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SUMMARY

[. Title
Preparation of silk sericin nanoparticles and their application to cosmetics
H. The Purpose of the Research
The purpose of this research is to prepare PEG/sericin conjugate nanoparticles
and to apply for the cosmetics.
[I. Methods
1. The First Subject
1) Preparation of PEG/sericin conjugate
The PEG/sericin conjugates were prepared by coupling of sericin and
p—nitrophenylchloroformate, tresylated, cyanuric chloride or monoamine PEG.
2) NMR measurement of PEG/sericin conjugate
NMR was measured to check coupling of PEG and sericin.
3) CD measurement of PEG/sericin conjugate
CD was measured to check the secondary structure of sericin in the
conjugate,
4) IR measurement of PEG/sericin conjugate
IR was checked to check the secondary structure of sericin in the conjugate,
5) DSC measurement of PEG/sericin conjugate
DSC was measured to check the thermal properties of the conjugate.
6) Amino acid analysis
Amino acid was analyzed to check the reaction of sericin with PEG.
7) Preparation of PEG/sericin conjugate nanoparticles
PEG/sericin conjugate nanoparticles were prepared by dialysis after dissolving
the conjugate in EtOH.
8) Measurement of size of PEG/sericin conjugate nanoparticles

PEG/sericin conjugate nanoparticles sizes were measured by DLS.



9) Observation of shapes of PEG/sericin conjugate nanoparticles
Shapes of PEG/sericin conjugate nanoparticles were observed by SEM and
TEM.

10) Loading of retinol into PEG/sericin conjugate nanoparticles
Retinol was loaded into the PEG/sericin conjugate nanoparticles by dialysis.

11) Measurement of size of retinol loaded—PEG/sericin conjugate nanoparticles
Retinol loaded—PEG/sericin conjugate nanoparticle sizes were measured by
DLS.

12) Observation of shapes of retinol loaded—PEG/sericin conjugate nanoparticles
Shapes of retinol loaded—PEG/sericin conjugate nanoparticle were observed
by SEM.

13) In vitro retinol release from retinol loaded—PEG/sericin conjugate
nanoparticles.

Release of retinol from retinol loaded—PEG/sericin conjugate nanoparticle was

performed at 37C and pH 7.4.

2. The First—Joint Subject
1) Extraction of sericin by autoclave
Sericin was extracted from cocoon silk or raw silk by the autoclave.
2) Extraction of sericin by enzymes
Sericin was extracted from cocoon silk (or raw silk) by the enzymes.
3) Characteristics of extracted sericin
The extracted sericin was characterized.
4) Structure of extracted sericin
The structure of extracted sericin was measured by IR and CD.
5) NMR measurement of extracted sericin
NMR was measured to check structure of the extracted sericin.
6) DSC measurement of extracted sericin

DSC was measured to check thermal properties of the extracted sericin.



7) Activation of PEG
PEG was activated with nitrophenyl chloroformate, tresylated or phenyl
chloroformate.
8) Checking of activated PEG
Activation of PEG was checked by NMR.
9) Preparation of sericin nanoparticle by mechanical milling
Sericin nanoparticle was prepared by mechanical milling.
10) Preparation of sericin nanoparticle by alcohol treatment
Sericin nanoparticle was prepared by treatment of alcohol with sericin
solution.
11) Amino acid composition analysis of sericin nanoparticle
Amino acid composition was compared according to preparation method.
12) DSC measurement of sericin nanoparticle
DSC was measured to check the change of thermal properties of sericin
nanoparticle,
13) FT—IR measurement of sericin nanoparticle
FT—-IR was measured to check the structural change of sericin nanoparticle
14) CD measurement of sericin nanoparticle
CD was measured to check the structural change of sericin nanoparticle
15) X—ray diffraction measurement of sericin nanoparticle
X—ray diffraction was measured to check the change of crystalline structure
of sericin nanoparticle.
16) Size measurement of sericin nanoparticle
Sizes of sericin nanoparticles were measured by DLS.
17) Observation of shapes of sericin nanoparticle

Shapes of sericin nanoparticles were observed by SEM.

3. The Second-Joint Subject

1) Eye irritation test of PEG/sericin conjugate nanoparticles



Eve irritation of PEG/sericin conjugate nanoparticles was tested in the eye of
the rabbit.

2) Skin sensitivity test of PEG/sericin conjugate nanoparticles
Skin sensitivity of PEG/sericin conjugate nanoparticles was tested by the
GPMT method.

3) Skin irritation test of PEG/sericin conjugate nanoparticles
Skin irritation of PEG/sericin conjugate nanoparticles was tested in the skin
of the rabbit.

4) Acute oral toxicity of PEG/sericin conjugate nanoparticles
Acute oral toxicity of PEG/sericin conjugate nanoparticles was performed in
the oral of the rabbit.

5} Acute dermal toxicity of PEG/sericin conjugate nanoparticles
Acute dermal toxicity of PEG/sericin conjugate nanoparticles was performed
in the skin of the rabbit.

6) Skin hydration test of PEG/sericin conjugate nanoparticles
Skin hydration of PEG/sericin conjugate nanoparticles was tested in
comparison with sericin or water,

7) Antioxidation test
Antioxidation effect of retinol—loaded PEG/sericin nanoparticle was tested
using DPPH method and TBA method.

8) Evaluation of anti—wrinkle effect
Anti—wrinkle effect of essence formulation containing retinol—loaded
PEG/sericin nanoparticle was tested on the face skin of volunteers for 45
days by topical application,

9) Inhibition effect of tyrosinase activity and melanin formation in melanocyte.
Inhibition test of tyrosinase activity and melanin formation of retinol—loaded

PEG/sericin nanoparticle was carried out.



IV Results and Discussion
1. The First subject

1) From results of NMR measurement of PEG/sericin conjugate, methylene
peaks of the PEG and tyrosine ones of the sericin were shifted to the
down—field at 3.48 and, 7.09 and 7.26 ppm.

2) From result of amino acid analysis, serine of the sericin was reacted with
activated PEG.

3) Change of secondary structure of the sericin occurred from random coil to B
—structure.

4) Melting point of PEG and decomposition temperature of PEG in the conjugate
was decreased by conjugation.

5) PEG/sericin conjugate nanoparticles were prepared by dialysis after dissolving
the PEG/sericin conjugate in ethanol. The sizes of the nanoparticles were
200~350 nm and the shapes of the them were spherical.

6) Retinol was loaded into PEG/sericin conjugate nanoparticles and the sizes of
the nanoparticles were increased due to the hydrophobic property of the
retinol. The shapes of retinol loaded nanoparticles were spherical.

7) Retinol was slowly released from retinol loaded—nanoparticles at 37C and

pH 7.4.

2. The First—Joint Subject

1) The optimum conditions of extraction of sericin by autoclave from cocoon
(or raw) silk were 110C, 0.9 kg/cf and 6h,

2) The optimum conditions of extraction of sericin from cocoon (or raw) silk
by enzymes were pH 6~7, 50~60TC, 3 wt—% of enzyme, and 2h reaction
time.

3) The molecular weight of sericin extracted by autoclave and enzyme was
67,000 and 8,500~11,000, respectively.

4) The content of heavy metal in the extracted sericin was 2 ppm and the



secondary structure of sericin extracted by autoclave and enzyme was
random coil and partially @—structure, respectively.

5) The decomposition temperature of the extracted sericin by enzyme was 2017
and the molecular weight of the sericin was decreased by enzyme.

6) From the results of IR and NMR, PEG was activated with nitrophenyl
chloroformate, phenyl chloroformate and tresylate.

7) In the preparation of sericin nanoparticle by alcohol treatment of sericin
solution, increase of alcohol composition gave sericin nanoparticle more
spherical shape.

8) Amino acid composition of sericin extracted by alcohol treatment or
mechanical milling was not different from that of sericin extracted by
autoclave,

9) The first decomposition temperature was occurred in the range of 200~22
0C, followed by the second decomposition temperature of 300~3207C.

10) Alcohol treatment of sericin solution made CD peak of sericin shift from
198nm to 204nm.

11) Alcohol treated sericin nanoparticle showed higher crystallinity compared to

mechanically made sericin nanoparticle, but not different in crystal structure.

3. The Second—Joint Subject

1) PEG/sericin conjugate nanoparticles did not show eye irritation in the rabbit
eye.

2) PEG/sericin conjugate nanoparticles did not induce contact allergy in the
ginea pig.

3) PEG/sericin conjugate nanoparticles did not show skin irritation in the skin of
the rabbit.

4) PEG/sericin conjugate nanoparticles did not show acute oral toxicity in the
rabbit.

5) PEG/sericin conjugate nanoparticles did not show acute dermal toxicity in the



rabbit.

6) PEG/sericin conjugate nanoparticles exhibited higher skin hydration than silk
or water.

7) Retinol—loaded PEG/sericin nanoparticles did not show any irritation and
toxicity in safety test

8) Retinol—loaded PEG/sericin nanoparticles exhibited antioxidation effect in the
free radical scavenging test(DPPH method) and lipid peroxidation test(TBA
method)., The range of IC50 values is 75—80mg/ml in DPPH method and
25.3—31.0ug/ml in TBA method, respectively.

9) Anti—wrinkle effect of essence formulation containing retinol—loaded
PEG/sericin nanoparticles was 29% in comparison of placebo formulation.

10) Retinol—loaded PEG/sericin nanoparticles did not exhibit inhibition effect of

tyrosinase activity and melanin formation in melanocyte,
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PEG7} sericin®] o= ¥-$¢9} Agst=rtE dolrr] 98t olnlxit #41&
sk T
Al PEG/sericin 2 A 9] Y=z} A=
PEG/sericin 2@ A 2l Yx=fdze Azxstz] $ste] AFAE el = F
of T4 ojsted Vg AE Az
o}, PEG/sericin A4 vw9iztel 7] 534
PEG/sericin 2% vhegxtel A7 9z=7bxzkel ELS-80009 DLSE o] &

_Il}lv
O
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ate] S48t

2k, PEG/sericin A% A 4
PEG/sericin A4 Yx=yzte] & ISM 54109] SEM¥ TEMOoZ s}
Rt

2}, PEG/sericin 2%A Uxd Ao dlE&2] A
PEG/sericin 2@ dlEl &S #7]84vI2 DMSO =9 F MWCO 12,0009}
FAug o] &8ty HEES YRt @AA AT

e} dE=o] gA8E Y929 A7 53
#dEEo] ©A¥  PEG/sericin A¥A dxdx AV =7t HAY
ELS—80002] DLSE o]&ste] A3t

o, gl g Eo] §X ¥ PEG/sericin 2%A Yx=dx = #F
dElEo] GA" PEG/sericin 2% Yi=Ua Fel= JSM 54109 SEMO=
HFarolth

g dlEEo] X" Y dAo el gElE 2 in vitred Y WE
gl Elso] PEG/sericin 2¢A Y=dxo] 2" F 37C9 pH 7.49 in vitro

of 4 Azt wh HEwe WEdds #Fs

2. A7AS ¥ nF
7}. PEG/sericin 2%A 9} Al
p—nitrophenylchloroformate® 2435l PEG, tresylated PEG, cyanuric
chloride o <3} &Asld PEG, monoamine terminated PEGS Algldl& 4
gt dA"E AFAE NMR, IR, CDE ol&3te F2EXE shsidh
Fig. 1(a)¥ sericin, 1(b)¥ PEG, 1(c)= PEG/sericin mixture, 1(d)i=
PEG/sericin 2% # <] NMRE Weplth Fig. 1(d)E ®B¥ PEGY Sericin®] 2
HAFE NMRE &34 s8] & ¢ sl 3.48ppmol A &Alstd PEGY o
g A peakd 1-7ppmAtolel Alejale] theFek ofn| At peakEo] 3
st ATk 53] 7.09, 7.26ppm SR tyrosine peako] down field® ©]EHE
IR o] oAl Agto] dojus AR I & 5 U
C

Aginle] 2abgze ti Aelog sg Ao s CDE A= IR

oy R

o
e



A B A7 randomTEAA B-TFERE B A5 A = £ AATh
Fig. 2% sericin ©%(a), cyanuric PEG/sericin(b), amine PEG/sericin(c),
tresylated PEG/sericin(d) 2 p—nitro PEG/sericin (e)¥ CD ZAIZA] sericin
B o] YREL 200nmolA o}E BEE peakol YElUE ROoF HA
randomT2E FA5t AR dF-Eo] 218nmollA] ol E EZ3E peako] X
of B-F2F v A&E Felel B F v Fig. 3ellM e 27 AstAle 4
2 amide I, amide II7} wavenumber?} Zro}x = Z o2 Hol B-—F2E niH
s E Kol Fa gl

L}, PEG/sericin 2gAel €944 44
Fig. 4(a)¥ sericin, 4(b)E PEG, 4(c)T sericin—PEG conjugate®] DSC A3}
24 PEG @59 £88&%7} 56.45C¢ Ao ¥l sericin—PEG conjugateol
o] PEGY £§2mE 5245CF o 4T e 223 oFddd. =g
sericin ©%5 ¢ dEFLEE 198TQ Aol 13+ sericin~PEG conjugatedi] A]
9] sericin® dEHLEEE 196CTE o)EHIUY. oA PEGY} sericind 2
gtos AAgol PaEHAy] wFojetn AztE

th PEG/sericin Z¢A1Y Yw=a Az A7 53
PEG/sericin Z2FAE oeh&ol] = F FAo| oste] YuyaE Azxstioh
PEG/sericin Aol 4] PEG2] activation W] weha] Azd Jxedztel 2
71 2 A% ¢ tresylated PEGY A% 204.1 nmEA]
veb o FEd ez ved A Fig 5o WERAT

t}. PEG/sericin A¢-Alo] dx=d=xt sl B2
FAE el olate] WrE Uxixte] FEE SEMY TEMOZ #Ed HAYE
Fig. 691 vebdch (a—1)# (a-2)% cyanuric PEG/sericin® SEM3} TEM,
(b—1)3% (b—2)%¥ p—nitro PEG/sericin® SEMI TEM, (c—1D)& (¢c—-2)&
tresylated PEG/sericin® SEM3 TEM, (d—1)3 (d—2)= amine PEG/sericin
o] SEM#} TEM®| ZA#sA ol Flojyg 39 Yuygxs Yeia ars
DLS® 574 Aol & Abo]7} it

v} PEG/sericin 2 YUt e 24
PEG/sericin. 294 5 mg, #lElE 2.5mgs 10ml DMSOe| %< ¥ MWCO

—



AL dlEEoel ®AE Yzt de g

o}

12,0009 F49

FAutel F43hd oF 10 wt.—%9 B =] PEG/sericin AHA
e UApol] FA A},

vl #Elso] gXd Yngdae A7) =X
#AlE]=0] PEG/sericin 2¢A Y=o &

S W F7)E Fig. 79 UE
Wk agdA Jetdles bkek 2ol 367.2 nm

b
9]

A71& Vet oA #E
=0o] §1= PEG/sericin AgA Y=atol vlsted 433 A dEso] &
FAJo] T3 YxPaY cored A AF

e ol R7] WEolEn Azt

T4 A%
=

?lElE o] PEG/sericin 2gA Yxgatol 2x8e weo] P2 SEMeZ
Ao 49 ety 4.

i

=+
=

. HEE Y in vitrool A9 W

# ¥ & o] PEG/sericin Z2¢A Yx=gAo] 2x8 ¥ 37Cs pH 7.49 incubator

FEREY A& Fig 89 Uedvh. 28odA vehde et o] #EE
of YAl A A5 BaEga YA ol AL HEEo] AFAHoEA B
hek &3

=7} ok A7) MiEom gaad

B4 flavourzymed} actinased AFE38te] pH, 4% %, £% 2 w9 x) 7)o
w2l Mg Ale &5
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AAzAN e Aze 2249

carzaskel og Algale &

DEngel o7 A HF FF 2AL AYLE 110T(0.9kg/em’) ol
g e Yehden(Fig. 9), AL we F&8ges 4623t
A ARHez g0 T8Iy 6AtelF 7o WEr} gljler (Fig.
10) nARYE BARRE FojAe Ay $&o] 4 vekH.

R
LY

278 AA37] 9% a4 (Flavourzyme) Azl z2zol 9l
EE 50~60TC ¥ (Fig. 12)0]A]
Ao &2 Agdles 72 T & Atk =, a2FE 3%(Fig. 13), W
SAE 2AE Y (Fig. 14)7) HA4 9 5 27007 44T 5 o I ol
A% 9 AL AgE AR & Ftde A 4TS HAA @t
Hezdd w2 Ay FEAPAAM D&l g HHSH YAk diEE
& 22% W9, AFEL 67~92% olFolder ok ATl oM aud £
sl & A<l Flavourzyme # Actinase 3%(w/w) FEE FE3 Agile A&
o] 23% BFEE 97% oJFLE A9 BRE A © P
o 3" 28 A5 &8l 95% o]
Ak B3], maxgd o Al @A 3ol ne i v

=4 U EE € ¢ A (Table 1).

Fom A%H At wEol el

Table 1. Extraction conditions of sericin according to various degumming
method.
Degumming | Recovery | Solubility(%
Sample Conditions
ratio (%) | yield (%) )
Flavourzyme 55T, 3hrs 23 98 98
Cocoon
Actinase ” 23 96 97
Shell
L ¢t 1107C, 6hrs 16 67 99
Raw Flavourzyme 55T, 3hrs 21 88 99
Silk a2 %)k 1107C, 6hrs 22 92 97
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crystallinity and hygroscopic ratio

Table 2. Molecular weight(MW),

to various extraction conditions of silk sericin.
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Fol gF A& /A AFF HI7HA Zppm olshel A vlEHo =
FE 2y § IyAdsy a4 AR AMEE Vhede] w8 AR A7
ol

ZtH(Table 4).

Table 4. Content of heavy metals by enzymatic treated and high pressure

extracted sericin samples. (unit © ppm)
Heavy metals
Pb Cr Cd Zn Cu As Hg
Samples
Flavourzyme 7.1 2.1 3.8 14.9 4.5 0.0 0.0
Actinase 52 3.4 3.5 16.7 3.8 0.0 0.0
Il 319 0.0 0.0 0.0 6.2 0.0 | 0.0 0.0
FE A oH
2z A x el 2 zpolrt a5 A @sker}, Flavourzyme %
Actinase £ &A% =235 7AAgAe AL wde] ARa Esirt ol dojwk
0] SEM A& F3dle] ZE 9 ‘D‘r(Flg 15).
o FExAE Al 72 54
1). FT-IR o)A ¥FE4

Fx B4 AT LohwsHsl el BIRA o 16), s
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=
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wm
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M
2L
o
=
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24
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rir
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all
ne
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S
n

2ahe] zpolg A9 #AT ¢ ¢tk T, Actinase &4 @5(c) Al Al
= 58 dad gee vAA gL oz Azd.

2). CD spectra

SN AolMe] FREMNS EAFHRI] YA dojan HFEAE HA A
(Fig. 17), A#A 13 14559 %% random conformation =0 7]Q1stE
HYHA FHart dojxom, aaxgAgae F9(b) 220nm FZoAM B
—sheetol] 7]t negative peak 7F #ZAHJT. Wk oz 5FE AA =

random conformation 22 AZt=lr o]l& FAES] Al AExed gE2g Fx2H
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Y

3lF B-sheet® T2/ A7 dojgd ¢ V=
3). DSC Al E 4]
T& Apold] mE FHARHE A AT AAFAIEEM A3 (Fig. 18),
AP zHA9) R so] WE endothermic peak?} 200~2207T H-Zol Al A3}
Aot @9, Ao GRHeRs 4T A$(201T) v (204T)e]
A Hha W R F oo E BIoAE GBIV dojd FoZ nFo] B
W, BAge] Astge whg dAdAG Y FaE TAL ¢ A 2y, A
Adoz= dAg 24 A zolE YA E £ Aoz Rz,
4). 'H NMR #2789 &4
AR g BavkERsel o P2y ENE ndsly] st GAr|eH
(NMR)EH & @ A3H(Fig. 19), 384 Aol F4 2 Z3)9 'Hel 74
¢ #FHd 'H-NMR 28& ®oFn o v, &4 AZg NMR 23 (b)
2 A peak?} shiftdlA] @SS RoFa ok ek zF 99 peake B
9 oF 1-2ppm HES] DA ol shift® Bol 4k @ele] Bk i
FRA~FT el AEA st s F2FH WEgE wgdstn d5e
¢ & Ak 53l A Aol peak shifte Gly R Serd) F peake] 'Hol
TE£A Aol wgstE AoR A A o saAgd o A4S
Pejo] T2 Mt doldg VER gl
2}, PEGY 2413}
D). FT-IR A& 3 £4
Hejad R An(Fig. 20 2 Fig. 21), A2%8 PEG ZA3FEZL 2960cm™
!

jus}

FO‘I

]

il

3 1970cm™ A 242z} —CH,—, —C—0-C~ stretchingol| 7]¢1%} peak7} 715
PEG #A48&3 dAste] PEGY A4/t AFHoE o]Fofiles & & ¢
b=y

2) 'H NMR

Fig. 222 Al¥ phenyl chloroformate PEG & thz2 A Addorx gAlg

AL Magd Ao2x 'H NMR ¢ A% 42 25 A9 dxstxa &g e
Wi vk, ovk 1~2ppmF2ol 0= Methoxypolyethylene® methyl groupe
'H olgtn Aol peake] BEAE7} Fab7l s Awkd 02 peakst A



o] dxste] PEGY €437} o]FoASS vl 9
oA} vlHTIA R A p- mtrophenyl chloroformate PEG(Fig. 23)& ulx

2 Wud 2% 94 LA%T e ¢ & Ak

=2
group® 'Hol $#)3Hs 1.3ppm peakd] B¢E |

E3

=

] CH30—¢] methyl

%38} benzene ring®] B

NO,719] 'HE7 2 wolsts peake] A #A=E thh sl (2F 7.5~8.5ppm)

A S sl

thoEE A B4 R 4E Aol e Al £ A=

D, A=A £ Az

54023 AP ~EAE AN PP seoz

EG 9 ZgelA B ZA(Fig. 24)3 o] A9 st 9l
el ok 1.2ppm 529 methyl groupS B]E3dtd 2E peake X
dX st lof Agol AlEg PEGY EAo] tislos B AT Az e #3)

D& vehln gle] wastel AHgEA ol EAIZ 612

£
=

7}

o
=]

of elstel Aeial Be AZSUT (Table 5). Ael4l L2 H5&L 90%
oo =2 #HS YEURNoY, FEAL JAE] WHeR Az Azl
BE2e 60%AEY e 2ol 70% AR SHAo] dE dEMyHoes Ax
gk AlElAl BEROE g4 3 3E 1Y

Table 5. Preparation Conditions of Silk Sericin Powder

. Hysgroscopic
Treatment Method Conditions Yield (%)
Ratio (%)
i 10 mi 92 62
Mechanical Mixer min
Ball Mill 200 rpm, 90 min 91 58
Method ) . -
Ultra Mill 14,000 rpm, 5 min 93 55
250 ml/g RT, 60 min 88 72
Chemical 500 mi/g RT, 60 min 90 75
Method 1000 ml/g RT, 60 min 87 70
2000 ml/g RT, 60 min 92 73




BT ADASAL Aeld AziEE ST/ wo) weh AzE A
A wge) duE FARAENZoR $Ee AH(Fig 26) LT Fo] 371
gol Wb AP g4 vlolaz B 74 93 duE deyas 53

B=
bl
desl 2L AATFE AT AAE O A FRYAYCE Dol

ofr

G A4 FEe ohuwit 24% wEg 23HTable 6), B2
G FE AYA Meed GT A E= A Ao &g ol
s e @Rtou AAE 2HTIE A ope) Aty

Table 6. amino acid compositions of silk sericin powder

amino acid sericin alcohol treated |mechanical treated
asp 11.15 10.8 13.29
thr 3.73 3.2 5.34
ser 40.51 41.4 40.19
glu 3.17 2.7 4,14
gly 8,53 9.2 10.39
ala 2.38 2.2 - 4.08
val 1.41 1.4 3.39
leu 0.53 0.5 3.77
tyr 0.87 0.6 2.26
phe 0.16 0.15 1.16
his 1.34 1.36 1.53
lys 4.20 4.38 3.09
arg 3.34 3.38 2.20
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1) DSC Azt #4]

TE Aolol we dAARE At A AAFAILEY AA(Fig 279
Fig. 28), AlglAle} 14 @Esfo] we FE9A7F 200 ~ 220C F2o4 U
Bbton, 300 ~ 320C F2oM 22 €& ¢ FEH A T4
Ay =94 24 2l 2
solAE E Aol7t gl oz FAH
2) FT-IR Hoj4 &

4 Hubol & Algale 8 HEdAe FREAS H¥RT] A Yol
WA BA1E P 23 (Fig. 30), 24FES A 892 AP A random
conformation F&Z o]Foix gl&g FAUstPt 53|, ¢F& At AN
4NBLE 198 nm ¥29 CD peak’} 204 nm 222 o] F3l¢lt). ol AR
T g AP ostdq A A7t aggregatione T AEjAlde

HEEARTGRE Fof Aozt 0 opn|xite] Wo] EASER B FXE HolH
Ae @8 oz gudn, 44 Bad Fgd F4E4 2 AxdEdy 2

= ey

AYAl B digt AAFxde wgE AWy gsld X~ sld B4
A AH(Fig. 31), €T #/tol &84 Aol vlsly v AAAC] =
< Aos Yot o] Bl AAF R E F Aolvt gl AoE YEh
UA Yo AFAAETY T HEAG
AL ARA Yol g 2 3] B
FARA g5t Mglal Yxedzs Azdan Azd Jedxe dee ans
FARRAER F % FAEEe ostel A5 dEAHA Agal Yxlate
el Fig. 32004 R vhel 2o AgA YxgAe des A gry 3



ou], YAEz) FAA @A) st AV Zél
| o5t} Az Aga dega

A X

o] JAFeE Ha Y A
Av Aoz #AHAY, a8lu FAEy
4718 A% A9%E Table 79} eyl
Table 7. Particle size of sericin nanoparticles
sample CSE CSp CSS NSE TSE
particle size
175.7 156.3 246.5 192.1 916.7
(nm)
A 2 FEHA
Yol ARG A
be Bk gad ERAT AEL

A

A
FA]
of ofste] @zl

3
AT 9 g
7}. PEG/sericin A%HA]
192 Un
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e
A9 JRAZ A
EELXEEENEER DL Sl
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R=!
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U zhe] ok ekt
. PEG/sericin 2¢A Yxgiate 97
YRk R GPMT %
t}, PEG/sericin 2€A Ux

Uiz iR Alge &
2}, PEG/sericin 2¢A YA Aty F
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AR FAAAAEF AlE
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A

w60
el FAANEAE w9 Auo) Besta AAEAY
o ngE A
O:—
Al
B

=3 At
BH5E2 corneometerg AMEEt] £3

0.3M DPPH 100zL9)

AR

h=}
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S A7 517nmolA FFEE £435ATHY. Fugita et al, 1988). &7 #AFL
e 2ol Attt

Inhibition(%) = 100 — sampleZF=#t/controlFF =3t X 100

2). Hydroxy! radical 2A &3} 574

#ME WH3(Fenton reaction)ol olgk A& FHibgt wFAE o|dF TBA
assay® ZA39tH(H. Ohkawa et al., 1979). B E# ol EAL 5ulel] 30mM ¢35t
AL 8ul, 30mM Hesa 8w 1l ANPEZD A R AEEE BE AH
20,8 7HEHE TBAS Y3 1583 7hEe og WAA L, FEed H7hsh
532nmol A FFE& SHU
of. FE/MNL &

tlo

9% gE4 FH9 we

7ok YERARL

<A ZHd >
AY 488 2,3, 4,5 R 62 AL EolA FAdate] ol @
oA dolet Aty Ar) vlo|A FXvid AHH de=d 1,7, 8
g 148 Egela 9T LxdA] FAsEle volagERdol4E F
oA A AME Hrtele FAs
gz 2dold Ax AT, aym 10, 11, 12, 13&



MEAY : 4EEA 2 3, 4, 5 2 68 AR LN FAsks v
Pl Adold ok ) weles) FAoy A 4822 7,

8 ¥ 145 E3sla dAZ koM gAstete mpolazEFrio|dE

Ho ol g T ¥ 5| nuAyg
1 AldZ2 B 6.5 -
2 NE ~HE 13.0 13.0
3 Zz ZYAE 2-gHoE 0.2 0.2
4 Alghafol = 0.1 0.1
5 A elo}al] 2~ -4 5.0 5.0
6 ZYAHE 0.3 0.3
7 g gz Ao E v o) &
8 sy A o) & U &
9 e R ks i
10 FhE 5 A d 2w S i
11 AHERE vl v 2
12 A v 2 v g
13 ﬂe o) U &

| 14 AT heF ek

A debd Y Asad

1. Tyrosinase® A&l & o}

Tyrosinase®] Aa&dE dutHoz BFTAQ wygoz FHHH o

Yol A= Vanni 59 W o] uh} S R2 b= 0.1M
phosphate buffer (pH 6.8) 1.0ml, 0.3mg/ml L—tyrosine F&% 1.0ml,

.\_,

]

1250U/ml mushroom tyrosinase 0.1lml& &% &% of7]o] AHER

3 BE ¥=o W 247 0.2mlE #HUbske] 37ColA 1083
AZich 9hg8de FFEE 475mmollA SAE Age FAAF
gt 78t BAZHY 50%8 AdstE S ICpho® YehNd
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Inhibition % = [(A—B)/A] x 100

A AEE HUEHA ¥ 9S8 A9 474nmolA FF =

B AEE A7te gAY 475mol N FBE

2. B—16 melanoma M £ 4] melanin & AA a3 A
B16 melanoma M Z A melanogenesis A8 &= Maeda®t Fukudad] w2
oF7t WEste] £A5tt. 4, Bl6 melanoma M ¥E(ATCC CRL 6323)%%
T-25&8t23Y 32mm petridisho] 5x10° M¥E FY&t1, 5% fetal bovine
serum(FBS) @} 1% antibiotics—antimycotic Al%¥o] *2]¥ Dulbecco's modified
Eagle's #]*](DMEM)IA CO; #¥71(5% COz, 37CT)Z 10MAE s et
ANAER AR APEZ BE 244 vdd w2 Fakaad Astn, 479
AdA 247 AXES MY L F, melanin©] 3 & (secretion) "
€ i, AEES trypsin®. 2 A2ste F73 F, haemacytometer &
MEFE S48 HE] A8 A% AZES AAE(16000g, 30min)st
of AZAe wEa, AES melaning FHIl o5& 5% trichloroacetic

acid(TCA)I etheriethanol(3:1) Mo = 77t Moj&Eet o1 F, olE S ether
2 Ao & 10% DMSOE E£938t= IN NaOH €92 F melaning {3 A1A

o

NHEZA A AlgAl / tresylated PEG Z23HA

A¥dE2 B : A4l / p—nitrophenyl PEG A%

ANEEH C: A4l / O—methoxy PEG—-6—chloro—s—triazine 24|
o tAH ANEE Fd Ade G o
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Fig. 3. IR spectra of {ilms of Sericin (a), PEG (b), sericin/PEG mixture (c), and
Sericin—PEG conjugate (d).
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Fig. 4. DSC thermograms of sericin (a), PEG (b), and sericin—PEG conjugate
(¢).
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Fig. 6. SEM (1) and TEM (2) of PEG/sericin conjugate nanocparticles:

a: cyanuric PEG/sericin, b: p—nitro PEG/sericin, ¢! tresylated PEG/sericin,

amine PEG/sericin.
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Fig. 15. SEM photographs of sericin to various extraction methods.
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Fig. 16. FT—IR spectra of various extracted sericin: (a) Flavourzyme

treated, (b) High pressure, and (c) Actinase only.
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Fig. 17. Circular Dichroism spectra of sericin solution
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and (b) Enzyme treatment.
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Fig. 18. DSC thermograms of sericin prepared at various

extraction methods: (a) High pressure (b) Enzyme treatment.
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Fig. 19. '"H-NMR spectra of (a) high pressure and (b) enzyme treated
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Fig. 20. FT—IR spectra of activated PEG from various
methods: (a) PEG, (b) Prepared—ntrophenyl chloroformate
PEG, (c¢) Standard nitrophenyl chloroformate PEG, (d)
Prepared—tresylated PEG, and (e) Standard—tresylated PEG.
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Fig. 21. FT—IR spectra of activated PEG from various methods:

(a) Prepared—phenyl chloroformate PEG, and (b) Standard—phenyl

chloroformate PEG.
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Fig. 22, '"H-NMR spectra of phenyl chloroformate PEG: (a) Standard and

(b) Prepared PEG.
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Fig. 23. 'H-NMR spectra of p—nitropheny! chloroformate PEG: (a)
Standard and (b) Prepared PEG.
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Fig. 24, 'H—NMR spectra of tresylated PEG: (a) Standard and (b) Prepared

PEG.
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Fig. 25. SEM photographs of silk sericin powder obtained by physical treatment.

(a) lyophilized sericin, (b) prepared by mixer, (¢) by ultramill, and (d) ballmill,
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Fig. 26. SEM photographs of silk sericin powder by treatment with methyl
alcohol. (a) 250 ml/g of sericin, (b)- 500 ml, (¢) 1000 ml, and (d) 2000 ml
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Fig. 27. DSC thermograms of silk sericin powder prepared

by mechanical treatment.
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Fig. 28. DSC thermograms of silk sericin powder prepared

by alcohol treatment.
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Fig. 31. XRD spectra of silk sericin powder prepared by mechanical (a) and

alcohol treatment (b).



Fig. 32. SEM photographs of sericin nanoparticles.



Fig. 33. Control site of rabbit(animal No.1) 24hrs after saline

topical application.



Fig. 34. Test site of rabbit(animal No.1) 24hrs after Sample A

topical application (A} ),
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Fig. 36. Application site on 24hrs after topical application of

Sample B.
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