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ABSTRACT 

Gastric ulcer disease refers to painful sores or ulcers in the lining of the stomach. This research was planned to determine the 

possible gastro-protective effects of red cabbage (RC) leaves extract against naproxen (NX)-induced gastric mucosal damage in 

experimental rats. Rats (n=50) were distributed into 5 groups; control, NX, RC leaves extract (1g/kg) +NX, amlodipine (AD) (0.5 

mg/kg) (reference drug) +NX and RC+AD+NX daily for 14 days. Rats were sacrificed 6 hours post NX given. Blood samples and 

gastric tissue were collected for biochemical analysis and histopathological examination. Results showed that there were significant 

decline in ulcer index and gastric acidity, with significant increase on pH level in pre-treated groups compared with NX group. 

Pretreatment with RC, AD and their combinations significantly reduced gastric oxidative stress (MDA) and serum pro-inflammatory 

cytokines with significant increases in the activity of gastric antioxidant enzymes (SOD) and mucin content compared with NX 

treated rats. The group of rats received RC+AD+NX showed a better protective ability compared with other groups. These results 
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confirm that RC leaves extract has a potent gastro protective activity on NX induced gastric ulcer, which could be explained by its 

effect as an anti-inflammatory and antioxidant agent.  

 

Keywords: Gastric ulcer,red cabbage leaves extract, antioxidant, anti-inflammatory. 

 

 

1. INTRODUCTION 

Gastric ulcer is the most common gastrointestinal disorder worldwide (Sung et al., 2009). It refers to painful sores or ulcers in the 

inside lining of the stomach. Symptoms of gastric ulcer include burning stomach pain, heartburn, nausea, and feeling of fullness, 

bloating, or belching (Clinic, 2016). There are various factors linked to gastric ulcer formation (Gong et al., 2010; Fornai et al., 2011; 

Saha et al., 2016). Gastric ulcer may occur if the destructive factors of acid, pepsin, Helicobacter pylori, and non-steroidal anti-

inflammatory drugs NSAIDs outbalance the defensive factors of mucus secretion, bicarbonate, prostaglandins, cellular regeneration, 

and innate resistance of the mucosal cells (Tripathi, 2003; Brzozowski et al., 2005; Laine et al., 2008). Increased oxidative stress is 

believed to be linked to the destructive factors causing inflammation especially in the lack of antioxidants as protective agents 

resulting in stomach ulcer (Choi et al., 2013; Wallace, 2008). Despite the wild spread use of NSAIDs as a treatment for fever, pain, and 

inflammation, they are known to cause many side effects especially in the gastrointestinal tract ( Wallace, 2001; Björnsson, 2010; 

Jarupongprapa et al., 2013). 

There are a number of medications available for the treatment of gastric ulcer. These medications act by different mechanisms. 

Drugs that decreases the secretion of acid and pepsin such asH2 - blockers, M1 – blockers, and proton pump inhibitors; and drugs 

that afford cytoprotection to provide mucosal defense such as sucralfate and carbenoxolone (Goel & Sairam, 2002). It is assumed 

that these medications help to create balance between the destructive factors and the defensive factors in the gastric area (Goel & 

Sairam, 2002). Despite the significant advances in these medications, they confer occurrence of adverse effects and drug interaction 

during ulcer therapy especially for long term treatment (Sabiu et al., 2015). Therefore, there is a need for more natural agents 

protecting against gastric ulcer. Plant extract might provide a promising safe therapeutic result for better management against 

inflammatory diseases such as gastric ulcer (Dhasan et al., 2010; Shristi et al., 2012; Sabiu et al., 2015; Chandrasenan et al., 2016; Kim 

et al., 2016). 

Red cabbage (Brassica oleracea), is a cruciferous vegetable, belonging to the Brassicaceae group of vegetables (Lynn et al., 2006). 

Due to its dark purple/red colored leaves, it is also called purple cabbage. The pigment responsible for this colour belong to 

anthocyanins (Chandrasenan et al., 2016). Red cabbage is a vegetable that is commonly eaten as fresh-cut salad. It is characterized 

by a long shelf life, so it can be stored easily and found throughout the year (Wiczkowski et al., 2013). Red cabbage is rich in 

antioxidants and anti-inflammatory components. Some of the bioactive components in red cabbage including, lutein, anthocyanin, 

minerals, vitamins, and antioxidants such as ascorbic acid and beta-carotene (Fowke et al., 2003; Singh et al., 2006; Podsędek, 2007; 

Volden et al., 2008). Antioxidants can work as free radical scavengers protecting the body from oxidative stress and preventing 

human body against harmful effects (Ahmed & Beigh, 2009; El-Mowafy & Maha, 2012). This research was planned to determine the 

possible gastro protective effect of red cabbage (RC) leaves extract on naproxen (NX)-induced gastric mucosal damage in 

experimental rats. 

 

2. MATERIAL AND METHODS 

Material 

Experimental rats and diet 

In the present experiment, fifty male albino rats (190± 10 g) were used. Animals were obtained from King Fahd Medical Research 

Center (KFMRC), KAU. Basal diet constituents were purchased from Pharmaceutical and Chemical Company, Jeddah, KSA. The study 

was done in October 2019. 

 

Ethical approval 

The experimental study was adhering under rules of Canadian ethic upon approval for biomedical committee, KFMRC, KAU, KSA. 

 

Drugs, chemicals, and reagent kits 

Amlodipine (AD) and naproxen (NX) were obtained from local Pharmacy, Jeddah, Saudi Arabia. Other chemicals and reagent kits 

were obtained from Sigma Co. USA. 
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Methods 

Preparation of red cabbage extracts 

Fresh leaves of red cabbage (RC) were purchased from the local market, Saudi Arabia. The leaves were washed properly. The fresh 

leaves were crushed to semi-aqueous by using a mechanical blender. It was packed in a glass bottle and placed in a refrigerator 

(40°C). The leaves homogenized with distilled water by shaking and held for 12 hrs. The mixture was filtered via filter paper 

(Whatman No.1), then the filtrates were concentrated through a rotary evaporator to one-tenth (1/10) of the original volume. The 

aqueous extract was freeze-dried (Ugochukwun, 2003). The dried extract was dissolved to a concentration of 1g /ml in distilled water 

before being given to rats. 

 

Induction of gastric ulcer 

Rats were fasted 24 hours before a single dose of NX (80 mg/kg) was given orally in order to induce gastric ulcer (Kim et al., 2016). 

 

Experiment and grouping of rats 

After 1 week of adjustment, the animals (n = 50) were randomly distributed into five equal groups, of 10 rats each. Control (Con); 

rats received only distilled water. Ulcerated group (NX); rats received only distilled water intragastrically (ig) for two weeks before 

administrating NX (80 mg/kg). RC+NX group; rats were given the RC (1g/kg), for 14 days before an oral dose of NX. The RC dose 

was chosen according to Kataya and Hamza (Kataya & Hamza, 2008). AD+NX group; rats were given the AD (0.5 mg/kg 

intraperitoneally in 0.01% dimethyl sulfoxide solvent) for 14 days before NX administration and served as a standard drug (Patil et 

al., 2012). RC+AD+NX group; rats were given the RC and AD at the same given doses for 14 days before an oral dose of NX. After six 

hours of NX administrated, the rats were sacrificed. Gastric from all rats were dissected out, and their content was evacuated into a 

centrifuge tube. A cleaned stomach was processed for chemical and histopathological examinations. 

 

Phytochemical analysis of RC extract 

The RC extract was screened with standard phytochemical screening procedures for the presence of different secondary metabolites 

with therapeutic values as mentioned by Chauhan et al.(2016). The extract was tested for glycosides, alkaloids, flavonoids, tannin, 

steroids, saponins, phytosterols and terpenoids. 

 

Gastric pH 

One ml of gastric juice was mixed with one ml of distilled water to test the pH of the solution using pH meter (Dashputre & 

Naikwade, 2011). 

 

Total gastric acidity  

The gastric content was collected and centrifuged for 15 minutes at 2500 rpm. The volume of acid was measured and the total 

acidity was estimated by titration using 2 percent phenolphthalein are with 0.1 M NaOH as an indicator. The results were expressed 

as an equivalent molar (mEq) /L (Guedes et al., 2008). Samples were used to assess mucin concentrations and pepsin activity. 

 

Quantification of gastric ulceration  

The degree of ulceration in Con and all NX- treated rats was quantified using the Szabo and Hollander method (Szabo & Hollander, 

1989). The software analyzer program Image Pro Express was used to measure each rat's gastric interface. The total area of mucosal 

damage was calculated as a percentage of the estimated square mm of the total ulcer area. The ulcer inhibition percentage and 

Ulcer index were determined using the following equations: 

Ulcer index (UI) = Ulcerated area / Total area of mucosa X 100 

Percentage ulcer inhibition = UI (IND group) – UI (treated group) / UI (IND group) × 100. 

 

Oxidative status biomarkers estimated in gastric tissue 

In ice-cold 0.1 M PBS, gastric tissue samples (100 mg) were homogenized and centrifuged with a Teflon pestle at 2500 rpm for 10 

minutes. The resulting supernatants were frozen until they were used at -20°C. In compliance with the manufacturer's instructions, 

ELISA test reagent kits were used to measure the gastric mucosal content of MDA and SOD at 450 NM. 
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Serum assays  

Interleukin-1-beta (IL-1-β) and tumor necrosis factors -α (TNF-α) were assessed in serum using ELISA kits. All procedures were 

performed as stated in the manufacturer's instructions. 

 

Gastric histopathological studies 

Sections of stained gastric tissue (hematoxylin and eosin) were studied under a light microscope. 

 

Statistical  

The analysis of the resulting data was carried out using version 24 of the SPSS program. Values are represented as mean ± SE and 

evaluated with ANOVA test accompanied by post-hoc and LSD analysis. Results at P≤ 0.05 were considered statistically significant. 

 

3. RESULTS  

Phytochemical screening of RC extract  

Phytochemical analysis of RC extract revealed that it contains appreciable amount of alkaloids and phytosterols; moderate amounts 

of glycosides, flavonoids, and terpenoids; also contains low amounts of steroids, saponin, and tannins Table (1). 

 

Table 1 Phytochemical analysis of RC extract 

Phytochemical Test results 

Alkaloids +++ 

Glycosides ++ 

Steroids  + 

Flavonoids ++ 

Saponin + 

Tannins + 

Terpenoids ++ 

Phytosterols +++ 

+ Existing at low concentrations.++ Existing at moderate high concentration  

+++ Existing at very high concentration. 

 

Effect of RC on ulcer indices  

In the ulcer group ig administrated of NX resulted in a significant (p< 0.001) reduction in gastric pH and significant (p< 0.001) 

elevation in total acidity and ulcer index relative to Control group. Protection of gastric ulcer with RC extract or AD induced 

significant improvement in ulcer indices, there was a significant increase in gastric pH with significant decrease in total gastric acidity 

and ulcer index, as well as ulcer inhibition which were 50.14 % and 64.18 % in RC and AD pre-treated group, respectively relative to 

NX ulcerated group. There was a significant difference in ulcer index relative to the RC extract+NX group. The most effective 

protection was seen in the group pre-treated with RC extract +AD, which showed significant improvement in all gastric indices 

relative to NX group. As well as there was significant difference in ulcer index relative to pre-treatment with either RC extract or AD 

drug alone, the percentage ulcer inhibition was 84.43% relative to NX group Table (2). 

 

Table 2 Effect of RC on gastric pH, total gastric acidity, ulcer index and percentage ulcer inhibition in rats 

Groups pH 
Total gastric acidity 

mEq /L 
Ulcer index % Ulcer inhibition  

Control  3.22 ± 0.31 37.36 ± 3.59 0 0 

NX 1.77 ± 0.17 a 107.87 ± 7.26 a 51.64 ± 3.52 a 0 

RC+NX 2.88 ± 0.26 b 50.45 ± 4.43 b 25.75 ± 1.92 b 50.14 

AD+NX 2.94 ± 0.23 b 40.83± 3.73 b 18.50± 0.89b,c 64.18 

RC+AD+NX 3.59 ± 0.22 b,d 35.11 ± 2.33b,d 8.04 ± 0.49b,c,d 84.43 

a Significant relative to control, b significant relative to NX, c significant relative to RC+NX, d significant relative to AD+NX 

(N= 10, P< 0.05) 
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Intragastric administrated of NX induced a significant (p< 0.001) increase in gastric pepsin with a significant (p< 0.001) decrease 

in gastric mucin levels relative to the Control group. Oral administrated of RC extract or AD resulted in a significant decline in pepsin 

with a significant (p< 0.001) elevate in gastric mucin levels relative to NX ulcerated rats. The improvement effect on gastric pepsin 

and mucin contents was non-significant between RC+NX and AD+NX groups. The rats pre-treated with RC+AD showed the most 

effective pre-treatment results against ulcer induced by NX. There were a significant decrease in gastric pepsin with a significant (p< 

0.001) increase in gastric mucin levels relative to NX ulcer group, and compared with either pre-treated with RC extract or AD alone 

Figure (1).  

 

 

  
# Significant relative to control, @ significant relative to NX, & significant relative to RC+NX, & significant relative to AD+NX 

(N= 10, P< 0.05). 

Figure 1 Effect of RC on gastric pepsin (A) and mucin (B) in rats 

 

Effect of RC on gastric antioxidant status 

The ig administration of rats with NX resulted in a significant (p< 0.001) decline in gastric SOD level and elevate in gastric MDA level 

relative to the Control group. Administration of RC extract induced a significant improvement in gastric antioxidant status as 

evidenced by significant decrease in gastric MDA levels and increase in gastric SOD relative to NX group. Administration of AD 

produced a significant decline in MDA and elevate in SOD in gastric relative to NX group. There was significant differences in gastric 

oxidative stress biomarkers in AD pre-treated group relative to RC extract pre-treated group. The most effective pre-treatment was 

shown in the group pre-treated with RC + AD, which showed significant improvement in gastric antioxidant status biomarkers 

relative to NX group. There were significant differences in gastric SOD and MDA levels relative to pre-treatment with AD drug Figure 

(2). 

 

Effect of RC on inflammatory mediators  

In the ulcer group administration of NX resulted in significant (p< 0.001) elevation in serum TNF-α and IL-1-β levels relative to the 

Control group. Intragastric administration of RC extract induced a significant improvement in serum inflammatory markers, there 

were significant (p< 0.001) decreases in serum TNF-α and IL-1-β levels relative to NX group. Administration of AD produced 

significant decreases in serum TNF-α and IL-1-β levels relative to NX ulcerated rats. Serum levels of the inflammatory cytokinase in 

RC pre-treated group was significant difference relative to AD pre-treated group. The most effective pre-treatment was shown in the 

group pre-treated with RC+AD which showed significant improvement in inflammatory cytokines, there was significant (p< 0.001) 

decrease in serum TNF-α and IL-1-β levels relative to NX group. As well as there was significant differences in TNF-α and IL-1-β 

levels relative to the group pre-treated with AD drug Figure (3). 
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# Significant relative to control, @ significant relative to NX, & significant relative to RC+NX, d significant relative to AD+NX 

(N= 10, P< 0.05). 

Figure 2 Effect of RC on gastric MDA (A) and SOD (B) concentration in rats 

 

 

 
# Significant relative to control, @ significant relative to NX, & significant relative to RC+NX, d significant relative to AD+NX 

(N= 10, P< 0.05) 

Figure 3 Effect of RC on serum TNF-α (A) and IL-1-β (B) concentration in rats 

 

Gastric histopathological studies 

Gastric section in the group ig administrated NX-induced ulcer showing ulcer reaching muscularis mucosa, marked submucosal 

edema, dilated blood vessels, and gastric inflammatory infiltrate (Fig.4 NX). In the RC extract+NX gastric section showing healed 

superficial ulcer which not reaching muscularis mucosa, mild submucosal edema, and mild inflammatory infiltrate (Fig.4 RC+NX), 

while in the rats pre-treated with AD showing superficial ulcer not reaching muscularis mucosa, mild submucosal edema with mild 
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inflammatory infiltrate (Fig.4 AD+NX). In the rats pre-treated with both RC+AD the gastric section showing apparent normal 

appearance of mucosa with intact superficial layer, muscularis mucosa, mild submucosal edema, and normal musculosa (Fig.4 

RC+AD+NX). 

 

 

 

Figure 4 Effect of RC leaves extract on the gastric histopathological alteration in NX-induced ulcer in rats (H&E stain X 200). Gastric 

section from the Con rats showing average mucosa with intact superficial layer (black arrow), average muscularis mucosa (blue 

arrow), average submucosa with average blood vessels (red arrow), and average musculosa (yellow arrow) (Fig. Con). In the ulcerated 

group gastric section of NX ulcer rats showing ulcer reaching muscularis mucosa (black arrow), marked submucosal edema (blue 

arrow), dilated blood vessels (red arrow) and gastric inflammatory infiltrate (yellow arrow) (Fig. NX). In the ulcer group pretreated 

with RC extract gastric section showing healed superficial ulcer (black arrow) not reaching muscularis mucosa (blue arrow), mild 

submucosal edema (red arrow), and mild inflammatory infiltrate (green arrow) (Fig. RC+NX) While the rats pre-treated with AD 

gastric section showing superficial ulcer (black arrows) not reaching muscularis mucosa (blue arrow), mild submucosal edema (red 

arrow) with mild inflammatory infiltrate (green arrow) (Fig. AD+NX) In the rats pre-treated with RC+AD the gastric section showing 

apparent normal appearance of mucosa with intact superficial layer (black arrow), muscularis mucosa (blue arrow), mild submucosal 

edema, mildly dilated blood vessels (red arrow), and normal musculosa (green arrow) (Fig. RC+AD+NX) (H&E X 200).  

 

4. DISCUSSION  

The present study aimed to investigate the gastro protective effect of RC, AD, as anti-ulcer reference drug, and their combination 

against NX-induced gastric damage in rats. Phytochemical screening of RC extract in the current study showed appreciable amount 

of alkaloids and phytosterols; moderate amounts of glycosides, flavonoids, and terpenoids; and low amounts of steroids, saponin, 

and tannins. The obtained results were in the same line with (Singh et al., 2006). Ulcerative injuries of the gastric tract are one of the 

main side effects of using NSAIDs. The NX is one of the NSAIDs that is known to induce gastric ulceration (Kim et al., 2016). Similar 

to another experimental study, administration of NX in the current study resulted in a significant reduction in gastric pH and 

elevation in total acidity and ulcer index relative to the Con group. Pretreatment with RC extract, AD, and their combination RC +AD 

caused a significant increase in gastric pH with significant decline in total gastric acidity, ulcer index, and ulcer inhibition relative to 

the NX ulcerated group. In fact, the most effective protection was found within the combination of RC extract and AD compared 

with either pre-treated with RC extract or AD alone. 

Gastric ulcer is affected by the imbalance between the aggressive agents such as pepsin and the defensive factors including 

gastric mucus. It was reported previously that after initial direct mucosal damage caused by NSAIDs, the subsequent cascade is 
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diffusing the gastric mucosal barrier, luminal hydrogen ions and pepsin into the mucosa cells, and the damage is provoked by 

inhibition of prostaglandins (Schoen & Vender, 1989). Prostaglandins have been shown to have a protective function in stimulating 

mucus secretion and inhibiting acid secretion (Hawkey & Rampton, 1985). In this study, ig administrated of NX induced a significant 

increase in gastric pepsin with a significant decrease in gastric mucin levels. Pretreatment of RC extract or AD resulted in a 

substantial decline in gastric pepsin and increase in gastric mucin levels relative to the NX ulcerated rats. The pre-treatment of the 

combined RC and AD showed a greater protective effect compared to either RC or AD alone. 

The NSAIDs are associated with increasing free radicals, inhibiting of cell proliferation, infiltrating of inflammatory cells 

(Hernández-Muñoz et al., 2000), and reducing the activity of antioxidant enzymes such as SOD ( Halici et al., 2005; Bayir et al., 2006; 

Odabasoglu et al., 2006; Kim et al., 2016). Free radicals can initiate MDA (Halici et al., 2005), and reduce the antioxidants activity, 

MDA may accumulate and cause severe damage to the gastric tissue ( Sairam et al., 2002; Sabiu et al., 2015). Oxidative stress induce 

lipid per oxidation, which cause an inflammatory response (Repetto & Llesuy, 2002). The results of this work showed that NX 

administration increased MDA gastric content, and decreased the level of SOD. These findings were in accordance with a study 

showing that the activity of antioxidant enzymes were significantly inhibited by NX (Kimet al., 2005). Administration of RC extract 

showed a significant increase in gastric SOD activity, and significant decrease in gastric MDA compared to non-treated NX group. 

The most effective pre-treatment was shown in the group pre-treated with RC + AD, which demonstrated significant improvement 

in gastric antioxidant status biomarkers relative to the NX group. Thus, the gastro protective effect of RC against NX-induced gastric 

ulcer might be linked to its antioxidant properties, which are responsible for scavenge of the free radicals. 

Naproxen-induced gastric mucosal damage was accompanied by a significant increase in the levels of pro-inflammatory 

cytokines (TNF-α and IL-1β). It was previously reported that TNF-α plays an essential role in pathogenesis of gastric injury caused by 

NSAIDs (Shimoyama et al., 2013). The increase in TNF-α levels was shown to induce an increase in gastric ulcer. The TNF-α reduces 

the gastric microcirculation around the ulcer lesions, increases the inflammatory cells such as neutrophil to the gastric tissues, and 

fosters the inflammatory reactions causing the healing process to delay in the ulcer region(Abdelwahab, 2013; Hasgul et al., 2014; 

Rozza et al., 2014; Amirshahrokhi & Khalili, 2016). The IL-1-β is pleiotropic inflammatory cytokine that stimulates free radicals during 

gastric inflammation. Such inflammatory cytokine have been suggested to increase the lysosomal enzymes and activate the 

oxidative pathways responsible for tissue damage in gastric ulcer disease (Mei et al., 2012; Amirshahrokhi & Khalili, 2015).  

Present findings showed that pre-treatment of RC induced a significant improvement in serum inflammatory markers. There 

were significant decreases in serum TNF-α and IL-1-βlevels relative to the untreated NX group. The most protective pre-treatment 

was shown in the group pre-treated with RC+AD, which showed significant improvement in inflammatory cytokines. Significant 

differences were observed in TNF-α and IL-1-βlevels relative to the group pre-treated with AD drug. Macroscopically, 100mg/kg RC 

for 14days also reduced the depth and severity of the NX-induced gastric lesions. 

 

5. CONCLUSION 

The findings of this study revealed that the pre-treatment with combination of RC extract and AD showed the most effective 

antiulcer activity. RC effectively exert antioxidant and anti-inflammatory defensive activity that enhances the gastric antioxidant 

status, and induces improvement in serum inflammatory cytokines that could be a potential and effective strategy for alleviation 

gastric lesions in humans. 
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