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Abstract

Background Inflammatory bowel disease (IBD) in
humans has a high incidence in Europe and the USA,
whereas in East Asia, incidence has been historically low.
The risk of IBD appears to increase in Asian immigrants
adopting western lifestyles, suggesting a strong link of
environmental/dietary factors in the development of IBD.
Exposure to high levels of isoflavones such as genistein
(Gen) in traditional East Asian diets has been associated
with a decreased risk of developing breast cancer and may
also be beneficial for the prevention of IBD.

Aim In this study, the effect of orally administered gen-
istein on the inflammatory response in the TNBS-induced
chronic colitis rat model was investigated.

Methods Eighteen male Wistar rats, aged 12 weeks, were
randomized to one of three groups (n = 6). Two groups
received a 2.4,6-trinitrobenzenesulfonic acid (TNBS)
enema, then were treated daily by oral gavage with either
Gen (100 mg/kg b.w.) or vehicle, for 14 days. The last
group served as a control group, not receiving the TNBS
enema. At the end of the 14 days, animals were killed and
tissues collected. Molecular and biochemical inflammatory
markers in the colon, specifically cyclooxygenase-2 (COX-
2) and myeloperoxidase (MPO), were analyzed. In addi-
tion, to assess the efficacy of Gen treatment, relative wet
weights of the accessory sexual organs, specifically pros-
tate and the seminal vesicle, were compared between the
groups treated or not with Gen.
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Results Wet weights of both prostates and seminal vesi-
cles were significantly (P < 0.01) reduced upon Gen
administration. In the colon, expression of COX-2 mRNA
and protein was reduced (P < 0.05) in the Gen treatment
group, as compared to the control group, whereas there was
no significant inhibitory effect of Gen on the expression of
proliferating cell nuclear antigen. In Gen treated animals
colon wet weight was not altered, however a decrease in
MPO activity (P < 0.01) was seen.

Conclusion These results may provide evidence that oral
administration of Gen exerts beneficial anti-inflammatory
effects in a rodent model of TNBS-induced chronic
colitis. While the sample size of this study was small, it
nevertheless might encourage the realization of larger
blinded randomized controlled studies for the proof of
concept.
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Introduction

Chronic inflammatory bowel disease (IBD), comprising
Crohn’s disease and ulcerative colitis, is a widespread
condition of significant economic importance in Western
European countries and the US [35]. IBD has been asso-
ciated in several studies with lower quality of life and
psychiatric distress [5, 15]. In addition, it is commonly
followed by the development of colorectal carcinomas as a
sequela in patients [4].

IBD incidence rates are significantly lower in East Asia
and in several underdeveloped countries although rates
have been increasing over the last few years, accompany-
ing the process of “westernization” [18].
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The etiology of IBD is still widely unknown. About 50%
of Crohn’s disease cases can be attributed to genetic
predisposition [10]. Besides genetic factors, several envi-
ronmental factors are believed to play an important role in
the pathogenesis of IBD [25, 31].

Asian immigrants who adopt the western lifestyle and
diet show a strong increase in the risk for IBD [20],
suggesting an important role for dietary factors in the
protection against the development of these diseases. Asian
and Western diets differ in several aspects from each other.
For instance, the traditional Asian diet contains high
amounts of soy and soy products, which are rich in iso-
flavones, plant-derived polyphenols. The average daily
dietary isoflavone intake in East Asian countries such as
Japan is 20-50 mg [3, 23] whereas in Europe less than
1 mg is common [8, 19].

High soy-isoflavone intake is thought to contribute to
the low rates of breast cancer in Asia [1], a disease that is
related to estrogen-receptor regulated gene expression.
Epidemiological studies support an association in Asian-
American and Japanese populations between high soy
consumption and a reduced risk for breast cancer devel-
opment [32, 34]. The underlying biological mechanisms in
breast cancer protection could present an analogy to the
situation in IBD:

One of the most abundant and the best-characterized
dietary isoflavones is genistein (Gen). Like other iso-
flavones, Gen is capable of binding to the estrogen
receptor (ER), with a preference for ERf, the predomi-
nantly expressed ER subtype in the gastrointestinal tract
[17], and to trigger mechanisms of estrogen action [6].
However, there is evidence that Gen exhibits differential
effects in classic estrogen-sensitive target organs such as
the mammary gland [13]. The estrogenic potency of Gen
is low when compared to endogenous 17f-estradiol (E2)
but the consumption of food and/or dietary supplements
can result in the ingestion of substantial quantities of
Gen.

Studies have shown that both E2 and specific ERpf
ligands are capable of attenuating symptoms in a transgenic
in vivo model of IBD (HLA-B27 rat) [11, 12]. For Gen, an
anti-inflammatory effect in TNBS-induced ileitis has been
observed [26] and in a recent study, Martin et al. [21] were
able to show that the phytoestrogen resveratrol was effec-
tive in a rodent model of TNBS-induced colitis. These data
allow the assumption that the consumption of phytoestro-
gens such as Gen might have an important nutritional
influence on IBD rates in East Asia and that Gen could well
be a potent candidate in the prevention and/or treatment of
IBD. On the other hand, in a recent study, our laboratory
was able to demonstrate that lifelong exposure to a phy-
toestrogen-enriched diet did not have a preventive effect
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but even enhanced the extent of acute chemically induced
colitis [27]. Altogether, these findings provide reason for
further investigation, to specifically elucidate the role of
Gen in the pathogenesis of IBD.

In the present study, we report on the investigation of
the effects of orally administered Gen on markers of
inflammation in a rat model of chronic TNBS-induced
colitis. Following the induction of colitis with TNBS,
animals were assigned to one of two groups, either
receiving daily Gen or vehicle by oral gavages for 14 days.
A third group did not receive TNBS or Gen and served as a
control group. mRNA and protein expression of COX-2
and PCNA, myeloperoxidase (MPO) activity, as well as
relative colon wet weights served as markers of chronic
inflammation. Relative wet weights of prostates and sem-
inal vesicles were compared to non-treated animals as an
indicator for efficacy of the Gen treatment.

Materials and methods
Experimental animals

Male Wistar rats (total sample size = 18) were obtained
from Janvier (Le-Genest St-Isle, France) and kept under
controlled conditions (temperature 20 + 1°C, humidity
50-80%, illumination 12L/12D). All animals had free
access to water and a special phytoestrogen-depleted
rodent diet (Ssniff GmbH, Soest, Germany). The animals
were randomly allocated to three different treatment groups
(Control, TNBS, TNBS/Gen; for each n = 6).

The animal experiment was approved by the Committee
on Animal Care and by the local institution, and complied
with accepted veterinary medical practice.

Induction of colitis

At the age of 12 weeks, colitis was induced by TNBS
according to procedures previously described [14, 22]. In
brief, following a 12 h fast, rats were deeply anaesthe-
tized with ketamine and xylazine hydrochloride and an
enema of 100 pl ethanol-water (50:50 v/v) containing
TNBS (2,4,6-trinitrobenzenesulfonic acid; Sigma—Aldrich,
Taufkirchen, Germany) was instilled rectally 7-8 cm
ascending from the anus at the point of the splenic flex-
ure, using a rubber catheter (Freka®-Ernéihrungssonde,
OD 2 mm, Fresenius, Bad Homburg v.d.H., Germany).
Control animals were administered a 100 pl solvent
enema (ethanol-water 50:50 v/v). Following TNBS
administration (at 40 mg/kg b.w.) or solvent-only, animals
were kept in a head-down position for 2 min to avoid
leakage of the solutions.
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Animal treatment

Starting 24 h after TNBS administration, the animals were
treated once daily with Gen (100 mg/kg b.w.) or vehicle
per os for 14 days using a gavage canula (Hauptner, So-
lingen, Germany). Gen was dissolved in a vehicle solution
(0.9% NaCl, 2% Tween 80, and 0.5% methyl cellulose
(both Sigma—Aldrich) in water). Application volume was
5 ml/kg b.w.

Study end

Body weights were obtained just prior to sacrifice. Four-
teen days after initial enema application and subsequent
daily treatment, animals were lightly anesthetized with
CO, and then killed by decapitation. The distal 10 cm
portion of colons, the prostates, and the seminal vesicles
were collected during necropsy.

Tissue preparation and analysis of organ wet weights

After cleaning with cold saline (0.9%), wet weights of the
collected organs were measured and the organ weight rel-
ative to body weight was calculated. Then, pieces of colon
were snap frozen in liquid nitrogen for protein and mRNA
preparations.

Western blot analysis of colonic protein expression

Pooled frozen colon tissue was powdered and homogenized
in a buffer (623.5 mM Tris pH 8 EDTA) containing
enzyme inhibitors (5 mg/ml aprotonin, 5 mg/ml leupeptin,
1 mg/ml pepstatin-A, 5 mg/ml antipain, 100 mM pefac in
0.5 M EDTA, pH 8). Protein concentrations were deter-
mined (DC Protein Assay, Bio-Rad, Munich, Germany).
Equal amounts of sample (40 pg protein) were loaded on
4-12% Bis-Tris NUPAGE® Novex Gels (Invitrogen Life
Technologies, Karlsruhe, Germany). After electrophoresis
and separation, proteins were transferred onto nitrocellu-
lose membranes and blocked with 5% milk powder in
phosphate buffered saline (PBS) solution (100 mM; pH
7.4) at room temperature for 1 h. The immobilized proteins
were quantitatively detected using specific antibodies for
Actin (A5060, Sigma—Aldrich), COX-2 (M-19, sc-1747,
Santa Cruz Biotechnology, Inc., CA, USA), and PCNA
(M0879, Dako, Glostrup, Denmark). Polyclonal Rabbit
Anti-Goat, Rabbit Anti-Mouse, and Swine Anti-Rabbit
Immunoglobulins/HRP (P0160, P0260, and P0217, Dako)
were used as species-specific HRP-conjugated secondary
antibodies. Blot signals were visualized by the chemo-
luminescent POD-Substrate (Lumi-Light Plus, Roche
Diagnostics, Mannheim, Germany) and a Fluorchem
Luminescent Imager (Alpha Innotech, CA, USA). The

protein bands were quantified by densitometry using the
software ImageJ 1.38 (National Institutes of Health, USA,
http://rsb.info.nih.gov/ij/). To account for inhomogeneous
protein loading of the slots the ratios of the reference
protein (Actin) to the target proteins (COX-2 and PCNA)
were calculated.

RNA preparation, reverse transcription, and real-time
RT-PCR

Total RNA was isolated from frozen tissues using a stan-
dard TRIzol® (Invitrogen) protocol followed by first-strand
cDNA synthesis with the SuperScript® Kit (Invitrogen).
Real-Time PCR was performed in the iCycler thermal
cycler (Bio-Rad). The protocol comprised 50 cycles of
94°C, 58°C/60°C (PCNA/COX-2), and 72°C for 1 min
each. Specific primers were designed with primer3 soft-
ware (Whitehead Institute for Biomedical Research,
Cambridge, USA) based on the cDNA sequences available
at the EMBL database: 1A: up: 5-CGTCACAGCCCATG
CATTCG-3/, dw: 5-CTGTTCATCCTGTTCCAGCTC-3'.
COX-2: up: 5'-GCTCAGCCATACAGCAAATCC-3/, dw:
5'-GGGAGTCGGGCAATCATCAG-3'. PCNA: up: 5'-GA
GCAACTTGGAATCCCAGAACAGG-3/, dw: 5'-CCAAG
CTCCCCACTCGCAGAAAACT-3'. All PCRs were run in
triplicates for each sample and threshold cycles (CT) were
measured. A ACT value was calculated for each sample by
subtracting the CT value of the reference gene (1A) from
the CT value of the gene of interest (COX-2 or PCNA). 1A
has been used as internal standard in several studies
investigating the effects of estrogenic compounds in tissues
[13, 27]. All samples were normalized to the ACT value of
a control sample (AACT). The relative expression of COX-
2 and PCNA was calculated using the expression pAACT
and is reported as arbitrary units.

MPO activity

Analysis of MPO activity served as a quantitative marker
of neutrophil granulocyte infiltration into the inflamed
colon tissue. The activity of the enzyme was assessed
according to the method of Grisham et al. [9] in tissue
lysate produced from the pellet of the protein isolation step
(see above). This pellet was homogenized in 10 volumes of
50 mM PBS (pH 6.0) and 0.5% HETAB (Sigma—Aldrich)
and snap frozen in liquid nitrogen. The homogenate was
kept on ice until formation of another pellet upon sedi-
mentation. The supernatant was then used for the analysis
of MPO.

Supernatant (1 pl) was diluted in 100 ul of TMB
reagent Biosource, Nivelles, Belgium) and changes of
absorbance over 5 min were measured with a spectropho-
tometer (Kinetic Microplate Reader, MWG Biotech
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GmbH, Ebersberg, Germany) at 650 nm at 25°C. One unit
of MPO activity was defined as the amount of enzyme
present that produced a change in absorbance of 1 U/min at
25°C. Results were quantified as U/pug protein.

Statistical analysis

All data are expressed as arithmetic means with their
standard deviations. Statistical significance of differences
was calculated either using a two-tailed ¢ test, Mann-
Whitney U-test, or using a one-way ANOVA followed by a
Tukey HSD test where appropriate. Significance was
established at P < 0.05. It was differentiated between
P < 0.05, P <0.01, and P < 0.001 levels of significance.

Results

Relative wet weights of the accessory sexual organs were
strongly affected by Gen. Animals treated with Gen had
significantly (P < 0.01) decreased weights of both prostate
(Fig. 1a) and seminal vesicle (Fig. 1b).

Fourteen days after the induction of colitis, there was
visible local thickening of the colon wall in the animals

*%

Relative prostate weight (g/kg)

GEN-treated

untreated

25

2.0 1

Relative seminal vesicle weight (g/kg)

untreated GEN-treated

Fig. 1 Effect of 14-day oral treatment with genistein (Gen) on the
wet weights of the prostate (a) and the seminal vesicles (b) of male
Wistar rats (g/kg b.w.). Data shown are mean values £ SD (n = 6).
**Mean values were statistically different for comparison v. The
respective control group (P < 0.01); Mann—Whitney U test
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that received an enema of TNBS but not in those of the
control group that received solvent only (not shown).
Associated with this finding was a significantly (P < 0.05)
increased relative wet weight of the inflamed colon por-
tions in the TNBS-stimulated animals (4+69.5%). There
was no detectable difference in colon-wet weights between
animals of the TNBS and the TNBS/Gen group. The results
of the colon weight analysis are depicted in Fig. 2a.

Measurement of myeloperoxidase activity (Fig. 2b)
showed significant (P < 0.01) induction upon stimulation
with TNBS in animals that did not receive Gen treatment.
Administration of Gen resulted in suppressed MPO activity
that was significantly (P < 0.01) lower when compared
with the untreated TNBS-animals.

To further investigate the effects of Gen on inflamma-
tory markers at a molecular level, both COX-2 and PCNA
mRNA and protein expressions in the colon were investi-
gated using Real-Time RT-PCR and western blot analysis.
COX-2 mRNA expression was highest in the TNBS group.
Upon treatment with Gen, COX-2 mRNA expression
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Fig. 2 Effect of 14-day oral treatment with Gen after TNBS
stimulation on colonic wet weight (a) and colonic myeloperoxidase
(MPO) activity (b). Data shown are mean values + SD (n = 6).
#6)-+(DMean values were statistically different for the following
comparisons: **y. Control values, "y. TNBS values, **P < 0.05,
##++tP < (0.01; ANOVA. Control group not stimulated with TNBS
(solvent-only), TNBS group stimulated with TNBS but not treated
with Gen (vehicle-only), TNBS/GEN group stimulated with TNBS
and treated with Gen
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(Fig. 3a) was only marginally increased after TNBS stim-
ulation when compared with the control group. This
increase was significantly (P < 0.05) lower than in the
untreated TNBS group. These results were supported by
western blot analysis (Fig. 3b, c).

Expression of PCNA, a molecular marker of cell pro-
liferation, was also increased on both mRNA and protein
levels following the TNBS stimulus. Similar to COX-2,
this increase was statistically significant at the mRNA level
(P < 0.05). Treatment with Gen on the other hand had no
significant inhibitory effect on either mRNA or protein
expression of PCNA (Fig. 4a—c).
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Fig. 3 Analysis of the effect of 14-day oral treatment with Gen after
TNBS stimulation on cyclooxygenase-2 (COX-2) mRNA and protein
expression in the colon. a mRNA expression of COX-2 determined by
Real-Time RT-PCR. b Protein expression of COX-2 detected by
western blot analysis. ¢ Densitometric analysis of the shown western
blot. Data shown are mean values & SD. **Mean values were
statistically different for the following comparisons: *v. Control
values (P < 0.05), *v. TNBS values (P < 0.05); dependent ¢ test.
Control group not stimulated with TNBS (solvent-only), TNBS group
stimulated with TNBS but not treated with Gen (vehicle-only), TNBS/
GEN group stimulated with TNBS and treated with Gen, Rel. relative
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Relative mRNA expression Control

PCNA e

Actin | ——— s N

Control TNBS TNBS/GEN

1
(o]

Control TNBS TNBS/GEN

Rel. Protein expression Control

Fig. 4 Analysis of the effect of 14-day oral treatment with Gen after
TNBS stimulation on proliferating cell nuclear antigen (PCNA)
mRNA and protein expression in the colon. a mRNA expression of
PCNA determined by Real-Time RT-PCR. b Protein expression
of PCNA detected by western blot analysis. ¢ Densitometric analysis
of the shown western blot. Data shown are mean values £ SD.
*Mean values were statistically different for comparison v. Control
values (P < 0.05); Control group not stimulated with TNBS (solvent-
only), TNBS group stimulated with TNBS but not treated with Gen
(vehicle-only), TNBS/GEN group stimulated with TNBS and treated
with Gen, Rel. relative

Discussion

This study was designed to investigate whether oral
administration of Gen has beneficial anti-inflammatory
effects in TNBS-induced chronic colitis, an in vivo rodent
model. A dose of 100 mg/kg b.w. Gen was chosen for
treatment based on previous studies investigating the
hormonal activity of Gen in different rat strains [13].
Administration occurred by means of oral gavages, as the
route of administration seems to be crucial for efficacy in
animal models of IBD: unpublished studies of our labora-
tory in the TNBS-induced colitis model as well as in HLA-
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B27 transgenic rats showed no anti-inflammatory effect of
subcutaneously administered Gen.

Prior to the assessment of inflammatory parameters,
we investigated whether there was a systemic response to
Gen treatment, by measuring the relative wet weights of
the prostates and seminal vesicles. These are accessory
sexual organs that are very sensitive to treatment with
estrogenic compounds. In our study, the wet weights of
both organs significantly decreased following the admin-
istration of Gen, thereby indicating that the treatment
was indeed effective (Fig. la, b). Similarly, the TNBS
insult effectively induced an inflammatory reaction in
the colon.

Colon wet weight significantly increased in both groups
that were stimulated with TNBS when compared to the
control group, probably due to localized thickening of the
colon wall, water retention, and cellular infiltration [16].

However, treatment with Gen did not result in an effect
on the colon weight increase (Fig. 2a). Consequently, we
investigated molecular and biochemical markers of colitis.

MPO activity is another commonly studied and sensitive
marker for inflammatory reactions in several tissues. It is
an indicator for leukocyte infiltration, which is commonly
found in inflamed tissues [33]. As expected, MPO activity
was significantly induced by stimulation with TNBS
(Fig. 2b). Interestingly, this stimulatory effect was com-
pletely blocked in those animals that received Gen
treatment, thereby suggesting an anti-inflammatory effect
of Gen.

The influence of Gen on inflammation was further
assessed by analyses of COX-2 mRNA and protein
expression levels in the colon. COX-2 is the inducible
isoform of the two cyclooxygenase enzymes that catalyze
key steps in prostaglandin biosynthesis from arachidonic
acid [7]. COX-2 expression is normally low in most heal-
thy tissues but is high in many tumors and rapidly induced
in inflamed tissues following cytokine discharge via the
NFxB pathway [29, 30].

The NFxB pathway can be modulated by estrogenic
compounds: steroid estrogens are capable of inhibiting the
activation of the NFxB pathway via binding to an ER [24].
Since Gen has the potential to bind to the ER and to elicit
estrogenic responses [28] it was hypothesized that treat-
ment with Gen might inhibit the expression of COX-2 via
an ER-dependent mechanism, thereby reducing prosta-
glandin levels and subsequently the extent of colonic
inflammation.

As depicted in Fig. 3a, Real-Time RT-PCR revealed
clear increases in COX-2 mRNA levels in the inflamed
colon tissue of the TNBS group animals (x4 fold).
Resembling the data obtained by MPO analysis, the
induction was significantly inhibited in the TNBS/Gen
group, though mRNA levels were still elevated when
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compared to the control group (~2 fold). Similarly, wes-
tern blot analysis revealed increased levels of COX-2
protein expression in the TNBS animals that were slightly
lower in Gen-treated animals (Fig. 3b, c). The effects on
the protein level were smaller in magnitude (~1.3 and 1.1
fold, respectively) in comparison with those on the mRNA
level, suggesting that the inflammatory response seen at the
transcriptional level might not have been directly translated
into functional protein.

To assess effects of TNBS and Gen on processes of
proliferation in the colon we measured the expression of
the proliferation marker PCNA on mRNA and protein
levels. As expected, PCNA expression was induced (&2
fold) in the animals of the TNBS group on both mRNA
(Fig. 4a) and protein level (Fig. 4b, c), indicating that cell
proliferation is a likely mechanism for the replacement and
repair of damaged colon tissue. However, administration of
Gen had no significant inhibitory effect on TNBS-induced
PCNA induction. These results therefore do not support a
positive role of Gen in the prevention of IBD-related
colorectal carcinomas but cannot rule this out either.
Hence, additional specific studies using models of colon
cancer should be performed to clarify this.

The promising results of this study should not be taken
as a generalized guideline for the dietary use of all phy-
toestrogens, as our previous study [27] suggests that
lifelong phytoestrogen exposure might even increase acute
inflammation. In addition, dietary factors other than
isoflavones could be responsible for the low risk of
developing IBD in East Asia: for example, n-3 polyunsat-
urated fatty acids that are abundant in fish have been shown
to reduce early mucosal inflammation [2]. Furthermore, it
has to be noted that this study was a basic research animal
study comprising a small sample size. It is difficult to
predict if and how results from such studies translate into
the human clinical situation. Large cohort studies in both
animals and humans should be able to provide an answer
for this; the present small study can only be a starting point
to encourage realization of such studies.

In conclusion, our experimental study provides evidence
that oral treatment with Gen exerts beneficial anti-inflam-
matory effects in a rodent model of TNBS-induced chronic
colitis. It might therefore be a suitable treatment of IBD.
Whether it plays a role in the prevention of cancerous IBD-
sequelae in the colon remains to be determined. Further
studies are needed to investigate the efficacy of Gen
treatment in IBD, to reveal the underlying mechanisms of
action and to elucidate the seemingly contradictious effects
of isoflavones in the prevention and treatment studies using
the model of TNBS-induced colitis. In addition, larger,
blinded, randomized, placebo-controlled studies will be
necessary to predict transferability to the human clinical
situation.



Eur J Nutr (2009) 48:213-220

219

Acknowledgments

This work was supported by DFG grant DI 716/

10-3. The authors wish to thank Dr. Eric Houdeau (Institut National
de la Recherche Agronomique, Toulouse, France) for providing
valuable background information, Burkhardt Schleipen (German
Sport University Cologne) for surgical assistance during this study
and Martina Velders (German Sport University Cologne) and Dr. Lisa
Rehm (Abbott Laboratories, Abbott Park, IL, USA) for careful and
critical reading of the manuscript.

References

10.

11.

12.

13.

14.

. Adlercreutz H (2002) Phytoestrogens and breast cancer. J Steroid

Biochem Mol Biol 83:113-118

. Andoh A, Tsujikawa T, Ishizuka I, Araki Y, Sasaki M, Koyama

S, Fujiyama Y (2003) N-3 fatty acid-rich diet prevents early
response of interleukin-6 elevation in trinitrobenzene sulfonic
acid-induced enteritis. Int J] Mol Med 12:721-725

. Arai Y, Uehara M, Sato Y, Kimira M, Eboshida A, Adlercreutz

H, Watanabe S (2000) Comparison of isoflavones among dietary
intake, plasma concentration and urinary excretion for accurate
estimation of phytoestrogen intake. J Epidemiol 10:127-135

. Bernstein CN, Blanchard JF, Kliewer E, Wajda A (2001) Cancer

risk in patients with inflammatory bowel disease: a population-
based study. Cancer 91:854-862

. Blondel-Kucharski F, Chircop C, Marquis P, Cortot A, Baron F,

Gendre JP, Colombel JF, Groupe d’Etudes Thérapeutique des
Affections Inflammatoires Digestives (GETAID) (2001) Health-
related quality of life in Crohn’s disease: a prospective longitu-
dinal study in 231 patients. Am J Gastroenterol 96:2915-2920

. Davis SR, Dalais FS, Simpson ER, Murkies AL (1999) Phy-

toestrogens in health and disease. Recent Prog Horm Res 54:185-
210 discussion 210-211

. Garavito RM, Mulichak AM (2003) The structure of mammalian

cyclooxygenases. Annu Rev Biophys Biomol Struct 32:183-206

. Grace PB, Taylor JI, Low YL, Luben RN, Mulligan AA, Botting

NP, Dowsett M, Welch AA, Khaw KT, Wareham NJ, Day NE,
Bingham SA (2004) Phytoestrogen concentrations in serum and
spot urine as biomarkers for dietary phytoestrogen intake and
their relation to breast cancer risk in European prospective
investigation of cancer and nutrition-norfolk. Cancer Epidemiol
Biomarkers Prev 13:698-708

. Grisham MB, Hernandez LA, Granger DN (1986) Xanthine

oxidase and neutrophil infiltration in intestinal ischemia. Am J
Physiol 251:G567-G574

Halfvarson J, Bodin L, Tysk C, Lindberg E, Jarnerot G (2003)
Inflammatory bowel disease in a Swedish twin cohort: a long-
term follow-up of concordance and clinical characteristics. Gas-
troenterology 124:1767-1773

Harnish DC, Albert LM, Leathurby Y, Eckert AM, Ciarletta A,
Kasaian M, Keith JC Jr (2004) Beneficial effects of estrogen
treatment in the HLA-B27 transgenic rat model of inflammatory
bowel disease. Am J Physiol Gastrointest Liver Physiol
286:G118-G125

Harris HA, Albert LM, Leathurby Y, Malamas MS, Mewshaw
RE, Miller CP, Kharode YP, Marzolf J, Komm BS, Winneker
RC, Frail DE, Henderson RA, Zhu Y, Keith JC Jr (2003) Eval-
uation of an estrogen receptor-beta agonist in animal models of
human disease. Endocrinology 144:4241-4249

Hertrampf T, Schmidt S, Seibel J, Laudenbach-Leschowsky U,
Degen GH, Diel P (2006) Effects of genistein on the mammary
gland proliferation of adult ovariectomised Wistar rats. Planta
Med 72:304-310

Houdeau E, Larauche M, Monnerie R, Bueno L, Fioramonti J
(2005) Uterine motor alterations and estrous cycle disturbances

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

associated with colonic inflammation in the rat. Am J Physiol
Regul Integr Comp Physiol 288:R630-R637

Jones MP, Wessinger S, Crowell MD (2006) Coping strategies
and interpersonal support in patients with irritable bowel syn-
drome and inflammatory bowel disease. Clin Gastroenterol
Hepatol 4:474-481

Kerr SW, Wolyniec WW, Filipovic Z, Nodop SG, Braza F,
Winquist RJ, Noonan TC (1999) Repeated measurement of
intestinal permeability as an assessment of colitis severity in
HLA-B27 transgenic rats. J Pharmacol Exp Ther 291:903-910
Kuiper GG, Carlsson B, Grandien K, Enmark E, Haggblad J,
Nilsson S, Gustafsson JA (1997) Comparison of the ligand
binding specificity and transcript tissue distribution of estrogen
receptors alpha and beta. Endocrinology 138:863-870

Lakatos PL (2006) Recent trends in the epidemiology of
inflammatory bowel diseases: up or down? World J Gastroenterol
12:6102-6108

Linseisen J, Piller R, Hermann S, Chang-Claude J (2004) German
case-control study. Dietary phytoestrogen intake and premeno-
pausal breast cancer risk in a German case-control study. Int J
Cancer 110:284-290

Loftus EV Jr (2004) Clinical epidemiology of inflammatory
bowel disease: Incidence, prevalence, and environmental influ-
ences. Gastroenterology 126:1504-1517

Martin AR, Villegas I, Sanchez-Hidalgo M, de la Lastra CA
(2006) The effects of resveratrol, a phytoalexin derived from red
wines, on chronic inflammation induced in an experimentally
induced colitis model. Br J Pharmacol 147:873-885

Morris GP, Beck PL, Herridge MS, Depew WT, Szewczuk MR,
Wallace JL (1989) Hapten-induced model of chronic inflamma-
tion and ulceration in the rat colon. Gastroenterology 96:795-
803

Nagata C, Takatsuka N, Inaba S, Kawakami N, Shimizu H (1998)
Effect of soymilk consumption on serum estrogen concentrations
in premenopausal Japanese women. J Natl Cancer Inst 90:1830-
1835

Nilsson S, Makela S, Treuter E, Tujague M, Thomsen J, An-
dersson G, Enmark E, Pettersson K, Warner M, Gustafsson JA
(2001) Mechanisms of estrogen action. Physiol Rev 81:1535—
1565

Radford-Smith GL, Edwards JE, Purdie DM, Pandeya N, Watson
M, Martin NG, Green A, Newman B, Florin TH (2002) Protective
role of appendicectomy on onset and severity of ulcerative colitis
and Crohn’s disease. Gut 51:808-813

Sadowska-Krowicka H, Mannick EE, Oliver PD, Sandoval M,
Zhang XJ, Eloby-Childess S, Clark DA, Miller MJ (1998) Gen-
istein and gut inflammation: role of nitric oxide. Proc Soc Exp
Biol Med 217:351-357

Seibel J, Molzberger AF, Hertrampf T, Laudenbach-Leschowski
U, Degen GH, Diel P (2008) In utero and postnatal exposure to a
phytoestrogen-enriched diet increases parameters of acute
inflammation in a rat model of TNBS induced colitis. Arch
Toxicol 82:941-950

Setchell KD (1998) Phytoestrogens: the biochemistry, physiol-
ogy, and implications for human health of soy isoflavones. Am J
Clin Nutr 68:13335-1346S

Smith WL, DeWitt DL, Garavito RM (2000) Cyclooxygenases:
structural, cellular, and molecular biology. Annu Rev Biochem
69:145-182

Subbaramaiah K, Dannenberg AJ (2003) Cyclooxygenase 2: a
molecular target for cancer prevention and treatment. Trends
Pharmacol Sci 24:96-102

Tobin MV, Logan RF, Langman MJ, McConnell RB, Gilmore IT
(1987) Cigarette smoking and inflammatory bowel disease.
Gastroenterology 93:316-321

@ Springer



220

Eur J Nutr (2009) 48:213-220

32. Wu AH, Wan P, Hankin J, Tseng CC, Yu MC, Pike MC (2002)
Adolescent and adult soy intake and risk of breast cancer in
Asian-Americans. Carcinogenesis 23:1491-1496

33. Yamada T, Zimmerman BJ, Specian RD, Grisham MB (1991)
Role of neutrophils in acetic acid-induced colitis in rats.
Inflammation 15:399-411

@ Springer

34. Yamamoto S, Sobue T, Kobayashi M, Sasaki S, Tsugane S

35.

(2003) Soy, isoflavones, and breast cancer risk in Japan. J Natl
Cancer Inst 95:906-913

Yu AP, Cabanilla LA, Wu EQ, Mulani PM, Chao J (2008) The
costs of Crohn’s disease in the United States and other Western
countries: a systematic review. Curr Med Res Opin 24:319-328



	Oral treatment with genistein reduces the expression of molecular and biochemical markers of inflammation in a rat model of chronic TNBS-induced colitis
	Abstract
	Background
	Aim
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Experimental animals
	Induction of colitis
	Animal treatment
	Study end
	Tissue preparation and analysis of organ wet weights
	Western blot analysis of colonic protein expression
	RNA preparation, reverse transcription, and real-time RT-PCR
	MPO activity
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


