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2 ok B Ay #84 B2 Exo] a3 <l solid lipid nanoparticle (SLN)= o] g3} =84 &E29 LA-PEGS
3lo] A3t A AR AFEE @Y coconut oil, macadamia oil, lﬂi JO]Oba oil 374 =
o] 73t} 2JF-F-3AZ = Tween 20, Tween 605 ©]83F T-SLN= AZ31812H, SLNE
QX B 5 vjw 1438 A3} coconut ol & A AR o] ARLEE Zlo] Z717) b Zgkom AL Al A A ool
w2} JAT7)9 BEF e dEbsth 1 %9 Tween 603 macadamia oil & ©]-&3F #o]| A7} A=k=1717} 7F4 ZAv),
WEA2A 9 coconut oil S AEE 32 %9 Tween 209 WolA7}F 7Hd =A WEEHA L, 7P wE W& 2
Tween 60 2 % wWlo]A3t),

Abstract: This study is on encapsulation of a new whitening agent, LA-PEG using solid lipid nanoparticle (SLN)
method, one of nanoparticle preparation method. Classical method has high capsulation efficiency for hydrophobic
compounds but has demerit of low capsulation efficiency (2 ~ 3 %) for hydrophilic compounds. Purpose of this study
is preparation of SLN that has higher skin penetration effect compared with general liposome, and also has higher
encapsulation efficiency of hydrophilic compounds. For SLN preparation, coconut oil, macadamia oil, and jojoba oil
were used. As a result, SLN preparation using coconut oil (include LA-PEG) has the most high encapsulation effi-
ciency and also has the smallest average particle size (270 nm). SLN prepared with macadamia oil and 1 % of
Tween 60 has the largest particle size. Base made with coconut oil and 2 % of Tween 60 showed the fastest release
and base made with macadamia oil and 2 % of Tween 20 showed the latest release.

Keywords: solid lipid nano-particle, hydrophilic drugs, hydrophobic drugs, encapsulation efficiency, LA-PEG
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Figure 1. Synthesis of LA-PEG.
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Table 1. The Experimental Formulations (SLN Used Coconut Oil)

Sample (wt%)

Al A2 A3 A4 A5 A6 A7 A8

Phase A

Coconut oil 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

LA-PEG (10 %) sol. 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Abil em 90 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Phase B

Tween 20 1.0 2.0 4.0 8.0 - - - -

Tween 60 - - - - 1.0 2.0 4.0 8.0

Pure water q. s. to 100

Table 2. The Experimental Formulations (SLN Used Jojoba Oil)

Sample (wt%)

Bl B2 B3 B4 B5 B6 B7 B8

Phase A

Jojoba oil 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

LA-PEG (10 %) sol. 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Abil em 90 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Phase B

Tween 20 1.0 2.0 4.0 8.0

Tween 60 - - - - 1.0 2.0 4.0 8.0

Pure water q. s. to 100

Table 3. The Experimental Formulations (SLN Used Macadamia Oil)

Sample (wt%)

Cl C2 C3 C4 C5 C6 Cc7 C8
Phase A
Macadamia oil 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
LA-PEG (10 %) sol. 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Abil em 90 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Phase B
Tween 20 1.0 2.0 4.0 8.0
Tween 60 - - - - 1.0 2.0 4.0 8.0
Pure water g. s. to 100
metry Cis 94 AyolH, o] 542 dgs - & (90 : g0 Z&3= SONIC TECH (KOREA)A}] sonic
10), 2% 25 C, % 1.0 mL/min, 5% 33 280 nm master (2 V)& AFg-38lo] SLNS #|%&}3ith
ofld SAsAT AF FAE 8 5L T, cel-
lulose acetate (0.45 um) ZE|E o]&3to] S433Th 2.2. H|Z=Hiy
T A7) W FEE S kR Y ERA A A A2 A2 2 U (coconut oil, jojoba oil, macadamia
Mastersizer 2000 (Malvern, UK) 2.2 =23} 11, AE} oil) 10 goﬂ T84 529 LA-PEG 10 % solution 5 g
Z el (zeta potential) = MS2000 (Malvern, UK)< ©] Z&3 & 2 VE 5 min §<¢F sonication A1Z1tH Tables
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Figure 2. Schematic representation of preparation method for
SLN.

1, 2, 3). ¢F 5 min &9 sonicationd}F™ F2jAe] 12
W/0 ol838S dE=Tthphase A). ©] 223 F3HE A
Z 3% 2 stepoll A= Tween 203 Tween 60 SHT5
o] g3te] ¢ g3 2171tk (phase B). 1 stepell A A=
H 259 /535S FAOE, 2 stepoll A AFE sur-
factans NS WO AR o5 412 F thA] 10 min
%<t sonicationd™ W1/0/W, EE]9] SLNS =t}
(Figure 2).
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2.3. DEX| AU X (solid lipid nanoparticle)2| £2¢!

AC)

AzH LA-PEG &f SLN2| dgtols g4l
71& o] &3} 22,000 rpm .2 4 CTollA 30 min E<F 3
AE(JAD 3 el e F deds o83t 045

AV

o=

um ZE F LA-PEG 55 HPLCZ #a3ich
o1x A3tE offl o] el 93 it Ee=d ]

Entrapment efficiency (EE %) =
{(Total drug — Free drug) / Total drug} x 100

2.4.

HI kI
o

X &L= AH(solid lipid nanoparticle)2] I=
X HELZHIA

Azxd 24 A s FudAe B AR 9182 pho-
ton correlation spectroscopy®ll 9JaiA 43k, 57
Al & Algmet 53] wHRke] Skl

TEHA|ELI XK SIN) 2| QA

3.1. 1A X[ EE o8¢t

SLN9] x|"ef o]gg

2 FHF A3 (Figure 3).

Figure 3. Polarized optical micrographs of 1 step primary emulsion (A : coconut oil, B : jojoba oil, C : macadamia oil).
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Figure 4. The change of mean particle size of SLN by time
change.
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Figure 5. EE change of SLN with the coconut oil.
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b5

Al gbell W 253k At S skotstaiat A<
formations ©]€3+°] 1 min, 3 min, 6 min, 9 min, 12
min, 15 min® 72ake] 259 A8 & JEwAg 4
271 1,500 nm®] SLNO| §J#F=1717F Aol A]gte]]
upe} 474 ZolH =l 15 min 0] FE 250 nmZHA] A
717 Fopom, 1 o]F NS Akl ot AA
9] formation®l| = YR}=7] W3h= o] Fo] x| okttt
(Figure 4). Tween 20, Tween 602] X4 F-3HAE ©]
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oll)oll LA-PEGE &3t SLNS A|Z3} k. WA co-
conut oil& A HZ ¥ SLNo|A+= Tween 202 1 %, 2
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Figure 6. EE change of SLN with the jojoba oil.

%, 4 %, 8 % o&3to] A|Ze A7} Tween 20 2 % 3
3k SLNo] 7H8 2 337 % wHEES e
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B3 om Tween 602 &3k SLN2> H+ 30 % 95
o] BJEES Bt Tween 60 HWIO]AE Tween 20
I AR 2 %9] surfantants & W] 7 2 255 U
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Argon 714 =& AWe 2 % w12 29sk SLN
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o] 7 =t} Tween 60914 = A4 22 % 82
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Ebsteh 1 ol A FROIAE Aol 7t AAAIRE
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Table 4. Mean Particle Size and Size Distribution of SLN Used Coconut Oil with Various Contents of Tween 20 and Tween 60

Emulsifier content Mean size (nm) Distribution (nm) Zetapotential (mV)
(%) (Tween 20 / Tween 60) (Tween 20 / Tween 60) (Tween 20 / Tween 60)
1 300 / 295 36 ~ 1700 / 47 ~ 1900 -29.4 / -28.6
2 230 / 220 45 ~ 1600 / 40 ~ 1650 -31.0 / =255
4 280 / 300 49 ~ 1800 / 50 ~ 1850 -213 / -29.1
8 295 / 310 39 ~ 1900 / 51 ~ 1900 -28.6 / -24.0

Table 5. Mean Particle Size and Size Distribution of SLN Used Jojoba Oil with Various Contents of Tween 20 and Tween 60

Emulsifier content Mean size (nm) Distribution (nm) Zetapotential (mV)
(%) (Tween 20 / Tween 60) (Tween 20 / Tween 60) (Tween 20 / Tween 60)
1 310 / 320 68 ~ 1900 / 70 ~ 1500 =379 / -31.7
2 270 / 260 60 ~ 1600 / 80 ~ 1450 -25.7 / -32.0
4 290 / 300 71 ~ 1800 / 81 ~ 1550 -19.9 / -324
8 295 / 330 80 ~ 1900 / 90 ~ 1600 -18.8 / -29.8

Table 6. Mean Particle Size and Size Distribution of SLN Used Macadamia Oil with Various Contents of Tween 20 and Tween 60

Emulsifier content Mean size (nm) Distribution (nm) Zetapotential (mV)
(%) (Tween 20 / Tween 60) (Tween 20 / Tween 60) (Tween 20 / Tween 60)
1 350 / 380 80 ~ 2200 / 90 ~ 1590 -264 / -31.7
2 310 / 300 76 ~ 2300 / 79 ~ 1600 -26.7 / -41.3
4 330 / 340 96 ~ 2600 / 100 ~ 1560 -205 / -41.6
8 355 / 344 107 ~ 2500 / 105 ~ 1600 -22.8 / -34.1
= 0 Fito] 518 nm=z $1¢} v FA 2 Tween 208 AHES
20 29 OTween 20 . o Vo 533 ] 5
® 276 |ETween 60 SLNo] B+t JA7F 2A B3 = UTH(Table 5). wHA =
°:28 © % macadamia oil& 33t SLNoJA % H A7}
é 6| 244 Tween 20°] 336 nm, Tween 60°] 341 nm=Z © 27| &
;fi‘z‘ AE Qe ol d Aol B Tween 20 (HLB
(0]
£ 16.7) % Tween 60 (HLB : 14.9)2 AF&-3 SLN9| ¢1=}
(0]
£ e 17 o 3715 vlws] B9 Tween 209 A-¢7F 25 o &7
£ i8 Vus vt fEAR AR ole] FEE tEA,
C : |_L._ fAEAR 8 0/WH SLN g82 9E7] geiAE A
1% 2% 4% 8% Zr:}‘éo] Eﬂ “L\_—'Z“\% Tween 2()0] E‘ §%§017] ]IHT"?TO]E]' Ag

Concentration of surfactant
Figure 7. EE change of SLN with the macadamia oil.
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Figure 8. Droplet size change of solid lipid nanoparticle
(coconut oil, Tween 20 and Tween 60) at 50 C.
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ARE ARESE A A ] AE(ddEh & 5 7 ok AL
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Figure 9. Droplet size change of solid lipid nanoparticle
(jojoba oil, Tween 20 and Tween 60) at 50 C.

SLNO ZHEQ] LS ZZIAAH F7]
FAET A4 wax FEHIE E=ASH
jojoba oil® A|Z=¥ SLNo|] @AsHA =
macadamia oilZ AZ¥ SLNX & 43|
Ack(Figures 11 ~ 13).
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e 5 2ok B2 A3 7HAA 9l SLNel| 1154
E4(LA-PEG) S ¥%13F SLNS Al %3lo] vh23 22
@i_o. 04041:].

1) SLN9| 9z} = v)lw #2493 A3} coconut oil

= AAE sto] ARg-sh o] A7)7t 7P Agkom] ARE-
Sk A A Q] oFell whet YAk=1 7|8 EEFE 7 et
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Figure 10. Droplet size change of solid lipid nanoparticle
(macadamia oil, Tween 20 and Tween 60) at 50 C.
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Figure 11. LA-PEG release of solid lipid nanoparticle
(coconut oil, Tween 20 and Tween 60) at 4 C.
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Figure 12. LA-PEG release of solid lipid nanoparticle (jojoba
oil, Tween 20 and Tween 60) at 4 C.
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Figure 13. LA-PEG release of solid lipid nanoparticle (maca-
damia oil, Tween 20 and Tween 60) at 4 C.
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