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R ok & ATe IFF AF A8A ol 2 FelzEY AAH(CLCs) Mol B3 Aolth. vlsE4d &=
524 vlolzl 2 2% ol HREE AFEL HAE 4SO BAWE F 5 ] WEel WBEY fe
BE] Z2HY AAHATE 2PstRct A daeRE 9S50z v 554 Z# 2~HE[NAB cholesterol
(ARCH LONZA) & °]&st 3 7HA] A= Fel=HY #5401 (Cl, CC, CN) & sl 12la AlE 28
Aol e Tz AAALE AN W LRI AL FABHE 431 24N TE DA, 2
d2ElE R 3 71 FEAS ZH 41719 R Azaln Lo e fHsLE B A1E Vel

= 19 E Hristanh Axd 4109 9AHES 220 uet UV-VIS 28 E d% ZA0 BAE £ = AR
&+ WIPHE AMESER e 2057019 *@JE@ BA35l3 Ao FTS v)X]E= Qlxlel EAS obstct 9}
2o AnE EYE AP gA0) £ NEEA ZY Y IAH A4, A5, A6, A7 =ALS Mdsigth =d
JAFIHE o] &3t HIME Fote] A6 249 Hold I HEa5S RIS

Abgtract: This study is about the development of cholesteric liquid crystals (CLCs), which are highly applicable to cos-
metics formulation. The CLCs made from non-animal origin were chosen not only because they are free of anima vi-
ruses but aso because they give a sense of security to the cosmetic consumers. Three kinds of new cholesteric de-
rivatives (Cl, CC, CN) were synthesized using non-animal cholesterol [NAB cholesterol (ARCH LONZA)], which was
originally mede by fermentation process. To develop high applicability to cosmetics formulation, we attempted to find
out the optimum compositions in which CLCs can maintain their color over a wide range of temperature. The CLCs
in 41 different compositions were prepared by the combinations of three cholesteric derivatives and a visual evauation
method was employed to determine the range of temperature at which the CLCs display their color. The 205 UV-VIS
spectral data obtained from 41 CLCs at various temperatures were simultaneousy analyzed to investigate the critica
factors affecting the characteristics of the CLCs. Results showed that A4, A5, A6 and A7 were the best compositions
to cosmetics formulation. A6 composition had a great moisturizing effect by the artificia skin test (AmoReSkin™).

Keywords: Cholesteric liquid crystal, Cholesteryl isostearate, Cholesteryl nonanoate, Cholesteryl chloride, moisturizer
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Figure 1. Structure of Cholesteryl Isostearate (I, Cl), Cholesteryl Nonanoate (11, CN) and Cholesteryl Chloride (111, CC).
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Aol AHgE BaEYSE ZH2HE[NAB chole
derol (ARCH LONZA AP]& ARE-3F39 20 AloF isodearic
acid, nonanoic acid, 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride EDCI, thionyl chloride,
trietylamine, dichloromethane2 sigma-Aldrich Co.2] A
F& AHgsterh
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2.2.1 MIXT HHQE

Aol F R3] Ad-frobM E(human neonatal der-
mal fibroblast, C-004-5C, Invitrogen, USA)2} Al Ao} f-
B 23] 74 ¥ A A 3 (human neonatal epidermal kerati-
nocyte, C-001-5C, Invitrogen, USA)»E invitrogenoll A -
ujste] ARESFRATE Al frobA 2= low serum growth
supplement (LSGS, Gibco, USA)9Jr penicillin-streptomy-
cin (Lonza, USA)7} &H¥ 1OGHH><](M106 Gibco,
USA)ollA skttt A frotdl s Aty X
Yt AP Y5t Al 4 ~ 8Akol 9] A=
E AFl gttt AEF M EE human kerati-
nocyte growth supplement (HKGS, Gibco, USA)2} pen-
icillin-streptomycine] g% EpiLife Bl X](Gibco, USA)
of| A wjF3tA Tt AP GME= Al S 23t
o A7t 291 AZE AP ALttt AZzES
37 C, 5% CO, 7oA HjFslAiTt.

2.2.2 Q12 m|=(AmoReSkin™) X|Zt

AFIF= 3ol AEFPAZE 531
st A B3E 5 & 37]eF Y-S 53
A ZE FAITHI0L HA AfrotErE S UA
22 29 FH Aot 27t S0 193 A

st Al frobAl 271 LHA] = IS5 type |
collagen solution (Sigma, USA)3} Dulbecco's Modified
Eagle Medium (DMEM) (WElGENE, 3+), Ham's F-12
(Gibco, USA), NaHCO; (Sigma, USA)E 4131 NaOH
(Sigma, USA)Z  F3HAA ARttt Egds
12-well culture insart (Corning, USA)ol|l £53}3L 1 h
B2 37 C vjdrlel ¥ FFAHTE Alfrobr 27t
Z3E 0T Aok 27t SoUA &2 19
o A Atg Egtlo] 7 well F 1.0 x 10712 A=
7F Eo1d F AEF AZE ¥ Af °Wlﬁ7} 23
HA G AFFH e £53k] 37 T wjgr]el ¥

2 h & SFAHT. TS ml 2193 1063111]
S YWolFal o] &l 3 WY WA & wghsly dFY
FTE 2 well 320 x 10°709] 2+ M =Z
o EF v R o] #HA AEE QL
o

e e AR F 4

H

éotﬂ

93 Wgasel B9 A 143
223 QIBUEE 0|85 I|F 2 &5 Tt

A2t g R-o] el PBSOl 01% T=E 3
He SE2EE e 443t =3x8t 22 19y
FHA L o]8ste] R £33 8 BHg vl
filaggrine] &d-g FHgto =X ZF2HY AAH
vE BE Hee Brlekth 22 Ao EEd

e
Al e vt 2.

2 A7t 2 JE¥F= OCT &< o]&s}
of WEHEES Ay, 10 um FAZ F24HS
A =Fak H o FaAe A sAdEHE
st Zol AloA 7%A7] T PBSE OCT £4<

M3kl AAFTE Blocking solution (1% BSA in
PBS)S 30 min &<t A ejste] Ao v EolA A
< WA 1FTE FA-HANA filaggrin T
AS FEs7] 93l anti-filaggrin @Al (Leica, USA)E
o]-gate] EAeFH o FAH Tl Texas Red-X
goat anti-mouse 1gG (Invitrogen, USA) &A1} F=4
1) Z(LSM510, Carl-Zeiss, Germany)S ©] &3l #
Zatat.
2.3. St|AHE HHYEE HIt
231, MEEA 2 ¥

50 G E A 2 AFFHY pointd A S
F10mL T2 ¥ &7]d Frista 70 TR 74
st gaAIZIth &3lE E4S ¢F 10 stk vortexing
3 25 CollA] A3t

_l

2.3.2. CLCHA clear point

7t AR EAE ol83st AlZzE AAHE 45, 40, 35,
30, 25, 20, 15 C, 10, 5, O, -4 CollA] HEA} H1-& SoLE

s T3l A
233 WY AHEZ £y

Az" CLCHA 200 puLA EF 3] 96 well black
platec] 22 3 Flexdation 35 ©]&3te] 25 C, 30 C,
35 C, 40 C, 45 C UV-VIS ~HEHE =A3J}

24, EMAHE FEAQ B

2.4.1, Cholesteryl isostearate2| g
Cholesterol [NAB Cholesterol (ARCH LONZA AP)]
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EDCI/Et;N
CH,Cl,

HO
NAB Cholesterol(ARCH LONZA)

24.1. Cholesteryl isostearate®] &4

Et;N
CH,Cl,

HO
NAB Cholesterol(ARCH LONZA)

2.4.2. Cholesteryl nonanoate®] 3

HO
NAB Cholesterol(ARCH LONZA)

24.3. Cholesteryl chloride®] &4

(100 g, 0.258 mol)3} isostearic acid (161 g, 0.568 mol)
< dichloromethane (1000 mL)ol =o]al nlHks}HE A
triethylamine (57.4 g, 0.568 mol)3} N-(3-dimethylamino-
propyl)-N’'-ethylcarbodimide  hydrochloride (108.8 g,
0568 mol) 713k & 204 12 h 52t Wi Th
WHESE E3H-8-9fof] 1 N HCl (1000 mL)$} &(1000 mL)
2 A F A4EF 3o W 3 2y g982nE
g2 AAsla JIFHZF AlA cholesteryl isostearate
5 & 81%=E AT

H NMR (300 MHz, DMSO-06) § 5.37 (d, 1 H, J=4.2 Hz),
4.70- 458 (m, 1H), 2.32-2.24(m, 4H), 2.03- 1.77

(m, 6H), 1.68-1.47 (m, 12H), 1.37- 1.05(m, 34H),
1.02(s, 3H), 0.92-0.82(m, 15H), 0.67 (s, 3H).

2.4.2. Cholesteryl nonanoate2| &

Cholesterol [NAB cholesterol (ARCH LONZA A
(100 g, 0.258 mol)3} nonanoic acid (89.8 g, 0.568 mol)
< dichloromethane (1000 mL)ell =o]3 WHESHA]
triethylamine (57.4 g, 0.568 mol) 3} N-(3-dimethylaminopropyl)-

taabaEstks|#], Al 4048 A 2 5, 2014

o
WO
I.Cholesteryl isostearate

socl,
CH,Cl,

Il.Cholesteryl nonanoate

N’-ethylcarbodimide hydrochloride (108.8 g, 0.568 mol)
71 F 4ol A 12 h B wAETh wkd &
grg-9fo 1 N HCl (1000 mL)2} E(1000 mL)Z A&
F A4EF ATE 29 F olwe® AAH F choles:
teryl nonancateE & 85%= AUTH

H NMR (300 MHz, DMSO-d6) § 5.37 (d, 1 H, J = 4.2 Hz),
470-457(m, 1H), 2.32-2.17(m, 4H), 2.03-182
(m, 6H), 1.63-1.47 (m, 12H), 1.37-1.21(m, 14H),
1.17-1.05(m, 5H), 1.02(s, 3H), 0.92-0.82(m, 12
H), 0.67(s, 3H).

2.4.3. Cholesteryl chloride?| &M

Cholesterol [NAB cholesterol (ARCH LONZA AP)]
(100 g, 0.258 mol)-S- dichloromethane (1000 mL)°l| =
o] 1 w5 A] DMF (10 mL)<} SOCl, (67.5 g, 0.568
mol)E #7keth 2% $ 40 CollA 12 h Bt wxks)
At wHkek EE8AS TSl dEEE AR
& cholegteryl chlorideE & 65%E L Uth

H NMR (300 MHz, DMSO-d6) § 5.37 (d, 1 H, J=5.1 Hz),



Figure 2. Test region (CI/CC/ICN) of partid ternary phase
diagram.

3.82-371(m, 1H), 261-244(m, 2H), 217-177
(m, 6H), 1.62-1.20(m, 12H), 1.16- 1.06(m, 7H),
1.03(s, 3H), 0.92-0.85(m, 9H), 0.67 (s, 3H).
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Table 1. Composition Rate of Partid Ternary Phase Diagram Table 2. Clear Point Test of Choresteric Liquid Crystal
— MIN: Minimum temperature (C) of visible light disappearing
No Composition rate (%) MAX: Maximum temperature (C) of visible light disappearing
cl cc CN dT=MAX-MIN
Al 65 30 5 Clear point Test : Gradudly reduce the temperature from -4 C
A2 60 0 10 045 €
A3 55 30 15 No Clear point
A4 50 30 20 MIN (C)  MAX () dr
AS 5 20 o5 Al 10 35 25
A6 40 30 30 A2 10 40 30
A7 %5 20 %5 A3 10 40 30
A4 0 45 45
A8 30 30 40 AB 0 5 5
A9 25 30 45 A6 0 45 45
Al10 20 30 50 A7 0 45 45
B1 70 25 5 A8 -4 45 49
B2 65 25 10 A9 -4 45 49
B3 60 25 15 Al0 -4 45 49
B4 55 25 20 Bl 20 35 13
B5 50 25 25 B2 20 40 20
B6 45 25 30 B3 1 40 2
B4 15 45 30
B7 40 25 35 B5 15 5 20
B8 35 25 40 B6 15 45 30
BO 30 25 45 B7 10 45 35
B10 25 25 50 BS 10 45 35
B11 20 25 55 B9 0 45 45
Cl 75 20 5 B10 0 45 45
c2 70 20 10 B11 0 ® 45
c3 65 20 15 cl %5 35 10
ca 60 20 20 C2 25 40 15
C3 25 40 15
Cc5 55 20 25 ca o5 5 20
C6 50 20 30 cs 25 45 20
C7 45 20 35 c6 25 45 20
C8 40 20 40 C7 25 45 20
C9 35 20 45 C8 25 45 20
C10 30 20 50 C9 25 45 20
c11 25 20 55 C10 2 45 20
C12 20 20 60 Cl1 25 45 20
D1 60 10 30 C12 25 45 20
D1 40 45 5
D2 55 10 35 D2 0 5 5
D3 50 10 40 D3 20 45 5
D4 60 15 25 D4 5 45 10
D6 50 35 15 D6 4 35 39
D7 45 35 20 D7 -4 35 39
D8 40 35 25 D8 -4 35 39

taabaEstks|#], Al 4048 A 2 5, 2014
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Table 3. Correlation between Low Temperature Stability and Composition
Low temperature stability test : After 12 h storage & -4 C gradudly raise the temperature from 45 C to -4 C

Composition rate (%)

No dT stability
Cl CcC CN
A4 50 30 20 45
A5 45 30 25 45
reversible

A6 40 30 30 45

A7 35 30 35 45

A8 30 30 40 49

A9 25 30 45 49
Al0 20 30 S0 49 irreversible

B9 30 25 45 45

B10 25 25 50 45

B11 20 25 55 45

Figure 3. A™ change by temperature using Flexstation.

28 HolETh ¥ AN AgHE FUsHY o
e GAAHC)T TARCC, ONe] B2F 4R
17 ZFo R WHEol Atk whekA AL |
AL 74 Cl9) Bmo] weba] AL Yol 2
Aks 2e #3585 ok webA a9 240 m
2 7k o] ek gl Ug O FEE BH
3% ol gl ZFHUL Wl 71 o] Lkl 5 e

< BojEnt {53 ik 2ol Cle A2elA uAs
2 ol 3= Aol oA YA Hade f

B2 [B3| B4  B5 | B6 | B7 | B8 | BY |B10|B11]

o Kl

A= 9 3t =S BAET mgEba A2
L FAE] AsiA = C7F AAFEE2] 35%C]
g ZgtE|ojok sk AL & F Uk B Aol A A
204 Aol E1 Yo 2EHYA HFES
A= A=A % A4 ~ ATAIE g AS gl
st

>

33, ZYAEE Y S BA

— O LT

ZeE2EHEY A A (thermotropic) 0.2 2=
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Figure 4. UV-VIS peak shape of cholesteric LC.

P=pitch
n=refractive index

A=nP

Figure 5. Bragg's law.
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of wel AA e FEEV} Hake A 7
o} webA] 5o mE A s istE B o
Aol gt FHEA S BAstaa) sk kAT F
daHy A EENS fsiEe d40] fAd
upel S EAo] Fas)
o} ol g Ao & QI8 UV-VIS ~HERS #43
7] YA = B2 AR Hlgo] ARET mEkA &
ATE BEH £4E 94 Hexdation 35 ©]&-
ate] Zh-e AIZE el -‘% HFs ENE F A= T
g ket nh £ -2 96 wel plaedl] ua% 5
J3te] 967l 2] 474 E‘iﬁ} ol sAld 7k
BEQ otE QA ofF AEAR A OlE}. o]
S WO E UV-VIS 99 e A%t O AdE
Figure 3o YERAATE

UV-VIS 2H Eg]e Hlo] HkALE O filter® e A
3 SRR Yehlon 25 25 ~45 C
Atolel 5 C T2 Al Frad Wstgs S35t
A stF e Fgure 3). 18]l Z4zke] Ao YeEh =
2HEQS B3t 571¢] 3 S Figure 49

=
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Efglen oo tist 548 A4S giF
A o] UV-VIS ~FEZL C (Pdten 3), D (Patten 4),
E (Patten 5)¢] 3] Z3jely} o] vyl

3 D6 ~ D72 Al 9|3t oo dH=L 2
sl & 1f T3 -e A Jagel= 249
T AAYE F2F 5 AATh kA o 4
A o] T v BNt AdLe] s A
olgfal wdtetal Zb wAsfRdE A S0 A
dTE Ygste Teble 49 Aeletdth 1 23} E
(Patten 5) T AP 2 e = A9 A8 ~ A10/ BY
~ B10°|12™ D (Pdaten 4) I A2 Hol= HA
2 A2 ~ A7/ B4 ~ B6, C (Patten 3) ¥ = FEj 2 Ho]
= AHES A2 ~ A7/ B4 ~ B6E YENsTE 183 o
ez} dTebe] #AE B E (Paten 5)7} dT=49 ~
35 Atol &2 7H W2 Mol A vl A S FA )
Rom 1 TS0 F D (Paten 4)7} dT=45 ~ 30Z =7
et Co 3 el dT=20 ol3} #o= 71 F
< HllA Yebgtth weks] 4] 3 FaE 2 b
T4 HAdnete FHBAT oS FEZ T A
o ¥2A broad T ZA BIFYE Fo] & o=
et B BL(dT)7F 62 AA A4 ~ A107}
B9 ~ B11-& D (Patten 4), E (Patten 5) 3 €} £ broad 3]
35 FAAE & olH 3 AA | FRkAL 9
< FY2=HY AA o] Aol AAAdol = o]
& Bragg's lawell whe} X do] e} dT 28]al A& <k
AT FBRBAE LolR A} YT

I X (pitch)&] Aol whehA HALE = o] A7
o] == Bragg's law (A=nP)<=- Figure 5o YERJ AT}
[11]. Bragg's lawoll w2 broad ¥ 3 Fej= T3k
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Table 4. Correlation between UV-VIS Peak Shape and CLC

(A) Petten 5 Composition rate (%)
No dar
cl CcC CN
A8 30 30 40 49
A9 25 30 45 49
A10 20 30 50 49
B7 40 25 35 35
B8 35 25 40 35
B9 30 25 45 45
B10 25 25 50 45
B11 20 25 55 45
(B) Petten 4 Composition rate (%)
No dar
Cl CcC CN
A2 60 30 10 30
A3 55 30 15 30
A4 50 30 20 45
A5 45 30 25 45
A6 40 30 30 45
A7 35 30 35 45
B4 55 25 20 30
B5 50 25 25 30
B6 45 25 30 30
D8 40 35 25 39
(©) Petten 3 Composition rate (%)
No dr
Cl CcC CN
B1 70 25 5 15
B2 65 25 10 20
B3 60 25 15 25
C1 16 20 5 10
c2 70 20 10 15
C3 65 20 15 15
4 60 20 20 20
C5 55 20 25 20
C6 50 20 30 20
(674 45 20 35 20
C8 40 20 40 20
(0:°] 35 20 45 20
C10 30 20 50 20
Cl1 25 20 55 20
C12 20 20 60 20
D1 60 10 30 5
D2 55 10 35 5
D3 50 10 40 5
D4 60 15 25 10
D5 45 15 40 10
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Table 5. \™ Change according to Temperature of CLC
(A) . AT (nm)

¢ Al A2 A3 A4 A5 A6 A7 A8 A9 A10

25 545 521 536 545 554 551 548 578 571 575

30 557 545 548 557 569 566 557 590 584 584

35 510 569 566 569 581 581 581 605 596 596

40 572 596 602 608 605 590 626 611 614

45 644 644 644 608 647 635 629
(B) . A™ (nm)

¢ Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 Bl11

25 479 485 494 482 432 482 506 506 521 524 530

30 485 495 503 488 432 482 506 509 524 530 533

35 494 506 512 506 503 479 521 521 533 536 539

40 512 527 521 521 506 530 524 542 545 545

45 536 536 509 542 542 554 557 54
© . A™ (hm)

¢ C1 c2 Cc3 4 c5 C6 c7 C8 9 C10 C11 C12

25 437 452 461 479 485 494 488 494 500 512 512 521

30 428 440 446 446 455 464 473 479 482 485 494 500

35 422 437 443 440 449 458 470 476 479 479 491 494

40 437 443 443 447 458 473 479 479 476 491 494

45 440 455 461 479 432 485 479 494 494
1) x4 o] (pitch length)o] H7go] F FxHo| U= 2 bgAe] L Al W oA HFEE T
Ag BFH shapet 3= 54 I X2 0| (pitch A U= S 2EY dAHolga ¢ 5 Uk A2
length) 2] o] B =] Uth= As L& © EX 0= o3 WS FAlskE L A v5¢
3t o237 AAES vwE] B 54 gxdo] A o] e Ao g FAatEm(Tale 3), broady] 25
(pitch length) 478 o] 257t 00 W HIFL A= 44 F ClY =7 35% H|Rko| FARgH
N E YRR AL thgE 3] 2)1d o] (pitch length) ] <4 Fz)do) ] dA o] F U W BlEE BEEHM A
Aol AT BEF e dAHL 52 HFd HY Aog A PgAo] Holfs &+ A
(dNE Uetlie AL & & A}Th 183 52 HF g EHH R AL ohA At THE vishle %
4 HAMNE HEtl= d4A Sl AL A0l oo] H1g WMAAA RIGB Algel thakdk AL el
=2 A (A4 ~ A7)E2 D (Paten 43} 2] broads Witk mebA o]l g WAlS F9-h= OJZ}—%% afet

HolFa Qi 3 AtiF o082 A2 FAdo] W
A (A8 ~ A10 / B7 ~ BIO)ES E (Pdten 5) FE|=
broad T =9} shap B-F-217} BAl EA1gT) o]= &
A mxdole] HAo] D B} B2 HEE A3t
= AL oudt) AtH oz thFgk 3]X]Z o) (pitch
length) 2] jgo] 7 EAT & = 240l M A
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Figure 6. IMP software (A) Cholesteryl chloride [CC] dependent. \™ variation (p > 0.0001) (B) Cholesteryl isostearate [Cl]
dependent A™ variation (p > 0.0001) (C)Temperature (‘C) dependent \™ variation (p > 0.0001).
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Figure 7. Cholesteryl chloride [CC] dependent graph dope.
X axis = temperature (C), y axis = A\™
(A) 30%, (B) 25%, (C) 20% Cholesteryl chloride [CC].
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Figure 8. Visua of cholesteric liquid crystal.
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