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Abstract

:

Featured Application


Based on the properties evaluated in this review, laurel leaf polyphenols could promote healthy aging by preventing or abating various metabolic disorders and modulating body composition. They could also be therapeutic for noncommunicable diseases characterized by inflammation and oxidative stress in younger individuals triggered by sedentary lifestyle and nonoptimal dietary patterns.




Abstract


Due to increased life spans and senescence in society, there is a growing need for supplements that enable healthy aging. Aging is accompanied by changes in body composition such as loss of bone and muscle mass and increase/redistribution of adipose tissue. These changes may, at least in part, be alleviated by exercise, adequate diet and possibly some natural adjuvants. Laurel (L. nobilis L.) leaves are rich in secondary metabolites, especially polyphenols (mostly flavonols, phenolic acids and flavones) which have recently showed potential for modulation of body composition that could allow healthier aging. Therefore, the aim of this paper was to evaluate the potential of laurel leaf polyphenols for modulating body composition. We searched the literature available on the PubMed electronic database related to the main polyphenolic representatives of laurel leaf extracts (namely, kaempferol, hydroxycinnamic acids and apigenin) and their modulation of bone, skeletal muscle and adipose tissue. The search yielded 135 articles showing that the main laurel leaf polyphenols exhibit various positive effects on bones, skeletal muscle and adipose tissue. These effects could ameliorate metabolic disorders related to modern lifestyles and result in an improvement of body composition and function, resulting in healthier aging, but more evidence-based research in humans is needed.
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1. Introduction


In the last 5 years, there have been more people over the age of 65 than children younger than 5 years [1]. Consequently, there is growing interest in finding optimal physiological, endocrinological, nutritional, and lifestyle milieus for promoting healthy aging. Generally, normal aging involves changes in body composition including the loss of bone (osteoporosis) and muscle (sarcopenia) mass and increased and/or redistributed body fat [2]. A new syndrome, osteosarcopenic obesity/adiposity, has been identified to describe impairments of all three tissues [3,4]. The syndrome has been widely studied, and findings have revealed that the combined condition is characterized by more damaging health outcomes than any one or two of the conditions (e.g., osteoporosis, sarcopenia, or obesity alone) [5].



The ultimate goal of research endeavors is to find ways in which optimal lifestyle modifications, namely food choices and physical activity, could be used to either prevent or ameliorate the inevitable changes of aging [6,7], including body composition deterioration. There is increasing evidence about the relationship between body composition and some bioactive components [8,9,10,11] that could enhance the positive effects of healthy food choices and physical activity and lead to improved health during aging. In this context, different plant sources are being considered as sources of polyphenols that could be used for food fortification or as supplements.



Laurel (L. nobilis L) or bay leaf is a Mediterranean bush best known for the culinary use of its leaves, as well as for some medicinal purposes (e.g., treating various gastrointestinal and respiratory diseases), since ancient times [12]. Therefore, the leaves have been researched to a greater extent than other plant parts. They contain several metabolites, such as polyphenols, norisoprenoids, alkaloids, organic acids and volatile oils, which exhibit various biological activities responsible for the leaves’ beneficial effects [13]. Among these, polyphenols are of special interest, since the laurel leaves contain a variety of such compounds, including flavonoids (flavonols, flavones, flavan-3-ols, flavanones), phenolic acids, proanthocyanidins and lignans. According to a previous literature review [14], flavonols represent nearly 50% of laurel leaf polyphenols, kaempferol glycosides being the most abundant flavonols. Phenolic acids (predominantly hydroxycinnamic acids) and flavones (mainly apigenin and its glycosides) account for around 20% and 15% of the laurel leaf polyphenols, respectively, while other phenolic groups are present in lower proportions. The rich polyphenolic content of this Mediterranean plant indicates that the leaf extracts could possibly be used to benefit some health issues, including modulation of body composition, mainly through their proven antioxidant [15,16,17] and anti-inflammatory activity [18,19], since oxidative stress and inflammation play a significant role in the deterioration of body composition [20,21,22,23,24,25].



Therefore, the aim of this paper was to evaluate the potential of laurel leaf extracts for modulating body composition, including bone, muscle and adipose tissues. We focused on the main components, such as kaempferol, hydroxycinnamic acids and apigenin.




2. Review Method


In order to find literature related to the effect of the main laurel leaf polyphenols on body composition, the electronic database PubMed was searched. The following keywords were used: “kaempferol”, “hydroxycinnamic acids”, “apigenin”, “bones”, “bone health”, “skeletal muscle”, “adipose tissue”, and combinations of these. During the search, filters related to the year of publication (2012–2022), type of article (research articles) and the language of the publication (English) were applied. The search resulted in 135 publications (45 for kaempferol, 50 for hydroxycinnamic acids and 40 for apigenin). All publications that appeared as a result of the search with available full texts or abstracts were reviewed, and relevant ones that included compounds present in laurel leaves and effects related to body composition were included in this review and systematically sorted in the following subsections.




3. Overview of Main Laurel Leaf Polyphenols’ Components


3.1. Kaempferol


Kaempferol (3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-1-benzopyran-4-one) is a widely distributed flavonol that has a diphenylpropane structure (C6-C3-C6) (Figure 1) and is synthetized through the condensation of 4-coumaroyl-CoA with three molecules of malonyl-CoA. It is most often bonded with sugars such as glucose, galactose, rhamnose and rutinose to form glycosides [26].



Laurel leaves contain a variety of biologically active kaempferol glycosides formed by simple and complex biosynthesis pathways, such as the commonly detected kaempferol-3-O-glucoside (astragalin), kaempferol-3-O-rutinoside and kaempferol-3-O-α-L-(2″,4″-di-E-p-coumaroyl)-pyranorhamnoside [13,14].




3.2. Hydroxycinnamic Acids


Phenolic acids are a group of polyphenols that possess a carboxylic acid as the main functional group and are divided into two groups—hydroxybenzoic and hydroxycinnamic acids. Hydroxycinnamic acids are more common phenolic acids that have a phenylpropanoid C6-C3 structure as the main chemical scaffold and are characterized by the presence of hydroxyl groups at different positions on the aromatic rings and a carboxyl group in the lateral chain [28]. Some of the most commonly found hydroxycinnamic acids in laurel leaves are caffeic, sinapic, ferulic and p-coumaric acid (Figure 2) [13,27,29].




3.3. Apigenin


Apigenin (5,7-Dihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one) is a widely distributed flavone substituted by three hydroxy groups at positions 4′, 5′ and 7 (Figure 3). In plants, it is most often present in the form of O- or C- glucosides, followed by the aglycone form and its methylated or acetylated derivatives [30].



The aglycone form of apigenin and four different glycosides (apigenin 8-C glucoside, apigenin-6,8-di-C-hexoside, apigenin-6-C-hexoside and apigenin-6-C-(2″-O-deoxyhexosyl)-hexoside) have all been detected in laurel leaves [13].





4. Influence of Laurel Leaf Polyphenols on Body Composition


Physiological intracellular redox homeostasis is a balance between the levels of prooxidants (ROS and RNS) and their elimination by antioxidants [31]. This balance is disrupted by the increased production of free radicals during physiological processes (aging and hormonal changes) and pathological events paired with the reduced production of endogenous antioxidants resulting in a state of oxidative stress and enhanced inflammation [32], which results in modified transcriptomal activity, cellular signaling pathways, reduced mitochondrial function, altered protein formation and decreased cellular metabolism linked to different human disorders [31,33]. Oxidative stress and inflammation can be considered some of the main contributors to age-related changes in bones, skeletal muscle and adipose tissue. For example, it has been shown that oxidative stress and inflammation lead to an imbalance between osteoclast and osteoblast activity in bones by interfering with complex molecular pathways [20,22], which can lead to metabolic bone diseases and contribute to pathogenesis of the skeletal system. In skeletal muscle, chronic low-grade inflammation disrupts the muscle protein metabolism, leading to a progressive loss of skeletal muscle mass [24], while oxidative stress has been connected with the inability of aged satellite cells to maintain the homeostatic activity of skeletal muscle [21]. Adipose tissue is severely affected by inflammation and oxidative stress, which has been shown to affect cellular aspects of adipocyte differentiation [25,34] and the endocrine and metabolic functions of the adipose tissue [25]. For this reason, the antioxidant and anti-inflammatory activity of polyphenols through their involvement in different signaling pathways in the human body represent the most likely mechanisms by which the polyphenols alleviate age-related changes in body composition.



Several antioxidant mechanisms of polyphenols have been proposed. First, polyphenols can directly scavenge ROS due to the hydroxyl groups in their structure, the number and position of which, paired with substitution pattern and glycosylation, determine the strength of antioxidant activity [35]. The second possible mechanism is the upregulation of endogenous antioxidant and oxidase enzyme activity (SOD1 in the cytosol and SOD2 in the mitochondria) [35]. Polyphenols may also enhance cellular antioxidant activity through the regulation of the Nrf2-mediated pathways included in the regulation of genes responsible for cell survival, metabolism, and adipocyte differentiation (e.g., FoxO1), as well as detoxifying enzymes such as SOD, GSH, NQO1, GST and HO-1 by binding to AREs in the gene promoter regions of the enzymes [36,37]. There is also emerging evidence that the polyphenols counteract ROS through regulation of microRNAs (endogenous non-coding short RNAs) that regulate various biological pathways [35]. The main molecular mechanisms related to the anti-inflammatory activity of polyphenols include: (a) the inhibition of proinflammatory enzymes (COX-2, LOX, iNOS) through the activation of PPARγ; (b) the inhibition of mitogen-activated protein kinases (MAPK), phosphoinositide 3-kinase (PI3K), and tyrosine kinases (NF-κB); (c) activation of endogenous antioxidant enzymes; and (d) modulation of cell survival genes [38]. A general overview of the polyphenols’ molecular targets related to their antioxidant and anti-inflammatory activity is shown in Figure 4, while the specific effects of laurel leaf polyphenols are discussed further in the text.



4.1. Influence of Laurel Leaf Polyphenols on Bones


Bone is a composite structure that consists of inorganic mineral (calcium, phosphorus) crystals, an organic matrix represented mainly by collagen type I, other proteins, water, and some lipids. The majority of bone cells are mesenchymal-originated chondrocytes (osteoblasts and osteocytes), which are responsible for the deposition and remodeling of the growth plate, while hematopoietic multinucleated osteoclasts are responsible for bone resorption [39]. These processes are regulated by multiple molecular pathways including systemic (e.g., growth and sex hormones, calcitriol, calcitonin, IGF-1, glucocorticoids) and local (e.g., the osteoprotegerin—receptor activator of NFκ-B ligand) factors [40], yielding opportunities for the action of some exogenous bioactive components. A pathway regulated by the wingless-type MMTV integration site (Wnt) genes was shown to regulate aging in all cells, as well as in bone cells, where it was first observed that decreased expression of the Wnt genes resulted in lower osteoblast formation [39]. Aside from these, physiological redox status also seems to play an important role in the maintenance of balanced osteoclast and osteoblast activity and bone turnover [41]. In addition to the imbalance in bone turnover in favor of bone resorption, aging results in changes in collagen structure and increase in non-collagenous proteins, which regulate cell-matrix and mineral-matrix interactions leading to fragile bones [42]. Moreover, the mineral content of bones increases with age (in relation to the protein part of the bone volume), leading to the exponential loss of bone toughness and increased susceptibility to breaking [39]. The potential role of polyphenols in maintaining bone health mainly originates from their aforementioned antioxidant and anti-inflammatory activity but could also be exerted by other unknown and/or unclarified mechanisms [40]. The search on the PubMed database yielded 30 studies (8 for kaempferol, 10 for hydroxycinnamic acids and 12 for apigenin) published in the last ten years. The main observed effects of the selected laurel leaf polyphenols on bones are summarized in Table 1 and discussed below.



4.1.1. Kaempferol


As shown in Table 1, one of the main effects of kaempferol on bones was the induction of osteoblast differentiation achieved by mediating the activation of the Wnt signaling pathway through the estrogen signaling pathway in SaOS-2 osteoblasts [43]. The observed effects included increased osteogenic markers during the early and late phases of the signaling processes. The results of osteoblast survival promotion were observed in studies where glucocorticoid-induced bone loss was alleviated by kaempferol, resulting in higher expression of osteogenic markers and lower damage to bone microvascular endothelial cells isolated from a human femoral head or femoral neck in vitro [44], and improved callus formation at injured sites in female ovariectomized rats in vivo [45]. The induced bone regeneration was observed in a study where kaempferol was used for formulation of titanium-dioxide implants used for promoting bone formation [46]. The titanium dioxide implants promoted osteogenic differentiation of mesenchymal stem cells, alkaline phosphatase activity and calcium deposition in vitro on rat bone marrow stromal cells, while histological analysis revealed stimulation of new bone formation around implants on rat femur bones. In another study, zein-coated 58S glass-based scaffolds showed desirable mechanical and release properties, showing the potential of these scaffolds for bone tissue engineering; however, their application needs further exploration [55].




4.1.2. Hydroxycinnamic Acids


As shown in Table 1, several positive outcomes of hydroxycinnamic acids on bones were reported. Doss et al. [27] showed beneficial effects on osteoporosis and bone erosion related to rheumatoid arthritis, in which treatment with ferulic acid resulted in significant decrease in osteoclast activity and downregulation of the inflammatory NF-κB pathway in vitro tested on albino Wistar rats’ bone marrow cells and a murine RAW 264.7 macrophage cell line. Another study showed an increase in bone mineral density along with increased mRNA and SIRT-1 levels and the reduction of NF-κB in vivo in neonatal rats with glucocorticoid-induced osteoporosis [48]. Another observed effect was the promotion of bone regeneration by the application of sinapic acid-loaded chitosan nanoparticles, which showed activation of osteogenesis molecular pathways in vitro on mouse mesenchymal stem cells and bone formation in vivo in a critical-sized rat calvarial bone defect model system [49]. In addition, a p-coumaric acid-conjugated collagen scaffold applied in a rat model of critically sized mandible defects showed enhancement of bone regeneration by activating osteogenic, anti-osteoclastic and angiogenic responses [50]. Ferulic acid incorporated into a gelatin–chitosan–glycerol phosphate hydrogel showed downregulation of metalloproteinase activity and upregulation of type II collagen and inhibited oxidative-stress-induced apoptosis of nucleus pulposus cells related to disc degeneration [52]. An ethyl ester of p-coumaric acid showed inhibition of the inflammatory pathways involved in the pathogenesis of arthritis on acute and chronic models of inflammation, showing potential for application in treatment of arthritis [51].




4.1.3. Apigenin


Even though the initial results of the PubMed search yielded 12 studies by using the keywords ‘‘apigenin’’ and ‘‘bones’’, only two studies were related to the potential effects of the apigenin (glycosides) present in laurel leaves on human bone health. In a study carried out by Jie et al. [53], it was shown that apigenin can reduce epidural fibrosis, a common post-laminectomy complication, by suppressing the Wnt signaling pathway in human fibroblasts, and this finding was supported by histological and immunohistochemical analysis of Sprague-Dawley rats’ bone tissue [53]. Vicenin-2 (apigenin 6,8-di-C-glucoside) improved bone turnover markers, body mass and inflammatory markers, and increased the presence of calcium in ovariectomy-induced osteoporosis rats’ serum, showing potential for osteoporosis treatment [54].



Overall, these are promising findings, but the studies have been done only in cell cultures or animal models. Therefore, more research in humans and supplementation with specific derivatives is needed for evidence-based findings about the effects of laurel leaf polyphenols on bones.





4.2. Influence of Laurel Leaf Polyphenols on Skeletal Muscle


The human body consists of over 500 skeletal muscles, which support the skeletal system and are controlled by the nervous system. These muscles are built from muscle fibers formed from the smallest repeating functional units, called sarcomeres, which are responsible for the contraction and relaxation of the muscles [56]. Besides supporting the bones, skeletal muscles are involved in numerous metabolic processes, including being the site of action for fatty acid metabolism and glycogen synthesis [57]. In addition, muscles interact with other organs through the excretion of myokines, which support the metabolic function of different tissues, such as the bones, pancreas, liver, and adipose tissue, by exerting autocrine, paracrine, or endocrine effects [4,58]. For this reason, metabolic disturbances (e.g., hormonal disruption, inflammation, or gene expression) can result in insulin resistance, metabolic syndrome, obesity, or other problems, showing the importance of the muscles in maintaining overall health. Skeletal muscle atrophy (decrease of muscle mass and strength), also known as sarcopenia/dynapenia, can occur in numerous situations. For example, reduced protein synthesis or accelerated protein degradation due to various illnesses and aging may result in mitochondrial dysfunction, inflammation and oxidative stress, which modulate the signaling pathways included in muscle homeostasis [59]. The PubMed database search yielded 42 studies (16 for kaempferol, 17 for hydroxycinnamic acids and 9 for apigenin) published in the last ten years. The main observed effects of the selected laurel leaf polyphenols on skeletal muscle are summarized in Table 2 and discussed below.



4.2.1. Kaempferol


As shown in Table 2, the antidiabetic activity of kaempferol was the most researched subject related to skeletal muscle. It was shown that oral administration of kaempferol to diabetic mice promoted glucose metabolism in skeletal muscle by restoring hexokinase activity while inhibiting gluconeogenesis in the liver through the suppression of pyruvate carboxylase activity [60]. Another mechanism of action was shown to be the influence on the JAK 2-dependent pathway resulting in an increased glucose uptake in L6 myotubes (developmental stage of muscle fiber) and an increased GLUT-4 translocation, resulting in the prevention of hyperglycemia [63]. In another study, kaempferol was among the most active ligands from Carica papaya extract in the acceleration of GLUT-4 and insulin receptor expression, confirming the hypoglycemic effect in diabetic skeletal muscle [64]. Kaempferol-3-rutinoside also showed stimulating effects on glucose uptake through the induction of SIRT-1, which is included in the metabolic pathway and insulin signaling, along with increased GLUT-4 translocation in myotubes [62]. Among five kaempferol glycosides, kaempferitrin (kaempferol 3,7-dirhamnoside) was dominant in modulation of the glycolytic enzyme 6-phosphofructo-1-kinase tested in murine skeletal muscles, adipose and liver tissue. This was attributed to the presence of two rhamnosyl moieties directly related to the hypoglycemic activity [61]. Apart from the antidiabetic activity, Aikajima et al. [65] showed that kaempferol can increase the content of ATP in myotubes under low oxygen conditions by suppressing the hypoxia-inducible factor-1α responsible for the switch from the mitochondrial respiration to glycolysis. This can be useful, since altered metabolism in the muscles can occur regardless of oxygen presence, often due to a sedentary lifestyle [65].




4.2.2. Hydroxycinnamic Acids


Research on hydroxycinnamic acids showed several effects on skeletal muscle. Ferulic acid was the most investigated of the hydroxycinnamic acids, exhibiting muscle growth through promotion of upregulation of myogenic transcriptional factors and their target genes and resulting in elevated levels of myosin heavy chain and overall muscle mass in a zebrafish model [66,67]. Ferulic acid was also shown to regulate muscle fiber type formation through the SIRT-1/AMP-activated protein kinase/PGC-1α signaling pathway in mouse C2C12 myotubes [70], as well as in weaned piglets where fast-twitch muscle fibers switched to slow-twitch [69]. In addition, ferulic acid was shown to modulate the differentiation of L6 skeletal muscle cells by activating the ERK 1/2 and AKT signaling cascades, osteogenic genes and myogenic protein markers [68]. In contrast, coumaric acid inhibited skeletal muscle differentiation through the AMPK-α mediated pathway, which decreased the expression of early myogenic differentiation markers in L6 skeletal muscle cells [71]. However, coumaric acid showed potential for modulating glucose metabolism by increasing the phosphorylation of AMP-activated protein kinase in L6 skeletal muscle cells [75]. Ferulic acid exhibited similar effects in L6 skeletal muscle and in hyperglycemia-induced human liver cells (HepG2). In addition, it also upregulated GLUT-2 and GLUT-4 transporters and inhibited c-Jun N-terminal protein kinase by increased phosphorylation. These findings showed the potential for the treatment of hyperglycemia of both coumaric and ferulic acid [64]. Ferulic acid also ameliorated insulin resistance by promoting glucose uptake and glycogen synthesis in muscle cells (that were insulin-resistant) through the enhancement of transferrin receptor-containing endosomal compartment activities [73]. Another mechanism by which ferulic acid may modulate insulin resistance is by blocking the phospho-PKCε via prevention of saturated fatty acid-induced impairment of insulin signaling molecules in skeletal muscle cells [72].




4.2.3. Apigenin


The only effect of apigenin that was investigated in the published studies included in this review was the suppression of muscle atrophy through different mechanisms. It was shown that apigenin can ameliorate obesity- and sciatic nerve denervation-induced skeletal muscle atrophy by reducing the expression of atrophic genes (MuRF1 and Atrogin-1), increasing mitochondrial function in obese mice and upregulating myosin heavy chain in sciatic nerve-denervated mice [77,78]. Apigenin also repressed age-related skeletal muscle atrophy in mice by activating antioxidant and mitochondrial respiratory enzymes, enhancing the expression related to mitochondrial biogenesis and inhibiting Bcl-2/adenovirus E1B 19kD-interacting protein 3 and DNA fragmentation characteristic of mitophagy and apoptosis [80]. Apigenin also inhibited lipopolysaccharide-mediated expression of atrophic genes by inhibiting the JNK-2 molecular pathway in murine C2C12 myotubes, resulting in suppressed muscle atrophy [76]. In addition, apigenin enhanced skeletal muscle hypertrophy and myoblast differentiation in mice through the regulation of the Prmt7-PGC-1α-GPR56 and Prmt7-p38-myoD molecular pathways, indicating the possibility of prevention of other forms of skeletal muscle weakness and atrophy, such as sarcopenia and dynapenia [79].



Overall, like the effects on bones, the laurel leaves components’ biological effects on muscle need more investigation, as all the studies were performed on animal models or in vitro. However, these are all encouraging leads and beginnings for human studies.





4.3. Influence of Laurel Leaf Polyphenols on Adipose Tissue


Adipose tissue is the largest endocrine organ, as well as a site for energy storage. It plays an important role in metabolic processes and energy homeostasis by releasing factors that regulate appetite, insulin sensitivity, glucose metabolism, inflammation and tissue (dis)repair [81]. It is typically divided into white adipose tissue, which is the dominant lipid storage with a role in multiple endocrine and immune responses, and brown adipose tissue, which enhances energy release and thermogenesis and is responsible for maintaining body temperature during cold exposure [82,83]. Also, white adipose tissue is categorized as subcutaneous and visceral fat. The latter increases during aging, and its redistribution is phenotypically visible as intraabdominal (visceral) fat [84]. During aging, the dysregulation of endocrine factors results in reduced ability of the adipose tissue to buffer the excess of ingested energy, which, in addition to numerous other factors, leads to higher obesity prevalence in older individuals [85]. In addition, dysfunctional adipose tissue with a dysregulated secretome is correlated with various age-related disorders regulated by hormones and inflammatory pathways and characterized by states of low-grade chronic inflammation and oxidative stress [81,86]. The search of the PubMed database resulted in 63 studies (21 for kaempferol, 23 for hydroxycinnamic acids and 19 for apigenin) published in the last ten years. The main observed effects of the selected laurel leaf polyphenols on adipose tissue are summarized in Table 3 and discussed further below.



4.3.1. Kaempferol


Kaempferol showed several beneficial effects on adipose tissue. The most researched one was the antiobesity effect, which is closely related to confirmed antidiabetic and anti-inflammatory effects. The antiobesity effect was achieved through different mechanisms. For example, it was shown that kaempferol can inhibit lipid accumulation and increase fatty acid oxidation by suppressing adipogenic transcription factors and activating PPAR-α in murine adipocytes [87]. In the same study, kaempferol suppressed the GLUT-4 glucose transporter in adipocytes exhibiting antidiabetic potential. Kaempferol also showed multiple effects in obese mice, including the reduction of inflammatory cytokine expression, reduced metabolic syndrome, reduced dysbiosis of cecal microbiota and improvement of gut inflammation and intestinal barrier integrity by reducing activation of the TLR4/NF-κB signaling pathway [92]. Intraperitoneal treatment of obese mice with an extract containing kaempferol showed anti-inflammatory effects through induction of the strong anti-inflammatory CD11b+, Gr-1+ myeloid-derived suppressor cells (MDSC) in visceral adipose tissue. In vitro analysis showed that kaempferol was responsible for this effect, since among the compounds isolated from the extract, only kaempferol showed an exclusive effect on the MDSC [93]. It was also shown that supplementation of Wistar rats with kaempferol during pregnancy and lactation can reduce adiposity of the offspring and increase somatic growth without influencing feeding patterns, thus showing potential for antiobesity effects from the earliest age [90]. Kaempferol-3-O-glucoside (astragalin) showed antiadipogenic activity on 3T3-L1 adipocyte cells by downregulating adipogenic transcription factors and regulatory proteins [91]. In another study, the same glycoside (astragalin) had no effect on glucose homeostasis or reduction of insulin resistance or thiobarbituric acid reactive substances (indicators of oxidative stress) in obese mice compared with kaempferol, which exhibited all of the mentioned effects, indicating its role in insulin resistance and oxidative stress management [89].




4.3.2. Hydroxycinnamic Acids


Hydroxycinnamic acids have shown several beneficial effects on adipose tissue. As was the case with skeletal muscle, ferulic acid was the most investigated among the hydroxycinnamic acids, showing suppressing effects on obesity and obesity-related metabolic disorders and diseases. For example, administration of ferulic acid to obese mice resulted in reduced visceral fat accumulation, adipocyte size and body weight. In addition, there was improvement in different metabolic parameters including levels of serum lipid profiles, blood glucose, insulin and inflammatory mediators like TNF-α and MCH-1, showing the multifunctional role of this acid in management of obesity [103]. In addition, ferulic acid was shown to contribute to the self-renewal of embryonic stem cells and adipose-derived mesenchymal stem cells from mouse abdominal adipose tissue, showing potential for therapeutic effects [102].



The reducing effects of ferulic acid on blood glucose and serum lipid profiles in obese mice were also observed in another study [101], in which the expression of hepatic lipogenic genes and gluconeogenic enzymes was reduced and the hepatic CPT1a gene and PPARα proteins were activated, showing the improvement of both lipid and glucose homeostasis. Another suggested mechanism for the ferulic acid’s modulation of glucose homeostasis in mice was the phosphorylation and inactivation of the transcription factor FoxO1, which is responsible for the expression of gluconeogenic and orexigenic genes [100]. In a study by Kuppusamy et al. [98], the ferulic acid treatment on 3T3-L1 adipocytes and lipid homeostasis showed downregulation of the adipocyte differentiation factors PPAR-γ, CCAT enhancer binding-proteins-α (C/EBP-α), its downstream targets and adipokines, along with upregulation of lipolysis-related factors. Another study suggested a specific anti-inflammatory effect of ferulic acid, in which administration to obese mice resulted in a reduced expression of the Fet-A gene, which is otherwise involved in adipose tissue inflammation. This ferulic acid treatment resulted in a decreased circulatory level of Fet-A followed by an attenuation of proinflammatory cytokines [72].



The p-coumaric acid also showed beneficial effects on metabolic disorders related to obesity, including non-alcoholic fatty liver disease in C57BL/6J mice through increased blood glucose regulation and decreased activity of inflammatory cytokines and hepatic lipogenic enzymes, resulting in increased fecal lipid excretion and decreased levels of liver weight, hepatic lipid, plasma lipid and aspartate aminotransferase [95]. Both coumaric and sinapic acid showed activating effects on thermogenesis in brown adipose tissue, which is related to antiobesity effects. Additionally, p-coumaric acid activated thermogenesis in the brown adipose tissue of obese mice by upregulating the uncoupling protein 1 (UCP1) and accelerating the breakdown of glucose and fatty acids, resulting in higher energy expenditure and thermogenesis. These effects were also related to the rapamycin complex 1 (mTORC1)-RPS6 signaling pathway in in vitro studies [94]. Sinapic acid also showed effects on UCP1 as well as other genes related to the expression of brown-adipocyte activation proteins (PGC-1α and Prdm16). In addition, sinapic acid activated thermogenesis of human adipose tissue through phosphorylation of protein kinase A and cyclic AMP response element-binding protein signaling and promoted lipolysis by the protein kinase A/p38 signaling pathway [99].




4.3.3. Apigenin


Apigenin showed mostly antiobesity and anti-inflammatory effects related to adipose tissue. It was shown that apigenin can reduce visceral adiposity in obese mice by reducing the phosphorylation of the signal transducer and activator of the transcription 3 (STAT3) in adipocytes and its target genes, resulting in reduced expression of the PPAR-γ receptor, which is the critical nuclear factor in adipogenesis [110]. In addition, apigenin ameliorated insulin resistance and glucose intolerance in obese mice and produced increased energy expenditure and activation of lipolysis without higher cycling of free fatty acids due to the upregulated oxidation, thermogenesis and browning of the adipose tissue [109]. The stimulating effects of apigenin on the browning of white adipose tissue were connected with the expression of vascular endothelial growth factor A and upregulation of Prdm16 signaling cascade in murine white adipocytes [111]. It was also shown that apigenin can reverse the inflammatory suppression of human adipose tissue browning through the activation of the COX-2–PGE2 axis, which results in UCP1 induction [107]. In the same study, IL-1β-induced inflammation in adipocytes was repressed by apigenin’s inhibitory effects on inflammatory markers and the NF-κB signaling pathway. In another study [112], apigenin activated PPARγ, which resulted in blocked p65 translocation into nuclei and consequently decreased NF-κB activation, resulting in decreased levels of proinflammatory cytokines in obese mice. In addition, levels of hepatic enzymes, triglycerides, total cholesterol, and liver and muscular steatosis were reduced and glucose resistance was improved. In another study [106], apigenin prevented colonic inflammation and motor dysfunctions in obese mice through reduction of the levels of malondialdehyde and proinflammatory cytokines, eosinophil infiltration, substance P and iNOS expression and the normalization of electrically evoked tachykininergic and nitergic contractions [106]. Also, antiobesity effects of apigenin glycoside were observed in which vitexin (apigenin-8-C-glucoside) ameliorated adipogenesis and obesity in male C57BL/6J mice by affecting AMP-activated protein kinase-α, CAATT element binding protein-α and fatty acid synthase in white adipose tissue [108].



The animal studies clearly point to the beneficial effects of the reviewed components of the laurel leaves. However, studies in humas are warranted in order to switch from translation research to clinical trials and prove the noted benefits.






5. Conclusions and Future Perspectives


This review revealed that the main laurel leaf polyphenols exhibit various positive effects on bones, skeletal muscle and adipose tissue in animal and in vitro studies. However, in order to obtain benefits related to the amelioration of metabolic disorders related to aging and modern lifestyle, ultimately leading to an improved body composition and function, much more needs to be done. Further research is needed in order to evaluate the potential of laurel leaf extracts as a whole, since they contain a variety of polyphenols that could contribute to the observed effects, including quercetin, whose effects on bones [113], muscles [114] and adipose tissue [115] are well researched. In addition, more clinical studies in humans should be performed in order to confirm the observed effects in translational studies. The focus should be on investigating the bioavailability of the extracts, which is crucial for achieving systemic effects in the human body. Moreover, since the polyphenols are subjected to biotransformations during the digestion process, the influence of their metabolites on bones, skeletal muscles and adipose tissue should be investigated, since the effects of metabolites are not necessarily the same as their precursors’. Nevertheless, the potential of laurel leaf extract in modulation of body composition was confirmed in this review, thereby opening a road to further research on this valuable plant.
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Figure 1. Chemical structure of kaempferol and commonly detected glycosides (adapted from [27]). 
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Figure 2. Chemical structure of hydroxycinnamic acids commonly detected in laurel leaves (adapted from [13,27]). 
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Figure 3. Chemical structure of apigenin and its glycosides detected in laurel leaves (adapted from [13]). 
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Figure 4. Overview of potential molecular targets for polyphenols’ antioxidant and anti-inflammatory activity. MAPK, mitogen-activated kinase; ERK, extracellular signal-regulated kinase; p38, p38 MAPK; AKT, protein kinase B; NF-κB, nuclear factor-kappa β; ROS, radical oxygen species; COX, cyclooxigenase; LOX, lipoxygenase; iNOS, inducible nitrogen oxide synthase; PPARγ, peroxisome proliferator-activated receptor γ; miRNA, micro ribonucleic acid; Nrf2, nuclear factor erythroid 2-related factor 2; GST, glutathione S-transferase; SOD, superoxide dismutase; NQO1, NADP(H) quinone oxidoreductase 1; GSH, glutathion; HO-1, heme oxygenase-1. 
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Table 1. Summary of main laurel leaf polyphenols’ effects on bones.
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Compound(s)

	
Effects

	
Reference






	
Kaempferol

	
Induction of SaOS-2 osteoblast differentiation

	
[43]




	
Promotion of osteoblast survival in glucocorticoid induced osteonecrosis on human bone microvascular endothelial cells and in vivo in female ovariectomized rats

	
[44,45]




	
Promotion of bone regeneration in rat bone marrow stromal cells and in vivo in rat femur bones

	
[46]




	
Hydroxycinnamic acids

	
Supression of bone erosion and osteoporosis in murine bone marrow cells and RAW 264.7 macrophage cell line; in vivo in neonatal rats with induced osteoporosis

	
[47,48]




	
Promotion of bone regeneration in a critical-sized rat calvarial bone defect model system and in a rat model of critically sized mandible defects

	
[49,50]




	
Inhibition of oxidative stress and inflammation related to arthritis and disc degradation in nucleus pulposus cells and in acute and chronic models of inflammation

	
[51,52]




	
Apigenin

	
Reduction of epidural fibrosis after spine surgery in human fibroblasts and in vivo in Sprague-Dawley rats

	
[53]




	
Treatment of osteoporosis in ovariectomy-induced osteoporosis rats

	
[54]
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Table 2. Summary of main laurel leaf polyphenols’ effects on skeletal muscle.
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Compound(s)

	
Effects

	
Reference






	
Kaempferol

	
Antidiabetic on L6 murine skeletal muscle cells and in vivo in streptozotocin-induced diabetic rats

	
[60,61,62,63,64]




	
Increase of ATP content in myotubes at hypoxic conditions

	
[65]




	
Hydroxycinnamic acids

	
Muscle growth promotion on C2C12 murine skeletal muscle cells and in vivo in zebrafish models

	
[66,67,68]




	
Modification of muscle fiber type on C2C12 murine skeletal muscle cells and in vivo in weaned piglets

	
[69,70]




	
Influence on skeletal muscle differentiation in C2C12 murine skeletal muscle cells

	
[68,71]




	
Antidiabetic on L6 murine skeletal muscle cells

	
[72,73,74,75]




	
Apigenin

	
Suppression of muscle atrophy on C2C12 murine skeletal muscle cells and in vivo in mice

	
[76,77,78,79,80]
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Table 3. Summary of main laurel leaf polyphenols’ effects on adipose tissue.
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Compound(s)

	
Effects

	
Reference






	
Kaempferol

	
Antiobesity on murine adipocytes and in vivo in obese mice

	
[87,88,89,90,91,92]




	
Antidiabetic on murine adipocytes and in vivo in obese C57BL/6 mice

	
[87,89,93]




	
Anti-inflammatory on macrophage-like cell line J774.1 and in vivo in obese mice

	
[92,93]




	
Hydroxycinnamic acids

	
Antiobesity on human and murine adipocytes and in vivo in obese mice

	
[94,95,96,97,98,99,100,101,102,103]




	

	
Antidiabetic on murine adipocytes and in vivo in obese and diabetic mice

	
[72,95,100,101]




	

	
Anti-inflammatory on murine 3T3-L1 adipocytes and lipopolysaccharides (LPS)-induced macrophages; in vivo in obese mice

	
[72,95,97]




	

	
Management of NAFLD a in vivo in obese mice

	
[95]




	
Apigenin

	
Antiobesity on murine 3T3-L1 and human adipocytes and in vivo in obese mice

	
[104,105,106,107,108,109,110,111]




	

	
Anti-inflammatory on human adipocytes and in vivo in obese mice

	
[106,107,112]




	

	
Antidiabetic in vivo in obese mice

	
[109,112]








a non-alcoholic fatty liver disease.
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