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Abstract: The aim of the current study was to explore the roles of metabolomics in early diagnosis of sepsis by 
comparing blood and urine metabolites between sepsis patients and non-infected systemic inflammatory response 
syndrome (SIRS) patients. Seventeen sepsis patients and 13 non-infected SIRS patients were enrolled in this study. 
Blood and urine samples were collected from all patients and used for the detection of metabolomics using tandem 
mass spectrometry (MS/MS). Data were analyzed using specific analysis software and interpretation database. 
There were no differences in age, sex, and APACHEII scores between the two groups (P>0.05). Data from patient 
serum and urinary metabolites were normalized, then used for establishment of a 3-Diamensional map of the PCA 
model using specific software. This map showed a discrepancy between SIRS and sepsis groups. A total of 93 sub-
stances were detected in serum. According to importance of variable projection (VIP) rankings, there were 11 sub-
stances with VIP>1. Of these, aspartate, free carnitine, ornithine, and glutamic acid were increased, while valine, 
serine, and leucine were decreased (P<0.05). A total of 175 substances were determined in the urine samples, of 
which 16 substances were with VIP>1.4, according to the VIP ranking. Metabolomics, based on mass spectrom-
etry, showed significant differences in blood and urine metabolites between non-infected SIRS patients and sepsis 
patients.
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Introduction

Sepsis, a systemic inflammatory response cau- 
sed by infection, is caused by various patho-
genic microorganisms or toxins presenting in 
the body. It is an important cause of death in 
intensive care units (ICU). In the United States, 
750,000 new cases of severe sepsis occur 
annually, costing nearly 17 billion U.S. dollars 
each year. However, more than 210,000 deaths 
occur each year, with a mortality rate of nearly 
29%. It has become the third leading cause of 
death in the United States [1].

According to recommendations of the 2012 
guidelines, critically ill patients should be rou-
tinely screened for severe sepsis, improving 
early diagnosis and treatment of sepsis [2]. 
Identification and effective control the forma-
tion and development of sepsis are keys to 
improving the success rate of emergency treat-
ment. However, due to the complicated and di- 

verse conditions of sepsis, sensitivity and spec-
ificity of existing indices are not high enou- 
gh to make an accurate diagnosis early. Thus, 
they cannot be effective indices for clinical 
diagnosis [3, 4]. Currently, there is no combined 
prediction model able to provide accurate guid-
ance for clinical work and scientific research, 
leading to the ineffectiveness of early interven-
tion to reduce incidence and mortality of multi-
ple organ dysfunction syndrome (MODS).

Sepsis has been less studied in the field of 
metabolomics research. In fact, in sepsis pa- 
tients, due to abnormal levels of inflammatory 
cytokines, reactive oxygen species and hormon- 
es, changes of the body environment, increas-
ing body temperatures, and hypoxia, levels and 
activities of metabolic enzymes are significantly 
affected, causing metabolism disorders on glu-
cose, protein, fat, and nucleic acid. Consequen- 
tly, concentrations or proportions of certain 
metabolites in body fluids change significantly 
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in the early stages of inflammation, reflecting 
the severity of the disease to some extent [5].

Metabolomics is the study of changes in all me- 
tabolites, produced by the organisms respond-
ing to the external stimuli, by analyzing a cluster 
of indicators via high-throughput determination 
and data processing. It reflects the changes of 
metabolic response in cells or tissues induced 
by external stimuli or genetic modifications [6]. 
Metabonomics has been widely used in the 
diagnosis of diseases, achieving great success 
[7]. In recent years, studies of metabolomics on 
sepsis have been carried out more and more 
[8, 9]. Pierrako et al. [10] found more than 170 
biomarkers in sepsis by reviewing the literature. 
Izquierdo et al. [11] used the H-NMR method to 
analyze metabolites in lung tissues, bronchoal-
veolar lavage fluid, and serum from sepsis SD 
rats and non-septic SD rats. They found that, in 
sepsis rats, sarcosine, alanine, cyclohexanhex-
ol, and ethanolamine levels were elevated in 
the lung tissues and acetoacetate was elevat-
ed in serum, while cyclohexanhexol and sarco-
sine levels were decreased in the alveolar fluid. 
A diagnostic model was then established with a 
specificity and sensitivity of 100% for sepsis. 
Liu et al. [12] used LC-MS technology to com-
pare differences of metabolomics between 
thermal burn and sepsis rats. Schmerler et al. 
[13] analyzed the metabolites of sepsis patients 
and systemic inflammatory patients using LC- 
MS/MS combined with specific software. They 
found that the concentrations of two metabo-
lites (glyceryl trityl phosphatidylcholine and 
acylcarnitine) were significantly higher in sepsis 
than in systemic inflammatory response syn-
drome (SIRS).

In the current study, differences in serum and 
urine metabolites between sepsis patients and 
non-infected SIRS patients were analyzed using 
GC-MS and MS-MS techniques. Certain bio-
markers of interest were found via metabonom-
ics analysis for early diagnosis of sepsis, laying 
the foundation for follow-up studies.

Materials and methods

Subjects

Inpatients in the Department of Intensive Me- 
dicine of the Eastern Branch of the First Af- 
filiated Hospital and the Sixth Affiliated Hospi- 
tal of Sun Yat-sen University, from September 

2013 to December 2015, were enrolled in this 
study. Inclusion criteria for the sepsis group 
included: 1) Aged 16-80 years, with no gender 
limitations; 2) With causes of sepsis, including 
infections and non-infection factors (severe 
trauma, severe pancreatitis, major surgery, car-
diopulmonary resuscitation, etc.); 3) Struck by 
the above factors for 24 hours and in line with 
SIRS standards jointly proposed by ACCP/
SCCM in 1991 [14]; and 4) Informed consent 
was obtained from the patients or their guard-
ians. Exclusion criteria: 1) Patients that received 
anti-tumor drugs, radiation therapy, and immu-
nosuppressive agents. Patients that received 
transplantation, patients with human immuno-
deficiency virus infection (AIDS), patients with 
autoimmune diseases, such as systemic lupus 
erythematosus (SLE), patients with agranulocy-
tosis, and long-term dialysis patients; 2) Pa- 
tients with brain death; 3) Patients complicated 
with all types of mental illness; 4) Pregnancy or 
suspected pregnant women; 5) Patients using 
intravenous or enteral nutrition; and 6) Patients 
that could not finish the plans on schedule 
though informed consent was provided.

Inclusion criteria for non-infected SIRS patients 
were as follows: 1) Aged 16-80 years, without 
gender limitations; 2) Developed from severe 
trauma, severe burns, major surgery, shock, or 
other non-infection factors and in line with SIRS 
standards jointly proposed by ACCP/SCCM in 
1991; and 3) Informed consent was obtained 
from the patients or their guardians. Exclusion 
criteria were in accord with those for the sepsis 
group. Infected patients were also excluded.

This study was conducted in accordance with 
the Declaration of Helsinki. This study was con-
ducted with approval from the Ethics Committee 
of the First Affiliated Hospital, Sun Yat-sen 
University. Written informed consent was obtai- 
ned from all participants.

Specimen collection and observation indices

Three drops of blood were taken from the fin-
gers or heels of each subject, then dropped on 
a blood filter paper. Each blood spot should 
have a diameter of no less than 8 mm. After the 
blood spots were naturally dried, the filter paper 
was stored in a sealed plastic bag and kept at 
-20°C until testing. Additionally, 2 mL urine was 
collected in a special collection bag from each 
subject and stored at -20°C until testing.
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Immediately after the patients were enrolled, 
blood and urine samples were collected and 
sent to the Lab of Genetics and Metabolism of 
the Sixth Hospital Affiliated to Sun Yat-sen Un- 
iversity. They were analyzed using a tandem 
mass spectrometer (API 3200 QTRAP, App- 
lied Biosystems, US) and gas chromatography-
mass spectrometry (JEOL JMS-Q1000GC). Nine- 
ty-three indices were detected in blood sam-
ples and 175 substances were detected in 
urine samples. Routine blood tests, biochemis-
try, liver function, liver metabolism, C-reactive 
protein, serum procalcitonin, and blood gas 
analysis were determined at the Clinical La- 
boratory of the Hospital. Patient vital signs, 
body temperatures, and 24-hour urine output 
were recorded and APACHE II scoring was per-
formed [15].

Determination of blood indices

Dried blood filter paper was made into a circu-
lar filter paper piece, with a diameter of 3 mm 
by a punch. The circular filter paper pieces 
(equal to 3.2 μL whole blood) were placed into 
96-well plates. Next, 100 μL methanol, contain-
ing amino acids and acylcarnitine isotopic inter-
nal standards, was added to each well of the 
plate and incubated at room temperature for 
20 minutes. Acylcarnitine and amino acids in 
the blood filter were extracted. The extract was 
centrifuged and placed in another 96-well poly-
propylene plate. After heating dry at 50°C, 60 
μL N-butanol hydrochloride (3 mol/L) was 
added. The plate was then covered with a Teflon 
membrane and incubated at 65°C for 15 min-
utes. It was then dried at 50°C, followed by deli-
quescence with 100 μL 80% acetonitrile in 
each well. Eventually, the plate was covered 
with aluminum film for detection.   

Software Chemo View Version 1.2 (Applied Bi- 
osystems) was used for quantitative analysis. 
Based on ion peak intensities of isotopic inter-
nal standards and various butyl esterified ami- 
no acids and acylcarnitines, concentrations of 
amino acids and acylcarnitines in each sample 
were automatically calculated following known 
concentrations of internal controls. Ninety-
three metabolites were detected in each blood 
sample.

Determination of urine samples

Urine specimens were analyzed by gas chroma-
tography-mass spectrometry. Chromatographic 

conditions were set as follows: splitless injec-
tions, injection volume 1 μL, inlet temperature 
260°C, ion source temperature 200°C, and 
interface temperature 220°C. The programmed 
temperature started at 60°C and was held for 
2 minutes. It was then raised to 220°C at a 
speed of 17°C/min, followed a speed of 15°C/
min to 325°C. It was then held for 10 minutes. 
The carrier gas was helium, with a flow rate of 1 
mL/min. Mass spectrometry conditions were 
as follows: ionization EI, electron energy 70 eV, 
MS scan range: 50-650 m/z, scan mode was 
full scan.

Data obtained from the tests were analyzed 
using a proprietary analytical software and 
interpretation database (Japan MILS) to char-
acterize and quantify the peaks detected. 
Detection values of creatinine were taken as 
the internal standard and the ratio of the peak 
area of the detected substances and creatinine 
was calculated. Obtained data was compared 
with the upper limit of the normal range of the 
ratio to obtain the magnification between 
detected substances and the upper limit of nor-
mal range. A total of 175 urine metabolites 
were detected in each urine specimen.

Statistical analysis

SPSS22.0 software was used for statistical 
analysis. Measurement data are shown as 
mean ± standard deviation (SD) and compared 
using t-test between groups. Multivariate sta-
tistical analysis software SIMCA-P11.0 (Ume- 
teics, Umea, Sweden) was used for principal 
component analysis (PCA) and partial least 
squares discrimination analysis (PLS-DA). After 
PLS-DA analysis, all values with a VIP value>1.0 
were statistically analyzed (SigmaStat 3.5, Ger- 
many) and t-test was used to compare the two 
groups. P<0.05 indicates statistical significan- 
ce.

Results

General data

General information of the 17 cases included in 
the sepsis group, including gender, age, and 
diagnosis, is shown in Table 1. Information of 
the 13 cases of non-infected SIRS patients is 
shown in Table 2. There were no significant dif-
ferences in age, gender, and APACHE II scores 
between the two groups (P>0.05, Table 3).
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Metabolomics in blood samples

Data from blood determination were normal-
ized using software SIMCA-P11.0. A 3D graph 
of the PCA model of blood metabolites was 
established between sepsis and non-infected 
SIRS groups (Figure 1), indicating that the two 
groups distributed without cross, suggesting 
that there were significant differences in blood 
metabolites between sepsis and non-infected 
SIRS. In addition, data of the sepsis group was 

relatively scattered, while data of the non-
infected SIRS group was relatively concentrat-
ed. Results suggest that the metabolisms of 
sepsis patients were significantly varied.

The 93 substances detected in blood samples 
were ranked from high to low, according to VIP 
ranking. The top ranked substances were 
aspartic acid (ASP), free carnitine (C0), orni-
thine (Orn), valine (Val), proline (Pro), glutamic 
acid (Glu), serine (Ser), Acetyl-L-Carnitine (C2), 

Table 2. General information of the non-infected SIRS group

No. Gender Age Clinical diagnosis APACHE II 
scores

1 F 55 Myasthenia gravis 12
2 F 57 Lumbar spinal stenosis (L3-5) 7
3 M 65 Right femoral neck fracture 18
4 M 65 Emphysema (bilateral multiple bullae) 17
5 F 57 Left femur intertrochanteric fracture 9
6 M 66 Lumbar spinal stenosis 12
7 M 53 Lumbar spinal stenosis 14
8 M 11 Four-ventricle large cell medulloblastoma 8
9 F 53 Meningioma, pontine hemangiomas complicated with venous malformations 25
10 M 62 Gallstone 11
11 M 50 Cervical 3/4 dislocation, hypertension 14
12 M 24 Multiple bilateral rib fractures, bilateral lung contusion, heart contusion 4
13 M 44 Brainstem hemorrhage 23
Note: M, male; F, female; APACHE II, Acute Physiology and Chronic Health Evaluation II.

Table 1. General information of the sepsis group

No. Gender Age Clinical diagnosis WBC count 
(×109/L)

Hypersensitive 
CRP (mg/L)

PCT 
(ng/mL)

APACHE 
II scores

1 M 66 Acute diffuse peritonitis, gastric perforation 12.63 17.55 >100 17

2 F 63 Gangrenous appendicitis and perforation 2.78 11.82 2.73 11

3 F 50 Primary diffuse peritonitis, sigmoid colon perforation, pneumonia 30.42 20.61 >100 18

4 M 75 Acute suppurative obstructive cholangitis, pulmonary infection 11.98 15.92 16.97 27

5 M 67 Pulmonary infection 8.66 12.13 1.86 22

6 M 68 Acute pyelonephritis, pneumonia 23.07 14.63 >100 21

7 F 75 Severe pneumonia 18.68 15.8 36.25 27

8 F 72 Aspiration pneumonia, coronary heart disease 3.81 13.17 2.51 31

9 F 57 Urinary tract infection 5.92 13.5 >100 19

10 F 72 Pulmonary infection 16.04 19.12 0.85 21

11 M 68 Acute incomplete intestinal obstruction, duodenal perforation 15.76 11.24 1.23 10

12 M 64 Severe pneumonia 12.09 65.46 >100 18

13 F 45 Sigmoid colon perforation, abdominal infection, septic shock 22.26 21.52 143.85 19

14 M 58 Secondary status epilepticus, aspiration pneumonia, sepsis 15.67 47.8 4.49 24

15 M 44 Large area cerebral infarction, severe pneumonia 14.48 13.22 25.16 19

16 M 43 Brainstem hemorrhage, blood infection, pulmonary infection 20.15 30.21 198.23 20

17 M 76 Cervical spinal cord injury and paralysis, pulmonary infection 12.85 12.42 0.47 20
Note: M, male; F, female; WBC, white blood cells; CRP, C reactive protein; PCT, procalcitonin; APACHE II, Acute Physiology and Chronic Health Evaluation II.
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alanine (Ala), phenylalanine (Phe), leucine (Leu), 
citrulline (Cit), glutaminate (Gln), glycine (Gly), 
lysine (Lys), asparagine (Asn), piperamide (Pip), 
and histidine (His) (Figure 2). Moreover, 11 sub-
stances were found to be VIP>1, including ASP, 
C0, Orn, Val, Pro, Glu, Ser, C2, Ala, Phe, and 
Leu. A PLS-DA model was established using the 
VIP substances contributing to differences 
between the two groups after normalization 
(Figure 3). It was found that Asp, C0, Orn, and 
Glu were remarkably increased (P<0.05), while 
Val, Ser, and Leu were markedly reduced in the 
sepsis group (P<0.05).

Metabolomics in urine samples

Data from GC-MS were normalized using soft-
ware SIMCA-P11.0. A 3D graph of the PCA 
model of urinary metabolites in sepsis and 
non-infected SIRS groups was established 
(Figure 4). This model showed no cross be- 
tween distributions of the two groups, suggest-
ing that levels of metabolites in urine samples 

lonic acid, 4-hydroxyproline, 4,5-dihydroxypyruva- 
te, 2-hydroxyphenylacetic acid, and N-(3-methyl- 
l-oxo-2-butanoyl) glycine (Figure 5).

Discussion

Relationship between the metabolism of sep-
sis and possible biomarkers detected in blood 
samples

In this study, aspartate, free carnitine, orni-
thine, and glutamic acid were found to be 
increased, while valine, serine, and leucine 
were decreased in the blood of patients with 
sepsis, according to metabonomics analysis. 
The top ranked urine metabolites with VIP>1.4 
were uric acid, 2-hydroxybutyric acid, phenylgly-
colic acid, methylmalonic acid, 2-hydroxyisoca-
proic acid, 4-hydroxybutyric acid, acetoacetic 
acid, phenylacetic acid, 2-methylmalonic acid, 
propionyl, 3-methylmalonic acid, isovaleric ac- 
id, 4-hydroxyproline, 4,5-dihydroxypyruvate, 2- 
hydroxyphenylacetic acid, and N-(3-methyl-1-
oxo-2-buthyl) glycine. A series of pathophysio-
logical changes occur in the body when sepsis 
happens, especially in the neuroendocrine sys-
tem. Levels of catecholamines, adrenal cortex 
hormones, glucagon, insulin, growth hormone, 
TNF-α, IL-6, and others are significantly in- 
creased [16]. These hormones or inflammatory 
factors make low utilization of exogenous nutri-
ents. Thus, the body energizes mainly by de- 
composing its own proteins and mobilizing adi-
pose tissue. This reduces the proportion of 
energy supply by glucose oxidation [17]. The- 
refore, the proportions of protein, fat, sugar, 
and metabolites are significantly changed. The 
metabolic disruption of these biomarkers, de- 
tected in this study, involved oxidative stress, 
energy metabolism, inflammatory response, 
and so forth. Therefore, these biomarkers may 
be potential markers for early diagnosis of sep-
sis. They may also be auxiliary indicators for 
diagnosis of sepsis.

Table 3. Comparison of general information be-
tween the two groups

Groups Gender 
(M/F) Age APACHE II 

scores
Non-infected SIRS 9/4 50.92±16.36 13.38±6.12
Sepsis 10/7 62.53±11.20 20.24±5.25
P >0.05 >0.05 >0.05
Note: M, male; F, female.

Figure 1. 3D graph of the PCA model established 
by the blood metabolites of sepsis and non-infected 
SIRS patients.

were notably different between non-infected 
SIRS and sepsis groups.

Ranked from high to low, the top rank lists of 
VIP>1.4 among the 175 substances detected 
in urine samples were uric acid, 2-hydroxybu-
tyric acid, phenyl glycolic acid, methylmalonic 
acid, 2-hydroxyisocaproic acid, 4-hydroxybu-
tyric acid, acetoacetic acid, phenylacetic acid, 
2-methylmalonic acid, propionyl, 3-methylma-
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In sepsis, protein is in a high catabolism state 
in vivo, especially skeletal muscle protein deg-
radation [18]. At the same time, the liver is pre-
dominantly responsible for the uptake of amino 
acids, oxidative utilization, and gluconeogene-
sis, resulting in the concentrations of most 
amino acids decreasing significantly [19]. Most 
amino acids (except branched-chain amino 
acids) are transamined or deaminated to con-

vert into other amino acids. They then synthe-
size albumin or generate urea in the liver. 
Aspartic acid, a structural unit of protein, is not 
only a synthetic precursor of lysine, threonine, 
isoleucine, methionine, other amino acids, and 
purine and pyrimidine bases in organisms, but 
is also involved in the ornithine cycle, promot-
ing the generation of urea from oxygen and car-
bon dioxide. One part of the urea cycle, orni-
thine is associated with urea production. It 
combines with carbamyl phosphate to form 
phosphoric acid and citrulline, which converts 
into arginine and splits into ornithine and urea. 
Moreover, ornithine can interconverse with 
arginine, glutamic acid, and proline in vivo, play-
ing an important role in metabolism. Glutamic 
acid is deaminated into glutamine by glutamate 
dehydrogenase, which can promote the oxida-
tion of glutamine when the body is in a state of 
insufficient energy and hypoxia. Thus, it plays a 
vital regulatory role in the body’s energy metab-
olism [20]. Under stress, glutamine metabo-
lism is mainly carried out by incomplete oxida-
tion. Partial oxidation metabolites mainly in- 
clude glutamic acid, aspartic acid, and ammo-
nia. Therefore, in blood collected from sepsis 
patients, the contents of aspartic acid, orni-
thine, and glutamic acid are high.

Valine and leucine, branched-chain amino ac- 
ids, work with isoleucine to promote body 
growth, repair muscles and tissues, regulate 
blood glucose, and provide the body with nec-

Figure 2. VIP ranking of blood metabolites obtained 
via regression coefficient chart (Top 24).

Figure 3. OPLS-DS model of the differently expressed 
substances between the two groups.

Figure 4. 3D graph of the PCA model established 
by the urine metabolites of sepsis and non-infected 
SIRS patients.
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essary energy. Isoleucine supplies the neces-
sary energy for the body’s normal growth, tis-
sue repair, and regulation of blood sugar. In the 
high metabolic state of sepsis, in addition to 
supplying energy for muscles, branched-chain 
amino acids provide a nitrogen source for the 
synthesis of glutamine and other amino acids. 
If the body remains in a persistent high meta-
bolic state, irreversible damage can occur when 
the protein and branched-chain amino acids 
reserves in muscle are exhausted. Furthermore, 
during the compensatory periods of hyperki-
netic sepsis, hepatic uptake of amino acids is 
accelerated. The synthesis of intrahepatic 
acute proteins rises rapidly. Since the amino 
acid delivery system is inhibited, the muscle 
intake of amino acids is hindered. With the 
increased lysis of myoprotein, amino acids flow 
into the liver from the periphery. The liver 
uptakes amino acids and synthesizes glycogen 
and protein. This may also be one reason for 
the decreased content of plasma branched-
chain amino acids [21]. The present study also 
found that valine and leucine contents were low 
in patients with sepsis.

Serine plays an important role in the metabo-
lism of fatty acids and fats and the growth of 
muscle. Under high energy consumption condi-
tions of sepsis, mobilization of fat is strength-
ened, especially in the circumstance of decom-
pensation that free fatty acids become the pre-
ferred oxidative energy supply largely used by 
oxidation. Thus, serine reserves are exhausted. 

bolic changes in sepsis and potential biomark-
ers detected in urine

This experiment screened many biomarkers, 
including uric acid, 2-hydroxybutyric acid, phe- 
nylglycolic acid, methylmalonic acid, 2-hydroxy-
isocaproic acid, 4-hydroxybutyric acid, aceto-
acetic acid, phenylacetic acid, methylmalonic 
acid, isopentanoic acid, 4-hydroxyproline, 4,5- 
dihydroxypyruvate, 2-hydroxyphenylacetic acid, 
and N-(3-methyl-1-oxo-2-butanoyl) glycine. It is 
believed that all the above substances are 
related to occurrence and development of sep-
sis in the process of urinary metabolism.

The association between uric acid and inflam-
mation has drawn much attention. Chuang et 
al. [24] showed that elevated uric acid levels in 
sepsis patients was related to the decrease of 
uric acid excretion and increase of uric acid pro-
duction. When severe sepsis and septic shock 
occur, ischemia or tissue hypoxia happens in 
multiple organs. Consequently, the activated 
xanthine oxidase in microvascular endothelial 
cells converts xanthine and hypoxanthine into 
uric acid. It can also increase the production of 
uric acid by activating leukocytes.

Hydroxybutyric acid and acetoacetic acid are 
two ketone bodies. Their increase may be relat-
ed to elevated fatty acid oxidation. Under hi- 
gh energy consumption conditions of sepsis, 
mobilization of fat is strengthened, especially 
in decompensation that free fatty acids become 

Figure 5. VIP ranking of urine metabolites obtained via regression coeffi-
cient chart (Top 19).

Carnitine is closely related to 
energy metabolism. It trans-
ports fatty acids from the cyto-
plasm to the mitochondria dur-
ing lipid fragmentation of the 
energy metabolism in cells. It 
has been reported that the 
content of carnitine in the body 
is significantly increased in the 
early stage of sepsis, while it is 
remarkably decreased in per-
sistent sepsis [22]. Inoue et  
al. pointed out that carnitine 
inhibits intracellular calcium 
transport in endothelial cells, 
thereby inhibiting cell relax-
ation. They also speculated 
that carnitine may play impor-
tant roles in endothelial cell 
dysfunction [23].

Relationship between meta-
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the preferred source for energy supply by oxida-
tion and are largely consumed.

Pyruvic acid is the pivot of the interconversion 
among sugar, proteins, and fat. Under the rela-
tively anaerobic conditions of sepsis, pyruvate 
dehydrogenase activity is decreased. This lea- 
ds to the conversion into the tricarboxylic acid 
cycle being blocked, resulting in an increase of 
plasma pyruvic acid levels. Adenosine triphos-
phate is the allosteric activator of pyruvate car-
boxylase. If the energy supply is insufficient, 
pyruvic acid metabolism through the carboxyl-
ate branch is decreased. This can also lead to 
an increased content of pyruvate [20]. In addi-
tion, many proteins are decomposed in sepsis, 
causing plasma free amino acids to increase. 
Alanine, serine, glycine, cysteine, and trypto-
phan can also be transaminated into pyruvate 
[16].

A study by Cerra et al. [25] reported that proli- 
ne levels are increased in sepsis patients. This 
can be used as a reference index for increased 
mortality. In this study, blood and urine sam-
ples of sepsis and non-infected SIRS patients 
were analyzed at the same time. This method is 
superior to only blood or urine used. Present 
results may reflect the metabolic characteris-
tics of sepsis more completely and truly. Due to 
its high sensitivity and less sample amounts 
required, GC-MS was used as the detection 
platform. It is suitable for the detection of trace 
substances. With a standard mass spectrome-
try database, a variety of metabolites can be 
detected at a time by GC-MS. This is in line with 
the rapid and simple demands of clinical test-
ing methods. Moreover, statistical analysis of 
data by combining unsupervised mode (PCA), 
supervised mode (PLS-DA), and t-tests can 
ensure the reliability of results. It avoids the 
drawbacks of time-consumption and high costs 
from the previous single substance or index 
detected or combined with multiple indicators, 
but also avoids the risk of lagging in relevant 
indicators or examinations. These factors im- 
prove early diagnosis of sepsis and promotes 
early treatment of sepsis.

There were some inconsistencies in present 
results, compared with other metabolomics 
studies. Detected potential biomarkers were 
not consistent completely [26]. The reasons 
may include: 1) Different sources of blood sam-
ples, venous blood, or peripheral blood used; 2) 

Different sample processing methods, such as 
serum or plasma used; and 3) Different deter-
mination methods and different test objects 
[27].

Due to experimental conditions and time con-
straints, the number of cases in this study was 
small. It should be expanded in further studies. 
The lack of detection of polyunsaturated fatty 
acid (PUFAs), nucleic acids, and other small 
molecular substances in this experiment may 
have resulted in the deletion of some important 
diagnostic information. Confounding factors in 
clinical studies are difficult to rule out, such as 
body weight, other diseases that may affect the 
metabolism, and iatrogenic factors. This may 
contribute to results bias. In addition, different 
organs, tissues, and cells respond unevenly to 
metabolism. Thus, overall metabolites analysis 
may ignore some internal differences, resulting 
in loss of information. Therefore, some re- 
searchers have proposed cell and subcellular 
metabonomics [28, 29]. This has brought a 
new direction and challenges to metabolo- 
mics.

In conclusion, metabolomics research meth-
ods, based on mass spectrometry, can be used 
to detect blood and urine metabolites of 
patients with sepsis and non-infected SIRS 
patients, providing accurate qualitative and 
quantitative analysis results. Compared with 
non-infected SIRS patients, sepsis patients 
have significant differences in blood and urine 
metabolites. This study found some of the dif-
ferently expressed biomarkers. These include 
aspartic acid, free carnitine, ornithine, glutamic 
acid, valine, serine and leucine blood metabo-
lites, uric acid, hydroxybutyric acid, acetoace-
tate, pyruvic acid, and proline in urinary metab-
olites. These can be used to identify sepsis 
patients from non-infected SIRS patients.

Conclusion

Metabolomics, based on mass spectrometry, 
showed significant differences in the blood and 
urine metabolites between non-infected SIRS 
patients and sepsis patients. This study found 
some of the differently expressed biomarkers. 
These include aspartic acid, free carnitine, orni-
thine, glutamic acid, valine, serine and leucine 
blood metabolites, uric acid, hydroxybutyric 
acid, acetoacetate, pyruvic acid, and proline in 
urinary metabolites. These can be used to iden-
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tify sepsis patients from non-infected SIRS 
patients.
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