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[Abstract] Objective: To evaluate the success of Qi-deficiency model of Balb/C-nu mice established by
swimming exhaustion test from the view of biomarkers and metabolic pathways by metabonomics. Method:
Balb/C-nu mice were randomly divided into the normal group and Qi-deficiency group, Qi-deficiency model was
established by swimming with 5% body weight metal fixed at the tail for 15 consecutive days until exhaustion
(nose tip immersion time>5 s). The urine metabonomics was analyzed by ultra-high performance liquid

chromatography-quadrupole-time-of-flight mass spectrometry (UPLC-Q-TOF/MS) , and the mobile phase was
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acetonitrile (A)-0.1% formic acid aqueous solution (B) for gradient elution (0-1 min, 5%-8%A; 1-4 min, 8%-
8.5%A; 4-5 min, 8.5%-12%A; 5-10 min, 12%-40%A; 10-12 min, 40%-100%A; 12-15 min, 100%A) , the
flow rate was 0.3 mL-min", the injection volume was 10 wL, electrospray ionization (ESI) in positive and
negative ion modes was used in MS analysis, the MS data were acquired in full-scan mode from m/z 50-1 000.
Principal component analysis (PCA) , orthogonal partial least squares-discriminant analysis (OPLS-DA) ,
human metabolome database (HMDB) , high collision energy ion fragments collected by MS* and tandem MS
(MS/MS) ion information were used to identify potential biomarkers. Kyoto Encyclopedia of Genes and
Genomes (KEGG) database and MetaboAnalyst 5.0 were used to analyze the corresponding metabolic pathways
and pathway enrichment of biomarkers. Result: Endogenous substances in urine of mice in normal group and
Qi-deficiency group were obviously separated, and there were 24 biomarkers with significant difference. The
metabolic pathways involved in these biomarkers were tricarboxylic acid cycle, glycolysis metabolism, amino
acid metabolism, fatty acid metabolism, pyrimidine metabolism, steroid hormone biosynthesis and tryptophan
metabolism. Among them, the metabolic pathways related to energy were tricarboxylic acid cycle, glycolysis
metabolism, amino acid metabolism, fatty acid metabolism, pyrimidine metabolism and steroid hormone
biosynthesis. Conclusion: Through the investigation of urine metabonomics, combined with the physical signs,

the Qi-deficiency model established by swimming exhaustion test in Balb/C-nu mice is successfully evaluated,

and it is also verified that there is a close correlation between Qi-deficiency and energy metabolism.
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Table 1 Information of identified potential biomarkers in urine of mice in each group
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Fig. 2 Network of metabolic pathways related to endogenous metabolic biomarkers of mice in each group
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Fig. 3 Enrichment of metabolic pathways related to endogenous metabolic biomarkers of mice in each group
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Fig. 4 Analysis network of Qi-deficiency state related to metabolic pathways

He AU S B n0 AR A o BIF S Rk B CRE B4 B A B
o7 i 2 AL I ] 7 A B9 RE (B ) R AR B
Fedt 12, B AU S R R RSHE AR A OG

A5 3 B A 4L A 07 i, ICRE U
& £ BE L BRI T Balb/C-nu /N BRI UK ) 98 125 @ 57 AU
R 8 S A O o AR SR i o i K ) i S g
Balb/C-nu /)N AR N & 28 T =R BRAG 5 4 8% A A
IR T E AN G R S e AW i P R RO 12
A DA O, JU R s R B A3 25 L 2 B BILA
AE L SR H AL o Ul W SE B/ B JE A O A
MA T "5 "R, B8 T OERE =R
Balb/C-nu /> FUiF DK 1 35 ¥ 1 57 1 R A5 8 52 i p
e X H5MRE ORI KL R — BN . WEAk
SRR GE S B UE R BRUPR A AR S B R A T
A, H EZAGE AR C . TS0
I B Dk 3 9 BUTORE IR K B K RE B AT B9 I
TN TR A TR AR . I AR R R AR
I 20 2 BRSSO HE L5 A 1A B8 R B B ke i o
T3 R B HEAT B 5T, B RE 8 AQ I Bl A 2R T
Lo BRILZ AN, 0 5 I A R e R 9 I e
PR P IS B K A T AR R AR A

55 TR HARAE SN WL AR P AR A A 55 B — 1
PR PF A M T L, AR S 6 AR AR D P A
L AR A i A8 A A B R AR A L T A 4 THT M
PO TR Y[R AR SR UESE T RE AR

- 126 -

5 M HAT B UTHE OC T , AT DA RE B A B A2 3T
018 B M AR AT Dy A S B — 19 R A R e L
P A AR T5 ik A S, e nT D v IR A R DG AR R
A L AT SR A SR AR A8 . 28 B PTIR, BAROR O
S0 e T M R R Y A W A S ) SR S AR
i (S5 B a7 S 18 o R S I e e o ()
Hh R R OV R AR A i A o, R DRV 5 22 4 X X
— [R) A HE AT RIS, LU AR A5 592 64 0 T
fif .

[FzMR] AIRALEETHEY R,

[ &% 3]

[ 1] BRE, MR, X, 5. 2296 16 K25 57 A <M 74 Bk
SLUE A L], v o R L R AR e R, 2015,21(3)
310-311,335.

[2] RJEF ., Bhar T, P HE ok . S0 0 B 0F 52 A8 00 ¥ A7
[J]. WG PR ,2010,26(7):57-58.

[3 ] etk #brb f SO T B0 0T A9 I PR L %¢ B H ifi
FAH PRI ID] M T ER K,
2014.

[4] BRIEAR &6 AREES, 5 b BB B 6525 1)
AT IT]. a0 R 25 R 2 4, 2009, 25(2)
104-106.

[5] LIFT,YANG D,SONG FY,etal. In vitro effects of
ginseng and the seed of Zizyphus jujuba var. spinosa

on gut microbiota of rats with spleen deficiency [J].



28 B 194
2022410 A

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 28,No. 19
Oct. ,2022

L6]

[15]

Chem Biodivers,2020,17(9):€2000199.

LUO L,CHEN ] H, WANG Y Y, et al. '"H-NMR-based
metabonomics study on urine of rat with spleen-Qi
deficiency pattern[J]. Chin Pharmacol Bull, 2017, 33
(10):1363-1370.

TR, IR s Lr A . B IR 3 2 4 Stk 3h ik
e T Bk S 5 AL S0 s M IR R DR RS AR Y
P [T]. B 2%k ,2020,61(5) :428-434.

AR R Bk e, 55 L fl R 1 RO ROk R OR
SR 3 TNF-a, IL-6 % 5 2H 21 IRAK-4 mRNA K3k
S2m L3]I S8 7 R 4 SR RS, 2016, 22 (14) -
145-150.

Ja %, KUER R R, 25 S0 BT s 3 ) A5 AL A A Y
B[] Ll b B 25 R 55 i, 2021, 35(3) - 84-
88,93.

P B0 R EE, B, S R TR AR 8 R BRUR VAR 4
SEWETELT]. ARG 1 ,2022,38(2) 1 166-172.
FHIE , E A, KW, 45 . UPLC-MS X & J3t i A4 iE
B 1 S i DR A 35 A 2 W O A B L) o B o i A
Z&75,2021,27(9) :1316-1322.

HOU Z, LIU S, SONG F, et al. Comprehensive
physiopathology and serum metabolomics for the
evaluation of the influence mechanism of Qi deficiency
on xenograft mouse models of liver cancer[J]. J Sep
Sci,2021,44(20):3789-3798.

L, X, 5Kk . 2 F UPLC-QE-Orbitrap-MS /)
A T IR /N RO AR 2= 2 A [T ). b [ 92 5%
5 220 ,2022,28(1) : 157-164.

REE, B, k¥, % . BEF UPLC-Q-TOF/MS
VAR 2 TR 250 35 9 P 205 i 4 K R B T 245 R B
25 AN T B B i 1 SR AR AL 2 3 e LT ). b 528 5 5
29 ,2022,28(15): 111-119.

RERE B, AR, 5. & T UPLC-Q/TOF-MS

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

3BT P 95 45 TR SR O A R LR B B AL (D] vh
[ 526 7 2 24 1, 2020,26(1) - 110-117.
7=y LI SR PRI W P 2 O N R
SAE R AL AR [I). T 25 25 5 0 K 25 5
2021,32(4):505-510.
BERR, LW . RS R R AL R R R 92 % 3
TR (1], 7 R R K 5 2% 4, 2019, 35(5) ¢
601-604.
R IR TR AR AR AR R K BRUR TR A 2
BRAF[T]. b BE 2R ,2021,62(6) :516-522.
ZERE BN, B SO AR LR I R UE B 4 B 1 T 5T
BERELT]. B 52 % Jr F) 2 2k A, 2020, 26 (2) -
228-234.
SRS B BB = L AF L T R AR TE T 48 AR 0 B 5
MEBLLT]. e R 22475 ,2019,34(4) : 1578-1581.
TCE L F U, RS WL S SR Y AR A 2 3 R R AE
ARAFFAE[T]. BETY Hh I 25 K422 4R , 2019, 42(6) : 33-
35,47.
Ak, FE g AT, 2 R R KRR A R
T 3 i % AR 2 2= [ ). B 25 4k, 2007, 52(15) -
1758-1762.
FAET5 AR T B, 4 . oA L e 2 T TSR i
PEAE 1 GC-MS Rt dl 2~ W52 [T]. T 25 44,2017, 40
(11):2677-2680.
T . B AL 2 Y M I R A A A
D] At db s i B 25 K2, 2020.
SRUIFE AR, 2 R A L O WU A R B IS i gt
WERY A 2B 5E (1], 2 E B [E 25, 2016,27(6)
1527-1530.
A 5 AR EIL, G LD B . R AR L0 SO A U FELE
555 R E i AR A 2 R (1] KAE TR R
22245 2013,29(4):578-581.

[FEHE EX]

- 127 -



