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ABSTRACT

Kramer, R. 1997. Zearalenone in pasture and its effects on reproduction in ewes. MApplSc
thesis, Massey University, Palmerston North, New Zealand, 76pp.

Zearalenone is an oestrogenic mycotoxin which has the potential to cause reproductive
disorders in sheep. Zearalenone-producing Fusarium species are present in New Zealand
pasture and it is likely that the amount of zearalenone present during the mating period may be
sufficient to cause reproductive dysfunction in the grazing sheep.

This study consisted of three trials which aimed to measure zearalenone levels in the pasture
and sheep, and determine the subsequent effects on reproductive performance. The first trial
investigated the levels of zearalenone during April in various components of the ryegrass plant
at various pasture sites, which included urine-patch, dung-patch and inter-excreta sites.
Zearalenone taken up by the ryegrass plant was also determined. The second trial comprised
of 6 groups of ewes (n=10), and compared levels of zearalenone and related metabolites in the
blood and urine of ewes grazed on pasture or chicory and either orally (5 mg/ewe)or
intravenously dosed (2 or 0.5 mg/ewe) daily with zearalenone. The subsequent effects on
ovulation rate, conception rate, and number of lambs carried was also determined. The third
trial comprised of 4 groups (n=110) of ewes, of which two groups were grazed on grass-
dominant pasture and the remaining 2 groups were grazed on chicory for two weeks prior to
mating at which time one of the groups on each grazing treatment was interchanged and the
ram introduced. The levels of free and conjugated zearalenone in the blood and urine were
determined and the subsequent effects on ovulation rate, conception rate and the number of
lambs carried were measured.

In the first trial it was shown that zearalenone concentration within sites was highly variable at
that ime of the year, however, urine-patch and dung patch sites yielded significantly higher
quantities of zearalenone. Zearalenone appeared to be readily taken up by the ryegrass plant
through the roots and translocated into the young growing tissue of the plant. The distribution
of zearalenone in the pasture and the plant are discussed with regards to zearalenone intake by
the animal.

The zearalenone dosing trial showed that significant levels of zearalenone, c-and [-zearalenol,
zeranol and taleranol were present in the blood and urine of dosed ewes and that levels of all
compounds analysed were higher in ewes grazed on pasture. Ewes grazing pasture had a
significantly lower (P<0.05) ovulation rate than ewes grazed on chicory.

The third trial showed that chicory was effective in reducing the levels of free zearalenone
present in the ewe around the time of mating with levels in ewes grazed on chicory being
significantly lower (P<0.05) in both the urine and blood, than in ewes grazed on grass pasture.
There were no significant differences in reproductive performance. Zearalenone levels in the
pasture were generally lower in 1995 than in previous years and might have reduced possible
differences in reproductive performance between ewes on the different feed types.

The implications of higher zearalenone concentrations in the pasture are discussed with regards
to reproductive performance and the use of chicory as a feed prior to mating.

Further research is required to identify and clarify links with zearalenone and metabolites
produced in pasture and reproductive dysfunction in ewes.



ACKNOWLEDGEMENTS

I would like to thank my supervisors Associate Professor M.F. McDonald (Massey University,
Palmerston North) and Mr R.G. Keogh (AgResearch Grasslands, Palmerston North) for their
continued guidance and patience during my studies and I look for to future work with you.

I am very grateful to Margaret Mason for help with animal handling and sample taking.

I wish to thank very much Dr Anton Erasmuson (National Chemical Residues Analytical
Laboratory, MAF, Wallaceville Animal Research Centre, Upper Hutt, New Zealand) and Jan
Sprosen (AgResearch, Ruakura Agricultural Research Centre, Private Bag 3123, Hamilton
New Zealand) for zearalenone analysis on the various and numerous samples.

Thanks to Professor G. Wickham Massey University, Palmerston North) for help with
statistical analysis.

A special thanks to Roger Dalrymple, Bulls, for providing sheep, land, and man/dog power for
one of the trials.

Finally I would like to thank my family and friends who are never short of advice, support and
encouragement.



iv

TABLE OF CONTENTS
ABSTRA CT . ettt e e te et e e e e sae e e e e e eee e e ee e e e e e e e amnneaeeas ii
ACKOWLEDGEMENTS ... . ittt e et e et e e e e aemaeeeens il
LIST OF FIGURES ... . ettt et e e e e e e e e e mmnaeeens vii
LIST OF TABLES ... ottt e e e e et e e e s e e e eemee e e enee X
LIST OF PLATES ... ettt ettt e e e e e e st e et ee e e e e mnnneeeanns xi
LIST OF ABBREVIATIONS e et xii
CHAPTER L INtroducCtion ...........ooooiiiiiiiiiiii ettt ee e ]
CHAPTER I1. Review of Hterature ...............ccocoiiiiiiiiiiiiiii ittt e ee e ee e e e e 3
1. The mycotoxin zearalenome.............. ..ot e e 3
2. Zearalenone metabolism and chemistry ...................... s 4
3. Effects of zearalenone in laboratory animals.............................., 6
4. Effects of zearalenone in PIgsS .............ooiiiiiiiiiiii et e e 6
5. Effects of zearalenone in POUltry...........ccoccoiiiiiiiiiiiiiiiie e e 8
6. Effects of zearalenone incattle.................... 9
7. Effects of zearalenone in Sheep .............c.oooooiiiiii e 9
8. Production of zearalenome...................cocoiiiiiiiiiiiiiie e 11
9. Purpose and scope of the studly...............o e 13

CHAPTER III. The distribution of zearalenone in ryegrass pasture and uptake by the

FYeErass PlANL. ... et ee e e e e e e e e e e e e 14

1o IMEPOAUCHION. ...ttt et ettt et e ettt et e e e eae e e e eeen e em e eeeenaeaee 14
2. Methods and MaAterials ...............oooiiiiiiiiiiie ettt e et e ee e e e e 15
2.1. Distribution of zearalenone in ryegrass pasture..............ccccceeeeriiiiieiiieereeeanennn. 15
2.1.1. Zearalenone determination .............c.c.cceeeeeeeerirerceteerireeeeeeeeeeeecneeeeeans 16

2.2. Uptake of zearalenone by the ryegrass plant.................cccocoeiiimiiniiiniiinccennnnn. 16

2.3. Statistical analysis ..........cocceeiiiiiiiee et eee e 19
BuRESUILS........ceeoeeieieeiiieieieie et e et ete et e e eae st ete s s eseeseseess e s e s et eseeanenseseesannsennennans 19
3.1. Zearalenone concentration in pasture Sites .................ccccceceeeereeeecceeeeeeenenenennn. 19

3.2. S0il SAMIPIES..........ooeiiiiiei ettt et et et ae e ae e 21



3.3. Zearalenone Yyield (Total zearalenone in the plant tissue).................cceccceeeee. 21
3.4. Determination of zearalenone concentration and yield i n components of
ryegrass tillers from inter-excreta, urine patch and dung patch sites .............. 23
3.4.1.Zearalenone conCentration..............cccoootiriiiiiieeeiieie et e e e eee e 23
3.4.2. Zearalenome yield .............cocooiiiiiiiii e 25
3.5. Zearalenone UPLAKE........ccoceemmiemiiiiiiiiieciece ettt e e e e 27
3.5.1. Zearalenone yield ...............ooooiiiiiiii e 29
3.5.2. Zearalenone concentration in nutrient solutions .................................. 28
T D TS0 TR L)+ USSP 28
4.1. Zearalenone distribution in pasture .................cccoococii e 28
4.2. Assessment of the method of estimation of zearalenone distribution............... 30
4.3. Zearalenone uptake by the ryegrass plant..................................... 31
4.4. Assessment of themethod ... 31
4.5, CONCIUSTONS .........oiiiiiiii et e e e e e e eneeaanns 32

CHAPTER IV. Zearalenone and related compounds in the blood and urine of ewes
intravenously and orally dosed with zearalenone and the effects on reproductive

PErfOIMANCE ... e 33

Lo INtrodUCHON. .. ..ottt ettt et et e e e e e e e e e e et e et neeeee s 33
2. Methods and Materials ...............ooooiiiiiiiiiiiiiieeee e e e e 34
2.1. Animals and treatments .............cccciiiiiiiiiiiiitee ettt ettt e e e 34

2.2. Determination of zearalenone and its metabolites in blood and urine ............. 35

2.3. Statistical aNalySis ..........coiiiiiiii et e e 36
BURESUILS ...ttt ettt et e e e e e e e e e e e e e e e e nneeneaeeeeeeaeanan 36
30, Livewelght .ttt et e e 36

3.2, OVUIAHON FALE.......cooiiieice ettt e te et e et e s e e e e s e e e ae e e e e e e e nseeennans 37

3.3. ConCePONTALE ...ttt e e e e e et e e e e ee e e e see s 37

3.4. Zearalenone in the forages.......... ... 38
3.5.Zearalenone and its metabolitesin blood ... 38

3.6. Zearalenone and its metabolites inurine...................... ... 42

Q. DISCUSSION .....ceeeeeeeeeeieteieiieeeaeestestee e eeseesetesesseseasesasansassassaassanssesnssanssesssasssesssassensn 45
4.1. Animal measurements ...............cciiiiiiiiimiiiiee e ceeseeee e e et ecanatane e e e e e 45

4.2 Zearalenone in the blood...............cocooiiiiiiiiiiieeeere et eee e 46

4.3. Zearalenome in the ULINE..............eeeveiiieereeeeeeeeeeeeieeeteeeeeeeeeeeeeeeeessseessesasneeses 46



4.4. Metabolism Of ZearaleNOme. ............oeee et eeeeeeeeeee e eeeeeeeennas 48
4.5. Zearalenone-related metabolites in the Urine.............coooeeeeeeeemiieeieeeeeeeeeeeeeenn. 49
B.6. CONCIUSIONS ..o e e e e e e e e et e e e e e e e e e e e eeeeeans 49

CHAPTER V. Zearalenone in ewes grazed either on pasture or chicory and subsequent

effects on reproductive performance................ccoooooiiiiiiiiiiiiiiie et 50

G D 118 oo Ve L1 Lol 8 (o) 1 JO OO 50
2. Methods and MAtrIalS ..o S1
2.1. Animals and treatments ...............o i 51

2.2, SAMPUNE ..ottt ettt eeeeeaeeans 52

2.3. Zearalenone determination in herbage, blood and urine.................................. 52

2.4. Statistical analysis .........c.oooiiiiiiiiiii e 52

B RESUILS ...ttt et ettt ettt e e et eees 56
3.1. Weight change and reproductive performance...........................c.cccoooiii 56

3.2. Zearalenone in the herbage.................... 57

3.3. Zearalenone in the blood.................. e 57

3.4. Zearalenone in the urine ..o 59

Q. DHSCUSSION ..ttt et e et e e et e ee e e e neeeeeaeannee 60
4.1. Animal MeasuremeNts ..............ooiiiiiiiiiiiiie et e e e e e 60

4.2. Zearalenone in the herbage...................coo i 60

4.3. Zearalenone in the blood................cccccoiiiiiiiiiiiee et 61
4.4.Zearalenone in the Urine ..............ccooooiiiiiiiiiii et 62

4.5. ConCIUSIONS..........ooiiiiiiiii ettt et e et e e 62
CHAPTER V1. General discussion and conclusions...............cco.ceecceeeneeeoieeneiiecereeneennns 63
APPENAIX ..ottt ettt et ettt et et e e s e e et s eneeens e neeenns 67
APPENAIX 2.ttt et e et ee et e eet e e sentenasa e e st et e seensase et enaaanensees 68
APPEIMAIX 3.....oooooinnnneeeeee et ee e e e eeeeeeeetee e e s es e ases et e s ta e st e aesane e teeeeaesssneaeaeans 69



Figure

2.1.

3.1.

3.2.

3.3.

34.

3.5.

3.6.

4.1.

4.2

4.3.

LIST OF FIGURES

Page

Zearalenone and related metabolites and the metabolic pathways which link

R I o . T . s R s o B S . .. o 5
Mean zearalenone concentrations in tiller tops and roots between inter-excreta,

urine patch and dung patCh SItes.........ccoiiiiiiiiiiiee e 20
Mean zearalenone yields in tiller tops and roots between inter-excreta, urine

patch and dung patCh SIES......ccouuiiiiiieie et 22
Mean zearalenone concentrations in dissected components of ryegrass tillers...........24
Mean zearalenone yields concentrations in dissected components of ryegrass
TGS e emrmmrr—————— S e —————— 26
Zearalenone concentration in the leaf blade, leaf sheath, mature blade, mature
sheath, dead material, daughter tillers, flowering stem, old root and young root
components of ryegrass tillers grown in solution containing zearalenone.................. 27
Zearalenone yield in the leaf blade, leaf sheath, mature blade, mature sheath,

dead material, daughter tillers, flowering stem, old root and young root

components of ryegrass tillers grown in solution containing zearalenone................. 28
Zearalenone dosing treatment BOUDS .....ccee.eeeeeeeeeeemmmeeeseeaeaaeenneseeeeasssssmseesssssnsnnnnn 35
Mean ovulation rate for each treatment group........coccceeeeeeeeueeeereeemeceresceereerenseeenneens 37

Number of returns in each treatment roup..........ccecceeeeceereereeeseeeseereeeseesseeseeneessneeenee 37



44.

4.5.

4.6.

4.7.

4.8.

1.9.

1.10.

1.11.

5.2.

Mean levels of unconjugated (free) zearalenone in the blood of ewes in the

OD, IVH, IVL and control groups either grazing pasture or chicory at four times

during a 24 hour period afetr dOSINg..........cccceeruieiiniiiiiiii e

Mean levels of conjugated zearalenone in the blood of ewes in the OD, IVH,

IVL and control groups either grazing pasture or chicory at four times during

a 24 hour period after dOSINE.......cooiiiiiiiiieie e

Levels of alkene zearalenone related metabolites in the blood of

oral dosed and control ewes grazed on either chicory pasture...............cccccccooeeeee.

Levels of alkane zearalenone related metabolites in the blood of

oral dosed and control ewes grazed on either chicory or pasture..........................

Free and conjugated zearalenone/creatinine ratios in the urine of ewes either

grazing pasture or chicory for two days prior to the start of dosing......................

Free and conjugated zearalenone/creatinine ratios on day 6 of dosing in the

urine of the OD, IVL, IVH and control ewes either grazing pasture or chicory.....

Levels of alkene zearalenone metabolites in the urine of zearalenone dosed and

control ewes grazing either chicory or ryegrass pasture.............cccecceeeeeueeeeneeennnnns

Levels of alkane zearalenone metabolites in the urine of zearalenone dosed and

control ewes grazing either chicory or ryegrass pasture............ccccceeeeceeeeeereeeenenns

Grazing treatments for each group of 30 synchronised + 80 non-synchronised

Conjugated zearalenone in the blood of ewes grazing either chicory or

PASLULE. .....ceeeeieieaeieieeeteee e eeneetetesesetessemae st ns easetsatesens et eseaseeseensensesaeasasesannee



5.3.

5.4.

Free zearalenone in the blood of ewes grazing either chicory or

PASHERC mmmmmms semmmms - 550+ - 655 TER SRR SVEEERR -+ 5 e ot s omrarmnsnanen vusn s v SEEHENSE T SRR 58

Free and conjugated zearalenone in the urine of ewes grazing either chicory

or pasture for two weeks Prior t0 MAatNE.....c.ceceieveererieniereereeeeeeeee e eeeeeseeeesaeeeeees 59



LIST OF TABLES

Table Page

5.1. Weight change, ovulation rate, returns to service, and number of lambs carried per

ewe in synchronised ewes in each treatment group

5.2, Weight change, returns to service, and number of lambs carried per ewe in non-

synchronised ewes in each treatment roup .........ccoeeeeniiiicieie e 56



Plate

3.1.

3.2

LIST OF PLATES
Page
Ryegrass tillers in nutrient SOIULION........cc.ooiuiiiiriiniieieien e 17
Ryegrass tillers dissected INt0 COMPONENLS ..........oeouiieirnieriiiiieieee e e eeeeeecaeeee 18
Laparoscopic €Xxamination Of OVATIES. ......cooiiiiiiieiiiieeie e e eee et e e e e e e eeiee e e e 53
Ewes grazing grass dOminant PASIUIE .........cc..uieruieirniienie e eeiee e e e eiie e e e e eeiaeeeees 54

EWES razing ChICOTY .....uueiiiiiieiiii et et e e e e e e 55



LIST OF ABBREVIATIONS AND DEFINITIONS

kg
g
mg
g
ng

ppm

mmol
Z/Cr
CIDR
°C

GC-MS

HPLC

IgG
LH
FSH
N

Fusarium

Fusarium

fusaria

Kilograms

Grams

Milligrams

Micrograms

Nanograms

Parts Per Million

Millilitres

Millimols
Zearalenone:Creatinine ratio
Controlled Internal Drug Release
Degrees Celsius

Gas chromatography-Mass
spectroscopy

High performance liquid
chromatography

Immunoglobulin

Luteinizing Hormone

Follicle Stimulating Hormone
Nitrogen

Used when describing a particular
species

Used when description is non-specific\

Used when referred to collectively





