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Abstract: [Objective] To investigate the antifungal activity and mechanism of berberine
against Cryptococcus neoformans. [Methods] The minimum inhibitory concentration (MIC) of
berberine against the standard strain and clinical isolates of C. neoformans was determined by
micro-broth dilution method. The synergistic effect of berberine with the marketed antifungal
drugs (fluconazole and amphotericin B) was determined by checkerboard method. Further, we
determined the effects of berberine on the expression of key virulence factors of Cryptococcus
and on the macrophage-Cryptococcus interaction. The in vivo fungicidal activity of berberine
was examined with the Galleria mellonella model of Cryptococcus infection. [Results]
Berberine was a fungicidal compound with a MIC range of 8—16 pg/mL against the tested
strains. Berberine at the sublethal concentration inhibited capsule size, melanin-producing
ability, and sexual reproduction and enhanced the fungicidal ability of macrophages. The
zinc-finger transcription factor Nrgl mediated these important processes. The experiment with
the G. mellonella model of cryptococcal infection showed that berberine prolonged the survival
time of infected G. mellonella. [Conclusion] Berberine exhibits excellent anti-cryptococcal
activity in vitro and in vivo and is expected to be a promising starting compound for the
development of anti-cryptococcal agents.

Keywords: Cryptococcus neoformans; berberine; virulence factors; zinc finger transcription
factor Nrgl
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Table 1  Antifungal activity of berberine against Cryptococcus neoformans strains

Strains Origin MIC (pg/mL) BBR MIC (pg/mL) FLC

C. neoformans H99 Standard strain 16.00 2.00

C. neoformans 1 Clinical 8.00 4.00

C. neoformans 2 Clinical 16.00 0.25

C. neoformans 3 Clinical 8.00 4.00

C. neoformans 4 Clinical 8.00 2.00

C. neoformans 5 Clinical 16.00 4.00

C. neoformans 6 Clinical 8.00 2.00

C. neoformans 7 Clinical 8.00 4.00

410 -~ Control B 10 -+ Control

& 2xMIC FLC " —+ 2xMIC BBR
-+ 5xMIC FLC & 10xMIC BBR

-+ 10xMIC FLC

log,, CFU

Bl 1 NEEREXS RS E A REE M
Figure 1

\ TT——3
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< (] = (o)} oo
\

0 12 24 36 48 60 72

t/h

The effect of Berberine on Cryptococcus neoformans. Time dependent killing of C. neoformans by

fluconazole (A) or berberine (B) at 2%, 5x and 10xMIC. The fungal CFUs at different time points during
treatment were determined. Data are the means£SD for three biological repeats.
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Figure 2 The effect of Berberine treatment on capsule generation (A—C), melanin production (D) and mating
process (E) of Cryptococcus neoformans. The capsule generation experiment was performed twice, and at least
100 cells were analyzed. ***: P<0.001 by two-way ANOVA compared to the respective untreated control.
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Figure 3 The effect of Berberine on the growth of Cryptococcus neoformans in (A) and outside (B)
macrophage. The fungal CFUs with different treatments were determined. Data are the means+SD for three
biological repeats. ***: P<(0.001 indicates significance.
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Figure 4 The role of Nrgl in berberine against Cryptococcus neoformans. A: The phenotype of NRGI
deletion mutant and its corresponding complemented strain. B: The effect of berberine treatment (64 pg/mL
for 2 h) on gene expression of NRG1. Data are represented as the mean+SD for three biological repeats. C:
The phenotype of representative gene mutants in cAMP pathway.
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Figure 5 The effect of berberine against Cryptococcus neoformans in an animal infection model. Survival
rate of G. mellonella. Larvae (n=10 per group) infected with C. neoformans H99 under the treatment of
berberine (10 mg/kg, 20 mg/kg or 40 mg/kg), fluconazole (14 mg/kg) or combination (20 mg/kg+14 mg/kg).
P values were determined using the two-sided, log[rank](Mantel-Cox) test. **: indicate significance, P<0.01.
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