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UHPLC-MS/MS FEiaR i A= ERESE A SR TS ILE M 25z I8 A

ERE" EAR HEL,FFE 400038 T, B R R (SRR ) W T VI 250 A 2
B2 5430070 BRI, P i X0 B I T b =1

(=] HIY 905 EMEE MLE (altitude-related hypertension, ARH) £ 25 Flfg 5~ A 2 [8] 1 3%
R W 22 5, 3870t ARH TS Aomblil . Jjid #EHL 2020 4 7 H 7E#F 5T 4K 4 200 m Ab Ay
B A 55 1 B S e T BB LA AR TR SR B 20 44 ARH SB35 ARH 41,30 4 Ifil Hs 1E 5 & S Xf BR
(Control ) £H . FEM it IfiL K 5T 4E %L (body mass index, BMI) | I AR FIEFIOAST , RAEDT TN R 25
K IMAEAS . LT 88 S ROR A € 13- 51 3% Bk A (ultra-high performance liquid chromatography-tandem mass
spectrometry, UHPLC-MS/MS) £ A , RPRIFFEXT G2 1M1 35 Hh B AU 77 W A 7 0 e A S o o ol P TG B 32
5353 (principal component analysis, PCA) FIAg Wi B 44 1E 28 e /> —-F€ 2 51 53 #r ( orthogonal partial least
squares discrimination analysis, OPLS-DA ) 8 8U%H i 7= W) 347 45 80 R 3% 07, L4 Bh A= 0 b 75 90 69 O
TE, IF%F OPLS-DA BRUHEA T T 15t 7% A 136k , DA PR AR A AR PRI AT Sk, (AR S AR AS ¢ A 35
25558 (fold change, FC) 43#7, 23l KL, i A 25 5 B M SRARU o ol T s 0 R IR 5 R A R
44, (Kyoto Encyclopedia of Genes and Genomes, KEGG ) & £ 3 1% 43 B % i 46 ) 18 22 A o e 473
RER A I & M AN 50T G50 5 Control 2 Fu%8, ARH 41 iYW 45 FE . 4F 3 FE AL R i & T}
o, B AU AR B BRI (P<0. 05) o PCA 43T B, IE B FACSUT iR 1 81, 96% 1712 555 1 5
TR R T 79. 25% 178 S, R W] 2 2 A AE B35 AR 22 5 . OPLS-DA #RY 73 Ay 7w, 1IE S
THER T, PCL#RE T 77.36% 175 5, PC2 flf e T 12. 25% 978 5, R*Y = 0. 96,Q°Y =0. 91 ; 7 5 T 5k,
T,PCl BT 84. 15% A8 5, PC2 ffR it T 17. 24% 78 5, R*Y =0.99,Q°Y =0. 86, 4[] 2% ¥ 3
75% , AN ZE BT 20% . BB FRR,R? BIAELM Y By 0.58,Q° U5 HLEM Y HiskiE
H=0.48; FE TR, R LA BZRM Y SdEE R 0. 93,07 BIA BN Y S R -0. 41, L0k
32 P A 2 25 S A AR A IR A A MLAEI R . KEGG 434 R, 10 254G
WP 4 J o AR B, ZBE-(RNA A=) & s s R Y2 . 85 T UHPLC-
MS/MS HiA , iz HIHESE m) A 2H 27 0 2 1 32 Fb B B 22 S i AR ™ W) vl REAE S ARH B R AR PR 2R
YRy, M2 -RNA A9 5 a2l g5 ARH 5 &AL AH ¢

(g AR AR 2R 2 s v Dt e ol 5 A5 P
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[ Abstract | Objective To investigate the differences in plasma metabolites between patients with
altitude-related hypertension (ARH) and healthy individuals, and analyze the potential pathogenesis of ARH.
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Methods Convenient sampling was conducted on a unit of male healthy officers and soldiers who resident at
altitude of <500 m and migrated to an altitude of 4 200 m in July 2020. Twenty of them diagnosed with ARH
were assigned into the ARH group, and another 30 non-ARH individuals served as the control group. Their
blood pressure, body mass index ( BMI), blood oxygen saturation, and heart rate were measured and
recorded, and fasting venous blood samples were harvested to screen and identify plasma metabolites with
ultra-high performance liquid chromatography-tandem mass spectrometry ( UHPLC-MS/MS). Metabolite
fingerprinting was performed using unsupervised Principal Component Analysis ( PCA) and supervised
Orthogonal Partial Least Squares Discrimination Analysis ( OPLS-DA) models in order to assist in biomarker
screening. The quality of the OPLS-DA model was assessed and validated to guarantee the stability and
reliability of the model. Differential plasma metabolites were screened using independent sample t test and fold
change (FC) analysis, and volcano plots were drawn. Finally, Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment pathway analysis was used to perform functional pathway enrichment and topological
analysis on the screened differential metabolites. Results Compared to the control group, the ARH group
showed significantly higher systolic and diastolic blood pressure and heart rate, and lower arterial oxygen
saturation (P<0.05). PCA analysis showed that 81. 96% of the variance was explained in the positive ion
mode and 79.25% in the negative ion mode, indicating significant metabolic differences between the 2 groups.
OPLS-DA model analysis indicated that in the positive ion mode, PC1 explained 77.36% of the variance and
PC2 explained 12.25% of the variance, with R*Y =0.96 and QY =0.91; in the negative ion mode, PC1
explained 84. 15% of the variance and PC2 explained 17.24% of the variance, with R*Y=0.99 and QY =
0. 86. Inter-group difference exceeded 75%, and intra-group difference was less than 20%. The 7-fold cross-
validation and 200 permutation test confirmed that the model was stable and reliable. In the positive ion mode,
the Y-axis intercepts of the R* and Q fitted lines were 0. 58 and —0. 48, respectively; in the negative ion
mode, the Y-axis intercepts were 0. 93 and - 0. 41, respectively. A total of 32 significantly different
metabolites were screened out, including amino acids, nucleosides, fatty acids, and organic alkaloids. KEGG
analysis revealed that among the 10 metabolic pathways, 4 were amino acid metabolic pathways, with the
aminoacyl-tRNA biosynthesis pathway having the most enriched metabolites. Conclusion Based on UHPLC-
MS/MS technology, untargeted metabolomics analysis identifies 32 significantly different metabolites, which
may serve as characteristic biomarkers for ARH, and the aminoacyl-tRNA biosynthesis pathway may be
associated with the pathogenesis of ARH.
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1ML ( altitude-related hypertension, ARH) ', ARH J&

BT RAE E A RS i 3 s R 4 s
=140 mmHg F1( 5%) #F5K £ =90 mmHg | , 243 [8] - Ji£
B MRS E EIEF L EBg .
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IR, R SEOR R ST . SR UA Y
8 160 75 NIK A JEAEFEMEHR 2 500 m DL (1) & R AL IX
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FEPMAR AR, B A T i AQBH 5 L. ARH
VER—FPZEE N 2 N R IR IR P , HAHILR i R
SR , DRI B3 R PR AR HE 1) A 2 2 19 5 3 3k
AP o R, AR E 5 3 Aok R HE 1) AR A
ARH AHERY I ACH Y, LR AR T ARH B &
HL

1 #RSH®

1.1 ZRs%

EMX 2020 4 7 H AiTAE R 4 200 m M HE AT
JREYIRY 504 24 4d BB AE 55 VB S I oexs 42, i A7
2 M5 5% (acute mountain sickness, AMS) #HJ¢ 0] 48
Palr o FERERET 1, FRBAGE— IC A I Mk 41 557 R
(2 R/, 1 /d) FIT 1B AMS, FRBA 7 F 90 5E 1,
R, i RIS >0 S5 U] 3 K HE AR 4 200 m ) g ST
Yo ARG A I B iG dE R (2018
FEBITI) )Y, LA & = 140 mmHg 1 ( 5) 475K 1
=90 mmHg(1 mmHg=0. 133 kPa) 2 Wiy ARH, $& &
] B HLAMAE A 7 2N 504 44 B B2 o 4y il 20 44
ARH 35 Fl 30 44 I /& 1E & & 99 A ARH 4 1% B8
( Control ) 2

RIS G ARRE : O AE M E W3R 500 m LR
S DX B e (AR =18 %) s QBR A TG iR I
I 5 K B e 2 0367 S s AR Hl & 3 i, 73
45 <140 mmHg H SF-H4F 5K 5 <90 mmHg,

RIS SR HEBR bR UE : O B Dife A 2 @QF &
O LA 3 B R s KR  RAEVE G 12
PR ZE M i S i 91T AR BB 4 5k 2 5 D3 19 ik
FHPER 225 Wyl HAth ] 52 el I 7 24 TP 5
s @ Fh 208 M B A% Yo i A8 P e e (e
JRELAHMIIG 208 ) I 5 25 20E i RGP M
Mg T RE B 5 IR IR PRI 235 . 78R
K MAFERT,2 2 E B R Z B TR, A3k
PR ZEZE R K2R 32 D 254t i (2020 25 001-02) , i
A H5EEBMEFET.

1.2 Houhl&

DK ML {5 1 EDTA /A H08E5], 3 000xg 4 C &
L 10 min J5, 738103, I & T -80 C KA R IR AT
o RIS K i A S 4 CIREE T S22 i Uk , i
i ISR A A TEC 1 4 1 T8 B R G K (A
BUMCH 2:2:1) 1 mL; R AETR 2] 30 s, (R R & A
30 min,-20 C # & 10 min j5, &[> 14 000xg 4 C
20 min, §2 400 pL EJET EP Ehiifr 5 T iR
TR 50 % S NG/ KW (I K =1:1)
200 pL FEAFIRERE T, 14 000xg 4 °C B0 15 ming B

IR ST s B E NS IR B FEAS TR 10 pll |
TR A BT RE o BRI, R R A~ as Tt v 70y
O3AT BTRERE G, LA DR A St o 4 4 i R v R
FETREGR R, B

EMAEE SR Agilent 1290 Infinity LC & 5% ( (%[
LHEAS A A, 8 SO A A5 R S8 (ultra-high
performance liquid chromatography, UHPLC) #4743 55,
EIEFERAS R 4. 6 mmx 150 mm, Kif2 K 5 pm, F1 R
25 C,# 0. 3 mL/min, #EFE N 2 pwl, WAAH A
7K+25 mmol/L Z, g% +25 mmol/L Z K ; Fizh4H B: 2
i R EE VR (32 1) o AEALE T 4 °C A shikbieds
SRk G SRR ARSI A 5 U 3 i 3 A 5 ), SR P B
BUIUE XA HEA T 3% 25253 A, (] I AR A BB v 4 AL
FERE A, FHT M AN PP A 28 G 1) A P B S50 B84t 1Y)
R,

®1 RIBHERRER

fffEl/min - i/ (mL/min) - FEIA A/ % st B/ %
0 0.3 95 5
1.0 0.3 5 95
14.0 0.3 35 65
16.0~18.0 0.3 60 40
18.1 0.3 5 95
23.0 0.3 5 95

X FH HL 155 %5 FH, 25 (electrospray ionizotion , EST) 1F 5
TR BT AP AT A . UHPLC (354 73 5
JE 9 EST R 5 A 40 T R B B o2 47 LU F o 50 ~
1 000 Da, ZFJMHGEEE 600 °C , Y55 L H+5 500 V
(IESA PRI REC) o W55 < 344. 74 kPa, fif B i # <
551.58 kPa, 5 %7, 206. 84 kPa, TOF MS i1 Z
(B8] 0.20 s/ 3%, =Py Es FH L RS [E 0. 05 /4%, — 2%
Ji % ok A B MK #i R % (information dependent
acquisition, TDA) 3875, I HoR FH g R U R, 250
L 60 VRl fE RE R (35£15) eV, fE IDA IWE T, 5
HEBR 7 F & <4 Da BRI &R, SR8 J5 XE 3 & 7 347
6 I JE ST %) W
L4 K= B E>H

i3 Proteo Wizard #4445 it A1 it 4 Bh 4 s X 5
16k mz XML kg2, THERIE A2 2R T4, 485 R H] XCMS
FEIF HEATUAEXT 55 O B B ) A I | it B0 T AR g
H S E R R G Y RE(ES %, BT SIMCA-
P14. 1 A7 RICGR B, B 20n 2564 i b 35 , dF
TredEgeit o fr. (il Jo MR 3= 43 43 A ( principal
component analysis, PCA) X} 2 £ Ifil 3% WA C 3 7= W46 2C
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22 e AT AR AR ZH N 728 S 8 43 B, TP 4 1] A ZH N 7Y
SR, DM R AU R IE 1 25 5 R B IE A
M /Iy — 3 F 3] 43 #7 ( orthogonal partial least squares
discrimination analysis, OPLS-DA) #5847 434, X 43
2 AHREAAR = )8 0 Z A Y 25 7, JF iRt 7 Hrsg
SCEREFT 200 Y piy HE 3 A 5 % OPLS-DA #5580 17
Jo 25 A NG UE , DA DRASE Y AR PR AT Sk
1.5 Rt~ 4 KEGG g &8 5557

i3k Metabo Analyst 2R 14 25 S RAC )
AT RCEREE R S LR 20 R4 15 (Kyoto Encyclopedia of
Genes and Genomes, KEGG ) & 443 ¥ f 40 b2 0 47 o
R A A8 v S A Q) R R X i 13z D B R 4 55
DT AR R AR X we N AR, #F— 2P AR R 12
Z A IR R B, I AR HHR AR ORI 2% 1, i i
KEGG Mapper A] #iA4k T B 7R & 4 o (i 48 b H 22
SR
1.6 it o

A 3BT R A1 SPSS 26. 0 Geit-#F, if f BER LA
xxs FeN R FHMSIAEAS ¢ K50, FHOCHE 53 ] Pearson
2:,P<0.05 W ERAGIE L

2 HR
2.1 ZXHF AT & A A IRAF AT

ARH 41 F1 Control 21 37 1 35 75 4F % . 74X 51 45 %X
(body mass index, BMI) 1 [& %55 J5 I (1) 22 - 4 L4t 1
FENX(F£2), 5 Control 41 H#t, ARH H & AU 4
JE B3R RO 38 50 35 T i, 17 3 ok o A A
%, Z R EA S22 L (P<0.05)

xR2 ZiREEMEEREIEIEFR vxs, (%) ]

Ei2 Control 21 (n=30)  ARH 41 (n=20) P
G Y 22.37%2.29 23.90+4. 14 0.099
BMI/ (kg/m?) 21.94%1. 54 22.87+2.12 0.079
B 26(86.70) 19(95.00) 0. 350
Y 4 i/ mmHg 122.00+12. 96 147.56+8.28  <0.001
#75K 5/ mmHg 77.33+8.21 94.34+6.87  <0.001
kAR FIEE % 84.70+4.23 82.29+4.32 0.016
L>#/bpm 85.17+11.69 89.01212.69  0.017

WMo B AT IR R BBk RS T A BB 3 RSP E

2.2 ARH o R = 45 LB 3% 57

TR AE AR 30 Ao 1 2 0 67 P A A T A
Je R TC W PCA Sy 2 4L A A5 =48 2
25 S T R RN A N AR R B e b o AEIE B AT,
PCl fR BT 68.54% 178 5 PC2 fB B T 13. 42% [y A
S PCA K] USRS 81. 96% I S5 S s 7617 B85 F R =
T,PCIf# R T 63. 47% 1728 55, PC2 fifp B 1 15. 78 % 1Y
Ap 5t PCA [EIAT LSBT 79. 25% 11 A8 S (& 1A) o fif
FIA W OPLS-DA BRI 4345, IE B F 1 : PCl =
77.36% ,PC2=12.25% ,R*Y =0.96,Q°Y =0. 91; i &
FAER T . PC1=84. 15% ,PC2=17.24% ,R*Y=0. 99,
Q*Y=0. 86, 4 [a] 2= X i 75% , AN 2= R ¥ /NTF
20% , [A)ist R A1 Q® Byt 0.5 80 F 1 (& 1B) .
B AR A a7 i ae SCERHE AT 200 YR J
HEF R g% OPLS-DA BB HE T T i % A F IS 3E . 1E
BITHEEUR R A HA Y ShkiE o 0.58,Q° IA HL
Y HER 0. 48; B TR T R® A LR Y Gl
H0.93,Q° A HEL Y Mk A-0.41(E 1C)

ESI* ESI ESI
15 15 Lof 1 g o
10 - 10 ] . 05 I.." .
_ - . _ .° A . . "
s 3 & . 20 . = -
g L1 e a . gy ®, =g P i
;0 o oo o 0 v B » )
= e .| c e g b e o = -05 S
’K -5 -- ] o S -5 f R o8
£ =" = Lt -tof [ 4
-10 . “«p IS -10 1
-15 -15 -1.5 . 6,5114).02-(0.0.-0415:)
-20 -10 0 10 20 -20 -10 0 10 20 0 02 04 06 08 1.0
PC1(68.54%) PC1(77.36%) ERRER
ESI” ESI” ESI-
15 15 B
10 ° ° . 10 ES . g
:\; : ° - S s 'Y o2 0.5 .
.03 'O. g\r - .o @ H -
5 s [ a = o ..
\‘L: 0 .0. _.‘._.""-_ = 0 i T g 0 ] E :
I3 o s = e ] ) o
g o g - r “c 05 re-’
-10 o 1 -10 o E [ _—
~15 ~15 -1.0 o R2 = (0.0,0.9348),Q2 =(0.0, ~0.4095)
-20 -10 0 10 20 -20 -10 0 10 20 0 02 04 06 08 10 C

PC1(63.47%) A

PC1(84.15%) B

BB

A EREFAX T PCA DM E;B. Efi & FAX T4 OPLS-DA 5478 ;C. £ fi & FAX T4y OPLS-DA H 7] iX 16 B

B 1

ERBEFHENX T MRS PCA F1 OPLS-DA 547 E
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2.3 ARH o AR =M 2 F 047

FHIRSTFEAS ¢ K56 1 22 57 A5 4K (fold change, FC)
S3HT ECER 2 Az ) iy o S AR 1 25 5, IR 4
K., DL P<0.05, 1 Log2 FCI>1 RFRdE, ka2 510
MACETF=4) . ESI'#:T ARH 415 Control 44
A &2 S AR = A 741 A FLrR AR
A 647 4>, LiRRA 94 A A8 EST B A 767 #f,
Hodr BRI 121 Ff, T IEHA 646 Fi(1E 2) o

o TIH(647) FiR(94)

2.4 ARH 3 f 2 FRKM = e jn ik 5 5T

TEVL_E TR A T, o — 20 0 12 ) 1 5 b HoAy
BEEFNNB Y, IF TR E . BB YES
T #r A & B B (variable importance projection,
VIP)fEi>1. 3, FiAs w4511 P<0.05 fllLog2 FCI>1 )
BN I35 o 22 S Al 7 0 A 07 12 5 AR D i B T
FETF NS Y 5 1 A PR e SR P P Y
YRR A o 2 ) 9 22 S AR = Wy b AT M, AR B
7N, L AR 32 Fh A RS (£ 3) .

* NH(647) -« LIA(121)

25 25
20+ . 20

2 15 ¥ ) =

= S

s %

Ef 10 :

Log2(FC) A Log2(FC) B
B2 EBFA) . GBEFB)EXTLRAH~HWNLE
x3 MEGFEA ARH IEHEFGEEZZRHKEH~Y
ha=s it J A L KEGG %5 AT VIP {8 AL P

1 Betaine aldehyde 363.58 C00576 0.26 9.46 ! <0.05
2 D-Proline 307.24 C00763 0.30 4.84 ! <0.05
3 L-Pyroglutamic acid 450. 47 €01879 0.38 2.12 ! <0. 05
4 Maltose 341. 10 €00208 0.27 2.09 ! <0.05
5 Glucosamine 195.10 C00329 0.36 1. 68 ! <0. 05
6 L-Arginine 566. 63 €00062 0.44 1.62 i <0. 05
7 Citrate 484.76 C00158 0.43 1.60 ! <0.05
8 2'-Deoxyguanosine 5'-monophosphate 346. 05 €00362 0.48 1.59 ! <0.05
9 3a-Mannobiose 394.72 22291 0.47 1.55 l <0.05
10 Uracil 111.02 C00106 0.28 1.37 ! <0.05
11 D-Ornithine 130. 05 €00515 0.24 1.37 ! <0.05
12 Acetylcarnitine 313.04 C02571 0.46 1.36 ! <0.05
13 Maltotriose 471.73 €01835 0.48 1.35 ! <0.05
14 L-Glutamate 407.92 €00025 0.34 1.31 i <0.05
15 Uridine 5’-monophosphate 323.03 C00105 0.37 1.30 ! <0.05
16 Hydroxyproline 198. 05 €00350 0.41 1.19 ! <0. 05
17 Raffinose 111.02 €00492 0.25 1.18 i <0.05
18 Hypoxanthine 156. 13 €00262 8.33 30.6 i <0.05
19 Taurine 293.13 €00245 3.13 8.00 1 <0.05
20 Phenol 93. 44 €00146 2.07 4.21 i <0.05
21 PC (16:0/16:0) 121. 32 €00157 2.33 3.76 i <0. 05
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FR3
F'5 (LY Jigiged KEGG %' 2SR VIP f§ AR P
22 Inosine 204. 60 00294 19.20 3.05 1 <0.05
23 Sphingomyelin (d18:1/18:0) 89.94 C00550 2.17 2.98 1 <0.05
24 Chenodeoxycholate 74.77 C05466 2.26 2.18 i <0.05
25 Allopurinol riboside 203. 84 (05325 2.86 2.09 1 <0.05
26 L-Leucine 265.07 00123 2.45 2.00 1 <0.05
27 Phosphorylcholine 556.35 C00588 2.78 1.61 1 <0.05
28 Cholic acid 407.27 C00695 3.32 1.44 1 <0.05
29 L-Phenylalanine 261.49 C€00079 3.47 1.39 1 <0.05
30 L-Tryptophan 270.29 C00078 2.46 1.36 1 <0.05
31 L-Palmitoylcarnitine 174. 14 02990 4.18 1.33 1 <0.05
32 Adenosine monophosphate 457.79 €00020 2.13 1.25 1 <0.05

1. kA | TR

T FRZ RIS o A o i b 4 21 19 22 S ACI 7™ M7 E monophosphate , Hydroxyproline, Raffinose 25 17 FlifUiff
F1533 T AT Origin 2218 R IE AR W AARXT A2 )& W FEAIK, 107 Hypoxanthine, Taurine, Phenol, PC
fF3 A5, 5 Control 2H A%, ARH ZH [l j5H Betaine  (16:0/16:0) , Inosine, Sphingomyelin (d18:1/18:0),
aldehyde, D-Proline, L-Pyroglutamic acid, Maltose, Chenodeoxycholate, Allopurinol riboside, L-Leucine,
Glucosamine, L-Arginine, Citrate, 2’-Deoxyguanosine Phosphorylcholine ,Cholic acid, 1.-Phenylalanine ,l-Tryptophan,
5'-monophosphate,, 3o -Mannobiose, Uracil, D-Ornithine, L-Palmitoylcarnitine, Adenosine monophosphate %5 15 fif
Acetylcarnitine, Maltotriose, L-Glutamate, Uridine 5'- RIFF=Y a2 mE3) .

Control4l vs ARH4L

L—Glutamate
Uridine5-monophosphate (UMP)
Uracil
Raffinose
Acetylcarnitine
D—Proline
Betaine aldehyde
L—Pyroglutamic acid
Maltose
D-Arginine
2"-Deoxy ine 5 phosphate (IGMP)
- Hydroxyproline
L—Arginine
Citrate
Maltotriose
D-Ornithine
3 o.-Mannobiose
Chenodeoxycholate
Adenosine monophosphate (AMP)
Sphingomyelin (d18:1/18:0)
PC(16:0/16:0)
Inosine
Allopurinol riboside
Hypoxanthine
L—Phenylalanine
Phenol

L-Tryptophan
- Phosphorylcholine
L-Leucine
Taurine
L—Palmitoylcarnitine

Cholic acid

3 ARH mEHEFRGP=MHERBEIN
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2.5 ARH 23R #t = %8s KEGG g & @557
T 32 B2 A A T B TR AT, K
BL10 2% 2 35 & 4 09 A % : (D Aminoacyl-tRNA
biosynthesis; (2 Purine metabolism; (3 Sphingolipid
biosynthesis ; @mTOR signaling pathway ; (5 Taurine and
hypotaurine metabolism ;(©)Primary bile acid biosynthesis;
(D D-arginine and D-ornithine metabolism; Alanine,
aspartate and glutamate metabolism ; Q) Protein digestion
and absorption ; 0 Citrate cycle, A2 ft-tRNA JH & |
RN ZEAMMO YR 2, @i LR T L-Leucine,
L-Phenylalanine, L-Tryptophan, L-Glutamate, D-Proline
SELEN BT 10 D2 Ao BER AU % , B R 2E
Yy GE % , mTOR {5538 B, A= R R U A4 e R L3l
T, MIAEH FRAE W5 0E B A i = AR T 7.3,
3.4.6 FhZE AR Y (K 4) .
2.6 EFHRMT M a9 A8 KA
A0 25 S A W A S e A, 25 SR B,
Acetylcarnitine , L-Phenylalanine | L-Tryptophan , L.-Leucine
D-Proline Z [A] i 3 IF #H >&; Allopurinol riboside .
Hypoxanthine |, Inosine, Phosphorylcholine, Adenosine
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