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ABSTRACT

Free amino acids in epidermis function as a major component of Natural Moisturizing Factor (NMF), which
maintains the optimal level of water in skin even at the low humidity. In fact, the depletion of free amino acids is
reported in the epidermis of atopic dermatitis, the skin condition involving dryness. As an effort searching the dietary
source for improving the level of water and free amino acid in epidermis, the dietary effects of silk protein, sericin (S)
and fibroin (F) on trans epidermal water loss (TEWL), and plasma and epidermal levels of free amino acids were
compared in this study. Thirty of male NC/Nga mice, an animal model of atopic dermatitis, were divided into three
groups: group CA as an atopic control with control diet, group S: 1% sericin diet and group F: 1% fibroin diet. Ten of
male BALB/c mice were served as group C (control group) with control diet. All mice were fed on diet and water ad
libitum for 10weeks. Dry skin condition was established in group CA as TEWL was increased (148.7% of group C). In
parallel, epidermal level of glutamate, one of major amino acids functioning as NMF, was dramatically decreased and
epidermal levels of methionine and alanine were inversely elevated. Dietary supplementation of sericin (group S)
reduced TEWL at the similar level with group C and increased epidermal levels of glutamate as well as serine and
glycine, the other major amino acids as NMF. Despite a marked decrease of methionine and alanine, the reduction of
TEWL and epidermal levels of glutamate, serine and glycine of group F were less than of group S. Furthermore, in
contrast to similar levels of other free amino acids in plasma and epidermis of group S and group C, plasma and
epidermal levels of other free amino acids, specifically phenylalanine, isoleucine, cysteine and tyrosine in epidermis of
group F, were significantly higher than of group C. Together, our data demonstrate that dietary supplementation of
sericin is more effective at improving dry skin condition that paralleled with the normalization of free amino acids in
plasma and epidermis of NC/Nga mice. (Korean J Nutrition 39(6): 520 ~528, 2006)
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Table 1. Diet composition of experimental groups (g/kg)

2+ FEsh Aaawds AristA] 4 gddelg
10F:7F B34S NC/Nga mice {control AT CAT) U
BALB/c mice (control ¥ CH+ Z} Z ofEy IF
L
H

LN

ou oo g oae

27 2@ ZAUNZRT oItk CFF CAT-E JA| Ao]
A 5 23%° 4-s3te @HAE caseinZHE] F
stk v, ST P 22%9) 9iAL casein®E
BA] 1%+ ATHFNA sericin¥} fibroin 0.2 F¥ 7}z}
Fisit) 7F Am @Al ofu)ieAl 242 Table 29}
#om A Ho|FAE 71FLE 3o} C/CA 2ol &
& TFYE serined 11.27 g/kg 2o], glycine 3.91
g/kg 2lo] olglt}, SHlojell FFHE serine 14.31 g/
kg 2o, glycine 5.13 g/kg 4] ©]313, FAjo]e] oz}

9 serine> 12.48 g/kg 29], glycine2 8.35 g/kg
2Jo] o]gict.

4, HOjo| 2B (Trans Epidermal Water Loss: TEWL)
§7gl
EEL =% A3 Aol 5 FHE WSty AEAE
ARgEt) AolEE AAY F, 2222 £ 1C, FE 60 £
5%7F HAEE Aol fAIBITh Eale) F &A%

222 93 Tewameter TM210° (Courage + Khazaka
Electronic GmbH, Cologne, Germany)$ B34 5 ¥
o] W Fo] Wik FEste] A 2 UEhe
FAE 7]1E33Ak

Experimental groups'’

Ingredients
Control (C) (n=10) Control A (CA) (n=10) Sin=10) F(n=10
Cornstarch 372 372 372 372
Sucrose 200 200 200 200
Cellulose powder 50 50 50 50
Corn oll 100 100 100 100
Vitamin mixture” 10 10 10 10
Salt mixture” 35 35 35 35
L-cystine 3 3 3 3
Casein” 230 230 220 220
Sericin 0 0 10 0
Fibroin 0 0 0 10

1) Group C: BALB/c mice fed control diet, Group CA, S and F: NC/Nga mice fed control diet (group CA), S diet (group S) or F diet

(group F)

2} Vitamin Mix Composition: AIN - 93 Vitamin Mix # 310025 (Dyets Inc, Bethlehem, PA, USA): Niacin 3 g/kg, Calcium Pantothenate
1.6 g/kg, Pyrridoxine-HCI 0.06 g/kg, Thiamine HCI 0.6 g/kg, Riboflavin 0.6 g/kg, Folic Acid 0.2 g/kg, Biotin 0.2 g/kg. Vitamin E Acetate
(500 1U/g) 15 g/kg. Vitamine B, (0.1%) 2.5 g/kg, Vitamine A Paimitate (500,000 IU/g@) 0.8 g/kg, Vitamine Ds (400,000 IU/g) 0.25 g/kg.

Vitamine Ki/Dextrose Mix (10 mg/g) 7.5 g/kg. Sucrose 967.23 g/kg

3) Salt Mix Composition: AIN - 93 G salt mix #210025 (Dyets Inc, Bethlehem, PA, USA): Calcium Carbonate 357 g/kg, Potassium
Phosphate (monobasic) 196 g/kg, Potassium Citrate H,O 70.78 g/kg, Sodium Chioride 74 g/kg, Potassium Sulfate 46.6 g/kg, Magne-
sium Oxide 24 g/kg. Feric Citrate U.S.P 6.06 g/kg, Zinc Carbonate 1.65 g/kg, Manganous Carbonate 0.63 g/kg, Cupric Carbonate
0.3 g/kg. Potassium lodate 0.01 g/kg. Sodium Selenate 0.01025 g/kg, Ammonium Paramolydate 4H,O 0.00795 g/kg. Sodium Meta-
siicate 9H,0 1.45 g/kg. Chromium Potassium Sulfate 12H,0 0.275 g/kg. Lithium Chloride 0.0714 g/kg. Boric Acid 0.0815 g/kg, Sodium
Flouride 0.0635 g/kg. Nickel Carbonate 0.0318 g/kg. Ammonium Vanadate 0.066 g/kg. Sucrose finely powdered 221.026 g/kg

4) Casein (nitrogen X 6.25), 870 g/kg
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Table 2. Amino acid composition of casein and silk protein

. Silk protein
Amino acid Casein
Sericin Fibroin
EAA"
Arginine 3.5 2.8 0.5
Histidine 2.9 0.9 0.2
Isoleucine 52 1.4 0.7
Leucine 8.9 0.6 05
Lysine 7.6 10.2 0.3
Methionine 2.8 <0.05 0.1
Phenylalanine 4.8 0.4 0.6
Threonine 3.9 6.0 0.9
Tryptophan 1.2 0.0 02
Valine 6.4 2.6 2.2
NEAA"

Alanine 2.8 4.6 29.3
Aspartate 6.7 19.1 1.3
Cysteine 0.5 <0.05 0.2
Glutamate 20.2 41 1.0
Glycine 1.7 12.2 44.4
Proline 10.7 0.8 0.3
Serine 4.9 304 12.1
Tyrosine 53 3.8 52

Total (%) 100.0 100.0 100.0

1) EAA: Essential Amino Acid, NEAA: Non Essential Amino Acid
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Table 3. Weight gain, daily food intake and food efficiency ratio (FER) of BALB/c mice (C) and NC/Nga mice (CA) fed the control
diet, sericin supplemented (S) or fioroin supplemented diet (F) for 10 weeks”

Groups” C CA S F
Weight gain (g/week) 3.3 £ 0.43° 4.3 + 0.49° 45+ 071° 4,6 +0.73°
Food intake (g/week) 6.6 = 0.49° 8.7 + 0.48° 11.3 +£0.72° 9.2 = 0.50°
FERY 0.5 £ 0.04 0.5+ 0.04 0.4 + 0.04 0.5 + 0.41

1) Values are mean = standard error (n = 10). Different superscripts in the same row indicate significant differences (0 <0.05). .
2) Group C: BALB/c mice fed control diet, Group CA, S and F: NC/Nga mice fed control diet (group CA), S diet (group S) or F diet

(group P
3) Food Efficiency Ratio (FER)

=The gain of body weight (g)/ The amounts of food infake (@)
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Fig. 1. Trans epidermal water loss (TEWL) in BALB/c mice (C) and
NC/Nga mice fed the control diet (CA), sericin supplemented
(8) or fibroin supplemented diet (F). Values are mean + stand-
ard error (n = 10). Mean with different letters differ p <0.05.

2

, ST CZH fAFs1dth o) A4 @83 sericin
lo] B3o] o8t %y 17 &A% 744 &3 fibroin

18 felF ez ekt (p<0.05).
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oM 2] f2 ofm|At £4 A= Az C
& 710 E FEIF T2 opuwAMRE wid At
Table 4° Weh}Sich BALB/c miceZ 74€ Ci-l 7
£ Proline®] 7V &=9k31, 1 t20] alanine, glutamate,
glycine?] 2% 200 £mol/100 ml o]49) FL5 et
Uitk LeucineS AQ)gH 1 ©]28] opu|xAbe BF
71.8~183.2 £mol/100 ml F= HolA vlEg o, leu-
cine?] ¥+ 12.3 £0.98 ¢mol/100 mZ &3¢ &
7} 713 Wkt o) AnlE C57 BL/6Y Webster Swiss
albino 5] miced R R4 f ofrlAt ¥
Z #33) Rivera® 9} Stegnik™ 2] G+ A3} vwsld
g3 Ul 7 oAt FEvt 52 A4 vA OE A
o] glov} BE ofm|Ate] F57F 10~500 £mol/100
ml Heloln thE-EE 50~200 £mol/100 ml % HH
oA HFEE Aol Ux|3irt. NC/Nga miceZ 78%¥ CA
2 g7 U proline, glutamate, glycine, serine, lysine,
threonine, arginine, histidine, valined] FE& Col H]

[e)

o]
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x>

Table 4. Free aminc acid concentration in plasma of BALB/c mice (C) and NC/Nga mice (CA) fed the control diet, sericin

supplemented (8) or fibroin supplemented diet (F)"

AA Groups c CA s F
pmol/ 1060 ml

Proline 369.1 £ 58.11° 129.5 + 25.45° 311.6 + 81.00” 580.9 + 129.01°
Alanine 355.5 + 21,09 352.3 + 23.76™ 208.1 + 30.54° 403.6 + 27.67°
Glutamate 2935 = 11.78® 1540 = 21.29° 257.7 £ 28.99° 3419 + 20.71°
Glycine 217.1 £ 7.23> 179.7 £ 10.65° 226.0 + 16.87° 2759 £ 7.08°
Serine 1832+ 7.35® 1108 + 7.28° 177.8 + 18.90° 221.7 £1212°
Phenylalanine 1818 + 6.28° 158.5 + 12.15° 164.3 £17.13° 2300+ 7.01°
Isoleucine 175.6 = 4.19° 151.4 + 9.45° 63.1 + 34.70° 101.6 + 38,93
Lysine 1747 £ 5.15° 78.6 + 23.40° 166.2 + 11.78° 2009 + 5.39°
Threonine 162.1 + 14315 110.9 + 10.72° 134.3 + 18.40% 182.6 + 15.32°
Cysteine 150.5 = 74.14° 182.3 + 8.44° nd” nd”
Tyrosine 1255 + 5.19° 114.3 + 10.78° 109.8 + 13.53° 1664 + 8.09°
Arginine 1140 + 5648 59.9 + 14.52° 102.1 = 13.68° 1625 £ 11.15°
Aspartate 109.7 + 51.76° 190.9 + 152 249.3 + 26.13% 298.0 + 15.02°
Histidine 90.1 £ 20.47° 279 + 2.65° 128.0 £ 10.9¢° 1750 = 4.80°
Methionine 885+ 3.06° 632+ 9.26° 79.6 £ 10.50° 1289 + 4.52°
Valine 71.8 £ 0.90° nd?” 758 £ 5.80° 94.6 £ 4.89°
Leucine 123+ 098° 107 + 1.01° 162.9 + 27.98° 152.8 + 50.20°
Tryptophan nd” Ng? nd” nd”

1) Values are mean = standard error (n = 10). Different superscripts in the same row indicate significant differences (p <0.05).
2) nd, Not detected
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4, A3 ORI Sericind} fibroiny 410 $g°| EOM2 {2
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o)2+e) =%Z e threonine, arginine, tyrosine,

Table 5. Free amino acid concentration in epidermis of BALB/c mice (C) and NC/Nga mice (CA) fed the control diet. sericin

supplemented (S) or fibroin supplemented diet (F)"

Groups

AA C CA S F
pmol/ 100 ml

Glutamate 9222.4 + 2338.60° nd? 24397 +  97.6° 148.0 + 55.94°
Serine 4285.4 + 1353.42° 51050 + 56,75° 9726.6 *+ 1982.84° 260.9 + 41.87°
Lysine 519.1 £ 143.471° 341.5 £ 139.36° 390.1 £ 86.23° 3062 + 38.21°
Glycine 2452 + 82,09° 278.1 + 42.40° 7627 £ 264.12° nd”
Histidine 202.8 + 5872° 2992 + 39.72° 4442 + 157.37° 185.6 =+ 45.27°
Aspartate 181.3 £ 36.59° 231.8 = 60.08° 2190+ 34.12° nd”
Alanine 107.5 = 29.45° 288.5 + 53,13° nd” nd”
Threonine nd” nd® nd” nd”
Arginine 503 + 12.46° 61.1 = 26.11° 822.3 + 178.72° 109.2 = 5391°
Tyrosine 29.6 £ 9.08° 26+  506° 589 + 12.38° 6541.2 + 803.55°
Valine 10.1 = 8.45° 209 + 597° 1699 + 5553° nd”
Phenylalanine 50+ 1.99° 54+ 1.23° 109 = 3.11° 322.4 + 40.36°
Cysteine 22+ 108 nd? 31+ 210° 6209 + 94.30°
Proline nd” nd? nd? nd”
Methionine nd” 2069.8 + 274.42° 7930 + 361.63° nd”
Isoleucine nd” nd” nd” 2029 + 62.34
Leucine nd” na® nd” nd®
Tryptophan nd” nd® nd” nd”

1) Values are mean =+ standard error (n = 10). Different superscripts in the same row indicate significant differences (o <0.05).

2) nd, Not defected
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valine, phenylalanine, cysteine< 100 £mol/100 m] o]
o] FEE A5 EoA 9 tyrosine, valine,
phenylalanine, cysteine ¥5= 8% %9 1/4~1/68
0|4t} Proline, methionine, isoleucine, leucine,
tryptophan A8 EAE A ke o) A= serine}
glycineo] X3 HA| f2 op|ixAte] 40% o1& X3
11 )&= WPH methionine, phenylalanine, threonine, valine,
isoleucine, leucine, tyrosine, cysteine @ tryptophan©]
o olueAto 2 RoAs A% EATE B o
AP AT B3 YABIGITE FAHex 2] f-gf ofn
AR AR QY] JEg A3 A= {718 BAE &
At Qe v ZHelxe] {8 ofnAt ox]g)
AERTR= SRS AT AAREAREA L] N8
A S5 V)5S +AHH0E sk Hor dEHA 9
th2 7ol el 71 28 552 49 glutamate
& op|Aat AAEA APAR] 2K Bt JEgL )
71 it 2 ®Bthe y —glutamyl cyclotransferase®l]
o8 AR FAzRS) F2 T4 ARM] pyrrolidone car-
boxylic acid (PCA)Z thilge] B3] FE&A] 715
g} Bl ol ARl serine oA tialel #E
BloM glycine 0 & gD 2% ol 39 serine
# glycine?d 5 A9 1:1 1]&olglor} (Table 4),
3o 29 serine®] FEE glycineol B3 1730 o)
& E3Ed ol 7Y 3jRsl A7F TFelM #A3)
=2 serine®) 2 W1gk Tabachnick 279 B1$}
UR3H= AHZ, serined FRolA oz|de ogrr}
T T FAE A% ARREAAEA Y BEES 75S
AR FyETS onjsich

CAT-9 ®EFoME glutamate’} A& &R 42
HA methionine¥} alanined Col Hl#l folgo=w =
7}8FA serines HIEFH 1 0]9)9] ofuAle] FEE
CT RAIITE (Table 5). CF2) Zoolx 100 xmol/
100 mi e FE2 545U threonine®} cysteine
& CATS) BN 4R dsit. o] F3k= Fig.
1¢] Ads} §7 CAT B99 foHoz £ F8 &
AeF2 (threonine¥} cysteined] ZAE oj= AEE= HQ
d = glorh glutamate F%] FAFF 74 L methionine
3 alanine®) FE F7tl FE 71Q8(0EE AE)
Sodium lauryl sulfate (LAS) 2] =¥ & %3] 752
(Hyperkeratosis) ©] f 5% X3 o4& serine, glycine,
alanine®) FX7} §43] {hdhe AoE HuFo glo
? olgy] iy EE 7uldl CAZAME alanined)

Sy

Tt ooz Z71% vhE serine™ glycine %
CTH FAlste] B39 #5Aw oo Ax3 2 4
59 o8] FAE 7 olEy] FRFe] gddME
oo 2y P52 Aol TREEE 8 ofrxAke
I} e ROR AR

AR sericing o] T ST BIoME CA
ol 2R 9k glutamate S vIESI] B3 F
g oA serine® glycined*¥ EE7) oo
2 F7RIeH CATNA A A methionine ¥
alanine®] fe]&0 2 ZhAsAY YEREA] §Skh Arginine
% valine $59 F7H A8kl 1 99 opn]=4t (his-
tidine, isoleucine, leucine, lysine, phenylalanine, threonine,

Moo e

1o

aspartate, cysteine, proline, tyrosine) 8] 3 | 5=
Cr ¥ CAT#H ARSIt W A9 fibroing 4
o] FF3% FrolE glutamated) 7} A7) vju)gk =
0] T serine¢] CTFET GA3] ¥& FFO7 Fhast
Red glycine SR Wk} Frelxe CATlA
=7 24 ¥ methionine ¥ alanine©] YERA] ko)
oM vjFo g Exshs 222 ¢#7l phenylalanine,
isoleucine, cysteine, tyrosine®] F=7} C#ol & 60~
2808 o) A S Uik ¥ Fod Zolx=
G235 2 aspartate”}t WERA] sttt o) A=
fibroin 4437} o}Ex ¥R EE EY NC/Nga miced
3ol =74 £4¥ methionine ¥ alanined #A3] 7
2ARSAE ETSNY, 99 72 f8 obxAt (gl
tamate, serine, glycine)2l 7 9 tyrosines H|FE3H
E99] vl 2 oprjxate] §E Addo® F7MHIA
& AAgic) v A9 sericin®] 4#E NC/Nga
mice?d] EFoX glutamateE o= AT F7MAFLH ser-
ine¥} glycine =2 #A% F7}9} 8] methionine
7 alanine®) #2JFQl LS zHsl] FTFHOE 7Y
o] i SRS AYUET CTF AR FEoE
2AIAT o]9} 2L sericindF ol S¥t B ofn|Aite]
FAAQ WE7} sericing ohu]:AF Bl £4], sericin
g e At 2 oAb 3 T2 5PF e % B8
% o] AEE sericing serine oAb & ¥
Zoll g3 op|E RAE= FF9 A% AL ATl g3
gjetsjojo} st & AFeX AAIE sericing Ao] HH
¥ fibroing F7keHs B3 FESAF A4 2 A B
A2 715 she BY ] opn|iAke] FAgEAR! W)
= sericin®] IR B T At 17 715HE &A
22 M 7 e Attt



2 QoM olEy slidd 2& 229 NC/Nga mice
off A= Al sericin fibroing o] 3
8 R 9 dody) 299 {2 ofn)ieAr 24
Az BALB/c mice W o}Ed 3{A
¥ Ao A9E ookt v 2t
1) 1057e] A8 717F §<F NC/Nga miceol|] A= &
WA sericin@ fibroing o] F338 ST % F#el I
AT 571F L AoldHFE olEy 54 gz (CA
D F FA o)z} GidTh

2) CATY ®Y] % &AF2 AdiELdd Cel ¥l

ot

=9

|

o} Cel HJ3iA thih =& Whd, ST CH A8
STe] i &A% A gt Fel vjE) oS 53t
it

3) CAT9 &4 W proline, glutamate, glycine, serine,
lysine, threonine, arginine, histidine, valined] %+ C
| Bl @ttt ST Fre) @3 proline, glutamate,
glycine, serine, lysine, threonine, arginine, histidine,
valine, leucined] %7t £ B5F CAT vl8] =3k&
d), STl A= histidined leucine S AL)E o5 S of
u)xAbe] F57F CEH fARSE B Freld e dii-29]
olF frElotu|nAty] wErF BF Col vlE| dA3] &
St} B3 Fitols= 8% U methionine, phenylalanine,
aspartate?] ¥E% Crith vl & FrEths ST+
U #8) oulxAr f8o] CEu fAksHA WEkE Aok

4) BE AZT #ZHAMY FE obxAl FEE 7
# ofuxAte] Fert 4 Wl 124 239 8
2 2] TR w5 HAdA tekskAl S5
o & C¥ £99) glutamates} serine 5 Y &
2] 20~308 o<1 BFA £3]9] tyrosine, valine, cysteine,
phenylalanine F== 89 59 1/4~1/68 FEISE
ol o) EHoAY 78 ofn) AR x| e dgrct
T TERAE At AARFAREA L] NEAQ] 555
715& 802 Fshs AL onldith
5) CAT2 ZHelXE glutamate”t A3 £45= &
R¥H methionine?} alanines- C3ol H&f FoFo=
7V I serined W)FEFE 1 01819 olm|ike) TR
C# ARt STelMe= CATelAM ES45HA o

FA glutamate s B1E35}93 serine# glycine® %7} &

3% o ofN rle

[
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oJdog ZyhsIglon CATIM %A 5789 methionine
2l alanineo] F4 22 7kA%IITE FatollAE methionine
2 alanine®] WERIR] Eoou}, EFelA o EA)
3= Ao =® &2l phenylalanine, isoleucine, cysteine,
tyrosine?) 57} Coll vlall 60~2808) oV AAs] F
7¥etiet.

AzRoz Aahila sericin® 1053t 2lo] AF =
g 9 99 {8 ofnliate] A3 fibroin® Tt U&
Az A AR, TFA0RE 299 F
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