3t 9F 8+ 3] A (Korean J Nutr) 2012; 45(2): 113 ~ 120
DOI 10.4163/kjn.2012.45.2.113

A= chal A o] Alo] o] o}l vy 3o
NC/Nga Mice %3] 2] ~3 770
IikshE 3HeF W3t

ISSN 0367-6463 / E-ISSN 2005-7121

Dietary effect of silk protein on epidermal levels of free sphingoid bases
and phosphate metabolites in NC/Nga mice*

Kim, Youngae'" - Song, Eun-hwa'"

- Shin, Kyoungoh’ - Lee, Yongmoon’

- Cho, Yunhi"

'Department of Medical Nutrition, Graduate School of East-West Medical Science, Kyung Hee University,
Yongin 449-701, Korea
’College of Pharmacy, Chungbuk National University, Cheongju 361-763, Korea

ABSTRACT

In our previous studies, dietary supplements of silk protein, sericin, and fibroin, were beneficial for improving epider-
mal levels of ceramides, which are the major lipids for maintaining the epidermal barrier. In this study, we investigated the
dietary effects of silk protein on epidermal levels of free sphingoid bases and their phosphates such as C,; sphingosine (So),
C,s sphinganine (Sa), Cys sphingosine-1-phosphate (SIP), and C,; sphinganine-1-phosphate (SalP), which are either synthet-
ic substrate or degradative metabolites of ceramides. Forty-five male NC/Nga mice, an animal model of atopic dermatitis
(AD), were divided into three groups: group CA was an atopic control and fed a control diet, group S was fed a 1% sericin
diet, and group F was fed a 1% fibroin diet. Fifteen male BALB/c mice served as group C (control group) and were fed the
control diet. All mice were fed with diets and water ad libitum for 10 weeks. Sa in group CA was lower than that in group
C, but So in group CA was similar to that in group C. So and Sa were higher in groups S and F than those in group CA; So
level was even higher than that in group C, and Sa level was similar to that of group C. The So/Sa ratio in group CA,
which is reported to increase in AD, was significantly higher than that of group C. The So/Sa ratio was lower in groups S
and F than that in group CA, and decreased further in group F. However, SIP and SalP in groups S and F were similar to
those in group CA. Taken together, we demonstrated that silk protein, sericin and fibroin dietary supplements, increased

So and Sa levels, and decreased the So/Sa ratio. (Korean J Nutr 2012; 45(2): 113 ~

120)
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Table 1. Composition of experimental diets (g/kg dry diet)
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) Group"”
Ingredient

C CA S F
Casein” 230 230 220 220
Sericin - 10 -
Fibroin - - - 10
L-cystine 3 3 3 3
Corn oil 100 100 100 100
Cellulose 50 50 50 50
Vitamin mix” 10 10 10 10
Mineral mix” 35 35 35 35
Sucrose 200 200 200 200
Corn starch 372 372 372 372

1) Group C: BALB/c mice were fed with a control diet as normal control; group CA, S and F: NC/Nga mice were fed with a control
diet as atopic control (group CA) or diets containing 1% sericin extract (group S) or 1% fibroin extract (group F)  2) Casein (nitrogen
% 6.25), 870 g/kg 3) mix #310025(Dytes Inc, Bethlehem, PA, USA): Niacin 3 g/kg. Calcium pantothenate 1.6 g/kg, Pyridoxine 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 IU/g) 15 g/kg, Vi-
tamin By, (0.1%) 2.5 g/kg. Vitamin A Palmitate (500,000 U/g) 0.8 g/kg, VitaminD;, (400,000 IU/g) 0.25 g/kg, Vitamin K1/DextroseMix (10
mg/g) 7.5 g/kg and Sucrose 967.23 g/kg  4) Salt mix composition: AIN-93 salt mix #210025 (Dytes Inc, Bethlehem, PA, USA): Calci-
um Carbonate 357 g/kg, Potassium Phosphate (monobasic) 196 g/kg, Potassium Citrate H,O 70.78 g/kg, Sodium Chloride 74 g/
kg, Potassium Sulfate 46.6 g/kg, Magnesium Oxide 24 g/kg, Ferric 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 Par-
amolybdate 4H,0 0.00795 g/kg, Sodium Metasilicate 9H,O 1.45 g/kg, Chromium Potassium Sulfate12H,0 0.275 g/kg, Lithium Chlo-
ride 0.0714 g/kg, Boricacid 0.0815 g/kg, Sodium Fluoride 0.0635 g/kg, Nickel Carbonate 0.0318 g/kg, Ammonium Vanadate 0.066

g/kg, and Finely powdered sucrose221.026 g/kg
FA7|17E Ao AolEFo 2 o] [{gain of body weight
(g)/week}/{amount of food intake (g)/week}] AF=3}iT]
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HPLCE ]850 A5ttt HPLC 42 Jasco (Tokyo,
Japan) Model PU-980 pump, AS-1559 autosampler system,
Waters Sunfire™ Cjs column (Reverse—phase, 5 uM; 4.6 mm
id. X 150 mm)< ©]-83Fch Mobile phase= methanol: de-
ionized distilled water (92 : 8, v/v) &}slo] AL-&-3}aL,
flow rate= 1 mL/min® 243}t OPA derivatives<
Jasco FP-920 spectrofluorometer< ©]-83}¢] excitation
wavelength of 340 nm3} emission wavelength of 455 nmoi|
A 2A5F9tE” sphingoid bases BEs THF3E %1 9
external standardsE ©|-8-3}¢] calibration curves® A=s}
9tk %3t sphingoid base-1-phosphates %%+ internal
standard®] C, SIP peak areas ©]835to] 243519t =4
% sphingoid base ¥ {141} ARA ] s &E+= nmol sphin-
goid bases/ug protein® LWEFJATE

24

A% Anko] zlm= SPSS statistical procedures for Win-
dows (SPSS version 18.0, SPSS Inc. Chicago, 1L, USA)< ©]
&5t} BA Aotk At 7F o Bt R A=
YERNSIAL ZF A7) H]ili= one way ANOVAR 243
% Duncan’s multiple range tests® p < 0.05 =&ollA] HZ

SHAT.

Mz

il

M5, Mol dFF, FER Bt 5%

A FES B As S7HE 9 4]o] AdF 2 Table 20
ARBIALE Al 57 S w1k 24 2feol7} §191om BALB/
cE E CEe) Alo] AFH=F2 NC/Nga mice= 3% CA,
S, Fatoll vlal] §-o8 0 & wropet 28 Cot& 233t e
Age] o] a& (HFS7HEF (/40133 (91 #2
2 2o 7} ¢loiet.

o Alo] Fg°| EI|9| sphingoid base
5O OAl= 25
C, CA, S, F&+ #1)¢] So7} Sa %= Fig. lof| A|A|5}3ic)

CAZ2] So s Col 3 mlHoM 1 g
St} Fi29] So s CAZO] WlshA] 9210 2 A et
wow] ks FARHICh STt Farel So st fAksH
ek CA2] Sa 5t Ctol ulshH] B3] stoton], Pl
Sa i CRI RABIYOL SO SasEs FE 2ol
3 w)ck

A3 Huol Alo] 3g°| HI9| So/Sa ratio®ll DAl 21

CAT9] So/Sa ratio> Catol| BIsiA] AA|3] =okom, o=
CAT-] AAIRE Saste 7ol 7191 2o &2 upolsr) S3t 9l
F£2] So/Sa ratio= =% CAT: Ho} Woksd)|, Si& C#H
o} 2 Wh Fo-2 So/Sa ratio®] C+t F-AFSHALE

A3 GEAol Ajo] Fg°| EIC| Sphingoid
base-1-phosphates &3l O/Al= 2nt

Cit©] SIP Y SalPe| gte= ThE o HIsliA] #A 3] =9
o, CAZE B S 9 FRoAY o]5 HEk Ak
it

o fr
g
i)
ol
R
i)

=l

At
=

AR Aol Al A=l o) Ao] o] NC/Nga mice 3
79 Cers& S7MIFH LM, & Apol|a] AAchiizo] o]
0] Cers?] 7]+ =421 free sphingoid bases2} 14k} of
AAIEE] S §iste] mA]= FRks AW ESITL 1% L
sericin ¥ fibroing 105731 4lo] 553k 23 BALB/c mice
(group C)+= NC/Nga mice (group CA, S and F)Xt} 4lo] 4
FHeF2 Aot Alg wstes w1t Zfol7t §i%le™ FERE
7k f2)/do] ISt (Table 2).

Sphingoid bases®| 7% 3 3] A FA|of gt T
2 Z A5 Q3 BaEar glot ofEy] ulRedzt
HAste] AojadF o) thgh WM} B 1= AFeE AXolct 2 A
3 A= 339 sphingoid bases+= NC/Nga mice2] AD-
like lesions®] 73} Ae/do] = o2 Hebydth g/l
Zt} B wskelS o) ofE T 2l CAT] Sases TA
3] 743t (Fig. 1. ¥15 Sa =2t ADS] 2134491 A¥Hd

il
o]
™

Table 2. Weight gain, food intake and FER of groups for 10 weeks

Group"
C CA S F
Weight gain (g/week) 0.37 = 0.052° 0.47 + 0.08° 0.51 +0.11° 0.51 +0.13°
Food intake (g/week) 19.26 +0.41° 32.10+1.13° 30.49 + 0.30° 30.25 + 0.59°
FER” 0.020 + 0.003° 0.014 + 0.002° 0.017 +0.003° 0.017 + 0.004°

1) Group C: BALB/c mice were fed with a control diet: group CA, S and F: NC/Nga mice were fed with a control diet (group CA)
or diets containing 1% sericin extract (group S) or 1% fibroin extract (group F) for 10 weeks 2) Values are expressed as means +
SEM (n = 10). Means with different alphabetical letters in the same row are significantly different according to duncan’s multiple
range test at p < 0.05 3) FER: Food Efficiency Ratio = gain of body weight (g)/amount of food intake (g)
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Fig. 1. Levels of C,; Sphingoid bases in the epidermis of mice. C: BALB/c mice were fed with a control diet, group CA, S and F: NC/
Nga mice were fed with a control diet (group CA) or diets containing 1% sericin extract (group S) or 1% fibroin extract (group F) for
10 weeks. Sphingoid bases were exfracted from epidermal homogenates of each groups and analyzed using HPLC. Values are
presented as Means + SEM (n = 10). Means with different alphabetical letters are significantly different according to duncan’s mul-

fiple comparison at p < 0.05.
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Fig. 2. Ratio of CsSo/Sa in the epidermis of mice. Group C: BALB/
c mice were fed with a control diet, group CA, S and F: NC/Nga
mice were fed with a control diet (group CA) or diets containing
1% sericin extract (group S) or 1% fibroin extract (group F) for 10
weeks. Values are presented as Means + SEM (n = 10). Means
with different alphabetical letters are significantly different ac-
cording to duncan’s multiple range test at p < 0.05.
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Fig. 3. Levels of C,; Sphingoidbase-1-phosphates in the epidermis of mice. Group C: BALB/c mice were fed with a confrol diet,
group CA. S and F: NC/Nga mice were fed with a control diet (group CA) or diets containing 1% sericin extract (group S) or 1% fi-
broin extract (group F) for 10 weeks. Sphingoid base-1-phosphates of epidermal homogenates were first dephosphorylated by alka-
line phosphatase at 37°c then separated sphingoid bases were extracted and analyzed using HPLC. Values are presented as
means + SEM (n = 10). Means with different alphabetical letters are significantly different according to duncan’s multiple range

test at p <0.05.
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