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The smoketree (Cotinus coggygria) is a historically known medicinal plant from Southeast Europe. Its ethnomedicinal use in skin and mucosal lesions is commonly accepted across countries. Other utilizations reported locally include fever reduction, cardiac diseases, hypertension, urinary diseases, cough, asthma, hemorrhoids, diabetes, numbness of arm, liver disease, and cancer. Departing from the smoketree’s traditional uses, this review summarizes investigations on the phytochemistry and bioactivity of the plant. In vitro and in vivo experiments supporting wound-healing, anti-inflammatory, antibacterial, cytotoxic, antioxidative, hepatoprotective, and antidiabetic effects are presented. Metabolites from smoketree that are responsible for the main pharmacological effects of smoketree are pointed out. Furthermore, the review performs a comparison between C. coggygria and the lacquer tree (Toxicodendron vernicifluum). The latter is a comprehensively studied species used in Asian phytotherapy, with whom the European smoketree shares a consistent pool of secondary metabolites. The comparative approach aims to open new perspectives in the research of smoketree and anticipates an optimized use of C. coggygria in therapy. It also points out the relevance of a chemosystematic approach in the field of medicinal plants research.
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INTRODUCTION
Smoketree (Cotinus coggygria Scop., syn. Rhus cotinus L.) is a shrub growing wildly on sunny limestone slopes in the Balkans, Southern and Eastern Europe, the Caucasus and Central Asia (Matić et al., 2016). Aside from its natural occurrence, smoketree cultivars with colorful foliage are frequently planted in parks and gardens. Smoketree wood, distinctive through its yellow color, has been employed as a dye since ancient times. Key chemical constituents of the golden wood have been revealed in historical textiles from different parts of Europe and Asia: liturgical garments from the Athos Mountain (Valianou et al., 2009; Mantzouris et al., 2011), religious embroideries, brocaded velvets and other ethnographical fabrics from Romania (Petroviciu et al., 2014), even Chinese textiles from Dunhuang, dating back to over thousand years (Tamburini, 2019). Aside from its importance as a dye, smoketree was used for therapeutic purposes since Antiquity. The use of the name “Cotinus coccigria” dates back to Theophrastus (1644) according to the treatize De Historia Plantarum, one of the most important books on the structure and use of plants. However, Linnaeus had first included the smoketree in the Rhus genus, under the name Rhus cotinus (Linnaeus, 1753). The currently used name, Cotinus coggygria, was conferred by (Scopoli, 1772). The genus name, “Cotinus”, means “wild olive” and is of Greek origin (“κoτινος”), while coggygria stems from the Greek “κοκκυγέα” meaning smoke tree.
The knowledge of the therapeutic qualities that has been passed on from generation to generation has lead to a reservoir of information that became the subject of modern research aimed at validating these effects through in vitro and in vivo experiments. Interestingly, a closely related species, previously classified in the same genus as the European smoketree, Rhus, shares a significant amount of common constituents. This species, called Asian lacquer (Toxicodendron vernicifluum or Rhus verniciflua) proved to have many similar indications, but also new ones. By integrating the phytochemistry and pharmacology of these two species, the current review intends to advance and expand the practical use of the European species which has the advantage of being free of allergenic urushiols, as opposed to its Asian counterpart (Ippen, 1983; Kim et al., 2014).
TAXONOMY AND BOTANICAL ASPECTS OF COTINUS COGGYGRIA
The plant is a member of the Anacardiaceae family, which includes tropical representatives like mango (Mangifera indica) and cashew (Anacardium occidentale), but also species vegetating under temperate climates, for example the allergenic poison sumac (Rhus toxicodendron). C. coggygria is multi-stemmed, deciduous, averaging heights of 5–7 m. Its leaves have an ovate or obovate shape, pinnate venation and a glaucous lower face. The small flowers are grouped in large panicles, with the pedicels elongating into hairy stalks that cover the inflorescences with smoke-like puffs. This “smoked” aspect inspired several names of the plant: “smoketree”, “smoke bush”, and even “wig tree”. The species is one of the seven of the genus Cotinus Mill., the others having a narrower distribution range, in North America: C. obovatus (native to Central and South East of the United States), C. carranzae and C. chiangii (both native to Mexico), and in Asia: C. kanaka (native to the southern part of the Eastern Himalayas), C. nanus and C. szechuanensis (growing in South-Central China)1.
TRADITIONAL USES
C. coggygria has a consistent traditional use in Europe and Asia. The Encyclopedia of Romanian Ethnobotany points to the use of the plant as both a dye and medicine, employed for the treatment of wounds and pharyngitis (Butură, 1979). An enthnobotanical survey performed in the region of Dobrogea (South-East Romania) reported on the use of the plant as a cicatrizing agent of open wounds and the treatment of gynecological disorders (Tudor and Georgescu, 2011). The application of C. coggygria (called “skumpina”) has also been acknowledged in a survey focused on plants used by the Czech diaspora from Romanian Banat region (Vlková et al., 2015). In the local folk medicine of Southwestern Romania, several parts of the smoketree are used: young twigs and leaves boiled in water represent a remedy against sore throat, stomatitis, gingivitis and gastritis. More conspicuously, wood slices extracted in badger fat (Meles) were mentioned as ointment ingredients intended to treat slowly healing wounds (Antal and Ardelean, 2015). The ethnomedical use in skin and mucosal lesions is commonly accepted across countries, according to reports from Bulgaria (Nedelcheva, 2012; Koleva et al., 2015), Bosnia and Herzegovina (Redžić, 2007), Serbia (Jarić et al., 2015), Albania (Nedelcheva and Draganov 2014), and Turkey (Kültür, 2007). Other uses include fever reduction (Huang and Williams 1998; Redžić, 2007), cardiac diseases, hypertension, urinary diseases, cough, asthma, hemorrhoids, diabetes, numbness of arm (Kültür, 2007), and liver disease (Shen et al., 1991). The plant is as well mentioned in cancer treatment in Turkey (Kültür, 2007) and Bosnia and Herzegovina (Redžić, 2007). Usually, leaves are the most frequently used plant parts in traditional medicine (as infusions or fresh).
PHYTOCHEMISTRY OF COTINUS COGGYGRIA
Smoketree is characterized by a broad spectrum of polyphenolic secondary metabolites: tannins, various subtypes of flavonoids, phenolic acids, as well as by the presence of volatile organic compounds. Essential oil components are contained in secretory ducts associated with the phloem; ducts run through the cortex of twigs as well as the petiole and midrib of leaves (Metivier et al., 2007; Antal and Ardelean, 2015; Özcan and Yilmaz, 2020).
Tannins
These constituents are abundantly present in C. coggygria, a fact that relates to its taxonomic affiliation to the Anacardiaceae family–a group with economically important tanning plants like quebracho (Schinopsis spp.) and sumacs (Rhus spp.). These polyphenols are able to establish bonds with proteins, and precipitate them–a property which is at the heart of their bioactivity. Their interaction with dermal collagen fibers explains their cicatrizing effects, while the precipitation of bacterial proteins by tannins correlates with their antibacterial effect (Bruneton, 2016). Smoketree contains significant amounts of hydroysable tannins derived from gallic acid. Pentagalloyl glucose (1,2,3,4,6-penta-O-galloyl-β-D-glucopyranose, Figure 1), the ester of glucose with five moieties of gallic acid has been one of the first tannins identified from the plant (Westenburg et al., 2000). The tannin content of leaves was reported to be highest during the flowering period, attaining 18–20% both according to earlier (Buziashvili et al., 1973) and more recent research (Šavikin et al., 2009). The most extensive data on the chemical structure of leaf tannins were reported by Rendeková and co-workers; identifications were performed upon comparison of UV and mass spectra with those from the literature or authentic standards. The presence of galloyl glucose (glucogallin), protocatechuic acid hexoside, trigalloyl hexoside, and tetragalloyl hexoside is accordingly added to the previously known hydrolysable tannins (Rendeková et al., 2016). Gallocatechin was confirmed in the leaves by (Özbek et al., 2016).
[image: Figure 1]FIGURE 1 | Representative compounds from the leaves of C. coggygria.
Flavonoids
Among plant species, smoketree stands out through the presence of nearly all flavonoid subclasses. These compounds have especially been investigated in stems and branches, as these parts are used for the obtainment of an orange-hued dye, containing a mixture of flavonoids.
The Heartwood
The most representative metabolite class of C. coggygria in the heartwood are the aurones: sulfuretin (3′,4′,6-trihydroxyaurone), its glucoside sulfurein (glycosil-7-O-sulfuretin), and its dimer disulfuretin (Westenburg et al., 2000). The latest discovery concerns two new metabolites from the plant kingdom: an aurone epoxide (2,10-oxy-10-methoxysulfuretin) and an auronolignan (Figure 2). In cotinignan A, the first compound of this class, the aurone sulfuretin is bridged to sinapyl alcohol by a benzodioxane ring (Novaković et al., 2019).
[image: Figure 2]FIGURE 2 | Structure of condensed tannins from C. coggygria.
Other orange-colored compounds from smoketree wood are butein (trans-2′,3,4,4′-tetrahydroxychalcone) and isoliquiritigenin (trans-2′,4,4′-trihydroxychalcone), members of the chalcone subclass of flavonoids (Valianou et al., 2009).
A high number of flavonoids have been isolated and identified in methanol extracts of the heartwood (Figure 3). They include the flavanones: eriodictyol, butin and its dimer (3,3″-butindimer) (Antal et al., 2010), liquiritigenin (4′,7-dihydroxyflavanone) and 4′,5,7-trihydroxyflavanone (Valianou et al., 2009), 3′,5,5′,7-tetrahydroxyflavanone (Novaković et al., 2019), the flavanonols: taxifolin and 4′,7-dihydroxyflavanol (Valianou et al., 2009), 2,3-dihydroquercetagetin (Antal et al., 2010), 2,3-trans-fustin, 3-O-methyl-2,3-trans-fustin, 3-O-galloyl-2,3-trans-fustin (Novaković et al., 2019), the flavonols: fisetin, quercetin (Antal et al., 2010) and myricetin (Matić et al., 2013), as well as the flavone: 3′,4′,7- trihydroxyflavone (Novaković et al., 2019). A hallmark of most compounds is the presence of a hydroxy group in position 7 and the absence of a hydroxy-group in position 5 of the A-ring, considered as taxonomical markers for C. coggygria (Novaković et al., 2019).
[image: Figure 3]FIGURE 3 | Sulfuretin and its derivatives–typical aurones in C. coggygria wood.
Several derivatives of flavan-3-ols were isolated and structurally identified in the heartwood (Antal et al., 2010). These plant phenolics are frequent in plants, but particular attention has been given to their occurrence and biologic activity in green tea, pine bark, cacao beans, grape, cranberries and hawthorn (de la Luz Cádiz-Gurrea et al., 2014). The occurrence of polyphenolic dimers is typical for Anacardiaceae plants2[Stevens APG website]. Two proanthocyanidins (fisetinidol-(4α→8)-(+)-catechin and epifisetinidol-(4β→8)-(+)-catechin, Figure 4) were reported so far from smoketree (Antal et al., 2010) They were obtained from the diethyl-ether soluble phase of C. coggygria crude extract, following a four-step procedure (vacuum liquid chromatography on RP-18 material, followed by gel-filtration on Sephadex LH-20, high-speed coutercurrent chromatogrphy, and a second column chromatography using Sephadex LH-20). Their structure assignment of proanthocyanidins presented a challenging case of signal duplication due to rotational isomerism (Antal et al., 2010). Dimers occur beside monomer catechin, isolated as a racemic mixture.
[image: Figure 4]FIGURE 4 | Representative flavonoids with a 6-membered C-ring from the heartwood of C. coggygria, consistently displaying a hydroxy group in position 7 of the A-ring.
Other compounds. A series of phenolic acids were isolated from the heartwood of the plant: gallic acid and its methyl ether in leaves, twigs and heartwood (Westenburg et al., 2000; Antal et al., 2010), galloylshikimic acid, trigallic acid, methyl digallate, trigallate (Rendeková et al., 2016), and β-resorcylic acid (Novaković et al., 2019) in the heartwood. According to Matić and co-workers, the methanol extract of C. coggygria stem contains chlorogenic, caffeic, coumaric, ferulic and rosmaric acid, with the latter being the major representative of its class in the extract (Matić et al., 2013). Moreover, the heartwood also contains 3-O-β-sitosterol glucoside (Novaković et al., 2019).
Young Shoots
Young branches have a different flavonoid profile than the heartwood. The flavonoids here include kaempferol-3-O-glucoside, luteolin-7-O-glucoside, luteolin-8C-glucoside (orientin), and apigenin glycoside. Beside them, gallic acid and its derivatives were as well identified (Marčetić et al., 2013).
Leaves
As leaves were mainly considered a source of tannins, reports on the structure of leaf flavonoids are scarce. Early studies showed that these compounds are based on three main aglycons: myricetin, quercetin, and kaempferol. Sugars of flavonoid glycosides are bound in position 3 of the aglycon and are represented by D-glucose, L-rhamnose, and L-arabinose. Glycosides of the myricetin group (75–80%) are dominant over those of the quercetin group (18–23%), while kampferol glycosides are present in traces (Buziashvili et al., 1973). These early results were confirmed by recent HPLC analysis, identifying the glucosides and rhamnosides of myricetin and quercetin in crude extracts of smoketree leaves (Rendeková et al., 2016). Myricetin-3-O-rhamnoside and myricetin-3-O-galactoside were confirmed spectroscopically in the ethylacetat fraction of a leaf extract (Özbek et al., 2016). Another group of flavonoids, the anthocyanins, are responsible for the various shades of red of smoketree leaves. They include delphinidin 3-galactoside and 7-glucoside, cyanidin 3-galactoside (idaein) and 3-glucoside-7-rhamnoside as well as petunidin 3-glucoside (Tanchev and Timberlake, 1969; Iwashina, 1996).
Essential Oil Components
The volatile organic compounds from C. coggygria have thoroughly been investigated in plants from a variety of regions, ranging from Western Europe to the Himalayas. Due to its aromatic scent, the essential oil of the plant is used in perfumery. Bulgaria is one of the countries producing essential oil form leaves and young twigs of smoketree (Tsankova et al., 1993). The main volatile components are monoterpenes. Limonene dominates in plants from Serbia (Novaković et al., 2007) and Italy (Fraternale and Ricci, 2014). In Greek smoketree, the main components varied according to the site, with limonene being dominant in some samples and myrcene in others (Tzakou et al., 2005). Site-specific variations have as well been pointed out in Turkey, where limonene (Demirici et al., 2003), alpha-pinene (Ulukanli et al., 2014) or geranyl acetate (Bahadirli, 2020) were be the main components. Alfa-pinene is the main compound in essential oil from Bulgarian smoketree samples (Tsankova et al., 1993). Smoketree growing in the northern part of India has myrcene as main volatile constituent (Thapa et al., 2020).
PHARMACOLOGICAL DATA ON THE SMOKETREE
The long-lasting and consistent use of C. coggygria in traditional medicine across countries offers a sound base for its therapeutic use. However, data on the pharmacology of C. coggygria extracts are, for now, at a rather basic stage. Among explored properties, the anti-inflammatory effect was the first to attract the attention of researchers and to be tested experimentally (Bezruk and Lyubetskaya, 1969). Extracts obtained from both leaves and heartwood reduced inflammation in rodent models, while the water extract inhibited cyclooxygenases -1 and -2 (Table 1).
TABLE 1 | Studies evaluating the anti-inflammatory effect of smoketree extracts and fractions.
[image: Table 1]Wound-Healing Effect
In virtually all countries where smoketree is used in traditional phytotherapy, the wound-healing effect is the most cited one. In order to validate this effect (Aksoy et al., 2016), employed a model of excision wounds in rats with experimentally induced diabetes. The topical application of an ointment containing 5% ethanol extract from leaves demonstrated a significant wound healing effect, confirmed histologically. The elevation of hydroxyproline levels, a precursor of collagen, together with favorable antioxidative effects (elevation in glutathione and decrease in malondialdehyde levels) supported the favorable effect of the extract on wound healing. The wound healing effect is also supported by the antimicrobial effect of C. coggygria extracts and essential oils, comprehensively reviewed by (Matić et al., 2016). In order to seek scientific validation for the use of smoketree in the treatment of gastritis, Pavlov and co-workers evaluated the benefits of an aqueous infusion from leaves in indomethacin-induced damage of the gastric mucosa. The intra-gastric administration of 10 ml 2% infusion reduced the number and area of ulcerations, as well as their depth and severity. This effect was accompanied by the decrease of malondialdehyde and uric acid levels, reducing as well the activity of alkaline phosphatase (Pavlov et al., 2013a).
Hepatic Disorders
Traditionally, smoketree preparations were as well used in liver disease (Shen et al., 1991). The hepatoprotective effect were demonstrated in rodent models (Matić et al., 2011; Matić et al., 2013). Liver damage was induced by pyrogallol, and the protective effect of a relatively high dose of methanolic extract (500 mg/kg) from smoketree stem was administered either 2 or 12 h prior to the administration of pyrogallol. The effects were compared to those of myricetin, found to be the main constituent of the extract. Pretreatment with the extract, but as well with myricetin resulted in a hepatoprotective effect, reducing the elevation of serum AST, ALT, ALP and total bilirubin levels that were induced by pyrogallol. Administration of natural compounds was most efficacious when performed 12 h before pyrogallol. In quest of the mechanism of action for the observed effect, the authors explored the status of Akt or protein kinase B in the liver of rats pretreated with smoketree extract or myricetin by immunoblot analysis. Administration of the natural products, either 2 h or 12 h before the pyrogallol application increased Akt activity and phosphorylation. Moreover, an enhanced STAT3 phosphorylation was reported, enabling the adequate activation of the JAK–STAT signaling pathway, an important cascade involved in signal transduction during hepatic injury (Matić et al., 2013). Administration of C. coggygria extract lead to an augmentation of acute phase reactants haptoglobin and a2-macroglobulin with protective role in hepatic lesions. It improved as well markers of oxidative stress, and inhibited NF-kB (Matić et al., 2011). The hepatoprotective effect of smoketree is currently used clinically as part of a compound formula used orally in Traditional Chinese Medicine, where it is mixed with other plant extracts obtained from Schisandra chinesis, Chuipencao (Sedum sarmentosum), wolfberry (Lycium chinense), jujube (Ziziphus jujuba), gardenia (Gardenia jasminoides) (Hao et al., 2018; Su et al., 2018).
Pavlov et al. (2013b) investigated the toxicity of the aqueous infusion prepared from leaves (1, 2, 4%), administered intragastrically for 30 days in a concentration of 10 ml/kg. The authors did not detect pathological modifications in the organs of the treated rats, no subchronic hepatic or renal toxicity were noted. Moreover, no changes in the activity of hepatic enzymes and levels of urea, creatinine, total thyols and triacylglycerols were found. The potential toxicity was further studied for a 20% ethanol infusion; no lesions of the liver and kidney were reported (Ivanova et al., 2013).
Diabetes
There are some reports of C. coggygria form Turkish ethnomedicine, that describe its utilization in diabetes (Kültür, 2007). Some basic steps were performend until now to verify this indication, with regard to the inhibition of key enzymed involved in the disease. A methanol extract and its fractions (petroleum ether, dichloromethane, ethyl acetate, and n-butanol) obtained from leaves smoketree were evaluated in vitro with regard to their α-glucosidase and α-amylase inhibitory activities. The ethyl acetate-soluble fraction displayed the highest efficacy (IC50 = 0.0082 mg/ml), having an inhibitory activity roughly ten times higher than the other fractions. Alfa-amylase was not inhibited in that experimental setting (Gözcü et al., 2016). The α-glucosidase inhibitory activity was also reported for the ethanol extract prepared from the branches of the shrub. After bioactivity-guided fractionation, 2,3,4,6-penta-O-galloyl-β-D-glucose was shown to have the best α-glucosidase inhibitory effect, with an IC50 of 0.96 mg/ml. Comparatively, the related compoung with only four gallic acid residues 1,2,3,6-tetra-O-galloyl-β-D-glucose and gallic acid had week inhibitory effects (Cha et al., 2009).
Cancer
The anti-cancer effects of C. coggygria have received the highest attention in the last period, since the last review on smoketree. References to this regard exist in traditional medicine (Kültür, 2007; Redžić, 2007). Some works explored the cytotoxic effect of smoketree extracts and metabolites on different cell lines, while others pointed out protective effects via antioxidant and anti-mutagenic activities (Westenburg et al., 2000; Matić et al., 2013). One of the earliest studies investigating the cytotoxic effects of this plant focused on the methanol extracts from leaves and flowers, rich in gallic acid and its derivatives. The extracts were applied on two human carcinoma cell lines (cervix–HeLa and colon–LS174). The leaf extract was more active on the HeLa cell line (IC50 = 19.1 ± 3.9% μg/mL), while the flower extract had a slightly better inhibition of the LS174 cell line (IC50 = 41.3 ± 3.9 μg/ml) (Šavikin et al., 2009).
Gospodinova and co-workers investigated the effects of an aqueous ethanolic extract from smoketree leaves, standardized in total polyphenols and flavonoids (2017 a,b,c). The cytotoxicity tests involving human breast cancer cells (MCF7) showed a significant cytotoxic activity (IC50 = 40.6 μg/ml) which was not dose-dependent (Gospodinova et al., 2017a). In a second study, the inhibitory effects on three additional cell lines (breast cancer T47D, cervical cancer HeLa, and ovarian cancer A2780) were explored, in comparison a non-cancerous cell line (breast epithelial cell line MCF10A). Ovarian cancer cells were the most sensitive, being inhibited at an IC50 = 30.8 μg/ml; a certain degree of selectivity against cancer cells were noted in comparison with normal cells (Gospodinova et al., 2017b). The research of a possible mechanism of action lead to the investigation of histone deacetylase activity in MCF7 cells following the application of the leaf extract; high levels of histone deacetylase activity is characteristic for cancer cells. The authors reported a significant reduction of HDAC5 and HDAC7 mRNA transcripts at 2 days post-treatment. A tendency to reduce HDAC3 transcriptional levels also resulted from the research (Gospodinova et al., 2017c). The last paper of this work-group focused on the cytotoxic effects against A431 cells (human squamous cell carcinoma), in comparison with normal skin cells (BJ line). The selectivity against cancer cells was observed, and the best anticancer activity was achieved by the chloroformic fraction of the extract, in comparison to that of the aqueous fraction (Gospodinova et al., 2020). Another extract obtained from leaves with ethyl acetate as solvent was applied on normal skin cells (BJ) and mammary gland epithelium cells (MCF-10A). The extract inhibited the proliferation of activated human fibroblasts expressing fibroblast activation protein α (FAP). This is a serine protease implicated in the genesis and progression of tumors (Iliev et al., 2020). In the study of (Pollio et al., 2016), ethanol extract of C. coggygria branches and leaves showed significant cytotoxic effects, and both cell morphology and growth were affected. The effects on the cell cycle were consistent in all cell lines (A549, MCF7, TK6 and U937), irrespective of their phenotype (adherent or in suspension). The expression profiles of distinct proteins controlling the progression of the cell cycle and cell death were altered. The percentage of cells in the G1 phase was induced by the extract (Pollio et al., 2016).
The cytotoxic effect of C. coggygria on gliobastoma cells (lines U87, U251, and DBTRG-05MG) were investigated by (Wang et al., 2015a; Wang et al., 2015b; Wang et al., 2016). The authors evaluated an ethanol (95%) extract from roots and stems, which contained 4% flavonoids: rutin, fisetin, quercetin, and myricetin. These flavonoids were also used as controls in the assays. The extract was able to inhibit the proliferation of the three cell lines (IC50 = 128.49 μg/ml for U87, 107.62 μg/ml for U251, and 93.57 μg/ml for DBTRG-05MG). It induced apoptosis via Akt inhibition, coupled with ERK protein expression. Moreover, the researchers evaluated the significance of their findings in a xenograft model glioblastoma multiforme in female BALB/c mice, reporting a significant antitumor effect. The reduction of the tumor volume after administration of 25 and 50 mg/kg extract (evaluated at 7, 14, 21, and 28 days) was in the same range as in case of the positive control, temozolomide (Wang et al., 2015a). In a subsequent study, the same extract was loaded into polyvinylpyrrolidone K-30/sodium dodecyl sulfate and polyethyleneglycol-coated liposome, in order to augment its solubility and to achieve an improved cerebral targeting. The cytotoxic mechanism of action of this preparation was studied in vitro. A DBTRG-05MG glioblastoma cell line was employed. Results pointed to a caspase-dependent activation of both the intrinsic and extrinsic signaling pathways of apoptosis. The proposed mechanism of the proapoptotic effect in glioblastoma cells involved the blockade of the SIRT1/p53-mediated mitochondrial pathway and of the Akt pathway (Wang et al., 2015b). The significant inhibitory effect of glioblastoma cells that the ethanol extract from roots/stem of C. coggygria had, was confirmed by an additional work. This study was also performed on a second extract (total flavonoids isolated from C. coggygria var. cinerea). Both extracts reduced cell proliferation and downregulated the signaling pathways PI3K/Akt and ERK (Wang et al., 2016).
The cytotoxic effects of the diethyl ether-soluble fraction obtained from smoketree heartwood were assessed before and after complexation with two cyclodextrins. Along with the extract, two of its marker compounds (the aurone sulfuretin and the chalcone butein) were as well studied. Among the four cell lines that were used in the work (HeLa, A2780, MCF7, and MDA-MB-231), the most sensitive against C. coggygria extract was ovarian carcinoma cell line A2780. The proliferation of these cells were inhibited in the low micromolar range. Butein had the highest activity against HeLa cells, both included in randomly methylated-β-cyclodextrin and in uncomplexed form. Sulfuretin and its complexes had a generally weaker cytotoxicity (Antal et al., 2016).
Other Effects
As for many other medicinal plants, in addition to the validation of effects known from traditional medicine, modern research aims to expand the uses of this species. In this regard, a potential field is represented by neurological disorders. Eftimov and co-workers explored the effects of an aqueous infusion from leaves (1, 2 and 4%, 10 ml/kg) on the behavior of rats, and its protective effect against lipid peroxidation (Eftimov et al., 2016). The effects were evaluated after 30 days of treatment. In the forced swim test, the timespan of immobility increased, and the effect was significant for the 2% infusion. The infusion had no sedative effect, did not induce motor dis-coordination, but reduced signs of depression. The decrease in malondialdehyde levels was not significant and the authors concluded that the positive effects on brain function were not related to an antioxidative effect (Eftimov et al., 2016).
Acetylcholine esterase inhibition is a major target for drugs combating neurodegenerative conditions like Alzheimer’s disease and Parkinson’s disease. A screening of various plant extracts with Ellman’s reagent pointed to C. coggygria as having a real potential to inhibit this enzyme. The best activity was achieved by the crude methanol extract of the heartwood (IC50 = 89.3 μg/ml). In order to find the most active compounds, this extract was partitioned in solvents of increasing polarities (petroleum ether, diethyl ether, ethyl acetate, n-butanol, and water), with the diethyl ether fraction having the highest efficacy (IC50 = 25.4 μg/ml) due to its content in sulfuretin (IC50 = 29.9 μM). After intracerebral injection, the extract elicited an increased acetlycoline concentration (Antal et al., 2008).
Recently, C. coggygria extracts have been studied with regard to their potential in skin care, evaluating the effects as inhibitors of collagenase and elastase, fundamental components of the connective tissue which are responsible for the resistance and elasticity of the skin. The research also tested tyrosinase inhibitory effect, in order to identify a potential utilization as skin lightener. Departing from ethanol extracts of pedicels and leaves, an activity-guided fractionation was performed in order to point out the most active compounds. After partition, it was the ethyl-acetate soluble fraction of the pedicels that had the best effect on collagenase inhibition accompanied by a moderate inhibition of elastase and tyrosinase. The main components of the active fractions were methyl gallate, astragalin, isoquercetin, and hyperoside (Deniz et al., 2020).
COTINUS COGGYGRIA AND TOXICODENDRON VERNICIFLUUM: COMMON GROUND
Despite the research performed up to the present on C. coggygria, mandatory data are yet missing in the pharmacology of this species, including pharmacokinetic tests and clinical trials. Interestingly, as these data are lacking for extracts and fractions, they exist for some of the main compounds of smoketree heartwood: sulfuretin, fisetin, butein, owing mostly to the presence of these and other compounds in the Chinese lacquer (Toxicodendron vernicifluum, syn. Rhus verniciflua). In fact, T. vernicifluum is has a firmly established position in traditional Asian medicine. Not only have there been performed comprehensive in vitro and in vivo studies on this species, but clinical data are also available (Kim et al., 2014). Most of these studies used extracts standardized in fustin (>13.0%), fisetin (7.0%), sulfuretin, butein and other compounds (Lee et al., 2009; Lee et al., 2011). The pharmacokinetic profile of several active compounds has also been reported (Jin et al., 2015).
For T. vernicifluum, over 175 constituents have been isolated and described. A review of the literature on key compounds from smoketree heartwood shows that C. coggygria and T. vernicifluum share an impressive pool of secondary metabolites (Table 2). This situation may even change the systematics of C. coggygria in reassigning it back to its initial genus, Rhus (Novaković et al., 2019). In both species, the major components are sulfuretin and fustin (Antal et al., 2010; Li M. C. et al., 2020).
TABLE 2 | Secondary metabolites occuring both in the heartwoods of Cotinus coggygria (syn. Rhus cotinus) and Toxicodendron vernicifluum (syn. Rhus verniciflua).
[image: Table 2]The high number of shared compounds points to possible similarities in the pharmacology of both species. Moreover, it may provide a significant support in advancing the practical use of the European species into other fields of therapeutic significance, which have already been well developed for T. vernicifluum. To this date, the pharmacologic activities that have been reported for this species are: anti-inflammatory, anti-oxidant, anti-cancer, anti-microbial, anti-diabetic, anti-dislipidemic, anti-platlet, anti-vasoconstrictor, as well as protective of the liver, kidneys, neurons and gastro-intestinal tract. The numerous in vitro and in vivo highlighting these effects make the object of a well-documented review by (Li W. et al., 2020). A significant drawback of scientific literature focused on the pharmacology of plant extracts, including those from T. vernicifluum, is represented by missing or incomplete data on the plant part, the extraction solvent(s) and key marker compounds. Representative studies investigating lacquer extracts standardized in compounds that occur in both species are listed in Table 2. An important advantage of C. coggygria over T. vernicifluum is the absence of allergenic urushiols (Ippen 1983; Bertrand et al., 2008), which are common in the Asian species (Li et al., 2021).
BIOACTIVITY OF COMMON SECONDARY METABOLITES
Key elements in understanding and advancing the pharmacology of smoketree come from studies investigating the metabolites that occur in the plant. Most of the available data come from research on fisetin, sulfuretin and butein, important flavonoids occuring in the woody parts of C. coggygria and T. vernicifluum (Figure 5,6).
[image: Figure 5]FIGURE 5 | Benefits of an interconnected approach for an optimized valorization of smoketree.
[image: Figure 6]FIGURE 6 | Metabolites from smoketree that have been reported to be responsible for the main pharmacological effects of smoketree.
Fisetin benefited from a special attention in recent research (Chen et al., 2020; Yan et al., 2021). This flavonol is also present in many edible plants such as strawberries, onions, apples or persimmons. The fisetin content in plants is between 2 and 160 μg/g (Kashyap et al., 2018). It was first isolated from Rhus cotinus and studies conducted over time showed anti-inflammatory, anticancer, antioxidant and neuroprotective effects (Grynkiewicz and Demchuk, 2019). Of particular interest is ability of fisetin to reduce senescence markers in mice and human tissues. A reduction of senescent cells fraction in white adipose tissue of naturally aged C57BL/6 mice after fisetin treatment was reported (Yousefzadeh et al., 2018). Evaluation of fisetin effects in bleomycin-induced pulmonary fibrosis revealed an inhibition of alveolar epithelium cell senescence through regulation of AMPK/NF-κB signaling pathway. The anti-fibrotic activity of fisetin was therefore associated with the senolytic properties of this compound (Zhang et al., 2020). The accumulation of senescent cells has been associated with aging and with age-related dysfunctions. The characteristics of these cells have been studied and agents capable of eliminating them have been sought (Wissler Gerdes et al., 2020). Thus, senolytic agents, including fisetin, have been proposed to delay aging and reduce the severity of age-related diseases (Yousefzadeh et al., 2018).
Fisetin exerts an antiatherosclerotic effect in mice by reducing the lipid and malondialdehyde (MDA) levels and increasing the level of superoxide dismutase (SOD). The reduction of the atherosclerotic plaque was observed. Fisetin also regulates the expression of LOX-1 (lectin-like oxidized low-density lipoprotein receptor-1) and PCSK9 (proprotein convertase subtilisin/kexin type 9) thus improving lipid metabolism (Yan et al., 2021). Association of fisetin with recombinant tissue plasminogen activator extended the therapeutic window of treatment in acute ischemic stroke. Patients receiving 100 mg fisetin daily for seven days exhibited lower levels of C-reactive protein, MMP-2 (matrix metalloproteinase-2) and MMP-9 (matrix metalloproteinase-9). Therefore, fisetin has shown potential for use as a supplement in reperfusion therapy with recombinant tissue plasminogen activator (Wang et al., 2019). A protective effect on ischemic cardiomyocytes was observed when fisetin was tested in a rat ischemia/reperfusion injury model. Fisetin reduced apoptosis in myocardial cells, prolonged coagulation and decreased Von Willebrand factor plasma levels (Long et al., 2020).
Given the association of neurodegenerative diseases with alterations in gut microbiota, the effects of fisetin as neuroprotective agent have been studied in a mice model of Parkinson’s disease. Fisetin improved motor behavior and protected against dopaminergic neurodegeneration induced by MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine). It also increased the abundance of Lachnospiraceae, activity associated with its neuroprotective properties (Chen et al., 2020).
The anticancer effect of fisetin has also been studied, and the mechanisms by which it acts in cancer have been highlighted in several studies. Its effects have been evaluated in prostate cancer, colon cancer, pancreatic cancer, liver cancer, lung cancer, ovarian cancer or breast cancer cell lines (Imran et al., 2020). Fisetin inhibits the proliferation of pancreatic cancer cells PANC-1 and induces autophagy and apoptosis (Jia et al., 2019). It has been proposed as an adjuvant to 5-fluorouracil treatment in PIK3CA-mutant colorectal cancer. The association of 5-fluorouracil and fisetin resulted in a marked decrease in the viability of cancer cells. The combination determined inhibition of AKT phosphorylation and decreased PI3K (phosphatidylinositide-3-kinase) expression. A preventive effect against tumor formation was also observed for fisetin (Khan et al., 2019). Fisetin acts on oral squamous cell carcinoma by targeting PAK4 (p21-activated kinase 4). Promotion of cell apoptosis and inhibition of proliferation and migration have been reported after treatment of cancer cells with fisetin (Li W. et al., 2020). A clinical trial that included patients with colorectal cancer evaluated the effects of fisetin on inflammatory status. Administration of 100 mg fisetin per day for seven weeks, before and during chemotherapy, resulted in a decrease of hs-CRP (high-sensitivity C-reactive protein) and IL-8 (interleukin-8) levels in the intervention group, revealing the anti-inflammatory activity of this compound when used as a complementary treatment in colorectal cancer (Farsad-Naeimi et al., 2018).
Fisetin has also been studied as an anti-diabetic. In an in vitro model of experimental diabetes, oral administration of fisetin (10 mg/kg) reduced blood glucose and glycosylated hemoglobin levels, while the plasma insulin level was increased. This flavonoid also lead to a decrease of mRNA and expression levels of gluconeogenic genes (phosphoenolpyruvate carboxykinase, glucose-6-phosphatase) (Prasath et al., 2014). The favorable effects of gluconeogenesis inhibition in the liver by fisetin are of relevance for the antidiabetic effects of both C. coggygria and T. vernicifluum.
A recent study showed that fisetin stimulates hair growth. When applied topically in C57BL/6 mice, fisetin acts on hair growth by stimulating the transition from telogen to anagen phase, effect related to its activity on TERT (telomerase reverse transcriptase) expression in the dorsal skin cells of treated mice (Kubo et al., 2020).
Sulfuretin is a major compoud of smoketree wood, emblematic for its golden color. Among the reported effects for this compound are the anti-inflammatory, anticancer, neuroprotective and antidiabetic ones (Pariyar et al., 2017). One of the first studies reported that this aurone is active in rheumatoid arthritis (Choi et al., 2003). The research of the mechanism of the anti-inflammatory pointed to an induction of heme oxygenase-1 expression (Lee et al., 2010), inhibition of LPS-induced inducible nitric oxide synthase, inhibition of cyclooxygenase-2, and reduction of the expression of pro-inflammatory cytokines via down-regulation of NF-kappaB (Shin et al., 2010). In vivo. sulfuretin maintained joint integrity, a result underscored by radiologic and histopathologic evidence (Lee et al., 2012). As a potential anti-diabetic, sulfuretin inhibits aldose reductase, diminishes formation of glycation end products (Lee et al., 2008), and protects against cytokine-induced beta-cell damage in experimentally induced diabetes (Song et al., 2010). The anti-obesity effect of sulfuretin was emphasized in a study performed on obese mice. Decrease of total cholesterol and triglycerides levels, inhibition of lipid accumulation, as well as improvement of glucose metabolism were observed. Sulfuretin also prevented body weight gain (Kim et al., 2019). The anti-adipogenic activity has been associated with the properties of sulfuretin to supress adipogenic factors such as PPARγ (peroxisome proliferator-activated receptor γ), C/EBPα (CCAAT/enhancer-binding protein α) and C/EBPβ. Sulfuretin exhibited dose and time dependent proliferation-reducing effects of 3T3-L1 preadipocytes cells (Lamichhane et al., 2017).
Hepatoprotective properties have as well been reported for sulfuretin. When tested on L02 hepatic cell line, sulfuretin decreased reactive oxygen species levels and protected cells against treatment with palmitate. It acts by promoting mitophagy and the phenolic hydroxyl group was considered to be essential for the cytoprotective properties (Lu et al., 2019).
Sulfuretin showed beneficial effects in an atopic dermatitis mouse model, inhibiting IL4 production and improving several symptoms of the disease. It reduced the severity of skin lesions, the scratching frequency and decreased IgE serum levels (Jiang and Sun, 2018).
Anti-Parkinson activity was evaluated in SH-SY5Y neuroblastoma cells, revealing a protective effect of sulfuretin against the cytotoxicity induced by MPP+ (1-methyl-4-phenyl pyridinium) neurotoxin. The neuroprotective effects are due to the effects of sulfuretin on ERK and Akt/GSK3β pathways (Pariyar et al., 2017).
Butein. Research regarding the biological properties of butein highlighted a wide range of effects, that indicated a potential of use in chronic conditions due to anti-inflammatory, antioxidant, antidiabetic, neuroprotective and anticancer effects (Padmavathi et al., 2017). The effects of this compound correlate with the medicinal properties reported in ethnopharmaceutic and pharmacological studies. Its anti-ulcerative activity was evaluated in mice with gastric ulcer induced with indomethacin and the administration of butein (10, 20, 40 mg/kg) reduced inflammatory parameters, increased PGE2 (prostaglandin E2) concentrations and reduced ulcer areas (Ugan and Un, 2020). Butein exerts preventive effects against functional β-cell damage, slowing the progression of type 1 diabetes mellitus. This effect was studied in cytokine-induced β-cell damage. The chalcone blocked cytokine-induced NO production, the expression of iNOS, the translocation of NF-κB and inhibited insulin secretion stimulation by glucose (Jeong et al., 2011). Butein has a significant anti-inflammatory effect, inhibiting the production of pro-inflammatory cytokines, matrix metalloproteinases, expression of enzymes involved in inflammation such as COX-2; in experimentally induced osteoarthritis it has been shown to reduce cartilage erosion and synovitis (Zheng et al., 2017). Several studies have evaluated the cytotoxic effects of butein on cell lines including human cervical cancer (C-33A, SiHa) (Yang J. et al., 2018), breast cancer MCF7 and T47D (Huang et al., 2020), non-small-cell lung cancer (Di et al., 2019), human oral squamous cancer (SAS, KB) (Bordoloi et al., 2019) and many other. The compound induces apoptosis by activating the Bax-caspase-3-PARP pathway, it induces the arrest of the cell cycle at the G2/M transition, blocks telomerase activity, reduces angiogenesis and has anti-metastatic properties (Jayasooriya et al., 2018).
The health-promoting effects of smoketree extracts are further supported by pharmacological data other secondary metabolites, including fustin, eriodictyol, isoliquiritigenin, taxifolin, myricetin and pentagalloyl-glucose. Fustin (dihydrofisetin), a major flavanonol derivative in heartwoods of C. coggygria and T. vernicifluum, has antioxidative, antiproliferative and anti-inflammatory effects (Jung et al., 2007). Fustin and an extract of T. vernicifluum branches standardized in 3% of this compound were tested in lipopolysaccharide (LPS)-stimulated rats and were able to prevent the elevation of interleukin-6 cytokine, as well as the expression of iNOS, and COX-2 mRNA expression (Moon et al., 2015). This flavonoid also protects against 6-hydroxydopamine-induced neuronal cell death (Park et al., 2007) and reduces experimentally induced learning impairment, due to a muscarinic M1 receptor-mediated anticholinergic effect (Jin et al., 2009).
Eriodictyol is known for anti-inflammatory, cardioprotective, neuroprotective, anti-obesity, antioxidant and anti-cancer (Islam et al., 2020) effects. This flavanone induces apoptosis of CHG-5 and U87MG glioma cell lines, thus presenting anti-tumor effects. The mechanism involved is related to the downregulation of PI3K/Akt/NF-κB signaling pathway (Li et al., 2021). Eriodictyol also targets MEK/ERK signaling pathway, exhibiting antiproliferative properties in human nasopharyngeal CNE1 cancer cells. It inhibits the migration and invasion of cancer cells and induces autophagy (Tang et al., 2020). The anti-arthritic effect of eriodictyol was shown in a study performed in a rat model of rheumatoid arthritis. Eriodictyol (20 mg/kg or 40 mg/kg) was administered orally in rats with collagen-induced rheumatoid arthritis for four weeks and it determined a reduction of paw swelling and decreased IL-6, IL-1β and TNF-α levels (Lei et al., 2020). Eriodictyol showed positive effects on dyslipidemia, insulin resistance, inflammation and hepatic steatosis when administered in diet induced C57BL/6N obese mice. A decrease in triglyceride, total cholesterol and free fatty acids levels was observed after dietary supplementation with 0.005% w/w eriodictyol for 16 weeks. Plasma glucose and plasma levels of pro-inflammatory cytokines were also reduced (Kwon and Choi, 2019).
The chalcone isoliquiritigenin is mostly known from licorice species (Glycyrrhiza sp.). Its anti-inflammatory, anti-oxidative, anticancer and protective (hepatoprotective, cardioprotective) effects have been reviewed by (Peng et al., 2015). Taxifolin, myricetin and quercetin are well-studied flavonoids that are already marketed as dietary supplements. They have a widespread occurrence in the Plant Kingdom and their activity has extensively been covered by recent reviews (Andres et al., 2018; Sunil and Xu, 2019; Song et al., 2020).
Pentagalloyl glucose is a hydrolysable tannin with a high antioxidant activity due to the numerous phenolic hydroxy groups in its structure. Its properties include anti-inflammatory, anti-bacterial, antidiabetic, and anti-cancer properties. It is able to inhibit DNA replication, cause cell cyle arrest in the G1 and S phases, and elicit apoptosis (Zhang et al., 2009). This compound stands out due to its ability to bond to proteins, especially those with a high-proline content like collagens, via hydrogen bonds and hydrophobic forces. This property makes pentagalloylglucose a candidate in the treatment of vascular disease (Patnaik et al., 2019). The ability to precipitate bacterial proteins translates into an intense bacteriostatic effect, combating both Gram-positive and Gam-negative bacteria like: methicillin-resistant and quinolone-resistant Staphylococcus aureus, Streptococcus mutans, Escherichia coli, and Pseudomonas eruginosa (Cho et al., 2010).
PERSPECTIVES
Cotinus coggygria Scop. is a species brought in to the attention of modern pharmacological research via centuries-old traditional medicine. It is not included in European Pharmacopoeas. Most of the effects mentioned in ethnopharmacy found support after scrutiny with in vitro and in vivo experimental models: wound-healing, anti-bacterial, anti-inflammatory. The chemical composition of the plant includes three major groups of compounds–tannins, volatile organic compounds and flavonoids. With regard to the latter, smoketree showcases a distinctive profile of 5-deoxyflavonoids consisting in notable amounts of sulfuretin, fisetin and butein. Interestingly, this rare profile is shared by the lacquer tree (Toxicodendron vernicifluum), a species of Asian origin that is taxonomically related to smoketree. While biomedical research performed on this well-established species in Asian phytotherapy is superposing with some known health-promoting activities of the smoketree, it has a real potential to guide research and utilization toward new therapies. These chiefly include obesity, diabetes, metabolic syndrome, vascular disease and cancer treatment.
AUTHOR CONTRIBUTIONS
AD, AF, PI, and JR wrote this manuscript. AF illustrated the article. SC and DC revised the manuscript. AD presented the writing ideas and prepared the final version of the manuscript.
FUNDING
Publication fees were received from the Victor Babes University of Medicine and Pharmacy Timisoara.
12FOOTNOTES
1The Plant List, ^ http://www.theplantlist.org/browse/A/Anacardiaceae/Cotinus/ (Accessed January 26, 2021) Plants of the World online, ^ http://www.plantsoftheworldonline.org/ (Accessed January 26, 2021).
2Stevens, P.F. Angiosperm Phylogeny Website. ^ http://www.mobot.org/MOBOT/research/APweb/ (Accessed December 3, 2020)
REFERENCES
 Aksoy, H., Sen, A., Sancar, M., Sekerler, T., Akakin, D., Bitis, L., et al. (2016). Ethanol extract of Cotinus coggygria leaves accelerates wound healing process in diabetic rats. Pharm. Biol. 54 (11), 2732–2736. doi:10.1080/13880209.2016.1181660
 Andres, S., Pevny, S., Ziegenhagen, R., Bakhiya, N., Schäfer, B., Hirsch-Ernst, K. I., et al. (2018). Safety aspects of the use of quercetin as a dietary supplement. Mol. Nutr. Food Res. 62 (1), 1700447. doi:10.1002/mnfr.201700447
 Antal, D., Ardelean, F., Andrica, F., Danciu, C., and Avram, S. (2015). Anatomical characteristics and tissue localization of various flavonoid subclasses in Cotinus coggygria stem and leaf cross-sections. Planta Med. 81 (16), PW_156. doi:10.1055/s-0035-1565780
 Antal, D. S., and Ardelean, F. (2015). “Cotinus coggygria Scop,” in Romanian traditional medicine: results of an ethnobotanical survey performed in the South-Western part of the country. “Natural products as a source of compounds with chemopreventive and anti-inflammatory activity”. 10.07.2015 . (Timisoara, Book of Abstracts), 22. 
 Antal, D. S., Ardelean, F., Pinzaru, I., Borcan, F., Ledeţi, I., Coricovac, D., et al. (2016). Effects of cyclodextrin complexation on the anti-cancer effects of Cotinus coggygria extract and its constituents, butein and sulfuretin. Rev. Chim. 67 (8), 1618–1622. 
 Antal, D., Schwaiger, S., Ellmerer-Müller, E., and Stuppner, H. (2010). Cotinus coggygriaWood: novel flavanone dimer and development of an HPLC/UV/MS method for the simultaneous determination of fourteen phenolic constituents. Planta Med. 76 (15), 1765–1772. doi:10.1055/s-0030-1249878
 Antal, D., Schwaiger, S., Hornick, A., Rollinger, J., Prast, H., and Stuppner, H. (2008). Cotinus coggygria heartwood: a new source of acetylcholinesterase inhibiting compounds. Planta Med. 74 (09), PA194. doi:10.1055/s-0028-1084192
 Bahadirli, N. P. (2020). Essential oil content and composition of Cotinus coggygria Scop. from Hatay, Turkey. Int. J. Agric. For. Life Sci. 4 (1), 111–114. 
 Bertrand, C., Bellvert, F., Boisroux, A., Comte, G., and Taoubi, K. (2008). Urushiol congeners of Rhus sp. mother tincture. Planta Med. 74 (09), PC41. doi:10.1055/s-0028-1084559
 Bezruk, P. I., and Lyubetskaya, Z. A. (1969). Antiphlogistic properties of the total flavonoids extracted from Cotinus coggygria leaves. Farmakol Toksikol (Moscow) 32 (5), 596–598. 
 Bordoloi, D., Monisha, J., Roy, N. K., Padmavathi, G., Banik, K., Harsha, C., et al. (2019). An investigation on the therapeutic potential of butein, a tretrahydroxychalcone against human oral squamous cell carcinoma. Asian Pac. J. Cancer Prev. 20 (11), 3437–3446. doi:10.31557/APJCP.2019.20.11.3437
 Bruneton, J. (2016). Pharmacognosie, phytochimie, plantes médicinales. 5th Edn. Paris: Lavoisier Tec and Doc, 556–616.
 Butură, V. (1979). Enciclopedie de etnobotanică românească. Ştiinţifică şi enciclopedică. Bucureşti. 
 Buziashvili, I. S., Komissarenko, N. F., and Kolesnikov, D. G. (1973). Polyphenolic compounds in the leaves of the Venetian sumac (Rhus coriaria) and sumac (Cotinus coggygria). Fenol’nye Soedin Ikh Fiziol Svoistva. Mater. Vses Simp Fenol’nym Soedin. 2, 159–162. 
 Cha, M. R., Park, J. H., Choi, Y. H., Choi, C. W., Hong, K. S., Choi, S. U., et al. (2009). Alpha-glucosidase inhibitors from the branches extract of Cotinus coggygria. Korean J. Pharmacogn. 40 (3), 229–232. 
 Chen, T.-J., Feng, Y., Liu, T., Wu, T.-T., Chen, Y.-J., Li, X., et al. (2020). Fisetin regulates gut microbiota and exerts neuroprotective effect on mouse model of Parkinson's disease. Front. Neurosci. 14, 549037. doi:10.3389/fnins.2020.549037
 Cho, J.-Y., Sohn, M.-J., Lee, J., and Kim, W.-G. (2010). Isolation and identification of pentagalloylglucose with broad-spectrum antibacterial activity from Rhus trichocarpa Miquel. Food Chem. 123 (2), 501–506. doi:10.1016/j.foodchem.2010.04.072
 Choi, J., Yoon, B. J., Han, Y. N., Lee, K. T., Ha, J., Jung, H. J., et al. (2003). Antirheumatoid arthritis effect of Rhus verniciflua and of the active component, sulfuretin. Planta Med. 69 (10), 899–904. doi:10.1055/s-2003-45097
 de la Luz Cádiz-Gurrea, M., Fernández-Arroyo, S., and Segura-Carretero, A. (2014). Pine bark and green tea concentrated extracts: antioxidant activity and comprehensive characterization of bioactive compounds by HPLC-ESI-QTOF-MS. Ijms 15 (11), 20382–20402. doi:10.3390/ijms151120382
 Demirci, B., Demirci, F., and Başer, K. H. C. (2003). Composition of the essential oil ofCotinus coggygria Scop. from Turkey. Flavour Fragr. J. 18 (1), 43–44. doi:10.1002/ffj.1149
 Deniz, F. S. S., Salmas, R. E., Emerce, E., Cankaya, I. I. T., Yusufoglu, H. S., and Orhan, I. E. (2020). Evaluation of collagenase, elastase and tyrosinase inhibitory activities of Cotinus coggygria Scop. through in vitro and in silico approaches. South Afr. J. Bot. 132, 277–288. doi:10.1016/j.sajb.2020.05.017
 Di, S., Fan, C., Ma, Z., Li, M., Guo, K., Han, D., et al. (2019). PERK/eIF-2α/CHOP pathway dependent ROS generation mediates butein-induced non-small-cell lung cancer apoptosis and G2/M phase Arrest. Int. J. Biol. Sci. 15 (8), 1637–1653. doi:10.7150/ijbs.33790
 Eftimov, M., Pavlov, D., Nashar, M., Ivanova, D., Tzaneva, S. V., and Valcheva-Kuzmanova, S. (2016). Effects of aqueous infusion from Cotinus coggygria leaves on behavior and lipid peroxidation in rats. Farmacia 64 (1), 67–71. 
 Farsad-Naeimi, A., Alizadeh, M., Esfahani, A., and Darvish Aminabad, E. (2018). Effect of fisetin supplementation on inflammatory factors and matrix metalloproteinase enzymes in colorectal cancer patients. Food Funct. 9 (4), 2025–2031. doi:10.1039/c7fo01898c
 Fraternale, D., and Ricci, D. (2014). Chemical composition and antimicrobial activity of the essential oil ofCotinus coggygriaScoop. From Italy. J. Essent. Oil Bearing Plants 17 (3), 366–370. doi:10.1080/0972060x.2014.895192
 Gospodinova, Z., Bózsity, N., Nikolova, M., Krasteva, M., and Zupkó, I. (2017b). Antiproliferative properties against human breast, cervical and ovarian cancer cell lines, and antioxidant capacity of leaf aqueous ethanolic extract from Cotinus coggygria Scop. Acta Med. Bulg. 44 (2), 20–25. doi:10.1515/amb-2017-0014
 Gospodinova, Z., Krasteva, M., and Manova, V. (2017c). Effects of Cotinus coggygria extract on the transcriptional levels of histone deacetylase genes in breast cancer cells in vitro. Am. J. Pharm. Health Res. 5, 60–69. 
 Gospodinova, Z., Nikolova, M., Vladimirova, A., and Antov, G. (2020). Assessment of in vitro cytotoxicity of leaf extract and fractions of Cotinus coggygria Scop. on human non-melanoma skin cancer cells. MESMAP–6 Proc. Book , 104. 
 Gospodinova, Z., Zupkó, I., Bózsity, N., Manova, V. I., Georgieva, M. S., Todinova, S. J., et al. (2017a). Cotinus coggygria Scop. leaf extract exerts high but not dose-and time-dependent in vitro cytotoxic activity on human breast cancer cells. Genet. Plant Physiol. 7, 176–183. doi:10.1515/znc-2020-0087
 Gözcü, S., Yuca, H., Dursunoğlu, B., Güvenalp, Z., and Demirezer, L. Ö. (2016). “In vitro antidiabetic activity of Cotinus coggygria Scop,” in Planta med. , 82. Rudigerstr 14, D-70469, Stuttgart, Germany: Georg Thieme Verlag KG. 
 Grynkiewicz, G., and Demchuk, O. M. (2019). New perspectives for fisetin. Front. Chem. 7, 697. doi:10.3389/fchem.2019.00697
 Hao, S., Ma, J., Kong, X., Su, F., Li, J., Li, W., et al. (2018). Effects of compound Cotinus coggygria oral liquid on liver homogenate and liver tissue of rats. Chin. J. Clin. Pharmacol. Ther. 23 (6), 627. doi:10.12092/j.issn.1009-2501.2018.06.005
 Hashida, K., Tabata, M., Kuroda, K., Otsuka, Y., Kubo, S., Makino, R., et al. (2014). Phenolic extractives in the trunk of Toxicodendron vernicifluum: chemical characteristics, contents and radial distribution. J. Wood Sci. 60 (2), 160–168. doi:10.1007/s10086-013-1385-8
 Huang, C., Xia, X., He, J., Liu, Y., Shao, Z., Hu, T., et al. (2020). ERα is a target for butein-induced growth suppression in breast cancer. Am. J. Cancer Res. 10 (11), 3721–3736.
 Huang, K. C., and Williams, W. M. (1998). The pharmacology of Chinese herbs. 2nd Edn. Berlin: Springer, 193–194.
 Iliev, I., Ivanov, I., Todorova, K., and Dimitrova, M. (2020). Effects of a Cotinus coggygria ethyl acetate extract on two human normal cell lines. Acta Morphol. Anthropol. 27 (3-4), 25–29. 
 Imran, M., Saeed, F., Gilani, S. A., Shariati, M. A., Imran, A., Afzaal, M., et al. (2020). Fisetin: an anticancer perspective. Food Sci. Nutr. 9 (1), 3–16. doi:10.1002/fsn3.1872
 Ippen, H. (1983). Contact allergy to Anacardiaceae. A review and case reports of poison ivy allergy in central Europe. Derm Beruf Umwelt 31 (5), 140–148.
 Islam, A., Islam, M. S., Rahman, M. K., Uddin, M. N., and Akanda, M. R. (2020). The pharmacological and biological roles of eriodictyol. Arch. Pharm. Res. 43 (6), 582–592. doi:10.1007/s12272-020-01243-0
 Ivanova, D. G., Pavlov, D. V., Eftimov, M., Kalchev, K., Nashar, M. A., Tzaneva, M. A., et al. (2013). Subchronic toxicity study of ethanol infusion from Cotinus coggygria wood in rats. Bulg. J. Agric. Sci. 19 (2), 182–185. 
 Iwashina, T. (1996). Detection and distribution of chrysanthemin and idaein in autumn leaves of plants by high performance liquid chromatography. Ann. Tsukuba Bot. Gard. 15, 1–8. 
 Jarić, S., Mačukanović-Jocić, M., Djurdjević, L., Mitrović, M., Kostić, O., Karadžić, B., et al. (2015). An ethnobotanical survey of traditionally used plants on Suva planina mountain (south-eastern Serbia). J. Ethnopharmacol. 175, 93–108. doi:10.1016/j.jep.2015.09.002
 Jayasooriya, R. G. P. T., Molagoda, I. M. N., Park, C., Jeong, J.-W., Choi, Y. H., Moon, D.-O., et al. (2018). Molecular chemotherapeutic potential of butein: a concise review. Food Chem. Toxicol. 112, 1–10. doi:10.1016/j.fct.2017.12.028
 Jeong, G.-S., Lee, D.-S., Song, M.-Y., Park, B.-H., Kang, D.-G., Lee, H.-S., et al. (2011). Butein from Rhus verniciflua protects pancreatic β cells against cytokine-induced toxicity mediated by inhibition of nitric oxide formation. Biol. Pharm. Bull. 34 (1), 97–102. doi:10.1248/bpb.34.97
 Jia, S., Xu, X., Zhou, S., Chen, Y., Ding, G., and Cao, L. (2019). Fisetin induces autophagy in pancreatic cancer cells via endoplasmic reticulum stress- and mitochondrial stress-dependent pathways. Cell Death Dis 10 (2), 142. doi:10.1038/s41419-019-1366-y
 Jiang, P., and Sun, H. (2018). Sulfuretin alleviates atopic dermatitis-like symptoms in mice via suppressing Th2 cell activity. Immunol. Res. 66 (5), 611–619. doi:10.1007/s12026-018-9025-4
 Jin, C.-H., Shin, E.-J., Park, J.-B., Jang, C.-G., Li, Z., Kim, M. S., et al. (2009). Fustin flavonoid attenuates β-amyloid (1-42)-induced learning impairment. J. Neurosci. Res. 87 (16), 3658–3670. doi:10.1002/jnr.22159
 Jin, M. J., Kim, I. S., Park, J. S., Dong, M.-S., Na, C.-S., and Yoo, H. H. (2015). Pharmacokinetic profile of eight phenolic compounds and their conjugated metabolites after oral administration of Rhus verniciflua extracts in rats. J. Agric. Food Chem. 63 (22), 5410–5416. doi:10.1021/acs.jafc.5b01724
 Jung, C. H., Kim, J. H., Hong, M. H., Seog, H. M., Oh, S. H., Lee, P. J., et al. (2007). Phenolic-rich fraction from Rhus verniciflua Stokes (RVS) suppress inflammatory response via NF-κB and JNK pathway in lipopolysaccharide-induced RAW 264.7 macrophages. J. Ethnopharmacology 110 (3), 490–497. doi:10.1016/j.jep.2006.10.013
 Kashyap, D., Sharma, A., Sak, K., Tuli, H. S., Buttar, H. S., and Bishayee, A. (2018). Fisetin: a bioactive phytochemical with potential for cancer prevention and pharmacotherapy. Life Sci. 194, 75–87. doi:10.1016/j.lfs.2017.12.005
 Khan, N., Jajeh, F., Eberhardt, E. L., Miller, D. D., Albrecht, D. M., Van Doorn, R., et al. (2019). Fisetin and 5-fluorouracil: effective combination for PIK3CA -mutant colorectal cancer. Int. J. Cancer 145 (11), 3022–3032. doi:10.1002/ijc.32367
 Kim, J.-S., Kwon, Y.-S., Chun, W.-J., Kim, T.-Y., Sun, J., Yu, C.-Y., et al. (2010). Rhus verniciflua Stokes flavonoid extracts have anti-oxidant, anti-microbial and α-glucosidase inhibitory effect. Food Chem. 120 (2), 539–543. doi:10.1016/j.foodchem.2009.10.051
 Kim, J. H., Shin, Y. C., and Ko, S.-G. (2014). Integrating traditional medicine into modern inflammatory diseases care: multitargeting byRhus vernicifluaStokes. Mediators Inflamm. 2014, 1. doi:10.1155/2014/154561
 Kim, S., Song, N.-J., Chang, S.-H., Bahn, G., Choi, Y., Rhee, D. K., et al. (2019). Sulfuretin prevents obesity and metabolic diseases in diet induced obese mice. Biomolecules Ther. 27 (1), 107–116. doi:10.4062/biomolther.2018.090
 Koleva, V., Dragoeva, A., Nanova, Z., Koynova, T., and Dashev, G. (2015). An ethnobotanical study on current status of some medicinal plants used in Bulgaria. Int. J. Curr. Microbiol. App. Sci. 4 (4), 297–305. 
 Kubo, C., Ogawa, M., Uehara, N., and Katakura, Y. (2020). Fisetin promotes hair growth by augmenting TERT expression. Front. Cel Dev. Biol. 8, 566617. doi:10.3389/fcell.2020.566617
 Kültür, Ş. (2007). Medicinal plants used in Kırklareli Province (Turkey). J. Ethnopharmacology 111 (2), 341–364. doi:10.1016/j.jep.2006.11.035
 Kwon, E.-Y., and Choi, M.-S. (2019). Dietary eriodictyol alleviates adiposity, hepatic steatosis, insulin resistance, and inflammation in diet-induced obese mice. Ijms 20 (5), 1227. doi:10.3390/ijms20051227
 Lamichhane, R., Kim, S.-G., Kang, S., Lee, K.-H., Pandeya, P. R., and Jung, H.-J. (2017). Exploration of underlying mechanism of anti-adipogenic activity of sulfuretin. Biol. Pharm. Bull. 40 (9), 1366–1373. doi:10.1248/bpb.b17-00049
 Lee, D.-S., Jeong, G.-S., Li, B., Park, H., and Kim, Y.-C. (2010). Anti-inflammatory effects of sulfuretin from Rhus verniciflua Stokes via the induction of heme oxygenase-1 expression in murine macrophages. Int. Immunopharmacology 10 (8), 850–858. doi:10.1016/j.intimp.2010.04.019
 Lee, E. H., Song, D.-G., Lee, J. Y., Pan, C.-H., Um, B. H., and Jung, S. H. (2008). Inhibitory effect of the compounds isolated from Rhus verniciflua on aldose reductase and advanced glycation endproducts. Biol. Pharm. Bull. 31 (8), 1626–1630. doi:10.1248/bpb.31.1626
 Lee, K.-W., Chung, K.-S., Seo, J.-H., Yim, S.-V., Park, H.-J., Choi, J.-H., et al. (2012). Sulfuretin from heartwood of Rhus verniciflua triggers apoptosis through activation of Fas, Caspase-8, and the mitochondrial death pathway in HL-60 human leukemia cells. J. Cel. Biochem. 113 (9), 2835–2844. doi:10.1002/jcb.24158
 Lee, S.-h., Choi, W.-c., and Yoon, S.-w. (2009). Impact of standardized Rhus verniciflua Stokes extract as complementary therapy on metastatic colorectal cancer: a Korean single-center experience. Integr. Cancer Ther. 8 (2), 148–152. doi:10.1177/1534735409336438
 Lee, S., Kim, K., Jung, H., Lee, S., Cheon, S., Kim, S., et al. (2011). Efficacy and safety of standardized allergen-removed Rhus verniciflua Stokes extract in patients with advanced or metastatic pancreatic cancer: a Korean single-center experience. Oncology 81 (5-6), 312–318. doi:10.1159/000334695
 Lei, Z., Ouyang, L., Gong, Y., Wang, Z., and Yu, B. (2020). Effect of eriodictyol on collagen-induced arthritis in rats by Akt/HIF-1α pathway. Dddt 14, 1633–1639. doi:10.2147/DDDT.S239662
 Li, M.-C., Zhang, Y.-Q., Meng, C.-W., Gao, J.-G., Xie, C.-J., Liu, J.-Y., et al. (2021). Traditional uses, phytochemistry, and pharmacology of Toxicodendron vernicifluum (Stokes) F.A. Barkley - a review. J. Ethnopharmacology 267, 113476. doi:10.1016/j.jep.2020.113476
 Li, M. C., Xie, C. J., Gao, J. G., Meng, C. W., He, Y. J., Liu, J. Y., et al. (2020). Chemical constituents from the heartwood of Toxicodendron vernicifluum (Stokes) F.A. Barkley. Biochem. Syst. Ecol. 90, 104017. doi:10.1016/j.bse.2020.104017
 Li, W., Du, Q., Li, X., Zheng, X., Lv, F., Xi, X., et al. (2020). Eriodictyol inhibits proliferation, metastasis and induces apoptosis of glioma cells via PI3K/Akt/NF-κB signaling pathway. Front. Pharmacol. 11, 114. doi:10.3389/fphar.2020.00114
 Li, Y., Jia, S., and Dai, W. (2020). Fisetin modulates human oral squamous cell carcinoma proliferation by blocking PAK4 signaling pathways. Dddt 14, 773–782. doi:10.2147/DDDT.S229270
 Linnaeus, C. (1753). Species plantarum. Scanned version available at: https://www.biodiversitylibrary.org/item/13829#page/285/mode/1up. 
 Long, L., Han, X., Ma, X., Li, K., Liu, L., Dong, J., et al. (2020). Protective effects of fisetin against myocardial ischemia/reperfusion injury. Exp. Ther. Med. 19 (5), 3177–3188. doi:10.3892/etm.2020.8576
 Lu, Y.-t., Xiao, Y.-f., Li, Y.-f., Li, J., Nan, F.-j., and Li, J.-y. (2019). Sulfuretin protects hepatic cells through regulation of ROS levels and autophagic flux. Acta Pharmacol. Sin. 40 (7), 908–918. doi:10.1038/s41401-018-0193-5
 Mantzouris, D., Karapanagiotis, I., Valianou, L., and Panayiotou, C. (2011). HPLC-DAD-MS analysis of dyes identified in textiles from Mount Athos. Anal. Bioanal. Chem. 399 (9), 3065–3079. doi:10.1007/s00216-011-4665-4
 Marčetić, M., Božić, D., Milenković, M., Malešević, N., Radulović, S., and Kovačević, N. (2013). Antimicrobial, antioxidant and anti-inflammatory activity of young shoots of the smoke tree, Cotinus coggygria Scop. Phytother. Res. 27 (11), 1658–1663. doi:10.1002/ptr.4919
 Matić, S., Stanić, S., Bogojević, D., Vidaković, M., Grdović, N., Arambašić, J., et al. (2011). Extract of the plant Cotinus coggygria Scop. attenuates pyrogallol-induced hepatic oxidative stress in Wistar rats. Can. J. Physiol. Pharmacol. 89 (6), 401–411. doi:10.1139/y11-043
 Matić, S., Stanić, S., Bogojević, D., Vidaković, M., Grdović, N., Dinić, S., et al. (2013). Methanol extract from the stem of Cotinus coggygria Scop., and its major bioactive phytochemical constituent myricetin modulate pyrogallol-induced DNA damage and liver injury. Mutat. Res. 755 (2), 81–89. doi:10.1016/j.mrgentox.2013.03.011
 Matić, S., Stanić, S., Mihailović, M., and Bogojević, D. (2016). Cotinus coggygria Scop.: an overview of its chemical constituents, pharmacological and toxicological potential. Saudi J. Biol. Sci. 23 (4), 452–461. doi:10.1016/j.sjbs.2015.05.012
 Metivier, P. S. R., Yeung, E. C., Patel, K. R., and Thorpe, T. A. (2007). In vitro rooting of microshoots of Cotinus coggygria Mill, a woody ornamental plant. In Vitro Cell.Dev.Biol.-Plant 43 (2), 119–123. doi:10.1007/s11627-007-9036-7
 Moon, J. E., Shin, J.-H., Kwon, O., and Kim, J. Y. (2015). A standardized extract of Rhus verniciflua Stokes protects wistar rats against lipopolysaccharide-induced acute inflammation. J. Med. Food 18 (11), 1223–1230. doi:10.1089/jmf.2014.3411
 Nedelcheva, A., and Draganov, S. (2014). “Bulgarian medical ethnobotany: the power of plants in pragmatic and poetic frames,” in Ethnobotany and biocultural diversities in the Balkans ed . Editors A. Pieroni, and C. Quave (New York: Springer), 45–65.
 Nedelcheva, A. (2012). Medicinal plants from an old Bulgarian medical book. J. Med. Plant Res. 6 (12), 2324–2339. doi:10.5897/JMPR11.831
 Novakovic, M., Djordjevic, I., Todorovic, N., Trifunovic, S., Andjelkovic, B., Mandic, B., et al. (2019). New aurone epoxide and auronolignan from the heartwood of Cotinus coggygria Scop. Nat. Product. Res. 33 (19), 2837–2844. doi:10.1080/14786419.2018.1508141
 Novakovic, M., Vuckovic, I., Janackovic, P., Sokovic, M., Filipovic, A., Tesevic, V., et al. (2007). Chemical composition, antibacterial and antifungal activity of the essential oils of Cotinus coggygria from Serbia. Jscs 72 (11), 1045–1051. doi:10.2998/JSC0711045N10.2298/jsc0711045n
 Özbek, H., Yuca, H., Dursunoğlu, B., Gözcü, S., Kazaz, C., and Güvenalp, Z. (2016). Secondary metabolites from Cotinus coggygria Scop. Planta Med. 82 (S 01), P269. doi:10.1055/s-0036-1596407
 Özcan, M., and Yilmaz, S. (2020). Foliar micromorphology and anatomy of five mediterranean enclaves in artvin (Turkey). Orman Fakültesi Dergisi. 20 (2), 107–132. doi:10.17475/kastorman.801846
 Ozsoy, N., Yilmaz-Ozden, T., Serbetci, T., Kultur, S., and Akalin, E. (2017). Antioxidant, anti-inflammatory, acetylcholinesterase and thioredoxin reductase inhibitory activities of nine selected Turkish medicinal plants. Indian J. Tradit. Know. 16 (4), 553–561. 
 Padmavathi, G., Roy, N. K., Bordoloi, D., Arfuso, F., Mishra, S., Sethi, G., et al. (2017). Butein in health and disease: a comprehensive review. Phytomedicine 25, 118–127. doi:10.1016/j.phymed.2016.12.002
 Pariyar, R., Lamichhane, R., Jung, H., Kim, S., and Seo, J. (2017). Sulfuretin attenuates MPP+-Induced neurotoxicity through akt/gsk3β and ERK signaling pathways. Ijms 18 (12), 2753. doi:10.3390/ijms18122753
 Park, B. C., Lee, Y. S., Park, H.-J., Kwak, M.-K., Yoo, B. K., Kim, J. Y., et al. (2007). Protective effects of fustin, a flavonoid from Rhus verniciflua Stokes, on 6-hydroxydopamine-induced neuronal cell death. Exp. Mol. Med. 39 (3), 316–326. doi:10.1038/emm.2007.35
 Patnaik, S. S., Simionescu, D. T., Goergen, C. J., Hoyt, K., Sirsi, S., and Finol, E. A. (2019). Pentagalloyl glucose and its functional role in vascular health: biomechanics and drug-delivery characteristics. Ann. Biomed. Eng. 47 (1), 39–59. doi:10.1007/s10439-018-02145-5
 Pavlov, D., Eftimov, M., Nashar, M., Tzaneva, M., Ivanova, D., and Valcheva-Kuzmanova, S. (2014). Anti-inflammatory properties of aqueous infusion from Cotinus coggyria leaves in rats. Scr. Sci. Pharm. 1, 25. 
 Pavlov, D., Nashar, M., Eftimov, M., Kalchev, K., Valcheva-Kuzmanova, S., Tzaneva, M., et al. (2013b). Subchronic toxicity study of aqueous infusion from Cotinus coggygria leaves in Wistar rats. Compt. Rend. Acad. Bulg. Sci. 66, 749–756. doi:10.7546/cr-2013-66-5-13101331-18
 Pavlov, D. V., Ivanova, D. G., Eftimov, M., Tzaneva, M. A., Nashar, M. A., Kobakova, I., et al. (2013a). Effect of aqueous infusion from Cotinus coggygria leaves on indomethacin-induced gastric mucosal damage and oxidative stress in rats. Scr. Sci. Med. 45, 32–38. 
 Peng, F., Du, Q., Peng, C., Wang, N., Tang, H., Xie, X., et al. (2015). A review: the pharmacology of isoliquiritigenin. Phytother. Res. 29 (7), 969–977. doi:10.1002/ptr.5348
 Petroviciu, I., Creţu, I., Vanden Berghe, I., Wouters, J., Medvedovici, A., and Albu, F. (2014). Flavonoid dyes detected in historical textiles from Romanian collections. e-PS. 11, 84–90. 
 Pollio, A., Zarrelli, A., Romanucci, V., Di Mauro, A., Barra, F., Pinto, G., et al. (2016). Polyphenolic profile and targeted bioactivity of methanolic extracts from Mediterranean ethnomedicinal plants on human cancer cell lines. Molecules 21 (4), 395. doi:10.3390/molecules21040395
 Prasath, G. S., Pillai, S. I., and Subramanian, S. P. (2014). Fisetin improves glucose homeostasis through the inhibition of gluconeogenic enzymes in hepatic tissues of streptozotocin induced diabetic rats. Eur. J. Pharmacol. 740, 248–254. doi:10.1016/j.ejphar.2014.06.065
 Redžić, S. S. (2007). The ecological aspect of ethnobotany and ethnopharmacology of population in Bosnia and Herzegovina. Coll. Antropol. 31 (3), 869–890.
 Rendeková, K., Fialová, S., Jánošová, L., Mučaji, P., and Slobodníková, L. (2016). The activity of Cotinus coggygria Scop. leaves on Staphylococcus aureus strains in planktonic and biofilm growth forms. Molecules 21 (1), 50. doi:10.3390/molecules21010050
 Šavikin, K., Zdunić, G., Janković, T., Stanojković, T., Juranić, Z., and Menković, N. (2009). In vitro cytotoxic and antioxidative activity of Cornus mas and Cotinus coggygria. Nat. Prod. Res. 23 (18), 1731–1739. doi:10.1080/14786410802267650
 Scopoli, G. A. (1772). Flora Carniolica exhibens plantas Carnioliae indigenas et distributas in classes, genera, species, varietates, ordine Linnaeano. Vienna: ioannis Pauli Krauss. Scanned version available at: https://books.google.ca/books?id=jl9CAAAAYAAJ.
 Shen, Q., Shang, D., Ma, F., and Zhang, Z. (1991). [Pharmacological study on anti-hepatitis effect of Cotinus coggygria Scop. Syrup]. Zhongguo Zhong Yao Za Zhi 16 (12), 763–764.
 Shin, J.-S., Park, Y. M., Choi, J.-H., Park, H.-J., Shin, M. C., Lee, Y. S., et al. (2010). Sulfuretin isolated from heartwood of Rhus verniciflua inhibits LPS-induced inducible nitric oxide synthase, cyclooxygenase-2, and pro-inflammatory cytokines expression via the down-regulation of NF-κB in RAW 264.7 murine macrophage cells. Int. Immunopharmacology 10 (8), 943–950. doi:10.1016/j.intimp.2010.05.007
 Song, M.-Y., Jeong, G.-S., Kwon, K.-B., Ka, S.-O., Jang, H.-Y., Park, J.-W., et al. (2010). Sulfuretin protects against cytokine-induced β-cell damage and prevents streptozotocin-induced diabetes. Exp. Mol. Med. 42 (9), 628–638. doi:10.3858/emm.2010.42.9.062
 Song, X., Tan, L., Wang, M., Ren, C., Guo, C., Yang, B., et al. (2021). Myricetin: a review of the most recent research. Biomed. Pharmacother. 134, 111017. doi:10.1016/j.biopha.2020.111017134
 Su, F., Wen, Z., Sun, J., Hao, S., Xie, G., Li, X., et al. (2018). “Study on acute toxicity of compound coggygria oral liquid”In AIP Conference Proceedings,  (2018 Apr 27)1956, 020038. Melville, NY: AIP Publishing LLC. 
 Sunil, C., and Xu, B. (2019). An insight into the health-promoting effects of taxifolin (dihydroquercetin). Phytochemistry 166, 112066. doi:10.1016/j.phytochem.2019.112066
 Tamburini, D. (2019). Investigating Asian colourants in Chinese textiles from Dunhuang (7th-10th century AD) by high performance liquid chromatography tandem mass spectrometry - towards the creation of a mass spectra database. Dyes Pigm. 163, 454–474. doi:10.1016/j.dyepig.2018.12.025
 Tanchev, S. S., and Timberlake, C. F. (1969). Anthocyanins in leaves of Cotinus coggygria. Phytochemistry 8 (12), 2367–2369. doi:10.1016/s0031-9422(00)88156-x
 Tang, L., Qin, Y., Ling, K., and Wan, H. (2020). Eriodictyol inhibits the growth of CNE1 human nasopharyngeal cancer growth by targeting MEK/ERK signalling pathway, inducing cellular autophagy and inhibition of cell migration and invasion. J. BUON. 25 (5), 2389–2394.
 Thapa, P., Prakash, O., Rawat, A., Kumar, R., Srivastava, R. M., Rawat, D. S., et al. (2020). Essential oil composition, antioxidant, anti-inflammatory, insect antifeedant and sprout suppressant activity in essential oil from aerial parts ofCotinus coggygriaScop. J. Essent. Oil Bearing Plants 23 (1), 65–76. doi:10.1080/0972060x.2020.1729246
 Theophrastus. (1644). Eresii De historia plantarum libri decem, graece et latine. Amstelodami, typis Judoci Broers, 246Original from the National Central Library of Florence digitalized on 30 Jan 2017; available as e-book. 
 Tsankova, E. T., Dyulgerov, A. S., and Milenkov, B. K. (1993). Chemical composition of the Bulgarian sumac oil. J. Essent. Oil Res. 5 (2), 205–207. doi:10.1080/10412905.1993.9698202
 Tudor, F., and Georgescu, M. I. (2011). Ethnobotanical studies in Dobrogea, scientific papers, UASVM bucharest. Ser. A , Vol. LIV, 457–462. 
 Tzakou, O., Bazos, I., and Yannitsaros, A. (2005). Essential oils of leaves, inflorescences and infructescences of spontaneousCotinus coggygria Scop. from Greece. Flavour Fragr. J. 20 (5), 531–533. doi:10.1002/ffj.1456
 Ugan, R. A., Un, H., and Un, H. (2020). The protective roles of butein on indomethacin induced gastric ulcer in mice. Eurasian J. Med. 52 (3), 265–270. doi:10.5152/eurasianjmed.2020.20022
 Ulukanli, Z., Karabörklü, S., Bozok, F., Çenet, M., Öztürk, B., and Balcilar, M. (2014). Antimicrobial, insecticidal and phytotoxic activities of Cotinus coggyria Scop. essential oil (Anacardiaceae). Nat. Product. Res. 28 (23), 2150–2157. doi:10.1080/14786419.2014.928879
 Valianou, L., Stathopoulou, K., Karapanagiotis, I., Magiatis, P., Pavlidou, E., Skaltsounis, A.-L., et al. (2009). Phytochemical analysis of young fustic (Cotinus coggygria heartwood) and identification of isolated colourants in historical textiles. Anal. Bioanal. Chem. 394 (3), 871–882. doi:10.1007/s00216-009-2767-z
 Vlková, M., Kubátová, E., Šlechta, P., and Polesný, Z. (2015). Traditional use of plants by the disappearing Czech diaspora in Romanian Banat. Sci. Agric. Bohem. 46 (2), 49–56. doi:10.1515/sab-2015-0016
 Wang, G., Wang, J. J., To, T. S., Zhao, H. F., and Wang, J. (2015b). Role of SIRT1-mediated mitochondrial and Akt pathways in glioblastoma cell death induced by Cotinus coggygria flavonoid nanoliposomes. Int. J. Nanomedicine 10, 5005–5023. doi:10.2147/IJN.S82282
 Wang, G., Wang, J.-J., Du, L., Fei, L., and To, S.-s. T. (2016). Inhibitory kinetics and mechanism of flavonoids extracted from Cotinus coggygria Scop. against glioblastoma cancer. Nutr. Cancer 68 (8), 1357–1368. doi:10.1080/01635581.2016.1225105
 Wang, G., Wang, J., Du, L., and Li, F. (2015a). Effect and mechanism of total flavonoids extracted fromCotinus coggygriaagainst glioblastoma CancerIn VitroandIn vivo. Biomed. Res. Int. 2015, 1. doi:10.1155/2015/856349
 Wang, L., Cao, D., Wu, H., Jia, H., Yang, C., and Zhang, L. (2019). Fisetin prolongs therapy window of brain ischemic stroke using tissue plasminogen activator: a double-blind randomized placebo-controlled clinical trial. Clin. Appl. Thromb. Hemost. 25, 107602961987135. doi:10.1177/1076029619871359
 Westenburg, H. E., Lee, K.-J., Lee, S. K., Fong, H. H. S., van Breemen, R. B., Pezzuto, J. M., et al. (2000). Activity-guided isolation of antioxidative constituents ofCotinuscoggygria. J. Nat. Prod. 63 (12), 1696–1698. doi:10.1021/np000292h
 Wissler Gerdes, E. O., Zhu, Y., Tchkonia, T., and Kirkland, J. L. (2020). Discovery, development, and future application of senolytics: theories and predictions. FEBS J. 287 (12), 2418–2427. doi:10.1111/febs.15264
 Yan, L., Jia, Q., Cao, H., Chen, C., Xing, S., Huang, Y., et al. (2021). Fisetin ameliorates atherosclerosis by regulating PCSK9 and LOX-1 in apoE-/-mice. Exp. Ther. Med. 21 (1), 1. doi:10.3892/etm.2020.9457
 Yang, J., Kwon, Y. S., and Kim, M. J. (2018). Antimicrobial activity and active compounds of a Rhus verniciflua Stokes extract. Z. Naturforsch. C. J. Biosci. 73 (11-12), 457–463. doi:10.1515/znc-2018-0054
 Yang, P. Y., Hu, D. N., Kao, Y. H., Lin, I. C., and Liu, F. S. (2018). Butein induces apoptotic cell death of human cervical cancer cells. Oncol. Lett. 16 (5), 6615–6623. doi:10.3892/ol.2018.9426
 Yousefzadeh, M. J., Zhu, Y., McGowan, S. J., Angelini, L., Fuhrmann-Stroissnigg, H., Xu, M., et al. (2018). Fisetin is a senotherapeutic that extends health and lifespan. EBioMedicine 36, 18–28. doi:10.1016/j.ebiom.2018.09.015
 Zhang, J., Li, L., Kim, S.-H., Hagerman, A. E., and Lü, J. (2009). Anti-cancer, anti-diabetic and other pharmacologic and biological activities of penta-galloyl-glucose. Pharm. Res. 26 (9), 2066–2080. doi:10.1007/s11095-009-9932-0
 Zhang, L., Tong, X., Huang, J., Wu, M., Zhang, S., Wang, D., et al. (2020). Fisetin alleviated bleomycin-induced pulmonary fibrosis partly by rescuing alveolar epithelial cells from senescence. Front. Pharmacol. 11, 553690. doi:10.3389/fphar.2020.553690
 Zheng, W., Zhang, H., Jin, Y., Wang, Q., Chen, L., Feng, Z., et al. (2017). Butein inhibits IL-1β-induced inflammatory response in human osteoarthritis chondrocytes and slows the progression of osteoarthritis in mice. Int. Immunopharmacology 42, 1–10. doi:10.1016/j.intimp.2016.11.009
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 Antal, Ardelean, Jijie, Pinzaru, Soica and Dehelean. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-12-662852-g005.gif





OPS/images/fphar-12-662852-g006.gif





OPS/images/fphar-12-662852-g003.gif
‘gioﬁ&zgii\%ﬂ%;

if%}f%%;gh o

§° nj,ﬁ%; éi?





OPS/images/fphar-12-662852-g004.gif
2 pd

|
|

/ QR‘





OPS/images/fphar-12-662852-t001.jpg
Extract

Water extract of erial parts

Heartwood/dietly ether fraction of methanol extract
standardized to ts content in S, B, fustin, 2.3-
dihydroquercetagetin, and quercetin

Aqueous infusion from Cotinus coggygria leaves
Young shoots/ethyl acetate fraction of acetone

extract

Total flavonoids isolated from C. coggygria leaves

Experimental model

In vitro inhibition of ovine COX-1 and human
recombinant COX-2

Mouse ear edema (SKH1 male mice) induced
with 12-O-tetradecanoy! phorbol-13-acetate;
comeometric assessment

Rats with the carrageenan induced paw
edema

Rats with the carrageenan induced paw
edema

Formalin-induced edema in mice

COX: cyclooxyganase; ECS0: half meaximal affective concentration.

Results

ECso =221 +0.18 mg/mi for COX-1 inibition;
EC50 = 4.10 + 0.27 mg/ml for COX-2
inhibition; Extract had best results in
comparison to that of other 8 medicinal plants
External application of 2 mg extract reduced
inflammation with 50%; reduction with 26% of
the skin dehydration induced by 12-O-
tetradecanoyl phorbol-13-acetate

Protective effect against inflammation folowing
the intragastric administration of the extract
(10 mikg) for 15 days

Doses of 50 mg/kg and 100 mg/kg reduced
theoedema with 46.5 + 18.5% and 76.7 +
0.0%, respectively

Oral administration of 80-160 mg/kg 2 h
before and 5 h after formalin application
reduced ederma, decreased prolferation of
celuiar elements and raised capilary
resistance
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