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Abstract

:

Diabetes mellitus (DM) is a metabolic syndrome that can be considered a growing health problem in the world. High blood glucose levels are one of the most notable clinical signs. Currently, new therapeutic alternatives have been tackled from clinicians’ and scientists’ points of view. Natural products are considered a promising source, due to the huge diversity of metabolites with pharmaceutical applications. Therefore, this review aimed to uncover the latest advances in this field as a potential alternative to the current therapeutic strategies for the treatment of DM. This purpose is achieved after a patent review, using the Espacenet database of the European Patent Office (EPO) (2016–2022). Final screening allowed us to investigate 19 patents, their components, and several technology strategies in DM. Plants, seaweeds, fungi, and minerals were used as raw materials in the patents. Additionally, metabolites such as tannins, organic acids, polyphenols, terpenes, and flavonoids were found to be related to the potential activity in DM. Moreover, the cellular transportation of active ingredients and solid forms with special drug delivery profiles is also considered a pharmaceutical technology strategy that can improve their safety and efficacy. From this perspective, natural products can be a promissory source to obtain new drugs for DM therapy.
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1. Introduction


Diabetes mellitus is a metabolic disbalance among carbohydrates, lipids, and proteins that are associated with hyperglycemia, cardiovascular events, kidney, and ocular perturbances, peripheral neuropathy, ulcers, and even lower limb amputations [1,2,3]. A defect in insulin secretion and/or action is identified as one of the pathogeny causes [4]. Type 2 diabetes is the most reported form [5]. It occurs when the insulin levels decrease progressively, and the insulin resistance increases. Furthermore, type 1 diabetes is defined as a chronic condition in which the pancreas produces low levels of insulin or almost none [6].



The International Diabetes Federation reports estimate that about 537 million people live with DM worldwide. The countries with the highest incidence levels are by China, India, the United States, Pakistan, and Brazil [7]. In addition, low- and middle-income countries have the largest number of DM cases, and 1.5 million deaths are directly caused by diabetes each year. In recent decades, new case numbers and prevalence indicators in DM have been increasing. This has triggered sanitary alerts in international health systems, stimulating the research and development of new therapeutic strategies.



Currently, there are different treatments for DM type II, including changes in lifestyle, the use of oral hypoglycemic drugs or biotechnology products, gene therapy, pancreatic transplants, and precision medicine, to personalize diabetes prevention and management [8,9,10,11,12]. However, it has recently been shown that natural products and isolated substances play an important role in DM [13,14,15,16,17].



Galega officinalis L. (Fabaceae) was one of the first medicinal plants associated with antidiabetic activity prescribed in the Middle Ages [18]. Galegine metabolite was isolated from this plant, which is also known as galega or goat’s rue. This substance corresponds to a guanidine derivative with high toxicity levels [19]. However, this important fact helped to establish a precursor prototype to develop metformin the first hypoglycemic drug of the biguanide type. Their structures are shown in Figure 1.



Pycnogenol (acquose extract derived from Pinus pinaster (Pinaceae)), acarbose, miglitol, and voglibose (α-glucosidase inhibitors isolated from microorganisms) are other examples of natural products applied in DM treatment [20,21]. Ethnopharmacology criteria represent a valuable tool that allows advancing systematic analysis of natural products as innovative drugs in the industrial application field. A systematic patent review was carried out in the 2016–2022 period (Table 1) in which research with therapeutic DM potential based on natural products was selected. Curcuma longa, Trigonella foenum-graecum, and Panax ginseng were the main assessed as well as seaweed, fungi, and several minerals’ derivatives. Among the therapeutic targets, the inhibition of α-amylase, effects on glucose uptake, effects on glucose transporters, improvement in insulin secretion, the proliferation of pancreatic β-cells, and inhibition of proteins such as tyrosine phosphatase were found [15,22,23,24].



Furthermore, organic acids, polyphenols, saponins, terpenes, and flavonoids were identified as the responsible metabolites for the potential activity. Mainly, improved insulin signaling, effects on lipids, reduction in fat accumulation, inhibition of α-glycosidase activity, an influence on glucose metabolism, antioxidant activity, and influence on the intestinal microbiota were the effects derived from their use. Likewise, some pharmacotechnical strategies such as solid forms (tablets and granules), liquid forms (syrups and solutions), heterodisperse systems (suspensions), and transmucosal adhesive forms were also discussed. Finally, safety assessments and toxicity tests (in vitro and in vivo), and clinical efficacy reports were included.




2. Materials and Methods


Espacenet developed by the European patent office (EPO) was chosen as a database repository. The keyword diabetes in the title or abstract and the code a61k36/00 were chosen as the inclusion criteria. According to the International Patent Classification (IPC), the code a61k36/00 is associated with medicinal preparations of the indeterminate constitution, which contain algae material, lichens, fungi or plants, or their derivatives, and traditional herbal medicines. The review process was carried out between February to April 2022.



By Espacenet, 183 patents satisfied the first criteria. Subsequently, 5 cases were duplicated, and they were rejected. The publication date was considered as the second criterion, and then the patents published before 2016 were also discarded (n = 144). Additionally, the titles and abstracts were read, and 3 of them were due to a lack of relation to DM.



Then, 31 patents were fully analyzed, and 12 documents were out of the scope of this review. Finally, 19 documents were accomplished with all the criteria established. This allows the identification of natural products with potential applications in the pharmaceutical industry related to DM treatment. The screening scheme is represented in Figure 2.




3. Results


The United States, Mexico, Ukraine, Singapore, Australia, and New Zealand were the countries of origin of the reviewed patents. This can be observed in Figure 3.



The number of patents published and the scientific articles found in PubMed with keywords Diabetes (AND) herbal and Diabetes (AND) algae was also compared, as shown in Figure 4.



The worldwide impact of diabetes has increased in the latest years. Ongoing research work needs to be rigorous and constant to establish alternative therapeutic options. This context aims to analyze natural products with diverse and promissory mechanisms of action and their possible clinical applications.



This framework led to an in-depth investigation of the documents shown in Table 1. Plants, fungi, and seaweed extraction methods and some mineral compounds of traditional uses are compiled from patents in the field. Qualitative formula descriptions, pharmaceutical dosage form strategies derived from different extracts, and multi-component preparation (association of several natural derivatives materials) are also included.




4. Discussion


4.1. Main Hypoglycemic Mechanisms of Action


The multi-component systems are described in Table 1. Often, these formulations are made up of plants or a group of them. Therefore, some metabolites’ roles are highlighted in the same product. This is the case for SG11201908574T (A) patent, in which the ellagitannins (Figure 5) are the predominant substances with high maltase-inhibitory activity and energy expenditure (EE) increase by enhancing thermogenesis in brown adipose tissue [44,45]. Other activities derived from ellagitannins such as beneficial effects against insulin resistance, oxidative stress control in the polyol flow pathway, the activation of protein kinase C and the suppression of α-glucosidase, α-amylase, and lipase activities have been described [46,47,48].



Curcuminoids (Figure 5) are present in SG11201908574T (A) pharmaceutical preparation. Especially, bisdemethoxycurcumin [44] present in Curcuma longa has been related to the inhibitory activity of α-glucosidase derived from in vitro tests. Furthermore, some cellular and molecular effects have been attributed to these metabolites. For instance, a decrease in the sterol regulatory element-binding protein 1 (SREBP1c), and carbohydrate-responsive element-binding protein (ChREBP) and an increase in the carnitine palmitoyltransferase (CPT1) and the acyl-coenzyme A:cholesterol acyltransferase (ACAT) levels can allow the regulation of lipid metabolism [49]. An increase in PPAR-γ via AMPK activation and a decrease in lipid peroxidation effects are also associated with antioxidant activity with curcuminoids [50,51]. Finally, a decrease in monocyte chemoattractant protein-1 (MCP-1), IL-1β, TNF-α, IL-6, and COX-2, can be resulted in an anti-inflammatory effect [52,53,54]. Furthermore, an influence on the intestinal microbiota is also suggested, owing to a possible mediation in the metabolic syndrome process [55,56].



Meanwhile, different terpenes also have promising effects in DM treatment. Oleanolic acid is present in the species Sambucus spp. [57] has demonstrated an inhibitory activity on α-glucosidase, α-amylase, and protein tyrosine phosphatase 1B (PTP 1B) [58,59]. In this context, saponins or triterpenoids are also thought to be responsible for the beneficial effect in DM [60]. It was found that saponins such as kammogenin, manogenin, gentrogenin, and hecogenin (Figure 5) exhibited an α-glucosidase-inhibitory activity. They are included in the composition of the patent product MX2018004489 (A) [33]. A powerful hypoglycemic activity in an oral glucose tolerance assay in rats is also exhibited by these saponins [44].



SG11201908574T (A) patent refers to the presence of organic acids, which describe a potent antioxidant and hypoglycemic activity that can be evaluated in animal models of hyperglycemia [28,61]. The above also suggests stimulating effects on insulin secretion [44]. Likewise, it attenuates diabetic nephropathy through anti-inflammatory and antifibrotic effects, which are found in flavonoids such as the flavonone naringenin (Figure 5); this was identified in WO2019088958 (A2) and WO2019088958 (A3) patents [9,32]. These metabolites are important components of the human diet. and several studies have demonstrated a broad range of beneficial effects in DM, such as the balancing of glucose metabolism [14].



Some polysaccharides were described in the composition of the products in the US2016361341 (A1) and US9828442 (B2) patents. Decreased glucose absorption, increased serum insulin concentration, reduced postprandial hyperglycemia, and modulation of liver enzymes are the proposed mechanisms of action of these metabolites [40]. Inulin (Figure 5) is an example of these substances that can be applied to DM [9,44]. Additionally, it is known that oligosaccharides such as non-digestible carbohydrates, a subtype of this group of compounds, also play a role in modulating the intestinal bacterial population after dysbiosis [55,62].



Different mechanisms of action derived from secondary metabolites are mentioned above in the reviewed patents. Nevertheless, an important number of patents do not mention the complete chemical composition. Only the species of plants, fungi, or seaweed and their parts such as roots, fruits, bark, leaves, heartwood, flowers, seeds, rhizomes, gum resin, or stems are detailed. The lack of information on the chemical identity in the preparation can be considered a limitation of the study. The poor description affects the monitoring of a particular pharmacological marker as being responsible for anti-DM effects. Even so, seven categories of various mechanisms of action that could contribute to the treatment of DM have been proposed (Figure 6) based on the authors’ annotations.



4.1.1. Insulin Signaling


Anabolic processes comprise a series of harmonized steps that are oriented toward the construction of complex biomolecules. The procedure is carried out after the generation of covalent molecular bonds. As a consequence of these reactions, the reserve energy is available to be released according to the body’s demand [63].



Insulin is synthesized in the pancreas, a glandular organ located in the abdomen [64]. This hormone contributes to the anabolic process, which is mediated through glucose uptake in myofibrils and adipocytes [64]. DM cases are derived from the total or partial absence of insulin, which triggers a metabolic imbalance. As a solution, agents that promote or improve insulin signaling are considered a useful strategy in this field [65].



About 40% of the reviewed patent analyzed the improvement in insulin signaling as a benchmark derived from their preparations. For instance, an increase in insulin secretion and regeneration of pancreatic cells is mentioned in the US10576117 (B2) and US2019125816 (A1) patents [22]. This scenario is attributed to the use of Gymnema sylvestre extracts, whose major components are gymnemic acid, saponins, and gurmarin [22,66,67,68].



On the other hand, Herbaceous Premna and Paiiurus spina-christi Mill species are present in WO2020115767 (A1), WO2019088958 (A2), and WO2019088958 (A3) patents, in which the authors suggest an improvement insulin signaling via the AKT/AM PK pathway [25,69].




4.1.2. Effects on Lipids


Lipidic perturbances are also characteristics of DM. As a result, a strong relationship between dyslipidemia, diabetes, and cardiovascular disease has been documented. It shows the metabolic interdependence between carbohydrate metabolism and lipids [70].



Higher levels of specific cholesterol subtypes and very low lipoproteins (VLDL), low-density lipoprotein (LDL), and triglycerides increase the likelihood of obstruction in vessels and capillaries, which promotes vascular changes. As result, this target can allow better lipid regulation and avoid complications resulting from DM [71].



In the WO2020115767 patent, a significant reduction in lipids was obtained. The decrease was induced by palmitate in a dose-dependent manner in HepG2 cells after P. herbacea administration. Then, it suggests the applicability of the herbal preparation to complications associated with hepatic insulin resistance in DM2 [25].



In the same way, the reduction in obesity, overweight, accumulation of visceral adipose fat and central obesity, adipocyte hypertrophy, intracytoplasmic accumulation of hepatic triglycerides, dyslipidemia, and LDL and the improvement in lipid degradation were also studied in the MX2018004489 (A), US10668122 (B2), and US2017252393 (A1) patents [33,37].




4.1.3. Glucose Metabolism


Many natural products are useful in the control of DM due to their effects on glucose metabolism. The main ones are the action on degrading enzymes, glucose re-uptake, and agonist effects on specific receptors. During the digestion process, enzymes help break down macromolecules to make them available for absorption. One of them, α-glucosidase, helps in the cleaving processes of the starch molecules, allowing the absorption of released monosaccharides [72]. This fact explains the glucose bioavailability levels. The higher the α-glucosidase levels, the higher the probability of free glucose in blood circulation, which is critical in DM patients.



Digestive enzyme regulation can be considered a target of DM treatment. The possible delay of carbohydrate absorption in the intestine and the subsequent decrease in the postprandial insulin level [57] derived from enzyme control are highlighted by the US11007237 and (B2) US10640480 (B2) patents.



Additionally, the control of glucose levels may be mediated by peripheral glucose reuptake. Therefore, the glucose transporter (GLU), peroxisome proliferator-activated receptors (PPARs), and adipocytokines [72] have been described as targets of interest.



For instance, adiponectin (a type of adipocytokine) represents a protein involved in insulin sensitivity, glucose uptake, and lipid metabolism. Chronic inflammatory processes can be expressed in DM due to low serum levels of this substance [73]. In addition, osmotin is described as a structural homolog of the β-barrel domain of adiponectin in WO2019186579 (A1). This enzyme can bind and activate the adiponectin receptor (ADIPOR1), which led carrying out kinase phosphorylation through AMPK activation (3′ 5′- adenosine-monophosphate-kinase) [74]. The previous process takes place on muscle cells and has a beneficial effect on DM treatment.



Nonetheless, natural products can strengthen the pancreatic tissue and promote insulin secretion and decrease the intestinal absorption of glucose [9].



Trigonella foenum-graecum species present in two patents contain metabolites such as diosgenin, galactomannan, and 4-hydroxy-isoleucine (Figure 5) that have been associated with lowering blood glucose levels and insulin sensitivity [75].



Ginsenosides (Figure 5) from Panax ginseng have preclinical and clinical reports reflecting the improvement in glucose metabolism and renal function [22,75]. Moreover, the European Medicines Agency (EMA) established its inhibitory effect on the plasma glucose-lowering action of Rh2 by opioid µ-receptor blockers [76].




4.1.4. Influence on the Intestinal Microbiota


The relationship between the gut microbiota, the onset of insulin resistance, and diabetes has been investigated for years. Intestinal permeability, endotoxemia, interaction with bile acids, and changes in the proportion of adipose tissue are possible mechanisms of interconnection [77]. An increase in the abundance of Firmicutes phylum bacteria and a reduction in Bacteroidetes phylum bacteria have been reported in people with obesity and DM [78]. However, natural products can ameliorate the control and balance of microorganisms’ growth and strengthen intestinal health.



Some polyphenols of natural origin have probiotic activity and can influence the intestinal microbiota, being benefic for obesity and metabolism. That is the case of curcumin (Figure 5), a representative metabolite of Curcuma longa. Intestinal barrier function, reduced circulating LPS levels, and improves glucose tolerance in LDLR 1 were found after the oral administration of curcumin in mice [55].



A possible reduction in the imbalance of the Firmicutes/Bacteroidetes ratio in the gastrointestinal tract was researched in WO2019205943 (A1), which is derived from various plants, fungi, or their association [29,79]. Likewise, several beneficial effects such as a decrease in Firmicutes and an increase in Bacteroidetes, Lactobacillus spp., Bifidobacterium spp., and Akkermansia muciniphila are also discussed in MX2018004489 (A). The microbiota perturbances are related to mucin degradation, which represents a protective glycoprotein in the intestinal mucus layer and has been associated with better insulin sensitivity and decreased fat gain [33,36].




4.1.5. Oxidative Stress


High levels of glucose in DM may be associated with the presence of reactive oxygen species (ROS) due to the degradation of LDL lipids [75]. The presence of ROS triggers chemical reactions binding to lipid and protein membranes. The disruption of physiological conditions exacerbates oxidative damage and modifies the cellular environment [72]. The conditions mentioned result in an insulin resistance scenario. The antioxidant activity is discussed in several patents. Limiting the propagation of radicals and interrupting membrane damage are characteristics of these processes.



The improvement in pancreatic β cell function and regulation of insulin tolerance has been explained as an antioxidant and antidiabetic effect from curcumin in the patent review [75]. Meanwhile, polyphenols in Vitis vinifera (patent WO2019186579 (A1)) were associated with antioxidant capacity and insulin resistance decrease [30,75]. Moringa oleifera and Zingiber officinale also contribute to the mitigation of oxidative stress in animal models [22]. In addition, cyanobacterial-derived metabolites, such as phycocyanin (Figure 5), act against oxidative damage and contribute to preventing chronic inflammation [31].




4.1.6. Other Mechanisms


Thermogenic effects are also found as a pharmacological strategy favorable in DM cases. It is linked to the body’s ability to generate heat after metabolic reactions. Free fatty acid concentration and insulin sensitivity are associated with an improvement in metabolic parameters through the activation of brown fat [80]. Thermogenic effect is mentioned on MX2018004489 (A), in which the inhibition of phosphodiesterase activity is carried out [33]. In addition, stimulating PGC-1Q and UCP1 and activating AMPK [41] mechanisms are shown in US10028930 (B2) and US2016228400 (A1) as a result of thermogenic effects.



Other documents, such as US10576117 (B2) and US2019125816 (A1), describe the reversing processes of glycogen depletion and proteins that are generally observed in the tissues of diabetic subjects [36].





4.2. Perspectives for Pharmaceutical Dosage Forms


Conventional pharmacotherapeutic schemes in DM include the daily administration and multiple doses of several drugs [81]. These facts can transform into disadvantages such as adverse effects and difficulties in adherence to therapy [75]. Consequently, providing adequate and effective clinical strategies is a constant challenge in pharmaceutical research.



In this sense, the application of controlled release systems is thought to be a promising approach to reducing the number of drugs in DM treatment [82]. This technology requires the critical choice of excipients, which will support the drug release according to the physiological conditions. As result, dose–response curves and retention times of the drugs can be adjusted to contribute to the pharmacokinetic parameters and reduce drug ingestion.



For instance, a protective bilayer dosage form is designed in the S10028930 (B2) and A US2016228400 (A1) patents. In this case, thermogenic substances such as fucoxanthin and caffeine are released with an hour of difference, which can increase energy expenditure and lipid oxidation [83]. It even suggests a dual-acting anti-diabetic and anti-hypertensive derived from this type of metabolite [84]. Another method is related to the administration of active salt forms that exert their action according to the pH of the medium. Therefore, drugs are often chemically made into their salt forms to enhance how the drug dissolves, boost its absorption into the bloodstream, and increase its effectiveness [85]. Finally, prodrugs are also included in the patent review. They can undergo chemical pH-dependent transformations, which allow extended time activation according to the medium.



A transdermal patch with a prodrug system was discussed in the US10028930 (B2) and A US2016228400 (A1) patents. The prodrug-to-drug conversion was performed due to an enzyme or chemical reagent included in the matrix [41]. Additionally, tablets or pills containing the extract of Calophyllum inophyllum were also proposed by NZ630125 (A). The invention performs a modified coating that prolongs the action of metabolites in DM treatment.



Otherwise, several inventions do not detail the delivery systems in which extracts are incorporated. For example, US10799547 (B2) and US2016067294 (A1) patent presents a wide range of forms, including granules, powders, syrup, solutions, suspension, tablets, injectables, poultices, and capsules to transport Suaeda japonica extract. These dosage forms realize different release forms such as rapid, continuous, or delayed [42].



In WO2019186579 (A1) patent, structural homology between osmotin and adiponectin domain, provides a possibility of a controlled release system through different pharmaceutical forms, such as tablets, granules, syrups, and films for transmucosal administration [86].



On the other hand, mucosal films have been tackled in patents. As part of improving the dissolution drug in the oral cavity, a transmucosal film of metformin and linagliptin was carried out. The omission of first-pass metabolism, a shorter time, and a faster-acting response compared to conventional pharmaceutical forms were the main advantages of this technology [87,88].



Other findings in the patent review are oriented to the optimization of extraction processes to maximize yields and achieve a better loading of the pharmaceutical vehicle. An extraction solvent based on an emulsifier, cyclodextrin, acid, water, and/or an organic solvent was related to Gnetum gnemon extract by the US10640480 (B2) and US2019031635 (A1) patents. This solution boosts the gnetin C glycoside content due to the solvolysis reaction [34].




4.3. Safety Test Assessments


Alternative therapies for DM from natural origins must follow the non-maleficence principle, in which the new substance administration does not represent a health risk. Safety in this field is based on the correct tracking of metabolites, their quantification, and the correct doses administrated. The current open science idea increases the safety background to divulge key data from diverse natural products. This fact mitigates the premature use of raw materials and unreliable data in natural products [72]. In this sense, acute and chronic toxicity studies are considered valuable tools to analyze the possible adverse effects derived from natural products.



The results obtained in these tests can guide the next steps in the research perspective. For instance, particular findings were obtained in the in vivo acute toxicity test performed in SG11201908574T (A). Inventors mentioned behavioral changes from 30 min until the 15th day after oral administration, characterized by tremors, sedation, convulsions, catatonia, state alertness, muscle spasms, cyanosis, writhing, irritability, and diarrhea.



On the other hand, lethal doses (LD) are also a parameter studied in the safety stage. For instance, greater LD values of 5000 mg/kg in rats were demonstrated in a safety assessment (short and long-term) in the US10576117 (B2) product.



Nevertheless, this information must be tackled carefully. Curcuminoids (present in several patents) have been identified as hepatotoxic in rodents [89,90]. The toxicity was linked to the metabolic pathways, especially 3,4-epoxidation predominant in rats. However, in humans, the metabolism occurs through the 7-hydroxylation pathway, which indicates that the hepatotoxic metabolites are not formed [72,91,92]. In contrast, these human metabolites are related to minor symptoms, such as itching, constipation, vertigo, and diarrhea [52].



Other safety warnings in natural products are focused on terpenes. Some terpenes have high molecular weights, and their permeability properties can be limited in physiological conditions. Although some tests suggest their accumulation in the liver, which can be dangerous, other researchers do not indicate adverse effects after acute and chronic ingestion [57]. Furthermore, a co-administration therapeutic regimen can also be reviewed. The concomitant use of traditional drugs and natural products may result in complications. An example can be the water-soluble fraction of okra (Abelmoschus officinalis) fruits, which modified the metformin absorption, reducing its serum concentration [72].




4.4. Pharmacological Assessment


To confirm the benefits of DM therapy, the preparation must be challenged to guarantee its effectiveness. This ensures that the mentioned therapeutic targets are achieved.



Despite the number of biochemical or cellular assays to test the target activity, the (AU2018278958 (A1) and AU2018278958 (B2) patents describe an alternative assay. The applicants have created a system in which a cell-specific protein-based target can identify activators of the IRS2 branch in the insulin-mediated signal transduction cascade. To support the procedure, control and test cells were derived from the 32D myeloid progenitor cell line [35,93].



However, the in vivo models are still predominant. To model DM, the use of streptozotocin (STZ) and alloxan (ALX) were mentioned by several patents and literature reviews [94,95]. These substances easily accumulate in pancreatic β-cells through the glucose transporter GLUT2. The STZ model is characterized by the presence of methylnitrosourea. This metabolite modifies biological macromolecules, fragments DNA, and destroys β-cells. Meanwhile, the ALX model has an oxidative stress capacity mediated by dialuric acid. In this case, the metabolite activates ROS cascades, impacting β-cell dysfunction [96].



Other findings in in vivo models indicate the use of OLETF (Otsuka Long-Evans Tokushima Fatty) mice, which are mentioned in the US10799547 (B2) and US2016067294 (A1) documents. The DM model is performed with a hypercaloric diet. When the DM model is stabilized, the extract is administered. Then, the blood and plasma samples are tracked to determine their content in the body.



Once the in vitro and in vivo stages are optimized, the next step is to carry out clinical trial assessments [52]. Only 15% of patients reported clinical studies annotations.



The influence of Ayurvedic medicine was observed in the clinical tests of DM in the patent review. The product administration was carried out in a personalized way. According to the Ayurvedic standard, dose adjustment and regimen timelines of administration led to the clinical criteria for practitioners to use the inventions [36].



To illustrate this practice, the US10028930 (B2) and US2019125816 (A1) patent inventors performed a prospective, open-label, non-randomized, phase III clinical trial. The procedure took place in the Muniyal Ayurvedic Hospital and Research Center in Manipal, India, and the patients were individuals from 30 to 60 years old [36]. London protocol elements such as inclusion and exclusion criteria or voluntary withdrawal were also documented. Despite the clinical trial details not being shown, the aim of the practice was clear, namely to verify the effectiveness [41].



Another example of clinical trials in this review refers to the use of Trigonella foenum-graecum in DM. Nevertheless, a lack of harmonization in the administration schedule was identified. This framework suggests an improvement opportunity for variable control in further assessment to reach a convergence protocol [9].



Although clinical assessments must be carried out within the transparency standards (under compliance agreements), the status of their execution must be critically monitored. Government entities such as the National Institute of Health (NIH) record the execution and status of these studies. The information is saved in an online database (https://clinicaltrials.gov/) and available to the general public. There are about 50 active trials related to DM and herbal components, predominantly located in China, India, and the United States [97].




4.5. Other Natural Resources with Anti-DM Potential


To achieve a therapeutic effect, WO2019205943 (A1), US10028930 (B2), US2016228400 (A1), US2016361341 (A1), and US9828442 (B2) describe the use of extracts and metabolites from algae, fungi, and metals or their derivatives.



Fucoxanthin is a carotenoid extracted from brown algae. Their effects in DM are observed in US10028930 (B2) and A US2016228400 (A1) [41]. Previous reports of this algae-derived metabolite have highlighted its role in inducing UCP1 in the white adipose tissue mitochondria. Fatty acid oxidation, heat production, insulin resistance improvements, and decrease blood glucose levels are the main effects of their use [98].



Additionally, the spirulina cyanobacterium metabolite phycocyanin has powerful antioxidant, anti-inflammatory, adipogenesis- reducing and thermogenic-activating properties that can be considered in this field [99,100]. Thus, their presence increases the body’s ability to prevent the development of chronic inflammation, which is frequent in DM patients [31].



Similarly, polysaccharides isolated from Hirsutella sinensis (fungi) improved insulin sensitivity in rodents in in vivo studies [40]. Increased expression of protein markers of thermogenesis, intestinal integrity improvements, anti-inflammatory effects, and lipid metabolism regulation were found for this substance [101,102].



Regarding Ayurvedic medicine influence, the shilajit (asphaltum black) a complex derived from the decomposition of plant and mineral materials was deepened by US 10967025 (B2) and US2019209634 (A1) [103]. The complex contains more than 85 minerals, as well as humic acid, dibenzo-α-pyrones, and fulvic acid. Antioxidant and cytoprotective properties are associated with it, which can be exploited in the prevention of DM disease [31].



In the same way, the use of minerals such as mica, pyrite, tin, lead, zinc, coral, iron, and copper and bhasmas or calcined preparations such as Swarna Makshika Bhasma, Abhraka Bhasma, Loha Bhasma, Vanga Bhasma, Yashada Bhasma and Pravala Bhasma derived from Ayurvedic medicine were reported in US10576117 (B2); US2019125816 (A1) Nevertheless, the literature available in online databases is focused on the synthesis and physicochemical characterization of these Herbo-Mineral preparations [36,104,105,106,107]. Therefore, further research on the subject is required.





5. Conclusions


This review shows different methods of preparation and extraction of natural products from plants, algae derivatives, fungi, and some minerals. The most reported and studied secondary metabolites in patents are tannins, organic acids, polyphenols, saponins, terpenes, and flavonoids. Among the mechanisms of action, the effects on the circulatory system, intestines, pancreas, adipose tissue, and muscles have been identified.



Additionally, some pharmacotechnical strategies such as solid forms with a modified release, bilayer systems, and transmucosal films are reported. Finally, some key safety and efficacy points are discussed, which provide a critical analysis of these substances in the current context.



The above demonstrates the importance of research using medicinal plants in the design and development of new drugs for the treatment of DM.
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Figure 1. Chemical structure of galegine and metformin. 
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Figure 2. A systematic approach to the patent review with inclusion and exclusion criteria. 
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Figure 3. Patents for DM with A61K36/00 IPC classification that were published between 2016 and 2022. (100% represents the total number of 19 patents). 






Figure 3. Patents for DM with A61K36/00 IPC classification that were published between 2016 and 2022. (100% represents the total number of 19 patents).



[image: Pharmaceutics 15 00085 g003]







[image: Pharmaceutics 15 00085 g004 550] 





Figure 4. (a) Number of patents with IPC classification A61K36/00 published between period 01/2016 and 04/2022. (b) Number of articles published in PubMed between 01/2016 and 04/2022 associated with diabetes and herbal preparations. (c) Number of articles published in PubMed between 01/2016 and 04/2022 associated with diabetes and algae-based preparations. 
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Figure 5. Principal metabolites reported by patents from natural products. 
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Figure 6. Mechanisms of action in DM related to natural products derived from the patent reviewed. (↑ increase ↓ decrease). 
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Table 1. Pharmaceutical product patents with natural origin published by EPO from 2016 to 2022.
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	Year
	Country
	Registration Number
	Species
	Part of the Plant
	Secondary Metabolites
	Mechanism of Action
	Formulation
	Safety Assessments
	Efficacy Tests
	Ref





	2020
	WO
	WO2020115767 (A1)
	Premna herbacea
	Leaves
	isoverbascoside
	Improved insulin signaling via the AKT/AM PK pathway
	ND
	A single dose of 2000 mg/kg of P. herbacea methanol extract was reported as safe after acute toxicity evaluation in Swiss ICR male mice.
	In vitro: [a] Uptake of glucose in L6 cells

[b] Total accumulation of lipids in HepG2 cell lines by staining with oil red 0

In vivo: ND

Clinical studies: ND
	[25]



	2020
	US
	US11007237 (B2); US2020147160 (A1)
	Pinus spp.
	Resin
	ND
	α-glucosidase inhibition
	Syrup, tablets, capsules, granules, and powders.
	ND
	In vitro: [a] Suppression of α-glucosidase activity

[b] Ability to uptake glucose

Clinical studies: ND
	[26]



	2020
	WO
	WO2020012299 (A1)
	Curcuma longa, Phylanthus emblica
	ND
	ND
	Insulin sensitization and antihyperglycemic
	ND
	Efficacy studies were carried out with non-cytotoxic doses after evaluation of cytotoxicity and PPAR γ expression in fibroblasts using the MTT assay.
	In vitro: [a] Evaluation of PPAR γ expression in fibroblasts cell culture.

In vivo: Evaluation of streptozotocin-induced insulin resistance in rats.

Clinical studies: ND
	[27]



	2019
	SG
	SG11201908574T (A)
	Curcuma longa, Emblica officinalis, Vernonia anthelmintica, Tinospora cordifolia, Trigonella foenum-graecum, Ixora coccinea, Syzygium cumini
	ND
	Tannins, organic acids, curcuminoids
	ND
	Powders, pastes, granules, capsules, tablets, emulsions, suspensions, syrup, elixir, oral drops, and nutraceuticals
	Acute toxicity test in male and female Swiss ICR mice, at doses. It was reported as safe.
	In vitro: [a] Evaluation of glucose uptake potential in L6 cells [rat skeletal muscle cells]

In vivo: ND

Clinical studies: ND
	[28]



	2019
	WO
	WO2019205943 (A1)
	Polygonatum spp., Poria cocos, Lycium barbarum, Pueraria Panax ginseng, Shiitake, cordyceps, Ganoderma lucidum, Hericium erinaceus,

Tremella

Dendrobium officinale
	ND
	Flavonoids and oligosaccharides (inulin, fructooligosaccharides, oligosaccharides)
	Reduction in the proportion of Firmicutes/Bacteroides in the gastrointestinal tract.
	ND
	The description of the methodology was not detailed, but it was concluded that the preparation is safe.
	In vitro: AND

In vivo: Oral glucose tolerance test in different groups of mice.

Clinical studies: ND
	[29]



	2019
	WO
	WO2019186579 (A1)
	Trigonella foenum-graecum, Solanum lycopersicum, Dudhi bhopla, Lagenaria siceraria, Vitis vinifera, Medicago sativa
	Roots, stems, leaves, buds, flowers, fruits, and seeds.
	Osmotin
	Adiponectin agonists/mimetics. Activation of the AMPK pathway
	Tablets, syrup, granules, and film for transmucosal administration.
	ND
	In vitro: ND

In vivo: ND

Clinical studies: ND
	[30]



	2019
	US
	US10967025 (B2) US2019209634 (A1)
	Moringa Oleifera, Origanum vulgare, Shilajit, Blue-Green Algea, Phyllanthus emblica, Piper nigrum, Salvia rosmarinus, Punica granatum, Trigonella foenum-graecum, Curcuma longa.
	Leaves, fruits, and seeds.
	Polyphenols, carvacrol, phycocyanin
	Antioxidant and anti-inflammatory—via COX-1 inhibition
	Capsules
	ND
	In vitro: [a] ROS absorption capacity

[b] DPPH radical scavenging activity

[c] Oxidation of LDL in a cell-free system

[d] Insulin release in islets of rats

[e] Effect on cholesterol absorption in Caco-2 cells

[f] Effect on COX-1 Enzyme activity.

In vivo: ND

Clinical studies: ND
	[31]



	2019
	WO
	WO2019088958 (A2); WO2019088958 (A3)
	Paiiurus spina-christi
	Fruits
	Naringenin
	Effect on ALT and AST regulation enzyme levels,

antioxidant activity, increased insulin secretion, regulates blood glucose, and increased magnesium absorption
	ND
	ND.
	In vitro: ND

In vivo: Rats with streptozotocin-induced diabetes

Clinical studies: ND
	[32]



	2019
	MX
	MX2018004489 (A)
	Agavaceae spp.
	Leaves, rhizomes, and mead
	Steroidal saponins and sapogenins (kammogenin, manogenin, gentrogenin, and hecogenin).
	Lipid and glucose metabolism improvements, energy expenditure, gut microbiota health, muscle oxidative capacity, and thermogenesis, stimulating PGC-1Q and UCP1, and activating AMPK
	Pills, capsules.
	ND
	In vitro: ND

In vivo: ND

Clinical studies: ND
	[33]



	2019
	US
	US10640480 (B2); US2019031635 (A1)
	Gnetum gnemon
	Fruits
	Gnetin C
	Antioxidant, antibacterial, inhibition of lipase enzymes, α-glucosidase, and α-amylase.
	Powders, granules, tablets, capsules.
	ND
	In vitro: ND

In vivo: ND

Clinical studies: ND
	[34]



	2019
	AU
	AU2018278958 (A1); AU2018278958 (B2)
	Cichorium endivia, Latifolium; Lactuca sativa, Longifolia; Lactuca sativa.

Plantas das famílias Asteraceae spp., Lamiaceae spp., Brassicaceae spp., Amaranthaceae spp.
	Fruits, leaves, stems, and roots
	ND
	IRS2 branch activation of the insulin-mediated signal transduction cascade.
	N.D.
	ND
	In vitro: ND

In vivo: ND

Clinical studies: ND
	[35]



	2019
	US
	US10576117 (B2); US2019125816 (A1)
	Salacia chinensis, Gymnema sylvestre, Emblica officinalis, Eugenia jambolana, Curcuma longa, Commiphora mukul, Tinospora cordifolia. Ithania somnifera, Terminalia chebula, Andrographis paniculata, Boerhavia diffusa, Azhadirachta indica, Aristolochia indica, Aegle marmelos, Cyperus rotundus, Hemedesmus indicus, Trichosanthes dioica, Santalum alba, Terminalia arjuna, Woodfordia fruiticosa, Glycerrhiza glabra, Mucuna pruriens, Myrica nagi, Plumbago rosea, Inula racemosa, Zingiber officinalis, Piper longum y Piper nigrum
	Roots, fruits, bark, leaves, heartwood, flowers, seeds, rhizomes, gum resin, and stems.
	ND
	Lipids/cholesterol reduction, tissue phosphatases, and tissue transaminases reduction, reversal of glycogen depletion, pancreatic islets cell regeneration, hypoglycemic, hypolipidemic, cytoprotective, and immunomodulatory action. FBS, PPBS, HbA1C reduction
	Tablets, granules, capsules, solution, emulsion, suspension
	According to OECD guidelines in rodent tests 423, 407, 408, and 452. It was reported as safe.
	In vitro: ND

In vivo: Model of diabetes in Wistar rats diabetic by alloxan.

Clinical studies: A prospective, open-label, non-randomized, phase III clinical trial conducted in outpatients at Muniyal Ayurvedic Hospital and Research Centre, Manipal, India.
	[36]



	2017
	US
	US10668122 (B2); US2017252393 (A1)
	Toona sinensis
	leaves
	Monoterpenes, diterpenes, triterpenes, sesquiterpenes, saturated and unsaturated fatty acids
	Glucose absorption improvements, lipid degradation, inhibition of large lipid clusters, and inhibition of metabolic syndrome
	ND
	ND
	In vitro: 24 h glucose consumption of 3T3-L1 adipocyte culture medium.

2- Adipogenesis blocked by TS-SCF in adipocytes

3- Antidiabetic effect of high to medium/high polar components of TSL, except TSL-SCF

In vivo: ND

Clinical studies: ND
	[37]



	2017
	US
	US10111923 (B2); US2017173103 (A1)
	Cyclocarya paliurus, Puerariae lobatae Radix, Polygonati odorati Rhizoma. L
	ND
	ND
	ND
	Pills, capsules, granules, powders, or tea formulation
	ND
	In vitro: ND

In vivo: Rats with streptozotocin-induced diabetes

Clinical studies: ND
	[38]



	2017
	NZ
	NZ630125 (A)
	Calophyllum inophyllum
	Cortex
	ND
	Inhibition of DGAT-1 and SCD-1 enzyme activity
	Tablets, coated tablets, capsules, powders, granules, elixir, and syrup.
	ND
	In vitro: 1- Assay of DGAT-1.

2- Inhibition of hDGAT-1

3- SCD-1 Assay

4- Triglyceride synthesis assay in HepG2 cells

In vivo: Streptozotocin-induced diabetic rats fed a high-fat diet.

Clinical studies: ND
	[39]



	2016
	US
	US2016361341 (A1); US9828442 (B2)
	Hirsutella sinensis
	ND
	Polysaccharides
	Hyperglycemia reduction and improvement of insulin sensitivity in humans and animals.
	ND
	ND
	In vitro: ND

In vivo: Streptozotocin-induced diabetic rats fed a high-fat diet.

Clinical studies: ND
	[40]



	2016
	US
	US10028930 (B2); US2016228400 (A1)
	Ephedra sinica and brown algae concentrate
	ND
	Fucoxanthin, caffeine, alkaloids such as ephedrine
	Thermogenesis potentiator
	Extended-release tablets, transdermal patches
	ND
	In vitro: ND

In vivo: ND

Clinical studies: ND
	[41]



	2016
	US
	US10799547 (B2); US2016067294 (A1)
	Suaeda japonica
	Leaves and seeds
	ND
	The cytoprotective activity of pancreatic β-cells, hypoglycemic action, insulin secretion increase, improvement of glucose tolerance, and increase of adiponectin content in the blood.
	Pills, powders, granules, capsules.
	ND
	In vitro: ND

In vivo: Overfeeding diabetic OLETF mice.

ND clinical studies
	[42]



	2016
	UA
	UA104161 (U)
	Equiseti arvensis, Sambucus spp., Hypericum perforatum, Tiliae spp., Polygonum aviculare, Urticae spp. Inula helenium e Mirtilli spp.
	Flowers, leaves. Additional plant material: rhizomes and roots
	Ascorbic acid, tannins, organic acids, flavonoids, hydroxycinnamic acids
	Hypoglycemic action due to exposure to glucagon-like peptide 1 [GLP-1]. Increased insulin levels, improves carbohydrate and lipid metabolism.
	ND
	ND
	In vitro: ND

In vivo: Alloxan-diabetic female rats.

Clinical studies: ND
	[43]







Abbreviations: WO: World Intellectual Property Organization (WIPO). xUS: United States. SG: Singapore. MX: Mexico, AU: Australia. NZ: New Zealand.UA: Ukraine, AKT/AM PK: Protein kinase B or AKT / AMP-activated protein kinase. ICR: Cancer Research Institute. PPAR γ: Peroxisome proliferator-activated receptor. COX-1: Cyclooxygenase-1. ROS: reactive oxygen species. DPPH: 2,2-Diphenyl-1-picrylhydrazyl. LDL: low-density lipoproteins. ALT: alanine aminotransferase. AST: Aspartate aminotransferase. PGC-1Q: Peroxisome proliferator-activated gamma recipe coactivator. UCP1: Uncoupling protein 1 or thermogenin. IRS2: insulin receptor substrate 2. FBS: Fasting blood sugar. PPBS: Postprandial blood sugar test. HbA1C: glycosylated hemoglobin. TS-SCF: T. sinensis- supercritical carbon dioxide fluid. TSL-SCF: Hojas de T. sinensis- supercritical carbon dioxide fluid. DGAT-1: Diacylglycerol O-acyltransferase 1. Human hDGAT-1: Diacylglycerol Acyltransferase -1. SCD-1: stearoyl-CoA desaturates.
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