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Metabolomics study of rat tail vibration model LIANG Zhishan', YANG Hongyu', DING Chunguang?,
CHEN Ziyu', HUANG Huimin', HU Xiuwen', WANG Junyi', WEI Nuoyan', CHEN Qingsong'
(1. School of Public Health, Guangdong Pharmaceutical University, Guangzhou, Guangdong
510224, China; 2. National Center for Occupational Safety and Health, NHC, Beijing 102308,
China)

Abstract:

[Background] The metabolites and metabolic pathways of hand-arm vibration syndrome have
not yet been elucidated.

[Objective] To investigate the effect of local vibration on endogenous metabolites in rat serum
by metabolomic analysis, to preliminarily explore the potential metabolic pathway of endogenous
metabolites, so as to provide evidence for further research on the mechanism of hand-arm vi-
bration syndrome.

[Methods] Thirty-two SPF male SD rats, (211.3+11.1) g, 7-8 weeks of age, were selected and
randomly divided into three groups: control group (14 rats, without vibration), 7 d vibration
group (9 rats, continuously vibration for 7 d), and 14 d vibration group (9 rats, continuous vibration
for 14 d). The vibration rats were vibrated every day for 4 h, the frequency weighted acceleration
was 4.9 m-s, the vibration frequency was 125 Hz, and the vibration direction was one-way vertical
vibration. The control group had the same conditions except not contacting vibration. After
the vibration exposure, the blood samples taken from the abnormal aorta of rats were collec-
ted, and the changes of rat serum metabolome were analyzed by ultra-performance liquid
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chromatography-tandem time-of-flight mass spectrometry. Principal components analysis (PCA) was used to explore changes in rat
serum metabolic profile, and orthogonal partial least squares-discriminant analysis (OPLS-DA) was used to screen out differential
metabolites. Combined with online databases, a metabolic pathway enrichment analysis of differential metabolites was performed.

The PCA analysis showed that compared with the control group, the rat serum metabolic profiles in the 7 d group and the 14 d
group were clearly differentiated, and the rat serum metabolic profiles in the 7 d group and the 14 d group partially overlapped. The
OPLS-DA analysis showed significant differences between groups. The main parameters were: model interpretation rate R’Y=0.914, model
predictive ability Q*=0.58. The OPLS-DA analysis screened out 26 and 119 differential metabolites from the 7 d group and the 14 d group
respectively, and there were 24 common differential metabolites between the 7 d group and the 14 d group. The metabolomic pathway
analysis showed that local vibration-induced changes in rat serum metabolism were mainly related to arachidonic acid metabolism in the

14 d group, among which the metabolites with significant effects were arachidonic acid, prostaglandin E,, and prostaglandin D,.

Local vibration could affect the normal metabolism in rats, and the metabolic pathway with significant influence is arachidonic
acid metabolism after a 14 d exposure and the involved metabolites are arachidonic acid, prostaglandin E,, and prostaglandin D,.

local vibration; rat; metabolomics; arachidonic acid; prostaglandin E,; prostaglandin D,
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Figure 1 Principal components analysis (A) and orthogonal partial
least squares-discriminant analysis (B) of three groups of rat
serum metabolites
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£2 UPLC-QTOF/MS X3 A R B E RS E B M B #1T
RIFEF DM, TME 1438 T, £ OPLS-DA
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EHESMEREY, 5 ctrl £B48LL, 7 d 4BF0 14 d A S
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RELTEY). BERERITEMSE,; Ctrivs 14 dE BN E
SHRBEY A ZS-y-TLRERES. 2- R ERRERER
RESTEY). BB R, BERERITEY. 5i5I8R
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X P<0.005 NEZ L, IFRER 1.
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Table 1 Partial differential metabolites

132 & #R(Chinese name) B & FR(English name) FC P VIP
Z5-v-THERES Dihomo-y-linolenate 0.618 0.009 2434
1-BAE-sn-Hh-3-BEERABHR, 1-Acyl-sn-glycero-3 -phosphocholine 0.798 0.007 3.339
JAMBAAERERBRR (20 2) Lysophosphatidylcholine(20:2) 0.736 0.004 3.224
BB -3, 7, 12, 25-PUEE- )

3 AR Cholestane-3, 7, 12, 25-tetrol-3-glucuronide 0.462 0.005 9.504
2-FRERER 2-Hydroxypropanoic acid 2.081 0.000 1.768
2-BETER 2-Hydroxybutyric acid 2.019 0.002 1.658
AR Propanoic acid 0.460 0.000 1.780
TEEIFER Arachidonic acid 0.435 0.006 0.435
HIFIRRERE, Prostaglandin E, 0.427 0.001 0.427
AIFIRRED, Prostaglandin D, 0.390 0.034 0.390
Y Cardiolipin 0.381 0.004 0.381
KRR Cortisol 0.369 0.001 0.369
Sa-TE S t-3a, 17B- B2 5 Alpha-androstan-3alpha, 17beta-diol 0.396 0.003 0.396
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TaMBEAAER R LY &R
Biosynthesis of unsaturated
fatty acids HmBE AR
Glycerophospholipid
\ metabolism
e

C04230

LA MU IEEA S
Arachidonic acid

metabolism LA A EREEASAE E A (L

Pentose and glucuronate
interconversions

C034242 C00696

N T

1235

AEREL LI

Propanoate metabolism

C00584 C00219 C05984 C00163

—

CE] A 7 d AERMAEYPERESE D, B! 14 d AERMAENERES DN, ER—EHIF pEE), BREGHR; Impact BEHX, B

K; €. 7d 4, 14 d ARBHBRMKEE: *”‘éﬂ%’lﬁ?ﬁﬁﬂip&, FEEWARERMERE;

BEeETARTENIRDE; REERMNER

AFRSPREERTESHERE: c034242, Z5-y-TEFEARS; 04230, 1-BiE-sn-HM-3-B5BARBHE; 00696, AIFIARE D,; C00584, HiFIARE

E,; C00219, fE4PUIHEES; C05984, 2-F 2T BS; 00163, REL,

[Note] A: Pathway enrichment analysis of 7 d group's differential metabolites; B: Pathway enrichment analysis of 14 d group's differential metabolites; in

the same legend, the smaller the P value, the darker the dot; the larger the impact value, the larger the dot; C: Metabolic network of the 7 d group

and the 14 d group; orange oval represents metabolic pathway; green rectangle represents differential metabolites; blue rectangle represent different

vibration groups; Kyoto Encyclopedia of Genes and Genomes number represents differential metabolites: C034242, dihomo-y-linolenate; C04230,
1-acyl-sn-glycero-3-phosphocholine; C00696, prostaglandin D,; C00584, prostaglandin E,; C00219, arachidonic acid; C05984, 2-hydroxybutanoic

acid; C00163, propanoic acid.

2 KEMBRTEREEDTRMEE

Figure 2 Metabolic pathway enrichment analysis and metabolic network of differential metabolites in rat serum
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