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Mucosal balance impairment, bacterial epasliferation, cytokines, inflammatory mediators are known as responsible for
inflammatory bowel disease. Besides known anorexigenic, neuroprotective, and anti-apdpotsictieé major &ct of

nesfatin-1 on colitis is unknown. Our aim was to investigate the possible anti-inflammétoty ef nesfatin-1 in acetic

acid induced colitis model and potential underlying mechanisms. Male Spraque-Dawley rats were anesthetized by
intraperitoneal ketamine (100 mg/kg) and chlorpromazine (0.75 mg/kg). For nesfatin-1 and antagonist applications some
of the rats were intracerebroventricularly (i.zeannulated. In colitis group, intrarectally.fi4% acetic acid solution (1

ml) and 10 minutes later i.c.mesfatin-1 (0.05 ug/5 ul) or vehicle (5 pl) were administéfeghtments continued for 3

days. In control group, physiological saline solution was used intrarettalfyentify the underlying &ctive mechanism

of nesfatin-1, rats were divided into 3 subgroups, 5 minutes following colitis inductionatasiban (oxytocin receptor
antagonist), SHUIB (melanocortin receptor antagonist) or GHSR-1a antagonist (ghrelin receptor antagonist) were
administered, 5 minutes later nesfatin-1 was administered for 3 days. On the fouréttsdagre decapitated, and colon

tissues were sampled. Macroscopic and microscopic damage scores of distal colon, and colonic tissue malondialdehyde,
glutathione, myeloperoxidase, superoxide dismutase, catalase, luminol and lucigenin chemiluminescence measurements
were analysed-he increased myeloperoxidase activitalondialdehyde levels, luminol and lucigenin chemiluminescence
measurements, macroscopic and microscopic damage scores with colitis industib@5P 0.001) were decreased with
nesfatin-1 treatment ®0.05 — 0.001). Nesfatin-1 may show thigef by inhibiting neutrophil infiltration through tissues

and by decreasing formation of free oxygen radiédtssiban and GHSR-1a administration alleviated the protectigetef

of nesfatin-1 from microscopic and oxidant damage parameters and lipid peroxidati@O8— 0.001)The results of

the study suggest that nesfatin-1 had a protectfeetdfom colitis induction, and the anti-inflammatory and antioxidant

effects of nesfatin-1 on colitis might ocoua oxytocin and ghrelin receptors.

Key words:nesfatin-1, acetic acid-induced colitis, ghrelin receptor, oxytocin receptor, melanocortin receptor, lipid peroxidation,
myel operoxidase

INTRODUCTION The possible therapeutic fefts of peptides on IBD are
frequently experimentally investigated. Nesfatin-1 is a recently
Ulcerative colitis (UC) is an idiopathic inflammatory described 82-amino-acid polypeptide (5) and nesfatin-1-

bowel disease (IBD) with recurrent, flife inflammation of containing proteins have been shown to be located in several
the colonic and rectal mucosa, which is predominantlybrain areas related with feeding and metabolic regulation,
described by cycles of acute inflammation, ulceration andncluding the hypothalamic paraventricular nucleus, arcuate
bleeding (1). The pathogenesis of disease involves annucleus, supraoptic nucleus, lateral hypothalamic area, and
interaction between immune status, genetics, anducleus tractus solitarius in the brain stem (6, 7). In addition to
environmental factors (2)lhe etiology of UC is not clearly the wide distribution of the peptide in the central nervous
understood, but excessive production of reactive oxygersystem, the messenger RMA amino-terminal fragment was
species (ROS) by the inflamed mucosa have been suggestedsioown to be widely expressed also in the periphegarar such
contribute significantly to the development of tissue injury (3).as stomach, pancreas, testis, colon and adipose tissue in rodents
These molecules are known to play a role not only in initiationand goldfish (8, 9). Further studies have shown 20-fold higher
of UC but also in progression of the disease. Furthermore, themino-terminal fragment mRNAxpression in the rat stomach
production of these metabolites that are known to be theompared with the brain (10). Moreoystudies have suggested
common mediators of inflammation which has been shown tdhat the presence of inflammatory status might have a relation
occur in the gastrointestinal tract (4). with nesfatin-1 production and release and the neurons that
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produce nesfatin-1 respond to peripheral inflammatory signalsontinued for 3 days. In control group, intrarectally physiological
(11). Recently the anti-inflammatory and gastroprotective saline solution was given. In the second part of the stiady
effects of nesfatin-1 on oxidative gastric damage and (12) antiidentify the underlying ééctive mechanism of nesfatin-1, 5 min
inflammatory and anti-apoptotic fetts in subarachnoid after colitis induction; i.c.v atosiban, oxytocin receptor
hemorrhage (SAH) were demonstrated (13). antagonist, 3 pg/rat, (actocile, Ferring, Switzerland) (25),

Nesfatin-1 firstly was shown to be a potent inhibitor of both SHU9119, melanocortin receptor antagonist, 0.3 nmol/rat,
food and water intakeia a leptin-independent, melanocortin (Phoenix peptide, catalogue number: 043-24) (14), or GHSR-1a,
receptordependent mechanism in paraventricular nucleughrelin receptor antagonist, 3 nmol/rat, (BACHEM, catalogue
(PVN) of hypothalamus (5, 14, 15). In PVN, nesfatin-1 co- number: H-3108.0005) (26) were administered. Following a 5
localizes most extensively with oxytocin (16, 17). Further min interval nesfatin-1 administrations were made. On the fourth
studies have reported its close relationship with regulation oflay, rats were decapitated, colon tissues were sampled (27).
blood pressure and its increasinfgef on mean arterial pressure Samples from distal colon were taken and stored at —80°C for
(MAP) when injected into the lateral cerebroventricle (18).later measurements of tissue myeloperoxidase (MPO) activity
Moreover pretreatment with the melanocortin receptor malondialdehyde (MDA), glutathione (GSH), superoxide
antagonist (SHUQAO), and oxytocin receptor antagonists block dismutase (SOD), catalase (DAevels. Formation of reactive
its well-known anorexigenic, anti-dipsogenic and the oxygen species in colonic samples were monitored by using
hypertensive éécts (14, 15, 18)Although nesfatin-1 acts on chemiluminescence method and Iluminol and lucigenin
melanocortin pathway and oxytocin receptors during thesehemiluminescence measurements were méidsue samples
effects, it is not known if it may use these receptor families forwere placed in 10 % formaldehyde for histological evaluation,
the anti-inflammatory actions or not. macroscopic and microscopic scoring.

Another peptide related to regulation of food intake is ghrelin,
which is known as fasting hormone (19, 28Jthough the Intracerebroventricularly cannulation
effective mechanism of peptide is not clear yet, it is postulated that
the increased motilityamelioration in inflammation, increased The rats were anesthetized (100 mg/kg ketamine and 0.75
appetite, and improved colonic blood flow might have a role (21)mg/kg chlorpromazine, i.p.) and body temperature was kept at
In the literature, the anti-inflammatory role of ghrelin has been~37°C, using a heating pad placed under theTia. animals
shown in variant types chronic inflammation such as colitis (20were fixed in a stereotactic apparatugoé®ing, standard
23). Moreovernesfatin-1 has been co-localized with ghrelin in thestereotaxic instrumentVood Dale, lllinois) with the head flat,
stomach and hypothalamus of rafdso, nesfatin-1 has been and holes were drilled for bilateral implantation of cannula
shown to increase expression of ghrelin (XZhile ghrelin and  guides (22-gauge; Plastic Products, Roangké, The cannulas
nesfatin-1 are released from brain tissue and have common antirere inserted to within 1 mm above the ggtr location
inflammatory efects, it draws attention if nesfatin-1 acts on (anterior/posterior [A/P], —3.30 mm; lateral [L], + 0.0 mm;
ghrelin receptors for its possible anti-inflammatoryeef in dorsal/ventral [D/V], —3.8 mm) and secured with acrylic dental
colitis. cement (Croform acrylic powder and liquid) stabilized by two

Based on the aforementioned evidence, the study waskull screwsA dummy cannula (Plastics One Canula C313DC)
designed to examine the possible anti-inflammatofgcef of  was placed in each of the guides to prevent clogging. Rats were
nesfatin-1 in acetic acid induced colitis model and potentiakllowed to recover for at least 5 days before experiments (28).
underlying mechanisms. Firstlyve assessed thefeft of All intracerebroventricular injections were made in a 5 pl
nesfatin-1 on experimental colitis model. Secondrg tested volume over a period of 100 s using a Hamilton syriddter
whether nesfatin-1 &fcted on melanocortin pathwagyxytocin each experiment, correct placement of the cannula was verified
receptors or ghrelin receptors in its anti-inflammatofgcf by injection of methylene blue.

Induction of colitis
MATERIALS AND METHODS
After an overnight fasting, colonic inflammation was
induced under light ether anesthesia by intrarectal administration
of 1 ml of 4% (v/v) acetic acid in 0.9% NaCl solution (pH: 2.3)
Male Sprague Dawley rats (250 — 300 g, n = 48) wereor saline (for control group) with a 8 cm long cannula. Rats were
supplied from the Marmara Universithnimal Center  keptinTrendelenbuy position for 30 seconds to prevent leakage
(DEHAMER; approval no: 26.2012.mar) and were housed in auring acetic acid and saline solution administration proéess.
temperature-controlled (22 + 2°C) room and standardizedhe end of this process, 1.5 ml of phosphatdebusolution
light/dark (12/12 hour) cycles. Rats were fed with standard ra{PBS) of pH 7.4 was administered (3).
pellets and tap wated libitum. All experimental protocols were
approved by the Marmara Universi§himal Care and Use Measurement of colon myeloperoxidase activity
Committee.

Animals

Since tissue myeloperoxidase (MPO) activity was shown to
Experimental design correlate significantly with the number of neutrophils
determined histochemicallyt is frequently used to estimate
In the beginning of the experimental period for nesfatin-1 andissue neutrophil accumulation in the inflamed tissues @9).
antagonists applications some of the rats weremethod used for the assay of MPO activity was similar to that
intracerebroventricularly (i.c.vcannulated under intraperitoneal was previously described by Bradleyal. (29). Colon samples
(i.p.) ketamine (100 mg/kg) and chlorpromazine (0.75 mg/kg)(0.2 — 0.5 g) were homogenized in 10 volumes of ice-cold
anesthesia. Following a recovery period, the rats were divided ipotassium phosphate tef (50 mM KHPO, pH 6.0)
to two groups as control and colitis. In colitis groups, intrarectallycontaining hexadecyltrimethylammonium bromide (HKBT
4% acetic acid solution (1 ml) and 10 minutes later.ireegfatin-  0.5%, w/v).The homogenate was centrifuged at 12,000 g for 10
1, 0.05 pg/5 pl, (Enzo life sciences, catalogue nurathe:522- min at 4°C, and the supernatant was discardibd. pellet was
116-C010) (24) or vehicle (5 pl) were administerBieatments  then re-homogenized with an equivalent volume of 50 mm
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K,HPQ, containing 0.5% (w/v) HEAB and 10 mm EDA Measurement of colon luminol and lucigenin chemiluminescence
(Sigma Chemical Co.,tSLouis, MO, USA). MPO activity was levels

assessed by measuring theOkWdependent oxidation of o-

dianisidine. 2HCI. One unit of enzyme activity was defined as  Chemiluminescence (CL) assay is a direct noninvasive
the amount of MPO present per gram of tissue weight thammethod for measuring reactive oxygen species. Due to
caused a change in absorbance of 1.0%at¥60 nm and 37°C. limitations, i.e., potential variability and low intensity of native

MPO activity was expressed as U/g tissue. CL, luminol and lucigenin can be used as enhancers. Lucigenin
is more specific for superoxide radical, while luminol detects a
Measurement of colon malondialdehyde and glutathione levels group of reactive species such as OERFHHOCI radicals (12).

Due to their high quantum fefiency after oxidation, they

Samples of colon tissues were homogenized in 10 volumefinction as bystandesubstrates for oxygenation and form high
of ice-cold 10% trichloracetic acid in an Ultfaurrax tissue levels of excited-state products and CL, when added tm an
homogenizerHomogenized tissue samples were centrifuged avitro biological system.The excited electrons in these
3,000 g for 15 min at 4°CThe supernatant was removed and compounds revert to their ground state with the emission of
recentrifuged at 15,000 g for 8 min. GSH measurements werenegy as light (CL) and can be detected by a luminometer
performed using a modification of the Ellman procedure (30). Luminescence of the colon samples was recorded at room
Lipid peroxidation was quantified by measuring the formation oftemperature using Mini Lumat LB 9509 luminometer (EG&G
thiobarbituric acid-reactive substances as previously describeBerthold, Germany) in the presence of luminol or lucigenin 0.2
(31). Lipid peroxide levels were expressed in terms ofmM eachAll counts were obtained at 15 s intervals for 5 min
malondialdehyde (MDA) equivalents using an extinction and the results were expressed as area under the curve (AUC) of
coeficient of 1.56 x 105 M cmr®. Results were expressed in relative light unit (rlu) for 5 min per mg tissughe calculation

nmol glutathione (GSH)/g tissue. was based on the integration of the curve by the trapezoidal rule
(a linear approximation) (35). Results were expressed in rlu/mg

Measurement of superoxide dismutase and catalase activity in tissue.

the colon

Macroscopic scoring

Superoxide dismutase (SOD) activity in colon samples was
measured according to a previously described method (32). On the fourth day of colitis, following decapitation the last 8
Briefly, measurements were performed in cuvettes containingm of the colon was excised, opened longitudinahd rinsed
2.8 ml 50 mM potassium phosphate (pH = 7.8) with 0.1 mMwith saline solutionThen, the distal colon was weighed and the
EDTA, 0.1 mM 0.39 mM riboflavin in 10 mM potassium mucosal lesions were scored macroscopically using the criteria
phosphate (pH 7.5), 0.1 ml of 6 mM o-dianisidin.2 HCI in outlined inTable 1 (36).
deionized waterand tissue extract (50, 100 ml). Cuvettes with
all their components were illuminated with 208#ylvaniaGro-  Histological evaluation
Lux fluorescent tubes (Sylvania GRO-LUX F18W/GRO,
Erlangen, Germany) that were placed 5 cm above and to one side For light microscopic investigations, samples from distal
of cuvettes maintaining a temperature of 37R8sorbance was colon were placed in 10% formaldehyde, dehydrated in ascending
measured at 460 nm with a Schimadzu -Q&/ model  alcohol series (70%, 90%, 96% and 100%), cleared in toluene and
spectrophotometer (Schimaddiokyo, Japan)A standard curve  embedded in parfih. For each animal, four randomly taken tissue
was prepared routinely with bovine SOD (S-2515-3000 U;sections (5 pm) were stained with hematoxylin and eosin (H&E)
Sigma Chemical Co, tSLouis, MO, USA) as reference. and examined under an Olympus BX51 photomicroscafe.
Absorbance readings were taken at 0 and 8 min of illuminatiotissue sections were examined by experienced histologists who
and the net absorbance was calculafBte method for the were unaware of the treatments. Histological scoring was
measurement of catalase (DAactivity is based on the catalytic performed by the criteria shown Table 2 (37).
activity of the enzyme that catalyzes the decomposition reaction
of H,0, to give HO and Q (33). Briefly, the absorbance of the Jatistical analysis
tissue samples containing 0.4 ml homogenate and 0.2,@ H
was read at 240 nm and 20°C against a blank containing 0.2 ml Statistical analysis was carried out using GraphPad Prism
phosphate biér and 0.4 ml homogenate for about 1 nwith 6.0 (GraphPad Software, San Diego, CA, USH).data were
the help of the standard graphic and considering the dilutiongxpressed as means + S.E.M. Groups of data were compared
the SOD activity of supernatant was calculated in the form ofwith an analysis of variance followed by Mann-Whitney U non-
U/mg protein (34). Catalase measurements were expressed parametric tests andiuslent's t testValues of P< 0.05 were
U/ml/min.protein. regarded as significant.

Table 1. Criteria for macroscopic scoring of colonic lesions.

Score Appearance
No damage
Focal hyperemia, no ulcers
Hyperemia or bowel wall thickening without linear ulceration
Ulceration with inflammation at one site
Two or more sites of ulceration/inflammation
Major sites of damage extending more than 1 cm along the length of colon
-10 If damage extends more than 2 cm along the length of colon, the score is increased by
one for each additional 1 cm.

AN AW~ O
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RESULTS submucosal edema were observed in only nesfatin-1 or SFU91

treated groups, severe inflammation, vasculitis and edema were
Acetic acid application increased both macroscopic< (P prevalent in GHSR-1a or atosiban treated gro&jps 2C-2F).

0.001) and microscopic @0.001) lesion scores of colitis group Colonic MPO activitythe indicator of neutrophil migration to

significantly compared to control grougrig. 1A and 1B). injured tissue, showed a marked increase in colitis group compared

Although the increased macroscopic and microscopic lesiomo control group (R 0.001) Fig. 3A). While nesfatin-1 treatment

scores of colitis group were reduced by nesfatin-1 treatment (P ameliorated the increased MPO activity €P0.01), SHU919

0.01 — 0.001), atosiban application prior to nesfatin-1 treatmerapplication prior to nesfatin-1 reversed itkeef by increasing the

significantly increased both damage scores (P05 — 0.001) neutrophil infiltration through the tissuédditionally, MPO

and GHSR-la application prior to nesfatin-1 treatmentactivity remained decreased in GHSR-1a and atosiban applicated

significantly increased microscopic damage score QR01). groups suggesting that these receptors may not have a role in the
In histologic analysis, massive epithelial loss, severeeffect of nesfatin-1 on neutrophil infiltration €20.001) Fig. 3A).

inflammatory cell infiltration, vasculitis and submucosal edema  As expected, a significant increase in colonic Mbyel (P<

were evident in colitis groupF{g. 2B). Although a regular 0.01) with a concomitant decrease in antioxidant GSH content (P

epithelium, moderate inflammation, vasculitis and moderate< 0.001) was observed in the colitis gro&pg( 3B and4A). The

Table 2. Criteria for the microscopic scoring of colonic lesions.

Score

Appearance

0 none; 1 mild; 2 moderate; 3 severe

Submucosal edema

0 none; 1 localized; 2 moderate; 3 severe Damage/necrosis
0 none; 1 mild; 2 moderate; 3 severe Inflammatory cell infiltration
0 none; 1 mild; 2 moderate; 3 severe Vasculitis
0—; 1+ Perforation
A
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5 6
o
w
Q
8 4-
(8]
1]
o
(8]
£ 2
0_
Saline + + . 2 = >
Nesfatin-1 - - + + + +
SHU-9119 - - - - »
GHSR-1a 5 = = . + .
Atosiban .
B
154
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*xn ) Hm Colitis
g oD
8 10- +4+
% T
Q
2
5 O
=
=
Saline + + = - . = . . . . .
Nesfatin-1 = H 5 2 Fig.1. Colonic macroscopic (A) and microscopic (B)
SHU-9119 : + . damage scores. ***R< 0.001 compared to control
GHSR-1a - . 5 . + . group; **P < 0.01; ~*P < 0.001 compared to colitis
Atosiban + group; P < 0.05; P < 0.01 compared to nesfatin-1-
treated (without any other drugs) group.
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increase in colonic MDAevel of the colitis group was reduced by treatment groups (K 0.05 — 0.001), suggesting that the
nesfatin-1 treatment, underlying the lipid peroxidation inhibiting applications of GHSR-1a and atosiban prior to nesfatin-1 inhibited
effect of nesfatin-1 (< 0.01) Fig. 3B). Besides, SHUID, its protective géct and nesfatin-1 may have a role on ghrelin and
GHSR-1a and atosiban treatments prevented the beneffeia ef oxytocin receptors in its reactive oxygen metabolite decreasing
of nesfatin-1 on MDAlevel (P< 0.01) Fig. 3B). Although effect. Fig. 5A and5B).

nesfatin-1 treatment did notfe€t the antioxidant GSH levels

compared to colitis group, SHUPA and GHSR-1a treatments

increased GSH levels compared to colitis groug: (®01) and DISCUSSION
compared to only nesfatin-1 treated group: (05) Fig. 4A).
SOD activity was tended to decrease in colitis group (P Colitis is defined as the inflammation of the layer that covers

0.02) and increased in GHSR-1a and atosiban treated groupise inner surface of the colon and a disease causing wounds with
compared to colitis group (R 0.05) Eig. 4B). Although bleeding in the mucosa, andegiting the patient's quality of life.
antioxidant colonic CA activity in the colitis group showed a In this study we aimed to show the colonic tissue damage
decrease compared to control group <{P0.05), it was not induced by acetic acid application, and to demonstrate the
different than control in nesfatin-1 treated grodfig( 4C). probable recovery in the colon tissue with nesfatin-1 therapy and
Furthermore CA levels of atosiban treated group were alsothe possible underlying mechanism nesfatin-1 acts on.
declined compared to control group €P0.01), suggesting an The anti-apoptotic, neuroprotective (13), antihgbgsremic
inhibitor efect on protective role of nesfatin-Ei§. 4C). (38), anxiogenic, anorexigenic (39¥eaxfts of nesfatin-1 and in
While luminol- and lucigenin-enhanced Qévels showed addition, the role of nesfatin-1 in delaying gastric emptying (24)
significant increases in the colitis group as compared with contrahnd in the cardiovascular control (40) were revealed by previous
values (< 0.001), both parameters were decreased in nesfatin-dtudies.This is the first study that shows the anti-inflammatory
treated group compared to colitis group<(®.05 — 0.001)Kig. 5A effect of nesfatin-1 in an experimental colitis model by
and5B). As luminol levels were tended to increase in GHSR-1laameliorating inflammatory status and enhancing the biochemical
and atosiban treated groups, lucigenin levels were risen back in @hd histological parameters. Previoyudlye anti-inflammatory

Fig. 2. Light microscopic
examination of the colonic mucosa
in experimental groupsAj Control
group, describes normal
morphology regular epithelial line
and submucosa.Bj Colitis group
characterized by degenerated surface
epithelium ©), severe submucosal
edema (*), inflammation (o),
vasculitis p) (C) Nesfatin-1 treated
colitis group, describes regular
epithelial line ©), moderate
submucosal edema *),
inflammation (o), vasculitis K).
(D) SHU9M9 treated colitis group,

g3s | fo ¥ *Cr describes quite regular surface
E— epithelium e), moderate
submucosal edema *),

inflammation (o), vasculitis ).
(E) GHSR-1a treated colitis group,
describes regular epithelial lin®j,
severe submucosal edema (*),
moderate inflammation (0),
vasculitis §). (F) Atosiban treated
colitis group, is characterized by
degenerated surface epitheliugr)(
severe submucosal edema (¥),
inflammation (0), moderate
vasculitis §). Hematoxylin and
eosin (H&E) stain.
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effect of intraperitoneally administrated nesfatin-1 was shown inameliorate the inflammatory processhus, we aimed to

an acedic acid induced gastritis model by Kolgazal. (12). demonstrate the possible protectivéeet of i.c.v administered
Additionally, in a recent study its essential role in healing processiesfatin-1 in a colitis model. Howeyeadditional studies are

of chronic gastric ulcergia activating the gastric blood flow at required to analyze improved central nesfatin-1 activity in colitis.
ulcer magin and also its inducing role in the mucosal The macroscopic and microscopic damage scores of colonic
regeneration was reported (4A% the possible beneficialfetts  tissue was evaluated histopathologically and increased in rats
of peptides on inflammation models attrack attention and arevith colon injury significantly and was consistent with the results
frequently experimentally investigated, recentlye reparative of a previous study on an acetic acid-induced colitis model (43).
and healing activity of another intraperitoneally administratedAlthough application of nesfatin-1 ameliorated the increased
peptide such as stable gastric pentadecapeptide BPC1%Stgores in the colitis group, the atosiban application has reduced
supported the nature of certain endogenous peptides iboth macroscopic and microscopic damage inhibitofgcefof
amelioration of colitis (42). Howeveour study focuses on the nesfatin-1. This result suggests that the reducindecf of
central administration of nesfatin-1 and peripheral anti-nesfatin-1 on damage scores mightvie oxytocin receptors.
inflamatory efects in a colitis model. Furthermore, Previously nesfatin-1 has been shown to use the oxytagimer
neuroprotective &cts of nesfatin-1 in a brain injury model signaling pathway while regulation of food intake. Similar to its
induced by subarachnoid hemorrhage and improved sensitivity afiell known satiety controlling &fct, the interaction with
central nesfatingic system to peripheral inflammatory stimuli oxytocin might be an intermediate pathway for nesfatin-1 in its
was reported (I, 13). Bonnetet al. conveyed the association anti-inflammatory €ect (15).Although the macroscopic damage
between nesfatin-1 neurons and peripheral inflammation andeducing eect of nesfatin-1 continued with the application of
pointed out activation of central nesfatin-1-expressing neuron&HSR-1a, the microscopic damage reducindeaf was
during an inflammatory stimulus such as LPS stimulatedeliminated. This situation suggests that ghrelin mediates the
endotoxaemia and reported that the neurons of the centraticroscopic damage reducingesft of nesfatin-1. Similarlyin
nesfatinegic system were sensitive to peripheral inflammatorythe light microscopic histological examination, the damage was
stimulus and were belong to a specific immunosensitivecontinued in the groups treated with GHSR-1a and atosiban, as
neurocircuitry (1). Similarly peripheral inflammatory status nesfatin-1 was not able to show healinfedf in the groups
such as colitis may stimulate central nesfatinerjic system tdreated with these antagonists prior to nesfatin-1 application.
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Myeloperoxidase is an enzyme especially presented itthe colon tissue following damage inductidithough there is no
neutrophils, and also in monocytes and macrophages in a veprevious study showing thefet of nesfatin-1 on colitis, it has
small amountTherefore, MPO activity is directly proportional to been shown that intraperitoneal administration of nesfatin-1
the quantity of neutrophils in inflamed tissues, and measuremetmhibited the increase in myeloperoxidase activity of the brain
of MPO activity is considered to be a sensitive and quantitativeéissue in a SAH model (13) and also of the gastric tissue with

index of acute intestinal inflammation (44). In our studn
increase in colonic MPO activity was obserwéd acetic acid

acetic acid induced ulcer model (12). Similadyr MPO results
suggest that the application of nesfatin-1 may prevent colonic

administration that suggests increased neutrophil infiltration irtissue damage by reducing the neutrophil infiltratidine
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reduction in MPO activity continued also in groups receivingsuppression of malondialdehyde production and may play a role
antagonists, GHSR-1a and atosiban, while SH9%pplication  on ghrelin, oxytocin and melanocortin receptors in this function.
prior to nesfatin-1 prevented this reductidhese results indicate Glutathione molecule is an important antioxidant for the
that melanocortin receptors may mediate tiiecebf nesfatin-1  protection against free oxygen radicals and is oxidized with
on neutrophil infiltration. Furthermore, it is known that alpha- peroxidase enzyme and eliminates the hydrogen peroxide radical
melanocyte-stimulating hormone causes anti-inflammatory(30, 46). Consistent with a previous studgrious depletion in
effects on colitis and melanocortin-1 receptor (MC-1R) has rolethe antioxidant glutathione levels was observed in the colitis
in this anti-inflammatory function (45). In the study conducted bygroup with colonic damage (43), however in our study nesfatin-1
Maaseret al. on C57BL/ 6 and MC-1R mutant mice, the treatment was not able to increase antioxidant glutathione levels.
protective elect of MC-1R was demonstrated in colitis model According to our results nesfatin-1 may ndeef on antioxidant
induced by dextran sodium sulfate (4dyhough the relationship  glutathione levels during its anti-inflammatory action.
between tissue MPO activity and melanocortin receptors have SOD is in a class of enzymes that catalyze the dismutation of
been pointed out in previous studies, our study suggests that thtiee oxygen and hydrogen peroxide, and is primary protective
effect of nesfatin-1 on MPO activity may b@m melanocortin-1  against oxyradicals such as superoxide that is a major reactive
receptors. oxygen specy in the cells (4Mhe efect of nesfatin-1 treatment

It is well known that malondialdehyde, the end product ofon the activity of SOD in colitis is not known ydéiccording to
lipid peroxidation, is detected in increasing amounts withour results, although nesfatin-1 treatment did not create significant
damage (43) and in our study this damage were clearlghange in SOD activity compared to the colitis group, in previous
manifested in the groups treated with acetic acid. Nesfatin-1 hasflammatory models nesfatin-1 increased the SOD activity (12,
been demonstrated to ameliorate the MIB&els in a few 13).The reason for lack of significant change in SOD activity of
inflammatory processes (12, 13). Consistent with previousiesfatin-1-treated group compared to colitis group may be due to
studies, in this study MDAevels were reduced with nesfatin-1 the non-significant decrease in SOD levels of colitis group,
treatment, moreover were elevated with all antagonistlthough there was a tendency to decrease(QR22). If the SOD
applications. Eventuallynesfatin-1 may be fefctive in restoring  levels were decreased significantly in colitis group, the levels
continuity of cells by reduction of lipid peroxidatiovia would be increased to the control levels with the treatment by
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nesfatin-1. Eventuallynesfatin-1 treatment inhibited the decreaseconflict of interestThis study was supported by a grant from the

tendency that occurs in SOD levels with the colitis induction.

Marmara University Scientific Research Committee (BAPKO),

The main antioxidant fdct of catalase is breaking down SAG-C-YLP-110412-0068.

H,0, into water and molecular oxygeXthough HO,, is formed
via SOD, is not a radical, is a precursor of OH- radical which is
the most reactive free oxygen radical (47). In this study
antioxidant catalase activity was ameliorateth colitis

induction, and was not significantly fiifent than control with 1.
nesfatin-1 treatment. Similarlgatalase activity of colonic tissue
was reduced in ulcerative colitis models (48, #gditionally, 2.

our results suggest that nesfatin-1 may inhibit the decrease in
antioxidant catalase activity observeth colitis induction.
Moreover the catalase activity of the group treated with atosiban
showed a trend of decrease which was not significanfigrdift 3.
compared to the nesfatin-1-treated group and decreased
significantly compared to the control grouplthough the
inhibitory efect of nesfatin-1 on reduction of catalase activity
observed in the colitis group is not clghe additional studies are 4.
needed to determine whether it ocodesoxytocin receptors.

In accordance with previous data, along with the significant
increase of tissue myeloperoxidase activity and the alleviation of
lipid peroxidation in colitis, the rise in luminol and lucigenin 5.
chemiluminescence levels point out the production of reactive
oxygen metabolites in the tissue (4Bhe increase in luminol
and lucigenin chemiluminescence were reduced in the grouf.
treated with nesfatin-1, and the reduction of luminol
chemiluminescence disappeared in the groups treated with
GHSR-1la and atosiban, although the reduction of lucigeniry.
chemiluminescence inhibited by all receptor antagonidiss
data suggests that the applications of GHSR-1a and atosiban
inhibited the efect of nesfatin-1 and nesfatin-1 may have a role
on ghrelin and oxytocin receptors in its reactive oxygens.
metabolite decreasingfett. As lucigenin is more specific to
superoxide, nesfatin-1 may show its superoxide decreasing
effect via all these antagonists especially GHSR-1a or by9.
interfering with other pathway#lthough efect of ghrelin and
oxytocin receptors in luminol and lucigenin chemiluminescence
levels of inflammatory processes is not known, previouslyl10.
reducing eflect of ghrelin and oxytocin on these reactive oxygen
parameters were demonstrated (50, Btdition to previous
data, our results suggest that nesfatin-1 may use these pathways
in its reactive oxygen metabolite reducingget. 11.

Consequentlyit was observed that the oxidative damage
developing in colitis model induced by acetic acid administration
recovered with application of intracerebroventricular nesfatin-1
and this peptide reduced the microscopic and macroscopit2.
damage with its anti-inflammatoryfe€ts. Our results suggest
that nesfatin-1 may demonstrate these anti-inflammatéegtef
by preventing neutrophil infiltration to the tissue and by 13.
suppressing the free radical formatiohhe application of
atosiban and GHSR-1a prevented thfeafof nesfatin-1 on
microscopic damage, lipid peroxidation, luminol and lucigenin
chemiluminescence leveit the same time, atosiban application 14.
also caused a regression in the macroscopic danfdmgese
findings indicate that nesfatin-1 may show its anti-inflammatory
and antioxidant ébcts on colitisvia oxytocin and ghrelin
receptors. Additionally, melanocortin receptor antagonist 15.
inhibited the protective &dct of nesfatin-1 on MPO activitlipid
peroxidation, lusigenin chemiluminescence and glutathione
levels.Although it has been shown previously that nesfatin-1 has
used the melanocortin signaling pathway for ifect§ on food  16.
intake, this is the first study suggesting that nesfatin-1 may also
use the receptors which mediate its anorexigeféctsfin terms
of the anti-inflammatory &écts.

17.
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