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Abstract

Looking for the way to prolong life span is the tireless pursuit of biomedical scientists. With the
breakthrough of anti-aging research, the average life expectancy of human beings has reached an
unprecedented high and is still improving. The discovery of telomeres, advances in stem cell re-
search and the discovery of multiple longevity genes have stimulated people to explore the mystery
of life extension. Limited by genetic factors, the maximum life span of a person is about 120 years old.
Longevity genes have been identified including silencing protein or silencing information regulator
2, Massala gene, plug box gene, functional rapamycin target, growth hormone/insulin-like growth
factor 1/insulin pathway, etc. Acquired intervention can prolong life by altering the epigenetics of
these genes. 80% of early cardiovascular disease, stroke, and type II diabetes and 40% of cancer can
be prevented by dietary control, regular exercise and rejection of tobacco products. Epidemiologic
investigation showed that food restriction without maligant malnutrition due to war prolonged hu-
man life span and prevented age-related diseases. Diet (carlorie) restriction inhibit mTOR pathway,
further it inhibit growth hormone /insulin-like growth factor 1/insulin pathway and plays its role in
longevity. Lack of exercise and physical activity has become the biggest public health problem in the
21st century. Exercise can delay telomere shortening, prevent disorders of glucose and lipid meta-
bolism and comprehensively improve human adaptability.
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NEFFar AR IR A2 — N EWER S, R 8. SRR AR IR, T HRE KTy 17 %
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Figure 1. Pyramid structure of age composition of human society from 1950 to 2010 [3]
B 1. 1950 53 2010 FARMH L F R & FHELEE3]

2. NRFHHIREREE T

73t B AE R KA A AP IR A o KRG A RARAE BCA B AR Ay R R 0L R, BT R
O (AR AR 3 A B R A K iR K F i e T E 15 55 i 2 PR AR A 2 I A S5 i R V00 U A B4
7. BEERFABOREED, AR AR P A ar IERIE SR i, (H T 52 8RR
FR il e KA iy HE A BERL AR PR UE K.

2.1. AXRREMEES

AFRIINEHER N R B m AR N 125 % .

1) WATHSE RN R, ARUNCRIART L FRKEINREEMRRE, 241225,

2) NEMad AR voe 7 ANEHEmR AR NRARKAEGR 50 K, F—RARK%E
LR 2.4~2.5F, NEEEFRMA2.5%50=125%.

3) FrA s 73 R 5 A KA G, BIGFIRERE BN 5~7 f5. NRIIKE BN 18
%, WmEmAFma 5~7 5, WKL4N 125 %,

22. REAXSHHRERR

PR A E NS AG E A IR R IR B R SET R AR KB EFRARIES S
Ja, MGG TR . PTAT IR LR M SCBE SRS A5 D TR o NS i AR a8 A i AT
VAP A B, (I BTSN S AR R, YIRS R LR B E SR K
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FFHE . X SRR N R 5 K5 . IR AE MR i AL 2/ E BH 2 AN KR 8 N dr, HRRCh
BT VZANAT IR« UUBR 2R A (Sir2-related enzymes sirtuin) 53T EA (5 2857 2(silence information regulator 2,
Sir 2), Ht-Hdi(Methuselah)3E K, X SLHE(Forkhead box O, FOXO0), ThEEME TR IHE R H#E (mechanistic target of
rapamycin, mTOR), A -KHER/R 5 E A K KT 1/(Growth hormone/ insulin-like growth factor 1, GH/IGF-1/)
JoR 5 FR RS

22.1. BiREHE

AR R (R4) TRIridRBsEKAEMN . BIHIbA a8 — MK AR 2R T —fny
it ADIPOQ WK, BAFETA—MMEFANS b, HEFIAE 2 = T0H 2 2 N IR, <3
A BE DR B DR B NATT B 52 RO AS (i BRI B B 52 ma), DA R ASE 5 5 A A S PR 0 (e S A0 o U ) 4
B=1. B REE G & AMEEBEZR(G protein-coupled receptors, GPCRs) K #FE/EH . L& [8]IE
A 3 ks FE DK 138 i mTOR 438 1% K AFEAEH

2.2.2. Sir2

Sir2 /& —J M 41 TR BN AL w51 P OR S () It i IR PR 4 — A% 2 (nicotinamide adenine dinucleo-
tide, NAD)K#fi () 4. 55 [ 2 2 B4k B (histone deacetylase, HDAC), WFLNAE 7 Fh sirtuin [F ¥ 3L A
SIRT1-SIRT7, EAAFFI AL E AT BE . XS /RN AT 4ERFER BRI 2h 4T 7. E W
FE A K S R R P BRI [9]. Sir2 ST AR B IRHI 02 ERUR R KEER R E
BRARIREE /O I 500 RBE JR 3 IR [ 107

2.2.3. FOXO &H&

M NEARZ W, AT g 2 T BRI AR ), BULULAIS IS R . 8 ER AT 7K E
ZAEREFRRIL T FOXO0 HE[A . X FpEERIESI AN N & B, X2 Rk, H2& BBk
AR, XA IEREW AR TMREENREE. SERAME FOX03A 776 T H 2 2 AMEW R
BN . PR REAEE B AR AN DNA FEA G IR R B, FOXO03A R &% 1 4F 78 o5 %R
FI B . —I0RAT IR A0 A o, B R 1762 45 % K& 90 % UL E B E K752 A DNA FEA L4
2 \HK DNA FEARWEEMHIN T FOXO3A FERBAKAGFER . WY FOXO e H AL YA A
FOXO1, FOX03, FOXO4 fl FOX06. FOXO F:[A it UL 8 i 4i Mo P2 se K Az 1717 LB HT,
AU, AEMIPEPR AN TS, DS TR B 3 A B A AR KR 5 (1.

2.2.4. mTOR [12]

R R I mTOR B8 72 A (I UEHE & AR B BESR A3 (1) o B 50 R 4% mTOR T i S6K-SCHY £ [A]
(RREE S B A B K P A5 13] HUG A AR ST &I mTOR(let-363)E, mTORC1 4173 (daf-15)f1 545 8L,
RNA FHURNAD PR BEA UL K F [ 14]. 3E—L R FCIE B mTOR F1 MTORCI #4314 {4 (1) 98 A% th 4E
KRR A 15]. 2 1B E78 mTOR #IHI7), FHINEREA RO KEERE, 4, RMg[16]/NR[17]7F
fir, mTORCI1 & & KR EEIMEH.

mTOR RIS F /KT B T 9 R 4 i G 0 5 1E K 5 . mTOR AF S 77 B2 4% 1 17 %5 41
FIRYUALE K, SR Ao K. S ar, mTOR #is, atEKMBECERKERE. #
BEFARKRT 1B, REAGH, IEARAEK. Rz, REEHET mTOR ] 7 A KA
BWEM W, WMERAB ALK, &REER.

2.2.5. GH/IGF-1/[E R &R &
A 2 i H 2 AL sh W, GH/IGF/ i & 228 B3t A0 Or 7 1 v FE B2 7 GHY/ILGF/ fig 5% 2% 188 B 14 10 %
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ERIFFarHONEE ., — MRS RGN R H A, GH/IGE/IR B 3B R E £ R EZIER, HAH
S GH/IGF/HE 5 2l B L BEWS (2t 24k . Vitale SFHIBT 7R, GH/IGF/JBR & 3038 B (141 75
HAENENE W, HEA BT & WA B (O MU0, e [18].

2.3. MERREXFFHIRME

7¢I R IR e 7N R, BV SR AL T m RAh ity e KB A R R A
JEGHT ) DNA, -4 BB A0 I I N B ARG o 05 RIBAVEAA BT AR AR R, <55,
ATERE « ANTEYOREE BLEAS A IR 8 (19 435 U5 SR AR T IR 3 AR A, th™ B 3 77 R
X R E AR Z WA SN IR R . M iy A4 R R 3K 7 il At 2 AR, D RT3 [R]
{55 1B . MERAETE T AURRATH CREW MR 2 BN A URE R TR . DR ESE, O
B RE . KA MR A 3R o X IS5 (4 ST FUAIE B Lo BT 1 T A 1 B RREAR L 5 B
PRAERER LA R [19]. HARFIBLEI 22 0%, 53300, ASUNES & LR AW B it 78 dcb ik e iR R i
HE IR HIANE BT FUE A [ B2 22 BEAR SR A 22 1

3. EHFHTFHAZAR

BEITIL 2 BANANZ) 1/10,000 [1]0 B FBURAEDEE AR 5 22 N A7 SOV 2L, AnBR /) B
REFHEGLIURRG, RN RIEE R RO RERIL A6 50% [1]

S PG fE 20 80% MR AL « HH XA 2 BB B, LU R 40% FR e mT LB R A fE
Z W IR BT E S S B A R TSI (2010 29K, 80% LA BRI AL < H URT T BYKE JR, LA A 40%LA
R B T 6 K P B v T P S B A B A Oy E R S Ja R T HIAT DA AR A A A A
MR AL 22 SKBLE TS

3.1. RRERHSES

3.1.1. IRREFEHEENRITRFILE

— BT IH(1917~1918 %), SZAG2m, FHEAAFA RS IERNRS], 55 SR R,
P T 8 4 39 I A 50 11 R B N PR Al B A LB T 3R L A (L8 78 2 R AT AR 34% [217. AU, i
HI(1940~1945)Fi # B 7k A $5 N B9 BB H R RT(1936~1937 4E) ) 3470 TR/ K %5 2850 TR/ K, WitE)a
BT PEAG 30% [22] [23]. M/ B3 1960 4 H A4 f5 AR RE R 1785 TR/K, FBIHAARL
JE R 2068 TR/K, EEJER A 2980 TR/ K. 1960 F 4 Ma AR B RSN 21, SEEMH AR
R AL, Ol B R AR AE T R B . B 1995, 3£ BRI R AL T A 193/100,000, T
#8551 33/100,000. 2000 4 65 2 4 ot AN B3 V- S TR a4 R 24.1 BRI 18.5 %, AHELESE
LRI B YES N 19.3 S0 16.2 5. 1990 FLLG, MaaFiz—RIESmaA s m 15, fAREYS
H AR RIS EARL, 5y FEE AR 0 AR R AR 5 5 & M [24]. 1991 £EFE[E A 75 5 st
N, 4 BB 4 ZEHNESEE, BT 6 MH, BRI IGE B SEIGET ) 2500 TRIEF] 1784 TR/
K, JG 18 AN HERIEAEH 2000 TR, [FEREINESIA 70~80 N/ o 2 FIASLIGLE WS, Z55L
038 BN BMI H 23.7 + 1.8 983 19.3 £0.9, P 21.2 £ 1.5 3k F 18.5 + 1.2, Ifi [k A 110/78 B#AEKE] 90/50
mmHg [25].

3.1.2. REFEHISEEKES
wmE 2 for, PEISE A A ih e — &MLk, fom AL TR B R YRR, B 1
PP Y IR s AN WRAK . 2z, AEFEAE S IR BERE & INE L ETF. X 58 EIhAsH — . W RS
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IR R, CRIEAE KR F RS R IER . X2 R LA A R BN RE . F
Kb, R EHTRIRERIZ AT SR KA RIKH 2. MK S EARERTZN Y, B
Wi mTOR JE L3 8 (A & oA Ak, 35 3 BUE H 7 DRI U AF e oKk, X2 SRk
J A E R AR R S AL SR A o TSR AN ISR IIAT AL (M B M RF A AN SR AR JE AR, DA A B e
MG SRR A L NEE T

ek el E#

2178300
T EHFa — -ENERN

Figure 2. Effects of food intake on average life expectancy and reproductive capacity

B 2. RYIREFHRES S SEENRIEM

3.1.3. IRRIFHIEFER 2 FHLE

TR E SRR, (e i L) BRI e AR A I B AL R, IR (R ) PR 25%~30% (S1H])
AEIE T 2 AN HHC LR (U mTOR [26], Sir2 [27], GH/IGF-1/J 5 238 B [26]) (W )iz ReEACH, 6] &%
PRV L R A R, (R R R I .

3.1.4. RRFFFIEF N EEHEFIRR

ONSEFFREAT IR B Pl 2 B R A . BATIRA R B 12 A8 A i 7 A 2 R e L
b, EE AR EHELINEFRR: BER. AR, TR, LI, SH R EKEA, [
PRAEI ENR L ATE R R BN REE R AT . — R H, AREYR R EERIE, HE.
KRR OB ERMMETR, BRARSHRAEZER, 7 hh &SR, METR. 4
ARGEBONER28]. B, SIFHREEHZIERHBASE, HEARYLAZ L.

3.2. BEIS5HEHE

EEIZHNRATIE %% K Steven Blair 48 H: 2 1Z S FIE J1iEZ5 ARy 21 TH 40 B K i A 3k TUA: 1] 5t
[29]. izl 1L % (exercise is medicine) FIMEE IETETE [30]. iz sl i 2 Pl S A5
3.2.1. BEENELE R K458

2009 4 A B 1 DUR S ORISR ) DNA THE 8T Ar[31]. SRCR DNA A
—BUF, EEGRY DNA KIMER . BEE 2L, SRigis, skl FEsa R 2 2 DNA &£ itz
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o R, EMERRIESE A BOE om0, HX - FHAWENEICC R, HEEEZS)
AN, Bk SR A R N 22 32]

3.2.2. BT LM ER

iBE). WINAEEINAL, EE SRR i F TR IE S AOR BR S s s A, (B S
BYIAR, B3 F IR, TRA ST mTOR K4 RS E AN, IR A K.
THBARARE. @ nAeEEEE, WE T HUA IR, BETE SO TR R e SR, A R
TG WPERIR I R A, T2, K FF[33].

3.2.3. B2 EES AFENEESN

fRLTSE[34) A TH 45 T VPO NAGE N BE F13E AR (] 3). 1B BIA B sl 78 S AR T AARHLAE K A% 1 3R
Berh b ATE ) . AR AR Bt R S m ARG RIRE 177 3. BRIk, 2 Bl RS R R R R P AR
731, BB AR AR B I RE R o E AR B MG R RE AT . I8 s O B B B M m R A [35].
EEE OEE A TR m AR KR f e TAEREEMIE RN RS

3 eI R IR ISR R

[ SRERIERER

[ ST VETRiEny =R

HEMtHSIMERER

[ EAE SR

CHRBEH> D
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Figure 3. Indicators for evaluating human adaptability

B 3. 7N NS R BE DR

4. &g

LR AR BB R KA 2t 1 2w L, AR AR AR S BRI ST R B — 2 A A 22
FORRAREE T BADE A AR FTAEA RN . IARZ ALY AT SRR At AR 2 5t
TIREEGRENARTTE. BTSRRI R Bobig m b @ B R4k, IR0 i A5 77 2O 3R
e R R OCE B IR R AR A R I e BT R, BURBE TS S TR R KT 45 TR
Uy BAERE, R 42 3 3 mTOR Afeidt F e S M 22 . TR AR 2 AL o 41X B2 AL
BLII AR P DL R 1 AT S s 0 A Ra AR S AR AR B as,  fRdomokn, IEK TG4, PG &% Fh 2
WPEBIR I R A RIEEAHEEEN . BURER AT U B 2 — 2 sSeBl 7 R AN th,
LB — A B 2 o R BN I 4 s 0 AR 2R dr BRI SR v, T IR T IR 7T, SR eE
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