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[HE] HOY %8 50 Hz #5332 55 APP/PS1 XURE 56 FH /N B i Bz J2 41 20 4% 38 1 52 W
Jiik ¥ 12 2 APP/PSIT XU LD 12 JEI S e 14 /N BRBEHL 53 X BRAL (C 41) A1 50 Hz 437 2% 88 41 (MF
W), B 6 N, W REH/ N REEEAE 1.0 mT 50 Hz #3H,2 h/d, #52E 21 d; % BEZE/NERBR JC G 1 2%
FE b, R R SHE 2R BE AR o FRER 45 S He bR v IO INER R NG K2 JZ 214, 0047 80 43 Bl E A
A 2R I, A 45 RE S A PR B AR B LC-MS/MS Jit 3% 43 B AC U W e 1R A BOHE b AR
g 50 Hz g7 g8 %) APP/PST WU IEIN /N A9 & & ToH B2 i o A IR 5 43 HF R A ) 20 2= A )
FeUoE 1068 I, KRR S5 B M (FC>1. 5 5 FC<0. 67 %, P<0.05) ,50 Hz i3 7 % 5 /)N
R JZ A AL e 1 22 B2 A, b 11-8-B-FL B R3S I 5 B f (FC = 80. 68 ) , 5-28 L [ R o
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[ Abstract ] Objective To study the effects of 50 Hz magnetic field exposure on metabolism of
cerebral cortex in APP/PS1 transgenic mice. Methods  Twelve 12-week-old male APP/PS1 double
transgenic mice were randomly divided into the control group (C group) and the 50 Hz magnetic field exposure
group (MF group) (n=6). The mice in the MF group were exposed to 1.0 mT 50 Hz magnetic field 2 h/d
for 3 weeks (21 d). The mice in the sham exposure group had the same conditions as those in the MF group,
except for no magnetic field exposure. After exposure, the cerebral cortex tissues of mice were taken according
to the standard method for high-resolution untargeted metabonomics tests, including sample metabolite

extraction, sample LC-MS/MS mass spectrometry analysis, metabolite qualitative and quantitative analysis and
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data analysis. Results  The growth of APP/PS1 double transgenic mice were not affected after 50 Hz
The high-resolution untargeted metabonomics showed 1 068 metabolites were

identified. Based on fold change analysis (FC>1.5 or FC<0. 67, P <0. 05), 22 significant changed

metabolites were identified in cerebral cortex of mice after 50 Hz magnetic field exposure, and 11-keto-beta-

magnetic field exposure.

boswellic acid was the most increased metabolite ( FC =80. 68), and 5-aminolevulinic acid was the most
decreased metabolite (FC=0.34). Based on the variable importance in the projection ( VIP) value of each
variable in the orthogonal partial least-squares discriminant analysis ( OPLS-DA) model ( VIP>1, P<0.05),
30 identified significant changed metabolites were screened in cerebral cortex of mice after 50 Hz magnetic
field exposure. And the top 3 significant changed metabolites in VIP value were 2-oleoyl-1-palmitoyl-sn-
glycero-3-phosphocholine (VIP=19.76, FC=0.52), dehydroascorbic acid ( VIP=12.71, FC=0.72) and
inosine ( VIP = 10. 64, FC = 1.05).
Encyclopedia of Genes and Genomes (KEGG) showed that the 30 VIP significant changed metabolites may be

The analyses of hierarchical clustering, correlation and Kyoto

involved in 16 KEGG pathways. L-aspartic acid, L-alanine and acetylcholine may be involved in 13, 7 and 3
pathways of the 16 KEGG pathways respectively. Conclusion The amino acid metabolism, ATP-binding
cassette transporters, CoA and aminoacyl-tRNA biosynthesis, regulation of actin cytoskeleton and neuroactive

ligand-receptor interaction may be impacted in cerebral cortex of APP/PS1 transgenic mice by 50 Hz magnetic

http : //aammt. tmmu. edu. cn

field exposure.
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iKF| 7 800 1 A, it 3 2050 = KA F] 13 900
TN S R 2R AT PR R 23895 ( Alzheimer” s
disease , AD) J& FEUHAR 1Y) FEEPRZ — . 50 Hz HLf%
Y@ T AR5 . 7 3% ( extremely low frequency electro-
magnetic field, ELF-EMF) , {ifi Fi 50 Hz 32 i B3 it 4525 i
s A% i H 2R 2 T e HL R L AR SO He LRG3, H
fa BN 37 3] 5 J e . BEAEAF9E 6 B, 50 Hz ML
Yy EE ] LIS X vl 2 RS A AT R, OF o2
fEHE AD KA fE B PN 2 27 (HL 4 e A Sk
#HW],50 Hz #5370 2% 8 T — LL 50 103697, A6
AD IR ST o AR SCIR AE LS S0 Ha 3% 5 5 Xt
APP/PST BUE KL HEVE/ N L (AD ShRERY ) R B 2
HLURBI 2, IR AWTSE 50 Hz 837 L Wy 200 il
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1 #MRERE

L1 Slsrgham

AT S LEAS RN 12 L APP/PST XU 3
12 J& i /N B[ B6C3-Tg ( APPswPS1dE9) /'V, 4
5 VSM40043 |, g 5 bt ME i S BHECA IR A R . Bl
BLAF AT HRZL(C 41) F 50 Hz 4 2 B84 (MF 41) ,
TR 6 B, M (R BB ST 8 1) 1R FR1E SPF Zikn

SIS Y FR N, A R, B R E I OEIR 12 h
X HRZH/NERAR & R (26. 67+1.70) ¢,50 Hz ®E37 %
PR/ BUARTUR A (26. 15+ 1. 64) g, P 2H 1450 3 25 7
TG FE o SIS N 1 G, 37 5 i 21 /) B 2%
FZAE 1.0 mT 50 Hz ®idzHr,2 h/d, 85223 B (21 d) %t
HRZH/NBRBRTC 5O Hz R 37 2% 8 A (CRR IR Rl g )
HAR R S5 HE357 2 E5 HAATR . 50 Hz 14373 ) 4 8 25
HILE 1,
1.2 &M E

AB Triple TOF 6600 i 1% ( AB SCIEX , %) ;
Agilent 1290 Infinity LC #8 & R AH 351 ( Agilent , 35
) 5 1K itk =5 34 2.0 AL (Eppendorf, 78 ) 5 {4 3% £
Waters, ACQUITY UPLC BEH Amide 1.7 pm, 2. 1 mmX
100 mm column ; Z,Ji§ ( Merck , 3 [H ) ; LR ( Sigma, 38
) s B (Fisher, 3E[H) ; &K (Fisher, SE[E) .
1.3 Fik
L3.1 WM SR BRE S5 2 K Pl i 5913k
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FETE
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1.3.2.1 FEARCHERER 12 UMK (B4 6 H)
K K S EAS (T ) 76 4 CIEE N 18 7R 5 219K,
BUS AT R/ O/ KW (2:2:1) iR
TEIRA KB 30 min,—20 C# & 10 min, 14 000xg
4 CE5Lr 20 min, BF I FLAS TR, O3S 40 A B A
100 pL ZEZKEEW( LIE K, 1:1) B e, 14 000xg
4 CE L 15 min, BUETERIERE T
1.3.2.2 @Akt gk arrAE s R Ag-
ilent 1290 Infinity LC #E3URAH A% £ 4t HILIC {1}
FEFFAT 43 855 AR 25 C5 ik 0. 5 mL/min; 4% 5
2 L BRI A 7K +25 mmol/L Z, %% +25 mmol/L
%7}@3:Zﬂ%;ﬁ§%5%$§$ﬂﬂT:0~o- 5 min,95% B;
0.5~7 min,B )\ 95%Zk 2102 65% ;7~8 min,B I\
65% K AL & 40% ;8 ~9 min, B 45 7E 40% ;9 ~
9.1 min,B M 40%£ AL 2 95% 5 9. 1~ 12 min, B 4
FETE 95% s B oy Hrid B P AR AV EE T 4 °C B 3l AESR
ARG ARSI A5 5 D8 B T B S I, SR B
BT 47 FE A7) 3% 2 53 Br o FEASBA S 4 A QC
(quality control ) # iy, FI T WE I FI T 22 4 i Ao P
SR AR AT SR . QC FEAS 2 RR AR A 45 R
BB, ZERFAEAS LC-MS/MS HEREFT HEAE H FE A
J& L ATLASI

Q-TOF JiE S5 % AB Triple TOF 6600 g
PGHATREAR — 2 Gk R AR o AR 4 ] Agilent
1290 Infinity LC 8 & R0 AH €35 R 4873 25 )5 , H] Triple
TOF 6600 Jii{¥ ( AB SCIEX) # 47 Jit 1% 4341 , 43 il %
JF HL 15 2% L B (electric spray ionization, ESI) JF B Fl
R A TR

ESI I E ST S BN 1(Gasl)
60, F B i< 2(Gas2) : 60, K7 <, (CUR) :30 psi,
B URIR 600 °C 5% Hi Hs (ISVF) £5 500 V (1E 1
PRI ) 5 — 5T oy LLAS TS - 60 ~ 1 000 Da, —%
By LAY ] - 25 ~ 1 000 Da, — 2% JiT 3% 451 4

S [A]: 0. 20 s/spectra, — 2% Jii ii% 39 il 2 AL [A]
0.05 s/spectra; — 2% Jor % >R FHBCHE AR Y R B A5 5K
5, IF HoR e BEAE TR X, i e - £60 V (IE
TP L) |, BEFERE 5L (35+15) eV, Bl MO B R
BRI E T : SISHEBRFIALR & : 4 Da, &
PR AR 10 0y BTG

1.3.2.3 dairtr B EEER ] XCMS it
FTUEERT S5 B B )R I AR UG TR AR, %f XCMS 42
HUAS 3 B8l S A T AR 25 A0 S B AL 3L, SR
Jo AT SR o B PP, d e AT B o i . BdE
AT AN 2 PR

B GEIT3HT A58 A E 0 BT (fold change
analysis, FC Analysis) .t ¥6560/dF 24656 , #6368 /K #E FC
1.5 5% FC<0. 67, [flf} P<0.05.,

25 AR 1€  FH OPLS-DA 53U 434775 5] A5
AV HE{H ( variable importance for the projection, VIP)
K HE VIP>1, [F]i} P<0. 05,

25 Y Z R R K B AR A R A (1 B
B BCE R 5 A B R R Rk AR B B B R
PR, B — D RIERSE, AR E I —1
RIS

FEOCAE S AT « A o o 25 22 AR (VIP> 1, P<
0.05) Z [AI AR B VIR BE .

KEGG (Kyoto Encyclopedia of Genes and Genomes,
http ://www. kegg. jp/) 3 #% 73 Hr - 55 % 1E §1 B 75X
IR 22 S A & 0 2 7 W KEGG 18 B% 1
B KEGG 58 #% rh iy 22 Rl 5 i 1 KEGG path-
way mapper L BEXT 22 5438 % i 17 8 7R (KEGG 38
FEIED) 5 DL KEGG 3@ B& 4 B4, DLz e 2 5 i A
P N T 5, 8 1 Fisher ¥ i 5 & ( Fisher’ s exact
test) , K5 &A1 B A B B ) B K
V-, B KEGG 3 % & 5 73 7 5 22 S A g% 1 22 %
#4547 (differential abundance score) 4347,

SVC-3KVA E
BREELEDTRBEER E

ATARRXREFHRE T

A BB E; B:SO Hz EFZHE AN Fels 5 AR
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F1 50 Hz #35REAERBEX/MNREREFEME (n=6, x+s)
ZH 5 0d 5d 10 d 15d 21d
Xif B 2H 26.27+1.70 26.80+2.11 27.07£2.37 27.30+2.36 27.60+2.23
Wi R EE 26.15+1.64 25.87x1.54 26.45+1.40 26.78+«1.35 26.97+0.73
P 0.91 0.40 0.60 0.65 0.52
1.4 %itadr 2.3 50 Hz #:% % & st APP/PS1 s A B ) R % B
IR B AR AR ] SPSS 22. 0 8T 48112 0 AR W 04 R

T, G5 x4 R, WIZHLIE] FL AR FH Student” s ¢ 46
I KB K UE «=0. 05,

&R

50 Hz 73 3 35 AR 09 %@
50 Hz i35 #%)5 (1.0 mT,2 h/d,21 d) /NR&AS
I B R 5 0 5 0] B /N B LG 22 S B T ge it 2 78 X
(1), FWPARLE XM T, 50 He 5375 88 XF APP/
PST UL B /NN & B T 52
2.2 RitWERHELFH LG

AT FEREE 1068 AR, Horp e B AR
(Pos) %5 3| 521 Fp 11 B 5 HizA (Neg ) %1€ 3| 547 T,
FRAEAL 732 (chemical taxonomy ) I Jg& {5 B #E 4T 702K
geit, A s T 16 S (superclass) , Hirp
75% )& T4 FLIR I H AT A= 4 (organic acids and deriva-
tives) | I§ 28 L 1B #% /3 7 (lipids and lipid-like mole-
cules) .  Hl Z¢ ¥ 1k & ¥ ( organoheterocyclic com-
pounds) 7 Ff B AL 45 4] (benzenoids ) A L& AL 5 W)
(organic oxygen compounds)3 M HEZE( & 3A)

2

2.1

2.3.1 HUBERSITHT I AR S A5 o B F
K ge/ AL S K 50 )5k, LA FC (145 568 B MF X R 20
C)>1.5 8 FC<0. 67 £, H P<0.05 k56K i, 50 Hz
Wi ##8 5 (1.0 mT,2 h/d, 21 d) /NEUZ R HS A
745 R & AR T R AR, o IE B 397
Fir(& 3B) , 1 25 AL A 348 B (181 3C) , T2 g TR
HEAEY NePE SNGHE o+ A PR AT A

LA G (18 3D (E) o 397 R {L B & i 4G
(IEB ) th BA 16 RS w s Cetk) , H
th 8 A IEIE 50 Hz 37 7% 5% Jo W1 S35 in .8 FhC s
YL FEAIR ;348 B AR 4 B S i AR (11 712 X0)
H A 6 MRS E CETE) , b 5 M 7e
50 Hz i aas o W w3 in , 1 A Gt B BRIk (% 2) .
X 22 PG A 8 FiHJE TR 2K M ARFE 4y (6 R
/2 FEEAR) L6 FhE & T A L2 G P (2 Fhig
/4 FpEEAR) 4 B JE A LR B AT A (3 Pl
/1 FREEAR) L2 RIS TARFR AL S ) (B FEAR) , H
H e B A T1--B-FL A IR , WA A W] . )
5S-G AR (£ 2) .
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2.3.2  IEAmER/NFHA G M IR/ 3 H
43 #r ( partial least squares discrimination analysis,
PLS-DA) J&—Fia Wi my H 3 43 A Ge 11 I 2 , iz F
/N m A G A A B 5 R ] Y O
FAGEARY, R SEHTE fil 20 B S50, I 7T LA B 8 4R
i 5 23 2H AR DG 25 S AR o TE A/ N3 Hl
343 1 (orthogonal partial least squares discrimination
analysis, OPLS-DA) J&—Fh X} PLS-DA #:471& IE 1943

B s, TR RR 5 4025 B IC R

£ OPLS-DA 754318l b, B4 45 ¢[ 1] )& FHi &
JRAY , BE LB R 18] 22 5 A AR AR to 1] 8 T IEASF
BT, B4R SO N 1728 S5 | BT 4A B AT, IE SR
FhR ISR 20 1] 25 5 HL A I 88, 20 9 A — 5 A
S BB TR T & 7 WG58 5K IF (7-fold
cross-validation ) 1§ I AR P B4 (Q*) 14>0.3, %
W] OPLS-DA FRIFSE MR (£ 3) .

Superclass

Organic acids and derivatives 22.378%

Lipids and lipid-like molecules 21.067%
Organoheterocyclic compounds 14.139%

Undefined 12.547%

Benzenoids 9.644%

Organic oxygen compounds 7.772%

Nucleosides, nucleotides, and analogues 3.652%
Organic nitrogen compounds 3.652%
Phenylpropanoids and polyketides 2.622%
"Nucleosides, nucleotides, and analogues" 1.404%
Alkaloids and derivatives 0.281%

Homogeneous non-metal compounds 0.187%
Lignans, neolignans and related compounds 0.187%
Organometallic compounds 0.187%

Organosulfur compounds 0.187%
"Organoheterocyclic compounds/Nucleosides, nucleotides, and analogues” 0.094%

SE0DEE0O0EEODEEOCONDE

A

o up o up
4 ©  down O down
©  No significant difference 0¥ . o No significant difference
3 . 88,
o i >
=
s
E s
T R
1 g2 oo
. Yoo
0 e 0 il
-10 -5 0 5 10 B -10 -5 0 5 10 C
log2 72E S5 HL(MF/C) log2 75 A5 (MF/C)
3 SuperClass SuperClass
©  Benzenoids ©  Lipids and lipid-like molecules
©  Lipids and lipid-like molecules 5 3 ©  Organic acids and derivatives
©  Organic acids and derivatives Organoheterocyclic compounds
Organcheterocyckc compounds No significant difference
Undefined
o 2 .
£ ©  Nosignificant difference o,
: e 2f
= E
=) T °
E S
"ot E
T o1r
of v ot v
-10 -5 0 5 10 -10 -5 0 5 10
log2 25 AR (MF/C) D log2 25 AR MF/C) E

A BRI EEF 5 R T BB R T ES THRKLE

41¢,,FC>1.5 B P< 0.05,3 &,.FC<0. 67 BLP<

0.05, 2 & A ; C.RMPH TAL R B THXKLE; D EHFRXT ZFRMHH 5 £EELE ZE.FFILEZFRHE
W(EFRBDRARRGRERRE ST K)2E)E: 7 & FRXT ZFRMH a5 £)2 kKL E

B3 EEREWHLEFERNLE
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*2 HEERHKEY
LIS T ik s mEET R ik P fiES
Wiy niE M471T39 [MTH]* 11-keto-. beta. -boswellic acid 80.68 0.024  Lipids and lipid-like molecules
JE s m
A + 4, 4-dimethylcholest-8 (9 ), 24- .. -
M305T38  [MPH H,0]¢ * 4-dimethylcholesi-8 (9) 25.08  0.030 Lipids and lipid-like molecules
dien-3. beta. -ol
Ir, 5s )-8-methyl-8-azabicycl
M141T238 wenyr (I S8 ) -Smethyl8asableyelo g 1 g
[3.2.1]octan-3-amine
TE st M453T146  [M*H 2H,0]" Asiatic acid 1.82 0.001  Lipids and lipid-like molecules
M247T331_1 [M'H H,0]"  Alpha-N-Phenylacetyl-L-glutamine 1. 68 0.036
M141T560 [MTH]" Hexamethylenetetramine 1.67 0.040  Organoheterocyclic compounds
M357T559_1 [M*H] * . beta. -estradiol 17-valerate 1. 66 0.049 Lipids and lipid-like molecules
M205T496_2 [M'H]* Levamisole 1.54 0.046  Organoheterocyclic compounds
Wi nis M168T242 [MTH]* 2 ,4-diamino-6-nitrotoluene 0. 64 0.049  Benzenoids
JG KA .
T M351T429 [M*H H,0]" 2-furancarboxylic acid 0.55 0.042  Organoheterocyclic compounds
2-oleoyl-1-palmitoyl-sn-glycero-3-
M783T43_1 [M"Na]* 060y’ -palitoyl-sn-giycero 0.52  0.034 Lipids and lipid-like molecules
phosphocholine
M242T481 [MTH]* Quinclorac 0.52 0.010  Organoheterocyclic compounds
M371T660 [M*Na]* Ingenol 0.52 0.044  Lipids and lipid-like molecules
M387T657 [M*Na]* Pyridaben 0.42 0.005  Benzenoids
M218T68 [M"H 2H,0]" D-neopterin 0.39 0.007  Organoheterocyclic compounds
M114T254_1 [M*H H,0]" 5-aminolevulinic acid 0.34 0.012  Organic acids and derivatives
Wiy B M214T406 [MTH]™ sn-Glycerol 3-phosphoethanolamine 1. 86 0.008  Lipids and lipid-like molecules
Gl (s)-( +)-2-phenyl-n-( trifl
M246T129 (M H]™ s )t r)-cphenyln-C OOy g5 0,034 Organic acids and derivatives
acetyl ) glycine
M171T398 (M"H)" Glycerol 3-phosphate 1.73 0.023  Lipids and lipid-like molecules
B PR M145T238 [M H CgH4O]™ Phenylacetyl-1-glutamine 1.54 0.032  Organic acids and derivatives
M611T514 [M"H]™ Glutathione , oxidized 1.52 0.000  Organic acids and derivatives
by LR
E}iﬁéiﬁ M347T113 [MTH]™ Dehydro-1-( +) -ascorbic acid dimer 0. 63 0.009  Organoheterocyclic compounds
= PR

FC>1.5 & FC<0. 67 45, B P<0.05; E & T4 X 5% A 381 MM AT, i & FHX 5 A 342 MRt R

([ 4C) , s A 16 Ff (181 4D) , EEE TR

%3 OPLS-DA #EITM S
Kgi R4 A R*X(cum) R*Y(cum)  Q?(cum)
EBF MFus C 141 0.361 0.971 -0.358
AT MFus C 141  0.424 0.944 0. 691

AERSHGRX A X T F MR RY BATY
T F A QT LA TR AL A5 Q7>0. 5 BEALE R T 45
0.3<Q*<0. 5 AE A A2 A AT QP <0. 3 457 T £ M &A%

OPLS-DA #ERIAG 5 g VIP FEfS T i 451Ul
W9 2 IR O 25 ZELAE AR 3 SR ) 14 52 i s 32 0 i
RES) A28 A B A B X 225700 1 B VIP>1 i
P<0.05 Sy i F P22 AT i e b o, 50 Hz 147 2%
#e)r (1.0 mT,2 h/d, 21 d) /NREJZHLGIA 30 Fft
W (BETE ) S T B Ae A, o IE B TR 14 il

KRERESTT-(9 B APLAIMEE W (T F) ATHLIR S
HAFAW (T Fh) RAALE Y (2 Fl) A% K
I (2 i) 55 (& 4B F) | TR AR {0 i SR AR {h i B 55
FEIA 4, Hrh VIP S5 R 2 2-0h - 1-3 s
Tk -sn-H i -3- R E K ( VIP = 19. 76, FC = 0. 52) , H: 1k
BEAHIR MR (VIP=12. 71,FC=0.72) , 45 = &Il
H(VIP=10. 64, FC=1.05) . 5 kA2 F 55800
(FC>1.5 5{ FC<0. 67 15, H. P<0.05) Fb4z, 4] 25 548
WG B 22 B0 in 21 30 B, (HAG A Br AR 4R, B
22 FR P > TS B, FE LA BN T 13 Fp
A (3 i3 /10 FPEEAL,0. 67<FC<1.5 %) o
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4,4-dimethylcholest-8(9),24-dien-3.beta.-ol -
(1r,55)-8-methyl-8-azabicyclo[3.2.1Joctan-3-amine I
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.beta.-estradiol 17-valerate I
5‘_ Acetylcholine
?mz I W down
47
~ 2-furancarboxylic acid I W v
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5-aminolevulinic acid I
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S S c
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2-furancarboxylic acid I
Quinclorac I
D-neopterin I
! W down
£ | e
= S-aminolevulinic acid
- otevanic et | | operCls
4 11-keto-beta.-boswellic acid _ [ Benzenoids
i [ Lipids and lipid-like molecules
4y 4d-dimethylcholest-§(9),24-dien-3. - Organic acids and derivatives
beta.-ol S
Asiatic acid I Organic nitrogen (?ompmnds
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F
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x4 HEERKEHY

- . - AR AL ;
g AR ks E T AT %mﬁ % P K
Wi 5% M471T39 [M*H]* 11-keto-. beta. -boswellic acid 2. 10 80.68  0.024 Lipids and lipid-like molecules
JEEE
M395T38 [M*H H,0]* 4, 4-dimethylcholest-8 (9 ), 24- 2.14 25.08 0.030 Lipids and lipid-like molecules
dien-3. beta. -ol
M141T238 [M*H]" ( 1r, 5s )-8-methyl-8-azabicyclo 1.73 8.14 0. 025
[3.2.1]octan-3-amine
B TR M453T146  [M*H™ 2H,0] * Asiatic acid 1.61 1.82 0.001 Lipids and lipid-like molecules
M141T560 [M*H]* Hexamethylenetetramine 1.52 1.67 0.040 Organoheterocyclic compounds
M357T559_1 [M*H]* . beta. -estradiol 17-valerate 1.27 1. 66 0.049 Lipids and lipid-like molecules
Wi RiE M146T157 (M*H)* Acetylcholine 4.16 0.74 0.003 Organic nitrogen compounds
JE B
M351T429  [M*H H,0]" 2-furancarboxylic acid 1.12 0.55 0.042 Organoheterocyclic compounds
M783T43_1 [M*Na]*  2-oleoyl-1-palmitoyl-sn-glycero-3- 19.76  0.52 0.034 Lipids and lipid-like molecules
phosphocholine
M242T481 [M*H]* Quinclorac 1.57 0.52 0.010 Organoheterocyclic compounds
M371T660 [M*Na]* Ingenol 1.20 0.52 0.044 Lipids and lipid-like molecules
M387T657 [M*Na]* Pyridaben 1.21 0.42 0.005 Benzenoids
M218T68 [ M*H 2H,0]" D-neopterin 1.61 0.39 0.007 Organoheterocyclic compounds
M114T254_1 [M*H H,0]" 5-aminolevulinic acid 4.08 0.34 0.012 Organic acids and derivatives
37 % M214T406 [M"H]~ sn-Glycerol 3-phosphoethanolamine 2.68 1.86 0.008 Lipids and lipid-like molecules
A
M246T129 [M"H]~ (‘s )-( +)-2-phenyl-n-( trifluoro-  2.28 1.82 0.034 Organic acids and derivatives
acetyl ) glycine
M611T514 [M"H]” Glutathione, oxidized 3.49 1.52 0.000 Organic acids and derivatives
B AR M337T378 [MH] 5 ’ -phosphoribosyl-5-amino-4-imi- 1. 17 1.38 0.015 Nucleosides, and analogues
dazolecarboxamide (aicar)
M101T383 [M"H]™ Succinic semialdehyde 2.48 1.17 0.015 Lipids and lipid-like molecules
M267T222_4 [M"H]™ Inosine 10.64 1.05 0.045 *“Nucleosides, and analogues”
Wil 5% MI128T310_4 [M"H]” L-pyroglutamic acid 7.35 0.85 0.025 Organic acids and derivatives
J5 KA
o MI11T69_3 [M"H]~ Uracil 8.12 0.83 0.020 Organoheterocyclic compounds
M132T416 [M"H]™ L-aspartic acid 7.23 0.81 0.014 Organic acids and derivatives
M283T90 [M"H] Octadecanoic acid 4.50 0. 80 0.043 Lipids and lipid-like molecules
M88T265 [M"H]” L-Alanine 1.38 0.77 0.048 Organic acids and derivatives
M225T434_2 [M"H] L-Carnosine 2.15 0.76 0.024 Organic acids and derivatives
M173T113 [M"H]” Dehydroascorbic acid 12.71  0.72 0.025 Organoheterocyclic compounds
M169T142 [M"H]™ Gallic acid 3.07 0.70 0.009 Benzenoids
M121T91 [M"H] 4-hydroxybenzaldehyde 1.86 0.68 0.023 Organic oxygen compounds
M347T113 [M"H]” Dehydro-1-( +) -ascorbic acid dimer  5.56 0.63 0.009 Organoheterocyclic compounds

VIP>1.0, E P<0.05



http ://aammt. tmmu. edu. cn

il 25 %2 B R, 2023,45(4) 285

2.3.3  VIP R 2 R L0 b HTHE
AT WL S 7R AR 22 B8] 1) 96 2R DA S AR TEAS [
AR FRIBRIAE 5 B TA REAS B 22 AU i 3R
KRR BT I A AP PR LA ZH 500 1 75 R
DAHEATRRUEAL , SR 5 HEA TR B R RO, kA TR IR
M. 50 Hz 53772555 (1.0 mT,2 h/d, 21 d) ik
/INBRUBZ 2 20 2 2-30 - 128 0 TE-sn- i1 - 3-8 1R 1 ik
( 2-oleoyl-1-palmitoyl-sn-glycero-3-phosphocholine ) 5 ik
1% R (pyridaben ) | L-fJL K ( L-carnosine ) 5 4-332 £ H
i (4-hydroxybenzaldehyde ) 55 HA B g A B A4 SR ik 46
o (HFEAR) , 11-i-B-F, 7 B2 ( 11-keto-beta-boswellic
acid ) 54018 ( asiatic acid) AL T A B H K (glu-
tathione , oxidized, GSSG) 5 sn-TH = fE-3-Wi R Z 3 4
f ( sn-Glycerol-3-phosphoethanolamine ) % [&] ¥ H. 4 #H
AR FRIBRL (KR ) , 3275 W 5 2 ) m] fig B AT
AR D REE L[] 2 5 [R] — A i ot sl 20 e e %
(EI5AB),

2.3.4  VIP 2= AR 18] 149 AH DG 43 B HH R
3BT AT LARS Bl i 2 2 e A 2 8] i) AR )
FEEE AR T2 1 il A= YIRS A2 Al i 2 A
Z A AAH BT 6 58 50 Hz #4372 8% 5 (1. 0 mT,
2 h/d, 21 d) B/ BRRE S22 2 1 23t gt - 1- 215 P -sm-
I -3-BAER A 5 ki R AN — S KR ( quinclorac)
SR Z ) sn-P = -3 R A AR £ S BRI F
(succinic semialdehyde ) #1458 £k B4 Bt H Kk =& Z 4] .
Z PENE T ( acetylcholine ) £ D-t i #4 ( D-neopterin )
BB FEHAERERN S - MR A% M Jk-5- 2 - 4- DK AR
P8k i% (5 -phosphoribosyl-5-amino-4-imidazolecarboxam-
ide) P ZIA] LUK AN 4- 72 28 FH PR 25 22 1] L-JJL
JIRA PR 185 g (uracil ) P 2Z 6] | 2 S H0 IR LR ( de-
hydroascorbic acid ) il 25 &-1-H1 5 I iR — B 1A [ de-
hydro-1-( +) -ascorbic acid dimer | P # 2 [6] ¥4 77 75 B
WAIEAHC R (FX R E>0. 8) , In BN Z W] fE
L[R2 5 [F]— AR Yy FE (S REAH &/ D ) G R ) BOR IR
TR A R AR s LT IE AN 8- FY k-8 i XL B
Je-3-1% { (11, 5s ) -8-methyl-8-azabicyclo [ 3. 2. 1 ] octan-
3-amine | P& Z [AIFFELE R W00 0 AH OGO R (RHG R 880>
0.8) , &R BT ZIA) Al REAFAE BT 50 R B U AL R
F (I 5C.D) , FO5%EIFN 2% T B R T ik
AR Z 6] R AR DCPE AL 5 C R (& SE~H)

2.3.5 2SR KEGG /3 #r 50 Hz fidy
#3555 (1.0 mT,2 h/d, 21 d) /R JE A 2 28 AR
Yirlte2 51 KEGG # A 16 45 (P<0. 05, & 6A
B), NEREWZS H5WEHE, ABC iz 1 (ABC
transporters) 7 4 Fh 22 Y 2 5, WEIR KL AR
KA R EL L (Alanine, aspartate and glutamate metab-
olism) B N2 M2 1L i} ( beta-Alanine metabolism) | 75 i
H AT ( glutathione metabolism ) | 2H 22 B2 {0 1}  histi-
dine metabolism) /i ( carbon metabolism)5 4538 %
A3 MERNEYS S, ZRILFFEGE A &Y E
( pantothenate and CoA biosynthesis) | Jif 5iE 3= S i it
( central carbon metabolism in cancer) &5 [ 1M 46 AR I
(protein digestion and absorption) | H 4 iR 22 & 1R 77 &,
B2 11} ( glycine, serine and threonine metabolism) (ffi£2
6 PE A9 B AR -2 (840 B AE F ( neuroactive ligand-receptor
interaction) \Z ik tRNA A= ¥4 i (aminoacyl-tRNA bio-
synthesis) K & £5 F11 4 Bk 2 A i ( nicotinate and nico-
tinamide metabolism ) 2} Bt & 2 A1 B &5 & BR A 01t ( cys-
teine and methionine metabolism) 8 2B 2 ffE &
R 25, I3 & B 40 M B 22 98 75 (regulation of
actin cytoskeleton ) FIJ& iy T B0 ( Nicotine addiction) 2 5%
WEAT 12 Y25 (8 6A,C~H) , HMNZE
A B 12 8% b B 0 A B o5 e
A WLEI AR 20 B S 1 3 v 25 S A o L
5 (20%) , WRRRA AR AR B WARA
A BT IR & a5 1% 9% 8%

3 itig

APP/PST XU L /N B2 DLE AD it 2z
—o ZHWIBRURNAE e T B-TE R AR T AR
(amyloid precursor protein, APP) Jt [K | 8 it 3 ik 5 il
HE APP, [ f5 ] B2 B Y B-IERPIRE A
(amyloid-B, AB) TEANAH LW UIAL; T HidFe gt 1 &
%1 (presenilin-1,PS1) ZRAS LA, PS1 & y-ﬁ‘{d‘é@ﬁ( v-
secretase ) [ JCHEAE AV , AT 9 y-43 004 il 1) 2 11 7K
FRTE R, i APP (R K AT AR AR, Y 5R APP 1Y
W I S AD R H BT N X sh
HE T B % AD (early-onset Alzheimer’ s disease,
EOAD) il 5% .
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Glutathione, oxidized
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Inosine
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M [— Acetylcholine
" ﬂ(. Il 2 furancarboxylic acid m:
bl W e - D-neopterin i
ﬂ' — - Ingenol ':
.? [ (1r,55)-8-methyl-8-azabicyclo[3.2.1]octan-3-amine l,z
} 4.4-dimethylcholest-8(9),24-dien-3.beta.-ol
TF 11-keto-.beta.-boswellic acid
U lf' - Asiatic acid
. - ~ Hexamethylenetetramine
— © .beta.-estradiol 17-valerate
C86C3CEEEELE A
===z
Pyridaben . o»‘f N
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T 000 .
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O
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S
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»
D-neopterin
PyﬂdalN
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inclora
Quinclorac e Lipids and lipid-like molecules

* Organic nitrogen compounds
* Organoheterocyclic compounds
Undefined
G

A EBFRXERRERE;B: i & FRXERREAE

HTR,RERZ: ETRBRE;C. E&THRXAREMAE;D: i & T X482 A E

(s)-(+)-2-phenyl-n-(trifluoroacetyl)glycine

(s)-(+)-2-phenyl-n-(trifluoroacetyl)glycine
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H

A AR ARG, R R, 2 . 25 LR G .2

aé . EMX,EE. ML, HE . ER

FHARR RER X AKRE(REARMEAR) , B R D ARG ER(BEH, SRR E BB TR ZEF A5
FRXAZE  AE link 6925 RMY, I E L INE R B £, BELF S ERMI AR, RREZF:

RF E AR Z R ARG E BTN M4 EH: 5 & FH XM %A

Ak, BEXFK: AR (K AAM AR EAK)
&5

EoRB (AR EREMAR)  LEXEE

BEMERKPWHIRES B XES
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WHRERE wé.2HHLER EE
& 6
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K EBBRAGE R
AD & —FhHEAT PR A AN AT 306 0 b 22 AR AT A
S L] M NG 2 2 R i DX A G A DX 3k, FEAX
IR ZEELIA S, ] Iy g a A G AT IR A
SRR 5% 55, JF B 5 S A0 ORI 5 R AR 5
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Eobrey PILOREMR PAAM D, §EREMEF) ;C~H.KEGG @349 £ FK
(BEMTH MERE: L TRGRE

BEMERKEY KEGG BT

X ARBITHBEZEELTE AD 1% A= 5 J 45 5 TH #E %
FEMEMY . AR, 50/60 Hz B 55
PSR AE g —FhAE H AR 6 A AR 7= op o i 5
RS 4 B PR 256t T 5 ) A A 0 P35 S R 19 S 3
60 Hz fi53% (3. 8 mT) A Y557 15 min 7] 5] K Kl
BT LYY PR TR A1 2 R T s LY 25 B I R
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FIZLER T R, I L7 250 A 1 1740 o5 28 5 200 i 4k 3 D
ARZS | I 5 1B ) /00 B 2 ek R A R
50 Hz #3%(3. 0 mT) Fp4L 2 85 AT 2055 i fafF 26 =%
FRIGIACHS 7 % (IS R IR 2235 T /) FIAT S IR &R
E2 & 55 (IR ZEACEM 16 28 DU 0% BR R G &1 i 2% E2
Th, BUFIIR R B2 A&k B I A A i
FORE PR A BT, ML RE IR AR V' Ffg 2
RIAE (JE AL 225 R BoR A 64 Fhlig 2 k4 T W
B T . 50760 Hz HR AR HL RESR 1% AD A4
PRAR I Y 52 i I8 R L R G iF 98 . A58 & BE, 50 Hz
W% 88 J5 APP/PS1 RUk% JE /N R e JZ2 H UL A
30 AR kA T B AR, T BE TR KRR 4
T ) AWML E Y (T F) A LR LAY
(7 %) ORI LA G (2 Fh) (B I8 SR
(2 Ffr) &5 558 3 72 SAR T KEGG il %400y , 1 s 22 57
RGP RES: 51 KEGG il KA 16 55, Hirh 25 AR
V) & T BBk . GSSG | WL 1T (inosine ) | L-K 4 24 R ( L-
aspartic acid) \L-PN % JiZ ( L-alanine ) \L-JJLR{E 1556 1E,
3.2 50 Hz #3% RE T A& L 4E 2 AT LA

BPEH K BALIE R K A0 R 4T, B R A RBR .

) R BR o v o AX

AD 55 A4 W f APP SW %% 3L R /N BUIR 4 21

TR NERR R i 247 B S AR, 45 AR FE MR 4L 2L i T AR
ABEEAE R MEEL"" . 2w RE G R A T L
K S TR RR AR R SRR PO B A, B
SCHRFEHH 50 Haz AR AR H fi 5 o] 5| ke 2, Pk JEL Ak
WS (0 SRS A6t T 516 M B/ I 43 B ) 2
Sl A< PR 2 T Lk G OB 055 4 1) T AR L AR
H2 9T B, 50 Hz 1437 2% 5% J5 APP/PS1 XU R A
INEUZ JZ A E R IR kv B B S R A . AD SR IR
(IS AR EF ) (40 G 2 20 43 b H KA Ak e
SRS Fe S, B SR A I H BRI 38 S A4 e
H K ( glutathione , GSH) &A%, Bl GSH/GSSG FUAHE &K
GSH/GSSG FUfE7E 1 H #s APP/PS1 XU 3L K /)N U
HAUp g, 5 A I I (R B BEHIE AT )
FUAE R, 11 H i3 ik GSSG B g 34 Jin . GSH/ GSSG
U R AR . 2 BOCiik B 50 Hz AR AR 99 i G
ERATRT 5 S PN L 24 I H K AR A SRR A A
GSH/GSSG HAHFEAR' ™ o AHIF5E % B, 50 Hz B 37 5
&5 APP/PS1 NV B/ Rz 2 4 U AL B A e
BREA 3, L-aspartic acid F L-alanine 372 & &
H ) 20 FhE iR 2 —, YR TIELH A ER, 95
S5 2R E MR G RE, L-camosine J& —Ff —
Bk, B B- &R A Z IR N, EE 25 B-NE R
R AR . SCHkFRAA AD g4l 21 K4

SRR N R SN B AR i UK A
WEAR " 221 AD Shy ik Py 2 R R 1R S, R
55 AD gy ik 20 M7 R A Sz B A 00 DA LR
VER AL R R AR AR G, © A SCHRE I,
R R EE T 50 Hz HLRE3 (100 kV/m, 320 h) Haf S5
R ERGBCIRAART 43 2 5 18 2 b 22388 o (46 K 4 R Al
PR ) & HEFRAE ™ 52, 0 mT 60 Hz G355 5 d o]
FECR BRI R JZ P 1 R A R 5 P 2348 T 5
R A 2 0F 98 & B, 50 Hz W53 % 88 R
APP/PS1 Ut RPN B JZ A L-R A& R L-N 2
iR L-UBRI W R RAIG. WL 8 T I 2% 25 A Lk
BV R ESAL AL A VIR R IRIER R v )7, &=
S HIEMARU . A SCERRW, 20 JE R 1) APP/PS]
XU FE R /N BRRZ 2 A 4 L 5 S B B 3 (VIP =
1.54,FC=1.69, H P<0.000 5) " . DIk Scik A & M
50 Hz HLRES O HE AR N WL 52 o AR 20 27 i
& PL,50 Hz W53 585 J5 APP/PS1 XUHE LR /N B %
AL EHE TR
3.3 S0 Hz w3 R ETRY M T AARKKE KO
iE HBE A e R BE IRNA A 44 L& G
BB ZRAR T oAb 22 fa LB - Ak Al E AR R i
WSS 51 16 % KEGG @& E , A 2 Fl
53 MRS 5 TNEAR R L AR AR
B IR RN H 2R 22 R 70 AR
PRI 2 Dk 2z A A 2 g %, P A S 0 2% A
T 50 Hz 37 % ¥ v] g £ 2 X APP/PS1 XUE FL A /)y
SR 2 2 A AR AR R = e T — i
M, H1 T AD Sl ik 40 B e g f A S B R B 00 T 8
DL FERRAE R AAZ M SRR 15 A R AR, #EDY 50 Hz
W7 7% 85 AT e 23 52 W 3 ) AD 3R ALY & AR R Kk g
ABC( ATP-binding cassette) 5515 5K 12— R RE LK
(5 B i 35 1, TR 5 2 R BT 5 I e iz KB AM R
PRI NG R S IR o B IR AR A 5 AD A 4 AR
JEVE ERBEARERAREMLBITERRA
S B A R—Fh A I BRI, A
BT BBz e L ; e I (RNA & —Fh 55 2 % 7 A 4 3
FRAHSS G R AL IR , FL A 5T b s L IR 1% 32 )
A 55 01 ) 78 ZE A A () 2 KBS . A
B e S b R T 4R 2H R, T i A2 1
SHRNENE R, i N B i 1t T 3E , LshiE
A0 M B B8 1 B i i is R AEBRIR 5 AD B RN
Ko MHEETEE B BCAR-3Z VR AH B AE FH AR o 8 1 2 40 g
HEE 1 A 55 40 PN M I O A 2 AR TS AR 1) 4R
Ho AL LM 4 FEFRIWWS 5T ABC %
BEFEME, 2 FESEYM S5 T A B
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tRNA A= 1) £ B3 (6 A 28 305 P T AR -2 A% 1 FH B A
1 R S (22 R & LS i 20%) 2
57 WLgh & (1 40 0-E L1 %, R 50 Haz #3752
#a HTREXS APP/PST WU BL P /N BRI B2 J2 13k i g%
FEAE R AR T, AN, TSR L-K
REZMR 25 ik 16 2 KEGG i i o iy 13 43l % |
L-alanine A[ 25 7 5l | CEEARBE AT 25 3 5l iK%,
PRI 3o 48 2 S A W] g A AR 50 Hz 137 2% 5% I 35 A
HYIRIEXS £

AR FAR A 22 1 AR ISR T 50 Hz fif 37 2 2
(1.0 mT,2 h/d)21 d )5 16 JE#> APP/PS1 REERLR /)N
S Z LU AR, 3 32 19 22 AR Sk 56
KEGG {38 i 5 5 S20F9¢ 50 Hz #5800 AL il
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