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Abstract

:

Plants with therapeutic potential are a rich resource for the inhabitants of a country, with Romania among them, having a diverse flora not only from plants but also from fungi. New trends in biopharmaceuticals are also addressed in studies related to topical administration, representing a great advantage; research has determined biological activities in vivo and in vitro. This study aimed to present the main active compounds from extracts of Lactarius piperatus, Centaurea cyanus, and Ribes rubrum. In vitro (DPPH scavenging activity and reducing power) and in vivo activities were determined. A survey of hydrating cosmetic products and the completion of a patch test (in vivo test) under dermatological control were realized to confirm the skin compatibility of the product in a panel of human subjects after a single application. The cosmetic product did not induce allergic reactions, erythema, irritation, or itching. This study showed that the extracts incorporated in the formulation of the face cream had a nutricosmetic effect. The research demonstrated a result of increasing skin elasticity and an anti-inflammatory effect following direct application to the skin of volunteers. The product offered in vitro/in vivo protection against the action of free radicals; it was effective in reducing the side effects of exposure to the action of blue light.






Keywords:


biological activity; in vitro; in vivo; nutricosmetic product; herbal extract; patch test












1. Introduction


Romania has a diverse flora from plants and fungi to wild fruits [1]. Plants with therapeutic potential are a valuable resource for obtaining functional products in the biotechnological industry. New trends in biopharmaceuticals are also addressed in studies related to topical administration, representing a great advantage; research has determined biological activities in vivo and in vitro [2].



Skincare cosmetics to improve skin appearance and treat dermatological conditions have increased in recent years [3,4]. Plant-based bioactive compounds are becoming more popular as cosmetic ingredients because they protect and heal the skin [3]. Compared to synthetic cosmetics, plant-based products are easier to tolerate, biodegradable, and have biological and therapeutic activities. The potential side effects that can occur in the case of synthetic skin care products are skin irritation, dryness, different allergic reactions, and skin barrier perturbation.



Using a carrier vehicle to deliver phenolic compounds increases the in vivo bioavailability and reduces the yield of biotransformations that limit the expression of bioactivity [5]. For example, gallic acid has no stability in the fermentative action of the microbiota, but resistance to the action of oxidative stress is mediated by this compound [6]. Its action is limited by the amount absorbed in the small intestine because the remaining amount is inaccessible in vivo [7].



Centaurea cyanus has been used in traditional medicine to protect and heal the skin. It has a calming effect, which can be assimilated to the one caused by chamomile products [8]. Ribes rubrum has a high content of vitamins and minerals that help reparative processes and has a known antimicrobial effect. It is a fruit rich in polyphenols with combined antioxidant and anti-inflammatory effects, which help in regeneration processes and reduce possible local infections [9]. Lactarius piperatus, a little-known product in the cosmetic industry, needs to be more exploited. It is conditionally edible but with numerous biopharmaceutical effects due to a complex pattern of bioactive molecules. Antibiofilm effects have been demonstrated, leading us to use it to reduce the inflammatory processes associated with skin lesions, but also for a cicatrizing result due to polysaccharides [10]. This study examines the in vivo and in vitro biological activity of Lactarius piperatus, Centaurea cyanus, and Ribes rubrum. Their anti-inflammatory effects were studied, and each plant’s anthocyanin, proanthocyanidin, and phenol contents were determined. A hydrating cosmetic product was also manufactured and a patch test was conducted under dermatological control to confirm the skin compatibility of the investigated product in a panel of healthy human subjects after a single application under maximizing and controlled experimental conditions.




2. Materials and Methods


2.1. Biological Material


For the research, we used three plant extracts but also mushrooms: peppery milkcap—Lactarius piperatus (Lp), cornflour—Centaurea cynanus (A), and redcurrants—Ribes rubrum (Cr). The substrates were selected based on the possibility of valorizing the local resources from Parâng Mountain, Romania. Ethanol and acetic acid were used as solvents to prepare the extracts of the three samples. Extraction was performed in Duran bottles (24 h, at room temperature under stirring, overnight) at 1% plant/mushroom concentration with the following solvent mixture (v/v): ethanol/water/acetic acid = 50/49.5/0.5. After process extraction, the mixture was filtered under vacuum using Whatman filter paper no. 1. The extract was concentrated under vacuum with a Buchi rotavapor [11].




2.2. Determination of Bioactive Compounds


2.2.1. Determination of Phenol Quantity


The determination of total phenol compounds was realized spectrophometrically. The reaction mixture was kept at room temperature for 15 min; then, the absorbance was read using a Thermo spectrophotometer at 765 nm [12].




2.2.2. Determination of Flavonoid Quantity


The determination of total flavonoid compounds was realized spectrophometrically. The reaction mixture was kept for one hour at room temperature, after which the absorbance was read with a Thermo spectrophotometer at a wavelength of 450 nm [13].



Polysaccharidic compounds were determined by precipitation with cold ethanol in accordance with a previous method [14].




2.2.3. HPLC Assay


The determinations were conducted according to previous methods in published studies [12,13,15]. According to a previous method, a 3 mL aliquot of the sample was weighed and then diluted with 3 mL of methanol. Before injection into the high-pressure liquid chromatography (HPLC) system, the solution underwent filtration using a 0.2 μm polypropylene filter. Simultaneously, approximately 0.8 g of extract was ultrasonicated for 30 min in 20 mL of methanol. This solution also underwent filtration using a 0.2 μm polypropylene filter before being injected into the HPLC system. For the analysis, a Hitachi Chromaster HPLC system was utilized, which consisted of a 5160 pump, a 5310 column oven, 5260 thermostated autosamplers, and a 5430 DAD detector. A ZORBAX SB-C18, 4.6 × 150 mm, 3.5 μm column was used for separation. An adapted, reverse-phase HPLC (RP-HPLC) method was developed, employing a mobile phase composed of acetonitrile, methanol, and water with gradient elution. The analytical wavelengths for detection were set at 320 nm, 369 nm, 285 nm, and 267 nm. To generate calibration curves, stock solutions of each reference standard were diluted to five different concentration levels. The calibration curves’ determination coefficient (R2) values ranged between 0.996 and 0.999.





2.3. Cosmetic Cream Formulation


The protective face cream was obtained by mixing a 300 mg face cream base (Oleya) with 250 μL Lp, 250 μL A, 250 μL Cr, and 50 μL cosmetic dye [16]. The mixture was combined manually in a heat-resistant container made from borosilicate glass. The container was maintained in a water bath for 3–5 min at 50 °C and constant stirring until the mixture was fully homogeneous. After that, the mixture was split into different specific containers made from plastic and stored at room temperature [17,18]. The cream base did not contain sulfates, parabens, or perfume.




2.4. Determination of the In Vivo Antioxidant Potential under Blue Light


This method was based on a protocol published in a previous study [19,20]. It used a strain of Saccharomyces boulardii from the collection of the Laboratory of Pharmaceutical Biotechnology, Faculty of Biotechnology, USAMV (University of Agronomic Sciences and Veterinary Medicine), Bucharest. The viability analysis involved determining the critical time using the reaction mixture: 0.2 mL sample (extract) and 0.2 mL culture medium [16]. The intersection between the lines of viability and mortality (at time intervals of 15, 30, 45, and 60 min) was defined as the critical exposure time at ʎ = 320 nm. It was expressed as the critical point (%). The untreated sample was the control. The antioxidant potential in vivo was determined minutes after the bioactive compound’s assimilation [21].




2.5. Determination of the In Vitro Antioxidant Capacity of the Extracts


The DPPH scavenging activity was used to evaluate the extracts’ antioxidant capacity. The values were expressed as scavenging activity (%) and TBHQ (tert-butylhydroquinone) was used as a control. The determination of the reducing power was the second method used for in vitro evaluation. The higher the absorbance, the stronger the reducing power of the samples. TBHQ was used as a control [11,21].




2.6. Human Patch Test under Dermatological Control


The tests were realized at Eurofins Romania. Dermatological control was used to confirm the skin compatibility of the investigationed product (cosmetic cream) in a panel of healthy human subjects after a single application under maximizing and controlled experimental conditions. The simple blind performed a monocentric clinical study. The study’s product application modality was the occlusive patch Finn Chamber standard®: an aluminum cupula was kept in position by a hypoallergenic adhesive (Scanpor® (inner diameter: 8 mm, surface: 50 mm2)) and the quantity applied was 20 μL.



The number of test subjects was five valid cases (two men and three women). The specific inclusion criteria for the test subjects were 18 to 70 years old, female and male with a phototype (Fitzpatrick): II to IV, with all skin types. The specific non-inclusion criteria were test subjects with a history of adverse reactions to ethanol, colophony, rubber, nickel, aluminum, patch materials, and adhesive plasters and a family or personal history of atopy. All subjects agreed to wear the equipment provided by the investigating center and follow the staff’s instructions during the study.



The tests were realized by the application of the investigational product to the upper back of the test subject by the technician in charge of the study at the investigating center under the following maximizing conditions of exposure: once (on D1), occlusive patch Finn Chamber standard®: aluminum cupula kept in position by a hypoallergenic adhesive: Scanpor® (inner diameter: 8 mm, surface: 50 mm2–quantity applied = 20 μL during a defined time (48 +/− 4 h). Distilled water was applied to a skin area on the upper back under a semi-occlusive patch for a specified time (48 +/− 4 h) as a control area to take into account the possible effects not directly related to the investigational product but due to the patch material.



Checking of skin compatibility was based on a skin examination of the treated and control areas by the same investigator or technician, supervised by the investigator, at the investigating center on D1, before patching, and on D3, 15 to 30 min after patch removal. Sensations of discomfort were reported directly by the test subjects to the investigator or technician during the study. Descriptive analysis was based on the percentage of reactive test subjects (erythema and other visible signs of reactivity).



Skin reactions (Supplementary Table S1) were recorded by a visual skin examination of the treated and control areas performed at the investigating center by the same investigator or technician, supervised by the investigator, under a standard “daylight” source. This was performed on D1, before patching, and on D3, 15 to 30 min after patch removal (or more, if redness appeared after the removal of the adhesive).



In case of clinical signs, the dermatologist would identify, check, grade, and follow the reaction until complete resolution. Concurrently with the clinical examinations performed after patch removal, the test subjects were questioned about their possible discomfort. In case of strong discomfort felt during patch wearing at home, the test subjects must inform the investigator by phone. If necessary, the patch would be removed, and the investigator would quickly perform a skin examination (before the next visit to the investigating center). An area where erythema was graded as 2 or more (with or without infiltration) was evaluated on subsequent days to note whether the reaction diminished or increased to differentiate between an allergic reaction and an irritation. Digital photographs of the skin were systematically taken when justified (adverse effects) [20].




2.7. Microbial Contamination Testing


An evaluation of the microbial load that the product may have was carried out by the method of testing the total number of viable aerobic microorganisms under the conditions provided by FE 5. The technique used was based on the basic principles of the deep inoculation method. The following culture media were used (Merck Romania): Casein soya-bean digest agar (CaSoA), Casein soya-bean digest broth (CaSoB), Sabouraud with chloramphenicol (SDA), Medium H, Medium G, Cetrimide agar (N), Baird–Parker agar (O), and peptone water buffer solution with sodium chloride, pH = 7. After the expiration of the incubation period, the results were interpreted based on the selection of Petri plates showing microbial growth for each tested dilution. The sample was tested for the total number of aerobic microorganisms, and the identification of pathogenic or conditionally pathogenic microorganisms was compliant from the point of view of the microbial load, presenting values below the maximum imposed by the European Pharmacopoeia [22].




2.8. Statistical Analysis


All parameters investigated were evaluated in a minimum of three independent determinations, and the results were expressed as the means ± standard deviation (SD). The mean and SD values were calculated using the IBM SPSS Statistics 23 software package (IBM Corporation, Armonk, NY, USA). The significance level for the calculations was set as follows using the normal distribution of the variables: significant, p ≤ 0.05; very significant, p ≤ 0.01; and highly significant, p ≤ 0.001. The differences were analyzed by an ANOVA followed by a Tukey post hoc analysis. The experimental data were analyzed and correlated with the IBM SPSS Statistics software package (IBM Corporation, Armonk, NY, USA).





3. Results


3.1. Determination of Major Bioactive Compounds


Important differences were noticed for Cr and Lp samples. According to Figure 1 (right), the highest concentrations of phenolic compounds were found in the Centaurea cyanus extract, at 5114.2167 ± 88.72 (p ≤ 0.001). The values were 60% and 71% lower than A. This ratio was also maintained in the case of flavonoid levels (Figure 1), where the differences exceeded 80%. Lp showed a 69% higher amount of flavonoids than Cr, inversely to the total amount of phenols.



Cr exhibited the highest concentration of flavonoids, specifically quercetin-3-glucoside (510.78 μg/mL) and hyperoside (361.68 μg/mL), surpassing A by 40% (Figures S1 and S2). An interesting observation was the similarity in the pattern of phenolic acid compounds between A and Cr. Notably, chlorogenic and caffeic acids were present in twice the amount compared to other acids in both extracts. On the other hand, Lp only displayed the presence of catechin at a concentration of 12.86 μg/mL (Figure S3; Table S2—Supplementary Materials). These quantifications were obtained through an extraction method specifically designed to isolate flavonoids, which are the predominant components with protective effects against oxidative stress.




3.2. Determination of the Antioxidant Effect In Vitro


Evaluating the antioxidant potential in vitro by scavenging DPPH activity demonstrated a balance between A and Lp, with values over 65%. A value of 83.07 ± 0.05 was recorded for Lp, equivalent to 1% TBHQ (used as a standard). These results resulted from other bioactive compounds detailed in Section 3.1, such as anthocyanins and proanthocyanidins. This pattern was absent in sample A, corresponding to the data calculated by an in vitro analysis of antiradical activity.



As standard, the reduction power showed close values, between 0.79 and 0.96, at least 50% lower than those of TBHQ (Figure 2). These data respected the paternal structure of bioactive compounds, demonstrating specificity with the method used in the analysis. In addition, the extracts tested did not show chelating activity (data not shown), which means that the products in which they will be integrated cannot act on the cause of oxidative stress.




3.3. Determination of the Antioxidant Effect In Vivo


The critical point corresponding to the in vivo evaluation of the antioxidant effect is presented in Figure 3. The data showed that the content of phenolic compounds was correlated with the value of the critical point, which corresponds with previous studies [17]. In addition, the Lp extract had a similar critical point of 1.90 ± 0.01% (p < 0.01 vs. the untreated sample), and these low values were interpreted by the presence of other categories of functional compounds (e.g., polysaccharides or tocopherol residues). These components were not a target of the extracts made, but their presence is common in these mushroom extracts [23]. Although protection was exercised through several mechanisms [24], the presence of polysaccharides provides exoprotection to the action of hydroxyl radicals generated in the reaction medium, as demonstrated by the low value of the critical point.




3.4. Human Patch Test under Dermatological Control


Upon careful examination of the cutaneous skin tissue of treated and control areas, it was observed that the skin area had a higher degree of hydration (Table S3). Subjects did not report any discomfort throughout the study. Subjects 1 and 4 had more reactive skin, as can be noticed in Table S3, and they showed redness in the patch area but not in the treated and control area. The subjects were asked about the possible discomfort they felt during the study, and they stated that they felt comfortable. The human patch test had significant results; the tested cosmetic product did not induce allergic reactions, erythema, irritation, or itching.





4. Discussion


This study presents the in vitro/in vivo effects of a nutricosmetic cream based on three functional extracts from natural sources [25,26]. Through the support provided by the three extracts, the tested cream supports the skin, acting as a barrier to the aggression of UV-Vis radiation that causes an accelerated aging effect by inducing oxidative stress [21]. In addition to published studies on Grifola frondosa, the current study also demonstrated the effect of improving the epithelial function due to L. piperatus. The beneficial effects were also determined by the functional composition (hyperoside, quercetin-3-glucoside, and chlorogenic and caffeic acids) that A and Cr bring into the product formulation.



The presence of components with antioxidant effects demonstrated the effectiveness of the three extracts in reducing oxidative stress. The correlation of in vitro data with in vivo data was essential in demonstrating the efficiency of the formula used in reducing the processes leading to the induction of oxidative stress caused by the action of UV-Vis rays. Increased skin elasticity is a new effect cause by the new species of fungi (L. piperatus), which is generally considered to be of no economic importance [23]. Although it is used in small quantities, it contains compounds with various biological functions. The same situation occurs in case A, a plant less used by local communities [27]. This study demonstrated the high biological value of introducing multifunctional extracts in cosmetic formulas, with side effects not recorded. Reducing oxidative stress is a direction the cosmetics industry is considering to eliminate the early signs of aging. Manufacturers also aim to promote new natural components that can be easily integrated into classic formulas [28].



The microbiological analysis of the cream regarding microbial contamination, following the total number of aerobic microorganisms, but also that of pathogenic or conditionally pathogenic microorganisms, is compliant from the point of view of the microbial load. The determined values were significantly below the maximum imposed by the European Pharmacopoeia (Table S4).



It can be considered that the presence of phenolic compounds (mainly the flavonoid fraction) acted as a protector in the presence of free radicals, with anti-inflammatory and antimicrobial effects on the skin [29,30]. The Lp extract’s polysaccharides and other bioactive components supported the elasticity and led to a UV-radiation-repellent effect [30,31]. The re-image amount of these polysaccharides varied at around 1.50 ± 0.13 g/100 mL. The amount of vitamin C, which was 1 mg/mL extract, also contributed to the nutricosmetic action of the product formula tested in vivo. These data confirm previous studies that support different therapeutic properties of Lp species [30,32], adding a nutraceutical value to these data. In addition, the results agreed with studies that have shown these products’ cytotoxic effects, which is essential in reducing side effects resulting from prolonged exposure to UV-Vis radiation [32,33,34,35].




5. Conclusions


This preliminary study revealed the nutricosmetic effect of the three extracts incorporated into the formulation of a face cream. These extracts demonstrated in vitro and in vivo protection against free radicals, effectively mitigating the adverse effects caused by prolonged exposure to blue light emitted by commonly used electronic devices. Furthermore, an in vivo study supported these findings by demonstrating that direct application of the face cream to the skin of volunteers led to increased skin elasticity and induced anti-inflammatory effects. Additionally, the enhanced bioavailability of phenolic compounds and the antimicrobial properties of the cream suggest its potential for protective and reparative use in cases of sunburn.
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Figure 1. Total phenolic compounds (right) and flavonoid compounds (left) values in the functional extracts. Different letters represent significant statistical differences (p ≤ 0.05), n = 3. 
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Figure 2. DPPH scavenging activity (right) and reducing power (left) of the functional extracts. Different letters represent significant statistical differences (p ≤ 0.05), n = 3. 
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Figure 3. The critical time of the functional extracts after in vivo analysis. Different letters represent significant statistical differences (p ≤ 0.05), n = 3. 
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