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Abstract: Objective To prepare liposomes co-loaded with shikonin and ligustilide (Lip@Shi/Lig), optimize its preparation process,
and to investigate its characterization and transdermal performance in vitro. Methods The CCK-8 assay and Synergy Finder analysis
tool were used to determine the optimal combination ratio of shikonin and ligustilide based on cell viability. Lip@Shi/Lig was prepared
using the thin-film dispersion method, and the optimal formulation of Lip@Shi/Lig was screened through single-factor investigation
using encapsulation efficiency as the evaluation criterion. The quality evaluation of Lip@Shi/Lig was conducted using characterization
methods, including appearance and morphology observation, particle size, polydispersity index (PDI), { potential determination, X-ray
diffraction (XRD) analysis, and Fourier transform infrared spectroscopy (FT-IR) analysis. Finally, the transdermal permeability and

dermal retention performance of Lip@Shi/Lig were investigated using the Franz diffusion cell method. Results The optimal combined
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ratio of shikonin and ligustilide was 1 : 1. The optimal conditions were determined as follows: egg yolk lecithin concentration of 10
mg/mL, phospholipid-cholesterol ratio of 4 : 1, total drug-phospholipid ratio of 1 : 15, and ultrasonication time of 5 min. The resulting
Lip@Shi/Lig exhibited regular, spherical vesicle morphology, with encapsulation efficiencies of shikonin and ligustilide at (98.16 +
0.67)% and (97.20 + 0.76)%, respectively, particle size of (88.62 + 0.26) nm, PDI of 0.246 £ 0.013, and { potential of (—36.57 = 1.65)
mV. XRD and FT-IR results indicated that shikonin and ligustilide were successfully encapsulated in the liposomes. The cumulative
penetration of shikonin and ligustilide in Lip@Shi/Lig within 30 h were (82.97 + 0.72) pg/cm? and (81.57 + 3.59) pg/cm?,
respectively, with dermal retention rates of (6.12 +0.18) pg/cm? and (8.08 + 0.04) ug/cm?, respectively, both of which were significantly
higher than those of the single drug and the single-drug-loaded liposomes. Conclusion Lip@Shi/Lig was successfully prepared with
favorable transdermal properties and stability. It significantly enhanced the transdermal penetration and dermal retention of both
shikonin and ligustilide, providing a solid experimental foundation for further in vivo studies and potential clinical applications.
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F£1 LKEHE5FARANEXTIEE HaCaT 1 HUVEC FHAE RIS (X +5s,n=3)
Table 1 Effects of shikonin and ligustilide on cell viability of normal HaCaT and HUVEC cells (X £ 5,7 =3)

ER/ AL 73/% B A/ A J1/% B A i/ AR J1/%

(umol-L™1) HaCaT HUVEC (umol' L")  HaCaT HUVEC |(umol- L") HaCaT HUVEC
0 99.98+0.49 99.6011.09 0 100.47+1.62 100.00+0.75 60.0  81.4242.50%# 71.34+1.65%
0.5 104.93+0.90 102.78+£5.46 5.0 101.74+1.81 100.89+£1.53] 100.0  79.95+3.86"* 51.05+1.61%#
1.0 97.29+3.35 70.70 £4.62""* 10.0 99.92+0.94 101.23£1.68| 150.0  63.77 £2.72%% 49,64 +4.01%%
1.5 79.354+4.52"" 51.09+5.60""" 20.0 99.83+£1.31 99.87£1.50| 200.0  59.40%7.00%% 37.45+3.18%%
2.0 5435+1.26™" 33.08+8.20™" 30.0 100.39£1.29 98.94+£3.73| 250.0  41.18+3.45%% 29274339
2.5 44.68+3.46™" 21.56+2.69"" 40.0 97.43+£1.76 100.65+1.75] 300.0  30.042.13%# 26,72 +2.84#%
3.0 36.53+£2.70"™" 17.31+1.89™" 50.0 99.08+£0.99 99.26£1.30

5EEER 0 pmol L™ ARIFEHMILLE:: " P<<0.001;
it o IR ROIRZS R I HaCaT 40 Al HUVEC
Y B 7% EUIMEE T N 90%, B4 ER T 52 C
MR, ACFE 2 min DI EEHIRGERL, [
JEHIE 96 ST TE 24 ho (EHARRIMRE LT LR
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R, HAOBIRE “2.1.17 T, 25905 3045 40 f i
BEERWME 2 P, SXTRAME, #REHAR
HaCaT 5 HUVEC #HAFWE %700 5% TR 2
53.63%7F1 49.26% (P<<0.001), iF B IR 1R Fy
B, B TTE, REEX 2 Fhgifmiza
VEF RIUSETH = 5 Bk %, HaCaT 4HHE7E 0.50

HEANE 0 pmol L™ ARFFANNLLEL: #P<<0.001.
P <0.001 vs homologous cells of shikonin 0 pmol-L™! group; ##P < 0.001 vs homologous cells of ligustilide 0 pmol-L™! group.

umol/L & & R R B , 4l AF 15 K A1+ 22 61.88%
(P<<0.01); HUVEC 4Hf07E 0.75 pmol/L Kfik %
WA, HMAEIEEN 60.67% (P<<0.001). ML
T, BEAS P TS U7 B TR (1R B Y L Y SR I AR e 1
BEAEM, HX HaCaT 408 @4~ 1E A 1.75
umol/L I ik £ £t K{H 65.22% (P<0.001); X
HUVEC 41iJfd U 7E 1.0 pmol/L i ik B e KB E AR,
HMAETEH N 70.67% (P<0.001). &% 2 F
2910t 2 PRI IE EBOR, IR JE SR G 2GR
R FRSAER, &&HE T 0.75 umol/L [14EH
#5 1.25 umol/L I E AR N ERIE A I AEH IR .

#2 KERS5RANEEXHAING HaCaT 1 HUVEC HRE NS (Xts,n=3)
Table 2 Effects of shikonin and ligustilide on viability of thermally injured HaCaT and HUVEC cells (X £ s, n=3)
i R/ HHMLTE 71/% i) R/ LTS 71/%
(umol-L™1) HaCaT HUVEC (umol-L™1) HaCaT HUVEC
pagit - 100.000.55 100.92+1.39 it - 53.63+£0.64"*  492640.65%#
HEER 0.25 56.41+£2.59 52.23+2.96 AN 0.25 56.46+2.01 60.67%0.89
0.50 61.88+3.62™ 59.4441.29™" 0.50 56.25+3.11 66.70+0.87""
0.75 60.86+0.51""" 60.67+0.89" 0.75 59.25+3.11" 69.75+2.45""
1.00 56.76 :0.57 50.1242.30 1.00 61.56+4.83" 70.67£3.08"™"
1.25 52.75+2.56™" 49.274+1.77 1.25 62.02+£0.50""  68.42+2.46™"
1.50 4522+1.77" 38.84+4.71" 1.50 62.97+£3.43™  67.72+3.10™
1.75 42.83+0.88" 35.66+1.75™ 1.75 65.22+2.67™  70.39+2.12""
2.00 42.65+0.43™ 20.44+2.55™ 2.00 62.34+0.69™  70.39+1.80""
HRHRALEE: ##*P<0.001; SHB4ILLE: *P<0.05 *P<0.01 **P<0.001.

##P < 0.001 vs control group; “P<0.05 "P<0.01 "™P<0.001 vs model group.
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AR BRIt IR R R S B AR & R
P PAIE R RS, AW TR T 65 AR
FERC LL I 25936 B, A2 #445i% HaCaT 5 HUVEC
NI HEAT 4525770 24 h J5, i CCK-8 yEAG 4
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AT AT, T E R 340 (synergy score, SS)
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AT S (B 1 AR 4) M EoR T 2 Mz
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H, PREER R RGOSR BONET, fEEREER
HEARNEIK YA 0.50 pmol/L I, 3K5 T &
(¥ E 4% 4.23. 1 7E HUVEC 208+, HhRI{VEH
AR FE Sy, HIGHET, fERRR S AN
WREESEN 0.125 pmol/L I, Bir Rl 43 B 3 T 55 KA,
N 36.69.

*3 RERS5BANERKES AN HaCaT 1 HUVEC MEHEM (X+s,n=3)

Table 3 Effects of co-administration of shikonin and ligustilide on cell viability of thermally injured HaCaT and HUVEC
cells (X £s,n=3)

3 W/ M 77/% 51 W/ LIS 71/%
(umol-L™) HaCaT HUVEC (umol-L™) HaCaT HUVEC
pagict - 100.00+0.52  100.92+132 | EAHNEE+ 0.50040.750 61.74+10.35 56.99+2.45"
it - 52.90+0.55"%  49.2640.62%" | LE K 0.750+0.125 63.16+3.59" 62.184+3.00""
BEANEE+  0.12540.125  60.484+2.78"  62.26+4.53* 0.75040.250 67.68+9.12"  65.84+4.70"
HER 0.1254+0.250  63.38+9.94 57.13+3.43 0.750+0.500 69.10+8.36™ 60.90+2.87"
0.125+0.500 61.78+9.41 58.52+4.39 0.750+0.750 63.52+10.51 60.40+1.46™
0.12540.750  59.63+9.15 55.30+5.62 1.00040.125 62.75+2.79"  66.47+2.42"
0.250+0.125  58.67+2.51"  60.31+8.21 1.0004+0.250 67.10+5.92"  64.29+3.98"
0.250+0.250  63.77%£9.29 59.65+8.22" 1.00040.500 67.48+7.08" 65.58+5.44™
0.250+0.500 65.32+8.44"  59.40+7.33" 1.00040.750 62.93+8.09" 57.85+6.23
0.250+0.750  58.74+10.35  54.61%+6.39 1.25040.125 66.93+5.02" 67.53+2.57"
0.500+0.125  61.67+£2.51"  59.97+2.57" 1.2504+0.250 67.03+7.02"  69.44+4.98"
0.500+0.250  66.77+9.29° 62.58+3.19" 1.25040.500 66.85+5.75"  66.66+4.64"
0.500+0.500 68.32+8.44"  61.13+3.27" 1.25040.750 63.16+4.86  66.52+7.38"
SXHEA . #P<0.001; SHMALE: *P<0.05 *P<0.01 ***P<0.001.
##P < 0.001 vs control group; “P<0.05 P <0.01 " P<0.001 vs model group.
A ) _ VZIP SS_71.644‘ ) B
0.500 - oo i '
5 5 :
g 0950 -t . T o é 0.250 - n .
ﬁ -0 m =40
£ %
XTI 0.125 -
0 0 i O b
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Ay HaCaT 40, B 5 HUVEC Z0Mi; ZLtBRIR, Z9M0ICa 1ol .
A is HaCaT cells, B is HUVEC cells; Darker red, higher drug combination score.
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Fig.1 Effect of model fit for co-administration of shikonin and ligustilide
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HaCaT 0500 0500 423|HUVEC 0125 0125 36.69 VA i 11 349 5 5 1 25 S50 IS R A1) 05 L 26 W0
020020l VIR OB I 14 PGB T A A2
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PR 101 R AU R B ARk g (R

7 0.5 pmol/L+ZEANEE 0.5 pmol/L). 45 KU1 2
R 5 Fir, SXTHRAME, 233 A B A Al
HAMET- R B ZE T (P<0.001), 7 HI4H M S5

A ] T 1 T | T
10° 1 10° 4 10° 4 10° 4 10° 4
fos) i - i - ] oo i oo i
= 1 I~ 1 I~ 1 = 1 — 1
~ 1 S ~ 1 ~ 1 ~ 1 ~ 1
i 3 P T b 3 b il 3 i 3
:,105 S e :'10'% S :IIO'! :FIO'! . i
0 1 a1 2 S 1 el T
5 = 3 > = k. =
10" 1 10" 1 10' 4 o 10' 4
e gty ey ey v ey ey e e - S - T S —
10' 10° 10° 10 10° 10° 10 10° 10° 10! 10° 10° 10! 10° 10°
BLI-H :: Annexin V-FITC-H BLI-H :: Annexin V-FITC-H BLI1-H :: Annexin V-FITC-H BLI-H :: Annexin V-FITC-H BLI-H :: Annexin V-FITC-H
Xt R KB B A B ]
T 1 k| 1 1
B i i i i 1
10° 1 10° 1 10° 1
T 2] 2] o T
A A A A [
e 3 B 3 ] B e B
=101 z 10 = = =
o1 3 1 2 = =
>~ 3 >~ i >~ >~ >~
10' 1 10! 1 10' 1
T s I B R Sats RS B R SR, Frreremvem ks oy s SR
10' 10° 10° 10 10° 10° 10' 10° 10° 10! 10° 10° 10! 10° 10°
BLI-H :: Annexin V-FITC-H BLI-H :: Annexin V-FITC-H BLI1-H :: Annexin V-FITC-H BLI-H :: Annexin V-FITC-H BLI-H :: Annexin V-FITC-H
Xt iR KB B AR ]
2 RERS5RANEEHKAHLTABS HaCaT (A) # HUVEC (B) HRUATHIZZMN

Fig. 2 Effects of co-administration of shikonin and ligustilide on apoptosis of thermal injured HaCaT (A) and HUVEC (B) cells

&S BRI M R T . SR TG, S AR
ANFEREFE T gnB A T/ . 78 HUVEC 4aff,

RN EE: SHEMAMEL, AN R4
AP T- R PE A 28.08% (P<<0.01), TilE&42h4

B & A 7AXR 5 HaCaT 1 HUVEC GRUAT RIS
g (X+s,n=3)
Table 5 Effects of co-administration on apoptosis of
thermal injured HaCaT and HUVEC cells (X + s, n=3)

5 AR R % AL TS — 2 B AR 22.11% (P<<0.001).
(pmolL)  HaCaT HUVEC RARTE HaCaT 40N, 685540 . B B4 J2
o T 0ER09BOIER g A O B, R RIS
o T AsmETE s B3 EHOE IR R R T — e R
KHER 0.5 44.60+2.51 40.59+2.76 .
BN 0.5 43.80+4.62 28.0843.48" -
. 8044, 0843 o e - e
BEE425 05405 39.83+2.10 22.114£0.25™ GRbpTd, HERSERANER S S AT

Ext R4 #P<<0.001; S ELES: *P<<0.01

##4P < 0.001 vs control group; “*P<0.01 **P<0.001 vs model group.

"*P<<0.001.

HUVEC 4l B bir [R5 TR T8, 31X
N AR A BB R 5 T BA P R A e
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T HIE A AR . HEEFE “2.1.47 T, RAMRRIRSCI R T2
2.1.5 WABIXARERRETMRIIER > VX aRRiERE s ﬁ%%momi3ﬂ%6%m,ﬁ

AN oy

AN E
E3 &l 2’5%1*%\17; HaCaT (A) %u HUVEC (B) ZBifiER ST
Fig. 3 Effects of co-administration on migration of thermal injured HaCaT (A) and HUVEC (B) cells

%6 BABTHNIR HaCaT 1 HUVEC ZBAHTRMAIENE (X +£s,n=3)
Table 6 Effects of co-administration on migration of thermal injured HaCaT and HUVEC cells (X £ 5,7 =3)

3 HaCaT 405 % /% HUVEC 40iEH % /% - HaCaT #IERE R /% HUVEC T % /%
: 24h 48h 24h 48h ) 24h 48h 24h 48h

S 46.06£1.00 8727804 55.06+£6.04 9525+3.61 |FAHMEE 29.79+£2.85 61.43+£0.60" 46.11+£3.20"" 68.09+1.30*
B 15.9244.32% 43.08+4.98%* 8.99+42.20" 17.864 629" |BEA 442 35.17413.15™ 63.39+1.88™ 34.794£2.03™ 77.60+11.81™

I 18.6015.66 43214808 33.09+3.72"* 65.9945.99"
HXHEA b #P<0.001; SRR " P<0.001.

Fk

'P<0.001 vs model group.

##p < 0.001 vs control group;
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MREH AP AE 48 h WRIDREEA G, R\ S
ERE SR dntn)E, BAHNMITaE
58355245, HaCaT A1 HUVEC 4l 48 h RR & &
I3 BB E 43.08%4K11 17.86% (P<<0.001). 25451
T et T A I A2 5 . 7E HaCaT 4y
W, BEARN IR G A AR I BRI
TEBAR, 48 h RUREAR SN E 61.43%A
63.39% (P<<0.001), MEERELLGHMBAEE.
7 HUVEC 4liffir, BT 45 25 3RO B3 e
EBAER (P<<0.001), HABE LS 2B AR
H, MIREEEN 77.60%, T HRERAZY
(65.99%) FIEEANEEHZH (68.09%). LA E&ER
T, BN R e 2 B RS 1 B E R Ay
MEFR SREANBRR G HK, /£ HUVEC 41
I P RIS SRR E A, XA A A
BEIT A AL T A I ThRE IR -

Pe o
N - } |
.
- - -
X B

' ---

HER

2.1.6 FZBLHXT4HMI ROS 7K1 1 45 4 H
VRS 250 AR R 15 T A A RO AR

K H DCFH-DA ZCHREHEAN T ROS 7K. 434
5825 “2.1.47 T, Z5RWE 4 s, o ZH A
MU RIS 2Rt RGN ROS &b
THRAATKT. 283 fE, BAHM LG
SRR, SXTRAML, Horuoh e E e
HaCaT 1 HUVEC 4ifh 7 Bl & 1 1.93 £
A1 3.26 1 (P<<0.001, £ 7). WG, %42
YRR ZOERRA AN T & ROS, Wt ZHA
[FIFRRE A o, ﬁA%%@M%%EE%Q

A%, HAMHAER SR T 5 025, e 1R, &K
E%E%ﬁW%ﬁE%ﬁ%%ﬁﬁ,é%ﬁﬁﬁﬁ

P 5l RV SO . AR, 7RISR
L& ROS Jyif EIL Y 3 A PRI, IX AT RE A2
Hp R G i & A M EZ T HLH .

BN ]

E 4 BEAATEXHIRE HaCaT 1 HUVEC 45 ROS K EHISZ0E (4X)
Fig. 4 Effects of co-administration on ROS levels of HaCaT and HUVEC cells (4 x)

x7 BEBZITHGRS HaCaT #1 HUVEC 485 ROS 7k
FHIEN (X+s,n=3)
Table 7 Effects of co-administration on ROS levels of
HaCaT and HUVEC cells (X + s,n=3)

3 FH/ ROS P56 %
(umol-L™1) HaCaT HUVEC

Xof HEt - 26.50+2.13 13.56+0.90

it - 51.15£3.12%% 442441 85"

KRR 0.5 37.15+£3.71""  20.08+2.73"

BA N 0.5 35524477 25.81+2.71"

A% 05405  2923+321"  17.06+2.87

*P<<0.001.
P <0.001 vs model group.

2.1.7  PHZGEEH NI MMP 520 MMP 5
T AR T S BIR T . PPl 25k ki

SxIRAL LR ##P<<0.001; SRR LI

##4P < 0.001 vs control group; ***

RIhREMIPRIPER, KA JC-1 BOGRENZEAI T
MMP 384k, DAL/ R RE R R . 7rH S
2[R “2.1.47 T, S5 RE 5 MK 8 fw, i
ek b SN L AR S v T Bl O e
Ha/gaot R, 42518 HaCaT 418 5.96+
0.35. HUVEC 41 10.60+1.60, I MMP f25&2,
DhResehf. #ifhfa, A4 404 €5 B &
59, ROt SRR 58, HE A RIE R BF(P<<0.001),
LB ZR PR R AR T LA, ThEeZ . AT
it BB WX —a%, SHMAME, SAZ44H
AL/ et E S WA FREER L (P<
0.000). BEHAHMEKEREERNEE, H
RN TAE— 324, RHEIKEIRITEIRRE MMP
D5 R A% T P [ ORI 58
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A

IC-1 K&

JC-1 Hiffk

Merge

B

JC-1 X&)

JC-1 Hfk

Merge

B LT

HER BN

BG4y

5 BAAHATEXTIRMS HaCaT (A) 1 HUVEC (B) £HE2 MMP BYE20
Fig. 5 Effects of co-administration on MMP levels of thermal injured HaCaT (A) and HUVEC (B) cells

* 8 HABZIXHAIRY HaCaT 1 HUVEC 41 MMP &9
2 (X+s,n=3)
Table 8 Effects of co-administration on MMP levels of

thermal injured HaCaT and HUVEC cells (X £ s, n=3)

i Fillpvl S/ 5RO H A
(umol-L™1) HaCaT HUVEC
X i - 5.96+0.35 10.60£1.60
LAY - 0.54+0.09%*  0.610.05"#
HER 0.5 1.874+024* 3334128
BN 0.5 245+0.03"  3.12+0.39**
BRA425 05405 449+1.10"" 4.76+041™
X4t #P<<0.001; SHRALE: “P<0.001.

##P < 0.001 vs control group; *"P < 0.001 vs model group.

2.2 Lip@Shi/Lig B0%%&

IR SIS P 8 B T o A% R R R R R B
ANBEEIIAE AR (Lip@Shi/Lig). K id & 5 % 5 i
M MEEEE . FEHERGEANGILETEMGH, =

SHRAE, T 37 CHUEIEH 7K 15 min. B/,
PR BB B T WA LA BRER B VAR AT
RN 37 CZETEK, 1E 37 CKHTH &
ZF R KR4 30 mine AKALEE R )G, FEVKIE R
FHSLIERIAR, A 0.8 um FFLIE e, 15
PR A Lip@Shi/Lig. FNEHIR A S EHEEK
5 EEA N BRI RS R A 528k 24 i o 44 (Lip@
Shi B¢ Lip@Lig). Lip@Shi/Lig f)#| 4 HifE WA 6.
23 REZR. RAARGERENE

230 CHRER. BN SETOE S FREX
S ZN I 10.00 mg, BEAS P X IE S 10.00 mg,
SHET 10mL AF RS, MAEEFEE, IR
iR, AHEEARZZIE, WA, BI13 1.00 mg/mL
N VE VN R R B v Rl o e Y T
JOR AR I T ARV R

232 HEEEERIECH]  2H 1 mL Lip@Shi/Lig
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e 7S
iR A P i — >
OH O oH
4O e

R
OH O i SR A AL A
HEE

; A
JEEERG TR

6 Lip@Shi/Lig #& 72
Fig. 6 Flowchart of Lip@Shi/Lig preparation

T 10mL FRas A, IAE =R, RS
il 3L 10 min, BA R =R, HHBERZRZIE. 0.22
um JEMEETT, BUSE, B AER VAT . FVER
il 72 R AR TR (BRASINZ o o, 3
REAE—F0.

233 itk SR Ultimate3000 B S0BAH (4
WAL R G, iR A Ecosil Cig £ (250 mm X 4.6
mm, 5pm); FEIHY 0.2% H R K IEW- 2. (30 :
70), ZEREVEM; AR EBIE N 1.0 mL/min; A&l
WK 273 nm; AHEIRYERFLE 30 C; AR 10 puL.
234 LEMEER SRlBCEEER. AN
AR B2 MR AR AR AV B S 1 T SRR
an IR, i 0.45 pm MALIERE S, H%HE “2.3.37 T
NSRRI E, BRRARNLEME. &R
7 N, RELER. HARNERKOR B N 23500
(18.184£0.06). (12.60+0.01) min, 2 P HIE
R, HEERE, 2RI 2 AR AR R
g3~ IR, R R EEK

235 LMK RELE  FERIGE ERE R EA
PN BT TR i 450, BT 10 mL B R, i\ PR,

WV FRREN 400.004 200.00. 100.00+ 50.00+ 25.00-

10.00. 5.00~ 0.50 pg/mL F &R 55 HE SA . BN
RGOS 022 pm FALUERR, #%HR “2.3.37 TiF
TSR REREI S o DLUETHIAR (4D NHPAAAR, VR
HIRE (O NBALNR, SflbrrEfize, T2

22
| LN
T
— —
T L it
|
‘l
A I
Bk
B
FER workmm
c A\
D
0 6 12 18 24

t/min
ZEE A REAANEE (B) MBRMEHZ (O).
ZH (D) BEFRF# HPLC
Fig.7 HPLC chromatograms of shikonin (A), ligustilide
(B) reference substances and co-loaded (C) and blank (D)

liposomes

& 7

VAP LEPE R T FE: BHE 4=0.2284 C—0.2457,
r=0.999 8; HAWNMEE 4=0.374 8 C+0.079 8, r=
0.9999, ZERFLM 2 Z57E 5.00~400.00 pg/mL Jii &
TP 5 U THIAR B] I R PR R R 4T

23.6 MEEEER MGERER. BEARNER RS
W Ay FEREAE (200.00 ug/mL). H(25.00
pg/mL). K (2.50 pg/mL) 3 NEIRE A, 1E4E
HEREIIE 6 Uk, THE I RSD HEUE S, (1K H
B ER RSD 1E 53 414 0.78%10.95%-0.87%,
AR P S IR ) RSD {E 43 7N 0.68%- 0.88%-
1.60%, /N T 2%, SRR ZNEEA RIFHF
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237 REMES BEA MR AR IER,
WTF 0. 24 4. 8. 164 24 h FEFENSE, 10T,
THE LG AN RSD H. 1FESRLRE R, AN
B EIE () RSD H 73 7008 1.29%H1 1.37%, 33/
T 2%, TIPS RTE 24 h WA FaoE v R 4T
23.8 EEMFEL HhlHs 6 trE AR AR
I, FEIE ©2.3.37 TUN GRS, AR E IF
SRR AIETAR, THEM BRI R, BANREH
2 R L) RSD B 73738 0.55%F1 0.18%, $571h
F 1%, RZIEEEIMRLT.
239 IFEEIUGEE SR RS G RR A 1
mL, BT 10mL &, 45 200.00. 25.00. 5.00
ng/mL FEWRE 3 H, 4H 3 4, FIA 1.0mL =
IR o B P 1 SR R 2 B A A R R R, R
RRIEIE “2.3.27 TR 5k bR B bR X
A, HPLC EHEFEIE, THEIFEE . it
A B R AN R B R IR P 1P A TR U R
WA 101.4%- 99.63%- 100.66%, RSD {E7351
0.24%- 1.24%- 1.94%; FA N EEAS R BT IR E 117
PIINREESCE 25109 99.17%. 99.15%- 100.30%,
RSD 43 514 0.20%. 1.01%. 1.93%; ¥HFF&H6
ER,
2.4 Lip@Shi/Lig Hl& L ZWMMULEHE

£ R AR RS & P A% OS5, FIR 2
VPR TR A 1] % i h 5 75 1) B AR o ASHIE k)
JEE A3 B0 ) £ B SR B R AAREAT T SR R 52, oy
RIS T R ONBEAR IR . RS OB R S IR
BE R R LG ST IR BENE 5 20 R L DA SR
NP RO AT R a8 IE PN S
NEEHEYI, (KBRS, BRIk, TEf&
SRR, I8 AL R R o 0 A B 2% Bk
S22, B 1 mL JLEE A, AR 2 mL &)
L OIMANHE e, AL eSS, FH HPLC
PR R R EIRE (C; RN, B &4 8 Ig
FifkiEE, SRMFLIERS, B0 10 min, WRECEIG
W1 mL, IMAHEEESE2mL, F0AL R
J&,» F HPLC ¥R 23R SR (C) o 32 ATt
HAEZ (encapsulation efficiency, EE).

AER=CyC)
C1 AT AR 2 S P8 A LS AR B M 2 R B PEE, &
ST IR 5 P A PR 245400 R AR
24.1 EEOUVBEIEREIRE L % “227 UF
Hil & ik, [ e B OB S I R R R L 4

L 70 32 AN R R S OB AR IR L (5 10+ 15,
20+ 30 mg/mL) X LB EG AR A BB RN . 4
R GR9) EBor, HEEIIBENRFTEKZ Y 10 mg/mL
I, RERNGMOERE S, N 94.07%, B)EE
PN R R, BB AR R, T BE A A B
Rz R gk e TRER, HARMARE.
x9 FARNMERERENEHENFMW (X£s,n=3)
Table 9 Effect of egg yolk lecithin concentration on
encapsulation rate (X £ s, n=3)

R ORI R %
(mgmL ") e AP
5 91.91+1.44  94.43+3.87
10 94.07+3.42  95.15+0.94
15 81.90+5.14  93.96+1.83
20 75.35+6.54  93.80+2.91
30 63.20+£0.25  95.77+0.93

R, 2648 10 mg/mL 1 Jyfe 2 0 UP 1 T o Ak
B T R S 7T

242 HEFUPEEAG S MEME R E RS R
“2.27 WURNHITT, € B IR AR BT S BN
10 mg/mL, 737375 %% 5 v Ui flig 55 MIE ol 9 o 2 LE
(2:1.3:1.4: 151, 6: 1) R3Eazyfigmk
WERRM. 458 (R10) Bx, EERNEH
KEEELH 201 #8401 ETE, A 401 A
i NAH 98.75%, i brAg 2k 3 O ). 358 26 34K
B s A P R ) A0 R AR & LU T S8 PR R A R K
o PRI, R B OP R S R I Y B A R L
N4,

243 HEHEIIBREE LAY R ELER %K
“2.27 WU T, e BT OB AR I R B
10 mg/mL, SR UPMENE SAHERE R EIL v 4 01, 4
W SR RN S B AR =L (7.5 D 1,10 ¢
1. 1521, 200 1. 30 ¢ 1) AL AR kB R

F 10 FEERDVAAESEEERE X SRR
(X+s,n=3)
Table 10 Effect of mass ratio of egg yolk lecithin to

cholesterol on encapsulation rate (X + s, n=3)

HEIR IR S WE %

JIEL [ o b EER A PR
211 94.82+4.23 97.66+0.54
301 97.79+1.00 97.2140.90
4:1 98.75+0.56 97.76+0.79
501 94.74+5.04 96.43+3.26
6:1 93.04+1.67 96.78+0.76
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sz, 2559 (R 1) BoR, EEINBERS B4
EE@I 7.5 0 1 EFFE 15 0 1 I, SRR Z M
92.79% 42T+ & 98.26%; FA N ERIELEZ, FR 30 !
1 HAh, TELB N ERER M. MuEfE 1518
EHONEE S S s R L

244 HFEREFEEE I 227 DR S5,
I¥i] 7 25 O T o VR FE O 10 mg/mL, 25 BN il
SHERREL A4 1, SRRl A 15 .
1, SRR (2, 3. 4. 5. 6min) X
HE A A B R 4558 (8 12) SR,
b5 A I TR N, SRR A R R E BT
e, M 96.59% ETHE 97.83%; #ANERKIA
FFAE 5 min N IR 96.73%. Ktk 1%+ 5
min A f AL A TA]

R RAMSERINHERELL AR
(X+ts,n=3)
Table 11 Effect of mass ratio of total drugs to egg yolk

lecithin on encapsulation rate (X + s,n=3)

U RS B %

B ELL E AN
7511 92.79+4.89 96.53+2.18
10:1 97.64+1.33 95.41+1.59
15:1 98.26+0.92 96.40+0.79
201 97.65+1.58 97.82+0.59
3001 95.53+3.28 87.40+6.56

*12 BENENEHENZM (X£s,n=3)
Table 12 Effect of ultrasound time on encapsulation rate
(X+ts,n=3)

P I [/ BE /%
min L AN B
2 96.59+2.50 93.94+2.45
3 96.10+1.37 94.99+1.99
4 96.46+1.17 94.93£3.12
5 97.20£0.54 96.73%1.97
6 97.83+1.47 94.99+0.41

i b, HIR R R H 4R, 158 Lip@Shi/Lig
AT T2 R EE N R =K 10 mg/mL, 5
JHEEE R ELL 401, BHRINHES B4 RELL
151, HEARIE S min.

RNIGIEZ T E e SEDME, PArH% T
3 HAEAIRIE EE R, gRER, KERNAH
RO 518 98.15%- 98.83%. 97.49%, HaA LS5
N 97.79%- 97.45%- 96.34%, 515 Lip@Shi/Lig
R BE A N R P2 R 2 A (9816 +

0.67) %M1 (97.20£0.76) %.
2.5 Lip@Shi/Lig BRIESHEEM
251 SMULETEIMES B & U 1 MG oA VA T
BT ARCIEMT, ST/ S5l 55
IR RE TR G, RHBOCETIRE,
WS TS I T TE IR AU

Y BUE B R PR, [BE T 2% A
KPR R IE BRI . BRI IR ¥ T D
b, FFHARETE, HH 2% SRR G 3
min, WTJ/EE TEHNHETFEME (transmission
electron microscope, TEM) U HIEEI M.

SRR, TAMEA. R D3
WANEFUE, BIRCT A—EERIE (& 8-A).
OGRS, M — %W DGR, RUIER
HIRIA2AE 1~100nm ([ 8-B). TEM £3R 7R, St
WA NRTR R IR, REIRIRIE W, Hdm]
DR SRR S5, UEZ A KR — B A KR
FiX 5 R % (18 8-C. D).

a~d /A ANFUA . Lip@Shi/Lig. %% % I B3R 3545 Py i
Jispsige,
a—d are blank-Lip, Lip@Shi/Lig, Lip@Shi and Lip@Lig, respectively.

8 A EIBEFFEIEEINL (A)s BEBARY T AR
(B) #1 Lip@Shi/Lig #J TEM & (C, D)
Fig. 8 Generalappearance of different liposomes (A),
tyndall effect of liposomes (B) and TEM image of
Lip@Shi/Lig (C, D)

252 kiS5 CHAIMGE  ~PATHIR 3 ILEZ R
JF A, R S TR AR R B IE BOREE, R
RGN 5E FE S RLAE . 270 BR 2L (polydispersity
index, PDD) M1 Hif7, HCPFIE. 4588 9 Br
7N, HlAFH 3 HEAR AR 1) 3 RAE N (88.621+0.26)
nm, PDI N 0.246+0.013, { HLA7A (—=36.57+1.65)
mV.
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A
0 50 100 150
FifE/mm
B
-200 0 200
¢ A /mV

9 Lip@Shi/Lig A2 (A) M LB B) 7%
Fig. 9 Particle size (A) and { potential (B) distribution of
Lip@Shi/Lig

253 ZMBIENRE SN NTING R IR
A RHAENG AR BT, SR B AR 2T
AN (Fourier transform infrared spectroscopy, FT-
IR) 5 X WZATH (X-ray diffraction, XRD) £ A,
MR AN BRIk A 324 5 o i 5%
HRTFEST 70T FT-IR GIESE R (B 10-A)
PR, IR ARG E Y, B TR RMEEA
PN B R AR AR R SO S50V 2k, LRI TR 5 728 1 T I
RE AL, [EFEHL, XRD 0#rgs R (K 10-B)
KW, JFEET 2 Mg gl sh iR AT s, fESLE
JE B AR B B e Al 2k, BI0N 1 AN ST B ER
R ARG E T A5 I B2 IR . 2R |,
FT-IR 55 XRD 45 RILFRY], RERMEANEEC
FRIIAE B8 T IR PR E A, IE UG TIRES = B
SIBAENR BT )2

NE5E Lip@Shi/Lig H 2R ek, HEH
5 BN N R ) RS 3R IR o A i B AR
25 C. BRI MO NORAE, 2 AIE 0.
2. 4. 8. 24. 48, T2h MEZY) &=, LLOhIlIE
BHA 100%, THEAEIR S 240 254
WA SREIR, 2 MAWIERRIRES T AR
JE o JWE 48 h JE B KR 5 B A N I8 1) 5 523 400l
T RE % (50.5740.38)%F1(26.88+0.11) % (K 1),
Ib4h, HPLC B IR, BEARNERMGLHIZ AR

A
JOEL ]

BN

W
b NG

4000 3 000 2 000 1000
v/em™!

JIEL [

T R
VY| S RTINS

b W

AR
e SRR I
1I0 ' 26 l 3I0 I 4IO l 50

560/(°)
10 FT-IR (A) 1 XRD (B) M HizER
Fig. 10 Analysis results of FT-IR (A) and XRD (B)

:
) I
U1 e BN
. kN AT IR P4 55
= 60 W~ —e.m v SRTBERR EA
, Py .
R N, ~.
I \, -~
P . -
40 \'\ T~
0-‘\__ S~
o= ——._
20 -
0 ’ y T T 1
0 20 40 60 80
t/h

11 HYESEZTILZ

Fig. 11 Time-dependent change curve of drug content

FgRE, HIFEEIAAWIE I, RHGYRE T %
fift o T2 QEEENE A S, & W, 72h B
LR o A o 58 2% i A P T o & 43 B 0 )
PRIFTE (99.13£0.06) %F1 (91.9340.16) %, XK
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Fig. 12 Appearance of Lip@Shi/Lig solution
R13 EEREMAE (X£s,n=3)
Table 13 Storage stability test (X + s, n=3)
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Fig. 13 Transdermal cumulative permeation curves of
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Table 14 Model fitting of transdermal cumulative permeation curves of shikonin and ligustilide (n = 3)
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Table 15 Parameters related to in vitro drug transdermal

assay (X £ s,n=3)
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