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ABSTRACT

The present study was designed to evaluate thardl@mmatory effects of clavulanic acid, as a GICizhibitor
on carrageenan-induced paw edema in rats. Clavelacid was administered intraperitoneally (100, 200300
mg/kg) 20 min before the subplantar injection of ttarrageenan. Neutrophil infiltration (MPO actiy)t lipid
peroxidation (MDA assay), Il51 TNF« and PGE levels were assessed in the paw tissue of clarudenid treated
rats compared with the control rats. Results shotired intraperitoneal administration of clavulanacid (200 or
300 mg/kg) significantly reduced maximum paw vollon®4.51% and 59.81% and total inflammatory resgon
(AUC) by 53.17% and 59.13% in comparison with thetwl group, four hours after induction of inflaration
(p<0.001). Intraperitoneal injection of clavulanacid (100 or 200 mg/kg) resulted in a marked reducof MPO
activity in the inflamed paw by 79% and 82% respety in comparison with the control group (p<0.Gi0.001).
Moreover, intraperitoneal clavulanic acid (200 mg)keduced the MDA levels by 53.22% in comparisah the
control group (p<0.001). The levels of IIF-And PGE in the intraperitoneal clavulanic acid (300 mg/kggated
rats, were reduced by 61% and 13% respectivelyamparison with the control group (p<0.05). Overale
suggest that the anti-inflammatory properties dfaperitoneal clavulanic acid could be related ts inhibitory
effect on GCP-I1I activity results in elevating NAASel and reducing glutamate level increase.
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INTRODUCTION

Glutamate is an important excitatory neurotran@nitt central and peripheral nervous systems of maisi[1]. In
addition to using glutamate as a neurotransmittecemtral synapses, many primary sensory neurolease
glutamate from peripheral terminals. Vesicular gitoate transporters fill neurotransmitter vesicléth \lutamate
and they are transferred to peripheral terminal®nise tissue damage or pernicious stimuli caugarghte release
from the peripheral afferent nerve terminals andesgive glutamate release occurs during acute hrwhic
inflammation [2,3]. The peripheral nerve terminatmtain both ionotropic and metabotropic glutanrateeptors
and activation of these receptors can increaseexeéability of primary afferents. Physical traunoa anoxia
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increases glutamate levels in peripheral siteshefaffected tissues [3]. Interaction of glutamaithvs-protein-
coupled metabotropic glutamate receptors and NMR#eg C&" channels results in activation of COX-2 and
generation of prostaglandin, E4]. N-acetylaspartylglutamate (NAAG), which is widelysttibuted in the central
and peripheral nervous systems of mammals, is leased with glutamate or other small amine trantensitand
prevents excessive glutamate release by activptiegynaptic mGlu3 receptors [5,6]. These recemt@docated on
astrocytes and presynaptic axons in the peripheale terminals [6]. NAAG activation of group lIGIuRs
reduces cyclic-adenosine monophosphate (CAMP) saliceguanosine monophosphate (cGMP) levels in orsir
and glia. Conversely, prostaglandip & peripheral mediator of inflammation, increasessegy neuron response by
elevating cAMP levels. Consistent with this, grdumGIuR agonists reduce cAMP and prostaglandimigdiated
sensitization of sensory neurons [6-9].

NAAG has been cleaved by GCP-Il (NAALADase) to esle N-acetyl-aspartate and glutamate bothitro andin

vivo [10]. Inhibition of GCP-Il by some novel compountas been shown to protect NAAG from breakdown,
increase the level of NAAG and reduce glutamatellexcrease. These events cause considerable euti@pffects

in animal inflammatory pain and nervous disorderdeis [10-13]. The first potent GCP-II inhibitor, 2-
(phosphonomethyl) pentanedioic acid (2-PMPA), hasnbshown to increase NAAG and attenuate glutamate
increase [10]. These results suggest the potdotialevelopment of GCP-II inhibition as a novel phacological
approach to the treatment of inflammatory disorders

Clavulanic acid is #-lactamase inhibitor isolated fro8treptomyces Clavuliger(i$4-16].

In spite of possessing@-lactam ring in the structure of clavulanic acidittis a characteristic of beta-lactam
antibiotics, it has no significant intrinsic antorobial activity. The resemblance of chemical s in clavulanic
acid and beta-lactam antibiotics allows the intéoacof clavulanic acid with the enzymfglactamase that is
secreted by certain bacteria [14,15,17].

Previous studies confirm that there are tertiarycstiral similarities betweefi-lactamase and D-alanyl-D-alanin
carboxypeptidase-transpeptidase [18-22]. Becaussudi structural similarityp-lactamase inhibitors can inhibit
carboxypeptidase in that manner in mammals. As ipusvstudies confirmed contribution of glutamate in
inflammatory responses, the present investigatias based on the assumption that GCP-II could hbiiatl by (-
lactamase inhibitors to exhibit anti-inflammatoffeets by reducing the level of glutamate in peem and central
nervous systems [3,4,8,23,24]. We suggested thatilelnic acid known for its activity aspalactamase inhibitor
was also an inhibitor of mammalian GCP-II (NAALARgsactivity and reduced the level of glutamateengheral
and central nervous systems.

Since glutamate contributes to the inflammatorycpeses and NAAG reduces the level of glutamatehén t
peripheral and central nervous systems by actinm@tuR3, we aimed at evaluating the protective atéfeof
clavulanic acid in a rat model of acute local inflaation (carrageenan-induced paw edema). If GG®#lvolved

in regulating inflammatory mediator transmissiorthe peripheral afferent nerve fibers, intrapeiarinjection of
clavulanic acid may have some effects on the caaagn-induced inflammatory responses. We meashedéiels
of the inflammatory and biochemical factors inchgli myeloperoxidase (MPO), malondialdehyde (MDA),
cytokines (IL-B and TNFe) and PGEin paw tissue of the rats. NAAG was used as aeafee drug and the effect
of clavulanic acid on the inflammatory and biochelmail factors in the carrageenan induced rat pawnadeodel
was compared to that of NAAG in the paw tissueats.r

MATERIALS AND METHODS

Animals

Male Wistar rats (180-200 g) were used in this gtlidhe animals were given food and waddrlibitum They were
housed in the Animal House of the Tabriz UniversifyMedical Sciences at a controlled ambient terajee of
25+2°C and a 12-h light/12-h dark cycle. The préstady was performed in accordance with the Gdidehe
Care and Use of Laboratory Animals of Tabriz Unsitgrof Medical Sciences, Tabriz-Iran.

Carrageenan-induced paw edema

Rats were randomized into 5 groups of control aadtinent consisting of 6 rats each. The animatiencontrol
group received an intraperitoneal injection of p0Mormal saline and the animals in the treatmemtijgs received
an intraperitoneal injection of 500 pl NAAG solutiin saline (10mg/kg) or 500 ul potassium clavutarsolution
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in saline (100, 200 or 300 mg/kg) 20 minutes befurdeplantar injection of 100 pl carrageenan 1% Jwn'the right
hind paw [25]. The volume of the paw was measurgglethysmometer immediately prior to the carragee
injection and then at hourly intervals from 1 thaurs afterward. Data were expressed as a perecotagcrease in
the paw volume and compared with those of pre-tigacvalues. After measurement of the paw edenm rals
were sacrificed by an overdose of pentobarbitaltAed the inflamed hind paws were excised withiflajine.

Myeloperoxidase (MPO) activity

Carrageenan edema was induced as described b&fozerats were sacrificed 4 hours later by an owssdof
pentobarbital and the inflamed hind paws were extiwith a guillotine. Myeloperoxidase (MPO) actywivas
assayed according to the method of Bradley ePél. [The inflamed paw tissues were finely chopped ml of 50
mM potassium phosphate buffer (pH=6), containirg®hexa-decyl-trimethyl-ammonium-bromide (HTAB).€lrh
chopped tissues were homogenized (50 mg/ml) ingtreds buffer (50 mM) (pH=6) containing 0.5% hexayde
trimethyl-ammonium-bromide (HTAB) for 5x45 s at Imintervals at 8500 rpm. The homogenates werecate
for 10 seconds, frozen and thawed 3 times, theitatad for further 10 seconds and centrifuged &03®m, in
5°C for 30 min. The supernatant (100 pl) was adde2l9 ml of phosphate buffer (50 mM; pH=6) contag0.167
mg/ml of O-dianisidine dihydrochloride and 0.0005%drogen peroxide. Five minutes later the reactias
stopped by adding 0.1 ml of 1.2 M hydrochloric aditie absorbance was measured spectrophotometratalD0
nm. The concentrations were calculated by usintpreion curve and expressed as miliunits of MPQLO® mg
weight of wet tissue (mU/100 mg).

Malondialdehyde (MDA) assay

Carrageenan edema was induced as described béfuwerats were sacrificed 4 hours later by an ovedof
pentobarbital and the inflamed hind paws were extisith a guillotine. Lipid peroxidation in the naaw tissues
was quantified by determination of the MDA levetzarding to the method of Olgen et al. [27]. Ttesties were
homogenized in 1.15% KCI to achieve a 10% (W/V) bgenate. The homogenates were centrifuged anddf ml
each supernatant was added to a mixture contaBimd of O-phosphorous acid (1%) and 1 ml of thiddtaric
acid (TBA; 0.67%) in an aqueous solution. The reacmixture was heated for 60 min up to 95°C, dmhtwas
cooled in a room temperature. Then, 3 ml of n-boitavas added to each test tube, and the tubes steieen
vigorously and then centrifuged. The absorbance-béitanol phase was measured spectrophotometriabbg2
nm and the amount of thiobarbituric acid reactaissances (TBARS) was calculated from a calibrationve and
reported as nmol MDA/100 mg tissue.

Determination of IL-1p and TNF-a and PGE; levels in rat paw tissue

The rat paw tissues were collected 4 hours aftdudimg the inflammation by carrageenan and homaegehi
(1g/4ml) in extraction buffer containing 1mM of ptyémethylsulfonyl fluoride, 1 pg/ml of aprotinin drD.05%
Tween-20 in phosphate-buffered saline (PBS). Foasueement of PGEthe paw tissues were added to a lysis
solution (1g/4ml) containing 80% methanol, 20%rsaland 1mM indomethacin. Tissues were homogenirddeo
with a polytron and centrifuged at 5000 x g forriB. The supernatants were stored at —80°C untdilyars. IL-13
and TNFe level in the supernatants was determined [28nqu&LISA kits specific for rat ILf and TNFe
(eBioscience, USA). PGHevel was determined using a PGHA kit (Cayman Chemical Company, USA). The
sensitivities of the assays for IIB.ITNF-«. and PGEwere 31, 39.1 and 7.8 pg/ml, respectively.

Statistical Evaluation

Data were presented as meanz standard error ohdfam (SEM). Statistical comparisons were carrigdusing a
one-way analysis of variance (ANOVA) followed byetfiukey post-hoc test for multiple comparisons rideo to
determine statistical significance € 0.05) between treatments and control groups.

RESULTS

Effects of clavulanic acid on carrageenan-inducedgw edema

The protocol involved intraperitoneal injectionidf mg/kg of NAAG and 100, 200 or 300 mg/kg of clnic acid,
20 minutes before induction of the inflammationdupplantar injection of 100 ul carrageenan 1%. ¢tida of
acute inflammation in control rats resulted in gngicant increase in the paw volume, reaching akpef
inflammation after 4 hours. In the control groupurf hours after induction of the inflammation, theew volume
increased by 99.99+6.62% in comparison with preaggrenan control value. The inhibition of edemanfation by
NAAG (10 mg/kg) and clavulanic acid (200 or 300 kw)/ was prominent at all hourp<0.001) after the
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carrageenan injection (Fig.1a). NAAG (10 mg/kg)uteed in a significant reduction in the paw voluimg52.5%

after 4 hours in comparison with the control grqpp0.001) (Fig.1a) and reduced total inflammatorypoese

measured as area under the curve (AUC) signifigdnytl56.9% compared to the control grome@.001) (Fig.1b).
Intraperitoneal injection of the rats with 200 d¥03mg/kg clavulanic acid 20 minutes before induttaf the

inflammation resulted in a significant reductiontioé paw volume respectively by 54.51% and 59.8ft&6 4 hours

in comparison with the control group<0.001) (Fig.1a). Also AUC was significantly reddcia clavulanic acid
(100, 200 or 300 mg/kg) treated rats respectivgl®39% p<0.01), 53.17% and 59.13%<0.001) compared to
the control group (Fig.1b).

a) —&— Control
-43--NAAG 10mg/kg
—#—clav 100 mg/kg
®  clav 200 mg/kg
—k— clav 300 mg/kg
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Figure 1: The Effect of intraperitoneal injection o NAAG (10 mg/kg) and clavulanic acid (100, 200 a800 mg/kg) on carrageenan-
induced paw edema in rats. NAAG or clavulanic acidvas injected 20 min before induction of inflammatio by carrageenan. (a) Results
are expressed as percentage of increase in paw vk from control (pre-drug) values; (b) Total edemaesponses, measured as area
under the curve (AUC) of the treated rats comparedo control. Each point represents mean+SEM of sixats per group. Asterisks
indicate significant changes from control value { p<0.001), { p<0.01).

Effect of clavulanic acid on MPO activity

The subplantar injection of carrageenan into thdired paw induced an inflammation (swelling angtleema) that
was maximal by % hour following the carrageenan administration gmdduced a time-dependent PMN
accumulation in the paw tissue. As shown in Figuréhe MPO activity was as high as 146.46+16.37 100/Mmg
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wet tissue in the control group (carrageenan)apsgritoneal injection of a single dose of NAAG (h@/kg) or
clavulanic acid100 or 200 mg/kg) significantly reduced the enzyaatvity by 80.19% (29+6 mU/100mg tissue),
79% (30.8+0.7 mU/100mg tissue) and 82% (26.4+4.4100mg tissue), respectively in comparison with thahe
control group (f<0.01,p<0.001) (Fig.2).
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Figure 2: The effect of intraperitoneal injection d NAAG (10 mg/kg) and clavulanic acid (100 or 200 grkg) on myeloperoxidase (MPO)
activity in the paw of rats. Inflammation was induced in the paw by subplantar injection of carrageena 20 min after intraperitoneal
injection of NAAG or clavulanic acid. Data represeed as mean+SEM of six rats per group. Asterisks ticate significant change from
the control value (" p<0.001), { p<0.01).

Effect of clavulanic acid on MDA level

To determine the lipid peroxidation, MDA level wareasured in the hind paw tissue homogenates. Tdmasuar
injection of carrageenan into the rat hind paw petlthe inflammatory response that was maximal lhodrs
following carrageenan administration. At this tipeint the level of MDA in the control group (caresman) was
13.32+1.15 nmol/100mg tissue. Intraperitoneal adstiation of NAAG (10mg/kg) as the reference drugda
clavulanic acid (200 mg/kg), diminished MDA levebin 13.32+0.17 nmol/100mg tissue in the controlugrdo
6.08+0.35 and 6.23+0.6 nmol/100mg tissue in NAAG (ig/kg) and clavulanic acid (200 mg/kg) treatedugs,
respectively. MDA level in the NAAG (10 mg/kg) amtavulanic acid (200 mg/kg) treated groups was cedu
respectively by 54% and 53% in comparison withabetrol group 1(<0.001,p<0.01) (Fig.3).
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Figure 3: The effect of intraperitoneal injection d NAAG (10 mg/kg) or clavulanic acid (200 mg/kg) omalondialdehyde (MDA) level in

the paw of rats. Inflammation was induced in the pa by subplantar injection of carrageenan 20 min aftr intraperitoneal injection of

NAAG or clavulanic acid. Data represented as mean#£3M of six rats per group. Asterisks indicate signiicant changes from the control
value (" p<0.001), { p<0.01).
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Effects of NAAG and clavulanic acid on IL-1B level in the inflamed paw

The effects of NAAG (10 mg/kg) and clavulanic a¢&D0 or 300 mg/kg) on the levels of I[3-1n the inflamed
paws were examined 4 hours after the inductionnf&inmation. As shown in Figure 4, Il3level in control
(carrageenan) rats was 5446.4+957.6 which was eediut NAAG (10 mg/kg) or clavulanic acid (300 mg/kg
treated rats to 1506.2+137.5 and 3429.15+618.2pectively. The reduction of ILBllevel following treatment by
the NAAG (10 mg/kg) or clavulanic acid (300 mg/keggre respectively 72% and 61% in comparison witt th
the control group<0.01) (Fig.4). Results showed that intraperitoraghthinistration of clavulanic acid (200mg/kg)
reduced IL-B level slightly but not significantly in comparisevith that in the control group.
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Figure 4: The effect of intraperitoneal injection d NAAG (10 mg/kg) or clavulanic acid (200 or 300 mykg) on IL-1p level in inflamed
paw of rats. Inflammation was induced in the paw bysubplantar injection of the carrageenan 20 min aftr intraperitoneal injection of
the NAAG or clavulanic acid. Data represented as na+SEM of six rats per group. Asterisks indicate gjnificant changes from the

control value (*p=.0.01), {p<0.05).
Effects of clavulanic acid on TNFe level in the inflamed paw
The effects of NAAG (10 mg/kg) or clavulanic acRDQ or 300 mg/kg) on the levels of TNFn the inflamed paw
were examined 4 hours after the induction of infl@mtion. As shown in Figure 5, TNi4evel in the control
(carrageenan), NAAG (10 mg/kg) or clavulanic a@@Q or 300 mg/kg) treated rats was 240.4+11.13,2483%),
200.78+22.8 and 155.62+13.6 pg/ml, respectivelyFEtNevel in the clavulanic acid (300 mg/kg) treatatsrwas
reduced by 35.15% in comparison with that in theaticd group p<0.05) (Fig.5). Results showed that
administration of NAAG (10 mg/kg) or clavulanic dci200mg/kg) reduced TNé&-level slightly but not
significantly in comparison with that in the cortgvoup.
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Figure 5: The effect of intraperitoneal injection d NAAG (10 mg/kg) or clavulanic acid (200 or 300 mtixg) on TNF-a level in inflamed
paw of rats. Inflammation was induced in the paw bysubplantar injection of the carrageenan 20 min afr intraperitoneal injection of
the NAAG or clavulanic acid. Data represented as na+SEM of six rats per group. Asterisks indicate gjnificant changes from the

control value (p=:0.05).
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Effect of clavulanic acid on PGE level in the inflamed paw

The effects of NAAG (10 mg/kg) or clavulanic ackRDQ or 300 mg/kg) on the levels of PGE the inflamed paws
were examined 4 hours after the induction of infi@ion. As shown in Figure 6, PgHevel in control
(carrageenan), NAAG (10 mg/kg) or clavulanic a0 or 300 mg/kg) treated rats was 5.88+0.07, 1148,
5.125+0.2 and 5.096+0.13 pg/ml, respectively. P@kel in the NAAG (10 mg/kg) or clavulanic acido@ or 300
mg/kg) treated rats was reduced by 13.9%, 12.77% E$128%, respectivelyp€0.05). Results showed that
administration of NAAG (10 mg/kg) or clavulanic dqi200 or 300 mg/kg) significantly reduced the BGHel in
comparison with that in the control group (Fig.6).
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Figure 6: The effect of intraperitoneal injection d NAAG (10 mg/kg) or clavulanic acid (200 or 300 mtig) on
PGE; level in inflamed paw of rats. Inflammation was imluced in the paw by subplantar injection of the
carrageenan 20 min after intraperitoneal injectionof the NAAG or clavulanic acid. Data represented as
mean+SEM of six rats per group. Asterisks indicateignificant changes from the control value 0<:0.05).

DISCUSSION

As mentioned in the previous studies, effectivetér@al peptidase dB-lactamase inhibitors inhibiting mammalian
peptidase or protease include particul@flpctam containing compounds. According to thecttmal similarity and
perfect overlap between the active sites of spyiactamase (Class A, C and D) and the key sequeheenino
acids in the rat and human GCP-Il [19,29], suchtdyégal B-lactamase inhibitors appear to inhibit GCP-II
(NAALADase) activity that allows modulation of tl®ncentration or function of some neurotransmitfa}s

Glutamate carboxypeptidase Il (GCPIl; N-acetylatetinked acidic dipeptidase: NAALADase), a peptidase
hydrolyzing NAAG to glutamate and N-acetylaspart@&dound primarily in the peripheral nerves [3].

Blocking GCP-Il reduces glutamate level elevationtpcting carrageenan injected paw tissue fromifsogimt
inflammatory responses that is occurred by higlelewf glutamate [11]. It has been previously nmmd that
clavulanic acid, a recognizgdlactamase inhibitor, is also a potent inhibitoiGEP-11 [21,22].

Here we report new insights about the functions pogskible mechanisms of clavulanic acid as a GGRibitor.

In accordance with the hypothesis of the presemlysiclavulanic acid, f-lactam containing compound which is an
effective B-lactamase and peptidase inhibitor, can functionéarochemical mediation of glutamatergic pathways
and has the ability of reducing inflammatory resges In the present study, the authors clearly dstreted that
the intraperitoneal injection of clavulanic acidd(@or 300 mg/kg) attenuated the peripheral inflatomyaresponse
induced by carrageenan injection.

NAAG and NAAG-peptidase (GCP-II) are widely locatadhe peripheral nerves of mammals [3]. Inhibitaf the
NAAG-peptidase (GCP-II) reduces inactivation of NBAincreases the levels of NAAG and decreasesthad of
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glutamate. Activation of NAAG on the presynaptic ha& receptors reduces the levels of cAMP and' @#lux
into the nerve endings and reduces the activitgastsynaptic potentials resulting in lower amouwftglutamate
release per action potential [11].

It is known that the elevated glutamate releasmftbe peripheral afferent nerve fibers caused flarimmation
stimulates the excitatory amino acid receptors@eripheral tissues followed by sensitizatiomhef afferents by
inflammatory mediators. Glutamate activates phobphase A and phospholipase C, platelet-activating factor,
arachidonic acid and diacylglycerol, lipids whiate aesponsible for the inflammatory responses 38},

Also it has been shown that NMDA glutamate receptopdulate COX-2 expression in inflammatory cormdis
[30]. Our results suggest that the intraperitoriegction of the clavulanic acid (200 or 300 mg/la)) NAAG
(10mg/kg) attenuates the peripheral inflammatospomse induced by subplantar carrageenan injedtfersuggest
that the anti-inflammatory responses seen by cteralacid are related to the action of clavularic @n GCP-II
inhibition resulting in elevation of NAAG level andduction of glutamate level increase in the geipl afferents.
Infiltration of leukocytes from the vessels intetimflamed area is one of the various mechanismisstinpport the
inflammatory responses [31]. Carrageenan-inducedquema is a suitable model for generating freeadslin the
paw tissue after inflammatory conditions.

Clavulanic acid was injected 20 minutes prior te thduction of inflammation by carrageenan andsitgificant
anti-inflammatory effect was detectable at bothsasaof the carrageenan induced inflammation mdatdskems
that the early phase of the carrageenan inducethade related to the production of histamine, larikoes,
platelet-activating factor and cyclooxygenase podsiuwhile the delayed phase of response has l@ated to
neutrophil infiltration, production of neutrophiedved free radicals, such as hydrogen peroxidpersxide and
OH' radicals and release of other neutrophil-derivediiators [25,32].

These free radicals promote lipid peroxidation,réase vascular permeability, elicit cellular rebnént and
produce tissue damage [33]. In accordance wittdata, we showed for the first time that intraperéal clavulanic
acid (200 or 300 mg/kg) was an effectimevivo inhibitor of the neutrophil infiltration; as deteimed by the MPO
levels in the inflammatory paw tissue. Myeloper@dd is an enzyme found primarily in azurophilicngias of
neutrophils, which is used as a marker for tissaigtnophil content and its inhibition implies theepence of anti-
inflammatory activity. MDA is an index of ROS-met#d injury and an end product of lipid peroxidatemd free
radical formation. We demonstrated that paw tissoacentration of MDA was significantly decreased by
intraperitoneal administration of clavulanic acBDQ mg/kg) and the results were similar to thatNéfAG as
reference drug.

Reduction of MDA level was observed in inflamed passues after intraperitoneal administration afvalanic
acid (200 mg/kg) indicated the ability of clavulamicid to attenuate the oxidative stress [34,3&]sfaglandins and
interleukins are produced during inflammation amigdiact with their respective receptors locatedhenperipheral
terminals of primary afferents [36].

Prostaglandin £ (PGE) is one of the most important metabolites of aidmhic acid generated through an
enzymatic cascade controlled by cyclooxgenase (CéxJymes. PGEelicits a wide range of inflammatory
responses including increase of vascular perméabilhe significance of this role is emphasizedthy broad
clinical administration of cyclooxgenase inhibitacsreduce inflammation in a variety of inflammatatisorders.
We found that intraperitoneal clavulanic acid (280300 mg/kg) significantly reduced the levels &BB in
inflamed paw tissue and the results were similah&b of NAAG as reference drug.

We measured the release profile of proinflammatytpkines (TNFe and IL-13) at the site of inflammation and
compared with equivalent profiles after the caresmgm injection. We assessed whether the cytokingistrplay a
functional role in anti-inflammatory effects of eldanic acid. Herein, we report that injection loé tclavulanic acid
reduces IL-B levels in the paw tissue. Four hours after thelehge, the levels of IL{1 were reduced coincident
with the significant reduction of PGEevels. At the # hour time point, when ILfLand PGEwere inhibited, MPO
activity was also reduced significantly in comparisvith that in the control group.

In conclusion, this experiment showed that theagggenan successfully induced edema in the pawulalsie acid
reduced the paw volume; the responses were gréatlatphases of the inflammation. MDA level wasueetd by
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clavulanic acid. We found that the pattern of pflaimmatory mediator concentration in the paw tisshenged by
clavulanic acid was correlated with the numbemdiltrating cells. The anti-inflammatory propertie$ clavulanic
acid could be related to its inhibitory effect of€C&& Il activity results in elevating NAAG level arréducing
glutamate level.
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