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Abstract

:

The number of deaths due to malignant neoplasms is increasing year by year. For this reason, new ways of preventing them and supporting treatment are being sought. One of them is adding plant extracts to food to increase its antioxidant, anti-inflammatory and anti-cancerogenic activity. The aim of the study was to examine the effect of different wild-grown fruits (chokeberry, elderberry, hawthorn and sea-buckthorn) added to wheat-flour cookies on the proliferation of: (i) normal BJ lines (fibroblasts); (ii) tumor cells of the MCF-7 (breast cancer) and (iii) WM793 (melanoma) lines. Methanol-acetone extracts were prepared from previously baked wheat-flour cookies fortified with fruits in order to use them in the further part of the research to prepare mixtures with concentrations of 0.5 mg/mL; 1 mg/mL; 1.5 mg/mL; 2.5 mg/mL. The viability and cytotoxicity of normal and neoplastic cells was examined. It was observed that the WM793 melanoma tumor line appeared to be more susceptible to the action of the tested extracts with the addition of selected wild-grown fruits compared to MCF7 breast cancer cells. Moreover, the greatest significant effect on the inhibition of WM793 cells among extracts with a concentration of 2.5 mg/mL was proved in the case of sea-buckthorn (p < 0.05). In terms of the inhibition of the MCF7 line, the effect was proved only in the case of sea buckthorn (p < 0.05), while the viability of these neoplastic cells was at most affected by elderberry and chokeberry extracts (p < 0.05).
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1. Introduction


Cookies made from wheat have gained popularity as a snack food because of their several advantages, such as their ready-to-eat and storable convenience, their wide availability in various forms and their low price. In time, there is a constant increasing tendency in the consumption of this range of food products together with changing consumer preferences and awareness about the strong correlation between improper eating habits and the development of diet-related diseases, including some type of cancers [1,2]. Considerable research over the last 35 years has shown that rates of several forms of cancers are consistently linked to certain aspects of diet [2]. In order to meet the growing demands of the consumers, there has been a tendency to fortify confectionery products with fruit ingredients in order to improve their functional properties, enrich them with fiber, vitamins and minerals, reduce the use of artificial food preservatives and improve health-promoting characteristics [2,3]. Therefore, the food industry introduces modernized products into the market, enriched with plant and plant by-products. So far in the literature the enrichment of cakes and cookies with different fruits and fruit by-products has been proposed, such as: apple pomace, berry, sour cherry pomace, mango peel, banana peel, green banana flour, pumpkin and carrot pomace, pomegranate peel powder, grapefruit and citrus fiber, potato peel, watermelon rind and recently with wild species of chokeberry, elderberry, hawthorn, rowan or sea-buckthorn [3]. Especially, the last ones seem to have a great promising application in the recommended sustainable consumption pattern for the planet’s good and human health. Different wildly grown fruits can be gathered locally, especially from unpolluted rural areas, used as a source of the natural bioactive components, such as anthocyanins, organic acids, pectins (mainly protopectin), vitamins (A, C, P and B vitamins), folic acid, mineral salts or polyunsaturated fatty acids (α-linolenic, linoleic and oleic acid) [3], in order to fulfill the lack of some essential amino acids in other food products such as cereals by delivering a high quality proteins (sea-buckthorn fruits, elderberry) [4] or to help to reduce the overall meat consumption. It is well known and evidenced in the literature that regular consumption of fresh fruits, vegetables and whole grains is beneficial in reducing the likelihood of cancer as a preventive agent. Combining chemotherapy with complementary and alternative medicine has created a new approach to cancer treatment that has led to more holistic approaches [5,6]. Prevention of cancer is also of great importance.



In the available literature, the anticancer and antitumor properties of the selected wildly grown berries have been documented to a greater or less extent. For instance, black chokeberry has been used to treat breast cancer, colon cancer, and leukemia, with some selective effects on cancer stem cells [7]. Concerning anticancer properties of elderberry fruits, in vitro experiments have demonstrated the potential of elderberry extract from flowers or its components on hormone production and receptor expression of trophoblast tumor cells [8], on bladder cancer cells and fibroblasts [9], as well as the influence of cyanidin-3-glucoside in attenuation the angiogenesis of breast cancer [10]. However, more data is still needed, especially on the fruit extracts from elderberry on the propagation and viability of different cancer cells. In the case of sea-buckthorn, many studies have shown that its bioactive components may have anticancer activity against colon cancer—sea-buckthorn polyphenols, mainly of kaempferol and its derivatives [11], glioma tumor—sea buckthorn leaf extract [12], prostate cancer—sea buckthorn leaf aqueous extract [2], and gastric cancer [13]. Despite this, the existing literature data is incomplete and needs to be supplemented in other cancer types and other kind of sea-buckthorn bioactive compounds, e.g., sea-buckthorn carotenoids [14]. There is still little information and research on the anticancer effects of hawthorn. However, the bioactive compounds in hawthorn are thought to have a positive impact on human tumor cells [15,16]. Since the wildly grown fruits usually possess an unpleasant bitter and sour taste in the raw form, they are mainly eaten processed as fruit preserves, teas, bakery and brewery products, beverages, wine, meat and sugar products or dietary supplements [3,13,16,17,18,19,20]. Therefore, their possible anticancer properties should also be evaluated in a processed form consumed with different food products, especially with those which ingestion is possibly equal and popular, such as wheat-flour cookies. Until now, there is no information in the literature data about the anticancer properties of cookies fortified with wild-grown fruits.



Therefore, the purpose of the present study was to investigate the antitumor properties of wheat-flour cookies fortified with the above-mentioned wild-grown fruits, in particular their cytotoxicity properties and the effect on the viability of MCF7 breast cancer and WM893 melanoma cell lines, one of the most common and deadly types of cancer worldwide.




2. Results and Discussion


In this study, five types of wheat cookies were tested: (1) wheat-flour cookies without addition of lyophilised fruits; this was used as a control (2) wheat-flour cookies with 5% of sea-buckthorn (Hippophae rhamnoides L.); (3) cookies with 5% of elderberry (Sambucus nigra L.); (4) cookies with 5% of hawthorn (Crataegus L.); (5) cookies with 5% of chokeberry (Aronia melanocarpa) (Table 1).



2.1. WM793 Human Melanoma Line


When analyzing the effect of different extracts obtained from cookies with the addition of selected wild-grown fruits on their anticancer properties against human skin cancer (melanoma) WM793 cells, statistically significant differences were observed between the mean values of cytotoxicity and viability (p < 0.05) (Table 2). Cookies’ extracts containing sea buckthorn berries were the most effective in defending WM793 melanoma cells at three concentrations added (0.5 mg/mL; 1.5 mg/mL, and 2.5 mg/mL) (p < 0.05) (Figure 1). This results in 89.95% cytotoxicity and the lowest viability (45.93%) at the highest concentration applied (2.5 mg/mL) (Table 2, Figure 1). The inhibiting potential of cancer cell growth upon lower concentrations of sea-buckthorn extracts was 0.5 mg/mL—27% cytotoxicity and 76% viability; 1.5 mg/mL—26% cytotoxic force and 70% viability (Table 2). The remaining extracts containing other berries were definitely less efficient (p < 0.05) than the fruits of Hippophae rhamnoides L. depending on the dose used (Figure 1). Elderberry showed the greatest cytotoxicity (3.84%) potential at the highest concentration (2.5 mg/mL) while cookies baked with the addition of hawthorn fruits showed the highest activity at a concentration of 1 mg/mL—5.19% and with the addition of chokeberry fruit at 1.5 mg/mL—1.99% (Table 2).




2.2. MCF7 Human Breast Cancer Cell Line


Analyzing the effect of different extracts from cookies with the addition of selected wild grown fruits on their antitumor capability against the human breast MCF-7 cancer line, no effect of the tested extracts was observed (p > 0.05). In most cases, null values were obtained (Table 3). As in the previous cancer cell line, sea buckthorn extracts were an exception again. Although relatively low, the cytotoxic effect of it was variable within the concentrations used (Table 3). The highest cytotoxic effect was shown by its extracts at concentrations of 0.5 mg/mL—3.87% and 1.5 mg/mL—5.77% (p < 0.05). Interestingly, when assessing the viability of MCF7 cancer cells, a differentiated effect of individual extracts was documented (Table 3, Figure 2). Samples containing chokeberries and elderberries had the greatest effect on cancer cell viability, regardless of the dose used, resulting in the lowest percentage of cell vitality, average 38% and 39%, respectively (Table 3).




2.3. BJ Human Normal Fibroblasts Cell Line


Analyzing the effect of different cookies with the addition of selected wild berries on their cytotoxic properties against the human normal fibroblast BJ cell line, it was observed that higher concentrations (1.5–2.5 mg/mL) of extracts with the addition of wild berries were characterized by greater cytotoxic properties (Table 4). However, generally, cell viability of the BJ line was high, reaching more than 85% in most cases, with a few exceptions where it was 65–73% after the use of elder and hawthorn berries extracts at 2.5 mg/mL concentration (Table 4). When the viability of normal BJ fibroblasts was compared with the vitality of the two cancer cells, MCF7 and WM793, treated with the same extracts, the activity of the latter was in most cases statistically significantly lower (p < 0.05), especially in the case of the MCF7 breast tumor cell line for all types of extracts (up to 40–50% lower for chokeberry and elderberry in the concentration of extracts). Sea buckthorn extracts greatly reduced the shelf life of the WM793 melanoma cell line (p < 0.05). This may indicate that wild-grown berries have different anti-tumor health promoting properties, and their efficacy in this regard depends on the type of tumor cell line they act on (Figure 2).





3. Discussion


To our best knowledge, this is the first study that investigates the anticancer activity of extracts obtained from wheat-flour cookies with an addition of different wild-grown fruits: chokeberry, elderberry, hawthorn and sea-buckthorn at four different concentrations: 0.5 mg/mL; 1.0 mg/mL; 1.5 mg/mL and 2.5 mg/mL on WM793 melanoma and MCF7 cancer cell lines. Melanoma is the most invasive skin cancer with the most significant number of mutations and the ability to escape the immune system and is known for its metastatic capacity and lethality [21]. This type of cancer invades melanocytes, the cells that synthesize the skin pigment melanin [22]. Although melanoma cases represent only 3% of all skin cancers, it is linked to the highest fatal rate (about 65%) [23]. Similarly, breast cancer is the most often occurring cancer. Despite significant advances in early detection and treatment methods, it is still regarded as a leading cause of death in females with 2.3 million new cases (11.7%) [24,25,26,27]. According to the American Cancer Society, the global cancer burden would be 28.4 million cases by 2040, a 47% increase from in the year 2020 [28]. Among the risk factors, 30% of breast cancer cases are attributed to an inappropriate lifestyle, including improper diet leading to excess body weight, lack of physical activity, or alcohol consumption. Despite the unfavorable prognosis in later stage disease, mainly due to metastasis, the recommended treatment in both cases, melanoma and breast cancer, is immunotherapy in combination with other chemotherapeutic drugs [23,29]. Chemotherapy drugs are used for treating people with an advanced cancer or after surgery. However, cancers frequently build up a tolerance to the medicines, leading to treatment failure and disease return. Hence, the need for innovative plant-based pharmaceuticals as complementary and alternative medicine that support the traditional therapies and as a component of daily diets to prevent against development of certain types of cancers. The anticancer effects of wild grown edibles can be divided into two main areas: the impact of extracts from different raw materials (leaves, flowers, stems, berries, seeds) and isolated compounds. No data were available on the effects of extracts from ready-to-eat foods, such as cookies fortified with isolated compounds or wild-growing shrubs’ whole berries on the antitumor properties. Therefore, the results of the study have been referred to the available data on extracts from raw plants or isolated compounds.



In the cytotoxicity and viability assay of the tested extracts with wild grown fruits on WM793 melanoma and cytotoxicity on the MCF7 breast cell line, sea-buckthorn was documented to possess the strongest activity in this regard (p < 0.05) (Table 2 and Table 3, Figure 1 and Figure 2). Sea buckthorn is a deciduous shrub or tree of the genus Hippophae in the family Elaeagnaceae [14]. It is rich in approximately 200 nutritional and bioactive compounds and is therefore often referred to as a “natural vitamin treasure house” or “source of nutrition and health care” [14]. It is significant that the World Health Organization has ranked sea buckthorn among the top ten raw materials with health-promoting properties [4,30]. Sea buckthorn berries are considered to be a wealth source of bioactive compounds, including vitamins, carotenoids (-carotene, zeaxanthin, lutein, lycopene, etc.), polyphenols, flavonoids, organic acids, pectin, carbohydrates, polyunsaturated fatty acids, and essential amino acids [31]. It is also mentioned that the fruit flesh of sea buckthorn produces oil rich in valuable ω-7 palmitoleic acid and carotenoids [30].



Sea buckthorn leaf aqueous extract efficiently affected androgen receptor (AR) and markedly reduced androgen response genes, prostate specific antigen (PSA), elevated lysine-rich leukemia 2 (ELL2), ELL-associated factor 2 (EAF2), and calreticulin (CALR) in vitro. Aqueous extract of sea buckthorn leaves efficiently suppressed the growth and progression of prostate cancer cells [2]. Kim et al. [12] reported that sea buckthorn leaf extract at concentrations of 6.2 and 62 mg/mL significantly decreased the generation of intracellular ROS by 16.3 and 42.3%, respectively; increased the expression of the pro-apoptotic protein B-cell lymphoma-2 (BCL2)-associated X (Bax); and suppressed the fast multiplication of C6 glioma cells (11 and 49.5%). Authors concluded that sea buckthorn could be a potential source of pharmacological intervention for treating glioma. On the other hand, sea buckthorn isolated polyphenols, namely the active component of kaempferol and its derivatives, have exhibited significant anti-colon cancer effects in vitro and in vivo. Mechanistically, sea buckthorn polyphenols enhance the expression of microRNA (miR)-195-5p and miR- 497-5p and suppress the expression of miR-1247-3p to downregulate the expression of cyclins, thereby inhibiting cell cycle arrest in the G1 phase and further proliferation of colon cancer. In addition, sea buckthorn polyphenols (50 mg/kg) significantly decreased tumor volume and controlled its proliferation in xenografted BALB/c nude mice in vivo [11]. In another study, polyphenolic compound isorhamnetin enhanced expression of the mitochondrial pathway pro-apoptotic protein (cytochrome c-caspase 9-caspase 3) in gastric cancer cells in hypoxic conditions, considerably inhibited the autophagy of MKN-45 gastric cancer cells and favored the programmed death of gastric cancer cells by activating the phosphoinositide 3-kinase (PI3K)-protein kinase B (AKT)-mammalian target of rapamycin (mTOR) signaling pathway [13]. In our previous study, we tested the content of flavonoids, phenolic acids and anthocyanins in the extracts obtained from the cookies with wild-grown fruits with the application of Reversed Phase-High Performance Liquid Chromatography (RP-HPLC) and High Performance Liquid Chromatography (HPLC) [3]. Six different polyphenolic compounds have been found in sea-buckthorn cookies and their presence were of rather moderate quantities (mg·100 g−1 dm) (Table S1): chlorogenic acid (51.00 ± 0.87); catechin (11.70 ± 0.52); quercetin (200.73 ± 0.76); quercetin-3-galactoside (190.86 ± 1.79); rutin (304.96 ± 2.06); luteolin 7-O-glucoside (294.36 ± 0.26) [3]. No isorhamnetin or kaempferol was detected. Nevertheless, as shown in this study, sea buckthorn was the plant with the most outstanding potential. This may indicate a need for further analyses with the use of other bioactive compounds (i.e., carotenoids) from sea buckthorn for their antitumor activity in ready-to-eat food products, including cookies.



Apart from sea buckthorn extracts, the samples containing chokeberry and elderberry had a positive influence on the viability of MCF7 cancer cells, regardless of the dose used, resulting in the lowest percentage of neoplastic cell viability, averaging 38% and 39%, respectively (Table 3). On the contrary, the cytotoxicity of the MCF7 breast cancer cell lines was not affected by these two types of extracts.



In the available literature, the effective anticancer activity of both plants has been described. For instance, aronia berries and aronia juice showed promising activity against several different cancer cell lines, including human colon cancer cells HT-29 cells [32] and Caco-2 human colon cancer [33,34], but were not toxic to human NCM460 normal colon cells at the same time [20]. The berry anthocyanidins exhibited selective cell growth inhibitory activity against A549 and H1299 human non-small-cell lung cancer (NSCLC) cells [35]. Aronia melanocarpa polyphenols were assumed to regulate the expression of key regulators of G2/M cell cycle transition and apoptosis. The antitumor activity was associated predominantly with chlorogenic acids, some cyanidin glycosides, and derivates of quercetin [36]. Aronia or chokeberry (Aronia melanocarpa L.) is a shrub, the fresh fruits of which are not usually consumed directly due to their unpleasant bitter taste [20]. Phytochemical studies have shown that Aronia melanocarpa fruits are abundant in phenolic compounds (from 10 to 5500 mg per 100 g of dried fruits): procyanidins, anthocyanins (cyanidin-3-O-galactoside), phenolic acids (chlorogenic acid), quercetin, a fused flavanol-coumarin-phenol unit, also possess hydroxyl radical scavenging and quinone reductase inducing activities [18,37]. In our previous study [3], the contents of flavonoids, phenolic acids and anthocyanins tested by RP-HPLC and HPLC methods in the extracts from the cookies with chokeberry were the most impressive among all kinds and equaled (mg·100 g−1 dm) (Table S1): neochlorogenic acid (919.28 ± 4.85), protocatechuic acid (269.20 ± 0.62), chlorogenic acid (1026.18 ± 4.94), cinnamic acid (3.32 ± 1.85), catechin (21.82 ± 1.23); epicatechin (792.48 ± 0.53); quercetin (202.66 ± 1.71); quercetin-3-galactoside (237.19 ± 3.17), rutin (461.74 ± 10.92) and cyanidin-3-glucoside (78.05 ± 0.36) [3]. The greatest amounts of polyphenols, especially chlorogenic acid, rutin and quercetin-3-galactoside together with one of the strongest antioxidant activities (µmol·g−1 dm) (Table S1): ABTS—15.22 ± 0.05; FRAP—17.47 ± 0.05 might be strongly linked to the low viability (mean 38%) of MCF7 human breast cells which were treated with chokeberry extracts in this study (Table 3). One more possible anticancer mechanism might be the presence of triterpene ester derivatives of ursolic acid in chokeberry fruits, namely, 3-O-trans- and -cis-p-coumaroyl tormentic which were found to inhibit MCF7 and MDA-MB-231 human breast cancer cell proliferation and mammosphere creation through deregulation of the expression of c-Myc protein, a cancer stem cell survival factor [38].



Similarly, the aqueous acetone extract of elderberry fruits in the LoVo human colon adenocarcinoma cell line and MCF7 human breast cancer had a lower value of IC50 compared to the ethyl acetate extract, and its major triterpenoid ursolic acid exhibited the highest cytotoxic activity, with IC50 values of 10.7 and 7.7 µg/mL on MCF-7 and LoVo cells, respectively [39]. The cytotoxic properties of ethanolic extracts from elderflowers, leaves and stems were also documented in human liver cell carcinoma, lung carcinoma and colon cancer cells [9]. The probable explanation was the synergistic actions of (poly)phenolic components, and the molecular docking study indicated that chlorogenic acid and rutin had the ability to interact with important amino acids in the Bcl-2 binding site [39]. Elderberry (Sambucus nigra L.) is the most common species in the family Adoxaceae and the genus Sambucus L. [39]. The fruits have a variety of beneficial components, mainly polyphenolic, including phenolic acids (gallic acid and gentisic acid), flavanones, flavonols and anthocyanins (cyanidin 3-O-sambubioside and cyanidin 3-O-glucoside) together with terpenoid compounds. The major flavonoids were rutin and quercetin [40,41]. RP-HPLC and HPLC determinations of polyphenolic compounds [3] in the extracts from elderberry cookies were as follows (mg·100 g−1 dm) (Table S1): protocatechuic acid (131.23 ± 0.72); catechin (14.05 ± 0.12); quercetin (156.04 ± 0.23) and rutin (1083.20 ± 1.40) [3]. No chlorogenic acid was detected in the cookies prepared from elderberry fruits, but rutin content was statistically significantly highest as evidenced by RP-HPLC determinations (Table S1). Other studies indicated that elderberry agglutinin could selectively identify ovarian carcinoma via specific recognition of α-2,6-linked sialic acids and was capable of activating AKT, launching cytochrome c, provoking mitochondrial dysfunction, increasing the mitochondria oxidative phosphorylation, finally leading to cell cycle arrest at the G2/M phase and the apoptosis of ovarian cancer cells [42]. On the other hand, Ma and Ning [10] proved that elderberry fruit extract and its anthocyanin compound cyanidin 3-O-glucoside enhanced the packing order of polar heads of membrane lipids and changed the structure of membranes as well as decreased the fluidity of human breast adenocarcinoma cells membranes [10]. The statistically significant greatest amounts of cyanidin 3-O-glucoside and rutin detected by RP-HPLC and HPLC determinations (Table S1) might be positively correlated with the reduced viability of MCF7 breast cell lines by elderberry cookies (Table 3). Cytotoxic activity of elderberry flower extracts could only be observable in T24 bladder carcinoma cells but not in MRC-5 human normal fibroblast cells [9]. On the contrary, elderberry and chokeberry extracts exerted greater cytotoxic properties on BJ normal human fibroblasts (mean values for all extracts’ concentrations—46.35%) than on the WM793 melanoma cell line (mean values for all extracts’ concentrations—36.60%) as documented in this study (Table 2 and Table 3). However, this phenomenon has been observed and described in the literature by several researchers for dietary polyphenols [43,44,45,46,47,48,49,50]. Some polyphenols may be carcinogenic or genotoxic at high concentrations [43,45]. Caffeic acid, for instance, induced gastric and renal tumors in rats and mice at a dietary dose of 2% [50]. Quercetin inactivated the O-methylation of catechol estrogens and elevates the urinary concentration of 2- and 4-hydroxyestrodiol by 60–80%, which may lead to increased redox cycling of catechol estrogens and estradiol-induced tumor development, indicating that the genotoxic effects reported in vitro may be due to the high levels used, at which polyphenols can act as prooxidants [48,49,51]. The RP-HPLC determinations in the tested cookies indicated significantly highest concentrations of quercetin in chokeberry and sea-buckthorn extracts (p < 0.05) together with considerable amounts of quercetin-3-O-galactoside in chokeberry, hawthorn and sea-buckthorn extracts. In elderberry extracts the latter has not been detected, while quercetin was found in moderate amounts (Table S1). The formation of glutathionyl-quercetin adducts has been demonstrated in tyrosinase-rich B16F-10 melanoma cells and in the myeloperoxidase-rich human HL-60 cell line, which provide important evidence for the prooxidative metabolism of quercetin in cellular in vitro models. This also implies that tissues abundant in oxidative enzymes may be especially vulnerable to the prooxidative damage caused by quercetin [44]. And finally, green tea catechins (1% or 0.1% of the diet) have been shown to promote tumor formation in the colon of F344 male rats, and though quercetin may reduce cancer cell propagation at high concentrations, it has been found to promote cell growth at low concentrations (1–5 mol/L) [46,47]. The existing contradicted results among the pro-healthy and potential toxic properties of dietary polyphenols and containing them edibles need thorough research in order to estimate the proper pharmaceutical dosages.



Last, the extracts from hawthorn enriched cookies were least effective in inhibiting proliferation of MCF7 human breast and WM793 melanoma cell lines (Table 2, Table 3 and Table 4; Figure 1 and Figure 2). It is surprising because this plant belonging to the Rosaceae family, has a great nutritious value, rich in bioactive components (chlorogenic acid, proanthocyanidin B2, epicatechin, proanthocyanidins, mucoxanthin, quercetin, rutin, ursolic acid, hawthornic acid, oleanolic acid) and is characterized by a high therapeutic and health value [16]. In the literature Zhou et al. [52] found that ursolic acid, a triterpenoid, induced apoptosis of human breast and hepatocellular carcinoma cells via the mitochondrial pathway. Hawthorn polysaccharide inhibited the proliferation of human colon cancer cells by increasing the rate of cancer cell apoptosis [53], while isolated compounds have shown anti-tumor activity both in vivo and in vitro against melanoma [54]. In the present study, these beneficial properties of hawthorn extracts have not been observed. One of the possible explanations is the form of fruits used for extract preparations (raw plant materials vs. processed in the form of baked cookies). The data of polyphenolic compounds given in the literature are greater in raw fruits than in cookies prepared with the added wild fruits [3], what was explained by the baking process at high temperatures (>200 °C) which might have a significant impact on polyphenolic molecules, resulting in some changes in their content and structure [55] hence reducing possible antitumor properties.




4. Materials and Methods


4.1. Wheat Cookie Preparation


Fresh samples of the ripe, edible parts of wild fruits (sea buckthorn, elderberry, chokeberry and hawthorn) were collected from unpolluted rural areas of the Malopolska region (Poland), frozen and lyophilised (ALPHA 1–4, Martin Christ, Osterode am Harz, Germany). The lyophilisate was then ground in a laboratory grinder to obtain a sample no larger than 0.5 mm (Knifetec Sample Mill 1095, FOSS Tescator, Hoeganaes, Sweden) and used in this form as a bakery ingredient.



The dough components were as shown in Table 1: wheat flour type 450 (500 g) (“Złote Pola”, Polish Plants Grains S.A., Krakow, Poland), margarine (250 g) (“Kasia” Unile-ver, Warsaw, Poland), sucrose (200 g) (“Królewski” Südzuker Polska S.A., Wroclaw, Poland), eggs (150 g) (“Ale jaja” Poultry firm Woźniak Sp. z o.o., Rawicz, Poland), baking powder (6 g) (Dr. Oetker Poland Sp. z o.o., Gdansk, Poland). Subsequently, 5 g of the freeze-dried fruits were added to the biscuit dough instead of 5 g of wheat flour for each type of cookie. The control sample used 5 g of wheat flour instead of freeze-dried fruit. After combining, the ingredients were formulated into a dough and left in the refrigerator (4 °C, 30 min). The dough was then shaped to a thickness of 7 mm and sliced into round cookies of the same size (3.5 cm). These cookies were then baked (200 °C, 8 min) and chilled. The cookies were kept in tightly closed bags in a dark, dry place. Before each analysis, the cookies were crushed in a laboratory grinder (Knifetec Sample Mill 1095, FOSS Tescator, Sweden).



Preparation of the Methanol-Acetone Extracts


Fresh samples (5 g) were inoculated with a solution of 80% acidified methanol (methanol HCl 2% (95/5 v/v) (Merck, St. Louis, MO, USA) for 2 h at 25 °C and then sedimented by centrifugation (1500× g, 15 min). The supernatant was stored, and the pellet was re-extracted with 40 mL solution of 70% acetone (POCH, Gliwice, Poland) for the next 2 h and then subjected to centrifugation (1500× g, 15 min). The supernatants from both sets of centrifugations were mixed and used for further assay. The obtained methanol-acetone extracts were evaporated in a vacuum evaporator to eliminate solvents and then dried using a lyophiliser (ALPHA 1–4, Martin Christ, Germany), and the final powder was used to prepare the following solutions at concentrations of 0.5 mg/mL; 1.5 mg/mL and 2.5 mg/mL.





4.2. Cell Cultures


4.2.1. Cell Lines


The following cell lines were used for in vitro testing of anticancer properties:




	
line BJ (control)—a line of human normal fibroblasts, obtained from the American Type Culture Collection (ATCC, Manassasm, VA, USA);








Medium: Eagle’s Minimum Essential Medium (M3024, Merck, Darmstadt, Germany) supplemented with 2 mM L-glutamine (25030149, ThermoFisher, Waltham, MA, USA), 1 mM sodium pyruvate (11360070 ThermoFisher, Waltham, MA, USA), antibiotics (A5955, Merck, Darmstadt, Germany) and 10% fetal bovine serum (FBS) (F7524 Merck, Darmstadt, Germany);



	
A line WM793—a human skin cancer (melanoma) line, obtained from The European Searchable Tumour Line Database (ESTDAB, Tubingen, Germany)






Medium: RPMI-1640 (R4130, Merck, Darmstadt, Germany) supplemented with antibiotics (A5955, Merck, Darmstadt, Germany) and 10% fetal bovine serum (FBS) (F7524 Merck, Darmstadt, Germany);



	
A line MCF7—a human breast cancer line, obtained from the American Type Culture Collection (ATCC, Manassasm, VA, USA);






Medium: Eagle’s Minimum Essential Medium (M3024, Merck, Darmstadt, Germany) supplemented with 2 mM L-glutamine (25030149, ThermoFisher, Waltham, MA, USA), 1 mM sodium pyruvate (11360070 ThermoFisher, Waltham, MA, USA), 0.01 mg/mL human recombinant insulin (407709, Merck, Darmstadt, Germany), antibiotics (A5955, Merck, Darmstadt, Germany) and 10% fetal bovine serum.




4.2.2. Cells Preparation


Cells were cultured in an incubator with controlled conditions (temp. 37 °C, 95% humidity, 5% CO2) in the cell culture medium by the manufacturer’s recommendations. Three times during the week, the medium was changed into fresh one in an amount of 5 mL. A passage of cells was performed once a week or at confluence greater than 70%. The medium was poured off, the cells were washed with 1 mL of PBS solution (D8537, Merck, Darmstadt, Germany) and 0.5 mL of trypsin (D8537, Merck, Darmstadt, Germany) was added. They were incubated for about 5 min until the cells detached from the medium, then trypsin was inactivated by adding 1 mL of medium. 2 drops of the suspension were left or transferred to another bottle and 5 mL of fresh medium was added. Cultures were continued at 37 °C and 5% CO2 until the desired number of cells was reached.




4.2.3. Cells Seeding


After the cells were counted using an automatic counter from Bio-Rad (TC20 automatic cell counter (Bio-Rad, Hercules, CA, USA), they were seeded into 96-well plates (351172, Corning, Corning, NY, USA). A solution of 14.4 mL of cell suspension after passage with fresh medium was prepared and each cell line was seeded into an individual plate at 150 μL per well, then incubated for 24 h at 37 °C and in an atmosphere of 5% CO2.




4.2.4. Adding Experiments Conditions


After 24 h of incubation, the experimental conditions were added to the plates, which were mixtures of individual cookie extracts with medium at final concentrations of 0.5 mg/mL; 1 mg/mL; 1.5 mg/mL and 2.5 mg/mL, and medium without added extract at the same concentrations was used as a control. Each extract concentration was added to the cells in triplicate, and the remaining 3 wells were left without added conditions. The cells prepared in this way were further incubated for 24 h.




4.2.5. Cytotoxicity Assay


The effect of cytotoxicity of extracts on cells performed using the Cytotoxicity Detection Kit (LDH) (Cat no: 4744934001, Roche, Basel, Switzerland) according to manufacturer’s instruction. Cytotoxicity was determined after 24 h. Assessment of LDH activity in cell supernatant was the measure of toxicity of investigated substance in relation to cultured cells. It was a colorimetric method, and the assays were determined using an ELISA Multiskan GO Microplate Spectrophotometer) (Thermo Scientific, Waltham, MA, USA).




4.2.6. Cell Viability Assay


Evaluation of the cell vitality was performed with the colorimetric method using crystalline violet. This test involves quantitatively measuring crystal violet associated with fixed cellular structures. After incubation of the cells with the extracts, the medium from the cells was removed and the cells were carefully washed two times with cold PBS solution (D8537, Merck, Darmstadt, Germany). The cells were then fixed for 10 min with cold 100% methanol (D8537, Merck, Darmstadt, Germany). After fixation, the methanol was removed, and crystal violet (0.5% crystal violet in 25% methanol) was added to the wells for 10 min. After incubation, the dye was removed, and any residual dye was removed by rinsing the plates three times with distilled water. Then 200 µL of methanol was added to the wells and incubated for 20 min at room temperature. After incubation, spectrophotometric measurements were made at a wavelength of 590 nm using an ELISA Multiskan GO Microplate Spectrophotometer (Thermo Scientific, Waltham, MA, USA).





4.3. Data Analyses


The results were presented as ranges of at least three parallel repetitions with standard deviation around the mean. One-way analysis of variance was applied in order to assess the influence of different wild grown fruit additions on the tested parameters. The Duncan test was used in order to evaluate the significance of differences at a level of p < 0.05. All the calculations were carried out using Statistica v. 10 software (Statsoft, Inc., Tulsa, OK, USA).





5. Conclusions


In the cytotoxicity and viability assay of the tested extracts with wild grown fruits on WM793 melanoma and cytotoxicity on the MCF7 breast cell line, sea-buckthorn was documented to possess the strongest activity in this regard (p < 0.05), while hawthorn enriched cookies were least effective in inhibiting proliferation of neoplastic cell lines (p < 0.05). Cookies enriched with wild grown fruits have the potential to become a novel snack food with anticancer properties, especially fortified with sea-buckthorn fruits. At the same time, the samples containing chokeberry and elderberry positively influenced the viability of MCF7 cancer cells, regardless of the dose used, resulting in the lowest percentage of cancer cell viability, averaging 38% and 39%, respectively. On the contrary, these two types of extracts did not affect the cytotoxicity of MCF7 breast cancer cell lines. The decrease in viability without a cytotoxic effect is desirable because it may suggest such processes as cell cycle/proliferation arrest, apoptosis or autophagy—i.e., removal cancer cells without affecting the surrounding cells. The phenomenon needs further studies, however, especially because the extracts from these berries exerted greater cytotoxic properties on BJ normal human fibroblasts (mean values for all extracts’ concentrations—46.35%) than on WM793 melanoma cell line (mean values for all extracts’ concentrations—36.60%).
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Figure 1. Cytotoxicity of different plant extracts on WM793 cell line depending on the kind of wild grown-fruits enriched cookies. 
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Figure 2. The comparison of different extracts containing wild grown fruits on human normal fibroblasts BJ, melanoma WM793 and breast tumor MCF7 cell lines depending on the extract concentration: (a) 0.5 mg/mL; (b) 1 mg/mL; (c) 1.5 mg/mL; (d) 2.5 mg/mL. The different letters by the number value of the graph bars are significantly different at p < 0.05. 
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Table 1. The recipe formulation of different kinds of cookies.
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Dough Ingredients [g]




	
Cookies Kinds

	
Wheat Flour

	
Margarine

	
Saccharose

	
Eggs

	
Baking Powder

	
Lyophilized

Fruits






	
Control

	
500

	
250

	
200

	
150

	
5

	
0




	
Chokeberry (Aronia melanocarpa)

	
495

	
250

	
200

	
150

	
5

	
5




	
Elderberry (Sambucus nigra L.)

	
495

	
250

	
200

	
150

	
5

	
5




	
Hawthorn (Crataegus L.)

	
495

	
250

	
200

	
150

	
5

	
5




	
Sea-buckthorn (Hippophae rhamnoides L.)

	
495

	
250

	
200

	
150

	
5

	
5











 





Table 2. Cytotoxicity assay after 24 h incubation of extracts with different wild-grown fruits enriched cookies on WM793 human melanoma cell line.
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Cytotoxicity 1

	
Viability 1




	
Extract Type

	
Extract Concentration

[mg/mL]

	
Mean Value [%] ± Standard Deviation






	
Sea-buckthorn

(Hippophae rhamnoides L.)

	
0.5

	
27.23 b ± 0.02

	
75.72 bd ± 0.02




	
1.0

	
3.71 d ± 0.06

	
92.84 b ± 0.04




	
1.5

	
25.59 b ± 0.03

	
70.00 d ± 0.06




	
2.5

	
89.85 c ± 0.00

	
34.02 e ± 0.02




	

	
   x ¯   

	
36.60

	
68.15




	
Hawthorn

(Crataegus L.)

	
0.5

	
0.00

	
100.00 d ± 0.05




	
1.0

	
5.19 a ± 0.00

	
100.00 d ± 0.07




	
1.5

	
1.99 c ± 0.01

	
94.29 a ± 0.08




	
2.5

	
3.02 d ± 0.00

	
100.00 d ± 0.04




	

	
   x ¯   

	
2.51

	
100




	
Elderberry

(Sambucus nigra L.)

	
0.5

	
1.83 a ± 0.02

	
92.60 a ± 0.06




	
1.0

	
1.54 a± 0.01

	
97.94 a ± 0.09




	
1.5

	
1.17 c ± 0.01

	
97.91 a ± 0.04




	
2.5

	
3.84 e ± 0.01

	
100.00 a ± 0.06




	

	
   x ¯   

	
2.10

	
97.50




	
Chokeberry

(Aronia melanocarpa)

	
0.5

	
4.51 a ± 0.06

	
96.78 a ± 0.05




	
1.0

	
3.73 a ± 0.02

	
85.54 b ± 0.00




	
1.5

	
19.38 c ± 0.02

	
93.17 b ± 0.05




	
2.5

	
4.70 f ± 0.01

	
89.37 b ± 0.02




	

	
   x ¯   

	
8.08

	
91.35




	
Control

	
0.5

	
2.85 a ± 0.06

	
97.22 a ± 0.00




	

	
1.0

	
3.07 a ± 0.01

	
91.50 a ± 0.10




	

	
1.5

	
11.22 c ± 0.01

	
82.50 a ± 0.06




	

	
2.5

	
7.33 g ± 0.01

	
94.17 a ± 0.02




	

	
   x ¯   

	
8.99

	
91.21








1 The values of the superscript with different letters in columns are significantly different at p < 0.05.













 





Table 3. Cytotoxicity assay after 24 h incubation of different wild-grown fruits enriched cookies on MCF7 human breast cell line.
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Cytotoxicity 1

	
Viability 1




	
Extract Type

	
Extract Concentration

[mg/mL]

	
Mean Value [%] ± Standard Deviation






	
Sea-buckthorn

(Hippophae rhamnoides L.)

	
0.5

	
3.87 b ± 0.08

	
89.19 b ± 0.06




	
1.0

	
0.94 a ± 0.03

	
84.79 b ± 0.08




	
1.5

	
5.77 b ± 0.08

	
81.58 b ± 0.08




	
2.5

	
1.36 a ± 0.02

	
85.78 b ± 0.04




	

	
   x ¯   

	
2.08

	
83.49




	
Hawthorn

(Crataegus L.)

	
0.5

	
0.0

	
66.59 b ± 0.09




	
1.0

	
0.0

	
64.78 b ± 0.01




	
1.5

	
0.0

	
57.02 b ± 0.06




	
2.5

	
0.0

	
58.55 b ± 0.09




	

	
   x ¯   

	
-

	
61.73




	
Elderberry

(Sambucus nigra L.)

	
0.5

	
0.0

	
41.55 a ± 0.06




	
1.0

	
0.0

	
38.04 a ± 0.03




	
1.5

	
0.0

	
40.02 a ± 0.04




	
2.5

	
0.0

	
38.13 a ± 0.03




	

	
   x ¯   

	
-

	
39.43




	
Chokeberry

(Aronia melanocarpa)

	
0.5

	
0.0

	
39.74 b ± 0.02




	
1.0

	
0.0

	
39.34 b ± 0.04




	
1.5

	
0.0

	
35.76 b ± 0.05




	
2.5

	
0.0

	
37.60 b ± 0.06




	

	
   x ¯   

	
-

	
38.11




	

	
0.5

	
0.0

	
64.98 d ± 0.08




	
Control

	
1.0

	
0.0

	
62.53 d ± 0.11




	

	
1.5

	
0.0

	
60.19 d ± 0.11




	

	
2.5

	
0.0

	
57.29 d ± 0.10




	

	
   x ¯   

	
-

	
61.25








1 The values of the superscript with different letters in columns are significantly different at p < 0.05.













 





Table 4. Cytotoxicity assay after 24 h incubation of different wild-grown fruits enriched cookies on BJ human normal fibroblasts.






Table 4. Cytotoxicity assay after 24 h incubation of different wild-grown fruits enriched cookies on BJ human normal fibroblasts.





	

	

	
Cytotoxicity 1

	
Viability 1




	
Extract Type

	
Extract Concentration

[mg/mL]

	
Mean Value [%] ± Standard Deviation






	
Sea-buckthorn

(Hippophae rhamnoides L.)

	
0.5

	
1.93 a ± 0.04

	
98.90 b ± 0.00




	
1.0

	
8.65 a ± 0.07

	
100.00 b ± 0.07




	
1.5

	
31.20 b ± 0.30

	
98.07 b ± 0.10




	
2.5

	
27.80 b ± 0.02

	
88.67 b ± 0.10




	

	
   x ¯   

	
21.80

	
93.60




	
Hawthorn

(Crataegus L.)

	
0.5

	
1.40 a ± 0.01

	
91.94 b ± 0.05




	
1.0

	
7.98 a ± 0.13

	
88.01 bc ± 0.10




	
1.5

	
14.79 a ± 0.16

	
88.94 bc ± 0.03




	
2.5

	
47.05 b ± 0.47

	
72.79 c ± 0.14




	

	
   x ¯   

	
8.86

	
80.99




	
Elderberry

(Sambucus nigra L.)

	
0.5

	
3.67 a ± 0.03

	
92.44 a ± 0.03




	
1.0

	
11.44 b ± 0.03

	
94.45 a ± 0.04




	
1.5

	
91.83 a ± 0.23

	
71.32 c ± 0.11




	
2.5

	
83.17 b ± 0.17

	
65.97 c ± 0.04




	

	
   x ¯   

	
46.35

	
91.90




	
Chokeberry

(Aronia melanocarpa)

	
0.5

	
0.00

	
95.04 b ± 0.04




	
1.0

	
10.49 b ± 0.08

	
91.78 b ± 0.07




	
1.5

	
1.27 a ± 0.01

	
94.35 b ± 0.02




	
2.5

	
53.01 d ± 0.12

	
84.27 b ± 0.09




	

	
   x ¯   

	
14.48

	
84.24




	

	
0.5

	
0.00

	
95.23 a ± 0.04




	
Control

	
1.0

	
6.39 a ± 0.00

	
96.63 a ± 0.09




	

	
1.5

	
2.79 a ± 0.02

	
100.00 b ± 0.03




	

	
2.5

	
15.65 b ± 0.05

	
91.64 a ± 0.07




	

	
   x ¯   

	
9.26

	
83.14








1 The values of the superscript with different letters in columns are significantly different at p < 0.05.
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