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Abstract: Objective To study the metabolic changes of brain tissues of chronic unpredictable mild stress (CUMS) rats by 1H-NMR
and obtain the potential biomarkers of CUMS rats to investigate the pathogenesis of depression. Methods A total of 12 male
Sprague-Dawley (SD) rats were randomly divided into two groups,namely the control and model groups. The CUMS procedure was

conducted for four weeks. The weight test, open field experiment and sugar preference experiment were conducted to verify the
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success of the model. The brain tissues of rats were collected at the end of the procedure. The endogenous metabolites in brain
tissues were extracted by MeOH/CHCI,/H,0. And the hydrosoluble and liposoluble metabolites were analyzed by 'H-NMR with
different sequences. The differences of metabolites between control group and CUMS group were analyzed by multivariate
statistical analysis. The metabolic pathways were constructed. Results Body weight, sucrose preference, ambulation number and
rearing number in open-field test of the CUMS rats decreased significantly after 28d procedure as compared with those of the control
groups (P < 0.05). Also, in the scores plot of principle component analysis (PCA) on brain metabolites, the CUMS-depressed rats
were significantly separated with the control rats, suggesting the CUMS model has been built successfully. Thirty-five metabolites
were identified in the "H-NMR spectra of brain tissues. Nine hydrosoluble differential metabolites and six fat-soluble differential
metabolites were found by OPLS-DA analysis. Taking hydrosoluble metabolites into account, the content of creatinine, glutamine,
taurine and gamma-aminobutyric acid in the CUMS rats significantly increased (P < 0.05), while propanediol, glutamic acid,
leucine, valine and lysine were significantly decreased in CUMS model group as compared with the control group (P < 0.05, 0.01,
and 0.001). As far as fat-soluble metabolites are concerned, compared with the control group, the content of -(CH,)n and -N(Me,), in
the model group increased significantly (P < 0.05, 0.001), while the content of C18/19 methyl, R-CH,, CH,0OPO,-, and -CH=CH- in
cholesterol decreased significantly (P < 0.05, 0.01, 0.001). Compared with the control group, there were significant changes in five
metabolic pathways: valine, leucine and isoleucine biosynthesis, taurine and sulfite metabolism, alanine, aspartic acid and glutamic
acid metabolism, sugar degradation and gluconeogenesis pathway and pyruvate metabolism. Conclusion Using 'H-NMR
metabonomics combined with multivariate statistical analysis and metabolic pathway analysis, the pathogenesis of depression is
related to energy metabolism, amino acid metabolism and neurotransmitter synthesis.
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Table 2 'H-NMR assignments of major metabolites from brain tissues of rats
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Table 4 Peak areas and change trends of hydrosoluble metabolites in rats brain tissues between control and model

groups ( X +s, n=6)

aEMm 2B 0 2 g T AL e T AR B
BER 2.12 0.01+3.64x10 9.09%10 "£1.66x10 * T
SRR 1.72 0.01£2.49x10 * 9.52x10 *+3.65x10 ** T
Wi R 1.68 5.17x10 *+1.74x10 * 3.29x10 *+3.89x10 * TR
EE 1.25 0.20+2.7x10"° 6.32x10 £1.14x10 TR
IR 0.96 0.03+4.56x10 * 0.02+1.19x10 " T
SR 3.44,3.28 0.04+3.07x10* 0.0542.16x10~>" e
JULEE 3.04,3.92 0.10+1.15x10°° 0.1241.79%10 > &
R 2.32 0.024+3.83x10 0.027+1.72x10 T
GABA 1.88,2.28,3 0.06+1.35x10 0.0842.14x10 > e

XA R - P<<0.05 *P<<0.01 " P<<0.001
"P<0.05"P<0.01 "*P<0.001 vs control group



. 618 - %usgaatn  Drug Evaluation Research SE 4265 481 20194 A
¢ M2(corr)[1]
@ X 1 o LL6 L2
A, EEH B _ &e e o«
15 = 05 L 1 0.5
10 = .
> 5 = N
< r g 3 & 0 y
2 0 = e £ 0 ® P
> [ o — —0.5
-5 g o = Bk
o = —10 ° ® —05
m_lo [] —15 —1 T 1 . } + 1 1 ..
s e e D T —02—01 0 01 02 03 04 05
—30 —20 —10 0 10 20 —25 —15 —5 0 10 20 pl1] 1

PC1 (61.1%)

1.00309%[1]

3 CUMSIEH#IE 28 d X RARA R AR AR B 'H-NMR & #I PCA B = E (A), OPLS-DA # & (B) 5 S-plot # T & (C)
Fig. 3 PCA score plot (A), OPLS score plot (B) and corresponding S-plot (C) derived from 'H-NMR spectra of liposolu-
ble metabolites from brain tissues of rats 28 d after CUMS modeling
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Fig.4 MetPA analysis of related metabolic pathways
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