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The exogenous administration of CB2 specific agonist,
GW405833, inhibits inflammation by reducing
cytokine production and oxidative stress
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Abstract. The present study aimed to investigate the role
of cannabinoid 2 (CB2) receptors in a rat model of acute
inflammation. Therefore, the potential of anti-inflammatory
effects of CB2 receptor agonist (GW405833), CB2 receptor
antagonist (AM630), and diclofenac, were investigated in
carrageenan induced paw oedema in rats: as were assessed
by measuring paw oedema; myeloperoxidase (MPO) activity
in paw tissue; malondialdehyde (MDA) concentration;
glutathione (GSH) level in paw tissue for oxidant/antioxidant
balance; cytokine (interleukin-1f, IL-1(3; tumour necrosis
factor-a, TNF-o) levels in serum; histopathology of paw tissue
for inflammatory cell accumulations. The results showed
that GW405833 or diclofenac significantly reduced
carrageenan-induced paw oedema. GW405833 also inhibited
the increase of MPO activity, the recruitment of total
leukocytes and neutrophils, and MDA concentration during
carrageenan-induced acute inflammation, along with reversed
nearly to the normal levels the increased of TNF-a, and IL-1p
in serum. AM630 did not affect inflammation alone however
clearly reversed the effects of agonist when co-administered.
The mechanism of GW405833's suppression of inflammation
is supported by these results, which are achieved by the
inhibition of neutrophil migration, which regulates the
reduction of oxidative stress, TNF-a and IL-1p levels. Finally,
the activation of CB2 receptor, by selective agonist, has a
major role in peripheral inflammation, and in the near future,
targeting the peripheral cannabinoid system as a promising
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alternative to treat inflammation diseases may be considered
a novel pharmacologic approach.

Introduction

There is an increasing interest in the activation mechanisms
of cannabinoid (CB) receptors as experimental or clinical
therapeutic strategies with recent reviews (1). The main
receptors of the endocannabinoid system are the CB1 and CB2
cannabinoid receptors: Although CBI receptors are highly
expressed in the brain (2), and also present nerve terminal
of peripheral tissues (3), the CB2 receptors are expressed in
inflammatory and immune cells, and in various peripheral
tissues under normal physiological or pathophysiological
conditions (4). 2-arachidonoylglycerol (2-AG) is the endogen
ligand of CB2, arachidonic acid-derived endogenous bioactive
lipid, its production from cell membrane lipid precursors is
activity-dependent and its action is terminated by specific
lipase, monoacylglycerol lipase (MAGL) (3). The high levels
of CB2 express within the immune system including B cells,
natural killer cells, monocytes, neutrophils, CD8 lymphocytes,
CD4 lymphocytes (5,6).

Inflammation is a pathophysiological response to disturbed
homeostasis caused by infection, injury and trauma. Cell
migration into the site of injury, erythema, oedema, pain,
and fever are clinical signs of inflammation and symptoms.
The release of pro-inflammatory cytokines, such as tumour
necrosis factor-a (TNF-a), activated by macrophages, leads to
vascular endothelial cell activation and causes leukocytes to
migrate to the inflamed region (7).

It is well known that carrageenan-induced paw oedema
model result in oxidative stress with the increase lipid
peroxidation or the depletion of antioxidant sulfhydryl pool
such as glutathione, during the acute phase of inflammation
in cells (8-10).

A lot of studies suggest an involvement of CB2 receptors
in inflammatory process (11,12). A recent study demonstrates
that the selective MAGL inhibitor inhibits carrageenan
inflammation with attenuated the development of paw
oedema in mice; the activation of CB2 receptors mediated its
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anti-oedematous actions (13). The selective MAGL inhibitor,
URB602, is to prevent an acute inflammatory disease
without producing adverse psychoactive effects, so the data
contributed to clarify the physiological role of 2-AG in respect
to inflammatory reactions, suggesting its protective role in the
body (14). Studies have identified an anti-inflammatory role
for the endocannabinoid system by its inhibition of TNF-a
release. The other researches indicate the controversial results.
Lunn et al (15), interestingly suggest that CB2 antagonism by
means of inverse agonist of CB2 receptor is inhibit leukocyte
trafficking in vivo rodent model induced by chemokines or
by antigen challenge, so it may provide immunotherapeutic
treatment of inflammatory diseases.

We hypothesized that the administered CB2 specific
receptor agonist could induce an anti-inflammatory effect in
a carrageenan-induced inflammatory model by stimulating
CB2 receptor activity on peripheral cells, decreasing the
release of cytokines, and regulating the oxidant/anti-oxidant
balance. This model of inflammatory was chosen because
it is widely used to study acute inflammation in rodents.
Therefore, the aim of this study was to investigate: i) presence
of CB2 receptor in paw tissue; ii) a pharmacologic role
of CB2 receptor; iii) effects of CB2 receptor agonist and
antagonist exogenous administration on inflammation, and
iv) a distinctive mechanism for inflammatory processes via
CB2 receptors of cannabinoid system in carrageenan induced
inflammatory paw oedema in rats.

Materials and methods

Chemicals. Chemicals including Carrageenan, GW405833,
AMG630, and other reagents including dimethyl sulfoxide
(DMSO), trichloroacetic acid (TCA), thiobarbituric acid (TBA),
dithiobisnitrobenzoate (DTNB), hexadecyltrimethylammo-
nium bromide (HETAB), and o-dianisidine were obtained
from Sigma-Aldrich; Merck KGaA (Darmstadt, Germany).
All other chemicals were obtained from analytical grade and
standard commercial suppliers. Diclofenac was obtained from
Abdi Ibrahim Ila¢ San Tic AS (Turkey). GW405833, and AM
630 were dissolved in 2% DMSO. TNF-a and IL-1f Elisa
(Novex) kits useful for rat were purchased from Thermo Fisher
Scientific, Inc., Waltham, MA, USA.

Animals. Wistar-albino rats weighing 200-250 g were
randomly housed in appropriate cages at 22+2°C under a
12/12-h dark/light cycle with free access to tap water and
commercial rat chow. Ethics committee approval was obtained
from Mustafa Kemal University with protocol no. 2013/7-17.
Procedures were in accordance with the Guide for Care and
Use of Laboratory Animals.

Experimental Protocol and Carrageenan induced paw
oedema . Both CB2 agonist (GW 405833) and CB2 antagonist
(AM630) were given in doses of 3 and 1 mg/kg, respectively,
by an intravenous route from rat tail after dissolving in 2%
DMSO. The doses of CB2 agonist and antagonist compounds
were chosen according to literature (16,17). After non-selective
cyclooxygenase (COX) inhibitor drug, diclofenac, and
carrageenan were dissolved in 1% sterile saline, diclofenac
was administered at a dose of 10 mg/kg. The rats were
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randomly assigned 7 groups, with 6 animals in each group
(n=6): 1: Saline control, 2: CAR (carrageenan), 3: CAR+DIC
(carrageenan plus diclofenac), 4: CAR+AGO (carrageenan
plus CB2 receptor agonist), 5: CAR+ANTA (carrageenan plus
CB2 receptor antagonist), 6: CAR+AGO+ANTA (carrageenan
plus CB2 receptor agonist plus CB2 receptor antagonist), 7:
CAR+Vehicle (carrageenan plus DMSO). Antagonist was
administered at 5 min. prior to agonist. Diclofenac was applied
intraperitoneally, carrageenan was applied as intraplantar
injection.

Ten minutes after the last drug administration, into the
plantar surface of the right hind paw of all rats, except saline
control group, were given a 0.1 ml volume of the previously
prepared 1% carrageenan solution, resulting in the include
of the paw oedema. All local injections were made at same
volume. The oedema formation was assessed as an increase
in paw thickness at the dorsal-planter axis at the metatarsal
level using a calliper. Basal thickness was determined before
animals were given the drug. The changes in the paw thickness
were measured at 0, 1, 2, 3, and 4 h. Relation between paw
thickness and basal values was found and noted. To determine
the anti-inflammatory potency, the relation between all
drug-given groups and 1% carrageenan group was expressed
as %.

Animals were anesthetized with ketamine (50 mg/kg, IP)
and xylazine (5 mg/kg, IP). They were monitored for loss of
the tail reflex, which was defined as loss of the twitching or
movement of the tail pinched using the fingers.

Blood was collected by cardiac puncture and centrifuged
at 3000 rpm for 10 min to obtain serum. Serum samples were
stored at -80°C up to analysis. Animals were killed by neck
dislocation and soon paw tissue and skin samples were taken
for histopathological evaluation and biochemical analyses.

Cytokine measurements in serum. IL-1p and TNF-a levels
were determined using an ELISA kits for rats and this process
was performed 2 times, according to the procedures supplied
by the manufacturer (Thermo Fisher Scientefic, Inc.) and the
results expressed as pg/ml of serum.

Malondialdehyde (MDA) measurements in paw tissue. The
lipid peroxide levels, as MDA concentrations, in the paw
tissues were according to the method previously described (18).
Briefly the tissue samples were homogenized in an ice bath,
ice-cold TCA by adding 10 ml of 10% TCA per g of tissue,
with an ultrasonic tissue homogenizer. After two consecu-
tive centrifugations at 3,000 g for 15 min, 500 ul supernatant
was mixed with equal volume of 0.67% TBA and heated to
100°C for 15 min. The absorbances of the samples were then
measured spectrophotometrically at 535 nm. Each assay was
performed in duplicate.

Glutathione (GSH) levels in paw tissue. GSH contents of
the paw tissue samples were measured by a modified Elman
method (19). To the 0.5 ml of supernatant obtained by using
the same homogenization procedure as described above,
2 ml 0.3 M Na2HPO4 solution was added. A 0.2 ml solution
of DTNB was added into the mixture, and the absorbance
at 412 nm was measured immediately after vortexing. Each
assay was performed in duplicate.
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Myeloperoxidase (MPO) activity. To determine MPO activity,
an index of polymorphonuclear cell accumulation, exactly
100 mg of tissue was weighed and homogenized in potassium
buffer containing 0.5% hexadecyltrimethylammonium
bromide (HETAB). To obtain tissue pellet, homogenates
were centrifuged at 4,500 g for 15 min at 4°C and then
they were resuspended, and MPO activity was assayed
by measuring the change in absorbance at 460 nm using
o-dianisidinedihydrochloride and hydrogen peroxide (20).
Each assay was performed in duplicate. One unit of MPO
activity was defined as that degrading 1 gmol of peroxide per
min at 25°C. The activity was then normalized as unit per mg
of tissue (U/mg).

Histopathological analyses. The paw tissue and skin samples
were fixed in 10% formaldehyde solution for 10 days.
The samples were dehydrated, cleared and embedded in
increasing alcohol series (EMD Millipore, Billerica, MA,
USA), in xylene series (EMD Millipore) and in the paraffin
blocks, respectively. To evaluate histological analyses, before
these blocks were stained with hematoxylin and eosin (H&E)
(EMD Millipore) the blocks were cut into 10 gm thick sections
and mounted on glass slides. After than this sections were
evaluated with a camera attachment microscope (Carl Zeiss
Axiocam ERc5s; Carl Zeiss AG, Oberkochen, Germany). All
histological analyses were performed by an observer blinded
to the treatment protocol. To calculate both the results and
the mean of the numerical intensity of inflammation, in each
H&E section approximately 700 inflammatory cells were
evaluated. The degree of inflammation was evaluated with
a score from O to 5, defined as follows: O=no inflammation,
l=weak inflammation, 2=mild inflammation, 3=moderate
inflammation, 4=moderate/severe inflammation and 5=severe
inflammation.

Statistical analysis. For 6 animals per group, the data are
expressed as mean value SEM. For the present study, one-way
analysis of variance (ANOVA) was used and Bonferroni
post hoc test for multiple comparisons was followed. The
pharmacological roles of CB2 receptor agonist and/or
antagonist on carrageenan-induced inflammatory processes
were compared with that in the diclofenac and carrageenan
groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

Macroscopic results of anti-oedematous activity. The
anti-inflammatory activities of CB2 receptor agonist, CB2
receptor antagonist, and diclofenac on carrageenan-induced
acute paw oedema were shown in Fig. 1. Intraplantar injection
of carrageenan into the rat paws caused the clear thickening of
the paw at 4 h after the administration. Carrageenan-induced
paw oedema was been reduced in the diclofenac and CB2
agonist given group. The anti-oedematous activity of CB2
receptor agonist was comparable to that of diclofenac. When
the antagonist was given alone, it had no any anti-inflamma-
tory activity. Moreover, when administered in combination
with the agonist, antagonist reversed anti-inflammatory effect
of the agonist.
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Figure 1. Effects of GW405833 (CAR+AGO), AM630 (CAR+ANTA),
their combination (CAR+AGO+ANTA) and diclofenac (CAR+DIC) on
the carrageenan-induced paw edema formation. Rats were evaluated for
paw edema at 0, 1, 2, 3 and 4 h post-carrageenan injection. Results were
expressed as percentage increase in paw thickness. Each point represents the
mean + SEM of six rats. "Statistically significant compared with carrageenan
group at P<0.05. AGO, agonist; ANTA, antagonist; DIC, diclofenac; CAR,
carrageenan.
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Figure 2. Effects of GW405833 (CAR+AGO), AM630 (CAR+ANTA), their
combination (CAR+AGO+ANTA) and diclofenac (CAR+DIC) on serum (A)
TNF-a and (B) IL-1f activities in carrageenan-induced paw inflammation of
rat (4th hour). Each point represents the mean + SEM of rats (n=6). “Statistically
significant compared with saline control group, statistically significant
compared with carrageenan group, and *statistically significant compared with
agonist-treated group at P<0.05. TNF-a, tumor necrosis factor-alpha; IL-1p3, inter-
leukin 1f3. AGO, agonist; ANTA, antagonist; DIC, diclofenac; CAR, carrageenan.

Cytokine, IL-13, and TNF-a, serum measurements. Serum
cytokine levels in the group treated with carrageenan were seen
to significantly increase (Fig. 2). These levels were observed to
significantly decrease in the CB2 agonist or diclofenac given
groups. However, these decreases in cytokine levels were not
seen in the antagonist group. As reversed anti-inflammatory
effect, the effects of agonist were reversed by CB2 antagonist
on serum cytokine levels.
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Figure 3. Effects of GW405833 (CAR+AGO), AM630 (CAR+ANTA), their
combination (CAR+AGO+ANTA) and diclofenac (CAR+DIC) on (A) MDA
and (B) GSH levels in carrageenan-injected paw tissues (4th hour). Each point
represents the mean = SEM of rats (n=6). “Statistically significant compared
with saline control group, *statistically significant compared with carrageenan
group, and “statistically significant compared with agonist-treated group at
P<0.05. GSH, glutathione; MDA, malondialdehyde. AGO, agonist; ANTA,
antagonist; DIC, diclofenac; CAR, carrageenan.

Oxidant and antioxidant activity in paw tissue. Carrageenan
application was found to increase the MDA concentration in
rat paw tissues. The MDA concentration was significantly
lower in the diclofenac and agonist group than in the carra-
geenan group. An increase in the inducer effect of carrageenan
in the antagonist group alone was no found to alteration, while
the beneficial effect of agonist was found to be caused by the
combination of antagonist and agonist. It was decreased GSH
level in inflammatory tissue, while level of GSH was increased
in both diclofenac and agonist-given group (Fig. 3).

MPO activity in paw tissue. The development of histological
damage was associated with increased infiltration of neutro-
phils as shown by an increase in MPO activity, a peroxidase
enzyme released by neutrophils and considered a marker of
neutrophilic infiltration. The administration of either cannabi-
noid 2 agonist (GW405833, 3 mg/kg) or diclofenac (10 mg/kg)
each significantly reduced MPO activity (Fig. 4), although
cannabinoid 2 antagonist, AM630, was not significantly effect.

Histopathological results. Histological changes in oedema
paws 4 h after injection of carrageenan. Light micrograph of rat
paw in all studied groups. Paws were harvested 4 h after injec-
tion of carrageenan and subjected to histochemical staining of
paw tissues. Saline control group was showing no histopatho-
logical changes. The inflammation score for the experimental
groups (carrageenan, antagonist, and vehicle) was more than
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Figure 4. Effects of GW405833 (CAR+AGO), AM630 (CAR+ANTA), their
combination (CAR+AGO+ANTA) and diclofenac (CAR+DIC) on MPO
activity in carrageenan-injected paw tissues (4th h). Each point represents
the mean + SEM of rats (n=6). “Statistically significant compared with saline
control group, *statistically significant compared with carrageenan group,
and *statistically significant compared with agonist-treated group at P<0.05.
MPO, myeloperoxidase. AGO, agonist; ANTA, antagonist; DIC, diclofenac;
CAR, carrageenan.
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Figure 5. Mean numerical density of inflammatory cells in rat paw tissues
(cell/mm?). Each point represents the mean = SEM of rats (n=6). "Statistically
significant compared with saline control group, *statistically significant
compared with carrageenan group, and *statistically significant compared
with agonist-treated group at P<0.05.

that of the saline control group and treatment groups (agonist
or diclofenac). Carrageenan-treated and Vehicle group showing
marked (+++++) inflammatory reaction associated with inter-
muscular infiltration with massive number of neutrophils.
CAR+DIC group and CAR+AGO group are showing weak
(+) inflammatory reactions. CAR+ANTA group is showing
(++++) inflammatory reaction. CAR+AGO+ANTA group is
showing mild (++) inflammatory reaction (Fig. 5).

Histopathological pictures of all groups are summarized
in Fig. 6. In the paw samples of the CAR, CAR+ANTA,
CAR+AGO+ANTA, and CAR+Vehicle groups, the inflamma-
tory infiltrates were abundant. In the all these groups, collagen
and elastic bundles, more fibroblast profiles, capillaries,
dense lymphocyte, white blood cells (especially neutrophil),
macrophage-like cells were found, as compared with saline
control or groups treated with agonist or diclofenac.

Saline control group results: Histologically, the structures
of the epidermis, stratified squamous epithelial cells and
dermis were normal. The fibers and connective tissue cells
also were normal.
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Figure 6. Histological changes in oedema paws 4 h after injection of carrageenan. Light micrograph of rat paw in all studied groups. Paws were harvested 4 h
after injection of carrageenan and subjected to histochemical staining of paw tissues. Histopathological pictures of all groups are summarized in Fig. 6. Saline
control group was showing no histopathological changes. The amount of inflammatory cells in the carrageenan group was higher than that of the saline control
group and agonist or diclofenac groups. There is a slight difference between saline control and treatments group in term of tissue content. The amount of inflam-
matory cells in the antagonist and agonist+antagonist groups were higher than that of the saline control group and agonist or diclofenac groups. The amount
of inflammatory cells in the vehicle group was higher than that of the saline control group and agonist or diclofenac groups. H&E staining, the magnifications
of images a, b, and c are at x4, x10 and x40, respectively. Epi, epidermis; Der, dermis; AT, adipose tissue; SG, Sweet gland; Fb, fibroblast; bv, blood vessel; Ef,
elastic fiber; Cf, collagen fiber. IA, inflammation area; Rbc, red blood cell; Ic, inflammatory cell; MC, macrophage like cell. Ac, adipose cell; MT, muscle tissue.
(A) Saline control group; (B) carrageenan model group; (C) diclofenac group; GW405833, (D) CB2 agonist group; (E) AM630, CB2 antagonist group; (F) CB2
agonist+antagonist group; and (G) Vehicle group. AGO: Agonist, ANTA, antagonist; DIC, diclofenac; CAR, Carrageenan, Vehicle, dimethyl sulfoxide.
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CAR group results: Observation of inflammatory cells in
the dermis and hypodermis was evident. The inflammation
score for this group was more than saline control, CAR+AGO,
and CAR+DIC groups. In addition, macrophage like cells was
observed in the hypodermis, around the vessels.

CAR+DIC group results: The appearance of the dermis,
hypodermis, epidermis and other tissue components, including
fibers and connective tissue cells were similar to those in the
saline control group.

CAR+AGO group results: The tissues in this group were
similar to those in the healthy group. In term of epidermis,
dermis, hypodermis and other tissue components, including
fibers and connective tissue cells, no significant difference was
found between the tissues in this group and either the saline
control or diclofenac group.

CAR+ANTA group results: Compared with the carra-
geenan group, dermis and hypodermis were found to have
fewer inflammatory cells, but the inflammation cell density in
this group was higher than the saline control and treatment
group.

CAR+AGO+ANTA group results: The appearance of the
epidermis, dermis, hypodermis and other tissue components,
including fibers and connective tissue cells were similar to
the carrageenan group. There was a significant difference
compared to the saline control and diclofenac group in term
of inflammatory cells density. In addition, but in the epidermis
around the vessels, macrophage-like cells were observed.

CAR+Vehicle group results: This group is associated with
a large number of inflammatory cells in dermis and hypo-
dermis when compared with the saline control and treatment
groups. Moreover, in the hypodermis around the vessels,
macrophage-like cells were observed.

Discussion

Although the role of the CB2 receptor in the regulation of
inflammation has been recently researched, its mechanism has
not been fully understood. The results of this study confirm
the effects of exogenous CB2 agonist, and a pharmacologic
role for CB2 receptor on carrageenan-induced paw oedema
in rats. We demonstrate that pre-treatment of rat with CB2
selective receptor agonist GW405833 decreases paw oedema,
tissue inflammatory cell infiltration and increased MPO
level, tissue lipid peroxidation, and serum TNF-a level. CB2
receptor activation also increases the tissue GSH level.

The process of inflammation is actually a response to
various stimuli against those who have given organism. Some
of these stimuli are trauma, infection, ischemia/reperfusion
and immunological reactions (21,22). Carrageenan-induced
paw oedema is a well-established model for evaluating acute
inflammation and anti-inflammatory effect of candidate
drugs (9). That oedema involves both neurogenic and
non-neurogenic mechanisms which have been associated
with arachidonic acid cascade which leads to the formation
of eicosanoids, prostaglandin, thromboxane, leukotriene,
reactive oxygen species, cytokines and other inflammatory
mediators, which were mediated by activity of 5-lipoxygenase
and COX enzymes (8). To date, several previous studies showed
endocannabinoid system have been major roles in nociception
or inflammatory reactions by receptor activation (23,24) or
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exogenous agonist administrations (25-30) or inhibition
of metabolized enzyme of 2-AG ligand (13,31,32). In this
study we showed that both CB2 receptor selective agonist
GW405833 and non-specific COX inhibitor drug diclofenac,
clearly inhibited the development of carrageenan-induced
oedema. Elmes et al speculate that CB2 agonist JWH-133
on paw volume been comparable to the effect of systemic
post-administration of morphine and rofecoxib (25).
Ghosh et al declared that JZL184, selective MAGL inhibitor,
reduces carrageenan-induced paw oedema were mediated
through CB2 receptors (13). Findings of a study can be
indirectly support our clear observations (33). Because of that
results, related to CB1 receptor way, said do not support a role
for anandamide (AEA), CB1 receptor ligand, in preventing
carrageenan-induced oedema, while palmitoylethanolamide
(PEA), an endogenous fatty acid, administration and the
catabolic enzyme fatty acid amide hydrolase (FAAH) blockade
elicited anti-oedema effects of an equivalent magnitude as
produced by, dexamethasone, and diclofenac. Due to confirm
the occurrence of CB2 receptor, we administered CB2
receptor antagonist AM630 plus to CB2 receptor agonist in
carrageenan-induced inflammatory animals. CB2 receptor
antagonist clearly reversed the anti-oedematous effect of
agonist in paw tissue. However CB2 receptor antagonist has
no effect on inflammation response.

At the end of the histopathological examinations; it was
found that there was a significant decrease in the number
of inflammatory cells in the agonist and diclofenac treated
groups, although there were a large number of inflammatory
cells in the tissue samples in the antagonist and carrageenan
groups. As seen in macroscopic analysis, the effect of the
COX inhibitor diclofenac was similar to anti-inflammatory
effect of CB2 agonist. Haruna et al (34), have showed that
the S-777469, (CB2) agonist, reduced the epidermal thick-
ness and the number of mast cells infiltrating skin lesions of
DNFB-induced ear swelling in mice. MAGL inhibition in
diseased mice increased 2-arachidonoylglycerol levels, leading
to a reduction of macroscopic and histological colon alterations
in the trinitrobenzene sulfonic acid (TNBS)-induced colitis (31).
Administration of antagonist alone did not contribute to
anti-inflammatory effect. This data suggests that the CB2
receptor antagonist reversed the effect of the CB2 receptor
agonist.

In pathological conditions and triggers inflammatory
signals, the ability of diclofenac to control carrageenan-induced
paw oedema is through the inhibition of COX, which is
overexpressed in inflammation. Our data show that CB2
receptor agonist is as effective as the COX inhibitor to control
the development of carrageenan induced paw oedema. CB2
receptor agonist may be indirectly and/or directly decreases
prostaglandin and other pro-inflammatory mediator
production through enhanced COX-2 expression. This data
is supported by recent studies. 2-AG limits COX-2 elevation
in neuronal inflammation (35). MAGL inhibition by KML29
induced a decrease in prostaglandin levels in most peripheral
tissues (32). On the other hand, COX activity is induced by
the endocannabinoids, specifically by the ligand AEA for
CBI and by inverse agonism of CB2 (36). Another data is that
cannabinoid receptor 2 suppresses leukocyte inflammatory
migration by modulating the lipoxygenase pathway (37).
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Cell migration is an important step of the inflammatory
process of the injured tissue. So, the anti-inflammatory
effects of CB2 agonists to be understood that involve the
inhibition of cell migration especially neutrophil migration,
we measured the MPO activity in the tissue for this purpose.
The prominent enzyme of neutrophils is MPO, which are
released in the extracellular space or with their activation. The
more neutrophil chemotaxis and migration into the inflamed
tissue, the more MPO activity increases (38,39). As it can be
seen from the data we have obtained; the CB2 agonist inhibits
neutrophil infiltration, which was evident from the reduced
MPO activity. This demonstrates that neutrophil migration to
the inflamed site is inhibited by the CB2 agonist. JWHOL15,
selective CB2 agonist, is decrease leukocytes infiltration in
both submucosa and mucosa, as well as the myeloperoxydase
activity, in LPS treated mice (28).

During acute pancreatitis, an upregulation especially
of CB2 on apoptotic cells is occur (40). Cannabinoids
may limit hepatic injury by modulating the expression of
adhesion molecules and the infiltration and activation of
inflammatory cells by CB2-dependent mechanisms (4).
Carrageenan-induced paw inflammation is dependent on
PMN infiltration. TNF-a acts as a continuous stimulator for
neutrophil infiltration in the inflammatory tissues and it also
up-regulates the production of cell-type specific leukocyte
chemo attractants, known as chemokines, which have also
been shown to cause up-regulation of cell adhesion molecules
and neutrophil activation (41). We focused on TNF-a
since it is proposed to play an early and crucial role in the
cascade of pro-inflammatory cytokines and the subsequent
inflammatory processes (39). We have proved inflammation
induction with carrageenan led to an increase in serum levels
of TNF-a and IL-1p. It supported our findings in previous
studies (28,31,42.,43).

Pro-inflammatory cytokines such as TNF-o and IL-1f are
important mediators associated with certain inflammatory
diseases such as rheumatoid arthritis etc (44). Thus, an
effective way to treat various inflammatory diseases can be a
form of treatment for the inhibition of these mediators. In our
study, pre-treatment with CB2 agonist significantly reversed
this significant increase, suggesting that CB2 agonist exerted
an anti-inflammatory action and inhibited polymorph nuclear
cell migration, probably by decreasing TNF-a and IL-1p
levels.

One of the major damages caused by inflammation is
free oxygen radicals. Reactive oxygen species are molecules
that are highly unstable and highly reactive (45). Acute
inflammatory processes can cause leukocyte migration occurs
involve inflammation mediators including neutrophil-derived
active oxygen species and free radicals (45). To understand
the working mechanism of agonist and antagonist, the
lipid peroxidation product, MDA, and antioxidant, GSH,
parameter in paw tissue were studied. The end-product
of lipid peroxidation is MDA. It refers to the imbalance
between oxidant and antioxidant system. It is well known
that the tissue lipid peroxidation levels can affected and the
antioxidant levels in paw tissues can reduced in carrageenan
inflammation studies. Previous studies have showed that
in carrageenan-induced paw oedema, the elimination of
toxic oxygen metabolites depends on the efficacy of the
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antioxidants (8-10). GSH is actually the main component
included in the endogenous antioxidant system. GSH reduces
the cytotoxic effects of these toxic oxygen metabolites (45).
In the present study, the GSH level was significantly higher
in the agonist group than in carrageenan group. When agonist
was given with carrageenan, it caused high MDA level to drop
significantly, and so we speculated that GW405833 decreases
oxidative stress caused by carrageenan inflammation. We
think that the CB2 receptor activation in peripheral tissues may
be decrease the carrageenan paw inflammation by reducing
oxidative stress. It is mean that CB2 receptor agonists may
be used as anti-inflammatory agents to prevent inflammation.
This study has shown that GW405833 may contribute to the
reduction of oxidative stress in a variety of inflammatory
diseases due to potential therapeutic effects. The inflammation
of paw tissue by reducing oxidative stress is inhibited by
CB2 agonist when administered to exogenous. So, it can
benefit from the activation of the CB2 receptor in order to
prevent inflammation. It has been suggested in our study that
CB2-specific agonists can be used to inhibit the production
of both oxidative stress and pro-inflammatory cytokines
in inhibit of various inflammatory diseases. JWH133, CB2
agonist, has the potential to treat bacterial translocation
and various relevant abnormalities through inhibition of
systemic/intestinal oxidative stress, inflammatory cytokines
and TNF-a release in cirrhosis (29).

We worked GW405833 as CB2 selective agonist to control
carrageenan-induced paw inflammation in rats. Because it
has highly selective on CB2 receptors, a lot of researchers
had used in the designed inflammatory models as sepsis (46),
osteoarthritis (47), and inflammatory pain (48). The presence
of CB2 receptors is continuing to discuss while information
about whether they are present in peripheral tissues is limited.
The protective effects of the CB2 receptor stimulation caused
us to hypothesize that the presence of these receptors in the
paw tissue and that the expression of these receptors increases
with inflammatory stimuli.

In summary, our results demonstrate that CB2 agonist has
not only anti-inflammatory activity in the models of acute
inflammation but also the inhibition of neutrophil migration.
This effect, at least in part, is due to reduce IL-1p and TNF-a
levels and oxidative stress.

This results support the conclusion that CB2 receptor
activation in the pathogenesis of acute inflammatory in
response to carrageenan. This study demonstrated that
CB2 receptors are present in the paw and that expression
of CB2 receptors by inflammatory stimulation is
increased. The CB2 receptor agonist, GW405833, exerted
significant anti-inflammatory effects such as diclofenac in
anti-inflammatory effect. Co-administration of the CB2
receptor antagonist AM630 with the CB2 agonist reversed
this effect pharmacologically. The anti-inflammatory effect
of the CB2 receptor agonist may be due to decrease both in
serum cytokine levels and/or in oxidative stress and increase
in unbalanced antioxidant system. These findings forcefully
suggest that targeting CB2 cannabinoid receptors may
represent a novel strategy in protecting against inflammatory
of peripheral cells. In conclusion, In the prevention of
inflammatory diseases, activate of CB2 receptors may be a
promising therapy.
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