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Abstract: This study was designed to analyze the change of metabolites in the PC12 cells and its medium
induced by corticosterone (CORT) and glutamate (Glu) by proton nuclear magnetic resonance ('H NMR)
metabolomics. The multivariate statistical analysis was employed to identify the difference between control
groups and induced groups, respectively. In addition, metabolite pathway analysis was performed to explore
the characteristic of CORT-induced and or Glu-induced PCI12 cells depression model, and to provide the
references for the selection of in vitro depression models as well as the further understanding of the mechanism
on depressive disorders. We found 36 differential metabolites in CORT-induced PC12 cells and medium and

42 in Glu-induced PC12 cells. Furthermore, correlation analysis results show that serine and 2-oxoisoleucine
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were associated with most differential metabolites in CORT-induced PC12 cells. Lactate and glutathione

were significantly correlated to the vast majority of differential metabolites in Glu-induced PC12 cells. We

speculated that CORT-induced PC12 cell models may affect the fatty acid metabolism and cell membrane

structure, and Glu-induced PC12 cell models may have a difference in the glycolysis and antioxidants.
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Figure 1 Typical '"H NMR spectrum of PC12 cells (A) and
medium (B). The metabolites labeled with numbers are listed in
Table 1
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Table 1 Chemical shift and multiplicity of identified metabolites from cells extracts (C) and medium extracts (M)

No. Metabolite Group Jou/ppm (J in Hz) Sample
1 Lipid-CH; 0.82 M
2 2-Oxoisoleucine yCH3, aCHjs 0.90 (t, 6.0), 1.10 (d, 6.0) M
3 2-Oxoleucine CH;, CH; 0.93 (d, 6.0) M
4 Isoleucine 0CHs, yCH;3 0.94 (t, 6.6), 1.01 (t, 7.2) C,M
5 Leucine SCHs, 5CH; 0.96 (d, 6.6), 0.97 (d, 6.0) C,M
6  Valine yCHs, yCH3 0.99 (d, 7.2), 1.04 (d, 7.2) C,M
7 2-Oxovaline CH; 1.12 (d, 6.0) M
8  3-Hydroxybutyrate CH3 1.21 (d, 6.0) M
9  Lactate CHs, CH 1.33 (4, 6.6), 4.11 (q, 7.2) C,M

10 Threonine yCH;, aCH, SCH 1.33 (d, 6.6), 3.59 (d, 4.8), 4.26 (m) M

11 Lipid-CH,- 1.40 M

12 Alanine SCHs, aCH 1.48 (d, 7.2),3.78 (d, 7.2) C,M

13 Lysine 0CH,, fCH,, eCH,, aCH 1.72 (m), 1.90 (m), 3.01 (t, 9.0), 3.74 (t, 7.2) M

14 Ornithine 0CH,, 6CHa, yCH,, ¢CH,, fCH 1.75 (m), 1.85 (m), 1.94 (m), 3.06 (t, 7.8) M

15  Acetate CH; 1.92 (s) C,M

16  Proline yCHs, fCH,, 6CH,, 6’CH,, aCH 2.01 (m), 2.07 (m), 3.34 (m), 3.45 (m), 4.13 (m) C

17 N-Acetylaspartate CH3s, CH,, CH, 2.02 (s), 2.49 (dd, 10.2, 15.6) C

18  Pyroglutamate Half fCH,, yCH,, Half fCH,, aCH 2.04 (m), 2.42 (m), 2.52 (m), 4.18 (dd, 3.6) M

19  Glutamate SCH,, p’CH,, yCH,, aCH 2.09 (m), 2.10 (m), 2.36 (m), 3.77 (m) C,M

20  Methionine CH;,0CH, 2.14 (s), 2.64 (t, 7.8) C,M

21 Glutathione Glup, Glu y, Cys f, Cysa 2.16 (m), 2.56 (m), 2.94 (m) C

22 Pyruvate SCH; 2.38 (s) M

23 Succinate CH; 2.41 (s) C,M

24 Methylamine CH; 2.62 (s) M

25  Aspartate BCH,, fCH, 2.68 (q, 9.0), 2.82 (dd, 3.6, 17.4) C,M

26  Dimethylamine CH;3 2.73 (s) C,M

27  Methylguanidine CH;3 2.85(s) M

28  Asparagine yCH,, yCH,, fCH 2.87 (q), 2.95 (dd), 4.01 (q) M

29  Creatine CHs;, CH, 3.04 (s), 3.93 (s) C

30  Ethanolamine aCH,, fCH, 3.15(t, 7.2),3.83 (1) M

31  Cystine yCH,, yCH,, fJCH 3.19 (q), 3.39 (dd), 4.41 (q) M

32 Choline N(CH;); 3.21(s) C

33 O-Phosphocholine N(CHj3); 3.22(s) C

34 Sn-glycerol-3-phosphocholine ~ N(CH 3)3 3.23(s) C

35  Taurine CH,S03, NCH, 3.25(t, 6.0), 3.43 (t, 6.0) C

36  Myo-inositol C5H, C1,3H, C4,6H, C2H 3.28 (1, 9.0), 3.54 (dd, 3, 6.6), 3.63 (t, 9.6), 4.07 (t, 3.0) C,M

37 Methanol CH3 3.36 (s) C,M

38  Methyl phosphate CH;3 3.47 (d, 10.2) C

39  Glycine CH, 3.56 (s) C,M

40  Glycerol SCH,, f’CH, 3.56 (dd, 9.6, 3.6), 3.eny5 (dd, 11.4, 4.2) C,M

41 1,3-Dihydroxyacetone SCH,, f°CH, 3.58(s), 4.41 (s) C

42 Serine SCH, yCHa,, y"CH, 3.84 (dd), 3.95 (q, 3.6), 3.99 (dd, 3.6, 8.4) C,M

43 Adenosine monophosphate C5H-ribose, C4H-ribose, C3H-ribose, 4.01 (m), 4.37 (m), 4.51 (m), 6.14 (m), 8.27 (s), 8.61 (s) C

C1H-ribose, CH-ring, CH-ring

44 trans-4-Hydroxy-l-proline 4CH 4.36 (q) M

45  p-Glucose SCIH 4.65(d, 1.2) C,M

46  a-Glucose CH 5.23 (d, 3.0) C,M

47  Uridine diphosphate C1H-ribose, CH-ring, CH-ring 5.96 (s), 5.97 (d),7.97 (d) C

48  Inosine CH-ribose, CH-ring, CH-ring 6.11 (d, 6.0), 8.24 (s), 8.35 (s) C

49 Tyrosine C3,5H-ring, C2,6H-ring 6.91 (d, 8.4),7.19 (d, 4.2) C,M

50  Histidine 5CH, 3CH 7.08 (s), 7.38 (s) M

51 Phenylalanine 2CH, 4CH, 3CH 7.33 (m), 7.38 (m), 7.43 (m) M

52 Oxypurinol CH 8.18 (s) C

53 Hypoxanthine N-(2)CH=N, N~(7)CH=N 8.2 (s), 8.22 (s) C

54 Formate CH 8.46 (s) C,M
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Figure 2 PLS-DA scores plot (left) and PLS-DA validation plot
(right). a: CORT-induced PC12 cell vs control; b: CORT-
induced PC12 cell medium vs control; c: Glu-induced PC12 cell
vs control; d: Glu-induced PC12 cell mediumvs control. C/G:
CORT/Glu; C/M: cell/medium; C/M: control/model, eg. C-C-M:
CORT-induced PC12 cell group
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Table 2 The different metabolites of CORT and Glu-induced
PCl2cell. "P<0.05, "P<0.01 vs control

Cell Medium
No Metabolite
CORT Glu CORT Glu

1 Lactate L** L ok 1

2 Acetate P

3 N-Acetylaspartate Pk i

4 Glutamate ¥ 1 ok

5 Glutathione i 1*

6  Succinate I L

7  Dimethylamine 1 I

8  Aspartate PHE 1% T

9  Creatine I

10 Choline ek i

11 O-Phosphocholine 1 i o 1
12 Sn-glycerol-3-phosphocholine ~ 1** 1

13 Myo-inositol HE o L 1
14 Glycine 1% 1*

15  Serine ek po pHx LE
16  Valine ok 1
17 Taurine po

18  Alanine L 1 L
19  Glycerol ek 1
20  2-Oxoisoleucine L 1
21  Isoleucine ek 1
22 Leucine ok 1
23 2-Oxovaline ok 1
24  3-Hydroxybutyrate ok 1
25  Pyruvate s P
26  Pyroglutamate L 1
27  Lysine 1 1
28  Ornithine 1 1
29  a-Glucose L 1
30  p-Glucose 1
31  Phenylalanine ok 1
32 Histidine po 1*
33 Asparagine 1 P
34  Tyrosine ok 1
35  Methylguanidine ok
36 Methylamine 1
37  Cystine 1
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Figure 3 Correlation analysis about the different metabolites of cell (C) and medium (M).

b: Glu-induced PC12 cell and medium
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Figure 4 Summary diagram of pathway analysis. The greater
values of the pathway impact and —logP, the higher correlation of
different metabolites between groups, displayed with the larger
circle in the picture. The P values from enrichment analysis,
the pathway impact value calculated from pathway topology
analysis. a: CORT-induced cell group pathway analysis; b: Glu-
induced cell group pathway analysis. 1: Pyruvate metabolism;
2: Glycine, serine and threonine metabolism; 3: Alanine, aspartate
and glutamate metabolism; 4: Aminoacyl-tRNA biosynthesis;
5: Glutathione metabolism; 6: D-Glutamine and D-glutamate

metabolism; 7: Taurine and hypotaurine metabolism
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