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Research progress in MXenes materials for biomedical applications
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Abstract: MXenes, with the general formula M, X, T,, are a novel class 2D nanomaterials composed of
transition metallic compounds with nitrogen or carbon. Due to the rich functional groups on its surface,
MXenes have been widely used in biosensing, tumor therapy, tracer imaging, and other biological fields.
MXenes exhibit strong antibacterial activity and certain active oxygen-scavenging ability, and these
biological characteristics closely align with the required properties of wound dressings, making MXenes a
popular material for wound dressing modification in recent years. In this review, the structure, properties,

and preparation methods of MXenes are introduced in detail, and the latest research progress of MXenes

and their composites in the field of wound repair, bone defect repair, and muscle repair are reviewed.
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Table 1 Antibacterial properties of MXenes
MXene Experimental method Result Ref.
Ti,C, T, Bacterial cell injury was observed Lactate dehydrogenase release and reduced colony number [23]
Ti,C, T, Avoid light and observe bacteria Bacterial DNA leakage and bacterial cell dispersion [24]
Ti,C, Ti,C, The atomic structure and antibacterial activity were Ti,C MXene did not affect bacterial survival, and Ti;C, MXene [25]
observed showed antimicrobial properties
d-Ti,C,T, The growth of fungi was observed Fungal growth inhibition was observed in the d-Ti;C,T . group [26]
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Table 2 Common etching methods and conditions

for MXenes synthesis

Material Resulting

Preparation method Ref.
type product
Ti;AIC, 5% (mass fraction)HF,24 h,25°C  Ti,C,T,

10%HF,18 h,25°C

30%HF,5h,25°C

Ti,AlC, NH,CI+HCI

[18,52-53]

Ti,C, T,  [54]

Ti,AlC,  Sonication (mass ratio LiF : Ti,C, T,  [55-56]
Ti,AIC,=5:1)
No sonication (mass ratio LiF :
Ti;AlC,=7.5:1)
Ti,AIC, 1 mol/L NH,HF,,60°C,8h TL,C,T,  [24]
Ti,AIC, 5 mol/L LiF +6 mol/L HCI Ti,C,T,  [52]

12 mol/L LiF+9 mol/L HCI
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Fig.1 Application of MXenes in skin wound repair

(a)fabrication of PMP hydrogels'®"'; (b)photographs of untreated wounds and wounds treated with different hydrogels after 0,6, 14 days®!;
(c)images of MRSA colonies growing on the agar plates derived from the homogenized infected tissues with various treatments after 3,7, 14 days'*/;

(d)total blood loss and photographs from the damaged livers after 60 s treatment with HPEM scaffolds and the control*;

(e)HR.E staining and Masson staining images of the wound section at the 13th day for each group, respectively'®*!

il 7 T ik ALK/ A7 DRIk 15 42 -8 (ZIF-8) /PLA E & MZ-8/PLA B v] #5 K T BE 11 515 4t f 25 A L
(MZ-8/PLA) , FIFDEHIT L ARl i ALK BARERS AR TemEE.

ZIF-8 3f-7E MXenes FiEfTERFE 722, M EREIIRER 3.2 BERiREE

B, MZ-8/PLA Xt KA FF 18 40 1 223K 99.0%6 LA I, B AR R R LA B R 6 B A B R
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Fig.2 Application of MXenes in bone defect repair

(a) ALP activity evaluations of ADSCs following osteogenic induction by MXenes and 808 nm laser irradiation at 7 days and 14 days, respectively

(n=3)""); (b)alizarin red staining assay of ADSCs after incubation with different treatments at 14 days

images of bone defect including interior and superficial views and corresponding micro-CT images including coronal and sagittal views

{72, (¢)three-dimensional reconstruction

[74]1,
H

(d)HR.E staining of infected mandibles of rats after 4 weeks and 8 weeks of scaffold implantation (HB:host bone ;dotted line: boundary between

host bone and new-born bone ; green arrows : undegraded hydrogel scaffolds ; yellow arrows in 1-10: osteoblast , i-x : inflammatory cells )"’
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Fig.3 Application of MXenes in muscle repair

(a)H&.E staining images of skeletal muscle defects for 1 week A, with white boxes indicating enlarged areas and black arrows indicating new
muscle fibers; (b)H&-E staining images of skeletal muscle defects for 4 weeks'; (¢) TEM images and HRTEM images of the Ti,C, T,
MXene@MnO, nanocomposite ™®!; (d)FT-IR spectra of precursors and the FME scaffold ™!
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