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Study on mechanism of amino acid metabolism disorder and liver injury caused
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Abstract: Objective To explore the mechanism of Psoralea corylifolia extract (PCE)-induced liver injury by metabolomics.
Methods Totally 18 rats were randomly divided into the control group and the low-dose (1.8 g-kg™") and high-dose (7.2 g'’kg™!) PCE
groups, and were ig administered for 28 days. The levels of serum ALT, AST, ALP, IL-6, TNF-0, and MPO were detected by kits. The
pathological changes of the liver were observed after HE staining. The livers of each group were collected, and the contents of liver

injury components - norbakuchinic acid, psoralen, isopsoralen, psoralen dihydroflavone methyl ether, psoralen chalcone, psoralen A,
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psoralen B, psoralen C, and new psoralen isoflavone were analyzed by HPLC-MS. The differences and contents of endogenous
metabolites in the liver were analyzed by GC-MS metabolomics. Results Compared with the control group, the levels of ALT, AST,
and ALP in the low-dose and high-dose PCE groups were significantly increased (P < 0.001); the levels of pro-inflammatory factors
IL-6, TNF-a, and MPO were significantly increased (P < 0.001), and the liver sections showed hepatocyte swelling, with a small
number of lymphocytes presenting focal infiltration in some areas, and even cytoplasmic loosening, indicating obvious liver cell injury.
Compared with the low-dose PCE group, the concentrations of psoralen, isopsoralen, psoralen C, psoralen A, psoralen dihydroflavone
methyl ether, psoralen chalcone, psoralen B, and new psoralen isoflavone in the high-dose PCE group were significantly increased,
while norbakuchinic acid was significantly decreased (P < 0.01, 0.001). Metabolomics identified differences in metabolites such as
sarcosine, pyruvate, urea, lactic acid, malic acid, threonine, citrulline, glutamic acid, fumaric acid, aspartic acid, and glycine, mainly
involving arginine biosynthesis, glycine, serine, and threonine metabolism, and pyruvate metabolism pathways. Conclusion Liver
injury caused by PCE may be related to the increase of liver injury components and the disorder of amino acid metabolism.

Key words: Psoralea corylifolia L.; liver injury; amino acid metabolism; metabonomics; arginine biosynthesis; glycine, serine,

threonine metabolism; pyruvate metabolism
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Table2 Regression equations and linear ranges for each
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A& BV SR R
MEARER Y=0.023 82 X+0.028 1  0.998 2
AV IRER Y=0.009 6 X+0.0160  0.9962
MEARF R Y=0.0351X+03504  0.9969
A e AR i Y=0.9357 X+8.6348 09943
R T Y=0.0187X+02091 09948
AE R E Y=0.029 1 X+0.0370  0.9909
VB IE A EE B Y=0.0627 X4+0.8817  0.9997
B g S 2 Y=0.003 6 X+0.0143  0.996 4
norbakuchinic acid Y=0.000 9 X—0.002 6 0.999 8
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Fig. 5 Changes in content of liver injury components in psoralea group of rats ( X *s, n=6)
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Table 3 Metabolites of rat liver
T IR HMDB Y5 AU TR HMDB
1 PIFRRR HMDB0000243 35 KT HE HMDB0003402
2 AR HMDB0000190 36 N HMDB0242149
3 IR HMDB0000115 37 B-H i B IR e HMDB0002520
4 MR HMDB0000271 38 i A e HMDB0000568
5 BRI TR HMDB0341410 39 RIHEE-1, 4- N e -
6 B-¥2 T HR HMDB0000011 40 BEmR HMDB0000214
7 N-H B2 HMDB0094692 41 Hh-1-w HMDB0252849
8 FH T 1 26 — 42 O-TME £ Wi HMDB0000224
9 AR HMDB0000883 43 3-TH IR H v R HMDB0000807
10 AP I T HMDB0000710 44 1, 5-Mi7K 7 &1 B -
11 JRE HMDB0000294 45 TERG 2 -
12 i HMDB0000131 46 AL HMDB0000143
13 IR ER HMDB0001429 47 2 —
14 AR HMDB0000172 48 H R bE HMDB0000169
15 P 2 HMDB0000162 49 BB HMDB0000158
16 HER HMDB0000123 50 H R HMDB0000765
17 BRIAR HMDB0000254 51 ERHATR HMDB0000220
18 SEBARER HMDB0000134 52 HIETRETR HMDB0000625
19 25 R HMDB0000187 53 PR R HMDB0000639
20 HAMR HMDBO0000167 54 TN HMDB0000292
21 FAR HMDB0000191 55 N-ZB-D-- L iz -
22 B-TA 2L HMDB0000056 56 ERVIN HMDB000021 1
23 W HMDB0000156 57 V3 R HMDB0000673
24 Doy HMDB0004136 58 fill 5T HMDB0000827
25 HAR HMDB0000696 59 SpE-6- TR HMDB0000124
26 BRI AR HMDB0000267 60 JRIF HMDB0000296
27 BER HMDB0000148 61 1- AR AR H v g HMDBO0011564
28 MR E TR HMDBO0013674 62 il§=3 HMDB0000195
29 TIHETR HMDB0000943 63 P LA HMDB0000299
30 1,2, 4K = - 64 FLpE2 —
31 2-FRFLIR HMDB0032582 65 TpE -
32 HRmRE HMDB0000148 66 B BERER R HMDB0033685
33 RINE R HMDBO0000159 67 HEFE HMDB0033685
34 R AL HMDB0000250 68 JIEL ] HMDB0000067
AR, WMAREVERK, WA, RER W5,
BAEBRAU, BFPCHIARE, R AEZARNR  2.9.2  FFAZURE b2 Jonr I i e )
T 1 SURE S AT A T VIR “2.8.27 TRAERE ) 41 2 E%éﬁ

2.9 FFELAEEEEAF DT

29.1 GC-MS %ff i

73 B8 Ak R A A ) A 1
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%ﬁéoc,ﬁﬁlmm,mFut\%3ocmL
FEFEE 100 °C, f&)aLAREaEr 20 CHEEA SR
300 °C, ¥4 2 min. AR AR HE RESHL

400 mg:
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A-sPLS-DA score plot; B-Bubble plot for differential metabolite metabolic pathway enrichment analysis: a-Glycine, serine and threonine metabolism, b-
Pyruvate metabolism, c-Alanine, aspartate and glutamate metabolism, d-Folate one-carbon pool, e-Arginine biosynthesis, f-Glutathione metabolism, g-

Cysteine and methionine metabolism.
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Fig. 6 Metabolites of rat liver
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Table 4 Differential metabolites in livers of rats in control group and PCE high-dose group

BB REBAK PCE vs A 55 REMAK PCE vo AR
PlE FC i Pl FC =k
1 1-2-4-FK =T 0.002 29700 0 18 M= 0.016  0.0390 !
2 4-F2FET R 0.002  0.0100 ! 19 JhHELE 0.001 2.383 0 1
3 i A e 0.016 1.788 0 0 20 AR 0.003 0.005 0 !
4 = DR 0.005 02340 ! 21 A B ESTR R 0.035 22000 1
5 BER 0.004  0.0020 ! 22 P 0.001 0.001 0 !
6 HER 0.044 02790 ! 23 BN IA AL T 0.006  0.0950 !
7 W 0.006  0.068 0 ! 24 2R 0.012 03796 1
8 AR 0.001 0.024 0 ! 25 FFLPE 0.002 24486 1
9 LR 0.002  2.0770 1 26 FLpE2 0.019 95922 1
10 EAR 0.006  0.0050 ! 27 W 0.035  0.2902 !
11 LR 0.030 1.3770 0 28 P B IR £ 0.005  2.0809 0
12 N-FEFER 0.001 0.041 0 ! 29 BR® 0.016 02931 1
13 WEEREL 0.039 13300 0 30 FRbE 0.001  9.7556 1
14 JHER 0.001 0.005 0 ! 31 TE N 0.001 23810 1
15 FEHEETR 0.002  3.6860 0 32 YW 0.004 1.496 3 1
16 FEREIR R 0.043 0.095 0 ! 33 R 0.038  0.4104 !
17 AR 0.015  3.7570 1
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Table 5 Parameters for mass spectrometry collection of Table 6 Linear equations of each metabolite
each metabolite and internal standard i 2R R ,
Window/ Eli Y=0.098 9X—0.013 0.998 3
R min OV Q@ PR
min (mlz)  (ml2) AR Y=4.298 5 X+4.526 0.992°5
I R 4.30 0.8 1741 741 14 EEET Y=3.4307 X—2.020 3 0.997 0
BN 439 0.8 1912 147.1 8 SRR Y=32283X—2.1177 0.995 6
JRE TR 8.47 0.8 1281 730 10 BRI Y=2.0651X—11.286 0.990 5
= LR 6.73 0.8 147.1  73.1 14 BE Y=5.073 X—9.587 2 0.990 2
R 7.74 0.8 2331 73.1 10 IR Y=6.359 6 X—9.033 9 0.992 7
BREBEE  9.46 0.8 1561  73.0 10 REE R Y=10.612 X—6.493 7 0.991 6
BEIK 8.54 0.8 246.1  73.0 20 JREIR Y=0.5744 X—0.282 6 0.991 3
IR 7.08 0.8 2181 730 14 W R Y=49111X—2.2379 0.999 2
REAR  7.94 0.8 176.1 128.1 6 R Y=5.192 6 X—25.187 0.995 7
AN s 521 0.8 116.1 730 10 LA ot A
y o g AR . TE S S /
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A-Graph showing the changes in the contents of intermediate metabolites in the metabolism of glycine, serine, threonine, pyruvate metabolism, and the
biosynthesis pathway of arginine; B-Changes in the contents of intermediate metabolites in the metabolism of glycine, serine, threonine, pyruvate

ok

metabolism, and the biosynthesis pathway of arginine in liver tissue; "P < 0.05 **P <0.01 P <0.001 vs control group.
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Fig. 7 Metabolism of targeted amino acids in liver tissue ( X s, n=6)
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