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Advance on small molecule self-assembled nano-drug
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Abstract: Since the application of biomedical nanotechnology in the field of drug delivery breathes new life
into the research and development of high-end innovative agents, a substantial number of novel nano-drug delivery
systems (nano-DDSs) have been successively developed and applied in the clinical practice. Among them, small
molecule pure drug and prodrug-based nanoassemblies have grasped great attention, owing to the facile fabrica-
tion, ultrahigh drug loading and feasible industrial production. Herein, we provide an overview on the latest
updates of small-molecule nanoassemblies. Firstly, the self-assembled prodrug-based nano-DDSs are introduced,
including nanoassemblies formed by amphiphilic monomeric prodrugs, hydrophobic monomeric prodrugs and
dimer monomeric prodrugs. Then, the recent advances on nanoassemblies of small molecule pure chemical drugs
and biological drugs are presented. Furthermore, carrier-free small-molecule hybrid nanoassemblies of pure drugs
and/or prodrugs are summarized and analyzed. Finally, the rational design, application prospects and clinical
challenges of small-molecule self-assembled nano-DDSs are discussed and highlighted. This review aims to
provide scientific reference for constructing the next generation of nanomedicines.
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Figure 1 Schematic representation of small molecule self-assem-

bled nano-drug delivery system
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Figure 2 The chemical structure of the paclitaxel (PTX) prodrug, which can self-assembled into nano-micelles for cancer chemotherapy.

(Adapted from Ref. 35 with permission. Copyright © 2020, Elsevier). PEG: Poly(ethylene glycol)
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Figure 3 The thioether/disulfide/trisulfide bond-bridged prodrug nanoassemblies for cancer therapy. (Adapted from Ref. 55 with per-

mission. Copyright © 2020, American Association for the Advancement of Science). DOX: Doxorubicin; DSPE: 1,2-Distearoyl-sn-glycero-

3-phosphoethanolamine; GSH: Glutathione
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Figure 4 Schematic illustration of pyropheophorbide A (PPa) nanoassemblies and efficient photodynamic therapy (PDT) under laser

irradiation. Core-matched PPa nano-assembly was formed by the modification of PPa-PEG,,. (Adapted from Ref. 73 with permission.

Copyright © 2021, Elsevier). NPs: Nanoparticles; ROS: Reactive oxygen species
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Figure 5 Schematic representation of the preparation of erythrocyte camouflaged Ce6@DiR NPs (Ce6@DiR-M NPs) and its programmed

cascade-activatable photothermal-photodynamic therapy for triple-negative breast cancer (TNBC) with low phototoxicity in normal tissues.
(Adapted from Ref. 96 with permission. Copyright © 2021, Elsevier). Ce6: Chlorin e6; DiR: 1,1'-Dioctadecyl-3,3,3",3" tetramethylindotricar-

bocyanine iodide; FRET: Fluorescence resonance energy transfer
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Figure 6 Schematic illustration of triply stimuli-responsive

co-assembled nanoassemblies for combined chemotherapy and
photothermal therapy. (Adapted from Ref. 100 with permission.
Copyright © 2020, Elsevier). CPT: Camptothecin; BBR: Berberine;

ICG: Indocyanine green
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