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Serum metabolomics-based study on the mechanism of action of bergapten in the treatment of liver fibrosis
WU Huixing', ZHANG Zhenhua®’, LONG Changrui', GUO Guifen’, WANG Yanyu’, CHEN Yanchun®*, FU
Juxiong', XIANG Shijian**, ZHOU Benjie*', LU Chengyu' (1. School of Pharmacy, Guangdong Medical
University, Guangdong Dongguan 523808, China;Z2. Dept. of Pharmacy, the Seventh Affiliated Hospital of Sun
Yat-sen University, Guangdong Shenzhen 518107, China; 3. Blood Purification Center of Huidong County
People’ s Hospital, Guangdong Huizhou 513600, China; 4. Shenzhen Key Laboratory of Chinese Medicine
Active Substance Screening and Translational Research, Guangdong Shenzhen 518107, China)

ABSTRACT OBJECTIVE To study the effects of bergapten in the treatment of liver fibrosis and its mechanism based on serum
metabolomics. METHODS Forty mice were divided into normal control group (0.5% carboxymethyl cellulose sodium solution) ,
model group (0.5% carboxymethyl cellulose sodium solution), and BP low-dose and high-dose groups (50, 100 mg/kg), with 10
mice in each group. Except for the normal control group, the other three groups were all treated with carbon tetrachloride to induce
liver fibrosis model; they were given relevant medicine/solution intragastrically, once a day, for consecutive 8 weeks. After the last
medication, the levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in serum were detected, and liver
pathological changes were observed; the expressions of a-smooth muscle actin («-SMA) and Collagen I were detected in liver
tissue; the serum of the mice was collected for metabolomics analysis. RESULTS Compared with the model group, serum levels of
ALT and AST and protein expressions of a-SMA and Collagen [ in liver tissue were decreased significantly in BP high-dose and
low-dose groups (P<<0.05), while liver fibrosis was improved significantly. Meanwhile, metabolomics analyses showed that there
were a total of 175 serum differential metabolites in the BP high-dose group and model group, of which 18 substances were
upregulated and 157 substances were downregulated; the main metabolic pathways involved in bergapten intervention were
pyrimidine metabolism, butanoate metabolism, fatty acid synthesis, tyrosine metabolism, B-alanine metabolism, nicotinic acid and
nicotinamide metabolism, glutathione metabolism, etc. CONCLUSIONS BP is effective in the treatment of liver fibrosis by
regulating pyrimidine metabolism, butanoate metabolism, glutathione metabolism and so on in rats with liver fibrosis.
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] ) . Triple Quad™ 5500 AU F B¢ 22 48 (32 5 AB Sciex
NTIDE N
12 FEHRBSKA

BP XJ H& & (L5 155600, 46 )% 99.95% ) i [ | 767 P
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*F1 HZENRMBERALT ASTKEMELR (x+5,
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CCLZH /N FUITFAH L a-SMA 5 1 F k[ FIYERFR LN
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5, BP-L 41 1 BP-H 41/ R T 41 21 o-SMA £ 1 3535
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3.3.2  Western blot Kl 45 H-
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PRI ReR B E AT T 1 SR () 22 Sl A )
O (R R LR B TN GE 7 , B(E AR EE I T 1 KRBy
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Masson (% HE (5,
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NC 4 cCL4l

BP-L4 BP-H4

U TR W HES (L AN SROEADRAEHHE s BTk 1 TSR IFHE 4 31 i Masson i (0 fiSirius Redife (R PSP A SR
Bl &HHENMRAFAARERSFUETHE

#2 BHNRAFARAFRFEEMEEREEUNER (x s,

n=6,%)
4151 Masson J (1 L AL Sirius Red J i A L
NC4l 0811056 1.01£095
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BP-L4 171£1200 1284036
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a: GNCH L, P<0.05;b: 5CCLAL FLE, P<<0.05,

DAL
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B2 &ANBIFELAT - SMAEAREWEREAK
ufaE
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Collagen 1[N I TN 0 8 &% & = & LM Bm = [220kDa
a-SMA

—_————— | 43kDa
GAPDH [ s o . e | 37kDa
NC4l CcCL4l BP-L4l BP-H4
F3 FHNRIFHELA S a-SMA  Collagen | EHRIE
R ik
R3 HBENMRFALRF «-SMA Collagen | EHKIX
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NC#l 3021 1.60 0.79£0.30
ceLA 2027£ 1114 227+0.80°
BP-L4 4401173 0.60£0.18
BP-H# 2881145 101£0.38°
a: 5NCL L, P<<0.05;b: 5CCLAT LA, P<0.05,
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E 09 o ©
S —24 %5 L
(o]
! T

-3 —2 -1 0 1 2 3 4
Component 1(20.2%)

4 3H/NRMER G5 HTE PLS-DA
3.4.2  BPXIFEF4EAL/ NI E AR AR i 52
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A 56 Ak 22 AR AR, HorhmEnE A T R A 5
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#4 CCLASBP-HAHEZRI20 R IEE BRI

5 AT WASFAH  log(Fold Change) P it
I glutathione reduced TRERZE i 188 244107 1
1 cysteine FHER 149 g.14xi0 1
3 quinoline acid i 146 286X10°% 1
4 -pyrocatechuic acid Ry P 145 580x10° 1
5 nicotinic acid il 130 3161077
6 Lecystathionine L-BtBin 1.16 3uxi 1
7 Hippuric acid DiRE 113 346x10° T
8 3-indolepropionic acid 3BT 107 247X00% 1
9 shikimic acid HER 096 ddixu 1
10 uridine triphosphate JRH =B 0.94 415x107 1
Il 3hydoxymethylglutaricacid — 3-BHERIAL =210 X107
12 a-hydroxyisobutyric acid e-FERTR -215 55X107
13 |-methylnicotinamide 1ALt =217 209¢107
14 indole UL -4 443x102 |
15 malonic acid F_® -3 45X10°
16 3-hydroxybutyric acid EATH =266 23710
17 2hydroxybutyric acid 2EETR -7 %107
18 3-hyrdoxybutyrate 3FIET TS =291 498x10* |
19 acetoacetic acid LELR =299 Lx10™
20 isovaleric acid Sl —3.04 00110 |

T .BP-HA 5 CCLA &, Ak - B & T | . BP-HA S
CCLA H# , A MIK O B 5 R

%5 CCLASBP-HAHEZR 10 MFERKEHER

ik s P ~log,,(Pvalue) ML
| A 1.03X107° 599 034
2 TR 122X10°° 591 0.1
3 TR A B 320X10°° 549 001
4 kAR 363X107° 544 009
5 BRARRS 410X10° 539 0.10
6 ARRAAMREERE 5.14X10°° 529 033
7 ZIRAEBA R 741X10°° 513 005
8 FhEm AR R 216X10° 467 040
9 AH AR 6.12X10° 421 030

10 R B RTRE AR 6.65X10° 418 <001

4 g

T CCL5F M AR dE (b iR 5 A FAF ik B
AR, 9 HUE 2 2 A, BRI T T £F 4R AL
G HF AR diE Ak i SRR AIE 2 B A2 R 40 b A T
TR, a-SMA 2 ARG AL AR S , Collagen [
WU R i 2 A v ) F2 B2 FEARBFSE Y, BP X CCL
75 S0 A AE AR BRI R 0 15 IS RE 4R B g T 3R
FEANE SO HLAT B i 2B R H 5 91 5., BP BERE IR
T £F A A R /N BRI 41 21 «-SMA | Collagen 1 3%
5, R BENETE— PR BE L4 i) JH 2 DR 20 33 A A ek
TR 0 o

A5 A A 2 43 B AOSCER R A & B, BP 7R
09T I EF Al B2 Hp R A AT 32 22 10 IR R A e
HRE CEBEZER | 3-M5IWEDI R R 1T — B IR AL R 55 )
Jo FHor, 3-M5| RPN R A s ST A= ) oA, FEAT DA
RS RIS P B o P /D ROV T DR 2L Al A I
F--kB SR BEIG T 38 % DA A S R A3 403 5 e Ah,
3- M| PR P RS T AT o) £ 44 A0 RN Jirt 36 PR () 2258, X
A PR M 08 BT S5 D s 2R B R A A 28R
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TR g B RLEERR IR , T LA BRGE IR R B 175 T JRE A
T AR 2 MR A AR A DY 1 B, R I A5/ BRUIT 2T
IR AN AT IR AR XS T T AL
HIp R BA EEE Y, AP IR A 2R RN
FH R4 5 T, 2 — PP R BT A A 28
R, A e H ka2 5 LRI L APt AL R 5
ORAT , R | A e H IR A A 4 B R0, S U2
JH e A R AT AR HET LT dE AL R K ™, ARF5E K B,
ML 3 S A IO H IR AN e 2 /K 776 BP T 1S 12
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