creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

.5

iy
=

+

W B

7
o %
N =

o KO

CIY
MR o
B Th
™ X
H
5 o

LTIPN S PN

b 5 Ft

N

2R

20204



Ux 259 93] Hest 2
H Q¥ A& <t &3 A+

o] M= HE fAHE, s o= RS
20194 12J]

Pl o] HE LB Sl ARUES

whHE AR @]
% B @
% = @

PPN PN

20194 124



Study on the Stability of Biotin Encapsulated
by Nano Liposome

Seong Jun Yang
(Supervised by Professor Kyung-Sup Yoon)

A thesis submitted in partial fulfillment of the
requirement for the degree of Master of Science

2019. 12.

This thesis has been examined and approved.

DEPARTMENT OF CHEMISTRY
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



LASE OF TaDIES <-eseeeseeeeseeeseeesserssnemsnessseassemssessseesessse s sssesess s sssessesessessssesseesesssessaeseens i
LSt OF TFIGUIES wrereeeeeessssssssssssssssssssssessesessssessssssssssessssssss v
IADSEIACE -++eeeseeeserserseemsneasesssesseesesasesssesssessse s se s se et vi
[ AJEL oreereesssssee s 1
I, ADE T HFH i 10
L QIE T 7] 7] cereeeressseeessssies s 10
D B TE T H| T crreserersssesessss s 11
91, B EZE A Z G H]ALE] oo 11
911, B EZE A Z A H]ALE] oo 11
2-1-2, TARE 2AL FYSr] AT e GTE AR AHAG e 12
2-9 M OBl Upie ] IEE AT wovveremmressssssmssssssssssssssssssssss s 13
2-3. A A7} H QB Ui @] E A e 15
3. B]IEE QFAA] T T} correerrervssensesssssssss s 16
Gl CIEH] TP T T] cooeenmneeeeneesssinnsssee s 16
S0, PHL 2578 s 16
323, Q1A 7] B AEFA L] ZA oo 16
34, H] L EIQ] FFBE ATt 19
4. Dialysis Membrane Method « s 20
4-1. vl ¥l Y 2 EF9 e sh&(capsulating efficiency) S5 e 21
5. In vitro 3% &2> 28 (Franz diffusion cell method) = ssresssssrresssssnnss 29
5-1. B 98 U 8] EE0] 15328 (skin permeation) S s 99
6. H] QB Ubie @] EEO] B AFTFEF orvrerrrerssssonssssssssinssssssssss s 24

7. %—74]%@. ........................................................................................................................ 24



25
25
25
28
28
28
29
29
37

)

1-2. ?:]];(]_5'_7‘[(particle SiZG) xg,l Z%]E]rxj—‘?%(zeta potential) 7%31]_

1-2-1. b= ¥

%UH}S.;%] /\%’161'_:]1 7'E_ﬂlj"]'(inDOsorne #1) Ceeesseeentttttetntetttetntttniranans

<7 =
A}
AL S5

A 28] ATH(LIPOSOmE #2) wwereeresesseesssssmsssissssisinnnes

éﬂ(Liposome #3)

1-2-3. H]

& Az 23 A (Liposome #4)

z

Sod Y= g

A Q7w

o)
=

1-2-4.

ﬂ%(capsulating efficiency)ﬁ] /1\_]_

A

o

fvze)

s

2-1. ]2 ¥l HPLC

38
39
39
39
42

2-3-1. Liposome #3-3 7}

2-3-2. Liposome #3-4 %}

%%?‘%(Skin permeation) ﬁejr,]_

o]

N
B

A

e
o

43

0
)
~

O

Mn
2n

s
T

=K

or

o

3

o
oR

el



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table
Table

List of Tables

1. Formula for Nano Liposome Preparation with Different Oil Phase

CompOSitiOH ....................................................................................................... 11

B

Formula for Nano Liposome Preparation with Different Nanodisperser
CONAILIONS w++esererreresressesesmssssessssessssssessssssss s ss s s ssss s ssessneenes 12
3. Formula for Biotin Encapsulated in Nano Liposome -««eeseeemeeseeeees 13
4. Formula for Biotin Encapsulated in Nano Liposome Add Arginine - 15

5. Results of Nano Liposome pH Measurement and Sensory Evaluation

6. After 1 Day, Preliminary Experimental Nano Liposome Particle Size
and Zeta Potential Analysis ReSUltS .......................................................... 30
7. After 1 Day, Biotin Capsulated Nano Liposome Particle Size and
Zeta POtential An8.1YSiS ReSultS .................................................................. 30
8. After 7 Days, Preliminary Experimental Nano Liposome Particle Size
and Zeta Potential Analysis ReSultS .......................................................... 31
9. After 7 Days, Biotin Encapsulated in Nano Liposome Particle Size
and Zeta Potential Analysis ReSUltS .......................................................... 31
10. After 14 Days, Preliminary Experimental Nano Liposome Particle
Size and Zeta Potential AnaIYSiS ReSUltS ................................................ 32
11. After 14 Days, Biotin Encapsulated in Nano Liposome Particle Size
and Zeta Potential Analysis RESUILS « - wwssreerssreemssrrmemsnsssemisciniina 39
12. After 30 Days, Preliminary Experimental Nano Liposome Particle
Size and Zeta Potential AnalySiS ReSUltS ................................................ 33
13. After 30 Days, Biotin Encapsulated in Nano Liposome Particle Size
and Zeta Potential Analysis RESUILS « s reersserremssesmmmseseeminciniinn 33
14. Results of Biotin in Water Dispersion HPLC Analysis -««eeeeeeeeeeess 37
15. Results of Dialysis Membrane Method Capsulating Efficiency - 40
16. Results of Contents and Diffusion Rate of Liposome #4-4 «eeeeeeees 41



Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

List of Figures

1. Pathways Of blOtln Catabohsm. .................................................................... 2
2. Structure Of blotln (Vltamln H) .................................................................. 3
3. Schematic drawing of liposome structure and lipophilic or
hydrOphth dmg entrapment mOdelS. .......................................................... 5
4. Liposome classification based on size and lamellarity. «---oeeeeeeeeeeeeees 7
5‘ Schematic diagram Of nanOdiSperser. ......................................................... 8
6. BlOtll'l nano hposome preparation methOd. .............................................. 14
7. DLS analysis prinCiDle. ................................................................................. 17
8. Zeta potential analysis principle. ................................................................ 18
9. BlOtln HPLC EIHEIIYSiS COI’IditiOHS. .............................................................. 19
10. DMM (dialysis membrane method) principle. s«-«-sssemeeeeememeeieenennen 20
11 FranZ difoSiOH Cell methOd preparation. ............................................... 18
12. Sensory evaluation of nano liposome after 1 day, 7 days, 14 days
and 30 days at room temperature. ............................................................ 2’7
13. Results of preliminary experimental nano liposome Particle size
Change trend Wlth over tlme ..................................................................... 34
14. Results of biotin encapsulated in nano liposome Particle size
Change trend Wlth over tlme ..................................................................... 34
15. Results of preliminary experimental nano liposome PDI change
trend Wlth over tlme .................................................................................... 35
16. Results of biotin encapsulated in nano liposome PDI change trend
Wlth over tlme ............................................................................................... 35
17. Results of preliminary experimental nano liposome zeta potential
Chal’lge trend Wlth over tlme ..................................................................... 36
18. Results of biotin encapsulated in nano liposome zeta potential
Change trend Wlth over tlme ..................................................................... 36
19 BlOtln HPLC Cahbration CUTVE, “rreererersemssnmsstnsstnsstententtttttettattetteeteeeeees 38

_iv_



Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.

Biotin add arginine HPLC calibration curve, =:sessseeessseesesneeeenneee. 38

Liposome #4-3 membrane outer HPLC results. -oreereeeermereeeeenens 40
Liposome #4-3 membrane inner HPLC results. «ereeeemeemeesencenees 41
Liposome #4-4 membrane outer HPLC results. -oreeemeeereeremeneene. 41
Liposome #4-4 membrane outer HPLC results.. sooseeeereeeeeeeemnnneeene. 4]

Cryo-TEM pictures of A,B (Liposome #4-3) and C,D (Liposome



Abstract

Study on the Stability of Biotin Encapsulated
by Nano Liposome

Seong Jun Yang
Department of Chemistry, Graduate School

Jeju National University, Korea

Supervised by Professor Kyung-Sup Yoon

In this study, Biotin encapulated in nano liposome was prepared for the
purpose of stabilized nanoliposome and solubility enhancement of low water
soluble biotin. The particle size, zeta potential and PDI were confirmed with a
nano zetasizer. And also, DMM (dialysis membrane method) was used to
measure the capsulating efficiency of biotin encapsulated in nano liposome,
and the capsulating efficiency was quantified by HPLC system. In this
experiment, we confirmed that the stability of biotin encapsulated nano
liposome has a large effected by pH. In order to further confirm the stability
of biotin to pH, a biotin diluent and a biotin diluted with 10% aqueous
solution of L-arginine were determined by HPLC according to concentration,
respectively. The shape of the nano liposome and biotin solubility in nano
liposome was observed by Cryo-TEM. In addition, the skin permeation rate
of the biotin encapsulated in nano liposome as a DDS (drug delivery system)
was evaluated by Franz diffusion cell method and quantified by HPLC

system.
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Through this study, we confirmed that biotin, which is introduced as closely
related to hair health, can be incorporated into nano liposome, which is a
drug delivery system, to make biotin drug carriers that compensate for low

solubility and precipitation problems.
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Dietary Biotin

Bound Free
Biotinidase \‘ /
Biotin
Inactive
Lysine or
Lysyl-peptides
Biotin
Biotinidase Cycle
Holocarboxylase
Biocytine Synthetase
Proteolytic \ Active
Degradation Holocarboxylase
Proteins Lipids Carbohydratres

Amino acid catabolism Fatty acid synthesis  Gluconeogenesis

Figure 1. Pathways of biotin catabolism.
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Figure 4. Liposome classification based on size and lamellarity.
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0I. Alsg 2 =
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ine)

L 95 2 717

BoAFo A g EF AXRE 93519 lecithin (Lipoid S 75-3, Lipoid, Germany)
7} choleseterol (Cholesterol JP, Nippon Fine Chemical Co. LTD, Japan)S A&
st o, pHE ZA3%7] ¢18|A arginine (L-arginine, Ajinomoto, Japan)< A}
£33t vl butylene glycol (1,3-BG, Daicel, Japan)®} Qukxo =z 3}3=
o 5] A}83}=  ethanol (Ethyl alcohol 95%, Daejung, Korea)S AM&3F3 o,
B2 33 SFTE AFESte] 2SS sttt v 2 'l (Biotin, Sigma-Aldrich,
USA)S % 99%°]/< HPLCw o= A&3stda vlowl 3k 45 98
HPLC& v & A}&3F methanol, water, acetonitrile ¥ sodium hexanesulfonate:=

Sigma-Aldrich (MO, USA) Al %% ®5 HPLC &< AH&3H3d

U fI¥ES Axs7] 993t 29 A(T.K. auto homomixer markIl 2.5,
Tokushukika, Japan)9} 3L$H-3}7](nanodisperser, NLM1000, Ilshin autoclave,
Korea)& AF&3t 3, pH 42 93] pH meter (Orion star Alll, Thermo
scientific, USA)E Ab&et o, =7 3 A9l SAS el At
o] #(Nano ZS System, Malven Instrument Ltd, UK)E A}&3}Sich g £5W
dAAE Aestes 2 TS AFet=dl HPLC (Agilent 1100, Agilent

Technologies, USA)S A}-& 3} t}.
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2. 9 EF A%

2-1. g EF Ax udE

2-1-1. &vjxx g3Hs 9% v gEF Ax duidd

o

Uy fEFS AFsH7] 98Fe]  lecithing ¥3$Fsli= cholesterol, butylene

glycol ¥ ethanol (ethyl alcohol 95%)% A% += 7+ (oil phase)® AH(water

I

phase)S 77t 70.0~80.0 T= 7FZste] &3iAzl & T4 F4& 91 =

L
MAE ALEte] 3000 rpme HEE 10 minE FIAAA AEEL Az
:

=1 X
IES AxSAY. Y gEFY FAPAARE FRlet7] 9ste] Table 1.0 wet
L HEE 72 AXRAES AYsian o] A¥E2 vUx gEF AR Al #
Aol A ethanol®} butylene glycol 5 ©]= &uj¢} dteko] ] Fyldkx F<¢lst7]

A8l AA"E Aol

Table 1. Formula for Nano liposome Preparation with Different Oil Phase Composition

Ingredients (ﬁvltyb <fN1t<y§> (ﬁvlt% (ﬁvlt;i)
Lecithin 2.5 2.5 2.5 25
0il Cholesterol 0.5 05 0.5 05
phase Butylene glycol 20.0 30.0 - -
Ethanol - - 10.0 15.0
Water Water Total 100  Total 100  Total 100  Total 100

phase Preservative 0.3 0.3 0.3 0.3

_1‘]_



Table. 20 w2} 4% F2(oil phase)¥ </ (water phase)S 27z 70.0~80.0

T 7psto] &zl 5 7ol

2 A 2437 (nanodisperse) & A g]dte] U B EFS A X3

f vhe BEEo] ds BYWAE Adstel AHe x12 FYsud &

Table 2. Formula for Nano Liposome Preparation with Different Nanodisperser Conditions

- #2-1 #2-2 #2-3 #2-4 #2-5 #2-6
Ingredients  (wi%) (wi%) (wt%) (wi%) (wt%) (wt%)

oi Lecithin 2.5 25 25 25 25 25
shase _Cholesterol 05 05 05 05 05 05
Ethanol 15.0 15.0 15.0 15.0 15.0 15.0

Total Total Total Total Total Total

V‘;latef Water 100 100 100 100 100 100
PRase =p eservative 03 03 03 03 0.3 0.3

Nanodisperser condition 2301 3009 5001 5002  700/1  700/2

(pressure bar / pass count)

_12_



H o8l Yx FHIXEES Axs7] Yt lecithing ¥33F= cholesterol,
butylene glycol % ethanol® JFAEH+= FA47 vlewls ¥ =4S zZH7

70.0~80.0 CZE 7}23le] &4A3] &3A17] T 4o §AS AAE] 2718}

R ol

295 2S5 3000 rpme] EEE 10 mins <t F3AA B EEFS A XS
Atk AR AestES FEAI7] A ol EE Axd

bar, 23]¢] %72 & nanodisperser® I3t st Yy fEFS A ZF
AtH(Figure 6). P L¥ S 3 Ue HEF FAHAFE &lst7] 918 Table

30l W AxLHL ARl

>

Table 3. Formula for Biotin Encapsulated in Nano Liposome

Ingredients (ﬁvgtyb (igt‘yi) (ﬁ?ty%) <§$t<;i)

Lecithin 2.5 2.5 2.5 2.5

0il Cholesterol 0.5 0.5 0.5 0.5
phase Butylene glycol 20.0 30.0 - -
Ethanol - - 10.0 15.0

Water Total 100  Total 100  Total 100  Total 100

‘Qﬁgg Biotin 0.1 0.1 0.1 0.1

Preservative 0.3 0.3 0.3 0.3
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Heating to 70~80 °C '

| Heating to 70~80 °C

Qil Phase
Lecithin,
Cholesterol,
1,3-BG,
Ethanol

Mixing Water Phase
Homo: 2,000 rpm Water
Time: 5 min Bl'otir:

Temp 70~80 °C Preservative

Mixing And Cooling
Temp.: 45 *C

Condition: 700 bar, 2 pass
Temp 45 °C

, —_ S

[ngh Pressure Homogenizing

[ Conlmg and Finish

Figure 6. Biotin nano liposome preparation method.
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2-3. A HIF v " yx gEF: Ax

7€ vl Uk AEFA HEC] AEHE FAE BResy] fd pHE
S7HAZ v " v 2RSS Ax gt o]E flste] oldd Fd
AW 0.06%E 2T F4S 717 70.0~80.0 CT= 7h=3te] s &A1z
ool S AAE Hrbelt EREAE AREste] 3,000 rpme] £EE 10
min ¢ FIAA HEFE AXSIAT. AxE ZESES 700 bar, 23]
nanodisperser® 11953 A8 ste] U 2 EZELS A 25 GHTable 4). o] d A

dollA butylene glycols #F73olM el Sz Abgstle w Rledel 3t &3

ot
Ho
oz
=

T7F 9ojA o] AFAM = F4A butylene glycolE A 9] 3%k ethanol?S 7}

Ao e Ay

Table 4. Formula for Biotin Encapsulated in Nano Liposome Add Arginine

. #4-1 #4-2 #4- -
Ingredients (Wt2%) (Wt%) & (o
. Lecithin 2.5 2.5 2.5 2.5
Ol Cholesterol 05 05 05 05
phase
Ethanol 15.0 15.0 15.0 15.0
Water Total 100  Total 100  Total 100  Total 100
Water Biotin - - 0.1 0.1
phase L-arginine - 0.06 - 0.06
Preservative 0.3 0.3 0.3 0.3
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Figure 7. DLS analysis principle.
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H| 9 Ele] &3S HPLC A|2Elo =z BEAsle] A4bslelth. HPLC system-<
AgilentA} 2EH& ALgste] S-S sttt AH2> Agilent ¢18 150%4.6 mm
S AMgstd e, A&7 UVAE71(200 nm)E AFE3tel 4 1.0 mL/min=
3t QLEZE= 400 TolA, o]5AC 2+ acetonitrile/water(0.02% phosphoric
LA AT EE AlEE Oed 2

o]
o zhom AojFol BAL WASPon LA WE 33 W S5

ot

TS AR v o8l X% 2 Al$¥ 2 methanol(0.05% phosphoric acid)

Parameters Conditions
Injection 100 pL
- i ! Columm C-18 (250*1.6 nm, i.d. 5 pm)

Flow rate 1.0 mL/min

X — (o .
5 — u] — Oven Temperature 40°C
. . 3
- 3 ‘; -_—
\ ) \ﬂ Wavelength 200nm
b Mobile phase 0.01M potassium phosphate, pH 3.0 : methanol

(80 : 20)
Agilent 1200 series(Agilent Technology Inc., USA) Detector uv

Figure 9. Biotin HPLC analysis condition.
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4. Dialysis Membrane Method

171

3 DMM (dialysis membrane method)& %3] &3ttt DMM< 2] X% &9

e/

ol

Az W Y g EFo 3k &3} & (capsulating efficiency)S =4

(1.0 mL)9] ¥3 %<& 300 Da A= 349l membrane dialysis bag (Spectra /
Por Dialysis membrane Bio Tech CE; Spectrum Laboratories, New Zealand)®ll
Fole § 2HoE 4ds ¥WE AAFT o]F Y& membrane bags 1X
PBS buffer (pH 7.4) 200 mLe] FEwA7F &30 Blej7A ol JAAZ T 1] o] 7]

ololl magnetic bargE Y- tha 27.0 T2 ZZA 220 rpme 2 HEA|A Foh

—

5 h % membrane bagS F33F outer &3}, F3314] %3t inner 945 Z2+7

BEH st #nsit) zZtzte] £H4ES 045 pm syringe filter (Biomed Scientific,
USA)Z o3} AAF 3 HPLC systemolA] AZntEad9E 3 st =4

B4 2713 BAs sl AWkt

< Hed

et
<l

membrane outer

membrane inner

Figure 10. DMM (dialysis membrane method) principle.
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Hewl gy Hed Yx gxFe veE s Add b

T+ HMAZ dialysis membrane bag = F¥3stA| X3t Almo|A e v oH® gFy)

Hled v gxgo ved odFs dd Hluste] 3 tH(Equation 2). °l=

G

2 % 100 (%) ............................................................................................... (Equation 1)
G

G .

—2 %100 (%) ............................................................................................... (Equatlon 2)
G

C; = amount of biotin in origin liposome (%)

C, = amount of biotin in membrane outer liposome (26)

C3 = amount of biotin in membrane inner liposome (%)
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5. In vitro ¥%&4 A ¥ (Franz diffusion cell method)

of HeEl Yk FHEF 5 mLE A F AEFo Y= == donorst

receptor phaseAlolell membranes I AHA T Ado] MdPH = &9 25

f

2 olg3 5= 370410 T2 X389t 72 AZES 04 mLA donorE =
sto] T FE wwd 7ksk & Ao wEl ufs] 05 mLe receptor phaseE
sampling portE Estel AHFstAT. AFH AF
receptor chamber®o] H.ZF3}AtHFigure 11). AF 3 Alg & H|QEIS] U4
HPLCE ©o]&3ted ZAstqrh 8 h & Zd33 JFo ol ede] ¢
ZA3t7] 918l membranes PBS®E 33 AA A5tk AlA $ receptor

phase®} B# & FiESs et g2 FiEel dis] 7F9E ol &3 AEEA

oft

2]  receptor phase®

3 A3 membranes 10 mL2| ethanols ¥ i 1 hs<¢t 233 AF7]E o] &
stol % A2 skl membraneo] HolSl= WMWY F& wE FASAC. 7
Ao F2 2 HPLCE o]&35to] =43t
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Donor Phase

0.4 mL) l

Donor
Chamber

Strat-M
membrane

Sampling
(0.4 mL)

L Sampling Port

Receptor Chamber

7

Water Jacket
Circulation
(32.0£1.0°C)

Stirring bar

Figure 11. Franz diffusion cell method preparation.
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FAE yx gExFe J #HES WA UE TR A (Transmission
Electron Microscope, Tecnai F20 G2, FEI Company, USA)S Al-&3le] =A s}
Ak A5 HAEE cryo system= o]ttt WA, A5 FTAL jet
freezing device (JFD 030, BALTEC, Pfaffikon ZH, Switzerland)S ©]-&3}<
2,100 bar o]e] gt AEjolA <43t HA WulE o] &ste] 5% FAAIZIHL
olgA A 1A Wy o EEAoE uA4d" AHY ANsES
freeze—fracture/etching system (MED 020 GBE, BALTEC, Pfaffikon ZH,
Switzerland)& ©]-&3to] AdS Zebd F -90.0 CTolA E<(Etching) 1711

SEZE -1200 TS fFA8HAA TEMA dAS BZekedeh

7zt 23 =9 AyEL SAS (Statistics Analytical System, USA) T =213
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Table 5. Results of Nano Liposome pH Measurement and Sensory Evaluation

Sensory evaluation
(after 7 days)

pH

Temp. (C)

Sample

clear

6.06+0.16

25.0

clear
discoloration

4.0
45.0

Liposome #1-1

clear

6.41+0.15

25.0

clear
discoloration

4.0
45.0

Liposome #1-2
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25.0 6.32£0.18 clear
Liposome #1-3 4.0 - clear
45.0 - discoloration
25.0 6.82+0.14 clear
Liposome #1-4 4.0 - clear
45.0 - discoloration
25.0 6.41£0.12 clear
Liposome #2-1 4.0 - clear
45.0 - discoloration
25.0 6.24+0.11 clear
Liposome #2-2 4.0 - clear
45.0 - discoloration
25.0 6.12+0.13 clear
Liposome #2-3 4.0 - clear
45.0 - discoloration
25.0 6.12+0.15 clear
Liposome #2-4 4.0 - clear
45.0 - discoloration
25.0 6.18+0.14 clear
Liposome #2-5 4.0 - clear
45.0 - discoloration
25.0 6.21+0.18 clear
Liposome #2-6 4.0 - clear
45.0 - discoloration
25.0 4.48%0.12 deposition
Liposome #3-1 40 - deposition
45.0 - deposition
25.0 4.77£0.18 deposition
Liposome #3-2 4.0 - deposition
45.0 - deposition
25.0 4.62£0.20 deposition
Liposome #3-3 40 - deposition
45.0 - deposition
25.0 4.88+0.24 deposition
Liposome #3-4 4.0 - deposition
45.0 - deposition
25.0 7.12+0.36 clear
Liposome #4-1 4.0 - clear
45.0 - discoloration
25.0 9.17£0.18 clear
Liposome #4-2 4.0 - clear
45.0 - clear
25.0 4.88+0.21 clear
Liposome #4-3 4.0 - deposition
45.0 - discoloration
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25.0 5.62+0.12 clear
Liposome #4-4 4.0 - clear
45.0 - clear

After
1 Day
#2.1 #22 #23 #24 #25 #26
Aﬁer —rre ] = o e ==
7 Days
#2.4 #25 #26
After = AN . e,
14 Days
After
30 Days
Figure 12.

Sensory evaluation of nano liposome after 1 day, 7 days, 14 days
and 30 days at room temperature.
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Table 6. After 1 Day, Preliminary Experimental Nano Liposome Particle Size and

Zeta Potential Analysis Results

Sample Temp. Particle Size PDI p o%ee}l?ial
T d.nm mV

Liposome #1-1 25.0 194.0+£12.80 0.461+0.088 -57.8+0.3
Liposome #1-2 25.0 223.8+9.42 0.517+0.024 -78.0+7.1
Liposome #1-3 25.0 396.0+11.25 0.454+0.066 -27.0+1.1
Liposome #1-4 25.0 409.9+14.82 0.580+0.013 -22.8+1.8
Liposome #2-1 25.0 211.12+13.32 0.415+0.017 -81.3+0.8
Liposome #2-2 25.0 163.17£8.51 0.432+0.031 -63.6+4.9
Liposome #2-3 25.0 152.97+12.34 0.460+0.044 -71.3+1.3
Liposome #2-4 25.0 120.89+13.21 0.423+0.041 72615
Liposome #2-5 25.0 116.99+7.42 0.456+0.018 -55.4+1.6
Liposome #2-6 25.0 91.41+5.48 0.310+0.021 -64.7+0.8

Table 7. After 1 Day, Biotin Encapsulated in Nano Liposome

Zeta Potential Analysis Results

Particle Size and

Sample Temp. Particle Size PDI Po%ee;?ial
T d.nm mV

Liposome #3-1 25.0 132.4+6.25 0.581+0.007 -57.8£3.5
Liposome #3-2 25.0 129.4+4.36 0.643+0.003 -83.4£9.2
Liposome #3-3 25.0 260.3+8.77 0.520+0.023 -20.9£0.8
Liposome #3-4 25.0 392.3+2.21 0.553+0.042 -14.5+1.1
Liposome #4-1 25.0 156.2+13.90 0.608+0.024 -56.3+1.9
Liposome #4-2 25.0 98.6+3.42 0.539+0.011 -45.4£2.8
Liposome #4-3 25.0 129.7+4.97 0.619+0.005 -39.2£1.3
Liposome #4-4 25.0 144.8+2.51 0.595+0.007 -27.9+4.2
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Table 8. After 7 Days, Preliminary Experimental Nano Liposome

and Zeta Potential Analysis Results

Particle Size

Sample Temp. Size PDI Po%eefl?ial
T d.nm mV

Liposome #1-1 25.0 198.92+6.28 0.439+0.082 -92.9£54
Liposome #1-2 25.0 223.57+3.33 0.543+0.003 -89.5+3.6
Liposome #1-3 25.0 385.42+18.58 0.469+0.101 -29.5%2.1
Liposome #1-4 25.0 398.02+5.08 0.548+0.012 -15.2+1.8
Liposome #2-1 25.0 213.97+5.31 0.414+0.021 -30.4+0.6
Liposome #2-2 25.0 163.78+9.01 0.420+0.033 -28.1+1.3
Liposome #2-3 25.0 152.90+1.94 0.452+0.013 -32.0+0.8
Liposome #2-4 25.0 125.06+0.94 0.379+0.034 -60.5£3.4
Liposome #2-5 25.0 119.68+1.48 0.426+0.008 -76.8+6.2
Liposome #2-6 25.0 98.10+£0.42 0.332+0.029 -62.9+1.0

Zeta Potential Analysis Results

Table 9. After 7 Days, Biotin Encapsulated in Nano Liposome Particle Size and

Sample Temp. Size PDI PO%ee;?ial
T d.nm mV

Liposome #3-1 25.0 136.28+2.12 0.594+0.008 -53.6+3.8
Liposome #3-2 25.0 130.19+1.19 0.644+0.013 -96.4+7.5
Liposome #3-3 25.0 239.98+10.58 0.540+0.024 -19.4+1.3
Liposome #3-4 25.0 377.43+2.37 0.594+0.020 -13.9+1.8
Liposome #4-1 25.0 138.82+1.68 0.624+0.012 -61.5+4.2
Liposome #4-2 25.0 129.70£1.91 0.543+0.004 -67.0+£3.8
Liposome #4-3 25.0 130.00+£2.04 0.618+0.008 -53.5+0.7
Liposome #4-4 25.0 107.57+1.63 0.588+0.008 -68.2+2.8
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Table 10. After 14 Days, Preliminary Experimental Nano Liposome

and Zeta Potential Analysis Results

Particle Size

Sample Temp. Size PDI Po%eefl?ial
T d.nm mV

Liposome #1-1 25.0 200.64£5.04 0.410+0.047 -68.6£3.4
Liposome #1-2 25.0 220.34+3.84 0.559+0.016 -57.6%1.9
Liposome #1-3 25.0 356.96£11.66 0.593+0.013 -25.5%2.2
Liposome #1-4 25.0 365.63+£4.87 0.577+0.003 -14.6£0.4
Liposome #2-1 25.0 216.13+ 0.406+0.088 -29.7£0.7
Liposome #2-2 25.0 172.69+ 0.343+0.032 -27.4%0.9
Liposome #2-3 25.0 158.47+ 0.447+0.012 -31.9£1.4
Liposome #2-4 25.0 137.06+ 0.304+0.009 -57.0£2.1
Liposome #2-5 25.0 128.55+ 0.393+0.003 -70.6£6.4
Liposome #2-6 25.0 113.72+ 0.308+0.018 -62.3+3.2

Table 11. After 14 Days, Biotin Encapsulated in Nano Liposome Particle Size
and Zeta Potential Analysis Results
Sample Temp. Size PDI PO%ee;?ial
T d.nm mV
Liposome #3-1 25.0 138.84+1.46 0.617+0.007 -63.1+1.8
Liposome #3-2 25.0 156.10+1.90 0.527+0.047 -55.4+0.8
Liposome #3-3 25.0 243.78+10.04 0.510+0.008 -19.4+2.2
Liposome #3-4 25.0 389.05+1.65 0.608+0.001 -12.9+1.1
Liposome #4-1 25.0 142.00+0.70 0.608+0.025 -60.9+2.3
Liposome #4-2 25.0 121.16£2.76 0.561+0.013 -79.2+1.8
Liposome #4-3 25.0 133.41£2.11 0.607+0.021 -65.7+0.9
Liposome #4-4 25.0 103.34+1.26 0.581+0.044 -67.0+3.2
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and Zeta Potential Analysis Results

Table 12. After 30 Days, Preliminary Experimental Nano Liposome

Particle Size

Sample Temp. Size PDI Po%eefl?ial
C d.nm mV

Liposome #1-1 25.0 192.07+1.10 0.349+0.004 -54.6+4.8
Liposome #1-2 25.0 222.40+3.52 0.369+0.005 -62.0+3.5
Liposome #1-3 25.0 326.8316.99 0.486+0.017 -23.4+0.8
Liposome #1-4 25.0 378.73+18.30 0.454+0.088 -14.7+0.3
Liposome #2-1 25.0 229.60£8.74 0.371£0.043 -28.6£1.0
Liposome #2-2 25.0 191.53+£1.89 0.296+0.011 -26.7+0.8
Liposome #2-3 25.0 183.50£0.70 0.339+0.052 -29.2+0.9
Liposome #2-4 25.0 162.13+2.32 0.287+0.005 -66.6+4.0
Liposome #2-5 25.0 153.53+4.71 0.313+0.038 -69.6+3.1
Liposome #2-6 25.0 148.97+2.86 0.278+0.002 -58.0£0.3

Table 13. After 30 Days, Biotin Encapsulated in Nano Liposome Particle Size
and Zeta Potential Analysis Results
Sample Temp. Size PDI PO%ee;?ial
T d.nm mV
Liposome #3-1 25.0 154.27+3.74 0.530+0.049 -32.0+0.9
Liposome #3-2 25.0 167.40+1.51 0.551+0.004 -28.2%2.1
Liposome #3-3 25.0 270.20+2.69 0.452+0.076 -16.5+0.5
Liposome #3-4 25.0 398.63+12.10 0.504+0.021 -10.7+0.2
Liposome #4-1 25.0 175.37+7.60 0.527+0.028 -34.7+2.0
Liposome #4-2 25.0 114.50+4.92 0.554+0.037 -32.9+2.1
Liposome #4-3 25.0 163.63+4.54 0.547+0.010 -33.6+0.4
Liposome #4-4 25.0 101.30+1.76 0.571+0.005 -31.8+0.6
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Figure 20. Biotin add arginine HPLC calibration curve.
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2-3. U= ZEF Bled faske ALt

2-3-1 Y #EFE #4-3 Hasts 249

G 0.0974
= X ]_ = X 1 — DO e 3
A c 00 (%) X 00 = 90.69 (Equation 3)
G 0.0060
= — X 1 — X 1 = F.G() cceceecercerercentieiiiiiiiiiiiiiiiiiii. 1
B a 00 (%) 01072 00 = 5.60 (Equation 4)

C; = amount of biotin in original liposome #4-3(%)
C, = amount of biotin in membrane outer liposome #4-3(%6)

Cs; = amount of biotin in membrane inner liposome #4-3(%)

2-3-2 Y= 2EF #3-4 Aasts 2%

G 0.0947
= _—2%100 = 100 == 825G ++vveveerresreesresremneeirenreesseaseenes ;
A C (%) REP; (Equation 5)
G 0.0317
= —X 1 — x ]_ — 2 i 4 .............................................. 3
B G 00 (%) REPE; 00 =27.6 (Equation 6)

C; = amount of biotin in original liposome #4-4(%)

C, = amount of biotin in membrane outer liposome #4-4(%5)

C3 = amount of biotin in membrane inner liposome #4-4(%)
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Table 14. Results of Dialysis Membrane Method Capsulating Efficiency

o Regoion . it
min % %
Liposome #4-3 (Original) 7.317£0.057  0.1072+0.0001
Liposome #4-3 (Membrane outer)  7.292+0.014  0.0974+0.0187 5.60
Liposome #4-3 (Membrane inner)  7.299+0.059  0.0060+0.0002
Liposome #4-4 (Original) 7.301£0.055  0.1147+0.0001
Liposome #4-4 (Membrane outer)  7.298+0.032  0.0947+0.0003 27.64

Liposome #4-4 (Membrane inner)  7.281+0.038  0.0317+0.0004
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Figure 21. Liposome #4-3 membrane outer HPLC results.
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Figure 24. Liposome #4-3 membrane inner HPLC results.
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3. HoE Ynw g

ke
il
H

F.5 428 (skin permeation) 2 3}

Franz diffusion cell methodE &3 HIo® yYx x| IFFFE&(skin
permeation)S HPLCE A Z3d 23 2 h, 4 h, 8 h A3 ¥ receptor phaseol A
samplingd  Zt2t¢]  samplell Al E5F H|Q®Eo] HEHXA Fokr. whH
membrane®] @2 &E v eH® IS SAHI A3 088 pgel W] A&
Atk ol Fd HE Yk FEFY IHHFFTEL receptor phase®] HQH
F318(A)7 membranet 2] biotin FEEMB)S Tk FolmE TS o

0.22% (A+B)d= &<lsk3l

A = ﬁ = 100 ((7) — 0.00 X 100 = (0.0 -evvevvrererereeremmmrnrerereriinininnee (E uation 7)
C 7 574,19 ‘ q
G 0.88
=— X1 — x 1 = ().22 crereereree e 1
B o 00 (%) 19 <100=0 (Equation 8)

C; = amount of biotin in donor phase (ug)
C, = amount of biotin in receptor phase (ug)

Cs = amount of biotin in membrane (ug)

Table 15. Results of Contents and Diffusion Rate of Liposome #4-4

Sampling time Detected quantify

Sample Sampling Site
hr ug
2 _
Receptor Phase 4 -
Liposome #4-4 ] -
Membrane 8 0.88+0.27
Donor phase 8 574.19£21.25
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F A} G (Figure 19).

=

s}k

|

o
R4



Figure 25. Cryo-TEM pictures of AB(Liposome #4-3) and C,D(Liposome
#4-4).
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