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Abstract

:

Intensive physical activity (PA) can lead to proteinuria and, consequently, serum protein profiles in athletes. Therefore, the aim of this study was to investigate the effects of acute aronia juice consumption before a simulated half-marathon race on serum protein profiles in recreational runners. The pilot study was designed as a single-blind, placebo-controlled, crossover study, with 10 male participants who consumed aronia juice (containing 1.3 g polyphenols) or placebo before the race. The blood levels of total proteins, albumin, the non-albumin fractions gamma, beta, alpha2 and alpha1, as well as renal function parameters, were determined before and 15 min, 1 h and 24 h after the race. The significant changes in urea, creatinine and uric acid levels were noticed at selected time points in both groups. In the placebo group, a significant decrease in total proteins (p < 0.05) was observed 24 h after the race, along with an increase in gamma fraction abundance (p < 0.05). In addition, urea and uric acid levels returned to baseline only in the aronia group 24 h after the race. Thus, according to the results obtained, acute aronia juice supplementation before intensive PA could influence the transient change in renal function and PA-induced protein loss in recreational runners.
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1. Introduction


The importance and beneficial effects of leisure-time physical activity (PA) on human health have been well studied [1]. It is defined as a “PA performed during exercise, recreation or any time other than those associated with one’s regular occupation, housework, or transportation”. Due to the growing awareness of peoples’ health and wellbeing, the trend of recreational PA has been increasing in most countries in the last two decades [2]. The most popular PAs are walking and running, especially long distance running (half-marathon, marathon and ultra-marathon). Besides the investigation of beneficial effects of PA, the knowledge about negative effects like oxidative stress, dehydration, proteinuria, muscle damage and acute kidney injury, which occur during PA, has also been significantly enhanced [3]. A moderate or an intensive PA can lead to changes in many blood biochemical and hematological parameters (such as level of glucose, total proteins, creatinine, urea, uric acid, the activity of different enzymes, the content or activity of different components of antioxidative system, the count of erythrocytes, leukocytes, thrombocytes, and/or hemoglobin concentration) [4]. If these negative changes usually induced by repetitive long-term PA are not appropriately treated, they can progress further [3]. Acute kidney injury is a relatively common complication caused by intensive PA [3]. Repetitive episodes of acute kidney injury may lead to chronic kidney disease [5], which can be an issue for some recreational runners who present unhealthy behaviors, such as running a marathon every week [6]. The potential beneficial effects of supplementation with vitamins, polyphenols, and amino acids in the prevention of negative effects of intensive PA have been recently considered [7].



Dehydration, proteinuria, and muscle damage caused by moderate or intensive PA can change the content of total proteins, human serum albumin (HSA) and non-albumin proteins in the blood [8,9,10]. When the amount of excreted water exceeds the water replacement, then dehydration occurs, and it is accompanied by increases in concentrations of different blood components including proteins. Dehydration is the only known cause of hyperalbuminemia in humans [11,12]. Muscle damage induced by PA leads to a release of proteins from muscle cells. In trained athletes, muscle damage is often mild, and leads to transient increases in markers of muscle damage like creatine kinase and lactate dehydrogenase in the circulation [10]. An acute kidney injury is a relatively common complication after intensive or moderate PA, which has an impact on the blood and urine content of different biochemical parameters. Different parameters are recommended as the markers of kidney injury, such as the serum level of creatinine, urea and uric acid or albuminuria, according to Kidney Disease Improving Global Outcomes criteria [13]. Albuminuria is the best known urinary marker of kidney dysfunction, caused by excess excretion of serum albumin into urine. Beside HSA, other proteins from the circulation can be selectively excreted by the kidney during PA, which can lead to a decrease of total protein content and changes of their profiles.



In PA, proteinuria is considered as a benign phenomenon, because it is not related to any structural changes in the kidney [3]. This transient functional change of the kidney is caused by different mechanisms [14]. The induction of renin-angiotensin 2 system, catecholamine synthesis induced by sympathetic system, and the lactate-induced change of protein structure and renal membrane permeability are common mechanisms by which higher renal permeability and transient proteinuria during intensive PA are explained [15].



Aronia (Aronia melanocarpa (Michx.) Elliot) is a shrub cultivated worldwide. It gained the greatest popularity in the northern, eastern (including Serbia), and central countries of Europe. Aronia grows in a wide variety of conditions, as it is highly adaptable, giving it a high yield. It can grow in mild climatic conditions, but also at extremely low temperatures [16]. The composition of aronia fruits depends on various factors, such as maturity, climatic, and environmental conditions. Aronia fruits are rich sources of phenolic compounds, including anthocyanins, phenolic acids, proanthocyanidins, and other subclasses. Polyphenols are compounds that govern the high bioactivity of aronia berries [17]. So far, in various physiological and pathological conditions, the numerous beneficial effects of aronia juice supplementation have been confirmed [18]. A recent study reported that consumption of anthocyanins from aronia showed beneficial effects on renal function in animals [19]. In addition, another study showed that aronia polyphenols mainly exerted their effect on hypertension by influencing the renin-angiotensin system of the kidneys [20]. Although several recent studies have investigated the effects of aronia juice supplementation on sport-related outcomes in athletes [21,22,23], to the best of our knowledge, its effects on PA-induced proteinuria have not yet been investigated [24].



Running is the most popular recreational sport, with millions of enthusiasts worldwide [25,26]. To the best of our knowledge, there is no literature data about the possible effects of the long-lasting PA on serum protein profiles, especially in recreational runners during repetitive moderate and intensive PA followed by persistent proteinuria. Besides this, the joint influence of PA and acute aronia juice consumption on the serum protein profiles has not been investigated so far. The main goal of this pilot single-blind crossover was to examine the effect of aronia juice supplementation versus placebo on serum protein profiles in male recreational runners at selected time points before and after simulated half-marathon races. To investigate the possible effect of proteinuria, and dehydration caused by PA on the serum proteins profiles, aside from some biochemical parameters such as determination of creatinine, urea and uric acid, serum total proteins, HSA and non-albumin proteins content were determined. Additionally, to obtain insight into PA-induced dehydration and proteinuria effects on the serum protein profiles, the abundance (% and g/L) of five main serum protein fractions (gamma, beta, alpha2, alpha1 and HSA), as well as the ratios of three of the most abundant fractions (gamma, beta and HSA), were also determined in all the selected time points after their separation by native electrophoresis.




2. Materials and Methods


2.1. Subject and Design


The study was conducted according to the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the Ethical Committee of the Faculty of Sport and Physical Education, University of Belgrade, Serbia (ref. no. 02-1072/18-1). Informed consent was sought from all participants. A pilot, single-blind crossover placebo-controlled study (Figure 1), that was described in detail elsewhere [27], was designed to determine the effects of PA and/or acute aronia juice consumption before simulated half-marathon races on protein profiles in serum recreational runners. Briefly, 10 participants, (apparently healthy recreational male runners who are members of the Belgrade Urban Running Team) with 4 practices per week (approximately 40 km of weekly running distance), consumed 200 mL of commercially available aronia juice or a placebo juice shortly after breakfast, 1 h before the simulated half-marathon races. The wash-out period between two simulated half-marathon races that each participant ran was 7 days (Figure 1). The average times needed to end the race in aronia and placebo group were 121 and 112 min, respectively (Stevanović, 2019), and these times could indirectly give information about the intensity of physical activity during the race and physical performance of runners. According to the average times required to complete the simulated half-marathon races, as well as the ages of runners in this study, their intensity of physical activity was at the novice level. (https://runninglevel.com/running-times/half-marathon-times, accessed on 10 June 2023). The commercially available aronia (black chokeberry) Nero cultivar juice was donated from Rheapharm d.o.o., Belgrade, Serbia. Briefly, the juice was made by mechanical processing, including homogenization and pressing, from ripe, carefully selected fruits of Aronia melanocarpa, harvested in August/September from a plantation field on the mountain Suvobor (750 m a.s.l.), Serbia. The meals were identical according to calories and macronutrient compositions. The placebo juice had the same nutrient content, taste, color, smell, and texture as aronia juice, but was without polyphenols [28]. Total polyphenol amount was 1.3 g in 200 mL of aronia juice, expressed as gallic acid equivalents [27]. The juice from the same batch was provided to all the participants. The juice/placebo was given shortly after breakfast because of its strong astringent taste and to prevent it from causing an upset stomach. Based on previous studies that investigated the acute effects of polyphenol-rich sources on exercise-induced oxidative stress, we decided to give aronia/placebo juice to the participants before exercise [29,30,31]. In addition, the timing of aronia consumption was chosen, so that peak anthocyanin and total polyphenols concentration would occur in the blood during the exercise [32]. The dose of the juice approximately matched the polyphenol content in other polyphenol-rich fruit juices that were previously investigated in recreational and elite runners [33,34]. The placebo juice was originally developed as a control beverage, to be used in intervention studies with aronia juice. More precisely, three formulations were prepared by mixing various nutrients, matching the nutrient composition of aronia juice, in water, with the addition of artificial colors and flavors. As previously published, the similarity of these formulations to aronia juice was assessed by six food panelists so that the formulation was chosen [23,24,25,26,27,28].




2.2. Blood Sampling


After an overnight fast before breakfast, a venous blood sample was collected before (T0), and 15 min (T1), 1 h (T2), and 24 h (T3) after each race into serum sample tubes. One tube was collected per participant at each time point, a total of four tubes per race. Prior to each blood sampling, participants rested for at least 10 min. Blood samples were allowed to clot at room temperature, and sera were separated by centrifugation (4000× g for 10 min at 10 °C), frozen and stored (at −70 °C) before further analyses.




2.3. Determination of Total Serum Proteins, HSA, and Non-Albumin Proteins


The concentration of total serum proteins was determined by the biuret method [35]. The bromocresol green method was used for the quantification of serum HSA concentration [36]. The calibration curves, constructed from HSA concentrations ranging from 1–100 or 1–80 g/L, were used for the determination of protein or HSA concentration, respectively. The obtained values were expressed in g/L. The concentration of non-albumin proteins in serum was determined according to Equation (1).


Non-albumin proteins (g/L) = total proteins (g/L) − HSA (g/L)



(1)








2.4. Determination of Serum Protein Profiles


Native polyacrylamide gel electrophoresis (PAGE) was performed according to the manufacturer’s recommendations, using a Hoefer SE 260 electrophoretic unit (San Francisco, CA, USA) for the separation of five main serum protein fractions (gamma, beta, alpha2, alpha1 and HSA) [37]. Before electrophoresis, the concentration of proteins in the serum was determined by the biuret method [35]. The experiment was performed in duplicate. In the first experiment, 5 µg of serum proteins was applied per line, while in the second 7 µg of proteins was applied on 9 % polyacrylamide gel for the better separation of single serum protein fractions. The proteins in the gel were stained by CBB. The percentage abundances of protein fractions were determined by a densitometric analysis of electropherograms, obtained after the scanning of the gels using ImageJ.




2.5. Determination of Urea, Creatinine and Uric Acid


The concentrations urea, creatinine and uric acid in serum were determined using the clinical chemistry analyzer Cobas c111 and reagent kits (Roche Diagnostics, Basel, Switzerland), as recommended by the manufacturer. Briefly, creatinine and uric acid were determined by enzymatic colorimetric methods. Creatinine was converted into glycine, formaldehyde and hydrogen peroxide using creatininase, creatinase, and sarcosine oxidase, while uric acid was converted into allantoin and hydrogen peroxide using uricase. In the next step, the liberated hydrogen peroxide was converted into quinone-imine chromogen by the action of peroxidase, whose color intensity was directly proportional to the creatinine or uric acid concentration (Roche Diagnostics, Basel, Switzerland). Urea was measured by the kinetic enzymatic assay, in which urea was hydrolyzed by urease into carbonate and ammonium. In the next step, these products were converted into L-glutamate in the presence of glutamate dehydrogenase and coenzyme NADH. The rate of the decrease in the concentration of NADH was directly proportional to the concentration of urea in the sample [38].




2.6. Statistical Analysis


Each assay was performed in triplicate. The results are expressed as mean ± SD. The statistical significance of obtained differences between groups, and different time points in each group, were tested using paired t-test. All statistical analysis and graphical representations of data were performed using the Origin 9.0 statistical program. Values p < 0.05 were considered as significant.





3. Results


3.1. Baseline Characteristics of the Study Participants


Ten healthy recreational male runners between 25 and 35 years were participated in this study. The mean values of main characteristics of participants were 30.8 ± 2.3 years, height 185.3 ± 7.4 cm, body mass 84.3 ± 13.5 kg and body mass index 24.6 kg/m2. Additionally, the baseline biochemical (glucose, triglycerides, total, HDL and LDL cholesterol), and the hematological parameters of the study participants were within the normal reference ranges [27].




3.2. Biochemical Parameters of Renal Function


Serum levels of creatinine, urea and uric acid, as the recommended markers of kidney injury, were determined before (T0) and after race (T1–T3). In both groups, the concentrations of urea, creatinine and uric acid were significantly higher in time points T1 and T2 compared to T0 (Table 1). In the placebo group, the levels of urea and uric acid were significantly higher (p ˂ 0.01) 24 h after race, while they returned to baseline values in the aronia group. Analyzing normalized values, a significant treatment effect was observed for urea (p < 0.05) and uric acid (p < 0.01) 24 h and 15 min after the race, respectively.



The results obtained suggest the presence of transient, functional renal damage, as creatinine levels were elevated immediately after the race and then returned almost to baseline levels in both groups.




3.3. The Content of Total Proteins, HSA, and Non-Albumin Proteins


Tracking serum total protein, HSA, and non-albumin protein levels can provide insight into processes such as dehydration and proteinuria during PA. Dehydration cannot lead to changes in the ratio of HSA to non-albumin proteins, whereas proteinuria can. In both groups, the concentrations of total serum proteins increased at time points T1 and T2, but these increases reached statistical significance (p ˂ 0.05) only in the aronia juice group (Table 2). A significant (p < 0.05) increase in HSA concentration was only observed at time point T2 in the aronia group. In the placebo group, a lower concentration of total proteins (p < 0.05) was observed 24 h after the race compared to the corresponding baseline values (T0), while the decrease in HSA and non-albumin proteins did not reach statistical significance. In addition, no significant treatment effect was observed for total proteins, HSA, and non-albumin proteins (p > 0.05). The transient increase in all serum protein fractions 15 min and 1 h after the race in both groups compared to T0 values indicates that dehydration occurred, but different trends in changes in HSA and non-albumin protein fractions from T1 to T2 indicate that proteinuria was also present.



To confirm that two intensive Pas, with a short period of time in between, can affect the levels of serum protein fractions due to proteinuria, their levels were plotted 24 h and 7 days after the first race, regardless of treatment (Figure 2). It seems that the 7-day period between two races was not sufficient for the complete recovery of total proteins, as the mean concentration values of total proteins, HSA and non-albumin proteins before the 2nd race were 3.3 (p < 0.01), 2.5 and 0.8 g/L lower than the mean values before the 1st race, respectively. It can also be seen that the mean values of HSA and non-albumin proteins were at the same level 24 h and 7 days after the first race. This indicates that proteinuria influences the values of both fractions.




3.4. Serum Protein Profiles


It is known that non-albumin proteins can be separated into four different fractions by native electrophoresis: alpha1 (α1), alpha2 (α2), beta (ß) and gamma (γ) [37]. The determination of serum protein profiles, together with the determination of changes in total protein concentration, allowed us to gain some insights and conclusions on how dehydration and proteinuria due to PA might affect the changes in protein levels. Protein profiles were presented as a percentage abundance of HSA and γ, β, α1 and α2, obtained after the densitometric analysis of gels following the separation of serum proteins by native electrophoresis (Table 3 and Figure S1).



According to the results presented in Table 3, the abundances of γ and β obtained at time point T1 were almost unchanged compared to the baseline values, while the trends of changes in the abundances of α2, α1 and HSA were different in both groups. At time points T2 and T3, an increase in the percentage of the γ fraction was observed in both groups compared to baseline values, but this was only statistically significant (p ˂ 0.05) in the placebo group. Looking at the non-statistically significant changes in T2 and T3, α1 fraction abundance decreases in the placebo group in T3.



According to these results, HSA and α1 could contribute to a significant decrease in total serum proteins 24 h after the race in the placebo group (Table 2). In addition, the decrease in these protein fractions is probably jointly responsible for the decrease in total proteins 24 h and 7 days after the first race (Figure 2). The decrease in total proteins is likely due to proteinuria, as both total protein levels and protein profiles were altered.



In addition, we tested whether the observed slight changes in protein fractions lead to an increase or decrease in serum γ, β2, α2, α1 and HSA protein levels expressed in g/L, but there were no changes that reached the significance level.




3.5. Serum Protein Profile—The Ratio of Proteins’ Fractions


The ratios of the three most abundant protein fractions (HSA, γ and β) were calculated and presented (Table 4). At time point T1, when dehydration was the dominant process, the HSA/γ ratio obtained was the highest and then decreased to a level below the baseline in placebo. At time points T2 and T3, when proteinuria predominated, increases in the γ/β ratio were obtained (p < 0.05), compared to the pre-race value in the placebo group. In contrast, in the aronia group, HSA/γ, HSA/ß and γ/ß ratios remained unchanged 24 h after the race compared to baseline values.





4. Discussion


The dehydration and proteinuria caused by PA can alter the levels of serum parameters such as urea, creatinine, uric acid [3] and total proteins [8,9], and could lead to changes in blood protein profiles after PA, such as a half marathon run. The renal function parameters urea, creatinine and uric acid were elevated 15 min and 60 min after the half marathon for all observed parameters. The values of all three parameters observed returned to baseline values in the aronia group, while in the placebo group the urea and uric acid values were still elevated 24 h after the run. Statistically significant differences between the groups were found in urea levels 24 h after the race, with urea being statistically significantly higher in the placebo group than in the aronia group. There was a trend towards an increase in total protein and albumin after the half marathon race, with statistical significance only reached in the aronia group 60 min after the race. When looking at the protein profiles, it was found that there was a statistically significant increase in γ-fractions at the 60 min post-race and 24 h post-race time points in the placebo group. Based on the results, the consumption of polyphenol-rich aronia juice could induce a benign, transient change in renal function during exercise, and reduce exercise-induced protein loss that causes exercise-induced proteinuria. The results obtained suggest that the acute consumption of polyphenols before intense physical activity may influence protein loss during intense physical activity.



PA can lead to acute changes in renal function, a decrease in glomerular filtration rate, and tubular dysfunction [39,40] as well as an accumulation of creatinine, urea, and uric acid in the blood [3,41]. It was found that the concentrations of urea, creatinine and uric acid were significantly higher 15 min and 1 h after the race compared to the baseline values in both groups (placebo and aronia) (Table 1). In clinical practice, the diagnosis of acute kidney injury is only made based on changes in creatinine levels [3]. Since creatinine levels were highest immediately after the race (15 min) and were significantly elevated at 1 h after the race, and returned to baseline levels in both groups 24 h after the race, the changes in these parameters may indicate that transient changes in renal function occurred after the race. Muscle wasting during and after PA could also lead to an increase in serum creatinine concentration. However, according to the literature data, this event occurs later compared to renal injury and should lead to an increase in creatinine levels 24 h after the race [3]. In the placebo group, urea and uric acid levels were significantly higher 24 h after the race (p ˂ 0.01), whereas in the aronia group they returned to baseline values. Urea and uric acid levels reflect not only acute kidney injury, but also increased metabolism, dehydration, and hormonal activation during PA [3]. So, besides PA, increased metabolism and increased purine metabolism can also be a source of increased urea and uric acid, respectively [42,43]. According to the obtained results for total proteins and albumins in time points T1 and T2, dehydration could induce changes in these parameters of about 5-9% (obtained percentages for urea and uric acid around 16 and 12%, respectively), but it could be a contributing factor, and probably not the only one. Although there were no differences between the treatment groups, urea levels returned to baseline values only in the aronia group 24 h after the race, suggesting that the consumption of polyphenol-rich juices may have beneficial effects on kidney function. There are several studies that have shown the positive effects of aronia polyphenol extracts on renal function in animal models [20,44]. In addition, two recent studies have reported the beneficial effects of aronia product consumption, including those on renal function parameters, in patients with chronic kidney disease on hemodialysis treatment [45] and in type 2 diabetics [46]. Further studies with a larger number of participants should confirm the potentially protective effect of aronia juice on PA-induced acute kidney injury.



An analysis of the changes in serum protein profiles and serum total protein, HSA and non-albumin protein levels may allow some conclusions to be drawn about the effects of dehydration and the occurrence of proteinuria after a half marathon race. If dehydration is the cause of the increase in total proteins immediately after PA, the protein profiles would be the same as before the race. If proteinuria is the cause of the decrease in total proteins 24 h and 7 days after the first race, then the protein profiles would be different. The obtained trend of transient changes in total proteins and HSA concentrations 15 min and 1 h after the race in both groups (Table 2) is consistent with the data in the literature [4,9], and could be explained by dehydration due to PA. The significant decrease in total serum proteins 24 h after the race in the placebo group could be explained by PA-induced proteinuria [8,41]. Although no statistically significant changes were observed in the placebo group at time T1, the concentrations of total proteins (Table 2) and all protein fractions (Supplementary Table S1) were higher compared to baseline values, while the percentage abundances of all five protein fractions remained almost at the corresponding pre-race values (Table 3). At the same time, the ratio of HSA to γ and ß increased slightly (Table 4). Taking all the above into account, slight dehydration appears to have occurred, causing a transient increase in total proteins and HSA 15 min after the race in the placebo group (Table 2). This can be explained by the fact that dehydration is closely related to HSA levels, and is even the only known cause of hyperalbuminemia (increase in the HSA fraction in serum compared to the other fractions) in humans [11,12]. From the protein profiles obtained 1 h after the race in the placebo group and the increase in the γ-fraction (p < 0.05) compared to baseline (Table 3), it can be concluded that proteinuria could occur in addition to the dehydration still present (total proteins are above baseline, Table 2). In the aronia group, total proteins were significantly (p < 0.05) increased at time points T1 and T2 (Table 2), leading to an increase in the content of all protein fractions expressed in g/L (p > 0.05, Supplementary Table S1), but without significant changes in their percentages (Table 3). According to the data obtained, dehydration was also present 15 min and even 1 h after the race in the aronia group. The differences between the two groups, which were determined for the period of dehydration, could be a consequence of aronia supplementation and its effect on renal function [20,44,45,46].



Proteinuria could lead to selective protein loss in athletes. Because γ-globulins have the highest molecular weights (MW) (from 150–800 kDa) compared to the other serum proteins, and are the second most abundant serum protein fraction after HSA [37], they cannot easily pass glomerular filtration membranes. As intensive PA could lead to renal dysfunction and proteinuria [41], it is expected that proteins with low MW, such as HSA (66.7 kDa) [45], and others present in β, α2 and α1 can pass through the kidney glomeruli easier compared to those from γ-globulins fraction. In this study, the single bout of PA was accompanied by the significant increase of the percentage of γ-fraction (p < 0.05) in time points T2 and T3 in the placebo group, but no significant decrease of the fractions α1, α2 and β was revealed. It seems that PA without aronia supplementation can alter the ratio of the most abundant serum protein fractions, such as HSA and γ. This change is likely due to the differential ability of these proteins to be extracted by the kidney during PA. HSA has a molecular weight (MW) of 66.7 kDa and is more likely to be extracted by the kidneys than the gamma fraction proteins, whose MW is between 150 and 500 kDa. However, baseline protein profiles could indicate what alterations could be induced by a combination of repetitive PA proteinuria and inadequate protein intake. It was found that the recreational runners had reduced percentages of α1 and α2 protein fractions (1.6–2.1%, and 1.6-2.3%, respectively) and elevated percentage of the γ fraction (23.4–25.8%) compared to the available literature data for healthy persons who are not exposed to moderate or intensive PA (α1-globulins 3.6-6.8%, α2-globulins 4.8–9.0%, γ-globulins from 10.7–22.5%, HSA 52.7–67.1%, and β-globulins 8.2–13.5%) [47]. The abundance of HSA and β fractions was within the reference range for healthy individuals. The participants in this study are active members of the Belgrade Urban Running Team, who run approximately 40 km per week during 4 practices [27]. So, it can be concluded that the observed changes of total serum proteins and serum protein profiles could be a consequence of repetitive long-term PA-induced proteinuria due to the loss of low MW proteins. It seems that the proteins present in α1 and α2 fractions, and partially in HSA, mainly contribute to the decrease of total serum proteins found in these subjects before the first race and after the first race (Figure 2). According to these results, as well as the fact that the total proteins were even significantly lowered before the second race (Figure 2), it can be concluded that low MW proteins contributed to the total loss of proteins. Because the abundance of α1 fraction non-statistically decreases after a single bout of PA, this fraction could be the most extensively lost by proteinuria. Alpha-1 antitrypsin (MW 52 kDa), thyroxine-binding globulin (MW 54 kDa) and transcortin (MW 52 kDa) are the main components of the α1 fraction. Alpha-1 antitrypsin is the most abundant of them, with a mean concentration in serum of 1.48 ± 0.2 g/L, and its deficiency can result in liver failure and chronic lung diseases [48]. At the same time, a proteomic analysis revealed that there are between 50 and 80 different proteins in the serum, whose molecular weights are between 9.33 kDa and 65kDa [49], and they are parts of three minor protein fractions, which could contribute to total protein decrease after 24h in the placebo group and 7 days after the first race. Several recent proteomic studies in athletes have revealed that concentrations of numerous individual proteins can be affected by PA (1, 2, 3). According to the literature data, there are several PA-induced mechanisms [41] which lead to the increase of renal membrane permeability and transient proteinuria in athletes. As proteinuria induces the selective loss of low MW proteins with unique biological roles, it is imperative to develop nutrition approaches in the management of PA-induced kidney functional changes. In the aronia juice group, the changes in the protein’s profiles was less evident, as there was no change of γ fraction abundance in time point T2 and T3 like in the placebo group (Table 3). In addition, the difference in mean values between T0 and T3 for the HSA fraction is greater in the placebo group (1.4 g/L) than in the aronia group (0.8 g/L) (p > 0.05). Finally, the significant difference between the two groups is the observed effect of aronia juice consumption on the total protein content 24 h after the race, as the decrease of total proteins was detected only in the placebo group (p < 0.05) (Table 2). So, the obtained results for aronia juice treatment indicates that the acute consumption of aronia juice by recreational runners before the simulated half-marathon race could exert beneficial effects on the level of proteinuria. So far, Macena and el. (2022)’s meta-analysis has reported the modest effect of the intake of dietary polyphenols on proteinuria in diabetic nephropathy [50]. Furthermore, in a recent review article, the authors focused on dietary polyphenols’ effects on mitochondrial damage, that had been found to be associated with kidney damage in different experimental models [51]. Finally, flavonoids, a class of polyphenol molecules, have shown potential to prevent dysfunction and improve the function of kidneys by influencing oxidative stress and inflammation pathways (Cao, 2022) [52]. Although there is no literature data that aronia consumption could show an effect in athletes on PA-induced proteinuria (review article effects of aronia), the obtained findings are in line with previous studies exploring the effects of polyphenols on kidney function [50,51,52].



This study showed that a period of seven days between two half-marathon races did not allow for the complete recovery of total proteins on the level before the first race (Figure 2). Furthermore, it seems that besides confirmed proteinuria, inadequate dietary protein consumption by the participants involved in this study probably contributes to a significant decrease of total proteins in the period between two races. Our previous study revealed that 8/10 subjects had inadequate dietary protein intake compared to the values recommended by the International Society of Sports Nutrition for exercising individuals [27]. Before the first race, 3/10 participants had total protein content below the normal reference range (64–83 g/L), while in 7/10 participants, these values were only slightly above the lower limit. Although the obtained mean value of total proteins was low (65.5 ± 3.5 g/L) before the first race, the mean value of HSA (39.8 ± 3.6 g/L) was in the normal reference range (35–55 g/L). Because HSA is the most abundant protein in the serum (60% of total serum proteins), only one third of the total HSA content is found in the intravascular department and has a half-life of 20 days [53,54,55]; its loss by proteinuria, caused by repetitive PA, is less evident but still present (mean value 39.8 g/L was closer to the low reference value 35 g/L). According to these results, it can be concluded that repetitive PA-induced proteinuria and inadequate protein intake by recreational runners could lead to the decrease of total serum proteins, including both HSA and non-albumin proteins with low MW, such as alpha-1 antitrypsin, thyroxine-binding globulin and transcortin.



Limitations


Our study has some limitations that could have an impact on the interpretation of results. We were not able to obtain the data on the participants’ previous polyphenol intake due to the limitations of the Serbian Food Composition Database, which we have used to assess the participants’ dietary habits, as described previously [27]. Still, the participants were advised to refrain from consuming polyphenol-rich foods before the intervention. Also, in our dietary assessments, we considered the consumption of major antioxidants, which was found to be inadequate. Thus, as we suggested previously [27], there were not any antioxidants consumed in excess that could influence the interpretation of our findings. Another limitation of our research (due to financial constraints) is not performing VO2 max measurements, which is an important determinant of running performance. Finally, another important limitation is the small sample size of our study group. However, we counteracted these limitations by recruiting healthy male volunteers from the same team and following the same training regime for enough time before the intervention. Also, we applied the cross-over design, meaning each subject serves as his own control, allowing us to minimize the possible effects of confounding covariates on our findings.





5. Conclusions


Our pilot study showed that acute aronia juice consumption before race could favorably influence the loss of serum proteins and affect PA-induced proteinuria. So, this, together with an adequate protein intake, could be a healthcare measure for the prevention of the benign, transiting changes of PA-induced kidney function alterations in recreational runners, and, as repeated, regular PA could lead to loss of low-molecular protein.








Supplementary Materials


The following informations can be downloadeed at https://www.mdpi.com/article/10.3390/healthcare12131276/s1, Figure S1: Native PAAE on a 9% gel of individual serum samples from half-marathon runners.





Author Contributions


Data curation, T.U., M.T. and V.J., Formal analysis, T.U., M.T. and V.J., Writing—the first draft, T.U., V.J. and M.T., Study design, V.S., N.V. and A.P., Resources, V.S., Project administration, V.S., Funding acquisition, N.V., M.T. and V.J., Supervision, V.J., Writing—review and editing, V.S., N.V., A.P. and P.J. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the Ministry of Science, Technological Development and Innovation of Republic of Serbia (contract number 451-03-66/2024-03/200168 and 451-03-66/2024-03/200015).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of Faculty of Sport and Physical Education, University of Belgrade (protocol code 02-1072/18-2, date of approval 15 June 2018).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The raw data supporting the conclusions of this article will be made available by the authors on request.




Acknowledgments


We would like to posthumously acknowledge the invaluable contribution of Marija Glibetić to this research project. She was an integral part of our team, and her dedication, expertise, and passion greatly influenced the direction and outcome of this study. Despite her untimely passing, Marija Glibetić continued to inspire us with her profound insights and unwavering commitment to scientific inquiry. Her contributions, both intellectual and personal, have left an indelible mark on this work. We extend our deepest gratitude to Marija Glibetić’s family and loved ones for their support and understanding during this difficult time. While she may no longer be with us, her legacy lives on through the impact of her contributions to this research. This paper is dedicated to the memory of Marija Glibetić, whose spirit of inquiry and dedication to advancing knowledge will continue to inspire us in our scientific endeavors.




Conflicts of Interest


The authors have no conflicts of interests to declare.




References


	



Lee, D.C.; Pate, R.R.; Lavie, C.J.; Sui, X.; Church, T.S.; Blair, S.N. Leisure-Time running reduces all-cause and cardiovascular mortality risk. J. Am. Coll. Cardiol. 2014, 64, 472–481. [Google Scholar] [CrossRef]

	



Mikk, M.; Ringmets, I.; Pärna, K. Leisure time physical activity and associated factors among adults in Estonia 2000–2018. Int. J. Environ. Res. Public Health 2021, 18, 3132. [Google Scholar] [CrossRef]

	



Wołyniec, W.; Kasprowicz, K.B.; Giebułtowicz, J.; Korytowska, N.; Zorena, K.; Bartoszewicz, M.; Rita-Tkachenko, P.; Renke, M.; Ratkowski, W. Changes in water soluble uremic toxins and urinary acute kidney injury biomarkers after 10- and 100-km runs. Int. J. Environ. Res. Public Health 2019, 16, 4153. [Google Scholar] [CrossRef]

	



Kratz, A.; Lewandrowski, K.; Siegel, A.J.; Chun, K.Y.; Flood, J.G.; Van Cott, E.M.; Lee-Lewandrowski, E. Effect of marathon running on hematologic and biochemical laboratory parameters, including cardiac markers. Am. J. Clin. Pathol. 2002, 118, 856–863. [Google Scholar] [CrossRef]

	



Rangaswamy, D.; Sud, K. Acute kidney injury and disease: Long-term consequences and management. Nephrology 2018, 23, 969–980. [Google Scholar] [CrossRef]

	



52 Marathons in Fifty Two Weeks Running Club. Available online: http://52in52.org/ (accessed on 15 April 2024).

	



Huang, D. Dietary antioxidants, and health promotion. Antioxidants 2018, 7, 9. [Google Scholar] [CrossRef]

	



Fan, C.H.; Lin, S.C.; Tsai, K.; Wu, T.J.; Lin, Y.; Lin, Y.; Lu, S.C.; Han, C.; Lin, G. Association of single measurement of dipstick proteinuria with physical performance of military males: The CHIEF study. BMC Nephrol. 2020, 21, 287. [Google Scholar] [CrossRef]

	



Maughan, R.; Whiting, P.H.; Davidson, R.J.L. Estimation of plasma volume changes during marathon running. Br. J. Sports Med. 1985, 19, 138–141. [Google Scholar] [CrossRef]

	



Yimcharoen, M.; Kittikunnathum, S.; Suknikorn, C.; Nak-On, W.; Yeethong, P.; Anthony, T.G.; Bunpo, P. Effects of ascorbic acid supplementation on oxidative stress markers in healthy women following a single bout of exercise. J. Int. Soc. Sports Nutr. 2019, 16, 2. [Google Scholar] [CrossRef]

	



Mutlu, E.; Keshavarzian, A.; Mutlu, G.M. Hyperalbuminemia and elevated transaminases associated with high-protein diet. Scand. J. Gastroenterol. 2006, 41, 759–760. [Google Scholar] [CrossRef]

	



Jones, C.; Akbani, H.; Croft, D.; Worth, D. The relationship between serum albumin and hydration status in hemodialysis patients. J. Ren. Nutr. 2002, 12, 209–212. [Google Scholar] [CrossRef]

	



Ad-Hoc Working Group of ERBP; Fliser, D.; Laville, M.; Covic, A.; Fouque, D.; Vanholder, E.; Juillard, L.; Van Biesen, W. A European Renal Best Practice (ERBP) position statement on the Kidney Disease Improving Global Outcomes (KDIGO) clinical practice guidelines on acute kidney injury: Part 1: Definitions, conservative management and contrast-induced nephropathy. Nephrol. Dial. Transplant. 2012, 27, 4263–4272. [Google Scholar] [CrossRef]

	



Shephard, R.J. Exercise proteinuria and hematuria: Current knowledge and future directions. J. Sports Med. Phys. Fitness 2016, 56, 1060–1076. [Google Scholar] [PubMed]

	



Suzuki, M.; Ikawa, S. The mechanisms of exercise-induced proteinuria--relationship between urinary excretion of proteins and lactate after exhaustive exercise. Nihon Jinzo Gakkai Shi. 1991, 33, 357–364. [Google Scholar] [PubMed]

	



Gerasimov, M.A.; Perova, I.B.; Eller, K.I.; Akimov, M.Y.; Sukhanova, A.M.; Rodionova, G.M.; Ramenskaya, G.V. Investigation of polyphenolic compounds in different varieties of black chokeberry Aronia melanocarpa. Molecules 2023, 28, 4101. [Google Scholar] [CrossRef]

	



Sidor, A.; Gramza-Michałowska, A. Black Chokeberry Aronia melanocarpa L.-A qualitative composition, phenolic profile and antioxidant potential. Molecules 2019, 24, 3710. [Google Scholar] [CrossRef]

	



Jurendić, T.; Ščetar, M. Aronia melanocarpa products and by-products for health and nutrition: A review. Antioxidants 2021, 10, 1052. [Google Scholar] [CrossRef]

	



Li, L.; Li, J.; Xu, H.; Zhu, F.; Li, Z.; Lu, H.; Zhang, J.; Yang, Z.; Liu, Y. The protective effect of anthocyanins extracted from aronia melanocarpa berry in renal ischemia-reperfusion injury in mice. Mediat. Inflamm. 2021, 2021, 7372893. [Google Scholar] [CrossRef]

	



Kasprzak-Drozd, K.; Oniszczuk, T.; Soja, J.; Gancarz, M.; Wojtunik-Kulesza, K.; Markut–Miotła, E.; Oniszczuk, A. The efficacy of black chokeberry fruits against cardiovascular diseases. Int. J. Mol. Sci. 2021, 22, 6541. [Google Scholar] [CrossRef]

	



Stankiewicz, B.; Cieślicka, M.; Kujawski, S.; Piskorska, E.; Kowalik, T.; Korycka, J.; Skarpańska-Stejnborn, A. Effects of antioxidant supplementation on oxidative stress balance in young footballers- a randomized double-blind trial. J. Int. Soc. Sports Nutr. 2021, 18, 44. [Google Scholar] [CrossRef]

	



Skarpańska-Stejnborn, A.; Basta, P.; Sadowska, J.; Pilaczyńska-Szczeńniak, Ł. Effect of supplementation with chokeberry juice on the inflammatory status and markers of iron metabolism in rowers. J. Int. Soc. Sports Nutr. 2014, 11, 48. [Google Scholar] [CrossRef]

	



Petrović, S.; Arsić, A.; Glibetić, M.; Čikiriz, N.; Jakovljević, V.; Vučić, V. The effects of polyphenol-rich chokeberry juice on fatty acid profiles and lipid peroxidation of active handball players: Results from a randomized, double-blind, placebo-controlled study. Can. J. Physiol. Pharmacol. 2016, 94, 1058–1063. [Google Scholar] [CrossRef]

	



Zare, R.; Kimble, R.; Redha, A.A.; Cerullo, G.; Clifford, T. How can chokeberry (Aronia) (poly)phenol-rich supplementation help athletes? A systematic review of human clinical trials. Food Funct. 2023, 14, 5478–5491. [Google Scholar] [CrossRef]

	



Schulte, K.; Kunter, U.; Moeller, M.J. The evolution of blood pressure and the rise of mankind. Nephrol. Dial. Transplant. 2014, 30, 713–723. [Google Scholar] [CrossRef]

	



Knechtle, B.; Nikolaidis, P.T. Physiology and pathophysiology in Ultra-Marathon running. Front. Physiol. 2018, 9, 634. [Google Scholar] [CrossRef]

	



Stevanović, V.; Pantović, A.; Krga, I.; Zeković, M.; Šarac, I.; Glibetić, M.; Kardum, N. Aronia juice consumption prior to half-marathon race can acutely affect platelet activation in recreational runners. Appl. Physiol. Nutr. Metab. 2020, 45, 393–400. [Google Scholar] [CrossRef]

	



Kardum, N.; Konić-Ristić, A.; Zec, M.; Kojadinović, M.; Petrović-Oggiano, G.; Zeković, M.; Kroon, P.A.; Glibetić, M. Design, formulation and sensory evaluation of a polyphenol-rich food placebo: An example of aronia juice for food intervention studies. Int. J. Food Sci. Nutr. 2017, 68, 742–749. [Google Scholar] [CrossRef]

	



Decroix, L.; Tonoli, C.; Soares, D.D.; Descat, A.; Drittij-Reijnders, M.J.; Weseler, A.R.; Bast, A.; Stahl, W.; Heyman, E.; Meeusen, R. Acute cocoa Flavanols intake has minimal effects on exercise-induced oxidative stress and nitric oxide production in healthy cyclists: A randomized controlled trial. J. Int. Soc. Sports Nutr. 2017, 14, 28. [Google Scholar] [CrossRef]

	



Davison, G.; Callister, R.; Williamson, G.; Cooper, K.A.; Gleeson, M. The effect of acute pre-exercise dark chocolate consumption on plasma antioxidant status, oxidative stress and immunoendocrine responses to prolonged exercise. Eur. J. Nutr. 2012, 51, 69–79. [Google Scholar] [CrossRef]

	



Morillas-Ruiz, J.; Zafrilla, P.; Almar, M.; Cuevas, M.J.; López, F.J.; Abellán, P.; Villegas, J.A.; González-Gallego, J. The effects of an antioxidant-supplemented beverage on exercise-induced oxidative stress: Results from a placebo-controlled double-blind study in cyclists. Eur. J. Appl. Physiol. 2005, 95, 543–549. [Google Scholar] [CrossRef]

	



Xie, L.; Lee, S.G.; Vance, T.M.; Wang, Y.; Kim, B.; Lee, J.Y.; Chun, O.K.; Bolling, B.W. Bioavailability of anthocyanins and colonic polyphenol metabolites following consumption of aronia berry extract. Food Chem. 2016, 211, 860–868. [Google Scholar] [CrossRef] [PubMed]

	



Howatson, G.; McHugh, M.P.; Hill, J.A.; Brouner, J.; Jewell, A.P.; van Someren, K.A.; Shave, R.E.; Howatson, S.A. Influence of tart cherry juice on indices of recovery following marathon running. Scand. J. Med. Sci. Sports 2010, 20, 843–852. [Google Scholar] [CrossRef] [PubMed]

	



Dimitriou, L.; Hill, J.A.; Jehnali, A.; Dunbar, J.; Brouner, J.; McHugh, M.P.; Howatson, G. Influence of a montmorency cherry juice blend on indices of exercise-induced stress and upper respiratory tract symptoms following marathon running--a pilot investigation. J. Int. Soc. Sports Nutr. 2015, 12, 22. [Google Scholar] [CrossRef] [PubMed]

	



Robinson, H.W.; Hogden, C.G. The biuret reaction in the determination of serum proteins:II Measurement made by the Kjeldahl procedure. J. Biol. Chem. 1940, 135, 727–731. [Google Scholar] [CrossRef]

	



Doumas, B.T.; Watson, W.A.; Biggs, H.G. Albumin standards and the measurement of serum albumin with bromcresol green. Clin. Chim. Acta 1997, 258, 21–30. [Google Scholar] [CrossRef] [PubMed]

	



O’Connell, T.X.; Horita, T.J.; Kasravi, B. Understanding and interpreting serum protein electrophoresis. Am. Fam. Physician 2005, 71, 105–112. [Google Scholar] [PubMed]

	



Sampson, E.J.; Baird, M.A.; Burtis, C.A.; Smith, E.M.; Witte, D.L.; Bayse, D.D. A coupled-enzyme equilibrium method for measuring urea in serum: Optimization and evaluation of the AACC study group on urea candidate reference method. Clin. Chem. 1980, 26, 816–826. [Google Scholar] [CrossRef] [PubMed]

	



Clerico, A.; Giammattei, C.; Cecchini, L.; Lucchetti, A.; Cruschelli, L.; Penno, G.; Gregori, G.; Giampietro, O. Exercise-induced proteinuria in well-trained athletes. Clin. Chem. 1990, 36, 562–564. [Google Scholar] [CrossRef] [PubMed]

	



Bellinghieri, G.; Savica, V.; Santoro, D. Renal alterations during exercise. J. Ren. Nutr. 2008, 18, 158–164. [Google Scholar] [CrossRef] [PubMed]

	



de Oliveira, E.P.; Burini, R.C. High plasma uric acid concentration: Causes and consequences. Diabetol. Metab. Syndr. 2012, 4, 12. [Google Scholar] [CrossRef]

	



Weiner, I.D.; Mitch, W.E.; Sands, J.M. Urea and ammonia metabolism and the control of renal nitrogen excretion. Clin. J. Am. Soc. Nephrol. 2015, 10, 1444–1458. [Google Scholar] [CrossRef] [PubMed]

	



Gaião, S.; Paiva, J.A. Biomarkers of renal recovery after acute kidney injury. Crit. Care Sci. 2017, 29, 373–381. [Google Scholar] [CrossRef] [PubMed]

	



Smereczański, N.M.; Brzóska, M.M.; Rogalska, J.; Hutsch, T. The protective potential of Aronia melanocarpa L. berry extract against cadmium-induced kidney damage: A study in an animal model of human environmental exposure to this toxic element. Int. J. Mol. Sci. 2023, 24, 11647. [Google Scholar] [CrossRef] [PubMed]

	



Lee, P.; Wu, X. Review: Modifications of human serum albumin and their binding effect. Curr. Pharm. Des. 2015, 21, 1862–1865. [Google Scholar] [CrossRef] [PubMed]

	



Milosavljevic, I.; Jakovljević, V.; Petrović, D.; Draginić, N.; Jeremić, J.; Mitrović, M.; Živković, V.; Srejović, I.; Stojić, V.; Bolevich, S.; et al. Standardized Aronia melanocarpa extract regulates redox status in patients receiving hemodialysis with anemia. Mol. Cell Biochem. 2021, 476, 4167–4175. [Google Scholar] [CrossRef] [PubMed]

	



Chubarov, A.S.; Spitsyna, A.; Krumkacheva, O.A.; Mitin, D.; Suvorov, D.; Tormyshev, V.M.; Fedin, M.V.; Bowman, M.K.; Bagryanskaya, E.G. Reversible dimerization of human serum albumin. Molecules 2020, 26, 108. [Google Scholar] [CrossRef] [PubMed]

	



Milutinović, M.; Radovanović, R.V.; Šavikin, K.; Radenković, S.; Arvandi, M.; Pešić, M.; Kostić, M.; Miladinović, B.; Branković, S.; Kitić, D. Chokeberry juice supplementation in type 2 diabetic patients-impact on health status. J. Appl. Biomed. 2019, 17, 218–224. [Google Scholar] [CrossRef] [PubMed]

	



Hunt, J.M.; Tuder, R.M. Alpha 1 Anti-Trypsin: One protein, many functions. Curr. Mol. Med. 2012, 12, 827–835. [Google Scholar] [CrossRef] [PubMed]

	



Macena, M.L.; Nunes, L.F.D.S.; da Silva, A.F.; Pureza, I.R.O.M.; Praxedes, D.R.S.; Santos, J.C.F.; Bueno, N.B. Effects of dietary polyphenols in the glycemic, renal, inflammatory, and oxidative stress biomarkers in diabetic nephropathy: A systematic review with meta-analysis of randomized controlled trials. Nutr. Rev. 2022, 80, 2237–2259. [Google Scholar] [CrossRef]

	



Ashkar, F.; Bhullar, K.S.; Wu, J. The effect of polyphenols on kidney disease: Targeting mitochondria. Nutrients. 2022, 14, 3115. [Google Scholar] [CrossRef]

	



Cao, Y.-L.; Lin, J.-H.; Hammes, H.-P.; Zhang, C. Flavonoids in treatment of chronic kidney disease. Molecules 2022, 27, 2365. [Google Scholar] [CrossRef] [PubMed]

	



Das, L.; Murthy, V.; Varma, A.K. Comprehensive analysis of low molecular weight serum proteome enrichment for mass spectrometric studies. ACS Omega 2020, 5, 28877–28888. [Google Scholar] [CrossRef] [PubMed]

	



Uzelac, T.; Smiljanić, K.; Takić, M.; Šarac, I.; Oggiano, G.; Nikolić, M.; Jovanović, V. The thiol group reactivity and the antioxidant property of human serum albumin are controlled by the joint action of fatty acids and glucose binding. Int. J. Mol. Sci. 2024, 25, 2335. [Google Scholar] [CrossRef] [PubMed]

	



Peters, T. All about Albumin: Biochemistry, Genetics, and Medical Applications; Academic Press: Cambridge, MA, USA, 1995; ISBN 978-0125521109. [Google Scholar]








[image: Healthcare 12 01276 g001] 





Figure 1. Summary of research design. 
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Figure 2. Total proteins, HSA, and non-albumin proteins (g/L) in serum before, 24 h and 7 days after the first simulated half-marathon race. * p ˂ 0.05 compared to value before 1st race. 
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Table 1. Values of urea, creatinine, and uric acid before (T0) and 15 min (T1), 1 h (T2) and 24 h (T3) after race.






Table 1. Values of urea, creatinine, and uric acid before (T0) and 15 min (T1), 1 h (T2) and 24 h (T3) after race.





	
Group

	
Time

	
Urea

(mM)

	
Creatinine

(µM)

	
Uric Acid

(mM)






	
Placebo

	
T0

	
4.4 ± 1.3

	
81 ± 12

	
313 ± 50




	
T1

	
5.1 ± 1.3 **

	
94 ± 14 **

	
343 ± 50 ***




	
T2

	
5.1 ± 1.2 *

	
89 ± 13 **

	
353 ± 54 ***




	
T3

	
5.1 ± 1.2 **#

	
83 ± 12

	
341 ± 42 **




	
Aronia juice

	
T0

	
4.9 ± 1.7

	
83 ± 13

	
335 ± 49




	
T1

	
5.4 ± 1.7 **

	
91 ± 17 **

	
357 ± 56 ** ##




	
T2

	
5.4 ± 1.7 **

	
89 ± 16 *

	
353 ± 60 *




	
T3

	
5.0 ± 1.3

	
85 ± 12

	
359 ± 69








* p ˂ 0.05, ** p ˂ 0.01, *** p ˂ 0.001 (paired t-test) compared to corresponding baseline values (T0). # p ˂ 0.05. ## p ˂ 0.01 compared to the treatment group, normalized values.













 





Table 2. Total proteins, HSA, and non-albumin proteins content (g/L) in serum.
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Group

	
Time

	
Total Proteins (g/L)

	
HSA (g/L)

	
Non-Albumins (g/L)






	
Placebo

	
T0

	
67.2 ± 3.7

	
41.1 ± 5.1

	
26.1 ± 2.4




	
T1

	
70.9 ± 4.5

	
44.0 ± 6.2

	
26.9 ± 3.3




	
T2

	
69.5 ± 3.1

	
41.4 ± 4.1

	
28.1 ± 3.6




	
T3

	
63.1 ± 4.1 *

	
38.5 ± 4.8

	
24.6 ± 3.5




	
Aronia juice

	
T0

	
63.9 ± 3.3

	
38.6 ± 2.2

	
25.3 ± 1.9




	
T1

	
67.5 ± 4.4 *

	
40.5 ± 4.1

	
27.1 ± 1.7




	
T2

	
69.2 ± 3.1 *

	
42.1 ± 4.1 *

	
27.2 ± 3.2




	
T3

	
65.1 ± 2.5

	
38.9 ± 3.5

	
26.2 ± 3.9








* p < 0.05 (paired t-test) compared to corresponding baseline values (T0).













 





Table 3. The abundance (%) of albumin (HSA) and non-albumin fractions (gamma, beta, alpha1, and alpha2) in serum.
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Group

	
Time

	
Abundance of Serum Protein Fractions

(%)




	
Gamma

	
Beta

	
Alpha2

	
Alpha1

	
Albumin






	
Placebo

	
T0

	
22.8 ± 4.2

	
11.3 ± 1.8

	
2.0 ± 0.9

	
1.9 ± 1.1

	
62.2 ± 5.8




	
T1

	
22.0 ± 5.4

	
10.9 ± 1.3

	
2.2 ± 0.9

	
1.9 ± 0.8

	
63.0 ± 5.9




	
T2

	
24.7 ± 4.0 *

	
10.5 ± 1.4

	
2.3 ± 1.3

	
2.0 ± 1.0

	
60.6 ± 5.1




	
T3

	
25.0 ± 4.0 *

	
11.0 ± 1.8

	
2.0 ± 0.6

	
1.2 ± 0.7

	
60.8 ± 5.1




	
Aronia juice

	
T0

	
25.7 ± 3.1 +

	
11.1 ± 2.0

	
1.4 ± 1.0

	
1.3 ± 1.2+

	
60.6 ± 1.4




	
T1

	
25.6 ± 2.5

	
11.3 ± 1.7

	
1.4 ± 0.6

	
1.8 ± 0.7

	
59.9 ± 2.8




	
T2

	
26.0 ± 3.0

	
10.8 ± 1.8

	
1.2 ± 1.0

	
1.2 ± 0.6

	
60.8 ± 4.6




	
T3

	
26.3 ± 4.7

	
11.0 ± 1.0

	
1.7 ± 1.0

	
1.2 ± 0.7

	
59.8 ± 5.4








* p < 0.05 compared to the baseline value; + p < 0.05 compared to the baseline in placebo group.













 





Table 4. The ratios of HSA/gamma, HSA/beta and gamma/beta fractions.
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Group

	
Time

	
HSA/Gamma

	
HSA/Beta

	
Gamma/Beta






	
Placebo

	
T0

	
2.8 ± 0.8

	
5.7 ± 1.2

	
2.0 ± 0.4




	
T1

	
3.1 ± 1.3

	
5.9 ± 1.0

	
2.0 ± 0.5




	
T2

	
2.55 ± 0.7

	
5.9 ± 4.1

	
2.3 ± 0.3 *




	
T3

	
2.5 ± 0.7

	
5.7 ± 1.3

	
2.3 ± 0.5 *




	
Aronia juice

	
T0

	
2.4 ± 0.3

	
5.6 ± 0.8

	
2.4 ± 0.6




	
T1

	
2.4 ± 0.3

	
5.4 ± 0.9

	
2.3 ± 0.4




	
T2

	
2.4 ± 0.5

	
5.8 ± 1.3

	
2.5 ± 0.5




	
T3

	
2.4 ± 0.7

	
5.5 ± 0.8

	
2.4 ± 0.5








* p < 0.05 compared to baseline value.
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