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Abstract

:

Berberis vulgaris L. (Berberidaceae) is a shrub that has been widely used in European folk medicine as an anti-inflammatory and antimicrobial agent. The purpose of our study was to elucidate the mechanisms of the chemopreventive action of the plant’s methanolic root extract (BVR) against colon cancer cells. Studies were conducted in human colon adenocarcinoma cell lines (LS180 and HT-29) and control colon epithelial CCD841 CoN cells. According to the MTT assay, after 48 h of cell exposure, the IC50 values were as follows: 4.3, 46.1, and 50.2 µg/mL for the LS180, HT-29, and CCD841 CoN cells, respectively, showing the greater sensitivity of the cancer cells to BVR. The Cell Death Detection ELISAPLUS kit demonstrated that BVR induced programmed cell death only against HT-29 cells. Nuclear double staining revealed the great proapoptotic BVR properties in HT-29 cells and subtle effect in LS180 cells. RT-qPCR with the relative quantification method showed significant changes in the expression of genes related to apoptosis in both the LS180 and HT-29 cells. The genes BCL2L1 (126.86–421.43%), BCL2L2 (240–286.02%), CASP3 (177.19–247.83%), and CASP9 (157.99–243.75%) had a significantly elevated expression, while BCL2 (25–52.03%) had a reduced expression compared to the untreated control. Furthermore, in a panel of antioxidant tests, BVR showed positive effects (63.93 ± 0.01, 122.92 ± 0.01, and 220.29 ± 0.02 mg Trolox equivalents (TE)/g in the DPPH•, ABTS•+, and ORAC assays, respectively). In the lipoxygenase (LOX) inhibition test, BVR revealed 62.60 ± 0.87% of enzyme inhibition. The chemical composition of BVR was determined using a UHPLC-UV-CAD-MS/MS analysis and confirmed the presence of several known alkaloids, including berberine, as well as other alkaloids and two derivatives of hydroxycinnamic acid (ferulic and sinapic acid hexosides). The results are very promising and encourage the use of BVR as a comprehensive chemopreventive agent (anti-inflammatory, antioxidant, and pro-apoptotic) in colorectal cancer, and were widely discussed alongside data from the literature.
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1. Introduction


Colorectal cancer is a primary malignant tumor of the large intestine, originating in the mucosa of the epithelium of the large intestine [1,2]. According to the World Health Organisation, it is the most common cancer, along with breast, lung, rectum, and prostate cancers; in 2020, colon cancer was third in terms of occurrence (1.93 million cases) and second in terms of mortality (916,000 deaths) [3]. Lifestyle factors associated with an increased risk of colorectal cancer include diet, obesity and metabolic syndrome, physical inactivity, smoking, and moderate to heavy alcohol consumption [4]. However, non-modifiable risk factors in the development of the disease also exist. One of them is inflammatory bowel disease. Inflammatory bowel disease significantly increases the risk of developing colorectal cancer and is crucial in its pathogenesis; it may occur from the initial stage of tumorigenesis and facilitate the development of colorectal cancer. Inflammatory bowel disease, its spread, and its exacerbation are also closely related to oxidative stress, which leads to damage to gastrointestinal cells, including DNA damage, protein aggregation, and membrane dysfunction. Several genetic risk loci for inflammatory bowel disease related to oxidative stress exist, and according to the available research, oxidative stress is significantly involved in the development of colorectal cancer [5]. Another non-modifiable risk factor for colorectal cancer is the presence of polyps. Histological progression from polyps to cancer is the result of a series and/or accumulation of genetic changes. Over time, these mutations can cause a loss of function of the TP53 gene, which is a master regulator of transcription and apoptosis, affecting a wide range of cellular functions and ultimately leading to carcinogenesis [4].



One of the most important directions of research in the fight against cancer diseases is chemoprevention. It involves the introduction of external factors, such as medications or supplements, to stop or delay the onset, progression, or recurrence of cancer. Single compounds or extracts from plants have been proven to interfere with a specific stage of the carcinogenic process. The US Food and Drug Administration (FDA) has approved several agents for clinical use in cancer prevention [6,7]. Currently, research attention is especially focused on intracellular signaling cascades as common molecular targets for various chemopreventive phytochemicals. In the case of well-known mechanisms in the development of given cancers, chemoprevention can be used at a specific stage of development and for a specific biochemical pathway. In patients at risk for colorectal cancer, the most important processes that require chemoprevention are oxidative stress, inflammation, and apoptosis disorders. Substances of plant origin are currently one of the most intensively researched groups of chemical substances in terms of their chemopreventive effects, and the most important direction in chemoprevention for colorectal cancer is the search for new antioxidant and anti-inflammatory substances with pro-apoptotic effects.



Berberis vulgaris L. (Berberidaceae) is a medicinal plant of the genus Berberis L. with more than 3000 years of tradition in folk medicine—other roots of the genus Berberis are listed in the Chinese Pharmacopoeia under the name “Sankezhen” [8], and Ayurvedic medicine also uses the root and bark of B.s vulgaris L. The species was also widely used in traditional medicine in Europe due to its beneficial effects on cardiovascular and liver diseases [9]. Also, the anti-inflammatory effect of the raw material was traditionally appreciated [10]. Despite its well-established traditional use for various inflammatory conditions, scientific research reveals little about the anti-inflammatory activity of B. vulgaris root and focuses on the content of its secondary metabolites with anti-inflammatory activity rather than the assessment of the root extract itself [11,12]. The anti-inflammatory effect of B. vulgaris has been confirmed in research, but mainly in the range of the action of fruit extracts [13,14,15,16,17].



B. vulgaris L. is currently appreciated in the Middle East as a medicinal and culinary plant. However, in the Western world, it was forgotten after it was devastated for economic and agricultural reasons in the twentieth century. Due to the intensification of scientific reports on the health-promoting effects of berberine, which is currently being intensively studied, there is an increasing interest in plant raw materials in which it is present. B. vulgaris L. itself is currently becoming increasingly popular among scientists looking for new sources of chemopreventive and chemotherapeutic agents due to its anticancer effects [18,19,20,21,22], and some health benefits of the use of Berberis vulgaris L. have already been assessed clinically [23].



B. vulgaris is a typically alkaloid plant material and its root is the most pharmacologically active part of the plant. Its pharmacological effect is likely related to its alkaloid composition, which has been extensively studied for its anticancer properties, especially against colon cancer. A literature analysis of the activity of the metabolites present in B. vulgaris L., including those unidentified in this study, clearly shows that its anticancer activity against colorectal cancer should be one of the primary and most justified research directions concerning BVR. In this study, the chemopreventive and antiproliferative potential of BVR against colorectal cancer was assessed for the first time. The antioxidant, anti-lipoxygenase, and proapoptotic activity of BVR were evaluated against human colon cancer cell lines. Furthermore, the influence of BVR on the expression of pro-apoptotic genes was examined for the first time. Simultaneously, the chemical composition of BVR was determined to confirm and clarify the influence of the qualitative and quantitative composition of its metabolites on the biological activity of this extract.




2. Results


2.1. Biological Activity of BVR


2.1.1. Antiradical and Antilipooxigenase Activity of BVR


The study was carried out using three methods, each of which demonstrated the antioxidant character of BVR. The DPPH• analysis showed that BVR is characterized by scavenging ability at the level of 63.93 ± 0.006 mg/g, expressed as Trolox equivalents (mg Trolox/g of dry extract). The ORAC results revealed the oxygen radical absorbance capacity (ORAC) for BVR at a level of 220.29 ± 0.02 mg/g, expressed as Trolox equivalents (mg Trolox/g of dry extract). The ABTS•+ results showed that the antiradical capacity (ABTS•+) of BVR was at the level of 122.92 ± 0.01 mg/g, expressed as Trolox equivalents (mg Trolox/g of dry extract). To investigate the anti-inflammatory properties of BVR, an experiment was carried out with one of the enzymes involved in the development of inflammation—lipooxygenase (LOX). Therefore, the direct ability of BVR for LOX activity was tested. Table 1 shows the percentage of inhibition of LOX for concentrations of 1 mg of the dry extract/mL reaction mixture.




2.1.2. Influence of BVR and Its Main Constituents on the Viability of CCD841 CoN, LS180, and HT-29 Cells Using the MTT Assay


The influence of BVR and its biologically active constituents, berberine, palmatine, and berbamine, on the viability of the human colon epithelial cell line CCD841 CoN and human colon adenocarcinoma cell lines LS180 and HT-29 was examined using an MTT assay. Studies were carried out after 48 h of treatment. As presented in Figure 1, BVR significantly decreased the metabolic activity of the normal and cancer cells and the observed effect was dose-dependent. Based on the results of the MTT test, the IC50 of the BVR values were determined for individual cell lines: CCD841 CoN = 50.21 µg/mL, LS180 = 4.31 µg/mL, and HT-29 = 46.06 µg/mL. Simultaneously, the IC50 doses of berberine, palmatine, and berbamine were calculated based on the results of the MTT assay and are shown in Table 2.



In the next step, the cell death induction properties of BVR were examined in the LS180 and HT-29 human colon adenocarcinoma cell lines using the commercial cell death detection ELISA kit. Furthermore, colon cancer cell death in response to BVR was observed under a fluorescence microscope after nuclear double staining. Studies were carried out after 48 h of cell incubation with BVR at IC50 values specific for the investigated cells (IC50 LS180 = 4.31 µg/mL; IC50 HT-29 = 46.06 µg/mL). As presented in Figure 2A, BVR at the indicated concentration induced programmed cell death only in the HT-29 cells, where the number of cytoplasmic nucleosomes reached 489.2% that of the control. The discovered proapoptotic features of BVR confirmed the collected micrographs (Figure 2B). The results of ELISA show that BVR at the tested concentration was unable to induce apoptosis or necrosis in the LS180 cells (Figure 2A), nevertheless, differential staining revealed the single apoptotic cells in the investigated cell line treated with BVR (Figure 2B).




2.1.3. PCR Analysis


The analysis of gene expression considered five genes associated with apoptosis—BCL2 (B-cell CLL/lymphoma 2), BCL2L1 (BCL2 Like 1), BCL2L2 (BCL2 Like 2), CASP3 (caspase 3), and CASP9 (caspase 9), and was carried out in human colon cancer cells exposed to the IC50 dose of BVR.



An increased expression level of genes involved in apoptosis was observed in the LS180 cells. The highest increase was determined for BCL2L1 (421.43%, p < 0.001) and the expression of BCL2L2 was also elevated (240%, p < 0.001). An increased expression of genes encoding caspases was observed: CASP3 (247.83%, p < 0.001) and CASP9 (243.75%, p < 0.001). The expression of BCL2 decreased to 52.03%, p < 0.0001(Figure 3) compared to the untreated controls. An increased expression level of genes involved in apoptosis was also observed in the HT-29 cells. The expression of BCL2L1 was enhanced, but only at a level of 126.86%, p = 0.016. The expression of BCL2L2 was also elevated to the highest level of 286.02%, p < 0.001. An increase in the expression of genes that encode caspases, CASP3 (177.19%, p < 0.0001) and CASP9 (157.99%, p < 0.0001), was also observed, but at a lower level than that recorded in the LS180 cells. In the HT-29 cells, BCL2 expression also decreased to 25% in comparison to untreated samples, p < 0.001 (Figure 4). The relative gene expression is shown in Table 3.





2.2. Phytochemical Profiling and Quantification of Major Specialized Metabolites


The estimated phytochemical profile of the methanolic extract of the root of B. vulgaris (BVR) is presented in Figure 5 and a description of the detected metabolites can be found in Table 4. Moreover, the chemical structure of the identified compounds is shown in Figure 6. The main components determined in this study were alkaloids with a total content of 131.89 mg equivalent to berberine per 1 g of dry extract [mg BE/g BVR], specifying the main metabolite as berberine (70.27 mg/g BVR).





3. Discussion


In this study, we evaluated the chemopreventive activity of BVR, and the antioxidant effect of the extract obtained from the root of B. vulgaris L. was the first step of this evaluation. There is little available in the literature on the antioxidant activity of B. vulgaris L., and, so far, research in this area has focused on fruits or other parts of this species [24]. Gorizpa et al. 2022 determined the antioxidant activity in the root extract of B. vulgaris subsp. asperma at the IC50 level of 89.70 ± 0.92 μg/mL and the values for the root extract of B. vulgaris subsp. orientalis were at the level of 167.24 ± 1.65 μg/mL [25]. El Khalki et al. 2018 reported an EC50 value of 69.65 μg/mL for the root ethanolic extract and 77.75 μg/mL for the root acetone extract [22]. Based on the chromatographical results obtained, it can be concluded that this antioxidant potential is caused by alkaloids with established antioxidant activity, which were determined in this study in BVR: berberine [26], palmatine [27], jatrorrhizine [28], and magnoflorine [29]. However, it is probable that there are other metabolites with antioxidant activity that have not yet been identified in BVR, which requires further research.



In addition to antioxidant activity, effective chemopreventive agents should also have anti-inflammatory activity. In traditional Iranian medicine, B. vulgaris is a known anti-inflammatory agent. Traditional European medicine has also used these properties in the past centuries to treat inflammation, especially diseases of the digestive system. Recent studies have shown that the main mechanisms of the anti-inflammatory effects of B. vulgaris are due to the content of berberine and include changes in the cellular immune response to Th2, Treg induction, the inhibition of inflammatory cytokines (IL-1, TNF, and IFN-γ), and the stimulation of IL-4 and IL-10 [30]. However, the anti-inflammatory effects of individual parts of the plant have not been studied so far. In this study, the anti-lipoxygenase activity of BVR was established at the level of 62 ± 0.87%. It is higher than the determined activity of the fruit (inhibition 45.24 ± 2.45%) but lower than the activity of the stem (83.57 ± 0.13%) and leaves (79.78 ± 2.19%) [24]. Currently, certain alkaloids marked in BVR are known to have anti-inflammatory properties and are probably responsible for its anti-inflammatory activity. The alkaloid with the best documented anti-inflammatory effect is berberine [31], which was determined in our study at a level of 70.27 ± 0.48 mg/g BVR. New reports also mention the anti-inflammatory activity of palmatine [28] and magnoflorine [29,32], which were determined in our study. The available data indicate the need for more detailed information on the composition of root extracts from B. vulgaris.



The next step of the evaluation was the assessment of the cytotoxic activity of BVR towards colon cancer cells. As presented in Figure 2, BVR significantly decreased the metabolic activity of the normal and cancer colon cells, and the observed effect was dose-dependent. The most significant changes were observed in the LS180 cells, where BVR in the concentration range (5–250 µg/mL) caused decreases in cell viability of 62.76 and 92.90%, respectively. Surprisingly, BVR at the lowest concentration tested (5 µg/mL) reduced the viability of CCD841 CoN by 35.02%, while the metabolic activity of HT-29 was lowered by 7.10%. Nevertheless, in the remaining concentration range, the cancer cells were more sensitive to the effect of the extract than the normal cells.



Based on the results of the MTT test, the BVR IC50 values were determined for individual cell lines. CCD841 CoN = 50.21 µg/mL, LS180 = 4.31 µg/mL, and HT-29 = 46.06 µg/mL. A comparison of these IC50 values revealed a greater sensitivity of colon cancer cells than colon epithelial cells to BVR. Furthermore, differences in the sensitivity of the colon cancer cells to the proapoptotic effect of BVR were also observed. Simultaneously, the IC50 doses of berberine, palmatine, and berbamine against the investigated human colon cell lines were determined based on the results of the MTT assay and the data are shown in Table 3. A comparison of IC50 doses revealed that BVR was significantly more cytotoxic to the colon epithelial CCD841 CoN cells than berberine and palmatine. In contrast, it turned out to be the most toxic to normal cells. Significantly lower doses of both the extract and alkaloids reduced the metabolic activity of the colon cancer cell lines. In the case of the LS180 l cells, berbamine showed the relatively lowest cytotoxicity (IC50= 37.62 µg/mL; 61.8 µM) and berberine the highest (IC50 = 0.45 µg/mL; 1.33 µM). At the same time, berbamine turned out to be the most cytotoxic towards the HT-29 cells with an IC50 of 8.77 µg/mL (14.4 µM). There are not many studies that have evaluated the cytotoxicity of BVR; most research concerns single compounds present in the root of B. vulgaris. Abd El-Wahab et al. 2013 showed that root ethanolic extract from B. vulgaris inhibited the growth of breast, liver, and colon cancer cell lines (MCF-7, HepG2, and Caco-2, respectively) in a time- and dose-dependent manner. They also compared the effects of the extract and berberine on the proliferation of these cell lines. They described that the ethanolic extract of B. vulgaris was cytotoxic at concentrations ranging from 1 μg/mL up to 100 μg/mL [19]. El Khalki et al. 2018 showed that the ethanolic extract of B. vulgaris root bark is cytotoxic towards human breast adenocarcinoma cell lines (MCF-7) with an IC50 value of 3.54 μg/mL and no cytotoxicity to normal human peripheral blood mononuclear cells [22].



In regard to the presence of individual compounds in the extract, the main component determined in this study was berberine (70.27 mg/gBVR). Other metabolites determined in BVR were jatrorrhizine, magnoflorine palmatine, aromoline, columbamine, berbamine, and oxycanthine. Our results confirm the literature data [28,33,34]. Furthemore, berberrubine, berlamibine, lambertine, acanthine, and bargustanine were also recorded in the root of B. vulgaris L., but the data are mainly qualitative [10]. However, due to the variation in plant material caused, for example, by soil and climatic factors, there are also publications with slightly different levels of metabolites, as well as varied phytochemical profiles. Furthermore, two glycosidic derivatives of hydroxycinnamic acid (ferulic and sinapic) were identified and quantified in the BVR (in total, about 8 FAE mg/g of BVR).



Among the alkaloids determined in this study, berberine is currently the widest investigated compound from the extract. It was described to be cytotoxic to the HT-29 cells after 48 h of exposure at a dose of 52.37 ± 3.45 μM and these cells were much more sensitive than the other cell lines tested: Tca8113—218.52 μM; CNE2—249.18 μM; MCF-7—272.15 μM; and HeLa—245.18 μM [35]. In the study of haematopoietic cell lines, berberine was cytotoxic in the range from 80.00 μM for CCRF/CEM cells to 250 μM for HL-60/MX2 cells [36]. Anticancer activity against several different cancer lines, including the HT-29 cells examined in this study, was also proven for the alkaloid palmatine, the presence of which has been reported in the investigated extract [37]. In addition, the berbamine determined in the investigated root extract exerts an anticancer effect by the induction of apoptosis. The results of Mou et al.’s 2019 research conducted in normal and cancer colon cells revealed the following IC50 values: HT-29 = 14 µM and IC50 CCD18 Co = 50 µM, which indicates a lower toxicity of berbamine against normal cells. Moreover, they described nuclear fragmentation after berbamine exposure, which indicates apoptosis induction in HT-29 cells after exposure to berbamine [38]. The anticancer activity of jatrorrhizine, which occurs in the root, stem, and bark of B. vulgaris L., has also been described. Zhang et al. 2014 proved that jatrorrhizine in the dose range of 100–500 µg/mL inhibited the cell growth and induced the apoptosis of HepG2 human hepatoma cells in a time- and concentration-dependent manner [39]. The available scientific data clearly suggested that the alkaloids contained in the BVR may influence the extract’s cytotoxicity Nevertheless, it seems that the final beneficial effect may be influenced by the yet undetermined secondary metabolites of the root. Thus, there is a great need to continue research on the content and influence of other chemical groups on the cytotoxic and pro-apoptotic activity of the root of B. vulgaris L., including, for example, tannins or terpene derivatives.



The qPCR analysis of the influence of BVR on the apoptotic gene expression in colon cancer cells is also consistent with that given in the literature regarding the individual alkaloids determined in BVR. They may be individually responsible for influencing the expression of the examined genes. However, next to alkaloids, other yet unidentified secondary metabolites may play role.



Currently, the best described compound of BVR also in the field of pro-apoptotic activity is berberine. The described induction of several biochemical events, that is, a reduction in the mitochondrial membrane potential, the release of cytochrome c, Bcl2 family proteins, and the activation of caspases or degradation of PARP after exposure to berberine, confirms the pro-apoptotic abilities of berberine. It is described that berberine induces apoptosis in cancer cells, mainly by upregulating pro-apoptotic genes and downregulating anti-apoptotic genes [36,40,41]. The pro-apoptotic effect of berberine has been demonstrated in colon in HCT-116 cells, where caspase 3-dependent apoptosis was demonstrated [42], while in the case of other colon cancer SW480 cells, apoptosis involving caspases 3 and 9 was proven [43]. Dai et al. 2019 described that long non-coding RNA cancer susceptibility candidate 2 (lncRNA CASC2) mediates the berberine-induced pro-apoptotic effect in colorectal cancer HT-29 cells by inhibiting Bcl-2 expression at the post-transcriptional level. Caspases 3 and 9 are also targets regulated by CASC2-regulated lncRNA that are related to berberine-induced apoptosis [44,45].



As mentioned above, the anticancer activity of jatrorrhizine, which occurs in the root, stem, and bark of B. vulgaris, has been also described. Sun et al. (2019) revealed a reduction in the levels of protein Bcl-2, procaspase-3, procaspase-8, procaspase-9, and PARP and an increase in the level of pro-apoptotic proteins BAX after exposure to jatrorrhizine in the MDA-MB-231, MCF-7, and 4T1 cell lines [46]. Wang et al. (2019) examined the effect of jatrorrhizine treatment on HCT-116 and HT-29 cells and also reported the down-regulation of procaspase-9 in HT-29 cells but an increase in HCT-116 cells. Further examination showed a slight reduction in procaspase-8 levels in the HT-29 cells and no significant changes in the HCT-116 cells. A slight reduction in the procaspase-3 level was observed in the HCT-116 cells without significant changes in the HT-29 cells [47]. The results indicated that the mechanism underlying its anticancer effect is the induction of apoptosis through caspase, including through the induction of ROS depletion [48], but the caspase-independent mechanism was also described [47]. The effect of jatrorrhizine on proteins in the Wnt signalling pathway has also been described, which are important regulators of cell proliferation and differentiation, whose signalling pathway is closely related to proteins that initiate apoptosis [49], gene transcription, and cell adhesion [50]. The metastasis-inhibiting activity of jatrorrhizine has also been shown through its influence on N-cadherin and E-cadherin in human HCT-116 and HT-29 colon cells [47]. Another alkaloid determined in the BVR with anticancer activity is palmatine. Using the example of a human skin epithelial cancer cell line A431, palmatine was shown to induce apoptosis depending on concentration and exposure time through severe DNA damage and inhibition of the activity of the Bcl-2 protein [51,52]. Wu et al. 2016 showed, also in HT-29 cells, that this compound induces early and late apoptosis, acting photodynamically [53]. Furthermore, Inbaraj et al. and Hirakawa et al. reported that palmatine can bind to DNA and destroy DNA through photooxidation, and then kill human keratinocyte line HaCaT [54,55]. Furthermore, palmatine inhibited the proliferation of human colorectal cancer cell lines by reducing the expression of the inflammatory cytokines IL-1a, IL1-b, and IL-8, granulocyte colony-stimulating factor, and granulocyte-macrophage colony-stimulating factor [56]. The columbamine also identified in the extract inhibited the proliferation, migration, and invasion of the colon cancer cells line HCT-116 and increased the rate of their apoptosis. Data on the mechanism of apoptosis in the case of this compound indicate that both signal transduction and the expression of key factors of the Wnt/β-catenin signaling pathway are suppressed in a dose-dependent manner [57]. Berbamine also identified in the BVR extract has demonstrated pro-apoptotic activity. According to Mou et al. 2019, berbamine activated caspase-3 and 9 and increased the Bax/Bcl-2 ratio in the colon cancer cell line HT-29. Additionally, it triggered the development of autophagic vesicles in HT-29 cells, which was concomitant with an increase in the protein levels of LC3B-I, ATG-5, ATG-12, and Beclin-1. Furthermore, in a wound healing assay, this compound decreased the migration potential of the mentioned cancer cells and also blocked their MEK/ERK signaling pathway [38].



It has also been shown that magnoflorine exerts anticancer effects in gastric cancer cells by regulating autophagic cell death, apoptosis, and cell cycle arrest in the S/G2 phase. Furthermore, magnoflorine inhibited AKT and activated JNK signaling, ROS-accumulation-dependent pathways that are associated with autophagy, apoptosis, and cell cycle arrest in various cancer cells [58]. It has been shown that magnoflorine increases the expression of caspase 3, responsible for apoptosis induction [29]. Some anticancer properties of other plant extracts containing magnoflorine have been also demonstrated, e.g., the inhibition of the expression of vascular endothelial growth factor (VEGF), the expression and stimulation of the angiogenesis process in hepatocellular carcinoma by the aqueous extract of the Coptidis rhizome [39], and the inhibition of the development of cervical cancer cells of the HeLa line, hepatocellular carcinoma cells of HepG2, and the brain tumor line U251 by the methanolic extract of Magnolia grandiflora leaves [59]; also, Ziziphus jujuba fruit extract, containing magnoflorine, shows a cytotoxic effect by inhibiting the proliferation of human breast cancer cell line MCF-7, human liver cancer cell line HepG2, and human colorectal adenocarcinoma cell line HT-29 [60]. Despite very intensive research on the anticancer activity of metabolites isolated from B. vulgaris L., there is still very little research on the activity of extracts from this plant. By analyzing the activity of other metabolites, also unidentified in this study, it is possible to outline research directions for this raw material. Anticancer activity against colorectal cancer seems to be one of the main and most justified research directions, as shown in Table 5.



Among the alkaloids determined in this study, oxycanthin was previously presented as a compound with no impact on the viability of different cancer cell lines. The literature data mentioned above indicate that alkaloids whose presence in BVR was confirmed in this study are largely responsible for the pro-apoptotic effects of B. vulgaris L., and the results of the biological activity of BVR are strongly supported by the literature data on its anticancer activity.



At the same time, the quantitative contents of the compounds determined in this study allow us to conclude that, when used in the extract, they have a more beneficial effect than when used separately at higher concentrations. This shows the advantage of a potential plant drug and the possibility of lowering the drug dose, which is one of the goals of phytopharmacology.



Furthermore, recent studies also show that, in addition to apoptosis, the isoquinoline alkaloids determined in BVR are promising in targeting angiogenesis and metastasis in colon cancer [49,53], which further broadens the prospects for the use of BVR as a new phytopharmaceutical drug. Subsequently, berberine and palmatine are also proven radiosensitizing agents, which also expands the possibilities of BVR being developed as a new phytopharmaceutical anticancer drug or adjuvant in cancer therapy.




4. Materials and Methods


4.1. Plant Material and Preparation of Extract


The root of B. vulgaris L. was obtained from the Botanical Garden of the Maria Curie-Skłodowska University of Lublin in September 2020 (the voucher specimen AO2020091 is deposited at the Department of Pharmaceutical Botany). The material was washed and dried in the shade with ventilation. Subsequently, the roots were ground in an electric mill to a homogeneous size and sieved through a 0.5 mm sieve. The powdered plant material was vacuum packed and stored at −30 °C until extraction.



In total, 2 g of powdered root was extracted with the Dionex ASE 150 accelerated solvent extractor (Sunnyvale, CA, USA) using 100% MeOH (v/v) at 80 °C and 1500 psi (solvent pressure), conducting three repeated extraction cycles. Subsequently, the BVRroot extract was evaporated to dryness under reduced pressure and lyophilized in a FreeZone 1 apparatus (Labconco, Kansas City, KS, USA). The estimated extraction efficiency was 10.29% [102].



For the phytochemical analyses, the freeze-dried extract was re-dissolved in 80% MeOH using an ultrasonic bath and stored at −20 °C until tested.



For the bioassay tests, a 50 mg/mL stock solution was prepared with DMSO and it was stored at −20 ° C until tested. Working solutions of BVR were prepared prior to analysis by dilution with culture medium; the final concentration of DMSO in the test samples was <0.05% (v/v) and its effects were determined in the experiments.




4.2. Chemicals and Reagents


A 2,2-diphenyl-1-picrylhydrazyl (DPPH•), 2,20-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS•+), Folin–Ciocalteu reagent, 2,20-azobis (2-methylpropionamide) dihydrochloride (AAPH), Trolox, acetonitrile and formic acid (both MS grade), berberine (95% purity), and ferulic acid were purchased from Sigma–Aldrich (Stenheim, Germany). Ascorbic acid was purchased from Stanlab (Lublin, Poland), and analytical-grade methanol and aluminium chloride hexahydrate were purchased from POCH (Gliwice, Poland). Ultrapure water was prepared with a Milli-Q purification system (Millipore, Burlington, MA, USA).



The SuperScript Vilo cDNA Synthesis kit was used according to the manufacturer’s recommendations. cDNA was stored at −20 °C until subsequent analysis. PCR reactions were performed using SG onTaq qPCR Master Mix (Eurx, Gdańsk, Poland) on the QuantStudio 5 Real-Time PCR System (Applied Biosystems, Waltham, MA, USA).




4.3. Antiradical Activity Analyses


4.3.1. Determination of Antiradical Potential with the DPPH• Assay


The assay was carried out according to Brand-Williams et al. [103], with some modifications [104]. The absorbance was measured after 60 min at 517 nm using an Infinite Pro 200F microplate reader (Tecan Group, Männedorf, Switzerland). The results are expressed as milligrams of Trolox equivalents per gram of dry extract [mg TE/g].




4.3.2. Determination of Antiradical Capacity with the ABTS•+ Assay


The assay was carried out according to Pellegrini et al. [105], with some modifications [106]. The absorbance was measured at 734 nm after 6 min of incubation. The level (%) was calculated as follows: [(Abscontrol − Abssample)/Abscontrol] × 100. The results are expressed as milligrams of Trolox equivalents per gram of dry extract [mg TE/g].




4.3.3. Oxygen Radical Absorbance Capacity (ORAC) Assay


The determination of the oxygen radical absorbance capacity (ORAC) was carried out according to a method developed by Huang et al. (2002) [107], with some modifications [104]. The activity of the sample is expressed as milligrams of Trolox equivalents per gram of extract [mg TE/g].





4.4. Lipoxygenase (LOX) Inhibitor Screening Assay


The anti-lipoxygenase activity of BVR was determined according to Baraniak and Szymanowska [108]. The absorbance at 234 nm was measured immediately. The absorbance inhibition (%) was calculated as follows: [(Abscontrol − Abssample)/ Abscontrol] × 100.




4.5. Cell Cultures


The human colon epithelial cell line CCD841 CoN was purchased from the American Type Culture Collection (ATCC, Menassas, VA, USA). The human colon adenocarcinoma cell lines LS180 and HT-29 were obtained from the European Collection of Cell Cultures (ECACC, Centre for Applied Microbiology and Research, Salisbury, UK). The CCD841 CoN cells were grown in Dulbecco’s modified Eagle’s Medium (DMEM). Both the LS180 and HT-29 cells were grown in Dulbecco’s modified eagle medium/nutrient mix F-12 Ham (DMEM/F12). All cell culture mediums were supplemented with 10% foetal bovine serum (FBS), penicillin (100 U/mL), and streptomycin (100 μg/mL). The cells were maintained in a humidified atmosphere of 95% air and 5% CO2 at 37 °C.




4.6. Cell Viability Assessment—MTT Assay


The cells were seeded on 96-well microplates at a density of 5 × 104 cells/mL. The next day, the culture medium was removed and the cells were exposed to BVR at concentrations of 5, 50, 100, and 250 μg/mL. After 48 h of incubation, under standard conditions (5% CO2, 37 °C), the MTT solution (5 mg/mL in PBS) was added to the cells for 3 h. The resulting crystals were solubilized overnight in SDS buffer at pH 7.4 (10% SDS in 0.01 N HCl), and the product was quantified spectrophotometrically by measuring the absorbance at a 570 nm wavelength using the microplate reader (BioTek ELx800, Highland Park, Winooski, VT, USA). The results are presented as a percentage of the metabolic activity of the cells treated with the extract versus the cells grown in the control medium (indicated as 100%).




4.7. Cell Death Assessment—ELISA


The cells were seeded on 96-well microplates at a density of 5 × 104 cells/mL. The next day, the culture medium was removed and the cells were exposed to BVR at concentrations equal to the IC50 values calculated on the basis of the results of the MTT assay performed on the cell lines. After 48 h of treatment, cell death (both apoptosis and necrosis) was assessed using the Cell Death Detection ELISAPLUS kit (Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer’s instructions. Assessments were conducted in cytoplasmic fractions, as well as in the cell medium collected from above the cell cultures, leading to determining the amount of nucleosomes in the apoptotic and necrotic cells, respectively. The absorbance was measured at a wavelength of 405 nm using a BioTek ELx800 microplate reader. The results are presented as the percentage of cells that underwent apoptosis/necrosis in response to the investigated compound versus the number of dying cells presented in the untreated control cells (indicated as 100%).




4.8. Cell Death Detection—Nuclear Double Staining


The cells were seeded on an 8-well chamber slide at a density of 5 × 104 cells/mL. The next day, the culture medium was removed and the cells were exposed to BVR at concentrations of 4.31 µg/mL (LS180) or 46.06 µg/mL (HT-29). After 48 h of treatment, cell death was visualized using nuclear double-staining. The cancer cells were incubated with a fluorochrome mixture: propidium iodide (0.15 mg/mL) and Hoechst 33342 (0.24 mg/mL) for 5 min. Then, the stained cells were observed under a fluorescence microscope (Olympus BX51 System Microscope, Olympus Optical CO, Ltd., Tokyo, Japan). Cell images were captured using the CellFamily AnalySIS software (CellFamily AnalySIS software v 3.3) (Matrix Optics, Petaling Jaya, Malaysia).




4.9. Gene Expression Analysis


The cells were seeded in 6-well plates at a density of 5 × 104 cells/mL. The next day, the culture medium was removed and the cells were exposed to BVR at concentrations equal to the IC50 values calculated on the basis of the results of the MTT assay performed on the cell lines. After 48 h of treatment, the cells were washed with ice-cold PBS and harvested. Then, the total RNA was extracted using a HighPure RNA Isolation Kit (Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer’s instructions. The amount and purity of isolated nucleic acids were determined spectrophotometrically using NanoDrop (Thermo Scientific, Wilmington, DE, US).



In total, 1 µg of total RNA was reverse transcripted using the SuperScript Vilo cDNA Synthesis kit according to the manufacturer’s recommendations. Subsequently, the cDNA was stored at −20 °C until later analysis. Before polymerase chain reaction (PCR), the cDNA was diluted 20 times and reactions were performed using SG onTaq qPCR Master Mix (Eurx, Gdańsk, Poland) in the QuantStudio 5 real-time PCR system (Applied Biosystems, Waltham, MA, USA) under the thermal cycling conditions given in the mix manual, for 40 amplification cycles with an annealing/elongation step at 60 °C for 1 min. A melt curve analysis was performed after each reaction plate. All samples were evaluated in triplicate in three technical repetitions (nine replicates in total in both the control and exposed groups). The expression of the following genes was examined: BCL2 apoptosis regulator (BCL2), BCL2 like 1 (BCL2L1), BCL2 like 2 (BCL2L2), caspase 3 (CASP3), and caspase 9 (CASP9). Both the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and hypoxanthine phosphoribosyltransferase 1 (HPRT1) genes were used for expression normalization. All primers, except those previously used for GAPDH [109], were designed by the Primer-BLAST online tool [110]. A detailed characterization of these primers is presented in Supplementary Table S1. The specificity of the PCR products was evaluated in 2% agarose gel electrophoresis. Data were collected and analysed using the comparative Ct method (ΔΔCt method; QuantStudio Design and Analysis Software v1.5.2, Applied Biosystems, Waltham, MA, USA). The expression results are presented as a relative quantification (RQ).




4.10. Phytochemical Profiling and Quantification of Major Specialized Metabolites Using LC-UV-MS/MS Technique


A high-resolution MS analysis of the BVR extract was performed using a Bruker Impact II HD (Bruker, Billerica, MA, USA) quadrupole time-of-flight mass spectrometer (Q-TOF-MS) coupled with an Ultimate 3000 RS chromatographic system (Thermo Fischer Scientific, Wilmington, DE, US). The sample was chromatographed on a Cortecs T3 column (2.1 × 150 mm, 2.7 μm, Waters, Milford, MA, USA) equipped with a precolumn. A 25 min linear gradient (5→50%) of an acetonitrile–water mixture (both acidified with 0.1% formic acid) with a flow rate of 0.5 mL/min was applied. The column was kept at 40 °C. The injection volume was 2 µL. The MS operated in electrospray ionization and both polarity modes, with the following settings: mass scan range of 50–1200 m/z; capillary voltage of 4.0 kV (ESI+) or 3.0 kV (ESI–); nebuliser and drying gas (N2) of 2.0 bar and 10 L/min, respectively; and dry gas temperature of 220 °C. The MS/MS spectra were registered using a collision energy of 35 eV with stepping at 50% and 125% of CE. The acquired data were calibrated internally with sodium formate (10 mM solution in 50% 2-propanol) which was injected into the ion source before the sample analysis. The MS acquisition was accompanied by a charged aerosol detector (CAD, Corona Veo RS, Thermo) that collected data at a frequency of 10 Hz. The data were processed using the DataAnalysis 4.4 software (Bruker, Billerica, MA, USA).



A quantitative analysis of the alkaloids and phenolic acids was carried out using a UPLC-PDA system (ACQUITY class, Waters, Milford, MA, USA).



The chromatographic conditions were as follows: BEH C18 column (2.1 × 100 mm, 1.7 μm, Waters, Milford, MA, USA) maintained at 45 °C, a linear gradient of 28 min (5→40%) of a methanol–water mixture (both acidified with 0.1% formic acid), a flow rate of 0.25 mL/min, and a 2.5 µL injection volume.



The alkaloids were detected based on UV 270 nm (3.6 nm resolution) and a calibration curve for berberine (y = 882.3 x − 287.85; R2 = 0.9995; linear range 0.5–30 µg/mL; LOD = 58.85 ng/mL; LOQ = 176.55 ng/mL). The quantitative results are expressed as milligrams of berberine equivalents (BE) per gram of extract (BVR).



A quantitative analysis of the content of phenolic acid derivatives was performed using the system and chromatographic conditions as previously described, although UV 320 nm detection and a calibration curve for ferulic acid (y = 2716.55x − 67.37; R2 = 0.9999; range 0.5–19.8 µg/mL; LOD = 18.65 ng/mL; LOQ = 55.95 ng/mL) were used. The quantitative results are expressed as milligrams of ferulic acid equivalents (FAE) per gram of extract (BVR).



Data were collected and processed using the MassLynx 4.1 software (Waters, Milford, MA, USA).




4.11. Statistical Analysis


Quantitative values with normal distribution are presented as mean ± standard deviations (SD) or standard errors (SEM), otherwise, medians (lower–upper quartiles) were used. Depending on the distribution, assessed by the Shapiro–Wilk W test, differences between the two independent groups were compared by Student’s t-test, otherwise, the Mann–Whitney U test was used. A comparison between more than two groups was performed using one-way ANOVA, followed by Dunnett’s comparison test. A p-value less than 0.05 was considered to be statistically significant. Data were analysed using Statistica 13.0 (Statsoft Inc., Tulsa, OK, USA) and Microsoft Excel software (Microsoft Excel 2019). The IC50 value (concentration leading to 50% inhibition of cell viability compared to the control) was calculated using GraphPad PRISM (GraphPad Prism 5.0.).





5. Conclusions


Despite quite intensive research on the activity of the metabolites isolated from B. vulgaris L. against colon cancer, there is still very little research on the activity of extracts from this plant. Analyzing the literature data concerning the activity of other metabolites also unidentified in this study, it can be concluded that anticancer activity against colorectal cancer should be one of the main and most justified research directions concerning BVR. However, data on this topic are very lacking in the literature. The present study showed that the root of B. vulgaris L. is a raw material with a high chemopreventive potential to prevent the development of colorectal cancer. The extract is noteworthy because its action is closely related to impacts on processes related to the occurrence of non-modifiable risk factors for colorectal cancer (inflammatory bowel disease, and polyps), which, combined with the modification of modifiable factors (lifestyle, diet, and obesity), can significantly reduce the overall risk of developing colon cancer. Due to its antioxidant, anti-inflammatory, and antiproliferative effects, it can be treated as a comprehensive chemopreventive agent in patients at risk of developing colorectal cancer. It especially concerns those suffering from inflammatory bowel disease or polyps, which are non-modifiable risk factors for colorectal cancer, characterized by inflammation, increased oxidative stress, and impaired apoptosis. BVR is cytotoxic to colorectal cancer cells, but has less cytotoxicity to normal cells. The extract increases the expression of genes related to the apoptosis of colorectal cancer cells, inhibiting tumor proliferation and development.



The raw material of the root of B. vulgaris L. is rich in alkaloids with proven anticancer effectiveness. The quantitative content of these compounds determined in this study allows us to conclude that they act in BVR at much lower doses than in the case of the independent action of a single compound, which can provide an opportunity to reduce the dose of the drug by using BVR. Synergistic action or the influence of undetermined metabolites are the probable reason for BVR activity. However as shown in this study, BVR has an appropriate quantity of pharmacologically active alkaloids responsible for its pro-apoptotic activity. Nonetheless, further research to better understand the chemical composition of BVR seems to be very important. Our finding may be considered as an initial study, and further analysis should be performed in order to improve or replicate our results. This research should be carried out on a larger number of biological replicates to minimize the dispersion of the results obtained. On the other hand, this study may be an incentive for other scientists to become interested in this important topic from a clinical point of view.



An additional advantage is the safety of using the raw material due to the centuries-old tradition of its use, which is why it can be treated as a dietary supplement or a traditional medicine—the French Pharmacopoeia contains a monograph on the bark of the root of B. vulgaris L.
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Figure 1. The effect of the BVR on the viability of human colon epithelial cell line CCD841 CoN and the human colon adenocarcinoma cell lines LS180 and HT-29. The results are presented as mean ± SEM (nmin = 5). Data were analyzed using one-way ANOVA followed by post hoc Dunnett’s test: ** p < 0.01; *** p < 0.001 versus control. 
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Figure 2. Pro-apoptotic effect of BVR in human colon adenocarcinoma cell lines LS180 and HT-29. Cancer cells were exposed to BVR at the IC50 level (4.31 and 46.06 µg/mL for LS180 and HT-29 cells, respectively). (A) Enrichment of nucleosomes in the cytoplasmic fraction (an apoptosis marker) or cell culture medium (a necrosis marker) determined by a cell-death detection ELISA. The results are presented as mean ± SEM (n = 6). Data were analyzed using Student’s t-test (control vs. treated): *** p < 0.001. (B) Nuclear double staining (Hoechst and propidium iodide) cancer cells treated with BVR. Representative pictures from fluorescence microscopy are presented; the magnification is 200×. 
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Figure 3. Differences in relative expression of five apoptotic genes (CASP3, CASP9, BCL2, BCL2L1, and BCL2L2) between LS180 cells treated with BVR and controls. The results are presented as raw data (n = 9). Abbreviations: *** p-value < 0.001. 
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Figure 4. Differences in relative expression of five apoptotic genes (CASP3, CASP9, BCL2, BCL2L1, and BCL2L2) between HT-29 cells treated with BVR and controls. The results are presented as raw data(n = 9). Abbreviations: * p < 0.05 and *** p < 0.001. 
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Figure 5. UHPLC-CAD-QTOF-MS analysis chromatograms of BVR. The peak numbers correspond to Table 3. 
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Figure 6. Chemical structures of metabolites determined in BVR. 
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Table 1. Antioxidant and anti-lipoxygenase activity of BVR. Antiradical effects were determined using ABTS•+, DPPH•, and ORAC assays, and the results are expressed as Trolox equivalents (mg Trolox/g of dry extract). In the LOX test, the results are expressed as % of lipoxygenase inhibition. Data are presented as means ± standard deviations of triplicate measurements.
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	ABTS•+

[mgTE/g]
	ORAC

[mgTE/g]
	DPPH•

[mgTE/g]
	LOX Inhibition

[%]





	122.92 ± 0.01
	220.29 ± 0.02
	63.93 ± 0.01
	62.60 ± 0.87







ABTS•+: 2,2′-azinobis-3-ethylbenzthiazoline-6-sulfonic acid; ORAC: Oxygen Radical Absorbance Capacity; DPPH•: 2,2-diphenyl-1-picrylhydrazyl radical; LOX: lipoxygenase.













 





Table 2. The IC50 values of BVR and berberine, palmatine, and berbamine estimated using the MTT assay. IC50 data are presented as means ± standard deviations of min. five measurements.
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CCD841 CoN

	
LS180

	
HT-29




	
µg/mL

	
µg/mL

	
µg/mL






	
BVR

	
50.21 ± 1.22

	
4.31 ± 1.19

	
46.06 ± 1.11




	
Berberine

	
254.8 ± 2.05

	
0.45 ± 1.25

	
15.92 ± 1.08




	
Palmatine

	
179.8 ± 2.24

	
12.92 ± 1.10

	
29.34 ± 1.08




	
Berbamine

	
13.63 ± 1.02

	
37.62 ± 1.02

	
8.77 ± 1.07











 





Table 3. Expression of genes associated with apoptosis in LS180 and HT29 cells exposed to IC50 levels of BVR (4.31 and 46.06 µg/mL for LS180 and HT-29 cells, respectively). Values are expressed as means RQ ± standard deviations or medians [IQRs].
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Gene

	
LS180

	
HT29




	
Control

	
Exposed

	
Change of Expression (%)

	
Control

	
Exposed

	
Change of Expression (%)






	
CASP3

	
0.46

[0.38–0.51]

	
1.14

[1.09–1.17]

	
247.83↑

	
0.57 ± 0.1

	
1.01 ± 0.11

	
177.19↑




	
CASP9

	
0.48

[0.44–0.6]

	
1.17

[1.01–1.31]

	
243.75↑

	
1.69 ± 0.25

	
2.67 ± 0.38

	
157.99↑




	
BCL2

	
1.23 ± 0.24

	
0.64 ± 0.12

	
52.03↓

	
0.12

[0.12–0.16]

	
0.03

[0.02–0.04]

	
25↓




	
BCL2L1

	
0.42

[0.39–0.57]

	
1.77

[1.44–1.86]

	
421.43↑

	
5.77 ± 1.12

	
7.32 ± 1.32

	
126.86↑




	
BCL2L2

	
0.55 [0.42–0.58]

	
1.32

[1.28–1.43]

	
240↑

	
0.93 [0.68–1.15

	
2.66 [2.55–2.8]

	
286.02↑











 





Table 4. Phytochemicals detected and quantified in BVR based on UHPLC-UV-CAD-MS/MS analysis. Compound numbers correspond to Figure 5.
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	No
	RT (min)
	Formula
	Error (ppm)
	Measured m/z
	MS/MS Fragments
	CAD Area (%)
	Identity
	Content [mg eq/g of Dry BVR]

± SD





	1
	0.81
	-
	0.0
	341.1089 a
	179.0580, 119.0366
	54.62
	-
	ui c



	2
	7.28
	C16H19O9
	−0.4
	355.1036 a
	193.0514, 78.0270, 134.0379
	1.81
	Feruloyl-hexoside
	7.10 d

± 0.03



	3
	8.67
	C17H22O10
	−1.3
	385.1145 a
	223.0624, 79.0699, 164.0471
	0.22
	Sinapoyl-hexoside
	0.66 d

± 0.00



	4
	11.46
	C20H24NO4
	1.1
	342.1695 b
	265.0854, 97.1117, 282.0882, 65.0694
	1.89
	Magnoflorine *
	11.63 e

± 0.12



	5
	12.69
	C19H24NO3
	0.4
	314.1749 b
	269.1169, 209.0957, 237.0907, 165.0697
	0.64
	Unidentified alkaloid
	<LLOQ



	6
	14.06
	C36H39N2O6
	0.6
	595.2799 b
	595.2798, 564.2381, 552.2376, 367.1648
	6.04
	Aromoline
	7.11 e

± 0.22



	7
	17.16
	C37H40N2O6
	0.9
	609.2954 b
	609.2955, 578.2539, 566.2538, 381.1804
	2.46
	Berbamine *
	3.19 e

± 0.04



	8
	18.61
	C37H40N2O6
	0.4
	609.2957 b
	609.2955, 381.1807, 174.0913, 578.2532
	3.85
	Oxycanthine
	5.48 e

± 0.10



	9
	20.27
	C20H20NO4
	−0.2
	338.1381 b
	322.1077, 308.0919, 294.1126, 236.0709
	0.44
	Columbamine
	3.32 e

± 0.08



	10
	20.53
	C20H20NO4
	−0.5
	338.1389 b
	322.1079,308.0920, 294.1128, 236.0708
	4.4
	Jatrorrhizine *
	23.32 e

± 0.11



	11
	21.35
	C38H43N2O6
	0.9
	623.3110 b
	623.3108, 381.1810, 174.0912, 592.2681
	0.22
	Rodiasine
	<LLOQ



	12
	22.73
	C20H18NO4
	0.3
	336.1229 b
	320.0916, 292.0966, 278.0809, 306.0760
	19.34
	Berberine *
	70.27

± 0.48



	13
	22.97
	C21H22NO4
	1.4
	352.1537 b
	336.1226, 278.0807, 322.1073, 308.1278
	4.07
	Palmatine *
	7.57 e

± 0.30







a adduct [M-H]–, b adduct [M+H]+, c ui—unidetyfied, d ferulic acid equivalents (FAE), e berberine equivalents (BE) in mg BE per g BVR [mg BE/g BVR], *—the identity of metabolite was confirmed with the standards.













 





Table 5. Biological activity of BVR metabolite and the prospective of BVR further investigation.






Table 5. Biological activity of BVR metabolite and the prospective of BVR further investigation.





	Metabolite of the Root of

B. vulgaris L.
	Biological Activity of BVR Metabolite and

Prospective of

Further Investigation
	References
	Literature Confirmation of

B. vulgaris L.

Extract Activity
	References





	Bersavine

Berberine

Berbanine

Berbamine
	Antileukemic
	[36,61,62,63,64,65,66]
	Yes
	[66,67]



	Bersavine

Berbamine

Berberine

Magnoflorine
	Cervix cancer
	[59,61,62,68]
	No
	-



	Jatrorrhizine

Berberine

Magnoflorine
	Liver cancer
	[39,46,59,69,70,71,72]
	Yes
	[73]



	Jatrorrhizine

Berberine

Bersavine

Berbamine

Magnoflorine

Palmatine

N-(p-trans-coumaroyl)tyramine

cannabisin G

(±)-lyoniresinol
	Breast cancer
	[46,60,61,62,69,74,75,76]
	Yes
	[21,77]



	Berberine

Jatrorrhizine

Palmatine

Columbamine

Berbamine

Bersavine
	Colon cancer
	[38,41,42,43,44,47,53,53,57,61,62,78]
	No
	-



	Magnoflorine

Berberine
	Gastric cancer
	[58,79]
	No
	-



	Palmatine

Berberine

Jatrorrhizine
	Skin cancer
	[51,54,55,80]
	No
	-



	Berberine,

Columbamine,

Isocorydine,

Oxyberberine
	Prostate cancer
	[81]
	No
	-



	Bersavine

Berbamine

Berberine
	Lung cancer
	[79,81,82]
	No
	-



	(+)-chenabinol

Berkristine

Verfilline

Bersavine

Muraricine

Berbostrejdine

Aromoline

Berlambine

Obamegine

Berberine

Jathrrorhizine


	Alzheimer disease
	[48,83,84,85,86,87,88,89,90,91]
	No
	-



	Berberine

Magnoflorine

Palmatine
	Anti-inflammatory
	[11,12,56,92]
	Yes
	[13,15,16,17,24,30,93]



	Berberine

Palmatine

Jathrrorhizine
	Anti-diabetic

and Metabolic

syndrome
	[50,81,92,94]
	Yes
	[10,95,96,97,98,99,100,101]
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