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Ring-opening Preparation of Poly (disulfide)s for Drug Delivery
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(College of Materials Science and Engineering , Beijing University of Chemical Technology , Beijing 100029, China)

Abstract The dynamic exchange and recombination of disulfide bonds make it easy to polymerization to obtain poly
(disulfide)s, among which ring-opening polymerization (ROP) is a common preparation method. The environmental
sensitivity of poly (disulfide)s makes it widely used in the field of drug delivery. In this paper, the ROP strategies of
disulfide are reviewed, which are mainly divided into ring-opening self-polymerization and thiol-induced disulfide
exchange polymerization. Then, the latest research progress of poly (disulfide)s in drug delivery is also discussed,
including nucleic acid delivery, protein delivery and small molecule drug delivery. Last, the ROP stategies and
application in drug delivery of poly(disulfide)s are prospected.
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Fig.1 Schematic representation of the synthesis route of the copolymer network and photographs of TA
powder, molten TA liquid, and poly(TA-DIB-Fe) copolymer solid(A)"®, the copolymerization of LPA
and DT induced to give high-molecular-weight polymers(B)™”, synthesis and polymerization of LpOEt,
and degradation(thermal and reductive) of the corresponding polymer(C)®", the schematic representa-

tion and molecular structures of the interconversion between two kinds of polymeric products(D) ",

molecular structure of dynamic network prepared using TA and possible dynamic mechanisms(E)™"
(A) Copyright 2018, American Association for the Advancement of Science; (B) Copyright 2006, American Chemical

Society; (C) Copyright 2021, Wiley-VCH; (D) Copyright 2021, Elsevier; (E) Copyright 2023, American Chemical Society.
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Fig. 2 Reversible photo-crosslinking strategy mediated by dynamic covalent disulfide bonds of TA (A)%",
dithiolane-mediated photo-crosslinking mechanisms(B)*, the 1,2-dithiolane photochemistry ring-

[26]

opening for disulfide hydrogels under light irradiation(C)
(A) Copyright 2021, the Royal Society of Chemistry; (B) Copyright 2023, Wiley-VCH;

American Chemical Society.

(C) Copyright 2020,
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Fig.3 Diagram of disulfide exchange ring-opening reaction mechanism
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Fig. 4 Aryl thiol and alkyl thiols yield poly(disulfide)s by ring-opening polymerization(A)"**, schematic
illustration of in-sifu polymerization on the thiol - functionalized nanoparticles via thiol - disulfide
interchange reaction(B)"”", molecular design and chemical structures of the liquid crystal networks
film(C), schematic illustration of the reversible polymerization and depolymerization of the liquid
crystal networks(LCNs) (D) ", random copolymerization of cationic amphiphilic poly(disulfide)s
(E), minimal inhibitory concentration(MIC) of poly(disulfide)s with a different hydrophobic
fraction of hydrophobic groups and similar M (F)*

(E) Reaction conditions: (i) benzyl mercaptan(BnSH ), phosphazene base P1-t-Bu-tris (tetramethylene ) , tetrahydrofu-
ran(THF), 0 °C, 2 h; (ii) 6-maleimidohexanoic acid, r. t. , 30 min; (iii) hydrogen chloride (HC1) , dioxane/ methyl
alcohol(MeOH), 0 °C, 4 h.
(A) Copyright 2019, American Chemical Society; (B) Copyright 2022, Elsevier; (C, D) Copyright 2021, American
Chemical Society; (E, F) Copyright 2022, the Royal Society of Chemistry.
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Fig. 5 Controllable disulfide exchange polymerization of mPEG225-b-PSS (A), typical 'H NMR (400 MHz)
spectra of mPEG,,,-b-PSS, before and after reduction(B)™", the reaction mechanism of controlla-
ble disulfide exchange polymerization between - CD-SH and La- Arg monomer(C), typical 'H
NMR(400 MHz) spectra of 8-CD-g-PSS,, before and after reduction(D), gel permeation chromato-
graphy(GPC) curves of 8-CD-g-PSS,, in the presence of GSH at different time periods(E)"*”
(A, B) Copyright 2022, Wiley-VCH; (C—E) Copyright 2023, Wiley-VCH.
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Fig. 6 Electrophoretic mobility and atomic force microscope(AFM) images of mPEG,,, - b - PSS, /pDNA
before and after degradation(A), relative cell viabilities of mPEG,,;-b-PSS,/pDNA complexes in
4T1 cells with or without irradiation(B), images of 4T1 tumors after different treatments on
day 14(C), photographs of wound healing in the rat model on day 0, day 6 and day 10(D), statistical
analysis of bacterial colonies cultured from infected tissues on day 2(E), concentration of epidermal
growth factor(EGF) in the harvested tissues with different treatments on day 6 and day 10(F)™"
Copyright 2022, Wiley-VCH.
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Fig.7 Size distribution, representative AFM images and electrophoretic mobility retardation assays of
B-CD-g-PSS,/pDNA complexes before and after reduction(A), co-localization of 3-CD-g-PSS,/
pDNA complexes with Golgi or endoplasmic reticulum compartments(B), representative images
of intracellular ROS accumulation after different treatment(C), in vitro relative SCC-7 cell viabi-
lity treated with complexes in normoxic or hypoxic atmospheres, with or without irradiation(D)"*”
Copyright 2023, Wiley-VCH.
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Fig. 8 Polymerization/depolymerization process of CPDs, and the two-step approach for conjugation of
protein cargos with CPDs in non-covalent and covalent approaches(A)'*, overview of CPD-facili-
tated intracellular delivery of native proteins(B)™, the protein - mediated, aggregation - induced
polymerization(AIP) of amphiphilic LPA-derived monomers at room temperature(C)", schematic
illustration of the grafting-from synthesis and targeted intracellular delivery of protein/oligonucle-
otide - cell - penetrating polydisulfides(PDS) conjugates into liver cells(D), representative images of
HepG2 cells incubated with EGFP-p(C2GalNAc) or EGFP-p(GlcNAc) (E), fluorescent images of
the extracted organs at 24 h(F)*"
(A) Copyright 2015, American Chemical Society; (B) Copyright 2018, Wiley-VCH; (C) Copyright 2022, American
Chemical Society; (D—F) Copyright 2024, American Chemical Society.
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Fig.9 Chemical structure of the Gemini surfactant-like molecule and redox-responsive release profile
of the doxorubicin-loaded nanonetwork(A)™, the surface state variations during drug delivery
(the polymer zipper decoding and the sandwich protective shell degradation) and the drug
release profiles of pPTP@DMSGRs(B)"™"
(A) Copyright 2023, American Chemical Society; (B) Copyright 2017, Wiley-VCH.
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Fig. 10 Schematic illustration of cationic polysaccharide conjugates Dex-g-PSS, (A), synergism between
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