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Abstract: One of the key tasks of modern pharmacology is complete and diverse 

use of natural raw materials - microorganisms and plants. So, different 

approaches of metabolism redirection were applied. Studying of plant protective 

reactions indicated a possibility to use various stress factors for the metabolism 

reorientation.  One of the most effective approaches is to use ionizing and UV-C 

exposure. Thus, there is a shift in metabolic processes towards the formation of 

secondary metabolism substances with antioxidant, anticancer, 

immunomodulatory and anti-inflammatory effects. Biotechnological use of 

radiation exposure is based on the systemicity of radiobiological reactions, 

including protective and adaptive reactions in non-exposed organs («abscopal 

effect») and even in non-exposed organisms that are found in the same 

environment as exposed ones («by stander effect»). The products synthesized in 

these structures are some medicine materials and directly used by human. 

Radiation exposure affects developing, blocking of primary and secondary 

metabolism, so must be improved the selection of varieties with initial high 

productivity of medicinal raw materials, the choice of exposure and optimal doses 

inducing an increasing yield of the target metabolite and do not reduce the yield 

of medicinal raw materials. Effect of UV-C and X-ray pre-sowing exposure of 

seeds to the productivity of inflorescence formation of eight genotypes of 

Matricia chammomila L. was studied. There were indicated genotypes with 

increasing yield of inflorescence only under one or two exposure types and the 

variety with stimulation of flowering under UV-C exposure and absence of the 

marker under X-ray one. 
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1. INTRODUCTION 

With the increasing use of plants in official medicine, the variety of approaches to obtain more 

medicinal substances from the natural raw material expands (García-Granados et al., 2019; 

DellaPenna, 2001). Along with the search for new species with healing properties and the 

derivation of more productive varieties, metabolism redirection is used to increase the 

productivity of the substances necessary for practice (Dmytriev et al., 2018). 
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One of the effective approaches is the application of both ionizing and non-ionizing radiation 

exposure (Klein et al., 2018; Jan et al., 2012; Alothman et al., 2009; Vardhan, & Shukla, 2017; 

Nocchi et al., 2020). It was shown metabolic shift toward the formation of secondary 

metabolites, mostly radioprotectors, having antioxidant, anticancer, immunomodulatory, and 

anti-inflammatory effects under acute and chronic radiation exposure (Dai, & Mumper, 2010; 

Kaur, & Mondal, 2014; Unuofin, & Lebelo, 2020; Pisoschi et al., 2016). 

The development of any biotechnology inevitably faces some key issues, the solution of 

which should determine the reproducibility of the results. Under radiation exposure variability 

and plasticity of living things are found through all levels of their organization not limited to 

rearrangement only one metabolic direction, necessary for the practice. Reaction to the 

exposure covers the processes of growth and development, various blocks of primary and 

secondary metabolism, significantly changing their dynamic characteristics (Dmytriev et al., 

2018; Jan et al., 2012). Thus, the development of technology to increase medicinal raw material 

under various radiation exposure types, in practice have to include: 

а) Selection of varieties with high and stable productivity of medicinal raw material; 

b) Choosing both type of radiation exposure and estimation of dose curves; an indication of 

optimal doses that do not decrease the yield of medicinal material and induce a higher 

level of the target metabolite; 

c) Assessment of time coincidence of the yield of both pharmaceutical raw material and 

required metabolite with the total effect of the exposure. 

The paper presents the results of studying both plant growth and development processes of 

different genotypes of chamomile, including the yield of crop formation of pharmaceutically 

significant raw materials under two types of radiation exposure: UV - C and X-ray. 

2. MATERIAL and METHODS 

Chamomile is a wide-spread, long-day plant. It is a mesophyte, used in different countries in 

pharmacology and cosmetology during the treatment of inflammatory processes with various 

etiologies. The inflorescences of the plant are medicinal raw material (Matricaria chamomilla, 

2021). Chamomile is a convenient experimental object. 

The research was done using 8 genotypes of Matricaria chamomilla. 6 certified varieties of 

different origin were used: 1 - generative generation of the mutant Perlyna Lisostepu (treated 

with herbicide RaudAr in concentration 10); 2 – variety Kvedlinburg (Germany); 3 – variety 

Goral (Slovenia); 4 – variety Azulena (Russia); 5 – variety Zlatyi lan (Poland); 6 – variety 

Perlyna lisostepu (Ukraine). Non-varietal material, in fact, edaphic ecotypes, were included in 

the study: 7 – from manufacturer Gold Garden (Ukraine) further – ecotype Gold Garden; 8 – 

from manufacturer Seed era (Ukraine) further - ecotype Seed era. The experiment was repeated 

three times. 

Dry seeds were exposed with dose 10 Gy, dose rate 1.42x10-2 Gy/sec using X-ray installation 

RUM-17 (Russia). UV-C exposure with dose 10 kJ/m2, dose rate 3.4 W/m2 was carried out 

using installation OBM-150 M (Ukraine) with two lamps Philips Special TUV 30 W (the 

Netherlands) maximum radiation under wavelength of 253.7 nm. 

Determination of pre-sowing exposure dose of dry seeds was based on wide-known effects 

in the field of "small" doses that lead to the stimulation effect of growth processes in parallel 

with DNA damage. According to the research, the optimal dose range for pre-sowing X-ray 

exposure of chamomile seeds was 5-10 Gy. The results were assigned with the patent (Shylina 

et al., 2018). 
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The choice of UV-C exposure dose was based on both previous research of the exposure 

effects equivalent to chromosome aberration yield as a marker of low-intense radiation 

exposure with 10 Gy dose (Dmytriev et al., 2018) and dose curve of antioxidant yield. 

The plants were grown in pots containing 1.5 kg of soil under the conditions of the vegetation 

experiment. According to the ecological characteristics of Matricaria chamomilla, sod-

podzolic loamy soil was modeled mixing Polissky soil with sand in the ratio 1:2. 

During the experiment, the physiological effects of ionizing and UV-C radiation exposure 

(germination, growth, a transition to flowering, flowering dynamics, the total yield of the target 

product) were studied. The inflorescences were collected at the stage of their full disclosure. 

The drying of raw materials was carried out in a dark room at a temperature of 25-27о С. 

Statistical analysis of experimental findings – the mean value and variance value were 

calculated by traditional methods. 

3. RESULTS and DISCUSSION 

As shown in Figure 1, the stimulation of germination, in other words priming effect was not 

observed for all genotypes of the experiment. Priming effect, i.e. germination stimulation and 

synchronization with various stressors is intensively studied up-to-date. In addition to the 

phenomenon, there are unstable next stages of the production process, which brings the effect 

of priming with other hormesis effects (Kravets, & Sokolova, 2017). 

Hormesis effects during germination were observed for Goral variety, the mutant of Perlyna 

Lisostepu, ecotypes Golden Garden and Seed Era. They have maximum germination yield 

among variants exposed with UV-C. Along with high germination yield for non-varietal plants 

SeedEra, there was significant mortality yield during the transition to flowering under UV-C 

exposure. Both varieties Perlyna lisostepu and Zlatyi lan demonstrated germination stimulation 

under X-ray exposure. In general, germination dynamics for different chamomile varieties 

during the growing season had a multiphase nature. There were no common differences among 

the germination rate of exposed and control variants. 

A significant effect of different radiation exposure types was shown during plant pass to 

flowering (Figure 2). There were distinct maximums of inflorescences under X-ray pre-sowing 

exposure for Kvedlinburg, Goral, and Azulena varieties. In contrast, other varieties did not 

show such reactions. 

There is time congruence between start flowering time of both control and exposed with 

UV-C variants for mutant Perlyna lisostepu (Figure 2). However, the exposed demonstrated 

clearer maximum in contrast to the fairly "smooth" dynamics of inflorescences in control. There 

was a 10-day flowering delay for the variety under X-ray exposure. Also, the same delay with 

the maximum flowering index between 20th and 30th day was indicated for the Kvedlinburg 

variety. The maximum of the index for both UV-C and control variants appeared with a 10-day 

delay. 

There was a clear maximum of the index for Goral variety with the same transition terms to 

flowering under X-ray exposure and a relatively "smooth" flowering formation dynamics for 

both control and UV-C exposed variants. All the variants of the Azulena variety characterized 

by the simultaneous transition to flowering. Moreover, flowering stimulation was indicated 

under X-ray exposure. 
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Figure 1. Dynamics of germination of different chamomile genotypes. Confidence interval, p=0.95. 
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Figure 2. Dynamics of inflorescence formation by different chamomile genotypes. Confidence 

interval, p=0.95. 
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Figure 3. The total harvest of inflorescence collected during the season. Confidence interval, p=0.95. 
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The total yield of pharmaceutical raw material, in this case – inflorescences, is an important 

technological marker. According to the research, all analysed genotypes differed with initial 

harvest yield. The highest yield of the inflorescences in control was indicated for Perlyna 

Lisostepu, the lowest one – for non-varietal ecotype Golden Garden.  

Typically, start flowering time and its kinetics through different varieties exposed with 

various types of radiation were distinct among each other and control. 

Obtained data showed various effectiveness of two radiation exposure types through 

different genotypes. Major stimulation of inflorescence yield from the one plant under X-ray 

exposure was indicated for most varieties: Kvedlinburg, Goral, Azulene. Stimulation with pre-

sowing UV-C exposure of seeds was shown for both Perlyna Lisostepu (variety of Ukrainian 

selection) and Zlatyi Lan (variety of Poland selection). Eightfold increased harvest yield was 

indicated for non-varietal plants Golden Garden and mutant Perlyna Lisostepu. 

Comparison of the effects of priming and increasing the target productivity indicates the 

possibility of both coincidence and divergence of these markers through the genotypes under 

different types of radiation exposure (Figure 3). Stimulating both germination and harvest of 

the pharmaceutical products was indicated for Kvedlinburg and Asulena varieties under X-ray 

exposure. It was shown minor germination hormeziz effect and major stimulation of medicinal 

raw materials’ formation for Perlyna Lisostepu variety under UV-C exposure. There was 

indicated germination stimulation under UV-C exposure and increasing yield of inflorescences’ 

harvest under X-ray exposure for Goral variety. For Zlatiy lan variety the stimulation of 

germination under UV-C exposure coincided with the increasing yield of pharmaceutical raw 

material. However, these plants did not pass to flowering under X-ray exposure. 

There is a difference between the primary "targeted" effects of UV-C and ionizing radiation 

exposure and, at the same time, the similarity of the effects of oxidative stress and the 

mechanisms of reparative processes under these two types of exposure (Dmytriev et al., 2018; 

Sinha, & Hader, 2002). According to ecology and phytocoenology, it is known that increasing 

both the formation of generative organs and fertility, in general, is one of the forms of plant 

adaptive strategy (Rabotnov, 1983). Results concerning the difference through inflorescences’ 

harvest of eight genotypes under the exposure indirectly indicated the formation otherness of 

the plant stress reactions under various types of radiation exposure. The diversity could include 

both primary damage processes associated with different compaction of plant chromatin of 

different genotypes and effectiveness of reparative, protective and antioxidant processes.  

4. CONCLUSION  

The results of studying the production process shown various reactions to a different type of 

radiation exposure through eight genotypes of chamomile. There were established genotypes in 

which increasing yield of inflorescence appeared only under one type of radiation exposure, 

variety in which stimulation of inflorescence yield was shown under two types of exposure and 

variety where flowering stimulation appeared under UV-C exposure and was absent under X-

ray exposure. The results indicating the difference in the yield of inflorescences of different 

genotypes under UV-C and X-ray exposure point to a difference through the formation of plant 

stress reactions at the organismal level.  

Considering the applied focus of the study and the complexity of the plant organism’s stress 

metabolic response, including different efficiency of enzymatic and non-enzymatic antioxidant 

systems, the next step in research aimed at increasing pharmaceutically important substances is 

to study the production of low molecular weight antioxidants as markers of stimulation of 

secondary metabolism. 
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