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Abstract

:

The aim of this clinical study was to determine the impact of the consumption of chicken eggs enriched with n-3 polyunsaturated fatty acids, selenium, vitamin E, and lutein on micro- and macrovascular endothelium-dependent dilation, inflammation biomarkers, and oxidative stress levels in participants with chronic coronary syndrome (CCS). This was a double-blind, placebo-controlled clinical study that included 30 CCS participants (9 women, 21 men) randomized into the control group (N = 15), who ate ordinary chicken eggs (three per day), and the Nutri4 group (N = 15), who ate enriched eggs (three per day) for 21 days. Microvascular and macrovascular endothelium-dependent vasodilation was evaluated by measuring forearm skin post-occlusive reactive hyperemia (PORH) and acetylcholine-induced dilation (AChID) and the flow-mediated dilation (FMD) of the brachial artery, respectively. The serum lipid profile, anti- and proinflammatory cytokine levels, serum concentration of nitric oxide synthase (NOS) isoforms, and oxidative stress biomarkers were measured before and after the diet protocols. Enriched, but not regular, chicken eggs significantly improved microvascular PORH and AChID and macrovascular FMD, increased the serum concentration of inducible NOS, decreased serum triglyceride levels, and decreased proinflammatory cytokine IL-17A and TGF-1β levels compared to initial measurements. Patients with CCS can benefit from the consumption of enriched chicken eggs due to improved lipid biomarkers, a more favorable anti-inflammatory milieu, and improved vascular relaxation at micro- and macrovascular levels.
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1. Introduction


Ischemic heart disease (IHD) can present as a chronic coronary syndrome (CCS), which is a form of stable disease, or as an acute coronary syndrome (ACS) [1]. Despite different treatment options, IHD has been the leading cause of death worldwide in the last 20 years [2]. The best-known risk factors for the development of IHD are arterial hypertension, dyslipidemia, physical inactivity, obesity, diabetes mellitus, and smoking, as the aforementioned risk factors contribute to the development of atherosclerosis, which underlies IHD [3].



A healthy lifestyle, which includes smoking cessation, physical activity, a healthy diet, and the maintenance of an optimal weight, reduces the risk of subsequent cardiovascular events and mortality [4]. The fact that diet in particular can affect cardiovascular risk was previously recognized in the Seven Countries Study, which showed that the Mediterranean diet significantly reduced the risk of IHD. The Mediterranean diet is a high-fat/low-glycemic diet in which 40% of calories come from fat; however, the fat is mainly unsaturated oils, such as olive and canola oil. In the Seven Countries Study, the coronary risk in Crete (i.e., consumption of Mediterranean diet) was only 1/15 of that in Finland, where most of the consumed fat is saturated fat (along with cholesterol), and 40% of the risk in Japan, where a low-fat diet emphasizing fish is practiced [5]. N-3 polyunsaturated fatty acids (n-3 PUFAs), but also some other nutrients, for example, selenium as a trace element, vitamin E, and the carotenoid lutein, have health-promoting effects and reduce cardiovascular risk, as shown in numerous studies [4,6,7,8]. The Mediterranean diet, rich in n-3 PUFAs, can modulate endothelial function and contribute to better vascular homeostasis balance in IHD patients, even if severe endothelial dysfunction is present. Replacing saturated fats with unsaturated fats, especially PUFAs, also reduces the risk of IHD [4]. This idea is supported by the fact that a lower risk of coronary artery disease (CAD) is linked with the consumption of fish (known for being rich in n-3 PUFAs) at least once a week [6]. N-6 PUFAs are considered proinflammatory, while n-3 PUFAs are considered anti-inflammatory; when there is a higher ratio of n-6/n-3 PUFAs, there are more mediators, such as prostaglandin series 2 (PGI2), leukotriene series 4 (LTB4), and thromboxane B series 2 (TXB2), that act as vasoconstrictors, activate platelets, and are proinflammatory. When the n-3 PUFA concentration is higher and the n-6/n-3 PUFA ratio is lower, then the production of anti-inflammatory and vasodilator mediators such as PGI3, LTB5, and TXA3 dominates. Therefore, an unbalanced n-6/n-3 PUFA ratio in favor of n-6 PUFAs has a prothrombotic and proinflammatory effect, which contributes to the development of atherosclerosis [9,10].



In addition, some micronutrients have been shown to be beneficial in maintaining health. One of them is selenium. Selenium is essential for the function of many enzymes involved in the regulation of the inflammatory response, the proliferation and differentiation of immune cells, and the migration and adhesion of leukocytes. Moreover, selenium is a part of antioxidant mechanisms; selenium increases the antioxidant capacity and affects nuclear factor kappa B (NF-κB) signaling pathways, reducing the production of tumor necrosis factor alpha (TNF-α) and proinflammatory interleukins [11]. Lutein has anti-inflammatory and atheroprotective effects in patients with CAD. Serum lutein levels are inversely proportional to the levels of proinflammatory cytokines (e.g., TNF-α, interleukin 6 (IL-6)) and oxidized low-density lipoprotein cholesterol (OxLDL) [8]. Overall, functional foods rich in these nutrients could play a role in the prevention and treatment of various cardiovascular diseases. For example, our recent study showed that the consumption of chicken eggs enriched with n-3 PUFAs (three eggs daily) for three weeks (~1053 mg n-3 PUFAs daily) had a mild anti-inflammatory effect by lowering IL-6 levels and changed the ratio of free fatty acids in the serum to a more favorable value in patients with known CADs (ACS and CCS) [12].



The first step in atherosclerosis development is endothelial dysfunction. The underlying mechanism in most cases is the impaired production or bioavailability of nitric oxide (NO) and/or the altered production of vasoactive prostaglandins/eicosanoids [13,14]. NO mediates endothelium-dependent vasodilation and inhibits platelet adhesion and aggregation [13], leukocyte adhesion/infiltration, and vascular smooth muscle cell proliferation. NO also prevents the oxidation of LDL cholesterol [15]. Oxidative stress causes reduced bioavailability of NO or impairs the production of prostaglandins, resulting in impaired microvascular vasodilation and the consequent development of atherosclerosis [16]. Antioxidant systems that combat oxidative stress primarily include three important enzymes: superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), whereas the second line of defense consists of antioxidants that neutralize or remove free radicals, and this group includes ascorbic acid, glutathione and alpha-tocopherol (vitamin E) [17]. However, data on the dietary impact, particularly the impact of functional foods (food that, in addition to being a source of energy and nutrients, also contains biologically active substances that offer health benefits beyond nutritive values) [18], on these antioxidant systems are scarce.



The hypothesis of this study is that the consumption of functional foods naturally enriched with micronutrients with antioxidant and anti-inflammatory properties could have a favorable effect on endothelial function, inflammation, lipid profiles, and levels of oxidative stress in participants with CCS. Therefore, our study aimed to investigate whether the consumption of chicken eggs with increased contents of n-3 PUFAs, selenium, vitamin E, and lutein had effects on (a) microvascular and macrovascular endothelial function and enzymes involved in the synthesis of NO; (b) oxidative stress levels and antioxidant capacity; and (c) systemic levels of pro/anti-inflammatory mediators in patients with existing CCS.




2. Materials and Methods


2.1. Study Population


Thirty patients with existing CCS of both sexes (nine women and twenty-one men) older than 18 years were included in this study. CCS is defined according to the European Society of Cardiology guidelines and includes patients with known CAD in a stable phase. They were elected at the Department for Cardiovascular Disease, University Hospital Center Osijek, Osijek, Croatia, from September to December 2020. The CONSORT flow chart of the study is depicted in Figure 1. Exclusion criteria were significant anemia (Hg < 110 g/L (male) and <100 g/L (female)), chronic or acute renal kidney disease, liver failure (chronic disease with impaired metabolic and synthetic function), chronic pulmonary disease and other conditions with chronic hypoxemia, active or chronic infections (tuberculosis, etc.), malignant diseases, hereditary systemic diseases, autoimmune diseases, hereditary metabolic diseases, untreated thyroid disease, recent surgery (last 3 months), recent severe trauma (last 6 months), neurological disorders (neurodegenerative diseases, recent stroke) (6 weeks), epilepsy, condition after resuscitation (3 months), drugs with significant effects on vascular or immune function (monoclonal antibodies, immunosuppressives, systemic corticosteroids), or active abuse of alcohol or drugs. All patients used recommended drug therapy for CCS, including statins, beta-blockers, ACE inhibitors, and antiplatelet drugs, and depending on the serum LDL concentration, some of them also used ezetimib. The study protocol was explained to all subjects, and they signed an informed consent form. The study protocol and procedures conformed to the standards set by the latest revision of the Declaration of Helsinki and were approved by the Ethical Committee of University Hospital Osijek (R2-8262/2020) and the Ethical Committee of Faculty of Medicine Osijek (Cl: 602-04/20-08/07, No.: 2158-61-07-20-118).




2.2. The Research Procedure


This study was a double-blind, placebo-controlled, randomized, interventional study. It is registered at ClinicalTrials.gov (identifier: NCT04564690). The inclusion of participants in the study began on 1 September 2020, and subject follow-up finished on 20 December 2020. All participants ate three boiled chicken eggs daily for three weeks (a total of 63 eggs in 21 days). After recruitment, another investigator involved in the study performed the randomization by drawing A or B for each subject and divided participants into two different groups, group A (control) or B (Nutri4), according to the type of eggs they consumed (control—15 subjects: 5 women, 10 men; experimental, i.e., Nutri4—15 subjects: 4 women, 11 men). The Nutri4 group consumed chicken eggs enriched with vitamin E, lutein, selenium, and n-3 PUFAs (n-3 PUFAs 432 mg, selenium 0.0191 mg, vitamin E 1.098 mg, lutein 0.616 mg/per egg), and the control group consumed regular eggs (n-3 PUFAs 146 mg, selenium 0.0183 mg, vitamin E 0.595 mg, lutein 0.11 mg/per egg) produced on the same farm. During the study protocol, neither the researchers nor the participants knew to which group each participant belonged (eggs were labeled #1 or #2 before they were distributed to the laboratory). Both eggs (enriched and ordinary eggs) were the same commercial size—L.



The research group of the Faculty of Agrobiotechnical Sciences Osijek, University of Josip Juraj Strossmayer in Osijek, produced enriched chicken eggs according to their established protocol. All participants were instructed to eat 3 eggs daily at the same time every day (breakfast). The eggs were boiled for about 10 min. They were advised to eat only the eggs they received from the researchers for study purposes (total of 63 eggs). Also, they were advised to avoid consuming large amounts of foods that are rich in n-3 PUFAs, vitamin E, selenium, or lutein, such as fish, fish oil, nuts, and others, which would affect the results, or taking any other form of supplements during the research. They had to keep a specific diet diary during the diet protocol. To ensure compliance, subjects were called by telephone a few times to ensure maximum adherence to the diet protocol. The study was performed in the Laboratory for Clinical and Sport Physiology, Department of Physiology and Immunology at the Faculty of Medicine Osijek, University of Osijek.



All procedures mentioned in the study, including blood sampling and all other measurements, were carried out before the start of the diet and the day immediately after the end of the egg consumption protocol. All measurements were taken after overnight fasting; also, subjects were advised to avoid any strenuous activity during the 24 h preceding the visit.




2.3. Anthropometric Characteristics of the Study Population and Hemodynamic Parameters


Each subject’s height (m) and weight (kg) were measured, and from the measured values, body mass index (BMI) was calculated. Also, waist and hip circumferences were measured, and from the measured values, the waist-to-hip ratio (WHR) was calculated. The heart rate (HR) and blood pressure (BP) values were calculated as the mean values of three repeated measurements at each visit in a sitting position after a 15 min rest. An automated oscillometric sphygmomanometer (OMRON M3, OMRON Healthcare Inc., Osaka, Japan) was used to measure HR and BP.




2.4. Serum Lipid Levels and Biochemical Marker Analysis


At both study visits, blood samples were collected and analyzed for total blood count, urea, creatinine, plasma electrolytes (sodium, potassium, calcium), liver function tests (alanine transaminase (ALT), aspartate transaminase (AST), gamma-glutamyl transferase (GGT)), high-sensitivity C-reactive protein (hsCRP), blood glucose, iron, and transferrin. Also, serum lipid levels were determined (including total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides). All analyses were performed using standard laboratory methods at the Department of Clinical Laboratory Diagnostics, University Hospital Center Osijek, Osijek, Croatia.




2.5. Serum Free Fatty Acid, Selenium, Vitamin E, and Lutein Concentrations


In order to confirm the effect of and conformance to the dietary protocols, serum free fatty acid concentrations and the concentrations of selenium, vitamin E, and lutein were measured in the blood samples of all subjects before and after the respective protocols.



The analysis of the serum free fatty acid concentration was conducted at the BIOCentre’s Bioanalytical Laboratory, BIOCentre—Incubation Center for Biosciences, Zagreb, Croatia. A commercially available solution of a 37-component fatty acid methyl ester mix (FAME MIX, Supelco Inc., Bellefonte, PA, USA) was used for serum free fatty acid concentration detection using gas chromatography–tandem mass spectrometry (GC–MS/MS, Thermo Fisher GC Trace 1300 coupled with a TSQ 9000 Triple Quadrupole), according to an earlier described protocol [19].



The serum vitamin E concentration was determined according to a standardized protocol using absolute alcohol for protein denaturation and Xylene for the separation of the supernatant from proteins. 2, 2-Bipyridyl and FeCl2 were added to the supernatant to achieve a red color. The absorbance of the sample was measured, and measured values were proportional to the concentrations of vitamin E in serum. Absorbance was determined using an ELISA READER at 492 nm [20].



For serum selenium concentrations, samples were mixed with ultrapure HNO3 and H2O2 at 180 °C for 60 min in a closed CEM Mars 6 microwave system (CEM, Matthews, NC, USA).



To determine selenium serum concentrations, inductively coupled plasma–mass spectrometry (ICP-MS, Agilent 7500a, Agilent Technologies Inc., Santa Clara, CA, USA) was used; the analytical method was controlled with the reference material NIST 1567b (wheat flour, National Institute of Standards and Technology, Gaithersburg, ML, USA). Measurements were performed at the Faculty of Agrobiotechnical Sciences Osijek, University of Josip Juraj Strossmayer in Osijek.



Measurements of lutein serum concentrations were performed according to the protocol by Tzeng et al. using high-performance liquid chromatography (HPLC; HPLC LC-30 NEXERA, Shimadzu, Japan, 2018), which was adopted and described in earlier papers by our research group [13]. HPLC analysis was performed at the Department of Chemistry, Josip Juraj Strossmayer University of Osijek.




2.6. Microvascular Endothelium-Dependent and -Independent Vasodilation


Changes in microcirculatory blood flow were assessed by post-occlusive reactive hyperemia (PORH) and acetylcholine-induced vasodilation (AChID) as measures of endothelium-dependent vasodilation, and endothelium-independent vasodilation was determined using sodium-nitroprusside-induced vasodilation (SNPID). The laser Doppler flowmetry (LDF) technique (MoorVMS-LDF, Axminster, UK) was used to determine blood flow through the forearm skin at each study visit. Before LDF measurements, participants were placed in a lying position for 30 min to rest and to acclimatize. The temperature in the room was controlled (23.5 ± 0.5 °C). Then, the laser Doppler probe was placed on the skin of the volar forearm, 13–15 cm from the wrist, at the same place at the first and second study visits.



First, 2-min baseline measurements were taken, and then the PORH test was performed. The pneumatic cuff was positioned on the upper arm, and brachial artery occlusion was achieved by inflating the pneumatic cuff to 30–50 mmHg above systolic BP for 1 min. Changes in microcirculatory blood flow were measured before, during, and after the release of occlusion. Microcirculatory blood flow was expressed in arbitrary perfusion units, and software was used to determine and calculate the area under the curve (AUC). The result is expressed as the difference between the percentage of flow change during reperfusion and occlusion in relation to the baseline (R–O% increase) [21].



For a non-invasive transdermal application of charged substances, an iontophoretic drug-delivery electrode was positioned directly on an LDF probe. First, baseline recordings were performed for 5 min, and then a positively charged vasodilator, ACh (1%), was iontophoresed, with an anodal current applied by means of seven pulses of a direct positive electric current of 0.1 mA for 30 s, with 30 s between each dose. On the other forearm, after the baseline measurement for 5 min, the negatively charged SNP (1%) was applied by means of three pulses of a 0.1 mA negative current for 30 s and then a 30 s pulse of 0.2 mA, with 120 s between each dose. This pulsed iontophoretic protocol is adapted to obtain a stable plateau of the maximal LDF response. Microcirculatory blood flow is expressed in arbitrary perfusion units and determined by using software that compares measurements during baseline flow and during ACh or SNP application [22,23].




2.7. Macrovascular Endothelium-Dependent and -Independent Vasodilation


Brachial artery flow-mediated dilation (FMD) was used to assess macrovascular endothelium-dependent dilation, while nitroglycerine (NTG)-induced brachial artery dilation (NTG-MD) was used to assess macrovascular endothelium-independent vasodilation. To assess brachial artery FMD and NTG-MD, the appropriate vascular probe for ultrasound was used (GE Healthcare Vivid iQ R2). To determine brachial artery FMD, the brachial artery diameter and blood flow velocity were measured at baseline and following blood pressure cuff deflation. First, the baseline measurement was taken, and then 5 min vascular occlusion was performed (pneumatic cuff was inflated to 30–50 mmHg above measured systolic pressure). Nitroglycerin-induced vasodilatation was measured following sublingual NTG administration (0.4 mg), and images of the brachial artery were recorded until the dilatation reached a plateau. Brachial Analyzer for Research v.6 software (Medical Imaging Applications, Coralville, IA, USA) was used to analyze the obtained images. Brachial artery diameter changes are expressed as the percentage change relative to the vessel diameter before cuff inflation or NTG administration.




2.8. Serum Protein Concentrations of eNOS, nNOS, and iNOS


Serum protein concentrations of three different NOS isoforms, inducible NOS (iNOS), endothelial (eNOS), and neuronal NOS (nNOS), were determined using commercially available ELISA (enzyme-linked immunosorbent assay) kits (human nNOS CSB-E13872h, human eNOS CSB-E08322h, human iNOS CSB-E08148h, CUSABIO, Wuhan, China). Analyses were performed following the manufacturer’s instructions. The sample absorbance was measured with a spectrometer (PR 3100 TSC Microplate Reader, BioRad Laboratories, Hercules, CA, USA) and a standard curve.




2.9. Biomarkers of Oxidative Stress and Antioxidant Capacity


Thiobarbituric acid-reactive substances (TBARS), the serum concentration of oxidized low-density lipoprotein (OxLDL), 8-iso prostaglandin F2α (8-iso-PGF2a), and advanced oxidation protein products (AOPPs) were measured as oxidative stress biomarkers. The TBARS method measures serum malondialdehyde (MDA), which is formed during lipid peroxidation of polyunsaturated fatty acids. MDA reacts with thiobarbituric acid (TBA), forming a pink chromogen (TBARS). A Nanophotometer (P300 UV/VIS, IMPLEN) at 572 and 532 nm was used to measure the absorbance of the sample, with MDA used as a standard (µM MDA) [24]. Serum concentrations of OxLDL (MyBioSource, MyBioSource Inc., San Diego, CA, USA), 8-iso-PGF2a (MyBioSource, MyBioSource Inc., San Diego, CA, USA), and AOPPs (MyBioSource, MyBioSource Inc., San Diego, CA, USA) were measured by commercially available enzyme-linked immunosorbent assay (ELISA) kits on a compact absorbance reader for 96-well microplates (BioRad PR 3100 TSC, Bio-Rad Laboratories, CA, USA) at 450 nm.



As biomarkers of antioxidant defense, the ferric-reducing ability of plasma (FRAP) and serum antioxidant enzyme activity were measured. The FRAP method uses antioxidants as reductants, wherein ferric ions (Fe3+) at low pH are reduced to ferrous ions (Fe2+), and this reaction causes a blue-colored ferrous-tripyridyltriazine complex to form. A Nanometer (P300 UV/VIS, IMPLEN) at 593 nm with Trolox as a standard (mM/L Trolox) was used to measure the absorbance of the sample [25]. The enzyme activities of superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT) in serum samples were determined using a Lambda 25UV-Vis spectrometer equipped with the UV WinLab 6.0 software package (PerkinElmer For the Better, Waltham, MA, USA) according to well-established protocols [26,27,28]. The measured results are expressed as U (mg protein−1). The concentration of proteins in the samples (mg mL−1) was determined using Bradford reagent at 595 nm (Bradford Reagent B6916, Sigma Aldrich), according to the manufacturer’s protocol, using bovine serum albumin as a standard. Serum antioxidant enzyme activity assays were performed at the Biochemistry Laboratory at the Department of Biology, University of Osijek.




2.10. Serum Concentration of Anti- and Proinflammatory Cytokines and Chemokines


Serum concentrations of transforming growth factor beta 1 (TGF-1β), tumor necrosis factor alpha (TNF-α), complement component 3a (C3a), interferon gamma (INF-γ), interleukin 6 (IL-6), interleukin 10 (IL-10), interleukin 17A (IL-17A), interleukin 23 (IL-23), and monocyte chemoattractant protein-1 (MCP-1) were measured using ProcartaPlex Human TGF beta 1 Simplex, ProcartaPlex Human C3a Simplex, and Human ProcartaPlex Mix&Match 7-plex antibody-based, magnetic bead reagent kits and panels for multiplex protein quantitation using the Luminex 200 instrument platform. Quantitation was performed in ProcartaPlex Analyst software v1.0, and the results are expressed as concentration in picograms per milliliter. Measurements were performed in the Laboratory for Molecular and Clinical Immunology, Department of Physiology and Immunology, Faculty of Medicine Osijek, Osijek, Croatia.




2.11. Statistical Analysis


In this study, the results are expressed as the arithmetic mean and standard deviation (SD). The sample size calculation included preliminary data obtained from 10 subjects. To find differences in primary outcomes reported in our study (e.g., FMD), the calculated sample size was 14 participants in each group, with a level of significance of 0.05 and a statistical power of 80% for paired t-tests. The Kolmogorov–Smirnov normality test was applied to evaluate the normality of the data distribution. Paired t-tests were applied to assess differences within the groups (measurements taken at the beginning and the end of the study protocol). Differences between groups in the post-intervention measurement were obtained with the analysis of covariance (ANCOVA) with the baseline value (before) as the covariate. p < 0.05 was considered statistically significant. For statistical analysis, SigmaPlot, version 11.2 (Systat Software, Inc., Chicago, IL, USA), was used.





3. Results


All included participants completed the 3-week diet protocol. The initial clinical characteristics of the participants are listed in Table 1. In general, participants were overweight at baseline (defined by a BMI greater than 30 kg/m2 and WHR > 0.90). The participants’ systolic and diastolic BP values were normal, which was attributable to antihypertensive therapy (e.g., ACEi/ARB, beta-blockers, nitrates). At baseline, all subjects had normal values of blood count parameters and normal liver and kidney function, and serum electrolytes were within reference values, as were fasting total cholesterol, LDL and HDL cholesterol levels, and triglycerides. The fasting glucose level was greater than 6.4 mmol/L.



3.1. Anthropometric Characteristics of the Study Population and Hemodynamic Parameters


After the consumption of Nutri4 eggs or ordinary chicken eggs, there were no significant differences in BMI, WHR, HR, systolic BP, mean BP (MBP), and diastolic BP compared with baseline measurements. No differences were observed between groups at baseline or after the dietary protocols (Table 1).




3.2. Serum Lipid Levels and Biochemical Marker Analysis


In the Nutri4 group, triglyceride levels decreased, while total cholesterol, LDL cholesterol, and HDL cholesterol levels remained unchanged (target values in CCS of LDL < 1.4 mmol/L and triglyceride levels < 1.7 mmol/L; reference values of cholesterol < 5.0 mmol/L and HDL > 1.0 mmol/L). In the control group, no significant difference in the concentration of serum lipids before and after the dietary protocol was measured. Eating eggs, both regular eggs and Nutri4 eggs, significantly lowered GGT levels. For other biochemical parameters measured, no significant differences were noted between baseline measurements and after the consumption of Nutri4 eggs. The consumption of regular chicken eggs caused a decrease in serum ferritin levels, but this was within the population reference values, so these changes were not considered physiologically relevant (Table 1).




3.3. Serum Free Fatty Acid, Selenium, Vitamin E, and Lutein Concentrations


The concentration of n-6 PUFAs (eicosadienoic acid, gamma-linolenic acid, dihomo-gamma-linolenic acid) in serum decreased after the consumption of Nutri4 eggs, whereas the concentration of n-3 PUFAs (eicosa-5,8,11,14,17-pentaenoic acid) increased. In addition, a favorable decrease in the n6/n3 PUFA ratio was observed in the Nutri4 group after the consumption of enriched eggs (Table 2). The levels of C14:0 myristic acid and C18:0 stearic acid also decreased in the Nutri4 group after the consumption of eggs. In the control group, serum fatty acid levels were not significantly changed following the dietary protocol.



Serum concentrations of vitamin E and selenium increased significantly after the consumption of enriched eggs (Nutri4 group), while their concentrations in the control group remained unchanged. Serum lutein concentrations were not significantly changed after either dietary protocol in either the control group or the Nutri4 group (Table 3). There were no differences in the serum concentrations of vitamin E, selenium, and lutein between the groups either at baseline or after the dietary protocols.




3.4. Microvascular Endothelium-Dependent and -Independent Vasodilation


After Nutri4 chicken egg consumption, significantly improved PORH and AChID levels in the skin microcirculation compared with baseline measurements were determined, whereas PORH- and acetylcholine-induced vasodilation were similar between baseline and after the consumption of regular chicken eggs (Figure 2A,B). SNPID remained unchanged after both dietary protocols compared with the baseline measurement (Figure 2C). There were no differences between groups in PORH, AChID, and SNPID after the dietary protocols.




3.5. Macrovascular Endothelium-Dependent and -Independent Vasodilation


After the dietary intervention, in the Nutri4 group, the FMD of the brachial artery was significantly increased (FMD% of dilation before diet 6.84 ± 3.60 vs. after diet 9.14 ± 4.79, p = 0.015), whereas FMD in the control group remained unchanged (FMD % of dilation before diet 9.67 ± 3.60 vs. after diet 9.89 ± 3.26, p = 0.850). NTG-mediated dilation of the brachial artery was not significantly changed in either the Nutri4 (NTG-MD % of dilation before diet 13.70 ± 7.19 vs. after diet 12.38 ± 6.12, p = 0.502) or control group (NTG-MD % of dilation before diet 14.42 ± 6.40 vs. after diet 14.46 ± 5.95, p = 0.985) following the respective dietary protocols (Figure 3A,B). There were no differences in brachial artery FMD and NTG-MD between groups after the dietary protocols.




3.6. Serum Protein Concentrations of eNOS, nNOS, and iNOS


Nutri4 egg consumption significantly increased the serum iNOS protein concentration, while no changes in the concentrations of nNOS and eNOS were recorded in the Nutri4 group. There were no significant differences in the serum protein concentrations of eNOS, nNOS, and iNOS after the dietary protocol compared with baseline values in the control group (Figure 4).




3.7. Oxidative Stress Biomarkers and Antioxidant Capacity


There were no significant changes in measured oxidative stress biomarkers, including TBARS, OxLDL, 8-iso-PGF2α, and AOPP, in the control or Nutri4 group after either dietary protocol in comparison with baseline measurements. There were also no significant differences in the measured biomarkers of antioxidant protection, including FRAP and the serum activities of CAT and SOD, after the consumption of Nutri4 eggs or normal eggs compared with baseline measurements or between groups (Table 4).




3.8. Serum Protein Concentrations of Anti- and Proinflammatory Cytokines and Chemokines


After the consumption of Nutri4 eggs, a significant decrease in serum TGF-1β and IL-17A concentrations was observed, while INF-γ, IL-6, IL-10, IL-23, TNF-α, and MCP-1 concentrations remained unchanged compared to baseline measurements (Table 5). After regular chicken egg consumption, no significant changes in the serum concentrations of cytokines and chemokines compared to initial measurements within the control group were recorded. There were no statistically significant differences in the concentrations of measured cytokines and interleukins between groups.





4. Discussion


To our knowledge, this study was the first interventional clinical experimental study to investigate the impact of the consumption of chicken eggs fortified with four nutrients on microvascular and macrovascular reactivity, serum free fatty acid and serum lipid levels, oxidative stress levels, and anti- and proinflammatory cytokine concentrations in participants with CCS. The most significant outcomes of our study are as follows: (a) the consumption of Nutri4 eggs improved endothelium-dependent vasodilation (i.e., microvascular PORH and AChID, FMD of brachial artery) in both micro- and macrocirculation and increased the serum protein concentration of iNOS; (b) the consumption of Nutri4 eggs decreased serum triglyceride levels; (c) the consumption of Nutri4 eggs reduced serum concentrations of the proinflammatory cytokines IL-17A and TGF-1β; and (d) the consumption of Nutri4 eggs did not significantly affect biomarkers of oxidative stress and antioxidant protection (TBARS, OxLDL, 8-iso-PGF2α, AOPP, FRAP, serum CAT, SOD, and GPx activity) in patients with CCS.



In our study, a significant increase in the serum concentration of n-3 PUFAs was observed in the Nutri4 group, as well as a decrease in the ratio of n-6/n-3 PUFAs. Also, increased serum concentrations of vitamin E and selenium in the Nutri4 group indicate adherence to the dietary protocol and an important opportunity for the physiological modification of serum lipid composition via diet. Overall, the consumption of nutrient-enriched chicken eggs in participants with CCS resulted in a more favorable lipid profile, improved microvascular and macrovascular endothelial function, and reduced proinflammatory potential. In addition, the consumption of chicken eggs, whether normal or Nutri4, had no deleterious effects on serum lipid levels or on other measured parameters.



Dyslipidemia stands out as a crucial risk factor in atherosclerosis development, particularly elevated levels of LDL cholesterol and triglycerides [29]. Despite improved outcomes in atherosclerotic cardiovascular disease with statin therapy, a residual risk remains. There are numerous studies with conflicting results about the role of n-3 PUFAs in changes in triglyceride and LDL levels. On the one hand, supplementation with n-3 PUFAs (EPA and DHA) can reduce serum lipids (especially levels of triglycerides) in individuals with hyperlipidemia [30]. Treatment with EPA or DHA is associated with a reduction in triglyceride levels and with differential effects on LDL and HDL cholesterol [31]. On the other hand, in patients at high cardiovascular risk treated with statins, the addition of n-3 PUFAs compared with corn oil has not resulted in a significant difference in the composite outcome of serious adverse cardiovascular events [32]. Nevertheless, the European Society of Cardiology recommends supplementation with n-3 PUFAs in combination with statins to lower triglyceride levels [33]. Our study showed that the consumption of Nutri4 eggs in participants with CCS caused a significant reduction in serum triglyceride levels, whereas the levels of total cholesterol, LDL cholesterol, and HDL cholesterol did not change significantly. It is important to state that the participants in our study had a history of CCS and were receiving optimal drug therapy, including statins and other hypolipemic drugs; therefore, triglyceride levels at the start of the dietary protocol were within the recommended levels for this group of patients. However, the consumption of Nutri4 eggs further lowered triglyceride levels, suggesting additional beneficial effects on the serum lipids of the n-3 PUFAs contained in these eggs.



N-3 PUFAs may act to reduce the risk of cardiovascular disease, and one of their vasoprotective benefits is improved endothelium-dependent vasodilation [34,35]. A previous study by our research group including healthy subjects who consumed n-3 PUFA-enriched eggs (1053 mg PUFAs daily) for three weeks showed improved PORH in the skin microcirculation. However, this effect was not observed in patients with ACS and CCS who consumed 1053 mg PUFAs per day in the form of enriched chicken eggs for three weeks [12]. On the other hand, in the present study, both microvascular and macrovascular endothelium-dependent vasodilation was improved in the group of CCS patients who consumed nutrient-enriched chicken eggs. This difference is a possible effect of the composition of the eggs; Nutri4 eggs are additionally enriched with vitamin E, selenium, and lutein, which, together with n-3 PUFAs, may have an additive effect. Also, in the previous study, the subjects were patients with both ACS and CCS, so the different results could also be related to a difference in the pathophysiological mechanism of the disease in its acute and chronic phases.



We found that the selenium plasma concentration was significantly increased after the consumption of Nutri4 eggs. This is an interesting and important finding because studies suggest that there is a link between selenium deficiency and an increased risk of developing atherosclerotic plaques. For example, endothelial cells are more likely to undergo apoptotic destruction due to selenium deficiency, and that contributes to increased atherosclerotic plaque instability [36]. Selenium deficiency negatively affects endothelium-mediated function, as selenium deficiency can lead to increased thromboxane concentration and decreased prostaglandin concentration, causing vasoconstriction [36]. There is evidence that the addition of selenium to dietary supplements containing antioxidants may reduce the risk of cardiovascular mortality [11]. For example, four years of supplementation with selenium and coenzyme Q10 reduced cardiovascular mortality risk in a group of healthy elderly participants but also in subgroups of patients with arterial hypertension, diabetes mellitus, and myocardial infarction after 12 years [37], but the mechanism is not fully known. Low soil selenium concentrations have been associated with an increased incidence of cardiomyopathy characterized by extensive myocardial fibrosis (Keshan disease) [38]. In addition, low selenium concentrations have been associated with subsequent cardiovascular death in patients with ACS [39], so supplementation of selenium in the daily diet may be an important avenue to prevent various cardiovascular diseases.



The consumption of enriched eggs in our study increased serum vitamin E concentrations and improved microvascular and macrovascular reactivity to vasodilator stimuli. It has been previously demonstrated that vitamin E can influence vascular reactivity. For example, oral vitamin E supplementation can ameliorate the transient impairment of endothelial function after smoking by acting on the oxidative status but has no effect on chronic endothelial dysfunction in healthy male smokers [40]. Furthermore, the oral application of a γ-T-rich tocopherol (TmT) mixture during short-term nicotine-replacement-therapy-assisted smoking cessation improved endothelial dysfunction measured by FMD in healthy former smokers [41]. To our knowledge, our study is the first in which vitamin E was administered in the form of a functional food and showed a significant beneficial effect on vascular relaxation in participants with CCS. Selenium supplementation can reduce oxidative stress levels (measured as MDA levels and total antioxidant capacity) [42]. Vitamin E also has antioxidant effects [43]; for example, supplementation with vitamin E (900 IU/day) in combination with vitamin C (1000 mg/day) in subjects with high-salt diets prevented increased oxidative stress [44]. However, in our study, oxidative stress biomarkers were not altered by the diet, even though eggs were fortified with vitamin E and selenium. This could be due to the long duration of CCS in the patients, in which oxidative stress plays a role at baseline but not during the course of the disease.



There is increasing evidence suggesting that n-3 PUFA supplementation improves micro- and macrovascular function [45]. In patients with peripheral arterial disease, the intake of n-3 PUFAs improved macrovascular reactivity, as measured by FMD [46]. Studies in animal models suggest that n-3 PUFAs can increase NO levels, causing ex vivo dilation of bovine coronary arteries [47,48]. In atherosclerosis, there is a disruption of the eNOS system, which decreases the bioavailability of NO in the vessel wall. Moreover, n-3 PUFAs can activate eNOS in cultured human endothelial cells [49]. We found that the consumption of enriched eggs increased the serum protein concentration of iNOS, whereas the levels of eNOS and nNOS did not change. The improvement in endothelial function in our subjects may be explained by changes in iNOS levels. An increase in the expression of the nNOS isoform was found in our previous studies in healthy young adults who consumed Nutri4 eggs [13]. Although the overexpression of iNOS has been associated with septic shock, some autoimmune diseases, and even malignancies, it also has beneficial effects and is necessary for normal cellular function [49]. Interestingly, some studies suggest that the concomitant presence or absence of oxidative stress is important in maintaining the balance between the beneficial and detrimental effects of iNOS [50]. However, in the present study, no alterations in oxidative stress biomarkers were detected in any of the dietary protocols. In transgenic mice overexpressing human endothelin-1 (ET-1), the knockout of iNOS resulted in impaired endothelium-dependent vasodilation [51]. Although the increased expression of iNOS was thought to contribute to the occurrence of cardiogenic shock in individuals with myocardial infarction, iNOS inhibitors did not show beneficial effects in this group of individuals. Moreover, NO might actually be important for better recovery after cardiac events [52]. Overall, vitamin E, selenium, and n-3 PUFAs are important in maintaining the endothelial balance, and their supplementation may contribute to better endothelial function in CCS patients [11,37,38].



An important result of the present study is the reduced levels of IL-17A and TGF-1 β after the consumption of Nutri4 eggs. IL-17A is one of the cytokines involved in the defense against a variety of microbial pathogens, as well as tissue inflammation. Its role in autoimmune diseases (for example, rheumatoid arthritis, inflammatory bowel diseases, asthma, psoriasis, and multiple sclerosis) is well known, but its influence on the pathophysiological mechanisms involved in the development of endothelial dysfunction and consequent atherosclerosis has not been fully elucidated [53]. IL-17A induces the release of chemokines that stimulate the recruitment of neutrophils and monocytes to the atherosclerotic lesion area. IL-17A also stimulates macrophages to produce other inflammatory cytokines (IL-6, TNF-α, IL-1β) and promotes a pro-atherogenic phenotype [54]. Some studies suggest that IL-17A has a proinflammatory effect, while others suggest that it is an anti-inflammatory cytokine that depends on other cytokines in its environment [55,56]. The expression of IL-17A has been associated with increased inflammation and plaque susceptibility in human atherosclerotic lesions [52]. Interestingly, statins, which are lipid-lowering agents (also taken by our patients), can downregulate inflammatory responses and stabilize atherosclerosis plaques, as well as inhibit the proinflammatory, thrombotic, and aggregation effects of IL-17 on vessels [57]. Importantly, in patients with rheumatoid arthritis, vitamin E reduces Th17 differentiation and inhibits IL-17-activated osteoclast formation, and another study suggests that n-3 PUFAs decrease IL-17A levels in vitro in stem cells derived from the adipose tissue of subjects with obesity [58,59], which may explain the decrease in IL-17A in CCS patients who consumed enriched eggs in this study (and had increased plasma vitamin E concentrations). In addition to IL-17A, the consumption of nutrient-enriched eggs resulted in lower levels of TGF-β1, an important cytokine in cell-to-cell signaling [60]. Dysregulated TGF-β1 signaling can cause arteriovenous malformations, aneurysms, atherosclerosis, cardiac fibrosis, and valvular heart disease in humans. Endothelial TGF-β1 plays an important role in signal transduction and atherosclerosis-associated vascular inflammation [61]. The effect of TGF-β on atherosclerosis depends on the balance between pro- and anti-atherogenic signaling pathways [62]. Coronary artery atherosclerotic plaques have elevated TGF-1β levels, and higher levels are also associated with stable plaques in chronic coronary syndrome [63]. In a mouse model with hyperlipidemia, after the inhibition of endothelial TGF-β signaling, there was a decrease in the inflammation of the vessel wall and further progression of atherosclerotic changes [64]. Thus, the present results suggest that enriched egg consumption may have a beneficial effect on reducing inflammation and thus may prevent the development or progression of atherosclerosis in CCS patients.



Study Limitations


In the present study, participants used the standard therapy for CCS, administered by the attending cardiologist, that was determined to be optimal for their disease and comorbidities; thus, the influence of therapy on the observed effects cannot be excluded from the study. However, the differences in the results observed between the two dietary protocols support the hypothesis that enriched chicken egg consumption can achieve a beneficial effect on cardiovascular health, despite medicinal therapy. Although throughout the study, the diets of the participants were not monitored, the respondents kept a diet diary during the protocol and received precise instructions on the food they should not consume, thus ensuring compliance with the study protocol.





5. Conclusions


The consumption of enriched eggs by CCS patients improved endothelium-depended vasodilatation, reduced triglyceride levels, increased the protein expression of iNOS, and reduced the levels of the proinflammatory cytokines IL-17A and TGF-1β. Patients with CCS may benefit from the consumption of enriched chicken eggs because of improved lipid biomarkers and improved vascular relaxation at micro- and macrovascular levels. The beneficial effects of enriched eggs occur independently of standard therapy for CCS (both groups of subjects received the same therapy). The results of this study could be useful in providing recommendations for the nutrition plans of patients with CCS.
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Figure 1. CONSORT 2010 flow diagram. 
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Figure 2. The effect of functionally enriched (Nutri4) and regular (control) chicken egg consumption on microvascular endothelium-dependent and -independent vasodilation assessed by laser Doppler flowmetry (LDF). (A) Post-occlusive reactive hyperemia (PORH), (B) acetylcholine-induced dilation (AChID), (C) sodium-nitroprusside-induced dilation (SNPID). PORH is expressed as the difference between the percentage of flow change during reperfusion and occlusion in relation to baseline (R-O%). AChID and SNPID are expressed as a flow increase between baseline flow and flow following ACh or SNP administration. Results are shown as the arithmetic mean and standard deviation (SD); * p < 0.05 before vs. after within the group (control (N = 15) or Nutri4 (N = 15))—paired t-test. 
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Figure 3. The effect of functionally enriched (Nutri4) and regular (control) chicken egg consumption on brachial artery flow (FMD, endothelium-dependent) and nitroglycerine (NTG-MD, endothelium-independent)-mediated dilation. (A) Flow-mediated dilation (FMD), (B) nitroglycerine-mediated dilation (NTG-MD). Changes in brachial artery diameter are expressed as percentage change relative to the vessel diameter before cuff inflation or NTG administration. Results are shown as the arithmetic mean and standard deviation (SD); * p < 0.05 before vs. after within the group (control (N = 15) or Nutri4 (N = 15))—paired t-test. 
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Figure 4. The effect of functionally enriched (Nutri4) and regular (control) chicken egg consumption on serum concentrations of three nitric oxide synthase isoforms. (A) Endothelial NOS (eNOS), (B) neuronal NOS (nNOS), (C) inducible NOS (iNOS). Results are shown as mean ± standard deviation (SD); * p < 0.05 before vs. after within the group (control (N = 15) or Nutri4 (N = 15))—paired t-test. 
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Table 1. The effect of functionally enriched (Nutri4) and regular (control) chicken egg consumption on anthropometric characteristics and hemodynamic and biochemical parameters in participants with chronic coronary syndrome.
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Group

	
Control

	
Nutri4




	
Parameter

	
before

	
after

	
before

	
after






	
N (F/M)

	
15 (5/10)

	
15 (4/11)




	
Age (years)

	
59 ± 10

	
59 ± 8




	
BMI (kg/m2)

	
30.3 ± 4.7

	
30.2 ± 4.6

	
32.1 ± 6.5

	
32.1 ± 6.6




	
WHR

	
0.93 ± 0.08

	
0.93 ± 0.08

	
0.93 ± 0.07

	
0.94 ± 0.07




	
HR (beats per minute)

	
68 ±11

	
66 ± 10

	
65 ± 8

	
64 ± 9




	
SBP (mmHg)

	
125 ± 21

	
123 ± 16

	
122 ± 17

	
123 ± 15




	
MBP (mmHg)

	
94 ± 14

	
92 ± 11

	
93 ± 13

	
93 ± 11




	
DBP (mmHg)

	
82 ± 17

	
77 ± 10

	
78 ± 12

	
78 ± 10




	
Glucose (mmol/L)

	
7.1 ± 2.4

	
6.5 ± 1.6

	
6.3 ± 1.9

	
6.2 ± 1.9




	
hsCRP (mg/L)

	
1.56 ± 1.30

	
2.14 ± 2.81

	
1.28 ± 0.83

	
1.32 ± 1.26




	
Urea (mmol/L)

	
5.8 ± 1.8

	
6.4 ± 2.7

	
6.4 ± 2.1

	
6.7 ± 2.1




	
Creatinine (µmol/L)

	
74.1 ± 20.1

	
76.3 ± 27.4

	
80.7 ± 18.4

	
80.3 ± 13.1




	
Iron (μmol/L)

	
15.5 ± 4.7

	
14.3 ± 4.0

	
17.0 ± 5.8

	
15.1 ± 5.8




	
Ferritin (μg/L)

	
161.6 ± 133.2

	
149.9 ± 136.8 *

	
151.8 ± 117.8

	
138.9 ± 115.7




	
Transferrin (g/L)

	
2.50 ± 0.45

	
2.46 ± 0.38

	
2.53 ± 0.50

	
2.58 ± 0.37




	
Sodium (mmol/L)

	
139.7 ± 2.2

	
139.6 ± 2.1

	
139.5 ± 3.1

	
139.7 ± 2.6




	
Calcium (mmol/L)

	
2.39 ± 0.09

	
2.40 ± 0.10

	
2.37 ± 0.07

	
2.36 ± 0.10




	
Potassium (mmol/L)

	
4.3 ± 0.3

	
4.4 ± 0.3

	
4.4 ± 0.3

	
4.3 ± 0.4




	
Cholesterol (mmol/L)

	
3.53 ± 0.63

	
3.55 ± 0.62

	
4.14 ± 1.50

	
3.81 ± 0.87




	
HDL cholesterol (mmol/L)

	
1.20 ± 0.34

	
1.13 ± 0.34

	
1.20 ± 0.34

	
1.24 ± 0.40




	
LDL cholesterol (mmol/L)

	
2.01 ± 0.50

	
1.98 ± 0.51

	
2.52 ± 1.16

	
2.22 ± 0.54




	
Triglycerides (mmol/L)

	
1.44 ± 0.75

	
1.36 ± 0.66

	
1.58 ± 0.80

	
1.30 ± 0.60 *




	
ALT (U/L)

	
39.5 ± 29.0

	
35.1 ± 14.3

	
34.6 ± 14.7

	
33.3 ± 13.8




	
AST (U/L)

	
29.0 ± 5.9

	
27.5 ± 6.3

	
28.8 ± 9.8

	
28.1 ± 7.9




	
GGT (U/L)

	
27.0 ± 20.0

	
25.4 ± 17.8 *

	
25.6 ± 9.7

	
23.9 ± 8.7 *








Data are presented as mean value ± standard deviation (SD). F—female; M—male; BMI—body mass index; WHR—waist-to-hip ratio; HR—heart rate; SBP—systolic blood pressure; MBP—mean blood pressure; DBP—diastolic blood pressure; hsCRP—high-sensitivity C-reactive protein; HDL—high-density lipoprotein; LDL—low-density lipoprotein; ALT—alanine aminotransferase; AST—aspartate aminotransferase; GGT—gamma-glutamyl transferase. * p < 0.05 before vs. after within the group (control or Nutri4)—paired t-test.













 





Table 2. The effect of functionally enriched (Nutri4) and regular (control) chicken egg consumption on serum fatty acid concentrations in participants with chronic coronary syndrome.






Table 2. The effect of functionally enriched (Nutri4) and regular (control) chicken egg consumption on serum fatty acid concentrations in participants with chronic coronary syndrome.





	

	

	

	
Control (N = 15)

	
Nutri4 (N = 15)




	

	

	

	
before

	
after

	
before

	
after






	
SFAs (μmol/L)

	

	

	

	




	

	

	
C8:0 Caprylic acid

	
N/F

	
N/F

	
33.6

	
61.2




	

	

	
C10:0 Capric acid

	
<LOQ

	
<LOQ

	
67.8 ± 34.2

	
70.8




	

	

	
C12:0 Lauric acid

	
29.9 ± 10.5

	
92.8

	
27.7 ± 1.7

	
27.70




	

	

	
C14:0 Myristic acid

	
85.6 ± 5.5

	
98.5 ± 49.7

	
86.0 ± 27.6

	
69.1 ± 17.5 *†




	

	

	
C15:0 Pentadecylic acid

	
15.0 ± 3.2

	
15.9 ± 3.2

	
16.4 ± 4.7

	
15.0 ± 2.8




	

	

	
C16:0 Palmitic acid

	
1936 ± 324

	
1958 ± 372

	
2263 ± 446

	
2112 ± 443




	

	

	
C17:0 Margaric acid

	
21.0 ± 5.6

	
22.0 ± 3.0

	
22.2 ± 4.3

	
20.9 ± 3.9




	

	

	
C18:0 Stearic acid

	
886 ± 192

	
815 ± 68

	
887 ± 83

	
826 ± 77 *




	
PUFAs (μmol/L)

	

	

	

	




	
n-7

	
C16:1[cis-9] Palmitoleic acid

	
311 ± 113

	
257 ± 135

	
218 ± 121

	
196 ± 105 †




	

	

	
C17:1[cis-10] cis-10-Heptadecenoic acid

	
14.0 ± 0.8

	
<LOQ

	
<LOQ

	
14.60




	

	

	
C18:1[cis-9] Oleic acid

	
930 ± 814

	
1421 ± 362

	
1550 ± 423

	
1554 ± 504




	
n-9

	
C20:1[cis-11] 11-Eicosenoic acid

	
18.6 ± 10.8

	
12.7 ± 4.1

	
14.1 ± 4.6

	
14.4 ± 4.9




	

	

	
C24:1[cis-15] Nervonic acid

	
<LOQ

	
9.73 ± 0.54

	
7.34 ± 0.96

	
6.86 ± 0.02




	
n-6

	
C18:2[cis-9.12] Linoleic acid

	
1424 ± 359

	
1540 ± 205

	
1806 ± 407

	
1854 ± 906




	

	

	
C18:3[cis-6.9.12] gamma-Linolenic acid

	
53.8 ± 10.8

	
59.6 ± 15.4

	
60.8 ± 12.8

	
46.2 ± 11.9 *




	

	

	
C21:2[cis-11.14] Eicosadienoic acid

	
16.9 ± 0.5

	
15.8 ± 3.5

	
17.7 ± 3.2

	
16.2 ± 4.3 *




	

	

	
C20:3[cis-8.11.14] Dihomo-gamma-linolenic acid

	
89.6 ± 21.8

	
99.9 ± 22.4

	
187.2 ± 74.8

	
140.8 ± 71.5 *




	

	

	
C20:4[cis-5.8.11.14] Arachidonic acid

	
647 ± 179

	
759 ± 104

	
683 ± 172

	
683 ± 211




	
n-3

	
C18:3[cis-9.12.15] alpha-Linolenic acid

	
17.4 ± 3.5

	
19.5 ± 4.6

	
21.3 ± 6.9

	
28.8 ± 14.9




	

	

	
20:5[cis-5.8.11.14] Eicosa-5.8.11.14.17-pentaenoic acid

	
20.7 ± 9.0

	
25.0 ± 13.0

	
29.0 ± 16.2

	
37.3 ± 13.7 *†




	

	

	
C22:6[cis-4.7.10.13.16.19] cis-4.7.10.13.16.19-Docosahexaenoic acid

	
143.4 ± 132.2

	
165.3 ± 81.4

	
244.5 ± 90.5

	
296.0 ± 18.9




	

	
n6/n3 PUFAs

	
26.3 ± 19.9

	
23.3 ± 19.4

	
26.7 ± 24.8

	
17.5 ± 17.1 *








Results are expressed as mean ± standard deviation (SD). <LOQ—below limit of quantification; N/F—not found. * p < 0.05 before vs. after within the group (control or Nutri4)—paired t-test. † p < 0.05 difference between the groups.













 





Table 3. The effect of functionally enriched (Nutri4) and regular (Control) chicken egg consumption on selenium, vitamin E, and lutein serum concentrations in participants with chronic coronary syndrome.
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Group

	
Control (N = 15)

	
Nutri4 (N = 15)




	
Parameter

	
before

	
after

	
before

	
after






	
Se (µg/L)

	
70.0 ± 16.1

	
75.5 ± 15.9

	
71.1 ± 19.3

	
85.1 ± 27.3 *




	
Vitamin E (ug/mL)

	
8.99 ± 4.17

	
8.88 ± 3.97

	
7.17 ± 4.40

	
9.36 ± 4.44 *




	
Lutein (µmol/L)

	
0.15 ± 0.06

	
0.13 ± 0.04

	
0.18 ± 0.06

	
0.16 ± 0.09








Data are presented as mean ± standard deviation (SD). n-3 PUFAs—n-3 polyunsaturated fatty acids; Se—selenium. * p < 0.05 before vs. after within the group (control or Nutri4)—paired t-test.













 





Table 4. The effect of functionally enriched (Nutri4) and regular (Control) chicken egg consumption on oxidative stress biomarkers and antioxidant capacity in participants with chronic coronary syndrome.
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Group

	
Control (N = 15)

	
Nutri4 (N = 15)




	
Parameter

	
before

	
after

	
before

	
after






	
Oxidative stress biomarkers




	
TBARS (mM/L TE)

	
0.029 ± 0.007

	
0.032 ± 0.008

	
0.033 ± 0.008

	
0.490 ± 0.007




	
8-iso-PGF2α (pg/mL)

	
140 ± 58

	
129 ± 48

	
223 ± 266

	
227 ± 282




	
AOPPs (μmol/L)

	
0.056 ± 0.003

	
0.055 ± 0.003

	
0.056 ± 0.004

	
0.055 ± 0.003




	
OxLDL (pg/mL)

	
103 ± 10

	
102 ± 9

	
111 ± 7

	
110 ± 5




	
Biomarkers of antioxidant defense




	
FRAP (μm/MDA)

	
0.250 ± 0.021

	
0.246 ± 0.034

	
0.397 ± 0.166

	
0.355 ± 0.128




	
GPx (U/mg protein)

	
0.021 ± 0.003

	
0.022 ± 0.002

	
0.017 ± 0.003

	
0.017 ± 0.003




	
CAT (U/mg protein)

	
4.716 ± 1.464

	
4.022 ± 1.054

	
5.138 ± 1.462

	
4.507 ± 1.873




	
SOD (U/mg protein)

	
5.073 ± 0.400

	
5.287 ± 0.259

	
5.400 ± 0.343

	
5.387 ± 0.233








Data are presented as mean ± standard deviation (SD). TBARS—thiobarbituric acid-reactive substances; 8-iso-PGF2α—8-iso prostaglandin F2α; AOPPs—advanced oxidation protein products; OxLDL—oxidized low-density lipoprotein; FRAP—ferric-reducing ability of plasma; GPx—glutathione peroxidase; CAT—catalase; SOD—superoxide dismutase.













 





Table 5. The effect of functionally enriched (Nutri4) and regular (control) chicken egg consumption on serum concentration of anti- and proinflammatory cytokines and chemokines in participants with chronic coronary syndrome.
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Group

	
Control (N = 15)

	
Nutri4 (N = 15)




	
Parameter

	
before

	
after

	
before

	
after






	
IL-17A (pg/mL)

	
9.0 ± 0.23

	
8.69 ± 0.83

	
9.04 ± 0.25

	
7.73 ± 1.37 *




	
TGF-1β (pg/mL)

	
2845 ± 867

	
3181 ± 587

	
2497 ± 1344

	
1556 ± 531 *




	
C3a (pg/mL)

	
4232 ± 2639

	
4243 ± 2685

	
4548 ± 2296

	
4635 ± 1946




	
TNF-α (pg/mL)

	
3.42 ± 0.66

	
3.55 ± 0.5

	
3.47 ± 0.52

	
3.3 ± 0.46




	
INF-γ (pg/mL)

	
9.86 ± 1.73

	
9.55 ± 1.34

	
9.83 ± 1.50

	
9.36 ± 1.16




	
IL-6 (pg/mL)

	
18.1 ± 0.6

	
18.0 ± 0.8

	
17.7 ± 0.8

	
17.4 ± 1.3




	
IL-10 (pg/mL)

	
0.86 ± 0.28

	
0.87 ± 0.45

	
0.77 ± 0.09

	
0.77 ± 0.17




	
IL-23 (pg/mL)

	
9.89 ± 0.69

	
9.85 ± 0.58

	
10.24 ± 0.54

	
10.29 ± 0.92




	
MCP-1 (pg/mL)

	
37.4 ± 16.3

	
36.7 ± 22.6

	
24.6 ± 15.4

	
31.2 ± 2.45








Data are presented as mean ± standard deviation (SD). IL 17A—interleukin 17A; TGF-1β—transforming growth factor beta; C3a—complement component; TNF-α—tumor necrosis factor alpha; INF-γ—interferon gamma; IL-6—interleukin 6; IL-10—interleukin 10; IL-23—interleukin 23; MCP-1—monocyte chemoattractant protein-1. * p < 0.05 before vs. after within the group (control or Nutri4)—paired t-test.
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