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Abstract: The aim of this study was to investigate the effects of citicoline on the development of colitis and anti-
oxidant parameters in rats subjected to tribenzene sulfonic acid (TNBS)-induced colitis. Twenty four Wistar Albino
female rats were divided into four subgroups (n=6) (control, colitis control, colitis + 50 mg/kg citicoline, colitis + 250
mg/kg citicoline). Colitis was induced using an enema of TNBS and ethanol; following which citicoline was adminis-
trated for 3 days and effects of citicoline was subsequently evaluated. Based on microscopic damage scores, there
was no difference between rats of the TNBS-colitis and 50 mg/kg citicoline treated groups, whereas treatment with
250 mg/kg citicoline, caused significant reduction in colon injury compared to that observed in rats of TNBS-colitis
group. In terms of the biochemical analyses, myeloperoxidase (MPO), malondialdehyde (MDA), reduced glutathione
(GSH), and IL-6 levels in rats from 250 mg/kg citicoline group were significantly different from that TNBS-colitis
group. The levels of MPO, MDA, GSH and IL-6 in control rats were also significantly different those of rats in the
TNBS-colitis group. Citicoline may have a positive protective effect on the inflammatory bowel disease treatment
process and could, therefore, be used as an adjunct therapy in colitis. These effects of citicoline may exist through
anti-inflammatory and antioxidant mechanism.
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Introduction zene sulfonic acid (TNBS)-induced colitis model
applied by intrarectal administration of TNBS,
initiate events in the development of mucosal
inflammation, resembling many of the clinical,

histological and immune characteristics of IBD

Inflammatory bowel disease (IBD) is character-
ized by chronic inflammatory process of the
gastrointestinal system and the major types

are ulcerative colitis (UC) and Crohn’s disease
(CD) [4, 2]. Although the etiology of IBD has not
yet been defined, but it is widely accepted that
interactions between genetic and environmen-
tal and intestinal immune factors could be
responsible for the development of chronic
intestinal inflammation [2, 3]. Chronic inflam-
mation is associated with the generation of
reactive oxygen species (ROS) that may be
capable of contributing to or even initiating an
inflammatory response [4-6].

Several animal models of intestinal inflamma-
tion have been established, and these can lead
to provide new insights into the pathology and
immune response of IBD. The 2,4,6 trinitroben-

[7-9].

The mucus of the colon serves a barrier towards
invasion of bacteria in stools to prevent inflam-
mation [10]. Phosphatidyl-choline (PC) is essen-
tial element of the gastrointestinal mucus layer
which represents more than 90% of the phos-
pholipids [11]. In IBD, the mucus PC content is
reduced markedly independent of the state of
inflammation [12, 13]. Stremmel et al. stated
that abnormal PC layer to contribute to the
development of inflammation [14, 15].

Citicoline (CDP-choline or cytidine 5-diphos-
phocholine) is synthesized in vivo and serve as
substrate for the synthesis of PC [16]. Following
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parenteral or oral administration, citicoline is
metabolized in the circulation to cytidine and
choline [17-19], which are then used for phos-
pholipids synthesis [20]. Several researchers
reported the beneficial outcome of citicoline
treatment in neurological disorders [21-23].
Recently, Cetinkaya et al. showed favorable
effects of citicoline in neonatal rat model of
necrotizing enterocolitis [24]. To our knowledge,
this is the first study to examine the effects of
citicoline histopathologically and biochemically
in experimental colitis model in rats induced by
TNBS.

Materials and methods
Chemicals

Citicoline and TNBS were purchased from
Sigma Chemical Company (St. Louis, MO, USA).
Prior to use citicoline was dissolved in 0.9%
saline; it was given intraperitoneally in final vol-
ume of 0.2 ml.

Animals

Wistar Albino female rats (250-300 g) were
kept in a light-[12:12-h (light:dark) photoperiod]
and temperature-(22 + 0.5°C controlled room
maintained at a constant relative humidity of
65-70% and fed a standard diet and water ad
libitum. All experiments were performed in
accordance with the guidelines for animal
research from the National Institutes of Health
(NIH publication No. 86-23, revised 1985) and
were approved by the Committee on Animal
Research at Adnan Menderes University.

Study groups

Rats were randomly divided into four groups:
(1) control + intraperitoneal saline (control,
n=6), (2) intrarectal TNBS + intraperitoneal
saline (colitis control, n=6), (3) intrarectal TNBS
+ intraperitoneal citicoline (50 mg/kg) (n=6),
(4) intrarectal TNBS + intraperitoneal citicoline
(250 mg/kg) (n=6).

Induction of colitis

After fasting the animals overnight, we emptied
on the morning of experiment by hitting the
hind legs of the animals to the in an up-down
motion while holding onto the tail with one
hand. Following intraperitoneal anesthesia with
ketamine (50 mg/kg) and xylazine (5 mg/kg),
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inflammation was induced in the colon by intra-
rectal administration of 0.8 ml of a 25 mg TNBS
solution dissolved in 37% ethanol in saline
using an 8 cm-long cannula. Rats were treated
intraperitoneally with either citicoline (50 and
250 mg/kg) or saline for 3 days following the
induction of colitis, after which time they were
decapitated.

Histological procedure and assessment

After decapitation, the last 10 cm of colon (2-10
cm from the anus verge) was excised, opened
longitudinally, rinsed with saline solution, and
fixed in 10% neutral formaldehyde solution, at
4°C for 24 hours. The tissues then underwent
routine histological procedure (dehydration in
ethanol and clearing in xylene) and embedded
in paraffin blocks, and the blocks randomly cut
in 5 um sections by a microtome (Leica RM
2135; Leica, Germany). These sections were
stained with hematoxylin-eosin and mounted
with entellan. Screen shots were taken with
Olympus DP20 Digital camera attached onto
an Olympus BX51 microscope.

A histological grading scale (minimum score: O,
maximum score: 12) was used to determine
the extent of TNBS induced colitis. Each of the
individual parameters estimated was graded
on a scale from 0-3 depending upon the sever-
ity of changes (O, no change; 1, mild; 2, moder-
ate; 3, severe). The evaluated parameters were:
damage/necrosis, inflammatory cell infiltration,
submucosal edema, hemorrhage of mucosa
[25, 26]. Microscopic scoring of tissue samples
were performed by an observer unaware of the
treatment groups.

Biochemical study

Tissues were homogenized in 50 mM phos-
phate buffer, pH 7.0 at 0-4°C (w/v=1/10). A
portion of the homogenate was removed for
malondialdehyde (MDA), GSH, protein assays,
then it was centrifuged at 700 g for 10 min and
the supernatant was used for the assay of
TBARS, MDA and GSH. Protein levels were
determined using the method of Lowry [27].

Determination of MPO activity

We used a slightly modified method of Suzuki
et al. [28] to determine MPO activity. Briefly, tis-
sue samples were homogenized in 1:10 potas-
sium phosphate buffer (50 mM, pH 7.4). The
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Figure 1. Histopathological features of the colon associated with colitis and the effects of citicoline on colon injury.
Histological appearance in rat colonic mucosa of (A) normal (noncolitis), (B) Trinitrobenzene sulfonic acid (TNBS)-
induced colitis, (C) TNBS-colitis + citicoline (50 mg/kg), (D) TNBS-colitis + citicoline (250 mg/kg). Colitis was pro-
duced after TNBS administration and was characterized by necrosis of the mucosa, diffuse infiltration of inflamma-
tory cells in the mucosa and submucosa, and sub-mucosal edema (B). Treatment with citicoline 50 mg/kg did not
change the morphological signs of cell damage associated with TNBS administration (C); treatment with cticoline
250 mg/kg greatly reduced the morphological alterations associated with TNBS administration, protecting the mu-
cosal structure (D). Original magnification was 10x (A-D) on hematoxylin and eosin stained preparations.

homogenate was then centrifuged at 15,000 g
and the pellet resuspended in an equal volume
of a detergent-containing buffer (50 mM potas-
sium phosphate, pH 6, 0.5% hexadecyltrimeth-
ylammonium bromide, 10 mmol/L EDTA). A
standard reaction mixture contained 1.6
mmol/l tetramethyl benzidine. The reaction
was started by the addition of H,0, to a final
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concentration of 0.88 mmol/l (0.003%). The
rate of the MPO-catalyzed oxidation of tetra-
methyl benzidine was followed by recording the
increase in absorbance at 655 nm. Knowing
the initial linear phase of the reaction, we were
then able to calculate the absorbency change
per minute and subsequently expressed
enzyme activity as the amount of enzyme pro-
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croscopic damage scores, myeloperoxidase (MPO) and malondialdehyde Results
(MDA) activity in rat colonic mucosa. Data are presented as means + SEM.
ap<0.05 versus control, °p<0.05 colitis control, °p<0.001 versus control,

9p<0.01 versus colitis control.

ducing one absorbency change per minute
under assay conditions. Data are expressed as
units per gram wet tissue.

Determination of MDA activity

The breakdown product of lipid peroxidation,
TBARS, was measured using the method of
Buege and Aust [29]. Briefly, the stock solution
contained equal volumes of 15% (w/v) trichloro-
acetic acid in 0.25 N hydrochloric acid and
0.37% (w/v) 2-thiobarbituric acid in 0.25 N
hydrochloric acid. One volume of the sample
and two volumes of stock reagent were mixed
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There was significant difference

between the microscopic dam-

age scores of the control (O + 0)
and TNBS-induced control groups (10.4 + 0.89,
p<0.05) (Figures 1A, 1B and 2). There was no
difference between the microscopic damage
scores of the TNBS-induced colitis and 50 mg/
kg citicoline treated groups (9.67 % 1.03,
p>0.05) (Figures 1B, 1C and 2). On the other
hand, treatment with 250 mg/kg citicoline
(5.00 + 2.18) caused significant reduction com-
pared to the TNBS-induced colitis group
(p<0.05) (Figures 1B, 1D and 2). There was no
significant difference between the microscopic
damage scores of the 50 mg/kg and 250 mg/
kg citicoline treated groups (p>0.05) (Figures
1C, 1D and 2).
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Figure 3. Effects of citicoline (50 and 250 mg/kg) administered intraperi- (p>0.05).
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versus control, °p<0.05 versus colitis control, °p<0.01 versus control.

To investigate the anti-inflammatory activity of
the citicoline, we measured the activity of MPO
from colonic tissues of all groups. The results
are shown in Figure 2. The data indicate that
the activity of MPO in control group (369.2 *
115.3) dramatically increased in TNBS-induced
colitis group (3118 + 262.1) (p<0.001).
Treatment with 50 mg/kg citicoline reduced
the MPO activity (2343.4 £ 430.5) (p>0.05). On
the other hand, treatment with 250 mg/kg citi-
coline markedly reduced the MPO activity
(1326.6 + 178.49) (p<0.01).

Compared with control group, higher MDA lev-
els were found in TNBS-induced colitis group
(0.58 + 0.09 vs 2.17 + 0.26) (p<0.001) (Figure
2). However, MDA levels were significantly
decreased in 250 mg/kg citicoline (0.88 +
0.12) treated group compared with TNBS-
induced colitis group (p<0.01) (Figure 2). On
the contrary, no significant anti-inflammatory
effect was observed in treatment with 50 mg/
kg citicoline (p>0.05).

GSH level in TNBS-induced colitis group (68.9 +
10.9) was significantly decreased compared
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Although the etiology of IBD

remains unknown, several fac-
tors in the initiation of human colitis, such as
prolonged neutrophil infiltration and increased
production of inflammatory mediators, are
involved [31-33]. The tissue injury produced by
neutrophils and macrophages has been attrib-
uted to their ability to release ROS, nitrogen
metabolites and cytokines, as well as their dis-
rupting effects on epithelial integrity [34, 35].

The TNBS-induced colitis model has been wide-
ly used as an experimental model and has led
to its widespread use in the investigation of IBD
pathogenesis and has adopted as an approach
to observe the effects of drugs because of its
similarity to human IBD. This model is charac-
terized by oxidative stress and mucosal infiltra-
tion by polymorphonuclear cells [7-9]. Therefore,
in this study we have attempted to mimic patho-
physiological changes in IBD.

Phospholipids are fundamental ingredients of
cellular membranes and are involved in mem-
brane functions such as homeostasis, enzy-
matic activities and receptor functioning.
Ischemia or hypoxia to tissues disturbs mem-
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brane complexity by several mechanisms
including phospholipids disintegration [36].
Therefore, phospholipids production is essen-
tially important under such circumstances.
Mucus layer in the gastrointestinal tract is a key
factor for conservation of the epithelia from
luminal invaders, intestinal pathogens and
their products [37]. Even though, phospholipids
accounts for a minor part of gastrointestinal
mucus, they are crucial in the maintenance of
an intact barrier activity. PC that represents
35-72% of the phospholipids is responsible for
the formation of the hydrophobic surface of the
gastrointestinal mucus [12]. Several investiga-
tors stated that PC interferes with cell signaling
by attenuating apoptosis and has anti-inflam-
matory properties [38, 39]. Therefore, luminal
PC had two possible functions, to modulate the
inflammatory signaling system and to establish
hydrophobic surface [40]. Several investigators
showed that exogenous PC protects gastroin-
testinal mucosa from acids and other toxic
agents [41-43]. In the present study we found
that citicoline prevents TNBS-induced colitis in
rat. These data are in accordance with the pre-
vious studies that suggest therapeutic effect of
citicoline in TNBS-induced colitis model.

In the present experiment, histological analy-
ses showed that TNBS administration yields
submucosal infiltration of leukocytes, which
have been suggested contribute markedly to
tissue damage. As leukocytes are contributors
of inflammatory mediators and a major source
of ROS in inflamed colon mucosa, infiltration of
these cells into mucosa has been indicated to
provide significantly to tissue damage and
mucosal dysfunction [6, 7]. In our study, we
observed significant reduction in the severity of
tissue injury at microscopic damage score,
especially in rats treated with 250 mg/kg citi-
coline. Consequently, we conclude that the citi-
coline treatment reduced the inflammatory cell
infiltration.

Neutrophil infiltration is one of the most remark-
able histological findings in the inflamed colon-
ic tissue of IBD. MPO is an enzyme existing in
neutrophils which catalyzes formation of potent
cytotoxic oxidants such as hypochlorous acid
from H,0, and chloride ions and N-chloramines.
Furthermore, MPO is an indicator for leukocyte
infiltration, which is commonly found in inflamed
tissue [44, 45]. As expected, MPO activity was
significantly induced by stimulation with TNBS.
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On the other hand, the reduction of colonic
MPO activity as well as the absence of cellular
infiltration following treatment with citicoline,
indicate that citicoline does possess antioxi-
dant and anti-inflammatory properties that
function in the prevention of TNBS-induced
colitis.

Oxidative stress and its consequent lipid per-
oxidation disrupt the integrity of intestinal
mucosa barrier, and activate inflammatory
mediators, resulting in increased colonic MDA
contents shown in several studies [46-48].
Several studies have demonstrated that the
MDA levels in rats with IBD decreases as a
result of antioxidant and anti-inflammatory
agents [49-51]. In accordance with previous
reports, therapy with citicoline for 3 days result-
ed decrease in MDA levels in colonic tissue in a
dose dependent manner, suggesting that citi-
coline successfully inhibited lipid peroxidation
induced by TNBS.

GSH depletion after intestinal injury in rats
characteristic of colitis induced by TNBS [33,
51]. GSH plays an important role in controlling
the redox state of the cell by acting as a scaven-
ger of ROS and keeping the enzyme GSH per-
oxidase in a reduced state [52, 53]. In our
study, we found a significant decrease in the
activity of GSH in the colonic tissue of the
TNBS-induced colitis group and that the admin-
istration of citicoline (250 mg/kg) prevented
this depletion.

Studies showed that activated macrophages
accumulate in colon mucosa and secrete many
pro-inflammatory cytokines such as IL-6 in IBD.
IL-6 could stimulate neutrophil chemotaxis and
relate to the presence of injury in the colon
which led to tissue destruction [54-56]. In the
present study, it was observed that the levels of
IL-6 were elevated in rat serum with TNBS-
induced colitis. Furthermore, the treatment of
citicoline significantly reduced the serum levels
of IL-6. This result indicated that citicoline ame-
liorates TNBS colitis by suppressing pro-inflam-
matory mediator IL-6.

In conclusion, we have shown for the first time
that citicoline can prevent TNBS-induced colitis
in rats. Citicoline significantly reduced micro-
scopic and histopathological injury and
decreased inflammation. Citicoline treatment
also decreased lipid peroxidation and oxidant
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status. This would appear to be a promising
approach that may be considered as a comple-
mentary treatment of ulcerative colitis and
Crohn’s disease.
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