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Abstract: Lipid nanoparticles (LNPs) are a stable and an effective system that protects cell-impermeable biologically active

compounds such as nucleic acids, proteins, and peptides against degradation caused by subtle environmental changes.
This study focuses on developing LNPs encapsulating gallic acid (GA), an antioxidant, to effectively prolong the half-life
of tetrahexyldecyl ascorbate (THDC), a oil-soluble vitamin C derivative. These LNPs were synthesized in small, uniform

sizes at room temperature and pressure conditions using a microfluidics chip. Compared to liposomes manufactured under

high pressure and high temperature conditions through conventional microfluidizers, LNPs manufactured through

microfluidics chips had excellent dispersion and temperature stability, and improved skin absorption as well as improved

oxidative stability of fat-soluble vitamin C derivatives. Future studies will focus on ex vivo and in vivo evaluations to

study skin improvement to further validate these results.

Keywords: tetrahexyldecyl ascorbate, lipid nanoparticle, gallic acid, microfluidics, skin absorption efficacy
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Figure 1. Structure of lipid nanoparticles (LNPs)[7].
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Table 1. Information of Ingredients
Ingredients Trade name Manufacturer Nation
Glycerin Glycerin Apical Indonesia
Hydrogenated lecithin Lipoid S75-3 Lipoid Germany
Lecithin Lipoid S75 Lipoid Germany
1,2-hexanediol 1,2-hexanediol PhilChem USA
Sodium dilauramidoglutamide lysine Pellicer™ L-30 Pellicer Japan
Cholesterol Cholesterol Active Concepts LLC USA
Phosphatidylcholine Lipoid S 75 Lipoid Germany
Alcohol denat. Denatured anhydrous ethyl alcohol Kai Korea
Gallic acid Gallic acid Jiurui Biology & Chemistry China
Tetrahexyldecyl ascorbate VitaSynol® C Sytheon India

2~ TH|0] E(tetrahexyldecyl ascorbate, THDC)&, L-oFAFH]

O =(L-ascorbic acid, AA)E- 2-INAIH|7 AR 2-hexyldecanoic
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]. =3 T
218510] Akl TS Hlslel= I:I]E]-El] Cce} ga), B}
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Figure 2. Structure of tetrahexyldecyl ascorbate (THDC).
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Table 2. Ingredients of LNP System, (A): Blank THDC LNP,

(B): THDC LNP
Phase Ingredient 7% by weight
- GV )
= Sodium dilauramidoglutamide lysine 0.5 0.5
Cholesterol 1.0 1.0
Lipid Phosphatidylcholine 05 05
solution Hydrogenated lecithin 1.0 1.0
Tetrahexyldecyl ascorbate 1.0 1.0
Alcohol 1.0 1.0
Water 88.0 875
Aqueous Gallic acid - 0.5
solution 1,2-hexanediol 20 20
Glycerin 50 50
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A2 27 gy}l 4=8olo] LTS XA slo] Table 2
T} e ulgo] HEs GO Feiro] ulolas A
oA Ap7kzRoll ofs /e NP AlAES AlZs)3ic):

2.3. Liposome M=

Table 33} Zo] AT} B EH[Rlth BAS 75 ~ 80
Cola] 71gste] ozt A 75 C olidolA] 71dst
o] olE - B HAs] golan| oi WA(TK Auto
Homomixer Mark I, Tokushukikakogyo, Japan)& AR50
3,000 rppm &R 5 min F9F A3HAIA Eoh F3RE ofld
748 microfludizer (LM20-30, Microfluidics, USA)= 75
3H= 1,000 baroflA] 3 3] AgPsto] i AA| Y2 liposome
= Alxsisick

2.4, UX} 37|t NEtEZEIA(Zeta Potential) =X

AZE ARE BARE 10% §HOR BN 5,
Ev_Jﬁ,ﬂ(Photal ELS-Z, Otsuka Electronics Co., Japan)E- ©]
83)0] QAaIe} ARfERE 24sig AT =
Z3Atek(dynamic light scattering, DLS)9] Q]2 HAM}
go] 2715 SAslon, 217198 84K electrophoretic
light scatttering) 2] 2|2 FAF AJefjof] Sl= FRol= YA}
o] A9k SN = 3).

ad

ol

2.5. LNPs 2! Liposome A 2=t
INPs I liposome®| /-2 ¥&s7| lalf Adwtaohst
1(Sungkyunkwan University, SKKU)l| QJ&s}5c) 717]1=
200 KV AR FEAARAR(Cryo- TEM, Crogenic transmission
electron microscope, Thermo Fisher Scientific, USA)2 A&

aloick

Table 3. Ingredients of Liposome, (A): Blank THDC Liposome,
(B): THDC Liposome

<A A& - ke

of - A - A5 - ARE

2.6, 20 M2 &7| gy =4

A7) QP ZA17] Sl Tl AentE e
(high performance liquid chromatography, HPLC) (Model.
510, Watters, USA)E THDC 3RS H415153tH10]. THDC
o] BA 2L theal 2O (Table 4), 25 C, 4 C Y 45
ColM 4 7 59t o/} Bake Wasict

L

27. S obsy &
Ao AT PSS ESHOR QPR A
oAt A o= EQRt Arfoltt of uw, =4 2
7F<l s gerh dold 4= glewl, shhs YAk o]
el ot YR Bl thE she 3Rt
l 71l mE SRV etk A=Y A St
= Ao] ddLabo] vlaf] vl ZRE uf] dojul= FAtolch
SHE E(sol) T FEol= UAE JehA ek 2 ¢l
RS B WAITE R TlelHoR oje vt
Solx|gt Fele H7tdy wkSolrh. FAE liposome L
INPs= Bt WS w] . )7] whzof] Akt Hlofel= &
Aot AlRE AlEE EH]|2A7(Turbiscan) (Turbiscanl AB,
Formulaction, France)S o]83lo] A7) ¢FYAL 243190
} Turbiscan®] TRE=gARI(multiple light scattering)- ©]
3}0] 40 C 2Z0A] 4 h EF HAl obgA wiglE 43
Hoz Bylsigrk

2.8, EMMA MHs LIKDCA-DA Assay)

96 well immunoplate©]] 1.5 x 10* cells/well 2] HaCaT A3
5 B35 3 Al w2437 C, 5% COn)ollA] uljekst
k24 h & HjXE WZaz PBS (phosphate-buffered
saline)i MjZet the A8 = oFY dIxgo® 223t
= lFtHlolE oAl 24 h vieksIGITh ARdEolA] well U

wjefole B AR 5 37 Col PBS Bolo® Ajele
th. PBS 8MS AASKL A= PBSeF TA| 20 uM

% b ight 515 S
Phase Ingredient & DCF-DA -8l A2fgt & S & KA ql5fH|o]EfollA] 45
B B i ek spsioic Aol well gFe) vjejelg =
Lecithin 0.5 05
Hydrogenated lecithin 1.0 1.0
A Table 4. HPLC Conditions for Quantitative Analysis
Tetrahexyldecyl ascorbate 1.0 1.0
Alcohol 1.0 1.0 System Conditions of HPLC analysis
Water 89.5 89.0 Column CAPCELL PAK Cig (4.6 x 150 mm, 5 um)
B Gallic acid - 0.5 Mobile phase Isopropyl alcohol : Methanol = 75 : 25
1,2-hexanediol 20 20 Flow rate 1.0 mL/min gradient
Glycerin 50 50 Detector 222 nm
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A7) F4ARE fTH0] 25 mm, -840] Y7} S
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PBS, Thermo Fisher Scientific, USA)E AE5}IT) Franz
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2 AgollA ¥ Aifs B 3 3 vhE S450] %
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o aas A Al BAs geld A%
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¢ BAHoR foji Ao WSk
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3. Zup & nE
3.1, Xt 37| 2N

Y 2715 EIsk7] 918te] blank THDC LNP 2
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T Y= 9 QA= Bk HAYIE o] 8sle] FAEARPHE
AF el 2715 S8k deRArIR St A
7}, THDC LNP9] 2} F7]%= 130.5 + 0.52 nmo]w THDC
liposome®] ¢JA} F7]= 1359 + 043 nm= THDC LNP2)
A} =77} THDC liposome2] b F719F -GARRE 21L&
SRIBIITHTable 5). 3 A2 FI A A0S AM8-5}
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Table 5. Particle Size of Blank THDC Liposome, THDC Liposome,
Blank THDC LNP, and THDC LNP

Test material Particle size (nm)

. Blank THDC liposome 137.1 £ 042
Liposome .
THDC liposome 1359 + 043
LNP Blank THDC LNP 1344 £ 033
THDC LNP 1289 £ 0.52
(A g (B)

Figure 3. Cryo-TEM image of (A) THDC LNP and (B) THDC

liposome.

o ARe] Fef7h ol JAF =717 100 ~ 200 nmgl
2R AE0| wrEo] Sl RIS 4= QUSITi(Figure 3).
oz SPHEo AMstE ekBEAe] Y 1)
100 ~ 300 nm A= ke ok w2 @
A3t LNP2} liposome2] A 27]= 100 ~ 200 nmZ 3}
FE Gavgie] ST RGNS ol 9 ok
A 4x)= Aashekn A

Anerle
0%

oN
]

i

3.2, MEtZEIM(Zeta Potential)

Aepzelde Ak FARPEAE 9 & gokir]
el offgde] A7E = A 4 24 ook
INP2} liposome®] AERZEES SRIsE] ffste] LNPL}
liposome-& A& 10% GHO R SJAAT] & 9% & ¢
T B BAVIE olgsie] H7]%9-5 g4 electrophoretic
light scatttering)©] 2|2 EAMYeol] Sli= F=olE YAk
FHO ALE SAsIcE 4 4y AR 25 40 mV
oJel= St AEiE el S ERISHITKTable 6).

I

3.3. =it ordd Eot
Il P = E TSR g o A I S B |
& ARgEIA 40 C 2204 oF 4 h Eot BAlslglt) BAr
QP84 A|4x(Turbiscan Stability Index, TSI) ko] S5 914
[e)

do] B AR AR, Aol AstEle dde A%
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Table 6. Zeta Potential of Blank THDC Liposome, THDC
Liposome, Blank THDC LNP, and THDC LNP

Test material Zeta potential (mV)

. Blank THDC liposome -47.12 £ 0.13
Liposome .

THDC liposome -51.29 + 0.47

Blank THDC LNP -48.37 £ 0.28

THDC LNP -54.97 + 0.24

Table 7. Turbiscan Stability Index of Blank THDC Liposome,
THDC Liposome, Blank THDC LNP, and THDC LNP

Test material Time (h) Turbiscan stability index (TSI)

Blank THDC liposome 4 6.54 = 0.31 (C)

THDC liposome 4 5.61 £ 0.19 (C)
Blank THDC LNP 4 3.18 £ 0.22 (C)
THDC LNP 4 0.84 £ 0.14 (A)

How =& 4 ook Fcf 4 h o uhe] Eulagl obg
A58 HA5}9TL, 0} Table 60 Lrebich 2 TSIZE
°] 0~05 Q1 A% A'2 eFgAdo] &2 Aefjolm, TSI ¢to]
0.5~ 1.0 ?1 79~ A= o] QFY/d 9] W= QIAINE ¢
do] Frhal & 4= Sl Atk E=3F TSI gre] 1.0 ~ 3.091
74 BE 8907 oF Hox|ut oj = AJ7o] QFAd
H3E7E Q= Ao, TSI gke] 3.0 ~ 10.0Q1 3¢ C= |5t
SR HI} Hol7] AlRFsk= AdEfo]ay TSI gho] 10.0 o
421 %39 D= APel/} 3els) ekt AeiE i

B4 A7} Blank THDC LNP (TSI g} : 3.18 £ 022 (C))
o] THDC liposome (TSI Z} : 6.54 + 0.31 (C)=t} TSIZHO]
wonw Bub ebgAo] $4at AL SISk, GATL
$R9E THDC LNP (TSI Z} : 0.84 + 0.14 (A))2] B} o1y
do] 7P g%t A& EIstGick(Table 7). ol&gt A}
£ vjgro 2 Blank THDC LNP3} THDC LNP2] IR} =17]
g Aelzdld 2jo] 7lo] Blank THDC liposome 2! THDC
liposome 2t} =7] wj&o] Blank THDC INP % THDC
LNP2] TSI Zro] WA Ugken, E3] THDC LNP2] TSI
ol 7Hg 2A U A om ofldEr

3.4. 20| W 27| M ot

SRS FA0] s A 7 =0A] 9 sk W
s} kep, olelst TS B4 sl fitlo] Hue
£ 5 W] Sfet P94 vt Basi wely
THDC INP ¥ THDC liposome2- 14 & S9F 2-dHz o
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Table 8. HPLC Analysis of (A) THDC Liposome and (B) THDC
LNP

Temperature

4 °C 25 °C 45 °C

0 Day - 1.000 -
A) 7 Day 0.790 0.780 0.760
14 Day 0.710 0.720 0.630

0 Day - 1.000 -
B) 7 Day 0.970 0.990 0.960
14 Day 0.940 0.960 0.930

Table 9. DCF-DA Assay of (A) THDC Liposome and (B) THDC LNP

. Concentration DCF Fluorescence intensity
Test material

(%) (% of control)
Control 100.0 + 04
HO, 200 200.5 + 0.8

L-ascorbic acid

(ug/ml) 400 1203 + 0.6
10 130.5 + 14
THDC 5 1741 £ 2.8
liposome 2 192.4 + 0.6
200.0 £ 1.3
10 124.0 + 0.8
THDC NP 5 1523 + 0.7
174.1 £ 1.9
1 181.7 + 2.1

7} Q= B AAEIC Liposome?] 739 R
INPETH THDC 3 o7F Al5k= =7t HolAlk= A
= dhHol INP2] 7% liposome U} 2=
THDC 3 &7h A=} 28 24& & 5= Sitk(Table §).
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3.5, HAEAL Hs B}

THDC liposome % THDC LNPo| ©ft SH4J4ke AAs
< B9 A} S-S BT APERO] b A
A 0125 pg/mL HE] 15 pgiml 7HA|Q] HEE Flod
AR Fsklc Al Ak SRl 1004% 5
7Fet A|3E Y] ROS AjAdo] THDC liposome 2! THDC LNP
o olal i ojEAoR 7h4sta, THC liposome 1
o} THDC LNPS] S4AEE AA%e] B9 45t 212 &
oI3}%ITH Table 9).
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Figure 4. Cumulative amount of THDC penetrated through the
Strat-M® membrane. Comparison of the THDC penetration kinetics
through Strat-M® membrane in liposome (black) and LNP (red)
systems.
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