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ABSTRACT 
 

Low adaptive capacity and oxidative stress are the factors leading to cellular dysfunction, protein and 

lipid peroxidation, and the development of diseases. In recent decades, there has been a trend toward the 

active use of plant-based antioxidants. Trifolium pratense L. is a promising plant for the pharmaceutical 

and food industry and has anti-radical properties. This work is devoted to studying the antiradical and 

oxidative stress-released properties of T. pratense in Caenorhabditis elegans under oxidative and 

temperature stress. The objective of this research was to evaluate the anti-radical properties of the T. 

pratense extracts and individual BAS (chlorogenic acid, ononin, biochanin A, genistein) and analysis 

their influences on the oxidative stress of Caenorhabditis elegans in the presence of paraquat. Analysis 

of the antiradical properties revealed that chlorogenic acid has the maximum ability to neutralize the 

free radical (35.49µmol). A separate analysis of oxidative stress revealed high ononin activity at 

concentrations of 10, 50, and 100 µmol at 48 hours of cultivation.  Biochanin A increases survival by 

13.1% compared to the control. The use of the extract (500µmol) contributed to an increase in survival 

on day 1 of incubation. Under conditions of thermal stress, ononin (50 and 200 µmol) has a positive 

effect on the viability of C. elegans.  The extract and BAS of T. pratense are characterized by high 

antiradical activity. In addition, the ability to influence the viability of C. elegans was revealed. 

Therefore, it is worthwhile to further study the biological properties of T. pratense for use in 

geroprotective therapy. 
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1 Introduction  

Aging is a process of degenerative changes in cells, tissues, and 

organs of the body that is accompanied by reduced adaptive 

activity to stressful environmental conditions and an increased risk 

of diseases and deaths (Hou et al. 2019). One key factor 

influencing the development and progression of many chronic 

diseases is oxidative stress. Oxidative stress is a state of the body 

resulting from excessive production and/or low ability to eliminate 

free radicals (reactive oxygen species, peroxides, etc.) (Leite et al. 

2020; Monteiro-Alfredo et al. 2020). ROS plays an important role 

in maintaining cell homeostasis. However, their increased levels 

cause cellular dysfunction, protein and lipid peroxidation, and 

DNA damage, which eventually lead to irreversible damage and 

cell death with the gradual development of degenerative diseases 

like diabetes, arthritis, cardiovascular diseases, oncology, etc.) (van 

der Pol et al. 2019). 

A key strategy for preventing the development of degenerative 

diseases and aging is the inclusion of antioxidants in the diet (Roxo 

et al. 2020). Synthetic antioxidants have several negative effects, 

including allergic reactions, liver damage, etc. on the human body.  

Plant raw materials rich in biologically active substances (BAS) of 

an adaptogenic orientation can be used as an alternative to 

synthetic antioxidants (Hou et al. 2019). Various studies have been 

conducted that show the influence of adaptogenic plants on the 

state of the body under stressful conditions (Chen et al. 2016; 

Jattujan et al. 2018; Tambara et al. 2018; Wang et al. 2018). 

According to Brekhman and Dardymov (1969), adaptogens are 

characterized by various properties, including an increase in the 

nonspecific resistance of the body, normalizing the state of the 

body regardless of the nature of the pathology, do not affect the 

normal functions of the body more than required, and be safe (Hou 

et al. 2019). 

From a pharmacological point of view also, plant raw materials are 

a suitable source of chemical compounds for the treatment of 

various diseases, including those caused by oxidative stress. 

Further, the antioxidant activity of plants is related to their 

chemical composition, namely the presence of BAS (polyphenols, 

vitamins, organic acids, etc.). Thus, the search for promising 

sources of BAS is relevant to normalizing the reducing-oxidizing 

balance in the body. 

Trifolium pratense is a representative of the genus Trifolium, a 

forage plant that is widely used in agriculture. The main 

biologically active compounds of the plant include flavonoids 

(Quercetin, Kaempferol, Apigenin, Hyperoside), isoflavonoids 

(Biochanin A, Formononetin, Daidzein, Genistein, Prunetin), 

phenolic acids (caffeic, rosemary, chlorogenic, salicylic, ո-

coumaric, ferulic), etc. (Akbaribazm et al. 2020). The rich 

composition of secondary metabolites gives the plant a wide range 

of pharmacological properties, including anti-inflammatory, 

antioxidant, antibacterial, antiviral, antitumor, antifungal, and 

neuroprotective (Luo et al. 2020). 

To study the role of oxidative stress and phytochemical 

compounds in aging processes, a model system Caenorhabditis 

elegans, a soil free-living nematode are used in vivo (Wilson et al. 

2006; Thabit et al. 2019; Roxo et al. 2020; González-Peña et al. 

2021; Wang et al. 2021). The nonparasitic nematode C. elegans is 

characterized by changes in behavior and physiological health 

indicators (stress resistance, degeneration of the nervous system, 

changes in the structure of muscle tissue) which are similar to 

humans (Wang et al. 2020). Therefore, an assessment of the 

adaptogenic effect on model organism C. elegans can provide 

detail related to the positive effect of plant extracts on human life 

expectancy. The objective of this study was to examine the 

antioxidant activity and stress resistance of the T. pratense L. 

extract and its individual BAS in the C. elegans model system. 

2 Materials and Methods 

Callus culture of earlier stage T. pratense and standard BAS 

individual (Sigma-aldrich, USA) were used for the preparation of 

extract in this study (Dyshlyuk et al. 2021). For this, T. pratense 

callus was cultured on Gamborg nutrient medium supplemented 

with kinetin (2.00 mg/L), 6-BAP (0.10 mg/L), IUK (2.00 mg/L), 

and 2.4-D (2.00 g) from seedlings (Gamborg et al. 1968). The 

extract was prepared as described by Dyshlyuk et al. (2021).   

The antioxidant activity of T. pratense callus extract and individual 

BAS were determined to the 2,2'-azino-bis(3-ethylbenzothiazoline-

6-sulfonic acid (ABTS) radical as per the method given by Re et 

al. (1999). To determine the antioxidant activity of the callus 

culture extract, it was dried with the help of Mini Spray Dryer B-

290 (BUCHI, Switzerland) having parameters like the temperature 

of 105 °C, liquid feed rate of 6.2 mL/min, and main air flow rate of 

∼90 m
3
/h (Langrish and Premarajah 2013). 

Next, the effect of T. pratense callus cultures extracts and 

individual BAS was used to analyze the stress resistance in C. 

elegans against oxidative and temperature stress. For this C. 

elegans multiplication was carried out according to the standard 

method given by Rathor and Pandey (2018). 

Individual BAS (chlorogenic acid, ononin, biochanin A, genistein) 

and their dry extract were prepared in DMSO of 10 mM 

concentration. Test solutions of BAS at various concentrations of 

10, 50, 100, and 200 µmol and callus culture extract in three 

concentrations of 5, 50, and 500 µmol were prepared. The test 

solutions were stored at 4 °C until they were used. 

Oxidative Stress release in C. elegans and effect of various 

concentrations of callus culture extract and standard extract 
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evaluated as per Rathor and Pandey (2018). For this, after adding 

15 µl of the BAS or callus culture extract and 15 µl of 1M 

paraquat, the nematodes inoculated plates were left to incubate at a 

temperature of 20 °C, and after 24 and 48 hours of incubation, first 

and second counting of living and dead nematodes were carried 

out. The results of the effect of BAS on the oxidative stress 

resistance of nematodes were compared with the results of control 

nematodes that were incubated without adding the tested 

compounds. 

For the estimation of temperature stress in C. elegans in the 

presence of BAS, the experiment was carried out as per the method 

described for oxidative stress release in C. elegans with some 

required changes. Further, the experiment was carried out without 

the addition of papaquat; throughout the experiment, the 

incubation temperature was 33 °C.  

All analyses were repeated 3 times and statistical data was 

analyzed on Microsoft Office Excel 2007. Statistical analysis of 

the obtained data was carried out using a single-stage Student's 

paired criterion for each pair of interests. The differences were 

considered statistically significant at p<0.05.   

3  Results and discussion 

The results presented in Figure 1 revealed the antiradical activity 

of various concentrations of the T. pratense extract and BAS 

compared to standard Ascorbic acid in the neutralization of the 

ABTS. Results of the study suggested the highest ABTS radical 

scavenging activity from genistein (95.76%), followed by the 

chlorogenic acid (91.5%) and T. pratense callus culture extract 

(87.63%), and these were at par with the standard control ascorbic 

acid (94.09%). Among the various tested extracts lowest ability to 

absorb ABTS radicals (57.40%) was reported from Biochanin A. 

Table 1 shows the EC50 values of T. pratense extracts, individual 

BAS, and ascorbic acid (control) in ABTS radical neutralization. The 

highest effective concentration was determined for ascorbic acid and  

 
Figure 1 Antiradical activity of various concentrations of extract of callus cultures and individual BAS T. pratense L. 

 

Table 1 Results of determining the effective concentration of ABTS radical suppression 

No. Name of sample 
Effective concentration 

ЕС50, µmol 

1 Ascorbic acid (control) 38.24±1.89 

2 Callus culture extract 117.60±3.62 

3 Chlorogenic acid 35.49±1.59 

4 Genistein 137.02±4.01 

5 Biochanin A 582.20±6.64 

6 Ononin 151.83±3.98 
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Figure 2 Effect of individual BAS on the resistance of C. elegans to oxidative stress (A) Effect of Chlorogenic, (B) Effect of Genistein,  

(C) Effect of Biochanin A, (D) Effect of Ononin 
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it is followed by chlorogenic acid (35.49 µmol), and these two 

are not significantly different. These results obtained are 

consistent with the literature data (Sun et al. 2014; Wang et al. 

2021). The effective concentration of the callus culture extract 

was 117.60 µmol. From the studied literature, ABTS-radical 

absorption of methanol extract and various fractions of the plant 

has a value of 111.84 to more than 500 µg/ml (Esmaeili et al. 

2015). Based on these indicators, it can be concluded that the 

extract has high antiradical activity. 

To study the role of T. pratense callus culture extract and 

individual BAS (chlorogenic acid, ononin, biochanin A, 

genistein) in aging processes, a model system of the soil free-

living C. elegans was used in vivo, since it is characterized by 

changes in behavior and physiological health indicators similar 

to humans (stress resistance, nervous system degeneration, 

changes in muscle tissue structure). Figure 2 presents a graphical 

representation of the effect of BAS tested at concentrations of 

10, 50, 100, and 200 µmol on the oxidative stress resistance of C. 

elegans. The studied concentrations of individual BAS (10, 50, 

100, 200 µmol) did not have any significant effect on the 

survival rate of C. elegans individuals under oxidative stress 

after 24 hours under the influence of 1M paraquat. After 48 

hours of incubation ononin at concentrations of 10-100 microns 

had the greatest effect on the survival of nematodes. In addition 

to this BAS increased the survival rate of nematodes by 11.7% as 

compared to the control. The tendency to increase survival rate 

was also noted when using Biochanin A. The maximum survival 

rate was 87.1% compared to the control of 74.0%. The obtained 

data are in agreement with the findings of previous studies on the 

antioxidant properties of these BAS on other model systems (Wu 

et al. 2021; Dong et al. 2022). Chlorogenic acid and genistein did 

not affect the survival of nematodes under oxidative stress. It is 

important to note that there is no negative influence of 

chlorogenic acid and genistein on the survival of the model 

organism. 

Figure 3 presents a graphical representation of the T. pratense 

callus culture extract for oxidative stress resistance with C. 

elegans. The results of the research revealed a positive effect of the 

extract in minimum concentration (500 µmol) on the survival of 

nematodes under oxidative stress. An increase in survival on the 

first day of cultivation by 93% compared to the control is 

associated with a wide range of compounds characterized by high 

antioxidant activity.  

The results of the effect of individual BAS and extract on 

temperature stress are shown in Figures 4 and 5. At 48-hour 

incubation, the overall dynamics are characterized by an 

increase in the viability of C. elegans at ononin concentrations 

of 50 µmol and 200 µmol (by 9.4% and 8.6%, respectively). 

For the remaining BAS at 48 hours of incubation, there is a 

tendency to increase the survival rate of nematodes with an 

increase in the concentration of BAS. At 200 µmol of BAS, the 

average survival rate was increased by 11.8% as compared to 

the control samples. Use of the extract in a concentration of 

500 µmol led to 100% death of C. elegans under both 24 and 

48 hrs of incubation. However, when using concentrations of 5 

µmol and 50 µmol, no changes in survival were reported as 

compared to the control. The data obtained are characterized by 

relatively low activity compared to data from the studied 

literature (Carranza et al. 2020; Cai et al. 2022). This is 

probably due to the deviation of the experimental conditions 

from the standard methodology. 

 
Figure 3 Effect of T. pratense L. callus culture extract on the resistance of C. elegans to oxidative stress 
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Figure 4 Effect of individual BAS of T. pratense L. callus culture on the resistance of C. elegans to temperature stress  

(A) Effect of Chlorogenic, (B) Effect of Genistein, (C) Effect of Biochanin A, (D) Effect of Ononin 
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Conclusion 

The antioxidant properties and the effect T. pratense callus culture 

extract and individual BAS (chlorogenic acid, ononin, biochanin 

A, genistein) on stress resistance were studied to determine the 

possibility of using this plant in geroprotective nutrition to increase 

the healthy life expectancy of the population. The data obtained 

showed a high antiradical activity of chlorogenic acid, followed by 

genistein, ononin, and callus culture extract. When studying the 

nematode survival under oxidative stress, callus culture extracts (5 

µmol) and ononin (50 µmol) showed high indicators. When 

studying temperature stress, high rates are also characteristic of 

ononin and callus culture extract. Therefore, the results of the 

study suggested that T. pratense extract and BAS have a 

significant effect on the increase of the body's resistance to 

stressful conditions. In different cases, high rates of both 

antiradical activity and the ability to increase or decrease in vivo 

survival of the C. elegans were noted and leading to the further 

broadening of the study of the composition and biological 

properties of the T. pratense callus culture. This is relevant and 

promising for further use of geroprotective therapy. 
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