Evaluation of Curcumin and Its Derivatives as
Photosensitizers for Antibacterial Photodynamic Therapy
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Results

INntroduction

Antimicrobial resistance (AMR) is a growing global health threat, with over 127 million deaths
attributed to drug-resistant infections in 2019 [1]. Antimicrobial photodynamic therapy (aPDT) offers
a promising non-antibiotic alternative that combines a photosensitizer (PS), visible light, and
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molecular oxygen to generate reactive oxygen species (ROS) that Kkill bacteria [2].
Curcumin, a natural polyphenol from turmeric, shows potential as a PS due to its ROS-generating
capacity under blue light. However, limitations such as poor solubility, photoinstability, and low
affinity for bacterial membranes reduce its clinical utility [3]. This project explores whether chemical 6 6
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modifications to curcumin can enhance its antibacterial aPDT activity. aPDT involves excitation of 2 . 2 .

the PS to a higher energy state, followed by intersystem crossing to a triplet state. From there, ROS

can be generated either through electron transfer (Type 1) or energy transfer to molecular oxygen 2 2

(Type 1), ultimately leading to generation of ROS that ultimately damage microbial structures, 0 ‘ . . . . 0 l | . ‘ .
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including membranes, proteins, and nucleic acids, resulting in cell death [4]. This project
Investigates whether curcumin analogues can be structurally optimized to improve their
antibacterial aPDT activity.
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Absorption spectra of curcumin (Cl) and the anthracene-substituted derivative (C6). Cl shows a
sharp peak at ~430 nm, while C6 exhibits a broader, red-shifted band extending beyond 470 nm,
consistent  with  enhanced Tr-conjugation and deeper light penetration potential.
This spectral shift was the intended outcome of our molecular design to enable activation at
clinically relevant wavelengths.

Figure 1
Jablonski Diagram: The Photochemical Mechanism of Action in Antimicrobial Photodynamic Therapy
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This table presents the structural differences and photodynamic antibacterial activity of
curcumin (Cl) and its five analogues (C2-Co6). Key metrics include ICso values, Enax (Maximum
inhibition), and RZ? (fit quality) across three bacterial strains (E. coli, P. aeruginosa, S. aureus).

Conclusions

Most compounds exhibited minimal toxicity in the dark, confirming that antimicrobial effects were
||ght—dependent.
« Structural modifications of curcumin (C1) significantly influenced photophysical and antibacterial
properties. Removal of methoxy groups (C2, C3) modestly impacted efficacy, while full methylation
(C4) diminished activity.
« C3showed the lowest ICso against S. aureus but exhibited an irregular dose—-response, possibly due
to solubility or aggregation effects. <
« qr-conjugation extension (C5, Co) resulted in broader, red-shifted absorption spectra, as expected, §
confirming successful spectral tuning for aPDT activation at longer wavelengths. R

Figure 5
Dose Response Curves of Selected Analogues
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P. aeruginosa was generally more resistant, except for Co, which showed activity comparable to
curcumin, indicating potential for selective application.

Dose-response behavior and ICso data suggest Cl (curcumin) remains a reliable reference PS, with
analogues offering target-specific improvements rather than broad-spectrum enhancement.
Future design should focus on balancing photophysical properties with biological delivery factors,
possibly through targeted delivery or conjugation strategies.
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Dose Response curves of analogues as compared to curcumin (Cl). A. E. coli percent growth
after treatment with activated Cl, C2 and C4 (active). B. P. aeruginosa and C. S. aureus percent
growth after treatment with activated Cl, C2 , C3 and C4. D. P. geruginosa and E. S. aureus
percent growth after treatment with activated CI1, C5, and C6.

ICcp Values are also presented. These data illustrate how structural modifications affect bacterial
susceptibility, with native curcumin (Cl) performing consistently across all species, while qr-
extended analogues showed selective or diminished efficacy.
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