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Introduction  

Ulcerative colitis (UC), a chronic recurrent 

inflammatory disorder affecting colon and rectum, is 

one of the common forms of inflammatory bowel 

disease (IBD). The clinical manifestations of UC 

include abdominal pain, diarrhea, blood in the stool 

and weight loss (Choi et al., 2009). The acute phase 

of UC are characterized by colonic mucosal 

impairment and ulceration, and the manifestation of 

neutrophils and mononuclear cells in the mucosa 

(Grisham, 1994; Simmonds et al., 1992). It has been 

suggested that neutrophils exert their deleterious 

effects through their secretory products particularly 

reactive oxygen species (ROS) such as superoxide 

(O
-
2), hydroxyl radical (OH), nitric oxide (NO), 

hydrogen peroxide (H2O2), hydroperoxyl radical 

(O2H), and singlet oxygen (O2). Previous studies 

have revealed that an imbalance between ROS and 

Physiology and 

Pharmacology 

Physiol Pharmacol 23 (2019) 51-58 www.phypha.ir/ppj 

Abstract 

Introduction: Walnuts (Juglans regia), has been shown to exert anti-inflammatory 

and antioxidant effects. The present study was designed to evaluate the anti-

inflammatory and antioxidant effects of walnut extract (WE) on an experimental model 

of ulcerative colitis caused by intracolonic administration of acetic acid in rats. 

 

Methods: A total number of 30 rats were used, randomly assigned to five groups of 6 

rats each. Group I: colitis without treatment (colitis control), group II: normal animals 

(normal control), in groups III and IV colitis induced rats were treated with WE (10 and 

20mg/kg) for 8 consecutive days, and group V were treated with sulfasalazine (SLS, 

200mg/kg) as a standard drug. Several parameters, including macroscopic and 

histopathological scores and malondialdehyde (MDA), total sulfhydryl (SH) groups, 

colonic superoxide dismutase (SOD) and glutathione peroxidase (GPx) activities were 

measured using standard assay procedures.  
 

Results: Results revealed that treatment with 10mg/kg WE for 8 days attenuated the 

macroscopic and histopathological colonic damage scores as well as colonic levels of 

MDA, while increased the levels of total SH, SOD and GPx compared with colitis 

untreated group. The 20mg/kg dose had no protective effects. 

 

Conclusion: These findings suggest that protective effect of WE in the 

experimental model of colitis could be through an antioxidant mechanism. 
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antioxidant activity in chronic intestinal inflammation 

creates oxidative stress as the result of either 

excessive generation of ROS or a decreased 

antioxidant activity (Lih-Brody et al., 1996). Therefore, 

drugs or therapies that have antioxidant activity may 

be clinically useful for inflammatory bowel disease. 

However, due to the severe side effects of some 

conventional therapies used in IBD, more than half of 

patients have tried or are currently employing 

complementary and alternative medicine, especially 

in the form of herbal remedies (Hilsden et al., 1998; 

Lih-Brody et al., 1996; Moody et al., 1998).  
walnuts (Juglans regia) are receiving increasing 

interest among several nut types mainly due to the 

fact that the walnuts have several biological effects 

such as antimutagenic, antioxidant, anti-inflammatory 

and anti-atherogenic activities (Iwamoto et al., 2002; 

Reiter et al., 2005). Walnuts are rich in essential 

unsaturated fatty acids, especially linoleic acid. 

Walnuts also contain phytosterols, most notably beta-

sitosterol, delta(5)-avenasterol, and campesterol 

(Amaral et al., 2003). It has been shown that 

phytosterols could act as antioxidant in an in vivo 

system (Maguire et al., 2004). Squalene is another 

compound with antioxidant properties in walnuts 

which acts as an effective oxygen scavenger and 

prevents lipid peroxidation (Maguire et al., 2004). 

Furthermore, walnuts has been shown 

to increase serum antioxidant capacity and reduce 

the levels of biomarkers of oxidative stress in diabetic 

mice (Fukuda et al., 2004). 

To date, few studies have evaluated the antioxidant 

effects of nuts in experimental model of ulcerative 

colitis which is an oxidant mediated disorder. In view 

of these considerations, in the current study we 

employed in vivo assays to evaluate the antioxidant 

effect of walnuts extract (WE) in an animal model of 

ulcerative colitis induced by acetic acid (AA-induced 

colitis), which to the best of our knowledge has not 

been explored.  

Materials and methods  

Preparation of extract 

Walnut kernels were dried and then 300g of dried 

kernels poured into an electric mill to make powder. 

The dried powder was soaked in 96% ethanol for a 

maximum of 48 hours, and during this period has 

been shaken several times over so that the alcohol 

can easily evaporate. Then it strained and poured the 

alcoholic extract in the test tube and placed in the 

centrifuge machine at 4500 rpm for 8 minutes to 

separate the suspended particles. After 

centrifugation, the liquid was placed in the oven at 

70°C to obtain concentrated sap. Then different 

concentrations of extract were prepared and the 

experimental groups received an effective dose of 10 

and 20mg/kg body weight of WE dissolved in the 

solvent (Mokhtari, 2012).  

 

Animals 

Adult male Wistar rats (200-250g) were housed at 

controlled temperature of 22±2°C with a 12h 

light/dark cycle for one week before and during the 

experiments. They had free access to normal 

laboratory chow and water ad libitum. All procedures 

followed were approved by the Ethics Committee of 

North Khorasan University of Medical Sciences, 

North Khorasan, Iran. 

A total of 30 rats were used in this experimental study 

and randomly divided into five groups of 6 animals 

each. Group I: normal-control (NC) received 0.9% 

normal saline (intrarectal). Group II: colitis-control 

(CC) received acetic acid (3% v/v in 0.9% normal 

saline, intrarectal). Groups III and IV (treatment 

groups): AA-induced colitis animals were given WE 

(10 and 20mg/kg) and V: a positive control group that 

took sulfasalazine (SLS, 200mg/kg), a standard UC 

protective drug, for 8 days following induction of 

colitis.  

 

Induction of colitis  

Twenty-four hours starved rats were anesthetized by 

intraperitoneal injection of thiopental (50mg/kg), then 

a polyethylene tube with outer diameter of 2mm was 

carefully inserted 8cm into the colon through the 

anus. Two milliliters of acetic acid (3% v/v in 0.9% 

saline) or 0.9% saline solution was slowly instilled 

into the colon. Then the animals kept in a head down 

position for 30s to prevent solution from pouring out. 

As previous studies have shown, an intrarectal 

injection of 3% acetic acid produces colonic 

inflammation in rats with the histological 

characteristics similar to human ulcerative colitis ( El-

Medany et al., 2011). At the 8th day, animals were 

killed under deep anesthesia and colonic segments 

were excised about 10cm from the end of the colon 

for variables measurements. 
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Macroscopic damage score  

Visually assessment of gross inflammatory index was 

scored according to the following grading system 

(Langmead et al., 2002): 0, no inflammatory sign; 1, 

erythema changes in mucosal layer; 2, slight 

inflammation, mild swelling of mucosal, redness, 

minor erosions or slight bleeding; 3, intermediate 

inflammation, moderate swelling, erosions or 

bleeding ulcers and 4, intensive inflammation, severe 

ulceration, swelling and tissue necrosis. 

 

Histopathological analysis  

For histological analysis, colonic samples were fixed 

in 10% buffered formalin, embedded in paraffin, 

sectioned at 5μm and stained with hematoxylin and 

eosin. A histological score reflecting the severity of 

colonic inflammation was given on a scale as 

described previously (Naini and Cortina, 2012) with 

10 different parameters including: architecture of 

crypts, lymphoplasmacytic, ulcers, cryptitis, 

eosinophils in the lamina propria, granulomas, paneth 

cell metaplasia, lymphoid nodules, hyperplasia of 

the muscularis mucosae and endocrine cell 

hyperplasia. Scores of 2, 1 and 0 points were given 

according to the severity of the induced impairment 

and the sum score ranged from 0 to 17 points. 

 

Antioxidant studies 

Malondialdehyde (MDA) and total thiol 

measurements 

Lipid peroxidation was estimated by the measuring of 

MDA in tissue samples (Ohkawa et al., 1979). Briefly, 

after adding the tissue homogenate in to the 

thiobarbituric acid, it was boiled at 100°C for 45min. 

Then the samples were centrifuged for 15min at 

3000rpm and the stained product absorbance was 

read at 535nm (using a CECIL 2501 2000 series 

spectrophotometer), compared with a curve made by 

MDA standards and expressed in nmol/mg of protein.  

Total thiol content in the colon tissue samples was 

determined using 5,5′-dithiobis-(2-nitrobenzoic acid) 

(DTNB) as the reagent. In brief, 

tris-ethylenediaminetetraacetic acid (EDTA) buffer 

(1ml, pH=8.6) was added to intestine homogenate 

(50µl). Then, the absorbance was measured using a 

CECIL 2501 2000 series spectrophotometer 

(Cambridge, UK) at 412nm against tris-EDTA buffer 

alone (A1). The absorbance of DTNB reagent (as a 

blank) was read (B) and next, 20µl DTNB reagents 

were added to the mixture and the absorbance of the 

resulting solution was read again (A2). The 

concentration of thiol groups (mM) was calculated 

using the following equation: total thiol concentration= 

(A2−A1−B) × 1.07/0.05 × 13.6 (Hosseinzadeh et al., 

2005). 

 

Glutathione peroxidase (GPx) activity assessment 

GPx activity was evaluated using the ZellBio kit assay 

GPx product (ZellBio GmbH, Ulm, Germany) which is 

a simple, repeatable and standard method for 

measuring the activity of GPx in homogeneous tissue 

samples. The sample amount that catalyzed 

disintegration of 1µmole of GSH to GSSG per minute 

was considered as GPx activity in this assay. GPx 

activity was measured by the colorimetric method at 

412nm. 

 

Superoxide dismutase (SOD) activity 

SOD activity was measured using a ZellBio 

enzymatic assay kit (ZellBio GmbH, Ulm, Germany). 

The amount of the sample that catalyzed 

decomposition of 1μmol of O
2−

 into H2O2 and O2 per 

minute was considered as SOD activity. Absorbance 

was recorded at 420nm and expressed as units per 

milligram of protein. The intra and inter assay 

coefficient of variation were 6.5% and 7.4% for GPx, 

and 5.8% and 7.2% for SOD respectively. 

 

Statistical analysis 

SPSS 22 was used for statistical analysis. The one 

way analysis of variance followed by the post hoc 

Tukey's test was performed to compare quantitative 

variables between the experimental groups. 

Significant differences were considered at P<0.05. 

The results were expressed as mean±SEM.  

Results 

Macroscopic and histologic examination 

Administration of acetic acid produced remarkable 

macroscopic and histological signs of colitis. 

Macroscopically, edematous, hemorrhagic, ulcerated 

and necrotic colonic mucosa in AA-induced colitis 

group appeared compared to the normal-control 

group (Fig. 1). Furthermore, colonic tissue 

histopathological evaluation from colitis-control group 

revealed severe submucosal edema and crypt loss  

(Fig. 2b), while normal-control group showed a 
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Fig.1. Colon damage score of the normal-control (NC), colitis-control (CC) and AA-induced colitis groups treated with 

10mg/kg of WE (WE10), 20mg/kg of WE (WE20) and sulfasalazin (SLS). The data are shown in mean±SEM (n=6).  
**
P<0.01, compared to the colitis-control group. 

 

Fig.2. Histological appearance of colonic 

tissues. normal-control (a), colitis-control (b), 

acetic acid-induced colitis treated with 

20mg/kg of walnut extract (c), 10mg/kg of 

walnut extract (d) and sulfasalazin (e). 

Conventional formalin-paraffin sections were 

stained with hematoxylin and eosin. 
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preserved mucosal architecture (Fig. 2a). The 

morphological characteristics of AA-induced colitis 

rats treated with WE extract (10mg/kg) revealed 

significant amelioration of colonic tissue injury 

induced by acetic acid characterized by regenerative 

mucosa with slight lymphoplasmacytic infiltrate in the 

lamina properia (Fig. 2d). 

Moreover, the colitis rats treated with WE (10mg/kg) 

and SLS had both significantly (P<0.01) reduced 

damage scores in comparison to the colitis-control 

group. This effect was less pronounced in the colitis-

induced group treated with high doses of WE (Fig. 1).  

 

Effect of WE on lipid peroxidation 

The effect of WE on lipid peroxidation, a cell 

membrane injury indicator as a result of oxidative 

toxicity, is represented in Table 1. In the colitis 

untreated rats, the level of MDA increased 

significantly compared with that in the normal-control 

group (P<0.001). In the AA-induced colitis groups that 

received 10mg/kg of WE and 200mg/kg of SLS, MDA 

level reduced significantly in comparison to the colitis-

control animals (P<0.001). Whereas, treatment with 

high doses of WE induced no significant changes in 

MDA content of colonic tissue compared with that in 

the colitis untreated group. 

 

Colonic total thiol concentration 

Animals in the AA-induced colitis group had lower 

thiol contents (Table 1) in colonic tissues compared 

to the normal-control rats (P<0.001). Administration of 

low dose of WE and SLS increased the thiol 

concentration which were significant compared to that 

in the colitis-control group (P<0.05). 

 

Determination of colonic GPx and SOD activity 

The levels of GPx and SOD activities are displayed in 

Table 1. Results revealed that GPx activity decayed 

significantly (P<0.001) in acetic acid-treated rats as 

compared to the normal-control ones; however, 

treatment with WE at 10mg/kg significantly increased 

the GPx activity as compared with the colitis-control 

group (P<0.01). Whereas, WE extract at 20mg/kg 

showed no effect on the activity of GPx in comparison 

to colitis-control group.  

Furthermore, the animals in acetic acid-induced 

colitis group revealed lower SOD activity in colonic 

tissues compared to that of NC animals (P<0.05). A 

significant difference was also found in SOD activity 

between the rats treated with high dose of WE 

(20mg/kg) and NC group (P<0.05); however, WE in 

low dose increased SOD activity almost to the 

normal-control group. 

Discussion 

Our study revealed that WE has a protective effect on 

experimental colitis through its anti-oxidation 

properties. The ability of WE (10mg/kg/day) to 

attenuate colitis induced by acetic acid were 

demonstrated by the reduction in MDA and the 

simultaneous increase in total thiol levels as well as 

SOD and GPx activity in colonic tissue. Moreover, our 

macroscopic and histological analysis demonstrated 

the WE ability to ameliorate colonic damage and 

inflammation. 

Medical therapies currently used to manage human 

UC usually exert their beneficial effects via a 

combination of different mechanisms (Rutgeerts et 

al., 2003). Unfortunately, these drugs (eg, 5-

Table 1: SOD and GPx activity (U/ml), MDA (nmol/mg) and total thiol (nmol/g) content in the colonic tissues of 

the normal-control (NC), colitis-control (CC), and AA-induced colitis groups treated with 10mg/kg of WE 

(WE10), 20mg/kg of WE (WE20) and sulfasalazin (SLS) 200mg/kg. 

Groups NC CC WE 10 WE 20 SLS 

GPx 359.37 ±34 136.2±21.8
***

 293.89±17.9
##

 240.86±26
 

276.71±24.9
#
 

SOD 42.62±2.8 29.93±2.9
*
 34.41±1.5 32.24±1.8

*
 38.57±3 

MDA 11.14±1.6 50.20±4.6
***

 27.87±2.4
###

 40.62±2.7 19.14±3
###

 

Total thiol 36.47±1.7 17.39±2
***

 29.81± 2.6
#
 25.35±2.3 30.97±3.3

#
 

The data are shown in mean±SEM (n=6). 
#
P<0.05, 

##
P<0.01 and 

###
P<0.001compared to the colitis- control;  

*
P<0.05 and 

***
P<0.001 compared to the normal-control group. 
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aminosalicylic acid-releasing compounds or topical 

and systemic glucocorticoids) have serious side 

effects that limit their use (Rutgeerts et al., 2003). 

Therefore, the development of new therapies is an 

important goal in IBD treatment. 

One of the most important mechanisms of intestinal 

damage in IBD is the oxidative stress due to 

excessive production of ROS (Kruidenier and 

Verspaget, 2002). It has been shown that over-

production of reactive oxygen metabolites has a 

crucial role in the pathogenesis of acetic acid-induced 

colitis (Millar et al., 1996). Oxygen free radicals are 

involved in the process of lipid peroxidation, which 

results in the oxidative destruction of lipids and 

cellular damage. MDA is the end-product of lipid 

peroxidation processes in the cells (Del Rio et al., 

2005). In our study, the level of MDA as a marker of 

oxidative stress in the control colitis group was 

significantly higher than the other experimental 

groups. This is consistent with previous studies 

indicating lipid peroxidation in UC (Daneshmand et 

al., 2009; Sengül et al., 2011). Treatment with WE 

markedly reduced the elevation of colonic tissue 

MDA. This finding suggests that WE administration 

improves the colonic antioxidant status in animals 

with ulcerative colitis. 

It has been suggested that imbalance between the 

prooxidant and antioxidant mechanisms may play an 

important role in the development of colon 

inflammation and mucosal tissue damage in colitis 

(Seguí et al., 2005). Sulfhydryl (SH) groups, highly-

reactive components of protein molecules, are 

important scavengers of oxygen-derived free radicals 

(Del Maestro, 1980). SH groups known to be 

sensitive to oxidative damage (Soszyński and 

Bartosz, 1997). Studies have shown that thiol protein 

content in colonic mucosal tissue are targets of 

oxidative injury (Grisham et al., 1990), therefore we 

studied the effect of WE on the total thiol 

concentration following colitis. As expected following 

AA-induced colitis, a significant reduction in total thiol 

observed in colonic tissue. Our data also showed that 

treatment with low dose of WE for 8 days significantly 

increased the colonic thiol and therefore, increased 

the antioxidant power of homogenate samples of 

colon.   

SOD, an enzyme with antioxidant characteristics, can 

reduce the oxidative stress by transforming 

superoxide anions into more stable metabolite, 

hydrogen peroxide. It has been shown that colonic 

SOD levels decreased in ulcerative colitis and SOD 

administration diminished lipid peroxidation and 

ameliorated colonic inflammatory in UC (Seguí et al., 

2005). Some studies have reported that the levels 

SOD were increased by antioxidant agents in UC 

(Kuralay et al., 2003). In the present study, the levels 

of SOD in colon tissue reduced in colitis control group 

compared with the normal control group. Therapy 

with WE for 8 days resulted in a marked increase in 

SOD in colonic tissue that was not dose-dependent. 

GPx is an antioxidant enzyme that protects the body 

against oxidative stress by inactivating the 

free radicals. Using cellular GSH as the reducing 

agent, GPx catalyze the reduction of organic 

peroxides and H2O2 to the corresponding stable 

alcohols and water. Some experimental studies 

reported that the cytosolic GPx activity changes in the 

rat colon tissue in response to oxidative stress, which 

is modified by anti-inflammatory agents such as 

salicylates (Drew et al., 2005). The present study 

revealed a mark decline in GPx activity in AA-induced 

colitis group, and treatment with low dose of WE 

potentially enhanced the GPx activity in the colon 

tissue of treated rats. Because walnut components 

have strong antioxidant properties, it is suggested 

that inhibition of colitis-induced free radical 

generation by WE may be due to the neutralization of 

ROS. 

In the present study, we found that administration of 

low dose WE increased the antioxidant enzymes 

activities; however, no significant antioxidant effect 

was observed on the administration of high dose WE. 

Furthermore, histological examinations revealed an 

enhancement of colon tissue injury in relation to the 

biochemical findings.  

As far as we know, no studies have been shown the 

pro-oxidant effect of WE; however, several preclinical 

or clinical studies have shown that there are some 

herbal extracts which may have pro-oxidant effect 

and induce oxidative stress by unknown mechanisms 

(Taji et al., 2012; Kazemi et al., 2010; Rafieian-

Kopaei et al., 2011). In vitro studies have revealed 

that while the powerful antioxidant herbal drugs 

extracts in low concentrations usually induce 

increased cell viability, however, high concentrations 

may have cytotoxic effect by inducing severe 

oxidative stress (Taji et al., 2012; Kazemi et al., 2010; 

Rafieian-Kopaei et al., 2011).  
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It is known that flavonoids, ellagic, melatonin and 

gamma tocopherol (Anderson et al., 2001; Fukuda et 

al., 2003), which are chemical constituents of walnut, 

exert antioxidant and free radical scavengers 

properties (Atmani et al., 2009; Majid et al., 1991). 

Recent in vitro and in vivo studies have claimed that 

walnut seeds contain numerous groups of 

polyphenols known mainly as tannins, which were 

demonstrated to contribute the most antioxidant 

capacity of the WE (Anderson et al., 2001). 

Polyphenols and flavonoids can interact with the 

phospholipids of cell membranes through 

the formation of hydrogen bonds with the polar head 

groups of lipids and thus protect the integrity of the 

membrane from oxidative damage (Verstraeten et al., 

2003).  

On the other hand, polyphenols can act as both 

antioxidants and pro-oxidants depending on 

concentration. It has revealed that enzymes such as 

cytochromes P450, sulfotransferases and glutathione 

transferases, metabolize them and result in 

production of intermediate and final metabolites with 

pro-oxidants efficacy (Rafieian-Kopaei et al., 2011; 

Baradaran et al., 2012). So, as shown in the present 

study, antioxidant effect of WE was apparently 

overruled by pro-oxidant effects by increasing the 

dose. Hence, in order to minimize the unfavorable 

effects, antioxidant therapy must be critically 

controlled. 

Conclusion 

Current results suggest that treatment of 

experimental UC with low dose of WE used in this 

study for 8 days may reverse the oxidative stress 

occurring in AA-induced colitis. Our data suggest 

therapeutic benefits of WE therapy in experimental 

colitis as it decreased colon tissue MDA levels and 

restored total thiol content as well as SOD and GPx 

activities. It is likely that WE, because of its actions as 

an antioxidant and a free radical scavenger, merits 

consideration as a novel therapeutic target for 

treating colitis, although additional studies are 

required in order to elucidate the underlying 

mechanisms. 
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