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ABSTRACT

Aims: The aim of this study was to investigate the anti-inflammatory, antiarthritic and
antinociceptive effects of two thiazolidinedione derivatives: 3-(2-bromo-benzyl)-5-(4-
methylsufonyl-benzylidene)-thiazolidine-2,4-dione (LPSF/GQ-125) and 3-(2,6-difluoro-
benzyl)-5-(4-methylsufonyl-benzylidene)-thiazolidine-2,4-dione (LPSF/GQ-192).

Study Design: Study the effects of thiazolidinedione derivatives on the inflammatory
process.

Place and Duration of Study: Department of Antibiotics of the Federal University of
Pernambuco, Brazil, between March 2010 and February 2012.

Methodology: The carrageenan-induced air pouch in mice was performed and cytokine
levels (TNF-a and IL-1B) were determined. Arthritis was induced in female wistar rats by
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complete Freund's adjuvant (CFA). To determine the antinociceptive activity, acetic acid-
induced nociception and hot plate tests in mice were utilized.

Results: Treatment with the compounds reduced leukocyte migration and the release of
both TNF-a and IL-1B in the air pouch. Both LPSF/GQ-125 and LPSF/GQ-192 reduced
the CFA-induced paw edema and the nociception induced by acetic acid; the hot plate
test, however, showed no antinociceptive activity when compared to the control group.
Conclusion: These results indicate that LPSF/GQ-125 and LPSF/GQ-192 exhibit
promising anti-inflammatory, antinociceptive and antiarthritic activities related to their
ability to inhibit TNF-a and IL-1B production as well as reduction of leukocyte migration.

Keywords: Thiazolidinones; inflammation; air-pouch; cytokines; arthritis.
1. INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease that affects both articular and
periarticular tissues as well as tendons; however, the anatomical structure most affected is
the synovial membrane [1]. RA is the most common autoimmune disease, affecting 1-1.5%
of the world population, with the highest incidence occurring in people between 40 and 60
years of age. Due to the aging population, it is estimated that by 2030, the incidence of this
disease will increase significantly [2,3]. Research indicates that the innate immune system
may be involved in the development of rheumatoid arthritis, which is responsible for the
recruitment of inflammatory cells into joint cavities, culminating with the release of factors
such as cytokines and prostaglandins, which contribute to the perpetuation of inflammation
[4]. Some of the pro-inflammatory cytokines crucial to the development of RA are IL-1pB, IL-6
and TNF-a [5].

Currently, several different classes of substances are used in the treatment of RA.
Symptom-modifying antirheumatic drugs (SMARDs) are composed of analgesics (opioid and
nonopioid) to reduce pain and nonsteroidal anti-inflammatory drugs (NSAIDs) (including
cyclooxygenase-2 inhibitors) to lessen pain and stiffness [1]. NSAIDs supplemented with a
steroid hormone are the current gold standard for RA treatment, but studies have shown that
long-term treatment with NSAIDs may result in serious side effects, such as gastrointestinal
ulcers and renal morbidity. Analgesics and NSAIDs neither alter the course of the disease
nor prevent joint destruction; therefore, they are not to be used as a stand-alone treatment
[6]. Biological antirheumatic agents, such tumor necrosis factor a (TNF-a) blockers,
interleukin 1 (IL-1B) blockers, monoclonal antibodies against B cells, T cell co-stimulation
blocker and interleukin 6 (IL-6) blockers, have also been used [7].

Peroxisome proliferator activated receptors (PPARs) are ligand-activated transcription
factors that belong to the nuclear hormone receptor superfamily. Three types of PPARs have
been identified: a, &/p and y. These receptors play an important role in glucose and lipid
metabolism, production of immunomodulatory cytokines, chemotaxis, cell differentiation, cell
proliferation, and survival [8]. Devchand et al. [9] were the first to report that PPARa-deficient
mice had an increased inflammatory response induced by both leukotriene B4 and
arachidonic acid. There is evidence from In vitro and In vivo studies demonstrating that
PPARa agonists may exert anti-inflammatory activities. PPARy agonists may also have
therapeutic utility in the treatment of other conditions, such as inflammation and cancer [10].
PPARYy is the molecular target of a broad range of both natural and synthetic ligands. These
natural ligands include polyunsaturated fatty acids (PUFAs) and prostaglandin derivates (15-
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deoxy-A prostaglandin-J2 (15d-PGJ) [11,12], as well as components of oxLDL, such as the
linoleic acid metabolites 13-HODE and 15-HODE [13]. Synthetic ligands targeting PPARy
include thiazolidinediones, such as ciglitazone, pioglitazone, rosiglitazone, and troglitazone
[14]; non-steroidal anti-inflammatory drugs (e.g., indomethacin, fenoprofen, flufenamic acid)
[15]; and other PPARy modulators referred to as selective PPAR modulators [16].

Thiazolidinediones (TZDs) have been the focus of a variety of biological studies. In a study
performed by Galli et al. [17], TZDs were identified as having anti-inflammatory action on
macrophages as well as being able to inhibit smooth muscle cell proliferation and
lymphocyte immunoregulation. Rosiglitazone and 15d-PGJ2, an eicosanoid that is thought to
be an endogenous ligand of PPARYy, have been shown to inhibit the edema induced by
complete Freund’s adjuvant and carrageenan [18-20]. Another study demonstrated that
rosiglitazone exerts an anti-inflammatory effect at sites of chronic inflammation and is able to
ameliorate tissue damage associated with collagen-induced arthritis [21].

Our group has been conducting studies with thiazolidines-2,4-dione derivatives that have
shown both anti-inflammatory and antinociceptive activities [22,23]. The 5-arylidene-3-
benzyl-thiazolidine-2,4 dione derivatives have shown considerable anti-inflammatory efficacy
compared to rosiglitazone. Docking studies with these compounds indicate that they exhibit
specific interactions with key residues located in the PPARYy structure, which corroborates
with the hypothesis that these molecules are potential PPAR ligands [23].

The present study aimed to evaluate the anti-inflammatory, antinociceptive and antiarthritic
effects of the 3-(2-bromo-benzyl)-5-(4-methylsufonyl-benzylidene)-thiazolidine-2,4-dione
(LPSF/GQ-125) and 3-(2,6-difluoro-benzyl)-5-(4-methylsufonyl-benzylidene)-thiazolidine-2,4-
dione (LPSF/GQ-192) (Fig. 1) by observing their effects on the profile of the pro-
inflammatory cytokines IL-18 and TNF-a.
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Fig. 1. Chemical Structures of LPSF/GQ-125 and LPSF/GQ-192
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2. MATERIALS AND METHODS
2.1 Animals

Male mice were used for the tests of acute inflammation; female rats were used for the
arthritis model. The rats weighed between 220-250g, and the mice weighed between 25 and
30 g. The animals were provided by the Animal House of the Antibiotics Department of the
Federal University of Pernambuco (UFPE) and were kept in a small colony in the animal
house at a temperature of 23+2°C, with 12h cycles of light and darkness and access to
standard feed (Purina®) and water ad libitum. Before initiation of the experiments, the
animals were acclimated to the laboratory environment for at least 60 min. All animals used
for the determination of anti-inflammatory and antinociceptive activities were fasted for 8h
prior to experimentation. The Animal Studies Committee of the Federal University of
Pernambuco approved the experimental protocols (No. 23076.017928/2010-25). The
animals were treated according to the ethical principles of animal experimentation of the
Brazilian Society of Laboratory Animal Science (SBCAL) and the norms of the National
Institute of Health Guide for the Care and Use of Laboratory Animals.

2.2 Chemicals

The derivatives 3-(2-bromo-benzyl)-5-(4-methylsulfonyl-benzylidene)-thiazolidine-2,4-dione
(LPSF/GQ-125) and 3-(2,6-difluoro-benzyl)-5-(4-methylsulfonyl-benzylidene)-thiazolidine-
2,4-dione (LPSF/GQ-192) were synthesized and provided by the Research Center on
Therapeutic Innovation of the Federal University of Pernambuco, Brazil. The doses used in
this study were chosen according to pilot tests and previous studies performed by our group
[23]. Fentanyl was purchased from Cristélia Produtos Quimicos Farmacéuticos (S&o Paulo,
Brazil), dexamethasone and diclofenac were purchased from Aché Laboratérios
Farmacéuticos (Sdo Paulo, Brazil)), HEMSTAB EDTA was purchased from Labtest
Diagnostica (Sao Paulo, Brazil), glacial acetic acid was purchased from VETEC (S&o Paulo,
Brazil) and carrageenan and indomethacin were purchased from Sigma. Mouse TNF-a and
Mouse IL-1 ELISA kits were purchased from eBioscience, (San Diego, California, USA).
The compounds tested and the standard drugs were dissolved in saline solution containing
tween 80 (9:1; v/v).

2.3 Carrageenan-Induced Air Pouch

The anti-inflammatory effects of the compounds were tested on the induction of inflammation
by the introduction of carrageenan to air pouches in the dorsal cervical region of mice
weighing 25-30 g. A subcutaneous injection of 2.5 ml of sterile air on day 0 followed by a
second injection of 2.5 mL of sterile air 3 days later resulted in an air pouch. On day six, the
mice were administered vehicle, LPSF/GQ-125 (3 mg/kg), LPSF/GQ-192 (3 mg/kg),
diclofenac (10 mg/kg) or rosiglitazone (3 mg/kg) orally. The doses were chosen according to
previously published data by our group using similar compounds. One hour after drug
administration, inflammation was induced by injecting 1 mL of carrageenan suspension (1%
in saline solution) into the air pouch. After 6h, the animals were euthanized in a CO,
chamber, and the pouches were washed with 3 mL of saline solution containing 3 pM of
EDTA. A white blood cell count was performed using an ABX Micros 60 hematology
analyzer. The average number of leukocytes from the treated groups was compared to the
number of leukocytes from the control group, which was defined as 100%. The exudates
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were centrifuged, and the supernatant was stored at -80°C for analysis of TNF-a and IL-1a
levels.

2.3.1 Quantification of IL-18 and TNF-a levels

Tumor necrosis factor a (TNF-a) and interleukin-1f3 (IL-1B) production was evaluated in the
air pouch exudate at 6h after the induction of inflammation. The assay was carried out using
a sandwich ELISA kits specific for mice according to the manufacturer's instructions, with a
lower detection limit of 10pg/ml.

2.4 Adjuvant-Induced Chronic Arthritis

To evaluate the effects of thiazolidinone derivatives on chronic inflammation, the adjuvant-
induced arthritis model as described by Newbould was used with modifications [24,25]. The
compounds LPSF/GQ-125 (3 mg/kg), LPSF/GQ-192 (3 mg/kg) or the reference drug
diclofenac (10 mg/kg) were administered orally, whereas the animals in the control group
received vehicle [saline: tween 80 (9:1)]. The doses were administered once daily for 14
consecutive days. On the third day of treatment, 25 uL of Freund's complete adjuvant (FCA)
(Sigma, St. Louis, Missouri, USA) was injected into the subplantar tissue in the right hind
paw of each rat. The paw edema was measured on a plethysmometer (Model 7150, Ugo
Basile Co., Varese, ltaly) daily from the third to the fourteenth day and on the twenty-first
day.

2.5 Writhing Test

The writhing test was performed as described by Koster et al. [25] with minor modifications.
Animals were administered LPSF/GQ-125 (3 mg/kg), LPSF/GQ-192 (3 mg/kg) or diclofenac
(10 mg/kg) orally. After an hour, 1% acetic acid (0.1 mL/10 g) was injected into the peritoneal
cavity of the animals. Ten minutes later, the mice were observed, and the level of writhing
during a 20 minute period was recorded. The antinociceptive effect was expressed as the
reduction in the number of writhing incidences for those animals pretreated with compounds
LPSF/GQ-125, LPSF/GQ-192 or diclofenac compared to the control group.

2.6 Hot Plate Test

Mice were individually placed on a hot plate with the temperature adjusted to 55+1°C.
Latency in terms of discomfort reactions (i.e., paw licking or jumping) was determined both
before and after the administration of the drugs. The latency to the response was recorded,
and the maximum amount of time permitted on the hot surface was 30 seconds. An
analgesic effect was defined as an increase in the withdrawal latency. The reaction time was
recorded at 1h, 2h and 3h after the treatment with LPSF/GQ-125 (3 mg/kg, p.o.), LPSF/GQ-
192 (3 mg/kg, p.o.) or fentanyl (0.2 mg/kg, subcutaneous). The test was performed
according to previously described methods [26].

2.7 Statistical Analysis
All results were expressed as the mean values + standard deviation for each experimental

group. Statistical analysis between the groups was performed by one-way analysis of
variance (ANOVA) followed by the Bonferroni’s test. For a confidence interval of 95%, P
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values less than 0.05 (P < 0.05) as determined with Graph Pad Prism software (version 5.0)
were considered to be statistically significant.

3. RESULTS
3.1 Carrageenan-Induced Air Pouch

As shown in Table 1, both compounds inhibited leukocyte migration compared to the control
group. LPSF/GQ-192 was more effective in inhibiting cell migration, with percentages similar
to diclofenac (77%) and rosiglitazone (82%), drugs belonging to the same class of
compounds.

Table 1. Effects of LPSF/GQ-125 and LPSF/GQ-192 upon cell migration on
inflammation induced by carrageenan in the murine air pouch model

Compound Dose (mg/kg) N° of PMNL /mL (x10°) Inhibition (%)
LPSF/GQ-125 3 4.26+0.5* 69.7
LPSF/GQ-192 3 4.08+1.5* 73.9
Rosiglitazone 3 2.71+0.5* 82.6
Diclofenac 10 3.56+1.0* 77.0

Control - 15.64+1.9 -

Each value represents the mean + SD of at least six animals. *P <0.05. Significance was determined
with ANOVA one way followed by Bonferroni’s post hoc test when compared with control group

3.2 Quantification of IL-1 and TNF-a Levels in Air Pouches

The data show that the dose of 3 mg/kg of either compound inhibited TNF-a levels
compared to the control group. Both compounds also decreased the production of IL-1B
(Table 2).

Table 2. Effects of LPSF/GQ-125, LPSF/GQ-192, rosiglitazone, indomethacin and
diclofenac upon TNF-a and IL-1B, levels on inflammation induced by carrageenan in
the air pouch model

Treatment Dose (mg/kg) TNF-a (pg/mL) IL-1B (pg/mL)
Control - 1,096+87 871+15
LPSF/GQ-125 3 416+10° 692440
LPSF/GQ-192 3 240425 339430
Rosiglitazone 3 426121 676423
Diclofenac 10 1,001+98 935411

The value represents the mean + SD of at least six animals. *P <0.05. Significance was determined
with ANOVA one way followed by Bonferroni’s post hoc test when compared with control group.

3.3 Adjuvant-Induced Chronic Arthritis

The edema formed after the injection of the adjuvant was measured daily using a
plethysmometer. The results are shown in Fig. 2. Pretreatment with either LPSF/GQ-125 or
LPSF/GQ-192 had a therapeutic effect represented by reduction of edema in adjuvant-
induced chronic arthritis, with LPSF/GQ-192 exerting a more pronounced effect. The animals
treated with the derivatives showed similar effects to those receiving diclofenac. During the
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treatment, the animals treated with LPSF/GQ-125 or LPSF/GQ-192 had lower edema values
on the eighth day of the test. The compound LPSF/GQ-192 showed the highest percentage
of inhibition on the eighth day of treatment (30.9%), whereas LPSF/GQ-125 inhibited the
paw edema by 24.6% on the thirteenth day of treatment.
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Fig. 2. Effect of LPSF/GQ-125 and LPSF/GQ-192 on the development of hind paw
edema in rats induced by FCA
Test drugs: significant from normal control, P <0.05. Significance was determined using two-way
ANOVA followed by Bonferroni's post-test

3.4 Writhing Test

The effects of LPSF/GQ-125 or LPSF/GQ-192 on acetic acid-induced writhing behavior in
mice are shown in Table 3. The acetic acid injection (1%; 0.1 mL/10 g) induced a significant
amount of writhing in the control group. Treatment with both compounds significantly
reduced the number of writhing instances in mice compared to the control group, with the
derivative LPSF/GQ-125 showing statistically similar results compared to diclofenac
treatment.

Table 3. Antinoceptive effect of LPSF/GQ-125 and LPSF/GQ-192 by acetic acid-
induced abdominal constriction

Compound Dose (mg/kg) Writhing (n°20 min) Inhibition %
Control - 83.5+4.8 -
LPSF/GQ-192 3 40.4+7.8 51.6
LPSF/GQ-125 3 34.4+51°*% 58.8
Diclofenac 10 26.844.9° 68.0

Values expressed as mean + S.D. The number of animal used for each group was six. *P <0.05.
Significance was determined with ANOVA one way followed by Bonferroni’s post hoc test when

compared with control group. *Statistically significant from control group. * No statistically significant
from standard group
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3.5 Hot Plate Test

The compounds tested showed no activity in animals during any of the time points observed
in the hot plate test in comparison with the control group (Table 4).

Table 4. Effects of the LPSF/GQ-125 and LPSF/GQ-192 on the latency time of mice
exposed to the hot plate test

Compounds Dose (mg/kg) Latency (s)

0 60 120 180
Control - 9.30+0.49  9.70+1.42 8.84+1.31 8.58+1.48
LPSF/GQ-125 3 7.18+1.27  8.96+0.85 7.64+1.38 9.88+1.82
LPSF/GQ-192 3 7.26+0.75  8.64+0.71 6.78+0.88 6.52+1.74
Fentanyl 0.2 9.54+1.72  18.10+0.60 11.30+0,90°  8.80+1.10

Each value represents the mean + SD of at least six animals. *P <0.05. Significance was determined
with ANOVA one way followed by Bonferroni’s post hoc test when compared with control group.

4. DISCUSSION

The air pouch model is used to mimic symptoms of rheumatoid arthritis. The induction of
inflammation by carrageenan into the subcutaneous air pouch forms a membrane that
presents similar characteristics to the inflamed synovial membrane of patients with
rheumatoid arthritis [27]. It is, therefore, a model used for screening potential drug
candidates to ftreat arthritis. Our study of the murine air pouch model induced by
carrageenan showed that the thiazolidinedione derivatives LPSF/GQ-125 and LPSF/GQ-192
exerted pronounced anti-inflammatory effects by reducing both cell migration and the levels
of the major proinflammatory cytokines TNF-a and IL-18. The results reported here
corroborate the results of previous studies performed by our research group [23].

As these results suggested the antiarthritic activity of these compounds, the next step was to
evaluate these compounds in the CFA-induced arthritis model. The treatment with the
derivatives resulted in a reduction in the manifestation of some clinical signs of arthritis, such
as bone deformities and edema, with LPSF/GQ-192 exerting a more pronounced effect.

Adjuvant-induced arthritis in rats is used as a convenient model for preclinical studies of
drugs affecting human arthritis as well as studies of nonsteroidal drugs and diseases-
modifying anti-rheumatic drugs [28,29]. This model of arthritis in animals is similar to
rheumatoid disease in humans, including histopathological changes in cellular infiltration,
hypersensitivity and swelling of the affected joint [30]. There is evidence that suggests that
either reducing or eliminating the production of TNF-a [31] and IL-13 are important for the
treatment of arthritis [32]. In rheumatoid arthritis, TNF-a and IL-1( participate in the initiation
and perpetuation of inflammation. Inhibition of TNF-a leads to a reduction of IL-6 levels, and
inhibition of IL-1B production slows the destruction of cartilage and bone joints [33]. TNF-a
stimulates the development of osteoclasts and promotes the recruitment of leukocytes into
the joint through upregulation of adhesion molecules (such as intercellular adhesion
molecule-1 (ICAM-1), vascular cell adhesion molecule-1, and E-selectin) as well as through
endothelial layer permeability increases [34]. Furthermore, TNF-a stimulates the activation of
matrix metalloproteinase’s, which may promote bone erosion [35], and inhibits the
production of tissue inhibitors of metalloproteinases (TIMPs) by synovial fibroblasts [36]. In
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this study, there is evidence of involvement of cytokines TNF-a and IL-1B in antiarthritic
effect presented by compounds LPSF/GQ-125 and LPSF/GQ-192.

RA is a severe and debilitating chronic inflammatory disease that affects various locations
(most commonly synovial joints and periarticular tissues), and is characterized by pain and
aggressive deformities [1]. Therefore, an effective drug for RA should reduce the
inflammatory process and combat the pain. To evaluate the antinociceptive effects of
LPSF/GQ-125 and LPSF/GQ-192, we used the writhing and the hot plate tests. The writhing
model works by injecting acetic acid, which releases endogenous mediators that stimulate
the nociceptive neurons causing (on the peritoneal level) increased levels of PGE, and
PGF,,, serotonin, and histamine, as well as the release of bradykinin and cytokines, such as
TNF-a and IL-8 [37,38]. The writhing induced by acetic acid is primarily used for the
screening of synthetic and natural compounds to determine the presence of central and/or
peripheral antinociceptive activity because this model is sensitive to both nonsteroidal anti-
inflammatory drugs (NSAIDs) and opioids [39]. In this model, LPSF/GQ-125 and LPSF/GQ-
192 were able to inhibit nociception. The model was not specific and should include a test to
confirm the activity profile of the compounds. The hot plate test is an adequate model for
studying central activity and is selective for certain drugs, such as opioid-derived analgesics.
This test evaluates the predominant activity of drugs that act on the central nervous system,
such as fentanyl and morphine, both of which increase the latency time of the nociceptive
response from the hot plate [40,41]. Acute treatment with LPSF/GQ-125 or LPSF/GQ-192
did not inhibit the nociceptive response in the hot plate test, suggesting that these
compounds do not cause changes in the central nociceptive response. These data are in
agreement with previously published data, where there is no evidence that
thiazolidinediones promote nociceptive effects related to CNS [41].

5. CONCLUSION

In summary, the results reported in this paper suggest that the efficacy of the compounds
tested is associated with their ability to reduce TNF-a and IL-1p levels, possibly by acting on
PPARs. Further studies are needed to investigate this signaling pathway. This work has
shown that LPSF/GQ-125 and LPSF/GQ-192 have anti-inflammatory, antiarthritic and
antinociceptive properties, with the antinociceptive effect related to inflammatory pain
instead of CNS mechanisms. These compounds appear to be more effective in regulating
acute inflammation by modulating the innate immune system through a decrease in the
levels of major inflammatory cytokines.
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