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Evaluate the use of chitosan-containing hydrogel to reduce percutaneous absorption of
organic UV filter in sunscreen emulsion formulation
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This study found that the hydrogel containing chitosan significantly promoted the penetration of
Benzophenone-3(BP3) and 2-phenylbenzimidazole-5-sulfonic acid (PBSA) in the stratum corneum, and the
effect of this promotion was that the lipophilic BP3 was greater than the hydrophilic PBSA. This promotion
of penetration did not differ significantly between the male and female test groups. The total residual amount
(collecting six tapes) during the 9-hour test showed that the hydrogel containing chitosan reduced the
percutaneous absorption of BP3, and the transdermal absorption ratio of BP3 in the female group was
significantly higher than that in the male group. However, the same hydrogel had no significant effect on the
percutaneous absorption of PBSA, and the transdermal absorption of PBSA in the female group was not
significantly different from that in the male group. The results of these two different tests showed that the
percutaneous absorption of BP3 was significantly higher than that of PBSA, which should be attributed to the
properties of the molecular structure of the UV filter. We speculate that this phenomenon is related to their
polar nature, and the nature of the lipophilic nature is more conducive to their transdermal absorption.

Our conclusion is that the hydrogel containing chitosan will cause the swelling of the shallow stratum
corneum, further increasing the fluidity of the intercellular lipids and causing the penetration of the sunscreen.
However, this phenomenon does not occur for deeper stratum layers. We believe that the hydrogel containing
chitosan may interfere with the percutaneous absorption of the lipophilic UV filter, and it can forms an
absorption barrier that causes the transdermal absorption effect of the lipophilic filter to be significantly
reduced, but the effect of this interference effect on the hydrophilic UV filter is not significant. Therefore, the
effect of using the hydrogel containing chitosan to reduce the transdermal absorption of the UV filter is

effective for the lipophilic molecule BP3, but has no significant effect on the hydrophilic PBSA.

Keywords : Photo-aging / UV filter / percutaneous absorption / chitosan
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PRERENPERT - BEE Y 2 A doe B0 A o 0 M A R A
BE oo T ERRY G R AP Rk M R g AR - BT R
Golmohammadzadeh % 4 (2008)i¢ * f§ * -k & & (o/w)F'i% ~ % & & i £ (multilamellar liposomes)
% | H & fic#g A (small unilamellar liposomes) = f& {42 ¢ % Octyl methoxycinnamate (OMC)i& f% A ’%ﬁ
Bl BEFRS iﬁ‘:%ﬁt”q‘Lp e SPFEY “7¢ BeHOMC 5 % chE e & d ?ﬁ@
Beragst e BenOMC ¥ g s foie » ER <7 L7 I A8 e 4 e gﬁéﬂomcnwfwspF
B2 A oS c £ o @ A A A e L ol & vk & b (ow)Fik & | OMC 2
Butyl methoxydibenzoylmethane (BMDM) " & {7 & J§ /% 3% c88 *F 3% > » P 5L i Bl enfifgs ¢ P
e‘t«p P A A A K %% i 4 (Montenegro et al, 2008) o ¥ ¢h — IE AT 3 MU BC R GPEINA L
‘bR HCN o 1% -k a8 (hydrogels)#| A ) 2 7 #% (chitosan) ¢ % Benzophenone-3 (BP3)#745 =

m’k %% % (nanocapsules) it (7 & A wje i@EF o B R F R H 2 KB E T 5 e e - BP3 < ki
Py AL A T A MERE R L Ao ank % (Siqueira et al, 2011) o » F - Iﬂﬁ N b5 Sk
(B-cyclodextrin) i# =] 22 BP3~-BMDM % 2-phenylbenzimidazole-5-sulfonic acid (PBSA)ig {7 5% & & ¥ »
ke b (o/w)Ft B A > 41 < BLA K i 7 Franz diffusion cells srig g s je i oh i sk > 2 > #F izt
UV 1 gEA g 1§ %% E & F s« 4~15 2 (Shokri et al, 2013) - ¢ i# W:—,\ B IR R IR A A %
rRFAEETEENE AR RRGDER D 3 RE B BRE AR o

R s e SR Ui B o s p “é?%};i FUIL R R R G B RN A v & Rk
Bofge a0 MG dehe R T gy REF UEFRCEF M REL 7 0 R
g AT G AT B AR Y 0 AR TEPIR R AR B o PSR G P ehe BV R
Beofpt R EHEHRE N S ke E;éj‘if_h_l - ehgt it e AR ¢ AR B A A T e
A PR R A B 0 A R T R RS 4 RO B e SR g R
ok R I B R EER e Bogind i BRI DA RG S g3
d b F A (passive diffusion)sh= 34 7% ~ & FT R fwre B 0 B B A (lamellar bilayers) 427 - &
W E A R PETR Y o T A D - BATORE > 1Y 75 7 RF R RS S

/*a‘*"ﬁ‘» KAk FR KL pREFLAS- KB J1* 7 BZEWHBET FBRREES DN

AAABTFEE B2 L2 da (& FH)UET RIS APIREE > A5 - LA

frﬁ'ﬁ_'ﬁ_?ﬁﬂfﬂl‘ﬂﬁé&’ FRELEFEHPRESR AP FIE- EBREDDPEE ER B,
PR ) F B R G FFICE » B TR o R g BT R Brhe R
i%ﬂﬁwm@*%ﬁ'rﬂ;ﬂwwuﬁ@iningWthi'fﬁ%%§%¢wgwﬁﬁfﬁmﬂi@

RO AR R A é‘”mﬁﬁwiﬂﬁ’ﬂﬁu%dipiﬁm£ﬁ%“ﬁ“§VW
Ase 1 g Iﬂm,,q—ﬁ* F"‘i( E i 4:’?1’/# 'iz MR {EFhE 2R - AR 2 R - i
= /é: o

~ v If’éi}a’f*ﬁ‘

Pae drhihmMREad K s A EA A FEF %3 (Reactive oxygen species, ROS)
( Scharffetter-Kochanek et al, 1997; Hanson&CIegg, 2002) oM FAE N KANROS T LR A LR
ApnrF o X2 e ERAF MG T o dory S (Tanakaetal, 2001) ~ pE it & % (Jeanmaire et
al, 2001) ~ v F % v (Sanderetal 2002 ) v DNA % it (Zhangetal 1997)- FF + > ~* 8L K&
HERBTIBEITREHT A EER-EF I ORE VP AR LA
#] > kR E KL (Wenk et al, 2001; Dumay et al, 2001; Garmyn et al, 1992 ) o ¥ *} 2 i Jjg #| (UV
filters):d ¥ ,@/ e _1‘7“}*‘ ERCARE - R EACE =R & R s IR S H 1 ROS #tH 4
K enig E oo fﬁﬁwﬁ R T B A I %‘iff%é?lj vy s T WERS TP & UVA % (320~400nm)
2 UVB %3¢ (290~320nm) 7 5k Z] s jci®* o @ |7 9 (% fic (Sun protection factor , SPF) &3 v
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| £ 1 & enifd s i kb dheh™ 02 o3 ¥ 0 1995 UV 3 54ip] & (J£.290nm 3] 400nm )~ ;2 ( Diffey
et aI 2000) & Z_in vitro snSPF - f§ 5 2 » B ;%:75 A gk iR A B A kK
ﬁ;gu » ¥ ¥ %Uvmﬁqtg@;? 3 SPF3HE o fRd o e B in vitro splE S 2 oS ek B E 2
TN EPERGEA AR A F g f: BT AR R A G ARG ES N A
T A TR fZ e @ ff ¥ ein vivo SPFRIRE S R ¥ @ * B m® & (minimal erythemal dose
MED) K8 R AGKIIABRALFAAFRAFIHENH ARL AL oo Rm g *

TR FEAMRIEF RATERFE > ERemand 4 e K7 %‘flga“hpéi;i)*mng
plooaE 2 % ATY { & 2 en=x iz pa(sub- erythemal) %8 o (invivo)i® s = & K)I.*%E HipE L g v %
oo kg o A e AaE — F AR A ARE P (InViVo)RE T s BT S0 A gﬂ*—i;', 7
BF iy CRHA R kiR k o H A ks 2 J'Jf-%? SCl & R % & % g 7|”Journal of
Photochemistry and Photobiology B: Biology (Tsai et al, 2012) > H# J 32 % if o] * %5 5L J§ & B A& & ot & 3
v 5 5 it (protein carbonylation)# & & & & A J§ £ 3§ it /& 4 (oxidative stress) § T 2 A2 & > £
- B RMRF O s 3 ERLE P ke TR AL VRS F 34 F 0 L PR
BNE & @A dpthe - 0 39 THRAT 4 ROS & reactive carbonyl species(RCS)(3:RCS £_%q F
Z 3 ROS se# 1A 4 chif§ i A4 )E Bsc#F § i prep(lysine) ~ HF "=pk (arginine) ~ ¥ =pk
(proline) ~ ‘= »&pé (histidine) ~ ¢ &% (trytophan) 2 gk ¥&f4 (threonine)# @ & 4 » & 8B 30 e a7
N RS BEL = - (Stadtman & Levine, 2003 ; Zheng & Bizzozero, 2010) - H ¥ 4 :& % k= j 4
WMok Py LG THI G L e i I L & 35 (Dalle-Donne et al, 2006 ; Lazarus et aI,
2015 ; Ishida et al, 2017 ; Zabel et aI, 2017) ° Vi s R ¥ S BRIFT S 2 RFEVRTEFER &7
¥k et B A Tk kR k (R, 2012) o BERETIEBE G EL L ERE R AL
AL R R o ANPIL L B AR C RS R A DI B2 R
PR MRS F e iahy R T D drd gk b RizRE&R Y A PR BMDM L 4
R e0fz gox %k 5 Octocrylene (OCR)% OMC £ 3 ¥ B AR chi Frc%k + @ BP3 & 3 ¥ 42/ ehi ok
% ;. PBSA £ 3 ¢ MA2R 0l Pk ; Octyl salicylate (OSA) % Homosalate (HSA)E" F3OMARR
PRk (el 21) o 2 BAE P o AL JIF SRR RIPIEZ BY UV filter {3 = :,kmg v #x
A& S0%IFWE 3 AR 10 el b U T o JE R S UV filters fRi % S F M aw
w F ke f’ﬁd TR HRDES > AP ERERE UV filter 25 2 F AL Fdrmitd
UVA(short-wave UVA)j° B ~ s jeocic § ~ 3 R 2 Mg A sford 2 2 > 2 fonk X g
iy GRGEF AP YLED AT R AP RS L S 6 AT 2 IR



++++++++ BMDM
+++++++ OCR
+++++++ OMC
+++++ BP3
+++ PBSA
++ OSA
+ HSA

* 3 uv ilter

& ° %

Protein  Protein carbonylation

oooownw*ooo#o“,_o‘oooo

L IS

|| 0 w“”o“’v,, ||

|
| f-.—‘;ﬁ’%‘;;?—.i /] : Stratum corneum
o |

| . _ |

..........

W 2.1: 74 UV filters 2 §h & R34 7 LW ©

B S Tk ok Rkt 7 3%‘ LERTOLHR YR CHEERE Tl @Y L E
g G A PEE S e FIR T UG oUR B ER PR T E o AN PR ITHR P (Hr, 2015) -
o B E 2 g Ao-Vit E, v|tc #)£:0.3%)2 341 FH(OCR, BMDM, OMC: #| £ :2.5
%)z Bu 2 HEEf 2 ks G RIDFERE P EDEHRERPE > BE T Vit E &
BMDM 7 % % ek i34 4r ok % > 82 OMC 2§ B ¥ ek 4 4e 2% > @ & OCR Pl &
ARt I R RG> APRPIARFEE LNIEET OCREa-VItE § 22 25 8% @ 48
S F AF,Z 1k s (B 22) e mAp ERDVItC Eie= A FEH T L5 A F sk s 4o
Fkk o APIEF CXEAMALE R TFEIHHOVILCo MR ERZBFEH RIFRT > &2
¥ B gRa, Dk Egsnd chbe £k o

100

Relative protein carbonylation (%&)
=

W 2.2 & S tcRensk a4 1L R
PREBGAGIE AL 2P RS GO R SHET E R LAtH e 2 H AT BE R BT E
BE LR g L B e SAE S G g s T & 2> 42(Cross et al, 2007 ; Mavon et al, 2007 ; Sha
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etal, 2015) - %5 f§ (2012)s7 3 ¥ > AL FE P T RN ¥ DA DL X 2P RFETPE
SR BT F (T v)’%m% -3 S AL I fr A% ria 3 o BP3 Al A By el ¢ 513 kAt
781+ & J  (photoallergic contact dermatitis) » H 3 2 e & P 85 B »t B ac B 1A K & (allergic
contact dermatitis) > 3 77 7 &7 f® M — 3E ~ RH0k pL# (photopatch) B+ 1 # » 3 7 BP3~OCR
% BMDM #_+t ﬁkg Lo REABEAEA K Lt B p g afEsE & Fug L # 5 ketoprofen
R R AT A R LR FFARE B9t Fx 4 BP3 2 OCR A 2 kst il § X
(The European Multicentre Photopatch Test Study (EMCPPTS) Taskforce, 2012) > iz~ & 3} % BP3~OCR
% ketoprofen &2+ St 3 3 ROM B ¥ - BApF 5] 4 My R AL BPI AL E H AL
Jofs o Bty 0w & F 38 F (endocrine disruptor) i g ¢ @ AL A Z] B AL FT s @ F chE > |
(Szczurko et al, 1994; Knobler et al, 1989; Fisher, 1992) » 4 %] £ 2 # 2 A 3 15t 5 Jf fw 2 &0 in vitro &9
Fyis e @Y H L5 epiE s (estrogenic activity) 2 Fuze e i 12 (anti-androgenic activity)(Ma
et al, 2003; Heneweer et al, 2005) ; @ f~ B evinvivo (#7587 R H 7 34 23 %+ ¢ (0 &
(Schlumpf et al, 2001) ; A& iTawT 3 ¢ & B 374 247k X B E 2% g (hirschsprung's disease)4i g
23 4k & BP3 4 B #:e0B B(Huo et al, 2016) - A RT3 + > BP3 # 3 ¢ # 3 B6C3F(1)
% B A 4 k% I I % (carcinogenic activity)(Rhodes et al, 2007) - @ kg2 f4m 3 > P # & 4 BP3
Wl g A e S P kRt Apy 8 0 At ;é‘ﬁ% 1 3 g9 (half-life) £ 1500 min (Couteau et al,
2007) « AEA B & 0 d A F DG L @ BT BP3 F % 5% 4 F (Fernandez et al, 2002)
Flgt H kBl ex T IR % (systemic absorption) s .34_%}32@ p (Hayden et aI 1997; Jiang et al, 1999;
Gonzalez et al, 2006; Janjua et al, 2004) - 324 F P A ¥ 5d fig 2 2 v P g 0 (Kadry et al,
1995; Okereke et al, 1993; Okereke et al, 1994) ; i&— aﬂ-ﬁ T LT3 BP3 SIS & SR 8 I
Bofeis 48 o I A fR @ iR ] BP3(Gustavsson Gonzalez et al, 2002)- @ fr4 < Bl AT S ¢
FIBP3 2 H N1 & € AFF AR TR CBERZE B4 oom s T SR SRR B Brjl
7% ff £ AP ¥ 4> (Okereke et al, 1994) -
¥ BP3y OMC enAd $ % 2123 f o BRI 72 5 - OMC # X 8 & 2 B iiiitd
J X (allergic contact dermatitis)ci|+ 29 ¥ 2 % L > @ & 2 %ﬁw eyt Vj‘ li % (photoallergic
contact dermatitis) =% 5 F 1t w38 F e o et 4 BP3 Pip ¥ ik K 0 Hek M3t BMDM @ w: 3 3t
PBSA(Darvay et al, 2001 ; Rodriguez et al, 2006) o - 38 12 % 25 4 A B 5 F 4 % 0kl b @k st ¥
;f;gd,fg b AP Bk B AR OMC H R AR T A AL w3 S H ¥ F iLE‘»ﬂ; hR RN R
DA E AP R EDE T wre & 4 wre 4 P (Hayden et al, 2005) 5 ¥ - & 0K BUK T vtk
(L5178Y) 5 % % ¥ % 1 * photo comet assay v Vil OMC #_ % £ 3 A 7]k 3 |2
(photogenotoxicity) %L FIREf s BE(Struweetal, 2007) o FRdm 0 F AL A S AR
w2 th(GMO00498) 2 5 & ‘w # tA(MCF-7) el +h 38 S 58 ¥ B M OMC /27 #c 43 7 »p > UV 73
g{i 77k 7 Y= eer = B M (cyclobutane pyrimidine dimers, CPDs)#c & » » it 3 2k % UV B & T ¥z
G E S JRE FrE E F s b § i e DNA 4F 3 (oxidated DNA lesions)#icg » OMC # 1 ¢ 5%
d 27 A 714 M4 K R (genotoxic response) B chd piRia(biomarker) 3-v B A Flenk d F i H e
= DNA i & (Duale et al, 2010) ; ¢+ ¢t » OMC £ A 2 & 4 3 = 4 & 4+ ( d-truxinate JZ a-truxillate)
S AR A HD KT ERE G e A (B (Steinetal, 2017) - ¥ ¢F > OMC » 7 ac ##4 £ 5 5% +
£ % (endocrine disrupting properties) > — 38 #= 7 1R & < Wistar rats * & 5 7 5&% Fooo derl o EiEE
TS PR EDOMC 5k #F IR OMC ¢ P B2 5008 X Blepd 7 2 4 Tk Sueni 7 (Axelstad et
al, 2011) » $+ S A Bfe Ry B F 0 F AL E BB 5 5 BP3(10%) - OMC(10%) 2 BMDM(5%)
MQ¢M@?“%ﬁﬁﬁ*‘ﬁiiﬂé%%R§’%miﬂﬂﬁﬁﬁﬁﬁiuka\%*
4744 ~ 1032 % 1036 pg/ke-bwiday ; @ % R4 K f Hhis A e B A w5 15333 2 34
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ug/kg-bwiday » &% B35 RE R F1E B S A Bofercd & M 5 BP3>BMDM>OMC (Klimova et al,
2015) o F]pt > 22 BP3 4p 1t e OMC en§ v esc 3 2 & o Mk fE e fdm 3 > p o 2 v OMC &l
FH chfe > P kT 2 F 0 H Aotk an L % (half-life) 5 225 min(Couteau et al, 2007) -

BMDM & % * cnUVA B &> v+ B EVRE 5§82 LERERFIEALR Lo Fp FEH D
#4 5¢ (The European Multicentre Photopatch Test Study (EMCPPTS) Taskforce, 2012) » @ — 3877 § & %
BMDM X 3 B &g chugegigc & % 14 (estrogenic activity) (Schreurs et al, 2005) - @ BMDM % 7 4 & _¢h
WG AT bl ] prendF LT £ R0 36% < Jzar 4 (CTFA letter re: Tentative Final Monograph for
OTC Sunscreen) » 4 " Hcypdk § & L % 8 9 5 97 min > B3t %48 T2 i M enlr EAFELE o @ 3005
RBAORF AR o U T A AL DR F R R P or BMDM $30 4 chF 8 4
il w2 i 1282 OMC 2 OCR f%#fin > ¥ A 3> ¢ Rfp & A - @ BP3ch7 Fa 4 RlAp ¥y
&7 (Hayden et al, 2005) - & % Scalia % * (2011)#7i& (7 efgfk A M35 # BT & * 4p I ok & 3 (o/w)
F 1§ - OMC 27 - BMDM 82323 & F R b 61§ 8 115 10% 0 & 7 it 5% et 1 448
¥ OMC thig s fere vt § 5 BMDM ; %@ » fié * jo & -k(w/o)5¢ i &) p& 4r kg 7 BMDM ehig
A Bofore g § 3 OMC (Klimova et al, 2015) « # L7 e B EP P LT PRAFCEDE
B G A oo o

OCR I-fL 3 ¢ AR X2 UVB » R > H L % I (half-life) = 515min(Couteau et al,
2007) - @ ﬁh 4 4% > @ 3 0 Carrotte-Lefebvre % £ (2003)#. % % 3. OCR ¢ 514 ki ar i 1+
R J ¥ (photoallergic contact dermatitis) - e B4 @ 2 2 4 chx b|& 2 5 Loig- #Haw 3 { B+ OCR
ST AR IR LR F & ketoprofen(— fEda K FE ) 4751 L EATILERIEA K LR
X740 % % oM EE. @ » OCR-ketoprofen 2 BP3 s + 42 % £ 5 & & M 5 (Avenel-Audran et
al, 2010) » 3% {7 &% ¥F ketoprofen ¢ & 2 kiEsciHIeffiid § Kk ¥ » @i E* 37 OCR 2
BP3 il L & o BT 7 { Bor e UV enfR & » OCR 7 14 52— % 3%4g (primary amines) % —
fiz %8 (primary alcohols) 2 # i~ £ 2 F Ji o &% 7 it fj}u{ OCR 5l kATt amfi 1L A & L 7
(Karlsson et al, 2012) o p* #b > f - 38 12 54 bm #2 FR(MCF-7) el #3825k H05¢ @ % 7 OCR 5 #gvtisc %
7% 14 (estrogenic activity) (Matsumoto et al, 2005) - 12 5 g ¥ jam 3 > — I8 U FE L K ATk Suad
T ¢ BRME P OCR 2 BP3 chig f wfc § 1 AR e F R T F 0 | B A p kR
{ iv 7 @ik %k (Duracheretal, 2009) » 8@ » 5 - AL G R riadFipl > BT DAL AL
BHLFREIA T OCR & OMC {ffin - = FH3 A Fhg Fiv 4 0003 > <300 ¢ KA &
& B & (Hayden etal, 2005) -

PBSA & - #-kitefa UVB A » B3 AAF 2 =+ A RGN F L Rfkka TR o
#cer% ) (Nedorost, 2005) - PBSA F #i i ek 48 %44 > H L % #p (half-life) 5 1390 min (Couteau et al,
2007) < X o & 3 A4 7 (in vitro) ;& 05 ¢ A PBSA 7 AT 12 UVB B 54 DNA § $ R 2
4§ it iy en g ¥ & oA (oxidized guanines)® H_i% i sk A7t % 4 (photosensitization mechamisms)m % =
(Stevenson & Davies, 1999) ; itk e % % + ;ﬁf d PBSA 1k $= 12 & (photophysical) 2 & i+ &
(photochemical) s e @ { 3 32 # PR 4 (Inbaraj et al, 2002) » i i 4% 3 PBSA £_3 iv 4 224 #1237
§ &% (reactive oxygen species, ROS) » H ¢ & 2 & & i ik ¥ (singlet oxygen) ; Shen (2015)~ ¥k 47
WE LR REM PBSA chkacisd] o izt 2 % 5557 PBSA & - &£ 57| (photosensitizer) » f/m?z ¢ %
WERATT BT € 5T DNA Fv H 2 % o @ — JEF7 5 & Ko fdl oh (in vitro)zd sk enfisst @ 41
B &g e we i UVB 2 UVA (& ™ » PBSA ¢ P Agid = fme h DNA § 5 § ¥ v&ed h3Z
2o 4pF hE & UVB & T PBSA iz ffr g 0 52 wie DNA ¢ 7 meffeg - R H
(cyclobutane pyrimidine dimmers, CPDs) 4 = (Bastien et al, 2010) » 174 3% 5 PBSA ¥fim % 7 DNA
FoMEFkF M f - ML E S RIREN o AN 0 P T PBSA B R S A H
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% 2 Ao Bk L E R PRI R S B F 0 B2 2% PBSA $13% UVB § i ek ot
4 g E e I DNA T € i 8 E T fR R g ff; T o

OSA » & - #8 UVB 7 F &> v ek §& 44 iF 140 2 X % #p (half-life) = 85 min(Couteau et al, 2007)-
TFARBFIREHAMA L BRI A K L (allergic contact dermatitis) > fe A% 80 8L A5 gcm B
(Mortz etal, 2010) » & % B % ¥t OSA # 2 #F¥gjpc % & 1 (estrogenic activity) crdr o @ j& 5 A &
Jeend R A 5 0 OSA g + lt&#ff* T G HA R EFTADTEFF L FOERAE mf?ﬂ?ﬂ
k27 OSA~HAS ~OMC 2 BP3 % 7 S A e 4 5 2@ OSA 7 A% 4 ) BN ,,‘s SLH T IR %
H_#>> BP3 (Sarveiya et al, 2004) e @ OSA € 2+ P av s His &3 55 A K & Fk > 5 =% I
& B K P A = picPg ke (stratum corneum lipid liposomes) & #5% #-5¢ 0 B OSA & %ﬁd T 3w
'3 7 & fg(intercellular lipid domain) 3 #.& % 4= 2% 3% it 4 (El Maghraby et al, 2005) ; 2% @ »» 5 # 7
# . OSA 2 OMC # it:E 5 4 4 %fr“,/f.\!,.’?"f' 2,4-dichlorophenoxyacetic acid 7 i% 4k & (hairless mouse)
e J§ (Pont et al, 2004) ehk "% W f o

et 2_UVB 7 & HSA» v ek £2 2 4t OSA % > # X % Jp (half-life) 7 300 min(Couteau et al,

2007) - v » A L F epc & & 1 (estrogenic activity) » 1 * reporter cell lines 7 7 #0538 ¥ kg A
Hepgc£ % 3 ERalpha chi®* f2 & < /) » $IRE B ¥ - B F ¥ hp A OMC chie* 25 @;m
5 e = JF,Z B H_i1t paraben #7 =] <4 73| butylparaben % propylparaben (Gomez et al, 2005) -
- eE Ay RSNy B HSA # 1 5 Hd(antagonists) sz M &R S (androgen
receptor) 2 & %8 % ¥ < = (progesterone receptor) =3 % A # (Schreurs et al, 2005) > & | * % #F5t 5
g im ' MDA-KD2 5 77 3k 5e > 38 3 HSA 2 BP3 » 313 #7 i chiz % (Maetal, 2003) - 55 L sz
S5 o HSA &2 OSA % 3 49 % A28 /5 4 v fzay * (Sarveiya et al, 2004) -

FHETBUE I B ERGEASRGI L RS A VDT X 2R AL o
PR ERENEHRT - BER AL 2w LI o dofe )0 AL ST S L M A B R A
2 BRI PN AR B o - £ ek AL I R AP S v &R gkl G S R el - A Sl R
Golmohammadzadeh % 4 (2008)i¢ * f§ * -k & & (o/w)F*i% ~ & k& iy 42 (multilamellar liposomes)
% | H & picrg - (small unilamellar I|posomes) =R ERAL BOMC 74 Rl BEF M7 E R K
R F @ SPFEE #re BeOMC 3 R 5 hE g b B A - ] HE Mgk re HOMC
RSN LR o F A7 AP M Fr ¢ 728 OMC ol fE SPF B 2 G R e o F
oA AT R R L T vk e W (0w)F ik ¢ OMC 2 BMDM #i& (7 & %35
Y ¢k 34‘55@ v FEP SR Y PR A A A K 9% 4 (Montenegro et al,
2008) o ¥ b — AT G BV INA S R RO o A1 ka8 (hydrogels) & A} 7 P A
(chitosan)f % BP3 #1352 ez K g (nanocapsules)gim TR BT HRE EE P Rk ehE K ’”ﬂﬁ;

TS K-BP3 AR F Ak TR o T S MpRE Mk S s ank & (Siqueira et al, 2011) -

- B R Tk 7 # (B-cyclodextrin) i# w22 BP3-BMDM % PBSA &7 & & H » k& 4 (o/w)
FoRAA 0 I & KA K &5 Franz diffusion cells shig & ool #F 22% > 2 0 B izt UV 12 A
il %% B B E % 11 4~15 12 (Shokri et al, 2013) o A P i BT R M EH T > BT A
R R B E > VAR RDER S A RR feéf,u RWEE? o

B s O N Ui B = g s £ @_?%ﬁi Fuit R T Ly At Y B g R e
Bfre fa o APRRG A ehe By By RBAT UE R F R GAREL A O sﬁ»a
gir}t&ﬂf. v F A ST E AR D 0 DA T IR R AR SR o VPR G e ,ﬁ;‘%ﬁlx FLiL
Sl TR E R B - ?;H%J — gt i e AR e AT A ) T i\%@"m’e
A PRS0 A R T i RS Y TR B M R R g
fLiotp kX PIER R R LR e Ry s R BRI R R g %ﬁ
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I

d b FAc(passive diffusion)sh= 4%~ & [T R i B 0 B BEA (lamellar bilayers) g4 7 - &
A A - BRI LA1* 2 4 I - m}\a,i.g&p}’flﬁ; T 33
FRGAR AR FE RS pREF AL - KR {1 7 K F ﬁgi?r%%@;;» SRR E P g
EHEAREEREE RAF LT G (4T E) TS
BT IR R A "L R HPES R A PR Y EE

BEHEI) i § pr EAR S FIGE » S TR IR prE K 30 PR e B

B Fmie B WA AR o F o

ELiv Rl TR D S AT L SR FE o LT

AARIREE o AR - KB R B
- R B AR IR B,

Ba e ERACKEME PESLR)LEG

% R R 7 ﬂ = 8 *ﬁ PR 28 ??ﬁifﬁ‘ F 'E?ﬂb%ﬁd NN M {'ﬁ FOER AL Sv2:

’g;fljﬂbéiljg I'{«mé }i"}»”]{ 9:—* ’—~E'1+
1(24: o
\Fi‘%lé

A b m‘*ﬂr/‘é”é‘r)?fél gfﬁtﬁﬁql
oo A B R F A im,loﬁ{r}

720min)(3: & % B LB I W A

e B 4T HE BP3 s A oot g E A A B oA ARG A

/}J‘ 4—‘5

(RGN

o - AEEE2 R -

3G R L E 3 ey e BP3 2 Aok PBSA kit (7
FIRE O D FN LR RREAFLRRYE 12 (T
w % BP3=1500min > PBSA=1390min > OCR=515min >
HSA =300min>OMC=225min>BMDM=97min> OSA=85min-) » kT F 4% g4k &
Rl Tt 2 AT EA R EOkRTE 2 §F kRS HRITr A A4 £ X
AP AL EFEL Y - B RDFIF LR BP3 A =T
FREFASEE PR o n R PP T LR RS PR K PBSA L BEEEZ VR AN

< gt T o o N H B B R R L R R

APRAPEPFERNR T RS L FT T B ARBHMEAA

F - A A DA frEl?F’a&QP?EL

B SRR S T

st %k o

Z7 UVfilter b 5 R W & ~ Tkt &

BAEABACERGLEY R FREF 24 2)2 UVilter 2 kLR IHGRIZE w2 Fm 7 322 H AL

e ol

21 Z 9 EE-KYMEE 222 R

KRBT BEUARAS 1%

» FHmaix i H

L& & F] L ded 310
531 5O REKUM L P A EET

AR

2. Deion
3. Lactic

B i
1. Chitosan

ized water
acid(92%)

1.0%
98.5 %
05%

fe WiEAR4r™ ¢ HE-T B F 4o 2ok P T4 0 0.5%5 fé(Lactic acid) P REfS 4B D BSCHAE L AR
> Tt s g 74 (6000rpm) @ H 353 4 4gi L S R

22 7 UVfilter P R el & = 2
B

5’5@(2012)9’111‘12 l’i‘lf"%:;’i 'Z T 2

stearate - Stearic acid ~ Stearyl alcohol -

7l iEigit o2 BP3 A R

z 'lnLﬁ.

e F Iy

£56%;m PBSA® * "TE P F 4%
B E R - K> AT BP3 & PBSA ST Sk B 5 4% o @ SR Gl H s iR

ETIAS

\\\?{r ole
e el

PXN

Z—g‘/‘%b‘%—é‘_-ﬁnr_‘—,g’ﬁmﬁ eI A glgg\' UV filter 2 & e
Yot enF 3l o ATl ez UV filter g R % 1 % -k @ d (olw)2 5t i # A > H ke Glyceryl

castor oil % ;‘dz AP LA & Fviv p4 & 5 Tween-20 5 3¢
S EREE @ Methylparaben 5 %3 % o [ F iR anfo i»2 H

i’f{mﬁoiﬂi:@ﬁzﬁrf DR AR 2 ’Mg:x PEEABEELRE S LA ScH T 80°C o - 4p i)
@ (6000rpm) R & p REE T ASCEHETLpH &

AR R AL SRR T S
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Cetyl alcohol

U S R R

~ Capric triglycerides ~ PEG-40 Hydrogenate

v Glycerol % i%;%4 ; EDTA
LR F A ek 3.2



X 6.5(r ftriethanolamine &%) £ p AR B I FE T4e x Tg M LA R LB SR CHSNE
5000 rpm #rs 10 4 48 H#-5 e 2 Kf RTINS
% 32: 7z UVfilter p s anfm 2 HE | & vt

A 4p B.-k 4p

1. Capric triglycerides 4.0% 9. Deionized water 82.7%

2. Stearic acid 1.0 % 10 Glycerol 2.0%
3. Glyceryl stearate 1.5% 11. EDTA 0.1%
4. PEG-40 Hydrogenate castor oil 1.0% C. s

5. Stearyl alcohol 1.0% 13. Methylparaben 0.2 %
6. Cetyl alcohol 1.5%

7. Tween 20 1.0%

8. UV filter 4.0 %

(zz:i¢ * o UV filter 3 BP3 2 PBSA)

2.3 B L K SR S E R
231 LRIFHEFE - wpl e ME 2 RIRFE

"'ﬁﬁ' CG S R RS2 i R Rl i)@}iz WAE 2 G- B PERTPRER &2 10

E T 20~58 2 fARR R (T LS ) —wé,%em&:; RNt S ke

%Lw%*ﬂﬂ%i?%ﬁﬁéwa’i%ﬁﬁiﬁiﬁ%ﬂwgﬁﬁlﬁagé4@aﬁf?ﬁ
BAE o B IEL R RN g AR 0 R EERIE R EE P — L R W AR A
SRR =0y ke s U A Ak R 5 2.0£0.2mglem?) & i 10 A 415 dp e RN 395 %
7 UV filter b g5 (B £ 5 2.0£0.2 mg/em®) ; $F PR e e Bh iF 14157 — (5 £ KF2 % AF 2 2495
5 UV filter 2 F 52 (B2 5 2.0£0.2 mglem?) » 7 %3k 5 7 2% Gk R o %k 1s e IR A
ﬁ?ﬁﬁﬁﬁiﬂiﬁiﬁw LR LBRYPFP IR IRBEE L > LFNEH LA o
2.3.2 HRF AL K ik §pEF 4] A (tape stripping)

PEF 2] A e 2 tr 44 Siqueira # 4 (2011)eniwiE T i (T NG o F R B R B A B E 0
369 LB L4 BH A R R EFEFSFEFTAFREF LA L M E P REE P RERRECE
VRBE)CTAEARE Y - BHA RRBEEL A A NEE 16 R AN A B g F
F BRI EE A B A
2.3.3 BEF R B & & UV filter 63 3¢

UV filter =% &= ;% 7~ %< Siqueira % 4 (2011):’1”:?’?** LCAER R 2 E L AN R e
BAFEAT S L2 PR e Bl AR R 2 D% F AR F Y R AR (R 2ikA)
% % ik 2 (vortex stirrer) 2 min 2 4z #- Rj’(ultrasomc bath) 15 min #- UV filter = }_/% :". B
" %(3000 rpm)20 L fs P b )’?;/zi’ > Klil@ BT A\’ID’ID&)L%/? - féff L}i’?‘]?é'-# “'J}:i Jf?: )
}\‘ '&f'—r E] 31
o PBSA
e [T Bul 50 A B A
- @ 5.0%4.8cm? DL A R
PA B
R AlE
PR VAR b _
BP3 PBSA C— > 3ml 0% 4 A dE
BoRR | gl s0%mshmae | oA
4.0%3.6 Y078 A T B 4.0%3.6
cm? cm? .
e R
mAREAE
AR R E

12



Bl 3.1 0 REH ) 1 A 75 A BT i 2

2.4 UV filter A &k B -0

195 5% {3 (2012)ci®2 > @ *  Shimadzu UV-1700 k& UV [/ Vis » X LR (A& BmA
+0.3nm > & & £47 14 1 £0.1nm > kB £ 4544 1 £0.002Abs ( & 1.0Abs ) > £0.001Abs #- P& UV-probe PC
gr* (Shimadzu > p & ) sk 5 ik @ * OS00FE AR AR ¥ % s - Kt cuvelte 3 ~ cell
holder #X {s #-% ¢t i% &+ip| & 2 % (4£.200nm F| 400nm > ¥ fg 10nm) & 73+ & o v % i@ (Rec range)
% Z_ 0.0~3.0A(x: ;zsﬁvﬁﬂ“ﬁ foif ensUE B ©3) o BP3 & 287.5nm % 350nm 3 B+ ek qciE ;A PBSA
B & B 5 305.5nm e
25 BERERZ 2L ERERAERE

BP3 # & & eh# iFik 2 @ B~ 0.29 BP3 > 4r » 20mL 50 Y% ey #-2. = 203 2 1% 5 ik > £ # R
7 * 50 %ﬁvifﬁﬁﬁ“ﬁ 200 i o f d pt ﬁrﬁ 200 7% 7% ¢ B~ 100pl BP3 73 7% » 4 %[ £ * 50 %:hiF)
HpE=>H2 382 10 B(TRikz 600 %1 2000 % ) & RIEHxLEL B4k 3.3

% 3.3 : BP3 %ﬁ?é_fs‘ilﬁﬂﬁr% ix22 OD &

R S & B (mg/mL) oD &
600 0.03330 3.139
800 0.02500 2.304
1400 0.01429 1.307
1600 0.01250 1.097
2000 0.01000 0.976

PBSA 1 £ & «hf i¥if i © B~ 0.2 PBSA » 4 » 20mL 50 %:ripp -2 = 23 f2 155 g > £ 4
R B0 Yoyt AR 200 %0 d ot R 200 i3 % ¢ B~ 100ul PBSA % 0 A R+ 50 %
PR S E 4B 3 20 (T Rik2 800 B 1 4000 ) o Rl H ok A B4rE 3.4

# 34 :PBSA % & MhfFff it 2 OD g

G ACE S & B (mg/mL) oD &
800 0.02500 2.763
1000 0.02000 2.258
1600 0.01250 1.524
2000 0.01000 1.241
3000 0.00670 0.888
4000 0.00500 0.766

B EAHE

41BP3ERZ OD EiikE M
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ER e

3.5

3.0

2.5
inanl 2.0
o

1.5

1.0

0.5

0.0

0.000

0.005

42PBSA kR OD EiRE M

3.0

2.5

2.0

oD

1.5

1.0

0.5

0.0

0.000

0.005

BP3 k= &%

y=94.533x-0.0332

0.010

R?=0.9977

0.015 0.020

BEmg/mL

PBSAkxELR

y =100.97x + 0.2405

R?=0.9994
o
0.010 0.015
B mg/mL

0.025

B 41:BP3REMR
BP3 # ¥ st & (4ol 4.1) » 37 & IRID 8 eherdp B (G Bc(RY) o #i ) e B S E R A el A

0.020

B 4.2 : PBSA # & &

PBSA t £ & 1% & (4cF 4.2) »

AR o
4.3 aAple X EF 2 BRIFET 5 SRR ehY -

i (z%EH)
(1) BP3:

(2) PBSA:

Bor T OIRTE R enenp B l‘kﬁ’z(R ) o Hik ¥ B R E A

0.030 0.035

0.025 0.030

5 BP3 2 PBSA #ip| O.D EenTiaiE 2 R %%

% 41:BP3 % - P HA0D B4 F4f)2 L@ 2 F L

T REA

D S 1 2 3 4
0.D & 2.803 2.915 3. 118 2.7745
T o %
2.895 + 0.082

% 42:PBSA % - Y HAHOD B4 F4f)% LB 2 FHEL

T REA

A d 1 2 3 4
0.D & 2. 527 2.653 2.493 2.7767
Tiaz
2.610 = 0.063

» R T AR A P FI(S AERET FR TR L
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A) HEE - PRFTAAEEPRE RS 4
2.895+ 0.082(4c % 4.1)> 9 i 4 9 5 2.83%-m PBSA Lo 2

FHEA NG 241% -

4.4 32852k P EBAKIBPIARTE

& F A eEs > %A BP3 o 2

S
AL L 2.610+0.063(40 % 4.2)

BP3 (5455 1)

(mg)

(mg)

08

§05
= 04

a

08

= 06
% 04

hour
B BP3 + 1%FE=E
BP3

BP3 (545 _—)1)

hour

B BP3 + 1%BHE
BP3

. BP3 (AL =) B BP3 (S341551))
° 1 B 1
08 08
&= 06 = 06
® o4 % oa
02 0.2
fi] L e - = - = - = 0 —— maam - - - ma. -
0 3 & 9 0 3 9
hour hour
m BP3 + 1%S®E W BP3 + 1%FmE
BP3 BP3
BP3 (54 1) BP3 (B5&HS 7N )
(mg) . (mg) L
0.8 0.8
= 0.6 = 0.6
= 04 04
0.2 0.2
o — - - - 0 - — — — —_— =
0 3 hour J 0 ? hour ¢ °
B BP3 + 1%EmE B BP3 + 1%FHE=E
BP3 BP3
W43 :BP3 7 2(n=5) 7 Ik & HW i 1 AR G L
d 74 P BP3ATRLETEA G B 1% RE hEn b 360 [ P AR H
DA nEn > A S = v B btk 1%T B A A 3 60 [ PR A MASEEHT
%’l% sl B Pl B M7 4 °;f:'55=%?—r 77 TRF RGO A A EP g BP3 Ak T A

¢ eig g% 3% (Penetration) 3R 9 o 4 ] E_EOY K mi TR a0 ROFER D& TR RIAE T &P A ehiise

;‘ifaﬁ{ % (H 4.3) -

4542 23 F P HEWMAEZABPIaGHTE
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BP3 (ZL&H 1)

BP3 (ZL4l )

(mg) (mg)
1 1
0.8 I I T T 08
&z 06 — = 06
% 04 — % o4
02 — 02 —
. R TEN l M -
0 3 hour 6 ? 0 3 hour 6 ?
B BP3 + 1%5FHEE B BP3 + 1%EFHEE
BP3 BP3
BP3 (2415 — 1) BP3 (ZL4HEPU))
(mg) (mg)
1 1
0.8 08
= 06 = 06
® o4 E 04
02 02
o L mmmmn - - - 0 | - - —-
0 3 hour 6 ? 0 3 hour 6 9
m BP3 + 1%FEE ® BP3 + 1%FR=
BP3 BP3
- £ I
BP3 (ZL4H=E 1) BP3 (ZL&HE /N )H)
(mg) (mg)
1 1
0.8 0.8
£ 06 = 06
% 04 E 04
02 02
0 = = = = 0 = = = =
0 3 hour 6 J 0 3 hour 6 ?
B BP3 + 1%Pi=E m BP3 + 1%Fi=E
BP3 BP3

Bl 4.4:BP3% wm(n=5) % I ¥ H%i i 15~ A § B

d 4482 YHBPIRT B ETH ST BT T2 2 FY AEF LB (R 44)-

463222k P EBR A XPBSAARTE

(mg)
1

PBSA (35415 11)

* A B I
= a6 —
= 04 I
0.2 —
a
0 3 hour 6 9

B PBSA + 1%FgE
PBSA

(mg)

0B

= 06
X 04

02

PBSA (5% 1)

- - - = -
0 9
3 hour 6
B PBSA +1%PHE
PBSA
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PBSA (J54H5 — 1) PBSA (S54H5PU 1)
(mg) (mg)
1 1
08 0.8
Z 06 = 06
® 04 % 04
02 0.2
0 L eEemes= mam - mam - . - 0 — -— - —-— .
0 3 hour ? ° ’ hour e °
B PBSA + 1%PE=E B PBSA +1%9H=E
PBSA PBSA
- PBSA (35aH 1) PBSA (BBA1E /<)1)
9 ) (mg) .
08 08
= a6 = 0.6
% 04 H oga
02 0.2
0 = = = = a = —_—— —_—— —_——
0 3 hour 9 0 3 hour 3] 9
B PBSA + 1%EmnE B PBSA +1%ExdE
PBSA PBSA
B145:PBSA 7 2(n=5) 7 F % % i & A A T 8
ﬂ?iL”«HP%AR? RS TR T SUSRS RO L RN NN = =

am «:\

ki I

» H E'Jé_a“—!'ttl < (g} 45)- d x4
&iﬁﬁﬂﬁﬁﬁﬁéﬁ@’%w{@ﬁ%ﬁi?%
PERNIREIZH I f o ¥ A I eniE & T e > PBSA % 3 enIk 4 ff 43 BP3 ¥
7T AE KRR BP3 ehii% i o

SR RSB 1% B FEN 369 FF AP A

&E_% > PBSA -

4743222k P &R *PBSATARTE

i o

1S TR RET NT L TS W E
D mHTEURR hE TR S BT R

4ok B

PBSA (L4155 - 11) PBSA (ZL&H 1)

(mg) (mg)

1 1

08 I 08

= 0.6 * — = 0.6

% 04 - #H o4

0.2 — 0.2

0 0 — B B B
0 hour 9 0 3 hour 6 ?
B PBSA + 1%PHE B PBSA +1%9%H%
PBSA PBSA
PBSA (&1 =) PBSA (ZLZH55PU))

(mg) (mg)

1 1

08 08

= 06 B 0.6

= 04 = 04

02 02

o L e . - - - -— 0 — —-— - - —
0 3 hour 9 0 3 hour 6 ?
B PBSA +1%PHE B PBSA + 1%9FmH=
PBSA PBSA
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PBSA (ZL&HE T ) PBSA (ZZHE )
(mg) (mg)
1 1
a8 a8
= a6 = a6
= 04 % 04
0.2 0.2
0 = e s W 0 e e e mm————
0 3 hour 6 9 0 3 hour 6 ?
B PBSA +1%EmE B PBSA +1%®=@E
PBSA PBSA

B 4.6 : PBSA* 2(n=5) % F *H A kAR g £
d 2427k "HPBSARTESESHTEYT 4 e ipis S’-&y\g&lﬁgﬁr%‘i_’ﬁi(ﬁlle)o

48BP3 2 PBSARARTE(: P8 8)

BP3 (B4H)RYE &= BP3 (2 4H)BHE &
(mg) (mg)
14 14
12 1.2
1 1 I —
E08 — =08 -
& 06 — w06 —
04 — 04 |
02 — 02 —
o] o
9
hour hour
H BP3 + 1%E8E = BP3 + 1%%H=
BP3 BP3
PBSA (B4H)BE & PBSA (Z4H)BRH &
(mg) (mg)
1.2 1.2
1 T 1 I
08 — 08 —
= =
ﬁ 0.6 — ﬁ 06 —
0.4 — 0.4 —
02 — 02 —
o o
hour ? hour J
B PBSA +1%E#EE B PBSA +1%F®E
PBSA PBSA

Bl 47 3 FREEHRDFFEHDERTEF F B E

AP 0 EFRE S FRETF AR sﬁﬁjuﬁrﬁ FHRGE R EPERhw e F > SR 4
e % 2 BP3 thw J %) 5 58.5% > PBSA ¥ 5 49.4% > B om iE B3 A 544 BP3 § idd chw
e om K PR EER T Rk F)h k(B AT 4 1% 24 KW BP3 7 w2 &
e BP3(R 9] B %Y ) S L ot F Ao w5 5-003+283% % 8.04+283% ; @il g T
% BP3 Y w2 L wBPI A it F AN 5 1201+ 283% % 1533+ 2.83% o io %
T EF RGN BP3 i Ao @ L BP3 G R SRR T o AP
FRIFARE(F L R)HT EF KRBT ¢ TR RZHE BP3 & F g AR jed )2 - IR o
INEANRBRTFINZE- H%RE o md PBSA hi % Kt %4 1% 4% KB4 PBSA ¥
2 4w PBSA(L 9 RSP )G Aot F 465 5791 241% % 941+ 241% ; @ 2
h T A ZHPBSA § 2 & w5 PBSA A Bt F A w5 5 4.331£2.41%% 6.42+2.41% - &
AL FRE B % AT T KRt PBSA chis A OB i HERS & L s

‘3 e g
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4

PBSA G A s jefp >t 7 s X3 BFALPE - Aa > K BP3 2 PBSA - ®anidsk % kT > BP3
iy g e § P &g g Y PBSA > srt@wfiﬁ Flat e+ BHa it o AR PTG Mo
AR BT R g It A Sz e

B
dAETHEIRG G T RA KR A g M AT S BP3Z PBSA &k A ¢ BB E @

¢$é g e b R A (e BP3 < 3t AR PBSA - @ i fERGEF BN G F A LR u2
BA i EFLR - Ra » KO | BhRRIFARTE(E S F)N 5T &2 K0 Hy
hg' M BP3 g Asir o A A BP3 gAY FPEF T B APRRFEREGF L T)
T A KRR R § TR I BP3 A g A sfd AR - IR 2 LA R AR
TR R ie- HERE o ¥ b T B A KR it PBSA chig A Rt X i ER R 2 L men
PBSA 5 A s Jedp 3030 7 o 1 BEF L 3 o d BP3 2 PBSA - ez &% &1 > BP3 g i
ST AP AR T PBSA v e i I A F BRI > AP RRIRT PaREE TG Mo e
P R G JI S A R e A PR HILT BE YT B I AU ER SRR L TR OB
Em@@@mw@%@mmﬁﬁﬁ%@agﬁﬁﬁwﬁ@ﬁﬁém@’@%%@%%ﬁﬂﬁﬁﬁ
RS RS R EREE ¥ FERE(F L T)NT RE KRBT L EFERN LSS

PG A ST h A - B S FREFOGEA TGP FE N B BT AK
MG BT A BEE o T o FIF T B E KBRS K K A S L T AL 4+ BP3

£f ek i K PBSA it ] R E -

B

N

R ERT (2012) =D BR * PEREAGAR EFTA T FRACAEE  F o itk
BAPEFEL TR Lm Y

ik (2015) 7ok i 7z Fis CH(VILE & Vit C)2 " Ep A e e > kg e 2xsk o £
PP~ B REL I LA EFT MTHLHY o

A8%F, RF B2 BRT AL (2012) I 3rciptp ke 2 2 VST AR FA S
o 8RBT £4F o 3:257-266

Avenel-Audran M, Dutartre H, Goossens A, Jeanmougin M, Comte C, Bernier C, Benkalfate L,
Michel M, Ferrier-Lebouédec MC, Vigan M, Bourrain JL, Outtas O, Peyron JL, Martin L (2010)
Octocrylene, an emerging photoallergen. Arch Dermatol. 146(7):753-7.

Axelstad M, Boberg J, Hougaard KS, Christiansen S, Jacobsen PR, Mandrup KR, Nellemann C,
Lund SP, Hass U (2011) Effects of pre- and postnatal exposure to the UV-filter octyl methoxycinnamate
(OMC) on the reproductive, auditory and neurological development of rat offspring. Toxicol Appl
Pharmacol. 250(3):278-90.

Bastien N, Millau JF, Rouabhia M, Davies RJ, Drouin R (2010) The sunscreen agent
2-phenylbenzimidazole-5-sulfonic acid photosensitizes the formation of oxidized guanines in cellulo after
UV-A or UV-B exposure. J Invest Dermatol. 130(10):2463-71.

19



Carrotte-Lefebvre I, Bonnevalle A, Segard M, Delaporte E, Thomas P (2003) Contact allergy to
octocrylene. Contact Dermatitis. 48(1):46-47.

Couteau C, Pommier M, Paparis E, Coiffard LJ (2007) Study of the efficacy of 18 sun filters
authorized in European Union tested in vitro. Pharmazie. 62(6):449-52.

Cross SE, Innes B, Roberts MS, Tsuzuki T, Robertson TA, McCormick P (2007) Human skin
penetration of sunscreen nanoparticles: in vitro assessment of a novel micronized zinc oxide formulation.
Skin Pharmacol Physiol. 20:148-154.

Dalle-Donne I, Aldini G, Carini M, Colombo R, Rossi R, Milzani A (2006) Protein carbonylation,
cellular dysfunction, and disease progression. J. Cell. Mol. Med. 10:389-406.

Darvay A, White IR, Rycroft RJ, Jones AB, Hawk JL, McFadden JP (2001) Photoallergic contact
dermatitis is uncommon. Br J Dermatol. 145(4):597-601

Diffey BL, Tanner PR, Matts PJ, Nash JF (2000) In vitro assessment of the broad-spectrum ultraviolet
protection of sunscreen products, J. Am. Acad. Dermatol. 43 (6):1024-1035.

Duale N, Olsen AK, Christensen T, Butt ST, Brunborg G (2010) Octyl methoxycinnamate modulates
gene expression and prevents cyclobutane pyrimidine dimer formation but not oxidative DNA damage in
UV-exposed human cell lines. Toxicol Sci. 114(2):272-84.

Dumay O, Karam A, Vian L, Moyal D, Hourseau C, Stoebner P, Peyron J L, Meynadier J, Cano J P,
Meunier L (2001) Ultraviolet Al exposure of human skin results in Langerhans cell depletion and
reduction of epidermal antigen-presenting cell function: partial protection by a broad-spectrum sunscreen.
Br J Dermatol. 144(6):1161-1168.

El Maghraby GM, Campbell M, Finnin BC (2005) Mechanisms of action of novel skin penetration
enhancers: phospholipid versus skin lipid liposomes. Int J Pharm. 305(1-2):90-104.

Fernandez C, Nielloud F, Fortuné R, Vian L, Marti-Mestres G (2002) Benzophenone-3: rapid

prediction and evaluation using non-invasive methods of in vivo human penetration. J Pharm Biomed Anal.
28(1):57-63.

Fisher A A (1992) Sunscreen dermatitis: part I11 — the benzophenones. Cutis. 50:331-332

Garmyn M, Yaar M, Boileau N, Backendorf C, Gilchrest B A (1992) Effect of aging and habitual sun
exposure on the genetic response of cultured human keratinocytes to solar-simulated irradiation. J Invest
Dermatol. 99(6):743-748.

Golmohammadzadeh S, Jaafarixx MR, Khalili N (2008) Evaluation of liposomal and conventional
formulations of octyl methoxycinnamate on human percutaneous absorption using the stripping method. J
Cosmet Sci. 59(5):385-98.

Gomez E, Pillon A, Fenet H, Rosain D, Duchesne MJ, Nicolas JC, Balaguer P, Casellas C (2005)
Estrogenic activity of cosmetic components in reporter cell lines: parabens, UV screens, and musks. J
Toxicol Environ Health A. 68(4):239-51.

Gonzalez H, Farbrot A, Larkd O, Wennberg AM (2006) Percutaneous absorption of the sunscreen
benzophenone-3 after repeated whole-body applications, with and without ultraviolet irradiation, Br. J.
Dermatol. 154 (2):337-340.

Gustavsson Gonzalez H, Farbrot A, Larkdé O (2002)_Percutaneous absorption of benzophenone-3, a
common component of topical sunscreens. Clin Exp Dermatol. 27(8):691-4.

Hanson KM, Clegg RM (2002) Observation and quantification of ultraviolet-induced reactive oxygen
species in ex vivo human skin, Photochem. Photobiol. 76 (1): 57-63.

20


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fernandez%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nielloud%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fortun%C3%A9%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vian%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marti-Mestres%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/11861108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gustavsson%20Gonzalez%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Farbrot%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lark%C3%B6%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Percutaneous%20absorption%20of%20benzophenone-3%2C%20a%20common%20component%20of%20topical%20sunscreens.

Hayden CG, Roberts MS, Benson HA (1997) Systemic absorption of sunscreen after topical application,
Lancet. 350 (9081):863-864.

Hayden, C. G. J.; Cross, S. E.; Anderson, C.; Saunders, N. A.; Roberts, M. S. (2005) "Sunscreen
Penetration of Human Skin and Related Keratinocyte Toxicity after Topical Application”. Skin
Pharmacology and Physiology 18 (4): 170-174.

Heneweer M, Muusse M, van den Berg M, Sanderson JT (2005) Additive estrogenic effects of
mixtures of frequently used UV filters on pS2-gene transcription in MCF-7 cells. Toxicol Appl Pharmacol.
208(2):170-7.

Huo W, Cai P, Chen M, Li H, Tang J, Xu C, Zhu D, Tang W, Xia Y (2016) The relationship between
prenatal exposure to BP-3 and Hirschsprung's disease. Chemosphere. 144:1091-7.

Inbaraj JJ, Bilski P, Chignell CF (2002) Photophysical and photochemical studies of
2-phenylbenzimidazole and UVB sunscreen 2-phenylbenzimidazole-5-sulfonic acid, Photochem.
Photobiol. 75 (2):107-116.

Ishida Y1, Kayama T, Kibune Y, Nishimoto S, Koike S, Suzuki T, Horiuchi Y, Miyashita M, Itokawa
M, Arai M, Ogasawara Y (2017) Identification of an argpyrimidine-modified protein in human red blood
cells from schizophrenic patients: A possible biomarker for diseases involving carbonyl stress. Biochem
Biophys Res Commun. 493(1):573-577.

Janjua NR, Mogensen B, Andersson AM, Petersen JH, Henriksen M, Skakkebaek NE, Wulf HC
(2004) Systemic absorption of the sunscreens benzophenone-3, octyl-methoxycinnamate, and
3-(4-methyl-benzylidene) camphor after whole-body topical application and reproductive hormone levels
in humans, J. Invest. Dermatol. 123 (1) : 57-61.

Jeanmaire C, Danoux L, Pauly G(2001 )Glycation during human dermal intrinsic and actinic ageing: an
in vivo and in vitro model study. Br J Dermatol. 145:10-18.

Jiang R, Roberts MS, Collins DM, Benson HA (1999) Absorption of sunscreens across human skin: an
evaluation of commercial products for children and adults, Br. J. Clin. Pharmacol. 48 (4):635-637.

Kadry AM, Okereke CS, Abdel-Rahman MS, Friedman MA, Davis RA (1995) Pharmacokinetics
of benzophenone-3 after oral exposure in male rats. J Appl Toxicol. 15(2):97-102.

Karlsson 1, Persson E, Martensson J, Borje A (2012) Investigation of the Sunscreen Octocrylene's
Interaction with Amino Acid Analogs in the Presence of UV Radiation. Photochem Photobiol.
88(4):904-12.

Klimova Z, Hojerova J, Berankova M (2015) Skin absorption and human exposure estimation of three
widely discussed UV filters in sunscreens--In vitro study mimicking real-life consumer habits. Food Chem
Toxicol. 83:237-50.

Knobler E, Almeida L, Ruzkowski A M, Held J, Harber L, DeLeo V (1989) Photoallergy to
benzophenone. Arch Dermatol. 125(6):801-4.

Lazarus R C, Buonora J E, Jacobowitz D M, Mueller G P (2015) Protein carbonylation after traumatic
brain injury: cell specificity, regional susceptibility, and gender differences. Free Radic Biol
Med. 78:89-100.

Ma R, Cotton B, Lichtensteiger W, Schlumpf M (2003) UV filters with antagonistic action at androgen
receptors in the MDA-kb2 cell transcriptional-activation assay. Toxicol Sci. 74(1):43-50.

Matsumoto H, Adachi S, Suzuki Y (2005) [Estrogenic activity of ultraviolet absorbers and the related
compounds]. Yakugaku Zasshi. 125(8):643-52. Article in Japanese.

21



Mavon A, Miquel C, Lejeune O, Payre B, Moretto P (2007) In vitro percutaneous absorption and in

vivo stratum corneum distribution of an organic and a mineral sunscreen. Skin Pharmacol Physiol.

20:10-20.

Montenegro L, Carbone C, Paolino D, Drago R, Stancampiano AH, Puglisi G (2008) In vitro skin

permeation of sunscreen agents from O/W emulsions. Int J Cosmet Sci. 30(1):57-65.

Mortz CG, Thormann H, Goossens A, Andersen KE (2010) Allergic contact dermatitis from ethylhexyl

salicylate and other salicylates. Dermatitis. 21(2):E7-10.

Nedorost S (2005) Ensulizole (phenylbenzimidazole-5-sulfonic acid) as a cause of facial dermatitis: two

cases. Dermatitis. 16(3):148.

Okereke CS, Kadry AM, Abdel-Rahman MS, Davis RA, Friedman MA (1993) Metabolism

of benzophenone-3 in rats. Drug Metab Dispos. 21(5):788-91.

Okereke CS, Abdel-Rhaman MS, Friedman MA (1994) Disposition of benzophenone-3 after dermal

administration in male rats. Toxicol Lett. 73(2):113-22.

Pont AR, Charron AR, Brand RM (2004) Active ingredients in sunscreens act as topical penetration

enhancers for the herbicide 2,4-dichlorophenoxyacetic acid. Toxicol Appl Pharmacol. 195(3):348-54.
Rhodes MC, Bucher JR, Peckham JC, Kissling GE, Hejtmancik MR, Chhabra RS (2007)

Carcinogenesis studies of benzophenone in rats and mice. Food Chem Toxicol. 45(5):843-51.

Rodriguez E, Valbuena MC, Rey M, Porras de Quintana L (2006) Causal agents of photoallergic

contact dermatitis diagnosed in the national institute of dermatology of Colombia. Photodermatol

Photoimmunol Photomed. 22(4):189-92.

Sander CS, Chang H, Salzmann S, Muller CS, Ekanayake-Mudiyanselage S, Elsner P, Thiele JJ
(2002 ) Photoaging is associated with protein oxidation in human skin in vivo. J Invest Dermatol
118:618-625.

Sarveiya V, Risk S, Benson HA (2004) Interaction of polycyclic musks and UV filters with the estrogen
receptor (ER), androgen receptor (AR), and progesterone receptor (PR) in reporter gene bioassays. J

Chromatogr B Analyt Technol Biomed Life Sci.803(2):225-31.

Sarveiya V, Risk S, Benson HA (2004) Liquid chromatographic assay for common sunscreen agents:

application to in vivo assessment of skin penetration and systemic absorption in human volunteers. J

Chromatogr B Analyt Technol Biomed Life Sci. 803(2):225-31.

Scalia S, Mezzena M, Ramaccini D (2011) Encapsulation of the UV filters ethylhexyl
methoxycinnamate and butyl methoxydibenzoylmethane in lipid microparticles: effect on in vivo human

skin permeation._Skin Pharmacol Physiol. 24(4):182-9.

Scharffetter-Kochanek K, Wlaschek M, Brenneisen P, Schauen M, Blaudschun R, Wenk J (1997)
UV-induced reactive oxygen species in photocarcinogenesis and photoaging. Biol Chem 378:1247-1257.

Schlumpf M, Cotton B, Conscience M, Haller V, Steinmann B, Lichtensteiger W (2001) In vitro and
in vivo estrogenicity of UV screens. Environ Health Perspect. 109(3):239-44.

Schreurs RH, Sonneveld E, Jansen JH, Seinen W, van der Burg B (2005) Interaction of polycyclic
musks and UV filters with the estrogen receptor (ER), androgen receptor (AR), and progesterone receptor
(PR) in reporter gene bioassays. Toxicol Sci. 83(2):264-72.

Sha B, Gao W, Cui X, Wang L, Xu F (2015) The potential health challenges of TiO2 nanomaterials. J

Appl Toxicol. 35(10):1086-101.

Shen L (2015) Photophysical and photosensitizing characters of 2-phenylbenzimidazole-5-sulfonic acid.

22


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rhodes%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bucher%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Peckham%20JC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kissling%20GE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hejtmancik%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chhabra%20RS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/17187913?dopt=Abstract

A theoretical study. Spectrochim Acta A Mol Biomol Spectrosc. 150:187-9.

Shokri J, Hasanzadeh D, Ghanbarzadeh S, Dizadji-llkhchi M, Adibkia K (2013) The effect of
Beta-cyclodextrin on percutaneous absorption of commonly used Eusolex® sunscreens. Drug Res (Stuttg).
63(11):591-6.

Siqueira NM, Contri RV, Paese K, Beck RC, Pohlmann AR, Guterres SS (2011) Innovative sunscreen
formulation based on benzophenone-3-loaded chitosan-coated polymeric nanocapsules. Skin Pharmacol
Physiol. 24(3):166-74.

Stadtman E R, Levine R L (2003) Free radical-mediated oxidation of free amino acids and amino acid
residues in proteins. Amino acids. 25:207-218.

Stein HV, Berg CJ, Maung JN, O'Connor LE, Pagano AE, MacManus-Spencer LA, Paulick MG
(2017) Photolysis and cellular toxicities of the organic ultraviolet filter chemical octyl
methoxycinnamateand its photoproducts. Environ Sci Process Impacts.19(6):851-860.

Stevenson C, Davies RJ (1999) Photosensitization of guanine-specific DNA damage by
2-phenylbenzimidazole and the sunscreen agent 2-phenylbenzimidazole-5-sulfonic acid, Chem. Res.
Toxicol. 12 (1):38-45.

Struwe M, Greulich KO, Suter W, Plappert-Helbig U (2007) The photo comet assay--a fast screening
assay for the determination of photogenotoxicity in vitro. Mutat Res. 632(1-2):44-57

Szczurko C, Dompmartin A, Michel M, Moreau A, Leroy D (1994) Photocontact allergy to
oxybenzone: ten years of experience. Photodermatol Photoimmunol Photomed. 10(4):144-7.

Tanaka N, Tajima S, Ishibashi A, Uchida K, Shigematsu T (2001 ) Immunohistochemical deteaction of
lipid peroxidation products, protein-bound acrolein and 4-hydroxynonenal protein adducts, in actinic
elastosis of photodamaged skin. Arch Dermatol Res. 293:363-367.

Tsai FJ, Wang YD, Chen CC, Hsieh C, Cheng ZJ, Wu YJ (2012) Evaluation of the antioxidative
capability of commonly used antioxidants in dermocosmetics by in vivo detection of protein carbonylation
in human stratum corneum. J Photochem Photobiol B. 112: 7-15.

Wenk J, Brenneisen P, Meewes C (2001 ) UV-induced oxidative stress and photoaging. In: Thiele J,
Elsner P, eds. Oxidants and Antioxidants in Cutaneous Biology, Current Problems in Dermatology, Vol. 29.
Basel: Karger. pp 83-94.

Zabel M, Nackenoff A, Kirsch WM, Harrison FE, Perry G, Schrag M (2017) Markers
of oxidative damage to lipids, nucleic acids and proteins and antioxidant enzymes activities in Alzheimer's
disease brain: A meta-analysis in human pathological specimens. Free Radic Biol Med. 115:351-360.
Zhang X, Rosenstein B S, Wang Y, Lebwohl M, Wei H (1997) Identification of possible reactive
oxygen species involved in ultraviolet radiation-induced oxidative DNA damage. Free Radic Biol Med.
23(7):980-985.

Zheng J, Bizzozero O A (2010) Accumulation of protein carbonyls within cerebellar astrocytes in murine
experimental autoimmune encephalomyelitis. J. Neurosci. Res. 88 :3376-3385.

23



it =
S

FRAELNFH AP EA PR 'ﬁﬂﬂ%%ﬁ‘Fiﬁ%i§W§%”% (& pit = %
AR R RE RPN - HEFREL TR AT L EFEDIF LAY FE 2R
R(HE4dtds 2323k %Y BEZAREEQF2Ex3FR) S HBESE
F— SFL3T0E o

Lo R 3R RV EARBARR S S PRI SRR
W E=sri
(] & p 4% (Gsm > 2 100 5 5'2)

[] 7%= %

(] Tl s v 4

(] 2% R

wm

2. PRk adiNyag i Y FENEFVGTE B iFp 102 g2 FE L9 ¢ G2
B EF T N)

wme e ilag iz~ BERY L&

B4 2F0Y 57 Ee

s e gl e’ M

His (12 200 7 572)

i e PR AL

Riz RaBE - FESe- HFEL T 1 500 F5)
HWERFETH 3 SEFRHNPEMNOR T L AARARE R P 2N AP T RE- BLX

B R A R ER AT F E R R E o AR R
LG it e B R Rk S 2 E G ok anT i Hokea 4 2 1

SEFET AR RTANAPEFBRENY [ LESL A SRR fHRAZEFEF T o A
Fiad s ARV HBEERP i URPESBF (L 22 ( BB ER & o

R T S P e

PRI 0 FFRAT A2 Y & (&4

bt

IR TE S L

h A¥FE G o PoRPELE

ETIRN

|-

4, 3 BFIR

AELEd ik Y G WE O SdRemN_ (9E TL F o rIRe R
Bisrc st 2 3550 F )

rEFERE s sflE2E R HlE DL

st (2 150 F 4 *9)

24



