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Abstract

A Study on the Characteristics and Skin Absorption of Lipid-Based

Nano Vesicle Containing Extrat of Centella asiatica

In this study, the physicochemical characteristics and skin permeability
of various forms of liposomes containing centella asiatica extract were
compared. The physicochemical properties and skin absorption rates of
liposome and tranfersome using various surfactants as edge activators,
ethosome prepared by varying the content of ethanol, and transethosome
containing various edge activators and ethanol were compared. The
particle size, PDI, zeta potential, and pH of the nano vesicles were
observed at 25°C and 45°C for 60 d. First, after 60 d of manufacture, the
particle size of liposome and tranfersome did not change significantly at
25°C, but the size of the transfersome containing span 80 (HLB 4.3) and
Tween 85 (HLB 11) increased, and the smaller the surfactant HLB value,
the particle size tended to increase. This is believed to be due to the
Ostwald ripening in which when the HLB value of the non-ionic
surfactant is large, the surfactant in the small particles melts into the
medium more and is adsorbed to the large particles. It was confirmed
that the zeta potential, PDI, and pH were stable because there was no
significant change from 25°C. Ethosome confirmed that the higher the
content of ethanol, the higher the particle size and PDI. It was confirmed
that the zeta potential decreased slightly when stored at a 45°C, and the
pH did not change significantly. Through this, when the content of

ethanol is 5%, the particle size is the smallest and the PDI and zeta

- viii -



potential are stable.

Through the optimization of ethosome, it was confirmed that the content
of ethanol was the most stable when the ethanol was 5%, and
transethosome was referred to in manufacturing. Span 80, Tween 20,
Tween 80, and Tween 85 were used as edge activators, and as a result,
it was confirmed that the particle size was changed by the edge
activator. The particle size tends to increase as the surfactant HLB value
decreases, and the particle size is the smallest particle size containing
Tween 20 with the highest HLB value. It was confirmed that PDI, zeta
potential, and pH were stable without significant change. Through this,
the optimized conditions were confirmed, and the ratio of phospholipids
to surfactants was 80:20, and when Tween 20 was used, it was judged to
be the most stable formulation when the ethanol content was 5%.

These results were prepared by liposome, transfersome, ethosome, and
transethosome that perform the capsule efficiency, drug release, skin
absorption, and TEM. In the capsule efficiency experiment, the efficiency
was high in the order of ethosome, transethosome, liposome, and
transfersome, and in the drug release experiment, tranfersome was the
highest at 46.3920.16% after 2 h, and the most release occurred at
94.90+0.26% after 24 h. After 24 hours, liposome, transehtosome, and
ethosome appeared in the order, it was confirmed that the drug was
slowly released from four formulations, and it was judged to be an
appropriate formulation to deliver the drug. As a result of evaluating the
skin permeability of the four formulations using Franz diffusion cell, the
skin permeability of transethosome was the highest, followed by
transosome, ethosome, and liposome. At the skin permeation rate (Flux),

the speed of liposome and ethosome increased after 2 h of initial
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permeation, but after 4 h of permeation, it was confirmed that the
permeation speed of transethosome and transosome increased rapidly.
This reduces the interfacial tension of the lipid membrane present in the
stratum corneum because transethosome has both variability and
flexibility by surfactants and ethanol, and as the skin barrier loosens,
the delivery of active substances into the skin is effectively delivered
deeper.

Cryo-TEM was wused for morphological observation of the four
formulations, all of which identified lipid double layers, and the vesicle
size of 90-150 nm.

In addition, when the skin absorption rate was investigated according to
the type of phospholipid, the skin absorption rate was higher when using
non-hydrogenated Lipoid S75 and Lipoid P100 than the hydrogenated
Lipoid S75-3, and the overall absorption rate of transethosome was the
highest. However, it was found that raw materials that were not
hydrogenated were difficult to store, so it was not easy to use.

Through  this  study, the physicochemical and  morphological
characteristics of the four formulations were investigated, and through
skin permeation experiments, transethosome with both wvariability and
flexibility had the highest skin permeability and flux. Experiments on
various formulations have confirmed that nano vesicles containing
bottled grass quantitative extracts can be wused as a cosmetic
formulation, and it can be expected to play a role not only in cosmetics

but also in locally affecting skin problems.
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Figure 1. Cetella Asiatica of main ingredient.
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Figure 2. Schematic illustration of the anatomy of the skin (A) and

schematic representation of epidermis layer of skin (B)[31].
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Figure 4. (A) Structure of phospholipid and (B) structure of liposome.
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Figure 5. Structure and type of phospholipid.
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(A)

(B)

Figure 6. (A) High-pressure homogenizer and (B) principle of

High-pressure homogenizer.
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\\\_,/

Large

unilamellar
(100-1000 nm) =
Multilamellar

~ Small — i
unilamellar e, Multivesicular
(<100 nm) /\

|
1pm 100 pm

Figure 7. Classification of vesicle size and lamellarity[41].
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Figure 8. Different vesicular carriers with defined layers and

composition[59].
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1. A2 2 3

2.1 A% @ 717]

AT ASY AN 24 AE Fd 2Ee 4ES A%
Hydrogenated lecithin (Lipoid S75-3 75%, Lipoid, Germany)& Al-85t%5 00,
edge activatorz AH&AAA|Ql Polysorbate 20 (Tween 20, Merck, Germany)
S AFESIeiTH ®BHE9 £2Q g5 AHEES 13ISE Centella Quatro (Biospectrum,
Korea)g Butylenglycol (1.3-Butylenglycol, t3at=, Korea)o| 5%7} HE=
7h2sto]l =01 & ARESIRAL, AREERE ¥EQ F£R74% § Madecassoside
(Aladdin, China)S Atgst9th. Edge activatorzZ AFEE AWHSEA=
sorbitan monooleate (HLB 4.3, Span 80, Sigma, USA), polysorbate 20
(HLB 16.7, Rheodol TW-L 120V, Tween 20, Kao, Japan), polysorbate 60
(HLB 14.9, Rheodol TW-S120V, Tween 60, Kao, Japan), polysorbate 80
(HLB 15, Rheodol TW-0120V, Tween 80, Kao, Japan), polysorbate 85 (HLB
11, Tween 85, TCI, Japan)2 AR5t on, ststlx S Table 10 UERJSITE
0]2]9]| glycerin (Glycerin, Acid Chem Co., India), water (JA|$)= S5 A
Z7](Pure RO 130, Human Co., Korea)ofA] A&t Z&(< 0.1 xS/cm) AHE-5t
[t AeHA 42 & e ofet dEe w48 S92 AREsH Nano
vesicle2 High-pressure nanodisperser (NLM100, Ilshin Autoclave, Korea)
S AREste A|Zxstgon], AUX=Z7], PDI, Zeta potential2 Zetasizer (Nano
ZS, Malvern Instrument LtD, UK)S &E3sto] EA5t3tt. Madecassoside®] st
29 High performance liquid chromatography (HPLC, e2695, Waters,
USA)S AHEs5tY T} HEefstA aES 915t Glacios microcscope (Cryo-TEM,
Thermo Fisher Scientific, USA)Z Algste IAsgion, mEENAIEH S
Franz Diffusion Cell (DHC-6TD, Logan instrument, USA)S AF85t3 1, ALE-
st X = o]l Z Y (Strat-M membrane 25 mm discs, Merck Millipore, USA),
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ofo]3. 2 1 I(Franz Cell Membrane, 400um, 2cn, 6-month-old, Apures,
korea), 7tdju} 18 oYX (AAAIETL Y, Epidermis & dermis, 2cm, Western

Australia University, USA))S AF8-st3 T}

2.2. Liposome & Transfersome A&

Liposomed} transfersomes A|AsH?] ¢l5te] QAX]AQl Lipoid S75-3& AhE
519 O, transfersomeo]= edge activator2 thYJst HLB valueS 714l AHE
XS Aot tHTable 1). AFEE AHZEGA Span 80 @ Tween 20, 60, 80,
855 QXA 80:209] v]|&=2 Y = SAHoil phase)dt 5% Centella quatro

2 39 #/d(water phase)s 247 70 ‘C7hA] 7h2ote] gafieh & FAdol 4

o
2

A
ol

23 homo-mixer (T.K. auto homomixer mark 1 2.5,
Tokushukika, Japan)S AFg83sto] 3,000 rpme] £ &2 5 min =9t S§3HA|AH A
Zotity.  §3te & high-pressure  homogenizer (nanodisperser,
NLM1000, Ilshin autoclave, Korea)o]] 700 bare] ¥4=1o0 =z 23] E3tA]7 nano

size9] liposome} transfersomeS A|Ast¥9tHFig. 9, Table 2).
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*  Centella asiatica
® Ethanol

| Phospolipoid
Edge activator surfactant

Liposome | Transfersome
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\\\\ \\\\\\\llli | ””I ///
S ! W, %,
N . 7
S I %%
NN i * T
-~ z
S= 1 ==
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//////4//4// ? \.\\i\‘\\\
% g W WSS
///,//””11 AL

Ethosome ¢ Transethosome

Primary-Homomixing
About 3000 rpm

*a

]

High-pressure homogenization
700 bar, 2 pass

Figure 9. Method of manufacturing liposomes.
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Table 1. Structure and HLB value of edge activator.

HLB
No Name INCI Structure val
ue
o 0
Span Sorbitan HO OH s
80 monooleate '
o)
O J\/\/\/\/\/\
Tween Polysorbate ° \/%O
o1 16.7
20 20 Ho\é/\o O/\%OH
z y WH+X+Y+2=20
0
o\/a; -
O OH
o™
Tween Polysorbate o oH
60 60 \{/\O z 0/\3; WRHY+Z=20 14.9
0
O\/a‘;o)k/\/\/\/ﬁ
Tween Polysorbate x of\a;o“ -
80 80 S e S '
NN
) e
». e _'/ TN
Tween Polysorbate [ s I J AN NN 1o
& 8 s O\

|
} . ‘v,m\'/--x_/
.

Degeded(
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Table 2. Preparation of liposome & transfersome using different edge

activator.

Ingredient )
Part Liposome  TS-1 TS-2 TS-3 TS-4 TS-5
name

Lipoid S75-3 2.00 1.60 1.60 1.60 1.60 1.60

Span 80 - 0.40 - - - -

Tween 20 - - 0.40 - - -

Oil
phase

Tween 60 - - - 0.40 - -

Tween 80 - - - - 040 -

Tween 85 - - - - - 0.40

Glycerin 5.00 5.00 5.00 5.00 5.00 5.00

5% Centella

quatro 10.00 10.00 1000 10.00 10.00 10.00
Water Stock sol.
phase

Water up to 100
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2.3. Ethosome AxX

Ethosome2 A %5l7] 9jso] ojergo] ulgg Zalstol Mz sir}. QIx|x
Lipoid S75-3& A}235t% 1w, ofgtgo] H|8S 50 ~ 30.0 %2 A A oil
phase)i} 5% Centella quatro2 +/d% $AH(water phase)s ZHzb 70°C7HA] 7t

L35} L35t & QAo 2AFS MAS] Y homo-mixer (T.K. auto
homomixer mark I 2.5, Tokushukika, Japan)S At83sto] 3,000 rpme] &%
2 5 min 9 83 A AR5t Tt &= 718 high-pressure homogenizer
(nanodisperser, NLM1000, Ilshin autoclave, Korea)o] 700 bar?] ¢=1o =g 2
3] E3FA]7 nano sizeQ] ethosomeg AR5t TtHTable 3).

2.4. Transehosome A&

Transethosome2 A|Ax5H7] &5t of&r29] H|&& 1 A5t1, edge activator
2 gpan 80, Tween 20, Tween 852 AEsto AR stgith. QXA Lipoid
S75-3& AFE51¥al, oekE21t edge activatorzZ A= SAHoil phase)d} 5%
Centella quatro® A% 2AKwater phase)S zHzF 70°C7HR] 71250 L5l 5t
LA o £AFS AMAS] Yil homo-mixer (T.K. auto homomixer mark I

2.5, Tokushukika, Japan)& AFgsto] 3,000 rpme] £E 2 5 min &9t 8-3}A]

o

A AxstITh. §3tEl 7S high-pressure homogenizer (nanodisperser,
NLM1000, Ilshin autoclave, Korea)o] 700 bare] 4¢=1o =z 23] E3A|7 nano
sizeQ] transethosome2 AR5t THTable 4).
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Table 3. Preparation of ethosome with different EtOH contents.

Part Ingredient ET -1 ET -2 ET -3 ET -4
Lipoid S75-3 2.0 2.0 2.0 2.0
Oil
Ethyl alcohol 5.0 10.0 20.0 30.0
phase
Glycerin 5.0 5.0 5.0 50
5% Centella
10.0 10.0 10.0 10.0
Water Quatro
phase
Water Up to 100
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Table 4. Preparation of transehtosome with different EtOH contents &

edge activator.

Part Ingredient TE -1 TE -2 TE -3 TE -4
Lipoid S75-3 1.6 1.6 1.6 1.6
Span 80 0.4 - - -
Tween 20 - 04 - -
Oil
Tween 80 - - 04 -
phase
Tween 85 - - - 0.4
Glycerin 5.0 5.0 5.0 5.0
Ethyl alcohol 5.0 5.0 5.0 5.0
5% Centella
10.0 10.0 10.0 10.0
water Quatro
h
phase Water Up to 100
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Small angle
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Figure 10. Principles of dynamic (static) light scattering and fluctuation
in intensity of the scattered light from suspensions of different size

particles[63].
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Mol 004 1 Y2 mAIFCH UALS] BARK|47} 0.3 o]sto A THEAMY HE,

of 77t YA BxE Zt= 7oz A4 X 9QItH6b]. Zeta potential 2 colloidal

~
A AEIOA M Bate &%= A] EAfst= Van der Waals force®} A7] o]

T
T
nE
ol
ok
rr
o
o
o
AN
N
o)
=
o
ul
o2 X
A/
ol
ok
o
ol
o
D)
52
o
el
9
S.
al
o
=2
o
rr
O
Olv
o
)
rin

ot ®£3t pH 2 conductivity9
2 ©ff, shear planeo] UEUTH ojmfe] potential S zeta potential o]2}il 5},
dubdog +£30 mV oY o, Mgsitt wHIITHE6]. F42 sl AxH

nano vesicle2 Z2 20 108] A 5 AP o0, xt 25°C 2 45Cz A
Aot AAIE =% ol¢i 1.d, 30 d ¥ 60 d &9 575t

2.6. 2]A35}=E] nano vesicle A|X

\
tlo
uk
i)
ol
2

Liposome, transfersome, ethosome, transethosomeg ZzF =7
Azsigion], gelsteta 9 oMy Wots Soto] ARl xUS sheleigict.
Transfersome2 QXA 1} AHE/IA|Q] v]&o] 80 : 20¥¢ T, Tween 203 AL
stele o UAFEII7t JP AT ebgate eelstqinh Ethosome? oghgo] o

Fol 5% U W YA=ZZI7F 7MY Afow], 60 d o]folw M

N
N
ola)
)
=
(@]
0,
oX
o
fujo
ok
o
ol
o
)
o
o
rok
oX
o
uju
o
oo
ol
o
2
bt
)
foi
i
S
Q
=]
o
<
®
@\,
Q
)

>
P
_O'h
2
|o
)
5
<.
=
o
=)
i
jol
—l>
i)
-
fol
o
18
o
o
T
>
o2
.%
t
=Z
o
i
ofo
ol
Qb

_24_



2.7. Madecassoside®] HPCL &4

HEXEEY 2452 madecassoside?] dtgfS C. Monton 59 ¥H[67]2
H&5to] high performance liquid chromatography (HPLC, e2695, Waters,
USA)2 FAsHTH. 57|+ PDA detectorg ©0]&5to] 202 nmz F7As5I¥ S
¥, 4% 1.0 mL/min® z=Hdo=z FAsL. o542z 0.01% phosphate

buffer®} acetonitrileg ©]85}% 11 gradient2 o]zAt9] v]| &S Yot BEAE

R85 TH Table 6).

L
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Table 5. Preparation of optimized nano vesicle.

Part Ingredient Liposome Transfersome Ethosome Transethosome
Lipoid S75-3 2.0 1.6 2.0 2.0
Tween 20 - 04 - 04
Oil
phase
Ethyl alcohol - - 5.0 5.0
Glycerin 5.0 5.0 5.0 5.0
5% Centell
o e 10.0 10.0 10.0 10.0
Water Quatro
phase
Water Up to 100
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Table 6. HPLC condition for determination of Madecassoside.

HPLC Condition
Instrument e2695 Waters, USA
Kromasil C18 colunm, 5 #m, 4.6x250 mm
Column
(AkzoNobel, Netherlands)
Composition
Time
: 0.01% Phosphate
(min) ° P Acetonitrile (%)
buffer (%)
5 80 20
Mobile phase 10 60 40
12 40 60
14 20 80
20 80 20
Detector
Uv 202 nm
wavelength
Injection volume 10 1L
Flow rate T mL/min
Column .
40 C
temperature
Run time 20 min
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2.8. 2]A3}El nano vesicle9] in vitron] Y&y A3

FETE== T liposomedt transfersome®| mREFaES =Rls7] Y3
of T. I. Hyeon 59 Y[33]8 W5t Franz diffusion cell system
(HDC-6TD, Logan instruments, USA)ES A8s5t9ch AFEH mji= olxmE
(Strat-M membrane 25 mm discs)ES A&stgic oHEE AL7Hdonor
chamber)y} 3]47Hreceptor chamber) Alo]o]] A5t &Uj=2 20 % ethanol
BHZ ARgshith Aol A= & 225 37 + 1'C2 /A|si3ey 1,
2, 4,8, 12 % 24 h 2 9|00 &HS AF|sto], HPLC systemz ©]-85}H9]
ezt QY

=
(membrane)o]] £4% madecassoside FS =457 25t methanolz 3]
7

A S ZAGItHTable 7). Al /dE 159 54542 &sty] fsto Of &
P2 (Flux, ug/cm’/h)et E47415(Kp, cm/h)S AL E4A10E $8ES
g A zoA g S (steady-state) #7te] AY Sl H(linear region) A

off

sl Alrsrgion], i ZHEAA ABGES 27| sz o] ALMSHTH
2 Mwi F.N. Marzulli £9] 22 7]%[68]0] w2t &HolsticHTable 8).

m[oln
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Table 7. Franz diffusion cells operation and condition.

Franz diffusion cells Condition
Instrument DHC-6TD, Logan
Skin Strat-M membrane
Volume of sample solution 0.5 mL
Receptor medium 2% Polysorbate 20 in 20% EtOH
Temperature 37 °C
Stir bar speed 600 rpm
Sampling aliquot 12 mL
Sampling time 1, 2, 4, 8 12, 24 h

Table 8. Penetrant rating chart for permeability coefficients.

Absorption coefficient Absorption rating
Ke > 6 x 102 Very fast
6 x 10 < Kp <6 x 107 Fast
6 x 10° < Kp < 6 x 10* Moderate
6 x 10% < Kp < 6 x 107 Slow
Kr <6 x 10° Very slow
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2.9. 3|A3HE nano vesicle?] 2 W& Al (Drung release)

471R19] 2| A gtE A|Fo] dist &/d=%AQ madeacassoside?] &
sto] dialysis membraneg ©o]&sto] AHS ZIsystict. o] w2 vHEuHY
at3 ALEsto] liposome HEFMOA AF2 BALSZ AA sh7] st ®yoz, A

2t 71 3715 7HA

o

2

membranes AFE5HY] liposome©] Fsh= Z3 2ho
HA ZAEA] ZSHAY liposomeofA] WAL ofFo] ARl 24E S5l

membraneS Eutst=  wWHHo|tHE9]. 300 kDa9] dialysis membrane

rlr

(Spectra/por Dialysis membrane Bio Tech CE, Spectrum laboratories,
New Zealand)o]]l 47}x]9] nano vesicle2 72} 2 ml A @1 AA2 & 25}
&t 0.85% NaClo] xstE 1xPBSE&M 200 mlo] €& & 37°C, 200 rpm®] %
48 AAstdct. 2, 4, 8, 12, 24 h A7t ofck 2ofE £3)
2HEIE o] 3 AR iR &F wEg siRdch gul &Ko ¥Ed

7102 WEISHHA E

madecassosideS HPLC system& o]8&cto] EA519HFig. 11).
2.10. ®]A3tE] nano vesicle?] a8 &

HMAZ= nano vesicleo] T3t 784§ -S(capsulating efficiency)g &45H7] 5}

o dialysis membraneg o] &5ttt £]AStE 471X]9] nano vesicle 1.0 ml&

300 kDa%] BAtF stAQl dialysis membraneo] Y& < 0.85% NaClg 3rH&-

1xPBS &0 200 mlof] Y2 % 37 °C, 200 rpm9] &£ =2 wy¥IA|A ZQc} 4
24 0§t membrane <9 got QL= A

7¥7¢ sty HPLC systemo & EA 5ttt Membrane S &£t

&3 55 232U Bl AEESL AN

2]

h

membraned £}t 2Al0]

o
odh

o
M}
s

o
L.

S
W

2.11. 2]A3}=] nano vesicle?] g W= (TEM)

Nano-vesicle®] FE|stAIQl WAZ 5t7] $15to] Cryo-TEM2 AR&sto] &R1sHe]

_30_



t}. Al& 1.5~3 pLE Copper grid (R1.2/1.3 300, Quantifoil, USA)o]] = 3xs}1L
MAg e =A24X2]S 95t Vitrobot marklV (Thermo Fisher Scientific,
USA)S AFESHYE L liquid ethanes o]&sty J4 72 stH¥t. Glacios

microcscope (Cryo-TEM)C 2 #dst 5 Wxkstoict.
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Figure 11. Traditional experimental setup of an in vitro drug release
using dialysis tubing as a separation method (a) and Schematic

representation of dialysis (b)[69].

_32_



2.12. ®A3}4H nano vesicle?] /XA F{o| OE mREag

Nano vesicle2 A& & o AE3SH Lipoid S75-3& slolezst =
phosphatidylcholine 70 %7} $tS8-= QIX|Ao|t}t. slo|E 275 E| o] QA Q] m}
SHIE = EAste] AREo] golsitt. 12it o|2fgt sto|e =270t = QXA

)

Ol‘

W RE4g0] tha WolAItm A glol, of o £ A9 xRS AHEsl

o}
=
47}A] type?] nano vesicleg 0] T RFEiaS Hlwsl Bttt AREH AIAA

=

S Lipoid S75-3 (hydrogenated with 70% phosphatidylcholine), Lipoid S75
(70% phosphatidylcholine), Lipoid P 100 (90% phosphatidylcholine)S A&
stoith. AlAMEe oo ANst AYT SYSIY, in vitro YRED UPL A

I 2Ql Strat M membranes AHEst 1l W2 FAstH(Table 9, 10).

S o BEEHEAIRE YEYIT 39
A& student’s ttestz RISY5IF o, SOoJAof whet *P<0.05, **P<0.0]= L}E}
Wit
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Table 9. Preparation of optimized nano vesicle with Lipoid S75.

Part Ingredient Liposome  Transfersome Ethosome Transethosome
Lipoid S75 2.0 1.6 2.0 2.0
Tween 20 - 04 - 04
Oil
phase
Ethyl alcohol - - 5.0 5.0
Glycerin 5.0 5.0 5.0 5.0
5% Centella
10.0 10.0 10.0 10.0
Water Quatro
phase
Water Up to 100
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Table 10. Preparation of optimized nano vesicle with Lipoid P100.

Part Ingredient Liposome Transfersome Ethosome Transethosome
Lipoid P100 2.0 1.6 2.0 2.0
Tween 20 - 04 - 04
Oil
phase
Ethyl alcohol - - 5.0 5.0
Glycerin 5.0 5.0 50 5.0
5% Centella
10.0 10.0 10.0 10.0
Water Quatro
phase
Water Up to 100
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m. Axt

3.1. Liposome & Transfersome?| 2] 3}etd E4 2 £ A3}

2r7F Mlz9 liposomed} transfersome A2y} 20| Hitsto], 1, 30 &
60 dofl YAtZ7], H2AAle, AERRS S pHE 575t FAlwists WEst
Ch Al 204l liposomed} transfersome®] UAAIZ7|+= Z£7| thH] 60 d7HA] &
of Qlol st AR7d AULGAA Span 80 (HLB 4.3)5 AREeh TS-1
(135 ~ 143 nm)?} Tween 85 (HLB 11)& &8st TS-5 (109 ~ 119 nm)=
Tween 20, 60, 802 AFESH transfersome(92 ~ 100 nm)Eth YA A Y
EfSith HLB gfo] Ate4% Qxtas)7h S7tebe 4 Uehigict Aleoss

60 d =9 F2|YU(creaming), 2% (flocculation), $U(coalescence)d == <@

rE R

ook

AEHE 2to]zg(Ostwald ripening) /4o AE 4 Qe AT HHAS &

Aot FoM= 60 d Fuk T, AP JRPF FIksE Aoz ARG
(Fig. 12). Tween AE9] AU IS d#¢ transfersome Fo|otA 27
S7tet¥on, Span 80& a3t transfersome Q35]8 F7|7F Aropg &S &
A5t tHFig. 12b). Liposomext TS-5+= & W7t QIloW, TS-2 ~ 4= A
o RIS UAIAZ|7F B5716he TS HT). ol vlol= AHE/dAe] HLB
UAtONA ] AHEGA7 o] & ¢ Jotso] it & 2
AR FAE 0], A2 AR O AL 2 dAe HE 3 AR LAEYE
2ho] =Y (Ostwald ripening)of 9Jst 7oz wW=ltHFig. 13)[70].

PDI 2t 0.258CH 2 0.3 == A2004 60 d &t & Haprt gligley, &
ZolM= 60 d Fat 2o Span 805 TRt TS-19 o] 57Iste= Aa &elst
A cH(Fig. 14). O]l QLAEWE z2jojmy] &
UAFEO] FESTA UEt= ez Helnt
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Figure 12. Particle size data over time at (a) 25 °C and (b) 45 °C on
liposome and transfersome. The results were expressed as the mean =*

SD (N = 3), "p < 0.05, ”p < 0.0/ compared with each 1 d data.
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Figure 13. Plot of particle size (R®) versus elapsed time (day) at (a) 25 °C

and (b) 45 °C on liposome and transfersome.
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Figure 14. PDI data over time at (a) 25 °C and (b) 45 °C on liposome and
transfersome. The results were expressed as the mean + SD (N = 3),

‘D < 0.05 "p < 0.0] compared with each 1 d data.
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AER = 22 AlgollA 60 d s<te] AEtdE 5483 dah, A2olA 60 d
2t 2o liposomeo A= d4a FFS B2, transfersomeoi| A= 2 Hel7t
UERGA] ofotth. d2ofA= 60 d Fxt Sof ol E7st= &2 BAAT =
F AUgh £30 mV o] g9 oz ERiEo] FRV|No g oSttt WHE| T
(Fig. 15).

Liposome} transfersome®] pH ZiutofAl= 60 d St Alu}t deofx] W}
7} 9lo] pH 6.64 ~ 7.06 Y= 2 =X QIcHFig. 16).

ot HLBS 7M1 ARZ/EAE d=3t transfersome®] =2] ofstA £/
A HLB7} =245 AAte] 37171 A2 A& &<l it Transfersome2 A&

Al Tween 208 A& &5k Zlo] A|ojetn Bmorstoict.
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Figure 15. Zeta potential data over time at (a) 25 °C and (b) 45 °C on
liposome and transfersome. The results were expressed as the mean =+

SD (N = 3), "p < 0.05, "p < 0.01 compared with each 1 d data.
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Figure 16. pH data over time at (a) 25 °C and (b) 45 °C on liposome and

transfersome. The results were expressed as the mean + SD (N = 3).
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3.2. Ethosomee] 22] s}atd S4 9 2=s}

offetZo] FFEE AETt ethosome A2yt 2o Bysto], 1, 30 ¥ 60 d
of YAFA7], thEAtAlS, AEPES] R pHE F7dstH ZAIHeE WAt A
204 ethosome®] YAIZ7]= AqHZ 5%E &t ET-1= A|Jstiles BF 30
d7t datetlg o, folstAl AARLZ717F 716t oE=9] &3] 57Mda=
AR F7]= AW F7ishe &olstgint. o&he 5%S $Hest ET-11 10%ES &
nm oFe] 7|2 FIIsiH. ol

S 200
2= 60 d =9 FU(creaming), 2% (flocculation),

-

ET-
sta(coalescence)2 =& QAEHIE glo|my(Ostwald ripening) dAlo] AL
]_

Aot PR HEIUS 2 4 olch FRoIME ET-12 Al9stnt BE 30
d A% 3 37 F715HA D, 60 d7F AR S o, R Aol 10% ~ 30%S

PDI 2 Ao+ 60 d =9 0.2 ~ 0.326 J=2 o2 raF 30% 9
b glo] eHgstiet. FolM= 60 d dut Sof oet

stie BT UATY] F7tet HLSh HFo 2 PDI

A

= Boou 2 ¥tk gl F2oA+= 60 d b 2of o] dastes 4T
HAOW, ol Van Der Waals Q10| ofstof SIUA =7t FEotA| kot &4
(coagulation) 4ol doju} UXZ7|7F AR AEAYE ot X Zio=z o
gt D8y 25 AigE £30 mV o]Ato] groz SRQlE|o] A T|A o2 QM)
il HHE]| ItH(Fig. 20).

pH ZAtoA= 60 d &t A=t F2of|A Hebrt glo] pH 5.00 ~ 536 =
2 B EJH(Fig. 21).
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Figure 17. Particle size data over time at (a) 25 °C and (b) 45 °C on

ethosome. The results were expressed as the mean + SD (N = 3),

*p < 0.05 "p < 0.0l compared with each 1 d data.
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Figure 18. Plot of particle size (R®) versus elapsed time (day) at (a) 25 °C

and (b) 45 °C on ethosome.
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Figure 19. PDI data over time at (a) 25 °C and (b) 45 °C on ethosome.
The results were expressed as the mean + SD (N = 3),

p < 0.05 "p < 0.0l compared with each 1 d data.
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Figure 20. Zeta potential data over time at (a) 25 °C and (b) 45 °C on

ethosome. The results were expressed as the mean + SD (N = 3),

*p < 0.05 "p < 0.0l compared with each 1 d data.
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Figure 21. pH data over time at (a) 25 °C and (b) 45 °C on ethosome.

The results were expressed as the mean + SD (N = 3).
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3.3. Transethosome?] 22| 3}5t8 £ U 2|X 3}

Ethosome A|@9] HdS ol dEs I3 5% & o, 7 S &It
o, transethosome2 Ax & 0, JEHIS 5% $rSst1l, edge activatorz
span 80, tween 20, tween 80, tween 855 QIA|A1} 80 : 209 v|&= d7}s
of Alxstth. 1 A}l edge activatoro| TERA JALZI|7F FEpAE EHQIE
2 A8t A2oME AR AHE/dAIQ! Span 80 (HLB 4.3)5 ARE:h TE-
rost TE-4 (105 ~ 200 nm)7}

ol

(135 ~ 169 nm)?} Tween 85 (HLB 11)&
Tween 20, 802 AFL3l transethosome (95 ~ 147 nm)XEch 3 A YERITEH 7
WA HLB gro] A4 AAA77F S7tsks 42 HEUIH d=0lM=
60 d 4t =, AAHCR JALZ7|7F S7teton, Tween AR AHBIAE
9.3t transethosome2 30 d Ay o|2HE Z7tstYtHFig. 22). o]= H|9|
d AlMEGA Sl HLB 3fo] & ol 22 AAtoA ] A/ dA7E midol &

o o} 5o 7t & 2 Uxfo] FAtEo], AL YAtE B A, 2 URE HY

d

rfo

o

e
~N
£
M
o[\
N
N
&
S
|o
oy
re

= th(Fig. 23).
PDI Zte Al2oA TE-1 ~ 3 & 0.258Ct 2 0.3 Axoldf, 60 d SO 2 #Ha}

LIS
t 9101}, tween 852 9 TE-49) gol cha e 2L elstnt. ol
A

AEPISIE 278 2n ALl 60 d A7 o] 2 wske wawx wolo
o], FLoAE Tween 208 Bget TE-20] Zrol Tha Zastgiont 1
AAZF +30 mV o]Are] zro=z slolglo] AM7|AOo 2 obAsitin mity]
(Fig. 25).

pH ZioAE= 60 d &<t A2ah =oA #strh glo] pH 5.00 ~ 5.18 F&
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Figure 22. Particle size data over time at (a) 25 °C and (b) 45 °C on
transethosome. The results were expressed as the mean + SD (N = 3),

*p < 0.05, p < 0.01 compared with each 1 d data.
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Figure 23. Plot of particle size (R®) versus elapsed time (day) at (a) 25 °C

and (b) 45 °C on transethosome.
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Figure 24. PDI data over time at (a) 25 °C and (b) 45 °C on

transethosome. The results were expressed as the mean + SD (N = 3),

*p < 0.05, p < 0.01 compared with each 1 d data.
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Figure 25. Zeta potential data over time at (a) 25 °C and (b) 45 °C on
transethosome. The results were expressed as the mean + SD (N = 3),

*p < 0.05, *p < 0.01 compared with each 1 d data.
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Figure 26. pH data over time at (a) 25 °C and (b) 45 °C on

transethosome. The results were expressed as the mean + SD (N = 3).
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3.4. Madecassoside & A

ot
Mo

nREEus3 5745171 {ste] A EE4RQ madecassosideE =0 TE FA
M-S A Oon(Fig.27), o]& o|8&sto centella quatrod|A2] madecassoside
SFF(32.5£0.81%)2 A5ttt Centella quatrooA madecassoside+
retention time (RT)?} 6.426 minog &olgjglon, X EEZAQ]
madecassoside®] RTE 6.339 minC2 SARSH 3FS YUelSItHFig. 28). o]%,
Franz diffusion cell system®] 3]47tof] A|7F ¥H2 EutE madecassosidef]

s Toto] fRERELGES AtstAT

3.5. |ASHH A|F9] 2kF HIE (Drug release)

HEstd bde] AFel ofE oF2 WE UL MAlskAt A@e 37 °C
oAl 2, 4, 8, 12, 24 h 7FA0 2 dialysis membraneg ©]8sto] =453 00,
Alztoicy 8o AfFlstl M=z 8oz wAlste Ao AFet 21& HPLC
system2 ©]835l%] madecassoside?] FIS FHHTE H FA YEFo=
ARttt 3 ZAx, W& 2 hol A siS ©, transfersome?] HE0]
46.391£0.16% =2 715 =9ton, 24 h 741 o= 94.90+0.26%= 7t4 e
Htxo] Aottt Liposomed} Transehtosome2 24 h Ay 3 ZkzF
88.57+0.59%, 88.00+0.44%= H]xsF H"HiE=sFo] UERF OO, ethosome2
82.66+1.78%=2 71 P wrxskS UEeRATHFig. 29). o]2 &3], liposomext

oo

transfersome, ethosome % transethosome& AJA35] &= =H0I51% 0

oF2g Hdstslo] AP AFoletn WHE ojAIc

3.6. FA3d AP PFeas

_O'h
4]
=
|d

Dialysis membraneg& o] &35t a8 &2 HPLC systemS Eoff &4
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Ay}, ethosomeo]| 51.45+0.16 %= 7P §80°] £9r00, transethosoemo]

44 .41+0.80 %, liposome©o| 43.73+0.16 %, transfersome©| 36.65+3.70 %2]

SAFPHTabel. 11).

Transfersome2 A|Qlet UMHA] AL & v Y a-s0] UEHOH,
ethosomeo] 7V =2 ZAaEZ UEUEH, ole oAE=ol gt 9o
sl AHA zZhse" =7 YEETY #@Hsigit. Transfersome
AHZZA ol s 2ho] 7R o 7Y

AN
=
ooz YEHUS o, uto]dS F/dsh] wZoltal WHEH
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Figure 27. Madecassoside calibration curve using HPLC system.
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Figure 28. HPLC chromatograms: (a) madecassoside, asiaticoside,
madecassic acid and asiatic acid peaks of Centella quatro,

(b) madecassoside standard peak, detected at 202 nm.
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Figure 29, Drug release of 4-types formulation in madecassoside by

dialysis membrane method for 24 h (N = 3).
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Table 11. Results of dialysis membrane method capsulating efficientcy.

Sample Liposome Transfersome Ethosome Transethosome
Capsulating
efficiency 43.73+0.16 36.55+3.70 54.45+1.53 44.47+0.80
(%)
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diffusion cells systemg o] &8st TP EVSES v EA ottt 1, 2, 4, 8,
12, 24 h 31 & A)Rtop 2883 RF stlon, de §8 £ membraneit
o7t 34 RX|BEA9Q Madecassoside?] $HFS HPLC systemE E4f
s, ORESENE2 24 he JAFHEE St Madecassosided]

FAENE2 UerYlod, . Ay transethosomeo] 45.18% =

liposome 36.12%2] £+~o =z ettt (Fig. 30). &1t 2 h 7HX|= 471K A|F 9]
Fihe2 Hxstled &b 4 h o]$RE transethosome®]  &its0]
Z=7Vst99 1, o]  transfersomef] EyEFE =715 Transethosome2
AmA] gro] JAT AMS Ao A oz muesg g o

Z1o g Woy ], 9ho] JIHA-S 7HA]+= transfersomed}t transethosomeo] ot

Jon
-

2
I

06']»

®ot, My S3&%(Flux, pg/cm’/h)e £ 2 hol AFE © liposomei}
ethosome®] &3t &%7} G243 £715t2, &3 4 h 0]20|= transfersome}t
transethosome®| £3} &£=7} gAsH 5718+ AS &5t L, £3F 24 h
o]go]x transethosome2 10.79 pg/cm?/h, transfersome2  10.06
pg/cm’/h@ Tatego] =7 UeRItHFig. 31). o] ZS 55f transethosome
AR Atolof] Avtd AWZEAITT ARYS SQdsHA sto T JHHEE S
S7HA1714L,  ethanolof] ©Jsff mEo] RFAo] F7I5t]  vesicleo] AJA|tat
Yot A2 FAAA A=Y of FiE SAAE & AT

=
F. N. Marzulli 59 Aolo] wat Kp ArS WHsIH THF ‘very fast'9]

|

ol
oot

Entr2 eyt Liposome, transfersome, ethosome2 @& d|23F Zf
LER}QI oL}, transethosome2 Kp7b &2 2 ZFS UEges &

QltHTable 12).

4> lo
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Figure 30. Cumulative skin absorption of madecassoside over time by

Franz diffusion cell test of four formulations by Strat-M membrane.
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Figure 31. Comparison of four formulations for Flux (ug/cm?/h) of

madecassoside over time by Franz diffusion cell test by Strat-M

membrane.
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Table 12. Mass balance of skin absorption and Kkinetic parameters of

Madecassoside through the Strat-M membrane.

) Steady-state flux Absorption
Formulation ) Kp (cm/h) _
(ug/cm?*/h) rating
Liposome 9.68 £ 0.15 0.0015 + 0.00012 Very fast
Transfersome 22.97 + 0.20 0.0015 £ 0.00004 Very fast

+

Ethosome 31.39

-+

0.20 0.0015 + 0.00000 Very fast

Transethosom
27.69 = 0.16 0.0018 + 0.00002 Very fast

+
+

e

_66_



471R] Algof oigt e A2 sl Cryo-TEMZ S5t AAR=Z7]7F
90-150 nm Afo]lz ZASE vesicle size?t SAGIFYOH, XA o]£2E o]|FE L=
7S sholst A 9loitH(Fig. 32). ©o]2 3}l liposomedt H| WIS

gol old 71g HAY & ATk L,

transfersome2 XA o|FZo] WY z A
ethosome®] 7d%+= ethanolz QIgt Z Wal= WAL X UKt liposome?]
FHE T = A A6, transethosome?] 742+ transfersomeit &

o
=
At FEIS HAE 4 AAHFig. 32).
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Figure 32. Cryo-TEM images of a liposome (A), transfersome (B),

ethosome (C), transethosome (D).
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3.9. A FRo & HREEFSE R OREFS SYHA(Flux)

B2
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2322 $98 1Kol Ao et HHstE & %
do| ZRo] mE YPELSS v TA Sfh AME xA0] ALSE
Lipoid S75-32 slo]= 275t © phosphatidylcholineo] 70% o]A} &r-8-gt Ql%]
e 2a87te Astel 9w wdd & o gdoltt 197 mjgo] ojuy
A AFg-3tth. Nano vesicleQ] A& R 740 A
AX|AGE slol=2 715t E]AX] k2 Lipoid S-75(phosphatidylcholine 70%)2t
Lipoid P-100 (phosphatidylcholine 90%)2S o]8-35to] AdE A|Ast PS4
=0 tieh A3 HAlstitt

Ag st
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r (©]
U
i

DR EWES HuwAs7] ¢sto] Franz diffusion cells system& ©o]-85}o]
mREgS vwEA sttt 1, 2, 4, 8, 12, 24 h ZFut & AZtoich f8HS

AF stYen, AY Z£8 3 membraneyt ZoFtE I X EEAQ

re

=
Madecassoside®] sr&FS HPLC systemS E35] 4519t oY &3t82S 24 h
S QlZmBE ESt Madecassoside® FAEvtg2 UER[Q O, Z 3},
Lipoide S75& A&t transethosome©] 92.03%=% 7 =2 mYg5&=2 UE

WG o, ethosomeo| 89.87%, transfersome©] 84.81%, liposome©] 84.16% <
M= gelggon], AMdos = 5489 UER|cHFig. 33). MY Eitie
(Flux, pg/cm’/h)= E3} 2217k0] Alte o), Aoz =3t 4571 32| 5
7Vt o0, transethosome®] Eut&E7F 140.92 pg/cm?/h& 714 =7 UERG
t}. Ethosome, transfersome, liposome &A2 E3t&E7F UERGTHFig. 34).

Lipoid P-100& &85t A PollA+= liposomeo] 98.43%2 7} =2 mEs4
22 YEY o, transfersomeo] 97.10%, ethosome©] 92.25%,
transethosome©o] 90.01%9] A2 UERFOon, 2% 90% oJA9] =8 5482
e ITHFig. 35). M¥ £34%(Flux, pg/cm’/h)e Fib 44]7to] ik =9
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S o, 245 &71519 1, o] Wj& transethosomeo©] 160.56 pg/cm?/hZ 7}
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& liposome©] =0} 71AF Tho] 54 4 A|7F Ay & ol Eujef

2 transethosome©o]| 74 =7 UeEPFtHFig. 36).
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Figure 33. Cumulative skin absorption of madecassoside over time by
Franz diffusion cell test of four formulations using P 75

phosphatidylcholine by Strat-M membrane.
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Figure 34. Comparison of four formulations for Flux (ug/cm?/h) of
madecassoside over time by Franz diffusion cell test using P 75

phosphatidylcholine by Strat-M membrane.
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Figure 35. Cumulative skin absorption of madecassoside over time by
Franz diffusion cell test of four formulations using P 100

phosphatidylcholine by Strat-M membrane.
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Figure 36. Comparison of four formulations for Flux (ug/cm?/h) of
madecassoside over time by Franz diffusion cell test using P 100

phosphatidylcholine by Strat-M membrane.
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V. A2
& AME HEFEES AT liposome®] ©oiefeh JEfo] tigt =2
stelxl S4at muEslgo] OF ulag AYsIUh Lipposmedt Tl
AHEAYA|S edge activatorz AREsh= transfersome, ethoanol® 3dHFS
gasto] A|xRSH ethosome, TIYSH edge activator?t ethanold 3-ash
transethosomeg Alxst¥on, Fe|etetA E4dut migF4sS0 et v|uE

A18Y5kATt. Nano vesicle®] UARZ7], tfZAA| 4, AEFI S, pHOll tisto] 2
=014 60 d & WA
Az 60 d 41t 5, AoA liposomei}t transfersome®] YA 7= = Hs}
7F QAR AR AWE/EAQ Span 80 (HLB 4.3)& ARESH TS-1 (135 ~
143 nm)@} Tween 85 (HLB 11)& 383t TS-5 (109 ~ 119 nm)”’} Tween 20,
60, 802 AFL35tH transfersome (92 ~ 100 nm)YE Tt FA YERGTH AHSAAA
HLB gto] A=4% AAZ717t 5716tke 4= UEHUWIAH. F=olME= 60 d 43
I &, Tween Ao AHSHAS &893t transfersomeS S0lstA Z7|7} &
7FsR o], Span 802 3t transfersome 7|7} AfobR &2 =RISHAT
o] H|o]= AHEGAIY HLB gto] & 4o, A2 AARtoA e} A g7t of
dojl & o =otz0] F & 2 AR AR 0], A2 AAbe °s AL 2 At

+ HS 3 ARl LAETYE 2fojmygd A4 ot Zloz wHhEnh AEHIY

4% QAEI7E F7K8Ha, PDI 7 E7kete e Elstack AEgs geo)
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Ethosome?®] z|AetE 55l ethanol®] &0l 5% 4 of, 7 AFA LS &2l

0

5t transethosomeS A& A| 215ttt Edge activator®2 Span 80, Tween
20, Tween 80, Tween 855 At83sto] ARSI on, 7 Ay}, edge activatoro]
oJs YAZ7I7E Zetals =elstitt A2oMe AR AlHEgAI! Span 80
(HLB 4.3)2 AF&3F TE-1 (135 ~ 169 nm)?} Tween 85 (HLB 11)2 383l
TE-4 (105 ~ 200 nm)?} Tween 20, 802 A}83t transethosome (95 ~ 147
m)Eot 3A e ARZEA HLB 4o AleaE JALZ717F S7tst= 4
FS UEUIT. YAIZ7]E plotting 3t ZjmofA & 4 9l%0] Tween 85%
gt TE-49] Jxpt 7ieAl S7tste 2e =& 4 et ol trans g9
elaidic acid’l 410 &= FLz0]7] W&o F7t o2 WHET. PDI, AERA
9 pHE 2 wakglol QAL SHlstint. oS Esto] Axsty £7g &l
SEFAL, AR AHF/GAQ v]&o] 80:20 o], Tween 205 AMEsIRS o,
ethanol 3ol 5% U T, 7P PRl AFol2tn HHstCY,

&
A

o] A5 =3t F|A9 x7o| Sr= liposome, transfersome, ethosom,
transethosomeg AZsI¥, Baas, d2UsE, HPss, JHIA TS
AAl stk Be 8 8AF A= ethosome, transethosome, liposome,
transfersome®] A2 UEUSoH, oFF HEAINAE WE 2 hol Fiut
5t9S O, transfersome®] ®r&o| 46.39+0.16% %2 7MY =9Fon, 24 h 731t
Do 94.90+0.26%=2 7MY W ®Eo| dojyutth 24 Ayt £ liposome
88.57+0.59%, transehtosome2 88.00+0.44% =% H|Z&sH ®F&2Fo] UERG O,

=
ethosome2 82.66+1.78%= 71 w2 wE4ES UEG. ol Edf,

m

liposome¥} transfersome, ethosome % transethosomed A|As] W&EH&
slstgion, ofzs AEstrlol AESH APgol2tal HUSHIH Franz
diffusion cellg ol &ate] 47}x] AMFo) Thet WyEm Sele Wrke Aw,

ro

transethosome®] DY Eytgo0] 7HA =9FO0w, transfersome, ethosome,

liposome 22 UERET £} 4 h O|$%FH transethosome® Fu}&fo]
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Z7tsto] 41.8%9] mRRilgs UEHH. mf L= (Flux)olld= =71 Tt

h 723 3 liposomed} ethosome® &&7} A&st¥ oy, 3t 4 h o5,
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®oh, AAAS FROl mEt mPSess RARIYE ™. sto]=RAlet
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vesicle?] ZAuyts AnHEYH, B35S TFSSH transfersome  liposome,
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