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Research progress on metabolism and efficacy of small molecular
prodrug nanosystems responsive to tumor redox microenvironment
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Abstract: Compared with normal tissues and cells, the tumor microenvironment has significant differences.
For example, glutathione-related metabolic enzymes and reactive oxygen species are highly expressed in different
subcellular structures, resulting in an unbalanced redox state. Aiming at the specific redox state in tumor tissues and
cells, a series of small molecule prodrug self-assembled nanoparticles can be designed and connected by intelligent
response linkers including disulfide bonds, sulfide bonds, and selenium bonds, thioketal bonds, etc. The in vitro
and in vivo efficiency and metabolic mode of these nanoparticles are related to the type of linker. This review will
summarize the tumor redox microenvironment, the design of intelligent responsive small molecule prodrug
nanoparticles, and the metabolic pathways of small molecule prodrug nanoparticles with different connecting linkers
and their relationship with drug efficacy.
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Figure 1  The oxidation-reduction potential of the subcellular

compartments. ECM: Extracellular matrix
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Table 1 Representative redox-responsive linkers and their possible metabolites
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Chemical structure and oxidation/reduction metabolite
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Figure 2 Several metabolic mechanisms in response to disulfide bonds reduction.a: General self-immolative cleavage mechanisms via

quinone methide cascade rearrangement (upper) and intramolecular cyclization reaction (lower); b: Prodrug of paclitaxel using disulfide.

Geminal dimethyl group in the spacer is designed to enhance structural stability toward serum esterase and promote triggered cyclization

reaction; c: Disulfide-carbonate-based traceless linkers with varying spacer lengths were used to tune hydrolytic stability; d: Prodrug of

taxoid is activated inside tumor cells by endogenous thiols to achieve native drug release. (Adapted from Ref. 30 with permission. Copyright

© 2019 John Wiley and Sons)
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Figure 3  Glutathione (GSH) -induced release of camptothecin
(CPT) from product 1. CPT-containing reaction products formed
and the exchange reactions that can occur during the GSH-induced
reduction of 1 (a). High performance liquid chromatography
(HPLC) analysis of GSH-induced release of CPT from product 1
at 5 (b) and 50 umol-L* (c) in 10 mmol-L* sodium phosphate
containing 10 mmol-L* GSH at 37 °C after 1 and 24 h. Peak areas
of the 4 main species showing the evolution over time for the 5 (d)
and 50 pumol-L* (e) solutions of 1. (Adapted from Ref. 34 with
permission. Copyright © 2014 Royal Society of Chemistry)
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Figure 4 Schematic illustrations of cellular pathways of DSSD-3
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sion. Copyright © 2018 Elsevier)
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Figure 7 Invitro and in vivo antitumor efficacy of prodrug nanoassemblies. Viability of KB cells (human oral epidermoid carcinoma cells)

after treated with various concentrations of Taxol and prodrug nanoassemblies for 48 h (a) and 72 h (b). c: Tumor volume; d: Tumor burden.
n=6."P<0.05 “P<0.01. (Adapted from Ref. 21 with permission. Copyright © 2019 Springer Nature)
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