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Table 4. A Schematic Representation of Four Different MN Types used to
Facilitate Drug Delivery Transdermall44
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Figure 13. Structure of Captionic Liposomet6)
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Table 6. Definition of Abbreviation

Abbreviation Full Name Definition
EI Elastic Index B AEE FHe AY
M.VI MicroscopicViscosity Index Alge] 358 A3 A Y

Al mA % GA FE

SLB Solid-Liquid Balance Zg5e A4
DLS Dymanic Light Scattering R SRS
TSI Tubi Scan Index :} ;39] WS Sse
Pl Poly display Index oAk 5
CLSM Confocal Laser Scanning Microscopy &% # o]l FAF &n 74
TEM Transmission Electron Microscopy T AAA v A
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Table 7. Capsulation in NMN Formulation

«CLE|EF, C2 EdlAdE, C3 UeF, C4 NLC, Co HF
Phase Raw Material INCI C1 Cc2 C3 C4 C5 Manufacturer Manufacture

S75-3 Hydrogenated Lecithin 1.00 2.00 - - - Lipoid Germany
EtOH Alcohol 20.00 5.00 - - - Kao Japan
LPC Lysolecithin - 0.50 - - - Lipoid Germany
MCT Caprylic/capric Trigyceride - 10.00 - - - H&A Pharmachem  Korea
NSV - - 6.00 - - Oh Sung Korea
Amphisol K Potassium Cetyl Phosphate - - 0.60 - - Amyris US.A

A Cutina CP Cetyl Palmitate - - - 2.00 - KCC Beauty Korea

Polycetyl-3 Methylglucose
Tegocare450 ) - - - 3.00 - Kwang 11 Korea
Distearate

Macadamia Nut Oil MacadamiaTernifolia Seed Oil - - - 5.00 - Jandekkar Hawaii & Australia
Monomuls 90-O-18  Glyceryl Oleate - - - - 61.00 BASF Germany
Ceramide NP Ceramide NP - - - - 0.50 CRODA UK
Phytosphingosine Phytosphingosine - - - - 0.50 CRODA UK
NMN Nicotinamaide Mononucleotide 0.50 BONTAC China
EDTA-2NA Disodium EDTA - 0.01 0.01 - - Nouryon Canada
SAP Sodium Ascorbly Phosphate - 0.03 0.20 3.00 - KLK Oleo Malaysia

B TW#20 Polysorbate20 - - - - - &A Pharmachem Korea
Pluracare F 127 NF
Prill Poloxamer 407 8.00 BASF Germany

i

Water Water up tp 100 Daihan Pharm

B-1 1,2-Hexanediol 1,2-Hexanediol 2.00 Chung Do Korea
Glycerin Glycerin 3.00 Oxea US.A

C 6CS Dimethicone - - 7.00 - - Daejungchem Korea
DC345 Cyclomethicone - - 5.00 - - Daihan Pharm Korea
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Table 8. Representative Ingredients and Structural Formula

Raw Material

INCI

S75-3

Hydrogenate Lecithin

LPC

Lysolecithin

Amphisol K

Potassium Cetyl Phosphate

Tegocare450

Polycetyl-3 Methylglucose Distearate
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Ceramide NP Ceramide NP

Phytosphingosine Phytosphingosine -

Pluracare F 127 NF Prill Poloxamer 407
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Table 9. Liquid Crysatal Emulsion in NMN Formulation

Phase Raw Material INCI F1 F2 Manufacturer Manufacture
VEGAROL 2280 Behenyl Alcohol 2.00 VVF Limited India
Lanett-O Cetearyl Alcohol 1.50 Kao Japan
Stearic Acid Stearic Acid 1.00 Emery Malaysia

A Macadamia nut oil - 6.00 Jandekkar Hawaii & Australia
CEH Cethyl Ethylhexanoate 4.00 Oh Sung Korea
Neo Squalane Squalane 4.00 Amyris US.A
6CS Dimethicone 0.50 KCC Beauty Korea
GMS 105 Glyceryl Stearate 0.50 Kwang 11 Korea
Phyto Care ggfe irg%er;iti:gc’l %Sf;g}lyrzer(};}lsi %%ﬂfﬁﬁ%ée@gggéeﬁ;éhol, 4.00 H&A Pharmachem  Korea

, Pissolyine NAZ-S Disodium EDTA 0.01 Nouryon Canada
Glycerin Glycerin 3.00 KLK Oleo Malaysia
Carbopol 940(2.5%) Carbomer 14.00 Lubrizol US.A
PGA BGH Polyglutamic Acid, ButyleneGlycol, 1,2-exanediol 3.00 H&A Pharmachem  Korea
Water Water up tp 100 Daihan Pharm Korea

B-1 1.2diol 1,2-Hexanediol 2.00 Chung Do Korea

1.3BG Butylene Glycol 3.00 Oxea US.A
c TEA Triethanolamine 0.40 Daejungchem Korea
Water Water 1.00 Daihan Pharm Korea
NMN - 0.025 BonTac China
D Water Water 2.00 2.00 Daihan Pharm Korea
NMN_Capsulation - 5.00 -
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Figure 21. Principle of Zeta Potential

118) https://www.malvernpanalytical.com/en/products/measurement-type/zeta—potential, 72 <:
2024.09.10.

119) Hunter, R. J. (1981). Zeta Potential in Colloid Science: Principles and Applications. A
cademic Press.

,49,
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120) Cano-Sarmiento, C. T. D. 1., et al. (2018). Zeta potential of food matrices. Food Eng
ineering Reviews, 10, pp. 113-138.

121) Ramaye, Y., Dabrio, M., Roebben, G., Kestens, V. (2021). Development and validation
of optical methods for zeta potential determination of silica and polystyrene particles
in aqueous suspensions. Materials, 14(2), p. 290.
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Table 10. Zeta Potential Value Measured122)

Zeta Potential (mV) Stability
0 to +10 Highly unstable - rapid coagulation/flocculation
+10 to 20 Limited stability
+ 20 to 30 Moderately stable
> £ 30 Highly stable

(3) M&E3te dL=4(EL M.VI SLB)=A

e 2% a2 =24 54 AT #AF e, of FelA
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122) https://www.malvernpanalytical.com/en/products/measurement-type/zeta—potential

123) Fang, J. Y., Fang, C. L., Hong, C. T., Chen, H. Y. (2006). The influence of liposome
structure and composition on the in vitro skin delivery of drugs. [International Jour
nal of Pharmaceutics, 311(1-2), pp. 11-18.
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methods for improving skin absorption and product spreadability by controlling rheol
_ 52 _

ogical properties. Journal of Cosmetic Science, 63(3), pp. 123-134.
125) Kim, J. H,, Kim, J. S., Lee, H. G. (2010). Rheological behavior and stability of O/W

emulsions containing various oils. Journal of Industrial and Engineering Chemistry,

124) Ahn, S. K, Lee, D. H, Kim, J. W., Hwang, S. Y. (2012). Cosmetic formulation and
16(3), pp. 333-338.




EXPERIMENT SETUP
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Figure 23. Image and Measuring Mechanism of Rheolaster
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Figure 24. Principle of Rheology Measurement and SLB
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126) https://www.microtrac.com/products/static-multiple-light-scattering/ 742 <: 2024 .06.12

127) Miyaji, K., Maruyama, H., Kuwano, Y., Katakura, Y., Inoue, H., Azuma, N. (2020). D
evelopment of a rapid and accurate prediction model for whey separation in pasteuri
zed drinking yogurt caused by long-term ambient storage. Food Science and Techn
ology Research, 26(6), pp. 863-873.
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Figure 27. Calculation Process Formula of TSI Stability
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Table 11. Range of Turbiscan Stability Index

Turbiscan Stability Index 3 E
0<TSI<05 No Significant Variation
0.5<TSI<1 Early Stage destabilization

1<TSI<3 Destabilization phenomena
3<TSI<10 Important destabilization
10 o] High destabilization
(b)) 95+

A& AdS A3t Y8l <Figure 28>°l A A%+ Franz Diffusion
Cell System(FDC-6T System, Logan Instruments, USA)S AF-&3Fit). A ¢]
&% bmlelH, %2 15mm= Ao Hol v 2=x4do] Jhesirt. A
S Zde 7% F, AT FE Ao &Y H A t=As ZAsto] oL
ato] s A AT o]
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Table 12. HPLC Condition for NMN Capsulation and NMN Liquid Crystal
Emulsion Analysis

Column LUNA 5u C18(2) 250 x 4.60mm, 5 um

Mobile phase 0.05M Potassium Phosphate

Flow Late 1.0mL/min

Injection Volume 20l

Detector Ultraviolet absorbance photometer, 260nm

Ay &4 A4dS Ay F$ OECD Guideline 4281283} =Fuj o] 2 3% <] of

*Fd(2009)e] A o M F-FFAY rro]l=pQl2e wEn, v Az}

%
5 (Skin Preparation)®+= <Figure 29>¢} #Zo] T& AA o] F&E AL
|

= AF9H PB-M(Longan Instruments, USA)S &3t PB-M2

128) OECD Guidelie for the testing of chemicals. (2004). No. 428: Skin absorption: in vitro method.

129) 2 F o] oFE b A, (2009). A A 9 HFEFFAIE 7fol =gkl

130) F IR AFol el 2 Products Catalogue. (2023). () f AR Aol 2~ p. 55.

131) €51, 273, wregdol, 8. (2021). Op cit.

132) Park, J., Ngo, H. V., Jin, H. E.,, Lee, K. W., Lee, B. J. (2022). Hydroxyl group-targe
ted conjugate and its self-assembled nanoparticle of peptide drug: Effect of degree o
f saturation of fatty acids and modification of physicochemical properties. Internation
al Journal of Nanomedicine, 18, pp. 2243-2260.
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133) ol =4, (2017). FHAAAv G o] A3 A3 A, Ceramist, 20(2), pp. 74-85.
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ns for drug delivery applications: a special focus toward cancer therapeutics. Journal
of Nanoparticle Research, 26(6), p. 116.
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Figure 45. Analysis of Transdermal Absorption Among NMN Capsules
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175) Opatha, S. A. T., Titapiwatanakun, V., Chutoprapat, R. (2020). Op. cit.
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182) Angelov, B., Angelova, A., Drechsler, M., Garamus, V. M., Mutafchieva, R., Lesieur,
S. (2015). Identification of large channels in cationic PEGylated cubosome nanoparticl
es by synchrotron radiation SAXS and Cryo-TEM imaging. Soff Matter, 11(18), pp.
3686-3692.

,90,



Liposme Transfersome

Niosme NLC

= "
o S

Cubosome

Figure 46. TEM Images of Capsules

6) NMN &2 CLSM +4

CLSMS =& 714 oA Aol AdsE= NLCY x5 #Fs3e
n 7 A= <Figure 47>3 %t} PBSo] 343 Nile redwhs =43k
Ao 2 <Figure 47> o} F A= H3|# ¢kdr}. Wvbd NMNS ¥

Aol He Ao

rlo

ge NLCE PBS 3]4& Nile red® 448 3 R
A EALL, 7hH 2 FEo] @ E T Rumin et al.(2015)¢] W=

A o2 Nile red2 A A5 Ae I AAHdgres S Aol



PBS + Nile red NLC x20 NLC x40

Figure 47. CLSM Images of NMN NLC and PBS

183) Rumin, J., et al. (2015). The use of fluorescent Nile red and BODIPY for lipid measu
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Figure 48. Optical Microscopy Analysis of Liquid Crystal Emulsion
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Figure 49. Polarized Light Microscopy Analysis of Liquid Crystal Emulsion
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1
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Figure 56. Analysis of The TSI of NMN Liquid Crystal Emulsion
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6) NMN HAoH o] oA #gAd

oA AgAFoz Ak NMN AAodHd7 NLC NMN o Ao d e 7

A HEAFE Sl ARt NMN 4o d a3 NLC NMN o A of & 4 ¢
R Fi FFS SASAY. 54 A= <Table 14>9 2t}
wake] 27 F 457 Fo JIHES I
AR NMN Aol del A4 A8 Art 25 F&= 2512%, 45 Foll&=
5

37.66%° HAAES HIlIL AX = fFo7h 2ol (p<0.05)& e

o] ¢} Hludte] NLC NMN A AoHA L A& Artt 25 T 32.70%, 45
Tol= 49.17%9 MAES BRYow FTAFoRZE ot o] (p<0.05)E
ettt ol9f e AE E3 NLC NMN dAgH o] du NMN H

FolEAng S5 e Fa@ 5 A

Table 14. Cornemeter Value

= . e o p-value p-value

T Hi + ¥-AA} RS-~ (22 ) (22 71)
1% AE A 39.67 £ 11.60° -
wo ME2T T 5093412627 3270% <0.001"
T N" 4T F 5693413280 49.17% )
oz g A 39.57 + 12.11° - 0-348
B ; NE 2F ¥ 47.95+13.54°  2512% <0.001"
U ANE4F F 5220412950 37.66%

a, b: Z1F UelA A8 T ¢ HHES FAFLE F93t (p<0.05)2k0]E 7H. By Bonfrironi test.
1) By Repeated measures ANOVA. 4 AlFS 29loz 14
2) By Repeated measures ANOVA. Al& AMS- 7]3te] & 1% 7F 2po] vl
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w=7F F5 AFE 49T 54 A= <Table 15>7 Zt.
wake] 27 T 4F Fo] &S FAsh
Adt NMN 4ol dde] A9 AlE #dHT 25 T+ 262%, 47 Fo&
470%° MAES BHAa, TAHOEE Fodt Ao (p<0.05)E HEFHT
ol¢} H]ade] NLC NMN A HHdL ALE ARt 25 T+ 578%, 45
Foll = 9.12%9] MAES Bon TAALEZE Fo3 2ol (p<0.05)E |
EbWich ol9} & A}E E3 NLC NMN A Aoddo] dut NMN oA

Table 15. Indentation Index, Wrinkles

" . e o p-value p-value

T Ay + EFHA A& (23 ) (25 7h)
o g A 9.106 & 1.067° -
el AF 2F F 8587 + 1.109 5.78% <0.001"

AE 45 F 8261 +0.984°  9.12% 0123
0z Al A 9.053 & 1.642° - )
ny A9 25 ¥ 8796 + 1.528" 2.62% 0.002"

ANE 457 5 8597 + 1.524° 4.70%

S =
1) By Repeated measures ANOVA. &4 AJH& golog 1A
2) By Repeated measures ANOVA. A& ARE 7|3bol] wE 15 b o] H|aL
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ABSTRACT

A Study on the Stabilization and Transdermal

Delivery of NMN Using Encapsulation

Young-Ju Kim
Department of Beauty Industry
Graduate School of

Sungshin University

The cosmetics industry, with the advancement of science and
technology, has continued to develop in various directions, including
cosmetic formulations and skin penetration and, based on which, products
with various functions, efficacy, and effects are being released. Among
these, functional cosmetics, unlike the general cosmetics that focus on
safety, emphasize functions such as whitening and wrinkle improvement,
meaning that excellent efficacy and effective raw materials are very
important.

Nicotinamide Mononucleotide (NMN), an intermediate of Nicotinamide
Adenine Dinucleotide (NAD+) synthesis (NR-NMN-NAD+) and an
important factor in human aging and health, is known as one of the
representative raw materials for function and efficacy. NMN is a natural

compound mainly extracted from food and acts as a precursor of NAD+,



which is involved in cellular energy production and various enzymatic
reactions. Though NMN, which 1s mainly used as a nutritional
supplement and food additive, is also receiving attention as a functional
cosmetic raw material, its activity and skin permeation are affected by
various conditions such as light, temperature, and water. NMN tends to
decompose due to exposure to light and heat, and causes problems
related to potency maintenance over time, which makes formulation
difficult. In addition, even cosmetics containing NMN ingredients
currently on the market have hardly undergone tests related to skin
permeation.

The process of delivering the active ingredient to the skin is as
important as the raw material. The purpose of this study was,
accordingly, to measure the stability of various encapsulated NMN
components and to investigate transdermal permation and skin
permeation by applying an encapsulated formulation with excellent
stability to the skin through liquid crystal emulsification.

First, five types of capsules (liposome, transfersome, niosome,
Nanostructure Lipid Carrier (NLC), and cubosome) containing NMN were
manufactured and their stability was analyzed. The results showed that
transfersome, niosome, and NLC were stable with a Plastic Index (PI)
value of 0.1 and monodispersity in particle size analysis and a zeta
potential of #30 mV or higher. In the rheology measurement to analyze
viscoelasticity, the Elastic Index (EI) and Macriscopic Viscosity Index
(MVI) were in the order of cubosome > liposome > niosome >

transfersome > NLC, and the Solid Liquid Balance (SLB) was less than



0.5 for all five NMN capsules, indicating a solid-like system. In the
stability analysis under harsh conditions measured using Turbiscan,
transfersome and NLC were stable with a Turbiscan Stability Index
(TSD of 0.5 or less.

Second, the results of the transdermal permeation analysis showed that
the transdermal permeation level absorption was 1in the order of
transfersome > NLC > liposome > niosome > cubosome, indicating that
transfersome and NLC were superior.

Third, Transmission Electron Microscopy (TEM) images and Confocal
Laser Scanning Microscopy (CLSM) images were measured to
investigate capsule formation, and all five capsules showed excellent
capsule formation, and CLSM image measurements showed that NLC
contained NMN.

Fourth, the general physical properties of the general NMN liquid
crystal emulsion and the NLC NMN liquid crystal emulsion were
compared. The pH was similar (7.1 and 7.2), and the particle size
confirmed visually through an optical microscope was uniform in both
types. In addition, polarizing microscopy analysis showed a Maltese
Cross in both types.

Fifth, the stability of general NMN liquid crystal emulsion and NLC
liquid crystal emulsion was compared. General NMN liquid crystal
emulsion showed polydispersity with PI value of 0.3-0.4, and NLC NMN
liquid crystal emulsion was almost monodisperse with PI value of late
0.1. Zeta potential showed more than *30mV in both types, indicating

high stability. In the rheology analysis, EI and MVI showed that general



NMN liquid crystal emulsion > NLC NMN liquid crystal emulsion. SLB
was below 0.5 in both types, indicating solid-like system. In addition,
NLC NMN liquid crystal emulsion (TSI=0.5) was found to maintain a
more stable state than general NMN liquid crystal emulsion (TSI=0.8).

Sixth, the results related to transdermal permeation showed that NLC
NMN liquid crystal emulsion stably delivers more active ingredients
transdermally than general NMN liquid crystal emulsion.

Seventh, two types of liquid crystal emulsions were applied to the
human body. The improvement rates of skin moisture content after two
and four weeks were 32.70% and 49.17% for NLC NMN liquid crystal
emulsion and 25.12% and 37.66% for general NMN liquid crystal
emulsion. The wrinkle index around the eyes after two and four weeks
were 5.78% and 9.12% for NLC NMN liquid crystal emulsion and 2.62%
and 4.70% for general NMN liquid crystal emulsion, indicating better
efficacy of NLC NMN liquid crystal emulsion than general NMN liquid
crystal emulsion.

The results of this study showed that single-state NMN, which has
the disadvantage of being subject to change due to external physical and
chemical influences and of not being able to properly deliver active
ingredients through transdermal permeation, can be continuously and
stably delivered to the transdermis through stable encapsulation, and this

1s expected to be utilized in the cosmetics industry as well.
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