Profiling of azole fungicides for interference with steroidogenesis
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Background
Azole fungicides are used to inhibit fungal
CYP51. Many of the approved azole fungicides
show adverse effects by modulating human CYP
enzymes. Interferences with steroidogenesis can
lead to pseudohyperaldosteronism due to the
accumulation of mineralocorticoids in response
to an unbalanced HPA axis. As a consequence,
patients experience secondary hypertension and
hypokalemia. To study interferences with
steroidogenesis a cell model expressing all key
adrenal steroidogenic enzymes was applied.

Methods
An adapted version of the OECD guideline 456 was
used to investigate the extent to which different
triazoles affect the concentration of progestins,
mineralocorticoids, glucocorticoids and the adrenal
androgen DHEA in human adrenocarcinoma H295R
cells. The cells were incubated with triazoles in a
Forskolin stimulated state. After 48 hours the steroid
concentration in the supernatant was determined by a
targeted ultra-high pressure liquid chromatographymass spectrometry (UHPLC-MS/MS) approach.

Cholesterol
CYP11A1

CYP17A1 Androgen

Progestins

precursors

CYP21A2

11-DOC
CYP11B1/B2

Cortexolone

NCI-H295R

Procedure

CYP11B1

Corticosterone

Cortisol

Hecker M, Giesy JP; Novel trends in
endocrine disruptor testing: the H295R
Steroidogenesis Assay for
identification of inducers and
inhibitors of hormone production. Anal
Bioanal Chem. 2008 Jan; 390(1):28791.

OECD/OCDE; OECD guideline for the
testing of chemicals; H295R
Steroidogenesis Assay, OECD 2011

CYP11B2

Aldosterone

Results
IC50 of steroid production

Steroid Profiling in H295R Cells
11-DOC

100

50

0.1

Cortexolone

150

Enzyme activity [%]
normalized to Forskolin

150

Enzyme activity [%]
normalized to Forskolin

The results show concentration dependent effects of the triazoles on the steroids. At very high
concentrations Isavuconazole reduces mineralocorticoids while glucocorticoids are less affected.
Itraconazole reduced the concentration of every steroid measured, with IC values ranging from 90 nM for
Progesterone to 500 nM for DHEA. This suggests an inhibition of Cyp11A1 or 3βHSD2. Posaconazole
inhibits the production of Aldosterone, Corticosterone and Cortisol with an IC50 of less than 50 nM,
suggesting strong inhibition of Cyp11B1 and Cyp11B2. Voriconazole and Fluconazole showed no strong
inhibitory effects on the tested steroids.
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Quantitative analysis of effects of test compounds on the H295R profile. Data are expressed as fold-changes relative to
Forskolin treatment (mean ± SD; n = 6). Steroid metabolites significantly down regulated are indicated in green,
upregulated in red (p-value < 0.05). FC means forskolin control, MC means medium control, nd means not detected,
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Conclusion
The chosen approach provided novel mechanistic insight into the inhibition of steroidogenesis by selected triazoles. Posaconazole and Itraconazole exhibit different inhibitory actions.
Voriconazole and Fluconazole showed no strong inhibitory actions. The differential effects of Isavuconazole, Posaconazole and Itraconazole will need to be further investigated in vivo as well as
using individual enzyme assays.
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