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Abstract
Objective: Inflammatory bowel diseases (IBD), including Crohn’s disease and ulcerative colitis
(UC), are chronic and recurrent disorders of the gastrointestinal tract with unknown etiology.
Considering the adverse effects and incomplete efficacy of currently administered drugs, it is crucial to explore new drugs with more desirable therapeutic profiles. As non-competitive N-methylD-aspartate (NMDA) receptor antagonists have shown analgesic and anti-inflammatory properties
in vitro and in vivo, this study aims to investigate the role of ketamine, a noncompetitive NMDA
receptor antagonist, in acetic acid-induced rat colitis. Methods: Ketamine (10, 50 mg/kg), and
dexamethasone (1 mg/kg) were given intraperitoneally 30 min before induction of colitis which
was done by instillation of 2 mL of 4% acetic acid (vol/vol). At the 4th day of colitis induction, animals were sacrificed and distal colons were assessed macroscopically and microscopically. Furthermore, the mucosal contents of lipid peroxidation (LPO), reduced glutathione (GSH), nitric
oxide (NO) and tumor necrosis factor-α (TNF-α) were assessed. Results: Ketamine (50 mg/kg) and
dexamethasone significantly (p < 0.05) improved macroscopic and histologic scores, diminished
colonic levels of MDA, NO and TNF-α and elevated GSH levels. Conclusion: Our data suggest that
ketamine has valuable protective effects in acetic acid colitis and it may be a new therapy target in
ulcerative colitis patients, possibly by regulating antioxidants and inflammatory mediators.
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1. Introduction
Ulcerative colitis is a chronically recurrent inflammatory bowel disease. Although its etiology remains essentially unknown, yet studies suggest that genetic susceptibility, altered immune response and environmental factors are involved in both initiation and progression of colitis. Despite the great deal of attention for this disease
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during the past years, its pharmacological treatment is still unsatisfactory [1] [2].
The acetic acid-induced ulcerative colitis is a widely used animal model of ulcerative colitis [3]-[5]. This experimental model resembles ulcerative colitis in histology, eicosanoid production and response to sulfasalazine [6].
Management of inflammatory bowel diseases (IBD) is based on aminosalicylates, glucocorticoids, immunomodulators and more recently monoclonal antibodies. Nevertheless, the high incidences of adverse effects together with the failure to be generally efficacious make it indispensable to explore new candidates with more
desirable therapeutic profiles [7].
Ketamine, a noncompetitive N-methyl-D-aspartate (NMDA) receptor antagonist, is commonly used as an
intravenous or intramuscular anesthetic. Several investigators show that administration of ketamine has protective effects against polymicrobial sepsis in rats. Ketamine probably inhibits NF-κB activation and attenuates the
proinflammatory cytokine response. It was reported that ketamine has inhibitory effects on lipopolysaccharide
(LPS)-induced TNF-α production in endotoxin-induced shock in rats [8] [9]. Others have documented that ketamine could suppress proinflammatory cytokines production in human whole blood in vitro [10] [11].
In the present study, we have evaluated the protective effects of ketamine, a noncompetitive N-methyl-D-aspartate (NMDA) receptor antagonist, against acetic acid-induced colitis in rats.

2. Materials and Methods
2.1. Materials
Animals: Adult male Wistar rats (200 - 250 g) (n = 30) were purchased from Animal house of faculty of Medicine, Assiut University. The animal room was maintained at 22˚C - 24˚C and a lighting regimen of 12 hour light/
12 hour dark. Rats were fed with standard house chow and water ad libitum. All animal experiments were performed after getting prior approval from the Institutional Animal Ethics Committee Assiut University.
Drugs: Ketamine (1867-66-9) and Dexamethasone (50-02-2) were purchased from Sigma-Tec Pharmaceutical
Industries Egypt-S.A.E.

2.2. Experimental Design
Rats were divided into five groups (n = 6 per group). Group I kept as control and received no treatment. Group
II, III, IV, V were subjected to the induction of ulcerative colitis by intracolonic injection of 2 ml acetic acid (4%
v/v). Thirty min before induction of colitis, group II was given normal saline (i.p.); group III was treated with
dexamethasone (1 mg/kg, i.p.); Group IV, V were treated with ketamine (10 and 50 mg/kg, i.p.) respectively.
2.2.1. Induction of Colonic Inflammation
All animals (except group I) were fasted for 6h prior to study, with access to water ad libitum and anesthetized
by an intraperitoneal injection of 1% sodium pentobarbital in a dose of 50 mg/kg before induction of colitis, 2
ml acetic acid (4% v/v) in 0.9% saline were infused for 30s using a soft pediatric catheter size of 6F 2 mm in
diameter, inserted through rectum into the colon up to a distance of 8cm and maintained in a supine Trendelenburg position for 30 s to prevent leakage of the intracolonic instill. On the 4th day after operation, colon were
collected after sacrificing the animals, portions of colon specimens were dissected out, washed with physiological saline and kept in 10% formalin for macroscopic and histological studies [3] [12].
2.2.2. Assessments of Colitis
Macroscopic scoring: For each animal, the distal 10 cm portions of the colon were removed cut longitudinally
and cleaned with physiological saline to remove fecal residues. Macroscopic inflammation scores are assigned
based on the clinical features of the colon using a scale ranging from 0 - 4 as follows: 1, intact epithelium with
no damage; 2, patch type superficial hyperemia; 3, generalized patch type hyperemic regions; 4, generalized
hyperemia and hemorrhage [13].
Histological analysis: The colon specimens (2 cm) collected from the animals were fixed in 10% formalin,
embedded in paraffin and cut into 4 μm sections. The paraffin sections were deparafinized with xylene, hydrated
and stained with hematoxylin and eosin for studying mucosal damage assessment. The assessment was done as
previously described by Noronha et al., [14] according to following scale: 0, intact epithelium, no leukocyte or
hemorrhage; 1, <25% disrupted epithelium, focal leukocyte infiltrates and focal hemorrhage; 2, 25% disrupted
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epithelium, focal leukocyte infiltrates and focal hemorrhage; 3, 50% disrupted epithelium, widespread leukocytes, and hemorrhage; 4, >50% disrupted epithelium, extensive leukocyte infiltration and hemorrhage.
Biochemical measurements: The colon tissue were homogenized in 10 mmol Tris-HCl buffer (pH 7.4) and the
homogenate were used for the measurement of Nitric oxide (NO), lipid peroxidation (LPO), reduced glutathione
(GSH) and TNF-α.
Malondialdehyde measurement: Lipid peroxidation, a major indicator of oxidative stress, was determined by
measuring MDA level in tissue homogenate. MDA is a byproduct of the arachidonate cycle, its level was determined spectrophotometrically by using the thiobarbituric acid reactive substances method previously described
by Ohkawa et al., (1979) [15]. A standard curve was run simultaneously with each set of samples by using 1, 1,
3, 3-tetramethoxypropane as an external standard. The results are expressed as nmol/gm wet tissue weight.
NO measurement: Nitric oxide formation was measured in tissue samples by assaying nitrite, one of the stable
end products of NO oxidation, serum nitrite concentration was assayed spectrophotometrically by using Griess
reaction according to the standard method described by Green et al. (1982) [16].
GSH measurements: The colon GSH content was determined using Ellman’s reagent (5, 5-dithio-bis-2-nitrobenzoic acid) according to the method of Griffith (1980) [17]. A standard curve was prepared for each assay.
The results are expressed as μmol/gm wet tissue weight.
Determination of TNF-α: The colon tissue was used for measurement of TNF-α level according to the manufacturer’s instructions using an immuno assay kit (Assaypro, LTA, Italy).

2.3. Statistical Analysis
Results are expressed as mean ± SD. The data was analyzed by one way ANOVA followed by Dennett’s test
with post-hoc was employed. A p value < 0.05 was considered significant.

3. Results
3.1. Effect of Ketamine on Macroscopic Features
Colonic instillation of acetic acid triggered an intense inflammatory response on the 4th day of colitis induction,
the distal colon showed severe macroscopic edematous inflammation. The mucosa was inflamed, ulcerated,
hyperemic and hemorrhagic compared to normal control group. However, intracolonic treatment with dexamethasone and ketamine (50 mg/k) 30 min before induction of ulcerative colitis attenuated the macroscopic damage and improved macroscopic scores. Ketamine (50 mg/kg) was found to be satisfactory in the protection of the
rat colon against acetic-acid induced injury. No significant differences were seen between ketamine (50 mg/kg)
and dexamethasone. However, low dose of ketamine (10 mg/kg) failed to improve macroscopic scores (Table 1).

3.2. Effect of Ketamine on Histopathological Features
Colonic mucosa of rats in the control group had a normal architecture with intact epithelium, signs of inflammation or necrosis were not observed (Figure 1(A)). Four days subsequent to the induction of colitis, the microscopic inspection of the colon revealed multifocal areas of necrosis, hemorrhage, submucosal edema, extensive
polymorphonuclear granulocyte infiltration in the mucosa, the inflammation extended through the muscularis
mucosae and submucosa, distorted crypts as well as massive necrotic destruction of the epithelium was observed
Table 1. Protective effects of ketamine (10, 50 mg/kg, ip) on macroscopic and histologic features of the colon 4 days after
induction of colitis.
No.

Group

Macroscopic damage score
c

Histologic score
0 ± 0.00c

I

Control

1 ± 0.00

II

Acetic acid control

4 ± 0.1b

3.9 ± 0.3b

III

Dexamethasone (1 mg/kg, ip)

1.3 ± 0.9c

1.4 ± 0.3c

IV

Ketamine (10 mg/kg, ip)

2.95 ± 0.4

2.8 ± 0.2

Ketamine (50 mg/kg, ip)

c

1.6 ± 0.4c

V

1.78 ± 0.6

Values are expressed as mean ± SD; n = 6; bp < 0.05 in comparison to control group; cp < 0.05 in comparison to acetic acid control group.
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Figure 1. Effect of ketamine on colon histology. (A) Specimen from a normal rat
showing colon with normal mucosa; (B) Control specimen from acetic acid induced
rats showing colitis with large necrotic destruction of epithelial cells, areas of hemorrhage, submucosal edema and inflammatory cellular infiltration; (C) Colitis +
Dexamethasone (1 mg/kg B. wt); (D) Colitis + Ketamine (50 mg/kg B. wt) + (E)
Colitis + Ketamine (10 mg/kg B. wt) (100× magnification).

(Figure 1(B)). In ketamine (50 mg/kg) and dexamethasone treated groups, the histopathological changes were
significantly attenuated, as judged by epithelization of the mucosa, reduction of edema and inflammatory cells
recruitment (Figure 1(C), Figure (D)). No significant difference was observed between ketamine (50 mg/kg)
and dexamethasone treated groups, both of them showed a significant decrease in the pathological scores in
acetic acid-induced colitis rats as compared with the colitis control group. However, low dose of ketamine (10
mg/kg) showed focal disruption of epithelium and focal inflammatory cells in the lamina propria of all rats in
this group (Figure 1(E), Table 1).

3.3. Effect of Ketamine on Malondialdehyde Level
Effect of ketamine on malondialdehyde level is shown in Figure 2. Administration of ketamine (50 mg/kg) or
dexamethasone to acetic acid treated rats significantly reduced lipid peroxidation (p < 0.05) compared to colitis
group. However, ketamine (10 mg/kg) didn’t show any significant differences in comparison to the colitis
group.
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Figure 2. Effect of ketamine on MDA level in the colonic tissue. Ketamine (50
mg/kg) or dexamethasone treatment significantly reduced MDA levels. Values
are expressed as mean ± SD, *p < 0.05 vs. acetic acid group, colitis significantly
increased MDA levels, °p < 0.05 vs. control group.

3.4. Effect of Ketamine on Nitrite Level
Nitrite was markedly enhanced in the inflamed colon after intrarectal acetic acid instillation. Treatment with either ketamine (50 mg/kg) or dexamethasone significantly (p < 0.05) inhibited acetic acid induced NO production
in tissue (Figure 3).

3.5. Effect of Ketamine on GSH Level
Effect of ketamine on colon GSH level is shown in Figure 4. The decreased colonic GSH in the colitis group
was found to be significantly (p < 0.05) increased after ketamine (50 mg/kg) and dexamethasone treatment.

3.6. Effect of Ketamine on TNF-α
Colonic levels of TNF-α show drastic rise after acetic acid introduction compared with those of control group. In
contrast these values were significantly lower in rats treated with ketamine (50 mg/kg) or dexamethasone. There
were no significant differences in TNF-α levels between ketamine (50 mg/kg) and dexamethasone treated animals (Figure 5).

4. Discussion
Our study was focused on studying the effects of ketamine on acetic acid-induced colitis and our results clearly
show that ketamine could inhibit experimental colitis. Ketamine administered 30 min before intracolonic instillation of 4% acetic acid caused a dramatic reduction in the severity of colitis which was comparable to dexamethasone. This effect is possibly attributed to its anti-inflammatory and antioxidant properties as indicated by improved macroscopic and histological features, correction of the increased biochemical markers MDA, nitrite,
GSH and a decrease in colonic content of TNF-α.
Ketamine is a noncompetitive N-methyl-D-aspartate (NMDA) receptor antagonist, extensively used as a safe
and adequate intravenous or intramuscular anesthetic in various clinical situations. Ketamine is recommended
for use in cases with a high risk of septicemia. It was reported that in addition to its anesthetic activity, it has
novel anti-inflammatory properties [18]. However, no clear definitive mechanism for the anti-inflammatory action of ketamine has been suggested.

13

E. E. Ashry et al.

Normal
Acetic acid
Dexamethas (1mg/kg)
Ketamine (10mg/kg)
Ketamine (50mg/kg)

8

nitrite(pg/mgw.wt)

6

4

2

0

Figure 3. Effect of ketamine on NO level in the colonic tissue. Ketamine
(50 mg/kg) or dexamethasone treatment significantly reduced NO levels.
Values are expressed as mean ± SD, *p < 0.05 vs. colitis group. Colitis
significantly increased NO levels, °p < 0.05 vs. control group.
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Figure 4. Effect of ketamine on GSH level in the colonic tissue ketamine
(50 mg/kg) or dexamethasone treatment significantly elevated GSH levels.
Values are expressed as mean ± SD, *p < 0.05 vs. colitis group. Colitis
significantly reduced GSH levels, °p < 0.05 vs. control group.

It was reported that ROS (reactive oxygen species) generated in the inflamed mucosa can modulate many inflammatory events.ROS produce several inflammatory cytokines in various tissues which aggravate tissue damage. The free radicals produced during oxidative damage attack polyunsaturated fatty acids in plasma membrane
leading to membrane lipid peroxidation and severe cell damage. This process plays a significant role in the pathogenesis of the disease [19]. In this study colitis control animals exhibited increased levels of MDA in colon
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Figure 5. Effect of ketamine on TNF-α level in the colonic tissue. Ketamine (50 mg/kg) or dexamethasone treatment significantly reduced
TNF-α levels. Values are expressed as mean± SD, *p < 0.05 vs. colitis
group. Colitis significantly increased TNF-α levels, °p < 0.05 vs. control group.

tissue. Ketamine treatment dramatically reduced the increased MDA levels. A significant reduction in MDA by
treatment with ketamine exhibits the anti-inflammatory effect in the experimental colitis model and this may be
related to the antioxidant and free radical scavenging ability of ketamine.
GSH is an important intracellular antioxidant agent in mammalian gut. It is involved in the repair mechanism
as it inhibits mucosal damage by free radicals. During inflammation, GSH level decreases resulting in severe
degradation of colon mucosa. Therefore GSH plays an important role in protecting the intestinal cells and as a
defense mechanism against inflammation [20]. Treatment with ketamine significantly increased the colonic
GSH level, reasonably, the mitigation of macroscopic and histopathologic indices.
NO is an important proinflammatory mediator. The nitric oxide and iNOS has been reported as potential mediators for colitis. During colitis, the observed inflammatory reactions as enhanced interstitial edema, increased
arteriolar blood flow, fluid exudation across intestinal capillaries, thickening of the intestinal wall, are all associated with inflammatory mediators such as NO [21]. The present study showed that administration of ketamine
significantly inhibited NO production which prevented peroxynitrite formation from inflammatory cells and
countered inflammation.
The relationship between NMDA receptors and peripheral inflammatory responses has not been completely
understood. Érces et al. 2012 [22], have proposed that Ca2+ over influx via the receptor associated ion channel
activates excessive NO generation by NOS isoforms which mediate the downstream signal transduction of the
NMDA receptors with subsequent excitotoxic neuronal cell death and intestinal malfunction. They postulated
that reduction of the excessive NO generation by direct or indirect inhibition of NOS may be an appropriate approach for the treatment of intestinal inflammatory changes.
Ulcerative colitis has been associated with an intense local immune response which is associated with recruitment of lymphocytes and macrophages followed by release of soluble cytokines. Cytokines are crucial elements in gastrointestinal inflammation, however, their overproduction result injurious events.TNF is an important proinflammatory cytokine released from the macrophages and lymphocytes in the early inflammatory response. It has been reported to play an integral role in the pathogenesis of inflammatory bowel disease [23]. Blocking of TNF has been shown to inhibit colitis in animal models. It was increased following acetic acid instillation
in our experiment. Ketamine treatment inhibits TNF production which may be due to inhibition of its synthesis
or release. Our results parallel recent investigations showing anti-inflammatory properties of ketamine [24].
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The anti-inflammatory effect of ketamine subanesthetic doses has been demonstrated in various animal models. It was found that ketamine produced a dose-dependent decrease in mortality with a significant reduction in
the production of tumour necrosis factor-α (TNF-α) and IL-6 after stimulation of lipopolysaccharide in carrageenan-sensitized mice injected with endotoxin [25]. Recent studies have demonstrated that ketamine inhibited
the leucocyte production and release of various cytokines as TNF-α, IL-6, IL-8 and nitric oxide and inhibited
oxygen radical generation of isolated human neutrophils [18] [26] [27].
Guzman et al., 2010 [28], found that ketamine protection against intestinal I/R injury was related to a reduction of leukocytes, and particularly the infiltration of neutrophils. They reported that Ketamine pretreatment lowered inflammatory cell infiltration, sP-selectin serum levels, and reduced ATIII depletion. Moreover, Zahler et
al., 1999 [29] have reported that ketamine alters neutrophil function and endothelial-neutrophil interactions, and
some of its anti-inflammatory properties are related to its inhibitory effect on leukocyte reactivity [29] [30].
In 2005, Mazar et al., [18] have proposed the protective anti-inflammatory effects of ketamine are mediated
by adenosine. They reported that ketamine administration causes release of adenosine in the periphery, and
adenosine through A2A receptors, reduces the systemic inflammatory response by inhibition of secretion of
proinflammatory cytokines as well as leukocyte activation and recruitment.
In clinical settings, the anti-inflammatory effect of ketamine has also been found. A low dose of ketamine
(0.25 mg/kg) in patients undergoing coronary artery bypass surgery (CABG) has significantly suppressed intraoperative and postoperative increases in serum IL-6, IL-9 and C-reactive protein [31] [32]. This dose also significantly decreased superoxide production after on-pump coronary artery bypass graft surgery (CABG) [33].
The involvement of NMDA receptors in IBD has received little attention. Erces et al., 2012 [22] have reported that, NMDA antagonist treatment resulted in significantly reduced TNF-α and IL-6 levels 6 day after trinitrobenzesulfonic acid (TNBS) administration. Moreover, it was found that treatment with the endogenous
NMDA receptor antagonist Kynurenic acid in the early phase of acute experimental colitis in rats reduced significantly plasma levels of (TNF-α), inflammatory enzyme activities xanthine oxidoreductase (XOR), myeloperoxidase (MPO) and nitric oxide synthase (NOS), and colonic motility. They proposed that inhibition of the enteric NMDA receptors may provide a novel therapeutic option via which to influence intestinal hypermotility
and inflammatory processes [34] [35].

5. Conclusion
We can conclude that, ketamine may be a new and effective therapy target in IBD patients. Further human studies would be beneficial elucidating the effect of ketamine more clearly and the possible therapeutic efficacy of
ketamine in the treatment of UC, as well as the precise molecular basis of the protection it exerts over the intestinal mucosa.
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