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Abstract: Objective Tanshinone IIa (TSA) and salvianolic acid B (SAB) co-loaded liposomes (TSA-SAB liposomes) were prepared
and their inhibitory effects on the proliferation of human skin fibroblasts (HSF) were investigated. Methods TSA-SAB liposomes

were prepared by the thin film dispersion method combined with the pH gradient active drug loading method, and characterized by
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morphology, particle size distribution, { potential, encapsulation rate, preliminary stability, release regularity and transdermal in vitro;
The effects of TSA-SAB liposomes on the proliferation, migration and invasion of HSF cells were investigated by CCK-8, cell
scratching and Transwell, respectively. And the Effect of TSA-SAB liposomes on the protein expression of matrix metalloproteinase 2
(MMP2) and type I collagen (COL-I) was investigated by Western blotting. Results The TSA-SAB liposomes had a particle size of
(189.50 + 1.57) nm, a { potential of (—18.73 £ 1.41) mV, a particle dispersion coefficient (PDI) of 0.246 + 0.030, and TSA and SAB
encapsulation rates of (87.93 = 0.97)% and (91.20 + 0.47)%, respectively. The stability of liposomes was high, and it had sustained
drug release and good transdermal property in vitro, which were able to inhibit the proliferation, migration and invasion of HSF cells
(P < 0.01), and significantly increased the protein synthesis of MMP2 and decreased the protein expression of COL-I (P < 0.01).
Conclusion The TSA-SAB liposomes with uniform particle size distribution, good stability, high encapsulation rate, good
transdermal absorption, which inhibited the proliferation, migration and invasion of HSF cells, and also increased the activity of MMP2

collagen degrading enzyme and inhibited the excessive production of COL-I, indicating that TSA-SAB liposomes may have a

preventive effect on the generation of hypertrophic scar.
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F 1 TSA-SAB BRUASAENERENFEH (X+xs,n=3)

Table 1 Percutaneous permeation kinetic parameters of TSA-SAB liposomes and TSA-SAB cream (X £ s, n=3)

il 2%y Qn-t 572 r it Qa4/(ug'mL™") B E(ugmL )
fEFf  TSA 0=3.000 (1—¢ 01037 09815  —ZJifE 2.6710.08 3.54+0.28
SAB 0=9.075 (1—¢ 01051 09816  —ZHhfE 133.87+0.86 30.06+2.66
LE TSA O=1.118 (1—e ™14y 09225  —ZHTE 3.04+0.16 0.9740.02
SAB 0=20.943 '2—12.728 0.8423  Higuchi 80.80+3.09 17.65+2.85

concentration, ICso). AT % H A=K HH i) 40 B vH
1k, B, HHEUE, #1X105/4LERE] 96 LA,
THFEM TS 240 J5, FH PBS PRk dnfi . 14t
Sy RRTHRAL . 2 AR AL . TSA-SAB U7 & 25421
(% 15 pmol/L TSA F1 60 pumol/L SAB). TSA-SAB
BRI R (& 10 pmol/L TSA Al 40 umol/L
SAB). TSA-SAB JEFifA+#I&EZA (& 15 umol/L
TSA #1160 pmol/L SAB). TSA-SAB JIgJii 14 w7 &
2H (% 20 umol/L TSA A1 80 umol/L SAB). *iH&ZH
M FEAREFRAE 100 uL, 25 AR IR &8 e 4 1%
TR G IO FIR AL, HR& 4 mlinA
AR B S S . TT48h 5, A5
K CCKS VLA %40 450 nm At A {8, 54000
TR F, BRLFE 2, SRAME, SARRKE
YT HSF 9585 1t 6 i 25 R0, R 2 AL A
BNELF, TEERENEM . AT X RN 2 H 8 A
H, ¥ TSA-SAB BAA4ZHT1 HSF48h 5, 4H
WA 5 2R A B T B, SR EAT — % 4T HSF 3
FEIETE (P<0.0D). SUFESZIZaMte, &R
R VO AR TR R T AN B B R H O P B B R, 2
T AR A

% 2 TSA-SAB [ER{Axt HSF MAIEFAMSIE (X5,
n=3)

Table 2 Effect of TSA-SAB liposomes on proliferation of
HSF(X£s,n=3)

w5 BRI e
(umol-L™

X i - 100.00+2.06

=i - 100.00+3.03

TSA 1 SAB BXEHF 25 15+60 52.3614.47

TSA-SAB g it 10440 54.66+2.78"#
15460  41.39+1.90"#
20480  29.95+3.30"#

HXTRALEE: “P<0.01; 5% ARBAHILE: #P<0.01
P <0.01 vs control group; *P<C0.01 vs blank liposomes group
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SEARE IR G IS AR R4, HAKHY
SN AH LR P (1 55 B B 2 & Wi 4R 2 T TS
Sy RITE 24, 48 h FHEI B WS T IR0, 6
H Image J 1.52 #AEx0T EUR AT 73 b . 455K WA 6
R 3, BHERTFRN P3G, XA (R
PRAEAE . A7) HSF 3T 1a) H (8] RIIR X I8 7%
RIJR B) PEAZ AR /N o 7E 48 h IS A B 2 08¢ 5] HSF K
TR RIIR X3, R g AR A % HSF [IEA%5 R
HTFM . AT XL, & TSA-SAB BXA4524
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HrT BSOS B AN B AR AR /N, MR A4, B4
Mg T B BE AL IS, SR TSA F1 SAB Bk &
B2 AR AR ZH Y e i) HSF 128 (P<
0.01), H TSA-SAB JlgJsif4xf HSF iL# 4l 1 FH
SIFEA KRR

2.3.3 X HSF 4HM0{2 22 R8I M52 O fil i 11
Matrigel J& )5 IR 55577 5:4% 1 © 8 I LLBIEAT AR RE,
PL 100 uL/ALANE] Transwell EEH, B TR FRAH
EIE I 30 min. HUALTXF B K IR 4n i 1k,
B0, TG, IR IR LR A S O 1.5 X
10%mL, 4r#H[R “2.3.17 T,

B 100 puL A0 245 T Transwell FZE
AN R E 0 500 pL (58 415953, 2 Al
JRAREIIANFERE T 2 A AR SR e AR R 4,
HARSHTZE DI G AR E SRS 2%
Wo 457548 h )5, F-7 Transwell LB HIEEF7E,
il 0.1%%5 iR [l g et 30 min. Jea4iw )5, M
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xR TSA #l SAB HEAI#ES 254 TSA-SAB R (i)
%] 6 TSA-SAB BER{&%t HSF i
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TSA-SAB J8fifk () TSA-SAB Hﬁﬁ’ﬂ (D
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Fig. 6 Effect of TSA-SAB liposomes on migratin ability of HSF (x 40)

%3 TSA-SAB fER{F HSF TR/ (X £ 5,n=3)
Table 3 Effect of TSA-SAB liposomes on migratin ability of
HSF(X+s,n=3)

3 iR/ KR IAKE %1%
(umol-L™) 24h 48h
xR - 67.12%144  99.97+0.64
IR IR - 62314258  9644+1.50
TSA Fil SAB Bk &ilf B 254 15460  31.2740.84"* 49.89+2 46"

TSA-SAB fiz i & 10+40 53.45+1277% 71.29£5.72%%

15460 202241437 37.51£4.61"%

20+80  9.86+2.25"% 17.12+0.28"*
EXS R RS 7 P<<0.01; 5 AR AA HLEL: #P<0.05  #P<<0.01
*P < 0.01 vs control group; *P < 0.05 **P < 0.01 vs blank liposomes

group

X IR AN

7 TSA-SAB 5 R{k3t HSF 1%

TSA 1 SAB Bt AW 2% TSA-SAB ik (%)

PBS VL 3 Ik, BT, T RfEE FiEaELN
B, Mgl NEILREA M, R
] HSF {2 221 2 o AR I 7 ISR 4, 55
AL, SABRARAE NS NAREEN LA BE
ZESME, FORMR IR X HSF 1122868 71 o5
Wi, & TSA-SAB BXEZ525TTHZH A+ %5t Transwell
/N2 SRk R T IS 11%) 4 25 2 5 0k T ZEL A T B 2 9
/b, U8 TSA-SAB BXA45 2535 RedIH| HSF f1=2%
BE 71 (P<<0.01), H TSA-SAB JIg i {4 % 71 & 2 47161
ROR 578 2 IEMAHK.

2.3.4 Western blotting #ll 5 HSF #* MMP2. COL-I
FEARILKFE HSF PL 15X 10/FL#M 3] 6 FLI
W, TREFFFRREE 24h )5, ] PBS VR4, 4

fa 2 h”
TSA-SAB flgffifk (ff)  TSA-SAB gtk (&)

ZHIFNT (X 40)

Fig. 7 Effect of TSA-SAB liposomes on invasion ability of HSF (x 40)

Mo H LS 25 1E “2.3.17 T, 425 F W 72h J5, N
100 pL ﬁi‘/@ﬁ@%éﬁ”ﬁfwﬁ (RIPA) I3 2T
fE4 C'F 14 000 r/min &0 CGEOPAEN 9.98 cm)
10 min JEWHL HIEW .
KH BCA LI H4ME g & & KR E,

UL GAPDH NN H, FiH 10% SDS-PAGE #t
fieidb AT Lk, K H 5 F2 %) PVDF 8 L B E T 5%
JE A 9k e i) () 3 PR, THREIRZ RSP E 1 he [
Wk A, £ 4 C R 5 MMP2 (1 :2000) F1 COL-

1(1 21000 Frikis Gk & . K H ISR IS E A4
B AR IC i L =E TR 1gG /E NV — 51 & 40 min /5, H
TBST HEE 3 Ik, T=il NIMAGREZIG b KO
A&, 7F Chemi DocTM XRS R4 Lk T al#i4L
AbFE . A Image J 1.52 30t B 25T 24T K FE AR
o, RS AR E A RIERZE R .

Western blotting filll 45 5 L& 8 Ak 5, = H
JE B4 2H MMP2. COL-I  F RIS 7KF 5 7% o0
H2Z WA REEE R, RoRIRPUARER XS 2 #hik
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#F 4 TSA-SAB BEFR{AXS HSF REMFM (X +s,n=3)
Table 4 Effect of TSA-SAB liposomes on invasion ability of
HSF (X +s,n=3)

LR/

151 YN RAFIE R /%
(umol-L™h)

oyl - 100.0044.50

=] =I5 - 93.04+5.35

TSA fl SAB BEATF 254 15+60  28.48+4.65™#

TSA-SAB flg i f& 104+40  41.77+3.42%#
15460  24.68+£4.65"#
20480  13.29+523"#

XA "P<0.01; S5FAMRRAKHLE: #P<0.01

**P < 0.01 vs control group; P < 0.01 vs blank liposomes group

4|1.3><105

- |72X10°

COL-I|--- - -

MMP2 | -

e — EYERT
s <

£ R ~ ~ ~
= i R = H I
um "ZIE ~ ~ ~
=
o 15 s & s
H <o X X X
® =\ = =
m M m m
< < < <
vl v {70 {70
=35 5 35
< = = =
vl
=

8 TSA-SAB fg &%t HSF  COL-1 1 MMP2 EH %
;DAL

Fig. 8 Effect of TSA-SAB liposomes on protein expression
of COL-I and MMP2 in HSF

%5 TSA-SAB B§RifA%} HSF F COL-I #1 MMP2 EH%
EHFM (X +s,n=3)

Table 5 Effect of TSA-SAB liposomes on protein expression
of COL-I and MMP2 in HSF (X £ s, n=3)

s IR I X EEREE
(pmol'L™!)  COL-I MMP2
i - 0.74£0.05  0.11£0.08
E=RE17ES - 0.84£0.03  0.20%0.02

TSA Fl SAB Bk & B 2454
TSA-SAB fig ffif&

15460 0.3630.02"* 0.56+0.06"*
10+40 0.4840.12"% 0.35+£0.11""*
15460 0.1840.02"* 0.64+0.03"#
20+80 0.0740.03"# 1.0340.03"*

XA RS " P<<0.01; 5 AN A EL P<0.05  #P<<0.01
**P<0.01 vs control group; *P<0.05 #P <0.01 vs blank liposomes group

HRIEEA LW SWIRAMI, S24+0E,

TSA-SAB BA H #4035 B B4 7 COL-1 ki,
T MMP2 3215 (P<<0.01), HERIS250E

IR AR S s 25 AR L, ZER R, 57
BEIEM.
3 it

CCK-8 i£5LIn 45 H k3, TSA F1 SAB BXH ]
P [FI 0] HSF 4HHE 365, N TSA-SAB Lk AR
R R B e VI e . TSA NIRIE K5
Lgle BA mRA g, n] R AR A Bk 4 2
REA; SAB /K VESIERPERR Sy, pH {EXTHR
ML 7K 73 e 2B R, m s IR o Ak P9 4 A T
B pH BERESE . 25U B2 15 Rt N\ T S5 4k 9 AR
BHATEZ . RS EOES S pH BE R
%% Y TSA-SAB flgliifl, RifesaAitisl, £
TR, BHERR, RIHFSEENREAITN
TR T (3 B 1 gL 4151,

HSF it B35 /& HS [ FBEAYERD . A%
%X TSA-SAB IRt 25 245 I FE YU 1Bl P 22 77 B AH DR 1 1)
VEFHE AL i B A 7 E 2 HSF ) % e i e
2yl . AL RS T AN R RS, R
JR A RE % 8 I M7 BRI A R AR NG, AT
i HSF A& S A Biie HS i /7, L HSF /BN
PR AR MR 5 PR TSA-SAB Jli Jii f44t HS
YEF, RPLHTE TSA-SAB F1 TSA-SAB flgJf 1A B
A 34| HSF (13458, F TSA-SAB JIEFAATE—
SE 254 B o 4 M R S8 A1 Transwell 1228 5255
AT 2 5 T S Ak 20 O 7% RE A i B 32 1R 28 e
71, &561% 2 N4 R E H, TSA-SAB fIR i /&
X HSF 1L FIMR 22 8 71 35138 D0t 2 35 R0 4 i 4 A

I FE S FE VALY HSF STE R AR & KEsy
W COL-1. COL-III, FEAIC B A 112 i (1) S8 B 73 MMIPs
()53, A ECM BHIEARU KA R, 1E8 ECM
DR, #E—2FEHS TR, Western blotting
SERKW, TSA-SAB HRJF 47571 & 40 n] 5 25 14 m
MMP2 )& R, F&K COL-1 AR ARIEKT, #7
7~ TSA-SAB JIR 544 1] fig 1 42 iy MMP2 JI Ji P fi
B RG 1, $0H] COL-T FUat FEAE R, 4ERF ECM AR
WP, ATmHHIRRIEAE, v TSA-SAB fEFifA
FFBhia HS A5 .
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