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UPLC-Q-Orbitrap-MS based metabolomics and analysis of the
effect of Suanzaoren Decoction on serum of chronic unpredictable
mild stress depression rats
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Abstract: A UPLC-Q-Orbitrap-MS based metabolomic approach combined with biochemical assay and
histopathological inspection were employed to study the intervention effects of Suanzaoren Decoction (SZRD) on
chronic unpredictable mild stress (CUMS) depression rats, and to clarify the metabolic regulation pathway of
SZRD. The rats were randomly divided into normal control group, CUMS model group, positive drug venlafaxine
group, SZRD high (24 g-kg") and low (12 g-kg"') dose groups, respectively. The CUMS model was replicated by
subjecting to a variety of stimulus, such as thermal stimulation, ice water swimming, ultrasonic stimulation, tail
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clamping, day and night reversal, plantar electric shock and so on for rats. After oral administration of drugs for 28
days, the behavioral indexes of rats in each group were observed and the hippocampus and serum samples of rats
were collected for biochemical assay and histopathological inspection. Compared with the CUMS model group,
low dose and high dose SZRD groups can significantly reduce the immobility time of forced swimming (P < 0.001,
P < 0.001), increase the sucrose preference rate (P < 0.01, P < 0.05), the number of crossings (P < 0.05, P < 0.01)
and the number of uprights (P < 0.05, P < 0.01) in the open field test, suggesting that SZRD can significantly
improve the depression-like behavior of CUMS model rats. In addition, SZRD could significantly reduce the levels
of serum IL-6, IL-18 and TNF-a of CUMS model rats. A total of 21 differential metabolites in serum were
identified by comparison with the data from the literature and databases. In addition, low-dose SZRD and high-
dose SZRD improved the 8 and 11 perturbed potential serum biomarkers that were induced by CUMS,
respectively, which related to alanine, aspartic acid and glutamic acid, tryptophan and arachidonic acid metabolism.
This study provides a scientific basis for expanding the clinical indications of SZRD. This experiment was

approved by the Animal Ethics Committee of Shanxi University (Approval No. SXULL2020028).
Key words: Suanzaoren decoction; UPLC-Q-Orbitrap-MS; serum metabolomics; chronic unpredictable mild

stress depression; mechanism
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28 100 98 A 3B B 1 24 10 FH 0 FH 96 T S AR SR AR E
FERESESE . Shang S5 R A~ 14 BE& S8 VT VR T I
S I o 2R AR RE £ % B 8 5 R AT PR A, B R VP A A
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(brain-derived neurotrophic factor, BDNF) % & & | &
SRR G 297 0 T T . 25 B 2R AT
L, B A7 Re 8 B S 38 0 18 M AN T TN iR A S I
(chronic unpredictable mild stress, CUMS) I Al £ 214 K
BRU AT PR B SR 22 T T B 2, EL RS R 2 (R R
AR K B D 1 #) DKK-1 5 B-catenin. GSK-38 LA
Fo CaMKITHEH ) 5P % CUMS B8R B 45 T 1R

A~ Ja RPN 2008 55 GFAP Fil Cx43 1) 3% 3k
A Rk AR KR A 40 A B 1 4% 47 3 T B B A )
FROY, Ye SR FH N 245 2] B 2E 0 LR B IR B AT A
I SR MR ANHIARAE 1 3 Z2AE B I8 B O I3 3% 52 o s A
Z O Z il s . ol W, B PUIiAas A F i R
IR i, 7EBN S8 s A U ACE R . B AT, AR
P PR 3 B AR L7 A 0 1 81 1 AL ) v k>
RN TT o

AR Ak T 2 R 4 X 26 RN R 1 ST FH R4 1
Ui, PRI C 4 R A A g 3, R 256 7 4T,
N R T — i 5 B2 (VR AE A 25 0 S AR (1)
R 7% o AR = AR XS TR B b 4L ) 22 S5 R
FEA WK, B84 J5 46 1 R A i S B B 4
Hm i — A B R LE AL TR, I H REE S LS A A A
B BT AR R R e RO i R
VY B AT L 32 B30 B v 23 9% 5 1 (UPLC-Q-Orbitrap-
MS) B A 1 B ARG W [ L PR | R A i DL R o
e SR R, R A MO S B AT R 1 BT
AT T8 45 A 1% Gt 25 302 1 5+ UPLC-Q-Orbitrap-MS
ORI ML A 2 5, 4020 2R ) R A 7 (R H A AT £
FABLH o

MrtEEE

Y A @S 201909) T b 2 [ T
S M A R A A, N R ERHE Y R L Ziziphsu
Jujube Mill. var. spinosa (Bunge) Hu ex H. F. Chou F i
PTIERF . TR (50 200501, Z2 0 17 58 f Hh 251K
R T 2 LB B B K% Poriacocos (Schw.) Wolf.
(T % 50 RE (L5 2020110451, 2 kg 5 i 24



- 1954 - 242224 Acta Pharmaceutica Sinica 2023, 58(7): 1952-1962

R AR A A N A G FHE Y R BE Anemarrhena
asphodeloides Bunge. ] T & R 25 ; JII & (it 5
200713005, Jb A B 250 A IR A A A< IEFHE
W )| & Ligusticum chuanxiong Hort. [T /5 25, H &
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¥ Glycyrrhiza uralensis Fisch [F] T AR FIAR 2%, Wy Tt
A L PEB 2 E A R EA R . LA EAME
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I8 5 s K, BRI 1 h 5, & W30 min J5 H 8 E & A it
UE, I TN 6 f5 /K B, Wk 5 20 min, 2 A6 UE, &I
TEV, PR AT A 2.4 gmL .
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0.05); [FAIFF, BR A 1 1K 77 & A s 7 2 26 3 e B B Y
T CUMS K BRI 5 iR SR B 37 73 (P < 0.05, P <
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D: The number of crossings in OFT; E: The number of rearing in OFT. n > 10, x £ 5. "P < 0.05, "P < 0.01,
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The anti-depression effect of SZRD on behavior. A: The body weight of rats; B: Sugar preference; C: Immobility time in FST;
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P <0.001 vs CN; *P < 0.05,

#p <0.01, P < 0.001 vs M. SZRD: Suanzaoren Decoction; FST: Forced swimming test; OFT: Open field test; CN: Control; M: Model;

V: Venlafaxine; SZRDL: Low-dose SZRD; SZRDH: High-dose SZRD
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Figure 2 Effect of SZRD on histological changes of CUMS rats which described by HE staining (n = 6). CUMS: Chronic unpredictable

mild stress; HE: Hematoxylin-eosin
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Figure 3 Results of biochemical indexes in serum of CUMS depressed rats. A: Concentration of IL-6; B: Concentration of IL-18; C: Con-
centration of TNF-a. n=6,x+s. "P<0.01 vs CN; “P < 0.05, “P<0.01 vs M
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Figure 4 QC evaluation diagram under different ion modes (A: Positive; B: Negative), Hotelling's T*range line diagram in the ESI" (C)
and ESI" (D) modes, 3D-PCA score spots of all the samples from different groups in the ESI (E) and ESI" (F) modes, respectively. The
OPLS-DA score plot (G), the 200 permutation tests (I) corresponding S-plot (K) of rat serum between the CN and M group in positive ion
mode; the OPLS-DA score plot (H), the 200 permutation tests (J) and corresponding S-plot (L) of rat serum between the CN and M group in

negative ion mode. QC: Quality control; 3D-PCA: 3D-Principal component analysis; OPLS-DA: Partial least squares discriminant analysis
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Figure 5 Metabolic pathways affected by metabolite distinctions between CN and CUMS model groups (A), between CUMS and SZRDL

groups (B), CUMS and SZRDH group (C). a: Biosynthesis of phenylalanine, tyrosine and tryptophan; b: Phenylalanine metabolism; c:

Arachidonic acid metabolism; d: Arginine and proline metabolism; e: Alanine, aspartic acid and glutamic acid metabolism; f: Tyrosine

metabolism; g: Tryptophan metabolism
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Figure 6 Network schematic of related metabolic pathways of differential metabolite. Metabolites in red and blue represent the increase

and decrease in levels, respectively, compared with the CN group



- 1960 - 242224 Acta Pharmaceutica Sinica 2023, 58(7): 1952-1962

AR B A U@ %G 5. Du S 78 R IR
LGSR EREH S AZRREHEMHEL. TEE
R ZH PTE Sof 2 IR ASE 7Y SR 25 7 R A2 32 AR i 2
BT, R IR A7 I fHE IR AE F AT Rl I 5-HT Rg i
TR TR A7 Al R AR DU A R AR i
PERIETT JCHRES . PRtk AR A 2H HE D R A B4
AR AT e 5 H s R IR B 48 R o

R R AR 2 R AU BEA W2 B
P (TR AR, 7 R A 2% A M 8 32 o, L P g in 22 51
FEC 0 28 0 AR L At A4 i a2 SR S A L 0 453403 . [RIARE A
AR, AR ER DR EENBERATE
R . 5 1EH X BRI e, CUMS $IAR A AL K B, 1
EP A EB &R EET S (P<0.05), 53CEPRIE
WHFE A R — 3. X PR AT RE e NI /R
R 2 B I A R T ) R 2 3 AT R
BEAk, CUMS $AR AR 28 K BRI v A b 2R M 8 & R
(& BY kA BT . B FRE 7AW R IR
FACH IR B AR 5] R IX AT A, 3 — 20 1
TBRWNE (P <0.05). 14T 7 &R A7 &
7~ H B (P < 0.05). = KT R A 7 A RE R
2 R CUMS #I8 K BRI 35 o R & R K T (P <
0.05). Z5 I, $&75 R A7 17 1T REiE I 5 e 4 S It i
I R LA S £ 4 S TR %) 2 T O 49 2 2R AT A 3
P28 R R 2 B TR AN 4 2 R A A 18 % R R 8 Bt 10T
YEH .

o4 VUM BR AR 1T A6 48 DU IR R A — Fh -6 2 AN
AR, |2 AFE T s IR N, B A =)
(AT T AR ZR « 1 =05 ) & ML =5 1) AR T e P o, AT
AR = 0 F f 4 28 A 33 L DL 1 B 1 A b 8 O S
AEARECY, CUA W SRR B, E B R R i B AN R AT
i A 1 280 HP A A D s TR B AR A 1 KR T
P 16 AR DY M B < % Bt % (arachidoyl ethanol-
amide) & — P YR T KRR 2=, P9 PE KRR SR IR T 14E
A2 VYA TR, PT A T 9% i iy O JRR 25 T Y 52 4 Sk 41 i) o
Jle S 2 R IR Y. T ARG, 44 T 0-3 241
FRG R 5, /)N BROK i A 18 28 VU I TR & B B e~ 2- A6
DU 475 i H v K S B A, 5 EL /IS BRI RE IR e B
AT R BL5 1E# %] AR L, CUMS #IAR AR 2 K R
I35 H A8 A DU M R A 26 DY I TR £ T T e 1) 5 o W =%
T+ (P <0.001, P<0.01), HFEA ke 0% BF KA
A VTR & B (P < 0.01), P 2 6L A48 2L DY s R A gt
B R R R K CUMS K &R i
P 0E KT TL-6.IL-15 L J& TNF-a, 5 QU 4 22 45 1 —
3, FEORIR A7 ] LLIE Ik B AL A DU 4 R 7K Sk
il S E SN R AEPLHIARAE F -

SRR VIS 14 5993 2B AL AL ) 5 ot 22 5% fil
) BR PY S-HT 3 B2 A R0, s R A 72 3% B H AR RE A8 3
M P9 S-HT B T80k /> AT g 5 58 H TR BR & &= R B 25 D) AH
BT, SCHT & 5 BR A = 4, (0 0 R X B i R
PR A W AR B S-HTPY, B & B 5-HT M — i
R, IE|WEPS AR (indoleacrylic acid) e £ 2 iR 1Y A 15
Wy, AT IR R ARE OB, ARHIE AT R B CUMSS 11 A5 Y
K BRI R TR R T 0 TR R PRI
(P <0.05, P<0.05), Ifi 5 T & &A% T Wl e 0% B . 3
o€ g TR AN ] I A R R B R (P < 0.01, P < 0.01).
I R A 37 RE 5 338 o ~h Ja €6 20 IR 1) gk ot 4 €
SR AU I8 B R R AU ARE

AW 78 LA CUMS AR AY M 24 350 2 FAR i 21 2 11
FHEERIPAR T T BRAA A PUMAREAE I S AR LS. B
TG RNIREA AT R ARE SRSt T B2 K .

1B STBk: ALRIE L EHE A ST OB BR RO St SR
By A YR A GHT S 5 SR S S B A B SR K AN
HIXEERIF TS, BREMATTLLGEHET-
FIERSE: FTA 115 1 AR AE R 2 o R

References

[1] Kato M, Ogata H, Tahara H, et al. Multiple pre-treatment
miRNAs levels in untreated major depressive disorder patients
predict early response to antidepressants and interact with key
pathways [J]. Int J Mol Sci, 2022, 23: 3873-3889.

[2] Kessler RC, Barber C, Birnbaum HG, et al. Depression in the
workplace: effects on short-term disability [J]. Health Aff
(Millwood), 1999, 18: 163-171.

[3] Huang W, Liao X, Tian J, et al. Traditional Chinese medicine for
post-stroke depression: a systematic review and network meta-
analysis (Protocol) [J]. Medicine (Baltimore), 2018, 97: ¢13840.

[4] Wang Y, Li M, Liang Y, et al. Chinese herbal medicine for the
treatment of depression: applications, efficacies and mechanisms
[J]. Curr Pharm Des, 2017, 23: 5180-5190.

[5] Duan FJ. Pharmacology ( #j ¥ %%) [M]. Shanghai: Shanghai
Scientific & Technical Publishers, 1994.

[6] Wang, Yang X, Xia PF, et al. Review of chemical constituents,
pharmacological effects and clinical applications of Suanzaoren
Decoction and prediction and analysis of its Q-markers [J].
China J Chin Mater Med ("1 [ 1245 7% &), 2020, 45: 2765-2771.

[71 Shang LZ, Mao MD, Li YY, et al. Clinical observation of
Suanzaoren Tang combined with fluoxetine in treatment of
depression of liver stagnation and blood deficiency accompanied
by insomnia [J]. Chin J Exp Tradit Med Form (H [E 5256 J7 71 2%
J4i8), 2021, 27: 49-54.

[8] Xia HX. Experimental study of Spina Date Seed Decoction anti
depression [J]. J Zhejiang Univ Tradit Chin Med (Wi " 2= 25K



RTLAE: FETUUTUR I ACET 2 2 BOR B A i S A5 LA T 7

1961

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

2224R), 2010, 34: 52-53,

Zhang H, Sun THZ, Zhang C, et al. Effects of Suanzaoren
Decoction on hippocampal DKK-1, f -catenin and GSK-34 in
depression model rats [J]. J Basic Chin Med (H [E] H = JE fifi 2= 2
&), 2022, 28: 536-539.

Cao ML, Qiu F, Wang H. Effect of Suanzaoren Decoction on the
expression of GFAP and Cx43 in the cerebral cortex of rats with
depression [J]. Lishizhen Med Mater Med Res (F 2 [ £ [H ),
2017, 28: 268-271.

Ye XK, Yao W. Mechanism of treating different diseases with
same method of Suanzaoren Decoction in insomnia and depres-
sion based on integrated pharmacology [J]. J Liaoning Univ
Tradit Chin Med (3L 7* L 25 K52 254), 2021, 23: 69-73.
Wagner S, Scholz K, Sieber M, et al. Tools in metabonomics: an
integrated validation approach for LC-MS metabolic profiling of
mercapturic acids in human urine [J]. Anal Chem, 2007, 79:
2918-2926.

Zeng B, Liu HM, Liu XM, et al. The application of UPLC-Q-
Exactive Orbitrap MS technology in the analysis of traditional
Chinese medicine [J]. J Chin Med Mater ("' % #4), 2020, 43:
2312-2318.

Xu JQ. Formulas of Chinese Medicine (77 7 %%) [M]. Shanghai:
Shanghai Scientific & Technical Publishers, 1983.

Willner P. Validity, reliability and utility of the chronic mild
stress model of depression: a 10-year review and evaluation [J].
Psychopharmacology, 1997, 134: 319-329.

Wu S, An SC, Chen HL, et al. Orbital frontal cortex D1 dopa-
mine receptor modulate glutamate and NMDA receptor in
depression induced by chronic unpredictable mild stress [J]. Acta
Psychol Sin ({03 54R), 2014, 46: 69-78.

Zhang T, Zhao F, Zhang X, et al. Antidepressant effect of
compound Chaigui prescription and its mechanism of regulating
5-HT metabolic pathway [J]. Chin Tradit Herb Drugs (* % ),
2018, 49: 1338-1344.

Shi HS, Zhu WL, Liu JF, et al. PI3K/Akt signaling pathway in
the basolateral amygdala mediates the rapid antidepressant-like
effects of trefoil factor 3 [J]. Neuropsychopharmacology, 2012,
37:2671-2683.

Ma M, Ren Q, Yang C, et al. Antidepressant effects of combina-
tion of brexpiprazole and fluoxetine on depression-like behavior
and dendritic changes in mice after inflammation [J]. Psycho-
pharmacology (Berl), 2017, 234: 525-533.

Zhang MY, Xu EP, Shang LZ. et al. Research progress of Suan-
zaoren Decoction and its components in treatment of depression
[J]. Chin Arch Tradit Chin Med (' % 7 [ 25 2 1)), 2022, 40:
48-54.

Gu X, Gao X, Cheng J, et al. Emerging application of metabolo-
mics on Chinese herbal medicine for depressive disorder [J].
Biomed Pharmacother, 2021, 141: 111866-111878.

Huang DH, Wang LW, Gong WX, et al. Based on plasma meta-

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

bonomics and network analysis to research the mechanisms of
Chaigui granules for treating depression [J]. Acta Pharm Sin (%
2R, 2022, 57: 1420-1428.

Liu JX, Li JH, Du CH, et al. Metabonomic study of biochemical
changes in serum of PCPA-induced insomnia rats after treatment
with Suanzaoren Decoction [J]. China J Chin Mater Med (1
22 8), 2022, 47: 1632-1641.

Du Y, Wu B, Xiao F, et al. Untargeted metabolomic study on the
insomnia effect of Suan-Zao-Ren decoction in the rat serum and
brain using ultra-high-performance liquid chromatography quad-
rupole time-of-flight mass spectrometry combined with data pro-
cessing analysis [J]. J Sep Sci, 2020, 43: 2019-2030.

Yang B, Zhang A, Sun H, et al. Metabolomic study of insomnia
and intervention effects of Suanzaoren decoction using ultra-
performance liquid-chromatography/electrospray-ionization synapt
high-definition mass spectrometry [J]. Pharm Biomed Anal,
2012, 58: 113-124.

Chen C, Gu WC, Xu L, et al. Mechanism of prescriptions for
nourishing Yin and tranquilizing mind in treating insomnia based
on network pharmacology and metabonomics [J]. J Shandong
Univ Tradit Chin Med (1l 75 #2245 K 2% 2% 4R), 2021, 45: 524-
532.

Ding XH, Liu RX, Li WK, et al. A metabonomic investigation
on the biochemical perturbation in post-stroke patients with
depressive disorder (PSD) [J]. Metab Brain Dis, 2016, 31: 279-
287.

Xia XT, Sun N, Liu CC, et al. Discovering potential biomarkers
of depression and drug intervention of paroxetine based on
'H NMR metabolomics [J]. Acta Pharm Sin (2§ % % R), 2016,
51:595-599.

Mitani H, Shirayama Y, Yamada T, et al. Correlation between
plasma levels of glutamate, alanine and serine with severity of
depression [J]. Prog Neuropsychopharmacol Biol Psychiatry,
2006, 30: 1155-1158.

Ramonet D, Rodriguez MJ, Fredriksson K, et al. /n vivo neuro-
protective adaptation of the glutamate/glutamine cycle to neuro-
nal death [J]. Hippocampus, 2004; 14: 586-594.

Larrieu T, Layé S. Food for mood: relevance of nutritional
omega-3 fatty acids for depression and anxiety [J]. Front
Physiol, 2018, 9: 1047.

Green P, Gispan-Herman I, Yadid G. Increased arachidonic acid
concentration in the brain of Flinders Sensitive Line rats, an
animal model of depression [J]. J Lipid Res, 2005, 46: 1093-
1096.

Bazinet RP, Lay¢ S. Polyunsaturated fatty acids and their metab-
olites in brain function and disease [J]. Nat Rev Neurosci, 2014,
15:771-785.

Siller M, Goyal S, Yoshimoto FK, et al. Oxidation of endoge-
nous N-arachidonoylserotonin by human cytochrome P450 2U1

[J]. J Biol Chem, 2014, 289: 10476-10487.



1962 - 252 %4} Acta Pharmaceutica Sinica 2023, 58(7): 1952-1962

[35]

[36]

[37]

Zamberletti E, Piscitelli F, De Castro V, et al. Lifelong imbal-
anced LA/ALA intake impairs emotional and cognitive behavior
via changes in brain endocannabinoid system [J]. J Lipid Res,
2017, 58:301-316.

Zarate C, Duman RS, Liu G, et al. New paradigms for treatment-
resistant depression [J]. Ann N Y Acad Sci, 2013, 1292: 21-31.
Coppen A. The biochemistry of affective disorders [J]. Br J
Psychiatry, 1967, 113: 1237-1264.

[38]

[39]

[40]

Modoux M, Rolhion N, Mani S, et al. Tryptophan metabolism as
a pharmacological target [J]. Trends Pharmacol Sci, 2021, 42:
60-73.

Roth W, Zadeh K, Vekariya R, et al. Tryptophan metabolism and
gut-brain homeostasis [J]. Int J Mol Sci, 2021, 22: 2973.
Wlodarska M, Luo C, Kolde R, et al. Indoleacrylic acid
produced by commensal peptostreptococcus species suppresses

inflammation [J]. Cell Host Microbe, 2017, 22: 25-37.



