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Preparation of cell penetrating peptide TAT-modified liposomes loaded with
salvianolic acid B and its effect on proliferation and migration of human skin
fibroblasts
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Abstract: Objective To prepare the liposomes of salvianolic acid B modified with cell penetrating peptide TAT (SAB-TAT-LIP), of
which has effects on preventing and treating hypertrophic scars (HS), and establish the method of quality evaluation, as well as
preliminarily investigate the effect on the proliferation and migration of human skin fibroblasts (HSF). Methods Liposomes were
prepared by pH gradient reverse-phase evaporation method, and the entrapment efficiency was measured by ultrafiltration.
Box-Behnken design was performed to optimize the formulation of liposomes by using encapsulation rate as evaluating index. The
physicochemical properties of liposomes including morphology, entrapment efficiency, particle size, zeta potential, in vitro release and
transdermal absorption, and stability were studied. In addition, the effect of liposomes on proliferation of HSF was examined by MTT
assay, and the effect of liposomes on migration of HSF was investigated by scratching method and Transwell assay. Results Based on
the optimal formulation of SAB-TAT-LIP, the entrapment efficiency of salvianolic acid B was (86.70 +0.85)%, the average particle size
was (219.90 +5.09) nm, and the zeta potential was (—9.25 %0.92). The in vitro 24 h cumulative release was 62.49% of the total drug
with no burst effect. The in vitro 32 h cumulated skin penetration rate was 17.21%, the permeance rate was (28.33 +4.9) ug/(cm?-h),
and the retention volume of dermis was (44.39 £6.87) pug/cm?. The stability was good when placed at 4 “C for 10 d. The in vitro cell
studies showed that SAB-TAT-LIP can significantly inhibit the proliferation, migration and invasion of human skin fibroblasts,
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compared with the control group (P < 0.01). Conclusion The optimized SAB-TAT-LIP have higher encapsulation efficiency,
smaller particle size, good sustained release effect, and good dermal retention effect which all satisfy the in vitro release and

transdermal regulation of local transdermal preparation, and it can significantly inhibit the proliferation, migration and invasion of

human skin fibroblasts in vitro.

Key words: salvianolic acid B; cell penetrating peptide TAT; liposomes; human skin fibroblasts; hypertrophic scars
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Fig. 1 Anti-scarring mechanism of SAB-TAT-LIP
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Fig. 2 HPLC of free SAB reference (A), SAB-TAT-LIP (B), released SAB (C), transdermal SAB (D), and blank-LIP SAB (E)
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F 30 min JE R BA LR, fEVKI R TR Nl
MR PR SRS 180 ¥k (Th# 300 W, Hi/A 1 s
ERE 1 s), it 0.8 um FHIFAALIERE, SA)5H 400 nm
BARET HHACK EIHF 15 OBk, BifS SAB-TAT-
LIP. [Fifi &A% SAB 12 H g i #& (blank-LIP),
ANE PEG 41 SAB H HLIE & (SAB-LIP).,
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FHARFREE (X3) WZKAH pH H (Xa). R¥E Box-
Behnken &M HIVE TR EE, BEANRI R IEE 3 4
K, LLSAB HER (Y) AR TEbr, FEAKTF
FRIGLE R 1.

242 [FIESHT LY NVFN SRR, FIA Design-
Expert 10.0 0 S dEAT i vt o0 A, &R FHEAT
ZOiAPEE, BRI Y=83.05+3.68 X1+
1.79 X2—0.36 X3—2.41 X4+1.48 X1Xo+1.27 X1Xa+
0.35 X1Xs+0.14 XoX3+0.11 XoXs4+3.33 XsXs—2.74
X12—3.61 Xo?—6.43 X3 —5.66 Xs2, H 7 2= Hr W4 2,
SRKIIE—REBEMNEREEEZR (P<
0.05), R{IWLEEMZER (P>0.05), HMHRKR

# 1 SAB-TAT-LIP & T ZE Sigit-M N EiR I 54
Table 1 Experimental runs and observed responses for Box-Behnken design

RIS X/(mgmL™) Xz Xz Xa Y/% i385 X/(mgmL™) Xz Xz Xa Y/% |35 X/(mgmL™) Xz Xz X4 Y/%
1 8 0.050 3 3.3 73.14| 11 8 0.075 2 33 7134| 21 10 0.050 4 3.3 69.74
2 12 0.050 3 3.3 77.78| 12 12 0.075 3 3.0 79.72| 22 10 0.075 4 3.0 70.06
3 10 0.075 3 3.3 82.22| 13 10 0.075 2 3.6 65.35| 23 12 0.075 2 3.3 77.05
4 8 0.075 3 3.0 74.20| 14 10 0.050 3 3.0 74.33| 24 10 0.075 3 3.3 83.91
5 10 0.050 2 3.3 72.14| 15 12 0.075 3 3.6 75.35| 25 10 0.075 2 3.0 76.43
6 10 0.075 3 3.3 83.61| 16 10 0.100 3 3.6 73.80| 26 8 0.075 3 3.6 68.44
7 12 0.075 4 3.3 79.29| 17 10 0.100 2 3.3 75.55| 27 10 0.050 3 3.6 69.13
8 10 0.075 3 3.3 83.19| 18 10 0.075 4 3.6 72.28| 28 8 0.100 3 3.3 72.78
9 8 0.075 4 3.3 68.52| 19 10 0.100 4 3.3 73.71| 29 10 0.075 3 3.3 82.34
10 12 0.100 3 3.3 83.36| 20 10 0.100 3 3.0 78.54

F2 EEABZEMAEEST
Table 2 Variance analysis of regression equation

FERE CFHEM BHE HH F1E P1E FERIE CFHM BHE HH FiE P1E
T 754960 14 53.930 7436  <<0.0001| XaXa 44.220 1 44220 60.98  <<0.0001
X1 162.290 1 162.290 223.78 <0.0001| X2 48.710 1 48.710 67.17 <<0.000 1
X2 38.450 1 38.450 53.02 <0.0001| X2 84.610 1 84.610 116.66 <<0.000 1
X3 1.510 1 1510 2.09 01707 X2 268.110 1 268.110 369.69 <<0.000 1
Xa 69.750 1 69.750 96.17 <0.0001| X2 207.640 1 207.640 286.31 <<0.000 1
X1X2 8.820 1 8.820 12.16 0.0036| k% 10150 14 0730 — —
X1X3 6.400 1 6.400 8.83 0.0101f Zefhm 7.890 10 0.790 1.39 0.4014
X1X4 0.480 1 0.480  0.67 0.4281| iRz 2.270 4 0570 — —
X2X3 0.078 1 0.078 0.11 0.7472| &iRZE  765.120 28 — — —
X2Xa 0.053 1 0.053 0.07 0.7910
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#r2=0.986 7, KIZEIHTEUEERLF, &
ASEEGIER, BRRSUHERA TN SAB [l 2 . it
WA IR, FH 4 NMEREPSEKEN Xi=
11.78 mg/mL; X,=0.094; X3=3.04; X4,=3.28, SAB
£ 4 22 1 AR > 88.60%
2.5 WIESCIE

YRR T2 % 3 it SAB-TAT-LIP ¥ 5, I
Bz E N (6311+034) mg/mL, A E KN
(86.70+0.85) %. Kb EY K55G, WFaE R
h (86.22+0.97) %, #ZjE N (6.27+0.51) mg/mL
(N=6), SERFHAF T EFE I,
2.6 SAB-TAT-LIP BEREIEMN

P AR AL J7 4% SAB-TAT-LIP, PBS Fifk £ i&
HIREE, WML, H 4% SR A, B
THE, BT PUgESImE, WWE 3. i
SAB-TAT-LIP H PBS Mkt #id Bk E, B THOLHL
SERLEE AT o T, e HFI5 k42 . PDI H A1
Zeta Hifr, W 4. SRR INEIS], BER
REGEERGR, 2 BB . AR kAR R
(219.9+5.09) nm, £ A% (PDD HN

A, &

3 SAB-TAT-LIP ESTEEEER (X5 000)
Fig. 3 Transmission electron micrograph of SAB-TAT-LIP
(=5 000)
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Fig. 4 Particle size distribution (A) and Zeta potential (B) of
SAB-TAT-LIP

0.190+0.013, Zeta A~y (-9.25+0.92) mV, it
B PEG KBEFimchi 7 TAT HIIET, AT b
XoF 44 B 2 A
2.7 BERIRBIRINERR

KBTI SR ARTE 0.9% F AL IA W+
RSMREIAT N FEERE 3 mL o 4 TR 2,
BT O AR ER AT (1) B A 27 B A 12 000 [13E AT
b, LR R T B4, N 150 mL
IR T, FET 37 “CaKIBH LA 100 r/min H 3% jiE
¥ 24 h, ¥EWUERAIERE, 2000 T 054 1. 2. 3. 4.
6. 8. 10. 12. 18. 24 h W¢iX 3 mL B, o
BRI 045 & [RIIR PRSI/ 0T, HPLC V&I e BN
dhH SAB (IR EIRE, THEIFE SAB [ 2RI
Ko FREEWI 3 mL 2= AR SAB [H1EER
A (blank-LIP+SAB), [A] L TR AV Bk
MG . AR E I 3 mL SAB /KT (free
SAB, Sfgifktrit SAB FEIRIEH ), [ &
443 51F 10, 20. 30. 40. 50. 60. 90. 120. 180.
210, 240 min WPUBTE BT, THEFE SAB R
TR TICR, AT FEATAT 3 43 . 45 SR LI 5, free SAB
76 3 h I 584750, blank-LIP+SAB 1E 24 h Bl
HILF 96.12%, BEHUHZF(LT free SAB. SAB-TAT-
LIP 7£ 1 h WIRE I E /N T 40%, TERBERN, 24 h
i iZ HE BB R N 62.49% , B JHUE K RSAK T
SAB-LIP, EAHEHZEREE.
2.8 BERRIRAIIRIINGE B IR U
2.8.1 JRJRAOTRACTE  HUAE: K BROBRIEAL ST, SHIHL

100

80
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FBVBIA %

40+

-8~ free SAB
=&~ blank-LIP+SAB
== SAB-LIP

== SAB-TAT-LIP

20

0 4 8 12 16 20 24
t/h
El5 SAB-TAT-LIP gyfFsMEZIRILZ (X £5,n=3)
Fig. 5 Invitro release curve of SAB-TAT-LIP in24 h (X £s,
n=23)



B4 e

¢ %% Chinese Traditional and Herbal Drugs #550% 2 18] 201951 A

R R IR, AN IR R R, DBt i K Ik AR
JRZE, FAEBRERAKVES, JRAURT, KR,

20 CUKFMRAT, 1A

2.8.2 BB KRR ERE R ER, A
AERER KRR LR, FHIEARR TRk, BT
Franz §#th CH RGN 1.766 cm?, Hzii0th
RN 15 mL) A= S53IiE 2 m, HEZ
R . IO BRI S BRI T 20%
BE-PEG400 (9 : 1) ¥, HIRAM, Ui
5 Rk S ek B BUIRE Y (37.0£0.5) C,
Wg S BEE E A 100 r/min. 2 BIFEHEZS = hin
free SAB. blank-LIP. SAB-LIP. SAB-TAT-LIP % 2
mlL. Fds O s AR IR IA 28 K, 20 Bl Tk e
05. 1. 2. 4. 6. 8. 10. 12. 22. 24. 26. 28.

30. 32 h M= R ok B W GO 1 mL,
7B D 7 A A IR BRSO R RO AT
BRiEH 50 pL 50% FEEIEARE, 28 0.22 pm fALIENE
eI, % 217 WUR g AT, o RliE A
TSI ] S AL A RRUE S & Qo). Fa
BB R ERFEH (1) MBWIELZRZE (Pap)» 4
Hl3E e et 2%, UL 6. fE Qut iR, WLER 3,
SAB TE/KEWH I Qn & F 7 #2 & Hixon-
crowell 77 F2#5 7, SAB 7E SAB-TAT-LIP 7] Qn ¥
B ERITRERI, J. Papp I RAUE 7 I 5T free
SAB 41711 SAB-LIP 4.

Qn=(VCnr+ z Ci-1Vi)/A
i-1

J=V/3 600 AXdCn/dt

Papp=J/Co

Qn 9 n IR [A] 25 fF) B T AR R ARG I B, Ca D9 IR ) 5 PR
PERTRVREE, CoNE i (i=n—1) UL S HIZ5 M Bk EE
A 3 Bt A AR AR (1.766 cm?), V AHEIOI AR (15
mL), Vi AHGRERRL, I AR R BRI IRNR, Pap
R F T [ AL, Co AL I BHIK

283 HEmWHEE BRRRLSRE, BRI,
FH AR B ER 7KK GRS SR TH i B (M 2500 1% B BRURZ BY
e, BT RS R, I 50% H IE 2 mL {57 i,
#EA 30 min, 3000 r/min 2.0 10 min, B 350
0.22 pm FFLIEBESERS, HU 15 pL JEWRI% “2.17 I
SRR T, THEEREE, R 3.
LR SAB-TAT-LIP B BRIFHIAMAIRETE
Re/y, [RIB BAA BB R R R AR, el
W F R kR, DA R T SR SRR T

1000+

—&— free SAB
== SAB-LIP

8007 o sAB-TAT-LIP

600

400+

Qn/(ng-em?)

200+

15 20 25 30 35

t/h
6 SAB-TAT-LIP HERIRULHIZ (X £5,n=6)
Fig. 6 Accumulative transdermal curve of SAB-TAT-LIP in
24h (X £s,n=6)

0 5 10

#* 3 SAB-TAT-LIP MBI SLILER (n=6)
Table 3 Transdermal experiment results of SAB-TAT-LIP in vitro (n = 6)

) e Ty ﬂ Pl ey SRR SRR
(X108 cm?s?) (ngrem?)  EE/%
free SAB Q=0.03 X3—1.14 X2419.73 X+58.92 0.999 4 1.37 13.02+1.34 17.82+1.35 9.09
SAB-LIP Q=19.83 X+51.19 0.982 2 2.13 19.83+2.01 35.09+3.44 12.63
SAB-TAT-LIP Q=28.33 X+22.61 0.9957 3.19 28.33+4.99 44.391+6.87 17.21

29 RREMER

¥ SAB-TAT-LIP 735l T-=lA 4 C%&M4 Rk
B 10d, 75T 0. 1. 2. 3. 4. 6, 10d e HA
B MHRRARAE, VIR SAB-TAT-LIP [z
EME. AR WK 4, SAB-TAT-LIP 75 M E 10
d RfREAE PR, HAERTHEEE, 29t
TR, SAB-TAT-LIP 7£ 4 C4{+ FiE 10 d

Fidg A e 2R %A I B8 . T SAB
FEAKER P EATRE, RIS TR TG AE .
210 FERRIRXT HSF 35 AI R0

WARAE KRS R IF I HSF, 48 0.25%RREFH 1k
B, %4840 1X10* 4~ 200 pL ¥ HSF /0T
96 fLIR, T 37 C 5% CO, MI I 55 74 55 77 24
h, 5B XHELL, blank-LIP 4. free SAB 4.
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#F4 SAB-TAT-LIP #£ 10 d HEI BB RFNZREMEZ R
Table 4  Stability of SAB-TAT-LIP for encapsulation
efficiency and vesicle size in 10 d
it 4°C

v BE /% MRE% Km0 HFER% RFiE/nm
86.55 — 219.8 86.55 — 219.8
86.49 0.07 221.2 86.58 —-0.03 220.3
86.12 0.50 223.0 86.40 0.17 218.2
84.83 1.99 2148 85.89 0.76 221.4
83.14 3.94 225.7 85.66 1.03 222.9
82.02 5.23 221.0 85.43 1.29 218.5
10 78.45 9.40 226.3 83.94 2.86 214.9

oo A W N, O

SAB-LIP 41 (% SAB 80 pmol/L). SAB-TAT-LIP L
4 (& SAB 40 pmol/L). SAB-TAT-LIP M4 (&
SAB 80 umol/L). SAB-TAT-LIP H 41 (% SAB 160
umol/L). 75T 24. 48, 72h J5, KM MTT i%
Rl &-2H 490 nm ALMEOBIE (AD {H, THEAIMIAEE
2, FHEAT 61

MAFIE R = (A s — A wa) (A v —A uz)

SR NFK S, SXHEZAAHE, blank-LIP X HSF
ISGEE A R PR BT HSF %A S RIE
Fl. SAB 1) 2 FifiE B AAXT HSF 3858 %84 B & i 40
HIME, HAHEL T free SAB, 1ATL—5E HIZER AR
SAB-TAT-LIP X HSF 348 il 4 F S 30— & 17 &
TR TR RO 2R
211 FERREART HSF iE 8950
2111 RPRVE WEAKIRES REFH HSF, JEE
WALB O, %L 5X10°4. 2 mL #ER T 6 1L
W, TREFFM T REIE 24 h, {840 H0 235 FE ik 5] 80%~
5 SAB-TAT-LIP X} HSF {AAEIE5ERIS/ND (X s, n=6)

Table 5 Effect of SAB-TAT-LIP on proliferation of HSF cell
(X £s,n=6)

A HAFE 1%
il
24 h 48 h 72h
Xof 100.00£8.75 100.00+2.65 100.00+3.59
free SAB 60.84+6.81™ 57.69+5.42" 39.74+3.43"
blank LIP 102.14+6.42 101.03+3.91 100.72+2.86
SAB-LIP 66.31+7.92" 63.94+5.07" 49.59+2.94"
SAB-TAT-LIPL  79.90+8.75" 71.27+4.75™ 53.74+3.60™
SAB-TAT-LIPM  70.17+6.81" 62.13+3.69™ 44.01+3.60"
SAB-TAT-LIPH  59.17+6.03" 48.27+4.72" 34.91+3.76™

L i "P<<0.01
™P < 0.01 vs control group

90%/i5, FH 200 pL JC B P IAEAG Sk thag RF1ERRAL
T 20 B B AT 2 R R 28, R LRI 2% I 28,
WiskiZk, & “IF7 TR, G PBS Uk 3 Kk, Bt
FUIMER T, FRIETEE e e IR, BB T ik
BN FEALET e T 40 R, DUIX — I (AR A R A]
MG be, PR MG R & 3%, 425 e i 41IA“2.97
T, B 2 AT, NZifE 00T 12, 24, 48,
60 h i [A] —HLEF 411 R, BSR4 4T A I B 4 SR RIALET
WS MR E NG DL . 245 R ILE 7, X REZH AN blank-
LIP ZH4E 48 h if D& MK RIJR 1) 56 FE A, Hith
SAB 4 #j41AE 60 h TSR A K S RIIR I 58 B, ]
Fr Ay SAB S HLR AR B e B IG HSF L #% RE

H 0 AT UL 82 51 SAB-TAT-LIP M ZH 4011 HSF i
FE IR T SAB-LIP 4. SAB-TAT-LIP H 2H A i
LR BN A AR /N, ) ) TR BR AR K, A A%
WIS, B&&AER SAB-TAT-LIP Refeff
HSF {12, ®KITHMEE

2.11.2 Transwell /N=SEEG A KRS RIFHY
HSF, JREGHAEOJE, %84l 3.5X10° MEM T
6 FLAR, 1597 24 h RRgifE K 2 60%~T70%)5, 1R
WA TR LA AT R 2 A B, 4525 J 4y 4A1R] “2.97 T,
Ki g% 48 h Ja b TR 28500, Tlse e Transwell /M=
ERMR E 20 plL £ 8 B matrigel B2 FJK
fEEHAEDK BT 2 h, T2 2 Rk, &L 50 pL
10 g/L Iy A A BSA ML ILIE 973, B T8
FEFE T4 30 min. JEEGWH LA 2G5 A, HJCi
TERE RIS A R, R E A 6 X 10°
AmL, ) FIRAERF ) Transwell 7835 1 2 o
A 100 pL CIfiEM MR, FEIA 500 pL 7E4
Brardk, BETRFRMRETE 240 J5, FERTRE,
F 500 pL 0.1%45 i 44l (100 pl 0.5%%4%5 & 5K L
B +400 pL PBS) [ & 44 30 min, Jefasif)s
F PBS #2432 0k 3 IR, BiF ik R Uul, FARRE /NG
PR = AP, E R FREALIEER 5 M
i, L HES M IE. SR IE 8
M9, SxHIRALAHEL, blank-LIP 4122840 A
A REMEZE, RIE AR HSF 1122868
JTHEAT BN, 7S50 B SAB [ 545 25 2H 35 22 i B
EHUATH HSF RZEMIER, KRR free SAB
20 >SAB-TAT-LIP 41>SAB LIP 41, H 5xIE4HH
L ZERESG i ¥E L (P<0.01). LI EGREREY
SAB-TAT-LIP ] DL 35 s il HSF 7E = 4 /K ~F L1
%, HE5 SAB R EIKRE 2 IEMHX.
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Fig. 7 Effect of SAB-TAT-LIP on migration of HSF cell
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Fig. 8 Inhibition effect of SAB-TAT-LIP on invasion of HSF cell
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x4 "P<0.01
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9 SAB-TAT-LIP X HSF 4R Z2R0S2ME (X £5,n=6)
Fig. 9 Effect of SAB-TAT-LIP on invasion of HSF cell
(Xxs,n=6)
3 i

SAB J& T /K 55 FR 1 254, FHoK 73t R 2L
% pH HBISEZIEK . N T SRR I 1 256
BIRRBARASR S, ANSLISRA] pH B R 3h# 2%
gh & m 25 R ik £ SAB BT, R4 Henderson-
Hasselbalch FHit, 44> pH BALHIA ML, &40
TG E ALY R K2R EE 10 i 2%,
pH 6.0 4 KAH 5 pH 3.2 i N K A B pH B 22,
i SAB AWt DLy 17 s ik i i s 2E N 2118 5
RN, RJEIRE pH 1A B LLES 1% XUk B3 72 N K
FHHR, MOCERE R 2SS, SAB Bhainsh H 2 AN
4ME) SAB 4 FIA TR AR, [HI, SAB J&—
KREAREFNRET RN ZHEY, Hiatk
P 3 AT AR IR A 1 Sk R AE AR AR, 3G
SRR 2 Z T AR A, AT BE 25 ) b A, 3
TE/IN ST R T A4 4 P 3 R R TP ARy ) 26459 21 )
SAB-TAT-LIP @3 % my, RAREUN, o EhEsds .
VIR 5 R, SAB-TAT-LIP T =K
B, BEERREAEE, T4 CH&MHFEAE 10d TGit
TE. REBILR, QIHREREE, KWAAKNOHEAE
o AHH T SAB 2 H 3NN FFHS R A —A 5l
MR E i i BRSO — e A LIS, TE pH N
3.0~6.0 MFMRFM FiEARE, KBTS W
AL, Bk, 765 1 Sege 4t SAB-TAT-LIP %
R TR & R TR AT, HIR NG SR TR 771
IMREE %A, BE— DR E R AR B AR E 1

ZIKEA R EE. TREEE. K
T TR A, FELIEIE R IR
H2i 8%, TAT (Cys-AYGR-KKRRQRRR) A ki
BA MR, 25 H 4 s Bk (CPPs) 2

—. EWANCH 20 SCRIRIE, TAT 21 1)l o 4
REBSIE = Z9WITEAR N AR B, 8D 2591 75
REH, REZAWINEITIRE), [FE, TAT &
B 0 R ok A T R A BRI B, A B RIS 0
P, PemR AR R BIRRE T, KA A L
JHR ) BB 5% J2 T R AT 5127281, TAT A N3 T4 i
BEIE RN 25 is R B E Rk ), TEAEYIR
I FHNIREG Je 2h A A R IR FUANE AT R A
A5t

A FEEERE, LTS SAB W,
SAB-TAT-LIP B A HBMZERAEH, HZZRARMN
T SAB-LIP; = IR i fA 5 SAB #EIR G W RE T
12 T 25 SAB, TREE H TWER G A —
73 SAB I Bt T i Joi A4 3 T B A2 B g A
S8 SAB BB E . SAB-TAT-LIP fE6% .2 1 58 55
IKALZGH) SAB [) K IRIR 21, T & 8 A IR 24
VIR, FEARIEAIITA, HERBEM K )Z
i B RE /1A T SAB-LIP. iR A KL X HSF A K38
T AE HEIEH . SAB-TA-LIP A% LA &- I )45 i
PR 25 PE bS] HSF AR K FIIE5E, 5 SAB IRl
FHEG, MEER 20— WERME, %41
SAB-TAT-LIP A& #1FE 24 1) 4E 9 B TR I AH PR 8
SAB-TA-LIP fig i & Hudhi| HSF fIE AR (=
YeKF ERIERS), HHIPE AR T SAB-LIP.

fEJE JRsEge Rt Fit, #E— %% SAB-TA-LIP
Xt HSF P2 5 309 « 2 6 38 T RAH 6 40 g R 1 30
(RIREIA 255 BN RR 1D 24 2ok 27 96 R R Jk o ik
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