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Abstract

Background The role of oxidative stress in inflammatory
bowel diseases (IBD) has been extended lately from a
simple consequence of inflammation to a potential etio-
logical factor, but the data are still controversial. Active
disease has been characterized before by an enhanced
production of reactive oxygen species and the increased
peroxidation of lipids, but patients in remission were
generally not considered different from healthy people in
terms of oxidative stress.

Aims We evaluated the antioxidant defense capacity and
lipid peroxidation status in the serum of patients with
active and non-active disease compared with healthy
matched control subjects.

Methods The study included 20 patients with confirmed
IBD in clinical and biological remission, 21 patients with
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active disease, and 18 controls. We determined the serum
levels of two antioxidant enzymes, superoxide dismutase
(SOD) and glutathione peroxidase (GPX), and a lipid
peroxidation marker, malondialdehyde (MDA).

Results  Active disease patients had an increased activity of
both SOD and GPX as well as significant high values of MDA
versus controls. Furthermore, patients being in remission had
significantly lower values of antioxidant enzymes (SOD and
GPX) and increased lipid peroxidation measured by MDA
serum levels, as compared with healthy control subjects.
Conclusions Our study confirmed the presence of high
oxidative stress in active IBD. More importantly, we have
demonstrated a lower antioxidant capacity of patients in
remission versus control group. This may represent a risk
factor for the disease and can be an additional argument for
the direct implication of oxidative stress in the pathogen-
esis of IBD.

Keywords Inflammatory bowel diseases - Oxidative
stress - Antioxidant enzymes - Lipid peroxidation

Introduction

It has been demonstrated that oxidative stress is involved in
the pathogenesis of various metabolic, inflammatory, or
tumoral diseases [1]. Inflammatory bowel diseases (IBD)
are chronic conditions characterized by the inflammation of
the colon mucosa (ulcerative colitis) or of any part of the
digestive tract (Crohn’s disease). Their evolution is usually
marked by active phases and periods of remission. A lot of
progress has been made in understanding the etiopatho-
genic pathways of IBD, but the exact causes remain
unestablished [2, 3]. With the genetic, environmental,
and immunological theories being the most consistent,
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oxidative stress began to be considered a potential etiologic
or triggering factor [4, 5].

The activated immune cells of the intestinal mucosa
release numerous reactive oxygen species (ROS), such as
superoxide, hydrogen peroxide, and hydroxyl radicals [6].
These are highly reactive molecules that can produce tissue
injury, especially if the antioxidant defense system is
lowered or inefficient [7]. It has recently been mentioned
that ROS themselves can lead to the accumulation of
inflammatory cells, being not only a consequence but a
trigger factor for inflammation [8]. However, there is not
yet sufficient evidence for this theory.

Increased markers of oxidative stress (oxygen free radi-
cals and lipid peroxides), as well as decreased antioxidant
defense, had been demonstrated in many studies involving
IBD patients and in a variety of biological systems (colon
mucosa, plasma, serum, fecals, saliva) [9—11], but there are
also studies in which no difference was observed [12, 13].
These modifications of oxidative stress parameters were
generally established for patients with active disease com-
pared with control groups, while patients in clinical and
biological remission were not proved to be different from
normal subjects in terms of antioxidant defense or lipid
peroxidation [14, 15]. Still, the number of studies examining
the oxidative stress in different stages of IBD remains small.

The aim of our work was to evaluate the specific activity
of two peripheral antioxidant enzymes, superoxide dis-
mutase (SOD) and glutathione peroxidase (GPX), and a
lipid peroxidation marker, malondialdehyde (MDA), in the
serum of patients with active and non-active IBD compared
with matched control subjects. Secondly, we compared the
oxidative stress markers between Crohn’s disease and
ulcerative colitis patients within the 2 main groups (active
and inactive disease). Finally, we correlated the three
oxidative stress parameters with C reactive protein (CRP)
as a systemic inflammation marker.

Methods

We performed a prospective study which included 41
consecutive patients with a confirmed diagnosis of IBD
recruited from the gastroenterology unit of St. Spiridon
University Hospital, Iasi, Romania. Twenty-seven of them
were suffering from ulcerative colitis (UC) and 14 had
Crohn’s disease (CD). They were divided into the active
disease group (21 subjects) and the remission group (20
subjects). The remission was defined as a Crohn’s Disease
Activity Index less than 150 (for CD) or a Mayo total score
less than 3 (for UC) [16, 17]. The control group consisted
in 18 healthy subjects (students, hospital staff) matched to
the patients by age, sex, and body mass index. Because of
the known influence of smoking habits in oxidative stress

status, the percentage of smokers was also considered in
the selection of control subjects [18].

The ongoing medication of the patients was not sus-
pended before the tests. Those with other chronic decom-
pensated diseases were excluded. All subjects taking
antioxidant supplements were also excluded.

The analysis of covariance showed that the patients in
remission and the active disease group did not differ sig-
nificantly from the healthy comparison subjects with
respect to age, gender, smoking habits, and BMI. We also
observed no significant differences between the remission
and active groups in terms of timespan from the initial
diagnosis, the percentage of Crohn’s disease or ulcerative
colitis. Additionally, no significant differences were seen in
the case of medication type within groups (Table 1).

The study was conducted according to the provisions of
the Helsinki Declaration and was approved by the local
ethics committee. All subjects gave their written informed
consent.

Blood samples were collected in the morning, before
breakfast, allowed to clot and centrifuged immediately.
Serum was aliquoted into Eppendorf tubes and stored at
—40 °C prior to measurement. All samples were measured
in duplicate and averaged.

Determination of SOD

Superoxide dismutase (SOD) activity was measured by the
percentage reaction inhibition rate of enzyme with WST-1
substrate (a water-soluble tetrazolium dye) and xanthine
oxidase using a SOD Assay Kit (Fluka, 19160) according
to the manufacturer’s instructions. Each endpoint assay
was monitored by absorbance at 450 nm (the absorbance
wavelength for the colored product of WST-1 reaction with
superoxide anions) after 20 min of reaction time at 37 °C.
The percent inhibition was normalized by mg protein and
presented as SOD activity units.

Determination of GPX

The glutathione peroxidase (GPX) activity was measured
using the GPX cellular activity assay kit CGP-1 (Sigma).
This kit uses an indirect method, based on the oxidation of
glutathione (GSH) to oxidized glutathione (GSSG) cata-
lyzed by GPX, which is then coupled with recycling GSSG
back to GSH utilizing glutathione reductase (GR) and
NADPH. The decrease in NADPH at 340 nm during oxi-
dation of NADPH to NADP is indicative of GPX activity.

Determination of MDA

Malondialdehyde levels were determined by thiobarbituric
acid reactive substances (TBARS) assay. 200 pL of serum
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g?r?ilceall dgzniln()%}rlng:lt?:ﬁ Control Remission Active disease F° P value®

remission and active disease (n=18) (n =20) (n=2D

groups Age® 36.39 + 13.7 355+ 14.6 3471 £ 11 0.08 0.924
Gender (male/female) 8/10 11/9 13/8 1.1 0.263
Active smokers 333 % 30 % 333 % 0.55 0.577
BMI? 242 +£ 39 234 £ 3.7 21.7 £ 4.8 2.11 0.069
Time from initial
Diagnosis (years)® - 475 £5.53 3.47 £ 433 0.68 0.415
Crohn’s disease (%) - 30 % 38.1 % 1.3 0.077
Ulcerative colitis (%) - 70 % 61.9 % 1.3 0.08
Medication

5-ASA - 75 % 61.9 % 2.3 0.057
Corticosteroids - 20 % 333 % 2.19 0.06

* Each value represents. Azathioprine - 15 % 47 % 203 0.095

mean =+ standard deviation ] .

b . . Biological agents - 15 % 9.5 % 1.7 0.112

Analysis of covariance

was added and briefly mixed with 1 mL of trichloroacetic 05 1

acid at 50 %, 0.9 mL of Tris—HCI (pH 7.4) and 1 mL of o I

thiobarbituric acid 0.73 %. After vortex mixing, samples T 0351 I * [

were maintained at 100 °C for 20 min. Afterwards, sam- é 0?2'22 I

ples were centrifuged at 3,000 rpm for 10 min and the 8 02 1

supernatant read at 532 nm. The signal was read against an o 061.?:

MDA standard curve, and the results were expressed as 0-02-

nmol/ml [19, 20]. Control IBD Remission  IBD Active

Determination of CRP

Serum levels of C-reactive protein (CRP) were measured
by immuno-turbidimetric automated assay using the Hit-
achi 912 ISE system.

Data Analysis

The results for antioxidant enzymes activity and MDA
level were analyzed using one-way ANOVA. All results
are expressed as mean £ SEM. Post hoc analyses were
performed using Tukey’s honestly significant difference
test in order to compare active and non-active IBD groups.
Crohn’s disease and ulcerative colitis patients were ana-
lyzed separately within the active and inactive groups also
using one-way ANOVA. P < 0.05 was regarded as statis-
tically significant. Pearson’s correlation coefficient was
used to evaluate the connection between the oxidative
stress parameters and CRP. As above, only values for
which P < 0.05 were considered statistically significant.

Results
Regarding the specific activity of SOD, which is the first

line of defense against oxidative stress development, we
observed a significant decrease in the remission group

@ Springer

Fig. 1 Superoxide dismutase specific activity in the serum of control,
IBD remission, and IBD active subjects. The values are mean & SEM
(n = 18 in control, 20 in IBD remission and 21 IBD active group).
*P = 0.03

(F136 =35, P =0.03), as compared to the control group
(Fig. 1). Active disease patients had higher levels of SOD
then control subjects, but this difference was not statisti-
cally significant (F, 37 = 1, P = 0.27). Additionally, post
hoc analysis showed significant differences between the
remission IBD group and the active group (P = 0.004).

When analyzing the subgroups of Crohn’s Disease and
ulcerative colitis, we noticed that general findings were
more pronounced in CD patients, with significant decrease
in SOD activity in remission patients versus the control
group (F >, = 8.03, P = 0.009) and higher values of SOD
in active disease compared with UC patients (P = 0.36).
However, statistical analysis revealed no significant dif-
ference between the subgroups of CD and UC in remission
(P = 0.07) or in active phase (P = 0.35).

Detailed results of the examined enzymes in study
groups expressed as means = SEM and P values are fea-
tured in Table 2.

Similarly, in the case of the other antioxidant enzyme
(GPX), we noticed a significant decrease in its specific
activity in the remission group by comparison with the
control group (Fy3 =7, P =0.01). As in the case of
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Table 2 Specific activity of SOD, GPX and MDA in active and non-active disease compared with control subjects

SOD (U/ml) P GPX (U/ml) P MDA (nM/ml) P
Control (n = 18) 0.351 4+ 0.028 0.0167 £ 0. 0024 14,183 4+ 0.712
Non-active disease (n = 20) 0.273 £ 0.026 0.036* 0.0101 £ 0.0010 0.013* 15.473 £+ 0.992 0.302
CD (n = 6) 0.202 £ 0.025 0.009* 0.0099 =+ 0.002 0.134 14.517 + 1.896 0.839
UC (n = 14) 0.304 £+ 0.032 0.287 0.0101 £ 0.0013 0.035* 15.883 &+ 1.165 0.202
Active disease (n = 21) 0.399 & 0.030 0.274 0.0194 & 0.0025 0.232 16.720 & 1.148 0.047*
CD (n=28) 0.436 4 0.048 0.132 0.0183 & 0.0026 0.682 16.760 + 1.791 0.117
UC (n = 13) 0.376 4 0.039 0.610 0.0200 £ 0.0038 0.444 16.695 + 1.491 0.108
Separate values are given for CD and UC subgroups
Each value represents mean = SEM
*P value considered statistically significant if < 0.05
0.025 20 X
18 T
0.02 T I 16 r F
= =14 T
£ oois I £
2 * = 0
c
X oot T =38
<
o S
0.005 s 4
2
0 . 0
Control IBD Remission IBD Active Control IBD Remission IBD Active

Fig. 2 Glutathione peroxidase specific activity in the serum of
control, IBD remission, and IBD active subjects. The values are
mean £+ SEM (n = 18 in control, 20 in IBD remission and 21 in IBD
active group). **P = 0.01

SOD, the active IBD group showed higher levels of GPX
specific activity, but this difference did not reached the
threshold of statistical significance (F;37 = 2, P = 0.23)
(Fig. 2). Post hoc analysis also revealed significant differ-
ences between the remission group versus the active group
(P = 0.002).

The subgroups of CD and UC subjects showed very
similar behavior of GPX-specific activity, with significant
decrease in remission and consistent but still insignificant
increase in active phase. In post hoc analysis, the differences
between active and non-active patients were maintained for
each subgroup (P = 0.03 for CD and 0.01 for UC).

Concerning the lipid peroxidation, a significant increase
of the MDA concentration was observed in the active IBD
group, when compared to control subjects (F)3; =S5,
P = 0.04). Still, no significant changes were noticed in the
case of the remission group, when compared to healthy
control subjects (F; 36 = 1, P = 0.3) (Fig. 3). Also, unlike
the other two measurements, post hoc analysis revealed no
significant differences between the remission IBD group
and the active group (P = 0.408). In the subgroups of
Crohn’s disease and UC patients, no statistical difference
was noticed between the two diseases in remission
(P = 0.53) or in active phase (P = 0.93).

Fig. 3 Malondialdehyde concentration in the serum of control, IBD
remission, and IBD active subjects. The values are mean + SEM,
(n = 18 in control, 20 in IBD remission and 21 in IBD active group).
*P = 0.04

Analyzing the correlation between the three measured
enzymes with the value of serum CRP, we observed in the
case of GPX a small and non-significant positive correla-
tion (n = 41, r = 0.185, P = 0.245). In contrast, the SOD
levels had a moderate positive correlation with CRP which
proved to be significant (n = 41, r = 0.358, P = 0.021).
In the same way, MDA levels were positively correlated
with systemic inflammation as measured by CRP values
(n =41, r = 0.362, P = 0.020).

Discussion

In this study, we demonstrate a significant modification of
oxidative stress markers in the serum of patients with
active IBD compared to matched healthy people. We also
found that patients with non-active disease have a low
antioxidant profile and increase lipid peroxidation.

SOD is an essential antioxidant enzyme which detoxifies
the superoxide anion (O, ), generated by activated neu-
trophils and macrophages, by converting it to hydrogen
peroxide (H,O,) [21]. GPX acts further in the extracellular
environment to transform H,O, into O, and H,O [7, 22].
Along with catalase, a cellular active enzyme, SOD, and
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GPX represent the main markers of antioxidant defense
[23]. MDA, a thiobarbituric acid reactive breakdown
product, results from the peroxidation of polyunsaturated
fatty acids and from the metabolism of arachidonic acid
and it has been used intensely as a lipid peroxidation
marker [15, 24].

In patients with active intestinal inflammation, we found
increased values of peripheral antioxidant enzymes (GPX
and SOD) with a very similar pattern. This points towards
an intense production of ROS due to mucosal injury.
Conflicting data are available up to the present, with many
previous studies having similar findings [13—15], but there
were also authors who observed no difference [25, 26].

In contrast, the patients in clinical and biological
remission not only had significant lower values of SOD and
GPX than the active patients but they also presented a
statistical relevant decrease of these antioxidant enzymes,
when compared to the control group. The similar distri-
bution of both markers supports our conclusion. There are a
few authors who also found significant lower values of
SOD and/or GPX in the serum of patients with IBD in
remission [26, 27], with the majority of studies having
documented no significant differences [14, 15]. However,
there have been a few studies examining the antioxidant
enzymatic system in different activity phases of IBD [14],
but the number of patients enrolled in most studies was
relatively small. GPX is a selenium-dependent enzyme,
and therefore the low levels of plasma selenium found in
IBD patients could explain our findings [27, 28]. Moreover,
when examining the antioxidant defense in the colon
mucosa, many authors revealed decreased levels of these
enzymes [9, 29, 30].

A possible explanation of the low GPX and SOD in
remission patients could be the consumption of antioxi-
dants during the active phases. Another and more tempting
hypothesis is that the patients suffering from IBD, even if
they are in remission, have a low antioxidant defense. This
depletion could be present even before the onset of disease.
In this way, lower antioxidant enzymatic capacity could
represent a risk factor for the development of ulcerative
colitis and Crohn’s disease. Many patients in remission do
not reach mucosal healing and have continuous intestinal
inflammation [31]. Thus, a poor antioxidant defense could
explain the continuing cellular damage.

Ulcerative colitis and Crohn’s disease patients had very
similar values of GPX activity. However, SOD activity had
an intense variation during the active and non-active phases
in Crohn’s disease patients, with a marked increase in
active disease and significant decrease in remission. Those
findings were less evident in ulcerative colitis. Considering
the systemic nature of Crohn’s disease and the fact that
SOD is the first enzyme intervening in the antioxidant
chain, our findings could be justified. Still, the small
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number of CD subjects should call for caution in
interpretation.

Along with the antioxidant enzymes, lipid peroxidation,
as tested by the serum level of MDA, was significantly
increased in patients with active IBD. With an elevated
number of ROS as demonstrated through high SOD and
GPX values, the tissue injury due to structural lipids
alteration could be a logical consequence, as shown by
other work groups [13, 14, 24]. There are also studies
which did not indicate any difference in peripheral MDA
levels between active disease and control groups [15, 32].
We also found that remission patients had a higher MDA
serum level, but the difference was not statistical
significant.

As the volume of evidence regarding the involvement of
oxidative stress in IBD has been growing, a lot of interest
has been paid to antioxidant treatment. Various antioxi-
dants were proposed as supplements for patients with
inflammatory colitis (vitamins, unsaturated fatty acids,
N-acetyl-L-cysteine). The results in increasing total anti-
oxidant capacity are mostly positive [27, 33]. A lecithi-
nized superoxide dismutase was used with good results in
improving the inflammation in ulcerative colitis [34].
There is still little or no evidence of the antioxidant
influence on preventing the relapses or complications, or
influencing the course of the disease.

There are of course several limitations to our study
which include the relatively small size of the groups we
used and also the fact that the specific medication was not
stopped when performing the study. Even though the per-
centage of smokers has not statistically influenced the
study, it is preferable to avoid enrolling active smokers
when investigating oxidative stress.

Future studies should definitely consider taking into
account all the factors that may cause oxidative stress to
increase homogeneity of the treated groups. Also, studies
investigating effects of antioxidant supplementation on the
evolution of IBD seem warranted.

To conclude, in this study, we have demonstrated an
increased oxidative stress and lipid peroxidation in active
IBD patients. We have also shown that patients with non-
active disease have a lower antioxidant defense than
healthy people. This could be a consequence of the disease
but can also be interpreted as a pre-existing condition. In
this last hypothesis, dysfunction in antioxidant capacity
may be considered a predisposing factor for developing
IBD and thus can be an argument for the etiological theory
of oxidative stress in IBD.
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