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ARTICLE INFO ABSTRACT

Keywords: Background: Thrombolytic therapy is effective in fresh deep vein thrombosis (DVT) although the benefit may fall
Venous thrombus below the risk of bleeding in non-fresh thrombosis. Markers reflecting fresh DVT have not been established. The
Metabolomics present study aims to identify metabolites reflecting fresh venous thrombus and their role in thrombus forma-
Glycolysis tion.

Purine metabolite

Lactic acid Methods: Metabolites of rabbit venous blood and jugular venous thrombus 4 h after thrombus induction were

analysed using electrophoresis-time of flight mass spectrometry. The effects of the altered metabolites on blood
coagulation and platelet aggregation were assessed by using rotation thromboelastometry and platelet ag-
gregometer. Cellular contents and glucose transporter (Glut)-1 expression in aspirated human DVT samples were
pathologically analysed.

Results: Metabolome analysis identified 226 metabolites (133 cationic and 93 anionic metabolites). Largely
altered 18 metabolites (thrombus/blood ratio: > 5 or < 0.5) included glycolytic metabolites, redox-related
metabolites, purine nucleotides and tryptophan metabolites. Among the metabolites with > 5-fold increase,
lactic acid was most abundant and guanine modestly enhanced whole blood clotting with thromboelastometry.
Lactic acid and adenosine monophosphate inhibited collagen-induced platelet aggregation. Human DVTs were
rich in erythrocytes expressing Glut-1. The erythrocyte content and Glut-1 expression were negatively correlated
with the time after onset of DVT.

Conclusions: Glycolysis-, purine-, and redox-related metabolites may reflect fresh erythrocyte-rich venous
thrombus, and altered metabolites may affect venous thrombus formation. An increased level of lactate may
reflect active glycolysis of thrombus cellular components, predominantly erythrocytes.

1. Introduction

Venous thromboembolism (VTE) is comprised of deep venous
thrombosis (DVT) and pulmonary embolism (PE). Estimated incidence
rates of VTE range from 1 to 2 per 1000 person-years, and the 1-year
fatality rates after DVT alone or DVT with cancer are 23% or 47%,
respectively [1]. The incidence of VTE has remained stable over the
past decade, despite an increase in risk factor prevalence and im-
plementation of thromboprophylaxis [2]. Up to half of patients with
proximal DVT develop post-thrombotic syndrome despite optimal an-
ticoagulant therapy [3]. Additional treatment with catheter-directed
thrombolysis reduced the development of post-thrombotic syndrome at
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2- and 5-year follow-up compared to standard anticoagulation therapy;
however, 8% of patients suffered from major or clinically relevant
bleeds [4,5]. Therefore, it is important to develop laboratory or imaging
tools that can predict the responses to thrombolysis therapy.

We previously reported that magnetic resonance imaging can vi-
sualize the early phase of DVT as high or isosignal intensity on T2 or T1
weighted images, respectively, in a rabbit jugular vein thrombosis
model. The findings from T2 or T1 weighted images indicate the ef-
fectiveness of thrombolysis therapy [6]. Additionally, erythrocytes, fi-
brin, and platelet contents in DVT time-dependently decreased with cell
lytic changes and were replaced with fibrous tissue with endothelium,
myofibroblasts, and macrophages [6]. Human venous thrombus mainly
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consists of erythrocytes, fibrin, platelets, and leukocytes [7]. Animal
studies have also shown that leukocytes and platelets cooperate to in-
itiate and propagate venous thrombus formation [8]. Thus, venous
thrombus formation is a multicellular dynamic process involving ery-
throcytes, platelets, and leukocytes, and the early phase of DVT in-
volves all types of blood cells.

Previous studies showed that cellular metabolism is altered in ag-
gregated platelets and diseased or hypoxic erythrocytes. In vitro analysis
showed that both platelet nucleotide release and mitochondrial re-
spiration depend on adenosine triphosphate supplied either from gly-
colysis or oxidative phosphorylation [9]. A recent metabolomics ana-
lysis of sickle cell erythrocytes detected accumulation of glycolytic
intermediates, ascorbate metabolism intermediates, and alteration of
glutathione pathway metabolites [10]. The allostery-dependent hae-
moglobin interaction with Band III in erythrocytes accelerated the
consumption of upstream glycolytic metabolites such as glucose-6
phosphate and increased downstream metabolites such as phosphoe-
nolpyruvate under hypoxic conditions [11]. The results suggest that
cellular metabolism in the thrombus differs from that in the blood.
Clinical studies revealed reduced acylcarnitine levels in the plasma of
patients with VTE, and plasma metabolites were associated with a high
risk of PE [12,13]. A mouse model of DVT revealed alterations in car-
nitine, sphingolipid, lipid, and adenosine metabolism in the serum and
vein wall [14]. However, comprehensive metabolic changes in the ve-
nous thrombus in vivo remain unknown.

We analysed the metabolic alterations in rabbit venous blood and
venous thrombus using capillary electrophoresis-time of flight mass
spectrometry (CE-TOFMS) to identify metabolic differences between
these samples and investigated the cellular components and glucose
transporter 1 (Glutl) expression, as well as their changes over time in
aspirated human DVT.

2. Materials and methods

Full description of this section is available in the Supplemental file.

2.1. Blood sampling and venous thrombosis model in rabbit jugular veins

The Animal Care Committee of the University of Miyazaki approved
the study protocols (No. 2010-511). Blood samples were collected from
the right jugular veins before thrombus formation. After blood correc-
tion, thrombi were induced in the right jugular veins by endothelial
denudation and vessel ligation (blood stasis) [15].

2.2. Metabolite extraction and metabolome analysis

Metabolite extraction and metabolome analysis were conducted at
Human Metabolome Technologies, Inc. (HMT) (Tsuruoka, Yamagata,
Japan). Metabolome analysis was conducted by Basic Scan package of
HMT using CE-TOFMS based on the methods described previously
[16,17]. Briefly, CE-TOFMS analysis was carried out using an Agilent
CE capillary electrophoresis system equipped with an Agilent 6210
time-of-flight mass spectrometer, Agilent 1100 isocratic HPLC pump,
Agilent G1603A CE-MS adapter kit, and Agilent G1607A CE-ESI-MS
sprayer kit (Agilent Technologies, Waldbronn, Germany). The spectro-
meter was scanned from m/z 50 to 1000 [17]. Peaks were extracted
using MasterHands, automatic integration software (Keio University
Tsuruoka town campus, Tsuruoka, Yamagata, Japan) in order to obtain
peak information including m/z, peak area, and migration time (MT)
[18]. Hierarchical cluster analysis and principal component analysis
were performed by HMT's proprietary software, PeakStat and Sample-
Stat, respectively. Detected metabolites were plotted on metabolic
pathway maps using VANTED software [19].
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2.3. Histological analysis of rabbit jugular vein thrombus

For histological analysis of cellular components, the removed
thrombi from the jugular veins were fixed and embedded in paraffin.
Areas of eosin positive erythrocytes, integrin allbf3 immunopositive
platelets (Affinity Biologicals, Inc., Ancaster, CA, USA), and haema-
toxylin-positive nuclear cells (leukocytes) were analysed using a colour
imaging morphometry system (WinROOF, Mitani, Fukui, Japan) [20].

2.4. Thromboelastogram assay of rabbit whole blood

Effects of adenosine monophosphate (AMP), guanine, hypox-
anthine, lactic acid (Sigma-Aldrich, St. Louis, MO, USA) on whole blood
coagulation were measured using a ROTEM analyser (Pentapharm
GmbH, Munich, Germany) [21].

2.5. Measurement of rabbit platelet aggregation

Effects of AMP, guanine, hypoxanthine, lactic acid (Sigma-Aldrich)
on collagen-induced platelet aggregation were measured using an ag-
gregometer (Aggregation Analyser PA-20, Kowa, Nagoya, Japan).

2.6. Histological analysis of aspirated thrombi from patients with DVT

The Ethics Committees at the participating institution approved the
study protocol (Approval No. 427). Fifteen thrombi were obtained from
15 patients with DVT. The immunopositive areas for glucose trans-
porter-1 (Glut-1, Acris, Herford, Germany), erythrocyte glycophorin A
(DAKO), lymphocytes (CD45, DAKO), monocyte/macrophage CD68
(DAKO), neutrophil CD66b (BioLegend, San Diego, CA, USA), and
platelet integrin allbB3 (Affinity Biologicals, Inc.) were analysed using
a colour imaging morphometry system (WinROOF, Mitani) [20].

2.7. Statistical analysis

All data are presented as the means and standard deviation.
Differences between or among groups were tested using unpaired t-test
or the one-way analysis of variance with Bonferroni's multiple com-
parison test (GraphPad Prism 5, GraphPad Software, Inc., San Diego,
CA, USA). Relationships between factors were evaluated using
Spearman's test and P < 0.05 was considered statistically significant.

3. Results

3.1. Cellular components in venous blood and thrombus in rabbit jugular
vein

Cell count of the rabbit venous blood collected from jugular vein
was calculated with an automated haematology analyser. The number
of erythrocytes, platelets, and leukocytes and haematocrit value in the
rabbit  venous blood were 586.6 x 10* + 33.5 x 10%/yL,
43.9 x 10* + 5.5 x 10*/uL, 5600 + 1200/pL, and 39.0 * 1.8%,
respectively. Cellular components of the rabbit venous thrombus were
analysed using HE stain or immunohistochemistry. Percentages of er-
ythrocyte-, platelet-, and leukocyte-areas in the venous thrombus were
64.1 + 6.7%, 15.8 + 5.7%, and 0.5 *+ 0.5%, respectively.

3.2. Metabolic differences in rabbit venous blood and thrombus

To evaluate comprehensive metabolic status in the venous blood
and thrombus, we performed metabolomic analysis with CE-TOFMS in
the jugular venous blood and venous thrombus 4h after endothelial
denudation and blood stasis. Metabolomics analysis identified 226
metabolites (133 cationic and 93 anionic metabolites). Fig. 1A shows
the principal component analysis results of the rabbit venous blood and
thrombus. Metabolites in the venous blood and thrombus were
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distinctly separated along with the first principal components (PC1)
axis. Metabolites with highest absolute factor loading values in PC1
were taurine, ethanolamine phosphate, glycerol 3-phosphate, cysteic
acid, uric acid, allantoin, fructose 6-phosphate, glutamine, and trypto-
phan, which are mainly involved in amino acid metabolism (Supple-
mentary Table 1). Fig. 1B and Supplementary Table 2 show the hier-
archical clustering analysis results of metabolites in the rabbit venous
blood and thrombus. The hierarchical tree indicates the relative dis-
tance among the metabolite peaks. The red or green densities indicate
high or low concentrations of metabolites, respectively. Principal
component analysis and hierarchical clustering analysis revealed a re-
markable metabolic difference between the venous blood and
thrombus.

Fig. 2 shows thrombus to blood ratio of metabolites which showed
significantly > 5-fold increase (12 metabolites) or less than half (6
metabolites) in the venous thrombus compared with the venous blood
(Supplementary Table 3). The altered metabolites belonged to purine
metabolism [hypoxanthine, guanine, AMP, guanine monophosphate
(GMP)], tryptophan metabolites (serotonin, 3-hydroxykynurenine,
tryptophan), redox reaction-related metabolite (glutathione, nicotina-
mide adenine dinucleotide phosphate *, methionine sulfoxide, cysteine
glutathione disulphide), central carbon metabolites (lactic acid, citric
acid, glucose 6-phosphate), a lipid membrane component (choline,
ethanolamine phosphate), taurine, and hypotaurine.

3.3. Quantification of altered metabolites

Supplementary Table 4 shows quantified levels of the 108 meta-
bolites. To compare metabolite levels between the rabbit venous blood
and venous thrombus, a volume of 100 L rabbit blood was considered
as 100 mg. Abundant metabolites in the venous thrombus were lactic
acid, glycine, glutamate, cysteine glutathione disulphide, glutamine,
and lysine, in descending order. Abundant metabolites in the venous
blood were lactic acid, glycine, glutamate, cysteine glutathione dis-
ulphide, 3-hydroxybutyric acid, and lysine, in descending order. The
levels of lactic acid, AMP, choline, hypoxanthine, guanine, glutathione,
and GMP were significantly increased by at least 5-fold in the venous
thrombus compared to in the venous blood. In contrast, the levels of
citric acid, glucose 6-phosphate, nicotinamide adenine dinucleotide
phosphate™, tryptophan, and fructose 6-phosphate were significantly
decreased to less than one-half in the venous thrombus compared to in
the venous blood (Fig. 3).

3.4. Metabolites on whole blood coagulation and platelet aggregation

Because the levels of lactic acid and purine metabolites significantly
increased in the venous thrombus compared to in the venous blood, we
evaluated effect of the metabolites on blood coagulation and platelet
aggregation. Fig. 4A shows clotting parameters assessed by thromboe-
lastometry. Lactic acid and guanine modestly shortened clotting time,
and lactic acid increased the alpha-angle. Hypoxanthine and AMP did
not affect whole blood coagulation. Fig. 4B shows the inhibitory effect
on collagen-induced platelet aggregation by AMP or lactic acid.

3.5. Cellular contents and Glut-1 expression in human aspirated DVT

Because lactic acid was an abundant metabolite in the thrombus and
can affect thrombus formation or stabilization, we examined the cel-
lular content, glucose transporter expression and its content in human
DVTs which were aspirated 5 to 60 days after onset. Fig. 5A shows the
histological contents of erythrocytes, platelets, neutrophils, lympho-
cytes, and monocytes/macrophages in the aspirated DVT. Among them,
the erythrocyte content was most abundant in the thrombus and leu-
kocytes accounted for < 10% of the thrombus. Fig. 5B and C show
microphotographs of the aspirated thrombus 5days after onset. The
thrombus was rich-in erythrocytes and Glut-1 closely localized to the
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Fig. 1. Metabolomic analysis of venous blood and thrombus metabolites in
rabbits.

A. Principal component analysis discriminates metabolic features in rabbit ve-
nous blood (B1-5, blue) and jugular vein thrombus (T1-5, red). Supplementary
Table 1 shows factor-loading values for PC1 and PC2 on score plots.

B. Representative heatmap assessed using hierarchical clustering analysis shows
metabolic differences between groups. Supplementary Table 2 shows original
data for each metabolite. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

erythrocytes but not to the platelets. Neutrophils were more frequent
than macrophage/monocytes in this case at 5days after onset. The
immunopositive areas for erythrocytes (r = —0.73, p < 0.01, n = 15)
and Glut-1 (r = —0.55, p < 0.05, n = 15) negatively correlated with
the time after onset. The immunopositive areas for monocytes/macro-
phages (r = 0.58, p < 0.05,n = 15) and CD45 (r = —0.54, p < 0.05,
n = 15) positively correlated with the time after the onset. The im-
munopositive area for platelets (r = 0.35, p = 0.20, n = 15) or neu-
trophils (r = 0.13, p = 0.64, n = 15) was not correlated with the time
after onset.

4. Discussion

We showed that glycolysis, purine, tryptophan, and redox-related
metabolites in the fresh venous thrombus differed from those in the
venous blood from rabbits. Lactic acid, guanine, or AMP can affect
blood coagulation or platelet aggregation in vitro. Additionally, Glut-1
expression on erythrocytes was negatively correlated with the time
after onset of human DVT.

The difference between blood and thrombus cellular and serum
components may partly affect the metabolic difference between them.
To exclude the effect of concentration in the thrombus, we selected
metabolites that were 5-fold greater or less than one-half in the venous
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Fig. 2. Ratio of selected metabolite levels in jugular vein thrombus to levels in
venous blood.
Relative levels of 12 metabolites or 6 metabolites are significantly higher than
5-fold or less than one-half in venous thrombus, compared to in venous blood.
Supplementary Table 3 shows original data for each metabolite. AMP, adeno-
sine monophosphate; GMP, guanine monophosphate, NADP*, nicotinamide
adenine dinucleotide phosphate.

thrombus compared to in the whole blood. Although cellular metabo-
lism is not always similar among blood cells, the cellular contents in the
thrombus suggest that thrombus metabolites are derived from ery-
throcytes, platelets, and leukocytes in descending order. Deguchi et al.
[12] compared plasma metabolites between patients with VTE and
control subjects and identified low plasma levels of acylcarnitines in
patients with VTE. Zeleznik et al. [13] compared serum metabolites in
patients with PE with different severities, and identified significant
differences in the tricarboxylic acid cycle, fatty acid, and purine me-
tabolite pathway between low- and intermediate/high risk PE patients.
Serum from DVT mice showed different concentrations of purine me-
tabolites, tricyclic acid cycle intermediates, r-carnitine, and sphingo-
lipid metabolites [14]. Alterations in purine metabolites in previous
and our studies suggest that the serum metabolite change in patients
with VTE partly reflect metabolic alterations in intrathrombus cells.
In erythrocyte metabolism, glucose consumption is higher in deox-
ygenated erythrocytes than in oxygenated erythrocytes although they
lack a nucleus and mitochondria [22]. Band III, a major transmembrane
protein of erythrocytes, has a greater affinity for deoxyhaemoglobin,
than oxyhaemoglobin. The band III also shows high affinity for glyco-
lytic enzymes, such as phosphofructokinase, aldolase, glyceraldehyde-
3-phosphate dehydrogenase, and lactate dehydrogenase, resulting in
inhibition of the glycolysis pathway [23]. Competition between deox-
yhaemoglobin and glycolytic enzymes for the cytoplasmic domain of
Band III is responsible for erythrocyte metabolic modulation under
hypoxia conditions [24]. Although we did not measure the oxygen le-
vels in the venous thrombus, occlusive thrombus formation may have
limited the oxygen supply in intrathrombus cells. The increase in lactate
levels and decrease in glycolytic metabolite levels may be related to
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enhanced glycolysis in intrathrombus erythrocytes.

Platelets were the second most abundant cellular components in the
venous thrombus. Previous studies detected accelerated ATP produc-
tion in glycolysis and oxidative phosphorylation in agonist-stimulated
platelets [25,26]. Thrombin but not adenosine diphosphate (ADP)
caused a shape change and secretion of a-granules, as well as enhanced
glucose uptake and translocation of Glut-3 on the cell membrane [27].
Fukami et al. examined lactate production and O, consumption in
resting and thrombin-stimulated platelets [26]. The results suggest that
platelet central carbon metabolism contributes to platelet function,
which is compatible with the increase in lactate levels and decrease in
glycolytic metabolite levels in the venous thrombus.

Lactic acid was the most abundant metabolite in the venous blood
and thrombus, and modestly enhanced whole blood coagulation and
inhibited platelet aggregation. Crowell et al. [28] demonstrated that
lactic acid infusion led to marked shortening of the whole blood clotting
time in vitro and in vivo. Acidaemia induced by hydrochloric acid im-
paired whole blood coagulation measured by thromboelastography
[29]. These results suggest that lactic acid rather than acidaemia en-
hanced whole blood coagulation. Foley et al. [30] examined platelet
aggregation in response to ADP in umbilical-vein blood from term in-
fants and reported that acidosis induced by lactic acid or carbon dioxide
impaired platelet aggregation in these subjects. Our results are com-
parable to those of previous reports. The net effects of lactate on venous
thrombus formation and stabilization require further examination. In
addition to a metabolic marker of venous thrombus, lactate level is a
prognostic predictor of patients with PE. Patients with lactate level >
2 mM showed higher mortality than patients with a lower level [31].

The levels of purine metabolites, AMP, hypoxanthine, and guanine
were higher in the venous thrombus than in the blood. Adenosine was
detectable only in the venous thrombus. Zeleznik et al. performed
plasma metabolomic analysis of 92 PE patients and identified elevated
levels of hypoxanthine and xanthosine in intermediate/high-risk PE
groups compared to in the low-risk PE group [13]. A mouse DVT model
showed a 2.2-fold increase in the adenosine level in the vein wall and
9.5-fold decrease in the adenosine level in the serum compared to the
control vein wall and serum [14]. Previous studies and our results
suggest alterations of purine metabolism in DVT. Uptake and release of
purines by erythrocytes are sensitive to changes in pH, inorganic
phosphate, and oxygen concentration. Enhanced uptake was observed
with low pH, decreased oxygen concentration, and high organic phos-
phate level [32]. Hypoxic incubation of washed platelets increased
hypoxanthine release into the medium [33]. In addition to the cata-
bolism of purine nucleotides, an increased lactate level and reduced
oxygen supply in the intrathrombus environment may enhance the
accumulation of purine metabolites in the venous thrombus. Fuentes
et al. [34] showed that AMP inhibits platelet adhesion and aggregation
via the adenosine A2 receptor and increase in cyclic AMP level. The
present results are comparable to those of the previous study. AMP
accumulation in the venous thrombus may destabilize aggregated pla-
telets after venous thrombus formation.

Interestingly, the levels of tryptophan metabolites, such as serotonin
and kynurenine pathway metabolites, were higher in the venous
thrombus than in the blood. In contrast, the tryptophan level decreased
in the venous thrombus. Because serotonin is a dense granule present in
platelets, its elevation in thrombus is likely. Kynureine pathway meta-
bolites have the potential to modulate immune reactions and in-
flammation [35]. Indoleamin 2, 3-dioxygenase and kynurenine 3-
monoxygenase are enzymes that catalyse tryptophan to kynurenine and
kynurenine to 3-hydroxykynurenine, respectively. Indoleamin 2, 3-di-
oxygenase 1 expressed in coronary atherosclerotic plaque macrophages,
can enhance thrombus formation via thrombogenic tissue factor ex-
pression in cytokine stimulated macrophages [36]. Among peripheral
blood cells, monocytes expressed these kynurenine pathway enzymes,
which were upregulated in monocytes stimulated with interferon-y
[37]. Intrathrombotic interferon-y levels were progressively elevated in
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Fig. 3. Selected metabolite levels in jugular vein thrombus (red) and venous blood (blue).

Levels of 7 or 5 metabolites were significantly higher than 5-fold or less than one-half in venous thrombus, compared to in venous blood. Supplementary Table 4
shows original data for each metabolite. AMP, adenosine monophosphate; GMP, guanine monophosphate, NADP *, nicotinamide adenine dinucleotide phosphate.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

ligation-induced DVT model mice [38]. N-(3,4-dimethoxycinnamoyl)-
anthranilic acid, a derivative of a kynurenine pathway metabolite, re-
duced the haemorrhagic area and inflammation and increased CD163
macrophage contents after pulmonary radiofrequency ablation in rab-
bits [39]. CD163 is a scavenger receptor for the haemoglobin-hap-
toglobin complex, and CD163 macrophages show erythrocyte phago-
cytosis in human DVT and are closely localized along newly formed
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vessels [40]. Although the roles of kynurenine metabolites in the pa-
thophysiology of DVT remain unknown, these metabolites may affect
thrombus formation and its organizing reaction by modulating the
thrombotic or reparative function of monocytes and macrophages.
Erythrocyte and Glut-1 expression was time-dependently decreased
in the aspirated human DVT. A few clinical studies reported the use of
18F_gluorodeoxyglucose (FDG)-positron emission tomography for
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Fig. 4. Effect of metabolites on whole blood coagulation and platelet aggregation.

A. Effect of lactate, guanine, hypoxanthine, and adenosine monophosphate on CaCl,-induced whole blood coagulation. CT, clotting time; MCF, maximum clot
firmness (n = 5 in each, one-way ANOVA).

B. Effect of lactate, guanine, hypoxanthine, and adenosine monophosphate on collagen induced platelet aggregation (one-way ANOVA).
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Fig. 5. Cellular contents and histological images of human deep venous thrombus.

A. Immunopositive areas for glycophorin A (GlyA, erythrocyte), integrin allbB3 (platelet), CD66b (neutrophil), CD45 (lymphocytes), and CD68 (monocyte/mac-
rophage) in human venous thrombus (n = 15).

B and C. Representative histological and immuohistochemical images of aspirated DVT 5days after onset. Glut-1 immunopositive area is closely localized in
glycophorin A immunopositive area, but not in integrin allbB3 (B). CD66-immunopositive neutrophils are more than CD45-immunopositive lymphocytes or CD68-
positive macrophage/monocytes (C).
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diagnosing of DVT. FDG uptake in thrombosed veins was significantly
greater than that in non-thrombosed veins in patients with DVT and
time-dependently decreased within DVTs [41,42]. In a stasis-induced
mouse DVT model, the neutrophil but not the macrophage content in
the thrombi was correlated with FDG uptake in the thrombi [42]. In this
study, neutrophils accounted < 10% of the human DVT. The Glut-1
expression suggests that erythrocytes play an important role in glucose
uptake in human DVTs. Our results support that FDG uptake reflects the
acuity of DVT onset.

There were several limitations to this study. First, we did not assess
metabolic changes over the time in the rabbit model of venous
thrombus. Because the venous thrombus is gradually replaced with
endothelial cells, macrophages, myofibroblast/smooth muscle cells,
and extracellular matrix [6], the metabolite levels may differ from those
in the fresh thrombus in the jugular vein. Our study suggested that
some metabolites in the thrombus affect whole blood coagulation and
platelet function. Further studies are required to reveal the exact me-
chanisms and in vivo significance. Second, effect of therapeutic antic-
oagulants could affect the compositions of human DVT.

5. Conclusion

Increased levels of lactate, purine metabolite, and redox-related
metabolites may reflect the fresh venous thrombus, and some altered
metabolites may affect venous thrombus stabilization. An increased
level of lactate may reflect active glycolysis of thrombus component
cells, predominantly erythrocytes.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.thromres.2019.03.011.
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