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Research progress on structure-activity relationships, pharmacokinetics,
pharmacological activities and safety of steroidal glycoalkaloids in Solanaceae
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Abstract: Steroidal glycoalkaloids (SGAs) are an important class of nitrogen-containing steroidal glycosides widely distributed in
edible and medicinal plants of the Solanaceae family, including potato, tomato, eggplant, black nightshade, and Solanum lyratum.
Owing to variations in the combinations of aglycone moieties and sugar chains, SGAs exhibit considerable structural diversity and
possess a broad spectrum of biological activities, including antitumor, anti-inflammatory, immunomodulatory, antibacterial, and
antifungal effects. Current evidence indicates that sterol binding and membrane disruption represent common early events in SGA
action, which may subsequently induce oxidative stress, mitochondrial dysfunction, disturbances in energy metabolism, and various
forms of regulated cell death. These mechanisms are also closely associated with gastrointestinal reactions, neurological symptoms,
hemolysis, and intestinal barrier injury. However, most available evidence on SGAs has been derived from in vitro cell-based studies
and animal experiments, while their direct molecular targets, effective in vivo exposure ranges, and long-term safety remain
insufficiently characterized. This review systematically summarizes the structural characteristics, distribution patterns in plants, and in
vivo metabolic transformations of SGAs, and further organizes the evidence concerning their pharmacological activities according to
the level of experimental support. Particular emphasis is placed on the relationships among structural variation, pharmacological effects,
systemic exposure, and toxicity, aimed at providing theoretical guidance for the safe development of SGAs and structural optimization

of lead compounds.
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Aglycone scaffolds, sugar-chain types and representative steroidal glycoalkaloids
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Different sugar chains attached to the same aglycone can generate steroidal glycoalkaloids with distinct properties
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Fig.1 Aglycone skeletons, oligosaccharide chains and representative SGAs in Solanaceae plants
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Table 1 Structures, distribution and transformation products of representative SGAs in Solanaceae plants
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Fig. 2 Biosynthesis and maturation transformation framework of SGAs in Solanaceae plants
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Table 2 Evidence level for mechanism of action
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Table 3 Representative pharmacological of SGAs in Solanaceae plants
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Fig.3 Common underlying mechanism and evidence boundaries of pharmacological effects and toxicities of SGAs in

Solanaceae plants
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