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'"H-NMR-based metabolomics investigation into intervention with Chinese
herbs and conventional pharmaceuticals of copper-overload-induced liver
injury in rats with Wilson’ s disease”

Zhang Juan' Xie Daojun' Bao Yuancheng' Xu Jingjing’ Shen Guiping” Han Hui' Dong Ting'

Huang Xiaofeng'
(1 Department of Neurology The First Affiliated Hospital of Anhui University of Chinese Medicine Anhui 230031 China; 2 School of

Electronic Science and Engineering Xiamen University Fujian 361005 China)

Abstract: Objective  To explore the intervention mechanism of Chinese medicinal herbs and
conventional pharmaceuticals on copper-overload-induced liver injury in rats with Wilson’ s disease
( WD) . Methods 105 Wistar rats were randomly divided into 7 groups ( 15 in each group) including
control group model group Gandouling( GDL) group penicillamine group glutathione group model +
SB203580 group and GDL + SB203580 group. Rat models with copper overload were firstly established in
12 weeks according to relevant literature. Since the 7th week all intervention groups were given
intragastrically corresponding medicinals respectively in equivalent dose. Meanwhile the control group
and the model group were given the same volume of saline intragastrically until the models were
established. Then 'HNMR metabonomics technology was used in combination with multivariate statistic
analysis to elucidate the changes in liver metabolic profile caused by liver injury in rats with WD and to
analyze the intervention effects of different treatments on its biomarkers. Results  Obvious fibrosis was
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detected in copperdaden rats with WD and liver fibrosis could be alleviated in different degrees with
intervention in all treatment groups. There were an increase in metabolic content of ketones and a de—
crease in creatine content in the liver of the rat models. After intervention with penicillamine there were
increases in contents of glutathion aspartic acid creatine amino acid valine tyrosine histidine
pyrimidine and purine; with GDL and SB203580 increases in creatine and decreases in methylamine;
and with glutathione and SB203580 increases in the contents of glutathione valine histidine pyrimidine
and purine. Conclusion  Different interventions with Chinese medicinal herbs and conventional
pharmaceuticals regulated metabolic disorders of such small molecules as glutathion creatine ketosome
amino acid pyrimidine and purine in liver tissue of copperdaden rats with WD and hence can repair to
some extent the copper-overload-induced liver injury in rats with WD.

Keywords: hepatolenticular degeneration; liver injury; Chinese medicinal herbs and conventional
pharmaceuticals; metabonomics; rats
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A: control group; B: model group; C: penicillamine group; D: GDL group; E: GDL + SB203580 group; F: glutathione group; G: SB203580 group;
1: HE; 2: Masson. Scale =50 pm.
1 N ( x200)
Fig.1 Pathological changes in liver tissue of rats in each group( x200)
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Table 1 Differences in metabolites between the experimental groups and the model group in
liver tissue of copperHaden rats
SB203580 SB203580
Motabolites Penicillamine group ~ Control group GDL + SB203580 group  Glutathione group SB203580 group
Fold r Fold r Fold r Fold r Fold r
Phenylalanine 2. 149 0. 865 - - - - - - - -
Isoleucine 2.116 0.869 - - - - 2.096 -0.768 - -
Valine 1.993 0. 860 - - - - 2.017 -0.812 1.925 -0.762
Lysine 2.157 0.851 - - - - - - - -
Hypoxanthine 2.756 0.833 - - - - 2.552  -0.888 2.330 -0.850
Inosine 2.872 0.831 - - - - 2.609 -0.916 2.401 -0.889
Creatine 3.012 0.842 2.190 0.768  3.513 -0.756 - - - -
Tyrosine 2.073 0.768 - - - - - - - -
Glutamate 1.893 0.767 - - - - 1.849 -0.711 1.856 -0.722
Glutamine 1.802 0.702 - - - - 1.909 -0.783 1.890 -0.808
Glutathione 1.932 0.708 - - - - 1.916 -0.707 1.978 -0.701
E—Acetylaspartate 1.786 0740 B - - - - B - B
i:Hydroxybutyrate - - 0.979-0.754 - - 2.168 -0.855 2.4901 -0.879
Dimethylamine - - 2.363 0.797 - - - - -
Betaine - - - - 0.538 0.742 - - -
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P-M: penicillamine group vs. model group; C-M: control group vs. model group; TS-M: GDL + SB203580 group vs. model group; G-M: glutathione
group vs. model group; S-M: SB203580 group vs. model group; the levels of metabolites shown in green red and white were significantly higher low-
er and with no significant difference compared with the model group respectively. Each dotted box indicates a different metabolic pathway.
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Fig.4 Metabolic pathway map of rat liver in different intervention groups

7-8
5 N ~»
N 3
9
6
Al WD
WD WD N
WD o
WD
T N N N ~ SB203580 N
SB203580 WD
WD N

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



12 "H-NMR Wilson 1023
6 Longo N Ardon O Vanzo R et al. Disorders of creatine
WD i transport and metabolism J . American Journal of Medical
Genetics Part C Seminars in Medical Genetics 2011 157
(1):72 -78.
10 7 Ballatori N Truong AT. Glutathione as a primary osmotic
. driving force in hepatic bile formation J . American Jour—
nal of Physiology-Gastrointestinal and Liver Physiology
1992 263(5) : G617 - G624.
8
Cheng N Wang K Hu W et al. Wilson Disease in the
South Chinese Han population J . The Canadian Journal I 2015 21(2):
of Neurological Sciences 2014 41(3) :363 -367. 194 - 196.

. NMR

J. 2017 52(4):541 -549.
Liu X Wang YH. The application of NMR-based metabo—
lomics technique to medicinal plants J . Acta Pharm Sin
2017 52(4) :541 -549.
Xu J Jiang H Li J et al. "H NMR-based metabolomics in—
vestigation of copperdaden rat: a model of Wilson’ s dis—
ease ] .PLoS One 2015 10(4) : e0119654.

p38MAPK J.

2012 24(3) :280 —282.
Zhang J Bao YC Xie DJ et al. Study the effect of cathar—
sis and diuresis expelling stasis and mass recipe on liver
fibrosis in copperdoaded rats by p38 MAPK signaling path—
way J . Journal of Clinical Medicine of Traditional Chinese
Medicine 2012 24( 3) : 280 -282.
Gao H Dong B Liu X et al. Metabonomic profiling of re—
nal cell carcinoma: High—resolution proton nuclear magnetic
resonance spectroscopy of human serum with multivariate
data analysis J . Analytica Chimica Acta 2008 624(2):
269 -277.

10

Zhang L Dai YF. Effect of adefovir dipivoxil combined with
reduced glutathione on liver function and inflammatory fac—
tor levels of patients with compensated posthepatitic cirrho—
sis J . Journal of Hainan Medical University 2015 21
(2):194 —196.

I
( ) 2010 38(1):191 -194.
Wang S Fang LC Yuan ML et al. Physiological activities
predicted by gene transcripts related to pyrimidine nucleo—
tides metabolism in 8 kinds of regenerated rat liver cells
J . Journal of Henan Normal University ( Natural Science

Edition) 2010 38( 1) :191 —194.

. 2014 55
(3):232-237.
Zhang ] Bao YC Xie DJ et al. Effect of Gandouling on
serum metabonomics of liver fibrosis in copperdoaded rats
J . Journal of Traditional Chinese Medicine 2014 55
(3):232-237.
( :2019-06-30)



