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Abstract
Aim: This study was conducted to examine the potential of mycotoxin binder in ceasing zearalenone (ZEN) effect on mice 
reproduction. ZEN mycotoxin can induce reactive oxygen species that may cause damage and cell death. ZEN is estrogenic 
so that it may affect the reproductive organs failure.

Materials and Methods: Mycotoxin binder administration to female mice exposed to ZEN was aimed to count the number 
of primary follicles, secondary follicles, tertiary follicles, de Graaf’s follicles, and the corpus luteum (CL). Negative control 
group (C) was not exposed to ZEN and without the administration of mycotoxin binders, while positive control group (C+) 
was exposed to 0.1 mg/mouse/day ZEN and without the provision of mycotoxin binders. Treatment groups (T1, T2, T3) 
were exposed to 0.1 mg/mouse/day ZEN and mycotoxin binders 0.5; 1; 2 mg/BW/day.

Results: ZEN and mycotoxin binders administration was conducted for 10 days. The number of primary follicles, secondary, 
tertiary, de Graaf’s follicles and CL in negative control (C−) was 14.2±1.36, 11.2±0.28, 6.5±0.53, 7.5±0.74, and 2.3±0.35. 
The number in positive control (C+) group was as follows 7.1±0.12, 3.7±1.17, 3.8±1.21, 1.5±0.62, and 2.3±0.34. Results 
in treatment 1 (T1) were as follows 6.2±0.16, 5.2±0.16, 3.6±0.16, 2.6±0.19, and 2.6±0.10; in treatment 2 (T2) 7.8±0.28, 
5.8±0.53, 3.7±0.26, 2.7±0.26, and 2.5±0.10; and in treatment 3 (T3) 8.4±0.34, 8.4±0.34, 4.6±0.34, 4.5±1.01, and 3.4±0.23.

Conclusion: The number of follicles and CL more in line with increasing doses of mycotoxin binders. Required more than 
2 mg/mouse/day mycotoxin binders to inhibit the effects of ZEN so that its can maintain the number of primary follicle, 
secondary follicle, tertiary follicle, the de Graaf’s follicle, and the number of CL in the ovary of ZEN-exposed female mice 
(Mus musculus).

Keywords: corpus luteum, follicles, mycotoxin binders, zearalenone.

Introduction

Folliculogenesis in an animal species is affecting 
the development of oocytes (egg cells). The number 
of follicles during estrus cycle is influenced by factors 
such as animal species, reproductive phase, circum-
stances, age, mother, and genetic. Folliculogenesis 
includes changes in the size and number of granu-
losa cells (GCs), theca cell growth, egg cells position 
which is surrounded by cumulus oophorus cells, and 
increased volume of follicular cavity fluid [1]. Effects 
of estrogen on ovarian organ may increase the growth 
of granulosa and cumulus oophorus cells in reaching 
egg cells maturation [2].

At molecular level, hyperestrogenism condi-
tions caused by zearalenone (ZEN) from the fungus 
Fusarium graminearum may lead to oxidative stress 
and induce apoptosis through intrinsic pathway in 
the mitochondria. The intrinsic pathway involves 

mitochondrial function affected by oxidative stress by 
releasing protein and activating caspase release into 
the cytosol. Caspase is a protease with a capacity to 
break down proteins. Oxidative stress makes cyto-
chrome be released out of the mitochondria and will 
bind apoptotic protease activating factor 1 and pro-
caspase 9 to activate Caspase 9 [3]. Caspase 9, which 
acts as the apoptosis initiator, will be dimerized and 
trigger a feedback by inhibiting Bcl-2 release and 
binds procaspase 3 to activate Caspase 3. Caspase 3 
acts as executor, helping endonuclease and cytoplas-
mic protease activation that may fragment the nuclear 
DNA and degrade protein cytosol. The final result in 
fragmentation process is the formation of apoptotic 
bodies containing intracellular organelles and express 
phosphatidylserine that will trigger phagocytosis [3,4].

Mycotoxin binders act effectively in binding 
mycotoxins in the feed. Mycotoxin binders con-
tain material that with high potential to be absorbed, 
including aluminosilicate activated carbon, cellulose, 
polysaccharides, peptidoglycan, and synthetic poly-
mers such as cholestyramine, polyvinylpyrrolidone, 
and their derivatives [5]. The action mechanism of 
mycotoxin binders by eliminating methyl groups 
on ZEN’s chemical structure [6]. The basic materi-
als of mycotoxin binders are in the form of charcoal 
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compound, biotin, thiamine, aluminosilicate, and 
vitamins C and E which are antioxidants to decrease 
the effects of exposure to mycotoxins residues before 
being metabolized by the body.

The objective of this study was to determine the 
effect of mycotoxin binders on the number of primor-
dial follicle cells, primary follicle, secondary follicle, 
tertiary follicle, de Graaf’s follicle, and the corpus 
luteum (CL) in mice (Mus musculus) exposed to ZEN. 
This mycotoxin binders potential may be a solution 
to overcome problems of estrus cycle disorders due 
to ZEN which is produced by the fungus F. gramin-
earum and to improve livestock productivity by con-
trolling mycotoxins from the feed.
Materials and Methods
Ethical approval

This study was approved by ethical commit-
tee vide Ethical Clearance No: 309-KE Animal Care 
and use Committee, Faculty of Veterinary Medicine 
Airlangga University.
Experimental

This study was an experimental laboratory using 
a completely randomized design. Data were statisti-
cally analyzed using SPSS 15 for Windows XP with the 
level of significance 0.05 (p=0.05) and the confidence 
level 99% (α=0.01). Steps of comparative hypothesis 
tests are as follows: Kolmogorov–Smirnov for nor-
mality test when the data normal distribution than 
continued with one-way ANOVA test and if signifi-
cant difference (p<0.05) was found; the analysis was 
followed with Fisher’s least significant difference test. 
A total of 20 female mice (M. musculus) from animal 
treatment laboratory, Faculty of Veterinary Medicine 
Airlangga University, were used in this study. The lab-
oratory animals used in this study were healthy female 
mice, 8-10 week-old and each 20-30 g weight. Healthy 
condition was determined by their active movement. 
Mice kept in an individual plastic cage in laboratory 
for Experimental Animal of Veterinary Medicine, 
Faculty of Universitas Airlangga with adequate ven-
tilation. They were divided into five treatments in 
which each treatment was subjected to 4 replications 
as follows: Negative control group (C), not exposed to 
ZEN (Biotech Co. Ltd., Hangzhou, Zhejiang, China) 
and without being administered with mycotoxin bind-
ers; positive control group (C+), exposed to ZEN dose 
of 0.1 mg/mouse/day without receiving mycotoxin 
binders; treatment group 1 (T1) exposed to ZEN dose 
of 0.1 mg/mouse/day and the provision of mycotoxin 
binders (Impextraco Ltd, Bangkok, Thailand) 0.5 mg/
mouse/day; treatment group 2 (T2) exposed to ZEN 
dose of 0.1 mg/mouse/day and receiving mycotoxin 
binders dose of 1 mg/mouse/day; the treatment group 3 
(T3) exposed to ZEN dose of 0.1 mg/mouse/day and 
mycotoxin binders in a dose of 2 mg/mouse/day. 
Variables were observed in this study and were the 
number of primary follicle, secondary follicle, tertiary 
follicle, de Graaf’s follicle, and the CL. Selection of 

mycotoxin binders concentration was based on previ-
ous research [5].
Procedures for mycotoxin binders and ZEN 
administration

Mycotoxin binders were administered orally 
to the female mice in doses of 0 mg/mouse/day, 
0.5 mg/mouse/day, 1 mg/mouse/day, 2 mg/mouse/day, 
and in each treatment ZEN was added in a dose of 
0.1 mg/mouse/day. The administration was done 
orally with a gastric sonde needle (Kent Scientific 
Co, Connecticut, USA) and repeatedly done until 
the 10th day. Gastric sonde needle in this research is 
instrument model of feeding needle for animal labora-
tory, Connecticut, USA.
Animal surgical procedures and sampling

After the dislocation of the cervical Os, surgery 
was performed on day 15. Disinfection was done with 
70% alcohol followed by quick surgery to take out 
the ovaries. The ovaries were extracted and separated 
from the surrounding tissue, then stored in buoin solu-
tion with 75 ml saturated picric acid, 25 ml 40% for-
malin, and 5 ml glacial acetic acid for making prepa-
rations for immunohistochemistry and histology [7].
Observations of ovarian histology with hematoxy-
lin-eosin staining [7]

Mice ovaries were fixed with buoin solution. 
The process was followed with hematoxylin and eosin 
staining. The staining was begun with soaking the 
object glass into xylol I and xylol II, each for 2 min, 
followed by immersion in 95%, 90%, 80%, 70% and 
50% absolute (100%) alcohol respectively for 2 min. 
Then, the glass objects were put into hematoxylin 
staining for 7 min and washed with running water to 
remove the unabsorbed excess dye. Object glasses 
were re-immersed in eosin staining for 3 min and 
washed again with distilled water. The preparations 
were then soaked in 50%, 70%, 85%, 90%, 100%, 
100%, alcohol, xylol I, and xylol II respectively for 
2 min. Chemical was used in this study from Biotech 
Co. Ltd., Hangzhou, Zhejiang, China.
Results

Ovarian histological feature reading was per-
formed on all preparations microscopically using 
quantitative methods for the number of the primary 
follicle, secondary follicle, tertiary follicle, de Graaf’s 
follicle, and the CL. Ovarian Caspase 9 expression 
reading was performed on all preparations microscop-
ically using scoring method [7]. The results of count-
ing scoring obtained were subsequently averaged 
and then processed using SPSS 20 for windows. The 
means and standard deviations of the observations of 
the number of follicles, the CL and Caspase 9 are pre-
sented in Table-1.

Data obtained normal distribution than contin-
ued with ANOVA test. Statistical test results on the 
number of the primary follicle, secondary follicle, 
tertiary follicle, and the de Graaf’s follicle showed 
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significant differences (p<0.05) between C− and 
C+, T1, T2 and T3. This indicates that the dose of 
2 mg/head/day of mycotoxin binders can not inhibit 
the effects ZEN thus require more doses of mycotoxin 
binders to be able to inhibit the effects ZEN. The num-
ber of CL showed results was not significantly differ-
ent (p>0.05) between the C− and C+, T1 and T2. This 
means that the mycotoxin binders cannot reduce the 
effect of ZEN on the number of CL (Figure-1).
Discussion

The study of ZEN by Gajecka [8] found that, 
ZEN can suppress the proliferative activity of folli-
cle cells contained in the ovarian cortex. The decline 
in follicular cells count was not followed with oocyte 
maturation process and follicular liquor influx that 
physiologically fills the antral space in the de Graaf’s 
follicle before ovulation process. Follicular liquor 
is identical to endogenous estrogen hormones, and 
if collected with exogenous estrogen, may lead to 
hyperestrogenism.

ZEN is metabolized in the liver by the enzyme 
hydroxysteroid dehydrogenase into two metabolites 
isomers, the alpha ZEN and beta ZEN. Both of these 
isomers have resorcylic acid lactone structure that can 
penetrate the cell membrane of single layer cuboidal 
epithelial cells constituting the GCs to bind to estro-
gen receptors (E2) in the cytosol. Complex binding 

in the form of ZEN E2 receptor complex (ZEA-E2R) 
will be transferred into the nucleus and bind to estro-
gen receptors specifically in the nucleus, which may 
activate mRNA response which is usually played by 
estrogen receptors (E2) [9,10].

ZEA-E2R, which has enabled mRNA response, 
may inhibit the mitotic process of granulose cumulus 
cells on primary follicle. The GCs may develop to form 
layers of mature GCs and produce some cytokines 
such as insulin-like growth factor-1 (IGF-1), fibro-
blastic growth factor family-2 (FGF-2), and stem cell 
factor (SCF). SCF will initiate oocytes development 
in primary follicles and stimulates theca cell mito-
sis. FGF-2 will suppress apoptosis of GCs and help 
SCF in maturating oocytes. IGF-1 plays an import-
ant role in sending impulses to the anterior pituitary 
to release follicle stimulating hormone (FSH) as an 
initiator of follicular proliferation. FSH will then be 
captured by the receptor located in GCs and regulates 
primary follicle development to become de Graaf’s 
follicle [11-13].

Effects  of  high doses ZEN may inhibit GCs in 
inducing IGF-1, leading to the decrease of FSH pro-
duction. Superovulatory induction, which uses preg-
nant mare serum gonadotropin hormone derivatives, 
may accelerate the development of the follicle and an 
increased the number of de Graaf’s follicle in the pre-
ovulatory stage [14,15].

Table-1: Mean and standard deviation of observed follicle numbers and CL.

Treatments Follicular count (X±SD) CL (X±SD)

FP FS FT FdG

C− 14.2d±1.36 11.2d±0.28 6.5b±0.53 7.5d±0.74 2.3a±0.35
C+ 7.1ab±0.12 3.7a±1.17 3.8a±1.21 1.5a±0.62 2.3a±0.34
T1 6.2a±0.16 5.2b±0.16 3.6a±0.16 2.6b±0.19 2.6a±0.10
T2 7.8bc±0.28 5.8b±0.53 3.7a±0.26 2.7b±0.26 2.5a±0.10
T3 8.4c±0.34 8.4c±0.34 4.6a±0.34 4.5c±1.01 3.4b±0.23

Different superscripts in the same column indicate significant differences among treatments (p<0.05). FP=Primary 
follicles; FS=Secondary follicles; FT=Tertiary follicles; FdG=de Graaf’s follicle CL=The corpus luteum, SD=Standard 
deviation

Figure-1: Ovarian histological features in treatments of C−, C+, T1, T2 and T3. (a) Primary follicle; (b) Secondary follicles; 
(c) Tertiary follicles; (d) de Graaf’s follicle; (e) The corpus luteum.
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The results of this study were supported by the 
opinion of Motea and Berdis [16], Moreira et al. [17] 
who wrote that ZEN metabolites may damage nucleic 
acid of pre-puberty female canine oocytes. The apop-
totic profile is seen in oocytes with TUNEL staining 
assay.

As a major source of steroid hormones synthesis, 
cholesterol will be broken down to pregnenolone by 
the enzyme cytochrome p450 (CYP450) in the inner 
part of mitochondrial membrane. Pregnenolone is con-
verted to progesterone by the enzyme 3beta-hydrox-
ysteroid dehydrogenase (3beta-HSD) after diffuses 
toward the endoplasmic reticulum and to become 
dehydroepiandrosterone (DHEA) by the enzyme 
CYP450 17beta-hydroxylase (CYP450-17beta). 
3beta-HSD and CYP450-17beta will catalyze DHEA 
and progesterone to androstendion. Androstendion 
will be catalyzed by the enzyme 17beta-HSD into 
testosterone in the theca cells and will diffuse to the 
GCs. Testosterone and estrone in GCs will be trans-
formed into 17beta-estradiol by the enzyme aro-
matase (CYP450arom). Excessive accumulation of 
17beta-estradiol, coupled with the influx of exoge-
nous estrogen, may cause hyperestrogenism [18,19].

Mycotoxin binders can bind mycotoxins that 
have silicate compound. Silicate structure consists 
of neosilicate, sorosilicate, inosilicate, cyclosilicate, 
phyllosilicate, and tectosilicate. The structure will be 
transformed into hydrated sodium calcium aluminosil-
icate that is easily metabolized body. Mycotoxin bind-
ers are also equipped with a decontaminant material 
useful in improving the animals’ condition [20,21].

Mycotoxin binders cannot reduce effects caused 
by ZEN on the number of CL. ZEN only gives effect on 
GCs up to preovulatory stage. The CL formed during 
postovulatory stage will be influenced by the amount 
of luteinizing hormone (LH) surge levels captured by 
LH receptors on theca cells of the de Graaf’s folli-
cle. Oocytes that have been ovulated from de Graaf’s 
follicle will cause scars called the corpus rubrum and 
developed into the CL [2,12].
Conclusion

The number of follicles and CL more in line with 
increasing doses of mycotoxin binders. Required more 
than 2 mg/mouse/day mycotoxin binders to inhibit the 
effects of ZEN so that its can maintain the number of 
primary follicle, secondary follicle, tertiary follicle, 
the de Graaf’s follicle, and the number of CL in the 
ovary of ZEN-exposed female mice (M. musculus). 
Further studies should be performed on the potential of 
mycotoxin binders on the physiology and pathology of 
ovary, fetal placenta, the number of fetuses, testoster-
one and estrogen levels in mice exposed to ZEN.
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