
View All Proceedings Next Conference Join NZSAP

New Zealand Society of Animal Production online archive
This paper is from the New Zealand Society for Animal Production online archive. NZSAP holds a regular

An invitation is extended to all those involved in the field of animal production to apply for membership of
the New Zealand Society of Animal Production at our website  www.nzsap.org.nz
 

 

The New Zealand Society of Animal Production in publishing the conference proceedings is engaged in disseminating

information, not rendering professional advice or services. The views expressed herein do not necessarily represent the views

of the New Zealand Society of Animal Production and the New Zealand Society of Animal Production expressly disclaims any

form of liability with respect to anything done or omitted to be done in reliance upon the contents of these proceedings.

This work is licensed under a  Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License.

You are free to:

      Share— copy and redistribute the material in any medium or format

Under the following terms:

     Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made. You may

do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

     NonCommercial — You may not use the material for commercial purposes.

     NoDerivatives — If you remix, transform, or build upon the material, you may not distribute the modified material.

http://creativecommons.org.nz/licences/licences-explained/

 

http://www.nzsap.org/proceedings/browse
http://www.nzsap.org/conference
http://www.nzsap.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Proceedings of the New Zealand Society of Animal Production 1991, Vol 51 133 

Superovulation in ewes: are follicle numbers a useful predictor of ovulation rate? 

W.H. McMILLAN AND D.R.H.HALL 

MAF Technology, Whatawhata Research Centre, P.B. 3089, Hamilton, New Zealand. 

ABSTRACT 

A CIDR was inserted into 72 ewes which were either early in the cycle (E; days l-3), at mid cycle (M; days 7-9) or late in the cycle (L; days 
13-15). Half of the ewes received either0 or 300 IU of pregnant mares’ serum gonadotrophin (PMSG) at the start of superovulation treatment 
M ewes had two thirds as many ovarian surface follicles > 1.5 mm diameter compared to E and Lewes (8.8 vs 13.6 vs 13.0 ; PcO.001). M ewes 
had approximately twothirds asmany ovulations present 8 dayslatercompared toE andLewes (5.1~~7.7 ~~7.7; P4.05). Forewes receiving 
300 IU of PMSG as well as FSH, there was a significant regression of follicle number on ovulation rate @=0.73 f 0.16 P&01). Collectively, 
these results highlight the importance of ovarian surface follicle numbers as a significant source of variation in superovulation response. 
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INTRODUCTION 

The ovary of adult ewes contains between 12,000 and 
86,ooO primordial follicles (Cahill et al., 1979). The 
number of normal follicles growing in the ovary of 
sheep during the oestrous cycle varies between 230 and 
420 (Lahlou-Kassi and Mariana, 1984). The number of 
follicles >l mm in diameter with an antrum present on 
the ovary during the cycle in sheep is 5-24 
(McNatty,l982). However, the number that finally 
ovulates at any one time is usually 1 or 2. Little is 
known of the processes that control the recruitment, 
selection, growth, dominance and finally atresia or 
ovulation of ovarian follicles. This information is 
crucialtoourunderstandingandmanipulationofovarian 
activity. 

In sheep, some authors report waves of ovarian 
folliculargrowth(SmeatonandRobertson, 1971; Brand 
and De Jong,. 1973) but other evidence is at variance 
with this view (Turnbull erul., 1977; Lahlou-Kassi and 
Mariana, 1984). In cattle, there is increasing evidence 
that follicular development is dependent on stage of the 
oestrouscycleandoccursinwaves(Bolandetal., 1990) 
but this view is not universal (Spicer and Echtemkamp, 
1986 review). Furthermore, in cattle, the timing of 
superovulation treatment at a stage of the cycle when 
follicle numbers are high has lead to an increase in the 

number of ovulations (Grass0 ef al., 1989). We 
postulated that if sheep could be treated for 
superovulation at a stage of the cycle when surface 
ovarian follicle populations were high, then high 
numbersofovulationscouldbeachieved. Theobjectives 
ofthisstudy were, therefore, todescribetherelationship 
between ovarian surface follicle numbers and 
superovulation response in adult ewes during the 
breeding season. 

MATERIALS AND METHODS 

One hundred adult Romney ewes were pretreated with 
a progesterone containing controlled internal drug 
release device CIDR (Carter Holt Harvey, Hamilton, 
New Zealand) for 12 days to synchronise heats. 
Following heat recording 72 ewes were chosen such 
that 24 ewes were each at an early (E ewes; day l-3), 
mid (Mewes; day 7-9) orlate(Lewes; day 13-15)stage 
of this synchronised cycle (day of heat detection = day 
0). All ewes were then treated with a second CIDR 
device to resynchronise heats for superovulation. This 
CIDR device was replaced after 8 days with a new 
CIDR for 4 days, a procedure expected to improve 
superovulation responses (Thompson et al., 1990). 
Harnessed vasectomised rams were used to detect the 

onset of heats for 4 days from final CIDR withdrawal. 
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Two days after CIDR replacement, a randomly 
chosen half of the ewes at each stage of the cycle 
received a single injection containing either 0 or 300 IU 
of pregnant mares’ serum gonadotrophin PMSG 
(Folligon, Intervet, Holland), in a 3x2 factorial design 
(N=72, n=l2 ewes). At the same time as PMSG was 
administered, all ewes received the first of 6 bi-daily 
injectionsof 1.8mlofovinefolliclestimulating hormone 
(FSH; Ovagen, Immuno Chemical Products, Auckland, 
New Zealand). In the following text ewes receiving 300 
IU of PMSG in conjunction with FSH are designated as 
PMSG ewes and ewes receiving only FSH injections 
are designated as FSH ewes. 

Commencing immediately following the first 
FSH injection, the ovaries of all ewes were examined 
witbtheaidofalaparoscopeandcalibratedmanipulating 
probe and all ovarian surface follicles >1.5mm were 
counted. Laparoscopies were performed daily for 5 
days but only the results of the first examination are 
presented in this paper. A final laparoscopy was 
performed 5 days after the final CIDR withdrawal and 
superovulation rate determined. 

Data analysis was carried out using the 
GENSTAT package with logit transformations for 
binomial data. Means + s.e.m are presented where 
appropriate. 

RESULTS 

Heats 

Only three (5%) of the 69 ewes with complete records 
failed to show a heat within 4 days of final CIDR 
withdrawal. The remaining 66 ewes had a mean heat 

onset of 40 f 1.9 h after CIDR withdrawal. Stage of 
cycle effects on this interval were small (E 4 1.3 St 1.9h 
;M42.lf 1.9h;L38.8+2.0h). Incontmst,PMSGewes 
had a 12 hour shorter interval to heat than FSH ewes 
(34.2 f 1.6h vs 46.4 f 1.6h ; P<O.OOl). 

Follicle Numbers 

The mean number of follicles per pair of ovaries at the 
first observation was 11.8 f 0.5. Stage of cycle effects 
were large with M ewes having the fewest follicles (E 
13.6~0.8;M8.8~0.8;L13.0+0.8;P<0.001). PMSG 
ewes had fewer follicles than FSH ewes (10.6 k 0.7 vs 
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12.9 + 0.7 ; PcO.05). 

Ovulation 

The mean incidence of treated ewes ovulating was 85%. 
Stage of cycle effects were small (E 87% ; M 83% ; L 
83%). More PMSG ewes ovulated compared to FSH 
ewes (97% vs 71% ; PcO.001). 

Superovulation 

The mean incidence of ewes superovulating (i.e. >3 
ovulations) was 64%. Stage of cycle effects were not 
significant (F 66% ; M 57% ; L 70%). More PMSG 
ewes superovulated compared to FSH ewes (88% vs 
39% ; PcO.001). 

The mean superovulation rate was 7.2 f 0.6. 
Stage of cycle effects were large with M ewes having 
the lowest superovulationrate(E 7.7f 1.1; M5.1 f 1.1 
; L 7.7 + 1.1 ; PcO.05). PMSG ewes had a higher 
superovulation rate than FSH ewes (10.4 f 0.9 vs 4.0 + 
0.9 ; PcO.001). This ovulation data is unadjusted for 
any differences between groups in number of follicles 

present on the ovary and interval from CIDRremoval to 
the onset of heat (see next section). 

Regression of Interval to Oestrus and Follicle 
Numbers on Superovulation Rate. 

There was a negative relationship between the interval 

from final CIDR removal to the onset of oestrus and 
superovulation rate (b=-0.23 f 0.06 ovulations per ewe 
per hour to onset, PcO.05). Thus, for PMSG and FSH 

ewes with a common interval from CIDRremoval to the 
onset of oestrus (40 h in this case), the expected number 
of ovulations per ewe are 10.1 and 4.4. 

Within FSH ewes, there was no relationship 
between the number of follicles at the start of 
superovulation treatment and superovulation rate. For 
PMSGewes,increasingfolliclenumberswereassociated 
with an increasing superovulation rate (b=O.73 k 0.16 ; 
PcO.01) (Fig 1). Thus, for E, M, and L ewes with the 
same number of follicles on theovary surface (12 in this 
case), the expected numbers of ovulations following 
PMSG/FSH treatment are 10.9,9.9, and 14.7 (PcO.05) 
comparedto12.1,8.7and15.0whennoaccountistaken 
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of follicle number differences. 
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FIG 1 Regression of ovarian surface follicle numbers > 1.5 mm 

diameter at the commencement of superovulation treatment on 
superovulation rate per ewe treated with 10.8 ml of Ovagen FSlI and 
300 IU PMSG (r squared = 50%). 

The probability of achieving a superovulation 
rateof between 5 and 15 from agiven number of ovarian 
follicles in L ewes is illustrated in Figure 2. With 15 
surface follicles, we can see that the probability of an 
individual ewe giving a superovulation rate of 10 is 
about 85% compared to over 95% for a superovulation 
rate of 5. 

FIG 2 Relationship between number of ovarian surface follicles 

>1.5m1ndiameterontheovarysutfaceofanindividuallatecycleewe 

and the probability of achieving a superovulation rate of either 5,lO 
or 15. 

DISCUSSION 

These results demonstrate a clear relationship between 

stage of the cycle at the insertion of a CIDRdevice (i.e. 
the interval since last heat) and ovarian surface follicle 
statussome lOdays later. Thus,eweswhichwereatmid 

cycle at CIDR insertion had only two thirds the number 
of follicles > 1.5mm diameter that were present on the 
ovaries of late and early cycle ewes. In this study, 
‘cycle’ lengths at fiist ovarian examination ranged from 

11 days for E ewes (i.e. 1 day prior to CIDR insertion 

plus 10 days with a CIDR inserted ) to 25 days for L 
ewes (15 days plus 10 days). 

There are very few reports on the follicle status 
of ewes at known stages of either natural orprogestagen 
augmented cycles. In unstimulated Merino ewes, there 
appears to be no relationship between stage of cycle and 
follicle populations (Tumbull ef al., 1977). Perhaps 
Merino ewes are different from Romney ewes in this 
regard. Other results from our laboratory indicate that 
Merino ewes differ from Romneys ewes in their 
superovulation response to the same treatment 
(superovulation rate of 10 vs 8, W.H. McMillan, 
unpublished data). 

Interestingly,themeannumberoffolliclesintbe 
present study was similar to the 12.3 reported following 
the sectioning of ovaries and counting of follicles >2 
mm diameter during the natural cycle in Texel ewes 
(Brandand De Jong, 1973). Furthermore, these workers 
found that mid cycle ewes had about 60% as many 
follicles >2 mm diameter compared to early and late 
cycle ewes. Our results confirm this previously 
overlooked result. The correspondence of the results in 
this previous study and ours suggests that ovarian 
surface follicle counts may be an acceptable method for 
estimating the total number of ovarian follicles ~2 mm 
diameter in ovaries. In viva and in vitro estimates are 
required to confirm this. 

The close association between the number of 
follicles on theovarian surfaceat thecommencementof 
superovulation ueatment and superovulation rate some 
4-5 days later accounted for over half of the variation in 
superovulation rate in the present study. These results 
are consistent with those in the mouse where the largest 
number of ovulations are recorded when the largest 
number of growing follicles am present on the ovary 
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(Gates, 197 1). By contrast, in unstimulated ewes during 
the oestrous cycle, there appears to be no relationship 
between ovarian populations and ovulation rate 
(Tumbull et al., 1978). 

In unstimulated breeds of ewes with a naturally 
high ovulation rate, attempts to account for variation in 
ovulation rate through variation in ovarian follicle 
numbers has generally been unsuccessful (Driancourt 
et al., 1986). This is similar to the case in the present 
study with ewes stimulated with only FSH. It may be 
that the range in ovulation rate under these conditions is 
too narrow . However, when superovulation rate is 
sufficiently high and variable , as occurred with ewes 
stimulatedbyPMSGandFSH,therelationshipbecomes 
more apparent. 

This relationship between follicle numbers and 
superovulation rate can be used to advantage in multiple 
ovulation andembryo transfer (MOET) programmes in 
several ways. Firstly, ewes can be programmed to 
begin synchronisation at a stage of the cycle when high 
numbers of responsive follicles can be expected some 
10 days later. The current findings indicate that ewes in 
thelatestages of thecyclebest fit this criterion. Secondly, 
ewes can be screened for possible poor responders prior 
to the commencement of gonadotrophin treatment, by 
counting the follicles. In this regard our results indicate 
that a minimum of 5, 12, and 18 follicles need to be 
present in late cycle ewes to give an 80% probability of 
at least 5,10 and 15 ovulations respectively. For a 95% 
probability, the minimum folliclecounts are lo,17 and 
24 respectively. This can save the costs associated with 
stimulation as well as avoid unnecessary surgery. The 
effects of stage of cycle on embryo quality and viability 
need to be determined before this approach can be fully 
endorsed. 

Including PMSG with FSH in superovulation 
treatments had multiple outcomes in the present study. 
Firstly, ewes came into heat earlier. This result was 
unexpected since ewes treated during the breeding 

season with a CIDR device and PMSG had similar 
intervals to the onset of heat as ewes treated with only 

CIDRdevices (Smith etal., 1988). Thecombination of 
PMSG with FSH as in the present study probably 
influences follicle steriod production and this may have 
some effect on neural centres involved in oestrous 
behaviour. Earlier oestrus may have benefits for the 
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timing of CIDR withdrawal in companion recipient 
ewes if close synchrony of onset is required. The 
second benefit of PMSG was that more ewes ovulated. 
Thirdly, ovulation rates were higher in ovulating ewes 
when treated with PMSG. 

The low superovulation rate in ewes treated with 
FSH alone in the present study was consistent with 
some of our previous work where superovulation rates 
were 6.1 without PMSG and 10.6 with PMSG (W.H. 
McMillan, unpublished data). Other work in Merino 
ewes has indicated a need for PMSG in conjunction 
withporcineFSHofpituitaryorigin(Ryanetal., 1984). 

We conclude that donor ewes treated with a 

CIDR device exhibit a pattern of follicle dynamics that 
can be exploited to enhance the efficiency of oocyte 
collection and superovulation in ewes. The 
commencement of synchronisation during the later 
stages of the cycle and the inclusion of a low dose of 
PMSG are important steps to capitalise on this 
opportunity. Studies on embryo quality and viability 
are required before this approach can be fully endorsed. 
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