 BR T B R AR B B L &
H S BRI, A 78R 1 6 o A AR A 1
— M) LA &R RS, T RS 2
AR YIS ik a5 R, ke R L ALEE 80
(Tween 80, T80). FE % £ 4% B FkiH (polyoxyethylene
castor oil, PCO). I E MR 7+ NEE Cisopropyl
myristate, IPM). 1,2-7§ ¢ (1,2-propanediol, PG)
A (azone) 5 MEHALFIRAT R FL. it

AV R A S S R [RifE. 20 BEEE
(polydispersity index, PDI) IR | KARAMNE B
PEfE, G 1% F A0 AL T i) 46 LA Z2 i B AR (LA-loaded
elastic liposomes, LA-EL), Fif—37% LA-EL 1)
BIREST WAFRRE M RAN IR IAT R B LA
B JR I A I LRI SN 2, AT R A I
IREEAGIM L) LA 28 2 5 24 )57 B8 s B Al o
1 XBESHH
1.1 &%

Waters 2695 T & RO AR €154, 32 [ Waters A
Al AL204 BUHFROF, i AR EAE R 2 AR A
A]; LC-MSB-S M /idittds, g 1R RIH
HIRAF]; RE-52A Mgt 25 k2%, FMg IR AN
a3/ ZNHW-II BUR fetE iR R4 DU T A4
BHRFTAEAT: VCXT50 Bl , 2
Sonics A ; UV-1800PC B4 EAY, #12
X3 (R HIRAT; PK-165 BIB.LHL, IR
RIRFZEAL AT TR A 7] NanoZS90 HY BRI EE 2 Hr
1, FEEGIRANRAR AR HA JEOLIEM-
2100F #2434t B B8 (TEM), HAR A%
#hs TP-12 BRI REIE 48U, REETTRE AR R
FAH AT Herocell 80 B ksF: 46, i T
AEVIRHL AR AT X Mark™ 4% KBgbRAY, 35
Bio-Rad A #]; DP73 B8 Bt W iss, HAR
ekt
1.2 AR5

FHIEEE, #iL5 1012E104, Jb REZRHH R
Al LA, 65 GCCETA20221129, B iHEKAY)
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TREAMRAR; KEBE, 'S SY-S0-231205, /i
B8 95.0%, YRR (L) EZREAERA A,
PCO (fIt'5 A2404306). IPM (fit'5 K2103756), Lt
TR T AR R ARAF; T80 (it
T6336). 12-H_FF (PG, #it'5 20220720). %A
(#it5 S1-17). H5 &-6 (coumarin 6, C6, L=
C16628698), iz EpRAEAPHE A PR A A5
&% ¥ (lipopolysaccharide, LPS), #it'5 L2880, %k
T PR F B B 5 5E G A BR A ] NO & (S
7938241028), FgHE A RAEMEARBAHRA A
HAfE/2&-1p Cinterleukin-18, IL-1p) il &r (3t
5 WZ03XZ8H2220) . fifJ8 ¥R LA F -0 ( tumor
necrosis factor-o. , TNF-a ) & 7 & ( #t 5
WU03T4847069), tH3HiR: (sl AEMHAA R
ANH]; 4,6- R FE-2- LI e (47,6-diamidino-2-
phenylindole, DAPD), #t*5 J21HS174906, _-ifgi
AW R AR AR nk gl R, it
F24091204, s 3R A PR A ) s KA A
M rat.
1.3 5 4mEatk

BV RAW264.7, W H DS 384 av
FAEMR AT SD KR, SPF %%, Mk, hFELN
160 g, TAFEIAEORFFIEIRE 20~25 C, FXTIRE
EHITE (5515) %, WHRNX FRHEARHA R
AT, ERIETSR S N 42000600058254, FhASLG:
I H AL 5 HUCMS00312274 .
2 FAEEHR
2.1 LA SENEREF
2.1.1 ARSI B B LA XRRAEE, K
FERRE, BT 10mL BFEREHT, MERE, BFEE
KEZE, $5), Wi ERE A 200.00 mg/mL (1)
Xof Bt i 2%
2.1.2 B AERRIE ) B LA SREBUEE, K
ERRE, BT 10mL BFERET, MEEE, BFEE
KEZE, $5), Wi EREA 200.00 mg/mL (1)
A i 2%
2.1.3 SRR ITIIE 4 LA X I SV
BeJa, RN OB EAT 2K, i
HE KWK 253 1 frs, 78 350~500 nm
PRGN, LA B KRR KN 379 nm.
2.14 iM%~ Ultimate® LP-Cig £
(250 mm X 4.6 mm, 5pum); FLSNAHAFEE-K (70 :
30); AEFRREN 1.0 mL/min; A:IE8 30 C; il

PN 379 nm; AR 10 pL.

215 LTREERE BUER LA M. S8
FZYEAEUIA Celastic liposomes, EL) LA LA-EL,
MBI ARG, % “2.1.47 TUF ik
HEFENE o &5 Rl 2 fros, LA Bl i ior LA-
EL ¥ 5 1% i OR BE 15 18] 43531 16.666 min F1 16.635
min, VLT, 10 EL fEiZAR B (a e i, %
BV I DA SIS 0 LA I sl e o3, ZmiE
LEMERLT,

350 400 450 500
A/nm

1 LA BESMRUETE
Fig. 1 UV absorption spectrum of LA

A
LA
B
c LA
0 4 8 12 16 20
t/min
2 EL(A). LA XEB& (B) M LA-EL #& (C) By
HPLC

Fig.2 HPLC of EL (A), LA reference substance (B) and
LA-EL sample (C)

2.1.6 ZMEXRFEL MHEBI LA X G6E &
W, O s B IR 4 AR 3,125 6.250+ 12.500.
25.000. 50.000. 100.000. 200.000 pg/mL ] £ 5%
PRV, TR “2.1.47 TRt 23R 22 o

DU THARRR/MA (V) X REIRE OO i T2tk [ml
4, £ Prism 8.0 BAFT 54 EI B0 5 FE Y=44 827
X+25769, R?=0.9999, &8 LA f£ 3.125~200.000
ng/mL G0 R R

2.1.7 KAWL BUEE LA XTSI, %R
“2.1.47 T (R 254 B R HERE T 6 I, 10 SR
L THE I RSD, B8 IEHE ., &1 HA LA
TR RSD O 1.38%, 2R BHIZAX B KE % % KL AT -
2.1.8 FEMERALR MR 200.000 pg/mL
1) LA fHalfidil, A 04 2. 4. 6. 8. 12,
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24, 48h, & “2.1.47 TUN S KRS T, F
SR ER R E . 2 EE LA BT
RSD 4 0.70%, KW LA B WRAE 48 h WERE
PER 4.
219 =HEMWRE SR EKREAN 6250,
25.000. 100.000 pg/mL 3 AN A5 IR L LA Xt
BRI, PR “2.1.47 TR (i 41k EE A HERE I
E 5 IR, THEH TR RSD, HEZ AN E
HE. 27 EA 3 NRERE T, LA JRESEN
RSD 43514 0.82%- 1.53%- 1.37%, FWiZ% 71k
A R B R ZE
2.1.10  fnfEEf s A RS R R AR .
R 2 LA X, AN A R A
ITHiRE, 1 LA BIREIRES A 500 100, 200
pg/mL. ZfLIEMIEL 5, %M “2.1.47 UK (il
FAFEEIAE 3R, WE LA &5, T
AR, 2005, LA R, . SRR AHR
AARE LA BIPPSIEEEICR 23 508 98.95%
98.26%199.46%, RSD 43 514 0.67%+0.98%- 1.65%.,
FWZ TR W T AT

[ g % =LA SZBRBTEWR /M LA F K
2.2 LA-EL §9%1%&
2.2.1  far#k LA @Rk (LA-loaded liposomes,
LA-L) [l g FIRAE SR F S Bl £ LA-L.
KPR TSI BT if B 1 LA-L SR & T2, R
HU 4 mg LA, 160 mg K Z®ENEFI 26.67 mg H[E B,
IMATEK OB JG AT R . 15 45 C TR
H7ER, HARMRINSIHEE . BEEMA 10 mL &
K, 1E 30 CHLE F/KIE 60 min. K 40HLHE 5 B
T (ThER 225 W) S /KA EE 75 A 20 min. 0.45
um FFLIEREIES f, BIAT452] LA-L. $#i& &5
PRI IRCE TRE S, SR BOGRLEE 2 A0 e
Fift. PDI A ¢ HEAT,
2.2.2 LA SEH RPN E

(1) Iy s A 6 s 2 HE SR I 73013,
B e oA s i A A KBS 10 mL, 1t 0.45 um
IKRUENE, FEERE LS IEIR “2.1.47 DU EBIE& 1
BEREAHT, A A ET LA S8, RISPERARR
A2 IR S AR LA %258, 1 FRIHE LA
(EE Pz

=105 LA R/ LA B2

(2) SBEEUE: Kby & LA IAEIZ Al
AR, UKIGHEEFE RS, IR 92227 TUR

AR, 45 R R LA AERN (8.19+
0.07) %, KT LA-L 33 (94.27+1.66) %,
TR G RIS LA ATHE 0.45 pm JEREA XL
B, ZO7VEN T E M AR 2 e 2R
2.2.3  PRANE B S5

(1) Bk REBBEE (Q): KXH Franz ¥ #ith
VEUIS] O B AR 2 1) L] e T eh SR =
2N, ARFAEEA 101 1 A B KIR AR E N
FCH . ¥ 2 mL BREIRFEAAFR) LA AN A o4
FEEIIMN RIS 5, P i) 5 R TR R RF A
32 °C, PP #E AN 400 r/min. 7350 F 1. 24
3. 4. 6. 8. 10. 12. 24. 36. 48 h BUHFESOK,
FEAN RSB O . U EGREZE 0.22 um
FLIEIE e J5, 1% “2.1.47 TN OIS
Wi, MERBOR T LA & &, HHE Ou.

(2) IR E (Q)): BRI RE, BF
KRRk, F FLERTHI R BA 290014 o BOOE B b B ik
PHWEFE IO 1 mL FRE, AR T R A AL B0 i
BA, DRy . 75 12 000 t/min (1%
NS0 10min, 203 EIEWR. 0.5 mL H EEXT
B0 EMERE AT ELR, A 2 RPN ISR
TERE 2mL. )5, %I “2.1.47 TR R
BEREI R, 38 e 45 R O
2.2.4  JEFAGFIPITEE % LA-L &7,
TETCIK LI EAMINN 10 mg AN [RS8 7 ) i 44k 741)
(T80. PCO. IPM. PG #1 azone), #4414k LA ¥
FMEAgA (LA-T80-Lip. LA-PCO-Lip. LA-IPM-
Lip. LA-PG-Lip. LA-azone-Lip). %X Ee5 4 fig
JRIIRIAE . PDLL C HALRIZGY) s, JRH%
“2.2.37 WURTENE LA 1 Q0 Al Ose

PP ER SO TE R I, AR A A R b 2 2 00 I I
A 378 2 MRS 1 P A R R, R S O
WiE A2 R s, Rk, DURR AR EAM
R LA 32 Bz 3R AV Fa R, 17 1% S LA A7)
R mE 1w, 5AREMR LA-L M, £ PCO
¢ IPM &4fi)5, IRk 20k /N2 100nm BLF,
Hr IPM B RS PR RIE B N B3 (P<
0.01), JFH LA U RWIEEZE 95%LL k. [HSE
B2, IPM BHIE AR PDI 5 ARMEME) LA-L
MR ZEZSR, {2 PCO EIMiZHK) PDI M 2% %
K2 0.298+0.023 (P<<0.000 1), BHiZMEHAL 7]
A 3 G IR PR 23 AT B35 — M. T80 &1 [H]
FEREMSAE G B AR (R AN PDI A%, (HH S5 LA
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*1 NERRAFUSIRRBE RSB MR (X +s,n=3)
Table 1 Physicochemical properties of liposomes modified

by different membrane softeners (X + s, 7 =3)

#2 TREBESRAFIERRT LA K Qi (X+s,n=3)
Table 2 LA Qs modified with various membrane softeners

(X+s,n=3)

i itk Fif%/nm PDI (HfimV %% NI i A4 Os/(ng-cm™) JIG B A4 Od/(ng-cm2)
LA-L 126.20£19.50 0.545£0.047 -2.95+£045 94.27%1.66 LA-L 2.3481+0.159 |LA-T80-Lip 2.54340.056
LA-PCO-Lip 97.6011.97 0.29840.023"" -4.93£0.53 96.12£0.54 LA-PCO-Lip 2.806%0.074" | LA-IPM-Lip 2.737%0.141"

LA-azone-Lip 147.10£19.20 0.548£0.053 —4.59%1.12 9536x3.41

LA-T80-Lip  10220%1.75 0.307£0.029""" -3.40+0.15 89.39+4.45
LA-IPM-Lip ~ 68.32%542™ 0.51840.035 -3.87+0.54 97.434+0.94
LA-PG-Lip  151.80£19.60 0.593+0.023  -5.61+1.13" 97.49+1.34

5 LA-L l6#: "P<<0.01 ""P<0.000 1.
"P<0.01 "P<0.0001vsLA-L.

AERBEICE 90%LL T, XAl g S5 R AT 77Xt
25%-Mg o AH ELAE sz A 5R0 7, LA-L 1 § HAL
N (=2.9540.45) mV. KIEEAFIEHE, ¢ HAL
BUAEE, (L PG B HEENE (-5.61+
1.13) mV (P<<0.01). X A& KA T8O F1 PCO /&
B FRERMETER, Ho 145 b= n] ff e i
F[H; IPM Fl azone @ FAEMRMEAL AW, [FIFEAE
HfRERE s M PG o F RS (COHD 7E/KAHH
AT RE R LB A, AN 0 1 AE B AR SR 1) f e
Top 5 FEE

PRSI SR A5 R TR, 78 5 BRI B AL
FHR, IPM BRI IR A (LA-IPM-Lip) I H i
RFHRBENR (B3 MK 2), HLA4hQ, &
(109.76+12.05) pg/em?, % LA-L (73.92410.09)
pg/em? P T4 48.5% (P<<0.01). [AHf, IPM 1&
MRLHAE G RA L) O TR E ™ T LA-L (P<
0.05), K IZIEIRAFIANL GE 3G 50 24590015 K fnidk g
71, W RI$E R AU KR Z &R . B PCO 5

125

-— LA-L
~- LA-azone-Lip
=&— LA-IPM-Lip
~%¥— LA-PCO-Lip

LA-PG-Lip
-8 LA-T80-Lip

100 1

751

Oi/(ug-cm™)

50

254

t/h
5 LA-L lh#: "P<<0.05 "P<0.01,
"P<0.05 "™P<0.01vsLA-L.
3 ANEERBRAFUEIRET LAB Qu (X £s,n=3)
Fig. 3 LA Q. modified with various membrane softeners
(X+ts,n=3)

LA-azone-Lip 1.996+0.097 |LA-PG-Lip 2.606+0.319

5 LA-L tb#%: "P<<0.05.
*P<0.05 vs LA-L.

T80 &1zl (LA-PCO-Lip. LA-T80-Lip) ] 48h Q,
BEAICT IPM 4, (535 5T LA-L 4 (P<<0.05).
SR, AN PCO 1) O 5 LA-L A ESIM#ER
(P<<0.05). =T MEHAL TN i i A4 BEACAE BT AT LA
BRAT RN ERACREER, AEFCRE IPM 5
PCO BTG : IPM 3= 4R HLAR 57 (1038 B e it
YEF, T PCO NI FEAICAR BT 44 1) PDI, DA i Joa 4
[RFEE M
225 JEFAGHIHERRE RH LA-L &7
%, AHETC K CZEEF AN 5. 104 15 mg IPM il &
LA-IPM-Lip, FHi#iddwkifz. PDI. %K O,
A O ik TPM f & Bl 5 52 TPM A 10 mg,
I 5. 104 15 mg PCO #i % IPM/PCO A&
(W21 B 51 & LA-EL, IR FAH [ #E bRk PCO #x
A=

ZERANER 3 iR, BEE IPM Bl 5 mg 390
% 15mg, NRFARRISFERARNEZNE 100 nm BLF,
{H PDI I LA ‘3 3 54 K AR B B 0048 (P>0.05)
ShEE SIS S TR, 24 IPM &N 10 mg Y,
LA48h Q, A KME, HEZEM ST LA-L (K 4,
P<0.01). B IPM HEHN 15 mgif, LA48h O,
5 LA-L AR EMZE R (P<0.0D), (HAH IPM
FHEN10mg I, H48h 0, BEMET LA-L (£
4, P<0.05). [Aitk, #iE IPM Kt &N 10 mg.

7E 10 mg IPM &1 LA IRFEARF A 5 mg
PCO J&, flg &%) PDI M 0.510+0.016 &3 FEKLE
0.254+0.018 (£ 5, P<<0.0001), FWIH /38—

#*3 TR IPM B8 FRERIEHBLMER (X+s,n=3)
Table 3 Physicochemical properties of liposomes modified
with different dosages of IPM (X +s,n=3)

IPM/mg Fif%/mm PDI A 2/%
0 126.20+19.50  0.545+0.047 9427+1.66
5 131.10+£30.20  0.543+0.044 9523+1.33
10 79.91£1420 0.510£0.016 97.52+4.12
15 777741570 0.560+0.078  95.96+0.75
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207 o PMome it Qs (P<<0.05). {H A PCO HITRINE 5 mg I,
- IPM 5 mg LA 48 h 1) O, 5K PCO AL A E Giit24 2%

1504 —4— IPM 10 mg
¥ [PM 15 mg

Hk

Ou/(ngrem™)

5 IPM 0 mg L *P<<0.01.
P <0.01 vs IPM 0 mg.

4 AEIPMBAETLAM O (X+s,n=3)
Fig. 4 LA 0. modified with various IPM dosages (X + s,
n=3)
x4 TREITIPMAETLAK O (X+s,n=3)
Table LA Qs modified with various IPM dosages (X + s,

n=3)
IPM/mg Os/(ng-em2) IPM/mg Os/(ng-em2)
0 2.348£0.159 10 3.370+0.671"
5 2.556%+0.176 15 244240214

5 IPM 0 mg LE#%: "P<<0.05.
*P <0.05 vs IPM 0 mg.
#5 AR PCO AETRRMEMIBMMER (Xts,n=3)
Table Physicochemical properties of liposomes modified
with different dosages of PCO (X +s,n=3)

PCO/mg Fi42/mm PDI ALEE /%
0 799141420 0.510%0.016 97.52+4.12
5 107.50+4.44"  0.25420.018™"" 92.76+2.05
10 98.66+1.01  0.24410.008""* 94.8342.30
15 92744159  0.2561+0.008" 96.59+3.53

5 PCO 0 mg th#: *P<0.05

*P<<0.000 1.

*P<0.05 "™P<0.0001 vs IPM 0 mg.

PEAS BB B OE . [N, JERRRIRIAR I (79.91+
14.20)nm & K% (107.50+4.44 )nm(P<<0.05),
LA BEZRNER 95%LL T, HESH LRI ER
X (P>0.05). [EE PCO HEBIME] 15mg, AR
REIRIAR I E] (92.74+1.59) nm, [F} LA f13)
FEWIETHF] 95%LL b, R S5HIER PCO Al
TR AR I K 25 K FHE IS SR 25 W) 1 30RE T . SR
PCO FIJ & 39 0I5 A 12— kN g B 441 PDI,
F W] 5 mg 11 PCO CLREA A0S M o A4 (1) o sk
2k 8 35 0 & PDI RIAR AL A BR

6 LE R EIR, ST IPM &1 H HE AR A
b, WSINASE TR ER) PCO, ¥n] B E LA48h

5t (P<0.01), Kk, #E PCO I tEM &Y 5 mg
(E 5).

#*6 TR PCOMETLAKQ (X+s,n=3)
Table 6 LA Qs modified with various PCO dosages (X + s,

n=3)
PCO/mg  QOs/(ugcm™?) PCO/mg Od/(ug-cm2)
0 2.145£0.753 10 3.710%+0.541"
5 3.875£0.100" 15 3.634+0.556"

5 PCO 0 mg th#: "P<<0.05.
*P <0.05 vs PCO 0 mg.

120 -
-~ IPM+PCO 0 mg

== [PM-+PCO 5 mg
904 —4&— IPM+PCO 10 mg

3k

o —¥— IPM+PCO 15 mg
Ei 60
=
S
30 1
0 1
0 10 20 30 40 50

t/h

5 IPM-+PCO 0 mg [L#: "P<0.01.
**P <0.01 vs IPM + PCO 0 mg.

E5 TEPCOAETLAK O:(Xts,n=3)
Fig.5 LA Q. modified with various PCO dosages (X + s,
n=3)

22.6 LARMEILLEL HT LA EAK IR
iXT HPLC A PR, #ZMARSEI877%, e H
TES A T7 B IPM A PCO KGR AR, FEK
R “2.1.47 BUN G %R T 700 . SRR, LA
TEZ KB fREEAUN (43.260£4.118) pg/mL,
Mm% IPM/PCO JLBMifla At fG, Wik D
fEmA (397.700+14.250) pg/mL, $2FHIEEL 9.19

% (£ 7, P<0.000 1),
2.3 LA-EL BT
BX 10 uL /) LA-L 5% LA-EL ¥, 3 T4 L,
#7 LA LA-EL WUBRRELE (Xts,n=3)
Table 7 Solubility comparison of LA and LA-EL (X + s,

n=3)
2 WIARIE/(ugmL™)
LA 43.260+4.118

LA-EL 397.700+14.250"**

5 LA Ee4: ™ P<<0.000 1.
***P<0.000 1 vs LA.
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FE 1 min J5AIEAR T BEERIN 10 pL BEESER
Pt EE LA EEE. ZR NTE, SR TEM 18
80 KV hnid ri R LEAE i MO S0 . 45 R ]
6-A FT7, LA-L [IRIAZ A S BUSUEERFE, 3R Ik
ATHFEHE PR EAL IS, X5 TEM NI
KFNRIAR— S 6-C) AL Z R,
IPM (10mg) 5 PCO (5mg) FLAZHMM LA fig)ii {4
(LA-EL) I 235 s 1) o1 (B 6-B), 1%
455 TEM W82 2 135 — SRR T 30 e o — B (]
6-D), FH IPM 5 PCO ¥ RS H1E FH vl Rk
3 JE AR P BRI o

2.4 LA-EL T2

Z R Ni S 7, %8 LA-EL AR T

\

0 10 100 1000
RifE/mm

6 LA-L fl LA-EL KR E (A, B) & TEM
(C. D)
Fig. 6 Particle size distribution profiles (A, B) and TEM
images (C, D) of LA-L and LA-EL

73 AE LA-L Al LA-EL ¥, 7E 1 MPa [ % )~ i
FEIT 50 nm B RBRBRERIE, 103K 5 min N HTH
PR, FEER AT R RRAR, Hatk B EAR
TEARH. WHFURE, VNG PR AR T 2 H A8
S G ORI R e PR I OB R 2R, (A, SR
LB R E e BV T LA-EL AR TERE 1. 45 R
% 8 B, LA-EL 1E 5 min AT B HIARRA
(15.220+2.180) %, W& T LA-L [ (3.750+
1.250) % (P<<0.001). Zil% LA-EL AR EIEEL
4 0.87, & LA-L ] 6.82 ff (P<<0.0001), 1X—%&&
FNBN 75 A1 FEAE S T S48 1 S m X g o A S 1k
() 2 A E
TG R = B ARB S X (Bt Ja BRI
# 8 LA-L 71 LA-EL M HATR (x+s,n=3)
Table 8 Relative extruded volume of LA-L and LA-EL

(X+s,n=3)

2H 5] ABRS B AR /% AFTE AR
ZRIK 98.550+1.253 -
LA-L 3.750£1.250 0.128 +0.043

LA-EL 15.2204+2.175™" 0.874+0.125"""

5 LA-L le#: ""P<0.001 *"P<0.000 1.
*P<0.001 "™"P<0.000 1 vs LA-L.

2.5 LA-EL WMIoEFREEM

¥ LA-L Ml LA-EL VW20 B T 4 CUkFaH
WAE, AR 0y 1. 34 5. 7. 14 REURE, e
FERTEVRIORIAZ A PDL, JR%H] “2.2.27 TR 7 ik
W5E 2y F. 85/ MK 9 s, 74 CIEAF 14
d J&, LA-L BRif% (P<<0.000 1) 1 PDI (P<<0.001)
550 RAELEERR, LA KRR EERE
ik (P<<0.05). #Xif1, 7EWAFARIRREUS , LA-EL )
KA IS Z AR R A AL (R 10D, {HEE 14
K PDI 528 0 REFAHEL 2 FIK (P<0.0D). iX

#+9 LA-L7E4 CEXINE 14d REUMERHTK
(X+s,n=3)
Table 9 Physicochemical properties of LA-L during 14 d of
light-avoidance storage at4 C (X +s,n=3)

#/d Hif%/mm PDI A2/ %
0 112.10%+12.10 0.552+0.021 96.30+3.51
1 118.30%231 0.581+0.031 96.93+0.73
3 142.504+5.69 0.58740.025 97.874+0.99
5 161.50+2.45 0.622+0.007 9547+1.63
7 171.70+2.46 0.607+0.011 94.47+1.15

14 191.10+4.18"  0.670%0.029""  92.09+0.64"

5% 0 K. "P<0.05 *P<<0.001 ***P<<0.000 1.
*P<0.05 **P<0.001 “P<0.0001vs0d.
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& 10 LA-EL 7£ 4 CEEEINTF 14 d MBI REVEN
(X+ts,n=3)
Table 10 Physicochemical properties of LA-EL during 14
d of light-avoidance storage at4 C (X+s,n=3)

t/d Fif%/mm PDI [ES g
0  11320%11.10  0.25740.004 98.03+0.45
1 115.00%£2.92 0.239+0.004 97.72+0.31
3 109.30+2.33 0.226+0.012 98.42+1.34
5 104.20+4.89 0.229+0.011 98.37+0.71
7 122.10+9.15 0.215+0.007 98.52+0.67

14 119.90+42.32  0.195+0.011"  98.12+0.78

5% 0 Kb P<0.01.
"P<0.01vs0d.

AIRER T PCO o Filid fa e e R R 4h 4,
R 7 WA AR R RO R AT A, I fE PDI
TRERN, DL SRR, PCO B AN AERS AL g
JRAR BIRLAR 73 A3 — P, T8 Ae i 3G S 4 e A e
P 3R TF LA-EL [ AR 1
2.6 LA-EL BIRINGHIRERIT A

K R ERE L IENTIE S 5 LA LI
W~ LA-L & LA-EL iR R AT N ¥
1 mL AH[F) LA BT SR FEIFE SV, 70l B T
85 GEUEE AR TR 8000~14000) 1, FLEE
MraSm i a, B HIR A 40 mL B (pH 7.4
) PBS, & 30%ZMEE) o BN IR B 4k e 7
37 °C, JFLA 150 t/min FIE5EEAT SIS ENT. 403
TE 0. 0.5, 1. 2. 4. 6+ 8. 10, 12, 24h U I mL
AT, FEANFEAE [FAR AR BT SR TR T . e R
“2.1.47 U A SRR, iR A R A
P RV, 2hl B Buth . 2R e 7 B
7N, LA CEEXTREZH 2 30 R R U 25 R TR =X,
7E 4h B LA B 2RISR O Al 80% /47, 6 h
FEARTEREREI . SATHRAIA L, LA-EL 222 RRR:,

100

80

60 4

40 1

RIRERE Y

20 +

t/h
7 LA, LA-L #1 LA-EL BF5MERITA (X+s,n=3)
Fig. 7 In vitro release profiles of LA, LA-L and LA-EL
(X+s,n=3)

1F 24 h I RV CE N (42.690+£2.390) %, HI
BE2i47 85 LA-L AHL, REANG AR S v B2
FELE LA HIREL
ERRIBE=(Cho+Y T Cvyw

Co N3 n ANHURE SURERIE, CoNSR | ANHURE SR R,
Vo AREIIAN BUERR, Vi REERIBUREERR, W ks &
2.7 LA-EL BIEZBRA ST
2.7.1 C6-EL Wil BRIt sob bl & S &K 6
(C6) BAC LA, #%IE “2.2.57 TN il i C6
(1) IPM/PCO FABIHZEPENR Ak (C6-EL), [FA il
H A C6 MIJE IPM/PCO FAS i 15 3 g i 44 ( C6-
Lip) fEAXTI. 53Rk 11 fion, C6-EL HIkifz
N (92.19£1.68) nm, PDI & 0.278+0.017, 5 LA-
EL [AHIE, 8 C6-EL FI{E N LA-EL /R ER B4R
YD B LCECAS [RI IR AR 032 AT N

#F 11 C6-Lip X C6-EL BUIBILHR (X +s,n=3)
Table 11 Physicochemical properties of C6-Lip and C6-EL

(X+s,n=3)

JiERPIREN 4% /nm PDI AL 2R /%
C6-Lip  108.30£2.01  0.530£0.056  63.71+4.77
C6-EL 92.1941.68 0.278+0.017 61.9843.58

2.7.2 C6-EL WKW EN KM “223”7 WK
Franz ¥ i, 78 2 mL (%8 AR RE S V-5 KR
JEER R RIS S 124 24 h 5, B R PAE IR 1
em? K/, A8 28 18] B AU EE C6 7ER
BRIk 20 AT, A C6-EL [ sd i fg. 45
Rl 8 i, EHRREKNE 12h J5, C6-EL
AR S R AT WARE Co Mgt uat, H 2 BIM
KARABS 0 Aii, R Co nIfE—HB 7 RAELEM
B2, Ao o FEMmRE, WRARIEEE. M
Eb2 &, C6-Lip 2H Bz Bk it 4 (i 6 ) -+ 23 3k 5%
I REBR LA — KR 9 e, R
B Co BEMEMITE . 232 24 h I E, C6-Lip
YRR G A AR AT ] ., T C6-EL ZH 12t
AMNAETE, HAER FHLRBRE I T AR
B, Xk Bk —BIESE, TPM/PCO J:A& 1/
A B AR 0B R T RE, ARSI %
BRI, BENBIR FAA, XSO S T A4
15 K SIS ) 58 By T A R — B

2.8 LA-EL BYRIMRIE M

2.8.1 ZHAIAREL K RAW264.7 4 LL 1 X 105441
(25 BE e ph T 24 JLER AR, 159% 24 h J5 3 L RE R,
BN EH C6. Co-Lip M C6-EL F 58 4897
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12h

100 pm

Cé6-Lip

C6-EL

El8 C6-Lip # C6-EL B RN
Fig. 8 Subcutaneous fluorescence distribution of C6-Lip and C6-EL

e (C6 FBEWREN04mg/mL)., WHE 4h )5, FE
Rk, A& E PBS JHBE 3 K. A 2 pg/mL DAPI
W, ZIRHE 20 min TG, FRK
PBS JE¥E 3 Ko I 4%% 5 I 3] 52 400 15 min,
FEZREWEE)G, %mmmﬁﬁ%% K FH 31 5 %
I B LS A M () B UG O, S Tmage T X
PEXT RO GG AT 04T, DAAHO K FEAR R s AR 5%
JEHREE,  PEAL ZH B AN [F) 7R AR e . il 9
JIi7, #£ C6-Lip Al C6-EL 2, mI &5 K& 4

C6-Lip

C6-EL

DAPI
9 (6. C6-Lip #1 C6-EL 5 RAW264.7 {AP5FE 4 h
Fig. 9 Differences in cellular uptake of C6, C6-Lip and C6-EL after 4 h of incubation with RAW264.7 cells

s e, HER T 0 AR 15 W U f A A L

KB R 7 Co BNt ROGIRE
7R, C6-Lip Fl C6-EL 4IP3 % Yenm E 3 B3
T C6 21 (P<<0.001). AMYant, C6-EL i
PR, ML C6-Lip 41 BERTE (P<
0.01, & 12), £ IPM 5 PCO A& it — D1
5 T ANMEREORR, X AR BT IPM fil PCO 1t
1 7 M A R SR ME B EL T 4B M5 #4231, AT
FR L4 20 B

s --

Merge

RHYRIRELE
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12 C6. C6-Lip # C6-EL 5 RAW264.7 4HEES 4 h
ERERBEIGLBE ST (X+s,n=3)
Table 12
fluorescence of C6, C6-Lip and C6-EL after 4 h of
incubation with RAW264.7 cells (X +s,n=3)

Gray scale analysis of cellular uptake

20 5] JR A E /(mg-mL™) IR
Co6 0.4 44.09+1.34
C6-Lip 0.4 60.79+0.86™"
C6-EL 0.4 68.17+£0.25™"#

5 co HE#: ""P<0.001; 5 Co6-Lip ZHEL#L: #P<<0.01.
P <0.001 vs C6 group; **P < 0.01 vs C6-Lip group.

2.8.2 AHMUfAER HUGE T KA RAW264.7
Y, 2B 1 X104 AN /FLI4H B2 FE RN 96 FLAR
ERFRRTIEE 24he FEREFRE, HHIMAEHE
AR E (1.254 2.50+ 5.00+ 10.00- 20.00+ 40.00
ug/mL) (9972 LA LA-L 1 LA-EL {58 & 55974t
kSLEEFE 240 JG, I BRI, FMALIDN CCK-8 ¥
W, WE 1h 5, RO AR FLAE 450 nm 4
RIWOEE (4D 8, TNt RS E. WE
T 10% FBS W58 2357258 AN HRA, R&E 4
A B I () 24 P R R B P R

AIFAFIE R = (4 ws—A 2)/(A = A 12)

SRR 13 P, BEAE LA i 1),
4 RAW264.7 AR 175 26 S I H B0 T B )
o M LA FEKRE#T S pg/mL i, LA-EL 41
YNHOAFIE R MK T LA-L 41, X a] Rg e oA atl
FIPAAAE R B MR E A B B BT LA &
WAL T M5 5 pg/mL I, 820 B4 A7 R 2
T 80%, MUKHZIHR BE B N JE SR AN P A E R T
Bl E A 23R FE F IR
2.8.3 LA-EL Xf4HME 2 RE R 140 b i R H
Griess VEPOIE LPS -3 &AM S LA-EL 5%

13 LA. LA-L # LA-EL % RAW264.7 B40i8 514
(X+s,n=6)
Table 13 Cytotoxicity of LA, LA-L and LA-EL on
RAW264.7 cells (X £+ s,n=6)

R/ U EEYE %

(ng'mL™) LA LA-L LA-EL
125  94.620+2.305 100.800+2.037 97.690+2.776
250 91.800+2.915 95.900+6.218 93.850+2.662
500 88.460%1334 92.310+3.524 80.510=1.938
10.00  75.130£3.107 89.49040.445 55.13043.870
20.00  33.080£2.037 55.900+4.884 36.15042.662
40.00  0.257+0.445 31.280%0.889 14.11040.889

HJEH NO. IL-1p Al TNF-o /K°F-, LLIFAE LA-EL
(R 2 i M o UL T 0 U2 E KA RAW264.7 21,
PR 1 X105 AN/FLI4n 2 RN 48 LA, Ko
12h JG 38973k, ] PBS EE 2 k. FlJE, &4
SIRIIIN 200 uL B4 374 2 AN @S 773
RIS 1 pg/mL LPS [R5, FEMALIMA
1 ug/mLLPS AT LA F# 5 % (LA. LA-L. LA-
EL, LA MR EIREIN 5 pg/mL) ks F-E. has
WE 240 5, WUREMIE TR BIEW, R REEGRI S
B A I B F LA NOL IL-18 A1 TNF-a 1
T,

ELIWE 2 RAW264.7 S 0T 7T JORE I B 1 2
MRS, FEZ B SORERI (Lo LPS. v THE
(interferon-y, IFN-y) %% ] B n] @ 0yE 4% K T--xB
(nuclear factor kappa-B, NF-xB). #2Z4JF 51k H
P (mitogen-activated protein kinase, MAPK) %
G5, LA A B (inducible nitric
oxide synthase, iNOS) FE % 4if A ¥ HIRIE, M
MR NO. IL-1B. TNF-o 555 %8 i [K 1261,
I, 8T RFEFIFIE S RAW264.7 40 & Ja 5t
LPS 5 51 98 RE BRI SOR . 25505k 14 B
~, LPS %5, 4t NO. IL-18 F1 TNF-a (P<
0.001) ACFHIE T4 A B2 EVE, FWREH
MBI R T, £S5 LA WH G, NO K/ ihE
B FE ML T R (P<0.001), R LA A HA
— & 40 INOS 7514 . 15 LA-L ¥ & 5, NO 1)
e B ELT LA 4 (P<<0.001), FHIEFIA
BRI LA A BRpuseR, 1 sR 7 K4
iINOS V& MIRE T R 2, LA-EL 41 NO [ &%
FZLT LA-L 40 (P<<0.001), FH] IPM Al PCO
RAMER SRR — 240 T NO 153 AT At
LA-EL 4 TNF-a (& EWEEMT LA-L4H (P<
0.05), KB IPM F1 PCO HAZ 1M I 2 M B AR 5
R LA %36 % TNF-o 3580 5. LA-EL 41 IL-
1B /K F5 LA K LA-L AMLL LS it% %7 (P>
0.05), {H LA BRI EEFEK (P<0.01).
REERAESZ, IPM A PCO L& 1 Sems B2 1o 1
LA TEAN /KT P 4 15 1
3 g

B IR NAREZE IR BERe, AR E 45 &
REFHPSA T 0T, (HAL IR 1 259l B Fi R i,
A IR S 1gP (E B VISR, EH, 4
HHXS 71 i B <500 H. 1gP y 1~3 I, 255 5) %
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# 14 LA. LA-L #1 LA-EL % LPS 558 NO+ IL-1p 1 TNF-a 7RIS (X £5s,n=3)
Table 14 Effects of LA, LA-L, and LA-EL on LPS-induced NO, IL-1p and TNF-a secretion (X + s, n =3)

2H 51 FiJE/(ug-mL ™) NO/(umol-mL™") IL-1B/(pg:mL1) TNF-o/(ng-mL™)
FH - 0.720£0.008 2.755£0.915 109.200+3.842
TR - 2.486+0.016™ 10.900£0.120*** 501.100424.760"
LA 5 2.401£0.004%# 5.83040.642" 406.300+12.530%##
LA-L 5 1.951£0.016%&& 5.28340.390 396.200+15.890
LA-EL 5 1.855+0.028444 5.04840.714 344.800421.0904

HEAMEWE: "TP<0.001; SEMALE: #P<0.01 *P<0.001; 5 LA HLE: “4P<0.001; 5 LA-L AHLL#:: 2P<0.05 4%P<0.001.
P <0.001 vs blank group; #P <0.01 P <0.001 vs model group; ¥4¢P < 0.001 vs LA group; 2P < 0.05 “*AP <0.001 vs LA-L group.

FERERS . AR FUETEANE T LA K &
, ARER LA fEIEFRE- KRR & pH 5.5 (B
FERRERMER ) pH 7.4 P 1gP B 5N
4.02+0.17. 4.64+0.40 f14.53+0.40, 5 CkfkiE
] 4.53 (ChemDraw TH5H) —F(?, £ LA JE
TroelEtte e, HEKiBiEae)isss. Fi,
AWFFEET Ceve 1 BlumelBOUZE N7 1 Z 4 A5 R AR Rz
K, M58 LA MRS ENE, 3T R T 2 16 1
WL as R, IPM FIIMAEZER S T LA 2R
ikiziEE (P<0.01), X—453Y5 Zidan FPHESL
(1] IPM RS i3k 52 I A\ R R AR P VB S 1 N
R R BUAL, R IPM 2 —F g UL 55 1
SR o

1 PCO BN AT DAFE =7 LA (133 52 P RE,
AT B2 B R B A PDI (P<<0.000 1). PDI /&
PR i o 4 5 = 1) R FR B, PDI<<0.3 B AW AT LA
B KR 3 B BN L A ZE XU, BT SE K
ARG, $Em s A R R sE R, 1E
2 R e i IE TR FH ) B BE RGP, T BiR
KL, AWFCEH IPM 5 PCO HABM RIS, & 2
Fh Dy B AN IR A & T HE R 245 R G .

ZA IPM M PCO R 5, mAHIFRMIE
il AR LA-EL AMUKiAR/N (107.50+£4.44) nm,
1 H 2P B3 % 7E 90% LA . M2 R, Chen %5133
FIH L AL TR-80 P i 22 F e e iR oA, Hud
RAUH (473013.40) %; FKHEHECIRIA 1,2-H =
T ] £ B 1463 LR AR M IR A, L2t dst
HOA (81.40+4.25) %, (HRAEECK, N (534.50+
1.96) nm. KEMFFARY], GORRIR 1R 2 R
FooE 3% R BB R ) B OCBRER R, I RS RN,
Je RIS T3 AR 351, A, ASHIE FE I £ (1) 10 mL LA-
EL W+, LA JREKREEIA (397.701+14.25)
pg/mL, 1 Wu S5O B2 Bk A 2 A8 LA Jls

Fifk, H 10 mL RS EA 0.3 mg LA,
Bz % 3G (54.07£6.99) %. mtal i,
AHFFIF RIS IPM/PCO FAS i g AR AN 2 3 42
T+ T LA BRI, A HIKEVEAS 20 2.2
FEA A2, IPM/PCO [P INNIE 55 35 3855 T AR A4 RO IG
BRI AERR T 1

BT LA MKEENRZE, 7RI BB iE f ik
GNIPNREIRAT AT FURE, 275 T HICSCIR T R,
SISLIBIR 5, A e fEECURRE A o
W& O, CARIRIREERRE, MM e okzh 2
YIBEMY 8. SRER, LA-EL BH SRR,
R BT R K2 WAE JORE S A 0/ I IF ), gk T
WD 25 A B oy A

SR, X FREE TSR AR R, T
BPEEE, FTAEME DAYE R R I SL LK/, i
TR 2 ORI . Ak, RS2 i &
IR, A1FF LA-EL K BGRI BLAR Ak A e i )
I, LR e ) T2 B o S K 25 W R A
7 rydis B B ), 3 AR T ROR . i W 2568
W BTN L R T 50 W T 0 T A TR R
5% SR /35 B ol R 6 SR R R v RSB T
IR ROE F ik . TE B AARE B S8 ik R I
LA [ B AT N RO BB RO, Z9907F 12 h
J& 5 AT R R R A . X — LR AT RE A RN
TR WA E B R TR AR E R, RAER
il T BRI I 2 J5, YIRS IE SRS =
RERT.

X—HEMB AR T R e A se i Co 18R
EHRENRIIA 1. BT LPS 55 1 4 fEH
MUY I, LA-EL ] 2 25401 LPS 55 NO
TNF-a 1533, B4} IL-1B HI/r T iE 24 52m, iX
A B 2K RO B - TNF-a £ IL-1p (7= E WL A
[F]3%1, IPM/PCO FLA& 1 v] 68 584 F T 4% TNF-a /5
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JiFff) NF-xB 1 MAPK 15 ‘518 # B0% . NF-«B 1
RO L K R -, REBS RS 2R 98 0 K111
KiE, B TNF-o %5 Kk, LA @itz (s
S, W TIRRE RS,

g bR, BT RS R4, IPM/PCO L&
MRZMERE A (LA-EL) FEELH 3 23 Mlk R F1k
W, BETIAM RS, ELEY UVB #%
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