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Dense film

Figure 7. Overview of the sol-gel process
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3. yx oaA

1) dgA

ME AolA @ F AY HAT AHGHA Y o FE A F
of ot dA7F A2 YA AEHZ AR AE EAAgR sy Ao ¢
A A7) 2 d9ed kA wet fr3t(emulsion), wholaAE oA
(microemulsion) % 7}-& 3} (solubilization)® ¥ o] Al oA S A& 2o
A ¥ F A HAV dAE R A2 HA o] FEH R v Ao Tk
of & AHlE L. oI NHEAHAL EakAe wek O/W ol E A (oil-in

water emulsion)® W/O(water-in oil emulsion) 2 2 ¥ ™, 7] oil-in-oil°]

U g5 oAE A WO/W E= O/W/0) = 3

O =

EAe T oA oleel Al 39 AR FHAS Tt 497 wew)
JEACZ AMTAAS 5 5 Ak ARBAA Bae Aol FHas A
dol glom @ wHow wFgso we FAGAY S Fo vlojde WS
o ENAEE AdAAAY A7) olF2e BATozA ke AR ]
deatrlw @k fAAE 1B FF D AR el AHeel g/ 1
EUAES ASAIL FHAT ole @ Age AWBAAC] whep thA

Table 1. Relationship between particle sizes and optical properties of colloid

Tyndall effect '
Particle size — | Thermodynamic
Classification Appearance Reflected |Scattering
(nm) ) stability
light light
Macroemulsion|1000-10000 |Opaque like milk No No Unstable
Emulsion
Miniemulsion 100-1000 Bluish white |Weak blue|Weak red (Un)stable
50-100 Translucency
Microemulsion Blue Red
20-50 Stable
Transparency
Solubilization 5-20 No No
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wooldAe BT o EA o9 F A A77F 10 - 200 nm B A S
S 4t vx 9 E YAt ol W, dA vt FHo] opxa, &
of vls #Z Wysx gFow FHolA &Ho] A3
of ALt F7lEAT Y dEAE FHHo E FL JAEo aRHow
3}

dPAES A2dvds FHS 27 WEol SHE, =5 o AdAdA g

o] w}

R o

Vi 94 Az A% AWSSH o FaA9 HLB 24, w4
W, AF fay 5ol gow, 717

crs adEY, g Aol & F U= LUFIHIE AEsts Wl 3
=2}
=]

a2

. Shinhoda®} Friebrg7} #|¢t3 PIT(phase
inversion temperature)E ©] 3= Ao Z PITO 7M7FY A, Aol A& o)

10" mN/m A& <& vo 7ol & 3= 93 PIT Btl 2 -4 C 7} vo

PIT

Temperature

Figure 10. Schematic representation of variation of interfacial tension with

temperature
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AN E Bl & Ix 2e &4
Hal g 7hA HHS A 2 A5 ¢kt Coenzyme Q 1
SalEA 7] wEo YFAdA AF HL&S AT AAE ML 93

1990 - B el Ao &Y. Lutka®t Pawlaczyks=

flo

cyclodextrin® 9] complaxations ©°]&3tR 2", Chopra®t 19 FTHE

polysorbate 803 T3+ A X9 AlE ZHolE zte EFZgAMgtol=E ALES)

32

4. Takeuchist 29 ¥ 25 YA 2 5 & 7Ax P o] 8592
U Nazzal?} 19 852 13 Babg o] 4359 t™. & 2o oF Kommuru9

19 859 93 SNEDDS ®HHol A& 7y 9}1:}63*64),
ol

Charman¥ 19 T 1552 SNEDDSE F& oA O/W dEAS FA =
oY, APEHA, B AUSAdA L FES FHE wuksto] Az THA
EgEogty 9 oM% Craige) 19 F2E=% oo %9 g™ A4

?l SNEDDS A1z ¥R &4 ARES 2doly EfIgAdgol=o =

of A4Ag A&} 29 A= WHS oS AJT. 2 S dol Wi
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1. A ¢

et

o]
&

ol AW A Z CTAC(cetyltrimethylammonium chloride)

B
rot

= omd AR FAF AL A Y 3L, TEOS(tetraethyl orthosilicate)9;
HMDS (hexamethyl disilazone)2 Degussa®H-E, 281 ¥5 A &z Ad
A A poly(ethylene oxide - propylene oxide (PEO-PPO))A¢l P-64%= 1%

AZEANA F9sto] ARESEA T AAk, odeE Egedolyl, Egloghgolyl
2 Junseirb AE AFE3F 3L, 24-pentanedione Acros organics Aboll A,
titanilum  isopropoxide &  Sigma-AldrichA}el A Tdske] ALEFFA T
Hydrogenated lecithin, carprylic/capric triglyceraide, sodium ascorbyl phosphate
% disodium EDTA= Sigmatte] AF& T84 AbEstdth. 7154 4= At
4 %¥ coenzyme Q 109} Ysi®l ofv]== FA 34 g 8tstol A el A ALE-S)
gt HPLC B4 & 93 o524 ¥ =92 1-Propanol¥® WErEL JT. BakerAlol
A HPLCE# o= G934 3, Dipotassium hydrogen phosphate €589 (pH
7000 Azxst7] H&) AFEE A B2l dipotassium hydrogen phosphate <F
potassium dihydrogen phosphate ¥ Kanto Chemical Aol A Tttt A & o
AbEE B BT AR A3E 2EF SRTE AMEE AT

THE EE AR 1§ o] AASHA il Abg-slth
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2. ¥A7171 2 #AXA

1A dAAzEvEIY -2 d #7337 (HPLC/UV-detector)= autosa-
mpler7} F-Z¥  AgilentAte] HP series 1100 & AF&3ldch. XA 3424 7)
(XRD):= RigakuAt®] D/MAX 2200 =& A8tk GPC(gel permeation
chromatography)©= WatersAl2] A|%S  AFE3F% 3 detector= WatersAl9]
Waters 2410 Differential DiffractometerS AF-83Fth. FT-IRS JASCOA}S
4100 whit MIRacle A|#& ©]43F4}. Shaker= EyelarAl®] FMS-10002 A}-&

o, IEFHZ= AOSmithAe] AlF& ol &3ttt dAdZds TUdAY

rr

HAS00S Atg3tda AZ7]E JEIO TECHAFY AL o] €3 th. pH meter

24

I

28 A£3549 31 microfluidizers MicrofluidicsAFe] M110F 2492 AF&3F 4.

OrionAF2] model 230AE ©|&3F% 0. Auto Homomixer= TokushukikaA}l]

UV spectrophotometer= Hewlett packardAle] HP 8453 X 49S, TEM

(Transmittance Electron Micrometer)< PhilipsAte] CM 12 A # &, & H417]

(TG/DTA)= SDT 29605 AF&-3%
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3. 23844
3-1. vz 34 Ades/EHeyol 53 A3 dA
1) $FA4 &duv9 34

Mz ged Ae7/EHeYol 53 4bstE Aol AMSdAE AL FE

4 A Sgave fA #AAE Scheme 1o YERWAT GP 1000

BN

(Polypropylene glycol) 195.21 g2 isophorone diisocyanate (IPDI) 130.19 g3

A E SH 002 g5 @A H7Eekal 55 - 60 CTollAl 2 Al WESA| T o]

]
i

HESBo] &% 07 2-hydroxyethylacrylate (2-HEA) 45.34 g3 4 3}

Zul 0.02 g5 #H7bsto] 65 TolA 3 ARF Fob wwksto] whEAZ T o] &

!
=

A PEG 600 (polyethylene glycol) 128.84 g thA] #H7}slo] wH3%-S 3 Al7F A

N

F3h 2 Ad Z3371E o835t ] -NCO(isocyanate)’} f &<

J
s
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GP 1000

IPID

P .

Urethane reaction for 2 hrs at 55 ~

60 C

2-HEA

:

Urethane reaction for 3 hrs at 65 C

PEG

i,_

Urethane reaction for 3 hrs at 65 C

v

Cooling to room temp.

v

Oligomer

Scheme 1. Synthesis of amphiphilic oligomer
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2) o] 24 AUBAPAESE FIoE st HF A E A

HES-7]o] P-64 2 g, ol&2 2 ml, TEOS 12 g, titanium isopropoxide 2 g,
HMDS 1 g& ¥ 1 Azt 7F W
H7bstel gele) pH7F 2 - 3 o] HEE Yo 2FUT A B 100 mlE
A7hgk 40 - 50 CTelA 16 AJF &b wRkaksd
otsta B3 o e R 23] oA AHIT F
A ZATE oo e WHow AWGFAY] Fe 05 - 10 g o= WIA AT
Wz v Ader/EHeYol 53 4hst

=)
=
=9 W o2 triethylamined o] &3t §d& A7 =2(eF pH 8)L

=

e

rlo

2 wFel Wz gFy dsb/Eede B 4nEe FAHAADG. F58

A= 80 ~ 86 % STt
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3) dol2A AAZAHAE FIe=

o
rr

LN
=

i)

F o

o

s 9] 34 (D
WEg-7]el Fol A AWM A CTAC 10 g, & 200 mlE ¥l 30 & 7}

wwkEtgdtl. b E wvlo]7 o] TEOS 12 g, titanium isopropoxide 2 g, °l €2

N}

ml, HMDS 1 g %3 30 ¥ 7bef witAl7A o g4 whgrlel @7sg.
%

of 4 eF 16 AIZt Fot wRkst At vhed 4242 fe Z2uriE oaeta 3 o

e 23] ol AHT F F23 70 TellA

(A
)
a2
o
fr
)
N
>
i
v
o
fo
.
flo

o s AWUGAdAY 4S 05 -40 g o2 WA AVIY Wz oFAd A7/

T W o2 triethylamines o] g3t §HS 7| =2(¢F pH 8)&

2 gFol Wz ¥y desbeec B¢ AsEe Y HR
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4) Fol2A AVIAAE FIe= st= 5 Ao FAUD

W3- 7o CTAC 10 g, & 75 mlE Y1 1 A7 7FE wwrel gt b2 uv) o)
7ol TEOS 12 g, titanium isopropoxide 2 g, ol &2 6

g, EYolgt&olnl 02 g, @4 06 ml & ¥ 30 & 7t

tlo

ol
REE7Tel Jd7bgE & 40 - 50 CTolA of 3 Axb muterdv. ved AF Y
=
[€]

Zuj71 2 o dstal Z3 o gE 2 23] ol AHI F 70 CTolA HEAZo

o

A ez AdGAAe] 42 05-40¢g o=

PERoF B3 AstES G4 SaT

)
N

(g

ot

>,

2

N

i)

=

N

k)

of

o

>
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5 4EA Euv9 Ho|ZA AUG
29 g4

HES-7]oll Zk2zy P-64 2 g, &S 2 ml, ¥FEA 211 2 g TEOS 12 g,
titanium isopropoxide 2 g, HMDS 1 g & Y3 1 A3t 7F=F wdbsldo & 5
mlE H7bsta g QS A7bste] &d pH7F 2 -3 ¢ HES Ao w g
= ¥, 55 100 ml #7Fste] 40 - 50 Col A 16 AxF FF wukAl o o4
g Zu712 oJen =3 oerE = 23 oA AT F A1 70 C
A

At 2e wRoR ¢H4d 28 4S5 05-10 ¢
0.5

FU% YHOE tricthylamined ol 43te] $9% Pr14 2} pH 8)0
2 wFol vz bFY desb/Eehicl B 4nEe FAAAG. F5EL

A2 60 ~ 80 % Sth.
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7) FEAR ZE v} Fol2 A AWIAHYAS FIe=

o
=
s
Iz
o
>
o

9 A4

H-3-7]o] CTAC 10 g, ¥&EA 8319 2 g, & 75 mlE ¥ 1 A3 7H=F
WHEAI T, E 9] &2 H] o] Ao TEOS 12 g, titanium isopropoxide 2 g, °l &
% 6 ml, 24-pentanedione 6 g, EFol & Zolvl 02 g, A4 06 ml = 23 30
BEAIZ T o] &l E whETlo] HI7EE - 40 - 50 TellA °F 3 Azt
g Zu7]® ot E3 o'E = 23] ol AlF
o} AW A ] F
S 247 05 - 10 g 05 - 40 g &2 WA AZIY Wz g3 5 AsE
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Surfactants Solvent (water)

v v

Mixing for about 30 mins

at room temp.

<

Mixing of TEOS, water,
titanium isopropoxide,
2,4-pentanedione(or HMDS)
and ethanol for 40 mins

at room temp.

<

Controlling the acidity or basicity

by adding HCI or Triethylamine

\ 4

Reacting for 16 hrs 40 - 50 C

v

Filtering & washing with Ethanol

'

Drying at 70 C

'

Mesoporous silica/titania material

Scheme 2. Synthesis of mesoporous silica/titania material
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3-2. SNEDDS %{ & ©] &3 coenzyme Q 109 X3
1) Coenzyme Q 109 Ux od A gAMo Ax

Coenzyme Q 109 Y= =72 E2tg odAd fAL8 A x37] Hs] WA
2T F S99 A5 N fHE 47 Axd & 7 fAE =)

of o5} o] Alx3FA Tt
2l 10 g9 coenzyme Q 105 H7FslA o 70 T2 7FEsto] %A +
W

2 650 go ZdAol®AS disodium EDTA 05 g¢ sodium ascorbyl

® %4 98 £4 gool HrRn TE MR 5 ¥ o4 Fia ww

A
O]

@ o] &95 Microfluidizer2 1000 psi o]A&9] o)A 13] o] F3AA
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2) Hlo] 2 A AHUIAHAEZE FJo=2 5= HF A3 E9 coenzyme Q 10

HES-7]o coenzyme Q 10 Y= oEAH £ 10 g, P-64 5 g, & 400 mlE ¢

30 7 kA AT, Wxeo 2 wvlo]l#Ae zZ+zt TEOS 35 g, titanium

=

isopropoxide 5.8 g, &= 2 g, 24-pentanedion 1.5 g ¥ & 10 mlE Y2 10
A WAL & 4G4 2 mlE A 7FE AL thAl 10 2 1F WS A AT o] §dS W

<7l A7beto] wwtsbdoh X3 dAqbs Arbsto] e pHYF 2 - 3 °] HE
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3) Yol ARG AAE FI2= = 5F 2A3E9 coenzyme Q 10
3L Z]

HES-7] o coenzyme Q 10 Y= olEA &4 10 g, CTAC 12 g, & 400 ml=

Cin
R
w

0 70 vt AL, Wxo & nvlolAo ZtzE TEOS 35 g, titanium
isopropoxide 5.8 g, &= 2 g, 24-pentanedion 1.5 g ¥ & 10 mlE Y2 10
2 A7l 3 FAF 2 mlE @ 7rsta thA] 10 B3 wES A AT o] S S b

719 A7hstel mwrst gk A% G

o
a2

7bske] gele] pH7E 2 - 3 o] HE

5 Ao grE 540 - 50 CTellAd oF 16 Az gt uwkAI AT, g A4

e 2|2 odeta 22 23] o4 AlFeta g dAxAzld He TdF
HHoR AWGHA] F& 15 -50 g o= WA AT A @A
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Surfactants Solvent (water) Nano-emulsified functional materials

Mixing of TEOS, water,

titanium isopropoxide,

Mixing for about 30 mins 2,4-pentanedione(or HMDS)

at room temp. and ethanol for 40 mins

at room temp.

stirring for 10 mins

adding HCl P

stirring for 30 mins

Controlling the acidity

<

by adding HCI

\ 4
Reacting for 16 hrs at 40 ~ 50 C

v

Filtering & washing with water twice
Drying under vacuum

v

Mesoporous silica/titania material

Scheme 3. Synthesis of mesoporous silica/titania material trapping

functional materials by SNEDDS method
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2) Ho]e A AWBYAES FPoz F= g MaE Yyzd opv=

3

HES-7]o] Yz el ofn= Y ofdAd &4 10 g, P64 5 g, = 400 mlE ¥
330 B adkAAY. ¥wre gE oA Z+zZ TEOS 35 g, titanium
isopropoxide 5.8 g, &2 2 g, 24-pentanedion 15 ¢ ¥} & 10 mlE ¥ 10
2 Azl 3 A4 2 mlE F7bsta thA] 10 B3 vES A AT o] S b

S7lol H7beto] wyrsldTh g g4

h S =
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HES-7]o] Y=z e olu= 1 odH £ 10 g, CTAC 12 g, & 400 mlE
Yy 30 B3 adkA Y dxel & u#lojF o ZZb TEOS 35 g, titanium
isopropoxide 5.8 g, &= 2 g, 24-pentanedion 15 g ¥ & 10 mlE ¥ 10

BF AT S A% 2 miE AshEE BAl 10 B wSAAT o] g9

719 Hbskel wurakgith AW @2

o
a2

7bske] gele] pH7E 2 - 3 o] HE

5 Ao gE 5,40 - 50 CTellAd oF 16 Az gt uwkAIAY. g &4

e 2|2 oeta 22 23] o4 AlFeta g Azl He TdT
WHoR AWGHA] F& 156 -50 g o= WA AT A @A
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g GRS BT Zte ¢EA Zean AdEAAe BAg BEE
ZA3t7] #3 GPC(Gel permeation chromatography) 71715 AF83F %t Table
2= GPC #4 =15 vetd Zloly, Ao 3 (FT-IR)S °]§sto] ¢&5A

selav o 25 st

TAT M=z ded ded7/EHEYol 5§ stz g4 2= TEM<
o] &35t HFaATt. TFo A= XA IAd BAVIE ol &5t AitE =,

Bragg?! 2dsin® = nAE ©o]&sto] AAtstddvt X-4d 34 #4 2312 1°9 low
angle, i+ 0.1°9 scanning rate, 183 1-7°%] 20 J Jo A FA3 AT X-A
F9E CuKa Moz 334e 145A ),

Table 2. The analysis condition of GPC

* Column : PLgel Mixed-E x2 300 x 75 mm
Solvent : THF (Tetrahydrofuran) for HPLC

*

*

Injection volume : 100 ¢

*

Flow rate : 1.0 ml/min
Temp. : 35 C
Detector : RI-detector

*

*
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Mz ved de7h/Eeiyel 53 Atst=ol ¥ %" coenzyme Q 10+

HPLCE o] g3l ZFE H7MWHo=w AHs7] ¢8) 1-propanolimethanol (1:1)

el
e
ofo
2
tlo
ofo
=
frtl
P‘L
&
(@]
@)
D
]
N
<
=)
@)
o
—
(e}
=]
N
il
i,
l

Z+7¥ 10 ppm, 50 ppm, 100

41} 20 mlol coenzyme Q 10°] X ¥ Wz v AL 7H/EHEIY ol 53 4t

stE 1 go B3 wRb7]ol A wwkaste] 15 4, 40 i, 90 <, 180 &, 270 & H=

o
o
i
_0|L
2
i)
>,
~
e
il
o
i
r
ofo
2
=
i)
uNS

T %o A+ coenzyme Q 10

10 ppm, 50 ppm, 100 ppm, 150 ppm X<+ XS H7}35te] UV detector 7} A2

[}

¥ HPLCZ F%% coenzyme Q 10 <& AT, olsdo=z
1-propanol:methanol (1:1) &3&d5 1
o}, HPLC %712 Table 33 2o UV detector?] 3} coenzyme Q 109

T8 I93E YEWE 275 nm=E LA F T

Table 3. The analysis condition of HPLC for extracted coenzyme Q 10

* Column : LUNA C18 250 x 4.60 mm
% Solvent : 1-Propanol : Methanol (1:1)
* Injection volume : 10 0

* Run time : 30 min

* Flow rate : 1.0 ml/min

* Temp. : room temp.

# Detector : UV-detector (275 nm)
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Use opr=o) 38 & AFHem FAs7] A 50 mM KoHPO, ¢

&Y (pH 7.00) &2 15 &, 40 &, 90 &, 180 &, 270 &+ ¥=E FE3dto UV

_,d
=
n
lo
o2
tlo
|\

detector7} 94Z2¥ HPLCZ % Yx€ o Ast9 ok, HPLC =

A& Table 49} Z o5 UV detectord #7342 220 nm= LA A Z T}

Table 4. The analysis condition of HPLC for extracted nicotinamide

* Column : LUNA C18 250 x 4.60 mm

* Mobile phase : 50 mM K>HPO, buffer solution (pH 7.00)
* Injection volume : 10 @£

* Run time : 20 min

* Flow rate : 1.0 ml/min

* Temp. : room temp.

x Detector : UV-detector (220 nm)
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Hzx gd3yd B4y FPoz AgE FFAH SHdar s T Fx
of Eawke sy Yl FT-IR 3 GPCE A&3to] =439
Figure 14 %ZA L2y 19 E FT-IRE =#3o o] -NCO(isocyanate)

70 %2  IPDI(isophorone diisocyanate)?] -NCO7|<}

o

2-HEA(2-hydroxy ethylacrylate)?] -OH”| W80 2 k& S|l A o
ne gus 4 9l N=C=09 stretching 3 3= 2260 cm o A e
2 A3 Figure 14-A°A -NCOY stretching A& <%

2260 cm ' @§AH 2@ um o FT-IR 34 A9 Figure 14-Col A 7 ve
v erom oleg ARy fHg vhgo] AFHASS AT F AU
wAE BEXE Ay 9 THFE Svl2 A83ted GPC A ¥ 9
chromatogram= A3 o] AL Figure 159 Y EFH . Figure 162 4%

g oedame RAFE MRSt e RBAw% nE BEmot GPC &

ke

4 AR FEE BAFMES 2062, B EAFMw)E 7087 o2 &5

H.C=HCOOCH,CH,COOCH N/\/\NH COO-CH; CHg—OOCHNNNH COOCHCHCOOCH=CH>

Figure 13. Idealized structure of the amphiphilic oligomer synthesized
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Figure 14. FT-IR spectra of amphiphilic oligomer
(A: IPDI, B: HEA, C: Amphiphilic oligomer)
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Figure 15. GPC data of amphiphilic oligomer
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Figure 17. TG/DTA curves of mesoporous silica/titania material

Figure 183} 19= A4 d vz a4 A7/EHEYoF 58 Ast=S 450 C
oA 3 A EAe T F XA FAHES AT Aot THA HXo] &
Srjol A AAARTG o FHH Fx2 BExFo &S yEdg, oRne F
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&
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Figure 18¥ 199 XRD spectra A5 = AW A A o] ko] 7} A A AL&9 A

2o Agolt. AA AWDAA ] F& =2 Ve =4S 24T 1 o] &3

_50_



o] 1®t} &

o FAT AelF/EHE ol

Mol A 55 A

el

N
ool
Ul

fuy.

£ °]&3te

A o= FA A Zol XRD spectra

Al
1

Ao
-

ll

A9

A

oA

| =

o

iy

[

E 4

A wets Ve 2EE

=
T

3e 78

7}/8 Bk o

—

o)
Ho
o

Ho

_51_



ntensity

Figure 18. XRD spectrum of mesoporous silica/titania material

synthesized with non-ionic surfactant, P-64

Intensity

Figure 19. XRD spectrum of mesoporous silica/titania material

calcined at 450TC
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2. SNEDDSH W © % coenzyme Q 102 X F3 Wlx g3 A Ad71/€¢E
Yol B3 i3 E
1) Coenzyme Q 109 +x 39l

B AT x¥dgdez A4 75 54, coenzyme Q 10 = ubiquinone

L

10 c2% 2 484 Y= A= "9 dasA 24 Figure 203 £ +x24%

2o,
0
CH;0 CH,
CH,0 Xy T H
0 CH,4 10

Figure 20. Structure of Coenzyme Q 10 (Ubiguinone 10)

Figure 21< coenzyme Q 10 ¢ FT-IR #A&eo|th 1700 cm ' 29 73a:

A =gl gaz Pgs add £Ase 249 =ndle

Hadg 5% F Ak EBF 1600 cm ol dehde das $EH 2419
ol% AL YebdH 1650 cm ' o] AMF G o]F AL UE WS
% 4 9tk 2800 cm ‘¥ 1400 cm | FZel A dEdE v ddAQ 21t
o C-H 2= YEdo

Figure 22+ coenzyme Q 10¢] DSC A= =24 50 C HF oA dEwol7} dof

Uuz wsS 50 T olstl A Fdsof g & & A
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Figure 21. FT-IR spectrum of coenzyme Q 10
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Figure 22. DSC thermogram of coenzyme Q 10
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Coenzyme Q 10 | oyt G4 54& AT/ A & PO UV 1t
2}

HPLC & o] &% ol i Ao gt} Figure 232 coenzyme Q 10 9

A3t Eo] - W coenzyme Q 108 FZE3to] A 2at uw] 347+ o] o] L7 o]

ofs
(2

%9 coenzyme Q 10°] FH4HE= ¢

O

™ o] 7}l
2 et d@aow Ateldch 8Y F9F =4 ® UV spectra ol A% 275 nmol

o|\

A HAEARY AV HA Fads 1o coenzyme Q 100] Al 7to] A LGF=E 319

1000
ni
800 CoQ10H2 ﬂ Coq1o
500
200 l

minute

Figure 23. HPLC spectrum of oxidized coenzyme Q 10 (Co Q 10) and
and reduced coenzyme Q 10 (Co Q 10 « Ho)
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Figure 24. Structures of oxidized coenzyme Q 10 (Co Q 10) and reduced
coenzyme Q 10 (Co Q 10« H»)
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Figure 25. UV spectra of coenzyme Q 10 (I)
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Figure 26. UV spectrum of coenzyme Q 10 on 8th day (II)
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2) Coenzyme Q 10& X33 BT M3 E9 39

Coenzyme Q 10= 3 vz v A7/EHEYel 53 A3ts F &
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Figure 28. TEM of mesoporous silica/titania material trapping
coenzyme Q 10
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Table 5. Peak areas measured by HPLC after extraction (I)

Conc. of Extraction time (min.)
the
Sample
name | Standard |y 40 90 180 270
solution
(ppm)

0 49.40 90.50 350.85 463.15 462.85
10 103.60 157.50 488.50 644.50 650.40
Co-25 50 318.20 384.80 710.30 921.80 928.00
100 584.70 669.80 998.30 1184.3 | 1187.90
150 859.00 961.60 | 1228.20 1570.3 | 1571.60
0 119.90 120.90 417.05 470.90 470.20
10 172.08 283.09 495.40 603.41 605.32
Co-26 50 386.90 483.10 671.44 780.20 805.00
100 647.12 735.91 874.89 | 1043.69 | 1063.28
150 957.70 1080.7 | 1133.05 | 1315.00 | 1389.70
0 173.20 212.85 480.95 620.40 621.10
10 239.41 270.88 598.41 721.02 729.48
Co-27 50 373.10 476.33 832.10 983.10 990.20
100 653.09 728.75 | 1078.39 | 1247.58 | 1246.91
150 984.80 | 1014.23 | 1273.00 | 1499.64 | 1512.10
0 211.17 386.75 943.41 | 1108.20 | 1108.69
10 278.30 604.69 | 1119.96 | 1149.82 | 1134.49
Co-28 50 581.98 865.70 | 1427.58 | 1549.37 | 1453.23
100 | 1000.22 | 1200.41 | 1828.60 | 1889.40 | 1879.70
150 [ 1326.10 | 1472.20 | 2197.89 | 2287.27 | 2286.42
0 221.45 397.10 610.11 699.85 698.94
10 287.01 446.01 695.02 801.96 799.42
Co-29 50 560.92 713.60 926.74 | 1013.69 | 1012.76
100 923.78 955.49 | 1134.47 | 1234.74 | 1235.00
150 | 1139.77 | 1237.70 | 1355.09 | 1472.20 | 1470.00
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Table 6. Amounts of coenzyme Q 10 extracted in accordance with

the standard addition method (I)

(Unit : ppm)
Sample
Time ame Co-25 Co-26 Co-27 Co-28 Co-29
(min.)
) 9.1 21 30 28 37
5
(- 0.3) (1 2) (1 8) (+ 3) (- 7)
16.5 28 40 70 72
40
(- 0.6) (1 7) (1 2) (-9 (1 4)
71 94 103 123 132
90
(1 9) (1 5) (-9 (1- 8) (-9
76 95 114 139 147
180
(- 9) (1 8) (- 9) (1 7) (- 9)
77 87 114 134 150
270
(- 9) (- 8) (- 9) (+ 6) (1 10)
160
E 140
§ 120 —— Co—25
c 100 —a— Co—26
'*5 80 —— Co—27
g 60 —>— Co—28
% 40 —— Co—29
ST
0
15 40 90 180 270
Time (min.)

Figure 29. Amounts of coenzyme Q 10 extracted according to time (I)
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Table 7. The maximum amounts of coenzyme Q 10 extracted in 1 g

of mesoporous silica/titania material (I)

(Unit : mg)
Sample name Co-25 Co-26 Co—-27 Co—-28 Co—-29
The amounts of
0.08 0.10 0.11 0.14 0.15
coenzyme Q 10
(+0.01) | (+0.08) (+ 0.01) (-:0.01) (:0.01)
extracted
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Table 8. Peak areas measured by HPLC after extraction (II)

Conc. of extraction time (min.)
Sample | Standard
name solution 15 40 90 180 270
(ppm)
0 398.31 418.64 823.82 | 1269.07 | 1278.13
10 453.99 571.00 993.46 | 1371.70 | 1447.02
Co-35 50 649.28 780.20 | 1323.87 | 1747.64 | 1782.34
100 931.40 | 1003.99 | 1645.09 | 2028.66 | 2142.04
150 | 1171.22 | 1271.80 | 2029.04 | 2414.12 | 2491.38
0 268.60 483.92 | 1504.20 | 1687.50 | 1700.02
10 315.10 559.58 | 1562.42 | 1743.49 | 1747.85
Co-36 50 515.60 745.26 | 1769.70 | 1929.20 | 1931.00
100 809.30 956.03 | 1982.28 | 2241.21 | 2242.00
150 | 1206.90 | 1302.37 | 2312.80 | 2475.40 | 2479.40
0 164.70 442.80 905.12 | 1322.50 | 1337.21
10 184.82 443.91 978.24 | 1342.31 | 1341.89
Co-37 50 384.80 639.50 | 1302.22 | 1633.50 | 1700.30
100 546.38 865.49 | 1597.81 | 1988.79 | 2009.46
150 710.90 | 1107.50 890.19 | 2503.10 | 2511.00
0 46.40 266.32 907.8 | 1246.20 | 1266.00
10 81.21 283.10 917.9 | 1330.11 | 1373.18
Co-38 50 237.10 501.70 1165.4 | 1526.20 | 1532.90
100 443.49 745.40 1301.8 | 1785.19 | 1782.12
150 567.00 971.50 1532.4 | 2084.00 | 2100.00
0 86.00 200.70 671.10 | 1225.20 | 1217.00
10 130.91 270.78 707.09 | 1269.53 | 1264.91
Co-39 50 272.90 475.20 880.50 | 1482.80 | 1517.00
100 474.69 729.52 | 1062.01 | 1746.92 | 1823.39
150 604.20 979.50 | 1271.30 | 1974.60 | 2012.40

_68_




Table 9. Amounts of coenzyme Q 10 extracted in accordance with

the standard addition method (II)

(Unit : ppm)
Sample
Time lame | cy-35 Co-36 Co-37 Co-38 Co-39
(min.)
77 39 45 15 27
15
(+ 2) (1 7) (+- 6) (1 6) (1 5)
89 93 92 53 41
40
(1 9) (-9 (1 6) (1 3) (1 2)
120 290 141 220 168
90
(- 10) (1 15) (-9 (1 19) (1 4)
175 320 160 231 242
180
(1) (+ 11) (- 14) (- 7) (- 6)
170 320 170 230 230
270
(1 12) (+ 11) (- 14) (1 8) (- 16)
350
’g\ 300
2 250 —— Co0-35
8 200 —m— Co—-36
= —— Co—-37
*E 150 —>— Co—-38
§ 100 —x— Co-39
S8 50
0
15 40 90 180 270
Time (min.)

Figure 32. Amounts of coenzyme Q 10 extracted according to time (II)
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Table 10. The maximum amounts of coenzyme Q 10 extracted
in 1 g of mesoporous silica/titania material (II)

(Unit : mg)
Sample
Co-35 Co-26 Co—-27 Co-28 Co-29
name
The amounts of
0.18 0.32 0.16 0.23 0.24
coenzyme Q 10
(+ 0.01) (+ 0.01) (+0.01) | (+0.01) (+ 0.01)
extracted
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Table 11. Peak areas measured by HPLC after extraction (nicotinamide)
Conc. of Extraction time (min.)
Sample | Standard
name solution 15 40 90 180 270
(ppm)
0 3.40 9.90 30.30 87.99 90.30
10 5.00 15.67 38.80 103.10 102.30
N 11 50 7.70 46.80 69.97 136.98 138.64
100 13.00 88.77 101.72 210.30 216.30
150 21.80 125.80 148.19 255.80 256.58
0 10.50 15.01 253.34 690.29 699.32
10 13.80 16.67 300.11 901.78 901.17
N 12 50 14.40 24.89 450.60 | 1120.73 | 1114.30
100 16.50 46.30 699.78 | 1636.01 | 1618.94
150 17.00 58.50 878.12 | 1980.80 | 1978.80
0 5.90 173.92 540.35 | 1242.77 | 1268.30
10 7.10 200.31 660.11 | 1494.14 | 1544.30
N 13 50 8.30 347.68 937.00 | 1977.00 | 1977.17
100 8.50 540.19 | 1190.89 | 2422.33 | 2452.15
150 12.20 702.21 | 1572.61 | 3028.96 | 3058.20
0 5.10 320.30 797.82 | 1172.00 | 1235.11
10 5.60 343.61 988.12 | 1458.20 | 1457.13
N 14 50 6.20 604.60 | 1279.02 | 1877.27 | 1898.39
100 9.00 905.07 | 1605.08 | 2232.96 | 2247.66
150 10.70 | 1252.00 | 1878.52 | 2669.98 | 2736.54
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Table 12. Amounts of nicotinamide extracted in

the standard addition method

accordance with

(Unit : ppm)
Sample
name _ _ _ B
Time N-11 N-12 N-13 N-14
(min.)
11 45 48 47
40
(1 2) (-9 (1 2) (1 4)
40 60 87 130
90
(1 5) (- 5) (- 7) (1 15)
78 89 120 139
180
(1 8) (1 9) (1 10) (1 9)
78 90 120 139
270
(1 9) (-9 (1 10) (-9
160 r
—~ 140 |
= 120 |
(@]
= 100 —’—s‘l;
O e N-
g 80 —aN-13
c 60 - —>—N-14
40 r
(@]
O 20 r
0
40 90 180 270
Time (min.)

Figure 39. Amounts of nicotinamide extracted according to time
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Table 13. The maximum amounts of nicotinamide extracted

in 1 g of mesoporous silica/titania material

(Unit ; mg)
Sample
N-11 N-12 N-13 N-14
name
The amounts of
ot 4 0.08 0.09 0.12 0.14
meotmamice 1 o0 | (00D | (L 00D | (1 0.02)
extracted
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ABSTRACT

Study on the synthesis of mesoporous silica/titania

materials and trapping functional materials

by SNEDDS

Young-ran Lee
Department of Chemistry
Graduated School of

Sungshin Women'’s University

Drug delivery system(DDS) technique has been developed for delivering
the amount of drug required with high efficiency and recently SNEDDS
technique combined DDS with Nano technology has gained much interest and
studied in the academic and industrial fields. Specially, SNEDDS technique
using of nano hybrid mesoporous materials has been great highlighted
because of the possibility of tailoring the pore structure, framwork
composition, effective trapping and delivering ingredients with non-polarity or
enormous molecular structure, controlling the trapping concentration for
appreciate efficacy and emission rate of ingredients, etc.

In this study, mesoporous silica/titania hybrid materials were synthesized
in water solvent by sol-gel process wusing a cathionic surfactant,
cetyltrimethylammonium chloride(CTAC) and a non-ionic surfactant, P-64 as

templates under acidic condition. An amphiphilic oligomer whose number



average molecular weight is 2062 was synthesized for using a co-surfactant
and it showed wonderful effectiveness to trap non-polar coenzyme Q 10. It
was considered that its amphiphilic property played a great role to trap
non-polar material and cavities of mesoporous material would be expanded by
its swelling effect.

Coenzyme Q 10, also known as ubiquinone 10, is an strong antioxidant
and a physiologically important compound acting as an electron shuttle in
mitochondrial respiratory chain and as a stabilizing agent in cellular
membranes. It is used for anti—aging, anti-wrinkles and used as products for
recovery of fatigue and products for Parkinson’s disease in cosmetics and
pharmaceutical. Nicotinamide a series of vitamin Bs is used as a ingredient
for protection of moisture loss from skin, deposition of pigments and has a
good effectiveness to dermatitis, diarrhea and pellagra.

At first, above two functional materials were nano—emulsified for good
dispersion and trapping and then trapped into cavities of mesoporous
silica/titania hybrid materials by SNEDDS technique. The case a non-ionic
surfactant, P-64 was used as a template was better than the case a cathionic
surfactant, CTAC.

The amounts of functional materials trapped were measured and
calculated by standard addition method wusing UV-detected HPLC at
275nm(coenzyme Q 10) and 220 nm(nicotinamide) after extraction. Extraction
after shaking for 3 hours showed maximum value in HPLC data. From this
data, the amounts of coenzyme Q 10 trapped was 0.08 (1 0.01) - 0.15 (+ 0.01)
mgs in 1 g of mesoporous silica/titania hybrid material using P-64 as a
template, and 0.16 (I 0.02) - 032 (L 001) mgs in 1 g of mesoporous

silica/titania hybrid material using P-64 and synthesized amphiphilic oligomer



as templates. The amounts of nicotinamide trapped was 0.07 (+ 0.01) -~ 0.14
(+0.02) mgs in 1 g of mesoporous silica/titania hybrid material usign P-64

as a template.
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