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Abstract

Uraviolet could induce melanocytes to produce melanin which will result in sunspots,

age spots and melanoma, efc. Melanin is produced by tyrosine and L-Dopa oxidation to

dopaquinone catalyzed by tyrosinase, and inhibition of tyrosinase activity is considered

as a key point of whether melanin production is inhibited. Transdermal delivery is the

best route for administrating active ingredient to skin upon treating various skin diseases.

Emulsion gel is a novel carrier which possesses the property of both emulsions and gel,

and it can encapsulate hydrophobic drugs, improving stability, showing mucoadhesive

and thixotropic properties to improve penetration ability. Adlay oil, exhibiting antioxidant

capacity, is a by-product of adlay bran. It has been reported that the lipophilic fractions

from supercritical fluid extract of adlay seeds could suppress intracellular tyrosinase

activity and decrease the amount of melanin in B16F10 cells. This study aims at preparing

adlay oil emulsions and nanoemulsions with different ratios of Tween 80, and analyzing

their physical properties as well as in vitro and in vovo whitening activities. The results

from B16F10 cells indicates that adlay oil at 50 pg/mL could reduce the cellular melanin

production and tyrosinase activity by 29.5% and 31.6%, whereas in the zebrafish embryos

model, 2,000 pg/mL of adlay oil significantly suppressed the melanin contents and

tyrosinase activity by 46.5% and 31.7% while not causing toxicity effects on zebrafish.

In the experiment of preparation of transdermal formulation, emulsion containing
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60:28:12% water, adlay oil and Tween 80 had the smallest particle size (73.70 nm) after

being homogenized by high pressure homogenization for 2 cycles at 1,000 bar pressure,

and the addition of 18% Pluronic® F-127 could make nanoemulsion into nanoemulsion

gel which formed gel at 30°C. We further used in vitro guinea pig skins to examine the

permeation ability of different samples. The nanoemulsion significantly enhanced the

skin penetration rate of active components when compared to adlay oil, emulsion, and

nanoemulsion gel, while the stability of the nanoemulsion and nanoemulsion gel were

better. According the aforementioned results, adlay oil is a potential tyrosinase inhibitor

and potent skin whitening agent as proven by our in vitro and in vivo screening systems.

Moreover, nanoemulsion system could enhance skin permeability of active compounds

due to its smaller particle size. Although the percutaneous absorption rate of

nanoemulsion gel is not the best, it is still a suitable route for administrating active

ingredient to skin because of its rheological properties like thixotropic and mucoadhesive

abilities.

Keywords: Melanin, adlay oil, transdermal drug delivery system, zebrafish,

nanoemulsion, nanoemulsion gel
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BRI (Ee ) o % 7hRB S E Dk Fimse 81 28 % % Ao o-MSH
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(1) cAMP/PKA pathway
cAMP/PKA pathway & 2 ¢ % 24 = it 5L LR /T ¢ BoAdmg T
— i% e cCAMP ¢ i i Protein kinase (PKA) » /& it (7 PKA ¢ i& 3| tm ¥ %
P T EEfL i cAMP responsive element binding protein (CREB) @ & i*
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Transcription factor » /i it 71 CREB ¢ 2 MITF promoter (cCAMP
responsive element) % & @ < & % R MITF » m MITF & & vepk fis ih
Transcription factor » ¥ R i Iefil fix 2 fRIfLAx 40 B 30 B Ak F1 4
R REZIHDSEH A o
(2) cAMP/ERK-MAPK pathway
cAMP ¢ /i it Ras protein » i&® & i B-Raf » & it 59 B-Raf € #ifik
i* MAPK/ERK kinase (MEK) @ 7% it 2. » MAPK % Mitogen-activated

2

e ¥

protein kinase m ERK 7 Extracellular-regulated kinase - MEK /& it
#- MAPK *® Extracellular-signal-regulated kinase 1/2 (ERK 1/2) &ip&
it » i@ 5 it Ribosomal S6 kinase-1 (RSK-1) » @ ERK 1/2 ¢ #hp& i
MITF 2 serine 73 > RSK-1 B ¢ #ifik it MITF 2 serine 409 » § MITF
MEFL 1Y 18 TR IR > " MRROIRFLF & TR o

(3) cAMP/PI3K pathway
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22 Tretinoin & 3 p* 7 2% o
Il el ferepl fs cnpl it (0% @ RRORREEF 0 JiEA2Y Bis § B A
RPN A pE L 1t o Calcium pantetheine-S-sulfonate (PaSSO3Ca) +
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IV. BERLIRFLAT S 12 0 R D FROREAAS imie \ ch g B Frl 2 4 &
4o Linoleicacid?%’%’é AN S A FeA- AL B
V. BOREREEILE Fral o FRd 2R REL iF eos TR REL &4 L-Dopa i
£ B RORRLEE NIT T o F PR VREE BT BURRREF HIE R RS S R
B EE LS o pl4el ¥ ¥F (Hydroquinone) o
(2) BR2d F2FERY hA I
2éFAEF P echy MFE R JIFRRAMREI F L
PREASFER FREF BUES FAE cBAFCTV MR

6
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Dopaquinone i i 5 L-Dopa > B¥ 2 ¢ 23/ » #8224 28R 3
MR ANEIEd 0k Ry L FTRELE FL LS o i
FBrEav 23 24 LA BFASEY s R H i fi tRE R
¢ &V BEIRMAT S S T (T o Frd| fLORE AT SE 1L
FHAFIE P RBE AN A B RAF RSP pd A
Whens S g o Fedl g2 d & 4 & A e 4 @R o o-tocopherol ¥+

%gﬁ%@%ﬁ%?ﬁiﬂjﬁﬁ@%ﬁGmmmmﬁﬁ’j?%%

FlPEALpd AR ERE I E A DK

(3) #rdl 2 ¢ & 4 eiFix
2 ZMOEEHLI FAIIANTEL RS c AR F -
TEFLS BRI R e BIF 0 2 A ERE S BT
¥ RhE e ) TR LK

(4) MEEAJF A3 R0 R G Rup
ARRRS AR E o b 24 Femaff o FiiHde b i
Bt Seig @%‘ra FORVRECRE Feandafp o I E 9 gtk o B

(Alpha hydroxyl acids) ~ -k #§ i (Salicylic acid) B|/§ > &40 s

fe ko S AR M PR LR RR IR
B o BR3P AL B SR LR B R
R IR BT R o e PR L S ABEE  HA R AR
7 0 M54 % F k5 (Transdermal delivery system) 5 B & g% o 54 %

B SRR  Hg  E MRS L 0 T E e
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W F IR Ak (Zignanietal., 1995) 0 @ EH S A Fjtis 0 BY A
R AR Svep S Rme s Fi08xx e S LE KRB G SRR
(1) 7 EEPPBEL T TI00 o

() 5 2-ERPLEF Lo

() L #FF > ¥ A L E S e i B4 e i T o

Ra A B AR o AR DR AT T g

AR S

AREEAHMAFTEREE A HET > O AL ff 1.6-220m? > &
FEIHN A TR REBER LG ST E R kT
Brab ks in A SRRk A S AEMIE At A D ARAR
d S FIpT a5 & 4K (Epidermis) ~ E A4 K (Dermis) % A T
(Hypodermis) (*{ @+ ) (Volzetal., 2015) - % & & d 7 f S HfF L F
‘m¥z (Keratinocytes) #-= - ¢ 7 Z /&% (Stratum basale) ~ ¥ & (Stratum
spinosum) ~ *g 4= & (Stratum granulosum) f- & & & (Stratum corneum) -
HY bk dehd TR s Tlow o B fsjpiadn ko &
= 4§ F o TR il SRt (Ceramide) & rgippe s » P By 45 A
RERA s dept R R A T BEA T 15-20 pm o v 5 A A B

SRR IS ES B ERE LT D SRR ES L

Yoo BAK At KRk o LB d g wre (Fibroblast) 2 # 4 iseh
%k 3-9 (Collagen) #2384 4 & (Elastin) &= > H ¢ ¥R Fv 28R
AV VRN EARF IR E T A i”ﬁt\ R’?a’ﬂjﬂ—,ﬁ’;ﬁ
B FEEALEF FRAAL A TERENIAKTERAR 0

et md o f G RSN MR REEERE T .
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3. BH S tiL
GEAEFS LA &G = BT (4B~ ) (Prausnitz and Langer, 2008;
Volz et al., 2015) :
(1) 5 mre i@ ﬁiy] (Transcellular route) : 4 F 2 4£ 5 % & F iwbe > d 3w
Mz P AR E F B9 (Keratin) > g | & F MK EH 7 d oL 55
ool b F e ke AR BEER o
(2) ‘mPe BV iE ﬁis?] (Intercellular route) : 4= & 5 d ‘wfe B f4 co%g B A (Lipid
bilayer) 7 i% » g * WA EL > A ML BHREESL S 2T ER
/§ o
(3) imie éﬁiﬁl (Follicular route) : 4 & i ¥ * & ~ i# H?iﬁ HHEE LT
AR AIREFE S AT R TR SR @ NI B
R R S A L RE AR P 0.1% T
ZHTEREn S R D o
4, B BE P T BT+
5 F1% ¢ B FES G S B g A L R
AR S EH LA EIEE S 24T (El Maghraby ef al., 2008) :
(1) FH 23+ 8 2 F 3500 hEF s A K 5o e
(2) B4 iR g L b B LB e 8 ﬁe?]? BAK kBB

Mg BT S AR

o

(3) F AP E R G R R R - A R R

4) AR2PfE FHMARRAF T ENEFRDTE o a A kA 7
BFAAFIT R CAKBEG 0 B2 Fp T S

() 4 FAER : & A EFF SAtehb X 25 & TASE > 4
BATAX A F A o

6) LELR © AR FBEP LRG> g T Tl &
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£~

e
I
=

53

w

() REEFEEegS RERTARL 2oL Fop@as - 758
Erdd RERRAER  FS AP DR FERARE o
FU ke 50

¥ oG #5EAHF 5T (Ointment) ~ 5 # (Cream) ~ 3

i

(Lotion) & » fe 'y B 2% 42 8L Jof8 TP o 5 7 s L it 4 g, L F
WA GRS (Gel) TR R @R ne S LRt T A 0 R AR
W RARA AT BB AL R A 0 GORET R
Br i R g 0 0 SR I YR B AAAHEDT R RS
(Emulsion gel) 74 % B > & g K21 i %‘%ﬂ A RE o

FLie A -k e W A (Oil-in-water, O/W) g & -k 3] (Water-in-
oil, W/O) &5t o A # > é_f*%c) FRAR] 1 5 R 5% (Mohamed, 2004) »
B RAR AR > FUIE A B A A o FU YA (Emulsifier) i & 7
A E G AR kAR B AR o @ 1 AR K PFIGETR A 0 I RO 4
Fur et CHR A ) 5% A (Gelling agent) PI7 H8H <~ F R85
o Mo fuipiF HEotd gAY o @A KURRMRE S < RF
R T LU

FURABE TG BRI kg T IREL
(1) £+ # %1+ (Thixotropy) » % ¥ HFin™ 5 &4F » . F %7 K4 > B

RIS o

(2) #-gi-k 2% (Hydrophobic drugs) 4c » s @A ¢ @ d *tpi K& f

(ZERE M) (B4 ) e TR BESF L F RS T o

EEBTR 0 SR mERRB RGO Y o JUR RS B R R LB
Fohde B Apd o L B0 }F/A‘:\ FraoRkAp Y AR SR 0 B 4o xR
R R e AR T o

(3) B £ #x#If# % % s (Dual control release system) : I PFE 5 517 &2 585

10
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o B (4Bl ) (Devadaeral,2011) o 4% 5 #4 ¢ K e fedp® o
FEBRF IR o BB KT @R RN R
A B TG E ko 2 d A EZRAEH . (Mucoadhesive) 0
R ER AR R (Alexander ef al., 2011) -
(4) %% ¢ B % (Loading capacity)
(5) #* "¢ (Greaseless)
(6) % % 4 ® (Spreadable)
FURBIE G L] Blde D PR R T 2 B RA BT A A

2 RS F A} F ¢4k e & (Joshieral, 2011) o

=
BB AEH BAL

B 5 A AL (Poaceae) &7/ (Coix) eh— £ 4 8¢ 5 &4 T4
o4 » & % % Coix lachryma-jobi L. var. ma-yuen Stapf. » # < % % adlay &

K Job’stears o o o b pochGHEA S G F A (Adlay hull) ~ B

fa A (Adlay testa) ~ ® 7454 (Adlay bran) % ## ¢ F i= (Polished adlay) >

He AR R LR RE S c R T B LA G AN
BABFI T OB IA T GHDEC s AL PR TR LR HE
T AL AP AR RS R ARG B oA 50 %

b

=

ATHEIRFAL A FR LA THENLY 1023458 4

e

" WA+ ¢ E T v 5 (Taichung selective No. 4, TCS4) & )k ch3 w9 5
FEL (F40151999) A7 EFF BIenE £ F AV S EUE
358% ~ B AEA 6.8% B A 43% ~#v B = 53.1% (§ friz >
1999) > @ & BMixen— Lo o B %y dovitd - 97 0 HY A
e gk g & B iE 24.4% -

g fx (o> 1999) P 3 7 @ F o g 5 309 gk

11
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o

Po B FREA SR R - Red A LR o W ER
Bz A4 F =W (Adlay oil, Coix seed oil) & A # (by-product) °
B =W e AEL e 1 d & (Oleic acid, 18:1) ~ 7 firi# f& (Linoleic acid,
18:2) &z p: (Palmitic acid, 16:0) % 2 ('t = ) B ¥ wphz £ k%
Painfen 48% 0 & H <7 Apfrfy AL (monounsaturated fatty acid) 7 € #&
B iy (Rfeim 2 1999) > A LR f s AREZ P (FE L F ik
FootkavAp o BimW YA FE SRR FE RS F S0
bldo: 4 B B4 % A B iof - FMAE
5 i R
(1) "% o 22 2g
RRICFR L BINCY o R P PRk g A B
BE >n 5o {x BE A G2425%  askfhlea b 5 iy
& (Unsaturated fatty acid) » it "% Mo o B B e 4 o gt b Jiz
¥ % 7 14 FIfE (Phytosterol) £2 5 f=#f 4 H (Polyphenolic substances)
(Yu et al., 2011) ; 1.3 FIFE &t § a0 % M 7y 20 B 4o PRER e 8 0 @
SRR R F VRS FRBEE F e (5 02003) F4p 0
HEE TR (Press) & S @ R OE = B e L AR T R B
R E AR bk~ B (Wistar rats) F o B2 F o fp ey
BV ORI F F iz b BARL G 5%E 10%PF 0 Ay B EF TR M n ke
MEE ~EME Y %L FEME (Leptin) R > @ F BT 4R
FLE 5% o AU BEE TR Mk Y PERER ~ Z P g MR R g R
JER o Yuetal (Yuetal,2011) m4z5h = ¥ - s %8 (Supercritical
CO2 extraction) ¥ B~F iz » ¥ 125mLkg ' ~25mLkg '~ 5mL
kg ' ® B ehE - Ak G B g beklig Eehx & (Sprague Dawley) 0 F
S % F A SmLkg E S i E IR e E R e

12
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FERLE M B A R ER o3& (58 2015) MM SRIER A D

WE o £ 100g B Y 5=k 5%2 0% B Ak 6 1B

"2 45 8@ % Streptozotocin 3% ¥+ B (Sprague Dawley) » 2% # I F =
ML R MG R R L g IO R AP A
F] > @ 3 22 1~ & F] Streptozotocin #7id = 795 i FE o
(2) L 2 =
TEAFTR N B R R E G PrdlReie 2 £ @8 riig 2 o
poe ¥ B H R Y AQRA S F RS PR OR R AT i Rk
Fooo v 4R — B R 431 848 (Kanglaite®, Coix seed oil) = ;%25 373§

RIS T

St (SR T G odr gL £ 5

B2 w o
) ¥ &z

BN G maatE o 82 2 ABE 44 3 B2 4

VIF g bAoAk AR e ien S A7 Apfoip WAL E BTy
FA: o e iim i FER PN DI RS TR
it B4 oYuetal Yuetal.,h2011) MR/ - F RIS EDF =
oo T Ak a0 B Fh &l Henk Bl (Sprague Dawley) o Z2EF R
BEW R REFR ML 5 ¢ 3 2 fE (Malondialdehyde) 7 & - 3 4c4g
§ f-4 L1 p7 (Superoxide dismutase) #12 - v & iz JFd iFrE AL
Fegg+ p d fL (Superoxide anion free radical) 123 4v S8 4F it a0 4 o
MAZTRR Z F PR ER R A TR B L g dedleie PR
Ve EE At o RS BIGFIO w2 2.4 2 3 & 0 &
‘> Microphthalmia-associated transcription factor (MITF) ~ Tyrosinase -
Tyrosinase related protein-1 ¥ Tyrosinase related protein-2 =7 I » @ jg
v 2 ¢ %4 2 (Huang et al., 2014) -

13
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i
e
i}
AR
hpant
23;
1%
\_‘:‘2.
-3

- ~F %P

1 BBl @lg S 0ma gt By B2 ¢ 4R me BIFIO 255

NP RS

A¢ o R ,351: I dl ) Hign 4 o

e
S
a

2. HWEFEEHSR A AR

ot

Fofv FLi 5% (Nanoemulsion gel) » & 4 47 H 4

>

BHFEWRT P YR FnBELLRBEF AR S

=

SR RFEH

L ZiddrdlRd 324 204 e

[ Tween 20 ] [ Tween 40 ] [ Tween 60 ] [ Tween 80 ] [ Water ][ Adlay oil ][ Tween 80 ]
( ] { ]

B16F10 cell model [ High speed homogenizer ] Viscosity

Droplet Size Analysis
[ J[ﬁ]
Viscosity ;
’ Zeta potential

Droplet Size Analysis 2
[ High pressure homogenizer ] Stability Study
1

[ Stability Study ]4— Fine emulsion

(

B16F10 cell model Zebrafish model

A
[ | [ |

Melnin content assay | Fataly rate [ Phenotype-based evauation |

Tween 80

{ Intracellular tyrosinase activity ]

[ Melanin contents ]

| —
Adlay oil emulsion Tyrosinase activity
Adlay oil nanoemulsion
Tween 80 |
Adlay oil emulsion
Adlay oil nanoemulsion Tween 80

Adlay oil emulsion
Adlay oil nanoemulsion

Bl - ~ e i 2 h b i R a2 d 54 S
Figure 1. Study on the inhibitory effect of adlay oil on melanin production by in vitro

and in vovo model
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2. WHEBL17 R EAL LERY 2 BT

[ ‘Water ][ Adlay oil ][ Tween 80 ] [ Emulsion ][ Nanoemulsion ][ Nanoemulsion gel ]
[ y ] [ ’ ]
[ High speed homogenizer ] [ Pseudo-ternary Phase Diagram } [ Viscosity ]

[ Viscosity ] Stability Study

[ Droplet Size Analysis ] [ In vitro drug release study ]
‘ — [ oome |
High pressure homogenizer
( Droplet Size Analysis

— ()
[ Zeta potential ] l

[ Addition of Pluronic® F-127 ]

Nanoemulsion gel

Morphology

Rheological and viscosity

In vitro drug release study

[ l
[ Gelation temperature ]
[ )
[ )

Bl o= ~WE A7 Pl BER AL

Figure 2. The preparation and investigation of different transdermal forms of allay oil
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bt i

#
S|
b

- R ERME
1 F % &838

(1) Merck (Darmstadt, Germany)
Sodium bicarbonate (NaHCO3)
Dimethyl sulfoxide (DMSO)
Isopropanol
Sodium carbonate (Na2COs3)
Folin-Ciocalteu' phenol reagent
Triton® X-100
Sodium hydrogen phosphate (Na2HPO4)
Calcium chloride dihydrate (CaCl2-2H20)

(2) J.T Baker (NJ, USA)
Potassium dihydrogen phosphate (KH2PO4)
Dipotassium hydrogen phosphate (K2HPO4)
Potassium chloride (KCI)
Magnesium sulfate heptahydrate (MgSO4-7H20)

(3) Sigma-Aldrich (St. Louis, MO, USA)
Phenylmethylsulfonyl fluorid (PMSF)
L-3, 4-dihydroxyphenylalanine (L-dopa)
Methyl cellulose
Pluronic® F-127 (PF-127)
1-Phenyl-2-thiourea (PTU)

Gallic acid monohydrate

16
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Albumin from bovine serum (BSA)
Thiazolyl blue tetrazolium bromide (MTT)
Tween® 20
Tween® 40
Tween® 60
Tween® 80
Melanin
Oil red O
(4) Invitrogen (Carlsbad, CA)
0.5% Trypsin-EDTA (10%) no phenol red
0.25% Trypsin-2.21 mM EDTA (1x) with phenol red
Dulbecco's modified eagle medium (DMEM) high glucose
Fetal bovine serum (FBS)
10,000 units/mL Penicillin and 10,000 pg/mL Streptomycin (P/S)
(5) G-Biosciences (Maryland Heights, MO, USA)
Tissue PE LB™ lysis buffer
Sodium chloride (NaCl)
(6) Bio-rad (CA ,USA)
Bio-rad protein assay dye reagent concentrate
(7) TCI (Tokyo, Japan)
Kojic acid
@ Fmitamizs L@ (v & £%)
Sodium hydroxide (NaOH)
TRERERA

P )

— f bR RAEM B (SP-230 0 &gl ¥

—=h

17
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Franz diffusion cells (&= #3335 T2 7 )

£ Al E 4 g% (FD-3A2D,

M

BRRT 2P
PR3 % 48 (LM-590R, #A A5 F A2@)
MR SN R A 48 (JSL-530, ApfLHEG L)
Z § “mp % 45 (SCA-165PS, ASTEC Co., Ltd.)
B2E AL (T25 digital, IKA)
% BI2F 5 (N-2, Nanolyzer)
fé 4k & 3+ (SP-2200, SUNTEX)
7 BL N A A PEFE R (MMS-12T, ChromTech)
f#2 8 feds. (SZ61, Olympus Optical Co., Ltd)
7] = 7V k8 R s (IXS51, Olympus Optical Co., Ltd.)
B s de 2 T Hkél (Ultra plus, ZEISS)
F = 4 +7 %  (Nanotrac™ 150, Microtrac)
B w7 =4 47 %k (Zetasizer Nano Z, Malvern Instruments Co., Ltd.)
# it % & (AR 2000ex, TA Instruments)
MR e 8 (3500, KUBOTA)
ELISA reader (Multiskan® FC Microplate Photometer, Thermo Fisher
Scientific Instruments Co., Ltd.)
ELISA reader (Epoch™ Microplate Spectrophotometer, BioTek Instruments)
R scis B (MD-02N-110,)
F % (PowerMasher 11, nippi)
S~ FHiowady

=P B R S— F i (Adlay bran 0il, ABO) 3 F A M- HiFLR

—_

Ve @ RYED 7o A kp WA S ¢ E T v 5 (Taichung selective No. 4,
TCS4) & 5 chF i fFF @ 5 AT UmaEpnd kel woF
18
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RER 3 R AEY B EA S TR 0 FEE S 20CHEE B

HPEER o

B E i s 1Skg ETRA & RT Y BT MARGE A

- hHTFARIEM Y o T I TR L AT R RS 0 s E o -

FrEA RIS Y R RS R A TA L o A8 RN R

Yo - BORA 23 200kg  BYE 10 A 4Efs 0 B BERA FH 3T 550

kg BYES0 248 FREARY 1S5 F HETEREL > 7185 300

mL =@ FBF 0 20% o KK F RS n FEL RSN 8
3 4oCH * o
=B E Y Bk — a0t BIGF10 e itk

1. F5kimre

ﬁr,lc 1\:&] l:f‘

AP B hmre L) B2 I F B wme (Mus musculus skin melanoma

cell) B16-F10 » % BE*43] (Adherent) ¥ » 4] fs 5 % 4&5k (Spindle-

shaped) £ 02+ A ‘¥z (Epithelial-like cells) & & > d Bx 4 4+ &

agrﬁi#iﬁﬂf”TﬁK%r}»ﬁ-}_E THRE kp a1 EPE /Fﬁm”r7 4+

P Fhi%E32 27 ¢ < BCRC60031 -
2. lmre R ¥ & AW

A. ‘¥ 3 % % —DMEM

- ¢ DMEM £ %2 3.7gNaHCOs 2 £ 4% » 4 » f £ 2 45

K AP E LT S R % AR 0 B ARG |

0.22 um & FHL* ot § g 0 £ U F 450mL A KT w FHELY

A 4°CH T o

B~ 450 mL = a1 Bk DMEM & 45 mL 4 #8552 5 F

(FBS » 56°C-kis & b 30 min) f=5mL 32 % (P/S) i £ 353 15 i

19
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T ACH * o AiE r m At 37°Ckis Y wR o
B. Fipi ™ % b4 32 % -k (Phosphate buffered saline, PBS)
P~ 8 gNaCl ~ 0.2 gKCl ~ 1.44 g Na2HPOs ~ 0.24 g KH2PO4 3 & 47
Pooder 333k R 1L N RET I REIR AR 2GR
A D ALY 0 BONEEE Y 12190 BB RS H 30 A 4
FAIrSRE T 4°CH * > g * w3t 37°CRiE P wif o
KELER SIS
w3t 10 A MY BA D N0 REF > B T8N R (Subculture) -
% 10 244 ¢ im0 1 2mLPBS ik - 5 4er Tml
0.25% Trypsin-2.21 mM EDTA » # 3 iRk & 5 {50k - 22 37°C &
HER3S A4 F RREE 0 5mL 7 10%FBS & 1 x P/S engri#
DMEM #2 % %477 fm¥e » £ UL o2 - BEB 500 ul fmre i 3 /,"]‘ ‘v 8
mL #7@# w2 12 £ % 10 24 ¢ 353 > 3 37°C ~ 5% CO2 fm¥e 12
AHEES I mnBRTTEAS BT L SN o 30 W4 BI6-FI0 o
P TAE S MR A K T FRORAE A LB E K0 R BRI Y chinte B
Rt A 10 R o
MR R R RE A AR EEER
() el
Oil red O stock solution
## 4= 0.5 g Oil red #s % i3 ** 100 mL Isopropanol * 12 fiz % Oil red
O stock solution » 1145 {5 & T @FRRE T3 4°CH * o
(2) F k2
7 QRRESALESET > Fizw 4o r 1% (v/v) Oilred O
stock i {74 & o #-F =i 27 Tween 80 17 40:1 ~ 80:3 ~ 40:3 ~ 20:3 ~
T3 E RV A MR SEELY TR EIHF 8 0 b r L Bk BT

20
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#2525000rpm TEEE 2 A& G e R o B RIBF T
1,000 bar /& # T B EIDE A S (2cycles) > TF FAR A 2 K AR o
FrehitpEz KR ESEFELERR > 2 “ﬁ%qi S L 2K
B =% 22 Tween 80 ¢ ] » FlAR L b ek - 5E 1530 4°CRA S fm e 7 Bk
5. WP FEF AT
(1) i
MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)

BEd2i¥ et RS E o MTT ¥ it 3 » K ¢ Tetrazolium

BRI EE § 233K Formazan » ¥ % DMSO i3 f2 » £ %%'
d ELISA plate reader /P& = = jtk £ 570 nm 2_¥x k6 {5 > F]
Formazan 7} & € 22 /5w g & 1L > &7 ;%’:} vRok (B R Rt S dm v
%5 % (Mosmann, 1983) o 1% &= 2 B2 A LR 5 A2 4
fmre R 52 e 3 S o MRtk S e £ G 4o

(2) @Ape g
MTT stock solution (2 mg/mL)

F4=0.03 gMTT # %33> 15mL 4 83 -k # et 4 & MTT
stock solution » ;% {73 ™2 0.22 um 8 & 4k g% (Mixed cellulose esters
membrane, MCE membrane) g {s > 14 4F iS58k (% 1530 4°CH * o
i {7 MTT assay ¥ » #- MTT stock solution 2 % Zz 3 FBS ¢ DMEM !m
R ARHFEL 0.5 mg/mL ($4 @& * o

() F &>z

R vk B RE Y B e s R AR OE S > ¥ BI6-F10 i

g 11 & 34 3,000 B/100 pL shimPe kB AT 963 ¢ 2 R 1 X FRE

21
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Fis o R iR 0 ber 100 pL k0% 33 & R e A R R 53 A 2
25 > Rt i 0 11 100 pLiwell PBS ik 12 0 4c » 100 pL MTT
reagent (0.5 mg/mL) » »* 37°Cs & fa F & 1 /| F¥is > B A 4~ 1100
ULDMSO 4> 27 B+ 3% F & 10 min ¥ fw% N % ¢ Formazan ;3
4y » £ 12 ELISA plate reader ]  # + Szl £ 570 nm 2. % £ g » T
P 33 5 SR E I chim e 35 5 0 4 » MTT reagent B 4
T AREFRET o

, OD570nm of treatment - OD570nm of blank
gm }gé: = oL & o — X 100(y
ERGh ( /0) OD570nm of contorl - OD570nm of blank 0

2 - ~wRR R RREFRORSEE e

Table 1. Samples tested in cell experiment and its control

¥ &% (Sample)

#r#1% (Control)

Tween 20
Tween 40
Tween 60
Tween 80

Kojic acid

BlERIRE SR

E L S L
A AT w
- RAR - L
- YR LR
£ AR T e

BR AR R K TR AR Tween 80 Jk & 2 e

6. mrep 24 E 3

1) Fkhm

B16-F10 fm®e p ¥ ¢ 2 i 2 4 % > dwie f 3RenB & 7 Jd o fh

BINGE CHpBaEHARR e A R B FFING §
Gr T Fd ABPELREELF BRI RBESSTA AR
f& o #t & 405 nm T s o &' R A £ 405 nm ek iE R

T2 5T E (5k2012; 5 2014 % > 2014) -
22
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(2) i pe 8
A. Kojic acid stock solution (10,000 pg/mL)

# 4= 0.01 g Kojic acid #= % 7% ** 1 mL £ &+ -k ¢ f= % 10,000
ug/mL Kojic acid stock solution > % f#{s 14 0.22 pum MCE membrane %
a2 50Ul B H A EREF-200CH o

B. 1 N NaOH (Containing 10% DMSO)

P~ 10 mL DMSO ;%3 >t 90 mL & g3 -k @ e ®] 10% (v/v)
DMSO - £ ¥ ## #2 g NaOH # % ;3 ** 50 mL 10% (v/v) DMSO 14 fie
#3773 10%DMSO 71 NNaOH > @& 5> % B d * o

C. BSA stock solution (2 mg/mL)

#4=0.002 g BSA # %73 10 mL 2 &+ -k ¢ 12 fe % 2 mg/mL

BSA stock solution » 4 % {4 §& 75 *-20°C# * o
D. Melanin stock solution (1,000 pg/mL)

#4=0.001 g Melanin # % ;% ** 1 mL DMSO *® 12 fie @ 1,000
pg/mL Melanin stock solution » 4 100 pL 5 B =4 5 > 3 §F L jE 1530
20°C# * o

E. Bio-rad protein assay dye reagent (1x)

SR pFILfe o FeWliBAR 2 ATHF L 0 B 1/5 B84 0 Bio-rad
protein assay dye reagent concentrate ;3 ** 4/5 2 03 B+ kP
fie @ 1x Bio-rad protein assay dye reagent °

(3) # &&= &
gy 2+ 3k (% > 2014) ¥ Hsueral (Hsuetal,2016)% < }I% {é
WAL Av g ez o d 32434 S enimre 4 £ G i (Cell growth area) 5
%9634 eh B 0 & B16-F10 fm®e 125 3L 2 x 10* /667 pL ek B 3
243 E Y oA 1 X FRRE BSR4~ 667 ul 1 m e
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BARRUDOD SR £ 2 X %0 R > 2 300 pL/well PBS
# 1= 5 4 > 30 uL/well 0.5% # Phenol 57 Trypsin i€ sm% 5 3g > £ 14
300 pL/well PBS #-im®z 4= 7 B~ 3 fic @ gow # @ > >t 4°C ~ 20,000 g F
s 54418 0 4o x 100pL 7 3 10% DMSO 71 N NaOH » *+ 80°C
ERITEEY F R L £3720,000g THe S A& Bt R
A A RA (T o el 05510520~ 30 ~ 40 pg/mL kA eh2
(Melanin) &% & 4 7 B~ 90 uL/well = 96 34 4 > f& BB~ 90 uL #& &+

ki 96344 ¢ - g 12 ELISA plate reader B <k % 405 nm 2 v %

~

B ﬁdﬂﬁﬂ?%ﬂﬂ@d’ REHE I Fome 2 28 2R om0
100 ~ 200 ~ 400 ~ 800 ~ 1,000 pg/mL k% & 72 & 59 F-v (BSA) {2
W AT B 10 pL/well T 96 34 4% » [ pFP~ 10 uL R &1 Fik 2 96 344
® 5 4¢ »~ 190 puL/well 1x Bio-rad protein assay dye reagent # % ~ j& 10
min > £ 12 ELISA plate reader i#] %k £ 595nm 2 v ki - fhd # 5 i
Boded R Y I F w2 i FRR o BF R R 4
% 5%;5:% PUEew FOER TRE > FEHREE RS e o
At ET 0 BB EEZ gl Eded - AT e

s A (%)== x100%

A HRE e RITTEs2 s FER R0 TER B Rk
2 d FRR R0 FRAR -
7. lmre N FRLAREL fE S MR T
(1) Fo&hme
2 ¢ % (Melanin) 7} = 5 faiefc (L-tyrosine) #ffitiufii s
(Tyrosinase) #% it (Hydroxylation) = L-= ¥ 3L ¥ 3 % 4 (L-dopa)
6 > L BLPLIRFLAFF - & Dopaquinone ¥ € p F PR LR 224

(Chang, 2009) - BI6-F10 m#e A § fesefifis » 1% £ ik 24 157k
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(Freeze-thaw cycle) = 2 p% ¢ A 2 7k s Rlmre Bidmpk > # Hlwre p B
Ve R > B F 4o~ R F L-Dopa v FfeVefhfir aoiE ARE 0 A4
1 Dopaquinone § A% % > H S < Sy £ 475nm T Ak k Ba € A% E
(5 »2014) -
(2) 32 8
A. Kojic acid stock solution (10,000 pg/mL)
Fre x>z miep 24 23 &R
B. Phosphate buffer (PB buffer, 50 mM)
=522 g KoHPO4 s % 73 %t 30 mL 2 g+ -k @ e @l 1 M
KoHPO4 7% i > 3 ¥ 4 42 4.08 g KH2POs 5 7% 30 mL 2 g+ -k @
e 1 M 7 KH2PO4 3% 7% o B~ 1.175 mL IM KoHPO4 i3 7% f= 1.325
mL 1 M KH2PO4 7% 7% & 47.5mL 4 33 KR £353 > e 50 mL ~
pH 6.8 750 mM PB buffer » 253 % E &% * o
C. Phosphate buffer (50 mM, Containing 1% Triton X-100 and 0.1 mM
PMSF)
A 4=0.0174 g PMSF # %73 10mL £ 5 & ¢ 2 fe @l 10 mM <7
PMSF stock solution » #¥ £ &% 133t 4°C# * o B~ 1.175 mL IM K2HPO4
%% ~ 1.325 mL IM KH2PO4 7% i% &8 ~ 0.5 mL Triton X-100 ~ 0.5 mL 10
mM PMSF stock solution 2 46.5 mL & 35 -k2 £353 » el 50
mL z 1% Triton X-100 = 0.1 mM PMSF 750 mM PB buffer » & & &
T 4°CH * o

D. BSA stock solution (2 mg/mL)

[\=]

P e R 22 mep 28 57 RRIE -

E. Bio-rad protein assay dye reagent

[\=]

P e R 22 mep 28 57 RRIE -
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F. L-dopa stock solution (5 mM)

SR PR o Fe Wl iE AL D AR K o 4 0.0099 g L-dopa 5 &

7% *" 10 mL 50 mM PB buffer ¥ 12 fe % 5 mM = L-dopa stock
solution °
(3) # =& &

PR ERE A (RE 5 2009) Bk (3R> 2009) & élgk%g‘é%%/,}
£ 42 g o B16-F10 Jm%2 125 34 2 x 10* /667 puL ek & 348> 24
FYEY R X FREER PR",ffi Fite o Av s 667 pl 1 e 3 & R e
W2 &g R 2 2 (g iR 0 10300 pl/well PBS i 1 =
i » 4e » 30 uL/well 0.5% & Phenol = Trypsin & fm¥e % gz » 1 12 300
uL/well PBS #-im% 4= 7 B~ % fic & g # ¢ 5 21 4°C ~ 20,000 g T o
S5min {5 > 4v » 100 uL z 7 1% Triton X-100 §= 0.1 mM PMSF & 50
mM PB buffer » ¥ *+-80°C® /4 ik 30 ~ 45 > £t %8 ¢ f2f 30 ~ 45>
B BEAFD s 0 2 4°C~ 20,000 g T A 5 A4 B b F RS
Fv B g o pe® 0~200 400 -~ 800 ~ 1,600 ~ 2,000 pg/mL jk /& e+
£ 6 o0 (BSA) fREW &5 B 5 pLiwell T 96 3445 o pFE~ 5l
TR 963445 ¢ o 4~ 195 ul/well Bio-rad protein assay dye
reagent ¥ £ & & 10 min » £ 12 ELISA plate reader ;#] Tt £ 595 nm 2
w3k B %%’EJ £ Feov B MR N e 30 Bk
oo B~7 3 50ug d-v Fenimie B f2% > 4~ 50 mM PB buffer 44 88 4
2 180 puL/well {¢ » 4v » 20 uL 5 mM L-dopa stock solution » ** 37°C™®
F & 1] B > £ 2 ELISA plate reader ip] Z_g & 475 nm 2_ %%k (& >

SR R SRR T A A A > K B SE I e

% = BT o
o P OD475 nm of treatment - OD475 nm of blank
Bme g A (%)= x 100%
0OD475 nm of contorl - OD475 nm of blank
26
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8. iRk SCREZAIRLIESFREUR
%5 Tween 80 & B16F10 m% 5 & 5~ {73 % ¥ £ F Mk R >
fe@ly B 7 F & iz & Tween 80 't b erfie > » F iz )b &2 Tween 80 é0E &
b % 40:1 ~ 80:3 ~ 40:3 ~ 20:3 ~ 7:3 > 1 ERFFC I 43 25,000 rpm T E2E 2
AEEE TR o £ B RIEF T 1000 bar B4 T F RIBEA X (2
cycles) & » AR [T BT L 4T o
U SERLE I AR S R - U B e e
1. ot
HE G R F2 SR F PR AR 2 F (TechComm)
—35 AR 0 A5G 85 ABstrain e 5 g4 4R E R 5 28°C o
kppHp 2L 148 10 ) pF o JI* R F Emd h AP T30 448
MR o T g BB > RS h R —E3
solution ( 3 50 units/mL Penicillin ¥ 50 pg/mL Streptomycin ) I 457 % *%
28°C & 47 o
2. iR A REY
E3 solution
E3 solution z 7 5mM NaCl ~ 0.17 mM KCI ~ 0.33 mM CaCl ~ 0.33
mM MgSOs » % el 4 50 & » £ 1 1 B o #4=14.61 gNaCl -
0.63 g KCI ~ 2.43 g CaClL-2H20 ~ 4.07 g MgSOs-TH20 #5 73 % 1 L 4 4
k@ e 50 # &0 E3 solution © B~ 20 mL 50 # E3 solution f= 5 mL P/S
$975mL 2 33 kiR &£395 > el 1L« 1x E3solution» H ¥ & % 50
units/mL Penicillin ¥ 50 pg/mL Streptomycin » &3> 4°C#H * o
3. B &R
B8 AR E s AL > 2R RE Y 4 P g B
FRFPYRFERFIF UL S s IR SR R
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28°CE & fare & > FrfnxX ¥ 18 7] FF (7 hour post-fertilization, hpf)

f6 » B p RERMEBRRR LA 0 2 % 7* 3-15 4e » E3 solution—
ke 22 12 E3 solution fie ek 538 (738 & 0 5 7 WRPna 35 B Bk
o A& 24 S Blhph) BHEATREOHE SRR BERA 24 F

(55hpf) & - & F % -

(A) (B) «
Bl = ~m8 s Al (A) fRBRE -9 3 (B) 23 M ks
Figure 3. Dead zebrafish embryo (A) White egg observed by naked eye (B) Dead

zebrafish embryo observed by stereomicroscope

Add sample

Fertilization Replace sample Observe, photo or sacrifice

Obpf 7 ppf 31 hpf 55 hpf

I S - ey A YR L)

Figure 4. A schematic representation for the schedule of animal experiment

4. ;E.n% ,‘i’. g.}l_.?r'_i’( pé‘lgﬁ\’

4+ 7% %% Choi et al. (Choi et al., 2007) ¥ jris 304 £ be g 2 o Poi¥
S AN R R R B S AL 3RE RS H AT 96

FLdz P TR AN 28°Cr A& & 3 ThpfpF > 2 % BB b &R o b
167l sl dr &R FR&SE R 1 28 B #EITRA DR
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FA R ME AT SShpf o BBRE Sl g in S SpE T R E

a4
\-

G o A IR 24 B - BEA 0 B2 EARR -
N S LR C T EE

Table 2. Samples tested in animal experiment and its control

% &2 (Sample) $r#1% (Control)
Tween 80 FAR T = ol
Positive control-PTU & AR R e

EoMiir /240 EEH TR E A TR AP H s Tween 80 Jk & AJE o

5, P kiR E AL RS
(1) ##pe®
Oil red O stock solution
Frr iz medmitre i itk ydd o
(2 F&%>
20 3 ERFRSAE SR > Fizw? ser 1% (v/v) Oilred O
stock {74 & o #-F =i £ Tween 80 17 10:1 ~ 7:3 &€ £ +* 4e » & %
FRP FIR E385 15 o b 2 2 g R MBFTF L 80 25,000 rpm T 3
W2aailag Sdeitn . 23 RESTH 1,000 bar B4 T F R
B & (2cycles) > wF FFLR A 2 K AR o FR RS 2 KR
Pt 7R MRS A 1T B AL RSS2 4°CHUE B B B eh
s}:{: l% * o
6. 5 A PrPSRI B AcE I
(1) ##pey
A. PTU stock solution (2 mM)
#*#%=0.03 g PTU # %% ** 100 mL E3 solution ® ™ fie & 2 mM
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PTU stock solution » ¥k & 353t 4°CH * o
B. Methyl cellulose (2%, w/w)

# #=2 g Methyl cellulose #= % % %t 98 g & -+ -k ¢ " e @ 2%

(w/w) Methyl cellulose » *+ 4°CT #4353 {5 > 530 4°CH *
(2) Fm&>

Lo

# 7% %4 Choi et al. (Choi et al., 2007) 22 Hsu et al. (Hsu et al.,
2016) % ¥ fris 480 F et i35k o P E RS GRS 6 Y R
Boip il AU 3SEnn s Hixafed 9063 o T E 2T 28°CE &
%%%i7mﬁﬁ’é%%ﬁﬂ5ﬁ%%ﬁ’ﬂ%lmuLHEEﬁ%
ARrpEaor PHREBEA DS EERITRAGRSER > SRR
3 S5hpf pF+ 384 pa B g 2 ) o 12 100 uL/well PBS % 1 =t {5 -
O EEE R A3 gt ¥ (Depression slide) oo &

2% (w/w) Methyl cellulose %] T 5 » " fZ3| B ACE LR B 4 4 48 2.

3

o SRS A R R S b e
SRR T

mh AR T R 7R RARELS R T

(1) & pe i
A. PTU stock solution (2 mM)

e TR 2208 o sfEd | Biksidp & -
B. BSA stock solution (2 mg/mL)

e RS 22w N 24 E 5B

C. Bio-rad protein assay dye reagent (1x)
Fre izl mep 24 25 ER T

D. L-dopa stock solution (1 mM)

L P > e fliB AR 2 ARE % o 4F 4% 0.0020 g L-dopa #5
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* % %" 10 mL Lysis buffer # 2 fie @ 1 mM ¢ L-dopa stock
solution
E. 1 N NaOH (Containing 10% DMSO)
Fre Rl mep 24 2 2 R
F. Melanin stock solution (1,000 pg/mL)
Fre U222 mep 24 37 R 2o
(2) 5 5> i

S

\\\?'glr

% Choi et al. (Choi et al.,2007) ¥ Hsu et al. (Hsu et al.,
2016) = M AR SRR R - R R R & 3 H e
Beip Pl A G100 30 S H A e 63 5 1B 2 28°CrE &
fasp &1 Thpf pF > 2% Eehma 8 g &% v 4o » SmL s h g5 %
G FHRSEE XS RRITRAOBESR R BERE D
S55hpf p¥ » 12 PBS jjrik 1 = fs » Popa s b 2 g 3w g @ 0 30 4°C >
20,000 g T #r.s S min & 2 “$ X iR o 4o~ 150 pl Lysis buffer » 1247
BrBIaR 2 A 4815 0 % 4°C ~ 20,000 ¢ T e Smin 0 A Ry 24
FHR S o o IR GE(T o

B0 R T RRRpE A AR 10 BEEF ke TRE -
el 0 ~ 200 ~ 400 ~ 800 ~ 1,600 ~ 2,000 ug/mL )k & 2 i 8 F-d
(BSA) #&#w s B~ Spul/well 2 96 34 4% » P B Sul &4 2% 1
96 3t 4 @ » 4v » 195 uL/well Bio-rad protein assay dye reagent i % & Ji
10 min » £ r2 ELISA plate reader ] Zjt £ 595nm 2. =% £ id > JFd =

Vv RS AR NE e AR 0 FER B33 250 ug

-0 FenA Rk > 4v » Lysis buffer 4 4848 = 100 uL/well £ > 4c » 100
uL 1 mM L-dopa stock solution » 3+ 37°C™ &~ Ji& 1 | B¥ » # 12 ELISA
plate reader ] Tid £ 475nm 2 Bk E o F %S F RS BRI
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8.

Flieey At E 7 0 B RBREEZ gl Aok - AT o

. 0OD475 nm of treatment - OD475 nm of blank
KXo m A (%)= x 1009
* e i ( 0) OD475 nm of contorl - OD475 nm of blank /o

SORIRES A FR R E AU 4o~ 2000l 4 10%
DMSO #11 N NaOH » »* 100°C2 B 5zis B9 F R 1 /] FF > £ 3%
20,000 g T oo S L 4E 0 B b ,73“,, fe@ 0~5+~10~25~50~100
pg/mL k& 12 ¢ %3 (Melanin) % & 4 & B~ 200 uL/well 3 96 3¢
o PR 200 uL R & FR 2 9634 % ¢ 0 4 ELISA plate reader
BT & 405nmiv)1;'c'f_€’%‘%'ﬁ BdEEREY M D E B2
2dFER VRS FURSERMF R EDE A AT 0 & B
2 Prdlieded - T o

. 0OD475 nm of treatment - OD475 nm of blank
X am A (%)= x 1009
* e i ( 0) OD475 nm of contorl - OD475 nm of blank /o

W R FCREF AR EAR
g5 Tween 80 A3t B g %2755k FE%Y 3 MM akR > il
7 F & iz ¥ Tween 80 +* b|ehfie > - F = 22 Tween 80 chE 14 3
10:1 ~ 7:3 > r232 550 it 4522 25,000 rpm T IRF 2 A B A S AR 0 1
rLE RIDE 1000 bar B4 T B RIBF A X (2cycles) 1 0 i T RIT

sRELELIT -

CEABERIUG B P T

1. #-REd

(1) @ ape 8
Oil red O stock solution
F e xHi2 2z medmitreiiftrkeds -
(2) 7 =

piE %% Xietal (Xietal,2009) = }I?% R YA SETEPET S SIS
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R =H >~ Tween 80 ~ 2 5 ke = Ap Rl » & B F]+ (-4 = 4p B
- A EBRHRSALE L F WY e r 1% (v/v) Oil red
O stock £ {74 ¢ o #-F i=/d 27 Tween 80 12 9:1 ~ 8:2 ~ 7:3 » 6:4 ~ 5:5 »
4:6~3:7~2:8~1:9 & F vt MR FHLY T AR L3505 {8 5 110k
¥ T* (Aqueous titration method) 4v » H T &€ & 3 3 -k » B
FUiL 452025000 rpm T IRF 2 A 4TS 0l 1) PR &K o
TS AT E = ~ Tween 80 ~ "Kav 25 R FE T IR ANV B o R 1 ] PFIS
BEFAE O ZARITNIR RS EFRERESABANT 0 S IRA
% (Emulsion gel) ; $hé% 2 A & 2 B 5 ind b ST TR o

FAf R EREUR

2K 5 LiR e i

RBmZ AR NS S > A ks 785 60% sx¥ gz
Tween 80 (& £+ 5 9:1 ~82~73-6:4~55~4:6~3:7~2:8~1:9>
LSRR 1 45 25,000 pm TS 2 A MR S ts o ik AR R
ool WFURENFREOFHE S FEFIAFEE LR AL |
Pa's & 4] 24 2 Kf ZLE B 1P & = ¥7 Tween 80 ' & » F
Gt G engtin vl § RIS 1000 bar B4 T RIBTA = (2
cycles) fé » T T 47 0 F I3 100 nm B g A E b g
=7 22 Tween 80 +“ b] 5 Bif fie ™ o

FNBEE W Tween 80 v b1 > IR = AW % > FEF

=% £2 Tween 80 +* &] » s kA 3 & » MIBF S #2 25,000 rpm
THF2AGEE SR EEARR T f«é)irg‘“ 1 Pars &1
ke oo ENEFaTRA T E o
2 REA
Ryppe > = % > k1 F =%  Tween 80=60:28:12 (%)
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BR S5 0 BRI 55 25,000 rpm TR 2 A 4B S e g

[

2B RIF Y 1000 bar B4 T B BRIE A S (2 cycles) 0

o

/

el
T3
ot

FLik o

AJ\

.
3. I AT
(1) 7 &R
# fi £ 475t (Dynamic Light Scattering) /& I 5 %5 iz ¥ dup
FEERAASIERER S AL FYER 0 L ERT MR FF R
+ ik CARFR G TAE S TR o BT TE R
o £ Sl AT ol U T
(2 7 &>
1L § £ RATs o (Multiple scattering effects) 0k & B
B A R 500 B 0 B4l Fim SR A K AR 2 1,996
3 KR £355 18 B 2mL AR s R AT A AT R
(Dynamic light scattering analyzer) 4 17 > #75 # & fff#/% 2 Loading
index ¥ /i ** & ¥ 2 Loading index # B} (0.1-100) o 7t ¥ % 2
Tween 80 14784 5 (Refractive index, RI) 5 1.473 » {jT 5 % B 2§48
## T =287 (Mean diameter of volume distribution, MV) # 7+ o
MV =2%Vidi / Vi
Vi & BTl At s d ks o
4. Fo T A4
(1) 7%k R

Bo & (Zetapotential) P& R RIL L &L mE 3 RS T H

rﬂb

ERTeF §alpF PR BB LR BT BEER - £
Smoluchowski Equation 3+ & % & & = -
(2) 7 %> 2
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AR I B o TR PR KA 500 % 0 B~ 4l ENERCE L
Fure 1,996 uL & g+ KR £393 (2 > B~ 1-2mL ﬁrﬁ;‘.”é A AU
PR R AT R AT e
IR A AT

ik (Rheometer) Bl 5% ~ 2 K 54% ~ 2 K f i 2

-Mr

LA (Dynamic viscosity) » 2 ¢ ¥ i 4k Ao flir g 2 5F LR B 28
mL & {7 1§ Jp] » $F ¢ ¢ * Concentric cylinder ; 2270 & M4k T4 3 K 5L 0% 52
BB~ 2mL & {7 4B - 4FEE @ * ® J© 40 mm parallel plate > B+ - 5 T
LBl o Bl end 73 K (shearrate) = 5 0-200 st plE R L2048
RS el lkdy o WRIER S 25°CE 37°C e PRk E T
%100 s pEegh R £ T o
FA S RAM IR EREWUR
(1) #aped
Pluronic® F-127 stock solution (30%, w/w)
# 4730 g Pluronic® F-127 # %3t 70 g 2 # 3 -k @ 12 e 30%
(w/w) Pluronic® F-127 stock solution » Pluronic® F-127 #5 % 4c T 2 &+
kP fs o AN 4°CHEREE 24 o P ¢ Pluronic®F-127 45 % = 23 33 Aok
Eis 0 BEHAT ACH o
(2) F %> &
FPppe =% > WAk 5% @ Tween 80=60:28:12 (%)

kA

(i

WA KSR BEFHFE R Bend K £40% 2 Pluronic® F-127
stock solution % # &¥L ¢ ° @ Pluronic® F-127 & % k& % 10% ~

12% ~ 15% ~ 18% ~ 20% ~ 22% » »* 4°CH##3 24 | pFis » >3 B T &
o Bots Bk SEALR S A4 AR 0 AR A E LR R 0 PiE
B 50 5% 9% 0 Pluronic® F-127 £ & o
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7. ¥Ffe TS RS A AT
R Ry U RS S TS RNV S S
H-F B4R e 5V T F B Hc4l (Field emission scanning electron microscope,
FE-SEM) BL%Z 7 5F FuiR s p e < o o 1deig B 3KV B4k Bk
ST REERR O PEHME AL RSB NRY 0 TR
PR FEE R K RF T B LRk o
8. ImRILA AT
(1) Stress sweep
37 7 27 I Pluronic® F-127 Jk B eh3 o §40% 585 2. AL
# [ (linear viscoelastic region, LVR) 2753 %8 3% & » i& {7 Stress sweep
i
B~ 2mL 7# F Pluronic® F-127 JE B 02 F 542 584 & > * 37°C
T R 0 FFER @ * E 4T 40 mm parallel plate o % Stress sweep 7 2
# » B L Frequency = 1 Hz > 3k T osc. stress (Pa) # & = 0.1-1000
Pa» i 1|3 F osc. stress T e G'E % 1 > G5 &3 ficlic (Storage
modulus) °
(2) Temperature ramp
vin % % (Rheometer) i8] Z_# ¢ Pluronic® F-127 ik & e92 f 54
2R R 0 1% Temperature ramp 7 % ¥ B|F 4 FE R T 0 G
(Storage modulus) ~ G" (Loss modulus) ¥? Tand (=G"/G') > 4 Tand=
1-G"=G'» L B3 REFWERIL LEORRETLZ A TRAD
SRR
B 2mL # I Pluronic® F-127 Jk & ez Sk fL i @ & » @
* # 4% 40 mm parallel plate > #£ 2 &7 4% &9 fF §E (Gap) % 1,000 um °
% Temperature ramp § % * > ¥ @_Frequency 7 1 Hz » % strain
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0.5 KPR RFR S p 4°Coedt 2 80°Cis » £ € 80°Cio4r 2 4°C >
FoarE 30 #5384 G~ G Tan § e it » g FBg R K % 5
1°C/min °
AR
#Lix %4 Restu et al. (Restu et al., 2015) ¥2 Smrity et al. (Smrity et al.,
2016) = éffkfé"fgk\@ e igrre 372 RBERSALDRL > FH
P oder 1% (v/v) Oilred O stock i 7% ¢ o Bz Fenfli ~ 25K 5% ~ 2
FFRAES TR SEIFLT 0 3N 4°C - 24 o) PELS 0 3 45°C - 24 )
oo 1Ak 27 10 % ~S5=tfflk > BY R ABRESLT LR
FERPRLEREITE BRBRLLEERE T i SR &
TR EHESASR I RLERET I X TLETAHES
S E R Bk
1. F=%%ER
~F % i * Franz diffusion cell 1% 5§ ¢F 4 Fex a6 % > "B+ = 3
7T % B » Franz diffusioncell 2 5 + T & 37 2 ey B > FxB gy
(Donor compartment) *t ¥ & p|#k 5 0 T #3 % Z:4 (Receptor compartment)
g 1l mL R4 s S By > bR TRYEKIE 37°Cark > 1 i
ARBREE (Y I BENARWEE P AR I REITC) P FAFTHRES
A AF K= o J1* ERAEL AT F koo f 5
1.77cm? » ¥ $ — ®P~4k v (Sampling port) 14 = { &3 B-4% o
2. &b A
AR BB LR ERATE A LUp R L (Specific pathogen
free, SPF) » fdt 5 3-4 B 7 > B~ # 8 03-0.5 mm & e £ 0 — Sk

R & 3R end B B R 9 44 2530 um B 0 & A K IR 35-60 pm > s A

\t

PR L R R T AG R LK R TR -20°0CH
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® o SR (T IRERE B A X EE AR —PBS f 3 37°C KA ¢ wiE T 4R 30
T
L RRE

B~ Franz diffusion cell 2. T #3 % & =4 > 4c » 11 mL ;% —PBS » *%

FOAe PR E P Ao @ o RRE 37°CHE 0 T 2.5x25cem < EA B
3t Franz diffusion cell ® ™ ¥ sesjza 16 > 1% 2 A2 Ha b
Y T TS R L RN T Sy RIS E
ShE i SR L 05 BEVHILEFL 0051234~
5~6~8~10~12 ] pFEF B 4 F I~k o B~ 0 500 uL i o
£3 % b 445 1 PBS -

TR R R R S ResE it &4 7 £ (Total phenols) B

B R FN A RPERRRIRY DR IR RERE BT

FIRARE Sy FERECEROEFTEE L NEFAHTE

Wi (ug) =Cax V+ Vs x (C1+C2+C3+........ Cn-1)

Wh % n=iBHpF Blap? A imiitt s and £ 5 Cn % nB
WP BT ? RIpR ek R SV BT AMA S Ve BB
PR A
RiIpgit&yrz 2R
(1) @#Ape g

A. Gallic acid stock solution (10,000 pg/mL)
##4=0.01 g Gallic acid #5 %73 > 1 mL 2 g+ -k ¢ ¢ mpey
10,000 pg/mL Gallic aicd stock solution » &% 153t 4°C#H * o
B. Na2COs solution (5%, w/w)
H 3225 g NaaCOs 5 & 730 47.5 g 4 4% -k @ el 5%
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(w/w) Na2COs solution » 853t F B & * o
(2) 5% i+
#7244 Singleton et al. (Singleton and Rossi, 1965) < )[% {8 ML H4e
g e e Fefl 0~ 0.625~1.25~2.5+5+~10 ~ 25 ~ 50 pg/mL Jk & = Gallic
acid &2 & R ¥ B~ 25 pL/well 3 96 344 » o PrB~ 25 uL 4 532k & 96

e

L4 @ 5 4r 25 ul/well Folin-Ciocalteu reagent # £ F Ji& 5 » 4815 » 4c »
50 uL/well & 5 -k 22 150 pL/well 5% Na2COs solution # € & & 1 /| ¥
¢ » 11 ELISA plate reader ] & & 750 nm 2_ ¥k & > %ﬁ 4 Gallic acid &
B RS BRI BRI AP ER > %S S Gallicacid § £
R 47 (ug/mLl) e
S B
F S fichpd SPSS i& {7 53 4 47 > 12 one way ANOVA -4 e w| fF e L 2
7% B B~ 47 0 £ 1% Duncan’s multiple range test i (T E (S T F p
value /] ** 0.05S > Pl 7 2L 3 BF A 8 » 2% 1T 5E (Means)+ 1%

# % (Standard deviation, SD) # 7+ o
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~ = 21 pby =] =)
’37: 5 .,tg%ﬁ‘ad“a{[ﬁ

A2 AT AR G S H$ BIOF10 w2 15 iE 5 80 5
BWHFREE AR FE PG A KAB (Hydrophilic group)
2 gk 28 B (Hydrophobic group) 3% 4 + (Amphiphiles)— 7 & &%

| (Surfactants) % 4 ¥ " M AP kAP L G R4 0 A4 FLIV I %

7
H
ke
)
o
=n
%

A BT A & e R R IR R R ROk AR E
A T TR kI A GEHF A B A S Aty
FAR G A R LERA R AR R wER
PA RIS AR G B A HOT A TR AR RER
2EEr S A R m S A 2 Tween 20 ~ Tween 40 ~ Tween 60 ~ Tween 80 o

Tween® 5 L 5 22 7 Jo gt Bcern?n hfk B ipdk B I T F o4 S g T
g AEa i 0 LR enEg A ((OH) £ 2R F ¢ % (Poly(oxyethylene),
POE) &7 ﬂ”ﬁ-é: s A4 » %= % Tween 20 ~ Tween 40 ~ Tween 60 ~
Tween 80 2. IUPAC & ~ A kgn-k T fi=i& (Hydrophile-lipophile
balance, HLB) & g4 » 2 @ F o FEiAl2 HLB @& & 2 &3k ah
i 4 0 HLB E4% % R & BoRMA%dE > § B & 5182 HLB &% & 8-
16 (Michael, 2002) P » if & & a3 ¥ KA RO O/W 3 ik » &
Tween® s 7| ek & B Ff & @WE OW 35457 -

d R EAEAIREZAIREEERY e Y > mR&EH
BI6F10 fm®2 7 iy 3 & £ > #& i 1 fior f8 Tween® & 7| enfh & 5 42 %] ¢ iF
B A AR s R R TR % 0 1817 BIOF10 % 55
&35 o d BT #t > % Tween 20 ~ Tween 40 ~ Tween 60 )k & 5 100

pug/mL pF > H BI6F10 fw®s 3 7% 5 & % 5 88.75% ~ 86.18% ~ 94.23% > %
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MER P me 3551 7E 800%™ » Km % Tween80 kR 5 8 ik
B 300 pg/mL ¥ » 2 BI6F10 fm% % & & %7 it 86.19% » &7 Tween 80
few 48 Tween® % 7 enfh & & 14| ¢ # 125 4 - Hamzeloo-Moghadam et
al. (Hamzeloo-Moghadam et al., 2014) 45 ! #- Tween 20 ¥2 Tween 80 4
G AT A KT % —MCF-7 ~ A 875 in% —HepG-2 ~ A 475 % i i
"2 HT-29 = = {& » Tween 80 aJZ i1 = & ‘w7 73 7% Kﬁh Tween 20

% 0 BT Twee 80 & [ 1% » 27 3\ 78 e 2240 4 o Yuan et al. (Yuan et
al.,2008) = I‘Jc;}ﬁ DA E R IR EE > 4k kR ¢ Tween 20 ~ Tween
40 ~ Tween 60 ~ Tween 80 © » 12 Tween 20 = FU i & W & 02 5} Lk
el BB R B = BRI RS E L
Boeimmandd 2k E % x Tween 80 ¥ B16F10 fm%s 4 |+ 5 B i >

Lts e @Y o EH Tween80 Xl H F iz tp ~ 2 Ftpe 3

Sl
"
0]

=
N

%07 FEIL¥ B16F10 foe & # 2+ Tween 80 jE & > Tween 80 H jh
&7 BI6F10 fm% 5 5447 o o Bl #77 > § Tween 80 ek A& 5 150
pg/mL pF > 2 BI6F10 0% 3% 5 4 106.85% > #+ BI6F10 w*s & 3 &
Moo o his e F %Y Tween 80 vk & ¥ 74 & 150 ug/mL 2+
TP kR S AR W wme PRI RE KRRk (Stock
solution) °

W R ERIREZ KR LFE D TR ES AT

AR EGF G P i 1% BIOF10 fmve o8 2 oa 5 b 5 5 1050 35 34
BEREFEF IR d 22 2B > Ra BTN AR BET &
ER I N A RERERBRPN > REZERREY e P S
HE AR 5 RBCHRRIRBRY TN EE Sk
AR A R A IR Aot IR R Y o AR IF*J%:},E] I
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SR B BRI BRB R 3L 4 € % 273 & (Cosolvent)
B m A KM A H k4P 3 2R (Kristmundsdottir e al., 2002) ©
BEH we g ‘%’ﬁjjf”’ﬁ’%mabﬁﬁ BB SR BT AR

LR o 8

FrRraz R BT HFFFHFS AP i
A enjk & (Chen and Tao, 2005) ¥ 7 #5 e 5t it & vt &) (Fernandez et al.,
2004) == B FE BB A > kg Tween 80 e BIOF10 e 3 7% 5 &
173@% Y a4 B kR > RRET B2 F F iz 2 Tween 80 ¢ | cife
* 140:1~80:3~40:320:3~7:3 F AT EHRATE AR >
BE AN FETNF T IR 3 K k2 F = &2 Tween 80 1 B o

T @A RS 5 25,000 rpm T EEE 2 A 4B H e 5
% ood Bl- (A) #rord 40:1 ~ 80:3 ~ 40:3 ~ 20:3 e F i= i 7 Tween 80
WHEF R R FETRE LRSI A kTR o R
B AT BRSRR PRULE Bk e A §F 73 iE
=74 & Tween 80 ' & T8 & e 347 445 ) 3t 1 pm > 345 Stoke’s law
(Hunter, 2001) # 5\ i kis4k < > 3% 58 % (Creaming) » & g &
ARP S FERPARE S ST RF R DR PEIS T SRR T
Bhef i pe> g BRIBE T 1,000 bar B4 T 3 RISE S 00 1T MR
o A R T o

Stoke’s law: Vitokes = -2gr> X (p2- p1) / 91

Vistokes: 5*7% 38.% (Creaming) # & ;r: FURRF LI g £4 4eid
Boop2 & pii AARRAE S AP EER o

d 2w 97 T B R pe > cdbR ¥l 2 1 Pass o g i 3R E
FIEFBRET -d 2o 97T Bt C3 REBFTEHA LY
FREFTE > H P 40:1 ~ 80:3 ~ 40:3 ~ 20:3 11 1= ¢ &2 Tween 80 1t i
o™ ié SiE B RIBDF AT o RUT 0 A2 100 nm 0 G - B Rl
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£ @ 73 0 =0 & Tween 80 vt b|fie = (T B RIS P (4RI
o3 100 nm o iE P E F FR iR o Z 5% BT B =4 27 Tween 80
R S R AL Vil 201 I )EJ%,.‘%% 1p ¥+ (Fernandez et al.,
2004) o d BN R T BARSCR A SR RIBF SRS~ [ (Particle
size distribution) HF AP EF M < F I OEP RS ORFEBR
H - 4 > Shietal (Shietal,2011) = }I?ea‘;q DAl B RIBE A K g tE L
foF RS B RT A G AT R 0 B AR SRR o SRS o 0 T B
RARet SR RIS A AT AR SR -

T B 3RBTGOk e T (Zetapotential) % 7 A w > 7
fg#+ (Colloidal particle) d % A& (Electrical double layer, EDL) ‘=
= 0 ¢ 7 FH Tk fStern & (Fixed layer; Stern layer) £ 44k

(Diffused layer) > <k *t & 45 i §26  (Slipping plane) » & 7 & T i>

S

SRR AT T L B e RV FARRE A L RETY
gt B RAFTRIRFAETER IR (FR-2 ) i T
TR R e T AR > BEMARE o d A AT T B EHAE RS
Fadis  BRa Ty d f 2 Ra Tween80 7 7 F T jmenzbip s
s I e U= 1 A7 R N SR B L VA & £ Sl SR
% > Hsu and Nacu (Hsu and Nacu, 2003) 12 + & & &2 Tween & 7| 5t it
B Kz K 5% & Livetal (Livet al., 2006) 12 347 % 22 Tween 80 fr
Span 80 # & iz F FL %~ FORE IR f oo Y % =i 27 Tween 80 +* & &
40:1 ~80:3~403 @WH et B o T 2% 240 3-60mV & > & 12
203~ 73 WA et b e T 230 21-40mV B 43952 e
40:1 ~ 80:3 ~ 40:3 & iz £2 Tween 80 ** | | i crfe 74 % 48 T R Z i
o BRI RREE T B BV RT BRS ERE
kR EE RS T2 (S IE REAR P fo 7 r A%
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TR T BRGEFRBFE SRR TS 0§ TR
BRIST G T RS RES GHFR L Ra T g
Fa B d %/\“? IR KR mé d %'/:?‘E”iif# 4 7!%;'7}1-/@.“% s
RGP RS 7R 2R e R F AN d e
Bl= #7om 882802 20:3 ~ 7:3 2 F iz &7 Tween 80 +* 5| | i chst &2 1
+ 8
fo= B RIDT S iR BT 5 RS KA K e Tt M AR R

RN SEREE R E S LS s BRI

g

B iR e 2 F RIBEE 1,000 bar B4 T R RIBFT A (i
FRIMRZR 1T TRITHFRSREER e T8 NEHN
R FEENF IR E AR F 0 Tween 80 1t &) » drk
B R-= (B) #7702 40:1 F iz 22 Tween 80 v b ¥ 5 8 BIDTH A& oh
RS rEFRIPREREE ARG RIS e T s EFED
2 g gt F = 27 Tween 80 - b 2 2, X T hftie @ 2 G
% 1= 22 Tween 80 +* &) : 80:3 ~ 40:3 ~ 20:3 ~ 7:3 5% RIF S A # ik
LRI RREELS KSR (B ) f4cdk e 2H- (G) #F
TR RPFRSELTAEF DR he T EMAs TG 803
20:3 thg =i £ Tween 80 +- b5 + 2 ehmp g - 2 d 3R 5 T iR &
fE TP RE T & 0 A 2 80:3 ~40:3 ~20:3 ~ 7:3 F iz ¥ Tween 80
WHR R IR 2 AR T S e TR BRE* R

o

Ho SR A F SR BIGFI0 fmre b 2 ¢ F 5 B 2 ok

!
K
3
=
k!

g
F

FE?;EE 1159\'%%3:;‘%’3 /1 ’} 5]’ /1 Z_ %‘T:/‘_Jll;’? Tween 80 +* /l}l“s‘; ’

)
1\;’&
mﬂ

SR R R 0 d AR AR R T RN e
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BAR o whahs ke BAIT RSN R N X R R PR
ER O EF/mI2 BI6FI0O A % {8 > £ 47 BI6F10 me p 2 & 2% 7 § 2272
SRR L
B~ 20:3 ~40:3~80:3 F i=/d 22 Tween 80 " (2. F iz L2 & » &

B R AF R R R R IER S 12525 50 pg/mL 0 =
BA R E =W ERZ &I e Tween 80 JE A % — &k 5 1.875 pg/mL » ¢
#p e H 2 Tween 80 2. Jk & ¥ BIOF10 w2 13 75 5 e Bm K3

MBI RS ERZ D ey d e 5 1.875 pg/mL &0 Tween 80 »
1.875 pg/mL Tween 80 22 & #=+41] % (50 ug/mL Kojic acid ) x4 2 p) 4
4T e B AT h BIGF10 fnte e n] o o B4 (A) 7 0 5 B e u
BI6F10 fm?z @ % & & & B > 097§ 2w % ¥ 8- 9 Jd2 B16F10 fw
o A E e M 29 R 7 RORORRISEEREE - F BEnE
BI6F10 fmPe p 2. ¢ %2 2 £ 54 BlI4 (B) #7771 > & 1.875 pg/mL Tween
80 BB eimie PN 24 2z B F A Hprdle (ASHRSAILE e

N2 EZEREANE100%) APt mkgFEM LR > Bt Tween 80 7 £

Qe

FIHIRS R A S A RERB N ARILmER 2 F 2T EF
AL EREF R AR LA T o B9 2550 pg/mL F iz W chim e
MR ETEFAYAE L 79.12% & 70.52% » 2 H e (1.875
pg/mL Tween 80) 4pt & 7 ¥ 22 2 » @ & 474] % — 50 pg/mL Kojic
acid w2 2.6 2 2 B &~ 5 64.82% > & 50 pg/mL F iz 4p - & A
FHAE o d 2 Tween 80 Erd| 2 ¢ Z cvcdk » LB LB =W 4%
Ewnld L E -2 d 4 A o &R ens BIOFI0 mie ) fL IR AT
B E4e B4 (C) #7155 1.875 pg/mL Tween 80 2 ciim 2 b it Viefik fis
EHE A A et a g FH LR > B Tween 80 7 £ 5 e
frieph i M ans 2 o @ 45 12.5 25 ~ 50 pg/mL F iz b rJR enim e R R
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PefiF /s fE | A vt A B 5 84.86% ~ 88.31% 27 68.37% » ¥ H ydil e qpit £
7 R FET R @ 50 ug/mL Kojic acid fm¥e p BeIcphfa i R A G
67.84% > 22 S0 pug/mL F = 4pt A F LR > d 3t Tween 80 & #r|
Pl iiefl i 7S M e b 0 AR AR TR SR P L F e Pl prRk
frstd e

B2 2R 12 20:3 ~ 40:3 ~ 80:3 F i= ¢ 27 Tween 80 +* (2. F iz 5L % &
w7 e eng W kR A i d] = 2 Tween 80 ek B — 3k 0 T 4P
BRI - R 5T FERISREIZET € BE R =0 #r4] BI6F10
e 2 3F £ 7 amedk > 7:3520:340:3~80:3 F iz &2 Tween 80 +*
Gla F s A R AR E B R R B S0 ug/mL > R
Tween 80 stock solution ' 34w 7 F T &d2 % i1 Tween 80 )k B %
5 2l4pg/mL e d B+ (A) “77 > & 2w % BIGFI0 me s = % &4
M TG Y T - 2 BI6F10 > A 47 H $imie p 24
35 RBP 5 Buu$BIFI0 m%p 24 % 5 28 el (B) #F
7 0 5 21.4 ng/mL Tween 80 2 hiimee p 2.4 % 7 £ 7 4 & 3 yrif)
B (ASHRE2E) A alEF L LR > &7 Tween80 7 £ F Fr4
24 Benpio n SHRERECH R BRSO BES (GRS
dodow 2w ) RdBenimie N 24 2B F A2 H 4 (214 pg/mL
Tween80) Ap** ¥ E F B FH AR > Le BA RS RPEORELFE

HEMIR > BriRb it tme § 5% 3 =0 Frd] BI6F10 fmre p

1. Tween80 ¥z d 4 3 EFF X
* L a Tween 80 % B16F10 fm%e 3/ F R BnP s v % Hr 5
kB 2. Tween 80 %+ BI6F10 ‘m#e § 4 ¥t » txp 8 Fmaf g4 9 5%
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oo TR LT A kR Tween 80 BJ2 508 4 18 g 5 5 0 MR ILH

B A maF e Tween80 kR o o B+ - #7517 » § Tween 80 ek & &

&

250 pg/mL p% > & 5 a8 4= g (PRILG o) 3ESF TG
82% - Bz Tween 80 p 250 pg/mL B 44>t 8 f 5 & 1> Feid iz
B A #5F %P Tween 80 enjk B ¥ #74] 200 pg/mL » #1020 kB 5 AL
BE G PR kiR 5K 54 * % (Stock solution)  Ali et al. (Al et
al,2011) = g1 ® s G2 BN 454 60 B 1t & frig 74 247 A
# e g Tween80 » 7= F kA F @it £H2 TRk
(Lethal Concentration 50%, LCso) - £2 ¥ # #> 4= 2 LCso i& {7 4p Bf |24
¥7 > sa B 49275 B 24 hpf (Hour post-fertilization) B 4514 & B i & 4 e
7@ > ¥ 120hpf (96 hour) PFE R psk Tt E B 47~ & » 2587
Tween 80 2. LCso 5 323.4+10.1 mg/L » g* #F 23R &4 2 sa B 4 %275
LCso &2 7 # &> 4+ LCso 2 A f S 4% 240 B 7% #c (Pearson product-moment
correlation coefficient) & 0.7832 &7 3 F & 55 F R Gipbift » R
Alietal HFHEL L3 B g2 m 3 3 i3 » Tween 80 rF_
He 2z - » 3 AaE&HF 5 2 LCso 5 25021 mg/L (Halle, 2002) » # Tween
S04t mf h 3 A M2 kRN R 2L I EAFS o
B RRIAREZATRLE S FRES AT

WA M FHRIRE AN RED TGOS A TR BEN
7T % & =09 22 Tween 80 et (| %) 5 10:1 pF » G305t - 822 3 RISF
RO R b TRTRRREES IR e WUE B A%
FURrB A Nz fe B 02 10:1 2 7.3 ehF =% ¥ Tween 80 +* b
FRE > DTSRRI E T -

AR A MBEEFr G SR d Bl (A) s
PR AE O R ESR TR TRE I AET ARG 0 S
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175 e FU R pe > gl f (8 drdk 2 o B s £ ] pum > i ,;\,%%
WA o S Bl SR - BB RBTRAL - KRR
RBRTUL - d 22 9078 Blef R pe akR ¥ 1Pass > Fil ik
BREOTBEFFRIOT A LB RIOTLS Bl RS PRI E T
Byt B¢ 10:1 ehFE =9 22 Tween 80 +* b fie = o jx 5 243.80
nm > i - ARFUR E B @ 73 hF =i & Tween 80 4t bfe > RS G
97.03nm » ZF F| 2 kR RE o Lg% B wie F RIS F OF TR
e B% - &Ko 4 L BT R 92 Tween 80 et G 3 o fLikde
jE8 %% ¥ (Fernandez et al., 2004)  d Bl-- = #77n & Ble s pp > 53

RISF iRl WO AP RS K RS LR RRES 0 RT R

<k

B - A BRE A SETR 0 &AFL - B) & (C) #t7 >
e Fl iR pe ‘“‘F&iﬂ’}‘f b%j& Ry IR g o % 8 e F %
FLRE L KRR SR - R

A BEEe s 3 RBF a6 § & (Zetapotential) % T ik 2 o

Rt

SR A HROFEREZFIRED SRR AH R RO
B BR G T EF LT E LF =W Tween 80 W &) 5 10:1 % & %

R R R E AN F =Y Tween 80 v 6] 2 73 W ik S o T

E
day
-y
3
(dm
=z
—
o
ot
o
|
(U]

g =0 27 Tween 80 Vv & 8] & crfe 4%

LEFROTAILE o T F M Bathi g Fl 5 Rt s K
—H R ELEMA R R G T E o ks LR GT m
TR F o T 2E 240 Fl-60mV B end B E sk Rk
B R G R % 30 Fl40mV B s BRI mitR (iR R R
2 F {5 ek 5 > Fine emulsion ) » 22 @ & Bl = #77 i TR % % 7
B RIETAIREENDRPRIPLREARBA N R G T
fgi o
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A BAE R R RIDT R RIL I R TR TR A T 0 TR
PREHRSREER S TRt WL X/mE 1001 8 7303 =&
Tween 80 't G| £ F € A B2 enF = Fp & 2 K 5408 > ik = 2R
= (B) & (O) 73 B 58 BRIOTPAILE Sk &L & TR
BB EASKSME > Thck A 2R 2 (D) Ut A RYF RS
EaaRFag > Fo R e E3 10:1 0F =% & Tween 80 +* |
FrASR G ed R e R EEHREOETEREET o w1001
¥ 7:3 F iz ¥ Tween 80 M- bt A5 % & T enfl e &8 2 5K 5k » B 1T 5
BEBr A RIS RREY o

HEREDFREZ A RAIL S g R AR BH 2 d F 2

ek

R fik v
[ R e
FE T a0 A AR TR 2 3 K iR 2 B iz & Tween 80 M B {8 >

PR RAE R R EL PR KPR RS R d RS RN

g

BAR S FRRs ke BAFTRS RN NEFRARFEIL R
DL 1s 0 RS 49205 7 hpf BEEE s AT 48 | B (55 hpf) 0 1R 2 AR
Blp S 4 4% 2475 A 2% F 7 R ERIREKER SN -

95 Tween 80 Asa f . 35 5% S S A iRy
B HER 5 200 ug/mL PEHBCE 4 EF R h B g o
FRBEZ AR RS AR B RFBEDOFCAIRRT B F U
10:1 & i=7% &2 Tween 80 " e g iz 5L% 2 % 5 2,000 pg/mL @ 7:3 &
i= 7% 27 Tween 80 +“ G| e g i= b FU%# % 5 500 ug/mL o A F % PF > B~
73 F =2 Tween 80 v 2. F iz 2K 542k > UmB b1 ,;‘,’Eﬁ‘
B ECHEREER S 125250~ 500 ug/mL > w i Tween 80 stock
solution 1 #2#]# Fr &I % ¢h Tween 80 & & % 5 200 pg/mL » % 5 &2
2RISR R A5 REBER 125250 pg/mL F =i 4 2 4 4
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Flea s a2d¢ 2z Eoees (Byp Al ) ®500pg/mL = 3 7:3 5=
42 Tween 80 v G| H =i 2 5K 5122 ek ® - B R » s
10:1 3 i=7d 27 Tween 80 " Gleng = L2 RiE(TF H o

B~ 10:1 F =74 22 Tween 80 +* bz F iz L2k > U h s %
AL F kR 3 500~ 1000 ~ 2000 pg/mL » w7 Tween 80
stock solution 1 324 7 F &2 ‘e e Tween 80 JE & ¥ % 200 ug/mL » = B
= kR RJE e enkr 4] e 5 200 pg/mL 0 Tween 80 > 200 pg/mL
Tween 80 £7 it 34| %2 —0.2 mM PTU e 2 A S0 7 S /adl e
W o PTU & pei=phpedrd| @) - 4 % kFrflsad 4 ¢ 3422 > FiFi
f#lke (Peterson ef al.,, 2000) o = jpkdp N7 fan b 4 3] AT 0 ) 2 47
it &4 £ F £ 5 #F 1 (Zon and Peterson, 2005) > Choi et al. (Choi et al.,
2007) % s g e e A 4T YTI6E (f 23 i g4 0 528 R
MY B2 2y RS ) Frdl2d 2 Ravik o
A P5p Ohpf B 4s0r & B & 4 2 > #3% 72 hpf (63 hour) PF 3 K 3
oo %k 200 uM 22 600 uM e YTI61 ¢ e ik it saf g en2 4 % o
e 12 600 uM YTI161 @ eisa § 4 3] 6 5 PR W4 ~ BE3R% ) ~ &
IR S IR iM% > Bor YTI6G {3 dm 3 25 34 &
Braulapr b b3 G4cBl e At EuEE b T3 EA 0 A
2 FmHFE T ad BlLte (A) &2 (O 17 5t #5412 PTU 2250
BAE ARG TP RJIZZ S dApV H 2 ¢ 2 A FTE > a8 b AR
FREP RIS AR AR AP EE I FIUREAT G P
#2xk I T T ad Blte (A) & (B) #7745 200 pg/mL Tween
80 BB s § A A E P AR enm f A AP B 24 Fifi A T
RG> A daip] Tween 80 7 £ 5 Fr| 2 ¢ & chixt s> ¥ el L o
(B)~ (D) ~ (E) & (F) #7714 500 ~ 1,000 ~ 2,000 pg/mL 3 i= 4 a2 chst
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5 2 5 200 pg/mL Tween 80 e enza § dtpit H 2.8 Fufh s ™ "0
A% > B¢ 2,000 ug/mL Fizd B2 FiwfFaT EX L A HF A
HIPE At 2d 4L ot HAFE e YHS A2 ETE
BRIRR A Bl T (A) #7755 200 ug/mL Tween 80 AJE

S E AR F R AV EAERS AL AEFRALR T

Tween 80 7 & 5 #ri

|2 ¢ Fenzsc, A SA RIER R W AL ME 4
24 %78F A2 200 pg/mL Tween 80 fd@ e fp it & 5 BgF B L B
HvY 2000pug/mL § iz d 42 ¢ 2drd|F { FiE 46.54% > o >
Tween 80 & Frd| 2 ¢ & sk » pedb Bl L F =@ SR WP 2 F iz dr
F12d F4 & o pebheBL T (B) o7 4 200 ug/mL Tween 80 EJ2 e
HE A RIS AL AV E RS RS I A FELR O BT
Tween 80 # £ F Frd|feiefafe Ebens»c> @ 57 FER B 0H d2Lin
5 G R efa s SRR A v 2 200 pg/mL Tween 80 k% e 4p it B 5 B3 ¥
MEIR RARERZCH ARSI B2 L3 BEFLE > &5 Tl
oo BT R BCWETE BIER P HELRREE e T PR
g 24 FFEHFET R FT A LI perRph pr e i s 1A
BRE AR R R FENERY P FAY o

EIERRPFFIRG B R R IR > TR E W Kk

B R o #lRd F 3 Rk DRE NSRS R i (K

S

BT ) PR R SRS E MR R PS4 2 &

Ny

R ATE o LT RERIRPEITER TR RIS A2 7
B ek 0 73 10:1 ~ 40:1 % = 2 Tween 80 1+ 2. 5 =3 % 54
BRI R C M RMIER S S00ug/mL 0 B P = B e
J& 5 97.03 ~ 243.80 ~ 665.50 nm @ 40:1 & i= ¢ £7 Tween 80 +* ]2 F i=
BARFREIREL A ERPEFIEFRROPFT LAY B
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1,] Tween 80 stock solution ' #=4] = B 7 T kel 2 &0 Tween 80 k&

B3 200 pg/ml o F B mu S g ) Ae Bl S et et e u

m
e
3
)
N
|
S

o w2 d FmfHp > a4eBl -~ (B) > (D)~ (E) & (F)
Aron & 7387 10:1 Fi=h ¥7 Tween 80 W b2 iz 2 sk fLpergn s

IR enza B 4 27 55 200 pg/mL Tween 80 &2 ezsa b goqpv- H 2 4 & i
P T EaHER 0 2 40:1 F =i 2 Tween 80 1t Bz B T 5L R R A
R b g B2 FMBAFTPRE T EORGE > AR ERE
e A RIS IR F A Nk o - HATE B
5 a2d 27 ERE Bt - A7 5 200 png/mL Tween 80 a2 £ 5
AR EFEFAVEASHRSASL A B FHLE 5 Bt Tween
80 4 B ¥4l 2 ¢ A enmtok s A AR ER R =i A P RTA L 2R
FdRenpa § 4 24 % 7 £ 4 vt 22 200 pg/mL Tween 80 /&2 = 4p+t 5

7:3 22 10:1 & =% &8 Tween 80 +* b e %] 5 &

“‘*Y
£
-
R
pat
ke
E:)
“
:
=H{
pa

B e 40:1 Fi=;d 22 Tween 80 v (ehe W R A F 1L B > A7 adp
FERBCHT » FUREPERADFEH AN R I Zancsk > apjl
BB CHFFIRI Fa i BB R R T - TR
B TR TR > BRI Ak BB 3 4 o A
%Rk o PR RS E S 44 BIGFI0 e p 24 % 5 R ik B
FAx o fe gy S g% i 48 hpf w1 & 5 éF 3% (Chorion)
(Kimmel et al., 1995) & B ¥WenF 3L i 2 25 0.5-0.7um > 5 i & 3 3
#7e0fes% (Henn and Braunbeck, 2011; Lee ef al., 2007) » #4854 i ko is
Haohdrdlsal g 24 2 2 Bk v B H BT g A s eh
TN IR

EERAWE ~ LA~ SR BGRR
BRI REZ AR LR ES ST
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F1* BIOF10 fm@e s  2rna B g # b HosSrE 2 8 =00 £ 5 )
A RenEanis o BIEFSEALERAYNFR G TEEWAR o d MU T FaOF
= ~ ok~ Tween 80 vt (e @l ¢ 25 = 7 Al fa crfk & 0 5 0 47 I FEIRAL
AR FE RS R DH =W ~ Tween 80 ~ -kt B » 38§17 F =¥ ~ Tween 80 »
2 3+ ke = 49 B (Pseudo-ternary phase diagram) &4 o & 5=
WHE . WAFPRSAEAS 2 BT R TR TIRENF
Bl ~ o1 2 & =~ Tween 80 ~ R v b eifie J T30 B 54 14 48 @ 15
TR LFE o REEARE SRR REFEE S AEAIT
B AR HREEF AR LG IRE o SETDR o ol 4 T
Thd B LT AR LR EEF F =W 2 Tween 80 1
BB A R FRELIEILEANR L THFERELF RN
22 Tween 80 +* EAX < m 5~ > &1 % Tween 80 Jk B AP ¥ ¥ 8 FF » sy
A TR > B )Ek %% 4p # (Chen and Tao, 2005; Fernandez et al.,
2004) > T ES FEHASD 0 F Fiziw ~ Tween 80 ~ -k AR 0t T Y
Rtk AR RE c E ARG B B d IR BRI (S
RS F L YR RIITASE ST B RIS AR
e iz ~ Tween 80 ~ -kt ] o
? [}é’%:}ﬁ D rg B R T BT R R AP R F

(Fernandez et al., 2004) » w=i33p 4 = AR N % > LMk o T EFHE5
60% > % F =% ¥ Tween 80 eE £ 44 5 9:1 ~8:2~7:3~6:4 55~
4:6~3:7~2:8~1:9 15 > MIDFF I BE BRI MEAE hH T E TR
JEAHE 0 7 AR 3 100 nm EoFU i & B b eh g = 27 Tween 80

bl 5 i e o d g FRIOFHE > FLF mb s 2
AL 1 Pars 3P40 gt B RS RAEF AR R L AR B
3 1 Pars (F =i ¥ Tween 80 V- & » 4cBl= L #7177 kA Z £ % 5
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60% T &3 1 9:1~82~73~640F % 1= ¥7 Tween 80 +* b B & cofm 5t
RARR M3 1 Pars @ B F RIBTH UG o
Bt TR RLEFD A0 B RIOFE DR EE - 3 REBT D
BB RFF R AR D RS DAY R R W
IPFRBPEFRM LT B0 fGRKA R RAMERSFE Y
TABFRY AL BEA T d 2 Ron (BY i g Ron
B EEE) » s B ] S f 1A S R R
(Phipps, 1971; Schultz et al., 2004) » @ = f& 1% 4 4] 5 @ el 4 i@
AL RHAEF AR FEANEAL DR RS R BHRS RE
FRAE o I B SRR T4 S0 T s T TR
(Phipps, 1971) ; 7 R22fls s FIBPFR » v £ 5 ¥ 1-  die S
3

RALHGAE G o B e BV ERNRERE

C At R B R AR

Bey

R E R A ERBA EEoETRT o R e T e 0 2

R4 SliE- REPEF e AR FRA S 5 L

—5‘\

AR BRI E R TAA T R (B 520085 & > 2009)
WA RBTE T RS iR e T BRLE
FILE L 4 e (Cheeral,2009) - f1* B RISTHEUE 2 4 540

P BBRIC A RT3 S 0 B N RBTORY SR SN
(Qian and McClements, 2011) » it {7 % BRIDF EF R4 22 7 o 4
Bl= L — 905 &3 E2 500 ~ 1,000 & 1,500 bar it 4 17 3 BIF - 4u
PSS R AL 1 SR AET R > A s S00bar B4 TR 73
RRIGFPE > d RS ) o IR A G E S K s v ER A
A fedp b AJZ S BT 0 2 500 bar B 4 R (7B RIS Ak S s K 3t
1,000 bar £ 1,500 bar = 12 1,000 bar £ 1,500 bar B # i& 7 § RI2H 15 4
RAF 12 1,000 bar AJE 1 = ek B s B v EST el SRS B R AL
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B B F el 2 1,000 bar AJE 2 =0 4 b 1S H e T 22 2 1,500 bar Ao
"l=amtapiiaitd TEFRODTPH LR RF TR SR
1,500 bar @ %37 &k F & LE 0 14 1,000 bar § BRIDF 2 X i 8 RID
B b R o

BH kA T E 60% 0 12 9:1 827364 5%F =% ¥ Tween 80
WGl e S B RSS2 1,000 bar T AJE 2 %15 0w e
= itk (Fine emulsion) & 7S E Ko T A 47 o 40k = 77 35
BRI AL G r Bl Rt BT 4 AL R
Faveifs B oy €% 5 - Tween 80 v AR M A T 5% » & Jb

5P d LR EAE REF R A (S §EF R = 22 Tween 80 1t AR

B TEEFaREFR IR Fi0 7 EE2EMA N o B
FUREpE > SR BBFLERE S D Bl o T HRRP R SR
FEPEPHRFRC ORFEZRE- 4G 0 FWRIEAS TR
o RSB rFHROMREZ AR SES R F RN
22 Tween 80 ¢t t):E 73 FF » ®l & chims 2 k027 100nm 2™ » F 2
F AR AR > S AR S BRI T3 s E
Tween 80 ‘- i (7 @ & o
F o EGE F iz 2 Tween 80 v ()5 » i2— HEHEBF kA ZE

W= ARmngE: (B L4 ) § 2% 2 Tween 80 v &) 5 7:3 pF >
AR e agvk e 78 5 35%3F] 60% 0tk H Z_F = ¥ Tween
80 1t G| 5 7:3 0 ek A R S 40% ~ 50% ~ 60%18 0 L E AL s e

BREOFBAF RS T EFHFEEFL4 > N ENEG-RAZE o d 3
RFREN FREBTPPE S FEF LI IR T L ALE 1 Pars £
F] 0z BALS e R AR R T AeBl D L2 o AR o 8
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Tween 80 +* &) % 5 7:3 T 5 2 60% kA 7 £ W e 3L R AR 13 ]
Pars: gxfs AWl S A GCERIF - o d 2 F SR s o
ookt F iz Tween 80=60:28:12 (%) °
BENZAFRAB LR TREFHT T RRERR
ZAF RS EMABABRNGALER > P FLEERY ALK
+ (Gascoetal ,1991) > #& % g4 » A (REF) KB&FZ A5
) R R J—i,@?*&“%gﬁa’2007)oa¢;§%:};]:'13} R F1E
AR TR ES L R RO BB RES

(Alexander et al., 2011) » fe 5472 525 ) = 3pf (v RERB A oz > &
U 2 TR E MR e R e

B 2K RGO FERGURA . AP RE A GURH S
Pluronic® F-127 - Pluronic® F-127 (F127) % 2t3g3 A% A3 k& &4
Al > A% s (Propylene glycol) # 4 » % % i % (Propylene oxide)
BT RF 5o )Y BERIEPREIRS [ % % (poly(propylene
oxide), PPO block) ¢ » £ 4 » ¥ ¢ *f (Ethylene oxide) 2= & :HAL-K
1Bk F ¢ F ® £ (poly(ethylene oxide, PEO block) » 1 & 2 4 ¥ 4 f2
B MA P AP EERD AFEHEHARF (IR RESEH §
WA FELE o o L3t PR ABERF, L AT 3RYL
(Thermoreversible gelation) i 4 » H @844 G Bl 2 17 5 § &
R b A pE o F127 & & chgn-k 12 PPO block ¢ %-k i@ FI127 &~ + R &2 =
#ere (Micelles) » izt 2k 2 chjic?e S5 38 4%k 9 PPO block » #h 37 ]

#_k & 9 PEO block » § #r%e k& B9 P 5 € 587 » = F127 hik &

¥
=

EBEE AN RAPLET o e;;%:};, I F127 kR R iE 15% 2+ 2

\

SR AT & 4550 % B B (Antunes efal,, 2011) 0 5 1 FE i A58 A F 5

REBAOFI2T kR > MEizH 3 A50% (kD Fizi  Tween 80=
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60:28:12 (%)) 5 A% > Fefll* kR F127 a9k &8 > »0 4°C#4L 24 )
PETT FOR T R 0 Bl MR SALA R S AME AR o A A A g
R deBl e At g FI27 B R 5 18%PF TP A5 s 2l
oo E S FBFI27T A 5 18% ~ 20% ~ 22%:112 F S iR @ e v 5 4
BTER M ER B FI2T ER U E =W 2 K 5% o Nieetal
(Nie et al., 2011) #-P; & 4% (Liposome) £ F127 ;& & 12 % Liposomal
gel & » FI127 ek B < 9+ E_18% = %} o

Wk ez K FRFEM - HF R R S BB BRI
GRS R E N F e ARl T TE A A SRA N

FF IR 3 ) 100 nm 2T o BEw o # W A K R e

AT G g A R FI27 kR € 1

>
Bl

A e — A 8 & (sol-gel transition temperature, Tsol—gel) * & 1%
UMM R FI2T KRB GBRE O F RO EARFI2T KRR 2R
BRe 0@ FI27 A MEPFST ZARE  BEFZAYLE » &7
MFEPOTMERR R o e 2 AR G A MR A i

fo o ¥ RS ELRBMNE > TV AR DR e 2 T R
ER FI127T @l eng K 5 s 2o @R R > M H % &k (Dynamic
rheometer) & {7 /B %_» #5 #¢ @ * Parallel plate geometry 12 ;p| 27 F )k &
F127 n2 £ 3 % @302 FE R TG ~ G"E Tand o o' B+ T #7
T RSP MESFE PG FIH BTy g - T 4 WL G X
F-58 1 fic#c (Storage modulus) » # * 1 i F MR A RS H A A0
Fult o @ Fl R AR R A & IR Ae 4 W LGNy X AR B
(Loss modulus) » # #* 12 & f* /& §8 % & T $nd bt - Tand & 3R{E
Hofcfrs it &) (GG > 7 R s iz R 0§ Hik
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EE IR AFL 7 ES  FR IR AFL G A E 1P
RA SRR BREMAR Y 0 S AR B o e N R R R
T ER FI27T 23K SR E Tand=1 FFavg B 2 B o g g o
SR AeB o L2 T 0 F 2 SR FI2TER S 1820~ 22%
PFo R R A W 5 30.6+£0.35255+0.620.5+0.1°C 0 R R €
MEFI2TER P m T, e }5%.3;&-5: 4p ¥ (Dumortier et al., 2006) -
Jaipl % F127 )k R 4%3F > 51k PPO block 4% % > 2 fif B fi i< pr 7 3
X 49 gk 17 % 4 (Hydrophobic interaction) & F127 & + % & 25 = jic
e R o 1B AP ok B F127 03 Sk SUR g ok
(Hydrogel) riE %8 & > 4cl- L= (D) #77 ¥ FI27 & 5 18%%2
20%PF 0 A r 2 AR EREFRMER T B AMER FI27 A3
5t € + 38 PPO block A ergi ki i8% 4 » Jaipld >t FI127 7 £ % &
] o B A ajicre IR [ PPO R R fRE RIS BT sy
AAFRERAMEZIF ML AN RRFT M B a B
BpFReop R iEr 4 5 RERERKF o 2 NIRRT s
FIZ B FI27 kR D7 F SRR R Lt B E4 frenifey
FEREA L40-50°CERE > e GErED 5B > BT PEs LR
FOR e e R (Gel strength) £ 388 0 = ;F*Je;}g, N0 F2 7
p RT3 A B R B¢ 60-70°CHEE kTR 4 Esi o &
FLB A Sk FUR RN IR g R TE 4 A 40-50°CPr B3 0 1% 15 H B
BEDERE o FEAREYT S 1%V E AR (Melting temperature) FF¥% 4
g% v (Melting) > % 2 ¥ RN FI127 kB 5 1820~ 22%P% - %
CERABE549+£0062.6+0871.8+0.6°C > % “ B R € "EF
FI27 kR + 2@ + 2 > d 3t F127 kR 4%F > PPO block R g -k 1%
TAARE > ZPREFAERE AT RPMG I o = B FITEARSE KT
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AP AF NS RERMERTV LAY FF FI2T cdi v 3R
Wi

% ffd i * figpat 2 (Spreadability) & A KGR A Aopt B s SR
NERRRET > VS RS T 2 k4 (Shear stress sweep) T
T_GE s I ] 4k Bk (Rigidity) o doBl- = frd& o 0 3K
FRrARNGEEEF FI7T kA 2 224 > a2 RPRE4 (Yield
stress) » € 4Lz 2 o BT FI27 R R $F B > 3 K SYR @ b
“r5g K (Strength) » € #&F o BJREMP o ¥ & RGERY > § L
FI - LERE o G A L R EGAE TR E 0 A R
WA RMPREFTUR A TE AL IREA o 2 [}?Jﬂfﬁ D2 F127 8l & e 48
H 4 4+ (Bioadhesive force) ¢ ¥ iw g + 2 ma + A
(Dumortier et al., 2006) °
BEdfR 24523 AP RAY LR LA T

F34% Stoke’s law (Hunter, 2001) & 5“7 jF Ris4x + > @ FApAER
AR o FU % (Creaming) g BRARE- ~ fETHAXM » 225 7 & F 5
R R > X 5 € REMOR TS R A FARSER UM S R 0 @ 4
MFPAER AP 2 > A B ER e BEAR DI ITE & L4
BokAp P RCE ARSI RN AP S bR AR SR 1 i AR o

Stoke’s law: Vitokes = -2gr> X (p2- p1) / 91

Vistokes: 5*7% 38.% (Creaming) # & ;r: FURRF LI g £4 4eid
B p2 & pi: AR A S ne AR EER o

BERIR S ZATR S ZAFRABPLETE LS TR - - N AT
FoFghRCR SR SRR o J R E R SRS (k-
S ) FERNEL 0 ke F P RA R 0 8 5B BRI HNAIL Y
WEAFRIPRAS AT E (k=7 ) R I EBRE- A (40
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Bl=+= (C) #7) " HBRUE SR UERRE > FEM K
FR ARG o F iz R A RE T AT FI27 3 e A
gk (dod A 903 )0 4 1% FI27 AR LS R Alarad y
Y ELRFREIARFN AR > TR AET > mEE TR
is > RN ZHTRABPALS KRS

b S L SERA SRR ER At F s §RE ki fF
B ek s B K SR S 2K SU R R 37°CHE Ak B B E_ o 4ok A 0T
TR ERELRIURTEEREB R IR B AL AR F 5 AP
PAREAR T o F RS ) PR AR S B4 > B AT B aniTE 4
dod B SR RO E end 0 ARR TR o ¥ 2 X PR R auE § TG
FI27 cide » @ bR < v @ @ EF FI27T AR+ A + 2 o
BERIR S F AR 2 RAERL G F

P enP % %% > ¢ f1% BIOF10 fwve 558 2 oa § 4 6 4~ 5
FEERF o LG prd| R R4 S EEIREE S s ig- H G
FeR-ZAFR-ZAFRAPEGALERYT R E G ARt F o
BEFEARICGERT > FTEF - BIEAAS AT AT RRS R R
RP Pz ANV R BPSALERADGEALTESF o

R o BEARC FERE S B Pral R 4 A g LR RS 1 o ok

A 2yl )2
it

+9%
9
D
)
ot
\\"
4
.
o
&
b
|
A
el
o
5
i
ot
el
<5
A=

E)

ABE Fi=me Pas 23 AP TS EIL > - HERF
PO P e g 1 B SRR R 0 LIRS Y TG s
ﬂ%#boﬁﬁéﬁgﬁJgﬂﬁﬁ%ﬂ%#bkf&ﬁm&ﬁ‘%&
Faff ~ PPPESE ~ BER b~ = WA FIFRAE N ERORE MR AR

H

7

?
m

- %945 (F1>2010)0 @ F (F>2008) dp B =4 7 %
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P~fv fat fin % A~ & (Ethyl acetate fraction of adlay bran methanolic
extract, ABM-Ea) ® > Mi&{dz =X %A K 1 & §_FE G R 1S
B RIERL R AR AR LS B RS B (o
2009) RIp Bl A e @EBP R mRmA R 240 7 By A
(phytosterol) ~ 3 1 ¥ i+ # iy (monoglyceride) ~ 7 i #5 "Apc & H g i* 4~
(free fatty acid & ester) ~ 1 & fig?% (amide) ~ 1 ® fz2f (alcohol) ~ 1 ' &7
(alkene) ~ 7 i fiz#g (aldehyde) ~ 5 B H s 55 i £ 4 (others) > 1345+ it =
Y SRR S R A L LRSS L L
Yoo LTS T AR R Y bR S 0 kit BRI E =M Y
BRIFPHCEF A SEETRECERY s SRS T (KAl
) RER BT LSRR P RS A -

AT EL DS A SOk F %Y 0 WA FE R (Invitro
permeation) &AL @ * 0 5 JI* R e d ol e sGE TR
Z 4 b AT, (Franz diffusion cell) & fleha felk B k=G 2 WM 7 3
R enig 4 o — i % SRt L R T Rskad g B A S AR
AEZE I ARAKEREL L s i udF L FBN o ¢l§%#5517 i
b )L K € B R E $ 1% 5 (Godin and Touitou, 2007) » H ? 7 4 075
O FREAZEITAN QLA MO0 B > mEBRALEFLSHL
RGBTSR IR Rt Lo

H R gz B FI27 ERehE F PR AR EA e ofls L
1 (A) 7= BFI2TER D F P RAER LGSty A ¥ FI127

e LI SO

%
ASN

o e A E A A e
A R I8%FI27 chE i 2 A R e HeE i &

CHFR B A IRV REAR TS - BB 4 B) B

m‘\-

HERA NG A S TF Y N L FEW AN

S|
F_k
=]

=
"
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B BERIREFCHEIAITRAY R LRF 5 HY T
A SRR NS AR F A NEF iR 2RS0TSR By F s
A GK R G R F HonE R A S A e o BT 2 A RN R
FeE A Al BEA BB AP ALK AR S Pk
(Occlusive effect) » # % & F A k& » HR  F Feo kil g » -
i onig oo (Visscher, 2009) o gt #b o 2 X LR ek o S & T
@EMa s BEEA K 4 5 (Sonneville-Aubrun ef al., 2004) » @ A
Pk R mie Bl 100nm 24 o i E R R e s 4 )
F AP A sojranig g (3% 0 2006)

ERAA R FTERERY RN ATRABLGEARRFTARE
b fU ik o B IR BFRA 2 gk d 7 dUR o Antunes ef al. (Antunes et
al.,,2011) #- /% 215 nm =2L32+ 48 (Niosome) ;3% &2 F127 -k %R
& uE g 15%2 18% F127 «h2-3g 3 8589 (Vesicle-F127) & v/ 48
VDA RTEREKR (FHRYASLRAFE) LRI R 15% -~ 18%
F127 2-4t 3 RS cng A v fe s - B % B = & ch 4 B A v fo 5 &
2L R > 15% F127 2583 B89 > 18% F127 233+ W) » E4 4
FHRAR I AT AL G WAOFER AR £ T AR
B n kR EEARE FI27ERARB P 0§ @ OBRRR B {5
AALR R EEH LSRN LT AL % - Nie e al. (Nie
etal.,2011) #-#5 %48 (Liposome) 3% 2 FI27 -kizieR & > il 3
18% F127 %y H 4452 % (Liposomal gel) = m A8+t & § 5 B 3% (7 %
P A5 ETE) g RS 18% FI127 Ry TR i L R o o i

* & o q?ﬁ%ﬁmﬁé;}p E R BT 4 18% F127 ?fr,gg‘]/;igal; s

N

< e SRR iR 0 FI27 816 Sk F FU R R AR R Ao g
B B A il A RUE T TR B Bt o ¥ ebd 5t
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FI127 2 &2 A B ERPEA 7 @ 2K 5% » 3 2 2 58 §URpEM gk
RiEEB > A RAFTF 4o AMER FI27 T 7% @& 2 1 5L i %
VIRRAA K R R AL A B B BT AT o L 0h 0 AN R B ) BTk

SR BTG 2 fod DR

Nt

8 G ARG T L E
BE R PER o B A K38 S (Alexander et al., 2011) > 2R A
ER A SRR FIDSALENR - L ARERT BT AR AR S
PR DA 2 A SRS BB b R AR BB T S oA
B LT 0 LRI RS LEH AL T AL kR
dok kR A ek o RV R § TS AR 2 2T AR
FooFmAKRAFET UMM L ER% (Invivo administration) (L {811 E &
a2~ B # Yz (Tape stripping) ¥ 2 2 #Hfk > FH R EF P gl g4z

SR SR F ST L FEE SRR
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% = ~ Tween® k 7|1 JUPAC %4~ HLB &£ B4

Table 3. IUPAC name, HLB values and chemical structure of Tween® series

IUPAC name HLB values Chemical structure
O
Tween 20  Polyoxyethylene (20) 16.7 JJ\/\/\/\A/\
sorbitan monolaurate O N /\},OH
X
HO OH
@] O
\(/\ z /\); W+X+y+z=20
Tween 40  Polyoxyethylene (20) 15.6 NG
sorbitan monopalmitate )ﬁg .
HD{\/\\° : D/\/}:“ wtx+y+z=20

(Amran et al., 2016)

o

Tween 60  Polyoxyethylene (20) 14.9 ovt o
0O, O/\},OH
sorbitan monostearate HOL~g o/\)’o':

(0]
Tween 80  Polyoxyethylene (20) 15 o0_Yq

W
o) OH
sorbitan monooleate O/\%

X
HOMO I O/\%OH

WHx+y+z=20
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_ | [ EE Tween 20
— El . "
= 100-HaHK ; D EE3 Tween 40
= 1EHL A q
?g :‘:Eﬁi : " E3 Tween 60
= S HH LERH B & EQJ T 80
2 = {HHY R ) ‘ ween
= 2 60-{HHHH FERR 4 ‘
5= HEH EEEK H B ‘ ”
- HEH K H B X
- o ‘JE'HIEQU E.‘ : )‘ [
S< O HERH HEERI || Rl % |
= :.‘::El.'lﬂ:ﬂ E‘E . : :‘
- 1\5 HIE’H E’: ! 4 4
< 201 R | ERLE .
1IHN e H B | , )
oHEHA FRFER] B H F da K

50 100 200 300 400 500 600

Concentration (ng/mL)
B I ~wfE5t i (Tween 20 ~ Tween 40 ~ Tween 60 ~ Tween 80) 12 % = & £ e
¥ BI6F10 fmPe & % {4 chfmbe 13,8 %
BENE 2T HEHER L LT (n=6) & 2k Folme 35 F U ApH RS
e At AT 0 B RREEdl ek - AT o
Figure 5. The cell viability of B16F10 cell after treated with different doses of four
emulsifiers (Tween 20.Tween 40.Tween 60.Tween 80) for 2 days
The results are expressed as mean + SD of each group (n = 6). The cell viability of each
sample is expressed as the percentage of the related control group, and the control group

for each sample is shown in Table 1.
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140-
120-
1004 &

i
“H

Cell viability
(% of related control)

& $§§:‘-§5M§E§§m§§§3§m3§5§<ﬁ§:5353

Concentration of Tween 80 (pg/mL)

Bl ~ ~ Tween 80 12 7 Ip | & d2 BIOF10 & X {5 chlm¥e i3 7% ¥

BENUE ROTOELRRL LT (n=06) o F Bk G 38 5 LA B
PAE A AT B BRE R e d - AT o

Figure 6. The cell viability of BI6F10 after treated with different doses of Tween 80 for
2 days

The results are expressed as mean + SD of each group (n = 6). The cell viability of each
sample is expressed as the percentage of the related control group, and the control group

for each sample is shown in Table 1.
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(A) (B)

Adlay oil:Tween 80 40:1 80:3 40:3 20:3 7:3

©)

0 day 10 days 0 day 10 days 0 day 10 days

(G)

10004

9004 W -~ Adlay oil and Tween 80 = 80:3

800 - Adlay oil and Tween 80 = 40:3

7004 =~ Adlay oil and Tween 80 = 20:3
—_

6004 Adlay oil and Tween 80 = 7:3
5004
4004
3004
2004

100 —p—p ¥y 5 »p—F gy ¥

Particle size (nm)

— T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
Days

0 day 10 days

Bl -~ @R DFEDFREZ AR ISAN (A) - AR R R E
Tween 80 ' &de 5% (B) & i=id : Tween 80=40:1 shmit;z (C) J iz : Tween 80=
80:3 enimitiz (D) & iz : Tween 80=40:3 chiwi';z (E) % =i @ Tween 80=20:3 &’m
i (F) & iz @ Tween80=7:3 enfw3' /& (G) # F & =% 2 Tween 80 +* b enm it %
RAPRR Y R AR (n=3)

Figure 7. The accelerated storage stability analysis of adlay oil emulsion and nanoemulsion for
cell experiment (A) Different adlay oil and Tween 80 ratio of coarse emulsion stored 1 day (B)
Fine emulsion (Adlay oil:Tween 80 = 40:1) (C) Fine emulsion (Adlay oil:Tween 80 = 80:3) (D)
Fine emulsion (Adlay oil:Tween 80 = 40:3) (E) Fine emulsion (Adlay oil: Tween 80 = 20:3) (F)
Fine emulsion (Adlay oil:Tween 80 = 7:3) (G) Particle size change of fine emulsion with

different adlay oil and Tween 80 ratio in accelerated storage test (n = 3)
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Fow e Rk AR =¥ Tween 80 - Heng iz e L% ~ il B 54
RS 18 I FU iR e T
Table 4. Physical properties of all adlay oil coarse emulsion, fine emulsion and fine

emulsion after accelerated storage test in cell experiments

Ratio of Adlay oil Property Before After Fine emulsion
and Tween 80 homogenization = homogenization stored 10 days
40:1 D (nm) 2124.00 + 41.94° 65533 +120.67° 2863.33 + 436.15°
 (mV) -50.70 £ 0.442 -43.10 £ 2.25° -48.27 £ 2.56%
u (Pa-s) 0.36 £ 0.01 0.46 £ 0.01 -
80:3 D (nm) 2445.00 £ 114.42*  887.00 + 56.51°>  770.67 + 59.62"
 (mV) -45.67 £0.58? -39.70 £ 0.62° -42.10 + 0.56°
u (Pa-s) 0.289 + 0.01 0.34 £ 0.01 -
40:3 D (nm) 1569.67 £ 122.69°  252.17 £ 16.80°  264.60 + 42.73"
 (mV) -47.67 £ 0.85% -41.50 + 0.46° -40.30 + 0.70°
u (Pa-s) 0.11 £ 0.00 0.19 £ 0.00 -
20:3 D (nm) 1307.33 + 283.66*  164.60 * 4.35° 165.00 + 7.28°
 (mV) -37.40 + 1.35° -34.57 £ 1.14° -41.00 £ 0.262
u (Pa-s) 0.08 £ 0.00 0.11 £0.01 -
7:3 D (nm) 566.33 + 71.59% 99.47 + 8.23" 94.13 + 0.81°
€ (mV) -39.57 + 0.25% -36.87 + 1.72% -36.03 + 2.10°
u (Pa-s) 0.07 £ 0.00 0.08 £ 0.00 -

FREEUTHEHERE L LT (n=3) I 12 one way ANOVA # Duncan’s

"

4k >
wU 4

5

SN

L

‘F_k

multiple range test i& {7 53t 47 0 H P 32 L T - 5| F B4

)

v

BMELR (p<005)-DdiApiE (i Ae o pnidrEs i 100s! pFadp
B o

The results are expressed as mean + SD of each group (n = 3). Statistical significance
was analyzed by one way ANOVA and Duncan’s multiple range test. Values with
different letters indicate a statistically significan difference in the same row (p < 0.05).

D is particle size, { is zeta-potential, and p is viscosity at 100 s of shear rate.
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Figure 8. Particle size distribution of adlay oil coarse emulsion and fine emulsion with different adlaoy oil
and Tween 80 ratio in cell experiment (A) Adlay oil:Tween 80 = 40:1 (B) Adlay oil:Tween 80 = 80:3 (C)
Adlay oil:Tween 80 = 40:3 (D) Adlay oil:Tween 80 = 20:3 (E) Adlay oil:Tween 80 = 7:3 - Red line in
figure is coarse emulsion and blue line is fine emulsion.
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Table 5. The relationship between zeta-potential and colloidal stability

Zeta potential (mV)

Stability behavior of the colloid

From 0 to £5

From £10 to £30

From £30 to £40

From £40 to £60

More than 61

Rapid coagulation or flocculation

Incipient instability

Moderate stability

Good stability

Excellent stability
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Bl 4 ~Tween80 ~ f{AcLr 2 k& F =i ¥ BI6F10 fmie p 2.4 % 4 2 27 feift
i R (A) et (B) W h B4 R G R (C) % N RREARIEE o R %
BENUTHEHER L LT (n=4) > I 2 one way ANOVA £ Duncan’s multiple range test

R LT

-

HMPE P ESBEFLE (p<0.05)-20:3 - 40:3 ~

F}-

80:3 F i= 4 ¥7 Tween 80 ' G| w7 cruf jT % ] & %] 2 164.60 ~ 252.17 ~ 887.00 nm ©
AO: 5 iz o

Figure 9. Effects of Tween 80, kojic acid and different concentration of adlay oil on
melanogensis and tyrosinase activity in BI6F10 cells (A) Cell viability (B) Intracellular
melanin (C) Intracelluar tyrosinase activity. The results are expressed as mean + SD of each
group (n = 4). Statistical significance was analyzed by one way ANOVA and Duncan’s multiple
range test. Values with different letters indicate a statistically significan difference (p < 0.05).
Particle size of 20:3, 40:3, and 80:3 of adlay oil and Tween 80 ratio is 164.60, 252.17, and

887.00 nm, respectively. AO: adlay oil.
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Figure 10. Effects of Tween 80, kojic acid and different particle size of fine emulsion
with the same concentration of adlay oil on melanogensis in B16F10 cells (A) Cell
viability (B) Intracellular melanin. The results are expressed as mean + SD of each
group (n = 3). Statistical significance was analyzed by one way ANOVA and Duncan’s
multiple range test. Values with different letters indicate a statistically significan
difference (p < 0.05). Particle size of 20:3, 40:3, and 80:3 of adlay oil and Tween 80

ratio is 99.47, 164.60, 252.17, and 887.00 nm, respectively. AO: adlay oil.
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Figure 11. The survial rate of zebrafish after treatment with different concentration of

Tween 80.

We used 24 embryos for each concentration of Tween 80 as a repeat (n = 1), and the

results are expressed as mean + SD of each group (n = 3).
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3007 - Adlay oil and Tween 80 = 10:1
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W @ Tween 80=7:3 inlmst/x (D) % IF & =74 & Tween 80 +* b cdm 5t/ B A T4
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Figure 12. The accelerated storage stability analysis of adlay oil emulsion and
nanoemulsion for cell experiment (A) Different adlay oil and Tween 80 ratio of coarse
emulsion stored 1 day (B) Fine emulsion (Adlay oil:Tween 80 = 10:1) (C) Fine

emulsion (Adlay oil:Tween 80 = 7:3) (D) Particle size change of fine emulsion with

different adlay oil and Tween 80 ratio in accelerated storage test (n = 3)
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F A B A% 2R Tween 80 v HlenF iz e R ~ it B AR T
M35 18 i Fl iR g TR
Table 6. Physical properties of all adlay oil coarse emulsion, fine emulsion and fine

emulsion after accelerated storage test in animal experiments

Ratio of Adlay oil Property Before After Fine emulsion
and Tween 80 homogenization homogenization stored 10 days
10:1 D (nm) 1109.67 + 284.85*  243.80 £ 44.21°  266.73 + 30.03"
¢ (mV) -47.63 +0.972 -40.53 + 0.59° -43.67 + 0.68°
u (Pa-s) 0.065 + 0.002 0.083 £ 0.005 -
7:3 D (nm) 1036.00 + 150.89°  97.03 + 11.25° 96.53 + 4.31°
¢ (mV) -40.63 + 1.80? -27.47 + 1.80° -30.43 + 2.01°
u (Pa-s) 0.074 + 0.004 0.080 £ 0.002 -

FHREEFNTIEEHER L L7 (n=3) & 12 one way ANOVA £ Duncan’s
multiple range test 3£ T 5Lt A 45 0 B P A LT - AR sk E i B
MELE <005 -DAZpUE Ciha i pniPrdEs i 100s! prendt
B oo

The results are expressed as mean + SD of each group (n = 3). Statistical significance
was analyzed by one way ANOVA and Duncan’s multiple range test. Values with
different letters indicate a statistically significan difference in the same row (p < 0.05).

D is particle size, { is zeta-potential, and p is viscosity at 100 s of shear rate.
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Figure 13. Particle size distribution of adlay oil coarse emulsion and fine emulsion with
different adlaoy oil and Tween 80 ratio in animal experimets (A) Adlay oil:Tween 80 =

10:1 (B) Adlay oil:Tween 80 = 7:3. Red line in figure is coarse emulsion and blue line is

fine emulsion.
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42 (A AREZPHRERIZ ]2 (B)200 pg/mL Tween 80 (C) 0.2 mM
PTU (D) 500 pg/mL % i=7# (E) 1,000 pg/mL ¥ i=i¢ (F) 2,000 pg/mL 3 iz -
(D)~ (E) ~ (F) ehy iz w5tk 5 243.80 nm »

Figure 14. Effects of Tween 80, PTU and the same particle size of fine emulsion with
different concentration of adlay oil on melanogensis in zebrafish embryos (A)
Untreatment group (B) 200 ug/mL Tween 80 (C) 0.2 mM PTU (D) 500 ug/mL adlay oil
(E) 1,000 pg/mL adlay oil (F) 2,000 pg/mL adlay oil. Particle size of 10:1 of adlay oil

and Tween 80 ratio 1s 243.80 nm.
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Figure 15. Effects of Tween 80, PTU and the same particle size of fine emulsion with
different concentration of adlay oil on melanogensis and tyrosinase activity in zebrafish
embryos (A) Cell viability (B) Melanin content (C) Tyrosinase activity. The results are
expressed as mean = SD of each group (n = 3). Statistical significance was analyzed by
one way ANOVA and Duncan’s multiple range test. Values with different letters indicate
a statistically significan difference (p < 0.05). Particle size of 10:1 of adlay oil and

Tween 80 ratio is 243.80 nm. AO: adlay oil.

78

doi:10.6342/NTU201800552



Dorsal Lateral

(A)

(F)

B +> ~Tween80 ~PTUZ 2 jTmit Rl ipr ER BN Had g 2 ¢ 24
* R (A) AEE PR &EIE O H] 2 (B) 200 png/mL Tween 80 (C) 0.2 mM
PTU (D) 665.50 nm & =i %m3';% (E)243.80 nm & =/ *w3';% (F)97.03 nm & i=
@ dmitk o (D)~ (E)~ (F) eng =@ kA& 5 500 pg/mL -

Figure 16. Effects of Tween 80, PTU and different particle size of fine emulsion with
the same concentration of adlay oil on melanogensis in zebrafish embryos (A)
Untreatment group (B) 200 pg/mL Tween 80 (C) 0.2 mM PTU (D) 665.50 nm adlay oil
fine emulsion (E) 243.80 nm adlay oil fine emulsion (F) 97.03 nm adlay oil fine

emulsion. All concentration of adlay oil is 500 pg/mL.
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Figure 17. Effects of Tween 80, PTU and different particle size of fine emulsion with
the same concentration of adlay oil on melanogensis in zebrafish embryos (A) Cell
viability (B) Melanin content. The results are expressed as mean + SD of each group (n
= 3). Statistical significance was analyzed by one way ANOVA and Duncan’s multiple
range test. Values with different letters indicate a statistically significan difference (p <
0.05). Particle size of 7:3, 10:1, and 40:1 of adlay oil and Tween 80 ratio is 97.03,

243.80, and 665.50 nm, respectively. AO: adlay oil.

80

doi:10.6342/NTU201800552



(A)

(B) ©)

Bl -~ 2Rk~ iz~ Tween 80 v Sl i R &A1 8 (A) 3% (B) Eadtir
(C) #2507 - &G OilredO 2 ¢ -
Figure 18. Three types prepared by different water, adlay oil and Tween 80 ratio (A)

Cream (B) Stable emulsion (C) Unstable emulsion. Samples were stained by Oil red O.
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Figure 19. Pseudo ternary phase diagrams of adlay oil, Tween 80, and water
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Figure 20. Viscosity of coarse emulsion with different adlay oil and Tween 80 ratio (100
s! shear rate)
The water content of all formulation is 60%. The results are expressed as mean = SD of

each group (n = 3).
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Figure 21. Effect of pressure and number of passes on the mean droplet diameter produced
adlay oil coarse (A) Adlay oil:Tween 80 = 7:3 (B) Adlay oil:Tween 80 = 6:4

The results are expressed as mean = SD of each group (n = 3). Statistical significance was
analyzed by one way ANOVA and Duncan’s multiple range test. Values with different

letters indicate a statistically significan difference (p < 0.05).
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% =~ 2 & =2 Tween 80 Vb b e f =ik 42 54 0% & S iU R cnge TR
Table 7. Physical properties of adlay oil coarse emulsion and fine emulsion with

different adlay oil and Tween 80 ratio

Ration of Adlay oil Property Before After
and Tween 80 homogenization =~ homogenization
9:1 D (nm) 1345.50 £ 246.85*  214.35 = 14.01*
€ (mV) -48.37 £ 0.76% -34.23+1.17%
u (Pa-s) 0.28 £ 0.01¢ -
8:2 D (nm) 951.00 + 27.25° 197.13 + 14.12°
¢ (mV) -44.20 +1.13° -36.30 + 1.222
u (Pa-s) 0.30+0.01° -
7:3 D (nm) 610.50 + 68.81°¢ 73.70 £ 9.03¢
€ (mV) -46.30 + 1.71% -33.00 + 2.82%
u (Pa-s) 0.39 £ 0.01° -
6:4 D (nm) 590.00 + 109.51°¢ 46.00 + 2.25¢
¢ (mV) -40.30 + 0.79° -25.80 + 0.90°
u (Pa-s) 0.59 £ 0.02% -

FREEUTHEHERE L LT (n=3) I 12 one way ANOVA # Duncan’s
multiple range test & {7 53t A 45 0 B P F 2 LT - FOR kSR A G
BMELR (p<005)-DidipiE (iR a o opnidrEd i 100s! pradp
B o

The results are expressed as mean + SD of each group (n = 3). Statistical significance
was analyzed by one way ANOVA and Duncan’s multiple range test. Values with
different letters indicate a statistically significan difference in the same column (p <

0.05). D is particle size, ( is zeta-potential, and p is viscosity at 100 s™! of shear rate.
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Figure 22. Particle size distribution of adlay oil coarse emulsion and fine emulsion with

different adlaoy oil and Tween 80 ratio (A) Adlay oil: Tween 80 =9:1 (B) Adlay oil: Tween

80 = 8:2 (C) Adlay oil:Tween 80 = 7:3 (D) Adlay oil:Tween 80 = 6:4. Red line in figure

is coarse emulsion and blue line is fine emulsion.
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Water content of emulsion
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PN = ¥ Tween 80 65 73 FELEE N THELEREL LT (n=
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Figure 23. Viscosity of coarse emulsion with different water content (100 s! shear rate)
The adaly oil and Tween 80 ratio of all formulation is 7:3. The results are expressed as

mean + SD of each group (n = 3).
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Concentration of Pluronic® F-127
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Figure 24. Sample with different concentration of F127
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Figure 25. Observation of particle size of droplets in adlay oil nanoemulsion gel by

Field emission scanning electron microscope
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Figure 26. Gelation temperature of adlay oil nanoemulsion gel with different F127

concentration (A) 18% F127 (B) 20% F127 (C) 22% F127 (D) Gelation temperature of

hydrogel and adlay oil nanoemulsion gel with different F127 concentration
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Figure 28. The accelerated storage stability analysis of adlay oil emulsion,
nanoemulsion and nanoemulsion gel (A) Emulsion (B) Nanoemulsion (C)

Nanoemulsion gel. The water, adlay oil and Tween 80 of emulsion and nanoemulsion

was 60:28:12%, and nanoemulsion gel was containing 18% F127.
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FooN T o d BEHRA A 3TCREEEE (& F 100s!)

Table 8. Viscosity of different transdermal forms at 37°C (100 s™' shear rate)

AOE AONE AONEG AONEG AONEG

(18% F127) (20% F127) (22% F127)

Viscosity (Pa's) 0.35+0.01 0.63+0.07 9.48+030 12.27+0.22 14.30+0.21

PR T HEHEE L AT (n=3)
AOE: Ziz# 5% » AONE: = 2 X 5% » AONEG : Jizid 2 £ 5L 8% -
The results are expressed as mean + SD of each group (n = 3).

AOE: Adlay oil emulsion, AONE: Adlay oil nanoemulsion, and AONEG: Adlay oil

nanoemulsion gel
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Figure 29. Percutaneous absorption rate of different transdermal forms (A)

Percutaneous absorption rate of different concentration of F127 (B) Percutaneous

absorption rate of different transdermal forms. The results are expressed as mean = SD

of each group (n = 3).
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the skin (Prausnitz and Langer, 2008)
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Appendix figure 8. Enhancement of stabilization of dispersed globules with emulsifying
agent (Alexander et al., 2013)
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Appendix figure 9. Thixotropic behavior of gel (Alexander ef al., 2013)
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Appendix figure 10. Schematic presentation of Emulgel penetration through skin

(Alexander et al., 2013)
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Appendix table 1. Proximate compositions of whole grain adlay and its different parts *

Material Moisture  Crude protein  Crude fat Ash o AN

Whole grain adlay 7.2+ 0.4 17.3+0.2 64+03 63+00 70.1+04
Adlay hull 52+0.1 8.0=+0.3 20+04 11.7+£0.1 783+0.5
Adlay testa 7.2+0.1 11.9+£0.3 29+02 72+03 78.0+03

Dehulled adlay 9.1+04 213+£0.2 83+03 2.1+£0.1 683+0.2
Adlay bran 10.0£0.2 18.5+£0.2 244+0.1 7.0+£00 50.1+0.1

Polished adlay 10.6 £ 0.4 21.9+0.2 29+£02 19+01 729+03

*H iwth o & Bl i e EAF DT HEHER L o

¥ NFE (£F 204 ) =100— (kA +dede +drg+4A)

* Unit: wt%. Each datum is expressed as mean + SD of four replications.

** N.F.E (nitrogen free extract) = 100 - (moisture + crude protein + crude fat +ash)

(% 4oiz > 1999)
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Appendix table 2. Composition and contents of fatty acid from the acetone extract of

different parts of adlay seed *

F.A. Adlay hull Adaly testa  Dehulled adlay  Adlay bran  Polished adlay
Cis0 0.03 (0.04) 0.02 (0.03) 0.04 (0.04) 0.02 (0.02) 0.04 (0.04)
Cis:0 13.39 (16.74) 11.74 (15.75) 13.89 (15.03) 13.58 (14.78) 15.35(16.16)
Cie:1 0.35 (0.44) 0.33 (0.44) 0.26 (0.28) 0.28 (0.31) 0.28 (0.30)
Cis:0 1.42 (1.78) 1.12 (1.62) 1.68 (1.82) 1.66 (1.81) 1.63 (1.72)
Cig1 37.45(46.79) 31.99 (42.90) 43.71 (47.34) 44.10 (47.97) 43.54 (45.75)
Cis2 25.55(31.93) 27.38(36.71) 31.48(34.08) 30.48(33.28) 34.45(34.27)
Cis:3 0.43 (0.53) 0.37 (0.50) 0.38 (0.41) 0.45 (0.49) 0.43 (0.45)
C20:0 0.43 (0.53) 0.40 (0.54) 0.31(0.34) 0.38 (0.42) 0.37 (0.39)
Cao0:1 0.34 (0.42) 0.30 (0.41) 0.28 (0.30) 0.39 (0.43) 0.35(0.37)
Ca2:0 0.27 (0.34) 0.35(0.47) 0.18 (0.19) 0.19 (0.21) 0.29 (0.31)
Cas0 0.44 (0.55) 0.45 (0.60) 0.13 (0.15) 0.38 (0.42) 0.22 (0.24)
Unknown  1.88 (2.35) 2.10(2.82) 0.80 (0.86) 0.94 (1.03) 1.02 (1.08)
Total 80.01 (100)  74.57 (100) 92.38 (100) 91.93 (100) 94.98 (100)
*H i~ D wt%
* Unit: wt %
(% fviz, 1999)
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Appendix figure 12. Schematics of the common rotational flow devices (A) concentric

cylinder (B) cone and plate (C) parallel plate rheometers (Bekard et al., 2011)
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Appendix figure 12. Schematic presentation of Franz diffusion cell (Baynes et al., 2012)
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Appendix figure 13. Diagram showing the ionic concentration and potential difference
as a function of distance from the charged surface of a particle suspended in a

dispersion medium
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Appendix figure 14. Schematic representation of the association mechanism of

Pluronic® F-127 in water (Dumortier et al., 2006)
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Appendix figure 15. Schematic representation of G' and G"

(http://www.slideserve.com/ivy/dsc-tga-dma)
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