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INTRODUCTION 

Inflammatory bowel disease (IBD) is an immune-

mediated chronic intestinal condition. Ulcerative colitis 

(UC) and Crohn's disease (CD) are the two major types of 

IBD. The incidence of IBD, especially UC, is rising in 

Japan, South Korea, Singapore, northern India and Latin 

America, areas previously thought to have low 

incidence.
1
 

Patients with CD and UC alternate between periods of 

active disease, which may require hospital admission, and 

periods of remission. The cause of IBD seems to include 

genetic, environmental, and immunologic components. 

Evidence suggests that IBD is triggered by an aberrant 

immune response to enteric flora, leading to intestinal 

inflammation.
2,3

 

Pathophysiological changes in IBD are well established, 

among which cytokines like tumor necrosis factor α 

(TNF- α), interleukin-1 (IL-1) and interleukin-8 (IL-8) 

are secreted from macrophages.
4
 TNF- α upregulates the 

adhesion molecules (E selectin and ICAM-1) causing the 

adherence of neutrophils in endothelium and passage into 
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the bowel wall. Release of IL-8 attracts the activated 

neutrophils, and causes degranulation of the toxic 

proteases and other reactive oxygen species, which are 

cytotoxic and cause ulceration of intestine.
4
 Frontline 

drugs that are currently used to treat IBD includes 5-

aminosalicylic acid (sulfasalazine), corticosteroids 

(prednisolone), immunomodulatory drugs (azathioprine, 

mercaptopurine, methotrexate), IgG anti-TNFα antibody 

(infliximab) and antibiotics.
5
 These drugs have varying 

efficacy from patient to patient, and long-term use of 

these drugs can have harmful side effects. In view of the 

devastating nature of IBD and the limited efficacy of the 

drugs used for its treatment, it would be very helpful to 

have other effective anti-inflammatory drugs.  

Fluoroquinolones are quinolone antimicrobials having 

one or more fluorine substitutions with extended activity 

not only to gram negative organisms but also to gram 

positive cocci and anaerobes. These agents inhibit DNA 

gyrase in gram negative and topoisomerase II in gram 

positive organisms. They are used in various infections 

involving urinary tract, respiratory tract, gastro intestinal 

tract, bone etc. Ciprofloxacin is used as a second line 

drug in treatment of tuberculosis.
6
 

IBD is treated with ciprofloxacin and metronidazole. Few 

studies have shown an advantage of this regimen 

compared with other antibiotics. Most attributed the 

effect to its better antibacterial coverage. Others have 

shown an apparent anti-inflammatory effect of 

quinolones in several in vitro and in vivo models of 

inflammation other than IBD.
7
 

With this background, the present study was conducted to 

evaluate the effect of different doses of ciprofloxacin 

alone and in combination with sulfasalazine in 

experimentally induced inflammatory bowel disease in 

rats. 

METHODS 

Materials 

The present study was conducted in the department of 

pharmacology, Gauhati Medical College, Guwahati. The 

anti-inflammatory effect of rosiglitazone alone and in 

combination with sulfasalazine was studied in 

experimentally induced inflammatory bowel disease in 

albino rats.  

Experimental animals 

Adult wistar albino rats of either sex weighing between 

150-250 gm were procured from the institute central 

animal house. The animals were housed in standard 

laboratory conditions at 250
0
C and 12 hours light and 

dark cycle. Animals were given free access to rat chow 

diet and water ad libitum. Before conducting experiments 

animals were acclimatized to laboratory conditions for 

seven days. 

Drugs and chemicals 

Drugs and chemicals needed for the study are 

sulfasalazine (Cadila), acetic acid (AA) and ciprofloxacin 

(Cipla). 

Experimental protocol was approved by the institutional 

animal ethics committee (IAEC) of Gauhati Medical 

College, Guwahati (IAEC No: 351/CPCSEA/3/1/2001). 

The study was performed in accordance to the CPCSEA 

guidelines. 

Dose and route of administration 

 Sulfasalazine - 360 mg/kg per oral (P.O)
8
 

 Ciprofloxacin - 50 mg/kg and 100 mg/kg (P.O)
9
 

 Acetic acid - 1 ml of 4% transrectally (T.R)  

Total 36 animals were included in the study. Animals 

were divided into five groups I, II, III, IV and V. Group 

IV was subdivided into two subgroups A and B. Each 

group and subgroup will have six animals. 

Groups were 

 Group I control group 

 Group II acetic acid treated group 

 Group III positive control group - sulfasalazine (360 

mg/kg) + 4% AA  

 Group IV test group (ciprofloxacin + AA) 

 Group IV sub group A - ciprofloxacin (50 mg/kg) + 

4% AA 

 Group IV sub group B - ciprofloxacin (100 mg/kg) + 

4% AA  

 Group V - sulfasalazine (360 mg/kg) + ciprofloxacin 

(50 mg/kg) + 4% AA 

Induction of colitis 

IBD was induced according to the procedure described by 

MacPherson and Pfeiffer.
10

 Briefly, rats were slightly 

anaesthetized with ether following 24 hours fast, a soft 6F 

paediatric catheter lubricated with lignocaine jelly was 

inserted rectally into the colon through anus such that tip 

is 8 cm proximal to anus, approximately at the splenic 

flexure. Then 1 ml 4% acetic acid was introduced into the 

colon and, after 30s of exposure, the fluid was 

withdrawn. As previously shown, an intra-rectal 

administration of 4% acetic acid produces colonic 

inflammation in rats that resembles many histological 

characteristics of human ulcerative colitis.
11

 

The experimental animals were divided into mainly 5 

groups. 

Group I: (Normal saline treated group) in this group 1 ml 

of normal saline was delivered intra-rectally to the rats 

after ether anaesthesia as method described earlier. 
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Group II: (Acetic acid treated group) 1ml of 4% acetic 

acid was delivered intra-rectally to the rats after ether 

anaesthesia as mentioned earlier to induce colitis. 

Group III: (Sulfasalazine treated group) rats received 

sulfasalazine 360 mg/kg of rat body weight, orally daily 

by intra-gastric tube for 7 days. On 7th day, 1hr after 

sulfasalazine administration rats was given 1ml of 4% 

acetic acid intra-rectally after ether anaesthesia. 

Group IV: (Ciprofloxacin treated group) animals were 

divided into two subgroups on the basis of different 

doses. Total 12 rats were included in this group. Each 

group had six animals. 

Group IV sub group A: Ciprofloxacin in the dose of 50 

mg/kg body weight of rat was given orally once daily by 

intra-gastric tube for 7 days. On the 7
th

 day, 1 hour after 

Ciprofloxacin administration rats was given 1 ml of 4% 

acetic acid intra-rectally after ether anaesthesia. 

Group IV sub group B: Ciprofloxacin in the dose of 100 

mg/kg body weight of rat was given orally once daily by 

intra-gastric tube for 7 days. On the 7th day, 1 hour after 

Ciprofloxacin administration rats was given 1ml of 4% 

acetic acid intra-rectally after ether anaesthesia. 

Group V (Sulfasalazine and ciprofloxacin combination 

treated group) rats received combination of sulfasalazine 

360 mg/kg body weight of rat orally daily with 

Ciprofloxacin 100 mg/kg (most effective dose found in 

group IV), orally once daily by intra-gastric tube for 7 

days. On 7th day, 1 hour after combination treatment, rats 

received 1ml of 4% acetic acid intra-rectally after ether 

anaesthesia.  

Assessment of colonic damage 

The parameters assessed were colon weight change, 

macroscopic evaluation and histopathological evaluation 

and given macroscopic and microscopic score. The 

assessment was carried out in the department of 

pathology, Gauhati Medical College and Hospital. 

Colon weight change 

The weight of damaged colon tissue is considered an 

indicator of the severity and extent of inflammatory 

response, where an increase in colonic weight represents 

inflammation and a decrease in colonic weight following 

treatment indicates anti-inflammatory activity. 

Macroscopic evaluation 

Twenty-four hours following induction of colitis, animals 

were euthanized by ether and 10 cm of distal colon was 

removed from surrounding tissues, opened longitudinally 

along its mesenteric border, rinsed, and processed for 

histology. After washing the mucosa with saline solution, 

mucosal injury (macroscopically) was assessed using the 

grading scale of Morris et al.
12

 

 Score 0 - No damage 

 Score 1 - localized hyperemia but no ulcers 

 Score 2 - linear ulcers with no significant 

inflammation 

 Score 3 - linear ulcer with inflammation at one site 

 Score 4 - two or more sites of ulceration and 

inflammation  

 Score 5 - two or more sites of ulceration and 

inflammation or one major site of  

Inflammation and ulceration extending >1cm along the 

length of the colon. 

Histopathological evaluation 

Additional samples were fixed in 10% formalin in 

phosphate buffered saline, embedded in paraffin, and cut 

into 4μm sections. Paraffin sections were deparaffinised 

with xylene, hydrated, and stained with haematoxylin and 

eosin. The degree of inflammation was graded semi 

quantitatively from 0 to 11 as the sum of: 13 

 Loss of mucosal architecture (score 0-3) 

 Cellular infiltration (score 0-3) 

 Muscle thickening (score 0-3) 

 Crypt abscess formation (score 0-1) 

 Goblet cell depletion (score 0-1). 

Statistical analysis 

All the data were entered in to data base program. Data 

were expressed as mean±SEM. Results were analysed by 

one way analysis of variance (ANOVA), followed by 

Dunnet’s multiple comparison test. P value <0.05 was 

considered as statistically significant. 

RESULTS 

Colon weight changes (Table 1, Figure 1A) 

Mean colonic weight of group I was 4.38±0.18 which is 

statistically significant (p <0.01) when compared to group 

II with a mean colonic weight of 9.67±0.22. Mean colonic 

weight of group III was 4.74±0.08 which is statistically 

significant (p <0.01) when compared with group II. In 

case of animals pre-treated with ciprofloxacin at a dose of 

100 mg/kg (group IV B), mean colonic weight was 

6.95±0.11 which is statistically significant (p <0.05) when 

compared to the group II. But animals pre-treated with 

ciprofloxacin at a dose of 50 mg/kg (group IV A), mean 

colonic weight was 8.95±0.09, which when compared to 

group II is statistically not significant (p >0.05).Whereas 

in animals pre-treated with combination of sulfasalazine 

with ciprofloxacin 100 mg/kg (group V), mean colonic 

weight was 5.6±0.19 which is statistically significant 

compared with the group II (p <0.01). 
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Table 1: Parameters for assessment of colonic inflammation. 

Groups Treatment 
Colon weight 

change (gm) 

Macroscopic 

score 

Microscopic 

score 

I Normal saline 4.38±0.18* 0.33±0.21* 0.41±0.16* 

II AA treated 9.67±0.22 4.83±0.17 9.78±0.50 

III Sulfasalazine+AA 4.74±0.08* 1.67±0.21* 1.63±0.42* 

IV  A Ciprofloxacin (50 mg/kg)+AA 8.95±0.09
+
 4.33±0.21

+
 6.76±0.93

+
 

IV  B Ciprofloxacin (100 mg/kg)+AA 6.95±0.11
#
 3.67±0.22

#
 5.35±0.39

#
 

V Sulfasalazine+ciprofloxacin (100 mg/kg)+AA 5.6±0.19* 2±0.25* 2.90±0.75* 

Data are expressed as mean±SEM (n=6) and analyzed using one way ANOVA followed by Dunnett’s t test. The statistical 

significance was considered as significant if * p < 0.01, # p < 0.05, + p < 0.05 when compared with acetic acid group. 

 

 

Figure 1 (A): Colon weight change (gm). Effect of 

different doses of ciprofloxacin alone and in 

combination with sulfasalazine on parameters of 

colonic inflammation in experimentally induced 

inflammatory bowel disease in rats. 

 

Figure 1 (B): Macroscopic evaluation.  

Macroscopic evaluation 

Mean values of macroscopic score of group I was 

0.33±0.21 (Table 1, Figure 1B) which is statistically 

significant (p <0.01) when to compared group II with a 

score of 4.83±0.16. Mean macroscopic score of group III 

was 1.67±0.21 which is statistically significant (p <0.01) 

when compared with group II. In case of animals pre-

treated with ciprofloxacin at a dose of 100 mg/kg (group 

IV B), mean macroscopic scoring was 3.67±0.22 which is 

statistically significant (p <0.05) when compared to the 

group II. But animals pre-treated with ciprofloxacin at a 

dose of 50 mg/kg (group IV A), mean macroscopic score 

was 4.33±0.21, which when compared to group II is 

statistically not significant (p >0.05). Whereas in animals 

pre-treated with combination of sulfasalazine with 

ciprofloxacin 100 mg/kg (group V), mean macroscopic 

score was 2±0.25 which is statistically significant 

compared with the group II (p <0.01) (Figure 2). 

Histopathological evaluation 

Mean values of microscopic score of group I was 

0.41±0.16 (Table 1, Figure 1C) which is statistically 

significant (p <0.01) when compared to group II with a 

score of 9.78±0.50. Mean microscopic score of group III 

was 1.63±0.42 which is statistically significant (p <0.01) 

when compared with group II. In case of animals pre-

treated with ciprofloxacin at a dose of 100 mg/kg (group 

IV B), mean microscopic scoring was 5.35±0.39 which is 

statistically significant (p <0.05) when compared to the 

group II. But animals pre-treated with ciprofloxacin at a 

dose of 50 mg/kg (group IV A), mean microscopic score 

was 6.76±0.93, which when compared to group II is 

statistically not significant (p >0.05).Whereas in animals 

pre-treated with combination of sulfasalazine with 

ciprofloxacin 100 mg/kg (group V), mean microscopic 

score was 2.90±0.75 which is statistically significant 

compared with the group II (p <0.01). 

 

Figure 1 (C): Histopathological evaluation. 

Thus from the above results, it is seen that ciprofloxacin 

at a dose of 100 mg/kg i.e. high dose given alone and in 

combination with sulfasalazine reduced colon weight and 

decreased macroscopic and microscopic score 
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significantly. Combination treatment was more effective 

in decreasing microscopic damage score when compared 

to single drug treatment. Both combination treatment 

group and single drug treatment group were equally or 

less effective in decreasing microscopic damage score 

when compared with standard drug sulfasalazine (Figure 

2). 

 

Figure 2 (A): Histopathological sections of colons from 

rats stained with H and E. Colonic microscopic image 

of normal rat colon from control group I with intact 

mucosal layer and epithelial. 

 

Figure 2 (B): AA treated (group II) rat colon with 

diffused active colitis, extensive damage including 

edema of mucosa and submucosa and chronic 

inflammatory cells infiltrate with widely ulcerating 

mucosa, and haemorrhages. 

 

Figure 2 (C): Sulfasalazine treated (group III) colon 

with reduced active colitis, reduced mucosal ulcer and 

minimal inflammatory cell infiltrates. 

 

Figure 2 (D): Ciprofloxacin 100 mg/kg (group IV B) 

treated colon showing reparative epithelial changes 

and ulcer healing with lymphoid follicle in colon. 

 

Figure 2 (E): Attenuated cell damage with minimal 

cell infiltrates and improved ulcer healing in group 

treated with combination of sulfasalazine and 

ciprofloxacin 100 mg/kg (group V). 

DISCUSSION 

Inflammatory bowel diseases (IBD) including ulcerative 

colitis (UC) and Crohn’s disease (CD) are amongst the 

most challenging human illness in the world. 

Inflammatory mediators such as cytokines, eicosanoids 

and reactive oxygen metabolites play a crucial role in the 

development and persistence of this disease. 

Ciprofloxacin has been implicated in the control of 

inflammatory process in several in vitro and in vivo 

models of inflammation other than IBD. Thus the present 

study was carried out with an attempt to evaluate the anti-

inflammatory effect of ciprofloxacin alone and in 

combination with sulfasalazine in acetic acid induced 

inflammatory bowel disease in albino rats. 

Induction of colitis in rats using acetic acid is a classical 

method used to produce an experimental model of human 

IBD. Several major causative factors in the initiation of 

human colitis such as enhanced vasopermeability, 

prolonged neutrophils infiltration, and increased 

production of inflammatory mediators are involved in the 

induction of this animal model.
14 

Acetic acid affects the 

distal colon portion and induces non-transmural 

inflammation, massive necrosis of mucosal and sub 
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mucosal layers, mucosal edema, neutrophil infiltration of 

the mucosa and sub mucosal ulceration. The protonated 

form of the acid liberates protons within the intracellular 

space and causes a massive intracellular acidification 

resulting in massive epithelial damage. The inflammatory 

response initiated by acetic acid includes activation of 

cyclooxygenase and lipoxygenase pathways.
15

 

Ciprofloxacin was given in the dose of 50 mg/kg and 100 

mg/kg body weight by gastric lavage. The standard drug 

sulfasalazine was given in the dose of 360 mg/kg body 

weight by gastric lavage and colitis was induced by 

giving 1 ml of 4% acetic acid intra-rectally. 

The parameters assessed were colon weight change, 

macroscopic evaluation and histopathological evaluation 

and given macroscopic and microscopic score. The 

weight of damaged colon tissue is considered an indicator 

of the severity and extent of inflammatory response. The 

effect of the drugs on colonic weight following acetic acid 

induced colitis was determined, where an increase in 

colonic weight represents inflammation and decrease in 

colonic weight indicates anti-inflammatory activity. There 

was a decrease in colonic weight in groups treated with 

ciprofloxacin at a dose of 100 mg/kg i.e. high dose given 

alone and in combination with sulfasalazine .The 

macroscopic scores and microscopic score were less in 

groups treated with ciprofloxacin at a dose of 100 mg/kg 

i.e. high dose given alone and in combination with 

sulfasalazine. Combination treatment was more effective 

in decreasing colon weight, macroscopic and microscopic 

score when compared to single drug treatment. Both 

combination treated group and single drug treated group 

when compared with standard drug sulfasalazine were 

equally or less effective. 

A study by Lahat G et al, has demonstrated 

immunomodulatory effect of ciprofloxacin in TNBS-

induced colitis in mice by decreasing microscopic and 

macroscopic score along with decrease in the expression 

of NF-kB and IL-1β recruiting neutrophils, which plays 

an important role in the pathogenesis of inflammatory 

bowel disease.
16

 Thus our study correlates well with the 

study by Lahat G et al, which showed decrease in colon 

weight, macroscopic and microscopic scoring. 

A study by Rath HC et al which reported decreases in 

colon weight, macroscopic and microscopic mucosal 

damage score after ciprofloxacin administration as it 

targets TNF-α in addition to its antibacterial activity.
17

 

This is well in correlation with our study where we found 

significant improvement in macroscopic and microscopic 

scoring. 

Another study by Kilic FS has shown anti-inflammatory 

response of ciprofloxacin in formalin-induced edema in 

rats.
18

 The anti-inflammatory effect of ciprofloxacin was 

also evaluated on gastric mucus secretion by using alcian 

blue dye binding method. Anti-inflammatory effects of 

ciprofloxacin on the IL-8 synthesis in S. Aureus Newman 

driven nasal inflammation in vitro has been demonstrated 

by Sachse F et al.
19

 Thus from above study it is seen that 

ciprofloxacin has anti-inflammatory effect along with 

antibacterial effect by different mechanism. 

Remund K et al has shown that ciprofloxacin attenuates 

airway obliteration after tracheal transplantation and that 

this effect may be based on the modulation of the 

TH1/TH2-balance by this antibiotic drug.
20

 As already 

described imbalance in the TH1/TH2 parameters play a 

role in the development of IBD. This may be another 

mechanism by which ciprofloxacin has shown anti-

inflammatory activity in the present study. 

Thus form the above discussion it is seen that 

ciprofloxacin at a dose of 100 mg/kg has significant anti-

inflammatory effect. Ciprofloxacin (100 mg/kg) when 

combined with sulfasalazine, a reference standard drug 

has shown to improve colonic mucosal damage 

significantly. And also from the above discussion it can 

be seen that ciprofloxacin has anti-inflammatory effect in 

colonic mucosa by more than one mechanism. 

CONCLUSION 

The present study indicates the anti-inflammatory activity 

of Ciprofloxacin in Acetic acid-induced IBD. The effects 

are more pronounced at higher dose i.e., 100 mg/kg. 

Combination of ciprofloxacin and sulfasalazine has 

shown greater efficacy than single drug treatment. These 

findings however need further confirmation in human 

studies before it is introduced into clinical practice for 

treatment of inflammatory bowel disease. 
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