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1.8% § Tablel Composition of control and experimental diet
5w b OMlEE, i & B EREENZ, EEoTEY X Casein BCAA/casain
. (193 BCAA) (338 BCAA)
A@F&ﬂ’&fﬂﬁ?%@]%biﬁé LEnTVS 1)' Casein 18.00 14.63
—H5H847 ¥ /B (Branched chain amino acid, Lvaiios 2 058
BCAA) %fFhicmind 2 &, 5 r DEREHEE Taoluelne 0% 0%
NEBHBTEDBHESATVE?, bhbhid BCA %h:l, "§:§ ‘g:g
ATMA €4 YERERVTS v F ORBINE, &#E Vit ais? o 0as
(L & CEEES CEBRICH T 3HREEHE ST L, el X i
Total 100.00(3) 100.00(5)
H&Y XL FEEZBR LT BCAA ; branched chain anino acid
1nineral aiz® 2)¥itamin mix®
2 N ;ﬁﬁﬁﬁ&vaﬂilﬁg €y 1355.4 (mg) Vitanin {(A(S)+D,y{1)}
KH,PO, 1730.0 (mg) X10* 1 2.4 {mg)
(1) EBRERHAR g oo () s 3 S (o
o] ¥} - TH,0 800.0 (ng Vitaain B, 1.5 (ng
XaCl 800.0 {=g) Vitaain By 1.0 {ng)
F1LIRT &S, B¥H Casein 18% (Casein G 00 o | | v el ah e
CuS0,- 58,0 1.28 (wg) Vitaala Xy 0.20(ng)
BOAA 9%E&L) LHBAL L, TniBCAAWA  |agme  RE| Ehe D
(Val 0.98%, Leu 1.49%, Tle 0.90%, £t3.37%) % Casein ol W0 0 | | e 00 b
Inceitol 15.0 (ng)
463%1 AT (GH18%) KBRE L, EXRRESL Il I T S
< Ut EEBRA : BCAA/Casein (32%BCAA) &% “amas e Corn atareh :“‘:"
1000.0 (ag)

L UXHEAR : Casein (19%BCAA) BlicFhFht s
IXINVEEY EMATHREL, BASEREL
TERALL CofHaEEs Y ML, 5o O
BEEFVERICBVOCHARES R 22D 72 BCAA
A €4 v ERTH 5.

2) %, EREEBIURERTE

Wistar 3, #¥35 » +, &F150g (688 Fik*%:
(L) (D) RESRMHI: 6 *°~18°°,D : 18°°~ 6 °°)
BEETFTOREBHEELO SPF 2HE 7 L 7THWE DAL
7. B ER BRIKESELOALBASEVE> TR
h, 7, BEBEEREELEZEL TRBIREL - T
FRRRREEINES

1V,

W AENAE (EETHEMRIEI SAB—8,/28IP9#:53.5 X 56.0
X45.5cm) EHV, WEicEEER (ER36m) HEHRHE
EHEMEE,» T BB 2HRE U/ PRI
vho—na=y b (ZEEERED AV, B RE
FEREPIERICERAT (L0W 1 & SUTH oL f RO
BEEIR105lux) 2HBEL, ALK, EEBHER,
NR=YFNAYE2—FRANT 3 HOHKEE Y 7 %,
(ERTHERRBIF + YA NVF — S HERA V5 — 7 = —
ZD1—-032%) ##EHAL, REIODBRHEL..
FE, BEEBICER (22~24° ) B8 (#55%) B
T&Lk
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BE Fx-ml XE-

(8) EEBR7o7 -

BAREFEANIE, L: D 31265R088 (6 ~18Re&k /i3, 18
B~ 6 BF), 1285fME (18~ 685 /cid, 1805~ 6 F)
&L, LL 324850580, DD ($24B5HBE & L7c.

Table 2 Experimental profile

Sage Vo

41 days
(5.7 weks)

Swge T Suge T Stage Sage

10 days 11 days 10 days 10 days
LO=12:12+h  Lle24h  DLeiZ:il2h OL=12:12h

Expariment 1

48 days
{6.7 weeks)

6 days
DOw24h

7 daps
DD=24h

Expwiment2 12 day 22 dws
LO=12:12+h  LDe12:12h
49 days
(7 weeks)

4 wasks
DO=24 h

Expwiment 3 3 weeks

Dw12:12-h
4 weeks 4 weaks 4 weeks 126 days
DD=24 h LD=12:12-h LD=12:12:h (18 wecks)

4 weeks
DO=24h

2 weaks
LD=12:12-h

Expariment 4

FRENOEROWBRER, K2ISRT LI BN
(stage) #@Ic¥EER 13, LDI10B, LL11A, DL20H,
$t41H, %ER 213 LDI12HM, LD228, DD 6 BF.
DD7H, 1480, £33 I LD3E, DD4:8, &7
8, #ER413LD2:E DD4i8, DD4i, LD4iE,
LD 438, :188fT-1. 16, AEIKS>VTRERI,
2BLU3TIHAHME®ELTS v P Nol ~5MBC
AA B, FINo6~10sffAe Lic. £/, KR4 T
1B 6BEE TSy P Nol ~54BCAA R, [
No 6 ~104%Ba, 20RIABFERBLTS v b
No 1 ~ 5 tS%i@R, [ No6~104 BCAA RE5X,
FlGEE cEREEROBHEIRELL. (RD)

(4) REHEH & MEHE

(1) k&, KHEENR fUKR HEeR

HEEORIEIL LS5 v b DITE ) XL DELNPEESE
BB B0, BLE 1 BREROKE, Bk
HHEZ{T - 72

2 5v b BRGRE LEHR

Elsh & (1 EEES) = E1THE : 116cn) <& 5[
EELPEEEL T, 0aMRETavEa-5—%H
WTHEEL, T8y Xs%2 557l TsF T vTay b
ETTI AL (R1)

(3 7Y -3 AMOESHHEOFPEHE

EEB1BLU23FHBEICLVERIBLU 4 AN
HES9s 5LV 7 b ()& FhLFEIEER) %
SERLT, #HIELL.

(4) ImEEAEAbZE
o [iEERET $ /B HPLC &

/ML BF - BT

HEsE7 3 /B, BREEEI e b 57 40—
L6200&V A VT, BIL#2619F KA S5 4, 37T , Y
¥ LS, ATEER2105 TT - .

$CAN 10w Conlrol trony

“ . e - . “« e e -

l

i

Fig. 1 Free running pattern of 3 weeks one
representive in both groups of branched chain
amino acid (BCAA) and control in experiment 3.
Actogram is shown by double plotted method.

3. BEBLUBE

(1) #hE (g /day), BER (g /day), BIURKK
8 (g/day) Oo%fb (£3, K2, K3)

B&e ABCRELEE ARE HARE KK
By, 2EdotE 1 B4 THEH L. BaR
WO TRS L, Bl ~3 EERNERE
L-EBR 4 2R<) TREELBCAABIWBE LY
ORETT S8, FROETRIEV. FEIHKERICD
wWTR—EOEHIRR S0, KEM (ABw./da
y) & BCAA BOREESEERL, TO0REPPE
WETEB L. ¥/, MECTERMABALYL 3EHE
(9:88) HIcKER (XN oFth=zli,
BRIBLICHENBINEH S W 3ERSED oL O
B REARIC LT D O, KB (Water intake;
g) 13, FEB1, 2, 3, 4LbITBCAA B BE
ICHARTLEMAE U TR L. BCAA BOBKE
ETi, EFHEEHLTCHESIIERR VEY (A
DH) oBsA#Rahz. HEEREIELTE, LD,
DD, DL #iTHicKEZHEREIEAD SN,

2 ‘maRLEHELIL (R4, 5;K3, 4)

EER 1 T3, HEETHEARICALALEZSRLNT,
BARH - OEEER (rev./Food intake(g)) 45 BC
AABDEELTEL (M3), BARS 2 OEEHEM
(ABw(g)/Food intake(g)) & BCAA M {EME%:
mLi. EEBR2 T, EREE®2EMIEAR, EF
BEbiER] EFCERTRBT 50, TDHKI~4
BRI CHEARY 0 OREEMAS TRER 2/ &R
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Table3 Change of body weight, food intake
and water intake
group Body weight A Body waeight
Experiment 1 BCAA *273.5459.2 (21.6) 48+1.5 (31.3)
Convrol *255.5+54.2 (21.2) 42421 (50.0)
Experiment 2 BCAA 272.7+47.1 (17.3) 3.9+1.6 (41.0)
Control 279.2£39.0 (14.0) 3.61.2 (33.3)
Experiment 3 BCAA 247.6£42.2 (17.0) 3.4+1.6 (47.1)
Control 266.9+57.6 (21.6) 4.9+2.3 (46.9)
Experiment 4  BCAA 367.5+103.4 (28.1) 2.5£2.7 (108.0)
Control 360.6+ B7.3(24.2) 2.442.5(104.2)

* Mean % SD (%) g /day
¥ Significance : p> 0.05
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Fig.3 Change of body weight, body weight increased and running
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Fig.2 Change of food and water intake per day
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Table4 Revolution amount by running wheel in each stages
group (Rat No)
&
LD conditioning Stage 1 Stage II Stage [ Stage IV Stage V Total
Experiment 1 BCAA (1~ 5) *1097.24708.8 11159+495.5 1750.8+836.3 1487.7+463.8 % 1362.612728
Control  (6~10) * 926.9£470.0 717.4%231.2 1300.7+553.1 2075.1x3727 1277.515209
LD conditioning LD (10 days) W (11 days) DL (10 days) OL (10 days) (41d=5.7w)
Experiment 2 BCAA  (11~15) 1670.7+1455.4 4470.2% 916.9 2965.8+481.83% 2812.14£253.0 % 3406.8+1474.6
Control (16~20) 1239.6+ 870.3 5187.2+1225.2 3719.3+383.3 2218742537 3654.5+1914.4
LD conditioning LD (12 days) LD (22 days) DD (6 days) DD (7 days) (48d=6.7w)
Experiment 3 BCAA  (21~25) 2542.4+708.7 5109.41£1160.5 % 3825.9+1283.5
Control (26~30) 2019.2:+800.1 3086.7+ 8909 25529+ 533.8
LD conditioning LD (3 weeks) 0D (4 weeks) (49d=7w)
Experiment 4 Rat No 31~35 BCAA BCAA Control . Control BCAA BCAA
3847.8+£2041.5 4216.0+1521.1 2476.11504.4 1555.3+3218 1371.31283.1 2685.0+155.8
Rat No 36~40 Control Control BCAA BCAA Control Control
2267.911225.4 3267.6% 3537 2385.41484.5 1604.5£383.1 1577.4%443.3 2228.9+635.6
LD conditioning LD (2 wasks) DD (4 weeks) DD (4 weeks) LD (4 weeks) LD (4 weeks) (126d=18w)

% LD conditioning ;LD =L :6.00~18.00,0: 18.00~6.00 LL={:0.00~24.00 DL=0:6.00 ~18.00,L:18.00~6.00 DD =D :0.00~24.00

*  revolutl per day, 1

t=116 cm running

¥ Significance : p<0.05

Tabled Change of daily body weight increased, water intake
and movement to food intake

ABody weight (g) Water intake (g) Movement (revolution)

group Food intake (g) Food intake (g) Food intake (g)
Experiment1  BCAA *0.282+0.109 (38.5) #1.87310.38 (21.4) 73.13£31.67 (43.3)
Control *0.2271£0.132 (57.9) 1.460+0.24 (13.7) 60.21+15.37 (25.5)
Experiment 2 BCAA 0.081+0.045 (55.6) 1.734+0.26 (15.2) 159.5+68.6 (43.1)
Control 0.066+0.032 (48.5) 1.890+0.23 (12.1) 173.1+81.1 (46.9)
Experiment 3 BCAA 0.199+0.098 (49.3) 1.886+0.11 ( 6.2) 242.61161.4 (66.5)
Control 0.286+0.174 (61.1) 1.787£0.21 (12.1) 143.0% 87.8(61.4)
Experiment 4 BCAA 0.122+0.168 (137.7) 1.79210.264 (14.7) 152.2+£98.6 (64.8)
Control 0.126+0.132 (104.8) 1.86810.306 (16.4) 117.1+£43.1 (36.8)

* Mean £ SD (%) g/day
% Significance : p> 0.05
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* Significance (weekly): p <0.05
= 1 revolution movement = 116 cm running

Fig.4 Revolution amount measured by running
wheel in free running period

B BCAA o PHBROZ IR ET B &
HA2H 5, EER3I TR, BARICEVTBCAARLD
MEHOLGSERCEVOIXL, BEEH D DER
¥ BCAA BB I 0ERILES, BARH LD
DEEMINEMBEER L., R4 TOERI LR
I, IHTRERIKOEMMSED Shi. EHE (Bl
¥ oFfbid, SFREEEL TBCAAR, B
fild 3~ 7 BREIROEITT 2RB DY 4 7 VTHERT
pEBsEDohi. (KM4). Ut HBEREIER3I %
BREfhd BCAA BTH NS 245, BREYA
D DEEMIMIIER S bSHTBCAABSHEBEHE LY
W, BREMOEHRIIHER]L, 3, 4TBCA
ABOHBELIOKREL, ER2EFREENLL, &
BPTb—EOHERMBRShE -1, 2EREBLT,

FAERIK VT SEEKOHME, BRERICHTHAE

BImShc R8s - e b0 L Bbh 3,

Experiment 3 : Stage 2 / DD**

235

7 ?/;/ ...... —
n [n-SH r-
* | Suge tje— Stage 2 Stage 3 g*lﬁt-.._&”gﬂ_.
Lo I L lDDIlI (i DD » m
w Slgnificance p <0.05
%% Period

by hand In 2 and computer soft in 3

Fig.5 Change of the free running period of
activity rhythm measured by running
wheel in rat (Experiment 2 and 3)

(3) H£HVXa (FEHE) 07 ) -5 vEAHLESHE
®, 1, 5)

EFREINcCLE 7)) -5 VER~OREIR, ERI1
T3, 2WZEBCTBCAABEMRBREIZEALE
ERERZV, KBR2 T, EBRSHBETHUINT AT
pcik, BEHEO7Y -5 YAS (1 >2bh) cWmEH
TELRE L, —HEHEN BCAAFHTHEMT 21V
T,

BCAA B X=25.1%0.31K0

SHRBEE X =26.60.298574
THEBICEROEZSEDOHh, BCAABR 7YV -5
vRAMORE (G »EHShi (®1, 5).

EER 3T, HD DD 4 BRIk 3:BMOET,
BCAA B X=24.13%0.0385f4
xHBEE X =24.17+0.030¢/4
THEECERDENAD O, BCAABIR 7Y -5
vESOR#E (G sE»ohi (K1, 2). £
4T, FR1EEEHRBITEEALEERS DT

5w b0 X AR EERERETHRUEREY L&
ABBIEBHOSNTWEY, TIMNI56%H5E
DDHITIRIEEALED T v F SEBHANOERERL,
LD fiCHUBREIABIESWTL 385, Thi3 LD #H
TRAEDGERARTF L% ->TERAL, BRLTWEH%
5E¥ L, DD Mo EBRMINc X 5 BCAA B O EME
DTS hizboEBbn s, Llhickb, BCA
ABOEHENMcL 3 ) XL APERE 7Y -5~
) XADRETHRIES W 5 LHEE LB,

(4) MmiEEsE7 ¢ /B (n mol/mb (F6)

FER3, 4TiE, FROIRTIIKERI ERLI
SR, BCAABTEAEN Val0.2l, 0.63 Leu0.44,
0.71 Ile0.63, 0.59&7%h, Tho3BOIEET I/
BoAaitd, £ Ehn032, 065&, &AL EBHREDOHE
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Table6 Change of branched chain amino
acid (BCAA) in the rat plasma

Convrol-G BCAAG
amino acid Exp3k  Exp 4k Exp3/Exp4 Exp3 Exp4  Exp3/Exp 4
(n mol/mi)
Valine 5§ 263 0.2y 146 233 0.63
Leucine 48 1o 0.44 115 163 o7
Iscleucine 30 48 0.63 0 101 a.59

Towl 133 423 0.32 n 497 0.65

% Sampling time : Actvity terminal of expeiment 3
%% Sampling time: Activity onset of axpenment 4

33 BCAA B3, EZHESHINT 51 bBH 5§ BC
AA DL EF—RICBRETH 3EHNED SN, RS
B 7 3 /7 BEMc Ly 55 P EMEHRIOKTO 7
JBIETHSIOBRENS - - BLHERS W, 5v=v
TR OMMEM 7 3/ BBROZEIcBIL T, ST 3/
BREWBDHE  OMET I/ BORDT 5 L OMENH 5 °,
SE DRI BCAA BRINE S ESEMA% 15
BT I/ BRET:253EBEEEL TV REERLTL
5LEbN 3.

4. TITU

1) #EIZ BCAA BSBEIC N, BRETFHES &
CHEMRREWEE LD, HSKEIIPEESRERIC
EEERLW, BREFLAEESLEh -1,

2) B2, 30DDH Q4R wBWTERR
13 BCAA BostlBE & 00 <, EFR I BCAA
BOdBELIORXIW EBED SN,

3) BEHE) XL0BRPEEL TS 7Y -5 VAR

(84)

MU, BR2BLU3ITODHicBLTHREILA
FEEGHESEML, EHHEOTE (7Y -5 VAP
T D) MHED SNz,

4) IMERERE7 3 BRIGIEBHKRI L BB IIcB VT,
BCAA BHGEBRSHEMNT 31 bBH 59" BCAA
DIMFREORDIBETH D, BCAA BT &
2R ERMLILbDOEEbN.
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