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Background: A significant increase the number of diseases associated 

with the development of oxidative stress dictates the need to find 

effective and safe agents with antioxidant activity. High efficiency and 

safety combine means of plant origin, which makes them promising 

objects for studying antioxidant properties. Thus, the aim of the study 

was to evaluate the antioxidant activity of plant extracts by in vitro 

tests. 

Materials and methods: The antioxidant properties of 9 plant extracts 

in the concentration range of 62.5-1000 μg / ml, obtained from: 

Cucurbita pepo L., Juglans nigra L., Tagetes patula L., Rudbeckia 

laciniata L., Grossularia reclinata (L.) Mill., Ribes nigrum L., Rubus 

caesius L., Lysimachia punctata L., Morus alba L. was studied. Model 

systems of free radical generation included of DPPH-radical, 

superoxide, hydroxyl and nitrosyl radicals. Additionally, the chelating 

properties of the test extracts were studied. The results were processed 

statistically with the calculation of the IC50.  

Results: From 9 test extracts 3 have pronounced antioxidant properties 

- extracts of mulberry, pumpkin and walnut. In model systems, these 

objects interfered with the generation of DPPH radical, superoxide, 

hydroxyl and nitrosyl radicals, and also exhibited chelating activity, 

which was comparable to that of referents. 

Conclusion: The study showed the prospects of further study of 

extracts of mulberry, pumpkin and walnut as a means with antioxidant 

properties, and also demonstrated the possibility of using these objects 

to correct oxidative stress. 

 
                 Copy Right, IJAR, 2018,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
At the present stage of the development of society, a person is constantly subject to the action of unfavorable factors, 

which adversely affect his general-functional state [1]. The resulting disadaptation leads to the development of new 

or exacerbation of existing diseases, which worsens the quality of life and contributes to a decrease in the overall life 

expectancy of the population. [2] It is established that one of the leading links that causes disadaptation is the 

development of oxidative stress. Induction of oxidative stress occurs as a consequence of the redox imbalance, 
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between the formation of active oxygen / nitrogen forms (ROS) and their inactivation by the antioxidant defense 

system [3]. ROS formed in the cell constantly and, in general, perform the function of cellular signaling and are 

responsible for the regulation of the vascular tone of the microcirculatory bed. The main sources of endogenous 

ROS are the reactions of oxidative phosphorylation in the mitochondrial respiratory chain, peroxisomes. In addition, 

the ROS can generate cytochrome P450 in the detoxification of xenobiotics processes [4]. 

 

Hyperproduction of ROS leads to the loss of their physiological functions, and highly reactive radicals initiate 

damage to cellular structures, mainly DNA, proteins and membrane lipids. The most damaging ability with respect 

to cells is possessed by: superoxide radical, hydroxyl radical, peroxide, and reaction product of superoxide radical 

and nitrite-peroxonitrite [5]. The system of antioxidant protection, which includes enzymatic (SOD, catalase, 

glutathione peroxidase) and non-enzymatic components (vitamins C and E, glutathione, β-carotene, coenzyme Q10) 

can inhibit the action of excess ROS on the cell structure [6]. The antioxidant system of the cell is effective against 

the negative effect of endogenous ROS (mainly mitochondrial genesis) and forceful oxidants, xenobiotics, etc. on 

the body. [7]. This fact makes it expedient to use agents that have an antioxidant properties to correct oxidative 

stress. 

 

It is known that medicinal plants play an important role in the health system of developing countries in order to meet 

the needs of the population for primary health care. The popularity of natural phytocomplexes is associated with 

their availability, high therapeutic efficacy and low toxicity [8]. Plant objects contain many metabolites with 

different types of biological activity, including antioxidant [9]. Thus, it is relevant to search for funds that have 

antioxidant activity among natural objects. 

 

Materials and methods:- 
The objects for the study were total extracts - extracts from the bark of Juglans nigra L (black walnut).; 

Inflorescence of: Tagetes patula L.(marigold), Rudbeckia laciniata L. (rudbeckia); Leaves: Grossularia reclinata (L.) 

Mill. (gooseberry), Ribes nigrum L. (currant),  Rubus caesius L. (blackberries), Morus alba L (mulberry).; Herb: 

Lysimachia punctata L.(loosestrife); Fruitage: Cucurbita pepo L. (pumpkin). 

 

Preparation of the test extracts 

Juglans nigra bark extract 

The crushed black walnut (Juglans nigra L.) bark was extracted with ethanol at a ratio of 1:4 for 2 days. The 

resulting extract was settled at a temperature of 8-10 °C for 2 days, filtered through paper filter and evaporated on a 

rotary evaporator under vacuum at a temperature of 50 °C to 1/5 of the initial volume. 

 

Extracts from the remaining investigated objects were obtained by extracting the raw material with ethanol 40% or 

70% in a water bath in a flask with a reflux condenser (extraction rate - 3, duration - 1 hour). 

 

The antiradical activity of the extracts was evaluated in the concentration range: 1000 μg / ml; 500 μg / ml; 250 μg / 

ml; 125 μg / ml; 62.5 μg / ml. The antiradical properties of the test extracts were determined by various in vitro 

model ROS-generation test systems: DPPH-radical, superoxide, hydroxyl and nitrosyl radicals. Also chelating 

properties of the evaluated extracts were studied. 

 

DPPH – scavenging activity 

The Mensor method was used as a basis for the study of DPPH-antiradical activity [10]. To 0.5 ml of methanol 0.4 

mM DPPH solution, 1 ml of the solution of the test extracts was added in the range of estimated concentrations and 

incubated at room temperature for 30 minutes. As a reference substance, ascorbic acid was used in similar 

concentrations. After the indicated time interval, the absorbance of the samples was recorded at a wavelength of 518 

nm against pure methanol. A solution of DPPH in methanol was taken as a positive control (A0). The percentage 

inhibition of DPPH radical formation was calculated from formula (1): 

% inhibition = Ax / A0 * 100, where 

Ax - is the optical density of the sample sample of the extract; 

A0 - is the optical density of the positive control sample. 

 

Hydroxyl radical - scavenging activity 

The method is based on the spectrophotometric detection of a colored complex of degradation products of 2-

deoxyribose with thiobarbituric acid [11]. The hydroxyl radical was generated in a Fenton reaction (0.1 ml of a 2.8 
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mM deoxyribose solution + 0.1 ml of a 0.1 mM EDTA + 0.1 ml 0.1 mM ascorbate solution + 0.1 ml phosphate 

buffer (pH 7, 4) To the resulting model mixture, 1 ml of the solution of the test extracts was added in the range of 

the concentrations to be evaluated.Incubated for 60 minutes at 370 C. Then, 1 ml of a 2.8% solution of 

trichloroacetic acid and 1 ml of 1% thiobarbituric acid solution was added to the medium, water bath (100
0 

 C) for 

20 minutes After cooling, the optical density of the samples was measured at a wavelength of 532 nm against 

Positive control was the generation medium of the hydroxyl radical without addition of the extract under study, and 

ascorbic acid was used as a reference substance at similar concentrations. 

 

Superoxide radical - scavenging activity 

The basis of the analysis was the method described by Winterbourn [12], based on the photoconvertion of riboflavin 

reaction. The incubation medium contained 0.1 ml of the solution of the extracts studied in various concentrations + 

0.1 ml of a 1.5 mM solution of nitro-blue tetrazolium + 0.2 ml of 0.1 M EDTA + 0.05 ml of 0.12 mM riboflavin + 2 

solution, 55 ml of phosphate buffer (pH 7.4). The resulting mixture was incubated for 5 minutes at 25
0
C. The 

absorbance of the samples was measured at 560 nm against air. As a reference substance, ascorbic acid was used in 

similar concentrations. Positive control was the incubation medium without adding the extract under study. The 

percentage inhibition was calculated by the formula 1. 

 

Nitrosyl radical - scavenging activity. 

The analysis was based on the ability of sodium nitroprusside in a water solution disintegrate with generating a 

nitrosyl radical [13]. Analysis: 2 ml of a 10 mM sodium nitroprusside solution + 0.5 ml phosphate buffer (pH 7.4) + 

0.5 ml of the solution of the test extracts were added to the cuvette at various concentrations. The resulting mixture 

was incubated at 25
0
C for 15 minutes. After a period of incubation, 0.5 ml of Griess reagent was added to the 

medium, incubated for 30 minutes at room temperature. The absorbance of the samples was measured at 546 nm. As 

a reference substance, ascorbic acid was used in similar concentrations. The percentage of inhibition of the nitrosyl 

radical was calculated from formula (2): 

% inhibition = Ax / A0 * 100, where 

Ax - is the optical density of the sample before the addition of the Griess reagent; 

A0 - is the optical density of the sample after addition of the Griess reagent 

 

Iron-chelating activity 

The chelating properties of the test extracts were evaluated by the o-phenanthroline method proposed by Benzie & 

Strain [14]. The incubation medium consisted of 1 ml of 0.05% methanol solution of o-phenanthroline + 2 ml of 

iron (II) chloride (200 μM) + 2 ml of various concentrations of the test extracts. The resulting mixture was incubated 

for 10 minutes at room temperature. The absorbance of the samples was measured at 510 nm. EDTA (reference 

metal chelator) was used in similar concentrations. Positive control was the incubation medium without the addition 

of the test extracts. The percentage inhibition was calculated by the formula 1. 

 

Total flavonoids 

The total content of flavonoids in the extract was determined by reaction with aluminum chloride [15]. The reaction 

mixture contained 1 ml of the solution of the studied extract (1:10) in various concentrations + 0.5 ml of a 1.2% 

solution of aluminum chloride + 0.5 ml of a saturated solution of potassium acetate. The medium was incubated for 

30 minutes. at room temperature, and the absorbance of the samples was measured at 415 nm. The total content of 

flavonoids was expressed in terms of standart sample (mg / g). 

 

Stastical methods:- 
The obtained data during the experiment were statistically processed. In the work we used software packages of 

statistical analysis MS Excel v.10 and «STATISTICA 6.0». The IC50 value was calculated by the probit analysis 

method. 

 

Results:- 
Estimating the superoxide radical (Fig. 1), scavenging activity revealed that the greatest inhibitory ability with 

respect to this radical was the extract of mulberry (IC50 = 14.8 μg / ml), pumpkin (IC50 = 20.2 μg / ml), walnut IC50 = 

20.6 μg / ml), which was comparable to the effect of ascorbic acid (IC50 = 19.7 μg / ml). Severaler "scavenger" 

activity against the superoxide radical showed phytocomplexes: rudbeckia (IC50 = 22.1 μg / ml) and blackberries 

(IC50 = 21.8 μg / ml). Anti-radical activity of  extracts of loosestrife, gooseberry and currant, was significantly lower 
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with respect to the rest of the studied objects.The IC50 value for the loosestrife extract was 33.7 μg / ml, the currant 

32.2 μg / ml, the gooseberry 47.2 μg / ml. The marigold extract did´t show a significant superoxide radical of 

antiradical activity. It should be noted that the growth of scavenging activity was "hyperbolic" in nature and the 

maximum superoxide-inhibiting capacity for all studied objects was noted at a concentration of 1000 μg / ml. 

 

The most expressed nitrosyl radical inhibitory properties showed mulberry extracts (IC50 = 137.9 μg / ml), walnut 

(IC50 = 215.8 μg / ml), currants (IC50 = 217.1 μg / ml) of gooseberry (IC50 = 231, 4 μg / ml) and pumpkin (IC50 = 

261.2 μg / ml). The IC50 value for these extracts was less than that of the referent - ascorbic acid (IC50 = 316.4 μg / 

ml). The extract of rudbeckia (IC50 = 373.9 μg / ml) was slightly inferior to nitrosyl-antiradical activity of ascorbic 

acid, whereas the studied objects isolated from loosestrife, blackberry and marigolds were characterized by low 

nitrosyl radical scavenging ability (Fig. 2). In this case, the dependence "object concentration-inhibitory capacity" 

for the extracts studied was almost linear (Fig. 2). 

 

 
Figure 1:-Superoxide radical scavenger properties of the test extracts. 

 

The most expressed nitrosyl radical inhibitory properties showed mulberry extracts (IC50 = 137.9 μg / ml), walnut 

(IC50 = 215.8 μg / ml), currants (IC50 = 217.1 μg / ml), gooseberry (IC50 = 231, 4 μg / ml) and pumpkin (IC50 = 261.2 

μg / ml). The IC50 value for these extracts was less than that of the referent - ascorbic acid (IC50 = 316.4 μg / ml). 

The extract of rudbeckia (IC50 = 373.9 μg / ml) was slightly inferior to nitrosyl-antiradical activity of ascorbic acid, 

whereas the studied objects isolated from loosestrife, blackberry and marigolds were characterized by low nitrosyl 

radical scavenging ability (Fig. 2). In this case, the dependence «concentration-inhibitory capacity» for the extracts 

studied was almost linear (Fig. 2). 

 

 
 

Figure 2:-Nitrosyl radical scavenger properties of the test extracts. 
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For pumpkin and walnut extracts, expressed hydroxyl-radical scavenging properties (Fig. 3) were investigated, 

exceeding those of ascorbic acid. The IC50 value for these objects was 250.5 μg / ml; 320.2 μg / ml, respectively, 

against 333.2 μg / ml in the referent. Mulberry extract (IC50 = 346.5 μg / ml) was comparable in hydroxyl-radical 

inhibition with ascorbic acid. The remaining objects under study exhibited a weakly expressed hydroxyl-radical 

binding activity. For extracts of loosestrife, rudbeckia, gooseberries, currants, blackberries and marigolds, the IC50 

value was 676 μg / ml; 646.6 μg / ml; 681.9 μg / ml; 526.3 μg / ml; 505.9 μg / ml and 678.1 μg / ml, respectively.  

 

 
Figure 3:-Hydroxyl radical scavenger properties of the test extracts. 

 

DPPH - inhibitory properties (Fig. 4) were established for all the studied objects. At the same time, the test extracts 

were superior to the referent - ascorbic acid. So the IC50 value for extracts of loosestrife, walnut, rudbeckia, 

pumpkin, mulberry gooseberry, currant, blackberry and marigold was 318.6 μg / ml; 312.4 μg / ml; 427.7 μg / ml; 

281.4 μg / ml; 346.8 μg / ml; 372.9 μg / ml; 297.6 μg / ml; 415 μg / ml and 418.1 μg / ml, respectively, while in 

ascorbic acid this value was 463.5 μg / ml. As can be seen, the greatest DPPH - inhibitory activity is shown by 

extracts of walnut and pumpkin. 

 

 
Figure 4:-DPPH-radical scavenger properties of the test extracts. 

 

Evaluation of the iron-chelating properties of the test extracts showed that the iron-binding capacity of mulberry 

extracts (IC50 = 191.4 μg / ml) and pumpkin (IC50 = 218.6 μg / ml) was higher than that of the EDTA (IC50 = 276.7 

μg / ml) . The chelating activity of walnut extracts (IC50 = 262 μg / ml) and gooseberry (IC50 = 248.5 μg / ml) was 

comparable to EDTA, the remaining studied objects were characterized by low iron-binding capacity. The IC50 

value for the extracts of loosestrife, rudbeckia, currant, blackberry and marigold was 339.2 μg / ml, respectively; 
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595.3 μg / ml; 376.5 μg / ml; 341.6 μg / ml and 330 μg / ml. With the exception of extracts of mulberry and 

blackberry, the chelating activity of the evaluated objects increased almost linearly with increasing concentration of 

the studied object. For the extracts of mulberry and blackberry this dependence was hyperbolic (Fig. 5).  

 

 
Figure 5:-Chelating activity of the test extracts. 

 

The high antioxidant activity of the test extracts appears to be associated with a significant content of flavonoids in 

thestudied objects (Table 1). 

 

Table 1:-Total content of flavonoids in test extracts 

Test extract Standart sample Total flavonoids, % 

(M±SD) 

Morus alba L. patuletin 2,98±0,06 

Cucurbita pepo L. quercetin 2,11±0,277 

Juglans nigra L. quercetin 2,77±0,530 

Rudbeckia laciniata L. luteolin 0,32±0,01 

Tagetes patula L. quercetin 0,822±0,02 

Grossularia reclinata (L.) Mill, quercetin 0,51±0,01 

Ribes nigrum L. rut in  0,68±0,01 

Rubus caesius L. rutin 0,94±0,02 

Lysimachia punctata L. quercetin 0,59±0,01 

 

Discussion:- 
Free radicals are formed in cells during metabolism and perform a variety of physiological processes, such as cell 

proliferation, regulation of microcirculatory blood flow, apoptosis reactions, gene expression [16]. However, 

hyperproduction of free radicals adversely affects the condition of cells and the whole organism. The violation of the 

redox imbalance between the production of ROS and their inactivation by the antioxidant defense system, causes the 

peroxidation of membrane lipids, structural proteins, DNA, carbohydrates, enzymes, which ultimately leads to cell 

death [17]. In certain physiological frameworks the system of endogenous antioxidant protection is designed to 

reduce the negative effect of oxidants on the body. Endogenous antioxidant enzymes, such as catalase, superoxide 

dismutase, glutathione peroxidase, glucose-6-phosphate dehydrogenase, glutathione reductase, provide timely 

inactivation of ROS, which prevents their negative impact on cells [18]. At the same time, the shift of the redox 

status towards pro-oxidants, the inadequate activity of enzymes of endogenous antioxidant protection contribute to 

the development of oxidative stress, which plays a significant role in the pathogenesis of a number of diseases: 

cancer diabetes, cardiovascular diseases, alcoholic dystrophy of the liver, dementia, atherosclerosis, Parkinson's 

disease [19]. It is known that in the series of ROS the superoxide radical and its derivatives (peroxonitrite), as well 

as the hydroxyl radical, have the greatest cytotoxicity [20]. 
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The superoxide radical, peroxonitrite and hydroxyl radical have both a direct cytotoxic effect on the cells (due to the 

peroxidation of the cellular structures) and mediated through activation of the cascade of apoptosis reactions and 

modification of protein kinase signaling pathways (Fig. 6) [21]. 

 

 
Figure 6:-ROS - mediated signaling pathways of cell death 

 

Insufficient activity of endogenous antioxidant protection and the associated increase in the number of ROS require 

the appointment of exogenous antioxidants, among which are particularly allocated funds of natural origin [21]. It is 

known to use herbal remedies for the prevention and treatment of metabolic diseases, such as diabetes mellitus; 

bacterial infections, cancer, helminth infestations, inflammatory and autoimmune diseases. A wide range of 

pharmacological activity associated with low systemic toxicity of the administration makes objects of natural origin 

promising for study, in order to identify new classes of biologically active substances, as well as types of biological 

activity. [22]. 

 

In the course of this study, it was found that of 9 plant extracts, 3 have pronounced antioxidant properties. High 

antiradical activity was determing for extracts of Juglans nigra L bark, Morus alba L leaves and Cucurbita pepo L. 

fruitage. The obtained data in a series of in vitro tests indicate that the studied extracts of mulberry, pumpkin and 

walnut inhibit the generation of DPPH radical, superoxide, nitrosyl and hydroxyl radicals, and also exhibit iron-

chelating properties. Other studied objects: extarcts from inflorescence of Tagetes patula L, Rudbeckia laciniata L.; 

leaves of Grossularia reclinata (L.) Mill., Ribes nigrum L., Rubus caesius L.; herb of Lysimachia punctata L. were 

characterized by moderate antioxidant properties and inferior in activity to referents-ascorbic acid and EDTA. 

 

Cucurbita pepo L. widely cultivated plant, extracts from which have: anthelmintic [23], antiatherosclerotic [24], 

anticarcinogenic activity [25]. Extracts from Morus alba L also have a large range of pharmacological activity, 

including such types as: hypoglycemic, lipid-regulating, antihypertensive [26], immunotropic action [27]. As the 

main active substance in the extracts obtained from Juglans nigra L the presence of juglone, characterized by 

cytotoxic [28] and hepatoprotective properties [29]. As can see, the leading extracts have a significant spectrum of 

pharmacological activity, and at the same time the high antioxidant activity of the extracts to be evaluated is 

probably associated with a significant content of flavonoids in their composition. It is known that flavonoids have 

pronounced scavenger properties due to the presence of an aromatic nucleus and conjugated multiple bonds, as well 

as a reactive-active proton in the OH group in the third position [30] and objects containing a significant amount of 

flavonoids exhibit pronounced antioxidant properties [31-33]. 

 

Conclusion:- 
The study showed the prospects of using extracts of mulberry, pumpkin and walnut as a means of antioxidant 

activity. It is also advisable to further study these objects for the ability to increase the activity of enzymes of 

endogenous antioxidant protection. In addition, it seems relevant to separate individual extracts from these extracts 

and further assess their biological activity. 
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Abbreviations 

DPPH-2,2-diphenyl-1-picrylhydrazyl; ROS - reactive oxygen radicals; SOD - superoxide dismutase; EDTA - 

ethylenediaminetetraacetate; ECp - pumpkin extract; EJr - walnut extract; ER - extract of rudbeckia; EL - extract of 

a loosestrife; ERuc - extract of gooseberries; EM - mulberry extract; ERib - extract of currant; ERub - blackberry 

extract; ETp - marigold extract. 

 

Summary 

1. Exogenous antioxidants help to eliminate the manifestations of oxidative stress 

2. Among the studied extracts, the most pronounced antioxidant properties are the extracts from: Juglans nigra L 

bark, Morus alba L leaves and Cucurbita pepo L. fruitage. 

3. The studied extracts-leaders can serve as a valuable source of antioxidant compounds 
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