
INTRODUCTION

Crohn's disease (CD) is a chronic inflammatory disorder of
the entire gastrointestinal (GI) tract, which most commonly
affects the terminal ileum and proximal colon (1-3). In
approximately half of patients the course of the disease is
complicated by the formation of fistulas, intra-abdominal
abscesses, and intestinal strictures (1, 2). The precise
etiopathogenesis of CD remains unknown. Interactions among
various factors, including genetics, the host immune system,
microbiome, and environmental factors play an important role in
disturbing the intestinal homeostasis, leading to the dysregulated
inflammatory response of the GI tract (1, 2, 4-8). Different types
of cytokines are involved in this process with predominance of
tumour necrosis factor-alpha, which plasma level is elevated in
about 50% of patients with CD (9). The hyper-reactive immune
system is accompanied by the presence of oxidative stress (OxS)
with increased release of reactive oxygen species (ROS). ROS
are modulated in normal conditions by different elements,
including enzymes of the antioxidant defence, which prevent the

harmful effects of ROS on the tissue (7, 10). Many authors have
shown that CD is associated with an imbalance between
increased ROS and decreased antioxidant activity, resulting in
OxS phenomena (7, 11-15). Currently, OxS is considered as a
potential etiological factor for CD rather than a concomitant
effect in the disease (7, 14). The persistence of OxS can also
affect the course of the disease. Furthermore, the epigenetic
mechanisms, mainly microRNAs, are considered key elements
in the pathogenesis of CD (7, 14).

OxS has been proposed as one of the major contributing
factors in the destruction of the GI tract, and this is associated
with some of the characteristic features of CD, e.g. GI
transmural inflammation and complications (12, 16). Therefore,
it is important to better understand the pathophysiology of CD
based on molecular aspects of OxS, because new antioxidant
compounds like drugs, hormones, functional foods, probiotics,
natural active compounds from vegetal sources could become
promising therapeutic modalities of the disease (17-20).

Several authors have demonstrated that CD patients have
decreased levels of antioxidative enzymes in the intestinal tissue
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Crohn's disease (CD) is a chronic inflammatory condition with uncertain aetiology. Dysfunction of immunoregulatory
factors and overproduction of reactive oxygen species (ROS) may contribute to the damage of the gastrointestinal tract.
Superoxide dismutase (SOD) and glutathione peroxidase (GPx) are involved in protection of cells from the damaging
effects of ROS. The aim of the study was to assess activity of antioxidative stress enzymes, GPx and SOD, in plasma and
saliva of patients with active and inactive forms of CD. Forty-seven patients with CD were prospectively enrolled in the
study. The control group comprised 25 healthy volunteers. Patients' demographics, clinical features, localization of
inflammatory changes, CD history, and treatment were recorded. SOD and GPx were assayed in plasma and saliva samples
by ELISAmethod. CD activity index (CDAI) scores correlated inversely with SOD in plasma (r = – 0.46; P= 0.0012), but
not in saliva. No correlations were observed in respect to GPx activities in both plasma and saliva and CDAI. Higher
activity of plasma SOD was observed in patients with inactive CD in comparison with active CD (P= 0.004). No significant
differences in SOD and GPx activity both in plasma and saliva were found between CD remission group and the control
group. We concluded that in active CD the antioxidant defence system was diminished and returned to normal values in
remission. Results of SOD and GPx assays in saliva are not conclusive, suggesting that saliva seems to be not an
appropriate material for further similar studies.
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(12, 16, 21-23), but the levels of the enzymes in plasma or serum
depend on the activity of CD (6, 21). Only a few studies have
been compared oxidant-antioxidant status in patients with active
and inactive CD (5, 24). The main intracellular antioxidant
enzymes participating in the protection of cells against the
damaging effects of ROS are glutathione peroxidase (GPx) and
superoxide dismutase (SOD) (6, 7).

Reduced activities of GPx, one of the most important
antioxidant defence system in the body, were reported either
increased or reduced in different tissues as intracellular
antioxidant enzymes (25, 27). Several reports have shown a
higher GSSG/GSH ratio in different fluids (27, 28), also in saliva
of patients compared with healthy subjects (29-31). Patients with
CD may present orofacial granulomatosis, as symptomatic oral
disease, and other oral manifestation derived from qualitative
changes in salivary composition (32). Elevated GPx activity was
reported in the parotid glands of rats with experimental colitis,
whereas reduced activity of the enzyme was found in
submandibular glands (33).

The determination of the OxS may require invasive
techniques such as blood samples. Exploration of saliva for
oxidative stress markers that accurately reflect the redox status
of the body may be of great clinical interest. Therefore, in this
clinical study we compare GPx and SOD activity in plasma and
saliva of patients with various phenotypes of CD.

The aim of the study was to assess the antioxidative stress
enzymes, GPx and SOD, in the plasma and saliva of patients
with active and inactive forms of CD, as well as to compare the
activity of these enzymes with clinical features.

MATERIAL AND METHODS

Study population

Forty-seven patients with CD (mean age 32 ± 10.1 years; 28
males and 19 females) were prospectively enrolled in the study.
Patients were recruited between December 2014 to November
2015 from the Division of Gastroenterology and Hepatology at
the University Hospital in Cracow. The study was performed in
accordance with the ethical principles of the Helsinki
Declaration of 2008. Informed consent to the study procedure
was obtained from all participants. The protocol was approved
by the Bioethics Committee at the Jagiellonian University in
Cracow, Poland.

The patients were divided into two groups: patients with
active CD (n = 25) and patients with inactive disease (remission;
n = 22). The diagnosis of CD was based on clinical, radiological,
endoscopic and histopathological criteria (1). Deterioration of
CD was classified according to the CD activity index (CDAI)
(34), which is a composite scoring system based on selected
clinical symptoms, such as the number of liquid stools, the
severity of abdominal pain, general well-being, extraintestinal
CD manifestations, abdominal mass, use of antidiarrheal drugs,
as well as haematocrit and body weight. CDAI values of 150 and
below are associated with remission, and values above indicate
active disease (150 – 219 points - a mild exacerbation, moderate
220 – 450, above 450 points as severe) (35). Patients were placed
on maintenance therapy with azathioprine (2 – 2.5mg/kg/day)
according to the ECCO guidelines (2). All patients with active
and inactive CD and localization of inflammatory lesions in the
large intestine and the ileocecal region were treated with
mesalamine (2 g/day). The control group comprised 25 healthy
volunteers (mean age 34.2 ± 9.8 years; 13 males and 12 females).

Exclusion criteria were the following: any known systemic
infection or disease, pregnancy or lactation, alcoholism, tobacco
smoking, use of antibiotics, antioxidants (e.g., vitamins C, E) or

anti-inflammatory drugs within the last 6 months, periodontal
disease, presence of an oral mucosal inflammatory condition (e.g.
aphthae, lichen planus, leucoplakia), removable orthodontic
appliances, and symptoms of acute illness (e.g., fever, sore throat).

Methods

Patient demographics, clinical features, results of GI tract
examinations, localisation of CD inflammatory changes in the
GI tract, CD history, and treatment were recorded. Samples of
blood and stimulated whole saliva were collected from fasted
participants in the morning hours between 8:00 AM and 10:00
AM for the further analyses.

Material preparation and storage

Blood sampling

Blood samples were collected from the ulnar vein in a closed
Sarstedt systems (Sarstedt AG & Co., Numbrecht, Germany)
that contained as required, either EDTA as an anticoagulant, or
no anticoagulant. Serum and plasma were carefully separated by
centrifugation at 3000 rpm for 10 min. at 4°C. The plasma
samples were stored at -80°C until SOD and GPx were assayed.
Routine laboratory tests included: complete blood counts,
platelets, C-reactive protein (CRP) in serum, and these were
measured in the hospital laboratory using standard procedures.

Saliva samples

Saliva samples were collected from all participants using a
Salivette® Cotton Swab system (Sarstedt AG & Co.,
Numbrecht, Germany). The subject rinsed their mouth with tap
water for 30 s and expectorated it before saliva collection, placed
the cotton swab in the mouth and chew it for 60 s to stimulate
salivation. Salivette with swab saturated with saliva were
centrifuged at 1000 rpm for 2 min at 4°C. Clear saliva samples
(about 1 ml) were immediately aliquoted to sterile 0.2 ml micro
test tubes, Eppendorf type, and frozen at -80°C until assayed.

Assays for glutathione peroxidase and superoxide dismutase

GPx activity in plasma and saliva were measured by the
colorimetric assay using a Glutathione Peroxidase Assay Kit
(Cayman Chemical Company, Ann Arbor, USA) according to
the manufacturer's instruction. The assay kit measures GPx
activity indirectly by a coupled reaction with glutathione
reductase. Oxidized glutathione is produced upon reduction of
hydroperoxide by GPx and is recycled to its reduced state by
glutathione reductase and nicotinamide adenine dinucleotide
phosphate (NADPH).

The principle behind the assay is that oxidation of NADPH
to NADP+ is accompanied by a decrease in absorbance at 340
nm. Under conditions in which the GPx activity is rate limiting,
the rate of decrease in the A340 is directly proportional to the
GPx activity in the sample (35). The absorbance was monitored
once every minute at 340 nm using a plate reader to obtain 5
time points. One unit of GPx was defined as the amount of
enzyme causing oxidation od 1 nM of NADPH to NADP+ per
min. at 25°C (36).

SOD activity in plasma and saliva was measured by the
colorimetric assay using a Superoxide Dismutase Assay Kit
(Cayman Chemical Company, Ann Arbor, USA) according to
the manufacturer's instruction. The SOD assay measures three
types of SOD (copper/zinc, manganese, and iron). SOD activity
was assayed by measuring the dismutation of superoxide
radicals generated by xanthine oxidase and hypoxanthine. The
absorbance was monitored at 440 – 460 nm using a plate reader.

One unit of SOD was defined as the amount of enzyme
needed to exhibit 50% dismutation of the superoxide radical.
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The activity of GPx and SOD were measured in duplicate in the
Laboratory of Biochemistry of the 2nd Department of Internal
Medicine, Jagiellonian University in Cracow.

Statistical analysis

A statistical analysis was performed using Statistica 10.0
software (StatSoft, Inc., Tulsa, Oklahoma, United States). The
Shapiro-Wilk test was used to test the normality of data
distribution. Those results with a Gaussian distribution were
analysed with the Student's t-test. The nonparametric Mann-
Whitney U test and the Kruskal-Wallis test were used to
compare different group variables. The results were presented as
percentage for categorical variables, as mean with standard
deviation (S.D.) for normally distributed variables, or as median
with interquartile range for not normally distributed continuous
variables. The relationships between clinical data, CD activity,
plasma and salivary parameters were evaluated using the
Spearman's rank correlation coefficient. All statistical tests were
considered significant at the 0.05 probability level.

RESULTS

Patients' characteristics

The demographic, clinical and laboratory data are summarized
in Table 1. As expected, patients with active CD had a significantly
lower red blood cell count and haemoglobin concentration in
blood, higher platelets count and higher CRPlevel in serum
compared with patients with inactive CD and controls. The mean
CDAI of patients with active CD was 262.5 points, and for those
with inactive disease this was 67.2 points (P< 0.001) (Table 1).
Most patients (73%) had moderate disease activity, the remaining
27% had low active CD. The localisation of intestinal lesions is
presented in Table 1. None of patients had previously been
operated on because of CD.

Superoxide dismutase and glutathione peroxidase activities 
in plasma and saliva

The results of the plasma and saliva analysis of patients with
CD and the control groups are presented in Table 2. The analysis
of the plasma in this cohort revealed a significant decrease in the
SOD activity in active CD as compared to inactive CD (P=
0.0029) and the control group (P= 0.034). The results showed no
significant differences in the salivary activities of SOD in active
CD versus inactive CD and the control group. The results of GPx
activities in plasma and saliva in active and inactive CD as well
as controls were not statistically significant. The activities of
SOD, and particularly GPx, were significantly lower in saliva
compared to serum values (P< 0.0005).

Correlations between SOD, GPx and selected clinical
features are presented in Table 3. A positive correlation was
observed between the duration of CD and elevated GPx activity
in plasma. No associations were observed in respect to SOD
activities measured in plasma and saliva of patients with CD.

The correlation was found between body mass index (BMI)
values and elevated SOD activity in plasma of patients with CD.
Neither SOD activity in saliva nor GPx activity in both plasma
and saliva correlated with BMI.

CDAI scores correlated inversely with SOD in plasma but
not in saliva. No associations we observed in respect to GPx
activities in both plasma and saliva and CDAI. Higher activity of
plasma SOD was observed in patients with inactive CD in
comparison with active CD according to CDAI (P= 0.004).

The number of blood platelets in CD patients correlated with
the SOD activity in plasma (r = – 0.4; P= 0.005). GPx activity
in plasma and saliva did not correlated with platelets in patients
with CD, however, a positive correlation was noted in plasma of
the control group.

CRPlevel in the CD group correlated inversely with SOD
activity in plasma (r = – 0.5; P= 0.0007) and with SOD in saliva
(r = 0.37; P= 0.0123). No associations were observed between
CRPand GPx activity in plasma and saliva.
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Crohn’s disease 

Parameter  Active Inactive P value Control group 

Subjects’ number 25    22 NS   25 

Age (years)     32.3 ± 10.1     36.4 ± 15.1 NS 34.2 ± 9.8 

Gender (male/female)      15/10    13/9 NS   13/12 

Duration of disease (years)      5.0 ± 4.1     7.4 ± 5.6 NS   0 

Body mass (kg)     60.6 ± 17.0     73.8 ± 11.9 0.05   69.2 ± 14.6 

Body height (cm) 166.7 ± 9.9 173.6 ± 9.2 NS 170.6 ± 11.2 

Body mass index (kg/m
2
)   21.5 ± 3.8   24.4 ± 3.0 NS 23.6 ± 3.2 

Hemoglobin (g/dl)   11.5 ± 1.9   13.7 ± 1.6 0.01    14.4 ± 1.4
(a)

Hematocrit (%)   36.3 ± 5.1   41.1 ± 3.9 NS     42.3 ± 3.4 
(a)

Red blood cells (×10
6
/µl)      3.9 ± 0.4     4.7 ± 0.3 0.01       4.9 ± 0.5 

(a)

White blood cells (×10
3
/µl)     9.9 ± 5.6     6.9 ± 3.5 NS       5.7 ± 1.1 

(a)

Platelets (×10
3
/µl)     440.4 ± 137.5   269.8 ± 68.8 0.001    256.7 ± 45.3

(b)

CRP (mg/l)     26.3 ± 22.1     4.9 ± 8.8 0.001       1.2 ± 1.2 
(c)

CDAI (points)   262.5 ± 57.7     67.2 ± 40.2 0.001   0 

Localization of lesions  

(number of cases) 

    

Small intestine (L1) 

Large intestine (L2) 

Ileocecal (L3) 

Complications: fistula 

6 (24%) 

3 (12%) 

16 (64%) 

4 (16%) 

4 (18.2%) 

4 (18.2%) 

13 (59.1%) 

5 (22.7%) 

NS 

NS 

NS 

NS 

  0 

  0 

  0 

  0 

The table shows mean values ± standard deviation and statistically significant differences between active and inactive Crohn's disease
groups; statistical significance: (a) controls versus active CD P< 0.05, (b) controls versus active CD P< 0.001, (c) controls versus active
CD P< 0.0001; NS, statistically nonsignificant, CDAI, Crohn's disease activity index.

Table 1.Demographic characteristics and laboratory parameters of the patients with active and inactive Crohn's disease and the
control group.



Statistically significant higher activity of plasma SOD was
observed in CD patients with fistulas in comparison with
patients without fistulas (1.86 ± 0.88 vs. 1.66 ± 0.52 U/ml,
respectively; P= 0.03). According to the presence of fistulas in
CD patients, there were no statistically significant differences in
plasma or saliva GPx activity. No association was also found
between SOD and GPx activities in plasma or saliva and the
intestinal localization of CD.

DISCUSSION

This study demonstrated the lower activity of SOD in
plasma of patients with the active form of CD in comparison to
patients in remission from the disease. The results suggest that in
active CD the antioxidant defence system is diminished and
return to normal value in remission. Assessment of SOD activity
may have both diagnostic and prognostic value, as well.

The main antioxidant enzymes are SOD, GPx and catalase,
however in human plasma there is very little or no catalase
activity (6, 7). Antioxidant defences both within cells and
extracellularly should inhibit the toxic effects of lipid peroxides
and maintain normal physiology. The major role of plasma
antioxidant defence is to bind metal ions and therefore to lower
their plasma levels and capacity to stimulate ROS, and to
prevent the formation of hydroxyl radicals, which can generate
lipid peroxides (7). OxS could be a major factor to the tissue
damage and fibrosis that are characteristic for CD (9, 14). An
imbalance between increased ROS levels and decreased
antioxidant defences was described in CD patients by many
authors (7, 11, 12, 22). Decreased blood and mucosal levels of
antioxidants such as vitamins C, E and β-carotene have been
reported in CD patients (7).

In the active CD SOD activity in plasma was decreased
compared to the inactive CD, but the results of GPx activities in
plasma in both CD groups as well as controls did not reveal any
statistically significant differences. Changes in SOD activity
were not observed in the whole stimulated saliva of CD patients.
We also observed significantly lower SOD, and GPx activity in
the whole stimulated saliva.

The results of SOD activity measured in plasma of patients
with CD have been demonstrated to be diverse (7, 14). In a
recent study, Alzoghaibi et al. have shown significantly lower
plasma antioxidant activity for SOD in CD patients than is the
case controls, and they concluded that these patients are more
susceptible to OxS (11). We compared the activity of SOD in
plasma of patients with active CD with various clinical factors.
The Spearman correlation presented the positive relationship
between SOD and BMI, negative correlation with CDAI

712

Crohn’s disease 

P value Parameter  

I - active  

(n = 25) 

II - inactive 

(n = 22) 

III - control  

(n =25) 

I vs. II I vs. III II vs. III

Superoxide dismutase  

(IU/ml) 

Plasma 

Median  

1.66 ± 0.52 

1.74 

(0.98 – 2.60) 

2.63 ± 1.20 

2.39 

(1.58 – 7.43) 

2.29 ± 0.54 

2.37 

(0.58 – 0.62) 

0.0029 0.0341 0.9956 

Saliva 

Median  

0.51 ± 0.43 

0.47 

(0.02 – 1.71) 

0.62 ± 0.86 

0.31 

(0.06 – 3.17) 

064 ± 0.61 

0.50 

(0.04 – 2.63) 

0.5679 0.7582 0.9851 

Glutathione peroxidase  

(nmol/min/ml) 

Plasma 

Median 

100.09 ± 52.68 

95.51 

(41.26 – 200.19)

105.33 ± 33.32 

93.22 

(54.25 – 203.24) 

100.70 ± 12.70 

100.86 

(70.30 – 119.96) 

0.9914 0.9852 0.9921 

Saliva 

Median 

0.99 ± 0.76 

0.64 

(0.26 – 2.55) 

1.51 ± 1.02 

1.27 

(0.26 – 3.31) 

2.61 ± 2,71 

2.29 

(0.26 – 12.48) 

0.5820 0.1426 0.4275 

The results were expressed with the mean ± standard deviation, median and the range values in parentheses; figures in bold denote
significant correlation at least at P< 0.05.

Table 2.Superoxide dismutase (SOD) and glutathione peroxidase (GPx) activities in the plasma and saliva of patients with active (I)
and inactive (II) Crohn's disease, and in the control group (III).

CD patients  Parameters 

r P value 

Plasma   

SOD 0.0832 0.5784 

GPx  0.2917 0.0465 

Saliva   

SOD  0.0923 0.5465 

Duration of CD 

(years)  

GPx  0.1254 0.4941 

Plasma   

SOD   0.3582 0.0134 

GPx  0.569 0.7043 

Saliva   

SOD 0.0777 0.6168 

BMI 

(kg/m
2
) 

GPx  0.1666 0.2740 

Plasma   

SOD  –0.4584 0.0012 

GPx  –0.0294 0.8446 

Saliva   

SOD  –0.0030 0.9844 

CDAI 

(points) 

GPx  –0.1600 0.2937 

Statistically significant correlations are presented in bold.

Table 3. Spearman correlations coefficients between the
superoxide dismutase (SOD), glutathione peroxidase (GPx)
activities in plasma and saliva and selected clinical features
(duration of Crohn's disease (CD), body mass index (BMI), and
Crohn's disease activity index (CDAI)).



scores, and the number of blood platelets as well as with CRP
levels in serum.

The present study confirmed the significantly lower
activities of SOD in plasma of patients with active CD. This
results are highly dependent on the clinical activity of the disease
and the therapy. This might be the source of the discrepancies in
study results observed by some authors (14). Incorrectly treated
or untreated CD leads to an intensification of the OxS, leading to
exhaustion of the enzymatic activities of the elements of
antioxidant defence as a result of radical damage to proteins,
nucleic acids and free fatty acids. Also, an enzyme located in the
mucous membrane of the intestines, or enterocytes, which are
more susceptible to oxidant damage, can be inactivated to a
larger extent leading to variation in the results of its
determination. Intestinal complications of CD, such as fistula,
abscesses or stenosis formation, might be also related to the
decrease in the enzymatic activity of organ tissue SOD (7).

In our studies SOD activity was decreased only in plasma of
active CD patients, what stays in contrast with findings of
Kolacek et al. who observed decreased SOD activity in
paediatric patients with CD remission (37). However, this is
consistent with the observation that patients in the active CD
have elevated OxS and reduced antioxidant defence parameters,
while for the those in the remission CD these parameters are
comparable with those of healthy controls (38, 39).

Except for the activity of SOD and GPx levels in plasma, we
have not found any significant differences in these parameters of
saliva between patients and the control group. Although saliva is a
promising material for testing many biochemical substances, it is
not specific for the measurement of intracellular enzyme activities.

Results of GPx and SOD activities measured in CD patients
have been demonstrated to be diverse when analysing plasma
samples (14). Plasma GPx activity was higher in CD patients
compared to controls, but the differences were not seen in
patients with inactive CD, without signs of disease symptoms
(21). In another study, no differences of plasma GPx activity
were observed between patients with active or inactive CD and
controls (40, 41). The different results in various publications
indicate that it is important to consider many factors affecting

the results of OxS markers, including the duration of CD, active
or inactive disease, specific medications, the type of the sample,
and the time point when it is collected (14).

The current study has shown that SOD may have diagnostic
and prognostic value. Changes in SOD activity in plasma
confirmed former reports that the antioxidant system is impaired
in active CD (12). SOD activity measurement might have the
clinical potential, and could be used as another prognostic
marker related to the OxS reactions in CD patients. Further
research with a larger sample would increase the statistical
significance of the tests and the value of the research. The
potential positive results from such a study are strongly
suggested by our results.

Finally, saliva as an easy obtainable body fluid, has the
potential diagnostic properties. It could be used to help diagnose
not only oral diseases, but also be applied in the diagnosis of
systemic conditions (42-44). Saliva might be employed as a non-
invasive diagnostic fluid to measure biomarkers released during
the course of a disease (45-47), including indicators of oxidative
processes (48). Therefore, characterization of the specific salivary
biomarkers associated with presence of CD and its severity could
have a major impact on the diagnosis and monitoring of this
disease (49). Jahanshahi et al.analysed the whole saliva of patients
with CD and found that the saliva was oxidatively stressed with
increased values of nitric oxide and lipid peroxide markers as well
as decreased antioxidant power assessed by ferric reducing ability
(50). Rezaie et al.measured oxidative capacity, and several specific
antioxidants in saliva, e.g. uric acid, albumin, transferrin, thiol
molecules as well as lipid peroxidation, nitric oxide and TGF-beta
in patients with active CD (13). They observed significant
reduction in the salivary levels of total antioxidant capacity,
albumin and uric acid (13). Moreover, in their study CDAI
correlated with antioxidant capacity and lipid peroxidation (13).

In this study, we performed a parallel assessment of SOD
and GPx activities in plasma as well as in the whole stimulated
saliva in patients with various activities of CD compared to the
control group, but we were not able to obtain any conclusive
results. The activities of both enzymes were much lower in
saliva in comparison to plasma levels, and on basis of these
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control group.  

Active CD Control group  Parameters 

r value P value r value P value 

Plasma 

SOD –0.1996 0.1786 0.0566 0.7927 

GPx   0.0534 0.7213 0.1803 0.3993 

Saliva 

SOD 0.2310 0.1268 0.2442 0.2394 

WBC 

(×10
3
/µl) 

GPx 0.1058 0.4893 0.0662 0.7512 

Plasma 

SOD –0.4011 0.0052   0.1203 0.5757 

GPx –0.0105 0.9442 –0.4066 0.0487 

Saliva 

SOD   0.0947 0.5361 –0.0017 0.9934 

Platelets 

(×10
3
/µl) 

GPx –0.0617 0.6849 –0.1185 0.5727 

Plasma 

SOD –0.4770 0.0007 –0.0397 0.8541 

GPx   0.0233 0.8764   0.2755 0.1926 

Saliva 

SOD   0.3703 0.0123 0.3278 0.1097 

CRP 

(mg/l) 

GPx –0.0645 0.6738 0.1725 0.4097 

Statistically significant correlations are presented in bold.

Table 4.Spearman correlation coefficients between white blood cells count (WBC), platelets, C-reactive protein (CRP) in blood and
superoxide dismutase (SOD), glutathione peroxidase (GPx) activities in plasma or saliva in patients with active Crohn's disease (CD)
and the control group.



observations we would not recommend the use of saliva to assay
SOD or GPx instead of plasma in patients with CD. However, a
study on a larger group of patients might change our approach;
as well it is possible that the results might be different in a group
of patients presenting oral cavity changes, which are not rarely
seen in CD patients. It should be mention that patients with
changes in the oral cavity were not included in this research.

There are some limitations to the study that should be
mentioned. First, other parameters of the inflammation process,
OxS, antioxidant defence factors were not studied. Second, all
patients with CD were chronically treated with azathioprine, and
patients with lesions located in the large intestine and in the
ileocecal region were treated with mesalamine (5-ASA).
Therefore, we could not exclude the effect of the medication on
the SOD and GPx activities measured in plasma and saliva. 5-
ASA is a potent antioxidant drug, promotes mucosal healing, it
is used in active CD and as the maintenance treatment of the
disease with a large intestine localization, and reduces the risk of
colon cancer which prevalence is increased in IBD patient.
Third, a study with larger groups of patients would increase the
statistical significance of the tests and the value of the research.

In conclusion, in active CD with higher intensification of
OxS, the antioxidant defence system is diminished and returns to
normal values in remission. Results of SOD and GPx assayed in
the saliva of patients with CD are not conclusive, suggesting that
saliva, however easy to obtain, seems to be not an appropriate
material for further similar studies.

List of abbreviations:BMI, body mass index; CD, Crohn's
disease; CDAI, Crohn's disease activity index; CRP, C-reactive
protein; GI, gastrointestinal; GPx, glutathione peroxidase;
NADPH, nicotinamide adenine dinucleotide phosphate; OxS,
oxidative stress; ROS, reactive oxygen species; SOD,
superoxide dismutase
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