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ABSTRACT

Radiotherapy is one of the key factors in gastloen therefore, the necessity of an efficient cagrotective agent is apparent.
The aim study is divided into two parts, the fipstrt was to isolate and purify exopolysaccharideSEPS) from marine
Pseudomonas sp. RD2SR3 and the chemical analydifuaational groups were detected by HPLC and Icspphotometry.
After that the antioxidant activity was investigatey using DPPH radical scavenging hydroxyl radigalvitro. The results
revealed that PSEPS consisted of glucose, mangatgtose and glucouronic acid with molar ratio 2.1.:0.1: 3.2 and had
MW of 3.7540" g/mole and it had scavenging activities on DPPHl amcreased antioxidant activity with an increaseits
concentration. The second part investigated thehangism of the potential of polysaccharides in tamedy and protection of
gastric ulcer produced by gamma radiation. Its wogs in the treatment and obstructive of gastricemlremain unclear.
Methods: In this study, thirty two male rats weeparated into four equal groups. The First groum@ol) and 2nd group was
exposed to whole-body gamma- radiatigrralys) (3Gy). The Third group (PSEPS) arfl group ¢-rays + PSEPS) were
administered 100 mg/kg of PSEPS 24 h after irradimtRats were exposed to gamma-radiation (3 Gagted with PSEPS (100
mg/kg) once daily for 30 days post irradiation. Bpect ulceration impediment of PSEPS was assessetigtive of gastric
injures, gastric juice acidity, mucus productionhieh generated by gamma rays. Oral administratiérPEEPS 24 h after
irradiation produced a significant protection whistias demonstrated by a significant reduction in dlcévity of the myelo-
peroxidase (MPO), anti- inflammatory interleukin-10L-10), pro-inflammatory cytokine interleukin-12L-12), and
thiobarbituric acid reactive substances (TBARS)agsaccompanied with a significant increase in tmdiaxidant enzymes in
stomach such as superoxide dismutase (SOD), glotethreductase (GR), and glutathione-s-transfer@38T). Moreover,
PSEPS significantly increased vascular endothefjedwth factor (VEGF) and prostaglandin (PGE2) cocteel with a
significant depletion in the gastric index compatedhe irradiated group. Membrane damage is gajpearent in histological
studies undertaken in the stomach tissue, whichuiceptible to radiation damage. Medication of PSHitevented the
radiation-induced exploit to an appreciable extehhis study suggests that PSEPS may serve as peggtogrotective agent
against gamma-irradiation-induced gastric damagetle experimental model via enhancing the antiaxidactivity and
inhibition of endothelial dysfunction.

Keywords: Chemical Structure, Gastroprotecti®seudomonasp. RD2SR3, Gastric ulcers, PSEPS, Radiotherapy

INTRODUCTION

Radiation therapy is one of the most substantighots of cancer curing, depends on the generatidnuaes of
reactive oxygen species (ROS) to enucleate tunmoaya] et al.,2014), and in the process, non-target tissues are
also destroyed. Furthermore, there is general augumae that radiation, as chemotherapy, destrdyes t
hematopoietic stem and progenitor cells, resultingapid loss of peripheral blood cells the damegesed by this
loss applies particularly to leukocytes needed lagsh defense against microbial invasion leukogljel ehy et al.

[2] reported an increase in gastric acid produtgtivand plasma gastrin levels in rats exposed @®y2r 6-Gy
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whole-bodyy-radiation. The increase in‘Hbutput was most marked in those irradiated witksy3 of gamma
irradiation and this percentage was greater thavhich a 6-Gy dose (47.5 and 18.2%, respectivalgmmared with
controls) [3]. Furthermore, and in a more recentgt Plett et al. [4] and Bogomazova et al. [5]urfd that by
decreasing the peripheral lymphocyte count overfittsé two or three days of treatment that thiscpice is a
reliable indicator of exposure to humans. In a imiay, it was a 50% decrease of a peripheral hoepte with a
radiation dose as low as 0.5 Gy. Over the pastetltecades, and in conjunction with this researcanym
exopolysaccharides (EPS) and a complex of polysat protein have been secluded from numerousptarch

as mushrooms, fungi, yeasts, algae, lichens areftbue to their immune modulator and antitumdeat$, the
biological activities of EPS have attracted awassnén the medical and biochemical pathways [6]. The
polysaccharide (PS) fractions from several mediciveabs have been notified to have anti-ulcer ¢ffexgainst
experiential ulcers in the rat [7]. Certain PS patd have attracted increasing scientific inteiresheir capacity to
extend remarkable effects on immune system functidlammation and cancers on rodents and humajectsi8].
Peptic ulcer exists due to imbalance between diferfiactors of gastric mucosa and aggressive (pagsin) such
as mucus gastric mucosal barrier. Local mechanisoreerned with membrane defense are mucus-alkaline
secretion, mucosal hydrophobicity, rapid epithel@ll regeneration and rich mucosal blood influx]. [9
Prostaglandins are prevailing prostaglandins switkd by the gastric mucosa and are known to hloelsecretion
of viscus acid and induce the secretion of mucuk @oarbonate [10]. The treatment of ulcer is dedcagainst
either reduction of aggressive factors or the mdgemucosal defense of stomach and small intestiita w
cytoprotective agents. Scavenging of free radieald inhibition of lipid peroxidation has been s&zbto be the
effective role in promoting eminent radioprotectistmategies [11]. Recently, marine microbial exgpatcharides
have attracted EPS more attention, especially thdgegrew up from marine bacteria [12]. Many of ttew EPSs
marine microbes with extraordinary structures, deahcompositions, and properties have been estadlio be
suitable possible implementations like natural@ttiants and anti-cancer drugs [13,14]. Naturabaidants play a
serious role by ceaselessly inactivating ROS teepre only a little quantity necessary to preserfveell function
[7]. Pseudomonass one of the bacteria distributed widely in natspecific marine [15]. EPSs were assumed to
protect bacterial cells; EPSs matrix provides ditiefit barrier that restricted penetration witrenoticals bioacids,
antibiotics, and antimicrobial agents; for thateste EPSs showed the importance in bacterial resestay
simulating diffusion of antibiotics to cells. Als§higeta et al. [16] they protect bacterial cettsnf dehydration,
heavy metals, organic compounds, or other envirowahestresses [17]. EPSs generated by certain baupor
bacteria such aB. aeruginosa, P. fluorescens, P. stutzandP. putidahad a potential benefit in biotechnological
applications [18]. Presently, the search suppleargrefficacious radio protectors have been conatdrdue to
enhanced use of ionizing radiation in radiotherdipy the treating of malignant tumors. The preseiutdyg
Pseudomonassp. was isolated and identified by morphologichlpchemical properties and 16S rRNA.
Pseudomonasp. RD2SR3 could produce huge amounts of viscolgsgccharide through liquid media. PSEPS
was purified via ethanol precipitation, fractiomsttj dialysis, and then freeze drying. The chengbalracteristic of
the PSEPS were determined, and functional groupe weveiled by IR spectrophotometer beside, ardend
activity was tested, and then investigates theoactf PSEPS, towards gastro protective anti-apimptainti-
inflammatory and antioxidant effects of pose aghjrrays-stimulated gastric ulcers in rats.

MATERIALS AND METHODS

Bacterial strain
Strain RD2SR3 was isolated from a sample of s@ilad from Mangrove tree (Egypt). The methods of darg
and isolating strain have been described Askel £19.

Screening and identification of strain RD2SR3

Pure strain was then inoculated into 50 mL of sdrege marine nutrient medium in 250-mL ErlenmeyexsK,
incubated at 3T in a rotary shaker at 100 rpm for 72 h. After tdémgation at 5000 rpm for 30 min, the
supernatant was mixed with four volumes of coldofite alcohol. Then the precipitate was collected also the
pellets were dried at 3¢ under vacuum. EPS production was determined bytifying the carbohydrate content
of the pellets as glucose equivalents using the@ksulfuric acid methodology [20]. Strain RD2SRaswknown
supported biochemical, morphological, and physiigalg characteristics of the potential producer hesoby
adopting standard methods [21, 22]. Phylogenetalyais based on the 16S rRNA gene sequence was asade
described Asker et al. [20] and Tamur et al. [B3]efly, the 16S rRNA sequence of strain RD2SR3 wampared
to reference 16S rRNA gene sequence availableerGienBank and EMBL database obtained from the Naitio
Centre of Biotechnology Information database u8héST search (http://ncbi.nim.nih.gov/ BLAST/).
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Culture conditions

Inoculum was performed by transmitted one loop eldolwith culture from marine nutrient slant to arD2bL
Erlenmeyer flask containing 50 mL (glucose 20, yeadract 0.1, CaC9O1, NH4ANG; 0.8, K,HPSQ 0.6, KHPO,
0.5, MgSQ.7H,0 0.05, MnSQ.4H,O 0.1 and dissolved in 50% brine pH 7 [24]. Thedsegltures were grown at
37°C on a rotary shaker incubator at 100 rpm for 24fter incubation, 5 mL of the seed culture wassferred
into an 250-mL Erlenmeyer flask containing 50 mLpodduction medium containing (g/L) sucrose 20; 0OaG.01;
MgSO. 7H,O 0.5;MnSQ.4H,0 0.05; FeSQ7H,O 0.01 and dissolved in 50% brine or seawater pl25]. The
fermentation cultures were then incubated &C3With shaking at 100 rpm for 5 days.

Production and purification of exopolysaccharide

The EPS sample was prepared from strain RD2SR8reuilh the production medium. The fermented brotds w
collected and centrifuged at 5000 rpm & 4or 30 min. The clear solution was collected amded with four
volumes of absolute ethanol, and left overnight°& for EPS isolation. The precipitate in the cengihg tube was
rinsed carefully with water, filtered and then dri& 50°C in an oven to get the biomass dry weight [26] EPS,
which was in supernatant, was purified again byohlte ethanol and left overnight. The precipitataswe-
dissolved in distilled water and dialyzed three éim(1 1x3) against flowing tap-water using dialysis tubing
(MWCO 2000) for 48 h [27]. The EPS solution wagdiat—-20°C overnight thawed rapidly and centrifuged (15000
rpm, 20 min) to examine the precipitation. The ¢i&PS was fractionated by ethanol precipitationhoetinto
three fractions followed by dialysis against dermai water for 48 h [28]. The yield major fractiomally
lyophilized to desire purified EPS coded PSEPS. Thé absorption spectrum was recorded using a UV-Vis
Spectrophotometer 2401PC (Shimadzu, Japan) bet@@@rand 500 nm, in order to examine the existerfce o
proteins and nucleic acids [29]. The yield of PSERS determined by phenol colorimetric method [20].

Analysis of monosaccharide composition

Twenty milligrams of PSEPS was hydrolyzed with 648l at 200C in an exceedingly sealed tube for 5 h. Excess
acid was taken away by flash evaporation on a wadér at a temperature of 4D and co-distilled with water (1
mLx3) [30]. The contents of monosaccharides were dfiethtby HPLC on a Shimadzu Shim-Pack SCR-101N
column (7.9 mnx 30 cm), using deionized water as a moving mediuth flow rate 0.5 mL/min, as described by
El-Sayedet al.[31]. Sugar identification was done by comparisathwauthentic sugars. Uronic acid contents were
determined by measuring the absorbance at 525 myg tis&e m-hydroxybiphenyl colorimetric proceduredamith
glucuronic acid as the standard [32]. Sulfate waasuared using the turbidimetric method (DogsonRuck, 1962)
[33] together with sodium sulfate as standard. Bbgdcglucose amine was estimated by the Elson andgdh
reaction (Morgan and Elson, 1934) [34]..

Determination of the molecular mass of PSEPS

The molecular weight of PSEPS was resolve on aasnéigilent 1100 HPLC system equipped with a reivac
index detector (RID) and FPI gel particle sizar(§, 3 columns of pore type (100, 104, 105 A°) oresg length 7.5

x 300 mm (1000 and 5000000 mwt) for DMF solvent &l HR-DMF, 3um (7.8 300 mm), manufactured by
Water Company Ireland. One column (5000-600000 nfovtjvater solvent polyethylene oxide/glycol starmtdéPL
aquagel-OH ) 7.5 mm and 30pum pore type 8um parside. PL aquagel-OH 7.5 mm, 50 um pore type, 8um
particle size, in series Mw from 100-1250000 g/nidle sample 0.01 g was dissolved in 2 mL of solvend then

it filtrated by siring filter 0.45 then the samgiat in GPC device [35]. The polydispersity indeX) (Ealculated from
the Mw/Mn magnitude relation [36].

Fourier-transform infrared spectrometric analysiST(R)

The FTIR spectrum of the PSEPS was measured ortlkeBacientific 500-IR Spectrophotometer. The PSERS

mixed with KBr powder, ground and pressed intorarh pellets for FTIR measurements in the range 604800
—1

cm - [37].

Radical-scavenging activity (RSA) of PSEPS fradibovard DPPH radical

The free radical-scavenging activity of PSEPS wasasuared by 1,1-diphenyl- 2 picrylhydrazyl (DPPHjicals.
Five milliliters of DPPH ethanol solution (freshpyepared at a concentration of 0.1 mM) were addet mL of
PSEPS solution of different concentrations (25—-g@0mL) in water. After 90 min, absorbance was meedat
517 nm by utilizing a UV-visible photometer (240L1P&himadzu, Japan). Lower absorbance of the reactio
mixture indicated higher free radical-scavengintivéy that was analyzed from the graph [38]. Tikxperiment was
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administered in triplicate and averaged. The abild scavenge the DPPH radical was calculated ufieg
subsequent equation:

Scavenging ab”ity (%) = lfﬂA517 of control — |]'6\517 ofsampl() / |]A517 of controﬂ % 100.
The EG value is the effective concentration of PSEPStatiwthe DPPH radicals were scavenged by 50%.

Biological studies

Sprague-Dawley albino rats weighing (180-200 g)emesed in the present investigation. The rats wbtained
from the laboratory animal colony at the InstitafeOphthalmology, Cairo University, Egypt. The aais1were
provided with food and watead libitum and all rats were fed on throughout the experiaeperiod. The
experiment was executed in accordance with theetjoek of the experimental animal ethics. Rats wanglomly
assigned to four groups after 7 days of acclimtting8 per group): Animals in the 1st group weieeg daily with
saline for 4 weeks and served as a normal groupsé& bf the 2nd group were given with saline, dailg served as
control irradiated group. Group 3 treated with PSEPOO mg/kd) by gavage. Group 4 irradiated rats were treated
daily with PSEPS extract for four weeks.

Gamma-radiation

Whole body gamma-irradiation was carried out usingCesium (137CS) source, Gamma Cell-40 biological
irradiator, at the National Centre for RadiatiorsBa&rch and Technology (NCRRT), Cairo, Egypt. Thimals were
exposed to a single dose of (3 Gy) gamma ray witbse rate of 0.47 Gy/min.

Tissue Collection and Processing

Preparation of gastric tissue homogenate

A sample of the gastric wall from each animal wasnbgenized (10%) in cold of 0.1 mol/L phosphateféned
saline pH 7.4. The pure supernatant which was obtaby centrifuging of the homogenates at 10,000 fgr 15
min at 4°C, then it was used to quantify the gadissue contents of GST, TBARS.

Stomach was cut along the greater curvature andkeg@tsin a Petri-dish containing normal saline raftet it was

dried with a blotting paper. Thereafter, scannedges were performed by using the two transparehnegts then

they saved and evaluated for ulcer index with tle lof Image software. The ulcer area in hwas determined as
the total of gastric lesions for each stomach i@ ¢inoup. The ulcer index and the protection peegmtwere

calculated according to the following equationilced index= 10¢

Wherex= Total mucosal area/Total ulcerated area
Protection (%) = (Uc — Ut)/Us 100
Where Uc, Ulcer index of negative control group, Ulicer index of test group

Determination of ulcer index in gastric tissues

The stomach was removed carefully, and opened rénteg curvature and washed it slowly under thaingtap
water [39]. It placed on the glass slide and olegmwnder the microscope ()Ofor ulcers. Mean ulcer score for
each animal is expressed as an ulcer index. Itmeasured by method of Ganguly and Bhatnagar [40kak
calculated from an arbitrary scale by consideritg, ratio of the total area of the stomach mucosh area of
ulceration. The volume of the supernatant was teteas mI/100 gm body weight, and the centrifugathes
were decanted and analyzed for gastric volume, ptH tatal acidity. Afterwards, the mucosa was fluklhéth
saline and Ulcer index was scored, and determined.

Estimation of Total and Free Acidity

It was measured by the Method of Hawk et al. [4hhllof supernatant liquid was pipette out and éiuto 10 ml
with distilled water, pH of this solution was notesing pH meter. The solution was titrated agan8iN sodium
hydroxide using topfer’s reagent as an indicattwe €nd point was titrated when the solution tutieegrange color.

246
Scholar Research Library



Manal G. Mahmoudet al Der Pharmacia Lettre, 2016, 8 (5):243-259

Gastro protective Assessments

Elongated bands of trauma lesions parallel to timg laxis of the stomach were determined withinghastric of
animals that receivegtrays. The length (mm) and dimension (mm) of theerdtion on the gastric mucosa were
measured using a planimeter [(¥00 mnf = ulcer area) under dissecting microscope X)1.8The realm of
ulceration was measured by investigating the gtyaofi small squares, 2 mm 2 mm, covering the length and
width of each ulcer band. The total of the areaaslldesions for each stomach was applied withd¢hlculation of
the ulcer area (UA) whereby the total of small sqaa 4 x 1.8 = UA mnf. The inhibition percentage (I %) was
calculated as described in Njar et al. [42] ad¢tiewing formula:

Inhibition percentage (I %) = [(UAvntroi— UAeated / UA contro] X 100

Biochemical Analysis

Lipid peroxidation

The low supernatant fraction of stomach was usedhiobarbituric acid-reactive species (TBARS) gsbaline
with Ohkawa et al. [43]. Therefore the concentratid TBARS was observed at 532nm using a standangeof
MDA and the results were expressed as nmol MDA/nogein.

Assays of antioxidant activity
Determination of gluthatione S-transferase (GSTivig
GST activity was measured using the method of Habi). [44].

Glutathione reductase activity (GR)

The GR activity was measured by monitoring the ease in absorbance of NADPH in phosphate buffer7 8-t
340 nmelicited by oxidized glutathione (Sigma-Aldrich,. $ouis, MO, USA). The absorbance was read every
minute for 10 min [45].

Superoxide dismutase activity (SOD)
The SOD activity was analyzed by the reductionittbblue tetrazolium utilizing a hypoxanthine-xaim# oxidase
system (Sigma-Aldrich, St. Louis, USA). The absoxsawas read every minute for 10 min at 560 nm.[46]

Mediators of inflammation

Determination of the gastric mucosal levels of Té&yF:-10 and IL-12

the cytokines were detected in the supernatantheflissue homogenate, tumor necrosis factor affphé-o),
interleukin (IL-10) and IL-12 levels using rat ciine ELISA kits from R&D Systems (Minneapolis, MN),
according to the manufacturer’s instructions. Theoabance for all cytokines studied was measurad) s micro
plate reader at 450 and 550 nm.

Histological examination

A small piece of the gastric wall from each animals fastened in 10% buffered formol solution thiea fixed
tissues were dehydrated with alcohol and xylenenTleach sample was embedded in paraffin wax, ecttbeed
at 5um in slides prior for staining with Hematoxylin aedsin (H & E) stain for light microscopy [47]. Mawver,
some slides were also stained by periodic acidfSBaise (PAS) (Sigma Periodic Acid-Schiff Kit), valuate
mucus production, to observe mucus production arelaluate modifications of acidic and essentigtgpbrotein
[48].

Immunohistochemistry study

For cyclooxygenase-2 (COX-2) staining using mousmaclonal antibody against rat monocytes (Kyotmada
and were stained with mouse monoclonal antibodyu§aoanti-rat ED-1; Serotec, Oxford, England) andtgo
polyclonal antibodies against rat COX-2 (SantazBiotechnology, Inc.) in PBS. COX-2 staining wasfprmed
by a streptavidin-biotin peroxidase method usihgGAB2 kit (DAKO Japan) for monocytes/ macrophaged goat
ImmunoCruz Staining System (Santa Cruz, Biotechgyldor COX-2. Diaminobenzidine (Dojin, Kumamoto,
Japan) and tetramethylbenzidine were used foritsteaind the second round of detection respectively

247
Scholar Research Library



Manal G. Mahmoudet al Der Pharmacia Lettre, 2016, 8 (5):243-259

Statistical analysis

Statistical analysis Results were expressed as me®EM. The intergroup variation was measured by way
analysis of variance (ANOVA) followed by Tukey's ftiple comparison test. Statistical significance swa
considered at p < 0.05.

RESULTS

Screening for the exopolysaccharides producing dréct

Numerous of microorganisms can produce EPSs otihefcell as soluble polymers. These applications lwa
applied in many vital technological applications¢ls as food, the pharmaceutical, cosmetics, mimirgerals, and
extraction of oil [49].The marine environment, which acts 70% of the &aghrface and 90% of the size of its
crust, provides a wide origin of natural producd®][ The polysaccharide are beneficial for protegtiversus
gastrointentestinal problems, wound healing, antidr, and anti-atherosclerotic agents these reatdtshought to
include components of the innate immune system asdhe complement system, nitric oxide (NO), dredrelease
of the reactive oxygen species (ROS), and cytokinedendritic cells, macrophages, and granulocfg8s1]. In
this study, different bacterial isolates were ugdhe production of EPS. Among theBseudomonasp. RD2SR3
produced the maximum amount of EPS (7.3 g/L). Hehisestrain was selected for further studies.

Identification of strain RD2SR3

Identification of strain RD2SR3 was carried out@ding to a great variety of morphological, physgital and
biochemical features. The strain MA3 was found éogbam-negative cells, non-spore forming, rod stiapirate
negative and positive of citrate, catalase, oxidemiole. The strain RD2SR3 utilized many carbohyels as a sole
carbon source including sucrose, lactose, glucaseé,fructose. 16S rRNA gene sequencing was caoigdor
selected strain (RD2SR3) and their identity wasigeined performing a sequence similarity searchgusiCBI.
The nucleotide succession of the marine bactexidhie has been submitted to the NCBI Databasehendame of
Pseudomonasp. RD 2SR3. Recently it was found that most becigroduce the highest quantity of EPS in the
stationary phase of growth, this result might biateel to the competition occurring during the grovthase
between EPS and cell-wall polymer biosynthesis,[82]ile there are microorganisms release the maxirmmount
of EPS through the exponential phase [53].

Composition and characterization of PSEPS

The purified PSEPS, a creamy powder, was usedufisegjuent analysis. It had a positive responsbdorption at
280 nm in the UV spectrum and the Bradford tesgresmcing to protein (0.15%) and amino sugars @RAs
specified bym-hydroxydiphenyl colorimetric method, the PSEPS wastained uronic acid (24%) and sulfate
(15.27%). These indicate that the PSEPS is ancaexthpolysaccharide. The molecular weight (Mw), bera
average of molecular weights (Mn) and polydispgréitw/Mn) of the PSEPS was analyzed by GPC. TheF=5ia
the GPC chromatogram was widely dispersed moleqdbalispersity index (Mw/Mn = 1.29) and had aremll
molecular weight (Mw) of 3.7%10" g/mole and number molecular weight (Mn) of 2:890* g/mole.

The monosaccharide composition of PSEPS was amblyzieg HCI hydrolysis and the HPLC analysis meshod
The results indicate PSEPS was composed of glucoaenose, galactose and glucouronic acid with maito
2.1:0.1:0.1: 3.2, respectively. As shown in theREEpectrum in th&igure (1) PSEPS exhibited a significant, broad
characteristic peak at around at 3423.03'amgion was attributed to the expansion vibratidnOs-H in the
ingredient sugar residues [54]. The band at 2946m91 was correlated with the stretching vibration ofHOn the
sugar ring. The PSEPS also appears to have aartltand between 1200 and 1000%cwhich is dominated by
circle vibrations, interfered with stretching vibom of C-O glycosidic bond vibration [55-58]. Th@ominent
absorption observed at 1654.62 ¢was referred to the stretching vibration of C=O aheN. The absorptions
around 1426.10 cihrepresented CH2 and OH bonding. The strong akisarpt 1076.08 cit was controlled by
glycosidic linkagev (C—O-C) -stretching vibration [59]. The absorpt@n1130.08 cit could be imputed to the
existence of sulfate groups as S=0 and C-O-S [6teover, the band at 922.77 ¢hindicated the3-pyranose
form of the glucosyl residue, and the strap at B45cm® suggested theB-pyranose form [61, 62].
Pseudoalteromonasp. SM9913 is a-proteo bacterium isolated from the sediments dfovieSea of China. EPS
producing in the laboratory good conditions and desirated that the yield of the EPS increaseddataieg culture
temperatures within 30-10°C, and it reached todyeR5 g/L at 15°C for 52 h [63]. Its structureadslinear
arranging of-(1—86) linkage of glucose with a higirade of acetylation and with a molecular weigh#f0* Da.
Furthermore, this EPS has been tested for itsdlation attitude and biosorption capacity, supglyinsight into its
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ecol target rule [64]. Most microbes in the marimee encompassed by EPSs, which may help microbial
communities to tolerate extremes of salinity, terapge, and nutrient availability [65]. Becausetloé charming
chemical and rheological properties of the EPS®gg#ad by microorganisms, the studies performeggbtheir
potential applications in biotechnology and envinamtal defense [66, 67].

The product and quality of microbial EPSs are highfluenced by the environmental and nutritiontss [68].
Most EPSs produced by marine bacteria are hetdysgurharides containing different unit of monoseces
coordinated in a range of about ten to composeata@geunits [69]. Most EPSs are linear, with molecweight
ranging from k10° to 3x10° Da [70]. Several EPSs are neutral molecules; hewéve majorities of them are
polyanionic for the existence of sulfate, pyruvathpsphate and uronic acids. Furthermore, the diekdetween
monosaccharide's that have been most generallydfane p-(1--4)- or pB-(1--3)-linkages in the backbone
characterized by strong hardness af(d--2)- ora-(1--6)-linkages in the more malleable ones.

110 — — — - — - - =

40 ' : =
4000 3000
u Z

2000 1000 401
Wavenumber [crm-1]

Figurel: Fourier-transform infrared spectrum of PSEPS from Pseudomonas sp. RD2SR3B

The physical properties of EPSs are mightily a#fdcby the way of the monosaccharides are arrargietyjand
the aggregation of the one polymer chains [71]. Bibkogical activities of the EPSs based on theribal structure
and the molecular weight. Various sorts of PS h&n@vn anti-ulcer activities [72,73]and microbialysaccharides
have unusual structures and having immunomodulgtiogerties for anti-ulcer activities specific pagance of
gastric ulcer in male 4.2% and 2.4% of women. Gndther hand, the quantities of polysaccharideaete¢d from
the bark and leaves fro@. cordifolia vary in both galactose and galactouronic acid iggbotential anti-ulcer
impact [74]. Furthermore, Teixeira et al. [75] oefed that the experimental model used, causechapstulcers

and the cellulosic polysaccharide sponge film camged as assistance in the symptomatic curinfpealihg of the
ulcer active lesions of the oral mucosa.

Radical-scavenging activity (RSA) of PSEPS

The antioxidants were capable to minimize the @misDPPH radical to the yellow-coloured diphenyigic
hydrazine. The DPPH radical-scavenging activitEBP8EPS and the data are plottedrigure (2). As illustrated,
PSEPS exhibited scavenging efficiency through DR&ticals in a concentration-contingent method, rat Gyo
value of 100ug/ml. These results indicated that PSEPS had aplaeffectiveness on the scavenging free radical,
especially at high concentration. It is recognitest ROS, like hydroxyl radicals, superoxide angmd hydrogen
peroxide, are attached to the pathogenesis ofuadseases [76, 77].
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Figure 2: Scavenging effects of PSEPS during DPPIdgt and measured by changes in absorbance at 517 nm

Biological activities of PSEPS

The Table (I) showed the gastric volume, pH, acidity and uloelek of experimental groups. All these parameters
were found to be significantly increased in thereatedy- irradiation rats compared to the control grougealment
with PSEPS (100 mg/KY for four weeks followed tq irradiation caused a significant reduction (P 85).in the
above parameters. In this study, extracts of PSER8 been demonstrated to possess anti- ulceitpetgainst the
experimentally stimulated ulcer modetifradiation) Table (2) and Figure (3). Also illustrates thag-rays induced
increased significantly of TBRA, decreased SOD, G&& GR activities in their stomach tissues as @eapto
normal rats. Whereas, the treatment with PSEPS eth@ignificantly a decrease in THBRA and increase@ST
and GR approached to the control range except S€ilitg was higher than control values (282.35+B4&hd
225.72+11.75, respectively).

Table 1: Effect of PSEPS, irradiation (IR, 3 Gy) an their combination on the levels of VEGF and PGEctivities in rat stomach tissue

Treatment F
Groups Normal PSEPS IR IR+ PSEPS
Gastric PH 3.02+0.52 | 4.85+0.44 | 0.9830.081 | 5.571+0.23 | 26.63*
Ulcer area(mm) 0.00 0.00 798.88+15.33 | 65.95+4.98 | 26.63*
Protection - - 91.75%

a, b, ab & c: Statistically significant from contrar radiation group, respectively at P<0.05 usinge-way ANOVA followed by Tukey as a post-
hoc test. Data expressed as mean + SE. *Signifigalifferent at P<0.05.

Table 2: Effect of PSEPS, irradiation (IR, 3 Gy) au their combination on the levels of TBARS, SOD, GBand GR activities in rat
stomach tissue

Treatment F
Groups Normal PSEPS IR IR+ PSEPS
TBARS (nmol/g) | 84.1745.7F 89.75+6.6* | 18425+5.3C | 92.0+5.7°® | 66.33"
SOD (U/mg) 225.72+21.7% | 264.75+18.58 | 112.18+4.67 | 282.35+14.28 | 22.42*
GST (nmol/mg) 3.25+0.62 3.55+0.23 1.69+0.27 3.0+0.37 33.60*
GR (nmol/mg) 37.67+2.38 40.35+3.0 27.75£2.39 | 3567829 4.31*

a, b, ab & c: Statistically significant from contrar radiation group, respectively at P<0.05 usinge-way ANOVA followed by Tukey as a post-
hoc test. Data expressed as mean + SE. *Signifigalifferent at P< 0.05.

Effects of PSEPS on rats; radiation reduced VEG#& BGE2

As illustrated inTable (3), four weeks following radiation the VEGF was (18®.+ 5.27) and in turn was
significantly lower than in the non-irradiated cantgroup (186.5 + 12.45) (p<0.05). As well as, tR8EPS oral
administration markedly protected the rats from tadiation induced injury (179.18 + 4.40). Follogithe 4th
week, after being irradiated the PGE2 was (2.752b)significantly decreased (P< 0.05) when conmgpacethe
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non-irradiated control group, and (3.97 + 0.36)tle PSEPS-treated rats were higher than those fourie
irradiated control group.

Table 3: Effect of PSEPS, irradiation (IR, 3 Gy) ad their combination on the levels of VEGF and PGEZctivities in rat stomach tissue

Treatment F
Groups Normal PSEPS IR IR+ PSEPS
VEGF (pg/ml) | 186.50+12.45 | 188.38+11.25[ 139.75+5.27 | 179.18+4.40 | 6.335*
PGE2 (ug/dl) 4.64+0.47 4.02+0.44 2.75+0.28 3.97+0.38 | 4.624*

a, b, ab & c: Statistically significant from contror radiation group, respectively at P<0.05 usioge-way ANOVA followed by Tukey as a post-
hoc test. Data expressed as mean + SE. *signifigatifferent at P< 0.05.

The levels of IL-10, IL-12, MPO and TNé-in the stomach tissues were significantly incrdasethe irradiated
group compared with the normal and PSEPS contmipgg P < 0.05)(Table 4). The increase in proinflammatory
cytokines concentration in the gastric mucosatelicby radiation were significantly decreased b¥PS treatment
a, b & c: Statistically significant from control oadiation group, respectively at P<0.05 using wag- ANOVA
followed by Tukey as a post-hoc test. Data expibasamean + SE. *significantly different akm®.05.

Table 4: Effect of PS, irradiation (IR, 3 Gy) andtheir combination on the levels of IL6, IL12 and MPO activities in rat stomach tissue

Treatment F
Groups Normal PSEPS IR IR+ PSEPS
IL6 (pg/mg) 18.45+1.44 | 21.55+2.71 | 38.92+4.43 | 24.61+2.01 | 9.901*
IL12(pg/mg) | 17.21+1.30 | 15.47+1.67 | 96.14+4.36 | 43.75+8.72 [ 10.97*
TNF-a(pg/ml) | 6.05+0.52 | 8.70x0.68 | 29.97+1.76 | 11.21+0.8%4 | 21.33*
MPO(U/g) 0.28 +0.07 | 0.32+0.08 | 6.15+0.81 | 1.597+0.28 | 42.47*

Histological and histochemical evaluation

In the histopathological examination of the confgodup; tissue sample had a normal appearance amaunosal
damage or glandular cell necrosis were detectedtoldgical mucosal damage, and massive number al fo
inflammatory cell infiltration were showed in irfiatied rats when compared with control gro@ipigure 4 E &F).
Histopathological examination furthermore confirnthe radio protective effectiveness of PSEPS améhivivo
influence on stomach damage induced by irradia®nrecorded ifFigure 4 G & H). It is evident from the results
(Table 1) that the PSEPS causes a reduction in the inteokigastric ulcerations as observed from the sigaift
reduced ulcer index in the PSEPS treated groups.higtochemical finding of sections of stomach aftcol rats
stained using the Periodic Acid Schiff's technigBAS) to highlight the mucin is focused inside #pithelium of
the stomach mucosgrigure 3 1). The results portrayed ifigure (4 K) and show that gamma irradiation
application on gastric mucosa reduced the mucirt, 8wl administration of PSEPS increased PAS-stgiifor
mucin (Figure 4 L), when compared to the ulcerated gr@lipble 4 & Table 5). The severe immunoreactivity in
the mucosa (COX2) was shown in the stomachs of ahoalel groug(Figure 4 N). On the other hand, stomach of
rat in group 4 showing mild immunoreactivity in threicosgFigure 4 P & Table 5).

Table 5: The histochemical (PAS) and immunoreactity (COX-2) in mucosal layer of stomach of experimeal groups

Treatment
Groups | Normal | PSEPS| IR IR+ PSEPS
PAS + + +++ +
COX-2 + + +++ +

+ Mild; +++ sever reaction

251
Scholar Research Library



Manal G. Mahmoud et al

Der Pharmacia Lettre, 2016, 8 (5):243-259

200
180
160
140
120

TBARS (nmol/fg)

5388

GST (nmol/mg)

350 -
300 - b
250 -
200 -
150
100

50

o
W
(=
(=3
SOD (Ufmg)

*)
o \Q-‘ &

45 7

30 1

25 4
20 +
15 §

GR (nmol/mg)

10 +

&

&

&
e < &

]

&

%

&

®

&

Figure 3. Effect of PSEPS treatment on TBARS, SODGST and GR in rats irradiated with 3 Gy induced gatritis. > ° & Statistically
significant from control or radiation group, respedively at P<0.05 using one-way ANOVA followed by Tkey as a post-hoc test. Data

expressed as mean + SE
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Figure 4. Photomicrographs of sections of rat ston@h. A) Stomach of rat in (G1) showing normal histalgical structure of the mucosa
(mu), muscular is (ml) and serosa(s). X16; B) the agnification of (A) X 40. C) Stomach of rat in Glishowing massive humber of focal
inflammatory cells infiltration (m) in submucosal layer X16. D) Stomach of rat in G11 showing massiveumber of focal inflammatory
cells infiltration (m) insubmucosal layer X40. E) $omach of rat in G3 showing normal histological stucture X16. F) Stomach of rat in
G3 showing normal histological structure X40. G) Simach of rat in (GIV) showing normal histological $ructure X16 ;H) the
magnification of (G).M) Stomach of rat in group 1 fiowing mild reaction inn mucosa (mu). N) Stomach afat in group 2 showing severe
immuno reactivity in mucosa (mu) X 40. O) Stomachfaat in group 3 sowing mild immunoreactivity in mucosa (mu) X40. P). Stomach
of rat in group 4 showing mild immunoreactivity in mucosa (mu) X40. I-L (PAS); M-P(COX-2)

DISCUSSION

Radiotherapy is important in rising survival ratescancer patients [78]. However, more and moréeptt suffer
from the long facet effects of irradiation like stach ulcers [79]. The exposure to radiation is ¢fto encourage
oxidative stress during the generation of reaatixyggen species (ROS) leading to imponderableseopth-oxidant
and antioxidant activities eventually give risentecrobiosis [80]. The foremost kinds of cellularrhatimulated by
radiation are DNA injury, protein oxidation and ilipperoxidation. Results of this study elucidaténamced in
concentration of TBARS; one amongst the lipid paexndex. The rise in TBARS level could also bfened to
the overproduction of ROS. Radiation exposure ptechpadiolysis of water within liquid media of tiells that
drives in production of hydroxyl radicals (QHHydroxyl radical reacts with the unsaturatedyfaicids within the
lipid fraction of biological membranes starting tiygd peroxidation and lastly damaged the cell rbesnes [81].
There is rising evidence that irradiation exposwaises oxidative stress via increasing the formatb ROS and
lowering cellular oxidative defensdéa an exceedingly method excited by neutrophil v&tion, inflicting a
consecutive ROS-mediated inducement of protein atiad and lipid peroxidation. The PSEPS, considerab
reduced (P < 0.05) the acid secretary factorestatal acidity similarly because the gastric ulcetex propose that
acid suppression speed ulcer healing. The reduttigastric ulceration area and simultaneous réoluéh acidity
may be one of the causes of ulcer healing. Addiflgn ROS also negatively impacts the antioxidaafedse
mechanisms, reduced the intracellular concentratfayiutathione (GST), and decreased the actividtfeSOD, and
GR. Therefore, we found raise in the ROS generadtiomcerated gastric mucosa as proved by deplatfoBOD
and GST activity while oral administration of PSE§t®wed antioxidant mechanisms returning the GSIIrsm@D
activities to basal levels, which can fast the rdtien cure practicability via scavenging of fremicals. These
results are compatible with the DPPH free-radicalvenging property conferred by this polymer. Inlitidn, in
agreement with our data, arabinogalactan polysaicishavith the gastro protecting result conjointhosved DPPH
scavenging [82].
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The MPO is the main reason for making the neuttopdimeation in ulcerogenic activity [83]. This gnee is
present in the neutrophils to stimulate the prooéssidation of the chloride ion (Qlby hydrogen peroxide @,)
to be hypochlorous acid (HCIO), and the toxicitytlis compound not only to microorganisms, but igery hurtful
to the host tissues [84]. This operation is resjmbasfor the generation of free radicals, give risecritical
inflammation in the gastric tissue [85]. A previcstsidy reported that the MPO activity in the intest tissue of
irradiated rats was increased significantly; shantimat radiation-induced oxidative stress gave tasi@jury in this
tissue implicates the participation of neutroplet@mulation radiotherapy [86]. The gastroprotectocouraged by
PSEPS can be demonstrated by the suppression tobpleiliinfiltration with subsequent MPO generati@ells of
the gastrointestinal tract have an antioxidant medesystem which is able to prevent the toxicityR®S by
mechanisms that engage the work of enzymes andauamdp with the potency to scavenge free radicalshéock
their eradicative action. The master antioxidatarezyme is SOD that stimulates the disputation 6f iBto
minimum noxious HO,, which is further degraded by catalase or GSH&%. [

In the present study, we observed that TiNlEvel was increased after irradiation and that PSkas effective in
reducing its level. These inflammatory sequencesvehts are accompanied by a high grade of leghattich is
remarkably associated with the serum concentratfofiNF-o. Regarding the effects of PSEPS on IL-10 and IL-12
induced by irradiation, in the present study, welenced that PSEPS reduced the concentration sé ttygokines
in stomach homogenates when compared with an atedligroup. In fact, some authors have demonstiatgd
TNF-a, a powerful mediator of inflammation synthesizedngipally via monocots’, because of T cells and
macrophages, has a short-lived. It is also theestof the consecutive cytokine cascade and a migitucer of
other inflammatory cytokine [8, 89]. In our studye also demonstrated increased levels of IL-12 padstadiation.
This finding may point that the anti-inflammatorytakines are secreted as a response to the inflamnyna
cytokines to preserve homeostasis. Anti-inflammatytokines like IL-10, TNF-binding protein and misforming
growth factorg are produced during the normal immune responseangrevent the liberation of TNFand other
inflammatory cytokines [90].

In generating ROS, the environmental stress evakemflammatory response that is the outcome obraptex
chain of proceedings, including the immune respowdch liberates a numerous of inflammatory cybas like a
tumor necrosis factar-(TNF-o) and interleukin-6 (IL-6) [90]. Monocytes/macr@ges at the inflammatory site,
consider exciting the oxidative pathways liablelfaral tissue injury in gastric ulceration [91, 9Zhe excretion of
both cytokines promotes the influences of oxidatheess via stimulating mitochondrial ROS propagatand
cytotoxicity [93]. IL-12 is a pivotal cytokine thdinks both immune responses the innate and adapiie results
reported that the curing with PSEPS induced redutlee levels of the pro-inflammatory mediators Filland IL-
6, IL12 and MPO. Ran et al. [94] Demonstrated thathe rat, serum levels of TNé&-and IL-6 are significantly
increased after-radiation followed by 30% body surface burns. &nly, Budagov et al. [95] it showed an increase
in IL-6 in the blood serum at 6—24 hours after atidn, and burns' injury. PGE2 utilizes a proteetaffect on the
stomach during the activation of prostaglandin &eptors [96]. In line with previous studies Ketelyal. [97], this
study reported that the level of PGE2 exhibited Hiasynthesis of PGE2 increased within the expenital groups,
suggesting that the gastric protective effect efglant extract was interceded partially by PGH#SE results were
confirmed by using PAS stain that showed gamma caysed loss of mucous secreting cells on the cairfdoile
using PSEPS, gastric mucosa regained it's posjtiePAS stain denoting a protective and a stinmdaeffect of
the extract on gastric mucosa. The mucous has pariant role in protecting the gastric epitheliabtie from acid
content of the stomach [98]. Healthy gastric mudesaways under balance between cell death andegenerate
and mucosal injury is progressing when this balasabisturbed due to increase in apoptosis andf/ppression of
cell proliferation [99]. Mucus protects formed nesells from the damage resulting from severe acidity
proteolysis from gastric secretions [100]. As expdcthe treatment of animals with PSEPS could ipibthe
reduction of mucin spotted with PAS, which mentidrtbe embroilment of gastric mucus on the regeiterat
activity of this polysaccharide. Promoting our alvs¢ions Srikanta et al. [101], also announcednaneiased mucin
production via a polysaccharide through the treatro&gastric ulceration.

In the present study, it was reported that gammga can rapidly severe immuno reactivity of COX-2rat gastric
mucosa, in all probability as an antagonistic estrto inhibition of gastric PG synthesis and C@Xetivity [102].
COX-2 can be encouraged by the damaging agentsasutiminal acid in the gastric COX-2 in the mucesd
suppression of lessen the damage [103, 104].dt&ffthe preservation of gastric mucosal benigmjtyprohibition
exogenous harm and by enhancing gastric mucosayeeng [105]. However, there are also studies mépp that
COX-2 blockers exacerbate gut damage and declinetiisue’s ability to respond to mild damaging agen
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Prostaglandin endoperoxides synthase/COX is tleakély accelerator in gastric mucosal protection rapair [96,
106]. Interestingly, PSEPS treatment counteratttedncreased of COX-2 stimulated pyrays' treatment, which
rise in gastric mucosa. The possible mechanisimeisGOX-2 expression may be an effective respansedess the
levels of gastric protective PG in the operationgaftric damage [107]. The data revealed that,RBEPS
stimulating anti-inflammatory and antioxidant adtes in an irradiation- stimulated gastric ulceodel were
investigated in rats. COX-2 is a substantial fadior epithelial cell generation, and re-epitheiation and
rebuilding of the gastric glands. Gastric injuniti® main side effect connected with suppressioB@K-2 [108].
The action of PSEPS on COX-2 and PGE2 togethegé#stric mucus layer, cell proliferation and regatien
propose that it might perform a new strategy obwecing gastric ulcers. COX-2 prompts the productd various
growth factors, such as VEGF, and has an importdatin tissue reform [99]. This growth factor ighly specific
for an endothelial cell which stimulates the angiogsis alone is sufficient for chronic ulcer hegfih09, 110]. Our
results display that PSEPS treatment superfat uingber of vessels at the ulcer margin Compared atiler non-
treated rats, referencing that PSEPS induced aegésjs in this renovated area. As well as, angegjenis
substantial for the curing of chronic gastric uceand these factors have been specified in theigasucosa that
plays an organ-specific function for the consiseen€ huge blood vessels provisioning the stomachiatestines
[111]. This increase angiogenesis in the PSEP Spgbguaising VEGF that contributes to rise of thecus barrier
that plays substantial role in the keeping andwahef the stomach mucosa epithelium.

CONCLUSION

In this study PSEPS obtained from mari#seudomonasp. RD2SR3 has potential as a natural antioxidawas a
safety and effectiveness based on the chemicatroatisn of PSEPS so, oral administration of PSERS30 days
hurried the curing of gastric ulcer in rats by soipimg epithelial cell proliferation, increasinguteophil number by
excessing of MPO and raising mucus production. nimunohistochemical analyses, we demonstrated & larg

number of COX-2-expressing cells at the most in $abmucosa and our results indicated that PS raises

angiogenesis in healing gastric mucosa. From thevegbit's concluded that the effectiveness of aehov
polysaccharide on radiation-induced Gastritis ipegimental rats.

Abbreviations

COX-2: Cyclooxygenase 2
H&E: Hematoxylin and eosin
PAS: Periodic acid-Schiff
VEGF: Vascular endothelial growth factor.
MPO: myeloperoxidase

IL10: interlukin 10

IL12: interlukin 12

SOD: superoxide dismutase
TBARS: thiobarbituric acid reactive substances
GR: glutathione reductase
GST: glutathione-s-transferase
PGEZ2: prostaglandin E2

ROS: reactive oxygen species
PBS: phosphate buffer saline
NaOH: sodium hydroxide
MDA: malondialdehyde

OH: hydroxyl radical

H»0,: hydrogen peroxide
HCIO: hypochlorous acid

CI": chloride ion

TNF-a: tumor necrosis alpha
y- rays: gamma rays
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