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Protective Effect of Wolfberry Extract on Acetic Acid-induced Colitis in Rats
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ABSTRACT

Objective: To investigate the protective effect of wolfberry (WB) against acetic acid-induced 
colitis in rats.
Methods: The rats were divided into four groups with eight rats in each group: the control 
group, WB group, colitis group and WB + colitis group. Distal colitis was induced in rats by 
intracolonic instillation of 4% acetic acid. Wolfberry + colitis group received 100 mg/kg of WB 
extract dissolved in saline through the intraperitoneal route for 7 days. Acute colitis was cre-
ated on the 8th day, and the rats were sacrificed 48 hours later. Colonic damage was assessed 
by macroscopic and histological criteria as well as biochemical markers.
Results: Mean total antioxidant capacity (TAC), total oxidant status (TOS), tumour necrosis 
factor (TNF)-α, interleukin (IL)-1β and IL-6 levels were significantly higher in the colitis group 
compared with the control and WB groups (p < 0.05). The WB + colitis group had significantly 
lower TAC, TOS, TNF-α, IL-1β and IL-6 levels compared with the colitis group (p < 0.05). The 
analyses of the histopathological findings indicated that the colitis group had a significantly 
higher histopathological damage score than the control group (3.12 ± 0.45, 0 ± 0.00, respec-
tively; p < 0.05). Histopathological damage score was significantly higher in the WB + colitis 
group than in the control group and statistically significantly lower than the colitis group (1.62 
± 0.44, 0 ± 0.00, respectively; 3.12 ± 0.45, respectively; p < 0.05 for both comparisons).
Conclusion: Wolfberry extract is an agent that is effective for preventing acetic acid-induced 
colitis in rats.
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INTRODUCTION
Inflammatory bowel diseases have ill-defined aetiopatho-
genesis and may exhibit non-specific inflammatory and 
extraintestinal signs. Impaired balance of mucosal pro-
tective factors, bacterial overgrowth, and alterations in 
cytokine and inflammatory mediator synthesis had been 
implicated in their pathogenesis (1). Cytokines have a 
major role in immune system regulation and inflammato-
ry response. Some cytokines activate inflammatory cells, 
while some others mediate the growth, differentiation and 
activation of haematopoietic cells (2). Proinflammatory 
cytokines are thought to be upregulated and take part 
in inflammation in inflammatory bowel disease. Tumour 
necrosis factor (TNF)-α is a proinflammatory cytokine 

playing a role in the regulation of mucosal immune 
response as a part of the pathogenesis of the inflammato-
ry bowel disease. Interleukin (IL)-1 and TNF-α activate 
macrophages, polymorphonuclear leucocytes, fibro-
blasts, and endothelial cells to synthesize and release 
other cytokines, arachidonic acid metabolites and pro-
teases. In addition, IL-1 and TNF-α mediate the release 
of adhesion molecules that enable inflammatory cells to 
bind to and migrate from the vessel wall (3).

Wolfberry (WB), also colloquially named goji 
berry or Lycium barbarum, is a herb that belongs to the 
Solanaceae family, which has been historically used as 
a herbal product in the traditional Chinese medicine and 
as a ‘super food” among the population. It has recently 
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drawn scientific attention over its antioxidant effects 
and benefits as a nutrient, which are brought about by 
its polysaccharide complex content. It has recently been 
shown that WB extract and its polysaccharide content 
have certain anti-ageing, neuroprotective, anti-fatigue/
endurance-increasing, and anti-oxidant biological effects 
with anti-tumour activity and cytoprotection; they also 
exert beneficial effects on body metabolism, diabetes, 
glaucoma and immune functions (4, 5).

MATERIALS AND METHODS

Chemicals
Acetic acid was purchased from Arkim Medikal (Sokak, 
Turkey).

Cytokine, TAC and TOS assays
Tumour necrosis factor-α, IL-6 and IL-1β were pur-
chased from eBioscience (Vienna, Austria), and total 
antioxidant capacity (TAC) and total oxidant status 
(TOS) from the Rel Assay Diagnostics (Gaziantep, 
Turkey). The analyses were based on the instructions of 
the manufacturer.

Preparation of the WB extract 
The WB extract was prepared by soaking 50 g of shade 
dried, ground WB in 500 ml of ethanol for 7 days at 
room temperature. The mixture was then treated by a 
filtering process, and 2 g of the extract was obtained by 
desiccating the resulting mass (6). A high concentration 
of polysaccharides in the extract was achieved by etha-
nol-mediated extraction process of WB (7, 8).

Animals and the study protocol
Thirty two Wistar albino rats with a weight of 250–300 g 
from the Dicle University Health Sciences and Research 
Centre (Diyarbakir, Turkey) were randomized into four 
groups for the experiment. During the experiment, all 
the animals were treated humanely and fed with stand-
ard rat chow and water ad libitum while being kept in 
wooden cages with a size of 24 × 20 × 18 cm, which 
were located in an air-conditioned room with a con-
stant temperature of 21°C and alternating 12-hour light/
dark cycles. The rats were not allowed to eat or drink 
before the experiment. The local ethics committee for 
animal studies at Dicle University (Diyarbakir, Turkey, 
2013/41) approved the study. In our study, a model of 
acute colitis was created with acetic acid. A soft pae-
diatric catheter was placed 6 cm into the rectum of the 
rats under mild ether anaesthesia. The animals were then 

put in the Trendelenburg position and a 4% acetic acid 
solution (1 ml, pH: 2.5) was applied into the rectum 
through the intrarectal catheter. The rats were held in the 
Trendelenburg position for 30 seconds. The experimen-
tal groups were designed as follows.

The rats were divided into four groups with eight 
rats in each group. Control group: underwent the can-
nulation procedure without colitis induction, receiving 
normal saline instead of acetic acid; WB group: these 
rats were administered 100 mg/kg (9, 10) of WB extract 
dissolved in saline through the intraperitoneal route for 
7 days. The rats were sacrificed on the 8th day; colitis 
group: acute colitis was created 1 hour after intraperi-
toneal administration of 1 ml saline; the rats were 
sacrificed 48 hours later; WB + colitis group: the rats 
in this group received 100 mg/kg of WB extract dis-
solved in saline through the intraperitoneal route for 7 
days. Acute colitis was created on the 8th day and the 
rats were sacrificed 48 hours later.

The rats in all the study’s groups were anaesthesized 
24 hours after the administration of ketamin hydrochlo-
ride (50 mg/ml, 10 mg/kg, Ketalar; Bayer, Leverkusen, 
Germany) and intramuscular xylazine (2%, 0.1 ml/kg, 
Rompun; Bayer) 50 mg/kg in a solution of 2 ml/kg. All 
the rats were put in the supine position for the surgical 
procedure, and the laparotomy was done with a midline 
incision. The rats were sacrificed with the exsanguina-
tion method at the end of the procedure, and the bowel 
samples were taken thereafter. Following the centrifuge 
of the homogenates at 3000 rpm for 10 minutes at 4°C, 
the supernatants were removed and stored at −80°C until 
the biochemical analyses for TAC, TOS, TNF-α, IL-1β 
and IL-6.

BIOCHEMICAL ANALYSES

Measurement of TNF- α, IL-6 and IL-1β
Tumour necrosis factor-α, IL-6 and IL-1β were meas-
ured with commercially available rat enzyme-linked 
immunosorbent assay kits in compliance with the manu-
facturer's instructions.

Measurement of TOS
Tissue TOS levels were measured with a commercially 
available kit, developed by Erel (11). This assay con-
tained certain antioxidant molecules that performed the 
oxidation of the ferrous ion-o-dianisidine complex to 
ferric ion. This reaction was augmented by the glycerol 
molecules that were abundant in the reaction medium. 
The product of this reaction formed a coloured complex 
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Table:  Statistical comparisons of the mean biochemical parameters and pathology results across the study’s groups

Groups TAC TOS TNF-α IL-1β IL-6 MDS HDS
Group 1 (control) 1.1 ± 0.7 182.5 ± 51.2 668.4 ± 139.1 755.4 ± 109.6 720.5 ± 49.9 0 ± 0.00 0 ± 0.00
Group 2 (colitis) 0.3 ± 0.1a 325.6 ± 22.5a 2455.3 ± 26.6a 1015.2 ± 345.6a 1480.1 ± 540.9a 3.7 ± 0.32a 3.12 ± 0.45a

Group 3 (WB) 1.1 ± 0.3b 188.5 ± 32.4b 755.7 ± 284.4b 645.0 ± 58.5b 804.7 ± 47.6b 0 ± 0.00b 0 ± 0.00b

Group 4 (WB + colitis) 0.6 ± 0.1ab 255.9 ± 29.5ab 1286.4 ± 155.7ab 844.6 ± 64.2b 1012 ± 12.2ab 1.71 ± 0.68ab 1.62 ± 0.44ab

TAC = total antioxidant capacity (μmol H2O2 equivalent/L); TOS = total oxidant status (mmol Trolox Equiv./L); TNF-α = tumour necrosis factor-
alpha (pg/ml); IL-1β = interleukin-1 beta (pg/ml); MDS = macroscopic damage score; HDS = histologic damage score; IL-6 = interleukin-6 
(pg/ml); WB = wolfberry. 
ap < 0.05 vs group 1.
bp < 0.05 vs group 2. 
The results were presented as means ± SD.

with xylenol orange in an acidic medium. The spec-
trophotometrically measured colour intensity of the 
resulting mixture reflects the total quantity of oxidant 
molecules in the sample. The assay was calibrated with 
hydrogen peroxide, and the results were expressed as 
μmol H2O2 equivalent/L.

Measurement of total antioxidant status 
The rats’ tissue total antioxidant status (TAS) levels were 
measured using a commercially available kit developed 
by Erel (11). This assay reflected the antioxidative effect 
of the sample against the potent free radical reactions, 
which was started by the produced hydroxyl radical. 
The assay had been reported to have excellent preci-
sion values (< 3%). The results were presented as mmol 
Trolox equivalent.

Macroscopic and microscopic assessment of colitis
The animals were sacrificed using ether 24 hours after the 
induction of colitis. The distal colon of each animal was 
removed, incised in a longitudinal direction and washed 
with normal saline. An independent observer, using a 
magnifying glass scored macroscopic damage, based 
on the criteria below: 1 = intact, non-damaged epithe-
lium; 2 = patchy superficial hyperaemia; 3 = generalized 
patchy hyperaemic regions; 4 = diffuse hyperaemia and 
haemorrhage (12). The microscopic evaluation of the 
colonic samples was carried out after fixing them in 
10% formalin in phosphate buffer saline, embedding in 
paraffin, slicing into 5-mm thick sections, staining with 
haematoxylin and eosin, and randomly examining under 
light microscopy (five or more sections per colon). The 
scoring was based on the following scale: 0 = intact epi-
thelium, leucocytes or haemorrhage absent; 1 = < 25% 
disrupted epithelium, focal leucocyte infiltrates and 
focal haemorrhage; 2 = 25% disrupted epithelium, focal 
leucocyte infiltrates and focal haemorrhage; 3 = 50% 
disrupted epithelium, widespread leucocytes and 

haemorrhage; 4 = > 50% disrupted epithelium, extensive 
leucocyte infiltration and haemorrhage (13).

Statistical analyses
The study’s data were expressed as means ± SD and ana-
lysed by a one-way analysis of variance, followed by 
Tukey post hoc test for multiple comparisons. A non-
parametric test (Kruskal–Wallis test) with Dunn post hoc 
analysis was used for the macroscopic and histopatho-
logical data. A p-value of less than 0.05 was considered 
to be statistically significant.

RESULTS
The biochemical parameters were studied in all the 
groups. Mean TAC, TOS, TNF-α, IL-1β and IL-6 levels 
were significantly higher in the colitis group compared 
to the control and WB groups (p < 0.05). The WB + coli-
tis group had significantly lower TAC, TOS, TNF- α, 
IL-1β and IL-6 levels compared with the colitis group 
(p < 0.05). The Table presents the statistical comparisons 
of the mean biochemical parameters across the study’s 
groups.

The analyses of the histopathological findings indi-
cated that the colitis group had a statistically significantly 
higher histopathological damage score (HDS) than the 
control group (3.12 ± 0.45, 0 ± 0.00, respectively; 
p < 0.05). The HDS was statistically significantly higher 
in the WB + colitis group than in the control group and 
significantly lower than in the colitis group (1.62 ± 0.44, 
0 ± 0.00, respectively; 3.12 ± 0.45, respectively; p < 0.05 
for both comparisons). The statistical comparisons of all 
groups with respect to the mean macroscopic damage 
score and HDS are presented in Table. Figure shows the 
histopathological changes in the study’s groups.

DISCUSSION
Our study demonstrated the effectiveness of WB extract 
in an experimental model of colitis in rats. The effect of 
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WB extract was evident in terms of the inflammatory 
markers such as TAC, TOS, TNF-α, IL-1β and IL-6, and 
also the repair of histopathological damage. 

Inflammatory bowel disease is a disorder with ill-
defined aetiology, for which the search for an effective 
therapy continues (14). Mounting evidence suggests that 
signal molecules and pathways play an important role in 
its onset and course. There is evidence that upregulated 
inflammatory mediators such as cytokines, chemokines 
and adhesion molecules have a basic role in both humans 
and experimental models of colitis (15, 16).

Experimental colitis created with the use of acetic 
acid is among the standardized models of acute coli-
tis. Certain factors are required to create and maintain 
colitis, including increased vasopermeability, prolonged 
neutrophilic infiltration and increased level of inflam-
matory mediators (17). Our study indicated that acetic 
acid-induced acute colitis caused some macroscopic, 
microscopic and biochemical alterations. Acetic acid, 
when instilled into the rectum of the rats, caused severe 
localized mucosal erosion, as well as inflammation and 
bleeding (18, 19).

In the last decade, the protective effects of the anti-
oxidative properties of some natural herbal extracts on 
organ disorders of different origins had been investigated. 
Some examples of such extracts were the epigallocat-
echin gallate in green tea (20), the coprinus comatus 
fungus (21) and ginsan obtained from panax ginseng 
(22). Likewise, many studies had explored the effects of 
WB extract at the biochemical level and reported that 
it acts as an anti-oxidant, anti-ageing, anti-tumour and 
immune-stimulant agent. These effects had been linked 
to different organic and inorganic elements including 
beta carotene, riboflavin, ascorbic acid, thiamine cer-
ebroside, and betaine (23–27). Wolfberry extract had 
also been studied in the cellular injury of the liver, eyes, 
small intestine and the kidney (28–31).

Previous work had shown the efficacy of antioxi-
dant therapy in experimental models of colitis (32–35). 
Ghatule et al (36) reported an increase in antioxidant 
levels and a decrease in antioxidative capacity with 
Azadirachta indica leaves extract in acetic acid-induced 
colitis in rats. Yıldız et al (37) showed macroscopic and 
microscopic recovery with the TNF-α inhibitor pentoxi-
fylline in an experimental model of acetic acid-induced 
acute and chronic colitis in rats. El-Medany et al (32) 
demonstrated that cyclooxygenase inhibitors induced 
recovery by reducing oxidative capacity and increas-
ing antioxidative capacity in an experimental model of 
colitis. Our study indicated that WB reduced the oxida-
tive capacity and augmented antioxidative capacity in an 
experimental model of acetic acid-induced acute experi-
mental colitis, as evidenced by the change in the levels 
of TAC and TOS. 

Tumour necrosis factor-α, IL-1β and IL-6 are the main 
proinflammatory cytokines synthesized and released 
in response to oxidative stress and inflammation (38). 
Gastrointestinal host defence is an important area where 
cytokines is beneficial to the human body, although their 
excessive production may lead to bowel inflammation and 
impaired bowel motility (39). Tumour necrosis factor-α 
is a pivotal protein for the bowel inflammation that is 
responsible for most of the clinical features of inflamma-
tory bowel diseases (16, 40). The production and release 
of some other cytokines such as adhesion molecules, and 
arachidonic acid metabolites are enhanced by TNF-α; 
it also activates immune and non-immune cells. It was 
reported that inflammatory bowel disease in rats (41) 
and humans (42, 43) favourably responded to antibodies 
by avoiding TNF. The present study indicated that acetic 
acid instillation caused an increase in the production of 
the proinflammatory cytokine TNF-α. In addition, we 
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Figure:  The histopathological changes in the study’s groups. (A) Colonic 
tissues section of the control group (H&E ×100): intact epithelium, 
no leucocyte or haemorrhage. (B) Colonic tissues section of the 
wolfberry group (H&E ×100): intact epithelium, no leucocyte or 
haemorrhage. (C) Colonic tissues section of the colitis group (H&E 
×100): intense inflammation and ulceration of the epithelial surface 
and thickened colonic muscle layer. (D) Colonic tissues section of 
the colitis + wolfberry group (H&E ×100): mild inflammation in the 
epithelium, submucosal severe oedema and moderate inflammatory 
cell infiltration of mixed type.
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detected a significant increase in the tissue levels of the 
cytokines including IL-1β and IL-6 in addition to TNF-α 
in rats with experimental colitis. There was a significant 
difference between the WB + colitis group and the colitis 
group with respect to their mean cytokine levels. This 
result was consistent with the previous literature data. 

CONCLUSION
Wolfberry extract is an agent that is effective for prevent-
ing acetic acid-induced colitis in rats. The introduction 
of this agent into clinical practice as a protective and 
therapeutic agent requires further clinical studies in both 
animals and humans.

REFERENCES
1.  Dieleman LA, Ridwan BU, Tennyson GS, Beagley KW, Bucy RP, Elson 

CO. Dextran sulfate sodium-induced colitis occurs in severe combined 
immunodeficient mice. Gastroenterology 1994; 107: 1643–52.

2. Katz J. Inflammatory bowel disease. Med Clin N Am 1994; 78: 1207–31.
3. Sandborn WJ, Hanauer SB. Antitumor necrosis factor therapy for 

inflammatory bowel disease: a review of agents, pharmacology, clinical 
results, and safety. Inflamm Bowel Dis 1999; 5: 119–33.

4. Potterat O. Goji (Lycium barbarum and L. chinense): phytochemistry, 
pharmacology and safety in the perspective of traditional uses and recent 
popularity. Planta Med 2010; 76: 7–19.

5. Zhu YP. Chinese materia medica chemistry, pharmacology and applica-
tions. In: Zhu YP, ed. Amsterdam, Harwood Academic Publishers, 1998: 
642–6.

6. Ananthi R, Chandra N, Santhiya ST, Ramesh A. Genotoxic and antigen-
otoxic effects of Hemidesmus indicus R. Br. root extract in cultured 
lymphocytes. J Ethnopharmacol 2010; 127: 558–60.

7. Chen H, Mu M. Studies on extraction of polysaccharides from Lycium 
barbarum. J Anhui Agric Sci 2007; 35: 3736–7.

8. Meng LY, Qiu AS, Lan TF, Jiang CC. Optimization of ultrasound extrac-
tion technology of Lycium barbarum polysaccharide and study on its 
antioxidation ability. J Anhui Agric Sci 2009; 37: 12168–70.

9. Wang NT, Lin HI, Yeh DY, Chou TY, Chen CF, Leu FC et al. Effects of 
the antioxidants Lycium barbarum and ascorbic acid on reperfusion liver 
injury in rats. J Ethnopharmacol 2012; 139: 462–70.

10. Gündüz E, Dursun R, Zengin Y, İçer M, Durgun HM. Kanıcı A et al. 
Lycium barbarum extract provides effective protection against paracet-
amol-induced acute hepatotoxicity in rats. Int J Clin Exp Med. 2015; 8: 
7898–905.

11. Erel O. A novel automated method to measure total antioxidant response 
against potent free radical reactions. Clin Biochem 2004; 37: 112–9.

12. Kuralay F, Yildiz C, Ozutemiz O, Islekel H, Caliskan S, Bingol B et al. 
Effects of trimetazidine on acetic acid-induced colitis in female Swiss 
rats. J Toxicol Environ Health 2003; 66: 169–79.

13. Noronha-Blob L, Lowe VC, Muhlahauser RO, Burch RM. NPC 15669, 
an inhibitor of neutrophil recruitment, is efficacious in acetic acid-
induced colitis in rats. Gastroenterology 1993; 104: 1021–9.

14. Rutgeerts P. Medical therapy of inflammatory bowel disease. Digestion 
1998; 59: 453–69. 

15. Arai Y, Takanashi H, Kitagawa H, Okayasu I. Involvement of interleu-
kin-1 in the development of ulcerative colitis induced by dextran sulfate 
sodium in mice. Cytokine 1998; 10: 890–6.

16. Rogler G, Andus T. Cytokines in inflammatory bowel disease. World J 
Surg 1998; 22: 382–9.

17. Sakat SS, Juvekar AR, Gambhire MN. Invitro antioxidant and anti-
inflammatory activity of methanol extract of Oxalis corniculata Linn. 
Int J Pharm Pharm Sci 2010; 2: 146–55. 

18. Sharon P, Stenson WF. Metabolism of arachidonic acid in acetic 
acid colitis in rats: similarity to human inflammatory bowel disease. 
Gastroenterology 1985; 88: 55–63. 

19. MacPherson B, Pfeiffer C. Experimental production of diffuse colitis in 
rats. Digestion 1978; 17: 135–50. 

20. Chan HC, Chang RC, Koon-Ching Ip A, Chiu K, Yuen WH, Zee SY 
et al. Neuroprotective effects of Lycium barbarum Lynn on protecting 
retinal ganglion cells in an ocular hypertension model of glaucoma. Exp 
Neurol 2007; 203: 269–73.

21. Popovic M, Vukmirovic S, Stilinovic N, Capo I, Jakovljevic V. Anti-
oxidative activity of an aqueous suspension of commercial preparation 
of the mushroom Coprinus comatus. Molecules 2010; 15: 4564–71.

22. Shim JY, Kim MH, Kim HD, Ahn JY, Yun YS, Song JY. Protective 
action of the immunomodulator ginsan against carbon tetrachloride-
induced liver injury via control of oxidative stress and the inflammatory 
response. Toxicol Appl Pharmacol 2010; 242: 318–25.

23. Gan L, Hua ZS, Liang YX, Bi XH. Immunomodulation and antitumor 
activity by a polysaccharide-protein complex from Lycium barbarum. 
Int Immunopharmacol 2004; 4: 563–9.

24. Deng HB, Cui DP, Jiang JM, Feng YC, Cai NS, Li DD. Inhibiting effects 
of Achyranthes bidentata polysaccharide and Lycium barbarum polysac-
charide on non-enzyme glycation in D-galactose induced mouse aging 
model. Biomed Environ Sci 2003; 16: 267–75. 

25. Luo Q, Cai Y, Yan J, Sun M, Corke H. Hypoglycemic and hypolipidemic 
effects and antioxidant activity of fruit extracts from Lycium barbarum. 
Life Sci 2004; 76: 137–49.

26. Amagase H, Nance DM. A randomized, double-blind, placebo-con-
trolled, clinical study of the general effects of a standardized Lycium 
barbarum (Goji) juice, GoChi. J Altern Complement Med 2008; 14: 
403–12.

27. Seeram NP. Berry fruits: compositional elements, biochemical activi-
ties, and the impact of their intake on human health, performance, and 
disease. J Agric Food Chem 2008; 56: 627–9.

28. Xiao J, Zhu Y, Liu Y, Tipoe GL, Xing F, So KF. Lycium barbarum poly-
saccharide attenuates alcoholic cellular injury through TXNIP-NLRP3 
inflammasome pathway. Int J Biol Macromol 2014; 69C: 73–8.

29. Xiao J, Liong EC, Ching YP, Chang RC, Fung ML, Xu AM et al. Lycium 
barbarum polysaccharides protect rat liver from non-alcoholic steato-
hepatitis-induced injury. Nutr Diabetes 2013; 3: e81.

30. Yang X, Bai H, Cai W, Li J, Zhou Q, Wang Y, et al. Lycium barbarum 
polysaccharides reduce intestinal ischemia/reperfusion injuries in rats. 
Chem Biol Interact 2013; 204: 166–72. 

31. Yu MS, Leung SKY, Lai SW, Che CM, Zee SY, So KF et al. 
Neuroprotective effects of antiaging oriental medicine Lycium barba-
rum against beta-amyloid peptide neurotoxicity. Exp Gerontol 2005; 40: 
716–27.

32. El-Medany A, Mahgoub A, Mustafa A, Arafa M, Morsi M. The effects 
of selective cyclooxygenase-2 inhibitors, celecoxib and rofecoxib, on 
experimental colitis induced by acetic acid in rats. Eur J Pharmacol 
2005; 507: 291–9.

33. Oruç N, Kutluana U, Sezak M, Yenisey Ç, Gürsel D, Aydemir Ş et al. 
Effects of leflunomide in acetic acid-induced acute colitis in rats. Acad J 
Gastroenterol 2008; 7: 67–72.

34. Hagar HH, El-Medany A, El-Eter E, Arafa M. Ameliorative effect of 
pyrrolidinedithiocarbamate on acetic acid-induced colitis in rats. Eur J 
Pharmacol 2007; 554: 69–77.

35. Xing J, Sun J, You H, Lv J, Sun J, Dong Y. Anti-inflammatory effect of 
3,4-oxo-isopropylidene-shikimic acid on acetic acid-induced colitis in 
rats. Inflammation 2012; 35: 1872–9. 

36. Ghatule RR, Goel Shalini, Gautam MK, Singh A, Joshi VK, Goel RK. 
Effect of Azadirachta indica leaves extract on acetic acid-induced colitis 
in rats: role of antioxidants, free radicals and myeloperoxidase. Asian 
Pac J Trop Dis 2012; 2: 651–7.

37. Yıldız Ç, Oruç N, Kuralay N, Erkuş M, Zihnioğlu F, Özütemiz Ö. 
Effects of pentoxyphylline in acute and chronic colitis models in rats. 
Acad J Gastroenterol 2008; 7: 129–36.

38. Nijveldt RJ, Teerlink T, Van Der Hoven B, Siroen MP, Kuik DJ, 
Rauwerda JA et al. Asymmetrical dimethylarginine (ADMA) in critically 



 Icer et al 361

ill patients: high plasma ADMA con¬centration is an independent risk 
factor of ICU mortality. Clin Nutr 2003; 22: 23–30.

39. Bossone C, Hosseini JM, Pineiro-Carrero V, Shea-Donohue T. 
Alterations in spontaneous contractions in vitro after repeated inflamma-
tion of rat distal colon. Am J Physiol Gasterointest Liver Physiol 2001; 
280: G949–57.

40. Derkz B, Taminiau J, Radema S, Sronkhorst A, Wortel C, Tytgat G et 
al. Tumor-necrosis factor antibody treatment in Crohn's disease. Lancet 
1993; 342: 173–4.

41. Bobin-Dubigeon X, Collin N, Grimaud JM, Robert G, Le Baut L, Petit 
JY. Effects of tumor necrosis factor-αsynthesis inhibitors on rat trini-
trobenzene sulphonic acid-induced chronic colitis. Eur J Pharmacol 
2001; 42: 103–10.

42. Brown SJ, Abreu MT. Antibodies to tumor necrosis factor-alpha in the 
treatment of Crohn's disease. Curr Opin Drug Discov Dev 2005; 8: 
160–8.

43. Sandborn WJ. New concepts in anti-tumor necrosis factor therapy for 
inflammatory bowel disease. Rev Gastroenterol Disord 2005; 5: 10–8.

© West Indian Medical Journal 2021.
This is an article published in open access under a Creative Commons 
Attribution International licence (CC BY). For more information, please 
visit https://creativecommons.org/licenses/by/4.0/deed.en_US.


