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Preparation and in vitro transdermal diffusion characteristics of Centella asiatica
total glucosides liposome
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Abstract: Objective To optimize the preparation technology for Centella asiatica total glucosides (CTG) liposome and to investigate
its percutaneous permeability in vitro. Methods Liposomes were prepared by reverse-phase evaporation technique. Taking the
entrapment efficiency of madecassoside and asiaticoside as indexes, the preparation of liposome was optimized by using single factor
and Box-Behnken response surface method. The properties of liposomes including morphology, entrapment efficiency, mean diameter,
Zeta potential, and accumulative release were studied. Results The optimal formulation was lecithin-cholesterol (4 : 1), lecithin-CTG
(23.22 1 1), and organic- aqueous (7 - 1). The liposome was smooth and spherieal in appearance, mean diameter, and Zeta potential
were 201.7 nm and —15.7 mV, respectively. The entrapment efficiency of madecassoside and asiaticoside were 75.85% and 84.94%.
The in vitro 12 h accumulative release was 52.10% and 45.97%. The equations for the permeation rate of madecassoside and
asiaticoside in liposomes were Q = 67.93 1'2—50.34, R = 0.988, O = 139.74 ¢'2—241.2, R*> = 0.987, respectively. The retention
amount in the skin was 76 pg/cm? and 48.7 pg/cm?, which were 1.56 and 1.18 times higher than those of solution. Conclusion The
optimized process is rational, feasible, and good stability. The CTG liposome prepared in this study have the smaller size, the higher

encapsulation efficiency, higher retain in skin and obvious sustained-release effects.
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BFELF (Centella asiatica total glucosides,
CTG) ZHHM T EEENIN T Centella
asiatica (L.) Urban. [$ZHU, AR v — ik 2
KIEATAEMSE, HPhUREEE. BEHESREET
EERE, EERsRI, ARAGE AR, CTG
MU IR AR, s s, BRIk
i, WERAPE. Ttz HR UL LR
USSR o ImIR B T FARA . betn, 3
AEMEIEIR SER AR T U). (HET CTG & ik
YR, A GE kR e BIE R A A, B
B AR e AR BRI B 1) H o1,

W2 s e, AT BLURHE R4 ()
fRFEVEH, L2959 ] Re /b i N MR AEE
b TRk, TR, R, AR
R R Ik R 2 29 34k . 535 i@ 4 F AR L,
JEBAARTT AR N 2500 e I 7 $a 85, ks 25 24 I
FIE, e m B R 02131, AHIE 5 LR A SR A
F, RHRIN KL S Box-Behnken M VAL
CTG Mgt pyil 4 T 20, FHxf H A i fe k4 1%
e tEE AT 552, LA CTG 41 il 71 1t 55 24
Fenli
1 UESHR

Byt 20A R4 S R0BAH B, s onaR.
TEL A DAD fall2s . Hahidbreds. AEA, H
AR EHAT]; AUW220D B PRSP (54525
AW220 BIHLFRF (Jirz—), HAREEATW);
TD3 & OHL, IR AL BT R AR A
Al RE-2000A gkt zi Rk a%, bilg s seie (s
FRAT]: SB-5200D A BIEBEAY, TR il A
WEAMRAT; Zen-3600 BUEOGELSHRIEEAL, il
Malvern A ] ; Merlin F#H 7 B5EE, 12[E Zeiss
Aw]; FEHTEE, BURAHN 775U 8 000~ 14 000,
FLHEEEEAL AT BIEROE, BT 5R

& 10 000, [ Milipore A F]; TP-3A HRe251i%
B8, R AR RS AR A .

TR R AN S A (kS 20160821C, JFiE
E99.78%) ML HF (L5 20160411C, JiifE
43 %0 98.53%) W4T PureChemLand Inc.; CTG £,
PO B ERH R AR AR, b5 20161120, &
JREDE>80%; HEIFEUIBEE (PL-100M), i
FHRRERARHE AR AR, fits EK16033; AHH EE,
AR R AR A7, b5 P1190444; B-3
BikS, b5 IN1123RA13, MR A TR
ANFE LN HEONRELl, Koy EREEaiK, H
AR5 9 3 pr 2k

EIARI/NGR, BENE, R DT R 250 T e S 5
FYrhodeft, SH8IES )y SCXK (i) 2016-0009.
2 HESHR
2.1 HPLC EEJ5EHIEN
211 KA H & RS CTG MR
0.5 mL, BT 5 mLEMT, AFEMIAIIFCER
ZIBE, A AREE 2 min, A 0.22 pm JEREERS, HUs:
Je, HIS,

2.1.2 XM AVERE & BURS R, RIS
BN AOE R, MR, PRSI RES 0.2
mg/mL 0 VA, BIAS.

2.1.3 il G CA Sepax Bio-Cig#E (250
mmX4.6 mm, 5 um); JBNFHALNE-2 mmol/L B-
IRIRE KV (22 0 78), Z5FEPEE 40 min, R
i 1.0 mL/min, FEiR 30 'C, A& 205 nm;
PG IEARCAMET 4 000, FREOIEEMET, &5
SR, EIGEILE 1,

214 ZMEXRFER HHBITFELT, BRERS
B I A OE B, RS MR LR B R
WREIR A I, KRR S R 750N
1.008. 0.504. 0.252. 0.126. 0.063. 0.031. 0.016
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Fig.1 HPLC of mixed reference substances (A), CTG liposomes (B), and negative sample (C)
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mg/mL, FREH FAH 537508 1.028.0.514, 0.257.0.128.
0.064. 0.032. 0.016 mg/mL. %W HL ik Ve & %t
MR 10 pL, HEFE, 4% “2.1.37 TN g
MEEmA . UEmARRAME (V) SR X0
BEATERVERNS, 1REATHE: RERESEE N Y=
192 779 X—2.157 2, r=0.999 9; FATZEHIFH Y=
227 844 X—6.873 9, r=0.999 9. £ REL W FHILAT
FEHFLE 0.16~10.08 png. FEHEAFAE 0.16~10.28 pg
A RIFZIER R
2.1.5 FEEERLS  HEIR “2.1.37 TN Bk &4,
R B R — X R TR ORI E B, S &
B E S 94 1.008. 1.028 mg/mL) 10 pL, %
SEHERE 6 IR, IdRIEA, SRRER TR, M
HRFIETH A RSD 205108 1.69%. 1.57%, FH
A NG R AT o
2.1.6 EEMHRE W 2117 TR 5ERE—
L5 M 6 il 2 phial v, 4% “2.1.37 T
TR, HRENE, TERESE. SRRE
FAE B S S H ) RSD 205108 1.81%- 1.304%,
A PER IR & TR E R R AT
2.1.7 FEMREE R “2.1.17 BUR T
VA& B R — S TR B AR A I & 10 L, 3%
B “2.1.37 TUFAHM I BREZAMT 04 4. 8. 12,
16+ 24 h FENEAHEREA, 0FIETHA . 450 RT
BAF . BRI T EIFH RSD 4354 0.36%- 0.78%,
AR A RATE 24 h WFRGE
2.1.8  FEEICEIRLS RS E R BUIR AR AT 6
By, KEEIMAAZER (114 pg/mL). FRFEASFE
(338 pg/mLDYR A% R A 0.5 mL, 2 /84 2.1.17
TR J738:3 i) & A S, EREI e, TR
T ELE P INFE U 99.7%, RSD N 1.33%;
FRE T R PR %N 102.6%, RSD K
1.75%, 25 RRINZITVEIINRE BISCRFF & 2K .
2.2 CTG BRRAEHFENE

U CTG JlEFifR, IIANHEERFL, 0.22 um JEE
VeI, BRI E R B SR (W . K
FHEBIE B O o B e R R R B 259, L CTG
BT B B0 N, 4000 r/min &0 20 min,
IAME W, B4R (W . % T
(DR Pz

BER=1—W /W s
2.3 CTG BERIAHI& 75 ERTFIE
2.3.1 UL FREIREENE 200 mg. JH AR

50 mg, FALVEAR, Wi 2R 2T 5 5 5 B
Ak ELHh LA 20 min BRSAPER. A CTG K
WIRRG K E 1 h BN . VKK 2T K
JEF ARSI . SRS REE ., RERTREERN G
FHERHIN 65.50% 56.79%.

232 LPFEENE FRERBEAE 200 mg. JHE[E EE
50 mg, oK OEEEE, SAB51EFE AN CTG 7K
i, 300 r/min [HEHEFE 1 h, HEEBROEE, WKKB
HE T CTG etk SR H R, BRI H R
BRI N 61.77% 52.51%.

233 WHZERE  FRECIRBENE 200 mg. JH &R
50 mg, WT&EAG, AN CTG MIZKEW, VKK
L eSS TR A K B BERECIRAS,
NIE BRI, 4RE0e7% 1 h A% . vKKiB
A RIFIE A . SRR E R, RERTEEL
BB HIN 74.11% 60.05%.

DA b 3 Ffry ik DA AR 28 Al 24 0 i o ik B A
BORBIKE, EE&TKEEAY R aEDS, CTG
R R 3 F e vy, Wk BRI A 28 R IEHTT CTG
JIE oA ) 1) 25
24 CTGERFLHFHERRZER
2.4.1  UPEENR-AHE EE AR [ E OVEEIR-CTG
s 20 11, AHAH-KAERERE S S 11,
IKACA 5T 2 mL ALK, 3 B G A s - ] e 1) )
BEHAMN2 1 310401, 5: 1. 6 1H#I%N0E
ik, SRNE 1. 45RKMH, AN EDR
HEHN, 2 Fh o0 R e 34 B S 1 RS RN [ e g
2 gl - FE ] B B bR /N (2001, 30 DD,
TERACEY B, TR Jd v R, ik B8 3 73 I I A
PRI ILAR, $27 Ui T -IH [ 1) Jog & U AE
41 1~8 1 1 N AARIFEE M.

242 UNEEAR-CTG Byt [ O g -NH [ i
F1 DPEEAs-REEEEM RELLY CTG B8 EMEMN
Table 1 Effect of lecithin-cholesterol mass ratio on CTG

entrapment efficiency

G - 1 B
P AT
21 58.72 45.34
3.1 67.01 50.12
41 76.80 65.74
5.1 77.35 62.16
6.1 73.23 59.87
8.1 70.84 56.43
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PR A 4 01, AVUAE-KAHERIE N 501, Kk
BN 2 mL 4K, EEOPEIE-CTG B & o
WINTI1. 501, 1001, 205 1. 40 & 1 4% 8
i, ERNFK 2, FRFEW, INEENE-CTG KR ELL
R AR R EERE, o Red Mo
RYJAR, HAPUIEEAE-CTG (&N 20 @ 1 5,
R AL 2R

2.4.3  AHUH-AKHBARRAEE [ e 908 - 1H [
A 4 01, GEEENR-CTG WM& N 20 1 1,
KA TN 2 mL 4K, EECA - KA EE
4152106514 701, 81 1 HIERK, 4558
W 3, FRFW, HEPAH-KAHBEIRLE 5 :
1~7 1 B, EEAIARS—, EaREI%R, H
(D52 =N

2 DPEEAE-CTG WIRELLX CTG 8 ENEN

Table 2 Effect of lecithin-CTG mass ratio on CTG

entrapment efficiency

) _ %
SURIS-CTG HOR REL : -
BRI

1:1 39.93 30.11

501 58.71 48.05

10 0 1 68.42 56.90

2001 78.55 69.64

40 : 1 44.11 32.96

*3 ANEKENEREEST CTG B RN
Table 3 Effect of organic-aqueous volume ratio on CTG

entrapment efficiency

AR/ %

HHUAH-7K A AR L —— —
MEREYE BHEREHER

4:1 71.39 61.91

5:1 78.26 68.85

6:1 82.11 71.37

7:1 80.79 76.33

8:1 73.90 64.84

2.5 CTG BERIFHLHFHRL

Nift— B4k CTG R RAR AL J7 , 75 B R 355 52
(A b, R EONEE - NR B BT E L CAD L B
W NE-CTG i &= L (B) A HUAH-ZKAH AR B (CO
3ANEERE, UMEREE., RERERETNAH
F (Y. Y2) NWNAE, KH Box-Behnken &M [
EBAT AT, 3 Dseign-Expert # 14X SLI6 2
R T N oA, I RS RN 4, T

TR 5.

251 MEARE  SRHA Design-Expert #0152

BEAT M AL ER, DLVEAN AR Yo Yo X B AR B HE T

RAEALHE, DMK RS (R MEEE (P

AR . 5 IRS TR Yi=-27.54+

11.77 A—0.74 B+23.46 C—0.03 AB—1.92 AC+
R4 WEEZHERFRELHER

Table 4 Project and results of response surface analysis

iECTas A B C %  Y/%
1 6:1(0) 27:1(+1) 7:1(+1) 7791 67.38
2 4l1(1) 27:1 6:1(0) 7552 63.01
3611 15:1(00) 6:1 75.01 64.04
4 8Il1(+l) 15:1 5:1(-1) 68.03 59.09
5 8:1 3:1(-1) 6:1 54.90 42.41
6 4:1 15:1 5:1 69.82 50.14
7 6:1 15:1 6:1 73.11 61.50
8 6:1 271 5:1 60.97 49.54
9 6:1 15:1 6:1 7232 59.90
10 4:1 311 6:1 68.51 54.93
1 6:1 15:1 6:1 76.61 58.90
12 6:1 15:1 6:1 7202 65.20
13 6:1 311 5:1 6221 50.25
14 8:1 15:1 7:1 65.44 52.54
15 8:1 2701 6:1 59.50 52.52
16 4:1 15:1 7:1 82.63 7431
17 6:1 311 7:1 55.62 43.12
x5 HESH

Table 5 Analysis of variance

h )¢)
FAM FE PE PR FE P
LAY 9 988.37 19.28 0.000 4 1 143.31 17.44 0.000 5
1 29476 51.74 0.0002 160.38 22.02 0.002 2

TR A HE

B 1 132.11 23.19 0.0019 217.67 29.88 0.000 9
C 1 52.99 9.30 0.0186 100.32 13.77 0.007 5
AB 1 151 02706222  1.04 0.140.7167
AC 1 59.44 10.43 0.014 4 235.93 32.39 0.000 7
BC 1 138.89 24.38 0.001 7 155.88 21.40 0.002 4
A? 1 3.83 0.6704395 527 0.720.423 1
B2 1 28524 50.07 0.0002 241.04 33.09 0.000 7
2 1 8.14 14302708 13.06 1.79 02224
7= 7 3988 50.99

SEME 3 2488 22102292 22.53 1.06 0.460 4
iRz 4 15.00 28.46 7.12
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0.49 BC—0.24 A2—0.06 B2—1.39 C2, Y,=—127.24+
23.84 A—1.24 B—39.91 C+0.02 AB—3.84 AC+
0.52 BC—0.27 A2—0.05 B2—1.76 C%, #\& 7 FE %
T 22 0248 00 AL ) DR /N L4 e B 1 25 AT 2 5 AH R AL )
MRS, REUWIESRBE T Hm i E . BT
FE ] G ] £ T2 00 5 1 L R A AT LA - 7K AH ) 44 AR
bl > Ol A - RE (] 52 ) o o L > DR AR -C TG (1 i i
tb. HILAZE R FEA R? (R2=0.961 2, RP=
0.957 3) KT 0.95, B SEIE S FE () A &
JEAHDCME,  REMEHERAHL IO SERRE AL R IE e &R
B R (Ri2ag=0.911 3, R»%q=0.907 3), UilHi%
SEERZERUN, BRAERAE: BEA P {ES/NT 0.01,
AR A R, RS R . R P
KT 0.05, HERRAREE, ZEVA7FEREELT 1
FoLA BSOS THT T FH SR Jz B B - L 350 e £

. UPBEAR-CTG MR, A HUH-ZKAH AR AR
Xt i R AR B R e, AL ET A AR CTG
A T2
252 SEFWMMTZ0M 8l 2 cEE T RE
S S = AN T L TN CTG g oA 1 e £
RITBCEL, SRR v Y, WK 2. AEIHZRBE
ENERT IS A R TR ERERL Y R A (P=0.000 2
B (P=0.0019). C2 (P=0.0002). BC (P=0.001 7)
ik 2, C (P=0.018 4). AC (P=0.014 4) &
=, AU R BE Y, A (P=0.0022).
B (P=0.000 9). C>(P=0.0002). BC (P=0.002 4).
C (P=0.007 5). AC (P=0.000 7) WithE&, H
AhIIAS 25 AT N, % R 2R X i 87 A (1 5
HAERI R MILRIER R, Pk R &R EAAEAL BAER .
S350 THT 4D 5 v 24 PR AR = A 25 T ST T DA LW

2 FEERFENREERX A RERNFSEER = HYNEE

Fig. 2 3D response surface and contour plots of effect of various factors on Y1 and Y2
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Hh Sz B[R 2R 1) 28 HLAE R 5 58 S s 244 T %% R &
PHUE . Sk SR B4, WSR2
DAL 2 X0 e AR () 52 ok, 22 HAE R 58 W ST 3D
RS il BEdy, FREAAC EAE R R R0s-100, iR
Y1, AC. BC R & i 2k B 2R R A HAE H
58, H BC &R0 3D Fhi 2 th 2R K, BC N
MRS FAF AR E B R R A v,
AC NI A5 = 26 I =R Y, H 3D B it i 3% 22 B
U, R AC WREMFRH O REZ T &
58 - Design-Expert FC/F D017 HY 55 £6 A o A4 1) 8- AL 5 -
G G- N R L 4 0 1, UREENIE-CTG R &
bt 23.22 1 1, AHH- KB 7 ¢ 1,
2.6 FIERALE

e i & LM% 3 ik CTG AR iR, Wl 2
Pl BB 236, A REEF S0 4 260 86.58%
84.64%- 83.61%, “F-3M{EH A 84.94%, RSD N 1.51%,
Z S TME N 87.30%; F2FEA1 S FiAF Sl (i %
N 75.79%- 78.14%. 75.85%, “FHIMEN 75.85%,
RSD N 2.26%, FRIMME A 78.67%. F-Fabr I SM{E
H¥iEsEar, M mZERT 3%, R A
AR, BT ERET,
2.7 CTG BERIKFTS. RIEH Zeta BRALNE

KA T 2B WL CTG R RIS,

i l 10 o '100
RiAE/mm

1000 10000

IR ARG, MRBEEE IRE, WO TEREN
b, EERTARRAT, RAEETESE, WHEH
TEAS o SRR EE G AR 5 AR~ 35 KL A% 43 A
Zeta A7, UL 3, Z5RUAMGIMRZAERE, R
TR, JoRGE, HoWifRN 201.7 nm, Zeta A7 N
~15.7mV.
2.8 CTG BERAMAINERE NI E

KA CREZGHL) 2015 i PU S H SRR
FEM LS =ik MR #HATIE, HRSEL:
TR 37.5 °C. #£3# 120 r/min. BTN
HEEE/K 100 mL. FEEFHL CTG NI ARIR B A5
BHGHAS 6 mL 20 5 B T LT ST As i, 3L
SIHH TR 40T 1. 20 34 405,
6. 7+ 8+ 10, 12 h BB 2 mL (R 7E
AR A 2 mL) R RFLIERE 5 , HPLC V:REREAS I,
THERE S 25 B 8] AU SR AR TR (@), FEXTIT ] ¢
EE, WK 4. S555R0, MR A RIS S,
EFLFRSN 12 h Q 73908 52.10% 45.97%; H
W R RCR, S22 ML, WS 7 h WJLT
B4
2.8.1  BRE RRIHIA FH 8% NaoS U %/
NEEBEER, 24 h JEH/NRALTE, I8 IEES Rk,
AT K, BAMILKF, T 4 CHAE.

C

100 0 00
Zeta HL{7/mV

El3 CTG ERAFMEEE (A). K257 (B) F Zeta BB (C)
Fig. 3 Electron photomicrograph (A), size distribution (B), and Zeta potential (C) of CTG liposome

A 1004
80-
< 601
S
40
201 —v— CTG flgfifk
—e— CTG %
0 v : : : . .
0 2 4 6 8 10 12

t/h

B 100+
801
601
401
204 —v—CTG JIE itk
—e—CTG %
0 . . ’ g v v
0 2 4 6 8 10 12

t/h

B4 BRENEEH A) MREEF (B) Q-rik

Fig. 4

Q-t Curve of madecassoside (A) and asiaticoside (B) infiltration
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2.8.2 RAMNER SN SR Franz ¥ #ohiE, AT
IAHNIE RS . K “2.8.17 TR B2 BRIE & T3 B
fieen = SHE 2 0], 43 Bk S CTG i w4 iR
B RRIZEW 2 mL TR PR, Blathin A
20% L BE-AFRER K, HEF SIS B — I S o
SEAE. KRN 32 C, WEiAHEEE 200
r/min. Z}H1F 4. 8. 12, 164 20. 24 h, HUH#Ek
A5 2 mL, [ B [ S AR N A R R A
o HUH R 2 0.22 pm AL AR e i
MsEEm. L On=(V s CoFZCh 1V )lAd (On NE
BUER &, V o ABBORAARE, Cp NiZ I &
W, Vo NEIRIFERRR, 4 RBEHRD 1R
P RAE & (Qn), LA On-t fEE, WK S,
FHXF On-t 375 B WISGH R i R HEA TR A, 45 R
FEAF, BRI T IR KR PR A R PR 2
R, 33 RCERE TR N 0=28.50 t—58.87,
R>=0.995; 0=16.461—37.01, R*=0.983; FHFH
T FREMEEH TR S Higuchi PR,
BRI TTRED N 0=139.74 12—241.2,
R>=0.987; 0=67.93 '2—50.34, R>=0.988. 4%
KW, CTG AR 2 Pl ids Bl B/ T IR 24
VT, MR AL LB BB R

000 o g ity (ERRMARLD
—— BHERIE A (IR 44D
—h— R ORERAD

0 4 8 12 16 20 24
t/h
5 REMZEHFMASEH On-r#hZk
Fig. 5 Curve of madecassoside and asiaticoside cumulative

penetration amoun

2.83 AR ESLS B CTG e AR S 5
BRI, 4% “2.8.27 TR ik ATiE RSy, o
SITE 4. 8. 124 16+ 20. 24 h BU%E Jz SEU6 45 245 )5 1
FERk, Rk, FITFLEFT R 4% 8 mm
MO B JR R, BTRE, INONZEREER/K 0.5 mL 2132, N
A 1.0 mL ZKEAIIE T B, HE 5 min, 13 000 r/min
20 30 min, 7 BEANUZE, BT FREA 0.1 mL
FE AR, R HE 5 min Y8247, 10 000 r/min &0» 15
min, HBU_E3EWA HPLC 5K, TH5AS [FH ) B

PLTHAR B i B & (Qss Qs=CsX0.1/4; Cs N n
AT TB) FUIUAS () B2 SRR it h 25 BRI, A N
BEIRD, W 6. 4iREM, & 24hiFEKE, i
PR REARE B . AT ELE T Os 7391108 76.0.
48.7 ug/em?; KRN 34.7. 29.3 pg/em?. 4 24 h
FERZ G, RRARA 2 M RO Os T K
WA IR, SRRy EEE T R opikt, A
P = A SRR o

100 ommesss Ok
| WS OER kD

FILTRF R OKIERAD
MR T EE GiEm k4D

o0
(=]

05/ (ug-em™)

t/h
6 RENTEEFMHREEFMN 0s

Fig. 6 Qs of madecassoside and asiaticoside
3 g

il R AR R AR 2, BTSSR 552 1 o0
WifE-CTG Ry bL . ONwEfE-TH BRI L. A
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