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Abstract

This field study aimed to investigate the relationships between the urinary zearalenone (ZEN)
concentration, which reflects dietary ZEN intake, and the numbers of total and transferable
embryos in superovulated cattle. A total of 38 cows (Japanese Black, n=16; Holstein, n=22)
were superovulated for commercial embryo production. Urine samples were collected from
all cows at the time of embryo flushing and the urinary ZEN concentration was measured.
The ZEN concentration was corrected for the creatinine (Crea) concentration as follows: ZEN
(pg/mL)/Crea (mg/dL); the corrected ZEN concentration was expressed in pg/mg Crea. The
cows were divided into two groups according to whether the urinary ZEN level was less than
(group 1) or more than (group 2) the mean value for each breed (Japanese Black: 97.4 pg/mg
Crea; range 44.5-91.3 pg/mg Crea; Holstein: 155.5 pg/mg Crea; range 32.7-146.9 pg/mg Crea).
The embryo flushing results were compared between the two groups within each breed.
Overall, the total number of embryos collected and the number of transferable embryos
did not differ significantly between the groups. These results suggest that natural ZEN
contamination resulting in urine levels below the threshold value (i.e. below the maximal
permissible urinary ZEN concentration) does not affect embryo production in Japanese Black
and Holstein cows undergoing superovulation.
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Introduction

Embryo production by superovulation in cattle has been used for commercial beef and dairy
production since the 1970s and remains the fundamental method for producing in vivo-derived
embryos for embryo transfer in cattle (Takagi et al. 2001, Velazquez 2011). Although bovine
superovulation programmes are now relatively well-established (Bo et al. 2008), the yield and
quality of the embryos may be affected by donor factors such as age, breed, reproductive and
lactation status, gonadotropin preparation and nutrition (Hasler et al. 1983, Donaldson & Ward
1986, Takagi et al. 2001, Donaldson 1984, Lerner et al. 1986). The embryo yield and quality may
also be affected by feed toxicants such as mycotoxins (McEvoy et al. 2001).

Zearalenone (ZEN) is a non-steroidal estrogenic mycotoxin produced by Fusarium
species. This mycotoxin is found in the grains of several monocotyledons including pasture
grasses. Zearalenone and its metabolites exert agonistic effects on the oestrogen receptor
and thus exhibit distinct oestrogenic and anabolic properties with varying effects on the
reproductive system in several animal species particularly pigs (Kleinova et al. 2002, Fink-
Gremmels & Malekinejad 2007, Minervini & Dell’Aquila 2008). Binder et al. (2007) recently
reported a relatively high incidence of contamination of animal feeds with mycotoxins that
could potentially affect animal production. However, the relevance of these high levels is
difficult to assess. Several reports have suggested that dietary intake of ZEN is associated with
reproductive problems such as infertility, reduced milk production and hyperoestrogenism
in cattle (Weaver et al. 1986, Coppock et al. 1990, D’Mello et al. 1999, Minervini & Dell’Aquila
2008). However, to the best of our knowledge, there is no published report of the relationship
between the yield and quality of the embryos obtained after induction of superovulation
and the daily level of ZEN intake from naturally ZEN-contaminated feeds on a cattle farm.
The concentration of ZEN in the urine of farm animals such as cattle is presumed to be a
biomarker for ZEN exposure (Prelusky et al. 1989, Usleber et al. 1992, Kleinova et al. 2002).
Furthermore, we recently reported that monitoring the ZEN concentration in the urine of
cattle that are fed naturally ZEN-contaminated feed by using an ELISA-based method is an
effective way of estimating daily ZEN intake (Takagi et al. 2011).

The objective of this preliminary study was to investigate the relationships between the
urinary ZEN concentrations of cows under farm conditions and the number of total and
transferable embryos collected after superovulation.

Materials and methods
Chemicals and solvents

Ammonium acetate and high-performance liquid chromatography (HPLC)-grade methanol were
purchased from Wako Pure Chemicals (Osaka, Japan). Beta-Glucuronidase/arylsulfatase solution
was purchased from Merck (Darmstadt, Germany). Sodium acetate was purchased from Kanto
Chemical Co., Inc. (Tokyo, Japan) and Tris was purchased from Nakalai Tesque, Inc. (Kyoto, Japan).

Animals

Thirty-eightapparently healthy cows (JapaneseBlack [n=16]and Holstein [n=22]) from 25 farms
in Hokkaido (Japan) were subjected to superovulation for commercial embryo production.
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The average age was 4.3+2.8 years for the Japanese Black animals and 5.2+3.2 years for the
Holstein animals. Although the details of the dietary management of each cow examined on
the farm were not available for the present study, the Japanese Black and Holstein cows were
generally fed in accordance with the Japanese Feeding Standard for Japanese Black breeding
cows and the Japanese Feeding Standard for Holstein cows, respectively and all cows had
free access to fresh water. In addition, the mean body condition score on a scale of 1 (too
thin) to 5 (obese) of each cow was determined by a skilled veterinarian in order to assess the
energy balance. All cows examined in the present study scored between 3.0 and 3.5.

Embryo production

Superovulation was induced after following the method of Bo et al. (1995) with a minor
modification. Superovulation was initiated mid-cycle (8-12 days after oestrus) and a total of 20
AU or 40 AU of follicle-stimulating hormone (FSH; Antrin, Kyoritsu Seiyaku Corp., Tokyo, Japan)
was administrated intramuscularly over 8 injections of decreasing doses at 12-h intervals to
the Japanese Black and Holstein cows, respectively. On the third day, a prostaglandin F2a
analogue (PGF2aq; Pronalgon F, Pfizer, Tokyo, Japan) was administered to induce regression
of the corpus luteum. The cows underwent artificial insemination approximately 60 to 72 h
after PGF2a administration.

Seven days after artificial insemination, the embryos were flushed from the uteri of donor
cows with phosphate-buffered saline supplemented with foetal bovine serum and antibiotics.
One single skilled veterinarian performed all of the flushes in the study. Immediately after
collection, the embryos were assessed for viability using a stereomicroscope. The embryos
were also graded according to their stages of development and quality (transferable,
degenerated and unfertilized) as defined by previously described criteria (Robertson & Nelson
1998). Briefly, embryos in which more than 25 % of the total cell mass was considered viable
and development was not severely retarded were considered transferable. The evaluation
records of the recovered embryos were used in the present study.

Urine sample collection

Urine samples were collected immediately after individual embryo recovery during natural
urination stimulated by soft massage of the pudendum. The urine samples were immediately
stored in a light-proof cooler and transported to the laboratory. The samples were then
centrifuged at 500 x g for 10 min and the supernatants frozen at —30 °C until analysis.

Analytical methods for determination of ZEN and creatinine concentrations

As described in detail in our previous report (Takagi et al. 2011), the concentration of ZEN
in urine was determined using a commercially available kit (RIDA SCREEN Zearalenon,
R-Biopharm AG, Darmstadt, Germany) according to the manufacturer’s instructions with
minor modifications. The mean recovery rate of the ELISA assay over the 3 trials was 84+14 %.
The ZEN analysis results were not corrected for the recovery rate.

Urinary Crea concentrations were determined using a commercial kit (Sikarikit-S CRE,
Kanto Chemical) according to the manufacturer’s instructions and were measured with a
clinical autoanalyzer (7700 Clinical Analyzer, Hitachi High-Tech, Tokyo, Japan). In the present
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study, the urinary ZEN concentration is expressed relative to the urinary Crea concentration
(urinary ZEN/urinary Crea [pg/mg Crea]) as previously described (Takagi et al. 2011).

Statistical Analysis

The results are presented as the mean+SEM. The relationships between the urinary ZEN
concentrations and embryo production results within the breed groups were evaluated
using Pearson’s correlation coefficient. The percentages of transferable embryos (number of
transferable embryos/number of collected embryos) were also compared between the two
groups using the unpaired t-test. Statistical analyses were carried out using the STATVIEW
(Abacus Concepts, Inc., Berkeley, CA, USA) programme. Differences with a probability value
(P) of 0.05 or less were considered significant.

Results

No significant correlations were observed between the urinary ZEN concentration and
embryo parameters neither in Japanese Black cows (urinary ZEN concentration vs. total
number of recovered embryos, r=—0.2 and P=0.96 and urinary ZEN concentration vs.
transferable embryo rate, r=0.2 and P=0.48) or Holstein cows (urinary ZEN concentration
vs. total number of recovered embryos, r=0.1 and P=0.82 and urinary ZEN concentration vs.
transferable embryo rate, r=—0.4 and P=0.87).

The cows of each breed were divided into two groups on the basis of the respective mean
urinary ZEN concentrations of the Japanese Black (97.4 pg/mg Crea) and Holstein (155.5 pg/
mg Crea) cows in the present study. Group 1 consisted of 11 Japanese Black cows (44.5-
91.3pg/mg Crea) and 14 Holstein cows (32.7-146.9 pg/mg Crea) and group 2 consisted of
5 Japanese Black cows (103.8-226.0 pg/mg Crea) and 8 Holstein cows (201.0-404.5 pg/mg
Crea). No significant differences in the numbers of total embryos collected, transferable
embryos, degenerated embryos or unfertilized embryos were observed between the two
groups within each breed (Table 1).

Table 1
Relationships between the urinary ZEN concentration and the yield and quality of embryos (mean+SEM)
collected after induction of superovulation in cows

Group* No. of Total Transferable Degenerated Unfertilized
cows embryos (No.) embryos, % embryos, % embryos, %

Japanese Black

Group 1

(<97.4 pg/mg of Crea) n 16.4+2.6 7.8+1.7 (48.9) 6.5+2.2 (33.6) 2.1£0.6 (17.6)

Group 2

(>97.4 pg/mg of Crea) 5 13.8+4.1 10.8+3.7 (63.1) 2.4+1.3(15.2) 0.6+0.4 (21.7)
Holstein

Group 1

(<155.5 pg/mg of Crea) 14 13.4+2.0 9.6+1.4 (71.9) 2.9+1.0 (17.4) 0.8+0.5 (10.7)

Group 2

(>155.5pg/mg of Crea) 8 13.0£5.3 8.4+4.2 (58.8) 3.541.1 (32.1) 1.140.6 (9.2)

*Japanese Black and Holstein cows were divided into two groups on the basis of the mean ZEN concentration for each
breed obtained from the present study.
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Discussion

Recently, we reported that exposure to ZEN via naturally contaminated feed can be
monitored at the farm level by measuring urinary ZEN concentrations by using an ELISA-
based method (Takagi et al. 2011, Hasunuma et al. 2012). We found this monitoring system
to be effective for the objective assessment of dietary ZEN intake under different sets of
farm conditions. The Ministry of Agriculture, Forestry and Fisheries in Japan has set a
maximum ZEN level of 1000 ug/kg (1 ppm) for formula feeds. Although we cannot compare
the total ZEN concentrations between our previous and present studies because of possible
differences in the breeds and body weights of the cattle, our previous observation of the
relationship between urinary and dietary ZEN concentrations (Hasunuma et al. 2012) has led
us to assume that all cows examined in the present study received feeds with levels of ZEN
permissible under the current guidelines (less than 1 ppm). Our present results, which were
obtained using our established urinary ZEN monitoring system under general and practical
farm conditions, indicated that at the farm level under typical feeding conditions the ovarian
response/embryo production after induction of superovulation in cows might not be affected
by feeds containing permissible levels of ZEN.

Although cattle are not as sensitive to ZEN as pigs, several reports have described a negative
effect of ZEN and its metabolites on the reproductive performance of cattle (Diekman &
Green 1992, McEvoy et al. 2001). Feeding ZEN to dairy heifers (250 mg/day) over 3 oestrous
cycles decreased the conception rate from 87 to 62% (Weaver et al. 1986) and pasture-
acquired ZEN has been implicated in the development of infertility in cattle in New Zealand
(Towers & Sprosen 1993). On the other hand, Chorfi et al. (2007) reported that ZEN at a natural
dietary concentration (174.1£120 ppb) did not significantly affect the number of transferable
embryos after superovulation. However, this level might not reflect the actual dietary intake
of ZEN. Previous observations of the effect of ZEN on reproductive performance in cattle may
be contradictory because of the huge variations in the amounts of ZEN administered orally
in the different experiments or because the ZEN concentrations examined were not derived
from biological samples of individual animals. In the present study, the cows were divided
according to their urinary ZEN levels into two groups and parameters such as numbers of
totally collected and transferable embryos were compared between these groups. The results
of the present study suggest that neither the quantity nor the quality of embryos collected
after ovarian stimulation by standard commercial methods is affected by dietary ZEN intake
under normal farm conditions. The present study did not include counting the numbers of
follicles present during and after the superovulation/flushing treatments. Therefore, a further
study using daily ultrasound observation of the ovaries will be required to clarify the effect of
the urinary ZEN concentration on both follicular development and ovulation after induction
of superovulation.

In conclusion, the results of our field trials suggest that the dietary intake of ZEN as estimated
indirectly by the urinary ZEN concentration does not significantly affect the numbers of total
and transferable embryos obtained after induction of superovulation in cows. Further studies
employing ultrasonographic examination to investigate the relationship between dietary
ZEN intake from normal feed and follicular development during induction of superovulation
are warranted.
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