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[ ABSTRACT ] Aim To analyze the changes of lipid metabolites in menopausal rats and identify potential biomarkers
in metabolic changes. Methods 4-month-old female SD rats were randomly divided into sham operation ( Sham)
group and ovariectomized (OVX) group. Using UPLC/LTQ-Orbitrap-MS metabonomics analysis method, principal com-
ponent analysis (PCA) and orthogonal-partial least squares analysis ( OPLS-DA) were used for multivariate statistical anal-
ysis to screen potential biomarkers related to diseases. Results The OPLS-DA score plot could be used to distinguish
the plasma lipid metabolites of rats in the sham group and ovariectomized group, and there was no significant overlap be-
tween the two groups.  Compared with the sham group, the relative contents of ceramide ( Cer), sphingomyelin (SM),
platelet activating factor (PAF) , lysophosphatidylcholine (LPC) , triglyceride (TG) and omega-6 unsaturated fatty acid
(w-6PUFA) increased in the ovariectomized group, while the relative contents of diglyceride (DG) , phosphatidylglycerin
(PG) and phosphatidylserine (PS) decreased. A total of 35 endogenous metabolites were detected in both groups, inclu-
ding Cer, SM, PAF, LPC, TG, DG, PS, PG, w-6PUFA as potential biomarkers. Conclusion All the 9 potential
biomarkers were related to menopausal syndrome, which laid a foundation for the early detection of biomarkers of senile de-

generative diseases.
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Figure 1. TIC of plasma of rats in each group
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Figure 2. PCA scores of Sham group and OVX group under positive and negative mode
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Figure 3. OPLS-DA score plot of Sham group and OVX group under positive and negative mode
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x1. ZMEXRMRKEERY
Table 1. Differential metabolites in plasma of ovariectomized rats

- P - P
B A FHL VIP P flld e || A B VIP P i“’ e
Cer(dl8 : 1/22:0) 622.613 2.131 5.9916E-05 0.92987 Th|[SM(d18 : 0/18 : 0) 733.621 1.624 0.00577 1.04054 1P*
Cer(d20 : 1/22:1) 646.614 2.218 0. 0001 1.86592 Th|[SM(d18 : 1/18 : 0) 731.606 1.696 0.00357 0.77099 17"
Cer(d18 : 0722 : 1) 620.598 2.115 0.00031 1.35079 1P ||SM(dI8:1/22:6) 775.574 2.18 3.09678E-05 1.08619 1"
Cer(d24 : 0/18 : 2420) 678.604 2.111 0.00032 4.11816 Th | SM(dI8 :1/26 :4) 835.668 2.097 9.05676E-05 1.03821 1P
Cer(dl17 : 0724 : 1) 634.614 2.075 0. 00045 2.24305 Th || SM(d18 :2/25:0) 827.700 1.833 0.00125 0.95327 1°*
Cer(d24 : 0/18 : 1+20) 680.619 2.019 0. 00074 3.47056 T SM(d20 ¢ 1/24 : 1) 841.715 2.282 6.48963E-06 1.41882 1"
Cer(d20 : 1/16 : 0+20) 596.525 2.006 0.00082 1.44702 1P ||SM(d22 :2/14:0) 729.590 2.126 6.37398E-05 1.05501 1"
Cer(dl7 : 1/18 : 0) 550.520 1.558 0.01505 2.02222 T2 ||SM(d16 :0/25:1) 845.675 2.259 6.86921E-05 4.22803 1P
Cer(d17 : 074 :0) 356.317 1.557 0.0151 2.5238 T2 ||SM(d20 :0/18 : 1) 817.644 2.012 0.00078 1.98584 1P
Cer(d24 : 0/16 : 1420) 652.588 1.42 0.02902 2.81353 T2 |[SM(d16:0/24:1) 845.675 1.784 0.00415 1.36469 1P
Cer(dl6 : 0/26 :2) 646.614 1.414 0.02977 3.6898 T2 |[SM(dI8 :0/15:1) 723.521 1.559 0.01495 2.6844 12
Cer(dl18 : 1/24 :3) 642.583 1.351 0.03908 2.34403 T2 || SM(d16 :0/24 :2) 843.659 1.525 0.01769 1.0701 1@
Cer(d20 : 0/16 : 1) 564.536 1.294 0.04912 1.67165 T2 ||SM(d18 :1/18 : 1) 787.597 1.491 0.02086 1.5668 1=
SM(d12 :0/22 : 1) 703.574 1.666 0.00436 0.79005 Tl SM(dl6 121 : 1) 787.597 1.432 0.0274 2.21555 1@
SM(d12 : 0722 :2) 701.559 2.221 1.7184E-05 0.87822 1o | FA(20 : 4) 303.232 1.708 0.00662 2.09205 1P
SM(di12:0/23 : 1) 717.590 1.836 0.00122 1.07692 TP || FA(18 :2) 279.232 1.416 0. 02944 2.57444 1@
SM(d12 :0/24 : 1) 731.606 1.417 0.01902 0.83934 12 || PAF(18 : 2p) 604.361 1.663 0.00856 1.89035 1P
SM(d12 :0/24 :2)  729.590 1.655 0.0047 1.51395 TP || TG(12 : 0p/21 : 5/24 :2) 920.806 1.408 0.0199%4 1.13756 1@
SM(dI2 :0/24 :3) 727.574 2.023 0.00021 1.02115 TP || TG(14 : 0e/16 : 0/16 : 0) 787.714 1.52 0.01088 16.429 1@
SM(d12 :0/25 :4) 739.574 1.361 0. 02525 1. 1366 T2 ||TG(15:1/14:1/24:7) 897.636 1.504 0.01189 1.09064 1@
SM(d12 :0/26 :2) 757.621 1.731 0.00277 1.008 TP TG(16: /20 :5/20:5) 899.712 1.327 0.0297 1.20011 12
SM(d12 : 0726 : 4)  775.572 2.141 5.26664E-05 1.03365 T TG(17 :4/12:0/19:5)  795.610 2.368 1.29114E-06 0.91421 1!
SM(d12 : 0726 : 5) 751.574 1.71 0.00323 1.39362 TP | TGI8 : 2p/12 : 0/19 : 0) 839.688 1.644 0. 00505 3.13689 1P
SM(d12 :0/27 : 1) 773.653 2.344 2.10163E-06 1.51315 TP I TG(19:4/19:5/19:5) 905.665 2.48 8.76437E-08 1.54737 1°
SM(d12:0/28:1) 787.668 2.474 1.03619E-07 1.18618 1" |[|TG(6:0/2:1/23:0) 864.801 1.453 0.01575 2.55476 1@
SM(d12 : 0730 : 1)  815.700 2.375 1.12376E-06 1.27911 TP || LPC(20 : 0) 552.402 1.333 0.02883 0.48036 1@
SM(d12 : 0730 : 2) 813.684 2.253 1.04206E-05 0.94685 Th||LPC(22 :1) 578.418 1.245 0.0431 0.73414 12
SM(d12 :0/30 : 4)  809.653 1.603 0. 00659 2.53789 TP || LPC(24 : 0) 608.464 2.011 0.00023 0.81103 1"
SM(d12 : 0730 : 5) 807.637 1.6 0. 0067 1.80938 1" ||[LPC(24:1) 606.449 1.787 0.00181 0.79926 1"
SM(dI2 :0/32:3) 839.700 1.331 0.02918 1.1819 Ta [|[LPC(35:4) 754.574 1.318 0.03097 1.199 t=
SM(di14 :0/27 : 1) 801.684 1.285 0.03615 0.87779 T2 ||LPC(35:6) 750.543 1.483 0.01343 0.75785 1@
SM(d14 :0/30 : 6) 833.653 1.617 0. 00605 1.48634 TP IDG(12:0/22:1) 633.485 1.389 0.02193 -1.61574 |*
SM(d15:0/19 : 1)  703.574 1.98 0.00032 0.87003 1P| DG(14 : 0e/18 : 1) 575.500 1.326 0.02984 -2.74659 |*°
SM(d16 : 0/19 : 1)  717.590 1.651 0.00484 0.81281 TP || DG(14 : 0e/20 : 3) 577.519 1.414 0.01937 -3.48142 |*
SM(d16 :0/20 : 4)  725.559 2.169 3.62624E-05 1.37998 TP |IDG(14 : 0e/22 : 5) 601.519 1.433 0.01754 -3.17967 |*
SM(dl16 :0/21 : 1) 745.621 1.514 0.01123 1.89977 T2 | DG(14 : 0p/22 : 4) 601.519 1.297 0.03411 -3.09816 |*
SM(d16 : 0/21 :2) 743.606 1.934 0.00051 2.17506 1P || DG(16 : 0e/18 : 3) 599.500 1.258 0.04077 -2.54423 |
SM(dl16 :0/22 : 4) 753.590 1.753 0.00235 2.30872 TP I DG(17 : 0/17 : 0) 614.571 1.242 0.04361 -2.5605 | =@
SM(d16 :0/25:2) 799.668 2.303 4.50536E-06 1.00233 T2 1 DG(18 : 0p/16 : 0) 603.532 1.246 0.04294 -1.51107 |*
SM(d16 : 0726 : 1) 815.700 2.256 1.00657E-05 1.10055 5| DG(20 : 1p/21 = 2) 711.568 1.444 0.01655 -1.87541 |=®
SM(d16 : 0726 : 2)  813.684 2.021 0.00021 0.92847 T2 | DG(20 :3/20 : 3) 686.571 1.567 0.00824 -3.6823 |
SM(dl16 :0/26 : 3) 811.668 2.177 3.23525E-05 2.19906 TP |IDG(29 :1/24 :7) 853.725 1.808 0.00154 -1.44452 |°
SM(dl16 : 0727 : 1) 829.715 1.293 0.03487 3.88137 T2 ||DG(33:4/24:7) 919.714 1.258 0.04065 -1.07036 |*
SM(dl16 : 027 :2) 827.700 1.621 0. 0059 1.40407 1" || DG(34:4/21:3) 883.772 1.267 0.03905 -2.59732 |*®
SM(dl16 :0/27 : 3) 825.684 2.324 3.06313E-06 1.51336 TP IDG(6:0/22 : 4) 543.344 1.371 0. 02405 -0.7895 | =@
SM(dl16 :0/27 : 4) 823.668 2.311 3.94484E-06 1.08196 TP I PG(18 : 0p/15 : 0) 727.545 1.665 0.00441 -1.73754 |°*
SM(dl16 :0/28 : 1) 843.731 2.384 9.22248E-07 1.63146 TP PG(25:0/23:3) 947.728 1.564 0.00838 -2.52196 |
SM(dl16 : 0728 :2) 841.715 1.717 0. 00306 1.07979 T PG(31:0/22:4) 1047.738 1.48 0.01363 -1.83978 |*®
SM(dl16 :0/28 : 4) 837.684 1.523 0.01071 3.73934 T2 ||[PG(32:3/16:1) 945.713 1.247 0.04274 -1.34892 |*
SM(dl16 :0/28 :5) 835.668 1.591 0.00709 0. 82048 T PS(16 : 0p/23 : 0) 856.582 1.595 0.00692 -2.67564 |°"
SM(dl16 : 1/16 : 0)  675.543 1.972 0.00035 1.07524 1" [[PS(16 : 1p/23 :0) 854.567 1.31 0.03223 -1.31561 |*®
SM(dl16 : 1/26 : 1) 813.684 1.978 0.00033 0.68854 1P ||PS(24 :4/19 : 4) 896.541 1.761 0.00221  -1.62943 |
SM(d17 : 1/18 : 1)  715.574 1.819 0.00141 1. 14567 TP | PS(32:4/22:0) 1042.802 1.309 0.0324 -2.71969 |*

a i P<0.05, b Jy P<0.01,5 Sham 4 [t#%., 1 Fm L, | R TR
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EPR A2 R G IR B RE SR B . PAF
ST B IOk o A A58 Ak L T Rl 1) Z2 R L A P Y
—ANSRA R R YA BT, AT SR ML AR i
ROMEE, BFAME T, IS5 M5,
AN AR D R BE ARG , 7 B A (Had B 2
AN FE T R ( polyunsaturated fatty acid, PUFA) A
RES I shkEE, 2 5 2R, o-6PUFA E£ T
PR 0-3PUFA BRI, f k3 4 e I3 s ) £
K. 0-6PUFA EFALM-2(COX-2) T 5- 5 A A il
(5-LOX) By PR By, FAE 40 A1 5 FE B iy A=
AR R AL A W) (1 PGE, | 12-72 H- i DU 45 1%
25 HA B 1, COX-2 1 5-LOX 76 7L 5 985 41 i
MRk T IS AL G-2 PRI 52 AR £ 2E g 1f
A A 240 T RATLAAR 5 T 1 SR g 2
Wl TR AR 22 U I S R AE B ( lysophos-
phatidylcholines, LPC) ;2B JI§ 19— Ffr | o2& A AL BLIK
BENGH 1 (ox-LDL) [ EZBENR AL 51, 24 5+
P G 8 RIS 52 AR R B, nTOs 2450 A5
i, LPC a2 E0 As BYFT S AE PR 1, B0 W B2 1 5|
B LAE P R A P PR TORIRBEN S LPC AT
[ 4 I AR -9 1 = B4 107 AR A ik BE L
24000 HLPC B AR, T B 5 M5 N B
AN, IR N B A AR S . VF 2 SRR, LPC
T 5 S A RS g o g SR T 4B 4% P B AH T 5
JICEA P B 2 S A AN B S s Y R AN i R T
RBRE 3 B 23R 53 A1 LUK Z2 Fh 20 it XL 1 0 0, i
B AT A 1 RS U T R AR A A T B
I =g (wiglyceride, TG ) 2 ANA N & S Z IR,
PR IR IR 2R i 2 WA A T AT S Ik ok AR B A 1
O LA DRI, 08 226 50 D 05 03 3R e, L
FUMAE S P F 5 Zhang %57 BBR /D B
G 25 (BB Wi i ( lipoprotein lipase , LPL) J& , & 3/N R,
M3 TG WY 84 i, 32 2 R &8 90 &5 1 oK 4
9 As BEB, 2R TG Tl il Lhfedt As B9 E R

HIH R (diglyceride, DG ) J& A& N A5 5 1% 181 19
v )= R B iR R AL ( PL) A AR TR 2 AF
FEHEW DG RERE RN B i H ol =85> 1
ee 100 , 1 ) P JEE D 0 4 o A B o 184 K O T R A
FEAEH . 34h, DG 2 40 il A= f % ol 1Y 55 —
fR i, 2 AR PO B0 A0 6 9 2 e ¢
ARt 22 2 ( phosphatidylserine , PS) J& R MW AR , 10
SR ME— R 0% I 4% 4 i F5E G 8 2R 1 1 ) e RS 1
JI§ o PS REAEE I3 AT LA Hh 25 i i (4355 e | 7T 48 2%
PEEB BT i /b AR 5 WV B RRER RN 55
0 S B W SIS ol 222368 T T R e 2 g 1 o ¥ A 1Y)

L3, BIRMESE, PS A B F s RINTI6e B2
KM, BFFEUESE, Bl A 45 52 m R pL
AERY PS 45 8 A4k 2= W) BT 23 38 Wi /b, IR i 2
FIFN N T W, BT 2% ¥ 8RO & i 2 1 =, Pang
ST RS B BRI o AT & B B PR
B 2 TP AR Ik 22 R AR N e H AT A BT R R
ZE LAk, AR 858 3 T UPLC/LTQ-Orbitrap-MS
RGN T RINE KRG B dl =W 5 ik, o0 b
PAFHUZIIAHDC 9 FEAEAEMbR ey, 5 R 3R
W, 4 2 W PT RE R AR T 3 S8 A AR Wb e W) AR N 2
AL B AR DG RR AR IR AR I 25 AL, X LE AR
WIS AR Ak A5 o 28 I o0 i A8 A5 R I 0 1Y)
R kR UM oG, 8 a4 28 W A Al 10 i
AL R FE B A IAIR IR 25 1 fife 4 28 390 1) i A o
P BRARPEARE A 6 45 28 IR A AR AR I A TR, AN AR
AR S T 2 2 391 B ALK R A3 28 10 A R i, T
BT B T B B AE 28 1 22 AF M AR Ak 1
(RS R R, K e T 2 AR N 1 AH 6 B B
5, A B IF & xR i R AR D 58 25 ok
SR () N R L NI 2 A SO Rl 7 4 G2
T i R 2L ) AT 5 B A A L PR 5 ) A
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