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NON SELECTIVE CYCLO-OXYGENASE 2
INHIBITORS IN EXPERIMENTAL COLITIS
EXACERBATION:

role of leukotriene B4 and superoxide dismutase
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ABSTRACT - Context - Nonsteroidal anti-inflammatory drugs are considered one of the most important causes of reactivation of in-
flammatory bowel disease. With regard to selective cyclo-oxygenase 2 inhibitors, the results are controversial in experimental colitis
as well as in human studies. Objective - The aim this study is to compare nonsteroidal anti-inflammatory drugs effects, selective and
non selective cyclo-oxygenase 2 inhibitors, in experimental colitis and contribute to the understanding of the mechanisms which
nonsteroidal anti-inflammatory drugs provoke colitis exacerbation. Methods - Six groups of rats: without colitis, with colitis, and
colitis treated with celecoxib, ketoprofen, indometacin or diclofenac. Survival rates, hemoglobin, plasmatic albumin, colonic tissue of
interleukin-1B, interleukin-6, tumor necrosis factor alpha, prostaglandin E2, catalase, superoxide dismutase, thiobarbituric acid-reac-
tive substances, chemiluminescence induced by tert-butil hydroperoxides, and tissue and plasmatic leukotriene B4 were determined.
Results - The groups treated with diclofenac or indometacin presented lower survival rates, hemoglobin and albumin, higher tissue and
plasmatic leukotriene B4 and tissue superoxide dismutase than the group treated with celecoxib. Ketoprofen presented an intermediary
behavior between diclofenac/indometacin and celecoxib, concerning to survival rate and albumin. The groups without colitis, with
colitis and with colitis treated with celecoxib showed leukotriene B4 and superoxide dismutase lower levels than the groups treated
with nonselective cyclo-oxygenase 2 inhibitors. Conclusions - Diclofenac and indometacin presented the highest degree of induced
colitis exacerbation with nonsteroidal anti-inflammatory drugs, celecoxib did not show colitis exacerbation, and ketoprofen presented
an intermediary behavior between diclofenac/indometacin and celecoxib. These results suggest that leukotriene B4 and superoxide
dismutase can be involved in the exacerbation of experimental colitis by nonselective nonsteroidal anti-inflammatory drugs.

HEADINGS - Colitis. Non-steroidal anti-inflammatory agents. Eicosanoids. Oxidative stress.

INTRODUCTION accompanied or not by a compensatory increase in
leukotriene B4, play a fundamental role!®. An issue

Inflammatory bowel disease (IBD) is character- that must be considered is the intensity of inhibition
ized by periods of remission and reactivation, and  on ciclooxygenase 1 (COX-1) and ciclooxygenase 2
ingestion of nonsteroidal anti-inflammatory drugs (COX-2), which greatly varies in accordance with
(NSAIDs) is considered one of the most important NSAIDs type and dose. There are NSAIDs with

causes of reactivation. Extra-intestinal inflamma-  low selectivity for COX-2, which practically inhibit

tory features, as peripheral arthritis, are common
and NSAID prescription may occurs even as self
medication® 29,

Although the exact pathophysiology of exacerba-
tion of colitis by non-steroidal anti-inflammatory
drugs remains unresolved, it is likely that eicosanoids,
through a colonic Prostaglandin E2 suppression
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COX-1 and COX-2 in the same proportion, whereas
other NSAIDs, can have a 50 fold higher selectivity
for COX-2 when compared to inhibition of COX-
16759 Therefore, NSAIDs behavior may have distin-
guished consequences in arachdonic acid metabolism
with distinct eicosanoids production, mainly in Pros-
taglandin E2 (PGE2) and leukotriene B4 (LTB4),
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and thus each NSAID can interfere in a particular way in
IBD reactivation.

Whereas the literature about IBD reactivation with
classical NSAIDs, like indometacin and diclofenac is
extensive!!® 39 case reports with ketoprofen are scarce®?.
With regard to plasmatic selective inhibitors, the results are
controversial in experimental colitis as well as in human
studies. Some studies have verified that induced colitis in rats
treated with a highly selective COX-2 inhibitor (1.745.337)49
or celecoxib®: ¥ provoked PGE2 reduction, inflammatory
colonic exacerbation and low survival rates. Those authors
concluded that prostaglandins derived from COX-2 could
have a defense role in colon protection. Matuk et al.®¥ also
verified that a selective COX-2 inhibitor was highly associated
with IBD reactivation in humans, and that drug discontinu-
ation resulted in asymptomatic patients in 38%. Neverthe-
less, Cuzzocrea et al.?) verified a reduction in colitis severity,
shown by survival rate, colonic injury, and tumor necrosis
factor-o. (TNFa) and Interleukin-1 (IL-1) production in rats
with trinitrobenzene sulfonic acid (TNBS) induced colitis and
treated with celecoxib. Also in humans, Mahadevan et al.G!,
Takeuchi et al.®» and Meidany et al.!? have not associated
celecoxib, rofecoxib, nimesulide and etoricoxib utilization to
the inflammatory response exacerbation in patients with IBD.

On the other hand, it has also been proposed that in-
flammatory bowel disease (IBD) results from an imbalance
between pro-oxidant and antioxidant mechanisms®: 1349,
Oxidative stress can result from excess production of reactive
oxygen and nitrogen species (RONS) by inappropriate acti-
vation of phagocytic cells. Excessive liberation of RONS by
polymorphonuclear cells is considered the main mechanism
for colonic lesion in ulcerative colitis (UC), where accentu-
ated lipid peroxidation occurs®®. It has also been suggested
that imbalanced and inefficient endogenous antioxidant
response, especially attributed to SOD dual role acting as
superoxide anion scavenger and an H,O, producer, may
contribute to both the pathogenesis and the perpetuation
of the inflammatory processes®”. Therefore, the aim of the
present study is to assess celecoxib, ketoprofen, and other
NSAIDs effects in experimental colitis, verify which NSAIDs
exacerbate the disease and contribute to the understanding
of the mechanisms responsible for colitis reactivation.

METHODS

Animal and induction of colitis

Adult male Wistar rats weighing 229120 g were purchased
from the Animal House of the Biological Sciences Center
at the University of Londrina. They were housed five per
cage, deprived of food for 24 hr, and colitis was induced
following the procedure described by Morris et al.®”?. Rats
were anesthetized with both xilazine (10 mg/Kg, im) and
ketamine (50 mg/Kg, im); polyurethane catheter (2 mm of
diameter) was inserted intrarectally into the colon such that
the tip was located 8 cm proximal to the anus. One milliliter
of TNBS (Sigma, St. Louis,Missouri-USA) in 40% ethanol
(v/v) was instilled into the lumen of the colon through the
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rubber catheter at a dose of 80 mg/kg body weight. The
instillation procedure required 60 seconds and treated rats
were kept in the Trendelenburg position to facilitate internal
access of the TNBS solution. All experimental protocols
described in this report were approved by the Animal Care
Committee of the University of Londrina in accordance with
the Law 11.794/2008 of October 8, 2008 and the rules of the
Brazilian Society of Laboratory Animal Science — SBCAL/
Council on the Control of Animal Experiments— CONCEA.
The method of euthanasia was by exsanguination by cardiac
puncture after general anesthesia with both xilazine (10 mg/
kg, im) and ketamine (50 mg/kg, im).

Animal groups and treatment

Two separated experiments were performed: the first for
studying oxidative stress, and the second for determination of
interleukins and eicosanoids. In each experiment the rats were
randomly divided into six groups: control group was consti-
tuted by animals without colitis; colitis group was constituted
by animals with colitis, colitis+celecoxib group was constituted
by animals with colitis and treated orally with celecoxib (15
mg/kg), colitis+ketoprofen group was constituted by animals
with colitis and treated orally with ketoprofen (10 mg/kg),
colitis+indometacin group was constituted by animals with
colitis and treated orally with indometacin (5 mg/kg), and
colitis+diclofenac group was constituted by animals with
colitis and treated orally with diclofenac (10 mg/kg). All non-
steroidal anti-nflammatory drugs (NSAIDs) were suspended in
a vehicle of 0.5% of carboxymethylcellulose. Treatment with
different NSAIDs began 3h before induction of colitis and
continued every 12h thereafter for up to 5d. The doses were
selected because it has been shown to exert significant anti-
inflammatory effects in rats(® %4635 The others groups were
treated orally with 0.5% carboxymethylcellose with the same
periodicity. All samples of colon and blood were obtained on
the 6th day after the induction of colitis.

Evaluation of colon damage and sample preparation

On the 6 day after the induction of colitis the rats were
anesthetized and the colon was rapidly excised, approxi-
mately 10 cm proximal to the anus, slit longitudinally and
gently rinsed with 10 mM, pH 7.4, sodium phosphate buffer
(SPB). Then, the segment was placed on a flat glass plate
with the mucosal surface up. The degree of damage was
scored macroscopically based on the presence of adhesions,
strictures, ulcers, and wall thickness by an observer blinded
to the treatment the rats had received®®. Soon after, in or-
der to study the oxidative stress, the mucosa was scraped
off with a microscope slide onto a cold Petri dish and all
mucosa specimens were frozen in liquid nitrogen. Samples
were homogenized in SPB (5 mL) using a mechanical Potter-
Elvejhem. The total homogenate obtained was used for thio-
barbituric acid reactive substances (TBARS) and tert butyl
hydroperoxide-initiated chemiluminescence (CL-LOOH)
measurement. The supernatant of the total homogenate of
colonic mucosa was obtained by centrifugation of the total
homogenate for 10 min at 4°C and 3,000 g. In the second
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experiment to determine interleukins and eicosanoids, colon
was removed (approximately 10 cm), slit longitudinally and
gently rinsed with SPB. Immediately, samples were processed
by the Potter-Elvejhem with 2,5 mL of SPB and were cen-
trifuged for 10 min at 4°C and 3,000 g and the supernatants
were quickly immersed in dry ice and kept in freezer at -70°C.

Histological analysis

Samples of colon were isolated and immersed in 4% para-
formaldehyde in phosphate-buffered solution, dehydrated in
ethanol, and embedded in parafilm. Sections of 4 um were
stained with hematoxylin and eosin, and investigated by
light microscopy for the presence of inflammatory changes.
Inflammation was classified as mild, moderate or severe by
pre established criterion that considered neutrophils and
macrophages infiltration in tissue.

Blood sampling

The blood was obtained by cardiac punction and col-
lected in tubes containing ethylene-diamine-tetraacetic acid
(EDTA) for hemoglobin determination or tubes without
anticoagulant for other determinations, kept on melting ice
during transfer and immediately processed to obtain serum.

Laboratorial parameters

The following laboratorial parameters were determined:
haemoglobin was determined by automated counter (Pentra
120 Retic, ABX) and albumin, alkaline phosphatase (AP) and
y -glutamyl transferase (y-GT) were measured with automatic
chemistry analyzer (Dimension AR, Dade-Behring). The re-
sults of these enzymes were expressed in U/100 mg of protein.

Myeloperoxidase

Myeloperoxidase (MPO) activity in colonic mucosa was
determined using a modified method by Nieto et al.“?, One
unit of activity was defined as the amount of enzyme present
that produces a change in absorbance per minute of 1.0 at
37°C in the final reaction volume containing the sodium
acetate. The results were expressed in units per 100 mg of
protein (U/100 mg of protein).

Oxidative stress analysis

Analysis of tert butyl hydroperoxide-initiated-chemilu-
minescence in total homogenate of mucosa

The CL-LOOH in total homogenate of mucosa was
evaluated as described previously by Gonzalez-Flecha et
al.0?. For chemiluminescence measurement, reaction mix-
tures were placed in 20 mL scintillation vials (low-potassium
glass) containing final concentrations of: serum or homoge-
nate (250 pL), 30 mM KH2PO4/K2HPO4 buffer (pH 7.5),
and 120 mM KCI with 3 mM of tert butyl hydroperoxide in
a final volume of 2 mL. Tert butyl hydroperoxide—initiated
chemiluminescence was measured in a Beckman LS 6000 lig-
uid scintillation counter set to the out-of-coincidence mode,
with a response range from 300 to 620 nm. The vials were
kept in the dark up to the moment of assay, and determina-
tion was carried out in a dark room at 30°C. The results are

228

Arq Gastroenterol

expressed in counts per minute (cpm) or cpm for 100 mg of
protein (cpm/100 mg of protein).

Thiobarbituric acid-reactive substances in total
homogenate of mucosa

The TBARS were measured by method as described by
Jentzsch et al.??, using a high concentration of butylated
hydroxytoluene before heating and differential readings at
535 and 572 nm, which substantially improved its specificity.
The results were expressed in pmol MDA/100 mg of protein.

Activities of antioxidant enzymes SOD and CAT in
the colonic mucosa

The SOD activity was determined by the method pro-
posed by Marklund and Marklund®? that is based on the
enzyme capacity to inhibit autoxidation of pyrogalloll. The
reaction was performed at 37°C and followed at 420 nm, and
the results were expressed in units/100 mg of protein (U/100
mg of protein).

The CAT activity was measured spectrophometrically
at 240 nm, by decomposition of H,O, at 250C™". The de-
composition of H,O, is proportional to the concentrations
of enzyme and substrate, and the results were expressed as
the difference in absorbance per 100 mg of protein/minutes
(DABS/100 mg of protein/min).

Cytokines and eicosanoids analysis in the colonic
mucosa or serum

Interleukin-1 B (IL-1 B), interleukin-6 (IL-6), tumor ne-
crosis factor-o (TNFa), leukotriene B4 (LTB4) and Prosta-
glandin E2 (PGE2) concentration were measured by specific
enzyme-linked immunosorbent assay (ELISA) according to
the manufacturer’'s recommendation (R&D System, Inc.
Minneapolis,USA). The antibodies used for these cytokines
and eicosanoids evaluations were: PGE2 - Capture antibody:
goat anti-mouse polycronal antibody, detection antibody: an-
tibody mouse monoclonal antibody to PGE2; IL-6 - Capture
antibody: mouse anti-rat IL-6 monoclonal antibody, detection
antibody: goat polycronal anti-rat to IL-6; IL-18 - Capture
Antibody: goat anti-rat IL-18 polycronal antibody, detection
antibody: goat polycronal anti-rat IL-18; LTB4 - Capture
antibody: rabbit anti-chicken polyclonal antibody, detection
antibody: chicken polycronal antibody to LTB4 and TNFa
- Capture Antibody: mouse anti-rat TNFo monoclonal an-
tibody, detection antibody: goat polycronal anti-rat TNFa..

The results were expressed in pg/mL or pg per 100 mg
of protein (pg/100 mg of protein) when determined in the
serum or colonic mucosa, respectively.

Statistical analysis

All data are expressed as mean £ SD. The results were
analyzed by one-way analysis of variance followed by a
Tukey-Kramer post hoc test for multiple comparisons for
parametric values and Dunn'’s test for nonparametric values.
Survival rates and histological score among groups were
compared using the Fisher’s exact test. Differences were
considered to be significant when P<0.05.
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RESULTS

Survival rate and macroscopic scoring of colonic damage

The groups with colitis treated with diclofenac (31%) and
indometacin (44%) presented the lowest rate of survival at the
end of the experiment (P<0.05 in relation to all other groups).
The survival rate was 88% in the colitis group treated with
ketoprofen, whereas the groups without colitis, with colitis,
and colitis treated with celecoxib had no mortality (Figure 1).
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FIGURE 1. Survival rates (%) after 6 days in rats with colitis and treated
with different nonsteroidal anti-inflammatory drugs. n310 for each group
of rats. Survival rates were significantly lower in the colitis groups trea-
ted with indometacin or diclofenac when compared to the other groups
(P<0.05, Fisher's exact test).

Macroscopic analysis of colonic damage showed a sta-
tistically significant difference in the group without colitis in
relation to the colitis groups (P<0.05). The group with colitis
treated with indometacin and diclofenac showed a higher
macroscopic score (P<0.05) than the group colitis (Table 1).

Histological analysis

The histology of the colon was severely affected in
animal with colitis. The colitis was characterized by a mas-
sive immune cell infiltration, ulceration, and necrosis. The
inflammatory response was mainly formed by neutrophils
and macrophages, whereas limphocytes and plasmocytes
were rarely observed. The presence of severe inflammation
in the colonic mucosa was accompanied by an inflamma-
tory reaction in the peritoneum. The control group showed
no inflammation. In relation to the group without colitis,
the groups with colitis, and colitis treated with celecoxib or
ketoprofen presented mild inflammation (P<0.05), whereas
the groups with colitis treated with indometacin or diclofenac
had severe inflammation (P<0.05) in relation to the two later
groups (data not shown).

Enzymatic markers of colonic damage

AP and MPO activities in the colonic tissue showed sta-
tistically significant differences in the colitis groups compared
with the control group (P<0.05). y-GT activity was the only
enzymatic marker that discriminated significantly the group
with colitis treated with celecoxib which showed lower sig-
nificant values (P<0.05) when compared to the colitis groups
treated with indometacin or diclofenac (Table 1).

Blood markers of inflammatory activity (hemoglobin
and albumin)

All groups with colitis showed a significant reduction in
plasma albumin in relation to the control group (P<0.001).
There were statistically significant differences (P<0.05) in
plasma albumin in the groups with colitis treated with indo-
metacin or diclofenac in relation to the groups with colitis
and colitis treated with celecoxib or ketoprofen (Table 1).

In relation to the control group, the colitis group, and the
colitis group treated with celecoxib, there was a significant
decrease (P<0.05) in hemoglobin in the groups with colitis
treated with ketoprofen, indometacin or diclofenac. The

TABLE 1. Markers of colonic damage and blood markers of inflammatory activity in rats with colitis and treated with different nonsteroidal anti-in-

flammatory drugs

GROUPS

Parameters Control Colitis Colitis + Colitis + Colitis + i (;olitis +

Celecoxib Ketoprofen Indometacin Diclofenac
gzifgfgc"?ic 2808, 8.:14 12.423.1 12.1:1.9 14.422.3 16.5:3.4
35)1oomg orotein 130:2¢ 4500 = 104.6 3429+ 1487 42751973 3422:1324 3711746
%ﬁ}gomg protein i’fcfdfé}k 62.0 = 20.9 38'6(;630'4 643+ 19.1 91.3 = 345 79.2 = 18.1
gﬁ(&)mg protein Hgif@d?;ezf 611.1+2492  530.5+162.0  440.5 +170.8  513.8+260.2  562.0 = 219.9
(A;E)lil‘miﬂ 1.a5§3b§;_r§((i)§el§1 1.1C9§(;_r§§.13 1.i2*2§(;17 0.8961*0.13 072 +0.11 0.68 + 0.08
gférﬁoglobin 16§d§686 16.C8§d§e§.1 15C'*6*d§e(§)'8 13.7d$ 1.4 119+ 1.0 134 +13

All values are mean + SD. AP: alkaline phosphatase; g-GT: g-glutamyl transferase; MPO: myeloperoxidase. The analyses were performed in the sixth day after colitis induced by TNBS and

treatment with NSAIDs. N=10 for each group of rats. a: in comparison to colitis group; b: in comparison to colitis +celecoxib group; c: in comparison to colitis + ketoprofen group; d: in com-

parison to colitis + indometacin group, and e: in comparison to colitis + diclofenac group. "P<0.001 by Dunn’s test; "P<0.01 by Dunn’s test; *P<0.05 by Dunn’s test; P <0.001 by Tukey-Kramer

test ; "P<0.01 by Tukey-Kramer test; 'P<0.05 by Tukey-Kramer test.
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lowest hemoglobin concentration was observed in the in-
dometacin group which also showed a significant reduction
(P<0.05) in relation to the ketoprofen group (Table 1).

Pro-oxidant and antioxidant markers of oxidative stress

With respect to tissue pro-oxidant markers, CL-LOOH
and TBARS measurements showed an increase (P<0.05) in
the colitis group and in all colitis groups treated with NSAIDs
in relation to the control group (Table 2).

SOD enzymatic antioxidant activity was significantly
higher (P<0.05) in the colitis groups treated with ketopro-
fen, indometacin, and diclofenal than the control group
and the colitis group (Table 2, Figure 2), whereas there was
no statistically significant difference in CAT activity in the
groups (Table 2).

Cytokines and eicosanoids concentration in the
colonic mucosa

All colitis groups presented higher (P<0.05) tissue IL-13
concentration when compared to the control group, whereas
tissue IL-6 and TNFa concentration showed higher values
in all colitis groups treated with NSAIDs than in the control
group (Table 3).
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FIGURE 2. Superoxide dismutase (SOD) activity in the colonic mucosa in
rats with colitis and treated with different nonsteroidal anti-inflammatory
drugs. (Box-and-Whiske Plots). Evaluation was performed in the 6 day
after colitis induction and beginning the treatment with NSAIDs. n = 10
for each group of rats. a: in comparison to colitis group; b: in comparison
to colitis +celecoxib group; c: in comparison to colitis + cetoprofen group;
d: in comparison to colitis + indometacin group, and e: in comparison to
colitis + diclofenac group. "P<0.001; "P<0.01; *P<0.05 by Dunn’s test.

TABLE 2. Pro-oxidants and antioxidants markers in colonic mucosa in rats with colitis and treated with different nonsteroidal anti-inflammatory drugs

GROUPS

BTN Control Colii Colitis + Colitis + Colitis + Colitis +

ontro outs Celecoxib Ketoprofen  Indometacin  Diclofenac
CL-LOOH 41+1.6
cpm x 1000/100 mg protein a'bictd'e’ 23.6 + 6.9 222 +13.1 20.3 + 7.1 28.6 +11.4 26.3 £9.3
TBARS 7.11 + 1.30
10~ mmol MDA /100 mg protein atbic'diet 11.94 + 1.84 14.73 + 4.08 14.76 + 3.81 14.93 + 4.89 13.5 +3.55
SOD 7.2 5.0 11.0 £ 29 18.0 = 6.9
U/100mg protein cdtet et 32.4 + 10.6 38.3 +12.8 30.2 = 13.7
CAT

DABS/100 mg protein/min

0.255 = 0.079 0.184 + 0.062 0.256 = 0.085 0.231 = 0.052 0.241 = 0.069 0.222 = 0.049

All values are mean = SD. CL-LOOH: 7er# butyl hydroperoxide-initiated-chemiluminescence; TBARS: thiobarbituric acid-reactive substances; SOD: superoxid dismutase; CAT: catalase. The analyses
were performed in the sixth day after colitis induced by TNBS and treatment with NSAIDs. N=10 for each group of rats. a: in comparison to colitis group; b: in comparison to colitis +celecoxib

group; ¢: in comparison to colitis + Ketoprofen group; d: in comparison to colitis + indometacin group, and e: in comparison to colitis + diclofenac group. “P<0.001; 7P<0.01; *P<0.05 by Dunn’s test.

TABLE 3. Cytokines concentration in rats with colitis and treated with different nonsteroidal anti-inflammatory drugs

GROUPS
Parameters Samples Units Control Colitis Colitis + Colitis + Colitis + Colitis +
Celecoxib Ketoprofen Indometacin  Diclofenac
LTB4 Serum pg/mL 761+390 849+567 1642+621 2930£935 3052+862 3324+862
c"d’e” cd'e” cfdfe”
Tissue pg/100 mg 352£229 695+201 776+350 954+418 969+251 958+433
protein cidef
PGE2 Tissue pg/100 mg  10328x1355  9247=1036 63181049  3183:1108 3946+855 5608+952
protein b*c"d"e" b*c’d"e" c'd” e’ e
IL-1b Tissue pg/100 mg 44.7+54.7 264.9£27.0  256.5+51.1  254.1:58.9  234.9:70.2  296.1x+70.8
protein a’b’c’de”
IL-6 Tissue pg/mL 27.4+21.8 44.2+8.3 57.5+£16.0 56.8+13.7 54.2+16.7 58.6+15.4
bcid’e"
TNFa Tissue pg/mL 25.6+14.4 37.9+5.9 55.0+15.3 48.4+11.9 49.5+16.0 54.8+15.4
bc’d’e"

All values are mean = SD. IL-1f: interleukin 1 Beta; IL-6: interleukin 6, and TNFa.: tumor necrosis factor alpha. The analyses were performed in the sixth day after colitis induced by TNBS

and treatment with NSAIDs. N=10 for each group of rats. a: in comparison to colitis group; b: in comparison to colitis +celecoxib group; c: in comparison to colitis + Ketoprofen group; d: in

comparison to colitis + indometacin group, and e: in comparison to colitis + diclofenac group. "P<0.001; "P<0.05; *P<0.05 by Tukey-Kramer test
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With regard to tissue PGE2 concentration, there was a
significantly reduction (P<0.001) in the colitis groups treated
with NSAIDS in relation to the control group and the colitis
group. Besides, colitis groups treated with ketoprofen or in-
dometacin showed a lower significant concentration (P<0.05)
when compared to colitis group treated with celecoxib or
diclofenac (Table 3, Figure 3). LTB4 tissue and plasmatic
concentration showed higher values (P<0.05) in colitis
groups treated with ketoprofen, indometacin or diclofenac
than in the control group. In the meantime, colitis group and
colitis treated with celecoxib showed significant lower LTB4
plasmatic concentration than colitis groups treated with
nonselective COX-2 inhibitors (Table 3, Figure 4).
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FIGURE 3. Protaglandin E2 (PGE2) concentration in the colonic mucosa
obtained in rats with colitis and treated with different nonsteroidal anti-
inflammatory drugs (Box-and-Whiske Plots). Evaluation was performed
in the 6 day after colitis induction and beginning the treatment with
NSAIDs. n = 10 for each group of rats. a: in comparison to colitis group;
b: in comparison to colitis +celecoxib group; ¢: in comparison to colitis
+ cetoprofen group; d: in comparison to colitis + indometacin group,
and e: in comparison to colitis + diclofenac group. "P<0.001; "P<0.05
by Tukey-Kramer test.

DISCUSSION

Exacerbation of inflammatory response in ulcerative co-
litis by nonsteroidal anti-inflammatory drugs in general, and
specifically by indometacin and diclofenac, has been verified
by several authors in case reports® ) or in experimental co-
litis“659_ In the current study, the exacerbation in the above
mentioned NSAIDs was shown by decreased hemoglobin and
plasma albumin concentration, macroscopic and histological
higher colonic damage, and a high mortality incidence. These
data are in agreement with very similar studies by Wallace
et al.®» and Reuter et al.“9, In the meantime, ketoprofen
presented a lower inflammatory activity than indometacin
and diclofenac measured by the aforementioned parameters,
and a high survival rate (88%), whereas celecoxib showed
the lowest inflammatory exacerbation between the different
NSAIDs with 100% of survival rate.

The reduction in hemoglobin concentration verified in
the colitis groups treated with ketoprofen, indometacin, and
diclofenac is likely due to intestinal losses through ulcera-
tions. However, another possibility could be related to the
inhibition of platelet aggregation, which depends on platelet
capacity to yield tromboxane A2; as platelets do not have
COX-2 activity, tromboxane A2 synthesis depends exclusively
on COX-1 action. Therefore, celecoxib, a selective COX-2
inhibitor, does not interfere with platelet function®”, whereas
non selective NSAIDs, as ketoprofen®”, indometacin®¥,
and diclofenac™* do; thus, they could cause or amplify the
intestinal bleeding. Meanwhile, decrease in serum albumin,
which is used as an inflammatory marker in many diseases‘'®,
including inflammatory bowel disease®, verified in the colitis
groups treated with indometacin and diclofenac is mainly due
to higher vascular permeability, which in ulcerative colitis is
systemic, that is, not limited to the local tissue injury® 47,

Experimental colitis induced by TNBS/ethanol is con-
sidered a good model for the study of ulcerative colitis in
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FIGURE 4. Leukotriene B4 concentration (LTB4) in the colonic mucosa and serum in rats with colitis and treated with different nonsteroidal
anti-inflammatory drugs (Box-and-Whiske Plots). Evaluation was performed in the 6 day after colitis induction and beginning the treatment with
NSAIDs. n = 10 for each group of rats. Statistical significance: P<0,05. (A): in comparison to colitis group; (B): in comparison to colitis +celecoxib
group; ¢: in comparison to colitis + cetoprofen group; d: in comparison to colitis + indometacin group, and e: in comparison to colitis + diclofenac

group."P<0.001; TP<0.01; *P<0.05 by Tukey-Kramer test.

v. 51 no. 3 - jul./set. 2014

Arq Gastroenterol

231



Bregano JW, Barbosa DS, Kadri MZ, Rodrigues MA, Cecchini R, Dichi I.

Comparison of selective and non selective cyclo-oxygenase 2 inhibitors in experimental colitis exacerbation: role of leukotriene B4 and superoxide dismutase

rats'>4%-53 Tn the present study, MPO, AP, and y-GT activi-
ties in colonic mucosa were associated with macroscopic
and histological analysis showing that colitis induction was
accomplished in all animals. MPO is a constitutive enzyme
of neutrophils, which is frequently used as a marker of poly-
morphonuclear infiltration in tissues, mainly in colon® “b.
Similarly to the studies by Wallace et al.*» and Reuter et
al.“9 who used indometacin and diclofenac, MPO was un-
able to differentiate the responses of the colitis group with
the colitis groups treated with different NSAIDs. Neverthe-
less, this enzyme showed colitis induction with a six fold
increase in MPO activity in colitis group in relation to the
control group. Similarly to the studies by Nieto et al.®%4),
AP and y-GT activities, other enzymatic markers of colonic
damage, also showed increased concentration in the colitis
group when compared to the control group. However, y-GT
was the only enzymatic marker which discriminated the
lower tissue activity of colitis group treated with celecoxib
in relation to the colitis groups treated with indometacin
or diclofenac.

Nitric oxide (NOv¢), superoxide (O,"), peroxynitrite
(ONOO), hydrogen peroxide (H,O,), and hypochlo-
rite (OCL"), RONS produced mainly by phagocytic leuko-
cytes present in inflamed mucosa, have been considered the
pathogenic mechanism of mucosa damage, via lipid peroxida-
tion in polyunsaturated fatty acids cellular membrane, being
responsible for permeability alterations and cellular death®®.
The lipid peroxidation in tissue was quantified by the classic
colorimetric test of thiobarbituric acid reactive substances
(TBARS), and also with a more sensitive and specific test
performed by chemiluminescence (CL-LOOH). Both me-
thods have been used to measure lipid peroxidation in several
tissues, including plasma® 72D, Oxidized lipids increased
concentration has been verified in colonic mucosa of patients
with ulcerative colitis®® as well as in experimental colitis@V.
In the current study, both TBARS and LOOH showed higher
values in colitis groups than in the control group. However,
there were no significant differences between colitis groups,
whether treated or not with NSAIDs.

With regard to the antioxidant enzymes, there were not
observed significant differences in CAT activity in the studied
groups, however, SOD activity increased in the colitis groups
treated with ketoprofen, indometacin or diclofenac, the
groups which presented the highest mortality rates, reduction
in plasma albumin and hemoglobin levels, and increase in
LTB4 concentration. SOD is an enzyme that can be induced
by overproduction of O, and has a dual role in oxidative
stress, as O, scavenger and also by producing H,O, Thus,
an isolated increase in SOD could deplete O, at a cellular
level, but also increase H,O, production, contributing to lipid
peroxidation, and consequently to tissue damage©?® 274249,
It has been demonstrated that H,O, enhanced production
could also stimulate neutrophils chemotaxis®), activate T
lymphocyte®®, and induce adhesion molecules expression!?.
Catalase transforms H,O, in H,O and O,, thus it must follow
SOD increase to yield inert products®”. As CAT levels did
not increase in the present study, it can be hypothesized that
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SOD increase, in the above mentioned colitis groups could
contribute to colitis exacerbation, acting like a pro-oxidant.
IL-1 B and TNFa, secreted mainly by macrophages,
are considered IBD main mediators. They can exert several
activities in the inflammatory response, as: activation, che-
moatraction and neutrophils and macrophages adhesion,
IL-6 and IL-8 induction, and RONS production®*¥, IL-1
3 distinguished the control group from all the other groups,
but did not discriminate inflammation severity among colitis
groups treated with NSAIDs. The acute phase-reactants
precursor, IL-6, considered a good marker to follow disease
activity in IBD patients®”, and TNFa, were also unable to
differentiate inflammatory severity in the colitis groups.

In relation to eicosanoids, the decrease in PGE2 tis-
sue concentration found in the colitis groups treated with
NSAIDs was mainly verified with ketoprofen and indo-
metacin. These data can be explained by the intensity of
NSAIDs action to inhibit COX-1 and COX-2 activities.
Warner et al.®” compared the inhibitory action of several
NSAIDs on COX-1 and COX-2 activities, and verified,
after obtaining COX-2 inhibition in 80%, that indometacin
and ketoprofen inhibit COX-1 activity approximately, in 90
and 95%, respectively, whereas diclofenac and celecoxib in
70 and 60 %, respectively.

PGE?2 decrease has been related to the exacerbation of the
inflammatory response caused by NSAIDs in experimental
colitis®¥, since its normal concentration is important to
maintain the physiologic functions of the colonic mucosa
and inhibit IL-1, TNFa, besides several adhesion molecules
synthesis®®. Moreover, Kandil et al.®® verified that PGE2
decreased concentration predisposed rats with experimental
colitis to reactivate the disease, whereas the predisposition
reduced when misoprostol, a PGE1 analog, was used. Never-
theless, in the present study, PGE2 reduction does not seem to
be the main cause of the inflammatory activity exacerbation.
This can be seen when colitis groups treated with celecoxib
or ketoprofen were compared with colitis group treated with
diclofenac. Although ketoprofen group presented lower
PGE2 concentration than diclofenac group, and celecoxib
group showed the same concentration, the colitis group
treated with diclofenac showed a higher severity degree in
several parameters, including mortality rate.

The increase in LTB4, concentration found in the colitis
groups treated with non selective COX-2 inhibitors (ke-
toprofen, indometacin and diclofenac) is likely due to the
action of these NSAIDs on arachdonic acid metabolism.
The inhibition of ciclooxygenase pathway leads to a higher
arachdonic acid degradation by the enzyme 5-lipooxyge-
nase (5-LPO), resulting in an enhancement of leukotrienes
production®, including LTB4, a very important inflamma-
tory mediator!V. Besides promoting neutrophils influx to
colonic mucosa, LTB4 stimulates ROS, O, by neutrophils,
and H,0O, by macrophages®, thus contributing to oxida-
tive stress and tissue damage. Conceivably, the increase in
oxidative stress in the aforementioned groups was shown,
in the current study, by SOD concentration. It has also
been demonstrated that LTB4 intracolonic administration
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provokes increased tissue damage in rats with colitis and that
LTB4 antagonist utilization as well as 5-LPO inhibitors can
attenuate leukocytes adhesion and reduce colonic damage
severity induced by NSAIDs®. In the present experiment,
there were no significant differences in LTB4 concentration
when the control group was compared to the colitis group,
similarly to the results obtained by Nieto et al.“V in experi-
mental colitis induced by TNBS. However, Wallace et al.®3
reported LTB4 increase in colitis group when compared with
a control group (without colitis). Besides, the later authors
did not find significant differences in LTB4 concentration
when they compared a colitis group with a colitis group
treated with indometacin. Thus, they concluded, differently
from our results, that LTB4 was not related with exacerbation
of the inflammatory response by NSAID:s.

Although, the literature about the subject tends to at-
tribute the exacerbation of the inflammatory response just
to one determinant factor, for example, decrease in PGE2®,
the results of the present study suggest that LTB4 increase
provoked by NSAIDs, mainly by non selective COX-2
inhibitors, leads to neutrophils infiltration enhancement
and RONS production. Oxidative stress increase leads to
SOD augmentation and thereafter to H,O, increase, which
provokes greater tissue damage and consequently loss of

mucosa barrier functions, leading ultimately to an enhance-
ment of the inflammatory response. PGE2 reduction could
affect the physiological maintenance of the mucosa barrier,
mucosa cicatrisation, as well as a decrease in PGE2 capacity
in modulating the inflammatory response due to reduction
of its inhibitory effects on the inflammatory cytokines IL-1
and TNFa. This picture points out to the importance of
eicosanoids-RONS interaction as a physiopathological factor
in the colitis exacerbation by different NSAIDs.

In general, hemoglobin and plasma albumin concentra-
tion, macroscopic and histological colonic damage, and
mortality incidence showed that celecoxib is the NSAID
which does not exacerbate experimental colitis; ketoprofen
presented an intermediary behavior between diclofenac/indo-
metacin and celecoxib, concerning only to survival rate and
albumin levels, whereas indometacin and diclofenac are the
most devastating NSAIDs. Furthermore, the present study
suggests that LTB4 and SOD are involved in the exacerbation
of experimental colitis by nonselective NSAIDs.
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Bregano JW, Barbosa DS, Kadri MZ, Rodrigues MA, Cecchini R, Dichi I. Comparagao dos inibidores seletivos e nao seletivos da ciclo-oxigenage 2 na
exacerbagdo da colite experimental: papel do leucotrieno B4 e superoxido dismutase. Arq Gastroenterol. 2014,51(3):226-34.
RESUMO - Contexto - Os anti-inflamatorios nao-esterdides sdo considerados uma das mais importantes causas de reativagdo da doenga inflamatoria

intestinal. Em relagdo aos inibidores seletivos da ciclo-oxigenase 2, os resultados sdo controversos tanto em estudos envolvendo humanos como na

colite experimental. Objetivo - Comparar os efeitos dos anti-inflamatorios nao-esterdides, seletivos e ndo seletivos da ciclo-oxigenase 2, na colite

experimental e, contribuir para o entendimento do mecanismo no qual os anti-inflamatérios nao-esterdides provocam a exacerbagao da colite. Mé-

todo - Seis grupos de ratos foram estudados: sem colite, com colite e com colite e tratados com celecoxib, cetoprofeno, indometacina ou diclofenaco.

Foram determinadas a taxa de sobrevida, as concentragdes de hemoglobina e albumina plasmatica, as concentragdes teciduais na mucosa colonica

de interleucina-1B, interleucina-6, fator de necrose tumoral alfa, prostaglandina E2, catalase, superoxido dismutase, substancias reativas ao acido

tiobarbiturico e quimiluminescéncia estimulada por hidroperdxido de tert-butil, € as concentragaos plasmatica e tecidual de leucotrieno B4. Resul-

tados - O grupo tratado com diclofenaco ou indometacina apresentaram as menores taxas de sobrevida, concentragoes de hemoglobina e albumina,

e as maiores concentra¢des plasmatica e tecidual de leucotrieno B4 e tecidual de superoxido dismutase do que os groupos tratados com celecoxib.

O grupo tratado com cetoprofeno apresentou um comportamento intermediario entre diclofenaco/indometacina e celecoxib, em relagéo a taxa de

sobrevida e albumina. Os grupos sem colite, colite e colite tratado com celecoxib apresentaram menores concentragdes de leucotrieno B4 e superoxido

dismutase do que os grupos tratados com inibidores nao seletivos ciclo-oxigenase 2. Conclusdo - Diclofenaco e indometacina apresentaram os maiores

graus de exacerbagdo da colite entre os anti-inflamatérios nao-esteroides, o celecoxib ndo apresentou exacerbagdo e o cetoprofeno apresenteou um

comportamento intermediario entre diclofenaco/indometacina e celecoxib. Estes resultados sugerem que o leucotrieno B4 e superoxido dismutase

estdao envolvidos na exacerbacdo da colite experimental pelo anti-inflamatorios ndo-esterdides nao seletivos ciclo-oxigenase 2.
DESCRITORES - Colite. Anti-inflamatdrios nao esterdides. Eicosanoides. Estresse oxidativo.
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