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WGH KASE A R FE HER 5 T
REMA T FBiis s 5@t , iR 610041)

WE BB B90H R shim ik PR s i B s i S 2 tR TR R A FULET . AR K5 60 L SPF 44 CSTBL/6)
HErE/NERS Fs 4R (2 A, n=30) FIEE4 (12 i, n=30), 2 AW/NREENL HEFEXN A (CHL, n=15) HIHLE
EEH (CE4, n=15), 12 A/NERBELS 2N IRA (AL, n=15) MEZIZHH (AEH, n=15), RINEEEIH
KT8 JH . Wil Y R E PG ICICRE ST, I SC o A JE AR T R . RATAM G- TS AR (GC-MS) e
W EEARR (Trp) K. JEREEMERIG D ooium KIEA, RETR 2 B i as i . MR b 4T (ELISA)
MG Trp. SR @M% (5-HT) . RIRER (Kyn) . RIREREILFLFEN (KATs) . R (KYNA). KFREM 3- 20
(KMO) . MMk2 (QUIN) 7KF-; & FAfENEEE: (Western blot) 4347 (0,5 R ¥ AL G2 (TPH2) . WMz 2,3- XU 42 i 1
(IDO1) ., (%R 2,3-WNENE (TDO) FEGHE. &R AL/PRFICIZEE N BERAL (P<0.05), MEIART T AN (P<
0.05); AEHHEUE (P<0.05). AHIEFD Trp K FFEAL (P<0.05), AE#H Trp/KFETHE (P<0.05). AZHJE F/MAE D |
SRfmgERIBIL (P<0.05), AEZHIRBEME (P<0.05), AZ Trp. 5-HT. KATs., KYNAKFFEE (P<0.05), Kyn. KMO,

QUIN K FTHE (P<0.05); TPH2IEVEFEME (P<0.05), IDO1. TDOIETETFES (P<0.05). AEEARR S, &it w=&ik

P ox 3 AR/ BRI~ > e 12 RE
A RIB B AMLBEA T8/ N R 23 )27 2 iE 1L BE
AT A VAT (0 R A B S B

KA EH, s, AR, WERIGE, 15T
hES%ES Q4. QI8

RififF ERN DS RIS, B AH Y
PRZART TSN LA SN RN I RE IR | (545 i 45 )
AUH g Rgeit, $120504F, 42Bk60 % LU
B 2042 2, EAr AR N G AS [F] R EE
(AN 0 T BE ek 1 Bl 1 45 1 S I IR . (B
RS, BRI (Alzheimer’s disease,
AD) FIF4: 7% (Parkinson’s disease, PD) Z5:4ii
ZRIRAT PR (1) R R 5 AR IS 2 W 2 IE A OC
WA FBURE LI ARk #aS
HEEFAG, @K R AT 5 RIH FE XA
SOV RGNS R B P EER AL LT
BIFRFLLEETY, Al E R XAt 23 IR 5 AT DA Pk
() [ SR R W A, R S A AR A R )
TR
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2 Trp # & K IR 2 W % 2 BN R IR A R
(kynurenine, Kyn), &3 76 KM —20 th KR
R 2 3 ¥ # B (kynurenine aminotransferase,
KATs) #f K JR % 8 3- N & B (Kynurenine 3-
monooxygenase, KMO) #ifk, ik HA L
Pl s R . SRy, > Trp i
i {0 & R 72 Ak B 2 (tryptophan hydroxylase 2,
TPH2) MY1E H A= Bl 5- % 2 A R (5-hydroxy-L-
tryptophan, 5-HTP). X — B3 2 by 7 A 1) A )
YIBE J5 28 05 A i L- 2 HE B2 R B (aromatic L-
amino acid decarboxylase, AADC) [iE—H11k,
e A5 A0 Ol 5- 7% (4 i (5-hydroxytryptamine,
5-HT) ' i firf, K rhis R 2,3- X0 48
fitf 1 (indoleamine 2,3-dioxygenase 1, IDO1) ¥
RAE- ETE, 10 TPH2 A 3K g 25 4 FEdiE
JiE RN A 22 R AT PR L B R 2,3- UMD 4 il
(tryptophan 2,3-dioxygenase, TDO) #3527~
ALY/ Kyn A2 OTIR A S e il . SRR T fEid
M TFHESE 2% 1 Trp J& 5-HT Hl Kyn i& 1% (1) Hif
o MIERBAERY Y (A0 5-HT) X155 25 I 55 A0
INHITHRE R OCH B, R R ZPRIBFE WA P bk
2 (quinolinic acid, QUIN) FI K JRE (kynurenic
acid, KYNA) 75l & 1 8 m h aloph 22 O3 4
FH O AERE R RS, ARG B 5IA
R (AN BN AIBE 65 F1 AD) B UTAHOC, i
Trp I 2L T BE 12 52 0 5 fih v] SRPE R4 28 K A
IR — i A o

A YR BRI SR AR SRR S A2 )
TR, HLZRI S, BaE—FhdE29
THTFE, SRS B AT s e
FeM o FEET X AR DI RERE RS B A B0ATT MR T
SRR, Esh Bl 2l nl i
Jiti, REE i IR AR OB R 3 . 2
ENAE R, R —ERE LR A
()3 A4 PR A A 2 o BE TR TR i A F
SR, B THAES Trp /KFEAEML 2, T
AR N FEFIIEE, SeEM 2T . Rk
RERIA AR, DI REZZ /N IA R R
SR, HATOC T iz ) B 75 i 4% Trp A ek
e BAH AR D) R i SMAE 26 178, DL
JCELRVE ML M AN BT . AHF T i 8 Fi A iz
ST, RYHRGEE S Trp ARG 52 ) 5 IA
HIDIRERME LA T EGE Z MR OCHR, B~ %A
15 B LS 5 A DG 2 D) RE IR AR RV HE S HIL T

N8 Bl T AL AR IR TS 28 R o i R FH
HEBLE AR o

1 MR

1.1 X554

60 HfEPE SPF 2% C57BL/6T /R (2 A3 30 H
12 %30 2, WK T AR I8 A 55 55 sl WA PR
Al GEN PSR S, 2 A/ BREEHL N A
YRR (CH, n=15) MI&EFizsh4d (CE4, n=
15), 12 & /NEREENL D e X IR (A4, n=
15) FiEZisshdl (AE4l, n=15). CUIFI A4t
fTERMEIE 8 JH, CE4LM AEH U T A ia 8T
8 J8 o iR Sz s T B e AR B 2= B sl
S E AT, RS ASOER, AMIRE.
oK (HE ZARHERG 5 2R sh Y m Rk 532 ) , IR R
(26£3) °C, FHIXHRE } 40%~60%. ASLHZ WNHD
(UNEELTM heni L/l (o=l AR R 21 IR (AN @S LN (s
[2022] 1%5).
1.2 EBEHTFHAR

g T ACRHA AL EN Gizg), it
TR 8 M EZE U2, % 1 XKLL 6 m/min,
30 min; %52 KDL 8 m/min, 45 min; 5 3~4 KU
10 m/min, 60 min; [ %% 5 K JF 44 LA 12 m/min,
60 min Uiz sl & H 25 8 Jiis shah i ),
1.3 HAMRESLE

PR ESRG R B, B3 JUNR, &
B H AR I, 20T E bk, 5Y
FAOHE, 300 ml Fv A BRER KPR v . A
Hrp 3l E T 4% hH 2R R EE, BT
WEM IR E I e R, 31128 2.5% I I HE T
JEBCA R, T AR AR A RS, FR9
Bl HHBE THRAE D, WARKEEE R
-80°CHIRAE, FHTorFHAHpeaiil.
14 $ERRNS5 7%
1.4.1  F7 K2R

a. YikE

FAY#E (SR, 2 Y BiEE) 7
fli/NERZS A2 o SER AR PR R
(10 min) AVF/NE A HIRZREHE AELAME; 1h
JE AT EEINR (5 min), JPRCATA =R, S2ied

F2 i ] Etho Vision H s IREE R4 (K AEHR CCD %
BAL) e B
b. W55

K 4150 cmx50 em A IE A IEMEA X, NE
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INERCARI S IR ZRA T o SL50TT 24 hl/NRE T
SEYGIRSEEAE N, - R (o AR AR
AR FhRuEr R 55, b TR DAOR R S A RS
FaE . IELIRET, R/NRE TR IXORES, 614
IEE S minf 5o o BRI S IR S I X AT
Fra% B R HE Y 2 . SR AT R AT R G
ool i | PRI . IR AR, IF TR
P AT AL 3T o

142 <M &% - 5o B R
chromatography-mass spectrometry, GC-MS) il

Trp RGN 32 2R H GC-MS Kl 75772

a. FEAR 25 o BUREARINA & bR (mix7) 1)
BHT-H - LG HEHUR (85%), TRTEMTES o+ 1
B, 4°C 12 000 r/min Z.000 F3E . FisFEA (QC)
FEARTR A2 LIS o

b A A&, WA A (02% H R+
10 mmol/L H R E /K iE W) /B (AN ZME-/K ) 5
FABE . 0~2 min 100% B—2~3 min 0%~10% A—3~
15 min 10%~15% A—15~18 min 15%~60% A—18~
19 min 60% A—19~19.01 min 60%~0% A—19.01~
20 min 0% A; ¥ 0.3 ml/min, FEifF 40°C,

c. RIS, B TR 450°C, Wi [E+5 500/
4500 V; AR 35 psi, Gasl/Gas2 55 psi; FP &
5 R
143 JERYAn

HAREARZ M E ST, KA A SRKPL#HTES
BEREKALEE . 75% £ P (30 h) —85% LBE (4 h)
—95% LBE (8 h) —TE/KAEE (2hx2) =KL
f2 (1 hx2) ——HK (45 minx2) —A 8 (5 hx
3), MG AT ARSI A e AR R BLARER
4~5 ymESYI R, % 3-A N = ARG IR
(APES) ¥ fii 4k B )5 F 60°CHLKE 60 min DL 5%
VIR 1. O PR fE i . s K
RN A (5~10 minx2) —Ie/KZEE (5 minx
2) —95% L (5 min) —85% L (5 min) —
75% LB (5 min) —#B4i7K (5 min); YL R
50°C 1% FF A JHe i 5 W05 & I AE 56°CHEEF 20 min;
ALK AL BRALHEZR AR K P e —70% LB (1 min)
—95% LI (i) M CRERK; R4
T HRE AR E DL P A B A PR SE R Y)
A G UEE T BRI RAE BUG A T 8T -
1.4.4  HEERG

FEAR 28 3% I3 1 T I 5 F1 1% DU AR B [
EALFRIE R 30%~100% PN B 75 T 08 17 6 3

(gas

Ko BESEMH ARG, SR AT H] A #LH] 45 60~
90 nmYIF, BRIGHBEE200 HEM, 22%fGR
Bl Y& {4, 10~15 min F1 Reynolds 7 45 g 4% L {6 1~
2 minJi5, {# /1] JEM-1400FLASH i3 §} #5575 6 000
RS EC T BEA TR0, ke B AR XIS R A
BUE, S TS Bl Fa el s
1.4.5 [ BE A 2 W B 4> Br (enzyme-linked
immunosorbent assay, ELISA) il

HEWERZAEWFREIT , AT BER L i
W (phosphate-buffered saline, PBS) %Z¢ 1 &
(pH7.4) JFW A B R IRAF . A5 A i R 22 2~8°C,
INASERF PBS 28 MR 5 SR T T 51 3 Ab 1
2 000~3 000 r/min &5.0> 20 min Y5 FI5WR, 085
BRI RIRI , R ORAT T -20°C, Jm, JURETR
R R0 8 I O vE O 2 ¥ 5 Trp. 5-HT. Kyn,
KATs, KYNA. KMO., QUIN /K,
1.4.6 FHERENEY: (Western blot) A5

Bt Ty 28, YA PBS VRIS IR RE, 7K b4
HF B D IEW, SR sk A o 2 B
WS . HEAT SDS SR I e e e Lk (110 VH
F&), WG LR, TRE TR R UKL . L
TGAL PVDF I, 4% U2 3 -uE 40-15E - - g 48-1hF
AR ELH %, 200 mA B 1~2 ho #5155 LA
5% 2 L3R AR - Tris 28 phER iR W i 1 h, —
PracCFE o, TBSTYEEJE M=%t (1 :3000)
ZFIRWFE 30 min, ECL AL, B RMAE
K531t
1.5 HESIT

A B s ge it o M S AR K1 338 3 GraphPad
Prism 9.0, Z5HLxes FoR. X FRAAIES S
B . UL LR FH A ST RS K 3, 3 41 2
[ HE AR R 2 7 250081 PSR 0
EHE . PIZE A H AR H] Mann-Whitney U 6255, 3
2H % Lh b %R Kruskal-Wallis 8 5y , P<0.05 2%
ANEA B ENGIEE X

2 g B

21 BEHTFRHERENRTERELE

Y HREMEL (B B, 5CHxXTt, A4
/N RAEH R IR R SR . RER A R
(P<0.001), 5A4IML, B3 THUS AE4L/NRTE
E MR RERE . R R 2 E N (P
<0.01),
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Fig.1 Y-maze test results

(a) Distance traveled by mice exploring in the neoalternative arm; (b) time spent exploring in the neoalternative arm. Compared with group C, ™"P<

0.001; compared with group A, *P<0.01; ns: no significance. n=8.

22 BEHTHRRERTEZNRHEEREITH
g, S5 Ccaxftt, AdEZ/N
P e im shk e (P<0.01, [®l2a). Wi (P<0.01,

K 2b) FLapERE (P<0.01, KE2c) 4 0 ER%.

5AHMI, 3 TS AE 20/ B e 3E S g
(P<0.01, Kl2a). WA (P<0.01, K 2b) FlE#
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Fig.2 Test results of open—field experiments

(a) Distance traveled by mice for central activity; (b) time for mice for central activity; (c) total distance traveled by mice for activity. Compared with

group C, ""P<0.01; compared with group A, “P<0.05, *P<0.01; ns: no significance. n=8.

23 EHFRMEE/NREDREER/KFEHNZM
AR T 38 B J5 5 /N B Trp AP 22
SERIE (F3). H5CAMMt, CE4/NRIEDSH Trp
TrEIo AR, AZ/NRIE S Tep 5 2 B R
i (P<0.05); S5 AL, AE 40/ Trp
SR EE, EREAGFE L (P<0.001),
24 BEIHTFRRZNREDIHETHRIPEE
ER YA (K 4a) i, C4HICE 4/
BRI E b 22 ST HES R A T, JZ RS H T A
YA RN RDE S R, 2, JeIG/ME

OYAESE, PR, MR, A4l 2T
L R . RS AR, BRI
BB ENIE; AR, S
HA TR s M il e, Je R IMASE
k> (P<0.05, [E14b). AE4148 A ZLRBH 5
B METTHE TR, JEIREERE ;. A
T W RTBE s e /MR B BB W e (P<
0.05, [El4b), XLZERSEIR Iz 3T WO B 2
JCHA R ER



<1366+ EMESEMYIEHRE Prog. Biochem. Biophys. 2025; 52 (6)
. BRI, Gt 5 CAUNRURIL, fe
s s EHTHET T, A 2L/ BRI 58 ik 235 1) L BRARRE AN
owop 1 W, WD, o FEGERIEEIE, 5 AL
5 He, AE ZH /0N BRI L 58 il 2 A4 1 A o
L
T:]\ 20000 L 8 o oo
\\; 0o °
“ 10000
0 C CE A AE

Fig.3 Trp expression levels in the hippocampus
Compared with group C, "P<0.05; compared with group A, “*P<0.001;
ns: no significance. n=6.

(@

—~
=
=

—_ —
(=3 W
(=} (=}

wn
(=}

Quantification of nissl bodies

0

C CE A AE

Fig. 4 Morphological and structural changes of the
hippocampus in each group of mice
Nissl staining intercepts the hippocampal region for observation x400
field of view, and red arrows indicate the morphological structure of
hippocampal neurons. Compared with group C, “P<0.01; compared
with group A, *P<0.05; ns: no significance.

25 EHTREZLERZMREDIRMERN
&
eI (F5) wh, C 4/ B 5 58 il fip

Fig. 5 Results of electron microscopy in various

groups of mice
The red arrows in the figure indicate the morphological structures of
the presynaptic and presynaptic membranes, the synaptic gap, and the
postsynaptic dense matter.

26 EHTRATEZNRES BN EIEE
KESTFRIE

ELISA Faill#% 2 /N 5 Trp . Kyn, 5-HT.
KATs, KMO. KYNA, QUIN/KFIFKE (K6).
HCH4imMk, CE4/MRiESH Trp, Kyn, 5-HT.
KATs, KMO., KYNA, QUIN /K& & JC g &4
1b, A/ S F Trp (P<0.001, E6a). 5-HT
(P<0.001, [ 6¢c) . KATs (P<0.05, & 6d) .
KYNA (P<0.001, El6f) &t EREAL, Kyn (P
<0.001, &l 6b) . KMO (P<0.05, Kl 6e). QUIN
(P<0.01, Kl6g) it ETtm; 5A4MHIL, AE
AN S H Trp (P<0.01, K 6a). 5-HT (P<
0.001, &l 6c). KATs (P<0.01, [# 6d). KYNA
(P<0.001, Heof) FiEREAE, ZRHAGZI¥
X, Kyn (P<0.001, I 6b). KMO (P<0.001,
K 6e). QUIN (P<0.001, K6g) &t AL,
27 BEHFHIAERENMNREDEEBRNRELE
fgRik

Western blot Kl A 11458 (K7) B, 5C
AL, AZ/NEIED TPH2 £k B EFEE (P<
0.001, E7d), 5A4itHIL, AE4/NEIES TPH2
Kk BFEIE (P<0.001, F7d)., S5 CHMIL,
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Fig. 6 ELISA test results
(@) Trp (n=9); (b) Kyn (n=5); (c) 5-HT (n=9); (d) KATs (n=5); (¢) KMO (n=5); (f) KYNA (n=5); (g) QUIN (n=5). Compared with group C, "P<0.05,
"P<0.01, " P<0.001; compared with group A, P<0.01, “*P<0.001; ns: no significance.
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Fig. 7 Immunoblotting and analysis of mouse hippocampal TPH2, IDO1 and TDO proteins

(a) Immunoblot bands; (b) IDO1 protein expression; (c) TDO protein expression; (d) TPH2 protein expression. Compared with group C, ~ P<0.001;

compared with group A, #P<0.01, **P<0.001; ns: no significance. n=3.
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A /NS IDOL (P<0.001, K 7b), TDO (P<
0.001, Kl 7c) LM WEFm, SALMLLL, AE
/NS IDOL (P<0.001, [ 7b) . TDO ik
FIEMR (P<0.01, E7c).

3 i3t e

31 BREHXNEZPMRITAHZE
311 FidiZRe g sGE

Y REML, LB T AE4 =g
AN ZS HCAZ R B BT AL, BRI,
B B2 /N FRAE BT S B AR I ) AR R R A ) iR
HEAGER (P<0.05, K 1a, b), FHHSSREE
RAETT AT FFRE IS8 T g . X Se sl
—HERM, AEIzsRe B PR MR A3 (]
S FNCACRE ST o AT RIS FAESE T A Az 5l
X 3 B ARG D) BB AT ELA WA A B E A . X
— RIIAMUR I8 3 T HHIE NN R AL T S2 5 4K
Wi, WA E sl E I RE A 2 AL
PEE T HEILA . AR s B T
) fie A IR | B R HE X S ] 28 A 0 3 BE 1Y)
Al
3.2 fEENVAERT TR R A s

WS s R s, AR REUGE T =E
NIRRT N . S AL, ABAE#
/N B R0 DX ) 3 St ) S 25 5 - (P<0.01, &1
2b), ] A A DX Y 3 B R A 2 S (P<
0.01, Kl2a), XEEATR2EFRIRMERY, A%
15 B RENS A RN /N R B K, SR T
XPIELAT AR ER .. CAREN, 12
AN 2 BN N D R R . IR R
PN R B . 78 12 Al A 24 Ik /N, Y
HE AR LEH A RS A S L AL, X
TR MO RS M ER . (HRH T
2, 24 F /NS TR B s P AL
FE, A4S AR Trp SRR R
PUAE AT ABAYE . FL A iz B AT A e
5-HT 6 SR, b 253w o p 2200 15 DI g
NS 2R AL . BEAh, 12 shikn e it 1
R 5 A 28 A2 4K - (brain-derived growth
factor, BDNF) [k, #F—LH45% 5S-HT fepi <
JCHYTE PR ZE M T S 20, e B NN A R
15 Bl AR L R L T AT ik,
$2R Trp ARIEHEFR N 5-HT fE & 40l BEAE Hih & 4%
KHEH

sEAl

3.2 BHREHXTrpRiEHEZEHIERIER
321 Trp/KFRARfE

i3 GC-MS X b Trp 7K 1943 B 45 5 B 7w
/N BRI X Trp K OF- 8 3 FRAE (P<0.05, K]
3), X—ARfbnT e S i i Trp A& R 5
WA &, TrpfEA S-HT. Kyn & WL H HT A4
i, HIKF BB AT B B 20 5-HT . Kyn &
RV, 2F i S B 4 AU DI RE R TR, SR
M, &fAREdTE, E8/NIEDX TrpK
TR ERE (P<0.001, K3), WA RZHEY
AR E LRI Trp K TR, X —45 14
7N, ARG ST RS i R A Trp AR AR, B
Trp FIFTFHE, AT A 5-HT . Kyn 28 R4
AR HE T R AR
322 TR WK A2 ik

HEiash BERIN T 5-HT . KATs FIKYNA 4
K, TR AR T Kyn, KMO F1 QUIN f4 7K 3
Ho, 5-HT 1 KYNA B #g Ay /E /i
QUIN M| A M2 5 . 5-HT A S — o E 2 A 2 i
WA, AMUS ST, W BA BRI
SR ER . WE R, 5-HT 68 4% 8 i 3G
5-F2 A 1A ZAK  (5-hydroxytryptamine receptor 1A,
S5-HTIA) ZAk, Ifler 2 cidr, feok s fln ¥
PR, JF SR T P A e T . Ah
KYNATEN RIRARiER (KP) =y, A
AYiA L. PRAM LR EN . KYNA g8 i8
i 45 P N-H 3 -D- K& & R Z /& (N-methyl-D-
aspartate receptor, NMDAR) , Jd /> 2ok s 1k,
MR AP 2 Te S i . 5 5-HT FTKYNA A
[, QUIN J& — Ff H A i 28 8¢ 1 i AL ™= 4 .
QUIN fE% 38 11 181% NMDAR, 755348 A0 I8 2k
PRI RERRAS, M B Lo T
Ah, QUIN IS REMS L HEM L8 A S E, 1 — 2 ]
P2 TT O . AT S Bl o BE O 5-HT
KYNA B7KF-,  [A] AR QUIN /K-, AT REA Bl
TAEds Trp B AR AT . 317 7 30 15 AL
REfEIG IR M 2RI VE A, IR RENE I /D P 2 B A
FH, NI ZEREfR 220 B R T BE
3.2.3  TrpfRilhd iR i~y

Western blot Z5 R i/~ , Az % LiH T
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Mechanism of Aerobic Exercise in Delaying Brain Aging in Aging Mice by
Regulating Tryptophan Metabolism®
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Abstract Objective To explore the molecular mechanism of aerobic exercise to improve hippocampal
neuronal degeneration by regulating tryptophan metabolic pathway. Methods 60 SPF-grade C57BL/6] male
mice were divided into a young group (2 months old, n=30) and a senile group (12 months old, »=30), and each
group was further divided into a control group (C/A group, n=15) and an exercise group (CE/AE group, n=15). An
aerobic exercise program was used for 8 weeks. Learning memory ability was assessed by Y-maze, and anxiety-
depression-like behavior was detected by absent field experiment. Hippocampal Trp levels were measured by GC-
MS. Nissl staining was used to observe the number and morphology of hippocampal neurons, and electron
microscopy was used to detect synaptic ultrastructure. ELISA was used to detect the levels of hippocampal Trp,
5-HT, Kyn, KATs, KYNA, KMO, and QUIN; Western blot was used to analyze the activities of TPH2, IDO1, and
TDO enzymes. Results Group A mice showed significant decrease in learning and memory ability (P<0.05) and
increase in anxiety and depressive behaviors (P<0.05); all of AE group showed significant improvement (P<0.05).
Hippocampal Trp levels decreased in group A (P<0.05) and increased in AE group (P<0.05). Nidus vesicles were

reduced and synaptic structures were degraded in group A (P<0.05), and both were significantly improved in
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group AE (P<0.05). The levels of Trp, 5-HT, KATs, and KYNA were decreased (P<0.05) and the levels of Kyn,
KMO, and QUIN were increased (P<0.05) in group A. The activity of TPH2 was decreased (£<0.05), and the
activities of IDO1 and TDO were increased (P<0.05). The AE group showed the opposite trend. Conclusion The
aging process significantly reduces the learning memory ability and increases the anxiety-depression-like
behavior of mice, and leads to the reduction of the number of nidus vesicles and degenerative changes of synaptic
structure in the hippocampus, whereas aerobic exercise not only effectively enhances the spatial learning memory
ability and alleviates the anxiety-depression-like behavior of aging mice, but also improves the morphology and
structure of neurons in hippocampal area, which may be achieved by the mechanism of regulating the tryptophan
metabolic pathway.
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