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Metabolomic analysis of the changes of pathways in immunosuppressive
mechanism caused by cyclophosphamide in mice

SHI Xuan, YANG Yong, QIN Wei-han, XU Jia-hong, YANG Da-jian, GUO Yan-lei "

( Chongging Academy of Chinese Materia Medica, Chongging 400065, China)

[ Abstract] Objective To investigate the changes of metabolic pathways in the process of immunesuppression in
mice caused by cyclophosphamide by metabolomic analysis. Methods Flow cytometry was used to detect the changes of
immune cells, and the results were analyzed using partial least squares model. The potential biomarkers were screened by
variable importance in projection ( VIP) parameters in the partial least squares model, and the differential metabolites were
determined by statistical analysis. The differential metabolites were identified using the metabolomics rapid identification
and analysis software. Nine kinds of metabolites were identified by searching and calculation, and result of pathway enrich-
ment showed three differential metabolic pathways. Results Cyclophosphamide had a significant effect on the biosynthesis
of unsaturated fatty acids, metabolism of mitochondrial fatty acids, metabolism of glycophospholipid, biosynthesis of steroid
hormones, metabolism of arachidonic acid, metabolism of fatty acids, and the biosynthesis of pyrimidine. Conclusions The
most important metabolic pathways affected by cyclophosphamide in the normal body are the metabolism of arachidonic
acid, glycophospholipid and pyrimidine.
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Tab.1 The results of flow cytometry analysis
T A1 240 T 5 448 i B1 4 B2 4l
L2l 4 4
45 BT 41 & B 41 Ts cells Th cells BI cells B2 cells
Groups Total T cells  Total B cells
CD3*/CD8 * CD3*/CD4 * CD19*/CD5 * CD19 */CD5 -
gl ¥iE
: X iR 9ff 37.39 2.12 25.30 59.08 37. 14 3.39
Control group Mean
SR ¥ , ”
s I 58.21* 1.04 ™ 16.92* 73.44" 17.84" 2.35"
Model group Mean

TE SRR AL IRAL, * P < 0.05,™ P < 0.01,
Note: Compared with the CON group, * P < 0.05, ™ P < 0.01.

5.5e6 @ TICfrom HBH_RPLC_Pos_QCO01.wiff (sample 1) - HBH_RPLC_Pos_QC01
@ TIC from HBH_RPLC_Pos_QCO2 wiff (sample 1) - HBH_RPLC_Pos_QC02
@ TIC from HBH_RPLC_Pos_QC03 wiff (sample 1) - HBH_RPLC_Pos_QC03
@ TIC from HBH_RPLC_Pos_QCO4 wiff 1) - HBH_RPLC_Pos_QC04
5.0e6 @ TIC from HBH_RPLC_Pos_QC05 1) - HBH_RPLC_Pos_QC05
-Oe QTIC from HBH_RPLC_Pos_QC08 wi 1) - HBH_RPLC_Pos_QC08
@ TIC from HBH_RPLC_Pos_QC07.wiff (sai 1) - HBH_RPLC_Pos_QC07
@ TIC from HBH_RPLC_Pos_QCO8.wiff (sample 1) - HBH_RPLC_Pos_QC08
Q@ TIC from HBH_RPLC_Pos_QCO3.wiff (sample 1) - HBH_RPLC_Pos_QC09
4.5e6 @ TIC from HBH_RPLC_Pos_QC010 wiff (sample 1) - HBH_RPLC_Pos_QC010
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Fig.1 The overlay chart of TIC spectra of the QC samples repeated ten times
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Fig.2 The score plot chart of PLS — DA of mouse serum samples by positive ion and negative ion modes
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Tab.2 The parameter table of PLS — DA on the mouse serum

samples by positive ion and negative ion modes

205 Groups R2X R2Y Q2
1E# T Positive ion 0.561 0.991 0.938
1 B F Negative ion 0.354 0.917 0.568
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Tab.3 Characterization results of the differential metabolites

b= JE fif EE A SR P1iA EFARE P27 PN
1D m/z( Da) Name Formula P value VIP Confirmation
1 496. 3392 1 - F7SBE - SN - T =B - B AR C24H50NO7P 0.211 1.02 NO
2 457. 156 2" — R EUR T COHI2N205 0. 0001 1.75 YES
3 303.2313 17 — o — F S22 C20H3002 0.03 1.06 YES
4 302. 3059 DL - & ¥ (B C18H39N02 0. 007 1.45 YES
5 522.356 T T A5 1 JIE C26H52NO7P 0. 049 1.08 YES
6 380. 2557 R -1 - BRIR CI8H38NO5 0.028 1.04 YES
7 391. 2844 A = W iR — S ik C24H3804 0.026 0.62 NO
8 284.2952 i R Tk e CI8H37NO 0. 487 0.38 NO
9 305. 2475 M -8,11,14 - — =R C20H3402 0.762 0. 69 NO
10 283. 2644 HHIEI@;H FEMR TR C39H6802 0. 481 1.03 NO
11 281. 2506 - 11 -+ /iR C18H3402 0.017 1.33 YES
12 279. 2345 B — IVJFRMR C18H3202 0. 003 1.02 YES
13 255. 2352 R R CI16H3202 0.003 1.05 YES
14 303. 2337 AGE VU R C20H3202 0.258 1.04 NO
15 307. 2647 11,14 - Z IR €202 C20H3602 0.019 2.11 YES

1 YES e 22 AR BT, NO R0

Note. “ YES”is the metabolic substances for the final differences; “NO” meant not sure.
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Fig.3 The chart of pathway view analysis results
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