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Abstract

In this study, new hydroxyapatite powder surface composites were investigated for protective effects against ultraviolet rays.
Hydroxyapatite (HAp) is biocompatible and does not cause nebula phenomenon on skin. We investigated the surface modification
of hydroxyapatite to improve UV block and skin usage. Dimethicone, lauroyl lysine, triethoxycaprylylsilane and silica were used
as coating agents for the surface modification of HAp. To prepare the composite complex of the modified surface, the dimethi-
cone, lauroyl lysine and triethoxycaprylylsilane were prepared by a dry process, and silica by a hydrothermal synthesis method.
The HAp-silica was chosen as the best composite powder when measuring its sun protection levels. We investigated the character-
istics of the surface of HAp-silica by SEM, particle size analyzer and energy dispersive spectrometry (EDS). Additionally, the
stability in the formulation, UV block effect, and safety in BB creams were investigated. In conclusion, HAp-silica prepared by
the modification of HAp complex surface improved the skin usage and UV block effect by enhancing the white cloudy
phenomenon. These results indicate that HAp-silica may be used for UV block cosmetics.
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Table 1. Content Ratios of Ingredients for Surface-Modification of
Hydroxyapatite

Ingredient A B C D Remark

Hydroxyapatite 97% 97% 97% 97%
Dimethicone 3% - - -
Lauroyl lysine - 3% - - surface
) . modification
Triethoxycaprylylsilane - - 3% - type
Silica - - - 3%
Ethanol 15% 15% 15% diluted solution

Hydroxyapatite (HAp)= UVA (320~400 nm)$} UVB (280~ 320
nm) WA B S FE WERATH2.3]. HAp e} 7o)
AP WSl A el $Ea S0] ALl o Az
7} golstal Az @7PF Adsiths 43S 7L 3ITH4,5]. HAp
£ Cai(POy)o(OH), (FAESRAIE|A) 9] 57 o] FolA glom kel
& Apdehs 542 vERdIth HApE wiEsk kel Akt a8 %
W] Bk Ay TREE(Acrit > 370 nm)E ARE £5 ok
[6,7]. 121tk HAp 1 AHAl= ARAde] miirsdA] 38t A3 &3 A
o] e 7| % gtk o] EAlde sher] 39 Aoyt Hetsh
(hybrid) 5 “E38Fo] 7Hde 4= glom sjite] wmarst wj Wel 45 7Y
A Sl Aol Ak maks SAAA 95 B4 8l ks
AAlshz FA 07 AREE e Qlrk % A7) HA2 w3t €l
o de BN T AATIE AedE AdshdA AR
= Mg = e AR 53 ZAE et Sl

2.4 ¥

2.1. Alef A 717

HApY 39 7MdE $13] A3+ HApi: Taihei Industrial Co.
(Japan)ollA] T3 TE HAp FH o= dimethicone (KF-96A-6CS,
Shin-Etsu Chemical Co., Japan), lauroyl lysine (Amihope LL,
Ajinomoto Co., Japan), triethoxycaprylylsilane (Dynasylan Oacteo,
Evonik Industries AG, Japan), silica (Aerosil R 812, 8 nano size,
Evonic Co., Germany)E A3}t

HApoll silica® FHE 98] H,SO0s (95.0%, Samchun Pure
Chemical Co., Korea), HCI (35.0~37.0%, Samchun Pure Chemical
Co.,Ltd., Korea) 2 HNO; (60%, Matsunoen Chemical Co., Korea)=
AR AlZE YA FAlE SRS AR Z1EF A9l
Zpt A= S o] AR TiO, = Tayca Co. (MT-100TV, Japan) A&
& ARt

AzF 7] W FE= YT EA7|(Particle size analyzer, PSA,
Mastersizer 2000, Malvern, UK)E ©]£38}%1 11, #Fe] A SEM
(Scanning Electron Microscope) (Tescan Vega3, Cranberry TWP, PA,
USA)E ol-&al3iar, €4 3 9l A4 = ouvx] B4 #497]
(Energy Dispersive Spectroscopy, EDS, S-2500C, Hitachi Co., Japan)
= ol g3lglon, AelA 47| Bruker Vertex 70 FT-IR (Vertex,
USA)S  o]&3l9ty. F4¥L% 5742  Transparence analyzer
(Spectrophotometer Ultra scan PRO, HunterLab USA), in vitro A+2]4
bt &3} 72 SPF analyzer (SPF 290S, Metrohm, USA)S ©]-8-5}
Ak

35kt Ml 27 H M 3 & 2016
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Hydroxyapatite Dimethicone
powder Lauroyl lysine
compound Triethoxycaprylylsilane

Semi-solution
(Powder P.+ Sol,n )

Drying
Ist 65 C,8h
2nd 105 C, 2 h

Smashing
Ika mixer, 7 s / twice

Filtration
50 mesh / once

’ Coated Composites ‘

Figure 1. Hybrid coating process of hydroxyapatite.
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Figure 2. Synthetic process of HAp/SiO, particles by hydrothermal
method.
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2.2.1. HApO| E™ S&ts}t X2

HAp AHA| AHEAro] FEgA] Josh @hdo] Qlok o] %W 53
s B8l e S5 4 olck HApSl XH EH3tsle] A3t 4
4l 3] Table 13} 2t} FRAE oekgol o] AL&31% ) o
ehe7) FRAS] H]E-2 5 : 12 dimethicone, lauroyl lysine 9! trie-
thoxycaprylylsilanes ool Fo]il E3MAZITE o] F oeks-S 1
2t 65 CollA 8 h AZAIX F, 23F2 105 C, 2 h AZAIFCE ©]ofA]
AzE 3o S B2 2 50 mesh® o3} x]2]kqic). ojuf ARE3)
= IKA Mixer (7 s / twice #2)E AME8FI THFigure 1).
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250 rpm O % 45 min3F WRIAIZTE ©]o] S92 30 min *2]3}1
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Fo AEES 718 5 250 ipm O # 30 min WHFEFIT) o]o] Ak
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~10°2.2 FX5HA 24 h WHAHEL oo SHSFE 9S AAT
, AZ7]2 100 TellA] 24 h 24 U] 52 o] 2% o8| H=
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Table 2. Low & High SPF Standard Cream Formulations
(a) Low SPF standard cream formulation

Ingredient % Phase
Lanoline 5.00
Homosalate 8.00

A White petrolatum 2.50 Oil

Stearic acid 4.00
Propylparaben 0.05
Methylparaben 0.10
Disodium EDTA 0.05

B Propylene glycol 5.00 Water
Triethanolamine 1.00
Purified water 74.30

(b) High SPF standard cream formulation

Ingredient % Phase

Cetearyl alcohol (and) PEG-40 caster oil & 3.15
sodium cetearylsulfate
Decyl oleate 15.00

A Ethylhexyl methoxycinnamate 3.00 oil

Butyl methoxydibenzoylmethane 0.50
Propylparaben 0.10
Purified water 53.57
Phenylbenzimidazole sulfonic acid 2.78
B Sodium hydroxide (45% solution) 0.90
Methylparaben 0.30

Disodium EDTA 0.10  Water
Purified water 20.00
C Carbomer 934P 0.30
Sodium hydroxide (45% solution) 0.30

IAIAA EHA 2] 3} CH(Figure 2). Dimethicone, lauroyl lysine, trie-
thoxycaprylylsilane & silica®™ X% 2|3 HAp YA} &4 42
g AR el AR B ARl A2 Bast dRE FSlsko]
A9 Ak 534S Sgael A9 BA AP HasRT, 2
g oJ3= EDS ¥ FT-IRZ #439ich

2.2.2. HAp-silica®| FE{E ZA
HAp-silica®] SE|E2] 42 20 kv 715 79e] SEMS: ©]-8-35
HAp-silicaS W02 F2AIZ & AZsiSich

223 X137 A 2E £

HAp ¥ HAp-silica®] 9% 7] W #3Z & PSAE o] €3It o
2F Afo] =20 H 5= 25 T, AR 165°, 339 ° 2= argon |
O A& AHgsto] 70 33] 57319 dynamic light scattering (DLS)
715l o Afo] 9] Batgks AXtSISItE 542 33] S7dste] 3
THOE SRtk

22.4. EDSE HAp-silica® EH TE =0l

Silica® *]2]8t HAp-silica®] % F®o] & EAU+=A%E Energy
Dispersice X-ray Spectrometer (Bruker, Quantax 200)Z °lu]#] 3174 %=
< 123eV, peak shift (5~300 keps, < 5e¢V), AZ7](Si Drift Detector,
SDD), A% (Be, z = 4~Am, z = 95) 707 =433t} EDS ¥4

o x7] 4 249 IYE BPA % BEES FAT 5 Yok

S8 Ge) gl 7)AA gl wsk A 301

225 HoIM 2ATJ|Z HAp-silica®l 7T HYH =4

2191 #337] Bruker Alpha-P (57 35 7500~375 cm’, beam
splitter; KBr, 71%7]; DTGS, alA%E; < 2 em’, 3¢ AE%; 0.01
em™)E HAp-silica® 7% HA #4L A sk

2.2.6. HAp %! HAp-silica®| FHE =3

FHEA] 2 HAp2} silica® FHE HAp-sialica®] 7§ &(trans-
mittancy) & =435It} SPF analyzer® ARE-5to] A|RE 2 pm/cm27 }
HEE EWAY O] HO| X(transpore tape)o]l T=ESFL 15 min 71FA]
1 3 FYEE Stk A8k 33 FAgo = Stk

207, KM XFEF QU KpQIM AIEH X4 =X

22l Apd =7 HAp non-coating 5.2} o12] 714 BF4le] W
o3 AuE 7L AL Ad 5395 Stk 2 AEe
shar 2kl A] 4l [SO 24443, 1SO 24445 TA|8E 2F91A 2pgk 24
W gl V)0 R RFAIRE THEY] 37188l Table 2914 (a)=
S RFAE, (D) =2 EFARE URTOR silicat THE
HAp Ak AFedxkt @3-= in vitro A|3(SPF  analyzer, SPF
2908, USA)E o]&sfo] A8k3ith

22 b A4 S TR & HAp 98 % H HAp2
AH9)4 Ak E IS SPF analyzer® Z48IItE A& 2 pm/em’ )
FTOF EWANYO] H O] X(transpore tape)oll =ESIIL 15 min 1%
AL F- SAleE AL 33] Fupow sigivk e FrkE
3l Aok Aol wiith BFE ASE A7 s%E KAt

2.2.8. HAp-silica &% O/W 2 w/O0 &9 o8N =

Silica® F®¥ HAp-sialica W FHE A 942 HApE &=
O/W 3L W/O Elle] BB A7 o8& AlEste] 125° &<t 40 Tol
A A Wsks $EEel o, Z2te] BB A1) P42 0, 24 h, 15
4 33 xR SAsItE A% 54S 918 Brookfield LV
(Spindle #4, Speed 6 rpm)E AR5}

2.2.9. HAp-silica?| I|F M Al™

TiOz, HAp % HAp-silica®] ¥4 2}= s3] B|A~E+= et 30T) o
A 108E gide R AAEIth kA Al Tio,, HAp 2
HAp-silicas 212} 5% -3k BB A ¥ S #A|38t] APAERE AR
skSlth Alz¥ BB A8 W tixatg AP A Fel TaEsto] ¥
ol A= A - 75 dEEITh AR I B ARR- 72 h, 8%
L 002 go=® =331tk

o
kJ
gt

3. 24} 9

3.1. ARBKEAIY "ot

HAp 959} o8] 7F4] eF4]e] Hist A2 HApE o=
AHEAE A1 B7VE AAEITE Al 3 }~ Qs BB AR
24 NE o7 WA O H(blind test), B} AL FAE FARRRI
o/d o= 20tf] 57, 30Tl SHOE F 10O ﬂﬁ!ﬂ’c‘?}s’iv}. Bt &=
2 ARkl AR, WARE Ml 9 AWM F a7 E W]
om FIANE 1~580% 5x3} e}ty Bt A7E B silica
= FH¥ HAp7h kA ow $5altis ol 28 #Rls 5= glo
W, 1% AukEl Abg7y WAzt gEw ddAde] et RS &

Qlgk 4= 31T Table 3).
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Table 3. User Test Using the Type of Coating Material HAp

HAp HAp-Silica HAp-Dimethicone HAp-Lauroyl-lysine HAp-Triethoxy caprylyl silane
Feeling 2 4.8 2.6 3.1 3.1
Adherency 1.5 4.7 3 3.2 3.1
Malleability 2 4.6 3 29 29
Coverage 1 2.8 1 1 1
Total 6.5 16.9 9.6 10.2 10.2
(5 : Excellent, 4 : Good, 3 : Normal, 2 : Bad, 1 : Worst)
HAp-silica = ca
7
=
B P
g
3 ]
I
3 7
2 é °
1 si
i c Mg A
Figure 3. Photograph of HAp (left) and HAp-silica (right). 1 2 3 4
keV
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2. HAp-silica2| SHENSHY 2 ]
HAp-silica®] e #2442 FE5}A] o2 HApS} silica® B 1 Jbg o
212]¥ HApS SEMO = ¥ | w a9l thFigure 3). FH3HA] ok L e . .
HApt: 1Ak] 2717k #aiA ekm tealglon, wlwa wwlol ' e :
711838 & 4 Stk SHAIRE silica® ®H FRE HApi WO ®)

7] F5o] Tk HAp Edo] AegtE FZHEe] les &
Itk ZHEA] 92 HApE YAREEI} 245 pmoll A 24.56 um =
He At B2E9oH silica FHE HApE FHS A28 &
< HAp Hr} 47t H+t Ix=71E vehigich

3.3. HAp 2 HAp-silica®| X} 37| & &%

TEBHA 94 HApS) silica® T3 HApY A+ 21715 =45}
STk Figure 4014 ¢} 2o] HAp= 10 um® YAREE zh= W A
AES el vhd, HAp-silica ¥ HAp: S42¢] ~9)E=

< Yehhgle

3.4. EDSE Silica2 TEIEl HAp-Silica E9I
Silica® A 2|$t HApS] W HsP A4 0= o]FAR=AE
F7¥sl7] flste] EDS 248 AAISHItKFigure 5). EDS 2422 %
gh

e
71 A a4t IRE HEA Q1% = Qlth. Figure 5

s

A= I = I
EERUS=0=)

2318t Ml 27 A M 3 E, 2016

Figure 5. EDS spectrum of composite powders. (a) HAp, (b)
HAp-silica.

ol ()= WERTOR AP HApolll (b): silica® FHE
HAp-silica®] EDS 4] Ax}olt). (b)ollA 1.8 eV F-ollA] silicadll A
HEE A2 93E 32 5 vk mEbA silica’t FTHE
HAp-silica JAFE ER18I1 1, 7|eF BaE EAISHA] 49tk
Table 4= HAp2] 74 €48t B4E 1S 93 94 gs
ERdl Z10] 1L Table 5+ HAp-silica® X% 5313} 2lg)d 74 949
EvEe Uehd A0 E5ES SRIEA] 43T Table 404 Sic]
ke 0.22%% LFERSO ™ Table 594+ Si AR 3Fako] 4.1% = 7
EH ) o] A= silica’} HApoll ZHE S-S Vel Axjo]
o). 71 9lo] HApSl 9% 2% Ca%} P silica I8 WEE 71 g
o] M-S & 5 Utk Ca®l A% silica T8 A 23.79%°04 IH
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Table 4. EDS Analysis of HAp

S8 Ge) gl 7)AA gl wsk A 303

Table 6. In Vivo and In Vitro Sun Protection Factor Values of Low
and High SPF Standard Cream

30

El AN C norm. C Atom. 3 Sigma
(Wt%) (at%) (Wt%) Low SPF High SPF
C 6 333 6.51 243 In vivo 447 £ 1.28 15.50 £ 3.00
8 38.15 56.00 15.50 In vitro 4.75 £ 3.45 1743 + 422
Mg 12 0.37 0.36 0.16
Al 13 0.12 0.10 0.10 30 7 3
Si 14 0.27 0.22 0.12 25 4
P 15 17.17 13.02 1.98
Ca 20 40.59 23.79 3.45 2.0 A
Total 100 100 -
3 15 o
El; Element, AN; Atomic number ;
e 10 4
]
Table 5. EDS Analysis of HAp-silica = 05 e
. 1 ~
C norm. C Atom. 3 Sigma '_J"\
El AN (Wi%) (@t%) (Wi%) 00 »
C 6 6.10 11.35 3.75 4000 3500 1250 1000 750 500
(6] 8 38.69 54.06 15.37 Wavenumber(ecm-1)
Mg 12 0.40 0.36 0.16 Figure 6. Infrared spectrum of HAp-silica.
Al 13 0.18 0.15 0.11 100
Si 14 5.16 4.10 0.71 01— Hap
P 15 14.45 10.43 1.68 2 2 = rapesica
Ca 20 35.02 19.55 2.99 g 0
E 50
Total 100 100 E 40
2

El; Element, AN; Atomic number

3.5. HAp-silica2| 72| IR &Y &AM

Ao)x w372 BAsRs W 1A Alg Fie HE WAAlA
FHEE ks o R R} st 44 AT v EAo] B
F 7Fssliths o] QUth Figure 6 HAp-silica®] A8l &=
= HOIFE IR spectrum]th. 472, 963, 1034 X 1094 em™ ZPgefollA
78t 932 23 5 QIth 0-P-O peak: 565, 604 cm™ ol 4] doublet
937 et 630 cm” o]0l hydroxyl group? vibrational
mode”} WFERHTE 3570 em™ o)== Eofl 7]91¥) -OHY) A% X159
E90]tH10]. Apatite T304 SiOs" groupS 827 em ol 7P 2R
o35 JEPATH11]. o] Fo]aE HApS] AB Al $1x]o]H, HAp
v 5 ~FEYS Jehdth: 218 g 5 lqlti12].

)

3.6. HAp % HAp-silica®| FHE

FEEHA] 2 HAp 7] D=8} silica® 3™ 7|23 HAp-silica]
7 E(transmittancy) & 573 3FA T Figure 72} 2o, silica® ZHE
HAp-silica®] F857} TR & HApETHE FHE7) A4 o
ERsitt o= -9 silica7t FEHEC FFE HR Aoz Addh

20
10
0

310 370 430 490 550 610 670 730 790 850 910 970 1030 1090 1150
Wavelength (nm)

Figure 7. Transmittancy of HAp and HAp-silica.

3.7. Low & High SPF EF 3Z2| In Vivo ¥ In Vitro AIHK|
=3
Low & high SPF ¥ A® 9] in vivo W in vitro SPF <> Table
62} 2t} In vivollA] low SPF ¥ high SPF 3k 212} 447 4 15.5%
YR, in vitrool A= 242} 475 9 17435 YERITE Low & High
SPF ¥ AHO| SPF 44 TS I3 TR H hydroxyapatite
(HAp-silica)©] #Fe]A 2pck X145 S35tk

3.8. Low SPF EZF 3ZNA TEEl HAp2| in vitro SPF, PA %
C/W
Low SPF ¥ I #Ho|X HApY 4714 FRAS 5% 358 & 7}
Ztoll thakd in vitro SPF, PA W C/WE =731 THTable 7). Silica™
FH ¥ HAp-silicat= in vitro SPF #°] 1592 Th2 IZRAZ T3
HApRTH 7P 2 & vehdch ¥ak ol PA 9 /WS 22 4.0
4l 379302 g FRUL 37 Jebgoh
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Table 7. In Vitro Sun Protection Factor Values of HAp Coated with Coating Compounds

Sample 1 2 3 4 5
Low SPF standard sample formulation To : 100 To : 100 To : 100 To : 100 To : 100
Non-coating 5% - - - -
Dimethicone - 5% - - -
HAp Lauroyl lysine - - 5% - -
Triethoxycaprylylsilane - - - 5% -
SiO; - - - - 5%
SPF 5.4 8.9 10.5 11.6 15.9
PA 2.0 35 3.7 4.0 4.0
C/wW 376.8 376.3 377.3 376.3 379.3
PA; Proteciton grade of UVA, C/W; Critical Wavelength ( A max)
Table 8. SPF In Vitro Test of Low and High SPF Standard Cream
Standard sample A C D E F
Low SPF standard cream To : 100 To : 100 To : 100 - - -
High SPF standard cream - - To : 100 To : 100 To : 100
TiO» - - - 5.00% -
HAp-silica - 5.00% - - 5.00%
SPF 4.75 8.5 17.43 225 25.5
SPF 3.9. In Vitro RI2IM XIEt =%
10 - 21k2)7} A8 low & high SPF 33 F2(Table 2)°l TiO,S}
. HAp-Silicas 217} 5% FHishs A9 9] ARl Apdk =45 S48kl
th In vitro SPF A% SPF 290SE ©]4-3te] 43190tk Low &
I high SPF ¥ AdelA thxel BFAIRES (A) W (D)} vlwst
5 | I o Tioy7h S AlE (B) 2 (B)9 A9A A A5k o] A v}
Ebon, I8 E HAp-silica A|EQ1 (C) ¥ (F)= TiO, $Hr A E(B,
E)¢] A¢-Rute Al abd A57 o A Yekdth A= HAp-
silica”} 7P & A2l Ak @95 YeERATE Low SPFOllX = 35
0 , : , Al o] Aol Aet g3he} Bl e wii= HAp-silica”} ©F 79% 4%
Low SPE Ti0, HAp-SiO, A2 2 237 F7FE O, high SPROIAE oF 46% A2l Abdk
Standard Sample 5% 5% A7} 718 SPF A% ol silica7l Hg3kE|o] WA,
(a) Low SPF standard sample AE B ES R o3t AeldAbd mael Sk Al
SPF 3.10. HAp-silica &8 O/W & W/0 3=o| QFyA
301 O/W 2! W/O E}19) BB cream A&l 5195k 9k HAp A&
& 9} silica® ¥ FEF HAp-silica’} -G-8 oldd 9] ¢HgAS =4
20 - " I SHATE ZH2+2] O/W type, W/O typeS] BB crear‘n*% Azsl] 125 &
QF 21240 C)ollA A Al HskE #AZsIQIck Table 9 9
Figure 9] AT} 2 5E] HApS] 9 533} 2] ¥ HAp-Silica”} A
10 - A kol - AE & & ASITh B $E o= EH
HelE HAp QLE7F 16 Akgo] o M3 §3} 914 B okl
sh9T] Bako] $4ale] mehA] ke HApRTh AN H O Qrgs)
0 - - - the 2 1T 4 gtk
High SPF TiO, HAp-Si0,
Standard Sample 5% 5%

(b) High SPF standard sample

Figure 8. In vitro SPF values of low and high SPF standard creams.

35kt Ml 27 H M 3 & 2016

3.11. HAp-silica =&A[2| m[F QMY
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Table 9. Stability of HAp and HAp-Silica in the O/W, W/O Formulation
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Viscosity* (40 C)

Type

0h 24 h 1 week 2 week 4 week 12 week
BB cream + HAp-noncoating 5% 29,000 30,000 29,000 27,000 26,000 18,000
ow BB cream + HAp-silica 5% 27,000 29,000 28,000 30,000 28,000 26,000
W/o BB cream + HAp-noncoating 5% 40,000 42,000 37,000 32,000 28,000 20,000
BB cream + HAp-silica 5% 38,000 39,000 40,000 40,000 38,000 37,000
* Brookfield LV (Spindle 4 pin, Speed 6 rpm)
O/W Type BB cream W/O Type BB cream
35000 |  ®BB <HAp 5% > 50,000 - m BB <HAp 5%>
e <HAp-Silica 5%> ’ BB <HAp-Silica 5% >
— 40,000 -
20000 - 30,000 -
Stability test 15000 - —
10000 -
5000 10,000 -
0 - 0 -
the day 1days 1 weeks 2 weeks 4 weeks 12 weeks the day 1 days 1weeks 2 weeks 4 weeks 12 weeks

Figure 9. Stabilities of O/W and W/O type BB creams.

48 hr

0 hr 24 hr

Figure 10. Skin imitancy patch tests of TiO;, HAp and HAp-silica. 1) Control, 2) TiO;, 3) HAp, 4) HAp-Silica.
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