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Abstract: Inflammation can occur at any time in many diseases, and affect the activity of metabolism
enzymes and transporters, so change the blood concentration and therapeutic effect of therapeutic
drugs. Therefore, it is necessary to study the metabolic changes during the acute-phase response
(APR) of inflammation. In this study, urine metabolomics was performed to investigate the possible
differential metabolic pathways in New Zealand white rabbit APR inflammation model. An APR
rabbit model with normal hepatic and renal function was induced by intravenous injection of
lipopolysaccharide (LPS) in low-dose escalation, at 0.1, 0.2, 0.5, 1, 1.5, 2 and 2 pg/kg from 1 to 7
days. The urine samples were collected at prior of dosing, 2-day and 7-day after the first dose of LPS,

and detected using ultra-high liquid chromatography coupled with high resolution mass spectrometry
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(UPLC-HRMS). The samples were separated by a Kinetex F5 column (150 mmx2.1 mmx2.6 um)
with the mobile phase of water containing 0.05% formic acid and acetonitrile containing 0.05%
formic acid. ZenoTOF™ 7600 HRMS was operated under positive and negative ion modes to collect
data, and the high-resolution mass spectral data was acquired by utilizing information dependent
acquisition (IDA) and dynamic background subtraction (DBS). Non-targeted metabolomics analysis
was completed by principal component analysis (PCA) and partial least squares discriminant analysis
(PLS-DA) to search for differential metabolites. Then the differential metabolic pathway analysis was
carried out using the metaboAnalyst 5.0 website and KEGG database. The analysis results indicated
that the method has high stability and reproducibility with quality control samples clustered together
in PCA. The quality control and APR model groups can be separated well by OPLS-DA, which
showed that the metabolism in rabbits is significantly disturbed during APR period. Clustering
heatmap analysis was performed on the screened differential metabolites which were judged by
variable importance projection (VIP>1), significance (p<0.05), and folds of change (FC>2). The
results showed differential metabolites in urine at 2-day and 7-day after LPS administration are
significantly different from those before administration, 41 and 161 differential metabolites are
identified in the two groups of samples, respectively. Furtherly, the differential metabolic pathway
analysis revealed that the differential metabolites are significantly correlated with the steroid hormone
biosynthesis pathway (p<0.01). Pregnenolone, 1 1-deoxycorticosterone, 1 7a,21-dihydroxypregnenolone,
11-deoxycortisol, dehydroepiandrosterone sulphate, 19-oxosteroids, cortisol, 16a-hydroxyandrost-4-
ene-3,17-dione, epinephrine, 19-oxoandrost-4-ene-3,17-dione, cortisone, 114-hydroxyprogesterone,
18-hydroxycorticosterone, 11-dehydrocorticosterone, estrone glucosinolate, and corticosterone are in
an up-regulated trend on steroid hormone biosynthesis pathway. The study provides the important
information for target verification and disease treatment during the APR of inflammation, and
facilitates further understanding of inflammatory response mechanisms.

Key words: metabolomics; lipopolysaccharide (LPS); differential metabolites; steroids; ultra-high

liquid chromatography coupled with high resolution mass spectrometry (UPLC-HRMS)
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Fig.1 Total ion chromatograms of quality control (QC) sample (a, b), PCA plots of QC, blank,
2-day and 7-day modeling groups (c, d)
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Table 1 Differential metabolites of steroid hormone biosynthesis pathway
st i AT T RHERRET  RR o,
Group Metabolite olecular Quasrmolecular Mass charge ratio Characteristic fragment ion sy »
formula ion (mlz) (m/z) FC
A ZE eI C,H;,0, [M+H]" 317.25 281.22, 159.10 3.63  0.003
2R 11-J58 S0 RZ S i C,H,,0,4 [M+H]" 331.23 109.06, 97.06 3.60 0.024
170, 21- 5200500 C)\H,0, [M+H] 349.24 281.22 3.14  0.047
11l A e S CyH,,0, [M-H] 34521 32721, 121.06 509 0.015
T R S F HE CoH05S [M+CH,;COOH-H] 427.18 97.30 18.6 <<0.001
19-5A R B CoH,0; [M+CH,COOH-H] 361.20 117.46 8.26 0.003
B Jo e C,H30;5 [M+H]" 363.22 327.20, 121.06 6.38 <<0.001
160-F2FEUE S -4-075-3,17- 2 CjyH,0; [M+CH,COOH-H] 361.20 173.99 836 0.003
B R C,yH,,0; [M+CH;COOH-H] 359.19 121.20 8.15  0.003
19-58CHE 5§ -4-4%-3,17- i C\H»,0; [M+CH,COOH-H] 359.19 169.60 8.15 0.003
CINiOL/S C,Hy0; [M+H] 361.20 163.11, 121.06 8.38  0.002
11p-F2 24T CyH3,05 [M+H]* 331.23 313.22,121.06 3.60  0.024
18-F2 3 2 Jo il C,H;,05 [M+H]" 363.22 191.01 6.38 <<0.001
11-JI5d & 1 Jo i CyHy0, [M+H]" 34521 327.14 7.14 <0.001
R R AR R CyH;004 [M-H,0+H]" 427.18 269.13 19.1 <0.001
bty ZE 4 TR C,H;,0, [M+H]" 317.25 281.22,159.10 331 0.028
ES 17a, 21-—FRILZPEMIR - C, H;,0, [M+H] 349.24 281.22 244 0.049
11 A e Jo st CyH;,0, [M+H] 347.22 329.21, 119.06 2.90 0.021
PR I S F A C1oH,405S [M+CH,COOH-H] 427.18 97.30 353 <0.001
19-5A XS T CyHx0; [M+CH;COOH-H] 361.20 117.46 18.7 <0.001
Je Jo e C,H;,05 [M+H] 363.22 327.20, 121.06 153 <0.001
160-F2 FEME S5 -4-075-3,17-—F  C,oHp05 [M+CH,COOH-H] 361.20 173.99 18.7 <0.001
[FEES CyoH,,0;, [M+CH;COOH-H] 359.19 121.20 14.4 <0.001
19-F R HESS -4-075-3,17- 21 C,oHp0; [M+CH;COOH-H] 359.19 169.60 14.4 <0.001
CIEREVN CyHy05 [M+H]" 361.20 163.11, 121.06 14.5 <0.001
Bz S C,Hy,0, [M+H] 347.22 109.06, 97.06 290  0.021
18-F2 KL 5z Jou C,H;,05 [M+H] 363.22 191.01 153 <0.001
11-JJ5d & Jo i CyH,0, [M+H] 34521 327.14 144 <0.001
TR R R C,4H304 [M-H,0-+H]" 427.18 269.13 36.4 <0.001




672

B e R A

S % 3Lk

(1]

(2]

(3]

(4]

[5]

(6]

(71

(8]

(9]

PANIGRAHY D, GILLIGAN M M, SERHAN C N,
KASHFI K. Resolution of inflammation: an organizing
principle in biology and medicine[J]. Pharmacology &
Therapeutics, 2021, 227: 107 879.

ERDMANN P, BRUCKMUELLER H, MARTIN P,
BUSCH D, HAENISCH S, MULLER J, WIECHOWSKA--
KOZLOWSKA A, PARTECKE L I, HEIDECKE C D,
CASCORBI I, DROZDZIK M, OSWALD S. Dysregula-
tion of mucosal membrane transporters and drug-metabo-
lizing enzymes in ulcerative colitis[J]. Journal of Phar-
maceutical Sciences, 2019, 108(2): 1 035-1 046.

PAN W, YU C, HSUCHOU H, KASTIN A J. The role of
cerebral vascular NFkappaB in LPS-induced inflamma-
tion: differential regulation of efflux transporter and
transporting cytokine receptors[J]. Cellular Physiology
and Biochemistry, 2010, 25(6): 623-630.

CHITYALA P K, WU L, CHOW D S L, GHOSE R.
Effects of inflammation on irinotecan pharmacokinetics
and development of a best-fit PK model[J]. Chemico-
Biological Interactions, 2020, 316: 108 933.

ERRIDGE C, BENNETT-GUERRERO E, POXTON I
R. Structure and function of lipopolysaccharides[J].
Microbes and Infection, 2002, 4(8): 837-851.

ZHOU X, ZHAO R, LV M, XU X, LIU W, LI X, GAO
Y, ZHAO Z, ZHANG Z, L1 Y, XU R, WAN Q, CUT Y.
ACSL4 promotes microglia-mediated neuroinflamma-
tion by regulating lipid metabolism and VGLL4 expres-
sion[J]. Brain, Behavior, and Immunity, 2023, 109: 331-
343.

ZHOU J, PENG Z, WANG J. Trelagliptin alleviates
lipopolysaccharide (LPS)-induced inflammation and
oxidative stress in acute lung injury mice[J]. Inflamma-
tion, 2021, 44(4): 1 507-1 517.

PURIS E, KOURIL S, NAJDEKR L, AURIOLA S,
LOPPI S, KORHONEN P, GOMEZ-BUDIA M,
FRICKER G, KANNINEN K M, MALM T,
FRIEDECKY D, GYNTHER M. Metabolomic, lipidomic
and proteomic characterisation of lipopolysaccharide-
induced inflammation mouse model[J]. Neuroscience,
2022, 496: 165-178.

WANG G, LIU X, HUO Q, LIN S, WANG W, LIU C,
SHA C, LIU W. Optimization and validation of the lig-
uid chromatography coupled to tandem mass spectrome-

try method for assessing octreotide release from micro-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

spheres during inflammation in rabbit models[J]. Journal
of Chromatography B, 2023, 1 214: 123 564.
AZHAR S, REAVEN E. Scavenger receptor class BI and
selective cholesteryl ester uptake: partners in the regula-
tion of steroidogenesis[J]. Molecular and Cellular
Endocrinology, 2002, 195(1/2): 1-26.
GWYNNE J T, STRAUSS J F. The role of lipoproteins
in steroidogenesis and cholesterol metabolism in
steroidogenic glands[J]. Endocrine Reviews, 1982, 3(3):
299-329.
SCHIFFER L, BARNARD L, BARANOWSKI E S,
GILLIGAN L C, TAYLOR A E, ARLT W, SHACKLE-
TON C H L, STORBECK K H. Human steroid biosyn-
thesis, metabolism and excretion are differentially
reflected by serum and urine steroid metabolomes: a
comprehensive review[J]. The Journal of Steroid Bio-
chemistry and Molecular Biology, 2019, 194: 105 439.
SUN X, ZHANG C, GUO H, CHEN J, TAO Y, WANG
F, LIN X, LIU Q, SU L, QIN A. Pregnenolone inhibits
osteoclast  differentiation and  protects  against
lipopolysaccharide-induced inflammatory bone destruc-
tion and ovariectomy-induced bone loss[J]. Frontiers in
Pharmacology, 2020, 11: 360.
GHEZZI P, SANTO E D, SACCO S, FODDI C, BAR-
BACCIA M L, MENNINI T. Neurosteroid levels are
increased in vivo after LPS treatment and negatively
regulate LPS-induced TNF production[J]. European
Cytokine Network, 2000, 11(3): 464-469.
BT J BREEXT LPS 757/ BEECs Fll RAW264.7 41
T B9 8 AR 3 IR ML B9 T 52 (D], 47 - 47 R,
2020.
NOZAKI M, HARAGUCHI S, MIYAZAKI T,
SHIGETA D, KANO N, LEI X F, KIM-KANEYAMA J
R, MINAKATA H, MIYAZAKI A, TSUTSUI K.
Expression of steroidogenic enzymes and metabolism of
steroids in COS-7 cells known as non-steroidogenic
cells[J]. Scientific Reports, 2018, 8(1): 2 167.
LI Z, JIANG Y, GUENGERICH F P, MA L, LI S,
ZHANG W. Engineering cytochrome P450 enzyme sys-
tems for biomedical and biotechnological applications[J].
Journal of Biological Chemistry, 2020, 295(3): 833-849.
ALMAZROO O A, MIAH M K, VENKATARA-
MANAN R. Drug metabolism in the liver[J]. Clinics in
Liver Disease, 2017, 21(1): 1-20.

(ki H 491 2024-03-16; & M1 H 1 2024-05-05)


https://doi.org/10.1159/000315081
https://doi.org/10.1159/000315081
https://doi.org/10.1016/S1286-4579(02)01604-0
https://doi.org/10.1016/j.bbi.2023.02.012
https://doi.org/10.1016/j.neuroscience.2022.05.030
https://doi.org/10.1210/edrv-3-3-299
https://doi.org/10.3389/fphar.2020.00360
https://doi.org/10.3389/fphar.2020.00360
https://doi.org/10.1016/S0021-9258(17)49939-X
https://doi.org/10.1016/j.cld.2016.08.001
https://doi.org/10.1016/j.cld.2016.08.001

	1 实验部分
	1.1 主要仪器与装置
	1.2 主要试剂
	1.3 动物实验及样品收集
	1.4 实验条件
	1.4.1 色谱条件
	1.4.2 质谱条件

	1.5 数据处理

	2 结果与讨论
	2.1 数据质量评价
	2.2 代谢组学多元统计分析
	2.3 差异代谢物的筛选和鉴定
	2.4 代谢通路分析
	2.5 给予LPS后兔体内的作用机制分析

	3 结论
	参考文献

