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Effects of Silk Fibroin on Oxidative Stress and Membrane Fluidity
in Brain of SD Rats

J inrHo Choi*, Dae-lk Kim, Soo-Hyun Park, Jung-Min Kim, Jong-Soo Lee,
Kwang Gill Lee’. Joo Hong Yeo' and Yong Woo Lee'
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"Dept. of Sericulture & Ertomology, National Institure of Agricutural Science & Technology,
RDA, Stwon 441-100, Korea

Abstract

This study was designed to investigate the effects of silk fibroin powder (SI'P : Mw 500) on oxidative siress and
membrane fluidity in brain membranes of rats. Sprague-Dawley (SD) male rats (16010 g) were fed basic diet (control
group), and experimental diets (SFP-2.5 and SFP-5.0 groups) added 2.5 and 5.0 g/kg BW/day for 6 weeks. Cholesterol
level was significantly decreased aboul 8.0% in brain microsomes of SFP-3.0 group only compared with control group.
Membrane fluidities were sigmificantly increased (12.9% and 15.2%, respectively) in brain microsomes of SFP-2.5 and
SFP-5.0 groups, but significant difference between in brain mitochondria of these two groups could be not obtained. Basal
oxygen radicals (BOR) in brain mitochondria and microsomes were significantly inhibited (104% and 24.0%, 7.9% and
14.9%, respectively) by SFP-2.5 and SFP-5.0 groups compared with control group. Induced oxygen radicals (IOR) in brain
mitochondria and microsomes were significantly mhibited (11.8% and 14.1%, respectively) by SFP-5.0 groups compared
with control group compared with control group.

Lipid peroxide (LPO) levels were dose-dependently decreased (12.9% and 21.9%, 132% and 21.5%, respectively) in
brain mitochendria and microsomes of SIP-2.3 and SFP-5.0 groups compared with control group, Oxidized protein (OP)
levels were significantly decreased {15.7% and 17.1%, 16.7% and 15.7%, respectively) in brain mitochondria and micro-
somes of SFP-2.5 and SFP-5.0 groups compared with control group. These results suggest that admimnstration of SFP may
play an effective role in a attenuating a oxidative stress and increasing a membrane fluidity in brain membranes.

Key Words — Silk fibroin, Lipid peroxide (LPO), Oxidized protein (OP), Basal and induced oxygen radical (BOR,
TOR), Membrane fluidity, Oxidalive stress
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Bkl ool 79 Sprague Dawley?) A= (male,

16010 992 T9std B tiE SEARAd AN 25350l
UALEE THE, TRIEE 3F0E o] HEE 7|BALE

W AP EA
E5%94 A1 FF 42 Trag

(control group)E S k-t R Y

w3 (silk fibrein powder

s12 / A wsks )

F5 o3

[,

e

Mw 500) 242 SDA| #E 55 25 3 50 g/kg BW=R
Algdl #Hrlslel ZAG H4EE AREIP25 2 SFP5.0
groups)2H# 657 BT g, HxHg) 4514 2=y
2 B AET fEAd HAe 42 HHEge dde 3
Fletglch SEAG AL 8led (22427, 6512% RH)5}

of 4] 12417t o] Z(06:00~18:00) % E ko] 25 A

THAR? =
B 2o AR Alg RS AR08 22 Ul R

G g8 57.8% {a-cormn starch: 44.5% +sucrose 13.3%), @
A 16.0% (sodium-free casein), A2 180% (lard 18.0%),
Hl e o B 7] 28 (AIN-76 mixture) ZFzh 1.0%, 3.5%, 28
T A8 30% DL-methionine 0.3%, choline chloride
02%E #H7jalgen, o7 cholesterol 0.5% B sodium
chloride 02%& #Hrlgte] nEYAEEHES HFo39
o AYIEY ARERAL YT AHEQEPRE 87
77k 25 9 50g/kg BW7L AHEE S 25% 2 50%9]
SFPE drlste dlal g§eaEe 22 25% 3 5.0%4 A

glala ZA 55k

5o 2l
Bz BIL AR 519 ) o #3950
{1.15% KCI/ 10 mM phosphate buffer/5 mM EDTA, pH
7412 AlE3Fe] mitochondria, microsome B cytosoli}ﬁ—
3 Bysol ABagt. olF Yo wude w

Lowry ${28]s] o) weh 4 Behec

ZeAHEZE
Hzdds 29
2 Z¥ 28 &2 F3-2 Rudel t3[31]4 dhl el whe} o-ph-
thalaldehyde®] o 2 Z4sle] FF:FFde] g5t o=
HEFo ey FHE 3

9 B 5%

o . , o
31 mitochondria 2 microsome® &2

Nr

=519

HEZe mEMel £
¥ ZH ¢ mitochondria @ microsome £-59] A E1-
5 Y3} probeZ A ¢ 1,6-diphe-

A{membrane fluidity)-2
nyl -1,3,5-hexatriene (DPH)& A}8-3- Heron S(17]<] <%

BRI B 2 50 M AA4E F(pH
7..2, 2750 ul), ZF5H50 ul), AS(100 u)Z AL ET
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o 37T gh FEoA 521 #AE Tth, probeql 0.167 el oje} 2382 ALste TBAH L 2 22 ey
mM TMA-DPH[1-(4-trimethylammoniumphenyl)-6-phenyl- 8= (MDA)S] #e5S FAste] HasA4LPOY FaFs

1,3,5-hexatriene, p-toluene-sulfonate] 494 667 ulZ I Z45le] AugsiEd, £8 HE 2 o2 mitochondrias)
7} E8Ete] 370 S §3olM shakingslA 30571 4 microsome?] 2+ g8l A (oxidized protein : OP)&] A%
FAZ FITTE A BAREAE o438l 360 + Levine ‘F[26]2f ol wo} carbonyl groupe] A7
nm (excitation) %} 430 nm (emission)l| A 23 5}g o). & ZAslo OPe) Fekg Akt carbonyl groupe] oF
£ 360 nm8} 370 nmAtofe] gl FHEe FAA A4
7|2 Y Fritaeicle M FRAF(E=2,0000% o] &ahe] Atetsoh
Mz Bl A 2gld 2~Ed ~(oxidative stress)2] FF-
& 371 f8A4 DCF-DA (2,7 -dichlorofluorescein diace- 2aAEo] M
tate)S probeE ¢]-£8 747 £ ¢ mitochondria%) micro- B ode 2k AdANE B4 3gjcty HERH X

some3] #-2] 7|2Zd4k4(basal oxygen radical : BOR)S FHAS Addsied, 4 YL fod dHe
AR 24 Lebel S[24]8) #ol wle} 2AsgTh Student's ttest[34] = A AJFFE .
BORe| &4 A i 4L Fxi7] 48

ascorbic acid®l FeSQy - 7ILOZ 728t Guatelel = 71 A w pE
A 2ol w3 2ok A4 B R A o
% 55 A% 50 uE $FE940 mM TrisHC buffer pHy ZaAEE g v

E=a
74)0% 100 HA5T, probe] 5 uM DCE-DA (Mole- oA ¢ E"“ 43 Aez el hesik fibroin povder :

cular probe, USA) 12 ulE 47}, 10,000 rpm 837+ 4 SFF) 258 50 g/kg BWE 65 Foialel B At
A3 AL 40 mM TrisHCL 30 mle) B0l & gz Jeed EHANEY FEdale Table 1904 2= vo
FEAF9] A o) 1 mM ascorbic acid (300 ul)$} 100 uM E":F- Table 144 2= whsh o] SEP-25 3 SFP-50F

fi

G F_
0}37/‘4‘5 5@}?1_.5.}1] %.al_q C']:?: 37 Coﬂ}q 30 ] ‘ﬂ“% ] 7.05 Li’:i 96.38 6,94 mg/g protein_‘?_if\'} d{:‘é:l%—(]()ll?
+861 mg/y protein : 100%) o] 97.9% 2L 953%=EA,

FESO;[ < THD (150 U_l) i%‘}}‘ﬁj 7]’—,(_"}&}&] 0] :L'E"g] %E”éE"% 6&%’_% 1]\it0Ch0HdI’].ﬂ—Q—E‘ ?’)ﬂ 9901 -

b

1% 07T FAEA B4 2xe] WRE RETAE
o &-8}] 488 nm (excitation) ¢} 525 nm (emussion)el A & A2t 21% 5L AT Zelsd R At EEA
Aapark. o) o BEEdgre] HaE 2,7 didlerofluore- o, Selaa olmE 2 ¢iglch 2@}l microsome#E o]

scein diacetate (DCE-DAVS EFE0 3 s)H EZRADA M= SEP25 o SFP50 Fof 228 93911663 2 8748
g3le] AAE DCFeY éf(l’lﬂl()]/mg protein/min).2. . +4.36 mg/g protein@ 24 HAEATIFG536+549 mgfe
Zﬂ'}‘Jr'G}-—T o] ke 2 BOR ¥ f&AkAuc]dinduced oxy- protein : 100%) W] 953% = 91.7% %M, 7 47% =

gen radical : IORYS) AbA2}e)zt Adsko g A=aeld, 83%94 e 2E &y Yaavas SFPS0FS1E A
Feliol AR o AU VY 257 F
MEE ampfae] 24 cnﬂﬂﬁ AABAS A9 FAD AT FeD U9A
YYeFel BusADe GFe A4 el Ag@ g % TARY FolTERdE e 22 Fa2dE o
Table 1. Effects of 5FP on cholesterol levels in brain membranes of SD rats for & weeks
Control (7) SFP-25 (7) SEP-50 (7) B
Mitochondria 10117 £8.61° __99.01i7.05 (97.9%]b 96.38+6.94 (95_.3%)
Microsome 95361549 90911665 (95.3%) 87.4814.36*{9].7%)

SEP-2.5 and SFP-5.0 - Silk fibroin powder of 2.5 and 5.0 g/ke BW/day added to basic contro) diet; “Mean+SD {mg/g protein} with 7
rals per group; "Perceni of rontrol values; p<0.05 compared with control graup.
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2l gk (homeostasis) T £a3F 28 gd. 2 o=
qunt &3 f‘é{membrane fhadity : MFyo] Zolo} gt

A ol A qAE gvtaka A2 £ A7)
2ot A UNﬂ(chromc degenerative disease)e]gt AH

o) #7)el wyeh ol f5lel ofsle] ALkl FEHo] A
old 49 E #2T £u opg =3 33

"ot gehr 2= {HE0S SDA BE 655
Boig the, METY AT REAE 2Had & 29
= Table 29} 2t}

e RER R RV S R
2l wate B w22 g mitochondriaZ£ell A SFP-2.5
SFPR0 FoaEe] MFE 73112083 % 7412074%
polanzanonii’_if\i A2 E(7250.68% polarization
00%) ©hE) 1008% B 1022%24, 712} 08% 2 22%9]
MFe] 27bEs 24 As] B9 94 9tk aaAw,
2219 microsome® E-ol A SFP-2.5 B SFP-A.0 5o 78
o] MPE 3415038 @ 348+024% polarization2A] d3
TF(3.024+0.23% polarization : 100%) di¥] 1129.% 9
1152% %M, 27 129% 2 152%2] 723l M| 27}
a3t QAU olelg AL B 2ol ol
72 2oe] A8 ulAs Az HE2A Y mitochondria
FE B microsomed B4 O AnFe)de 25H S

e 2 & tli[D
itfer

ot
-
=,

r‘:1 ﬂJl

o HE A=z B BEUSEP)e Fod
F29 A sse] WAL Hrkels) 98y 712F
[u]
°

=
R s Rt = e A e

243 4b 2 (basal oxygen radical : BOR) ¥ fmlala:
(induced oxyeen radical : [ORVE +&38ke] ¢]5 4444
£ 34 3mylsted B AdE Table 33 2

Sz BORS 4% PiAE 43 fBEY F
WSEP)e] ke dmste B SFP25 B SFP50 B4
229 mitochondria® Soj 4] BOR2] AL 380+028
gl 33020.23 nmol/mg protein/mnzE A )21 E{4.34+
0.53 nmol/mg protein : 100%) oj¥| Z+<+ 89.6% B 76.0%
24, 717} 104% 2 24.0% 9 A5 2153 BORY A4
A T} el =1L $ub ol1]z} microsome & Fof A =
BORY AA4-2 6540036 2 6040042 manol/mg protein/
min® 24 HE£2H7 10051 nmol/mg protein/mun .
100%) dhe) 921% 2 851% =, 2 79% B 14.9%
BORS) 474 oiajaaz 9=t

Table 3. Effects of SEI" on basal and induced oxygen
radical formations in brain membranes of SD
rats for & weeks

Oxygen radical formation

Groups (nmel/mg protein/min)
Mitochondria Micresome
Basal oxygen vadical(BOR)
Control {7} 4.34£053° - 7302051 -

SFP-25 (7) 3.89.0.28% {89.6%}" 654£0.36% (921%
SFP-5.0 (7) 3.30£023**(76.0%) 6.04042%" (85.1%)
Inducedl oxygen radical{(IOR)
Control {7} 2044202 -
SFP-25 {7) 1942T149 (95.0%) 9881075 (9.6%)
SFP-5.0 (7) 18.02:01.72° (88.2%) 8874109277 (85.9%)
SFP-2.5 and SFP-5.0 : Silk fbrom powder of 25 and 50 g/kg
BW/day added lo basic contol diet; "Mean®5D (wmnol/mg

protein/min) wilh 7 rats per group; “Percent of control values;
*p<0.05; "*p<00, *Yp<h0 compared with control group.

1033+125 -

Table 2. Fffects of SFP on membrane fluidity(MF) in brain membranes of 5D rats for 6 weeks

Membranes Control {7)
Mitochondria 725 10,68
Micrpsome 3.02x0.23

7513083 (100.8%)°
3.41T038% (112.9%)

SFP-5.0 (7)
7410074 (1022%)
3.48£0.24**(115.2%)

SFP-25 {7

SFP-25 and STP-5.0 : Silk fbroin powder of 25 and 5.0 g/kg BW/day added to basic control diet; "Meand 5D (% polarization;

with 7 rats per group; "Percent of control values; p<0 5

514/ AR

#p<0.01 compared with controd group,
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wpazhA Wnle 2w A IORe Akl wAe
gL Hrlele] B8 SFP-25 @ SFP-5.0% ¢ 28 2] mito-
chondria % microsome& &4 IORe] A4 AFfde=
77} 50% B 11.8%, 44% 2 141%2] I0RY] 44 oA &
BEA £ @5 gge] SFPA0ECIEAT §9F¢]
IORS] A4 A ZA7F AAHRTE o e]d Apd L Fol i
Te] FAage Ao fabg HEE Ve 1%tk

MEE AEH A T}

WA 2EF 29 HreA LPOE #EdyddE
(malondialdehyde : MDA)2) &3}, OP= 712RY &>
C=0 group)e| 447, & 4te] Abghe 8-OHAGe] 44
#& S4ste Wrhaich S0e] FEERE YA R
o A d e FE ol F4kEA)d lipid peroxide :
LPOye] A4, wuid deol FAd g Atgded
(oxidized protein : OP)2] A4 & #j4re] F&o =AW
osl 44 3 5 5 9T

ppbEbx| Ao WA ofH F 1t

M ko] Alde] gAgibas] FAE ol Aard "l“ Al
A== LPOE AEHE A=A il
Azgda gl AtBe5] =82 7h Fad S
41 Harman[16]2! (Free Radical Theory: , Yu[38], Yu o
Yang[39]¢] (Oxidative Stress Theory) of whe} 773324

o AAQRY sald AEHA2A FA4EEER] 4 lipid
peroxide : LPO) Ao n| 2| oty 4E& B4-

vimste] BE Fig 15} 2},

waE g7 LPOS A4 vAE 42 Heeg
(SFP) Bodo] w2 932 Hlmste] XY mitochondria®
Ho A= 5FP25 T SFPA.05 0158 10371044 2 930
+0.92 wmol/mg protein24 F25(11.91+1.38 nmol/
mg protein : 100%) thy] 87.1% = 78.1%2A), 717+ 12.9%
2 219%<) w5 ZFAQ TPOY A4 AqAEZHT 93
9ith. w3l microsomed oA SFP-25 @ SFP-5.0%4 1
F£ 106321076 2 9491069 nmol /mg proteinz A ] &
351224101 nmol/mg protein : 100%) divl 868% %
TIE%EA, 74 13.2% 2 225%2] LPO2] A4 o4 53
b 1A=k

A HZAe AE AUz g3l de U0

fEdd plae 4 HBEY YF

.- (A) Mitochondria

- -
ha o
i A

Malondialdehyde content
(nmol/mg protein)

Control SFP-2.5 5FP-5.0

{B) Microsome

15 4

12 4

{nmol/mg protein)

Malondialdehyde content

Control SFP-2.5 SFP-5.0

Fig. 1. Bffects of SEP on lipid peroxide (LPO) levels in
brain membrares of SD rats for 6 weeks
SFP-25 and SFP-5.0 : Silk fibroin powder of 2.5 and 5.0
g/ke BW/day added to basic contral diet; **p<0.01,
***p<0.001 compared with control group.

Z0)¢h AL & gHHaThY A3 SIHEQ(SEP)Y Fofis
YxAs S42A2A P08 AAS ol RLEWP)
20|80 AR ¥ 4 Pov, ol HEe F
B HAE JANE RS F4F Aug 22 Yo
9k 42 snacle] Rz SRase 44

=
antHoz WA LPO9| A4L o
LPOY AxzAFe 42 4o
=3 FARTE AL HeA 9 H
AlZtCiuf Alo) M A ol ®| Tt
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ek )‘n}g}g}ﬂﬂ Aoxidized protein : OP)2] TF&
718l B ATE Fig 2004 R wheb £oh
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15 -2y - aad - 44

24 2] mitochondria g 2o 4 SFP-25 g SFP-5.018
2 OP¢| A& 11314097 % 11125113 ng/mg protein
L2A giza59] 0P AAEH1342+128 ng/mg protein
: 100%) div] 84.3% 2 829% =AM, 22} 157% 9 17.1%2)
OPe] A4 AAER7 9458 Ah =F microsomed £
A M= SFP25 ¥ SFP-5.0129 OPel ke 1188+
1.25 ¥ 1202098 ng/mg protein® 24 )x232] OP
o] AAJ2H(14.2641.13 ng/mg protein : 100%) thy] 833%
T 843% A, 2zt 167% 9 157%9] W f229l OP
g Ay AR Q=G el B 2EE(MLE)
7 polRtals 29 432 8B 29l ¥ 2R microsome
HEAA i A 0P A4 dAEY7} d5HA
Oc AL g FolEg Apddelnh

20 {A) Mitochondria
= . 164
08 124
62
— a,
o
e E
8 <
=)
o o=
QO ~ a4
o
Control SFP-2.5 SFP-5.0
{B) Microsome
20 1
£ ]
o® 12
32
=
co |
_g E
5D
O~ 4
o

Control SFP-2.5 SFP-5.0

Fig. 2. Effects of SFP on oxidized protein (OP) levels in
brain membranes of SD rats for 6 weeks
SFP-2.5 and SFP-5.0 : Silk fibroin powder of 25 and 5.0
g/kg BW/day added to basic control diet; **p<0.01
compared with control group.
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Eo| vi3 SFP-255-o] 12 9] mitochondria 2 microsome
HEelMe fFeady Ad4aast Ag=4 ghobaa, Spp-
5056259 microsomed 2o Aot o223 oi¥] 83%
2 fregd Ed2Ed G847 93 A mito-
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93¢ MFe] 71835 13T < %A% microsome
ZH oMK SFP-25 © SFP-5.0 B 152 tfZ1E o]
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SFP-25 B! SFP-5.00 %o 28 9] mitochondria & micro-
someg R4 fE=0E ofy] ZH 104% 2 24.0%, 7.9%
o 149%2] ol f2]# 2] BORY ¥4 oA A7} 1A=
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