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ABSTRACT 

	Glycosides are used as medicines and have various pharmacological properties. They are also widely known as components of crude drugs. Therefore, this work aimed to review the literature on glycosides used as medicines by different pharmacopoeias such as, United States Pharmacopoeia (USP), Japanese Pharmacopoeia (JP), FB (Brazilian Pharmacopoeia), and Brazilian Homoeopathic Pharmacopoeia (HP). This review summarises, in the period 2006-2024, the glycoside drugs that have been recorded in several pharmacopoeias, marketed, and under development based on the internal characteristics of carbohydrates. Thus, a bibliographic survey was carried out in the Web of Science database in May 2024, using the keywords “glycosides as medicines" and pharmacopoeia, where the growing number of studies involving the use of glycosides as medicines was noted in this period.  On the other hand, glycosides are significant in modern drug development due to their diverse therapeutic potential. They serve as leads for new drugs, with ongoing research exploring their use in oncology, antiviral therapies, and neurodegenerative diseases, and their potential to be more effective and safer than existing treatments. There is a wide range of medicinal applications, such as antineoplastic, anti-inflammatory, antibacterial, antiretroviral, antiviral, antiulcer, antioxidant, and antiarrhythmic, among others. Thus, it appears that glycosides are an important source of study for the development of new drugs.
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1. INTRODUCTION

	Carbohydrates comprise an important group of macromolecules of natural or synthetic origin that represent a large portion of the planet's biomass. They can be found as constituents of numerous biomolecules [1], such as glycosides. However, natural carbohydrates and their derivatives have been extensively studied as therapeutic agents for the treatment of various diseases [2].
	Glycoside chemistry has emerged as one of the most promising lines of research in pharmacology, as these compounds are important synthetic intermediates used in the structuring of complex molecules of biological interest [3]. Glycosides are formed by a carbohydrate unit linked by the hydroxyl group of the anomeric carbon to another carbohydrate, called a glycone, or to a non-carbohydrate, called an aglycone [4].
	Seeking to increase the biocompatibility of new drug candidates, the introduction of saccharide units to the molecule with biological potential has become an increasingly used strategy [5], as the body more easily recognizes materials compatible with the biological environment, such as the carbohydrate unit present in the structure of glycosides, thus avoiding possible adverse, toxic, or carcinogenic reactions to the patient.
	According to Patridge et al.[6], “when analyzing the differences between glycoside drugs registered by different pharmacopoeias, we observed that, rather than entirely different active ingredients, various modifications of carbohydrate drugs, such as salinisation, esterification, and derivatization, contribute more to the diversity of each pharmacopoeia. For example, powdered cellulose is registered only in JP, while cellulose acetate is commonly registered in all other pharmacopoeias”. “Although hydroxypropyl cellulose is commonly registered in all four pharmacopoeias, low-substituted hydroxypropyl cellulose is omitted in EP compared to USP and JP” [7].
	“National and international publications demonstrate a significant effort dedicated to investigating the role of glycosides in various essential biological processes and in their development as therapeutic drugs” [8]. “On the other hand, carbohydrates are essential constituents of organisms and play crucial roles in many important physiological and pathogenic processes, such as cell surface recognition, signal transduction, tumor metastasis, etc”. [9]. “Carbohydrates, the third major class of biopolymers, have attracted much less attention in drug development compared to nucleic acids and proteins due to our very recent understanding of fundamental glycobiology” [10]. “However, glycoside drugs still pave the way for an indisputable area of ​​the world of therapeutics due to their natural significance and the vast effort dedicated by glycoscientists in recent decades” [11]. 
	“Furthermore, in some countries, some drugs with glycosides commonly registered in foreign pharmacopoeias have already been used clinically, although they have not been registered in the native pharmacopoeia” [12]. “On the other hand, certain drugs with commonly registered glycosides have not yet been used clinically in other countries, and for others, the information is limited, and unfortunately, there is much missing information” [13]. “However, some registered pharmaceutical excipients with excellent properties have only been used as food additives in other countries” [14].
	On the other hand, it is important to highlight that some glycosides have been used as pharmaceuticals for over 30 years and are on the World Health Organisation's (WHO) list of essential medicines. These include erythromycin, a broad-spectrum antibiotic of the macrolide class; bleomycin, an antineoplastic agent used in the treatment of carcinoma and lymphoma; digoxin, a cardiotonic glycoside that acts by increasing the contractile force of the heart; and finally, vancomycin, a glycopeptide antibiotic used in the treatment of bacterial infections [15]. Therefore, this review aims to summarise the potential drugs containing glycosides in their structures registered in various pharmacopoeias, marketed, and in development. The application of glycosides in drug development is also discussed.

2. METHODOLOGY 

	The review was based on a bibliographic survey of the Web of Science database from 2006 to 2025, using the keyword "glycosides as medicinal products." Four pharmacopoeias, including the United States Pharmacopoeia (USP), Japanese Pharmacopoeia (JP), FB (Brazilian Pharmacopoeia), and Brazilian Homoeopathic Pharmacopoeia (HP), were used to compile the list of glycoside-containing drugs.
	Initially, all irrelevant titles were discarded. The remaining articles were then systematically screened for eligibility by abstract and full text. The papers retrieved from these pharmacopoeias were manually reviewed to remove duplicates. A final search was also conducted in July 2024 to capture any recent publications.
	The data obtained were organised by constructing a graph (Figure 1) demonstrating the number of publications retrieved by year. After the search, a total of 4,812 publications related to glycosides as medicinal products were found. Information related to pharmacology, traditional uses, and common names was obtained from books, master's dissertations, and doctoral theses.
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Fig. 1. Number of articles published per year between 2006 and 2025.


3. results and discussion

	After reading the articles, it was observed that a range of glycosides has been the subject of studies in the search for new molecules with biological potential. This potential can be seen in the various drugs already marketed that contain glycosides. Some examples (Figure 2) are gemcitabine (1), which is a nucleoside metabolic inhibitor used in the treatment of certain types of ovarian cancer [16], ribavirin (2), a guanosine nucleoside used to treat forms of hepatitis C [17], and paromomycin (3), used in the treatment of cutaneous leishmaniasis [18]. These compounds have a monosaccharide ring in their structures.
[image: ]
Fig. 2. Structure of constituent glycosides in the commercial drugs ribavirin (1), gemcitabine (2), and paromomycin (3).

	Pharmacopoeias provide a set of information on the active ingredients and ingredients of drugs authorised in the country, aiming to establish basic requirements for quality and health safety [19]. The efficacy and versatility of glycoside derivatives for various biological actions can be visualised based on the presence of these compounds in different pharmacopoeias.
	Therefore, the latest editions of five major pharmacopoeias available online for free were explored: the American (USP), the Brazilian (FB), the Japanese (JP), the Indian (HPI), and the international (WHO). In these, a total of 25 glycosylated compounds (Table 1), 12 O-glycosides and 13 N-glycosides, are described as commercial drugs. Of these, 23 are for human health applications and 2 are for veterinary use.

Table 1. Glycosides are marketed as drugs and registered in different pharmacopoeias.

	Usual name
	Biological activities
	pharmacopoeias

	Arcabose
	Hypoglycemic
	USP

	Cytarabine
	Antineoplastic
	JP - USP

	Cladribine
	Antineoplastic
	USP

	Deslanoside
	Cardiotonic and antiarrhythmic
	JP - USP

	Didanosine
	Antiretroviral
	USP

	Digoxin
	Cardiotonic
	FB - USP

	Digitoxin
	Antineoplastic and cardiotonic
	JP - USP

	
	Carcinogenesis inhibitor and
	HP

	Aesculin hydrate
	Antioxidant
	JP

	Etoposide
	Topoisomerase II enzyme inhibitor
	USP

	Floxuridine
	Antineoplastic
	USP

	Fludarabine phosphate
	Antineoplastic
	USP

	Gemcitabine
	Antiviral
	JP - USP

	Idoxuridine
	Cardiotonic
	FB - JP

	
	Cardiotonic
	JP

	Lanatoside C
	Immunosuppressant
	JP

	Methyldigoxin
	Antiviral
	USP

	
	Parasiticide*
	USP

	Mizoribine
	Antiulcer
	USP

	
	Antineoplastic
	USP

	Ribarvirin
	Antibiotic*
	USP


*Veterinary use

	Three other glycosylated compounds, ouabain (4), doxfluridine (5), and flavin adenine dinucleotide (6), one O-glycoside and two N-glycosides, respectively (Figure 3), are also cited in the most recent edition of the Japanese Pharmacopoeia as potential therapeutic agents.
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Fig. 3. Chemical structure of ouabain, doxfluridine, and flavin adenine dinucleotide.
	
	“Ouabain, whose IUPAC nomenclature is 4-(1R,3S,5S,8R,9S,10R,11R,13R,14S,17R)-1,5,11,14-tetrahydroxy-10-(hydroxymethyl)-13-methyl-3-[(2R,3R,4R,5R,6S)-3,4,5-trihydroxy-6-methyltetrahydro-2H-pyran-2-yl)oxy]-hexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)-2H-furan-5-one, is a cardiac O-glycoside, pyranoside derivative similar to digitoxin (Table 1 – line 8), used to treat congestive heart failure and supraventricular arrhythmias and to control ventricular rate in the treatment of chronic atrial fibrillation” [20,21].
	According to Takeyoshi et al. [22], doxifluridine is a second-line nucleoside developed by Roche and officially named (1-((2R,3R,4S,5R)-3,4-dihydroxy-5-methyloxone-2-yl)-5-fluoropyrimidine-2,4-dione). It has been considered for gastric cancer therapy, although it is used in combination with other drugs. This compound is frequently used in Asian countries, especially in Japan. It is a furanoside N-glycoside, derived from fluoropyrimidine, and is an oral prodrug of the antineoplastic agent 5-fluorouracil (5-FU) with antitumor activity [23]. “Flavin adenine dinucleotide (FAD), whose IUPAC name is [(2R,3S,4R,5R)-5-(6-aminopurin-9-yl)-3,4-dihydroxyoxolan-2-yl]-methoxyhydroxyphosphoryl] [(2R,3S,4S)-5-(7,8-dimethyl-2,4-dioxobenzo[a]pteridin-10-yl)-2,3,4-trihydroxypentyl]-phosphate, is a cofactor used in clinical conditions associated with vitamin B2 deficiency. This furanoside N-glycoside has already been tested in the treatment of ocular diseases caused by vitamin B2 deficiency, such as keratitis and blepharitis” [24].
	Of the 25 (twenty-five) glycoside compounds collected in the different pharmacopoeias, 10 (ten) contain a five-membered ring and 10 (fifteen) have a six-membered ring. These glycosides act as commercial pharmaceuticals. Below, we will describe the glycosides containing a five-membered ring.
	Cytidine-5'-diphosphocholine (CDP-choline), commonly called citicoline, is a naturally occurring N-glycoside that was first administered in Japan in 1974 for the treatment of Parkinson's disease [25,26]. It is considered a mononucleotide with a structure of ribose, pyrophosphate, cytosine, and choline [27,28]. According to Que and Jamora [26], the results of using this glycoside in clinical practice demonstrate its effectiveness in improving cognitive function in various pathological conditions, including vascular and degenerative dementias, cerebrovascular diseases, head trauma, glaucoma, amblyopia, and, especially, Parkinson's disease.
	“Cytarabine is an antineoplastic agent that belongs to the category of drugs known as anthracyclines and inhibits the synthesis of deoxyribonucleic acid. This drug is primarily used in the treatment of acute myeloid leukaemia, especially acute non-lymphoblastic leukaemia” [29-32]. In the early 1950s, researchers discovered cytarabine as a nucleoside (containing arabinose as a sugar) in Cryptotethya crypta, a species of sponge. After several studies, they discovered that cytarabine is an analogue of the pyrimidine nucleoside, also known as arabinosylcytosine (ARA-C). According to Faruqi and Tadi [29], it is converted to the triphosphate form in the cell and competes with cytidine for incorporation into DNA, with the sugar portion preventing the molecule from rotating within the DNA.
	Cladribine and fludarabine phosphate are synthetic purine nucleoside analogues, differing in the halogenated substituent at carbon 8, chlorine and fluorine, respectively (Figure 4). According to Giovannoni [33], intravenous cladribine is licensed for the treatment of active hairy cell leukaemia and is also used orally for the treatment of multiple sclerosis. Fludarabine is one of the drugs used in chemotherapy for leukaemia and lymphoma and is administered parenterally [34]. This drug is on the WHO list of essential medicines.
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Fig. 4. Cladribine and fludarabine phosphate purine analogues.

	“The mechanisms of action of cladribine and fludarabine phosphate are similar. The drugs are resistant to deamination by the enzyme adenosine deaminase due to the replacement of hydrogen by a halide, but undergo intracellular phosphorylation by deoxycytidine kinase (DCK), forming the active drug and causing accumulation in the cell. The ratio of DCK and DCK:5'-NTases varies between different cell types. mRNA profiling studies show that DCK levels and the ratio of DCK:5'-NTases are high in T lymphocytes (CD4+, CD8+), B cells, and dendritic cells compared to non-haematological cell types, including liver, heart, skin, brain, lung, kidney, ovarian, testicular, and germ cells” [35]. “This results in the selective accumulation of the active drug in lymphocytes, allowing cladribine and fludarabine to preferentially target these cells. As the active compound accumulates in lymphocytes, it results in the inhibition of DNA synthesis and repair, arrest of cell proliferation in actively dividing lymphocytes, and apoptosis and/or autophagy of quiescent lymphocytes through the accumulation of DNA strand breaks” [33,36].
	“Didanosine is an antiviral drug used in the treatment of AIDS/HIV. It is an adenosine nucleotide analogue, a purine analogue reverse transcriptase inhibitor, and is used in combination with other AIDS antivirals. It is also effective as monotherapy. In several studies, didanosine use delayed disease progression in AIDS patients and increased short- and long-term survival” [37,38]. “Didanosine therapy in children has been shown to slow disease progression and exhibit potent antiviral activity in vivo. Didanosine is a nucleoside analogue that must first undergo conversion to its active form, 2',3'-dideoxyadenosine-5'-triphosphate (DDATP). DDATP terminates viral DNA growth by inhibiting HIV reverse transcriptase. Several clinical trials have shown a decrease in HIV plasma RNA levels, increasing CD4+ lymphocyte cell counts in previously untreated patients” [39].
	“Fluxuridine is an antineoplastic drug of the antimetabolite class, a pyrimidine analogue with many cellular targets, used in the treatment of colon cancer and colorectal carcinoma with liver metastasis. It was first synthesised in the late 1950s. Floxuridine undergoes rapid catabolism to form 5-fluorouracil, the active component of the drug. 5-Fluorouracil acts primarily by interfering with DNA synthesis; however, it can also inhibit the formation of rogue RNA through physical incorporation into RNA. It is also a riboside phosphorylase inhibitor, preventing the utilisation of preformed uracil in RNA synthesis. Floxuridine can also form 5-fluoro-2'-deoxyuridine-5'-phosphate (FUDR-MP), which is floxuridine monophosphate that inhibits thymidylate synthetase, which plays a role in the methylation of deoxyuridylic acid to thymidylic acid during DNA synthesis. FUDR-MP thus interferes with DNA synthesis” [37].
	“Gemcitabine, in turn, is an analogue of cytabarinum, differing structurally due to its fluorine substituents at position 2 of the furanoside ring. It is the most important cytidine analogue to be developed since cytabarinum, exhibiting a broad spectrum of antitumor activity, and is indicated as a single agent in the treatment of patients with metastatic pancreatic cancer” [40]. “Furthermore, it is also widely used in combination with other chemotherapeutics in the treatment of solid tumours such as ovarian cancer, non-small cell lung cancer, and breast cancer” [41]. “Gemcitabine is a prodrug that requires cellular uptake and intracellular phosphorylation. In the cell, gemcitabine is phosphorylated to gemcitabine monophosphate (dFdCMP) by deoxycytidine kinase (dCK), which is then converted to gemcitabine diphosphate and triphosphate (dFdCDP and dFdCTP, respectively), active drug metabolites” [42]. “The triphosphate form inhibits DNA polymerase, and after incorporation into DNA, aided by the diphosphate (dFdCDP), DNA chain elongation is terminated. Thus, gemcitabine exerts its cytotoxic effects through the inhibition of DNA synthesis” [43-45].
	Idoxuridine, approved in 1963, was the first antiviral drug to be used clinically for the topical treatment of herpes ocular infection (HSV keratitis) [46]. William Hermann Prusoff was the first to report the antiviral activity of idoxuridine against HSV in 1961. According to Wilhelmus [46], idoxuridine is currently used to treat HSV epithelial keratitis, as eye drops or eye ointments. The chemical structure of idoxuridine is similar to thymidine, one of the four building blocks of DNA, which in turn is the genetic material of the Herpes virus. As a result, idoxuridine can replace thymidine in the enzymatic step of viral replication, forming a pseudostructure that cannot infect tissue. In short, by modifying a vital building block in the Herpesvirus genetic material, the infectious and destructive capacity of the viral material is suppressed [43].
	Ribavirin (1-β-D-Ribofuranosyl-1H-1,2,4-triazole-3-carboxamide) is a synthetic nucleoside analogue that structurally resembles guanosine and possesses broad-spectrum antiviral properties. Since its discovery in 1972, ribavirin has been used in clinical medicine to treat various pathologies, including respiratory syncytial virus (RSV), Lassa fever, and, most notably, hepatitis C virus (HCV) infections [47]. According to Shiffman [48], ribavirin is also highly effective in treating measles and the Herpesvirus. However, the most common indication for ribavirin is the treatment of chronic hepatitis C virus (HCV), where it is used in combination with α-interferon or α-peginterferon. “Ribavirin inhibits inosine 50-monophosphate dehydrogenase, the enzyme responsible for the intracellular synthesis of guanine. Thus, ribavirin reduces guanine stores, which, in turn, reduces viral RNA replication, contributing to the efficacy of this agent in the treatment of chronic HCV” [48,49].
	According to Pereira et al.[50], Sucralfate is a complex formed by sucrose octosulfate and polyaluminum hydroxide. It was developed in the early 1980s as an effective oral mucoprotective agent in the treatment of gastric and duodenal ulcers. Currently, in topical and oral applications, sucralfate is used for gastrointestinal, vaginal, and perineal ulcers, as well as for abrasions and second- and third-degree burns [51, 52].
	The drug's main mechanism of action is believed to be its adhesive ability to the wound surface. As cited by Singh, Singh, and Palit [53], in an environment with a pH <4, sucralfate undergoes extensive cross-linking, producing a viscous and sticky polymer that adheres to epithelial cells and ulcerated lesions. Furthermore, the complex can stimulate mucus formation, increase prostaglandin production, and consequently enhance anti-inflammatory action and epithelial growth factor (EGF) [54]. Having completed the description of glycosides with a five-membered ring, we now move on to the description of compounds with a six-membered ring.
	The first compound studied was deslanoside [55], a cardiac glycoside used to treat congestive heart failure and supraventricular arrhythmias due to reentry mechanisms, and to control ventricular rate in the treatment of chronic atrial fibrillation. Furthermore, it can affect the polarisation-repolarisation phase of the action potential, its excitability or refractoriness, impulse conduction, or membrane responsiveness in cardiac fibres. Drugs such as deslanoside, called antiarrhythmic agents, are often classified into four main groups according to their mechanism of action: sodium channel blockade, beta-adrenergic blockade, repolarisation prolongation, or calcium channel blockade [56].
	The mechanism of action of this drug, like other cardiac glycosides, is essentially the inhibition of the Na+/K+ ATPase membrane pump, increasing intracellular sodium and calcium concentrations. In turn, increased intracellular calcium concentrations can promote the activation of contractile proteins (e.g., actin, myosin) [57]. Digitoxin is a heteroside, considered a cardiac glycoside that increases myocardial contractility and decreases heart rate [58]. According to Wasfi et al. [59], the increase in the strength and speed of cardiac muscle contraction occurs through the inhibition of sodium-potassium ATPase. This glycoside also increases cardiac vagal activity and sympathetic tone and decreases sinus rhythm. It is used in the treatment of heart failure and arrhythmias. The difference between digitoxin and digoxin lies in the absence of a hydroxyl group on one of the pyranoside rings. This chemical modification makes digitoxin more lipophilic than digoxin.
	Cardiac glycosides comprise a large family of naturally occurring compounds that share a common structural scheme. Their steroidal structure contains an unsaturated lactone ring, which is considered the pharmacophoric moiety responsible for the activity of compounds capable of inducing cardiotonic effects mediated by selective inhibition of the Na+/K+-ATPase [60]. Furthermore, according to Chao et al. [61], Lanatoside C and digoxin are also structurally related, as digoxin can be obtained from lanatoside C by hydrolytic removal of the acetyl and glucose moieties.
	Etoposide is a glycoside containing D-glucose in its structure. It is a derivative of podophyllotoxin, a toxin found in the American apple (Podophyllum peltatum) and the Indian species Podophyllum emodi Wallich. Structurally, etoposide resembles the anticancer drug teniposide; the difference is the presence of a methyl group in etoposide, while teniposide has a thienyl group [62-64]. The first synthesis of etoposide was carried out in 1966, and the compound was approved for cancer therapy in 1983 by the U.S. Food and Drug Administration (FDA). Since the 1980s, several studies have demonstrated that this glycoside derivative targets the activities of DNA topoisomerase II, leading to the production of DNA breaks and triggering a response that affects various aspects of cellular metabolism [62,63].
	According to Collier et al. [65], etoposide is one of the most widely used cytotoxic drugs in oncology and is essential for the treatment of two cancers: testicular cancer, where the drug is part of the standard treatment along with bleomycin and prednisolone (BEP); It is also essential for the treatment of gestational choriocarcinoma, where it is part of a combined chemotherapy called EMA-CO (etoposide, methotrexate, and vincristine) and EMA-EP (etoposide, methotrexate, actinomycin D, and cisplatin) [66].
	It is worth noting that bleomycin, used in the combined chemotherapy with etoposide, is also a glycoside of the pyranoside class, acting as an associate in the treatment of cancer [67,68]. Furthermore, this combination contains prednisone, a corticosteroid drug [69]. 
	The combined chemotherapy drug EMA-CO, in addition to containing the drug etoposide, also contains the drug methotrexate, an immunosuppressive agent, and vincristine, a natural alkaloid that acts as a tubulin modulator, microtubule destabilising agent, plant metabolite, antineoplastic agent, and drug [70,71]. Regarding EMA-EP chemotherapy drugs, they contain methotrexate, the same drug present in EMA-CO. In addition, there is actinomycin D, an antineoplastic antibiotic administered intravenously, and cisplatin, a platinum coordination complex considered an antineoplastic and cytotoxic agent [72]. 
	In addition to the widespread use of glycosylated compounds as drugs in the treatment of various types of cancer, their importance in the treatment of diabetes can also be noted. For example, arcabose (4,6-dideoxy-4-{[(1S,4R,5S,6S)-4,5,6-trihydroxy-3-(hydroxymethyl)-2-cyclohexen-1-yl]amino}-α-D-glucopyranosyl-(1->4)-α-D-glucopyranosyl-(1->4)-β-D-glucopyranose) acts in the early stages of type 2 diabetes as an inhibitor of the enzyme α-glucosidase, reducing postprandial hyperglycemia. Arcabose has been used for over 29 years in the treatment of hyperglycemia due to its good efficacy in long-term therapy and in pre-diabetic cases [73,74].
	Other interesting glycosides are selamectin and tilmicosin, both used in veterinary health. Selamectin (25-cyclohexyl-25-de(1-methylpropyl)-5-deoxy-22,23-dihydro-5-(hydroxyimino)-avermectin B1) is a semisynthetic monosaccharide derived from doramectin (25-cyclohexylavermectin B1) and widely used as a broad-spectrum endectocide, generally for the internal and external control of parasitic infections [75] (VATTA, 2019).
	Finally, tilmicosin is a glycopyranoside, a semi-synthetic macrolide that exhibits antimicrobial activity, primarily acting as a long-acting antibiotic against a variety of Gram-positive bacteria that cause respiratory diseases in cattle [76-78].
[bookmark: _GoBack]	Clearly, most commercially available glycosides exhibit favourable pharmacological activities with low cytotoxicity in the treatment of various human diseases based on their physical and biochemical properties. However, the applications of most polysaccharide-derived pharmaceuticals, such as the polysaccharide antitumor adjuvants Elmiron and Hai Kun Shen Xi Capsule, are still regionally restricted due to their mixed compositions, ambiguous mechanisms, and difficulties in quality control. Therefore, more effort is needed to characterise the structure, investigate the pharmacological mechanism, and ensure precise quality control of carbohydrate-based drugs for their wider use. According to Baldwin and Kiick [79], “natural polysaccharides, as well as their derivatives, are also attractive pharmaceutical and biomedical materials due to their improved solubility, stability, and reduced toxicity, based on their biodegradability, biocompatibility, and non-immunogenic properties”.
	Prospects for glycosidic compounds with confirmed biological and/or pharmacological effects and preclinical studies (in vitro and/or in vivo) are available in the literature, but not in the pharmacopoeia. However, clinical studies are still scarce. For example, Iriti et al. [80] conducted a study with quercetin 3-O-β-D-rutinoside, where they investigated its chemosensitizing capacity for two different human epithelial breast cancer cell lines: (i) MB-MDA-231, a representative for triple-negative breast cancer, and (ii) MCF-7, used as a HER2-negative breast cancer model. The authors concluded that the compound, through nonselective inhibition of the P-gp and BCRP pumps, efficiently reverses multidrug resistance and restores chemosensitivity to cyclophosphamide in triple-negative and chemoresistant human breast cancer cells, interrupting cell cycle progression. Based on these promising results, further preclinical investigations are needed to verify the potential of rutin.
	Recently, Mishra, Kaur, and Singh [81] reported that the glycoside fisetin, a flavonoid found in fruits and vegetables, may be a potential herbal medicine that blocks the entry of the COVID-19 virus into target cells. Based on these positive results and conclusions, the authors suggested that fisetin could be a potent;ial compound in the development of drugs against the host protease TMPRSS2. Thus, fisetin 8-C-glucoside may be useful in combating COVID-19, diabetes, and cancer [82].
	Considering the different glycoside drugs, we note the medicinal importance, pharmacological activities, and analytical aspects of a flavonoid glycoside [83] and iridoid glycosides [76] in medicine. Nicotiflorin, a flavonoid glycoside, has significant biological potential against coronavirus, ischemia, renal failure, liver complications, memory dysfunction, and myocardial infarction [83]. While iridoid glycosides are considered active against osteoporosis, the use of these compounds is becoming important for society.
	In summary, glycosides have diverse therapeutic advantages, including cardioprotective effects (like digoxin), anti-inflammatory activity, antimicrobial activity, neuroprotective activity, immunomodulatory activity, and antioxidant activity [84]. On the other hand, limitations and challenges many promising glycosides are poorly soluble in water, have short half-lives, or are rapidly eliminated by the body,  and have poor bioavailability for many compounds, making them difficult to use effectively in medicine.



4. Conclusion

	In general, despite the structural complexity of glycosides, several glycoside-containing drugs have already been included in important pharmacopoeias, marketed, and are in development for the treatment of a variety of human diseases, such as cancer, AIDS, diabetes, hepatitis, and COVID-19 etc.
	However, more efforts should be devoted to the study of comprehensive and standardised standards for glycosides with defined structures, precise mechanisms, and practical quality control for the application and development of glycoside-based drugs. Nevertheless, glycoside-based drugs will be one of the most attractive fields for research and development of new drugs and will play increasingly important roles in the treatment of human diseases in the future.
	It is worth noting that the discovery and design of glycoside-based drugs has increasingly occupied a prominent place in studies of bioactive compounds for the development of new drugs. Therefore, this review presents a collection of glycoside derivatives, based on different pharmacopoeias, demonstrating the extent to which this class of compounds is currently being used as building blocks in the design of new prototypes and in the treatment of numerous human diseases.
	Finally, to fully utilise the potential of this class of compounds and transform their advantages into effective medications for a variety of human diseases, further studies and collaboration between scientists, pharmacologists, and clinicians will be necessary. On the other hand, research into the therapeutic uses of glycosides derived from medicinal and synthetic plants holds great promise for the development of cutting-edge therapies in contemporary medicine.
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