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 Background: This study was designed to study the serum metabolites of patients with liver failure.
 Material/Methods: The study included 50 patients with liver failure, 30 patients with chronic hepatitis B treated with an artificial 

liver, 11 patients with an artificial liver, and 32 healthy controls. Clinical data were recorded, and blood sam-
ples were analyzed by gas chromatography–mass spectrometry (GC-MS). The random forest algorithm was 
used to construct a multidimensional scale map to preliminarily reflect the differences between samples. The 
data were then analyzed to obtain the correlation of different variables among samples, from which the dif-
ferential metabolites were screened.

 Results: Thirty-five metabolites were identified by GC-MS. There were significant differences in serum metabolites levels 
before and after treatment in the liver failure group and in the chronic hepatitis group, healthy control group, 
and artificial liver group. Different metabolites were screened according to the importance of different vari-
ables among samples. Significant differences were found between the liver failure group, the chronic hepati-
tis group, and the healthy control group. In addition, there were significant differences in the liver group be-
fore and after treatment with an artificial liver, including differences in boric acid, 2-(methoxyamino)-propionic 
acid, glycine, l-methionine, aminopropionic acid, glyceryl monostearate, cholesterol, and other substances.

 Conclusions: A variety of differences in metabolites were found in each group, some of which revealed possible metabolic 
pathways leading to differences between groups. Blood metabolomics analysis has great potential in real-time 
dynamic monitoring of liver failure and evaluation of artificial liver therapy.
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Background

Liver failure is the main pathological feature of hepatocyte ne-
crosis, which leads to disruption of the various functions of liv-
er, including synthesis, detoxification, secretion, and biogenesis. 
It may also cause metabolic disorders, which mainly manifest 
as jaundice, coagulation dysfunction, hepatic encephalopathy, 
and ascites, among others. Liver failure has many causes, in-
cluding viral attack, drug toxicity or hepatotoxicity, and genetic 
and metabolic diseases, among which hepatitis virus infection 
is prominent [1]. According to the World Health Organization, 
there are 257 million people infected with chronic hepatitis B 
virus worldwide, and the incidence of liver failure is increas-
ing annually. Liver failure is a serious public health problem 
endangering human health [2]. The development of liver fail-
ure is a dynamic process, and real-time monitoring of the pa-
tient’s condition is very important [3]. An artificial liver sys-
tem is one of the most important methods for the treatment 
of patients with liver failure [4]. It removes toxic metabolites 
from the patients’ blood and partially replaces the metabolic 
and synthetic functions of the liver, allowing time for liver re-
generation and saving the life of patients with liver failure [5].

At present, the diagnosis of liver diseases is mainly based on his-
tological or clinical and imaging results, but these methods are 
often invasive and lack specificity and sensitivity. The use of new 
technologies and noninvasive diagnostic methods can overcome 
these limitations and contribute to the early diagnosis of liver 
diseases. Metabolomics has great potential in identifying bio-
markers for the evaluation of metabolites in biological systems, 
and as the field develops, its advantages are becoming increas-
ingly prominent in medical research. Ikeda et al [6] detected 60 
classes of metabolites in the serum based on gas chromatog-
raphy-mass spectrometry (GC-MS) techniques. They found that 
the abundance of 18 classes of metabolites was significantly al-
tered in patients with pancreatic cancer compared with healthy 
controls. These metabolites served as markers for the early de-
tection of pancreatic cancer with high sensitivity and specificity 
[6]. Therefore, the detection of serum metabolic markers can as-
sess human health status and provide early real-time monitoring 
of the occurrence and development of disease. Metabolomics re-
search has also had some achievements in the field of liver dis-
ease. When liver failure occurs, a large number of hepatocytes 
undergo necrosis. In this situation, protein, sugar, fat, and other 
components cannot be broken down or utilized normally, which 
produces a large number of endogenous metabolic abnormal-
ities. In theory, if highly sensitive detection equipment is used 
for real-time monitoring of the levels of serum metabolites in 
patients with liver failure, it can provide an effective method for 
determining accurate treatment opportunities in patients with 
early liver failure. Nuclear magnetic resonance (NMR) and mass 
spectrometry (MS) are 2 of the most widely used methods [7,8]. 
The resonance frequencies emitted by different nuclei absorbing 

radiation vary, and NMR technology can use this characteristic to 
obtain molecular, chemical, and structural information on sub-
stances for analysis and accurate identification [9]. Mass spec-
trometry analysis gathers information on the charge mass ratio 
of ions in electric and magnetic fields, and then separates and 
detects the charge mass ratio. Compared with NMR methods, 
accelerator MS has the advantages of high sensitivity, high res-
olution, and a wider detection range. This detection function can 
simultaneously detect thousands of metabolites in a large dy-
namic range. Therefore, MS is the first choice to obtain data on 
metabolites or to separately identify thousands of metabolites 
at the same time. MS can be divided into GC-MS, liquid chroma-
tography MS, and capillary electrophoresis MS. Among these 3 
methods, GC-MS has the advantages of higher separation effi-
ciency and higher sensitivity. Therefore, the serum metabolites 
of patients with liver failure were studied by GC-MS. The results 
were then used to further analyze and verify the serum differ-
ential metabolites related to liver failure.

Material and Methods

Samples and Groups

All patients with liver failure met the diagnostic criteria used 
at our institution for the diagnosis and treatment of liver fail-
ure [1]. Our study included 50 patients with liver failure (liver 
failure group) and 30 patients with chronic hepatitis B (chron-
ic hepatitis group). Eleven patients with liver failure were first 
treated with artificial liver and were divided into a separate ar-
tificial liver group in our analysis. Artificial liver therapy puri-
fies the blood of patients through extracorporeal circulation to 
achieve detoxification (elimination of various toxins that accu-
mulate in liver failure), transformation metabolism, and syn-
thesis (eg, supplementation of protein, coagulation factors 
and other substances, anti-inflammatory substances). The ar-
tificial liver treatment mainly includes plasma exchange, selec-
tive plasma exchange, bilirubin adsorption, continuous hemodi-
afiltration, plasma diafiltration, and plasma adsorption dialysis, 
among other functions. Exclusion criteria for this study were (1) 
combined A, C, D, and E viral hepatitis; (2) presence of drug-in-
duced, alcoholic, or autoimmune hepatitis; (3) presence of ma-
lignancies such as liver cancer; (4) presence of other metabol-
ic diseases such as diabetes mellitus and hyperthyroidism; and 
(5) pregnancy or lactation. The healthy control group was com-
posed of 32 health examination personnel without a previous 
medical history. All participants provided informed consent be-
fore enrollment.

Methods of Study

Venous blood samples were collected from all participants in 
the morning and centrifuged at 3500 rpm for 5 min. The upper 
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serum was quickly collected and stored at -80°C. The samples 
were later thawed and detected by GC-MS to determine me-
tabolite profiles for the liver failure, chronic hepatitis, artifi-
cial liver, and healthy control groups. Experimental data were 
collected alongside an internal standard and with the use of 
quality control. Random forest algorithm (RF) was used to con-
struct a multidimensional scale map to preliminarily show the 
differences between samples, and then RF was used to analyze 
the data to determine the importance of different variables 
among the samples and to screen out different metabolites.

Statistical Analysis

Data processing and analysis in this study used SPSS 20.0 sta-
tistical software. The data of the same group before and after 
treatment were compared by paired t test (data normal dis-
tribution) or Wilcoxon signed rank sum test (data incomplete 
normal distribution). The data of each group were compared 
by 2 independent sample t test (data normal distribution) or 
Mann-Whitney U test (data incomplete normal distribution). The 
efficacy distribution of the 2 groups was compared by Mann-
Whitney U test. Numerical data are expressed as percentages, 

and the statistical method of comparison between groups was 
c2 test. Measurement data are expressed as mean±standard 
deviation. The statistical method of intergroup comparison 
was t test, and P<0.05 indicates statistically significant results.

Results

Analysis of Clinical Data

A total of 123 individuals were included in this study: 50 in 
the liver failure group, 30 in the chronic hepatitis group, 32 in 
the healthy control group, and 11 in the liver failure artificial 
liver therapy group. The general and clinical data are shown in 
Tables 1 and 2. There were no significant differences in age, 
sex, and other general data across all groups. Laboratory ex-
amination: alanine aminotransferase, aspartate aminotrans-
ferase, total bilirubin, albumin, and other data and specific dif-
ferences between groups are as follows.

Healthy control 
group
(n=32)

Liver failure 
group
(n=50)

Chronic hepatitis 
group
(n=30)

Liver failure 
artificial liver 
therapy group

(n=11)

Pa Pb Pc P

MF 15/17 23/27 14/16 7/4 0.991 0.938 0.954 0.987

Age (years) 44.3±5.5 44.5±12.2 43.5±3.9 46.7±4.6 0.884 0.938 0.631 0.710

ALT (U/L) 27.6±23.8 773.2±768.2 83.3±36.7 676.6±699.3 <0.001 <0.001 <0.001 0.666

AST (U/L) 25.3±11.5 440.0±420.0 48.3±25.4 501.8±503.6 <0.001 <0.001 <0.001 0.745

TBiL (umol/L) 12.1±5.7 278.5±131.7 14.1±5.9 297.0±152.3 <0.001 <0.001 <0.001 0.929

ALB (g/L) 43.4±2.9 35.9±20.8 46.2±3.2 30.4±4.1 0.004 0.018 0.002 0.433

Table 1. General data and clinical characteristics of the patients.

The results were expressed as mean±standard deviation. Pa – liver failure group vs healthy control group; Pb – liver failure group vs 
chronic hepatitis group; Pc – chronic hepatitis group vs healthy control group; P – liver failure artificial liver therapy group vs liver 
failure group. P<0.05 suggested that the difference was statistically significant.

Target Before artificial liver therapy Artificial liver therapy t/Z value P value

ALT (U/L) 676.6±699.3 345.2±335.6 1.65 0.109

AST (U/L) 501.8±503.6 203.1±170.0 2.18 0.038

TBIL (mmol/L) 297.0±73.6 152.3±41.2 6.65 <0.01

DBIL (mmol/L) 181.1±51.8 88.7±31.9 5.88 <0.01

ALB(g/L) 30.4±4.1 29.0±3.1 1.05 0.304

Table 2. Comparison of laboratory data of patients with liver failure before and after artificial liver treatment.

The results were expressed as mean±standard deviation, and P<0.05 suggested that the difference was statistically significant.
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Qualitative and Quantitative Analysis of Metabolites in 
Serum Samples

Serum samples from all participants were underwent an op-
timized pretreatment method and chromatographic MS. As 
shown in Figure 1, 35 common peaks were obtained for a more 
accurate characterization of complex metabolites in serum. We 
classified these peaks into 3 categories: amino acids, sugars, 
and fatty acid metabolites. Due to a large number of previous 
fatty acid studies, the NIST database contains abundant infor-
mation on the derivatives of fatty acid substances. After de-
rivatization in the mass spectrum database, amino acids and 
carbohydrates had low matching rates; therefore, assessment 
was qualitative using 22 alkanes as internal standards and the 
quantitative results are expressed as the ratio of the metabo-
lite peak area to the internal standard peak area. Table 3 lists 
the qualitative and quantitative analysis of 35 common chro-
matographic peaks in the serum of participants in the liver 
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Figure 1.  Chromatographic analysis of serum gas 
chromatography-mass spectrometry in liver failure.

Number
Retention 

time
Endogenousmetabolites

Healthy control 
group

(Peak area ratio)

Liver failure 
group

(Peak area ratio)

Chronic hepatitis
group

(Peak area ratio)

Liver failure 
artificial liver 

group
(Peak area ratio)

1 6.516 Boric acid 0.0557±0.0206 0.0285±0.0163 0.0593±0.0209 0.0541±0.0054

2 8.546 N,N-diethyl acetamide 0.0244±0.0123 0.0339±0.0453 0.0166±0.0081 0.0207±0.0123

3 8.634
2-(methoxyimino)-propanoic 
acid

0.0941±0.2183 0.0846±0.2250 0.1955±0.1567 0.1248±0.0241

4 8.957 Lactic acid 1.6453±0.6144 3.3355±2.7454 1.8004±0.9988 1.7151±0.1205

5 10.587 L-alanine 0.0853±0.0204 0.1168±0.1166 0.0856±0.0350 0.0927±0.0354

6 11.269 Glycine 0.1211±0.1289 0.0760±0.0602 0.2922±0.1592 0.2289±0.0843

7 11.640 2-hydroxybutyric acid 0.0588±0.0204 0.1011±0.0831 0.0628±0.0196 0.0607±0.0401

8 12.934 (R)-3-hydroxybutyric acid 0.1029±0.0795 0.1339±0.1301 0.0873±0.0456 0.0948±0.0379

9 15.086 L-valine 0.1018±0.0297 0.0938±0.0520 0.1213±0.0521 0.1124±0.0218

10 15.980 Urea 1.7944±1.1465 1.6663±1.2914 1.2255±0.4506 1.4851±0.0985

11 17.210 L-leucine 0.0176±0.0083 0.0267±0.0269 0.0314±0.0248 0.0283±0.0377

12 17.457 Phosphate 0.4465±0.1169 0.4517±0.2117 0.3889±0.1438 0.4238±0.0864

13 17.527 Glycerol 0.2428±0.0929 0.3195±0.1193 0.1805±0.0435 0.2249±0.0347

14 17.904 L-Proline 0.0880±0.0189 0.1630±0.1296 0.0985±0.0402 0.0919±0.0134

15 18.310 Glycine 0.0039±0.0103 0.0062±0.0219 0.0097±0.0071 0.0084±0.0146

16 20.374 Serine 0.0148±0.0090 0.0282±0.0240 0.0227±0.0165 0.0216±0.0513

17 21.027 L-threonine 0.0231±0.0106 0.0600±0.0640 0.0330±0.0177 0.0289±0.0094

18 21.204 L-methionine 0.0069±0.0063 0.0586±0.0656 0.0062±0.0064 0.0068±0.0106

Table 3.  Qualitative and quantitative analysis of 35 chromatographic peaks in serum from the liver failure group and chronic hepatitis 
groups and from the healthy control group.
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failure, chronic hepatitis, and healthy control groups. Table 4 
lists the qualitative and quantitative analysis of 35 chromato-
graphic common peaks in the serum before and after treat-
ment in the artificial liver group versus the liver failure group 
before treatment.

Differential Metabolite Analysis

RF classification of the 3 groups of serum metabolites and se-
rum metabolites before and after treatment in the artificial liv-
er group, along with the resulting multidimensional scale, is 
shown in Figure 2. The samples from the liver failure, chronic 
hepatitis, and healthy groups were clearly distinguished, and 
the group before and after artificial liver treatment was far 
away in the 3-dimensional map, indicating that the grouping 
effect was good. The results showed that the metabolic spec-
trum of patients with liver failure was significantly different 
from that of patients with chronic hepatitis and the healthy 
control group. There were also significant differences in serum 

metabolites before and after artificial liver therapy in patients 
with liver failure. The distribution and classification of amino 
acid, carbohydrate, and fatty acid metabolites in 3 groups of 
samples and artificial liver samples were systematically ana-
lyzed by RF to determine the variable importance of metab-
olites in each group. As shown in Figure 3A, the main differ-
ences in substances in the liver failure group and the healthy 
group included differences in boric acid, 2-(methoxyamino)-
propionic acid, l-threonine, l-methionine, dl-phenylalanine, 
d-mannose, 1-palmitate monoglyceride, and cholesterol. As 
shown in Figure 3B, the main differences in substances be-
tween the chronic hepatitis group and the healthy group in-
cluded 2-(methoxyamino)-propionic acid, glycine, aminopropi-
onic acid, and glycerol monostearate. Before and after artificial 
liver treatment, there were significant differences in the group 
as shown in Figure 3C, including boric acid, 2-(methoxyamino)-
propionic acid, glycine, l-methionine, aminomalonic acid, glyc-
erol monostearate, and cholesterol.

Table 3 continued.  Qualitative and quantitative analysis of 35 chromatographic peaks in serum from the liver failure group and 
chronic hepatitis groups and from the healthy control group.

Number
Retention 

time
Endogenousmetabolites

Healthy control 
group

(Peak area ratio)

Liver failure 
group

(Peak area ratio)

Chronic hepatitis
group

(Peak area ratio)

Liver failure 
artificial liver 

group
(Peak area ratio)

19 22.586 Aminomalonic acid 0.0678±0.1347 0.0347±0.0172 0.1173±0.0896 0.0894±0.0664

20 23.286 L-5-oxoproline 0.2219±0.0641 0.4132±0.5095 0.1829±0.0558 0.2067±0.0431

21 23.562 DL-phenylalanine 0.0547±0.0156 0.1044±0.0459 0.0546±0.0143 0.0553±0.0582

22 23.798 Creatinine 0.0334±0.0181 0.0383±0.0373 0.0259±0.0102 0.0298±0.1006

23 24.056 2,3,4-trihydroxybutyric acid 0.0166±0.0090 0.0338±0.0324 0.0152±0.0098 0.0115±0.0194

24 25.927 D-(+)-arabitol 0.0353±0.0246 0.0253±0.0131 0.0258±0.0119 0.0305±0.0409

25 27.150 1,5-anhydrohexitol 0.2217±0.1018 0.2539±0.1820 0.2762±0.0997 0.2821±0.0348

26 27.756 d-mannose 7.4102±1.1994 7.0861±3.0331 5.4392±1.3233 6.4089±0.8594

27 27.956 D-(+)-talose 1.5854±0.4940 1.9203±1.5121 0.9606±0.3202 1.4429±0.1340

28 29.056 Palmitic acid 0.5809±0.1340 0.8496±0.2942 0.5304±0.1348 0.5675±0.0645

29 30.103 Myo-inositol 0.0614±0.0409 0.0816±0.0636 0.0328±0.0123 0.0459±0.0458

30 31.368
(Z,Z)-9,12-octadecadienoic 
acid

0.1156±0.0709 0.2173±0.1345 0.1092±0.0449 0.9856±0.0345

31 31.438 (E)-13-octadecenoic acid 0.2177±0.1320 0.4594±0.2823 0.2013±0.0934 0.2264±0.0387

32 31.844 Stearic acid 0.2371±0.0551 0.3420±0.1183 0.2459±0.0678 0.2508±0.1005

33 38.220 1-Monopalmitin 0.2405±0.0596 0.2112±0.0790 0.1954±0.0313 0.2186±0.0954

34 41.255 Glycerol monostearate 0.3886±0.1095 0.3802±0.1050 0.1362±0.0239 0.2633±0.0097

35 46.431 Cholesterol 1.1187±0.3268 2.0769±0.7983 0.7551±0.1954 0.9842±0.0895
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Number Retention time Endogenousmetabolites
Before artificial liver

(Peak area ratio)
After artificial liver
(Peak area ratio)

1 6.516 Boric acid 0.0783±0.0329 0.0665±0.0269

2 8.546 N,N-diethyl acetamide 0.0300±0.0388 0.0264±0.0098

3 8.634 2-(methoxyimino)-propanoic acid 0.1739±0.2287 0.0626±0.0142

4 8.957 Lactic acid 3.2434±2.5467 1.2633±0.5970

5 10.587 L-alanine 0.2015±0.2395 0.0856±0.0503

6 11.269 Glycine 0.2294±0.2651 0.1231±0.0445

7 11.640 2-hydroxybutyric ac 0.1001±0.0812 0.0465±0.0187

8 12.934 (R)-3-hydroxybutyri 0.0818±0.0664 0.0380±0.0373

9 15.086 L-valine 0.1102±0.0673 0.0839±0.0229

10 15.980 Urea 1.4558±1.3914 0.7328±0.5738

11 17.210 L-leucine 0.0308±0.0347 0.0207±0.0159

12 17.457 Phosphate 0.3182±0.1096 0.1747±0.1114

13 17.527 Glycerol 0.2508±0.0659 0.2210±0.1004

14 17.904 L-proline 0.1979±0.1712 0.0915±0.0462

15 18.310 Glycine 0.0060±0.0107 0.0025±0.0051

16 20.374 Serine 0.0373±0.0220 0.0184±0.0106

17 21.027 L-threonine 0.0808±0.0566 0.0406±0.0273

18 21.204 L-methionine 0.0554±0.0389 0.0218±0.0138

19 22.586 Aminomalonic acid 0.0834±0.1614 0.0545±0.0135

20 23.286 L-5-oxoproline 0.4122±0.3854 0.3309±0.3060

21 23.562 DL-phenylalanine 0.0952±0.0347 0.0735±0.0366

22 23.798 Creatinine 0.0393±0.0369 0.0211±0.0154

23 24.056 2,3,4-trihydroxybut 0.0271±0.0217 0.0163±0.0150

24 25.927 D-(+)-arabitol 0.0282±0.0104 0.0345±0.0102

25 27.150 1,5-anhydrohexitol 0.1929±0.0790 0.1460±0.0645

26 27.756 d-mannose 7.0584±3.5964 6.3458±2.4587

27 27.956 D-(+)-talose 1.9446±1.9885 1.4184±0.8479

28 29.056 Palmitic acid 0.6717±0.1822 0.6383±0.2589

29 30.103 Myo-inositol 0.0813±0.0718 0.0545±0.0640

30 31.368 (Z,Z)-9,12-octadeca 0.1491±0.1014 0.1126±0.0976

31 31.438 (E)-13-octadecenoic 0.2961±0.1904 0.2427±0.2180

32 31.844 Stearic acid 0.3015±0.0854 0.3063±0.1596

33 38.220 1-Monopalmitin 0.2699±0.0647 0.2670±0.0606

34 41.255 Glycerol monosteara 0.3375±0.1561 0.2114±0.0547

35 46.431 Cholesterol 1.7804±0.4867 0.7480±0.4744

Table 4.  Qualitative and quantitative analysis of 35 common chromatographic peaks in serum before and after treatment in the 
artificial liver group.
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Discussion

Based on the GC-MS technique, the metabolic profiles of pa-
tients with liver failure and chronic hepatitis group and indi-
viduals in a healthy control group were analyzed. The trend of 
sample grouping in the RF map was good and could effectively 
distinguish the samples between groups. Further RF multivar-
iate analysis of metabolomics data suggested that there were 
many different metabolites in the liver failure group, the chron-
ic hepatitis group, and the healthy control group. We also ana-
lyzed the changes in spectrum before and after artificial liver 
treatment in patients with liver failure and identified differ-
ential metabolites. These substances have different biological 
functions due to their different metabolic pathways, but they 
may be biomarkers related to the degree of liver injury. In com-
parison with reference materials, fatty acids and their deriva-
tives can be identified by comparison with mass spectrometry.

The abundance of glycine was significantly different between 
the liver failure group, the chronic hepatitis group, and the 
healthy group, with the liver failure group having the lowest 
amounts. Glycine is widely present in the body, and its biolog-
ical effects are mainly broad-spectrum anti-inflammatory, liver 
protection, cell protection, improving blood perfusion, and im-
mune regulation. Glycine is also involved in the metabolism of 
proteins, nucleotides, porphyrins, and bile acids. Animal exper-
iments have shown that glycine biometabolism is complex and 
diverse and plays an important therapeutic role in many dis-
eases [10]. It may act on glycine-gated Cl− channels on inflam-
matory cells such as (leukocytes and macrophages); regulate 

the production of Ca2+, peroxides, and oxygen free radicals 
in inflammatory cells; correct immune dysfunction; and play 
a protective role in the liver. Glycine can also play a protec-
tive role in ischemia and reperfusion injury [11]. Glycine con-
tent in patients with liver failure was significantly decreased, 
which may be related to protective consumption and synthe-
sis disorders. In vivo glycine synthesis requires serine hydrox-
yltransferase catalysis, which is mainly found in liver and kid-
ney cells. Therefore, it is speculated that due to the large area 
of hepatocyte necrosis, the decrease of transferase and the 
weakening of catalytic effect, the synthesis of glycine in he-
patocytes is reduced. In addition, the body’s own protective 
consumption may have caused the serum glycine content in 
patients with liver failure to be much lower than that in the 
chronic hepatitis group and the healthy group. Compared with 
the healthy control group, the liver cells of the chronic hepa-
titis group were slightly damaged and the normal liver cells 
compensated with increased synthesis of glycine, resulting in 
a higher glycine content. Therefore, a change in the glycine 
level in patients with liver disease could predict the evolu-
tion of the disease.

Another characteristic protein found in this study was l-methi-
onine, which is the only sulfur-containing amino acid among 
the essential amino acids. It plays a decisive role in the pro-
cess of metabolism and maintains the nitrogen balance in the 
body. Methionine also promotes intrahepatic fat metabolism, 
and it is used clinically for the prevention and treatment of fat-
ty liver and chronic hepatitis [12]. Methionine and its deriva-
tives can effectively protect the liver from damage through an 
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Figure 2. Multidimensional scaling of each control group.
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antioxidant effect and have a therapeutic and protective effect 
on the liver. There was no significant difference between me-
thionine levels in the chronic hepatitis group and the healthy 
group. The content of methionine in serum metabolites of the 
liver failure group was higher than that of the chronic hepa-
titis group and the healthy group. The possible reason is that 
S-adenosylmethionine, as a substrate, regenerates methio-
nine in patients with liver failure through the methionine res-
cue pathway, resulting in an increase of methionine content 
in patients with liver failure.

This study showed that the abundance of phenylalanine in 
serum metabolites was significantly higher in patients with 
liver failure than in healthy people, which may be related to 
an imbalance of intestinal flora, a decrease in phenylalanine 
conversion ability, or an accumulation of phenylalanine in se-
rum. In a comparison of the hepatitis group and the control 
group, there was no difference in the classification of phenyl-
alanine owing to mild liver injury and normal intestinal flo-
ra. Increased concentrations of phenylalanine are commonly 
found in liver diseases, such as hepatic cirrhosis [13]. In pa-
tients with hepatic encephalopathy, an inverse correlation be-
tween arterial phenylalanine levels and the residual liver vol-
ume was observed following hepatectomy, suggesting that 
phenylalanine may play a causal role in the pathogenesis of 
this disease [14]. It has also been found that when phenylal-
anine reaches a certain concentration, it will seriously affect 
the blood-brain barrier transport of neutral amino acids and 
restrict the entry of other large neutral amino acids into the 
brain [15], thus inducing hepatic encephalopathy. Therefore, 
the abnormal increase of phenylalanine in patients with liver 
failure indicates an increased risk of hepatic encephalopathy.

Conclusions

Early diagnosis, accurate assessment, and timely treatment 
are very important for patients with liver failure. In clinical 
practice, the diagnosis of liver failure is based on hyperbiliru-
binemia and prolonged coagulation time, but these 2 indica-
tors cannot fully reflect liver function, which is of great sig-
nificance for the early diagnosis of liver failure. Through the 
study of blood metabolomics in a liver failure group, a chronic 
hepatitis group, a healthy control group, and an artificial liver 
group, we found that there were many differences in metab-
olites such as glycine, l-methionine, and phenylalanine, and 
the possible metabolic pathways leading to these differences 
were revealed. At the same time, the changes of metabolomics 
were used to dynamically monitor liver failure and evaluate 
the therapeutic effect of artificial liver. However, many prob-
lems in this study need to be addressed, including the small 
sample size of the artificial liver group, the lack of specificity 
of most substances detected, and the lack of metabolic path-
ways of many substances. Therefore, it is necessary to expand 
the sample for further research. In addition, blood metabolo-
mics analysis for the diagnosis and treatment of liver failure 
also needs more theoretical basis and clinical research to sup-
port the implementation.
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