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2 BAREERLX » B— > ZHERESTE A BYR24E A b2 A E o 2 ~ MHEEZH
= 30 A Ak EnE PTH BEZHECY o #— v ZRAMERME R FREPESR
(Calcitonin) & &EIHFEFE I @ INTEZE MBI o FHIRE B » ERMBEHRE
MRZBNE02 —BARSZ— ) BEEERBEERERERA S TR ERERN o
Armberecht KD @) Bt Kalu &K BWFRFRAMTERNGERES
REHEAH » U EEELTERERAEM o HUEREY » REH 6 BiEEfTe0
YR ERAHERAERMAHESRR - 6~ BRI o BFMEF 1.25 (OH),D 2 & &k
SEESEINMEE » BAHEEEFEREHBRE - BHRBEARMEMES PTH BERIZE A s
DI EEEs  BERAEYBFEEES o W%’%@H%ﬁam%ﬁﬁszPTH%%
RAHZAE  HETIMOPREZLER
6@E%%%ﬁﬁ%%ﬁ(%wm>@6@%@@&(%:@)%%ﬁ~ﬁr%%mm.
MRS MERERE FERIRERERBRE™ o 6EABNES  REhER
ZER BZM) HIEH MK A H hEAE (B—E) HE » 1 6 EALEZEA mESR
B A R TEZ B 77 + 1218 A i3 B L IR SRk e 2k B MR 2 BB 77 o ST it ¥ 5% R 3%
B A IR R R W2 B I REAE » TIT BE BRI ST I B S8 S S RE 0B B » R4S BB 0 BRIBRH LK /1
BRECH, B o L%‘i&%i%&ﬂaﬂﬁﬂﬁ}i@%ﬁk%&ﬂa%ﬁ!@ﬁ“ﬁiﬁéﬁEUE&J@EE%?J%@HHHM&I
ey, AN 35 R R
B %ﬂ%?%ﬁﬁ’ﬂﬁ%ﬁ*%ﬁ ﬁﬁﬁaﬁz+%EM$%%%ﬁ%%8%%
(=) ~ 1,226k (=) ~9I18K (B=#) ~1,177K (BIE#H) K83B/E (HHM
) o RAH (B BREEEEZHEEBARRAREREMER of—- =
HEBEELRREMEREBARSHE 36,285+1,189Kcal % 35,716:+1,200Kcal™ o
TR (Y BAREENE S (Spontaneous locomotive activity) ZEEZEHIHERE T
oy G R B R o AR TRALL Bl BE 7 R A L o BRI AR BN R
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o JR BIRIE 2 5 B BT —RIIME LIV » 6 FEESER 6 18 7 B BE LA IR R 5 T A Biis 18 i
BREDIERZET » BCEEENRET™  REQE BHEME) BERWIEERW &R
FRBTERRICEE L o

~ Sacher™jg Ross@™'™ @B EFR 551 E » BREERERCMERENRAR
Eﬁhﬁﬁ* ' R mEE [#4] (whole life span) BAREMESHL 102 Kcal o [{
Mo MR BRAMBERGETSREEZEEA MEXR] » MEXEAMENER - 84
B BRERBEARAZEERD » AlER 102 Kcal IRHEBRE  EHUREE - B
B2 B REk: » Masoro 7 S RERF—RIHER » HETERSEBESA
BARE » BREEAEEZT » BAEBRERERE BBERET o gkt » MO
Y EBAE6E AR HEBE (lean body mass) REEE » LELGHENASR» 3H

fam IR ALIBE » HIE ~ E TR E T HEAHE BB RRERBEAERE
o Htk » BMETRT [EBEARXRREABMBREXBREREROZER] WHE o

BRI R P18 BR 2 A GEA HR o MMEFENPRABRERES

EE > DRBEERAMELK » SEADHR21% » LB BEAJT A A 6 BiBikeEE SPF
Fischer 344 #{ c BEAAETRLDHEZTHER 5 HIRS44 B T30R™ o BRIETRE
BEERBREZER FEEAANESHEERAMENASTZ = o R+ IRy
BREAWZ &EEFREZFZKRE 60T » %u@ Haé%ﬁﬁﬁﬁ%% ?‘ﬁﬁf)z_ﬁﬁﬁkﬁbﬁ
LR EGBERE

Ry 'J\EEZWF?}E

- Walford, Weindruch & ERES T —HR% [8%A%M] (undernutrition)
HRBE » BEQRERERWAZE - fRBARRETHZRG/NAR » C57BL/6J LA
i C3BIORF, B BI0C3F, (/%5 C57BC10. RIII/Sn # C3H.SW/Snch 7
B2 8—TR) SERREY EHELEPMARZERYERASEEITRVERSE  FE
By o MR %LEEE’J/J\Eﬁ%guﬁi%@ﬁ%ﬁ{“@mdxaaﬁfm%z r 1t ;@z‘é B
BERUMRAESBLZHREHED

Weindruch 8 Walford §5[ A HRFRCORMMME BLOCSF, % C57BL/6] 7

BB H 12~13M8 A i BRtAhE 24/ (160 Kcal/wk) BHWi#BRR A (115 Kcal/wk
—EABRBK 90 Kcal/wk) o HREARPHBES » HEREBYESELREELMEAR
—# [RESEE] Mk MERERR] (malnutrition) o #EFE#EHE B10C3F » /g
Bl PHiERER 33.020.77 » MR&BABERRK 36.9+0.77 5 C57BL/6] /ML
T2 P HFERRER 24.920.98 » RAMRK 29.911.4 56D o BRAHIMNE T HARE &4
B/ (lymphoma) 2 EARCD o ERREH L BATAEREREPARNESR o -
. C3BIORF, /NABHEEFLBAIATR ACY » B av40EA » HHEAER2BMACD o
Weindruch S MR BB 12~ 17502218 A iEE & (90~100. Kcal/wk) ‘7 423175
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B EERBEYESERRBLZEE ) T2ita Al EEA 155~165 Kcal o NER,
PRI mitogen FIIER 2 M4 IR MERE I BB AE e ¥ In TN REE MR AK o 7220 2818 A iy E 4
HHEE R RERIE o BH L PHA M HEMRE » RAEZ B4-:KEFEEEHRE
[B&iE o BAMEZIEE » MK ED » B THBFEHARES o HipE2mERE
2 T— dependent S E (RIERAEMEHEFELMIRSZ plaque-forming-cell KEE
cell-mediated lymphocytotoxicity) RER R TEHER=EC o LEM MR fr INRR A
THEERERFEERK o

Weindruch &K ff C3B1ORF, /HHFHEILREBER & (50 Kcal/wk) o #fR
# (85 Kcal/wk) Z2PBEMHRIZMEA » BAMENZWBEA o 2 ~ 3 Al » 14~15
18 7 i B 30~3318 A il 45 Bl e 35 e A UM IR M fa2. Natural killer cell (NK)Zi%
Mo BERAEDABREREHETE YAC-] EEMRz NK RE (EBiEE) BEEER
ZAETM TR o RAEBSER B BHBERMECY o RELE NK EHERER poly 1:C Z{ES»
Rz RA/NARTER HRERNEFMHEEZ NKEE » BEESNRRERAeZESED
BE.C¥ o Fit » fEERRBATREDNAREZEPEFRESZ NK REMKD T HEE
ARG o . :

F—HseE R BIOCSF, AR RESLROLERFHEEAF R » 48 N/N, R/N,
N/R, R/R, N/N/R, N/R/N K R/R/N &4 o 70 f7ewE SLE 08 » B=HAIR6L
B F R —K& o NEEH &4 (105 Kcal/wk) » RZERA& (60 Kcal/wk) o fEHE
2 RIS S A S 156.35 159,99 172.2 9 186.6 9 170.7 » 178. 7K 175.638 » $4 A2
WhES P 38 A SREREE AT A o (R B = (N/R/N & R/R/N) 2 (hepatoma) 3
H RIFE RN ARECD o RAETICEANEZME LS T-dependent FFTHREEE » B
BRI A A A B R M R o

A NRBEEE RSB SR ERP R Al gamma MBERERE A HR D o
Leveille® & ii% C3B10RF, ME B EEAERA (50 kcal/wk) s 54 (85 kcal/
wk) 2 A2 ~ 11K30A BB RZ KA » L HPLC ¥k SDS-PAGE BEik&#
TAMEABEEGR o £ 2EA B » B2 TEM: gamma BARBERESEROIE
FRBEBRIIH » (B AR MR EE R » ER30ABARTHEKIEERNRDCD o FRE
RINERHIEE T SIRIBERTE 1 2 AR5 0T 38k Ry okt o
- Weindruch®® &KX, C3BLORF, NARETTREBEREE » BE%B%F&&BEZ—EE’E
EEUES - F [ EEBAEREZEEWR c HAER chow diet &4 (NP) ER =
MmES27.4 00 » BRI ERAE (R/Rs) 542.9 A » HiSLBEA S0kcal/wk (HERE R
BEEERWRE (MEESEH 5% 4 A —25%120 —20%:24 H—>15%) (N/Rso
lopro) EPBEMRI.TAH » BESLEESEA 40 keal/wk (N/Ry) #HR45.15 o RS
MEARBEOEHEGEREBEEY - RABERERK » BEHEERS o N/RE/IH
BAET- e /5 TR 58 K IR 3 A R 5 T8 2 L R K I ITHE 3 49 o

FiEfE C3BLORF, ME B EHEE2LER® (65 kcal/wk) » jA11~15{ A 5 % 31~354
IRFEETT [TTRARAL P o WML B B B R - WIRARE A psychomotor %
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learning function ¢ §j#Ef@#E exploratory activity (EA) » rotorod performance
(RP) R run wheel activity (RA) . » #£ZH]8 14-unit T-maze (TM) o FHIEHEIR
HEA REEBRBRAZEE BeEZRINAREBRAR (RA) WISE » (B45
VHEEEPE  wH AR B hkEE LR TR (RP) BRAEXE (TM) HFLs
RARBOBEZEIRM » RRNARAEZE &ﬁﬁ%ﬁﬂﬁtﬁ%ﬁ%ﬂfﬂ#?% gﬁ‘fﬁﬁﬁ‘ﬁﬁﬁ/\%
SE NS L BB TR B ) R R BDTh RE RO AR 5P o

MR RER R RRRRE R —C o HEALHEER5 keal/wkER & (55 keal
/wk) ZC3BLORF/NE B, » 12524 A i 53 5l 551 B BF b b sk £ 3% 58 B Cytochrome
P-450 s PiG kEER LR Xanthine oxidase% 2 i R ISE BE/LKIE (Thiobarbituric
Acid Reactive Substance)®® o #3448 HEE 5% R A y-ethoxycouwarin O-deethy-
lase) W24 AWM B EEEN A » KA EEEER c G (BKPbL Catalase
EMEEERTE 12 A R AWM A » HEINEAAEEEREHEC o [RAHZIEEBEN
TMER I » R 2R L2 A BRIA (E30%) (P<0.05) o #E12(8 B kL)
B-naphthoflavone #:4f » 355 HFh Cytochrome P-450 X HIBHIE %2 By 78 A/ 1 B,
¥+ 583 (BB AM A58y Catalase 151tk el 41 B2 B H140~44% » TR EBE,
fERHET 43~46%C% o fpEMRBRAMEZ 5 Catalase (ﬁ@‘fﬁ‘é%?ﬁh&Zﬁa@‘ﬁm ’
WAE E RSB RS o

BRI R T B B AR T R Y IR R 2 — o IR BRI A M i S Y A
WA » M Thymosin (Ta,) K& » TTREIRERE WEEA T- IS LES T HUREIE o 7
3 EARBIE ALK N B2 T- 1Bl B B ARBE 2 A& o Weindruch % gk B 2 B4 s
S s R 33BEE 2~ 7 ~ 19R26 M ERIER (55 keal/wk) Rl (95 keal/
wk) C3BL1ORF, /pEBUMIEH Tay & o S REH SEBMARE R EZ T, » HEWE 2
HIOH BRFIY 8 15 o 76 2 B 7 ABSRSMME/N A BZ B T, BB EEE AR » (H1918 A I
PR LR TS el 0 SR 25268 7 G S A R B B A ROV o LH:E%A%*%%E/T—I
&.ﬁ%ﬁ*ﬂ’]ﬁﬁﬁjﬁﬂ‘ﬁuﬁ%md\EIEfLml{*EPTaw%E ° S

Efﬂ!nn%fﬁéﬁzmgﬁ

Lloyd®® ffi gat:mi R (SHR, Spontaneous Hypertensive Rat) K IEH MEE
B (WKY, Wistar Kyoto Rat) A& 16g/KE 7g/ R (40%R&) EFER » R
BIEE MERZ T BENER0% (%26@15&_%5%33@)@ ’Eﬁmﬂﬂ@ﬁi$i@wﬁ*
HEE33~68% (WIVE A IREW 24~32M ) o SHR #I %5 £ B A W2
SVETHE 5 SO 0 SHR R AIS IR BE 2~ Bt o RATEREE 2 B i BEAR B
PERREE o BURMIB AT LIGHEME L&k B 2, » 55 50 5 i 00 R 3 B B e S T
BPE» HHEGERIREFT EFMEE o BEMBWED » FEFTET REBRE » BY
SHR & WKY %Etzﬁﬁ*i’a&fﬁ%&%?_%%m@ ° &
.7 Takeda #HECPBHAKRFFRDEFEFNRE x(&ﬁ%ﬂ%ﬁﬂaﬁ?ﬁzfﬁ% e E



EERAES  IRBREZ IS o REER o IR ERS o BEENE R E R
RHEE » SOHNE o MIAKABTR—~ERTFR - (Substrain) R Senescence Accel-
erated Mouse(f§#g SAM) o AR EE/MFEHFE SAM RE/LMEMIERRBELL o
R LR AXEERAREE AP E RN IR (Amyloidosis) 4 o M—EIEE/IE
ALIRAFTREFAE SAMOD » RS R2ZEEH Ik o ®EM210% (10th percentile)
ERZ PR EHEAR444.5K » 802 R AMROT2K » 0ZRAMIBGRR 737.5K < 60%
Az ELBERARS Amyloid ERFEHEBEEHNEFTEEZKE » HOZHRAHZ
HEHBABER—FOY o FRBAT HEE SAM DEBBENHEY o

BEMIERERFAERBER ZMEMA o Harrison $K®H inbred C57BL/6J (f
& B6) SMEBRHBEMEEE (ob/ob) RIEH (+/+) MK+ ob/ob FRAMHHE
EAEERS /BB » +/ - RAMABTE ob/ob RAMFEFER o 4/
B2 RIGEME TT1IR » ob/ob HHIKRE 526K ; [R&Z2+/+ K ob/ob HERHFHIEER
‘ZE8104823K » /R ob/ob BMEEEERS » (AW R AT AERHIER S o [RE ob/ob
Bl S BIRBE 1 248% » BAREESHME -/ + BB &ERE 13 %22% » BHEAR
ob/ob REIREE 67 % o ERBEEI BT RIEEN 2 EERRK® o Cleary & K R4
JEBE Zucker EF A BEFLEBITTOZR A —F F%ﬁﬁﬁﬁ%%@Tﬂ%%%%%éﬁ
s WIS R E R E o

Harrison £ Archer®® i B6 (C57BL/6J) ob/ob s +/+E< B6CBA /A
BT R ALK » ABBRAZ B6-+/+ BNEFRHROMHENE S o BRI MREE
NEBERAREMTEM » ob/ob FZBHEREHBIER T327 X+ B6CABF, #ukZ
BIHEMHICRT 200 KL E o B6-+/+ Rz B MHE » RMRET0~679K 24 1M 4k
BALTHRE » WAIG R AR » BAMEHZIEE ) U EBHIEE T » BREEEREXR
C (WEBEREATRME) o BN QUELBEILELE $ BERREAEERA
BHEEAMCY o (EEABRABEANGE » §RELETRRANWTE o BE—RNE 7
RN —RE@ME R RA—BRE (B6 +/+) HERRENERNREHBICERS » W
A WmMnmlH%%mCWIEMJﬁ%¢éﬁ@nﬁﬁ’ﬁﬁﬁﬁ%ﬁﬁ2%ﬁmm
» INERHE ZIERIR Y o :

%ﬂm%&m%&

hi%ﬁﬁm%ﬁ@ﬁﬂﬁ?@m%%%%ﬁ%&ﬁm@nZMﬁﬁ%ﬁmm%&Zﬁ
Gt o BRI UL » SARERBETHNSCRBRBZ AT 058 ~ (b v RE R
R %inﬁ%%ﬁ@Zﬁ%ﬁﬁm AT [RA SR BR S E LT S TR »
%@m FREVBS 1L R R BOSE: A » BETIFFRE LR BRIE AR (Secondary)
& @ﬁ;%ﬁﬁﬁﬁﬁﬁ%T:%&ﬁTﬂﬁ%ZTm~@#ﬁ%Kﬁ% BN AT
(Primary mechanism) » MH T E LB MRS ZIEE » REHWNEGTE
”v;5#L@§Wﬁ%§%%$£%ﬁ%%%%ﬁmvm%ﬁ%%Z%A%ﬁ*“”D’ﬁ
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BRI T 5 SRR AT REAYIA o Forbr > WITE S MER W SUVERYE DR RV BT HER 5 %R

Eﬁiﬁjﬁaiﬁ%ﬁﬁﬂ%%ﬁ%ﬁ—‘%@ﬁﬁ% THRTHARBIER o

Rt W&iﬁ%%&: B RESRF TR AT %“ﬁ%@.ﬁ%ﬁ*ﬁ’aiﬁ% ! ﬁi&t‘%ﬁ%m&
. ,Ejzj_z.o
B mﬁ%ﬂaaﬁ LIS ob/ob BT AERCY » FHIE R HMIRE: Bl
:ﬁ]%ﬂ:ﬂi%ﬁmkﬂ—‘f“ » TIEGIRAEEZEIEE o b4t » SPF Fischer 344 R ZEAER
3“ﬁ@%ﬂ%k%ﬁ%fﬁﬁMMWﬁﬁE WRTRE BB o »

: = BREAMERRELBESHZER i%ﬂia 0 _E3CHT AL » Masoro &z i #5767
Ji‘ﬁiw_% Sachaer™ 5 o :

O~ Bl hEE AL *Ei%%ﬁu:z_ Weindruch E@ Walford LIF Good &iHFgez
%5 » Weindruch® PR RIR AR PR AR T S M M AYIE 42 » RN B IIH T R
,%Uz%ﬁﬁj (Mltogen, cancer cell &) 24 RIERET » EARBE LTI o futk » 7F
WA RS2 B B - ) BREFEBRRNEETEREMR o

- H S BN WS REN R Pﬁﬁ&ﬂtﬁﬁ@@’ﬁii%%ﬁZéﬁ RERELTHE %ﬁiﬂ

S o ﬂ@k s BHEREEYELRE » HREEIE —— A WREERENET »
| Masoro™ AR RN EEE LR T WREZ TR MZEREMNIEE ﬁ&h?‘iﬁﬂblﬁ
e 2 BRI o Rk B —S R B o ,

A~ REDNABHRET : DNAB RS HEL T BER M o Eitp&1tis DNA B85

T BEIRIE D o BE%%ET@EE%#%@EHH#W%%% Hiz DNA B I A REL RS
R o
L B ﬂﬁ%ﬁ%ﬁﬁ%ftﬂﬁ%ﬁ%@tﬂ%ﬁ ﬁf“‘%a %Bﬁﬁ%lﬂﬂﬁ]‘%& _

%ﬁﬁé%aﬁﬂw\ » W Ve e R KRR IBE o HREAZBE BRI E 2
ﬁﬁaﬁfm% » PR R BB E o 4 Chipalkatti®® Sz R A /N FAE12(E A i R55

MR AR EZIREBREREREEY © ¥k Koizumi®® 2 $ & IRERIE 2 B
FE Rz Catalase B R BEZ I ERE(RIEEY o Laganiere B Yu® FBHR A
2 Fischer 344 HRIFHREEEABEZKEBERE o Tolmasoff 400 & HFsuEH
JE14%8)2 Superoxide dismutase (SOD) Zi&ik T3 SOD Miifk b BB MR I
leﬁEﬁ%nnﬁEb%ZﬁkTﬁ“%f‘Z*@Eﬁﬁi@m o i » Masoro §i Walford 4 BRE
Ra BB 2 WA E SRR 2 B EEESE—D MEEALER o

A~ REEHBEEK (Protein turn over) HZEEZEH : Barrows!™ FREHEA

TTEERB A BEHEBNER » BOEAEARMES TR o mﬁé%%{hﬁﬁ%’éﬁ
RNA EEBBEERENIZEE » R ER BB B WIEE o Lindell ¢ RER 4T RER
DR R T, o (FHM T LR R R M R AR 1 B AR R IR RV IR SE o ‘“Mrﬁ,&“&i‘%kﬂ&
o ST SR T W B S A IR R 1ESE H TRV 2 ¥4 o Richardson ZIH4EE VR2.5
E19 A I 5B HR60% R/ Fischer 344 ZFRYIFMIME » WEEAEAR  BHERE
ﬂzﬂ%@lﬂiﬁ“bﬁﬁ%@ﬂﬁﬁ%‘f%&ﬁﬁﬁﬁi&iﬂ%ﬁsﬂ Best o fMFfl“"“’em{ElJT)]éf *%‘ ~ AR
WARE M2 B B AR E%Héfu% ﬁmuﬁﬁﬂ%ﬁkZEEEAﬁtEw@H Bipby o Bﬁﬁ%ﬁi’ﬂ
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B R AR 2 R IR 0 ELEG b i AT Y 1 8 (L TR A 2 1 7 P B IR e B
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AWML 2 R EREY » B B A NS R AEW ke I e 5 E
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SRR BERRARPET a.-globulin ZERRF | Blh AREIHRERTH
KARNWEZRE  BHEBREERER ]

- - PSS A4EEZR (Circadian rhythm) : HRRAEBH TERZ S HEARMN
TRANEB S o R FRE R T H SR R TR R 30 o Nelson™™ 37 T52 Has
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w &

MK AR MERRA ] RERBRG [ FRE 8T R
—BE TS LR R AE R R R G Y o ARBEER » RFHRR LIS
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LB T RN AFERE RS BRI T HBE - # TR
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ABSTRACT

During the past fifty years, itﬂhaspbeen repeatedly vfeported that diet rest-

‘riction markedly increased longevity and survival rate at old age. This pheno-
tieénon were observed in various rodent models including: conventionally ralsed
'rats, SPF (Specific Pathogen Free) Fischer 344 rats, long -lived mice of inbred
and hybrid strains, autoimmune-prone short-lived mice, genetlcally obese mlce
and SHR (Spontaneous Hypertens1ve Rat) rats, etc. In these animal models, diet
restriction retarded age- -related decline in phys1olog1cal and 1mmunolog1cal
'functlons delayed the occurrence of most age~—assoc1ated diseases or slowed
their progression, as well as decreased age- related tumor 1nc1dence In autoim-
mune-prone short-lived: mice, the onset of progressive 1mmun01061ca11y based
renal disease, vascular dlsease lymphoproliferative dlsease ‘and even certain
1nal1gnanc1es can be delayed or el1m1nated completely by calorie intake restrlct-
ion. These evidences suggested that d1et restriction effectwely retarded the
aging processes. Even restriction startmg from adulthood can also prolong life
span and slow the aging processes. ‘ :
' The hfe -prolonging diet restriction reglmen requlred feedlng ‘animals with
energy intake 20% to 60% less than those of the ad libitum fed animals. All ‘the
other nutrients must be supplied in adequate amounts, thus resulting in “under-
nutrition without malnutrition”. The more severe the animals were restricted,
the longer they lived. Restriction of other diet components was much less or
not effective in life prolongation. Longevity was not altered by changing energy
sources.
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Evidences indicated that diet restriction prolongs life span of animals prob-
ably not by retarding growth or decreasing adiposity, nor by reducing energy
intake per gram body weight or lowering metabolic energy per unit lean body
mass. Further studies will be needed to characterize other possible mechanisms
underlying the life-prolonging effects of diet restriction, such as decreasing the
free radical damages, enhancing gene expression and protein turn over, and
retaining DNA repair capacity, etc.

Key words: diet restriction, aging process, life span.



