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Abstract: In this study, norbixin loaded elastic liposomes (NELs) containing norbixin were prepared by changing the ratio
(0.25 to 1 mg/mL) of sucrose stearate (SS), a surfactant, to evaluate changes in physical properties, skin permeability,
light stability, and antioxidant activity. The average diameter of the NELs ranged from 80.6 to 113.8 nm, with zeta potential
from 22.2 to 33.9 mV, deformability from 7.3 to 16.1, and loading efficiency from 40.5 to 58.6%. In the 0.05%
norbixin-loaded elastic liposome, the highest loading efficiency, zeta potential, and deformability were observed in 1 mg/mL
of SS (NEL-5). Under blue LED (10 W/mz), NEL showed higher photostability and antioxidant activity compared to
unencapsulated norbixin. Due to its high stability and encapsulation efficiency, NEL-5 formulation was subsequently
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used for transdermal permeation. Furthermore, the NEL-5 has been shown to retain more in the stratum corneum of the

skin than general liposome and 1,3-butylene glycol solution. These results confirm that the use of SS as a surfactant

can stabilize the physicochemical properties of NELs and efficiently deliver active ingredients to the stratum corneum.
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Figure 1. Structure of norbixin, a major constituent of the present
annatto pigment.
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Table 1. Compositions of Norbixin Loaded Elastic Liposomes

Hydrogenated Sucrose

Formulation Norbixin Ceramide Cholesterol o
lecithin stearate

code (mg/mL) (mg/mL) (mg/mL) (mgml)  (mg/mL)
EL"-1 0 0.05 2 5 0
EL-2 0 0.05 2 5 0.25
EL-3 0 0.05 2 5 0.5
EL-4 0 0.05 2 5 0.75
EL-5 0 0.05 2 5 1
EL-6 0 0.05 2 5 1.5
EL-7 0 0.05 2 5 25
NEL?-1 0.5  0.05 2 5 0
NEL2 015  0.05 2 5 0.25
NEL3 015 005 2 5 0.5
NEL-4 015 005 2 5 0.75
NEL-5S 015 0.5 2 5 1

D Elastic liposome
? Norbixin loaded elastic liposome

wj3e} Strat-M” membrane transdermal  diffusion test model
(Merck Millipore Ltd., Treland, 25 mm)Q} o]elo] = Aok
© Sigme-Aldricholl 4 75Tk NEL Az A, 84 52
7] (Rotavapor; BUCHI, Switzerland)@} =21} ulj7]
(Branson 450 digital sonifier; BRANSON, USA)E AR8-51%1
a1, Ao QIAF =17), tHEAE Z|4x(polydispersity index, PDI)
9 Ael A (zeta potential)= zetasizer nano ZS analyzer
(Malvern Instruments Ltd., UK)E ARg-3le] =431tk 2
3220] 7hA%A 24 mini extruder (Avanti® Polar Lipids,
USA)E AREsto] =343l 3ict.

22, B 2|ZE XM=

HE §Hd 2EE Hfats 50 mL Bt uper Sekiao]
oo w2EAN0.15 mgml), ARRIF]=(0.05 mg/ml),
ZY2EEQ2 mgml) R a8 B ARG mgml)2
A7ketodct AMEIARD SSE 2 o w025 ~
2.5 mgmL)E o] Wighey} SRR EE(] @ 2, vv)ol 83
Sto] AlzsIGitkTable 1). olF 31 FE7|E ©]8sto
71 s AA F Sefa o] A ek A
R S 10 mLE p3lste] B PaEs FAISH

20 min 59k 2EuE Ak B4 2EE o)
A R ke -=Z€lAS 045 um syringe filter
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t} YR} 2719} PDI= 54 3FA(dynamic light scattering,
DLS)°o &2, AE} 9= A7) 9% FAlHelectrophoretic
light scattering, ELS)< ©]-§-5t0] 415130t §H 2|k
2 4 Cofl 4 F B AstHA PSS SA sk
NELOH offehES Eoto] v 2l v o) AXI
3, 5,000 RCF (relative centrifugal force)©] 27128 10 min
52k SUAHEelMini; Gyrozen Co, Lid, Korea)3}o] 45

& Bslel 24 BRS Skt 4 Amo) 2y &
£ njo]2 Zajo]= THE7|(Spectra Max M2 Moleoular
Device, USA)Z w=28]X19] o] S33 u]o]A(peak) 450
mmoflA] S H3LE of-8sto] ASIGITE vy 2lE
o] ==HAl @‘%k% %‘—E g r=ulAle] tisl Fdgh W

2 olgsto] BHIsleTt

H71E I8l mini extruderE ©]
57} Y8 240}k NEL-1 ~
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Avanti® Polar Lipids, Germany)2 EI}A|Z 0, ojuj H&l
% eI | min 591 /IO Mt B3k o

3 H2Fo gt S F YA AE SAsto] the A
(Iy= ol&ste 7S B7Iskit:
Elasticity = Jpa * (1 / 1,)° )

Ji © membraneS 15t BHA 2]EZ0] oF
Iy : extrusion 3 Z|EZZE A} 7|
1, : membrane®] 715 =7|
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By 2lESo] w2ulAle] TRt Elo] u]ae
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Fits 55 AdS A 4 ole vls= 7Nk =
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7137} A7 |A) R A T AT §A) T e
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2.8. SAXE
BE A 233 8] o RSl B+ B
= LERlch b AT FoIRRE student’s Aest=
95% FofeeollAl A éﬂ Al £ oldel v Bl
ol9] Hjx] HAF BEM(Oneway ANOVA)S ARE3I3IT
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Figure 2. Changes in size, zeta potential, and polydispersity indes
of elastic liposomes by sucrose stearate at 4 °C for 4 weeks. The
size (A), zeta potential (B), and polydispersity indes (C) of
norbixin-free elastic liposomes composed of different concentrations
of sucrose stearate (0.25 ~ 2.5 mg/mL) were evaluated at 0 and 4
weeks at 4 °C. Each value represents the mean + SD (N = 3).
Significant differences from each other were determined by
student’s #test ((p < 0.01, “p < 0.05). 'ns.; not significant.
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S(INEL-1 ~ 5)y& Algth & 9o 2 Wi ow oPdS
gRRIsIGITE 0 =2k wf NEL %31 SS9 glefo] Sk
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7h2~519 I(Figure 3A), AJEF H91= 09, 183, 23.9, 30.1
g 325 (-mV)2 Z7}8FtKFigue 3B). SSO] ko] 1

2500
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= 2000
® 200
N
@ 1500 | 1%
) 100
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2 o | gl M I
S 0
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2 20t b
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0 Lol . . .
NEL-1 NEL-2 NEL-3 NEL-4 NEL-5
1.2
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S
£
=
2
[
[=}
2
©
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© ab a
; .1 W. “

NEL-1 NEL-2 NEL-3 NEL-4 NEL-5

Figure 3. Changes in size, zeta potential, and polydispersity indes
of norbixin-loaded elastic liposomes by sucrose stearate at 4 °C
for 4 weeks. The size (A), zeta potential (B), and polydispersity
indes (C) norbixin-loaded (0.15 mg/mL) elastic liposomes composed
of different concentrations of sucrose stearate (0.25 ~ 1 mg/mL)
were evaluated at 0, 1, 2, and 4 weeks at 4 °C. Each value
represents the mean + SD (N = 3). Different letters (a ~ d)
indicate a significant difference (p < 0.05) based on one-way
ANOVA with Tukey’s HSD test. n.s.; not significant.
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Figure 4. Changes in norbixin encapsulation efficiency of elastic
liposomes by sucrose stearate. The encapsulation efficiency of
norbixin-loaded elastic liposomes in different concentrations of
sucrose stearate (0.25 ~ 1 mg/mL) was determined. Each value
represents the mean £ SD (N = 3). Different letters (a ~ d)
indicate a significant difference (p < 0.05) based on one-way
ANOVA with Tukey’s HSD test.
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concentrations of sucrose stearate (0.25 ~ 1 mg/mL) to evaluate
their deformability.
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Figure 5. Effect of different formulations on the absorbance
spectrum and photostability of norbixin-loaded elastic liposomes.
Changes in the absorption spectra of norbixin loaded in liposomes
were scanned in the range of 400 ~ 600 nm (A). Norbixin (30
ug/mL) and the equal amount of norbixin entrapped in elastic
liposomes were incubated in dark (B) or under blue LED (10
W/m?, C), and changes in color intensity of the norbixin were
analyzed at 450 nm during 8 h at 25 °C. Each value represents
the mean £ SD (N = 3). Different letters (a ~ d) indicate a
significant difference (p < 0.05) based on one-way ANOVA
with Tukey’s HSD test (in B and C).
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Figure 6. Changes in photostability of norbixin and norbixin in
elastic liposome by blue LED or UV. Norbixin (30 xg/mL) and
NEL-5 were incubated under blue LED (10 W/m?, A) and UV
(0.2 W/n, B). Changes in the color intensity of norbixin were
analyzed at 450 nm during 2 h at 25 °C. The half-lives for
norbixin color intensity were also calculated (C). Each value
represents the mean = SD (N = 3). Significant differences from
each other were determined by student’s rtest ("p < 0.05 in A,
B, and C). Different letters (a ~ f and A ~ F) indicate a
significant difference (p < 0.05) based on one-way ANOVA
with Tukey’s HSD test (in A and B).
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Figure 8. Distribution of norbixin and its related compounds in the different skin membrane layers. The skin membrane was loaded

with 1,3-BG solution containing norbixin, NEL-1, and NEL-5 and permeabilized for 12 h at 37 °C. Transmitted levels of norbixin or

its related compounds in the skin membrane consisting of stratum corneum (SC, A) and epidermis without SC plus dermis (B) were

analyzed using the HPLC/DAD.
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