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ABSTRACT

Prostaglandin (PG) secreted is characteristic favgninflammatory diseases. The committed stepeificttm of free
arachidonic acid into PG products is supported lyglooxygenase (COX) which exists as two genetichdiynct
iso forms, COX-1 and COX-2. This study was conduciging expolysacchaide produced by isolated strain
paenibacillus, named PLEPS. Strain NRC1 was isdlat®m mangroves and identified as belonging to
paenibacillus lactes NRC1 species by 16SrRNA amdoduced 9.5 g of PLEPS per liter of broth medidrhe
PLEPS was a heteropolysaccharide composed of aoaerfructose, glucose and galactouronic acid atamo
ration 3.0: 1.0: 0.25: 3.0, respectively with maléar mass of 2.58.0° g/mol. To verify the claims of PLEPS on the
anti-inflammatory activity and possibly deduceatdivities, through testing its effect as cycolayases 1 and 2
inhibitor at five concentrations was tested. Itibited each of them concentration dependently sxhemaximum
activity, 98.82 %, for COX-2 and 55.18% for COX11480 pg/mL. However, celecoxibe inhibited thenl®§%
and 69.33%, respectively at the same concentraBbEPS scavenged 50% of nitric oxide radical aD30Qug/mL,
DPPH radical at 25 pg/ ml and superoxide radicatsl@.73 pug/mL. In in-vivo study, PLEPS inhibitedguuction

of interleukin-1 (IL-1), TNFx and nitric oxide in sera of animals pretreatednRLEPS at 200 mg/ kg body weight
before carrageenan injection in acute inflammatioadel. It is evident from recorded activities titatan be used
as a potential antioxidant and Non-steroidal amflammatory material through enhances adaptive imenu
responses.

Keywords: Cyclooxygenase, inflammation, cytokines, carragegomaenibacillus lactesexopolysaccharides

INTRODUCTION

Inflammatory diseases, such as chronic asthma,nratmid arthritis (RA), multiples sclerosis, psoisasand
inflammatory bowel disease are widespread in theédaan large scale [1]. To alleviate pain and stffs in patients
with inflammatory diseases, physician often appliedgs like cyclooxygenase inhibitors [2]. Most ds#ugs are
expensive and show the side effects [3]. Thusetli®ran urgent need to develop new drugs with mahiside
effects and cost reduction [4]. Mangroves are tralpor subtropical inertial forested wetlands comiey a great
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diversity of organisms. The second largest ecolgiroup of the marine bacteria is mangrove orgasjsand
many of them are new or adequately enough descepedies and may produce chemical substances witbl n
functions and structures [5]. Bacteria often praegopolysaccharides (EPS) which are secretedthetgrowth
media or still tightly attached to the cell surfaS@me of these EPS have shown useful biologidalies [6-9].
The production EPS by attached microorganisms aexryacomplicated process, which is affected by ynamique
parameters. It is also considered that the mecmsnis biofilm development process are vastly ddferfrom
species to species [10]. Thus, it is necessareteldp and use of new natural antioxidants whiah matect the
human body from free radicals and delay the pragoésnany chronic diseases [11]. Many natural sufzsts have
attracted attention in the search for bioactive pounds for the development of new drugs and héadttis. Sugars
play important roles in many biological processes] they can work delimiters virulence in pathogéhscurrence
in the nature of the biological activities of EP®acting more and more attention in biochemistngd anedicine
[12]. Some of polysaccharides have proven to prayrgortant role as a scavenger of free radicatheriaboratory
(in-vitro) and antioxidants to prevent oxidative damageving organisms [13]. Some of these exopolysacdesri
have developed into new drugs [14]. Generally, bf@ogical activity associated with the polysacdétiarfrom
marine bacteria is related to molecular size amaratieristics of anticoagulant properties [15]wadl as anti-
inflammatory activities [16], which make it applida for pharmaceutical applications. It is well kothat reactive
oxygen species (ROS), such a hydroxyl radicals"YOblperoxide anion (0), singlet oxygen (1¢) and hydrogen
peroxide (HO,), play a key role in the development of oxidatsteess can lead to many diseases including
inflammation, cardiovascular diseases, degeneratiigeases, diabetes, cancer, anemia, and ischetija [
Inflammation, a part of the non-specific immunep@sse, It involves the variations in blood flowdaimcreased
permeability of blood vessels and tissue destronctioough the activation and migration of leukosyteith the
synthesis of reactive oxygen derivatives [18]. ptegral inflammation includes increase in the (COX¥diated
(PG) synthesis in the central nervous system [(@fl8mmation involves an increase in (COX-2)-med{(PG)
synthesis in the central nervous system (CNS)],ickvlcontributes to hyperalgesia and Leather paBj.[The
inflammatory process is a temporal phenomenon,acherized by intense leaching of the muscles imréety of
mediators such as histamines, serotonin, nitricdlexbradykinins and prostaglandins (PGs) [20-22ler€ is a
strong relationship between the inflammatory precasd the development of pain. Accompanying inflatary
pain by increasing the excitability of sensory fdbeeasoned peripheral pain produced by the mediatbthe
inflammatory actions [23]. This study was condudie@xplore the characterization of PLEPS from madnd the
identification of by 16SrRNA. The mechanism of antiof PLEPS as anti-inflammatory agent relevarits@ffect
on (COX-2), (COX-1) activities irfn-vitro model with verification of its role in nitric oxél (NO) production,
proinflammatory cytokines including interleuking-@IL-18) and Tumor necrosis factar{ TNF-o) production and
anti-inflammatory cytokines involving transformiggowth factorp (TGf- ) and interleukin-4 (IL-4) in sera of rats
with carrageenan-induced hind paw edema.

MATERIALSAND METHODS

Chemicals

Peroxidase, 2,2-azino-bis(3-ethylbenzthiazolines#esic acid diammonium salt, phenazine methosuplRMS)-
nicotinamide adenine dinucleotide (NADH), nitrobligdrazolium (NBT), Tris-HCI buffer, Greiss reageBbdium
nitroprusside Ascorbic acid (Vc), butylated hydrtotyene (BHT), Leuco-2,7-dichlorofluorescien diacetate,
hematin, arachidonic acid, Tris-buffer, Cyclooxygea enzyme (COX-1 or COX-2) were purchased fronm&ig
Aldrich, USA.

Isolation of Bacteria

Soil samples were collected fromangroves (Marsa Alam, Egypt). The soil samplesewdiluted and a known
aliquot was plated on marine nutrient agar medabated at 37C for 3 days. Some strains exhibited mucoid
surface on the growth media. It indicates the petidn of EPS by bacteria [24]. The strains weretiraly sub-
cultured and maintained in nutrient agar slantstask.

Strain Identification

Morphological, physiological and biochemical chaeaization for the promising bacterium NRC1 wereried out.
Characteristics of the isolate were compared wétadrom Bergey’'s Manual of Determinative Bactey@y [25].
The identification was confirmed with phylogenicaiysis. Genomic DNA from the NRC1 was isolated godlity
was evaluated on 1.2 % agarose gel, a single bahijlo Mw DNA has been observed. The forward primes
5TCCGTAGGTGAACTTTGCGGS and the reverse primer waSTECTCCGCTTATTGATATGCS3 [26]. The
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PCR amplicon was purified to remove contaminantrwird and reverse DNA sequencing reaction of PCR
amplicon was carried and then performs 35 amptificacycles at 94°C or 45 sec, 55°C for 60 sec &2feC for 60
sec. DNA fragments are amplified about 988 bp & ¢hse of bacteria. Include a positive contéoldoli genomic
DNA) and a negative control in the PCR. Sequenuiag performed by using Big Dye terminator cycleusggging

kit (Applied BioSystems, USA). Sequencing produetsre resolved on an Applied Bio-systems model 3130X
automated DNA sequencing system. The sequence @arapaced with 16S rRNA sequences in GenBank and
aligned with close relatives using the BLAST pragrénttp://www.ncbi.nlm.nih.gov) [27].

Production of Exopolysaccharide

Inoculums was prepared by transferring one loopdtikculture from marine nutrient slant to an 25Q-igonical
flask containing 50 mL seed medium consisting dL.)glucose 20, yeast extract 0.1, CaCO NH;NO; 0.8,
K,HPQ, 0.6, KH,PG, 0.5, MgSQ.7H,O 0.05, MnSQ4H,0 0.1 and dissolved in 75% seawater [28]. The seed
culture was grown at 35°C on a rotary shaker intabat 130 rpm for 24 h. After incubation, 5 mL tbe seed
culture was transferred into a 250-mL ErlenmeyasK| containing 50 mL of fermentation medium coinsgsiof
(g/L) Sucrose 20, yeast extract 0.2HRQO, 0.25, MgSQ 7H,O 0.1 and dissolved in 750 mL seawater, pH 7 [29].
The fermentation cultures were then incubated &€3gith shaking at 130 rpm for 3 days. The EPS dammas
prepared from strain NRC1 culture in the fermentatnedium.

Isolation and fractionation of the PLEPS

The culture medium was separated by centrifugaitoB000 rpm for 20 min. The supernatant was cabeend
mixed with four-volumes of absolute ethanol, arftl d@ernight at £C for. The precipitate in the centrifuging tube
was rinsed carefully with water, filtered and thdired at 50C in an oven to get the biomass dry weight [30fe Th
crude EPS isolated was dissolved in distilled watett further treated with Sevage reagent (Chlomfdutanol,
5:1, v/v) for three times to remove the residuaitgin. The EPS, which was in supernatant, was ipdréigain by
absolute ethanol and left overnight. The resultirgcipitate was re-dissolved in distilled water alalyzed (2 kDa
cut-off membrane) against distilled water to remtox@ molecular weight compounds [31]. The dialyzedution
was concentrated and fractionation according pitatipn using 1, 2, 3 and 4-volume absolute eth@2pl The
major fraction(PLEPS) solution was sited at <6 overnight thawed rapidly and centrifuged at 5@0® for 30
min to examine the precipitation. If no precipitetioccurred, the UV absorption spectrum was recbrggng a
spectrophotometer UV-visible 2401PC (Shimadzu, dppeetween 190 and 550 nm, in order to examine the
existence of proteins and nucleic acids [33].

Monosaccharide analysis

PLEPS (~ 200 mg) was hydrolyzed with 2 mL of TFA (1 M) HdO°C in a sealed tube for 12 h. Excess acid was
removed by flash evaporation on a water bath angperature of 50°C and co-distilled with water (IL%8)

and then evaporated to dryness [34]. The monosedelsacontents were quantified by HPLC on a Shimadz
Shim-Pack SCR-101N column (7.9 mm30 cm), using deionized water as the mobile platsftow rate 0.5
mL/min [35, 36]. Sugar identification was done lpmgparison with authentic sugars. Uronic acid contdrnthe
PLEPS was determined by the-hydroxybiphenyl method [37, 38], using glucurordcid as the standard.
Sulfate was measured using the turbidimetric mefdfwith sodium sulfate as standard.

Molecular Weight Determination

Homogeneity and average molecular weighit,)( of PLEPS was determined on an Agilent 1100 HPyEtesn
equipped with a RI Detector and FPI gel particiegbum), 3 columns of pore type (100, 104, 105 A°) onese
length 7.5x 300 mm (1000,5000000) for DMF solvent Styrogel BRI, 3 um (7.8%x 300 mm), Water Company
Ireland. One column (5000-600000) for water sol\grtiyethylene oxide/glycol standard) PL aquagel-©B mm
and 30 um pore type 8 um particle size. PL aqu@géelF.5 mm, 50 um pore type, 8um particle sizegitesM,, from
100-1250000 g/moL. The sample 10 mg was dissolvedmL of solvent and then it filtrated by siririlyefr 0.45 then
the sample but in GPC device. The polydispersiteinPl) calculated from th&,/M, ratio [40, 41].

Fourier-Transform Infrared Spectroscopy (FTIR)

The FTIR spectrum of PLEPS was determined usingiek& scientific 500-IR FTIR spectrophotometer (Berc
Co., Ettlingen, Germany) for the detection of vagdunctional groups. The purified PLEPS was growitti KBr
powder and pressed into pellets for FTIR measureineahe frequency range of 4000400 ¢ii@2].
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Cyclooxygenases inhibitory activity

The oxidation of leuco-dichlorofluorescein (L-DCiR)the presence of phenol by the hydroperoxide &atrim the
cyclooxygenase reaction can be used as a senspigetro-photometric assay for PGH synthase activi8}.
Leuco-2,7-dichloro-fluorescein diacetate (5 mg) wugdrolyzed at room temperature in 1 M NaOH (&0 for 10
min, then 1M HCI (3QuL) was added to neutralize excess NaOH beforedhbelting L-DCF was diluted in 0.1 M
Tris-buffer, pH 8. Cyclooxygenase enzyme (COX-1G®X-2) was diluted in 0.1 M Tris-buffer, pH 8, duat a
known aliquot gave an absorbance change of 0.0b/imthe test reaction. 2L of test samples or methanol were
pre-incubated with enzyme at room temperature fimirbin the presence of hematin. Premixed phen®QF and
arachidonic acid were added to the enzyme mixtareegin the reaction, and to give a final reactiaimture of
arachidonic acid (5@M), phenol (500uM), L-DCF (20 uM) and hematin (1tM) in 1 mL final volume of 0.1 M
Tris-buffer, pH 8. The reaction was recorded spgttotometrically over 1 min at 502 nm. A blank téat mixture
was analyzed in the spectrophotometer referendeagainst each test reaction to account for any-ermymatic
activity attributed to the test sample. This blaksisted of the reaction mixture without the ddditof enzyme.
Celecoxib was used as standard compound.

Nitric Oxide radical scavenging activity

NO' radical scavenging activity of PLEPS at 25, 500,1200 and 400 pg/mL was determined using a Sodium
nitroprusside (SNP) generating N&stem. NOgenerated from SNP in agueous solution at phygicdd pH reacts
with oxygen to produce nitrite ions which were meas by the Greiss reagent [44]. which constitutés
Sulfanilamide in 5% ortho-4#P0O, and 0.1% Naphthylethylene diamine dihydrochloriflbe reaction mixture (2
mL) containing various concentrations of the LPER® standard compounds and SNP (final concenttation
mM) in phosphate buffered saline (PBS) pH 7.4 wecebated at 25°C for 150 min. After incubation,| samples

of reaction mixtures were removed and diluted vlitmL Greiss reagent. The absorbance of these cotutvas
measured at 540 nm against the corresponding Siainkion.

Free radical scavenging activity

The free radical scavenging activity of PLEPS wasasured using the method of [45]. 0.1 mM solutibDBPH
in methanol was prepared. Then, 1ml of this sotutias added to 3 mL of PLEPS and standards solatidb,
50,100, 200 and 400 pg/mL. The mixture was shakgorously and allowed to stand at room temperatore30
min. Then the absorbance was measured at 517 myp sigectrophotometer UV-visible 2401PC, Shimadapad.
Lower absorbance of the reaction mixture indicategher free radical scavenging activity. The DPPR&tical
concentration in the reaction medium was calcul&i@a the following equation:

DPPH scavenging effect (%8 100- [(Ag-A1)/Ag) 100]

Where Ay was the absorbance of the control reaction A&ndias the absorbance in the presence of the sarfiple o
PLEPS.

Superoxide anion scavenging activity

Superoxide radicals are generated in phenazineasgfhate (PMS)-nicotinamide adenine dinucleotidADH)
systems by oxidation of NADH and were assayed lg/ tbduction of nitroblue tetrazolium (NBT). In this
experiment, the superoxide radicals were geneiat8dnL of Tris-HCI buffer (16 mM, pH 8.0) contaimg 1 mL of
NBT (50 pM) solution, 1 mL NADH (78uM) solution and 1ml sample solution of PLEPS atfedént
concentrations were mixed. The reaction was stdoyeadding 1 mL of PMS solution (1(M) to the mixture. The
reaction mixture was incubated at 25°C for 5 mimg éhe absorbance at 560 nm in a spectrophotomeier
measured against blank samples [46, 47]. Ascodit @and BHT was used as controls. Decrease in bhsoe of
the reaction mixture indicated increased superoxd®n scavenging activity. The percentage intohitiof
superoxide anion generation was calculated usiadaifowing formula:

% = [(Ao-A1)/A] X100
Where A was the absorbance of the control, andvAs the absorbance of PLEPS or standards.
Total antioxidant activity

Exactly 0.2 mL of peroxidase (4.4 Units/mL), 0.2 nof H,O, (50 uM), 0.2 mL of ABTS (2,2-azino-bis(3-
ethylbenzthiazoline-6-sulfonic cid, diammonium s&@0uM) and 1ml methanol were mixed, and were kept & th
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dark for 1 h to form a bluish green complex aftédiag of 1 mL PLEPS of different concentrations;abic acid
and BHT, used as a contf&*V All were tested in triplicates. The absorbanc@3 nm was measured to represent
the total antioxidant activity and then was caltedisas follows:

Total antioxidant activity (%) = [1- (A sample/Ariwol)] x 100
Animals and experimental design

Acute toxicity

The acute toxicity test for PLEPS was carried out\aluate any possible toxicity. Male albino mitgained from
animal house of National Research Centre (n=8) wafided into six groups then, administered difféardoses of
PLEPS in an oral route by increasing or decreafieglose, according to the response of animal [A&. dosing
patron was 250, 500, 1000, 1500, 2000 and 2500 grigé¢kly weight while the control group received ottg
normal saline. All groups were observed for anysgreffect or mortality during 48h. Death of halfefamined
animals was observed at 2000 mg/ kg body weight.

Animals and experimental design of anti-inflammgtactivity in Carrageenan induced paw oedema model

Adult malesapargue dawelyats weighing between 150-180 g were maintainetbunormal laboratory conditions
and kept in standard polypropylene cages at roanpéeature of 25-30°C, 60 to 65% relative humidityda
provided with standard diet and waget libitum. The diurnal lighting and darkness cycle is 12 heAfcclimation
for 5 days, animals were randomly divided into fguoups each of eight animals to conduct the erparts. Rat
paw edema was induced by carrageenan injectiory esimodified method [49]. After pre-treatment ofHRS at
one tenth of LI, for 7 days, except control animals, each malevest injected with 0.1 mL of carrageenan (1% in
normal saline) at the plantar side of right hindvpRaw edema values were measured with a digitiecebefore
and 1, 2, 3, 4 or 5 h after carrageenan injecttd. [Effect of inhibition on paw edema was calcethtising the
following formula:

Percent Inhibition = [(C—T) / C} 100

Where T, is the thickness of paw before carrageenan imjecti; presents the paw thickness after carrageenan
injection, t =1,2,3,4,5 h. Celecoxibe was useccabmmended dose (100 mg/kg). After last measureafehe paw
thickness, rats were sacrificed by cervical didioca Blood was collected and the serum was isdldte the
determination of inflammation biomarkers, NO leveterleukin-B, interleukin-6 and tumor necrosis facter¥he
inflammation biomarkers (ILfi and IL-4) levels were determined using enzymedihkmmune adsorbent assay
kits in accordance with the manufacturer's reconuiagions (Quantikine, USA), tumoral necrosis faciorwas
carried as manufacturer’s by Hycult biotech, Neglends while transforming growth factpt- was assessed as
manufacturer’'s by Abnova, Taiwan. The assessmastdene by ELISA reader (NJ 2000; Nihom Inter Med),
the sensitivity of assay was 20 pg/ml. NO was messaccording to the method of [51]. For nitritéestmination,
NO;™ was converted into nitrite after enzymatic coni@rdy nitrate reductase; NO2vas measured by using the
Griess reaction [52]. Values obtained by this pdoce represented the sum of nitrite and nitrate.

Statistical analysis

All data are expressed as means + S.D., wheresisalf/variance was used for statistical evaluatibsignificant
differences among the multiple groups with One-wdyOVA, Tukey’'s Multiple Comparison test. Differerse
were considered significant whén<0.05. The analyses was performed using SPSS 9gmnogr

RESULTSAND DISCUSSION

Isolation, Screening, and Identification of the Eft8ducing bacteria

A total of 65 morphologically well-formed singleloaies were selected from different marine sampleshe basis
of their morphological differences in nutrient agdaites. Among them 30 strains were found to belyrer EPSs.
Finally, NRC1 strain was selected as the best EfP&fucer according to among of yield per liter. &/examined
marine bacterial isolates its ability to produceSER has been getting the highest return of ERB 1) by type

of marine bacteria isolated from a sample of maves(T able 1). Moreover, the implementation of the process of
determining the molecular identity of the isolatestteria using 16S ribosomal way out. It revealeawionary
analysis and development on the basis of recombiD&A sequencing 16S is a close relationship (9986)
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Paenibacillus elgiin Paenibacillus ehimeis. Nucleotide sequence deposited in a sequenadate GenBank,
because of the number of join KP145013. And showes relationship of evolution and development of the
mammary Paenibacillus NRC1 DNA sequencing with f&®mbinant oBacillus andPaenibacillusothers. Strain
NRC1 beyond that characterization, plates morpho&#gnd physiological and biochemical standard tHRC1
strain was spore forming Gram-positive and nonihesgi which grows in both aerobic environments sedw
According to the morphological and physiologicaberty, it was found NRC1 strain belongingRaenibacillus
sp.. Moreover, the implementation of the procesgedérmining the molecular identity of the isolatettteria using
16S ribosomal is way out. He revealed evolutioramglysis and development on the basis of recombiDaA
sequencing 16S is a close relationship (99%)Pfaenibacillus elgiiand Paenibacillus ehimensideposited the
sequence of nucleotides in a sequence databasea@ierdhd given the number of join KP145013. Andvahthe
relationship of evolution and development of themmaary PaenibacillusNRC1 DNA sequencing with 16S
recombinant oBacillusandPaenibacillusothers is shown ikigure (1).

Table 1. Morphological, cultural and physiological characteristics of NRC1 isolate

Characteristics  Isolate bacteria

Morphology Gran-positive, short rods, n-spore forning
Motile Non-motile

Cultural Circular, smooth, viscous, white yellowish
Physiological  Aerobic, catalase-positive, haloghili

i‘rhembac-uus sp. 6495m-C2 partial 165 rRNA gene, isolate 6495m-C2

Thenih:ncillu.! lautug 165 rRNA gene, strain C2

[ Paenibacillus lactis strain LG2 165 tibasomal RNA gene, partial sequence

%—T “ Bacillus sp. FTAT-21981 165 ribosomal RNA gene, partial sequence

* Paenibacillus lactis strain MB 1928 165 ribosomal RNA pene, partial sequenoe

2 Uncultured compost bacterium partial 165 fRNA gene, clone F5920

A1 compost bacterium partial 165 rRNA gene, clone F5 1599
Paenibacillus lactis partial 165 rRNA gene, strain IB-188D

" Paenibacillus lactis strain MB 2035 165 ribosomal RNA gene, partial sequence

= *# Paenibacillus sp. cmcl2 165 ribosomal RNA gene, partial sequence
& Uncultured compost bacterium partial 163 rfRNA gene, clone F31058
*Pa us lactis strain SCTB114 165 ribosomal RNA pene, partial sequence
_¢|—<7 * Paenibacillus lactis strain SCTB119 165 ribosomal RNA gene, partial sequence

7 Paenibacillus lactis strain MB 1871 165 ribocomal RMNA gene, pattial saquence

“Paenibacillus lactis strain NBPP29 165 ribosomal RNA gene, partial sequence

 Paenibacillus lactis strain NASCE-5 165 ribosomal RNA pene, partial sequence

* Paenibacillus lactis strain ZYbI 165 ribosomal RNA gene, partial sequence

au i us sp. clone CAMD SMC BEDI 168 ribosomal RNA gene, partial sequence

lw"—| Junknown
1

“ Paenibacillus lactis strain NRC1 165 ribosomal RNA gene, partial sequence

Figure 1. Phylogenetic dendogram obtained by distance matrix analysis showing the position of Paenibacillus lactisNRC1 among 16S
rDNA of the highest 16 similar Paenibacillus elgii and Paenibacillus ehimensis

Many marine bacteria can produce EPSs, suchdwardsiella tarda AlteromonasdPaenibacillus polymyxgp3]
but the hydroxyl radical scavenging activity of tB®S of Pseudomonad$’F-6 reached 90% in much lower
concentration level, 0.6 mg/mL. Accidentally, [4@ported that the scavenging ability on superoxidien radical
of an EPS fronPaenibacillus polymyx&JS-3 was about 80% at 1 mg/mL. EPS producingebacstrain (S9) was
isolated from marine soil sample on zobell agar iomedat 32°C for 7 days. A convex colony was obserwéth
tenure and orange colony. Strain promising S9 lbeen characterized as gram positive, rod shapetkrizac
moving. The 16SrRNA sequence analysis showed agegtentage of similarity to the gerlsiguobacteriunsp.

Isolation, purification and defined chemical comitios of PLEPS

The maximum of exopolysaccharide production wasgL1 of growth medium after 3-dayand the relationship
between cell growth and product formationRafenibacillus lactilNRC1 was2.95 g EPS per gram cell dry weight.
The main fraction PLEPS (71%) was obtained aftactfonated with ethanol precipitation from the @ugPS.
PLEPS was yellow light, in the form of colorless powdsnell. It was soluble in water but not soluble thamol
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and other organic solvents, such as ether, acetdmeh is consistent with the general charactesstf the EPS.
The solution of PLEPS was a uniform liquid with Higcolored yellow, and no precipitation occurredeaf
centrifugation. So it was thought that PLEPS beepufhe lack of absorption was detected by UV spetin both
the 260 and 280 nm refers to the absence of nuatdis and proteins. PLEPS contained 18.4 % uracid as
evaluated bym-hydroxydiphenyl colorimetric method and sulfatel .@%). These indicate that the PLEPS is an
acidic exopolysaccharide. The HPLC analysis indidathat PLEPS was consisted of arabinose, fructose
glucose and galacturonic acid with a relative modaio of 3.0: 1.0: 0.25: 3. The molecular weightrage ¥,,) ,
number average of molecular weight,J and polydispersityM,/M,) of thePSEPS was determined by GPC. The
PSEPS was widely dispersed molecules polydispdrsigx PI) wasM,/M, = 1.16 and had molecular weigi.()

of 2.55x10" g/mol and molecular numbeW() of 2.1%10* g/mol. The range of molar masses (0.57 to 15.8 \Da
M,, (4.66 MDa),M, (2.48 MDa) and PI (1.9) were agreement with thailalle data Earnings per share purified
from different bacterial strains isolated from tBeuthern Ocean and Antarctic sea ice [54]. We d®sdhe
chemical and biological function of tHeL EPS synthesized byaenibacillus lactisNRC1, this polymer has anti-
inflammatory activity via cyclooxygenases inhibitactivity. EPS produced dyaenibacillussp. TKU023 contains
glucose and maltose showed the highest antioxietitity [55]. [56] was reported that the EPS camdaany type
of lactose, rhamnose, galactose, glucose, manngkese and raffinose could possibly be utilized foedicinal
purposes. On the other hand, the EPS1, EPS2 and difi8ayed an immune modulatory effect as measuset)
interleukin 6 (1L6) and tumor necrosis factor algii&lFa) and these three EPS had very different compaositio
with EPS1 and EPS2 composed of a single but diffesegars, putatively fucose and galactose, wHi&¥had a
composition with two sugars putatively mannose gathctose fronbacillus licheniformisSVD1 with different
molecular weight 70 to 200 KD [57]. The IR of theEPS was displayed ifihere were many peaks ranged from
3430.85 to 615.86 cth The band at 3430.85 ¢hregion was due to the stretching vibration of OiaHthe
constituent sugar residues[58]. The infrared rar2pa3.43 crit was associated with the stretching vibration of C—
H in the sugar ring. The band at 1642.05 tmas attributed to the stretching vibration of Cafl COO group.
The absorptions at 1456.69 mepresented CHand OH bonding. The strong absorption at 1068188 evas
controled by glycosidic linkage [59]. Moreover, thand at 927.49 crhindicated thep-pyranose form of the
glucosyl residue. Therefore, the infrared specttoynanalysis proposed that it was highly likely tthlae PLEPS
belonged to #-type hetero-polysaccharide with a pyran group.[60]

Biological activities of PLEPS

The inflammation, characterized by swelling, redndeat, and pain, is one of the most important Hefense
mechanisms against infection by any pathogens.iflemmmatory cytokines €.9., TNF-0), activate cellular
responses, overproduces of many cytokines as gtastiins as well as production of NO, during thepmse to
inflammation [61]. In many inflammatory diseasasjucible COX-2 may be accountable for the highlkeé PGs
[62]. Non-steroidal anti-inflammatory drug (NSAIGY a form of COX-2 selective inhibitor that dirgctlargets
COX-2 which is responsible for inflammation progries and pain. Selectivity for COX-2 minimizes ttigk of
peptic ulceration; celecoxib and rofecoxib are merstof this drug class. Inducible nitric oxide $age, iINOS,
produces much amounts of NO and play a centralimleflammatory diseases [63]. Repression of N@ &GS
production by the inhibition of INOS and COX-2 egpsion plays important and beneficial role in imflaatory
disorder treatment [64].

In anin-vitro study, PLEPS strongly inhibited COX-2 in a dos@atalent manner. It reached 98.82% inhibition
percentage at 400 pg/mL withdfralue at 27.21 pg/mL while standard nonsteroid@ANDs, celecoxibe, reached
100% inhibition percentage at the same concentratiith 1Cso value 80.44 pg/mL which means polysaccharide
was potent inhibitory effect than reference dftigble 2).

Table (2): COX-1and COX-2 inhibitory effect of PLEPS and standard compound

Concentration COX-1 COX-2

(ng/ mL) PLEPS Celecoxibe PLEPS Celecoxibe
25 13.11+2.11* 7.67+1.17 48.03+1.24* 12.79+ 0.98
50 13.11+2.11* 7.67+1.17 48.03+1.24* 12.79+ 0.98
100 13.11+2.11* 7.67+1.17 48.03t£1.24* 12.79+ 0.98
200 13.11+2.11* 7.67+1.17 48.03t£1.24* 12.79+ 0.98
400 13.11+2.11* 7.67+1.17 48.03+1.24* 12.79+ 0.98

Data are expressed as mean of triplicates + S.Dedns significant difference as compared to celdsmiP< 0.05). There is insignificant
difference between groups have the same letter.
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On the other hand, both PLEPS and celecoxibe peatlithibitory effect against COX-1. There is nongfigant
difference P<0.05) between them at 50 and 100 pg/mL while tfilerdince between their inhibitory effect was
significant at 200 and 400ug/mL. Polysaccharidemded 52.27 and 55.18% at 200 and 400 pug/mL, r&éspbc
whereas celecoxibe showed 60.46 and 69.33% ataime s£oncentrations. PLEPS produced low effect again
COX-1 as compared to reference drug; they Malue was higher than reference compound 191.8111319.29
pa/mL, respectivelyTable 2). It is evidence from our findings that PLEPS is meedective to COX-2 than
reference drug, celecoxibe, with minimum effect@@X-1. Considering these findings, suppressiolC6iX-2,
lead to the lowering of COX-2 activity is potentiaechanism answerable for the anti-inflammatoryvigtof
PLEPS. Many exopolysaccharides were reported for thati-iaflammatory activities through their inhibitpr
effect on COX-2 and iNOS likB-glucan polysaccharide isolated from mushroom iitdibgene expression of each
of them concentration dependently in cell cultwehnique(Table 2). EPSsfrom Paenibacillusspp. were reported
as structurally diverse class of biological macrteooles with many applications in pharmacy, cososeand
biomedications[66]Paenibacillusspp. EPSs are safe than any other synthetic polgmerthey showed beneficial
role in treating many diseases as inflammation icelated disease like skin rejuvenation and wiohealing as
well as tumor [67, 68].

Presence and/or production of free radicals inl vitdls means increasing of hazard materials fonyndganger
diseases as cancer, liver damage and inflammagiated diseases. In order to obtain the naturabxadant for
reduction of these harmful molecules, a lot of aeskes were achieved by many scientists[69].

Inflammation excited by oxidative stress is thessaaf much, perhaps even most, chronic human diseekiding
human aging. The oxidative stress creates mainlyitochondria from reactive oxygen and reactiveogén
species (ROS/RNS) and can be identified in moghefkey steps in the pathophysiology of many infizatory
diseases. The recognition of the high importancexidative stress has led to the passionate usataixidants in
the curing and prevention of these diseases[70jaRkng the scavenging effect of PLEPS, it wascigffit in
scavenging nitric oxide with kg at 50.03 pg/mL with insignificant differences beem polysaccharide and tested
standards BHT and Vc which recorded 53.25 and 5@@81L, respectivelyThis effect was supported with DPPH
radical scavenging effect. It was more potent thiamdards; |63 of polysaccharide was 25 pg/mL whilesg@®BHT
and Vc were 44.52 and 41.51 pug/mL, respecti@lgble 3). The same trend of data was observed in case of
superoxide radical scavenging effect. PLEPS wasrsupto standards in scavenging superoxide rasli¢@l, was
17.73 pg/mL while BHT and Vc recorded lower efféen PLEPS, 16 were 48.38 and 52.32 pg/mL, respectively.
These effects were reflected in increasing totéibaidant capacity, PLEPS kgwas 25.22 pg/mLPaenibacillus
spp. exopolysaccharide was reported as radicaleagav against DPPH and superoxide radical with atémtu
capability and metal chelation effect [7. polymyxawas reportedas superoxide scavenger with moderate
inhibition of lipid peroxidation and showed redugipower effect [72].

Table (3): antioxidant properties of PLEPS and standar ds

1Cs0 (LG/ML)

Tested material
N02

NO scavenging DPPH Radical scavengin Total antioxidant capacity

cavenging
PLEPS 50.03+1.20%* 25.00+0.97%* 17.73+£1.08%* 25.22+1.88%*
Vitamin C 53.83+2.00 41.51+1.99** 52.32+2.14** 45.81+1.33**
BHT 53.25+1.5¢ 44.52+1.58 48.38+1.96 36.79+2.10

Data are expressed as mean of triplicates + S.Bwefans significant difference as compared to Vc*amdeans significant difference as
compared to BHT (P< 0.05). There is insignificaiffedence between groups have the same letter.

Effect of PLEPS on acute inflammation parameters

Induction of acute inflammation using carrageenaodpced oedema in rat hind paw which magnified time
dependently in vehicle group. Administration of & at 200 mg/kg reduced oedema at the first hatlr 8w 9%
inhibition percentage while it reduced by celecexity 5.15%. This effect was significantly increasethe second
hour (11.21% inhibition) to reach the same effettreference drug (10.64). PLEPS produced the maximu
inhibitory effect at the last hour to give 28.91%dema inhibition. At fourth and fifth hrs, both pshccharide and
celecoxibe showed nearly the same level of int@bit{Table 4). Orchestration of immune and inflammatory
restraints depends upon connection between celolple molecules given the generic term cytokinektiding
chemokine, interleukin, growth factors, and intesfe IL-1 is an important regulator of the inflamioy cascade.
Enhancing secretion of IL-1 has been reported fagraving number of inherited, chronic auto inflamorg
syndromes. IL-1 affects several targets that aactor the manifestations of systemic disease. @laee recurrent
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fevers, neutrophilia, thrombocytosis, elevated seamyloid A and C-reactive protein, anemia, Skishes and
urticaria. The endothelium is a prime target forlHmediated inflammation because IL-1 receptors tio@
endothelium can be triggered by systemic IL-1, Wwhiesults in prostaglandin E production, bone mamelease of
neutrophils, and the production of IL-6 [73].

Table (4): Effect of PLEPS on the hind paw Oedema (%) in inflammatory ratsinduced by carrageenan

Time (hours)

Groups 0 T 2 3 Z 5
Control 2.70+0.08 3.30+0.12 3.57+0.10 3.95+0.11 4.00+0.15  4.22+0.13
PLEPS 2.87+0.36° 3.01+0.87 3.17+0.14* 3.25+0.18% 3.10+0.11° 3.00+0.88%
(6.29%) (8.79%)  (11.21%) (19.72%) 22.50%) (28.91%)
Celecoxibe 2.90£0.09 3.13+1.28 3.19+1.41 3.26+1.16* 3.13+0.99* 3.08+1.01*

(7.41%)  (5.15%)  (10.64%)  (17.4%) (21.75%)  (27.01%)

Results are expressed as mean £S.D. (n = 10). hse@nificant as compared to carrageenan, groupgehthe same letter have insignificant
difference(P <0.05).

Carrageenan administration significantly induceddpiction of pro-inflammatory cytokines; IL-1 waseated by
carrageenan administration (458.37 pg/mL) with nifagation of TNF-o (407.81 pg/mL) and significant reduction
in anti-inflammatory cytokines. IL-4 was decreadmsdcarrageenan administration to 15.39 pg/mL al&d--Tp1
was reduced to 10.82 pg/mL. On the other hand, Adnation of PLEPS induced anti-inflammatory cytas
production; it maximizes IL-4 production to reach®3 pg/ ml and TGIB1 to be 25.40 pg/m(Table5).

In parallel, tumor necrosis factor alpha (TMF-proinflammatory cytokine which was originallyanacterized as a
circulating factor, can cause necrosis of tumansg, @so identified as a key regulator of the inflaatory response.
TNF is produced predominantly by stimulated maceg@s and T lymphocytes. TNF is not usually detéetab
healthy individuals, but high serum and tissue leae found in inflammatory and infectious corafis. TNF
receptors are differentially expressed on a br@edje of tissues and cells. In response to TNF, teetial cells
promote inflammation by displaying, in a discregenporal, spatial and anatomical pattern, in contlinawith the
release of chemokines [74].

Table (5): Effect of PLEPS on inflammatory cytokines and nitric oxide production

Group IL-1B (pg/mL) TNFe (pg/mL) IL-4 (pg/mL) TGH1 (pg/mL) NO (umol/mL)
Control 185.21+0.63* 110.80+2.55* 45.1+0.87* 28.384* 8.13+1.35%
Carrageenan 458.37+2.11 407.81+2.81 15.38+1.01 210p.89 21.36%1.76
PLEPS 200.41+1.95* 155.34+3.11* 32.93+1.13* 25.40+1.87% 10.15+2.44%
Celecoxibe 239.60+3.10* 179.72+2.48* 30.81+1/62* 24.28+1.94*% 12.37+£3.01*
Control 185.21+0.63* 110.80+2.55* 45.,1+0.87* 28.384* 8.13+1.35%

Results are expressed as mean =S.D. (n = 10). hms@nificant difference as compared to carragee@roups have the same letter have
insignificant differencéP <0.05).

Increasing in anti-inflammatory cytokines when aairtreated with PLPES was accompanied with deangaisi
pro-inflammatory cytokines, ILfL (200 pg/mL) and TNF: (155.34 pg/mL), as well as decreasing the nitxicl®
production (10.15 umol/mL) to be nearly normal cohgroup (8.13 umol/mL). Therefore, PLEPS reducedema
produced by carrageenan administration at 200 mdflkg maximum inhibitory effect was observed atl&#st hour;
both polysaccharide and celecoxibe showed neaglyséme level of inhibition. NO is a short-lived dinmaolecule
which plays an important role in a variety of ploysgical progresses. Over production of NO canvatti nuclear
factor (NF)-kappa B to induce the expression of-ipflammatory mediators, and can raise inflammattpn
increasing cGMP level and vascular permeability][TO can also stimulate COX which in turn drivesthe
production of pro-inflammatory mediators, such &sH50]. EPSs were also reported for their inhityiteffect on
nitric oxide production by inhibiting INOS gene dluigh the inhibition of its mMRNA expression, COX-2ng
expression and inhibited secretion of some inflationarelated interleukin by inhibiting their genepeession
[76][77]. The mentioned results of our work cleatglicated that PLEPS may have potential applicatie anti-
inflammatory agent. The mechanisms of anti-inflatonaof PLEPS appear to be connected to the sugipersf
COX-2 activity, NO release; pro-inflammatory cytog&irelease with induction of anti-inflammatory ditees and it
may be exerted through its antioxidant properties.
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