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Abstract: Stratum corneum known as a skin barrier, which maintains water in skin, is the outer layer of the skin. Natural
moisturizing factors (NMF) are one of the constituents in stratum corneum and amino acids are the highest components
among NMF. In this study, we designed stearic acid-based solid lipid nanoparticles (SLNs) for improved skin penetration
of serine (Ser). Ser-capsulated SLN was manufactured by double-melting emulsification method. The mean particle size
and zeta potential of SLNs were 256.30 ~ 416.93 nm and -17.60 ~ -35.27 mV, respectively. The higher the degree
of hydrophobicity or hydrophilicity of emulsifiers, the smaller the particle size and the higher the stability and capsulation
rate. In addition, skin penetration was conducted using SkinEthic™ RHE which is one of the reconstructed human epidermis
models. The results of Ser penetration demonstrated that all SLNs enhanced than serine solution. The amount of enhanced
Ser penetration from SLNs were approximately 4.1 ~ 6.2 times higher than that from Ser solution. Therefore, Ser-loaded
SLN might be a promising drug delivery system for moisturizing formulation in cosmeceutical.
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Aol i A= =A 39, K9]
= om, e S BES
ASoR ks 4=tk o] 5 4SS 1o 7
Zof| fIX|to], wF W 2 AL o 2o s
R W5E BEHHIS). W5 A, A4, Haw
25212} (natural moisturizing factor, NMF)& “L4J=]o] 9lck
sjRo] mAPe B3| NMPe| ofEshor] NMFol:
amino acids (40%), pyrrolidone carboxylic acid (12%), lactate
(12%)ys thge] 84 54L& 23dskal qlo] w7k
o] 7 HAge fAe 157t Hase 2te WA
o}4,5].

NMF Y| amino acid 3 serine (Ser)& 71 SIS A
hydroxyl group, primary amine group & M5de W =
BAo} SAATE B 5 e BETNE 7L Qo] T
B2 oA 4 Qleie). e Serd S84 o2
2 R Y=o ofzigo] otk

19919 Lucks o] 9JsfA XA =& solid lipid
nanoparticles, SLNs)7} =¢]=|31=1], SINs2 7]|&9] &
Folu} ol Ak e QA Yt A wgs
2 AT ulma] £e ok ¥l ZH=rl7). SLNs
o AT F 71871 ARSI ook A QkiAol
B, A A3 AL iE AR A3 4 9le] Ser
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SPl ghe AUk GAslo] Au] SE LU oY 5
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22 QW i ff =R 22| (SkinEthic™ RHE)O|ck
webA 2 R bAoA QlEuE 2215 ARESEo]
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2. Mz ¥ A

21 ™M =

2 AFollA] Ser B SINs2 A3kl B7Isk7] fie)
L-serine (== 99.5%), thiazolyl blue tetrazolium bromide
(MTIT), dimethyl sulfoxide (DMSO) (Sigma-Aldrich, USA),
stearic acid (SAMCHUN, Korea), poloxamer 188, poloxamer
407 (BASF, Germany), Span 20, Span 40, ninhydrin (Dae Jung
Co. Itd., Korea), SkinEthic™ RHE (SkinEthic Laboratories,
France), phosphate-buffered saline (PBS) (Tech & Innovation,
Korea), CCD-986sk (Korea Cell Line Bank, Korea)S A5
ik

2.2, Ser 22} SLNsQ| XM=

Ser k3 SINs2 Goniilli 52 WOW o84 WHS
HAIR So] AT 10]. Ser, AP, FebAle] BhF
o Kim 59 979 Yeo 5o 97 HuE st
SINs> AHZ/A| 2] 75 HISFAIA Table 13} o] #|
Z3}TH13,14]. Stearic acid®} Span 40 F-9FF QAkS
SEHHET} =8 2291 80 ~ 90 ColA |8AIFIL, &
o SxoA] 712 Ser 1%E BB SAE H40] 7
sto] WO2| Zofdd(pre-emulsion) AEfE RSl high
speed homogenizer (Ultra-Turrax T18, IKA, Germany)= ©F 2
min ‘5%t 5,000 pmoflA] &S AIZITE o)Zke 29
/&3] poloxamer 188 =g-llof] 7FSlal ThA] oF 2 min 54t
1,000 rpmoflx] 1wtk A WOW o 8732 /dAzic): 3
A=l WOW o872 high pressure homogenizer (NanoDeBEE
homogenizer, BEE International, USA)= 20,000 psiof|4] 3
cycles® Z|2]gt & AF2ofx] WZslo] SINsS A|lxs3ict
AR gAe] 578 SINsO| H|wS 9] Table 18] 274

Table 1. The Composition of Serine-loaded Solid Lipid Nanoparticles

Formulation F1 F2 F3 F4
Drug Serine (%) 1 1 1 1

Solid lipid  Stearic acid (%) 5 5 5 5
Poloxamer 407 (%) 3 3
Poloxamer 188 (%) 3 3
Surfactant
Span 20 (%) 2 2
Span 40 (%) 2 2
Distilled water (%) 89 89 89 89
Total (%) 100 100 100 100
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2.3, SLNs2| UXt=7| ! NERHY] =4

AUZS. AR 10 Bl S)AJSt 5 Zetasizer Nano ZS (Malvern
Instruments Ltd., UK)E ARSI Bt AAk=7] 9 Alepd
= SHIE S84 2 AlEui 3 3] HiESste] 57

siiek

2.4. SLNs L} Sero| 8¢ =8

Ser®] 98 =742 Goniilli 59] WHE iR 3ol
ZA519tH10]. AZ3F Ser 8- SLNs2] HEFH-S Gyrozen
1580 MGR Z41E2]7](Gyrozen Ltd., Korea)E 0185
24,000 gollA 4 CTE A AEiolA] 2 h F9F 244
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hig

2)% Sholck S ninbydin 402 A o
o2l S olele] Aol chste] oREe] Belgt 8l

RES AESH

Loading effciency

_ Mass of encapsulated drug
Mass of drug initially added

x 100

. Mass o encapsulated dru
Loading amount = D - £« 100
Mass of nanoparticles

2.5. In Vitro NIE=M I}

Az BEE 782 Carmichael 50| HHo]| wle} 574
SFATH12]. A-§-o1A ZZ(CCD-986sk)2 96 well plateo]|
1 x 10* ~ 1 x 10° cellsmwello] 7] 0.18 mL E3=3}a1, z+
AZ 002 mLS F7FkaL 15 min $9F =2 A7tk PBSE
Mz Aol & 37 C, 5% CO, incubator (MCO-18AC,
Panasonic, Japan)o|A] 24 h BjeFsIQIT: 5 mgml FEE
A ZEE MIT 8N4 0.02 mLE A7}5lo] 4 h wjoet & uj
oFoll e A AL Zt well DMSO 0.15 mLE 7] A&
o4 30 min <t RESAZ] F 570 nmofl A =S 57
SHCh Al B4 2742 PBSE 280 = 3lo] off
o Al tffisto] 4k=EsIGITh

o MeanOD,cpieq
V =——X
iability MeanOD,,__ 100

2.6. SkinEthic™ RHE Z&XI2 ARSt /n Vitro TR Fu}
Sero] wit Exh= Q1A w221 SkinFthic™ RHES:
ARg3HTE 24 well plate W) inserto]] wHSFE SkinEthic™

RHE ZA18- insert?} 317 receptor medium (PBS, pH 7.3) 3
mL/wello] 9= 6 well plateo]] 971 & 7+ AHZ0] 0.3 mL
< insert Ujol| = SkinEthic™ RHE 2|5 Z2]o] 285t
t} AZo] 285 SkinEthic™ RHE %2]-2- incubator shaker
(NB-101SRC, N-BIOTEK, Korea)o|] 37 + 0.5 C, 0.5%
O, Z7ofA 100 pmo HESIIck 05 1, 2, 4, 8 h
THAO = recepter medium 1 mLE 23|35} ninhydrin 24]
o8 HFeEich

2.7. SkinEthic™ RHE ZZI2 AIZSt /in VitroL|g &1

In vitro =3} 3 insert U] SkinEthic™ RHE 2Z1-S- insert
of| A E2l5to] 2 mLe| maintenance mediume] B F-2fHf
o]o]l i1 high speed homogenizerS AR5} 1,000 rpm
oA &SIt wHAE 7 MES 045 um PTFE A7IA]
ZE|= A& % ninhydrin 24| 2% AF5I31ck

2.8. Ninhydrin Assay
Ser®] SIS ninhydrin assay= 2431390} 1 mLe] A=

of| A 15 min &<}t ninhydrin ¥-§- ZI8YsI3ict ¥RSE &
Holl 5 mLE| 95% ofeha2 3713k 3 96 well Eflo]E0]
F=E510] microplate reader (Flextation 3; Molecular Devices,
Sunnyvale, USA)llA] 570 nm®| SF=5 SA4sto] =gst
ick
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3.1, Ser0| 8E SLNsQ| YXt=7| ¥ MEtZHE FH
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ol odHd 7h-8-83P o= A %3 Ser ¢ SINs<]
B AR} A= Fl, B2, 3, F4 402 717} 41693,
38030, 29638, 25630 nmo|1, QA}e] W TELAF 2|2
(polydispersity index, PDI):= 0.23, 0.22, 0.20, 0.190]c}. ¢z}
o] Wit AEPAS= -17.60, -24.77, -29.77, -3527 mVoltk
(Figure 1). SLN2] PDI7} 0.2 Wielo|ma @z} Hashch
L 7S Folslgirh10,11]. Poloxamer 407 ARE3F SLN
A% Er} poloxamer 1882 ARE-ZH A o], Span 202 AR
?F SIN A% =} Span 403 ARSRE A[o] Aoz ¢
A Afo] 27t ZolA|al AEPAflE o= AR UE
Sk ERE A Alo| et AERAS] gF Zfole] HE= A
24 A3 Bo Jed RSP o & AeRE Jept
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Figure 1. (A) Average particle size, polydispersity index (PDI), and (B) zeta potential of the Ser-loaded SLNs. Results are expressed

as the means + SD of three independent experiments (N = 3).
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Figure 2. (A) Loading efficiency and (B) loading amount of Ser-loaded SLNs. Results are expressed as the means + SD of three

independent experiments (N = 3).
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144 A7 R} Aol 2ok Aebagiol 27 dake )
A= Ao AR Poloxamer 4079 J5d-3li-d M
~(hydrophile-lipophile balance, HLB)+= 220¢]3l poloxamer
1889] HLB+= 290|222 F3, F47} F1, F2 Ht} t] 2R& <]
A} AzEQrk ARECL Aebagle] A9
AJolz7} Holdss glxe] EHo] RolA o WE &
Asp7E A ol k=g E7] whEo 2 ARRET10].
3.2. SLNs Wi Sere| 88 &4 Zut

2gd oR=Ql Serd] Ee FHHAIZIZ] Slsf ol ol
HH 728e-RehtoR SINse A=Ak Sero] B
& 9 Saes SR A Wit Sdass 4592
55.05, 47.62, 57.33%0°]1, Hal HUE2 543, 6.4, 5.62,

o) &b g5k s %), A478 A 2 5, 2021

6.68%7} Utcl(Figure 2). Poloxamer 1883} Span 402 A&
2t SLN A& o] poloxamer 4072} Span 20- AR A
o Belgo] & Aow Uehd. w3t $Ug Ajole]
A 24 S5 woh A8 S8k o 27 et
STk ol 2184 SR} SEFBWO) o HHIA
U ekEo] BEApH o R Balsle] Q)= e AdS ¢t
AoA71ER, SINS Rz Faol 24| dFFs vA=
A o8 ABRECHIL

3.3. /n Vitro N|I==A ™7} A0}

Ser &Y SINs Aol gt #|F Ad-FoA|(CCD
986sk) 2] MFEAIEL-S W51, Fl, F2, F3, F4 <208
70.82, 76.99, 73.46, 83.47%0|tl(Figure 3). A1ZEOJokEQ}
A 2] SE =AAIE FEAAAER 7hol=akel a4
o wl & SINs ABE W a2 o
olakict.
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Figure 3. Viability of CCD 986sk cells treated with SLNs
formulations. Cell viability was measured using MTT assay.
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The values greater than 50% indicate that test materials are
nonirritant to the skin. Results are expressed as the means +
SD of three independent experiments (N = 3). NC: PBS.
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Figure 4. Cumulative penetration profiles for Ser from SLNs into
SkinEthic™
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Znt

In vitro ¥E £33} AL 05 e’ inserto] HJUE
SkinEthic™ RHE 33 228 A[835}o] 8 h SO Ser 2-¢]
SINs¥} t&t¢l Ser 4=8-olo] ujH Ev}5-0 quo} ok
(Figure 4). 8 h 2= Ser %] SINsQ] H T E718-2 15.88
~ 2443% 391%2] T EFHE-S HQ] Ser -2Ho] 1|
oF 4.1 ~ 62 v WAEYS-S ettt x84 SaHA
o] 78%- Span 202 ARESH SLN A3 R} Span 40 ARE-
2t SINs A2 Ser uF Filgo] =2 o= YEpyith
o]= Span 4094 HLB:= 6.70]1L Span 202] HLB:= 860
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Figure 5. Results for Ser retention from Ser-loaded SLNs in
SkinEthic™ RHE tissue after penetration studies. Results are
expressed as means + SD of three independent experiments (N = 3).
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