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Q 9 : B Aot mE o 7H/H 71%3 SPE aAfolA 44 A ascorbyl glucoside
AG9 fi Eig-S /MAAZ]7] f16] 1A AU AR SLN)S AASHAE AGE olF oEd 7k
%%%9}%*3& SLN Wiell &¥stalt. xﬂi H AG B9 SLNO| dxt=7], thHat 24, AEkdSl, &

259 Az B3ty EA4S Wrlstath  mF RS A A fE QI mRE 2F B
s-i_l Z SkinEthic RHEZ ARgsgnh Az = AG ¢ SLNO| B4 dA37)= 172.65 — 347.19 nm
o]y, Ha AEHYE -22.90 - -41.20 mVollth SLN W AGe T EUAaLe 44.18 -
57.77%°101, B BAL8L 12.83 - 16.15%°130th. AG 5] SLN29| mi £33} Ayt SINS F
&ots w7t FgokA] ofZ o By oF 3.7 - 74 vf nf Fikgo] JRAETE mEbA, 2 AT
A Az H SLNE AGO| ZAFEAYA A O 2 AL8sl=d| 483 Zo|t},

Ao} oA EFFAAE, HFA YL R}, BFEY, BFE S, Skinkthic RHE

Abstract : The aim of the present study was to design ascorbyl glucoside (AG) loaded solid lipid
nanoparticles (SLNs) to improve skin penetration of AG. AG loaded SLNs were prepared using double
emulsion method. The prepared AG loaded SLNs investigated particle characteristics (particle size,
polydispersity index, zeta potential, loading capacity). Skin penetration study was carried out using
SkinEthic RHE as one of the reconstructed human epidermis models. The mean particle size and zeta
potential of SLNs were 172.65 — 347.19 nm and —22.90 - -41.20 mV, respectively. The loading
capacity of AG loaded SLNs demonstrated that loading efficiency and loading amount were ranged
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from 44.18% to 57.77% and 12.83% to 16.15%, respectively. The results of penetration showed that
all SLNs enhanced the skin penetration of AG and the amount of AG from SLNs were approximately
3.7 — 7.4 times higher than that from AG solution. Therefore, AG loaded SLN might be a promising

topical drug delivery system.

Keywords : Ascorbyl glucoside, Solid lipid nanoparticles, Skin penetration, Skin retention, SkinEthic
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1. M B

Abgrel mRAe gl 7l2d, sRI=Rle]
Joll whet AR ==Y o] F Wepdo] 7P 58
gt @aolry dHapide Hapd Ax o deteE
1A == A2 AAaet i) EibAoltt,
&7 o #Hlzde 34 &% =42 gHEA
(tyrosine)o]™, E]ZAJUolA|(tyrosinase)oll <]l
ZFrEdliEo] HFH R H2 A9 eumelanin
3t 28 AEe] pheomelanine] A=t [1-2].

Ascorbyl glucoside (AG)=  vitamin C%l
ascorbic acid®] glucose® &<l SFEZ n]HofA
= " &5o] e AdEoltt. =R 338.26
g/molo|tt. AGe| m|¥] WAUZ o 2= EZAILY
ofAle]l o5t H=Al JhpRalE dAlste] 2EA
oz deikeE o dWehd A4S AR
[3-5]. 2oy, 84 e AGe mi o]
2 Eel9= o B0 7SS Tl
ojg-go] 3t

TPAAY AR (solid lipid nanoparticles,
SLNs)+= 19918 Lucks 5ol <Jsid =dH <
E 2HHAeltt [6]. SLN-2 7]&9] gxFolt o
9 APT= ol 4R UFE7E A HEZA
2 ojglo] ddider =2 BY&E ZEth
SN2 A Agdst Ad& AFEE & L A=
Al 77185 ARESHA]l grob A eFdAol =
oh T3t /IS ARgste] dApA TS oFE<
TYES AT 7 o, Yk 279 A=
ofFzZo] mie] XFst=dl fesit  [7-8,
13-15].
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AT ME 7154 nHEA] AGe T
Ege MAXZ7] Y84 AGE SLNO| &
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ikt |- FSAE Argetnt TR F3ka
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2. A4 ¢
2.1, At

Ascorbyl glucoside®}t potassium dihydrogen
phosphate  (KH,PO4)+=  Sigma—Aldrich (St
Louis, MO, USA)olAl FU5FF 01, myristic
acid, palmitic acide SAMCHUN (Pyeongtaek,
Korea)25¥ Y5ttt Behenic acid, Span
20, Span 60, Tween 602 Dae Jung Co. Ltd.
(Busan, Korea)ollAl T3ttt SkinEthic RHE
Z 22 SkinEthic Laboratories (Nice, France)o]|
A F-4statt. Phosphate—buffered saline (PBS)
= Tech & Innovation (Chuncheon, Korea)olA]

T,

G S9 SLNQ| XM=

AG B¢ SLN& Gonilla 52 ©]F o#d
7Hegges FaE st Axsile (71
SLN2 13 &3 {3pA|o] FR/E HIAA
Table 13 Zo] AXsIATE. myristic acide}
Span 20& &3t A4S 88HET =2 Rk
Q1 80 — 90TCelA B§AIAL, TY koA
7HZE 1 g9 AGE Hrste a4 74l 7t
Sto] W/09] Zof'dd AH =1 9 283

r

i
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Table 1. The composition of AG loaded SLNs

72 B3 A4S 5 TFADULUAAW Ascorbyl glucoside 1 A4 2 EASE 3

Formulation F1 F2 F3 F4 F5 F6
Drug Ascorbyl glucoside (g) 1 1 1 1 1 1
Myristic acid (g) 2 2
Solid lipid Palmitic acid (g) 2 2
Behenic acid (g) 2 2
Span 20 (g) 1 1
Surfactant Span 60 (g) 1 1 1
Tween 60 (g) 1.5 1.5 1.5 1.5 1.5 1.5
5,000 rpmolA  I&EWFH(Ultra-Turrax T18, I

IKA, Staufen, Germany)2 A|ZTh ©]AS ¢
ARl Tween 60 4§ 7istal ohA] 287F
1,000 rpmellAl A&WRE A|A W/O/W oEA
= FAXFT. FAE W/O/W AEAES high
pressure homogenizer (NanoDeBEE
homogenizer, BEE International, South Easton,
USA)Z 20,000 psiollAl 5 cycles2 A2gt & A
2o WZtste] SLNE A RSttt 44719
myristic acid 719t SLN¥ BH|wE 5] Table 1
o] zAY=Z SLNS Azt
2.3. SLNQ| xt=7| ¥ HMEIMY =4

MES AAT= 10 vf 343 & Zetasizer
Nano ZS (Malvern Instruments Ltd., Malvern,
Worcestershire, UK)S AFg5te] B YztT7]
9 AAsiE et 24 A @ Az
3] = ste] ZAsier,

o o

X
o

2.4, SLN Wf AGe| S8

AGO] Y& =42 Gonilli 52 ¥
Az o] SAskRH [7]. Ax AG
SLNO| #Efol-S Gyrozen 1580 MGR =¥
2]7](Gyrozen Ltd., Daejeon, Korea)E ©]85
24,000 gollA 4CE A7 AHlolAd 2 At 5
oF  zYEeE S 4SS high
performance liquid chromatograph (HPLC)Z
oA, 2ol AT ool Aol ystol

kROl BTt BYRES AEstach

il
et}
>, oft flo
2 A 0 o

S

. .. Mass of encapsulated drug
= — x 1
Loading efficiency Mass of drug initially added 00

. Mass of encapsulated dru
Loading amount = D - g * 100
Mass of nanopartices

2.5. SLN L} AGe| &8 %7

SLN W AG®] 8&& 542 Pritchard 59
UHe A= st Aok (111 12 - 14
kDa®] &4 FH (Spectrum Laboratories, Inc.,
Compton, CA, USA)| Z AME 1 mL& ¥
50 mL9] release medium (PBS, pH 7.4)°] U+
70 mL Hpo|go| B4 RBE Y=t} Ho|gdS
g% (BS-21, LAB companion, Seoul,
Korea)ollAl 37 + 0.5 CZAYA 70 rpmez
ATt 1, 2, 4, 8, 12, 24, 48 A7 7HHS
2 release mediumolA] 1 mL& AFste] HPLC
= Aotk

2.6. SkinEthic RHE Z=ZIZ A8t /n vitro
ojs £

AGO] mi Ei= Yeo 59 975 Falsty
AePetga, A E A SkinEthic RHEE
AHgStATE [12]. 24 well S o|Eof ujokH
SkinEthic RHE Z&& 3 mL9 receptor
medium (PBS, pH 7.3)0] 3= 6 well Edo]E
o &1 & Z AE9 0.3 mLE miFo] H&3t
ot MZo] 24 SkinEthic RHE £#& 5
Hlolg 7]  (NB-101SRC, N-BIOTEK,
Korea)olAl 37 + 0.5 C, 0.5% CO, Z7|A
100 rpmo 2 AHYsIITE 0.5, 1, 2, 4, 8 Azt
HAS 2 receptor mediumoA 1 mLE ZHst
o] HPLCZ Zatalct.

2.7. SkinEthic RHE ZZI2 AI2$t /n vitro
og
AGe o HH AL Yeo 59 AFE #
Tste]  AWSIAT [12]. In vitro T3 X
Skinethic RHE Z#& 2 mL9 maintenance

]
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mediume®] 71 GgjHfogdof &
AHESe] 1,000 rpmeoflA] 25}
MEZS 045 ym PTFE A€z TEHz 7
HPLCEZ EA3}9tt.

2.8. AGQ| HPLC &AM

AGO] &2 HuangTol S = sty
Waters HPLC (Waters, Milford, MA, USA)E
AHgste] BAstnt [5]. ZE2 CapCell Pak
Cis MG column (5 um, 4.6 mm X 250 mm
Shiseido, Tokyo, Japan)& Ah&sItt. o542
0.1 M Ql4to]&=AZHE-8H(pH 2.00& AHESHA
3, Ao UV 240 nm, 52 1.0
mL/min, FYF2 20 ul oIt

3. dat ¢ n#
3.1, AG7} EZHE SLN2| UXt=Z 7| X MIEIHY
£d A

W/O/W odd 7M2-883 o= Ax3t AG
B SLNO B 4 A7l 17265 -
347.19 nmeolxl Yo Ht ohEAE AL
(polydispersity index, PDD&= 0.19 - 0.23°]t}.
Adzte] B+ AbESlE -22.90 - -41.20 mV
ojt} (Figure 1). SLN¢| PDIZ} 0.2 Wyjele|ln=z
AT A AU AE 2RIsknh o
2327] E A Qo gk 249 g3k Bl
of By, nxdel ga s Zdolrp dojds
5 B AT ARAE St Ao

(a)

400 0.8
350 o qor
S30 f 063
e =
- 250 0.5
3 200 042
— [=%
3 150 032

>
g100 028
50 1041

Fi 2 F3 F4 F5  FB
—Size (nm) -*-PDI
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T

Epdth ol i Ate Zolt dejdss of
22 BYst A sEYAY Rxst AA,
Ao stz Basle] WAE S5 ot
7] Wgos Amwc [8]. §3HA QA=)
ob AEFASlel mIAE el s, Agaol
e IS ASTHE dATE Aol
AEHAgIE obAt ZoR ettt ol wli
4 Ag4e] B 43S AH8THFE W/O A
We] ghgAe] ol ARt Zobt o
2 ARE (7. AEgle A4 Q=17 2
042 gzt ERzo] YolXBE YxtEwd] o

RONT
ofl il

We S} w0, e AeH9le] YAt
Azt Apole] Helo] oA G Aol 4

A
A o] ot Ao ARgr,

3.2. SLN | AGQ| 2¢E

A4 e AGY FUEe SHAZI7T 9
S theFet 1@AAT {FIAE ARESt] olF
oEA 7leggfaolHoz SINES AZ3Ich
AGe Bdg ¥ Fdags ST 27 3+
Bg8e 4418 - 57.77%°)1, B EU&
2 1283 - 16.15%°14tt (Figure 2). 2FA]A
o] AGY] FY&el mAlE FFS Hus] HH,
A4 ga ARE Zolrt Frstel| wEr AGY]
Holgo] ZxL Aoz Jehgrth o)k A
AFE ot Zojdeg xd wEly A Ho
AA vluwd w2 FEZ g2 ol 9
Q7] WiEe g AtmEct [8]. Bl gt &
A JFFY A, AEd - AfAH d9™

(Hydrophile — lipophile balance, HLB)7} 4.7

o[> b

(b)

Fi F2 F3 F4 F5 F6
- 10 F
_20 k
_30 F

o

Zeta potenial (mV)

Fig 1. Average particle size, polydispersity index (PDI), and zeta potential of AG loaded SLNs. Results
are expressed as the means * standard deviations of three independent experiments (n = 3).
(a) Particle size and PDI and (b) zeta potential of AG loaded SLNG.
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Fig. 2. Loading efficiency and loading amount of AG loaded SLNs. Results are expressed as the
means * standard deviations of three independent experiments (n = 3). (a) Loading efficiency
and (b) loading amount of AG loaded SLN.

Span 60°] HLB7} 8.6%1 Span 20Rt} Atz o
2 AfAde]l Eom ARAY ARt w245
W/O AHe] Hgidol motxA ek whebA,
oFgo] e FAAWo] ofF=E mMEZA] {4
©O)ell & Bol ¥E 4 oD SLN ¥l AG
o] Zf&ol T7H Ao=w AtmEnt [7].

3.3. SLN L AGe| &8 E7t #at
EAEHE o]lg3t AGO JEYUE F
Figure 3¢ Yetfiglctt. SLN AP o2 HE
o] FEEEE AYE FS Btk 1A
oFE 82 "l FFS Hlwe] BY
Aol gt AREo] AojdE SLN W AGO] ®F
Zo] AdHE oz uyeth o= AGH
SLN WellAl &Zlol A BA AEo] Hofls
02 g4 AREo] 71 S AHESE AddH
o2 AdH oFE HE FEE Hole oz A
sHM fRHAY] Ae, AdHer 2840l =
<2 Span 602 AF8%H SLN A|go] Span 20
AHESE APHET oFE WEo] AdEE A=
el ol 249 ARl 2245 oFE0l
SLN el © o] B9i=7] fio=z Atmd
ok [7]. E3F SLN Wl AGS] %7] ofE #&Ee
443 dojuA|gt 12 AZke] 21 AlERE wF
EE557F LA AoR Yt ol 12 A
7M1= SLNO| izt mHo] HAH oFEo] ¥

2597 gEold, 12 A7t o]3 2L SLN Y&
of BdH AGZt A Wreg yel= ZoZ At

=Ho (8]
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Fig 3. Cumulative percentage release profiles for
AG from SLNs. Results are expressed as
the means + standard deviations of three
independent experiments (n = 3). *P<0.05
and **P<0.01 versus AG solution.

3.4. SkinEthic RHE X2 A28t /n vitro
o =3 Zat

In vitro TR B3 AFL 0.5 cm?’9] inserto]
HjQFH SkinEthic RHE m x2-& AR8ste] 8
AZF Bt AG 29 SLNT}F th2wel AG 48
o] mi TS Sttt (Figure 4). AG &
oMol g mF EIEE 477%0l1oH, AG
B9 SLNe| By mE EigE 1779 -
35.26%0]%tk. o]= SLNS Agstge o AG
o] my Eago] oF 37 -~ 74 #f HAEAS

2= ke wwas] KW, x4 AR Zolrt
lojZo] wat oFEel R Eitkrt FiEE
2 Yebsth f3tAe] A s

Ao) A



¥ RIS ASESE AGY WR Ext
EoAlE Zog yepygth ol A

SLNO| Agds= o Agiert &7 i
Atz [7-8].

S
S

= = N W w
o o o o o & &
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Cumulative amount of
ascorby| glucoside penetration (%)
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Fig 4. Cumulative penetration profiles for AG
from SLNs into SkinEthic RHE tissue.
Results are expressed as the means +
standard deviations of three independent
experiments (n = 3). *P<0.05 and
**P<0.01 versus AG solution.

3.5. SkinEthic RHE ZXZXI2 A28t /n vitro
o 2 Zat

mB =1 A9 & SkinEthic RHE o8 %7

W AGS] g At (Figure 4). AG &

¢ SLN9| AG m&F HA&2 21.77 - 36.26%

I, AG 92 3.17%=2 ettt o]: SLN

HEst9e o AGe mi HAHEgo] oF 6.9

o o,

'S
S

*k
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@ w
S &
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N
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Fig 5. Results for AG retention from AG loaded
SLNs in SkinEthic RHE tissue after
penetration studies. Results are expressed
as means t+ standard deviation of three
independent experiments (n = 3). *P<0.05
and **P<0.01 versus AG solution.
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- 114 ¥ 7HA=EgES 2Rlskel. SLN9|
A jER AT mE S o] AlaE ZF 2]

4282 sto], SLNo] meAo=w #I| Y=
012 4 ok AlmEd [7]. o] B Alx
F A AFE oFze] AYEE 5 e AL

= AbmHd (8.

4. 2 B

2 AFelAe 7154 mHEEL] AGY HF
FiHe-s Zdsk] flsiA AGE ©lF olgd 7t
28-gRsHHoR SLNO| gelstlct. B 4A
7] 9 R4t AR wdd o AujoEde
Az Agetglon], Fo Aerde] 23 Ao
=24 e FHsIol st AE]
oFEPAA L FEUA AAW Zlol=eklel w
gh QlguR 2Ae ARGRE MR R3 g HA
Aol SINE A-8sts o AGY »FF3}
&0l oF 3.7 - 74 ¥} A= AAHYSS e
sttt mebA, 2 oM Az " SINS AG
o] ZAEHIYAAROR AMgstEd 4-8F

Aol

References

1. T. Pillaiyar, M.
Namasivayam, "Skin
medicinal

Manickam, V.
whitening  agents:
perspective  of

tyrosinase inhibitors", Journal of enzyme
inhibition and medicinal chemistry, Vol.32.
No.1 pp. 403-425, (2017)

2. M. V. Trinidad, M. L. Antonio, C. B.
Carlos, R. T. Andrea, M. L. Alejandro, A.
S. Salvador, "Impact of Gloves and Mask
Use on Epidermal Barrier Function in
Health Care Workers", Dermatitis, Vol.32.
No.1 pp. 57-62. (2021)

3. J. S. Jeon, H. T. Kim, M. G. Kim, M. §.
Oh, S. R. Hong, M. H. Yoon, S. M.
Cho, H. C. Shin, J. H. Shim, A.
Ramadan, A. M. Abd El-Aty,
"Simultaneous of Water-
soluble Ingredients  and

Different

chemistry

Determination
Whitening

Adenosine in Cosmetic

- 667 -



Formulations by High-performance Liquid
Chromatography coupled with Photodiode
Array Detection", International journal of
cosmetic  science, Vol.38. No.3  pp.
286-293, (2016)

. N. Butwong, T. Kunawong, ]. H. Luong,
"Simultaneous Analysis of Hydroquinone,
Arbutin, and Ascorbyl Glucoside Using a

Nanocomposite of Ag@ AgCl
Nanoparticles, Ag2S Nanoparticles,
Multiwall ~ Carbon  Nanotubes,  and
Chitosan", Nanomaterials, Vol.10. No.8

pp. 1583-1596, (2020)

. S. C. Huang, C. C. Lin, M. C. Huang, K.
C. Wen, "Simultaneous Determination of
Magnesium Ascorbyl Phosphate, Ascorbyl
Glucoside, Kojic  Acid, Arbutin and
Hydroquinone in Skin Whitening
Cosmetics by HPLC', Journal of Food and
Drug Analysis, Vol.12. No.l pp. 13-18,
(2004)

. J. S. Lucks, R. H. Muller, B. Konig, "Solid
lipid nanoparticles (SLN)-an Alternative
Parenteral Drug Carrier System', FEuropean
Journal of Pharmaceutics and
Biopharmaceutics, Vol.38. No.33, (1992)

. U. Gonillg, M. Uner, G. Yener, E. F.
Karaman, Z. Aydogmus, "Formulation and

Characterization of Solid Lipid
Nanoparticles, Nanostructured Lipid
Carriers and Nanoemulsion of Lornoxicam
for Transdermal Delivery" Acta
Pharmaceutica, Vol.65. No.l pp. 1-13,
(2015)

L. Mitri, R. Shegokar, S. Gohla, C.

Anselmi, R. H. Miiller, "Lipid Nanocarriers
for Dermal Delivery of Lutein: Preparation,
Characterization, Stability and Performance”,
International  Journal of Pharmaceutics,
Vol.414. No.1-2 pp. 267275, (2011)

C. Lotte, C. Patouillet, M. Zanini, A.
Messager, R. Roguet, "Permeation and
Skin  Absorption:  Reproducibility  of

Various Industrial Reconstructed Human
Skin  Models", Skin Pharmacology and

Physiology, Vol.15. No.l pp. 18-30,

10.

11.

12.

13.

14.

15.

16.

- 668 -

Vol. 38, No. 3 (2021) mE =ik QLS 919 uPAEGE QA Ascorbyl glucoside SY A B EAS 7

(2002)

D. Monti, P. Chetoni, S. Burgalassi, S.
Tampucci, M Centini, C. Anselmi, "4-
Methylbenzylidene Camphor Microspheres:
(Skinethic®)
Permeation and Distribution", /nternational
Journal of cosmetic science, Vol.37. No.3
pp. 298-305, (2015)

E. M. Pritchard, C. Szybala, D. Boison, D.
L. Kaplan, "Silk Fibroin Encapsulated
Powder Reservoirs for Sustained Release of
Adenosine", Journal of Controlled Release,
Vol.144. No.2 pp. 159-167, (2010)

S. Yeo, D. Kim, M. Park, H. R. Woo, ]J.
M. Yun, and J. L, "Improved Transport of
Adenosine Incorporated in Lipid
Nanoparticles across Reconstructed Human
Epidermis',  Bulletin ~of the Korean
Chemical  Society, Vol.4l. No.10 pp.
969-972, (2020)

O. Sarheed, D. Shouqair, K. V. R. N. S.
Ramesh, M. Amin, ]. Boateng, and M.
Drechsler, "Physicochemical characteristics
and in vitro permeation of loratadine solid
lipid  nanoparticles  for  transdermal
delivery”,  Therapeutic Delivery, Vol.11.
No.11 pp. 685-700, (2020)

M. Liu, J. Wen, and M. Sharma, "Solid
Lipid Nanoparticles for Topical Drug

Reconstituted ~ Epidermis

Form
Status",
Vol.26.

Mechanisms,  Dosage
and Translational

Delivery:
Perspectives,
Current  Pharmaceutical Design,
No.27 pp. 3203-3217, (2020)

P. M. Chaudhari, and A. R. Patil,
"Optimization of Itroconazole Solid Lipid
Nanoparticles  for  Topical — Delivery",
Nanoscience &  Nanotechnology—Asia,
Vol.10. No.4 pp. 381-389 (2020)

N. Alépée, C. Tornier, C. Robert, C.
Amsellem, M. H. Roux, O. Doucet, ].
Pachot, M. Me¢loni, and A. D. B. de
Fraissinette, "A catch—up validation study
on  reconstructed  human  epidermis
(SkinEthic™ RHE) for full replacement of
the Draize skin irritation test', Zoxicology
in Vitro, Vol.24. No.l pp. 257-266 (2010)



