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The effects of nutrition oestradiol, phenobarbital and carbon tetrachloride 
on ovulation rate and plasma FSH in ewes 

E. PAYNE, J.F. SMITH, A.J. PETERSON, L.T. MCGOWAN, B.C. COPE AND R. MCLAUGHLIN 

MAF Technology, Ruakura Agricultural Centre, Hamilton 

ABSTRACT 

In a factorial experiment involving 4 treatments affecting ovulation rate and 20 ewes per cell the effect of oestradiol was dominant, reducing 
the ovulation rate. In the non-ocstradiol treated ewes a positive effect of high protein intake was evident. Phenobarbital increased ovulations 

in ewes on a low protein diet whilst carbon tetrachloride (CClJ hada slight negative effect only on the low protein diet. Neither phenobarbital 

or CC14 had any effect on the high protein diet. There was a decrease in plasma FSH at day 11 with oestradiol, protein and phenobarbital and 

an increase with Ca4. Hence an increase in FSH does not always accompany increases in ovulation rate. 

Keywords Ovulation rate, ewes, PSH, oestradiol, phenobarbital, protein, carbon tetrachlotide. 

INTRODUCTION 

It has long been known that changes in ewe ovulation 
rate can be achieved with additional feeding for short 
periods or with ewes of high body weight but results 
were often variable. Smith (1985) reported that high 
levels of protein appeared to be necessary to achieve an 
increase in ovulation rate in the short term. We con- 
firmed the report of Thomas et al. (1987) that admin- 
istration of sodium phenobarbital (P) for several days 
during the oestrus cycle increased ovulation rate (Smith 
et al. 1986) but did not obtain an effect with protein. It 
had been suggested that P induced a cytochrome P450 
that oxidised oestmdiol, leading to lower inhibition of 
FSH release. 

A subsequent trial (Payne et al., 1987) showed 
increases in ovulation rate with body weight, protein 
intake, P and triacetyloleandomycin (TAO) whilst ad- 
ministration of carbon tetrachloride (Ccl,) appeared to 
reduceovulation rate. Liver size was increased by body 
weight, protein intake, P and TAO. Total liver 
microsomes were increased by P, TAO and reduced by 
Ccl,. A number of liver P450 enzymes were increased 
by P, TAO, high body weight and high protein and 
reduced by Ccl,. 

Though the two trials gave variable results with 

regard to the effect of protein there was a stimulus to 
ovulation rate by P accompanied by changes in liver 
size and microsomal enzymes, including oestradiol 
2-hydroxylase, while Ccl, on ahigh protein intake ap- 
peared to inhibit both enzyme activity and ovulation 
rate. 

As ewe numbers were marginal for the determi- 
nation of statistical significance a larger multifactorial 
trial was set up to examine the effect of Ccl,, protein 
intake, oestradiol and P. The hypothesis that the 
ovulatory effect of some of these factors was due to 
increased metabolism of oestradiol by the liver would 
be enhanced if Ccl, had a depressive effect. It is a 
specific liver toxin which requires activation by a 
cytochrome P450 enzyme in the liver to a toxic 
metabolite. 

EXPERIMENTAL 

Ewes (N=320) were divided into 16 groups of 20, 
stratified by body weight, the overall design being a 
2x2~2~2 factorial. After synchronisation of oestrus 
using CIDR breeding devices ovulation rates were 
determined by laparoscopy on day 5 of the next cycle. 
Only ovulating ewes were included. Treatments com- 
menced on day 7 to cover the period shown to be critical 
for ovulation increases from lupin feeding (Stewart and 
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Oldham, 1986). Oestradiol was given in the form of a 
silastic implant (3.0mmOD, l.OmmID, 37mm in length 
containing pure oestradiol) while P was given orally in 
gelatin capsules at the rate of lg per day per ewe for 10 
days. Ccl, was administered as a single drench at the 
rate of 0. &/kg body weight, diluted 1: 1 with safflower 
oil. Feeding the high protein ration as pellets of luceme 
meal, barley, peas with 22% protein commenced on day 
5 prior to other treatments. The low protein pellet which 
had been fed to all sheep for the previous 4 weeks 
contained 12% protein. 

Five days after the subsequent oestrus all ewes 
were subjected to laparoscopy to determine ovulation 
rate. 

All ewes were bledoncedaily from day 11 to day 
17 and blood plasma analysed for FSH by RIA. The 
FSH standard was NIAMDD-RP- 1, iodinated 
NIDDK-oFSH-I-1 was used as a tracer and the antibody 
was rabbit anti-oFSH-RP-1. The mean within and 
between assay coefficient of variation were 8.4% and 
17.3% respectively over the working assay range of 
0.05-2.5 @tube. The limit of sensitivity was 0.1 ng/ml. 

Statisticalanalysis wascarriedoutbyanalysisof 
variance andregression analysis using Genstat V. FSH 
data was subjected to log transformation. 

RESULTS 

While the effects of the various treatments on the 
ovulation rate difference from the previous ovulation 
ratearepresentedinFigure 1 toenablecomparison with 
other work, statistical analysis was carried out on the 
data expressed as the percentage of ewes expressing 
multiple ovulations. The data are shown in Figure 2 
whilst the significant effects are listed in Table 1. 

Inhibition of ovulation by oestradiol was the 
principal effect (PcO.001). There was an interaction of 
Ccl, and protein in which CC14 increased multiple 
ovulation on high protein but reduced it on low protein 
(PcO.05). There was a three-way interaction of protein, 
P and oestradiol where P increased multiple ovulation 
on low protein and exerted little effect on high protein 
and in the presence of oestradiol showed little effect on 
either protein treatment (PcO.05). There was also an 
effect of multiple ovulation prior to treatment on the 
subsequent ovulation (PcO.05). 
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F’IG 1 The effect of oestradiol (E), protein intake, phenobarbital 
(7) and carbon tetrachloride (C) on ovulation rate (O/R) difference 
from previous ovulation rate compared with low and high protein 
controls. 
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FIG 2 The effect of oestradiol (E), high protein intake, phenobar- 

bital (I’) and carbon tetrachloride (C) on percentage of ewes with 
multiple ovulations compared with low and high protein controls (0). 
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number of sheep, the effects had to be larger to be 
statistically significant. P showed its largest effect on 
low protein intake in agreement with a previous trial 
(Smith et al., 1986) but on that occasion no effect of 
protein on ovulation rate was observed. If both P and 
high protein are largely working through similar 
mechanisms then it may be understandable that little 
additional effect is observed when both are involved. 

While overall there was no significant effect of 

CCl,treatment, the small depressing effect on ovulation 
rate and percentage of multiple ovulations in ewes on 
the low protein intake rather than high protein intake 

was unexpected. As CCI, toxicity is increased by high 
protein in sheep (Hunt 1971) due to increasedinduction 

of cytochrome P450 oxidising Ccl, to a toxic metabolite 
(Lai et al., 1979), we would have expected its effect to 
be greatest on high protein intake. A second dose of 

CC!, wasgiven on day 15 of the previous trial but it is 
unlikely that this is the explanation for the lack of effect 

of Ccl,. The second dose was given to ensure the 
enzymes were reduced at slaughter 5 days after oestrus. 
The lack of effect of Ccl, on ovulation rate on the high 
protein intake also suggests that the theory of increased 
ovulation being due to protein, causing increased 
oestradiol metabolism, may not be correct. 

The decrease in plasma FSH with oestradiol 
implants is what would be expected from a feedback 
inhibition of FS H release by oestradiol. Though this has 
been observed often in ovariectomised ewes (Goodman 
et al., 1981) we are unaware of any previous report of 
a depression of FSH associated with oestradiol implants 
in intact ewes with normal FSH levels. The differences 
in FSH and ovulation rate due to oestradiol were similar 
to the differences for single and twin ovulating ewes on 
day 10 prior to the initiation of luteolysis, observed by 
McNatty et al., (1985). 

The surprising result is the change in FSH with 

protein intake, P and CC14. The effect of protein is 
contrary to our previous observations (Smith, 1988; 
Smithet al., 1990b),althoughadepressionofFSHby 
P has been recorded recently (Davis et al., 1989; Smith 
et al., 199Ob). If protein and P were exerting their 
effects on ovulation rate by increasing oestradiol me- 
tabolism and reducing feedback inhibition, then in- 
creases in FSH would have been expected rather than 

the reduction seen here. With Ccl, one would have 

expected a decrease in FSH with a decreased ovulation 
rate. These discrepancies raise the possibility that these 
agents are not exerting their effect on ovulation rate 
through the negative feedback mechanisms of oestmdiol 
onFSHbutarehavingsomeeffectdirectlyon theovary. 
Some support for these effects comes from the ex- 
perimentswithovariectomisedsheepreportedby Smith 
et al. (1990a) where protein and P prevented the return 
of FSH to original levels after removal of oestmdiol 
implants which had depressed FSH. The latter results 
suggest that the agents may be having an effect on the 

liver metabolism of FSH. The strong effect of Ccl, in 
increasing FSH would support this. 

CONCLUSIONS 

The key findings from this study are: 

1) Oestradiol depressed ovulation rate. 

2) In the absence of oestradiol, P and protein in- 
creased ovulation rate while Ccl, had little effect. 

3) Failure of Ccl, to depress ovulation rate on high 
protein does not support the hypothesis that P increases 
ovulation rate by increasing oestradiol oxidation by the 
liver. 

4) Depression of FSH on the critical days 11-13 of 
the oestrus cycle by protein and P and the increase in 

FSH by Ccl, also fails to support the hypothesis. 
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