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Abstract


Currently, new cultivation methods are increasingly sought to create functional foods that could reduce the risk of certain diseases. Benign prostatic hyperplasia represents significant health challenges worldwide and because of that, we investigated the effect of microgravity and total darkness on the anti-proliferative, anti-inflammatory, and anti-androgenic activity of white clover sprouts. The use of clover sprouts, a widely studied plant from the Fabaceae family, can be promising due to their rich phytochemical profile, including isoflavones, known for estrogenic properties. Anti-proliferation activity was determined using a crystal violet assay. Analysis of the prostate-specific antigen (PSA) and 5-α-reductase level was performed using ELISA kits, similarly to anti-inflammatory activity. White clover sprouts exerted anti-proliferative activity against PNT2 prostate cells stimulated by testosterone, and total darkness increased this activity. In addition, anti-androgenic activity of white clover sprouts was demonstrated, through the inhibition of PSA and 5-α-reductase activity, which was most visible in 7-days-old sprouts growing in conditions of microgravity and standard light. In turn, the anti-inflammatory activity of the tested sprouts was rather moderate, but most observed in the inhibition of pro-inflammatory interleukin 6 (IL-6). White clover sprouts cultivated in microgravity and darkness may represent a candidate for novel functional food with anti-androgenic activity.
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1. Introduction


Recently, research has been conducted on innovative, new methods of growing edible plant sprouts in order to stimulate the synthesis of bioactive compounds with health-promoting properties. These methods included the use of variable lighting conditions [1,2] different CO2 content [3,4] or the use of disturbed gravity. In recent years, a number of publications have examined the effects of disturbed gravity on plants [5,6], the majority of which focused on agricultural or physiological aspects, while almost no data exists on the effect on health-promoting properties of the plants. Research, although scarce, has so far revealed that growing plants in altered gravity can result in unique physiological responses, which may positively affect the production of bioactive compounds and bioactivity [7,8,9].



Prostate disorders, including benign prostatic hyperplasia (BPH), represent significant health challenges worldwide, affecting millions of men each year. While current treatment options have shown varying degrees of effectiveness, there is still an urgent need for prostate disorder prevention. Plant-based diets are associated with many health benefits, including lower risk of cardiovascular disease, diabetes, and higher overall mortality [10,11]. In recent years, the potential of plant-based diets and the use of functional food have garnered attention, also in the context of bioactive compounds that may alleviate the symptoms or slow the progression of prostate disorders.



Sprouts are easy to grow as an example of functional food. They are harvested at an early stage of plant growth and as soon as the growing of the sprouts begins, the production of the bioactive compounds instantly increases, making them a rich source of nutrients and phytochemicals, compared to plants at the later stages of the development. Additionally, sprouts can be useful in the defense of different types of chronic disorders [12]. Legume sprouts such as fenugreek and clover showed activity against prostate and breast cancer cells in vitro [13,14]. The use of clover (Trifolium L.), a widely studied plant from the Fabaceae family, can be promising due to its rich phytochemical profile, including polyphenolic compounds [15], like isoflavones which are structurally similar to 17-β-estradiol. These compounds reveal not only estrogenic activity by affecting estrogen receptors and aromatase activity but also can affect 5-α-reductase activity, responsible for the transformation of testosterone into dihydrotestosterone (DHT). This may be of great importance in terms of the development of hormone-sensitive cancers, but also in the prevention of DHT-stimulated prostate enlargement. In our previous study, clover sprouts exerted a cytotoxic effect on prostate hormone-sensitive cancer cells, which was especially visible for crimson and Persian clover sprouts, at the same time the sprouts were non-toxic for normal prostate epithelial cells [14]. Moreover, in our previous study [9], white clover (Trifolium repens) sprouts grown under simulated microgravity showed an increased synthesis of bioactive compounds and antioxidant activity. Additionally, the enhancement of their cytotoxic impact was observed, especially for androgen-dependent prostate cancer LNCaP cells. These preliminary results inspired us to explore this topic, making white clover sprouts a candidate for further investigation in the context of prostate health.



The primary factor that distinguishes this study from previous ones which used Fabaceae plants, is the use of an innovative cultivation method—microgravity and darkness, which is intended to simulate the conditions present in space. This study aims to explore the potential of white clover sprouts grown in microgravity and different lightning conditions such as darkness as a novel functional food with activity directed to benign prostate hyperplasia. To achieve this, we examined anti-proliferative potential against testosterone-stimulated PNT2 normal human prostate epithelial cells—this cellular model is intended to mimicking prostate hyperplasia. Additionally, anti-androgenic activity (determination of prostate-specific antigen (PSA) and 5-α-reductase activity) and the anti-inflammatory activity (determination of nitric oxide (NO), IL-6, and tumor necrosis factor (TNF-α) release) of the mentioned sprouts were tested. We hope that presented results will help to unveil the role of white clover sprouts grown in altered light and gravity condition as a novel diet element for prostate cancer and BPH prevention.




2. Materials and Methods


2.1. Plant Material and Sprouting Conditions


The clover (Trifolium nano repens) seeds were obtained from TORAF sp. z o.o. company, Kujakowice Górne, Poland (voucher specimen No: C/1NL3114201). The sprouts’ grow conditions were described in detail in our previous article [9]. Briefly, the seeds were transferred to special plastic containers, which were placed in the random positioning machine (RPM) (Astrotech, Poland). The RPM (AATC) is a small device, which accurately simulates the behavior of biological specimens in the free-fall conditions detected in space because of the randomization of the rotation movement of two axes. The containers were rotated throughout the entire cultivation period to simulate microgravity conditions. Different light conditions were used: standard light conditions (~12 h of sunlight and ~12 h of night) and complete darkness. The cultivation temperature was 22 ± 1 °C and the sprouting time was 5, 6, or 7 days. The control sprouts were grown in Easy Green automatic sprouters under the same light and temperature conditions as the experimental sprouts.




2.2. Extracts Preparation


Extracts preparation was described in our previous article [9]. Briefly, the sprouts were extracted for 3 h in a Soxhlet apparatus using methanol as the solvent. The extraction temperature was the same as the temperature of methanol used as the solvent (65 °C); the plant-to-solvent ratio was 25 g/300 mL. Extracts were evaporated to dry mass, (dried extract ratio was 3.5–5.5% w/w.) and then dissolved in dimethylsulfoxide (DMSO), to achieve stock solutions of 10 mg/mL, to be used for further cellular assays.




2.3. Cell Cultures


Experiments were performed on human PNT2 prostate epithelial cells. For the anti-inflammatory assay, murine RAW264.7 macrophages were used. The cells were grown under standard conditions, as mentioned previously [16], PNT2 cells in DMEM/F12 medium and RAW 264.7 cells in DMEM high glucose medium, supplemented with 10% of fetal bovine serum and antibiotics. The cell lines and all culture media were purchased in Merck, Darmstadt, Germany.




2.4. Proliferation Assay


This method was described previously [9]. Briefly, the PNT2 cells were first seeded onto 96-well plates and after 24 h of incubation, the medium was replaced with fresh medium containing 0.5 μM of testosterone propionate, to stimulate hyperproliferation of the cells. Cells were then treated with the tested extracts (50 and 100 µg/mL) or dutasteride (10 µM) as a reference drug (5-alpha-reductase inhibitor drug that is mainly used to treat benign prostatic hyperplasia). The toxicity of DMSO alone was excluded prior to the experiment, with final DMSO concentration in the wells not exceeding 0.1%. After 24, 48, and 72 h of incubation, the cell number was determined using a crystal violet (CV) assay, as described previously [17]. The proliferation rate was determined as a % of control (untreated cells).




2.5. PSA and 5-α-Reductase Determination


This method was described previously [18]. Briefly, PNT2 cells were seeded onto 96-multi-well plates and after 24 h were treated with the tested extracts at the concentrations of 50, 100, and 200 µg/mL, then incubated for another 48 h. Dutasteride (10 µM) was used as a reference drug. Cell culture supernatants were collected and used for analysis of PSA and 5-α-reductase level, performed using ELISA kits, according to the manufacturer’s protocol. The analyses were performed in triplicates, and the absorbance was measured using a microplate reader (BioTek Instruments Inc., Winooski, VT, USA). The results were determined as a % of control (untreated cells).




2.6. Anti-Inflammatory Activity


Before the experiment, the toxicity of the extracts to the macrophages was evaluated by an MTT assay, as described previously [9]. Then, the anti-inflammatory assay was performed, as described previously [17]. Briefly, the RAW 264.7 cells were seeded onto 96-multi-well plates, incubated for 24 h, and then treated with the tested extracts for 1 h, followed by the addition of 10 ng/mL of LPS. Dexamethasone (DEX) (0.5 µg/mL) was used as the positive control (synthetic glucocorticosteroid drug with long-lasting and strong anti-inflammatory effects). After 24 h of incubation, the cell culture supernatants were collected and used for further analysis. The nitric oxide level was determined using Griess Reagent Kit (Promega Corporation, Madison, Winooski, VT, USA) and the cytokine (TNF-α, IL-6) release level was determined using ELISA kits (Bioassay Technology Laboratory, Shanghai, China), all according to the manufacturer’s protocol. The analyses were performed in triplicates, and the absorbance was measured using a microplate reader (BioTek Instruments Inc., Winooski, VT, USA). The results were determined as a % of the control (LPS (lipopolysaccharide)-treated cells).




2.7. Statistical Analysis


Statistical analysis was performed with Statistica v.13.3. (TIBCO Software Inc., Palo Alto, CA, USA) tools, using ANOVA post hoc Tukey’s test. All the experiments were carried out in triplicate, and the data were reported as the mean ± standard deviation (SD). The differences between the groups were considered statistically significant when the p values were ≤0.05.





3. Results


We examined white clover sprouts grown in unpleasant environmental conditions (microgravity, total darkness) for anti-inflammatory, anti-proliferative, and anti-androgenic activity through PSA and 5-α-reductase inhibition. Based on some of the previous studies, we can conclude that stress conditions like simulated microgravity and the lack of sunlight during the early stage of sprouting can stimulate the bioactivity of the sprouts, like antioxidant and cytotoxic activity [7,9]. The results presented here are a continuation of our previous studies, in which the effect of the altered cultivation conditions on the content of bioactive compounds such as isoflavones and phenolic acids were evaluated [9]. In order to provide a better understanding of the results presented in this study, we decided to include the results of the quantitative analysis of the white clover sprout extracts (Table S1, Supplementary Materials). In general, microgravity caused an increase in the isoflavones concentration (microgravity and standard light (LM), microgravity and darkness (DM)) in comparison to normal gravity (standard light (L), darkness (D)). The most visible effect was for 5LM sprouts, in which microgravity caused more than a 2-fold increase in isoflavone synthesis.



3.1. Anti-Proliferative Activity


The anti-proliferative activity of white clover sprouts extracts against testosterone-stimulated PNT2 prostate cells after 24 h of incubation is presented in Figure 1. In this experiment, PNT2 cells were first stimulated with testosterone (prostate hyperplasia in vitro model). Testosterone in the human prostate is converted by the enzyme 5-α-reductase into DHT, which binds more strongly to androgen receptors and is the main driver of prostate cell growth and proliferation. Testosterone in fact, caused significant increased proliferation of PNT2 cells (T) in comparison to the control condition (C). Additionally, the positive control dutasteride, a 5-α-reductase inhibitor used in the treatment of prostatic hyperplasia, was applied to testosterone-stimulated cells (T + DUT). In our experiment, dutasteride caused a significant reduction in PNT2 cell proliferation in comparison to both controls (C and T) and it was more efficient than the majority of the tested sprouts extracts, which is an expected observation, as the sprouts could potentially support therapy, or cause preventative effects. Two different concentrations of the extracts were used (50 and 100 μg/mL) and the anti-proliferative effect was dose-dependent since the higher concentration caused a visible improvement in this activity of tested sprouts. In the concentration of 50 μg/mL the inhibition of proliferation did not exceed 70%, while in the concentration of 100 μg/mL the inhibition of some samples was below 50%. The anti-proliferative activity was, however, independent of the exposure time. Although the effect was examined after 24, 48, and 72 h, the activity of the extracts in the three time intervals was almost identical, therefore we decided to show only the effect after 24 h of incubation. The white clover sprouts’ extracts tested in higher concentration (100 μg/mL) exerted anti-proliferative potential, since every tested sample caused a significant decrease in PNT2 prostate cell proliferation in comparison to both controls (T and C). This effect was most profound for 5-, 6-, and 7-days-old sprouts, grown in darkness conditions, without microgravity. What is important, to our knowledge, is that this is the first study that describes the anti-proliferative activity of white clover sprouts against PNT2 cells stimulated with testosterone. Additionally, the impact of the cultivation process such as microgravity and darkness conditions and their influence on the anti-proliferative potential of white clover sprouts was also tested for the first time.



In this experimental model, no significant differences were observed between the activity of the sprouts grown in microgravity conditions, both with standard light and darkness and the control sprouts grown in standard gravity and light, which suggests that microgravity does not affect the anti-proliferative activity of white clover sprouts against prostate cells. However, the anti-proliferative activity of sprouts grown in total darkness increased significantly in comparison to other tested conditions, and a particularly visible effect was observed for 7-days-old sprouts, where this activity was comparable to dutasteride alone.




3.2. PSA Release and 5-α-Reductase Activity


PSA is an androgen-regulated serine protease secreted almost exclusively by prostatic epithelial cells. Increased levels of PSA in plasma are usually associated with BPH and increased prostate cancer risk [19]. The 5-α-reductase isoenzymes stimulate the conversion of testosterone into its active form—dihydrotestosterone (DHT), the excess of which can lead to BPH or the development of prostate cancer [20]. Therefore, during the search for functional foods lowering the risk of developing prostate diseases, the candidates revealing inhibitory effects on both 5-α-reductase and PSA would be most valued.



The anti-PSA activity of all tested extracts was similar to the activity of dutasteride used as positive control and resulted in the reduction in PSA release by around 30% in comparison to the control (T) (Figure 2). Microgravity-grown sprouts 5LM50 and 7LM200 were the most active in PSA inhibition. In the case of 5- and 6-days-old sprouts, there were no clear differences in the activity of sprouts grown in different cultivation conditions (microgravity and/or darkness). It cannot be clearly stated that anti-PSA activity was dose-dependent, as no statistically significant differences were found between the doses of the extracts used (the only exception was 7LM200).



The effect of white clover sprouts on 5-α-reductase activity in PNT2 cells are shown in Figure 3. Generally, all of the tested white clover extracts showed inhibition of 5-α-reductase, compared to the control (T) and caused inhibition of the activity of this enzyme by around 35%. In addition, dutasteride, used as a positive control (T + DUT), caused the inhibition of the enzyme activity by half, and comparable activity was shown by the 7LM extract in concentration of 200 μg/mL, which was the strongest inhibitor of 5-α-reductase, among all tested extracts. The 7-days-old white clover sprouts grown under microgravity and standard light (LM) conditions were found to be the most active in terms of the inhibition of 5-α-reductase and PSA. In the case of 5- and 6-days-old sprouts, there were no clear differences in the activity of sprouts grown in different cultivation conditions, except for the 5DM200 extract, which was the least active among 5-days-old sprouts. It cannot be clearly stated that this activity was dose-dependent, as no statistically significant differences were found between the doses of extracts used (the only exception was the 7LM200 and 5DM200 extracts).




3.3. Anti-Inflammatory Activity


Chronic inflammation is usually associated with the progression of BPH, it could also be a predictor of poor response to BPH medical treatment [21]. Because of that, agents with anti-inflammatory activity in patients with BPH should be considered. To complete the evaluation of white clover sprouts cultivated in different gravity and light conditions, we finally determined their anti-inflammatory activity, by measuring the release of pro-inflammatory cytokines IL-6 and TNF-α, and NO production in LPS-stimulated RAW 264.7 macrophages, treated with two different concentrations (50 and 100 μg/mL) of the extracts. It should also be underlined that the two doses were not cytotoxic to the macrophages. The results are presented in Figure 4.



IL-6 level was significantly reduced to around 80% of LPS control, by all of the tested sprout extracts and to a similar extent, without any visible differences, except three samples marked in Figure 4. We can conclude that white clover sprouts exerted weak anti-inflammatory activity by inhibiting IL-6 release, while no impact of microgravity or darkness on this activity was noted. Only two of the extracts caused significant reduction in TNF-α, namely 5-days-old microgravity and darkness-grown sprouts (5DM) and 6-days-old darkness-grown sprouts (6D) in the highest concentration used. This means, that darkness conditions, especially during sprouting process, could contribute to the reduction in TNF-α. NO level was reduced only scarcely by around 10% of LPS control with the use of some sprouts grown in the microgravity and/or darkness—5LM100, 6LM100, 6D100, 6DM100, 7D50 and 7D100. This moderate anti-inflammatory activity of white clover sprouts was not dose-dependent as only in the case of one extract (6D) the higher dose had significantly greater activity.





4. Discussion


The results of this study indicate that white clover sprouts, especially those grown in the condition of total darkness, are promising in the context of prostate disorder inhibition. Additionally, dark conditions have been previously reported as beneficial to the nutritional quality of sprouts [22] and positively corelated to the sprouts’ taste quality [23]. What is interesting is that in darkness-grown sprouts, the synthesis of isoflavones, which could be responsible for the activity, was the lowest among the other conditions in every day of cultivation (Table S1, Supplementary Materials). In our previous study on chickpea sprouts, the best scores in terms of their potential towards prostate disorders were noted for the sprouts with moderate concentration of isoflavones, as compared to the sprouts with the highest level of these compounds [1]. There are studies showing the anti-proliferative effect of isoflavones (pure compounds) [24,25], on the other hand, our observations indicate that not only isoflavones, but probably also other compounds are responsible for this anti-proliferative activity of white clover sprouts. Other compounds which could be responsible for this activity are polyphenolic compounds (also present in our extracts) such as caffeic acid which showed potent anti-inflammatory activity [26].



Our results indicate that white clover sprouts may be potentially effective 5-α-reductase inhibitors and anti-PSA agents, regardless of the cultivation method used, and microgravity may stimulate this activity only in 7-days-old sprouts. Can isoflavones content be related to the mentioned activity of the sprouts? In one of the studies, after a year of administering red clover isoflavones to 20 men, the PSA levels decreased by about 30% [27], similarly to our results. Although the results cannot be directly compared to ours, due to the difference in the model (humans vs. cells) and the use of the isolated isoflavones, it can be an indication of the role of isoflavones in lowering PSA activity. Similarly, Evans et al. (1995) and Bae et al. (2012) concluded that isoflavones like genistein, biochanin A, and equol are potent inhibitors of 5-α-reductase [28,29]. Although none of the mentioned compounds were found in our extracts, other isoflavones were present, like daidzin, ononin, and formononetin, with the latter isoflavone also exerting an inhibitory effect on 5-α-reductase, but weaker than genistein or biochanin A [29]. Although a recent systematic review provided evidence that isoflavones have no influence on PSA levels, due to the heterogenicity of presented studies in terms of dosing, it was difficult for the authors to draw far-reaching conclusions [30]. On the other hand, Messina et al. (2006) concluded that soy isoflavones did not affect serum PSA in healthy subjects, but in prostate cancer patients, isoflavones significantly affected PSA, without an absolute decrease in PSA concentrations [31]. Some studies have shown that isoflavones can inhibit the secretion of PSA in the LNCaP androgen-dependent prostate cancer cell line [32,33] and this observation was also demonstrated by our previous study involving chickpea sprout extracts containing isoflavones [1].



The observed anti-inflammatory activity of the sprouts, although weak, may result from the presence of isoflavones [34], including formononetin [35], which is present in white clover sprouts (Table S1, Supplementary Materials) [9]. The 5LM sprouts in our experiment had the highest level of isoflavones, however it did not translate into greater anti-inflammatory activity. On the contrary, 6D sprouts, which inhibited TNF-α to the greatest extent, were characterized by the lowest level of isoflavones. All sprouts’ samples showed similar activity toward IL-6 inhibition, so it is difficult to unequivocally state that isoflavones were responsible for this activity, since their levels were different in each plant sample. The anti-inflammatory activity of clover has been investigated so far, mainly using the whole clover plant [36,37,38], but we found no results for white clover sprouts, thus the anti-inflammatory activity of the sprouts is published here for the first time.




5. Conclusions


White clover sprouts have anti-proliferative activity against PNT2 prostate cells stimulated by testosterone, which is clearly increased when the sprouts are grown in conditions of total darkness. In addition, the anti-androgenic activity of white clover sprouts was demonstrated through the inhibition of PSA and 5-α-reductase activity, which was most visible in 7-days-old sprouts growing in conditions of microgravity. In turn, the anti-inflammatory activity of the tested sprouts was rather weak, but most visible in the inhibition of pro-inflammatory IL-6. Taken together, these results suggest for the first time, that white clover sprouts may represent a functional food with anti-androgenic activity and may therefore be useful in reducing the risk of prostate disorders. Furthermore, their cultivation with the use of microgravity and total darkness may promote this activity. To our knowledge, our research team was the first to investigate the effect of white clover sprouts grown in the conditions of microgravity and/or total darkness on the parameters like anti-proliferative and anti-inflammatory activity and the inhibition of PSA release and 5-α-reductase activity in PNT2 cells, which indicates the innovative nature of our research. At the same time, as the authors, we recognize the limitations of this study, based only on the in vitro assays and absence of purified compound testing. In the future, it would also be worthwhile to study extracts obtained through simulated in vitro digestion and in in vivo experiments. As the authors, we are also aware that the large-scale production of sprouts in microgravity conditions is currently unrealistic, but the data presented in this article provide new information on the impact of microgravity on plant bioactivity, which can be used, among others, by astronauts in future space missions.
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The following abbreviations are used in this manuscript:



	L
	Standard light conditions



	D
	Darkness



	LM
	Standard light and microgravity



	DM
	Darkness and microgravity



	T
	Testosterone



	C
	Control conditions



	DUT
	Dutasteride



	TNF-α
	Tumor necrosis factor-alpha



	IL-6
	Interleukin 6



	NO
	Nitric oxide



	LPS
	Lipopolysaccharide



	PSA
	Prostate-specific antigen



	BPH
	Benign prostatic hyperplasia



	DHT
	Dihydrotestosterone



	DEX
	Dexamethasone
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Figure 1. Anti-proliferative activity of white clover sprouts extracts in two different concentrations (50 and 100 μg/mL) tested on testosterone-stimulated PNT2 prostate cells, after 24 h of incubation. The results are presented as the mean % of cell proliferation inhibition ± SD (standard deviation) of three independent measurements. Significant differences (p ≤ 0.05) in each harvest day are marked with pairs of letters; significant differences (p < 0.05) between tested concentrations are marked by upper black lines. The negative control (T) had significant differences with all tested extracts and was therefore marked with *; the positive control (T + DUT) had significant differences with all tested extracts except one (7D100) and was therefore marked with **; the control (C) had significant differences with all tested extracts except 5L50, 5LM50, 5DM50, 6L50, 6LM50, 7LM50, and 7DM50 and was therefore marked with ***. Abbreviations of the sprouts’ samples: L—standard light; D—darkness; LM—standard light and microgravity; DM—darkness and microgravity. The numbers placed before each abbreviation indicate harvest day (5, 6, and 7), the numbers 50 and 100 after each abbreviation indicates concentration. Other abbreviations: T—testosterone; DUT—dutasteride; C—control. 
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Figure 2. The effect of tested white clover sprouts on PSA release in PNT2 cells stimulated by testosterone. The cells were incubated with extract at different concentrations (50, 100, and 200 μg/mL), with reference drug dutasteride (T + DUT), or treated only with testosterone (T). The results are expressed as the mean % of control ± SD of three experiments. Significant differences (p ≤ 0.05) in each harvest day are marked with pairs of letters. The control (T) had significant differences with all tested extracts and was therefore marked with *. Abbreviations of the sprouts’ samples: L—standard light; D—darkness; LM—standard light and microgravity; DM—darkness and microgravity. The numbers placed before each abbreviation indicate harvest day (5, 6, and 7); the numbers 50, 100, and 200 after each abbreviation indicates concentration. 
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Figure 3. The effect of tested white clover sprouts on 5-α-reductase activity in PNT2 cells stimulated by testosterone. The cells were incubated with extract at different concentrations (50, 100, and 200 μg/mL), with reference drug dutasteride (T + DUT), or treated only with testosterone (T). The results are expressed as the mean % of control ± SD of three experiments. Significant differences (p ≤ 0.05) in each harvest day are marked with pairs of letters. The negative control (T) had significant differences with all tested extracts and was therefore marked with *, the positive control (T + DUT) had significant differences with all tested extracts except one sample (7LM200) and was therefore marked with **. Abbreviations of the sprouts’ samples: L—standard light; D—darkness; LM—standard light and microgravity; DM—darkness and microgravity. The numbers placed before each abbreviation indicate harvest day (5, 6, and 7); the numbers 50, 100, and 200 after each abbreviation indicates concentration. 
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Figure 4. The activity of tested white clover sprouts on the release of IL-6, TNF-α, and NO in LPS-stimulated RAW 264.7 macrophages. The cells were incubated with extract at different concentrations (50 and 100 μg/mL), with reference drug dexamethasone (LPS + DEX), or treated only with testosterone (LPS). The results are presented as the mean % of LPS control ± SD of three independent measurements. Significant differences (p ≤ 0.05) in each harvest day are marked with pairs of letters, significant differences (p ≤ 0.05) between tested concentrations are marked by upper black lines. The positive control (LPS + DEX) and control (C) had significant differences with all tested extracts and was therefore marked with *. Abbreviations of the sprouts’ samples: L—standard light; D—darkness; LM—standard light and microgravity; DM—darkness and microgravity. The numbers placed before each abbreviation indicate harvest day (5, 6, and 7); the numbers 50 and 100 after each abbreviation indicates concentration. Other abbreviations: LPS—lipopolysaccharide; DEX—dexamethasone; C—control. 
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