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Antifungal activity and mechanism of phenanthroline-
phenanthroline” against cutaneous Malassezia furfur infection
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(College of Pharmaceutical Sciences, Southwest University, Chongqing 400716, China)

Abstract: Malassezia furfur (M. furfur) is a common lipophilic fungus with strong epidermal colonization
ability and high recurrence rates, capable of inducing a wide range of skin diseases in both animals and humans.
Traditional antifungal therapies are associated with significant side effect and frequent drug resistance,
necessitating the development of new treatment strategies. This study investigated the efficacy of a protonated
phenanthroline-phenanthroline” (ph-ph*) compound, previously developed by our team, in inhibiting the growth
and reproduction of M. furfur. The results showed that the minimum inhibitory concentration (MIC) and minimum
fungicidal concentration (MFC) of ph-ph* against M. furfur were 2 and 8 ug-mL", respectively. Furthermore, ph-ph*
significantly reduced key virulence characteristics of M. furfur, including biofilm formation, hydrophobicity, and
adhesion capacity. Assessments using transmission electron microscopy and Annexin V-FITC/propidium iodide
staining confirmed that ph-ph* kills M. furfur by inducing apoptosis. In a mouse skin infection model induced by
M. furfur, topical application of ph-ph* effectively cleared the fungus from the skin surface without causing skin
irritation or other adverse reactions. This study demonstrates that ph-ph* may represent a novel antimicrobial
compound distinct from traditional drugs and provides a potential therapeutic approach for treating skin infections
caused by M. furfur or other fungi. The experimental protocol was approved by the Animal Experiment Ethics
Committee of Southwest University (approval No.: LAC2024-1-0446), and the experiments were conducted

R H 9: 2025-12-10; &[5 H 11: 2026-02-24.
*JE T Tel/Fax: 86-23-68251225, E-mail: fal@swu.edu.cn
DOI: 10.16438/7.0513-4870.2025-1480



- 2496 - 242224 Acta Pharmaceutica Sinica 2026, 61(7): 2495-2501

strictly in accordance with the ethical principles for the use and care of animals.
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Figure 1  Structure of phenanthroline-phenanthroline”
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Figure 2 ph-ph'inhibited the radial growth of M. furfur. A, B:
Inhibitory effect of different concentrations of ph-ph” on the radial
growth of M. furfur; C: Comparison of the inhibitory effect of
ph-ph", terbinafine, and miconazole on the radial growth of M.

furfur. n =3, mean £ SD. P < 0.001
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Figure 3 Effect of ph-ph™ against M. furfur at 4 or 37 °C. A:
Growth rate of M. furfur; B: Inhibition rate of ph-ph”at different

temperatures
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Figure 4  Effect of ph-ph'on spore germination rate. A:
Inhibitory effect of different concentrations of ph-ph” on the spore
germination rate of M. furfur; B: Comparison of the inhibitory
effect of ph-ph’ , terbinafine, and miconazole on the spore
germination rate of M. furfur. n = 3, mean + SD. P < 0.01, 7P <

0.001
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Figure 5 Effect of ph-ph’on the formation of M. furfur biofilm.
A, B: Effect of different concentrations of ph-ph” on the biofilm
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formation of M. furfur; C: Comparison of the effect of ph-ph",
terbinafine, and miconazole on the biofilm formation ratio of M.

Sfurfur. n =3, mean + SD. ‘P < 0.05, "P<0.01, ""P < 0.001
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Figure 6 Effect of ph-ph” on the hydrophobicity of M. furfur. A:
Effect of different concentrations of ph-ph” on the hydrophobicity
of M. furfur; B: Comparison of the effect of ph-ph’, terbinafine,
and miconazole on the hydrophobicity of M. furfur. n = 3, mean +
SD. 'P<0.05,"P<0.01
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Figure 7 Effect of ph-ph’ on adhesion of M. furfur. A, B:

Inhibitory effect of different concentrations of ph-ph” on adhesion
of M. furfur; C: Comparison of the inhibitory effect of ph-ph",
terbinafine, and miconazole on adhesion of M. furfur. n = 3, mean +
SD. "P<0.01, ""P <0.001
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Figure 8 ph-ph’ could induce M. furfur apoptosis, evidenced by

Annexin V-FITC/PI, an indicator of cell apoptosis
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Figure 9 Hyphae and spore morphology of M. furfur under
transmission electron microscope after ph-ph” treatment. The cell
contents of both hyphae and spores were degraded and appeared

vacuolation, showing typical apoptotic feature
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Figure 10 M. furfur could reduce M. furfur infection on mouse

skin. Each group were assigned 8 mice
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Figure 11  ph-ph” could eliminate M. furfur loading on skin tissue.
Skin tissues from three different position were homogenated and

cultured after separation
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Figure 12 HE staining of mouse back skin after ph-ph* treatment
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