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Abstract: Background: Zearalenone (ZEA) is particularly toxic to the reproductive system, resulting in uterine 

enlargement, alterations to the reproductive tract, decreased fertility, and changes in the levels of ovarian hormones in 

laboratory animals. The purpose of this study was to investigate the toxicity effect of zearalenone on ovarian biochemical, 

and histological changes. Methods: Animals were divided into two groups (N= 12); Control and ZEA group: orally 

intoxicated by a dose of 2.7mg/kg. b.w. The biochemical and histological changes were reported for two groups and 

statistically analyzed. Results: Estrogenic mycotoxin increases the level of CA-125, Caspase-3 and decreases the level of 

Progesterone. Histologically there is deformity and degeneration of ovarian follicles and corpus luteal with increased inter-

follicular fibrosis. Conclusion: ZEA caused toxicological effects including abnormal hormone levels and biomarkers in the 

female rats. 
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1 Introduction 

  ZEA, also known as 6-(10-hydroxy-6-oxo-trans-1-

undecenyl)-b-resorcylic acid l-lactone (Figure.1), is a non-

steroidal mycotoxin with estrogen-like activity that is a 

member of the mycoestrogen group of compounds with a 

stable structure. It is produced by Fusarium species [1]. In 

addition to immunological toxicity, carcinogenicity, 

mutagenicity, and genotoxicity, studies on ZEA have 

demonstrated that it also causes hemato-toxicity [2]. 

Inhibiting ovarian activity (an agonist) is one way that 

ZEA and its metabolites can bind to the oestrogen 

receptors (ERs) and affect both animal and human 

reproductive behaviour [3]. Additionally, the edematous 

uterus, ovarian cysts, increased follicular maturation, and 

lower fertilisation rate may be caused by the steroidal 

qualities of ZEA [4]. The present work was designed to 

assess the effect of Zearalenone toxicity on hormonal 

levels and ovarian  

 

           Figure 1: Chemical structure of zearalenone. 

 

2 Material and Methods 

Chemicals 

Zearalenone (CAS No. 17924-92-4) was supplied by 

Sigma Aldrich, Egypt. 

Animals and study design 

Twenty-four adult female Wistar rats (age 10-12 

weeks, 180-200 g) were provided by the animal house of 

Sohag University, Sohag, Egypt. All were nourished under 

standard laboratory conditions, along with free access to 

water ad libitum and a balanced pellet diet. Animals were 

adapted to the laboratory conditions prior to the experiment 

and maintained under standard housing environments. All 

ethical guiding principles were followed according to 

“Ethics and Animal Care Committee of Suez Canal 

University, Ismailia, Egypt”. 

The animals were divided randomly into two groups, one 

control and one treated with ZEA (12 Rats/group), as 

follow: 

Control: Rats were given orally 2.7 mg/kg b.w. of 1% 

DMSO saline, two doses (Twice a week) for two weeks.  

ZEA group: Rats were given orally 2.7 mg/kg b.w. of 

ZEA, two doses (Twice a week) for two weeks. (Chronic 

dose), according to EL-Sawi et al., [5]. 

Sample collection 

https://dx.doi.org/10.21608/sjsci.2022.154682.1021
https://dx.doi.org/10.21608/sjsci.2022.154682.1021


       162                                                                Nagwa M Elsawi, et al: Toxicity Assessment of Zearalenone in Ovarian Female Rats … 

 

 

© 2022 Sohag University 
 

At the end of each specified period, Rats were 

scarified and dissected, also blood samples from two 

groups were collected from the heart into plain tubes and 

centrifuged at 4000 rpm for 10 min to separate the serum, 

then divided into several aliquots and stored at -20°C until 

analysis was performed. Moreover, the whole ovaries of 

two groups were collected for histological studies. 

Biochemical study (Hormonal and Biomarker assay) 

Enzyme immunoassay test kit for the quantitative 

determination of ovarian cancer antigen Concentration in 

Serum was purchased from (BIOS Company, South San 

Francisco, CA 94080, USA). Enzyme immunoassay for the 

quantitative determination of Progesterone in serum was 

purchased from (PerkinElmer Company, Hayward, CA 

94545). ELISA kit applies to the in vitro quantitative 

determination of Rat Caspase-3 concentrations in serum 

was purchased from (Elabscience Biotechnology 

Company, Catalog Number: E-EL-R0160, USA). 

Histopathological Study 

Ovaries from different rat groups were collected, cut 

along their axial directions, each into 2 halves, and 

immediately fixed in 10% neutral buffered formalin. The 

tissue specimens were prepared and stained with 

hematoxylin & eosin stain. all procedures were done 

according to Suvarna et al., [6]. 

Statistical Analysis 

Data were analyzed using the Statistical Package for 

the Social Science (S.P.S.S. version 26). Results were 

expressed as the mean ± SE (standard error). Statistical 

analysis was done using analysis of t-tests to compare 

means, the values in each group have characterized by a 

normal distribution and identical variance. While for the 

non-parametric data, the equality of groups’ means was 

additionally checked by the Mann-Whitney test. The level 

of significance was set at p<0.05, p<0.01, and p<0.001. 

3 Results 

3.1. Biochemical study 

3.1.1. Ovarian hormones and biomarkers 

3.1.1.1. Progesterone Concentration 

Table (1), Figure (2) indicated that there was a highly 

significant decrease (***P < 0.001) in the mean value of 

Progesterone Concentration in ZEA group compared with 

the control.  

3.1.1.2. CA-125 concentration 

As shown in Table (1), Figure (3) there is a highly 

significant increase (***P < 0.001) of CA-125 

concentration (U/mL) in the mean value of ZEA group 

compared to control.  

3.1.1.3. Caspase-3 concentration 

Table (1), Figure (4) indicates that the Caspase3 

concentration (ng/ml) in the serum showed a highly 

significant increase (***P < 0.001) in the mean value in 

ZEA group when compared with the control group 2-  

Table 1: Effect of zearalenone (2.7 mg/kg b.w.) on Progesterone 

and Ovarian biomarkers of female rats. 

Parameters 

/Groups 

Progesterone 

(ng/ml)$ 

CA-

125(U/mL)$ 

Caspase-3 

(ng/ml)@ 

Control 

group 
29.79 ± 2.07 21.34 ± 1.0 0.83 ± 0.11 

ZEA group 7.81 ± 0.68*** 35.10±2.51*** 9.06±1.09*** 

Values are represented by mean of 12 Rat ± S.E. $Parametric data 

(normal distribution of data) are tested by T-Test for comparison 

between two groups. @Non- Parametric data are tested by Mann-

Whitney test. *** p < 0.001 vs. ControL 

 

Figure 2: Effect of zearalenone (2.7 mg/kg b.w.) on Progesterone 

concentration in studied groups. Error bars indicate the standard 

error of the mean. 

3.2. Histopathological study 

A histological study in the present work was done to 

give evidence for biochemical results. Examination of 

paraffin sections of control and treated groups of rat 

ovaries stained with hematoxylin & eosin and 

photographed at different powers; Lowx100 and High 

x200 at ovarian follicles (OF) and corpora lutea (CL) 

regions (Figure 5) which observed that administration of 

ZEA exerted a toxic effect on ovarian tissue of rat 

represented in the form of cystic changes of ovarian 

follicles, degeneration and vacuolation of corpora lutea 

cells and increased interalveolar fibrosis compared to 

normal features of a control group. 

4 Discussion 

The current research has focused on ovarian toxicity 

because ZEA has been shown to cause severe reproductive 

disorders in animals and hyperestrogenic syndromes in 

humans as it has an estrogenic effect [7, 8]. 

The concentration of progesterone was observed to be 

significantly lower in the ZEA group than in the control 

group in the current investigation. The ovaries secrete a 

hormone called progesterone. Progesterone levels 

fluctuating might cause irregular menstrual cycles and 

menopausal symptoms [9]. We expected that a 
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considerably larger decline in progesterone in the ZEA 

group at the end of the trial indicates that zearalenone's 

cytotoxicity effects can also result in abnormal periods and 

trouble becoming pregnant in female rats. The body cannot 

create the ideal environment for the egg and growing 

foetus without this hormone. Low progesterone levels may 

raise the chance of abortion if a woman becomes pregnant 

[10]. The pathogenesis behind infertility in the setting of 

low levels of progesterone is due to the loss of these 

necessary endometrial changes, resulting in an impaired 

ability of the endometrium to allow for proper implantation 

of a fertilized egg [11]. 

. 
Figure 3: Effect of zearalenone (2.7 mg/kg b.w.) on CA-125 

concentration in studied groups. Error bars indicate the standard 

error of the mean. 

 

Figure 4: Effect of zearalenone (2.7 mg/kg b.w.) on Caspase-3 

concentration in studied groups. Error bars indicate the standard 
error of the mean. 

Rats fed ZEA for two weeks in the current study 

displayed a significantly significant rise in CA-125 level 

compared to control group. Several types of cells, 

especially ovarian cancer cells, produce the protein known 

as CA-125 [12]. Due to its ability to reveal details about 

the biological nature of the disease, it is frequently referred 

to as a biomarker or tumour marker (ovarian cancer). The 

most used test to help diagnose and monitor ovarian cancer 

is measuring CA-125 [13]. The CA-125 blood levels can 

be increased in ovarian cancer and other cancers including 

the fallopian tube, pancreatic, breast, colorectal, lung, and 

stomach [14, 15]. In agreement with Minervini et al., [2], 

Who reported that a pulse dose of ZEA causes toxic effects 

on the reproductive tract; Our results suggested that 

elevation of CA-125 induced by ZEA may indicate a risk 

of ovarian and fallopian tube cancer. 

 

Figure 5: Paraffin sections of female rat ovary stained by H&E to 

show: Control group: Showed different ovarian follicles (white 

arrows, OF) and corpora lutea (Black arrows, CL) with intact ova 

(star). ZEA group: showed an absence of ovarian follicles with 

intact ova. The rest showed cystic changes (white arrows). 

Corpora showed degenerative changes marked by loss of cellular 

features and cellular vacuolation (black arrows) with increased 

inter-corpora fibrosis (white star). 

In our research, we found that the level of caspase-3 

activity increased significantly in the ZEA group compared 

to the control group. caspase-3 is a major executioner 

caspase that is cleaved and activated by both caspase-8 and 

caspase-9 initiator caspases [16]. Several cellular proteins 

are broken down by active caspase-3, which is also in 

charge of the morphological modifications and DNA 

fragmentation in cells. during apoptosis [17]. The apoptotic 

signalling pathway's convergence point, caspase-3, is a 

component of many different apoptotic signalling routes. 

The apoptotic cascade was started once caspase-3 was 

activated [18]. One of the hallmarks of cancer cells is a 

deficiency in caspase-3 production or activation [19]. 

Similarly, Liu et al., [20] reported that the protein levels of 

caspase-3 in tumor tissues were significantly higher 

compared to those in adjacent normal tissues. Our findings 

suggested that marked activation of caspase-3 induced by 

ZEA caused inflammation and fibrosis of the ovary. 

In the present study, the results of the ovarian 

histopathological examination on H&E-stained slides of 

the ZEA group showed cystic changes in ovarian follicles, 

degeneration, and vacuolation of corpora lutea cells, and 

increased interalveolar fibrosis compared to normal 

features of the control group. 
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5 Conclusion 

The experiment concludes that mycotoxin ZEA 

causes an increase in the CA-125, and caspase-3 

expression, decreases progesterone levels, and thus causes 

cystic changes in ovarian follicles, degeneration, 

vacuolation of corpora lutea cells, and increased 

interalveolar fibrosis in the rat ovaries. 

Abbreviations 

ZEA: Zearalenone, CA: Cancer Antigen, H&E stain: 

Hematoxylin & Eosin stain, OF: Ovarian Follicles, CL: 

Corpora Lutea 

Funding 

The research not received external funding and depending 

completely upon the facilities offered by Sohag University. 

Consent for publication 

The manuscript is original. It has not been published 

previously by any of the author and even not under the 

consideration in any other journal at the time of 

submission. 

Declaration of Competing interest 

No potential conflict of interest was reported by the 

authors. 

Ethics approval  

All procedures for using experimental animals were 

checked and permitted by the “Ethics and Animal Care 

Committee of Suez Canal University, Ismailia, Egypt” 

which is fully accredited by the Committee for Purpose of 

Control and Supervision on Experimental Animals. 

Consent to participate 

Not applicable. 

5 References 

[1] Alshannaq, A. and J.-H. Yu, Occurrence, toxicity, 

and analysis of major mycotoxins in food. 

International journal of environmental research and 

public health, 2017. 14(6): p. 632. 

[2] Minervini, F., et al., Toxic effects of the mycotoxin 

zearalenone and its derivatives on in vitro maturation 

of bovine oocytes and 17β-estradiol levels in mural 

granulosa cell cultures. Toxicology in vitro, 2001. 

15(4-5): p. 489-495. 

[3] Jakimiuk, E., et al., Morphometric changes of the 

reproductive system in gilts during zearalenone 

mycotoxicosis. Medycyna Weterynaryjna, 2006. 

62(1): p. 99-102. 

[4] Minervini, F. and M.E. Dell’Aquila, Zearalenone and 

reproductive function in farm animals. International 

journal of molecular sciences, 2008. 9(12): p. 2570-

2584. 

[5] EL-Sawi, N.M., et al., Biochemical and histological 

studies on the effect of zearalenone mycotoxin and 

thymoquinone on male mice kidney. J Am Sci, 2012. 

8(10): p. 378-88. 

[6] Suvarna, K.S., C. Layton, and J.D. Bancroft, 

Bancroft's theory and practice of histological 

techniques E-Book. 2018: Elsevier health sciences. 

[7] Zhang, G.-L., et al., Zearalenone: a mycotoxin with 

different toxic effect in domestic and laboratory 

animals’ granulosa cells. Frontiers in genetics, 2018. 

9: p. 667. 

[8] Rai, A., M. Das, and A. Tripathi, Occurrence and 

toxicity of a fusarium mycotoxin, zearalenone. 

Critical reviews in food science and nutrition, 2020. 

60(16): p. 2710-2729. 

[9] Cable, J.K. and M.H. Grider, Physiology, 

Progesterone. StatPearls [Internet], 2020. 

[10] Gaggiotti-Marre, S., et al., Low progesterone levels 

on the day before natural cycle frozen embryo 

transfer are negatively associated with live birth 

rates. Human Reproduction, 2020. 35(7): p. 1623-

1629. 

[11] Deligdisch, L., Hormonal pathology of the 

endometrium. Modern Pathology, 2000. 13(3): p. 

285-294. 

[12] Rao, S., et al., Past, Present, and Future of Serum 

Tumor Markers in Management of Ovarian Cancer: 

A Guide for the Radiologist. RadioGraphics, 2021. 

41(6): p. 1839-1856. 

[13] Nossov, V., et al., The early detection of ovarian 

cancer: from traditional methods to proteomics. Can 

we really do better than serum CA-125? American 

journal of obstetrics and gynecology, 2008. 199(3): p. 

215-223. 

[14] Gentry-Maharaj, A. and U. Menon, Screening for 

ovarian cancer in the general population. Best 

Practice & Research Clinical Obstetrics & 

Gynaecology, 2012. 26(2): p. 243-256. 

[15] Mariampillai, A.I., et al., Cancer antigen 72-4 for the 

monitoring of advanced tumors of the gastrointestinal 

tract, lung, breast and ovaries. Anticancer Research, 

2017. 37(7): p. 3649-3656. 

[16] O’Donovan, N., et al., Caspase 3 in breast cancer. 

Clinical Cancer Research, 2003. 9(2): p. 738-742. 

[17] McIlwain, D.R., T. Berger, and T.W. Mak, Caspase 

functions in cell death and disease. Cold Spring 

Harbor Perspectives in Biology, 2015. 7(4). 

[18] Goksu, E., et al., Pentoxifylline alleviates early brain 

injury in a rat model of subarachnoid hemorrhage. 



 Sohag J. Sci.. 7, No. 3, 161-165 (2022)                                                                                                                                           165  
 

 

 

 

 

 

Acta neurochirurgica, 2016. 158(9): p. 1721-1730. 

[19] de Heer, P., et al., Caspase-3 activity predicts local 

recurrence in rectal cancer. Clinical Cancer Research, 

2007. 13(19): p. 5810-5815. 

[20] Liu, P. F., et al., Expression levels of cleaved 

caspase-3 and caspase-3 in tumorigenesis and 

prognosis of oral tongue squamous cell carcinoma. 

PLoS One, 2017. 12(7): p. e0180620. 

 

 

 

 

 

 

 


