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Screening for toxicity of azole fungicides in Caenorhabditis elegans
identifies triflumizole as a potent reproductive and developmental
toxicant
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Abstract

Azoles are broad spectrum anti-fungal compounds that can disrupt steroid hormone synthesis, raising significant concerns
regarding their impact on human development and reproduction. Chemical exposure in Caenorhabditis elegans may
provide insights into the broader impact of azole fungicides relevant to human health. Exposure to triflumizole, resulted in
a significant reduction in brood size as well as a dose-dependent decrease in worm development. Similarly, clotrimazole
negatively impacted development, but not reproduction, while ketoconazole had no detrimental effect. Together this
suggests further research is urgently needed to explore the impact of azole chemicals on human reproductive health.

Clotrimazole Triflumizole Ketoconazole

e s 5

A. Chemical structure
-/

300- 3004 300, T

200

N
(S
bt

200

1004

_\
=)
2

1004

B. Total brood size
Average total broodsize
Average total broodsize
Average total broodsize

Q 100+ 1004 . 100+
1
g > > >
— o 80 o 80 O 80
1] = > o))
- ] % 8
c 5] T
o S e £ 60 2 601
£ ® © &
[« o [ )
O £ 40 £ 40 £ 401
c c =
8 d‘_) 204 &’ 20 g 20
(&) 0 2 . - 0-
> &
S >y O N »
&L N N R L 8
00(\ \00 X oS \QQ o&. c,°° \Q\? {b@} \QQ\}
N © X
) QO
N S

Figure 1. The impact of azole fungicides on reproduction and development in C. elegans.:
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(A) Chemical structures of the 3 azoles tested. Structures downloaded from ChemSpider.com (B) Total brood size. The
negative control is shown in red, and the vehicle control (0.2% methanol) is shown by the blue bars. Bars indicate
averages with standard error of the mean. ***Statistically significantly difference from solvent control with p<0.001 (2-
tailed t-test). n=19-24 over 2 independent biological replicates. (C) Developmental rate. Green bars indicate the
percentage of surviving worms that have reached the L4 stage; white bars indicate the percentage of worms that have not
reached L4 stage (n=50-75).

Description

Azole fungicides are broad spectrum anti-fungal compounds that are widely used as pesticides (Jargensen & Heick, 2021),
in pharmaceuticals and personal care products (Chen & Ying, 2015). The mode of action for azole fungicides is to inhibit
fungal sterol 14a-demethylase CYP51, however, some azoles have the potential to inhibit mammalian enzymes including
CYP19A/aromatase (Trosken et al., 2006; Trosken et al., 2004; Zarn et al., 2003). As a result, steroid hormone synthesis
in mammals is disrupted, resulting in perturbation of sex steroid hormone homeostasis throughout early and late
development, consequently providing a hazard for sexual development (Draskau & Svingen, 2022; Munkboel et al.,
2019). In addition, azoles are able to target nuclear receptors, such as the estrogen and androgen receptors (Toporova &
Balaguer, 2020), acting as potent antagonists to disrupt downstream processes (Draskau et al., 2021; Draskau et al., 2022;
Jung et al., 2023). Together, this disruption can have consequences for fertility and reproductive function. Still, there are
uncertainties regarding the developmental or reproductive toxicity (DART) of some azole fungicides, and more research is
needed to fully explore the toxic potential of azoles.

Testing for DART endpoints typically requires many animals (e.g., rodents), which is costly, labour intensive and ethically
challenging, thus an alternative approach is needed. Caenorhabditis elegans is a promising model for DART testing,
aligning with the 3R principle and ethical considerations, and has previously been used for toxicological studies (Boyd et
al., 2016; Boyd et al., 2012; Harlow et al., 2016; Leung et al., 2008). The use of whole-animal, non-vertebrate models,
such as C. elegans aligns well with the European roadmap towards non-animal testing (Cronin et al., 2025) and the
Adverse Outcome Pathway (AOP) framework, to explore the adverse effect in an intact organism or its progeny (Svingen,
2022).

The purpose of this study was to assess 3 azole fungicides (triflumizole, ketoconazole and clotrimazole; Figure 1A) for
their impact on development and reproduction using C. elegans. The agricultural fungicide triflumizole was chosen as,
due to the highly lipophilic and persistent nature, it is frequently detected in the environment (Chen & Ying, 2015; Kahle
et al., 2008), which can lead to human exposure via food and drinking water or in an occupational setting (Khay et al.,
2008; Li et al., 2012). Ketoconazole and clotrimazole are used as human pharmaceuticals and are classified as pregnancy
category C (i.e. risk cannot be ruled out) by the FDA due to the observed embryotoxic effects in animal studies
(Cummings et al., 1997; Draskau et al., 2021; Patel et al., 2021).

To assess the effect on reproduction, worms were exposed to the azole chemicals from the fourth larval stage (L4), a key
period for spermatogenesis and after which the worm begins reproduction. The total cumulative number of viable
offspring in the negative control was 269, with a similar brood size observed in worms exposed to the vehicle control
(0.2% methanol; Figure 1B). Exposure to clotrimazole and ketoconazole did not affect total brood size at any of the
concentrations tested. In contrast, brood size was reduced upon exposure to 100pM triflumizole, with worms producing an
average of 153 viable progeny, a reduction of 43% compared to both negative and vehicle controls (Figure 1B).

To explore the impact on post-embryonic development, worms were exposed to the 3 azoles from hatching (L1 stage) to

L4 stage. All control worms reached the L4 stage after 48 hours at 20°C. Triflumizole exposed worms had normal
development at 10pM, but there was a delay observed in 21% of worms at 30pM triflumizole (Figure 1C). Of those
worms grown in the presence of 100pM triflumizole, 59% died before reaching the L4 stage and of those that survived
only 5% reached the L4 stage, with the remainder of nematodes being significantly under-developed. Clotrimazole had a
minor impact on development at 30pM, where just 3% of the worms failed to reach L4 stage after 48 hours. Exposure to
100pM clotrimazole caused 72% of the worms to be younger than L4 after 48 hours, but no worms died at this
concentration. Exposure to ketoconazole had no effect on developmental rate at all concentrations tested.

Together, these data show that triflumizole and clotrimazole have significant effects on development, with triflumizole
impacting both reproduction and development in C. elegans. This is in line with triflumizole effects found in rodents (Li et
al., 2012; Martin et al., 2011) and zebrafish embryos (Bai et al., 2022). However, further exploration of the mechanism of
action is needed to support the predictive value of the DART observed in C. elegans for mammalian DART. This is
especially important for the identification of chemicals that cause DART through an endocrine-mediated effect, i.e.,
endocrine disrupting chemicals (EDCs). While C. elegans does not have an endocrine system, it does respond to EDCs
and contains estrogen binding proteins (Hood et al., 2000). Nematode homologs of the mammalian estrogen receptor and
androgen receptor have been identified in C. elegans (Jeong et al., 2019), which further supports the potential of the
nematode to screen chemicals for their endocrine disrupting potential. More recently, C. elegans has been used to study
the effects of EDCs on various endpoints including fertility and growth (Chen et al., 2019; Jeong et al., 2019; Wittkowski
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et al., 2019), indicating that the worm may serve as a valuable tool to offer insights into human relevant adverse health
effects.

Our knowledge concerning the impact to humans of exposure to azoles during sensitive life stages, such as in utero
exposure during pregnancy, remains limited. For example, clotrimazole is considered safe to use to treat oral and vaginal
candidiasis during pregnancy (Mogensen et al., 2017; Munkboel et al., 2019), but as patients can self-medicate, exposure
levels are ambiguous. While exposure to clotrimazole resulted in abnormal plasma steroid hormone concentrations in
maternal and foetal rats, no morphological differences were observed in the reproductive system and it was unclear if
these translated to fertility defects (Draskau et al., 2021). Our C. elegans data demonstrates that while fertility is not
directly impacted, exposure to clotrimazole can have detrimental effects on the development of progeny at elevated
concentrations. Further exploration of internal exposure levels of the azoles in C. elegans are needed to translate the effect
concentrations to the human and/or rodent situation. Still, our data supports the fact that azole fungicides should be used
with caution during pregnancy.

Together, our results support the use of the relatively fast and low-cost C. elegans DART assay as a tool to screen for
reproductive and developmental effects of chemical exposure.

Methods

Strain maintenance and synchronisation: All experiments were conducted with the wild type C. elegans strain N2 var.
Bristol. Nematodes were maintained on Nematode Growth Media (NGM) agar according to standard protocols (Brenner,
1974), with OP50 E. coli as the bacterial food source. To synchronise the nematodes, standard bleaching was performed
(Stiernagle, 2006). Gravid adults were collected and treated with alkaline hypochlorite solution. After washing, the eggs
were left to hatch overnight at room temperature (19-21°C) in the absence of food in M9 buffer. The following day,
synchronised L1s were plated out onto NGM plates with OP50 E. coli and left to develop to L4s at 20°C. All experiments

take place at 20°C.

Brood size assay: Nematodes were age synchronised and grown to the L4 stage on OP50 seeded NGM. NGM was
supplemented with the azoles to a final concentration of 10, 30 or 100 puM, or the methanol vehicle control. Spiked NGM
(2 ml) was distributed into 12-well plates. E. coli OP50 (40 pl) was added to the centre of each well and allowed to dry

inside a laminar flow hood at room temperature (21°C). Nematodes (wild type N2 strain) were synchronised to L1 larvae
using standard methods and when at the L4 stage, a single worm was transferred into each well and the plates incubated at

20°C. The parental worm was transferred daily until the reproductive period was complete (5 days) and the number of
viable offspring counted. Daily reproductive output and total brood size was determined for each condition. Counting of
the offspring was performed manually across 2 independent biological replicates, each with at least 10 individuals, and
combined.

Developmental assay: Age synchronised nematodes at the L1 stage were added to OP50 seeded NGM plates

supplemented with azoles (10, 30 or 100 pM) or vehicle control (methanol). Plates were left at 20°C for 48 hours, after
which the worms were assessed for developmental stage (Hughes et al., 2022). The L4 stage is easily recognisable by the
formation of the vulva, and worms were then classified as older (i.e., containing eggs) or younger. For each condition at
least 50 worms were assessed and the data analysed to find the percentage of worms at each developmental stage.

Statistical analysis: Statistical analysis was performed on GraphPad Prism 9 and Microsoft Excel. For the brood size, a 2-
tailed 2-sample t-test was performed, comparing exposed conditions to the controls. A Chi-square test was performed for
the developmental delay.

Reagents

Wild type Caenorhabditis elegans strain N2 (var. Bristol) and E. coli OP50 were provided by the GCG, funded by the
NIH Office of Research Infrastructure Programs (P50 OD010440). Azoles were all supplied from Sigma (Triflumizole
#332611; Clotrimazole #C6019; Ketoconazole #K1003) and made to a 50 mM stock solution in methanol. In all cases, the
final solvent control concentrations in experiments were 0.2% methanol.

Acknowledgements: We would like to thank the GCG, funded by the NIH Office of Research Infrastructure Programs
(P50 OD010440), for providing C. elegans strains.

References

Bai L, Shi P, Jia K, Yin H, Xu J, Yan X, Liao K. 2022. Triflumizole Induces Developmental Toxicity, Liver Damage,
Oxidative Stress, Heat Shock Response, Inflammation, and Lipid Synthesis in Zebrafish. Toxics 10(11):
10.3390/toxics10110698. PubMed ID: 36422906


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00041969;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00041969;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00041969;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00041969;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00041969;class=Strain
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00041969;class=Strain
https://www.ncbi.nlm.nih.gov/pubmed/36422906

microPublication
BIOLOGY
8/7/2025 - Open Access

Boyd WA, Smith MV, Co CA, Pirone JR, Rice JR, Shockley KR, Freedman JH. 2016. Developmental Effects of the
ToxCast™ Phase I and Phase II Chemicals in Caenorhabditis elegans and Corresponding Responses in Zebrafish, Rats,
and Rabbits. Environ Health Perspect 124(5): 586-93. PubMed ID: 26496690

Boyd WA, Smith MV, Freedman JH. 2012. Caenorhabditis elegans as a model in developmental toxicology. Methods Mol
Biol 889: 15-24. PubMed ID: 22669657

Brenner S. 1974. The genetics of Caenorhabditis elegans. Genetics 77(1): 71-94. PubMed ID: 4366476

Chen H, Wang C, Li H, Ma R, Yu Z, Li L, et al., Yu Y. 2019. A review of toxicity induced by persistent organic pollutants
(POPs) and endocrine-disrupting chemicals (EDCs) in the nematode Caenorhabditis elegans. J Environ Manage 237: 519-
525. PubMed ID: 30825784

Chen ZF, Ying GG. 2015. Occurrence, fate and ecological risk of five typical azole fungicides as therapeutic and personal
care products in the environment: A review. Environ Int 84: 142-53. PubMed ID: 26277639

Cronin MTD, Berggren E, Camorani S, Desaintes C, Fabbri M, Fabrega J, et al., Worth AP. 2025. Report of the European
Commission workshop on "The roadmap towards phasing out animal testing for chemical safety assessments", Brussels,
11-12 December 2023. Regul Toxicol Pharmacol 161: 105818. PubMed ID: 40188930

Cummings AM, Hedge JL, Laskey J. 1997. Ketoconazole impairs early pregnancy and the decidual cell response via
alterations in ovarian function. Fundam Appl Toxicol 40(2): 238-46. PubMed ID: 9441720

Draskau MK, Lardenois A, Evrard B, Boberg J, Chalmel F, Svingen T. 2021. Transcriptome analysis of fetal rat testis
following intrauterine exposure to the azole fungicides triticonazole and flusilazole reveals subtle changes despite adverse
endocrine effects. Chemosphere 264(Pt 1): 128468. PubMed ID: 33032228

Draskau MK, Rosenmai AK, Scholze M, Pedersen M, Boberg J, Christiansen S, Svingen T. 2021. Human-relevant
concentrations of the antifungal drug clotrimazole disrupt maternal and fetal steroid hormone profiles in rats. Toxicol Appl
Pharmacol 422: 115554. PubMed ID: 33910022

Draskau MK, Schwartz CL, Evrard B, Lardenois A, Pask A, Chalmel F, Svingen T. 2022. The anti-androgenic fungicide
triticonazole induces region-specific transcriptional changes in the developing rat perineum and phallus. Chemosphere
308(Pt 2): 136346. PubMed ID: 36084822

Draskau MK, Svingen T. 2022. Azole Fungicides and Their Endocrine Disrupting Properties: Perspectives on Sex
Hormone-Dependent Reproductive Development. Front Toxicol 4: 883254. PubMed ID: 35573275

Duursen MBMYV, Boberg J, Christiansen S, Connolly L, Damdimopoulou P, Filis P, et al., Berg MVD. 2020. Safeguarding
Female Reproductive Health against Endocrine Disrupting Chemicals-The FREIA Project. Int J Mol Sci 21(9):
10.3390/ijms21093215. PubMed ID: 32370092

Harlow PH, Perry SJ, Widdison S, Daniels S, Bondo E, Lamberth C, Currie RA, Flemming AJ. 2016. The nematode
Caenorhabditis elegans as a tool to predict chemical activity on mammalian development and identify mechanisms
influencing toxicological outcome. Sci Rep 6: 22965. PubMed ID: 26987796

Hood TE, Calabrese EJ, Zuckerman BM. 2000. Detection of an estrogen receptor in two nematode species and inhibition
of binding and development by environmental chemicals. Ecotoxicol Environ Saf 47(1): 74-81. PubMed ID: 10993706

Hughes S, Kolsters N, van de Klashorst D, Kreuter E, Berger Biiter K. 2022. An extract of Rosaceae, Solanaceae and
Zingiberaceae increases health span and mobility in Caenorhabditis elegans. BMC Nutr 8(1): 5. PubMed ID: 35027085

Jeong J, Kim H, Choi J. 2019. In Silico Molecular Docking and In Vivo Validation with Caenorhabditis elegans to
Discover Molecular Initiating Events in Adverse Outcome Pathway Framework: Case Study on Endocrine-Disrupting
Chemicals with Estrogen and Androgen Receptors. Int J Mol Sci 20(5): 10.3390/ijms20051209. PubMed ID: 30857347

Jorgensen LN, Heick TM. 2021. Azole Use in Agriculture, Horticulture, and Wood Preservation - Is It Indispensable?
Front Cell Infect Microbiol 11: 730297. PubMed ID: 34557427

Jung DW, Jeong DH, Lee HS. 2023. Azole pesticide products and their hepatic metabolites cause endocrine disrupting
potential by suppressing the homo-dimerization of human estrogen receptor alpha. Environ Pollut 318: 120894. PubMed
ID: 36549450

Kahle M, Buerge 1J, Hauser A, Miiller MD, Poiger T. 2008. Azole fungicides: occurrence and fate in wastewater and
surface waters. Environ Sci Technol 42(19): 7193-200. PubMed ID: 18939546

Khay S, Abd El-Aty AM, Choi JH, Shim JH. 2008. Analysis of Residual Triflumizole, an Imidazole Fungicide, in Apples,
Pears and Cucumbers Using High Performance Liquid Chromatography. Toxicol Res 24(1): 87-91. PubMed ID: 32038781

Leung MC, Williams PL, Benedetto A, Au C, Helmcke KJ, Aschner M, Meyer JN. 2008. Caenorhabditis elegans: an
emerging model in biomedical and environmental toxicology. Toxicol Sci 106(1): 5-28. PubMed ID: 18566021


https://www.ncbi.nlm.nih.gov/pubmed/26496690
https://www.ncbi.nlm.nih.gov/pubmed/22669657
https://www.ncbi.nlm.nih.gov/pubmed/4366476
https://www.ncbi.nlm.nih.gov/pubmed/30825784
https://www.ncbi.nlm.nih.gov/pubmed/26277639
https://www.ncbi.nlm.nih.gov/pubmed/40188930
https://www.ncbi.nlm.nih.gov/pubmed/9441720
https://www.ncbi.nlm.nih.gov/pubmed/33032228
https://www.ncbi.nlm.nih.gov/pubmed/33910022
https://www.ncbi.nlm.nih.gov/pubmed/36084822
https://www.ncbi.nlm.nih.gov/pubmed/35573275
https://www.ncbi.nlm.nih.gov/pubmed/32370092
https://www.ncbi.nlm.nih.gov/pubmed/26987796
https://www.ncbi.nlm.nih.gov/pubmed/10993706
https://www.ncbi.nlm.nih.gov/pubmed/35027085
https://www.ncbi.nlm.nih.gov/pubmed/30857347
https://www.ncbi.nlm.nih.gov/pubmed/34557427
https://www.ncbi.nlm.nih.gov/pubmed/36549450
https://www.ncbi.nlm.nih.gov/pubmed/18939546
https://www.ncbi.nlm.nih.gov/pubmed/32038781
https://www.ncbi.nlm.nih.gov/pubmed/18566021

microPublication
BIOLOGY
8/7/2025 - Open Access

Li X, Pham HT, Janesick AS, Blumberg B. 2012. Triflumizole is an obesogen in mice that acts through peroxisome
proliferator activated receptor gamma (PPARY). Environ Health Perspect 120(12): 1720-6. PubMed ID: 23086663

Martin MT, Knudsen TB, Reif DM, Houck KA, Judson RS, Kavlock RJ, Dix DJ. 2011. Predictive model of rat
reproductive toxicity from ToxCast high throughput screening. Biol Reprod 85(2): 327-39. PubMed ID: 21565999

Mogensen DM, Pihl MB, Skakkebaek NE, Andersen HR, Juul A, Kyhl HB, et al., Jensen TK. 2017. Prenatal exposure to
antifungal medication may change anogenital distance in male offspring: a preliminary study. Environ Health 16(1): 68.
PubMed ID: 28637461

Munkboel CH, Rasmussen TB, Elgaard C, Olesen MK, Kretschmann AC, Styrishave B. 2019. The classic azole
antifungal drugs are highly potent endocrine disruptors in vitro inhibiting steroidogenic CYP enzymes at concentrations
lower than therapeutic Cmax. Toxicology 425: 152247. PubMed ID: 31330226

Patel MA, Aliporewala VM, Patel DA. 2021. Common Antifungal Drugs in Pregnancy: Risks and Precautions. J Obstet
Gynaecol India 71(6): 577-582. PubMed ID: 34898894

Stiernagle T. 2006. Maintenance of C. elegans. WormBook: 1-11. PubMed ID: 18050451

Svingen T. 2022. Endocrine Disruptors in a New Era of Predictive Toxicology and Dealing With the "More is Different"
Challenge. Front Toxicol 4: 900479. PubMed ID: 35573277

Toporova L, Balaguer P. 2020. Nuclear receptors are the major targets of endocrine disrupting chemicals. Mol Cell
Endocrinol 502: 110665. PubMed ID: 31760044

Trosken ER, Fischer K, Volkel W, Lutz WK. 2006. Inhibition of human CYP19 by azoles used as antifungal agents and
aromatase inhibitors, using a new LC-MS/MS method for the analysis of estradiol product formation. Toxicology 219(1-
3): 33-40. PubMed ID: 16330141

Trosken ER, Scholz K, Lutz RW, Voélkel W, Zarn JA, Lutz WK. 2004. Comparative assessment of the inhibition of
recombinant human CYP19 (aromatase) by azoles used in agriculture and as drugs for humans. Endocr Res 30(3): 387-94.
PubMed ID: 15554355

Wittkowski P, Marx-Stoelting P, Violet N, Fetz V, Schwarz F, Oelgeschliger M, Schonfelder G, Vogl S. 2019.
Caenorhabditis elegans As a Promising Alternative Model for Environmental Chemical Mixture Effect Assessment-A
Comparative Study. Environ Sci Technol 53(21): 12725-12733. PubMed ID: 31536708

Zarn JA, Briischweiler BJ, Schlatter JR. 2003. Azole fungicides affect mammalian steroidogenesis by inhibiting sterol 14
alpha-demethylase and aromatase. Environ Health Perspect 111(3): 255-61. PubMed ID: 12611652

Funding: This project was supported by the European Union’s Horizon 2020 Research and Innovation Programme
FREIA under grant agreement #825100 (Duursen et al., 2020).

Author Contributions: Samantha Hughes: conceptualization, formal analysis, investigation, methodology, writing -
original draft, writing - review editing. Charlotte Koopmans: resources, methodology, writing - review editing. Majorie
van Duursen: conceptualization, resources, writing - review editing, project administration.

Reviewed By: Anonymous
Nomenclature Validated By: Anonymous
WormBase Paper ID: WBPaper00068426

History: Received July 18, 2025 Revision Received August 4, 2025 Accepted August 6, 2025 Published Online August
7, 2025 Indexed August 21, 2025

Copyright: © 2025 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Hughes S, Koopmans C, van Duursen M. 2025. Screening for toxicity of azole fungicides in Caenorhabditis
elegans identifies triflumizole as a potent reproductive and developmental toxicant. microPublication Biology.
10.17912/micropub.biology.001755



https://www.ncbi.nlm.nih.gov/pubmed/23086663
https://www.ncbi.nlm.nih.gov/pubmed/21565999
https://www.ncbi.nlm.nih.gov/pubmed/28637461
https://www.ncbi.nlm.nih.gov/pubmed/31330226
https://www.ncbi.nlm.nih.gov/pubmed/34898894
https://www.ncbi.nlm.nih.gov/pubmed/18050451
https://www.ncbi.nlm.nih.gov/pubmed/35573277
https://www.ncbi.nlm.nih.gov/pubmed/31760044
https://www.ncbi.nlm.nih.gov/pubmed/16330141
https://www.ncbi.nlm.nih.gov/pubmed/15554355
https://www.ncbi.nlm.nih.gov/pubmed/31536708
https://www.ncbi.nlm.nih.gov/pubmed/12611652
https://doi.org/10.17912/micropub.biology.001755

