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Supramolecular nanofunctional materials have
tracted increasing attention from sciertiresearchers due to their
advantages in biomedicine. Herein, we construct a hanosupra
lecular cascade reactor through the cooperative interaction
multiple noncovalent bonds, which include chitosan, sulfobu
lether- -cyclodextrin, ferrous ions, and glucose oxidase. Under the
activation of glucose, hydroxyl radicals generated from the
nanoconnement supramolecular cascade reaction process |are e -
able to initiate the radical polymerization process of vinyl )
monomers to form hydrogel network structures while inhibiting
resistant bacterial infection. The results of the diabetic wound. .
experiment conrmed the capacity of the glucose-activated s «« ™ = ¢ 3
nanoconnement supramolecular cascade reactionsitu for
potent antimicrobial e cacy and wound protection. This strategy “6ivo birds with one storfe provides a convenient
method for the application of supramolecular nanomaterial in thiel of biomedicine.

sulfobutyletheteyclodextrin, supramolecular cascade reactor, diabetes chronic wound, antibacterial, hyc

cause immense suing, such as diabetic ulcers and diabet

Since the formation of supralecular nanofunctional related amputations.*® Conventional antibiotics are a
materials via a supramolecular chemical strategy enables@@@mon treatment to prevent bacterial infections in diab
e cient integration of diverse bioactive species, suprawounds. Unfortunately, diabetic wounds have a longer he
molecular nanofunctional materials are widely applied in thgcle, and long-term antibiotic treatment increases

eld of biomedicine_, such as in diabetes mellitus treatiment, likelihood of the emergence of multidrug-resistant b&tter
targeted drug delivery, and tumor thefapyRecently, |, previous reports, ROS provide an alternative approac

supramolecular nanocord catalytic material that can , oy ant pacterial infection aneively reduce the potential
mimic the human immune system to produce reactive oxygen

species (ROS) has beereetively applied against bacterial 10 d€Velop drug-resistant bacférﬁ]erefpre, supramolecular
infectiorf Specically, species with high peroxidase- orcatalytic material is an important candidate to address dia
oxidase-like catalytic activities in supramolecular systems \Wgsind infection. However, it is worth noting that diabe
able to generate ROS such as hydroxyl rad@d)stiirough wounds as chronic wounds with hyperglycemic environm
the catalytic hydrogen peroxide,@) decomposition and inammatory environmefitsare quite susceptible to
process. To further locally replenish the concentration @facterial reinfection in the absence of wound dressings

H,;0, at the infection site as well as to avoid the damage (‘?‘rotection. To date, supramolecular catalytic materials cay
external added B, to normal tissues, a glucose-assiste

cascade catalytic supramolecular system was dévEtmped.

instance, a MOF-based hybrid nanocatalyst as a benign and

self-activated cascade reagent is constructed by Qu, whichy

exhibits potent antibacterialoacy through the self-activation

of the peroxidase-like activity process by glucose oxftation.
Due to multiple complications resulting from diabetes

mellitus, bacterial infections in diabetic patient wounds can
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Scheme 1. Step-by-Step Construction Process of the Supramolecular Cascadé& Reactor
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®Glucose activates the nanoo@ment supramolecular cascade reaction in diabetic chronic woundsn gétigtimtection, and antibacterial
processes.

of protecting wounds and potently eliminating drug-resistamind SBE-CD in forming supramolecular assemblies, their
bacterial infections have rarely been reported. critical aggregation concentrations (CACs) and preferable
Herein, we report ‘dwo birds with one stohstrategy to  mixing ratios were determined by optical transmittance
treat diabetic chronic wounds based on a supramoleculexperimentsqigure & d); CS and SBE-CD concentrations
nanoconned catalytic system. Speally, the supramolecular for generating supramolecular assemblies were deemed to be
cascade reactor was constructed by coassembly of chitogan M:8 g/L (SBE--CD/CS). In addition, the size and
(CS), sulfobutylethercyclodextrin (SBECD), ferrous ions  surface morphology of the supramolecular assemblies were
(Fé*"), and glucose oxidase (GOXx) through electrostatic antésted by dynamic light scattering (DLS) and transmission
coordinative interactiohsThe catalytic oxidation of glucose electron microscopy (TEM), which revealed that the
by GOx in a supramolecular cascade reactor proyideitH assemblies (CS@SBED) formed nanoparticles-igure
the Fé*-mediated Fenton reaction, whickally generated S13 with a size of approximately 54.3 nRigre ).
OH. Then,-OH generated by the glucose-activated cascadsubsequently, the coordination between ferrous ions and
reaction was found to have a highly steriliziegteon  amino groups in CS further promotes the formation of the
resistant bacteri vitro Importantly, with the mixed solution CS@SBE-CD@F&" proces$’ The characteristic peaks (at
of poly(ethylene glycol) diacrylate (PEGDA) and glucose agpproximately 710.7 and 724.8 eV) of ferrous ions among
the precursor solution, the supramolecular cascade reactor 8@ SBE-CD@F#&' can be observed by X-ray photoelectron
further initiate radical polymerization and form a cross-linkespectroscopy (XPSFiGure SR The shifts change at 3100
polymer network hydrogel structarsituon the wound while 3500, 15421660, and 1361475 cm! in the Fourier
producing an antibacteriatet (Scheme)1 Signicantly, the  transform infrared spectroscopy (FT-IR) speEtraie 1),
diabetic wound model demonstrated that the formation odnd the appearance of an absorption peak at 338 nm in UV
hydrogels and the antibacteriaats of-OH at the wound vis absorption spectroscopyig(ire S3b con rmed that
synergistically promoted the diabetic wound healing processrrous ions coordinated with amino groups on CS. The
Thus, a glucose-activated nanawament supramolecular formation process of CS@SBEP@F& promoted by
cascade reactiom situprovides a highly eient and facile  ferrous ions was further observed and characterized by optical

cure method for diabetic chronic wounds. transmittance, DLS, zeta potential, and TEM. Compared with
the CS@SBE-CD aqueous solution, the optical trans-
RESULTS AND DISCUSSION mittance of the CS@SBED@F& solution was decreased,

The construction process of the supramolecular cascaded the Tyndall @ct was enhanceifures & andS2y. The
reactor was carried out in a stepwise manner, in which @gcromorphology also underwent the process from dispersed
and SBE-CD served as the important constituent motifs ofnanoparticles to fused nanospheres, and DLS results also
the reactor. Hence, the assembly process of CS aniCBBE- con rmed the large increase in the size of the assemblies to
was explored in detaiist. CS dissolved in acetic acidebu 801 nm Figures Sandlg). Interestingly, the change in the

(pH = 4.83), in which free amino groups were partlysize and morphology of the assembly was accompanied by a
protonated, thus imparting a large positive charge on th@hange in the surface potential from negat®e (mV) to
molecular chairf8. SBE--CD as an anionic water-soluble positive (+13 mV) Figure h). In addition, the loading
cyclodextrin derivative possesses the ability to form supe-ciency of CS@SBEECD-Fé* for ferrous ions was
molecular assemblies with CS via electrostatic interdctionzalculated to be 88.47% lhsen the hydroxylamine

To further determine the equivalent relationship between OS/drochloride-phenanthroline systeffigure Sy**
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Figure 1. (a) Optical transmittance of SBE=D and CS mixture aqueous solutions versus the SBB- concentration of aqueous
solutions. (b) Optical transmittance at 400 nm of SBED and CS mixture aqueous solutions as a function of SBE-concentration at

25 °C. (c) Optical transmittance of SBECD and CS mixture agueous solutions versus the CS concentrations of aqueous solutions. (d)
Optical transmittance at 400 nm of SBE=D and CS mixture aqueous solutions as a function of CS concentration°@x 28) Optical
transmittance changes of @irent components at 400 nm. The error is the standard deviation from the meaB)( (f) Fourier transform
infrared spectrograms of SBEED, CS, CS@SBECD@Fé*, and CS@SBE-CD@F&"-GOx. (g) Dynamic light scattering results of CS@
SBE--CD, CS@SBE-CD@F#é*, and CS@SBE-CD@F8&*-GOx. (h) Surface potentials of CS@SBED, CS@SBE-CD@F#é", and
CS@SBE-CD@Fé&*-GOx. The error is the standard deviation from the mear 3). (i) SEM image of CS@SBECD@F8&"-GOx. (j)

TEM image and EDS elemental mapping images of CS@$BHEaF&"-GOx.

GOx, as the core part, forms thsal supramolecular The mechanism of the cascade reaction in CS@SB&-
cascade reactor by coassembly with CS@SB#&* The FE*-GOx is illustrated iRigure a. In brief, the GOXx in the
transmittance of the assembly solution was further reducééS@SBE-CD@F&-GOx is activated by the substrate
and the FT-IR signal at around 318800 cm® was further ~ glucose to catalyze the process of the supramolecular cascade
intensied by the introduction of GOKifure &). Moreover, ~ feaction, and the intermediate productQjj further
the size and surface potential of the supramolecular assentflglergoes a Fenton reaction witf’ k@ produceOH. To
were further changed. The result shows that the size of tHgTiTy the cascade reaction process and its activation
assembly increased from 801 to 904 nm, and the surfag@nditions, the 3,3.5-tetramethylbenzidine (TMB) assay
potential changed from 13.5 to 8.8 fRd\(re §,h). The nal was employed. T™B could be omdze%generated by
morphology of the nanocarement supramolecular cascadethe (_:ascade reaction to forr_n blue ox dich could be
reactor (CS@SBECD-F&-GOx) was characterized by monitored by UVvis absorption spectroscopy and the naked

. . . eyes. As shown kigures B andS7, the experiment results
scanning electron microscopy (SEM) and TEMufes i reveal that GOx is a component crucial for the generation of

and S9, which intuitively commed the spherical structure. o cascade process, and the cascade could occur only when
Elemental mapping of C, O, N, Fe, S, and P (phosphoryg, the glucose substrate and the weak acid conditions were
comes from avin adenine dinucleotide (FAD) in GOX) in satised. Furthermore, th@OH generated in the cascade
CS@SBE-CD-FétGOX indicated that GOx was SUCCGSSfU”yreaction was Captured by 5, 5-dimethy|-1-pyrrdﬂdﬁxﬂ'}je

loaded into supramolecular assentblyu(e ). Quantita-  (DMPO) and characterized by electron paramagnetic
tively, the loading eiency of the CS@SBED-Fé*-GOx resonance (EPR). The characteristic EPR spectra for the
for GOx was calculated to be 22.9% based on the BradfdbMPO OH adducts with a 1:2:2:1 quadruple signal with aN
assayFKigure Sp*? aH = 14.9 G were observed figure 2* This
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Figure 2. (a) Nanocomement supramolecular cascade reaction detected by the TMB chromogenic assay. (b) UV absorption of TMB
changes in glucose aqueous solution with a supramolecular cascade reactor (pH = 4.83, [GOXp#ILOFFe?*] = 0.1 mM, [CS] = 0.8

g/mL, [SBE--CD] = 2 x 10 8 M, [TMB] = 0.2 mM). (c) EPR spectrum of hydroxyl radicals produced by the cascade reaction of the
supramolecular assembly under efient conditions. (d) Steady-state kinetic assay of CS@ SBE@F&*-GOx activity. The error is the
standard deviation from the mean €& 3) (Figure S§

paramagnetic signal indicates that the cascade reacti®BE--CD@F&-GOx on drug-resistant bacteria was evaluated
produces hydroxyl radicals and furtheregthe condition in detail. Gram-positive bacteBiaaureus Xen36 aBhm-
of the supramolecular cascade reaction. negative bacteria coli Xenlvwere selected as drug-resistant

The e ect of CS@SBECD@Fé&-GOx on the activity of  bacteria representatives for testing. Glucose solution was added
GOx was studied by the Michadilenten kinetic model. to the culture system to mimic hyperglycemic diabetic wounds
Michaelis Menten curves of natural free GOx and CS@SBHE~Y.5 mM glucose). It was found that none of them produced
-CD@Fé&-GOx and the tting parametersK(, is the obvious antibacterial activity against Bo#ureus Xen&e6d
Michaelis Menten constant, and,.«is the maximal reaction E. coli Xenlia PBS, CS, SBEED, CS@SBECD, or CS@
velocity) are shown frigures @ andS9. In contrast to the ~ SBE--CD@F&" by the minimum inhibitory concentration
K., andV,,0f GOX, the parameters among CS@ SBE@ experiment. Only the CS@SBEP@F&-GOx showed a
Fe&*-GOx all decrease, which implies that the supramoleculsigni cant sterilizing ect in the hyperglycemic environment
assemblies play the role of anticompetitive inhibitors of th@-igure S1)1 The plate counting method further validated the
enzymeS$. It is speculated that the et of the positive above results{gure S1R2 To further explore the antibacterial
potential of the CS@SBEED@F&-GOx surface on the capability of the supramolecular cascade reactor, the micro-
di usion rate of the catalytic oxidation product gluconic acichorphology of two bacterial strains was examined by SEM
may be the main reason leading to the above phenomenon. &fter treatment with CS@SBED@F&-GOx or a control
the other hand, this result further aams that the enzymes component for 5 h in the hyperglycemic environrrentres
form supramolecular assemblies by coassembly. Notably, it BasS13a, and SI4a&Compared with the control, the CS@
found that the formation of the supramolecular cascade reac8BE--CD@F&-GOx produced a signant morphological
improved the stability of the enzyme in extreme environmentsllapse and cell wall dehiscence in the bacteria. Thus, the
(Figure Sl1Qaas well as physiological conditioRgyre process of glucose-activated supramolecular cascade reaction
S10h. Further testing found that the supramolecular cascade produce highly toxi©H for cell wall destruction may be
reactor could maintain stable structures over a wide tempdéine main cause of the bacterial killing. Further, live/dead
ature range, so it was speculated that the noncovalemacteria were stained by STYO9/PI dyes and imaged by
interactions in the assemblies caectévely prevent the confocal laser scanning microscopy; the experimental results
spatial structure of GOx from changing and inactivatingon rmed the ecient bacterial kiling by the CS@SBE-
(Figure S1Qc CD@Fé"-GOx (Figures B, S13b, and S1}Hn addition, the

The glucose-activated nanocmment supramolecular colony growth observed by the spread plate method is
cascade reaction process has the ability to continuouggnerally consistent with the tests described abigueeé
produce-OH. Hence, the antibacterialeet of the CS@  3c, S13c, and S1¥c
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Figure 3. SEM images 8f aureus X86 (a), SYTO9/PI two-color uorescent images &. aureus X8&6 (b), and photographs &. aureus
Xer86 colonies (c) after treatment with dérent components for 5 h in a hyperglycemic environment (pH = 4.83, [Glu] = 7.5 mM, [GOX] =
10.6 g/mL, [CS] =8 g/mL, [SBE--CD] = 2 x 10 ° M, [F€*] = 1 mM).

During the experiment, it was found tBéd generated by  results showed that polymerization initiated by the supra-
the supramolecular cascade reaction can rapidly initiate timlecular cascade reaction generated polymer gel network
polymerization of vinyl monomeFsgures S15 and 98 structures whose storage modulus could reach approximately
To verify this process, four elient kinds of vinyl monomers 10* Pa Figure S10
were chosen: poly(ethylene glycol) diacrylate (PEGDA400, As a kind of wound dressing with good biocompatibility,
PEGDA700), acrylamide (AM, with 3% bis-acrylamide (BIS)}yydrogel has been widely used in wound protection and
N-vinyl-2-pyrrolidinone (NVP, 3% BIS), &hibopropylacry-  treatment® Therefore, inspired by previous work. The above
lamide (NIPAM, 3% BIS). The rapid polymerization ofexperimental results prompted us to apply CS@SB®
monomers initiated by the nanoamement supramolecular F&*-GOx to the diabetic wound treatment process. First, the
cascade reaction to form hydrogels was tested by the tustability as well as biocompatibility of the supramolecular
inversion method Figure S1)7°” Fortunately, when the cascade reactor under physiological conditions were system-
monomer concentration was greater than 2 wt %, mostically evaluated. The results reveal that the supramolecular
monomers could be initiated to polymerize and form stableascade reactor is able nmintain a stable state at
hydrogelsTable S}. It is worth noting that the system does physiological ionic strength (0.154 mol/L) and exhibit
not experience signant temperatureuctuations during the negligible toxicity as well as hemolysigufe S20 Then,
hydrogel formationF{gure S1)8 The mild gelation process the SpragueDawley diabetic rat model was established by a
implied that the occurrence of this process at the wound ditreptozocin injection. A drugpistant bacteria-infected
not cause excessive pain. Furthermore, rheological experim@mbnic wound model was established by biolumin&cent
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Figure 4. (a) Establishment of an animal model of a diabetes wound infectesl layreus Xen3#nd its treatment process. (b)
Bioluminescence images at wounds during treatment. (¢) Photographs of wound$Simaareus Xend6fected diabetic rat on derent
days. (d) Wound tissue staining analysis.

aureus Xendefected wounds. *? Subsequently, 2 days after degree of antibacterial activity. Among them, the bactericidal
inducing infection, treatment was started with PBS, hydrogel,ect of the hydrogel formed separately is far less than that of
CS@SBE-CD@F&-GOx, F&-GOx + glucose, CS@SBE- the hydrogel formed situwhich may be caused by the short
CD@Fé-GOx + glucose, or CS@SBEP@F& GOx + life of -OH (<40 ns) and limited dusion distance (about 10
glucose + PEGDA{gure 4). Here, PEGDA700 with good nm)>° Further, the healing process of diabetic wounds was
biocompatibility and degradability was selected as thecorded by photographBiqure 4). Notably, the rate of
monomer to construct the hydrogéf. To evaluate the wound healing in the CS@SBED@F&-GOx + glucose +
sterilization eect of di erent components @& aureus Xen36 PEGDA treatment was sigrintly faster than that of other

the bioluminescent intensities in wounds were recordeeatment groups, and a sigant reduction in wound area
starting 2 days after initiating infection using an IVIS Luminaas observed within 7 daysg(re S23b From the wound
XRMS Series Il bio-optical imaging systeigu(es B and tissue sections stained with H&E and MasSmure 4),

S23% Wound infection became evident from bioluminescentvound tissue treated with CS@SBED@F&'-GOx +
images. The results showed that CS@$BEQF&-GOx + glucose + PEGDA has fewerammatory cellsF{gure
glucose + PEGDA have potent antimicrobiaaey. In S23) and stout collagenbers, which indicated the nano-
parallel, except the PBS group, all other groups showedc@n nement supramolecular cascade reaction at the diabetes

F https://doi.org/10.1021/acsnano.2c04566
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wound can sigréantly promote the process of wound the mixture solution was pwd by dialysis (molecular weight cut o
healing®’ The reason for the above phenomenon is3500) in degassed water several times. The content of ferrous ions in

speculated as follows: (1) Through the hydrogeluie the solution was monitored by the hydroxylamine hydroclaloride-

S2), the CS@SBECD@F&-GOx can be tethered to the Phenanthroline system. .
wound, making it available to consume the blood glucose ,L_r%zp r_ergft(':osn afzgufr%mn(z;%’llarpﬁsiemgg)e%%(S)L@O?%ngD (C?[)

the wound fo_r a SL_Jsta_ined antibacteriatteand reduce the mg/mL), 300 L of SBE--CD (3 mM, pH = 4.83), and 12.5 mg of
chance of reinfectiorrigure S22 (2) Hydrogel formedn FeSQ-7H,0 were added in deionized water, and the volume of the
situ by a nanocomement supramolecular cascade reactioolution reached 5 mL. Subsequently, the mixture solution was
provides a closed and moist healing environment for thsonicated for 10 min and ped by dialysis (molecular weight cut o
wound, bends the formation of epithelial cells, promotes100000) in degassed water several times. The content of GOx in the
granulation tissue growth, and accelerates wound healifglution was monitored by the Bradford assay. The solution in the
Moreover, the CS@SBED@F&-GOx had a negligible dialysis tube is the supramolecular assembly solution.

e ect on the growth of rats during the treatmémngufe Determination of Ferrous lons in CS@SBE-CD@F#&-GOx.
S23) Quantitative experiments of ferrous ions among the supramolecular

assemblies were performed by the hydroxylamine hydrochloride-
phenanthroline system. In brief, the content of ferrous ions inside the
supramolecular assemblies was further determined by testing the

: . amount of ferrous ions outside the dialysis tubing using a standard
In summary, we facilely and céntly constructed a urve. The detailed calculation process is shdviguire S4

supramolecular cascade reactor for the treatment of diabect'cbetermination of GOX in CS@SBE-CD@F¥-GOx. Quanti-

chronic wounds. Under physiological conditions, the glucosggive experiments of GOx among the supramolecular assemblies were
activated nanocomement supramolecular cascade reactioperformed by the Bradford assay. In brief, the content of GOX inside
generatesOH, which can also initiate free radical polymerthe supramolecular assemblies was further determined by testing the
ization to form stable hydrogels after the introduction o&mount of GOx outside the dialysis tubing using a standard curve.
PEGDA. In vitro experiments conmed the obvious The detailed calculation process is showigine S5

antibacterial ects of theOH generated from nanocoe- Measurement of the Supramolecular Cascade Reaction
ment supramolecular cascade reaction activated underPrQcess.The TMB method was used to evaluate the cascade reaction
hyperglycemic environment. Notabily, vivo experiments process of the supramolecular cascade reactor. The concentrations of

con rmed that the nanocomement supramolecular Cascadethe supramolecular cascade reactor were diluted 450-fold, and the
P concentrations of components in the assembly solution were as

reaction process at the wound site could achieve antibactefigbys: [Gox] = 1.06g/mL, [CS] = 0.8 g/mL, [SBE--CD] = 2%

e ects and hydrogel wound protection simultaneously, whicly & M, and [F&] = 0.1 mM.

signi cantly improved the healing process of diabetic chronic Glucose (15 mM), 0.5 mL of acetic aciddsusolution (pH =
wounds. Overall, we successfully achieved hydrogel wounés, 0.1 M), 0.5 mL of CS@SBED@F#&"-GOx solution, and 20
protection and combated drug-resistant bacterial infectior. of TMB (0.03 M in DMSO) were mixed together and brought to a
through supramolecular catalytic material, and this strategy c&al volume of 3 mL with the addition of deionized water. During the
also be applied to the study of complex diseases, isusituas reaction, the absorbance change was monitored byisUV

tumor therapy as well as cancer cell spreading inhibition. SPEctroscopy. _ .
by P 9 In Vitro Antibacterial Activity of Supramolecular Cascade

Reactor. The concentrations of each component in the supra-
molecular cascade reactor used for antibacterial experiments were

Materials. All solvents and reagents were commercially availabl®©X] = 10.6 g/mL, [CS] =8 g/mL, [SBE--CD] =2x 10 M,

and used without further puation unless noted otherwise. and [F€7 = 1 mM. . . &
Sulfobutylether-cyclodextrin was purchased from Shandong Binz- 10 evaluate the bacteriostatiec of CS@SBECD@F€-GOx

hou Zhiyuan Biotechnology Co., Ltd., and chitosan (deacetylatidf & liquid medium, solutions of sixedent com+positions (PBS, Cs,
degree = 85%) was purchased from Heowns Biochemical Technol C? CS@SBECD, CS@SB,E'CD@Fé' and CS,@SBE' .
Co., Ltd. Absorption spectra were recorded on a Thermo Fish @Fé"-GOx separately) were mixed with the bacterial suspension.
Scientic EVO300 PC spectrophotometer in a conventionalAfter 24 h of incubation, the absorbance of solutions at 600 nm was
rectangular quartz cell (%010 x 45 mm) at 25°C. Transmission recorde;l._ For the plate counting rrlethod, afte_r incubatiorei@mdi
electron microscope (TEM) measurements were recorded on a higiemposition intervals up to 5 h at°87 10 L aliquots were taken,
resolution TEM (Tecnai G2 F20 microscope, FEI) equipped with £€rially diluted and plated on agar, and incubated for 24 PCat 37
CCD camera (Orius 832, Gatan) operating at an accelerating volta@éer which the number of CFUs formed was determined. The silicon
of 200 kV and with high-resolution transmission electron microscop{afer was treated with piranha solution, and it was placed on a 24-well
(HRTEM, FEI Talos F200X G2). Scanning electron microscop@late. After the six components were cocultured with the bacterial
(SEM) measurements were recorded on celd SEM (JSM- suspension in a well plate for 5 h, the supernatant was carefully
7500F). Live imaging measurements were recorded on an Ivigmoved, and 5% formaldehyde was added tihe bacterial

Lumina XRMS Series Ill (exposure time, 10s). morphology for 1 h. Then, the bacteria were further dehydrated
Preparation of Supramolecular Assemblies CS@SBEED. through 30, 50, 70, 90, and 100% ethanol solutions.
Chitosan (CS) was dissolved in acetic acirlsolution (pH = 4.83, In Vivo Treatment of MRSA-Infected Diabetic Wounds.To

0.1 M) with a concentration of 3 mg/mL. Sulfobutylether- €xamine the therapeuti@ets of the cascade reaction process of the
cyclodextrin (SBE-CD) was dissolved in acetic acidenisolution supramolecular cascade reactor on actual diabetic wounds, we
(pH = 4.83, 0.1 M) with a concentration of 3 mM. Then, the two implemented the following animal experiments. SpEzguley

were mixed in aqueous solution according to the preferable mixif@fs (weighing 22@40 g, male) were purchased from Beijing
ratios and ultrasonically mixed for 10 min to obtain the supraWeitonglihua Experimental Animal Technology Co., Ltd. The

molecular assemblies CS@SBB- diabetic mice model was constructed by intraperitoneal injection of
Preparation of Supramolecular Assemblies CS@SBECD@ streptozocin (STZ). Diabetic chronic wound models infecte8.with
Fe?*. CS (800 L, 3 mg/mL, pH = 4.83), 2 mL of SBE=D (3 mM, aureus Xen3¢ere next established using diabetic mice. A pair of 1.5

pH = 4.83), and 83.4 mg of FeS®,0 were added in deionized cm diameter wounds were cut on the back of each rat and infected by
water, and the volume of the solution reached 30 mL. Subsequentyppwise addition &. aureus Xen&@ution (100 L of each wound,
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1 x 1 CFU/mL). The animal experiment was approved by theAuthors

Animal Protection and Utilization Committee of the Institute of | gj Chen College of Chemistry, State Key Laboratory of

Radiology, Chinese Academy of Medical Sciences. Elemento-Organic Chemistry, Nankai University, Tianjin
Rat with diabetic chronic wounds was divided into six groups for 300071, P. R. China; Oujiang Laboratory (Zhejiang Lab for

testing. . S . ’
Group 1 samples: The blank group received PBS solution dropwise :?eg_eneratlvg Me.d'c'rf]e’ r\]('s'on and Brain I-;ealt.h), Wenzhou
at the wound every 24 h. nstitute, University of Chinese Academy of Sciences,
Group 2 samples: Hydrogels were formed in tubes by mixing Wenzhou 325001, P. R. Chl_na
solutions of 200L of glucose-acetic acid busolution containing Yong Chen College of Chemistry, State Key Laboratory of
PEGDA700 ([PEGDA700] = 12 wt %) and 2Q0of CS@SBE- Elemento-Organic Chemistry, Nankai University, Tianjin
CD@F&"-GOx solution. Then, hydrogels weted to the wound by 300071, P. R. China
3 M gas permeable adhesive tape. The hydrogel was changed every Hong Zhang College of Chemistry, State Key Laboratory of
h. . _ Elemento-Organic Chemistry, Nankai University, Tianjin
Group 3 samples: 2+OD of acetic acid ber solution and 20 300071, P. R. China
gf/e?fz@fr?E'CD@Fé -GOx solution were added to the wound i vy Key Laboratory of Molecular Microbiology and
Group 4 samples: 20Q of glucose-acetic acid bu solution Techn(_)Iogy, Ml_nlstry_ of__Educatlon, College Qf If'fe Sciences,
([glucose] = 15 mM) and 200L of F&*GOx solution were added Nankai University, Tianjin 300071, P. R. China;
to the wound every 24 h. OrCId0I‘g/0000-0003-0473-5111 .
Group 5 samples: 20Q of glucose-acetic acid bu solution Yong Liu Oujiang Laboratory (Zhejiang Lab for
([glucose] = 15 mM) and 200L of CS@SBE-CD@F&-GOx Regenerative Medicine, Vision and Brain Health), Wenzhou
solution were added to the wound every 24 h. Institute, University of Chinese Academy of Sciences,
Group 6 samples: 20Q of glucose-acetic acid bu solution Wenzhou 325001, P. R. Chinascid.org/0000-0003-
containing PEGDA700 ([PEGDA700] = 12 wt %) and 200f 1738-7857

CS@SBE-CD@F#&-GOx solution were added to the wound every . L . i
24 h, and the mixed solution at the wound site formed hydnogels Complete contact information is available at:

situabout 3 min later. https://pubs.acs.org/10.1021/acshano.2c04566
Histological Analysis. All wound specimens weneed in 4%
formaldehyde solution for 2 days and then embedded in part Notes

prepare 34 m thick tissue sections. Tissue sections were staineflhe guthors declare no competingncial interest.
with H&E/Masson and imaged under an optical microscope.
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