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Zearalenol and zearalenone are two resorcylic acid lactones known for their potent estrogenic effects. They are

considered as toxic compounds from the mycotoxin category and are mainly produced by Fusarium fungi. Their

estrogenic action made them either beneficial or toxic according to the physiological situation they are tested in.

Here are reported the exposure recorded in humans as well as their blood levels. Then, beneficial and adverse

effects observed in vivo essentially in animal models are analysed.

resorcylic acid lactones

1. Human Exposure and Bioavailability

1.1. Exposure According to Diet

As already mentioned, zearalenol and zearalenone are mycotoxins and as such they are carefully monitored in

human food. A recent study led in Spain, reported the occurrence of zearalenone in food and in human urine .

They estimated the Probable Daily Intake and compared it to the Tolerable Daily Intake (25µg/kg/day). They found

that, currently, the estimated daily intake was higher than the Tolerable Daily Intake and found that 10% of the urine

samples analyzed, had quantifiable levels of zearalenone. Again, zearalenone and zearalenol being toxic, their

bioavailability has only been reported in rats and not in humans.

1.2. Blood Concentrations

As previously mentioned, zearalenone and zearalenol are mycotoxins that are carefully monitored, therefore, the

plasma levels are currently low and below the detection limit, in the majority of cases. According to  who analyzed

several mycotoxins in the serum of 260 Chinese rural residents, “zearalanone” was detected in 1.2% of samples

between 0.164 and 0.346 µg/L (0.05 and 0.1nM) and zearalenone was detected in 6.5% of serum samples

between 0.063 and 0.418 µg/L (0.02 and 0.13 nM). Although these levels were low, other mycotoxins –including

aflatoxin B1, deoxynivalenol, ochratoxin A and fumonisin– were also detected or measured, raising the question of

a cocktail effect of all these substances.

2. Beneficial Effects

2.1. Hormonal Effects

2.1.1. Menopausal symptoms
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Resorcylic acid lactones being considered as toxic compounds, no data were found on their potential effects on

climacteric symptoms of menopausal and peri-menopausal women in interventional studies. Beside, considering

the careful management of crops used for human diet and potentially contaminated by fusarium the exposure,

even through food supplements, is likely to be low.

2.1.2. Bone health

Because of their toxicities zearalenone and zearalenol were not studied for their effects on human bone health.

However, some data obtained in vitro on bone cells confirmed the estrogenic effects of zearalenone and

metabolites . Such effects are also documented in vivo in rats or rabbits . Again, the prevention of bone loss is

linked to an estrogenic effect . However, in some studies chromosomal aberrations were also reported  and

publications included.

2.1.3. Estrogen responsive tissues

Several data indicated that zearalenone and metabolites might be deleterious for breast cancers . In addition, in

the case-control study led in Tunisia on 110 women (69 cases and 41 control) , it was shown that the higher odd

ratio was significantly associated to high level of zearalenone and metabolites in urine. Indeed, breast cancer

occurrence showed a statistically significant association with urinary concentrations of a-zearalenol (OR = 1.56;

95% CI = 1.15-2.59) in the unadjusted regression model. When the model was adjusted for age, number of

children, social class, type of water consumed and vegetable consumption, urinary concentration of a-zearalenol

remained significantly associated with breast cancer risk (OR = 1.54; 95% CI = 1.10–2.78).

2.2. Metabolic Beneficial Effects

2.2.1. Effect on cholesterol

No data were found on the potential effect of zearalenone on cholesterol blood levels. However, an old study

reported that both coumestrol and “zearanol” were able to lower cholesterol in rat . In this study the effect of

genistein was much lower and the tested doses were 0.1, 1 and 10 mg/kg/day.

2.2.2. Effect on metabolic syndrome

There are no data exploring the effect of zearalenone on blood and lipid metabolisms in humans. However,

considering the incidence of zearalenone contamination in pig farming, several studies dealing with the effect of

zearalenone supplementation on the metabolic biomarkers in pigs were published. In  where zearalenone was

tested at 680 and 1620 µg/kg, the mycotoxin was found to be a natural metabolism-disrupting chemical. It was

shown to have an impact on lipid and glucose blood concentrations. The pattern was somehow complex, with a

dose and time effect. Globally, lipoproteins tended to be increased by zearalenone after 7 days but not after 21

days of treatments and cholesterol was only increased at the lowest dose after 7 days of treatment. Blood glucose

was reduced at 21 days but increased with the low dose at 7 days. The effects were only mildly significant. The

authors also noted that zearalenone altered circulating adipokines concentrations, inducing significant changes in
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adiponectin, resistin, and fetuin B. In , which tested low exposure of zearalenone in gilt in sub-chronic exposure

i.e. 40 µg/kg/day, blood glucose was not consistently modified between the experimental and control groups over 6

weeks of exposure. When the experiment was designed, 40µg/kg/day was considered as the NOAEL but it was

reduced to 10 µg/kg/day while the experiment was ongoing.

2.2.3. Effects on diabetes

To researchers' knowledge, no beneficial effect of zearalenone and zearalenol were ever reported on diabetes

diseases in animals and humans.

3. Adverse Effects

3.1. Reference Doses

A reference dose for reproductive physiology has been defined in humans. It is 0.4 µg/kg bw/day. It derives from a

NOAEL established in pig  that was determined to be of 40µg/kg/day. Nowadays in France the potential human

exposure has been determined at 0.042 µg/kg bw/day .

3.2. Hormonal Based Effects

3.2.1. Pituitary interactions

Zearalenone and zearalenol as mycotoxins occurring in cattle diet have been shown to induce major economic

losses affecting animal growth and reproduction. Therefore, they have been extensively studied in animal models

including pigs. In this species, they were shown in , to significantly reduce FSH synthesis and secretion but the

resorcylic acid lactones had no effect on LH. The study also showed that both mycotoxins acted through the

estrogen membrane receptor GPER. However, in the study by He et al., the doses used were huge i.e. 7.5

mg/kg/body weight intravenously administrated. Again, a dietary exposure would most probably require higher

dosages to be efficient, due to the poor bioavailability of zearalenone and zearalenol after dietary intake. In parallel,

the oral administration of 10 mg/kg/body weight to rats   was able to increase GnRH expression in the

hypothalamus and to significantly decrease progesterone level in serum. The effects on FSH and LH were not

significant.

3.2.2. Estrogen based toxic effects

On a cohort of 163 girls from New Jersey, it was shown that urinary zearalenone and its metabolites were

associated with slower growth and pubertal development . The mycotoxins were detected in 78% of the urine

samples and the levels were at a median of 1.02 ng/mL, and in a range of 0–22.3 ng/mL. Conversely, in China, 

showed that among many other factors including familial environment, zearalenone and its metabolites were

strongly associated with idiopathic precocious puberty. This apparent discrepancy may be linked to the dose of

exposure. According to a recent review , there are no epidemiological data on the reproductive effects of
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zearalenone and its metabolites. However, many data are available in rodent models showing that at doses from

0.2 mg up to 146 mg/day the mycotoxins can: alter follicular profiles in the ovary of non-pregnant females, disrupt

oestrus cycling and increase myometrium thickness. In addition, during pregnancy, zearalenone and metabolites

are related with placental haemorrhage, stillbirth, and impaired foetal growth. In males, a recent review  showed

that zearalenone and its metabolites increased relative epididymis weight, increased serum estradiol level, and

decreased LH levels in rats exposed prenatally. In pubertal and adult rodents, the relative testicular weight, serum

estradiol level, Leydig cell number, and percentage of ST (+) Leydig cells decreased under zearalenone exposure.

In all animals, serum testosterone level, sperm concentration and sperm motility rates were decreased. According

to the authors, zearalenone could decrease serum testosterone level at 50 µg/kg bodyweight/day, 1.4 mg/kg

bodyweight/day, and 84 mg/kg bodyweight/day, in rodents exposed prenatally, at the onset of puberty and in

adulthood, respectively. Sperm quantity and quality was impaired in rodent at puberty with 1.4 mg/kg

bodyweight/day of zearalenone while in adults the same effect was observed at the dosage of 84 mg/kg

bodyweight/day. Such effects can be considered as estrogen related toxic effects.

3.2.3. Thyroid based toxic effects

Zearalenone and metabolites being used in cattle as growth factors , there are several studies reporting thyroid

dysfunction in animals under resorcylic acid lactone treatments . A toxicological study was published in 1982

 testing 0, 0.1, 1 and 10 mg/kg bodyweight of zearalenone in Wistar rats. It showed a dose-related increase in

absolute and relative thyroid gland weights in both males and females of the F0 and F1 generations. The effect

was most important in F0 males. This effect on thyroid weight was probably a result of the estrogenic activity of

zearalenone. However, at those dosages no effects were observed in the ovaries, testes, uterus, seminal vesicles

and prostate gland, despite the decrease in reproductive performances.

4. Conclusions

Zearalenol and zearalenone are considered as toxic substances in human and sometimes used as growth factors

in cattle. This illustrates the dual effects of phytoestrogens that can be both beneficial or adverse according to the

physiological status of their consumers.

References

1. Carballo, D.; Pallarés, N.; Ferrer, E.; Barba, F.J.; Berrada, H. Assessment of Human Exposure to
Deoxynivalenol, Ochratoxin A, Zearalenone and Their Metabolites Biomarker in Urine Samples
Using LC-ESI-qTOF. Toxins (Basel). 2021, 13(8), 530. doi: 10.3390/toxins13080530.

2. Fan, K.; Xu, J.; Jiang, K.; et al. Determination of multiple mycotoxins in paired plasma and urine
samples to assess human exposure in Nanjing, China. Environ Pollut. 2019, 248, 865-873. doi:
10.1016/j.envpol.2019.02.091.

[19]

[20]

[21]

[22]



Health Effects of Resorcylic Acid Lactones | Encyclopedia.pub

https://encyclopedia.pub/entry/40785 5/6

3. Zong, S.; Zeng, G.; Fang, Y.; Peng, J.; Zou, B.; Gao, T.; Zhao, J. The effects of α-zearalanol on
the proliferation of bone-marrow-derived mesenchymal stem cells and their differentiation into
osteoblasts. J Bone Miner Metab, 2016. 34(2), 151-160. doi: 10.1007/s00774-015-0659-1

4. Abdelhamid, A.M.; Kelada, I.P.; Ali, M.M.; el-Ayouty, S.A. Influence of zearalenone on some
metabolic, physiological and pathological aspects of female rabbits at two different ages. Arch
Tierernahr 1992, 42(1), 63-70. doi: 10.1080/17450399209428530

5. Zong, S.; Wei, B.; Xiong, C.; Zhao, Y.; Zeng, G. The role of α-zearalanol in reversing bone loss
induced by ovarian hormone deficiency in rats. J Bone Miner Metab 2012, 30(2), 136-143. doi:
10.1007/s00774-011-0302-8

6. Ayed, Y.; Ayed-Boussema, I.; Ouanes, Z.; Bacha, H. In vivo and in vitro induction of chromosome
aberrations by alpha- and beta-zearalenols: comparison with zearalenone. Mutat Res 2011,
726(1), 42-46. doi: 10.1016/j.mrgentox.2011.08.003

7. Pazaiti, A.; Kontos, M.; Fentiman, I.S. ZEN and the art of breast health maintenance. Int J Clin
Pract. 2012, 66(1), 28-36. doi: 10.1111/j.1742-1241.2011.02805.x

8. Belhassen, H.; Jiménez-Díaz, I.; Arrebola, J.P.; Ghali, R.; Ghorbel, H.; Olea, N.; Hedili, A.
Zearalenone and its metabolites in urine and breast cancer risk: a case-control study in Tunisia.
Chemosphere. 2015, 128, 1-6. doi: 10.1016/j.chemosphere.2014.12.055.

9. Dodge, J.A.; Glasebrook, A.L.; Magee, D.E.; Phillips, D.L.; Sato, M.; Short, L.L.; Bryant, H.U.
Environmental estrogens: effects on cholesterol lowering and bone in the ovariectomized rat. J
Steroid Biochem Mol Biol. 1996, 59(2), 155-161. doi: 10.1016/s0960-0760(96)00104-5

10. Nagl, V.; Grenier, B.; Pinton, P.; et al. Exposure to Zearalenone Leads to Metabolic Disruption and
Changes in Circulating Adipokines Concentrations in Pigs. Toxins (Basel). 2021, 13(11), 790. doi:
10.3390/toxins13110790.

11. Gajęcka; M.; Tarasiuk, M.; Zielonka, Ł.; Dąbrowski, M.; Nicpoń, J.; Baranowski, M.; Gajęcki, M.T.
Changes in the metabolic profile and body weight of pre-pubertal gilts during prolonged
monotonic exposure to low doses of zearalenone and deoxynivalenol. Toxicon. 2017, 125, 32-43.
doi: 10.1016/j.toxicon.2016.11.007.

12. WHO-JECFA 1993. Zearalenone. Evaluations of the Joint FAO/WHO Expert Committee on Food
Additives (JECFA). TRS 896-JECFA 53/93

13. ANSES, 2011. Étude de l’alimentation totale française 2 (EAT 2) Tome 1. Contaminants
inorganiques, minéraux, polluants organiques persistants, mycotoxines, phyto-estrogènes. Avis
de l’Anses. Rapport d’expertise. Juin 2011. Edition scientifique.

14. He, J.; Wei, C.; Li, Y.; et al. Zearalenone and alpha-zearalenol inhibit the synthesis and secretion
of pig follicle stimulating hormone via the non-classical estrogen membrane receptor GPR30. Mol
Cell Endocrinol. 2018, 461, 43-54. doi: 10.1016/j.mce.2017.08.010.



Health Effects of Resorcylic Acid Lactones | Encyclopedia.pub

https://encyclopedia.pub/entry/40785 6/6

15. Kriszt, R.; Winkler, Z.; Polyák, A.; et al. Xenoestrogens Ethinyl Estradiol and Zearalenone Cause
Precocious Puberty in Female Rats via Central Kisspeptin Signaling. Endocrinol. 2015, 156(11),
3996-4007. doi: 10.1210/en.2015-1330.

16. Rivera-Núñez, Z.; Barrett, E.S.; Szamreta, E.A.; et al. Urinary mycoestrogens and age and height
at menarche in New Jersey girls. Environ Health. 2019, 18(1),24. doi: 10.1186/s12940-019-0464-
8.

17. Deng, F.; Tao, F.B.; Liu, D.Y.; Xu, Y.Y.; Hao, J.H.; Sun, Y.; Su, P.Y. Effects of growth environments
and two environmental endocrine disruptors on children with idiopathic precocious puberty. Eur J
Endocrinol. 2012, 166(5), 803-809. doi: 10.1530/EJE-11-0876.

18. Kinkade C.W.; Rivera-Núñez, Z.; Gorcyzca, L.; Aleksunes, L.M.; Barrett, E.S. Impact of Fusarium-
Derived Mycoestrogens on Female Reproduction: A Systematic Review. Toxins (Basel). 2021,
13(6), 373. doi: 10.3390/toxins13060373

19. Li, L.; Zhang, T.; Ren, X.; Li, B.; Wang, S. Male reproductive toxicity of zearalenone-meta-analysis
with mechanism review. Ecotoxicol Environ Saf. 2021, 221, 112457. doi:
10.1016/j.ecoenv.2021.112457.

20. Gopinath, R.; Kitts, W.D. Plasma thyroid hormone concentrations in growing beef steers
implanted with estrogenic anabolic growth promotants. Growth. 1984, 48(4), 515-526.

21. Williams, J.E.; Ireland, S.J.; Mollett, T.A.; Hancock, D.L.; Beaver, E.E.; Hannah, S. Influence of
zeranol and breed on growth, composition of gain, and plasma hormone concentrations. J Anim
Sci. 1991, 69(4), 1688-1696. doi: 10.2527/1991.6941688x.

22. Becci, P.J.; Johnson, W.D.; Hess, F.G.; Gallo, M.A.; Parent, R.A.; Taylor, J.M. Combined two-
generation reproduction-teratogenesis study of zearalenone in the rat. J Appl Toxicol. 1982, 2(4),
201-206. doi: 10.1002/jat.2550020406.

Retrieved from https://encyclopedia.pub/entry/history/show/92135


