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Medicinal plants have been widely used in the treatment of many diseases, especially in the gastroenterology, given that 

the use of synthetic antiulcer drugs in clinical practice often leads to the development of various kinds of side effects 

and, accordingly, have a large list of contraindications.  

The aim of this experimental work was the study of the antiulcer activity of the food concentrate of phenolic compounds 

of apples on the models of experimental ulcers in rats.  

Materials and methods. The studies included two stages, which were carried out on models: stage I – a model of alco-

hol–prednisolone stomach ulcer in rats, stage II – a model of indomethacin stomach ulcer in rats in accordance with 

the methodological recommendations of the SEC of the Ministry of Health of Ukraine. The studied concentrate was ad-

ministered in a dose based on the total content of polyphenols – 9 mg per 100 g of weight. Quercetin at a dose of  

5 mg/kg and ranitidine at a dose of 20 mg / kg were used as reference drugs. After replicating the models, a macroscop-

ic examination of the gastric mucosa was carried out and the content of TBA-reactants and reduced glutathione in the 

stomach homogenate was determined.  

Results. Under pathological conditions, the therapeutic effect of the food concentrate of phenolic compounds of apples 

and reference drugs was comparable in terms of the degree of ulcer defect. It was proved that food concentrate of phe-

nolic compounds of apples and reference drugs inhibit the course of lipid peroxidation reactions and support endoge-

nous antioxidant defense systems.  

Conclusions. The obtained results make it possible to recommend a further study of the food concentrate of phenolic 

compounds of apples for the creation of a pharmaceutical preparation on its basis. A promising area of application of 

this concentrate will be the prevention and treatment of gastric ulcer 
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1. Introduction 

Medicinal plants have been widely used in the 

treatment of many diseases, and nowadays it is difficult 

to overestimate the importance of herbal medicines for 

medical practice [1, 2]. These drugs are especially im-

portant in the field of gastroenterology, given that used in 

clinical practice, synthetic antiulcer drugs often lead to 

the development of various side effects and, accordingly, 

have a large list of contraindications [3, 4]. 

According to the scientific literature and the re-

sults of our own research, it can be assumed that the sub-

stance of phenolic compounds of apples, with low toxici-

ty and a wide range of pharmacological properties, can 

be very useful for correcting those pathogenesis that are 

characteristic of gastropathies of different genesis [5, 6]. 

The lack of literature data and any experimental infor-

mation on the gastroprotective properties of the sub-

stance from the phenolic compounds of apples is a good 

reason for this study [7]. 

The aim of this experimental work was to study the 

antiulcer activity of food concentrate of phenolic com-

pounds of apples in models of experimental ulcers in rats. 

 

2. Materials and methods 
The experimental part of the work was carried out 

in autumn 2020 on the basis of the educational and scien-

tific training center of medical and biological research of 

the Educational and Scientific Institute of Applied Phar-

macy of the National University of Pharmacy. As the ob-

ject of the study used food concentrate of phenolic com-

pounds of apples – a functional food product (developed 

at the Department of Pharmacognosy of the National 

University of Pharmacy under the direction of prof. Ko-

shovoy O. M., Ukrainian patent for utility model 107825 
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Ukraine IPC A23L 2/08 (2006.01) “Method obtaining a 

food concentrate of phenolic compounds of apples  

No. 12”; appl. 10.12.2015; publ. 24.06.2016. – 3 p.). 

The experiment was performed on purebred white 

male rats weighing 180–220 g, complied with ARRIVE 

recommendations and was performed in accordance with 

the British Animal Act (scientific procedures) of 1986, 

guided by EU Directive 2010/63/EU on the protection of 

animals used for scientific purposes. 

The study included two stages, which were con-

ducted on models: Phase I – model of alcohol-

prednisolone gastric ulcer in rats, Phase II – model of in-

domethacin gastric ulcer in rats in accordance with the 

guidelines of the SEC of the Ministry of Health of 

Ukraine [8]. The test concentrate was administered in a 

dose based on the total content of polyphenols – 9 mg per 

100 g of weight. Quercetin at a dose of 5 mg / kg and 

ranitidine at a dose of 20 mg / kg were used as compari-

son drugs. 

In the first phase of the study, alternative changes 

in the stomach in animals caused the combined co-

administration of 80 % ethyl alcohol at a dose of 0.8 ml 

per 100 g of body weight and prednisolone at a dose of 

20 mg/kg, which led to inhibition of phospholipase activ-

ity and ulceration. The study was performed on white 

nonlinear rats weighing 180–200 g. 1 hour before the in-

troduction of aggressive agents and 3 hours after the 

study extract was administered at a dose of 50 mg / kg 

and comparison drugs quercetin and ranitidine. A day 

later, the animals were decapitated under ether anesthe-

sia, removed the stomachs and performed macroscopic 

analysis. 

It is known that the side effect of most nonsteroi-

dal anti-inflammatory drugs is the development of gastric 

ulcer and is common with indomethacin. In this regard, 

at the next stage of the study, the ulcer was modeled by a 

single intraperitoneal injection of indomethacin at a dose 

of 20 mg / kg in rats weighing 200–220 g. 

The animals were then injected with the test extract 

and reference drugs for three days. After that, under ether 

anesthesia, rats were removed from the experiment and 

performed a macroscopic examination of the stomach. 

Then calculated the antiulcer activity of the test 

substances according to the formula: 

 

А=100 %–(Сd/Сk100),  

 

where А – antiulcer activity, %; 

Сk – the degree of damage in points in the group 

of control animals; 

Сd – the degree of damage in points in the group 

of studied animals; 

 

Using biochemical methods of analysis in gastric 

homogenate, indicators were determined that generally 

characterize the balance of the LPS process in accord-

ance with and counted the number of ulcers. The concen-

tration of TBA-rectants and reduced glutathione (GSH) 

was determined in gastric homogenates [9]. 

The results were processed statistically, the signif-

icance of differences for groups with normal distribution 

of the trait was calculated using the parametric Student's 

t-test. The discrepancy was considered statistically sig-

nificant at P≤0.05 [10]. 

 

3. Results 

At the first stage of the study, gastric ulcer was re-

produced by the introduction of two aggressive factors – 

ethyl alcohol and prednisolone. 

The obtained data, which are presented in Table 1 

showed that in control animals there were numerous ul-

cers and hyperemia of the gastric mucosa (Table 1). The 

study of the content of lipid peroxidation in the gastric 

homogenate showed that the level of TBA reactants sig-

nificantly exceeds this figure in intact animals by 2.1 

times (Table 2). The concentration of reduced glutathi-

one was significantly lower than in the group of intact 

animals almost 2 times, which indicates a weakening of 

antioxidant protection as a result of the inflammatory 

process. 

 

Table 1 

Antiulcer activity of food concentrate of phenolic compounds of apples and comparison drugs in the conditions of alco-

hol-prednisolone gastric ulcer (M±m, n =7) 

No. Group of animals Degree of damage, points 
Antiulcer 

activity, % 

1 Control pathology 4.57±0.35 – 

2 

Food concentrate of phenolic compounds of ap-

ples 

9 mg of polyphenols per 100 g of weight 

2.14±0.54* 53.1 

3 Quercetin, 5 mg/kg 2.42±0.46* 47.0 

4. Ranitidine 20 mg/kg 1.71±0.55 62.6 

Note: * – the difference is significant in relation to the control pathology (p0.05); n is the number of animals in the group  

 

The use of food concentrate of phenolic com-

pounds of apples at a dose of 9 mg of polyphenols per 

100 g of weight was accompanied by a decrease in the 

degree of ulcer defect by 53.1 % (Table 1). Inhibition of 

the process of lipid peroxidation under the influence of 

the test substance was confirmed by a significant de-

crease in the serum content of TBA reactants (1.6 times), 

and an increase in reduced glutathione (1.5 times). 

The results of the study of antiulcer activity of 

the comparison drugs of quercetin and ranitidine show 

that their effect was 47 % and 62.6 %, respectively 

(Table 1). 

The level of TBA reactants in gastric homogenate 

in the group of animals treated with quercetin was signif-

icantly higher than in control rats 1.4 times. On the part 

of the components of antioxidant protection with the use 
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of quercetin, there was a normalization of the corre-

sponding indicator of reduced glutathione. 

After administration of ranitidine to experimental 

animals, a significant improvement in LPS and antioxi-

dant protection was also observed in gastric homogenate. 

The content of TBA reactants was 1.3 times lower than 

in the control pathology group, while the level of reduced 

glutathione increased 1.3 times (Table 2). 

 

 

Table 2 

The effect of food concentrate of phenolic compounds of apples and comparison drugs on lipid peroxidation and 

antioxidant system in gastric homogenate in alcohol-prednisolone gastric ulcer in rats (M±m, n=7) 

No. Group of animals TBA reactants, nmol/g GSH, μmol/g % 

1 Intact 2.15±0.11 5.90±0.39 

2 Control pathology 4.55±0.15* 2.98±0.51* 

3 

Food concentrate of phenolic compounds 

of apples 

9 mg of polyphenols per 100 g of weight 

2.92±0.12*/** 4.58±0.49*/** 

3 Quercetin, 5 mg/kg 3.25±0.09*/** 4.78±0.57*/** 

4. Ranitidine 20 mg/kg 3.43±0.32*/** 3.90±0.39*/** 

Note: * – the difference is significant in relation to intact (p0.05); ** – the difference is significant in relation to the control pathol-

ogy (p0.05); n is the number of animals in the group 

 

 

Due to the fact that the side effect of most non-

steroidal anti-inflammatory drugs is the formation of gas-

tric ulcer, the study of the effect of dietary concentrate of 

apple phenolic compounds on the course of ulcers caused 

by indomethacin, was the next step in our research. 

Three days after the use of indomethacin in ani-

mals of the control pathology group, ulcers and severe 

hyperemia of the mucous membrane were observed  

(Table 3).  

Determination of lipid peroxidation and antioxi-

dant system in gastric homogenate showed that the level 

of TBA reactants significantly exceeds this value in in-

tact animals by 2.4 times, and the concentration of re-

duced glutathione was significantly reduced by 2.3 times 

(Table 4). This may indicate the activation of the mecha-

nisms of ulcerogenesis, which was marked by inhibition 

of the non-enzymatic link of antioxidant protection in 

rats of the control pathology group. 

 

 

Table 3 

Antiulcer activity of food concentrate of phenolic compounds of apples and comparison drugs under conditions 

of indomethacin gastric ulcer in rats (M±m, n=7) 

No. Group of animals Number of ulcers Antiulcer activity, % 

1 Control pathology 5.5±0.74 – 

2 

Food concentrate of phenolic compounds 

of apples 

9 mg of polyphenols per 100 g of weight 

2.8±0.19* 49.1 

3 Quercetin, 5 mg/kg 3.5±0.44* 36.4 

4 Ranitidine 20 mg/kg 2.5±0.36* 54.5 

Note: * – the difference is significant in relation to the control pathology (p0.05); n is the number of animals in the group 

 

 

Table 4 

The effect of food concentrate of phenolic compounds of apples and reference drugs on lipid peroxidation and antioxi-

dant system of white rats in indomethacin gastric ulcer (M±m, n=7) 

No. Group of animals TBA reactants, nmol/g GSH, μmol/g % 

1 Intact 2.15±0.11 5.90±0.39 

2 Control pathology 5.25±0.90* 2.54±0.61* 

3 

Food concentrate of phenolic compounds 

of apples 

9 mg of polyphenols per 100 g of weight 

3.12±0.25*/** 4.98±0.46*/** 

3 Quercetin, 5 mg/kg 3.44±0.37*/** 4.86±0.37*/** 

4. Ranitidine 20 mg/kg 3.98±0.52* 3.85±0.49*/** 

Note: * – the difference is significant in relation to intact (p0.05); ** – the difference is significant in relation to the control pathol-

ogy (p0.05); n is the number of animals in the group 

 

The administration of food concentrate of phenol-

ic compounds of apples significantly reduced the for-

mation of ulcers in 2 times, edema and redness of the 

gastric mucosa on macroscopic examination were almost 

not observed (Table 3). The antiulcer activity of the ex-

tract “food concentrate of phenolic compounds of ap-
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ples” was 49.1 %. The level of lipid peroxidation and the 

antioxidant system tended to normalize (Table 4). There 

was also a significant 2-fold increase in glutathione pro-

tection in gastric homogenate. The level of TBA reac-

tants was 1.7 times lower than in animals of the control 

pathology group.  

The antiulcer activity of the comparison drugs 

was quite high. Inhibition of the LPS process under the 

influence of quercetin and ranitidine was accompanied 

by a significant reduction in the values of control pathol-

ogy in the content of TBA reactants in the gastric ho-

mogenate (1.5 and 1.3 times, respectively). On the part of 

the antioxidant defence system, quercetin and ranitidine 

showed a 1.9-fold and 1.5-fold increase in the level of 

reduced glutathione, respectively.  

 

4. Discussion of research results 

Experimental data show that the dietary concen-

trate of phenolic compounds of apples in pharmacologi-

cal activity is somewhat inferior to the comparison drug 

ranitidine, but more effectively affects the normalization 

of the studied biochemical parameters (TBA reactants 

and reduced glutathione) due to antioxidant properties 

[7]. Indicators of antiulcer activity similar to the test sub-

stance and the effect on the change of the content of TBA 

reactants and reduced glutathione were observed with the 

introduction of quercetin, which is one of the active 

components of the concentrate. 

Studies of the antiulcer activity of food concen-

trate of phenolic compounds of apples were conducted 

for the first time, and the data obtained on this effect 

were confirmed by previous studies of substances from 

plant raw materials [11, 12]. But the results of the effec-

tiveness of food concentrate were confirmed by some bi-

ochemical indicators: a decrease in the content of TBA 

reactants and an increase in the level of reduced glutathi-

one in the gastric homogenate. 

Study limitations. The obtained results do not 

fully reflect the mechanism of antiulcer activity and there 

is a need for further study of this aspect.  

Prospects for further research. After a series of 

studies and results on acute and chronic toxicity, it will 

be possible to recommend further study of food concen-

trate of phenolic compounds of apples to create a phar-

maceutical based on it, which will be used in the preven-

tion and treatment of peptic ulcer disease. 

 

5. Conclusions 

Under conditions of pathology, the therapeutic 

effect of food concentrate of phenolic compounds of 

apples and comparison drugs (quercetin and 

ranitidine) was comparable in terms of the degree of 

ulcer defect. In the model of alcohol-prednisolone ul-

cer, the antiulcer activity of food concentrate was 

53.1 %, while quercetin and ranitidine were 47.0 % 

and 62.6 %, respectively. In indomethacin ulcer, the 

effectiveness of the test substance was 49.1 %, querce-

tin showed less pronounced activity, which was 36.4 

%, ranitidine showed an effect of 54.5 %. 

It is proved that the food concentrate of phenolic 

compounds of apples of comparison inhibits the course 

of lipid peroxidation reactions and supports endogenous 

systems of antioxidant protection. This was confirmed 

by a 1.6-fold decrease in the gastric homogenate of 

TBA reactants in the alcohol-prednisolone ulcer model 

and a 1.5-fold decrease in the indomethacin ulcer mod-

el. On the part of the antioxidant defence system, treat-

ment with concentrate led to an increase in the content 

of reduced glutathione by 1.7 times and 2 times in the 

model of alcohol-prednisolone ulcer and indomethacin 

ulcer, respectively.  
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