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[ Abstract] Objective : To investigate the differentially expressed endogenous metabolites and metabolic pathways in the brown adipose
tissue (BAT) of plateau pikas at different altitudes based on ultra—performance liquid chromatography—quadruple time—of—flight mass
spectrometry (UHPLC-QTOF-MS) , as well as the metabolic molecular mechanism for BAT to adapt to extreme high—altitude environ-
ments. Methods : Eight pikas captured from Guoluo area (4 360 m) of Qinghai Province in China were established as MD group, and
eight pikas captured from Menyuan area(2 900 m) of Haibei Prefecture were established as MY group. UHPLC-QTOF-MS was used
to analyze the metabolites in BAT samples of the two groups, and Simca software was used to perform the principal component analysis
(PCA) and the orthogonal partial least squares—discriminant analysis (OPLS=DA) of the metabolic profile features of BAT. The t—test,
volcanic map analysis, and KEGG metabolic pathway analysis were performed for differentially expressed metabolites, and a bubble
map was constructed. Results : PCA and OPLS-DA showed that the BAT metabolomics in both groups showed significant clustering dis-
tribution, and these metabolites were involved in various life activities such as glucose metabolism, lipid metabolism, amino acid me-
tabolism, nucleotide metabolism, and bile acid metabolism in the body. Among these metabolites, glucose 6—phosphate, cholic acid,
ADP ribose, adenosine, deoxycytidine, and L—phenylalanine were
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71-773). the metabolic pathways of phenylalanine, phosphopentose, tyrosine,

while norepinephrine, stearic acid, urea, ornithine, and propylthio-
uracil were significantly downregulated (P<0.05). The pathway en-

richment analysis showed that BAT metabolism was associated with
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ing the energy—related metabolic pathways in the body, promotes adipose tissue differentiation and white adipose browning, and in-

creases the proportion of BAT, thereby helping to adapt to the extreme high—altitude environment.
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Wi (g) 123.863 + 13.427 151.301 = 19.670 —4.348 0.001
4 (x10%/1) 2.786 + 0.822 4.570 + 1.948 -2.574 0.005
R4 (X 10°/1) 1.632 + 0.640 1.262 +0.548 1.328 0.153
rp R 53 B i (%) 59.921 + 16.834 28.330 + 5.882 6.323 0.000
LA (x10™/L) 6.933 +0.853 6.750 + 1.650 0.355 0.726
1218 1 (g/1) 116.367 + 7.386 141.401 £ 21.449 -4.074 0.001
1L 240 L 75 (%) 36.450 + 2.615 42.580 + 7.089 -2.985 0.007
HiZHE (mmol/L) 6.075 + 3.657 5.841 +2.508 0.177 0.861
1 JR Z A (mmol/L) 7.485 + 4.008 5.892 +3.001 1.054 0.305
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PRI (pmol/L) 45.091 +21.902 24.276 + 15.837 2.555 0.019
ARSI (mmol/L) 18.722 + 5.849 26.011 +5.831 -2.985 0.008
[ 78 f2 Jb 52 % ( pumol/L) 25.031 +10.314 18.351 + 12.088 1.393 0.179
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#3 MDAFMYHERMERIEREY

_ e MD £ vs. MY £

RT(s) VIP PA FC
21613 PE(24:0/16:0) \PC(22:0/15:0) 473.94 1.65 0.012 1.47
14151 A -6-T R 462.97 1.76 0.030 3.28
3831 PR AU 436.99 1.73 0.034 0.17
11240 CDP-Z B 436.05 1.57 0.028 1.64
16178 ADP- 1% 1 414.36 1.68 0.018 3.74
21243 PC(0-18:0/18:0) .PC(0-16:0/20:0) 408.92 1.54 0.033 3.59
5975 5 383.30 1.64 0.030 0.58
6229 J S Y 346.84 1.74 0.009 1.81
1628 LR N R 312.88 1.80 0.006 2.81
9728 EY e 201.26 1.64 0.011 0.53
5223 5 164.87 1.53 0.019 2.06
8579 T AR 133.89 1.93 0.006 0.43
20118 PC(14:0/14:0) \PE(15:0/16:0) 131.67 2.24 0.001 0.17
21367 PE(22:6(47,77,102,132,16Z,192)/16:0) 123.46 1.72 0.005 0.44
11 JRE 105.44 1.86 0.011 0.58
1490 ZHEERR 65.31 1.42 0.007 0.67
10221 JilENA 46.43 1.50 0.015 0.11
2161 LI E R 283.56 1.25 0.013 1.87
2906 L {052 241.17 1.15 0.021 1.97
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Fz4 MDAFIMY AHAhZERHERENR Y
i i Jrevom MD 2 vs. M\T 2
RT(s) VIP PA FC

1765 TR — TP B LT i 5 ORI DS e AR e — R IR s Je iy T AR e 325.01 1.97 0.020 9.91
17619 TR ; R 335.46 1.49 0.010 6.25
16836 PR 5'— W R I A B IR (UDP-D— 5 A BH I 12 ) 468.51 1.66 0.044 4.98
15241 (N-fff FE | e -3 -3 ) F SE B A A A b 1 462.68 171 0.031 4.17
9621 N-Z. Bt -L-2H %R 327.12 2.02 0.015 3.52
23281 AR 368.76 1.60 0.047 3.18
6507 TR~ IR 109.51 1.98 0.008 3.12
8671 P E=E T 146.47 1.60 0.041 3.07
2011 2 ez - H 2R 385.43 1.86 0.020 2.93
8923 Ham 416.53 1.86 0.005 2.82
1676 ML B (44 2 B6) 103.28 2.14 0.004 2.65
7483 M 37,5 - R BER (cAMP) 275.95 1.64 0.002 2.60
11401 N-ZBE-L-R N R 462.41 1.91 0.007 2.52
15054 LU 448.72 1.36 0.028 2.47
8260 M 37,5 - R ER (cAMP) 276.33 1.64 0.001 2.40
9886 LA IR 101.07 1.86 0.003 2.30
3694 WhERR AT 432.34 1.81 0.025 2.28
12052 5'- RN (ADP) 448.27 1.34 0.032 2.27
7767 fa-L-A W e -L- 2 Z kI 5 5 BE M1 368.84 1.60 0.028 2.24
6574 AR &R 411.51 1.51 0.049 2.20
4815 6—TE IR - DT A B IR £h 406.51 1.74 0.023 2.14
441 PR g 157.91 1.24 0.048 2.13
4575 DA% B -5-TR 432.07 1.69 0.009 2.12
21376 WV FRARIERS — B TF R (FAD) 473.08 1.50 0.031 2.10
5607 M- IR 391.00 1.32 0.047 2.09
2415 - R 370.38 1.68 0.001 2.08
3933 I-NBR H i — 2 B2 g 377.12 1.76 0.003 2.03
3025 D-4-FRFR S H AR 431.99 1.68 0.029 1.93
571 ik i 240.51 1.60 0.025 1.84
7377 N- L 2 2= R 364.38 1.50 0.013 1.80
3723 TP AR R R R 401.25 1.51 0.018 1.79
10469 S5-I R AR (UDP) 425.99 1.49 0.049 1.74
4774 FHMBERLG ; FESTT 5 4] 418.89 1.45 0.031 171
2347 SeRR- TR 273.70 1.60 0.010 1.71
6311 5t U 121.09 1.38 0.037 1.68
12502 ML 57— — iR AR 5% (CDP ARG ) 431.08 1.37 0.045 1.61
891 B IEENS 142.22 1.52 0.010 1.57
3561 3-MR D~ H i g 436.82 1.65 0.015 1.54
4494 3-TRIR 22 5 R 435.47 1.35 0.048 1.44
341 L-22 AR 361.55 1.37 0.040 1.35
2659 MEIARR R (JEEE L) 294.91 1.36 0.025 1.22
1966 LB DL-5 4 R 474.82 1.23 0.042 1.20
317 JIEL i 368.88 1.34 0.049 1.19
15973 N- B A 1- W 1R 210.83 1.31 0.047 0.82
19350 JIH [ g (20:3(5Z,87,117)) .(20:3(87,117,147) ) 378.39 1.38 0.047 0.80
4730 T AT 426.98 1.66 0.023 0.73
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gk
e i e MDZH vs. MY 2

RT(s) VIP P1H FC
12268 LIS 352.98 1.38 0.025 0.71
7274 TP RRER 41.95 1.58 0.027 0.66
7266 D-3H 1, 6- iR 484.66 1.24 0.046 0.64
1292 Wz 368.08 1.44 0.033 0.58
3100 D-AH 217.24 1.54 0.040 0.57
4288 IR - R R 316.35 1.47 0.034 0.55
1753 3-HI A e 274.13 1.78 0.017 0.54
6389 S—H 3L -5~ IRt 362.16 1.59 0.017 0.53
4771 5P p 227.35 1.74 0.008 0.52
2927 R — H 5k 2 B 325.9 1.58 0.020 0.51
5547 L-FEREmR 361.55 1.67 0.022 0.50
8791 11-J3 4 S5 377.79 1.29 0.032 0.49
4192 LI oRE 358.73 1.80 0.011 0.43
5935 Yer: U 273.77 2.03 0.004 0.41
16100 - JFRAR 45.18 1.71 0.008 0.38
20766 1A I e 2 7o I - MR 15 v 79.55 1.84 0.009 0.36
13123 L— Al 15k 1A s 156.25 1.96 0.035 0.30
9232 = R 278.23 2.11 0.007 0.24
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3 3t it
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A 22 I 25 SR T, A A TSR R AR ) B S BAT
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W, A B R a5 E R AR R g kAR {3 i
JIg 05 R 1) BAT fii 26 RE 7. 04N, R R IE T
BAT = #A I H 3258, i IR AR 11 1 (UCPT) Al 4201k
Yy AR 8 58 A7 A y 300 - a(PGCla) B 17K
FhiEr, 55 BAT 2 5 H il = g A H 8% 18 1R
AWFFTIE K B MD 41 BAT Had g iR K SF T 1, A fig
iR R ASTE AR R , B A 9] A A 7 Sk D9 741 1l
JIE 17 200 16 A6, 6 FEVS S5 AR I A8 i 152 /K - 1T
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WS A A 36 30 b B S A R R AR
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J T 3R Sl € R o 200 L 43 kst AR e B i 4 A
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R G—6-P K3 N, Be Ak, 1 T4 56 /N R4 2%
R S0 e R, JE VA R R R IR R R AR i
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T 38 2 v R T 7 B AT 1 UCPL Rk 7= A=
o,
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YRE W K- Y T MY 2H o i B SR AT 4
B, A BRNGENG WRIGE | R H S5 T RE A 500 1 A s 4
LR AR, a0 S—28 -2 I U R IE BH T L 9]
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