Bifunctional carbonyl scavengers afford superior protection against carbonyl stress-induced protein damage
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Introduction. Biogenic carbonyls are a broad group of noxious toxicants produced endogenously in cells during oxidative stress. In an ongoing search for carbonyl scavenger therapies to mitigate their toxicity, nine candidate drugs have been selected from the literature, each containing a thiol, amine or both nucleophilic functional groups.

Aim. To investigate whether “bifunctional” scavenger drugs possessing both thiol and amine groups exhibit superior protective efficacy against protein damage caused by the diverse chemistries of carbonyl toxicants encountered in vivo.

Method. A model protein system comprising a 1:1 ratio of thiolated BSA and native BSA was exposed to a mixture of six carbonyls—acrolein, crotonaldehyde, pent-2-enal, hex-2-enal, malondialdehyde and methylglyoxal—each at LOAEL concentration in a DNPH-based spectroscopic assay. This model was then used to assess the protective efficacy of nine carbonyl scavenger drugs (n=3) compared to a control that was not exposed to the carbonyl mixture and a positive control exposed to carbonyl mixture with no drug present (n=6).
Results. At both 1 and 10 mM drug concentrations, the bifunctional scavengers cysteamine and penicillamine exhibited the strongest anti-carbonylation efficacy. Only these bifunctional scavengers afforded complete suppression of protein carbonylation at the 10 mM concentration.
Discussion. Due to the diverse reactivities of mixtures of toxic carbonyls likely to contribute to oxidative stress in vivo, bifunctional scavengers possessing both “hard” and “soft” nucleophilic centres might be superior anti-carbonyl drugs.
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