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Abstract: Objective To evaluate the antipyretic effect of bovine bile through a fever rat model induced by dry yeast suspension and
further explore its potential mechanism through metabolomics based on UPLC-MS/MS. Methods A total of 40 SD rats were
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randomly divided into control group, model group, acetaminophen (200 mg/kg) group, bovine bile (10 mL/kg) group and pig bile (10
mL/kg) group. Fever rat model was constructed by subcutaneous injection of 20% dry yeast suspension into the back. Drug was orally
administrated to each treated group of rats 0.5 h before and 3.5 h after modeling, and the rectal temperature of rats were monitored at
0,4, 5, 6,7 and 8 h after modeling. The serum and brain tissue of rats were collected 8 h after modeling. The contents of tumor necrosis
factor o (TNF-a), interleukin-1p (IL-1B), IL-6 in serum and prostaglandin E2 (PGE2), cyclic adenosine monophosphate (cAMP) in
hypothalamus were detected using ELISA method. Metabolomics analysis was conducted on the serum and hypothalamus of rats
through ultra high performance liquid chromatography quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS) to explore
their potential biomarkers. Then, the antipyretic mechanism of bovine bile was elucidated combined with relevant analysis results of
serum and hypothalamic metabolomics and ELISA indicators. Results The rectal temperature of rats in model group was significantly
increased after 4 h of modeling compared with control rats (P < 0.01), while the temperature of bovine bile group was significantly
lower than that in model group (P < 0.01). Besides, the increasing contents of TNF-a, IL-1f, IL-6, PGE2, cAMP resulted from fever
rats were reversed by oral administration of bovine bile (P < 0.01). The metabolomics results revealed the significant changes of
metabolic profiles from serum and hypothalamus in fever rats, 24 and 18 endogenous metabolites were identified, respectively. Their
contents were significantly reversed after intervention with bovine bile, mainly affecting pathways such as arachidonic acid metabolism,
glycerophospholipid metabolism, pyruvate metabolism, citric acid cycle, sphingolipid metabolism, pyrimidine metabolism, amino acid
metabolism and sugar metabolism. Conclusion The bovine bile exerts a significant antipyretic action on a dry yeast induced fever rat
model, and its underlying mechanism may be related to inhibiting the release of endogenous heat sources and regulating the lipid
metabolism, amino acid metabolism and sugar metabolism, with the characteristics of multiple targets and pathways.
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JIH B2 Y=1.1251X10° X—3.8625X 10* 0.996 5
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Table 3 Contents of various bile acids in bovine bile

D% FUE S H (ngg™h)
JilEN 170.15
ERE=Ni AN 363.79
$& XA MRER 331.54
FE LA NER 5.62
HE R 1469.51
HREEMER 889.35
BRI LA 1.97
HEIE L AR 224.90
AR IH IR 49 577.13
T RE L E R —
R L E AR 482257
TG L E R 6 098.73

F=4 FBEXBILETHK (Xts,n=8)
Table 4 Changes of rectal temperature of rats in each group (X s, n =28)

15 R i/ C
Fer ER)E 4h ER)E S h ER)E 6h WS 7h RS 8h
X} 1A — 37374030 37.3840.34 37.3140.25 37.26+0.29 37314036  37.31+0.28
LAY — 37294022 38.16+0.44* 38784033  39.134+0.22%  39.154+0.34* 39.1940.25%
B LR LW 200 mgkg! 37.360.17  37.31£0.40"  37.46+£0.23* 37.53£0.32"  38.131+0.60" 38.12+0.49*
A 10mL-kg!  37.39£0.09 3747+£0.42*  37.83+0.35" 38394033 38.6120.36™ 38.571+0.35"*
FENET 10mL-kg! 37404039 37.9040.35 38.3340.33"  38.7840.39 39.01+039  39.25+0.46

HxtRALEE: #P<0.01; HHAIALLE: TP<0.01:; HHIEIALE: “P<0.05 +P<0.01.
#P <0.01 vs control group; P < 0.01 vs model group; *P <0.05 P <0.01 vs pig bile group.
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#P<0.01; SERALLE: "P<0.01.

Ace-acetaminophen; #P < 0.01 vs control group; ** P < 0.01 vs model group.

E1 fBAKRKRIMFES TNF-0. IL-1ps IL-6 X T EELALF PGE2. cAMP S£ (X+s,n=8)
Fig.1 Contents of TNF-0, IL-1B, IL-6 in serum and PGE2, cAMP in hypothalamus of rats in each group (X £ s, n=_8)
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Fig. 2 Total ion chromatograms of bovine bile affecting metabolic profiling of serum in febrile rats under positive (A) and

negative (B) ion modes
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Fig. 3 Total ion chromatograms of bovine bile affecting hypothalamic metabolic profiling in febrile rats under positive (A)

and negative (B) ion modes
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Fig. 4 Statistical analysis of UPLC-QTOF-MS data from serum samples in positive and negative ion modes
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&5 OPLS-DA EEMIIESY
Table 5 Fitting parameters of OPLS-DA model

" o JIIRE T AN
Bt - R Ry 0 R Ry 0
EET N HE s FY 0.669 0.979 0.922 0.651 0.999 0.926
R v 4= RH 0.558 0.999 0.987 0.700 1.000 0.972
T Wb BE vs 157 0.502 0.993 0.885 0.673 0.999 0.911
FRY v A4 JHYT 0.496 0.999 0.978 0.664 0.999 0.964

*6 BERRMFBFHRREEEEIRE

Table 6 Endogenous potential biomarkers in serum of rats in each group

J¥% r/min  mlz e pps BT X v BB v o

R it JIEReN
1 093 227.0903 M4 T CoHi3N3O4  1E& T ! T
2 578 4653075 HEERE C26HusNOs  1EEF ! 1
3 12.14 686.536 2 tetrahydrodeoxycorticosterone CiH3403  IEET 0 !
4 590 3183003 4-FXEAREEE CisHNO; 1E&T ! 1
5 17.78 834.599 0 PC[18 : 3(9Z,12Z,152)/20 : 0] CaHssNOsP 1E 55T ! 1
6 17.82 834.5975 PC[20 : 0/18 : 3(9Z,127,157)] CasHgsNOsP IEBS T ! 1
7 402 392.7479 PE[18 : 4(6Z,9Z,127,15Z)/22 : 6(4Z,71Z,10Z,13Z,16Z,19Z)]  CasH7NOsP IE& T ! 1
8 4.07 392.748 1 PE[22 : 6(4Z,7Z,10Z,13Z,16Z,192)/18:4(62,9Z,127,157)] CusH7oNOsP IEBS T ! 1
9 8.50 392.748 0 LysoPC(16 : 0) C24HsoNO7P 1E 5T ! 1
10 8.13 519.3318 LysoPC[16 : 1(92)/0 : 0] C24H4sNO7P 1E 5T ! 1
11 7.42 494.323 8 LysoPC[18 : 2(9Z,127)] C26HsoNO7P 1E 5T ! 1
12 8.82 546.3539 LysoPC[20 : 3(5Z,8Z,112)] CasHs2NO-P IEB T ! 1
13 9.63 508.374 6 LysoPC(P-18 : 0) C26Hs4sNOP IEB T ! 1
14 5.78 4653075 sodium glycocholate C26HusNOs  1E T ! 1
15 5.23 256.060 2 N-Z.W-D-5 338 %)k CsHisNOs 131 i 1
16 2.28 147.046 1 AL C3H403 BT 1 !
17  6.55 408.287 7 3a,7B,120a-trihydroxy-5a-cholanoic acid C24H400s T l T
18 8.11 303.2335 FELE DML CaH30: fHET ! 1
19 3.70 516.2022 5,10-methylene-THF C20H23N706 15T 1 !
20 8.58 311.223 1 13-L-hydroperoxylinoleic acid CisH»Os BT 1 !
21 7.92 467.301 1 LysoPC(14 : 0/0 : 0) C22HaeNO7P 1 551 l 1
22 8.13 578.3019 LysoPC[20 : 4(5Z,8Z,11Z,147)] CasHsoNO7P 1 551 l 1
23 10.24 509.348 4 LysoPC(17 : 0) C2sHs:NO7P i1 551 l 1
24 1134 297.2428 ERRMEE CisHO0s T 7 1

7 For b, “)7 FoRTE, KT
“1” indicates up-regulation, “|” indicates down-regulation, same as table 7.
*®7 JEARTEMPHRREBEE RS

Table 7 Endogenous potential biomarkers in hypothalamus of rats in each group

5 tr/min m/z wEW 5FR B R s A HIR yg 2R JIHY
1 680 380.2550  WEfEMSHHE NS CisH3sNOsP EEF 1 !
2 810 125.0000  y-] P C4He0> EST 1 I
3 821 163.0161  4-methylcatechol C7Hz02 EST 1 !
4 230 159.0689 indoleacetaldehyde Ci10HoNO g1 1 !
5 17.84 504.3423 LysoPC[18:1(92)] CasHs2NO7P EETF 1 l
6 547 3462130  21-WEUR B C21H3004 EET 1 !
7 1503 760.5824  PC[14 :0/20 : 1(112)] C42Hg:NOsP EEF 1 !
8 7.18 4943231 LysoPC[16 : 1(92)/0 : 0] C24H4gNO7P EEF 1 !
9 120 260.0303  6-TElE K CeH1300P T 1 !

10 526 209.0815 L& C6H14N402 T 1 !
11 6.17 4982987  Z-mhdEHES C26HasNO6S T - 1
12 132 1300877 L-=&E@ CeHi3NO: MEF 1 !
13 1045 3102873 1Z-—HER C20H3502 MEF 1 1
14 750 2792332  9EE-+ )\ _IAlE CisH320: NEF 1 1
15 1096 490.3296  LysoPC(17 : 0) C2sHs5>NO7P BT 1 !
16 1.05 3399955  fructose 1,6-bisphosphate CeH14012P2 T 1 !
17 3.15 376.1382 HEE C17H20N4O¢6 BT ! !
18 1546 427.1792  EJefEmERR Ci5H2807P2 NET ! 1
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Fig. 6 Analysis of differential metabolite pathways in serum (A) and hypothalamus tissue (B) of febrile model rats treated

with bovine bile intervention
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