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Effects of Silk Fibroin Powder on Lipofuscin, Acetylcholine and
Its Related Enzyme Activities in Brain of SD Rats
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ABSTRACT

This study was designed to investigate the effects of silk fibroin (Mw 500) powder (SFP) on lipofuscin, acetylcholine
{ACh) and its related enzyme activities in brain of rats. Sprague-Dawley (SD) male rats (1601 10 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/lkg BW/day for 6 weeks. In
case of liver membranes, lipofuscin (LF) levels resulted in a considerable decreases (11.5% and 13.8%, respectively) in
SFP-2.5 and SFP-5.0 groups compared with control group. But in case of brain as the most sensitive organ, LF levels
were remarkably inhibited about 18.3% and 21.7% in SFP-2.5 and SFP-5.0 groups compared with control group. Ace-
tylcholine (ACh) levels were considerable decrease (3.0% and 9.2%, respectively) in brain membranes of SFP-2.5 and
SFP-5.0 groups compared with control group. choline acetyltransferase (ChAT) activities as a synthesis enzyme of ACh,
and acetylcholinesterase (AChE) activities as a hydrolysis enzyme resulted in a slight increases (2.4% and 3.0%, 4.6%
and 6.3%, respectively), but significance difference between ChAT and AChE activities by SFP administrarion could be
not obtained. Monoamine oxidase-B (MAO-B) activities were significantly inhibited (9.5% and 12.6%, respectively) in
brain of SFP-2.5 and SFP-5.0 groups compared with control group. These results suggest that inhibiting effects of LF
accumulation and MAQ-B activity of silk fibroin(SFP) may play a pivotal role in protecting learning and memory umpair-
ments by attenuating a various age-related changes for improvement of brain function.

Key words : Silk fibroin, Acetylcholine (ACh), Acetylcholineterase{AChE), Choline acetyltrans-ferase (ChAT),
Monoamine oxidase-B (MAQO-B), Lipofuscin (LF)
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A A3 H B 2el(silk fibroin)®] 7154 2 A F(F
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g alstadof| A 9] 8t Sprague DawleyA ¥l E(male,
160 10 o5 Tsked 2 A TEANSA M 257F
gk oflv] AbSE o, TRER]H 3702 o] AEE
7] 2} & (control group)E M AMSshEAM A=z slw el
(silk fibroin : Mw 500y 77} 2.5 2 5.0 g’lkg BW7}
HEZE Al Ar}at A#2E(SFP-2.5 I SFP-5.0
groups).>- 2. dle] 657t AMRAIRE sle] B EFA,
o EEY W 1 HHEE2] BA WAL dgE
7hateiet. FEARSALE gh 284 (22+2°C, 65+£2% RH)
Sholl Al 124]17F o) Z(06:00~ 18:00)= Hte] A =
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B Ao} AMEE Al 2AL AV (Choi e al., 1999c)
2} Zhol eb3l-E 57.3%(0t-corn starch: 44.5%+ sucrose
13.3%), WA 16.0%(sodium-free casein), *17% 18.0%
(lard 18.0%), BIEF 3} 7] 2 (AIN-76 mixture) 27 1.0%,
3.5%, 28]2 ZF3= 3.0%, DL-methionine 0.3%, choline
chloride 0.2%% % 7}8}153 2.4, 7)ol cholesterol 0.5% &
sodium chloride 0.2%% #7}sle] DA ELFTE
E3ledctk AP FY a2 Az F B2 (SFP)E
3o Z4zh 2.5 ¥ 50gke BW7E AFHFHEF 2.5%
5.0%2 SWPE A7ishe WAl sbp3E-g 2zt 25%
5.0%% At zAsd
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A Fe] BFL A F(Choi et al, 1995)2] w4
ozt 73 £-35-8-9(1.15% KCI/10mM phosphate buffer/
5mM EDTA, pH 7.4)8- A[-8-8}d mitochondria, microsome
9 cytosol®]H-& F-I5te] ALE-slgiv) o] & #Fe] oy
A9} FaHE Lowry S(1951)°] whgel whe} Aapsiich.
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342 A 2] E3A lipofuscin}®] 232 Fleicher &
(1973)2] Wil wet 222 Exle) #2323 2.2
S AAT F x4 0.2 g9 chloroform-methanol(2:1, v/
v) B89 40miel A7F F 187 2AATF A
£2]3ted chloroformZ- 2.0 mlE ¥-F5le] 834eAE
AH4-) 345 nm(excitation)2} 435 nm(emission)el| A 3EF-8-
{quinine sulfate ug/ml of 0.1 N H,50,)& H 272 E ¥
FEE HAs EFANY FHugmg proteinyE
sladct,
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(1992)2] B}el] 2)&}ed alkaline hydroxylamine® 7}#l o-
acyl =59 UhE-2 7|22 ZA8gT T F hydroxamic
acid= AHEN A ferric ionah ZA§sle] Alg-AE JeRA
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7}, E&sle] HCLE o]-£3}ed pHE 12402 A3}
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M€l E kA alolA] (choline acetyltransferase: ChAT)®] &
AL 0.2mM acetyl-CoA, 10 mM choline chloride, 0.2 M
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7 02mi4 37} - E3ele] & 08mig] FuE ks o

<

& choline acetyltransferase% 1 ul, cytosol 100ul, I M Tris
buffer 190ul, DTB(5,5'-dithiobis-2-nitrobenzoate)E- 5 ul,
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. AChE) B4 242 Galgani $(1992)¢} Hallak S(1987)
2] v-S F3lsle] EA 31 Z) microplate wellel] 0.1 M
Tris buffer, pH 8.0(Trizma HCl + Trizma base)S 300 ul,
0.0 M dithionitrobenzoic acid (DTNB) 20ul, enzyme
suspension(AF2<R) 10ulE dE5H o2 Hrlshe, aelx
F3=E EFAAH 71AA %kl 0.1 M acetylthiocholine
chloride 10ulS #7713t} Microplate reader (ELISA
reader)S o]-&3fe] 405 nmell M F2 = WHIE sEEqk
ZHale] AChE®] &4 (unit/min/mg proteinyy &7 3l
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Al &2 Kalaria $(1987)8] ¥hie) ulel H,0,8] A
55 7122 &A%Y 2 A]33el 100 mM Na-Pi buffer
{pH 7.4y8-<% 460 ul, 30 mM sodium azide£-<§ 70 ul, brain
homogenates (mitochondria) 100 ulE- ¥-2- § 7]AA]eFd
10 mM benzylamineZ 70 uls H.2mAM 37°C 24T
A 30T 7REAIFI

TR FRpFedA AlHIE AEA 1.8 mM 2,2-
azino-bis (3-ethyl benzthiazoline-6-sulfonic acid) 500 ul&-
Werd 5% F FH2Al|E 2= 9)= 5 units horseradish
peroxidase 50 ulg P& T4l 527 & EFAFIG 10
Z7F Ak F 0.75M hydrochloric acid containing 5%
NaDodSO, (sodium dodecyl sulfate) 250 ul& Z+ A] 3] |
Yo oA 527 3 EFRAIFIT 7]AA ekl 10 mM
benzylamined WA 92 blankd 22 sl FJAT
AL ol 43t 4i4nmAN FFEEZ 5435l MAO-B
a2 ZAske
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5] 34w B2 D gl 2) IFA(lipofuscin : LF)
2 Ao Zote) mel AF F IEE vRE o8 s}
A A7lel] Azete =342 okeA] g17] WEe) LF
o] AAere vtz x3le] A FE AMREHT ot 7 o
w2 el LFe] A ] u]Ae A= 98 2Q(SFP) F
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4 bk alel A SFP-2.5 9 SFP-5.0 Fof 159 =
ZFA(lipofuscin : LF)2] AL 0772005 2 0.75%
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Table 1. Effects of SFP on lipofuscin (LF) levels in liver and
brain membranes of SD rats for 6 weeks

Organs  Control (7) SFP-2.5 (7) SFP-3.0 ()
. 0.77 £0.05*% 0.75£0.03**
+ a
Liver 0.87+0.05 (88.5%)" (86.2%)
. 0.98£0.07%* 0.94 £ 0.06***
Brain 1.20x0.07 (81.7%) (78.3%)

SFP-2.5 and SFP-5.0 . Silk fibroin powder of 2.5 and 5.0 g/
kg BW/day added to basic control diet; "Meant SD(ug/mg protein)
with 7 rats per group; “Percent of control values; *p<0.05;
**p<(.01; **p<0.0] compared with control group.

0.03 ug/mg protein®-ZA o 2 25(0.87+0.05 ug/mg pro-
tein : 100%) ©HH] 88.5% % 86.2%=2A, ztzk 11.5% 2
13.8%2] vi-9- E32qd LF] &4 Zagart A=A
vh ek o w1Akek HF: el A SFP-2.5 ” SFP-
5.0 T 289 LF] AT 0.9810.07 % 0.9410.06 ug/
mg protein® 2A] o F T E(1.20£0.07 ug/mg protein :
100%) 98] 81.7% 2! 783%=2A, 72 18.3% ® 21.7%
o] wf9- EapHql LFe] #4 A B dA =, 2
U RIZbeE s2A A LFS} R 3hg 337} A X (Choi
et al., 2000b-¢)2] B9 FZE(MLE) @ ol T HSWP)
9] FoJETRG Iohe AME AT Fla2ele] Aelg
AEINE dEhea Dt ¢ gy

2, CtMIEIEEI(ACh)Y & #H3|

o}M| & Z3] (acetylcholine : ACh)2 M 232 Fel Zx)3}
= 7H F8g AAAEEA R deix ol oMEEY
2] gAlef| v]F] A= F|BEql SFP-2.5 B SFP-5.0 F
o Z152) edFRE v)wsled M Table 20|14 iz whel v

SFP-2.5 4 SFP-5.0 Fod 2EoA AChe] 42 37.19
+2.96 9 39.44+3.44 ng/mg protein®FA W) F1-F(36.12
+3.10 ng/mg protein : 100%) 8] 103.0% Z 109.2%=
A, 7t 3.0% 2 9.2% - AChe] A4S AT 99
o, whebA A HE(Choi er al., 2000b-c)elj A 2
(MLE) B | 22 (SWP)2] FolEahols ©A 3]
Az s|Bzelel Fofoll ofste] AChe] Aol F3
=AML SFPY| AelEo] vl TS of o ald

Ex
2o
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Table 2. Effect of SFP on acetylcholine (ACh) levels in brain
of 5D rats for 6 weeks

Control (7) SFP-2.5 (7)
Brain homogenate
36.12+3.10°  37.19+2.96 (103.0%)" 39.44+3.44 (109.2%)

SFP-2.5 and SFP-5.0 : Silk fibroin powder of 2.5 and 5.0 g’kg
BW/day added to basic control diet; ‘Mean® SD(ng/mg protein)
with 7 rats per group:; "Percent of control values,

SFP-5.0 (7)
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Table 3. Effects of SFP on choline acetyltransferase (ChAT) and
acetylcholinesterase (AChE) activities in brain of SD rats for 6
weeks

Control (7) SFP-2.5 (7)
ChAT activity(unit/mg protein)

SFP-5.0 (7)

5741042° 58810.60(102.4%)  5.91+042(103.0%)
AChE activity(unit/mg protein/min)
251.0+£169 2626 15.0(104.6%) 266.9% 13.5(106.3%)

SFP-2.5 and SFP-5.0 : Silk fibroin powder of 2.5 and 5.0 g/kg
BW/day added to basic control diet; "Meant SD with 7 rats
per group; “Percent of control values.

3. ACh 2 E A 8do] g

%o AChe] A Eefel BA gk e F
Y olM e Egl s 2)olA) (choline acetyltransferase : ChAT)
ol &l F= o Ao €} el A (acetylcholinesterase : AChE)
2] 4L Al 3jH 2 q) SFP25 W SFP-502] Fofe
olgle] ofd o #3 Wbg QA FoulEg Ao ofd
4 9lvh. ACh 9 % 7} E42A] ChAT Y AChE®]
EangAdell v)A - SFP Folo] of g wsie] Ry
Table 33} 7t}

ACh®] el FAsh= ChATS 24 viaste] B
SFP-2.5 % SFP-5.0 o Z159] 2§ ChAT #A42 588
+0.60 ¥ 5.911042 unit'mg protein® EA | Z25(5.74
1 0.42 unit/mg protein : 100%) B} 102.4% 2 103.0%=
A, ZH 2.4% W 3.0%2] oFzke] EAEA o] SRt
vrepd ARE, oA A4 E 4 ol

=3F 23] 8] A A(synapse)7te] Al Aol Z o]
WA Qi AChE F9] F4dell mjx|e SFPS) Fof
FEaE v|wste] B SFP-2.5 W SFP-5.0 Fo 2159
AChEZE 29| 42 262.6+£15.0 3 266.9+13.5 unit/mg
protein/min® 2] W3 2-5(251.0% 16.9 unit/mg protein/
min : 100%) *H8] 104.6% = 106.3%ZA] SFPY Fo
o 2|sbe] Abwat AChE F49] 34 S71Er oA
el 7| g 5 A o= A= FATE 5 <
= A2 7Y

meba] AAHGE-UEA ol HEH (ACh)2] YA, ACh
< PAs= FR oY Egtas wlol A (ChAT) £, 9
THELZA A7 G #AsEe o= &l ol A 2o}
A(AChE)2} &4 el MM (Choi er al., 200b-c)2] 29 F
ZE(MLE)oIH} ol 27HSWP)YY] Fof 2= ujmr) ot
AEE ACh ¥ . FEA 24 ChATS AChES] #4
o] 7t v AMEE Wi FR =R AMIEA, 4A T
BEgle] ofm e AT W gl Bl I
A% 7ol $83 ok wstdo

123

Table 4. Effect of SFP on monoamine oxidase-B (MAO-B)
activity in brain of SD rats for 6 weeks

MAQ-B activity
Control (7) SFP-2.5 (7) SFP-5.0 (7}
430£021°  3.89£0.27%(90.5%)° 3.76 £ 0.22%**(87.4%)

SFP-2.5 and SFP-5.0 : Silk fibroin powder of 2.5 and 5.0 g/
kg BW/day added to basic control diet; "Meant SD{nmol/mg
protein/min) with 7 rats per group; "Percent of control values;
*p<0.05; ***p<0.001 compared with control group.

4. MAO-B E28HMo| Hs|

ZHRlDAY| A ZEN](5-HT), 2ol =el] @3 (NA)
T FleigelniA] ARG EAL] A EAT el Bx
oful-Z A| tlolA] .B(moncamine oxidase-B : MAQ-B) &4
o] #Alof u|A|E A T H R (SFP) Fod EaHE v
Fled B Table 49} e}

SFP-2.5 & SFP-5.0 $¢J 159 MAO-B £ 3o
3.89+0.27 W 3.76+0.22 nmol/mg protein/min® ZA{ o] &
25{4.30+0.21 nmol/mg protein/min : 100%) ™w¥] =z}
90.5% = 87.4%FA, ZHzt 9.5% H 12.6%+}F AEE &
72l MAO-B A 9] AA & a7} A= oebA
MAO-Bi= 7l EetnlA] A7AGEAL S a173517] oo
MAO-B2] #y A &Eoh= w5 a3 ou|E Zdenn
shalct. of-&e olzfgt AM-E HE(Choi et al., 2000b-c)
9] W) FZE(MLE) ¥ ol BZ(SWP) Fod B} MAO-
BY AL A& FAH o AT 5 9lole AL =)
+ SvlEg ARl opd 4 gl anbE AlAAEEA
o] S5 A 4= 9l7) WjFe|ch

o
il
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A= mld gl Ba(SFP)E SDA =HE| 315 25 %
5.0 gkg BWEH 657F Foddle] x| 33]e] ejE5-419) 3
2, oM =E (acetylcholine : ACh) H H# {Ae] A
ol WA JEkE 24 - Grislde) A A SEes 9
A7t e AFA el AL SFP25 % SFP-5.0 Fo2
F2 Ha=F Oy 22 11.5% 2 13.8%2] Bl £FA(LF)
8 23 AAEIHZA, T FoaFel dizte] vy B3
Aol f2lel LFe] &4 A E37) A=A 18
A5, wi-$- §17HsE 22 M= SFP-2.5 3 SFP-5.0 F
of 1HFE ETF on) 23 183% U 21.7%9] o9 &
el LF] &4 A fadr} ol A= 9let

2] 7 S8 A4HGEAZA] ACK] Al 7]
A& SFP-2.5 9 SFP-5.0 7 159] <332 tlz2 1§ o)
H) 2}z 3.0% B 9.2%9] 43 ExA.eg Ache] AA
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SFP-2.5 Y SFP-5.0 S 2FolM 22} 2.4% 2 3.0%, 4.6%
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