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CLINICAL STUDY
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ABSTRACT
OBJECTIVES: The aim of this study was to investigate the relationship between thromboxane levels and
oxidative stress in children with Crohn´s disease (CD), and examine the effect of natural polyphenolic
compounds on thromboxane levels.
METHODS: This study involved 14 children suffering from CD and 15 healthy controls. Patients were
receiving the polyphenolic extract Pycnogenol for 10 weeks. Plasma levels of the static and dynamic forms of
thromboxane B2 as well as their metabolite 11-dehydro thromboxane B2 in urine were determined.
RESULTS: In comparison to controls, CD patients had significantly higher levels of the static and dynamic
forms of thromboxane B2. Pycnogenol decreased the level of the dynamic form of thromboxane B2 after 10
weeks of administration.
CONCLUSIONS: Paediatric Crohn’s disease is associated with higher thromboxane levels. Our results
indicate that Pycnogenol administration reduces thromboxane levels, which may positively influence some
clinical symptoms of CD such as thromboembolic episodes (Tab. 3, Ref. 49). Text in PDF www.elis.sk.
KEY WORDS: Crohn´s disease, oxidative stress, Pycnogenol, thromboxanes.

Introduction
Crohn’s disease (Morbus Crohn; CD) is a nonspecific, chronic
inflammatory disease of the gastrointestinal tract. Sections of the
intestine affected by inflammation are separated by healthy gut
sections. The disease is named after an American physician – gastroenterologist Burrill Bernard Crohn who characterized the disease in detail for the first time in 1932. Although the exact cause
of CD is currently unknown, a number of genetic, immunological
and environmental factors are taken into account. Symptoms of
the disease include abdominal pain, diarrhoea, weight loss, stunted
growth in children, anorexia, bloody stools, and fever. Disease
activity in children is expressed by Paediatric Crohn´s Disease
Activity Index (PCDAI) (1). Values ≥ 30 of the short form of
PCDAI correspond to the disease’s severe stage and values < 10
correspond to a non-active state (2, 3).
The clinical manifestations of CD include bleeding into the
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boxane A2 (TXA2) and then to an increase in the aggregability
of thrombocytes and haemocoagulation (4−7). The parameters
of PCDAI calculation take into consideration the haemocoagulation levels (1−3). TXA2 is released from thrombocytes and low
concentrations are synthesized by the endothelial cells of blood
vessels during inflammation.
High concentrations of cytokines formed during inflammation activate the membrane phospholipase A2 of thrombocytes
which leads to a release of a substrate necessary for the synthesis
of TXA2, arachidonic acid.
After interacting with receptors on the vessel wall and stimulating the aggregation of thrombocytes, TXA2 acts as a vasoconstrictor, which might lead to thrombotic embolism. In patients suffering
from CD, the risk of thrombus formation is elevated (5). TXA2 is
a very unstable substance, undergoing nonenzymatic hydrolysis
within thirty seconds and producing its inactive metabolite thromboxane B2 (TXB2). In consequence of its short half-life, TXB2
acts as a paracrine substance.
The determination of TXB2 level reliably reflects the amount
of TXA2 formation. TXB2 is released from organism in urine in
form of its metabolite 11-dehydro-TXB2 (11dTXB2). Therefore,
it is better to test for this metabolite than directly for TXB2.
Natural dietary polyphenols reduce oxidative stress (OS) and
inflammatory disorders. They are able to reduce inflammation by
inhibiting signalling pathways in intestinal cells. They interfere
with the induction of NF-κB and MAPK signalling pathways, as
well as with the production of inflammatory mediators (8, 9), and
exert a protective effect on the cardiovascular system (10). Many
polyphenols are derived from natural food products. Thus, they are
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often considered safer than conventional pharmaceutical drugs and
can be more easily integrated into lifestyle changes (11).
Pycnogenol (Pyc), aFrench maritime pine (Pinus pinaster)
bark extract, is a well-characterised source of polyphenols. This
extract is standardized to have 70 ± 5 % procyanidins. Pyc has
important antioxidant and biomodulation effects. Effects of Pyc
include inhibition of the transcription factor NF-κB (12, 13) and
cyclooxygenases (14, 15), reduction of hypertension caused by
stimulation of endothelial NO synthase, inhibition of the angiotensin converting enzymes (16, 17), reduction in mutations (18), alleviation of the symptoms of allergic asthma, thus reducing the need
for medications (19, 20), attenuation of immune dysfunction (21)
and an increased cardio-protective effect in the case of ischemicreperfusion injury (22). In an in vitro study with human colon cancer cells, fruit juices enriched with Pyc increased the antioxidant
capacity of the cells, and are shown to have higher anti-inflammatory activity when compared to fruit juices without Pyc (23).
The aim of this study was to investigate the relationship between the Crohn’s disease in children, thromboxane levels and
oxidative stress and to determine the ability of natural polyphenolic
compounds to affect the levels of thromboxanes.
Material and methods
Subjects
Overall, 15 paediatric patients diagnosed with CD (6 males, 9
females; age from 13 to18 years) were recruited into our study. They
were registered at the 2nd Paediatric Clinic of the Children’s University Hospital in Bratislava. The control group consisted of 15 healthy
children (7 males and 8 females; age 12 to 18 years). The protocol
was approved by the Ethical Committee of the Children’s University Hospital, Bratislava, Slovak Republic. The study was approved
by the ethics committee of the Faculty of Medicine, Comenius
University. Parents of all participants signed an informed consent.
Inclusion criteria: Patients with CD in remission state of disease on maintenance therapy with the immunosuppressor Imuran (azathioprine [6-(1-methyl-4-nitro-5-imidazolylthio)-purine])
were included in our project.
Exclusion criteria: Patients with abdominal abscess, bowel obstruction, active gastrointestinal bleeding or malnutrition as well as
patients with acute viral or bacterial infections and other chronic
inflammatory disease were excluded from the study.
A placebo group was not included in our project for ethical
reasons. Patients treated with 5-aminosalicylic acid (5-ASA) had
to stop taking this drug two weeks prior to the enrolment (run-in
period) and during the next 12 weeks of the project. Similarly, the
use of supplementary antioxidant therapy was ceased during this
period. Patients selected for the project were on a standard diet.
After 2 weeks of run-in period, Pyc powder (2 mg/kg/day)
was administered in capsules to patients for the next 10 weeks.
Patients were investigated for other two weeks after discontinuation of Pyc supplementation (wash-out period).
Collection of samples
Biological specimens (blood and urine) were collected from

patients before the initiation of Pyc administration (time 0), and
5 and 10 weeks after the beginning of Pyc administration (times 5
and 10, respectively), as well as 2 weeks after the discontinuation
of Pyc administration (time 12). Blood samples were collected with
anticoagulant hirudin, and blood plasma and red blood cells were
obtained by centrifugation of blood (10 minutes at 1,200 g). The
serum was obtained by standard procedure from blood centrifugation in absence of anticoagulant. Aliquoted biological samples
were frozen for later investigation. Blood plasma and serum were
kept at –80 °C, and urine at –20 °C until analysis.
Measurement of plasma thromboxanes
The inhibitory effect of Pyc on TX biosynthesis was monitored
by measuring TXB2 levels, a stable metabolite of TXA2. Briefly,
an aliquot of hirudin-anticoagulated blood (0.6 ml) was placed
immediately in ice bath and supplemented with Laspal (0.5 mM
ASA), then centrifuged (3,000 g; 10 min; 4 °C) to obtain plasma
(for the measurement of baseline concentration of TXB2 (TXB2)0).
Another portion of whole blood was either incubated at room temperature for 1 h (‘static’ model of TX generation; ST(TXB2)60) or
agitated at room temperature for 1 h on a rotary mixer (‘dynamic’
model of TX generation, which mimics the situation of increased
shear stress better than the static system; (DYN(TXB2)60). Then
it was inhibited with Laspal (0.5 mM ASA) and processed, as described above. Following the separation (centrifugation at 3,000 g;
10 min), the aliquots of the plasma were stored at –80 ºC until
further analysis. TXB2 concentrations in plasma and 11-dTXB2
in urine were measured in duplicate samples by a commercial kit
(Cayman Chemical Company, Michigan, USA). No purification of
samples was required because different dilutions gave consistent
results differing by < 20 %. Final results of TX levels were presented as an increase in TXB2 concentration for used protocols of TX
generation: Δ(TXB2)ST or Δ(TXB2)DYN, calculated as Δ(TXB2)
ST = ST(TXB2)60 − (TXB2)0 and Δ(TXB2)DYN = DYN(TXB2)60
− (TXB2)0, respectively. Δ(TXB2)ST and Δ(TXB2)DYN were expressed in pg/ml and 11-dTXB2 in urine in pg/mmol of creatinine.
Statistical analysis
Data show departures from normality according to ShapiroWilk’s test and are presented as a median and interquartile range
(1st quartile − 3rd quartile). Non-parametric Mann−Whitney U
test was used for comparing the data. Non-parametric analysis
of variance (Kruskal−Wallis test) and the post hoc all-pairwise
comparisons (Conover-Inman test) were employed for detailed
multiple comparisons (more than two groups). The calculations
were performed using the statistical software StatsDirect (StatsDirect Ltd., Cheshire, UK). The limit for statistical significance
was set at p<0.05.
Results
Of the original 15 patients enrolled, 14 completed the entire
study. One patient withdrew from the study for social reasons. All
remaining patients completed the study and did not report any adverse effects during the 12-week investigational period.
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Baseline characteristics of the patients
Out of the 15 CD patients, seven were without therapy and
eight patients were taking immunosuppressant Imuran (azathioprine). The potential effect of Imuran treatment on the clinical
status has been verified by statistical analysis of the difference between selected markers from patients with CD not taking Imuran.
All patients were in remission (mean score of PCDAI was 3.93).
The baseline characteristics for the patients´ group and controls
are shown in Table 1. Biochemical parameters have been described
in our previous paper (14).
Changes in thromboxane levels
Unlike the controls, CD patients have significantly increased
plasma levels of static and dynamic forms of TXB2 (p = 0.014 and
p < 0.0001, respectively) but the level of metabolite 11-dTXB2 in
urine was not different from that in the controls. The administration of Pyc to the patients decreased the Δ(TXB2)ST level after 5
weeks (p = 0.039) as well as after 10 weeks (p = 0.017). Similarly,
the concentration of Δ(TXB2)DYN decreased after five and ten
weeks of administration (p = 0.061 and p = 0.045, respectively).
For both parameters, we observed a trend towards baseline measurements after the washout period. In urine, we observed that
after five weeks of Pyc administration there was an upward trend
of 11-dTXB2 levels which became significant after ten weeks of
administration (p = 0.001). After the washout period, there was an
insignificant trend of 11-dTXB2 elevation (Tab. 2).

Tab. 1. Baseline characteristics of subjects.
Parameter
Age (years)
M:F
Duration of disease (years)
Height (m)
Weight (kg)
BMI (kg/m2)
PCDAI
CRP
Platelets (10^9/L)

Control
(n = 15)
13.92 (12–18)
7:8
–
1.58±0.02
49.63±2.60
19.66±0.94
–
1.4±0.83
250.00±13.20

Crohn´s disease
(n = 14)
16.33 (13–18)
6:9
3.53 (1–10)
1.66±0.02
54.41±2.40
19.76±0.52
3.93±0.46
13.35±3.59**
321.86±22.63*

Data presented as mean (range from–to) and mean ± SEM, respectively; n – number
of subjects per group. M – male, F – female, BMI – body mass index, PCDAI – Paediatric Crohn´s Disease Activity Index. Physiological value of PCDAI is less than
10 (≤ 10). CRP – C-reactive protein, * p = 0.013 Crohn’s disease vs control, ** p =
0.006 Crohn’s disease vs control.

Tab. 3. Correlations of thromboxanes with selected parameters.

PCDAI
TAC
(mmol/l)
SOD
(U/g Hb)
GPX
(U/mg Hb)
FBC Fe
(μmol/ml)
TBC Fe
(μmol/ml)
Tran
(g/l)

Δ(TXB2)ST [pg/ml]
r = 0.687
p = 0.012
r = –0.664
p = 0.011
r = –0.455
p = 0.082
r = –0.549
p = 0.028
r = –0.456
p = 0.060
r = –0.462
p = 0.058
r = –0.525
p = 0.042

Δ(TXB2)DYN [pg/ml]
r = 0.603
p = 0.026
r = –0.551
p = 0.048
r = –0.609
p = 0.026
NS
r = –0.518
p = 0.054
r = –0.600
p = 0.028
r = –0.723
p = 0.010

Δ(TXB2)ST – static form of thromboxane B2; Δ(TXB2)DYN – dynamic form of
thromboxane B2; 11-dTXB2 – 11-dehydro thromboxane B2; CRP – high sensitive
C-reactive protein; FBC Fe – free binding capacity of iron; GPX – activity of glutathione peroxidase; Hb – haemoglobin; NS – nonsignificant; TAC – total antioxidant
capacity of plasma; TBC Fe – total binding capacity of iron; Tran – transferrin; SOD
– activity of superoxide dismutase

Correlations of thromboxane levels with parameters of inflammation and oxidative stress
We have also observed the following significant positive correlations of Δ(TXB2)ST and Δ(TXB2)DYN with PCDAI (Tab. 3).
In addition, we found significant negative correlations of Δ(TXB2)
ST and Δ(TXB2)DYN with total antioxidant capacity of plasma
and activity of superoxide dismutase, but the activity of glutathione peroxidase negatively correlated only with Δ(TXB2)ST (Tab.
3). Significant negative correlations of Δ(TXB2)ST and Δ(TXB2)
DYN were observed with free and total Fe binding capacity and
transferrin (Tab. 3). We did not observe any significant correlation
with 11-dTXB2.
Discussion
In this study we found that patients with CD have higher levels of both, static and dynamic forms of TXB2 compared to the
controls, and that the thromboxane levels are positively correlated
with PCDAI and negatively correlated with the total antioxidant
capacity of blood, activity of antioxidant enzymes and parameters
of iron metabolism. Ten weeks of Pyc administration reduced the
level of TXB2 dynamic form in plasma and increased the level of
11-dTXB2 in urine.

Tab. 2. Level of plasma thromboxanes.
Type of thromboxane
Δ(TXB2)ST
[pg/ml]
Δ(TXB2)DYN
[pg/ml]
11-dTXB2
[ng/mmol Crea]

Controls
106.71
(62.9–163.2)
137.40
(99.6–152.6)
167.50
(120.1–205.3)

Baseline
219.96**
(135.2–891.9)
697.01***
(281.9–1 661.2)
228.76
(135.3–296.6)

Crohn´s disease patients
Weeks of Pyc administration
5
10
12
132.28##
135.35##
195.13
(74.4–438.7)
(64.3–377.6)
(114.7–304.8)
566.22#
493.22##
671.79
(230.7–1 051.5)
(249.7–1 009.3)
(302.4–1 023.9)
330.11
356.12##
262.11
(244.5–560.8)
(236.1–509.3)
(225.5–527.9)

Values are presented as a median and interquartile range (1st quartile - 3rd quartile). Δ(TXB2)ST – static form of thromboxane B2, Δ(TXB2)DYN – dynamic form of thromboxane B2, 11-dTXB2 – 11-dehydro thromboxane B2, Crea – creatinine, ** p < 0.05 CD vs control, *** p < 0.01 CD vs control, # p < 0.1 Pyc vs baseline, ## p < 0.05 Pyc vs
baseline (before Pyc administration), n for CD = 14, n for C = 15.
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Clinical manifestations of CD include intestinal bleeding,
which leads first to an amplified formation of thromboxane A2
(TXA2) and then to an increase in the aggregability of thrombocytes and haemocoagulation (4−7). Platelet aggregation belongs to
clinical symptoms included in the assessment of disease severity
using PCDAI (2, 3). An increase in the production of thromboxane synthase and adhesion of thrombocytes to the intestinal wall
are associated with a release of other mediators of inflammation
and consequent deterioration of the patient´s condition (25). A
positive correlation between TXB2 and marker of inflammation
(CRP) confirms the relationship between increased thrombocyte
aggregation and inflammation.
Since inflammation is undoubtedly associated with oxidative
stress, it is assumed that factors involved in the pathogenesis of
CD include also OS (27, 28, 36). Oxidative stress (redox stress)
is defined as an imbalance between oxidants and antioxidants in
favour of the former, resulting in significant damage to biomolecules, organs and whole organism (29, 30). Oxidative stress can
be caused by both excessive production of reactive metabolites
(oxidants) and compromised antioxidant defences. Oxidative stress
may manifest in form of damaged lipids, proteins and DNA. Several products resulting from oxidative damage have been established as markers of oxidative stress. Unlike healthy individuals,
CD patients have reduced plasma antioxidant capacity (31), and
increased lipoperoxide levels (32), as well as advanced oxidation
protein products (18). In addition, they have lower activities of
antioxidant enzymes (24, 28, 33, 34), also during disease remission
(35). The massive production of •OH, O2•– and subsequent lipoperoxidation are considered the main mechanism of oxidative damage
to the intestinal wall (36). Lipoperoxidation also contributes to the
increase in the formation of thromboxanes (37).
Several in vivo and ex vivo experiments have demonstrated
that natural polyphenolic substances present in Pyc are able to reduce platelet aggregability (15, 38, 39, 40, 41). It is assumed that
the effects are based on enhanced endothelial NO synthase activity and subsequent release of NO (inhibiting the aggregation of
thrombocytes) (42, 43). These effects of natural polyphenols may
also originate from the inhibition of cyclooxygenase (COX) (14)
as well as from the inhibition of inflammatory signalling pathways
which are activated by NF-κB, MAP kinase and myeloperoxidase
(12, 35, 44). According to our previous study, in an ex vivo environment, Pyc can inhibit thrombocyte aggregation (15). Pyc can
also improve the function of the endothelium (45). As a result of
the reduction in inflammation, the lipoperoxidation is reduced,
which leads to a reduction in the concentration of isoprostanes
and thromboxanes (46).
Recent studies demonstrate that standardized polyphenolic
plant extracts from various natural sources decrease platelet aggregation, formation of thromboxane A2 and malondialdehyde, as
well as inhibit both COX activity (47) and attenuated ADP-induced
blood platelet aggregation (48, 49).
Our results indicate that Pycnogenol administration reduces
blood thromboxane levels, which can positively influence some
clinical symptoms of CD such as thrombosis formation.
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