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ABSTRACT 

Background: Crohn's disease is a transmural, relapsing inflammatory 

condition affecting the digestive tract. Opioid signaling was known to 

affect secretion and motility in the gut and may be implicated in the 

inflammatory cascade of Crohn's disease. Endogenous Opioid peptides 

modulate inflammatory cytokine production. Opioid antagonists have 

been shown to play a role in healing and repair of tissues.  

Aim of the study: to detect the possible beneficial effects of opioid 

antagonist naltrexone in acetic acid-induced enteritis in rats. 

Animals and Methods: Mature rats are allocated into 9 groups (6 rats 

each). Enteritis was induced by2trans-rectal injection of acetic acid 4%(2 

mg/kg). Salfasalazine (500mg/kg/day), naltrexone (0.05,0.5and one 

mg/kg/day), and their combination were administered orally from day 1 to 

day 10. Disease activity index (DAI), biochemical parameters including 

serum levels of CRP and TNFα, macroscopic and microscopic 

pathological scores, and in vitro experimental motility studies were used 

to evaluate the effects of the tested drugs on normal as well as model 

groups. 

Results: Induction of enteritis with acetic acid resulted in significant 

deterioration of DAI, significant elevation of the measured biochemical 

parameters, and significant deterioration of pathological scores. Treatment 

with sulfasalazine, low dose of naltrexone, high dose of naltrexone as well 

as treatment with combination of salfasalazine and naltrexone in both used 

doses resulted in significant improvement of all measured parameters. 

Also, Ach-induced contraction of isolated ileal segment showed 

significant decrease in untreated ones. 

Conclusion: The results of the present study revealed that naltrexone has 

the potential to ameliorate the inflammatory response to acetic acid. So 

opioid antagonist. 

Keywords: IMRT; High-Grade Gliomas; limited volumes. spinal.

INTRODUCTION 

Enteritis is inflammation of small intestine caused by 

wide range of infectious and non-infectious agents. 

The disease may result from norovirus, rotavirus, 

campylobacter and giardia infection.1 

Crohn's disease, celiac disease, ulcerative colitis and 

radiation enteritis are the main non-infectious risk 

factors. Crohn's disease is known as an idiopathic, 

chronic gastrointestinal inflammatory disease which 

can impact any part of the tract, particularly the 

terminal ileum and colon.2 

Crohn's disease starts as a focal inflammatory 

infiltrate accompanied by superficial mucosal 

ulceration across the crypts. The deep mucosal layers 

are later infiltrated by inflammatory cells and start to 

 assemble onto noncaseating granulomas. The 

granulomas spread via all the intestinal wall layers as 

well as through the mesentery and regional lymph 

nodes.3 Significant variables are both hereditary 

vulnerability and environmental triggers.4 

Patients with Crohn's disease often undergo cycles of 

symptomatic relapse and recovery.5 Manifested 

mainly by abdominal pain and diarrhea, that can be 

compounded by intestinal fistulization or obstruction, 

rectal bleeding, high temperature, weight loss, 

malnutrition, osteoporosis, vitamin deficiency, 

depression, and anxiety.6 

There are no specific laboratory investigations for 

Crohn's disease diagnosis. In the diagnosis of Crohn's 
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disease, endoscopic visualisation and biopsy are 

important.7 

Management of Crohn's disease depends primarily on 

hasting inflammation. In mild and moderate cases, 

Aminosalicylates (such as Sulfasalazine) may be used. 

In extreme and resistant cases, corticosteroids, 

immunomodulators such as Azathioprine, and 

Infliximab are used.8 

Several studies have shown that immune cells can 

express μ, x, and δ-opioid receptors.9 There is growing 

reports that opioid can control immune responses. T-

cells and macrophages may be sensitised by opioid 

peptides as other pro-inflammatory stimuli.10 The 

signaling by opioid receptors expressed by intestinal 

immune cells has a major effect on the development 

of cytokines and inflammation of the intestine.11 

The purpose of this study is to assess the impact of 

various graded doses of opioid antagonist 

"Naltrexone" alone or with Salfasalazine on the 

inflammatory process in acetic acid-induced enteritis 

in rats compared to Sulfasalazine alone. as standard 

drug. 

ANIMALS AND METHODS 

Drugs used: 

Naltrexone (SIGMA pharmaceutical company, 

Egypt)was dissolved in distilled water and 

administered to rats in a dose 0.05 mg/kg/day and 0.5 

mg/kg/day and 1mg/kg/day for 10 days. 12 

(Doses have been extrapolated by means of the Body 

Surface Area (BSA)-based dose translation formula. 
13 

Sulfasalazine (Salazopyrin, Pfizer) 500 mg tablets 

have been smashed and dissolved in distilled water 

and administered orally to rats at a dosage of 500 

mg/kg/d by means of oral gavage.14 

Animals : 

Animals will be used Fifty four healthy white albino 

rats weighed 150-200 g supply by al-Nile 

Pharmaceutical Company from the animal house. At 

room temperature, rats were kept in stainless steel 

crates under a light/dark period of 12 hours. The study 

was in compliance with the guidelines for animal 

research.. 

The animals have been divided into nine groups. (6 

each). Group 1: Normal rats serving as control, Group 

2: received acetic acid 4% 2ml transrectal for 10 days. 

(Control group of acetic acid-induced enteritis), 

Group 3: received acetic acid and Naltrexone in a dose 

0.05 mg/kg/day for 10 days, Group 4: received acetic 

acid and Naltrexone in a dose 0.5 mg/kg/day for 10 

days, Group 5: received acetic acid and Naltrexone 

(dose 1 mg/kg/day for 10 days15, Group 6: received 

acetic acid and Sulfasalazine( dose of 500mg/kg/day 

dissolved in 1ml water for 10 days), Group 7: received 

acetic acid, Naltrexone (dose of 0.05 mg/kg/day and 

Sulfasalazine dose of 500 mg/kg/day for 10 days), 

Group 8: received acetic acid, Naltrexone (dose of 0.5 

mg/kg/day and Sulfasalazine dose of 500 mg/kg/day 

for 10 days) and Group 9: received acetic acid, 

Naltrexone (dose of 1 mg/kg/day and Sulfasalazine 

dose of 500 mg/kg/day for 10 days) . 

Enteritis was induced by transrectal administration of 

2ml acetic acid 4% through pediatric catheter as 

described by Yamada et al., 1993.15

Assessment of intestinal inflammation: 

1. Disease activity index (DAI)

-Bodyweight changes: 

Each rat's body weight was registered. On day one, 

body weight was assumed to be 100% weight and 

weight changes every day were calculated as a 

deviation from day one weight . 

-Stool consistency : 

Clinical inflammatory response characteristics were 

obtained via the accuracy of the follow-up stool. By 

placing the rats separately in cages without bedding, 

the stool consistency was rated. They have been kept 

in the cages until ample stool was released to maintain 

the consistency. A spatula then pulled the stool out and 

smeared a slice of cardboard with it.  

Diarrhea presence and severity were scored on a scale 

of (0 to 3).16 

0 Normal well-formed pellets 

1 Slight soft but well-formed 

2 Soft not formed 

3 Watery stool 

Gross rectal bleeding was scored on a scale (0 to 3). 16 

0 No traces of blood 

1 Specks of blood in stool 

2 Blood present in stool 

3 Prominent blood in stool and or sticking 

all around rectum . 

2. Collection of blood samples:

From the retro-orbital venous plexus, venous samples 

were collected. At room temperature, the obtained 

blood samples were incubated until blood clotted and 

then centrifuged to separate the serum. Serum samples 

were tested for laboratory evaluation of C.reactive 

Protein (CRP) and tumor necrotic factor (TNF-α) 

serum levels. 
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3. Pathological examination :

Rats were slaughtered and the small intestine 

separated, held on an ice-cold tray, cleaned of fat and 

mesentery, then opened along the anti-mesenteric 

boundary, then longitudinal jejunum and ileum 

samples were collected and checked for signs of 

inflammation or ulceration. Segments were stored for 

histopathological examination and in-vitro studies . 

Macroscopic appearance: 

The intestinal mucosa graded on a scale from (0-6).14 

0 no macroscopic change 

1 Mucosal erythema at site 

2 Loss of mucosal integrity 

3 Lesions having diameter  ≤2mm no ≤ 5 

4 Lesions having diameter  ≤2mm no ≥ 5 

5 Lesions having diameter  ≥ 2mm no≤ 5  

6 Lesions having diameter  ≥ 2mm no ≥ 5 . 

Statistical Analysis 

The mean ± standard error (X ± SE) was represented 

as the variability of the outcomes. By using the one-

way analysis of variance (ANOVA) followed by 

Tukey's test as a post hoc analysis, statistical analysis 

of the difference among groups was conducted. The 

charts were created using the Microsoft Office XP 

2010 Excel software. Degree of significance(P > 0.05 

= insubstantial variations, P< 0.05 = substantial 

variations). 

RESULTS 

Group mean body 

weight 

(day1) 

mean body 

weight 

(day10) 

 Normal Group 1 201±0.9 201±0.9 

Acetic acid model 

Group 2 

201±0.9 162±0.8* 

Low dose Naltrexone 

Group 3 (0.05mg) 

201±0.9 198±0.9# 

Medium dose Naltrexon 

Group 4 (0.5mg) 

201±0.9 199±0.9# 

Hihg dose Naltrexon 

Group 5 ( 1mg) 

201±0.9 200±0.7# 

A.acid+ Sulfasalazine 

Group 6 

201±0.9 191±0.9*# 

A.acid+ sulf+Low dose 

Naltrexon Group 7 

201±0.9 194±0.9# 

A.acid+ sulf +medium 

dose Naltrexon Group 8 

201±0.9 200±0.9# 

A.acid+Sulf+high dose 

Naltrexone Group 9 

201±0.9 200±0.9# 

Table 1: The mean body weight (Mean± SE) in rats 

of different groups (* =significant change; p value 

<0.05) relative to group 1, . # = significant change; p 

value <0.05 relative to group 2). 

Fig 1: The mean body weight in groups of rats. 

Group Rectal 

Bleeding 

score 

Normal Group 1 0.0±0.0 

Acetic acid model Group 2 2.3±0.5* 

Low dose Naltrexone Group 3 

( 0.05 mg) 

0.0±0.0 

Medium dose Naltrexon Group 4 

( 0.5 mg)  

0.0±0.0 

Hihg dose Naltrexon Group 5 

( 1  mg ) 

0.0±0.0 

Acetic acid+ Sulfasalazine Group 6 0.2±0.4# 

A. acid+ sulf+Low dose Naltrexon 

Group 7 

0.2±0.4# 

A.acid+ sulf +medium dose 

Naltrexon Group 8 

0.2±0.4# 

A.acid+Sulf+high dose Naltrexone 

Group 9 

0.2±0.4# 

Table 2: The score of blood in stool in rats of various 

groups (Mean± SE). (* =significant change; p value 

<0.05) relative to group 1, . # = significant change; p 

value <0.05 relative to group 2). 

Fig 2: The mean score of the blood in stool in studied 

groups. 

Fig 3: The mean of serum levels of CRP in studied 

groups. 
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`Group CRP 

 Normal Group 1 0.19±0.02 

Acetic acid model Group 2 5.55±0.51* 

Low dose Naltrexone 

Group 3 (0.05mg) 

0.21±0.05 

Medium dose Naltrexon 

Group 4 (0.5mg) 

0.21±0.05 

Hihg dose Naltrexon 

Group 5 (1mg) 

0.21±0.05 

Acetic acid+ Sulfasalazine 

Group 6 

0.73±0.12*# 

A. acid+ sulf+Low dose 

Naltrexon Group 7 

0.81±0.13*# 

A.acid+ sulf+ medium dose 

Naltrexon Group 8 

0.87±0.15*# 

A.acid+ Sulf+ high dose 

Naltrexone Group 9 

0.71±0.11*# 

Table 3: The serum levels of CRP (µg/L) in rats of 

various groups (Mean ±SE). (* =significant change; p 

value <0.05) relative to group 1, . # = significant 

change; p value <0.05 relative to group 2). 

 Group TNFα 

 Normal Group 1 32.5±5.6 

Acetic acid model Group 2 599.8±88.6

* 

Low dose Naltrexone Group 3 

(0.05mg) 

30.2±3.5# 

Medium dose Naltrexon Group 4 

(0.5mg) 

33.2±5.6# 

High dose Naltrexon Group 5 (1mg) 30.8±3.4# 

Acetic acid+ Sulfasalazine Group 6 69.8±5.3*# 

A. acid+ sulf+Low dose Naltrexon 

Group 7 

73.5±8.9*# 

A.acid+ sulf +medium dose 

Naltrexon Group 8 

92.5±6.7*# 

A.acid+Sulf+high dose Naltrexone 

Group 9 

67.5±6.7*# 

Table 4: The serum levels of TNFα (pg/ml) in rats of 

various groups (Mean ±SE). (* =significant change; p 

value <0.05) relative to group 1, . # = significant 

change; p value <0.05 relative to group 2). 

Fig 4: The mean of serum levels of TNF in studied 

groups. 

Group Macroscopic 

appearance 

 Normal Group 1 0.0±0.0 

Acetic acid model Group 2 4.7±0.8* 

Low dose Naltrexone 

Group 3 (0.05mg) 

0.0±0.0 

Medium dose Naltrexon 

Group 4 (0.5mg) 

0.0±0.0 

High dose Naltrexon 

Group 5 (1mg) 

0.0±0.0 

Acetic acid+ Sulfasalazine 

Group 6 

1.3±0.5*# 

A. acid+ sulf+Low dose 

Naltrexon Group 7 

1.7±0.8*# 

A.acid+ sulf +medium dose 

Naltrexon Group 8 

1.5±0.5*# 

A.acid+Sulf+high dose 

Naltrexone Group 9 

1.3±0.5*# 

Table 5: The macroscopic appearance of the intestine 

of rats in various groups (Mean ±SE). (* =significant 

change; p value <0.05) relative to group 1, . # = 

significant change; p value <0.05 relative to group 2). 

Fig 5: The mean of macroscopical score in studied 

groups. 
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Fig  6: A Photograph of normal control group. (A) Showing the normal villous pattern and architecture of ileal 

mucosa. (B) Showing the normal appearance of proximal ileum with abundant goblet cells. (C) Showing normal 

villous pattern and architecture. (D) Showing intact crypts of the epithelial lining with normal villous pattern. 

Fig 7: Four photographs of Acetic acid-induced enteritis group (group 2). (A) Showing destruction of epithelium 

and glands with central ulceration, with underlying dense inflammation. (B) Widening of the villi. (C) Prominent 

mucosal oedema. (D) Nuclear stratification and loss of goblet cells, typical appearance of intestinal inflammation 

induced by Acetic acid. 

Fig 8: (A), (B): Two photographs show restoration of villous pattern and showing focal marginal mucosal 

regeneration in sulfasalazine treated group. 

A B

C D

A

B

C
D

A B
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Fig 9: (A) A photograph showing improvement of inflammatory score with regeneration of mucosa and serosal 

fibrosis in low dose naltrexone treated group. (B) A photograph of high dose naltrexone treated group 8 showed 

focal regeneration of mucosa. (C) A photograph of the combination sulfasalazine with low dose naltrexone treated 

group 9 showed regeneration mucosa with improvement of intensity of inflammation. (D) A photograph of the 

combination sulfasalazine with high dose naltrexone treated group 10 showed regenerated mucosa with retained 

villous pattern, architecture, and normal goblet cells. 

DISCUSSION 

While the precise reason of Crohn's disease remains 

unclear, evidence indicates a complicated interplay of 

genetic, microbial, environmental immune, and non-

immune variables.  

Several studies have pointed to over-stimulation or 

insufficient control of the mucosal immune system. 

Therefore, any medication that can inhibit these 

immunological and inflammatory effector pathways is 

likely to enhance the symptoms of patients and reduce 

inflammatory reactions. 17 

Treatment begins with non-specific suppression of the 

mucosal immunological response to more specific 

intervention in the immune cascade as immune 

modulators.18 Therapy with many of these medicines, 

however, may be correlated with uncommon but 

dangerous adverse effects, which include lymphoma 

and opportunistic infections 19,20 

In the present study, per rectal injection of acetic acid 

induced severe intestinal inflammation and 

deterioration of disease activity indices including 

progressive weight loss and dark loose stools as 

indication of intestinal ulceration and bleeding. 

Furthermore, the lesions were associated with changes 

in biochemical parameters which included a 

substantial rise in the level of CRP, TNF- α.  

Pathological findings are more apparent in distal 

jejunum and proximal ileum, including mucosal 

oedema, hemorrhage and necrosis. Morphological and 

biochemical changes were parallel to 

histopathological results that showed increased 

inflammatory cell infiltration, hemorrhage areas, and 

tissue necrosis with marked deterioration in 

pathological scores. Lesions occur primarily on the 

mesenteric side of the distal small intestine as 

longitudinal ulcers with varying degrees of 

inflammation and necrosis that are visible in all layers 

of the intestinal wall. 

These results may be due to depletion of 

Prostaglandins (PG) plays a major role in the 

pathogenesis of inflammation caused by acetic acid, 

ulcers, and increased intestinal permeability, allowing 

luminal contents, like bacterial components, to invade 

the intestinal wall, causing inflammation. This is in 

consensus with Stadnicki et al. 21 who demonstrated 

the function of proinflammatory cytokines in starting 

and preservation of intestinal inflammation caused by 

the acute phase of acetic acid and in a proven model 

of Crohn's disease.  One of the mechanisms of 

intestinal inflammation caused by acetic acid is 

oxidative stress.21 

With the villus tip cells, free radicals induce damage 

and mitochondrial malfunction in the enterocytes. In 

the intestinal brush border membranes, oxidative 

stress has contributed to functional and structural 

degradation in these membranes.22 

The present study showed that treatment of acetic 

acid-induced enteritis with Sulfasalazine 

administration for 10 days at a dosage of 500 mg/kg 

started from day 1 of acetic acid administration 

showed significant improvement in all parameter; 

disease activity index, weight loss, frequency of 

diarrhea, rectal bleeding, increased serum levels of 

A B

C D
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TNF α and CRP and improvement in the gross and 

histopathological scores.  

Sulfasalazine can partially induce improvement in 

inflammatory diseases by blocking the development 

of Mediators of inflammation. By blocking the 

activity of cyclooxygenase and lipoxygenase, 5-ASA 

may decrease inflammation. Its ability to inhibit the 

formation and/or scavenging of neutrophil reactive 

oxygen metabolites and to minimise infiltration of 

neutrophils may also help to suppress inflammation.23 

These results are in agreement with Lim and 

Hanauer,24 who reported that in patients with crohn's 

disease, sulfasalazine caused substantial remission 

relative to placebo. Prakash et al. 25 demonstrated a 

substantial decrease in neutrophil infiltration and 

mucosal inflammation following therapy with 

salfasalazine, a rat model of Crohn's disease. 

In the present study, animals with acetic acid-induced 

enteritis, which received Naltrexone in different doses 

for 10 days showed significant amelioration in DAI, 

significant reduction increased serum TNF α and CRP 

levels. Moreover, there was significantly 

improvement in the gross and histopathological 

scores.  

Naltrexone's ability to reverse inflammation and 

reduce disease activity may be due to its narcotic 

antagonist effect. Naltrexone is a powerful μ-opioid 

receptor (MOR) inhibitor in the gut that prevents the 

interaction of opioid receptors with endogenous 

opioids.26  

During inflammation, cytokine release has a 

significant function in the overexpression of MOR 

mRNA. Tegeder and Geisslinger 27 and Holzer 28 

showed that IL-4 regulates the development of MOR 

mRNA by binding STAT-6 transcription factors to the 

promoter of the MOR gene. 

Impaired release of β‐endorphin29 and overexpression 

of MOR by the intestinal cells in patients with CD30 

indicates that unbalanced ligand/receptor ratio has a 

direct relationship with the pathogenesis of the 

disease.  

By preventing MOR, Naltrexone can contribute to a 

compensatory boost in both, opioid receptor number 

sensitivity31,32 and increase the development of 

endogenous opioids33 that activate them to resolve the 

disengagement and recovery of opioid peptides from 

their receptors.  

Improving the development of endogenous opioids 

may also trigger an anti-inflammatory response 

through activation of KOR, which can lead to cytokine 

down-regulation, expression of chemokine receptors, 

decreased expression of adhesion molecules, 

decreased release of TNF.34. 

Naltrexone has an antagonistic impact on non-opioid 

receptors, such as Toll-like receptor 4 (TLR4)35 

located in macrophages that can inhibit pro-

inflammatory cytokines, P, nitric oxide, and excitatory 

amino acids.36. 

The results of the current research are consistent with 

other studies that have established the possible 

advantage of blocking opioid receptors in Crohn's 

disease. Rutgeerts et al37, Smith et al12, Jones et al38, 

Dotan et al39, and Segal et al40 documented the effect 

of Naltrexone in reversing inflammatory activity and 

assisting mucosal healing relative to placebo-treated 

controls in patients with moderate to severe Crohn's 

disease. 

In CD patients who failed or were intolerant to anti-

TNF α biologic agents, Smith et al41 reported a 

substantial enhancement with Naltrexone treatment at 

4.5 mg daily. 

Matters et al11. identified a beneficial effect of 

Naltrexone in reducing inflammation of the intestinal 

tract and RNA of the pro-inflammatory cytokines 

interleukin IL-6 and IL-12 in normal colitis-induced 

dextran sulphate sodium (DSS) in mice. 

The findings of the current research are contrary to 

Cohen et al42 who stated that narcotic use was 

associated with worsen DAI and aggravation of the 

disease. Steven 43 who stated that the low dose of 

Naltrexone could make autoimmune disease worse.  

In the current research, there was insignificant 

difference between the results obtained by treatment 

of the acetic acid induced enteritis model with 

Naltrexone and those treated with Salfasalazine.  

The previous improvement may be due to the effect of 

endogenous opioid in increase the intestinal transient 

time 44. Influence of the azo bond connection in 

Salfasalazine may also explain this. This azo bond 

linkage promotes the active secretion of anions and 

prevents the absorption of sodium chloride through 

the small intestine in order to underlie the diarrhoea-

promoting impact of azo bond linkage compounds.45. 

The response of excitatory opioids was selectively 

blocked by small doses of opioid antagonists (through 

Gs-protein rather than its inhibitory response (through 

Gi-protein) 46.  

These results may give new important opportunities 

for the development of new therapeutic methods for 

Crohn's disease treatment. Compared to other 

immunosuppressive drugs, the fact that the use of 

Naltrexone, particularly in small doses, has few, if 

any, adverse effects make it of interest for treatment 

of CD. It also offers the potential to reduce doses of 

immune modulating agents if used as combined 

therapy. 

Its oral route of administration includes some of the 

benefits of Naltrexone treatment, and once daily 

dosing, especially in adolescents, can improve patient 

compliance.  
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Low doses of Naltrexone will result in a sense of well-

being and mood change help to minimize stress, 

decrease depression, and increase healing.  

On the other hand, the benefits of Sulfasalazine, 

depends on the dosage. The larger the dose, the greater 

the probability of recovering and remission. As the 

dosage increases, the side effects of Sulfasalazine 

become more intolerable; nausea, headache, 

weakness, mouth sores, extreme dizziness, and 

difficulty breathing can occur. To prevent blood 

diseases, liver damage, and nerve/muscle issues, folic 

acid should be taken every day.8 

CONCLUSION 

The findings of the current research have shown that 

Naltrexone has the ability to reduce the inflammatory 

response to acetic acid, which may have protective 

effects on the mucosa and provide promising tool for 

Crohn's disease treatment. Considering the beneficial 

advantage of Naltrexone, especially at low doses, and 

the absence of any related immunosuppressive side 

effects from the use of this medication, this therapy 

may be more preferable than monotherapy to 

decreased doses of immune modulatory therapy in the 

combination therapy of Crohn's disease. 
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