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Objective: Zearalenone (ZEA) is a mycotoxin with potent estrogenic effects. Saffron is an herbal product that has antioxidant activities. The ob-
jective of this study was to investigate the protective role of saffron against reproductive toxicity induced by ZEA in female mice.

Methods: Ninety 8-week-old female mice were randomly allocated into three treatment groups. The first group received an intraperitoneal in-
jection of ZEA (2.5 mg/kg) on alternate days. The second group received ZEA (2.5 mg/kg) on alternate days plus oral saffron daily (50 mg/kg).
The third group was treated with a vehicle of 1% dimethyl sulfoxide (DMSO) on alternate days, as a control. Ten mice were euthanized from
each group at 30, 60, and 90 days of treatment. Serum levels of luteinizing hormone (LH), follicle-stimulating hormone (FSH), estradiol (E), and
progesterone (P) were assessed. The uterus and ovaries were examined for changes in size or morphology.

Results: Serum levels of LH, FSH, E;, and P in the female mice treated with ZEA plus saffron were significantly higher than in those treated with
ZEA alone, and were not significantly different from those treated with 1% DMSO. The female mice treated with ZEA alone showed a reduction
in size of the uterus and abnormal architecture of the ovaries.

Conclusion: The administration of saffron to female mice resulted in a significant reduction in ZEA-induced alterations in reproductive hor-
mone levels, the size of the uterus, and the morphology of the ovaries.
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Introduction

An endocrine disruptor is an exogenous substance or mixture that
alters the functions of the endocrine system and consequently
causes adverse health effects in an intact organ, its progeny, or sub-
population [1]. Close to 800 chemicals are known or suspected to be
capable of interfering with hormone receptors, hormone synthesis,
or hormone conversion in mammals. Zearalenone (ZEA) is a nonste-
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roidal, potent, estrogenic mycotoxin produced by fungi belonging to
the genus Fusarium in foods and feeds [2]. It has been implicated in
reproductive disorders of farm animals and hyperestrogenic syn-
dromes in humans [3,4].

The most studied mechanism of action of ZEA and other phytoes-
trogens involves their ability to bind to a- and B-estrogen receptors
[5-8]. The toxin produces agonistic and antagonistic effects on the
estrogen receptor for 17B-estradiol, and thus exhibits distinct estro-
genic properties, with varying effects on the reproductive system in
several species of animals [9]. Other suggested mechanisms of action
of ZEA include interactions with transport proteins and the cell mem-
brane [10,11], as well as tissue oxidative stress [12].

The latter mechanisms indicate that ZEA may play a role in onco-
genesis through cytotoxicity, immunotoxicity, DNA damage, and
chromosomal aberration in rodents and humans [13,14]. The clinical
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signs observed in female animals in response to phytoestrogens in-
clude enlargement of the mammary glands, swelling of the vulva,
rectal-vaginal prolapse, ovarian and uterine impairment, and hor-
monal imbalances [15,16]. In addition, ZEA has been shown to dra-
matically reduce the number and motility of live spermatozoa in
adult male albino mice [17,18].

Proposed ways to reduce mycotoxicity in animals and humans in-
volve the use of many vitamins, minerals, nutrients, and herbal prod-
ucts. Saffron is a widely-used herbal remedy that has a unique chem-
ical composition of more than 150 volatile compounds and several
nonvolatile compounds. Commercial saffron is produced from dried
stigmas of Crocus sativus, a member of the large family Iridaceae that
is cultivated in Azerbaijan, France, Greece, India (Kashmir), Iran, Italy,
Spain, China, Morocco, Turkey, Egypt, and Mexico. The main compo-
nents of saffron, such as crocin and saffranal, have a wide range of
beneficial biological activities with no toxic side effects [19].

The medical properties of saffron have been attributed to its potent
antioxidant activity due to the presence of crocin, a unique carotenoid
[20,21]. It may enhance pituitary-ovarian axis activity; boost levels of
luteinizing hormone (LH), follicle-stimulating hormone (FSH) and es-
tradiol (E2); and stimulate folliculogenesis in human females [22]. In
males, saffron has been shown to rejuvenate the reproductive system,
which may help ameliorate conditions such as erectile dysfunction,
premature ejaculation, low sperm count, and low sperm motility [23].
The objective of this study was to investigate the protective role of saf-
fron against reproductive toxicity induced by ZEA in female mice.

Methods

The study was approved by the Ethical Committee of Barkatullah
University, Bhopal, India. The experiments were carried out in accor-
dance with the U.K. Animals (Scientific Procedures) Act, 1986 and as-
sociated guidelines, as well as the EU Directive 2010/63/EU for animal
experiments.

1. Reagents

ZEA was obtained in a powder form (no. Z2125; Sigma Aldrich, Bho-
pal, India). It was weighed, under completely aseptic conditions, us-
ing a digital scale with 0.01 g precision, and then dissolve in 1% di-
methyl sulfoxide (DMSO) to form stock solutions that were stored in a
refrigerator at 4°C until use. The crude form of saffron was purchased
from Sigma (Pulwama, India). The required amount of saffron was dis-
solved in drinking water for oral administration. Both chemicals were
identified and verified by the Department of Food Technology, Islamic
University (Kashmir, India).
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2. Experimental animals

The study included 90 clinically healthy, 8-week-old, adult female
mice (Parkes strain of Mus musculus species), with an initial body
weight of 25+ 5 g. The mice were provided by the Animal Laboratory
of Reproductive Endocrinology Unit, Department of Bioscience, Bar-
katullah University, Bhopal, India. All mice were fed daily with equal
amounts of a balanced oral diet at regular intervals.

3. Animal groups and treatment

The mice were randomly divided into three treatment groups (30
mice each). The first group received an intraperitoneal injection of
ZEA (2.5 mg/kg) on alternate days. The second group received an in-
traperitoneal injection of 2.5 mg/kg of ZEA on alternate days, as well
as a daily dose of oral saffron (50 mg/kg with drinking water). The
third group received an intraperitoneal injection of 1% DMSO vehicle
on alternate days, and served as a control. Mice were observed for re-
markable side effects or complications.

4, Assessment of reproductive hormones

Ten mice were euthanized from each group after 30, 60, and 90
days of treatment. A serum reproductive hormone assay was con-
ducted as previously described [24]. Briefly, a morning venous blood
sample was drawn, in a proestrus period, with 27-gauge needles,
through a 1-mL syringe into ethylenediaminetetraacetic acid (EDTA)
heparinized containers. Levels of LH, FSH, E; and progesterone (P)
were assessed in serum samples by an automated quantitative test
using an enzyme-linked immunosorbent assay kit according to the
manufacturer’s guidelines (Thermo Multiskan Lab System, Cham-
paign, IL, USA). The resulting levels of serum LH, FSH, E;, and P were
expressed as IlU/mL, IlU/mL, ng/mL, and ng/mL, respectively.

5. Evaluation of gross morphology of the uterus and ovaries

The size and gross morphology of the uterus and ovaries of the
mice euthanized after 90 days of treatment were recorded, and pho-
tographs were taken.

6. Histological evaluation of the ovaries

The ovaries were dissected from the mice sacrificed at the different
treatment intervals (i.e., 30, 60, and 90 days) for a histological evalua-
tion. The ovaries were washed thoroughly in 0.85% physiological sa-
line (NaCl) and preserved in aqueous Bouin solution. The ovarian tis-
sue sections were processed with an automated tissue processor and
embedded in paraffin. Ovarian tissue sections measuring 5 um in
thickness were cut with a rotary microtome and stained with hema-
toxylin and eosin. The histological sections were examined using
light microscopy under a magnification of X400, and digital images
were taken in the microphotography unit.
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7. Statistical analysis

The data were analyzed using SPSS ver. 17.0 (SPSS Inc,, Chicago, IL,
USA). Results of the experiments were expressed as mean and the
standard error of the mean. The differences between the mean val-
ues were evaluated by one-way analysis of variance. Statistical signif-
icance was considered at p-values <0.05.
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Results

Table 1 presents comparisons of serum levels of LH, FSH, E;, and P in
the female mice that received 1% DMSO vehicle (control group), ZEA
alone, and ZEA plus saffron after 30, 60, and 90 days of administration.
The gross morphological features of the uterus and ovaries of the fe-

Table 1. Comparisons of serum levels of LH, FSH, E;, and P in female mice receiving 1% DMSO vehicle (placebo), ZEA alone, and ZEA plus saf-

fron after 30, 60, and 90 days of administration

Duration
Variable Group (n=10)
30 Days 60 Days 90 Days
LH (IU/mL) 1% DMSO 6.14+0.04 6.64+0.09 6.67£0.06
ZEA alone 4.60+0.07% 4.97 +0.00” 4.94+0.06°
ZEA+saffron 5.90+0.019 6.44+0.02 (NS) 6.47£0.02 (NS)
FSH (IU/mL) 1% DMSO 10.61+0.01 10.64+0.09 10.57+0.01
ZEA alone 6.46+0.02° 5.07+0.09° 5.05+0.547
ZEA+saffron 8.13+0.01” 9.73+0.02 (NS) 9.85+0.00 (NS)
E2 (ng/mL) 1% DMSO 20.12+0.03 2145+0.17 22.16+0.12
ZEA alone 16.57+£0.09” 13.73£0.117 13.33+£0.14?
ZEA+saffron 18.01+£0.01” 20.67+0.15 (NS) 21.78+0.78 (NS)
P (ng/mL) 1% DMSO 1.88+0.08 1.94+0.01 1.95+0.06
ZEA alone 1.42+0.009 1.71+£0.019 1.68+0.039
ZEA+saffron 1.64£0.06 (NS) 1.89+0.04 (NS) 1.89+0.06 (NS)

Values are presented as mean + standard error. One-way analysis of variance was used for the statistical analysis.
LH, luteinizing hormone; FSH, follicle-stimulating hormone; E;, estradiol; P, progesterone; DMSO, dimethyl sulfoxide; ZEA, zearalenone; NS, not significant.

p<0.001;p < 0.01;9p < 0.05.

Figure 1. Gross morphological features of the uterus and ovaries in female mice after 90 days of treatment with (A) 1% dimethyl sulfoxide
(DMSOQ), (B) zearalenone (ZEA) alone, and (C) ZEA plus saffron. Female mice treated with 1% DMSO showed normal appearance of the uterus
and ovaries. Female mice treated with ZEA alone showed thickening, swelling, and shortening of the uterus and ovaries. Female mice treated
with ZEA plus saffron exhibited congested but less abnormal features of the uterus and ovaries compared to the group treated with ZEA alone.
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Figure 2. Microscopic pictures of mouse ovarian tissue (H&E, X 400). Representative images of H&E staining of ovarian tissue from adult female
mice after treatment with zearalenone (ZEA) alone for 30 days (A), for 60 days (C), and for 90 days (E); and ZEA plus saffron for 30 days (B), for 60

days (D), and for 90 days (F).

male mice after 90 days of treatment with 1% DMSO vehicle (control),
ZEA alone, and ZEA plus saffron are shown in Figure 1. Female mice
treated with ZEA alone showed a reduced size of the uterus and an
abnormal architecture of the ovaries, while those treated with 1%
DMSO vehicle, or ZEA plus saffron showed no remarkable abnormali-
ties in the size and gross morphology of the uterus or ovaries.

A reduction of the regular food intake capacity was observed in the
group of mice treated with ZEA alone. As a result, the body weight (g)
was significantly reduced (p <0.01) in the female mice treated with
ZEA alone at 30 days (24.3+0.6), 60 days (23.3+0.9), and 90 days
(21.1£0.8) compared to the base-line values of body weight within
the same group (27.2+0.5, 27.9+0.6, and 28.1+0.9, respectively).
The effects of the interventions with ZEA alone and ZEA plus saffron
on the histological features of the ovaries of adult female mice after
30, 60, and 90 days are shown in Figure 2.

Adult female mice treated with ZEA alone for 30 days showed a re-
duction in the number of large and mature follicles, loosely arranged
follicular cells, atretic follicles, and a lack of corpus luteum, with signs
of vacuolization and degeneration of the connective tissue stroma in
the medulla (Figure 2A). Those features were aggravated in adult fe-
male mice treated with ZEA alone for 60 and 90 days (Figure 2C, 2E,
respectively). Adult female mice treated with ZEA plus saffron for 30,
60, and 90 days showed normal-looking follicles with proper lining of
granulosa cells, organized corpus luteum, and less degenerative
change in the medullary region (Figure 2B, 2D, and 2F, respectively).

Discussion

A healthy hypothalamic-pituitary-gonadal axis is essential for
mammalian reproduction. A large number of compounds that are
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continuously released into the environment can mimic the action of
endogenous estrogen, possibly disrupting endocrine function in
mammals [10]. However, only a small fraction of those chemicals
have been investigated through tests capable of identifying overt
endocrine effects in intact organisms [1]. Toxicants that interfere with
ovarian function can affect the ovary directly or indirectly by acting
at the level of hypothalamus, pituitary gland, or both [25].

In this study, administration of ZEA alone resulted in a significant
reduction in the serum levels of reproductive pituitary (LH and FSH)
and ovarian (E; and P) hormones in female mice, which could be ob-
served at multiple treatment intervals (30, 60, and 90 days). Interest-
ingly, a further reduction of serum levels of E, was observed in the
mice treated with ZEA alone when the treatment duration was ex-
tended to 60 and 90 days. A previous study reported decreased lev-
els of circulating E; and P in response to various concentrations of
ZEA (2,4, and 8 mg/kg) [26].

However, the authors of that study indicated that serum levels of
LH or FSH were not affected by ZEA treatment. The lack of significant
differences in LH and FSH was attributed to the pregnant status of
the animals included in that study. In contrast, in another study, both
LH and FSH slightly increased in response to a dose of 8 mg/kg of
ZEA[27].

The exact mechanisms through which reproductive hormone lev-
els are altered in female mice subjected to ZEA treatment remain un-
clear. A study suggested that ZEA may exert an inhibitory action at
the level of the pituitary, rather than affecting the hypothalamus [28].
It may be speculated that reduced levels of FSH inhibit follicular de-
velopment, thereby preventing increases in E; and P levels. The lack
of E; and P positive feedback on LH release may then prevent ovula-
tion. It has been reported that chemicals can delay or block ovulation
by disrupting the ovulatory surge of LH, or by interfering with the
ability of maturing follicles to respond to gonadotropic signals [29].

The results of this study indicated that serum levels of LH, FSH, E,,
and P in the group of female mice treated with ZEA plus saffron were
significantly higher than levels in the mice treated with ZEA alone,
and were not significantly different from those in the mice treated
with 1% DMSO (placebo). In addition, levels of reproductive hor-
mones in the groups of mice treated with ZEA plus saffron or placebo
did not show significant alterations at different treatment intervals.
Therefore, the coadministration of saffron with ZEA in female mice
resulted in hormone levels comparable to those obtained from treat-
ment with placebo.

The results of this study indicated significant impairments in the
histological features of adult female mice ovaries treated with ZEA
alone for 30 days. Extending the treatment periods for 60 and 90
days resulted in additional detrimental effects on ovarian histology.
Therefore, the potential reproductive toxicity induced by ZEA may be
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dose-dependent and may accumulate over time. Interestingly, fe-
male mice treated with ZEA plus saffron for the same periods of time
did not show histopathological abnormalities similar to those that
appeared in the mice treated with ZEA alone. The latter finding is
consistent with lack of gross morphological abnormalities of the ova-
ries of female mice treated with ZEA plus saffron.

These results suggest that saffron may play a role in antagonizing
the negative effects of ZEA on the serum levels of reproductive hor-
mones in female mice and on ovarian and uterine morphology.
However, the exact mechanisms by which saffron exerts its positive
protective effects against ZEA-induced reproductive toxicity remain
unclear. Nonetheless, a growing body of evidence on the potential
therapeutic effects of saffron has emerged over the last two decades.

A previous study observed reductions in the metabolic and behav-
ioral signs of stress in saffron-treated rodents [30]. In a recent study,
fasting blood sugar (FBS) levels decreased significantly and reached
normoglycemic levels in diabetic male rats treated with saffron [31].
The reduction of FBS in that study was linked to increased serum lev-
els of adiponectin, a protein hormone that is secreted by adipocytes
and plays an important role in regulating the glucose and fatty acid
metabolic pathways. Similarly, the consumption of saffron combined
with resistance exercise in diabetic rats had strong therapeutic ef-
fects on diabetic parameters both in vivo and in vitro [32]. However,
the antidiabetic properties of saffron, in the latter study, were attrib-
uted to a redox-mediated mechanism affecting insulin secretion and
glucose uptake.

An experimental study indicated that gonadotropin-releasing hor-
mone and gonadotropic hormones were released by the activation of
noradrenergic nerves in the locus ceruleus in response to crocin, which
is contained in saffron [22]. Another study suggested that crocin and
crocetin may play a role in stimulating the activity of serotonergic
nerves, which was related to their antidepressant properties [33]. More
recently, a study indicated that the administration of an alcoholic ex-
tract of saffron reduced FSH levels in the blood of 12-month-old rats
to a level close to the FSH levels reported in 6-month-old rats [34].
Moreover, the authors of that study reported an increase in the num-
ber and body weight of pups from rats that received the saffron ex-
tract prior to pairing with intact males.

These results may have important implications, particularly in light
of the growing concern on the declining fertility of mammals in re-
sponse to the large number of endocrine-disrupting compounds
that are being continuously released into the environment. In 2013,
the United Nations Environment Programme and the World Health
Organization published a report stating that the effects of endocrine-
disrupting compounds are endocrine system-related and not neces-
sarily species dependent [1]. Mice are an established model for
studying the effects of agents on humans as they are easy and flexi-
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ble to handle and manipulate [35]. Similarities exist between mouse
and human reproductive organs and cycles [36], enabling the careful
extrapolation of findings to humans. Future efforts should primarily
focus on implementing effective strategies to reduce mammalian
exposure to endocrine-disrupting compounds.

In conclusion, the exposure of female mice to ZEA resulted in altera-
tions in reproductive hormones, reduced uterus size, and an abnor-
mal architecture of the ovaries. Coadministration of saffron with ZEA
resulted in amelioration of ZEA-induced reproductive toxicity. These
observations may be related, at least in part, to the antioxidant prop-
erties of saffron. However, future studies are warranted to under-
stand the exact mechanisms of the positive protective effects of saf-
fron against the reproductive damage caused by endocrine-disrupt-
ing compounds.
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