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a b s t r a c t

The aim of the present study was to examine the effects of phenylpropanoid glycoside,

teupolioside, biotechnologically produced by IRBN22 Ajuga reptans cell line, in rats subjected

to experimental colitis.

Colitis was induced in rats by intracolonic instillation of dinitrobenzene sulfonic acid

(DNBS). Teupolioside was administered daily orally (0.2 or 2 mg kg�1). On Day 4, animals

were sacrificed and tissues were taken for histological and biochemical analysis.

Four days after DNBS administration, colon TNF-a and IL-1b productions were increased,

associated with colon damage. Neutrophil infiltration, by myeloperoxidase activity, in the

mucosa was associated with up-regulation of ICAM-1 and P-selectin and high levels of

malondialdehyde. Immunohistochemistry for nitrotyrosine and poly (ADP-ribose) polymer-

ase (PARP) showed an intense staining in the inflamed colon. Biochemical methods and

zymography were used to analyze MMP-9 and -2 activities in colon tissues from DNBS-

injured rats. Treatment with teupolioside significantly reduced the appearance of diarrhoea

and the loss of body weight. This was associated with a remarkable amelioration in the

disruption of the colonic architecture and a significant reduction in colonic myeloperox-

idase activity and malondialdehyde levels. Teupolioside also reduced the pro-inflammatory

cytokines release, the appearance of nitrotyrosine and PARP immunoreactivity in the colon

and reduced the up-regulation of ICAM-1 and the expression of P-selectin. Therefore,

teupolioside also reduced proMMP-9 and -2 activity induced in the colon by DNBS admin-

istration.

The results of this study suggested that administration of teupolioside may be beneficial

for treatment of inflammatory bowel disease.
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1. Introduction

Inflammatory bowel diseases (IBDs), such as Crohn’s disease

and ulcerative colitis, are chronic immune diseases of the

gastrointestinal tract. Although the aetiologies of these

diseases still remain unknown, the current hypothesis

indicates that IBD results from an uncontrolled immune

response to the normal gut flora [1]. Genetic factors and

environmental factors both contribute to the damaging

mucosal immune response [2].

The intestinal mucosa constitutes an immunologic

system which plays a pivotal role in host defence. The

mucosal immune system, is continuously exposed to large

amounts of exogenous (i.e., dietary) and endogenous (e.g.,

bacterial) antigens [3]. Activation of lamina propia (LP) T

cells by lumen antigens may lead to the production

of inflammatory cytokines and subsequent mucosal

inflammation and tissue damage [1,3,4]. In addition

to immune factors as leukocytes, macrophages, polymor-

phonuclear cells, mast cells, B and T lymphocytes,

other potential mediators of inflammation are involved in

the disease: eicosanoids, biological amines, cytokines,

nitrogen- and oxygen-reactive metabolites, platelet-activat-

ing factor have been noted to influence inflammatory

processes [5].

It has been suggested that intestinal damage in IBD is

related to increased free radical production and to impaired

anti-oxidant defence systems [6]. There are an increased

number of activated inflammatory cells in lamina propria of

IBD releasing reactive oxygen radicals that are highly

produced by neutrophils, macrophages and DCs [7], and

exceeds the limited intestinal anti-oxidant defence system,

contributing to intestinal oxidative injury in IBD [8].

The main goal of therapy for IBD is to induce a clinical

remission and then maintain it for a long period of time, in

order to realize the best attainable quality of life. Treatment

with flavonoids can be efficient.

Flavonoids are polyphenolic compounds that occur ubi-

quitously in foods of plant origin and exert antimicrobial,

antiviral, antineoplastic, antihepatotoxic, hypolipidemic,

antiallergic and anti-inflammatory features [9]. Biochemical

investigations of flavonoid mechanisms have demonstrated

that these compounds inhibit a wide variety of enzymatic

systems.

Phenylpropanoid glycosides (PPGs, also synonymous of

phenylethanoid glycosides) are water soluble derivatives of

phenylpropanoids (PPs). There is a growing evidence that

PPGs, like other plant polyphenols in general and PPs in

particular, are powerful anti-oxidants either by direct

scavenging of reactive oxygen and nitrogen species, or by

acting as chain-breaking peroxyl radical scavengers [10].

Recently, PPGs have been reported to possess multiple

beneficial effects for human health. Indeed, they have been

effective in the chemoprevention of tumors [11]; some have

anti-inflammatory activity [12], while others have anti-

thrombotic [13], wound healing [14], and cardio-protective

actions [15]. These health effects of PPGs have been

traditionally explained in terms of the prevention of free

radical associated and transition metal-mediated cell and

tissue damage.
Teupolioside (TP) belongs to the family of phenylpropa-

noids and is structurally characterized by caffeic acid

(phenylpropanoid moiety) and 4,5 hydroxyphenylethanol

(phenylethanoid moiety) bound to a b-[D]-glucopyranoside

trough an ester and glycosidic links, respectively. Two other

monocarbohydrates, rhamnose and galactose are linked in

sequence to the glucose molecule (Fig. 1). Very small amounts

of teupolioside were initially isolated from Teucrium polium

[11].

Structurally speaking, the phenylpropanoids are charac-

terized by the presence of two catechol groups that are highly

reactive in the presence of free radicals. In fact, experiments

effected by Korkina et al. [16], on the teupolioside molecule

have demonstrated significant anti-inflammatory, anti-oxi-

dant and chelating properties with bivalent metals, in

particular for Fe2+.

The objectives of the present study was to address whether

teupolioside exerted protection on the development of colonic

inflammation induced by dinitrobenzene sulfonic acid (DNBS)

in the rat.
2. Materials and methods

2.1. Reagents

Biotin blocking kit, biotin-conjugated goat anti-rabbit IgG and

avidin–biotin peroxidase complex were obtained from Vector

Laboratories (Burlingame, CA, USA). All other reagents and

compounds used were purchased from Sigma Chemical

Company (Sigma, St. Louis, MO).

2.2. Plant cell line

The stabilized and highly selected cell line specified on the

synthesis of teupolioside was obtained from dissected

young Ajuga reptans leaves sterilized by NaOCl and Tween

20. The stabilized and selected cell line was deposited at the

Plant Cell Bank (DSMZ, Deutsche Sammlung Von Mikroor-

ganismem un Zellkulturen, Braunschweig, Germany) coded

internally IRBN22 and internationally DSM 16451. The

IRBN22 plant cell line was used for the industrial culture

fermentors.

2.3. Teupolioside containing extract preparation

A. reptans IRBN22 cell cultures obtained at the end of the

fermentation process were collected, homogenized, separated

by centrifugation, and the solid residue discarded. The yield of

teupolioside was approximately 4 g/l of the plant cell culture

suspension. The teupolioside in the supernatant was recov-

ered by solid-phase extraction on XAD4 resin, followed by

elution with 80/20 ethanol/water (v/v) mixture. Then, the

eluted verbascoside was concentrated under reduce pressure

and liophylized. The final extract, a pale yellow powder,

contained teupolioside in an amount over 80% (w/w)), together

with minor admixture (>10%, w/w) of other caffeic acid

derivatives. The further purification of teupolioside was

performed by repeated column chromatography on C18 silica

gel and Sephadex LH20 and subsequent crystallization



Fig. 1 – Chemical structure of teupolioside (a). Chromatogram of the Ajuga reptans extract measured at 330 nm. TP is the peak

with retention time 4.839 min (b).
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obtaining a final product with teupolioside content above 97%

(w/w). The standard raw extract with a purity of 50 � 1% (w/w)

was obtained from the 80% (w/w) cell extract by addition of

maltodextrins.

2.4. HPLC analysis

The analysis was performed using HPLC system (Agilent,

series 1100 DAD, Hewlett-Packard) consisting of an auto

sampler, high pressure mixing pump, and the column C18 (2)

Phenomenex 4.6 mm � 150 mm. The gradient system was:

phase A: water/0.01N phosphoric acid; phase B: acetonitryl/

0.01N phosphoric acid. Flow rate was 1 ml/min. DAD: UV

maximum absorbance at 330 nm.

2.5. Animals

Male Sprague–Dawley rats (300–350 g, Charles River, Milan,

Italy) were placed single in cages with wire-net floors in a

room with controlled environment (temperature 24–25 8C,

humidity 70–75%, lighting regimen of 12L/12D) and provided

with standard rodent chow and water. Animal care was in

compliance with Italian regulations on protection of

animals used for experimental and other scientific purpose

(D.M. 116192) as well as with the EEC regulations (O.J. of E.C.

L 358/1 12/18/1986). Experiments followed a protocol
approved by the local animal Ethics Committee and the

Local Government.

2.6. Experimental group

Animals were randomly divided into six groups (n = 10 for each

group):
1. S
ham + vehicle group: vehicle solution (saline) was admi-

nistered daily orally.
2. S
ham + teupolioside (0.2 mg/kg): TP (0.2 mg/kg) was admi-

nistered daily orally.
3. S
ham + teupolioside (2 mg/kg): TP (2 mg/kg) was adminis-

tered daily orally.
4. D
NBS + vehicle: vehicle was administered daily orally and

animals were sacrificed on Day 4 after administration of

DNBS.
5. D
NBS + TP (2 mg/kg): TP was administered as by gavage at

2 mg/kg every 24 h, starting from 3 h after the administra-

tion of DNBS.
6. D
NBS + TP(0.2 mg/kg) TP was administered as by gavage at

0.2 mg/kg every 24 h, starting from 3 h after the adminis-

tration of DNBS.

ThedoseofTP(0.2and2 mg/kg)usedherewerebasedonpre-

vious dose–response and time-course studies by our laboratory.
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2.7. Induction of experimental colitis

Colitis was induced by using a technique of acid-induced

colonic damage as described previously. Briefly, in fasted rats

lightly anaesthetized with isoflurane, a 3.5 F catheter was

inserted into the colon via the anus until approximately the

splenic flexure (8 cm from the anus). 2,4,6-Dinitrobenzene

sulfonic acid (DNBS; 25 mg/rat) was dissolved in 50% ethanol

(total volume, 0.8 ml) and deposited into the colon. Thereafter,

the animals were kept for 15 min in a trendelenburg position

to avoid reflux. After colitis and sham colitis (animals treated

with 0.8 ml of 50% ethanol) induction, the animals were

observed for 3 days. On Day 4, the animals were weighed and

anaesthetized with chloralium hydrate (400 mg/kg, intraper-

itoneally), and the abdomen was opened by a midline incision.

The entire colon was removed, isolated from surrounding

tissues, opened along the antimesenteric border, rinsed,

weighed, and processed for histology and immunohistochem-

istry.

2.8. Evaluation of colon damage

After its removal, the entire colon was gently rinsed with

saline solution, opened by a longitudinal incision, and

immediately examined under a microscope. Colon damage

(macroscopic damage score) was evaluated and scored by two

independent observers as described previously according to

the following criteria: 0, no damage; 1, localized hyperemia

without ulcers; 2, linear ulcers with no significant inflamma-

tion; 3, linear ulcers with inflammation at one site; 4, two or

more major sites of inflammation and ulceration extending

>1 cm along the length of the colon; and 5–8, one point is

added for each centimeter of ulceration beyond an initial

2 cm.

2.9. Optical microscopy

After fixation for 1 week at room temperature in Dietrich

solution (14.25% ethanol, 1.85% formaldehyde and 1% acetic

acid), entire colon samples were dehydrated in graded ethanol

and embedded in Paraplast (Sherwood Medical, Mahwah, New

Jersey). Thereafter, 7-mm sections were deparaffinized with

xylene, stained with haematoxylin-eosin and observed in a

Dialux 22 Leitz (Wetzlar, Germany) microscope. In order to

have a quantification (quantitative estimation) of colon

damage, each section (n = 6 for each animals) was scored by

two independent observers blinded to the experimental

protocol. The following morphological criteria were consid-

ered: score 0, no damage; score 1 (mild), focal epithelial edema

and necrosis; score 2 (moderate), diffuse swelling and necrosis

of the villi; score 3 (severe), necrosis with presence of

neutrophil infiltrate in the submucosa; score 4 (highly severe),

widespread necrosis with massive neutrophil infiltrate and

hemorrhage.

2.10. Measurement of cytokines

TNF-a and IL-1b levels were evaluated in the entire colon

tissues collected at 4 days after DNBS administration. The

assay was carried out by using a colorimetric, commercial kit
(Calbiochem-Novabiochem Corporation, USA) according to

the manufacturer instructions.

2.11. Myeloperoxidase activity

Myeloperoxidase (MPO) activity, an indicator of polymorpho-

nuclear leukocyte accumulation, was determined as pub-

lished previously [17].

2.12. Thiobarbituric acid-reactant substances
measurement

As a marker of lipid peroxidation, thiobarbituric acid-reactant

substances measurement was performed (determined), as

previously described in the colon tissue at 4 days after DNBS

administration. Thiobarbituric acid-reactant substances were

calculated by comparison with OD650 of standard solutions of

1,1,3,3-tetramethoxypropan 99% malondialdehyde bis

(dymethyl acetal) 99% (MDA) (Sigma, Milan). The absorbance

of the supernatant was measured by spectrophotometry at

650 nm.

2.13. Immunohistochemical localisation of ICAM-1,
P-Selectin, iNOS, nitrotyrosine, PAR, TNF-a and IL-1b

Immunohistochemical localisation of ICAM-1, P-Selectin,

iNOS, nitrotyrosine, PAR, TNF-a and IL-1b was determined

as published previously [18].

2.14. Western blot analysis for IkB-a, phospho-NF-kB p65
(serine 536), NF-kB p65, MMP-2 and MMP-9

Western blot analysis for IkB-a, phospho-NF-kB p65 (serine

536), NF-kB p65, MMP-2 and MMP 9 was determined as

published previously [18].

2.15. Gelatin zymography

The activity of gelatinases (A or matrix metalloproteinase type

2 MMP-2, and B or MMP-9) activity was measured as previously

described in colonic homogenates. Briefly, colonic samples

were homogenized, mixed with electrophoresis loading buffer

and subjected to 10% sodium dodecyl sulfate–polyacrylamide

gel electrophoresis (SDS–PAGE) with copolymerized gelatin

(0.2%; Sigma Chemical Co., St. Louis, Mo). After electrophor-

esis, the gels were washed and gently shaken in three

consecutive washings in 2.5% Triton X-100 solution to remove

SDS. The gel slabs were then incubated at 37 8C overnight in

development buffer (50 mmol/l Tris–HCl, 200 mmol/l NaCl,

10 mmol/l CaCl2 and 1 mmol/l ZnCl2, pH 7.5) and subsequently

stained with 0.5% Coomassie Blue. After intensive destaining

(4% methanol with 8% acetic acid), proteolysis areas appeared

as clear bands against a blue background. Molecular weight

markers were used as standards. To measure the activities of

the detected enzymes, zymograms were read using a ScanJet

scanner. The intensities of the separate bands were analyzed

using Gel measurement software. Quantitative evaluation of

both surface and intensity of lysis bands, on the basis of grey

levels, were compared relative to non-treated control wells

and expressed as ‘relative expression’ of gelatinolytic activity.
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2.16. Data analysis

All values in the figures and text are expressed as mean

� standard error (S.E.M.) of the mean of n observations. For

the in vivo studies n represents the number of animals studied.

In the experiments involving histology or immunohistochem-

istry, the figures shown are representative of at least three

experiments performed on different experimental days. The

results were analyzed by one-way ANOVA followed by a

Bonferroni post hoc test for multiple comparisons. A p-value

less than 0.05 was considered significant.
3. Results

3.1. Effects of TP treatment on the degree of colitis

No histological alteration was observed in the colon tissue

from sham-treated rats (Fig. 2a, see macroscopic score Fig. 2h;

Fig. 2c, see histological score Fig. 2i). Four days after

intracolonic administration of DNBS, the colon appeared

flaccid and filled with liquid stool. The macroscopic inspection
Fig. 2 – Effect of TP treatment on colon injury and body weight ch

from sham-treated rats (a), colon tissues from DNBS-treated rat

tissues collected from DNBS-treated rats which have received TP

alteration was observed in the colon section from sham-treated

administration characterized by absence of epithelium and a m

inflammatory cells (f). Treatment with TP at 2 mg/kg (g) correcte

morphology associated with DNBS administration. The macrosc

made by two independent observers. Figure is representative of

kg or at 0.2 mg/kg significantly reduced in a dose dependent m

means W S.E.M. of 10 rats for each group. *P < 0.01 vs. SHAM; 8P
of cecum, colon and rectum showed presence of mucosal

congestion, erosion and hemorrhagic ulcerations (Fig. 2b, see

macroscopic score Fig. 2h). The histopathological features

included a transmural necrosis and edema and a diffuse

leukocyte cellular infiltrate in the submucosa of colon section

from DNBS-treated rats (Fig. 2f, see histological score Fig. 2i).

The treatment with TP significantly reduced in a dose

dependent manner the extent and severity of the macroscopic

(Fig. 2c and d, respectively, see macroscopic score Fig. 2h) and

histological signs of colon injury (Fig. 2g, respectively, see

histological score Fig. 2i). Four days after colitis induced by

DNBS treatment, all rats had diarrhea and a significant

reduction in body weight (compared with the sham groups

of rats) (Fig. 2l). TP treatment resulted in a significant reduction

of lost of body weight induced by DNBS-administration in rats

(Fig. 2l).

3.2. TP reduced production and expression of TNF-a and
IL-1b after DNBS administration

To test whether TP treatment modulates the inflammatory

process through the regulation of the secretion of cytokines,
anges after DNBS intracolonic administration. Colon tissues

s at 4 days post-DNBS administration (b) and the colon

at 2 mg/kg (c) or at 0.2 mg/kg (d) treatment. No histological

rats (e). Mucosal injury was produced after DNBS

assive mucosal and submucosal infiltration of

d in a dose dependent manner the disturbances in

opic damage score and the histological score (h and i) was

all the animals in each group. Treatment with TP at 2 mg/

anner the increase in body weight loss (l). Data are

< 0.01 vs. DNBS.



Fig. 3 – Effect of TP treatment on colon levels and immunohistochemical localization of TNF-a and IL-1b.

immunohistochemical analysis for TNF-a and IL-1b (a and d) show positive staining localized in the inflammatory cells in

the injured area from DNBS-treated animals. The intensity of the positive staining for TNF-a and IL-1b (b and e) was

markedly reduced in tissue section obtained from DNBS-treated animals which have been treated with TP (2 mg/kg).

Densitometry analysis of immunohistochemistry photographs (n = 5 photos from each sample collected from all rats in

each experimental group) for TNF-a and IL-1b (c and f) from colon tissues was assessed. The assay was carried out by using

Optilab Graftek software on a Macintosh personal computer (CPU G3-266). Data are expressed as % of total tissue area.

Moreover treatment with TP at 2 mg/kg or at 0.2 mg/kg significantly reduced in a dose dependent manner the increase of

cytokine production (g and h) in the colon tissue after DNBS administration. This figure is representative of at least three

experiments performed on different experimental days. *P < 0.01 vs. SHAM; 8P < 0.01 vs. DNBS.
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we analyzed the colon levels of pro-inflammatory cytokines

TNF-a and IL-1b. A substantial increase of TNF-a (Fig. 3g) and

IL-1b (Fig. 3h) formation was found in the colon tissues

collected at 4 days after DNBS administration. Colon levels of

TNF-a (Fig. 3g) and IL-1b (Fig. 3h) were significantly reduced in

DNBS-treated rats which have received TP. Positive staining

for TNF-a (Fig. 3g, see densitometry analysis Fig. 3c) and for IL-

1b (Fig. 3d, see densitometry analysis Fig. 3f) was mainly

localized in the infiltrated inflammatory cells in damaged

tissues. The treatment with TP 2 mg/kg reduced the staining

for TNF-a (Fig. 3b, see densitometry analysis Fig. 3c) and for IL-

1b (Fig. 3c, see densitometry analysis Fig. 3f) in the colon

tissues collected from DNBS-treated rats.

3.3. Effects of TP treatment on ICAM-1 and P-selectin
expression and neutrophils infiltration

The colitis caused by DNBS was also characterized by an

increase in myeloperoxidase activity, an indicator of the
neutrophils accumulation in the colon (Fig. 4g). This finding is

consistent with the observation made with light microscopy

that the colon of vehicle-treated DBNS-rats contained a large

number of neutrophils. On the contrary, TP treatment

significantly reduced the degree of PMN infiltration (deter-

mined as increase in MPO activity) in inflamed colon (Fig. 4g).

To further elucidate the effect of TP treatment on

neutrophils accumulation in inflamed colon, we evaluated

the intestinal expression of ICAM-1 and P-selectin. Positive

staining for ICAM-1 (Fig. 4a, see densitometry analysis Fig. 4c)

and for P-selectin (Fig. 4d, see densitometry analysis Fig. 4f)

was substantially increased in the vessels of the lamina

propria and submucosa as well as in epithelial cells of injured

colon and in infiltrated inflammatory cells in damaged tissues

from DNBS-treated rats. The treatment with TP at 2 mg/kg

reduced the staining for ICAM-I (Fig. 4b, see densitometry

analysis Fig. 4c) and for P-selectin (Fig. 4e, see densitometry

analysis Fig. 4f) in the colon tissues collected from DNBS-

treated rats.



Fig. 4 – Effects of TP treatment on immunohistochemical localization of ICAM-I, P-selectin and on polymorphonuclear

leukocyte infiltration in the colon. Immunohistochemical analysis for ICAM-1 and P-selectin (a and d) show positive

staining mainly localized on endothelial cells and in the inflammatory cells in the injured area from DNBS-treated rats. The

intensity of the positive staining for ICAM-1 and P-selectin (b and e) was markedly reduced in tissue section obtained from

DNBS-treated rats which have been treated with TP (2 mg/kg). Densitometry analysis of immunocytochemistry

photographs (n = 5 photos from each sample collected from all rats in each experimental group) for ICAM-1 and P-selectin (c

and f) from colon tissues was assessed. The assay was carried out by using Optilab Graftek software on a Macintosh

personal computer (CPU G3-266). Data are expressed as % of total tissue area. Myeloperoxidase (MPO) activity (g) was

significantly increased in DNBS-treated rats in comparison to sham-treated rats. Treatment with TP at 2 mg/kg or at 0.2 mg/

kg significantly reduced in a dose dependent manner the colon MPO activity. This figure is representative of at least three

experiments performed on different experimental days. *P < 0.01 vs. SHAM; 8P < 0.01 vs. DNBS.
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3.4. Effects of TP treatment on iNOS expression

Positive staining for iNOS (Fig. 5b, see densitometry analysis

Fig. 5d) was substantially increased in the epithelial cells of

injured colon and in infiltrated inflammatory cells in damaged

tissues from DNBS-treated rats. The treatment with TP at

2 mg/kg reduced the staining for iNOS (Fig. 5c, see densito-

metry analysis Fig. 5d) in the colon tissues collected from

DNBS-treated rats. No positive staining for iNOS (Fig. 5a) was

observed in the colon tissues collected from sham-treated

rats.

3.5. Effects of TP treatment on nitrotyrosine formation,
lipid peroxidation, and PAR formation

Four days after DNBS administration, nitrotyrosine, a specific

marker of nitrosative stress, was measured by immunohis-
tochemical analysis in the terminal colon sections to

determine the localization of peroxynitrite formation and/or

other nitrogen derivatives produced during experimental

colitis. Colon sections obtained from DNBS-treated rats

exhibited positive staining for nitrotyrosine (Fig. 6a, see

densitometry analysis Fig. 6c). The positive staining was

mainly localized in inflammatory cells as well as around the

vessels. TP treatment (2 mg/kg) reduced the degree of positive

staining for nitrotyrosine (Fig. 6b, see densitometry analysis

Fig. 6c) in the colon. In addition, at 4 days after DNBS

administration, thiobarbituric acid-reactant substances levels

were also measured in the colon tissues as an indicator of lipid

peroxidation. A significant increase of thiobarbituric acid-

reactant substances (Fig. 6g) were observed in the colon

tissues collected from DNBS-treated rats at 4 days after the

induction of experimental colitis when compared with sham-

treated rats. Thiobarbituric acid-reactant substances (Fig. 6g)



Fig. 5 – Effects of TP treatment on Immunohistochemical localization of iNOS in the colon. No positive staining for iNOS was

observed in the colon tissues from sham-treated rats (a). Immunohistochemical analysis for iNOS (b) show positive staining

mainly localized in the inflammatory cells in the injured area from DNBS-treated rats. The intensity of the positive staining

for iNOS (c) was markedly reduced in tissue section obtained from DNBS-treated rats which have been treated with TP

(2 mg/kg). Densitometry analysis of immunocytochemistry photographs (n = 5 photos from each sample collected from all

rats in each experimental group) for iNOS (d) from colon tissues was assessed. The assay was carried out by using Optilab

Graftek software on a Macintosh personal computer (CPU G3-266). Data are expressed as % of total tissue area. This figure is

representative of at least three experiments performed on different experimental days. *P < 0.01 vs. SHAM; 8P < 0.01 vs.

DNBS.
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were significantly attenuated in a dose-dependent fashion by

the TP treatment. In our study, immunohistochemistry for

PAR, as an indicator of in vivo PARP activation, revealed the

occurrence of positive staining for PAR localized in nuclei of

inflammatory cells in the colon tissues from DNBS-treated rats

(Fig. 6d, see densitometry analysis Fig. 6f). TP treatment (2 mg/

kg) reduced the degree of positive staining for PAR (Fig. 6e, see

densitometry analysis Fig. 6f) in the colon.

3.6. Effects of TP treatment on NF-kB activation in colon
tissues

Most inflammatory mediators, including ICAM-1, iNOS,

TNF-a and IL-1b are controlled by NF-kB transcription

factor, which is kept inactive by IkB. NF-kB transactivation

potential is increased by phosphorylation of the p65

subunit. Since the levels of pro-inflammatory markers

evaluated are lower in colon tissues from DNBS-treated

rats which have received TP as compared to the vehicle

treated animals we evaluated IkB, phospho-p65 and NF-kB

p65 expression by Western Blot analysis. A basal level of

IkB-a was detected in the colon tissues from sham-treated

rats, whereas in DNBS-treated rats IkB-a levels were

substantially reduced (Fig. 7, panels a and a1). A significant

reduced levels of IkB-a degradation were observed in the

colon lung tissues collected from TP (2 mg/kg) treated rats

(Fig. 7, panels a and a1).
Furthermore, DNBS administration caused a significant

increase in the phosphorylation of p65 on Ser536 in the colon

tissues from DNBS-treated rats and a significant reduction of

p65 phosphorylation in the colon tissues from DNBS-treated

rats which have received TP (Fig. 7, panels b and b1). Moreover,

NF-kB p65 subunit presence in the nuclear fractions from

colon tissue was also significantly increased after DNBS

instillation compared to the sham-treated rats (Fig. 7, panels

c and c1). A significant reduction of the NF-kB p65 nuclear

levels was observed in the tissues from TP treated rats (Fig. 7,

panels c and c1).

3.7. Effects of TP treatment on matrix metalloproteinases
expression in colon tissues

To assess whether colon injury is associated with the

alterations in activity and expression of secreted MMP-9

and -2, rats were sacrificed at 4 days after DNBS administra-

tion and colon were subjected to zymography and Western

blot analysis, respectively, as described in Section 2. A

representative zymography and its densitometric analysis

(Fig. 8, panel a) shows both secreted MMP-9 and -2 activities.

Pro-MMP-2 activity is observed in colonic extracts prepared

from sham-treated rats (Fig. 8, panel a, see densitometry

analysis Fig. 8b). Administration of DNBS (Fig. 8, panel a)

significantly increased MMP-2 (both pro and active see

densitometry analysis Fig. 8b and c, respectively) activity as



Fig. 6 – Effects of TP treatment on nitrotyrosine and PAR formation and lipid peroxidation. Sections obtained from DNBS-

treated rats demonstrate positive staining for nitrotyrosine and PAR (a and d) mainly localized in inflammatory cells. TP

(2 mg/kg) treatment reduced the degree of positive staining for nitrotyrosine and PAR (b and e) in the colon tissues.

Densitometry analysis of immunocytochemistry photographs (n = 5 photos from each sample collected from all rats in each

experimental group) for nitrotyrosine and PAR (c and f) from colon tissues was assessed. The assay was carried out by

using Optilab Graftek software on a Macintosh personal computer (CPU G3-266). Data are expressed as % of total tissue area.

In addition, a significant increase in thiobarbituric acid-reactant substances (g) were observed in the colon tissues collected

at 4 days after DNBS administration when compared with sham-treated rats. Thiobarbituric acid-reactant substances were

significantly attenuated in a dose dependent manner by TP treatment (g). Figures are representative of at least three

experiments performed on different experimental days. Data are means W S.E. means of 10 rats for each group. *P < 0.01 vs.

SHAM; 8P < 0.01 vs. DNBS.
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compared with sham animals whereas pro and active MMP-9

activity was moderately elevated (Fig. 8, panel a, see

densitometry analysis Fig. 8d and e). TP (2 mg/kg) treatment

attenuated the degree of activation of pro-MMP-2 and MMP-9

activity (Fig. 8, panel a, see densitometry analysis Fig. 8d

and e).

The low availability of active MMP-9 seen in the zymo-

graphies may be due to its high level of instability and the

removal of active enzyme during the washing of specimens, as

it has been previously suggested.

Western blot analysis of colonic homogenates showed a

basal levels of total MMP-2 from control rats, as shown by the

immunoreactive band migrating at �72 kDa (Fig. 9, panel a,

see densitometry analysis Fig. 9a1). A significant up-regula-

tion of MMP-2 expression was observed in the colon tissues

from rats treated with DNBS when compared with controls.

TP (2 mg/kg) treatment significantly prevented DNBS-

induced MMP-2 expression (Fig. 9, panel a, see densitometry

analysis Fig. 9a1). Similarly, a basal level of total MMP-9 was
detected in tissues from control rats, as shown by the

immunoreactive band migrating at �95 kDa (Fig. 9, panel b,

see densitometry analysis Fig. 9b1). A significant up-regula-

tion of MMP-9 expression was observed in the colon tissues

from rats treated with DNBS when compared with controls.

TP (2 mg/kg) treatment also significantly prevented DNBS-

induced MMP-9 expression (Fig. 9, panel b, see densitometry

analysis Fig. 9b1).
4. Discussion

Crohn’s disease (CD) and ulcerative colitis (UC), collectively

referred as inflammatory bowel diseases (IBD), are relatively

common diseases of the gastrointestinal tract. IBD are

characterized by dysfunction of mucosal immune response,

abnormal cytokine production with increase in tumor necrosis

factor (TNF)-a and interleukin (IL)-1, augmentation in adhe-

sion molecules expression and cell infiltrate that ultimately



Fig. 7 – Effects of TP treatment on I(B-( degradation, phosphorylation of Ser536 on the NF-kB subunit p65, total NF-kB p65. By

Western Blot analysis, a basal level of IkB-a was detected in the colon tissues from sham-treated animals, whereas IkB-a

levels were substantially reduced in DNBS-treated rats. TP (2 mg/kg) treatment prevented the DNBS-induced IkB-a

degradation (a). In addition, DNBS administration caused a significant increase in the phosphorylation of Ser536 at 4 days

(b) and in nuclear NF-kB p65 (c) compared to the sham-treated rats. TP (2 mg/kg) treatment significantly reduced the

phosphorylation of p65 on Ser536 (b) and NF-kB p65 levels as shown in c. A representative blot of lysates obtained from

three/four animals per group is shown, and densitometric analysis of all animals is reported (n = 5 rats from each group).

The relative expression of the protein bands from three separated experiments was standardized for densitometric

analysis to b-actin or lamin levels, and reported in a1, b1 and c1. *P < 0.01 vs. SHAM; 8P < 0.01 vs. DNBS.
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lead to epithelial cell apoptosis and mucosal damage [19–21].

Although the etiology of IBD remains unknown, there is

circumstantial evidence supporting a central role for dis-

regulation of mucosal CD4+ T helper-1 (Th1) effectors cell

responses to the normal enteric bacterial flora as a common

disease mechanism [22].

Several animal models of IBD have been developed.

Between these, the hapten model of colonic inflammation

induced by dinitrobenzene sulfonic acid (DNBS) delivered

intrarectally to normal mice displays human CD-like

features, notably predominant NF-kB-dependent Th1 acti-

vation [19].

Polyphenols are phytochemicals that are abundant in food

and beverages derived from plants. Although no deficiency-

state has been described for them, increased intake of

polyphenols appears to protect against disease in virtue of

their anti-inflammatory and vasculo-protective properties.

Shapiro and collegues demonstrated that polyphenols with

established anti-inflammatory properties: resveratrol, epigal-

locatechin gallate, curcumin and quercetin, in rodents,

inhibits NF-kB-dependent gene expression. Conditions pre-

vented and/or ameliorated by these polyphenols include

inflammatory colitis [23].

The present findings demonstrate that TP from IRBN22

plant cell line attenuates DNBS-induced colitis in the rats.
What, then, is the mechanism by which TP inhibit the colon

inflammation caused by injection of DNBS?

The intestinal mucosa is vulnerable to oxidative stress from

constant exposure to reactive oxygen species (ROS) generated

by the lumen contents [7]. Oxidative stress can cause cell

damage either directly or through altering signaling pathways.

Oxidative stress is a unifying mechanism of injury in many

types of disease processes, including gastrointestinal diseases.

It has beendemonstratedthat oxidant-mediated injuryplaysan

important role in the pathophysiology of IBD [8].

At the histological level, in the present study we observed

that epithelial disruption was significantly less in rats treated

with TP. Indeed, Furthermore, TP-treated rats are more

resistant to DNBS induced colitis with a significant resolution

of the macroscopic and histological signs of the inflammatory

process.

Reactive oxygen species, either directly or via the formation

of lipid peroxidation products, may play a role in enhancing

inflammation through the activation of stress kinases (c-Jun

activated kinase, extracellular signal-regulated kinase, p38)

and redox-sensitive transcription factors, such as NF-kB. This

results in increased expression of a battery of distinct pro-

inflammatory mediators.

We report here that DNBS caused a significant increase in

the phosphorylation of NF-kB p65 on Ser536 in the colon



Fig. 8 – Effects of TP treatment on MMP-2 and MMP-9 activity. by zymogram and its densitometric analysis. Pro-MMP-2 and

pro-MMP-9 activity was observed in colon tissues extracts prepared from sham-treated rats (panels a, b and d). In contrast

to sham-treated rats, colon tissues extracts from DNBS-treated rats showed an induction of pro-MMP-2 (panels a and b) and

pro-MMP-9 (panels a and d). Active form of MMP-2 and MMP-9 was also evidenced (panel a, c and e). TP (2 mg/kg) treatment

reduced the degree of activation of pro-MMP-2 and pro-MMP-9 activity as well as active form of MMP-2 and MMP-9 (panels

a, c and e). This figure is representative of at least 3 experiments performed on different experimental days. **P < 0.01 vs.

SHAM; #P < 0.01 vs. DNBS.
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tissues at 4 days, whereas treatment with TP significantly

reduced this phosphorylation. Moreover, we also demonstrate

that the TP inhibited IkB-a degradation. The exact mechan-

isms by which TP suppress NF-kB activation in inflammation

are not completely known. However, there are various study

which have clearly demonstrated that potent anti-oxidant

prevent the NF-kB activation.

It has been demonstrated that, NF-kB regulates the

expression of antiapoptotic genes, cyclooxygenases (COXs)

and metalloproteinases (MMPs) as well, Matrix metallopro-

teinases are considered to be an important component in the

progression of inflammation.

The role of NF-kB in regulation of MMP-9 was demonstrated

further by the inhibition of MMP-9 production by proteasome

inhibitors, lactacystin and MG-132, which prevented the

ubiquitination and dissociation of IkB from NF-kB [24].

There is also growing evidence that MMPs can be

implicated in the pathophysiology of several intestinal

inflammatory disorders. In fact, MMPs can be released from

almost all connective tissue cells present in the bowel in

response to inflammatory stimuli including inflammatory

bowel disease, necrotizing enterocolitis, collagenous colitis,

and diverticulitis [25].
Activation of NF-kB and mitogen-activated protein kinase

(MAPK) pathways has been shown to enhance the gene

expression of several enzymes that play an important role in

maintaining oxidant–anti-oxidant homeostasis, such as indu-

cible nitric oxide synthase (iNOS) [26].

There is a large body of evidence that the inducible form of

the NO synthase enzyme (iNOS) that is responsible for high-

output production of NO from l-arginine is up-regulated in

various forms of mucosal inflammation. Consistent with this,

multiple detection strategies have demonstrated that iNOS

expression, enzymatic activity, and NO production are

increased in human inflammatory bowel disease tissues.

There is also evidence that the level of iNOS-derived NO

correlates with the initiation and maintenance of inflamma-

tion in human inflammatory bowel disease (IBD) [27].

We demonstrate here that the induction of iNOS protein in

macrophages and epithelial cells caused by injection of DNBS

is reduced in the colon from TP-treated rats. This effect may be

related to the demonstrated inhibitory effect of TP on the

activation of the transcription factor nuclear kappaB.

Reactive oxygen species or peroxynitrite, coming from the

reaction of nitric oxide and superoxide anion, are strong

oxidants capable of damaging lipids, proteins and DNA. Some



Fig. 9 – Effects of TP treatment on MMP-2 and MMP-9 expression by Western blot analysis. A basal level of pro-MMP-2

expression was detected in tissues from control animals, as shown by band migrating at �70 kDa (panel a, see

densitometry a1). Up-regulation of pro-MMP-2 was observed in DNBS-treated rats when compared with controls. TP (2 mg/

kg) treatment significantly prevented DNBS-induced MMP-2 expression (panel a, see densitometry analysis a1). Similarly, a

very low level of pro-MMP-9 was detected in tissues from control group, as shown by the immunoreactive band migrating

at �92 kDa (panel b, see densitometry analysis b1). A significant up-regulation of pro-MMP-9 was observed in the colon

tissues from DNBS-treated animals when compared with controls. TB (2 mg/kg) treatment also significantly prevented

DNBS-induced pro-MMP-9 expression (panel b, see densitometry analysis b1). Moreover, activeMMP-2 form was

significantly expressed in DNBS-treated rats, while TP (2 mg/kg) treatment significantly prevented DNBS-induced active

MMP-2 expression (panel a, see densitometry a1). A representative blot of lysates obtained from three/four animals per

group is shown, and densitometric analysis of all animals is reported (n = 5 rats from each group). The relative expression

of the protein bands from three separated experiments, performed on different experimental days, was standardized for

densitometric analysis to b-actin levels. *P < 0.01 vs. Sham; 8P < 0.01 vs. DNBS + vehicle.
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of these oxidative products are markers of oxidative stress. For

example malondialdehyde and isoprostanes are oxidative

markers of lipids, However, other products are also produced,

as is the case of the reaction of peroxynitrite with tyrosine

which leads to the formation of 3-nitrotyrosine [28].

We report here that DNBS caused a significant increase

nitrotyrosine in the colon tissues at 4 days, whereas treatment

with TP significantly reduced this expression.

Nitrotyrosine formation, along with its detection by

immunostaining, was initially proposed as a relatively specific

means for detection of the footprint of peroxynitrite [29]

Recent evidence indicates, however, that certain other

reactions can also induce tyrosine nitration: the reaction of

nitrite with hypochlorous acid and the reaction of MPO with

hydrogen peroxide can lead to the formation of nitrotyrosine

[30]. Increased nitrotyrosine staining is thus considered an

indication of increased nitrosative stress rather than a specific

marker of peroxynitrite.

Poly(ADP-ribose) is synthesized from NAD by PARP and

degraded by poly(ADP-ribose) glycohydrolase (PARG). PARP is

activated in response to DNA damage as a repair mechanism

but also causes NAD and ATP depletion, potentially exacer-

bating ischemic injury. A principal source of DNA damage is

likely to be peroxynitrite formation from superoxide and nitric

oxide, mediated by NMDA receptor activation [31,32].

We demonstrate here that TP significantly reduced the

increase in PARP activity caused by DNBS-induced colitis.
A key event in the inflammatory response is the localized

recruitment of various leukocyte subsets. Recruitment of

leukocytes is critical to many of the processes studied in oral

biology. With the development of new tools such as mono-

clonal antibody production and transgenic mice, the specific

adhesion molecules thought to be important in leukocyte

recruitment have been identified and their function examined.

These molecules can be divided into three major classes:

selectins, members of the immunoglobulin superfamily, and

integrins. They mediate interactions between leukocytes and

endothelial cells, facilitating the initial process of leukocyte

rolling, firm attachment to endothelium, transendothelial

migration, diapedesis, and migration along connective tissue

[33].

In the present study, we have confirmed that DNBS

administration induced the appearance of P-selectin on the

endothelial vascular wall and up-regulated the surface

expression of ICAM-1 on endothelial cells. Treatment with

TP abolished the expression of P-selectin and the up-

regulation of ICAM-1 without effecting constitutive levels of

ICAM-1 on endothelial cells. These results demonstrate that

TP may interrupt the interaction of neutrophils and endothe-

lial cells both at the early rolling phase mediated by P-selectin

and at the late firm adhesion phase mediated by ICAM. The

absence of an increased expression of the adhesion molecule

in the colon tissue of DNBS-treated administered TP correlated

with the reduction of leukocyte infiltration as assessed by the
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specific granulocyte enzyme MPO and with the attenuation of

the colon tissue damage as evaluated by histological exam-

ination.

Taken together, the data presented in the present study

demonstrates that TP treatment exerts therapeutic activity on

Th1-mediated experimental acute colitis, suggesting that TP

could represent a target for therapeutic intervention in

autoimmune/inflammatory disorders such as IBD.

Moreover, future studies using different animals (mouse/

rabbit) or in an acetic acid or DSS colitis models are needed in

order to better clarify the possible use of TP for the treatment

of IBD patients.
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