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[ Abstract |  Myocardial infarction is a cardiovascular disease with high morbidity and
mortality rates. Hydrogel biomaterials mimicking the extracellular matrix have recently
been shown to demonstrate excellent biocompatibility, low immunogenicity, favorable
biodegradability, and multifunctionality, showcasing significant potential for treatment of
myocardial infarction. Hydrogels can provide mechanical support to the damaged myo-
cardium, alleviating pathological remodeling. Moreover, their porous structure makes
them ideal carriers for localized and sustained drug delivery. Hydrogels derived from
various matrices—including polysaccharides, polypeptides, proteins, decellularized
extracellular matrix, and synthetic polymers—exhibit distinct properties in terms of
biocompatibility, mechanical performance, and drug delivery capacity. These hydrogels
support tissue regeneration and enable targeted release of diverse therapeutics, meeting
the various therapeutic demands for myocardial repair. In the infarcted myocardial
microenvironment, endogenous signals such as low pH, specific enzyme expression, and
elevated levels of reactive oxygen species can trigger responsive drug release from
hydrogels, while external physical stimuli—such as ultrasound, light, and magnetic fields—
can also be employed to precisely control the release process, thereby enhancing
therapeutic efficacy and reducing systemic side effects. This review summarizes recent
advances in hydrogel-based drug delivery systems for treatment of myocardial
infarction, focusing particularly on the characteristics and advantages of different hydrogel
materials for myocardial repair. Furthermore, the responsive drug release behavior of
hydrogels is analyzed in the context of the cardiac injury microenvironment, providing a

reference for future research.
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[ FER&IE |  Al2mAe 51 2 R (decellularized extracellular matrix, dECM) ; 3540 & K H
F (transforming growth factor, TGF) ; & % & F JLZE Z & 2 T B2 B (epigallocatechin
gallate, EGCG) ;4-%# 3 -2,2,6,6-w WV A vkve -1-A B & & (4-hydroxy-2,2,6, 6-
tetramethylpiperidin-1-oxyl, TEMPOL) ; & & 25 & % B % 22 & (Food and Drug
Administration, FDA) ; & & = B (polyethylene glycol, PEG) ; 44 4t J& (cluster of
differentiation, CD) ; R $UBR — % X T 82 2 R [ poly (lactic-co-glycolic acid ) ,PLGA | ; &
JR 4 )% %% @ B (matrix metalloproteinases, MMP) ; #& RNA (micro RNA, miRNA,
miR) ; 4- & 4X.-1,4- = &.-1, 10-FE &k -3- % 8% (1, 4-dihydrophenonthrolin-4-one-3-
carboxylic acid, DPCA) ; 20 2% 4 /& & & B 47 4] 77 (tissue inhibitor of metalloproteinase ,
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TIMP) ; % 28 TIMP (recombinant TIMP ,xTIMP) ; £ /& 7 JE 5 BR 3k /K B LN K
(transcatheter endocardial alginate hydrogel implantation , TEAi)
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Figure 1 Molecular mechanisms of hydrogel drug release in response to microenvironment
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