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Abstract . Gallium-loaded biomaterials exhibit positive effects in antibacterial activity, promotion of cell proliferation, an-
glogenesis and tissue repair due to their unique physical, chemical and biological properties. This binding disrupts bacterial
iron metabolism and inhibits bacterial growth, making it particularly effective against multidrug-resistant bacteria, which are
a major concern in clinical settings. Furthermore, gallium-loaded biomaterials promote cell proliferation, angiogenesis and
tissue regeneration, which are critical for accelerating wound healing. These effects are attributed to the modulation of cellu-
lar behavior and enhancement of new blood vessel formation, ultimately creating a favorable microenvironment for tissue re-
pair. The clinical applications of gallium-loaded biomaterials in wound healing are promising. This article reviews the re-
search progress of gallium-based biomaterials in wound healing, focusing on biological activity mechanisms, clinical applica-
tion prospects and future development directions.
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Fig. 1 Overview of gallium-loaded biomaterials applications in tissue repair
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Fig. 2 Typical structural forms of gallium-loaded biomaterials
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Fig. 4 Antibacterial mechanisms of Ga®* inhibition and efflux resistance
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Table 1 Antibacterial performance comparison of various gallium-loaded biomaterials

Materials Target bacteria Mechanism Antibacterial efficacy Ref.
QDCS-PA/ S. aureus, MRSA | 99.9% (S. aureus, MRSA) , . [19]
DPUL-GMA+Ga** E. coli on release 90% (E. coli) Jiang et al., 2024
MRSA inhibition: 99.98%,
QCS Ga-MOF+methicillin MRSA Ton release-+antibiotics >99. 9% killed at MBC Liu et al. , 202313
(256+128 pg/mL)
Ton release+photothermal 78% inhibition in vitro ]
™ 3+ P 5 [21
TA+Ga . aureus (NIR) 99. 52% in vivo after NIR Xu et al., 2022

. . 99% reduction [33]

LM@ PDA@ Ag@MNs ESBL E. coli Photothermal +Ga ions Wang et al., 2024

GLR (gallium porphyrin-

loaded vesicles) P. gingivalis

Gallium-based nanoalloy- E. coli, NIR-induced photothermal
impregnated hydrogels MRSA effect+Ga ion activity
S. aureus,

MC/Alg+gallium nitrate Ion release

P. aeruginosa

Blue light+Ga porphyrins

(ESBL E. coli)

>95% inhibition,

[5]
>80% invasion reduction Tang et al., 2024

>90% reduction under NTIR Bright et al., 2025130

99.99% (S. aureus, P. aeruginosa) ,

. 407
99% in 4 h at 0. 5w% Ga Rastin et al., 2021
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Table 2 Comparison of angiogenic properties of different gallium-loaded biomaterials

Materials Application area

Pro-angiogenic performance Ref.

Ga/ chitosan/silk/umbilical cord

MSC-Exo sponge scaffold Diabetic wound healing

0. 5Ce0. 5Cu-CPS bioceramics Bone repair and regeneration

Quaternized chitosan/pullulan/Ga
photo-crosslinking hydrogel MRSA-infected wound healing
(Q-D/Ga/UV)

1 CD31 and VEGF in vivo, 3.44% VEGFA-posi-
tive area at week 12, promoted HUVEC migration  Shi et al. , 2024
and tube formation in vitro

3. 44% VEGFA-positive, 6.29% o-SMA* in vivo,
T VEGFRI and tube formation ( 2.5-fold)  Xu et al. , 2022"2!]

under coculture

T VEGF by 400. 6% at day 5, 63.33% collagen

; [19]
deposition, promoted angiogenesis Jiang et al., 2024
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