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Abstract
Background: Liver �brosis is a common consequence of chronic liver diseases resulting from multiple
etiologies. Early clinical application shows that Ruangan Xiaoji Decoction (RGXJD) has a very obvious
effect on the treatment of liver �brosis. However, the mechanism of RGXJD cures liver �brosis requires
further elucidation.

Methods: In this work, the therapeutic effect of RGXJD on CCl4-induced liver �broses serum and liver

tissue metabolite changes in rat was analyzed by 1H-NMR metabolomics. Meanwhile, histopathology
examinations and serum clinical chemistry analysis veri�ed the experimental results of metabolomics.

Results: RGXJD treatment could reverse the increase in ALT and AST induced by CCl4 and attenuate the

pathological changes in liver tissue. In the 1H-NMR metabolomic analysis, PLS-DA score plots
demonstrated that the serum and liver tissue metabolic pro�les in rats of the RGXJD groups were similar
those of the control group, yet remarkably apart from the CCl4 group. The mechanism may be related to
the endogenous metabolites including energy metabolism, amino acid metabolism, TCA cycle and purine
metabolism in rats. Correlation analysis were then performed to further con�rm the metabolites involved
in Isoleucine, Tyrosine, UDP-Glucose, Glutathione and Leucine, etc.

Conclusions: These �ndings may provided new insights into the mechanism of the hepatoprotection of
RGXJD.

Background
Hepatic �brosis (HF) is a pathological feature of the liver caused by the continuous scarring reaction
caused by acute or chronic injury of the liver under different metabolic, viral and chemical toxic stimuli[1].
Due to the many factors and complicated pathogenesis of liver �brosis, although modern
pharmacological research on anti-HF has been carried out for many years, some progress has been made
in some animal models, and the research ideas and drug targets are also quite clear. In terms of
therapeutic application, research on anti-HF drugs has not yet made major breakthroughs[2]. Recently,
herbal medicines as alternative methods have attracted much interest, especially due to their superiority
in treating liver �brosis and their few side effects[3, 4].

As we know, Traditional Chinese Medicines (TCM) plays an irreplaceable role in the treatment of liver
�brosis[3, 5–7]. Based on the dialectical theory of liver �brosis and the characteristics of qi de�ciency
and blood stasis, our self-made prescriptions Ruangan Xiaoji Decoction (RGXJD) composed of Ecklonia
kurome, Curcuma rcenyujin, Bupleurum chinense, Fritillaria thunbergii, Salvia miltiorrhiza, Hedyotis
diffusa has achieved very good curative effects in clinical treatment of liver diseases[8]. However, the
exact liver protection mechanism of RGXJD in liver �brosis was still looking forward to further
elucidation. It is well known that the characteristic of herbal medicine is chemical constituent complex
and multiple targets in different pathways. Understanding the mechanism of herbal medicines is
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challenging[9]. Therefore, studying this overall therapeutic effect will provide a deeper understanding of
the liver protective of RGXJD in the treatment of liver �brosis.

Metabolomics is a newly developed subject after genomics, proteomics and transcriptomics. It can
comprehensively assess the overview of endogenous metabolic changes in living systems and provide
relevant information and valuable insights into physiological changes[10]. Metabolomics has developed
rapidly in recent years and has been widely used in the �eld of TCM research, providing new ideas and
platforms for the study of complex theoretical systems of TCM[11, 12]. Common analytical techniques in
metabolomics include nuclear magnetic resonance (NMR), liquid chromatography-mass spectrometry
(LC-MS), and gas chromatography-mass spectrometry (GC-MS)[13]. 1H-NMR spectroscopy provides a
fast, non-destructive and high-throughput method for analyzing biological �uids or tissues[14]. Recently,
the combination of 1H-NMR-based metabolomics with pattern recognition methods and partial least
squares discriminant analysis (PLS-DA) provides an effective method for evaluating the pathological
mechanism of liver �brosis and the protective of TCM[15].

In this study, we established a rat model of CCl4-induced liver �brosis and used 1H-NMR technology to
investigate the changes in the metabolomics of liver �brosis rats after RGXJD treatment, focusing on the
metabolomics features found in pre-clinical studies. The results clari�ed the effect of RGXJD on the
metabolomics of liver �brosis rats and laid the foundation for elucidating the mechanism of RGXJD from
the perspective of metabolomics.

Materials And Methods
Animal experiments and sample collection

A total of 40 male Sprague-Dawley rats (200 ± 20 g) were provided by the Experimental Animal Center of
Zhejiang Academy of Traditional Chinese Medicine (Zhejiang, China; Certi�cation number SYXK-Zhe
2014-0003). Rats were housed and maintained on a 12 h dark/light cycle in temperature controlled rooms
(25 ± 2 ℃, 50 ± 5% humidity) with access to food and water ad libitum. Animal welfare and experimental
protocols were approved by the institutional ethics committee of Zhejiang University. After 1 week, the
rats were randomly divided into four groups: control group, model group, colchicine treatment group and
RGXJD treatment group. The model group, RGXJD treatment group and colchicine treatment group
received CCl4 (0.1 ml/100 g body weight) and olive oil were mixed at the rate of 1:1 (v/v) to induce
hepatic �brosis. The control group received olive oil (0.1 ml/100 g body weight, i.g.) and distilled water
(0.5 ml/100 g, i.g.), the model group received CCl4 olive oil solution (0.1 ml/100 g body weight, 1:1, v/v,
i.g.) and distilled water (0.5 ml/100 g, i.g.), the RGXJD treatment group received CCl4 olive oil solution
(0.1 ml/100 g body weight, 1:1, v/v, i.g.) and an i.g. dose of 2.5 g/kg body weight of RGXJD
(0.5 ml/100 g), and the colchicine group received CCl4 olive oil solution (0.1 ml/100 g body weight, 1:1,
v/v, i.g.) and an i.g. dose of 0.1 mg/kg body weight of colchicine (0.5 ml/100 g). In addition, all of the
groups except the control group was given an i.g dose of 0.1 ml/100 g body weight of 50% CCl4 olive oil
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solution (0.1 ml/100 g body weight, 1:1, v/v, i.g.) twice a week for six weeks. All of the drugs were
administered orally once a day begun at 5 weeks after modeling.

Rats were sacri�ced 24 h after the last drug administration, and blood samples were collected via the
abdominal aorta after intraperitoneal injection of 10% chloral hydrate. Serum was isolated by
centrifugation for 10 min at 13000 rpm at 4 ℃ (Fichal centrifuge TDL-5A, Shanghai, China) and stored at
-80 ℃ for biochemical analyses. The liver was rapidly dissected, weighed and cut into small pieces and
perfused with precooled saline immediately, and a part of the liver was collected in 10% buffered formalin
for Sirius red staining and the remaining tissue was quickly frozen in liquid nitrogen and then stored
stored at -80 ℃ until further analysis.
Sample preparation

The serum was thawed at room temperature and centrifuged at 13000 rpm at 4 ℃ for 20 min and 400 µl
of the supernatant transferred to 5 mm NMR tubes and mixed with 200 µl PBS (containing TSP at
2.0 mg/ml) for analysis.

The frozen liver tissue was weighed and mixed with ACN-water (1:1, v/v) for (1:5, g/ml), and the mixture
was homogenized in ice/water bath and vortexed, followed by centrifugation at 13,000 rpm for 10 min at
4 ℃. The collected supernatant was concentrated under a stream of nitrogen and then lyophilized. Dried
cerebrum extracts were reconstituted in 550 µL D2O phosphate buffer [0.2 M Na2HPO4 and 0.2 M
NaH2PO4, pH 7.4, containing 0.05% TSP]. The residues were removed by vortexing and centrifugation at
13,000 rpm for 10 min at 4 °C, and the transparent supernatant solution was transferred into 5-mm NMR
tube for NMR analysis.
Acquisition of 1H NMR data

1H-NMR spectra were recorded on a Bruker AVANCE 600 MHz spectrometer (Bruker GmbH, Karlsruhe,
Germany) at 25 ℃. 1H NMR spectra were collected with 128 transients into 32,768 (32 K) data points
over a spectral width of 10,000 Hz, with an acquisition time of 3.27 s and a relaxation delay of 3.0 s. The
free induction decays (FIDs) were determined by an exponential window function with a line-broadening
factor of 0.3 Hz prior to Fourier transformation.
Data processing of NMR spectra

All spectra were manually phased and baseline-corrected using MestReNova software (version 6.0.2,
Mestrelab Research, Santiago de Compostela, Spain). Each spectrum was segmented at 0.01 ppm
intervals across the chemical shifts δ 0.6-9.0, and the chemical shift of serum and urine was referenced
to the lactate at δ 1.33 and the TPS at δ 0.00. With the removal of signals of water and it’s affected
neighboring regions (4.30-9.00 for serum; 4.50–5.30 for liver extract) and export these spectra to ASCII
�les. Normalization to a total sum of all integrals for tissue extracts was conducted before multivariate
analysis. Metabolites were assigned by querying publicly accessible metabolomics databases such as
Human Metabolome Database (HMDB, http://www.hmdb.ca), Madison-Qingdao Metabolomics
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Consortium Database (MMCD, http://mmcd.nmrfam.wisc.edu), and Kyoto Encyclopedia of Genes and
Genomes (KEGG) (http://www.genome.ad.jp/kegg/).
Multivariate data analysis

Then, the resultant data in “.txt” format was imported into SIMCA-P 13.0 (version 13.0, UmetricsAB,
Sweden) for multivariate statistical analysis. PCA was �rst performed on mean-centered data to identify
outliers between the control and CY groups. PLS-DA was applied to discriminate metabolic pro�les
between samples groups. Orthogonal-projection to latent structure-discriminate analysis (OPLS-DA) is a
supervised method to identify metabolites that contributing to the group separation. The validity of the
models was assessed by 200 permutation tests, 7-fold cross-validation and CV-ANOVA method. Relative
amounts of metabolites were calculated on the basis of the integrated regions (buckets) from the least
overlapping NMR signals of metabolites.

In addition, the corresponding loading plots were assessed by the absolute value of the correlation
coe�cient, which was used to identify the metabolites that mostly contributed to the discrimination
between two groups at the three-time points. The loading plots were analyzed using MATLAB software
(R2016a, MathWorks Inc., Natick, MA, USA).

Experimental values were expressed as mean standard deviation (SD). Results of body weight, ALT and
AST, and the peak areas (buckets) of the differential metabolites were further compared by t-test using
SPSS16.0 software (SPSS Inc., Chicago, IL), and p-values less than 0.05 were considered to be
signi�cant. The comprehensive metabolic network was mapped by integration of all potential biomarkers
identi�ed in the present research by means of the KEGG and MetaboAnalyst 4.0
(http://www.metaboanalyst.ca/).

Results
Changes in animal characteristics and histopathological observations

The body weight of the rats in the CCl4 group was lower than that in the control group after medication
administration (Fig. 1). The decreases of body weights of colchicine and RGXJD groups were much
greater than that of CCl4 group. At the end of the experiment, absolute and relative liver weights were
measured, which were signi�cantly increased in CCl4 intoxicated rats as compared with those in control
rats. Meanwhile, these animal characteristics were improved by colchicine and RGXJD groups.

The biochemical characteristics demonstrated that RGXJD could effectively reduce the CCl4 caused
injury in rats (Fig. 2A-D). The elevated level of alanine transaminase (ALT) and aspartate
aminotransferase (AST) in the CCl4 group indicated that the liver was damaged, releasing ALT and AST
into the blood. However, after treatment with colchicine or RGXJD, the activities of ALT, AST were
signi�cantly decreased compared with the model group, which indicated that RGXJD has positive effects
on CCl4-induced liver �brosis in rats, and possess potent hepatoprotection.
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Histopathological examination revealed the changes of clinical chemistry parameters (Fig. 2E-H). Severe
changes in liver morphology were observed in the model group after administration of CCl4, including
�ber interval formation, fatty steatosis, and in�ltration of in�ammatory cells in the portal area, and most
rat livers appeared to have pseudo lobules, which demonstrated liver �brosis was successful established.
By contrast, no apparent change was observed in the liver of control rats. Small circular vacuoles
indicating slight hepatic steatosis were observed in the liver of RGXJD groups. Furthermore, the
colchicine treatment group also displayed similar protective effects.

1H-NMR analysis and metabolic pro�ling in serum and liver

The representative 1H-NMR spectra of serum and liver tissue samples obtained from all groups were
shown in Figs. 3 and 4. The assignments of endogenous metabolite assignments were chemical shifts
reported in previous literature.

They reveal different metabolic pro�les between the control and treated groups. In total, 19 and 32
metabolites were identi�ed and quanti�ed in serum (Fig. 3) and in liver tissue (Fig. 4), respectively.

The unsupervised principal component analysis (PCA) and supervised PLS-DA models were
reconstructed to determine the metabolic changes and to characterize the metabolite pro�le of the control
and RGXJD treated samples. The control and model groups had signi�cant differences in PLS-DA
analysis of serum and liver spectrometry, indicating that the metabolic pro�le changes after liver �brosis,
which are induced by CCl4, while the colchicine and RGXJD ones appeared close to the control group. The
OPLS-DA scores plots showed apparent separation between treated groups and control group, with a
satisfactory goodness of �t and predictability. At the same time, we observed that there is no difference
between the RGXJD and control groups. The corresponding loadings plot combined with the VIP values
(VIP > 1.0) from the pattern recognition model, screened out potential biomarkers for the differentiation of
colchicine, RGXJD and CCl4 groups. Alternation of potential biomarkers was evaluated by Student’s t test,
and the statistical signi�cance was accepted if p < 0.05. The 1H-NMR detected relative integral levels of
metabolites indicating differences between all groups are listed in Tables S1 and S2.

For the serum, the coe�cient-coded loadings plot (Fig. 5) and Table S1 showed the relevant changes in
the endogenous metabolites responsible for the separation comparison of treated groups and control. In
addition, the coe�cient-coded loadings plot of RGXJD group compared with the model group, the levels
of isoleucine, glycine, methanol, alanine increased obviously and had decreased in uridine levels.

For the liver, the coe�cient-coded loadings plot (Fig. 6) and Table S2 showed the relevant changes in the
endogenous metabolites responsible for the separation comparison of treated groups and control. In
addition, the coe�cient-coded loadings plot of RGXJD group compared with the model group, the levels
of NAD+, xanthine, tyrosine, fumare, inosine, isoleucine, UDP-Glucose, betaine, sarcosine, glutathione,
dimethylamine, lactate, leucine increased obviously and had decreased in uridine and valine levels.

Metabolic pathways analysis
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In addition, we performed the metabolic pathway analysis of the integrated 27 differential metabolites.
Through the MetaboAnalyst 4.0 (www.metaboanalyst.ca) topology analysis, we found that RGXJD
exposure disturbed 26 metabolic pathways (Fig. 7). The correlation network was constructed by
searching through the Kyoto Encyclopedia of Genes and Genomes KEGG (http://www.kegg.jp) pathway
database. In the present study, our results illustrated that the comprehensive metabolic pro�le changes
triggered by CCl4-induced liver injured rats were largely linked to amino acid, purine metabolism, and
energy metabolism, and the associated metabolic pathways of each substance are summarized in Fig. 8.

The Metabolic Pathway Analysis in Serum Samples

The 11 metabolic differences were observed in serum, which were Alanine, citrate, citric acid, glycine,
inosine, lysine, methanol, uridine, 3-hydroxy butyrate and isoleucine (Fig. 7A). There was 1 metabolic
pathways affected (impact > 0.1 and p < 0.05), Glyoxylate and dicarboxylate metabolism.

The Metabolic Pathway Analysis in Liver Samples

The 21 metabolic differences in liver were alanine, glycerin, inosine, inositol, leucine, N-acetyl
glycoprotein, phenylalanine, serine, tyrosine, valine, betaine, dimethylamine, fumarate, glutathione,
isoleucine, lactate, NAD+, sarcosine, UDP-glucose, uridine and xanthine (Fig. 7B). There were 4 metabolic
pathways affected (impact > 0.1 and p < 0.05), including Aminoacyl-tRNA biosynthesis, Phenylalanine,
tyrosine and tryptophan biosynthesis, Glycine, serine and threonine metabolism and Phenylalanine
metabolism.

Discussion
The liver is a multifunctional organ that participates in various enzyme metabolism activities. Therefore,
the damage of hepatotoxic agents to this vital organ will lead to metabolic disorders of the body[16]. CCl4
is a classic chemical hepatotoxic agent. The rat liver injury model induced by intraperitoneal injection of
CCl4 has good reproducibility, which can cause substantial damage to liver cells and abnormal liver
function[17]. The formation of free radicals and the chain peroxidation reaction caused by CCl4 are the
main mechanism of liver damage caused by CCl4. Liver cells are attacked by free radicals, and the
permeability of the cell membrane increases, leading to the release of intracellular enzymes and
increasing serum enzymes[18]. This experiment replicated the acute liver injury model of SD rats induced
by CCl4. AST and ALT existed in hepatocytes. When the above indicators in the serum increase, it
indicates liver injury. Compared with the normal group, the AST and ALT levels in the serum of the model
group were higher, while the colchicine and RGXJD lowered the enzyme and protected the liver, and could
effectively reduce the CCl4-induced liver injury and �brotic scar formation in rats. In this work, the 1H-NMR
based metabolomics method combined with histopathological measurement and biochemical parameter
measurement was used to study the protective effect of RGXJD on CCl4-induced liver �brosis in rats. The
analysis found that compared with colchicine, RGXJD has more abundant action pathways. It can protect
rats from liver damage induced by CCl4 through antioxidant, energy supply and disordered amino acid

http://www.hmdb.ca/
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and nucleic acid metabolism. A schematic diagram of the blocked metabolic pathway is drawn, showing
the correlation of the identi�ed metabolites.

Oxidative stress

Oxidative stress is the main mechanism of the pathogenesis of CCl4-induced liver �brosis in rats.
Glutathione is a major antioxidant that can resist oxidative stress and protect macromolecules and cell
membranes from free radical damage with the help of glutathione reductase. Glutathione levels in rats
with liver �brosis were signi�cantly increased. The increase in glutathione levels in the model group can
help organisms scavenge free radicals generated by CCl4, thereby protecting themselves against
oxidative stress. RGXJD treatment may further increase glutathione levels, indicating its ability to prevent
oxidative damage.
Amino acid metabolism

Alanine is signi�cantly increased in the liver of �brotic rats from model group. As a component of the
glucose-alanine cycle, alanine plays an important role in intermolecular nitrogen transport. The latter
transports waste nitrogen from skeletal muscle to the liver and metabolizes it into urea[19]. At the same
time, alanine can be used as a glycogen amino acid. Blood alanine can be transported to the liver through
the glucose-alanine cycle to produce pyruvate, which is the carbon source for gluconeogenesis[20].
Because CCl4 exposure caused severe liver damage in rats, the gluconeogenesis was inhibited, the
glucose-alanine cycle was impaired, and alanine accumulated. RGXJD can effectively reduce the increase
in alanine level, suggesting that RGXJD can restore the metabolism of glucose and alanine and play a
role in liver protection.

Valine, leucine and isoleucine are three important essential amino acids in the body. They are important
precursors and regulators of protein synthesis and collectively referred to as Branched Chain Amino Acids
(BCAAs)[21]. Studies have shown that patients with liver disease are prone to hyperinsulinemia due to
impaired liver function, resulting in a decrease in BCAAs in the plasma[22, 23]. Therefore, such as valine
are commonly used in clinical treatment of liver failure and other liver damage caused by other
factors[24]. On the other hand, valine also helps to remove excess nitrogen from the liver and transports
the body's demand for nitrogen to all parts of the body[25]. At the same time, the reduction of leucine
content is not conducive to stimulating the production of hepatocyte growth factor, and reduces the
ability to inhibit the production of reactive oxygen species[26]. Arginine is an intermediate product of the
urea cycle, a substrate of protein synthesis and a precursor of NO. The reduction of arginine content is
not conducive to the protection of the liver[27]. In the model group, BCAAs in liver tissues decreased to
varying degrees, which may be due to their over-utilization to repair damaged proteins in liver tissues to
alleviate liver damage caused by CCL4, while BCAAs increased signi�cantly, which is the body’s self-
protection A manifestation of the mechanism is to mobilize more BCAAs to repair the liver and �ght liver
damage. The BCAAs in the liver tissue of the RGXJD group continued to decline, indicating that it can
speed up the liver to use BCAAs to repair damaged proteins.
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Through transamination, amino acids are absorbed in the muscle in the form of glutamic acid, and then
glutamic acid is transferred to pyruvate through the action of alanine aminotransferase to form alanine. It
is reported in the literature that in mammals, alanine is a key intermediate in the alanine-glucose
cycle[20]. After alanine is transported from the blood to the liver, it is converted into glucose through the
gluconeogenesis pathway as a glycogenic amino acid in the liver, and the other part is converted for
glutamic acid, ammonia is excreted in a non-toxic form through the urea cycle[28]. Alanine-glucose cycle
is the physiological pathway for muscle tissue to supply energy and excrete ammonia[29]. The alanine in
the blood and tissues of the model group was signi�cantly increased, indicating that the circulation was
obstructed and the liver function was impaired, resulting in accumulation of alanine that could not be
effectively used.

After RGXJD intervention, the accumulation of alanine in the liver tissue was relieved to a certain extent,
indicating that liver function was restored, alanine catabolism was accelerated, and alanine glucose was
strengthened in the liver, and the alanine in the serum was further signi�cant. The improvement also
stimulates the improvement of the body's self-protection ability, accelerates the synthesis and supply of
precursors, is used for the alanine glucose cycle, and restores the alanine glucose mechanism.

RGXJD can adjust the levels of BCAAs, alanine, etc., according to the body's self-adaptation requirements,
promote glutamine to accelerate the process of glutathione synthesis, and regulate the development of
amino acid metabolism in a direction bene�cial to disease recovery. This may be a mechanism of its liver
protection.

In addition, phenylalanine is one of the essential amino acids for the human body, and most of it is
oxidized to tyrosine by phenylalanine hydroxylase in the body[30]. Tyrosine is both a sugar-producing
amino acid and a ketogenic amino acid. A decrease in phenylalanine and tyrosine content indicates a
decrease in gluconeogenesis in the liver and a disorder of fatty acid synthesis[31]. As the results,
colchicine can adjust the level of phenylalanine in the body, but there is no signi�cant difference in this
amino acid in the RGXJD group.
Nucleic acid metabolism

The level of inosine in the liver of the model group was signi�cantly reduced. CCl4 and its metabolites
may damage DNA directly or indirectly by stimulating the production of reactive oxygen species, and
induce genetic toxicity and DNA oxidative damage in rats[32]. In purine catabolism, inosine can be
catalyzed to hypoxanthine, which can then be catalyzed to xanthine by xanthine oxidoreductase[33].
Xanthine can be oxidized to uric acid, and uric acid is an effective antioxidant and free radical scavenger
in the body[34]. In the model group, inosine, xanthine, hypoxanthine, and nicotinamide decreased
signi�cantly, indicating that purine metabolism was inhibited and impaired; after administration of
RGXJD, it was reversed, indicating that RGXJD can restore disordered purine metabolism. RGXJD can
restore the disordered purine metabolism according to the body's self-adaptation requirements, promote
glutamine to accelerate the process of glutathione synthesis, promote the increase of inosine and
xanthine levels, and play an anti-oxidation and anti-liver �brosis effect.
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Energy metabolism

Under normal conditions of the body, glucose is oxidized into the tricarboxylic acid cycle (TCA) under
aerobic conditions to produce a large amount of energy, which is the main energy supply pathway in the
body[35]. Pyruvate is the product of the second stage of glycolysis. It enters the inner mitochondrial
membrane under aerobic conditions, oxidizes and decarboxylates under the action of the pyruvate
dehydrogenase system to generate acetyl-CoA, which enters the tricarboxylic acid cycle [36]. Compared
with the control group, the fumarate and NADPH levels of the model group were signi�cantly reduced.
Fumarate, succinate and NADPH are intermediates in the TCA cycle and/or respiratory chain. Their
dysregulation in rats with liver �brosis indicates that the TCA circulation and energy metabolism in the
liver mitochondria are impaired.

In addition, a signi�cant decrease in 3-hydroxybutyrate levels was observed in the liver of rats
administered with CCl4. As a ketone body, 3-hydroxybutyrate has been proven to be an alternative energy
source, which may help the organism in the event of insu�cient glucose supply and energy crisis. CCl4
injection causes severe oxidative damage to liver cells and liver mitochondria, resulting in decreased
glucose metabolism, insu�cient ATP production, and decreased 3-hydroxybutyrate production. RGXJD
intervention signi�cantly increased UDP-glucose levels and restored fumarate, NADPH and 3-
hydroxybutyrate diseases to a normal state, indicating that RGXJD can prevent CCl4 from regulating
�brotic energy metabolism and repair disordered TCA cycles and inhibit glycogen deposition, thereby
causing �brosis.

In short, the mechanism of CCl4-induced rat liver injury model is mainly related to amino acid metabolism,
energy metabolism and nucleic acid metabolism. Through the mechanism of CCl4-induced liver injury in
rats, we preliminarily inferred the role of RGXJD in the treatment of liver injury. After RGXJD treatment, 19
biomarkers in rats showed a trend of improvement. These biomarkers are involved in amino acid
metabolism and lipid metabolism, and most of them are amino acids. It can be inferred that RGXJD
mainly treats liver damage by improving amino acid metabolism disorders. However, due to the
limitations of non-targeted metabolomics testing, further studies are needed to verify the current
conclusions.

Conclusions
The present study utilized a serum and liver metabolomics approach, combined with serum biochemical
and histopathological tests, to investigate the hepatoprotective effect of RGXJD on the CCl4-induced liver

injury. Signi�cant changes were found in both 1H-NMR serum and liver metabolic pro�les. Eighteen
biomarkers related to the hepatoprotective effects of RGXJD against CCl4-induced liver injury were
discovered. Comprehensive studies demonstrated that hepatic injury, to a certain extent, could be
resolved or regressed by RGXJD through partially regulating the perturbed metabolic pathways of
oxidative stress, amino acid, nucleic acid and energy metabolism. Our study provided new insights into
the mechanism of the hepatoprotection of RGXJD. This work also proved that comprehensive
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metabolomics analysis could greatly facilitate and provide useful evidence to further comprehensively
understand the mechanism of action for TCM. Moreover, the quantitative analysis of biomarkers should
be done in a further study to characterize the effects of traditional Chinese medicine to prevent liver injury
and protect the liver.
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Figure 1

Effects of CCl4 on body weight from control, model, colchicine and RGXJD groups. All the values were
shown as mean±SD. ##p<0.01 vs control group, *p<0.05 vs model group.

Figure 2

Biochemical assay levels of ALT and AST from serum (A, C) and liver tissue (B, D); Histological
investigations of liver (E-H) show representative photomicrographs of liver sections stained with Sirius
red in respective group (400 ×), E: control group, F: model group, G: colchicine treated group, H: RGXJD
treated group. Compared with control, ##p<0.01, compared with model, **p<0.01.
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Figure 3

600 MHz spectra of serum obtained from rats from the control (A); model (B); cohcolie (C) and RGXJD
(D) groups, respectively. Keys: 1, Glutamine; 2, Leucine; 3, Valine; 4, 3-Hydroxybutyrate; 5, Lactate; 6,
Tryptophan; 7, Acetoacetate; 8, Acetone; 9, Pyruvate; 10, Tyrosine; 11, Phenylalanine; 12, Alanine; 13,
Citrate; 14, Methanol; 15, Glycine; 16, Isoleucine; 17, Lysine; 18, Uridine; 19, Inosine.
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Figure 4

600 MHz spectra of liver obtained from rats from the control (A); model (B); cohcolie (C) and RGXJD (D)
groups, respectively. Keys: 1, Leucine; 2, Valine; 3, 3-Hydroxybutyrate; 4, Lactate; 5, Dimethylamine; 6,
Glutamate; 7, Glutathione; 8, Glutamine; 9, 5,6-Dihydrouracil; 10, NADPH; 11, Sarcosine; 12, Aspartate; 13,
Creatine; 14, Tyrosine; 15, Phenylalanine; 16, Histidine; 17, Choline; 18, Phosphoethanolamine; 19, sn-
Glycero-3-phosphocholine; 20, UDP-glucose; 21, Betaine; 22, UDP-galactose; 23, Glycine; 24, Isoleucine; 25,
Lysine; 26, Uridine; 27, Inosine; 28, Fumarate; 29, Niacinamide; 30, Xanthine; 31, Hypoxanthine; 32, NAD+.
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Figure 5

OPLS-DA score plot (A) and loading plot derived from 1H-NMR spectra of serum extracts (B-D) of all
groups. B: Loading plot of rats serum between control and model group; C: Loading plot of rats serum
between cohcile and model group; D: Loading plot of rats serum between RGXJD and model group.
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Figure 6

OPLS-DA score plot (A) and loading plot derived from 1H-NMR spectra of liver tissue extracts (B-D) of all
groups. B: Loading plot of rats serum between control and model group; C: Loading plot of rats serum
between cohcile and model group; D: Loading plot of rats serum between RGXJD and model group.

Figure 7

Summary of pathway analysis with MetaboAnalyst 4.0. Each point represents one metabolic pathway;
the size of dot and shades of color are positive correlation with the impaction of metabolic pathway. (A.
metabolism pathway involved in serum; B. metabolism pathway involved in liver)
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Figure 8

The main metabolic pathways in response to CCl4 induced liver �brosis and the treatment effects of
cohcolie and RGXJD, showing the interrelationship of the identi�ed metabolic pathways. Arrows (“↑↓”) in
different formats represented the notable increase or decrease of metabolites.
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