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The Effect of Taurine on 2, 4, 6 Trinitrobenzene

Sulfonic Acid Induced Colitis

2, 4, 6 Trinitrobenzen Sulfonik Asitin ‹ndükledi¤i Kolit Üzerinde
Taurinin Etkisi

BÜNYAM‹N GÜRBULAK, ES‹N KABUL GÜRBULAK, EMRE BALIK, YEfi‹M ERB‹L
Department Of General Surgery, Istanbul Medical Faculty, Istanbul-Turkey

ÖZET
Amaç: Ülseratif kolit, etiyolojisi bilinmeyen ve kolon
ile rektumun iltihabi hastal›¤›d›r. Nötrofil ve afl›r› üretilen
proinflamatuvar arac›lar, sitokinler, araflidonat
metobolitleri ve reaktif oksijen metobolitleri patogenezde
sorumlu tutulmufltur.
Bu çal›flma doku hasar› olan, kolit bir hayvan modelinde
oksidatif stres ve antioksidan metabolizmas› belirteçleri
hakk›nda taurin yönetiminin etkisini de¤erlendirmek
amac›yla yap›ld›.
Yöntem: 32 s›çan gruplara ayr›ld›. Grup 1 (n=8)
trinitrobenzen sülfonik asite ba¤l› kolit grubu; Grup 2
(n=8) trinitrobenzen sülfonik asite ba¤l› kolitin
intragastrik gavaj yoluyla günde kilogram bafl›na 1 gr
taurine verilerek tedavi edildi¤i grup; Grup 3 (n=8)
intragastrik gavaj yoluyla günde yaln›zca kilogram bafl›na
1 gr taurine verilen grup; Grup 4 (n=8) her s›çana

ABSTRACT
Objective: Ulcerative colitis is an inflammatory disease
of the colon and rectum etiology of which is unknown.
Neutrophil and overproduction of proinflammatory
mediators including cytokines, arachidonate metabolites,
and reactive oxygen metabolites have been implicated
in the pathogenesis. The present study was undertaken
to evaluate the effect of taurine administration on tissue
damage and markers of oxidative stress and antioxidant
metabolism in an animal model of colitis.
Methods: Thirty two rats were grouped into: Group 1
(n = 8): Trinitrobenzene sulfonic acid induced colitis
group, Group 2 (n = 8): Trinitrobenzene sulfonic acid
induced colitis treated with taurine 1g/kg/day via
intragastric gavage, Group 3 (n = 8): Taurine alone
1g/kg/day via intragastric gavage treated group, Group
4 (n = 8): Isotonic saline solution 1ml/rat via intragastric
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intragastrik olarak 1 ml izotonik tuz çözeltisinin verildi¤i
kontrol grubu.
Bulgular: Doku malondialdehit düzeyleri, glutatyon
düzeyleri; belirlenmesi için immünokimyasal nükleer
faktör kappa B ve hem-oksijenaz 1 uyguland›. Çal›flman›n
sonuçlar› taurine yönetiminin doku malondialdehit
düzeylerini (p<0.05) azaltt›¤›n› buna ba¤l›, kolit doku
hasar›n› da azaltt›¤›n› göstermektedir ve kontrol grubuna
göre kolon dokular›n›n HO-1 ekspresyonu anlaml› olarak
yüksektir. Ayr›ca inflamasyon makroskopik ve
mikroskopik skorlar› belirgin nükleer faktör kappa B
(p<0.05) doku ifadesi olarak da azalm›flt›r. Beklendi¤i
gibi nükleer faktör kappa B inflamatuvar bir ortamda
meydana gelir.
Sonuç: Taurine yönetimi antioksidan mekanizmalar›n
yararl› etkisinde rol ald›¤› düflünülen glutatyon ve hem-
oksijenaz 1doku düzeylerinde art›fl sa¤lar.

Anahtar Kelimeler: Taurin, Kolit, Apoptozis, NF-KB,
HO-1

treated control group.
Results: Tissue levels of malondialdehyde; glutathione
levels; as well as immunohistochemical determination
of nuclear factor-kappa B and heme oxygenase-1 was
performed. The results of the present study suggest that
taurine administration significantly reduced the tissue
damage in colitis due to the observation that it
significantly reduced tissue malondialdehyde levels (p
< 0.05), and the HO-1 expression of the colonic tissues
was found to be significantly higher in group 1 compared
to the control group (p < 0.05).Furthermore macroscopic
and microscopic scores of inflammation were
significantly reduced as well as tissue expression of
nuclear factor-kappa B (p < 0.05). Nuclear factor-kappa
B is induced in inflammatory setting as expected.
Conclusion: Taurine administration increased tissue
levels of glutathione and heme oxygenase-1 which is
suggestive of the possible role of antioxidant mechanisms
taking part in its beneficial effect. Taurine seems to have
protective effects against colonic damage in
Trinitrobenzene sulfonic acid induced colitis through
reducing inflammation and enhancing antioxidant
metabolism.

Key words: Taurine, Colitis, Apoptosis, NF-KB, HO-1

Introduction
Ulcerative colitis (UC) is a chronic inflammatory disease
of the colon and rectum that is characterized by a set of
clinical, endoscopic, and histological features.1-5 Although
the precise etiology of ulcerative colitis remains unknown,
it is believed to involve an abnormal host immune
response to endogenous or environmental antigens.
Microscopically, UC is characterized by massive
infiltration of inflammatory cells in the mucosa and
submucosa. Activation of these infiltrating cells results
in the release of inflammatory mediators.3,4,6 These
mediators include various pro-inflammatory cytokines,
chemokines, reactive oxygen species, nitric oxide, and
the eicosanoids.7-10  Since increased lipid peroxidation
byproducts and mucosal production of reactive oxygen
metabolites have been described in colorectal biopsy
specimen of patients with UC, increasing attention has
been focused on the role of free radicals in the
pathogenesis of UC.10-15

Heme oxygenase (HO) is an enzyme that catalyzes the
rate-limiting step in heme catabolism. It yields by products
of carbon monoxide, free iron, and biliverdin, which all
possess free radical scavenging properties16-18 HO-1
induction has been considered to protect cells against
oxidative injuries. The exact role of HO-1 in UC is
unclear.16-19

 NF-κB is a transcription factor that is important for the
activation of many inflammatory mediators. Previous
studies have found NF-κB to be significantly activated
in UC.20-26

Taurine is a conditionally essential amino acid that is
found either in free or bound form in circulation. In the
organism taurine has important physiological functions
such as bile salt conjugation, cholesterol excretion,
cellular volume regulation, ionic transport.27 In the
clinical setting; taurine is used in the treatment of
cardiovascular diseases, epilepsy, macular degeneration,
Alzheimer’s disease etc. The protective effect of taurine
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adherent adipose tissue, rinsed with ice-cold saline, and
opened longitudinally. Colon specimens were fixed in
10% buffered formalin for histopathology scoring. Other
colonic specimens were saved -80°C for biochemical
analysis. The colon was immediately examined
macroscopically and damage was scored on a scale of
0–5 as described.16 In brief : (0) no colonic?damage, (1)
hyperemia and no ulcer, (2) linear ulcer and no colonic
wall thickening, (3) linear ulcer and colonic wall
thickening in one area, (4) colonic ulcer in multiple
areas, and (5) major ulcer and?perforation. Rat colons
were fixed and paraffin embedded tissue sections were
stained with hemotoxylin and eosin (HE). Colonic
pathological changes were observed and evaluated by
two independent researchers using a modified
histopathological score formula.17

Immunohistochemistry of NF-κB and HO-1Expression
Colon specimens were fixed in 10% buffered formalin.
Paraffin blocks prepared from routinely processed
specimens were cut into 5-μm slices and deparaffinized.
Antigen retrieval was performed after this process. After
microwave incubation of the peroxyblock, followed by
the ultra V block procedure, primary antibodies were
applied (NF-κB neomarker anti-rabbit P50 Ab-2; HO-
1: H- 105, rabbit polyclonal IgG; Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Following this
process, biotinylated secondary antibody, streptovidin
peroxidase, and substrate-cromogen (AEC) solution was
applied, respectively. Nuclear staining was done with
hematoxylin. To allow a quantitative analysis of the
munber of  NF-κB p65-activated cells in the mucosa,
we used an activating score. Each specimen was observed
by light microscopy with a x400 magnification after
staining of the NF-κB p-65 antibody, and activated cells
were counted in three microscopic fields. NF-κB staining
intensity was defined as percentages per field and was
given scores ranging from 0 to 4; score 0: no staining,
1: <25%, 2: 25–50%, 3: 50–75%, 4: >75%. The HO-1
staining intensity was defined as a percentage and given
a score 0: no staining, 1: <25%, 2: 25–50%, 3: 50–75%,
4: >75%.19

Malondialdehyde Assays (MDA)
The levels of MDA in the colonic tissues were measured
to assess lipid peroxidation. Samples of colon, small

is associated with anti-inflammatory and antioxidant
effects.
The possible contribution of HO-1 to the preventive
effect of taurine in mucosal damage in experimental
colitis has not been previously evaluated. In the present
study, we aimed to investigate the protective effect of
taurine against oxidative and inflammatory damage in
an experimental model of colitis through investigation
of its effects on tissue inflammatory and oxidative
markers.

Materials and Methods

Design of study groups
Thirty-two male Wistar-albino rats weighing 250-300
g (Institute of Experimental Medicine and Research,
Istanbul University) were used in the study. All animals
were housed in wire mesh-bottomed cages under a 12/12-
hr light/dark cycle. Rats were kept in a room at a constant
temperature 22 ± 2°C. The rats were fed a standard chow
diet and water until the experiment. The ethics committee
of Istanbul University, Faculty of Medicine approved
the study. The animals were divided into four groups as
follows: Group 1 (n = 8) Trinitro Benzosulfonic Acid
(TNBS) (Sigma Chemical Co, USA) colitis; Group 2 (n
= 8) Taurine (Sigma Chemical Co, USA), 1 g/kg/day in
to drinking water, for 15 days following TNBS induced
colitis; Group 3 (n = 8) Taurine alone, 1 g/kg/day in to
drinking water, for 15 days; and Group 4 (n = 8) Isotonic
saline solution,1 ml/rat intragastric for 15 days (control
group).

In vivo induction of colitis
Rats were fasted overnight before induction of colitis
and then anesthetized by ether inhalation. In order to
induce colitis a 5-French polypropylene catheter was
inserted into the rectum until the tip was 10 cm above
the anus, and a solution of 80mg/kg TNBS dissolved in
0.25 ml of 50% ethanol was instilled. The rats were then
maintained in the supine Trendelenburg position for 15
min.

Assessment of severity of colitis
All animals were sacrificed 15 days after TNBS exposure.
The distal 12 cm of the colon was excised freed of
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intestine, liver and pancreas tissues were homogenized
with ice-cold 150 n mol/L potassium chloride for
determination of tissue MDA levels. MDA levels were
measured spectrophotometrically at 532 nm. Results are
expressed as nanomoles of MDA per gram of tissue.19

In brief MDA is an indirect indicator of lipid peroxidation.
At 100°C; the MDA reacts with tiyobarbiturate (TBA)
and the product emitts light that can be determined  at
532 nm wavelength. 0.2 ml of the colonic tissue
homogenates were put in to test tubes  and were co
incubated with 0.2 ml of 8.1%SDS, 1.5 ml of 20%
acetate, 1.5ml of 0.8%TBA and 0.6 ml distilled water.
The negative control included the reagents without the
homogenate. All the samples and the negative control
is incubated in 100°C hot water bath for one hour.
Following cooling down 1ml distilled water and 5 ml
butanol and pridine were added into each tube and  the
tubes were centrifuged at 1500 rpm for 10 minutes. The
organic phase that had dissociated had been taken for
measurement and spectrophotometry at 532 nm
wavelength have been performed. The results were

Figure 1. Mean ± SD colonic microscopic score in the groups.
test) a vs b: p < 0.05, a vs c: p < 0.001, b vs c: p < 0.05.
(Values have significance according to ANOVA test)

Figure 2. Mean ± SD colonic macroscopic score in the groups.
a vs b: p < 0.05, a vs c: p < 0.001, b vs c: p < 0.05. (Values
have significance according to ANOVA test)

calculated with reference to standards and expressed as
nmol MDA / mg protein.

Glutathione (GSH) Determination
GSH level in the colonic homogenates was determined
by the method proposed by Sedlak and Lindsay.20 After
precipitation with metaphosphoric acid, supernatant was
reacted with 5, 5 - dithiobis-2-nitrobenzoic acid (DTNB).
Absorbance was read spectrophotometrically at 412 nm.

Statistical Analysis
All parameters are expressed as mean ± SD. ANOVA
was used for statistical analysis and a p value less than
0.05 was considered to be significant. Statistical analysis
was performed using SPSS Statistics 11.0 software
(SPSS Inc, IL, USA).

Results
In TNBS-treated animals, macroscopic and microscopic

Figure 3. (A) Colonic mucosa from the TNBS colitis group.
Large ulceration (arrow). (B) Colonic mucosa from taurine
treated TNBS colitis group. No ulcer area and decreased
inflammatory cell infiltration. (C) Normal colonic mucosa
from taurine treated group. (D) Normal colonic mucosa from
sham control group. (HE; original magnification, *100).
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TNBS significantly increased HO-1 expression compared
to group 1 (p < 0.05). HO-1 expression of the colonic
tissues were found to be significantly higher in group 3
compared to the control group (p < 0.05) (Fig. 6, 7).

pathological scores were found to be significantly higher
compared to those of the sham group (p < 0.005).
Treatment with taurine significantly decreased the
pathological scores compared to those of TNBS-treated
animals (p < 0.005) (Fig. 1, 2 and 3).
NF-κB positivity was strongest in the colon of animals
in Group 1. Expression was decreased in the taurine
treatment group (Fig. 4 - 5).

Figure 4. Mean ± SD ratio of NF-κ/B expression in the rats
colon in the various groups. a vs b: p < 0.05, a vs c: p <  0.05,
b vs c: p < 0.05. (Values have significance according to
ANOVA test)

Figure 5. (A) NF-κB over-expression in the TNBS colitis group
(arrow). (Original magnification, x40). (B) NF-κB expression
is decreased in colon from the taurin treated TNBS
colitis group. (Original magnification,  x100).

The macroscopic colitis scores were found to be
significantly increased in TNBS induced animals when
compared to the control group (p < 0.001). Treatment
with taurine (group 2) significantly decreased the score
compared to TNBS induced animals (group 1) (p <
0.001) (Fig. 1). The microscopic colitis scores were
found to be significantly increased in TNBS animals
compared to the control group (p < 0.001). Treatment
with taurine (group 2) significantly decreased the scores
when compared to group 1 (p < 0.001) (Fig. 2, 3).
The HO-1 expression of the colonic tissues was found
to be significantly higher in group 1 compared to the
control group (p < 0.05). Treatment with taurine plus

Figure 6. Mean ratio of heme oxygenase (HO)-1 expression
in colonic tissue.  a vs b: p < 0.05, a vs c: p < 0.001, a vs d:
p < 0.001, b vs c: p < 0.001, b vs d: p < 0.001, c vs d: p <
0.001.  (Values have significance according to ANOVA test)

Figure 7. (A) Colon from the TNBS colitis group showing
moderate HO-1 expression (arrows). (B) Colon from the
taurine treated TNBS colitis group showing the strong HO-1
expression (arrows). (C) Colon from only taurin treated group
showing weak HO-1 expression(arrows).

MDA levels in colonic tissues were found to be
significantly higher in TNBS-treated animals compared
to the sham group (p < 0.005). Treatment with taurine
plus TNBS significantly decreased MDA levels compared
to those in TNBS-treated animals (p < 0.005) (Figure
8). Glutathione levels in colonic tissues were found to
be significantly lower in TNBS-treated animals compared
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to the sham group (p < 0.005). Treatment with taurine
plus TNBS significantly increased GSH levels compared
to those in TNBS-treated animals (p < 0.005) (Fig. 9).

against TNBS-induced colonic damage. The protective
effect of taurine is probably associated with induction
of HO-1 in the intestinal mucosa with a reduction of
tissue inflammation, in addition to the antioxidant effect
on colonic tissue.
Since increased lipid peroxidation by products and
mucosal production of reactive oxygen mediators were
described in colorectal biopsy specimens of patients
with UC, increasing attention has been focused on the
role of free radicals in the pathogenesis of UC.6-12 In the
present study, colonic MDA levels were found to be
significantly higher, whereas colonic GSH levels were
found to be significantly lower in the TNBS-treated rats
compared to the control group. In addition, demonstration
of colonic mucosal damage by microscopic examination
in the TNBS-treated rats confirmed colitis-induced
inflammation and oxidative damage.
The HO enzyme catalyzes the first and rate-limiting step
in heme catabolism. It yields the byproducts of CO, and
biliverdin, all of which possess free radical scavenging
properties 16,17 Biliverdin is converted to the end product
bilirubin by biliverdin reductase. Bilirubin is a very
potent natural antioxidant and also a very effective
physiological scavenger of superoxides. CO regulates
the generation of pro-and anti-inflammatory cytokines.
In addition, CO leads to vasodilatation and inhibition of
platelet aggregation16-19 In its free form; iron is
oxidatively active. Therefore in cases of oxidative stress
elevated iron levels are compensated by elevation of the
iron binding protein ferritin. Ferritin is an important
molecule which also exerts an antioxidant activity through
binding to the iron. HO1 is induced as a result of oxidative
stress through the regulation of important transcription
factors such as the NRF2 (nuclear factor E2 p45 related
factor). HO-1 is an anitoxidant molecule which also
induces ferritin. This interaction between HO-1, ferritin
and iron has antiapoptotic effect in the organism. We
believe that this the mechanism underlying the
antiapoptotic effect of HO-1. The protective effect of
taurine is probably associated with its site-specific
induction of HO-1 in the intestinal mucosa, in addition
to the antioxidant effects. The HO-1 levels under the
taurin influence are shown in Fig. 4a. NF-KB on the
other hand is a nuclear transcription factor that is mainly
upregulated in inflammatory reactions. Hence in the
taurine treated group; since there is no inflammation in

Figure 8. Mean colonic malondialdehyde (MDA) levels. a vs
b: p < 0.05, a vs c: p < 0.001, b vs c: p < 0.05. (Values have
significance according to ANOVA test)

Figure 9. Mean colonic glutathione (GSH) levels. a vs b: p <
0.05, a vs c: p < 0.001, b vs  c: p < 0.05. (Values have
significance according to ANOVA test)

Discussion
Inflammatory bowel disease, which includes UC and
Crohn’s disease, is a chronic condition of the intestine
with an unknown etiology involving multiple immune,
genetic, and environmental factors.1-3 Many factors have
been implicated in the pathogenesis of UC, such as
neutrophil infiltration and overproduction of
proinflammatory mediators including cytokines,
arachidonate metabolites, and reactive oxygen
metabolites. Proinflammatory cytokines had significantly
high expression and anti-inflammatory cytokines had
low expression in the colonic mucosa of UC
patients.4-6,12-26

The results of the present study suggest that oxidative
damage contribute to the development of TNBS-induced
colitis as assessed by decreased GSH levels and increased
MDA levels, and HO-1 over expression in the colonic
tissue. Our results also demonstrate that taurine protects
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the colonic tissue the level of NF-KB remained
unchanged. Prior studies from our center have
concentrated on the effect of taurine on apoptotic
mechanisms and tissue damage but the present study
has concentrated on the effect of tauine on the markers
of inflammation such as NF-KB and also the possible
antioxidant mechanism underlying its effect.
Three isoforms of HO have been identified. The HO-1
isoform is strongly and rapidly induced by oxidative
stress in pathological conditions. In contrast, the HO-2
isoform is constitutive and physiologically expressed.
HO-3 is related to HO-2, but is less well characterized.
HO-1 induction plays an important role in cellular
protection against oxidative injury. HO-1 is highly
induced in response to heme, metals, hypoxia, ischemia,
inflammation and stress17-21 Wang et al.22 reported that
HO-1 was induced by hemin in colonic tissue damaged
by experimental colitis. Prior administration with the
HO activity inhibitor mesoporphyrin potentiated the
colonic damage. Several research groups have shown
that glutamine has an ameliorating effect on inflammation
by inducing HO-1 expression in various experimental
sepsis and colitis models using a similar methodology
to ours.22,23 In the present study, we found that HO-1
expression was induced with administration of taurine
and this improved intestinal damage in TNBS-induced
colitis.
The ameliorating effect of taurine has been explained
by its antioxidant properties in previous studies, although
its mechanism is still unclear. Our aim was to investigate
if HO-1 participates in the antioxidative mechanism of
taurine. During the inflammatory process, various
cytokines are secreted into circulation. NF-κB is activated
by proinflammatory cytokines. Previous observations
demonstrated that NF-κB activation is significantly
elevated in inflammatory bowel disease. In the treatment
of patients with inflammatory bowel disease, NF-κB
inhibitors such as mesalamine and corticosteroids

have been used in different formulations.24,25 In the
present study, NF-κB over expression was detected in
the colonic tissue in the TNBS-treated rats. NF-κB is
activated by a wide variety of agents, including hydrogen
peroxide, ozone, reactive oxygen intermediates, IL-1,
TNF-α, bacteria, and viral transcriptions. Once activated,
NF-κB transcriptional regulates many cellular genes
implicated in early immune, acute phase, and
inflammatory responses. The activation of NF-κB
depends on the cellular redox potential and a reduced
intracellular GSH/oxidized GSH ratio. The amount of
activated NF-κB correlates with the degree of mucosal
inflammation26-33 In the present study, NF-κB positivity
was strongest in the colonic tissue of TNBS-treated rats.
Expression was decreased in the taurine treatment group.
Apoptosis is an essential physiological process required
for maintenance of tissue homeostasis. Insufficient or
excessive cell death can contribute to diseases.34-42

Taurine was reported to protect cells by scavenging
oxygen free radicals by up-regulating the anti-oxidant
defenses, by forming chloramines with HOCl, or by
binding free metal ions such as Fe2+ by its sulphonic
acid group.28,29 Therefore, increased GSH levels after
taurine treatment may play an additional role in decreasing
oxidative stress. In our study, a significant decrease in
colonic MDA levels and an increase in GSH levels were
detected in rats with TNBS-induced colitis following
taurine treatment. These protective effects of taurine
were found to result from its anti-inflammatory properties
and antioxidative activity, as shown by the decrease of
MDA level and increase of GSH level.
In conclusion, taurine reduced colonic damage in TNBS
induced colitis. The effect of the protection associated
with taurine was due to antioxidant, anti-inflammatory
and HO-1 induction effects, which were documented by
a decrease in NF-κB expression and MDA levels, and
a concurrent increase in GSH levels and HO-1 over
expression in the colonic tissue.
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