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Background. Resolvins originate from ω-3 PUFA (polyunsaturated fatty acid) precursors and play a role in the resolution of
inflammation. The aim of this study was to determine the serum Resolvin E1 levels in patients with ulcerative colitis (UC) and
to evaluate the relationship between the serum Resolvin E1 levels and ulcerative colitis disease activity. Methods. In this
observational study, serum samples were collected from 51 patients with UC and 30 healthy controls for the determination of
Resolvin E1 levels. Firstly, we compared the serum Resolvin E1 levels between the UC patients and the control group.
Subsequently, Resolvin E1 levels were analyzed in patients with active UC and UC in remission. Finally, the correlation between
Resolvin E1 and C-reactive protein (CRP) and partial Mayo score (p-MS) was analyzed to determine the efficacy of Resolvin E1
in predicting disease activity. Results. Serum Resolvin E1 level was determined in the UC group (3126 ± 1413 ng/ml) and in the
control group (2758 ± 1065 ng/ml) (p = 0 187). Serum Resolvin E1 levels were determined in patients with active UC
(3114 ± 1166 ng/ml) and patients in remission (3132 ± 1520 ng/ml) (p = 0 749). In the UC group, a low-grade positive significant
association was found between Resolvin E1 and CRP (r = 0 303, p = 0 031). There was no significant association between
Resolvin E1 and partial Mayo score (r = −0 207, p = 0 146). Conclusions. There was no sufficient evidence that Resolvin E1 was
an appropriate inflammatory marker to determine disease activity in UC.

1. Introduction

Ulcerative colitis (UC) is a chronic idiopathic inflammatory
disease. Although the exact cause is not known, the complex
interaction of genetic, environmental, and immunological
factors is responsible for the pathogenesis of the disease [1].
Although markers such as fecal calprotectin and C-reactive
protein (CRP) have been widely used for the determination
of disease activity in UC, predicting mucosal healing and dis-
ease progression are still being a problem [2]. In studies on
lipid mediators in acute inflammatory response, omega-3
PUFA-derived mediators (E-series resolvins such as Resolvin
E1, D-series resolvins, and protectins) are secreted from
inflammatory exudate, and these chemical mediators have

anti-inflammatory effects by resorption of inflammation
[3–5]. Resolvin E1 targets neutrophils, dendritic cells, macro-
phages, platelets, and adhesion molecules. In animal models,
Resolvin E1 has been shown to have a strong protective effect
against leukocyte-mediated tissue damage and excessive pro-
inflammatory gene expression in the pathogenesis of inflam-
matory diseases. In recent studies, Resolvin E1 was shown to
play a role in the etiopathogenesis of inappropriate inflam-
matory responses including rheumatoid arthritis, multiple
sclerosis, bronchial asthma, retinopathies, periodontal dis-
eases, and inflammatory bowel disease [6–8]. In addition,
Resolvin E1 has been shown to have anti-inflammatory activ-
ity in inflammatory bowel diseases induced by 2,4,6-trinitro-
benzenesulfonic acid (TNBS) [9].
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The aim of this study was to determine serum Resolvin
E1 levels in patients with UC and to evaluate the association
between serum Resolvin E1 levels and UC disease activity.

2. Patients and Methods

2.1. Patient Selection. The study included 51 UC patients and
30 healthy controls over the age of 18 years, followed-up in
the IBD unit of the İzmir Katip Çelebi University Gastroen-
terology Department.

2.2. Study Design. The demographic data of the patients with
UC and healthy controls were recorded. Disease localizations,
behavior types, and treatment modalities were recorded. In
determining the disease activity of UC patients, partial Mayo
scoring was used (p-MS ≤ 1: remission, p-MS ≥ 2: active dis-
ease) [10]. Serum Resolvin E1 levels were compared between
theUCpatients and the control group. Resolvin E1 levels were
analyzed in patients with active UC and UC in remission.
Finally, the correlation between Resolvin E1, C-reactive
protein (CRP), and partial Mayo score (p-MS) was analyzed
to determine the efficacy of Resolvin E1 in the prediction of
disease activity.

2.3. Exclusion Criteria. Patients with active infection and car-
diac, hepatic, or renal insufficiency, patients with colectomy
due to UC, pregnant women and women during lactation,
and patients with concomitant chronic inflammatory disease
were not included in the study.

2.4. Assessment of Serum Resolvin E1 Levels. A total of
8-10ml venous blood was collected from UC and control
patients. Serum was stored in the deep freezer at -20°C in
clean and dry Eppendorf tubes. Hemolyzed and lipemic sam-
ples were not included in the study. The patient serum and
standard solution were pipetted into the wells coated with
Resolvin E1 antibody. The Resolvin E1-HRP conjugate was
added to each well and incubated for one hour at 37°C,
followed by washes with 350 microliters. After addition of
the substrate for the HRP enzyme, the reaction was termi-
nated using H2SO4 after dark incubation. The absorbance
at 450 nm was read in ELISA plate reader, and the concentra-
tion was calculated according to the standard absorbance
curve. The Human Resolvin E1 ELISA kit (MyBioSource,
San Diego, CA, USA, catalog no: MBS744335, lot no:
20150401) was used in BioTek (ELx800, USA) semiauto-
matic ELISA device.

2.5. Statistical Analysis. All programs were performed using
SPSS 17.0 package program. The frequency and percentages
of categorical variables, mean, and standard deviation or
median and minimum-maximum values of continuous var-
iables were calculated as descriptive statistics. The relation-
ship between categorical variables was tested by chi-square
or Fisher’s precision test, and the relationship between con-
tinuous variables was tested by Spearman correlation analy-
sis. The Mann–Whitney U test was used to compare the two
independent sample means, and the Kruskal-Wallis test was
used to compare the means of more than two independent
samples. ROC analysis was performed for all inflammatory

markers. The confidence level of the study was 95% (p < 0 05
was considered statistically significant).

2.6. Ethical Considerations. The Ethics Committee of Katip
Çelebi University, Turkey, approved this study. After the
voluntary consent form was obtained from all patients, the
study was initiated.

3. Results

Fifty-one patients with UC and 31 healthy controls were eval-
uated. The mean age of the patients with UC was 43 ± 16 1,
and the mean age of the control group was 32 4 ± 9
(p = 0 003). Thirty-two (62.7%) of the patients with UC and
11 (36.7%) of the control group were male. There was a sta-
tistically significant difference between the UC and control
groups in terms of age and gender (p = 0 003 and p = 0 023,
respectively). Demographic and clinical features of UC
patients are presented in Table 1.

Serum Resolvin E1 levels were measured in the UC
group (3126 ± 1413 ng/ml) and in the control group
(2758 ± 1065 ng/ml) (p = 0 187) (Figure 1). In the univariate
analysis of the factors that may have an effect on the serum
Resolvin E1 levels in the UC patient group, disease activity,
UC localization, treatment methods, and gender did not
show significant differences when compared to serum Resol-
vin E1 levels (Table 2).

When the relationship between disease activity, serum
Resolvin E1, and CRP levels were examined, serum Resolvin
E1 levels did not differ significantly in the active and remitted
UC patients. CRP levels were significantly higher in active
UC patients (Table 3). In the correlation analysis between
Resolvin E1, p-MS, and CRP value, a low-grade positive sig-
nificant association was found between Resolvin E1 and CRP
(r = 0 303, p = 0 031). There was no significant association
between Resolvin E1 and p-MS (r = −0 207, p = 0 146).
According to the ROC analysis of the inflammatory media-
tors that are evaluated in the study to determine the efficacy
of UC disease activity, CRP was found to be effective, while
Resolvin E1 was not (Figure 2).

4. Conclusion

Recent changes in the treatment and follow-up of IBD
(inflammatory bowel disease) patients have been based on
the better understanding of the mechanisms involved in the
pathogenesis of the disease. The identification of cytokines,
which are the basis of inflammation, has also affected treat-
ment strategies.

As stated in the guidelines of ECCO (European Crohn’s
and Colitis Organization), the aim of treatment in IBD is
not to control the symptoms of the disease but to prevent
the underlying expression [11]. In clinical practice, this con-
dition can be defined as mucosal healing [12, 13]. Endoscopic
procedures provide adequate information for the evaluation
of mucosal healing, but endoscopy is an invasive and expen-
sive procedure. Therefore, it has encouraged researchers to
develop easier and noninvasive methods to determine the
severity of inflammation.
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For this purpose, many biochemical and serological
markers have been studied to determine the severity of
inflammation in IBD [14, 15]. Today, the most commonly
used inflammatory marker for detecting disease activity
and the severity of inflammation in IBD is CRP and fecal
calprotectin [16]. There are studies suggesting that CRP is
highly compatible with the clinical activity of the disease,
severity of endoscopic lesions, and the degree of inflamma-
tion in IBD [17, 18]. However, CRP gene polymorphism
differs between individuals, and also, another factors such

as increased serum levels in all acute phase conditions are
factors that limit the use of CRP in IBD follow-up [2].
There are studies indicating that CRP is not always compat-
ible with disease activity in IBD [19]. In the studies,

Table 1: Clinical and demographic characteristics of UC patients.

Total (n = 51) Active (n = 15) Remission (n = 36)
Disease duration years (median, min-max) 5 1-20 3 1-10 5 1-20

p-MS (median, min-max) 1 0-8 5 3-8 0 0-2

Localization (n, %)

Proctitis 13 25.5 3 20.0 10 27.8

Left colitis 15 29.4 5 33.3 10 27.8

Extensive colitis 23 45.1 7 46.7 16 44.4

Treatment (n, %)

ASA 30 58.8 8 53.3 22 61.1

AZA 1 2.0 0 0.0 1 2.8

Anti-TNF 5 9.8 1 6.7 4 11.1

Steroid 4 7.8 2 13.3 2 5.6

ASA+AZA 9 17.6 3 20.0 6 16.7

AZA+Anti-TNF 1 2.0 1 6.7 0 0.0

ASA+AZA+Anti-TNF 1 2.0 0 0.0 1 2.8

p-MS: partial Mayo score; ASA: aminosalicylic acid; AZA: azathioprine; Anti-TNF: anti-tumor necrosis factor.
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Figure 1: Comparison of serum Resolvin E1 levels of the patients
with ulcerative colitis and control group.

Table 2: The effects of disease characteristics and treatment
methods on serum Resolvin E1 level (ng/ml).

N Mean SD p

Disease activity

Actıve 15 3132 1520
0.749

Remission 36 3114 1166

Localization

Proctitis 13 3069 1738

0.593Left colitis 15 3172 1048

Extensive colitis 23 3129 1479

Treatment

5-ASA 30 3338 1652

NA
AZA 1 1952 —

Anti-TNF 5 2625 774

AZA+Anti-TNF 1 4289 —

Steroid 4 2973 1100

ASA+AZA 9 2839 1008

ASA+AZA+Anti-TNF 1 2504 —

SD: standard deviation; ASA: aminosalicylic acid; AZA: azathioprine; TNF:
tumor necrosis factor.

Table 3: Comparison of serum Resolvin E1 and CRP levels
according to disease activity.

Active Remission
p

Mean SD Mean SD

Resolvin E1 (ng/ml) 3132 1520 3114 1166 0.749

CRP (mg/dl) 2.7 3.7 0.5 0.5 0.002
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Resolvin E1 produced from omega-3 EPA has strong
anti-inflammatory effects both in in vivo and in vitro envi-
ronments, and it has been found to play an important role
in the resolution of inflammation [20–22]. In animal studies
of colitis models, Resolvin E1 has been shown to reduce the
severity of inflammation and to be effective in the regres-
sion of colitis [6, 23]. Resolvin E1 plays an important role
in inhibiting the release of major cytokines in the pathogen-
esis of IBD such as TNF-alpha and IL12 in the development
of anti-inflammatory activity [24, 25]. In addition, results
show that Resolvin E1-induced intestinal alkaline phospha-
tase as an endogenous surface expressed factor is important
in inflammatory resolution in the mucosa [26].

In this study, the serum Resolvin E1 levels were found to
be higher in UC patients compared to the control group, but
this difference was not statistically significant. Serum Resol-
vin E1 levels were not significantly different in active and
remission term in UC patients. This may be explained by
the fact that the number of patients included in the study
was low and the severity of the disease in the active period
was represented by mild or moderated activity. In assessing
the efficacy of Resolvin E1 in predicting disease activity in
UC, Resolvin E1 did not show a positive or strong correlation
with CRP and p-MS. Therefore, Resolvin E1 is not consid-
ered to be a sufficient marker to demonstrate disease activity
in UC. There are some limitations in our study. Total Mayo
score was not used instead of p-MS in determining disease
activity. In addition, the patients in the active period were
not grouped according to the activity severity which is con-
sidered a missing aspect of the study. Furthermore, the
strength of our study could be increased by measuring muco-
sal Resolvin E1 levels in addition to serum Resolvin E1 levels.

In another aspect, the possible effects of potent
anti-inflammatory and immunosuppressive drugs used in
the treatment of UC on Resolvin E1 levels should also
be considered.

When the data from our study were gathered together
with the information in the literature, Resolvin E1 may be
an important marker of UC due to its endogenous lipid
mediator effects and anti-inflammatory properties involved
in the resolution of inflammation. However, the association
of Resolvin E1 with disease activity in IBD is not as strong
as the valuable markers of disease severity and inflammation,
such as CRP or TNF-alpha.

Abbreviations

ASA: Aminosalicylic acid
AZA: Azathioprine
CRP: C-reactive protein
COX2: Cyclooxygenase-2
chemR23: Chemerin receptor 23
DSS: Dextran sulfate sodium
ECCO: European Crohn’s and Colitis Organization
IBD: Inflammatory bowel disease
UC: Ulcerative colitis
PUFA: Polyunsaturated fatty acids
TNF: Tumor necrosis factor
p-MS: Partial Mayo scoring
omega-3 EPA: Omega-3 eicosapentaenoic acid
TNBS: Trinitrobenzenesulfonic acid
IL-12: Interleukin 12.

Data Availability

The data (demographic features, laboratory findings, colo-
noscopic findings, Resolvin E1 results, and treatment
modalities) used to support the findings of this study are
available from the corresponding author (Süleyman Günay)
upon request.

Conflicts of Interest

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] D. Desai, W. A. Faubion, and W. J. Sandborn, “Review article:
biological activity markers in inflammatory bowel disease,”
Alimentary Pharmacology & Therapeutics, vol. 25, no. 3,
pp. 247–255, 2007.

[2] S. Vermeire, G. Van Assche, and P. Rutgeerts, “Laboratory
markers in IBD: useful,magic, or unnecessary toys?,” Gut,
vol. 55, no. 3, pp. 426–431, 2006.

[3] C. N. Serhan, C. B. Clish, J. Brannon, S. P. Colgan, N. Chiang,
and K. Gronert, “Novel functional sets of lipid-derived media-
tors with antiinflammatory actions generated from omega-3
fatty acids via cyclooxygenase 2–nonsteroidal antiinflamma-
tory drugs and transcellular processing,” The Journal of Exper-
imental Medicine, vol. 192, no. 8, pp. 1197–1204, 2000.

ROC curve

p = 0.749

Resolvin E1
CRP

1 - specificity

Se
ns

iti
vi

ty

0.0
0.0

0.2

0.4

0.6

0.8

1.0

0.2 0.4 0.6 0.8 1.0

Figure 2: Efficiency of Resolvin E1 and CRP levels for the
assessment of disease activity.

4 Gastroenterology Research and Practice



[4] C. N. Serhan, S. Hong, K. Gronert et al., “Resolvins: a family of
bioactive products of omega-3 fatty acid transformation cir-
cuits initiated by aspirin treatment that counter proinflamma-
tion signals,” The Journal of Experimental Medicine, vol. 196,
no. 8, pp. 1025–1037, 2002.

[5] S. Hong, K. Gronert, P. R. Devchand, R. L. Moussignac, and
C. N. Serhan, “Novel docosatrienes and 17S-resolvins gener-
ated from docosahexaenoic acid in murine brain, human
blood, and glial cells. Autacoids in anti-inflammation,” The
Journal of Biological Chemistry, vol. 278, no. 17, pp. 14677–
14687, 2003.

[6] H. Seki, Y. Tani, and M. Arita, “Omega-3 PUFA derived
anti-inflammatory lipid mediator resolvin E1,” Prostaglandins
& Other Lipid Mediators, vol. 89, no. 3-4, pp. 126–130, 2009.

[7] P. R. Souza and L. V. Norling, “Implications for eicosapentae-
noic acid- and docosahexaenoic acid-derived resolvins as ther-
apeutics for arthritis,” European Journal of Pharmacology,
vol. 785, pp. 165–173, 2016.

[8] U. N. Das, “Is multiple sclerosis a proresolution deficiency
disorder?,” Nutrition, vol. 28, no. 10, pp. 951–958, 2012.

[9] M. Arita, M. Yoshida, S. Hong et al., “Resolvin E1, an
endogenous lipid mediator derived from omega-3 eicosa-
pentaenoic acid, protects against 2,4,6-trinitrobenzene sul-
fonic acid-induced colitis,” Proceedings of the National
Academy of Sciences, vol. 102, no. 21, pp. 7671–7676, 2005.

[10] J. D. Lewis, S. Chuai, L. Nessel, G. R. Lichtenstein, F. N. Aberra,
and J. H. Ellenberg, “Use of the noninvasive components of the
Mayo score to assess clinical response in ulcerative colitis,”
Inflammatory Bowel Diseases, vol. 14, no. 12, pp. 1660–1666,
2008.

[11] F. Magro, P. Gionchetti, R. Eliakim et al., “Third European
evidence-based consensus on diagnosis and management of
ulcerative colitis. Part 1: definitions, diagnosis, extra-
intestinal manifestations, pregnancy, cancer surveillance, sur-
gery, and ileo-anal pouch disorders,” Journal of Crohn's &
Colitis, vol. 11, no. 6, pp. 649–670, 2017.

[12] G. Assche, S. Vermeire, and P. Rutgeerts, “Mucosal healing
and anti TNFs in IBD,” Current Drug Targets, vol. 11, no. 2,
pp. 227–233, 2010.

[13] M. V. Lin, W. Blonski, and G. R. Lichtenstein, “What is the
optimal therapy for Crohn’s disease: step-up or top-down?,”
Expert Review of Gastroenterology & Hepatology, vol. 4, no. 2,
pp. 167–180, 2014.

[14] C. Andre, L. Descos, P. Landais, and J. Fermanian, “Assess-
ment of appropriate laboratory measurements to supplement
the Crohn’s disease activity index,” Gut, vol. 22, no. 7,
pp. 571–574, 1981.

[15] T. Saiki, K. Mitsuyama, A. Toyonaga, H. Ishida, and
K. Tanikawa, “Detection of pro and anti-inflammatory cyto-
kines in stools of patients with inflammatory bowel disease,”
Scandinavian Journal of Gastroenterology, vol. 33, no. 6,
pp. 616–622, 1998.

[16] T. Rokkas, P. Portincasa, and I. E. Koutroubakis, “Fecal calpro-
tectin in assessing inflammatory bowel disease endoscopic
activity: a diagnostic accuracy meta-analysis,” Journal of Gas-
trointestinal and Liver Diseases, vol. 27, no. 3, pp. 299–306,
2018.

[17] S. Vermeire, G. Van Assche, and P. Rutgeerts, “C-reactive pro-
tein as a marker for inflammatory bowel disease,” Inflamma-
tory Bowel Diseases, vol. 10, no. 5, pp. 661–665, 2004.

[18] C. A. Solem, E. V. Loftus Jr, W. J. Tremaine, W. S. Harmsen,
A. R. Zinsmeister, and W. J. Sandborn, “Correlation of
C-reactive protein with clinical, endoscopic, histologic, and
radiographic activity in inflammatory bowel disease,” Inflam-
matory Bowel Diseases, vol. 11, no. 8, pp. 707–712, 2005.

[19] T. H. J. Florin, E. W. J. Paterson, E. V. Fowler, and G. L.
Radford-Smith, “Clinically active Crohn’s disease in the
presence of a low C-reactive protein,” Scandinavian Journal
of Gastroenterology, vol. 41, no. 3, pp. 306–311, 2009.

[20] A. Molfino, M. I. Amabile, M. Monti, and M. Muscaritoli,
“Omega-3 polyunsaturated fatty acids in critical illness: anti-
inflammatory, proresolving, or both?,” Oxidative Medicine
and Cellular Longevity, vol. 2017, 6 pages, 2017.

[21] Y. Lee, J. Choo, S. J. Kim et al., “Analysis of endogenous lipids
during intestinal wound healing,” PLoS One, vol. 12, no. 8,
article e0183028, 2017.

[22] C. H. Lee, “Resolvins as new fascinating drug candidates
for inflammatory diseases,” Archives of Pharmacal Research,
vol. 35, no. 1, pp. 3–7, 2012.

[23] T. Ishida, M. Yoshida, M. Arita et al., “Resolvin E1, an endog-
enous lipid mediator derived from eicosapentaenoic acid, pre-
vents dextran sulfate sodium induced colitis,” Inflammatory
Bowel Diseases, vol. 16, no. 1, pp. 87–95, 2010.

[24] K. H. Weylandt, J. X. Kang, B. Wiedenmann, and D. C.
Baumgart, “Lipoxins and resolvins in inflammatory bowel
disease,” Inflammatory Bowel Diseases, vol. 13, no. 6,
pp. 797–799, 2007.

[25] R. C. Schwanke, R. Marcon, A. F. Bento, and J. B. Calixto,
“EPA- and DHA-derived resolvins’ actions in inflammatory
bowel disease,” European Journal of Pharmacology, vol. 785,
pp. 156–164, 2016.

[26] E. L. Campbell, C. F. MacManus, D. J. Kominsky et al.,
“Resolvin E1-induced intestinal alkaline phosphatase pro-
motes resolution of inflammation through LPS detoxification,”
Proceedings of the National Academy of Sciences, vol. 107,
no. 32, pp. 14298–14303, 2010.

5Gastroenterology Research and Practice



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

