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ABSTRACT 

This study was aimed to investigate the possible gastroprotective 

efficacy of ethanolic extract of leaves of Morus nigra (EELMN) 

against ketoprofen-induced gastric ulcer in rats compared with 

omeprazole, as well as explore the possibility of incorporate EELMN 

in a milk pudding for the development of formulated food. Methods: 

Phytochemical screening and oral acute toxicity test of Morus nigra 

leaves were determined. Rats were pretreated with EELMN by two 

doses (250 and 500 mg/kg.day
-1

, p.o.) or omeprazole prior to 

ketoprofen. The milk formulated pudding was used to study the 

changes in dynamic viscosity, rheological behavior, texture properties 

and sensory evaluation as a result of using different concentrations of 

EELMN. Results: EELMN exhibited a radical scavenging activity. 

Acute toxicity test reveals the safety profile of EELMN. Pretreatment 

with EELMN significantly reduced the elevation in volume and 

acidity of the gastric juice, ulcer score, pepsin, H
+
/K

+
-ATPase, 

myeloperoxidase, TNF-α and lipid peroxide, which were detected in 

ketoprofen group. In addition, mucus, prostaglandin E, interluken-10, 
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nitric oxide and antioxidant defense system were significantly 

preserved in the EELMN-treated groups. These findings suggested 

that EELMN is a nontoxic, natural antioxidant with dose-dependent 

gastroprotective potential attributed to the presence of bioactive 

phytochemicals, which mediated the preserving of the mucosal natural 

defense equilibrium mechanisms. Furthermore, significant effects 

were observed in the texture and rheological parameters of milk 

pudding as formulated food, while non-significant changes were 

observed in the most sensory parameters. Conclusion: M. nigra leaves 

are a promising source of natural products for enhancing mucosal 

protection and reducing the risk developing of gastric ulcer in rats. 

The milk pudding was demonstrated as a formulated food to prepare a 

new functional food. However, further investigations especially 

clinical trials are required to investigate the efficacy of EELMN as 

functional foods for patients with long-term NSAID therapy. 

Key words: anti-inflammation; antioxidant; custard; functional food; 

gastric ulcer;Morus nigra; NSAID; prostaglandin E2;  

pudding; rheology 

INTRODUCTION 

It was well documented that the first protective barrier for 

digested food and xenobiotics, gastric mucosal tissue. Ketoprofen, 

aspirin, indomethacin as well as diclofenac sodium, which are 

belonged to nonsteroidal anti-inflammatory drugs (NSAIDs), are the 

first choice for inflammatory diseases. However, their long time 

usages are associated with gastric ulcers (Cheng et al., 2017).

Ketoprofen, a widely used over the counter (OTC) drug and represents 

one of the most common factors causing oxidative damage of the 

gastrointestinal mucosa in humans (Drini, 2017).  

Gastric ulcer is a widespread gastrointestinal disease in the 

world, characterized by rupture of mucosal integrity. Helicobacter 

pylori infection, prolonged use of NSAIDs, alcohol consumption, and 

inadequate diet, play important role in the development of the gastric 

ulcer (Nesello et al., 2017). Proton pump inhibitors as omeprazole or 

antagonists of the type 2 histamine receptors, and other clinical drugs 

are widely used to management of duodenal and gastric ulcers. 

However, these drugs are associated with harmful side effects, 

including osteoporotic fracture, renal damage, rhabdomyolysis, 
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anemia, and deficiencies of vitamin B12. In addition, proton pump 

inhibitors are associated with poor ulcer healing quality and in turn 

ulcer recurrence (Yu et al., 2017). Therefore, alternative antiulcer 

therapies are required.  

A large amount of evidence has demonstrated that herbal 

extracts have shown to be an excellent choice as adjuvants, to prevent 

or promote an effective cytoprotective effect due to the multiple 

activities. They can exert simultaneously as antibiotic, anti-diabetic, 

antiulcerogenic, anti-inflammatory, antioxidant, and cytoprotective 

(El Hawary et al., 2016a; Abd El-Fattah et al., 2017; Escobedo-

Hinojosa et al., 2018). 
Morus nigra, (M. nigra) known as black mulberry, is one of the 

most important and species of the genus Morus, Family: Moraceae. It 

has juicy fruits with extraordinary color and unique, slightly acidic 

flavor. Mulberry leaves are abundant at low cost and traditionally 

used as antioxidant, hypocholesterolemic, antidiabetic, anticancer, 

antimicrobial, and nephroprotective agents (Mahesh et al., 2017).  

Functional foods containing some health-promoting compounds 

beyond traditional nutrients, play an important role in enhancing 

human health, and reduce the risk of various diseases (Küster-Boluda 

and Vidal-Capilla, 2017). Milk pudding is consumed in an almost 

daily basis worldwide by several groups of consumer. It was observed 

that stability, rheological behavior, and textural properties of milk 

pudding are changed by the addition of polysaccharides (Pang et al., 

2015). Also, other investigators was confirmed that milk pudding 

supplemented with dietary fiber significantly improved its nutritional 

value as well as rheological and textural properties (Zheng et al., 

2017). Therefore, the present study was conducted to investigate the 

gastroprotective efficacy of EELMN in ketoprofen-induced gastric 

ulcer rat’s model compared with omeprazole as a reference anti-ulcer 

drug. Furthermore, the efficacy of EELMN for development of 

functional pudding was investigated in regarding to its 

physicochemical, sensory, and nutritional properties. 
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MATERIALS AND METHODS 

1.Collection and Preparation of the Leaves Extract 

Fresh leaves of M. nigra were collected from National 

Organization for Drug Control and Research (NODCAR), Giza, 

Egypt, in April 2015. Leaves were weighted, dried in an oven at 50 
o
C 

for 48 h. the dried samples were ground and passed through a sieve 

(20 mesh), and stored in a refrigerator until used. The powdered 

leaves (1 Kg) were exhaustively extracted with 70% ethanol (6 L). 

The combined extract was filtered by Whatman filter paper No.42, 

evaporated with a rotary evaporator at 40 °C under reduced pressure, 

dried, labeled as EELMN (Ethanolic Extract of Leaves of M. nigra), 

and stored at 4 °C until used. 

2.Chemicals 

All chemicals were of analytical grade and purchased from 

Sigma Chem. Co., (St. Louis, MO, USA), Merck (Germany), and El 

Nasr Pharmaceutical Chemicals Co. (Egypt). 

3.In-vitro Study  

3.1Preliminary phytochemical screening: 

Phytochemical screening of EELMN was performed according 

to the methods of Association of Official Analytical Chemists 

(AOAC, 2016). 

3.2Determination of total phenolic and flavonoids contents: 

Total phenolic content of EELMN was assayed using Folin-

Ciocalteu’s reagent (Singleton et al., 1999), and expressed as mg of 

gallic acid equivalents (GAE) per gram of dried extract according to 

the equations obtained from the calibration curve of galic acid 

(y=0.008x + 0.0007, R
2
=0.9975) Meanwhile, total flavonoid content 

of EELMN was conducted according to the aluminum chloride 

calorimetric method (Sharma et al., 2014), and expressed as mg of 

quercetin equivalents (QE) per gram of dried extract using the 

equations obtained from the calibration curve of quercetin   

(y=0.0244x + 0.0094, R
2
=0.9976).  

3.3Radical scavenging potential 

The antioxidant activity is expressed as radical scavenging 

potential which was evaluated by determining the ability of EELMN 

to inhibit 2,2′-diphenyl-1-picrylhydrazyl (DPPH
•
) radical (Blois, 
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1958). The % inhibition of DPPH
•
 by different concentrations (0-100 

μg/mL) of the EELMN was comparing with respect to ascorbic acid as 

antioxidant reference drug, respectively. All measurements were done 

in triplicate and the % inhibition expressed as IC50. The IC50 value was 

defined as the concentration of the EELMN or reference agent that 

exhibit 50% inhibition to DPPH. The lower IC50 value indicates the 

higher activity.  

4.In-vivo Study 

4.1Animals 

Female Sprague Dawley rats weighing 180±20 g were provided 

from animal house of National Organization for Drug Control and 

Research (NODCAR), Giza, Egypt. Animals were housed in cages 

under standard conditions of a 12/12 hours dark/light cycle, 

temperature 25±2
o
C and relative humidity. They were allowed free 

access to water and food, and left for a week for acclimatization. The 

experimental design was conducted in accordance with the guidelines 

of the National Institutes of Health Guide for Care and Use of 

Laboratory Animals (Publication No. 85-23, revised 2011). The 

experimental protocol was approved by the Institutional Ethics 

Committee of NODCAR, Giza, Egypt.  

4.2Acute oral toxicity test  

Acute oral toxicity study of EELMN was conducted according to 

the Organization for Economic Cooperation and Development 

guidelines no 425 (OECD, 2001). Overnight fasted animals were 

received a single oral dose of the tested extract (1000, 2000, 3000, 

4000, and 5000 mg/Kg b.wt.). Then the animals were observed for 

morphological behavior, signs of toxicity and mortality for 24 hours.   

4.3Experimental design 

Animals were randomly divided into five groups, each of eight 

rats as follows: 

Group 1: Control group; received the vehicle (carboxymethyl 

cellulose 1%, in water) for 3 weeks. 

Group 2: ketoprofen- induced gastric ulcer group; received a 

vehicle for 21 consecutive days, and on the last day ketoprofen (50 

mg/Kg body weight, p.o) was administrated on 24-hours empty 

stomach (Cheng et al., 2013).  
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Group 3-4: EELMN-treated groups; pretreated daily with a sole 

concentration of EELMN (250 and 500 mg/kg/day, p.o respectively), 

for 21 consecutive days, and simultaneously received ketoprofen on 

the last day as group 2. 

Group 5: Omeprazole-treated group received a freshly prepared 

omeprazole (Omz) at a dose equivalent to human recommended dose 

of 20 mg/day, p.o for 3 weeks, and simultaneously with ketoprofen on 

the last day as group 2 (Paget and Barnes, 1964). 

4.4Macroscopic analysis of the gastric mucosa 

All animals were sacrificed after 24 hours of ketoprofen. 

Stomachs were rapidly dissected out. Stomachs opened along the 

greater curvature, and rinsed with normal physiological saline solution 

(0.9% of NaCl). Stomachs fixed on the dissection plate, photographed 

with a digital camera. The glandular mucosa examined with 

magnifying lens (x10) to quantify the ulcer lesions. The mucosal 

lesions were scoured as follows: 0: Normal colored stomach, 0.5: Red 

coloration, 1: Spot ulcer, 1.5: Hemorrhagic streaks, 2: Deep ulcers and 

3: Perforation. The protective efficacy of EELMN was expressed as 

percentage of ulcer inhibition (Jarosz et al., 2017).  

4.5Biochemical analysis 

4.5.1Determination of acid secretory parameters 

Volume and pH  

The gastric fluid contents of each stomach were collected in a 

graduated centrifuge tube and centrifuged at 3000 rpm for 15 minutes. 

Its volume was measured and expressed as ml/100g b.wt (Sen et al., 

2013). The pH of the supernatant was measured.  

4.5.1.2Free and total acidity  

Free and total acid output was determined by titrating with 

0.01N NaOH, using Topfer’s reagent and phenolphthalein as 

indicators (Zakaria et al., 2016) and expressed as molar equivalent 

(mEq)/L. 

4.5.2Determination of adhered mucus to gastric wall 

The gastric barrier mucus (mucin) adhered to gastric wall was 

estimated spectrophotometric method (Unicam- UV-Vis-

Spectrometry, Japan), (Corne et al., 1974), and expressed as µg of 

alcian blue/g glandular tissue. 
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4.5.3Determination of gastric pepsin activity 

Pepsin activity in gastric juce was assayed according to the 

method of (Anson, 1938), as modified by (Chen et al., 2009) and 

expressed as μM of tyrosine liberated/ml.  

4.5.4Determination of gastric mucosal H
+
/ K

+
-ATPase and 

myeloperoxidase activities 

The gastric mucosa tissues scraped from the gastric wall by a 

glass slide, weighed, homogenized in ice cold phosphate buffered 

saline and centrifuged at 3000 rpm for 15 min. The gastric mucosa 

H
+
/K

+
-ATPase activity was measured according to the method of 

(Gallagher and Leonard, 1982), as modified by (Sze, 1985), and 

expressed as nM of inorganic phosphate liberated/min/mg protein. 

Meanwhile, myeloperoxidase (MPO) activity was measured by 

following the oxidation of O-dianisidine dihydrochloride by H2O2 

(Bradley et al., 1982), and expressed as unit per milligram protein.  

4.5.5Determination of gastric mucosal Prostaglandin E2, 

inflammatory markers, and nitric oxide 

The gastric mucosal level of Prostaglandin E2 (PGE2) was 

investigated according to the Biotrak enzyme-linked immunosorbent 

assay (ELISA) assay kit. Results were expressed as pg/mg protein. 

While, the mucosal concentration of Tumor necrosis factor-α (TNF-α) 

and interlucin-10 (IL-10) were assayed by rat ELISA kits (R&D 

Systems, UK), according to the manufacturer’s instructions. Mucosal 

nitric oxide (NO) was estimated by colorimetrical method 

(Montgomery and Dymock, 1961). 

4.5.6Determination of gastric mucosal oxidative stress  

Gastric mucosal superoxide dismutase (SOD) and catalase 

(CAT) were determined according to the methods of Nishikimi et al., 

(1972), and Aebi, (1984). Malondialdehyde (MDA) in terms of 

thiobarbituric acid reacting substances and reduced glutathione (GSH) 

were assayed according to Uchiyama and Mihara, (1978), and 

Ellman, (1959), respectively. The protein content in gastric 

homogenate was estimated by the method of (Lowry et al., 1951). 
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5.Utilization of EELMN for Development of Functional Pudding 

5.1Preparation of formulated pudding 

The pudding was prepared by using of egg solution and whole 

milk at the w/w ratio of 1:2, and sucrose (15%) as the described by 

previous study (Sun et al., 2007). The fresh egg solution and vanilla 

(1%) was hand blender for 10 min and filtered. Mix the egg solution 

with sugar–milk, and degassed them for 30 min. This solution was 

heated in boiling water bath. After cooking for 30 min, the pudding 

was immediately cooled in ice bath and kept in a refrigerator at 6±1ºC 

for analysis. Three pudding formula (A-C) were prepared including, 

Control (A): milk: egg (2:1 w/w) and vanilla, Products (B & C): milk: 

egg (2:1 w/w), vanilla, and 2.7g or 5.4 g of EELMN / 100 ml pudding 

that equivalent to tested dose of 250 and 500 mg/Kg body weight of 

rats (Paget and Barnes, 1964).  

5.2Physical properties of formulated pudding 

5.2.1Determination of Texture: 

Texture profile analysis (TPA) of the tested samples were 

conducted with universal testing analyzer machine (Cometech, B type, 

Taiwan) provided with software. Back extrusion cell with 35 mm 

diameter compression disc was used. Two cycles were applied, at a 

constant cross head velocity of 1mm/s, to 30% of sample depth, and 

then returned. From the resulting force-time curve, the values for 

texture attributes, i.e. Firmness, Cohesiveness, Gumminess, 

Chewiness, Springiness, Resilience, and Adhesiveness were 

calculated.  

The principle of the texture profile analysis test is compressed 

and decompressed a sample two times by a platen attached to the drive 

system. The height of the force peak on the first compression cycle 

was defined as hardness. The ratio of the positive force areas under 

the first and second compressions (A2/A1) was defined as 

cohesiveness. The distance that the foods recover diets height during 

the time that elapsed between the end of the first bite and the start of 

the second bite was defined as springiness (originally called 

elasticity). Two other parameters were derived by calculation from the 

measured parameters: gumminess was defined as the product of 

hardness × cohesiveness; chewiness was defined as the product of 

gumminess × springiness (Bourne, 2002). 
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5.2.2 Determination of viscosity: 

Viscosity was determined by Brookfield rheometer viscometer 

spindle-TB according to standard / official methods. The results relate 

only to the items tested sample were taken by client. This test 

certificate will not be reproduced except in full without the written 

approval of the laboratory. Estimated uncertainty of measurement to 

be added was according to customer’s request. 

5.2.3 Sensory evaluation : 

The puddings were prepared by incorporating of different 

concentrations of EELMN were evaluated for their sensory 

characteristics. Ten panelists from the staff members of NODCAR 

were asked to score coded samples for color (10), taste (10), clarity 

(10), texture (10), graiaess (10), bleeding (10) and total score (100) as 

previously described (Ebeid et al., 2003).  

6.Statistical Analysis 

The obtained data were expressed as mean ± standard error 

(S.E.) of 8 animals. The results were statistically analyzed by one-way 

analysis of variance (ANOVA) followed by Duncan multiple 

comparison test using software of Statistical Package for the Social 

Sciences (SPSS Statistics version 25; USA).  The presence of different 

superscripts over the column indicates significant difference at 𝑃 < 

0.05. 

RESULTS AND DISCUSSION 

Usage of ketoprofen is associated with oxidative injury to the 

gastrointestinal mucosa (Cheng et al., 2014; Singh et al., 2018). 

Consequently, there is a growing interest and need to find natural 

source with antioxidant and antiulcer potentials from medicinal plants 

to provide a proper protection from gastric ulcer induced by NSAIDs 

(Drini, 2017). The present study reveals for the first time that 

EELMN could be consider as a promising source of natural product 

with potential gastroprotective effect against ketoprofen-induced 

gastric ulcer. Furthermore, the present study confirmed that EELMN 

enhances the organoleptic properties and increases the nutritional 

value of resultant functional pudding. 
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1.Phytochemical screening of EELMN 

The preliminary qualitative phytochemical screening (Table 1) 

reveals the presence of a variety of naturally occurring bioactive 

phytochemicals in the EELMN as phenolics, flavonoids, tannins, 

alkaloids, and terpenoids. The presence of different kinds of bioactive 

compounds can act in synergism manner to perform different 

biological and pharmacological activities through several pathways.  

Table 1. Preliminary phytochemical screening of EELMN 

 

2.Total phenolic and flavonoid contents and antioxidant potential 

The data depicted in Table 2 illustrated the total phenolic and 

flavonoids contents of the EELMN are 84.7 mg GAE/g and 22.9 mg 

QE/g, respectively calculated by the equations obtained from 

calibration curve of gallic acid and quercetin, respectively. 

Furthermore, EELMN exhibited a high radical scavenging activity 

towards DPPH radicals that reflates the antioxidant potential of the 

tested extract as compared with ascorbic acid (as standard antioxidant 

agent). From the results of IC50 indicated that the antioxidant potential 

of 19.8 µg/ml of EELMN was equivalent to 12.3 µg/ml of ascorbic 

acid. Therefore this study suggested that EELMN could be considered 

as a promising natural antioxidant agent can be used as health 

promoting agent as well as good alternative for synthetic antioxidants 

in food products. 

In this concept, previous studies have reported that the health 

promoting ability of medicinal plants is attributed to their bioactive 
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phytochemicals contents mainly phenolics and flavonoids (Sokkar    

et al., 2013; El Hawary et al., 2016b). Also, it has been demonstrated 

that lipid peroxidation causes destruction of the essential components, 

result in decreasing the nutritional value and formation of potentially 

toxic compounds with harmful effects to human health (Pérez-Andrés 

et al., 2018). 

Table 2. Total phenolic and flavonoid contents and radical 

scavenger potential of EELMN 

 
 

3.Acute oral toxicity test  

In the present study, acute oral toxicity test showed no 

mortalities or signs of toxicity up to a dose level of 5 g of EELMN/kg 

body weight confirmed the safety of the tested extract. Consequently, 

two doses of one twentieth and one tenth of the maximum tested dose 

of the EELMN that equivalent to 250 and 500 g/kg body weight, were 

selected to evaluation of gastroprotective efficacy of EELMN against 

ketoprofen-induced gastric ulcer in rats.  

4.Evaluation of the gastroprotective efficacy of EELMN against 

ketoprofen-induced gastric ulcer in rats :  

It is well established that gastric ulcer results from disturbance in 

the balance between the natural gastric mucosal defense system 

involved mucus barrier, sufficient blood flow and secretion of 

bicarbonate of the gastric mucosa, and aggressive factors involved 

gastric acid secretion, pepsin activity, and reactive oxygen species 

(Cheng et al., 2017). It was reported that the induction of gastric ulcer 

by non-selective NSAIDs as ketoprofen is a multifaceted process 

includes: 1. inhibition of the cyclooxygenase, 5-lipoxygenase and 

synthesis of prostaglandins, 2. overproduction of pro-inflammatory 

cytokines, 3. enhancement of oxidative stress (Drini, 2017). On the 

other hand, recent evidence reveals that natural products can exhibit 

antiulcerogenic activities through prophylactic or therapeutic or by 
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both ways (Singh et al., 2018). On these concepts, the present study 

provide evidence that the potential role of EELMN for the prevention 

of ketoprofen induced- gastric ulcer in rats may be mediated by 

strength the gastric mucosal defense system and inhibits the 

aggressive factors. 

4.1 Effect of EELMN on gastric mucosal defense factors : 

Gastroprotective effect of EELMN was manifested from the 

degree of mucosal damage (ulcer score) evoked by ketoprofen intake. 

Macroscopic appearances of the gastric mucosa illustrated in Figure 

1(a-e). In agree with the previous study, untreated ketoprofen- group 

showed superficial and deep ulcers (Shientag et al., 2012; Cheng et 

al., 2014). In contrast, pretreated with EELMN significantly decreased 

(P < 0.05) the ulcer scores in a dose-depended manner as compared 

with untreated ketoprofen- group. Furthermore, the percentage of 

ulcer inhibition of rats pretreated with EELMN was not significantly 

different (P > 0.05) from that of the omeprazole group at dose of 500 

mg/Kg (Table 3). 
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In addition, Table 3 shows the effect of different treatments on 

gastric acid secretory parameters. Ketoprofen- induced gastric ulcer 

group showed significant (𝑃 < 0.05) increase in volume, and free and 

total acidity of gastric juice by 124.1, 76.1, and 119.2%, respectively 

as compared to the control group. However, pretreatment with 

EELMN at doses of 250 mg/kg and 500 mg/kg resulted in a 

significant (𝑃 < 0.05) and dose-dependent decrease in the gastric 

volume by 21.3 and 36.7 %, free gastric acidity by 23.3 and 38.3%, 

and total acidity by 34 and 47%, respectively as compared to the 

ketoprofen- induced gastric ulcer group. These findings reveal that the 

high dose of EELMN (500 mg/kg b.w.) is more effective in inhibiting 

the gastric ulcers, which was nearly similar to that of omeprazole 

treated- group. 
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Table 3. Effect of different treatments on ulcer score, ulcer 

inhibition percent, and gastric acid secretory parameters 

 
 

Also, Figure 2 illustrated that ketoprofen- induced gastric ulcer 

group exhibited a significant (𝑃 < 0.05) decrease in the gastric mucin 

content by 41.6 % as compare with control group that attributed to the 

presence of more lesions. On contrast, oral administration of EELMN 

at two doses (250 or 500 mg/kg/day) or omeprazole enhanced the 

production of gastric mucin in dose dependent manner by 26.0, 39.2 

and 52.8%, respectively as compared with ketoprofen- induced gastric 

ulcer group. Consistent with these results, it was demonstrated that the 

gastric mucosal barrier consists of protective factors mainly mucin 

against auto digestion of the mucosal wall by gastric acid and pepsin. 

In addition, the accumulated gastric juice enhances the breakdown of 

the mucin (a mucosal defense barrier) and formation of gastric ulcer 

(Balogun et al., 2018). By this concept, our results supported that the 

pathogenic effect of ketoprofen on gastric mucosal lesions is 

attributed to increase the secretion of gastric juice (hydrochloric acid), 

resulted in increased gastric volume, reduced pH, and increased free 

and total acidity, and treatment with EELMN strongly inhibited 

gastromucosal injury induced by ketoprofen. In addition, the obtained 

results suggested that the mechanism by which EELMN produces 

gastroprotective effect on gastric ulcer induced by ketoprofen might 
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be due to its ability to inhibit gastric acid secretion (Cheng et al., 

2014; Li et al., 2017) and strengthen of the mucosal defense system 

(Nesello et al., 2017). Furthermore, the productive effect of EELMN 

at doses of 250 and 500 mg/kg was evident by the decreased the 

aggressive pepsin secretion in the gastric juice by 25% and 34%, 

respectively. Meanwhile, administration of omeprazole was decreased 

the pepsin activity by 50% as compared to ketoprofen- induced gastric 

ulcer group. 

 

The data represent the mean of 8 rats ± S.E. The presence of 

different superscripts over the column indicates significant difference 

between means tested by a one-way analysis of variance (ANOVA) 

followed by Duncan multiple comparisons test ( DMCT) at 𝑃 < 0.05. 

Abbreviations: L.D: low dose; D.D: double dose; U: One unit of 

H
+
/K

+
-ATPase activity is equivalent to 1μM inorganic phosphorus 

produced from ATP breaking that by 1 mg of ATP enzymes per hour.  

It's well known that omeprazole is a member of proton pump 

inhibitors agents. This is a class of anti-secretory agents that target 

gastric H
+
/ K

+
-ATPase in the parietal cells and block it (Asnaashari  

et al., 2018). These proton pump inhibitors have been used as strong 

acid suppression agents in clinics for over 20 years and are mainly 

used in the treatment of peptic ulcer disease (Yu et al., 2017; Singh  

et al., 2018). In the present study, the obtained results in Figure 2 

illustrated that omeprazole inhibited the H
+
/K

+
-ATPase enzyme 

activity by 50%, while H
+
/K

+
-ATPase activity decreased significantly 

in EELMN (250 and 500 mg/kg b.w)- treated groups by 24% and 

34%, respectively as compared to ketoprofen- induced gastric ulcer 
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group. This result supporting the hypothesis that EELMN exert 

gastroprotection also via inhibiting the proton pump function. 

4.2 Effect on mucosal prostaglandin E2 and inflammatory 

mediators 

The obtained results provide more evidences demonstrates that 

there are different possible mechanisms can be suggested for the 

gastroprotective potential of EELMN. The data depicted in Table 4 

illustrates the effect of different treatments on prostaglandin E2, TNF-

α, IL-10 and MPO. It's well documented that prostaglandins are 

involved in the regulation of a variety of gastrointestinal functions, 

including blood flow, and secretion of acid, mucus, and hydrochloric 

acid (Motawi et al., 2012; Singh et al., 2018). In the current study, 

EELMN at two doses (250 and 500 mg/kg b.w.) manifested 

significant (P < 0.05) reduction in the aggressive gastric mucosal level 

of PGE2 by 29% and 51%, respectively, while significant (P < 0.05) 

decreased by 60% after administration of omeprazole as compared to 

ketoprofen- induced gastric ulcer group. 

Also, treatment of gastric ulcer by EELMN (250 and 500 mg/kg 

b.w.) resulted in a significant decrease in the gastric mucosal TNF-α 

level by 35, and 57%, respectively, while IL-10 level increased by 

44% and 61%, respectively versus to ketoprofen- induced gastric ulcer 

group (Table 4). Omeprazole caused also a significant decrease in the 

gastric mucosal TNF-α level by 71%, and a significant increase in the 

IL-10 level by 78%. These results suggested that the gastroprotective 

effect could well be promoted by the suppression the release of 

proinflammatory cytokines (TNF-α) and enhance the anti-

inflammatory cytokine (IL-10). Our results demonstrating the possible 

control of the complex inflammatory cascade reaction to management 

of gastric ulcer (El-Naga, 2015; Saiah et al., 2018).  

The data represent the mean of 8 rats ± S.E. The presence of 

different superscripts over the column indicates significant difference 

between means tested by a one-way analysis of variance (ANOVA) 

followed by Duncan multiple comparisons test ( DMCT) at 𝑃 < 0.05. 

Abbreviations: EELMN: ethanolic extract of leaves of Morus nigra; 

L.D: low dose; D.D: double dose; PGE2: Prostaglandin E2; TNF-α: 

Tumor necrosis factor-α; IL-10 interlucin-10; MPO: myeloperoxidase; 

One unit of MPO activity is defined as the amount of enzyme that 

degrades 1 μM of peroxide per minute at 25˚C.  
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Furthermore, MPO activity is used as a marker for neutrophil 

infiltration into tissues (Scoparo et al., 2016). The current study 

revealed that administration of omeprazole reversed the effects of 

ketoprofen on the activity of myeloperoxidase in the gastric mucosa 

and consequently decreased the level of reactive species of oxygen. 

Similarly, EELMN in dose (500 mg/kg b.w) but not (250 mg/kg b.w) 

also did that by 40%, displaying that a protective effect EELMN on 

myeloperoxidase activity is in a concentration-dependent manner 

(Table 4). 

Various studies have focused on the role of NO in maintaining 

mucosal integrity (Borhade et al., 2012). Like prostaglandins, NO is a 

vasodilator that has been reported to increase mucosal blood flow, 

stimulate mucus secretion and inhibit neutrophil adherence. In animals 

NO-releasing NSAIDs produce less gastric damage than their parent 

drugs and they even promote ulcer-healing (Fornai et al., 2011; El-

Naga, 2015). In the present study, the mucosal level of NO was 

decreased significantly (P<0.05) in ketoprofen-induced ulcer group 

(Table 4). However, pretreated with EELMN at two doses showed 

increase mucosal NO that exhibited a healing-promoting effect on 

gastric ulcers. 
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Table 4. Effect of different treatments on PG E2, TNF-α, IL-10, 

MPO, and NO 

 
 

4.3Effect on gastric mucosal oxidative stress : 

Multiple mechanisms appear to be involved in the induction of 

gastric ulcer by ketoprofen including oxidative stress. The enhanced 

formation of reactive oxygen species (ROS) such as hydrogen 

peroxide and molecular oxygen has been implicated in the 

development gastric ulcer (Cheng et al., 2014; Abd El-Ghffar et al., 

2018). Previous study demonstrated that ketoprofen induced cellular 

damage mediated by oxidative stress as evidenced from increased the 

levels of lipid peroxidation and ROS associated with decreased the 

levels of intracellular antioxidants (Cheng et al., 2013; El-Naga, 

2015). In the present study, our result reveals that treatment with 

EELMN (250 and 500 mg/kg b.w.) not only decreased the levels of 

MDA by 14 and 36%, respectively, but also increased the antioxidant 

defense enzymes as SOD by 11 and 67%, and CAT by 12.4 and 

28.7%, respectively (Figure 3). In addition, EELMN also significantly 

(p < 0.05) increased GSH by 11.7 and 32.6%, suggesting that 

polyphenols play an important role in preventing gastrointestinal 

oxidative injury (Cheng et al., 2013). Similarly, omeprazole reversed 

the effects of ketoprofen on SOD, CAT, MDA and GSH in the gastric 
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mucosa. As consequence, these results suggest that EELMN provide 

effective protection against NSAIDs-induced oxidative injury to 

gastrointestinal tissue (Cheng et al., 2017). 
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5.Development of Functional Pudding Contained EELMN : 

In the present study, the effect of EELMN at two different ratios 

on physical properties of pudding (texture, viscosity and sensory 

evaluation) was evaluated. 

5.1Evaluation of the effect of EELMN on the Texture properties : 

In the present study, the effect of different concentrations of 

Morus nigra L extract (2.7 and 5.4 g of EELMN/100 ml) on the 

texture profile of the prepared pudding was presents in Table 5. The 

firmness dramatically fallen by 51.24 and 61.19%, while cohesiveness 

increased up to 17.34 and 39.53%, the gumminess was significantly 

decreased by 42.61 and 46.03 % in formula B and C, respectively as 

compared to control (A).  Also, there significant increase in 

springiness by 17.86 and 22.80%, while a significant decrease were 

observed in chewiness by 34.44 and 35.5%, resilience decreased to 

70.37 and 29.01%, and adhesiveness reached to 85.52 and 80.15% as 

a result of the addition of EELMN at concentration of 2.7 and 5.4% 

respectively.  

Recent study confirmed that the addition of 2 g of bamboo shoot 

dietary fiber /100 g effectively improved the textural and rheological 

properties of milk pudding (Zheng et al., 2017). From the obtained 

data, it could be said that, the addition of EELMN to the pudding 

caused significant (P <0.05) effect on the texture profile of pudding. 

Table 5. Texture properties of pudding prepared using various 

concentrations of EELMN 
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5.2 Evaluation of the effect of EELMN on the Rheological 

parameters 

Effect of increasing of shear rates (sec
-1

) on the dynamic 

viscosity (Cp) was determined and the data are presents in (Figure 4). 

The control pudding sample had a higher dynamic viscosity value 

than, the other prepared samples at low shear rate. With increasing the 

shear rate value the behavior of control sample was changed. 

However, the treated pudding sample with 5.4% EELMN   had the 

highest dynamic viscosity values at all shear rates compared to other 

samples. In contrary, the prepared sample with 2.7% EELMN had the 

lowest dynamic viscosity values at all shear rate values. But the 

difference between its values and those values of control sample was 

closed with increasing the shear rate values.                                                                       

In the present study, the flow behavior index (N) determined 

from the slope of the double logarithmic plots of γ and σ. Consistency 

index (К) calculated from the same plots by reading σ value at shear 

rate ranging from 1.05 to 6.33 sec
-1

. The results for the control and 

different studied pudding samples were given in Table 6. The 

coefficient (R2) for the regression analyses of the log shear stress-log 

shear rate data was ranged between 0.7711 and 0.9818. It could be 

indicated, the good fit exist between the experimental data and model. 

The flow behavior indices (N) of the different tested samples were 

less than 1.0 (ranging between 0.13 and 0.29) indicating their 

pseudoplastic nature.  

Also, the К value of the control and other prepared samples 

using 2.7% and5.4% EELMN  showed the highest value being 6.76.К 

values for sample prepared using 5.4% the control pudding sample 

and the prepared sample using 2.7% became in the second and third 

order being 5.88 and 5.01, respectively. According to the apparent 

viscosity data the control pudding sample and the sample prepared 

using 5.4% had a value 1.9 which higher than the sample prepared 

using 2.7% which had a value of 1.8. 
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Table 6. Consistency index (К), flow behavior index (n) and 

apparent viscosity (µ) 
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5.3  Evaluation of the effect of EELMN on the sensory evaluation : 

Sensory evaluation of pudding incorporate with EELMN at two 

levels 2.7 and 5.4% was evaluated and the results are presented in 

Table 7. It could be observed that no significant differences are found 

concerning taste, texture, bleeding and Graiaess among different 

pudding samples including control one. These findings mean that 

adding extract either 2.7 or 5.4% EELMN didn’t affect most sensory 

criteria. On the other hand, color was significantly affected by 

addition of EELMN at the two levels (P < 0.05). On the other side; 

adding of 2.7% didn’t affect the clarity of the prepared pudding. This 

finding proved that using 2.7 and 5.4% of EELMN did not negatively 

affect most of sensory characteristics of pudding, which means that it 

can be considered a promising ulcer protection functional food.   

Table 7. Sensory evaluation of pudding prepared using two 

concentrations of EELMN 
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Conclusion 

Taking together, the gastroprotective effect of high dose of 

EELMN in ketoprofen-induced ulcers was comparable to that of 

omeprazole. Therefore, the promising results from this investigation 

are strongly confirmed that EELMN exhibited anti-inflammatory, 

antioxidant, and in turn gastroprotective potential. Furthermore, 

incorporation of EELMN in foods can be considered cost effective, as 

it is abundantly available throughout the year. Morus nigra leaves are 

a safe, natural gastroprotective agent that could be used in processed 

foods. Further studies still needed to establish the role of EELMN 

for patients who take NSAIDs for a long time or those unable to 

tolerate the undesirable effect of NSAIDs. 
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لحوايت هن ل تصنيع بودنج وظيفى اوراق نباث التوث الاسود فىاستخذام 

 قرحت الوعذة 

زينب يوسف على
*1

العسيس احوذ سالن صفاء عبذ – 
2

 

 ج.َ.ع –جيضح  –اٌٙيئخ اٌمِٛيخ ٌٍشلبثخ ٚاٌجذٛس اٌذٚائيخ )ٔٛدوبس(  –شؼجخ اٌىيّيبء اٌذيٛيخ 1. 
 –جيضح  –اٌٙيئخ اٌمِٛيخ ٌٍشلبثخ ٚاٌجذٛس اٌذٚائيخ )ٔٛدوبس(  -شؼجخ اٌزمييُ اٌغزائٝ ٚػٍَٛ الاغزيخ 2.

 ج.َ.ع

 

اق ٔجبد اٌزٛد الاسٛد فٝ اٌذّبيخ يٙذف اٌجذش اٌٝ دساسخ ِذٜ فبػٍيخ ِسزخٍص أٚس

ِٓ دذٚس لشدخ اٌّؼذح إٌبرجخ ػٓ رٕبٚي ثؼط اٌؼمبليش ٚرٌه ِمبسٔخ ثؼمبس الاِٚشاصٚي 

اٌّسزخذَ ٌزاد اٌغشض ِغ إسزخذاَ اٌّسزخٍص إٌجبرٝ وّصذس غجيؼٝ ثٕست ِخزٍفخ فٝ 

 رصٕيغ اٌجٛدٔج وغزاء ٚظيفٝ يسزخذَ ٌٍذّبيخ ِٓ دذٚس رٍه اٌمشح.

( ٚاٌزٜ EELMNٌيً ويّيبئيخ ٌٍّجّٛػبد اٌفؼبٌخ فٝ اٌّسزخٍص إٌجبرٝ )رُ ػًّ رذب

يشًّ اٌّٛاد اٌفيٌٕٛيخ ٚاٌفلافٛٔيذ اٌىٍيخ ٚإٌشبغ اٌىبسخ ٌٍشمٛق اٌذشح ِغ رمييُ اٌسّيخ اٌذبدح 

ػٓ غشيك اٌفُ ٚلذ شٍّذ اٌذساسخ اٌجيٌٛٛجيخ اػطبء اٌجشراْ جشػزيٓ ِخزٍفزيٓ ِٓ 

ِٚشاصٚي الأ( ِٚجّٛػخ ثؼمبس ٍِيجُ / وجُ ِٓ ٚصْ جشر 500,  250اٌّسزخٍص إٌجبرٝ )

ٍِيجُ / وجُ(  50يِٛيب ٌّٚذح صلاصخ اسبثيغ ِغ ِؼبٍِزُٙ ثؼمبس اٌىيزٛثشٚفيٓ )ػٓ غشيك اٌفُ 

خ اٌّخزٍفخ اٌزٝ أظٙش فيٙب اٌّسزخٍص إٌجبرٝ يٚاٌّسجت ٌٍمشدخ . رُ رمذيش اٌزغيشاد اٌجيٛويّيبئ

ٚسلاِٗ اِبٔخ ظٙش أخزجبس اٌسّيخ اٌذبدح إيعب فٝ أشح ٚٔشبغب جيذا فٝ وسخ اٌشمٛق اٌذ

 جُ/ وجُ .5دزٝ جشػخ رصً اٌٝ اسزخذاِٗ 

دد إٌٝ خفط وجيش فٝ دجُ أثبٌّسزخٍص إٌجبرٝ  جشراْاٌظٙشد إٌزبئج اْ ِؼبٍِخ أوّب 

 ˛ٔضيُ اٌججسيٓ إٚدسجخ دّٛظخ اٌؼصبسح اٌّؼذيخ ٚدسجخ اٌمشدخ اٌّؼذيخ ٚوزٌه ٔشبغ 

H
+
/K

+
-ATPase  ٚاٌّيٍٛثيشٚوسيذيض ٚدٌيً الاٌزٙبةTNF-α)  ِٝٚمذاس اٌزبوسذ اٌفٛل )

رعخ إسرفبػُٙ فٝ اٌّجّٛػخ اٌّؼبٍِخ ثبٌىيزٛثشٚفيٓ . ثبلاظبفخ اٌٝ رٌه أٌٍذْ٘ٛ ٚاٌزٝ 

أظٙشد اٌميبسبد اٌّذبفظخ ػٍٝ وّيخ اٌّبدح اٌّخبغيخ اٌّجطٕخ ٌجذاس اٌّؼذح ٚٔسجخ 

( ٚوزٌه اٌذفبظ ػٍٝ إٌظبَ اٌذفبػٝ 10 -ٔزشٌٛويِٓٚعبد الاٌزٙبة )الا Eاٌجشٚسزبجلأذيٓ 
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 ٌّعبداد الاوسذح ٚرٌه فٝ اٌّجّٛػبد اٌّؼبٍِخ ثبٌّسزخٍص إٌجبرٝ.  

وّب رُ اسزخذاَ اٌّسزخٍص إٌجبرٝ فٝ رصٕيغ اٌجٛدٔج وغزاء ٚظيفٝ ِغ دساسخ اٌزغيشاد 

 إٌّزج.فٝ ولا ِٓ اٌٍضٚجخ اٌذيٕبِيىيخ ٚاٌسٍٛن اٌشيٌٛٛجٝ ٚاٌزمييُ اٌذسٝ فٝ 

(  يؼزجش أدذ  (EELMNِّب سجك صجذ أْ ِسزخٍص ٔجبد أٚساق اٌزٛد الاسٛد 

ِعبداد الأوسذح اٌطجيؼيخ الإِخ , ٌذيٗ اٌمذسح ػٍٝ اٌذّبيخ ِٓ اٌمشح اٌّؼذيخ اٌزٝ يسججٙب 

رٕبٚي ػمبس اٌىيزٛثشٚفيٓ . ٚيشجغ ٘زا إٌشبغ اٌٝ ِذزٜٛ اٌّسزخٍص اٌىذٌٛٝ ِٓ اٌفيٕٛلاد 

ٌيبد رٛاصْ اٌذفبع أد ٚاٌمٍٛيذاد ٚاٌزبٔيٕبد ٚاٌزٝ رؤدٜ اٌٝ اٌذفبظ ػٍٝ ٚاٌفلافٛٔٛيذا

اِىبٔيخ اسزخذاَ ٘زا  ٚظذذ ٘زٖ اٌذساسخأاٌطجيؼٝ ٌٍّبدح اٌّخبغيخ اٌّجطٕخ ٌجذاس اٌّؼذح. ٚ

اٌّسزخٍص وّصذس غجيؼٝ ٚاػذ ٌزؼضيض دّبيخ اٌغشبء اٌّخبغٝ ٚاٌذذ ِٓ ِخبغش لشدخ 

اسزخذاَ ٘زا  ش اٌّسججخ . وّب اٚظذذ ٘زٖ اٌذساسخ اِىبٔيخاٌّؼذح إٌبجُ ػٓ ثؼط اٌؼمبلي

 أزبج غزاء ٚظيفٝ يسزخذاِٙب فٝ راد اٌغشض. اٌّسزخٍص فٝ

ٚصذ ٘زٖ اٌذساسخ ثعشٚسح اجشاء رجبسة سشيشيخ ٌٙزح إٌٛػيخ ِٓ إٌّزجبد أٚ

ؼلاج اٌغزائيخ ٌزذذيذ اِىبٔيخ اسزخذاِٙب فٝ اٌٛلبيخ ِٓ دذٚس اٌمشح اٌّؼذيخ إٌبرجخ ػٓ اٌ

 ثبلادٚيخ اٌّعبدح ٌلاٌزٙبثبد.

 

 


