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Abstract: This study focuses on the microenvironment acidification caused by metabolic abnormalities and
ion balance disturbances during cardiac ischemia, which can significantly trigger drug resistance and thus limit the
therapeutic effect of coronary heart disease. To address this issue, we delve into the potential role of carbonic
anhydrase inhibitors in enhancing drug efficacy through pH regulation. First, we evaluated the potential of the
carbonic anhydrase inhibitor acetazolamide, in combination with aspirin, in alleviating myocardial hypoxic injury
in a cellular model. Through high-throughput screening techniques, we systematically analyzed the synergistic
effect of this drug combination and determined the optimal ratio. Next, we modified the structure of aspirin using
acetazolamide as the structural basis, aiming to create novel derivatives with stronger myocardial protective
activity. Using in vitro and in vivo models of myocardial hypoxic injury, we evaluated the biological activity and
therapeutic efficacy of these derived compounds in detail. Animal experiments were approved by the Animal Ethics
Committee of Southeast University (Ethics No. 20240109001). The results showed that the structurally modified
aspirin derivatives exhibited significant synergistic effects in alleviating myocardial hypoxic injury. This study
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reveals the mechanism of action of carbonic anhydrase inhibitors in the treatment of coronary heart disease and

provides experimental and theoretical evidence for the development of novel coronary heart disease treatment

drugs, which has important guiding significance for drug design and coronary heart disease treatment strategies.
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Annexin V-FITC

Figure 1 HO9c2 cell viabilities and apoptosis regulated by aspirin (As), acetazolamide (Ac) and the combination of them (AstAc). A: Cell

viabilities influenced by As, Ac and As+Ac under 1% O,; B: H9¢2 cell membrane integrities stained with FITC and PI, administrated by As,
Ac and As+Ac, and detected by flow cytometry. n=3,x£s. P <0.05, "P < 0.01 vs 0 umol-L" (model group); “P < 0.05
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Figure 2 Synergistic effects between As and Ac. A: CCKS cell viability values (%) under different concentration combinations of As and

Ac; B: The synergy score and two-dimensional visual representation of the synergy between As and Ac by SynergyFinder; C: Three-

dimensional visual representation of the synergy between As and Ac
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Reagents and conditions: (a) HCI, C,HsOH, NaHCOs, r.t. 2 h; (b) K,CO5, DMEF, r.t. 12 h; (¢)
CF;COOH, CH,Cl,, r.t. 12 h; (d) C,C1,0,, CH,Cl,, 0C 12 h; (e) CH,Cl,, DMF, 0C 12 h.

Scheme 1 The synthetic route of compounds AcAsw3, AcAsw4 and AcAsw5
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Figure 3 HO9c2 cell viabilities and apoptosis regulated by As, As+Ac and the compounds AcAsw3, AcAsw4, AcAsw5. A: Cell viabilities

influenced by AcAsw3, AcAsw4, AcAsw5 under 1% O,, comparing with As, Ac and As+Ac; B: H9¢2 cell membrane integrities stained with

FITC and PI, and detected by flow cytometry. n =3, X+ 5. "P <0.05, "P < 0.01 vs 0 pmol-L™" (model group)
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Figure 4 The repair mechanism of AcAsw3 based on dual cyclooxygenase-2 (COX-2) and carbonic anhydrase (CA) inhibitions. A: 1C,,

values of As and AcAsw3 against COX-2; B: The pH regulation effect of H9c2 cells cultured under normoxia (21% O,) or hypoxia (1% O,)
with As or AcAsw3 (the difference in pH of cell culture medium before and after drug administration); C: IL-18, TNF-a, ACE and cytc

protein expressions in hypoxia (1% O,) modeling cells treated with As and AcAsw3.n=3,x £s. "P < 0.05 vs blank group (model group)
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Figure 5 The efficacy of AcAsw3 to attenuate myocardial ischemic injury in mice. A: The growth curves of mice weights; B: The heart

size of each group; C: The heart weight ratios (%) of each group; D: Effects of treatment with AcAsw3 or As on pathological changes in

hypoxia induced myocardial injury mice illustrated by Masson staining. Scale bar=100 pum. E, F: Effects of AcAsw3 and As on creatine

kinase (CK) (E) and its MB isoenzyme CK-MB (F) levels in isoproterenol (ISO)-treated myocardial ischemic injury mice. P < 0.01 vs the

blank group; "P < 0.05, P < 0.01
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