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1. Introduction

Inflammatory bowel disease (IBD) is a chronic infl@atory condition within the
gastrointestinal tract with two major forms: uldéra colitis (UC) and Crohn's disease (CD).
Inflammation and ulceration in UC are limited t@ ttolon and rectum, while in CD they are
throughout the whole gastrointestinal tract.

The exact provocative etiological factors and pgémic mechanisms in IBD have not been
fully elucidated. There is a dysfunction of theestinal mucosal barrier resulting in an
increased permeability (Amasheh et al., 2009). phigess is usually a consequence of the
destruction of tight junctions triggered by oxidatistress (Xu et al., 2007), bacterial
lipopolysaccharides (Sheth et al., 2007) and infltextory mediators such as cytokines
(Petecchia et al., 2012). As a result, antigenterd@nants derived either from food or
bacteria can overcome the barrier and provoke tastinal immune response and tissue
damage (Neurath and Schirmann, 2000).

Animal models of IBD are an important tool to stutlg disease pathogenesis and to test new
therapies. 2,4,6-trinitrobenzenesulfonic acid (ThHBt8luced colitis is a commonly used
model of IBD. Instilled in the colon, TNBS causeseare inflammation and ulceration. TNBS
serves as a hapten. When coupled with high molewdaght tissue proteins, it renders them
immunogenic and leads to acute Thl inflammatiosdgilet al., 1995) and secretion of
various potent pro-inflammatory cytokines (da Sixal., 2010) such as tumor necrosis
factor-o (TNF-o) and interleukins (ILs) (Takagi et al., 2010).

Oxidative stress plays an important role in thépgénesis of IBD (Girgin et al., 2000).
Reactive oxygen species (ROS) are produced anasexdeby immune cells. In this
inflammatory condition, the colon is infiltrated bgutrophils which produce superoxide and

other strong oxidants such as hypochlorous ac&drakult of the catalytic activity of



myeloperoxidase (Winterbourn, 2002). An increaseyreloperoxidase activity can
accelerate the progression of IBD (Coldn et alQ12@ooke et al., 2002).

There are numerous studies reporting that bioldigieative substances from plants such as
polyphenolic compounds have beneficial effectdBD by alleviating oxidative stress and by
controlling the levels of various inflammatory ciiimes or mediators including ILs, TNdk-
nitric oxide, nuclear factor-kappa B (NB) and cyclooxygenase-2 (Debnath et al., 2013).
Aronia melanocarpa [Michx.] Elliot (black chokebgris a bush originating from North
America, nowadays grown also in Eastern Europe fithis are extremely rich in phenolic
compounds (Oszmianski and Wojdylo, 2005): procyasidlavonoids (mainly from the
subclass of anthocyanins) and phenolic acids (cgkric and neochlorogenic). Well
established assays have demonstrated that araitednd fruit extracts act as very powerful
antioxidants (Zheng and Wang, 2003; Bermudez-SatioT@mas-Barberan, 2004; Wu et al.,
2004; Oszmianski and Wojdylo, 2005; Valcheva-Kuzoemnet al., 2007; Jakobek et al.,
2011; Valcheva-Kuzmanova et al., 2012; Valchevasazova et al., 2014a&)ronia
melanocar pa fruit juice and aronia berry polyphenols have bgleown to exhibit potent anti-
inflammatory activities (Borissova et al., 1994 pakska-Downar et al., 2011; Martin and
Bolling, 2017).

The aim of this study was to investigate the eftdécronia melanocarpa fruit juice (AMFJ)

in a rat TNBS-induced colitis model and to compaveth that of sulfasalazine, a standard

treatment of IBD.

2. Materials and methods
2.1. Experimental substances
2,4,6-trinitrobenzene sulfonic acid (TNBS), sulfazae (S) and all other chemicals weie

analytical gradevere purchased from Sigma-Aldrich Company (Germany)



AMFJ was produced fromAronia melanocarpa Elliot fruits grown in the Balkan Mountains,
Bulgaria. Crushing and squeezing of the fruits gavplice yield of 75%. The juice was
filtered, pasteurized at 80 °C for 10 min and dae0 °C till the experiment. The contents of
phenolic substances in AMFJ were total phenolid§15mg/L as gallic acid equivalents; total
proanthocyanidins, 3122.5 mg/L; anthocyanins: ayiangalactoside, 143.7 mg/L; cyanidin
arabinoside, 61.7 mg/L; cyanidin xyloside, 11.6 imghd cyanidin glucoside, 4.4 mg/L;
phenolic acids: chlorogenic acid, 585 mg/L and héwogenic acid, 830 mg/[Valcheva-
Kuzmanova et al., 2014a). Total phenolics wererdeteed spectrophotometrically according
to the Folin-Ciocalteu procedure (Singleton and $805965),total proanthocyanidins were
measured by the method of Howell et al. (2005), tmncentrations of individual
anthocyanins and phenolic acids were determined High-performance liquid

chromatography methods.

2.2. Animals

The study was carried out on 96 male Wistar ratsdiat 300-350 g). During the experiment,
the animals were housed in plastic cages in aweellilated room maintained at 22+1 °C and
on a 12/12 light/dark cycle. Rats were deprivetbofl for 12 h before the induction of colitis
but had free access to food (normal pelleted diedl) drinking water throughout the rest of the
time. The animals were divided into 6 experimegtalups, each of 12 rats: Control, TNBS,
TNBS+AMFZ 5, TNBS+AMFJ, TNBS+AMFJ,and TNBS+S.

All procedures concerning animal treatment and ewmpmntation were conducted in
compliance with the national laws and policies, danformity with the international

guidelines (EU Directive 2010/63/EU for animal expents).

2.3. Induction of colitis



Colitis was induced according to the procedure dlesd by Morris et al. (1989). Following a
12 h fast, rats were anesthetized with thiope®@lnig/kg, dissolved in saline to a volume of
1 mL/kg) administered imtraperitonelly. TNBS (10 mligsolved in 0.25 ml of 50% ethanol)
was inserted in the colon by a soft cannula (exlednameter 1.5 mm) at a depth of 8 cm
from the anus. Control rats received 0.25 ml of S#@nol. The animals were maintained in

a head-down position for 10 min to prevent thedfi@iakage.

2.4. Oral treatment

The oral treatment of the animals using an orogaséinnula began on thé%ay (24 hours
after the induction of colitis) and lasted till thd™ day of the experiment. The animals from
groups Control and TNBS were treated with distillegter (10 mL/kg).

Animals belonging to groups TNBS+AMfs) TNBS+AMFX, TNBS+AMEJ, were
respectively treated with AMFJ at doses of 2.5 mgl.& mL/kg and 10 mL/kg. The doses of
2.5 mL/kg and 5 mL/kg were diluted with distilledater to a total volume of 10 mL/kg.
AMFJ doses were chosen on the basis of our prewspsrience. These doses had been
proven to be protective in different experimentadals of organ damage and toxicity in rats
and any further increases in the dose had nottessin a better effect (Valcheva-Kuzmanova
et al., 2004; Valcheva-Kuzmanova et al., 2005; Mal@-Kuzmanova et al., 2012; Valcheva-
Kuzmanova et al., 2014b). Taking into account tlaewcontent of fruits, the juice doses of
2.5 mL/kg, 5 mL/kg and 10 mL/kg corresponded to isidue base of 0.67 g/kg, 1.34 g/kg
and 2.68 g/kg, respectively.

Animals from group TNBS+S received sulfasalazineaalose of 400 mg/kg dissolved in

distilled water to a volume of 10 mL/kg.

2.5. Assessment of colitis



2.5.1. Body weight

Animal body weights were recorded at the beginramgl at the end of the experiment.
Weight gain or reduction were calculated.

2.5.2. Tissue preparation and fractionation

On the 18 experimental day, 24 hours after the last treatntha animals were anesthetized
with diethyl ether. Blood was collected from thélkogual veins for the preparation of serum
for biochemical investigations.

After the dacapitation of the anesthetized animafsarotomy was performed. The colon was
removed, cleansed of the adjacent tissues andritgH was measured. Then, the colon was
cut longitudinally and washed in saline. The weightthe colon was measured and the
severity of colitis was evaluated using macroscgparing criteria (Daddaoua et al., 2005).
Samples of colon tissue from the site of injurydarorresponding site if no detectable injury)
were frozen for biochemical investigations.

In a similar way, samples of colon tissue were naflcg histopathological examination. They
were fixed in 10% neutral-buffered formaldehydeusioh.

2.5.3. Macroscopic assessment of colitis

The severity of colitis was assessed by the folhgwparameters: colon length (cm), colon
weight (g), colon weight/length ratio and area e¢msis (crf).

Apart from these, scoring criteria were used fertiacroscopic evaluation of adhesions and

wall thickening (Daddaoua et al., 2005) (Table 1).

Table 1. Macroscopic score of colonic injury

Parameter Score

Adhesions 0 = No adhesions




1 = Difficult dissection
2 = Visible adhesions

3 = “Wrapped” intestine

Thickening 0 = Similar to uninflamed intestine
1 = Thicker than normaMN1-2 mm)

2 = Much thicker than normal (>2 mm)

2.5.4. Microscopic assessment of colitis

Fixed tissues were embedded in paraffin, cut ietdiens and placed on microscope slides.
Slides were stained with hematoxylin and eosin (h&& histopathological investigation
which was performed by light microscopy.

Scoring criteria were used for evaluation of thstdection of epithelial surface and glands, as

well as for the inflammatory cell infiltration (Ekt al., 2011) (Table 2).

Table 2. Microscopic score of colonic injury

Parameter Score

Epithelium and
glands 0 = Normal

1 = Focal destruction of epithelial surface andfands

2 = Zonal destruction of epithelial surface and/mnal crypt loss
3 = Diffuse mucosal ulceration involving submucasa/or diffuse

crypt loss

Inflammatory cell

infiltration 0 = Absence of infiltrate




1 = Subepithelial infiltrate and infiltrate in tihemina propria
2 = Infiltrate reaching the muscolaris mucosae
3 = Severe and diffuse infiltrate reaching themsubosa and/or

involving the muscolaris propria

2.5.5. Biochemical investigations

Serum was produced by centrifugation of blood @02fpm for 10 min. Samples of colon
tissue were homogenized with ice cold Tris/HCI, B, pH 7.4 (1:10). The homogenates
were centrifuged (2000 rpm, 10 min,@)°and the supernatants were used.

Thiobarbituric acid reactive substances (TBARS) rat serum and colonic tissue
homogenates were determined spectrophotometriediér the method of Ohkawa et al.
(1979) using Aurius 2021 UV-VIS spectrophotomet€ecil Instruments Ltd, UK. The
method measures the color produced by the reaafothiobarbituric acid with lipid
peroxides (TBARS) at 532 nm. TBARS concentratiois watermined in nmol/mL serum and
nmol/g tissue. Malondialdehyde, the major lipid qpede obtained in the process of

peroxidation of membrane polyunsaturated fattyaihs used as a standard.

2.6. Satistical analysis
Results are presented as mean + S.E.M. The datatested by one-way ANOVA, followed
by Dunnett’'s multiple comparison post test. A leakp<0.05 was considered significant. All

analyses were performed using GraphPad Prismtatakisoftware.

3. Results

3.1. Body weight



On the 18 experimental day, control animals showed an irseé@ body weight while
animals belonging to all other groups reduced tweights. The weight loss was significant
in TNBS group (p<0.05 vs. Control) and was notistiglly significant in the groups treated

either with AMFJ, or sulfasalazine (Fig. 1).

3.2. Macroscopic colitis evaluation

The macroscopic appearance of the colons of rdtsn@i@g to groups Control, TNBS,
TNBS+AMFJ and TNBS+S is illustrated in Fig. 2.

Colons of control rats showed a normal macroscappearance (Fig. 2A).

The macroscopic inspection of the colons of TNBS showed the presence of edema and
hemorrhagic ulcerations (Fig. 2B) with a mean afegecrosis 1.9 + 0.9 chfFig. 3D).

In TNBS group, there was a significant decreas¢hefcolon length (p<0.05Fig. 3A), a
marked increase in the colonic weight/length rgpe0.05) (Fig. 3C) and a significant
increase of the wall thickening score (p<0.05) (Big) in comparison with the Control group.
In rats from TNBS group, adherence of colon to eeljg organs was observed resulting in an
adhesions score of 1.1 + 0.4 (Fig. 3E).

Treatment of animals with AMFJ attenuated the cabartening (Fig. 3A), the colon weight
increase (Fig. 3B) and the elevation of colonicghi&iength ratio (Fig. 3C). AMFJ decreased
the lesion extension (Fig. 2C, Fig. 3D), reduceel ddhesions score (Fig. 3E) and the wall
thickening score (Fig. 3F) to such an extent thaisé indices in the three AMFJ-treated
groups were not significantly different from thosiethe controls. An exception of this was
the wall thickening score of TNBS+AMEdrats which was similar to that of the TNBS rats
(Fig. 3F). The effect of AMFJ at doses of 5 mL/kgdal0 mL/kg on mascoscopic signs of

colitis was comparable to that of sulfasalazing.(BD, Fig. 3).

3.3. Histopathol ogical examination and microscopic scoring for colitis evaluation



The histological examination of the colons of cohtats showed normal microscopic
structure (Fig. 4A).

TNBS caused a diffuse destruction of intestinall\aad inflammatory cell infiltration
involving the muscularis propria (Fig. 4B) with gyh epithelium and glands destruction
score (Fig. 5A) as well as a high inflammatory adfiltration score (Fig. 5B).

AMFJ dose-dependently attenuated the microscogitssof colonic damage. The highest was
the effect of the 10 mL/kg AMFJ dose. Thus, in TNB®MFJ; group, the predominant
microscopic results showed a zonal destructiorpdhelial surface and inflammatory cell
infiltration reaching the muscularis mucosae (B@G). The epithelium and glands destruction
scores of rats belonging to TNBS+AMFahd TNBS+AMFJ, groups were significantly

lower (p<0.01) than the respective score of TNB&ugr(Fig. 5A). The inflammatory cell
infiltration scores of TNBS+AMRKJand TNBS+AMFJ, groups were lower than the
respective score for TNBS rats, the effect beiagjstically significant (p<0.05 vs. TNBS) at
AMFJ dose of 10 ml/kg (Fig. 5B).

Sulfasalazine treatment attenuated the microssgits of colonic damage. In TNBS+S rats,
the prevailing microscopic result was a zonal desiton of epithelial surface and
inflammatory cell infiltration involving the musauis propria (Fig. 4D). The epithelium and
glands destruction score, as well as the inflammatell infiltration score of rats belonging

to TNBS+S group were lower but not significantlamhthe respective scores of TNBS group

(Fig. 5A, 5B).

3.4. Thiobarbituric acid reactive substances (TBARS)
The concentrations of TBARS in colonic tissue a$ t@elonging to group TNBS were

significantly higher (p<0.05) in comparison withetbontrol level (Fig. 6A). Colonic TBARS



concentration of rats belonging to groups TNBS+AME-TNBS+AMFL, TNBS+AMFJo
and TNBS+S did not differ significantly from thertool level.
The serum concentrations of TBARS were not sigaifity different in all experimental

groups (Fig. 6B).

4. Discussion

The current study was undertaken in order to ingatd the effect of AMFJ on the severity of
TNBS-induced colitis in rats. The effect of AMFJsweompared with that of sulfasalazine,
one of the mainstays for treatment of IBD. Poollg@bed in the gastrointestinal tract,
sulfasalazine molecule is cleaved by reductasedupeml by colonic bacteria to 5-
aminosalicylic acid and sulfapyridine. The mechanisy which sulfasalazine acts in IBD is
complex. It induces T lymphocyte apoptosis (Doeehgl., 2004), serves as a scavenger of
ROS (Linares et al., 2011), suppresses NF-kB trgstem pathway (Cavallini et al., 2001).
TNBS-induced colitis was chosen as a model in #tisdy because of its significant
similarities with human IBD, particularly CD (Antanu et al., 2016). TNBS causes acute and
chronic colitis in combination with ethanol. Ethnas a breaker of mucosal barrier, makes
possible the interaction of TNBS with the tissuetpins of the colon (lkeda et al., 2008).

In the current experiment, TNBS caused severeisaotiinifested by a decrease of animal
weight, as well as colonic ulceration and inflamioraproven by a number of macroscopic
and microscopic indices. It also caused oxidatixess in rat colons resulting in an increased
lipid peroxidation confirmed by the significant eé¢ion of the TBARS concentration in rat
colonic tissue.

Numerous studies have reported the role of oxidattvess in the pathogenesis of IBD in
humans and experimental colitis in animal modelsi£t al., 2001; Pavlick et al., 2002;

Seril et al., 2003). During the inflammatory prae@sthe colon, there is a chronic presence



of numerous polymorphonuclear neutrophils whichdpe ROS during phagocytosis
causing oxidative burst (Lih-Brody et al., 1996).

In this experiment, the treatment of rats with AM#Ad sulfasalazine ameliorated the severity
of the colitis model. Both treatments reduced thienal weight loss. AMFJ dose-dependently
decreased the colonic damage proven by macrosaogimicroscopic criteria. The effect of
AMFJ on most of measured parameters was compangtblehat of sulfasalazine while the
microscopic scoring showed an even better effettefl0 mL/kg AMFJ dose in comparison
with that of sulfasalazine.

The beneficial effect of the treatments might beeast partly attributed to their antioxidant
actions. AMFJ and sulfasalazine prevented the gtavaf TBARS in colonic tissue. The
antioxidant activity of AMFJ is one of its most ersively studied and well-established
activities. AMFJ polyphenols have been reporteseive as radical scavengers (Zheng et al.,
2003; Jakobek et al., 2011; Valcheva-Kuzmanova e2@12; Valcheva-Kuzmanova et al.,
2014a) and to increase the endogenous antioxidanksas reduced glutathione and
antioxidant enzymes in different experimental med¥lorgan damage and toxicity
(Valcheva-Kuzmanova et al., 2004; Valcheva-Kuzmanetval., 2005; Valcheva-Kuzmanova
et al., 2012). Sulfasalazine has also been shownttas a ROS scavenger (Linares et al.,
2011).

An important pathogenic mechanism of both animaBBNnduced colitis and human IBD is
the T cells-mediated immune response (Elson et@®5). T cells and their cytokines
contribute to the inflammatory process in thesedd@ns. A recent study has shown that an
aronia berry extract significantly inhibited theogduction of TNFe by stimulated Jurkat T

cells (Martin and Bolling, 2017). On the basislwbtinvestigation, the authors concluded that
aronia berry polyphenols could be useful in prengnand treatment of the inflammation in

IBD.



The observed ameliorative effects of AMFJ in thesent experiment of rat TNBS-induced
colitis are in accordance with data for benefiefi&cts of an aronia berry extract in dextran
sodium sulfate-induced ulcerative colitis in mig&agg et al., 2017). In the cited experiment,
aronia extract decreased the production of pr@amfhatory cytokines (IL-6 and TNd&)¢-

(Kang et al., 2017). Similar mechanisms could abate to the effect of AMFJ in the present
experiment.

Moreover, an anti-inflammatory activity of AMFJ wesnfirmed by the decrease of serum
IL-6 in a rat model of amiodarone-induced pulmonaicity (Valcheva-Kuzmanov et al.,
2014b). The anti-inflammatory activity was the fiestablished pharmacological activity of
the natural juice fronAronia melanocarpa in a model of rat hind paw inflammation induced
by histamine and serotonin (Borissova et al., 1994)

In conclusion, this study demonstrated that thesgvTNBS-induced colitis was
significantly ameliorated by AMFJ, the effect beimmparable to or even higher than that of
sulfasalazine. The effect of AMFJ might be attrdzlito the antioxidant and anti-

inflammatory activities of its polyphenolic ingredits.
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Figure captions

Fig. 1. Effect ofAronia melanocarpa fruit juice (AMFJ) at doses of 2.5, 5 and 10 mL&ud
sulfasalazine (S) on weight gain of rats in a 2tdrétrobenzene sulfonic acid (TNBS)-

induced colitis model; *p<0.05 vs. Control

Fig. 2. Macroscopic appearance of colons in a gbzrinitrobenzene sulfonic acid (TNBS)-

induced colitis modelA. Control; B. TNBS; C. TNBS+AMRJ4; D. TNBS+S

Fig. 3. Effect ofAronia melanocarpa fruit juice (AMFJ) at doses of 2.5, 5 and 10 mLAay
sulfasalazine (S) on macroscopic indices of coldaimage in a rat 2,4,6-trinitrobenzene

sulfonic acid (TNBS)-induced colitis model; *p<0.05. Control

Fig. 4. Microscopic appearance of colons in a r&f&2trinitrobenzene sulfonic acid (TNBS)-
induced colitis modelA. Control — Normal intestinal wall; B. TNBS — Diffe destruction of
intestinal wall; C. TNBS+AMF} — Zonal destruction of epithelial surface andanfmatory
cell infiltration involving the muscularis mucosd2,; TNBS+S — Zonal destruction of
epithelial surface and inflammatory cell infiltrai involving the muscularis propria. H & E

staining; magnification x 100

Fig 5. Effect ofAronia melanocarpa fruit juice (AMFJ) at doses of 2.5, 5 and 10 mLAmgp
sulfasalazine (S) on microscopic scores of coldaimage in a rat 2,4,6-trinitrobenzene

sulfonic acid (TNBS)-induced colitis modéip<0.05,44p<0.01 vs. TNBS

Fig. 6. Effect ofAronia melanocarpa fruit juice (AMFJ) at doses of 2.5, 5 and 10 mLAwp

sulfasalazine (S) on the level of thiobarbituricddaeactive substances (TBARS) in rat colon



(panel A) and serum (panel B) in a 2,4,6-trinitnabene sulfonic acid (TNBS)-induced colitis

model; *p<0.05 vs. Control
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Highlights:
» 24,6-trinitrobenzensulfonic acid (TNBS) induces severe colonic damage in rats.
* Aronia melanocarpa fruit juice (AMFJ) ameliorates TNBS-induced colitis.
*  AMRJadlleviates oxidative stressin rat colonsin TNBS-induced colitis.

» Theeffect of AMFJis comparable to or even higher than that of sulfasalazine.



