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The principal objective of this study was to investigate the effects of silkworm sericin extract supple-
mentation on the improvement of lipid compositions, blood glucose levels and enzyme activities in
the serum of dyslipidemic rats. The rats were fed the experimental diet for 5 weeks. Concentrations
of total cholesterol, atherosclerotic index, LDL-cholesterol, triglyceride (TG), phospholipid (PL), free
cholesterol, cholesteryl ester ratio and blood glucose in serum were higher in the dyslipidemic group
(group HCW) and cholesterol-plus-silkworm sericin extract intake group (group HCS) than those in
the control group (group BW, basal diet-plus-water). However, the concentrations of total cholesterol,
atherosclerotic index, LDL-cholesterol, TG, PL, free cholesterol, cholesteryl ester ratio and blood glu-
cose level in serum were lower in group HCS than those in group HCW. On the other hand, the
HDL-cholesterol level and the ratio of HDL-cholesterol to total cholesterol in group HCS were high-
er than in group HCW. The activities of alkaline phosphatase (ALP) and aminotransferase (AST &
ALT) in serum were lower in group HCS than in the dyslipidemic group HCW. From the above re-
sults, it was suggested that silkworm sericin extract intake was effective in the prevention and im-
provement of lipid components, blood glucose level and enzyme activities in the sera of dyslipi-

demic rats.

Key words : Dyslipidemia, silkworm sericin, lipid level, blood glucose, enzyme activity

=
rhu

—=

T LA LEX
wjo} glom, 7
2 T4 20~3
o 2A 9R9 A=o
dHA UTH20]. Algals —_r“
/2 serine, aspartic acid”} O]
gakel 9 tyrosinase B4 A3
AA 5tz AAA] A ulx]g}
U%[1], @%ﬂ?ﬂ 17*[ ] AAL H2[22,24], F

=

=
Y,

=,
o e

=L
d

(fibroin

>l

¢
W B
o Jo
O l-n"]

o (m
N1

SE

2

R Mo
[e]

u: mlm =
N

e,

PE“Ersl

folr py JE
(2
2,

of
-
rir

% W

of
-

lo i ob

U O 1 O [

fu &
PRURC A

Hﬂ
&
m
Lo
o

].

oL
of
f
N a4
rr
I
ko
o
=
I
w

>
QL
fd
[~ M 32

&

o
He
o

%
"
£l
[>
i)
Lo o

=
ot
2o
[~

{mt

K

il

IS
Sl
»oR e

so If

rir

lo = oz
o%

o
o2,
fol
=
S
OEL
U?~
N,
OFO
"
B
o[rl
a
o2
ol
b‘l
olr
o
— 0!
fitl

*Corresponding author
Tel : +82-55-350-5351, Fax : +82-55-350-5359
E-mail : kimhs777@pusan.ac.kr

FAMUE HIRT WA FE26] SOl AHHL ATt AlE
Al ook 22 AA W AL A ARE 2HE 7
S A ARG ohE, AES 2L VIS oA Y
A Az 4848 £ de A JECE #8T Aol
I kB ] olell, # AT FolRFH ax Hdte F
23 ARAlo] o] 3AAET fE HolE HHT 8H A
ofr &3 AT o3 B 89 2 Y5 o) T
AN SolA o= AL S8 AU R AR A 534S
Hlal AEsh] fstel A¥E FPss
WER

Hi2lalof ®l=

Aelalel %%% Lee 5[21]9] W= ofF 48t 24
skt AR Azl 3ou) F 7] &< 37hsha 110°C]

A A7 7}‘56& T oste] LS AAS L AFAS A
o} o] ool Sld Fa) g2 Flavourzyme 500 MG
(Novo Nordisk, batch No: HP2 02013, Denmark) 5201~
1% (w/v)E A7kt 50~55°Coll A 6~12417F 5t &3] A
A7 o AFtete] Al s AT AFEE B4
B843E 9lste] A4l 84S 110°CY Lol A 05~14]
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#3}F3l B-mercaptoethanol 0. 3t
1,0008] o) 7Fslal A4 7fAE R

ZFo]
7 T, 110°C sand bath 7ol A 2441 7F _);r,;rsu 3 2
A33ste] ZARE 0.2 N sodium citrate buffer (pH 2.2)24

50 mlZ 83}, ofr =4t 2574 7] (Hitachi model 835,
Japan)Z A8t A . Tryptophan< Hugli®t Moore®] 4
(Bl eete] e} ThrRH o2 3 AIA 550 nmol| A
A4 A #ek it

xi2 BE 24
A Y (polyethylene glycol kit, type PEG-10; Sigma, St.
Louis, USA) ¥ AlZg A3 A2l AR 001 g& B33t
ZHFDOW), HHEYEZACN) ¥ EZEFezxA
(TFA)9] &3 &) (DW:ACN:TFA=55:45:0.1, v/v/v)°ll &3}
AA ALoA s BAT &
(Sigma, St. Louis, USA)Z o 7}-3¢
AHESEATE EEAI RS HPLCY T4t Aeds 4%
5, AA ol tate] TSK Gel G2500PWy, column (® 7.8x300
mm, TOSOH CO.)& AH&3}o] size exclusion chromatog-
raphy (SEC) Wil wte} HA e Ex8 £X& GPC pro-
gram Water 510 (Waters Co., Ltd, Boston, Massachusetts,
USA)E o83l #4383t

BRI

, 0.45 ym membrane filter
AL EF 9 AYsdox

LASE

Bt AFo] 6045 gl 45% H Sprague DawleyAl 57
317(F5 247 DAE HAN BIOLINK Co., LTD, Korea)%
TY3tA, 5% S5 (ANE 8 (F), pure refined corn salad
oil, Korea) & 3Hrste 7124 0)2 9U7t o HIANS 3t 23

A7l & @39 (Randomized Complete Block Design)oll <3l
A 6vFe] 4 33 S 2 metabolic cage (JD-C-71, AEATY, )
o] o] 553 A9 ARSEtglth A e 20£1°C,
FEE 50:10%2 FAAZAL, L 124]7407:00~19:00)
F712 ¥ A

? gl o4

Y45 35 Y38 S 2HE 075% 1 sodium cholate 0.25%
£ g3 HolE Foste APAEAZ ATl & AT

(HCW) 3 HCS# 2 S 2~HE Fo7tel A3 Al 10%
on, A9 A 77 Tk B2 ARl 44

A

=

ATh(Table 1). A A 557319 HF Yol 7AIKF T2 A|
% oﬂEﬂE nk3 st AAAEH R APsiglon,
o 3

fu 24 oo o PY

TEv F ZH2HE S48 kit
A €k (Cholestezyme-V, Eiken, Tokyo, Japan), HDL-Z & 2= €|
& ¥t HDL-ZH2HE 348 kit A9F(HDLC-555,
Eiken, Tokyo, Japan), @4 LDLY &%+ LDL 44§ kit
A ¢F(B-lipoprotein C-Test, Wako, Osaka, Japan)2.2 &% 3}
Qow, LDL-2E 282 $EE LDLE 50 0358 F8 3o
Z 3. 8% $9 AR v AR ﬁzé%
kit Al 2K(Triglyzyme-V, Eiken, Tokyo, Japan)2.2 37 3}% 2

m, A v AAA SAE kit A%F(PLzyme, Eiken,
Tokyo, Japan) 0.2 ZAstAtt. fre] SH2HE v £
FY2HE 4L kit A % (Free-cholestezyme-V555, Eiken,
Tokyo, Japan) 2.2 ZA33on, FH2HE J2HE &
= F ZY2HE TR fE ZH2HE T25 W
FOE FASAY 3, 99 s 9 S48 kit AoF
(GLzyme, Eiken, Tokyo, Japan)o.2 =743ttt &, ¥4
002 mloll &4 AlY 30 mlE 7}8ke 37°Col| A 15827t 7}-2-3
%, 500 nmol A FF=S S5t HFatoint

Jl

3

% % alkaline phosphatase (ALP, EC 3.1.3.1) &4& &

A8

JI)|-

mﬁt‘ FOII

Table 1. Experimental groups and composition of experimental

diet (%)

Ingredient Basal ~ Cholesterol ~ Experimental
diet diet diet
Casein 20.0 20.0 20.0
DL-methionine 0.3 0.3 0.3
Corn starch 15.0 15.0 15.0
Sucrose 50.0 49.0 39.0
Cellulose powder 5.0 5.0 5.0
Mineral mixture’ 35 35 35
Vitamin mixture’ 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2

Corn oil 5.0 - -

Lard - 5.0 5.0
Cholesterol - 0.75 0.75
Sodium cholate - 0.25 0.25
Silkworm sericin - - 10.0

Group BW: Basal diet+Water, HCW: High Cholesterol di-
et+Water, HCS: High Cholesterol diet+Silkworm sericin
10%+Water.

"According to AIN-76™ purified diet composition.



% ALPZA & kit A ¢H(NEW-K-PHOS, Eiken, Tokyo, Japan)
S AHEStY SAEE e, 84 1 ml T unit2 EA ST
Aminotransferase®] 242 Reitman¥} Frankel®] ®[32]0]
T3 ZAE kit A1%F(ZA transaminase 7 A2, Fiken,
Tokyo, Japan)& AM&3ted ¥4 F aspartate amino-
transferase (AST, EC 2.6.1.1) 2 alanine aminotransferase
(ALT, EC 2612) 843 S48t @9= 24 1ml 7
unitZ XA SH

SAH A2

4 23] $A Age A¥T 7 WA xEAAE
AR 39 Aol One-way analysis of variance
(ANOVA, ver. 12.0) ¥4 % ¢=0.05 F 1A Duncan’s mul-
tiple range teste]l st} zt APL 1] FAAE AS3IG

7]%‘3 é],j ’ﬂizﬁ ToF &§st7] st G Fa
B4R 714 Agsle 2 A A1gd Al ofui it
7“44 A TET Table 2} 30 e AT &4 2

, 78 opv] =22 serine 30.06%, aspartic acid 18.40% %

Table 2. Amino acid compositions of silkworm sericin with
used experimental diet (g/100 g)

Silkworm sericin

Amino acids (AA)

Composition % to total AA
Arginine 4.70 4.80
Lysine 3.42 3.49
Histidine 1.62 1.65
Phenylalanine 0.57 0.58
Tyrosine 4.80 491
Leucine 1.28 1.31
Isoleucine 0.83 0.85
Methionine 0.11 0.11
Valine 3.14 3.21
Alanine 3.57 3.65
Glycine 9.72 9.94
Proline 0.67 0.68
Glutamic acid 6.61 6.76
Serine 29.40 30.06
Threonine 8.42 8.61
Aspartic acid 18.00 18.40
Tryptophan 0.49 0.50
Cystine 0.47 0.48
Total AA (TAA) 97.82 99.99
EAA 19.88
EAA/TAA (%) 20.32

“Essential amino acid; valine, leucine, isoleucine, threonine, me-
thionine, lysine, phenylalanine, histidine, tryptophan.
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Table 3. Molecular weight distribution of silkworm sericin with
used experimental diet

Range of molecular weight Distribution ratio (%)

more than 10,000 4.0

4,500~10,000 20.0

1,000 ~4,500 40.3

less than 1,000 35.6

Average molecular weight 2,685
glycineo] 9.94% 2 tfF--& A get ol= A AlgAal
de Ad, ofxa g 2 24l b it o2
oblate] REE &% EABTGE RIPS L ANE

ey,

Agale Ay BEXE A5 et 2l 2EF
Alg &4 F2rtET | 1 AT £F A7 A
AS BA% A3, 22t 10,000 o]4to] 4.0%, B 4500~
10,0007+A] 20.0%, E-A+% 1,000~4,5007+A] 40.3% 2 £z}
1,000 °]3t= 35.6%2 FEXE YERoH, B EAE
2,685% UENETE ol XS 120°Col M A g A17ke gest
1 st T2 AR & A2 Al ZHY 2 g
A Alzte] AFE ARASEO B A 3,744~
9417 = EAFo] 5000 o]3te] AE0] Bol HUW o
59 715 AQeE &8 Jhes Ha11,15] 53 frARS
232 A,

[ex

¢

075% J%‘Jﬁ =
HCWT 3} o] A48 %

s A

H
< gt A2 AP 10%E A7
3 HCSZol oA 572 48 83 879 AF 2713
9 o] AAF, Ao] E&E Table 4} 2T} A5 Z7lFe
ol

BW9] 1385 goll HI&| o] 4AEES FEa el HCW
1521 go2 Eokom A4l 10%E H7he H(HCST)Ol
1506 g2 YERTE HCW % HCS#9] AlF S7he o4
ANAEZ Gt o] AF o 2 dAoz HztEn, &

Table 4. Body weight gain, food intake and FER of experimental

rats
Group’ Body' weight Food intake FER”
gain (g) (®)
BW 138.5+14.2"" 456.016.7° 0.30
HCW 152.1+15.4° 464.817.2° 0.33
HCS 150.6+12.8° 462.5+16.8" 0.33

‘See the legend of Table 1.

"FER: food efficiency ratio.

“The data are presented as means+SD of 6 independent rats.
Means with different letters are significantly different at a
=0.05 by Duncan’s multiple range test.
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A<l wgle HEY 4 STk Aol AFAF 2 o] agd
BWito] Hlate] HCW# HCSTo] okt Hgtou), B A3
AXe 7 7ol foHQ WHate Holx] ko) ol B
o ANFS STVMALFE FFY AF Sl TaEHe
B2 Fol Bo] neHAZ A A< *5} %4, N
AHEEE A ARFo] &) gjFolghs Bk ril6].
B Ay Ay AgF Y A5 o BT A Toﬂ-lJ] 7k
=S gl wet 7t Aoy Fo§ ApolE HolA
gkokths B89 Hlsd AgS B

% EYAHE, HDL-SYAHE sE ¥ SYULHA+

o AFYE FE 5L Table 59} 2t} & Fd2H|
|22 oluk Fold BW9] 84.6 mg/dloll Hl&t4
A JetAT, SY2HE2 fFEE o]dA
(HCW)9] 1338 mg/dlel] vla] A= A<
°] 101.0 mg/dIZ frJ&H o2 asith E
12 555 HCWT(20.4 mg/dl)ol Bl A
# HCSTo] 226 mg/dIE F712 3ttt
oﬂ g HDL-Z2H 28 & % H<= HCWT
(15.2%) 5. 1 329 HCS(21.4%)o1 A E-&
UrE}LHM 33t A1 = HCW 9] 5,69 8t HCS
(3.7)0] SA vebgtoy, tizael BW(25)9] FFole vl
AA ety 2 EE Aol ok AR AL el ol
et F 29262 FEE 74812, HDL-2H 2H 2 55
= Astd e Aoz ¢HA AH[1429]. 7ol F& £ F
ol 9%t B4 9 F FH2HE Wske 5% ArbdA A
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Table 5. Effects of silkworm sericin on serum lipid level and

blood glucose in experimental rats (mg/dl)
Lipid levels BW  HCW HCS
Total cholesterol (A) 84632 133.8+4.2° 101.0£3.1°
HDL-cholesterol (B) ~ 23.8+1.2° 204%0.8" 22.6:2.0™
(B)/(A)*100 (%) 28.1 15.2 214
Al 25 5.6 37
LDL-cholesterol 43.6+2.8" 81.7+2.0° 68.0+2.0°

Low density lipoprotein 124.6+8.0° 233.4+5.7° 194.3+5.7°
Triglyceride 75.4:22° 117.7421°  92.125°
Phospholipid 98.9+1.7* 131.1+2.0° 120.8+1.9°

Free cholesterol 1721.0° 275+1.0° 247:0.9°
Cholesteryl ester 67.4+2.2* 106.343.2°  76.3+2.2°
Cholesteryl ester ratio (%) 79.7 79.4 75.5
Blood glucose 118.6£5.2" 167.3+3.1° 151.2+4.0°
‘See the legend of Table 1.
" Atherosclerotic index; (Total Chol. - HDL-Chol.)/HDL-Chol.
“Cholesteryl ester/Total cholesterolx100.
""The data are presented as means*SD of 6 independent rats.

Means with different letters are significantly different at a

=0.05 by Duncan’s multiple range test.

HDL-Zd 28 & o] Fof8oz Frlshe 516 2
)\Eﬂi ZA8 715L Ay Yol 2 991A sterole] &4
& A gozA dojdrar Soi3l]. webr 2 A3 23,
01 FAAEF A tig A3 APl Fo=Z Qg 4
% SY2EHE $5Y A¢l HDL-Z2H2HE 59 35 2
& &

W5 At 5oz o] ol AL} A
A

Low Density Lipoprotein (LDL) ¥ LDL-ZAHEZE

Y =
o=

84 9 LDL vE& ZdH2HE HIALHCWT)Y
2334 m g/dl B} Algal %%fﬂlv?ﬂ HCS(194.3 mg/dl)oﬂ/ﬂ
FH A4S Hioy, hxFY 1246 mg/dlY] F ]
v 2] 4] %’S}ﬁt}. LDL-Z8 28 &2 Fe 2889 79 &
Hhgo g Fulwoly Txzd Fy 2SS 2l Z"M
Aozn THAEE A7 AR Eud b glo
33]. o], 2= FEte] 4747 A€ LDL-Z¥ 28 &

5 k|

1l ==

(HCWZ, HCSZ)ol QlolM ti 7o wls) f9802 =
A yebgoy, o] AgE ik A3 F9l HCWtol B3}
of Al gt HCSTS 557t Has e B8 B3

e
o -

th o9} 2 Ade ol FE2E R FollaA 4

2 QAN B9 AL 59 FF WG HAE 2
2 YeidtHe36]. 84 444 wx9] Aste

A AEAsE Fetol= HAHAZ 33 AW Y lipoprotein li-
pase®l 9|3 chylomicron 2 VLDLY| #3]o] st Aoz A
2R

72l SUAHE L SYAHE HAHZ H

Z 4 frel 2 Ié 1iﬂr FH2HE d2HEE o4
o}@l AE 2l OﬂliLOJ HCST
Al A F 79 HCS ol A % «l t”ﬂ UrEM q =
#l 2HE HE 1FY l*ﬂ]iﬁz 2 0 gEY
o gsEha go13].

gy sk

A3 MY o dAAE S dFd tig T sTve AlY
A AdFHTo] FAEAEH, ole AAlY o2 s 9
Fo] Astd Aoz Bl o]t Y wx9| Asle 7
o F NJ)o| a-glucosidase 3 a-man-

9] deoxynojirimycin (D
nosidase, B-galactosidase 59 84S HAAH 02 A3 s}
s 2Hd0a 2. &
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Fig. 1. Effects of silkworm sericin on alkaline phosphatase (ALP)
activity in experimental rats. See the legend of Table 1.
“The data are presented as means*SD of 6 independent
rats. Means with different letters are significantly differ-
ent at a=0.05 by Duncan’s multiple range test.

ol otH, 4G A
&) g gaol

o 440l 3719

AFeNA WY 5 Hrlste] F43)
& vAA gokor, A% a-amylase
2 UEPTH18,19]. 3 4o A B
APEDS H7Este] HHAANAHES o
ZAel ofste] ddo] A=
I Baso] §Ith7,12,25,27]. wekA B AF A vepd
A A3t G3= ol ol A3 Agae Aol o s g3
=] A

A
%
Ao
3 Z4t

o
Aedd=d 9 AY 4ol

Alkaline phosphatase (ALP)Q| &A

g4 ALPS &4 W3te Fig 13 2o, hzT3 BWT
(18.8 unit/mi)ell HI&) o} AAT M o4 A A Y
Ehtol}, o)A A8ZE A379 HCWE(294 unit/ml)ol
sk A2 AL A A7) HCST(25.0 unit/ml)o A 527
A AAE A o) dAEESY S 2 2 2oy &
#el #3) Foll 9siAl ALPY 0] F7tE e Ao U
A om13], 7ol FE2ES AATLZN ALP EA4o] &
41% A=Ak o8],

Aminotransferase (AST & ALT)2| &M

o ALY T A%ﬂoﬂ gk A3 A go9 84 F
AST % ALT 24 Fig. 29} 2t} AST 84> HCW (814
unit/ml)o] W ZT(64.5 unit/ml)ol Bt frejHoz F7t
FHoy, Alga AFHHCSE, 77.0 unit/ml)Z 3] A =
£ Ao Yehyith €3 ALT 34 27214 unit/ml)o]
Hl3ke] HCW(29.5 unit/ml)# HCSw(26.9 unit/ml)ell A &
Zhg oy, Aga FoE HCST a4 S4o] dAE e
Ao 2 Yehgth AST 2 ALT 842 7F AAA L9 Fo 2
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Fig. 2. Effects of silkworm sericin on aspartate and alanine ami-
notransferase (AST, ALT) activity in experimental rats.
‘See the legend of Table 1. “The data are presented as
means*SD of 6 independent rats. Means with different
letters are significantly different at a=0.05 by Duncan’s
multiple range test.
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